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O MekayHapoaHOil MOJIOEKHOI HAYYHOIl IIKoJIe-KOH(epeHnnu

MexyHapoJHbIE MOJIOJC)KHBIC Hay4dHbIe MIKOJbI-KOH(pepeHun «Co-
BpEMEHHBIE TPOOJIEMbl (DU3NKU M TEXHOJIOTHi» mpoxoniar Ha Oaze HUSY
MUOU u ®PUAH exeronno. Llenpio HayqHON IIKOJBI SBISETCS MPUBJICUCHUE
MOJIOABIX YYEHBIX, ACIUPAHTOB M CTYAEHTOB K OOCYXACHHIO aKTyalbHBIX
HAYYHBIX TPOOJIEM COBpEMEHHOH (hyHIaMEHTaNbHOW W MPHUKIATHON (U3HKH,
ANCPHBIX M (PU3MYECKUX TEXHOJIOTHH, TOBBIMICHAE KBAIU(HUKAMH OYyIyIIHNX
UccieqoBaTeIeil U MPUBJICYEHHE MOJIOABIX KaJpOB B HayKy M OOpa3oBaHHE.
JlexTopaMu MIKOJ MpUTalarTcs BeIylIUe B MHUPE y4YEHBIE IO NEPENOBBIM
HanpaBiIeHUSIM (U3HKH, TEXHOJIOTHH, TEXHUKH U 00pazoBaHua. DPopmar mko-
JIbl IPEAYCMATPUBAET JOKJIA/bl MOJIOJBIX YUYEHBIX HA YCTHOM U CTEHJOBOU CEK-
1usix. COOpHHK Te3UCOB MOKIan0B V MexayHapoIHONH MOOAEKHON HAYUIHOM
IIKOJIBI 00BEANHUI pabOThl CTYJCHTOB, aCIUPAHTOB U MOJIOJBIX yYCHBIX, BBI-
TIOJIHEHHBIE B UCCIIEZIOBATENILCKUX LIEHTpax U naboparopusx PD, crpan CHI' n
3apybexbs. B pamkax V MexayHapogHOH MOJNOAEKHONH HAaydyHOW IIKOJBI-
KOH(EpEeHIINY OpraHU30BaHbl TeMaTHUeCKHe ceKuuu: TeopeTHyeckas (HU3MKa,
KocMo- M acTpodusuka, SnepHas ¢usuka n TexHosorud, Ousnka TBEpAOTO
Tena M HaHoTexHojoruy, JlasepHas ¢usnka, ontuka n ¢pusnka riazmsl, Mare-
pHaNoOBECHNE M TEXHOJIOTHH IIPOM3BOJICTBEHHBIX HporeccoB, Kubeprernka,
aBTOMATHKa M SJICKTPOHHKA, broMeanmmHckas Gpu3nka 1 TEXHOJIOTHH, a TaKKe
JIOKITaIbI HA aHTJIMHACKOM SI3BIKE.
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V MexayHapoaHas MOJIOAEKHAs Hay4yHas LIKOJIa-KOH(EPEHIUs Mpoii-
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FEATURES IN MICA AND QUARTZ SPHERICALLY BENT
CRYSTAL REFLECTIVITY APPEARED IN EXPERIMENTS
WITH RELATIVISTIC LASER PLASMA

M.A. Alkhimova®?, S.A. Pikuz*?, 1.Yu. Skobelev'?, A.Ya. Faenov®!

1-Joint Institute for High Temperatures RAS, Moscow, Russia, e-mail:
MAAIkhimova@mephi.ru
2-National research nuclei university MEPHI, Moscow, Russia.
3-Institute for Academic Initiative, Osaka University, Japan

Spherically bent crystals are widely applied in X-ray spectroscopy of
high energy density plasma since the ability to cover a wide range of
photon energy. For diagnostic of high power x-ray radiation in the
wavelength range 4 — 9 A o-quartz and mica bent crystals usually used.
SiO, crystal properties of x-ray reflectivity and absorption are well in-
vestigated by XANES approach [1, 2] showing Si K-edge maximum of
absorption in the vicinity of 6.65 — 6.75 A wavelengths. However, pre-
cise determination of Si  K-edge position is strongly important for fur-
ther spectra physical interpretation because even a small shift of the
defined point about Ak egge ~+ 0.001 A results in changing of a plasma
parameters interpretation.

Here we demonstrate the results of experimental measurements of Si
k-edge position measurement in SiO, bent crystal by application a mon-
ochromatic power Xx-ray source generated in high energy density plasma
created by interaction 1 ps laser pulse with solid Al, Si and Fe foils.
Our measurements were based on the comparison of dense laser plas-
ma X-ray spectra measured by two focusing spectrometers with spatial
resolution (FSSR) for different target materials. In the case of high laser
intensity | juer = 2 - 102 W/cm? X-ray spectra of relativistic plasma
contented the strong recombination continuum and bright set of reso-
nance lines which were chosen as defined points to determine the k-
edge position with reached accuracy of measurement AE/E ~ 3.3x10™ .
As a results we experimentally obtain the magnitude of k- edge =
6.7175 A.
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JoKknaabl Ha aHTUIACKOM si3blKe

To measure X-ray spectra in a wide wavelength range 4 — 9 A we
used a set of FSSR spectrometers equipped by a-quartz and mica bent
crystals with different curvature radius.

Mica crystals compare to SiO, crystals are able to effectively reflect
X-ray radiation in different orders of reflection due to complicated poly-
crystalline structure (K(Mg, Fe);AlISi;010(OH,F),). Consequently the
detailed reflectivity properties of mica are not well known. By the way,
we propose the way to calibrate the mica spectral reflectivity using a
comparison of dense laser plasma spectra measured by mica and pre-
calibrated SiO, crystal in overlapping wavelength range 6.72 - 8.7 A.
The obtained spectral calibration curve for bent mica crystal demon-
strates remarkable difference to that one calculated for flat mica crystal
given in Henke tables and has to be applied for further correction of
measured X-ray spectra.

We suppose that the most reliable explanation for the discrepancy in
Henke theoretical and experimentally calibrated curves is in a presents
of fraction of aluminum atoms in mica chemical composition with
absorption k-edge is lying at 7.94 A and should influents the number of
photon reflected.
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ABSTRACT: At present the display market widely uses devices
based on nematic liquid crystals (NLC). However, they are unable to
satisfy the conditions of comfortable observation of three — dimensional
(SD) objects, primarily due to the low speed (frame rate no more than
120 fps) [1].

All the advantages of NLC — devices can be fully realized in devices
based on ferroelectric liquid crystals, and besides the frame rate can be
increased many times, that gives these devices new features and func-
tionality. At a voltage of just £1,5...3,0 volts new ferroelectric liquid
crystals produced in Physical Institute of the Russian Academy of
Sciences (PMAH), modulated light with the frequency of 5 kHz and the
switching time of the optical properties of 25-20 ms, and also have the
ability to physically (i.e. without electronic tricks) form the semitone
and color images (unlike American bistable ferroelectric liquid crystals)
[2]. New high-speed ferroelectric liquid crystals offer a promising pos-
sibility of being used in smart phone screens, including three — dimen-
sional, in high speed video and pica — projectors, in stereo — glasses ac-
tive optical shutter, 3D — volumetric and displays.

Key words: smectic liquid crystals, volumetric displays, ferroelectric
liquid crystals.
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The phenomenon of high-temperature superconductivity is still an
unsolved challenge, due to the presence of these strong correlations, for
which you can not use the Bardeen-Cooper-Schrieffer theory. But the
use of ideas from string theory, in particular holographic duality, we can
find the answer to the theoretical question and describe the properties of
high-temperature superconductors, in particular cuprates [1,2]. In con-
sideration of superconductors and other strongly correlated materials,
with the help of a holographic duality is considered theory of gravity in
volume, which is equivalent to the quantum theory on the boundary.
This equivalence allows to speak about gravitational objects in the AdS
space-time, in particular the black holes, to describe the properties of
quantum phenomena in condensed matter systems [3-5].

In this paper we consider the progress in this idea, as well as consid-
ered the Hall effect, the phenomenology of second type superconduc-
tors, and an attempt to understand in details of the interaction in micro-
scopic theory of high temperature superconductivity.
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A large-scale coordinate-tracking detector based on the multi-wire
drift chambers from the neutrino experiment at the IHEP U-70 accelera-
tor is being developed in MEPhHI [1,2].

The drift chamber has a large drift gap (250mm), big active area
(1.85m? and high coordinate resolution with only 4 measuring chan-
nels.

The electron drift velocity can be considered as constant, due to high
uniformity of electro-magnetic field. This enables track reconstruction
using linear relationship between drift time and ionization point coordi-
nate. However, to increase an accuracy of track reconstruction we must
consider the fluctuation of electro-magnetic field near signal wires. It
can be resolved with a Garfield program. The Garfield program was
developed in CERN for the detailed simulation of two- and three-
dimensional drift chambers [3]. In particular, it can calculate character-
istics of electron drift within different gas mixtures and configurations
of particle tracks. | had written a program code to solve this problem.
You can see one of the results in Fig.1., electron and ion drift lines run-
ning from muon track (light colored lines are electrons, dark colored
lines are ions). The results of electro-magnetic field fluctuation research,
the arrival-time distribution of electrons at different partial concentra-
tions of carbon dioxide in drift chamber, are presented in this paper.
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Fig.1. Drift lines of electrons and ions in drift chamber from the muon track.
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XENON GAMMA-RAY SPECTROMETER FOR MONITORING
OF RADON CONCENTRATION FOR POSSIBLE EARTH-
QUAKES PRECURSORS SEARCH
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Forecasting earthquakes is a significant topic of interest of the mod-
ern science. If a precursor of such an event is found a few days in ad-
vance, effective organization of evacuation and minimization of damag-
es to the objects local economy. Variations of ?2Rn concentration is a
possible short-term precursor of earthquakes. Its search is carried out by
detecting the alpha or gamma radiation. For instance, various alpha-
particle detectors and gamma-spectrometers based on scintillators have
been employed for the task [1].

This method of earthquakes prediction is widely applied. The method
consists in measuring gamma-ray emission of radon’s daughter nuclei
using xenon gamma-ray spectrometers with high-energy resolution. As
the result of the obtained gamma-ray energy spectra processing gamma-
lines of the daughter nuclei are isolated and concentration of radon in
the room is calculated on their base. Continuous monitoring of radon
concentration with various exposure times (3 minutes — 1 hour) data
processing in on-line mode provides the possibility of identifying the
future earthquake precursors. This is theoretically explained by the fact
that movement and compression of subterranean formations is accom-
panied by release of ground gases including radon, therefore the concen-
tration of this gas in air increases. A more powerful compression of the
crust results in a blockage of the ground gas channels, and the concen-
tration of radon above ground decreases. The usual consequence of crit-
ical tension in underground rock is an earthquake.

In this study a gamma-spectrometer based on a two-liter cylindrical
xenon gamma-ray detector (XGD) was used. Using exemplary spectro-
metric gamma sources, the device was calibrated in the Radiation labor-
atory at NRNU MEPhI. The performance of the xenon gamma-ray spec-
trometer with standard devices, which are used for measurement of ra-
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don concentration by alpha and gamma emission, was compared in the
research and development center (Zelenograd). In the course of two
months the concentration of radon measurements were taken with an
exposure time of one hour in a seismically active zone in the North Os-
setian branch of the Geophysical Service of RAS (Vladikavkaz). Fig. 1
shows the dependence of the intensity of gamma rays of various ener-
gies from time to time compared with the experimental data obtained
with radonometr. It has been shown that there is a correlation between
the changes in the concentration of radon and seismic activity in the test
region [2]. The results indicate the presence of precursors that appear for
a few days before the seismic activity. In preparing this test a software
package has been created to collect, transfer and process experimental
data in real time using the Internet.
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Fig.1. Comparison of the experimental data

It needs to be noted that for more reliable distinction of the possible
precursors the equipment should be placed in locations with high seis-
mic activity. A larger number of gamma-spectrometric devices in vari-
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ous locations connected into a wide network is needed for more detailed
information on the expected time and location of the earthquake.
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Interaction of hydrogen isotopes from the plasma with first wall ma-
terials of fusion reactors including tungsten (W) is one of the main prob-
lems for the controlled thermonuclear fusion. Plasma-surface interaction
(PSI) determines the life time of the wall components and can lead to
tritium retention, which must be avoided. Transport of sputtered impuri-
ties in plasma is responsible for severe energy losses during the opera-
tion. Tungsten (W) has been chosen as a main material for construction
of ITER divertor due to its low sputtering at edge plasma temperatures,
large melting temperature, and small uptake of tritium [1]. However,
due to its large mass, tungsten can cause strong radiative energy losses
when moving in plasma. Therefore, experiments aimed at W transport in
plasma as well as some theoretical calculations are necessary.

In many cases linear plasma devices such as PSI-2 [2] have consid-
erable advantages for conduction of the respective experiments e.g. con-
tinuous plasma operation, straightforward geometry, possibility to have
more control on experimental conditions than in tokamaks. During well-
defined and reproducible material exposures in small scale laboratory
experiments it is possible to find answers to many particular questions
of plasma-material interaction.

Despite experimental results obtained at linear devices are somewhat
easier to analyze than that from tokamaks, numerical simulations are
still needed to account for a variety of processes taken place in these
experiments. 3D Monte Carlo code ERO has been applied many times
for predictive modelling of erosion/deposition and the impurity transport
in ITER [3]. This code calculates transport of impurities in background
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plasma using Monte-Carlo approach. During the calculation a wide
range of characteristic processes are considered.

In this work, we present a new version of 3D Monte Carlo code
ERO, designed to calculate the plasma surface interactions and transport
of impurities in linear plasma devices. Code modifications included
modifications of the physical model (energy and angular distributions of
sputtered particles, neutral metastable W tracking), magnetic field ge-
ometry, location of the diagnostics, 3D distribution of plasma density
and temperature, position and shape of the target.

For testing of this new version of the code we used the results of the
dedicated experiment on tungsten erosion recently carried out at PSI-2
installation. In this experiment a rectangular W target 80x100 mm was
exposed to argon plasma with different parameters. Spectroscopic
measurements, quartz micro-balance (QMB) for deposition at a distant
location and weight loss measurements were conducted during these
experiments. The weight loss also had a radial resolution and the WI
400.8nm line profiles were giving a 2D side view image.

Qualitatively the ERO simulations reproduce well all experimental
dependencies: spectroscopy profiles, QMB measurements and weight
loss. It was demonstrated that metastable tracking in ERO can explain
deviations between modelled and observed axial WI intensity profiles,
demonstrating their strong influence on the W spectroscopy. Character-
istic lifetime of WI metastable states was fitted as t ~ 1.4*¥10-4 s. The
angular distribution of sputtered W atoms was determined by compari-
son of the modelled deposition on the QMB with the according experi-
mental data and confirmed by additional molecular dynamics (MD) cal-
culations. Erosion values were extracted from both experimental de-
pendencies and ERO simulations. In general, our interpretation leads to
a factor 3-5 lower erosion values than previous material sputtering simu-
lations conducted by W. Eckstein (SDTrimSP code) [4].
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This article describes an opportunity of using MIS-sensor as the sen-
sitive element of a well-known fire detector for detection fires at the
early stages. Results are presented as response graphics of the MIS-
sensor to products of thermal decomposition of insulation of four cable
types, which are actively used in different industries and daily living
needs.

There were more than 30 thousand fires in Russia in 2014 because of
cables ignition. It’s very hard to extinguish that type of fire, so there is a
reason to avoid a harm from them by detecting at the early stages and
warning on time. Unfortunately, there is no modern fire detector, which
can be used for this task.

Short circuit is the most common cause of cable ignition. It leads to
strong heating of the cable insulation, which usually consists of polyvi-
nylchloride, polyethylene and polypropylene. These polymers could be
thermally decomposed to simpler substances, and hydrogen may be
among them [1].

MIS-sensor has a very high sensitivity and selectivity to hydrogen.
Even portions of ppm can be detected by this sensor [2]. If there is hy-
drogen in products of thermal compose of insulation of four most popu-
lar types of cable, we can say that MIS-sensor may be used for fire de-
tection at the early stages. Wherein, allocation of hydrogen must begin
at the temperature, which is usual for early stages.

For our experiments we made heat reactors. Thermal decomposition
of the cables insulation occurred there. Reactor is a nichrome wire
wrapped around a quarts tube. Also it’s covered with fiberglass for heat
insulation. Nichrome wire was used for heating the reactor to tempera-
ture, which is necessary for thermal decompose. Insulation of the cables
was placed in reactor, nichrome wire heated it and the process of ther-
mal decompose began. Products of this process were taken away by air-
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flow and went across the gas path to the vessel with MIS-sensor. There
was a carbon filter before the vessel to delay all allocated gases except
hydrogen, carbon monoxide (CO) and carbon dioxide (CO,). MIS-
sensor is sensitive to CO and CO, too but experiments showed that re-
sponse of the sensor to hydrogen was much more intensive than to these
two gases. After appearing the products of thermal decompose above
the sensor, its capacity changed. Electronic signal from the sensor was
treated by chip and went to computer. Graphs of the MIS-sensor re-

sponse to product of thermal decomposition were built by “Power-
Graph” software.

Every graph shows sharp response of the sensor to products of ther-
mal decomposition. Moreover, this response happened at the tempera-

ture, which is usual for early stages. The lowest temperature when re-
sponse happened was 150 °C (fig. 1).
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Fig. 1. Graph of the MIS-sensor response to products of cable ignition
These results allow us to say that MIS-sensor could be used as the sensitive ele-
ment of mass fire detector. This detector could dramatically reduce the number of

fires and save a lot of lives.
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So far development of high technologies in the majority of industries
is connected with miniaturization of executive elements and
microdevices on their basis. Design and assembly of microdevices to
become impossible without devices capable to manipulate separate
components of a microsystem. Requirements of miniaturization,
increase of profitability and speed of devices result in need of
development and research of thin alloys with effect of shape memory
SMA [1-3]. For the solution of such tasks it is supposed to use
composite materials from metal with SMA fig 1.

@

crystal layer amorphous layer

Q)

b)

Fig 1. a) Composite material in a heated state, b) composite material in the
cooled state.

In a usual state the external amorphous layer works as a spring and
fig 1 b) reports to a crystal layer some deformation. At temperature
36
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increase the crystal layer will seek to return the form and the plate will
take the form represented in fig 1 a).

Such mechanism is capable to make cyclic work due to reversible
effect of shape memory. However, for creation of such composite it is
necessary to crystallize at first an amorphous tape by heat treatment, and
then to subject one of her surfaces to influence of laser radiation for
formation of an amorphous layer. But depending on conditions of
annealing or parameters of a laser impulse ability of a composite to
make reversible deformations can also change.

Thus the purpose of this work is research influence of temperature
and duration of isothermal heat treatment of amorphous tapes from the
fast-tempered TiNiCu alloy with effect of shape memory on its
thermomechanical properties, and also studying of regularities of
formation of reversible effect of shape memory in TiNiCu alloy at
influence of pulse laser radiation.
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One of the actual problems of laser physics is the creation of
powerful continuous-wave (CW) solid-state lasers with a high quality
output beam. The thermally induced optical effects in the active element
(such as thermolens and birefringence) are one of the most significant
factors impeding the solution of this problem. The use of thin active
disk (AD) allows the influence of thermal effects in a certain degree to
be decreased [1]. The use of the multipoint optical pumping of the disk
[2] will result in a further decrease of the disk temperature and reduction
of the impact of thermo-optic effects. However in this case it is
necessary to develop unusual types of laser resonators to provide the
phase-coherent operation of several spatially separated pumped areas in
the AD. In this case all separate beams will take in-phase participation
in the output laser emission. It may be realized by few ways. One of
them connected with realization of the optical coupling between several
initially independent laser channels [3-5].

The aim of the present work was to research the operation features of
the disc laser with multichannel diode pumping in the presence of opti-
cal coupling between TEMy, lasing channels. The phase-locking of
channels was realized due to partial overlapping of the laser beams in-
side the pumped areas of AD.

During the work transverse laser beam intensity distribution (inside
the AD and in the far-field) was experimentally investigated. The stud-
ies were carried out at different values of laser cavity length (5.5; 10; 15
and 20 cm) and absorbed pump power (0—6W). The research results
demonstrated that the laser emission transverse intensity distribution
possessed periodic structure along the Y axis both in the laser cavity and
in the far-field zone. The results of study presented on Fig.1.
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Fig.1. Transverse intensity distribution of the laser emission inside the AD (A)
and in the far-field zone (B). L—laser cavity length, Pabs—absorbed pump
power.

The study of the spatial characteristics of the output laser emission of
the Nd:GGG disk laser with multipoint spatially periodic diode pumping
and flatflat resonator was carried out. It was experimentally
demonstrated that the far-field intensity distribution was also spatially
periodical. This effect is possible only in the presence of optical
coupling between lasing channels and the presence of phase shift
between them simultaneously. Analysis of the experimental results
showed that the main role played in the creation of the phase shift
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between the lasing channels was the non-uniform change of the optical
thickness of AD, formed due to active medium heating by the pumping
emission.
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With the growing scientific and technological interest in secure
quantum communication, there is a great need for reliable single (an-
tibunched) photon sources (SPSs) with all photons separated in time [1].
Using single photons, both the sender and the receiver will know if
some eavesdropper intercepts their message with a secret key. To create
single photons a laser beam should be focused on a single emitter (mol-
ecule, quantum dot, color-center, etc.) which emits a single photon at a
time. The best way to enhance single-photon count rate (bit rate of a
guantum communication system) is to put a single emitter within a
plasmonic nanoantenna [2-3].

This work is directed towards an efficient, room-temperature SPS
based on color-center nanodiamonds within a plasmonic gold bowtie
nanoantennas [4]. Fig. 1, left shows a confocal microscope micrograph
of a photoluminescence of a single nitrogen vacancy (NV) center in
nanodiamond. Variations of photon count rate in time (black and bright
stripes on the image) during the scan (blinking) indicates that a single
NV-center was excited. We observed photon antibunching from this
center. We also carried out computer-based modeling of the electric
field enhancement inside the gaps of gold plasmonic bowtie nanoanten-
nas (two triangle tips separated by a nanometer-sized gap, see Fig. 1,
right with electric field distribution within this nanoantenna). A CST
Microwave Studio electromagnetic field simulation software was used.

Fig. 2. shows the results of numerical modeling of the electric field
distribution within the gold bowtie nanoantenna on a substrate made out
of a material with a dielectric constant of 2.2 and below it there is an-
other substrate made out of a material with a dielectric constant of 2.
The bowtie gap was 15 nm, and its arms’ length — 75 nm. Fig 2 shows
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the dependence of electric field enhancement within a 15-nm nanoan-
tenna gap versus wavelength.

100-;
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B2 -]
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Fig.1. LEFT: Confocal fluorescence microscope micrograph of a single
NV-color center photoluminescence in a 20-nm-diameter nanodiamond
under cw, 633-nm excitation. Bar indicates photons/5Smsec. RIGHT:
Numerical modeling of electric field distribution within a bowtie plas-
monic nanoantenna (front view).

Our modeling shows that gold bowtie nanoantennas can strongly en-
hance photoluminescence intensity of different color-centers in nanodi-
amonds (70 fold field and 4900 fold intensity enhancement with a 15-
nm gap). The best results of enhancement will be for photolumines-
cence wavelengths of silicon vacancy (738 nm), chromium (749 and
756 nm), and nickel-nitrogen (793.7 nm) color centers in nanodiamonds.
For a NV-center with a 637 nm wavelength of zero-phonon line, several
fold field and ~20-50 fold intensity enhancement can be observed with
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a gold bowtie nanoantenna. We have available 14-nm nanodiamonds
with NV-centers and fabricated gold bowtie nanoantennas. The next
step will be placing the nanodiamonds within nanoantenna gaps using
an AFM tip [3]. For stronger enhancement of photoluminescence inten-
sity of NV-center nanodiamonds silver or aluminum bowtie nanoanten-
nas with plasmonic resonances near 600 nm can be fabricated.

Waysingth f o

Fig.2. The dependence of electric field enhancement within a 15-nm nanoan-
tenna gap versus wavelength.
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ES: ESOPHAGEAL CANCER, THYROID GLAND CANCER
AND LIVER CANCER.
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In Russia oncological diseases are annually found in more than 450
thousand people, and 300 thousand of them die. Tumor diseases mortali-
ty rates third in Russia. At the same time, each decade oncological inci-
dence increases more than by 10% [1, 2].

Treatment of tumors directly depends on diagnosis of diseases. One
of the diagnostics problems is detection of a tumor at an early stage of
development. However, there are diagnostic mistakes which arise due to
the lack of highly skilled doctors. Any doctor needs to know clinical
signs, necessary methods of diagnostics and treatment of an oncological
disease.

The relevance of this work consists in the necessity of creating a sys-
tem helping doctors to diagnose oncological diseases at an early stage of
tumor development. This system automates some doctors’ actions what
will allow reducing the diagnosing time of different types of cancer.

The purpose of this work is to develop an expert decision support
system for doctors for the diagnosis of oncological disease, such as
esophageal cancer, thyroid gland cancer and liver cancer.

The clinical records of patients with diagnoses — esophageal cancer,
thyroid gland cancer and liver cancer, are used as the basic data for the
research.

The developed expert system is designed [3, 5]:

1)  for storage of clinical records in electronic form,

2)  for automation of actions of the doctor during the work with
clinical records,

3)  for reduction of time of diagnosing oncological diseases by au-
tomation,
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4)  for the display of the obtained result on the criteria of the
search set directly by the doctor.

The expert system will possess the convenient and clear interface for
the user.

At this stage the structure of an expert system for storage of clinical
data of the patient allowing doctors to carry out statistics is being devel-
oped [4].

The next stage of the development of the expert decision support sys-
tem for doctors will be devoted to filling the expert system and carrying
out clinical tests.
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RESEARCH ON THE MODULATION CHARACTERISTICS OF
VERTICAL CAVITY SURFACE EMITTING LASERS

Korneeva A.A.L, Zibrov S.A., Vasiliev V.V.!

lﬂa6opamopuﬂ cmandapmog ywacmomul, Mockea.
+7 968 693 39 26, Fdostoevskil3@gmail.com

We have studied the modulation characteristics of vertical cavity sur-
face emitting lasers (VCSEL) [1]. We have examined lasers of different
companies from which we have chosen the most suitable for small-scale
atomic clock. The atomic clock work is based on the effect of coherent
population trapping (CPT) [2] observed in the three-level system. This
system can be implemented in the alkali metal atoms. Due to the coher-
ent super-position state of the atoms, this effect is generated by dichro-
matic field. While atoms are in this state, they do not absorb light.

In our work we have also studied the dependence of frequency of the
crystal oscillator, which is a part of the structure of this clock, on the
microwave power laser modulation. The power ranges have been found,
in which the effect of changes of microwave power on the central CPT
resonance frequency decreases. Moreover, in these ranges the depend-
ence is extreme, which allows to stabilize the power of the microwave
through extremes of the CPT central resonance frequency. This connec-
tion improves the frequency of small-scale atomic clock stability. We
have also found methods for studying the evolution of the laser emission
spectrum at current modulation and the dependence of the light emission
power of the microwave power.
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Automatic welding testing system created for russian students who
have chosen welding as a basic specialty. At the moment we have beta
testing structure, but all of the students can join this system and com-
plete some tests. Nowdays only a very small part of univercities have
such complex testing and education systems. That's why we decided to
create one for our state univercity too. Now, we would like to show fea-
tures of our system.

Let's say about types of questions we have in our web project. There
are 6 types of questions we can use: 1) Multiple choice - Single Answer
, 2) Multiple choice - Multiple Answers, 3) Fill in the Blanks, 4) Short
Answer, 5) Long Answer, 6) Match the Column. All of them are often
used in different tests, created by a lecturer.

The next feature we would like to note is a full management of users.
As a administrator you can add and manage unlimited users or students.
Additionally, you can create unlimited groups of users which helps you
to assign different quiz to different groups.

One of the most imortant function on our web project is Live class-
room. Live Classroom is a place where lecturer can post live content
(text, image or any other attachments) to users of selected groups. Users
can ask any question by posting comments and you (Lecturer) have
power to publish, delete and answer that comments. Closing any class
will disable new content or comments. We have no limits on the files
you would like to attach.
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Fig 1. The sceenshot of the main page. Logged as a lecturer. The left side of the
screenshot shows all functions and features of the project.
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LAMINAR FLAMES IN A MODEL WITH DETAILED KINETIC
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Abstract

The diffusive-thermal stability of combustion waves in rich hydro-
gen-air mixtures is investigated in a model with detailed Kinetic mecha-
nism and detailed transport within an isobaric approach. Three different
kinetic mechanisms are employed: truncated GRI3.0, Warnatz and San-
Diego. The mathematical problem is a system of nonlinear partial dif-
ferential equations for temperature and mass species that is solved nu-
merically with finite-difference method. With the increasing of pressure
the Andronov-Hopf bifurcation occurs. In the parameter space the Hopf
frequency and the critical pressure have been found. It have been
demonstrated that stability boundary differs significantly depending on
the mechanism chosen. The sensitivity of the parameters on the mecha-
nism chosen shows that finding these parameters experimentally offers a
new way for the verification of kinetic mechanisms. It is demonstrated
[1] that Andronov-Hopf bifurcation is supercritical and resulting in pul-
sating combustion waves. The properties of given solutions have been
investigated, it have been shown that pulsating combustion waves are
propagating averagely with a constant velocity. Reagents mass species
profiles are a periodic function of the time. The temperature oscillations
amplitude depends on supercritical parameter according to a root law.

In addition the effect of thermal (Soret) diffusion on the structure,
propagation speed and diffusional-thermal stability of rich hydrogen-air
freely propagating planar premixed flames have been investigated. Both
a detailed mechanism and a transport model have been employed to
study numerically the structure and stability of this flame. The Warnatz
detailed reaction mechanism [2] have been used. The obtained results,
first of all, confirm the classical asymptotic analysis by Garcia-Ybarra
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and Clavin [1], namely, the Soret diffusion influences the flame speed
and structure (for hydrogen/air systems) only moderately, but shifts sig-
nificantly the diffusional-thermal stability limits.
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The digital holography, as distinct from the photography, allows to
register information not only on 2D objects, but also on 3D scenes [1].
As a result now it is popular technique in different fields of scientific
research: an interferometry, microscopy [2], optical and optoelectronic
information processing, reconstruction static and dynamic 2D and 3D-
scenes[3], etc. Characteristics of matrix photo recorders are develop,
thus now the size of files of images may be more than ten megabytes.
For transfer of holographic video with a standard frequency of movies
(24 Hz) it is necessary to have the channel with capacity of 2-4 Gbit/sec.
This size is significantly more, than in standard communication chan-
nels. Size of ten minutes of holographic video will be more than 1 tera-
byte, so large volumes of archival memory size are required to store
holographic video.

For speed up of transmission of holograms and reducing of archival
memory size required to store it, it is possible to carry out compression
of holograms. There are three main classes of methods of compression
of digital holograms:

* methods based on standards of images and video compression
(JPEG, MPEG-4, etc.);

«  scalar methods (for example, non-uniform logarithmic quantiza-
tion);

« vector methods (include systems based on learning and neural
networks; for example, k-means method [4]).

Obijective of this research is comparison of the most popular methods
of compression of digital holograms. Numerical and experimental com-
parison of the restored images from compressed with different methods
holograms is considered. Advantages and disadvantages of realized
methods are discussed.

For compression of digital holograms it is possible to use standard
methods of compression of digital images, for example, conversion to
the JPEG format. This group of methods is based on statistical parame-
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ters of images and features of visual perception by the human eye. It is
focused on elimination of surplus information in images by rejection of
unnecessary harmonics of spectral representation. However in case of
digital holograms these methods are much less applicable. It deals with
four factors. First, quality of reconstructed image from the hologram is
more important than visual perception of the compressed hologram.
Secondly, algorithms of compression of digital images are most appli-
cable for pictures with gradual changes of brightness, but digital holo-
grams are interferential pictures. Generally there are non-gradual chang-
es of brightness in the hologram as the picture period must be less than
2-4 pixels. Thirdly, usually object of hologram has a lot of details. As a
result, not taking into account of various spectral components of the
hologram leads to much more serious quality loss of the reconstructed
image, than in case of compression of standard photographs. Fourthly,
usual pictures are directed on registration of amplitude (intensity) of a
wave, and holograms are directed on registration not only amplitude, but
also even more on registration of a phase of a wave. Therefore for digi-
tal holograms algorithms of compression with quality losses (for exam-
ple, JPEG) are usually not applicable.

In this paper the most popular methods of compression of digital
holograms from three classes of methods are considered: based on
standards images and video, scalar and vector quantization. Among
methods of scalar quantization Lloyd-Max's method is the most qualita-
tive method [5]. This method considerably is inferior on speed to the
simplest methods of scalar quantization, which possess the poorest qual-
ity of reconstruction from considered in this paper. Vector methods pos-
sess high quality of reconstruction and extremely low speed. In case of
use of methods of vector quantization quality of reconstruction strongly
depends on an initial choice of parameters of method.
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One of the most effective analytical methods for research of structure
of complex organic molecules is the method of measurement of fluores-
cence [1]. The spectral and energy characteristics of secondary radiation
in condensed media, in particular in powders have been studied in nu-
merous papers [1,2]. However, the temporal characteristics of the sec-
ondary radiation in such media, until recently, remained poorly under-
stood.

Recently, we presented a different approach of the time-resolved flu-
orescence technique that can register temporal characteristics of the flu-
orescence of the powder structures without resorting to the de-
convolution of the laser temporal response [3,4].

In this paper we study the temporal characteristics of the fluores-
cence of Novocaine micropowders (the average sizes of particles of the
powder ~ 50 p) in a repetitively pulsed laser excitation. In our experi-
ments we observe a dramatic decrease of the photoluminescence intensi-
ty in powders even at the lowest possible delay (35 ns), provided by the
used pulsed excitation gating system. The repetitively pulsed excitation
and the time delay settings in the registration system allowed us to sepa-
rate “fast” and “slow” components of the secondary radiation of these
structures.

The set-up incorporates a copper vapor laser, which generates visible
radiation with wavelengths 2=510.6 and 578.2 nm. The lasing is per-
formed in the form of short pulses (20 ns) with a repetition rate of 10°
Hz. The average power of pulses was 1 W. Radiation from the laser was
focused by a lens in a nonlinear-optical crystal of BaB,O,. A filter sepa-
rated a yellow (A=578.2 nm) or a green (A=510.6 nm) laser line. Thus,
at the exit of BaB,0O, crystal there was an ultraviolet radiation with the
wavelength of 289.1 nm. Ultraviolet radiation was focused by a lens on
an investigated sample. The secondary radiation was focused by lenses
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onto the entrance slit of MDR-2 monochromator. After passing through
the MDR-2, the radiation was detected by FEU-130 photomultiplier that
operated in the photon counting mode [3,4]. The recording system with
a gating allowed one to detect signals of the fluorescence with a high
sensitivity (down to 10™° W).

The fluorescence spectra (FS) of Novocaine micropowders were rec-
orded for various delay times with respect to the excitation pulse. The
FS band covers the wavelength range of 325-410 nm and has a peak at
347 nm. The delay of 35 ns induces a sharp decrease in the fluorescence
intensity nearly 8 times and the spectral peak (A=347 nm) shifts by 2 nm
to the long-wavelength region (A=349 nm), and a half-width of the spec-
tra decreases. With a delay equal to 80 ns FS intensity decreases nearly
38 times. Earlier the spectra of two-photon-excited fluorescence (TPEF)
in Novocaine micropowders were obtained in work [5]. From compari-
son of spectra of ultraviolet one-photon fluorescence with TPEF spectra,
it is visible that they differ in a form. Based on the decrease in the inten-
sity of maximum fluorescence of Novocaine in the area of 347 nm, one
can estimate the relaxation time (t) of the corresponding excited elec-
tronic term:

| =1,exp(-t/7) @

where t is the delay time, | and the |, corresponding intensity of max-
imum of fluorescence. It should be noted that in our experiments there
was a dramatic decrease of the photoluminescence intensity even at the
lowest possible delay (35 ns), provided by the used pulsed excitation
gating system. The relaxation time in accordance with the formula (1)
was 20 ns.

The FS observed can be considered as a result of the one-ultraviolet-
photon excitation of electron states followed by transition of molecule to
the vibrational sublevels of the ground (S ) state. The short-wave edge
of these spectra corresponds to the n* - © electronic transition in a ben-
zene ring. The long-wave edge of the FS may be assigned to the vibra-
tional sublevels of the molecular ground state. Thus, using the pulse-
periodic excitation and the time delay settings in the registration system
allowed us to study the conditions of the emergence and separation of
“fast” and “slow” components of the FS of the structure under study.
The obtained results give great opportunities of controlling the molecu-
lar composition of foodstuff and organic structures.
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Nowadays, the method of Positron emission tomography is consid-
ered to be a state of the art diagnostic instrument in such areas of medi-
cine as radiation oncology, neurology and cardiology. Today the num-
ber of PET facilities in the World has already exceeded several thou-
sands, and it has been continuously growing [1].

More and more new radiopharmaceuticals undergo preclinical and
clinical trials, and the number of radionuclide labels used is also on in-
crease. In particular, radioisotopes of *°F, *'C, ®Ga, 0, N, ¥Rb, '*I
and **Cu are the most common in both clinical and research areas. Man-
ufacturing of the most part of them involves cyclotron irradiation of lig-
uid, gaseous or solid target. As long as production of radiopharmaceuti-
cals is a multi-stage process, control of the cyclotron production ability
is essential [2].

The purpose of the present work was to develop the method, ena-
bling determination of the production ability of a cyclotron of any type
and model.

Upon review of the related theoretical basis, it was found that there
has always been a ‘figure of merit’— the numerical factor of each partic-
ular machine (cyclotron target), characterizing its production ability [3,
4]. This factor is called ‘saturation yield” and is defined as a relation of
the maximum produced activity (Asg when t—o0) with a stable current,
to this current value (1):

1) (%j = const

It is well known that activity, manufactured on the cyclotron is ex-
pressed as follows:

@) Alt)= Px(l—e_ﬂ)
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The graph on the picture 1 demonstrates radioactive growth of the ir-
radiated target.

For the experiment, the liquid fluorine *®F target of the MINItrace
cyclotron (GE) was taken. (Half-life of the *F is around 109.8 minutes).
It was irradiated several times with different proton currents, and the
irradiation times differed accordingly. Activities of the ‘*F samples, oc-
curring from the nuclear reaction p(**0,**F)n were accurately measured,
and saturation yield of the target was calculated precisely. The table 1
illustrates the results of the measurements and calculations.

Activity (Bq)
1000 5
] ‘p— A, = production rate »
s <
— | L. 34 A
100
TI/Z 2T|/2
10 4
4 A 4
l 4 T T T T T T T T T T T T T T T T
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— » time (hrs)
Pic. 1. Schematic expression of the radioactive growth

Consequently, the saturation yield of the tested target was found to
be (3214 + 225) MBg/uA.
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Table 1. Determination of the saturation yield of the *°F target. Bombarding p* current

is 1= 30 UA
o o [}
el s 2] 2 | g |<3|<SS| gy 5
“1E1 & & : | g3 | Jda <@ &5 | 7| =
< < = | 92| 2 <
1| 21 | 019 |11859 | 95516
2 | 30 | 027 [17205 | 99721 | 96411 | 3214 | 225 | 3260 | 46 | 1,41
3 | 60 | 055 | 29637 | 93997 %

This experimental data are in very good correspondence with the fig-
ures, provided by the manufacturer [5]. Stated saturation yield of the
target is 3 260 MBg/uA, the difference is just 1,41%.

Conclusion: the method developed is reliable and is of use for the de-
termination of the production ability of the medical cyclotrons.
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We studied a model with a real scalar Higgs field ¢ and a scalar tri-
plet field ' in (1+3) dimensions that allows existence of such topologi-
cal defect as a domain wall. The Lagrangian of this system is

L= §6u¢6“<0 + éaux‘a“x‘ - (1= ¢*)? —y[(p® —W)x'x' +
B xH?]: 1)

Considered model with a global non-Abelian symmetry O(3) ena-
bles the existence of topological defect. This defect breaks the sym-
metry to its subgroup O(2). The topological defect is then parameter-
ized, in addition to the translational modes, by (dim G—dim H) orienta-
tional degrees of freedom. We found an exact analytic solution (in con-
trast to the authors of the [1], who investigated this model numerically)
of the equations of motion that describes a domain wall with a localized
configuration of the triplet field on it:

¢w = tanh(az), Xw~m- (2)

The plot of the solutions presented in Fig.1. The breaking of the
global O(3) symmetry of the model gave rise to non-Abelian orienta-
tional degrees of freedom. This solution allowed us to calculate contri-

butions to the action from the orientational and translational degrees of
freedom of the triplet field.
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Fig.1. Trajectories of solution in (g, ) plane for different model parameters.

We also studied the linear stability of the «bare» domain wall (a so-

lution in the form of «domain wall + triplet field switched off»):
¢=g¢u(), x=0 3)

and derive analytic expressions for the excitation spectrum. We obtained
constraints on the model parameters (8,y, 1) , which show the stability
against small perturbations of the field y.

The obtained results can be useful in different areas of physics from
cosmology to condensed matter physics. The subject is extremely wide
[2,3].

List of reference

1. E. Kurianovych, M. Shifman. Non-Abelian moduli on domain
walls. Int. J. Mod. Phys. A 29, 1450193 (2014).

2. A. Vilenkin, E.P.S. Shellard. Cosmic Strings and Other Topologi-
cal Defects. Cambridge University Press, Cambridge, 2000).

3. N. Manton, P. Sutcliffe. Topological Solitons. (Cambridge Uni-
versity Press, Cambridge, 2004).

61



JoKknaabl Ha aHTUIACKOM si3blKe

ESTIMATION OF THE PARAMETERS OF
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One of the long-term and dangerous consequences of nuclear pro-
grams is the accumulation of radioactive wastes.

Existing technologies of immobilization of radioactive wastes such
as cementation and vitrification have a several disadvantages mainly is
the high rate of desalination. It makes them unsuitable for long-term
storage of radionuclides.

One of the promising technologies for the immobilization of actinide
fraction of high-level wastes is the obtaining perovskite-based matrix
elements from commercially available powders in SHS mode [1]. Such
phase composition is advantageous over glasses due to higher corrosion
and desalination resistances.

The synthesis is based on the perovskite matrix material with Ni ad-
ditive to the initial blend components (Ni powder of brand «PNK-—
OT1», Al powder of brand «PA—4»). Radioactive wastes were imitated
by Nd,O3; powder of brand «TU 609-4272-84».

The percentage of neodymium oxide additives varied from 5% to
80% by weight. The study of dilution limits of samples has shown that
the maximum degree of dilution of the sample is about 70 wt. %, In ex-
cess of this value the propagation of combustion wave stops. This leads
to SHS termination.

X-ray analysis of obtained materials was carried out in order to de-
termine their phase composition. It revealed that the samples with the
percentage of Nd,O3 of 20% or more have following phases formations:
aluminum oxide, nickel aluminide and aluminum-based perovskite. By
increasing the amount of Nd,O; to 30% or more phase formation is
shifted toward the formation of aluminum oxide, which leads to fragility
increase of samples.
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Experiments has shown that the stable regime of propagation of
combustion wave occurs only when pressure of sample molding is about
30 kgf/cm? or more. However when the pressure of sample molding of
the initial system is above 50 kgf/cm? there is a significant increase in
specific power output of reactions occurring in the sample unit volume,
leading to a thermomechanical degradation of samples during the syn-
thesis.
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Nowadays, ATM (Automated Teller Machine) machines and plastic
cards are part of everyday life for millions of people around the world.
Payments and cash withdrawals happen every day all over the world.
Nevertheless, there are many places that cannot or refuse to accept plas-
tic cards and many people still prefer to have available cash at any given
moment. That is why ATM machines have become so important. Their
maintenance are much cheaper than running standard offices: the rent is
considerably cheaper and there is no staff to pay salary. In addition, it is
easier to organize 24/7 access to ATM machine, than keep an office
open all the time. The saved money reduce service cost, consequently
attracting more clients and raising banks’ income.

However, this way of using money has its drawbacks. The most seri-
ous of them being security problems for the ATM machines and the
support of the client demand. An effective way to solve this problem is
to forecast demand.

Time series forecasting is a well-studied processes, but results differ
due to many factors. Nowadays, one of the first step in the time series
forecasting is classifying ATM machines by their location and demand
type. In some cases, location is the most important feature (for example,
worksite ATM machines). In other cases, forecasting demand is the key
to getting the most accurate prognosis. Forecasting demand is a rather
easy task when ATM machine is at the office building or in some other
place where the demand is constant. The problem becomes harder to
solve, if the demand is not regular. One of those cases is sporadic de-
mand. Sporadic (or intermittent) demand is demand that occurs at infre-
quent, irregular and often unpredictable intervals. [19]. The most im-
portant factor that makes the demand volatile is the sequence of zero
values in a demand series. Thus, many researches define time series
with sporadic demand as time series that contains 30% or more intervals

64



JoKknaapl Ha aHTIMACKOM s3blKe

with zero demand and these intervals does not have a pattern [2]. Fore-
casts based on the classical models often bring dissatisfactory results
with the too high mistake level. One of the main goal was better under-
standing of the sporadic time series.

The other goal was to create (and later implement) forecasting model
for ATM demand time series. Based on the time series decomposition
forecasting models and methods were chosen. For all of them prototypes
were implemented. All prototypes had to face two main requirements
[27]:

1. Forecasting demand for the future periods of time based on the
previous statistics;

2. The model development cost has to the beneficial for the com-
panies.

The implemented software was tested on the real life data provided
by the bank with one of the largest ATM systems in Russian Federation
that contained hourly cash withdrawals from different ATM machines
for periods up to one month.
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Today special attention is paid to study of High-Temperature Super-
conductors (HTSC). It is well-known that all transport properties of
HTSCs are determined by the dynamics of vortex structure and its inter-
action with defects of the sample [1]. The most practically important
feature is the critical current density [2]. Different defect distributions
affect the critical current value differently. Therefore, study of influence
of different defect configurations on transport properties of HTSC is
important.

In this paper, we have studied how a 5x5-um BSCCO thin film sam-
ple behaves when being magnetized by transport current’s own field
with and without external magnetic field. All calculations have been
performed by using a method of mathematical modelling based on the
Monte-Carlo Method. Several magnetization loops have been acquired
for different distributions of point defects: rectangular and triangular
grids, and several uneven distributions. An example is demonstrated in
fig. 1. All the results are in good agreement with experimental data.
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Fig.1. Current field magnetization loop of sample with 200 randomly distributed
defects without external magnetic field.
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Introduction. According to the data of Russian territories incidence
of malignancies and mortality from them in 2014, the skin is a leading
localization in the general structure of cancer incidence (12.6 %, with
melanoma — 14.2%) ™. Currently, photodynamic therapy (PDT) has
been successfully used in the treatment of malignancy, most of which
are tumors of the skin, oropharynx, lung, bladder, the gastrointestinal
tract . The advantage of PDT is the possibility of combining in a sin-
gle procedure, treatment and fluorescence diagnosis, also known as pho-
todiagnosis (PD). In case of cancer, PD is the most promising diagnostic
method to clarify the borders of tumor proliferation, since the sensitivity
[03}‘ this method is much higher than other modern methods of diagnosis

Aim. Analysis of the results of squamous-cell cancer fluorescence
diagnosis.

Materials and method. A patient with squamous-cell cancer on the
back was admitted to the State Science Center of Laser medicine de-
partment of oncology. To conduct therapy and diagnosis has been used a
chlorine series drug “fotoditazin”, which was injected intravenously in a
dose 1.2 mg/kg of body weight. The irradiation was carried out remotely
on the laser system “LFT-02-Biospec” with the light wavelength 662
nm and the light dose 270 J/cm?. By laser electron-spectral system “LE-
SA-01-Biospec” was held fluorescence spectrum analysis of the photo-
sensitizer, with the light wavelength 632.8 nm (fig. 1a). Visual evalua-
tion of the photosensitizer accumulation in the skin tissue and the tumor
was performed by dual-channel laparoscopic fluorescent video system,
with the fluorescence excitation on the wavelength 635 nm (fig. 1b).
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Figure 1. Schemes of a) “LESA-01-Biospec” and b) fluorescent video system.

Results. PD after 2.5 hours after drug injection revealed a high level
of photosensitizer accumulation in the tumor tissue relative to visibly
normal skin: average contrast index before PDT is equal to 1:2.7 (fig.
2a). Fluorescence of the drug increased as the irradiation, and at the end
of PDT it can be seen that the highest accumulation was at the periphery
of the tumor: in relation to the visibly normal skin 1:1.5. It is also worth
noting that at a wavelength of about 700 nm fluorescence, at this stage,
of unknown component was observed (fig. 2b).
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Figure 2. Fluorescent indices and spectra a) before PDT and b) after PDT.

By fluorescent video system PD of tumor (fig. 3a) we saw the border
of proliferation and accumulation of the photosensitizer. According to
images obtained before and after PDT (fig. 3b, 3c), it is seen that accu-
mulation of the drug transferred from the center to the periphery, which
confirms the results of the spectral analysis.
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a)
Figure 3. Squamous-cell cancer on the back of the patient: a) tumor size
3.5%4.5*1.5 cm; b) the visible fluorescent region of the injected drug before PDT
and c) after PDT.

Conclusion. The findings point out to a high efficiency of fluores-
cence diagnosis method of squamous-cell cancer with the chlorine series
photosensitizer.
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We used magnetron sputtering (SC7620, Quorum Technologies) to
deposit a Au/Pd (80/20%) film with thickness h =~ 60 nm in argon at-
mosphere on a CaF, substrate. Single pulses of an Yb*-doped Satsuma
fiber laser (Amplitude Systems) with two different wavelengths (first
wavelength A, = 1030 nm and second wavelength A, = 515 nm), dura-
tion =~ 0.2 ps and maximum energy in the pulse up to 10 uJ were used as
a source of ultrashort laser pulses (ULP).

The spatial distribution of radiation at the output from a single-mode
fiber corresponded to the TEMg, mode. Laser radiation was focused into
a spot with the radius Ry, = 1.5 um on the surface of the sample in air
through a microscope objective with NA = 0.25.

The incidence of ULP with various energies on the Au/Pd film sur-
face results in different types of its modification at different fluences F =
0.11 — 0.27 J/lcm®. The measured energy dependences of the diameter of
microbumps and holes on the surface of the gold film have the for-
mation thresholds Foump = (0.10 + 0.02) J/em® and Frgpe = (0.22 £ 0.02)
Jlem?, respectively, and the characteristic radius of the distribution of
the deposited energy R'y~ (2.0 + 0.1) pm (Fig. 1).
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Fig. 1. Squared diameters of the region of formation of microbumps (squares)

and holes (triangles) versus the natural logarithm of the laser energy. The inset

shows the SEM image of the surface of the gold film irradiated by a single ul-
trashort laser pulse with the fluence F = 0.27 J/cm?,

Fig. 2. SEM images of nanotip with nanoparticle at its top on the microbump
produced by single ULP with the fluence F ~ 0.18 J/cm®.
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The irradiation by single ULP with the fluence F ~ 0.18 J/cm? the
film in the central part (darker region) of the microbump becomes visi-
bly thinner, and a submicron jet and a nanoparticles with a nanopit are
produced immediately at the top of the microbump (Fig. 2).

As a result, in this work we performed micro-hole arrays fabrication
in thin film Au/Pd (80/20%) by ablation technology using femtosecond
laser pulses [1,2]. Micro-holes with diameters d = 2 +~ 3 um and periods
p = 5 um are produced. A new fabrication principle of nanoparticles
with nanopits, which are promising for the fabrication of optical nano-
antennas with unique optical properties, is proposed.
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In our experiments the samples thin optical-quality silver (Ag) film
with thicknesses h =~ 30, 50, 100, 150 nm were deposited onto a 1 mm
thick CaF, substrate by magnetron sputtering SC7620 Quorum Techno-
logies of a commercial Ag plate (99.99%) in argon. The film was ar-
ranged on a three-dimensional motorized micro-stage under PC control
and linearly scanned at the scan speeds of 750 um/s in a number of lines
with shot-to-shot shift of 6 um and interline spacing of 6 um to produce
on its frontal surface 4 mm x 4 mm wide arrays of microholes with vari-
able diameters d (SEIRA sensors). The microholes were produced via
single-shot ablation of the film by moderately weakly (NA =~ 0.25) fo-
cused 515 nm, FWHM pulse width s ~ 220 fs, TEMy-mode laser
pulses of variable energy E = 50-85 nJ (peak fluences F ~ 0.16-0.27
Jlem?, the threshold fluence for hole formation Fpoe ~ 0.14 J/cm?), re-
sulting in the corresponding variation of d in the range ~ 1-4 um [1-3].
The resulting sensors were characterized by means of scanning electron
microscopy (SEM, JEOL 7001F).

Arrays of microholes with different diameters of micro-holes 2, 3, 4
pm and period 6 um were produced in thin silver films with thicknesses
30, 50, 100, 150 nm by single femtosecond laser pulses with variable
pulse energies, focused by different strong focusing optics. The microar-
ray format is used for surface plasmon resonance (SPR) imaging, sur-
face-enhanced IR adsorption (SEIRA) and its potential for applications
in multiplex sensing. The measured energy dependences of the diameter
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of microholes on the surface of the silver film with different thickness
30 (black curve), 50 (red curve), 100 (blue curve), 150 (green curve) nm
(Fig.). Figure shows the same thickness in the silver film, if microhole
of array has larger diameter, to energy of laser pulses is higher. And for
the same diameter of microhole, if thickness of the silver film is larger,
to energy of laser pulses is higher.
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Figure. Diameters of the micro holes in thin silver film with different thick-
nesses versus the natural logarithm of the laser energy (black squares — 30 nm,
red circulars — 50 nm, blue triangles — 100 nm, green triangles — 150 nm). The
inset shows the scanning electron microscopy image of the microholes with d,

~2 um, d,= 3 pum and d;~ 4 um irradiated by a single ultrashort laser pulse.
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Results of response measurements for prototypes of heterogeneous
cellular electromagnetic calorimeters with wavelength shifting fibers are
presented. The data set was obtained at 150 GeV muon beam at the SPS
accelerator at CERN. The technique for determination beam particle
coordinates is described. Light yield results of the calorimeter module
are presented. The results are compared with the performance of LHCbh
electromagnetic calorimeter.

Heterogeneous cellular electromagnetic calorimeters with the wave-
length shifting fiber light collection system, the so-called «shashlik»
type calorimeters have proven their applicability in high energy physics.

Usage of wavelength shifting (WLS-fibers) for the scintillator light
readout allows building modules with minimal fraction of «dead» vol-
ume. This type of calorimeters provides high efficiency, high energy
resolution, high radiation resistance and flexible transverse and longitu-
dinal granularity. [1]

Response and light yield of two electromagnetic calorimeter proto-
types, manufactured at IHEP (Protvino) with spiral and straight WLS-
fibers, were measured in SPS beam test at CERN in September 2015.
The transverse section of the tested modules was 38 x 38 mm? Each
module had 175 layers of lead and scintillator tiles. Lead thickness was
0.8 mm and scintillator thickness was 1.5 mm. Four metal needles were
used to provide mechanical rigidity of the module. Scintillator light col-
lected was carried from the tiles and out to the photomultiplier (PMT)
with a matrix of 4x4 WLS-fibers. All fibers were gathered into a bundle
on the back side of the module and polished. The WLS-fibers ends were
connected to a polystyrene light mixer size of 10 x 10 x 25 mm®. To
determine the coordinates of particles 4 multi-wire proportional cham-
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bers (MWPC) from ITEP and CERN were used. Experimental setup is
shown in figure 1.

Scintillater ITEP Drift chambers x3

trigger Scintillater
// trigger x2 Beam-pipe

-~ Q- | - ' [ I ________ E--- L
T . Beam

Movable platform Concrete block

Fig.1 Beam-test experimental setup

The X and Y coordinates were calculated using the formulas:

At - is the time difference between
x; = a;_"r % Atfc + bix Fhe_5|gnal from two ends of delay line
i - is the chamber number
Vi = al:.y X Atg'} + biy a and b - are calibration coefficients

The average light yields were measured to be in the range of 600 —
750 photoelectrons for minimal ionization particle and 1900 — 1500
photoelectrons for electron with 1 GeV energy. In order to obtain the
response map the dependence of the calorimeter response on the coordi-
nate of the muon entry point into the cell was investigated. Muon signal
is the energy released in the studied calorimeter cell. Cell surface was
divided into square areas of 1 x 1 mm?, in each segment individual dis-
tribution of muon signal was built. The results were approximated with
Landau distribution, and the center of the Maximum Probable Value
(MPV) were filled in a two-dimensional histogram, which is the map of
the calorimeter response for muons. Two muon response maps obtained
for two modules with straight and spiral fibers layout are shown in fig-
ure 2.
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Fig. 2 Calorimeter response with straight (left) and spiral (right) WLS-fibers proto-

types to the passage of high energy muons.

In the center of the module, one can see an increased response, which
is caused by Cherenkov photons emitted during the passage of muons
through the light mixer. Zero response gaps at coordinates (+10, £10)
are associated with the metal needles, which are used to improve me-
chanical rigidity of the module and form a dead volume area for muons.
These histograms demonstrate that the prototype with spiral WLS-fibers
have a better uniformity of response for muons incident normal to the
surface of the module, with only minor non-uniformity near the WLS-
fibers.
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PLAL allows generation of large variety of nanoparticles even of
those of chemically active materials [1, 2]. Experimental results are pre-
sented on generation of Gd-containing nanoparticles via laser ablation
of a bulk Gd and alloyed GdTi targets in various liquids (water, ethanol,
n-propanol, DMSO, etc). Chemical composition of resulting nanoparti-
cles determined with the help of X-ray diffraction is shown to depend on
the nature of surrounding liquid. Ablation of Gd target in either water or
ethanol results in the formation of Gd,O3 nanoparticles.

GdTi in H20
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Fig. 1.

In this case the chemical composition of resulting nanoparticles is
more complex (Fig. 1). Nanoparticles obtained by ablation of a bulk Gd
target in DMSO show their plasmon resonance in the visible [3] and are
therefore metallic. The generated nanoparticles are suitable to further
biomedical applications.
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Measurement of hardness in the linear size nanometer scale is ex-
tremely important for researching thin films or surfaces and investigat-
ing properties of the individual phase and structured components of var-
ious alloys [1,2]. The hardness measured at small penetration depths of
indenter in material is often called nano-hardness. Material hardness
value in a nano-volume is determined by the depth of a sharp diamond
probe tip indentation. This process according with the simultaneous re-
cording of the indenter load and displacement of the indenter under this
load. The essential problem of all nano-hardness measurement devices
is determination the precise form of the probe tip. It is known that dur-
ing interaction with the solid surfaces, the probe tip geometry changes
(blunting of tip, smoothing of ribs, etc.). All these parameters influence
the surface area of the probe tip and, as a result, determine of material
characteristics. Thus, to measure the nano-hardness, metrological con-
trol of the indenter tip form with subnanometer precision is required.
Laser interferometry, which provides high precision and metrological
measurement, was chosen as a basis for the creation of the system for
characterizing the surface form of nano-hardness indenters.

The solution of this problem is a three-coordinate heterodyne laser
interferometer with polarized division of beams into the reference and
the measuring paths. The developed optical scheme allows to build an
interferometer mass-produced nano-hardness measurement devices. The
range of measurements of interferometer in all three axes is 100x100x10
microns, and the measurement resolution is 0.01 nm (fig.1).
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Fig.1. Optical scheme interferometer: AOM- acousto-optic modulator, FP- fiber
port, CR — corner reflectors, PBS — polarizing beam splitter, P — right angle
prism, A/2 — half-wave phase plate, M1,2,3 — mirror for combination of beams.
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DATA

E.N.Ramakoti

National Research Nuclear University MEPhI
89099926308, miss.kiselkina@yandex.ru

Earth's magnetic field, predominantly dipolar at its surface, is dis-
torted further out by the solar wind however the Earth is surrounded by
the radiation belts which are trap charged particles from the solar wind.
The belts contain energetic electrons forming the outer belt and a com-
bination of protons and electrons that form the inner belt. It is known the
Earth's magnetic axis is tilted with respect to the Earth's rotational axis
by an angle of approximately 12 degrees. The intersection between the
magnetic and rotation axes of the Earth is located not at the Earth's cen-
tre, but some 500 kilometers further north. Due to this asymmetry the
near-Earth region is formed which is called the South Atlantic Anomaly
(SAA) where the Earth's magnetic field is weakest relative to an ideal-
ized Earth-centered dipole field.

The South Atlantic Anomaly is of great significance to astronomical
satellites and other spacecraft that orbit the Earth at several hundred kil-
ometers altitude; these satellites passing through this region of space
enter the radiation belt and are bombarded by high energy charge parti-
cle fluxes. This can produce 'glitches' in astronomical data, problems
with the operation of on-board electronic systems, and premature aging
of computer, detector and other spacecraft components.

Earth's global magnetic field changes with the time and its descrip-
tion is based on a mathematical model. In our work the model called the
International Geomagnetic Reference Field (IGRF) [1] is used.

High statistics of particles, accumulated during several years (2006-
2014) in ARINA experiment, allowed making the accurate map of high
energy proton fluxes in the near-Earth space. The geographical distribu-
tion (longitude) of particle fluxes has been studied on the ARINA data.
It is known that there is a movement of global geomagnetic field, lead-
ing to drift SAA region. This effect is visible in particle flux in this re-
gion, taking into account the dependence of particle fluxes and changing
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the global geomagnetic field. In earlier works (for example, [2][3]) drift
of SAA region was determined as the spatial changing of the position of
particle flux maximum, registered in the SAA region. Such an approach
allows estimating SAA drift, averaged on all L-shells composing the
SAA region. According to the data of various satellite experiments, the
value for the mean speed of drift westwards about 0.41 + 0.08° longi-
tude/year was obtained.

In our work the study is based on the analysis of temporal changing
the positions of proton (about 80-100 MeV) flux maximum and geo-
magnetic field minimum for each separate L-shell (L=1.20-1.50). The
examples of the obtained results are presented in Figure l1a for L=1.15-

1.25 and Figure 1b for L=1.25-1.35.
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Fig. 1: Longitudinal drift of position of particle flux maximum in SAA region:
a) at L=1.15-1.25 b) at L=1.25-1.35

Vigry = (0.36 = 0.05) degree/year Vigre = (0.38 £ 0.06) degree/year
Varina = (0.49 £0.11) degree/year Varina = (0.62 £0.16) degree/year

One can see the obvious drift of positions of particle flux maximum
and magnetic field minimum. According to the ARINA data the average
speed of the drift is about 0.4 & 0.10 longitude/year westwards. Analysis
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has shown that speeds of the particle flux maximum drift for various L-
shells are slightly different but the values of the obtained speeds is in
accordance with dynamics of global magnetic field of the Earth by
IGRF model.
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In operation of a nuclear-pumped laser (NPL), there is a transformation
of fission products energy into the coherent optical radiation (Fig. 1).

Fig. 1. Nuclear-pumped lasing scheme: 1 — laser active medium; 2 — tube with
an evaporated layer of >*°U metal; 3 — neutron moderator; 4 — neutron flux from
reactor cores; 5 — fission fragments; 6 — output radiation.

In recent years, there was carried out a number of important results
in the NPL-development area [1]. However, experimental observations
in this area are carried out under high-radiation conditions, and they re-
quire large material and time inputs to planning and preparing of them.
And it places certain restrictions on development rate of high-power
NPLs. Consequently, it gains an actuality of a mathematical simulation
of processes take place under laser operation in such systems.

In particular, one of the characteristics of pulsed NPL is an existence
of complex capacitivity space discontinuity in their laser medium [2]. It
has an impact on changing of generated radiation characteristics time
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dependence, which is determined by pumping parameters and condi-
tions.

An objection of current work is slow-motion photography data-
driven analysis of space-time structure of a NPLs radiation beam. The
presented data have been obtained under He-N,-D,-laser experiments.
Its laser medium has been excited by fission fragments of high-reached
25U nuclei, and laser generation has been on the basis of the first nega-
tive system transitions of molecular nitrogenium ions (wave-length is
0.428 um) with the BARS-6 pulsed reactor [3].

During the obtained data processing, an application of the partially
coherent modes technique [4] has been demonstrated in terms of a laser
beam intensity radial distribution simulation at different times of the
laser pulse. The resulted distribution presents pretty exactly the results
of the measurement data by use of four partially coherent modes which
have (00), (01), (02) and (10) indexes. It should be noted, that a using of
stable cavity transverse modes would require a mobilization of much
more number of mode functions.

Also, it has been made a recovery of the emitted laser power, and
solved an inverse problem of the refraction parameter time dependence
determining, when the calculated data agree with those found by exper-
iment. This parameter is changed under the medium exiting by fission
fragments, and has an impact on an effective radius and a main lasing
mode decentration of a NPL stable cavity. Thus, the energy deposition
increases into the laser medium, the focusing action of the generated gas
lens gains in magnitude. This lens has an impact on the generated beam
radius and its diffraction-limited divergence. Aside from that, a laser
beam decentration (a drifting) gains in magnitude to axis of the laser
active element.

The obtained data and performed calculations can be used in plan-
ning and preparing of the next experiments, and in development of a
laser facility damping system with account for behavioral features of the
generated beam.
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Discrete short-time flashes of gamma radiation called gamma-ray
bursts (GRB) are known to exist along with coming from the Milky
Way diffuse gamma radiation that results from the interaction of galac-
tic cosmic rays with the interstellar medium. Angular distribution of
GRBs is isotropic [1]. The observation rate of cosmic GRBs is about
one burst per day.

Along with GRBs cosmic origin gamma-ray bursts coming from the
atmosphere were detected. These bursts were discovered in 1994, by the
BATSE instrument on board the satellite (cosmic gamma-ray observato-
ry Compton, NASA) [2]. The bursts of gamma rays produced in the
Earth's atmosphere were called terrestrial gamma-ray flashes (TGFs)
[3]. The features of the TGFs are the short-time duration (~1 ms) and
the energy spectrum up to 40 MeV. At 1994, Fishman [2] suggested that
TGFs were result of bremsstrahlung emission of so-called “runaway”
electrons created by electrical discharge in the atmosphere.

It is known that as higher energy of moving electrons, then less their
interaction cross section with atoms of the atmosphere, and therefore
less their ionization losses. According to Gurevich theory [3] electrons
in atmosphere having energy more than some critical energy will be ac-
celerated under the influence of an electric field of atmosphere. When
these fast electrons interact with molecules of air, there will be released
several new relativistic electrons and thus the avalanche of runaway
electrons generated. Thus there is interrelation between TGFs and runa-
way electrons, formed in high-altitude discharge.

As for high-energy electrons it is necessary to note that the bursts of
high-energy electrons in the near-Earth space have been investigated
during many years [4]. Physical processes of correlation between high-
energy electron bursts and thunderstorm activity were studied in the
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ARINA and VSPLESK satellite experiments [4]. A large database of
high-energy electron bursts was accumulated during these experiments.

During recent years a lot of works has been done to study the corre-
lation between TGF and the thunderstorm activity, as well as the corre-
lation of high-energy electron bursts and thunderstorm activity. Howev-
er there are some important questions related to penetration of runaway
electrons into near-Earth space and their propagation in magnetosphere.

This work is dedicated to the search for the correlation between ter-
restrial gamma-ray flashes and the bursts of high-energy electrons asso-
ciated with thunderstorm activity. The database of TGFs registered by
RHESSI satellite and the data of the bursts of high-energy electrons ac-
cumulated in the ARINA experiment were analyzed.

The ALFA-electron space instrument is planning to be launched for
further research in this area [5]. The purpose of this new experiment is
to study the physical nature of transient phenomena associated with the
generation and propagation of high-energy electron beams in the upper
atmosphere above regions of thunderstorm activity as well as their prop-
agation in magnetosphere.

The approach, based on the analysis of simultaneously direct obser-
vation of TGF and the bursts of high-energy electrons is presented. It is
suppose that the future ALFA-electron experiment should to be added
with gamma-ray detector for observation of flashes in the energy range
from several dozen keV to 30 MeV.
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THE USE OF NEUTRONIC CALCULATION CODE CORNER
FOR EVALUATING THE PROTECTION OF FAST NEUTRON
REACTOR AND CNFC EQUIPMENT
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In this paper we propose a method of using neutronic calculation
code CORNER to the analysis of experiments on the protection of fast
neutron reactor and CNFC equipment. An example of Winfrith Graphite
Benchmark experiment calculation using this approach is presented.
This task can be considered as one step in the general theme of the safe-
ty analysis of FR with liquid metal coolant, their fuel cycles and related
equipment. CORNER implement a solution of the kinetic equation with
a source in the three-dimensional hexagonal geometry based on Sn-
method. The purpose of this paper is a demonstration of the application
of CORNER’s possibilities for the analysis of the actual reactor prob-
lems.

Neutron transport equation in multi-group approximation in some

spatial domain G for the energy group 8, 8=12N, has the form:

Q- VP4 (7, Q)+ Z4(F)- P (7, Q) = RE (7, Q)

(1.1)
where the right-hand-side of the equation looks like:
. g L. B . N,
RE(F,.Q) =), ij”‘*’(F,Q-Q’)‘P"(F,Q’)dﬁ'+zijVE’;(F)<D”(F)+ SE(F)
b=l 4p b=l
(1.2)
. 1 BN
DF(F) = [ (7, )d0
7 ix - (1.3)
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At the boundaryr of spatial domain G values of angular flow set to

PE(r. ) irecti Q  inside this

for directions inside area:

Zero
WE(F. Q)| g00=0
(1.4)

The system of equatlons (1.1) - (1.4) describes a stationary distribu-
tion of neutrons taking into account the fission process as well as the
specified internal sources [1].

An experimental graphite protection composition irradiated at the in-
stallation ASPIS, shown in Figure 1, is considered for test calculation

[2].
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Figure 1. Scheme of protection composition in the installation ASPIS for the
graphite experiment. 1-14 — numbers of zones.

The initial model is described using a hexagonal geometry. Nonuni-
form grid with 26 layers is constructed to analyze the high-altitude parti-
tioning (along the Z axis). Energy dependence is represented by 299-
group approach, using group constants training program CONSYST
with ABBN-93 library. Calculation of the code CORNER carried out in
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S4 approximation method of discrete ordinates, scattering anisotropy is
taken into account in P1 approximation [3]. Estimated time is ~ 120
min.

A method of applying the neutronic calculation code CORNER for
evaluating experiment with graphite protection was developed. Similar
calculations for the protection of fast-neutron reactor and CNFC equip-
ment are planned during further development of this work. For example,
the proposed method makes it possible to evaluate the protection of fa-
cilities and equipment of process stages of closing the nuclear fuel cycle
(processing module, fabrication module, module of radioactive waste
management).
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FABRICATED ATOMIC CLOCK
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The following paper addresses the issue of microfabricated atomic
clock and the corresponding standards of microwave frequency field.
With the advent of modern semiconductor lasers and the development of
laser spectroscopy it has become possible to design a microfabricated
atomic clock, with the volume of less than 14 cm® [1]. The atomic clock
operation is based on the effect of the coherent population trapping
(CPT) [2] observed in three-level systems. These systems can be im-
plemented in the alkali metal atoms. This effect is due to the coherent
super-position state of atoms generated by dichromatic field. While at-
oms are in this state, they do not absorb light (Pic.1).

Contrast 5%.

Transmission of the cell

Frequency of microwave field

a) b)
Pic.1. a) The spectrum of the laser radiation and a simplified level scheme; b)
CPT — resonance.

This phenomenon is observed in a cell (Pic. 2) with rubidium vapor
and two buffer gases: argon (Ar) and neon (Ne).

The aim of this work is to develop methods for determining metro-
logical characteristics of the cells and as a result obtaining ways to se-
lect the best one for further use in quantum atomic clock discriminators.
Specifically, several parameters of microfabricated atomic cells have
been investigated, such as: the dependence of CPT - resonance frequen-
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cy on the temperature, CPT - resonance frequency drift on the time and
light shifts, induced by laser radiation.

I

Pic.2. Photo of microfabricated atomic cell. Cell length - 6 mm; diameter - 4
mm.

Based on received data partial buffer gas pressure was determined
for zero temperature shift. Highly effective method suppression of the
frequency drift, and the parameters of the laser and the modulation of
the microwave field, in which the light shifts gives the minimum contri-
bution to the frequency of CPT — resonance, have been found.
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Investigations of the optical properties of oxide crystals of divalent -
metal tungstates and molibdates are of current interest in view of the use
of the crystals as detectors of ionization radiation, as well as promising
nonlinear optical materials, e.g., shifters of a laser radiation frequency
with the use of stimulated Raman scattering (SRS) [1]. The use of the
methods of two-photon absorption (2PA) provides additional capabili-
ties associated both with the selective excitation of electronic states in
the conduction band by pico- or femtosecond laser radiation and with
the difference between the selection rules for one- and two-photon exci-
tation processes. The investigation of the mechanisms of nonlinear ab-
sorption in pure and activated solids and the measurement of the 2PA
coefficients are of independent interest. A competition between 2PA and
SRS - the two nonlinear processes, connected with the same cubic non-
linearity, have an influence on both processes.

We demonstrate a technique to investigate two-photon interband ab-
sorption in a nonlinear medium excited by a sequence of ps laser pulses
of variable intensity and continuous probe radiation. This method en-
sures the real-time investigation of the dynamics of the excitation and
relaxation of induced absorption with the picosecond time resolution in
a wide time interval [2,3]. We investigated AMO, (A=Pb, Zn, Ca, Ba,
KGd; M=W, Mo) crystals. The crystals were excited by 200ns trains of
523.5 nm and 349 nm 20ps pulses of the 2nd and 3rd harmonics of a
passively mode-locked Nd:YLiF, laser. Under single laser pulse train
excitation a radiation at the input and output of a crystal was analyzed
using 1GHz digital oscilloscope, which determined the time resolution
of this detection system.
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The measured radiation intensity at the output of the crystals is lim-
ited due to 2PA at 1 -3 GW/cm? level. The ratio of the radiation intensi-

ties at the input and output of the crystal,% = % as a function of the

pump intensity 1o was measured. The measured dependences exhibit an
increase in the absorption with the pump intensity and the crystal be-
comes almost opaque at the input intensity I, ~10 - 100 GW/cm?. Then,
as the intensity of the pump pulses from the second half of the excitation
train decreases, the inverse transmission exhibits hysteresis and induced
absorption from excited by 2PA level has a lifetime longer than pump

train duration of 200ns. Using an initial linear part of the dependence

% = % we determined the TPA coefficients f at 523.5 nm excitation

(Table). Measurements data of the TPA coefficients  for all the studied
crystals under 523.5 nm and 349 nm excitations will be presented at the
conference.

Table 1. Coefficients of TPA for various crystals for different
excitation polarization
Crystal B, cm/GW | Excitation polarization

2.0 ELC,, kLC,
Powo 038 E|C., KLC

1.1 Ella, k|lc
ZnWO, 0.7 E[Ib(C,), K|lc
CaMoO, o ELC,, KICs

2.4 ELC4 kLCy

PbMoQO, 09 E[[Cs. kLC,

We will present data of the SRS investigation in the crystals under
visible (523.5 nm) and UV (349 nm) excitations. The 2PA process for
some crystals leads to a suppression of SRS even at 523.5 nm pumping.
The Raman gain coefficients will be measured for the crystals.
Knowledge of the 2PA absorption coefficients and Raman gain coeffi-
cients allows one to analyze the competition between the two nonlinear
processes of 2PA and SRS.
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At the present time an increasing of cancer patients is observed. For
their treatment different methods of radiotherapy based on the use of
radiation sources with high ability are developing dynamically. During
treatment session a maximum therapeutic effect is reaching by means of
special pharmaceutical product and thermal neutron flux.

Every treatment session requires accurate dosimetry control of
absorbed dose. For this purpose a gamma-detector based on scintillation
LaBr;(Ce) crystal was designed for registration of gamma-rays with
energy 478 keV. The gamma-rays appear as a result of interaction of
thermal neutrons and the pharmaceutical product based on isotope °B
[1]. At the same time, high energy gamma-rays appear due to interaction
of thermal neutrons with surrounding materials (for example, material
detector and etc.). Positrons, appearing as a result of high energy
gamma-rays interaction, annihilate with electrons and produce gamma-
rays with energy 511 keV. Gamma-ray detector with high energy
resolution is required for visual identification of the gamma lines with
478 and 511 keV.

A prototype of gamma-ray detector was made. The prototype
consists of scintillation crystal LaBrs(Ce) (25x25 mm) and
photomultiplier tube Hamamatsu R6233-100 (diameter of the
photocathode is 70 mm) [2]. The crystal was placed into a hermetically
sealed container with a quartz window at one of its ends. For processing
electrical signals and for forming discrete code was used analog-to-
digital converter, mounted in the board SBS-79 by GreenStar Company.
For data acquisition and subsequent processing of results of
measurements was used special software from the same company.
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Tests of the gamma-ray detector were carried out using different
radiation sources from a set of standard calibration gamma-ray sources.
The main purposes of this experiment were determination of energy
resolution using scintillation crystal LaBrs(Ce) for gamma-rays with
478keV energy and estimation of capability detector to divide gamma
lines with energies 478 and 511 keV. Energy resolution for **'Cs is
(2.93+£0.03)%. Energy resolutions of the gamma-ray detector for
gamma-rays with energies 478 and 511 keV are (3.33+0.03)% and
(3.24+0.03) % respectively. Also Monte-Carlo simulation of energy
peaks from gamma-rays with energies 478 and 511 keV carried out to
estimate the energy resolution threshold of gamma-ray detector required
to identify overlapping gamma peaks [3]. Threshold values of energy
resolution for both gamma lines were (6.68+0.06) % and (6.58+0.06) %
respectively.
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One of the main issues of nuclear plants is the search for new fuels
and calculation physical processes in the reactor core. This is important
because uranium dioxide has insufficient characteristics such as thermal
conductivity and density. [1] This paper discusses the fuel cells with a
heterogeneous metallic uranium-zirconium fuel. (Figure 1) Uranium
filaments oriented along the fuel rod surrounded by zirconium. Volume
fraction of zirconium substantially exceeds the volumetric fraction of
uranium. Furthermore rods have a helical twist. Metallic uranium has
the highest density of all types of uranium fuel and good thermal
conductivity is 10 times better than that of uranium dioxide. However, it
has a low melting point and is quickly oxidized in water. [2]

M
TTEE R O R S i

Figure 1. General view of the fuel rods

To test the performance conducted experiments and theoretical cal-
culations are a variety of computer models of the reactor cores. This
paper presents reactor core and fuel assembly modelling of the IVG 1M
using the thermo-hydraulic IVG-2PH code. The results of this modelling
are compared with the experimental data and theoretical calculations.

Research on nuclear reactor core is usually subdivided into two ma-
jor fields, named: thermal hydraulic and neutronic, in which, precise
simulation of reactor behavior in both fields is highly required to ensure
the designers that reactor will work in a safe margin. In this study, a
thermal hydraulic analysis of IVGL1 reactor is performed using a porous
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media approach. Based on this approach, each fuel assembly was mod-
eled and was divided into a network of lumped regions; each of them
was characterized by a volume average parameter. [3] In such manner,
while complex geometries are easily defined and dealt with, the thermal
hydraulic parameter and phenomena like friction, shear stress, cross-
flows, convective heat transfer and etc. are strictly included in simula-
tions.

Figure 2. Water-cooled chanl.

The IVG-2PH code implemented a two-phase stationary model based
on boiling heat transfer medium and the emergence of free convection
in a water-cooled channel. (Figure 2) Calculation of temperature fields
in the coolant is held in an axially symmetric approach, taking into ac-
count the thermal conductivity of materials, convective and radiant heat
transfer. Two-phase fluid movement within the fuel bundles is consid-
ered in the approximation of the fluid in the porous body. Permeability
coefficients for the two-phase fluid in the bundle of twisted rods are cal-
culated on the basis of experimental data for the hydraulic resistance
minichannel (channels with a hydraulic diameter of less than 3 mm, and
more than 0.2 mm). [4] The coefficients of thermal conductivity and
permeability are anisotropic. Heat is applied to uneven heat generation
model, both in height and in the radial channel.

There were considered theoretical calculations, confirming the fideli-
ty of computer code works.

This refers to aspects such as heat transfer in the water-cooled reac-
tor channel(1), traffic channel phase mixture (2) , the heat transfer at the
channel boundary (3) and etc.

104



JoKknaapl Ha aHTIMACKOM s3blKe

€voiaV * (1 = @VLPLEL) + €poiaV * (9VpcEg)
= V= (/leff,z VT) + Quor
+ Natent (_me + mc) (1)

&poiaV * ((1 — @)v,p E; ) — convective water heat transfer

E,0iaV * (@vgpeEg) — convective steam heat transfer

Vi (Aesry VT) — efficient diffusion of heat transfer

Q.1 — Volume heat source

Tatent (—Me + M) — heat spent on evaporation of the water or released
vapor condensation

D), =0t (), @

(AP/L)_ - pressure drop if the fluid would be moved to channel filling it
completely
@, - biphasic factor determined according to Chisholm equation

Gout = Aout(T —Toue)  (3)

Tout — the ambient temperature

Qo — heat transfer coefficient

The result of this study is the ability to accurately simulate the
processes occurring in the reactor and the definition of the boundary
conditions of applicability of this model.
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Quantum Chromodynamics in a strong magnetic field is a promising
branch of modern physics. Such strong magnetic fields could exist in the
Early Universe [1] and could be formed in cosmic objects like magne-
tars and neutron stars. They can also be achieved in terrestrial laborato-
ries (RHIC, LHC, FAIR, NICA) [2]. The magnetic polarizabilities and
g-factor are fundamental quantities characterizing the behavior of a par-
ticle in an external electromagnetic field. The parameters of most of the
particles haven’t been investigated yet. The aim of our study is to de-
termine the dependence of ground state energy dependence on the ex-
ternal magnetic field for various spin projections on the field and to
evaluate the magnetic polarizabilities and g- factors of charged p and K*
mesons using the SU(3) lattice gauge theory.

We calculated the ground state energies of the charged p and K*
mesons depending on the the external abelian magnetic field on the base
of the SU(3) lattice gauge theory for various quark masses. In our calcu-
lations external magnetic field is constant and its values vary from 0 up
to 2.5 GeVZin.

Fig.1 shows the splitting of the p” meson ground state energy de-
pending on the spin projections and the agreement of the Landau level
picture with our data for the magnetic field values below 0.6 GeV?.

The Landau level describes the energy of a charged point-like parti-
cle in a magnetic field , while in our calculations we took into account
the quark structure of a particle and introduced the term with magnetic
polarizability[3]:

E? =(1+gs,)qB+m* —476(qB)? 1)

where E is the ground state energy of a particle, g is the g-factor of the
particle, q is its charge, m=E(B=0) is the mass of the particle, s, is the
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spin projection on external magnetic field, B is the magnetic polarizabil-
ity.

Fig. 1 shows the ground state energy of p~ mesons with spin projec-
tion on external magnetic field equal 0,+1,-1. The ground state energy
of p~ mesons with s, = 0,+1 diminishes with the increase of the field,
while the energy of s, = - 1 increases according to formula (1). A similar
picture has been achieved for the charged K* meson.
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Fig.1. The splitting of the ground state energy of p ~ mesons with quark mass
mq = 34.26 MeV for different spin projections on the external magnetic field.
The dots is our data, line describe Landau level.

The background magnetic field enables to calculate the magnetic po-
larizabilities and the g-factors of the hadrons. We measured the energy
of a meson as a function of the uniform abelian field. The g-factor of the
charged p meson has been defined for various quark masses more pre-
cisely then in our previous work [3].

The study of the internal structure of hadrons in external fields is im-
portant and relevant in connection with ongoing experiments at JLAB,
CERN(COMPASS). Currently there exist significant discrepancies be-
tween theoretical predictions different phenomenological models and
experimentally obtained data. For most of the mesons of the magnetic
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polarizability and g-factor so far not been found experimentally. In the
determination of electric and magnetic polarizabilities there are large
uncertainties. According to chiral perturbation theory magnetic and
electric polarizabilities are interrelated, which stresses the importance of
calculating magnetic polarizability.
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lonization of atoms, molecules and other quantum systems by strong
laser fields is being considered since the mid of the 60-es both in exper-
iment and theoretically. Presently, one of the main challenges for theo-
retical approaches describing the intense laser-atom interaction is a cor-
rect inclusion of the long-range Coulomb interaction between the out-
going photoelectron and the parent ion. The basic theory for description
of the ionization is the Strong-field approximation (SFA) [1,2,3] which
possesses a profound analytic simplicity and predictive power, but dis-
regards the Coulomb interaction.

The Coulomb-corrected strong-field approximation (CCSFA) has
been advanced recently [4,5] on the basis of the Imaginary time method
(ITM) [6] and the perturbation theory for the action [7]. Within this ap-
proach, the contribution of the Coulomb field is accounted for as an in-
tegral from the Coulomb potential energy evaluated along a classical
Newtonian trajectory in complex time and space. The Coulomb field is
supposed to be weak compared to the laser field and thus doesn’t distort
the trajectory of the ionized electron sufficiently. This allows taking
Coulomb-free trajectories as the zero approximation. Up to now analytic
properties of the classical Coulomb action in complex time-space are
not yet fully studied. In this work we continue the investigation of these
properties pioneered in recent publications [8,9].

Within the ITM the starting time for electron’s motion and its trajec-
tory are complex. The square of Coulomb-free trajectories in a laser
field is shown to have first or second order zeros

r’(t,) =0 (1)
in a countable set of complex time instants t,. As a result, the Coulomb
energy
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Uc = Z 2)

V()
has there branch points or simple poles correspondingly. In the vicinity
of these points the Coulomb field is no longer weak compared to the
laser one. Moreover, each singularity generates a cut line in the complex
time plane. This leads to significant limitations on the construction of
the integration path in the complex time. Notwithstanding, we show that
in most cases these limitations can be overcome (see an example on

Fig.1).
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of ol | \ ] I

¥

-

0.2 \
0.0
71, 7027 1 q
_04 L I 4
-2t /.\ -0.6 ; : |
2r 3~
or 1r 2r 3~ p 5x 6

Fig.1. A map of branch points in the complex time plane for the case of argon,
I=10"W/cm?, A=800nm. The black line corresponds to the deformed contour,
the red line - to the undeformed one.

After analyzing and classifying the singularity points we have formu-
lated the integration path constructing algorithm to bypass the cut lines
so that the Coulomb integral becomes invariant. Based on this algo-
rithm, photoelectron ionization spectra with the Coulomb correction
included have been calculated. It appeared that the correction signifi-
cantly depends on the value of the photoelectron momentum.
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Fig.2. The photoionization spectra for different values of the transversal mo-
mentum. Argon, 1=10™ W/cm? A=1200 nm; 2400 nm, p¢=1.43 a.u; 2.86 a.u.
Black line corresponds to the calculation without the Coulomb correction.

A comparison of the Coulomb-corrected spectra with those calculat-
ed along the Coulomb-free SFA shows that, apart of the well-known
overall enhancement of the ionization probability by a few orders in
magnitude, the spectrum becomes essentially fatter, up to the photoelec-

tron energy
2

_pP
Ep = 7 ~2U b 3)
what is known as a classic cut-off for ionization. The effect vanishes for

longer wavelengths, as it is demonstrated on right panel of Fig.2.
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The main task of the research was to reconstruct B* —DODOK™*
decay, to calculate the probability and to compare the result with results
of previous research.

In accordance with the quark diagram this decay is realized through

the Cabibbo—Kobayashi-Maskawa dominant channel b—cWt—cs.
The the amplitude of this converting can be obtained both by external

W- and internal (color-suppressed) W- emitting diagrams. The B*

—p0 po K*decay can occurs via both types of diagrams and is
promising decay for the search of new cs and cc states.
The data for analysis were obtained from Belle-experiment, which is

located at the asymmetrical e*e” collider KEKBI[1].
The identification of particles occurs by lifetime, the number of
photoelectrons in the Cherenkov counter and energy losses in the drift

chamber. n9-meson candidates was reconstructed by photon pairs in
which it decays. B-meson candidates was reconstructed by the energy
difference in the center of mass system and My,.. Two-dimensional(AE
and My,,) distribution of the B¥—DODOK™* events is shown on figure 1.
Asymmetry interval on AE is due to the presence of signal in area under
-0.05 GeV from another decays, for example B+ pOp*0k* .

The reconstruction of signaling B*-DODOK* events has peak of
My distribution on the nominal value of the B-meson mass[2] and

peak of AE distribution on the zero. The obtained two-dimensional
histogram was approximated by function:
A(Mp)*Po(AEY+Go(Mp. AE),
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where G, is two-dimensional Gaussian function, Po- second-degree
polynomial, A- Argus function[3]. As a result of approximation the
number of recovered events is Nsig=1408ﬂz91121 and the recovery

efficiency is €=(1.522i0.072)><10'3. The systematic error includes the
tracks recovery efficiency error, which equals 2.3%, and the probability
of intermediate decays, which equals 4.1%. The total error is 4.7%.

The BJ'—>DODOK+ decay probability is calculated by:

where Nsig:1408ﬂc91ﬂ:21 is number of recovered events,

Ngg=(771.581=10.566)x10® ~ number of analyzed pairs.

Br(B"—DODOK)=(1.20£0.08+0.06)x103
The previous results of the BT —pD0k* decay study
Br(BT—DODOK)=(1.17£0.210.15)x10™3 [4],
Br(BY DDk H)=(22.2+2.2+2.5)x10™* [35].
B+ pODOK* decay analysis presented in this report was carried out
on the larger statistics (711 fb‘l) in comparison with previous research.
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Fig. 1. The projection of two-dimensional distribution on a) AE and b) M,
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Abstract: The nano-structured thin film is used in a variety of
fields of science and technology, for example, as protective coatings,
for converting solar energy into electrical energy, in superconducting
devices, in integrated and functional micro- and nanoelectronics, com-
puter technology, medicine, pharmacology, etc [1]. This work focuses
on the classification of thin film production methods. It is therefore
concluded that there is no optimal choice in the matter of thin film pro-
duction methods [2].

One of the main problems concerning the production of silicon car-
bide and its solid solutions is the problem of generating high tem-
peratures, commencing the evaporation process of silicon carbide
and other solid solution components. For these purposes, crucibles
made from high-density graphite types are used. However, with the
growth of SiC on the substrates of SiC the passivation of the substrates
by carbon atoms begins [3,4].

A fundamental solution to the problem of obtaining high tem-
peratures, high-temperature crucibles and exemption from carbon
can be achieved through the implementation of the electron beam
heating method. We suggest using this method for the purposes of
heating the evaporation batch, as well as the silicon carbide substrate
itself for further silicon carbide film and solid solution application.

Key words: thin film, silicon carbide, substrates, electron-beam epi-
taxy, molecular beam epitaxy, ion sputtering, solid solution.
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At this moment, diagnosing of acute leukemia beginning with com-
plete blood count and studying of differential. If there is a deviation then
comes biopsy. The smear analysis of bone marrow and blood is making
for confirming the presence of blast cells. In view of subjectivity, the
complexity and possible errors microscopic studies conducted in the
field of automation systems based on the use of digital image pro-
cessing.

One of the main stages is to separate leukocytes from preparations of
peripheral blood and bone marrow images, as it determines the result of
the other stages. In the literature review some methods of leukocytes
allocation were found. There are methods, based on histogram, thresh-
olds, edges detection, adaptive binarization, k-means method. An analy-
sis of these approaches has been identified several limitations of these
methods because of complication of implementing and requiring a lot of
resources. Analyzed algorithms showed accuracy near 99% on alloca-
tion of leukocytes of peripheral blood. But when there is too much cells
in bone narrow, the accuracy falls to 77%. Because of that, development
of new algorithm is actual.

The main objective of research work is development of method of
leukocytes allocation on bone marrow biopsy images.

The proposed method is based on finding the minimum between the
two peaks in the histogram image according to one of the channels.
RGB and HSV color models are considered to construct a histogram. As
a result, 6 histograms are constructed and threshold automatically calcu-
lated for each histogram, which is held on the segmentation of white
blood cells. The program was written for the experiment to realize the
proposed method. During the experiment, the most effective was the
green channel «G» of RGB color model as a result of separation of leu-
kocytes from the bone marrow preparations. Less informative channels
were saturation «S» and tone «H» of HSV color model. As a result of
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allocation by automatically calculated thresholds are some false objects.
To eliminate false objects used median filtering. An experimental study
was conducted on 2000 images from 10 patients. During experiment
their nuclei were allocated. According to the results of the experiment, it
was found that the automatic segmentation of the proposed algorithm is
sensitive to artifacts in the images. In some cases, incorrectly allocated
contacting leukocytes.Further development of the proposed method is
the better searching of correct thresholds in cases when image is dirty or
has some artifacts and the allocation of contacting leukocytes.
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RECORD AND REPLAY SCENARIO MODULE IN ATM EMU-
LATOR

Ksenia Znamenok
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Nowadays more and more people start using plastic cards. The usage
seems to be simple and clear, but in fact, it is rather complex. Bank pro-
cessing centers, connected to some payment system, make getting cash,
paying by card and other card operations possible.

In practice, it is not always feasible to find one general payment sys-
tem solution for different banks. The reason of such problem is that the
processing system must be elaborated in each particular case. That is
why testing of processing center has become an essential part of it. Us-
ing of real cash machines during testing is not always convenient and
does not provide for prompt connection to particular processing center
[1, 2].

The ATM emulator was developed for convenient testing of
SmartVista payment system. The main idea of ATM emulator consists
therein, that it is indistinguishable from the real one for SmartVista. The
testing person for his turn gets the GUI, which completely imitates user
interaction with real cash machine [1].

Manual testing is always more expensive and takes a lot of time. The
table below illustrates the advantages of ATM emulator in comparison
with real ATM.

Table 1. Advantages of ATM emulator [2, 3, 4]

Problem of manual scenario testing Emulator solution
Not comprehensive Covers all test conditions
Not always accurate Automatic verification
Not automatically repeatable Record and replay of test cases
Expensive in terms of time and cost Automatic execution of test cases
Lacks proper reporting Automatic documentation
Stress testing is impossible Stress testing is possible
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The benefits of ATM emulator are obvious. The record and playback
module lets the emulator not only run transactions but also provides au-
tomates testing, which saves time and money. The BPC company, that
owns SmartVista payment system and ATM emulator, decided to have
such module designed.
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HNCCIEJOBAHHUE BJIACTHBIX KJIETOK HA ITPEITAPATAX
MEPUPEPHYECKOM KPOBU U ACITUPATAX KOCTHOT'O
MO3T'A IIPY PACITIO3HABAHUM OCTPBIX JIEMKO30B
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OcTpplil Jeiiko3 XapakTepu3yeTcsl yBeJINYEeHHEM aHOMAJIbHOTO KO-
mudecTBa OeNbIX KJIETOK (JIEHKONHMTOB) B MepuUEepHUECKOr KPOBH, a
TaKk)Ke B KOCTHOM MO3Ty. J[MarHOCTHKa OCHOBBIBAETCS HA TOM, UTO TOJI-
cdeT OenbpIX KIETOK XapaKTepHU3yeTCs IOBBIIIEHHBIM COACpKaHUEeM
OJIaCTHBIX KIIETOK (He3penble KIETKH KPOBH) M CHIDKCHHBIM YHCIIOM
TpoMOoTOB. [IpHCYTCTBHE MOBBIMIEHHOTO KOJIHMYECTBA OJACTHBIX KIle-
TOK BHYTpH nepudepuiiHol KPOBH SBIISIETCS OJHUM U3 MIPU3HAKOB JICH-
K03a, a coaepkanue 25-30% O1acTHBIX KIETOK B KOCTHOM MO3TY TOY-
HBIHA JMarHO3 OCTPOTO Jieiiko3a.[2]

N3ydeHue acnupaToB KOCTHOTO MO3ra SIBISETCS BBICOKOTEXHOJIO-
THYHBIM HcclienoBanreM. OHO BKIIOYaeT MOP(OIIOTHYECKUE, IIUTOXH-
MUYeCKHe, IMMYHO(DEHOTHITNIECKHE, MMMYHOTUCTOXHMHUYECKHUE, ITUTO-
T€HEeTHYECKUE W MOJIEKYIIIPHO-OMOIIOTHYECKUE TMOAXObL. JIJIsT BEIsIBIIE-
HUsl OJJACTHBIX KJICTOK MPOBOAUTCS MOP(OJOTHUSCKUN aHaIu3 KOCTHO-
ro mosra. O0pa3npl KIETOK WM3YyYaloTCs BPadOM-TIaTOJIOT0aHATOMOM C
WCTIOJIb30BaHUEM OINTHYECKOTO MHUKPOCKOTMA, JUISl ONpPEIESIICHUS THUIa
octporo Jjeirko3a. MHorna cBeneHUS MOTYT OBITh OINMOOYHBIC, Tpa-
BUJIPHO ITOCTABJIE€HHBIN AMAarHO3 3aBUCUT OT ONbITa Bpaya U TPYAHO-
CTBIO OIPENETUTh TUI W K€ MOATUI OCTPOro Jehko3a. [2]

AKTyaJIbHBIM BOTIPOCOM COBPEMEHHOW MEIUIIMHBI SBISAETCS H3yde-
HHUE XapaKTePUCTUK eIMHIYHBIX PAKOBBIX KIIETOK B KOCTHOM MO3TY, JUIS
onpeaeneHust ocTporo jerko3a. OHM pelmarTcs ¢ IPUMEHEHHEM Clie-
OYIOUIMX METOJMYECKHX MOAXO0AOB: MPOTOYHOH LUTOMETPUH, UMMYHO-
uToJorHei. [1]

B mpormecce pacrno3HaBaHus KIETOK KPOBH HEOOXOJUMO YCTPaHSThH
FeOMETPUUECKHE UCKAKEHHUS M300paKeHUH, MOAABISATh LIyMbl pa3jiny-
HOW mpupoabl. J{J1s1 yMEHBIIEHHUS BIUSHUS IIyMa Ha MPOIIECC paclo3Ha-
BaHUS B COBPEMEHHON HayKe MPHUMEHSIOTCS CIEeNyIOIINe METOABI: Me-
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TOJ CyMMHPOBAaHHS KIETOK, METOJ MEIUaHHON (IIbTPallid; METOH
YCPEIHCHHOH (PHIIbTpaIlny.

Lenv uccnedosanus: DKCICPUMECHTAIBHOE WCCIICOBAHUC BIUSHUS
IIyMa B TIPOIIeCCe Paclo3HABAHUS OCTPHIX JICSHKO30B.

3aoauu:

1) TlIpoBectu 0030p METOIOB, MOAABJISIOIIMX IIyMbI B MpOIECCE
pacro3HaBaHUs OCTPHIX JICHKO30B.

2) IlpoBecTH cpaBHHUTENIBHBIH aHATU3 OJACTHBIX KJIETOK M KJICTOK
KpOBH 0€3 MaTOJIOTHH 10 MOp(oIoTHIecKoMy pu3HaKy (hopma).

DKCHEPUMEHT BBIMIOIHACTCS ISl TOTO, YTOOBI HCCIIEIOBATh BIIMSIHUC
IrymMa Ha TpOIECC paclo3HaBaHMs OJNACTHBIX KIETOK M KJIETOK KPOBH
0e3 maToJoruu.

B mpomecce skcnepumenTa Obuto oOpabotaHo 760 W300paXkeHUIA
KIIETOK KpoBH 0e3 maronoruu. Ha BeIxone momyuminu 21 cyMMupoBaH-
HOE M300pakeHUE (CYMMHUPOBAIM KJICTKH 10 36 M300paKeHU U B UTO-
re ToJyJalld OJTHy CYMMHUPOBaHHYIO KIIETKY); 21 m300paxenue oopado-
TaHHOE YCpeTHEHHOH (huUbTpaIiei ¢ pasmepom mMacku (6x6); 21 mn3006-
pakeHue oOpaboTaHHOE MeIMaHHOM (QuibTpanued. Pabotas ¢ nzodpa-
JKEHUSIMU OJIACTHBIX KJIETOK NepBOHAYaIbHO HMeHn 504 u300pakeHust
¥ Ha BBIXOJIE PKCIIEPUMEHTA TOIYYmiIn 14 CyMMHPOBAaHHBIX U300paKe-
HUit; 14 nzobpaxennit oOpaboTaHHBIX ycpenHeHHOH (unpTpanueit; 14
n300paxeHnit 0opaboTaHHOM MeHaHHON QUIBTpaIUe.

B pesynbrare sKCIIepUMEHTa MOIYYHIN, YTO NPU MEJAUAHHOW (Pritb-
Tpaluu HaOromaeTcst Ooyiee TOYHOE OYEepTaHHE spa, OHA IMO3BOJISIET
yOpaTh pe3KHe IpaHullbl, CIIIAKUBas U300paKeHUE, a IPU BU3YAIILHOM
aHanu3e HabOromaeTca YeTkas KoHdurypauus sapa. O6paboTka u300-
paXXEeHUsI yCPEeAHEHHOW (MIbTpaledl JaeT HaM Pa3MBITOE H300pae-
HUe. YTo KacaeTcsi CpaBHUTEIBHOTO aHAIN3a OJIAaCTOB M KIETOK KPOBU
0e3 MaToJOrHH, TO MOXXKHO OTMETHTBH ClIeJyIoliee: KIETKH KpoBU 0e3
NaTOJIOTUH MMEIOT Si/Ipa MPaBHIILHON (OPMBI KPYTIIYIO HIIH K€ OBajlb-
HYI0, a sijipa OJIACTHBIX KIIETOK 3PO3HMOHHBI, OJICJIHBI U HE HACBIIICHBI
OKpAacCKOH.

B Hacrosimee BpeMsi MPOBOJIUTCA 3KCIIEPUMEHT Ha HCCIIEIOBaHHUE
CTPYKTYPHBIX 3JIEMEHTOB siJiep OJIACTHBIX KJIETOK NPU pa3iHyHbIX IBE-
toBeIX Mozensx (CMUK, HSV, CMX, RGB).

Cnucok JIuTepaTypsl:
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PA3PABOTKA MAKETA CTUMYJIMPYIOIIETO 30HIA
MMOPTATUBHOI'O YCTPOMCTBA TPAHCKPAHUAJIBHOMN
MATHUTHOM CTUMYJISILIUA

Edpemos B.B., bapvuues I K., Koponee M.IO.

Hayuonanenuiii uccnedosamenvcxuil adeprulii yHueepcumem « MUDH »,
Mocksa
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Ha ceromHsmHuil 1eHb CyIIECTBYET JOCTATOYHOE KOIMYECTBO JlaH-
HBIX O BO3JICHCTBUM MAarHUTHOTO TOJsI HA Pa3lMYHbIE YYaCTKH KOPBI
roJIoBHOro Mo3ra. Hambosee pacnpocTpaHeHHBIM METOIOM HEMHBA3UB-
HOT'O BO3CUCTBHSA SIBISICTCS TpaHCKpaHHAaJIbHAas MarHUTHAs CTUMYJIS-
s (nanee TMC). Dta MeToauKa 3aKI04aeTcs B TOM, UTO MarHUTHOE
T1oJIe, BO3/ICHCTBYSl HA MOTOPHYIO 30HY KOpPBI TOJIOBHOTO MO3Ta, BBI3bI-
BACT COKPAILICHUE COOTBETCTBYIOMIMX NMEPUPEPUUSCKUX MBI U WHH-
OUUPYET BO3ZHMUKHOBEHHE HWHIYKIHMW CHa0bIX 3JCKTPHYECKHX TOKOB,
KOTOPBIC CTUMYJIUPYIOT HEPBHBIE KIETKH [ 1-2].

B nacrosiee Bpemst Mmeronuka TMC ucnosnb3yercs: TOJIBKO B YCIO-
BUSIX CTAIlMOHAPHBIX KIMHHK. ATMMapaThl, MO3BOJISIONINE MPOBOJUTH
HYXHBIE MPOLEYPHI, SIBISIOTCS KPYIMHOTa0aApUTHBIMH, YTO 3aTPyTHSET
UX TEepPEeMEIeHNe M, COOTBETCTBEHHO, MPEMATCTBYET 0o0Jiee MIMPOKOMY
NPUMEHEHUI0. AKTyallbHOW MPOOJIeMOil SBIISIETCS CO37aHne TOPTATHB-
HOT'O YCTPOHMCTBa, KOTOPOE BO3MOXKHO OYJIeT IPUMEHSTH B TOM YUCIIE U
B aMOyJaTOpHBIX ycinoBusX. CyliecTByeT HECKOIBKO 3apyOeKHbBIX KOM-
NaHUH, KOTOpBIE 3aHUMAIOTCA Pa3pabOTKON TaKOTo THUIA YCTPOWCTB, B
TO BpeMs KaKk Ha POCCHHCKOM PBIHKE TAKUX HMPOJYKTOB HET.

OCHOBHBIMH LENISIMH aHHOTO IIPOEKTA SIBIISIOTCS: ONpEesIEHHE OIl-
TUMaJIbHBIX Pa3MEPOB HWHAYKTOPOB, UX KOJIUYECTBO U PACIIOIOKEHHE;
CHATHE TEIIOBBIJICIICHISI CO BCEX AJIEMEHTOB KOHCTPYKITUU (B OCOOCH-
HOCTH C ITPOBOJIOB U UHJIYKTOPOB); KOHCTPYHPOBAHUE YCTAHOBKH C yUe-
TOM TpeOOBaHHSA O BO3MOXXHOCTH TPAHCHOPTHPOBKU M NPUMEHEHUS B
JOMAIIHUX YCJOBUSX; Ha/ENEeHUE YCTaHOBKH MAaKCUMaJbHBIMH (DyHK-
MUOHATLHBIMU BO3MOXHOCTSIMH TIPH 33JJaHHBIX rabapuTax.

Co3nanue monoOHOW YCTAaHOBKM IIOMOXET PAacIIMPUTh 00JacTb
npumenenus odopyaoBanus A TMC u 1acT BO3MOKHOCTb IPUMEHSITh
ero sl JICYCHUs APYrux 3a00JIeBaHU, a WCIOJIb30BaHHE MOJJOOHBIX
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YCTPOMCTB B aMOYJIaTOPHBIX yCIOBHSX CYIIECTBEHHO CHHU3HT HArpy3Ky
Ha MEAMIIMHCKUE YUPEKICHUS, YTO MPHUBEIET K 00Jee KaueCTBEHHOMY
MEIUIIMHCKOMY 00CITY)KHBaHHUIO.

B pabote BIMOTHEH aHAIM3 aHAIOTOB M TIPOTOTHIIOB POCCHICKOTO U
3apy0eKHOTO MPOU3BOJICTBA, CHOPMYIIMPOBAHBI TEXHUUYECKUE TPEOOBa-
HUS K CO3JaBa€MOMY YCTPOMCTBY M MPUBEACHBI MPUHIIUIHAIBHBIE CXE-
MBI U IPUHITUTIBL IEWCTBUSI OCHOBHBIX Y3JI0B.

WccnenoBanne BBIMONHAIOCH TIpH (PMHAHCOBOM MOAIEPKKE TpaHTa
«YMHUK».
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B Hacrosee BpeMs B KIMHAYECKOHM OHKOJIOTMU IPAKTUKYETCS
MHOXECTBO KOMIUIEKCHBIX METOAOB JWArHOCTUKHM HOBOOOpa3oBaHWI.
Pemaromiee 3HaueHNe B TUArHOCTHYECKON MPAKTUKE UTPAeT OOHApYKe-
HUE TPU3HAKOB Pa3BUTHS MATOJOTMU Ha PaHHMUX €€ CTaIusiX, TEM ca-
MBIM yBenMuuBasi 3pPeKTUBHOCTH JIeUeHUS] ¥ CHUXKAs PUCKH LIS 3/10-
poBbsl manmeHTa. L{enpro TaHHOTO MCCIeOBaHUs SBISETCS pa3paboTka
METO/1a TMArHOCTHKH MaTOJOTHI MTOKPOBHEIX TKAHEH YelloBeKa.

'unepcnexTpanbHble N300pakeHns OMOTKaHEeW PErUCTPUPOBAIHCH C
ucnonb3zoBanueM HSI kamepsl npousBojctBa HayuHO-TeXHUYECKOTO
LeHTpa yHUKainbHOro npudopocrpoenust PAH (r. Mocksa) [1]. Cucrema
CIOCOOHA 0TOOpaXKaTh CIIEKTPAIbHBIC H300paXESHHsI ¢ IaroM Jio 2,3 HM
B nuamazone 450-750 um. Ucnons3oBanue IEEE-802.3 mpoTtokona me-
penayn JaHHBIX 00ECTIeYNBAeT BO3MOKHOCTh TOIYYCHUS U300paKeHUI
paspemenuem 1360x1024 pel (MakcuMambHOE yBETHMYEHHE OOJIACTH
CKaHHpOBaHUA 7X7 cM). B mpoliecce ckaHUPOBaHUS THIIEPCIIEKTPOB KO-
KM MAIIMEHTOB N VIVO JUTsS CHCTEMATH3aIlui METOIUKH OBLIIO YMEHbIIIE-
HO BpEMS PETUCTPAIIUH C YMEHBIIIEHUEM IlIara CKAHUPOBAHUS JI0 5 HM U
peructpupyemoit odmactu 10 501x501 pel. Takum o0Opa3om, KaxabIi
obpazern xapaKTepu30BaJICsS THIEPKyOoM paszMepHOcThIo S01x501x61.
[IpoTokossl TKaHel B JMAarHOCTHKE IN VIVO ObUIN 0JJOOPEHBI STHYECKUM
komMuTeToM CaMapcKOro rocyZapCTBEHHOTO MEIHIIMHCKOTO YHHBEPCH-
TeTa. Pe3ynbraTel MCCIleOBaHUA iN VIVO COMOCTaBISINCh C €X VIVO u
TUCTOJIOTHYECKUM aHau30oM oOpasua. IlonyueHnsle naHable 00padaThl-
BaNuch B nporpammHoii cpene MATLAB R2014a.

[Mepen aHanmu3oM JaHHBIX W300paKEHHE HA KaXIOW JTUHE BOJHBI
CTaOMIIN3UPOBAJIOCH OTHOCUTENBHO BEIOPAHHOIO CTALMOHAPHOTO Kajpa
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BO BPEMEHHOM HHTEpBaJe CKaHWpoBaHWA. JlaHHBIM 3Tam 00paboTKH
ObUT HEOOXOUM B CBSI3M CO CMELICHHWEM O00JacTH CKaHWPOBAHHS, CBS-
3aHHBIM C CaMOIIPOU3BOJIBLHBIMH MaKpOJBM)KCHUSIMH TMalldeHTa (AbIxa-
HUe ¥ T.A.). s Bu3yanu3amuu oOpaTHOTO paccesHusi o0pas3oB OHOT-
kaHel ObuT BBIOpaH Oenbiii LED MCTOYHMK, KOTOPBIN pacroiaraics Ha
paccrosaun 40-50 cM oT oObekTa uccnenosanus. [lomydenue paBHO-
MEPHOTO pacmpeziesieHus] MO OCBEUICHHsS IS JajbHEeHIell HOpMHU-
POBKH OBIJIO OCHOBaHO Ha BBIYMCIICHWHU (POHA WCTOYHHKA M3 AMPOKCH-
MHUPOBAHHBIX CIIEKTPANBHBIX N300paKeHUH 00BEKTA.

OCHOBHBIMH XapaKTEPUCTHUKAMHU MATOJIOTHYECKUX OOpa3oBaHUI KO-
KU SIBIISIETCSI PaCIIMPEHHE KaNMUILIPHOW CETKH, 0OYCIIOBICHHOE IHTa-
HUEM pa3pacTaloUIeHCsl OMyXOJH, a TAaKXKe YBEJIUUEHHE KOHICHTPAIUH
MCJIaHAlIUTOB B KJICTKax SMNHUJACpMHCA. B PE3yIbTATC, ONTHYCCKUE Xa-
PaKTEpPUCTUKHA HOBOOOPA30BAHUS CYIIECTBEHHO OTIMYAIOTCS OT Xapak-
TEPHUCTUK 3I0POBOM KOXKH, UTO MPUBOIUT K N3MEHEHHIO HHTEHCUBHOCTH
o0patHo paccessuus (OP). Onruyeckas mioTHocTh (OD) B kaxmo# Tou-
Ke n300paxeHust oOpasna (X,y) Ha BBIJIEICHHON IJIMHE BOJHEI A OTpe-
JIEJSIIACh U3 CIEIYIONIET0 COOTHOIICHHS:

OD(x,y,4) = IgM (1)
1(x,y,4)

rae 10(x,y,A\) — uHTeHCcuBHOCT, OP 0T (hoHA HCTOYHMKA H3ITyUYCHHUS,
I(x,y,A) — uarencuBHOCTh OP 0T 00Opasiia ckanupoBanus. B pesynbrare,
oTpezieNieHNe CYMM OINTHYECKHX TUIOTHOCTEH B IMANa30He MaKCHMYMOB
morJIommeHus remMoritoonaa u Menanuaa (500-600 n 600-700 HM) Ha He-
KOTOPO# TUIOIIAM CKaHWPOBaHHS KOXKHU MO3BoIiI0 auddepennuany-
pOBaTh MaToyorHYecKkue TkaHu. Ha ocHOBe cpaBHEHUS TMPEJIOKEHHOTO
METoJla C paHee pPa3pabOTaHHBIMHU METOAMKAMH HHCTPYMEHTAIHLHOTO
oOHapyXeHHsT MellaHOM, MOYKHO CJIeNiaTh BBIBOJI, YTO pa3pabOTaHHBIH
METO/I MOKa3bIBaET TAKYIO e TOUHOCTh B AuddepeHmanum HoBooopa-
30BaHMI KOKU KaK M Ipyrue MEeTObl THIIEPCIEKTPaIbHOTO aHanuza [2],
a TaKkKe crocoOeH KOHKYPUPOBATh C IPYTHMU BHJAMH aHAN3a, TAKUMU
Kak (DIyOpEeCUEHTHBI aHaIW3 W CIEKTPOCKOMUS KOMOWHAIIMOHHOTO
paccesHus CBETa.

B pesynbraTe mccienoBaHUs MOMY4YEHbI W300pa)KeHMs, BU3YyaJIU3H-
pYIOIIHE pachpesie/icHue MaTONOTH KOXKM M YYUTHIBAIOIINE KOHIICH-
TpalUIo TeMOrJIo0MHa M MeJNaHWHA Ha BCel IO/ CKaHUPOBaHUS.
Bunapras macka u300pakeHHsI 00JacTell MaTOJIOTMM COBMEIIANIACh C
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nmonydeHHpIM 3 runepkyda RGB m3o6paxenmem mpotokona. Ilpen-
CTaBJICHHAS METOJIMKA MTO3BOJICT B PEATBHOM BPEMEHHU OIICHUTH COCTO-
SIHAE KOXKU TMAIUeHTa C TIOMOIIBI0 WHCTPYMEHTAIBHOTO MeTo1a. Takum
obpazoM, cucrema OOpabOTKH THIEPCIEKTPATHHBIX ITAaHHBIX MOXKET
OBITh TOJIC3HOH B 00JACTH KIMHHUYECKOW OHKonoruu. Kpome toro,
MPEIUIOKCHHBIN METOJl OOHAapy>KEHUST HOBOOOPa30BaHUI HCIIONIB3YET
TOJILKO BUJMMBIN JIMANa30H CIEKTPa, YTO 3HAYUTEIBHO CHIKACT CTOU-
MOCTb MpeJIaraéMoi CHCTEMBI THITEPCIIEKTPATBHON BU3yaTH3aIUH.
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KBAHTOBO-MEXAHUYECKOE OITMCAHUME ITPOTOHHOI'O
TPAHCIIOPTA B XOAE KATAJIUTUYECKOT' O IIUKJIA
FoF1-rAT®CHUHTA3DbI

Heonuyun JI.A. 1, Mawkosuesa E.B.l’z, Hapuyuccoes AP

YHayuonansnwiii uccnedosamenscruii a0epubiti ynugepcumem « MUDH y,
Mocxkea
2HUM yumoxumuu u MonekyaapHou gapmakonozuu, Mockea
89296174543, leonid-ivoncin@yandex.ru

B nocnennee necstuieTue noBbIlIaeTcd BHUMaHKE, YIEIIEMOe HC-
CJIEZIOBAHHIO KJIETOYHBIX MOJICKYJISIPHBIX MAIIMH ¥ MEXaHU3MOB, paboTa
KOTOPBIX CBsI3aHa C HAIPaBJICHHBIM BpPALIEHUEM MX POTOpa. THIHYIHBIM
NPEACTaBUTEIEM CEMEHCTBA MOJICKYJISIPHBIX 3JIEKTPOMOTOPOB SIBIISIETCS
FoF1-ATdcunrasa — OENKOBBIM KOMIIIEKC, 00ECIIEUNBAIOIIMN CHHTE3
AT® (Aneno3un-5’-tpudocdar) 3a cdeT HAKOIUICHUS W MpeoOpazoBa-
HUSI MEXaHUYECKOW 3HEPrHM BPALICHUS B SHEPIUI0 MaKpO3PIUYECKOi
csizu [1]. Crpykrypa FoFi-AT®cunTa3pl mokaszaHa Ha puc. 1 U BKIIIO-
YaeT JIBa CPaBHUTENBHO KPYMHHBIX OenKkoBbIX kKomruiekca F; u Fo. B
OenkoBoM KoMmIUiekce F; HaxonsTcs KaTalIuTHYECKHE LEHTPHI, B KOTO-
PBIX HETOCPEACTBEHHO IPOUCXOAAT PEaKIUH CHUHTEe3a W THIPOIH3a
AT®. benkossrii komIuiekc F, COIEpKUT IPOTOH-TIPOBOISIITUE MOTYyKa-
HaJIBl: 3TOT KOMILJIEKC 00ECHEeUMBAET CONPsDKEHUE MEXIY MPOLeccaMu
HiepeHoca MPOTOHOB Yepe3 MeMOpaHy U peakuusiMu ciuaTeza ATO [2].

[Monyuennas sueprust B popme ATD HeoOXoauma Ajis IPOTEKAHUS
BCEX IMPOLECCOB B XKMBBIX Oopranm3zmax. OmHaKo, HECMOTpPS Ha 3HA4YU-
TEJIbHBIE YCIIEXH CTPYKTYPHOH OMOJIOTHMM B MOCIETHHUE TOJbI, TOYHBIH
MeXaHU3M (YHKIMOHUPOBAHUS OCHOBHOTO HSHEPTOCHHTE3HPYIOIIETO
(depMeHTa KIETKH JI0 CUX TIOp He JIeTaIu3HupOBaH.

Lenbto paboTHI SBIISIETCS MOCTPOCHUE KBAHTOBO-MEXaHHUUECKONW MO-
JIEJIH, OMHCHIBAIOIIEH MPOTOHHBIA TPAHCIIOPT B XOJ€ KaTAIUTHUECKOrO
mukiaa FoFi-AT®dcunTrassbl.

CocTosHHE POTOHA OMUCBIBAETCS C MOMOIIBI0 ypaBHeHUs Lpénun-
repa Juisi OJHOMEPHOH 3a7auu B MOCTOSTHHOM IMOTEHIUANe, CO3AaHHOM
(UKCHpPOBaHHBIMH 3apsiaMH IoNykaHana. [locTpoeHsl TmpoQuiu Io-
TEHIIMAIBHOW SHEPTHH MPOTOHA B IMOJyKaHANaX, MO3BOJISIONINE OMpe-
JEeNUTh BBICOTHI 0aphepoB M IIIyOWHBI OTCHUUAIBHBIX SIM IIPH ABHKE-
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HuM poToHa. [Ipu pacyere moTeHIIMAAa HA MAKPOCKOITUYECKOM YPOBHE
VUUTHIBAJIACh MOJIAPU3AIIUS BOBI, 3aMOJHSIONICH KaHal, 4TO BEJACT K
ocna0IeHuIo MoJIs 3apsiioB. PacCMOTpeH MeXaHHW3M TYHEJUTHPOBAHHS
MPOTOHA Yepe3 MOTCHIMATBHEIN Oapbep.

o lr“‘ o TP
5
1P
F. b [ ADP + P,
H™. I
Y e
FO g 2 eo|® .
Jl L
a H+

Puc. 1. Crpykrypa F,F,;-AT®DcunTasst

ITpu paccMOTpEeHUU CBSA3aHHBIX COCTOSHUN B MOTEHIMAJBHBIX sIMax
MPOBEJIEH pacueT CIEeKTpa DHEPTHi 10 MpaBWIy KBaHTOBaHUs bopa-
3ommepdensaa. [lokazano, 4TO TIaKWiA MOTEHIMANIBHBIN pebed BeaeT
K 00pa30BaHUIO «HETJYOOKUX» COCTOSIHUM, JJIi KOTOPBIX BO3MOXCH
BBIXOJI TPOTOHA TI0 TEPMUIECKOMY MEXaHHU3MY.

Kpowme Toro, ¢ yueToM aTOMHBIX paguyCcoB MPOBEACHO MOJIEIHPOBa-
HHUE BO3MOXXHBIX IOJIOXKEHUM MOJIEKYJ BOJABI B MOdyKaHaine. Takoi
MIOIXO/T TIO3BOJISIET YUECTh BIUSHUE 3apsIIOB B MOJIEKYJIaX BOJIBI HA pac-
MpeJieieHne TIOTeHIMalla B TOJyKaHanax. PaccMOTpeHBl pas3iuvHEIE
MyTH TPAHCIOPTa IPOTOHA Yepe3 MeMOpaHy.

[TonydeHusie B paboTe pe3ysIbTaThl MOT'YT OBITh HCIIOJIb30BaHBI KaK
JUTSL pacyeTa MPOTOHHOI'O TOKa 4Yepe3 MOJyKaHAJbl, TaK M JUIS OICHKU
BBIJICJISAIONICHCS B MpoIecce NEPeHoca MPOTOHA XUMUYECKON SHEPTUu,
KOTOpas, COBMECTHO C MEXAHMUYECKOM HHEpruei BpalleHUs, MOXKET
ObITH MpeoOpa3oBaHa B 3Hepruto ATO.
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JJIMNTEJIBHASA IIOMUHECHEHIIMA 30HIA KAK ITIOKA3A-
TEJIb YPOBHS TKAHEBOI'O KUCJIOPOJA B OIIYXOJIAX

Hwemeynoe A. T., Myxanosa A.®., Cokabaesa C.C.

Openbypeckuii 2ocyoapcmeennulil yHugepcumem, Openbype
+7(905)81-06-556, azamat.ischemgulov@yandex.ru

Baxnoii mpobiemoit (poTromrmHaMHUECKOH Teparmuu HOBOOOpa3oBa-
HUI SIBISICTCS KOHTPOJb T€HEpAIlMU CHHIJIETHOTO KUCIOPOJa B TKAHH.
®dyopecleHIus CeHCUOMIM3aTopa, 00yCIOBICHHAsT B3aUMOICHCTBUEM
BO36y)K[IéHHBIX TPUILJIICTHBIX COCTOSIHUM 30HJa C CHUHIJICTHBIM KHUCJIO-
pomom (cuHTIET-TpUIUIeTHONW aHHUTWISINA — CTA), peacTaBiser co-
0ol MEepPCHEeKTHBHBIA METOJ| OLICHKH JWHAMHUKU KHCJIOPOJa BO BpEeMs
Ja3epHOro Bo30OyxaeHus Onotkanedt [1, 2]. B Hacrosmeii pabote uc-
CJIEJIOBAHBI in Vitro pakoBbIC W 3I0OPOBBIC TKAHW MOJIOYHOH *Kele3bl Jia-
OopatopubIx Mprmel muHIr BYRB. B xauectBe BHYyTpUTKaHEBOTO 30H-
Jla UCMOJIb30BAJICA IPUTPO3UH — BUTAJbHBIA TMCTOJOTMYECKUN KpacH-
TeNb, 00JaJArOIIUi XOPOIIMM BBIXOJOM B TPHILUIETHOE BO30YXKIEHHOE
cocrosiHue. JITMTENbHOE TOCIECBEUCHUE DPUTPO3MHA B TKAHSIX MpPE-
CTaBJICHO ABYMs mosiocamu: ¢uryopectieHnmd Ha 570 HM u docdopec-
teHiu Ha 680 HM (puc. 1-2). [Ipu 00ecKUCIOpOKUBaHUN 00Pa3IIOB (B
HAllleM cllydae MpH JUIMTENLHOW WHKYOalud B MPOTOYHOM a30Te)
HaOJIr01aT0Ch U3MEHEHHUE XapaKTepa JUIMTENFHOTO MOCIeCBEYCHUS: HH-
TEHCUBHOCThH (DJIyOpecleHIMK 30H/a naaaetr, (ochopecieHIIuu — pac-
€t (puc. 1). BeposiTHO, 3TO CBSI3aHO € TEM, YTO BO30YXIEHHBIC TPH-
TUIETHBIE COCTOSIHUSI CEHCUOMIN3AaTOpa B OTCYTCTBHE OCHOBHOTO TYIIH-
Tens (KUCIOpO/a) pellakCHPYIOT albTEPHATUBHBIMU MyTSIMH — B TOM
yucie u ¢ ucnyckanueM docdopectieniuein. Tak kak BUI 3aMeJICHHOM
¢yopecueHINN MpU Mepexoe OT 0ObIYHONW aTMochepbl K OecKucio-
pOJIHOfI 3aMCTHO U3MCHSCTCA, MOXXHO CUHUTATh, YTO OCHOBHAS JOJIA CBC-
yeHusl B 3ToM nojioce odyciopieHa CTA.
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T T T T
660 680 700 720

T
540 360 580 600 620 640

A, nm
Puc.1. Cnektpbl 3amMeIEHHOH JIIOMUHECIICHIIMY SPUTPO3HHA B OITyXO0-
JI MOJIOYHOM JKeJie3bl MBILIH: Ha Bo3ayxe (in air), a Takke MpH HHKY-
Oaruu B a3ote (in nitro). CrutomrHas IMHUS - CIIEKTp ObICTPOii (utyo-
pecueniuu (prompt fluorescence)
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Puc. 2. Cnektpsl 3aMeUIEHHOH! JIFOMUHECLIEHIINH S)PUTPO3HHA B OITY-
XOJIM MOJIOYHOM >KE€JIe3bl MBIIIH IS IEPBOTO M CEIBMOT0 BO30YyK1a-
IOLIUX UMITYJIbCOB, CJIEI0BABIINX € 4aCTOTOU 5 'y

Jns omyxoJsieBBIX TKaHEU MpH JIa3epHOM OOTydEeHUH B UMITYJIHCHO-
MEPUOANYECKOM pexkuMe ¢ dactoroit 5—10 'y oOHapykeHO TymieHue
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(IryopectieHIINH, COMPOBOXKIAIONIEECs] HE3HAYUTEIBHBIM POCTOM (oc-
¢dopecriernuu (puc.2). OOHapYKEHHOE TYIICHUE 3aBUCHT OT IMEpPHOIA
CIIeZIOBaHMsI BO30YKJAIOIINX UMITYJIBCOB: C YBEIWYCHUEM MEPHUOJA TY-
meHne ociabeBaeT M 1Mo JOCTIKEHUH 2—3 CeKyH] He HaOmomaeTcst. 910
UCKIIIOYaeT cBsA3b HaOmoaaeMoro 3¢¢ekra ¢ HeoOpaTUMbIMU (HOTOXH-
MHUYECKUMH M3MEHEHUSAMHU KpacuTelsl. AHAIOTHSI MEXIY SIBJICHUSIMH Ha
puc. 1 u 2 mo3BONSAET MpearoiaraTh, 4TO TyIIeHHE (IyopecIeHINH,
BBI3BAHHOE HMITYJIbCHO-TIEPHOIMYECKAM BO30YKIACHHEM, CBS3aHO C
YMEHBIICHUEM KOHIIEHTPAIMK MOJABMKHOTO KHCIOPOJa B OKPECTHOCTH
TPHUILIET-BO30YyKAaeMoro cencubmimmsaropa. OOpa3yeMblii CHHTIIETHBIN
KHCIIOPOJT aKTHBHO CBS3BIBACTCS C BHYTPUTKAHEBBIMH O€IKAMU H JIHITH-
nmamu [3]. Ecniu BoccTaHOBJIEHHE KOHIICHTpPAIMKM KHCIOpOAA 3a CUET
I Qy3uu OyIeT MPOUCXOIUTh MeIJICHHEee, YeM 3a BpEMEHHOU MmpoMe-
JKYTOK MEXIY ABYMS BO3OYXKIAIOMIMMH HMMITYJIbCaMH, OyIeT HabIro-
JaThCs M300pakE€HHBINA Ha puc. 2 3gdekT. Tak kak 3amemieHHas Qiryo-
pecLeHIIMsT MCIOIb3YEeMOTr0 30HIa B 3HAYMTENBHOW Mepe 3aBHCUT OT
kucnopoao3aBucuMbIX peakmmuii CTA, oOHapyXeHHBIH 3PEKT MO3BO-
JSIeT € XOpomLIeH TOCTOBEPHOCTHIO MPOU3BOIAMTH OLECHKY KOJIHYECTBA
MPOU3BOAMMOI0 CHHIJICTHOTO KHCJIOpOAa B XOA€ (OTOIMHAMHUYECKON
TEpanuu Mo CBEUEHHUIO CEHCUOMITH3aTOopa.
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Beenenne. B pabore npeacraBieHbl OlieHKa 036 BHYTPEHHETO 00-
Jy4eHUs B pe3yJbTaTe HHIUACHTA, CBA3aHHOIO C HAPYILICHUEM TEXHUKH
Oe3omacHOCTH TIPH PabOTe ¢ MCTOYHUKAMH HWOHH3HPYIOMIETO H3ITyde-
Hus, BemonHeHHas B 2010 romy B OI'BY THI[ OMBI wum.
A.N. bypnazsna ®MBA Poccun. Ilpu npoxoxneHuu paguanioOHHOIO
KOHTPOJIA TI0 OKOHYaHWU pabodero nHs y padoramka C. ObUT 3aperu-
CTPUPOBAH MOBBIIICHHBIH yPOBEHb raMMa-u3ydeHus Teia. Ha ocHoBa-
HUH PE3yJIbTaTOB MIEPBUYHOTO 00CIeI0BaHuUS ObIIO IPUHSTO PEIICHHE O
rociimtanu3anun B ®I'bY T'HI[ ®MBI] um. A.U. bypnassna ®MBA.
Jnst vckimoueHus paJioakTUBHOTO 3arpsA3HEHUs] TPAHCIOPTHOTO Cpeji-
CTBa HCIIOJIb30BAIMCH CHeMaIbHbIe cpeacTBa. [lo pesynpTaTaM aHamu-
3a COIYTCTBYIOLIMX OOCTOSITENBCTB OBUIO CAETAHO IMPEIIIONOKEHHE O
TepOpPAIbHOM IIOCTYIUIEHHH B OPTaHH3M PaIHOHYKIHIa o CS.

Henas u Meromosorus. /st OLCHKH YPOBHEW IOCTYIUIEHUS U 3HA-
ueHn oxunaemoit s dexkruBHoi no3er (O3/]), B ®I'BY I'HL| ®MBI]
uM. A.U. Bypnazsna ®MBA Poccum Obul TIpoBeZieH HEOOXOAMMEII
KomIiekc Omopusnveckux obcnenoBanuii (in vivo  in vitro). beum
MIPOBEZICHB M3MEPEHUS COAEPXKALINXCS B TEJE Y-H3IydaloUINX pPajro-
HYKJIUJIOB C HCIIOJIb30BaHHEM CIIEKTPOMETPOB H3IIyUeHHs YeJOBEKa
(CHY) [1]. KpoMe TOro, H3Mepsiock cojeprkanue - Cs B mpobax MOUH,
Kajga U kpoBH. Jlns momydeHuss MHGOpPMAMKH O BO3MOXKHBIX YPOBHSIX
MOCTYIUICHUS O- ¥ B-M3Ty4arolnX PaJuoHyKIHI0B ObUT BBIIIOJIHEH pa-
JUOXMMHYECKUH aHaJIn3 Ipo0 MOYHM U Kasla Ha CoJlepKaHue ypaHa, Iury-
TOHHUSI ¥ CTPOHIMA. Kpome Toro, JUis JO3UMETPHUYECKHX OLIEHOK OBLIH
WCIIOJIb30BaHbl Pe3yJIbTaThl aHAIOTUYHBIX W3MEPEHHH, BBITIOJHEHHBIX
(mo rocnuranuzanuu 6onbHOI C. B @MBII um. A.M. bypnazsna ®MBA
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Poccun) B Llentpe ruruens! u snuaemuonorun (LI'n3), obcmykxuBato-
1IeM MpennpusiTHe, Ha KOTOPOM A0 WHIMIeHTa paboTana JaHHas 0OJb-
Hasl.

CrnexyeT OTMETHTh, UTO, COTNIacHO KuHeTnke Hakorwenus OJ/] [2],
3a 1-if TOJ MOCIE MEpOPaNbHOrO MOCTYILICHHS PagHOHyKmuaa - CS
Hakonutca 92%, a mocie MOCTYIUICHUS PaAUOHYKINIA gy — 24% mo-
JKU3HEHHOW 103bl. IHBIMHU ClTOBaMu, B CiIydae MOCTYIUICHUS B OPTaHU3M
panuone3usl aJMMEHTapHO MPAKTUYECKU BCs A03a OyIOeT peann3oBaHa
3a IIEPBBIH TOI.

Pe3yabTarbl. bruia BeINOIHEHA OLEHKA YPOBHEW MOCTYIUIEHUS U
O3/] B mpeanonoxKeHnn NepopanbHOTo moctyrieHus [2 — 5], Paccun-
TaHHbIC HA OCHOBAaHHH PE3yJILTATOB M3MEPEHUI colepaHus B Teje (C
ucnons3zoBanreM CHUY) 3Hauenus ypoBHed moctymieHus u O3]l nns
Bcs — nopsiIKa 3,5><106 bk 1 45 M3B, COOTBETCTBEHHO. AHAJIOTHYHEIC
OIIEHKH HA OCHOBAHMH DE3y/IbTATOB H3MEpeHHi ' Cs B MOYE COCTaB-
JISIOT: TIOCTYIJICHUE — 3,7x10° Bk; O3] — 48 Mm3s. ITpu »TOM, Gosee
JIOCTOBEPHBIMU SBISIIOTCS oueHKH O3]l, ocHOBaHHBIE Ha pe3yibTaTax
MPSIMBIX U3MEPEHUH, MONy4YeHHbIX Ha ycTaHoBKax CUY. OTu onieHKH U
ObUTM WCTIONIb30BaHbl B JalibHelIeM. V3MepeHusi, BBINONHEHHBIC JUIS
obHapyxenuss U u Pu, He BBISBIIM WX MPUCYTCTBHA B oOpasnax. Ore-
HenHoe 3uauenne O] ot *Sr (mpHCYTCTBYIOLIETO B pPacTBOpE B Kaue-
cTBe npumMecH) — He 6osee 0,5 m3B. Takum 00pazom, 103a BHYTPEHHETO
o0ydeHus] TPaKTHYECKH TOJIHOCTBI0 copMuUpoBaHa 3a CUET pajuo-
mykmiaa °'Cs. ITo naHHbIM ciyxObl P Hpenpustis, 3Hauenne 10361,
HaKOIIJICHHOM JIO MHIIMJEeHTA ¢ Hadana roga — 1,4 m3B. CinemoBaTensHO,
MIPEBBIIICHNE OIIEHEHHOTO 3HAUYEHUs] CYMMapHOMN T'OJ0BOM 103bI BHEII-
HET0 M BHYTPEHHETO 00y4yeHus Haj ypoBHeM 50 M3B He 3adukcrupoBa-
Ho. ChopmupoBaHa 71032 BHYTPEHHETO OOIydeHHs OyAeT NMpaKkTHYECKH
TOJTHOCTBIO 3a CUET paguoHyKIHaa - Cs. IIpi 3TOM ClIeAyeT yumThI-
BaTh, YTO B COOTBETCTBHH C COBPEMEHHBIMH TOIXO0/IaMH, IO OTpeaese-
HUIO, IPU BHYTPEHHEM OOJIyueHHH, HakoIuleHHas 3a 50 net no3a ¢op-
MaJIbHO TPUIUCHIBAETCS TOLY, B KOTOPOM IPOM3OILIO MOCTyIUIeHHe. B
JEHCTBUTEILHOCTH K€, B JIAHHOM CJIydae, Jio3a BHYTPEHHEro o0iryde-
HUSl, HAKOIUIEHHAs! B TEUYEHHUE MEPBOI0 rojia Mocie MOCTYIUIEHUs, HEHa-
MHOT0 npeBbIcUT 40 M3B.

3aknoueHue. beun OINleHEHBI YPOBHHU MOCTYIUICHUS U 0XKHAEMOU
> (eKTHBHOM 1036l B pe3y/bTaTe HEIITATHOrO IOCTYIIeHHs ' Cs u
%Sr. YcranoBeHo, uTo oxunaeMas dpEKTUBHAS 033, HE IPEBBICHIA
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npeebHble 3HAYEHHs, YCTaHOBICHHbBIE B poccuiickux Hopmax pasua-
MoHHo# 6e3omacHoctr HPB-99/2009 [6].
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Hprymckuii 2ocyoapcmeenHbitl MeOUYUHCKUT YHUGEPCUTNEN,

2. Upxymck, Poccus
89149263966, cohol2007 @yandex.ru

JloCTYynHOCTh TONYNPOBOAHUKOBBIX JIa3€POB BBICOKOHW MOIHOCTH
JIeNaeT aKTyalbHbIM BOIIPOC YIPaBIEHUs JOCTAaBKOHM JIa3epHOTO H3ILy-
YeHUs B 3apaHee 3aJaHHbIi paliloH OpraHn3Ma 1 o0ecrieyeHns 3aJaHHON
SHEPreTHYECKON 103bl. DHEprus, HeoOXoauMasl Ui TepareBTUYEeCKOro
(1eyeOHOTr0) BO3ACHCTBUS, ONPEICIISICTC THIIOM 3a00JIeBaHUsA. Y YUThI-
Bas, YTO M3Jyuye€HHE MOKET MOJBOAUTHCSA IO HECKOJBKUM «Mapuipy-
Tam» JUISL 3aIlIMThl OT MOPAKEHHUSI MMEIOLINXCS Ha MyTH 30POBBIX TKa-
HEH, clieayeT pacCUUTHIBaTh HOABOAUMYIO MOLIHOCTD C YUY€TOM JUIMHBI
BOJIHBI U3ITy4EHUsI.

W3BecTHO, YTO Jla3epHOE M3IIyUYEHHE BIMSET HA MPOLECCH KPUCTAa-
nooOpa3oBaHus B IpenapaTax yeinoBedeckoi xemuu [1]. Dto obcros-
TEJIHCTBO JIEJaeT aKTyaJIbHBIM U MPAKTUYECKH 3HAYMMBIM HCCIIET0BaHUE
BO3MOXHOCTU MPOPHUIAKTHUECKOTO BIIMSIHUS J1a3epHOTO M3ITyYeHHs Ha
nporecc GOpMUPOBAHHUS JKEITUHBIX KAMHEH.

Llens HacTosimiei paboThl — pa3pabOTKa TEXHOJOTMH BO3IEHCTBHUS
Ja3epHbIM HW3JIyYeHHEeM Ha O0pa3oBaHHWE W POCT OHMOMHHEpAaIoOB, Ha
npruMepe KaMHeoOpa3oBaHUs B KEMTYHOM Iy3blpe. OHa U3 OCHOBHBIX
npobjeM NpH peanr3alud JaHHOTO MPOQHIAKTHYECKOro MeToja Ha
MIPAKTUKE 3aKIIOYAETCs] B JOCTaBKE M3IIyUYEHHUS HAa COOTBETCTBYIOIIYIO
rIyOWHY BHYTPh TKaHed opranusma. IIpm 3ToM HEOOXOIMMO MHHUMU-
3UpOBaTh MOTEPU IHEPTHH, KOTOPBIE TPOUCXOMAAT B PE3yJIbTaTe OTPaXKe-
HUS, pACCESTHHS Y TIOTJIOIIEHHUS M3TyUYeHUS TKaHsIMH OpraHu3Ma.

OnuH 13 BO3MOXKHBIX ITyTeH pelIeHns TaHHOW MpoOJIeMbl — NCTIONb-
3oBaHue JuIst otod nenu UK masepHoro msmydeHHs, MOCKOJIBKY MEIH-
LMHCKHUE aINIapaTbl HA OCHOBE MOJIYIPOBOAHUKOBBIX J1azepoB ¢ UK us-
mygenueM (A = 0,9 — 1,5 mxm) momtHOCTEIO 710 100 MBT 11 G0Mee moryT
o0ecrneynTh NPOHUKHOBEHHE U3Ty4eHHsI B TKaHH A0 T1younsl 10 cMm [2].
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Hpyroit BapuaHT MOXKET OBITh O0ECIIeYeH MHOTOIYYEBEIM OOTydeHUEM
C pa3HBIX HaNpaBJICHHUH.

Bonpoc 0 MexaHu3Max JTOKaJIH3alKy B TOJIIE OMOJIOTMYeCKON TKaH!
JIa3epHOT0 M3JIy4EHHsI TaKkXKe SIBJIETCS akTyaldbHbIM. KorepeHTHoe u3-
Jy4eHue, momnajas B OMOBEUIECTBO, U3MEHIET CBOE MPOCTPAHCTBEHHOE
pacrpeneneHie HHTCHCUBHOCTH 32 CUET ONTHYECKONH aHU30TPOIHHU KH-
BOM TKAaHU: BO3HHMKAIOT SIBHO BBIICJICHHBIE B IPOCTPAHCTBE 00JAaCTH —
KayCTHKH, CIEKJI-TIATHA — C BBICOKON IIOTHOCTHIO MOILHOCTH JIa3€pPHO-
ro M3JIyYeHHs, KOTOPBIE K TOMY € OKa3bIBalOTCSl COTIACOBAHHBIMU I10
CTPYKType C OO0JydaeMOil TKaHbIO, YTO OOECIIEYMBAET BO3MOXKHOCTH
IPEOJIOJICHNSI SHEPIreTUYECKOr0 Mopora il COOTBETCTBYIOIIUX (OTO-
XuMudeckux peakmuid [3]. Jpyrum mexanu3Mom, 00ecTeYHBarOIIUM
JIOKaJIM3alUI0 ¥ KOHIIEHTPAIMIO CBETOBOTO U3IYyUSHHS, MOXKET SIBIISTHCS
B3aUMOJICHCTBHUE JIa3€PHOTO CBETA C IJICHOYHBIMU CTPYKTYpaMu — OHO-
JIOTUYECKUMH KIIETOYHBIMU MeMOpaHamu [3].

OCHOBHBIM PacCceMBaIOIIUM 3JIEMEHTOM Ha MyTH JIa3epHOro U3Iyde-
HUS B IMTyOb TakHEH B MEPBYIO OYepelb SIBJISETCS KOXa, IIO3TOMY CJie-
IyeT IPUMEHATH «IIPOCBETICHHUE)» MECTa BBOJA U3ITYUEHHsI C IOMOLIBIO
rnuuepusa, Maseil u T.1. [4]. C apyroil cTopoHbI, YMEHBIIUTh Paccen-
BaHNE U yBEIMYUTh MHTCHCUBHOCTH MPOIIEIIET0 Yepe3 OMOTKaHb Jia-
3€pPHOr0 M3IYYEHHUS MOXKHO MpU €€ KOMIPECCHOHHOM cxatuu [5]. B
OTJIMYKME OT WHBA3MBHBIX METOJOB BBEJICHHS J1a3epHOTO HM3Iy4YCHHUS B
OpraHusM, MpuUMeHeHue 3Toro 3ddekra He CBS3aHO C TOBPEKICHUEM
TKaHel opranusma. llpu ompeneneHuM MOIJIOIIEHHOW J03bI HHEPTUU
JIa3epHOr0 M3JIyYeHHUs CIENyeT YUUTBHIBATh 3HAYMTEIbHOE OCialieHHne
TUIOTHOCTH MOIIHOCTH 3a CYeT AM(PAKIHMK Ha KIETOYHBIX CTPYKTypax
(da30BBIX HEOJHOPOAHOCTSX), U MOITOMY OTKJIOHEHHUS! OT 3KCIIOHEHIIHU-
AIBHOTO 3aKOHA PAacHpPOCTPAHEHUSI OKA3bIBAIOTCS 3HAUYUTEIBHBIMH. DTH
00CTOSATENBCTBA YKA3hIBAIOT M Ha HEOOXOAMMOCTH Pa3BHUTHS ammapara
JIa3€pHOU 103UMETPUU B MEUIIUHE.

BriBog — mporieccsl TOCTaBKU JIa3€pHOIO M3JIyYeHHsl BIIIyOb opra-
HU3Ma MOKHO ONITHMH3UPOBATH C YY€TOM CTPYKTYp OMOTKAHEH.

JIutepatypa
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DPOCPOPHAA MP CIIEKTPOCKOIIUA KAK METO/{
HNCCIEAOBAHUA METABOJIN3MA I'OJIOBHOI'O MO3T'A
YEJIOBEKA B HOPME U ITATOJOT'MA

Manocypues A.B. 1, Ceménosa H.A.l’z, Axaooe T.A.

YHUU Heomnoocnoii Jlemcroti Xupypeuu u Tpasmamonoeuu, Mockea
2H}Ltcmumym Xumuuecxoti Quzuxu um. H.H. Ceménosa PAH, Mockea
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MaruautHo-pe3oHaHcHas ciekTpockonus (MPC) sBisercs yHUKab-
HBIM METOJIOM HCCIIEJIOBaHHS MeTa0oIn3Ma KUBBIX cucteM. Docdop-
rast (**P) MPC mecér mHOPMAIMIO 0 MeTabOINTAX, YIACTBYIONINX B
SHEPreTHYECKOM U JIUITUAHOM oOMeHe. Vcnonp3oBanme P MPC B nape
C HEHPOHAJIBHOM aKTUBALUEN AAET BO3MOXKHOCTh MCCIEN0BATh 3HEPIo-
3aTpaTHbIe MPOIIECChl, MPOUCXOAIINE B TOJIOBHOM Mo3re. B cuiy Toro,
YTO MHOTHE IICUXHATpUYEeCKUe 3a00€BaHUsI WIM TPaBMAaTUUECKUE OYa-
T'H HAMIPSIMYIO CBSI3aHBI C HAPYIICHUEM JIOKABHOTO 1IepeOpaibHOro Me-
Taboau3Ma [ 1], OTKIIOHEeHUs, BhISIBJIICHHBIC 110 JaHHBIM MPC, MoryT mo-
MOYb MPOJINTH CBET HAa MX NATOreHe3. BBUIY HEMOIHOTHI MOHUMAaHMSA
BCEX MEXAaHM3MOB KaK HOPMAaJbHOTO, TaK M aOHOPMalbHOro (PyHKIHMO-
nupoBanus [[HC, akTyanbHOCTh MOAOOHBIX IN VIVO UcCieIoBaHui Me-
TaboJIM3Ma Ype3BbIUaiiHO BBICOKA.

Llenpto naHHOW pabOTHI ABJIsIETCS OOHAPYKEHUE OTKIOHEHUH Lepe-
OpanbHOro MeTaboju3Ma y OOJIbHBIX IMM30(peHUeH 1O AaHHBIM (oc-
(OpHOI MarHUTHO-PE30HAHCHOW CIIEKTPOCKOITUKM C HCIOJIB30BaHHEM
BU3yaJbHOH cTumynsauuu. [IpakTudeckas 3HaYUMOCTh COCTOMUT B yCTa-
HOBJICHUH MPUYUH BOZHUKAIOIINX META00IMIECKUX OTKIOHEHHH.

Uccnenoanue npoogunock Ha MP-tomorpade Philips Achieva
3.0T ¢ npumenenueM ronosHoii karymku > P/*H bird-cage head coil,
npuctaBku Eloquence (Philips) u TeneoukoB mist nepenadu 3puTenbHO-
T0 CTUMYyJa. YYaCTHUKH UCCIIeIOBaHuUs: 12 OONBHBIX HA paHHEH CTaIuU
mm3odpenun (Myxuunbl, 18-26 yter) u 20 HEBPOJIOTHUYECKU 3I0POBBIX
myxkuvH (18-23 rona).

3'P MPC wuccnenosanne: ITo ganasiM GMPT ¢ BU3yanbHOM CTHMY-
JALMEN pa3Melancsa CIeKTpocKonuueckui cpes. Jlokanuzamus U BO3-
Oyxnenne oObema mMHTepeca: nocienoBaTenabHocTh ISIS. [lapamerpsr:
noje o63opa = 200x200 MM, pazmepsl Bokceneld 20x20 MM, TOJIIMHA
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cpesa = 30 mM, NSA = 16, TE = 0,21 mc, TR = 1200 mc. FA = 35°,
CHavana mpou3BoAmWicS HaOOp CHEKTPOB, MOKa TEJICOYKH OBUTU BbI-
KIIIOUeHBI (6 MHHYT), 3aT€M C MPEABABICHUEM CTUMYJIA — MEPLAIOLICH C
yactotor 6 I'm maxmartHo# nocku (6 MuHYT). CIIEKTpHI ABYX BOKCEIIEH,
COZIeprKalInX 3pUTEIHHYI0 KOpY, yepeaHsumch (cM. puc. 1 B), o6pabot-
Ka mpousBoauiack B mporpamme jMRUI 5.1.

3HaueHNs] HHTETPANBHBIX MHTEHCUBHOCTEH MHKOB B CIEKTPaxX aKTH-
BHPOBAaHHOW 3pHUTEIHHON KOPHI HOPMHPOBAINCH Ha COOTBETCTBYIOIIHE
3HA4YEHUS B CIEKTpax Mokos. s aHanm3a J0CTOBEPHOCTH MEXIPYIIIO-
BBIX Pa3iIU4Mil MPUMEHSICS HENapaMeTpUYecKuil Kpurepuil ManHa-
YutHu.

Pesynbrater: oOHapyxkeHO goctroBepHoe (p<0.05) cHmxenue ¢oc-
¢doxpearuna (PCr) y HopMbl nipu Bupeoctumyiisiiuu (~18%). Jlanubid
s ekt He oOHapykeH y OonmpHBIX mu3odppeHned. B obenx rpymmax
ucnbeiTyeMbix nuHaMUKH AT® (usmepsiemoro mo mwky [(-ATP) mpu
CTUMYJISIIAKA HEe OOHapykeHO. V3HavanbHBIX MEXKIPYMIOBBIX pa3inyni
W TUHAMHKH TIOBEICHUS KOHIEHTPAIMH OCTaIbHBIX METa0OIUTOB M
BHYTPHUKJIETOYHOTO pH 1py Harpy3ke Takke He 0OHAPYKEHO.

Pucynoxk 1. (A) PasMenieHue criekTpocKonmu4eckoro oosema. JKupHoit pamkoi
BBIJICJICHBI 2 BOKCEJIsl, CIIEKTPBI KOTOPBIX ObUTH yepeaHeHsl. (B) TunmyHerit Bujg
MOJIy4aeMOT'0 CIEKTpa.

OtcyrctBue auHamuku [ATP] mpu Harpyske sBisieTcs CI€ICTBHEM
3amycKa IMpoIecCcoB, HAMpPaBIeHHBIX Ha BocmoiaHeHue ATP. Onaum u3
9TUX TPOILECCOB SBISETCS KPEaTMHKHHA3HAsS PEAKIMs, CMEIIEHUE eé
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paBHOBecus B cTopoHy oOpazoBaHust ATP 0OBSCHSET BBISBICHHOE B
JTAHHOM uccliefioBaHuu cHmkeHne PCr y HOpMBI:

CK
PCr + ADP < Cr + ATP

®daxT, uto y O00bHBIX cHMkeHUS [PCr| He BBISBICHO, MOXKET CBUJIC-
TEIHCTBOBATh O CHIKEHHBIX YHEPTeTHYECKUX 3aTpaTax OOJBHBIX B OT-
BET Ha HeWpoHabHOE BO30OYyKJeHwne. Ha TpaHcmopT HeiipomennaTtopos
unét no 80% Bceit 3Hepruu, MOriomaeMol MO3rom [2], Mo3TOMy CHU-
JKEHHBIE SHEPreTHYEeCKHe 3aTPAaThl, BEPOSITHO, CBA3AHBI C HApYIICHHUEM
TpaHCTIOPTa OCHOBHOT'O BO30YKIAIOIIET0 HeHpoMeaAnaTopa Tiayramara.
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MaruuTtHo-pe3oHaHcHas crnekTpockonus (MPC) — yHHKanbHBIH
METOJ MPWKU3HEHHON 1 HEMHBA3UBHOW KOJIMYECTBEHHON OLICHKH BHYT-
PHUKJICTOYHBIX KOHLEHTPAaMHi MeTabOJIMTOB - YYaCTHHKOB IIPOLIECCOB
oOMeHa BemiecTB. B cuiy Toro, 4To viccieqoBaHus MPOBOISATCS Ha KOM-
MepYecKUX ToMorpadax ¢ HanpsPKEHHOCTBIO TIOCTOSTHHOTO MarHUTHOTO
nosist B npenenax 3—7 Tn, cyliecTBeHHbIM orpaHudeHuemM merona 1H
MPC sBnsercs nepekpblBaHHIO PE30HAHCHBIX JUHUNA B crnekTpax 1H
MPC. Haubonee neHcTBEHHBIM CIOCOOOM peEIIEHHsI 3TOW TpoOIeMBbI
NPEACTABISIETCS] CIIEKTPaIbHOE PENAKTUPOBAHUE C MPUMEHEHHEM HM-
nynscHOU mocnenoBarensHocTH (MIT) MEGA-PRESS [1], B ocHoBe
KOTOpo#l Jexxutr 3¢ ekt nepedazupoBka J-3BONIONNK, BOZHHKAIOIIEH
M3-3a CIIMH-CIIMHOBOTO B3aMMOJICHCTBUS MEXAY HPOTOHAMH PA3IHYHBIX
IpymNIl BHYTPU MOJIEKYJ, C IIOMOIIBIO fo0aBieHus B cTangapTayto MII
PRESS nByx 180 rpagycHBIX 4acTOTHO-CENEKTHPYIOIIMX HMITYJIbCOB
(UCH). Urorossnii cuektp (DIFF-cepus) [2] momydaeTcsi BEIMUTaHUEM
U3 CepuM CIEKTpOB ¢ mnepedasupoBanHON J-3Bomronmert (ON-cepust)
cnektpoB 0e3 BozzaetictBus UCU (OFF-cepust). C momorpio JTaHHOM
WII psin HaOmoqaeMbIX METAOOIMTOR YKe ObLI CYIIECTBEHHO PACIIMPEH
3a CYeT TaKMX COEAMHEHHMH Kak y-aMuHOMacisHas kuciota (GABA),
rrotatnod (GSH), N-anerwn acniaptun riryramat (NAAG) [2].

B nanHoit pabore mpemitaraercss ontumuzanms napamerpos MII
MEGA-PRESS s mpsiMoro HaOJIIOJeHHUsI €Ille OJHOTO BaKHEHIIEro
MeTtabonura — acnaprarta (L-acmaparuHoBoii KUCIOTHI, Asp) [3], BBI-
MOJHSIOIIETO POJIb BO30Yy ) aaromero Heiipomennatopa B [LIHC yenoseka
Y TIPUCYTCTBYIOIIETO B MO3Te YelloBeKa B KOHIeHTpanun 1-2 MmM/n. 1H
SIMP-criektp Asp mpezacrasiser coboi Tpu ayonera ayoneros (J) ¢
0=2.66 m.1., 6=2.80 M.1. 11 6=3.89 M.1.
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Jns onpenenenus ocHoBHOro mmapamerpa B MEGA-PRESS, Bpemenn
axo (TE), ompenensitomero Mmonyssinuio a3 B komrnoneHntax [1J1, Ovuta
MOCTPOCHA MOAETH J-3BOJIOIMU CUTHAJIOB € 6=2.66 M.1. 1 6=2.80 M.11. B
cpene mporpammupoBanust MATLAB B npucyrcteun UCH ¢ 6=3.89
M. (ON-) u UCH ¢ 6=5.21 m.x (OFF-). OFF-cepus xapakTepusyeTcs
cBOOOHO MpoTeKkatoieli J-apomonuneit. CmoaenupoBansl crieKTpsl ON-
, OFF-, DIFF cepuii s pasnuunsix TE (80-240mc). Kputepuem Boi00-
pa nyudmiero TE mocmyXuio OTHOIIEHHE CyMMAapHBIX HHTEIPAJIbHBIX
unrencuHoctedl IDIFF/ION ob6oux J1J] Asp. Beiopannsiii TE ucnomns-
3oBasit B MEGA-PRESS miis perucrpanuu in vitro ClieKTpoB pacTBOPOB
MeTabonmutoB (hanToMbl 1, 2) U in Vivo CHIEKTPOB TEMEHHOW U JTOOHOM
JoJei Mo3ra 3noposoro ucnsityemoro (Puc. 1 ). MccnenoBanust nmpoBo-
mumn Ha MP Tomorpade «Phillips 3.0T Achieva TX» («Philips
Healthcarey», Hunepmannsr). [lapamerpst UI1: TE=115 mc, TR=1800 wmc,
YCH pgnurenbHocThbiO 40 Mc Ha 6=3.89 Mm.a. 1 5,21 M.I., YKMCJIO HAKOII-
nenuit 50, NSA = 8, pazmep Bokcena 30x30x30 MM, BpeMsl HAKOTIJICHUS
CIIEKTpa - 15 MUH.

B 3aganHom npomexytke TE  MakcumalnbHOE  3HauyeHUE
IDIFF/IOFF=1.39 nocturatorcs npu TE =115 mc. B pesynbrate
HaOM0JaeTcd OTYETIMBO JAETeKTHpYyeMbl curHan Asp. B cmextpax
DIFF ¢anroma 2 u in vivo (puc 1) moMumMo Asp mpeacTaBiieH CyMMap-
HBIH curHan riyramara ¥ riyramuaa (GLX) npu 6 =2.13 m.a., Cr
6=3.91 m.a. JonoiaHuTENBHBIM TpeuMylnecTBoM npumenenust TE=115
MC SIBJISIETCS BOBMOYKHOCTH MCTIONIBb30BaHus JunTenbHbIX YCH (40Mc Mo
cpasaennto ¢ 20 Mc npu Bpemenn TE=80Mmc), 3aXxBaThIBarolInx MEHb-
i Habop MYJBTHUIUIETOB, CBSI3aHHBIX CIUH-CIIMHOBBIM B3aHMOJICH-
CTBHUEM C CUTHaJIaMH, KOTOopble MoryT mpossstcs B DIFF crektpe.

145



BruomeamumHcKan GpusnKa 1 TeXHONormmn

25
Diff-cepua UM MEGA=PRESS
TE=115 mc 2
2 i 15 it
HO AN, =
9 g OH mozenb &
” ‘ 4 =
o] NH, gl 75 u |
s <
i va | !\' l)‘
o——"]‘l“*' A
e 28 26 24 22 2
Frequency (ppm)
in vivo
. CEeNeKTUPYIOWMI  CeNeKTUPYIOWUIA Aspartate C[L]t" e
g “mnynsc “Mnynbe J dma
; OFF-cepuu ON-cepuu 2.81 ppm 2,62 ppm +Glutamine
= i 2.13 ppm
g / !
g /\W\ ‘\ Mr ‘ W\\J {.,/k
c { A %
H A /"\Jt J’J A My M v'\/ /’“ J w Va |
g v W v 4 Q v V\m WV AL
55 | 5.0 45 a0 35 30 25 20 15

Frequency (ppm)

Puc.1. Pesynbrar MonenupoBanus criekrpansHoro curnana asp MEGA-PRESS,
1 in vivo criekTp J100HO# 10su I'M ¢ pe3yIbTHPYIONUM CUTHAIOM asp.
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Onrryeckas korepeaTHas Tomorpadus (OKT) — HemHBa3uBHAS Me-
TONWKA BU3yallN3allii BHYTPEHHEH CTPYKTYpPBI OOBEKTOB, KOTOpAs IIIH-
POKO MIPUMEHSETCS B MEAUIIMHE U MaTepraioBeieHnu. OCHOBHBIM TIpe-
uMmyiectBoM npumeHeHust OKT siBisieTcss BBICOKOE MPOCTPAHCTBEHHOE
paspelnieHne, KOTOpOe TO3BOJISIET BH3YaIH3UPOBATh CTPYKTYPHI pa3zMme-
POM B HECKOJIBKO MHKpPOMETpOB. ['NyOMHA BHU3yalu3alldd METOIMKHU
MIPH 3TOM CUJILHO OTPAHHYEHA, YTO CBSI3aHO C PACCESHHUEM ONTHYECKOTO
W3IYYeHHsI, N3YYCHHE KOTOPOTO C TIOMOIIBI0 COOTBETCTBYIOMIETO KOM-
MBIOTEPHOTO MOCIUPOBAHUS MOMOXKET YBEIHMYUTH BO3MOXKHOCTHU MeE-
TOJIUKH.

3akoHOMEpHOCTH (DOTOHHOTO TPAHCIIOPTA YaIlle BCETO OMUCHIBAIOTCS
MyTeM MOJIETIUPOBAaHUS ¢ HOMOILIbI0 MeToaa MonTe-Kapino [1]. dannHbiit
MPUHITAI, C COOTBETCTBYIOIIUM YCOBEPIIICHCTBOBAaHMUEM, MOXET HC-
MOJIL30BAThCS B KauecTBe 0CHOBBI MojenupoBanust OKT. bonsmmHCTBO
peam3anvii JaHHOW METOJMKH MOJEITHPOBAHUS, BIIPOUYEM, TIO3BOJISIOT
3a/1aBaTh TPaHUIBI OOBEKTAa B AHAIMTHYECKOM BHJE, YTO IIO3BOJISET
OMKCATh UX CTPYKTYPY JIMIIbL B MPUOJIMKCHHOM BHJIE.

Jnst perieHns mpoOiieMbl MOAEITUPOBAHUS CpPell CO CIOXHOW TPO-
CTPAHCTBEHHOM CTPYKTYphl Mpenjaraercs HCIOIb30BaTh BOKCEITHBIN
MOJIX0J| onucanus oObekTa. B 3TOM ciiyyae cpema 3amaeTcs B BUJC
TPEXMEPHOTO MAacCHUBa CEIMEHTOB (BOKCEJNEl), C COOTBETCTBYIOIIUMU
MOKA3aTeJISIMUA TIPEIIOMIICHUS, aHU30Tpornued u kodddunmenTamu pac-
CesTHUS ¥ ToTIoMeHusT. POTOHHBIN MAKET HAYMHAET MBIKEHUE B OJTHOM
W3 BOKCEJICH, U TI0 Mepe IBIKEHUS BHYTPH OOBEKTa IMEPEXOIUT U3 OJI-
HOro 0OBeKTa B apyroil. HanGosee 3aTpaTHBIM ¢ TOYKH 3pEHUS] BpeMe-
HU BBIYUCJICHUS TIPU 3TOM SIBIIICTCS TIPOIIECC BRIYUCICHHS TOTO, KAKyIO
TpaHUIy BOKCeNa mepeckaeT OO0BeKkT. s YCKOpeHWs BBIYHMCICHUH
mpeJyIaracTcs UCIOoIb30BaTh YCOBEPIICHCTBOBAHHEIN anroputm CmuTa.
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I[OHOJ'IHI/ITCJ'ILHOC YBEIIMYEHNUE CKOPOCTH BBITIOJHCHUA BBIYHCICHUA
IIpU 3TOT MOKHO JOCTUYDL IYTEM COCAMHCHHA HECKOJIbBKUX BOKCEJICH B
OIWH, YTO CYHICCTBCHHO CHU3UT YaCTOTY PACUCTOB INEPCCCUCHUA I'pa-
HHUL, U, COOTBETCTBCHHO, YBECJINYUT CKOPOCTH BBIYMCJICHUS.

Eciu (1)0T0HHBII71 MMaKeT MO0 MCEPE MPOABMIKCHUA BHYTPU HCCIICOYC-
MBI CpCabl MOKUOACT 00BEKT B obmacTu HaxXO0XJICHUA ANCTCKTOpa, TO
€ro CTaTHUCTUYECKUU BeC I[O6aBJ'I$I€TCH K MHTCHCUBHOCTHU COOTBETCTBY-
OIICTO IMUKCCIIA:

|(Z)—|OZ\/W9XP( ( — ') )cos (—(22 L),

rme W — craTucTHYECKHi BeC KBaHTa, 2Z U Li — ONTHUYECKUE TMYTH B

OIIOPpHOM H 00BEKTHOM ILJICUE COOTBCTCTBCHHO, a Ic - IJIMHA KOIr€pEeHT-

HoCTH [2].

Puc.1. CtpykrypHOE N300pakeHHEe OKOXKHOTO COCyaa

PesynbTar npuMeHeHus: NMpeACTaBICHHOW METOJMKH JJI1 MOJIENUPO-
Baaust OKT ucciemoBanus MoAKOXHOTO COCya YeIOBEKa IPEICTaBIeH
Ha pUCyHKe 1.
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Cremyer OTMETUTH CXOJCTBO PE3yJIbTAaTOB MOJCIMPOBAHHS C COOT-
BETCTBYIOIIUMH SKCIEPUMEHTAILHBIMU JTAHHBIM, YTO IOJITBEPKIACT
3¢ $EeKTUBHOCTD NpeACTaBIeHHON Moenu [3].

JIureparypa
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2. M. Kirillin, I. Meglinski, V. Kuzmin, E. Sergeeva, and R. Myllyla.
Simulation of optical coherence tomography images by Monte Carlo
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KJIACCUOPUKALIUA BJIACTOB KOCTHOI'O MO3TI'A ITPA
JIUMATHOCTHUKE OCTPBIX TUM®OBJIACTHBIX JIEMKO3AX
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M3 P®, Mockea
men.: + 7-903-005-68-98, e-mail: voterstreit@inbox.ru

Janaple MOpPQOIOTHIECKOTO WCCIEAOBAHUS CBUACTEINBCTBYIOT O
3HAYUTENFHONH T'eTEPOreHHOCTH OacTOB MPH OCTPHIX Jelko3ax. [Ipu
octpoM numdoodmactHoM Jeiiko3e (OJIJI) Ha ocHOBaHWMU TOTUMOPQHU3-
Ma OnactoB 1o kinaccudukanm BO3 2001 roxa BeraenstoT Tpu Mopdo-
morndyeckux tuma kierok: JI1, JI2, JI3[1]. KoHcraTarus Haauqus JIeH-
KEeMHUYECKUX KJICTOK, MOP(OJOrHUYESCKH CXOMHBIX C JUMQoOIacTaMu B
KPOBH WJIH KOCTHOM Mo3re, TpeOyeT mposeneHus nuddepeHnnanbHoi
JMUATHOCTHKH C APYyTruMU JuMpornponrdepaTHBHBIMU 3a00JIEBAHUSAME U
¢ peakTuBHbIM JuMpouuTo3oM. OJHAKO HMHOT/AA 3TO MPEICTABISET
TPYAHYIO THAarHOCTHYECKyI0 mpobiemy. IlosToMy mpumMeHeHHe MeTo-
JIOB, YTOYHSIFOIIUX MOP(OJIOTHIECKYIO XapaKTEPUCTHKY JTUMQPOUTHBIX
AJIEMEHTOB, JI0 HACTOSIIIETO BPEMEHH IIPE/ICTABISIET 3HAYUTEIHHBINA HH-
Tepec. B Hacrosiee BpeMsi AMarHOCTHKA Oa3WpyeTcs HA PyYHOM TOJ-
cYeTe KJIETOK 10 Ma3KaM KPOBHU W acruparaM KOCTHOTO Mo3ra. Mcrmois-
30BaHHE KOMITLIOTEPHOH MUKPOCKOMHUHM I KIACCU(PUKAIUU KIETOK
KOCTHOTO MO3Ta U KPOBH MO3BOJISIET YTOYHUTH XApaKTEPUCTUKU JIUM-
¢douuToB U NeikemMudeckux O6mactos [2-3]. Pe3ynbraThl, ONTy4YeHHBIE B
xoJie ITUQPPoBol 00pabOTKN H300paKEHUM, MOTYT OBITH UCIIOIH30BAHBI
JUTSL TIOJTyYeHHs] JIOTIOTHUTEIBHBIX HE3aBUCHMBIX OOBEKTUBHBIX KpHTE-
pueB npu nuaraoctuke OJIJL

Lenb nanHON paboTHI — OLEHUTH MPUMEHUMOCTh METOJIOB TEKCTYp-
HOT'O aHajM3a M300paKeHUH XpoMmaTuHa saep AJs pa3zaesceHus Ha Ona-
CTBl KOCTHOTO MO3Ta W JIMMQOILUTHI KPOBU JOHOPOB B KOMITBIOTEPHOM
MHUKPOCKOITUH MIPU AUATHOCTUKE OCTPBIX JTUM(POOIACTHBIX JIEHKO30B.
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[ mpoBeneHns uccineqoBaHui ObUT IIOCTABIIEH Ps 3a1a4:

1. CdopmupoBaTh BBIOOPKY HM300paskeHHH JEHKOLMTAPHBIX dIIe-
MEHTOB Ha Ma3Kax KpOBU JJOHOPOB M aclHpaTax KOCTHOrO Mo3ra 0oJb-
He1x OJIJL.

2. PazpaboTaTh MaTeMaTH4eCKyl MOJENIb TEKCTYpHOTO aHanu3a
n300paXeHNH XpoMaTHHa SAep JEHKOUTAPHBIX 3JIEMEHTOB.

3. BriOpats uH(pOpMaTHBHBIE XapaKTEPUCTHUKH UIS ONPEICIICHUSI
THUIIA KJIETOK.

4. Tlpeanoxuth MeTOA KiacCH(PUKALMKU AT pazaelicHHs KIIETOK
KpPOBH Ha OJIACTHI U TUM(OITUTHL.

5. OueHuTh pe3ynbTaThl pa3neneHus TUMGOIHUTOB U OIaCTOB IS
nuargoctuku OJIJI.

B pesynbprare paboThl pacCMOTPEHO MPUMEHEHHE METOJI0B TEKCTYp-
HOT'O aHanu3a Ha 0a3e KOMIIBIOTEPHOW MHKPOCKOIHUH B BUIMMOM [Ha-
Ma30HE 3JIEKTPOMAarHUTHOTO M3IY4YEeHUS ANl KJIACCH(PUKALUHU KIIETOK
KpoBU Ha nuM@oOnacTel 1 auMpouutsl [Ipemnoxkena moaens nugpo-
BOI 00paboTKM m300pakeHwid KIeToK. PazpaboraHa mMeTonnka mpoBe-
JCHUS SKCIIEPUMEHTAIBHBIX MCCIEIOBAaHUM AT ONpeesieH s IapaMeT-
poB knaccudukaropa. s KOIMYECTBEHHOI'O OMHUCAHUS KJIETOK IPH
qUarHocTuke ©  JauddepeHanbHOl  JIHATHOCTHKE OCTPBIX  JIUM-
¢dobnactheIx Jeiiko30B (OJIJI) npumMeHeHB! TEKCTYpHbIE XapaKTEPUCTH-
KM N300pakeHnH s/iep ¢ OIIEHKON MX MapaMeTpoB.

[TnaHupyeMbIM 3TaroM NalbHEUIINX MCCIICIOBAHUN SIBISETCS AU -
(epeHIMpOBKa 6JIaCTOB OT HPOYUX KIETOK.

Cnucok 1uTepaTypsl
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2. Rawat J, Bhadauria H, Singh A, Virmani J. Review of leukocyte
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3. Nikitaev V.G, Nagornov O.V., Pronichev A.N., Polyakov E.V.,
Dmitrieva V.V. The Use of the Wavelet Transform for the Formation of
the Quantitative Characteristics of the Blood Cells Images for the Au-
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tomation of Hematological Diagnostics / WSEAS TRANSACTIONS on
BIOLOGY and BIOMEDICINE. Volume 12, 2015. p.p. 16-19
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PA3BPABOTKA 3KCH]§PTHOI71 CUCTEMBI ITOJTEPKKHA
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MEJIAHOMBI KOKHN
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[MpakTdeckun BO BCEX PErHMOHAX MHUpa SMUAEMHONIOTaMH 3adUKCH-
POBaH YCTOWYMBBIA M WHTCHCHUBHBIA POCT 3a00JICBACMOCTH HAaCEJICHHUS
MeTaHoMon KoxH. [IpuyeM ckopocTs pocTa 3a00JIeBaeMOCTH ITOH OITy-
XOJbI0 MOXHO CPaBHUTH JIMIIb C AHAJIOTMYHBIMU IOKA3aTESIMU JUIS
paka MOJIOYHOM JKeJIe3bl y KEHIIUH 1 paKa JIETKOro y My»K4YHH.

MenaHoMma KOXU SIBIICTCA YHUKAJIbHOU OMYXOJbI B KIMHUYECKOH
OHKOJIOTUH, KOTOpasi COCOOHA IEMOHCTPUPOBATH PeKOe MHOT000pa-
31e KIMHAYECKOro TedeHus. [[porno3 u ucxon 3a0oneBaHusl 3aBUCAT OT
MHOTOYHCIICHHBIX (DAaKTOPOB, XapaKTEPU3YIOIINX KaK MEPBHYHYIO OITY-
XO0Jb, TAaK M UHIUBUIyaJbHbIE OCOOCHHOCTH Opranu3Ma 0onpHOro. Me-
JIaHOMa KOYKH SIBJISIETCS 3JI0KA4€CTBEHHOW OIMyXOJIbIO, HO HE OTHOCUTCS
K paky. [1]

AKTyaabHOCTb NpPOOJIEMBbl AMArHOCTHKH MEJIAHOMBI OOYCIJIOBJIEHA
OPSAMON 3aBUCHMOCTBIO MEXILy BBDKHBAEMOCTBIO OOJIBHBIX C 3TOM OITy-
XOJIBI0 M CBOEBPEMEHHBIM €€ OOHapy>KeHHEM Ha HaudalbHBIX J3Tarax
pasButus. OTCyTCTBHE Yy Bpadel, 3a4acTyl0, OHKOJIOTMYECKOW HacTo-
POXXEHHOCTH TP BBISBJICHUHN (POHOBBIX ISl Pa3BUTHUS MEJIaHOMBI HOBO-
0o0pa3oBaHMii, a TaKXKEe PaHHUX CTAJWNA Pa3BUTHS MEJIAHOMBI B 0OJIb-
IIMHCTBE CIy4aeB NMPHUBOJUT K TO3MHEH €€ JMarHOCTUKE M BBICOKOM
cMepTHOCTH OonbHBIX. K Hauamy jeuenwus, kak npaBuio, y 75% 0omnb-
HBIX Y)K€ UMEET MECTO PETMOHAPHO PACIpOCTPaHEHHBIN Mpolecc, a M-
TWIETHAS BBDKUBAEMOCTh OONBHBIX He mpeBbimaeT 50%. U xora B
CpeHEM KaXIpld 4enoBeKk nMeeT 20 poauMBIX MATEH, KaXKIbld TOJ
mumb 7 yenoBek u3 100 Teicsu 3a0oieBaroT MenaHoMoil. MenaHoma
SBIISIETCSl CEPbE3HOI MPOOIEeMOM, MOCKONBbKY KaXIbI Toj THOorudaer
10%- 30 % OonbHBIX MenanoMmoii. [ToaToMy obecriedyeHne MaKCUMAIlb-
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HOM MH(QOPMUPOBAHHOCTH 00 3TOM 3a00JEBAaHWU YPE3BBHIYANHO BaXK-
HO.[2]

B Hacrosmee BpeMsi BONpOCH TUarHOCTUKH CIIOKHBI, B CBSI3U C YBe-
mmauBaromumMcsi oobeMoMm nHpopmarmu. [loatomy ocobyro akTyamb-
HOCTh MPEICTABISIOT HCIOJIb30BaHUE KOMIIBIOTEPHBIX METUIIMHCKUX
CHCTEM M cucTeM nojaepkku npusstus pemenuit (CIIIIP) nna moswl-
meHus 3P HEKTHBHOCTH TUATHOCTHKH Pa3TUIHBIX 3a00JICBaHHUM.

Ilenpro HacTosmIeH pabOTHI SBISIETCS pa3paboTKa KOMITBIOTEPHOM
CHCTEMBI JUarHOCTUKU MEJIAHOMBI KOXKH [3], KOTOpast IO3BOJIUT BpayaM
0osee TOUYHO U OBICTPO MOCTaBUTh IUArHO3 HNAUEHTaM C IIOA03PEHUEM
Ha HaIW4Me JaHHOTo 3a00JIeBaHusl.

CTpyKTypa 3KCHEePTHOH CHCTeMbl THATHOCTHKH

CTpyKTypa KOMIBIOTEPHON MEIUITMHCKON SKCIIEPTHON CUCTEMBI -
ArHOCTUKU MEJIAHOMBI KOXH BKJIIOYAaeT YeThIpEe OCHOBHBIX OjoKka: 0a3a
3HaHUM, MEXaHW3M MPUHATUS PEUICHUH, KOTOPBIA COCTOUT U3 ABYX
MOJICUCTEM: aHAJUTUYECKas MOJCUCTEMAa U IMOJICUCTEMA MOMCKa, MeXa-
HU3Ma BBOJIa ¥ BBIBOJA JAHHEIX (PUCYHOK 1).

’ JKcnepTHaA cuctema ‘

Il e

MexaHu3m BBOAa ba3a 3HaHui MexaHu3m NpUHATUA MexaHuzm
LaHHbIX peleHui BbIBOJA AaHHbIX
Moacuctema AHanutuuyeckas
noucka cuctema

PI/IcyHOK 1- KOHHCHTyaJ’IBHaﬂ MOACIb 3KCH6pTHOI>i CUCTEMBI TMAarHOCTUKH MEC-
JJAHOMBI KOXH

Snpom maHHOI 3KCTIepTHOM cucTemsl sBisierca basza 3nanmii. C mo-
MOIII0O MEXaHW3Ma MpHHATUS pemneHnd, baza 3nanumii (b3) momxna
NPEAOCTABIATh JUArHOCTUIECKYIO HH(POPMALUIO (IPU3HAKH, TUATHO3bI)
B OTBET Ha 3ampockl monb3oBatend. B b3 MoxHO 3arpyxarb, peqakTu-
pOBAaTh M yHANATh MPU3HAKH, JUATHO3BI, H300PaKEHHSL.

PaspabaTbiBaeMas cucTemMa O3BOJIUT PEILIUTH TaKUe MPOOJIEeMbI KaK:
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1) JomOMHHTENBHBINA YPOBEHb KOHTPOJIs. CHCTEMA TIO3BOJIHT C
0oJbIIIeH TOCTOBEPHOCTHIO MIOCTABUTH MIPEIBAPUTEILHBIN UAarHO3 Ma-
[IUCHTY.

YE/TOBEK »| KOMIMbIOTEP (3C) » HENIOBEK » AWATHO3

2) BO3MOXHOCTh CpaBHEHHs CHMITOMOB APYTHX IaIl[MEHTOB, C
MTOMOIIIbIO AaHAJTUTUYECKOW CUCTEMBI

3) B3 mpemocraBiasieT BO3MOXKHOCTh OOYYECHHSI B MpOIECCE THa-
THOCTHKH NaIleHTa

[IpencraBnennas DC BpICTymaeT B KaueCTBE HMHCTPYMEHTA IIOM-
JIEP>KKU TIPUHSTHS pelleHuil BpayoM NMpH AUAarHOCTHUKE MEIaHOMBI KO-
)Ku. B mampHeimem muaHupyeTrcs BKIIOUNTH pa3dpabateiBaemyio DOC B
MYJIbTUMEINHHBIN 00y4aloni KOMILIEKC 110 MEeJIaHOME KOXH ISl Bpa-
YEe-UHTEPHOB U Bpauei-OpAUHATOPOB.
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NCHOJBb30BAHUE MOP®OCTPYKTYPHOI'O AHAJIN3A U
JIABEPHO ATOMHO-9MUCCHUOHHOM CHEKTPOMETPUHU
BBICOXIINX KATEJb I[IJIA3SMBI KPOBU
JIJISI IMATHOCTHUKHU PAKA ITIPOCTATHI

Caskoeé A.B., Cepzeii M.A.

BI'Y, Munck
Savkov.00@mail.ru

JuarHocTuka paka MpencTaTesIbHOW KeJe3bl — OJHa W3 Hambolee
BaXKHBIX MPOOJIEM COBpeMeHHoW oHkojioruu. [IpoGieMa paka mpezacra-
TETBHOHN KeJe3bl B MOCTEeIHUE TOABl MPHUBIEKAET BHUMAaHUE BCE OOIb-
niero uucna ucciuenosaresned. Ilpuumna stomy - CTOWKas TEHACHUUSA
pocta 3aboneBaeMOCTH, 0COOEHHO, B YpOAHUCTUYECKUX M HHIYCTpPHU-
aThHO Pa3BUTHIX paliOHAaX M CTpPaHaX.

OO0111eu3BeCTHO, YTO pa3BUTHE 3JI0KAYECTBEHHOH omyxoju [ mpo-
necc MyJbTU(AKTOPHBIA, CONPSHKCHHBIA C HapylmICHHEM WM Tepe-
CTpPOIKOM O0NbIel YacTH BHYTPUKIETOUHBIX MEXaHHU3MOB. B cBs3m C
STHM COCTaBUTH MPEJICTABIEHUE O TEYCHUH MPOIECcca UMb IO OJHOMY
MapKepy MpakTUYecKH HEBO3MOXKHO. lIpropuTteTHOl 3agaueii B HACTO-
Aliee BpeMs SBISIETCS He pa3padoTKa CrocoOO0B MPUMEHEHHS KaXKIo0To
Mapkepa B OTIEINBHOCTH, a CO3/IaHue HaOopa W3 JIOCTYIHBIX MapKepoB,
CIOCOOHOTO JIOCTATOYHO MOAPOOHO JIaTh XapaKTEePUCTUKY OIyXoiu [1].

B cBsi3u ¢ 3THM CyIIECTBYET HAcCTOSITENbHAS HEOOXOJAUMOCTh B pa3-
paboTKe METOZ0B, KOTOPhIE MOTJIH OBl O0ECIIEUYNTh PaHHEE BBHISBICHUE
3a00JIeBaHuUs, OIEHUTH PACHpPOCTPAHEHHOCTh IPOIECCa, OCYIIECTBUTH
KOHTPOJIb 3()()EKTUBHOCTH MPOBOAMMON TEPAIMU W IO3BOJHUTH BECTH
JTMHAMHYECKOE HAOIIOIEHUE 32 COCTOSTHUEM TMAI[UeHTOB.

OTHOCUTENBHO HENABHO B MEIUIIMHCKOW TUArHOCTHKE HallelN MpH-
MEHEHUE METOJI KJIMHOBMJIHOW JerujipaTauiud. MeToja MO03BOJSET Ha
OCHOBaHUH BH3YaJIbHOTO aHAJN3a CTPYKTYpP, 00pa30BaBIIMXCS MPH BBI-
ceixanuu karm BJK, BeIABNATH pasnuynble 3a00sieBaHMs YelOBEKa Ha
noknuHuueckoit craauu [1, 2]. MccnenoBanusi BenyTcsl O KaueCTBEH-
HBIM OCOOCHHOCTSIM Ha ()€HOMEHOJIOTHYECKOM YPOBHE.

B nacrosmeii pabote u3yueHa JUHaAMHUKa CTPYKTYPUPOBAHUS BBICHI-
XaroIeH Karuly ma3sMbl KPOBU OHKOJIOTUYECKUX OOJIbHBIX M aHAJIH3H-
pyercst JokanbHOe 00BeMHOE pacrpejeneHue (1o ITUaMeTpy Karlin)
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KaJIbIUsl IPU BBICBIXaHWU HA MOBEPXHOCTH Kalelslb IUIa3Mbl MAlUCH-
TOB C PaKOM IPOCTATHI.

OO0pa3ipl TOTOBWIM MO CleAyromeld Meroauke. Karumo rurazmer
KPOBH HAaHOCHJIM Ha MOBEPXHOCTH TIIATEIHHO NMPOMBITON MOAJIOKKH
3 [IMMA c nomomrsio MukponuneTku. O0bvem kammm coctasisii 10
mii1. TIponece cymku npoxomun npu temnepatype 18-22 °C u otHo-
CHUTEJIBHOM BIaKHOCTH Bo3ayxa 60-65 % B Teuenne npumepro 90-100
MUH. JlnameTp BBICOXIIMX Kalelb Ha MOBEPXHOCTHU IOAJIOXKKH M3
IIMMA pagen npumepro 6 MM. CpeHsisl TOJIMHA BBICOXIIEH Kariau
npumepro 0,07 mm.

s monydeHus CHUMKOB HCIIOJIB30BaId ONTHYECKHH MHMKPOCKOI
Webbers coBmerennsiii ¢ nnuppoBoit kamepoil (OTpaKeHHBIH CBET) U
MHUKpOCKOI bronam co cBeTomnogHON MOACBETKON (Ha MPOITyCKaHHUE)
u BeO-kamepoi. O6a MHUKpOCKOIa UMEIOT BUACOHACAAKH, paboTaroLIye
¢ koMmbtoTepoM o USB-2 nopry.

CHUMKH BBICOXIIHMX Kallejib IJIa3Mbl MAllMeHTOB C AMArHO30M paK
IpOCTaThl IPUBEICHBI HA pUCYHKE 1.

ITauuent b ueHTp yB. 120 pa3
Puc. 1. CHUMKH BBICOXIIMX Kalesb MJa3Mbl MAIIUEHTOB C JUArHO30M pakK

MPOCTATHI.

CyTb MeTOJIa TMarHOCTHUKH HAa OCHOBE JICTHJIPATAIIMU KaTUX TUIa3MBbI
(BX) cocrout B TOM, 4TO B HOpME OHH MMEET OJHOPOIHYIO CTPYKTYPY,
Y TIpU JIETHIPATAIMU BO3HUKAIOT PETYJSPHBIE U OJHOPOIHBIE CTPYKTY-
pHI (pamuanpHOE pacTpeckruBanme). CHMMETPUIHOE pagruabHOE PacIio-
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JIOXKEHHUE TPELINH U UX IIepeceyeHre B OKPECTHOCTH LIEHTpa (haruu, KaK
MIPAaBUJIO, XapaKTEepPHU3yeT MPOLECC BBICHIXaHUS KaIlJIM 310pPOBOTO YeNo-
Beka [1,2].

Ananu3 MOp(OCTPYKTYphl BBICOXIIMX Kamenb IanueHTa 4 ¢ aua-
THO30M IIPH MOCTYIUIEHUH PaK MpOCTaThl TUMA T, MOKa3bIBaeT, YTO Karl-
JM TPU OKOHYATEIbHOM BBICHIXaHHMH HMEET CXO0XKHH KpaeBOW Oenko-
BBIH BaJIMK, HO B LEHTPAJbHON YaCTH XaOTUYHO Pa30pOCaHbl ICEBIO-
TPELIUHBI U TEMHBIC JIOKAJIbHbIE OJIOKU.

MopdocTtpykTypa o0pasiia miaa3Mbl KpOBU MalueHTa b cylecTBeH-
HO oTinYaercst oT npeapinyummx. HaOnaromaerca Goiiblnoe KOIMYECTBO
3aBUTKOB, MPAKTUYECKHU OTCYTCTBYIOIIMX Ha CHUMKax A. [luarHos -
aZicHOKapIHOMa npocrtaThl Thna Ts, Ny M.

3/ech BaXXHO YYMTBHIBaTh TOT (DakT, YTO MOJOBMHA omyxoinei T,
omnOoyHO npuHuUMaetcs 3a T;, HOATOMY KpaiiHe BaKHO MPOBOAUTH J10-
MOJTHUTEJIbHBIE HCCIIEIOBAHMS.

st OLleHKH JIOKaJIbHOTO MPOCTPAHCTBEHHOI'O paclpeneiieHus Mak-
PO- ¥ MHKPO3JIEMEHTOB B KaIUIAX 3KCIIEPUMEHTAJIBHO C ITOMOIIBIO Jia-
3epHON MHOTOKAaHAIBbHOW CIEKTPOMETPUM HCCIIEAOBaHBI 0Opa3lbl BbI-
CYILIEHHBIX KaIlelb IU1a3Mbl KpoBH. J{J1s1 MpoBeaeHHs UCCe0BaHuM nc-
TMOJIB30BAJICS JIA3€PHBIM MHOTOKAHAJIbHBIM aTOMHO-3MHUCCUOHHBIN CIIEK-
tpoMeTp LSS-1. JlazepHoe m3nyuenne Qokycupyercs Ha oOpaser] ¢ 1mo-
MOIIbIO aXPOMAaTHUYECKOTO KOHJIEHCOpa ¢ (OKyCHBIM pacctosHuem 100
MM. Pa3zmep matHa GokycupoBku npumepro 50 mxM. Bee skcnepumMeHn-
THI IPOBOAMJIMCH B aTMoc(epe Bo3lyxa MPH HOPMAIbHOM aTrMmocdep-
HOM aaBieHuu. Ha puc. 2 npeacraieHa 3aBUCUMOCTb HHTEHCUBHOCTH
JUHUH KaJlbLIMs B CIIEKTPaxX BBICYIIEHHBIX Kallesb MIa3Mbl MMAIIHIEHTOB C
JUArHO30M PaK MPeICTaTeIbHON JKee3bl.

Kak BugHO 0OHApYXHMBalOTCSl OTIMYMA B paclpelielieHNH Kajiblus B
3aBHCHMOCTH OT JuarHo3a. B kammsx manuenta A ¢ OHKOJIOTMYECKUM
mrarHo3oM pak mpocratel Tama To. Ng M. (kamumst A) mMakcuManmbHas
JOCTaTOYHO PAaBHOMEpHAsh MHTEHCHBHOCTb KaJbLHA MO MOBEPXHOCTH
OTMEYaeTcs B MEPBBIX TPEX BEPXHHUX CIIOSX.

JlokanpHOE pacmpesesieHre KajbIMs B BBICOXIIEH Karjie IJIa3MBbl
KpPOBU TAIMEHTa ¢ AUArHO30M pak npoctaTsl Tuna T;, Ny M. (kamst )
MIPEJICTaBIISIET HECKOIBKO APYTyI0 KapTUHY. O4YeHb BBICOKOE COJIEprKa-
HUE KaIbLIXSA IPUXOJUTCS HA CaMbIi HIDKHUK cJI0# Karuu (5).
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Puc. 2. WnrencuBnocts nmunuu Ca Il (393,239 HM) B aTOMHO-3MUCCHOHHBIX
CIEKTpax IUIa3Mbl KPOBH.

Takum 00pa3zoMm, JaHHBIE MOP(POCTPYKTYPHOTO aHAIHM3a BBICHIXAO-
Il Karuid KPOBH, ONPEACIISIOIINE PA3IHIus 00pa3yoUIUXCs CTPYKTYP
B Tporiecce BbIchIxaHus Kamum BXK, olleHka mpoCTpaHCTBEHHOIO pac-
npenenenus JXHD B BrIcOXIIEH Karie, Tal0T BOZMOXHOCTD BEISIBICHUS
Cepbe3HbIX 3a00JIeBaHUN W YTOUHHUTH JUArHO3 B Cllydyae COMHEHUH MO
OTHECEHUIo ajieHoKkapunHoMbl T, k T3 nim Ha060poT.

JIutepatypa

1. C.A. MakcumoB. Mopdosnorust TBepaod (a3pl OHONIOrHYECKUX
JKUAKOCTEH KaK METOJl IMAarHOCTHKH B MenuIuHe. brojuieteHb cubup-
ckoit memuruabl. Ne 4. C. 80-85 (2007).

2. C. A. Kpaesoit, H. A. KonroBoii. /IluarHoctrka mo karjie KpOoBH.
Kpucrammmzanus Omoxkuakoctedt. Kanra 1. MeToq OTKpBITOM Karumm
(yrmoBas meruapatanus). (Mockga, C. 47-49. 2013).
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CPABHEHHE JIBYX TUIIOB KPEMHHUEBBIX IETEKTOPOB
JJISI TIPUMEHEHMUA B IN VIVO JO3UMETPUN

Tanapuxo O.C.l’z, Kpoinosa T.A.3, Jebedenxo U.M.*

YHUAY MU®DH, Mockea
2OUAH um. I1.H.Jle6edesa, Mockea
SobIy «POHI] um. H.H.Bnoxuna PAMH», Mockea
+79164919517, lelya.reshma@gmail.com

Llenbro pabOTHI ABJISETCS CPAaBHEHHE BYX THIIOB Si JIETEKTOPOB IS
OpUMEHEHHs B iN VIVO no3uMeTpun. [TomyueHbl pa3indHble XapakTepu-
CTHKH JETEKTOPOB MPHU UX B3aUMOACHUCTBHH C (POTOHHBIM HIITyUYCHHEM
sHepruu 6 u 18 MB. Bompocsl, cBsi3aHHBIE C NOTJIOLIEHOW 1030M MpHU
JICYCHUU OIyXOJIEBBIX 3a00JIEBaHUN SBISIOTCS KPUTHYHBIMA IS pe-
3yJBTATOB JICUEHUS, YTO OMpPEAEIsIeT aKTyadbHOCTh HccienoBanus [1].
[IpakTHueckass 3HAYMMOCTH PabOTHI CIIeAyeT U3 MPUMEHEHHUS TOIYIPO-
BOJIHUKOBBIX JIO3MIMETPOB HEMOCPEACTBEHHO B MPOIIECCE JICUSHHS Talln-
€HTOB.

Herextopsl Ha ocHoBe Si QED (Sun Nuclear) u EDP (Scanditronix)
obnyyamucs yekoputenaem Varian Clinac 2300 ix ¢ sueprusimu (oTOHOB
6 u 18 MB. [[ns maHHBIX ETEKTOPOB HAWIEHBI 3aBUCHMOCTH IIOTJIO-
HIEHHOW JIO3BI OT PAa3JIMYHBIX YIIIOB MaJeHUs M3ITyUYeHHS, Pa3MepoB Io-
JI51, TIOIaBA€MBbIX J036I M MOIITHOCTEH J103.

ITokazano, 4To 00a AeTeKTOpa 00NAAIOT TMHEWHBIM OTKIMKOM TpH
yBEJIMYEHUH J103bl. B neTexkTropax He 0OHapyX eHO 3aBHUCHMOCTH IOKa-
3aHWNA TIPU W3MEHEHWH MOIIHOCTH JI03bI B JOCTYITHOM KIWHHUYECKOM
nmuanazone (100-600 ME/mun). IIpu uccrienoBaHuu yriioBOM 3aBUCHMO-
CTH OOHapyXeHo, uTo mokazanus QED nerekropa He 3aBUCST OT yIJia B
nuanazone ot 0 mo 60°, B amamazone 60-180° momkeH MPUMEHSATHCS
KOPPEKIMOHBIA (DakTOp Ul KaKJOro yIiia Imy4ka B Ipoiecce in Vivo
u3Mepenwii (puc. 1, a). [lokazanus EDP nerexkropa 3aBusiT OT yria ma-
JIEHHsT TIaIaloniero (OTOHHOTO W3JIyYEHHs] BO BCEM HHTEpBAJlE YIIIOB
(puc. 1, 6). Takum 00pazoM, KOPPEKLIMOHHBINA (AKTOp AOIKEH MpHUMe-
HATBCA BO BCEM Auamna3oHe yrios. Ilpu u3mMepeHHsx 3aBHCHMOCTH IIO-
TJIOMIEHHOW J03BI OT Pa3MepoB MOJIA OOHAPYKEHO, YTO 1033 yBEIH-
YUBETCS C Pa3MepoOM ToJIst JuIst 000ux jnetekropoB. B ciyuae QED nan-
Hasl 3aBUCMMOCTb MOXKET OBITh AlIPOKCHMHPOBAHA MOJUHOMOM C IIO-
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JIO)KATETHLHON TIEPBOM MPOM3BOIHOM, B TO BpeMs kak EDP merextop
xapaktepu3yercs (yHKIMEH, IMEIOIIEH TOUKY Tieperuoa.

Wccnenoanue mokasano, uyro QED nerexrop siBnsieTcst 6osee moj-
XOJISAIINAM JUTS 1esieit in VIVO mo3umMeTpun O6iaroaapst cTabuiIbHOCTH TI0-
kazaHwuii B auanazoHe 0-60°. Kpome Toro, HeT HEOOXOIUMOCTH HCIIOJb-
30BaTh KOPPEKIMOHHBIC (DaKTOPHI JUIS PA3IMYHBIX MOITHOCTEH 1103 M
000WX TETEKTOPOB.
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Puc.1. a) Yrinosas 3asucumocts QED netextopa, 6) YriioBast 3aBHCUMOCTh
EDP nerekropa
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3aBUCUMOCUTb OT pasmepa
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Puc.2. a) 3aBucumocts ot pasmepa nosst QED nerexropa
Jlureparypa

1. G. Rikner. Silicon diodes as detectors in relative dosimetry of pho-
ton, electron and proton radiation fields. (Uppsala University. 1983).
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HUCCIEJAOBAHUME HAIIPSI’KEHHO-JE®@OPMUPOBAHHOI'O
COCTOsAHUA MOAEJIBHOTI'O ITO3BOHKA C3

1 1,2
Tenezuna A.B.", Koamaxoea T.B.

YHayuonansno ucenedosamenscruti Tomexuii 20¢y0apcmeeHHbllL
yHusepcumem, Tomck
2H}Ltcmumym @usuxu npounocmu u mamepuanosedenusi CO PAH, Tomck
8-926-726-16-67, alina.olimp.e@gmail.com

MHoxecTBO npo0ieM B OPTONEIUN U TPABMATOJIOIUH, CBA3AHHBIX C
BOCCTAHOBJICHHEM TPAaBMHPOBAHHBIX CTPYKTYp MO3BOHOYHMKA, CBHIE-
TEJNLCTBYIOT O HEAOCTaTKe HE0OXOIWMOW HMH(POPMALUM O COCTOSHUH
MO3BOHOYHHKA B HOpPME, MPHU PA3NUYHBIX TpaBMax U MPH PEKOHCTPYK-
uu. COBpEMEHHBIE CPEACTBA BU3YAIN3aLMU MO3BOJISAIOT KOHCTATHPO-
BaTh M3MEHEHMs B OTIENIbHBIX IO3BOHKAaX M BCEM IO3BOHOYHMKE INPHU
MATOJIOTUM Ha Pa3JIMYHBIX CTaausaX 3a00NeBaHUS M JTamax JICUeHHS,
OJIHAKO AJIsl MIPOTHO3MPOBAHMS 3a00JI€BaHUSI U Pa3BUTHS OCIOKHEHHUM
HEoO0XoauM OHMOMEXaHWYECKUI aHaIu3 MPOLECCOB B IMO3BOHOYHHKE.
HccnenoBanus MeXaHMYECKOTO IOBEACHHS ITO3BOHOYHHMKA IO3BOJISAT
pa3paboTaTh peKOMEHAALUH MO BBIOOPY CYLIECTBYIOIUX M pa3paboTke
HOBBIX METOJOB KOPPEKIMH MTO3BOHOYHMKA M CO3/IaHUS OCTEOMMILIAH-
TatoB [1].

Henssmu maHHOM paOOTHI SIBISINCH CO3JaHHUE T€OMETPHUYECKON Mo-
Jend meiHoro mno3BoHka C3 W HUCCIENOBaHHWE €ro HaNpsHKEHHO-
1e(OpPMUPOBAHHOTO COCTOSIHUSL.

I'eomeTpuyeckast MosieNb CTPOMJIACH HA OCHOBE JTUTEPATYPHBIX JaH-
HBIX pa3MepOB MO3BOHKA. Y YUTHIBAJIOCH HAJTMUME KOMIIAKTHOHN U ryOua-
TOM  KOCTHBIX  TkaHed. IlpoBemeH  pacyer  HampsHKEHHO-
JIe(OPMUPOBAHHOTO COCTOSHHSI MOJECIBHOTO IIEHHOTO TMO3BOHKA IPH
(U3NOIOTUIECKOI CTAaTHUECKONH Harpy3ke € HCIIOJIb30BAHUEM METOJIa
KOHEYHBIX JIEMEHTOB. Pe3ynbTaThl pacdyeToB MOKa3ajd, 4TO MAaKCH-
MaJIbHBIE 3HAYEHUS HAPSHKEHUH M0 Mu3ecy JOKaTu3yroTCs B 00J1acTIX
KpEIUIeHUSI HOXKEK K Tely ITO3BOHKA.

Pa3paOoranHas KOMITBIOTEpHAs MOAEHL MO3BOHKA MOCTYKHT OCHO-
BOIl CO3/1aHUsl CErMEHTa IIEHHOro OTAeNa IO3BOHOYHHUKA, AHAIN3 U
CpaBHEHHE HANpPsSKEHHO-Ie()OPMHUPOBAHHOTO COCTOSHHUS KOTOPOTO B
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HOpME€ W IIPH BHEIPEHUH MMILIAHTATa TO3BOJIUT IOI00pATh ONTHMAIIb-
HBIM UMILIAHTAT.

Jluteparypa

1. H.X. 3unHaToBa «brnoMexaHU4ecKUi METO AUATHOCTHKHU COCTO-
SIHUSI TI03BOHOYHMKA B HOpPME W Npu maronorusx». Uzsectus HODY.
Texunueckue Hayku. C.108-113 (2010).

164



BruomeamumHcKan pusnka n TexHonornm

SKCIHEPUMEHTAJIBHBIE HCCJIEJOBAHUSA
I'MIAPOKCHUAIIATUTA C HIOMOIIBIO CHEKTPOCKOIINHN
KOMBUHAIIMOHHOI'O PACCESIHUA

Dponos 0.0. l, Tumuenko ILE. 1, Tumuenxo E.B. l, IHlucapeea E.B. Y
Bnacos M.JO.*

YCamapcruii 2ocyoapemeennoiii aspokocymueckuii ynusepcumem umenu
axademuka C. I1. Koponésa (Hayuonanvhbill uccie0o8amenbCKuil
yuueepcumem), Camapa
konwm. men: 89370702139, e-mail: Frolov679@mail.ru

AnHotanusi: B pabote mpeacTaBieHBl pe3yibTaThl HCCIEIOBAHHIMA
50 00pa3moB THAPOKCHATITIATHTA, IOTYICHHBIX W3 I'y09YaToil TOHOPCKOU
KOCTHOW TKaHM KypuIlbl, OapaHa, KpOJUKa, KOPOBbI, HHICHKU, YTKU U
T'ycsi METOZIOM BOCCTaHOBJIEHHSI U3 pacTBOpa MpH JAeMeHepaiuzanuu. B
KayecTBE OCHOBHOI'O METOJA KOHTpOJI ObUT BBIOpaH METOJ CIIEKTPO-
CKOTIMM KOMOWHAIIMOHHOTO paccesiHusi. B pesynbTare MpoBEACHHBIX
UCCIIEIOBAaHUH OTIpe/iesieHbl 0COOCHHOCTH CIIEKTPOB KOMOWHAIIMOHHOT'O
paccessHUsI UIs TOPOLIKOB TMAPOKCHANATUTA, MTOJYYEHHOro U3 OHoMa-
TepHaja C pPa3HOMN CTENEHBIO JEMUHEPAIN3ALNN. Y CTAHOBJIEHBI ONTHYE-
CKH€ KPHUTEpHH, TO3BOJISIONINE OLIEHUTh CTENeHb BHIMBIBAHUS MHHE-
PAJIBHBIX KOMIIOHEHTOB B IIPOIIECCE AEMHHEPATU3ALIH.

B HacTodmee BpemMs B XMPYPrHYECKOM CTOMATOJOTMM AJIS BOCCTa-
HOBJICHHSI KOCTH Bce 0oJjiee MIMPOKOEe MPUMEHEHUE HaxoJsaT Ouomare-
pHUaibl Ha OCHOBE THApOKCHanaTuTa. | uapoKcuanaTuT SBJsSETCS OCHOB-
HBIM MUHEpPaJIOM KOCTHOW TKaHW W TBEPIBIX TKaHeu 3yba [1]. Beumy
CIOCOOHOCTH K O0pa30BaHUI0 OMOJIOIMYECKH AKTHUBHBIX alaTUTHBIX
CJIOEB /I B3aMMO/ICUCTBHUS C €CTECTBEHHON KOCTHOM TKaHBIO OH MOXET
YCIEIIHO HCIIOJIb30BaThCS IPH BOCCTAHOBJIEHHWU IMOBPEXACHHBIX KO-
CTEl, a TakXKe B COCTaBe OMOAKTUBHOIO CIJIOS VIS JIYYLIEro BpacTaHUs
uMIIIanTaTa [2].

Lenpio HacTosmIel padOTHI SBIAIACH OIEHKA OPTaHOMHHEPAIHEHOTO
COCTaBa MOPOILIKA IMIPOKCHAINIATHTA, TOIYYEHHOTO M3 Ty04aToil KOCT-
HOW TKaHW Pa3NYHbBIX TOHOPOB M C Pa3HBIMHU ITapaMeTpaMHu JIeMUHepa-
JU3AIUA C TIOMOINBI0O METO/a CIIEKTPOCKOMUN KOMOWHAIIOHHOTO pac-
CesHUs.
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OO0BeKTaMH HCCIICIOBAHUS SBISLTACE S0 00pa3oB THIPOKCHAIATH-
Ta, MOMyYeHHBIE U3 TyO4YaTOi JOHOPCKOW KOCTHOW TKaHW KypHIBI, Oa-
paHa, KpoJHKa, KOPOBbI, MHACHKH, YTKU U TyCsS METOJIOM BOCCTaHOBIIE-
HUS U3 pacTBOpa MpHU JeMHUHepaIn3anny. JJis morydeHus: AeMHHepain-
30BaHHOT0 OMOMarepHana KOCTHYIO TKaHb MOMEIAlld B PacTBOp COJIs-
HOW KHCJOTBI, HOPMaJIbHOCTh KOTOPOM 3aBUCHT OT THINa JOHOpa, Ha
pasnmaHoe BpeMms. [lomydeHHBIH MeMUHEpaIn30BaHHBIA OMOMaTepuai
WCTIIONB30BANICA [UIsI TOMy4YeHHs TuApokcuamaruta. OTIWYHEeM IOIy-
YEHHOI'0 TaKMM O0pa3oM MOPOIIKAa THMAPOKCHAINATUTa OT CHHTETHYE-
CKOTO THIPOKCHAIIATHTA 3aKJIF0YAETCSI B TOM, YTO KOHEUHBII TOPOIIOK
MMOMHMO THAPOKCHAIIIATUTA COJAEPKUT OEITKOBBIE KOMIIOHEHTHI OT JO-
HOPCKOTO MaTepHaa, a TakKe Majble KOHICHTPALUHN JPYyTuX anaTUTOB,
TaKe MPUCYTCTBYIOIINE B KOCTHOM TKaHH.

B kxadecTBe OCHOBHOTO METO/A OIICHKH CTEIEHHU JeMUHEpPaTH3aIii
THUAPOKCHANIATUTa OBUT UCHOJIH30BAH METOJ| CIIEKTPOCKOINH KOMOWHA-
IMOHHOTO pacceruBanus [3].

B pesynbTaTe npoBeIEeHHBIX UCCIEIOBAHUM:

DKCTIepUMEHTAIbHO YCTAaHOBIEHHI OCOOEHHOCTH CIIEKTPOB KOMOU-
HAIIMOHHOTO paccesHus il 00pas3loB MOPOIIKOB THAPOKCHANATUTA,
MOJYYEHHOT'0 M3 KOCTHOW TKaHHW Pa3iM4YHBIX JIOHOPOB TPH JEeMHUHEpa-
mu3arun. [lopollok ruapoKkcHanmaTuTa, MOTYYeHHBIA TPH JeMUHepa-
JIU3AIAU, COACPKUT OEJIKOBbIe KOMIIOHEHTHI, OCTAIONINECS B PAcTBOPE
BCJIEJICTBHE YAaCTUYHOTO Pa3pyLICHUS KOCTHBIX MUMIUIAHTATOB TIPH Jie-
MuHepanu3anuu. llpu yBenndeHnn BpeMeHW NeMHUHEpaIN3alud IPU
MONTyYeHUH TIOPOIIKA THAPOKCHUANIATHTA HAONIONAETCs CHIKCHHIO
KOHIICHTPALMH MHHEPAIbHBIX Bemtects (pocdaror 950-962 em™ u kap-
6onatoB 1065-1070 cM™) 110 OTHOLICHHUIO K GEIKOBOIT YACTH.

Jluteparypa

1. Luiz Carlos, José Carneiro «Basic Histology, Text & Atlas (10th
ed.)».(McGraw-Hill Companies. 2003) p. 144.

2. CasenneB B.1., Kanuauna A.B. OnbIT U3roToBIEHUS U IPUMEHE-
HUS IEMUHEPAIN30BAHHOW KOCTHOW TKaHU B DKCIIEPUMEHTE M KIMHUKE
// buomeaunuuckue texuonoruu: C6. Hayu. tp. HUL[ BMT. — M., 2001.
—Bpmm. 17. - C. 17-24.

3. E.B. Tumuenko, II.E. Tumuenko, JI.T. Bonoga, }0.B. Tlonomape-
Ba, JI.LA. Tackuna, "HccrnemoBanue OpraHOMHUHEPATBHON CTPYKTYPHI
KOCTHBIX HWMIUIAHTAaTOB METOJIOM KOMOWHAIIMOHHOTO paccesHus",
Kganr. sanexkrponuka, 2014, 44 (7), 696—699
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HCIIOJIb30OBAHUE METOJOB UK-CIIEKTPOCKOIINU J1JIsA
HNCCIEAOBAHUA BUOMOJIEKYJI B
KOHAEHCUPOBAHHOM COCTOsAHUUA

H.B. IllImeiino, B.B. Cmupnos, Anvikoea O.M.

Acmpaxanckuii 'ocyoapcmeennviii Yuusepcumem, Acmpaxatv

DaBOHOUIB! IPUHAAJIESKAT K KJIACCy MOIN(EHONBHBIX COCAMHEHUN
pPacTUTENBHOIO MpOoUCXokAeHNsI. OJHUMH U3 MPEACTABUTENEH TPYMIIBI
MOJIEKYJISIPHBIX COCAMHEHHH (hIIaBOHOHMIOB SIBISIFOTCS (raBoHBL. Ha mx
OCHOBE BO3MOJKHO CO3/IaHHE HOBBIX BBICOKOAKTHBHBIX JIEKapPCTBEHHBIX
npenapaToB, OONafaOLUMX MPOTHMBOBOCHAIUTEIBHON, aHTHKaHLEPO-
TeHHOW, MPOTHBOBHPYCHOW, aHTHUIAPA3UTAPHON WM OaKTEPHLIUIHON
akTUBHOCTHIO [1]. B manHoit pabote paccMOTpuM JBa coequHeHHS (iia-
BOHOB — ammreHuH (5,7,4’-TpurnnpokcudiaBoHa) W JIIOTECOIUH
(5,7,3’,4’-TerparuapokcudaBona), CTPYKTYpbl KOTOPBIX IMpeacTaBiie-
HBI Ha pUC. 1. 1 OTIMYAIOTCS TOJBKO OJHON TMAPOKCHIBHOW TpYyMIIOi,
MO3TOMY 3TH COEIUHEHHUS 00JIaZal0T MOXOXHMHU CTPYKTYPHBIMH CBOM-
ctBamu. lIpenBapurenbHble MCCIENOBAaHUS MOKa3bIBAIOT, YTO 3TH CO-
eMHEHHUs OOJaNaloT aHTHBOCHAIUTEIbHBIMA aHTHKAHIEPOTCHHBIM
nercteueM [2,3]. OHM He TOJBKO MPEMATCTBYET Pa3BUTHIO OINyXOJIEH,
HO M YCWJIMBAIOT JEHCTBUE NPOTUBOPAKOBBIX JIEKAPCTBEHHBIX BEIIECTB,
0071a/1a10T MUTOTOKCUYECKUM JEHCTBHEM B OTHOIIEHUH KJIETOK OITyXO-
JIeH.

(6)

Puc.1. Ctpykrypa anureHuHa (a), joreosusa (0).

CoriacHo COBpPEMEHHBIM BO33PEHUSIM, BCE OCHOBHBIC (DHU3HKO-
XMMHYECKHE CBOMCTBA BEIIECTBA OINpEAeNseT aauadaTHdecKuil MoTeH-
[MaJl COCTABIISIIOIINX €ro MOJIeKy/l. MoJenupoBaHue napaMeTpoB ajua-
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0aTH4ecKoro MOTEHIMANA SBISETCA OAHOW U3 MPUOPUTETHBIX 3a/1a4 HO-
BOT0 HAYYHOT'O HApaBICHUs B (PU3NKE MOJIEKYJ — MOJIEKYJISIPHOTO MO-
JeIMPOBaHMsl, KaK COCTaBHAs YacTh pPellieHHs (PyHIaMEHTAIbHONW Hayd-
HOU IpoOJIeMbl — YCTAHOBJICHUS CBSI3U MEXKIY ONTHYECKUMH XapakTe-
PUCTHKaMU MOJIEKYJI, UX CTPYKTYPOH U CBONCTBaMH.

Bo03MOXHOCTE TOCTOBEPHOT0 TEOPETHUECKOrO0 HCCIIEOBAHUS Mapa-
METpPOB aanabaTHYECKOro IMOTEHIMala IPEIOCTaBISIOT COBPEMEHHBIE
KBAaHTOBBIE METOJbl aHAIN3a 3JIEKTPOHHON CTPYKTYPbI MOJEKYJISIPHBIX
00BeKTOB. Peub ueT 0 HEAMNUPUUYECKUX U THOPUIHBIX METOIaX KBaH-
TOBOI MEXaHHKH MOJIEKYJ, MPOrpaMMHO PEaJM30BaHHBIX B BUIE cep-
BUCHBIX MH(OPMALMOHHBIX TexHONOTud. K MX 4ncily mpUHAUIeKUT U
M3BECTHBII MporpaMMHBIA NpoaykT «Gaussiany [4]. MoaenupoBanue
reOMETPHUYECKON CTPYKTYpBI U CeKTpa (QyHIaMEHTaIbHbBIX KoJieOaHMi
UCCIIEYEMbIX MOJIEKYJI IPOBEIEHO METOJAOM (YHKIHOHAIA MJIOTHOCTH
DFT/B3LYP/6-311G**[5].

OnTuMu3anys TeoMeTpUr alureHHHa OCYIIECTBISUIACh B IPEAro-
JIOKEHUH TUTOCKOW KOH(Uryparuu coequHerus (cummetpus CS) mis
BOCBMH PA3JIUYHBIX MOJIOKECHUH TPEX THAPOKCHIIBHBIX TPYII, ONpene-
JSIeMBbIX 3HaYCHHUSAMH AByrpanHbix yriaos D1(5,7,18,28), D2(8,9,20,29),
D3(13,14,21,30).

Pe3ynbraThl TEOPETUYECKUX PACUETOB MPUBEACHBI B [5], 3Kcmepu-
MEHTaIBHBIM TOJTBEP)KJICHAEM, B YaCTHOCTH, sBIsieTcsi pabota [1] B
KOTOPO# TpHUBEIEHBI SKCIIEPUMEHTAILHO MOJyYeHHbIE KoJieOaTeIbHbIC
CIIEKTPHI MOPKOBH M KOXKYPHI JIUMOHA B JMarasone gactor 4000 cm™'—
650 cm™* (puc. 2, puc. 3). AINreHHH MPUCYTCTBYET B KOXKYpPE JIMMOHA, a
JIOTEOJIMH — B MOpKOBU. K-CrieKTphl TMMOHA U MOPKOBH OBLITH CHSITHI
Ha npucraBke HIIBO (HapylieHHOro HoOJIHOrO BHYTPEHHEIO OTpaxe-
HUSA).

Taxum 00pa3oM, aHATU3UPYs Pe3yJAbTaThl MPOBEAECHHBIX MOJEIBHBIX
pacyeToB CTPYKTYPhI M CIIEKTPOB TUITMYHBIX NpejicTaBUTENel (IaBoHO-
UI0B — KOH(OPMEPOB JIIOTEOJIMHA M AllUT€HUHA, X COMOCTABJICHUE C
MOJyYEHHBIMH JKCIEPUMEHTAIbHBIMA JaHHBIMH TIO KOJIEOATEIbHBIM
CIIEKTpPaM COEIWHEHUS M BBISIBJICHHBIE 3aKOHOMEPHOCTH B TOBEIECHUH
CHEKTPAJIbHBIX NapameTpoB nonoc B MK-cnekTpax mormiomnenus, JaroT
OCHOBaHME YTBEpXJIaTb, 4YTO MeTOA (PyHKUHMOHANa IJIOTHOCTH
DFT/B3LYP mno3BojsieT HOJIy4YHTh ITOCTOBEPHBIC OIICHKH IapaMeTpOB
aanabaTHYecKoro MoTeHIuana (IaBOHOMIOB, CTPOUTh Ha MX OCHOBE
CTPYKTYpPHO-IMHAMHUYECKHE MOJENIM THIPOKCH3aMEIICHHBIX (IIaBoHa,
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BBISIBJIAT TPH3HAKH CIEKTPATbHON HICHTU(HUKAIIMA BO3MOXHBIX KOH-
(hopmepos.

3279
3326 om’'
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Puc. 2. KonebarenbHble CLIEKTPHI Puc. 3. KonebatenbHble CrIEKTpBI
KOXYpBI JIIMOHA. MOPKOBH.
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KOH®OPMHAA JIYYEBASA TEPAIIUSA ITYYKAMUA
PECCEAHHBIX TPOTOHOB

Hxoenes U.A.", Axynunuuee C.B.", Hnuu P.JI.°

Yyisti PAH, 117312 2. Mockea, PD
2 Institute for Nuclear Sciences VINCA, 11001 Beograd, Serbia
+7-495-851-09-60, yakovlev@med.inr.ru

B nmydeBoil Tepanuu C HCIOJIB30BAHUEM YCKOPEHHBIX NPOTOHOB U
TSDKEJIBIX HOHOB PAaCIpOCTPaHEHbI 1Ba MeToAa (POpMUPOBAHUS JO30BBIX
MOJICH: METO/ MaCCUBHOTO (POPMHUPOBAHUS MTyTEM PACCESHUS YacTUI] U
METO/ aKTUBHOTO CKaHMPOBAHMS MUIIEHU TOHKUM IydkoM. [locienauit
U3 MEPEYNCICHHBIX METOA0B B HACTOSAIIEE BPEMs IPUHATO CUUTATh 0O-
Jiee COBPEMEHHBIM, TOCKOJBKY OH IMO3BOJIsIET KOH(QOPMHO 0OIydaTh
OITyX0JH JII000TO pazMepa, He JAaBasi MPH 3TOM CEphe3HON HArpy3KH Ha
OKpYyKaromue ee 370poBbie TKaHu [ 1, 2]. OgHako mpu BceX CBOUX Tpe-
MMYIIECTBAaX AAHHBIX METOJ] CTAJIKHBAETCS C 3aTPYAHCHUSIMH IPH Jieue-
HUM HOBOOOPa30BaHMI MajJoro pasmepa, COMOCTaBUMOIO C MoIeped-
HBIM pa3MepoM Iyuka. [Ipumepamu Takux MUIICHEH MOTYT MOCITYXHTh
MeJIaHOMa IJ1a3a WM METacTaTHYECKHE OITyXOJM TOJIOBHOro Mosra. B
ITHX CIIy4dasX CKaHUPOBAHHUE Iy4YKa MO 00bEMY MHUIIEHU MOXKET MPHBO-
IUTh K 3aMETHOMY HapylIeHHI0 KOH(pOpMHOCTH oOmyueHus. lloaBux-
HOCTb 00JIy4aeMbIX OPraHOB TAKKE€ MOXET BIMATH HA Ka4eCTBO PaaHo-
Tepanuu CO CKaHUPOBAHWUEM IMy4YKa. B MOJOOHBIX CHUTyalMsIX MOXKET
0Ka3aTbCsl JOCTATOUYHO 3()(HEKTUBHBIM METO/I, IPH KOTOPOM Odar o0Jry-
YyaeTcsi OAHOMOMEHTHO, C UCIIOJIb30BaHUEM METOJIa MACCUBHOTO pacce-
SIHUS TIpA (POPMHUPOBAHUH JI030BOTO MOJIsl. TeM He MeHee, MPH KJaccH-
YECKOM HCIOJHEHHU C NMPUMEHEHHEM rpedeH4aToro (huiabTpa, KOJIU-
MaTopa u 0omoca J0CTaToyHass KOHPOPMHOCTh 00ITydeHHs He JOCTHUra-
eTcs: MO0 MakCHUMalIbHAas 1032 BBIXOJUT 33 IPAHULBI TPOKCUMAaIBHOTO
Kpasi MUIIIEHH, JTHOO 3HAYCHHUE JI03bI CHIILHO BapbUpyeTcs (OTKIOHEHHE
npeBeimaeT 5%) B mpemenax obbema mumieHH. Hamm wcciiemoBaHus
ObUIM HampaBJIeHBl HAa TIOMCK CIIOCOOOB YCTPAaHEHUS! TAaHHOW MpoOIeMBbl
C TENbI0 CO3J]aHUsI METO/1a KOH(POPMHOTO OOIyUeHHS MaJbIX OYaroB C
UCIIOJIb30BaHUEM TTACCUBHOTO PaccesHUsl MPOTOHOB WM MOHOB. Hamm
Obula TpenyoKeHa HOBas, paHee HE HCIOJIb30BAaHHAS KOHCTPYKLHS
JBYXKOMIIOHEHTHOTO TpedeHyaToro Guibrpa. Mbl IpoBeIH CEpUIO BbI-
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YHCIIMTENbHBIX 3KCHEPUMEHTOB C IPUMEHEHHUEM OPUTMHAJIBHOM IIpo-
rpammbl SRNA, B ocHOBe koTOpoii exut metoa MonTte-Kapio, ¢ we-
JIBIO OTIpeeNICHNUs] KOHCTPYKUUH (HUILTPOB, ONTUMATIBLHOM C TOUKH 3pe-
HUSI N3TOTOBJICHUS M Ka4ecTBa O0Iy4EHHUS.

Heckonbko mpuMepoB H030BBIX paclpeesicHHd, MOTy4YeHHBIX B
nporpamme SRNA, npencraBieHsl Ha pucyHkax 1 u 2.

0)

Z, mm

Puc.1. N301030BbIe KprBbie CHOPMHUPOBAHHOTO ITyYKa MPOTOHOB B BOJIE C
HavanbHOU sHeprueit 110 MbB (rmockocth YZ HEHTpaIbHOTO Cpe3a): a) s
KJIACCUYECKOT0 rpedeHyaToro Gpuiabtpa, 0) 11t HOBOro GUIbTpa.

Kak crnenyer u3 pucynkoB 1 u 2, n301030BbIe KpuBble 1151 95% oT
MaKCHUMaJbHOM 03Bl B Cllyyae IBYXKOMIIOHEHTHOTO (MIIBTPa CTPEMSIT-
¢S K FpaHUIlaM 3aJaHHON 00JIacTH CheprudyecKol MUIICHH, 0003HAUCH-
HOU YepHOH OKpYKHOCThIO. Kiaccuieckne «Kpbuibs», 00pasyromuecs B
MPOKCUMAaIbHOM 4aCTH MUILEHH C OOBIYHBIM (PUIBTPOM, B HAILEM CIy-
yae OTCYTCTBYIOT. Takum 00Opa3om, MBI NPHUIUIM K BeIBOAY [3], 4To
NpPE/NIOKEHHAsT KOHCTPYKIUSI TpeOCHYATHIX (QUIBTPOB  IO3BOJISIET
yIy4YIIUTh Ka4eCTBO JIy4YeBOW TEpamuH, OCOOCHHO B CIIydasiX MajbIX
MUILEHEH, TAKKX KaK OIyXOJH IJla3a WM MeTacTaTHieckue o0pa3oBa-

HHUSA B Mo3re. B JIaHHBIﬁ MOMCHT HUJCT MOArOTOBKa K SKCIICPUMEHTAIIb-
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HOU NIPOBEPKE pacCUMTAaHHBIX (OPMHUPOBATENECH Ha IydyKax MPOTOHOB
nmuHeHoro yckopurens AW PAH.

a)

0)

[l 1 !
40 50 60 70 80 90
Z, mm

i
10 20 30

Puc.2. To xe B miockoctu XZ IEHTPaIBHOTO cpe3a
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INPUHIUIIBI ABTOMATHU3AIINA U3I'OTOBJIEHUS
®OPMOBOYHOU CMECH B JIMTEMHOM ITPOU3BO/JICTBE

bayc M. C.

Hayuonansnwiii uccnedosamenvckuii Tomckuii 2ocyoapcmeeHHblil
yuugepcumem 2. Tomck
8-913-873-55-18, Maria_70_l@mail.ru

Ceituac cymecTByeT npoodiiema 3To mosydyeHne (POpMOBOUHON cMe-
CH, COOTBETCTBYIOUINM Kaue€CTBEHHBIM IOKa3aTessiM B JIUTEHMHOM Ipo-
n3BojacTBe. DOpMOBOUHAs CMeCh H3rOTABIMBACTCS B CMECHTEIIX,
CHa0)KeHHBIX MEXaHU3MaMHU JO3UPOBAHHS U TIOAaYH UCXOIHBIX MaTepH-
aJoB, MEXaHM3MOM JIO3UPOBaHUS TOJAayd BOJBI M COOCTBEHHO Mexa-
HU3MOM cMemmBanus. [locie 3amycka HpPOM3BOAMTCS B3BEILMBAHHE
KOMIIOHEHTOB CMECH M Iocjelnyromas ux nojgada B Mukcep. C 3roro
MOMEHTa HauWHAETCs CTaJud CYXOro CMEIIMBAHUA, MPOJOJIKUTENIb-
HOCTh KOTOpOro paBHa tcyX. Ilo ncreueHnn 3TOoro BpeMEHH B MHUKCEP
MOCTyNaeT BOZAA, HAYMHACTCS NMPEIBAPUTEILHOE MOKPOE CMEIIMBAaHUE,
00BEM BOJIBI paccuuThIBaeTcs 1o gopmyne (1).

V2 =DmpenV1 (1)
rae V2 — 00bEM BOBI CTaJuH MPeIBApUTENILHOTO cMemmnBanus; Dipen
— JI0J1s1 TIPEIBAPUTENILHOM BO/IBI; V1 — 001Iuii 00bEM BOBI TIPEABIAYIIIC-
ro IHMKJIa CMEIIWBaHWA. tBap — BapuabeibHas MPOJOIKUTEIHLHOCTD
CMEILINBAHNS; tIOCT — IOCTOSIHHAS IPOIOJDKUTENIEHOCTh CMEIIMBAHUS —
BpeMs B TEUEHHE KOTOPOro nogaércs Boja (3agaércst u3HavasipHO). Ba-
puabenbHast MPOJODKUTENBHOCTh CMEIIMBAHUSA (BpeMs CMEIIWBaHUS
MOCJIE TIOIaYH BOJIbI) pacCUUTBIBAETCS 10 hopmyiie (2):

teap =V2 tcrerl (2)
rae tecmerl — cuernuduyeckas MpoIODKATEIFHOCTD MPEIBAPUTEIIHLHOTO
cMemmBaHus (3am1aéTcst M3HAYaIbHO, cek/n). [locne craauu mpeaBapu-
TEJIBHOTO CMEIIMBAHHA MPOU3BOJIUTCS NEPBOE U3MEPEHHE YIUIOTHIEMO-
cta popmoBouHOi cMmecu (103.6 pucyHok 1). JlaHHOE U3MepeHue Ciry-
KUT OCHOBOW IJIs1 pacuéta o0BbEMa BOIBI MOJABAEMON HA CIIEAYIOIIEH
CTaJiMM CMEIIMBAHUA, a TAK)K€ BPEMEHHM 3TOro cMmemuBaHus. Pacuér
BO/IBI OCHOBBIBAETCS Ha NPENIOCHUIKE, UYTO YIUIOTHAEMOCTh UMEET JIH-
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HEHHYIO0 3aBUCUMOCTD OT COJIEpP)KaHUS BOJBI B (POPMOBOYHOM MaTepha-
ne. Koppektupyroiiee 3HaUeHUE paccUuThIBaeTCs 1o Gpopmyie (3):
Yx=Yuml + Yro (3)
rae YK — KOppEeKTUPYIOllee 3HaUYeHUE YINIOTHIEMOCTH; YUu3M1 — nepBoe
M3MEpEeHHOE 3HauCHHE YIUIOTHAEMOCTH; YKO — oOIlee KOppEeKTUpPYIO-
niee 3HaueHHe YIJIOTHSIEMOCTH (3amaércsi n3HadanbHo). [lecok ¢ Gomb-
o fToNielt MenKkux Qpakunii (eI, OEHTOHWTA, YTIIepona | T.1.) Tpe-
OyeT OoJbIIe BOMBI AJISI TOCTIDKEHUS OJWHAKOBOW YIUIOTHSAEMOCTH II0
CPaBHEHMIO C TIECKOM, HMEIOMINM HEOOJIBIIYIO JIOMI0 MEIKUX (PpaKIHid.
O0BEM BOJBI, IMOaBaEMOI Ha CTaJMW MOKPOTO CMEIIMBAHHSA, PACCUH-
ThIBaeTcs 1o hopmyiie:
VBog=m ' (Y3an— Yusml + Yk )F (4)

rae VBon — 00bEM BOMBI HAa CTaJIMM MOKPOI'O CMEIIMBaHUA; M — Macca
Cyxoi cMmecH; Y3aJ — 3alaHHOe 3HAYeHUE YIUIOTHIeMOocTH;, F — dakxTop
nmobaBku Boabl. Jlo3upoBaHWE BOIBI OCYIIECTBISIETCS C MOMOIIBIO BO-
JloMepa, KOTOPBIA 3aKpbIBaeT KJamaH, KOrja JOCTUTHYTO 3aJJaHHOE KO-
JTUYecTBO BOABL. [IpogomKuTensHOCT OTKPBITHS KIIallaHa PacCUUTHIBA-
ercs o dopmye (5):

txman= VBon - tcnern2 (5)
rie tkmam — BpeMs OTKPBITHs Kilamasa; tcmen2 — crenuduyHas mpo-
JIOJDKUTEIHLHOCTh MOKPOTO CMEINIMBAaHUS (3a1aéTcsi n3HavanbHO). [lep-
BOE€ M3MEpEHHE YIUIOTHAEMOCTH JO03WPOBKAa BOJBI OCYIIECTBISETCS B
TEUEeHHE IIOCTOSTHHOM IMPOAOJDKUTCIIBHOCTH MOKPOI'o CMCEIIMBAaHUSA
(txmar), moce 4ero MpOU3BOJAUTCS OKOHYATEIHHOE CMEIINBAHUE B Te-
YeHHe BapuaOeIbHOU MPOJOKUTENBHOCTH MOKPOTO CMEIIMBAHHSA, KO-
TOpasi paccUUThIBaeTCs 1o popmyie (6):

tBap2 = VBox - terren2 (6)
re tBap2 — BapuaOeNbHas MPOJOIDKUTEIHPHOCTh MOKPOTO CMEIIINBaHUSI.
[Tocne cramuu MOKpPOTO CMEIMBaHuUs pou3BoauTcst BTopoe (N-e, N<6)
HN3MCPCHUE YIUIOTHACMOCTH, U3MCPCHUE IPOYHOCTHU, a TAKXKE OLCHKa
KadyecTBa MOKpPOH 3aroTOBKU (POPMOBOYHOM CMECH MO 3THM IMapaMert-
pam. Ha ocHOBe OTKIIOHEHHUSA HU3MCPCHHBIX 3HAUYEeHHUH YIUIOTHACMOCTH OT
3a/IaHHOTO KOPPEKTHpYeTCsl 00Iiee CKOPPEKTHPOBAHHOE 3HaueHUE YK
o popmye (7):

Yk = Yxo +Y3an-Yusm (7)

CrienasibHbBIA PUOOp M3MeEpsieT MPOYHOCTh (POPMOBOYHOTO MaTe-
puaina, a KOHTPOJUIEp U3MEHSIET 3TO KOJIMUYECTBO, €CJIM U3MEPEHHOE 3Ha-
YeHHE OYEHb CHJIBHO OTKJIOHATCS OT 3aJaHHOro 3HaueHusa. CkazaHHOE
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MPUBOAUT K YAaCTOMYy Opaky MOKpOW 3aroTOBKH, K HEONTHMaIbHOMY
pacxoay SHEprUM M CHIKEHUIO NpousBoauTensHocTu [2]. [loaTomy ax-
TyaJbHBIMU CTAHOBSTCS 3a/layM, CBA3aHHAs C MOBBIIICHUEM YPOBHS aB-
TOMAaTH3AINHN TPOIlecca U3TOTOBIEHUS MOKPOH 3arOTOBKH.

B 3akmtoyeHnn XxouyeTcst OTMETUTh, YTO MAaTEMATUYECKHE OCHOBHI aB-
TOMaTH3alHHU MPOLecca U3TOTOBICHHUS (POPMOBOYHBIX CMECEH B JIUTEH-
HOM TIPOW3BOJICTBE CTAHOBHUTCS HEOTHEMIIEMOM YacCTBHIO TEXHOJOTHYE-
CKOTO TPOIIecca M3rOTOBJICHUS KadeCTBEHHBIX ()OPMOBOYHBIX CMECEH.
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PA3BPABOTKA CUCTEMbI ABTOMATHU3UPOBAHHOI'O
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JaHHast cTaThs mMoCBsAIIeHa pa3paboTke W (POPMHPOBAHUIO METOMO-
JIOTHYECKOH OCHOBBI MPOEKTHUPOBAHUS, & TAKXKE CTPYKTYpPBI CAMHUX 3Iie-
meHToB CAIIP mns pertreHoBckux TpyOok 2 Tumos. [lapamerpst TpyO-
KA JOJDKHBI 00ecreyuBaTh AOCTATOYHYIO BBICOKYIO Pa3peLIaroLIylo
CIOCOOHOCTB, TIO3BOJISITH KAYECTBEHHO HCCIIEI0BATh OOBHEKTHI.

Hannass CAIIP Oyxer 6a3upoBaThCs Ha CICAYIONIMX NPUHIUIIAX: CH-
CTEMHOT'O €IWHCTBA, COBMECTHMOCTH, THIIM3ALM{, Pa3BUTUA. Takum
00pa3oM, CMBICI TIpoliecca MpoekTUpoBaHus B Jitoboii CAIIP He3aBu-
CHUMO OT 00BEKTa MPOEKTHPOBAHUS OAMH W TOT JK€: MOJYYHUTh B COOT-
BETCTBUH C 3aMBICIIOM TaKyl0 HH()OPMALMOHHYIO MOAEIb, KOTOPas M03-
BOJISIET CO3[aTh CHCTEMY — OPUTMHAJI, IOJHOCTBIO COOTBETCTBYIOLIYIO
3ampicity [2]. [locTrkeHne Hawiyd4IIero pe3yibTaTa PEeHTT€HOBCKOTO
KOHTPOJISL JUIsl TOM WJIM MHOM 3aJayd 3aBHCUT OT BBIOOpa MPUTOAHON
JUIS BBITOJIHEHHUS 3TOH 3a/a4d CHUCTEMBI PEHTI€HOBCKOTO KOHTPOJIS.
ITosroMy mpu cOCTaBICHHUH U pa3pabOTKe MHPOPMAIIMOHHOTO U JIOTH-
ctuueckoro cocrapistoniero CAIIPa 11t peHTreHOBCKOM TpyOKw,
HEOOXOIUMO YETKO NPEACTABIATh KPUTEPUU BBIOOPA PEHTTEHOBCKON
TPYOKH.

PentrenoBckas TpyOka — 93TO YCTpPOWCTBO, M3IydYarollee peHTre-
HOBCKHE JIyud [3] B mociennue roapl s KOHTPOJIS MEYATHBIX IUIAT U
MOJYIPOBOAHUKOBBIX H3JENUN CTaau OoJiee MOIMyJISipHbl PEHTTEHOB-
CKHE TPYOKH OTKPBITOI'O THIIA, WIH OOCITy>KUBacMbie TPYOKH (PHCYHOK
1) [4]. IloToMy 4TO OHM TIO3BOJISIFOT MOTYYUTH N300pakeHrEe OOJBIIETO
paspernieHus ¢ O0JIbIIMM yBenndeHueM. Bakyym ke B TpyOKax OTKpBI-
TOTO THIIA CO3[AETCS C TIOMOIIBI0 BAKYYMHOTO Hacoca, TMOCTaBISIEMOTO
BMECTE C CUCTEMOI PEHTTEHOBCKOTO KOHTPOJIS.
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Pucynox 1. CTpykTypa peHTT€HOBCKOH TpYOKHU 3aKpBITOTO M OTKPHITOTO THIIA

KiroueBble XapaKTepUCTUKU PEHTICHOBCKUX TPYOOK, OIpenessio-
[IME X BO3MOXXHOCTU: HUTh, (POKYCHPYIOLIHE 3JIEMEHTHI, THIT MHUIICHN
— MPOCTpeJIbHAsE WM OTpakaTeabHasl, MaTepHaj MUIICHU M TOJIIIMHA
3TOTO Marepuaia, yCKOPSIOLlee HANpsDKEHHE 3JIEKTPOHOB, MOLIHOCTD
TpyOKH, BAKyyMHOE OKHO.

B xoze Hay4YHBIX U3BICKaHUH OBLIO CHOPMUPOBAH AJITOPUTM U METO-
nonorus CAIIP pentreHoBckux TpyOok. Pe3ynbraT nHTEIUIeKTyaabHOM
JIeATeIbHOCTH TIPEICTABIIEH B BHJIE TIPOTPAMMHOI0 00ECTICUEeHHS.

Ha pucynke 2 n300paxeHo 0JHO U3 28 JUAIOTOBBIX OKOH IPOTpaM-
Mbl CAIIP peHTreHOBCKOH TpyOKH, B KOTOPOH 3a1al0OTCsl MapamMeTphl
TPYOKH M BBIYMCIIAIOTCS] CHJIa TOKA HAa aHOAE M HANpsHKCHUE B 3aBHCHU-
MOCTH OT TEXHHYECKOTO 33JaHHS U TOJIIUH NIPOCBEYMBAEMBIX MaTepH-
anoB. IlporpammHoe obecnieueHue Ui NMPOSKTHUPOBAHUS PA3IHYHBIX
MOJIU(HUKALNN PEHTT€HOBCKUX TPYOOK 00ecIieunBaeT:

e Pacuer mapamMeTpoB PEHTTEHOBCKOI TPyOKH.

o ®dopMHUpOBAHHWE MATEMATHUYECKOW MOJICTN PEHTTEHOBCKOU TpPyO-
KU;
e CocraBiieHHE KOHCTPYKTOPCKOHN M TEXHUYIECKOM TOKYMEHTAITNH;
e CnpaBouHas U TeopeTruyeckas HHPOPMAIUS O pa3paboTKe PEeHT-
TeHOBCKUX TPYOOK, TApaMeTPOB U PEKUMOB PabOTHL.
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B Pacuer napamerpos peHTrenoBCKoil TPYEKY B 3ABICMMOCTY OT 5W4a MATEPMaNa 1 TOALHEL = S
@aiin  Momows O nporpamme
| Pacuer napameTpos uccnegyemeix marepuanal
— TonwwHa npo oro marepuan
Mapamerpel 417 npocseunsaHA waTepuana—
BiSepuTe MaTepan ¥
Pacuet Umn |
Brumanme! ECni TREGYEMOTS MaTEPWANS HET B CIHCKE, MOMHD BOCNONES0BATLCA CNEAYIWE BopMoil pacueTa. [nA SToro
w BEECTH finiii 2
— MNapameTpsl Np oro matepi
[NapameTphl ANA NPOCESUNBAHIA MaTepHana—
Pacuetr Umn |

Pucynok 2. Oxao nporpammsl CATIP peHTreHOBCKOU TpyOKH

TakuMm 00pazoMm, B JaHHOH cTaThe OBLIM IPE/ICTaBICHH OCHOBHBIC
noustuss CAIIPa s pentreHoBckux TpyOok. IlpeacraBieHo mpo-
rpaMMHOE OOecTieueHHe sl TPOSKTUPOBAHUS PEHTTCHOBCKUX TPYOOK,
OTIMCaHbl BOBMOKHOCTH JAHHOTO MPOJTyKTa.
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OIITUMM3AIMA U YCOBEPHLIEHCTBOBAHUE
COJIHEYUHOI'O PECYPCOCBEPEI'AIOIIETO ATPEI'ATA

TI'ycapos /1.B., mazucmpanum 1-20 Kypca

Kasanckuii nayuonanvuwill ucciedosamenbCkuil MexXHULecKul yHueepcumem
um. A.H.Tynonesa — KAU

KunroueBplie cnoBa: CoJHIE, YCTaHOBKA, Map, 3JeMeHT llenbThe, Tep-
MOCTOMKHH.

Kommanust WaterStillar npencraBmia 0JTHOUMEHHYIO CHCTEMY IO
OUYMCTKE BOJBI OT 3arps3HEHUH, OaKTepuil u mapa3suToB. B oTnuume ot
psiZa aHAJIOTOB OHA MOXKET paboTaTh 0€3 MOAKIIOYCHHS K DJICKTPHUC-
CTBY W TIPH 3TOM IMPAKTUYECKH HEe TpeOyeT KaKkoro-imdo TeXOoOCITyKu-
BaHwms [1, c.1].

WaterStillar mony4gaer Boxy 6e3 Hacoca, U3 HAKOIUTEIBHOW EMKOCTH
(baka), B KOTOpBIi MOTPEOUTENb 3aJMBacT BOLY camocTosTeNbHO. [1o-
Clle TOrO KaK CHCTeMa aKTUBHPOBAaHA, BOJa MOCTYIACT B TPYOKH U3 3a-
KaJIEHHOTO TEPMOCTOWKOTO CTEKJIa, HAaXOMAAIIWecs BHYTPH IAHETH C
TEXHUYECKUM BaKyyMoOM (IIPHMEPHO OJiHA ThICSYHAs atMocdepsl). Tam
OHa 6BICTpO Harpe€BacTCd COJIHCYHBIMU JIydaMH, OJHAKO OTAAThb TEIIJIO
HE MOXET, BeJ[b CTEKJIO OJIOKMPYET M3TyueHHEe B HHPPAKPACHOM JHama-
30HE, a Mepejiaya Terula KOHBEKIMeil B BakyyMe HeBO3MOXHa. Boja B
TpyOKaxX OXJIAKAAETCsl 3a CYET TOTO, YTO YACTh JKUIKOCTH HCHAPSIETCS
[1,c.1].

WaterStillar orBoaut Bo/siHOI map Mo maponpoBOay B €eMKOCTh JUIs
KOHJACHCAIIUM, YCTAHOBJICHHYIO B TCHU 3a HaneBaTeJ]BHOfI YaCTbIO HUC-
napurelnsi. TaMm coOMparoTCsl Karuii, COCKaJb3bIBAIOLINE TI0 THAPOPOO-
HOH MOBEPXHOCTH B pPe3epByap, U3 KOTOPOTo MOTPEOHUTENh 3aTeM 3a0u-
paeT YHCTYIO BOJY.

Jnst Toro 4to0bl MOJIepXKUBaTh PabOTOCIIOCOOHOCTh CHCTEMBI Clle-
JKCHUsI ¥ aBTOMAaTH3aIlMU MPOLECca OYMCTKU BOJBI, HY)KHO 0OecIeyu-
BaTh €€ HENPEPhIBHBIM HMCTOYHHKOM 3JeKTpodHepruu. CyIecTBYOT
METO/Ibl TeHEPALUU NIEKTPUYECKON PHEPrUU U3 PA3HOCTH TEMIIEPATyp,
Kak Hampumep ooOpartHbiidi >ddext snementa Ilenpthe. [TosaTomMy em-
KOCTb Ul KOHJCHCAIlMM HY)KHO YCTPOMTH TaKUM 0Opa3oM, 4TOOBI map
OXJIK/IAJICSl Ha TOpsiYel TIOBEPXHOCTHU 3rieMeHTa IlenbThe, a X0IoMHast
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CTOpOHA HAXOJMJIOCHh B 00JIACTH HU3KUX TeMIeparyp. 13 ycTaHOBKH MBI
MOKEM MOJIY4YUTh pa3HOCTh TemnepaTyp nopsaka 40-70 rpaxycos, 4To
B CBOIO OYepellb CO3AaeT Pa3sHOCTH MOTEHLMAIOB Ha BJIEKTPOAax diie-
MEHTA.

Ha mpaktuke ObUIM MpoOJeNaHbl SKCIIEPUMEHTHI IO BBEIPAOOTKE IIEK-
TPORHEPTUH, MCIOJB3ys 3jeMeHT llenbThe. Ha BbIXome 3mekTponoB
HOAJICP)KUBAJIOCH TTOCTOsSIHHOE Hampspkenne 0,8-1,5 BoibTa, KOoTOpoe B
MOCJIEACTBUN TIpeolpa3oBaid B 5 BoabT ¢ nomoinpio DC-DC npeobpa-
3oBarenst. Ha BbIXozie Takoi cucTeMbl MOACPKUBAIICS TOCTOSIHHBINA TOK
600MA mipu Temnepatypax 2000C.

VYCTpoHCTBO ¢ YETHIPHMSI AHEISIMH UMEET MPOU3BOIUTEIEHOCTD OT
2 muTpoB (3uMa, macMypHbId feHb) A0 300 nuTpoB (JIETO, MOJICHB)
ounieHHoi Boawl B cyTku [1, c.1]. IIpou3BOAUTENBHOCTh CHUCTEMBI
MO’KHO TOBBICUTB, ITOJKIIIOYNB K €€ Pe3epBHOMY 3JIEKTPOHATPEBATEIb-
HOMY 3JIEMEHTY TOK OT BHemHe# certu. [eramu WaterStillar ve umeror
JOBWDKYIUXCS YacTel, YT0O MUHUMH3HPYET HYXKAY B TEXOOCTYKHUBaHUH.
HcrpaBHOCTD CHCTEMBI KOHTPOJIMPYETCSI JATIMKOM C yIaJICHHBIM OIIO-
BerieaneM (GSM-Momynb), Tak 94To, €CH C TAKUM UCTOYHHUKOM YHCTOM
BOJIBI BCE K€ YTO-TO CIYYUTCS, XO35MH YCTAaHOBKH W OMKalluid cep-
BUCHBIH IIEHTP OBICTPO Y3HAIOT 00 3TOM. Bes amekTpoHrKa nuTaercs 3a
CUeT HEPruu BbIpabaThiBaeMoe dneMeHTamu IlenbThe.

3aKItoYeHueM MOXKHO CUMTATh, YTO @ BBIXOJIC CHCTEMBI MBI ITOJTy4a-
€M JUCTWIINPOBAHHYIO BOAY, KOTOPYIO B TIOCJIEJCTBUH MUHEPAITU3yeM
JUISL UCTIONIB30BAHUS B IHILY, a TaK)Ke MCTOYHHK ITOCTOSHHOTO HAmpsi-
YKSHUS JUTS IMTaHUS TaTYMKOB M CHCTEM, KOTOPBIE CIEAAT O HCIPaBHO-
CTH CHCTEMBI, (OPMHUPYIOT OTYET O MPOJICTAaHHOW paboTe, BHIIAIOT CHT-
HaJl 0 3aBepIICHUN pabOTHI 0 OYHCTKH BOJIBI.
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Pucynox 1 I'paduk 3aBECUMOCTH 3JIEKTPOIHEPTUH OT Pa3HOCTH TeMIieparyp [2,
c.1].

Cnucok 1uTepaTypsl
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2. T'enepatop Ha smemente [lenpThe [DNEKTpOHHBIN pecypc]. —
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AHAJIN3 BO3MOXKXHOCTHU CUHTE3A AIEPUOJUYECKHU
YCTOMYMUBBIX CAP C3M C HCIIOJIb30BAHUEM
MPOCTBIX PEI'YJIATOPOB

JMoezononan E.A. 1, Macnennuxoe B.B. 1, Mewepakos B.B.

Hayuonanvnuiii uccnedosamenvcxuil sdeprulil ynugepcumem « MUDU y,
Mockea
mexn. 8 916 115 87 67, e-mail: e.a.dovg@yandex.ru

Cucrema TO3WIMOHUPOBAHHUA CKAHHUPYIOMIETO 30HIOBOTO MHKPO-
ckoma (C3M) npeacrasinsier coO0H CHCTEMY aBTOMaTHUECKOTO peryiiu-
poBanus (CAP) ¢ oOpatHOii cBsi3p10. OOBEKTOM yIpaBICHHUS B JAHHOMN
CAP sBnsieTcsi NOABUKHBIA CTOJI ¢ IMBE30KEPAMUYECKUM aKTHOATOPOM,
JUTSI KOTOPOTO XapaKTepHO HAIMYUE COOCTBEHHOTO MEXaHHUYECKOTO pe-
30HaHca [1]. YdeT mocTOSHHBIX BPEMEHH PETYIATOPa MPUBOAUT K OIMU-
CaTeNlbHOM MaTeMaTHYeCKOM MOJeNn ¢ KyOWYecKUM XapaKTepUCTHUe-
CKHM YpaBHEHHUEM BUA

ap® +bp® +cp+d=0. (1)

O06b1yHO T HccnenoBanus nmoBeaenus Takux CAP C3M orpanndu-
BalOTCS TEPEAATOUHON (DYHKIIMEH TIETIH PETYJIUPOBAHUS HE BBIIIC TPE-
ThETO mopsijaka [2].

KonebaTenpHbIil XapakTep NEPEeX0HOTO IpoIlecca B CHCTeMe T03H-
[IMOHUPOBAHUS BHOCHUT JIOMOJIHUTEIBHBIE MOTPEITHOCTA B PE3YJIBTATHI
W3MEPEHUN. YMEHBIIUTD BIUSHUE PE3OHAHCHBIX CBOMCTB yHpPaBIsEMO-
TO MPOIIecca BO3MOXKHO MyTEM YBEIMUEHUS TIOCTOSTHHON BpEMEHH HHTe-
TPUPOBaHUA. DTO HEN30EKHO MMPUBOJUT K CHIDKEHHIO CKOPOCTH CKaHU-
poBanus C3M [2]. Takum oOpa3om, akTyajdbHa HMHXCHEpHAs 3ajadya
YMEHBIIIEHUS BIMSHUS MEXaHUYECKOTO PE30HAHCa IOJBIKHOTO CTOJA
0e3 cHiKeHus: ckopocTu ckaHupoBanuss C3M, Iuisi 4ero HeoOXO0IUMO
CHHTE3MPOBATh aneproaniecku ycroitunsyio CAP.

s ameproarmaeckoro mepexoaHoro mpoiecca HeoOX0IMMO, 9TOOBI
BCE KOPHH XapakTepucTudeckoro ypaBHeHus (1) ObLiv JeHCTBUTEIB-
ueiMu [3].

B nportuBoBec n3BecTHOMY [4], HO HEYAOOHOMY JJIsi IPSIMOI'O aHa-
mi3a yenosuio b’c? +18abced > 4b®d +4ac® +27a’d?, rae a, b, ¢, d —
K02 PHUITHEHTBI XapaKTepUCTHUIEeCKOTo ypaBHeHus (1), mpemraraercs
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WCTIIONB30BaTh crenyomuii nmoaxon k anann3zy CAP C3M. Ilockombky
MUHUMAJILHOES 3HAYCHUE JOOPOTHOCTH CHUCTEMBI TPU HAJUYUU KOM-
TUIEKCHO-COMPSDKEHHBIX TMOJIFOCOB Beerma Ooubmie 0,5 [5], To, momaras
obpaTHOE ¢ MPUOIMKEHHOW OIEHKON JOOPOTHOCTH, MOKHO C HEKOTO-
PBIM 3aI1aCOM YTBEPXKIATh, YTO BCE KOPHU XapaKTEPUCTUUYCCKOTO ypaB-
HEHUS JeHCTBUTENbHEIC. JJOOPOTHOCT CHCTEMBI MpENIaraeTcs OICHU-
BaTh M0 CIEIyrommeld nmpuoImkeHHol GopMye Ha OCHOBe Kod(hdumn-

cv/ac
bc—ad

C HCnonb30BaHUEM YKa3aHHOTO MOJX0J1a ObUTH MOJTBEPIKICHBI DKC-
MEPUMEHTAIBHBIC JAHHBIC O TOM, YTO JUIS YCTPaHEHUs KoleOaTeabHO-
CTH B TIEPEXOJHOM TIpoliecce Hucmonb3oBanus |- u Pl-perymnsropos He
JioctatoyHo. JlokazaHo, 4TO [Jis pEIICHHs IOCTaBJIICHHOW 3a/lauyd Co-
3maHusi anepuonudecku ycroiumBoii CAP C3M HeobOxomum PID-
perynsarop. [IponeMoHCTpUpOBaHa BO3MOYKHOCTh OTHOCUTEIBHO OBICT-
poro u mpocToro Beioopa napamerpoB PID-perynsropa Ha omnepaioH-
HOM YCHIIUTENE Ui 00eCHeUeHHs arneproandeckoro xapakrepa mepe-
XOJIHOTO TMpoIiecca B 3aMKHYTOH CHCTEME.

eHToB ypaBHeHus (1): qo' =
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TEOPUSI NETWORK CALCULUS 1 EE IPUMEHEHUE K
HNCCIEAOBAHUIO CUCTEM ABTOMATUKHU U
SJIEKTPOHUKH

JIvicuxoe A.A., Pocnakoe A.B.
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8-937-188-55-60, lysikov_inc@mail.ru

Teopus Network Calculus (NC), paspaborannas B Hauare 1990-x
rojoB P. Kpy3om [1], mo3BossieT onpeaensiTh rpaHULIbl XapaKTePUCTHK
(YHKIMOHUPOBAHUSI CUCTEMBI MacCOBOTO OOCTY)KMBaHHs MyTeM 3aja-
HUS TPaHMIl MOCTYMAOIMUX MOTOKOB 3asBOK M I'PaHUL] IPOU3BOIUTENb-
HOCTH cuCTeMbl. Maremarudeckoit ocHoBoi Teopun NC sABIAIOTCS
UIEMIIOTEHTHBIC anreOpsl (max, +) u (min, +) [2], B KOTOPHIX YMHOXe-
HUE 3aMEHseTCA CIO0KEHHEM, a CI0XKEHHE 3aMEHSEeTCs OIepanuei
HaXOXJIEHUSI MakcMMyMma (MUHHUMYyMa). ba3oBoii mapaaurMod UaeMIro-
TEHTHONW MAaTEeMaTHKH SBISETCS WJEMIOTEHTHBI MPHUHLUI COOTBET-
CTBHUS, aHAJIOTMYHBINA NpHUHLIUIY cOoTBeTCTBUSA Hunbsca bopa B kBaHTO-
BOHM MexaHuke. [1o aHamoruu ¢ NpUHIMIOM CYNEPIO3ULIMHA B KBAHTOBOM
MexaHuke, B [3] Obul cHOpPMYTUPOBAH MAEMIIOTEHTHBIA MPHHIUI CY-
neprno3uiui. M3 Hero crieayer, 4To MHOTHE TpYyJHBIE 3aJa4d, TakKue,
KaK 33Jja4d ONTUMAJIBHOTO YIIPAaBJICHUS, NCKYCCTBEHHOTO HMHTEIIIEKTA,
ONTUMH3ALIMU Ha Tpadax W MHOTHE JPYyrue, HEITMHEHHBIE B OOBIYHOM
CMBICTIE, OKa3bIBAIOTCS JIMHEHHBIMU HaJl COOTBETCTBYIOIIUMH HIEMIIO-
TEHTHBIMH TOJIYNIOISIMA U MOJYKOJbIaMH. Tak KiaccHYecKas CBEpTKa
nByX ciyvaitabix Gynakmuii f(t) u g(t)

(f*g)(t)= f(t-s)g(s)ds (1)
0
B (Max, +) anredpe OyIeT onpeaensaThes Kak:
(f ®g)(t) =sup{f (t-s)+g(s)} 2)

O<s<t
brnaromaps mpocrote ¥ yqo00CTBY MaTeMaTHYECKOro ammapara Teo-
pust NC MoskeT OBITH TIOJNIE3HA TNPH PENICHUH TEOPETHYECKHUX 3ajad,
BCTPEYAIOIIMXCS IPU MCCIICAOBAHUN PA3IMYHBIX CHCTEM aBTOMATHUKHU U
aneKkTpoHukH. Hampumep, MHOrHe AMHAMHYECKHE CHUCTEMBI, M, B 4acT-
HOCTH, CHCTEMBI U CETH C OYepesIMH, MOTYT OBITh OMHCAHBI IIPH IO~
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MOIIIM JIMHEWHBIX BEKTOPHBIX YPaBHEHHWH TPOMHYECKOW anreOpbl, 9To
OTKpBIBAET HOBBIE BO3MOKHOCTH ISl UX MCCIIEOBAaHUS HA OCHOBE Ipa-
BUJIBHO IOJOOpPAHHBIX MJIEMIIOTEHTHBIX aHAJOrOB MAaTEMAaTHUYCCKUX
00BEKTOB M METOJIOB KJIACCHUECKOU JTMHEHHOUW anreOphl U TEOPHUH JIH-
HEUHBIX TUHAMUYECKUX CHCTEM.

[TpumepamMu TakUX CHCTEM MAacCOBOTO OOCTY)KMBaHUsI SIBIISIFOTCS
pasiudHbIe OOPTOBBIE CETH, CEHCOpPHBIE CETH, BUPTyalbHBIE YaCTHBIC
VPN [4]. Tak pabdoty y3ma VPN M0xHO omucaTh KpUBOI MOCTYTLIEHUS
a(t) , 3anaroueii orpaHnyeHne Ha 00BEM M CKOPOCTH BXOJHOTO MOTOKA

MIaKeToB, M KPHBOi oOcmyxuBanus [3(t), 3amaromieil rpaHuIbl TPOU3-

BOJUTENLHOCTU y371a (HAIPUMED, CKOPOCTh OOCTY)KMBAHUS MAKETOB)
[5]. Torna Bepxuue rpauuus! 3anepxku d(t) makeros B y3me VPN u

sarpy3ku D(t) B MOMEHT BpeMeHH ! ONMpenessoTcst Kak rOpH30HTAIb-
HOE U BEPTUKAIBHOE pacCTosHuUs Mexay kpuBbiMu (t) u S(t) coot-
BETCTBEHHO (pHC. 1), 9TO MOKHO TPEACTABUTH KaK:

d(t) = max,, {inf s > 0: a(t) < At —9)} 3)
b(t) = max,.,{a(t) - A1)} @)
o), ()

v(a.f)

) t
Puc.1. Ilpumep kpHBO#i TOCTYIUIEHHUS ¥ KPUBOH o0cmyxuBaHus y3na VPN

B pabote Ha ocHoBe 0a30BbIX monoxenuin Teopun NC paspaboran
METO/J OIPEACIICHUA I'PAaHUYHBIX OI€HOK CKBO3HBIX 3aCPIKCK IE€peaavun
NaKeTOB, OTIMYAIOIINICS TEM, YTO B IIENIOYKAX MOCIJIEIOBATEIbHBIX y3-
JIOB YYUTBIBAIOTCA pPa3JINYHbIC KOMGI/IHaHI/II/I HepecequI/Iﬁ IIOTOKOB
Tpaduka Heckonbkux VPN. IlpennoxeHHas MeToquKa peann3oBaHa B
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BHJIC TIaKeTa MPHUKIAIHBIX IMPOTpaMM, ITO3BOJISIONMIETO MOBBICHTH (-
(heKTUBHOCThH HMCITOJIL30BAaHUS KAHAJIOB CBSI3U U 00ECIICYUTh TapaHTUPO-
BaHHOE KayecTBO mpeaocTaBisieMblx yciayr VPN. HUccnegoBanue BbI-
nonHsieTcsl mpu (uHAHCOBOH moamep:kke PODU B pamkxax HaydHOTO
npoekTa Nel6-37-00363 mon_a
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IOCTPOEHUE MATEMATHYECKOM MOJIEJIA
I'MAPOIJEKTPUYECKOI'O IPEOBPA3OBATEJIA
PACXOJA C MATHUTOXNIKOCTHBIM CEHCOPOM B
CPEJIE MATLAB

Maxcumosa E.A., I'puyiox C.H.

BUTHU HUAY MUDU, 2. Barakoso
+79372537262, kate6081@yandex.ru

AKTyaIH)HI)IM ABJIACTCA MPUMCEHCHUC MATCMATHUYCCKOIro MOICIHUPO-
BaHUSI KaK METO/a UCCIIEJIOBAHUS CUCTEM YIIPABICHHUS, 3aKIF0OYaI0IEro-
Cs B BO3MOXXHOCTH M3y4YEHHS M ONTUMHU3AIUHN TPOIECCOB U OOBEKTOB,
(bu3NYeCKuil SKCIEPUMEHT ¢ KOTOPHIMU 3aTpyAHHTeNeH. L{enbio paboTsl
SBJISICTCSl TIOCTPOSHHE MAaTEeMAaTHYECKOW MOJETH DIIEKTPOTHIPaBIIYe-
CKOTO YCTPOWCTBA - THAPOIIEKTPUIECKOTO MPEOOPa30BaTENs pacXoma C
MarHATOXUAKOCTHEIM cercopoM (I'DIMP ¢ MXKC), nmo3Bossromiero mo-
Jy4aTh JaHHBIC O BEIMYMHE PAcX0/a B BHJIE TOKOBOTO cUrHaja. [1]

Koucrpyktusnas cxema I'OIIP npencrasiena Ha pucyHke 1.

1 — npeoGpazoBaress pacxoaa; 2 — 3JIEKTPOMAarHUTHBIE KaTyIIKH; 3 — MarHu-
TOXXUAKOCTHBIN CEHCOP; 4 — KPBIIIKA.
Puc. 1 Koncrpykrusnas cxema ['OITP
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I'OIIP cmyxwut ams mpeobpasoBanus nepememnieHuss MOKC B aiex-
TPUUECKUI CUTHAJI U TIepeJay 3TOr0 CUTHaja Ha U3MEPUTENbHBIN NpHu-
0op; mpeAcTaBiIseT COOOH pa3zbeMHBIN KOPIyC IHIMHAPUYECKOH (op-
MBI, BEITIOJTHEHHBIN U3 oprcTekia. B kopmyce mpeoOpa3oBarterst KpemnnT-
cst MKC — obomnouka 13 3IaCTUYHON PE3UHBI, 3aII0JIHEHHAS MarHUTHOM
JKUAKOCTBIO, MECTO KpPEIUICHHs] KOTOPOTO 3aKPBIBAETCS KPBIMIKOW BO
n30exxaHne yreuek paboderd cpenpl. Ha xopiryce 3akperiieHBI dJIeKTPO-
MarHATHBIE KAaTYIIKH, COSAMHEHHBIC MHUTAONINMH IETSMHA C H3MEpH-
TEJIbHBIM YCTPOMUCTBOM. [[pUHIIMNI AEHCTBUS yCTPONUCTBA 3aKII0YAETCs B
nedopmarmr MXKC non neiictBueM Haropa pabodeit cpensl. B pe3yns-
TaTe M3MEHSIETCS MHIYKTUBHOCThH KAaTYIIEK, YTO PETUCTPUPYETCS U3Me-
pUTENbHBIM IpruOopoM. [1]

[ BEIBOZIa MaTEMaTHUECKOW MOJIENI IPeoOpa3oBaTeisi B COBOKYII-
HOCTH PacCMOTPEHBI COOTHOIICHUS: YpPaBHEHHE JBIDKEHUS HJCATbHOM
xuakoct HaBoe — CTokca (¢ ydeToM ypaBHeHHs HepaspbiBHOCTH (diV
V = 0) B mpoeKusix Ha ock Z (0Ch TPYOBI)); ypaBHEHHE HECKMMAEMOCTH
JKUAKOCTH, SIBIISIONIEECS MaTeMaTHIECKUM BBIPRKEHHUEM 3aKOHA COXpa-
HEHHUS Macchl B THIPOa’pOJAWHAMUKE; ypaBHEHUs MakcBeia, mo3Bo-
JISIOUINE ONPEACTUTh MapaMeTphl AIEKTPOMAarHUTHOTO TOJIsA, CO3/1aBae-
MOTO KaTyIIKaMHM MHAYKTUBHOCTH. Ha OCHOBaHHMH TEOPETHYECKHX CO-
OTHOLUEHUH noiydeHa MareMatudeckas moneib ['OIIP, npencrasisio-
nrast coboii 3aBHCUMOCTh ToKa Ha Beixoze ['OIIP ot pacxonma paboueit
cpensl. [2]

TP (r0+p)2 +27° ~((r0—p)2 +Zz)~(20-10’5 -Ap-a}-10”° +3-|-Q-p-d2-a2)
410" -Kk-lI-n,-a}-A-|/2°T?+p°R?

s monmydeHus: TeOpeTHYeCKOW AMHAMHYECKOH XapaKTEPUCTHKH
THIPO3JICKTPUUECKHI MTpeodpa3oBaTesib pacxolla PacCMOTPEH Kak CH-
CTeMa C pacIpe/IelICHHBIMU TTapaMeTpaMH.

[MocTpoenne MaremaTuueckoi Mozenu npoBoautces B cpene Matlab.
Jiiss MozmenupoBaHHsS CHCTEM C pPacHpeieieHHBIMH TapamMeTpaMu HcC-
moab3yeTcst maker pacmupenus Matlab-PDE Tollbox, npeanasnauen-
HBIH U1 pelieHnss TudQepeHuralbHbIX YPaBHEHUH ¢ YaCTHBIMHU MPO-
n3BoaubIMU. [3]. Ha pucynke 2 npencrasiena moaens I'OIIP B nakere
Simulink (a) u nepexoamsIii porecc (0), 1O XapakTepy KOTOPOTO MOXK-
HO CYAMTBH 00 YCTOMYMBOCTH CHCTEMBI.
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1008 1
— y I l:l
=+ 0.000000001622+0 000085+

Step Vet EpUTENL HAA W armToxmaLa cTHEN Soope
ramepa ceHeop Kamyuen MHAYETHEHOCTH

X Graph
a)

0
Puc. 2. a) Mogens I'OI1P B makere Simulink, nepexoausrit r)lpouecc CHCTEMBI
I'2I1P
Takum 06pa3om, nposezeHo mozeaupoBanue I'IIIP B cpene Matlab,
B pe3yibTaTe KOTOPOTO TOCTPOESHBI TPadKu 3aBUCHMOCTH BBIXOJHOM
BEJIMYMHBI OT BXOJHOTO BO3AEWCTBUS, OTPAXKAIOIIUE TIPOIIECCHI, POUC-
XOJISIIIUE B CHCTEME.
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MNPUEM CUTHAJIOB OFDM B CUCTEME MIMO B KAHAJIAX
C PACCESIHUEM

1 N 1
QDuaumonos A.A.", Kapmawesckuit B.I'.

'®I'BOY BO IloBomkcKuii rOCYAAPCTBEHHBIM YHUBEPCUTET
TEJICKOMMYHHKaLUi 1 nHpopmaTrku, Camapa
+7 (929) 702-10-42, Althero@gmail.com

B pabote paccmarpuBaercst ananu3 curnanoB OFDM c kBagpartyp-
HOW amrumuTygHoH Momymsimued (QAM-16) Ha mpuemMHON CTOpOHE B
cucteme MIMO B kananmax ¢ paccesnueM (mamsTero). JlaHHOe couera-
HUE TEXHOJOTWH HIMPOKO MPUMEHSETCSI B COBPEMEHHBIX MOOMIBHBIX
cucTeMax CBs3H, npeumyinecTBenno B LTE [1]. [JaHHble TEXHOIOTHH
MO3BOJISIIOT 3HAYUTENIBHO MOBBICUTH CKOPOCThH IEpENadyd CUIHAJIOB IO
KaHaJly CBS3M, HO MX BAXKHEHIIEH XapaKTEPUCTUKOU SBIIIETCS ITOMEXO-
YCTOMYUBOCTS.

N3-3a cienudukn curaamsa OFDM ¢ QAM-16 Moxymsiueii pere-
HHUE 33/1a4¥ IEMOJYJISAIMU B KaHajle C MaMAThI0 HE MOXET OCYIIECTB-
JSTHCSL ATOPUTMAaMHU TIEpeOOPHOTO TUMA, TPEOYIOIIET0 KOJIOCCATbHOTO
uucnia nepedupaembix runores (He Menee 16'°). [lostomy pemenue 3a-
Jlauqu OLICHWBAHUS peallu3yeTcsi ¢ MPUMEHEHHWEM SKBananzepoB Zero
Forcing (ZF) u Minimum Mean Square Error (MMSE) [2]. B noknane
MIPEIOKEHO codeTtaHne anroputMa MMSE ¢ aaropurMoM «mpHeM B
LIEJIOM C MOodJIeMeHTHBIM IpuHATHeM petnerusp» (IILIIIIP), yto mpuse-
JI0 K CYLIECTBEHHOMY COKPAILLCHHUIO BBIYMCIHUTEIBHBIX 3aTpar ¢ coxpa-
HEHHEM CBOMCTB OIEHOK, OJTy4YeHHbIX anroputMom MMSE.

[TpeasioxKeH bl aTOPUTM IIPHEM B IIEJIOM C MOAJIEMEHTHBIM TIpH-
usitueM perrenus» (ITLIIIIP) oOpabarkiBaeT MPUHATHIA CHTHAT HA WH-
TepBaJie TaMATH KaHaia (OrpeessieMOl KOJIMYeCTBOM e€ 0TcyeToB M).
A Tak ke NPUHIMITHATBHBIM YCIOBUEM NMPUMEHEHHS TaHHOTO aJlrOpUT-
Ma SIBJISIETCSI MCIIOJIb30BaHUE «oOpaTHOU cBsizm mo perieHuio» (OCP)
[3].

Anroputm IILIIIP no3Bonser oTka3zaThCs OT 3aIUTHBIX MHTEpBa-
noB (peduKca U NOCTPHUKCa), 4TO 00ECIIEUHBACT BHIUTPHII B IPOITYCK-
HO¥ ctocoOHOCTH O0s1ee ueM Ha 20 mporeHToB [4].
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BuroBbii KoadphuupenT owmnbok
3,

[ —=—sisomunnp) |--:-
“| ——nmimogzF)

_| —e—mimopmsE)
—+— MIMO(TILYAINP)
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BuroBbii koaddhuumeHT owmnbok

-| —8—siIsomunneP)

-| —%— MIMO(ZF)

’| —&— MIMO(MMSE)

| ——mmo(nunne) [

1ol L 1 1 i i i | i i

2 4 6 8 10 12 14 16 18 20
ocl, ab 6)

Puc.1. IToMex0yCTOHYHUBOCTE aJITOPUTMOB AeMOIy K B cucreme MIMO —
OFDM: a) npu TouHo u3BecTHOM U X KaHaia, 0) OLlEHEHHOI ¢ MOTPEIHOCTHIO

B noknane npuBeneHs! pe3ynabTaThl CTATUCTUYECKOIO MOAEIUPOBA-
HUSl paboTHI BBIIIE YKa3aHHBIX AJITOPUTMOB B KaHaje C MaMsAThio (ma-
MATh KaHasia M =3), Ipy TOYHO M3BECTHBHIX MapaMeTpax KaHaja B Me-
cte npremMa (puc. 1, a) U OLlEHEHHBIX ¢ TOrpemHocThIo (puc. 1, 6). [Ipn
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3TOM TIPEATIONAraioCch, YTO MapaMeTpsl KaHalla TOCTOSHHBI Ha BCE Bpe-
M aHaIu3a.
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OIIEHKA BJINSTHUS ®OPMBI ITIPOTOYHOM YACTH HA
I''1IYBUHY PEI'YJIMPOBAHMUSA

Dponos M.B., @Pponosa M.A.
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+79271566594, wertal995@mail.ru

[pn MBYKEHNH KUIKOCTH WIIH ra3a MO TPYOOIIPOBOAAM IPOUCXOAUT
HoTepst Haropa (PHEPryuH) Ha MPEOJOJICHNE BCEX BHJIOB THAPABIMIECKO-
ro comportuBieHus. llpu aBromarmzamum IMpolecca peryinpoBaHHs
HEOOXOIMMO yBEJIHYMBATh UYBCTBHTEIBHOCTh M3MEHEHUs K0d(dduiu-
€HTa THIPABINYECKOTO COMPOTHBICHUS. UyBCTBUTEIBHOCTH KO3 HU-
[UECHTAa OT U3MEHEHHS CEUEHHSI TPOTOYHOM YacTH TPyOOIPOBOAA XapakK-

. d
TEPHU3YETCs MPOU3BOIHOM OT KOA(DPHUITUSHTA O TUIOIIA U d—i.
Jliis aHamu3a BIMSHUS BHJIA [IEPOXOBATOCTH U (DOPMBI CCUCHHS TPY-
OorpoBoa Ha U3MEHEHUE KO3 PHUIIMEHTA THUIPABIUNICCKOrO COMTPOTUB-

JICHUSI MOTYT OBITh UCTIOTB30BaHbI COOTHOIICHHUSL:
£=15
rJjie: A — JIMHEHHBIA K03((GUIIMEHT TUIPABINYECKOTO COMPOTURIICHHS,
| — nyuHA yyacTka TpyOBbI, M;
D, — ruipaBIu4YecKuii TUaMeTp, M.
A=Ky,
K, — TIOMPABOYHbBIN KOAQ(HUITUCHT, 3aBUCAIINN OT POPMBI CCUCHHUS;
Ay — JHMHEHHBIA KOA(MGHUIMEHT TUAPABIAYCCKOTO COMPOTHUBICHHUS JIJIs
TPYO KPYTJIOro CEUCHHSI.

ITpu 5TOM MTUHEWHBIH KOA(PPHUIIMEHT THPABINIECKOTO COMPOTHBIIC-
HUS T TPYO KPYTIIOro ceueHus sBisercs (QyHKIMEH, 3aBUCSINEH OT
yurcina PeitHolib/ica U OTHOCUTENBHON IEPOXOBATOCTH.

A = f(8,Re)
W * D,

Re =
v

® — CKOPOCTh ITOTOKA, M/C;

V — K03(QDHUIMEHT KHHEMATHYECKOH BS3KOCTH, M/c”;
4+ F,
D, =
Il
0
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Fo — rutomanp monepevyHoro CEUeHMs, MZ;

[y — mepumeTp ceueHus KaHaja, M.
Ao A
= D,
A — cpenHsis BbICOTa OyrOpKOB, M
PacueTHBIE COOTHOIICHUST OBUIM TMOJYYCHBI NI Pa3IUYHBIX BUJOB
cedyeHnit TpyoomnpoBoaa. JlanpHeimme uccaeaoBanus TPOBOINIICH IS
BO3JlyXa MpH Pa3IUYHBIX TEMIIepaTypax, IJIOMAIN CEYCHUS 10 4%10™
M*,CKOPOCTh ABIKeHUs noroka — oT 0,1 1ol M/c u ynHe KaHana 5%107
M.
KoaddummenTsl runpaBindecKkoro COMPOTUBICHNAS PACCYATHIBAIOT-
¢ 10 (popMysiaM, pa3IMYHBIM JIJIs KQXKIO0TO CEUCHUS.
Kpyrnoe ceuenue:

16x1*vx*m
v x F
IIpsiMOyroJyIbHOE CEeUeHHE:
_16*1*xv* K, * (ag + Bp)?

v *a * b3
KBagpatHoe ceueHue:
64 * 1 * v * Ky

v * Fy
CeueHue B BHJIE CEKTOPA:
64Ky *x1*v*(r2+F)>2

v* FZ xr?

JlanbHeiilee NCCIENOBAHUE 3aBUCUMOCTH YyBCTBUTENLHOCTH KO-
(uIeHTa THAPABINYECKOTO COMPOTHBIICHHS OT TUIONIA I, TEMIIEPaTy-
bl CPeJIbl, CKOPOCTH JIBHKEHHS BO3/LyXa MOKAa3all, 4To TEMIIEpaTypa
CKOPOCTb HE 3HAYMTENBHO BIMSIOT Ha IyOuHy perynupoBanus. OnHa-
KO C BO3PACTAHMEM CKOPOCTH HaGIIONAETCs YBEIMUEHHE TyBCTBHTENb-
HOCTH KO:)(I)(i)I/IHI/IeHTa THAPABIIMYCCKOr'0 CONPOTUBJICHUSA K U3MCHCHHUIO
mwiomaau. Bospacranue peryiMpoBaHus MPOMCXOAMT HA MANbIX ILIO-
aIsx.

BBIICHWIIOCH, YTO TPH MPOYMX PABHBIX YCIOBHAX KOIDPHIMEHT
TH/PABIMYECKOTO CONPOTHBIEHHS. KPYIJIOTO CEYEHHMs] MEHBIIE, YeM Y
OCTANIbHBIX CEYEHHIA.

Jlureparypa
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Azeiiuenxog /I.I., Konooxo /I.B., Kazuee A.B., Tymapxun A.B.,
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ITonnmanue ImpoueccCoB MOI[I/I(i)I/IKaHI/II/I IMOBCPXHOCTHU B IJIIA3MCHHBIX
YCTaHOBKaX, a TakXke MOBBIIIeHHE WX d(Q(eKTHBHOCTH TpeOyeT 3HaHUI
[IapaMeTPOB IIa3Mbl U BO3MOXHOCTH KOHTPOJIUPOBaTh ux. IlapameTpsl
IUIa3Mbl B TEXHOJIOTMYECKUX YCTAaHOBKax BapbUPYIOTCA B MIMPOKHUX
JIUana3oHax B 3aBUCUMOCTH OT KOH(UIypaluy yCTaHOBKM M TUIA pa3-
psza.

OpHuM U3 BaKHEHIINX (DaKTOPOB SBISETCS KOMIIOHEHTHBIM COCTaB
IUIa3Mbl, KOTOPBIM XapakTepU3yeT MOTOK 3apsDKCHHBIX YACTHL, MaJaro-
KX Ha oOpabaTeiBaeMble MOBEPXHOCTH. B yacTHOCTH, aKTyaJIbHBIMHU B
HacTosIIee BpeMsl SBISIOTCS 3aJaud TUIa3MEHHOTO a30TUPOBAHHS Me-
TaJlJZIOB W CIUIaBOB, IIPU KOTOPOM CBOMCTBA IOBCPXHOCTHBIX CJIOCB
ONpeNENA0TCA KOHLIEHTpauue aromapaoro azota [1]. Kpome toro, Ha
nporecchl 00pabOTKM MOBEPXHOCTH CYIIECTBEHHOE BIMSHHE MOXET
OKa3bIBaTh MaJIO€ KOJIMYECTBO MPUMECHBIX Ta30B [1].

N3yyeHre KOMIIOHEHTHOTO COCTaBa IJIa3MEHHBIX OOBEKTOB SIBJISETCS
KOMILJIEKCHOH 3amaueil. Hepenko, BBUAY CI0KHOCTH, 3TMM Harpasiie-
HUEM TpeHeOperaroT, monarasch B Ka4ecTBe JOCTATOYHOT'O MPUOIIIIKe-
HUS Ha U3MEPEHUs cocTaBa pabodeli Ta30BOM cMecH, UTO B psJe clyda-
€B MOJKET NPHUBOAUTH K HEKOPPEKTHOMY OIIMCAHUIO MPOUCXOISIINX
nporieccoB. OCHOBHBIMHU CIIOCO0aMU OTIPEAETICHHS COCTaBa IJIa3MBbl SIB-
JIAKOTCA ONTUYCCKAasA JUAarHOCTUKA U MaCC-CIICKTPOMETPUA. Ontnyeckast
JUAarHOCTHKA [P 3TOM MMEET CEPbe3HbIe HEJOCTATKH: MAIYIO YyBCTBU-
TEJIBHOCTh ¥ HEOOXOIMMOCTh OmpenesieHus (pyHKIMU IepecueTa ONTH-
YECKUX CIIEKTPOB B JIaHHBIE 00 OTHOCHTEIHHOM MAacCOBOM cocTase. B
CBOI0 oOYepenb, MAacC-CIIEKTPOMETpPHUS JaeT BO3MOXHOCTb TOYHOTO
orpeJiesIeHHsI OTHOCUTENBHBIX TIOTOKOB 3apsHKEHHBIX YaCTHL, HO TpeOy-
eT OoJiee cepbe3HON TEXHUIECKOHW TTOATOTOBKH.
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Panee HamMu IpOBOAMINCH 30HAOBBIE U3MEPEHUS M ONTHUYECKAs Axa-
THOCTHKA IUIa3Mbl, CO3/1aBa€MOM B TEXHOJOTMYECKOM HCTOYHHMKE Ha
0a3e BBHICOKOYACTOTHOTO WHAYKIHOHHOTO pa3psiaa, KOTOPBIA MpUMeHs-
eTcsl U1 a30TUPOBaHMS CTalieil, aJFOMUHUEBBIX U TUTAHOBBIX CIJIABOB
[2, 3]. B mannoii paboTe mpUMEHSJICS MarHUTHBIA CEKTOPHBIA Macc-
cemnaparop Al AuarHoctuku mnasmel BUHM paspsina.

OKCIIEpUMEHTHl NIPOBOIWINCH HAa YCTAHOBKE IS IUIA3MEHHOM MO-
I(UKAITIN TTOBEPXHOCTH, B KoToport BUM paspsm coszmaeTcs ¢ momo-
UIBI0 PaMOYacCTOTHOrO Ia3MeHHoro rereparopa PIII'-250. Buemnrnee
MarHUTHOE II0JI€ CO3JAeTCsl ¢ MOMOILBIO Mapbl KaTyIIEK ITOCTOSHHOTO
ToKa. J[Mana3oH pabouuX JaBieHHIl ycTaHOBKH cocTaBiser ot 10™ 1o
10 m6ap. B xauecTBe pabodero rasa MOTYT HCIIONB30BAThCS APIOH,
a30T, BOJAOPO/I U UX CMECH. MakcuMaibHas IIIOTHOCTH TUIa3MBbI IPU 10°
Mbap cocrapmsier Bemmumny ~10™ cm® IMogpoGHas cxema yCTAHOBKH
npuBeneHa B pabote [2]. Jns aHanm3a MOTOKA 3apsHKEHHBIX YaCTHIL U
CO3JIaHMsI MOHODHEPI'eTUYHOTO My4Ka Oblia pa3paboTaHa cHCTEMa JKC-
TpaKUKU. DKCTParupyeMblid My4OK MOJHOCTHIO MMHUTHUPOBAJ MOTOK 3a-
PSDKEHHBIX YacTul] Ha oOpasen. Pasronstommii moTeHman BappupoBa-
cs B auamazone ot 1 o 2 kB. B kauecTBe Macc-cemapaTopa MCIO0JIb30-
BaJICSI CEKTOPHBI MarHUTHBIA Macc-aHAIM3aTop ¢ AuddepeHraIbHOMI
oTKayKkoW. VIOHHBI TOK PErucTpUpOBAJICS HPU MOMOILIM HHKOAMIIEp-
metpa Keithley 6485. Cucrema macc-ananu3a Obliia MOJHOCTBIO aBTO-
MaTH3UpPOBaHA.

Bbun m3MepeHsl MaccoBBIE CIEKTPHI IJISl PA3IUYHBIX PEXKHUMOB TO-
peHus paspsina. TUIHYHBIA CHIEKTP NpeacTaBieH Ha puc. 1.
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AHAJIN3 PE3YJBTATOB BO3JAENCTBUSA JIASEPHOT'O
N3JITYYEHUSA HA ’KU3HEJAEATEJIBHOCTD DJIEMEHTOB
AT'POPUTOIEHO3A

A.2K. Amuparcanosa, A.A. Ymanueesa, O.M. Anvikosea, A.B. Ilonnegun,
ILT. Cenun

Acmpaxanckuii I'ocyoapcmeennviii Yuusepcumem, Acmpaxars

CymiecTByeT OOMIUPHBIN psifl KCCTIETOBAHNH, CBHIETETHCTBYIONINI O
TOM, YTO JIa3epHOE H3IyYCHHE IOJIOKUTEIbHO BIHSCT HA >KU3HEnes-
TEJNILHOCTH 3JIEMEeHTOB arpodutorieHosa. Tak B padore [1,2] mokazaHo,
YTO pe3yibTaThl BO3IEHCTBUSA Ha CEMEHA OTYPLIOB TIO3BOJIMIN MOTYYUTh
npubaBky ypoxas Ha 30%; npeaBapuTenbHble 1a00paTOpHbIE UCCIENO0-
BaHUS MPEIIIOCEBHON 00padOTKH ITOKA3ali, 9TO O0ydIeHUE CEMSH Spo-
BOW TmeHuIbl MpeHsp a3zepoM ycKopsieT X MpopacTaHUe U MOBHIIIACT
BCXoXkecTh B cpeaneM Ha 10 %. [Ipeamerom uccnenoBanus B padote [3]
OpLTH ceMeHa 0000BEIX (Topoxa U (hacoiu), MOJBEPTHYTHIE JTa3ePHOMY
O0JyYCHHMIO Pa3IUYHON MOIIHOCTH. VccnemoBaHus MoKa3aau yCKOpe-
HHUE TMPOPACTaHusl, POCTa U Pa3BUTHUS ceMsiH 0000BbIX. B pabote [4] mo-
Ka3aHo, 4To pe3ynbTaroM o0paboTku He-Ne-mazepom kimyOHelt kapTo-
¢ens sBUIOCH TOBBIIIEHUE ypokas Ha 33%; Kykypy3el copta «Mo-
naBckuid» Ha 11%. B pabote [5] nasepHas 00paboTka CeMsiH TOBBICHIIA
MOJIEBYIO BCXOKECTh CEMSIH IPOCa B CPETHEM 32 T'O/IbI HCCIIEAOBAaHNUN Ha
10 % u yckopsana nossiaeHHe BcxonoB Ha 2 - 3 gus. Copra TOMata
Awmypckuii yrec u 3apsi BocToka, BeIpanieHHbIe U3 ceMsiH, oOpaboTaH-
HBIX JTy4OM J1a3epa IIOTHOCTBI0 2,5 MBT/cM® TIpH SKCMO3HIMK 5 MUHYT,
B CPEJHEM 3a JIBa roJla UCCIAEAOBAHMUM aiu ypoxkail B 1,5 -4 paza Bbilie
[6]. OTOT psim MOKHO MPOAOIKUTE.

Takum 06pa3oM, 00bEKTUBHO 3a(hUKCUPOBAH (PAKT MOJOKHUTEIEHOTO
BJIMSIHUS JIA3€PHOTO M3JIyYEHHs Ha BCXOXKECTh, KU3HEICSTENbHOCTh H
YPOXaHHOCTh CENbCKOX03IMCTBEHHBIX KyJIbTYP. B OCHOBHOM Bce mody-
YEHHBIE PE3yJBTATHl TUX HCCIEAOBAHUIN aHAIN3UPYIOTCS CPABHUTENb-
HO-aHAJIUTHYECKUM METOAOM. T.e. MaTepuan pa3OuBaeTcs Ha TPYIIIBL,
KOTOpBIE MOJBEPraroTCs BO3ACHCTBHIO JIA3EPHOTO M3ITy4eHHs (M3MEHS-
eTcsl BpeMsl BO3JICHCTBUS, TIEpPUOJ] BPEMEHH T'oJla, MOIIHOCTh U T.J.) H
KOHTPOJIBHYIO TPYIIY, a 3aTeM CPaBHUBAIOTCS ITOKA3aTEIH BCXOXKECTH,
POCT, ypOXKaHOCTh KOHTPOJBHOM M HCIBITYeMbIX Tpynn. OxHako, ¢u-
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3MYECKH MEXAHU3M TaKOro BO3JEHCTBUS HE HCCIENOBaH, MOJTOMY
npeIaraeTcsi B 1a00paTOpHBIX YCIOBUIX 00Jy4aTh 3JIEMEHTHI arpogu-
ToueHo3a. Jlamee ¢ OAHOW CTOPOHBI HEOOXOIMMO KOHTPOJIHPOBATH
BCXOXKECTh, YPOKAWNHOCTD, KU3HECSITEIBHOCTh CEIbCKOX03HCTBEHHBIX
KyJbTYp, & C IPyrod CTOPOHBI (PM3UYECKUMHU METOJaMH, B YaCTHOCTH,
merogoM MK-CriekTpocKOnum, MOMBITATHCS YCTAHOBHTh H3MEHEHWUS,
MPOUCXOJISIIINE C CEMEHAMH TOCIIE TA3ePHOTO H3ITyYCHUSI.

Jlns mocTvkeHMsI TIOCTAaBICHHBIX IeJiel pa3paboTaHa KOMITaKTHAsI
naboparopHasi ycraHOBKa (puc. 1) st 00pabOTKH 3IEMEHTOB arpogu-
TOIIEHO34, TIO3BOJISIONIAs U3MEHSTH [UTMHY BOJHBI JIA3€PHOTO U3ITYUCHHUS
(KpacHbIH, 3eNMeHbId, CHHUN Ja3ep), MOIIHOCTh M BPEMs BO3JEHCTBHS
(T.€. mo3a).

Puc. 1. Mogenb yCTaHOBKH JIj1s1 00pabOTKH 3JIEMEHTOB arpo(UTOIICHO3a
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HUCCIIEAOBAHUA ITPOUECCOB OBPA30OBAHUA HUTPUJIA
AJIIOMUWHMUS B IUIAZME ITPA BO3JENCTBUU
PACOPOKYCHUPOBAHHBIX CIBOEHHBIX JIASBEPHBIX
HUMITYJIbCOB HA AJJFOMUHHUEBBIN CILIAB JI16T
B ATMOC®EPE BO31YXA

bazzan Xoodop, Hunv Xynuscu

BI'y, Munck
bazzal khoder 88@hotmail.com

B nacrosmee BpeMsi OAHUM U3 MaTepUANIOB, IEPCTIEKTUBHBIX K MPH-
MEHEHHUIO B MHUKPORJICKTPOHUKE U ONTOUIEKTPOHUKE SBISIETCS HUTPHUI
amromunus (AIN) u kepamuueckue MaTepHalibl Ha ero ocHoBe. Hutpu-
Bl METAJIOB 00J1aal0T HEOOBIUHBIM coueTaHueM CBOMCTB: AIN saBii-
€TCsl IIMPOKO30HHBIM TIOJIYIPOBOIHUKOM (6,2 3B), MMeeT BBICOKYIO
TEIUIONIPOBOIHOCTh, CPABHUMYIO C TEIIONIPOBOJHOCTBIO MEIU U cepeod-
pa (10 260 Br.m'K™*) u r.1. [1].

Jlo cux mop BO MHOTHX TEXHOJIOTHSX a30T UCIOJb3YETCS B KaUeCTBE
uHEepTHOTO ra3za. Haubonee pazpaboTaHHBIMU U U3YYEHHBIMH METOJAMH
aKTHBAllMd MOJIEKYJIBI a30Ta SABISAIOTCS HarpeBaHue, MOHU3UPYIOIIee
W3Iy4YeHHe, NeHCTBUE KaTaIu3aTOPOB, dJIEKTPOPa3ps, a TakKe codera-
HHUE 3THX MeTol0B. [Ipy TernIoBoi akTUBALMK MOJIEKYJIIPHOTO a30Ta —
narpesanuu 10 3000 °C, crenens auccormaruu gocturaet 0,1 %. py-
T'He METOJIbl aKTHUBALWU sBIsitoTcs HeaddhexkruBHpIME — KI1J] mporecca
He npebimaeT 1—2 %. Takum 00pa3om, Bce 3T0 00yCIaBINBACT TOUCK
CHEUUAIBHBIX YCIOBUM peakiuuu N, WIN aKTUBHPOBAHHOTO A30THOTO
KOMITJIEKCA C METAJIAMU U TIPEJICTABISET OONBIION MPaKTHYSCKUN WH-
tepec [1]. B Hacrosiee Bpemst st mosyuenust AIN B BHie MOpOIIKOB
WIN B COCTAaBE TOHKHX IUICHOK M TOKPBITHH HAYMHAIOT MPUMEHSTH Me-
TOJIBI Jla3epHOro Bo3zeiicTBus Ha Al B atMocdepe akTHBHPOBaHHOTO
azoTa 1o JaBieHueM [2].

Lenp paboTsl cocTosyia B TOM, YTOOBI MOKa3aThb BO3MOXHOCTb U
OTIpEIeNIUTh YCIOBHS ISl OTYYEHHsI METOJI0M aOJIsIiuy CEpUsIMU CABO-
€HHBIX JIa3epHBIX MMITYJIbCOB ATIOMHUHHMEBBIX MHIIEHEW B BO3IYIIHOW
arMoc(epe HaHoknactepoB AIN mns ucronbp30BaHUS B TEXHOJIOTHUSX
MOJTy4YeHHUs] HAHOKPUCTAIJIOB M HATIBUICHUS] TOHKUX IUIEHOK.

202


mailto:bazzal_khoder_88@hotmail.com

NaszepHan du13KnKa, onTMKa 1 GM3nKa NNasmbl

Jlns mpoBeneHusl MccleNOBaHUM UCIOJIB30BAJICS JIa3€pPHBI MHOIO-
KaHaJbHBIA aTOMHO-IMHCCHOHHBIN criekTpoMmeTp LSS-1 (u3roroBurens
CII «JIOTUC THM»). B xauecTBe HCTOUHMKA BO3OYXKICHUS TUIa3Mbl B
CIIEKTPOMETPE MCIOIB3YETCS JIBYXUMITYJIbCHBIN HEOAMMOBBIA Jla3ep ¢
PETyJIMPYEMBIMH SHEPTHCH U UHTEPBATIOM MEXK]Ty UMITYJIbCaMU (MOACITH
LS2131 DM). Jlazep moxeTt paboTaTh ¢ 4aCTOTOW ITOBTOPCHUS UMITYJIb-
coB 10 10 't Ha qune BomHBl 1064 HM. JIUTEIHHOCTH UMITYJIBCOB =~
15 HC. BpeMeHHO# cIBUT MEXy CABOCHHBIMH UMITYJIbCAMU MOXKET H3-
MmeHAThes oT 0 1o 100 mkc ¢ marom 1 MKkc.

JuHamuka 0o0pa3oBaHUS OJHOTO U3 TPOAYKTOB B3aUMOJICHCTBHS
aTOMOB aTIOMHMHUS € a30ToM paaukanta AIN u3ydeHa HaMu 1O SMHCCH-
OHHBIM CHEKTPaM 3TOW MOJIEKYIBI IPH BO3JEHCTBUH CEPUH OJUHOYHBIX
Y CABOEHHBIX JIa3ePHBIX UMITYJIHCOB Ha aFOMUHUEBYIO MHIIIEHH B aTMO-
chepe BO3/yXa. HauGonee WHTCHCUBHBIMH AJIEKTPOHHO-
KoJIe0aTelbHPIMHA TIOJIOCAMH B SMHUCCHOHHBIX CIIEKTpaXx SIBISIFOTCS IIO-
JIockl ¢ aimHaMu BonH 508,05 n 512,3 am.

C ucrnonp30BaHUEM MEXKIY HMIYJILCHOTO MHTEpBaja 8§ MKC HaMH
NPOBEJICHO HMCCIIeI0OBaHue Tpolecca oOpazoBanus HaHokiactepoB AIN
OT PHEPTHUH UMITYyJILCOB B 3aBUCHUMOCTH OT pac(hOKycHpOBKH uX. JlaH-
HBIE IPOBEJICHHBIX UCCIICIOBAaHUI MPUBEICHBI HA PUCYHKE 1.

Kak BHIHO M3 MOJTYYCHHBIX JaHHBIX MTPOIIECC 00pa30BaHUs HAHOKJIa-
crepoB AIN ¢ yBenmuennem sHepruu 10 40 MK yBelnn4nuBaercs, a 3a-
TEM HECKOJIbKO YMEHBIIIAETCs, B TO YK€ BPeMs 3aBUCHUMOCTH OT pacdo-
KYCHUPOBKH (TUIOTHOCTH MOIITHOCTH ) HEOJHO3HATHA.

C wucnons3oBanneM nHTepBana 10 mxc um sHeprum 40 m/x Hamu
NPOBEJICHO HCCIeoBanue npoiecca oopasoBanust AIN B 3aBucumMocTH
OT HOMEpPA BO3JEHCTBYIOIIETO HA MUIIIEHh UMITYJIbCa. Pe3yapTaThl po-
BEJICHHBIX UCCJIEOBAHUN MTPUBECHBI Ha PUC. 2.

[Ipu comocTaBieHNN PUCYHKOB OOpaliaeT BHUMAaHHE XOPOIIast Kop-
pensIus MEeXAy Bo3pacTaHueM HHTeHcuBHOCTH Tosockl AIN u cyie-
CTBEHHBIM yMeHbIIeHreM uHTeHcuBHOCTH tuaun Al 11 (452,92 uam).
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Puc. 2. 3aBucumocts untencuroctH juauid Al 1l (466,3 um), Al 111 (452,92 um),
AIN u N Il B criekTpax 0T HOMepa UMITyJIbCa

Kak BuaHO M3 JaHHBIX Mpoliecc obpasoBanus HaHokitactepo AlIN
CYIIECTBEHHO YBEIMYMBACTCS C YBEJIUUCHHEM MTyOuHBI Kpartepa. Hamu-
YHe Ha MOBEPXHOCTH OKCHIOB AJIFOMHHHUS YCKOPSET Hayayio Ipolecca
obpasoBanus kak paaukaioB AlO, tak u AIN. Hamu4ue peskoro Bpe-
MEHHOTO TIOpOra CKOpocTH 00pa3oBanus HaHOKIacTepoB AIN ykasbiBa-
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€T Ha TO, YTO NMPUYNHY HAOTIOAEMBIX SBICHUN HEOOXOIMMO HCKATh B
0COOCHHOCTSX HM3MECHEHHsI TEMIIEpaTypHOIO M XHMHYECKOTO COCTaBa
IUIa3MbI BHYTPU 00pa3yroLIerocst JOCTaTO4YHO ITy0OKOro KaHasja.

B namewm ciydae npu GpopMHpOBaHNH TITyOOKHX OTBEPCTHH CABOCH-
HBIMU MMITYJIbCAMH, TIPOUCXOUT HAKOIUICHHE aOJIMpPOBAaHHBIX MHUKpO-
YaCTHUI] U KJIACTEPOB B aTMoc(epe obpasyromuxcs noaocteid. [Ipu stom
BO3JCHCTBHE MOCIEAYIONIET0 UMITYIbCa, CIECTYIOMIEro uepe3 HeOoIb-
IIOW MHTEpPBaJl BPEMEHH, NPUBOJUT K HU3KOIIOPOTOBOMY ONTHYECKOMY
npo0oro BO3/yXa, HACKIIIECHHOTO MUKPOYacTUIIAMU METaJlia, U MosIBIIe-
HHUIO OJTHOBPEMEHHO JBYX Pa3sHECEHHBIX B IPOCTPAHCTBE IUTa3MEHHBIX
oOpa3oBanmii. B 3TOM ciydae, mosBieHHe Ia3MEHHO-TIBUIEBON 00Ia-
CTH TIPUBOJMT K CO3JAaHHIO BBICOKOTEMIIEPATYPHOTO IIa3MEHHOTO 00-
JlaKa BBICOKOTO JaBiieHHs B mpobOutom kaHane. [locnemnwii sddexr
CHIDKAeT aKTHBHOCTH KHCJIOPOJa, a aKTHBUPOBAHHBINH a30T B3aUMOJICH-
CTBYET NP BBICOKOH TeMIlepaType B COOTBETCTBHU C €TO PEaKIIMOHHON
CIOCOOHOCTBIO, YTO U 00YyCIIaBIMBAET yBEIHMUCHHE CKOPOCTH 00pa3oBa-
HUS HUTPHUIOB AIIOMHHHUS TIO CPAaBHEHHIO C OJAWHOYHBIMH WM PEIKO
MOBTOPSIFOIIUMUCS FIMITYJIbCaMU [2].

Takum 00pa3oM, BHIMOTHEHHBIE CIIEKTPOCKONTNYECKUE UCCIICAOBAHHUS
XapaKTepUCTUK TPHUIIOBEPXHOCTHON Ja3epHOM Tuia3Mbl, 00pazyeMoii
BOJIM3H IMOBEPXHOCTH AIFOMHHHUS, ITPU BO3JICHCTBUM Ha HEe MOCIIeI0Ba-
TCJIBbHBIX paC(l)OKYCI/IpOBaHHBIX CABOCHHBIX JIa3€pHBIX HMITYJILCOB Ha
MOBEPXHOCTh MOKA3aIi BO3MOXXHOCTh KOHTPOJISI M YIIPaBJICHUS Xapak-
TEPUCTUKAMU TIIa3MbI U BO3MOXKHOCTH IOJYYEHHsI HEOOXOIUMBIX KOH-
neHTpanuii 1 nocrymieHus AIN B mazmy.

Jluteparypa

1. A.Il. Unsun, JI.O. Poot. K Bompocy o MeéxaHn3Me BBICOKOTEMIIE-
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MPEOBPA30BAHME YACTOTbBI M3JIYUEHUS TA30BbIX
JA3EPOB B KPUCTAJLIE PblnsTe;o B CPEJHEM
UK-JUANA3OHE

byounosa O.B., Honun A.A., Kunsaeeckuit H.0., Knumauee FO.M.,
Komkoe A.A.

Qusuueckuit Unemumym um. Jlebeoesa ®HUAH, Mocksa
+7(499) 135-86-48, oksana_budilova@mail.ru

Jlazepubie cuctemsl, pabortaromue B cpennem MK-muamazone B ok-
HaX TPO3PAvYHOCTH aTMOC(Ephl, OYeHb BaXKHBI AJIsI JUCTAHIMOHHOTO
30HAUPOBAHMSA U IPYTUX NPUIOKEHUH, CBI3aHHBIX C PaclpOCTPaHEHU-
€M J1a3zepHoro u3nydeHus B atmochepe. Takue nasepsl, kak CO- u CO,-
Ja3epsl OYeHb MPUBJIEKATENbHBI AJIS TUCTAHIIMOHHOTO 30HAUPOBAHUS U
aHaJM3a ra3oB B CBS3U C UX BBICOKOM MOIIHOCTBIO, CTAOMIIBHOW YacTo-
TOH Y3KHX CIEKTPAIBHBIX JIMHUA U BO3MOXHOCTBIO CHEKTPAIbHOU Iie-
pectpoiiku. IIpeodpazopanue CO- u CO,-J1a3epHOro U3IY4YCHHUS B HE-
JMHEHHBIX KPUCTAJUIAX IIO3BOJISET IOJNYy4YaTh THICSYM CHEKTPAJIBHBIX
JIMHUHM B IIAPOKOM JIMAIa3OHEe JJIMH BOJH OT 2,5 MKM BIUIOTh A0 Tepa-
repuoBoro auamnasona [1]. K coxxanenuto, Takue kpuctamisl MK muama-
30Ha, Kak, Harpumep, CdGeAs,, AgGaSe,, GaSe uMerOT JUIMHHOBOJIHO-
BYIO TpaHUIly Mpo3payHocTu okoso 18 MM [2]. Takum oOpazom, pac-
mupenne mpeodpazoBanus 4acToTel CO - u CO,-ma3epHOTO U3ITYYSHUS
JUTsE OONBIIUX JUTMH BOJH (25-30 MKM) TpeOyeT MCIOb30BaHUs HEU-
HEHHBIX KPUCTAJJIOB, IPO3PAYHBIX B YIIOMSHYTOM BBIIIE CIIEKTPATBHOM
JrarnasoHe.

PbingTe;o (PIT)— 310 HOBBIN HenmuHeitHbIN KprcTat cpeanero UK ¢
OUYEHb IIHUPOKUM AUANa30HOM Mpo3padyHocTy ot 1,7 no 31 mxm. Paccuu-
TaHHbBIC YIJIBI CHHXPOHU3Ma IMOKa3ajld BO3MOXKHOCTH MPeoOpa3oBaHUS
YacTOTHl BO BCEM JHMana3oHE MPO3pavHOCTH. B maHHOW pabore ObLIH
SKCIIEPUMEHTAIBHO HW3y4YeHBl TeHepanusi cyMMmapHbeix dbactoT (I'CY)
CO-nazepa u reneparus pasHocTHbIX yactot (I'PH) mpu cmemennu CO
- 1 CO,-na3epHOro U3IyYeHHs B TOM KpHUCTaLIE.

Hcmonp30Banach Ta ke ONTHYECKas cxema, 4To W B padote [3], ¢
umnysscHo-niepuoandeckuM (100 ', nmuTensHOCTD nMIyIibea ~1 MKC)
kpuorenHsiM CO-nazepom, umeromuM ~100 nuHuil B nuanasoHe 5-7
MkM. JlazepHoe uziaydeHue ObLIO chokycupoBano juH30H n3 CaF, ¢
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¢oxycHpiM paccrossameM 20 MM Ha kpuctamn PIT  pasmepom
20x13x14.5 mm°® Ge3 MPOCBETIISIFOIIETO MOKphITHs. Kpuctamn Ol cpe-
3an noa yriamu =33° u ¢=30°. Mel nabmoganu I'CYU usnydenus npu
HacTpoiike yria magenus ot 10° mo 40° (puc. 1). [TukoBas MOIIHOCTH
'CY uznyuenus 0,1 Bt npu yrie magerns 22° (yron a3oBoro CHHXpo-
am3Ma (DC) 0p\=40°), uTo cooTBeTCTBYET 3)(HEKTUBHOCTH MPEOOPa3o-
Bauus 0,01%. DddextuBHOCTs I'CY B KpucTamne PIT okazanacs 3Haun-
TeJIbHO MeHble dhdekTuBHOCTH B KpHucTamiax ZnGeP, u AgGaSe,, mo-
JY4EHHBIX B aHaIoruuHbIX ycioBusx. Cnektp ['CY mpu yrie mameHus
22° cocrosut u3 ~60 nuHuiA B quanasode ot 2,57 10 2,78 mkm (puc. 2).

17 Py arb. un.

0.8 —
0.6 —

0.4

0.2+

0 " T T T T r T

0 10 20 30 40 O, deg.

Puc.1. 3aBucumocts MomHocTy ['CY 0T yria nageHust U3iayyeHust
0.6

P, arb. un.

2.6 2.65 2.7 275 ), um
Puc.2. I'CY cnextp B kpuctasure PIT.

Pacuer nmoxkaseiBaer, uro I'PU CO-nazepa u CO,-na3epa (Takoro xe
UMIyJbCHOTO) B KpHucTauie PIT Moxker oxBaThiBaTh O4YEHb HIMPOKHUI
creKTpainbHbIN quamna3oH oT 10 MM 1o 30 MM u 6omnee. Ha puc. 3 och
X (Aco) ot 4,5 mo 7,3 MM moka3biBaeT AnuHBI BoH CO-nasepa, KOTo-
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PBI CMEMUBAETCS C M3MydeHUEM Acoy= 9.3 MKM (TOJCTHIE JTMHHUH) WITH
Aco2=10,6 MM (ToHkue nuHUM) m3nydeHus: CO,-nazepa. CIUIONTHBIMU
muHusiMA 0003Ha4eHb! yriibl @C KPUBBIX, CBSI3aHHBIX C JICBOW Y -OCBIO.
IIynktupHbie nuHUM — JIUHBL BoH ['PY, cBsI3aHHBIE ¢ IpaBOH Y-0CBIO.

OxcnepumenTanbHo ['PY CO-nazepa u CO,-mazepoB B KpHCTaJUIe
PIT Obuia momyyeHa Ha JJIMHE BOJIHBI BbIIE 11 MKM ¢ THKOBOM MOIITHO-
cteio 10 1,2 MBT. DdbdexTiBHOCTD mpeobpasoBaHms okasamach ~107,
Onm3Koi K pesynbrataMm, noinydeHHBIM B AgGaSe, B aHaIOTHYHBIX

YCIIOBHUSIX.
90 —

16pw> deg. Aprcs pm,
80 s 3
g — =
70 — o = 9.3 pm & 4
1 |——Aegy=10.6 um - -
60 = S
-~ -

-
50

40

30 -

4.5 5 5.5 6 6.5 7 )\‘C()’ pm

Puc.3. Yrusl dazoBoro cunxponnsma ['PY B kpucramie PIT.

Pabora BhIMosIHEHA ITpH TIoJIepkKe Poccuiickoro Hay4HOro (oH/a,
rpant Ne 16-19-10619. Bripaxaem OnaromapHocts bagukoBy B.B. u
Muruny K.B. 3a npegocrasnenue kpuctamioB PIT.
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JIABEP HA KPACUTEJIE C TOJIYIIPOBOJHUKOBOM
HAKAUYKOM

Bbypoykosa O.A.l’z, Ilemyxoe B.A.z, Ceménoe M.A.?

"Mocroscruii PU3UKO-MeXHUYECKUL UHCMUmYm (20Cy0apCmeeHHbLi
yHugepcumem), Mockea
Zd)e()epaﬂbHoe 20cyoapcmeenHoe 61002CemHoe YUpeiCcoeHue HayKu
Qusuueckuul uncmumym um. I[1.H. Jlebedesa Poccuiickoii akademuu Hayx,
Mockea
+79672837592, burdukova_olga@mail.ru

Jlazepsl Ha KpacUTENIAX UMEIOT MHOKECTBO HPHIIOKEHUH, TAKUX KaK
CIEKTPOCKONHS, 30HAWpOBaHHE aTtMoc(hepbl, pasfelieHHe H30TOIOB.
3aMeHa TpaIuLMOHHBIX HCTOYHUKOB HAKAa4YKH KPacHTEIEW IOIyIpo-
BOJHHUKOBBIMH Jla3epaMH II03BOJIMT PEaJH30BaTh HHU3KOE HHEProIo-
TpeOJieHre U KOMITAaKTHOCTD J1a3€pOB, a TaKKE CHU3UTHh UX CTOUMOCTb.
OCHOBHOH MPOOJIEMOM TPY HAaKayKe MOJIYIMPOBOJIHUKOBBIMH JIa3epaMu
ABJSIETCS. HEXBATKAa IUIOTHOCTH MOLIHOCTH ISl BO30Y>KICHUS MOJIEKYII
kpacutens [1]. Ilopor renepaiiuu oOpaTHO MPOMOPLUUOHATICH POU3BE-
JICHHI0 BPEMEHH JKU3HHU B BO30YKICHHOM COCTOSIHUM HA CEYCHHE YCH-
neHus. XOTs CeUeHHs YCHWJICHUs y KpacuTeslel JTOBOJIILHO OOJIbIINE, HO
M3-32 MaJoro BPEMEHHM >KU3HU MOJIEKYJ B BO30Y>KIAEHHOM COCTOSHHH
JUIS 3AMETHOTO YCHIICHHs TpeOyeTcst mopsytka 1 MBT/cM? Ipu Ipo1oiis-
HoOU Hakadke. [IOMBITKM OCYIIECTBUTh HAKAYKY JIA3€POB HA KPACHUTENSX
MOJIYIPOBOAHUKOBBIMH JIa3epaMy OBbLIM, HO /10 HEJaBHETO BPEMEHHU Ja-
xe B myumux padorax KI1J[ ve npessiman 2% [2]. B 2015 roxy Bbluta
pa6ota [3], rae audd. KII1 mocruraer 11% (kpacutens - DCM), Ho ¢
HE MPUTOJHBIM ISl IEPECTPOMKH JUIMHBI BOJIHBI PE30HATOPOM.

Llenpio gaHHOHN paboTHI SIBISIOCH CO3/1aHUE PadOTAIOIIEro Jla3epa Ha
Kpacurelle, UCIONb3ys B KauecTBe Hakayku 3,5 BT romyObie (445 HM)
quoapl. OnTUMaNbHOR U TMOJHOM HAaKauykH Oblla BHIOpaHa momeped-
Hasl cXeMa C IOJIHBIM BHYTPEHHHM OTPaKCHHEM T€HEPHPYEMOI0 H3IIy-
YEeHHUsl B KIOBETE C KPacCHTEJIeM U YaCTHYHON KOMITEHCAIlUe acTHUrMma-
THU3Ma B TPEX3epKallbHOM pe3oHaTope. Takas cxema Mo3BOJISIET YBElIH-
YUTh YUCIIO JIA3€POB HAKauKd, a Takke He TpeOyeT CHIbHOH (HOKycH-
POBKH H3JIy4eHHUS] HAKAYKH B TAaHTCHIHANBbHOHN miockocTH. CobpaH na-
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3ep Ha KpachuTele ¢ INUOAHOW Hakadkoi (puc.l), W3MepeHbI SHEPTUH
reHeparuu (puc.2).

photodiode
detector

445 nm 3.5W Laser Diodes

Puc.1. DxcniepuMeHTalIbHAS CXeMa Jla3epa Ha KpacuTele C MOTyIPOBOAHUKO-
BOM HaKa4yKoOM

180 ~
160

140 Coumarin 7, n,,= 12,3%

120 .
)} Coumarin 6, 1= 7,3%
100

1 547 ,n,~95%
80

E out (nJ)

60 -
40 -
20

0

T T T T T T T T T 1
0 500 1000 1500 2000 2500
E pump (nJ)

Puc.2. DHeprus renepanuu ga3epa Ha KpacuTene
(pacTBOpHTENH - OCH3UIIOBBIN CITUPT, AIUTENLHOCTH Hakauku 200 He)

[onyuensl pexopanslie auddepenuuansubiii (12,3%) u peanbHbI
(7,0%) KII/] B ma3epe ¢ moynpoBOIHUKOBOM Haka4ukoi (Tabnwma 1).
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Tabnuma 1. [Toporosas sueprus renepanuu u KI1J] mazepa Ha kpacure-
Jie C IMOAHOW HAKAYKOU

Dyes Agen | Ethreshold | Mdiff | Mreal Structure
(HsC2)2N o /O
Coumarin | 535 73 | 4.2 m
6 nm | 080 o | g "

~O

(HsC2)2N % %O
Coumarin | 530 0.7 123 | 7.0 \©i) N

7 nm % | % \NT/\O
H/
CF3
520 95 | 7.1 © N
547 sl |y | G [N B
)
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BBIHYKIEHHOE KOHIIEHTPAIIMOHHOE PACCESIHUE
CBETA (BKoPC) HA YACTHIIAX B JKHJIKOCTH: CTOKC U
AHTHUCTOKC

bypxanoe HU. C.l, Kpueoxurca C.B. 1, Yaiikoe JIJLY?

Y ®edepanvroe 2ocyoapemeennoe Grodacemnoe yupesicoenue nayku
Qusuyeckuil uncmumym um. I1.H. Jlebedeea Poccuiickoii akademuu Hayx,
Mockea
% HayuomanbHwiii ucciedo8amensekiii sa0epHulil yHueepcumem « MUDH »,
Mockea
+79651387972, ilyaburkhanov@gmail.com

AKTyaJqbHOCTh PabOTBl ONpEAENSIeTCsl TEM, YTO OHA IOKAa3bIBaeT
npenensl IPUMEHUMOCTH IUPOKO UCIIONIb3YEMOTro AJIsl U3MEPEHUs! pas-
MEpPOB YacTUI] U MOJIEKYJ METOJa AMHAMHYECKOI'O paccesHHsl CBeTa
(APC), ocobeHHO TIpU M3MEPEHHAX PACCESIHUS HA3aJ U TPH IILyTOBBIX
m3mepenusx. Kpome toro, BosuukHoBeHue BKoPC o3nauaer, uro ya-
CTHLBI B XXKUIKOCTU MEHSIOT CBOE IOJIOKECHHE B IPOCTPAHCTBE TAK, YTO
MOSIBJIACTCSL peIIeTKa KOHIEHTpalMd. OTO OTKPBIBAET BO3MOXKHOCTH
MIPAKTHUECKOT0 MOMYyUYeHHs 3apaHee 3a/laHHbIX IPOCTPAHCTBEHHBIX pac-
npefeNeHni KOHLEHTPAllMd YacTUL W IOCTPOEHHS TMEPHOANYECKUX
CTPYKTYp U3 HUX. Takue CTPYKTyphl CO3AI0T BO3MOXKHOCTH JJIsl MHO-
TUX NPUIIOKEHUH.

Beinyxaennoe paccesaue (BP) cBeta MokHO 0OHApYKHUTH IO JIByM
NpU3HAKaM: HETMHEHHOMY POCTY MHTCHCHUBHOCTH PAacCEsSHHOTO CBETa
MpU YBEIMYEHUH MOIIHOCTH TAJAOIIEr0 H3JIy4YeHUS M TOSBICHHIO
CHEKTPAJIFHOTO CJABHra Ha TMONYIIUPHUHE H3HAYalIbHO HECIBUHYTOM
CHEKTPaJIbHON JIMHUM CIIOHTAHHOTO PacCesHUsL.

Llens pabotsl coctosina B ¢ukcaunu nosiineHusi BKoPC mo neym
npu3HakaM BP u onpeneneHus BEMUYMHBI W HAIllPaBJIEHUS YaCTOTHBIX
caBUroB criekTpanbHoil tuHuu BKoPC.

B nactosieit padore ans noucka BKoPC BrnepBrie B Mupe npume-
HSIETCS] TIOCTOSHHBINA JIa3ep W METO]| KOPPENSIMOHHON CIIEKTPOCKOITHH.
3TO0 MO3BOJMIO HAM BIIEPBbIC 3a(pUKCHPOBATH YaCTOTHBIN CIIBUT CIICK-
TpanbHOU nuHUKM BKoPC Ha yacTumax B >KMIKOCTSAX, COCTaBIISIOIIAN
100-1000 ¢ (15-160 I'). Ipy yBeTHYCHHHE MOIIHOCTH ja3epa B KOp-
pemsmuonnot pyuaknmu (KD) paccesHHOro Hazaj cBeTa € MPUMECHIO
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CBETa OMOPHOM YaCTOTHI BOSHUKAET KOCHHYCOHIAbHASI COCTABIISIONIA,
MO TMEPUOJY KOTOPOW MOXHO ONPEACTUTHh BEIUYHUHY CIICKTPATBHOTO
C/BUTA.

BKoPC 6b110 3aduKCHpOBaHO Ha YacTHIAX anMasa paauycom R=1,2
MKM B OOBIYHOH cxeme paccesHus Hazaj [1] W Ha yacTHMIax JlaTekca
paguycom 375, 480, 750 um B cTBeTOBOHOM cxeme[2]. B cBeToBOAHOM
CXeMe TpH HamNpaBIEHHH CBETa B KIOBETE CO B3BECHIO BEPTHUKAIBHO
BBEPX M BHH3 B YCIOBHUIX KOHBEKIIMH OTPEEIISIICS TIOTHBIN YaCTOTHBII
casur BKoPC Qe,, BKIOYaronuidi AOMIUIEPOBCKUH cOBUT Ly, 00y-
CIIOBJICHHBIN KOHBEKIMeH. CKOPOCTh KOHBEKTHBHOTO ITOTOKA HM3MEps-
nachk HezaBucuMo. Ha puc. 1. a) mokazaHa 3aBUCHMOCTH MTOITHOTO CIEK-
TPAJILHOTO CIBUTa (eyy U JOIUIEPOBCKOIO KOHBEKIIMOHHOTO CABHIa Qv
OT MOIIHOCTH BO30YXIAIOIIEro My4yka. BUaHO, 4TO TpH CBETOBOJE,
HarpaBieHHOM BBepX (UP) Qe < Qy¢ 1 gactun 480 HM, a g 375
HM Qe > Qye. [ cBETOBOAA HAIPaBIEHHOrO BHU3 — Hao0opoT. Tak
yIAIoCh OMpPEAETUTh HaIpaBlIeHUE CleKTpanbHoro casura. Crienosa-
TEJBHO, JUIsl YacTHUL JlaTekca paanycoMm 480 HM CHEKTpasIbHBINA CIBUT
CTOKCOB, a 17151 375 1 750 HM — aHTUCTOKCOB.

Ha puc. 1. b) 3aBuCHMOCTS MOZYJs pa3sHOCTH Qg = [Qexp — Qv OT
MOIIHOCTH BO30YKIaroIero mydka. BugHo, uTo B 00JaCTH pa3sBUTOrO
BKoPC (Pyss >17 MBT) nosiyuenHsle Takum 00pa3oM SKCHEPHUMEHTaIb-
Hble 3Havenns casura BKoPC Qg Q459 = 642 + 55 ¢, Q,F™ 800 +
46 ¢, QF™0 = 419 + 18 ¢ npUOIMKAIOTCS K TEOPETHUCCKHM 3HAUC-
Hust Qg = Do Q¥ = 478 + 44 ¢, Q4™ 616 + 56 ¢, Q™0 =
308 + 28 ¢, paccuntanubM 1o popmyie (1) [3], XOTS U MPEeBBIIAIOT
ero Menee, 4em Ha 16%.

g= 64p° 1 1 —(singR- gRcosqR)a;C, ——2— W

3 /nh gR (Dg)* +W,

1)
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a
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Puc.1. a) 3aBHCHMOCTB MOJHOTO CHEKTPATBLHOTO CABUIA Qeyp M IOIIIEPOBCKOTO KOH-
BEKIIMOHHOTO cIBHTa Qv OT MOIIHOCTH BO30YKAAIOLIETo Mmy4ka D) 3aBHCHMOCTD MO-
YIS pa3HOCTH Qg = [Qexp — Qyc| OT MOIIHOCTH BO30YKIAIOMIETO ITydKa.
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HUCCIIEJOBAHHUE TEMHEPATYPHOEI 3ABUCUMOCTH
MOIIHOCTH U3JYUYEHUSA BTOPOU 'APMOHUKHU B
BBICOKOOMHOM KPUCTAJJIE RKTP

Basrcunckaa K.C. 1’2, Basicunckuit O. T.1’2, Hapzauée H.A?

YTomcxuii 20CY0apCmEen bl YHUSEPCUmMem CUCmem YApaeieHus u
paouosnexkmporuru, Tomck
2000 «Kpucmann Ty, Tomck
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SIBnenue renepaunu Bropoit rapmonuku (I'BI') momyuuno mumpokoe
NpUMEHEHUE B 00JIaCTH MEIUIMHBIL, JTa3ePHOI TEXHUKE, TSKEIOW Mpo-
MBIIICHHOCTH U T.I. OCHOBHBIMHU BEILLECTBAMH, KOTODPBIC ITO3BOJISIOT
nonyuuts ['BI', ABIAIOTCS HEMMHENHHbIE ONTHYECKUE KPUCTAIUIbI, TAKUE
kak: KTP, KDP, LiNbO3, BBO, RKTP u T.1. B pabote 6511 HcciieioBaH
BbICOKOOMHBIH Kpuctamm RKTP. JlaHHBIN KpUCTAIUT OTIIMYAETCS BBICO-
KO OIHOPOJHOCTBIO, BEICOKMM JIEKTPUYECKUM CONPOTHBIICHHUEM, BbI-
COKOH ONTUYECKOH IPOYHOCTBIO.

IIpu nmpowmseoactee 3nemenrta s [BIT HeoOxoauma peain3anus
ycnoBusi (a3oBoro cuHxpoHusMa [1]. OmHako BBINOJHEHHE IAHHOTO
YCIIOBHUSI CHIILHO 3aBHUCHUT OT TEMIIEpaTyphbl, IPH KOTOPOH paboTaeT die-
MeHT it ['BI'. TexHonoruyecku caenaTh 3JEMEHT JJIsl LIMPOKOTo pa-
0ouero auanazoHa TEMIeEpaTryp BO3MOXKHO, yYUTHIBas TeMIEpaTypHBIE
U YIJIOBBIE 3aBHCUMOCTH ()a30BOro CHMHXpOHM3Ma. B nmanHO# pabote
MIPUBOJUTCS MCCIIEAOBAaHUE BIMSHHUSA TEMIIEPATypbl HA MOIIHOCTh U3IY-
yeHus BT

CxeMa 3KCIIepUMEHTaIbHON YCTAaHOBKH MpeICTaBlIeHa Ha pHc. |.
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1 — nazep, 2 — ¢poronpueMHuK, 3, 11 — cBeTopUnbTPHI, 4 — AETUTEIBHAS 1A~
CTUHKA, 5 — BOJIBTMETP, 6 — MONApU3aTOp, 7 — TEPMOKaMepa, 8 — 3JIeMeHT IS
I'BT’, 9 — TepmonaTumk, 10 — qucnepcuonHast npusma, 12 — nuadparma, 13 —
mudposas kamepa, 14 — Henmpo3payHkIii IKpaH
Puc.1. Cxema skcIepuMeHTaIbHON yCTaHOBKH

B kadecTBe mcrouHmKa u3nydeHus ucronab3dyercs Nd:YAG masep ¢
JuHol BonHb! 1064 HM. M3nyuenue, reHepupyemoe gazepoM 1, mocty-
MaeT Ha CBETOAETUTENbHYIO TIACTUHKY 4. J[71s peructpanyu MHTEHCHB-
HOCTH M3JIy4€HHs] HA OCHOBHOI I'apMOHHMKH UCHONB3yeTcs: POTONpreM-
HUK 2. V3nydeHue mpoiiealiee CBETOACTUTEIbHYIO TUIACTUHKY UMEET
JUHEMHYI0 TOJAPU3AINIO0, MapaUIETbHYI0 OCH Z KPHUCTATHYeCKOTO
AJleMeHTa 8, KOTOphIM moMelieH B TepMokamepy 7. s cnexkTpaibHON
CEJIEKTUBHOCTH M3JIyYEHHMsl HCIIONb3yeTcsl qucrepcuonHas npusma 10.
VHTEHCHBHOCTD W3JIy4eHHsI BTOPOW TapMOHHMKH (UKCHpyeTcs: nugpo-
BOH Kamepoit 13.

B kauectBe o0Opasna s 'BI” nucnons3yercs KprcTaTHIecKuid iie-
MEHT, BBIIIOJHEHHBIN U3 BhICOKOOMHOTro Kpuctauia RKTP ¢ rabapura-
MH 5*5%5 Mm>. VTOJT pacIpoCTpaHEHHS H3TY9eHHS] OTHOCHTEIBHO OCH X
KpHUCTaJIa cocTaBiseT 23,5 rpagyca. Jlnana3oH U3MEHEHHs TEMIIEparTy-
prI coctaBiseT oT 34 no 90 °C. DkcnepuMeHTanbHask KpUBast 3aBUCHUMO-
CTH MOIIIHOCTH n3ay4deHust BI' oT Temmeparypsl mokazana Ha puc.2.
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0,8

P, oTH. ex.

0,6
30 50 70 90

T, °C
Puc. 2. — DxcnepuMeHTanbHas KpUBas 3aBUCUMOCTH MOILITHOCTHU u3ny4yeHus: B’
OT TEMIIEPATYPhI

Kax BuIHO 13 3aBUCIMOCTH Ha pHC.2 SKCIIEPUMEHTATbHAS KpUBas He
omyckaercst Hiwke ypoBHs 3 1b (0,5 oTH. ex.), yTo XapakTepusyeT IIH-
POKHU Auamna3oH TEeMIIEpaTypHOTO CHHXPOHH3Ma HCCIEIyeMOro KpH-
CTAJUIMYECKOTrO DJIIEMEHTA.

Hayuno—uccrnenoBarenbckas padoTa MPOBOIMIACHE HA TPOU3BOI-
crBennol 6aze kommanuu OO0 «Kpuctamn T» npu nognepxke @oHna
CONICHCTBUS Pa3BUTHIO MaiblX (OpPM TPEANPUATHA B HAYIHO—
TEXHHUYECKOU cepe.

Jlureparypa

1. B.I. Omutpues, JI. B. Tapacos. [IpuknagHas HenuHeitHas or1-
trka // M: dusmatiut, 2004. — 335 c.
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UCCJIEJJOBAHUE BJIMAHUSA TUHAMUYEKOM
HOACTPOMKH YIIPABJSIOIIETO HAIIPSI)KEHU S HA
KO2®OPUINEHT KOHTPACTA SJIEKTPOOIITUYECKUX
3ATBOPOB, OCHOBAHHBIX HA BBICOKOOMHOM
KPUCTAJUIE RKTP

. 1.2 1,2 . 2
Baxcunckuii O.T.”°, Bascunckasn K.C.™, Ilapzauée H.A.

YTomexuii 2ocydapemeennviii ynusepcumem cucmem ynpasienus u
paouosnexkmponuxu, Tomck
2000 «Kpucmann Ty, Tomck
xonm. men. +79609690506, e—mail. oleg_vazhinsky92@mail.ru

Onekrpoontudeckre 3atBopbl (D03) NMpUMEHSIOT ISl U3MEHEHUS
MapaMeTpoB Ja3epHOro pe3oHaropa (Momynsiuu nobporHoctn). OO6-
JacTh MPUMEHEHHUS] HEKOTOPBIX Jla3epoB TpeOyeT pacmupsTh UX pado-
YU JUana3oH TeMreparyp. B Bumy 3Toro, npenbsBiasiOTCs MOBBIICH-
HBIE TPeOOBaHUS K TEMIIEPATypHOW CTaOMIBHOCTH mapameTpoB D03.
Bripakenue, ompezensiomee pazHoCTh (a3 MexIy ABYMs BOJHAMH,
BO3HUKAIONIUMHU B KpucTtauinueckoMm 3niemeHTe RKTP, ¢ yueTtom TeMm-
nepaTypsl anHHMaeT Bun [1]:

2n dn, dn
r= —(nz — ny )Ly + - << dTZ dTY) Lo+ (n, — ny) dT) AT

C uespl0o MUHMIMU3ALMK TEMIIEPATYpPHOTO BIMSHUS HA pa3HOCTh (a3,
Y COOTBETCTBEHHO Ha paboty D03, uconp3yeTcs Tak Ha3bIBaeMast cxe-
Ma BKJIFOUEHMSI ¢ TEMIIepaTypHOUM KomreHcanwmei [2]. OgHako gaHHOE
pelIeHne HE MO3BOJISIET B MOJHON MeEpe MCKIIOYUTH BBILICONHMCAHHBIHN
3¢ deKT. DTO CBA3aHO C TeM, YTO MaTepHall JepiKaTellss KpUcTainde-
CKUX DJIEMEHTOB (METaJll) MMEEeT OTIUYHBIA OT KpHcTayuia koadduiu-
€HT TEMIIEPAaTyPHOTO JTMHEHHOTO PacIIMpPEHHS.

Kak wusBectHO, mosnyBonHoBoe Hanpspkenue (U ), HeoOxoaumoe
Ju1st 3aKpeITUS D03, 3aBUCUT OT TEOMETPHUIECKUX pPa3MEePOB KPHUCTAJLTH-
YeCKUX 3JeMeHTOB (dopmyna crmpaBemimBa i X-cpe3a KpHCTallia
RKTP):

A-d(T)

L(T) - (nz3r33 — ny37”23)

Ua(T) = )
2
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NaszepHan du13KnKa, onTMKa 1 GM3nKa NNasmbl

rae d(T) — rommmua kpucrama, L(T) — nnuHa. B TakoMm ciyyae mpu
M3MEHEHUH TEMIIEPATyphl OyneT MeHAThea u dddextusHoe Uy ,. Ta-
KMM 00pa3oM, IMHAMHYECKas perynupoBka Uj , MO3BOIMT YBEIHYHTh
TEeMIIEpaTypHO—3aBUCUMBIE XapakTepucTuku J03.

35,0
30,0
25,0

k20,0

150
10,0

5,0
0,0

20 30 40 50 60
T,°C
1 — 6e3 muHaMU4ecKoit moacTpoiikoi U, /23 2 — ¢ TMHAMHYECKOH TTOACTPOHKON
U2
Puc.1 TemmeparypHbie 3aBHCHMOCTH KO3 uIienTa kouTpacta 903 B pexKu-
Me 3aKpBITHS TOJIEeM

s mpoBeieHnst SKCIIEPUMEHTOB ObLT pa3paboTaH BEICOKOBOJILTHBIN
NpaiBep, peaNu3yOIUi THHAMUYECKYIO TIOACTPOiKY U, /,. Kpusas 1
Ha pHc. |. WUTIOCTPUPYET TEMIEepPaTypHYO 3aBUCHMOCTh KOA(pPUIIHEH-
Ta KoHTpacTHOCTH D03 B pexume pabOTHl 3aKpBITUS T0JeM 0e3 AuHa-
MHUYECKOH MOACTporiku Uy /5. TeMneparypHas 3aBUCUMOCTb KOI(DdHILH-
€HTa KOHTpacTa ¢ JMHAMUYECKOH IOACTPOlKoH s(dexTnBHOrO U /7
IpeJICTaBlIeHa Ha KpuBoH 2. /lnana3oH U3MEHEHUs TEMIIEpaTyphl COCTa-
Bua 35 °C. KoadduimeHT KOHTpacTa pacCYMTHIBACTCS IO CIICAYIOMICH
dopmyie:

K=10lg (II"—”) @3)
cl
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NasepHan du13nKa, onTMKa 1 GM3NKa NNasmbl

rie l,,— UHTEHCUBHOCTH cBeTa npouieuero 903 B OTKPBITOM COCTOsI-
HUH, [ ,;— HHTEHCUBHOCTH cBeTa mporeanero 903 B 3aKpBITOM COCTOS-
HUM.

Kak BumHO, MakcuMalbHOE OTKIIOHEHHE KOA((HUIMEHTa KOHTpAcTa
903 npu 60 °C, cocraBuno 12 n1b. BBeaenne nuHaMuuecKoi MOACTPON-
ku U /, NO3BOIMIIO YMEHBIIUTE OTKIOHEHUE J10 7 1b.

Hayuyno-uccnenoBarenbckass paboTra MpoBOAWIACH Ha IMPOU3BOJI-
ctBeHHOM 0aze kommanun OO0 «Kpuctamt T» npu nmognepxke DoHma
CONEHCTBUS Pa3BUTHIO MaiblX (OpPM TPEANPUATHA B HAYIHO—
TEXHHYECKOU chepe.

Jluteparypa

2. Ti Chuang, Alan D. Hays and Haracio R. Verdun. Application of KTP
as an Electro—Optic Q—switch / Ti Chuang // OSA Proceedings on Advanced
Solid-State Lasers, 1994. — Vol 20.

3. W.A. apraués, 10.B. Kynemos, B.A. Kpakosckuii, JI.81. Cepebpen-
nukoB, C.M. Illangapos, A.E. Mangens, I'.1. IlIBapuman. DaexTpoonTudye-
CKHC MOAYJIATOPHI JIA3€PHOI'0 HU3JIYy4YCHUSA HAa OCHOBC BBICOKOOMHBIX KpHCTAJI-
noB KTiOPO, // . A. Mlapraués — Tomck: Hokmaner TYCVYPa, 2011. — T. 26,
Ne2,—Y.2.-¢.90-93.

220



NaszepHan du13KnKa, onTMKa 1 GM3nKa NNasmbl

OIYKTYAIIUN MATHUTHOTI'O ITOJISAA B PEXKUMAX C
TPAHCIIOPTHBIMMU ITEPEXOJAMUA
HA CTEJIJTIAPATOPE JI-2M
Boponosa E.B.,l’z, Bacunvkos ,ZI.FL‘O’., Ckeopuoea H.H.1’2’4,
Xonavnos 10.B.}

‘oo PAH, 2. Mockea
2MUPD3A, 2. Mockea
SMITY um. H.OD. baymana, e. Mocksa
*HUSAY MUDU, 2. Mockea
email: woronowa.elena@gmail.com, men.: +79264498707

st co3manust yeIioBUid TEPMOSIIEPHOTO CHHTE3a U TIPOMBIIILIICHHOTO
MIPOM3BO/CTBA DJIEKTPOIHEPTUU UYEpe3 €ro IMOCPEICTBO HeoOXoamma
IJ1a3Ma ¢ BBICOKOW TEMIIEpaTypou U IUNIOTHOCThIO. B cilyyae HemHepuu-
aJBbHOTO CHHTE3a, B IMPOIECCEe KOTOPOTO TEPMOSICPHBIC PEaKIIUU BO3-
OyXmarTcsa, B TOM YHCIIE, B 3aMKHYTBIX TOPOHIATBHBIX MarHUTHBIX
CHUCTEeMaX, JOCTUTHYTHIE BHICOKHE MApPaMETPhI TOJKHBI TTOIEPKUBATh-
Csi B CHUCTEME B TE€UEHHE JIUTENbHOro BpemeHu. [lognepxanue mapa-
METPOB — YCJIOBHI «TOPEHUS» TEPMOSIEPHBIX peaKinii, HEOOXOUMBIX
JUTSL CHCTEM C TIOJIOKUTEILHBIM DHEPTOBBIX0OIOM, — BO3MOXKHO TOIJIEKO
B peXUMax C yIydIIeHHBIM yAep>KaHueM Iia3Mbl. [lepexoasl B TaHHBII
pexxkum (H-peskuM) B TOpOMIaIbHBIX CHCTEMaX OBbLIM OTKPBITHI B 1982
rony Ha Tokamake ASDEX u x HacTosmeMy BpeMeHH HaOIIOJal0TCs Ha
OOJBIIMHCTBE KPYITHBIX AKCHEPUMEHTAIBLHBIX YCTAaHOBOK. B TOpom-
JIaTHHBIX YCTAaHOBKAxX (TOKaMakKax M CTeJUIapaTopax) MaHHBIE MepexOabl
MIPEJICTABIISIFOT COOOW OBICTPBIE IPOIECCH], COMPOBOXKIAIONIUECT PO-
CTOM 3amlac€HHOW B IUIa3Me DHEPTUH, AIIEKTPOHHOW IJIOTHOCTU U TE€M-
nepaTypsl IJIa3MBl M YMEHBIIEHUEM PaTHaTBbHOTO JIEKTPUIECKOTO OIS
1 KpaeBor TypOyJIEHTHOCTH ILJIa3Mbl.

B pabote mpousBeneHO HccienOBaHWE BIMSIHHS OBICTPOTO TpPaHC-
MOPTHOTO Tepexofa Ha pa3BUTHE TYpPOYJIECHTHOCTH KPAcBOM ILIA3MbI
cremrapatopa JI-2M (ocumuIsIIuii MAarHUTHOTO 1MOJIs). MccaenoBanuch
CUTHaJIBl MarHUTHBIX 30HIOB B KpaeBoil IasMe cremnaparopa JI-2M
(puc. 1) metogamu koppensuuoHHOTOo U Dypbe-aHamn3a B OOBIYHOM
peXUME U MPU Nepexojie K YIYIIIEHHOMY YAEepKaHUIo mia3Mel. [loka-
3aHO, YTO MpoIecC OBICTPOro TPAHCHOPTHOTO IEPEXoJia MPUBOIUT K
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VIOPSZIOYCHUIO CUTHAJIOB MAarHUTHBIX 30HJIOB, PACIONIOKEHHBIX B pa3-
JIMYHBIX JIUATHOCTHYECKUX CEUCHUSAX BIOJIL 00X0Ja cTeiuiaparopa, U
OJTHOBPEMCHHOMY YMEHBIIICHUIO HU3KOYACTOTHON KOMITOHEHTHI OCIIHII-
JSAAA MarHATHOTO TIOJIS TIPH COXPaHEHUH BBICOKOYACTOTHOH (pwHcC. 2).
KoHcTaTupoBaHHOMY YHOPSIOUYCHUIO KOJNCOAHWUN CUTHANA OTACIBHBIX
MarHUTHBIX 30HJIOB TIPU MEPEX0JIe HE COOTBETCTBYET PAaCHpPOCTPpaHEHHUE
HOBBIX MOJ MAarHWTHBIX KoOJieOaHWH BOJM3M TPAHUIBI IJIA3MEHHOTO
HIHypa.

Pabota BhINOIHEHA TTPH YaCTUYHOW MOJICPIKKE TPaHTa MPE3UIeHTa
P® NeMK-5298.2016.8.

MarHUTHBIE 30HIBI
15 KaTyIIKI

i MarHiTHOTQ TIOJIA

IrasMa

\26
2 g 27 26T

Puc.1. Cxema pacmosioxkeHust KaTylieK MarHuTHOT'O TIOJISI ¥ TOPOUJATBHBIX
MarHUTHBIX 30HJIOB B cTesuiapatope JI-2M.
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Puc. 2. ®ypre-cniekTphl curHanoB 30812 M 1112 ¢ nepexoqoM B pexxum

YIIy4IIEHHOTO yIepkanus (a, 0) u 6e3 mepexona (B, T) B MOMEHTHI BpeMeEHH J10 (a,

B) u mocue (0, T) mepexopa.

Jlureparypa

1. Skvortsova N.N., Batanov G.M., Borzosekov V.D. et al. 9th Inter-
national Workshop Strong Microwaves and Terahertz Waves: Sources
and Applications, Nizhny Novgorod — Perm — Nizhny Novgorod, July
24-30, 2014, proceedings. P. 125.

2. Memepsiko A.W., I'pebenmmroB C.E., Bacumpkos J[.I'. u mp.
XLII MexnaynaponHas (3BeHHUropojckas) KoH(pEpeHIHs MO (Qu3HKe
wiasmel 1 YTC, Te3ucs nokianos. C. 73 (2015).
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NazepHana pusmKa, onTnKa n p13mKa naasmol
CHUJIbHO HEJUMHEMHBIN MOHHO-3BYKOBOM COJIMTOH

Labvumes JLH.', Pyxaoze A.A."*

‘orevH Hucmumym obweii pusuxu um. A.M. IIpoxoposa PAH, Mocksa
“Mockosckui Qusuxo-mexHuyecKull UHCMumym (20cyoapcmeeHHblil

yHusepcumem), JonzonpyoHuiii
+7-985-145-24-54, gabyshev-dmitrij@rambler.ru

Pa3zBuBaeTcs monmyaHamuTHYEeCKas TEOpHs, OMHUCHIBAOMIas (QopMy
COJIMTOHAa B HEW30TEPMUYECKOM Mia3Me Kak Oe3 ydera 3axBaTa UM
3JIEKTPOHOB, TaK M ¢ y4€ToM 3TOro 3axmara. Mcciemyercst Bompoc o
(dopMe coMUTOHA B 3aBHCHMOCTH OT CKOPOCTH €r0 JBIKEHHs. Teopus
COIIOCTABIIACTCS C IIMPOKO HM3BECTHOW cnabo HENWHEWHOW Teopuei
HMOHHO-3BYKOBBIX COJINTOHOB.

YpaBHeHHS THIPOAMHAMHUKA HEM30TEPMHUYECKOW TUIa3Mbl 1¢>>T; B
1D-cny4ae 3amuchIBalOTC:

on.  on. 0*d
—+ IUZO, 2 =47Z.e(ne_ni)’
ot OX OX M
ov ov e ob ed
—+v—=———,n,=nyexp| — |,
ot OX M ox T,
rac Te, ne " Ti, ni — TeMnepaTypa nu KOHH@HTpaL{I/ISI, COOTBCTCTBCHHO,

AJIEKTPOHHON M MOHHOW KOMITOHEHT IUIa3MEI, Ng — pPaBHOBECHAs KOH-
ueHTpauusi, M — macca HOHOB, U || X . Penrennem cucremsi (1) siBisier-

cs pynkiusa O ot pazHOCTHOrO aprymenTa ¢=X—Ut, rue u=const. Beene-
def def
HHeM  Oe3pasmepHbIx  mepemennex F =e®/T,, n=~&/r,,
def
g =U/v, >1 cucrema (1) pemyuupyercsi 10 OJHOrO-€IMHCTBEHHOTO

T PepeHIINATEHOTO YPaBHEHHS C TPAHUYHBIMHU YCIIOBHAMHU

2
d E:eF_;; |:| L,=F.. oF =0,
d7 J1-2F/q? ! |, )

|77%ioo o
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yell MOpsAAOK JIETKO IOHU3UTh Ha eauHully. I[lose conurona 3axBaThIBa-
€T DIEeKTPOHBI, TMO3TOMY HEoOXoauMo [2] BBECTH MOMPABKY

on~= %% Fg K MX KoHIeHTpauus B (1), 1 BMecTo (2) nMeeM:

O|2—F=eF— L __4 Fz-F|
dn’ JM-2F/q> 3z
oF

on|,

UZOZF““’
@)
=0, F| =0.

730

F

/7 \
/ \
7 T\N
/ \
I AR W
LY
\
VN
//]// \\\

== —— n

-10 -8 -6 -4 -2 o 2 4 6

8 10

Puc. 1. Yeaunénnoe pemenue cucremsl (1) 6e3 yuéra 3axBara 3J1€KTPOHOB:
CIUTOIIIHBIE KPUBBIE — U3 CUIBHO HEJIMHEHHOH TeopuH (2), MyHKTUPHBIE — U3
crnabo HenuueitHoi Teopun [1-2] — mpu q=1,5 (uepusie), g=1,3 (TémHO-
ceprie), 0=1,1 (cBetno-cepsie).

Ha puc. 1 u 2 yncnennoe pemenue ypasHeHuit (2)—(3) npuBoaurcs
BMECTE C aHAIUTHYECKHMMH pe3yJIbTaTaMH, TOIy4aeMbIMH B paMKax
cnabo HenuHeiHOM Teopun [OmmoOka! MCTOYHHK CCBUIKM He
HaiigeH., c. 320, 324-325]-[2, c. 205]. XapakTepHO, 4YTO PU OJHOM H
TOM e (] 00a pUCyHKa JaroT 0oJjiee y3KUE PEIICHHS, YeM 3TO MPeaCcKa-
3BIBaeTCs cllabo HenMHEeHHOU Teopueil. Kpome Toro, korna He y4nThIBaA-
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eTcsl 3aXBaT JIEKTPOHOB, BEPIIMHBI rPpaMKOB pEIICHHs UMEIT Oosee
BBICOKHI M OCTpBI MUK, YeM MO c1abo HenuHelHol Teopuu. Bo Bcex
ciydasix HaOmogaercs: oOpaTHas MPONOPIMOHAbHASL 3aBUCUMOCTD U~
PHUHBI COJINTOHA, B35TOM Ha €ro MoiayBbICOTE, OT mapamerpa (.13 como-
CTaBJIEHUA pUC. 1 U 2 BUHO, YTO 3aXBaYEHHBIE 3JIEKTPOHBI CYIIECTBEH-
HO HEUTPAJU3YyIOT MOJIe COMMTOHA. PuC. 2 MO3BOMNSAET yTBEPKAATH, YTO
c1ab0 HeNIMHEHHast TEOpHUs COJIMTOHA C 3aXBaTOM 3JIEKTPOHOB AAET Cy-
IICCTBEHHO 3aBBIIICHHBIN OTBET IIPH OXUHAKOBOM (.

F

i
Ea
\ \\
/ /'\\i
1) \\
//M \‘\\

| \\i\;ﬂ

-10 -5 o 5 10

Puc. 2. Yenunéunoe pemenne cuctemsl (1) ¢ ya€ToM 3axBarta 3JEKTPOHOB:
CIUTOIITHBIE KPUBBIE — W3 CHJIBHO HEJIHMHEHHON TeopuH (3), MyHKTHPHBIE — U3
cinabo HenuneiHo# Teopu [1-2] — mpu q=1,5 (uepHsie), g=1,3 (TémHO-
ceprie), 4=1,1 (cBetno-cepsie).

Jlureparypa

1. A.®. Anekcaanpos, A.A. Pyxanze. JIeKImuu 1Mo 3JaeKTpOIHnHAMUKE
1a3Moroi00HkIX cpen. — M.: UznatensctBo MI'Y. ®Ousuueckuii da-
kyneTreT MI'Y, 1999.

2. Anekcarmpos A.®D., Pyxamse A.A. JIekinuu 1o 3IEKTPOIUHAMHUKE
T1a3Moroio0HbIX cpen: HepaBHoBecHble cpenbl. — M.: @usnueckuit
¢dakynsTer MI'Y, 2002.
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HUCCIIEJOBAHUME 9HEKTPAJII)H9ﬁ 3ABUCUMOCTH (2+1)
PE3OHAHCHOHU YCUJIEHHOU MHOI'O®OTOHHOU
MOHU3ALIUU (REMPI) ATMOC®EPHOI'O KUCJIOPOJA

Tonuapoe C.A., Paouyk C.B.

Hayuonanvnuiii uccnedosamenvcxuil sdeprulil ynugepcumem « MUDU y,
Mocksa, Poccus
+7(916)367-00-74, goncharov.s94@mail.ru

Ha ceromgpsammmnii nens mpoumecc REMPI mpencraBmser 60ibmioi
WHTEpEeC B CBSA3M C BO3MOYKHOCTHIO MPUMEHEHUS B CIIEKTPOCKOIHH, a
TaKXe M3-3a ero BIUSHHA Ha HEJIMHEHHbIE MPOLECChl B BO3AYyXE TaKUe
kak ¢unamenTanusa. REMPI MoxeT npuBoANUTE K 3HAYUTEITHLHOMY POCTY
3¢ deKTUBHOCTH (POTOMOHU3AIMHU TI0 CPABHEHHUIO C MPsSMONH MHOTrogdo-
ToHHOM moHuzauueit (M®U). Dto cBsizaHO C TeM, YTO B pe3yJIbTaTe
HaJu4usi 00raToro Koje0aTelbHOro CHEKTpa OCHOBHBIX KOMIIOHEHTOB
BO3/[yXa, MOJIEKYJISIPHOTO a30Ta M KUCJIOPOJa, MOHM3ALMUS BO3MOXKHA
Yyepe3 MPOMEKYTOUHBI METacTaOWILHBIH YPOBEHb, C AalbHEWIIeH o1
HOKBAaHTOBOM woHM3arue. HambOompmmii wHTEpeC mpencTaBiseT u3
ce6st REMPI B Mmonekynax, rie BO3MOKHA ABYX(OTOHHOE BO30YKIeHHE
MeTacTaOWIbHBIX ypoBHeH (2+1). B Hamem ciydae ass ja3epHOro u3-
Ty4deHusl Ha JTHHE BOJHBI 248 HM (ho~5 eV) K TakuM MOJIEKyJIaM OTHO-
curcst kuciopos (Ein=12.06 eV).

Jns vccnenoBaHysi MOHU3AIMOHHBIX TPOIECCOB B BO3/AYXE HCIOJb-
30Bajlach METOJIMKA U3MEPEHHUS TPOBOAUMOCTH IIJ1a3Mbl ¢, CO37aBaeMOi
JIa3epHBIM MMITYJILCOM, NP 3HAYCHUSIX IUIOTHOCTU BJIEKTPOHOB B JUAa-
ma3oHe Ne=109+1016 cm3, [MonpoGHee 3Ta MeTOMWKA OMHCHIBAETCS B
pabote [2]. B pabote ucnons3opaicsa KrF nazep EMG 160 MSC, rene-
PUPOBABIIMKA UMIYJIBCHI JJIUTENBHOCTBIO ~25 ns U 3Hepruei ~200 mJ.
C uenbto obecnieueHns y3KOH CIIeKTpaIbHOM MMOJIOCH! U3IIyYeHHUs], He0O-
XOJTUMOM JIJIsl CCIIEIOBAHUS CIIEKTPAIBbHOM 3aBUCUMOCTH (POTOMOHHU3A-
UM, OJJHO M3 3epKall pe30HaTOpa OBUIO 3aMEHEHO Ha BPAIAIOIIYIOCS
IuQpakuoHHyo pemérky. B pesynbrate storo 90% wuzmyueHus na-
3epHOr0 MMITyJIbca colepkanock B y3koil mosoce (~0.001 nm), nepe-
cTpamBaeMoil B amanazoHe 248.1+248.5 M. [IpoBoammMocTh TIa3MeH-
HOr0 KaHajla, CO3JaBacMOro Ja3€pHBIMH HMITYyJbCaMH HM3MEpsSIach B
NPOJOJILHON reoMeTpud. JlazepHblii UMIyIbc (POKYCHpPOBAiCS B MEX-
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SIICKTPOAHBIA MPOMEXKYTOK |=7.85mm wmexmy aByms TpyOdaThIMU
ANIEKTPOJAMH C MOMOIIBIO JTHH3BI ¢ (POKYyCHBIM paccrosiHueM f=1m. K
MPOMEKYTKY TPUKIIAJBIBAIOCH TTOCTOSIHHOE TOJI0XHUTEIBLHOS HAIpPshKe-
e U=1.4 kV. B xauecTBe COMPOTUBIICHUSI HATPY3KH HCIIOJIH30BATIOCH
BXOJHOE compoTuBieHne Ry =50Q 1mdpoBoro ocummiorpada
Tektronix TDS3054. Cxema n3MepeHus OblTa HAMPAMYIO TOKITIOYCHA
k ogaomy 3 BNC pazsemoB ocmmmiorpada. AHamorudHas cxema, pa-
Ooraromiasi B X0JIOCTOM pekuMe (0e3 co3maHus IIa3MEHHOTO KaHaia),
ObuTa coeAMHEHa C APYI'MM KaHajioM ocuwuiorpada. 3amucheiBas pas-
HOCTb MEXIy ABYMS 3THMH KaHAJIaMH, CTAIO BO3MOXXHBIM COXPaHSIThH
OTHOIIICHHE CHUTHAJ-IIyM JOCTATOYHO BBICOKHUM JakKe TPU HHU3KHAX
TUIOTHOCTSIX DJIEKTPOHOB B I1a3me. Kaxmoe u3mepeHne ObLIO ycpenHe-
HO 110 Oosiee 20 J1a3epHBIM UMITYJIbCaM. DJICKTPOHHAS TUIOTHOCTH ObLia
BBIYMCIICHA C TIOMOIIBIO U3BECTHON CBSI3U MPOBOJUMOCTH O C TIOABHIK-
HOCTBIO IEKTpoHa i Kak Ne= ggp/(e-p). Cxema u3mMepeHus MpecTabie-
Hus Ha Puc. 1.

B skcneprMeHTe 3IIeKTpOHHAS IIOTHOCTh MMeJa KBaIpaTUIHYIO 3a-
BACHMOCTh OT MHTEHCHUBHOCTH JIa3€PHOTO H3IYYCHHUS, UTO SBISAETCS
tunuaHbM Ui (2+1) REMPI monexynspraoro xucnopoaa. CriekTpaiib-
Has 3aBUCHUMOCTD BbIXOJla MOHH3aIllMX ITIOKa3aHa Ha Puc. 2.

CornacHo JaHHBIM U3 paboThl [1], MBI IIpemonaraeM, 4To MHYKOBas
CTPYKTypa, nu300pakeHHas Ha Puc. 1, npejacrasiser co0oii BpaaTesiib-
uyto crpyktypy (3poy) 3I1, punbeprosckoro yposHs. bmaromaps -
(heKTy OpTOTOHAILHOCTH OXKHJIAETCS, YTO STOT YPOBEHb JOKEH MMETh
OoJee BBHICOKYIO SHEPTHIO, YeM CTaHJApTHBIE 3p PUIOEPrOBCKHE YPOB-
Hu. CornacHo pa6ote [1], 5TOMy ypOBHIO COOTBETCTBYET dHeEprus 9.97
eV, 4uro moctaroyHo OJNM3KO K BEIHYMHE YABOCHHOro kBaHTa 2/v~10
eV. Tak kak B nmuTeparype HEeT JaHHBIX OTHOCHUTENBHO BEITMYHH Koye0a-
TCJIBHBIX W BPAlIaTCIIbHBLIX IMOCTOAHHBIX JId 3Hu YPOBHA, 1ojiaras, 4To
HaOJrolaeMasi B OKCIIEPUMEHTE TIMYKOBAsi CTPYKTypa OTHOCHTCSI K Bpa-
IaTeTbHON CTPYKTYpPE HYJIEBOTO KOJEOATEIHHOIO YPOBHS M UCIIONB3YS
mpaBmiia oTOOpa I JIBYX(OTOHHBIX TEpPEXOOB OblIa paccuuTaHa
BpamiareibHas moctosaaas B’ wist yposus (3poy) 311, B'=1.83 + (0.03)
cm™.,

B 3akirodeHuu, 3KCIEPUMEHTAIBHO HCCIENOBANACH CICKTpaIbHAS
3aBucuMOocTh (2+1) REMPI myis MonekymsipHOTo KHCIIOpoAa Ui Y3KO-
MOJIOCHOTO 248 HM JIa3epHOTO M3IY4YeHUsS. bBUIO TOMydeHo, YTO MOHU-
3amMs TPOUCXOAUT Yepe3 MPOMEKYTOUYHBbIE BpamaTeiIbHbIE YPOBHU
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(3poy) 311, puabeproBckoro cocTosHMs. bella H3MepeHa BpamaTeabHas
noctosHHast B'=1.83 + (0.03) cm™ ams 5TOr0 YpOBHSL.
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Puc. 2. CnektpanbpHas 3aBUCHMOCTH BBIX0/1a HoHU3amu A (2+1) REMPI
MOJIEKYJISIPHOTO KHUCIOPO/Ia.
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MOJIYYEHUE KOPOTKHX UMITYJIBCOB OT JA3EPHBIX
JTHOJIOB

Topoees B.11. 12

YHUAY MU®DH, Mockea
2®OUAH, Mockea
+7 (962) 923 5759, vasya.gordeev@outlook.com

Hcmonp30BaHne MOITHBIX JIA3EPHBIX AHOIOB B HMITYJIbCHOM PEXUME
paboTHI IMEET Ps/I MPEUMYIIECTB, TaK KaK, B OTIIMYNE OT HEMPEPBIBHO-
ro pexxuma, MOLIHOCTh, majnaromas B JIJ[ u paccenBaeMas B Temio 3a-
METHO MeHbIIe, B cienctBuu dero JIJ[ HarpeBaercsi CymiecTBEHHO
MEHBIIIe, YTO TIO3UTHUBHO BIUSET HA €ro BpPeMsl KU3HU M Ha BBIXOJHBIC
napameTpbl. Tak xe JIJI B UMIyJIbCHOM DPEXKHUME UMEET Psfl BaXKHBIX
MPUMEHEHUIN B HACTOSIIEEe BpeMs, HANpUMep, B 001acTH JaIbHOMET-
pUH, METUIMHBI, 00Pa0OTKH MaTEepPHANIOB, UMITYJIbCHOW HAKA4KH TBEp-
JOTENBHBIX J1a3epoB. UTo Biey€r 3a coO0il HEOOXOAMMOCTH Oojee e-
TaTbHBIX HCCIeAoBaHUN padoThl JIJ| B UMIyIECHOM pEXHME, a TaKKe
HENPEePHIBHOE YIyYIIEHHEe WX BBIXOIHBIX XapaKTEPUCTHK (HAIIPUMEp —
HaAEKHOCTH M MOIIHOCTH).

[TocTaBineHHass HamMu 3a7a4a CBOJUTCS K MPOCKTHUPOBAHUIO W TIO-
CTPOEHHIO MPOTOTHUIIA JpaiiBepa ruTtaHus JIJ B UMITyTbCHOM pexume
Mpu KOMHATHOH TeMIiepaTrype 1 OOJBIION UMITYIbCHOW MOIITHOCTH.

3a 0CHOBY ISl IPOCKTHPOBKHU YCTAHOBKH OBLIH B35ATHI paboThI [ 1, 2].
B pabote [1] npenenbHast MOIIIHOCTh B MMITYJIbCHOM PEKHME COCTaBUJIA
okouno 140 Bt npu qjurensHoctn umnyibsca 100 HC u Toke 166 A ana 4
MM Ja3zepHoro auoja. Tak ske ObUIO MOKa3aHO YTO MMITYJILCHOM PEXH-
Me, Tpu yacTtote ciaemosanus ummyiabcoB 100 I'm BtAx JIJ| na nouHe
BoJHBI M3myueHus 800 HM ¢ JyIMHOH pe3oHaTopa 3 1 4 MM ObLIH OJIN3KH
K JIMHEUHBIM 10 MomHOCTH 50 — 60 BT npu Toke Hakauku 45 — 60 A.
B pabore [2] ObuM TOCTUTHYTHI MOIIHOCTH B 251 BT mpu anmurensbHO-
CTH UMITyJIbca 53 HC W ToJKe Hakauku 433 A, HO npu HU3KOH 3ddek-
TUBHOCTH, TAKX€e B 3TOM paboTe ObLIA Mpe/ICTaBIeHA UHTEPECHAS cXeMa
nutanus JIJ] Ha ocHoBe GaN tpaH3ucTopa.
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1 L
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Puc.1. biok-cxema ycranoBku: 1, 2, 3, 4 — cxema UMITyJIbCHOT'O IUTaHUS Ja-
3epHOro 11oaa; 5, 6, 7 — cxema u3MepeHuil. 1 — MOCTOSHHBIA UCTOYHUK MTUTA-
Hus 12 B; 2 — uctounuk Bapsupyemoro nutanus (4 — 30 B); 3 — 3angaromuii
reHepaTop KOPOTKUX uMIyibcoB (I'5-78); 4 — uMmynsCHBIN npaiiBep (¢ nasep-
HBIM JHOJIOM); 5 — poTonpuémMHUK (cxeMa ¢ POTONPHEMHHUKOM, BKIIIOYAET B
cebs Harpy3ky 50 OM); 6 — HCTOUHHK MOCTOsTHHOTO nuTanus (9 B); 7 — ocim-

norpad.

Hns moctpoeHuss mpoToTUIa ApaiiBepa KOPOTKUX HUMITYJIbCOB JIT
OBLT UCTIONB30BaH Jlasepublii auoa Ha AlGaAs/GaAs Ha 808 um C mu-
HOM pe3oHaropa 3 MM. M3MepeHus mpoBOAWINCH IPU KOMHATHOM TeM-
neparype M 4acTtoTe cineaoBaHus uMmynbeoB 10 kI'n. Cxema ycTaHOBKH
npuBeieHa Ha pucyHke 1. B pesynbrate m3mepeHHid OBbLIM TOIY4EHBI
JIaHHBIE O PEAIBHOM JUIMTENBHOCTH uMmIyiibea JIJI, 94To m03BOIMIIO BBI-
SBUTh HEKOTOpble NpoOieMbl B paboTe ycTaHOBKU. BpemenHnas pas-
BEpTKa UMmysbca cBera JIJI B cpaBHEHHH ¢ MMITYJIbCOM 33/aOLIEro re-
HepaTopa NMpUBEeHa Ha PUCYHKE 2.

B nanpHeiimeM BO3MOXHO pa3MEIIEHUE 3IEMEHTOB yrpasieHus JIJI
HETOCPEACTBEHHO Ha TEIUIOOTBOASILIEM 3JE€MEHTE BOJIM3M KpHCTalla,
3TO COKPATHT JUIMHY MPOBOJHHUKOB M, COOTBETCTBEHHO CHU3UT Mapa3uT-
HYI0 MHIYKTUBHOCTH, MPHUBOSIIYIO K YIIMPEHHIO JIUTEIBHOCTH WM-
MyJIbCa U CHU3UT 33J€P’KKYy OTHOCUTEIBHO 3a/1al0LETo reHeparopa. Ta-
KM 00pa3oM 3a CU€T CHWKEHHS UIMTENIBHOCTH WMIyJbca 10 4-7 HC
MIPEINOJIaraeTcsl yBEIHIUTh UMITYJIbCHYIO MOIITHOCTH 110 250-300 Br.

231



NasepHan du13nKa, onTMKa 1 GM3NKa NNasmbl

i —
@ ——
100 He 200 He 300 He
Macwrab: A 10mBiaenenne ) 2 B/genenne
ANTenbHOCTE: A 2322w ® 753 1

Puc.2. BpemenHnas pa3péptka umimynbsca JIJ1 (TpeyroiabHUK) U 3aJalOIIETo re-
Hepartopa (Kpyr).
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OPTAHUYECKHUE CBETOM3JIYUYAIOIIUE YCTPOMCTBA
HA OCHOBE PAJA HOBBIX
SJIEKTPOTIOMUHECHEHTHBIX KOMIIVIEKCOB TEPBUSA
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2®UAH, Mockea
8(926)78-26-269, goryachii@phystech.edu

He cMoTps Ha TO, YTO OpraHUYECKHE CBETOU3IYUAIOIINE TUOIBI YKe
MPOU3BOATCS MHOTUMH KPYITHBIMH KOMIIAHUSIMH, HHTEPEC K HUM pac-
TET ¢ KaKAbIM TogoM. Cpean MHOXKECTBa 3a7ad 10 HCCIEAOBAHUIO U
yIydmeHno GoTohU3NIECKIX XapaKTEPUCTUK CBETOINOIOB CYIIIECTBY-
€T HeOOXOJMMOCTh B IOMCKE M HCCJICIOBAHUIO HOBBIX Oojice 3ddek-
TUBHBIX JIIOMUHECHIEHTHBIX MaTepHajoB. Tak, 3HAaUNTEeIbHBIE Pe3yIbTa-
THl Ha CETOAHSIIHUN JeHb JOCTUTHYTHI B HCCIEAOBAHUH KOJUIOWTHBIX
HaHOYACTHII (KBAHTOBBIX TOYEK) HO Y HUX €CTh CBOM HEJOCTATKU: TaKHe
KaK TOKCUYHOCTb M KaHIIEPOTCHHBIE CBOWCTBA. AJIbTEPHATUBOW UM SIB-
JISTFOTCST KOMIUIEKCHI JIAHTAHUIOB, KOTOPBIC TAaKXKe UMEIOT Y3KHUE MOJIOCHI
JIOMUHECIICHIIMU ¥ B CBOIO OUYEpPEe/Ib HE CTOJh TOKCUYHEI.

B nanHo# paboTe HaMH ObLIO MMPOBECHO UCCIICAOBAHUE Psijla HOBBIX
CHHTE3UPOBAaHHBIX HAaMH KOMIUIEKCOB TepOWs, MaTepHuajoB 0O0Jagaro-
mux Omuskor k 100% >ddexTrBHOCTH nepeaun SHEPTUH OT JIUT'aH/0B
K aToMy TepOus. [1oaToMy CyliecTByeT BOZMOXKHOCTD MTONY4YHTh P dek-
TUBHYIO 3JIEKTPOJIFOMHHECIICHIIMIO B CBETOM3IYYAIONIMX JHO/AaX C HC-
MOJIL30BAaHUEM ITHX HOBBIX KOMILIEKCOB. Kpome Toro, maHHBIE MaTepu-
anbl 00J1a7al0T paCTBOPUMOCTBIO B HEATPECCUBHOM PacTBOpPUTEJIE, ITH-
JIOBOM CIIMPTE, YTO MO3BOJISIET B TIEPCIIEKTUBE ONMPOOOBATH HAHECEHUE
JIOMHHECLIEHTHOTO CJIOSl MCHOJB3YS Ie4aTHbIe TeXHOoJoruu. B pabote
HaMmH OBIJIM M3YYEHBI, IUIEHKOOOpa3ylole CBOHCTBAa HOBBIX MaTepHha-
70B (TIpriMep Ha puc.l), UX CIEKTPHI MOTIIOMEHUS U (HOTOTFOMIHECIICH-
[IUH B pAaCTBOPaX, a TAK)KE CO3JIaHbI TIEPBBIE TECTOBBIE CTPYKTYpPhI Opra-
HUYECKUX CBETOIMOJOB Ha X OCHOBE.
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Puc. 2. CiekTp 31eKTPOJFOMHUHECIICHIINH TH0/a ¢ KoMiuiekcom ASK
121

CHOexTpsl MOTJIOLIEHUSI MOKA3bIBAIOT, YTO JOKAJIbHBIE MAaKCHUMYMBbI
TIOTJIONMICHUS HCCIEAYEMBIX MAaTepHaIOB TPHUXOMITCS Ha TUAIa30H
JuuH BosH 250-300 HM. DTO 03HayaeT, 4TO JaHHbIe MaTepUasbl SIBIIS-
I0TCS IIMPOKO30HHBIMHU, YTO, MO-BHIIUMOMY, OOBSICHAETCS KOPOTKUMHU
HETISIMHA CONPSDKEHHBIX CBS3EH B JIMTAHIaX KOMIUIEKCOB.

MeT0/10M aTOMHO-CHIIOBOM MUKPOCKOIIHUHU OBLIH HU3y4YeHbl MOP(}OII0-
TUYECKHE OCOOSHHOCTH MOBEPXHOCTEH MOIYYaeMbIX HaMH IJICHOK HO-
BBIX KOMILJICKCOB TepOHs. BblI0 yCTaHOBIIECHO, YTO MPH LEHTPUPYTHPO-
BaHWHU 00pa3yrOTCs TUICHKH TOMMKHON mopsiaka 10-15 HM ¢ pa3nudHOi
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CpeIHeKBaIpaTUIHOM epoxoBaTocThio oT 0.5 HM - 3 HM, 4TO cleayeT
YUUTHIBATH MIPU CO3IaHUH CBETOIUOIOB.
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Puc. 3. BonpramnepHas xapakTepUCTHKA

W3mepeHHble CIEKTPHI (POTOIIOMHUHECIIEHIIMH PacTBOPOB HCCIIEye-
MBIX KOMIUIEKCOB JEMOHCTPUPYIOT XapaKTepHYIO IJisi aroMa TepOous
JIIOMHHECLCHIINIO, C TJIABHBIM MakCUMyMOM Ha 545 HM, 00yCIIOBJICH-
nyto “D,-'Fs mepexoioM. ITo MOKET CBHIETEIbCTBOBATE O TOM, UTO B
KOMITJIEKCaX MPOUCXOIUT dPPEeKTHBHAS Tiepeliadya JHEPTHUH OT JIMTaHJI0B
K JIAHTQHOH/TY.

s TecTUpoBaHuUs B KayecTBE 3JIEKTPOJIIOMHHECIIEHTHBIX MaTepua-
JIOB HaMM OBbLII M3TOTOBJICH PSAJ] CBETOAMOIOB HA OCHOBE HMCCIIETyEeMBbIX
KOMIUIEKCOB. IIpocreiimue IIPOTOTHUIIBI co CTPYKTYpOH
ITO/PEDOT:PSS/PVK/Tb(L)s/Al meMOHCTpHUpPOBAIN OYEHb BBICOKHE
TOKH IPU HU3KUX HalpsKeHUsAX 2-5 B, 4To cBUIETENLCTBYET O HecOa-
JIAHCUPOBAHHOCTH JBIPOYHBIX H AJIEKTPOHHBIX TOKOB HOCUTENEH 3apsija
B CTPYKType cBeromguoza. i ymydlleHUs XapaKTEPUCTHK CTPYKTYp
BBEACH IBIPKOOJIIOKHpYIOMMK cinoil TAZ, 4TO MpHUBENO K CyLIECTBEH-
HOMY CHIDKEHHIO pabOUYMX TOKOB YCTPOHCTB. Y psiia IPOTOTUIIOB CBE-
TOJINOJIOB IOMUMO XapaKTEPUCTHUECKUX JIMHHUI U3ITydeHHsI TepOUst ObLT
3a(pMKCHPOBaH OMONHUTENBHBI MAaKCUMYM 3JIEKTPOIIOMHHECLCHLIUH
B oOsactut 402 HM, YTO COOTBETCTBYET M3ITyUYSHHIO TPAHCTIOPTHOTO CIIOS
PVK, 4Tro MOXXHO OOBSICHUTH HEMOJHBIM IepeHocoM dHepruu ot PVK
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Ha CBETOM3ITydarouii Komiuieke. B ciyudae ¢ oopasmamu Th(L)3 ( puc.
1) mabmogaercst noiHeli nepenoc 3ueprun oT PVK (puc.2). Ha Bonbt-
amriepHoit xapakrepuctuke nuoaa ASK 121 (puc. 3) MOXKHO BBIJCIUTH
JIBa peXHMMa MPOBOANMOCTH: PEKUM OTPaHMYCHHBIN MHKEKIHMEeH u pe-
JKUM OTPaHUYEHHBIH 00BEMHBIM 3apsIOM.

B pabote Hamu ObLIM M3Y4eHBI, TUIEHKOOOpa3yIOIIME CBOWCTBA HO-
BBIX MaTEpHAJIOB Ha OCHOBE TEPOMS, UX CIIEKTPHI MOTJIOMmEeHHs U GoTo-
JIOMUHECIICHIINN B PACTBOpPAaX, a TaK)KE BIEPBBIC IMOIYyYEHA DIIEKTPO-
JIOMHHECICHIIUSI OPraHMYEeCKOro CBETOAMOJIa Ha OCHOBE OJHOTO H3
HUX. PaboTHI 1O yCOBEPIIEHCTBOBAHHUIO CTPYKTYPBI CO3MaHHOTO CBETO-
JIMO/1a BEAYTCS HAMH B HACTOSIIIIEE BPEMSI.
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3ABUCUMOCTD QHEPTETHYECKUX U ONTUYECKHUX
HAPAMETPOB B JIBYIIOJIOCHOM XeCl/XeBr-9KCHUJIAMIIE
BAPBEPHOI'O PA3PAJA OT AIMHAMHUYECKOI'O CKAYKA
JABJIEHUA

udenko M.B.*

1 o o o o
HaquHaﬂbem uccxze()osamexzbcmuu momcKuu eocy()apcmeeHHbm
yuugepcumem, 2. Tomck
mari.dm28@mail.ru

OKkcunaMibl 0apbepHOTO pa3psiAa CeroJHs IIMPOKO MPUMEHSIOTCS B
HaYYHBIX HCCIEIOBAaHUAX U HPOMBILUICHHOCTH.

Buenpenue skcuinaMi mnpenmnosnaraeT NPOBEACHUE HCCIIEIOBAHUM,
HAIleJICHHBIX HA ONTUMH3ALHUIO PEKUMOB UX pabOTHI B YCIOBUSX JJIH-
TEJIHOW JKCILTyaTallid, K KOTOPBIM OTHOCSATCSI COCTaB Ta30BOM CMECH,
YCIIOBUS BO30YXICHUS, TEMIepaTypa padoduero ra3a U KOJObl IKCHIaM-
b1, BEIOOp PEIKUMOB OXJIaXACHUS (BO3AYIIHOE MM BOJSHOE) U, TIOMU-
MO BCEro MpOYEero, YIpolleHne Mpoleypsl UX H3roToieHus. U B aTom
Cllydae, B YaCTHOCTH, HEOOXOANMBI METOBI HKCIPECC-KOHTPOJIS MOLI-
HOCTH M3JIy4€HHs SKCHJIaMII, B KOTOPBIX HE HCIIOJIb3YETCsl JOPOroe u
cioxHoe obopynoBanue (poTonpuéMHHUKH, OCHMILIOrpadbl, CIEKTPO-
(hoToMeTpHI).

Kak Obuto mokazano B pabortax [1, 2, 3], BeIOOp pexuma pabOTHI
9KCHJIAaMIIBI MOKHO OCYIIECTBIISITh, PETHCTPUPYSI TEPMOJMHAMHUECKHIE
napameTpsl npudopa. s 3Toro razoBas CMeCh paccMaTpHUBAeTCsl Kak
TEPMOJIMHAMUYECKAS! CHUCTEMa, IIOBBILIEHHE TEMIIEPaTypbl KOTOPOM
(TIpu BKJIFOUEHHH U B XO7ie pabOoThI) MPOUCXOUT MIPH MTOCTOSTHHOM 00~
eMe (M30XOpHBIH mporiecc). Kak moka3any Hamy UCCIeI0BaHUs, TaKOH
MOJXO0/I TIO3BOJISIET BEIOMPATh APPEKTUBHBINA PEKUM PAOOTHI SIKCHUIIAMIL,
(bUKCHpyYs UL BPEMEHHOH XOJ BEJIMYUHBI AABJICHUS B SKCUIIaMIle B
CaMbIX Pa3HBIX YCIIOBHSX.

B macrosmieir pabote Npe/UIOKEHHBIN TOAXOJ UCIOJIB30BaH JUIS
ompejesieHs OajaHca SHEPTUU B IKCHIIAMIIE, B KOTOpOH (opMupyercs
WHTEHCUBHOE MHOTOIOJIOCHOE M3ITydeHHe B TpoitHoi cMecu Xe-Brp-Cl,.

[To cpaBHEHUIO ¢ OMHAPHBIMU CMECSMU, B TPOWHBIX CMECSX, KaK I10-
Ka3bIBAIOT IUIa3MOXUMHUYECKHE OLIEHKU M Pacu€Thbl, MPOUCXOIUT CyIIe-
CTBEHHOE DPa3BETBICHUE KAHAJIOB NEpeladyd SHEPTHH, YBEIMYECHHE KO-
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JMYECTBA PEaKIMi TYIIEHUSI OAHUX pabodnX MOJEKYJ IPYTUMH U Ipo-
MEXYTOUYHBIMU YacTUIAMH U T.1. YUTO CYLIECTBEHHO YCIIOKHSET IpH-
MEHEHHE IUIa3MOXMMUYECKUX Pacd€TOB Ul OIpPENEICHUs ONTHMAallb-
HBIX YCIIOBUH BO30Y X IeHHs dKCHmamit [4].

IIpu 3axurannm pa3psima 3a xapakrtepHoe Bpems T ~ 100 Mc B koitbe
IPOMCXOANUT T.H. «OBICTPBIN» CKAa4OK JIABJICHHUsI PABHBIA 110 BEIMYUHE
Ppo + APy, TAE po — HAYAJIBHOE JaBIIEHUE CMECH, a AP; — T.H. aMIUIUTyAA
«OBICTPOI» COCTABIIAIONIEH CKadyKa JaBlieHHs. BenmnunHa T 3aBHCHT OT
cocTaBa U AaBneHHUs cMmecu. llpu t > T pocT maBneHus 3amenIseTcs:
pasorpeTas cMeChb HauMHAET HarpeBaTh CTEHKH KOJObI JaMmbl. Takum
00pa3omM, 0 BBIIIENISIEMON B IUIa3Me DHEPTHH (32 BBIUETOM JHEPIHH, I1O0-
TpPayeHHOW Ha JFOMMHECLEHIIMIO) MOXHO CYIOUTH IO BEIUYMHAM T H
Apl.

PeFI/ICTpI/IpOBaﬂI/I BCJIMYUMHY AWHAMHUYCCKOI'0 CKadkKa HdaBJICHUA U
OQHEPTCTUYCCKYIO CBETUMOCTD JIaMIIbl IIPHU BKJIFOUYCHUMU. I/I3BCCTHO, qTOo
TerutoBast MomtHocTh W, paccenBaeMasi B KOaKCHaIbHOU dKcuiamiie bP
HpoIopUruOHaIbHa APi/Po, TAE€ AP; — IMHAMUYECKHI CKaYOK TaBIICHUS,
Po — cTapTOBas BEJIMYMHA JABJICHUS 0 BKIIOUCHHS JTaMIIbI.

3Hasi BETUUUHBI po U AP1, MOKHO ONPEACTUTH TEIJIOBYIO MOIIHOCTbD,
BBIJIEJIIEMYIO B IJIa3Me KoakcHaibHOM skcunamibel BP B xone Tepmoan-
HaMHYECKOT0 N30XOpHOro mporecca [2, 3]:

12-£-Ap, -V -T, _Ap,
Wz 5 ~
po'd Po

To ectp xapakrepu3oBath W MOXHO Benu4auHON Api/po. DTa Bemu-
YHHA COOTBETCTBYET YCJIOBUSM MaKCHMAIBbHOW 3((PEKTHBHOCTH H3IY-
YEHHSI SKCHUIIaMITHI.

CMmecHu cpaBHHMBAIM MEXIY COOOH NpPH OAMHAKOBBIX 3HAYCHHUSX
Ap1/po ~ 0.37. D10 3HaUYEHHE BHIOPAHO B CHITY TOTO, YTO €My HPHOIH3H-
TEJIBHO COOTBETCTBYIOT HauOOJbIINE BEIMYUHBI CPEIHEH MOIIHOCTH H
a¢pdexkTnBHOCTH W3My4deHHs. Pe3ynbpTraThl MPOBENEHHBIX H3MEpPEHUi
MO3BOJISIOT CAENATh BBIBOJ O TOM, YTO JaHHBIE O BPEMEHHOM XO/JIE J1aB-
JIeHHS B SKCHJIAMIIE B MOMEHT €€ BKJIIOUEHHUS MO3BOJISIOT 00BEKTHBHO
OIICHUBATH YCJIOBHUS JIOCTHKCHUS MaKCHMAJIbHOW 3(QEKTHBHOCTH H3-
Jy4eHHsI HE TOJBKO OJHOTIOJIOCHBIX, HO MHOTOIIOJIOCHBIX 3KcHiami. B
YaCTHOCTH MOKa3aHO, YTO B ONTHMANBHBIX yCIOBHUSIX 3()(HEKTUBHOCTD U
CPEeHsIsl MOIIHOCTb U3JIy4eHHUs [IPU [Epexo/ie OT OHONOJIOCHOIO U3JLy-
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YEHHUS K MHOTOIIOJIOCHOMY CHMXAIOTCS Ha HECKOJIBKO IIPOLIEHTOB, U
3¢ dexTHBHOCTD n3TydeHust XeBr-skcumamnsl npumepHo Ha 10% Huke,
yeM y XeCl-skcunammnesl.

Jlureparypa:
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pacenko B.®. McciaegoBanne TMHAMUYECKOTO CKauKa JABJICHUS B 3KCH-
nmammax OapeepHOro paspsga // Kypuanm texandyeckor ¢uznku. 2010.
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IMHUPOIJIEKTPUYECKOE ®OPMUPOBAHMUE IIVIAHAPHBIX
BOJIHOBO/JHBIX CTPYKTYP B HEJIETUPOBAHHOM KPU-
CTAJUVIE HUOBATA JIMTUA

Amumpuee E.A., Koznoe C.b., Kpaovko B.A., bepe3una E.A.,
Ilepun A.C., Paouénok B.IO.

Tomckuii cocyoapcmeentblil yHU8epcUumem cucmem ynpasieHus u
paouosnekmponuxu, 2. Tomck
D.e.a 03@mail.ru

PacnipocTpaHeHne CBETOBOrO MOJS B ONTHUYECKH HEIUHEHMHOU cpene
MOJET COIPOBOXKIAATHCA 3P (PEeKTaMH ero NPOCTPAHCTBEHHOI'O CaMOBO3-
JIEHCTBUS, UTO MMPUBOIUT K U3MEHEHHIO XapakTepa ero mudpaxmun [1].
B kpucramnax auobata autus (LiNbO3) doropedpakTuBHas HeTHHEH-
HOCTh MPUBOJIUT K CaMOJIe(OKYCHPOBKE CBETOBBIX Iy4ykoB. OmHAKO B
HEJIMHEWHBIH OTKJIMK KPHCTaJIa MOKET BHOCHTH BKJIAJ U IMHUPOIJICK-
Tpudeckuid 3pQeKT, 4To AenaeT BOSMOXKHBIMHU SIBICHHS CaMO(OKYCH-
POBKH TakvX IMy4KOB U (popMUpOBaHUS B HUOOATE JTUTHS CBETIIBIX MPO-
CTPaHCTBEHHBIX CONUTOHOB [2, 3]. BOTHOBOAHEIE 3JIEMEHTHI U CUCTEMBEI,
chopmupoBanubie B LiNbO; 3a cuer BKjIaga MUPOIEKTPUIECKOTO 3-
(exTa, MOTYT XpaHUTBCS B HEM JJTUTEIBHOE BPEMS, YTO MPEICTABISIET
NPaKTUYECKUI MHTEpeC B IUIAHE peaiM3allid MOJHOCTHIO ONTHYECKUX
35IeMeHTOB (DOTOHUKH [4].

Ilenbto maHHOW pPa0OTHI SIBJISJIOCH HCCIICIOBAHHUE BIIUSHUS IHPO-
aneKkTpuyeckoro 3ddekra Ha XapaKTEPUCTHKH TU(PPAKIHH CBETOBOTO
1oJst 1 GOPMHUPOBAHMS IJIAHAPHOM BOJIHOBOJHOM CTPYKTYPHI B HEJETU-
POBaHHOM 00pa3iie KpUCTaia HI00aTa JIUTHUS.

Cxema 3KCIepuMeHTaIbHON YCTaHOBKH IIPe/ICTaBIeHa Ha pUCYHKeE 1.
B skcnepuMenTe UCIoNb3yeTcs HOMMHAIBHO YHCThIN Kpuctaiut LiNbO;
¢ pasmepamu 4x10x4 Mm® B1o7b oceit X, Y, Z COOTBETCTBEHHO.

Hcrounuk wu3nydeHUs: — HENPEphIBHBIA TBEPAOTEJbHBIN Ja3ep
YAG:Nd* ¢ JUTMHOW BOJTHBI MTYICHUS A = 532 HM M BBIXOJTHOUW MOIII-
HocThio 10 50 MBT. Ilonspusanusi cBeTa COOTBETCTBYET HEOOBIKHOBEH-
HOW BOJIHE B KpHcTaiuie. Ha BXOIHYIO TITOCKOCTh KPUCTAJUIa N3TyYeHHE
(dokycupyeTcsi IMIMHIPUIECKOW JTMH30H (IIMpUHA ITyYyKa B HaIlpaBJie-
HUM och Z ~15 MkM). CBETOBOM IMy4OK PaclpoCTpaHseTcs B KpUCTaIlIe
BJI0Jb OocHu Y. M300paxeHus BXOTHOW U BBIXOJJHOU TUIOCKOCTEH 00pa3iia
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IPOELUPYIOTCS Ha aHAIM3ATOP JIa3ePHBIX IIyYKOB N300paXKaroleH JnH-
30i. C momompto 3nemMeHTa IlenbThe, HA KOTOPOM pa3Melayics KpHu-
CTaJul, OCYIIECTBIISIJICS HarpeB o0pasua.

: L
7 'f/////////
ey = b= BN S
—_— A
% T /

Puc. 1. Cxema sKCIEpIMEHTAIBHON YCTAaHOBKU: | - HCTOYHHK JIa3€PHOTO U3ITY-

YeHUs, 2 - IUIHHApHYecKast THH3a, 3 - oopaser] LiNbOg; 4 - anement IlenbThe;

5 - TpexKoOpAMHATHBIN MUKPOMETPUIECKUH CTONIMK; 6 - M300pakaroias JInH-
3a; 7 - aHAIHM3aTOp JIA3EPHBIX IIYIKOB

Ha pucynke 2 mpenacTaBieHbl KapTUHBI PACTIPE/ICICHUS] WHTCHCUB-
HOCTH CBETOBBIX TOJIEH, COOTBETCTBYIOIINX M300paKEHUSIM C BXOIHOM
(a) u BeIXOgHOU (0, B, T) TUIOCKOCTEH KpHICTAIa B Pa3HbIE MOMEHTHI
BpPEMECHHU.

.
—_—C

Puc.2. KapTuss! pacrpeneneHus: CBETOBBIX MOJICH Ha BXOTHOM (a) M BEIXOJHOH
IpaHsx KpUCTaJuIa B HAYaJIbHBI MOMEHT BPEMEHH B JINHEHHOM (0) 1 HEelIHHEH-
HOM (B, T) pexuMe AudpaKIuu

IIpuBeneHHbIE KapTUHBI TMOKAa3bIBAIOT, YTO B JHUHEWHOM pEXHME
HaOronaeTcs 0ObIYHOE AM(PAKIMOHHOE YIIUPEHHE CBETOBOTO IOJIS
(puc. 2 6, ontuyeckast MmomHocTh 0,5 MBT). C TeueHnem BpeMeHH MPO-
SBIISIETCSl HENWHEHHOE YIIMpPEHHE KapTUHBI CBETOBOTO TOJS BIOJb
HanpaBJIeHUs, MapajuIeIbHOIO ONTUYECKOH ocu Kpuctamia (puc. 2 B).

Harpes o0pa3sua no temnepatypbl 76 °C mpuBOANUT K KOMIIEHCALIMH JIU-
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HEHHOTO W HEJIMHEHHOTO MU(PPAKIHOHHOTO YIMUPEHHS CBETOBOTO TOJIS
Y Ha 3aKITIOYUTEIBHOM 3Tale XapaKTEePHBIC Pa3Mephl JJIEMEHTOB CBETO-
BOTO MOJISI CTAHOBSTCS MPAKTUYCCKH TAaKUMH K€, KaK U Ha BXOJHOM
IJIOCKOCTH KpucTtammia (puc. 3 T). Bpems, HeoOXoaumoe IS ITOJHOMH
KOMIICHCAIMU TU(PPAKIIMA CBETOBOTO MOJISI TIPY YKA3aHHOW MOIIHOCTH
U3IYYCHHS U TEMIIEPaTyphl KPUCTAILIA, COCTABIISCT OKOJIO 2 MUHYT.

Pabora BemonHeHa mmpu GpuHaHCOBON moaaepxke MunoopHayku PO
B paMkax 0a3oBoii yactu ['oczamanust Ne 2014/225 na 2016 t. u npo-
ekTHOI gacth (padora Ne 3.878.2014/K).
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®A30BAS AEMOAYJIINAA TP ITOITY THOM B3AUMO-
JEUCTBUU CBETOBBIX BOJIH B KPUCTAJLJIE Bi;,SiOy

3n06un A.Q., llImuom A.A., Bypumoe H.H., Illanoapos C.M.

Tomckutl cocyoapceennvlil yHugepcumem cucmem Ynpagienus u
paouosniekmporuru, Tomck
+79069500915, zlobin.tusur@yandex.ru

Bxnag obpatHOTO (hitekcodaekTpuaeckoro 3¢ dekra B dhoTopedpak-
TUBHBIN OTKIMK ObUI OOHApY)KEH B KPUCTAJUIE TUTAHATa BUCMYTa Cpe3a
(100) ¢ ucrionpzoBanueM pdexTa GazoBoi AEMOIYIALNN IPU BCTpeU-
HOM B3aMMOJEHCTBHS CWIBHOM CTallMOHApHON BOJHBI HAKAYKH CO Cla-
001t (ha30BO-MOTyTMPOBAHHOW CUTHAIBLHON BOJTHOM [1].

B Hacrosimem cooOmieHnn NpeAcTaBiIeHbl pe3yabTaThl IKCIIEPUMEH-
TaNbHBIX HcchenoBanuii dddexra GazoBol NEeMOAYIALUN MPU TOMYT-
HOM B3aMMOJICHCTBHH CBETOBBIX BOJH B Kpuctauie Bi;pSiOy (BSO)
cpe3a (110) u ero TEOPETUYECKOrO aHAU3a, MPOBEICHHOTO C YYETOM
(IIeKCOITEKTPHUECKOTO BKIIA/IA.

OKCTepUMEHTHI MMPOBOAMIINCH Ha JIMHE BONHBI 633 HM B oOpasie
BSO cpesa (110) ¢ TonmumHo#t d = 2,64 MM Ha yCTaHOBKE, MO3BOJISIO-
el U3MEHSTh OPUEHTALMI0 BEKTOPOB JIMHEHHOMN MOJSpPU3alMKU B3au-
MOJCHCTBYIOIMX BOJH M 3aJaBaTh 3HAYEHUs MIPOCTPAHCTBEHHOTO IIe-
puona QortopedpakTuBHOil romorpaMmmel A B mpexpenax ot 0,6 mo 1,2
MKM (puc. 1).

1 7
]
3 12
- 7
6

g &
Puc.1. Cxema skcriepuMeHTaNbHOM ycTaHOBKH. 1 — He-Ne naszep; 2 — nenm-
TeNbHBINA Ky0; 3 — cBeToQmIbTp; 4,5 — 4eTBEPTHBOIHOBBIC IUTACTHHEL, 6,7 —
3epKaina; 8 — 3epkaino, oOCHHIUTHpYIoIee ¢ 9acTotoi Q; 9,10 — monspu3aTopsr;
11 — o6pazen BSO cpesa (110); 12 — doToamo.
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BrixogHo# curaan ¢pazoBod JeMOTYISIINH PETHCTPUPOBAIICS OCIIHII-
norpagom Tektronix TDS 2012C Ha conpoTuBieHun Harpy3ku (HoTo-
auoaa U QuKcHpoBaycs B LHUGPOBOM BHIE KOMITBIOTEPHOW CHCTEMOM
00paboTKH aHHBIX, KOTOpas MO3BOJISAJIA ANIPOKCHUMHUPOBATH €0 pas-
JIO’)KEHUEM Ha TapMOHMKH C¢ dacToTamu , 2Q, 3Q u 4Q. IIpumep tu-
MUYHOHN OCIMIIIIOrpaMMBbl IPUBEJEH HA pPUC. 2, Te TOUKAMH Mpe/CTaB-
JIeHbl 3HAYEHMsI M3MEPSieMOro CHUrHaja, a CIUIOIIHOW JMHMEH — aIl-
IPOKCUMHUPYIOIIAsi KpHUBas.

B
=
=3
&

o

HanpspkeHune,

-0.01

-12-10* -10-10* -8.10*  -610* -4.10* -2.10¢ O 210° 410* 610* 810° 1010° 1210

Bpewms, c
Puc.2. OcmumorpaMma BEIXOJHOTO CHTHAA (ha30BOU AEMOTYIISIIHH

[Tomygeno, uro mist A = 0,6 MKM MakCUMaIbHBIC 3HAYEHUSI OTHOCH-
TEJIBHBIX aMILTUTY/ TJIyOUHBI MOAYJISIIIMA HMHTCHCUBHOCTH CUTHAIBHOTO
My4YKa Ha TePBOM M BTOPOM TapMOHHKAaX COCTABHIIM, COOTBETCTBEHHO,
M =0,0034 1 M = 0,0083. ITpoBenCHHBI TEOPETHIESCKHIl aHATH3
M0 METOAMKE, MCIIOJIb3yeMol B paborax [1, 2], mokasaj, 4TO HaJIU4dHe
CUTHaJla Ha TIEPBOW TapMOHHKE YacTOTHl MOAYJISIIIHH, CPABHUMOTO IO
aMIUTUTYJIE C CUTHAJIOM Ha 4acToTe 2(), CBUIETEIBCTBYET O CYIIECTBO-
BaHWU 3aMETHOr0 (HJICKCOAIEKTPUUECKOro BKiIajga B (oTopedpakTHUB-
HBI OTKIMK B Kkpuctauie BipSiOyy mpu uccie0BaHHOM MOMYyTHOM
JIBYXITYYKOBOM B3aMMO/ICHCTBUU.

Jlureparypa
1. angapor C.M., llImakos C.C., bypumos H.U., CroBaea O.C.,
Kaprun 10.9., [letpos B.M. O6Hapyxenue BkiIaga oopaTHoro ¢hiexco-
anektTpuyeckoro 3ddexra B GoropedpakTHBHBIN OTKIMK B MOHOKpH-
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ctajute Tutanata pucmyra // ITucema B JKOT®. 2012. T. 95, Bhim. 12.
C. 699-702.

2. Shandarov S.M., Kolegov A.A., Burimov N.I., Bykov V.I., Petrov
V.M., Kargin Yu.F. Two-wave mixing on reflection dynamic gratings in
sillenite crystals under phase modulation of signal beam // Phys. Wave
Phenomena. 2009. V.17, No 1. P. 39-44.
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KHHETHKA AKTUBHOM CPE/IbI KHCJIOPOJIHOI'O
JIABEPA C OIITUYECKOM HAKAUKOMN

Hucanog A.C.", 3azudynnun M.B."

YCamaperuii 20cydapemesennbiii aspokocymuueckuil ynugepcumem umenu aKa-
demuxa C.II. Koponesa, Camapa
+79379945012, ainlolcat@gmail.com

B nocnennee Bpemsi jiazepHble CUCTEMBI C OINTHYECKOM HaKayKOU
NPUBJIEKAIOT 3HAYNTEIbHOE BHUMAaHHE. | JTJaBHOE MPEUMYILIECTBO TaKUX
CHCTEM 3TO MpeoOpa3oBaHNe HEKOTEPEHTHOTO CBETA Pa3IHYHBIX HCTOY-
HHUKOB (TaKMX KaK Jla3epHbIC IUOJbI) B KOTEPEHTHOE Ja3epHOoe H3Jyde-
Hue. bbuin peann3oBaHsbl J1a3ephl ¢ ONTHYECKONM HaKauKOW Ha mapax Iie-
JIOYHBIX MeTayuioB [1] m OnaropomHeix razax [2]. Beuia mpeamoskeHa
cXxeMa ONTHYECKOH HAaKayKH Ha OCHOBE BO30YKICHMs HoJa Ha mepe-
xoze 2Pyp-?Pa, ¢ moCHeIyromeii mepenaueii SHEPruH MOJTEKYIaM KHC-
mopona [3].

Kucnopomusrit maszep Ha mepexoje b-X ObuT BliepBbie MPEATOKEH B
1971 romy [4]. B nmanHOii paboTe paccCMOTpeHa KHWHETHKA aKTHBHOUN
cpelpl KHCIOPOAHOTO Jiazepa, cocrosimed u3 cmecu rasos O,, I, He,
H,O u mokazaHa BO3MOXHOCTb JIOCTHIXKEHUSI HMHBEPCHOM 3aCEICHHOCTH
JUIs CO3/1aHuMs JTa3epa Ha nepexoze b-X:

0,(b'T) =>0,(X*T) +ho, (1)
rie O,(0'Y) - Mosekymbl KHCIOPOZA BO BTOPOM BIEKTPOHHO-

3
Bo30yxaeHHOM coctosiaun, O, (X °X) - Monekyinsl kucnopoga B oc-

HOBHOM COCTOSIHUHU.
Ha pucyske 1 npeacraBieHa NpuHIUIIMAIBHAS CXEMa KUCIOPOJHOTO
Jla3epa ¢ ONTHUYECKON HaKauKoil.
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Vdrne 1 2 3 4

500HMm 1315Hm
Puc.1. [IpunnunuansHas cxema jasepa Ha nepexoze b-X ¢ onruueckoii Hakay-
KoM

Hakauka nmpoucxoaut B ABa 3tana. Ha mepBom sTame cmech 00myda-
ercs Ha mosioce S00HM, YTO MPUBOAMUT K YACTUYHOM TUCCOIHAITUH MO-
neKyisipHoro ionxa. Ha Bropom sTtame cMech moasepraercst 00IyueHHIO
Ha anmuHe BOJHBI 1315HM, 94TO MPHUBOANUT K BO3OYKISHHIO aTOMAapHOTO
iioma: 1(°Psp)+doron => I(*Py;,). 3aTeM B pesyibraTe ABYX MOCIEIOBA-
TEJNBHBIX PEeaKUUil MPOUCXOANUT BO30YKICHHE MOJIEKYJIbI KHCIOPOAa JI0

cocrosrmsa O, (0'T) :

|(*P312)+02(*A)=>1(*P11,)+0,(*%) 2
1(%P1y2) +0,(*A)=>0,('E) +I(*P3) (3)
0,('%) +H,0=>0,(*2)+H,0 4

Kunerndeckas cxema (2), (3) ans morydeHUs: MHBEPCHOM HaceleH-
HocTH Ha nepexojie (1) Obuia BIepBhIe MpeiokeHa B padote [5]. bouiu
MPOU3BE/ICHBI PACUEThl MPU PA3IMYHBIX KOHIIGHTPALMAX BOJBI, J0JIC
KHCIIOpPO/Ia B TIOTOKE, TABJIICHUH, MOIITHOCTH M3ITyueHus Ha dTare 2. [Ipu
naenenuu 37 Topp, temmeparype 300K, mone kucmopona 30% u morne
BOJIBI 10° or JTOJIH KUCJIOPO]1a, MOIITHOCTH U3JIYYCHHS B TIEPBOI CEKITHH
20 Br/cm? u 5000 Br/cm® BO BTOPOM CEKLHHU, TOCTUTAETCS AOJS CUH-
raetHoro kuciopoma B coctosmmn O, (b'E) oxomo 70% ot obimero
KOJIMYECTBA KHCIOPOa U TMOTOK okoso 0.4 Mmoms/cM’/c. Kak GbL10 TMO-
Ka3aHo B paGote [5], Takoro comeprkanus kucnopoga O,(*E) mocrarou-
HO JUTsI TIOJTyYEHUS] MHBEPCHOW HACEIIEHHOCTH U JIA3€PHOM reHepaluu Ha
nepexose (1). AHanu3 moKa3bpIBaeT, YTO AaJbHEHIIee YBETHISHHUE MOIII-
HOCTHU M3ITy4eHUs Ha JUTMHE BOJHBI 1315 HM MpakTHUECKH HE YBEIHYHU-
BaeT IMOTOK CHUHIJIETHOTO KHUCIOPO/a. Y BEIUUYCHHUE JTaBICHUS TTPUBOIUT
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1
K yBemnuenuto oroka O, (DY), oxnako cHmkaer 10mo CHHIIETHOrO

xuciopoa B cocrosrun O, (b') . Tax kak peakius (4) BeseT K e3aK-

tusarn O(*A), To conepkanue BoIbl OYECHb KPUTHUHO JUIS Oy UCHHS
WHBEPCHOM HACEJIEHHOCTH B KHUCJIOPOJAHOM Jiazepe. Hampumep, mpu
YBEJIMUEHHH [0JIM BOJbI 10 OTHOLICHHIO K Kucaopoay ¢ 10 go 107,
koHueHTpanusa CK Ha BbIXO€ YMEHBIIAETCsl IPUMEPHO B 4 pasa, a Ipu
YBEJIMYESHHUH 10 10" npumepro B 40 pas.
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M3YYEHUE PEHTTEHOBCKOI'O U3JIYYEHUA HAHOCE-
KYHJIHOMU IIJIA3MbI HA YCTAHOBKE «KAHAJI-2»

Kauunckuii B.K.", Hy3vipée B.H.", Cmapodyé A.H.", ®pona AAM,
Axywes 0.0."

'\OIBYH dusuveckuii uncmumym um. I11.H. Jlebeoeea PAH, Poccus, e. Mockea
2P AOY BIIO Hayuonansuulii ucciedosamenbekui A0epHblll YHUsepcumem
MUDU, Mockea
+7(916)685-61-78, mrevil77@mail.ru

B nacrosee BpemMsi METOIBI TUATHOCTUKH TNIA3MBI HAXOMAT IITHUPO-
KO€ MPUMEHEHUE B CaMbIX Pa3jIMYHBIX 00JacTAX, Hampumep, (huzuka
BBICOKHX TUIOTHOCTEH 3HEPruil, MOJEINPOBaHUE acTPO(PHU3NIECKUX SB-
nenwii [1,2,3]. Bee dare gaHHbIE METOBI UCIIONB3YIOTCS JUIS UCCIEN0-
BaHMIA B OMOJIOrMH B MeauiuHe [4].

[Ina3ma, momy4yaemasi B pe3ysbTaTe B3aMOICHCTBUSA JIA3EPHOTO M-
MyJbCa BBICOKOH MHTEHCUBHOCTH C MAaTepHAIOM MUIIEHH, UMEET CBOU
OCOOCHHOCTH — B YaCTHOCTH, OHa UMEET HEOOJBIION pa3Mep, KOTOPHIi
orpaHuyYeH 00BEMOM 3KCIICPUMEHTAIbHONW KaMephl, a TakKe, XapakKTe-
pU3yeTcss MaJbIM BPEMEHEM JKH3HH, KOTOPOE, KaK IMPaBIIIO, OMpPEAes-
eTCsl ITUTENIbHOCTRIO JIA3epPHOTO UMITYJIbCca. boyiee Toro, ycioBHsl BO3-
HUKHOBEHHUS JIA3€pHOM TU1a3Mbl, a CJIEI0BaTENbHO, U €€ CBOWCTBA, 3aBU-
CAT OT YCIIOBUI BO3/ICHCTBUS Ja3ePHOTO U3IYYCHHUS Ha MHIIIEHb. B CBsI-
3 C 3TUM CYIIECTBYET HEOOXOAMMOCTh CO3JaHHS YKCIEPUMEHTAIBHBIX
JMIMarHOCTUYECKUX METOJUK, IMO3BOJISIIONINX IIOJIy9aTh MAaKCUMyM WH-
(hopMaIu 0 MPOUCXOSINX B IJIa3Me MPOIIecCax.

CHexTp U3My4YeHHUs JIa3€pHOM IUIa3Mbl OYEHBb LIUPOK, OJTHAKO, MAK-
CHMYM H3JIy4aTelIbHONH CIOCOOHOCTH MPUXOJUTCS HA PEHTTCHOBCKUUN
nuamnaszoH. McciemoBanue MaHHOTO AWana3oHa ITO3BOJISIET TOMYYUTh
WH(POPMAIUIO O TAaKUX BAXKHBIX XapPaKTEPUCTHUKAX IUIa3Mbl, KaK 3JICK-
TPOHHAS TEMIEPATYPA, INIOTHOCTh, PaCHpeIeICHUE JIEKTPOHOB IO CKO-
pOCTSIM, a TaKXKe€ O PAa3BUTHU PA3IMUHBIX HECYCTOWYMBOCTEH B ILIa3Me
[5]. AkTyanbHbIM HampaBlICHUEM TaKXe SIBISIETCS PA3BUTUE METOJIUK,
MO3BOJISIIOLIUX M3y4aTh pacHpenesieHue CBETUMOCTH IUIa3Mbl C BBICO-
KUMH TIPOCTPAHCTBECHHBIM, BPEMEHHBIM U CIIEKTPAILHBIM Pa3pemIeHUsI-
MA. BaXXHOCTh TakMX WCCIEIOBAHUU 3aKIIOYACTCS B TOM, YTO IPH 00-
JyYEHUU MUIIEHEH, pa3IuYHbIX MO COCTaBY U IUIOTHOCTH, MOLIHBIM
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Ja3epHBIM HUMITyJTBCOM C WHTEHCHBHOCTBIO MOPSIKA 10'2-10" Br/em?
3JICKTPOHHAS TEMIIEpaTypa O0pa3yIOUIecsl MmIa3Mbl MOXKET JAOCTHTaTh
HECKOJIbKUX K3B. IIpu 3TOM M3ydeHHe pa3IudHbIX pacnpenesieHuit (yr-
JIOBOTO, BPEMEHHOTO, CHEKTPaIbHOTO) PEHTTEHOBCKOTO M3ITydeHUs Ta-
KOH TUTa3Mbl IMO3BOJISET CYIUTh 00 3((EKTUBHOCTH MOTJIOUICHUS Jia-
3epHOW SHEPTUU, O XapaKTepe PaCIIpPeleCHUs IIa3MEeHHOTO (pakena B
MIPOCTPAHCTBE, a TAKXKE XapakTepe MPOTEKaHWs Pa3TUIHbIX HEITHHEH-
HBIX TIPOIIECCOB, Pa3BUBAIOIIMXCS MPHU B3aMMOACHCTBUU HU3IYUCHHS C
MJ1a3MOM.

B nacrosmeit pabote mpeacTaBIeHb pe3yabTaThl IKCIIEPUMEHTOB 110
B3aMMOJICHCTBUIO W3Iy4YeHHs] HEOAWMOBOTO Ja3epa HAHOCEKYHIHOM
JUTUTEIBHOCTH C YIPABISIEMON KOTE€PEHTHOCTBIO C Pa3JIUYHBIMH TUIIAMH
tBepaoTenbHeiX Muinenei (Al, Mg, Be, Cu, Gd). DkcrnepuMeHTHI mpo-
BOJMJINCH HAa TUATHOCTHYECKOM KOMILIEKCE JIa3epHOoH ycTaHOBKH «Ka-
Hai-2» [6]. B pesynbrare mpoBeaeHHBIX IKCIIEPUMEHTOB OBLITH TTOTyde-
Hbl TaKWe JaHHBIC, KaK pa3Mephbl H3Iy4arollux O0JIACTEH IUIa3Mbl B
CIIEKTpajbHBIX AuamnazoHax 180-200 A, A<9A, noHHBI cOCTaB IIA3MBI,
BPEMEHHOE MMOBEACHUE MMITYJIbCa PEHTT€HOBCKOTO M3IYYEHUS TIA3MEI,
3JICKTPOHHAS TEMIIepaTypa Mia3Mbl.
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CIIEKTP U3JIYUYEHUS PASHOCTHBIX YACTOT CO- " CO,-
JA3EPOB ITPU IEPECTPOMKE YI'JIA ®A30BOI'O
CUHXPOHMU3MA B KPUCTAJJIE AgGaSe,

Kunseeckuit U.0. 1, byounosa O.B. l, Honun A.A.l, Knumauee IO.M.%,
Kosznoe A.IO. 1, Komkoe A.A.*

Y ®edepanvroe cocyoapemeennoe Giodaucemnoe yupesicoenue nayku
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men. +79261315518, e-mail: kigor@sci.lebedev.ru

enepanyst cymMMapHBIX M Pa3HOCTHBIX 4acToT m3nydeHus CO- u
CO,-na3epoB B HenmHEWHBIX Kpuctammax ZnGeP,, GaSe u AgGaSe,
WCCIIeIOBANIACh B MIMPOKOHN CHEKTpalbHOM o0mact ot 2,5 10 16,6 MKkM
[1, 2]. B pabGote [1] nmpoaeMOHCTPUPOBAHO, YTO CPEIU paccMaTpHUBac-
MBIX KPHCTAIIOB HaHOOMbIIast 3(pPEeKTUBHOCTh T€HEPAIIMH PA3HOCTHBIX
gactoT (I'PH) CO- u CO,-mazepoB B 00yacTh IIMH BOJNH Oojbime 11
MKM Jocturaigack B kpuctauie AgGaSe,. I[loatomy B aaHHO# paboTe
uccnenyrtes ocodeHHoctu Gopmuposanus cuekrpa ['PU CO- u CO,-
Ja3epoB B 3TOM KPHCTAILIE.

Hns uccnenosanus 'PU B kpuctaime AgGaSe, npuMensuiach Jiazep-
Has CHUCTeMa, MoJpoOHO omucaHHas B [2]. JlaHHas mazepHas cuctema
cocrosuta u3 CO- u CO,-nazepoB HU3KOrO JaBICHUS C CHHXPOHHOM MO-
IyJTsieit ToOPOTHOCTH J1a3epHBIX pe3oHaTopoB. M3nmyueHne nma3zepHOi
CHCTEMBI NPEICTABISIO0 cOo00M MOCIen0BaTeIbHOCTh UMITYJIBCOB IJIH-
TeNbHOCTBIO ~1 MKC, cneayromux ¢ yactorod ~100 I'm, u nmukoBoi
MOIIHOCTBIO ~2 KBT. Crnektp m3nydenuss CO-nasepa cocTosn U3 He-
CKOJIBKMX JICCATKOB JIMHMM B MHTepBaje JuH BoaH 5,0 — 6,4 mxm. B
cnektpe CO,-azepa MMETNCH JIB€ CHIIbHbBIE TUHUH C JUTMHOM BOJHBI 9,3
1 9,6 MKM, B KOTOPBIX COAEPKaIOCh ~85% BCell MOIHOCTH U3TyUYEHUs,
M HECKOJBKO clalblXx nuHUHA. W3nmydyeHue mazepHOil cucTteMbl HOKyCH-
poBajioch B HelmHelHHbIN kpucTa AgGaSe, uH30# U3 ZnSe ¢ Gokyc-
HBIM pacctosiHueM 18 cm. M3mydenuwe, Bblmenniee M3 KpHUCTaa,
HaNpaBJUIOCh Yepe3 CUcTeMy (UIBTPOB, MOJABISIOMIMX H3ITyUCHHE
HAKa4KH U MPOMYCKAIOIINX H3IYyYSHUE C JITMHOM BOJHBI BhIIE 11 MKM,
B criektpomerp MKC-31, ocHam@HHBIN BRICOKOYYBCTBUTEIBHBIM (HOTO-
JIETEKTOPOM.
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Puc.1. M3mepennsie cnextps! uznydenus ['PHY CO- u CO,-na3epoB, NOIy4eH-

ueie B Kpuctamie AgGaSe, npu yriax (asoBoro cunxponusma 55,6° (a), 67,7°
(6) u 71,5° ()

Wamepennsiit cnextp ['PY, momydenusii npu yrie ¢pa3zoBOro CHH-
xporusma (®C) 55,60, coCTOsT U3 NecATKA JTUHUIA B WHTEpBaje JIUH
BoJiH OT 12,0 10 12,5 mxm (Puc. 1a). Ilpu yBennuennn yrina @C crektp
I'PY cmemancss B IJIMHHOBOJHOBYIO 4YacTh CHEKTPa, MPU 3TOM YHUCIO
nuaui B crektpe I'PY ymensmanock (cM. Puc. 1). OnnHa u3 npuuuH
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YMEHBUICHUSI YHCIIa CIEKTPaJbHBIX JUHUN CBsA3aHA C YMEHBIIECHUEM
mmpunbl OC npu npubmmwkennu K yriay ©C 90o. Bropas npudnHa cBsi-
3aHa C yMEHbIIEHHNEM MOIIHOCTH M YHCJa JIMHUI Ha BBICOKHX KojeOa-
TenpHBIX epexoaax CO nazepa, KOTOpBIE YyUYaCTBYIOT B () OPMUPOBAHUH
nuHHOBONMHOBOrO crnektpa ['PU. Hampumep, mpu yrme ®C 71,50
criektp ['PY HacuuThIBas BCEro ABE JIMHUM C JIMHAMU BOJIH 15,1 MKM 1
15,5 mxm (Puc. 1B).

IIpoBeneno cpaBHeHne n3MepeHHbIX yriaoB OC ¢ pacu€THRIMU 3HA-
yenusimu (Puc. 2). Usmepennsie yrast @C cOOTBETCTBOBAIN MaKCHMY-
My mMomHoctd ['PY Ha 3amaHHBIX JJIMHAX BOJIH. Pacuérel mpoBOIMINCH
U1l 1ByX cuibHbIX JuUHUE CO,-nazepa 9,3 MkM 1 9,6 MKM, IIpU 3TOM
JuTHA BOJHBI n3nydeHus: CO-nazepa Opanack U3 HHTEpBaJa JUIMH BOJH
0T 5 10 7 MKM.

8o O, rpan. o ©
<

Pacuér 9.6 Mmkm
w—  «= Pacuér 9.3 MKM
¢ © O DKcnepHMeHT

50 l Ll ' L) ' L) l L] l 1 J
12 13 14 15 16 )\’, MKM

Puc.2. Yron ¢a3zoBoro cuHXpoHH3Ma OT JAJTUHBI BOJIHBI m3nydeHus [ PY B He-
nuHeHOM Kpuctaiie AQGaSe, i pa3HbIX JJIMH BOJH HAKAYKH

IIpn I'PY Ha gymmHax BosH 70 15,5 MKM 3Hau€HUS U3MEPEHHBIX yT-
noB ®C xopomo cornacytores ¢ pacuérabiMu (Puc. 2), HO npu maib-
HelIeM yBeJIMYeHUH JIUTMHBI BOJHBI H3MepeHHbIe yriibl @C 3HaunTeNhb-
HO OomnblIe pacy€THHIX. JTO, MO-BUAMMOMY, CBSI3aHO C IOIJIOLICEHHUEM
M3TydeHus: Ha OONbIIMX JUIMHAaX BOJIH B kpuctamie AgGaSe;, uro uz-
MEHSIET TUCTIEPCUI0 KPUCTAIUIA H OTPAaHHMYMBAET MaKCUMAIIbHYIO JUTHHY
BostHBI [ PU CO- u CO;-nazepoB BOm3u 16 MKM.
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Pabora BemoHeHa mpu oaaepxkke PoccniickuM HaydHBIM (DOHIOM,
rpanT Ne 16-19-10619.
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VICIIOJIb30BAHME I'OJIOTPA®UYECKOM AP AMM/IBI
JUISI CO3JAHUSI YYEBHBIX 3D JJEMOHCTPALIUIA

Kosanvkosckuii O.C., Illnviuxun C.A., Konoosscuwiit A.A.

1Acmpaxanc1<uit Tocyoapcmeennwiti Ynusepcumem, Acmpaxanv
+79275776065, syntraxl@mail.ru

Bceem 3nakomo nonsitue «uH(popMmanus». IIpakTudecku Bce B 3TOM
MHUpE 3aBs3aHO Ha HeM. ['a3eTHble BBINMCKM, BpeMsl Ha 4acax, CTYK
cep/ia B rpyau — Bce siBisgeTcs Uit Hac nHdopmanueii. OaHako, Hau-
BOKHEHIIMM MCTOYHHKOM TOIyYeHHs] HHPOPMALIUU SIBIISIETCS €€ BU3Y-
anpHoe BocmpusTue. [lo pasHsiM manHBIM, OT 70% 1o G6onee 90% un-
(dopmanMu 4enoBeK MOJIydaeT ¢ MOMOIIBI0 3peHus. bezycinoBHO, ecTh
MHOXECTBO Bapualuii MPEJCTaBUTh €€ BU3yalbHO, HO TIPUBBIYHBIC HAM
Croco0bl, B OCHOBHOM, UMEIOT OJWH MHHYC — HECIOCOOHOCTH Tepe-
JaTh MH(GOPMAIHMIO B UCXOAHOM BHUJE, B TOM 00beMe U JUHAMHUKH, KaK
OHa CYIIECTBOBaIa U3HAYAILHO, Kak Obla 3aayMana aBTopoM. [losTomy
BO3HUKAET BOIIPOC 00 M3MEHEHHH CIOCcO00B mofadn wH(popManuu, mo-
BBHIIIAIOMUX ee BocnpusaTHe. OJHON U3 TaKMX BO3MOXHOCTEH SIBIISIETCS
00BeMHBIN ¢c11oco0 mpencTarienus uaopmanuu. ['onorpadus B cBoeM
W3HAYAIBHOM BHJIE JIOCTATOYHO TpynoeMka. OJHUM M3 TMPOCTHIX U Jie-
HIEBBIX IICEBAOrOJIOrpad)UIecKuX yCTPOICTB SBIAETCS TaK Ha3bIBaeMas
ronorpaduyeckass mupaMua, UMEIOIAs MPH HAJUYUH TPAMOTHOTO
OCBEUICHUS Te K€ BOBMOYKHOCTH, YTO U TOJOTrpadus.

IIpeamnonaraeTcs cienyroliee HCIOIb30BaHUE roJorpaguyecKo mu-
pamuael. boratedinii Hay4YHO-WUTIOCTPATUBHBIM MaTtepuan — Mpe3eH-
TaIMH, SJIEKTPOHHBIE ITOCTEPHI, HaAyYHbIE (DMUIIBMBI, BUJCO3AIINCH OTIbI-
TOB M TaK Jlajiee, B HACTOSIIEE BpeMs, KaK NPaBUIO, IPEICTABICHbI
Ui B Twiockod — 2D mpoeknuu. Ho y psna moneit cymecTBYROT
CJIO)KHOCTH C TIPOCTPAHCTBEHHBIM BOOOPaKEHHEM — C IEPEX0JIOM OT
TUIOCKOTO PUCYHKa K ero 00beMHOMY TpejcTaBiieHHI0. Yacto Takue
CUTYyalliy BO3HUKAIOT IPU M3JI0KEHUH MaTepHajla pa3InuHbIX pa3zeioB
¢usuku. [IpuBenem npumep — mpu OOBSICHEHUH PAa0OTHI KPYTHIHHBIX
BecoB (ombIT KynoHa), xorma m3oOpakaemb Ha JOCKE KOHCTPYKIIHIO
KpyTHIbHBIX BecoB (puc. 1). Ilpu BHecenun Kynonom maprka Bechl
NPUTATUBAINCH U TIOBOPAUMBAIIMCH Ha ONPEAEICHHBIA yroj, 3TOT MOBO-
POT KOpOMBICIia n300paxeH MTprxoBKoH. CTYJEHTHI 4acTo 33/1al0T BO-
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Mpoc: «A Y9TO MApWK BHU3 OTKIOHAeTcA?» «Her, BpameHue mapuka
MPOUCXOANUT B TOPU3OHTAIBHOHN TIOCKOCTHY». HO Ha MIIOCKOM pUCYHKE
3TO BUJHO HEAOCTAaTOYHO HarisaHO. [10o3TOMy BO3HHMKAaeT HEOOXOMH-
MOCTH BH3YaJIH3HUPOBATh M OCYIIECTBUTH IEPEXO] OT JBYXMEPHOTO K
TPEXMEPHOMY M300pakeHUI0. {7151 MOBBIIICHYS HATJIAHOCTH, JTYYIIEro
YCBOCHHUS Y4EOHOTO MaTepualia aBTOPhI MpeJiaraloT UCIoiab30BaTh 3D
MPOEKIINH, TOJTYYCHHbIE Ha OCHOBE TroJIOTpapuuecKoil MUpaMHuIbl, B
KOTOPOH MOXKHO TPOAEMOHCTPHPOBATEH JIFO00H 00BEKT, MpeaBapPUTEIIb-
HO MPOPHCOBAB €ro C MMOMOIIBI0 IPOrpaMMHOTo obecriederus B 3D [2].
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Puc. 1. ITo marepuanam padotsi [1]

HekoTopsie cnaiinel, prisMber HEOOX0MUMO OyIET MEPECHATH, C yde-
TOM BO3MOXXHOCTH BOcmpou3sBeicHus 3D mojenel, ogHako, Oaaromaps
Ooyiee HarJsHOMY CIIOCOOY JOHECeHWs! WHPOPMAIMHM CTYJIEHTaM W
ydeHuKaMm OyJeT jerde OCBOUTH y4eOHBI MaTepHal, a TakkKe IpHMe-
HHTH €0 B OyIymieM.
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¢u3uky 1 dnekTpoHUKH. COOpHUK MaTepuaioB MoJOJeKHONH HaydHO-
npakTuieckoil kKoHpepeHyn «VHHOBAIMOHHOE MpeaIPUHHMATEIb-
CTBOY»: JIOKJIaJbl MOJIOABIX YYEHBIX B paMKax MPOrpaMMBbI «YUYaCTHHK
MOJIOJICKHOTO HAyYHO-MHHOBAIlMOHHOTO KOHKypca» («YMHUK») (r.
Acrpaxanb 11-13 HOs0pst 2015 1.) / coct. M. B. JlozoBckas, A. I'. ba-
JIennH. — AcTpaxaHb: ACTpaxaHCKHH TOCYJapCTBEHHBIH YHHWBEPCHTET,
Wznarensckuii 1oM «AcTtpaxaHckuil yausepcutem», 2015. — C 172-174.
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MOJYYEHME IIJIEHOK OKCHUIA KPEMHMJI (1V) SIO, ME-
TOIAOM NOHHO-JYUYEBOI'O PACIIBIJIEHUA AJIS 3ALIIA-
Thl BbIXOI[HOfI TPAHU JIASEPOB HA OCHOBE
GaAs/GaAlAs

Ko3zvipes AAM

‘HUAY MU®DU, Mockea
2000 «HIIII «HMuicexmy
Ten: +79271250631,; e-mail: 89271250631 @yandex.ru

OCHOBHO¥H TIp00JIEMO, OTPaHMYHBAIOIICH MOIIIHOCTh M BpEeMs Hapa-
0OTKM TIOMYNPOBOJAHHUKOBEIX JIa3€pOB Ha OCHOBE COEIWHEHHI
GaAs/GaAlAs sBisieTcst pa3pylieHHE BBIXOJIHOTO 3€pKaja H3JTydaronie-
ro KpUCTaJUIa MOJ BO3JCHCTBUEM ONTHYECKOro ManyueHus. s 3amu-
ThI BBIXOJIHOTO 3€pKajia OT OKPYXKAIOIIEH Cpellbl UCTIONB3YI0T MaTepra-
JBI C BBICOKOW JIy4€BOW MPOYHOCTHIO, TaKHE KaK OKCHJ aTFOMUHUS
Al,O; u okeun kpemuus SiO; [1]. [Ipu 3TOM, akTyanbHOU 3amaucii sB-
JIICTCS TOJIyYCHUE TOHKUX IUIEHOK YKa3aHHBIX BBIIIC MAaTCPUANIOB C
MaKCHMAIbHON IIOTHOCTBIO W MHHHUMAIBHBIM KOI(D(OHUIIMEHTOM TIO-
romieHus. st Toro, 94To0b KOA(GOUIMEHT SKCTUHKIUK TUIEHKH OBLIT
MUHUMAJIbHBIM, HEOOXOAUMO COOJIIOJICHUE CTEXHOMETpPHH €€ COCTaBa.
Jl1st 3TOTO B CYIIECTBYIOIIMX METO/JaX BAKyYMHOTO OCa)/ICHUS OKCH/I-
HBIX IJIEHOK Ha CKOJIOTYIO TpaHb KpucTtammia GaAS MpuMEeHSIOT HOHHOE
ACCHUCTHPOBAaHUE B CpeJie KUCIOPO/ia, a TAKKE HOHHOE U MAarHETPOHHOE
pacnbuieHue. [Ipy 3TOM KpUCTaJII apceHUIa TajuIus TIOIBEPracTCs BO3-
JIEUCTBUIO OTPaXEHHBIX W PACCESHHBIX MOHOB W HEUTPAM30BAHHBIX
MOJIEKYJI KUCJIOPO/Ia B TEUCHUE BCETO BPEMEHH POCTa, JIO TEX IOp MoKa
HE MPOU3OUJIET KOAIECIEHIUA BCEX KPUTUYECKUX 3apOJbIIIEN Ha IO-
BEPXHOCTH W HE 00paszyeTcs crutomrHas TiéHka. OOpa3syromuecs B 3TO
BpEeMS OKCHJbI TaJUIMSI ¥ MBIIIbSKA HA TIOBEPXHOCTHU TOIYIIPOBOIHUKO-
BOH IeTepOCTPYKTYpPBI SBISIFOTCS O€3M3JIydaTeNIbHBIMU IICHTPAMHU pe-
koMOuHanuu. Hannyue Takux NeeKTOB MPUBOAUT K JIOTIOIHHTEIBHO-
My Pa30rpeBy M3IydaroUle TPaHU U CHIKEHHIO MTOPOTOBOW MOITHOCTH
nasepa. Llenmpro qaHHOM pabOTHI OBUTIO MCCIIEOBAaHUE BOZMOXXHOCTH TI0-
JIy4eHMsI TUIOTHBIX HEIOIJIOIIAIONIMX OKCHUIHBIX IJIEHOK BaKyyMHBIM
HaIbUJICHHEM B OECKHCIIOPOJTHON Cpejie.
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i monmy4yeHns: HenoIIOIAOMNX IIEHOK OKCHIA KPEMHHSI U OKCH-
Jla aJIIOMMHUSI MCIOJb30BaJIaCh YCTAaHOBKA MOHHO-TYYEBOI'O paclbule-
Hus. B kauectBe paboumnx razoB ucnoib3oBaics Ar u N,. Pacnbuienue
MHUIIEHU M3 OKCHJAA ANIOMUHMS 3THMH ra3aMH IPUBOAUIO K POCTY
TUIEHKU ¢ KO33(HUIIMEHTOM IMOTJIOIIEHHS NpeBbIamuM 1. 3To cBs3a-
HO CO 3HAYUTEIbHOM IUCCOLMAIEd MOJEKYJl OKCHAAa aJIIOMHHHSA BO
BpeMs MOHHONH OOMOapIMpOBKH U, KaK CIIEACTBUE, POCTOM IUIEHKH C
HECTEXMOMETPUYHBIM cocTaBOM. OKCHI KPEeMHUSI HE3HAYUTEIbHO AUC-
COLMHUPYET MPH HarpeBe U MOHHON OOMOapIMpPOBKE, YTO AAET BO3MOXK-
HOCTh IPOMU3BOANTH €0 OCaKIeHue 0e3 100aBieHUs KUCIOPOAa B Ba-
KyYMHYIO Kamepy. s nmomyueHns mi€HKM OKCHa KPEMHUS UCTIOJNb30-
Banace mumieHb u3 SiO,. B kauecTBe pabo4Mx ra3oB HCHOIB30BANICS
apToH U a30T MPHU YCKOPSAIOIIMNX HAMPsHKEHUSIX Ha uctounuke ot 1800 B
10 3000 B. Kamepa oTkaunBanack 10 jgasnenust 10° Ila i uckiroue-
HUSI BIMSIHUSL Ha POCT IUIEHKU OCTaTOYHBIX ra3oB. PacmblieHne nposo-
JMIIOCH TIPH JaBICHHH pabodero rasa B kamepe 8-107° ITa. B pesysbrare
NPOBENEHHBIX MCCIEIOBAaHUM BIMAHUS peKuMa HaHeceHHs (YCKOpSIo-
ee HamnpsDKEHHE) Ha ONTHYECKHE XapaKTePUCTHKHU IUIEHKH OBLIO 00-
Hapy>KeHO, YTO TOKPHITHE MOJYyYaeTCcsl ¢ MaKCUMAaJIbHBIM IOKa3aTesaeM
MPEOMJIEHUST W MHUHUMAJIBHBIM TIOTJIOIIEHHEM IIPU YCKOPSIOLIEM
HanpspkeHu 2200 B. [lonydyeHHble COEKTPHI MPOMYCKaHUS ONTHYECKO-
ro crekia Mapku K8 m ocaka€HHO Ha HEM TUIEHKM OKCHIA KPEeMHHS
ONTUYECKOM ToJIIMHOM A/2 ipu A = 780 HM npuBeCHBI Ha puC. 1.

3Has 3HaueHus ko3 durenTa npomyckanus crexkna K8 (u3 puc. 1),
¢ nomouIsio Gpopmynsl penens (1) MOXKHO HAWTH HOKA3aTeNb IPEIOM-
JIEHUs1, KOTOPBIM Ha yTiHE BOJIHBI 780 HM coctasmi N;=1.51.

2
R = N =N, (1)
n,+n,

Hcnone3ys MaTpuuHblii METOJ pacd€éTa XapaKTEPUCTUK TOHKUX IUIE-
HOK [2] MOXHO HalTH MOKa3areib MPEJIOMIICHUS U KO3(PPUIMEHT dKC-
TUHKIUH JJIs TONy4YeHHOU TEHKU. [[ns qnunbl BosHel 780 HM MoKasa-
tenb npenomiienus SiO, cocraBma 1,59, a K03pPUIMEHT IKCTHHKITHH
5-10™. Takum 06pa3oM, MOXKHO C/IEIATh BBIBOJI, UTO TOTyYEHHAS IIEH-
Ka OKCH/Ia KPEMHHUS ABJISETCS JOCTATOYHO IIOTHOM, MOCKOJIBKY €€ IO0-
Ka3aTellb MPeIOMIICHUs OJIM30K K TAaKOBOMY JUIsI OOBEMHOTO MarepHana
(1,54 [3]). Pacxoxxaenue 3HA4YEHHS TOKA3aTesl MPEIOMIICHHS MOXKET

OBITH CBSI3aHO C BHCIPCHUECM aTOMOB a30Ta B KPUCTAJIIMYICCKYHO peméT—
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Ky okcuaa kpemHus. llormomieHne momy4eHHOW TUIEHKH OKCHIA KpeM-
HUS OpU 3TOM HE3HAYUTEIBHOE, YTO €T MEPCIEKTUBY MCIOIB30BAHMS
MPEAIOKCHHON TEXHOJOTUU HANBUICHUA IS CO3JAHMSI ONTHYECKUX
TTOKPBITHH.

94

T, %

93 l\ -
.‘J | -.M"”v” , "«Idlr""f""'!' "
f IM W | T flhﬂ.‘““‘-ﬂtl Mg
| LR L DY
| ! i Wb by
Pty

92 \ I
gyl ifoenlonty "H“"r}'*\’

91
90

89

k., HM
400 500 600 700 800 900 1000 1100

Puc. 1. Cnekrpsl nporryckanus crekia K8 (cepast muHUS) 1 IIIEHKH OKCHIA
KpeMmHus Ha ctexuie K8 (uépnas nuHus).

88

Takum 00pa3oMm, MpOBeNEHHBIE HWCCIEIOBAHUS TOKA3bIBAIOT, YTO
WOHHOE PACIIbUIEHUE OKCH/IA ATFOMUHHS B OECKUCIOPOIHON Cpefie TpHr-
BOJIUT K POCTY HECTEXUOMETPUYHON MIIEHKH ¢ KOIDDUIIMEHTOM IOTIIO-
mieHus Boime 1. B Toxxe Bpems, HOHHOE paclbuIeHHE OKCHIa KPEMHHUS B
cpelle a30Ta TO3BOJSAET MONy4yaTh IDIEHKH ¢ HU3KHM KO3 PHUIHEHTOM
skeTHHKIHE (5-10™) ¥ BBICOKOI IUIOTHOCTBIO, YTO TO3BOJSIET HCIIOIb-
30BaTh MOJIYYEHHOE TOKPBITHE MJIS 3allUTHl BBIXOJHON H3ITydaromeit
rpaHu Jla3epHbIX 11010B Ha ocHOBe GaAS/GaAlAs.
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HEJIMHEHO-ONTUYECKHWHA OTKJMK IIJIAHAPHBIX 1
COEPUYECKHUX
HAHOKPUCTAJIJIOB CdSe

Kopwynos B.M.l, Cenmwkos A. C.2’3, Hcaes A.A. 2, Kauaoa A.B.*?,
Bacunvee P.B.*

"Mocrosckuii 20CY0apCmEeHHblll MeXHUYeCKUull yHusepcumem
umenu H.D.Baymana, Mocksa
2PI’BEYH Pusuueckuil uncmumym um. I1.H. Jlebeoesa PAH, Mockea
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OcHOBHas 4acTh HEMMMHEHHBIX (POTOMHIYIIMPOBAHHBIX dPPEKTOB HC-
CIIeZIOBaHa B MPO3PAavyHbIX KEPPOBCKUX cpedax. Tem He MeHee, Helu-
HEHHOCTh MPO3pauyHON Cpelbl UMEET MECTO TOJNBKO IPH BBICOKHX WH-
TEHCHBHOCTSIX ONTHYECKUX MYYKOB, PEan3yeMbIX C HCIIOJIb30BaHUEM
UMITYJIbCHOTO ONTHYECKOro BO30OYKACHUS C (HeMTO- U MUKOCEKYHIHbI-
MU OJJUHOYHBIMHU UMITyJbcaMu. [IpuMeHeHre Takoro moaxoza mo3BoJis-
€T BBISIBUTH TOJIBKO Te¢ (H3MYECKHE IPOIECCHl, BpEeMEHa pelaKcaliu
KOTOPBIX, MIMEIOT HOPSIOK, COIMOCTAaBUMBIM C UINTENLHOCTHIO BO30OYXK-
JAIoIUX UMIYJIbCcOoB. Takum 00pa3om, U3 PAaCCMOTPEHHS UCKIFOUAOTCS
HEeJIMHEWHBIE MPOIeCChl ¢ OONBIIMMH BpEMEHAMH pellakcanud, o0y-
CJIOBJICHHBIC, Hampumep, auddys3ueid. ITH MPOIECCH NMPOUCXOAAT B
MOTJIOIAIOIIMX Cpelax M CBS3aHbl C HAKOIUIEHMEM HEIMHEHHOCTH H
MOCTETIEHHBIM HM3MEHEHHEM HEIMHEWHOr0 TMOoKa3aTelss MpPeToMIICHHS
Ny[1], 4TO CYIIECTBEHHO OTJIMYAET UX OT OBICTPOIIPOTEKAIOIIMX MTPOIIEC-
coB. CrnenoBaTesbHO, BBICOKHE 3HAUEHUS] HEIMHEHHOCTH MOXKHO IOJTY-
YHUTh 32 CYET yBEJIMUCHHUS BPEMEHHU €€ HaKOIUICHHS, a HE MOILHOCTH Jia-
3€pHBIX UMITYIIHCOB.

B nacrosmei paboTe npeacTaBieHb! Pe3yIbTaThl UCCISIOBaHUS He-
JMHEHHO-ONTUYECKOTO OTKJIMKAa KOJUIOMJHOTO PAacTBOpPa HOBOI'O THIIA
HAHOYACTHIL: TUIaHapHble HaHokpuctamibl CdSe, a Takke NMpoBenEeHO
cpaBHEHHME CO chepuueckuMu HaHokpucTauiamu CdSe (KBaHTOBBIMH
Toukamu). CpeaHuil tuamerp chepruiaeckux HaHOYACTHLL cocTasisier 2.1
HM, XapaKTepHbIe MPOOIBHBIC Pa3Mephl INIOCKUX HAHOKpHCTAILIOB: 70-
200 uM, a TommmHa — 1.2 1M,
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Henuueitno-ontuaeckuii OTKINK HaHOKpUCTawioB CdSe mmaHapHOit
1 chepruecKoi TeoMeTprH OB HCCIIeOBaH METOI0M abeppanroHHOTO
camoBo3JieiicTBus [2]. B pe3ynbraTe Obuta mojyueHa 3aBUCUMOCTh HE-
nuHeHHOTo (ha3zoBoro casura (YHCIO KOJEIl Ha 3KpaHe) OT BPEMEHH C
Hayana OCBEIIeHHUA oOpasla JIa3epHBIM MYYKOM M PacCUUTaHBI 3Haue-
HUsI HEJIMHEHHON no0aBKM K MoOKaszaremo mpejomieHus An (puc. 1).
XapakTepHble BpeMEHA HAKOILICHMS HEIMHEHHOCTH COCTaBHIIN Tg~300
MC KaK Ul HaHOIJIACTHH, TaK U [UI1 KBAHTOBBIX TOUYEK CO CXOXKHUM Xa-
pPaKTepoM BO3pacTAIOIIMX 3aBUCHUMOCTEH, a HeluHelHas no0aBka —
AanLS=1.2-10'2 u AnQDS=1.4~1O'2, COOTBETCTBCHHO. HenmmHeWHBIH 3¢-
¢exT 0T 00BICHEH 00pa3oBaHKEM (HOTOMHAYIIMPOBAHHBIX HOCHTEJEH
sapsina. [Ipu ocBemenny o0bEMa KOJUIOMTHOTO PacTBOpa ¢ HAHOYACTH-
aMH B HHUX TEHEPUPYIOTCS HOCHTEIH 3apsiiOB, peiakcalus KOTOPBIX
MPOMCXOAUT C XapaKTEPHBIMH BPEMEHAMHU IOPAIKA €IUHMI-IECSITKOB
HaHOCEeKyHA. YacTb HocuTemnel 3apsiia He yCIeBaeT peKOMOMHHPOBATH
Y TIOTaAaeT B JIOKATM30BAHHBIE COCTOSIHUS C CYyOCEKYHIHBIM BpeMEHEM
penakcanuu. OTOT (aKT MOATBEPKIAIOT HCCICOOBAHUS «MEpLAHU»
OIMHOYHBIX C(EpUYECKUX KBAaHTOBBIX TOYEK IPU HX HENPEPHIBHOM
ocperenuu [3]. C npyroit CTOpoHBI, yxke ObUIO MPOJICMOHCTPUPOBAHO,
YTO MepuaHue (GrayopecueHIny sl IUIAHAPHBIX B ChepUIECKUX HaHO-
KPUCTAJUIOB HOCUT CXOKHUH XapakTep [4], mpu ToM XapakTepHbie on/off
WHTEPBaJbl COCTABIAIOT TOpPsSAKAa COTEH MHIUIMCEKYHJ, YTO COOTBET-
CTBYET BpeMeHaM, HaOIfolaeMbIM B HaIllMX JKcriepuMenTax. [lomyueH-
HbIE HEOOJIbIINE PA3INYMUs B BeNWYMHE An JUIsl HAHOIIJIACTUH M KBAHTO-
BBIX TOYEK OOBSCHAIOTCS MEHbIIEH CKOpOCThIO AU dy3un mepBrIX U3
001acTH OCBEUICHHUS BBHUJLYy UX OOJIBIINX pPa3MepOB.

[TomyueHHBIN HEMMHEHHBIN 3PPEKT MOKET 0KA3aTHCS TTOIE3HBIM IS
Pa3paboOTKH NEePCIEKTUBHBIX HEJIMHEHHO-ONTUYECKHUX 3aTBOPOB U Iepe-
KJTFOYaTesieil Ha OCHOBE MOJTYTIPOBOJHIUKOBBIX HAHOKPHCTAIIIIOB.

Paborta BeimonHeHa mpu (UHAHCOBOW mozjaep:kke rpantoB PODU
15-02-05856 A, 16-02-00594 A.
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YIPABJIEHUE IPOCTPAHCTBEHHBIMHU XAPAKTEPH-
CTUKAMMU CBETOBBIX IIOJIEX C IOMOIIIBIO ®A30BbIX
AKUJKOKPUCTAVIMMECKUX MOAYJATOPOB CBETA

Komosa C.IL**
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Junamuueckoe pOpMUPOBaHKUE CBETOBBIX IMOJICH C 3aJaHHBIMU MPO-
CTPAaHCTBEHHBIMU XapaKTEPUCTUKAMU MPEJCTABISAET UHTEPEC JUIsI MHO-
rux obnacteil onTHUKU U (HOTOHMKHM, BKIIIOUAS JIA3EPHYIO MaHUIMYJISILIUIO
MHUKPOCKOITMYECKUMH OOBEKTaMH, CHUCTEMBI ONTHYECKOTO KOHTPOJI,
nepenaun ¥ o0pabotku uHpopMmanuu. OCOOCHHO aKTyaJlbHbIM B I10-
CIIEZIHHE TOJbl SBJISIETCS TeHEepaLusl CBETOBBIX IOJIeH, 00IaaroImux yr-
J0BBIM MOMEHTOM [1]. OHHM HCIIONB3YIOTCS B TaK Ha3bIBa€MbIX BHUXpe-
BBIX JIOBYIIKAX JJIs 3aXBaTa, MEepeMEeIleHus Mo 3aJaHHOM TpaeKkTopuH,
BpalieHus U 1eopMaluid MEKpPOCKOTIMYeCKHX 00beKToB. [1ost ¢ ObICcT-
PBIM BpALICHUEM paclpelesieHUs] UHTEHCUBHOCTH TNEPCIEKTHUBHBI JUIS
YBEITMYEHHUST TPOJIOJIFHOTO pa3penieHus: (pIyopecleHTHBIX MHKPOCKO-
TIOB.

B nmoxmage mpencrtaBieHbl METOIBI IOMYYEHHS! MPOCTPAHCTBEHHO
CTPYKTYPUPOBAHHBIX CBETOBBIX IOJIEH C MOMOILBIO JBYX THUIIOB (ha3o-
BBIX JKUAKOKPUCTAJITMUECKUX MPOCTPAHCTBEHHBIX MOJYJSTOPOB CBETA.
MHorosneMeHTHBI  ()a30BBIA MPOCTPAHCTBEHHBI MOJIYJISATOP CBETa
HOLOEYE HEO-1080P obnamaer mupoknuMu (QYyHKIMOHAIHEHBIMA
BO3MOXXHOCTAMHU. PaccMoTpeHo /1Ba croco0a peam3alii ¢ ero moMo-
IIBI0 CBETOBBIX ITOJIEH ¢ BUXPEBOM KOMITOHEHTOW B popMe TIPOU3BOIIB-
HOW KPHUBOM, BKIIIOUYas roJorpapuuecKHi.

B kauecTBe HEmoOporoi, TEXHOJOTMYECKH MPOCTONM M KOMIIAKTHOM
aIbTePHATHBEI MHOTOAJIEMEHTHBIM JKUIKOKPHUCTAIIIMIECKUM MTPOCTPaH-
CTBEHHBIM MOJYJISITOpaM CBETa JUIS PELICHHUS PAJa MPAKTUIECKUX 3a1a4
MOeT OBITh McHoNb30BaH pazpadoranubii B CO OUAH 4-x xaHanb-
HBIA KUAKOKpUCTaJuH4Yeckuil pokycatop [2]. C ero momomisio ObUH
peanr3oBaHbl TOYEYHBIE H KOJIBIIEOOpa3HbIE CBETOBBIC IMOJISI C KOHTPO-
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JUPYEeMBIM TOJIOKCHHEM B pabodeil TIOCKOCTH, a TAakXkKe IO B BHJE
OTpe3Ka C 33/JaHHOH OpHUEeHTALHEH
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INPUMEHEHME METOJA CIIEKTPOCKOIIMA
KOMBUHAIIMOHHOI'O PACCESAHUA JJIs1 JMATHOCTUKHA
PA3BUTUSA KAPUECA

A.FO.Kynabyxoea, E.B. Ti uMlleHl(‘ol, ILE.T umttermol, JL.T. Bonosd’,
H.®. Hegpedosa’

YCamapcruii 2ocyoapemeennviii aspokocmueckuii ynusepcumem umenu
axademuka C.I1. Koponéea (nayuonansbhuill ucciedosamenbckull
yrusepcumem) (CI'AY) (443086 Poccus, e.Camapa, Mockosckoe wocce, 34)
2HHcmumym IKCnEepUMeHmanbHol meduyunvl u buomexuoaoeuil (MOMB)
CamI' MY (443079 Poccus, Camapa, ya. I'acapuna, 20)
e-mail: arina317@rambler.ru,laser-optics.timchenko@mail.ru.

AnHotanusi: B pabote mpencTaBiIeHBl pe3yibTaThl HCCIEIOBAHHIMA
[0 IPUMEHEHUIO METO/Ia CIIEKTPOCKOIIMM KOMOWHAIIMOHHOTO PACCESHUS
(KP) mnst paHHel AMAarHOCTUKHU pa3BUTHs Kapueca. OOBeKTaMu uccie-
I[OBaHI/II\/'I SABJISIIINCH 3y6bl MalreHTOB C KaAPpHUO3HBIMH IIOJIOCTAMU U 310-
POBBIE 3yObl, ylaleHHbIE 0 OPTONEINYECKUM IOKa3aHusIM. B pesynb-
TaTe MCCIE0BaHUSA MOIy4eHbl 0coOeHHOCTH criekTpoB KP mmst 3nopo-
BbIX U OCJIa0JICHHBIX TKaHel 3y0a M TKaHEH, MOPa)KCHHBIX KapHEeCOM.
YCTaHOBIEHB! ONTHYECKUE KPUTEPHUH, MO3BOJISIOLINE JIETEKTHPOBAThH
KapHec U BBIBIATH ocllabjeHue TKaHel 3y0a, mpeniiecTByolee Kapu-
ecy. PesynbraThl HccieloBaHUM aHaJIM3UPOBAIN B CPAaBHEHUU C JlaH-
HBIMH XMMHYECKOTO aHaJIN3a, MPOBEAECHHOTO C TIOMOIIBIO PacTPOBOTO
3JIEKTPOHHOTO MHUKPOCKOIIA.

Te3ucel

B cromaronorny 3HaYMTENBHYIO AOIIO 3aHHMAIOT MPOOIIEMBI, CBS-
3aHHBIE ¢ 3200JIeBaHUSAMH M TIOpaKeHHWEM TKaHel 3yOa. Kapuec oTHO-
CUTCS K YHCITY CaMBIX PaCIpPOCTPAHEHHBIX CTOMATOJIOTHIECKUX 3a00JIe-
BaHWH. Ha mepBBIX cTagusax OH MpoTeKaeT OECCUMITOMHO, HO MPHU OT-
CYTCTBHUH JICUCHHSI MOTYT BOBHUKHYTbH TSKEJbIE MMOCIEICTBUSA, OMaCHbBIE
JUISL BCETO OpraHM3Ma, TaKue KaK IyJbINT, MEPUOJOHTHT, KUCTA WA
MIEPUOCTHT.

OnHUM U3 BO3MOXHBIX METOJIOB paHHEH TUArHOCTUKU 3a00JIeBaHUI
TBEPABIX TKAHEH 3yOOB SIBIIACTCS METOJ CIEKTPOCKOIIMHA KOMOWHAIH-
onnoro paccesaus (KP). [IpenmymiectBa JaHHOTO METOMa B TOM, YTO
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OH SIBJISIETCSI HEMHBAa3UBHBIM, HEPa3pYIIAIOLIUM, IIPOCTHIM U HE TpeOy-
I0T IOATOTOBKM oOpasua. Kpome Toro, ¢ ero moMomp0 MOXKHO IOJTY-
YUTh MPEJCTAaBICHUE O CTENEHH MHUHEPaIM3alud OOBI3BECTBIEHHBIX
CTPYKTYp TyJBITBI 3y0a (AEHTUKIIEH), YTO ABISAETCS BaXKHBIM MOMEHTOM
B BBIOOpE TaKTHKH SHAOJOHTUYECKOTO JICUEHHsI OOJUTEPHPOBAHHBIX
KaHaJIOB.

B kauectBe 00BEKTOB HCCIENOBaHUS ObUIM MCIIOIB30BaHbBl 11 00-
pas3oB OONBIIMX M MaJbIX KOPEHHBIX 3yOOB MALMEHTOB C JUATHO30M
«Kapuec» (K02).

Merton cniektpockonmi KP OpIn peanm3oBaH ¢ MOMOIIBIO SKCIICPH-
MEHTAILHOTO CTEH/Ia, paHee OMMMUCAHHOTO B pabote [1].

B xoxe uccnenoBaHuii, epBOHaYaIbHO MPOBOJMIIACH CEPUS TECTO-
BBIX IKCIIEPUMEHTOB IO HCCIICOBAHUIO HEMHBA3MBHOCTH BO3ACUCTBUS
U ONTUMAJIBHBIX NAaPaMETPOB YCTAHOBKH, HCIOJb30BAIACH MOLIHOCTH
nazepa ot 50 mo 300 MBt. 3MeHeHne BBICOTHI 30HIA HAJ OOHEKTOM B
MHTepBaje 6-8 MM OKa3bIBAIO HE3HAYUTEIbHOE BIMSHHE Ha 3HAYCHUA
OTHOILIECHUH JTMHUI KOMOMHAIIMOHHOTO PacCesiHus (BeIMYMHA IOTpell-
HOCTH cocTaBuia 3%). s cpaBHUTENBHOTO aHAIN3a XUMUYECKOTO CO-
CTaBa UCIIOJIb30BAJICS PACTPOBBIN 3JIEKTPOHHBIH MuKpockon (POM) JED
— 2300 AnalysisStation (SImonus).

OOBeKTOM M3ydeHHs SBISUIUCH Pa3IMYHBIE YYacTKH 3y0a (3Malb,
JICHTHH, [IEMEHT), KaK B HOpME, TaK U NP MOBPEXKICHHN KapUECOM.

B pesynbrare mposenanHoi paboThl MOTYYEHBI OCOOCHHOCTH CIIEK-
Tpa KOMOWHALIMOHHOTO PACCESIHUS ATl 310POBBIX TKaHEW 3y0a 1 TKaHeH
3y0a mpu 3a0oseBaHUM Kapuec. Y CTaHOBJIEHO, YTO Kapuec XapaKTepu-
3yeTcsl H3MEHEHHEM CITEKTpa Ha BOIHOBBIX umciax 956 cm™, 1069 cm™,
coorBercTByIommx dochary u 1241 cm™ | 1660 cM™, cOOTBETCTBYIO-
nux kojutareny 11l u komnareny I cooTBeTCTBEHHO.

[TpoBeneH ABYMEpHBI aHAIN3 BBEJCHHBIX ONTHYECKHX KO3(DhUIH-
eHToB D (Igse/liose) M K (I1e60/l1241), TTO3BOMSIOMINEI AMATHOCTHPOBATH
HayaJlo pa3BUTHA Kapueca B TBEPABIX TKaHIX 3y0a. YCTaHOBIEHO, YTO
Kapuec xapakTepu3yercsi yMeHblneHueM kodddumuentoB D u K, uto
06ycrioBeHo ymeHbinennemM noHoB (PO,)* ¥ M3MeHeHHeM KoJTareHo-
BOr'0 COCTaBa B TKaHH 3y0a.

CornacHo nanHeIM POM 00 35eMeHTHOM cocTaBe 00pasLbl Kapueca
XapaKTepU3yIOTCs TIOHIKEHHEM coziepkanust Gocdopa U Kalblus mpu
YBEJIMUEHUH YIJepoja W a30Ta, YTO MOJATBEPXKIAET MOJyUYCHHBIE pe-
3yJIBTaThl U JOCTOBEPHOCTH BBEAEHHBIX KO PHUIUEHTOB.
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KOJLJIOUTHBIE HAHOKPHCTAJLIBI PA3JIMYHOM I'EO-
METPHH 1151 OPTAHUYECKNX CBETOU3JTYYAIOIINX
JTHOJIOB

Jumeax B.JI. 1, Cenwkos A. C.l’z, Bawenko A.A.l’z, Jlebeoes B.C.*?,
Amobpo3esuu C.A.l's, Bacunves P.B.*
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B nmocnennue necsatuneTds OrpoOMHOE BHUMAHHE YIENSETCS MOUCKY
HOBBIX MaTEpHajOB, MEPCIEKTUBHBIX U1 HCIONb30BaHHUA B KauecTBE
AKTUBHBIX CJIOEB B COCTaBE Pa3IMYHBIX (POTOHHBIX U ONTOIEKTPOHHBIX
ycrpoicTB. OcoObIil HHTEpeC Cpeay TAaKUX YCTPOHCTB BBI3BIBAIOT T'd-
OpHIHbIE OpraHo-Heopranndeckue ceeronsny4arorue o sl (OLEDS),
B KOTOPBIX POJb IIEHTPOB M3ITy4YaTeIbHON PEKOMOMHAIIUKM BBIMOJIHSIOT
KOJUIOWJIHBIC  MOJYNPOBOJHUKOBBIE HAHOKPHCTALIBL.  ONTHYECKHUE
CBOMWCTBA 3THUX HAaHOYACTHI[ MOXXHO BapbHUpPOBATh B AOCTATOYHO ILUPO-
KHX TIpesienax 3a cuéT KBaHTOBOPa3MepHOro 3¢ ¢exTa, a Takke u3MeHe-
HUS UX reoMeTprH. K OTIMYUTENIbHBIM ONTHYECKUM OCOOEHHOCTSIM T10-
JTYIPOBOJHUKOBBIX HAHOKPHCTAIJIOB OTHOCSTCS Y3KHE JIMHUH MEXK30H-
HOU JIFOMHHECLICHLIUH, MaJlble BPEMEHA pellaKCally JIEKTPOHHOTO BO3-
OyXJIeHHsST W BBICOKHI KBaHTOBBIM BBIXOJA. Kpome TOro, KOJUIOMIHBIE
HAHOYACTHIIBI PACTBOPSIOTCS B psijie OPraHMYECKHX PacTBOpHUTENEH, a
TaKXe B BOJE, YTO MO3BOJIAET JIETKO HAHOCHUTH MX Ha Pa3M4HbIC MOJ-
JIOXKKH.

Ienmsro HacToOsAMICH pabOTHI SIBISUIOCH HCCIIEIOBAHUE ONTHYECKHUX
CBOWCTB IOJIyITPOBOJHUKOBBIX HAHOKPUCTAIJIOB Pa3IMYHON r€OMETPHU
U cocraBa: cepuyecKkre HaHOKpHUCTaJUIbl (KBaHTOBbIE TOYKH, QDS)
CdSe/CdS [1] tuma sapo/o6oiouka, TIOCKHE HAHOKPUCTAIBI (HaHO-
wiactusbl, NPLS) CdSe [2] u pa3BeTBIEHHBIE KPUCTAILIBI (TETPAIIOBI)
CdTe/CdSe [3] tuma sapo/obomouka. Taxke Oblla pacCMOTPEHa BO3-
MOYKHOCTh WX TIPUMEHEHHsI B KauecTBEe MaTepualia aKkTHBHOTO HM3ITyda-
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IONIET0 CJI0Sl B COCTaBE THOPUIHBIX OPraHO-HEOPTaHHYCCKHX CBETOM3-
JYYaroIIuX JUOJIOB.

Pe3ynbTarhl Bccne0BaHUN METOAaMU MTPOCBESUYMBAOIICH AIICKTPOH-
Hoii mukpockonuu (TEM) mokasamm, uro kBanToBbie Toukn CdSe/CdS
UMENIA CpeIHUI pa3mep 3.8 HM, JaTepajbHbIE pa3Mepbl HAHOIUIACTHH
CdSe cocrapmsanmu 70-200 HM, a TommuHa 1.2 HM, IS TETPANoaoB
CdTe/CdSe mnuna ayueit 8 HM, a UX CPeHUIN qHAMETP — 5 HM.

O6HapyxeHo, uTo KBaHTOBbIe Touku CdSe/CdS, HaHOMIACTHHBI
CdSe u terpamoasr CdTe/CdSe umeroT MakKCUMyMBbl JTFOMUHECHCHIIHN
Ha JIMHAX BOJMH A=626, 508 m 610 HM COOTBETCTBEHHO, a IIMpPUHA
cnekTpoB Ha nonyBeicote (FWHM) coctaBuna Ahpypv=40, 15 u 50 HM.
Hanormnactunbl 001agatoT HauboIee y3KOH JTUHUCH MEK30HHON JTIOMU-
HECIICHIIMH, YTO CBS3aHO C (DAKTUYCCKUM OTCYTCTBHEM Y HHMX pa3dpoca
1o ToNIUHe. IMEHHO 3TO MPOCTPAHCTBEHHOE HANPABICHUE OTBEYALT 32
BO3HUKHOBEHHE B HIX KBaHTOBO-pa3MepHOro 3¢ddexra. B ciekrpax do-
TOJIFOMHHECIICHIIMA KBaHTOBBIX TOUYCK M TETPAIOJOB IMPOSBISAETCS HE-
OJTHOPOJIHOE YITHPEHHE, K KOTOPOMY B CITydae TETParoI0B J00aBIAETCS
VIIUPEHHE, CBA3aHHOE C MCKAXKCHUEM KpaéB BaJICHTHOW 30HBI M 30HBI
MPOBOJAMMOCTH, BBI3BAHHBIM MEXaHHUYECKUMH HANpPsUKEHHSIMH, 00y-
CJIOBJICHHBIMH HECOBIQJICHUEM IIOCTOSIHHBIX PEINETKU AApa W JIy-
yeii/obomouku. Kpome Ttoro Terpanmoast CdTe/CdSe obGmamaror
HAaMMEHBIINM KBAaHTOBBIM BBIXOJOM (DOTOFOMHHECIICHIIHH CPEIH BBI-
HICTIEPEUYUCIICHHBIX HAHOKPUCTA/UIOB TPU OJMHAKOBBIX YCIOBHSIX BO3-
OyXJICHHS, TIO3TOMY TSl U3YUYCHHUS DIEKTPOITFOMHUHECIICHTHBIX CBOHCTB
ObUTH BbIOpaHbI TOIBKO KBaHTOBBIC Toukn CASe/CdS u HaHOMIACTHHBI
CdSe.

beumn  wm3rotoBiensl aBa mpototuma OLED co crpykrypamu:
ITO/PEDOT:PSS/TPD/QDs/Algs/Al (QD-OLED) u
ITO/PEDOT:PSS/TPD/ NPLs/TAZ/AlI (NPL-OLED). CroekTpsl 3iek-
tpoatomuHecteHiiud QD-OLED u NPL-OLED, nonyyennsie npu pa-
Oouem HampspkeHuu 5.5 B, umeror makcumymbr A~625 u 515 HM, nx
mupuHa Alpywpv~60 1 110 HM. DIeKTpoIIFOMUHECTICHITHS HAHOTIIIACTHH
CIABHHYTa OTHOCHUTEJILHO (DOTOIFOMHUHECHCHIIMM B KPAacHYI 00JacTh
cnektpa (AA ~ 7 HM). DT0 MOXeT ObITh 00BscHeHO 3 dexTom LlTapka,
BO3HHKAIONIUM B HAHOPA3MEPHBIX CTPYKTYpax BO BHEIIHEM JJICKTpHUE-
cKoM mosie. J{js KBaHTOBBIX TOYEK 3TOT 3((EKT He Tak SIPKO BBIPAXKEH
U3-3a UX TeOMeTpHU. boibliee yImUpeHHe 3IeKTPOTFOMHHECIEHIIH
HAHOIUTIACTHH 10 CPABHEHHUIO C KBAHTOBBIMH TOYKAMU CBSI3aHO C HEO/I-
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HOPOJIHOCTBIO PACIIONIOKEHHSI aHU30TPOITHBIX HAHOKPHCTAIUIOB OTHOCH-
TEJILHO HANPABJICHUS MPUJIOKESHHOTO MOJIS.

[TonyyeHHBIE pe3yNbTaThl CBHIACTEIBCTBYIOT O TOM, YTO KBaHTOBBIC
touku CdSe/CdS u manormactuabl CASe MOryT OBITH YCHENIHO TPHME-
HCHBl B KAayeCTBE AKTUBHBIX JIIOMHHECIECHTHBIX CJIIOCB B COCTaBE T'H-
OpHIHBIX OPraHUYECKUX CBETOM3ITYYAIOLIHX JTHOJOB.

Pabota BeITONTHEHA TIpH (PUHAHCOBOW TMOIIEpKKe cTurieHauu [Ipe-
sugerta PO u rpantoB POOU 15-02-05856 A u 16-32-00426 mon_a.
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W3MEPEHUE XAPAKTEPUCTHK HMOHHOM KOMITIOHEHTBI
JIABEPHOU IIJIA3MbI BPEMA-ITPOJIETHBIM METOJOM
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B pabote npoBeqieHO HCCIeI0OBaHIE XapaKTEPUCTHK HOHHOW KOMITO-
HEHTHI IIa3MBbl, co3iaBacMoil umiryibcamu CO; nazepa. AKTyaJIbHOCTh
paboTHI ompenensieTcss MMPOKUM KPYroM TIPIIIOKEHUN JTa3epHOH Iia3-
MBI B Hayke W TexHuKe. llempio paOoTHI sBISETCS pa3BUTHE BpeMsi-
MPOJIETHOTO METOJA JUArHOCTUKH IUIa3Mbl U MOJYyYECHHUE JaHHBIX O re-
HEpallMi MHOTO3apSIHBIX MOHOB Pa3jIMUYHBIX JJIEMEHTOB B paMKax Oa-
30BBIX U MPUKIIAJHBIX UCCIEIOBAHUN.

g Puc. 1. Cxema sKcmepu-
MEHTQJIBHON  yCTaHOBKH.
1-mumenHas kamepa, 2-
MUIMHAPpUYICCKaA MU-
IICHb, 3-ctepuueckoe
3epKajo, 4-1Iockoe 3ep-
Kajo, S-muadparma c

OTBEPCTHEM, 6-Bpems-
mpoyieTHas  Tpyba, 7-
BBICOKOBAaKYyMHBIH
Hacoc, 8-
3JIEKTPOCTATUUECKU I

neduiektop, 9-BOY.

CxeMa yCTaHOBKH TpuBeeHa Ha puc. 1. Jyis reHepanum Ja3epHOro
UMITYJIbCA MCIOJB30BAJICS MOAYIb HMITYJIbCHO-IIEPUOANYECKOrO NIei-
CTBHUS B peKUME CBOOOTHOM reHeparuu [1]. YcpenHernas mo muIKoBOi
CTPYKTYpE, BbI3bIBAEMON CAaMOCHHXPOHHU3ALIUEH MO/I, BpeMeHHast popma
HMITYJIbCA MMeEJa MUK JAJIUTEIBHOCTBIO 28 HC IO MOJYBBICOTE U BEIU-
yraOoi 106 MBT ¢ pa3zdpocom £2% oT BeicTpena K BeicTpeny. Dokycu-
POBKa M3JIy4YC€HHs HA MOBEPXHOCTh MHIIECHH 2 B BaKyyMHOH Kamepe 1,
ocymectBisuiach chepuueckum (F/D=8) 3 u mmockum 4 3epkanamu.
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OLeHKa [UIOTHOCTH TOTOKA coctasisier 1.5-10™ Br/em?. Perucrpars
WOHOB M3 TUIa3Mbl BBIIIOJHEHBI B HANPABICHUM HOPMAJd K MHUIICHU C
MOMOIIIBIO BPEMSI-TIPOJICTHOW METOJUKH, COYCTAIONICH HCIOIh30BaHUEC
nperdoBoit TpyOsl 6 M AyekTpocTaTHueckoro neduiekropa 8. JlaHHbIe
u3Mepenuii B pexxume 0.11'11 HakarmMBaiuch, YCpeaHsUIUCh U 00pada-
THIBAJIUCH TPOTPAMMHO C YYETOM HM3MEHEHHS KOX(PQHUIIMEHTa BTOPHY-
HOW SMHUCCHUH OT 3apsA0BOTO HOMEpa M SHEPTUX NOHOB [2]. Pe3ymbraTsr
JUTSE MUIIIEHW W3 yTJIepoJa MPHUBEIEHBI Ha prc. 3, 4 B BHJIE dHEpreTHYIe-
CKHX CIIGKTPOB pa3jieTa M MaplHajbHBIX TOKOB MOHOB PA3JINYHOMN 3a-
PSAHOCTH B OTHOCHUTEIFHBIX SIUHUIIAX.

Bricokoe BpeMEHHOE pa3pelieHre METOIUKH, OMpPEAeNsieMoe CIeK-
TPaJIBHBIM paspenicHreM aHamuzaTopa AE/ E~10"3, TOYHOCTBIO 3a7aHus
HaNpPsHKEHUS HACTPOWKHU U T.I. B COYCTAHUU C OJHOBPEMECHHOM 3aIMChIO

JIa3epHOr0 UMITYJIbCa IO3BOJISIET BOCCTAHOBUTH BPEMEHA BbUIETA HOHOB
U3 IU1a3Mbl ¢ TOYHOCTHIO 0Kos10 10 He. Ha puc. 4 mokasaHsl Takue 1aH-
uble st wonos C2+ C°*,

30 35
E, keV t us
Puc.2. Cnextpsl paznera HOHOB, T€He- Puc.3. TTapruanbHble TOKM HOHOB
PUPYEMBIX U3 MJIa3Mbl YIIIEPOAHON yriepona Ha JIpeH(pOoBOM paccTos-
MHILEHU. HUH 2.8 M.

[IpoBenieHHBIC HCCIICIOBAHMS AAFOT JAOMOJHUTEIBHYI0 HHPOPMAIIUIO
0 TeHEepallMd MOHOB M3 IJIa3Mbl, HArPEBaeMOW UMITYJIbCAMHU JIA3EPHOTO
u3NydyeHus. B yacTHOCTH, MOKa3aHO, YTO B PACIIMUPSIOUIEMCS B BaKyyM
MMOTOKE TUIa3MBI yriepoa HaOII0qal0TCs, TI0 KpafHeH Mepe, Be TPYII-
Bl MIOHOB: OJIHA C HU3KOW dHEprueu Hmxke 2 k3B, reHepupyemas B Te-
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YeHUH IUTEIHHOTO BPEMEHH, APYyTras—BBICOKOIHEpreTmueckas (2+25)
k3B, oOpasyromasics B mMKe Harpesa.

Amnanmoruyseie JAHHBIC TMOJYUYCHBI UIA IJIa3MbI AJIIOMUHHUEBOU MH-
IICHH.

E, keV
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Puc. 4. BoccraHoBNIeHHas AuarpaMMa BpeMeH BbUIETa HOHOB YIIIepoa U3

IUTa3MbI OTHOCHUTEIBHO UMITYJIbCa OOITydeHus.
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MeTto mpOTOHHOW/HOHHON paguorpaduu MUPOKO MPAMEHIETCS KaK
JUI KOHTPOJISA MPOAYKLIMHA MHUKPO- M HAHOTEXHOJIOTHH, TaK U IJIsl Aua-
THOCTUKH KOPOTKOYKUBYIIMX TMPOIIECCOB B HMCCIICAOBAHUSX MO (DU3MKE
BBICOKOW TIOTHOCTH 3Hepruv. OIHUM W3 Hauboiee MepCreKTUBHBIX
UMITYJIbCHBIX MOHHBIX UCTOYHUKOB SIBIISIETCS IUIa3Ma, co3JaBaeMasi BO3-
neiictBueM ()eMTOCEKYHIHBIX JIa3epHBIX UMIYNbCOB. B "acTHOCTH, psi-
JIOM B2)KHBIX TMPAKTHYECKHX MPEUMYILECTB 00JIaJaeT Ija3Ma ra3oBo-
kiactepHblx MumeHed [1]. IIpm 5TOM Ba)KHBIM YCIIOBHUEM SIBISIETCS
o0ecrieyeHne OJHOPOAHOCTH 30HIUPYIOLIETO MOTOKA B IIUPOKOM Te-
necHoM yryie. COOTBETCTBEHHO, ISl JAJIbHEHIIErOo Pa3BUTHUS HOHHO-
panuorpapuuecKuX METOJ0B aKTYaJIbHOW 3a/adeil sBIseTCs oIpe/erne-
HUE TPOCTPAHCTBEHHOH CTPYKTYpbl HMOHHOI'O HCTOYHHKA JIa3€pHO-
TUTa3MEHHOTO MCTOYHUKA.

B macrosmiell pabore 3KCIEpUMEHTaIbHO HCCIENyeTCs MpPOCTpaH-
CTBEHHAas! KOH(UIYypalusi MOHHOTO HCTOYHHKA, OOpa3yloulerocs IMpH
B3aUMOJICUCTBUM JIa3€pHOro ummynibca ¢ sHeprued 120 mJlx u anu-
TEJIBHOCTBIO 36 ()¢ ¢ MHIIICHBIO U3 APTOHOBBIX KJIACTEPOB, B 3aBUCHMO-
CTH OT YCJIOBHH (DOKYCHPOBKH JIa3€PHOTO M3IIyYCHHS B KJIACTEPHOM 00-
nake. V3o0paxenue GpopMbel HOHHOTO UCTOYHHMKA (HOpMHUpYETCs ¢ Tpu-
MEHEHHEM KaMephI-OOCKYPHI U SJIEPHBIX TBEPJOTEIHHBIX TPEKOBBIX JIE-
TEKTOpOB. BriepBrie moka3zaHo, YTO Ha U300paXKeHUH 0OJIACTH TJIA3MBI C
MaKCHUMaJbHBIM BBIXOJIOM HOHOB IPOCTPAHCTBEHHO OTIAENIeHa OT 00ia-
CTH HaWjy4lled (OKYCHPOBKH JIA3EPHOTO UMITYJIbCa U 00JaCTH MaKCH-
MaJILHOTO BBIXOZIa PEHTTEHOBCKOTO M3nyueHus. CrenaHo u BepuQHIu-
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pyeTrcsi TPEeAroIoXKEeHHe, YTO TaKoe pPa3ndue OOYCIOBIEHO BO3IEH-
CTBUEM Ha IMOTOK MOHOB TJIA3MEHHOTO MAarHUTHOTO MOJIsl ¢ KOH(Hrypa-
uueit, paccuntannoit PIC MetomoM niist ra30BbIX MullieHe [2]. Beimo-
HEHBI OLEHKH ISl HANPSHKEHHOCTH MAarHWTHOTO TIOJSI, HEOOXOIUMOM
JUist (POPMHUPOBAHUS PETUCTPUPYEMBIX W300paKCHUH HMOHHOTO HCTOY-
HUKA.
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PEI'’MCTPAIIUA JTASEPHO-UHAYIIUPOBAHHBIX
CTPYKTYPHBIX U3BMEHEHMI B PACTBOPE
I'PUIIII®EPOHA ITO KPUCTAJUIOTPMAMAM
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B HacTosiiee Bpems MOBBICHIICS MHTEPEC K M3YUEHHIO BIIMSIHUS Jia-
3€PHOr0 M3JIYYCHHUSI HA Pa3IMYHbIC PACTBOPHI U XKHBbIE cHcTeMblI [1-3].
KpucramnorpaguueckuM MeTOZOM OBUIO YCTAHOBJIEHO, YTO IOJ ACH-
CTBHEM JIa3epHOTO OOJyYEHHST MOXET MPOMCXOJUTh HAHOKIACTEpHU3a-
IUs - pa3pylIeHne KIacTepoB (ACCOIMATOB) OMOJIOTHYECKUX MaKpOMO-
JeKyJ1 B pacTBOpEe, YTO NPUBOAUT K MOBBILEHUIO UX (u3HKo-
xumudeckoil aktuBHocTu [4]. IlosToMy wuCcienoBaHne H3MEHEHUH,
MPOUCXOSIINX MOJ] ASHCTBUEM JIa3ePHOTO MIITyUeHHsI, B OMoopraHuye-
CKUX PacTBOPaXx, SIBJISETCS 3aJa4ei aKTyaJbHOM U MPAKTUYECKH 3HAYH-
MOMH, B 4aCTHOCTH, JUIs MOBbImIEHUsS 3(dekTuBHOCTH (apmaneBTHUe-
CKHUX MpenapaToB.

Llenps HacToOAmIEH PabOTHI — PErUCTpaLis U3MEHEHUH, BOZHUKAIOIINX
B CTPYKType Oenka Hpu BO3AEHCTBHHU Ja3epHBIM H3JIy4YE€HHEM pa3indy-
HBIX JUTUH BOJH, MyTeM aHaju3a IUIEHOYHBIX KPUCTALIOrpaMM, TOIy-
YEHHBIX U3 PacTBOpa.

B xauectBe 00bekTa MccienoBaHus OblT BHIOpAaH PacTBOP «IPHUIII-
(depoHa», OCHOBHBIM KOMIIOHEHTOM KOTOPOTO SIBJISIETCSI WHTEPHEpOH
anbda-2b — dakrop OenKOBOW MPUPO/IBI, KOTOPBIA 00ECIIEYMBALT MPO-
TUBOBUPYCHBI HMMYHHTET.

PactBop rpunmdepona B KioBeTe MoJBEprajcsi BO3ACHCTBUIO J1a3ep-
HOT'O M3IYYEHHUS JBYX CIIEKTPAJIbHBIX JTUAMA30HOB: C JUIMHOW BOJIHBI
0K0J10 650 HM (MHTEHCHBHOCTb 0K0/I0 80 MBT/CM?) H ¢ JUTMHON BOJHBI
530 HM (MHTEHCHUBHOCTH OKOJIO 50 MBT/CMz) B TeueHue 1, 2, 5, 10 Mu-
HyT. 3aTeM 00iay4eHHbIE 00pa3lbl U HEOOTyYeHHBIH PacTBOpP ITOJIMBA-
JMCh HAa OJMHAKOBBIE CTEKIISHHBIE MOJJIOKKH M BBIAEPKUBAIUCH MPH
KOMHATHOH TeMIeparype Ul NOJTy4YeHHUs] KpUCTAIIIOTPaMM.
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KOHTPOI BpeMsl 00Ty4eHHUs 5 MUHYT
(moTHOCTH 3HEpruu 15 BT/CMZ)
Puc.1. XapakrepHblii Bua Kpuctamiorpaguieckoi CTpyKTypbl OA MUKPOCKO-
oM ¢ yBesnndeHueM B 160 pa3 npu Bo3geHCTBUM Ja3epHBIM H3yUCHUEM 3el1e-
Horo (amuHa BOJHBI 530 HM ).

CpenHuil pa3Mep CEerMEHTa KpUCTaNIOrPaMMBbl OLICHUBAJICS IYTEM
MoJIcYeTa KOJMYECTBA CErMEHTOB, PACIOJIOKEHHBIX BIOJb JHMaMeTpa
OJISI 3peHUsI MUKpOcKora (puc.1).

IIpu BO3AEHCTBUN Na3epHBIM U3IIyYEHHUEM C JUIMHOW BOMHBI 530 HM
y)Ke dYepe3 2 MHHYTHI TMOClie Hayala BO3JEHCTBUS HAOIIOAANIOChH
yMEHbILIEHHE XapaKTepHOro pasmepa CTpyKkTypsl Ha 20%, a mocne 5
MHUHYT BO3JeHcTBUS — BABoe. lIpu yBesnueHUN BpEMEHU BO3/IEHCTBHUS
10 10 MUHYT, CTPYKTYpa CTAaHOBUTCS HACTOJBKO MEJKOH, 4TO HepasJiu-
YiMa TpU BEIOPAHHOM YBEJIMYCHUH.

IIpu Bo3aeiicTBUM Na3epHBIM M3TYUEHHEM C JIMHON BOJHBI 650 HM
Py MaJlbIX BpEMEHaX BO3ACHCTBHS HAOIIOAATIOCH NOSBICHUE 3HAYU-
TEJIHHOTO YMCIa My3bIPbKOB BO3/AyXa U YBEIWYEHHE XapaKTEPHOTO pa3-
Mepa CTPYKTYpHhI, HO 3aTE€M, IIPU YBEITUUYEHUH BPEMEHU BO3JIEUCTBUS 10
10 MUHYT, XapaKTE€pHbIH pa3Mep KPUCTAJUTUUYECKOIO CErMEHTa YMEHb-
mrajcs, a CTPyKTypa CTaHOBHJIACh 00jiee OJHOPOIHOMN 10 CPaBHEHHIO C
KOHTPOJIBHBIM 00Pa3IoM.

Takum 00pa3oMm, SKCHEPUMEHTAIBFHO MOKa3aHO, YTO IOl BO3JCH-
CTBHEM JIa3€pHOTO M3JyYEHHUsI M3MEHSETCs CTPYKTypa OenKkoBoro pac-
TBOpA, YTO OTPAKAETCS HA XapaKTEPHOM pa3Mepe CETMEHTOB KpHCTall-
JIOTPaMMBI.

IIpn 5TOM MOPOroBON MJIOTHOCTHIO SHEPTMH MOXKHO CUMTATH BEJIH-
YHUHY OKOJIO 5 Br/cm?. JlazepHoe u3nmydeHue 3eJIeHOro JAuana3oHa J1aeT
Oojee 3HAYMMOE M3MEHEHHE CTPYKTYPHI, [0 CPAaBHEHHUIO C JIa3epHBIM
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W3Iy4€HHEM KpacHOW OOJIACTH CIEKTpa, 4YTO BO3MOXHO CBSI3aHO C
OouplIeli YHEpPrUel KBaHTA.
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VIOMPEHME JIMHUY HOTTOIEHNS ITPY ONITHYECKOM
HAKAYKE B KUCJIOPOJHO-IO/IHOM CPEJIE
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+7-927-763-67-19, malyshevm@protonmail.com

B xucnopoaHo-#oHOM cpene MHBEpCHAsi HACEJIEHHOCTh Ha Mepexo-
Jie TOHKO# CTPYKTYpBI aTOMa 1o/1a JOCTUTAETCs TIOCPEICTBOM OBICTPOTO
E-E oOmena mexmy aToMapHBIM HOIOM U MOJEKYJIaMH CHHIJIETHOTO
KHCIIOpOJa:

02(a'A) + 1(*P3) > 0x(X’T) + I*(°Pyp), (1)

U3 ycnoBus paBHOBecus peakiuu (1) ciemayer, 4To HHBEpCHAsI Hace-
JIEHHOCTh Ha TEPEeXO0J€ TOHKOH CTPYKTYpPHI °P,,—?P3, mocturaercsi B
ciydae eciu pakmus O,(a) mpeBbImaeT cieayrolee moporoBoe 3Haue-
HUE:

1
Y =——70,
2K, (T)+1
3nech, Keq=0,75exp(401/T) - xoHCTaHTa paBHOBECHS VIS PEaKIHU
(2).

Panee Oblna mpeisiokeHa cxeMa KHCIOPOIHO-HOIHOTO Jla3epa OCHO-
BaHHAs HA ONTHYECKOH Hakauke mepexoja “Py,— Py, aToMapHOro ioaa
[1]. OnHako 3¢ dexkTrBHAS HaKayKa y3KOUM aTOMapHOW JUHUY MPEACTAB-
JIIeT cOOOM JIOBOJILHO CIIOXHYIO 33jauy. B nanHoii pabote OymeT pac-
CMOTpEHa IeJIeco00pa3HOCTh puMeHeHus A dexra 3eeMana sl yIu-
peHMsI TaHHOW JTMHUY W YBEIHYEHUS JOJH IIOTJIOMICHHOTO W3ITydeHUS
HaKaYKH.

B pabote [2] npeacTaBiieHbl TEOPETUUECKUE PACUETHI 3€eMaHOBCKO-
ro pacileIUieHus YpOBHEH aToma Hojia, B TOM YHCJIe 3HAUECHUs cMelle-
HUSI ¥ MHTEHCUBHOCTH OT/ICIBHBIX KOMITOHEHT pacIlerICHHus MpH pas-
JIMYHBIX 3HAYCHHUSIX MHAYKIMU BHEIIHETO MarHUTHOTO MO, MMes naH-
HBIE O CMEIICHUH YPOBHEH M MHTEHCHBHOCTH OTIENBHBIX HEPEXOI0B,
MBI MOXEM TIOJYYUTh CIIEKTP TMepexo/ia CIeyIONHM 00pa3oM:

q(W) = z I ikV(W_ (Wi — Wi )) , (3)
3mech i u K - ypoBHE ¢ KBaHTOBBIMHU unciamMu F, mu F’, m’ coorser-

CTBEHHO. W; U Wy - CMCIICHUEC ypOBHeﬁ i 1 k oTHOCHTENLHO LOEeHTpa Ju-
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uun, |y - uHTeHCHBHOCTE Tepexona, V(W)- mpoduns Poiixra, paccuu-
TAHHBIN C YYETOM YIIMPEHUS JTMHUH IS IPUHSATHIX [TAPaMETPOB CPEIbI.

JInst poIObHOM OTHOCHTEIBHO MArHUTHOTO MOJIS HaKayKH, JOJIS
M3IIYYEHHUS, TIOTJIOAeMast aTOMaMH o/1a, MOKET OBITh BBIpaXKeHa Clie-
JYFOLIAM 00pa3oMm:

o0

J.l(W 1—;(e“'“’+(w) +e’“'L"-(W)) dw
n=" p . (4)

j I (w)dw
0
31ech 0. - C€YEeHHE MOTJIOIICHUS:

A
- U
T

o, (w)= (w), (5)

rae g+(W) u g.(w) - ciektpsl epexomoB ¢ Am = +1 u Am = -1 cooTBeT-
CTBEHHO, paccumtannsie 110 Gopmyne (3), A =54 ¢’ - ko3pduument
OWHIITeHHA I TIepexoaa ’P,»—*P3p. B nanHOM ciay4ae N, - KOHIICH-
Tpamusi aTOMapHOTO HOJa, COCTAaBIsAIOMAs 5% OT KOHICHTPAIUH KHUC-
nopoaa, L =4 M - anunHa nornouieHusl.

r T T T T T 1 r T T T T T 1
2 3 4 5 6 7 8 2 3 4 5 6 7 8

w, I'TU, OTHOCMTENBLHO LEHTPa NIHUK w, ['TU, OTHOCUTENBHO LIeHTPa NINHNM

a) 0)
Puc.1. CnexrpanbHas ”HTEHCUBHOCTD W3JTyY€HHs] HAKAYKH a) B OTCYTCTBHE
BHEIITHEr0 MarHUTHOTO ToJis1, 0) ipu B = 450 I'c.

B pesynbrate, 1 cpenbl ¢ Ha4aIbHBIM COOTHOIIEHHEM pearupyro-
mmx komroHeHT Oy:Ar:l,=1:2:0,05, mpu obmem gasneHuu 37 TOp u
temneparype 300 K, Ob110 moy4eHo yBeJIMYeHHE J0JIM MOTJIOMEHHOTO
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n3My4YeHus Ha 7% TMpH MPWIOKEHUH BHEITHETO MarHUTHOTO oS B 450
I'c. M3nydyenne HakayKd UMEJIO BHJ IJIOCKOW IUIOIMIAIKHU IIUPUHON 3
I'Tn, ¢ 1erTpoM coBmajaromuM ¢ IeHTpoM Jimanu F=3—F=4 nepexona
2P1,272P3,2. Bonee monpoOHO pe3ynbTaThl H300pakKeHbI Ha PHCYHKE 1.
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BJIMSAHUE KOHTYPA JIMHUU HA DKPAHUPOBAHUE
OBPAHIEHHBIX K CTEHKE MATEPHUAJIOB
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TensoBele Harpy3KH Ha MaTtepuaibl, OOpalleHHbIE K IIa3Me B TOKa-
MakKax, MOTYT JOCTHUTaTh CYIIECTBEHHBIX BEJIWYMH, AOCTATOYHBIX JUIS
TOTO, YTOOBI BBI3BAaTh MX WHTEHCHBHYIO 3po3ui0. Hampumep, OLeHKH
MIOTOKOB TEIJIa HAa JUBEPTOpHBIC IIacTUHBI Tokamaka UTEP Bo Bpems
OJIMoB, npuBoaiT Kk BenuunHaMm 0.5-2 M]Tx/m 3a BpeMs nopsiaka 0.3-
0.6 mc. CpbIBBI MOTYT CONPOBOXKIATHCS JakKe OOJBIIMMHU Harpy3KamH,
710 5 MJx/m” 3a Bpemst 1-3 mc [1]. Takue Harpy3ku MOTYT IPUBOIHTS K
WCIIApEHUI0 OOpAIleHHBIX K IIa3Me€ MaTepHajioB, JAXKe TYTOILIaBKOTO
BOJIb(ppamMa. DKCICPUMEHTHI 10 MOBEJACHUIO MaTEPUATIOB B TOJOOHBIX
YCIIOBUSIX BEAyTCsl B HACTOsIEe BpeMs Ha JMHEMHBIX IJIa3MEHHBIX
ycTaHoBKax, Hapumep MK-200. DTy 3KCepUMEHTHI TOKa3bIBAOT, YTO
UCIIapEHHBI MaTepHan B JAJBHEHIIEM CIYXKHT CBOErO poJa 3KPaHOM,
YMEHBIIAIOUIIM Harpy3Ky Ha MOBEpPXHOCTh MHIIeHH. [Iponcxomut 3to
3a CYET MOMIOIIEHUS M IMOCIEIYIOIIEro PacCestHUsl SHEPTHH HaJleTaro-
IIMX YaCTHLl OCHOBHOH IIa3Mbl 00pa30BaBIIMMCS O0JIAKOM I1apa U BTO-
pudHOM 1Tma3mbl. M3MepeHHs MOKa3bIBaIOT, YTO TaKO€ 3KPaHUPOBAaHUE
MOJKET PUBOJIUTH K YMEHBIIEHUIO TOTOKOB TEIlIa B HECKOJIBKO pa3 [2].

HerpynHo coo0Opa3utk, 4TO CYIIECTBEHHYIO POjb B IIpOLEcce 3Kpa-
HUPOBAHUS JOJDKEH UIPaTh MEPEHOC MITYyUeHHS B 00JIaKe UCTIAPEHHOTO
Marepualia ¥ BTOPUYHOW T1a3Mbl. JI€MCTBUTENBHO, NIEpeaaya SHEPruu
OT YacTHI] IJIa3Mbl YaCTHIIAM TIapa B pe3yJbTaTe CTOJIKHOBEHUH HE MO-
JKET MPUBOANUTH K CEPbE3HOMY OCJIA0JICHHUIO TEIUIOBOTO MOTOKA, TaK KaK
3HAYUTENbHAS J0JS 3TOM SHEPTUH, PaCIPOCTPAHSACH 1O Mapy MOCpe-
CTBOM TEIIJIONIPOBOJHOCTH, BCE PABHO MOMAJIET HA CTEHKY. DHEPIH XK€,
NepeBe/IcHHasl B pe3ynbTaTe HEYNpPYrux MPOLECCOB B M3JIyYEHHUE, MO-
*eT 3QPEKTUBHO YHOCUTHCS B CTOPOHY OT CTEHKH 32 CYET aCHMMETPHH,
KOTOpasi MOKET BO3HUKATH B MPOIIECCE TIEPEHOCA HUIIMYIEHHUS B TIIa3Me.

B HacTosieit pabote MBI paccMaTpUBaeM BIUSHHE HEPEHOCA U3ITY-
yeHus1 Ha 3 (HEeKTUBHOCTD 3KPAaHUPOBAHUS B IIPOCTON OJHOMEPHON MO-

284



NaszepHan du13KnKa, onTMKa 1 GM3nKa NNasmbl

nemn. PaccMoTpuM TUTOCKuMi cimoif turasmsl ToimuHou L. Temmeparypy
W TUIOTHOCTH TUIa3Mbl OyJleM CUUTaTh 3aJaHHBIMU BenuuuHamu. [Ipu
9TOM IUIOTHOCTh N CHajaeT OT CTeHKH, a TeMreparypa 1 — Bo3pacra-
€T, CTaHOBACH Ha paccTosiHuu L paBHOW Temmeparype masmel. [lpen-
MOJIOHM, YTO CYLIECTBYET BCETO OJHO BO30YKICHHOE COCTOSHUE IS
ucrnapeHHsIx yactul. I[Ipu 3ToM BO30yXIeHNE MOXKET POUCXOIUTH U3~
3a 3IIEKTPOHHOTO ylapa Wiu morjouieHus ¢oronos. U3myuenue doro-
HOB IIPOUCXOUT, COOTBETCTBEHHO, JTHOO 3a CYET CIIOHTAHHOTO, JTHOO 3a
CYET BBIHYKACHHOT'O HCIIyCKaHHMs. Permakcanys B OCHOBHOE COCTOSIHHE
TaKXXe MOJKET BBI3BIBATbCS JIEKTPOHHBIM yaapoM. Pemienue cooTBert-
CTBYIOIIMX YpaBHEHHMH NepeHOca MO3BOJSET MOMYYHTh MOTOKH (HOTO-
HOB, IPUXOJAIIINE HA CTEHKY ¥ YXOISIINE Ha3a B IJIa3My.

[Tpumep Takmx pacdeToB MOKa3aH Ha puc. 1 a U O IS JOTIIEPOBCKO-
ro v JIOPpCHHOBCKOTO KOHTYPOB JIMHUHU, COOTBCTCTBECHHO. Crutomraas
KpHBas — 3TO MHTCHCUBHOCTb (I)OTOHOB, JCTAIIUX OT CTCHKH, a ITyHK-
THpHas — Ha CTeHKY. BuaHo, uto Ha puc. 1 a HaOmomaetcs 3ddext
9KPaHUPOBAHUS, a Ha puc. | © MMeeT MecTo Aa)xke MPOTUBOIOJIOKHAS
CUTYyalusi: IOTOK Ha CTEHKY OoJibllle, YeM OT Hee. B 00oux ciyuasx mo-
JYIMIMPUHA KOHTYypa yOBIBa€T C POCTOM PACCTOSIHHUS OT CTEHKH. ODTO
03Ha4aeT, 4To0 ()OTOHBI, U3TyUCHHbIE, HAIPUMED, B KpblIE JMHUU BOIU-
31 CTCHKH, IIOIJIOHIAKOTCA C MEHBIIIEH BEPOATHOCTBIO, €CJIN JICTAT OT
CTCHKH, YeM Te, KOTOPbIE JIETSIT K CTeHKe. BMecTe ¢ TeM, pOTsKeHHBIE
KPBUIbS JIOPEHLIOBCKOTO KOHTYpa CIOCOOCTBYIOT 3((EKTUBHOMY IIepe-
HOCY ()OTOHOB B 00€ CTOPOHBI, HUBEIHPYS yKa3aHHbIA 3(dekT. ITum
o0BsICHsIeTCS HaOIrOIaeMast pa3HHUIla TOTOKOB.

Takum 00pa3om, Mbl BUIUM, 4TO opMa KOHTYpa JIMHUHU U €ro U3Me-
HEHHE C PACCTOSHHEM, SIBJSIFOTCS CYIIECTBEHHBIMH (DakTOpamH, BIIHS-
IONIMMH Ha MEPEHOC U3IYUEHUs B CJIO€ UCIIAPEHHOI'0 MaTepuaia u, cle-
JIOBaTeNIbHO, HA SKpPaHUPOBAHHUE.
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Puc.1. HTeHCHBHOCTE (POTOHOB OT (CILIONTHAS JIMHUS) U HA (IIYHKTHP)
CTEHKY JIJIS TOTIEPOBCKOTO (&) U JIOPEHIIOBCKOTO (0) KOHTYpPOB JIMHUU.

Jlureparypa
1. A. Loarte, in Proceedings of the 21st IAEA Conference, Chengdu,

16-21 October (2006).
2. D. I. Skovorodin, A. A. Pshenov, A. S. Arakcheev, E. A. Eksaeva,

E. D. Marenkov, and S. I. Krasheninnikov. Physics of Plasmas. 23,
022501 (2016)
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CITEKTPOCKOMNHSI KOMBMHAIMOHHOI'O PACCESTHHS
JUUISI OLIEHKU XPSIIIEBOI TKAHU

M. Mapkoea®, E.B. TuM'leHKol, H.E.Tumqenkol, JI.T. Bonoeaz,
JI.A. Jlonzywkun®, A.FO.Kynabyxoea*

lCaMapCKuL? 20CY0apCmMBEeHHbIl AdPOKOCMUYECKUL YHUBEPCUMEM UMEHU
axademura C.I1. Koponéea (Hayuoranvhbill UCCie008amebCKUil YHUGepCU-
mem)
2Camapckuii 20Cy0apcmeenHbitl MeOUYUHCKUT YHUGePCUmen
e-mail:MarkovaMashulka@yandex.ru

OnHOM M3 aKTyaJbHBIX W HEOCTATOYHO HM3YYEHHBIX MPoOJeM co-
BPEMEHHOH apTpOJIOTHH SBISIETCS JICUEHHE OOJNBHBIX C MOCTTPaBMAaTH-
YECKUMHU TIOBPEKACHUAMUA W 3a00JEBaHUSAME CYCTAaBHOM THATMHOBOM
xpsimeBoit TkaHu [1]. OCHOBHBIEC U3MEHEHHS CyCTaBa MPOUCXOIAT B CY-
ctaBHOM xpsie [2]. M3BecTHO, YTO MOBpPEXACHHUE XpAllla HE3aBUCUMO
OT TeHe3a He 00JIaJJaeT CIIOCOOHOCTHIO CIIOHTAHHOTO HM3JICUEHHS] M MO-
JKET TMIPUBOAUTH B ANBHEUIIEM K pacCIpOCTPAaHEHHOMY JIeTeHEePaTHBHO-
My IOPaXXEHUIO CYCTaBa, IPOTPECCUBHOM IOTEpE XPSIIEBONM TKaHU U
BO3HUKHOBEHHIO HEOOPATHMBIX BTOPUYHBIX apTPO3HBIX U3MEHEHHUIA.

ApTpo3 cuuTaeTcs camMbIM PacCHpOCTPAaHEHHBIM 3a00IIEBaHUEM CY-
CTaBOB B MHp€, COIJIACHO CTATUCTUYECKHUM JaHHBIM B TOW WM MHOU
CTEeTeHH OT apTpo3a crpajaioT 1o 80% HaceneHus 3eMHoro mapa. [lo-
pakeHus: OAOOHOTO THIIA BEChbMa PACIIPOCTPAHEHBI, H CTOAT Ha TPETh-
€M MecTe TI0CJIe OHKOJIOTHH U CEPJIETHO-COCYANCTHIX OOIEe3HEMH.

MeTton cniekTpockonuu komOuHanmonuoro paccesiaus (KP), Giaro-
Jlapsi CBOEW OIEepPaTUBHOCTH M MPOCTOTe 00pabOTKH Pe3ysIbTaToB, SBIS-
€TCS OJHHM W3 BO3MOXKHBIX JIHArHOCTUYECKHX METOJIOB OTpeieiIeHUs
3a00JIeBaHUs XPSIICBO TKAHH.

B kauecTBe 00BEKTOB UCCIICAOBAaHUS ObUIM MCIIOJIB30BaHbI 00pa3IIbl
W3HOILIEHHBIX TMAJIMHOBBIX CYCTaBHBIX XPSILIEH U 3I0POBOH XPSIIEBOU
TKaHU YeJIOBEKa.

Jns KONMMYeCTBEHHOTO OTpeNeIeHUs CTETIEHH BBIMBIBAHUS OpraHU-
YECKHX KOMIIOHEHTOB NpH 3a00JIeBaHWM Xpslla ObUIO HCIIOIB30BAHO
OTHOLICHNE «MHHEPaJ/OPraHnYeCKUi MaTPUKC).
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M = I(Po4)3*

amuol , (1)
a OTHOILIeHHUe «kapOoHat/pochaT»

K = |<cos)2*

I .
(PO4)” @)

OBLIO MCTIOIB30BAHO JJIS BEISIBIICHHSI 00BEKTOB C apTPO3OM.
Bruto BBeneno otHomenne «Amug I/Amuny Iy (kosddunnent S)

S — amidl
I

MO3BOJISIIOIIMNA OLIEHUTh HW3MEHEHMS OpPraHMYeCKON COCTaBIIAOLIEN
Xpsillia, a MMCHHO amua 1 u amuja 3 npu 3a00JieBaHUM XPSICBOM TKa-
HH.

B pesynbpraTe mpoaenanHoON pabOThI BBEIEHBI ONITHYECKHE KOAPPH-
IUCHTHI, TO3BOJISIFOIINE YCTAaHOBHTH, YTO B Tpollecce 3a00JieBaHUIA
XpSIIEBOX TKAaHW TPOWCXOJUT YMEHBIIEHHE COOTHOUICHWA WOHOB
(PO4)3- u amupna I, a taxxke amuga I u amupga 1T

amidlll ©)

Jlureparypa

1. Bone Joint Surg [Tekct]/ J. Bone Joint Surg //Buckwalter J. A.,
Mankin H. J. — 2001. — Vol. 79A. —P. 612—632.

2. Mrosek E.H., Lahm A., Erggelet C. et al. Subchondral bone
trauma causes cartilage matrix degeneration: an immunohistochemical
analysis in a canine model// Osteoarthritis Cartilage. 2006. 573-578
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NPUMEHEHHUE BOJIOKOHHBIX JIA3EPOB VIS CBAPKH
TUTAHOBBIX CIIVTABOB TOJIIIMHOU 16 MM

Mapkywioe FO.B. ", 0.¢p.-m.n. Esmuxuee H.H.?, k.m.n. I'pezes H.B.%,
Myp3saxoe M.A.

YHUAY MU®DH, Mockea
2000 HTO «HP3-ITonocy, Dpsazuno
8(915)255-91-48, SinNerRus@mail.ru

THTaH U TUTAaHOBBIE CIUIABBI C YCIIEXOM INPHMEHSIOTCS BO MHOIHMX
00acTsIX MPOMBIIIICHHOCTH, HAlpUMEp, B aBHAIlMH, KOCMOCE, CY/AO-
CTPOCHUH, XMMUYECKOH NMPOMBIIUICHHOCTH, SICPHONH SHEPreTHKH U B
MEIULHHE.

CBapka 4MCTOTO THTaHa M TUTAHOBBIX CILJIABOB B OOJIBIIMHCTBE CITY-
YaeB YCJIO)KHEHA B CBSA3M C BHICOKON XMMUYECKONH aKTUBHOCTBIO K aTMO-
cdepubiM razaM. Ecnm 3amura obecrieueHa HEKa4eCTBEHHO, TO Harpe-
Tasi MOBEPXHOCTh THTaHA TOTJIOMIAET BPEIHBIE Ta3bl U3 aTMOC(EpHI, B
pe3ynbTaTe 4yero oOpasyroTcs Xpyrnkue ¢a3bl TUTaHa KapOuabl, HUTPH-
IObl U OKCH[BI, BBI3BIBAIOIIUE YBEIUYCHUE TBEPAOCTU M yMEHBILCHUS
IUTACTUYHOCTH, B Pe3yJIbTaTe YEro CHIKAETCS IMPOYHOCTh M yAapHas
BA3KOCTh CBApPHOTO I1IBA U 30HBI TepMuueckoro BiausHus (3TB). [1]

Janexo He KaKABIM CIIOCOOOM MOXHO MOJYYHUTh PABHONPOYHOE
CBapHOE coeuHeHne TuTaHa. Kpome Toro, B pe3ysibTare 3HaUUTEIbHBIX
TEMIIEPATypPHBIX TPAJIMEHTOB BOSHUKAIOT HANPSOKEHNS B METaJlIe IIBa U
B 30HE TEPMUYECKOTO BIHMSHHA, YTO MPUBOAUT K MOBBIIIEHUIO BEPOSIT-
HOCTH BO3HHKHOBEHHSA Ae()EKTOB B BUJIE IIOP U TPELIHH. [2]

JlazepHast cBapKa SIBISETCS] OJHUM U3 COBPEMEHHBIX CIIOCOOOB CBap-
K{ W TIPUMEHUTEILHO K TUTAHOBBIM CIUIaBaM 00JaiaeT psiioM IpeumMy-
IIECTB: HU3Kas MOTOHHAs SHEPIHsl, Majible OCTAaTOYHBIC HANpPSKEHUS,
MHUHHMMAaJIbHBIE TEOMETPUYECKUE TOBOAKH, OOecTiedeHHe BBICOKUX (u-
3UKO- MEXaHWYECKHe CBOWCTB IIBOB. B maHHOU paboTe mpemiaraercs
WCIIOJIb30BaTh BOJIOKOHHBIM JIa3ep JUIsl CBApKH Ooibmux TommuH. Lle-
JbI0 PalOTHI SIBJIIETCA MOJyYeHHE KAaueCTBEHHOI'O CBApPHOTO COEIHMHE-
HUS TUTaHA, UCITOJIb3YS BOJIOKOHHBIN Jla3ep, KaKk HCTOYHHK Teria.

Ha pucynkax 1 1 2 moka3aHsl pe3yIbTaThl CBAPKH TUTaHA TOJIIMHOMN
16 MM BOJIOKOHHBIM J1a3€pOM, HENPEPBIBHON MoIIHOCTHI0 10 kBT, mpo-
n3oacTBa kommanu OO0 HTO «MP3-TTomrocy.
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Puc. 2. OGparHast CTOpOHA CBaPHOTO COETMHEHHS] TUTAHOBOTO CILIaBA.

JlazepHast cBapka BBIIIOJIHEHA MHOTONIPOXOAHBIM METOJOM BCTBIK C
IByX cTopoH. IlogpoGHO MHOrONpOXOAHBIH METOJ JIa3epHON CBAPKH
omwmcaH B pabore [3].

Bbun M3roTOBIIEHBI MaKpOULTU(BI U3 MOMEPEYHOTO CEUSHHs CBap-
HOT'O IIIBa JJIsl CTPYKTYpHOro aHanu3a (pucyHok 3). IIpousseneH cpas-
HUTEJBHBIM aHATN3 30HBI HATPEBa MMOCIe JIa3epHOW CBAapKU U TOCIIE Tpa-
JUIIMOHHOM CBAPKH HETUIABSIIUMCS BOJIB(PAMOBBIM 3JIEKTPOJIOM.
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Puc. 3. Makpouumd
CBAapHOT'O COEIUHEHUS
TUTaHa

Puc. 4. O6pa3us! 10
HUCTIBITAHUMN.

Puc. 5. O6pas3iisl ocie
HCIIBITAaHUHN

Jlyisl OLIEHKHM KauecTBa CBApHOTO COEJMHEHHs OBUIM MPOBEICHBI Me-
XaHWYECKHE HMCIBITAaHHS Ha CTATUYECKUI Pa3phiB U CTATHUYECKHIA 3aruo
B cootBercTBUU ¢ ['OCT 6996-66, a Takke Ha yAAPHYIO BSI3KOCTh B CO-
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orBerctBuu ¢ 'OCT 9454-78. Bce pe3ynbrarhl MpencTaBieHbl B pabo-
te. Ha pucynkax 4 u 5 MOXHO yBUETh 00pa3Ilbl 0 U MOCJE UCIBITA-
HUI Ha CTAaTUYECKUM pa3phbIB.

JIureparypa
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3. Y. Markushov, N. Evtihiev, N. Grezev, M. Murzakov. «Multipass
narrow gap of heavy gauge steel with filler wire». Physics Procedia. 71.
p.267-271 (2015).
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PETUCTPALIAA UHO®PA3BYKOBBIX KOJEGAHUM B TEJIE
YEJIOBEKA C TIOMOIIBIO UK-JIA3EPA

Monuanosa 0.9.", Ilpomacos E.A.*

YHayuonansnwiii uccnedosamenscxuii sa0epubiti yHugepcumem "MUDH",
Mockea
+7 (916) 741 76 55, olmol94@gmail.com

C moMOIIBbI0 BBICOKOYYBCTBUTENIBHOI'O JIA3€PHOIO YCTPOMCTBa C
JUTMHOHM BoOJHBI A =0,808 MKM, SBISIONICHCS ONTHMAIBHOW IS TIIy00-
KOTO MPOHUKHOBEHHS M3IY4YEeHHS B OHMOJIOTHUECKHE TKaHW, OBUIH HC-
cienoBaHbl AQQEKThI, CBA3aHHBIC C BOSHUKHOBEHUEM B TEJE YEJIOBEKa
WH(Pa3ByKOBBIX KOJeOaHUH pa3IMyHbIX 4acToT [1].

Lenpio naHHO# pabOTHI SIBISICTCS perucTpanus HHQPa3BYKOBBIX KO-
neGaHUil B TEJE YeIOBEKa C MMOMOIIBI0 HHPPAKPACHOTO Jla3epa, a TaKKe
(hakTOpOB, BIMAIOUIMX HAa UX aMIUINTYAO-4YAaCTOTHBIC XapaKTEPUCTHUKH.
YcranoBneHo, 4To HaOmogaeMble KolieOaHHs CBSI3aHBI C CEpACYHO-
COCYAHMCTON CHCTEMOM, KOTOPOH CBOMCTBEHHBI CBOU COOCTBEHHBIE IbI-
XaTeNbHbIE ABWKEHHUS, IPOTEKAIOIUE CHHXPOHHO C paboTON cepAeyHOi
MBIIIIIBI, & TAKKe C JBIKESHUSMH JbIXaTeIbHBIX MbII. Beuto 3aperu-
CTpUpOBaHO 3 THIA HH(PA3BYKOBBIX KosieOaHuil. BomHel 1-ro THIa cBsI-
3aHBl C COKpalleHHueM cepaua (IyJbc), 2-T0 THIIA — CBSI3aHbI C PUTMOM
JIBIXaHUsI 4YeJoBeKa, 3-T0 TWMa — B JIUTEpaType HOCAT Ha3BaHUE
TpayOe-I"epunra.

ITpu ocTaHOBKE TEUEHHS KPOBHU MO COCYZIaM C IMIOMOILBIO HAIOKEHHUS
KTyTa Ha 3aIsICThe PyKu HaOmromaercs 3(pQexT “mpocBerieHus” TKa-
Hel, KOTOPBIN CBsI3aH C MpEKpaleHueM MOCTYIJIEHUS] KPOBH B COCY/IBI,
MOCKOJIBKY NPU 3TOM HMMEET MECTO yMEHbIICHHE OOOTralieHusl TKaHen
KHCJIOPOJIOM, KOTOPBIN CHIJIBHO MOTJIOMIAET u3itydeHue B Ommxuaend K-
obmactu.

IIpu 3anepxke apixanus HaOaromancs 3¢ dexrt, oopaTHbIN P deKTy
"mpocBeTiieHus". DTO, MOKET OBITh, CB3aHO C TEM, YTO BO BpeMs 3a-
JEPKKH JbIXaHUsI, KPOBb HACHIIIAETCS TeMOTJIOONHOM [2], 4TO MpPHUBO-
JUT K YBEJIMYCHHUIO TIOTJIOMIEHHS JIa3epPHOTO M3ITYYEHUS U YMEHBIICHHIO
CHUTHaJIa.

i MeqUUMHCKOW TUarHOCTHKH METOJIBI, JIeKalllue B OCHOBE Peru-
CTpalliy U3TYYSHUN YEIOBEKa, BAYKHBI TEM, YTO OHU ABISAIOTCS HEWHBA-
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3uBHBIMU. [lo3TOMY 3a7a4a M3MepeHust M UCClIeqoBaHus COOCTBEHHBIX
WH(PA3BYKOBBIX IMOJICH MOXKET MPEJCTABIATh OOJNBIION CaMOCTOSTEb-
HBIN UHTEpEC.

JIureparypa

1. .9. l'oguk, FO.B. I'ynses, “®@usnueckue mojs 4eI0BeKa 1 KH-
BOTHOTO”, “B Mupe Hayku”, 1990.

2. M. X. Richardson , H. K. Engan, A. Lodin Sundstrom , E.
Schagatay, Effect of hypercapnia on spleen-related haemoglobin in-
crease during apnea, National Center for Biotechnology Information,
Mar;42(1):4-9, 2012.
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PA3PABOTKA TEXHOJIOI'MH JIASEPHOM HAITJIABKH C
JTOBABJIEHUEM HAHOYACTHIL TYT'OILJTABKHAX
COEJUHEHMI

Mypsakoe M.A.", lTempoesckuii B.H.", Mapxywios O.B."

YHayuonansnwiii uccnedosamenscruii a0epubiti ynugepcumem « MUDH y,
Mockea
koum. men. +79167398535, e-mail: clericfull@mail.ru

JlazepHast HaruIaBKa MOPOIIKOB aKTHMBHO HMCIOJB3YETCS I BOCCTa-
HOBJICHUSI U TMOJYYEHHUS 3allIUTHBIX TOKPBITHH B Pa3iWYHBIX 001acTsIX
MAaIIMHOCTPOEHUSI, TOPHOAOOBIBAIOLIEH MPOMBILIIIICHHOCTH, HedTeraso-
nmoObIBaromux oTpacisix [1]. B mocieqnee Bpemsi akTHBHO BEAyTCS pa-
0OTBI TIO TIOJYYCHUIO TIOKPHITHH C 100aBIEHHEM HAHOMOPOIIKOB [2,3].
B oTHX paboTax mpoBOISATCS TaKUe MCCICIOBAHMS KaK MUKPOCTPYKTYP-
HBI aHaln3, U3MEPEHHUS H3HOCOCTOMKOCTH, OTMEYAeTCs, YTO MHKpO-
CTPYKTYypa yiydmiaercs ¢ J00aBKaMi HAaHOYACTHII, H3HOC YMEHbIIAETCS,
YIIy4IIAIOTCS PU3UKO-MEXaHUYCCKUE CBOMCTBA MOKPBITHIA.

B HacTosmeit paboTe MPOBOIUTCS CPAaBHUTENBHBIA aHATN3 MHKPO-
CTPYKTYP TOKPBITHH, MOJTYIEHHBIX ¢ 100aBICHMEM HaHOYACTHUI KapOu-
JOB BoJb(pama U TaHTana. [IpoBeneHbl W3MEpEeHNsT H3HOCOCTONKOCTH
no merony bpunenna-XoBapra U MuUkpoTrBepaocTedl mo meroxy Buk-
Kepca. 3aMe4YeHO, YTO M3HOCOCTOWKOCTh MOKPHITUS ¢ 100aBKaMH HaHO-
MOPOIIKOB YBEJIMYMUBAETCS M0 MEPE pOCTa KOHIIEHTPAILIM HaHOKEpaMu-
KU B 2-6 pa3 10 CpaBHEHHUIO ¢ OOBIYHON CTAILHOHN MOI0KKOH.

Ha pucynke 1 npencraBneHsl pe3ynbTaTsl pacueToB Ko3(hduiueHTa
W3HOCOCTOMKOCTH TOKPBITUH TMOCJe TMPOBEJCHNsI HCIBITAHUN Ha adpa-
3UBHBIN U3HOC N0 MeTOly bpunennsa-XoBapra.

Kak BugHO U3 pucynka 1, k03¢ QUIHEHT H3HOCOCTONKOCTH BO3pac-
TaeT C YBEIWYCHHWEM KOHIECHTPAaLUUH NO0ABOK HAHOYACTHL KEPaMHUKH,
TaK)Ke 3aMEYEHO, YTO C YBEJIWYEHHEM IUIOTHOCTH MOIIHOCTH M3HOCO-
CTOWKOCTh TIOKPBITHS MalaeT, 9To cBsizaHo ¢ TeMm, yto WC u TaC pac-
najaloTcs 1 00pa3yroT BTOPUUHBIE KapOUIbL, JTUOO APYrUe COSANHEHHS.
Ha pucynke 2 mokasana MUKpOCTPYKTYpa MOKPBITHS, TOIYIEHHOTO TPU
na3epHOW HaruiaBke ¢ JoOaBKaMU HaHOIOPOIIKa KapOuaa Bolibppama
NpY pa3IuYHbIX yBeandeHusx. CTpyKTypa UMEeT Uroibyarblid Bua, Oe-
JBIMU BKparuieHusiMA Ha puc.l (d,e) sBisroTcss HaHOYacTUIBI KapOuaa
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Bosib(paMa. MUKPOCTPYKTYpa UMEET MEJKOAUCIICPCHYIO, MEITKO3EPHU-
CTYIO CTPYKTYpY, 4TO0 OOYyCIIOBJICHO COJIEpXKaHHEM HaHOYaCTHUI] B IIO-

KPBITHH.
7

B WC (nnoTHoCTE mowHocT 0.98 MW/ /cm2)

M TaC (nnoTHOCTE MowHocTH 0.98 MW fcm2)

M TaC (nnoTHOCTE MowHocTH 0.68 MW fcm2)

b

5% 10% 15% 20%

HoHueWTpaumMa HaHouacTHy, Bec.%
Puc.1. PesynbraTs! pacdera ko3¢ GHUIEHTa H3HOCOCTONKOCTH 10 MeTOy bpuHems-
XoBapra
a) ey

4-\ . 0 (. " 4 g - 5.4
Puc.2. MukpocTpyKTypa MOKpHITHH ¢ 1o0aBkamu HaHO-W C (KOHIICHTpanus

10%): a) yBesnmuenue 250X; b) ysennuenne 500X; c) ysenuuenne 1000X; d)
yBenmuenue 2500X; e) ysemmuenue S000X.
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JEKTPUYECKAS MMOJAPU3YEMOCTH JIBYXCJIOHWHOI'O
HAHOLUWJINHAPA BO BHEHIHEM MATHUTHOM IOJIE

Hanoanoan B.M., Kyuepenxo M.I.

Openbypeckuii 20cy0apcmeeHHbLIL YHUgepcumen,
Lenmp nazepoii u ungpopmayuonnou buogusuxu, Openbype, Poccus
+73532 372840, nalband1@yandex.ru

B nacTosmee BpeMs B CBSI3M pa3BUTHEM HAHODJIEKTPOHWKU W HAHO-
(GOTOHHKH 000CTPHUIICS MHTEPEC K UCCICAOBAHUIO HAHOYACTHIl U HAHO-
HUTEH pa3nuaHoi GOopMBI U CTPYKTYphL. Panee Obu1o mokaszano [1], uto
MarHUTHOE TI0JIC NPUBOAUT K M3MEHEHHIO CIICKTPAJIbHBIX ONTHYECKUX
XapaKTEepUCTUK HaHOYACTHUIL. Tak, BapbuUpys TOJIIMHBI METAJUTHYECKUX
U JVIIEKTPUYECKHX KOMIIOHEHT KOMIIO3UTOB, MOXXHO DETYJIHPOBAaTh
(opMy CIIEKTPOB MOTJIOIIEHHS CBETA.

B nmanHO# paboTe METOIOM KOM-
IBbIOTEPHOTO MOJIEJIUPOBAHUS UCCIIe-

g JIOBaHA [IBYXCJOWHas UUIMHApPUYE-

R

cKasi HaHOcHCTeMa panauyca R ¢ me-
B] LL9) rannuyeckoit xunoit panuyca p , Ha
KOTOPYIO, MaJaeT MOHOXPOMATHYE-

CKas 3JIEKTPOMAarHWTHAs BOJHA C

. HAIPSDKEHHOCTHIO E, (a)) SJICKTPH-

YECKOW KOMOIIOHEHTBI, IEPIECHIUKY-

o nsapHO#t ocum Z mwmuHzapa (puc. 1).

BHyTpeHHss XKWia HaHOIIPOBOJA I10-

Puc. 1. 'eomerpudeckas koH- ~ KPbITa JHU3JICKTPUYCCKUM MaTepua-
GbuTyparms CHCTeMBbI JIOM, KOTOPBIH JIM0O0 HE UMEET BhIpa-

KEHHOM YacTOTHOM aucrepcuu (T.e.
IIOCTOSHHOM JindnekTpudeckoil nponunaemocteto (AIT)&,), mmubo ero
Al &, (a)) 3aBHCHUT OT YaCTOTHI (@ (MOJEKYJISAPHBIH KPHUCTALIONOI00-
HEIH CITOH).

Xopomio M3BECTHO, YTO MPOBOSIIUN MaTepuas, MOMEIICHHBIN B
MarHUTHOM TI0JIC, IPHOOPETAET aHU30TPOIMHBIC TUIICKTPUCCKUE CBOM-
ctBa. Tak, ymembHas DIIEKTpUYECKas IOISIPU3YEMOCTh (f CJIOHUCTOTO
HAHOIWJIHH/IPA TPEICTABIACT COOON TEH30p BTOPOTO panra [3]:
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&, (0] B), &,,8,) = [(El(a)l B)+&,)e, — &)+ (&, (0] B) ¢, s, +53)§2]x
x [(§l(a)| B) +82)(£2 +£3)+ (El(wl B) —52)(52 —83)§2T1R2
1)

raeé =plR, &(w|B)- tensop AII Meramna BHyTpEeHHEH KHUIbl, B —
BEKTOP MHAYKIMU MarHUTHOIO mojis, &; u &,- JII okpyxkaromei cpe-

Jbl M BHEIIHEr0 000JIOYEYHOI'O CJIOS, KPHUCTAJIOMOMOOHBIN MaTepHas
KOTOPOTO MMEET YaCTOTHYIO JUCIICPCHIO, CBI3aHHYIO C HATUYUEM DKCHU-
TOHHBIX MoJ [2]:

f2

E,\W) =&y ————————.
(@) =4, (w+iT)? - ?

)

2 .
3nmech, f°- mapamerp xapakTepusyrommii cBs3b (HOTOHOB C SKCHTOHA-
mu, I'- mapamerp penakcaluMu SKCUTOHHBIX COCTOSHMH, (), - 4aCTOTa
SKCUTOHOB, &,;- JIII o0ycnoBneHHas BceMU IPYTUMH 3JIEKTPOHHBIMU

2
COCTOSIHUAMU KPOME SKCUTOHHOTI'O, ONPCACIIAIONICTO BEJINYHNHY C{)e .

Ha ocnoge (1) ObLTH MTOMTy4YeHBI CIIEKTPHI MHUMOW YaCTH JUATIONBHON
HOJIIPU3YEMOCTH KOMIIO3UTHOTO IIMJIMH/PA B 3aBHCUMOCTH OT Pa3iIHy-
HBIX [1APaMETPOB CHCTEMBI.

B cnextpe nomsipuzyemocti IM(cr) tmmuHzapa ¢ ANIIEKTPUYECKHM

CJI0eM, Ha TUIa3MOHHOM 4acTOTe BO3HHUKAET PE30HAHC, 0OYCIIOBICHHBIH
BO3JICUCTBUEM 3JIEKTPUUYECKOTO IOJIA BOJHBI HA METAUIMYECKYIO Cepl-
[IeBUHY. B MarHMTHOM TI0JIe¢ PE30HAHCHBIN MUK PACIICIIISCTCS HA JBE
KOMITOHEHTHI M TIPH JAJbHEUINEM VBEIMUYCHUH WHAYKIUUA TIOJNS OTHU
KOMIIOHEHTHI pacxojiatcs no vyacrore (Puc.la). B tom ciydae, xorma
MeTaJUIMUeCKasi KWiIa TOKPHITA CIIOEM MOJICKYJSIPHBIX J-arperaros,
KpOME IJIa3MOHHOTO NMHKa, B HU3KOYaCTOTHOM 00JIACTH CIIEKTpa BO3HHU-
KaloT JBa SKCUTOHHBIX PE30HAHCAa, KOTOpPhIE B MArHUTHOM IIOJE€ HE
pacmeruisirorest (Puc. 26). beuto mokazaHo, 4ToO ¢ yBEIHUEHUEM pajnyca
MPOBOASIIEN KUJTbI, TUIA3MOHHBIA PE30HAHCHBIN MUK YBEIUYUBAETCS 1O
BEITMYMHE W CMEIIACTCS C BBICOKOYACTOTHYIO o0Oyiacth. Kpome Ttoro,
ObLa nccrrenoBana 3aBucuMocth IM() ot Takux mapamerpos, kak JIT
Oe37UCIIEPCHOTO €0 M OKpYXKarIled cpenbl; mnapamerp (OTOH-
9KCUTOHHOM CBSI3H; 4aCTOTAa YKCUTOHA U JIP.

299



NasepHan du13nKa, onTMKa 1 GM3NKa NNasmbl

3,51
3,0 |
R=50, p=30 nm ‘
251 e=2.2,5=1 ‘
S 204 |y=10"%" |
= x4 16,1
E 15 (u)p<1.38 107s 1
= |
= 1,04
0,54
0,0

0,6108

a)

06116

@p

R=50 nm, ::“=3, u‘:1

y=10" r=5*10"s"
(.)p:1.3a'10‘5s"
» =4,610"s"

e

f=5*10"s”

0)

p,nM

—— 30
——35
——40

Puc.2. CiekTp MHUMOH YaCTH MOJSIPU3YEMOCTH IIMIIMHIpA: a) ¢ Oe3aucmnepc-
HBIM JIMAJIEKTPUUECKUM CIIOEM, 0) CO CI0eM MOJIEKYJISIPHOTO KPHCTallla, B KO-
TOPOM BO3HHUKAIOT 3KCUTOHBI DpeHKes.

Pabora BrimonHeHa nipu GuHAaHCOBOU momnep:kke PODU u mpasu-
tenbcTBa OpenOyprekoii oomactu (mpoekt Ne 16-42-560671), a Taxke
Munucrepcta oOpa3oBanus U Hayku PO (['oczananue Ne 233).
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M3YYEHHE PEXMMOB I'OPEHUS AHOMAJIBHOTO
TJIEIOLLETO PA3PSIJIA JUISI A3BOTUPOBAHMSI JETAJIEN,
U3rOTOBJEHHDBIX U3 TUTAHOBBIX CILIABOB

Hopaxuoze B.C., I0.B. bopuctok, HM. Opewinukoesa, I1.C. Henawes,
T.B. Cmenanoesa, /I.B. Mozepun, A.A. Ilucapes

HUAY MUDU, 2. Mockesa
+7(916)630-63-96, norakidze.vladimir@yandex.ru

C 1enpi0 TOBBIMIEHUS! KOPPO3UOHHOM CTOWKOCTH, a TaKXE yMEHb-
IICHUS! TPEHUS U M3HOCA CTaJe M TUTAHOBBIX CIJIABOB, B MPOMBIIIICH-
HOCTH IIAPOKO HCIIONB3YETCs TIa3MEHHOE a30TUPOBAHHE W OCAXKIICHHUE
TUIeHKH. [1J1s1 3TOr0 0OBIYHO UCTIONB3YETCs TIACIOIIUE pa3psia.

CymiecTByeT 00JbII0Ee KOJTUYECTBO CTATEH, MOCBAIIEHHBIX UCCIIEN0-
BaHWIO TEXHOJIOTHYECKHX PEKUMOB Pa3psIOB JaHHOTO THUMA C IENBI0
BEIOOpa ONTUMANBHBIX MapaMeTpoB 00paboTku marepuanoB. OOmens-
BECTHBIM HEJOCTATKOM KJIACCHUYECKOTO TJICIOLIETO pa3psAja MpH MOBBI-
IIICHHBIX JaBIEHUSIX SBISAETCS AOBOJBHO OBICTPOE Pa3BUTHE HMOHHU3AIH-
OHHO-TIEPETPEBHON HEYCTONYMBOCTH, TPUBOJIAIICE K CPBIBY pa3psiia B
nyry. [Toaromy B mociieHee BpeMsi HAHOONBIIYIO MOMYJISIPHOCTH TPH-
obperaeT THEIOMUN pa3psill, pabOTAIOMMA B UMITYJIBCHO IEPHUOINYIC-
CKOM peXHMe, He CPBIBAIOIIEMCS B JIYTY.

B pabote mpezacraBieHsl pe3ynbTaThl UCCIEIOBAaHUI TEXHOJIOTHYE-
CKHUX PEeKHMMOB aHOMAJIBHOTO TJEIOIIEr0 pa3psiaa, UCIOIb3yeMOro s
a30THPOBAHMS JI€Talel, H3TOTOBJICHHBIX M3 TUTAHOBBIX CILIABOB. JKC-
MIEPUMEHTHI TIPOBOIMIIMCH HA ycTaHoBke ATP (MU®U). beumu momyue-
HBI BOJIbT-aMIIEpHBIE XapaKTEPUCTUKH aHOMAJILHOTO TIICIOIIET0 pa3psaaa
B MMITYJIbCHO-TIEPHOJMYECKOM pexXrMe. B kadecTBe KaTroma HMCIIONb30-
Bancs crepxkeHb 10x100 w3 tutanoBoro cmiaa BT-6. 'azoBas cpena
COCTOSIJIA U3 a30Ta, aproHa, TeJus U X cMecelt npu gasinermsx 1.0 u 1.5
Topp. llpoBeneHHbIE 30HIOBBIE W3MEPEHHS] KOHIICHTPAIWU IUIa3Mbl U
TEMIIepaTyphbl 3JEKTPOHOB MOKa3aldd, YTO TeMIeparypa 3JIEKTPOHOB
NEXHUT B HHTEpBase 2-5 3B n koHnenTpauus miasms ~10° cm®. Takoxe
MIPOBEZICHBI CMEKTPOCKONMYECKHNE HCCIENOBaHNA. V3ydeHo BiIHsIHHE
COCTaBa I'a30BOM CMeCH HAa MHTEHCUBHOCTb CIEKTPAJIbHBIX JUHUI N,
N+, N u N+ B N,+Ar mna3zme. beuio 3amedeHo, 4To Mpu HEOOIBIIIOM
Britane 10 20% aprona B cMech Np+Ar HAOMOMaeTCs Pe3KUil POCT WH-
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TEHCHBHOCTU CHEKTPAIBHBIX JIMHHUHA, CBUJCTEIBCTBYIONIHA O POCTE
KOHIICHTPAI[MX HOHOB U aTOMOB a30Ta.

ITonydyeHa 3aBHCHMOCTh TOKa paspsia OT COOTHOIICHHS Ta30B B
cMmecH. MccnenoBana 3aBUCHMOCTh CPETHE MOITHOCTH paspsijia OT CO-
CTaBa ra3oBoii CMeCH, €¢ JaBJICHHs U MapaMeTPOB UMITYIbCHOTO HCTOY-
HUKa nuTanus. [1o pe3yabTataM HCCIe0BaHUi BRIOPAHBI ONTHMAIBHbIC
PEKUMBI TS A30TUPOBAHHUS JICTANICH U3 THTAHOBBIX CIIIIABOB.
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HCCIIENOBAHUE PEKUMOB TJIEFOIIEI'O PA3PSIJIA C
IHOJIBIM KATOAOM UIs1 ASOTUPOBAHUSA BHYTPEHHEU
IHHOBEPXHOCTHU TPYBOK

I1.C. Henawes, 10.B. bopucwk, HM. Opewnukosa, B.C. Hopakuo3e,
T.B. Cmenanoesa, /I.B. Mozepun, A.A. Ilucapes

HUAY MUDU, 2. Mockesa
+7(916)329-12-31, nps-11@mail.ru

C 1enpi0 TOBBIMIEHUS! KOPPO3UOHHOM CTOWKOCTH, a TaKXE yMEHb-
IIeHHs TPEHUs U W3HOCa CTajiel M TUTAHOBBIX CILJIABOB, B IIPOMBIIIECH-
HOCTH IIMPOKO HCIONB3yeTCsd IUIa3MEHHOE a30THpoBaHHWE. [l aTux
1eNnel OOBIYHO HCIOJB3YeTCsl KIACCHUSCKUH aHOMAJIbHBINA TIICIOLIUI
paspsna. CylecTBEHHBIM HEIOCTATKOM TaKOIO paspsia SBISETCS He-
BO3MOXXHOCTb 00pabaThiBaTh BHYTPEHHIOI MOBEPXHOCTh LIMJIMHAPHYE-
ckux mzaenuid. OgHaKo moTpeOHOCTh 00padaThIBaTh OTBEPCTHUS U TPYO-
K{ HEOOJBIIOro JraMeTpa U OOJIBIIOT0 aCTIeKTHOTO OTHOIICHUS, TEM HE
MEHEe, CYLIECTBYET, HAIIPUMEP, B OPY>KEUHON MPOMBIIUICHHOCTH. [l
ATHUX LIEJIEW MOKHO HCIIOJIb30BaTh aHOMAbHBINA TICIOIUN pa3psy ¢ Mo-
JIBIM KaToJIoM, paboTaloNui B UMITYJILCHO-TIEPHOANIECKOM pexume. B
JAaHHOW paboTe MPOBOAMIIOCH M3YUEHUE TAKOTO paspsiia C eIbio BEIOO-
pa ONTHMAJIBHBIX PEXUMOB 00pabOTKH BHYTPEHHEH MOBEPXHOCTH TPY-
OOK € pa3HBIM acTeKTHBIM OTHOIIECHHEM.

OKCTepuMeHTHI TPoBoIMIUCh Ha ycraHoBke ATP (MU®U). B kage-
CTBe KaToa Hcroib3oBaiack Tpyoka 8x100 u3 cramm Cr-20. I'a3oBas
cpella cocTOsUIa M3 a30Ta, aproHa, BOJOPOAA, IellUd U X CMeced MpH
nmasinenusax 1.0 u 1.5 Topp. [lapameTps! ncTouHMKa MUTaHUS OBUIH Clie-
nyromue: HanpsbkeHne 400-650 B, wacrora 1-100 k[, xoaddumment
3anonHeHuss umiyisca 10-80%. Bputo mosydeHo cemeicTBO BOJIBT-
aMIIEPHBIX XapaKTEPUCTUK pa3ps/ia ¢ MOJBIM KaTOJOM B HMITYJIHCHO-
nepuoanydeckoM pexume (Pucynok 1,2). Ha ocHOoBe mpoBeneHHBIX 30H-
JIOBBIX M CIIEKTPOCKOIMYECKHX HCCIEAOBAaHUN NapaMeTpOB IUIa3Mbl
paspsiia BbIOpaHbl ONTHUMAJbHBIE PEXHUMBI Uil MOCIEAYIOMINX SKCIe-
PUMEHTOB TIO TUIA3MEHHOMY a30THPOBAHUIO.
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Nitrogen+Hydrogen, 1 torr, 3 kHz, tube —=— 10%
650 — *+— 30%
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Pucynok 1. BAX mns No+H, ipu p=1 Topp, gacrore 3k['11
Argon, 1.5 torr, 3 kHz, tube
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Pucynok 2. BAX mns Ar ipu p=1.5 Topp, gacrore 3k
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IMPOBJIEMbI CO3JAHUSA CIIEKTPAJIBHBIX IIPUBOPOB HA
OCHOBE PAJMOOIITUYECKHUX AHAJIOI'U

Ocvmakos H.A.", Mockaney O./1.

lCaHKm-Hemepy6p2c1<m7 Yuusepcumem Aspoxocmuuecrkoeo
Ipubopocmpoenus, Canxkm-Ilemep6ype
+7(965)-752-57-31, ilya.osmakov@gmail.com

CrexTpallbHbIE U3MEPEHHS — OJIHA M3 BAKHEHIINX obOiacTedl m3me-
peHuii B onTHKe. B onTHke B OTIMYME OT paanuo Auana3oHa HEBO3MOXK-
HO ocumiorpadupoBaHue ONTUYECKUX CUTHAIIOB, €AWHCTBEHHBIH CITO-
€00 M3y4aTh IMHAMUYECKUH CHUTHAN ONTHYECKOr0 AMANa30Ha — aHAIM3
crekrpa. [losToMy, akTyanbHeHIIas 3ajadya HACTOSILETO BPEMEHU U
0003puMOro OymyIero SBJSIOTCS COBEPIICHCTBOBAHUE M3BECTHBIX Me-
TOJIOB M ammapaTypbl CHEKTPAIbHBIX M3MEPEHUH U pa3paboTkKa HOBBIX
METO/0B U3MEPEHUS CIIEKTPa, U TIOCTPOCHUS HA €ro OCHOBE HOBOW 00-
Jilee COBPEMEHHOM aImapaTyphl CIIEKTPaJbHBIX H3MEpEHUIl B ONTHYE-
CKOM JMalla3oHe.

B manHO#1 paboTe paccMaTpuBaeTcsi HOBasi BO3MOXKHOCTh U3MEPEHUS
ONTUYECKUX CIEKTPOB C IMOMOIIBIO PACHPOCTPAHEHHS ONTHYECKUX UM-
MYJbCOB B JUCHEPTUPYIONIEH cucreMe B (popMe ONTHYECKOTO BOJIOKHA.
Bo03MOHOCTB CO31aHUs TaKOH armapaTypbl OIMPaeTcsl Ha U3BECTHBIH B
panuoauana3oHe JUCIEPCHOHHO-BPEMEHHON METOJ] M3MEPEHHs CIeK-
TpOB panuocursaios [1].

HayuHnoii MeTozonorueii npeniokeHHOH paboThl SBISETCS pajno-
onTuka [2]. TepMUHOM paguOOINTUKA XapaKTEPU3YeTCsl ONPEIEIICHHbII
HOAXOJ K PEIICHHIO IUPOKOT0 Kilacca 3aja4, 00beANHSIOMMN pa3pado-
TaHHBIA B PaJHOTEXHHUKE amapara MpeoOpa3oBaHUsl CUTHAIOB M CIICK-
TPaJbHOTO aHaJIHM3a C TPAJULMOHHBIMU ONTHYECKUMH NPHIOKEHUIMH,
1 Ha00OPOT.

Ha puc. 1 mokazana mpuHIMNHAIbHAS CXeMa ONTUYECKOTO CIEK-
TpaJIbHOTO MPUOOPA, MTO3BOJIAIONIAS TPOU3BECTH TPEOYEMbIE H3MEPEHUS
M0 MCCIIE0BAHUIO IBOJIOLUHN ONTHYECKOIO MMITYJIbCa, € B Ka4eCTBE
JTUCTIEPTHPYIOIEH CPEeAbl BHICTYIIAET ONTHYECKOE BOJIOKHO.

HcuepnbiBaromasi XapakTepUCTHKA ISl JIFOOOTO CHEKTPaTbHOTO
npudopa SBISIETCS €ero KOMIUIEKCHAs! (DYHKLUS, KOTOpasl OnpeessieTcs
kak peakuuss K(w,w')npubopa Ha  OJHOPOIHYIO  IUIOCKYIO
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MOHOXPOMATHU4YECKYIO BOJIHY. B cjlydya€ IMPUMCEHEHHSA OITHUYECKOI'O
BOJIOKHA Kak pa3pemaromel71 CUCTCMbI IJId OIIPCAJICHUSA KOMJIIIKCHOM
anr[apaTHoﬁ (I)YHKIII/II/I AO0CTAaTOYHO pacCMaTpuBaTh MPOXOXKIACHUA B
OINITHYCCKOM BOJIOKHC OJMHOYHOI'O ONTHYCCKOro MMIIyJibCa B (bopMe
YCEYECHHOTI'O MOHOXPOMATHUYCCKOI'O KoJIcOaHus.

F

OR ©

—— | FQO, LS P2 FO; <D, SQ
—_—>

I
M‘Ul' AT n”n||n|mV|VlU|V|

Puc.1 IpuHnunuansHasi cXeMa CreKTpajibHoro npuodopa, rae O —
(dbopmupyromas ontuka, O3—onTrueckuii 3atBop, KJ| — kBagpaTuaHbIi
JIETEKTOP

AHHapaTHBIﬁ CIICKTP ONPCACIIACTCS BBIPAKCHUCM!
$.(0) = [K(@,0")S,(w)do 1)

, Tne SO — MareMaTH4ecKkuil CIIEKTP aHAIU3UPYEMOTO ONTHYECKOIO
JIUHAMHYECKOTO CUTHAJIA.

KomunikcHast anmapatHas (GYHKIUS HWACTAbHOTO CIEKTPAIBHOTO
npudopa B peaibHOM HCIIOJTHEHUE JJACTCS BHIPAKCHUECM

H 1
K (0,0 = SIn(a),a)l)T @)
OR0)

Bripakenue (2) sBisiercss ueso (yHKUMEH 3KCIIOHEHIHAIbHOTO
THIIa CTENEHU | (JUTMTETFHOCTh UMITYJIbCa, onpenensiemas O3). B cBoro
ouepelb, CHEKTp  AHAIU3UPYEMOTO  ONTHYECKOrO0  HMMIIyJIbCa
qmtenbHocThi0 2T  Takke — ommchIBaeTcs — menoi  (pyHKIuen
9KCTIOHCHIIMANLHOTO Tuma cremenu 1. [lo aroit mpuumue, anmparHas
¢byHkims (2) SABISETCS BOCHPOHM3BOMASAILIEM SAPOM B HHTErPaibHOM
omepatope (1). IlodToMy, UEHTPANIBHBIM MOMEHTOM BBIIIOJIHSEMBI
WCCIIEIOBAHNUS SBISIETCA M3yUYEHHE HBOJIOINU OAMHOYHOTO WMITYJIbCA B
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¢dopMe OTp3peKa MOHOXPOMATUYEMKOTO OINTHYECKOTO HW3IYUCHHS B
JUCTICPTUPYIOIIEH CUCTEME B BUJE ONTHYECKOIO BOJOKHA, C IEIbIO
onpeyieHus: 0JM30CTH UCKAKEHHOTO JTUCTICPCUEH HMITYIIbCa K (DYHKITHH
(2).

AHanmu3 TPOXOXKACHHUS TAaKOTO WMIIYJIbCAa OCYIICCBIISIETCS BO
BPMCHHOH 00JIaCTH, MPU STOM HMITYJIbCHAS PEAKIUS ONTHYCCKOTO
BOJIOKHa, KakK cpeAsl oOJafaromieil JIMHEWHON IUCTIepCHEH TaeTcs
BEIPAKCHHUEM:

het) wxp(%t) @

Konebanus QJICKTPUYCCKOI'O ITOJIA B OIITUYCCKOM BOJIOKHE B
3aBUCUMOCTH OT BPEMCHHU IMPOXOKIACHUA 110 BOJIOKHY JACTCA
BBIPAXXCHUEM

U= ]U (r)exp(iu(t —7)°dr 4)

Ilpu  wuccienoBanuu  npeoOpazoBanus  (4) CUTHAJla B
JUCTICPTUPYIONIEH CUCTEeMe, MPEeIoNarajJoch BecbMa OOJIbIIOE BpEMsI
B3aUMOJEHCBTUSL  OIMHOYHOTO HUMIIyJbCa C  JUCIEPTrUPYOLIEeH
cucreMoil. B pesymbrate uyero, mNPHOJDKEHHO YyCTaHAJIBUBAJIOCH
cootmienue (2). OgHaKko, MaTeMaTHECKOE MOJCITUPOBAHHUE HBOJIIOITUH
ONTUYECKOr0 UMITyJIbCa B AUCHEPIUPYIOLIEH cpelie He OOHApYKEHHO.

ITosToMy OBUIO BBIIOJIHEHHO MAaTeMaTHYecKoe MOJAEIHPOBAaHHE
BbIpaxkeHH (2) IpY pa3IMIHBIX BPEMEHAX B3aUMO/ICHCTBHS UMITYJIbCA C
JUCIIEPTUPYIOLIEH CHCTEMO.

Hwxe npencraBneHsl rpaguyueckue pe3yabTaThl MaTeMaTHdecKoro
MoenrpoBanus (puc. 2 a-e)
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a) 0) B)
r) ) e)
Puc. 2 PaCr[pe,Z[eﬂeHI/Iﬂ MOJIA UHTCHCUBHOCTHU ONITUYCCKOTI' OMITYJIbCA ITPU
pacCTosIHUA:

a) 1,5M,0) 5™, B) 23 M, T) 50 M, 1) 200 M, €) 350 M.

JdudpakuroHHbIe SBICHUS

CBepTka (4) onuChIBacT OAHOMEPHYIO TU(PPAKIMOHHYIO KAPTHHY Ha
Pa3INYHBIX PACCTOSIHUX OT 9KpaHa. [leiicTBuTenbHO, 3ameHa | = k /2zu
BPEMEHHBIX  TIEPEeMEHHBIX Ha  IPOCTPACTBEHHBIC  OIpeJeIseT
mudpakuuio  Ppenenst.  [losromy, pe3ynbTaTel MaTeMaTHYeCKOTO
MOJIEIIMPOBAHUS ONMHUCHIBAIOOT IBOJIOLMH AU(PPAKLIMOHHON KPAaTHHBI B
3aBUCHUMOCTH OT paccTosHUsI u B 30He DpayHrodepa dopmupyercs
u3BeTCHOE TpeoOp3BaoHne Dypbe NPOCTPAHCTBEHHOTO CHUTHANA Ha
BXOJI€ ONITHYECKON CHCTEMBI.

CurHan Ha BBIXOJE JUCHEPTHPYIOMIEH CpPeIbl  ONpEeAIeNaTcs
BpEMEHEM B3aWMOJICHCTBHS BXOIHOTJIO CHUTHAJa C JUCIIEPTUPYIOMIEH
Cpebl.

Teopernueckn, A TONy4deHUs anmpaTHoH  QyHKouuH  (2)
HEOOXOJIUMO HEOTPEIENIEHHO OOJbIIOe BpeMsSl B3aUMOJICHCTBUS U
ONTHYECKOTO0 WMITYJIbca C AWCIeprupyromeil cucremoil. OmgHako, Kak
nokaszanu pesyiabraTtel Mar. Mogen. [lpu 10BONBHO OrpaHMYEHHOM
BpEMEHEM  B3aMMOJICHCTBUST ~ MOXHO  TONYYUTh  NPHUEMIIHMEIC
pe3yibTaThl, O YeM MOXHO CyIUTh 1O JIByM IIOCIEIHUM
MaTeMaTHYECKHM MOJEIISIM.
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IIpuBeneHHOE COOTHOIIEHHE MEXKIY IJIMTEIBHOCTBIO BXOJHOTO
HUMIIyJIbCa u I PpeHInanbHON TPYIIIOBOMI 3a1EPKKON
JUCHEPrupyromell  CHUCTeMBI,  KOTOpoe  00ecHeuMBaeT  TaKylo
UCKa)XEHHYIO ()OpMY BXOAHOTO MMITYJIbCa, KOTOPAsk IPONOPLHOHAIbHAS
€ro CIIEKTpY.

Jluteparypa

1. B.1. Tsepckoii. JluciepcnoHHO-BpeMEHHBIE METOABI M3MEPCHHI
CHeKTpoB paguocuraanoB. Mocksa: Coserckoe paauo. 1974.
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MOJEJTUPOBAHUE UHBAPHAHTHOI'O KOPPEJIAIIMOH-
HOI'O PACITIO3HABAHUA IIBETHBIX N30BPAKEHUN
OBBEKTOB B YCJIOBUAX IOBOPOTA

Ilemposa E.K.l, Cmapuxos P.C.l, Hlaynvckui jI.B.l

YHayuonansnwiii uccnedosamenscruii a0epubiti ynugepcumem « MUDH y,
Mocxaea.
8-905-563-98-42, EKPetrova@mephi.ru ITemposa Enuzasema Kupuinogna.

ITpuBonsATCS pe3yibTaThl UCCICIOBAHUM MO NMPUMEHEHHUIO WHBapH-
AHTHBIX KOPPEJSIIMOHHBIX (QHUILTPOB IpPH PACIO3HABAHHH LBETHBIX
M300paKeHUH.

Hcnonp30BaHue MpU paclio3HaBaHUHM M300pakeHHH MHGPOpMaLuU O
1[BETE «OOBEKTOB MHTEPECa» MOUTH BCErJa MO3BOJISIET MOBBICUTH Kaue-
CTBO pacro3HaBaHusi. OOIeNPU3HAHHBIN PE30H COCTOMT B TOM, YTO B
ciydae Ooyee CIOKHBIX M300paKeHHI, HaIlpuMep, [BETHBIX (hoTorpa-
¢Guii, OTOENBPHO B3ATHIC [[BETOBBIC KaHAIIBI MOTYT OKa3aTbecsi Ooyiee WH-
(OopMaTUBHBIMH TIPH PACMO3HABAHHWHU, YeM IOJyTOHOBOE 4EPHO-Oenoe
npezncrasieHue. B HacTosmel paboTe paccMaTpuBaeTcs BO3MOXHOCTD
MHBAPUAHTHOTO KOPPEJALMOHHOIO Paclo3HaBaHMS HAa OCHOBE IpUMe-
HEHHSI KOPPEISIMOHHBIX (DMIIBTPOB ¢ MUHUMH3AIMEH [ITyMa U SHEPTHH
koppemsinuun (K@ MIIBK) [1], B gacTHOCTH Takue (PUIBTPBHI MOTYT
o0ecrieunBaTh paclo3HaBaHHE ITOJYyTOHOBBIX M300paKEHUIH Ha CIIOXK-
HOM (DOHE, a TaKKe B MPHUCYTCTBHH MIPOCTPAHCTBEHHOTO Iyma. Panee
MIPOBEAEHHBIE UCCIEA0BAaHMUS TOKa3aIn JOCTHKUMOCTh BRICOKHUX Xapak-
TEpPUCTUK pacro3HaBaHus ¢ nomouipto KO MIIOK. Jns nmepBoHavans-
HOT'O MOJIETUPOBAHMUS OBUTH B3SITHl N300paXKEHHUS TPOCTHIX 0OBEKTOB Ha
paBHoMepHOM QoHe. [lpennonaranack HEOOXOIUMOCTb Pa3TUYCHUS
WUCTHHHOTO O0BEKTa OT JIOXKHBIX TPEX THUIOB. Pazmepsl nzoOpaxeHui -
512x512 mnwuke, rnmyOuHa nBera 16 OWUT, WCIIONIB30Bajach CTaHAApPTHAS
Mmozeib 1Beta RGB. L[BeT 00beKTOB ¥ (hoHA BBHIOUPAJICS CXOXKHUM (3€I16-
HBII), HO B IIBeT€ OOBEKTa OTCYTCTBOBaJa CHHSS COCTABIIAIOIIAs, a B
uBere QoHa - KpacHas. Puc. 1 wuttocTpupyer pasHHIly IpOCTO MMOJIYTO-
HOBOT'O 4E€PHO-0€TI0T0 MPEACTABICHUSI HCXOTHOTO IIBETHOTO M300pake-
HUSI U OJTHOTO M3 €r0 IIBETOBBIX KAHAJIOB.
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a) 6)
Puc.1. a) ITonyroHoBoE 4€pHO-0€J10€ N300paKeHNE HCTHHHOTO 00BbeKTa 0) ero
JKe n300pakeHne, MOJTyIeHHOe 0 KpacHoMy KaHainy RGB

boumn cunTe3npoBansl pasnuuHble BapuaHTel KO MIIDK, obecme-
YMBAOIIEC MHBAPUAHTHOCTh K TIOBOPOTY, MCIIOJIB30BAIUCH Pa3IHYHbBIE
ycnoBus ux cuHTesa [2]. PacmoznaBanue n3o00paxxeHui KpacHOTO KaHa-
7a 00ecreyusio B JIy4YIIUX CIIy4YasX BEPOSITHOCTH MPaBHIBHOTO pelie-
HUS, OLIEHHBaBIIYyIOCS Mo Kputepuio Helimana-IIupcona cBeime 99%.
Taxoke ObUTH MOTyYEeHBI Pe3yIbTaThl PACIO3HABAHUS UCTUHHOTO 00BEK-
Ta Ha (OHE CIOXKHOW CLIEHBI, COAEPIKaIIEH TaKke M300paKeHUs JIOXK-
HBIX 00BEKTOB. Takum 00pa3oM, MPOJIEMOHCTPUPOBAHBI TIPUHIINITHATb-
HbIE BO3MOXXHOCTH HWHBapUAHTHOT'O KOPPEISIIMOHHOTO PACIO3HABAHHMS
[BETHBIX M300pakeHui ¢ ucnois3zoBanuem KO MIIDK. [Mpumep nuc-
KpUMHUHALIMOHHON XapakTepuctuku K@ npezacrasnen Ha puc. 2. Jlanb-
Helmue paboThl MpeNoNaraloT MUCCIeIOBaHUsl paclo3HaBaHHs Oojee
CIIO)KHBIX HW300paKEHUH W KOJWYECTBEHHYIO OIIEHKY BO3MOXKHOTO
yIy4IIEHUs] Ka4eCTBa PAacIO3HABaHUS MPH BapbUPOBAHUU WH(POPMALIUU
[[BETOBBIX KAHAJIOB MPH CUHTE3€ QPUIBTPOB.

311



NasepHan du13nKa, onTMKa 1 GM3NKa NNasmbl

image i

Puc.2. [Ipumep TUCKpUMHHALIMOHHON

xapakrepuctuku K® - rpaduk 3aBucumoctn

KOPPEJSLUOHHOTO OTKJIMKA OT HOMepa n300paxkeHus (0AlMHAKOBbIE HOMEpa COOT-
BCTCTBYIOT OJIMHAKOBBIM YTJIaM IOBOPOTAa NpU JaHHOM I'OPU30HTAJIBHOM CKJIOHC-
HHHM) JUIS CIy4asi, KOrAa 3TajJOHHBIH Habop B Mozenu RGB ¢ BblneneHneM kpacHoro
KaHalla, pacro3HaBaeMblii Habop B Mogenu RGB 6e3 BeiieneHus kakoro 1100 KaHa-

J1a.

(R-RGB)

Pabora BemonaeHa mpu noanepxkke Poccutickoro Hayunoro ®oHpa,

rpanT Nel14-19-01751.
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PAJUALIUOHHBIE, TEIIVIOBBIE U YIAPHO-BOJIHOBbBIE
MNPOLECCHI B CUCTEME «MOIIHbIM NOHHBIA ITYYOK-
METAJLJD»

THumenoe I.10. 1, Hanenxun 1O.B. l, Jucos B.U.*

YTomcxuii nonumexnuueckuii yHugepcumem, Tomck
+7 (923) 403-38-48, pimenov-eduard@mail.ru

YHHUBEpCaIbHBIM HHCTPYMEHTOM JUIS PELICHUS Pa3IMYHbIX TEXHOJIO-
TMYECKHX, HAYYHBIX U MPHUKJIAAHBIX 33/1a4 SBJSIOTCS MOIIHBIE HOHHBIC
ny4yku (MUII). YHUBEpPCATbHOCTD M EHHOCTH 3aKJII0YAETCSl B TOM UTO,
B3aumonericteue MUII ¢ MaTtepuasiaMy, 1 B YaCTHOCTH C METaJUIaMU,
COTIPOBOX/IAETCS OTHOBPEMEHHBIM TEILJIOBBIM, MEXaHUUYECKUM U pajana-
IMOHHBIM Bo3jekcTBuamu [1,2].

B BeimosHeHHOM paboTe OBLIM PacCMOTPEHBI PaJUalMOHHBIC, TETl-
JIOBBIE M YIApHO-BOJIHOBbIE mpouecchl B cucteMe «MUII — meramny,
npoTeKalolre B 00beMe METaNTUIECKOr0 MOTJIOTUTENS, IO/ JeHCTBU-
€M MOIIHBIX HMOHHBIX ITy4YKOB B J[MAaNa30HE IJIOTHOCTH MOLIHOCTH
10"-10" Br/em’.

HccnenoBano BIMSHUE KaXKIOTO M3 JaHHBIX MPoIeccoB Ha (GopMmu-
poBaHNe MOAUPUIIMPOBAHHBIX CIOEB B 00beMe 00TydaeMON MeTaliu-
yeckod mumeHd. OnpeneneHsl XapakTepHble 001acTH B MPOCTPAHCTBE
(j, U) peanmuzanmm TepMOynpyrux U aOISIMOHHBIX MEXaHU3MOB (op-
MHUPOBaHUSI MMIYJIBCHBIX MEXaHMUECKMX HampshkeHuil. OOHapyxeHa
o0nacTh mapamMeTpoB ITy4yKa, IpU KOTOPHIX BO3MOXHA peaiu3alus OT-
KOJIBHBIX SIBJICHHI Ha 00JTydaeMoi TOBepXHOCTH [3].

Takxe B X0/1€ YHCICHHOI'O SKCIIEPUMEHTa O0HapyKeHa 00J1acTh ma-
paMeTpoB, TOe Pealn3yeTcsl TaK Ha3blBaeMasi OTKOJIbHAs aOJsLus TOA
nericrsuem MUIL.

Jlureparypa
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CUCTEMA OYUCTKHU U PETEHEPALIUU KCEHOH
COJEPKAIIUX I'A30BbIX CPE/l DKCUMEPHBIX JIABEPOB

Ilookonaee A.B*., Mucvkeeuu** A.HU.

* UATD HUAY MU®DU, 2. Obnunck,
xoum. men.: 89534647623, e-mail: podkopaevl106@mail.ru
** HUAY MU®DU, 2. Mocksa,

Pazpaborana u M3roTOBIEHA CHCTEMa OYNCTKH M PETeHEepalnu Kce-
HOHA B TaJIOWJOCOAEPKANINX KCEHOHOBBIX CMECSAX BBHICOKOTO JTaBIICHUS
(~1-2,5 arm.). CucTeMa HCHONB3YeTCs B YCTAHOBKE, MPEIHA3HAUYCHHON
JUTSL WCCIEOBAHUNA CHEKTPaThbHO-BPEMEHHBIX XapaKTEPUCTHK IFOMU-
HECIICHIINH SKCHMepHbIX cpen Ha ocHoBe Xe-CCl, u Xe-CF;CHCIBr
ra3oBbIX cMecell Beicokoro Aasienus [1]. [Ipu npoBepeHnn uccienoBa-
HUI CIIEKTPaJbHO-BPEMEHHBIX XapaKTEPUCTHK JIOMUHECIEHIIMN TaKUX
ra3oBBIX CpeJ BO3HHKAET HEOOXOAMMOCTh HM3MEHEHHUS NaplHaTbHOTO
COCTaBa CMeCeil, YTO MPUBOIUT K OOJIBIIOMY pacxoy Xe u3-3a MOBTOp-
HBIX TIEPCHATIONHEHUH ra30Boi KIoBeThl. OMuchIBacMasi ClcTeMa OYHCT-
KH ¥ pereHepaliy T03BOJISIET CYIIECTBEHHO CHU3HUTD MOTPEOIICHHE ITO-
TO JOPOTOCTOAIIETO KOMIIOHEHTA 3a CYET €r0 MOBTOPHOTO HCITONB30Ba-
HUSL.

Cucrema OYHCTKH M PEreHepalii COCTOUT W3 JIOBYIIKH X, Tpe-
CTaBJISFOIIEH COOOM OXJIaXKIAaeMBIH KUJAKUM a30TOM T'€PMETHUYHBIN Ta-
TPOH W3 HepkaBeromei cranu oobemoM (0,2 J1 3aMOJTHEHHBIN LEOTUTOM
mapku CaA, nuadgparMeHHOTO UPKYJISIIHOHHOTO HAcoca, HarpeBacMo-
TO THTAHOBOTO (PHIBTPA U CUCTEMBI OTKAUYKH. TUTAHOBHIN (QUIBTP UMe-
eT pabounit o0beM 0,5 J1, 3aNOTHEHHBIH TUTAHOBOHN T'yOKOHM, M IIPH pa-
06o0Te HarpeBaeTCs MESKTPUICCKON MEeUbI0 10 TeMIrepaTyphl mopsiaka 700
°C. Koncrpykuus ¢punpTpa aHanornyHa onucanHoi B pabote [2]. IIpu
pereHepauru Xe uccienyeMasi ra3oBasi CMECh IMPOKAuMBAEeTCs 4depes
KOHTYp OYMCTKU MPY TIOMOIIH TUPKYJISIIIHOHHOTO Hacoca Jisl yIalleHHs
U3 CMECH BCEX MOJIEKYJISIPHBIX ipuMeceit. CKOpOCTh POKAYKH Ta30BOH
cMmecu — 6 1/muH. [locie Toro kak Bce MOJEKYJISIpHbIE IpUMecH OymyT
MOTJIONIEHBI B TUTAHOBOM (DMIIBTPE, K Ta30BOI CHUCTEME MOJKII0YaeTCS
OXJIXKJIAEMBI TIATPOH ¢ LeoauTOoM. [1aTpoH 32 BpeMsi OKOJIO MHHYTHI
cobupaer B ce0s1 Xe, HaXOIIIIUICS B KIOBETE, 10 OCTaTOYHOrO JaBiie-
Hust Mmenee 1 Topp, mociie 4ero naTpoH ¢ OYMIIEHHBIM X€ 3aKphIBACTCS
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JUIS TIOBTOPHOT'O HMcHonb30Banus. [Ipy co3nannu HOBOM cmecH 3TOT Ha-
TPOH pa3orpeBaeTcs IEKTpUUIecKor nedpto 10 temmnepaTypsl 250 °C u
oTkpbiBaeTcs. Ilpu 3ToM Xe MmoKumaeT maTpoH M 3aroJHsIEeT Ta30BYIO
KIOBETY.
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0) BpeMeHHbIC 3aBUCHMOCTH
Puc.1 CnexTpbl 1 BpeMEHHBIE 3aBUCIMOCTH JIIOMHHECIICHITUN Ta30BOM CMeCH
Xe-CCl, (uepHast nunust - Xe u3 0ajioHa, KpacHas JIMHKSA - Xe MOCIIE OUUCT-
KH ¥ pereHepaIliH, )

Jns nemoncTpanyu 3pQPeKTHBHONW padOThl CUCTEMBI OYMCTKU U pe-
rerepanui Xe ObUTH MPOBEICHBI N3MEPEHHUS CIIEKTPAIBHBIX 1 BPEMEH-
HBIX XapaKTePHUCTHK JIIOMHHecHeHnun ra3oBbix cmeceir Xe-CCl, (760
Topp Xe, 50 mTopp CCly), npu Bo30yXAeHUH Ty4KOM OBICTPBIX JICK-
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TpoHOB (Ec~200 x3B.). Ha puc. la) cpaBHHBarOTCSA CIIEKTPHI MOTyYEH-
HBIE C UCTIOJIb30BaHUEM YHCTOTrO Xe€ (YepHasl JIMHUS) U pereHepupoBaH-
Horo Xe (kpacHas JUHUs), a Ha puc.10) IpUBOJATCS BPEMECHHBIC 3aBU-
CHMOCTH MHTEHCHBHOCTH JIFOMHHECHIEHIMHU Toyockl 4°T-1°T (Amax 486
HM) AJIsl 3TUX JIBYX CMeceil.
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®OPMHUPOBAHME NOJILIX MOHOB B ILIA3ME C OIIPEJIE-
JISIFOLLE# POJIBIO MPOLIECCOB ®OTOMOHU3ALINU U
®OTOBO3BY KJIEHUS TP B3BAUMO,IEICBUU C BEILE-
CTBOM CYBIIETABATTHBIX JIABEPHBIX UMITYJIbCOB

Ilokpoeckuu F.B.l'z, Huky3 C.A.%3

"Mocroscruii @usuxo-Texnuueckuii Hnucmumym, JJoreonpyonuiii
206veounénmbiii uncmumym gvicoxux memnepamyp PAH, Mockea
® Hayuonanvmwiii ucciedosamensckiuii sa0epHblil yHusepcumem Mockogckuii
HUnocenepno-Qusuveckuii Mncmumym , Mockea
+79152721645, george.pokrovskiy@gmail.com

B cepusx 3KCHEpPUMEHTOB IO B3aUMOJIECHCTBUIO BBICOKOMOIIIHOIO
JIa3epHOr0 M3JIyYeHHS C TOHKMMH TBEPIOTEIBHBIMH MUILEHSIMH, I10-
craBieHHbIX Ha ycranoBke PEARL (Hwxuuit HoBropoa, Poccus) B am-
pene 2015 roxa, na ycranoBke J-KAREN (Kancaii, Slnonus) B 2014
roay u Ha ycranoBke Vulcan PW (Pesepdopn, BenukoOpuranusi) 66110
MOJy4E€HO HOBOE SK30THUYECKOe cocTosiHue Bemectsa [1]. dokycupyro-
U CIIEKTPOMETP € MPOCTPAHCTBEHHBIM Pa3pelleHneM 3aperucTpupo-
BaJl CHIEKTPAJIbHBIC JIMHUM, HE COOTBETCTBYIOIIME HH OJHOMY M3 JJIEK-
TPOHHBIX NEPEXOJ0B B aTOMax, NPH KOTOPOM ObUIM OBl 3aIlOJHEHBI
BHYTpeHHHE 000JI04YKH. HampoTuB, MpHUCYTCTBHE 3THUX SPKUX JIMHUH
nerko oowscHseTcst oOpazoBanneM Tak HaspiBaeMbIx KK- 1 KL- mombix
MOHOB — MOHOB, UMEIOLINX BaKaHCUU HAa BHYTPEHHHUX oOojoukax. s
OIMCaHMs PACIPOCTPAHEHUSI M3JIYUYECHUS B IUIa3Me, CO3AaHHOU B XOfe
SKCIIEPUMEHTa, Oblja MpeIoKeHa TeopeThdeckas MOJeIb, OCHOBHAs
uzaes KOTOPOH 3aKJI04aeTcs B TOM, YTO BCSl OOJIACTH B3aMMOJACHCTBHSA
Jenurcs Ha 3 30HBI [2] ¢ pa3HBIMM MapaMeTpaMH, TAKUMH KaK 3JEK-
TPOHHAsI TEMIIepaTypa U IUIOTHOCTb. JlazepHbIi my4ok Qokycupyercs B
HEHTPaIbHYI0 00JacTh, CO3/1aBas BBICOKOIHEPTETHYHBIE JJIEKTPOHBI,
OTpaKaroIUECS OT MOBEPXHOCTEN paciuupsromeincs MumeHd. B xozne
3TOoro0 00pa3zyercs WHTEHCHBHOE PEHTI'C€HOBCKOE H3IydeHHE, HalpaB-
JIeHHOE K Teprdeprn MHIIEHH, TeHEPUPYIOIIee B ATOH 00JIACTH TOJIbIE
noHbl. Hanmuuue mosibIX MOHOB B IIa3ME — CBHJIETENIBCTBO BBICOKOTO
KOHTpacTa WHTEHCHUBHOCTEW OCHOBHOTO JIa3€pHOTO0 MMIIyJbCca U TIpe-
JTUMITYJIbCA.
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JUHAMUYECKHUE MAT'HUTHBIE U JIEBUTAIIMOHHBIE
XAPAKTEPUCTHUKHU CTOIIOK BTCII JIEHT BTOPOTI'O 110-
KOJIEHUSA

Tlokpoeckuu C.B.l'z, Ocunos M.A.l’z, Aobun ,ZI.A.l’2

YHayuonansnwiii uccnedosamenscruii adepuwiti ynugepcumem "MHUDH",
Mocxea, Poccus
2 MeoicOynapoonas 1a60pamopust CUulbHbix MAHUMHBIX NOLEl U HUSKUX
memnepamyp, Bpoynas, Ilonvuia
8(903)586-71-78, sergeypokrovskii@gmail.com

B noknazne nmpeacTaBieHbl pe3yabTaThl KOMIUIEKCHOTO UCCICIOBAHMS
JMUHAMAYECKUX MArHUTHBIX U JIEBUTAIIMOHHBIX XapaKTEPUCTHUK CTOIIOK
BTCII nent ReBa,Cuz07.4 12x12 MM BTOpOro nokonenus (0T 5 go 250
neHt B cromke ). Kpurndeckuii Tok B cobcTtBeHHOM monie ipu 77K He
Hmke 250 A.

C momoIpio BUOPAIIMOHHOTO MarHUTOMETPa U XOJUTOBCKOW Martu-
TOMETPUH OBUIM W3MEPEeHBl KPUBBIE HAMATHWUYMBAHHS W IOJYYCHBI pe-
JIAaKCaIIMOHHBIC XapaKTEPUCTUKH CTOIOK JICHT B MHTEPBAJIC TEMIIEpaTyp
4.2-77 K n marautHbeix moned 1o 12 Tn. [lomydyensl 3aBucuMocTH 3a-
XBAYE€HHOI0 MAarHUTHOI'O IOTOKA CTOIOK OT KOJHMYECTBA JIEHT. AHAIN3
JTAaHHBIX TTOKA3bIBAET, YTO C POCTOM YHCIIA 3JIEMEHTOB BEIWYMHA OCTa-
TOYHOW HAMarHWMYEHHOCTH YBEJIMUMBACTCS IO CXOKEMY HEITMHEHHOMY
3aKOHY JUTSl BCEX TEMIIEpaTyp M BBIXOJUT HA HACKHIIIEHUE TIPH TOJIIUHE
cronku 6oaee 100 ment [1,2].

Kpome Toro, ObLIM M3MEpeHbI BPEMEHHBIC 3aBUCUMOCTH HaMarHU-
YEHHOCTH CTOTIOK MPH PAa3IMYHBIX TemrepaTypax. Y3 pemakcarioHHbIX
KPHUBBIX OTpeeNsiiach CKOPOCTh pellakcanuu S 1 3Heprus muHHuHTa U

o popmymnam (1):
dinM S = kT (1)

S="% U

rae S — CKOpOCTh penakcauuy, M — MarHUTHBIA MOMEHT, t — BpeMs, OT-
CUMTHIBAETCA OT MOMEHTA CHHKEHMSI BHELIHETO MOJIsl JO HyJs, K - I0-
crosiuHas bonmeimana, T — remneparypa, U — sHeprusi MMHHAHTA.

B pesynbraTe ObUIM MOTYYEHBI 3aBUCHMOCTH CKOPOCTH PEIaKCalluH
Y PHEPruM NMUHHUHTA OT TeMIIEPaTypbl M KOJIMYECTBA JIEHT B CTOIIKE
(puc. 1). CKopocTh peraKkcanuy pacTeT ¢ POCTOM TeMIEepaTyphl, OTHAKO
ClIelyeT OTMETUTh, YTO IpH TeMmeparypax Oonee 60K He mpoumcxoaut
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YBEJIMYEHHS] PHEPTHH THHHUHTA, OJHAKO POCT CKOPOCTH pPellaKCalliu
npojospkaercs. JlaHHBIA XapakTep KpPUBBIX HAONOMACTCS JUISl CTOTIIOK
BCEX TOJIIIMH, YTO MOXET CBUJCTEILCTBOBATH O CMEHE pPEXKHMa IHH-
HUHTa Mpu Temmepatypax nopsaaka 60K. Tarke ¢ yBenmnueHneM 4mcia
3JIEMEHTOB MacCHBa CKOPOCTh PeIaKCallii YMEHBIIACTCA.

Takxe OBLTM MCCIICOBAHBI TUHAMHUYCCKUE JICBUTAIIMOHHBIE Xapak-
tepuctuku cucteMbl cronka BTCII eHT - mOCTOSHHBIN MarHuT. beumm
MIPOBEZICHBl W3MEPEHHsI TIOBEJCHHSI CHCTEMBI B CKPEIIEHHBIX MarHHT-
HBIX TOJIAX pa3auaHoi amruutyasl 10 80 D u vactotsl 1o 400 [ (puc.
2 a). OGHapyKE€HO TOJAaBJICHNE HAMarHWYEHHOCTH M CHJIbI JICBHTAITUH
a”ajoruyHoe nosegeHuio 00beMHbIXx BTCII, ogHako BeInYHMHA 10JaB-
nenus: He mpeBocxonuT 1.4%, uro Gonee yem B 10 pa3 mydiie 4yem B
ciy4yae 00beMHBIX MaTepuaios [3].

a) T T T T T T T 024 024
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Puc. 1 - &) 3aBuCHMOCTE CKOPOCTH PETAKCAUU U YHEPTUN MMHHUHTA OT TEM-

neparypsl ist cronku u3 40 ent b) 3aBUCHMOCT SHEPTHUH MUHHUHTA OT YUC-
JIa JICHT B CTOTIKE

Taxoke OBl N3MEPEHBl 3aBUCHMOCTH CHIIBI JIEBUTAIMK CTOIIOK NPH
JTUHAMHYECKUX HArpy3Kax: JaTepajbHBIX NMePEeMEIICHUIX 1 KOJIeOaHnsIX
pa3n4HOM YacToThl (pUcyHOK 20). [TodydeHHbIe pe3ynbTaThl OKa3ain
BBICOKYIO CTaOMJIBHOCTh M YCTOMYMBOCTH JICBUTALIMOHHON CHCTEMBI Ha
cTonkax JeHT. M3mepennsle xapaktepuctuku cronok BTCII nenrt sB-
JSIOTCS  HEOOXOMWMBIMH  JJISl  TPOEKTHPOBAHUSA  JICWCTBYIOIINX
YCTPOHCTB M OyIyT MCIOJIB30BaHbI Ul CO3AaHMsI S(PEKTUBHBIX JIEBU-
TAIMOHHBIX TOJIINITHUKOB U MOJIBECOB.
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noJjist (wacrora 50 '), b). 3aBucHMOCT U3MEHEHMS CHJIBI JIEBUTALIMHI OT YUCIIA
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ONPEJAEJIEHUE COJAEPKXAHUS I'EJIUS B
BOJIB®PAMOBOM «(ITYXE»

A.I. Ilockakanos, B.C. Epumos, FO.M. I'acnapan

Hayuonanvnvui Heeneoosamenvckuii Aoepnviii Yuugepcumem « MUDHU »,
2. Mockea
89850696729, aposkakalov@gmail.com

HccrnenoBanue ycTOHUMBOCTH BoJb(pamMa K MOIIHBIM TEIUIOBBIM
Harpy3kaM I[POBOAUTCS NPUMEHUTENBHO K 3aJadaM TEPMOSIEPHOTO
cuHTe3a. B mporecce paboThl TEPMOSIIEPHOTO peakTopa OJAHUM U3 MPO-
JIIYKTOB TEPMOSIACPHON PEaKUUu SIBJSETCS TelIUi, KOTOPBIM, KaK U Ipy-
rye MHEPTHBIE Ta3bl, BBOJUMBIC B TBEpIbIC, SABISCTCS arJioMEpaToM HU3-
3a 4pe3BbIYAHO Majoill pacTBOPUMOCTU. B pe3ynbpTare BO3AEHCTBUS
OOJNBIIMMY TOTOKAMHU TEJIMEBOH TMIa3MON Ha MOBEPXHOCTH BOJb(pama
MPOMCXOAMT 3aNOJHEHUE ra30M Ae()EKTOB, YTO MPUBOAUT K U3MEHEHUIO
MOpP(OJIOTMM TIOBEPXHOCTH, a TaKkKe 00pa3oBaHHIO CHEIU(UIHOTO
HAHOCTPYKTYPHOTO CJIOM, KOTOPBIM B JMTEpaType Ha3bIBAIOT BOJb(pa-
MOBBIH «1ryx» (fuzz). BuszyaabHO 3TH CTPYKTYPBI TPEACTABIISIIOT M3 CeOs
3aIyTaHHbIE MACChl HEMOPSIOYHBIX HAHOBOJIOKOH, KOTOPBIE MOT'YT OBITH
JI0 MUKpoHa JIMHHON W mupuHOi oT 10 mo 50 um. PopmupoBaHuUs
«myxa» MPOUCXOIUT NpPHU SHEPruum MOHOB renus cBbime 20-30 3B u
TeMIeparype nosepxHoctu Boibdpama ot 1000 qo 2000 K. [1]

Panee Obimm mccienoBaHbl 00pasibl BOJb(pama, HA TIOBEPXHOCTH
KOTOPBIX OBbUT MOJYYEH «IIyX» TOJ BO3JECHCTBHEM TIelHEBOM IIa3MOil
npu temmeparype 1200°C u motoke 1*10%" He/m’. Mertomom TepMosie-
copOuum Mpou3Be/ieHa OIEHKA COJACp)KaHHS Telus B BOJIb()PaMOBOM
«myxe», Kotopas okazaiach 15 atr.%. McciemoBaHus CTpyKTyphl Ha
JIEKTPOHHOM MHKPOCKOIIE [T0Ka3aJl0, YTO B HAHOBOJIOKHAX COJEPKAaTh-
Cs1 Iy3bIPbKH, 3aII0JIHEHHBIE T€ITUEM, CPETHUM TuaMeTp KOTopbix 10 HM.

B nmannoit pabote ObUIO MPOJOKEHO UCCIEIOBAHUE T'eNIUsl B BOJb-
(bpaMOBOM «ITyXe», a UIMEHHO OBUIH IMOJYYCHBI ONEHKH JUIS JIaBJICHUS
BHYTPHU Iy3bIPKOB, KOHIIEHTPALUs Iy3bIPbKOB, IOPUCTOCTh MaTepHa-
na. YaenpHOe 3HaYeHHe TIOBEPXHOCTHOM SHEPTUH IS My3bIphKa TeIHs
B Bosbpame y=3000 Dpr/cm’[2], o ypaseHuto Sxra-Jlamiacca omeH-
Ka PaBHOBECHOIO JaBJIEHUE B My3bIpbke cocTaBmia - 0,6 ['m, uro coot-
BETCTBYET KPUTUYECKOMY JaBJICHHIO JUIs pocTa my3bipbka [3]. KoHien-
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Tpamus Iy3BIPPKOB TENMUS B CTPYKTYpe, NMPH [MaHHBIX IapamMeTpax:

%
He — 394, TlomoOHbIC
Vw

~10"cm™, a mopucToCTh MaTepuana crama: 1 =

OLCHKHU JJIs I'CIINA B BOJ'II)(l)paMC HC IMPOU3BOJUINCE. Hamm PE3YJIbTAaThL
CBUACTCIBCTBYIOT O CHJIBHOM Pa3BUTOCTH IIOBEPXHOCTH, BBICOKOM KOH-
HCHTPAU I'€JIMCBBIX IY3BIPbKOB BHYTPU MaTcpHalia.

Jluteparypa:
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terials/ 463 (2015) 289-293.
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JABYXJUIEIIECTKOBBIE CBETOBBIE 110JI51 C BPAIIEHUEM
PACIIPEJAEJIEHUA UHTEHCUBHOCTMU JIA 3AJJTAY
MUKPOCKOIINN

Ilpokonoea jI.B.l’Z, Bonocmnuxos B.F.l'z, Boponuyoes E.H.l,
Komoea C.H.l’z, Jloceeckuit H.H.l’z, Pazyeea E.B. 1, Camazun C.A.*

YCamapcruii unuan Gusuveckozo uncmumyma um. I1.H. Jle6edesa PAH
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(CIr'4y), Camapa
xoum. men. +79270041017, e-mail, prokopovadv@gmail.com

CBeTOBBIE ITOJIA, PACTIPENETICHHE HHTEHCUBHOCTH KOTOPBIX BpalllacT-
Csl IPU PAcIpOCTPAaHEHUH B CBOOOJHOM IPOCTPAHCTBE, MPEACTABIISIOT
MHTepec AJs psAja NPUKIATHBIX 33/1a4, BKJIIOYas ONTHYECKYI0 MaHUILY-
JSIIMI0O MUKPOOOBEKTAMH M OTIpeliesieHNe TTyOUHBI 3aJleraHus u3iyda-
IOLIMX HaHOOOBEKTOB B MHUKPOCKONMHU. B pamkax mocnenHeil 3amaun
aKTHBHO HCCIIEAYIOTCA TaK Ha3bIBaeMble JBYXJIETIECTKOBBIE CBETOBBIC
MoJIsl C BpAIIEHHMEM WHTEHCHBHOCTH, KOTOPBIE MOYKHO HCIOJb30BaTh
JUIS yBEJIMUYECHHS MPOJOJIBHOTO pa3pelieHus! GpIyopecleHTHBIX ONTHYe-
CKUX MHKpPOCKOIIOB [ 1-2].

OOBEKTOM HCCIIEJIOBAHUS JAHHOW PabOThI SBJISIOTCSA CBETOBBIC OJIS
C BpallleHHEM WHTEHCHUBHOCTH, IMOJyUYE€HHBIE C ITOMOIIbIO ONTHUKU CITH-
panbHBIX TydkoB [3]. PaccmarpuBaroTcst nBe cXxembl (OpPMHUPOBaHUS
JBYXJICTIECTKOBBIX CBETOBBIX Tojei. OpHa ynoOHa Mpw Henocpen-
CTBEHHOM HCCJIEIOBAaHUHM CBETOBHIX IOJIEH C BpaIlleHWEM pacmpezesne-
HUSl MHTEHCUBHOCTH, ApyTas ONHUCBHIBAET CUTyalMIO MPUMEHEHUS JaH-
HBIX CBETOBBIX IIOJIEH B CX€M€ MHUKpocKoma. [IpoBeIeHO COOTBETCTBHE
MEXIy OTOOpaX€HHMEM B OJHON W Npyrou cxeme. Taxke M3ydarOTCs
BOIPOCHI BIUSHUS HAa (POPMUPOBAHKE JIBYXJIETIECTKOBBIX CBETOBBIX I10-
Jeil ¢ BpalleHWeM paclpeleNeHUs] HHTEHCUBHOCTH TakKuX (aKTOpOB
KaK: pachpesielieHe WHTCHCUBHOCTH OCBEIIAIONIEr0 (a3oBYH) MACKy
My4yKa, pa3Mep anepTypbl U Halu4ne abeppanuil B ONTHYECKOH CHCTe-
Me.

Pabota npoBexeHa pu moaaepkke rpanta YaeoHo-Hayarnoro Kom-
miekca ®UAH (YHK).
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I'EHEPAIIUA CYIIEPKOHTUHYYMA B PEXKUME ®UJIA-
MEHTALIIMU MOIHBIMU ®EMTOCEKYHJIHBIMHU JIA3EP-
HBIMHA UMITYJBCAMHU B CBEPXKPUTUYECKOM KCE-
HOHE U JMOKCHUJE YIVIEPOJA

Pazynvckan A.B. Mapees En' , HHomemkxun (D.B.l,
TIopouenxo B.M.', Munaes H. B, bazpamaweunu B. H?

Y dusuueckuii gaxynomem u MJIL] MI'Y umenu M.B.Jlomonocosa, Mocksa,
Poccusa
2UIIJINT PAH, Mocksa, Poccus
S Xumuueckuii gaxynemem MIT'Y umenu M.B.Jlomonocosa, Mockea, Poccus
Ten.: +79647963461 E-mail: av.raguljskaya@physics.msu.ru

B3aumMozeiicTBUE MOIIHOTO Ja3epHOT0 H3IY4YEHHUs] C IMPO3PAYHOI
CpeZlol MPUBOIUT K MOSIBICHHUIO (PHUIaMEHTAalWHU (CaMOKaHAIUPOBaHHE
UMITyJIbCa) M TEHEpalM CYHNEpKOHTHHYyMa (IIMPOKOIOJIOCHOE KOTe-
PEHTHOE HM3JIyueHHE). DTHU SIBICHHUS NPEACTaBIAIOT UHTEpEC AJS -
CTaHIIMOHHOW CHEKTPOCKONUU aTMOC(hEphl, MUKPOOOpaOOTKH MaTepra-
noB, renepauuu T u np.  Ceepxkputnueckue ¢uronnsr (CKD) [1]
SIBJISIFOTCS. HOBBIMU HEJIMHEHHO-ONTHYECKUMHU O0BEKTaMH ISl UCCIIEH0-
BaHUS, TOCKOJIbKY JIAIOT YHUKAIbHYIO BO3MOKHOCTD YIIPABIATh U U3Y-
YaTh BIMSIHAE CBOWCTB Cpe/ibl Ha (PMIAMEHTAIINIO U COTPOBOKIAAIONIYIO
e TreHepauui0 CYNEpKOHTHHYyMa, BBHUIY BBICOKMX HEIMHEHHBIX
CBOWCTB M JIETKO YIPABJISIEMBIX APAMETPOB CPEbI.

Juis nccneoBanus MPOIECCOB B3aMMOJICHCTBUSI MOLITHOTO peMToce-
KYH/IHOTO JIa3epHOT0 U3My4deHus (IyrHa BOJIHBI 1240 HM, IIHTEIHHOCTh
umiyibsca 200 ¢pe) ¢ CKD cpegamu ncnonb30BaIuCh AUOKCH] YIIIEPO-
ma (T = 31.1°C u p, = 72.8 at™) 1 keenon (T, =16.6°C u p,, = 57.5
aTt™M). B mccrenoBaHusIX MOXXHO ONPENENUTh POJb MOJIEKYISIPHBIX KO-
neGaHuii B HEJIMHEHMHOM (OPMHPOBAHHM CIIEKTPa CYHNEPKOHTHHYYMA,
TaK KaKk KCEHOH SIBIISIETCSI aTOMApHBIM ra3oM, a YIJIEKHCIBIA a3 - MO-
JIEKYISPHBIM.

JI71sl KCEHOHA M YTIEKUCIIOTo ra3a B CBEPXKPUTHYECKOM PEXKMME I10-
Jy4eHa TeHepanysl IUPOKoro cynepkoHTuHyyMa (ot 300 HM 10 2 MKM)

2
npu P>>P;, (P, =3.724;/8myn, , rme Ao-umHa BONHBL, No-
HOKa3aresb MPEJTOMIICHHUS, Ny-HETMHENHBIH MOKA3aTelb PETOMIICHHUS)

npu ¢unaMeHTanuu GEeMTOCEKYHIHOTO uMmIyibca ommwxaero MK nua-
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na3oHa (puc.la, 16). B kceHone nmpu MOImHOCTH (PEMTOCEKYHIHOTO Ia-
3epa P>>P. nabnromaercs ymmpeHue crekTpa, B KOTOPOM «CHHEE)
KPBUIO pacTeT ObIcTpee «KpacHOro» (puc.10), 4To BBI3BAHO YBETUUCHU-
€M KOHIICHTPALMK CBOOOJHBIX 3JIEKTPOHOB, BOSHUKAIOUIUX NP  (uia-
MeHTanuu. HabmromaeTcs yBemuueHHe pocTa «KpacHOro» Kpbula MpH
NpUOTMKEHNH K KPUTHYECKOM TOUKe B BHIy yBenuueHus N,. Hammuue
MOJIEKY/IPHBIX KoneGanuii B mguokcuze yrmepozna (1388 cm™) Bemer
3¢ PeKTUBHOIN TepeKadke YHEPTrUu B OTH KOJICOAHWS W ITOAABICHHIO
«CUHETO» KpbLJa, a TAK)KE PE3KOMY POCTY «KpacHOro» Kpbiia (puc.la).
[Ipu nepexone 4yepe3 KPUTHUYECKYIO TOUKY HPOMCXOAUT 3HAUYUTEIbHBIHN
POCT N, , ¥ TOSIBIISIETCSI «IIJIATO» B CHEKTpe cynepkoHTHHyyMa (oT 1400
1o 1900 HM), orpaHuYeHHOE 0 MIMPHHE B BUAY HATUYMS TOTIOMICHUS
MOJIEKYJIaMH{ YTJIEKUCIIOTO T'a3a Ha COCTaBHBIX KOJIEOaHUAX B OKPECTHO-
cru 1900 um [2]. B BuauMoli 00J1aCTH PUCYTCTBYET KPBLIO, OTOPBaH-
HOE€» OT OCHOBHON YaCTH CYIEKOHTHHYyMa, SHEPIusl KOTOPOro yBeu-
YUBAETCS C pOCTOM N, (puc.1s, 1r).

YcranoBieHo, uTo CK® sSBASIOTCA YHUKAIBHBIM HCTOYHUKOM MYJIb-
THOKTABHOI'O CYNEPKOHTHHYYMa, BO3HMKAIOLIETO NpH (UIaMEHTALH
MOIITHOTO (EMTOCEKYHJHOTO JIa3epPHOT0 M3NMy4eHus. [Ipu MomHocTsIX
Ja3epHBIX  HMMITYJIbCOB, CYIIECTBEHHO TPEBBIIIAIOIINX KPUTHYECKYIO
MOIIHOCTb CaMO(OKYCHPOBKH, JAOCTUTHYTA Te€HEpauusi CylnepKOHTHHY-
yMa MIAPUHOW B TpU C MOJIOBUHON OKTaBhl (0T 350 mo 2000 HM) B
CBEPXKPUTHYECKOM KCEHOHE. B MONEKyIsIpHOM CBEPXKPUTHUECKOM
CO, «kpacHOe» KpBIJIO CYHEpKOHTHHYYMa MPOCTHPAETCS] B BUAE IUIATO
ot 1400 no 1900 HM TpH MPAKTHYECKU TOTHOM OCIa0JICHUH «CHHETO)
KpBhLJia B CIIEKTpE.
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Puc.1. DBomronus criekTpa CynepKOHTHHYyMa MpU (pUIIaMEeHTAIH (heMToce-
KYHIHOTO UMIIyJbCa B TUOKCHIIE yTiepona (a, B) M KceHoHe (0, T) B OmKkHEM
UK nunanazone (a, 6) ¥ B BUIMMOM AMAIa30HE JUIMH BOJH (B, T).

JIutepatypa

[1] JlemenoBckmii JI.A. u BarparamBmwiu B.H. Poccuiickuit
Xumnueckuii XKXypran 1999 T. XLIII. C. 93.

[2] Lea A.S., Higgins S.R., Knauss K.G. and Rosso K.M. Rev. Sci.
Instrum. 2011. Vol.82. P. 043709.
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N3MEPEHUME 'A3OKHUHETHYECKOI'O JABJIEHUS I1J1A3-
MBbI OIITOBOJTIOKOHHBIM UHTEP®EPOMETPOM C ITPs1-
MBIM INPEOBPA3OBAHUEM JOIVIEPOBCKUX CUT'HAJIOB

Pamazanos A.M., Kysueuyoe A.IL., I'yockuii K.JI., Capanyee C.A.,
Paeeckuit H.D., Hopxun C.B.

Hayuonansnuiii uccnedosamensvckuil adeprulit ynugepcumem « MUDH»

IIpennoxen MeToa U3MEpPEHMs Fa30KHHETHYECKOTO AaBJIEHUS IUIa3-
MBI B pa3psjiax TUIa HU3KOMHAYKTHBHAasg BakyyMHas uckpa (HBU) my-
TEM U3MEPEHHs CKOPOCTH AedhopMalry IUIACTUHBI, TOABEPKEHHON BO3-
JEHCTBHIO IIIa3Mbl. B mporecce reHepaluy IIa3Mbl KOPIyCKYJISIPHBIE
notoku u3 obmactu paspsaa HBU cozparor nuHaMmudeckoe AaBieHne Ha
MOBEPXHOCTH IUIACTHHBI, KOTOPOE BO30YKAAET B IUIACTHHE aKyCTHYe-
ckue BonmHBL. Ha npyryro moBepxHOCTh MacTUHBI (DOKYCHUPYETCS! 30H-
Jupymollee nazepHoe uziydeHue. Ilon meicTBUEM ILIa3Mbl IUTACTHHA
BHITHOAETCS B CTOPOHY KOJUIMMATOPa M OTPaKEHHOE OT MOBEPXHOCTH
Jla3epHOe M3Iy4YeHHe NMpuodpeTraeT NomjiepoBckuil casur. Yacte oTpa-
JKEHHOT'0 M3JIyueHUs COOMpPAeTCs M HAIpPaBISICTCA B MHTEPHEPOMETP.
JlanHbpiéi uHTEPGEPOMETP TO3BOJISIET OMPEIEIUTh CKOPOCTh JedhopMa-
WY 110 U3MEPEHHOMY 3HAYEHHIO JOIIEpOBCKOro casura. Ilo momyuen-
HOHW 3aBHCHUMOCTH CKOPOCTH Ae(OpMaliy IJIACTUHBI OT BPEMEHHU U H3-
BCECTHBIM IapaMeTpaM IUIAaCTUHBI, ITYTEM MATCMATHYCCKOIro MOACIUPO-
BaHMs, ObUla TOJNyYeHa 3aBUCHUMOCTb T'a30KMHETUYECKOrO JaBJICHUS
TUIa3MBbl OT BPEMEHH €€ CYILIECTBOBAHHS.
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CHEKTPbI ®OTOJIOMUHECIHEHIIUM HAHOIMMOPOLIKOB
AJIMA3A M OKCUJIA IUHKA P JIA3EPHOM BO3BY K-
JEHUU

Paxmamynnaee H.A.', N'openux B.C.>, Kypoonos A.K.*

YHayuno-uccredosamenscruii uncmumym Ipuknadnoii gusuxu, Tawkenm
2Qusuueckuii uncmumym um. 11.H.Jlebedesa Poccuiickou Axademuu Hayk,
Mockea
Kownm.men.: +998901869597, e-mail: rakhmatullaev@uzscience.uz

Pe3ko Bo3pocumii HHTEpeC K yIbTPaaUCIIepCHBIM (HaHO-) MaTepHa-
JlaM CBsI3aH Kak ¢ PyHAaMEHTANbHBIM 3HAYEHUEM WX B KaYeCTBE HOBOT'O
HAYYHOTO HAIpPaBJICHUS, BO3HHUKIIEIO Ha CTHIKE Pa3lIMYHBIX Harpasiie-
HHUH HayK, TaK U C MEPCIEKTUBHBIM MPHUKJIAAHBIM 3HAYEHUEM Ul pas-
JUYHBIX OTpacied, 4To OTpakaeT (aKTHYECKH HOBBIH 3Tal HAy4YHO-
TEXHUYECKOTO MPOorpecca B MUHUATIOPU3ALUU MaTepPUAIOB U YCTPOHCTB
OT Makpo- K HaHoMacIradam [1].

TepMmoanHaMuieckne, MEXaHHYeCKHE U ONTUYECKUE CBOMCTBA TaKUX
00BEKTOB 3aBUCAT OT UX pasmepa [1]. B o0buHO mpuMeHSEMO# MeTO-
JUKe peructpaunu cnekTpos ¢oromomunecuenunu (OJI) B konaeHcu-
POBaHHOH cpeJie Ja3zepHOe M3NydeHue (GoKycupyercss BHYTPH CpEllbl U,
MIPU JAOCTATOYHO BBICOKOW MHTEHCHUBHOCTH JIA3€PHOTO H3IIyYEHHS, 3TO
NPUBOJIUT K U3MEHEHHIO UCXOAHBIX XapaKTEPHCTHUK BellecTa: Gporoe-
CTPYKILMH, JIOKaJbHOMY Pa3orpeBy Cpelpl U Ap.

B nanHo# pabote mpeiaraeTcst HoBasi MeToiKa Bo30yxkaeHus: OJI
B yJIbTPAIUCIEPCHBIX cperax. MeToauKa OCHOBaHA Ha HCIOJIb30BAaHUH
CBETOBOJA ISl BBOAA BO30Y)KIAIOIIETO JIA3€PHOTO W3JIYYEHHUS B YIb-
TPaZUCIEPCHYIO CPEAy, MOMEIIAEMYI0 B METAJUINYECKYI0O MUHUPE30Ha-
TOPHYIO KIOBETY, M JOIMOJHUTENHBIX CBETOBOJIOB ISl BEIBOJA BTOPHY-
HOT0 M3JIy4eHHs U3 3TOH KioBeTol [2]. Ilpu 3TOM peanmzoBaH pexum
HECYHIECTBEHHOTO HArpeBaHMs BEUIECTBA JIA3€PHBIM M3IIyYEHUEM,
o0ecnevYnBaomuii BO3MOKHOCTh MHOTOKPATHBIX W3MEpPEeHHH 0e3 Je-
CTPYKIIUU 00pa3ia.

VYuerpaduoneroBoe m3nydenne A=266 HM (deTBepTas rapMOHHKA
Jasepa Ha aJIOMOUTTPHUEBOM I'paHaTe) OT Jia3epa HampaBiseTCs depes
COOMpAIoIIyI0 JIMH3Y B KIOBETY C HccieqyeMbIM BeniecTBoM. Jlazep pa-
0oTan ¢ 4acTOTOH ciemoBaHus UMITYIbcoB 12,5 I'n. JlnuTensHOCTE M-
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mynsca 30 mc. DHeprus m3mydeHHs B MMITyJIbce cocTaBmsuia 1 m/[xk.
AHaNM3UPyEeMBblid IIOPOIIOK MacCoi OKOJIO 8 MI' TOMEIaJCsl B KIOBETY.
®JI cobupaercs Ha BBIXOAE KIOBETHl C IIOMOIIBIO BOJOKOHHO-
OIITHYECKOTO CBETOBOJA M HANPABISIETCS HA BXOAHYIO IIETh CAMOIEITh-
HOT'O MHOTOKaHaJIbHOTO MUHHCIEKTpOMETpa [2], CBA3aHHOTO ¢ KOMIIb-
IOTEPOM.

Beimi M3ydeHsl HAHOMOPOIIKH aiMasa (CO CPeIHHM pa3sMepoM 4a-
cturl 0~4 HM), ¥ OKcHOa IMHKA (CO cpemHuM pasmepom uactuil d~90
HM). DKCIIEpUMEHTaIbHbIE WCCIEAOBAaHHUS MPOBOIWINCH NPU KOMHAT-
HOl Temmeparype.

Ha puc.1 nmpusenensr ciektpsr OJI HanomopomkoB ZnO (1) u anma-
3a (2) npu Bo30YXACHUN YITPAPHONIETOBBIM H3ITydeHHEeM (A=266 HM).
Kak BHIHO M3 pHCYHKa, CIICKTPBI 3THUX COCTUHEHHH OTIMYAIOTCS JPYT
OT JApyra WHTEHCUBHOCTHIO, QopMoOil W monoxeHueM. CrieKTpaibHas
UHTeHCUBHOCTh criekTpa @®JI ammazHoro mnopomka (A,~420 HM)
MEHBIIIE COOTBETCTBYIOIIEH HHTEHCUBHOCTH ZNO (Ay0=390 HM) mpH-
MepHO B 22 pa3a. MakcumyM (A, =390 HM) cniektpa @JI Haromopom-
koB ZNnO (kpuBas 1) cooTBeTCTBYET NojokeHUt0 3.0 mosockl U3 cepuit
MHOTO()OHOHHOM aHHUTHJISAIMK A-3KCUTOHOB [3].

I. rel.units 1

100+

340 380 420 A,nm

Puc. 1. Cnekrpsl ®JI HanonopomkoB ZnO (1) u anmasa (2) npu Bo30YkICHUH
yIbTpadruoaeTOBEIM U3ITydeHueM (A=266 Hm).

Criextp @®JI HaHonopolka anmasza MpeAcTaBiIseT coO0OH IIMPOKYIO
MOJIOCY C OIHUM MakCUMyMoM B oOnact 420 HM. DTOT MaKCUMyM MO-
XeT ObITh COOTHECEH ¢ M3BEeCTHOM mosiocor nedekra N3 B crekrpe
npUpoaHbIX anMa3oB [1]. Takue nedeKThl COCTOSAT U3 TPEX aTOMOB a30-
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Ta, 3aMECTHBIINX YIJIEPOJ B BEPIIMHAX HJICMEHTAPHOHN SUCHKH, U CBS-
3aHHBIX 100 ¢ OOLIMM aTOMOM YIJepoaa, 1100 ¢ oOwLIel BakaHCcHell.

Takum o6pa3om, nokazaHo, 4ro HaHonopomku ZnO u anmasa mpo-
SBIIAIOT JIIOMUHECLICHTHBIE CBOMCTBA, XapaKTepHBIE ISl KPYIMHBIX KpHU-
cTaJuloB. B TO e BpeMs yCTaHOBJIEHO, YTO HMEIOTCS OTpEJeICHHEIC
OTIMYMSI B TIOJIOKEHUU U (pOopME COOTBETCTBYIOMIMX CIEKTPAIbHBIX JU-
HUH JUT HAHOTIOPOIIIKOB ¥ KPYITHBIX MOHOKPHCTAJIJIOB.

PaGora BbIMONHEHA TIpH MOIJEPKKe ['OCYyTapCTBEHHBIX Hay4HO-
TexHu4Yeckux nporpamm PY3 (mpoektsr OT-D2-67, A-3-113).
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YETBIPEXBOJIHOBOE B3AVMMO/IEVICTBHE B ITPO3PAY-
HOU HAHO’)KUJKOCTU B CXEME C IIOITYTHBIMMU BO.I-
HAMMUN HAKAYKHU

Casenves M.B. 1, Heaxnux B.B.
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[Mony4eHue BOJHBI C OOpaleHHBIM BOITHOBBIM GporToM (OB®) mpu
YeTHIPEXBOJTHOBOM B3aWMOJICHCTBUH MO3BOJISIET B pealbHOM Maciitade
BpPEMEHH CKOMIIEHCHUPOBATh (ha30BbIe MCKAXKEHHS, BOSHUKAIOLIME MPU
MIPOXOXKIECHUH U3IIyYEHUS Yepe3 ONTHIECKA HEOJHOPOIHYIO CPELy.

K HacrosmeMy BpeMeHH B cxeMaxX Kak CO BCTPEUHBIMH, TaK U C IO-
MYTHBIMH BOJIHAMHM HAKa4yKH JOCTaTOYHO IMOJIPOOHO HCCIlIe0BaHA Mpo-
CTpaHCTBEHHAas! CTPYKTypa BoiaHbl ¢ OB® npu 4eThipexBOIHOBOM B3aHU-
MOJICUCTBUU B CpPEJax C KEPPOBCKOM, TEIJIOBOM, PE30HAHCHOW HEJU-
HeitHocTsmU [1]. IIpo3paunble ABYXKOMIIOHEHTHBIE Cpenibl (CyCIIeH3HH,
KOJIJIOMJIHBIE PacTBOPHI M MP.), KOTOPbIE aKTUBHO HMCCIEAYIOTCS B IIO-
CJIEJTHUE TOJIbI, TO3BOJISIOT PEATU30BBIBATH MPOIIECC YETHIPEXBOIHOBOTO
B3aMMOJECHUCTBUS C YYETOM HECKOJIBKMX MEXaHW3MOB HEJTUHEHMHOCTH
(amextpocTpukimu, audQy3nu HaHOYACTHI] B KHUIKOCTH, IPPEKTOB
Cope u Hrodypa u T.1.) UCTIONB3Ys MUPOKUM KJIacC JIa3€PHBIX HCTOY-
HUKOB, B CXEME CO BCTPEYHBIMH BOJHAMH HAaKaykd OCYIIECTBISTH
(GWIBTpaMI0 BBICOKUX NMPOCTPAHCTBEHHBIX YAaCTOT Majaromiel BOJHBI
[2, 3].

Lenpto paboOTHI SIBISICTCS aHA W3 IMPOCTPAHCTBEHHOW CTPYKTYPHI
BosTHBI ¢ OB® 1pH BRIPOXKAEHHOM YETHIPEXBOITHOBOM B3aUMOICHCTBUHI
B NPO3PAaYHON HAHOXHJIKOCTH B CXEME C MOIYTHBIMHM BOJHAMM HaKau-
KH.

B kadecTBe HENMHENHON Cpelbl PACCMOTPEH IIJIOCKUI CIOW ONTHYE-
CKU TPO3PAaYHON HAHOKHMIKOCTH (KHIKOCTH, COJAEpKallell HaHOYacTH-
bl C IUIOTHOCTBIO OJNM3KOHM K MJIOTHOCTH XHUAKocTH). Ilox neiictBuem
M3IYYeHHSI C MEHSIONIeNCS B MPOCTPAHCTBE WHTEHCHBHOCTBIO B CpEle
BO3HHMKAET MOTOK KOHIEHTpanuu Hanoudactul. Jddext Hrodypa npu-
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BOJIUT K U3MEHEHHUIO TEeMIIEPATyphl, K HABEIEHUIO B HEIMHEHHOU cpefie
pELIEeTKH NoKa3aTeNs MpeIoMIICHHUS.

B npubnimkeHny MIOCKUX BOJH HAKa4KH, B NPUOIMKEHHH Maloro
kod(urrerTa MpeodpazoBaHus MPHU KBA3ZWKOJLIMHEAPHONH T'€OMETPHUH
pacnpocTpaHEeHHs BOJH MOMY4YEHBI aHAJTUTHUUYECKUE BBIPAKEHUS, OIHO-
3HaYyHO CBSA3BIBAIOIINE BPEMEHHYIO 3aBUCHMOCTH MPOCTPAHCTBEHHOTO
crrekTpa BorHB ¢ OB® ¢ BpeMeHHOH 3aBUCUMOCTBIO TIPOCTPAHCTBEHHO-
r0 CIIEKTpa Majiaronieil BOJIHBI Ha 3aJJHEW IpaHu HEJTUHEHHOTO CIOsl.

IIpu MozenupoBaHMU NaAAOLIEN BOJHBI BOJHOW OT TOYEUHOTO HC-
TOYHWKA, PACIOJIOKEHHOTO Ha TMEepeqHell T'paHU HETMHEWHOTO CJOfA, B
MapaKkCHaJIbHOM TMPHUOIIKEHUN TOKa3aHO, YTO Ha MPOCTPAHCTBEHHBIX
9YacTOTaxX BOJIH HaKayky B NMPOCTPAHCTBEHHOM crieKTpe BoJHBI ¢ OB®D
BO3HHKAIOT MpoBaiikl (puc. 1). Bpems ux o0pa3oBaHus MPEBHIIACT Bpe-
MsI 00pa3oBaHUsl CTPYKTYphI CHEKTPa Ha BBICOKHX MPOCTPAaHCTBEHHBIX
4acTOTaX, KOTOpas COBIAJAeT C BHJOM IPOCTPAHCTBEHHOTO CIIEKTpa B
CJIy4ae YeThIPEXBOJHOBOTO B3aMMOJIEHCTBUS B Cpefie C KepPOBCKOIl He-
TUHEHHOCTHIO [1]. YBenmnueHne yriia MexxJy BOJIHAMH HaKadKWd MPHBO-
IUT K YMEHBIICHUIO BUIHOCTH W IIWPHHBI MIPOBAJOB, OTCUNTHIBAEMOI
110 ITIOJIOBHUHE FJIy6I/IHI>I ITPOBAJIOB. C TeyeHueM BPEMCHU BUIHOCTH IIPO-
Baja yBEJIUYMBAETCH.

2

1.5

A MInHTYOA, OTH.EX.

0 1 1 1 1 |
-3 -2 -1 1] 1 2 3

TpocTpancremsmat wmerora <107, oot
Puc.1. IIpoctpancTBeHHBIN criekTp BoHEI ¢ OB® mpu yriax majeHus BOIH
nakauku 0.01 pax, TommmHa cpensl 1 MM, THHA BOJIHBI m3iaydeHus 0.53 Mkm

BpeMms BbIXxozma aMIUIMTYBI IPOCTPAHCTBEHHOI'O CIEKTPA BOJIHBI C
oOpanieHHbIM BOJIHOBBIM (DPOHTOM Ha TMPOCTPAHCTBEHHBIX YacTOTaX
BOJIH HaKaudkd (MIPOBAJIOB) HAa YCTAHOBUBIIIEECS 3HAUEHNE YMEHbBIIACTCS
C POCTOM yIJIa MEXAY BOJIHAMHM HAKAYKU U YBEIUYUBAETCA C POCTOM
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napamerpa CpvD,o/Diy (Tae C, — yaesbHast TeII0eMKOCTb, V — INIOTHOCTh
BemiecTBa, Dy; u Dy — xoaddunmenTs! tuddy3un 1 TermI0NpOBOTHOCTH
COOTBETCTBEHHO).

Jnst ycraHOBHBIIIETOCsl pekKMMa B MPUOIIKEHUN OOTBIINX KOdphU-
UEHTOB MPeoOpa3oBaHusl MOJyYeHa CUCTeMa CBsI3aHHbIX AuddepeHu-
ANBHBIX YPABHCHUW TPETHErO IMOPSIKA JUIS MPOCTPAHCTBEHHBIX CIICK-
TPOB MaAarOIIeH BOIHBI U BOJHEI ¢ OBD.
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INEPEHOC SHEPI'MU DKCUTOHHOI'O BO3BYKJEHUA B
OPTAHUYECKOM CBETOM3JIYYAIOILIEM JIMOJAE HA OC-
HOBE HAHOIIJIACTHH CdSe

Cenwkog A. C.l'z, Bawenko A.A.l’z, Bacunves P.b. 3, Kypoukun H.C.*?,
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B Hacrosimee Bpemst akTyalbHOU sBISIETCS 3aj1a4a pa3paboTKu pas-
JIMYHBIX ONTO3IEKTPOHHBIX U (POTOHHBIX YCTPOHCTB HOBOT'O MOKOJIECHHUSL.
OpanM n3 Hauboee TMHAMIYHO Pa3BUBAIOIINXCS HAIPABICHUN B 3TOM
00acTH SIBJISIETCS. M3TOTOBJICHUE OPTaHUYECKUX CBETOHM3IYYArOIIUX
nmuonioB (OLED). HoBbIM miepCrieKTUBHBIM MAaTEPHAIIOM ISl U3TOTOBIIE-
Hust rubpuaaeix OLED sBisiroTcs TutaHapHbBIE TMOMYITPOBOJHUKOBEIC
HaHokpHcTauibl (HaHnoracTuHbl, NPLS) CdSe [1]. DTi HaHOKpUCTALIBI
00J1a/1a10T MCKIIFOUUTEIILHO Y3KOW TOJ0CON MEXK30HHOHM JTFOMHUHECIICH-
mun (FWHM~10 HM) ¥ ManbIM BpeMeHeM pelakcalliy 3JIEKTPOHHOTO
B030yxaeHus (~10 HC), TOJIIMHA TAaKUX HAHOYACTHUI[ B MPOIECCE CHUH-
Te3a KOHTPOIUPYETCS C TOYHOCTHIO JI0 OJTHOT'O aTOMHOTO CJIOSI.

Llenpro HacTosimeil paboThI SIBISUIOCH HCCIENOBAaHHE OCOOEHHOCTEH
nepeHoca 3JeKTPOHHOTO Bo30ykaeHus: oT goHopoB (D, TpancnopTHble
ciou TPD u TAZ) x akuentopy (A, akTUBHBIA H3Ty4aloOUINi cloi u3
Hanortactud  CdSe) B rubpumaom NPL-OLED co crpykrypoii:
ITO/PEDOT:PSS/TPD/NPLs/TAZ/AI, usrotosnensom B [1].

CKopocTh pEe30HAHCHOM Mepeaayu SHEPTHH 3KCUTOHHOTO BO30YKIe-
HUSI OT OPTaHUYECKOW MOJIEKYJIBI IJIOTHOYNIAKOBAHHOMY MOHOCIIOIO Ha-
HOYACTHII BEIPAXKAETCs CIEIYIOMUM 00pazom [2]:

1 1
-(* 1)

I7ie T — BpeMsl )KU3HH BO30YKICHHOTO COCTOSIHUSI MOJIEKYJI-I0HOPOB,
omnpeneraeHHoe dKcmepuMeHTanbHo st TAZ (1= 1.5 uc) u TPD (1= 0.5
HC), | — paccTosiHEe OT OMMHOYHOTO JOHOPA JI0 IIOCKOCTH MOHOCIIOS
HaHoYacTHL, |z — XapakTepHoe paccTosHUE (KpUTHYECKas JJIMHA), Ha
KOTOPOM CITOHTAaHHAs peJlaKkcalialisi MOJIEKYII-IOHOPOB U pe30HaHCHAs
nepeaaya dHEPruy Ha aKIEeNnTOPbl PaBHOBEPOSTHBL. J[JIsl MIIOTHOYMAKO-
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BOHHOTO 1051 HaHouacTHIL |e=Re>/hye ™, e hyp, = dypL + loa — 20-
(heKTHUBHAs TOJIIIMHA HAHOIMOJACTUHBI, KOTOpas CKJIaIbIBACTCS M3 TOJI-
[IMHBI TTOAYIPOBOAHUKOBON HAHOYACTUIIBI Oyp. = 1.2 HM M JUTHHBI JIH-
ranaa (0JenHOBO# KHCIOTHI) lop = 2.5 HM. DepcTepoBckuii paauyc Re,
XapakTepu3yIui paccrosiaue 3Q(PEKTUBHON Nepenadyn SHEPruu BO3-
OyXJICHUSI OT OPraHUYECKON MOJICKYJIbI OIMHOYHOM HaHOYacTule [2]:

RE = == [ Fy(No,WA2dh  (2)

32m*

rae C — CKOpoCTh CBeTa, N — MoKa3aTelb MpeaoMieHus cpeanl (N =
1.7), oa(4) — ceueHME TIOTJIOIIEHUS CBETA IS OJAMHOYHON HAHOILIACTH-
HBl (akuenropa), Fp(4) — HOpMUpPOBaHHBIN CIIEKTP (POTOMIOMUHECIICH-
[IUU OPTaHUIECKOIN MOJIEKYIBI (IOHOPA).

B npenmnonoskeHny, YTO HAHOIUIACTHHBI NIPU HAHECEHUH OOPa3yloT
TUIOTHOYIaKOBaHHBIN MOHOCITON B cocTaBe cTpyKTypsl OLED u nexar
TOPU30HTAIBHO, OBUTH MONYYEHBI 3aBUCHMOCTH XapaKTEPHOW CKOPOCTH
K mepenmaun skCHTOHHOTO BO30YkaeHus: oT Monekyn 1PD u TAZ crioro
HaHoracTiH CdSe a1 MHTepBaia pacCTOSIHUN MEKIy JOHOPOM U aK-
HEnTOpoM B mpenenax ot loa 0 lp. s KpuTHUYECKOTO 3HAYCHHS pac-
CTOSIHHSI MEK/y JTOHOPOM M akKIenTopoM |=Ig 3Tu ckopocTu cocTaBuiiu
KTPD-CdSe = 19109 C_l n KTAZ-CdSe = 67108 C_l.

Takum 00pa3om, ObLIO TIOKA3aHO, YTO MPU YCIOBUH PaBHOYAAJICHHO-
CTH MOJICKYJI-IIOHOPOB OT ciiosi HaHotuiactuH CdSe, nepenaya sHEpriu
SKCUTOHHOTO BO30YyxaeHus oT 1PD atomy cnoro sBisiercss 6ornee 3¢h-
¢dexTrBHON. [laHHBINH pe3ynbTaT O0OYCIOBIICH MEHBIINM BPEMEHEM pe-
JIaKCcaluu BO30YKJIEHHOTO COCTOSIHUS Juisi Mosiekyl TPD u Gornbmim
WHTETPAJIOM TEePEeKPHITHS KPUBBIX (oTomoMuHecteHmu 1PD u mo-
IJIOLIEHNSI HAaHOIUIACTHH, HEXelIn 4eM B ciaydae TAZ. [lonmyuyeHHsle B
paboTe pe3yNnbTaThl IOMOTYT B JIAIbHEHIIIEM ONTHMU3UPOBATH CTPYKTY-
pu1 TubpunHaEIx OLED.

TexHomornyeckast 4actb pabOTHI BBIITOHEHA MPH noaepkke PHO,
npoekT Nel5-19-00205, Teopetnueckas yactb pabothl moasepxkana Co-
BeToM 1o TpanTam [Ipesunenta PD, npoext MK-7514.2015.2, usmepe-
HUSI BpEMEH JKU3HU BO30YKAEHHOTO COCTOSIHUS MOJIEKYJI-IOHOPOB MPO-
BEJICHBI NpHU nojepxkke ctunenauu [lpesunenra PO.

Jlutepatypa
1. A.C. CemokoB, A.I'. Buryxunosckuii, B.C. Jlebenes, A.A. Ba-
IICHKO U JAP. «DJIEKTPOJIOMHUHECIEHIIUS KOJLIOUIHBIX KBA3UIBYMEPHBIX
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HOJTYTIPOBOAHUKOBBIX HAaHOCTPYKTYp CdSe B ruOpuaHOM CBETOM3ITyYa-
tomem auone. KOTD. T.147. Ned. C.687-701 (2015).

2. A.A. Bamenko, B.C. Jlebene, A.I'. BuryxHoBckuiéi u np.
«INEeKTPOTIOMHHECTICHIINST KBaHTOBEIX Touek CdSe/CdS m mepeHoc
SHEPrHH 3KCUTOHHOI'O BO30YKACHHS B OPraHUYECKOM CBETOM3ITyYaro-
meM auozney. [Tucema B XKOTD. T.96. Ne2. C.118-122 (2012).
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OOTOJIOMUHECHEHIIUA IIVIAHAPHBIX HAHOKPU-
CTAJIJIOB CdTe BO BHEITHEM DJIEKTPUYECKOM IOJIE

Conoseii B.P.", Centoxoe A.C."?, Bumyxnoeckuii A3
Bacunves P.b. 4, Jlazapesa E.IL*

"Mocroscruii @usurxo-mexnuyecxkuu uncmumym (I'Y), Honeonpyonvuii
2@I'BYH Dusuueckuii uncmumym um. I11.H. Jlebeoeea PAH, Mockea
S Hayuonansuwlii uccnedosamensexuii sa0epHulil yHueepcumem « MUDH »,
Mockea
4<DHM, MI'Y um. M.B. Jlomonocosa, Mockea
Ten. 8-985-680-23-16, e-mail: valentinsr@mail.ru

OnHuM M3 NMEepPCHEeKTHUBHBIX MaTepUaNOB JJsl U3TOTOBJIEHHUS OITO-
3JIEKTPOHHBIX Y HAHO()OTOHHBIX YCTPOMCTB SIBJISIIOTCS] KOJIJIOUAHBIE T10-
JYIPOBOAHUKOBBIC HAHOKPHUCTAILIBI HA OCHOBE XaJIbKOT€HUIOB KaJMHUsl.
OTU HaHOYACTHUIBI 00NAaar0T PSIOM TMPHUBIEKATEIBHBIX ONTHYECKUX
CBOMCTB, TaKMX KakK y3KH€ JIMHUM JIIOMMHECLEHIIMM, Majble BpeMeHa
penakcanyy JIOMUHECHEHIMH U BBICOKas CTaOMIBHOCTH MOJ BO3IEH-
CTBHEM BHEHIHUX (PakTopoB. He cMOTps Ha ToO, YTO CylIecTBYeT JOCTa-
TOYHOE YHUCIIO MyOJIMKAINiA, TTOCBSINEHHBIX M3TOTOBJICHHIO YCTPOHCTB
Ha OCHOBE ITOJIyTIPOBOIHUKOBBIX HAHOKPHUCTAILIOB [1,2], BIusHUE DIeK-
TPUYECKOTO MOJISI HA UX CBOMCTBAa PAacCMOTPEHO HE JOCTATOYHO IIO-
JIPOOHO.

Ilenpto maHHOW pabOTHI ABISUIOCH HM3YyYCHHE JIFOMUHECIICHTHBIX
CBOMCTB TutaHapHbIX HaHokpuctauioB CdTe (manomaactuubl, NPLS)
MIPHU ONITHYECKOM BO30YXACHUU IMOJ BO3JIEHCTBHEM BHEIIHETO 3JIEKTPHU-
YEeCKOro mous. i 3TOro HaHOKPUCTAIUTBI B AMIIEKTPUIECKON MaTpHUIIe
(mONMUCTHPOIT) MOMELIATUCh MEKAY ABYMS CTEKIAMU C HAHECEHHBIM Ha
Hux cioeMm ITO (okcun WHIUSA-0JI0BA), BEICTYIABIIAM B PO AJIEKTPHU-
4yecKoro KoHTakTa. I1o Topuam cTékiia CKIEHBAIMCH IIPO3PAaYHbIM 3I10K-
CHJIHBIM KJIeeM. XapaKTepHas TOJIIMHA MOJTYy4eHHOro obpasia cocTas-
nsna nopsaka 100 mxM. Mcnonb3oBaHne MaTpuibsl M3 MOJIMCTHPOIA
MO3BOJISIIIO U30€XKaTh WM B 3HAYUTENILHOW CTENIEHW CHHU3UThH MPUOOpe-
TEHHE HAHOYACTHUIAMH JJIEKTPHUYECKOTO 3apsija M paccMaTpHUBaTh HC-
KIIIOUMTENBHO BIIMSHUE BHELIHETO 3JEKTPUYECKOrO IOJII Ha MX CBOM-
crBa [3].
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Hns wanorutactud CdSe mpu ontuyeckoMm Bo30ykaeHun 3.06 5B
ObUIM TONYYEHBI CIEKTPbl (OTOJFOMHUHECHEHIMH B TPHIOKCHHOM
BHEIIIHEM 3JIEKTPHUYECKOM Tose. M3mepeHus mpoBOIUINCH MPH MOcie-
JIOBATEIIFHOM TIOBBIICHNH BenndauHb! oyt ¢ 0 go 40 kB /cM ¢ uHTEp-
BajioM 10 xB/cM u mocnenyromem e€ nmonmwkenuu a0 5 kB/cm. OOHapy-
JKEHO, YTO B CIEKTpe (OTOIFOMHHECIEHIMH NPUCYTCTBYIOT IMOJOCHI,
COOTBETCTBYIOIIME HAHOIUIACTHHAM ABYX Pa3IMYHBIX TOJIIMH C MaKCHU-
MyMaMH JIFOMHHECHIeHITH Ha 2.47 u 2.23 5B, a Taxke HeOONIbIION MUK
Ha 2.38 5B, KOTOpBIH MPEAMOIOKUTEIHHO CBSI3aH C KBAaHTOBBIMH TOY-
kamu CdTe, mmpokas momoca B 00JIACTH MEHBIINX SHEPTHM COOTBET-
CTByeT mroMuHeceHnnu aedextoB. s ocHoBHOTO TKa 2.47 3B, 00y-
CIIOBJICHHOTO MEK30HHOW IIOMUHECIHECHIIMEeH Oojiee TOHKMX HaHOILIA-
CTHUH, H36HIOI12UIOCB CHMKCHUC MAaKCUMyMa JIIOMUHCCUCHIMU W HHTC-
rpanbHOM WHTEHCHBHOCTU NHKa Ha 13% mpH MOBBILIEHUH MOJS, MPH
3TOM IIPH €0 MOHWKEHUN YMEHBLICHNE 3TUX BEJIMYUH COCTABUIIO BCETO
2%. 3aBHUCUMOCTH MaKCUMyMa MHTEHCUBHOCTH M MHTETPaJIbHON MHTCH-
CHUBHOCTH OT IIOJI MPaKTUYECKH MAEHTHYHBI. Kpome Toro, mpu yMeHsb-
IIEHUW BHEIIHETO IoJsl, (hopmMa BCEro crekrpa (OTOTIOMHUHECHEHINN
OCTaBaach MPAKTUUECKH HEU3MEHHOW. JlaHHBIN pe3yJIbTaT II0Ka3bIBaET,
YTO OCHOBHBIM q)aKTOpOM BbBI3bIBAIOIUM TYIICHUC JIFOMUHCCHCHIIMU B
HallleM 3KCIIEPUMEHTE SIBJISIETCS UMEHHO BIIMSHHUE BHEIIHETO 3JIEKTpH-
YeCKOro moJjsi, a He dotoaerpanaius. HaOnromaemMoe TylIeHUE JTIOMHU-
HECILIEHIIUHA MOYKET OBITh OOBSICHEHO 3a CUET JUCCOIMAIMU DKCUTOHOB B
HAHOIUIACTHHAX, TO €CTh YAAJECHHUS 3JIEKTPOHA U JIBIPKH Ha PacCcTOSHUE,
Oonpliee GOPOBCKOTO pajguyca 3KCHTOHA MOJ JACHCTBUEM BHELIHETO
3JIEKTPUYECKOTO IOJIS M Pa3pyLIEHUs 3JIEKTPOH-IbIPOYHON napsl. 1Ipu-
MeuaTeNbHO, YTO B HallleM 3KCIIEpUMEHTE He HaOoaoch U3MEHEHHE
HIMPUHBI OCHOBHOT'O MHKa MEX30HHOH JIFOMHHECLIEHIIMN Ha IOJYBbICO-
Te, KOTOpas Bceraa cocrapisuia mopsaka 50 M3B. Oror dakT ceuue-
TECJIBCTBYET O TOM, YTO HAHOIUIACTHUHEBI B 06pa3ue OPUCHTUPOBAHBLI 10-
CTaTOYHO MPOM3BOJBHBIM 00pa3oM. Taxke OOHAPYXKEHO CHUIIBHOE TY-
HICHUE JIFOMUHECIICHIIHU JIE)EKTOB, KOTOPOE CBSI3aHO C OMYCTOIIECHHEM
HCFHY6OKI/IX JIOBYHICK I10J BO321€I>'ICTBI/IGM BHCHIHETO J3JICKTPUYCCKOI'O
OJISL.

[lonmy4yeHHBIe pe3yNbTaThl MOTYT OKa3aThCsl MOJE3HBIMH IJISi O0BsIC-
HEHUS MEXaHW3MOB BO30Y)KICHHSI U PEIaKCaIlii JTIOMUHECIICHIINY TITa-
HapHBIX  HAHOKPUCTAJIOB B  COCTaBe THUOPUIOHBIX  OpraHo-
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HEOPraHWYECKUX CBETOM3IYYAOIIUX AWOAOB M MOTYT IOMOYb HaWTH
CHOCOOBI MOBBILIEHUS UX 3P (EKTUBHOCTH.

TexHonornyeckas 4actb pabOTHI BBIMIOJIHEHA Mpu noanaepxke PHO,
mpoexkt Nel5-19-00205, usmepeHus CHEKTPOB (HOTOIFOMHHECIICHIIUH
MPOBEJICHBI NP (UHAHCOBOW MO Iepkke TpaHTOB PODU Ne 16-02-
00594 A u 15-02-07777 A.

Jlureparypa

3. A.A. Bamenko, B.C. Jlebener, A.I'. BuryxHoBckuii u mp.
«INEeKTPOTIOMHHECTICHIINST KBaHTOBEIX Touek CdSe/CdS m mepeHoc
SHEPTUU SKCUTOHHOTO BO30OYXKICHHS B OPraHHYECKOM CBETOHM3IyYaro-
meM auoje». [Tucema B KKOT®. T.96. Ne2. C.118-122 (2012).

4. A.A. Bamenko, A.I'. Butyxnosckuii, B.C. Jlebenes u np. «Op-
TAaHWYECKUH CBETOM3IYYAIONIMHA U0 Ha OCHOBE TUIOCKOTO CIIOS TONY-
NPOBOTHUKOBBIX HaHOMIaCTHHOK CASe B kauecTBe smutTepay. [luchma
B XKOT®. T.100. Ne2. C.94-98 (2014).

5. D. Bozyigit, O. Yarema, and V. Wood. “Origins of Low Quan-
tum Efficiencies in Quantum Dot LEDs”. Advanced Functional Materi-
als. T.23. Ne.24. C.3024-3029 (2013).
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CBY PA3PSA B UMCTOYHUKE HOHOB BOJOPOJIA

Cmenanos /I.C., I'opoynose M.A., Hebomapes A.B., llIxonvnukoe 3.4.

HUAY MUDU, 2. Mockea
8-903-012-31-58, DSStepanov@mephi.ru

Bri6op padouero pexxuma CBY nctoynrka HOHOB BOAOPOAA SBIACT-
Csl KIIIOYEBBIM BOIPOCOM, OMPEACISIOMUM 3PPEKTUBHOCTh AaHHOTO
YCTPOMCTBA, HO T.K. 33/1a4a O IUIa3Me B BBICOKOYACTOTHOM IIOJI€ B Pe30-
HaTope SBJISICTCS HEMMHEWHOM, a caMa IIa3Ma He BCerja cTabuibHa, TO
HEOOXOMMO ONPEICIIUTh, MEXaHU3Mbl BIUsAHUS a3Mbl CBY paspsina
Ha pa0oTy pe3oHaTopa.

OcHoBHbIM cneactBueM Hannuusi CBY paspsina B pe3oHaTtope siBiisi-
eTcsl YMCHBIICHHE JOOPOTHOCTH MOCJETHEro, YTO BIEYET 3a co0oi
YMEHbBILIEHUS] HaNpsHKEeHHOCTH 3JIEKTPUYECKOro moss B miasme. Jlis
aHanm3a 3Toro 3¢ddexra paccMOTpUM MPU3MATHUYECKUI pe30HATOpP HA
Buje KosieOanmii Hip Ha wacrore 2.45 I'T'u. B pexuMe 3JICKTPOHHO-
HUKI0TpoHHOTO pe3oHaHca (OLIP). [lns BeisicHenus Biausaug CBY pas-
psiza Ha BEJIWYMHY TOJIEH B PE30HATOPE BBIUUCIUM AUDICKTPUUECKYIO
NPOHHULAEMOCTD IIJIa3Mbl g(a))

Kak M3BECTHO IIOTHOCTH TOKA J B IIa3M€ MOJ BO3IEHCTBUEM IIEpE-

MEHHOT'0 JICKTPUUECKOTO TOJIsI E BBIpaXKaeTcs Kak:
j =—iaP = -iws,(s(w)-1)E (1)
KoMITOHEHTBI TOKa jy U j; MOTYT OBITh HalIEHBI U3 TPACKTOPHOMN MO-
nemu CBY paspsna [1], Tak uro
D -0t +v?) oo’ +of +v?)

£y =1- 2 — 2
(a)z—a)f —vz) +4v2w? a)((a)z—a)f—vz) +4v2a)2)
)
2 2 2 2 2
20 v, . a)pa)L(a) -, -V )
g,y =1- +1

zy 2 2
(a)2 -} —v2) + 470 co((a)z N —vz) +4v2a)2)
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3J1€Ch @, — JJapMOpPOBCKas 4acCToOTa, V — 4acToTa ynpyrux CTOJKHOBE-

HUI OJICKTPOHOB B IJIa3MC, a)p — IINTa3MCHHasi 4aCToTa.

MakcuMaabHOC ICKTPHYCCKOC
7 3
nosie B pezoHarope, B/em 10°

0 100 200 300 400 500

Momxocts CBY BostHEI Ha
BXOZC B pe3oHaTop, B

1. y=8+*107, 6 =700 Cm/nm, 2. y=10°% 6 =9 Cm/m,
3. v=10°%6=0,9Cm/™, 4 y=10% 6 =0,1 Cm/m,
5. Pe3onarop 0e3 maa3mer

Puc.1. 3aBuCUMOCTD BETMUNHBI MAKCUMAJILHOTO 3JIEKTPUYECKOTO TOJISI B pe30Ha-
TOpe OT MOIIHOCTH najarorieit CBY-BomHbI
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Puc.2. 3aBuCHMOCTh IPOBOAMMOCTH TIa3MBI B PE30HATOPE OT CTEHEHN OJIM30CTH
k DLP
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Jlist mosTydeHust 3aBUCUMOCTH JICKTPUIECKUX TIOJICH B pe30HATOPE C
ra3opaspsaHoi masmMoi ObuT ncnonb3oBad maker CST Microwave Stu-
dio. B ciy4ae pacyéToB ¢ MmIa3MEHHBIM MPUCYTCTBUEM MPEIBAPUTETHHO
OTpECIIach JIOKAIMU3ANUS IUIa3Mbl U €€ SJICKTpUYecKas MpPOBOIU-
MocTh. Ha puc. 1 mpencraBieHbl 3aBUCHMOCTH MaKCHMAaTbHBIX 3JICK-
TPUYECKHUX TIOJIEM B pe30HATOpPE OT MOIIHOCTH Majaaroiied BojHbl. Ila-
pPaMEeTPOM Y KPHBBIX SIBIISICTCS BEJIMUMHA ¥ , KOTOPYIO MOKHO HA3BaTh

PE30HAHCHBIM KO (UIMEHTOM, XapaKTepU3YIOLIUM OCTPOTY pe30-
HaHCHOW 3aBUCHMOCTH 3HEPI'MH, NEPEAaBaeMON 3JIEKTPOHAM IUIA3MBI
npu OIIP. T.k. anekTpuyeckas NPOBOAMMOCTb O CBs3aHa C ), TO

MOYKHO CYHTATh, YTO MApaMETPOM y KPUBBIX  pHUC. 1 MOXKET SBIATHCS
takke U O . [Ipn puxcupoBanHoit moutHocTH P CBY BONHEI Ha BXOJIE B
PE30HATOP MPOUCXOAUT MaJIEHUE AMIUIUTYAbI 3JIEKTPUYECKOTO MOJs B
HeM 1o Mepe nmpudmmkeHust k I[P, aTto u nemoncTpupyert puc. 1. 310
CBSI3aHO C TE€M, 4YTO BCE OONblIEe HEPrUM MOCTYMNAOLICH B PE30HATOP
TIOTJIONIAETCS Pa3psAAHON MIa3MOM M Bce MEHbINE YXOIUT B HaKOILIe-
Hue. OO0 3TOM TakKe CBUAETENBCTBYET M POCT MPOBOAMMOCTH IJIa3MBI
(puc. 2). 910 006CTOATENHCTBO CBUACTEILCTBYET O HEI(D(HEKTUBHOM pe-
JKUMe HapaOOTKH MOHOB JUISl UX MCIIOJh30BaHUS B HEMTPOHHOM reHepa-
tope npu D[P u HenocpeacTBEeHHO BOJIM3M HEro, TOrAa MPaKTHYECKU
Bcsi CBY 3Heprust yxoauT Ha pa3orpeB BCEX KOMIIOHEHTOB ILIa3MBl.

Cnucox UCTONIb30BaHHOM JIUTEPATYpPhI

1. BJL T'ma30ypr, A.A. Pyxamze. BomHbpl B MarHWTOAaKTHBHOM
mwia3me. Mocksa, Hayka, 1975, c. 254.
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KOHTPOJIb PACTIPEJIEJIEHMST YACTHIL BHEDJIEKTPO/I-
HOM IJTA3MbI 10 CEYEHHUIO EE IOTOKA METOJI0OM
HU30THYTOM MOJIOCTHU

Cmonobunckuit /I.B., Konnakoe B.A., Kpuueeckuii C.B.,
Mapkywiun M.A.

Camapcruii 20cy0apcmeenHblll adPOKOCMUYECKUll yHugepcumenm
umenu axkademuxa C.I1. Koponesa (hayuonansbHulil ucciedosamenbckull
yrusepcumem), Camapa
menegon:89277275413
e-mail:Denver7074@yandex.ru

l"azopaspsinHas miazmMa MHUPOKO UCIONB3YeTCsl pU (OPMHUPOBAHUH
Ha MOBEPXHOCTH MAaTEpUaJIOB ONTHYECKOTr0 MUKpOpenbeda, TOMOIOTHH
TOHKOIIJIEHOYHBIX CTPYKTYp, OUHMCTKH TOBEPXHOCTHU TOJUIOKEK U Jp.
[1]. 3apspkeHHBIC YacTHIIBI TUTa3Mbl, B3aUMOJICHCTBYSI ¢ 0OpabaThiBac-
MO TMOBEPXHOCTBHIO, OKa3bIBAET 3HAYUTEIBHOE BIMSIHUE HA MapaMeTpsl
U XapaKTEPUCTUKU (GOPMUPYEMBIX 31eMEHTOB. [103TOMy B I1a3MEHHBIX
TEXHOJIOTHSIX aKTyaJIbHON MPOOJIeMOH SBISETCS KOHTPOJIb pacipe/iene-
HUS 4acTUI IJIa3Mbl 110 CEYEHHI0 NoToka. KoHCTpykuuu, ncnonb3ye-
Mble ISl peleHnst Takol 3amaun [2,3], 006nagaoT HEKOTOPBIMH HEI0-
CTaTKaMH: YMEHBIIIEHHE TOYHOCTH MU3MEpPSIeMOro napaMerpa MpH B3au-
MOJICHCTBUM KOHCTPYKIIUH C TIOTOKOM SJIEKTPOHOB MIJIM HOHOB M HE0O-
XOAUMOCTh O0ECIeYeHUsI BOCTIPOM3BOIMMOCTH I0JIy4aeMbIX Pe3yibTa-
TOB. YCTpaHEHHE TaKHWX HEIOCTATKOB IPHUBOIUT K 3HAYUTEIBHOMY
YCIIOKHEHUIO KOHCTPYKIIHH.

DopMrpoBaHHE BHEAIEKTPOJHOTO T'a30BOr0O paspsiia OCYIIEeCTBIISET-
csi 3a IpenenaMu AJIEKTPOAOB ycTpoiictBa [4,5], BBHUAY 4Yero MOTOK
TUTa3Mbl HE TPHUBOJUT K H3MEHEHHUIO MapaMeTpoB HM3MEPUTENILHOTO
ycTpoiictBa. Vcmonb3ys 3Ty 0COOEHHOCTh BHEAIEKTPOIHOTO T'a30BOTO
paspsna, npeularaeTcsi yCTpouCTBO, OCYIIECTBISIONIEE YUCICHHBIE U3-
MEpeHHUs TUIOTHOCTH TOKa B JIIO0OW TOYKE CEYeHHS MOTOKa IIa3Mbl 0e3
HapyIIeHUs peXrMa BaKkyyMa B paboueil kamepe B eIMHOM TEXHOJIOTH-
yecKkoM Iukie. Cxema KOHCTPYKIMHM TaKOTro yCTpOMCTBa MpeCcTaBiIeHa
Ha puc.l.

OKCTIepUMEHTaIbHBIE UCCIEAOBAaHUS ITUIOTHOCTH TOKa 3apsKEHHBIX
YacTUl METOAOM H30THYTOW IOJIOCTH TMOKa3aiu ero 3()(eKTUBHOCTDH
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NpU TIPOBEJCHUU KOHTPOIIS pacCTpe/eNeHus] 3apsHKEHHBIX YaCTHIl IO
CEYCHHUIO IIa3MEHHOrO 1moroka. CpaBHUTENBHBIN aHAIHW3 C aHAJIOTHY-
HBIMH TIOKa3aHUSIMH, TIOJTYYCHHBIMH METOJIOM KOJIIeKTOpa [3], mokasan
WX TOJIHYI0 UICHTHYHOCTb, YTO CBUJICTEILCTBYET O JIOCTOBEPHOCTH H3-
MEpSIEMBIX MapaMETPOB PaCCMaTPUBAECMOM TLIa3MEI.

[IpuMmeHeHne mpenaraeMoro yCTpoiCcTBa Mpu JUArHOCTUKE TLIA3MBbI
YBEITMYMBAET OBICTPOJCHCTBHE Mpollecca M3MEPCHUS XapakTepa pac-
npeJieNieHNs TNIOTHOCTH, a IMyTeM BhIOOpa KOHCTPYKTHBHBIX NTaPaMETPOB
YCTPOMCTBO TO3BOJSET OOUTHCS YMEHBIICHUS OTHOCHUTEIIBHOHM TI0-
TPEUTHOCTH U3MEPEHUs INIOTHOCTH ToKa Ha 33,75 %.

Tlorok wactuu ninasms

\

TloTok wacTHII MTa3MBI } } l

T
I

|

ds

)

s
Rolosesesesssatoresesslieoe
RRRELEEE
[0S

RS

X
5K
R

X

=
%

R

4

©

0%
<

35

gos

<

2
R
090
2%
%!
=
b2’

3255
S
QRK

SRKL
SR
o2e2e%e%

%
5
%%
X
2R

TS
0e%%%
deletette!

kS
K3
55

i

XK
[24XX
1%6%%

X

ZZKRIZZTLRITEZIN
3 2N
SN

<X

,.
R
o

K nsmepureniq

a o
Puc. 1. Cxema KOHCTPYKIIMH YCTPOHCTBA ISl ©I3MEPEHUSI TUIOTHOCTH TOKA 10
CEYEHHIO IMTOTOKA 3aPSHKEHHBIX YaCTHIl METO/IOM H30THYTOM MMOJIOCTH: @ — CXe-
Ma M3MEPHUTETHHOTO YCTPONUCTBA: | - AMANEKTPHUYECKOE OCHOBAHUE; 2 - IPHUEM-
HUKHJ MHUKPOIIOTOKOB IITa3MbI B BUJIE TPYOOK C M30THYTOH MOJIOCTHIO (KOJIIEK-
TOPHI); 3 - TUAJIEKTPHUECKUI KOPITyC; 4 - MeTaJTndecKkas IiIacTHHa ¢ Kaluopo-
BaHHBIMH OTBEPCTUSMHU JUaMeTpoM Oj; 5 - KaHaBKHU JUISl YKIAJKH KOJUICKTO-
POB; 6 - TTOJIOCTH ISt YKJIQAKH MOHTaXKHBIX 3JICKTPOIIPOBOIOB OT KOJUICKTOPOB;
7 - BUHTBI KpeIUIeHHsT; 8 - KaInOpOBaHHBIE MUKPOIIOTOKH TUIA3MBl; 6 — hopMa
n3ruba KOHCTPYKIUH KOJUIEKTOPA.

Pabora BeImonHeHa npu noanepxke rpantoB lIpesnaenta Poccuii-
ckoit Penepanuu Ui NOJAEPKKHA MOJOABIX POCCUHCKUX YYEHBIX - IOK-
topoB Hayk (Ne M/I-5205.2016.9) u Poccuiickoro ¢onaa ¢pyHaameH-
TajbHBIX UccienoBanuii (mpoekt Ne 16-07-00494 A).

Jlutepatypa
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JAETEKTUPOBAHUE TOHKHUX IVIEHOK HE®TEITPOOAYK-
TOB HA IOBEPXHOCTH BO/IbI C IOMOIIbBIO YJIbTPA-
KOPOTKOI'O Y® JIABEPHOT'O U3J1TYUEHUSA

Cynuyzawesa E. C.l’z, A.A.Houuul, jl.B.Moxpoycoeal'z,
JL.B. Ceﬂe3neel, J.B. Cumtubm1

Y Dusuveckui uncmumym um. I1.H. Jlebedesa PAH, 2. Mockea
“Mockosckuti Dusuxo-Texnuueckui Hucmumym, 2./[onzonpyonwiil,
Mockoeckas 061
+79032034527, ses@lebedev.ru

OrnpezeneHue 3arpsi3HSAIOMIMX BEIIECTB SBISACTCS OJHON U3 BaKHEH-
X 33724 9KOJIOTHYECKOTO MOHHUTOPHHTA OKPYXKAOIIEH Cpeasl U Mo-
JKET OBITh BBIMTOIHEHO C MTOMOIIBIO JIA3ePHON CHEKTPOCKONHH. JleTekTn-
poBaHHE pa3nuBa HEPTH B MPUPOJHBIX BOJOEMAaX METOJOM JIA3EPHOM
(hIyopeceHIy XOpOIo U3BECTHO MPOBOJIUTCS TOBOJIBHO MaBHO [1, 4].
B coBpeMeHHBIX cUCTeMax ISl 3TOTO HCIIONB3YIOTCS JIa3epHBIC WM-
MyJBChI ¢ HAHOCEKYIHOH JTUTEILHOCTBIO B ONmkHeM Y@ U BHAUMOM
nmuanazone: 308 um (12 ue) — 533 um (6 He) [4]. B nanHO# pabote pac-
CMaTpPUBAIOTCS MOJIEIbHBIE KCIIEPUMEHTHI TI0 JETEKTUPOBaHUIO (PIryo-
pECLIEHIIMY TOHKUX TUIEHOK HEQTENPOIYKTOB Ha BOJTHON IIOBEPXHOCTH C
MOMOIIBI0 peMTOCeKyHIHBIX YD j1a3epHBIX UMITYJILCOB, KOTOpPBIEC pac-
MPOCTPAHSIOTCS B pexume pumamenTtau [2, 3].

Wznyyenne tuTaH-canupoBO JIa3epHOW CHUCTEMBI C JUINTEIBHO-
cteio 100 ¢ ¢ neHTpambHbIMU JUMHAMU BOJIH 248 HM 1 372 HM (YO
ONTUYECKUI Iramna3oH) (OKYCHPOBAJICS B €MKOCTh C BOJOH IHMH30M
(f=20 cm). Ha moBepXHOCTH BOJbI HAXOIMJIMCh TOHKHE IUICHKH pa3-
TUYHBIX HedTenmpoaykToB: Macen BM-5 u 5W-40, pactBopurtens
WhiteSpirit. CriekTpajibHble XapaKTEPUCTHKH (DIYyOPECLEHIIMH HCClIe-
JIYEMBIX BEILECTB ONPENEISUINCH C TOMOIIBIO CIIEKTPOMETPA M CUCTEMBI
JIMH3, TPOEUUPYIOMNX n300paxkeHrne oonactu (IyopecleHINH Ha HIeTb
CHIEKTpOMETpa. DHEPIHsl Ja3epHOr0 M3IyUYCHHUs BapbHpOBajach B IIU-
POKOM JHara3oHe, BKII0YAIOIEM 001acTh (PriIaMeHTauH N3TyIeHHsL.

[lonmy4yeHHsie crieKTphl (IIyopecleHINH 00pa3loB AjIsi 00eux AJITUH
BOJITH TpeZicTaBiIeHbl Ha Puc.1: pacnpenenceHus ObUIM XOPOIIO Pa3UYH-
MbI 1 HaurHaiauch okoyio 300 uM u 3axkanuuBanuck mnocie 500 um. Tak,
M3JTy4YeHHE Ha JUIMHE BOJIHBI 248 HM HE MEPEKPHIBACTCS CO CIIEKTPOM
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¢dyopecnennnn obpasua (Puc.1 a), B oTimuue ot u3mydeHus Ha JTHHE
BosiHEI 370 HM (Puc.1 6). IlosTOMy HCIIOJIb30BaHUE KOPOTKOBOIHOBOTO
W3Iy4YCHHS TPEANOYTHTENBHES ISl CTEKTUPOBaHUS HE()TEIPOIYKTOB.
Bonee Toro, muenkn macma BM-5 u pactBoputens WhiteSpirit Obutr
MIPO3PAYHBI JIJIS1 U3TYUYEHUS C JJIMHOM BOJHBI 372 HM.

100

CurHan gnyopecueHuum, OTH.eq,.
3
L
IN)
~
&

| h“\"‘ 3 N ,
il W

JnuHa BONHbLI, HM

100 o

CurHan chnyopecueHLMm, OTH.ea.
3
L

300 350 400 450 500
[nuHa BONHbI, HM
Puc.1. Cnextps! ¢uryopecueHInu HeTenpoaykToB: a) Macen BM-5 (1) u 5W-
40 (2) u pactBopuTens WhiteSpirit (3) npu Bo30yxaeHnH n3inydeHnem 248 HM
n 6) macia SW-40 st uzmydenus 372 HM.

YpoBeHb MOJIE3HOT0 curHajia (BIyopecleHIIMH MOXET ObITh YBEJIH-
YeH NpU BO3JIEHCTBUU (PEMTOCEKYHIHOTO M3IyUYeHHUs] Ha oOpasel] B pe-
JKUME MHOKeCTBEHHOH ¢mamentanuu. [Ipu sToM Kaxnaelid ¢uiaaMeHt
OyIeT naBaTh aJZIMTUBHBIN BKJIAJ B YPOBEHb CHTHaJIA (hJTyOpPECICHIINY.
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[IpocTpaHcTBeHHOE pa3pelIeHHe JIOKATH3aluH  (IIyopecleHInN
IUICHOK B JKCHEPUMEHTE OMpPEIesUIOCh pa3pelieHueM pPerncTpupylo-
el cucteMsl (CIEKTpoMeTp U ocuuiorpad) u 6su10 He Xyxe 30 cM.

WTak, BO3MOKHOCTD JIETEKTHPOBAHUS M JIOKAJTM3ALUH TOHKUX ILIE-
HOK HE(TeNmpoAyKTOB Ha MOBEPXHOCTH BOIBI C MOMOIIbIO (emMToce-
KyHIHBIX Y@ na3epHBIX UMIYJIbCOB, PACIIPOCTPAHSIONINXCS B PEKUME
¢unaMenTanny, ObUIAa HKCIICPUMEHTAIBHO MPOJIEMOHCTPHPOBAHA B pa-
6ore. s Bo3OyxmeHUS (IIyOpecIeHIINM PAacCMOTPEHHBIX 00pa3IoB
Oosee MPeaNOYTUTEIHHBIM SBISETCS M3IyYeHHE HA JUIMHE BOJHBI 248
HM. [Toka3aHo, 4TO TaKOH METO IMEET MPOCTPAHCTBEHHOE Pa3pelIeHIe
He xyxe 30 cm.

Pabota Beimonnena npu noaaepxke rpantos PODU 14-02-00489 u
14-22-02021, crunenauanpHoit mporpammorr YHK ®UAH, rpanta
IIpesunenta PO MK-5795.2015.2.
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INPUMEHEHME ITPU3MBbI IIOPPO B OIITO3JIEKTPOHHBIX
HOUPPOBBIX TIPEOBPA3OBATEJISIX C BECOBBIM YILJIOT-
HEHUEM KAHAJIOB

Tepaesa O.B., I peuuwinurkos B.M.

Camapckuii 20€y0apcmeentbiil AdPOKOCMUYECKUl YHUBEPCUMen UMeHU
axademurxa C.I1.Koponésa (HayuonanvbHulil ucciedosamenbckull
yrusepcumem), Camapa
Ten. +7 960 828 72 00, e-mail: arefeva_olga@inbox.ru

bunapheie mnpeoOpasoBaren (JaTYMKH KOHEUHBIX IOJIOKCHHUN),
UCTIONIL3YIOT B W3MEPUTEIBHOH TEXHHWKE, CICIIIUX CHCTEMaXx,
POOOTOTEXHHYECKUX KOMIUIeKcax M T.0. Kak mnpaBuio, IaT4uku
pacrojararoTcs B 30HaX C TSDKEIBIMH YCIOBHSIMH OKCILTyaTalliH
(nmepemaapl TeMmmeparyp, 3JICKTPOMAarHUTHBIE IOMEXH), YTO CHIDKAeT
JOCTOBEPHOCTH IOIy4aeMol ¢ HUX uHpopmanun. Kpome Toro, Hammuue
WHIUBUAYAJIbHBIX KaHAJIOB CBA3M [UIA KaXAOIO JAaTYMKa yXyALIaeT
MaccorabapuTHbIE MMOKa3aTeld OOPTOBOTO MPUOOPHOTO 00OPYIOBaHMUS.
B cBiI3u ¢ 3TUM  aKTyalbHOW  SIBJIAETCS  3aJada  CO3JaHUS
MYJIBTUIUIEKCUPOBAHHBIX BOJIOKOHHO-OIITHYECKUX JaTYNKOB
nepeMeleHHs] ITOPOYHOTO THIIA MPH MTOMOIIX BOJIOKOHHO-OTITHYECKUX
1u¢po-aHaIOroBhIX Ipeodpa3oparene nepemeinenuii (BOLAID) [1, 2].

O06o00mu1ieHHast CTPYKTYpHas cxeéMa CHCTeMbl cOopa MHGpOpPMAILH C
OuHapHBIX naTykoB HAa ocHoBe BOLIAII npuBenena Ha puc. 1.

Xo L P: u
®OJIC | BOLAI—(7)— ®II {25 Ve BHATIT

| — u
Xn-l ’Pn»l - =

Puc. 1 - O606mennas cxema npumenenust BOITAII B cocraBe 60pTOBOI CH-
CTeMbI cOopa nHpOpMAaLTUH

Cucrema comepXut (GOpMHpPOBATENh ONTHYESCKUX JIOTUYECKHX CHT-
HaynoB (D®OJIC), npeobpa3yromuii KHPOPMALIMIO O KOHEUHBIX IMOJIOKE-

HUSX XO, Xl...Xn_1 AJIEMEHTOB MEXAaHU3allUM B COOTBETCTBYIOIIMI
Ha0Op ONTHUYECKHMX JIOTMYECKMX CUTHAIoOB [y, Py...P,_;. POJIC
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IpeAcTaBisieT co00il HAOOP MEXaHUYECKUX HIIEMEHTOB, OCYILECTBIISIO-
mUX GYHKIUIO TPEPHIBAHUS ONITUYECKOTO M3MYUYCHUS MPU JOCTHKEHUH
KOHTPOJIUPYEMBIM 3JIEMEHTOM KOHe4yHoro mnojoxenus. B BOIIAII

BXOJIHbIC onTUYecKkue curHanbl [y, P;... P,y yMHOKAKOTCS Ha COOT-

BETCTBYIOIINE BECOBBIE KOA(PDHUIIMEHTH M C TOMOIIBIO Y -OTBETBHUTEIS
MpeoOpasyIoTcs B BBIXOHOM CBETOBOJIE B OOIIHMIA ONTHYECKUN CHUTHAT

Ps. . Takum o6pasom, BOLIAII peanusyer GyHKIMIO «BECOBOTO» MYJib-

TUIUIEKCUPOBAHMS HM3MEPUTENBHBIX KAaHAJIOB M CO3/a€T BO3MOXKHOCTB
nepeAaysl CyMMapHOTO CHTHaja Ha BecbMa OOJBIINE PACCTOSIHUS IO
MOHOBOJIOKOHHOMY WJIM JKT'yTOBOMY CBeTOBOXNy. [yl mociemyromero
BOCCTAHOBJICHHS MMApAJUICIFHOTO (popMaTa CUTHAJIOB B DIEKTPHYECKON
¢dopme cymmapHbIii curHan noaaetcs Ha ¢oronpueMuuk (OII), yeunu-
BaeTcs Mo aMIuinTyae B ycunurene (Yc) u ouudpossBaetcs B AL, ¢
BBIX0/Ia KOTOPOTO CHHUMAIOTCSI DJICKTPUYECKHE JIOTMYECKHE CHUTHAIIBI

Uy, U;...U,_; 3HaYEHHS KOTOPHIX OJHO3HAYHO CBSA3AHBI CO 3HAYCHUAMU

BXOJHBIX CUTHAIOB X, X;...X,_;. Kak u snexrponnsie HAIL ontuye-

ckue I[AIIl moryr peanusoBaTbca MO CX€MaM C CYMMHPOBAHUEM WM
YMHOXXEHHEM BECOBBIX K03(h(duiueHToB. PaccMoTpeHHas KOHCTpYK-
tuBHas cxema npumeHenuss BOLIAII B cocraBe cuctemMbl cOopa uHGpOp-
MalMy, MOXET ObITh IOJIOKEHA B OCHOBY CO3JaHHSI MYJIBTUILUIEKCHUPO-
BaHHOW CHUCTeMBI cOopa mH(OpMaIuu ¢ OMHAPHBIX TaTIUKOB [3].
Opnako mepearolve W MpPUEMHBIE CBETOBOJBI PACIHOJIOXKEHBI IO
pasHble CTOPOHBI OTHOCHUTENILHO YYBCTBHUTENBHBIX 3neMeHToB BBO/,
YTO MPUBOAUT K YBEJIWYEHHUIO rabapuTOB YCTPONCTBA M YMEHBIICHHIO
(YHKIMOHAIBHBIX BO3MOXKHOCTEH €ro NpuMeHeHus. PemuTh 3amady
YMEHBIICHUS Ta0apuTOB YCTPONCTBA M TIOBBILICHUS YI00CTBa IKCILTya-
Tauy IMpeoOpa3oBaTessi BCIEACTBUE OJHOCTOPOHHETO PACIIONIOKEHHS
3JIEMEHTOB NMPHUEMHOIO W M3JIyYaloIIEro KaHajJOB OTHOCHUTEIEHO MYJIb-
TUTUIEKCUPYIOIIEr0 3JIEMEHTa IMPeaaraeTcsi ¢ MOMOIIBI0 MPSIMOYTOJIb-
Hot mpu3Mbl [loppo. CxeMa onTo37eKTpOHHOrO HKU(POBOro mpeodpa-
30BaTens ¢ npuMeHeHueM npusmbl [loppo npusenena Ha puc. 2. Ilpe-
oOpa3oBareib paboTaeT cleayronmM oopa3om. HampsbkeHnue ¢ BeIXoda
WCTOYHUKA ONIOPHOTO HATIPSHKEHUS 3aJIa€T TOK HAKAYKU M3ITydaTess 2 u,
COOTBETCTBEHHO YPOBEHb ONTHYECKOW MOIIHOCTH Ha €r0 BBIXOJE, H3-
JTy4aTens 2 CO3[aeT HAIpaBJIEHHOE ONTHYECKOE M3Iy4YeHHE, KOTOPOe C
MTOMOIIIBIO TEPEAIOIET0 CBETOBOA 3 MOABOJUTCS K ONTHYECKOMY Je-
353



NasepHan du13nKa, onTMKa 1 GM3NKa NNasmbl

MyJbTHILUIEKCOpY 4. B omTHyeckoM AeMyIbTHUIUIEKCOPE MPOUCXOTUT
JIeJICHUE MOIIHOCTH ATOTO M3IYYEHHUS Ha YEThIpE PaBHBIX moToka. Kax-
JIBI TIOTOK C TIOMOIIBIO OAHOTO U3 CBETOBOJOB 5 MEPBOM T'PYIIIHI TO-
ctymaeT B (pokyc rpagaHa 6 ¥ Ha BBIXOJE IMOCIEIHETO YBEININBACTCS
O TUIOLIAAM, HO YMEHBIIASTCS MO TUIOTHOCTH. MOITHOCTD KaXA0r0 Mo-
TOKa IPU 3TOM OCTAeTCAd HEM3MEHHOU. [lanee KaIplil CBETOBOW MOTOK
Yyepe3 COOTBETCTBYIOIINN ONTHIECKH arTeHroaTop 7-10 momydaer cBoit

BECOBOH KO3(I)(I)I/ILII/IGHT B COOTBCTCTBUU C PSAIOM F , TAaKHM 06pa30M

MPOUCXOAUT KoaupoBKa BxogHoro koga BOLAIL [anee xaxnaplil cBe-
TOBOU MOTOK (TIPH YCJIOBHH, €CIIM COOTBETCTBYIOMIAsT MTOpKa 12 BEIBe-
JIeHa U3 3a30pa) MOCTYyHaeT Ha BXOIHOM TOpEI, SIBIISIONIUICS THUIIOTE-
HY3HOU rpaHbio mpu3Msbl 11, BHYTpU NPU3MBI KaXAblii CBETOBOM MOTOK
JIBAXK/Ibl NCIBITHIBAET MOJHOE BHYTPEHHE OTPAKEHUE OT KATETHBIX I'pa-
HEH, BBIXOJUT W3 IPU3MBbI 4epe3 TMIIOTEHY3HYIO I'paHb U IIONAaJaeT Ha
BXOJHOW TOpEI] COOTBETCTBYIOLIETO KOJUIMMUPYIOLIETO rpajiaHa 13.

Puc. 2 — Cxema onToaneKTpoHHOT0 K pOBOro Mpeodpa3oBaTes ¢ MpuMeHe-
HueM npusmsl [Toppo

C moMo1pl0 BTOPOH TPYIIIBI CBETOBOAOB 14 ONTHYECKHE MOTOKU C
BBIXOJIOB KOJTUMHUPYIOIIHUX TPAJTAHOB MOCTYIIAIOT B ONTHYCCKUN MYJIb-
TUIIEKCOp 15, rae mpoMoaynHpOBaHHBIE MOTOKH CKJIAABIBAIOTCS U C
MTOMOIIIBIO TIPUEMHOI0 CBETOBOJIa 16 BOCIIPUHUMAIOTCS (DOTOIIPHEMHH-
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koM 17. B poronmpuemnrnke 17 ontrdaeckoe n3ydeHue Mpeodpaszyercs B
NPOMOPLUUOHANBHBIA €My 3JIeKTPUYECKUil curHaia. Ycuiurenb 18 ycu-
JMBAET 3TOT CUTHAI, o0ecreunBasi MONHBIA AMHAMHYECKUH TUamna3oH
st AL 19, ympaBnstromuii BX0J KOTOPOTO MOAKIIOYEH K BTOPOMY
BBIXOJy MCTOYHHMKA omopHoro HampspkeHus 1. AL 19 mpeoGpasyer
CHUTHAJI B KOJI, COOTBETCTBYIOUIMH ITOJIOKEHHIO OMHAPHBIX MpeoOpa3o-
BaTeseu.
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N3MEPEHUSA ABCOJIIOTHOI'O 3HAYEHUA MOIIHOCTH
CBY U3JIYUYEHMSA, THUIIMUPYEMOI'O THPOTPOHOM B
SKCHHEPUMEHTAX I10 HAITBIVIEHUIO BELHIIECTB HA
IVIACTUHBI KBAPIIA 1 MOJIMBJIEHA

Ykprwkos I'.B. 1, Creopuoea H.H. 2’4, Cmenaxun B.JI. 23
Manaxoe ,ZI.B.2

"Mocroscruii 2ocydapemeennviii mexnuueckuii ynusepcumen
um. HO. Baymana, Mockea
2thcmumym obwetl ¢usuxu umenu A.M. I[Ipoxoposa PAH, Mocksa
SI'BOY BIIO PHUMY um. H.H. Ilupozosa, Mockea
*HUAY MU®U, Mocrea
Ten. 8-965-307-55-02, e-mail: georgyvik@gmail.com

B cBs3u ¢ pasBUTHEM HAyKH U TEXHHKH OCTPO CTOMT BOIIPOC O CO-
3JaHUM HOBBIX MATEpPUAJIIOB M BEIECTB C 3apaHEe CIPOrHO3UPOBAHHOM
CTPYKTYypoii u cBoiictBamMu. OHO U3 MEPCIEKTUBHBIX HAMpPaBICHUN B
3TOH 005acTH — WMCHOJIB30BAHHE paspsAla THPOTPOHA UIS MHHULMALUH
HEMHBIX peakuuii cunaTe3a. [Ipu pa3paboTku TEXHOIOTHIA ¢ UCTIOIB30BA-
HUEM MHUKPOBOJHOBBIX Pa3psiIoB HEOOXOAUMO 3HATH HECKOJIBKO BEIIEH:

KaxoB snepreTuueckuil mopor 3amycka XUMUYECKUX pPeaKLnii?

KaxoB MpoLEeHT NOriaonieHns SHEPTHH B IIpoliecce CUHTE3a?

Hackonbko 3TOT npotiecc cuHTe3a NoBTOpsieM?

Jlist oTBeTa Ha 3TH BONPOCH! MCIIONB3YIOT OatancHbie CBU u3mepe-
HUS, 3aKJIIOYAIOIINECS B OLEHKE MOTJIOMIEHHON MOIHOCTH Ha OCHOBa-
HUU TPEX IOIYUYEHHBIX CUTHAJIOB: NPSMOM, MPOIIEAIIECH U OTPAKEHHON
MoIIHOCTH. Peanu3yemas cxema mpeacTaBiieHa Ha puc. |

IIpomenmas MOIIHOCTh MOMAJAET B PETUCTPUPYIOLIYIO CHCTEMY
HEINOCPENCTBEHHO TI0CIE MPOXOXKIEHUS CKBO3b peaktop. i momyue-
HUS JIBYX OCTaJbHBIX I1ApaMETPOB INPUMEHSETCS KBa3UONTHUECKUM OT-
BerBuTENb [1]. Ero ¢pyHkums — otnennts 3apanee onpenenéHHyo 4acTh
Iy4yKa, HalpaBUB €€ B M3MEPUTEIIbHYIO CHUCTEMY NPSAMOI MOIIHOCTH.
Tak jxe dYepe3 HEro MNPOXOAUT OTpPaKEHHAs MOIIHOCTb, KOTOpas,
IIOCTYIAasi C APYrOi CTOPOHBI, OTPAXKAETCSI B U3MEPUTEIBHYIO CHUCTEMY
oTpak€HHOM MomHocTh. OTpaXeHHe OCyIIeCTBIsieTcS Onaronaps
TOHKOH CIFO/ISTHOW TUTACTHHE C U3BECTHBIM KOA(PPUIIMEHTOM OTPaKEHHUS
Y NIOTJIOLLEHUSI.
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Jist morydeHust abCOMOTHOM MOIITHOCTH IO TPEM KaHaJIaM IPOMU3-

BOJIST KaTUOPOBKY IPHUHUMAOIINX AeTeKTOpoB (J1-407) mo kamopumer-
py [2].
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[Monmy4yeHHbIC TaHHBIE C PETUCTPUPYIOIIUX CHCTEM 3arPyKar0TCs Ha
cepBep A moctoopadoTku. [TlocToOpaboTKa OCYIIECTBISCTCS B MOJTY-
ABTOMAaTHYECKOM PEKUME TPH TOMOIIHU ITPOrPaMMHOTO KOJa, HAaIllHCaH-
Horo Ha si3bike MATLAB.

O0paboTka moJIpa3yMeBaeT MOIyYeHUE HEOOXOAUMBIX KaTHOPOBOY-
HBIX 3HAYCHUI MOIITHOCTH, OCHOBBIBASCh HA JAHHBIX MOJATOTOBUTEb-
HBIX BBICTPEJIOB B PEXKUME «0€3 peakTopa» U «C IyCTHIM PEaKTOPOM.
[Tonmy4yeHHbIC 3HAUEHHS MOIITHOCTH 3arpyKalOTCs B IPOTPaMMYy, C I0-
MOIIIBIO0 KOTOPOTO MOKHO 00pab0TaTh HEOOXOANMOE KOJTMUECTBO CEPUi
BBICTPEJIOB B paMKaX OJHOHM KaJHMOpOBOYHOM ceCCUU. ANTOPUTM TaKeT-
HOW 00pabOTKH MpeIcTaBiIeH Ha puc.2.

Ha BeIxone anroput™a nomyyaeM rpagpuk SBOJIOUH MO BBICTpEIaM
CEepHUHU TPEX COCTABJIAIOIIMX MOIIHOCTEN + MOTIOMEHHOW MOILIHOCTH
(puc.3), a Tak ke HBOIOLNIO KO3 HUIHeHTa noraomeHus. B nokmazne
MIPUBE/ICHBI JAHHBIC SKCIIEPUMEHTOB MO HAMBUICHHIO BEIIECTB Ha KBap-
LIEBbIC U MOJMO/ICHOBBIC IIJIACTUHBI B pa3psiax B nmopomkax Mo-B, mo-
[JIONIEHHE B KOTOPBIX COCTaBIISLIO ~ 94+1% [3].

600 IBoOUUS CPEIHEHHTEI'PAJILHOI'O 3HAYMCHHH MOILHOCTH
500

%50 - e —
lm' = = = [Ipsanmoii cHruan
- N K U N [ I NN L CLCCLIIH Orpaxennstii curnan
] 200 - == [ Iporicauinii curuan

- s | |01 NOWEHH BI CHIHAT

— . . > - > P
. 4 = 2 . 4 o o8 5. . A " - e ]
45569 45570 45571 45572 45573 45574 45575 45576 45577 45578

N HMH_\"_‘[LCH
Pucynoxk 3 Iornomenune CBY B skcriepyMeHTax 10 HalbUICHUIO BEIIECTB Ha
KBapIlIeBbIe U MOJINOETHOBBIE TJIACTHHBI

Pabora BemonHeHa npu mojaepxke PODU rpanta 16-38-00651
MOJI_a.

Jlureparypa
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nznydeHus». Mmkenepnas gusuka 2013
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2. G. M. Batanov, N. K. Kharchev «Optimization of operation of a
three-electrode gyrotron with the use of a flow-type calorimeter». Re-
view of Scientific Instruments 84. 013507. 2003
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HU3KOYACTOTHASA IIVIASMEHHASA TYPBYJIEHTHOCTD B
CTEJJIAPATOPE JI-2M ITPU BBICOKOM SHEPI'OBKJIAJE
I'MPOTPOHHOTI'O U3JIYUYEHUSA

Xapuesckuii A.A.l’z, Ckeopuyosa H.H.1’2’3, Manaxoe ,ZI.B.2

"Mocrosckuii mexnonozuueckuii yrusepcumem (MHUPDA)
2HHcmumym obweti pusuxu PAH
® Hayuonansmwiii ucciedosamensekuii sA0epHulll yHusepcumem « MUDH»
+7(916)876-63-06, 89168766306 @mail.ru

OtpaxEHHBIE OT TUIa3MBI PAIUOCUTHAIBI UMEIOT CIOXKHYIO CTPYKTY-
Py ¥ YacTOTHO-BPEMEHHBIC XapaKTepUCTUKH. [loBegeHne mia3MeHHBIX
TypOYJICHTHBIX CHCTEM SIBISIETCS HEIMHEHHBIM M 4acTO HE MOAMa&TCs
(hopMabHOMY OMHCaHUIO. AMITapaT MaTeMaTHIECKON HETHMHEHHOW JTH-
HaMUKH B COBOKYITHOCTHU C Pa3IUYHBIMU CPEACTBAMH aHAJIN3a CUTHAJIOB
y>K€ TOBOJIBHO TaBHO IIPUMEHSETCS B 3aJa4ax MCCIEAOBAHMS IJIa3MEH-
HBIX cucTeM. Pa3paboTka u mprMeHEeHHEe MaTeMaTHIeCKIX METOIOB He-
JTUHEHHON TUHAMUKU U MIPOTrPAMMHBIX CPEACTB IS AMATHOCTUKY TLIa3-
MBI U IPYIUX IPHUIIOKECHHUN SIBISIETCS BAXKHOM U aKTyalbHOM 3aj1aueil. B
JIOKJIaJIe OCBSLIAIOTCS PE3YyJIbTAaThl UCCIACAOBAHUM MOBEACHUS MJIa3MEH-
HOTO IIIHYpa MPHU BEICOKOM SHEPTOBKIIA/IE TUPOTPOHHOTO U3ITyUYCHUS Ha
OCHOBE JICMCTBYIOIIEN CHUCTEMBI ONTHUMHW3UPOBAHHOW JOMNIUIEPOBCKOM
pedekromeTpuu. Ha ocHOBe HaHHBIX, MOMTyYEHHBIX CHCTEMOW JIOMILIE-
POBCKOW peQIIEKTOMETPHUHU, CTPOUTCS AHAIN3 HHU3KOYACTOTHOW IIIa3-
MEHHOHM TypOYJIEHTHOCTH, a TaKK€ BO3MOXHO OINpENIEIEHUE CKOPOCTH
MOJIOUAATBHOTO BpallleHUs! MJIa3MEHHOTO IIHYpA.

OnTUMH3MpPOBaHHAS CHCTEMa JOIIUIEPOBCKONW PEQIIEKTOMETPHUU B
CBY gmanazone 30 - 40 I'T'm sBnsieTcss MoJAepHU3AIIMEH paHEE CyIIle-
CTBOBABIIICH JAWArHOCTHKH TUIa3MbI Ha creiiaparope JI-2M. Hccnemno-
BaHUE IBOJIOIUN KOMIUIEKCHBIX CIEKTPOB (MIYKTyaluid KpaeBOW ILIa3-
MBI B cremiapatope JI-2M B pexume 371eKTPOHHO-IIUKIOTPOHHOIO pe-
30HAHCHOI'0 HarpeBa IpH OOJBIIHMX YACIbHBIX SHEProBKiafax (mo 4
MB1/M%) BBI3BaNO TPYIHOCTH DU3HUECKON PeaTH3alliy H3-3a HEMOrIo-
HIEHHOTO TJIa3MOM TPEIOIIETO U3IIYUYECHHUs], 3alIyMIISIONIETO ETEKTOPbI
MoJIe3HOTO curHana pedrekromerpa. Beicokue yaenbHbIE 3HEProBKIa-
ne1 CBY m3nmydeHus B mia3My ObBUTH JOCTUTHYTHI Oyiaromapsi pabore
HOBOT'O THPOTPOHHOTO Komiuiekca MUI™-3 [1] mpu cymmapHoit pabote
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IBYX rupoTpoHOB (cymmapHass CBY MOIIHOCTH HMITYyJIBCHOTO 3JICK-
TPOHHO-IIUKJIOTPOHHOIO M3NIyuyeHHus cocTaBisuia 1o 1 MBT nmpu anu-
TeNbHOCTH uMIynbca 4-12 mc). MccnenoBanus KpaeBod IIa3Mbl Ipo-
BOJIMJINCH ONTHMH3UPOBAHHON TUArHOCTHKOW JOMIUIEPOBCKON pediex-
ToMeTpuHu [2, 3], mapamerpbl KOTOpOHW, Ojaromaps HOBOH cucTeMe
¢unprpanun CBY u3nyueHus, MO3BONWIM MOJYYHTh KOMILICKCHBIC
®Dypre-CrieKTpsl HU3KOYACTOTHOW TUTAa3MEHHOW TYypOyJIEHTHOCTH B
YCIIOBUSIX PEKOPAHBIX 3HEPrOBKIANOB MMITyJabcHOro Ol Harpema (mo
3,4 MB1/MY).

[lonnepogcxan pechnextomeTpua. Crextpei 20196
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Puc.1 KommiekcHbie Dypbe-CrEKTPHI JOMIMIIEPOBCKOTO CMEIEHHS CUTHANA
pednekromerpa. Ummyisc 20196.

KoMriekcHpie CrieKTphl OIIEHUBAJIKCH [4] IO BpeMEHHBIM BEIOOpKaM
BO BPEMEHHBIX OKHax 1 — 2 MC B Te4eHHE pa3psa CTeiapaTropa, 4To
MO3BOJIMJIO HAOMIOJATh MX 3BOJIIOLIMIO BO BpEeMEHH. B skcriepumenTtax
MOIIIHOCTb OJJTHOI'O THPOTpoHa BapbupoBasack oT 200 no 600 kBT, BTO-
poro ot 200 no 400 kBT, u3MeHSJIUCH AMUTENBHOCTH UMITyibcoB CBYU
n3mydeHus oT 4 1o 12 Mc, a Takke U3MEHSUIOCh OTHOCUTEIIBHOE BpeMs
BKJIFOUCHHS JIBYX THPOTPOHOB. B pe3ysbrare 00pabOTKH CHTHAJIOB H0-
NIUIEPOBCKOTO pediekTomerpa ObUTH MOTy4eHbl U3MEHSIOIUECS B Te-
YeHue paspsjia podacTHbIE KOMIUIEKCHBIE CHEKTPhl (QIyKTyaluid MIoT-
HOCTH KpaeBoM Iuia3Mbl (puc.l) uHTEpeCHOH (GOPMBI, a TaKKEe BPEMEH-
HBIE CIIEKTPOrPaMMbl H3MEHSIOIIEroCs ONIIEPOBCKOTO CABHUIa 30HIU-
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pyromero mu3jiy4€Hus, MO3BOJIAIOINE OLCHUTDh CKOPOCTh MOJIONJAJIbHO-
T'O BpallICHU: IJIa3MCHHOI'O LIHYpa.

Pabora BeIIONHEHA npu YaCTUYHOMU MOAACPIKKE I'paHTa MPE3UACHTA
PO NeMK-5298.2016.8.
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AHAJIN3 AOPTAJIBHBIX UMIIVIAHTATOB C IOMOLIBIO
CIHHEKTPOCKOIIMU KOMBUHAIIMOHHOI'O PACCESAHUA

ILIOQ. Hlankosckas® ,E.B. T uM'leHKol, IL.E. Tumuenxo®,
JI.T. Bonosd’, C.B. Ilepuwiymxuna'

1Ca/vzapc1<ud HAYUOHANbHYIL UCCTIe008AMENbCKULL YHUBEPCUMEM UMEHU
C. II. Koponésa , 443086 Poccus, Camapa, yn. Mockosckoe wiocce, 34
2HHcmumym IKCHEePUMEHMATbHOU MeduyuHsl u buomexronoauii (MOME)
CamI' MV, 443079 Poccus, Camapa, ya. I'acapuna, 20
Konmaxmmwiii nomep: +79170365341, e-mail: pshalkovskaya@mail.ru

AHHOTALIMA

B pabote mpencraBieHbl pe3yibTaThl KCIEPHUMEHTAIBHBIX HCCIe-
JOBaHUM aOpTaNbHBIX MMIUIAHTATOB C HOMOIIBIO METOJA CHEKTPOCKO-
nun  komOuHatmonHoro paccessHus (KP). IMomydensr ocobeHHOCTH
cnektpoB KP aopranbHbIX MMIIJIAaHTATOB, M3TOTOBIEHHBIX MO 2-M pa3-
JUYHBIM MPOTOKOJIaM. BBeneHsl ontuueckue K03()GUIMEHTHI, MO3BO-
JSOIIME KOHTPOJIMPOBATh COAEPKaHUE OCHOBHBIX KOMIIOHEHTOB B a0p-
TaJbHBIX MMIUIAHTaTaX B IMPOLIECCE M3TOTOBJIEHMS M OLIEHUBATh Kaue-
CTBO UX 00pabOTKH.

TE3UCDBI

Pereneparus TkaHei U OpraHOB OCTAeTCsl OJJHOM M3 caMbIX OOJBITUX
npo0JeM KIMHUYECKOW METUIMHBI, ¥ Bpaud MOCTOSIHHO HUIIYT JIyYIIne
CHOCOOBI 17151 BOCCTAaHOBJICHUS MJIM 3aMEHbI ITOBPE)XICHHBIX OPraHoOB U
TKaHel. 3a mocneaHee Bpemsi, Haubosee NeHCTBEHHBIM METOAOM SIBIISI-
ercs nepecaaka ouomatepuanos [1]. OmHako mpu mepecajre HaTHBHBIX
MMILIAaHTATOB, PELMIHUEHT OYyJeT MOABEPraThCs PUCKY XPOHHUYECKOTO
MMMYHHOTO OTTOPKEHHS M IO>KU3HEHHOTO JICYEHUS] UMMYHOCYIIPECCHH
[2]. UmenHO mo3TOMY OCHOBHO#! 3amaueii, crosieil B 00JIaCTH TKaHe-
BOIl MH)KEHEpHH SBIIETCS pa3pabOTKa M KOHTPOJIb KadecTBa MaTepua-
JIOB, CIIOCOOHBIX K BOCCTAHOBJICHUIO WJIM 3aMELICHUIO TE€X WJIM WHBIX
(bYHKIIUI TOBPEXKICHHBIX TKaHEH U OPraHoB.

O0beKTaMU HCCIICIOBAHUN SIBJIIMCH HEJITHO(UIN3UPOBaHHBIE 00-
pa3lbl HATUBHOM M JIELEIITIOISIPU30BAaHHON AOPThI, U3TOTOBJIIEHHBIE 110
JIBYyM IIPOTOKOJaM C HCIIOJIb30BAHUEM TEXHOJIOTHHU JIELEITIONSIpU3allui
yauBepcutera I'enpuxa-Ieitne (I'epmanmst) [3]. B kauecTBe OCHOBHOTO
METO/1a KOHTPOJISA MMIUIAHTATOB OBUI UCIIOJIB30BaH METOJ CHEKTPOCKO-
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TN KOMOMHAIIMOHHOTO paccestHus, peanmzye-
MBI{ BBICOKOPa3peIauM TUPPOBEIM crieKTpoMeTpoM Shamrock sr-
303i co BcTpoeHHOU oxiaxmaeMon kamepoir DV420A-OE, obecnieun-
Barolel crekTpampHoe paspemenue 0,15 HM, ¢ JTa3epHBIM MOIYJIEM
LuxxMaster LML-785.0RB-04 (momrHocTs 10 500 MBT, niviHa BOJTHBI
785 um).

B pesynbprare mpoBeeHHBIX HCCIEA0BAHUH MOTyYeHBl 0COOEHHOCTH
CIEKTpa KOMOMHAIIMOHHOTO PacCesHUs I OMOTKAHEBBIX UMIUIAHTATOB
AOPTHI, U3TOTOBJICHHBIX 110 PA3JIHMYHBIM MPOTOKOJIAM. Y CTAHOBIIEHO, YTO
OCHOBHBIC DA3IMYHs MPOSIBIIIOTCS HA BOJTHOBBIX wmcaax 1062 o™,
1650 cm™ u 814 CM'l, COOTBETCTBYIOLMX TIIMKO3aMHUHOTTIMKAHAM, aMHU-
ny I (komnaren) u ¢pochoanddupy JHK coorBercTBeHHO. C MOMOIIBIO
JIBYMEPHOT'O aHAaJIM3a BBEICHHBIX ONTHUYECKHX KO3(D(DUIIMEHTOB, ycTa-
HOBIIEHO, YTO 0Opa3bl aOpThI, U3TOTOBIEHHBIE IO TPOTOKOIYy Nel, 00-
TaTal0T HAWTYYIINMHA TTOKa3aTeNsIMA KadecTBa.

Jluteparypa
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2. F. Moroni, T. Mirabella. «Decellularized matrices for cardio-
vascular tissue engineering». Am J Stem Cells. T.1. Ne3. C.1-20 (2014).

3.  A. Assmann, C. Delfs, A. Lichtenberg et al. «Acceleration of
autologous in vivo recellularization of decellularized aortic conduits by
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HCCJIEJJOBAHUE IIBETHOM JIASEPHOI‘/‘IUFPABI/IPOBKI/I C
HNCITIOJBb30OBAHUEM JIA3EPA C JJIMHOU BOJIHBI 532 am

Iexun A. C.!, Hukunsee 3. /.", Cepzees K. JI.', Anopees A. 0.",
buvikoeckuii /1. II.l, Ilemposckuii B. H!

‘HUSY MU®H, Mockea
8-916-762-57-31, alex-shekin@yandex.ru

«OOHMM W3 HEOTHEMJIEMBIX 3JIEMEHTOB COBPEMEHHOIO IPOM3BO-
CTBa SIBIISIETCSI MAapKHUPOBKA BBIMYCKaeMOM NpoxyKiuu. MapKkupoBka
JIeTaly, y3J1a UM KOHEUHOTO U3JeNUs M03BOJIAET MPOU3BOAUTEIIO KOH-
TPOJUPOBATh 00BEM BBHIITYCKaeMOW MPOAYKIIMHU U €€ KauecTBo...» [1]. B
COBPEMEHHOM MHUpe HanbOoJiee JOITOBEYHON U TOYHOM SIBIAETCS J1a3ep-
Has MapKHpOBKa, B TOM YHCJIE M CO3/1aHHE Ha MOBEPXHOCTH H3JEIHS
[BETHBIX IJICHOK — TEXHOJIOTHS [[BETHOU JIa3epHOM MapKUPOBKH [2].

I[BetHas nazepras MapkupoBka (I[JIM) moxxeT wmmers OoubIon
CIIEKTP NPUMEHEHMsI, HAYUHAasi OT 00pa0OTKU METaJUIOB, JJIS UX Jallb-
HeHlmel WAeHTUPUKALUU, U 3aKaHYMBas NPUMECHEHHEM B JEKOPaTHB-
HOM HCKYCCTBE M CYBEHHPHBIX MpOAYKUMsX. [lo3ToMy nccienoBaHus
JAHHOTO SIBJIEHHSI OYE€Hb BaXKHO JUISi OBICTPOPA3BHBAIOLIETOCS COBpe-
MEHHOTO MHpA.

Oco0blil HHTEpEC NPEACTABISAET MOIyYECHHE TOBEPXHOCTHBIX MUKPO-
CTPYKTYp IIpH TIOMOUIX JIa3€pOB Pa0OTAIOIIUX Ha JUIMHE BOJHBI 532 HM
(3eneHBId CBET), TaK KaK B 3€JICHOM JAHAala3oHe JUIMH BOJH Koddduiu-
€HT OTPaKEHHs CTaJd MEHbIIE, YeM B MH(PAKPAaCHOM, YTO O3HAYaeT
OOMBIIYI0 CIIOCOOHOCTh MeTalia MOTJomaTh 3eneHbiit cBeT [3]. Takxke
OBLJIO 3aMEueHO, YTO MPH paboTe ¢ Jla3epoM Ha JUIMHE BOJIHBI 532 HM
[[BETA MOJIy4aloTcsi OoJiee HACHILIEHHBIE, YeM T€, KOTOPBIE MMOyYaroTCs
NPy TIOMOLIM J1a3epoB, paboTalouux Ha AjauHe BoJHbI 1,064 MkM. D10
OTKPBIBAET OTPOMHBIM MOTEHIIMAN I MCIOJIB30BAaHMUS 3€JEHBIX Jlaze-
POB TSI IBETHOM TPaBUPOBKH.

Lenbto ganHON paboTHI ABISETCS MOyYSeHHE CTA0MIIBHBIX IIBETHBIX
MOBEPXHOCTEH MyTEM JIOKAJIbHOTO OKUCIICHHS MeTajlia jJa3epoM C AJu-
HO# BONHBI 532 HM W W3ydYeHWE BIIUSHHS BHENTHUX (haKTOPOB Ha CTa-
OMJILHOCTD MOJTYUEHUS OKMCIIOB METaJlIa.

B uccnenoBaHnu MCHONIB30BAJICS HEOIUMOBBIA C BAaHAJATOM UTTPHS
(Nd:YVO,) TBepmoTenbHbIii Ja3ep ¢ JIHHOW BOJHBI 532 HM, paboTa-
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omuid Ha BTOpoN TapMoHmke, ¢upmsl "Rofin" momens E20SHG c
HAHOCEKYH/IHOH JUTMTEIILHOCTBIO UMMyJbca. Ha maHHOW ycTaHOBKE OBI-
JU TI0JI00PaHbl PEKUMBI YIS TTOJYYCHUS ONPECIICHHBIX I[BETOB: (PHO-
JIETOBBIN, 30JI0THCTHIN, CHHHM, 3€JICHBIH, Oelblii. Takke Bemercs padora
IO MOJTYYEHUIO TIOJTHOIEHHBIX IBETHBIX H300paXXCHHIA HA METaJlJIaX.

Bbaarogapuoctu

PabGora BrITTONIHEHAa TIpH (HUHAHCOBOW MOIIEp)KKe MUHHUCTEPCTBA
oOpa3oBanus u Hayku Poccuiickoit ®@enepannn (YHUKaIbHBINA WACHTH-
¢uxatop npoekra [IHUOP RFMEFI58214X0004).
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