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STATISTICAL ANALYSIS OF X-RAY SOLAR FLARE REGISTERED
ON SEPTEMBER 10, 2017

Abstract. In this paper, we performed statistical studies of solar flares registered on September 10, 2017. We
have identified several physical quantities of solar flares and estimated reconnection rate of solar flares. To
determine the physical parameters we used images taken with the AIA instrument on board SDO satellite at
wavelengths131 A, 174 A, 193 A, 211 A, 335 A, 1600 A, 1700 A, 4500 A, SXT - pictures, HMI Magnetogram,
SOLIS Chromospheric Magnetogram, GOES XRT-data.

Keywords: solar flares, Alfven waves, reconnection rate.

Introduction

Solar flares are powerful bursts of radiation, while coronal mass ejections are massive clouds of solar
material and magnetic fields that erupt from the Sun at high speeds. Harmful radiation from a flare cannot
pass through Earth's atmosphere to physically affect humans on the ground, however - when intense
enough - they can disturb the atmosphere in the layer where GPS and communications signals travel [1-
13].

Solar flares can be classified according to their brightness in the x-ray wavelengths. There are three
categories: X-class flares are big; they are major events that can trigger radio blackouts around the whole
world and long-lasting radiation storms in the upper atmosphere. M-class flares are medium-sized; they
generally cause brief radio blackouts that affect Earth's polar regions. Minor radiation storms sometimes
follow an M-class flare. Compared to X- and M-class events, C-class flares are small with few noticeable
consequences here on Earth. Solar flares are different to 'coronal mass ejections' (CMEs), which were
once thought to be initiated by solar flares. CMEs are huge bubbles of gas threaded with magnetic field
lines that are ejected from the Sun over the course of several hours. If a CME collides with the Earth, it
can excite a geomagnetic storm [14-17].

Large geomagnetic storms have, among other things, caused electrical power outages and damaged
communications satellites. The energetic particles driven along by CMEs can be damaging to both
electronic equipment and astronauts or passengers in high-flying aircraft.

Solar flares, on the other hand, directly affect the ionosphere and radio communications at the Earth,
and also release energetic particles into space. Therefore, to understand and predict 'space weather' and the
effect of solar activity on the Earth, an understanding of both CMEs and flares is required.
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Figure 1 - Active area 12673 in AIA 193 A and the total X-ray flux obtained in GOES 13 and GOES 15 [18]
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Figure 2 - Total proton and electron flux obtained in GOES 13 and GOES 15 [18]

DATA ANALYSIS
In the energy release process in solar flares, magnetic reconnection is generally considered to play a
key role. The reconnection rate is an important quantity, because it puts critical restrictions on the

in

reconnection model. To evaluate the reconnection rate in nondimensional form, M , = , wWe must
4
. . . . . BCOV .
estimate the Alfven velocity in the inflow region: V, = W Hence, if we measure the coronal
p

density p the spatial scale of the flare L , the magnetic flux density in the corona B, , and the timescale

Alfven velocity V,, and reconnection rate M , [19].

of flares 7, , we can calculate inflow velocity V;, ,
Monitoring of solar flares in real time is performed by the Geostationary Operational Surveillance
Satellite GOES. Electron, proton and X-ray fluxes are tracked by the satellites GOES 11, GOES 13 and
GOES 15.
The sun emitted a significant solar flare, peaking at 12:06 p.m. EDT on Sept. 10, 2017. This flare is
classified as an X8.2-class flare. X-class denotes the most intense flares, while the number provides more

information about its strength. An X2 is twice as intense as an X1, an X3 is three times as intense, etc.

— §f —



ISSN 1991-346X Cepusi pusuxo-mamemamuueckas. Ne 2. 2018

In Fig. 1 shown the images obtained on the board of GHN satellite in XRT. To determine the length
of the loops, we used SXT images. From the SXT data, we get values for the length of the loops.
In Fig. 2 shows the total flux of X-rays and an electron, which was registered on September 10, 2017.

RESULTS

Using the method described in [20], we analyzed solar flare that have been registered on September
10, 2017. Examined the dependence of the reconnection rate from GOES class of solar flares. Figure 3
shows the dependence of the reconnection rate from GOES class.
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Figure 3 - Reconnection rate M 4 Dlotted against the GOES class of the X flare

CONCLUSION

The values of reconnection rate are distributed in the range from 10~ —107°. Here, the value of the
reconnection rate decreases as the GOES class increases. The value of the reconnection rate obtained in
this study is within 1 order of magnitude from the predicted maximum value of the Petschek model.
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2017 )KbLJIFBI 10 KbIPKYWEKTE TIPKEJITEH KYH )KAPKBLJIBIH CTATUCTHUKAJIBIK TAJIJIAY

AnHoranusi. Ocer mMakanama 2017 sxpurasiy 10 KbIpKYHEriHae TIPKEIreH KYH >KapKbLIAAPBIHBIH CTaTHCTH-
KaJIbIK 3epTTeyJiepi KYpri3inai. bi3 KyH »KapKpU1IapbiHbIH (PU3UKAJIBIK MOH/IEp] MEH KaiiTa yIITacy >KbLIIaM/IbIFbIH
Garananpik. OU3MKaIBIK NapaMeTp/i anbikTay yuin SDO cryTHukiHiH 60pThiHaa AIA unctpymentinin 131 A, 174
A, 193 A, 211 A, 335 A, 1600 A, 1700 A, 4500 A TonkplH y3bIHABIFBIHAA anbiHFaH xoHe SXT cyperi, HMI
Magnetogram, SOLIS Chromospheric Magnetogram, GOES XRT- nepekrepi naiigaaanbuiibl.
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SOLAR ACTIVITY MONITORING FOR
THE PERIOD APRIL 10-20, 2017

Abstract. In this paper was monitored solar flares registered in the period 10-20 April 2017. Was given brief
analysis of solar flares registered in these days, also has shown the duration of time and peak of solar flares in
Universal time.

Keywords: solar flare, X-rays.

Monitoring of solar flares in a real time is carried out by the Geostationary Operational
Environmental Satellite or GOES [1]. Data on the electrons, protons, and X-rays were taken from
satellites GOES 13, GOES 14 and GOES 15 [2-15].
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Figure 1 - Active area 12650 (XRT Hinode) and the total X-ray flux obtained in GOES 13 and GOES 15 [1]

On April 10, 2017, on the Sun, 5 class M flares were registered. In total, 5 classes are distinguished in
the scale of solar flares: A, B, C, M and X, each subsequent of which exceeds the previous power by 10-
100 times. The event, more accurately estimated as B2.6, occurred in the morning and observed for about
13 minutes with a maximum at 04:36 UT [16-18].

On April 11, at 02:56 UT recorded the first flare of class B3.9 with a duration of 4 minutes from the
highs of 03:00 UT on the Sun. In total, 5 solar flares of class B were registered.

On 12 April midnight, there was an eruption of class B1.3 at 00:07 UT and was observed for about 4
minutes with a maximum of 00:11 UT. In total, 2 flares of class B were registered.

On April 14 around 16:18 on World time there was a fairly strong release of solar matter into space.
The solar flare is estimated as B1.1 and its maximum was observed at 16:21 on world time. In total, 1
solar flare of class B were registered.
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On April 16, 2017, around 21:53 GMT, another solar flare of class B2.6 was registered and was
observed for about 5 minutes with a maximum at 21:58 UT. In total, 2 flares of class B were registered.

On April 17, at 01:28, the first M class flare B3.6 was registered. The event occurred in the active
area of 12650 and was observed for about 11 minutes with a maximum at 01:39 UT. In total, 8 flares of
class M and one flare of class C were registered.

On April 18, in the active area 12650 at 00:24 GMT, a solar flare class B2.3 with a duration of 4
minutes occurred. In total, 5 flares of class B and one 2 flares of class C were registered.

On April 19 at 10:01 UT, another eruption of solar flare class B5.3 was registered. The event
occurred in the active area of 12651 and was observed for about 4 minutes with a maximum at 10:05 UT.
In total, 4 solar flares class of B were registered.

On April 20, 4 class B solar flares were registered. In active area 12651 at 06:49 GMT, solar flare
class of B8.0 occurred and was observed for about 7 minutes with a maximum at 06:56 UT.

Table 1 - Solar flares registered in the period from 10 to 20 April 2017 [1, 2]

Date X-ray class Integrated flux Start time End time (hhmm) Maximim time
(J/m®) (hhmm) (hhmm)
10/04/17 B 26 2.7E-04 0423 0447 0436
B11 5.5E-05 0836 0847 0839
B 13 1.2E-04 0953 1012 0958
B 47 2.1E-04 1816 1828 1823
B 16 5.8E-05 2117 2126 2122
11/04/17 B 39 1.1E-04 0256 0304 0300
B13 1.8E-04 0345 0412 0400
B 13 1.1E-04 1059 1116 1111
B 10 3.4E-05 1846 1854 1850
B 14 9.8E-05 1938 1953 1945
12/04/17 B 13 1.5E-04 0007 0032 0011
B 21 8.8E-05 1427 1438 1432
14/04/17 B1l 3.1E-05 1618 1625 1621
16/04/17 B 26 2.2E-04 2153 2210 2158
B 40 1.2E-03 2238 2339 2305
17/04/17 B 36 3.1E-04 0128 0146 0139
C20 4.4E-03 0217 0310 0247
B 40 1.3E-04 0554 0602 0558
B71 4.2E-04 0713 0727 0721
B 36 1.4E-04 1440 1450 1446
B32 1.2E-04 1624 1633 1630
B 57 4.5E-04 1846 1906 1853
B 75 1.0E-03 2121 2153 2142
B 20 7.7E-05 2339 2348 2344
18/04/17 B 23 8.1E-05 0024 0032 0028
B 17 5.8E-05 0218 0226 0222
B 56 2.3E-04 0531 0542 0537
B 21 8.3E-05 0551 0600 0554
B 69 3.6E-04 0631 0646 0640
C33 3.1E-03 0929 0955 0941
C55 1.6E-02 1921 2049 2010
19/04/17 B 53 1.1E-04 1001 1007 1005
B 25 5.6E-05 1231 1237 1234
B72 1.7E-04 1632 1639 1636
B 16 4.4E-05 1753 1800 1756
20/04/17 B 80 4.4E-04 0649 0704 0656
B 19 9.2E-05 0842 0853 0846
B 26 1.8E-04 1043 1058 1049
B 37 1.6E-04 2117 2127 2123

During the period from 10 to 20 April, 36 M class flares and 3 C class flares were registered [19-20].
The solar flares are recorded by a network of space observatories: telescopes on the board of American
SDO observatory, LASCO coronagraphs (European SOHO station), and also by both STEREO satellites
(USA), which are now at a giant distance of hundreds of millions of kilometers from our planet.

10
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THE STUDY OF THE NEUTRON HALO OF THE ""BE NUCLEUS
TAKING INTO ACCOUNT THE INFLUENCE OF AN EXTERNAL FIELD

Abstract.The aim of work is a theoretical study of the Coulomb breakup of halo nuclei in time-dependent
quantum-mechanical approach. Exotic nuclei are the subject of intensive experimental research.Theoretical studies
of Coulomb breakup of halo nuclei are relevant for the interpretation and planning of experiments for the study of
light nuclei on radioactive beams.The investigations with beams of radioactive nuclei have opened new prospects in
studying the structure of the atomic nucleus and have found wide applications in other areas of physics, including
nuclear astrophysics. The halo is one of the most intensively studied objects in modern low-nucleus physics. A
characteristic feature of halo nuclei physics is correlations between the mechanism of nuclear reaction and structure.

The breakup is one of the important tools for thetheoretical study of the properties of halo nuclei. In these
reactions, the information from the breakup of the projectile into fragments can be used to make a conclusion about
the properties of the halo part of the wave function. With good approximation, the breakup could be considered as
atransition from bound state of two (three) particles to the continuum, due to changing Coulomb field.

In this paper, the energy levels of the halo nucleus of''Be are calculated, taking into account the effect of an
external magnetic field. The ''Be nucleus is regarded as a neutron halo consisting of '’Be core and one neutron. This
work is the initial stage of the work on the investigation of the breakup of halo nuclei in the quantum-mechanical
approach.

Key words: Halo nucleus, Coulomb breakup, breakup cross section, exotic states of the nuclei, nonstationary
Schrédinger equation, energy spectrum, nuclearpotential.

Introduction.For the first time, nuclei with a neutron halo were discovered in 1985 by Tanikhata and
et al. [1,2], where such exotic systems were tightly bound core and surrounded by a diffuse nuclear cloud.
These systems were observed in the ground states (g.s.) of some light, neutron-rich radioactive nuclei
located near the neutron stability boundary [3]. Previously it was believed that a halo could be formed
only in radioactive nuclei located close to the neutron drip line. However, in the late 50's of last century,
long before the discovery of the halo, A.I. Baz actually predicted [4] the possibility of its appearance even
in stable nuclei near the neutron or proton emission thresholds. In particular, it was shown in [5] that the
excited state of 3.09 (1/2) MeV of the stable "*C nucleus could have a halo structure with an increased
radius.

Coulomb breakup is one of the main tools for studying the halo nucleus. The crosssection contains
useful information about the structure of the halo. Thus, this topic is the subject of intense experimental
and theoretical research. Among the halo nuclei, the ''Be nucleus is of particular importance, since the
relative simplicity of its structure allowsmore accurate theoretical studies. In fact, the bound states of the
"Be nucleus can be described quite well as a '’Be nucleus and a weakly bound neutron. With a good
approximation, the decay can be regarded as a transition from a two-particle bound state to a continuum
due to a changing Coulomb field in the process of collision of nuclei with a target [6].

The neutron halo effect is caused by the presence of weakly bound states of neutrons located near the
continuum. The small value of the binding energy of a neutron (or a group of neutrons) and the short-
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range nature of nuclear forces lead to the tunneling of neutrons into the outer peripheral region over large
distances from the core of the nucleus. In this case, the distribution density of peripheral neutrons is much
smaller than the neutron distribution density inside the core [7].

Among the neutron halo nuclei, the nucleus ''Be is of particular interest. In the simplest
approximation, it can be considered as a two-particle system consisting of a '’Be core and a weakly bound
neutron. The halo-nucleus is described quite well by the wave function, which is the product of the wave
functions of the core and the external halo. A number of experimental facts confirm that nucleons forming
a nuclear halo have little effect on the core of the nucleus [6]. The most famous nuclei having the
structure of a single-neutron halo are ''Be, ''Li, '’C, "C and etc. [8]. They also have small binding
energies, anomalously large sizes, narrow momentum distributions of fragments after the breakup, large
interaction cross sections and electromagnetic dissociation.

The practical way of studying the halo structure is to investigate collisions of two nuclei with the
transfer of energy and momentum. As a result, the transient properties of nuclear systems are studied in
nuclear reactions, namely, the transition from the ground state to excited states [8]. The breakup is one of
the important tools for thetheoretical study of the properties of halo nuclei. In these reactions, the
information from the breakup of the projectile into fragments can be used to make a conclusion about the
properties of the halo part of the wave function. The Coulomb breakup is of particular interest,because the
uncertainty about the assumption that the nuclear interaction between the projectile and the target plays an
important role. Nevertheless, in order to correctly extract information from the cross sections, the
accuracy of the description of the reaction mechanism must be established [9].

A characteristic feature of the physics of the halo nuclei is the close relationship between the
mechanism of the nuclear reaction and the structure of the nucleus. The primary analysis [1,2] of
experimental data on the cross sections of the interaction of nuclei with a halo has already led to the
determination of the large material radii of these systems. Since in the known nuclei with a two-neutron
halo the ground state is the only bound state, the breakup of nuclei with ahalo in binary collisions is the
final process of any reaction accompanied by excitation of the exotic system. The development of
adequate models of the breakup is of great practical value as a means of extracting reliable information on
the structure of nuclei with halo and the dynamics of the interaction processes [10].

In this paper,theinfluence of an external magnetic field on the ground state of the ''Be nucleus is
investigated, the splitting of the energy levels are calculated by numerical and analytical methods. The
first order of perturbation theory was taken as an analytical method [11].

1. Numerical methods for solving the stationary Schréodingerequation. The problem is reduced to
solving the stationary Schrodinger equation (SE):

HYnim = EnUnim (D

The wave function could be written in the form:

Ynim (1) = Ry (r)Yim (6, ) )

whereY,,,, (8, ¢)-is a spherical function.
The Hamiltonian of the interaction [8]:

hZ
Hy(r) = —ZA‘*‘ch(T’) 3)
Then for the radial part Ry;(r)of the wave function we obtain the equation:

A+ 3
2u 2ur

[_ﬁ L{GEVIN ch(r)] Ry (r) = E Ry, (1) @)
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mypm, .
where u = # reduced mass, m,, m. u M= m, +m, —respectively, the masses of the neutron, core, and

nucleus of''Be.

To solve theproblem (4) it is more convenient to use the system of units, where - energy, potential
and mass are measured in the same energy units - MeV, and the radius of nucleus in fm, and hc = 197.328
MeV - fm. Then equation (4) can be written in the form:

41,443 d? 41,443 1(1+1)
YA 2 _H N2
2 (mn) dr z(mn) r

+Ver (M| Ri(r) = E Ry(r) ®)

The potential V,(r) consists of a central term and a spin-orbit interaction term taking into account the
spin of the neutron I and the angular momentum L of the relative motion of the neutron-core [6,9].

Ver(r) = Vo(r) + LIV (7) (6)

VA7) is an internal interaction between the nucleus and the fragment of the projectile [9]. The central
potential of equation (6):

Vo(r) = =V, f(r,Rp,a) (7

where the Woods-Saxon form factor:

f(r,Ry,a) = [1 + exp (r_RO)]_l (8)

a

Spin-orbit interaction is expressed as [9]:

1d
Vi (r) = Vig rar f(r,Ro,a) ©)
The values of the potential parameters are given in Table 1, they are chosen as in [6].

Table 1 - Potential parameters

Vi=o Viso Vis a Ro
(MeV) (MeV) (MeV fm?) (fm) (fm)
59.5 40.5 32.8 0.6 2.669

Here V; is the depth of the Woods-Saxon potential, a is the diffuseness, and Ry is the radius of the
"Be (Ry = 1.2A"*fm). The standard value ¥, is used for the potential depth Is for the p-shell core [1].
We seek the solution of the SE (5) under boundary conditions using numerical methods of the inverse
iteration [12], finite-difference [13] and the sweep methods [12].
Ry (r) = const,r - 0
{er | 5)
n(@) = 0,7 >

The method of reverse iteration is characterized by sufficiently rapid convergence to the solution. The
accuracy of the result must be checked on the residual. The accuracy of the computational scheme is equal
to A= |E O_F (i_l)l < 107% . In the equation, the second-order derivative can be simplified for a
computer scheme using finite-difference approximation, described in detail in paper [7]. A radial grid is
introduced over 1; on the interval r € [0,7,], for convenience we have introduced the notationR(7;))=R;.
The wave function for the first iteration will be foundby sweep method, then the normalization will be
checked. Thus, the energy level will be found. Negative energy states are normalized and describe either
the physical bound states of the nucleus ''Be or states forbidden by the Pauli principle[9].

—— |4 ——
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1.1 Numerical methods for solving the stationary Schriodinger equation.
1.1.1The results: energy spectrum of''Be.The stationary Schrodinger equation (radial part) is solved
by the method of reverse iteration [12]. The solution scheme is as follows:

AR = ER
(A—-TEO)R® = ROV ;-1 = (11)
O JEI() B .
E™ =E™ + RO RGE-1

whereE™ is the initial approximation for the energy, i - is the iteration number, R(®)- is the initial vector,
and the calculated finite vector R® - is normalized at each iteration R () = Eﬁ(lmax).

The advantage of this method is that the final answer will not depend on the choice of the initial
approximation, since the answer quickly converges. Nevertheless, the accuracy of the result must be
checked on the residual.

From equation (11) that the accuracy of the computational scheme is

A=|E® - EE-D] <1070 (12)
orthe discrepancy is§; < 107°:
(A—TED)R® =¢; (13)

1.1.2 The sweep method.We seek the solution SE (5) in the form (11) under the boundary conditions:

{Rm(r) - const,r - 0} (14)

Ry (r) = 0,7 >

In the equation there is a second-order differential, which can be simplified for a computational
circuit using the finite-difference method, described in detail in [13]:

(1) 1, p)
i( (1)): Rj+1_2Rj +Rj—1 (15)
dr? h?

]

Here we introduce a radial mesh with respect to rj, where h is the step along the grid rj, for
convenience, we have introduced the notation R (1)) = R;.
The Schrodinger equation goes to the following form

A p(1) 551 4 4 0 _5(0)

It can be seen that equation (16) consists of a three-diagonal matrix. The solution will be solved in the
following form, using the sweep method [12]:

Vi = %5V T B
\Tfj_l = aj—ﬁ,- + Bj—l (17)

Substituting Ej_l = aj_lﬁj + Bj_linto equation (16), we find that

R] = (X]' R]'+1 + B]
where the coefficients are:
- a S
of = —(d; +0-1) -
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' ~ -1 = .
B,=(d+ai18) (R” —B_, &) (18)

Using this scheme, at first the coefficients o ‘and Bj ‘are found (direct sweep), then the radial wave

function ﬁjgl)is found by reverse sweep. Further, the normalization is checked. Thus, there is a wave

function for the first iteration. Further, as described above, the energy level is found. Negative energy
states are normalized and describe either the physical bound states of the projectile or states forbidden by
the Pauli principle [9].

1.2 Results:the energy spectrum of 'Be. Applying these numerical methods, in this paper, the
energy levels of the ''Be nucleus for the Woods-Saxon potential were reproduced as a test program as in
[6,9]. The 'Be nucleus is regarded as a neutron halo consisting of a '°Be core and one neutron [6,9]. As a
result, energy levels were obtained for the ground and first excited states. These data are given in Table 2
and compared with the results of [9].

Table 2 - The energies of the ground and excited statesof' 'Be

Jn 1 Eexp.(MeV) Elheor.(MeV) Elheon(MeV)
[14] [9] (this work)

1+

> 0 -0.503 -0.5013 -0.5013

1-

3 1 -0.183 -0.1844 -0.1844

As already stated above, for a finite-difference approximation of a second-order equation with respect
to a radial variable r, a grid was used on the interval r € [0, r,,], where r,, = 800 fm for the ground and first
excited states [9]. The convergence of the computational scheme for Ar — 0 is presented in Table 3,
where N, is the number of points, Ar is the step along the radial grid, and E is the energy of the bound
state.

Table 3- Convergence of a computational scheme on a homogeneous radial mesh

N, Ar E =0 N, Ar E, =1
2000 0.4 -0.501318 2000 0.4 -0.184423
4000 0.2 -0.780709 4000 0.2 -0.1883722
8000 0.1 -0.845679 8000 0.1 -0.1903396
16000 0.05 -0.861629 16000 0.05 -0.1913216

2 The splitting of the energy levels of 'Be due to the influence of an external magnetic field
(Zeeman splitting).In this chapter, the effect of an external magnetic field on the halo state of the ''Be
nucleus is studied, i.e. the splitting of the energy levels by a numerical method is calculated and numerical
results are compared with the analytical solution. The first order of perturbation theory was chosen as an
analytical method [11].

Under the influence of an external magnetic field, the magnetic moments of the nuclei are oriented in
a certain way and it becomes possible to observe transitions between the nuclear energy levels associated
with these different orientations: transitions occurring under the action of radiation of a certain frequency.
The quantization of the energy levels of the nucleus is a direct consequence of the quantum nature of the
angular momentum of nucleus, assuming 21 + 1 values. The spin quantum number (spin) I can take any
value that is a multiple of 2. The splitting of energy levels in a magnetic field can be called a nuclear
Zeeman splitting, since it is analogous to the splitting of electron levels in a magnetic field (the Zeeman
effect) [11].

— 16 ——
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Nuclear magnetic resonance (NMR) based on the Zeeman effect is widely used in nuclear
spectroscopy. At present, it is difficult to indicate a field in the natural sciences, where NMR has not been
used to some extent. NMR spectroscopy methods are widely used in chemistry, molecular physics,
biology, agronomy, medicine and in the study of natural formations, etc. Devices for the investigation of
the entire human body by methods of magnetic resonance (by NMR tomography methods) have been
developed and are being manufactured [16].

Let’s write the radial Schrodinger equation (5) adding an external field AV

[ﬁd_z h2 l(l+1)
2m dr? 2m

+ V() + AV, ] R,(r) = ER,(r) (19)

We rewrite the equation, corrected for our system of units:

r?  d* | R0+ Vo AV, T\ _E
ZmTOZE() dr’z ZﬂTO,ZE() 1+eXp (T,;R) EoT'() (TO) - EO Rl ( ) (20)
a
2
2L+ 28Dy v + Ay | R0 = BR() . @1)

where the additional potential AV, describes the interaction of the neutron spin with an external
magnetic field, since, as mentioned above, the neutron halo nucleus ''Be is considered as system of
"Be+nand is defined as AV = B - [T S,,;correction factors for the nuclear system of unitsk; =41,443 and

k, =3.15-10" 3 Mev here B- is the strength of the magnetic field, p - is the magnetic moment of the

neutron, S,- s the pI‘O_]eCtIOIl of the spin on the axis. Since the neutron spin is s=1/2, the projection of the
spin on the selected direction takes two values: +1/2 and— 1/2. In the (21), the wave functionR;(r)must be
replaced by the spin wave function R;(r) = R;(r) - xm, Where y,, are two-component spinors, and the
spin operators are 2 x 2 matrices. For the case when the field is directed along the z axis: §, =

1/1 0
+5( ).
—z2\0 -1
In the representation |s mg), where the projection of the spin to the axis takes the values mg =
+ %,ms = - % then the basis vectors of this representation have the form [14]

=) =)

Introducing the spin wave function, it can be seen that the SE is splitted into two equations

E 1=E+AE 1
lmzi m=§
Em;:-% =E + AEm=_% (22)
so the level shifts are defined as:
(r)
AE 1—<le 2k2 B-u R,
=2
AE,,_2=< RO —<ky B RY) > (23)

The same can easily be calculated to the case when the field is directed along the x or y axes.
Next, the program was modified to calculate the energy shifts by introducing the spinor, so the
number ofmatrices and vectors are doubled.
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Stationary Schrodinger Equation

HoR,(r) = ER,(7) (24)
can be rewritten in the following form:

0
WL HR; =Y 6,ER; = ER; (25)

In order to describe the nuclear interaction, we used the Woods-Saxon potential with the parameters
given in the first chapter and the potential of the Gauss shape to verify the technique [14]:

V(r) = Voe‘(%) = peor? (26)

For / = 0, the potential depth is chosen as for the Woods-Saxon potential V; = — 59.5 MeV, the
potential widthg = riz =0.117 fm™2.
0
Figure 1 shows the potentials of Woods-Saxon(WS) and Gauss (Gof the ground state as a function of
the radial coordinate. According to the graph, it can be used the interval from 0 to 7,=8fm.

V(R;)

Figure 1 - The shape of the Woods-Saxon and Gauss potential for the ground state of ''Be as a function of the radial variable
The results for the ground state are shown in Table 4. The numerical results are compared with the

analytical solution, and the first order of perturbation theory is chosen as the analytical one [12].The SE,
taking into account the perturbation, is written as:

(Ho + AV)Ro(r) = EgRy(r) (27)
Ey = Ey + AE

The energy shifts in perturbation theory are calculated as:

AE: = fooRo(r)AVl(r) Ry(r)dr
2 Jo 2

AE 1 = ["Ro(r)AV_1(r) Ro(r)dr (28)

The field strength varied from 0.1 to 2000 Gauss; it can be seen that the results are in good agreement
with the analytical ones.

— 18 ——
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Table 4 - The energy shift of the ground state of''Be due to the influence of an external magnetic field

I{m:8 AEpen(Bz) AEnum(BZ) AEnum(BZ) AEpen(Bz) AEnum(Bz) AEnum(BZ)

M=200 perturbation Gauss num. WS num. perturbation Gaussnum. WSnum.
B (Gauss) mg=+1/2 spin projection mg= - 1/2 spin projection

0.1 0.0003 0.0003 0.0003 -0.0003 -0.0003 -0.0003
1 0.0030 0.0030 0.0030 -0.0030 -0.0030 -0.0030
10 0.0300 0.0301 0.0301 -0.0300 -0.0300 -0.0300
100 0.3008 0.3008 0.3008 -0.3008 -0.3008 -0.3008
200 0.6016 0.6016 0.6016 -0.6016 -0.6016 -0.6016
300 0.9024 0.9025 0.9025 -0.9024 -0.9025 -0.9025
400 1.2033 1.2033 1.2033 -1.2033 -1.2033 -1.2033
500 1.5041 1.5041 1.5041 -1.5041 -1.5041 -1.5041
1000 3.0082 3.0082 3.0082 -3.0082 -3.0082 -3.0082
2000 6.0165 6.0165 6.0165 -6.0165 -6.0165 -6.0165

Figure 2 shows the wave functions of the s-state of ''Be for the spin projection of +1/2 (Fig. a) and -
1/2 (Fig. b). Black is denoted for the Woods-Saxon (WS) potential, redline is Gauss (G). When the
magnetic field is varied, the wave functions do not change.
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Figure 2 - a) Radial wave function when the spin is directed upwards (+1/2) and b) when the spin is directed downward (-1/2)

Conclusion.Using numerical methods, in this paper, the energy levels of the ''Be nucleus were
reproduced as a test program using the Woods-Saxon potential for describing the nuclear interaction as in
[6,9]. The ''Be nucleus is regarded as a neutron halo consisting of a '’Be core and one neutron [6,9].

Also, the energy level shifts were calculated due to the influence of the magnetic field, using two
different potentials: the Woods-Saxon and Gauss forms. The numerical results coincide with the
analytical solution, and the first order of perturbation theory is chosen as the analytical one.

This work is the initial stage of work on the investigation of the breakup of halo nuclei in the
quantum-mechanical approach. A detailed investigation is planned to research the effect of the external
field on the breakup of the halo nucleus, using the numerical method for solving the nonstationary SE.

The authors express their gratitude to Prof. V.S. Melezhik for theformulation of the problem and
related discussions.
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VYK 539.1.074.3
J1.C. Banmnoaaa', C.A. )Kayramesal, .M. Jizxanceiitos", H.K. )Kycynm;a1

'Kazaxckuit HaumoHabHblit Yuusepcuret uM.anb-DOapadu, Anmarel, Kazaxcran;
*Uncruryt Sneproii Gusnku, Anmatel, Kasaxcran

U3YUYEHUE HEUTPOHHOI'O T'AJIO SIJIPA ""BE C YYETOM BJUSAHUS BHEIITHETO MOJIA

AnHoranus. [[enpropaboTHIABIACTCATEOPETHUECKOE HCCIECIOBAHIE IPOLECCOB KYJIOHOBCKOTO pasBajia Tajio
sep B paMKax HECTAIMOHAPHOTO KBAHTOBO- MEXAHMUYECKOTO MOIX0Aa. DK30THUECKHUE SApa SBIAIOTCS MPEIMETOM
WHTCHCHUBHOT'O AKCIEPUMEHTAIIFHOTO HCCIICAOBAaHM. TeopeTHdeckrne MCCIeIOBaHMs KYJIOHOBCKOTO pa3Baia rajo
siIep aKTyalbHBI JJISl WHTEPHPETAllMy M IUIAHUPOBAHUS SKCIIEPUMEHTOB 10 M3YYEHHUIO JIETKHX fA1ep Ha pagHoax-
TUBHBIX ITydkax. VIcciemoBaHWs C Iy9KaMH DPaIHOAKTHBHBIX SAEpP OTKPBUIM HOBBIE HEPCHEKTHBBI B H3YYECHUH
CTPYKTYpBl aTOMHOTO siipa W HAlUIM IIMPOKHE IMPHWIOKEHHS B JPYrHX o0nacTsx (u3uKu, BKIOYAs SAECPHYIO
actpodu3uky. ['ano sapa SBISIOTCS OJHMM M3 HauOoliee MHTEHCUBHO HCCIEAYEMBIX OOBEKTOB B COBPEMEHHOM
MAJIOHYKJIOHHOH siIepHON Qu3uke. XapaKTepHOW 0COOCHHOCTHIO (DU3UKH SIIEP C Tajio SBJISIETCS TECHAs B3aUMOCBSI3b
MEXaHU3Ma SIIEPHON PEaKIUU U CTPYKTYPHL.

PasBan sBisieTcss OMHUM W3 BaXKHBIX WHCTPYMCHTOB JJISi U3yUCHHsS CBOMCTB rayio siep. B 3Tux peakmusix,
nH(opManus, MOCTyNaIIas OT AUCCOLMAMN CHapsiia Ha )parMeHThl MOXKET OBITh MCIOJIB30BaHa, YTOOBI ClIeNIaTh
BEIBOJ] O CBOMCTBAX Taj0 YacTH BOJHOBOW (yHKIuH. C XOpOMINM MPHOIMKEHHEM, Pa3Ball Tajo sapa MOXHO pac-
CMaTpHUBATh KaK MEPEX0] OT CBI3aHHOTO COCTOSHHS JBYX (TPeX) YacTUIl K KOHTHUHYYMY, B CBSI3H C H3MCHSIOLIIMCS
KYJIOHOBCKHUM IIOJIEM.

B 1ianHOi paboTe pacuMTaHBl SHEPreTHUECKHEe YPOBHH Tallo sapa |'Be , ¢ y4eTOM BIMAHMS BHEIIHErO MarHHT-
HOTO TIOJIS, T.€. BBIYMCIICHO PACHICIICHHWE SHEPreTUYECKUX YPOBHEW UWCIEHHBIM M aHAJUTUYECKHM METOJaMH C
MCIOJB30BAHUEM JBYX pa3HbIX MOTeHIHaIoB:B (opme Bync-Cakcona u Taycca. Smpo "Be, umeromee Kak
HEHTPOHHOE TAJI0, COCTOSIIMH U3 Kopa '"Be i 0HOr0 HelfTpoHa. JTa paboTa ABIAETCS HAYAIBHBIM 3TAlloM PadoThI
10 UCCIIEI0OBAHMIO pa3BaJla Trajo sjep B KBAHTO-MEXaHUYECKOM HOIXOIE.

Ki1roueBble ciioBa: rajo s/po, KyJOHOBCKHUH pa3Ball, CEYeHHE pa3Baja, SK30THYECKHE COCTOSIHUS siiep, cTa-
roHapHoe ypasHeHue llIpenunrepa, sHepreTHIeckuii CeKTp, SAEpPHBIN MOTEHIHAI.

— 20 ——
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BOUNDARY VALUE PROBLEM FOR ELASTIC HALF-SPACE BY
SUBSONIC VELOCITIES OF SURFACE TRANSPORT LOADS MOVING

Abstract. The first boundary value problem of the theory of elasticity for an elastic half-space at the movement
on its surface of subsonic trans loads is considered. The speed of motion is less or more than the speed of
distribution of elastic Rayleigh waves. On the basis of the generalized Fourier's transformation the fundamental
solution of a task is constructed which describes dynamics of the massif at the movement of the concentrated force
on and along its surface. Based on this, an analytical solution is constructed for arbitrary transport loads distributed
over the surface, moving with the pre- Rayleigh and super-Rayleigh velocities. It is shown that when the Rayleigh
wave velocity is exceeded, the transport loads generate surface Rayleigh waves.

The task is a model for research of the intense deformed condition of the pedigree massif in the vicinity of road
constructions at moving transport.

Keywords: boundary value problem, an elastic half-space, trans loading, subsonic speed, Rayleigh wave, the
stress-strain state.

Trans loads are very widespread in practice. As those we understand the moving loads which form
doesn't change over time, but their position are changing in the environment. Dynamic deformation
processes, which arise in the ground under their influence, expand with different speeds, characterizing
elastic properties of the medium. In isotropic elastic medium there are two sound speeds of expansion of
dilatation waves (c;) and shift (c;) waves (ci>c;). The relation of speed of trans load to the sound velocities
significantly influences to the stresses and deformations in the elastic medium. We consider here the
subsonic case, when speeds of loads are less then shift waves speed. This case is characteristic for trans
problems as the speed of the movement of the most modern vehicles is many less then the speeds of
elastic waves propagation. From trans loads we especially distinguish stationary ones which move in the
fixed direction with a constant speed (transport loads). This class of loads allows to investigate diffraction
processes in isotropic elastic medium in analytical form.

In papers [1-3] the fundamental and generalized solutions of the Lame’s equations are constructed
and investigated which describe the movement of elastic medium at the action of concentrated on an axis
and distributed loading in all range of speeds (subsonic, sound, transonic and supersonic ones). On this
basis in [4-7] the method of boundary integral equations has been developed for solving the transport
BVP in elastic medium with cylindrical boundaries. This class of problems is very important for
applications in the field of dynamics of underground constructions, trans tunnels and excavations of deep
laying.

However there is a class of model trans tasks (for example, road problems) when loadings move on
the surface of a half-space. It is known that there is also sound speed in an elastic half-space with which
superficial Rayleigh waves are propagating. The Rayleigh’s speed is less, but is very close to the speed of
shift waves [10,11]. Rayleigh's waves don't create tensions on half-space border, but significantly
influence on the tensions and deformations of the massif near a free surface.

For the first time such task was considered and solved for a subsonic pre-Ryleigh case by flat
deformation in work [8]. Here the analytical solution of this task in three-dimensional statement is
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constructed also in a subsonic case, when the speed of subsonic trans load is less or more than the
Rayleigh’s speed.
1. The statement of transport boundary value problem for elastic half-space

Elastic isotropic medium, with Lame’s parameters Au and the density p, occupies half-plane
x>0, n (x)=(-1,0, 0) is unit vector of the external normal to its boundary D = {x eR’ X = 0}.

Constants ¢, and ¢, are the velocities of elastic waves propagation [11]:

2
A+2u , ¢, < ¢ (sonic speeds):
P \/

Boundary transport load P(x,?) are moving with constant subsonic speed (¢ <c,<c) along the axis

Xs: P(x,0) = pup;(x,x; +ct)e;. Components of stress tensor G; are connected with medium

displacements u(x,7) by Hook’s law:
oy = Adivudy + p(u;.;+u;., ) .

For dynamics problems this law better to write in the unitless form:

Hook’s law:
2
(o> C
y _ 1 :
— = —2— leUé‘ij'F (ui,j+uj,l.) (1)
H ¢
Here and everywhere further on the identical indexes the tensor convolution have been made. Private
Ou;

derivatives on the corresponding coordinate are designated by the index after comma: u;, T
j

Oy = 5,.j is Kronecker symbol.

The stationary movement has been considered that allows to pass into mobile coordinates system
which are connected with transport load. Further we use designations: x = (x,,x,), z=Xx3 +ctf.

It’s supposed that components of the load allow the Fourier's transformation, i.e. they are
representable in the form of Fourier's integraIS'

Py(x,.2) =0 (0.3,2) = f 7, 1.8)exp(-i(xyy +¢ 2))dndg

2 ) o
P.(1:6) = [ P, (3. 2) expliCeyn + 26))dydz
R2

The Lame’s equations for displacements of elastic half-space in mobile coordinates system have the
form [1]:
(72 =052 =C e (5a—0.))s7 |, =0 3)
1 2 Bk 2 z i J

This operator we denote L; ( 01,04,0,). Here two Mach’s numbers are introduced:

M =cle, M,=clc,,

which characterize the velocity of transport load in relation to the sound speeds of elastic waves.
Egs. (3) were studied in [2,3]. There are three cases: subsonic (c < cz) , transonic (cz <c< Cl) ,

supersonic (c > cl) and two sonic cases (c =0y, C= cl). In the first case (M, <1, M, <1) the system

(3) is elliptic, in the second one (M, <1, M, >1)it has have the mixed elliptic-hyperbolic type. In
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supersonic case (M, >1, M, >1) this system is strong hyperbolic. By sonic speeds it is mixed
parabolic-elliptic if M| <1, M, =1, and it’s hyperbolic-parabolic if M, =1, M, >1.

By sonic and supersonic velocities the shock waves can appear in elastic medium. There are the next
conditions on the jumps on their fronts F:

A P R e
— 2 F o
hj[al.jL—pc hZ[ui’Z]F’ i,j=12,3.

h” =1. It’s perpendicular to a front F in the

“4)

Here h(x,,x,,z)=(h.h,.h; 0 h ) is wave vector,

direction of wave propagation. The continuity of elastic medium gives the first condition. The second
condition is continuity of tangent derivatives at the front of a wave; it is consequence from the first one.
The third formula is law of momentum conservation on waves fronts.

Here we consider the subsonic case. It’s required to find the solution of the BVP which must to
satisfy

the attenuation condition on infinity:

u—>0 by x;,—>40 or z—xwo.(5)

Also we’ll enter later some additional radiation conditions by construction of BVP solution.

1. Green tensor of transport BVP
To solve the problem, we construct the Green's tensor Hl;. of the boundary value problem in a

moving coordinates system. For its determination we have the following boundary value problem.
To find the tensor solution of homogeneous motion equations :

2 2
(M;2 - M;Z);? + (M;ZA - %J@f nt=0, i,7,k=123, (6)

i
in the region x; > 0, which must to satisfy the attenuation condition at infinity:
H];.(x,z) — 0 for ”(x,z)” -0 . @)

Corresponding stress tensor 2}}1}{ , which are calculated by use Hooh’s law (2), has the form:

2;3{ =all}", 5jk *(HT’k"‘HZn»,‘) = S_i‘k(81’62’82)1_[;”(951’952’2):

®)

T h e o r e m. The solution of the given boundary-value problem has the form of the following
convolution on the boundary of a half-space
u;(x,x,,2) = IH;(xl,xz —Y2,2=Y3)P, (V2. ¥3)dy,dys,  j =123 €))
Rq
and must satisfy to the following singular conditions on the free surface : for x,=0

i =ally,, 0, +A1"  +11{",,)=06"0(x,)0(z), i,m,k=1273. (10)

A 2 M?
where O (X i) is generalized Dirac function, & = — = [C—IZ - ] = [—2 - 2] .
H G
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P r o o f. Indeed, by virtue of (1), (10) and the convolution properties we have on the boundary of the
half-space:

IZﬁ(O,xz = 12:2=Y3)Pu (D2, ¥3) dyydyy = 67 6(x,)0(2) * p,, (x,,2) = p;(x,,2).
Rq

Here on the right there is a functional convolution along the half-space boundary and tensor
convolution by the index m. The displacements (9) satisfy to the homogeneous transport Lame equations
(3) in the half-space:

o0
L}(6,,0,,0,)u; = Ipn(h,yz)L{' (01,02,0)1(x1,25 = ¥, 2= y3) dyrdy; =0
Rq
in view of (6) and the invariance of these equations with respect to the shift at the boundary of the
half-space
This tensor Il(x,z) gives possibility to use the formula (9) for determination of displacements in a
half-space for any loading on its surface. The stresses at any point of the elastic half-space on the area
with the normal n are determined by the formula

S(xp,Xp,2,n) = 0 (X1, X5, 2)n ;€ =

® (11)
=Hen; jzij(xlaxz —Y2,2=y3)P1 (Y2, ¥3)dy,dys.
R4
Thus, the definition of the fundamental displacement tensor determines the solution of the problem.
We construct the tensor T1(x, z) using the scalar and vector elastic Lame potentials.
2. Statement of the transport problem for Lame’s potentials
The displacements of the elastic medium can be represented in terms of the scalar and vector Lame’s
potentials [1,11]:
u=gradp+roty (12)

Since the three components of the displacements are determined through four potential components,
the vector potential is usually associated with a Gaussian or Lorentz gauge. Here it is convenient to use
the representation:

v =yie; +roty,e;),

which uniquely links the three components of displacements with three potentials. If the displacements
satisfy to the homogeneous Lame equations, then the potentials satisfy the d'Alembert’s wave equation
with the corresponding velocity:

2
cle(p—a—Z) =0,
ot (12)

2
AAy, - aa;/;k =0, k=12

where A is Laplace operator. In the moving coordinate system these equations are transformed to the form:

(13)
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To construct the tensor H;. , we use similar potentials. Namely, we represent it in the form
T} (x1,%y,2) = D, (0,,0,,0,)®@, =0, D" + ¢;,30,07 + ekjlelBajaiq);n
Dy,(0,,0,,0.) =0y
D,(0,,0,,0.) = €30,
D,;5(0,,0,,0,) = ekaemaiaj

Here ij,klm=1,2,3, ejjk is Levi-Civita pseudotensor. The first potential describes the gradient

(14)

component of the displacements field, and the other two potentials describe the rotor (solenoidal)
components . The potentials satisfy to the
transport wave equations:

o*"
m 2 J _ -
We name them fundamental potentials. To calculate them we use boundary conditions (9) :
by X1 = 0

alli 8, +(I7 +II7) = 5/"8(x,)8(2)
where
M7 =AD" +430,0,D7F +e45€,;30,.0,0 ;@3
I, =0,0,0" + ¢;30,0,07 + eijlelkz»akajalq)gn >
I}, =0,0,®1" + €;30,0,D% + ¢ ;;€,;0,0 ;0,07 ,
We can to write it in the form:
B,,(8,,0,,0.)®) =5]"5(x,)5(z), n,m=123, (16)

where
B, @, = [28561(1){" +0; {(eik381 +€1430; )(D? +0; (eijlelk381 + € €430 )(Dgn }]+
+ a[ADI + 010,008 + 0e,,0,0,0 D1 5, =
B,,(0,,0,,0,)®, = (0‘5:'1A + 26161')@? +0; (a5ilelgsaj +ey30; + e1k3ai)®r2n +
+0,0; {aé‘ilekjlelﬁas + (eijlelk3al + eljlelk3ai)}q)gn =
= (aMlzé;lazaz + Zalai)q)in + 0y (a5ilelgsaj +€y30) + elkSai)CDrzn +

m
+0,0; {aé‘ilekjlelﬁas + (eijlelk3al + eljlelk3ai)}q)3

This implies
B,1(01,0,,0,) = (aMlzé}lazaz + zalail
B»,(6,,0,,0,) =0y (0‘51'1@1{,'38]' + €30, + elk3ai)
B;3(0,,0,,0,) = 0,0, {aé}lelql€ISSas + (eijlelk3al + eljlelk3a[)}

Using the properties of the permutation of the indices of the Levi-Civita tensor and the formula for its
convolution:

€ij€lkm = OO m 5im5kj’

these operators can be greatly simplified:
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B11(8,0,,0,) =(aM7d? +207 ),
B,1(6,,0,,0.) =20,0,, B4(0,,0,,0.)=20,05,
B)2(81.0,.0.) = 0 (ey30; + €430 + €430, ) = (@30, + 20,0, ) =
= a(e1238182 +€5130,0, ) +20,0, =20,0,,
B,,(0,,0,,0.) =0, (0‘521%'351' +ey30, + elk3az) =
= (€130101 + €1230,0, ) = 0,0, = 0,0y,
B3,(01,0,,0.) = 0 (€5430; + €330 ) = 9,03,
B5(0,,0,,0,)=0,0; {aekjlelm3am + (eljlelk3al + el_jlelk3al)} =
= (803 = 040,13 ) 0100, + (51403 — 51301 )0,0,0, +
+(8148 3 = 61354 )0,1040; = (030,40, — 050 ,0; ) + 20,0,0 = 20,0,05.
B13(0,,0,,0.) = €, ;1€;30,0,0 ; + €, ;330,00 ; =
= (02013 = 02301101040, + (8483 = 61354 ) 0,0,0; = 20,0,05,
B13(0,,0,,0,) = €, ;€430,0,0 ; + € ;y€430,0,0 ; =
= (82403 = 0230101040 + (814 3 = 61354 ) 020,80 ; = 20,0,05.
As a result, we get:
B, =(aM[0.6, +20}), B, =20,0,, B3 =200;,
B,1(01,0,,0.) =20,0,, By,(0,,0,,0.) =0,0, =0,0;, By3(0,,0,,0,)=20,0,05, (17)
B31(0,,0,,0.) = 20,03, B3,(0,,0,,0.)=2030,, B33(9,,0,,0.) =20,0,05.

Thus, the problem of constructing the transformants of the unknown tensors reduces to determining
the Lamé potentials satisfying equations (14), the boundary conditions on the free surface (16), and the

damping conditions at infinity:
q)’]‘. — 0 by ||(x,z)|| — 0, (18)
and certain radiation conditions, which we discuss below.

3. Determination of Fourier transforms of fundamental potentials
To construct the solution, we use the Fourier transform of the potentials with respect to x,,z. In the

space of Fourier transforms, they correspond to variables 77,4 . Their Fourier transforms are defined by
the relations:

D" = [®" (x,2)expliny+igz)dzdy, , © =4—2jc1> (x,77,5) exp(—irp,—ilz)dgdn
R JT R

In the space of Fourier transforms the equations for the potentials (14) have the form:
24m
i O~ DT =0, o, =41-M7, j=123 (19)
dxz 77 j j j s j j:]_aa'
1

The expression under radical is positive, because we consider the subsonic case.
The boundary conditions are transformed to the form:

— 26 ——
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Bik (ala_in’_ig)allcn (xlana é/) = é‘lm by X1 = 0. (20)
Conditions for damping at infinity: for V7,
D} (x41,7,£) = 0 by x —> 00, 1)

By these conditions the solution of Eq. (19) has the form:

Pf = gpj’?(f;,g)exp(—xm/772 + af(z) , Re\n’ +a;¢? 20. (22)

Functions qz);.‘ (n,¢) are determined from boundary conditions (19) :

3
zBin (_ \’ 772 + ajzé/z >_i77> _l§)¢;n = é‘lm 5 k:1;2;3 (23)
=l

Thus, for each fixed m, we have the linear system of three equations for determination ¢}, from
which we find

m
gg;." :M ) (24)
A@,¢)
Here A’;? is corresponding algebraic complement, and the denominator is equal to
A(?], é/) = det {Bkj (_V 772 + afé/z H _ina _lé/)} .
This is a well-known Rayleigh determinant. In this case it has the form:
A= 4V2\/V2 —MEc? \/vz M3 (P -M3 ) v =t gt (25)

The properties of Rayleigh determinant are known. For transport problems, it was well studied in [1].

In particular,
A(n.¢)=0

by 77:771§(§)=i|é’|\/M§—1 & Q=é’,§(n)=i¢

2

R
where M, =c/cg, ¢y is the velocity of the surface Rayleigh wave, which is subsonic (cz < ¢, ). It can

(26)

be determined from the equation:

4«/1—m121/1—m22—(2—m22)2=0,mj:cR/cj (27)

Formulae (22), (24) formally resolve the problem in the potentials. However, in order to reconstruct
the originals, it is necessary to investigate the properties of the transformants - integrand functions in (18),
which essentially depend on the speed of a transport load.

6. Restoration of originals IT]' and Z]”-’k by pre-Releygh speed ¢

From (14) we get
I = D, (0,~i n,—ic)®) (x1,n,5) = MD,(” (01,—in,—i¢) exp(— xm/nz + angz ) =
A1.€) o8)
— A" (n, . .
Iy = %DM (—n* +a,s% —in.-ic) eXp[— Xy’ +a,g’
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ﬁlr(n (xlﬂnv ;) = Dkn(_\[ 772 + a_]Z‘é,z v_inv_i§)¢:1 (xlﬂnv ;) exp(_xl V 772 + afé&) (28)

Using the inverse Fourier transform, we obtain

T} (5,5, 2) = (270) [ T} (7, Y exp(=ix ,+¢ 2))dgdn =
=27)7 [ D, (=1 + &7, in, i) @) (1, exp(—x\ |7 + e —inx,=if 2)dgdn = (29)

=Q27)” I Doy + OZ({:; g?ié’)A" @.¢) exp(—x,\[17° + a:¢? —inx,—i{ z)dgdn

Let us calculate the fundamental stresses and their transformants. For this, we use the formulas (10),
from which we obtain

ne= A 5w w1 AT ) = 87,(8,,0,,0,)I]" =
= j’k(al’82962)Dln(61’62’az)q):':(xlaxbz) = Tjkn(al’azﬂaz)q)r(xl’xzaz)a (30)
Ty = S%4(0,,0,,0.)D,,(0,,0,,0.)

Hence we get

0 =T\ +a,6” —in—ie)®)) (x,1,6) =

. . Am B}
= Tjkn (_V 772 Ta, 2 sl TIa—IG)MeXP(_ IR 772 + angz )

A(17,4)
The original of the stress tensor in any point (x, z) is calculated by use the formula
S0 (6,%,,2) = 27) [ 20,18 ) exp(=ix ,+¢ 2))dd. (31)
RZ

For ¢ < ¢, the determinant A(77,{ ) # 0 for any real &,77. That is, at the pre-Releygh velocities all
the integrands are continuous and tend exponentially to zero when (77,£) tends to infinity. Therefore, the
integrals exist and satisfy the damping conditions at infinity.

When x; =0, (x,,2) #(0,0), the integrands in (29) and (31) are also continuous and integrable,

since they are oscillating and have the order of damping not lower 0((7]2 + gz)_l )

7. Determination of displacements and stresses at pre-Rayleigh speeds of transport load
To calculate the displacements of the medium for arbitrary transport load, we find the Fourier
transform of the displacements. According to (9) and the convolution properties

I’_lj(xlanaé/) = FXZ,Z[uj(xlaXZaZ)] Zﬁ;?(xl,ﬂ,g)l_?n(ﬂ,g). (32)

Substituting it in (28), we have

- P (11,94, (17,6) / o /
uk(xlanaé/):pm e )% é/ Dkn(_ 772+an 2,—177,—1g)exp —X 772+ang2

A(n,¢$)

Returning to the original, we obtain formulas for calculating the displacements at pre-Rayleigh
speeds:

— 28 ——
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1 _ .
g (315%2,2) = [ [ 1, exp(iCeyy + 26))dndg
T R2

To determine the stresses, we use the formula (11), which for the Fourier transforms has the type:

1 =, _ .
Oy 2,9) = [ =810 P, (1,6) exp(-ixyn + 26))dnd.
T R

At pre-Rayleigh velocities in formulas (31) and (32), all the integrands are continuous and tend
exponentially to zero by x; — co. Therefore, the integrals exist and satisfy the damping conditions at

infinity. The asymptotic behavior of displacements at infinity is determined by the asymptotic of the
transport load on the surface of the half-space.

6. Construction of Green tensor I1}' at super-Rayleigh speed (c, <c<c,)

If subsonic speed ¢ is more then Rayleigh speed cg then for constructing the solution we transform
contour of integration in the e-vicinity of point {,(77) by any fixed 7 by way of moving along the circle
of radius € in upper half-plane of complex { by z>0 and in under half-plane by z<0 to get under sign of
integral the waves, which tend to zero by |Z| — 0. If £ = 0, then, with use the theorem on residue of

complex analysis, we get Green tensor in the form:
A7’ T} (x,,X,,2) =

= J'{VP IZD (=’ +a; ¢ in,il)——2= A, (1,6) exp(—x,\n° +a;¢? —i(z)dg}e_i”xzdn — (33)

A A@7,¢)
— M—W A’T(n—’é/;) M2 M A 7’(773‘2*24/13 (ﬂ))d
lﬂsgnZZL; [ d gRJ A . Cim) [ i -1 J 7

Here to calculate the Value Principle integral we can use the formula:

V.P. J.D (—m* +a;¢?,in,id) m((n’g))exp(—x“/772+afé’2—ig“z)dg:

(Yzln (xlaza 775 g) + Y('xlaza 77: _g))exp(_xl \’ 772 + ajzé‘z )dga

Ar(n.8)e™
A,¢)

Il
S ey 8

Y, (x,2,7,6) = D, (—\n* + a;{? i, if ) ——"2———

The last integral doesn’t have singularities in Rayleigh’s points and can be calculated numerically.

The second summand in formula (33) describes the surface Rayleigh waves, which are generated by
transport load when cz<c<c;

By c=cgthe stationary solution of this problem doesn’t exist.

Conclusion. Here presented solutions of boundary value problems are very useful for applications
when assessing the impact of road trans on the environment. It allows to determine the stress-strain state
of the rock massif, depending on its elastic properties, the type of the acting load and the speed of the
vehicle. This is especially true now with the development of high-speed road and rail trans, the speed of
which can have a devastating impact on the surrounding areas. The obtained solutions allow us to
determine the range of possible speeds of movement, taking into account the strength properties of the
rock massif and the road surface, which makes it possible to ensure the safety and reliability of operation
of modern vehicles.
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JLA. AntekceeBa
WucTtutyT MaTeMaTuku U MatemaTuyeckoro moaenuponanus MOH PK

KPAEBAS 3AJJAYA IS YIIPYT'OI'O IOJTYITPOCTPAHCTBA
ITPA JO3BYKOBBIX CKOPOCTAX ABUKEHUS IOBEPXHOCTHOU HAT'PY3KHN

AnHoTanus. PaccmarpuBaercst mepBasi KpaeBast 3ajjada TEOPUH YIPYTOCTH JJISL YIPYTOro MOJIYyIPOCTPAHCTBA
IpU ABWXKEHUHM IO €ro IOBEPXHOCTH TPAHCHOPTHOM HArpy3KH €O CKOPOCTBIO, MEHBIICH, YeM CKOpOCTb
pacnpocTpaneHus: ynpyrux BosH. Ha ocHoBe o0oOmenHoro npeoOpaszoBanus dypbe moctpoeH TeH3op I'puna -
(hyHIaMEHTaJIbHOE pEIIeHUE 3aa4l, OMUCHIBAOIIEE TMHAMUKY MAaCcCHBA IPH JIBIXKEHUH COCPEIOTOYEHHOM CUIIBI IO
€ro moBepxHOCTH. Ha ero ocHoBe MOCTPOEHO aHATUTUYECKOE PELICHUE ATl IMPOU3BOJIBHBIX PACHPENEICHHBIX MO
[IOBEPXHOCTH TPAHCIIOPTHBIX HArpy30K, IBHXKYIIUXCS C JOPEIECEBCKOM U CBEPXPENIEEBCKOM CKOPOCThIO. ITokazaHo,
YTO IIPY NPEBBIIIEHUU CKOPOCTH BOJIHBI Peness TpaHCIOPTHBIE HArpy3KU I'€HEPUPYIOT IIOBEPXHOCTHBIE PEJIEEBCKUE
BOJIHBI.

3ajgaya SIBISIETCS MOJAENBHOM JUISl MCCIICAOBAHUS HAIPSHKEHHO-Ie(GOpPMUPOBAHHOTO COCTOSHHUS ITOPOIHOTO
MacCHBa B OKPECTHOCTHU JOPOKHBIX COOPYKEHUI NPU JBIKYIEMCS TPAHCIIOPTE.

KiioueBble cioBa: ymnpyroe HOIyOpOCTPaHCTBO, TPAHCHOPTHAs HArpys3ka, I03BYKOBas CKOPOCTb, BOJIHBI
Pernesi, HanpspKeHHO-1e()OPMUPOBAHHOE COCTOSTHHE.
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APPLIANCE OF FLOYD WARSHALL, BELLMAN-FORD ALGORITHMS
FOR ADDING NOISE PERMUTATIONS OF BLOCK CIPHERS FOR
CRYPTOGRAPHIC ENDURANCE ENHANCEMENT

Abstract.The article describesthe procedures of information encryption and permutations, which would be used
during development of information concealing (closure and concealing) system. Process of permutation is based on
output sequences of shortest paths of graph algorithms of Bellman-Ford and Floyd Warshall. Creation of this system
of information concealing and it’s program implementation is aim of master degree project.

Key words: cryptography, permutation, Floyd Warshall algorithm, Bellman-Ford algorithm, cryptographic
endurance.

Introduction.Proposed technology is concluded in that graph algorithms for finding shortest path
Floyd Warshall, Bellman-Ford used only for finding shortest paths between two vertexes in
graph.Combinationofcryptographyandoutputsequenceofshortestpathprovidessecrecyof information.
Ifencryptedinformation  (ciphertext)  writtenin EC  Bencryptionmodethanbyanalyzingtens  of
thousandsciphertexts it is possible to issue adecision that for example as encryption algorithm was used
theparticularcryptographic cipher.SuchvulnerabilitieswerefoundinsymmetricalgorithmsDES, FEAL-N, in
case if therewere used a pair weak key and weak plaintext was contained many repeated bytes which
finally led to the situation that ciphertext contained many repeated bytes or not fully whitened at all.
Thiswouldallowto3™nonauthorizedpartymakean assumption of plaintext content character.In connection
with that a technology was developed which allows on thebasis of thebuilt graph in representation of
adjacency matrix to find shortest paths with usage of Floyd-Warshall, Bellman-Ford
algorithms.Usageofadditionalpermutationofshortestpaths output sequences of Floyd-Warshall, Bellman
Ford algorithms allows to protectciphertexts from differential cryptanalysis.This is explained by that after
permutation ciphertext would be significantly differ from plaintext and even by using decryption key it
would be not possible to obtain theoriginal plaintext.

Symmetrical block cipher encryption algorithmTwofish with key dependable substitution S-
blocks. Symmetric block cipher Twofish with key dependable substitution S-blocks are of the most
complicated for program implementation and most cryptographic endurable cipher in view of usage of
Galois Fields (GF 28) [1,2]. Twofish was created by Bruce Schneier in 1998 year and following cipher
had all set of technologies which science of cryptography reached specifically: Feistel Network, usage of
irreducible polynomials of 8" degree in Galois Fields, unary operations: XOR, ROL, ROR, addition by
modulus 32 (providing one-sidedness, concluding in complexity of retrieval square root by modulus, and
also high speed on computer), entrance and output whitening, key dependable S-blocks, Hadamar
cryptographic transform.
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Plaintext (128 bit)
[ 32 bits 32 bits [ 32 bits 32 bits

Input whitening

80 IS hox0
B o L
RN ]

MDS

One round

CRCLN ]
R
e
R TSN

MDS

i 15 rounds more

Additional permutation

\ Qutput whitening

[ 32 bits I 32 bits [ 32 bits I 32 bits |
Encrypted text (128 bit)

@ _ XOR operation

_ Additionby modulus 32

Figure 1 - Scheme of Twofish-128 algorithm
Describing the process of forming round keys:

M-encryption key, N-length of key in bits. EncryptionkeyMbreaking on8 * kbytesm,
k=N/64

............. JMgk—1,

Thenfollowing8 * kbytesbreaksupon 32 bitswords (DWORD) (for4 bytes), it should be taken into
account that in each words bytes are written in reverse order. Finally it is 2 * k 32 bits wordsM;

3
M; = zj=0m(4i+j)*28f i=0,..,2k—1

Following2 * k 32 bitswordsdividing on two vectorsM,andM,of size ink 32 bits word each

M, = (Mg, My, ..., M3y _3)

M, = (M1, Mg, ..., Mz _1)
Finalroundsubkeysfor 16 rounds calculating by following rule, whereiequals toround key of i round:

p =224 4 216 4 28 4 20

A; = h(2ip,M,)

B; = ROL(h((2i + 1)p, M,), 8)

— 3 ——



ISSN 1991-346X Cepusa pusuxo-wamemamuyeckas. Ne 2. 2018

KZi = (Al + Bl) mod 232
Kyie1 = ROL((4; + 2B;) mod 232,9)

Functionhfor encryption rounds and generation of key dependableS-blocks

MD=

Figure 2 - Function h of Twofish-128 algorithm

01 EF 5B 5B
5B EF EF 01
EF 5B 01 EF
EF 01 EF 5B

Figure 3 - MDS matrix

MultiplicationinMDSmatrixproceeds byirreducible polynomial of 8" degreex® + x° + x° + x3 + 1
qo, 91— fixed permutation blocks of 8 bits of incoming byte x.
Bytexsubstitutesontwopartsby 4 Dbitsineachpart (ag, by), on following valuesag, bpare heldnext
calculations:
ap = x/16by = xmod 16

a; = ag P byb;=ay, @ ROR, = (by, 1) @ 8aymod 16

ap = to[a;]b, = t1[b4]
asz = a, @ b2b3:a2 @ ROR4 = (bz, 1) @ 8a2m0d 16

ay = ty[az]by = t3[bs]
y = 16b4 + agy

Below presented fixed values if tablest...t3, forqg, q4

Tables for q:

to=[8 1 7D6F320B 59 ECA 4]
t,=[ECB81235F4A6709D]
t,~-[BASE6D90C8F32471]
t;=[D7F4126E9B3085CA]

Tables for g4:

to=[28BDF76E31940ACS5]
t,=[IE2B4C376DAS5F908]
t,=-[AC75169A0ED82B3F]
t,=[B951C3DEG647F208A]
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Function G:
Functiongcalculated via functionh: g(X) = h(X,S)

01 A4 55 87 5A 58 DB 9E
A4 56 82 F3 1E (6 68 E5
02 A1 FC C1 47 AE 3D 19
A4 55 87 54 58 DB 9E 03

Figure 4 - RS Matrix

MultiplicationinRSmatrixconducted by irreducible polynomial of 8" degreex® + x® + x3 + x% + 1

Bellman-Ford algorithm for finding the shortest path. The algorithm for finding the shortest paths
of Bellman-Ford is based on the operation of edge relaxation. Initially, the algorithm is not applicable to
graphs having a negative cycle, since it is possible to improve the distances for two vertexes in such graph
indefinitely.Describing the pseudo-code procedure for finding the shortest path in the graph by the
Bellman-Ford algorithm:

Table 1 - Pseudocode of Bellman-Ford algorithm

FunctionBellmanFord{

//Setting initial distances to all vertexes V equals to infinity, also for all ancestors of each vertexes setting
zero value

For(inti=1;i<=V;it=1){

dfi]=inf;

pli]=0;}

d[s]=0; //Setting the initial value of 0 from source

//Traversing of all vertexes

For(inti=1;i<=V-1;i+=1){

//For each outgoing edge from vertex checking

For each Edge e in Edges(G){

//if thedistance between two vertexes a,balong certain edge c is less than current. This means that we are
using edge ¢ already having thecurrent edge of theshortest path between a,b + a certain edge c,than path could
be improved.

If(distance[e.from]+lengthof(e)< distance[e.to]){
distance[e.to]=distance[e. from]+lengthof(e);
ple.to]=e.from; //Writing to array of ancestors newly found vertex

f

Floyd-Warshall algorithm for finding the shortest path. Floyd Warshall's algorithm also solves
the problem of finding the shortest path between two vertexes in a graph. The algorithm concludes in
taking vertex andit’s outgoing edges one at a time and look through along which edges it is possible to
improve the distance, this will be the intermediate edges.

Table 2 - Pseudocode of Floyd-Warshall algorithm

FunctionFloyd-Warshall{

dfuv]=w//Initial weights of graph edges are setting

For(inti=1;i<V;i+=1){ //Traversing of all graph vertexes

For(intu=1,u<Vyu+=1){//Traversing of all graph edges

For(int v=I1;,v<Vv+=1){

dfuv]=min(d[uv-1],d[ui-1]+d[iv-1])//If distance could be improved by addition of intermediate vertex
(edge) than writing following vertex(edge)

P

— 34 ——
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Results of implementation in programming environment Microsoft Visual Studio 2013 on high

level programming language C#

Demonstration of programming implementation of Twofish

Key-0X9F589F5C, 0XF6122C32, 0XB6BFEC2F, 0X2AES8C35A
Plaintext-0X16DB91D4, 0X9EC3B1E7, 0X6B08CB86, 0X19549F78

Output

Show output from: | Debug " | ‘

CIPHERTEXT
P[@]=9980F81
P[1]=851117de
P[2]=a3c3zadf
P[3]=c3fb2@bal
PLAINTEXT
P2[8]=16db91d4
P2[1]=9ec3ble?
P2[2]=-6b88cb86
P2[3]=19549F78

&

- g x
fa

Figure 5 - Program implementation of Twofish

Demonstration of programming implementation of Floyd Warshall algorithm

Table 3 - Presented graph with 6 vertexes for Floyd Warshall and Bellman Ford algorithms

{0,10,18,8,inf,inf},
{10,0,16,9,21,inf},
{inf,16,0,inf,inf, 15},
{7,9,inf,0,inf,12},
{inf,inf,inf,inf,0,23},
{inf,inf,15,inf,23,0}

Qutput

Show output from: | Debug .|| |
993 @,1 @,2 @,3 @,1,4 8,3,5

1,6 999 1,2 1,3 1,4 1,3,5

2,1,8 2,1 999 2,1,3 2,1,4 2,5

3,8 3,1 3,8,2 999 3,1,4 3,5

4,5,2,1,@ 4,5,2,1 4,5,2 4,5,2,1,3 999 4,5
5,2,1,6 5,2,1 5,2 5,2,1,3 5,4 999

The thread @xlacc has exited with code 259 (@x183).
The thread @x2644 has exited with code @ (@x@).

4

4
Error List jlAlUGINY Find Symbol Results Locals Watch 1

-

Figure 6 - Program implementation of Floyd Warshallalgorithm (shortest paths)

Demonstration of programming implementation of Bellman-Ford algorithm

Qutput

Show output from: | Debug '|| |

|| za
@ e,19,20,3e,1,40,3,5

1,0 11,2 1,3 1,4 1,3,5

2,1,6 2,1 2 2,1,3 2,1,4 2,5

3,8 3,1 3,8,2 3 3,1,4 3,5

4,5,2,1,8 4,5,2,1 4,5,2 4,5,2,1,3 4 4,5
5,2,1,8 5,2,1 5,2 5,2,1,3 5,4 5

Tha +heazd w1108 hae avitad with rads 750 (Gw183%

3
Error List 8050y Find Symbol Results Locals Watch 1

-

Figure 7 - Program implementation of Bellman-Ford algorithm (shortest paths)

35
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Symmetric block encryption algorithm DES. The official standard of encryption FIPS 46-3 of
1977 [3]. As many ciphers of that period DES were based on substitution tables, fixes S-blocks and in
own structure did not contained complicated cryptographical functions as subsequent ciphers based on
Feistel network: IDEA, FEAL-N.Vulnerable side of DES appeared the presence of weak S blocks
(nonuniform repetition of values inside each S blocks) which allowed to compute fast the key through
differential cryptanalysis. Also with the growing of computational power of computers size of thekey in
64 bits was vulnerable side of cipher, allowing by the full selection attack to pick up the key. In
additionby not using any complicated cryptographical functions, DES was not fully encrypted plaintexts.

Symmetric block encryption algorithm 3DES.

Initial text —-’{Encr_vption H Decryption H }chr_\'plion}——b Encrypted text

[ I I

Key K1 Key K2 Key K3
Figure 8 - Scheme of 3DES algorithm

3DES is completely analogous to DES, but 3 keys of 64 bits are used [4]. The total length of 192 bits,
this solved the problem of attacks based on full selection, but the problem with pairs of a weak key, weak
plain text was not solved, which served as a complete abandonment of this cipher and in the development
process, paying more attention to complex cryptographic functions, and not just processes of permutations
and replacements [5].

Conclusion. Developed systems allowto use output sequences of Floyd Warshall and Bellman-Ford
algorithms for theapplianceof additional permutation of ciphertext of any cipher. Output sequences of
shortest paths do not know to 3™nonauthorizedside which allows to achieve full secrecy during message
exchange. Further work is planned on secure transmission and generations of graphs between 2
subscribers of thesecured channel.
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A.A. KaTkanOaes
Kazaxckuii HallMOHAIBHBII yHUBEpCUTET UMeHH Anb-Dapabu

HCIIOJIb30BAHHUE AJITOPUTMOB ®JIOMIAYOPIIEJLIA, BEJUVIMAHA-®OPIA
JJIs1 JOBABJIEHUSA NIEPECTAHOBOK LIYMA BJIOYHBIX IIU®POB
JJIsI YCAJIEHUSA KPUIITOCTOMKOCTH

AHHoTaums. B craThe onmcansl npoueayps! mudpoBaHus HHGOPMaLMK U HEPEeCTaHOBOK, KOTOPbIe OyIyT HCIOJIb30BaHbI
IpU pa3pabOTKe CHUCTEMbI CKPBITHS (3aKpBITHS M CKpbITHA) mH(popmarmu. IIpormecc mepecTaHOBKHM OCHOBaH Ha BBIXOTHOU
MOCJIE0OBATEIbHOCTH KpaTyalmuX IMyTed anroputMoB Ha rpadax bemmmana-®opma m dnoiina Yopmemna. Co3naHue 3TOH
CHCTEMBI CKPBITUS HH(OPMAIMH 1 €€ MporpaMMHasi peaTn3amys IBIIeTCS HEeNIbI0 MaruCTepCKON THCCepTaIHN.
KnioueBble cioBa: kpunrorpadus, nepecTaHoBka, anroputm @noiinaYopmemra, amroput™m bemnvana-®opaa,
KPHUIITOCTOUKOCTD.
A.A. Karkanbaes

On-Dapabu aTeiHAaFrsl Ka3ak YITTHK YHUBEPCUTETI

KAVYIIICI3 CTETAHOI'PA®US K¥YPbBLJIBIMbI JTUHUIL EH
YJIKEH AFBIH AJITOPUTMIHE YIIIH HET'T3JEJI'EH

AnHoTamms. Makanaza aKmapaTTapAbl skacklpy (kaly »KoHeE >Kachklpy) XKYHeCiH jkacay YIIH KOJIAHBUIATHIH aKMapaTThl
JKOHE eTIenepii mupiay Ipolexypanapsl CHHAaTTalambl. AJMacy INpoIeci eH KbICKa >KOIIapAblH rpadrap anropurmuaep
bemnmvan-®opn xone duoiin Yopiuemn msiFy Ti30eriHe HerismenreH. Byl akmapaTThl jkachlpy JKYHEHI KYpy JXKOHE OHBIH
OarapiiamMaiblK KAMTaMachl3 €Ty Il eHri3y MaruCTpiliK JUCCepTalys MaKcaThl.

Tyiiin ce3mep: xpunrorpadus, ayctsipy, ®molin Yopmenn anropurm, bemman-®opa anroputM, KpunrorpadusuibIK KyIi.
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INTEGRO-DIFFERENTIAL EQUATIONS
WITH REGULAR KERNELS

Abstract. At the research of harmonious waves in deformable bodies, the concept of phase speed as the speed
of environment condition change is implemented; at the same time, the phase speed is expressed through the
frequencies of own fluctuations and therefore the research of harmonious waves distribution has a direct bearing on
the problems of definition of own forms and frequencies of the fluctuations limited in terms of plates. More difficult
fluctuation of rectangular flat element is the fluctuation when two of the opposite edges are hinge-supported, and
two other edges have different types of fixing or they are free from tension. This class of tasks leads to the
transcendental equations for determination of frequencies of own fluctuations which can be solved both numerically
and analytically. The transcendental frequency equations can be reduced to algebraic ones and to investigate the
influence of both boundary conditions at the edges of rectangular plate or rectangular flat element and parameters of
geometrical and mechanical character on the frequencies of own fluctuations of rectangular flat elements. In the
study of oscillations and wave processes in a deformable solid body core of a viscoelastic operators it is advisable to
take regular, so as soon as such statements describe the instantaneous elasticity, and then viscous flow, which is
typical for deformable bodies. Integro-differential equations with regular kernels, as you know, the equivalent
differential equations.

Key words: Maxwell model, core, regulator, plates, finite number, own fluctuations, compelled fluctuations,
transcendental, equations.

We will consider flat element as isotropic uniform elastic plate of constant thickness.
We will be limited to the task solution based on approximate equation of quartic cross fluctuations

o'W o /4 o 4 ,
?—AIA?+A2A2W+ P =0/, /) (i=x) (1)

AO

wherecoefficients A jare equal to
2 2 272
_K@O-8)  _2WQ-v) 2

- s - ’ - 2
C20*a-v)’ Tt 31-v) T 31-v) @

v — Poisson ratio; b — speed of cross waves distribution in plate material.
If the material of the plate satisfies the Maxwell model, that is, the operators L, M are equal

£t
(LM)E) = (/Lﬂ){f(t)—% Je 5(5)615} ®

where T - only one time of relaxation, then
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As seen, the kernel (3) is regular and in the place of equation (1) we have equation (4). Equation (4.)
can be generalized for any regular kernel, containing a finite number of regular components.

For other approximate oscillation equations for a plane element these equations for regular kernels
can also be reduced to partial differential equations.

As plate edges (y = 0;/,) As plate edges are hinge-supported, the solution of the equation (1) we will
find in

W(x,y,t)= exp(z’ % &)i W, (x)sin(kl—ﬂyj ®)

2

Substituting (5) in the equation (1), for Wk we get ordinary differential equation

d'w, AW
ot By TEW =0 ©

where coefficients B, B, are equal to

2 2
o fastt) )]
2 2

4 4 2 2 2
kx A b A b\ |(kr 1 (b
5= (T] eeli) -2l [TJ el
2 2 2 2 2

We will write down the common solution of the equation (6) as

7, () Cl{cos(aOX) ) cos(alx)} ) C{cos(aox) ) cos(alx)} )

n n n n

a a, d, a,
. . . . ®)

sin(a,x) = sin(a,x) sin(a,x) = sin(a,x)
+C, + +C, + ,
m m m m
a a, a a,
where C j - integration constants, a,, a; - roots of the characteristic equation
a*+B,a’>+B, =0 9)
0 1~

andare equal to

— 38 ——
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2
B B
Ay, == % (7(’) — B, (10)

Integers (72,/M) are got out of solution simplification condition at the satisfaction of boundary

condition at the left edge X =0, and other boundary conditions at X = ll lead to the transcendental

equation for the determination of frequencies of the plate own fluctuations.
We will analyse transcendental frequency equations of the first point.
In the beginning we will consider the simplest transcendental equation

a,cos(a,l,)sin(al,) — a,sin(a,l,)cos(a,l,) = 0. (11)

Wewillimplementdesignations

(12)

7—-8v

& -Q2-v)g ——(1 V)é}

and further we will lower strokes for simplicity.
As sines and cosines from any argument are equal

21+l

sinz = Z( ) Z( )]

ey )"

the equation (11) is equivalent to the following

o 2i 2j 2i 2j
Laay —ala o

a.o _1 i+J 1 0 0 1 ZZ(HJ) :O 13

° IZ(;,Z(;( ) i +D1(2))! =

If to accept that size is determined from the formula (10) with plus sign under the root, then it follows
that this root does not turn zero at any values y,V, af .

Therefore, in the beginning it is possible to put @, = 0 or for & we get the equation

) 8[(2—v)7+%(1—v)]52 8

= 0; (14)
(7—8v) (7-8v)

which roots are equal to
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o= (7 - SV)% \/4[(2 —V)y +%(1 — V):l +

(15)
+ \/8(1 +v2)2 +3y(1-v)2 - v) + %(1 —v)?

as the ranks in the formulae of trigonometrical functions meeting ranks in the equation (13), equivalent to

the equation (11) also meeting, at the research of private equation (13) it is possible to be limited to the
final number of the first composed.

Having taken first three composed in the ranks (13), we will write down it as

p 1

a,o(a’ —a; ){ —(a} +a)l* +} X

3 30
| | (16)
x[%(af +ajal +a§)+%a§af}lé +.. }=0

Roots from the formula a; = 0 are equal (15). The value (a12 - ag ) is other than zero at any ),V, f .
If in formula (16) to take only two first terms, then we get

(a +a;)-1017 =0
or
B,—-10/7 =0 (17)
andfrequency equation

)
£ = 2y +10/ : as)
(2-v)

2y +1007°
£= " —— (19)
(2-v)

If in formula to take all three first terms, then we will get

which positive root is equal to

[(a;‘ +al)+ ¥a3af} —28(a’ + ) +2800 7 =0 (20)

or

[BOZ + %Bl} —28B, % +280/ " =0

and the frequency equation corresponding to them

— 4) ——
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[(2 —v)’ + %}54 - {(2 - v)(% ¥+ 2812) +2(1- v)}gz +

+[%y2 +56317 +28014} =0,

21)
which has two positive roots.

It is similarly possible to take first four and more cinaraemsix in the formula (13) and to get more
exact frequency equation and corresponding frequencies & .

To find the frequency equation from ranks of the equation (13) it is necessary to find out condition of
deduction legitimacy of finite number of terms in the ranks (13).

We will apply Dalamber's principle of ranks convergence to the ranks in the equation (13). We will
get

2 272
| a,ol | )

<g <1 22
@i+3)@2j+2)| ! 22

where 0<g< 1.

It follows from the inequality (22) that

2i+3)\2/+2
‘aéaf‘scli‘,:%z,j:f( = 3(2]+ ) (23)

The analysis of inequality (23) shows that it is correct when performing inequality

8 2 4 2 ( 8 j 2 2
—|—— g . <& -2DE°+EL S =C7.
(7—8\/)%” : : 7 gy I T

wherecoefficients [, E are equal to

2

3
4[(2—v)7+2(1—v)]E: 8
(7-8v) ’ (7-8v)

orinequalities

D*-E<C}, (24)

At the set parameters of geometrical and mechanical character from the inequality (24) it is possible

to define necessary number of the first terms in ranks (13) to find the frequency equation relative
frequencies ¢£.

We will consider transcendental equation frequency equation
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2 2
_a, t+a;

2 sin(a,1, )sin(a,l, )—2cos(a,/, )cos(a,/, )= 0 (25)

a)a,

As well as transcendental equation (11), the equation (25) is equivalent to the following

o  » Y -
aya, 2{1‘\2 D, (F)Y e g (26)

par g 22 ))!
o 2 2j
(42 + a2 1)+ a, 4, g L g
(a 1)20: ,,Z;)( ) Qi+ D12/ +1)!

It follows from the equation, that, first, @, = 0 also we got frequencies (15).

We will write down the equation (26), having written out the first terms

{(aé +a’)J’ —%(Sag +5a +ajal)J* +}><

27)
115 6 2 2. 2 2v|76
x%[ao +a, +7a,a; (a,a; )]J +... }= 0
From (27) it also follows that it can be supposed (ag + a12 )= 0 and we will get
2
B, =00r&? - Y __o (28)
(2-v)
which root is equal to
2
£= " 9
(2-v)
Similarly, we can put approximately
J?
(a; +a}) —?(Sag +5a} +ala’)=0 (30)
and we will get frequency equation
) 6
(SBO —9Bl)—?B0:O (31)

having positive roots.
We will consider more difficult transcendental equation

— 4y ——
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4[Q(Q— a, —a, )+ aoa1 [l cos a,l ) cos(all1 )]+
+ Z{a—‘z (Q —a/ )2 + a_13 (Q —a; )2} sin(a,/,)—sin(a,/,) =0,
a a

(32)

1 0

3-w| & ()
Q_7—4v[h2 2(12”

2j .
2[Q0(Qo—ao —at)+aga; {1—%}20( 1)+ (2‘“;'2])' 2<z+1>] N

where

which is equivalent to the following

2i 2j

4 2\2 4 20k i+ ay 4 2(i+j+1) _
+la —a’) +a —a -1/ JAUTITY =0 33
[a4(Qy - a?)? +al' (©, - ad) IEOLZO( " T 63

0, =(3 ‘ﬂ(fz ).

7—4y

We will write out the first terms in the equation (33)

4 4 2 2 2 2
[(a§ +a12)L1 +L21/2 —{L{ao T G j+L2(—a° T4 HJ“ +

12 2 6
+{%L [ao +a +15aa; (ao +a )]}+ (33)

+$Lz(a§ v a +?a5a5]ﬁ o0

[Qo( —a; - a, )+a§af];

Ly :[ag(Qo —a12)2 Jr6114(Q0 _ag)z}

Being limited by the first term in the formula (33), we will get

(aé + a12 )Ll +L,=0 (37)

or

0, (B} ~2B,)-20,B8,B8, + 2B} + B,[0,(Q, - B,)+ B,]=0 (39)
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The frequency equation (36) is the algebraic equation relatively to & and already depends on the
parameter ).

Equations of higher orderrelativelyto & already depend on the parameter ) .

It is also possible to consider other boundary value problems.

Thus, transcendental frequency equations can be reduced to algebraic and to investigate influence of
both boundary conditions at the edges of rectangular plate or rectangular flat element, and parameters of
geometrical and mechanical character on frequencies of own fluctuations of rectangular flat elements.
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AJK. CeiitTmypaTtoB, 9.2K. Moneaxanosa, M.JK. IlapmenoBa, K. Kanu6aiikpi3pl

KopkeiT ATa ateiHnarsl Kpi3smiopna MmeMiiekeTTik yanBepeuteTi, Keizpmopaa
TYPAKTHBI AAPOJIbI UHTEI'PO-IUOOEPEHIINAJIABIK TEHAEYJIEP

AHHoTanms. BepinreH >kympicTa IUTACTHHKAZAaH KYpalFaH MAaTepHAABIH KATIApJIBUIBIFBIH, PEOJIOIHSIIBIK
TYTKBIP KACHETTEPiH , aHU3OTPOIHUACHH JKOHE T. 0. 3epTTEy HOTIKENepi ecepe OTHIPHIN MICHIUITeH MEHIIIKTI JKOHE
epikci3 TepOernicTep eceOiHi KapacTHIPBUIFaH. 3epTTEY HATIKECHIH/IE TAPMOHUKAIBIK TOJKBIHAAPABIH Ae(opMaris-
JIAHATBIH JICHEIep JKaFIaibIHAAFb! (ha3aiblK KbUIIAMIBIFBIH, OpTa KYHiHIH €3repy JKbUITaMIBIFEI 1€l KapacThIPabl,
Oy1 perTe (azaiblK JKBUIAAMIBIK JKUUTITT MEHIIKTI TepOelic apKbUIBI ©pHEKTEeNei, COHABIKTAH TapMOHUKAJIBIK
TONKBIHIAPIBIH Tapalxy WpPOIECCiH 3epTTey MpoOJieMaNapblH aHBIKTay, MCEHIIKTI HBICAHOap MeEH OepiireH
MpJIACTUHKANAPABIH JKHUIUTIK INEKTeNTeH TepOeniciHe Tikened KaThIcThl Oomambl. Exi Kapama-Kapcel mIeTTepi
ToTIcaamn OEKITireH, aj 0acka eKi JKaFbl op TYpIIi OeKiTy TypJiiepiMeH YCTaThUIFaH HEMece KepHEY ocep eTIeHTiHaeH
OoxpIn opHANTacKaH OoJica, oHIa OYIT skarmail aca KypAesi TiIKOYPBIIITHI Ka3bIK AIEMEHT TepOelici OOIBI TaObIIa kL,
MyHmaif ecenrTep KIacchl CaHABIK TYpAe [I¢ HEMece aHAIMTHKAIBIK TypAe Ne MICHIUIeTiH MEHIIIKTI KHUTIK
TepOeIiciH aHBIKTAUTHIH TPAHCIICHICHTTIK TeHLYIepre akenei. TpaHCIeHACHTTIK KUUTIKTIK TeHIEYiH alreOpabIK
TYpre KeNTipe OTBIPHIN, TiK OYPHINITHI IUIACTUHKAIAP LIEKTIK IIApTTapblH, [C€OMETPUSUIBIK JKOHE MEXaHHKAIIBIK
CHUTIATTaFbI TiK OYPHIIITHI ’Ka3bIK JIEMEHTTIH TepOeltic TeHACYiHiHI ocepi HeTi3iHae 3epTTeyre 00mambl.

—— Y4 ——
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Tipek ce3nep: MakcBen Mozeli, AP0, PETYNSATOP, IUIACTHHKH, KOHEYHOE YMCIIO, COOCTBEHHBIE KOJIEOaHUs,
TPaHCICHICHTHBIC, YPABHEHUS, PEOJIOTHS.

A.K. CeiitmypaToB, A.JK. MagenxanoBa, K. Kanu6aikbi3bl
Ke3puopanHckuii rocynapctBeHHbIN yHIBEpcHTeT nM.KopkbiT ATa, T.KbI3pI10pIa

HUHTEI'PO-JUOPPEPEHIUAJIBHBIE YPABHEHUSA C PETI'YJIAPHBIMUA SAIPAMHU

Annoranust [Ipu ucciieoBanun KoyieOaHHUs U BOJHOBBIX MPOIIECCOB B TBEPAOM AehOPMUPYEMOM TeJe SIPO
BSI3KOYIIPYTHX OIEPaTOpPOB 1elnecoo0pa3Ho Oparh peryssipHbIMH, TaK KaK TOJbKO TAKHWE OMEPATOPbI OIKCHIBAIOT
MTHOBEHHYIO YIIPYTOCTh, & 3aT€M BS3KOE€ TEUeHHE, YTO XapaKTepHO Al AedopMupyeMbIX TBepIbiX Tei. MHrerpo-
muddepeHimanbHble YpaBHEHHSI C PErYJISPHBIMHU SIIPaMH, KaK HM3BECTHO, SKBUBAJIECHTHBI JuddepeHnnansHpM
YpaBHEHUSIM B YaCTHBIX NPOM3BOIHBIX. [IpM wnccrnenoBaHMHM TapMOHMYECKMX BOJIH B J1e(OPMHUPYEMBIX Teiax
BBOJUTCSI MOHSTHE (ha30BON CKOPOCTH KAaK CKOPOCTH M3MEHEHUsI COCTOSIHUSI Cpelibl, IIpH 3ToM (ha3oBasi CKOPOCTh
BBIPAXKAETCSI Yepe3 YaCTOThl COOCTBEHHBIX KOJIEOAHUH M MO3TOMY HCCIIEIOBaHHE PACHPOCTPAHEHHS TApMOHHYECKUX
BOJH HMEET MpsSIMO€ OTHOUICHHE K NpoOJieMaM OIpe/eseHus COOCTBEHHBbIX (OpM U HYaCTOT KoyeOaHHii
OTpaHMYCHHBIX B IUIaHE IUIACTHH. boliee CIIOXKHBIM KoJieOaHHEM MPSMOYTOJBHOIO IIOCKOTO AJIEMEHTA SIBIISETCS
KosiebaHKe, KOrjga JBa U3 MPOTHUBOIOJIOKHBIX KpaéB MIAPHUPHO ONEPTHI, a JABa APYTHX Kpas — UMEIOT Pa3iIMyHbIe
BU/IbI 3aKpeIUICHUss WIM CBOOOAHBI OT HampsbkeHuil. JlaHHbBIM Kiacc 3aiad NPUBOJAMT K TPAHCUCHACHTHBIM
YpaBHEHUSIM JUIS ONPE/ENeHHs 4acTOT COOCTBEHHBIX KOJieOaHHH, KOTOPbIE MOXHO PEIIaTh KaK YHCICHHO, TaK M
aHaJMTUYECKH. TpaHCIECHICHTHbIE YaCTOTHBIC ypaBHEHHS MOXKHO CBOJAWTH K alreOpanvyeckuM M HUCCIeN0BaTh
BJIMSIHME, KaK TPAHUYHBIX YCIOBUH IO KpasM MPSMOYTOJILHOM IUIACTUHKM WJIM MOPSMOYTOJBHOTO IUIOCKOTO
3JIEMEHTA, TaK M MapaMeTpOB FeOMETPHUUECKOI0 M MEXaHHUYECKOTO XapakTepa Ha 4aCcTOThl COOCTBEHHbBIX KOJIeOaHHi
HPSIMOYTOJIBHBIX [IOCKHUX AJIEMEHTOB.

KaroueBble ciioBa: mojenn MakcBesia, siIpo, perTeyilll, IUIACTUHKKAIap, akbIpFbl caH, aepbec TepoOedic,
TPaHCLEH/ICHTIK, TEHJIEY, PEOJIOTHS.
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MANAGING THE MYSQL DATABASE
AND THE STAGES OF DEVELOPMENT OF CLIENT SERVER
INFORMATION SYSTEM USING MYSQL

Abstract. The paper covers various aspects and tasks of MySQL database administration, main duties and methodological
instructions, principal questions and responsibilities. MySQL management software can be used by any user. The article also
presents the methods of modification and usage. It also presents the internal features and abilities, work platforms and database
copying, the ability to backup deleted data, the stages of data processing using the client-server technology. The database
provides excellent technical features. MySQL is a client-server system, including a multithreaded SQL server, supporting a big
number of various computers, programs and libraries, administration tools and offering an advanced API. Data types and methods
of table creation are given. MySQL provides an easy-to-use installation procedure. MySQL makes it easy to share data between
users.

Key words: MySQL,database administrator, development of IS on client server technology, databases, database types.

The main components of MySQL DBMS are covered. As is well known, MySQL is a relational
database management system. In a relational database system, the data is stored in multiple separate
tables. That is why, this paper discusses methods of working with tables that can facilitate work in
MySQL. The questions concerning SQL queries are considered as well.

MySQL. MySQL DBMS consists of several main components. Knowledge of their essence and
designation allows to better understand the nature of the managed system and principles of the work of its
various tools. It is strongly recommended to spend a little time to better understand the material given
further in the text. It will largely ease the work. In particular it is important to work over the following
aspects of MySQL.

e MySQL server. The mysqld server performs all operations on databases and tables. To start the
server, monitor its operation and restart in case of failure, the program safe mysqld (daemon) is used.

e MySQL client programs and utilities. To interact with the server and perform a number of
administrative tasks, various MySQL programs are used, the most important of which are the following:

e mysql. An interactive program that allows you to send SQL queries to the server and view the
results of their execution.

e mysqladmin. An administrative tool that allows you to perform operations such as shutting down
the server, creating and deleting databases. The same program can be used to check the status of the
server, if something there is something wrong with its work.

O isamchk or myisamchk. Utilities designed to analyze and optimize tables, and restore them in case
of damage.

0 mysqldump. A tool for backing up databases or copying them to another server.

e SQL is a server-side language. You can perform some administrative tasks only with the
mysqladmin command-line utility. Sometimes it is much more effective to complete a task if an
administrator can "communicate" with the server in its native language. Suppose that you need to check
why user privileges do not work as expected. Unfortunately, it is impossible to directly "talk" to the server
in human language. But you can use the mysql client program and then send an SQL query to analyze the
permission tables.

— 46 ——
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e MySQL, developed mostly in C / C ++, has been tested on many platforms, including Windows,
Linux, FreeBSD, Mac OS X, OS / 2, Solaris, and others.

e MySQL provides the API (Application Programming Interface) for C, C ++, Eiffel, Java, Perl,
PHP, Python, Ruby and Tcl. MySQL can be successfully used both for building Web pages using Perl,
PHP and Java, and for creating a desktop application program using Delphi, Builder C ++ or the .NET
platform.

The development of IS using client-server technology consists of several stages:

1. the server part of the DBMS is installed on the server in a computer network (for example,
Microsoft SQL Server, MySQL, Oracle. If a web-interface is implemented, then a web server program is
installed on the server too (for example, Apache);

2. If client applications are implemented, then the client part is installed on all client parts of the
network (this step is not necessary and is performed only if users of the information system have the
ability to manage the server)[7];

3. The server and the client parts of the DBMS and the web server are configured;

4. The data structure (links between tables and field types) is defined, primary and secondary tables
are also defined in queries;

5. Tables and queries running on the server side are created. Before creating queries, the tables are
filled with initial data. Stored procedures, user functions, diagrams, and triggers are also created,

6. In the case of using a client application, connectivity objects are created using the programming
language, they are connected to tables, queries and stored procedures. Also, queries and stored procedures
to be executed on the server side are created;

7. Forms are created;

8. Reports are created;

9. The system is filled up with real data.

The MySQL software is open source software.

Open source software means that anyone can use and modify it. Such software can be obtained over
the Internet and used for free. In this case, each user can study the source code and change it according to
his needs.

Technical capabilities of MySQL DBMS

MySQL is a client-server system that contains a multi-threaded SQL server that supports various
database computers, as well as several different client programs and libraries, administrative tools, and a
wide range of APIs.

Security

The security system is based on privileges and passwords with the ability to verify them from a
remote computer, thereby providing flexibility and security. Passwords are crypted when they are sent
over the network in the process of getting connected to the server. Clients can connect to MySQL using
TCP / IP sockets, Unix sockets or named pipes (named pipes, under NT)

MySQL is very fast, reliable and easy to use. If you need namely these features, try working with this
server. MySQL also has a number of convenient features, developed in close contact with users. Initially,
the MySQL server was designed to manage large databases in order to provide faster performance
compared to existing analogues at that time. And since then this server has been successfully used by
enterprises with high requirements. Despite the fact that MySQL is constantly improving, it already
provides a wide range of useful functions. Due to its availability, speed and security, MySQL is very
suitable for accessing databases on the Internet.

It's only rarely that you need to view the whole output of the query at once (that is, all the records that
satisfy the query expression). For example, we may need only to calculate how many records satisfy a
particular condition, or to select only the first 10 records from the data. The mechanism of using sockets
implies using client-server technology, which means that a special program must be running in the
system-a MySQL server that accepts and processes requests from client programs. Since all work is
actually done on the same machine, the overhead of working with network resources is insignificant
(installation and maintenance of connection with MySQL server is quite cheap). MySQL has a three-level
architecture: databases - tables - records. The MySQL databases and tables are physically represented by
files with the frm, MYD, MYI MySQL is very fast, reliable and easy to use. If you need namely these
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features, try working with this server. MySQL also has a number of convenient features, developed in
close contact with users. Initially, the MySQL server was designed to manage large databases in order to
provide faster performance compared to existing analogues at that time. And since then this server has
been successfully used by enterprises with high requirements. Despite the fact that MySQL is constantly
improving, it already provides a wide range of useful functions. Due to its availability, speed and security,
MySQL is very suitable for accessing databases on the Internet.

It's only rarely that you need to view the whole output of the query at once (that is, all the records that
satisfy the query expression). For example, we may need only to calculate how many records satisfy a
particular condition, or to select only the first 10 records from the data. The mechanism of using sockets
implies using client-server technology, which means that a special program must be running in the
system-a MySQL server that accepts and processes requests from client programs. Since all work is
actually done on the same machine, the overhead of working with network resources is insignificant
(installation and maintenance of connection with MySQL server is quite cheap). MySQL has a three-level
architecture: databases - tables - records. The MySQL databases and tables are physically represented by
files with the frm, MYD, MYI extensions. Logically, a table is a collection of records. A record is a
collection of fields of different types. The name assigned to a MySQL database is unique within the
system, and the table names are unique within the database and the field names are unique within the
table. A single MySQL server can support multiple databases, access to which can be differentiated by
login and password. Knowing this login and password, you can work with a specific database. For
example, you can create or delete a table in it, add entries, etc. Usually, the name-and password are
assigned by the hosting providers, which provide MySQL support for their users..

Data types
Processing numeric data

MySQL provides five integrak types of data, each of which can be signed (by default) or
unsigned (by adding the word UNSIGNED after the type name).

Type name bits signed range unsigned range
TINYINT 8 -128..127 0..255
SMALLINT 16 -32768..32767 0..65535
MEDIUMINT 24 -8388608..8388607 0..16777215
INTEGER 32 -147483648..2147483647 0..4294967295
BIGINT 64 -(2%)..(2%-1) 0..(2%

The INT type is used as an alias for INTEGER. Other aliases are: INTI = TINYINT, INT2 =
SMALLINT, INT3 = MEDIUMINT, INT4 = INT, INT8 = BIGINT, and MIDDLEINT = MEDIUMINT.

Processing String Data

MySQL supports the following string types (M denotes the maximum displayed size or PRECISION).

CHAR (M) - a string of fixed length always complemented by spaces on the right. M can be in the
range from I to 255 characters.

VARCHAR (M) is a string of variable length. Closing whitespace is deleted by the database when
writing a value. M can be in the range from 1 to 255 characters.

ENUM ('valuel', 'valuel', ...) is an enumeration. A string object that can have only one value selected
from the specified list (or NULL). The list can have up to 65,535 different values.

SET ('valuel’, 'value2', ..) is a set. A string object that can have multiple values (or none), each of
which must be selected from the specified list. SET can have a maximum of 64 elements.

The length of the CHAR and VARCHAR types is limited to 255 bytes. All string types support binary
characters, including NULL (for literal strings, use the $ dbh-> quote () method).

The following aliases are also supported:

BINARY (num) CHAR (num) BINARY

CHAR VARYING VARCHAR
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LONG VARBINARY BLOB
LONG VARCHAR TEXT
VARBINARY (num) VARCHAR (num) BINARY

Basic Commands
You can view the list commands supported by mysql program by running it with the --help

option:

shell>mysql --help

The list of commands displayed by this command is well documented and therefore is not given

here.You can start the MySQL database as follows:

mysql [OPTIONS] database

Description of MySQL database

The client part of MySQL is called mysql. It provides a command-line interface for MySQL and a
non-interactive batch processing capability. The options supported by mysql are shown in the table below.
You can use either a "short" single character or a more detailed version.

Mysql options
option Description
-\?, --help Reference
option Description

-d, --debug=[options]

Output the debug information to the protocol In the following general form 'd: t: o,
filename'

-d, --debug-info

Output debugging information on exiting the program

-¢, --eXeC

Execute the command and exit, the implicit form of the --batch option

-f, --force

Continue even if we encounter a SQL error

-h, --hostname=[hostname]

Specifies the name of the server you want to connect to

-P, --port=[port]

Port for connecting to MySQL server

-p, --password=[password]

The user's password for connecting to the MySQL server. Note that there should not be a
space between -p and password

-q, --quick

Fast (non-bufferized) output, can slow down the server if the output is suspended

-s, --silent

Silent output

-u, --user=[user]

The user name for connecting to the MySQL server. It is optional, if the user name is the
same as your login. By default, your login name is used as a user name, which simplifies
configuration

Oxonuanue Tabi. 1

Onuus Onucanue

-v, --verbose Detailed output. -v option can be doubled or tripled for more detailed output.

-w, --wait If the connection fails, then wait and try again.

-B, --batch Run in batch mode. No requests and errors shown in STDOUT. It is automatically set
when reading from a record to a pipe (pipe). The results will be displayed in a tab-
separated format. One line of the result corresponds to one line of output

-1, --help Equivalent to ?

-V, --version Print version information

In interactive mode, mysql will print results in a table similar to the example below. If no password or
user name are provided, mysql will try to log in to the database server using your login and NULL
(BLANK) password. If your mysql login is different from your login in unix, or if you have a password,
the connection to MySQL will not be performed.For example:

bsd# mysql -u coobic

Welcome to the MySQL monitor. Commands end with ; or \g.
Your MySQL connection id is 4 to server version: 4.0.12-max
Type "help;' or "h' for help.Type "\c' to clear the buffer.
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Implementation of SQL in MySQL DBMS

Database creationTo see a listof databases currently existing on the server, you can use the
SHOW command:
mysql> SHOW DATABASES;
+

—————————— +
| Database |
Foo——_ +
| mysql |
| test |
| trf |
Fom +

3 rows in set (0.00 sec)

The mysql database is essential as it stores the user access rights. The test database is often used for
experiments.However, you can not see all the databases, if you do not have the permission to run SHOW
DATABASES.If the test database exists, try accessing it:

mysql>USEtest

Databasechanged

The USE command, like QUIT, does not need a semicolon (of course, you can also end the command
with a semicolon). The USE command differs from others also by something else: it should be specified
in one line.If the administrator creates a database for you and grants all permissions, you can start working
with it right away. In the absence of a database, you will have to create it yourself:

mysql> CREATE DATABASE perpetuum;

Query OK, 1 row affected (0.00 sec)

In Unix, the case of database names (unlike in SQL keywords) matters, so in this OS you will always
have to remember that perpetuum, and Perpetuum or something else are different names. The same rule
applies to table names (in Windows this restriction does not work.However when accessing databases and
tables within one query, you should follow only one particular case).When creating a database, it is not
selected automatically; you must select it separately. Make perpetuum the current database using the
following command:

mysql> USE perpetuum
Database changed

You need to create a database only once, but you must select it in each mysql session. You can do
this using the USE command above. And also you can choose the database from the command line when
running mysql. To do this, just enter its name after the connection parameters . For example:

shell>mysql -h host -u user -p perpetuum
Enter password: ####sss%

Note: in the above command, perpetuum is not a password. Enter the password at the command line
after the -p option without a space (for example, -pmypassword, not -p mypassword). However, it is still
better not to specify the password in the command lined for security reasons.

Creating a table

Using the CREATE TABLE command, we define the structure of the new table:

mysql> CREATE TABLE TABLET (
-~ NUMBER INTEGER NOT NULL AUTO_INCREMENT,
> FAMALY VARCHAR(35),

> NAME VARCHAR(30),

- OTCHESTVO VARCHAR(35),
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-> DESCRIPTION BLOB,

-> PHOTOFILE BLOB,

-> EMAIL VARCHAR(40),

> ZVANIE VARCHAR(34),
->DOLGNOST VARCHAR(40),
-> PRIMARY KEY (NUMBER)
-=>);

Query OK, 0 rows affected (0.06 sec)

Now that the table is created, the SHOW TABLES command should output the following:

mysqlI>SHOW TABLES;
o ————— +
| Tables_in_perpetuum |
o ————— +
| TABLE1 |
o +

1 row in set (0.00 sec)
1 row in set (0.00 sec)

To check if the table was created correctly according to the plan, you can use the DESCRIBE
command:

mysqI>DESCRIBE pet;
T T, tmem——— T TR e TR +
| Field | Type | Null | Key | Default | Extra |
- . R - T Fom e tom e +
| name | varchar(20) | YES | | NULL | |
| owner | varchar(20) | YES | | NULL | |
| species | varchar(20) | YES | | NULL | |
| sex | char(l) | YES | | NULL | |
| birth | date | YES | | NULL | |
| death | date | YES | | NULL | |
Fom——_—— Fom I S S — e ——_—— - R +

You can use the DESCRIBE command at any time, for example, if you forget the column names or
the types to which they belong.

mysql>describe TABLE1;

TR, T, S T T TR TR +

| Field | Type | Null | Key | Default | Extra |
TR, T, S T T TR TR +

| NUMBER | int(11) | | PRI | NULL Jauto_increment]

| FAMALY | varchar(35) | YES | | NULL | |

| NAME | varchar(30) | YES | | NULL | |

| OTCHESTVO | varchar(35) | YES | | NULL | |

| DESCRIPTION | blob | YES | | NULL | |

| PHOTOFILE | blob | YES | | NULL | |

| EMAIL | varchar(40) | YES | | NULL | |

| ZVANIE | varchar(34) | YES | | NULL | |

| DOLGNOST | varchar(40) | YES | | NULL | |
TR T, S T T TR TR +

9 rowsinset (0.02 sec)
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Loading data into a table

Having created a table, you need to fill it with data. To do it you can use the LOAD DATA and
INSERT commands .

mysq>INSERT INTO TABLE1 VALUES (NULL,
->'Nurbekov', 'Dias’, 'Muratovich',

->'coobic', NULL, 'nur_bek@mail.ru’',

->NULL, NULL);

Query OK, 1 row affected (0.03 sec)

For the system to work properly you need the following pre-installed software: Apache Web Server,
PHP 4.3.x, MySq]l, on the FreeBSD or Linux platform. You can also install the system on the Windows
platform. To work with the client part of the system, you need a computer connected via TCP / IP to the
network in which the MySQL server is located
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A.JI. Onrap6aesa’, JI.A. CmaryJosa’,
C.M. Hypmyxan6eros ', I'.b. Hcaepa®

"YKersicycknii rocynapcTBeHHbIi yHuBepeuTeT uM. M. XKancyryposa, Tammsikopras, “Kanuiickuii oGmmecTBeHHbII
YHHUBEPCUTET, ANIMaThI

YIPABJIEHUE BASAMU JAHHBIX MYSQLH
3TAIbI PASPABOTKHA KJIMEHT-CEPBEPHOI HH®OPMAILIMOHHOM CUCTEMBI
C HCITOJIb30BAHUEM MYSQL

AnHoTauus: B pabote paccmaTpuBaeTcsi pa3TUYHbBIE aclEKThl U 00S3aHHOCTH aIMUHUCTPUPOBAHUSA Ha 0aze
maHHEBIX MySQL ocHOBHBIE 00S3aHHOCTH M METOAWYECKHE HWHCTPYKIMH, OCHOBHBIE BOMIPOCH M OOS3aHHOCTH
ynpasieHuss nporpamMmMHoe obecrneuerne MySQL MoryT mcmons30BaThbes JTIOOBIM IONb30BateieM. [losTomy B
CTaTbe TPHUBOIOUTCS METOABI CIYXKObI MOOU(PHKANMKA W YTHIU3AIMI0. Takke TMPHUBOAATCS BHYTPEHHSA
XapaKTepUCTHKa W CHOCOOHOCTH, paboune MmiIarpopMbl M KONMpOBaHME 0a3bl JaHHBIX, BO3MOXKHOCTb
Pe3epBUPOBAHHMS yIAISIOIIUXCS TAaHHBIX, 9TaIlbl 00paO0TKM JaHHBIX TEXHOJIOTHEH KIMEHT-CepBep, 00paboTaHHbIE B
cBsI3U C moib3oBarereM MySQL mpemiaraior OOJBIIMMHM BO3MOXHOCTSIMH II0 TEXHHYECKOM XapaKTEpPHCTHKE
MySQL-3T0 cuctema KIHMEHT-CEpBEp, OH BKIIIOUAET MHOTOMOTOYHBIH SQL-cepBep, a Takke MOoJAepKUBAeT 0a3bl
JAaHHBIX BBIYHCJIWUTEIBbHBIX MallllH, NporpaMmmbl 1 6H6JII/IOTCKI/I, HHCTPYMEHTbBI aAMHUHUCTPUPOBaHUsA, Npe€ajaract
pacIIupeHHbI TporpaMMHbI UHTEpdeiic. [IpuBeaeHbl THUIBI JaHHBIX M METOIBI cO37aHus Tabiuil. Pa3ButHe
cucreM 0a3pl aHHBIX OOJleryaeT Mpouexypy HHCTaUEIuH u npuMmeHeHne MySQL. MySQL obecneumBaer
MPOCTOTY PabOTHI MEXKIY MOIb30BATEISIMH.

Paccmorpensr ocHoBHble KommoHeHTHI CYBJI MySQL. Kakx wm3BectHo, MySQL sBisieTcst pensmuoHHON
CHCTEMOM ympaBiieHUs 0a3aMu NaHHBIX. B pensnnoHHON cucteMe 0a3bl JaHHBIX HE BCE JaHHBIC COXPAHSIOTCS, HO
MHOTHE JaHHBIE COXPAHSAIOTCS B OTACIBHBIX Tabmumax. IlosToMy B JaHHOW paboTe paccMaTPHBAIOTCS METOJIBI
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paboThl ¢ TabnuIaMH, KOTOpbIe MOTyT oOsierdyuth padory B MySQL. Paccmarpusatorcst Bompocst MySQL kak
CTPYKTYPHPOBAaHHBIH SI3BIK 3arrpocoB Ha SQL.

Karouesbie ciioBa: MySQL, anmunucrpatop 6a3 naHHbiX, papaborka MC 1o TeXHOJOrnu KJIMEHT cepBep,
0a3bl JaHHBIX, THIEI 0a3bl JaHHEIX MySQL

VK 007
JI. Onrap6aesa’, JI.A. Cmaryaosa', C.M. Hypmyxau6eros', I'.B. Hcaesa 2
1. XKancyripos ateiaaarsl JKMY, TangsikopraH Kanackl, Kacuii KOFaMIBIK YHUBEPCUTETI

MYSQLAEPEKTEP KOPbBIH BACKAPY MEH OHBI KOJIJIAHBIIT
KJIMEHT-CEPBEPJIIK AKITAPATTBIK )KYHEHI OHJIEY STAITAPHI

AnHotanusi. Makanaga MySQL anMuHUCTpUpPIIEYAiH TYPJl acrekTiiepi MEH MIiHAETTEepHi COTTI OpbIHAAYFa
MEHrepyre KakKeT HeTisTri CypakTap KapacThIPBIIaNbl. AJMHHUCTPATOPIBIH HETi3Ti MiHAETTEpPi MEH OHBI OPBIHIAY
HycKayibIKTapbl, MySQL ©OackapyIplH Herisri cypakrapbl MeH OackapymbiHBIH MiHzerTepi mMeH MySQL
OarapiaMaliblK KaMCBI3JaHABIPYbl- Ke3-KeJITeH a/1laM OHBI KOJIJJaHybIHA XoHE MoAM(HUIMpIeyiHe 0OJaThIH alllbIK
KOATHl OaraapiaManblK KaMCBI3AAaHABIPY JKaiiubl adThutanbl. MySQL  KIMEHTTIK mporpamMManiapbl  MeH
YTWIATANAPBIHBIH KbI3METTEPiHE MIONy JKacamaabl. lmiki cumarramMachl MeH KaOUIeTTUIIr:, JKYMBIC jkacay
mwratopmManapbl MEH JepeKTep KOPBIH KOIIipy MXOHE pe3epBTEyAeri akmapaTTslH KoWbeUTybl. COHBIMEH Koca
aKIMapaTTHIK XKYHEHI KIIMEHT-CEepBep TEXHOJIOTHACH OOWBIHINA OHJEY dTanTapbl. KoigaHyBIMEH THIFBI3 KaThIHACKA
engenres MySQL Oipkarap biHFaitnmel MyMmKiHzgikTepi, MySQL KoimaHyIIBIMEH THIFBI3 KaThIHayABIH OipKarap
MYMKiHJIKTepiHe ne. TeXHHKaibIK cunarramaiapbl OodbeiHma MySQL kimeHT-cepBepiik skyie, keruierti SQL-
CepBepaAl eHAipeni, TYpil ecenTeyill MalluHajgap ACePeKTep KOPJAPhIH KOJIAibl, COHBIMEH KaTap KJIMEHTTI
Oarmapmamanap MEH KiTallXaHalIapAbl, agMHHHACTPUpPICY Kypajaapel MeH OarmapiamaiblK HHTEp(eHCTiH
KEHEHTINreH CIEeKTpPiH yChIHaAbL. JlepexTep THITepi MEeH ollapAbl KecTe KypyZAa KolgaHy Ka3blUiraH. Jlepekrep Kopsl
JKYHeNepiHiH JaMmysl HHCTAULIHIIAY Ipouenypackl MeH MySQL komnany skeHingen tycemi. MySQL »KyMBICTHIH
KapamnailbIMABUIBIFGl  KOJIAHYLIBLIAD  apachlHOAaFbl KEHIHEH KOJOAaHyIbIH ce0ebi  OONMFaHIbIFBI Kbl
KapacThIPbLIAIBL.

Tyiiin ce3mep: MySQL, nepekrep KOpbl aJIMHHHUCTPATOPBI, KIMEHT-CEPBEP TEXHOJIOTHsCHI OoiibiHIa AXK
eHJIeY, AepekTep Kopbl, MySQL nepekrep KOpBIHBIH THITEPI.
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APPROXIMATE SOLUTION OF THE AN ELASTIC LAYER
VIBRATION TASK BEING EXPOSED OF MOVING LOAD

Annotation: The present work is devoted to the dynamics stability study of wave processes of plane and
circular elements, and it is also being considered a class of plane tasks about moving loads effect on the surface of a
layered elastic half-plane under the nonlinear law of stress versus deformation. While studying the wave processes of
planar and circular elements in deformable bodies, the concept of phase velocity is introduced as the rate of phase
medium change. In the case of harmonic vibrations of a cylindrical shell, the phase speed is expressed through the
frequency of natural oscillations of freely supported along the edges of the shell, and therefore, the investigation of
waves in plane and circular elements has the most direct relation to the problem of determining the own forms and
vibration frequencies of finite length shells. If the studies are carried out taking into account the material rheological
properties of considered system, there is a surrounding system environment, also generally displaying rheological
properties, the use of these methods is considerably difficult. In such cases, the influence of rheological parameters
on the components of the complex phase velocity is studied in definite values of the vibration frequencies. At present
article, it is being considered an approximate solution of the nonlinear task about the effect of a moving load on an
elastic layer lying on an undeformable base under the nonlinear stress law of depending strains from deformations.

Key words: stability, dynamics, mobile loading, harmonic oscillations, deformation, rheology, oscillation,
purity, wave processes.

While solving the problems of wave processes of plane and circular elements in deformable bodies,
the concept of phase velocity is introduced as the rate of change of the phase medium. In this case of
harmonic vibrations of a cylindrical shell, the phase velocity is expressed through the frequency of natural
oscillations freely supported along the edges of the shell, and therefore, the investigation of waves in
plane and circular elements has the most direct relation to the problem of determine the proper forms and
vibration frequencies of finite length shells.

In many studies, two methods are usually used to determine the characteristics of waves.

It is studied the instantaneous state of the medium, corresponding to a certain fixed time moment.

It is studied the change in time of the body constant state at some fixed point.

If the studies are carried out taking into account the rheological properties of the considered system
material or, there is a surrounding medium, also generally displaying rheological properties, the use of
these methods is considerably difficult. In such cases, the influence of rheological parameters on the
components of the complex phase velocity is studied for certain values of the vibration frequencies.

The physical law of stress-strain relation in a plane formulation is adopted in the form

o, = 3K80[1 + axogoz]+ 2,u(£jj - 5011 + ayowg}

O'zj:/‘gij[l"'a?/ol//gl’ (iij;i,jZX,y) )

rae &£,y - average volumetric strain and intensity of strain rate ¢ - small parameter.

— 54 ——



ISSN 1991-346X Cepusa pusuxo-wamemamuyeckas. Ne 2. 2018

Oscillations in a layer are boundary conditions:

o, =/, 0,=0, y=h,
v=0,0,=0, y=0. 2)

Due to the boundary conditions, the longitudinal displacement # is an even function of the
coordinate and a transverse movement v odd in x .

Therefore, we will continue these functions on y from —/ to 0.
Then, instead of the problem for an elastic layer lying on an undeformable base, we obtain the task
for a thickness layer Zh(—h <y< h), on the surface of which y =t/ external forces are set

o, = f(x,t), o, =0. 3)

However, in such a formulation the problem remains very complicated in the mathematical
formulation and obtaining its solution presents great difficulties. This problem can be solved in an
approximate formulation, considering the elastic layer as an elastic thickness plate 2/ .

Approximate equation of the longitudinal vibration of a plate in a nonlinear setting for the main part
of the longitudinal displacementU has the following form:

. , @
+ 1_ f _ l_ P n__ 1 af Yy
u7 p\ 2u 0 x
Let us consider a special case of an external rolling effort, when:
fy (x,t) = f} (x - Dt), (%)
where D - the speed of movement of the external load on the surface layer is considered constant.
We introduce the moving coordinate
x'=x-Dt, (6)

and for simplicity X,y we omit the primes.
In moving coordinates, the longitudinal vibration of elastic layer or plate with the physical
nonlinearity of the law O (8) with allowance for the external mobile load is described by the following

nonlinear ordinary equation:

) 4

d U ,u - pca. d (2 dUu N
dx dx

X,k
dx * P
3
) )%
H P
obtained from the (4) when replacing (6).

Integrating (7) on X, taking into account the damping condition at infinity
55

(p>-N2

_ 2,
9
(7
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Relatively d—U we obtain a cubic equation:

dx
(de3+ 3 f[de2+ 3 f2_9p(D2—C,i) au )|,
dx 2u "7\ dx 4’ 16 ax,k 4u—pC?
(®)
aw |1, 9u-pc2)  au Y
T v/ - - | S, ]=0
dx Su 2aux,k 4u—-pC,
Substitution
v _g 2.
dx 3
the equation(8) is reduced to the form:
S’ +PS+q=0, )

3
where: a=—1F,
2u /s

P__9p(Dz—Ci-)( 4u ]4
16axk  \4u-pC; )’

i.e. P does not depend on external load a

Q=_9(2ﬂ_pczé)( 4u ]fy

ook \ 4u—pCs

Let us consider the case when o < 0 (similarly, the problem is solved in the case & > 0).
If we consider the excess sound mode

D>C,

e

i.e. when the perturbation in the layer before the load is absent, it is clear that P > 0 and the equation(9) (
respectively (8)) has one real solution.
If the speed of movement of an external load D satisfies the inequality

D < C,

i.e subsonic mode,then P < 0 and the equation (9) ( respectively(8)) can have another solution.
One real solution of equation (8) in the subsonic mode has the form:




ISSN 1991-346X Cepus ¢usuxo-mamemamuueckas. Ne 2. 2018

R ORI GRS e

Integrating (10) X with respect to the damping condition of the displacement at infinity, and the
transition to the fixed coordinates, we obtain:

x—Dt 3 2 3 2
U= J P\ (€)Y | dC)_ ((p) (dC)) _d)|,.
3 2 2 3 2 3
The magnitude of the voltage O is approximately calculated by the formula:

52 [ (52 o 52T (527 |
—fy<x—Df>—aﬂ’f—f—1)/2<U>—fl<v>}

3 3
1 44— pC? oUu 1
U)=—x,k =112 +— ;
fz( ) 9x0 ( 4 ]( o fyj

(12)

where,

3
1 pC: \oU 1 a
HU) = xok 2 1= =2 | ==+ /- £ W)
9 4u )ox A+2u A+2u
From the last expressions it follows that when & — 0 we obtain a solution for the linear problem.
If the non-linearity parameter « is assumed sufficiently small, then instead of (11) we can
approximately use the formula for displacement:

_ 1 PCe T 2 xk
oz E 1L o)
x[“ﬂ—pcfﬂﬂ pD* =2u Txf} } (13)

4u uplD? -

At small & values for the voltageo,,0, ,0,, formulas are obtained:

N T
T p-clow S 91)2—02 4y p(D2
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2 2 2 2 2 3

y 2 nu 2 ni ni 2 a
220 o B |2 oot B | (] B —a | o pet —3) [2Y
2 {P ( 2u J g [ 24 j ( ﬂ)L 2u j (PCM ﬂ):l ax’

l:pD2 [ﬂ - lJ +4u— 3(/1 + Z,u)} aax{y _

+
A+2u 2u
o PC; o £,(U) 4 *f,(U)
- pD* | =1 |+ Au—3(A+2p) [ —H— -« - 2—n 0 (14)

A+2u 2u ox 4u—pC.  Ox

2 g2 2 3 2 2 o?
o.=f +2 h ﬁ(pDz—zy)aij PD +’0C”” -1 j:y+

g 2 2u o \A+2u  2u ox

o A +pciq_2\82fz(v)};
A+2u  2u J ox’

4 3
1 x.k (4u— pC.. D* —2
O-XZ:a+(y_h2y3j 02[ /’l pclej|: IO 2_/'12 :|f;2ﬁ1.
1920w ) wplD*-Cy)

If f.(x—Dt) given as

f,(x=Dt)=o,B(x - Dt} "), (15)

. . . . O . .
then, for example, with respect to the dimensionless relation —= approximately obtain:
Oy

Gu 21874 4ol 02817, (a <0), (16)

where,

2 Jld - 2\ )
D*  xklau-pCl) (p 3ﬂ)>0

D*-C: 1152,u7,03(D2 —C,i)

The present work is devoted to the dynamics stability study of wave processes of plane and circular
elements, and it is also being considered a class of plane tasks about moving loads effect on the surface of
a layered elastic half-plane under the nonlinear law of stress versus deformation. A class of plane
problems on the effect of moving loads on the surface of a layered elastic half-plane is solved. The




ISSN 1991-346X Cepusa pusuxo-wamemamuyeckas. Ne 2. 2018

problems of this class are of great practical interest and, in addition, can serve as a standard for the
development of various numerical algorithms for solving dynamic problems.
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A. Ceiitmypatos', H.Meney6aes’, I'. Emmypat’, I.Kyze6aena'

'"KopxsIT ATa athinaarsl KpI3bU1opaa MeMIIEKeTTiK yHuBepcHTeTi, KpI3buiopaa
*E.BykeToB aThiHnarsl KaparaHibl MeMJICKeTTiK yHuBepcHTeTi, Kaparan sl

KO3FAJIMAJIBI )KYKTEMEHIH OCEPIHEH ITAH/IA BOJIATHIH,
CEPIIM/I KABATTBIH TEBEJIIC ECEBIHIH KYbIK HTEHITMI

AHHoTanusi. Byt Makana feHrenex jxoHe ’a3bIK IEMEHTTEPIiH TOIKBIH/IBIK MPOLICCTEDP KE31H/IE OPbIH allaThlH
OPHBIKTBUIBIK JUHAMUKACHIH 3€pITTEYre apHAaJFaH, XKOHE [ OChIFaH KOca KepHeyaiH JaedopManusiiaH ChI3bIKTHIK
eMec 3aHbl OOWBIHINA, KATHAPNBI TYPKBIp OETIMEH KO3FajIMallbl YCTeME XaFAaWbIHIAFbl, TOYEIIUIITIHIH Ka3bIK
ecenTep TONTaMachlH KapacThIpansl. JledopMmanusiiaHaTeIH JEHENEepAiH AOHTeNeK XOHE JKa3blK JJIeMEHTTEPiHiH
TOJKBIH/IBIK TIPOIICCTEPIH 3epTTey Ke3iHAe (ha3aibiK >KbUIIAMIBIK, (a3aiblk OPTAHBIH JKbLIIAMIIBIFBIHBIH ©3repy
IIaMacel JIeTeH YFBIM eHriziteni. Lunmuaapiik KaOBIKIIamapaslH TapMOHUKAIBIK TepOemici karmaibiHaa (hazaibIk
JKBIIIaMABIK, KaOBIKIIANAPIBIH IIETTEPIHIAE epKiH OpHAJNACKaH O3iHAIK TepOelic >KUUIIri apKpUIBl ©pHEKTENe],
COHJIBIKTAH JIOHTEJICK JKOHE HKAa3bIK AIEMEHTTEP TOJKBIHBIH 3€PTTEY, KaObIKIIAHBIH AKBIPJIbI Y3bIH/BIFBIHBIH JKHULITIK
TepOeici MeH aepdec GopMachiH aHBIKTayFa TikeJeld OalaHbICTHL. Erep 3apTTey KYMBICH KapacTHIPBUIBI OTHIPFaH
JKYlie MaTepHalIBIH PEOJIOTHSUIBIK KACHETI HETIriHIe XYpri3iice Hemece, KOpIIaFraH OpTa jKyheci Oojca, >KoHeE
JKaJIITBI KaFAalia PeoIOTUSIIBIK KAaCHETTePl aHBIKTAaNICa OHIa OYIT TOCLIAep Il KOMAaHy KBIIBIHFA COFaIbl.

TyiiiH ce3aep: OpHBIKTHUIBIK, AMHAMHUKA, )KBUDKBIMAIIBI )KYKTEME, TapMOHUSIIBIK TepOemicrep, nedopmarusi,
peororus, Tepoeric, )KALTIK, TOTKBIHIBIK MIPOIECTeD.
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A. Ceiitmypatos', H. Mexney6aes?, I'. Emmypat’, I'. Kyne6aesa'

'KbI3BUIOpAMHCKHI TOCY 1apCTBeHHBIH yHIBeacuTeT M. KopkeiT ATa, Kbi3suiopaa
ZKapaFaH,Z[I/IHCKI/Iﬁ rocyapcTBEHHBIN yHHBepcuTeT nM.bykeroBa, Kaparanna

HNPUBJIN)KEHHOE PEIIEHUE 3AJIAYH O KOJIEBAHHUH YIIPYT'OI'O CJIOA,
MOJIBEPTAIOIIETOCS BO3JIEMCTBUIO IMMOJABUKHOM HAT'PY3KH

AnHoTanusi: J/laHHas paboTa MOCBAIIEHA U3YYEHHIO TUHAMHUKH YCTOWYMBOCTH BOJHOBBIX IIPOLIECCOB MIOCKUX
U KPYTOBBIX 3JIEMEHTOB, a TAK)KE€ pacCMaTpUBAeTCs Kiacc IJIOCKUX 3a7ad O BO3ACHCTBUH IOJBIKHBIX HArPy30K Ha
[IOBEPXHOCTh CJIOMCTOM YIPYIrOM IOJIYIUIOCKOCTH IIpU HEIMHEMHOM 3aKOHE 3aBUCHUMOCTH HAIpPsKEHUH OT
nepopmanuii. Ilpyn mcciegoBaHUAX BOTHOBBIX ITPOIECCOB IUIOCKMX W KPYTOBBIX 3JEMEHTOB B Ae(opMUpyeMbIX
TeJlaX BBOJAUTCS MOHsATHE (Pa30BOil CKOPOCTH, KaK CKOPOCTH M3MeHeHHs (pa3oBoit cpenbl. B ciyuae rapmMoHUUeCcKHX
Koe0aHni IMITHHAPUIECKON 000709k (ha3oBasi CKOPOCTH BBIPAXKAETCS depe3 YacTOTy COOCTBEHHBIX KOJeOaHMA
cBOOOIHO OMEPTOH MO KpasM 0O0JI0OUKH, U TTOITOMY, HCCIIEJIOBAHUE BOJH B IUNIOCKUX W KPYTOBBIX JIE€MEHTaX NMEET
camoe IpsIMO€ OTHOIIICHHE K ITPOOJIeMe ONpeaeeHNsT COOCTBEHHBIX (POPM M 4aCTOT KOJICOaHU# 000I09eK KOHSUHOU
JuHBL. Eciu mccienoBaHus IpOBOISTCSA € YIETOM PEOJIOTHYECKUX CBOMCTB MaTepHajla pacCMaTPUBaeMON CUCTEMBI
WA, UMEETCS OKPY’KAIoMIasg CUCTEMY Cpefa, Takke B 0o0ImeM ciydae, IMpOSBIIIONIAs PEOJIOTHYECKHE CBOMCTBA,
HCTIOJH30BaHUE ITHX CIIOCOOOB 3HAYHTEIBHO 3aTPYAHEHO. B Takmx ciydasx M3ydaeTcsi BIUSHHE PEOJOTHUYECKUX
MapaMeTpoB Ha COCTaBJLIIONIME KOMIUIEKCHOHW ()a30BOMl CKOPOCTH TIPH ONPENENEeHHBIX 3HAYCHUSAX YacTOT
KoseOaHui.

KaroueBble ci1oBa: ycToW4NBOCTD, AMHAMUKA, TIOJBMKHAS HArpy30Ka, rapMOHHUYecKas KoyebaHus, nedopma-
1HsI, PEOJIOTHsl, KoJieObaHue, YMCTOTA, BOJIHOBBIE TPOLECCHI
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INTERACTIVE VIRTUALIZATION IN THE ENVIRONMENT OF FLASH-
CC, JAVA SCRIPT OF ALGORITHMS OF MATHEMATICAL
COMMUNICATIONS THE PHENOMENON OF GEOMETRICAL OPTICS

Abstract. The geometrical optics — considers light distribution, by means of laws of geometry. A light beam is
called the line along which light energy is transferred. The geometrical optics allows to formulate the theory of
optical systems with relief. The geometrical optics, generally allows to find optical images, optical systems to
calculate an aberration of beams, a beam of light in advanced methods, their adjustment, optical systems and their
emergence which pass through the power relations. Nevertheless, qualities of the image, all wave phenomena by
means of optical devices and also the size of the diffraction phenomenon are considered in optics. Many tasks of the
theory of optical installations are based on laws of geometrical optics. In this work, algorithms of mathematical
communications of geometrical optics, i.e. laws of reflection and refraction of light beams, are considered on the
studied installation when passing light through the planes of border of two dielectric environments. Optical
processes on border of these optical environments are visualized and online are virtualized by means of the computer
program Adobe Flash-CC environments. The made, laboratory work on a research of processes of geometrical optics
is very effective at development of this course. This virtual interactive laboratory development is introduced in
educational process of the Eurasian technological university and is successfully applied in training.

Keywords: Algorithm, virtual integration, geometrical optics, turn, lens corners, dielectric, mathematical
functions.

Introduction. Were not defined completely light nature yet, the following laws of optics were
known: The law of rectilinear distribution of light — light rays in optically homogeneous environment
extends on a straight line of lines. Light rays are lines on which light energy is transferred. In the
homogeneous environment light rays provide themselves straight lines of lines. The law of independence
of a light bunch — effect of a separate bunch of light rays, does not depend on effect of other bunches of
light rays, i.e. bunches of light rays do not influence at each other. Concept of independence of
distribution of light rays appeared in ancient science. Ancient Greek erudite Euclid formulated rectilinear
distribution of light rays its laws of reflection from mirrors. In the 17th century the invention of a number
of optical instruments as a long glass, a microscope, the telescope, etc. also their broad application was an
incitement to development of ray optics. The Dutch mathematician V. Snell and Frenchman R. Dekart
experimentally defined laws of distribution of light rays on a demarcation of two optical medium.
Theoretical fundamentals of ray optics, at the end of 17th centuries located after opening of a Fermat's
principle. Earlier opened laws of distribution of light on a straight line of lines, laws of reflection of
beams were a consequence of this principle [1].

Many tasks of the theory of optical instruments and installations were tilled today based on laws of
ray optics.

In this work, laws of reflection and refraction of light rays, algorithms of mathematical
communications, are considered virtually on the computer on an optical bench, on border of the plane of
the section of two dielectric environments. Optical processes on the plane of a demarcation of two
environments are visualized and the virtual are carried interactively out on the computer by means of the
computer program Adobe Flash environments — CC. The developed virtual laboratory works are very
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effective when studying ray optics. The called virtual laboratory works are introduced in educational
process and are successfully applied at the Eurasian Technological University.

Interactive tools and virtualization on the computer of laws of ray optics program is
environment Flash-CC, Java - script.

The present requirement of time for transfer larger volume information on the Internet, including
animation images in movements and work with them demands the large volume of memory. And for
reduction of capacity of use of memory use for the virtual — interactive tools of Flash technologies is very
efficient. [3,4]. From the basic vector and graphical Flash format of technologies — a branch was created.
But, it is not the first vector format; it is the Web broadcast mechanism — pages to SWF as finding of the
graphic representation, the coordinating link of an instrumental inventory and the graphic representation.
Advantage of SWF-of the application it is easily an acceptability on other place, i.e. this format is used in
different is information — the program platform (in the Mac OS Macintosh operating system, in OS -
Windows OS). One more feature of SWF — the constructed main images not only accept animation but
also are padding, an opportunity to create interactive elements and audio of installation. Besides,
mathematical formula communications of physical processes can be turned into interactive elements,
management of their changes give the chance, to carry out on the computer, interactive virtual researches.
For example, as shown in the drawing that the mathematical dependences found Snellius for reflection
and light refraction and to form interactive virtual laboratory, very conveniently the formats SWF, CC of
them — the program Flash environment. For transfer on distances of interactive multimedia additions are
carried out on the known SWF format — in the Web application for the Internet. Why, to emergence of this
application of this format in Macromedia, for browsers of two main networks of the Plug in component,
and to distribution to Enternet Explorer and Nestcape Communicator the worldwide computer network
affected. One more reason popularity of SWF — a format is very mild and convenient application
instruments for other platforms development of Macromedia. For example creations of the multimedia
presentations using the program device — Macromedia Director Shockwave Studio, - and applied the
program device to creation of graphic images — Macromedia Authorwave, Macromedia Course Builder.
Therefore among Web — the publication the most recognizable and easily applied publication is
Macromedia Flash Web — gives the chance to decorate each website with animation and to collect the
complete page. Action Script Tools - allows to collect Web addition efficiently and its modern languages
similarly probably on the scenario Java Script, Action Script and by means of the editor of Devigger is the
solution of often applied elements. When there is a work of Flash — you can construct the collected clip or
import graphics, later in process of work will be able to process and by means of an assembly ruler to use
effect of resuscitation (Time line) [4]. Such clip or the movie can be interactive, i.e. particular images can
be changed at discretion and to influence events in the clip. You export it in the Flash format, adding the
page, and transfer to the page as the Web — the server. Each clip or the movie collected by tools in the
Flash system can change depending on a type of the carried-out tasks and it can be seen via the browser of
the Internet. Practically, for interactive visualization and management, on the computer, the pilot unit and
devices, set the object which is carried out by means of computer programs in the environment of Flash.
For example, for realization of following operations, the computer program is written in the environment
of Flash — CC:

- to install devices or to clean from devices. Pressing the left-hand button of a mouse, it is possible to
open any door of a case with devices directing the cursor to devices and for the second time pressing the
first button of a mouse, it is possible to install devices on an optical bench (figure 1). To clean an optical
bench, to direct the cursor to devices, mice press the right button and once again the button - switch off
window parameters. The button "Start-up" - is intended for switching off of consecration of laboratory
and start-up of the pilot unit. The button "Feet " - switch off the pilot unit and includes consecration of
laboratory. Directing the cursor to books, it is possible to obtain necessary information on laboratory work
and to change language for choice.

— 62 ——
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Figure 1 - Installation for a research of laws of reflection and refraction on flat limit of sections of two environments

Change of an angle of incidence of a light ray. As shown in the figure 1 to direct the cursor to the
changeable site, pressing the left-hand button of a mouse, it is possible to change an angle of incidence
and reflections of a beam concerning a perpendicular. Pressing the right button of a mouse, it is possible
to change parameters of a light ray and material of the environment. Pressing two times in a row the left-
hand button of a mouse it is possible to switch off installation. Installation for a research of distribution of
a light ray in the environment with a changeable index of refraction. Here actions of management of
measurement of parameters are also similar; it is possible to measure an angle of incidence of an emergent
beam. Installation actions of management of measurement of parameters are also similar; it is possible to
change an angle of incidence of the entering beam, to change the place of an entrance of an incident beam.

ToYeqHble VCTATIOBKA JUIH U3YUENHA PAROTEI JIMIBLL  /

t MCTOYHMKK ‘
Tyqu,

BblAen BHHbI 8

= ﬁ—_:

Figure 2 - Installation for a research of work of various lenses. Interactive tools of a research of an optical lens with various focal
distances, and a research of parameters of a convex, seven convex, and dispersing lens.
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Here are provided:

- changes of location of light sources of various lengths of waves across;

- change of location of light sources of various lengths of waves of a vertical;

- change of parameters of lenses (forms, focal distances, imaginary light sources and their beams).

- aresearch of the course of light rays of various wavelength in the collecting lens.

Conclusion.

As a part of informational technologies the new branch develops - it is the virtual interactive tools
and visualization of the hardly understood subjects of physics, chemistry, biology and other objects [5].
And creation is virtual — interactive laboratories on called a subject meet the operated measuring
apparatuses very seldom. Therefore the technology of creation of the virtually-interactive laboratory
(VIL) for the section of physics given in this work. "The optics - ray optics" will be very relevant to
creators similar to VIL — at higher step in other objects of knowledge. Such VIL — on the computer are
very effective for development of a particular course of knowledge and develop self-contained research
skills and awaken to creative searching of research techniques. Given VIL on ray optics, due to rituality
and interactive intervention in change process an experiment condition, it is very useful to fast
development of a subject of physics by students and to development of skills researching it. Brought VIL
— on ray optics are introduced in educational process of the Eurasian Technological University and are
successfully applied there.
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A.M. Torenos, A.C. KynicoexoBa
EBpasust TexHOJIOTHSIIBIK YHUBEpCUTeTI, Anmatel, Kasakcran

IF'EOMETPHUSAJIBIK OIITUKA KYBbIJIBICTAPBIHBIH
MATEMATHUKAJIBIK BAUJIAHBICTAP AJITOPUTMIH FLASH-CC, JAVA SCRIPT-,
BATJAPJIAY OPTAJIAPBIHJIA UHTEPBEJICEHAI BUPTYAJIJAY

AHHOTanusi. ['€OMETPHUSIIBIK ONTHKA- ONTHKaHBIH >KapbIKThl F€OMETPUS ChI3BIK PETiHIIE KapacThipa OTHIPHII,
KApPBIKTBIH Tapalxy 3aHJapblH 3epTTedTiH Oemimi. ChI3bIK OOWBIMEH JKapbIK DHEPTUsCHl AaFbIHBI TapalaThIH
TeOMETPUSIIBIK CBI3BIK- JKapbIK COyJeci Ien araiaibl. | eOMeTpHsIBIK ONTHKA 3aHAAphl KOIl PEeTTe ONTHKAIBIK
JKYHENepaiH >KeHUIOEeTireH, Oipak Kem »Xarmaiia Il TeOpHSCHIH jKacayFa MYMKIHOIK Oepeni. ['eomeTpHsIbIK
OITHKA, HETI3iHEH, ONTHKAIBIK KECKiHHIH Maiiza OONybIH TYCIHIIpeaAi, ONTHKAJIBIK )KyHenep abeppauusuiapbiH
€CEIITeN LIbIFapyFa JXKoHE OJapJibl TY3€Ty QIICTEPiH KETUIIIpYre, ONTHKAIBIK JKYHelep apKbUIbl ©TETIH Cayliesiep
LIOFBIHBIH, JHEPreTHKaJbIK KaThIChIH TaOyra MyMKiHIIK Oepexi. JlereHmeH, OapiblK TOJKBIHABIK KYOBUIBICTAp,
COHJIali-aK, KeCKIHHIH CallachlHa BIKMAJI eTEeTiH JKOHE ONTHKANBIK IPHOOPIApABIH aXKBIPATKBILTHIK IIaMachlH
AQHBIKTAUTBIH ANPPAKIUIIBIK KyOBUIBICTAp TEOMETPHSIIBIK ONITHKAIA KapacThIPhIIMAIbL.

ONTHKANBIK KYPBUIFBUIAD TEOPHSACHIHBIH KOINTEreH ecenTepi OChbl Ke3re JIeHiH TI'eOMETPHSUIBIK ONTHKara
HeTi3/eJreH.

By JkymbIcTa, TEOMETPHSJIBIK ONTHKAHBIH WIAFbUTY, CBIHY 3aHJapblHBIH MaTeMaTHKAIBIK OailaHbic
ITOPUTMIH, 3€pTTEY KOHIBIPFBICHI €Ki JUAJIEKTIPIIK OpTaHBIH J>Ka3blK IIeKapachlHIa KapacThipbuiaasl. Ockl
OpTaHbIH MIeKapachIHAarsl onTUKaNbIK mpomectep Adobe Flash-CC- 6armapiamaiisik OpTachiHaa iCKE achIPbUIFaH.

— (4 ——
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XKacanblHFaH 3epTXaHAJIBIK XKYMbIC TE€OMETPUSIIBIK ONITHKAHBI HIepy HOTHIXKECIHIEe 30p Maiina Kenrtipeni. ATalblHFaH
3epTXaHaIBIK KYMbIC Eypasus TEeXHOJIOTHAJBIK YHHUBEPCUTETIHIH OKYy MNpOLECiHE eHJIpLTil, KOJJaHbICTa Maiina-
JIaHbLTy/A.

Tipek ce3aep: AJropuTt™, BUPTyajabl HHTEPOEIICEH ], T€OMETPHUSUIBIK ONTHKA, ChIHY, IIAFBLTY OYpBIIITAPHI,
KYKa JTMH3aJIap, JUJIEKTPIIIK, MaTeMaTHKAIBIK (PyHKIIHOHAIAB! OaimaHbIcTap.

YK:535.3+004.9
A.M. Tartenos, A.C. ’KynucoexoBa
EBpasuiickuii TexHonornueckuid yauusepeutet. I'. Anmarsl. Kazaxcran

NHTEPAKTUBHASA BUPTYAJIM3AIIUA B CPEJE FLASH-CC, JAVA SCRIPT- AJI'OPUTMOB
MATEMATHYECKUX CBA3EN ABJEHUUA TEOMETPUYECKOM ONITUKH

AHHoTanusi. ['eomeTpuueckas ONTHKAa — pAacCMaTPUBAET PACIpPOCTPAaHEHHE CBETa, C IOMOIIBIO 3aKOHOB
reomerpud. CBETOBBIM JIydOM Ha3bIBaCTCSl JIMHUS, BIOJIb KOTOPOM IIEPEHOCHTCS CBETOBas OJHEPTHS.
I'eomeTprueckast ONTHKA MO3BOJSIET 00JIETYEHHO C(OPMYIHPOBATh TEOPUIO ONTHYECKUX CHCTEM. | eomeTpuueckas
OITHKA, B OCHOBHOM, TT03BOJISIET HAWTH ONTHYECKHE N300pakKEHHs, ONTHYECKUE CHCTEMBl BBIYMCINUTH abepparuio
ﬂyqeﬁ, IMydka CBC€Ta B YCOBCPIICHCTBOBAHHBLIX METOAAX, HX KOPPEKTUPOBKY, OINTUYECKHUC CUCTEMbI U UX
BO3HHUKHOBEHUS, KOTOpbIE MPOXOAST yepe3 SHEepreTMdyeckue OTHOLIEHHWA. TeM He MeHee, pacCMaTpHUBAIOTCS B
OIITHKE, Ka4ecTBa M300paKeHNUs, BCE BOJIHOBBIE SIBJICHUS C IIOMOINBIO ONTHYECKUX IPHOOPOB, a TAKKEe BEIMYUHA
JIu(pakInOHHOTO SIBIEHUS. MHOTHE 3a1a41 TEOPHH ONITHIECKUX YCTAHOBOK OCHOBAHBI HA 3aKOHAX T'€OMETPHUYECKOI
ontukd. B manHO# paboTe, anropuTMBI MAaTEMaTHYECKUX CBS3EH TEOMETPUIECKON ONTHKH, T.€. 3aKOHOB OTPAXKCHHUS
U IPEIOMIIEHUS] CBETOBBIX JIydel, paCCMaTPHUBAIOTCS Ha MCCIEIYyEeMOHM YCTaHOBKE IPU INPOXOKICHUU CBETA uepes
IIJIOCKOCTHU I'paHUIIbI ABYX AUBJICKTPUYCCKUX CPEC.

Onruueckue MMpoHECChl Ha T'paHULC I3TUX CPEA BHU3YAJIM3UPOBAHBI WU HHTCPAKTUBHO BUPTYAJIU3UPOBAHLI C
MTOMOIIBI0 KOMIBIOTEPHBIX mporpammubix cpen Adobe Flash-CC. Cpenannas, naboparopHas padoTa 1Mo Hccie-
JIOBAHHIO ITIPOIIECCOB T€OMETPUIECKOW ONTHUKM O4YeHb 3((PEKTHBHA MPH OCBOCHHH JAHHOTO Kypca, & TEXHOJIOTHS
cozganust BWJI onmcaHHOM B JaHHOM CTaTh€, OUYEHb aKTyalbHAa MAJIsl CO3JaHUSl aHAJIOTMYHBIX BHUPTYaJIbHO-
MHTEPaKTHBHBIX JJa00OPATOPHH 110 IPYTHM IPEIMETaM.

JlanHas BUpTyaibHO- MHTEpAKTHBHAs JlabopaTtopHasi pa3paboTka BHeApeHa B yueOHbIH npouecc EBpasuiickoro
TEXHOJIOTMYECKOT0 YHUBCPCUTCTA U YCIICHIHO MMTPUMECHACTCA B 06yqu1/11/1.

KnaroueBble cinoBa: AnroputMm, BUPTYaJIbHOE WHTEIPHPOBAHME , T€OMETPHYECKAsT ONTHKA, HOBOPOT, YIJIbI
JIMH3BI, IUDJIEKTPHK, MaTeMaTHIeCKHe (PyHKINH.
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THE COMPLETENESS
OF THE NONCOMMUTATIVE t;a.¢,) SPACE

Abstract. Considering the commutative case, we know that a maximal function f = sup,|f,| belongs to
L, () if and only if there is a factorization f, =cz, =z,c foralln € N, where ¢ € L, (1) and sup,||z,le <

oo, The theory of vector-valued noncommutative Lp -spaces are introduced first time by Pisier in 1998. Pisier

considered the case M is hyperfinite. This theory solved maximal function’s problem in noncommutative case.
Later in 2002 Junge and Xu introduced general case. By using these noncommutative vector valued Lp -spaces
Junge solved noncommutative version of Doob’s maximal inequality problem in general case.

The noncommutative vector-valued Hardy spaces were introdused in [2]. In this paper, we consider maximal
function’s problems on noncommutative Hardy spaces. For this reason we introduce a noncommutative vector-
valued symmetric Hardy space.

Our aim is discover their properties. It is presented another useful proof of completeness of this space. We also
obtain factorization theorem like Saito’s theorem. The work is mostly theoretical. The results can be used to further
develop of noncommuative martingale theory, noncommutative ergodic theory, and operator valued Hardy spaces
theory.

Key words: von Neumann algebra, 7 -measurable operator, subdiagonal algebra, noncommutative symmetric
space, noncommutative Hardy space.

1 Preliminaries and Introduction
Let S(0,1) be the space of all measurable real-valued functions on (0,1) equipped with Lebesgue

measure m (functions which coincide almost everywhere are considered identical).
For x € §(0,1) we denote by (x) the decreasing rearrangement of the function | x|. That is,

ut,x)=inf{s>0:m({| x> s})<t}, t>0.

Definition 1 We say that (E, ||*|| ) is a symmetric Banach function space if the following holds.

(a) E is asubset of S(0,1).

(b) (E, |I"llg) is a Banach space.

(¢)If xe E andif y € §(0,1) are such that | y |<| x|, then y € E and ||y|lz < l|x||g.

(d)If xe E and if y € S(0,1) are such that x(y)= u(x), then y e E and ||y|lz = l|x||.

Furthermore we recall that the norm in E is said to be order continuous if, for every sequence
{x,},50 € E such that x, 40 in S(0,1), we have that ||x,||z = 0. Order continuity of the norm is
equivalent to separability of the space £ (see [10]).
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Special examples of such Banach function spaces are the spaces L, (0,1), 1 < p < oo, equipped with

their usual norm ||-[|,,.
We recall that every symmetric Banach function space satisfies

L,(0,1)c EcL,(0,1)

with continuous embeddings.
We say that y is submajorized by x in the sense of Hardy-Littlewood (written y < x) if

I;y(s,y)ds < j;y(s,x)ds, t>0.

Now let £ be a Banach lattice. Let 0 <7 <oo. Then E is said to be » -convex and r -concave, if
there exists a constant C > 0 such that for all finite sequence (x,) in E

n Yr n r
<2|xk|r) sc(Zuxkuz«) ,

k=1 E k=1

n 1/1" n 1/T
(anknz) <c (Zmr) ,
k=1 k=1 E

and as usual the best constant C >0 is denoted by M "’ (E) and M (n(E), respectively. We recall that

and

for 7; <r, we have
M"Y (EY<M"™(E)
and
Mr2 (E)< Mr1 (E).
For all needed information on convexity and concavity we once again refer to [10]. If
M™ ) (E)=1, then the r'th power
E' ={xeL,(Q):x|"ekE}

endowed with the norm
T

1
lxllgr = || lxI /7
E

is again a Banach function space which is 1/ min(1,7) -convex.

Let H be a Hilbert space. The closed densely defined linear operator x in H with domain D(x) is
said to be affiliated with M if and only if uxu=Xx for all unitary operators u which belong to the

commutant M of M . An operator x affiliated with M is said to be 7 —measurable, if for every
& >0 there exists a projection e in M such that e(H) < D(x) and 7(1—e) <¢. The set of all 7-

measurable operators will be denoted by L,(M ). The set L,(M ) is a *-algebra with sum and product
being the respective closure of the algebraic sum product [12]. For each x on H affiliated with M , all
spectral projection esl(| X[) = X(sw0)(I X]) corresponding to the interval (s;o0) belong to M , and
x € Ly(M) if and only if . (|x[) <o for some s € R. Recall the decreasing rearrangement (or
generalized singular numbers) of an operator x € L,(M ) is defined as follows
put,x)=inf{s>0:4 (x)<t},t>0
—— 7 ——
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where
A(x)=17(e; (| x])),s > 0.
The function s> A (x) is called the distribution function of x. For more details on generalized

singular value function of measurable operators we refer to [7]. Recall the construction of a Banach
symmetric operator space L,(M ,7) (for convenience L,(M )). Let E be a Banach symmetric function

space. Set
L. M,r)={xeL,(M,7): u(x)e E}.

We equip L,.(M,7) with a natural norm
||x||LE( l,7) - ”'u(x)| E’ X e E(M ’T)'
It was further established in [15] that £(M ,7) is Banach.

Since for each operator x € L (M )
m(x|")= p(x)",
we conclude for every symmetric Banach function space E on the interval (0,1) which satisfies
M™ I (E)=1 that
L,(M)={xeL(M)|x["eL M)

and
,

g =)

‘r — H| X |l/r
E Ly(M)~

b, o, =l
See [3, 5].
Let M be a finite von Neumann algebra on the Hilbert space H equipped with a normal faithful

tracial state 7. Let D be a von Neumann subalgebra of M , and let ®:M — D be the unique normal
faithful conditional expectation such that 7o ® = 7. A finite subdiagonal algebra of M with respect to
® isa w -closed subalgebra A of M satisfying the following conditions:

(i) A +J(A) is w -dense in M ;

(ii) @ is multiplicative on A , i.e., ®(ab) = ®(a)D(b) forall a,be A ;

(iii) ANJ(A)=D, where J(A) is the family of all adjoint elements of the element of A , i.e.,
J(A)={a":aecA).

The algebra D is called the diagonal of A . It is proved by Exel [6] that a finite subdiagonal algebra
A is automatically maximal in the sense that if B is another subdiagonal algebra with respect to @
containing A , then B=A .

For brevity, we introduce the following definition which was defined in [1].

Definition 2 Let E be a symmetric Banach space on (0,1) and A be a finite subdiagonal

subalgebra of M . Then H,(A)=[A] called symmetric Hardy space associated with A , where

Lp(M)
[~]LE(M) means closure in the norm of L,(M ). We denote [A, ]LE(M) by Hy(A).
The theory of vector-valued non-commutative L, -spaces were introduced by Pisier in [11] for the

case, when M is hyperfinite and Junge introduced these spaces for general setting in [8] (see also [4, 9]).
The theory for the space L,(M ;¢ ) was developed by Defant in [3] and Dirksen in [5] and in full

analogy with the special case L, = L, considered in [4, 8, 9]. In fact, most of the basic results follow
verbatim as soon as were replaced L, by L., L » by LEX’ where 1/p+1/p'=1, and L, , by LE1/2 in

the proofs of those results.
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Let us denote by L, (M ;/_) the space of all families x =(x,),, in L,(M ,7) for which there are

operators a,be L ,,(M) and a uniformly bounded sequence (¥,),-; in M such that there is a
factorization x, = ay,b forall n € N. We set

ey, = inf el |y supl,

0 ”b”LEl/z M )}’
where the infimum is taken over all such possible factorizations. Moreover, we denote by L,.(M ;/ fg’)

(here "col" should remind on the word "column") the space of all x =(x,),., in L,(M ) for which there

are b e L,(M ) and a bounded sequence (y,),,, in M such that x, = y b for all n. We then put
Pull A, o

Similarly, the row version consisting of all families x =(x,),., admitting a factorization x, = ay,
with ae L,(M ) and (y,),., bounded in M is denoted by L,(M ;¢””") and we define
||x||LE(M ALS! = lnf{”a”LE(M) Sup”yn ||oo}

In both cases the infimum is again taken over all possible factorizations.
Now we define the analogue of this space by a similar way.

Definition 3 We define H,(A;( ) as the space of all sequences x =(x,),,, in H.(A) which

admit a factorization of the following form: there are a,beHEl/2 (A), and a bounded sequence

)= inf {sup|

Il o
LE(M A0

y=,) <A such that
x, =ayb,Vnz1. (1)
Given x € H.(A,? ) define
”x”HE(A;Zw) = H’lf{”a”HEl/2 (A) Sljp © ”b”HEl/z (A)}’ (2)
where the infimum runs over all factorizations of (x,) as above. Moreover, let us define

H,(A;0%") as the space of all (x,) ., in H,(A) for which there are b€ H,(A) and bounded
sequence (y,),,, in M such that x, =y b and

il acr,, = infisup ]yl [Pl cn - 3)

Similarly, we define the row version H,(A;¢)") all sequences which allow a uniform factorization

Vi

x, =ay,, again with a € H_(A) and (y,),., uniformly bounded in M.
This space with H (A7) was introduced in the paper [13, 14, 2] with some basic properties.

Section 1 contains some preliminary definitions. In section 2, we prove that H,(A,/ ) is Banach

space.
2 Main results

Theorem 1Let E be an r -convex symmetric Banach space on (0,1) for some 0 <r <oo. Assume

E does not contain c,. Then H_(A,l ) is Banach space.

Proof. Let us first check that satisfies  triangle inequality. Let

”'”HE(A 2D
(h'"),(h?)e H (A, ), choose a factorization of A with j=1,2:
h(./) - a(j)x(./)b(j) YVn
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such that

N P 0
HEI/Z(A) HEI/Z(A) HE(AI’ )

and

supHx,(,‘” HOO <l+eg, j=1,2. )

Indeed, for any & > 0 choose a factorization 4\ = c’y"d"Y Vn>1 with j=1,2 such that

(@2} (2} _
¢ eH ,(A), dV eH ,,(A)sup|y] =a
n
and
A L P [
h ‘H " )(1+3)2 azc? sup|[=—|| |le2d"’ ) (5)
E >" oo n o
H A H A
g2 ) 0 g2 ®)
Then by choosing
H( (/))Hl/2 0[2 H(h(/))ul/2 d(j)
Hp (AL, ) b(j) He(ALl,)
1 1
aEC(j) aid(j)
H o1 A) H 12 A)
and
1 1
2 .(J) 2 () (@)
a‘c a*d Va
) = Ho1a M) H o2
. 9
" alo|
Hp(ALL)
we obtain
a(/)x(J)b(J) — C y(l)d(l) — h(}) i=1 2
and
s P
H o2 ) Hy (AL’

1/2

e
Ho1p M)

Let ¢ =[(a")" |u" and b =v" |bY | be the polar decompositions of (a'”’)" and 5",

respectively. Then u’x!v) e M, so we can substitute x'” by u’x'’v"" and therefore we are

Hp(AL) '

allowed to assume that the ) and b are positive for j=1,2. Define operators:

1 1
a=(| (a(l))* |2 + (a(z))* |2 +¢&)? and b= (| b |2 +| p? |2 +£)2;
clearly,
1
||a||2 , < (H(a + H(a +¢£)?
EE(A) E2(A) E2(A)
1
—dno xe) 2
(H(h” )HHE(A,( ) H( )HHE(A 0 ) ’

— 70 —
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a similar inequality holds for b with norm ||||é By Remark 2.3 in [4] there exist contractions
@”,0" eM such that | (@) |= a(@")",| b |= 8b and
(a)(l))*a)(l) + (w(Z))*a)(Z) - F(Clz),(e(l))*e(l) + (9(2))*9(2) - r(bZ).
And, since a',b"' €M and (a')" =a,be L.(M), by Proposition 4.3. (i) in [1] there exist the
W y@eM and w,w? €A such that a”' =vPw? and b7 = w?v?, where
W, W) e HEV“ (A). Obviously,
h’(ll) _+_h’(l2) - (W(l))*l[(v(l))*l (w(l))*u(l)x’(ll)v(l)e(l)
+ (a)(2) )* u(2)xr(12)v(2)9(2) (V(Z) )—1 ](W(Z) )—1 ]

unitary operators Vv

Define the sequence
e— (1, (D1 Dy (1) (D) (1) a(1) @y*,,@,.2,,2 9?2 (,,2\"1
=) (@) u x v H(07) u T x v e (v

Since  y, =(W") [V + AP ](w?) ' e H (A) by Propositon 4.3. (i) in [1]
v, € H (A)NM = A. Consider for each fixed 7 the following mapping:
UMM)->M,M)

defined by
(1)y* (2)\* Q) 0 (1) 0 9(1) 0
i -[@ @ )fu [ |
0 0 0 u? 0 v J)e? o

)
v, 0
X:( y(Z)]EMz(M )

where

0

n

We need to show that ||yn || <l1.

Indeed,
y _H(V(n) [(w“))*u“)x“)v“)ﬁ(”+(a)(”)*u(z)x(z)v(”&(”](v(z))‘lH
n
_ H(a)(”)*u“)x‘“v(”ﬁ(” n (w(z>)*u(2>x<z> Q@ H _ ||U(X)||
@™y @y [« OB 00 0
< 2) |X|| 2 2
0 0 0 u( 0 v 6% 0
1 1 1 1
% * 2 2
ﬂ@q+%%W\ll ZstmﬂHMbWsL
So,
W <fe
H( n n )HE(A,(foo) || ||HE1/2(A) HEl/z(A)
1 1
<y P +]j®y P +e)(|a" P| +|14® | +é)?
" 14 ™) H 14 ™) " 1a®) " 1a®)
1
<+l rerdaef H e
Hoap @) Hop @) Ao @A) H o A)

— (1) (2)
H( n )HHE(A,( ) H( )HH (AL, )

Then letting £ — 0, we obtain the desired triangle inequality. To show the completeness, we take a

Cauchy sequence () e H, (A, ) for which we may assume without loss of generality that for all k
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H(hm _hum)u < 2;”’ (=1.2..).

HpAt,) 2

Define for each N the sequences

o0

N NG ()
UK Z% he

=N
in H.(A).
First,we need to show that all of them belong to (A, ) forall N and that

N —N+1
<270
I,
Let
h(j) _h(j+1) — a(j)x(j)b(j)
O]

with
<27/,

HamH p H < 2_j,supfo1j)H <27
H o2 H 12 ) n 0

As above, we may assume that @'/’ and b are positive, obviously

Z | (a(j))* e HE1/4 (A), Z | b e HEI/4 (A)
Jj=1 j=1

and
N y* |12 N (Dy* |12 -
> 1@y S5 [CEONE M.
j=1 H a7 EV4
E
2 , 2 > 112 > .
Z‘“ (a(.l))* | ZHa(/)H < 22—21 <1;
= VPR e A 43
similarly,

0
Z | b(j) |2
Jj=1

* ) > 12
D3 X3 NS i M
Z | | H 2 A) jZ:‘ H 12 A)

=]
H g8/
gl

1 1
Define a = (Z; [(@”) P +6)* € H ), (A) and b= (Zf:1 |6 [ +&)? € H ,,(A), then

1
2

0 .
||a||H o :HZW”)* ? te
E =

H 14 ()
0 1 0
o = 2

<@y P +¢)? =Z“a‘j“H o FESIHE

a H s () e
and

<
”b”HEl/z (A) — l+e.
: : ) = DN* 1 ,,0)

So by letting &€ — 0, we obtain ||a||HEl/2 ") <1 and ”b||HE”2 = l. Let a’ =|(a”’) |u"’ and

b =y ||, On the other hand, according to Remark 2.3 in [4] there exist contractions
®”,0Y eM such that | (@V)" |= a(@")" and | |= 8Vb as above. Thus

— 72 ——
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0
N _ e ( L .
é,(.) — 2 (a)(])) u(])x(('J))v(])a(J).
J=N

Hence suanﬂ;\’H <27 So we obtain
[ee]

N N (D Y*,, () ()1,() () N ) N =J —-(N-1)
HQ-)HSZVH(‘” Julxg Vo HSZVH% Hs%z <2
j= j= j=

and
77:[\’ — Za(j)x(./)b(./) — Z | (a(./))* |u(./)xr(l./')v(j) |b(j) |
=N J=N
_ Z“( ) uDx I gp = a(z (@) ux 0D )b = al Vb,
Jj=N J=N
Hence
n" e Hy(AsL,)
and
N < ‘ N <-(N-D)
HU HHE(A;%) _||a||HE1/2 (A)Sljp <, OO”b”HEl/2 (A) <2 ‘
So
S (k+1) (k) 1 N+1 N
+1) _ — + <"
Z(h h)—n H77 Hp(A,) 270
k=1 Hp(Asl,)
as N >«
N
Z(h(kJrl) _h(k)) N 771.

k=1
Therefore we get A" — 1Y + 71" conclusion.

The work was supported by the grant from the Ministry of Science and Education of the Republic of
Kazakhstan.
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KOMMYTATHUBTI EMEC H (A, () KEHICTII'THIH TOJBIKTBIFbI

AuHoTamusi. KoMMyTaTHBTI >KaFmaiipl KapacTelpa OTBIPBIN, f = sup,|f,| Makcumanabl GyHKIHACH
L » (4) — ra Toyenni 6onca, conna Tex conna rana Gapasik n € N ymin fn =cz, = z,C (axropuzanusaysl 6ap

Oosanpl, MyHIarsl C € Lp (1) wxone supyllz,lle < . BekTOp—MOHII KOMMYTATHBTI eMeC Lp —KEHICTIKTEpiHIH

TeopusichiH 1998 sxbutel anrani pet ITucee enrisren. ITucke M -runepakpIpibl GONFaH JKaFqaiblH KapacThIpraH. Byt
Teopusi KOMMYTAaTHUBTI eMec arjaaiina MakcuMmanasl GyHKIMs Mmocenecin memri. Keiinipexk 2002 xbutbl FOHre

skoHe Lyit >kanmel karmaiiga eHrisreH. OCBl BEKTOP-MOHIII KOMMYTATHBTI eMec Lp -KeHICTIKTEpiH MaiIaIaHbII,

FOHre xanmbl sxarnaiina JlyOThIH MaKCHMAJIIbI TSHCI3/IIK MOCEIICCIHIH KOMMYTATHUBTI €MeC HYCKACBIH HICIIITI.

KommyTaTuBTi emec BekTop-MoHIi Xapau KeHicrikrepi [2]-me enrizimai. Ocbl Makanana KommyTatuBTi emec
Xapay KeHICTIKTepiHAe MakCUMaiasl (pyHKIMSHBIH Macelnenepid KapactbipaMb3. Con cebenti 613 KOMMYTaTHBTI
€MeC BEeKTOP-MOH/li CHMMETPHSUIBIK Xap/an KeHICTIKTEPiH eHIi3eMis.

Bi3miH MakcaThIMBI3 OJIAPIBIH KacHETTEpiH KepceTy. Bysl KeHICTIKTiH TOJBIKTBIFBIH JQJCIACUTIH Tarbl Oip
naiinanel gonen kentipinreH. Conpaif-ak, CaliTo TeopeMachl YKCAWTHIH (aKTOPH3ALMSIIBIK TEOPEMAHBI allaMbI3.
KOMMYTaTHBTI eMec MapTHUHTal TEOPHUsCHl, KOMMYTATHUBTI €MEC SPTOJUK TEOPHUSCHI KIHE OorepaTtop MOHII Xapan
KEHICTIKTIKTep TEOPHUSCHI YIIiH KOIIaHyFa O0Iabl.

Tyiiin ce3nep: ®on Heiiman anrebpachl, 7 - eeMJli oneparop, cyoquaroHaibi anredpa, KOMMYTAaTHBTHI
€MeC CHMMETPUKAIBIK KEHICTIK, KOMMYTAaTHBTHI eMec Xapu KeHICTiri.

K.C. Tyaenos', JI. laynr6ex’

12 CHC, MHCTUTYT MaTeMaTHKH U MaTeMaTHIeCKOro MoAeInpoBanus, Anmatel, Kazaxcran
' PhD, npenonasatens, Kazaxckuii HalMoHAIbHBINA YHUBEpCHTET HM. Asb-Dapabu, AnMaTel, Kazaxcran

MOJHOTA HEKOMMYTATUBHOTI'O TIPOCTPAHCTBO (A, ()

AnHoTamusi. PaccMatpuBasi KOMMYTaTHBHBIN CITydaid, MBI 3HAaeM, 4TO MakCHMaibHast GyHKIWS f = sup,|f;,|

npuHanIexKur L » () Torma m ToNBKO TOTMA, KOT/IA CYIIECTBYET (paKTOPH3ALMS fn =cz,=z,c ma Beex n € N,

rae ¢ eLp (1) w supyllzylle < . Teopust BEKTOpP-3HAYHBIX HEKOMMYTATHBHBIX L , “TIPOCTPAHCTB  BIIEPBbIE

BBogutcs Iluckeom B 1998 roay. Iluche cumrtan cinydait M runepkoHeyHbIM. JTa TEOpHs peliaia 3aaady
MaKCUMallbHON (YHKINU B HeKOMMyTaTHBHOM cirydae. [To3maee B 2002 roxy FOnre n Croif mpencTaBuiId OOIHiA

ciyyail. Mcmone3yst 9TM HEKOMMYTATUBHBIE BEKTOPHO3HA4YHBIE L  “TIPOCTPaHCTBA, IOHre pemmn HeKOMMYTaTHB-

HBI BapUaHT MaKCUMAaIIbHOH 3a/1a4un HepaBeHCTBa JlyOa B 00IIeM ciydae.

HexommyTaTrBHBIE BEKTOpHO3HAYHBIE IPOCTPAHCTBA XapAW OBUIM MHTPOAYIHMPOBaHHI B [2]. B HacTosmieit
paboTe paccMaTpUBalOTCS 3aJa4l MaKCUMalbHOW (QYHKIMHM HA HEKOMMYTATHBHBIX MpocTpancTBax Xapau. [To aToit
MPUYHHE MBI BBOJIUM HEKOMMYTATHBHOE BEKTOP-CHMMETPUIHOE CHMMETPUYHOE IPOCTPAHCTBO XapaH.

Hama nens - oTkpbITh MX cBoiicTBa. IlpencraBieHo eme OAHO MOJNE3HOE AOKA3aTENBCTBO IOJIHOTHI 3TOTO
npoctpaHcTBa. MBI Takke IoiydaeM Teopemy (akropusaiyu, Takylo kak teopema Caiito. Pabora B ocHOBHOM
TCOPETUUCCKA. PesyanaTm MOryT 6I)ITb HUCIIOJIb30BAaHbI JIsA IlﬁﬂbHGﬂHl@FO pa3BUTHA HeKOMMyTaTHBHOﬁ TCOpUU
MapTUHTAI0B, HEKOMMYTaTUBHOM AProAUYeCcKOl TEOPUU U ONIEPATOPHO3HAYHOM TEOPUH POCTPAHCTB Xap/H.

KiaoueBble cioBa: anmrebpa @®on Heiimana, 7 -u3MepuMblid omeparop, NOAAWArOHANbHAs anredpa,
HEKOMMYTAaTHBHOE CHMMETPUYIHOE IMPOCTPAHCTBO, HEKOMMYTATHBHOE IMPOCTPAHCTBO XapIH.

— 74 ——



ISSN 1991-346X Cepusa pusuxo-wamemamuyeckas. Ne 2. 2018

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
PHYSICO-MATHEMATICAL SERIES

ISSN 1991-346X

Volume 2, Number 318 (2018), 75 — 84

UDC 539.1.074.3
D.S. Valiolda', S.A. Zhaugasheva', D.M. Janseitov'?, N.K. Zhussupova'

'Al Farabi Kazakh National University, Almaty, Kazakhstan;
*Institute of Nuclear Physics, Almaty, Kazakhstan

e-mail: valiolda.dinara@gmail.com

THE STUDY OF THE NEUTRON HALO OF THE ""BE NUCLEUS
TAKING INTO ACCOUNT THE INFLUENCE OF AN EXTERNAL FIELD

Abstract.The aim of work is theoretical study of the Coulomb breakup of halo nuclei in time-dependent
quantum-mechanical approach. Exotic nuclei are the subject of intensive experimental research.Theoretical studies
of Coulomb breakup of halo nuclei are relevant for the interpretation and planning of experiments for the study of
light nuclei on radioactive beams.The investigations with beams of radioactive nuclei have opened new prospects in
studying the structure of the atomic nucleus and have found wide applications in other areas of physics, including
nuclear astrophysics. The halo is one of the most intensively studied objects in modern low-nucleus physics. A
characteristic feature of halo nuclei physics is correlations between the mechanism of nuclear reaction and structure.

The breakup is one of the important tools for theoretical study of the properties of halo nuclei. In these
reactions, the information from the breakup of the projectile into fragments can be used to make a conclusion about
the properties of the halo part of the wave function. With good approximation, the breakup could be considered as
transition from bound state of two (three) particles to the continuum, due to changing Coulomb field.

In this paper, the energy levels of the halo nucleus of''Be are calculated, taking into account the effect of an
external magnetic field. The ''Be nucleus is regarded as a neutron halo consisting of '’Be core and one neutron. This
work is the initial stage of the work on the investigation of the breakup of halo nuclei in the quantum-mechanical
approach.

Key words:Halo nucleus, Coulomb breakup, breakup cross section, exotic states of the nuclei, nonstationary
Schrodinger equation, energy spectrum, nuclear potential.
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V3YYEHUE HEMTPOHHOTI'O TAJIO SI/IPA "'BE
C YYETOM BJIMAHUA BHEHITHET O I10OJIA

AnHoTanus. llenpropaboTHIBISETCATEOPETHIECKOE HCCICOBAaHNE IPOLECCOB KYJIOHOBCKOTO pasBajia rajo
sAep B paMKax HECTAIMOHAPHOTO KBAHTOBO- MEXAHMUYECKOTO MOAXO0Ja. DK30TUYECKHUE siApa ABJIAIOTCS MPEAMETOM
HHTEHCUBHOTO DKCIIEPUMEHTAIBHOTO HCCIIEA0BaHMUsA. TeopeTnueckne UCCIeNI0BaHMsI KyJIOHOBCKOIO pasBayia Iajo
sIep AakKTyalbHbl JJI MHTEpIpeTalud ¥ IUIAHUPOBAHMS HKCIEPHUMEHTOB IO HU3YyYEHHMIO JIETKUX SAep Ha
pPaZMOaKTUBHBIX Mydkax. lccienoBaHus C NMydKaMH pagUOaKTHBHBIX S7€p OTKPBUIM HOBBIE IIE€PCIEKTUBHI B
M3Yy4YEHUHM CTPYKTYPbl aTOMHOIO sJpa W HAlUIM IIMPOKHE MPWIOKEHHsS B APYrHX obOnacTsax (usuku, BKIIOYAs
saaepHyto actpodusuky. l'ano sapa sBISIOTCS OZHMM M3 Haubojee MHTEHCUBHO MCCIIEAYyEMBIX OOBEKTOB B
COBPEMEHHOW MAaJIOHYKJIIOHHOW siiepHOM (hm3uke. XapakTepHOW OCOOEHHOCTHIO (PM3MKHM SIep € Tallo SBISETCS
TeCHasl B3aMMOCBSI3b MEXaHHU3Ma SAEPHOI peaKkIUU U CTPYKTYPBL.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

PasBan sBiseTcss OMHUM W3 BaXKHBIX MHCTPYMEHTOB IJISi M3yUEHHs CBOMCTB Traio simep. B 3Tux peaxmusx,
nHpOpMAaNHs, TOCTYTAONIAs OT JUCCOIHUAIINN CHApsAa Ha (parMEeHTH MOXKET OBITh HCIIONB30BaHa, YTOOBI CAETATh
BEIBOJ] O CBOICTBaxX rajo 4acTh BOJNHOBOH (yHKmmu. C XOpOIIMM NPHUOIIDKEHHEM, pa3Bajl Tajio sapa MOXKHO
paccMaTpuBaTh Kak IIEPeXOJ OT CBSA3aHHOTO COCTOSHUS JBYX (Tpex) dYacTHIl K KOHTHHYyMY, B CBS3H C
M3MEHSIOMNMCS KYJIOHOBCKHM TIOJIEM.

B naHHO#i paGoTe pacuMTaHBl SHEPreTHUeCKME YPOBHH Tajo supa ''Be , ¢ y4eToM BIIMSHMS BHEIIHErO
MAardiuTHOro T1ojigd, T.€. BBIYUCJICHO PpaCHICIVICHUE OSHEPIreTHUYCCKUX ypOBHeﬁ YHUCJICHHBIM H AaHAJIMTUYCCKHUM
METOJIAMH C HCIIOJIb30BAaHUEM JIBYX Pa3HbIX MoTeHIuanoB:B opme Bymc-Cakcona u INaycca. SAnpo "Be, nmeroree
KaK HeHTPOHHOE rajo, COCTOAMMIA U3 Kopa ''Be M OJHOTO HEHTpOHa. DTa paboTa SBIAETCS HAYATHHBIM STAIIOM
paboTHI 110 HCCIIEIOBAHUIO Pa3Balia rajio sSAep B KBAHTO-MEXaHUUECKOM ITOIXO0IE.

KiioueBble cioBa: rano sapo, KyJIOHOBCKMH pa3Ball, C€YEHUE pa3Balla, 3K30TUYECKUE COCTOSIHUS sIep,
crauuoHapHoe ypasHeHue llIpenunrepa, s3HepreTUYeCKUil CIIEKTp, AAEpHbINA NOTEHLUAL.

BBenenue. BriepBrie sqpa ¢ HEUTpOHHBIM Tano ObuTH oOHapyxkeHbl B 1985 roqy Tanuxaroii u mp.
[1,2], Tme Takue HPK30THYECKHE CHUCTEMBI INIOTHO CBS3aHBI C KOPOM sipa W OKPYKEHBI nuddy3HBIM
SJIEPHBIM 00JIaKOM. DTH CHUCTEMBI ObUTH 0OHAPYKEHBI B OCHOBHBIX COCTOSIHUAX (g.S.) HEKOTOPBIX JETKUX,
HEUTPOHOM3OBITOUHBIX PAJMOAKTHBHBIX SAEP, PACIONOKEHHBIX BOJIM3M TpaHUIBl HEUTPOHHOU
crabmibHOCTH [3]. Panee cumTamoch, 9TO rajo MOXET 00pa30BEIBATHECS TOJIBKO B PaTHOAKTUBHEIX SAPAX,
PacroIOKEHHBIX BOJM3U I'PaHUI] HYKIOHHOW cTadmiabHOCTH. OpHAKO elle B KoHIe S0-X IT. MpOILIOro
CTOJIETHSI, 3aJI07T0 10 OTKpPBITUSA rajo, basp daktuueckn npenckasan [4] BO3MOXKHOCTb €ro MOSBICHUS
Jlake B CTaOMIIBHBIX siipax BOJIM3M MOPOTOB IMHUCCHUU HEHTpPOHA WK MpoToHa.B wacTHOCTH, B padote [5]
GBLIO TI0KA3aHO, uTO BO3GYXaeHHOe cocTosHue 3.09 (1/2-) MaB crabumbHoro sapa C MOXKET HMETh
CTPYKTYPY TaJlo C YBEIIMYCHHBIM PainyCOM.

KynoHoBckuii pa3Banm sBisSeTCS OJHUM M3 OCHOBHBIX WHCTPYMEHTOB IS WM3YYEHHUS Tallo sjpa.
CedeHre pa3Baja COACPKUT TOJE3HYI0 WHPOPMAIMIO O CTPYKType Tamo. Takum oOpazoM, 3Ta Tema
SIBIISICTCS TIPEIMETOM MHTCHCUBHBIX DKCIIEPHUMEHTAJBHBIX M TEOPETHUECKUX HMccienoBanuii. Cpeau raio
sep, aapo ''Be mMeeT 0co6oe 3HAUCHHME, TAK KAK OTHOCHTE/IBHAS MPOCTOTA €ro CTPYKTYPHI MO3BONSET
0ojee TOUHBIE TeOpeTHYECKHe MCCIeOBaHUsA. B caMoM jene, cBsI3aHHBIE COCTOSHUS siApa = Be MOXHO
JIOCTATOYHO XOPOIIO OMHKCATh KaK Aapo ''Be U cnaGocBsa3aHHbIA HeHTpoH. C XOPOIIMM TIPUOIHKEHHEM,
pacmaja MOYKHO paccMaTpUBaTh KaK MEPeXod OT ABYXYACTUYHOTO CBSI3AaHHOTO COCTOSIHUSI K KOHTHHYYMY
U3 32 U3MEHSIOIETOCs KYJIOHOBCKOTO ITOJISI B TIPOIlecce CTOJIKHOBEHUS SAep C MUIICHBIO [6].

Heiitporroe rano - 3ddekxr, 00yCIOBICHHBIH HATHYHEM CIa00 CBS3aHHBIX COCTOSIHHN HEHTPOHOB,
PacIloNOKCHHBIX BOMW3M KOHTHHyyMma. Mamnasi BeIMYMHA SHEPIUM CBSA3M HEHUTpOHA (WM TPYIIIBI
HEHUTPOHOB) M KOPOTKOJMEHCTBYIOIIUI XapaKTep SIIEPHBIX CHII IPUBOAAT K TYHHEIHPOBAHHUIO HEHTPOHOB
BO BHEITHIOIO TepUEpHHYI0 007acTh Ha OOJBIINE PACCTOSHUS OTKOpa sapa. IIpW 3TOM IIOTHOCTH
pacripenienieHuss TepUPEPUIHBIX HEHTPOHOB CYIIECTBEHHO MEHBIIE IUIOTHOCTH —paclpeleleHus
HEHUTPOHOB BHYTpH Kopa [7].

Cpenn HEHTPOHHBIX Talo sep, OCOOBII HMHTEpeC MpeAcTaBmsieT sapo ''Be. B mpocreiimem
NPUGITHKEHAN €ro0 MOKHO PacCMATPUBATh KAK JBYXUaCTHUHYIO CHCTEMY, COCTOSIIYI0 M3Kopa ''Be u
cnabo CBs3aHHOrO HelTpoHa. [ano-sAIpo AOCTATOYHO XOPOLIO OMUCHIBAETCS BOJIHOBOW (DYHKLHMEH,
SBIIIONICICS TPOW3BEJACHWEM BOJHOBBIX (YHKIMA Kopa U BHemmHero ramo. Llemsiid psa
9KCIIEPUMEHTANBHBIX (PaKTOB TOATBEPKAAET, YTO HYKIOHBI, (DOPMHUPYIOIIHE SIAePHOE Tajo c1ad0 BIUSIOT
Ha Kop siapa [6]. HanGonee m3BecTHbIC sAApa, MMEIOLINE CTPYKTYPY OJHOHEHTPOHHOTO Tanmo, 3To ' Be,
"Li, 'C, "Cu 1.1[8].0Hn TakKke MMEIOT Malible SHEprHH CBSI3H, AHOMAIBHO OOJIBIINE Pa3sMEpHI, Y3KHE
UMITYJIECHBIE pacIpeneneHnss (parMeHTOB IOCiie pa3Baiia, OOJIBIINE CEYeHHS B3aMMOICHCTBHA U
AIIEKTPOMATHUTHOHN TUCCOIIMALIHH.

[IpakTuveckuii myTh W3yueHHs CTPYKTYPHI Tajio - 3TO HCCIEIOBAaHHE CTOJKHOBEHHH NIBYX siAEp C
nepenadeil SHePTuu U UMIYyJbca. B pe3ynbraTe B SACpHBIX PEAKIUAX U3yYalOTCs MEPEXOIHBIE CBOMCTBA
SIICPHBIX CHUCTEM, a UMEHHO IEPEeX0J] U3 OCHOBHOIO COCTOSIHUS B BO30ykIeHHBIC [8]. Pa3Ban sBnsercs
OITHUM M3 BaYKHBIX HHCTPYMEHTOB AJISl TEOPETHUECKOTO M3YUYEHHsI CBOMCTB Talo siaep. B aTux peakumsx,
nH(pOpMAIIK, MOCTYMAIOMIas OT JWCCOIMAIMU CHapsga Ha (parMeHThl MOXKET OBITh HCIOJIH30BaHA,
9TOOBI CACNIAaTh BHIBOJ O CBOMCTBAX Taji0 YacTH BOJHOBOW (QyHKITMHU. KyJIOHOBCKHI pa3Bai MpencTaBiseT
0coObIii WHTEpEC, MOTOMY YTO HEONPEJEeNICHHOCTh B OTHOLICHWH MPEIIONIOKEHHS, YTO SIEpPHOE
B3aUMOJICHCTBIE MEXKIY CHAPSIOM M MHUIICHBIO MTPaeT CyIIECTBEHHYIO poiib. TeM He MeHee, AJs TOro,
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YTOOBI MPABIIIFHO M3BJIEYh HH(OPMAIUIO U3 CEUSHH, TOYHOCTh OMMCAHHUS MEXaHMU3Ma PEaKINH JTOJKHO
OBITH yCTaHOBIICHO [9].

XapakTepHOW OCOOCHHOCThIO (DU3UKH SJEp C Tallo SIBJIIETCS TECHas B3aMMOCBSA3b MEXaHH3Ma
SNIEPHOM peaKIMKM U CTPYKTYPHI sjpa. Yike MEepBUYHBIN aHamu3 [1,2] 3KCIIEpUMEHTAIBHBIX JTAHHBIX IO
CEYCHHUSM B3aMMOJCHCTBUS SJIEp C Tajo MPHUBEN K OIMpPENENICHHI0 OONBIINX MaTepHANBHBIX PaJlyCcOB
JIAaHHBIX CHCTEeM. Tak KaK B M3BECTHBIX sIpax C ABYXHCUTPOHHBIM TaJI0 OCHOBHOE COCTOSHHE SBIISCTCS
€JIMHCTBEHHBIM CBSI3aHHBIM COCTOSIHMEM, TO pa3Bal sijiep C Tajo B OMHAPHBIX CTOJIKHOBEHHUSX SIBISICTCS
KOHEYHBIM IIPOLIECCOM JIO00H peaklnu, CONMPOBOXKIAEMON BO30YKIEHHEM SK30THYECKOW CHCTEMBI.
Pa3BuTHe amekBaTHBIX MOeENel pa3Bajla WMEET OOJBIIYI0 MPAKTHUECKYI0 IIEHHOCTh KaK CpPEICTBO
W3BJICUCHUS JTOCTOBEpHON wuHMOpPMAMK O CTIPYKType Saep C Talo W JUHAMUKE IIPOIECCOB
B3aumoericteus 10].

B nmamnoif paboTencciienyeTcsl BIUSHAE BHENIHETO MAarHUTHOTO TIOJIT HA OHOBHOE COCTOSTHHE spa
""Be, BBIUMCIAIOTCS PACIICIUICHHE YHEPIETHYSCKHX YPOBHEH UMCICHHO M aHATHTHYECKH. B KauecTe
aHAJIMTUYECKOTO METO/a BEIOpaH MEPBBIN MOPSIO0K TEOPUH BO3MyIeHus [11].

1. DHeprernyeckuii crmeKTp raio sypa '‘'Be. 3agada CBOAMTCS K PEIICHHIO CTAIMOHAPHOTIO
ypaBuenus Ulpenunarepa (YILI):

HYnim = EnUnim (D

BOJ'IHOBy}O (byHKLII/IIO MOXKHO 3aIiucaThb B BUJIC:

Ynim (1) = Ry (1Y (6, 0) (2

rae Y, (0, ¢)-Chepuueckue GyHKIUH.
l'aMunpTOHMAH B3aUMOJEICTBHS:

Ho(r) = =L 8+ V() )

Toraa st paanansHOM BOJIHOBOM (yHKIMHU Ry; () monydaeM ypaBHEeHHe:

#? R1(1+1) _
[—ZA+W+VQ¢(1‘)] R,(r) = E R,(r) ()

mpMme

e u = - TIIpUBENICHHAsl Macca, m,, ma M= m, +m, —COOTBETCTBEHHO MacChl HEHTpPOHA, KOpa U
sapa ''Be.

Hns pemenus 3agaun (4) yaoOHee mepedT B CUCTEMY IMHUII, TOE - SHEPrHs, MOTEHIMAI U Macca
M3MEPSIOTCS B OJHUX M TEX )K€ JHEpreTHUecKuX enuHuIax — MsB, a pamuyc sinpa B ¢m, uhc=197,328
MbB-¢wm. Torna ypaBHeHue (4) 3anuieM B BUIE:

41,443d_2 41,443 1(1+1)

T2y ar? By 2
2 (mn) dr Z(mn) T

+Ver (M| Ri(r) = E Ry(r) ®)
[otenmmanV, ¢ (r)cOCTONT W3 NEHTPAIBHOTO WIEHA W WIEHA CIUMH-OPOUTANBHOTO B3aHMOJEHCTBHS,

YUHUTHIBaIOIIUH cMH HeiiTpoHa I u yrioBoii MOMeHT LOTHOCUTEIBHOTO ABMKEHUSI HEUTPOH-KOp[6,9]
Ver (r) = Vo(r) + LIV, (r) (6)

V. ABNAETCA BHYTPEHHHM B3aUMOJIEHCTBHEM MEXKIY SIpoM M (pparmMeHToM cHapsza [9]. LlenrpanbHbiit
MOTCHITNAI B ypaBHEHHUH (6):

Vo(r) = =Vif (r, Ry, @) (7
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rae Bync-CakcoHoBckuii hopM ¢akrop:

f(r,Ry,a) = [1 + exp (r_RO)]_l (8)

a

CriuH-0opOuTaNIFHOE B3aMMOACHCTBHE BhIpaxaeTcs Kak[9]:

1d
Vi (r) = Vs rar f(r,Ro, ) ©)
3HayeHus mapaMeTpoB MOTEHIMaa IPYUBECHHI B Ta0nuie 1, OHK BBIOpaHbI Kak B paboTte [6].

Tabnuna 1- [TapaMeTpsl HOTCHIIHATIOB

Vi=o Viso Vis a Ro
(M>B) (MsB) (M5B dn’) () (bm)
59.5 40.5 32.8 0.6 2.669

3nech V;- rmybuna morenunmana Bynca-Cakcona, a- muddysnocts,Ro- pamuyc smpa ''Be (Re= 1.2
A" pm). CrammapTHoe 3HaueHHe Vi g HCIONB3yeTCS U TIyOMHBI MOTEHIMAma Is Ui sgpa p-
oboouku[1].

Pemrenne V11 (5) Oymem mCKaTh TP TPAaHUYHBIX YCIOBHSAX HCIIONB3YS YHCIEHHBIC METOIBI 0OpaTHOM
ureparu [12], koHeuHbIx-pa3HocTH [13] u metonx mporouku [12].
Ry;(r) > const,r - 0

(10)

Ryi(r) > 0,r > 0

Meton 0oOpaTHOM HTepaluM XapaKTEPHU3YTCs AOCTATOYHO OBICTPOH CXOAMMOCTBIO K PELICHUIO.
To4yHOCTH pe3ysibTaTa HEOOXOAMMO IPOBEPATH 110 HEBSI3KE. TOUYHOCTH BBIUYMCIUTEIBHOM CXEMBI PaBHA
A= |E O _F (i_1)| <107 . B ypaBHEHMH NPOU3BOJHYIO BTOPOTO MOPSIKA MOYHO YIIPOCTHThH s
BBIUMCIIUTEIHON CXEMBl HCIOJb3ys KOHEYHO-PAa3HOCTHYIO alMpOKCHUMAIIMIO, MOJAPOOHO ONMMCAaHHBIA B
pabore [7]. BBoauTcs paguanbpHas ceTka 1o rjHa unrepsaie re€ [0, 7, ], 114 yno0cTsa BBenn 0003HaYeHHE
R(r)=R,. C noMo11bt0 MPOrOHKH HAXOJUTCS BOJIHOBAs (QDYHKIMS JJIs IEPBOM UTEPaAIMU, 3aTEM IPOBEPsEM
HOPMHUPOBKY. TakuM 00pa3oM HAaxXOJUM JHEPreTHHeCKUid ypoBeHb. OTpHIATENbHbIE 3HEPreTHUYECcKHe
COCTOSIHHSL HOPMUPOBAHBI U OIHCHIBAIOT THO0 (DU3MUECKHE CBS3AHHBIE COCTOSHMs ''Be MM COCTOSHU,
3anpeleHHble npuHuunom Ilaymu [9].

1.1YucneHHble MeTOABI pellleHUs] CTAMOHAPHOI0 ypaBHeHus Ll penunrepa.

1.1.1Memo0 obpamnoui umepayuu ¢ noonpocmpancmee.CraunonaptHoe ypaBHenue llpenunrepa
(pamuanpHas dYacTh) pemaeTcs MeTomoM oOpaTHoW wutepamum [12]. Cxema pemieHUsS BBHITISAIAT
ciemyromuM 00pazom:

AR = ER
(A—TEO)RD = ROV ;17 = (11)
@) =g 4 1
EY =E + RM® RE-1)

rae E(©)- mauanpuoe mnpuGmmkxenue mis sHeprum,i- unmcao urepammm,R(®) — mavanbmblii BexTOp, a

" % p (D) > 9] _ ~Umax)
BBIYMCIIIEMbIN KOHEUHBIH BekTop R HOpMupyeTcs Ha Kaxoii urepauu R(r) = ¢ .

[IpenmymiecTBO JaHHOTO METOJAa B TOM, YTO KOHEYHBIM OTBET HE OyAeT 3aBHUCETh OT BbIOOpa
HAYaJbHOTO MPUONMKEHMsI, TaK KaK OTBET OBICTPO cXoauTcs. TeM He MeHee, TOUHOCTb pe3yJbTara
HEOOXOJMMO MPOBEPATH 10 HEBS3KE.

W3 ypaBrenus (11) MoxkeM HalTH, YTO TOYHOCTh BBIYUCIUTEILHOW CXEMBI paBHA

A= |E® — EG-D| < 1076(12)

— 78 ——
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Wiy MOXHO HaiiTh Hesskyd; < 107°:
A—-TED)YRD = ¢, (13)
1.1.2 Memoo npozouku. Pemienue Y11l (5)0ynem uckate B Buze (11) npu rpaHUYHBIX yCIOBHSIX:

{Rm(r) - const,r — 0} (14)

Ryi(r) » 0,r >

B ypaBHenun ectb auddepeHuman BTOPOTO MOPSAAKA, KOTOPBIA MOXXHO YNPOCTHTH OIS
BBIUMCITUTEIHHON CXEMBI UCTIONB3YsI KOHEYHO-PA3HOCTHBIM METO/I, MOAPOOHO ONHMCaHHBIN B padore [13]:

@ _p@), o)
d_z(R(l)):M (15)
arz \''J h2

31eck BBEJCHA paJuaibHas CETKa IO 7, T1e h- IIar 1o CeTKe rj, Ul yJ00CTBa BBEIU 0003HAUYEHHE
R(r)=R;.
VYpasuenue lpenquHrepanepexoauT K CISAYIOMEMY BUIY

A p(1) 5 51 4 4 @) _p(0)

Bunno, uro ypaBHeHue (16) coctout u3 TpéxauaroHadbHOW MaTpullel. Pemenue OyneM HCKaTh B
CIIEIYIOIIEM BUJE, UCIONb3Ys METO MPOroHKH [12]:

¥ = 4V + B
\Tjj—l = 0"j—1\|_lj + Bj—l (17)

HOILCTaBJI;I;IE]-_l = (x]-_lf_{]- + Bj_l B ypaBHeHue (16) HaxoauMm, 9TO
R] = (1]' Rj+1 + B]
r7ie KO3 UIHEHTHI:

: 5 N T
o = —(d; +0-1) ~ -
(5 5\~ 1,300 A
B=(dj +05-16) (R” —B_, &) (18)

v ' !
C noMomp0 3TOM CXEMBI CHayala HaxoIuM KOI(QQOUIHMEHTHI 0 qu (mpsiMasi TIPOTOHKA), 3aTeM

51 .
panuanbHyl0 BOJHOBYIO (DyHKIHIO Rj() Cc ToMoupio o0paTHON mnporoHku. Jlajgee mpoBepseM

HOPMHPOBKY. Takum 00pa3oM HaxOAMTCS BOJHOBas (GYHKUWS A HepBod urepaumu. Jlanplie Kak
ONMCAHO BBIIIE HAXOAUM 3HEPreTHdYEecKUil ypoBeHb. OTpULATEIbHBIE SHEPreTUUYECKHUE COCTOSHHSA
HOPMHPOBaHBl M OINHUCHIBAIOT JHOO (QHU3MYECKHE CBSI3aHHBIE COCTOSHHS CHapsila WIH COCTOSHHA,
3anpeuieHHble npuHuunom Ilaymu [9].

1.2 Pe3yabTaThl: JHEPreTHYECKUi CIeKTP e, [IpumMeHnsisi TaHHbIE YUCIIEHHbIE METO/IbI, B TAHHOU
paboTe B KauecTBE TECTOBOM MPOrPaMMBbI GBLIH BOCIIPOM3BEICHE! SHEPTeTHUECKHE YPOBHH sipa | 'Be s
notennuana Bynac-Cakcona kak B paborax [6,9]. Sapo ''Be paccmarpuBaercst Kak HEHTPOHHOE rajo,
cocTosmuii u3 kopa ''Be m omHoro Heiitpona [6,9]. B pe3ynbTaTe GbUIM MOJNYdYEHBI dHEPreTHUECKHE
YPOBHHU AJISl OCHOBHOTO M HEPBOrO BO30Y>KAEHHOTO COCTOSIHUS. DTH JAaHHBIE MIPUBEICHHI B Tabnuue 2 u
CPaBHHBAIOTCS C pe3yibTaTaMu paboThI[9].
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Tabmua 2 - DHepruH OCHOBHOTO i BO30YKICHHOTO COCTOSHIS ' Be

J"[ 1 ETBKC“,(MaB) ETCOP(MaB) ETCOP(MaB)
[14] [9] (manHas paboTa)

1+

3 0 -0.503 -0.5013 -0.5013

1-

> 1 -0.183 -0.1844 -0.1844

Kak yxe OBIIO M3JI0KEHO BHINIE, NJI1 KOHEYHO-PA3HOCTHOW aNMpOKCHMAIIMH YPAaBHEHUS BTOPOTO
MOpsAJKA MO OTHOIICHWIO K paJHanbHOW MEePEeMEHHOW r Oblla MCIOJh30BaHA CETKa HAa MHTEPBAJIC T €
[0,7,], Toe 7,,=800¢M nast OCHOBHOTO M TEPBOrO BO30YXIEHHOro cocTosiHuA [9]. CxoamMocTb
BEIUMCIIATENBHON cXxeMbl ipu Ar — 0 mpexacraBiensl B Tabmuie 3, rae N, — 9uclio To4ek, Ar - miar mo
paauanbHOl ceTke, E — dHeprus CBI3aHHOTO COCTOSHUSL.

Tabmuua 3- CX0AUMOCTb BEIYHCIUTENIFHON CXEMbl Ha OTHOPOAHON pasnalibHOM CeTKe

N, Ar E =0 N, Ar E, =1
2000 0.4 -0.501318 2000 0.4 -0.184423
4000 0.2 -0.780709 4000 0.2 -0.1883722
8000 0.1 -0.845679 8000 0.1 -0.1903396
16000 0.05 -0.861629 16000 0.05 -0.1913216

2. Pacmemsienne ypoBHeii >Heprum ''Be 3a cueT BIMSIHMSI BHENIHEr0 MATHHTHOIO HOJIS
(3eemaHOBCKOe paciulerieHHe).

B 1aHHO#I IIaBe H3Y4YHM BIMSHHME BHEIIHErO0 MATHHTHOTO TOJIS HA rajno cocTosHue sapa ''Be, T.e.
BBIYKCIIUM PACLICIUVICHUE HSHEPreTUYECKUX YPOBHEH UYMCIEHHBIM METOAOM M CpPaBHHM YHUCIIEHHO
MOJTyYeHHbIE Pe3yJbTaThl C aHAJTUTUYECKUM pelleHHeM. B kauecTBe aHaJIMTHYECKOTO METOJa BHIOpanu
MIEPBBIN MOPSIIOK TeOpUX Bo3myIeHus [11].

Ilog BaMsHMEM BHEIIHETO MATrHUTHOTO TMOJS MAarHUTHBIE MOMEHTHI SIIEP OPUEHTUPYIOTCS
OTpeAeNeHHBIM 00pa3oM M TMOSBISIETCS BO3MOXKHOCTh HAOJIOAATh MEPEeXOAsl MEXIy AAEPHBIMH
SHEPreTUYECKUMHU YPOBHSIMHU, CBSI3aHHBIMU C ATUMH Pa3HBIMU OPUCHTALIMSIMU: TIEPEXOAbI, TPOUCXOISAIITUE
Mo NEUCTBUEM W3IYUYCHUS ONpENeleHHOM 4acToThl. KBAaHTOBaHHME SHEPIreTUYECKUX YPOBHEH dAnpa
SIBJISIETCA TPSMBIM CIIEJICTBHEM KBAaHTOBOM MPUPOJBI YIIIOBOIO MOMEHTa sijapa, mpuHumaromiero 2I + 1
3HaveHuil. CriuHOBOe KBaHTOBOe 4mcio (crmuH) | MokeT mpuHHMath Jr000e 3HAa4YeHUE, KpaTHoe Y.
Pacmennienne ypoBHEl 5SHEprud B MAarHUTHOM I[IOJ€ MOKHO Ha3BaTh SACPHBIM 3€€MaHOBCKUM
pacIIeIUIEHUEM, TaK KaK OHO AHAJIOTMYHO PACIICIUICHUIO JIEKTPOHHBIX YPOBHEH B MarHUTHOM IIOJIE
(o dexr 3eemana) [15].

B smepHOll cCEKTPOCKONHMY IIUPOKO IPUMEHSETCS METOJ SIIEPHOTO MarHUTHOTO pe3oHaHca (SIMP),
OCHOBaHHOTO Ha 3¢dekre 3eemMana. B Hacrosee BpeMs: TPYIHO yKa3aTh TaKylO O0JIACTh €CTECTBEHHBIX
HayK, rie Obl B TOW WJIM MHOHN CTENEHU He HCmoiab3oBaics IMP. Metonsl cniekrpockonnu SIMP akTuBHO
MPUMEHSIIOTCS B XUMHUH, MOJICKYJISIPHOW (U3UKe, OMOJIOTMH, arpOHOMWH, MEIWIIMHE, TPU H3YYCHHUU
MIPUPOTHBIX 00pa3oBaHuil, u T.1. PaspaboTaHbl U BBHITYCKAIOTCS YCTAHOBKH TSI HCCIIEIOBAHUS BCETO TeNa
YeJI0BeKa METOIaM1 MarHUTHOTO pe3oHaHca (Metogamu SIMP-tomorpadumn)[16].

3anuiem paguanbHoe ypaBHenue llpenunrepa ¢ 106aBIeHHEM BHENIHETO MATHUTHOTO 110151 AV :

h? d? K2 1(1+1)

|+ =2 V() + ARG = ER() (19)
[epesanumem ypaBHEHHE CHONPABKOH HAa CHUCTEMY €IHHUI, (rne SHeprus mamepsirecs B MbdB, a

KOOpAWHATa B M) :
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s (-t o
0 0

2mry2E, dr'? 2ury2E, 1+exp (- ;R) EoTo o

ky d? kl(1+1) _
|2+ 2D v () + ARG = ERG . @1)
rae 100aBOYHBIN MOTEHIIAAT A%OHI/ICHB&CT B3aMMOJICUCTBUE CNIMHA HEUTPOHA C BHEITHUM MarHUTHBIM
MOJIEM, TOCKOJBKY, KaK TOBOPUJIOCH BBIIIE, HEUTPOHHOE Tajo SAPO ”BepaCCManI/IBaeTCSI KakK cucTeMa

10 2
Bet+n u onpenensiercst kak AV =k, - B-p - Sy monpaBousbie Ko9QQUIMEHTBI Ha SAEPHYIO CHCTEMY

enunnk, =41,443 u k, = 3.15- 10~ 3M¢B

MOMEHT HeliTpoHa, S, - MPOEKIMs CIHHA HA OCh.

B namem ciyyae cniuH s=1/2, TO NpOEKIMs CIIMHA Ha BBIICIICHHOE HAIPABICHUE NPHUHUMACT IBa
sHaueHus: +1/2 u — 1\2. B ypaBuenun (21) BonHOBy10 ¢yHKIHIO R;(r)HE0OXOANMO 3aMEHHTH Ha
CIIMHOBYIO BOMHOBYIO QyHKIMIO Ry (1) — R(1) * Xm» THEX;, NPEICTABIAIOT COOON ABYXKOMIIOHEHTHbIE
CIIUHOPBI, a CTUHOBBIE OTIEPaTOPBl — MAaTPHULIBI Pa3MEPHOCTH 2 X 2.

B- -HalpsHKCHHOCTb MAarHuTHOI'O IT0JIA, }.L - MarHuTHBIHA

~ 1/1 0
st cinydast Koraa moje HampasJIeHO 110 OCH Z:5, = + 5 ( 0 1).
1
B npezcrasieHuu |s my), rae IpOeKUUs CIMHA Ha OCh NPHHUMACT 3HAUYCHUSAM; = to,mg=—1,
TorJa 0a3uCHBIE BEKTOPHI 3TOr0 MPEACTaBIeHU UMeloT Bu [14]:

rr=(o) 2=

2

Broast cimHOBYIO BOMHOBYIO (DyHKIHIO BHIHO, 4To YIII pacmiemisercs Ha IBa ypaBHCHUS, TaKIM
00pa3oM ypOBHH SHEPTUY PACIICIUISIOTCSHA JIBa:

E 1=E+AE 1
Im= m

=2 2
El/m=_% =E + AEm:_% (22)
CrBurn ypoBHEH ONpeesioTCs Kak:
AE, 1 =< <Rinl3 T kyoB u [RY) >
AE,, 1 =< <RgN—ka B RS > (23)

To sxe caMoe MOXEeM C JIETKOCTHIO BBIYMCIIUTh KOT/IA TTOJIC HAMTPABIICHO MO OCH X WIH Y.

Hanee wmoauduiupyeM mnporpamMmy JUiss BBIYHCICHUS CABHIOB JHEPruH (KOJ HAIKCaH st
nporpammbl DPopTpaH), 3aMeHssl BOJHOBYIO (DYHKLHMIO Ha CIMHOP M YJIBaWBaeTCs HYHCIO MaTpUIl U
BEKTOPOB.

Crammonapsoe YIII

HoR,(r) = ER;(1) (24)
MOYEM IEPENUCaTh B CAEAYIOLIEM BUAE:

S HR; =3 6,ER; = ER, (25)

Jlnist oncaHus siepHOTO B3aUMOICHCTBYS UCTIONIb30BaNM MOTeHIan Byac-CakcoHa ¢ mapameTpamu,
MPUBEICHHBIMU B TICPBOM TJIaBe M TAKXKE IS MPOBEPKH METOAUKH HCIOJIL30BAIM MOTEHIHAT (HOPMBI
laycca [14]:
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(%) * 2

V(r) =Vye 1o/ =V,e 9" (26)
Jns /=0 rnyOuHa moTeHIMana momoOpaH kak mis moTennuaia Byzac-Cakconaly = — 59.5 MeV,

LUIMPHUHA IOTEHIUANAg = 2 =0.117 fm=2,

2
o
Ha pucynke | mnpusenensl moteHumansl Bync-Cakcona (WS) u T'aycca (G) mms OCHOBHOTO
COCTOSIHUSI B 3aBUCHMOCTH OT paJuaibHOi KoopauHaTsl. 11o rpaduky BUAHO, YTO Ui paguaIbHON CeTKU
r€ [0, 13,] MOXHO B35ITH 73, =8 M.

Pucynok 1 - ®opma norennuana Bync-Cakcona u ["aycca 17151 OCHOBHIO COCTOSIHUS "Be B 3aBucumoctu ot paauanbHOR
MepeMEeHHON

P €3yJIbTaTbl [IJI1 OCHOBHOI'O COCTOAHUSA IIOKa3aHbl B TaGJ’II/ILIC 4. YwucicHHbBIC PE3YIbTaThbl
CpPaBHUBAKOTCA C QAHAJIUTUYCCKUM PCHICHUCM, B Ka4UCCTBC AHAJIUTUYCCKOTO B3SJIU HepBLIﬁ MMopAaOK

Teopuu Bo3MyteHus [12].

Ta6m/1ua 4 - CHBI/IF OHEPTrUr OCHOBHOT'O COCTOAHUA “Be 3a CYCT BIIMAHHA BHCIIHCTO MAarHUTHOT'O ITOJIA

I{m:8 AETSOP.EO'}(BZ) AE'mc.(BZ) AE'—[MC.(BZ) AETeop.Bm(Bz) AEqmc.(Bz) AE'mc.(BZ)
M=200 Tayce Bync-Cakcon Taycce Bync-Cakcon
B (Gauss) mg=+1/2 npoekius cruHa mg= - 1/2 npoexuus couHa

0.1 0.0003 0.0003 0.0003 -0.0003 -0.0003 -0.0003
1 0.0030 0.0030 0.0030 -0.0030 -0.0030 -0.0030
10 0.0300 0.0301 0.0301 -0.0300 -0.0300 -0.0300
100 0.3008 0.3008 0.3008 -0.3008 -0.3008 -0.3008
200 0.6016 0.6016 0.6016 -0.6016 -0.6016 -0.6016
300 0.9024 0.9025 0.9025 -0.9024 -0.9025 -0.9025
400 1.2033 1.2033 1.2033 -1.2033 -1.2033 -1.2033
500 1.5041 1.5041 1.5041 -1.5041 -1.5041 -1.5041
1000 3.0082 3.0082 3.0082 -3.0082 -3.0082 -3.0082
2000 6.0165 6.0165 6.0165 -6.0165 -6.0165 -6.0165

VIII ¢ yueToM BO3MYIICHMS 3aIIUIIETCS KaK:

(Ho + AV)Ry(r) = EoRo(7) @27

— g2 ——
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Ey=Ey + AE

CZ[BI/IFI/I OHEPIruu 10 TCOPHUU BO3MYIIICHUSA BBIYUCIIAIOTCA KaK:

AE: = wao(r)AVl(r) Ry(r)dr
2 Jo 2
(28)

AE_1 = [°Ro(r)AV_1(r) Ro(r)dr

Jl514 IpoBepKH YMCIIEHHOTO pe3ysibTaTa HanpsKeHHOCTh noist MeHsuiu ot 0.1 o 2000 I"aycc; BuaHoO,

YTO Pe3yJIbTaThl XOPOIIO COBHAAOT C AHATUTUYECKUMH.
Ha pucyHKe 2 TI0Ka3aHbl BOJHOBbIE (DYHKIMH S-COCTOSHUSA ' Be yist mpoekuuu crmHa +1/2 (puc a) u
-1/2 (puc b). Uepnbim o003Hauens! Wi notenuuana Bync-Cakcona (WS), kpacubim — ["aycca (G). [pu

N3MCHCHHUHU MAarouTHOI'O II0JISI BOJTHOBBIC (1)YHKLII/II/I HC MCHSAIOTCA.

06
0.4 — WS
21 — WS ’4.,.7\'\ e
i E— 0.4 |
o2/ | il A
o 1 ‘J.‘: ‘\\
] 02 .
- —00 : — o i "
© o | 5 1015 20 1 T,
A 00 i e
1 r, fm q I z 1b 15 2b
-0.2] ] p 1 |
; ) L r, fm
. 02 \ f |
04 1
04 Y
-06]
b)

a)
Pucynok 2- a) Panuasnbhas BonHOBasi QYHKIIMS KOTAa CIIMH HanpasiieH BBepx (+1/2) u b) koraa criun HanpasieH BHU3 (-1/2)

3akiaoueHnue.
[Ipumensist 4HWCICHHBIE METOIBI, B JAHHOM paboTe B KayecTBE TECTOBOH MMPOTpaMMbl OBUIN
BOCITPOU3BEACHBI DHEPTETUUCCKUE YPOBHU SApa "Bec ucnonp3oBannem moteHImana Bync-Cakcona st

OTNMCAHMS SAEPHOrO B3aMMOJIEHCTBHS Kak B paboTax [6,9]. Slapo ''Be paccMaTpuBaeTcs Kak HEHTPOHHOE
raso, COCTOSIIMIT 13 Kopa ''Be u oHOT0 HeiiTpoHa [6,9].
Taxke ObUIM pacCUMTaHBl CABUTH YPOBHEH OSHEPrHMM 3a CUET BIWSHHUS MAarHUTHOTO IOJS, C
MCIIOJIb30BaHKEM JIBYX pa3HbIXHOTeHIHaNoB: Gpopmel Byac-Cakcona u ['ayccom. UncneHHbIe pe3yabTaThl
COBIIAAOT C AaHAIUTHYECKUM PEIICHUEM, B KaUeCTBE aHAIUTUYECKOTO BBIOPaH NEPBBIN MOPAAOK TEOPHH

BO3MYILICHUS.

D10 paboTa SIBJIIETCS HaYaIbHBIM 3TAarioM padOTHI IO UCCIEAOBAHUIO pa3Balia Tajo sjep B KBaHTO-
MexaHudeckoM noaxoze. IlmaHupyercs OeTalbHOE UCCIENOBAHUE BIUSHUE BHELIHETO MOJIS Ha pa3Baj
rajo sapa, IpUMEHsIsl YUCIEHHYI0 METOJIUKY peleHust HectanroHapHoro YIII.

ABTOpHI BbIpaxkaroT OnarogapHocth mpodeccopy B.C. Menexuky 3a MOCTaHOBKY 3aJaydl U
CBSI3aHHBIC C HEU JUCKYCCHUH.
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