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TECHNICAL POLICY
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APPLICATION OF WIRELESS MONITORING
AND COMMUNICATION SYSTEMS
IN THE POWER ENGINEERING

The article describes some achievements of modern radio electronics, which prove a huge potential of
modern wireless engineering for using in the fuel energy complex. Wireless corporation communication
systems, applzcatzon of short-range radar measuring systems on the power engineering objects, prospects of
laser measuring systems, methods of radio thermography and radio spectroscopy, wireless acoustic-electronic

sensors are discussed.

Keywords: radio communication, wireless sensors, short-range radar, laser measuring systems, radio thermography,

radio spectrometry, acoustical sensors.

At present, our world goes through the period
of the impetuous scientific-technology revolution,
which can be called “wireless revolution”. Now
the radio signal plays a significant role not only
in radio and TV broadcasting but in various
scientific researches, in industry and in private
life. The complex radio engineering devices have
fixedly entered into everyday life: cellular phones-
communicators, wireless phones, satellite and cable
TV systems, the mobile Internet, smart cards etc.
The radio engineering systems for guarding and
warning are installed not only on guarded objects
but also in private houses. Motor cars are equipped
with complicated systems of guarding and radio
navigation. Radio-frequency identification sensors
are not only used in logistics but in miniature
variants are even used as implants for domestic
animals. There are stupendous achievements in
creation and development of modern communication
systems intended for transmission and reception
of both speech signals and digital data.

It is natural that at this level of distribution of
radio electronic devices the environment is satu-
rated with the huge quantities of radio signals.
These signals coexistence without creation of inter-
ference becomes more and more complicated.
Problems of ecology arise more sharply as well.
Up to now, the problems of electromagnetic compa-
tibility of radio electronic equipment of different
destination are nor solved, nither is the problem

The authors wish to express their gratitude to their colleages
S.E. Bankov, E.A. Bogatyrev, V.A. Fedorov, V.A. Filatov,
A.E. Khanamirov, I1.V. Komarov, V.I. Pleshcheev, B.S.
Rinkevichus, N.N. Savkov, A.A. Shchukin, V.V. Stykov,
A.V. Tolkachev, A.A. Trofileev, S.A. Zhgoon and to many
other MPEI experts, who took part in the developments
described in this article.

of electromagnetic radiation influence of different
nature on the human organism. So, for instance,
the authors of [1] make a conclusion that the
development of microwave communication systems
in the near future may cause the appearance of a
new sub-field in ecology — electromagnetic (micro-
wave) ecology.

It is clear that during such a scientific-techno-
logical revolution it is impossible to pass over the
areas of power engineering traditional for our
country, especially under conditions of the critical
situation existing during last decades in connection
with renovation of strategic power engineering equip-
ment. It is unlikely that the simple doubling of
the operating equipment is the best way to solve
the problem of industry renovation now when new
scientific, manufacturing and technological possibi-
lities promise serious hitch solutions for reconstruc-
tion of obsolete equipment or construction of new
objects. The experience of the last decades shows
that the simple purchasing of western control and
monitoring equipment oriented to another condi-
tions and systems will hardly help us strategically.
Our country should develop its own multifunc-
tional systems for control and monitoring of the
important objects, and it should be done by its
own scientific and industrial forces. It is possible
subject to close cooperation between scientists and
industrial experts of different areas including speci-
alists in wireless systems, i. e. in the field of
radio electronics.

In the present paper an attempt has been made
to substantiate the necessity and availability of
joining efforts and experience of power engineering
and radio electronics experts. For radio engineers
of the National Research University «Moscow
Power Engineering Institutes> (MPEI) publication
of the brief review of their research and develop-
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ment results oriented to the fuel-power complex
means a possibility to describe in short the promi-
sing directions of such cooperation.

It is no secret that during the previous years
our researchers and engineers in radio engineering
field were investigating and developing unique
systems mostly for the military-industrial complex.
The process of implementation of radio engineering
into the peaceful industries (including power engi-
neering) was always slow and hesitating because
radio engineering experts did not understand the
needs of those industries and the achievements of
radio engineering were not open to the power
engineering experts. Now the situation is changing
for the better and many achievements of radio
engineering will be without fail needed by the
powerful energetics.

Application of wireless communication systems
in power engineering

Let us consider the opportunities of radio com-
munication systems application in power engi-
neering. From the point of view of the application
scale, they can be divided into two large groups:
global communication systems and systems of intra-
object radio communication.

The global systems in the thermal power
engineering complex can be built, as usual, using
the communication satellites. But the fuel-power
complex has the unique possibility to develop their
own corporate communication networks since it
has in its disposal an extremely branched network
of electric transmission lines, oil and gas pipe lines.
For instance, the application of ground wires
with internal fiber-optical cables provides unique
possibilities for creating cheap communication links
belonging to the power engineering industry.

Global networks are used for telemetric informa-
tion transmission from one object to another or to
controlling centers, as well as official control and
monitoring information transmission. So-called
“dark fibers” (i.e. not used fibers) can be leased
successfully and provide serious benefits (especi-
ally in the future, when the role of the information
transmission will be even greater). It is very pro-
mising to use power engineering communication
channels for the distant education (e. g., retraining
of specialists, distant knowledge monitoring,
distant operator training) or for monitoring of the
operator’s functional conditions.

Intra-station communication systems serve to
organize both systems for personal speech commu-
nication and transmission channels for technological
and control-monitoring information for the
automated control system for technological process
(ACSTP).

With transition of electric power usage to market
principles the electric power consumption schedules
(during 24 hours, a week and a month) have
changed essentially, and now the consumption
depends not only upon the manufacturer’s needs
but also upon the financial condition of the

enterprise. It is clear that this leads to sharply
changing consumption schedules, which affects the
reliability and amortization of power engineering
equipment. In recent years the role of automatic
control systems and automated systems for
engineering diagnostics of equipment becomes very
significant.

To optimize the operation mode of the modern
power plants, the measurement of 3—4 thousand
parameters is required, which cannot be ensured
by the personnel and requires automatic methods.
The modern ASCTP require a huge number of
cables, and the complicated cabling essentially
decreases the operation reliability and requires
more expensive equipment. Evidently, it is
impossible to create a reliable and effective ASCTP
without systems of high-speed information trans-
mission.

The relevant problem of effectiveness of power
consumption can be also solved by the radio elec-
tronic facilities, e. g., those developed and marketed
by the company «Schneider Electric» (Germany).

A wireless system of data transmission from
power engineering objects was developed in MPEI
[2—4]. The system has a possibility of rapid
deployment and good noise-immunity. Earlier, a
very simple and cheap radio system for single-
direction low-speed transmission of alarm signals
had been developed and a small consignment of
such systems (50 complete sets) had shown good
operation. After that, much more modern and
complicated radio systems were developed for
mobile diagnostic labs such as «Power-Microbus»
and «Ecology-Microbus». These systems include
three subsystems:

— gas analysis (for remote control of the gas
composition, e. g., for ecology monitoring);

— electric energy quality check;

— heat control (measuring distributed heat
fields and transmitting information through radio-
modem communication line).

These subsystems are available in MPEI as
working models.

Configuration of the developed systems implies
a central post and a certain number of peripheral
on-duty posts. The equipment of the central post
is installed on a transport vehicle or permanently
on the power engineering object while the equipment
of the peripheral posts can be mobile and can be
located where it is needed. Communication between
the posts is realized through the wireless radio
communication channel. The system is controlled
by a PC program from the central post. The PC
gathers all information and registers it in the
database for the further analysis.

The result of our last development in this area
is the distributed system for information trans-
mission for spatially extended industrial objects,
in particular for power engineering equipment such
as turbines or boilers. Here a new engineering
solution is of interest — combined application of
local cable systems for data acquisition and storage

Tekhnologiya i Konstruirovanie v Elektronnoi Apparature, 2012, N 3




TECHNICAL POLICY

in the high-speed standard RS485 and wireless
radio modem communication line.

At present, the first phase of development of
the radio system for information acquisition for
the system of automated working place of the
steam-boiler operator is fulfilled. This system is
intended for Co-Generation Electric Plant (CGEP)
of MPEI. The information from sensors will be
transmitted through the radio channel from CGEP
of MPEI to the operator’s screen. We assume that
at successful development of this investigation its
results may be needed on different CGEP and on
different objects of industrial heat supply. Similar
systems can be used as reserve systems with auto-
nomous power supply, which should essentially
increase the “survivability” of equipment in
emergency situations or in case of cable damage.

A diagnostic wireless information-measuring
complex for the express-inspection of parameters
of thermal and nuclear power plants or other
extended industrial objects has been developed.
This complex provides a real time information
transmission from sensors through the radio
channel to the central operator post located at
several hundred meters’ distance. Here the
information is processed and accumulated in the
database with possibility of further display on a
PC screen in tables, graphs and diagrams.
Operation parameters of this system are regulated
by the operator.

Of course, taking into consideration the rapid
development of the element base for implementation
of modern radio engineering equipment, the above-
mentioned models require modernization. However,
this circumstance is not a problem because our
developers have all necessary information and
fulfill the similar investigations for other industrial
branches. Thus, for a long time we have been
developing a specific miniature system meant for
transmission through the radio channel of discrete
information about the heat network condition in
Moscow residential neighbourhoods for further
data processing, which will make it possible to
control the parameters of these networks. It should
be noted that as more perfect methods of informa-
tion processing appear and the element base gets
renewed, the developers modernize this system and
implement its new variants successfully into
Moscow municipal services.

The modern microelectronic element base opens
new opportunities for creation of miniature (from
10 to 100 c¢m? in volume) measuring transducers
with autonomous power supply and with trans-
mission of measured parameters through radio com-
munication channel, which allows to create exten-
sive sensor networks at small expenses. In such
measuring transducers we may use inexpensive
(from 15 to 500 rubles or $0,5 to $12) micro-
miniature (from 3 to 30 mm?3in volume) integrated
measuring sensors with the digital output signal
of such parameters as temperature, pressure,

moisture, illumination, acceleration and vibrations,
as well as such electric quantities as voltage,
current, power and frequency. Such sensors have
high accuracy (0,3—3%) and small power
consumption (about 0,3 mW in the active operation
mode). They have a possibility to accumulate,
process and transmit information by means of a
micro-controller with an embedded or external
radio modem.

At such power consumption and size, the sensors
can be supplied with power from a small auto-
nomous source, which allows to mount them easily
on the equipment being operated since there is no
need to construct power and communication lines
and to operate during many months. A wireless
measuring-information network for remote monito-
ring and remote control is built on the basis of
measuring transducers. These devices can be
successfully combined with control, energy saving
and commercial accounting systems.

Let us discuss another series of developments,
which was fulfilled with orientation to law-enforce-
ment bodies, fire brigades, special groups for
struggle against terrorism. These are radio-
equipped protection helmets with internal non-
visible antennas [5], which ensure reliable speech
communication between subscribers. Taking into
consideration the interest in the use of such systems
of the service personnel of extended power engi-
neering objects, the new variants of protection
helmets were developed corresponding to the safety
standards on power engineering objects.

Radar technology application in power
engineering

With the help of radar technology we may solve
many relevant problems in power engineering
complexes [2, 6—9]. Let us consider a simple
example.

In the operation process of a thermal power
plant (TPP) water contaminated with mazut is
generated. This water is accumulated in a reservoir,
precipitated in it until the liquids are separated
and then wasted. At that the water discharge should
be interrupted before the mazut is wasted. In other
words, the water level mustn’t be allowed to fall
below the minimal value. For this, we can use a
supersonic sonar distance meter. In this case an
ultrasonic radiator is placed on the bottom of the
reservoir, the oscillations reflect from the surface
of the water —mazut boundary and are received
by the sonar. Then a measuring system determines
the time of signal passage and, knowing its velocity,
calculates the water layer thickness.

Such a sonar device was developed in MPEI
[8] and it is able to measure the water layer
thickness from several centimeters to several
meters. Its cost at small-scale manufacture does
not exceed $200 — $250.

Supersonic sonar devices can be also used to
measure levels of different technological liquids
and paste-like products with the aim of automation
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of technological process control and monitoring.
In this case the sonar is located on the reservoir
cap and the beam of acoustic waves is directed to
the surface of the product. The distance to the
surface is measured and the product level is
calculated. Measured values can be transmitted
via wires or through radio channel practically to
any distance. The level measuring error does not
exceed 1—2%.

Radar devices, in which the radio-frequency
radiation is used, are more sophisticated. Their
operation principle is the same as in supersonic
devices, but the measuring error is less. At present,
in oil tankers, in oil and gas industry, on TPP the
foreign level meters made by KROHNE (Germany)
and SAAB Electronics (Sweden) are widely used.
In MPEI as part of the program «Conversion and
High Technologies» a high-precision radar level
meter has been developed. It is the radar of
continuous wave radiation with frequency modu-
lation of the probing signal. The high accuracy
was obtained owing to the application of the ori-
ginal algorithm of radio signal processing. The
measurement error of the developed level meter is
much less than the measurement error of the level
meter B-70 from German company KROHNE.

The precision radar level measurer for liquid
products with measurement error of the order of
0,1—0,2 mm has been designed. There are no such
devices neither in Russia nor in foreign countries.
These devices can find an application at petrol
stations, petrol storages, chemical industries. The
mentioned accuracy allows to measure the amount
of petrol in standard (3x3x6 meters) reservoirs
with an error down to 0,9 litres. Other versions
of radar level meters for liquid and friable products
have been developed. These devices are now
successfully used at power engineering enterprises.

At present, dynamic parameters measurement
methods based on application of different types of
sensors are used for vibration inspection, investi-
gation and alignment of turbounits. However, when
it is necessary to measure at large temperatures
and large pressures, typical sensors become very
unreliable. Moreover, it is very difficult to conduct
measurements in hard-to-reach places, for example,
it is difficult to measure ripples of steam pressure
in the nozzle box or in the internal case of the
turbine. It is often necessary to make a rapid analysis
of shafting vibrations of a turbine (or a pump or
other equipment with the rotating elements) using
short visible parts of the shafts. Elements of valve
boxes and throttles of regulating valves of power
engineering aggregates are difficult to access for
measurement of dynamic displacements.

Achievements of radar technology allow to
suggest new methods and fulfill high-precision
measurements of small displacements (down to
several microns) or establish the connection
between pressure ripples and displacements of the

sensitive element. It is especially important when
measuring modes of powerful power engineering
equipment (for instance, powerful turbine shaft
beats) at typical pressure values (up to 240 atmo-
spheres) and for strongly overheated steam
(up to 400°C). One can reach it by usual methods
only when using complicated cooling systems for
the sensor.

A measuring device based of the precision radar
level meter system allows to measure small
displacements (several millimeters) with an error
of several microns. Its application opens entirely
new possibilities in diagnostics of steam turbines.
A vibration meter and a steam pressure meter based
on the measuring system of small displacements
[6] have been developed.

The probing signal passes into the waveguide
and is directed on the vibrating element of the
turbine. The open end of the waveguide is located
at the distance of 1—2 mm from the vibrating
element, therefore the radiation area is very small.
This increases the measurement accuracy and allows
to measure vibration of any point of the surface.
Since the waveguide can be bent in any manner, it
can be located inside of the turbine case, which
permits to measure continuously the vibrations of
construction elements during the normal operation
and to obtain the dynamic pattern, for example,
of the shaft bending.

To determine the steam pressure, there is a
membrane on the end of the waveguide, which
bends under pressure. The value of the bend is
proportional to the pressure and can be determined
by radar meter of displacement. Thus, we can
determine the steam pressure in any point inside
the turbine case.

During development of the radar system of
small displacements measuring the laboratory
testing of the device model was conducted, which
confirmed theoretical results and showed the device
efficiency.

A series of portable devices for inspection of
the gas contain (oxygen, carbon and nitrogen
oxides, methane and other gases) has been deve-
loped. Both single-component and multi-component
gas-analyzers have been created. The main feature
of these devices is effective application of micropro-
cessor engineering and smart signal processing
allowing to take into account the change in tempe-
rature, pressure and moisture of environment and
to compensate measurement results. Devices have
high spark and explosion safety confirmed by
official certificates. The good performance is
achieved owing to original circuitry, technological
and constructive solutions. The developed multi-
component gas-analyzer with elements of artificial
intellect has no (according to our information)
analogues in the world [3].

Another interesting idea is related to results of
almost thirty-years’ investigations of ground and
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water surfaces by radar technologies from the
flying vehicles. Re-orientation of these researches
to the civil applications allowed to create the unique
multi-functional radar measuring system PULSAP
[10, 11], which may be used rather widely. This
complex has a portable small-power radar of milli-
meter wave range. Its distinguishing feature is the
application of phase methods of signal processing.
This radar was successfully used for remote
diagnostic of structure and parameters of plasma
jet at the jet engine output. It turned out that
radar monitoring of powerful equipment condition,
which may be executed around the clock, allows
to discover the vibration deviations from the rated
level and permits to estimate the main spectral
components and their dependence upon temperature
and steam pressure. This allows to fix the increased
beats, which are extremely dangerous for the
operating turbine. With the help of this device,
the determination of the live-steam pipeline
deterioration on a Moscow TPP was fulfilled
remotely, as opposed to the commonly used method
which requires the full shutoff of the boiler, during
which a fragment of the pipeline is cut out and
then again welded. The used remote inspection
method is based on the obtaining of a <«vibro-
portrait> — investigation of vibration spectrum
on the chosen part.

One of the very interesting and noval appli-
cations of PULSAR radar is concerned with its
possibility to estimate remotely the functional
condition of a human being and to register the exit
of some medical parameters beyond the permissible
boundaries, which may cause the person to estimate
the situation wrongly and to make a wrong
decision. It is clear that this permanent inspection
is extremely important for operators of huge power
units. The radar allows to inspect the state of the
operator right at working place without attaching
any sensors. It means that his movements will not
be limited. The duration of inspection can be
arbitrary — from several minutes for the express-
analysis to the full working day for estimation of
fatigability. The power of radiated signal is very
low and therefore it will not harm the operator.
The radar can be located in the standard case near
the operator or even mounted in the chair back.
After finishing the inspection defined by the
program, the computer of the device decodes the
data obtained and allows the conclusions about
operator efficiency, about his reactions on the
current or on specially arranged extreme test situa-
tions. The obtained data about each inspected
operator can be transmitted through the usual
communication channels (including radio channel)
or through the Internet to the centralized databank.
At present this device is actively used for investi-
gation of higher nervous activity of a man and for
pre-flight inspection of astronauts. This device was
awarded by the medal of International Exhibition
in Brussels in 1997. There is no analogue of this
device in the world.

Application of lasers in power engineering

Laser measuring systems are widely used to
execute non-contact measurements of dynamic para-
meters of machine units as well as liquid and gas
flows. At present, such systems are widely used
both in scientific experiments and in industrial
technologies, including observation of power
engineering equipment operation and environmental
monitoring and diagnostics [12]. Parameters
measured by these systems are the most significant
features of operation of hydraulic units, steam
and gas turbines. The measurement results can be
used both for optimization of operation modes and
for opportune revelation of dangerous aperiodicities.

These systems play an important role in solving
the problem of ensuring trouble-free operation and
ecological safety of power engineering objects, and
in their operating efficiency increase. The advantage
of laser measuring systems is the applicability of
remote, non-contact measurements, which do not
disturb the measurement medium.

Investigations and developments of fiber-optic
velocity sensors for liquid and gas flows were
being carried out in MPEI since 1990s. These deve-
lopments were based on application of semicon-
ductor lasers and new elements of fiber-optic tech-
nology [13], new digital methods of processing of
interference and Doppler signals of laser informa-
tion-measuring systems [14]. For Doppler signals,
which are registered under conditions when the
law of signal phase differs from the linear one (in
two-phase flows, in hydrodynamic flows in the
presence of the acoustic field etc.) the new para-
meters estimation algorithms has been developed
and investigated. The software packages based on
different mathematical models of Doppler signals
[15] have been created for estimation of mean and
instantaneous values of frequency using different
methods (digital spectral analysis, Gilbert trans-
formation, discrete counting, wavelet analysis).

The main distinction of developed algorithms
is the possibility to obtain estimates of nonstatio-
nary (pulse) signal parameters in the presence of
multiplicative noise. The estimable parameter is
the instantaneous frequency of signals (measure-
ment results are given in relative units — the ratio
of measured frequency to signal sampling frequency).

The laser optical-electronic sensors and the
hardware-software means for data input and pro-
cessing developed in MPEI allow to register vibro-
oscillation of the object surfaces as well as hydro-
acoustic oscillations with amplitude of a few
hundredths of a micrometer, and to investigate
their character in applied shock mode [16—18].
In this case, the measuring volume may be of
several tens of microns in size, which is essentially
less than when using the radio frequency waves
(measuring volume is a region of space, in which
the information signal is formed as a result of
interaction of probing radiation with the test object).
It makes it possible to take measurements with
high spatial resolution.
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Applications of radio thermography and radio
spectroscopy

The radar complex for detection of oil and other
grease films as well as higher temperature flows
and solid impurities on the surface of water bodies
is an example of radio thermography method
application. This radar is based on the same
PULSAR device, which in this mode registers the
power flow of intrinsic thermal radiation created
by a physical or an engineering object or a living
organism. Absence of the direct contact makes it
considerably easier to create the temperature fields
maps and to analyse their dynamics. It is possible
to obtain not only surface but depth thermograms.
It might be useful, for instance, in the research of
the Earth surface from the outer space. After
modernization this method can be used for the
search of survivors inside collapsed buildings.

The following interesting project [19, 20]
demonstrates the application of radio spectroscopy
methods.

In the process of electric and heat energy
production based on the fuel burning, the energy
efficiency and the ecological compatibility of the
process essentially depend on the mode and oper-
ability of the burning system. The presence of
excess concentration of nitric, carbon and sulfur
oxides, benzopirren and other harmful admixtures
in the effluent gas indicates nonoptimal operation
of equipment and leads to environment pollution.
Since there are no simple and reliable admixture
inspection devices, based on traditional methods
of inspection, it is impossible to fulfill the dis-
patching control of the burning modes.

In the offered project the radio spectroscopy
approach based on resonant interaction between
electromagnetic field and gaseous mediums is used.
Since to each gas corresponds its own resonant
absorption frequency (determined in micowave
radio range), we can determine the concentration
of particular gases probing the effluent gas. This
system of radio spectroscopic investigation of efflu-
ent gases is a high-speed system and can perform
automatic dispatching control of the burning modes.

Applications of acoustic electronics
in power engineering

Investigations being conducted in MPEI on the
wireless piezo-sensors for power engineering are
very promising. These sensors are based on the
use of surface acoustic waves.

The operating principle of acoustic-electronic
sensors is based on the fact that external factors
cause static deformations, which may be considered
as parametric variation in elastic medium and the
acoustic-electronic sensors geometry itself for
acoustical waves of small amplitude. Variations
in parameters and geometry cause variations in
elastic (acoustic) wave velocity, which can be
measured. Such sensors are already used in various
equipment for pressure and mechanical deformation
measurements.

On the basis of the principles described above,
sensors of rotational moment for shafts of equip-
ment for a wide variety of applications are produced
[15]. Similar sensors are widely used in industrial
equipment including power engineering equipment.

The sensors of electric and magnetic fields
intensity are of interest for electrical power engi-
neering. Owing to piezo-effect, the external electric
field causes internal mechanical stresses in the
acoustic duct, which leads to variation in acoustic
wave velocity.

Remote surface acoustic waves sensors are used
for continuous inspection of temperature of
lightning arresters on transformer stations in the
electric supply networks of high voltage. The pair
of such sensors is located on the arrester and
registering equipment is mounted in the distance
of several meters from the arrester.

Power source charge /discharge automatic control

While developing modern autonomous power
sources, electrochemical generators, energy accu-
mulators for hydrogen power engineering devices,
it is necessary to take into consideration that a
series of electric parameters must be controlled
and variety of contradictory factors must be
allowed for, in order to maintain optimal and safe
operating mode of charge and discharge. In this
respect, the modern microelectronics and micro-
mechanics achievements, new measuring sensors
and micro-controllers with different channels of
data transmission open qualitatively new opportu-
nities for parameter measurement (with interference
filtering) and application of optimal control theory
algorithms and precise regulation with minimal
transients, possibilities of remote control and event
history saving. Thus, in cooperation with chemical
experts the MITEK device has been developed.
The device generates current of 1—100 A in the
electrochemical cell with possibility of accurate
measurement of polarization curves and optimal
current maintenance in the electrochemical cell.
This device was highly appreciated by experts and
was more than once demonstrated at international
exhibitions.

Resume

Evidently, it is impossible to describe all
projects and ideas offered for development in one
short paper. But even the developments described
above prove the huge potential of modern wireless
engineering and achievements of radio electronics
in the fuel-energy complex.
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yHuBepcuTeT "MOCKOBCKUI 3HEPreTHYecKui HHCTUTYT" .

I'peunxun B. A., 3amomnoauikoB B. H., CmoJsbcbkuit
C. M. 3acrocyBannsi 6e3pOTOBHX CHCTEM MOHITO-
PUHTY Ta 3B'SI3Ky B €HEPreTHIIi.

Received 26.03 2011

Kaouosi caosa: padiose'ssox, 6e3dpomosi damuu-
xku, PJC 6auxnvoi 0ii, naszepni 6umiproedaivni cuc-
memu, padiomepmozpagisi, padiocnexmpomempis, axy-
cmuuni 0amuuxu.

Ipeunxun B. A., 3amomnoguukoB B. H., CmoJibckuii
C. M. IIpumeHenne GeCnpOBOAHBIX CHCTEM MOHUTO-
PHMHIa U CBSI3H B JHEPreTHKE.

OmnucaHo Jiesiki JOCATHEHHS Cy4acHOi pajlioesieKTPOHi-
KU, gKi CBifiuaTh PO BeJUYE3HUH IIOTEHIliaJ cydacHOi
6€e3/1poTOBOI TEXHIKM Ta JOCSITHEHb PAJi0eJeKTPOHIKH
JUI BUKOPUCTAHHA Y IMAJUBHO-CHEPreTUYHOMY KOMII-
Jexci. PosrianyTo 6e31poToBi KOPIOPATUBHI CHCTEMHU
3B'sI3Ky, NMUTAHHS 3aCTOCYBAHHS HA EHEPTETHYHUX 06-
"eKTaxX BUMIiPIOBAJbHUX CUCTEM OJIMKHBOT palioJIoKaIii,
[epCIeKTUBU BUKOPUCTAHHS JIa3epHUX BUMiPIOBAJIbHUX
cucteM, Metonn pagiorepmorpadii Ta pagiocrmexTpo-
cKomii, MOXJNBOCTI 6€3[POTOBUX AaKyCTOEJEKTPOHHUX
JIATYNKIiB.

Kaioueswvie crosa: paduocesasv, 6ecnpogodnvie dam-
qyuxu, PJIC 6auxnezo delicmeus, razeprvle usmepu-
meJibHble cucmemvl, paduomepmozpapus, paouo-
cnexmpomempus, axycmuuecKue 0amuuxi.

Ommcanbl HEKOTOPbIE JOCTUXKEHUST COBPEMEHHOW pa-
JIN03JIEKTPOHUKHU, KOTOPbIE CBU/ETEIbCTBYIOT O I'PO-
Ma/IHOM TIOTEHIINAJIe COBPEMEHHON GECITPOBOIHOI TeX-
HUKHU U JIOCTVKEHUN PAUO3JIEKTPOHUKH JIJIST UCTIOJTh-
30BaHUs B TOIJIMBHO-OHEPTETHUECKOM KOMILIeKce. Pac-
cMOTpeHbl GeCIPOBO/IHbIE KOPIOPATHBHBIE CHUCTEMbI
CBSI3H, BOIIPOCHI IIPUMEHEHUST HA SHEPTETUYECKIX OObEK-
TaxX U3MEPUTEJILHBIX CUCTEM OJKHEN PanoJTOKAINH,

Pocisi, MockBa, Hamionaabunii 1oc/i iHUIIbKII yHiBEp-
cuteT "MOCKOBCbKUN €HepreTUUHUil iHCTUTYT".

HOBBIE KHUT'U

/Bacu.nbes A. T. u ap. CBUY-TpaH3ucTOpbl HA WIMPOKO3OHHBIX MOJYNPOBOJAHU-
kax.— MockBa: TexHocdepa, 2011.— 456 c.

Knura npencrasasier co6o# yue6Hoe mocobue no GpU3nIeCcKum
OCHOBAM H TEXHOJOIHH CO3/laHHsi TPAH3HUCTOPOB Ha IIHPOKO-
30HHBIX TMOJYNPOBOAHHKAX. PaccMoTpeHbl cBOWCTBa AByMep-
HOrO 3JeKTPOHHOro ra3a M (hU3WKa reTepornepexopoB, B OC-
nosHom tuna AlGaN/GaN. Jlan 0630p CTPYKTyp TPaH3HCTO-

AT Bsrmoanen
HRA Kowenoa

CBY TPAHIHCTOPH
HA WIHFOROSOHHBIX
NOAY¥MPOBOJAHHKAX

E pOB Ha OCHOBe MIMPOKO30HHOro mosaynposoanuka GaN. Pac- !

= CMOTpPEHbl CTPYKTYpPbl TPAH3MCTOPOB Ha a/aMase W KapoOuae —

5 KpeMHusa. PaccmoTpeHnbl cBofcTBa MOANOXKEK M3 candupa, T
KapOuaa KpeMHHMS W APYTMX MaTepUaJsoB, NPHUMEHSIOLIUXCS N

_En NIl CO3JaHUs TeTepoCTpyKTyp. [eTanbHo mpoaHaau3upoBa- o]

g Hbl ME€TOJbl H3rOTOBJICHHS E€TEPONEPEXOL0B IPH HCMOJb30BA- ®

= HUH 3MUTAKCHHU W3 METAJJOOPTraHUUECKHX COEJIHHEHHH H MO- emccaa

JIeKYJIPHO-TYYeBOH 3MUTaKCHH. PaccMoTpenbl TpeGoBaHUs K

OMHMUYECKHM KOHTaKTaMm M 6apbepam IloTTkH, mpu MCMOAB30BAHUH KOTOPBIX CO31AI0T-
Csl reTeposanuTakCrua/JbHble MOJEBble TPAH3UCTOPbI C BBICOKOM NMNOABUZXKHOCTbIO 3J€K-
TpoHOB B KaHane (HEMT). PaccmoTpena TexHomorusi TpaH3uctopoB Ha anmase. Jlan
JeTaNbHbIH 0630p METOM0B KOHTPOJISI TEXHOJOTMUECKHX MPOIECCOB, MPHUMEHSIOMUXCS
MPU M3TOTOBJEHUU TPAH3UCTOPOB. PaccMOTpeHbl METOIbI H3MepeHHsI OCHOBHBIX Mapa-
mMetpoB CBY-TpaH3uCTOPOB W METOJbl KOHTPOJS HaJIeKHOCTH TpaH3WCTOpPOB. KHura
npeaHasHaueHa AJs CTYAEHTOB, 00yUalomuXcs Mo npouaio «DJeKTpoOHUKA U HaHO-
9JEKTpOHUKa». KHura OyaeT nmoje3Ha TakKe MarucTpam, acnupaHTaM, HHXKEHepaMm U
HayuHbIM pabOTHUKAM, CELMAJTU3UPYIOLIUMCS B 00JaCTH pa3pabOTKU U MPUMEHEHUS

|.-| U3J1eJUH TBEPAOTENbHOH 3JIEKTPOHUKH.
] J
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CUCTEMbBI INEPEJAYUN U OBPABOTKU CHUIHAJIOB

YK 621.391.01

Il. B. UBAHIOK, 0. ¢.-m. n. JI. ®@. HIOJHUTAHCKHH, x. ¢p.-m. n. P. JI. IOJUTAHCKHH,
O. M. 9JIUAIIINUB

Yxpanna, UepHoBullKMil HalmoHa bHbII yHUBepcuterT uMenn IOpus DenbroBuya
E-mail: ivanyukpetro@ukr.net

XAOTUYHECKOE MACKNPOBAHUWE NMHOOPMAIMOHHDBIX
CHUTHAJIOB C MCIIOJIbSOBAHVUEM TEHEPATOPA
HA BA3E CUCTEMDbI JIIO

B pa6ome paccuuman cnexmp nokasameaei JIanynosa 0is xaomuueckou cucmemol JIw. I[lokasana 603mox-
HOCIb YCMAHOBKU PEHKUMA CUHXPOHUSAUUU MEHKOY 2eHePAMOPAMU, OCHOBAHHBIMU HA UCCEI08ANHOU CUCTNE-
Me. DKCNepuMenmaivio peaiudosand Cucmemd nepeodauu unhopMauuu ¢ UCNOIb308aHUCM 2eHEPATNOPOS XA0-
muueckux Koaebanuil.

Knioueswle crosa: Xxaoc, zunepxaoc, xaomuieckoe Mackuposatnue, xaomudeckds CUHXPOHU3AUUsL, cucmemd Jw,
cnexkmp noxasame.Jetl ./]ﬂ?’lyHO@d.

/leTepMUHUPOBAHHBIN XaoC TPUMEHSETCS B
PA3JIMYHBIX OTPACJSIX WHKEHEPWM, B YaCTHOCTHU B
TEeJIEKOMMYHUKAI[MOHHBIX CUCTEMAX, Ga3UPYIOIIUXCS

MartemaTtnyeckas MoeJib HCCIEyeMOi CUCTEMBI

rI/IHerB.OTI/I‘{ECKaH cucrema JIio onmcbiBaeTcs ye-
ThIPbMA HeJTMHENHBIMU [LI/I(i)(l)epeHHI/IaJIbHI)IMI/I ypaB-

Ha 3TOM sABJeHUH. [IprMepaMu 1uHaMUYeCKUX CHC-
TEM C XaOTHMYECKUM IIOBEeJeHHEeM MOTYT CJYKUTb
cuctembr Jlopenmna, Cmporra, Peccrepa u ap.
B nocsienmue rosibl 6blin pazpaGoTanbl HOBbIE CH-
CTEeMBI, KOTOPBIE TIPH OTIPeIeIEHHBIX YCIOBUIX Te-
HEPUPYIOT XaOTHYeCKUe U TUIlepXaoTU4yecKue Ko-
seGanust. B wactHoctw, 510 crcrembl JTio (Liu System)
[1, 2] u Yena (Chen’s model) [3],

SABJIATONTHECS MOII(DUKAIIAMH CH-

crembl Jlopeniia. e 1 [

[IpokomoI0CcHOCTD, OPTOTO- :
HaJbHOCTb, CJOKHOCTb CTPYKTY-

PBl XaOTHYECKUX CUTHAJOB WU .
CUJIbHASI YyBCTBUTEJIbHOCTD K Ha-
YaJIbHBIM yCJOBUAM O0YCJIOBJIN- - ‘
BAIOT IEePCIEKTUBHOCTb UX MHC- [ Bain2

MTOJTh30BAHNS B CHCTEMAX CBA3W
LIS TIOBBIIIEHUST KPUIITOYCTOHYN-
BOCTH. IJTO JieJlaeT aKTyaJbHBIM
MCCJIe/IOBAHNE X CBONCTB, TIONCK
IyTel amnmapaTHOR peajusaluu
TeHepaToOpOB XaOTHYECKUX KoJie-
GaHUil U CUCTEM CBSI3U C UX HUC- i
MTOJTb30BAHUEM.

[lenbio HacTosIIENH PAGOTHI SIB-

JISIETCST OTIpe/iesieHrie 3HAYeHNH 11a- na
pamMeTpoB, TPH KOTOPBIX B Xao-
THyeckoil cucreme JIo renepupy-
I0TCS XaOTHYeCKHe, TUTIePXaoTH-
YecKue, KBAa3UNEPHOAMYECKHe W
Mepro/ITyecKre KoJeOGaHusl, a Tak-
JKe aKCTIepUMeHTaIbHas peain3a-
1IN CUCTEMBI Tlepeiaur nHpopMa-
IIUH C WCTI0JTb30BAHNEM CXEMOTEX-
HUYECKUX PEIeHNii TeHepaTOpOB
XA0THYECKUX KOJIeOaHUI U crucTe-
MBI CBSI3W Ha UX OCHOBE.

HEHUMSIMU TIEPBOTO MOPsi/IKa cJeyiolero sujia [2]:
=bx — hxz + \hw,

rne x, y, z, wuda, b, h, A, ¢, d, n — nepeMeHHbIe
U KOHCTAHTBI COOTBETCTBEHHO.

i=a(y-x), ¥y

s=cx®—dz, w
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Puc. 1. Matlab-Simulink-Mozenb reHeparopa THIEPXa0TUYECKIX
KoJsie6anuit
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CHUCTEMBI IIEPEJJAYU U OBPABOTKU CUTHAJIOB

s s

o

.8 & 5

JLIst aucIenHoro MojieTMpoBanust Oblia paspa-
6orana Matlab-Simulink-mozesnp reHepaTtopa ru-
nepxaorndeckux Kosebanuii (pue. 1), cocrosmas
U3 COEeIMHEHHBIX MEXKIYy cOO0N OJIOKOB yCUJIEHUS,
CYMMUPOBAHUS ¥ BbIUUTAHUS, YMHOKUTETEH, WH-
TErPaTOpPOB U YCTPOUCTB PETUCTPAIUU CUTHAJOB.
PesyibraThl MOJIETMPOBAHUST CUCTEMbBI TP 3HAYE-
HugX mapamerpos a=15, b=30, h=1, A=1, c=4,
d=2,5 nipuBejieHbl Ha puC. 2.

Omnpenenenne cnekTpa nmokasareJeii Jissmynosa

CyniecTBYIOT JiBa MOJIXO0/1A /IJIsi OIIMCAHUS XA0-
TUYECKUX CUTHAJIOB [4, ¢. 26]. IIpu nepBom cuura-
€TCs, UTO TIPOIECCHI ABJISIOTCS IeTePMITHIPOBAHHDI-
MU, T. €. TAKUMU, KOTOPBbIE PEAJU3yI0TCS ¢ TTOMO-
IIBIO OTIPE/IECTIEHHOTO aJTOPUTMa, a WX TOBE/CHNUE
BO BPEMEHU OIUCHIBAETCS COOTBETCTBEHHBIMU MaTe-
MaTHYeCKUMHU BBIPAYKEHUSIMU C 33JAaHHBIMU HAYATh-
HbIME ycaoBusiMu. [Ipu aTom onpenenstiorest ppax-
TaJbHAS PA3MEPHOCTDH ATTPAKTOPOB U TOKA3ATeNN
JlanyHoBa, SABASAIONIECS XapaKTEPUCTUKAMU CHC-
tembl. [Ipw BTOpoM moaxoze mpeamnosaraeTcs, 4To
CUTHAJT SIBJISIETCS CJIYYaiHBIM U HEMPEICKa3yeMbIM
BO BpeMeHM TIpolieccoM. B xoje Ha6moseHns 3a
MHOKECTBOM PeAJU3aIi TaKOTO MpoTecca MOSKHO
OIIEHUTDH HEKOTOPbIE CTATUCTUYECKUE 3AaKOHOMEPHO-
CTHU BO BPEMEHHON CTPYKType CUTHAJA, OMUCHIBAIO-
Hecst KOPPESAIMOHHON (PYHKITNEH, CIIeKTpaTbHOM
[JIOTHOCTBIO MONIHOCTH, MaTeMaTHYECKUM OXKU/Ia-
HUEM U Juciiepcueii.

Omnpenenenne crekTpa nokasareseii JIsmyHosa
JlaeT BO3MOKHOCTD YCTAHOBUTD AMATIA30H 3HAUEHUI
MapaMeTpPOB CUCTEMDI, TP KOTOPBIX BO3HUKAIOT TH-
MepXaoTUIecKre, XaoTHIeCKue, KBa3WIepuoaude-
CKHe ¥ TIepUOJInuecKrie KoaeOaHus.

[Tokazaresnu JlgmmynoBa xapakTepusyoT CTeleHb
3aBUCUMOCTH CUCTEMBI OT HAYAJTHHBIX YCJIOBWI U
OTIPEIeNISIIOT CKOPOCTh PACXOKIAEHUS ee TPAeKTO-
puii B dazoBoMm mpocTpancTtBe. CylecTByeT He-

Puc. 2. da3oBble TPAaeKTOPUHU CHCTEMBI B YKA3aHHBIX HAa PUCYHKAX IMJIOCKOCTIX

CKOJIDKO aJITOPUTMOB OIIpe/esIeHUsT ToKasaTesei
Jlanynosa. [lepBblil pegycMaTpuBaeT OTCIEKUBA-
HUEe U3MEeHEeHNs BO BpeMeHH (ha30BBbIX TPAEKTOPH
JIByX JIMHAMUYECKUX CUCTEM C OJU3KUMHU HAuaJIb-
HbIMH ycoBUsAMU. COrlacHO BTOPOMY aJTOPUTMY
HEOOXO/IMMO PEIUTh CHCTEMY YPaBHEHUH JUHAMU-
KH, KOTOpasi OIIMCBIBAeT [IBUKEHUE TOYKHU B/OJIb
(a30B0ii TPAEKTOPHH, COBMECTHO C YPABHEHUSIMHU B
BapHalusX, ONMUCHIBAIOIINMHI 9BOTIONII0 GECKOHEY-
HO MaJIoro BO3MYIIEHUS 9TOM TpaekTopui [J, c. 153].
IlepBblii c110co6 UCHOJB3YIOT B CJydae HEBO3MOXKHO-
CTU YMCJIEHHOTO PEIlleHus] YPAaBHEHNI B BapHaIUsIX.

[Ipu omnpeneneHNN HECKOJBKUX TOKazaresieit
JlamyHoBa HeOOXOIMMO OTCJEXKUBATD IBOJIOHIO
COOTBETCTBYIOIIETO KOJMYECTBA BEKTOPOB BO3MYIIle-
HUA BA0Jb (a30Boii TpaeKTOpuN curHasa. [las cu-
cTeMbl, onuchiBaeMoil ypasaenusmu (1), a1o xoJm-
4eCTBO PABHSETCS YETBIPEM.

ITokazaresn Jlamynosa ucciegyeMoil cUCTeMbl
PACCYNTBIBAJINCH C NCTOJb30BaHNeM anroput™a be-
HerTuHa ¢ Mogudukarmsamu [4, 5]. Ilpu aTom ocy-
HIECTBJISJIOCH OJIHOBPEMEHHOE pellleHHe CHCTEMbl
nuddepenianbubix ypaBuennii (1) u uerbipex
CHCTEM YPaBHEHUI B BapuaIusaX, MMEIONNX CJie-
JAVIONIMI BU:

4y =aly —x), g =bxy —haxy = hxz + dawy, )
. . 2
2, = 2cxx, —dz,, w, = —ny,.
Cucrema 13 1Ba/IIIaTH YPABHEHWIT PeIazach Ync-
JIEHHBIM MeTo/ioM Pynre — KyTTa ¢ iepeHopMUpOB-
KOH M OpPTOroHaIM3aIuell BEKTOPOB BO3MYIIEHUS B
rpoiiecce BBIYUCJICHUN JIJIs YKa3aHHBIX BBIIIE 3HA-
4yeHuil napameTpos a, b, h, A, ¢, d. [lns kaxkmoro
sHauenus napamerpa ne (1, 100] onpenesiucs mo-
KazaTesnn JIamyHoBa 1pm HOPMUPOBAHUU HA €JlU-
HUILy HAYaJbHbIX OPTOTOHAJBHBIX BEKTOPOB BO3-
MYIIEHHS X, Yo, 2o @,. Pacuer 3apepmaics opro-

12
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CUCTEMbBI INEPEJAYU U

OBPABOTKH CUTHAJIOB
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Puc. 3. Crexrp moxasatesieil JIamyHoBa 1/ CHCTEMBI
ypasHaennii (1):

a — TiepBble TPU MOKA3aTeNN; 6 — YeTBEPTHIl TOKa3aTe b

roHaJjiu3aiueil 1 HopmaJusaiueit Ha GUKCUpoBaH-
HYIO KOHCTaHTY BEKTOPOB BO3MYIIEHWS COTJIACHO
merony I'pamma—IlImugra [6]. Paccumrannbrii
criexTp nokaszaresieii Jlamyrosa (ILJI) npuBesen Ha
puc. 3.

Kak caenyer us puc. 3, 6, gerseproiii I1JI or-
punarenen s jo6oro 3Hadenus n. Ero mMuHun-
MaJibHOe 3HaueHMe coctaBisieT —18,58 ipu n=10 u
MakcuMaJsibHoe —14,78 nipu n=84.

[Tepuoanueckue KoJeOaHUST UMEIOT MECTO IPHU
OTpHUIlaTeIbHBIX 3HAUYEHUSAX TPeX Mokasareseit JIg-
IyHOBA U paBeHCTBe HYJIIO YeTBepToro. [Ipu orpu-
nareJbHbIX 3HaveHusix AByX 1LJI u AByX HyJieBbIX
3HaUEeHUSIX HAOGJIO/JAI0TCS KBA3UIIEPUOIMUECKHE
KoJeGanmst. XaoTH4ecKne KosebaHust UMeIoT MEeCTO
1IpU yCcJOBUHU, UTO 3HaueHue ojnHoro u3 I1JI paBHo
HYJII0, 3HAUEHUS OJTHOTO — MOJIOKUTETHHOE, a /1Ba
OCTAJIbHBIX — OTpHUIIaTeJbHble. ['UIIepXaoTuiecKue
KoJieGaHust HaOIO/JAIOTCS TIPU JIBYX TTOJIOKUTEJb-
HBIX 3HAUCHUSX TTOKa3aTesis JISmyHoBa U3 4yeTbIpex.

N3 noy4eHHBIX Pe3yJIbTaTOB CJAEAYET, YTO MPU
snauenusax ne (0, 33] cucrema uMeeT /1Ba [10JI0MKU-
teapubix I1JI, u, Kak caeacTBue, B Hell BOSHUKAIOT
runepxaorudyeckue kosebGanus. Ilpu 3HaveHumsIX
ne (38, 42] u ne (48, 57] cucrema uMeeT ONH TI0-
goxurenbhbiil 1LJ1, T. e. B cucreme GyayT nMerhb
MecTo Xaorudeckue koJjebanusi. [lpu 3nauenumsx
ne (42, 48], (57, 68], (76, 80], (83, 100] cucre-
MOU reHepupyIoTcs nepuo/imueckue Kosebanus. [Ipu
snauenuax ne (68, 76], (80, 83] uMeror MecTo KBa-
3UIEPHOANYECKIE KOJIeGaHNUS.

CHHXPOHHU3AIMS FeHEPATOPOB XaOTHYECKUX
KoJIeOaHmit

CyniecTByeT MHOKECTBO METOJIOB CHHXPOHHU3a-
IIUU XaO0TUYECKUX CUCTEM — I10JHad, 06001eHHas,
azosas, omnepexatormas u ap. [7]. Ilox nosnoii
CHHXPOHHU3AIMEN TTOHUMAIOT TOYHOE COBIAJCHHE
BEKTOPOB COCTOSTHUIT B3aUMOJIEHCTBYIONINX MEXK/IY
co6oii cucreM. ITO BOZMOXKHO MPU MAEHTHYHOCTH
UX IapaMeTpOB.

PexxuM CUHXPOHU3AIMY JIBYX UJIEHTHYHBIX Xa-
ornveckux cucreM Jlo, GyHKIMOHAMBHAS CXeMa
KOTOPOU NpuBe/leHa Ha pucC. 4, 06ecreunBacs my-
TEM YCTAHOBJIEHUS MEXIy HUMU OOPATHON JMHET-
HOH CBSI3MU.

Yy

Benymasn
cucreMa

Benomas
crucTemMa

!

Puc. 4. dyHkmoHasbHas cXxeMa CUHXPOHU3AINH JIBYX
XaOTHYECKUX CHUCTEM JIMHEHHOI 06paTHOIl CBSI3bIO
(comporusienne pe3nctopoB R, ... R, — 10 kOm)

Benymyio u Begomyio cucrembl JIio, MOXKHO
orucaTh CUCTEMAMU JHHEWHbIX auddepeniinaib-
HBbIX yPaBHEHUU TEPBOrO TOPSAKA CJIEAYIONIErO
Bujga [8]:

i =aCy, —x,), ¥, =bx, —hx,z + Aw,,

2 =cx’ —dz, @ =-ny, )
u

&y =aly, - x,),

Yy = by = hxyz, + hw, + ey — y),

: 2 (4)
z, = cx” —dz,,

W, = —ny,,

rjie Y,~Y, — HOIPEIIHOCTb CUHXPOHU3AINN BeJy-

el 1 BeJOMOU CUCTEM.

Benymag n Beromast cucteMbl (GOPMUPYIOT Xa0-
tiueckne curnannt x,(¢), y,(¢), z,(t), w,(t) n
x,(1), y,(1), z,(t), w,(t) coorsercTBenHO. B Ka-
4eCTBE MPUMEPA PACCMOTPUM OGECIIEYeHNE MTPOLEC-
ca cunxponuzaiuu curuanos y,(¢) n y,(t) seny-
el 1 BeJIOMOM cucTeM.

Jlis MOIeTMPOBaHKS ITPOIlecca CHHXPOHU3AIMI
BeylIeil 1 BeJOMOIl CHCTEM MCIIOIb30BAIACh IIPO-
rpaMmMHag cpena Micro-cap 9.

[y6una CBA3M MEXK/LY CHCTEMaMU PEryJIUpPyeTcst
M3MeHEeHHeM BeJIMYMHb! conpornsienus R . Kaue-
CTBEHHO O CTEIeHN KOPPEJIAINKE MEKIY CUTHAJAMU
y,(t) m y,(¢) mpu pasHBIX 3HAYCHUAX R MOXKHO
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CUTHAJIOB

Puc. 5. Bpemennble amarpaMMbl XaOTHYECKHX CHTHA-
JIOB Y, U Y, JUISL UCCJEYEeMOIl CHCTEMBI [IPU 3HAUEHI-
ax R, =100 Om (@) u R, = 3 xOwm (6)

a)

Yy B
4

4
| 1 A fFI A i ) f'ﬁ\
an] A / tog | {1 n_/’ V" i f o A
- e \ 4 W, \ Y J
S0 \ ||} 14N rr,r i L" *Lﬁ'\\ I]' Vi l”Nﬁ‘\[ \ IIE “"\l J,’ \
; 1 'l ‘(l A H 1 i
= \| ! o v 'J U v
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Puc. 6. 3aBHCHMOCTb aMILIMTY/bI CHTHajla Y, OT aM-
IJIMTY /Il CHTHAIA ¥/, JUIA MCCTeyeMOH CHCTeMBI HpH
R =100 Om (@) u R =3 xOm (6)

CYWTH 10 WX BPEMEHHBIM JMarpamMmam, IIpHuBe-
JIleHHpIM Ha puc. 3. npu R,=100 Om gumarpamMmb
UJIEHTUYHBI, YTO YKa3bIBAET HA CUHXPOHU3AIIUIO Be-
JtyTieil 1 BeJIoMOoii cucteM, B OTInune oT R = 3 kOmMm.
[anbHeilliee yBesnueHue conpoTuBaeHns R . pu-
BOJUT K TIOJTHON T€CUHXPOHU3AINN CUCTEM.
Hanwmume cuHXpOHM3AIUN UCCAETYEMBIX CHC-
TeM TOATBEPIKIAETCSI 3aBUCUMOCTSIMHU aMILIATY-
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Puc. 7. SKCHepI/IMEHTaJIbeIe 3aBUCHUMOCTH

x, = fx) (@) n y,= f(y,) (6)

JIbI CHTHAJIA BeIOMOii cucteMbl y,(t) oT aMILmTy-
apl curnana y,(t) Bemylieil, KOTOPbIE MPHUBEICHDI
Ha puc. 6, a: npu R =100 Om 3aBucumoctd y,=f(y,)
JIMHEWHa ¢ YIJIOM HaKJOHA @ = T/4, 4TO yKa3bIBaeT
Ha WJICHTUYHOCTH CUTHAJIOB. Y BEJIMUEHIE COITPOTUB-
JeHnd Rx 10 3 kKOM TpUBOJUT K JECUHXPOHU3A-
mun cucrem (puc. 6, 6).

W3 pe3ynbTaToB aKCHEPUMEHTAJbHBIX HCCJIEI0-
BaHMI pEXXMMa CHHXPOHW3AINU BEAYIIeH U BeJO-
MOW CHUCTEM, NTPUBE/IEHHBbIX HA PHC. 7, CJEJYET, UTO
cuHxpoHusanus curuanos x, () u x,(¢) (puc. 7, @)
o6ecTieunBaeTCs yCTAHOBJIEHUEM CHHX POHU3AITUH CHT-
nanos y,(t) u y,(t) (puc. 7, 6).

XaoTruueckoe MaCKHpOBaHHUE

XaoTnvyeckoe MaCKUPOBAHWE SBJISETCS OJHUM W3
CcaMbIX MPOCTBIX CIIOCOOOB CKPBITOH Tepejaun WH-
dopmanuu [7, 9]. Ilpu xaoTuuecKkoM MacKUpPOBa-
HUU UHQOPMAIIMOHHBIN CUTHAJ A/JIUTUBHO TOJ[Me-
[IMBAETCS K XA0TUYECKOMY CUTHAJY B CYyMMAaTope Ha
BBIXO/IE BEIYIIEN CUCTEMDI, TTOCJIE YETO PE3yIbTUDPY-
IOMUI CUTHAJ TiepeJlaeTcs 1o Kanamy cBgsn. Cun-
XPOHM3AIMS CUCTEMBI CBSI3M OCYIIECTBJISIETCS yCTa-
HOBJIEHUEM OJIMHAKOBBIX [IMHAMUYECKUX PEKUMOB
paboThI IPUEMHON 1 IepeIaioleil YacTell CUCTEMbI
CBSI3U C [TOMOIIBIO TIEPEJAHHOTO U U/IEHTUYHOTO eMY
CUTHAJIA, CTEHEPUPOBAHHOTO TTPUEMHOI CTOPOHOIA.
Ha mpuemnoii cTopoHe MPONCXOUT IE€TEKTUPOBA-
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CHUCTEMBI IIEPEJJAYU U OBPABOTKU CUTHAJIOB

HHe I/IH(bOpMaL[I/IOHHOFO CHT'HaJla IIyTEM
BbIYUTAaHUA OT IIPUHATOTIO CUTHaAJIa CUH-

Beayias (D[ Begomas XPOHHOTO OTKJIMKA. 3
creTeMa creTeMa Ha puc. 8 npuBesien Bo3MOXKHbIiT Ba-
@ 0) PUAHT CTPYKTYPHOH CXeMbl Iepeaauu
y.(0) BJIOK2 uH(OpPMaIUN C XAa0THYECKUM MaCKHPO-

! BaHWEM.
: ; CUHXPOHU3AINHT M ) 6 i
IlepemaTunk : HpI/IeMHI/IK o/1e/IMpoBaHne pabOTbl CUCTEMDI TI€
e LTI penayr nHGOPMAITN OCYITIECTBIISIIOCH TaK-
Puc. 8. Crpykrypras cxema mepeaatn muopyarmn ¢ xaorme- K€ B Iporpamvioit cpese Micro-cap 9.

CKUM MaCKUPOBaHUEM

Henunelinplii mepeaT4uk CUCTEMbBI CO-
CTOWT M3 reHepaTopa XaoTHYECKUX KO-
Jgebanuii 1 6JJ0Ka CyMMUPOBAHUSI CHUT-

a) Ry HaJIOB, a MPUEMHUK — W3 WACHTUYHOTO TeHepaTo-
pa u 6J0Ka BbIYMTaHUsI. B KavyecTBe TeHepatopa

XA0THUECKUX KOJeOaHWI B TIepelaTunKe U IIPUEM-

- R, HUKE HCII0JIb30BaJach cucteMa JIto, onucbiBaeMast

Bxoal | DA, - muddepentmanbiabiMu ypasHenusmu (1), Dxcre-
+ DA, PUMEHTAJIBHO CUCTEMA Tiepefayn MHPOopMaIu Gblia

I i BbIxon | peasmsoBana Ha OIEPAMOHHBIX YCHINTENAX W aHa-

R, JIOTOBBIX YMHOXKHUTEJISIX CUTHATOB. B 60Kax cym-

Bxon2 Ry MUPOBaHUSI M BblYNTaHus curiaaos (puc. 9) nep-

Puc. 9. Cxembl Boruntanus (@) u cymmuposanus (6)
ananoroBoii nudopmManun

(compornBenne pesnctopos R, ... R, — 10 kOm)

BbIl OIE€PAlMOHHBIN YCHIUTEb BBITOIHIET (PYyHK-
o 6ydepa.

TenepaTopbl XaoTnyecknx KoseGanuii B Bejy-
el 1 BegaoMoil cucreMax (hOPMUPYIOT CHTHAJIBI
(D), y (), 2,(0), w, (1) u x)(1), y,(1), z,(0),
wz(t) oéﬂaz[afomﬂe CBOWCTBAMHU Xaomqecxou M-
namukn. Cunxponusanus curnanos x,(¢) u x,(t)
cucTeMbl 06€CIIeUrBAETCS ITyTEM yCTaHOBJIeHI/IH CUH-
xponusamun curnanos y1(t) u y2(t) ¢ moMompIo
cxeMbl JinHelHOiT o6parHoil cBsizu (eMm. puc. 4).
Wudopmaimonnbiii curnan s(t), mpocyMMUpOBaH-
HBIIl ¢ HECYIIIM Xa0THYeCKUM cHrHasoM x (), me-
pejlaercs 1o JIMHUK CBs3u. B kavectBe mHdOpMa-
[IMOHHOTO CUTHAJIA BHIGHPAIACh CHHYCOM/A C aMIl-
gutynoii 3 B m wactoroit 600 I'm. B mpuemmoii

T AR —
60 80 t, MC
6)
M A ww EAAAARRARRS M WAL w&w A “W AR AN
0 20 40 60 80 t, Mc
B)
Wﬁw—_‘%ﬂ _\_’.*_rj“%‘t%%‘t f?__sf_r&zkt‘?%"ﬁf*rf‘fwxf_%’if%_ Yy WE{W@NW%. Mf‘.«.’#ﬁfﬁ..f. s
-15
Y " ﬂ,"\{: i f'y'yr“r‘p”\'{"'jﬁ-% WH‘} "W‘ﬂﬂﬂfﬂﬁ“\"}ﬁ ihi ﬂ ﬁ ‘ ﬁ (e \ / i wm A
-3,5.._._i_.La.\f_'_'.:.L/'_u_'l i '._*_‘ui:'u'_:[ﬂ;_t:kr_'.": ?}_;;.]t.j._\*'__\g;b:_@;i H hjb L ”\'5 P ” R
0 20 40 60 80 t, MC

Puc. 10. IosyueHHble B pesysbTate MOJEJINPOBAHUS BPEMEHHbBIE JUATPAMMbBI AMILTUTY/IbI CUTHANOB (B BOJIBTAX):
@ — BXOJHOI HH(OPMAIMOHHDLIT CUTHAJL; 6 — XaOTHYECKHIl CUTHAI; 6 — a/UIUTUBHA cMeCh HH(OPMAIHOHHOTO i Xa0THYECKOTrO

CHUTHAJIOB; ¢ — BBIXO/IHOI CHUTHAJ Ha HpHeMHOﬁ CTOPOHE CUCTEMDI
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a) PR TJL ® Stop M Pas: 0.000s AUTOSET
i : + 1 R
= . . 4
BRI JE Iy TR [ PR e—.
;
g R
il g o [ P
L , FFT
L 2 : i I| s, i H
z | 1 ! 1
H | I ! udl
o e 5
PK=PK 454/ : Unda
Perigd 1.670ms - : : 3 Autoset
HT 2005 0z 200V M 250ms CHI 7 831V
b 599.707Hz
6) AUTOSET

M Pas: 0,000

Caa 714U,

YaCTH CUCTEMBI MPOUCXO/UT BbIYUTAHUE OT MOJLY-
JupoBaHHoro curuana m(t) XaoTHYeCcKOro CUrHa-
na x,(t), cunxponnsuposannoro ¢ x,(t), B pe-
3yJIbTaTe Yero MoJIydaeTcs BhIXOAHON nHMOpMaIu-
ounblil curuaj. Ilpu MojgempoBanuu mpe/oiara-
JIOCh, YTO KaHaJI CBA3W SABJISAETCS N/ICAJTbHBIM.

N3 nosyueHHbIX B pe3yJbTaTe MOJCTUPOBAHUS
BPEMEHHBIX JarpaMM, MpUBeJeHHBIX Ha puc. 10,
CJIeTYET, UTO BBIXOJHOW CUTHAJ HA TPUEMHOI CTO-
poHe COBIA/IaeT ¢ BXOHBIM NH(MOPMAIIMOHHBIM CHUT-
HaJIOM.

Pesyabrarsl Mo/leIMpOBaHus MpoOIecca mepe-
Jfaun MHGOPMAIMU ¢ Xa0THYECKUM MacCKUPOBaU-
eM ObLIU MOATBEPIKJAEHDbI dKCIIEPUMEHTATbHBIMU
MCCJIeIOBAaHNSMHI, B KOTOPBIX UCITOJIb30BAJICS CHU-
HYCOUJIAJIbHBIN NHPOPMAIIMOHHBIN CUTHAJ 4aCTO-
toit 600 I'm m ammmuryoit 1,6 B, dbopmupyembrii
reHepaTopoOM HU3KOYACTOTHBIX curHaioB ['3-118.
B kayecTBe reHepaTopa XaOTHYECKUX KOJeOaHMI
MCIIOJb30BAJICS TeHepaTop, ONMUChIBAEMbIN cucTe-
Moii uddepennmaibubix ypasaenuit (1), cBoii-
CTBa KOTOPOro ucciaepoBanb B [10].

Kak crenyer u3 npexacrabiennbix na puc. 11
IKCIIEPUMEHTAIBHBIX BPEMEHHBIX JMArPaMM, pPas-
HUIA MEXK/Ty TIOJIyYeHHBIM CUTHAJIOM HA TTPUEMHOI
CTOpPOHE CHCTEMBI CBS3W U TepeJJaHHbIM nH(opMa-
[IMOHHBIM CUTHAJIOM HezHauutebHa (puc. 11, 2),
YTO yKa3bIBaeT Ha BO3MOXKHOCTb MCIOJIb30BAHUS

11 P U3 LI

B) K ____ JL. -y

Undo
Autoset
~BERImY
599.80@Hz o

vc}RMS‘i.B‘z\-';“'”é .....
Freq: 600.6Hz :

M Pos;

0,00 s

i m———

Operation

'
YRE ; Al CH1-CH2

INRNNREIE]

ﬁ X, 11— 1 AL T
z 599 TONH»

Puc. 11. 9xcnepuMeHTaJbHbIE BPEMEHHBIE JMATPAMMbl CUTHAJIOB:
a — BXO/IHOIT MH(OPMAIMOHHDBIIT CUTHAJ U XaOTUYECKUH CUTHAJ; 6 — BXO/HOI MH(MOPMAIIMOHHBII CUTHAJ U [IEPEIAHHbIIT 110 JTMHUK
CBA3N MOI[yJIVIpOBaHHbTﬁ CUTHAJI, 6 — I/IH(I)OpMaTII/IOHHbIﬁ CUTHAJI Ha BXO/I€ M BbIXO/J€ CHUCTEMBI, 2 — I/IH(I)OpMaTH/IOHHbHU/I
CHUTHaJI Ha BXO/l€, BbIX0/l€ CUCTEMbI U pa3HUIla MEXK/lY HUMU

HpeIIJIOH(eHHOfl CUCTEMDI AJiAd Iepeladn I/IHCl)OpMa-
I ¢ XaOTUYECKUM MACKUPOBaHUEM.
3k %k

[IpoBenentbie uccie0BaHUS TO3BOJIIIH PEATH-
30BaTh Ha 6aze cucreMbl JI10 reHepaTop pa3IMuHbIX
BH/IOB KOJIEOAHWI 1 CHHXPOHU3UPOBATD /IBA TAKMX
reHeparopa ¢ IOMOIIbIO JUHEHHONH 06paTHOU CBSI-
3H, a TaKKe Pean30BaTh CUCTEMY CBSI3U C UCTIOJIb-
30BaHNEM IeHEPATOPOB XA0THUECKUX KOJIeOAHMIA.
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/lama nocmynaenus pyxonucu
6 pedaxuuro 26.03 2012 2.

Ivanyuk P. V., Politansky L. F., Politansky R. L.
Chaotic masking of information signals using gene-
rator based on the Liu system.

Keywords: chaos, hyperchaos, chaotic masking, chaotic
synchronization, Liu system, Lyapunov exponent
spectrum.

Lyapunov exponent spectrum for a chaotic Liu system
was calculated in this work. The possibility to set the
synchronization between generators based on the system
under investigation was shown. A communication
system was experimentally realized using chaotic
generators.

Ukraine, Yuriy Fedkovych Chernivtsi National
University.

IBantok II. B., Iloxitancekuii JI. @., Ilomitancbkuii
P. JI. Xaotuune MacKyBaHHs iH(pOpMANiifHHX CHUTHAJIB
3 BUKOPHUCTAHHSM reHeparopa Ha 6asi cucremu Jlio.

Knwouosi caosa: xaoc, zinepxaoc, xaomuune MAacKy-
B8AHMS, XAOMUUHA CUHXPOHI3AYL, cucmema JI1o, cnexmp
nokaswuxis Jlsnynosa.

B po6oti pospaxoBaHo ciieKTp MoKa3HukiB JlsmyHnosa
nas xaotruynoi cucrtemu Jlo. Ilokaszano MoxkauBicTb
BCTAHOBJICHHA PEXUMY CUHXPOHi3allii Misk reHeparopa-
MU, 110 6a3yI0ThCS HA JOCJi/pKeHiit cuctemi. Excriepu-
MEHTAJbHO Peasi3oBaHO CHUCTeMY Tepemadi iHdopmarrii
3 BUKOPHUCTAHHSAM TeHepaTOpPiB XaOTUYHUX KOJHMBAHbD.

Ykpaina, UepHiBellbkuit HallioHAJIbHUI YHiBepCUTET iMeHi

IOpiss DeaproBuya.
HOBBIE KHUT'

Hocepa, 2011.— 432 c.

/Fyﬁapes B. B. Uudopmaruka: npouinoe, Hacrosiee, oyayuiee.— Mockpa: Tex-

~

HOBBIE KHUT'

-

B nocob6uu wuanaraercs B3rsi aBTOpa Ha TO, UTO Takoe HH(GOpMaTHKa, €e COCTaB,
OCHOBHbI€ MOHSITHS, KOHLENLHSI OMUCAHUS €€ UCTOPUKM U MOKOJEHHUH CPeJCTB BbIUMCIH-
TeabHOH TexHUuKH. Ocoboe BHUMaHUE YIeaseTCs XPOHOMTOTHH CO3/1aHns 6a30BbIX CPECTB
U TeXHOJOTMH MH(MOPMATHUKH, CBEIEHHUSIM O JHIlaX, BHECIIUX BECOMBIH BKJIAaJd B pa3BH-
THE Pas3HbIX pas/ienoB MHPOPMATHKH, a TaKxKe OJMKANIINM TEepCreKTHBAM HX pa3BH-
THA. COﬂep)KaTCH MHOTOYHUCJ/JIEHHbIE ClIpaBOYHbI€, B HaCTHOCTH CTATUCTUUECKHE, CBEeJle-
HMSl U MepeueHb MeKAMCLMMIUHAPHBIX MPOOJIEMHBIX BONPOCOB, KACAIOUIUXCS MOHSITHS
HHhopMallKi, UHPOPMATHKHU U ee pa3aenoB. B KHUTY BK/AOUeHbl yueOHble U CpaBoy-
Hble MaTepuaJbl, MpelHa3HaUeHHbIe /51 U3yUeHHs] B paMKaX yueOHOTO mpolecca MpH
MOATOTOBKe GaKa/JaaBPOB U MAarucTPOB MO HampaBaeHusM «MHdopmMaTHKa U BBIUMCIHU-
TeJbHasl TexHUKa», «[Ipukaannas matemaTuka U uHopmatuka», «[Iporpammuas uH-
KeHnepusi», «CHCTEeMHBIH aHaau3 U ynpasaenue», «Mundopmannontble CHCTEMbl U TeX-
Hosorun», «IIpuknannas nndopmatuka» (no orpacasm), «Marematuueckoe obecreue-
HUE W aMUHUCTPUPOBAHHE MH(MOPMALUOHHBIX CUCTeM», «YNpaBleHHe B TeXHHUECKHX
cucremax», «busnec-unpopmatuka», «Mupopmannonnas 6ezonacHoctb» u T. m. [loco-
6ue M0oxKeT ObITh MOJE3HO CTyAeHTaM, 00yJyaloluMcs Mo HanpaBaenusim «MaTemaTuka
1 KOMTIbIOTEpHbIEe HAYKH», «PyHnaMeHTanbpHass MHGOPpMATHKa U HHDOPMALLHOHHBIE TeX-
Hosorun», «MHuTenmeKTyanbuble CHCTEMbl B TymMaHuTapHoi chepe», «Mupo-koMMyHu-
KALMOHHbIE TEeXHOJOTMHM M CUCTeMbl CBSI3W» U T. M., MHOTMM MpenojaBaTegsiM M aclu-
paHTaM, a TakxKe BCEM, KeJalolUM CHCTEMHO MO3HATh, YTO TaKOe MH(POPMATHKA, ee
KOHILETITYaJbHble OCHOBBI, CTPYKTYpa, HCTOPUST U METOJOJOTHS, STANbl CTAHOBJIEHHS U
HaTpaBJ/JaeHHs] Pa3BUTHSI.
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CEHCOSJEKTPOHHUKA

YK 625.315.592

A. ¢p.-m. n. B. A. BOPIIAK

Yxkpanna, Opecckuit HalMOHAJBHBIH yHUBepcuTeT nMenn V. V1. MeynukoBa
E-mail: borschak va@mail.ru

KOMIIBIOTEPHAS OBPABOTKA M3OBPAKEHUIA,
[HOJIYUEHHDBIX ITPU TTOMOIIIN CEHCOPA
HA BA3E TETEPOIIEPEXO/IA CdS—Cu,S

Cosodana ynusepcarviuas npozpamma, no3e0 10U YRPAasisims NPOUECCOM CKAHUPOSANUS. 0amuil-
Ka u300paxenus,, npoussooums 06pabomKy NOLYUEHHOIX OAHHBIX C UEAbIO KOMNEHCAUUU HeoO-
HOPOOHOCU (hOMOUYECMBUMENLHOCTNU CEHCOPA U NPeodPaA306bIsamy (hail ¢ sudeoundopmauuer
6 110601 hopmam, docmynivlii CMandapmmuvbLMm NPOZPAMMAM, PAOOMAIOUUM C U300 PAKEHUSMU.

Katoueswie cnosa: CEeHCop u3o6pameﬁmi, H@O@HOpO@HOCWlb d)omouyecmeume/lbﬁocmu, Heudeaiv-

Holll 2emeponepexoo.

Henpeansupiii rereponepexon CdS—Cu,S, xax
6bLI0 ycTaHOBJIeHO B [1], MOKHO MCIOIB30BATDH B
KauecTBe 9P PEKTUBHOTO CEHCOPA ONTHYECKOTO U
PEHTTEHOBCKOTO M300PaKEHUIT ¢ BHYTPEHHUM YCHU-
JeaneM. KOHCTPYKTHBHO CEHCOP TPECTABJISET CO-
6oii Tonkomnenounplit rereponepexon CdS—Cu,S.
Konrakrtom K cyabdumy KajMust CIy>KUT CILIOII-
HOW TIPO3PAYHbIN MPOBOLIINHI CJION JUOKCH/IA OJI0-
Ba, HAaHECEHHBI Ha CTEKJIAHHYIO MO/JIOXKY pas-
MepoM 50x25 mMm. KonTakt K cyabdumy Mean mpe-
CTaBJIsIeT COOG0I TEPMUYECKU OCAKIEHHYIO B BAKyy-
Me MEeJHYIO IIJIeHKY C NPUKaToil K Heil 30J0TOi
ceTkoii. Pazmep hoTOUyBCTBUTETHHOI TOBEPXHOCTH
OTIpe/IeJIsieTCsl Pa3MepoM cJiost cyiabduaa Meau
(42x25 mm). TIpu TaKON KOHCTPYKIIMK 3aIIUCh U306~
PaXKEHUS M €ro CYNUTHhIBAaHME MOXXHO MPOU3BOIUTDH
TOJIBKO CO CTOPOHbI CyJibduia KaaMus.

N3zo6paxenne B TakoM cencope (GopMUPYETCs
HEPABHOBECHDBIM 3aPsi/IOM, 3aXBAYEHHBIM TJIyOOKHU-
MU JIOBYIIKaMu B 06J1aCTU TTPOCTPAHCTBEHHOTO 3a-
pana (OII3), rae nuMeercss 3HAYUTENbHDII PEKOM-
OWHAIMOHHDBI Gapbep, MPEMSATCTBYONNNA PEKOM-
OUHAIIMY 3aXBAYE€HHOrO 3apsjla cO CBOOOJHBIMU
HOCHUTEJISIMU. Y CTAaHOBJIEHO, YTO CKPBITOE M306pa-
JKeHne Jake MpU KOMHATHON TeMIlepatype MOKeT
XPaHUTBCS B TAKOM CEHCOPE I0CTaTOYHO /0JT0 [1].

Tem He MeHee, onpejesisieMblil Pa3JTMUHBIMU Me-
XaHU3MaM¥u BBIOPOC HEPABHOBECHOTO 3apsjia W3
OII3 [2—4] uMeeT MecTO, M 9TO MOKET BBI3HIBATH
3HAYUTETHHYIO HEOHOPOAHOCTH (DOTOUYBCTBUTE b~
HOCTHU CEHCOPAa BJIOJIb €0 TIOBEPXHOCTH.

BaskHBIM U MHTEPECHBIM C TTPAKTUYECKOI TOUKU
3pEHUS SBJISIETCS BBISICHEHME BOIIPOCA O HAJINYHH
[MOBTOPHOTO 3aXBaTa HOCUTEJIEH TP UX BBIOPOCE C
neHTpoB 3axBata [5]. IIpu Tepmuueckom BbIGpOCE
JIBIPOK oHM Tonazator B ose OII3 u 6picTpo yia-
JISIOTCS B Y3KO30HHBIN CJIOH, TTO3TOMY MOBTOPHDBIIM

3aXBaT MPEJICTABJSIETCS B ATOM CJIydae MaJOBEPO-
SITHBIM, XOTsI, B IIPUHIINIIE, BO3MOKHBIM.

[l1s1 aKcnepuMeHTaIbHON TPOBEPKU ATOTO TIPE/I-
[OJIOKEHUST UCCeoBasach (popMa BUEOCUTHATA
OJITHOU CTPOKM CEHCOPHOW MaTpUIlbl Cpa3dy IocJe
npeKpateHus BO30y:K/IeHus U 110 ucredennu 6 ya-
coB. BosOy:x/enne mpousBOAMIOCH IIYTEM 3KCIIO-
HUPOBAHMS PA3HBIX TOUEK CEHCOPA TOUECUYHBIMU CBe-
TOBBIMH OOBEKTaMH OJMHAKOBOI SIPKOCTU. DBbLIO
YCTaHOBJIEHO, YTO TIOCJIE 3TOTO 3aMETHOTO YIIMpe-
HUS TIMKOB CHUTHAJa He HabJIo/aercs. JTO M03BO-
JIIeT CJIeJIaTh BBIBOJ] O TOM, YTO ITOBTOPHBII 3aXBaT
Ha JIOBYIIIEYHBIE IIEHTPHI HE TTPOUCXO/UT JIaske ToC-
Jie JIJTUTEJIbHON pesakcaiyuu. Tak Kak WHTEHCHUB-
HOCTH BO30YK/IEHUST BO BCEX TOUKAX ObLia OJ[MHA-
KOBa, MPeJIoJaraercs, 4YTo pasJjndne yPOBHS CHT-
Hajla B Pa3JIMUHBIX MMHUKaX OOYCJOBJIEHO HEO/I-
HOPO/THOCTBIO (DOTOUYBCTBUTETHHOCTU UCCJIEYEMbIX
006PasIoB, YTO SBJISAETCS HEJJOCTATKOM TaKOU CTPYK-
TYPbI IIPU WCIIOJb30BAHUM €€ B KAayecTBEe CEHCOpPa
nzo6paskenus. [lomo6Hass HEOAHOPOHOCTD, KAaK TI0-
Ka3aHo B [6], BbI3BaHA M3MEHEHHEM KOHIIEHTPAIIHH
rIy60KUX JIBIPOYHBIX JIOBYIIEK BOJIb ITOBEPXHO-
cTH rereporepexo/ia. /st Toro uTo6bI OMyUaTh Ka-
YecTBEHHbIE M300PAKEHUST C MOMOIIBIO UCCTe/ye-
MOT'0 CEeHCOPa, HeOOXOIUMO YUUTHIBATH HEOTHOPO/I-
HOCTb (POTOUYBCTBUTEIBHOCTU ee 3jieMeHTOB. lle-
JIBIO HACTOsIIel paboThl OBLIO cO3/aHue crocoba
KOMTIEHCAITUY TaKOW HEOIHOPO/HOCTH TIPU KOMITbIO-
TepHOIT 06paboTKe N300 paKeHMIH.

Mertoauka 06paGoTKH H300pasKeHuii

Boina cosmana yHuBepcajabHas NMporpaMMma B
cpene mporpammupoBanug C++, MO3BOJIONIAS
VIIPaBJISTD MPOTIECCOM CKAHUPOBAHUS CEHCOPa U300~
paxkenust u 06pabaTbIBaTh MOJyYeHHbIE JAHHBIE C
MOCJIETYIONIM BBIBOZIOM HM300paskeHnus Ha MOHU-
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TOP KOMIIBIOTEPA, a TaKyKe Mpeo6pa3oBbIBaTh daiin
¢ BumeonHdopmanueit B oo dhopmar, J0CTyI-
HBII CTAaHJAPTHBIM TIPOTpaMMaM, paGoTAIONNM C
uzobpazkenusimu. Takum 06pas3om, JLJist Oy YEHUs
n300paKEHNsT MPOrpaMMa yIpaBJisieT KOHTPOJLIe-
POM, TIPOM3BOJSIIUM CKAHUPOBAHUE, W TOJyYaer
OT Hero JlaHHble 06 MHTEHCUBHOCTH BU/ICOCUTHATA B
KXol TouKe ceHcopa. B pesymibrate sToro B Ta-
MSITh KOMITBIOTEPA 3aHOCUTCST MATPHIA JTAHHBIX Pa3-
MepoM 128x128 nm 256x256 (paspemenne ckamu-
POBaHMs1), COOTBETCTBYIONIAS MHTEHCUBHOCTH BU/IEO-
CUTHAJa Ha TOBEPXHOCTH 00pasiia, KOTOPBIH MO-
JKeT ObITh coXpaHeH B Bujle daiia.

Jl71s1 yaera HeOTHOPOJIHOCTU ceHcopa HeoOXO0/11-
MO TIOJIYYHTh JIOTIOJTHUTETBHYIO HHOOPMATIHIO, Xa-
PaKTEPU3YIONIYI0 3HAYeHUsT TEMHOBOTO TOKa 1 (ho-
TOYYBCTBUTEHBHOCTH B KAXKJIOI TOUKE TOBEPXHOCTH
npeoGpasosaresss. C 9Toil 11€bI0 B TEPBYIO Oue-
pelib TIPOM3BOIUTCS CKAHUPOBAHUE CEHCOPa B PaB-
HOBECHOM (TEMHOBOM) COCTOSIHHH, B PE3YJIbTATE YErO
nporpamMma cozmaer daiis ganubix black.img, 3a-
MUCHIBAET €T0 HA JUCK U COXPAHSIET B TOCTOSTHHOW
MaMsITU KOMIIbIOTEPA B CrieUaJbHOM hopMate, ya06-
HOM JIJIsT ucniotb3oBanus. Cieaytonuii aTalm — cKa-
HUPOBAHKE CEHCOPA, OCBENEHHOTO OIHOPOHBIM Ge-
JIIM CBETOM, B pe3yJibTare 4ero cosgaercs aiin
JaHHbIx white.img. [TpuBesst ceHcop B paBHOBECHOE
COCTOSTHTE, MOKHO TTPOU3BECTH HKCIIOHNPOBAHIE €TO
MOBEPXHOCTH KAKUM-JNO0 M300PAKEHNEM U TOCJIe
CKaHUPOBAHUS TIOJYYUTh JlaHHble 06 ypOBHE BU-
JIEOCUTHAJIA B Kaxk/10ii ero touke (aiin initial.img).
Takum 06pa3oM MOJYUYalOT BCe HEOOXOUMbIE JIaH-
HbIe JIJIS TToceayioneil 06paboTKN M300paskeHns .
Cunenyer umerh B By, uto (aiinsl black.img u
white.img aBASIOTCS MHANBUAYAJBHON XapaKTepH-
CTHKOW KOHKPETHOTO CEHCOpa M MOTYT HUCIIOJIb30-
BaTbCs IpK 06pabOTKe U300PASKEHUIT, TIOJTyIaeMbIX
TOJIBKO C €r0 MOMOTI[BIO.

Paspa6orannasi mporpamMMa MMeeT JiBa PEXNMa
06paboTKK N300PAKEHUS:

1. Bpruntanue 13 uCXOHOTO N300pAKEHUS YPOB-
HS «4epHOro» (3HaueHus BU/EOCHTHANA B KaK/0i
TOUKe JIJIsI PABHOBECHOTIO COCTOSIHUS CEHCOPa).

2. JlonoIHUTENIbHBIN YYeT HeOIHOPOAHOCTH (HO-
TOUYBCTBUTENBHOCTH CEHCOPA.

[TepBbIit peskuM TIPUMEHSIETCS JIJIsT yIeTa Heol-
HOPOJTHOCTH YYBCTBUTENBHOCTH TIPe0OPA30BATEIS,
MIPUBE/IEHHOTO B PABHOBECHOE COCTOSTHIE, KOTOpast
MOXKET ObIThb BbI3BAHA PA3MYMeM 3HAYEHWH KOH-
[EHTPAIUN JIOHOPHBIX TEHTPOB M KOHIEHTPAINU
IIEHTPOB PEKOMOMHAIINH HA METAJIIYPTUIECKON Tpa-
HUIIEe B PA3JIMYHBIX TOUKax. B mpoitecce aToit o6pa-
GOTKHM TakyKe MPOU3BOJUTCS BBIYUTAHWE B KAJKIOM
TOYKE MUHMMAJbHOTO 3HAYEHUS] CUTHAJA, YTO TI0-
3BOJISIET YCTPAHWUTD BJNSHUE HAa M300pasKeHne 1mo-
JIOSKEHUST allliapaTHOTO HYJIS YCUJIUTES .

Bropoii peskum 06paboTKN BKIOYaeT B ceOs He-
CKOJIBKO OTlepaiinii, Mo3BOJSIONUX YUECTb TaKIKe
HEOTHOPO/THOCT, SIBJISTIONIYIOCS CJIE/ICTBUEM PA3JIU-
YU 3HAYEHWI KOHI[EHTPAINH IIEHTPOB 3aXBaTa He-
PABHOBECHBIX HOCUTEJIEH B 061aCTH TPOCTPAHCTBEH-

Puc. 1. Ilpumeps! Busyanusarmu $ailioB JaHHBIX:
a — ucxomHoe HeoO6paboTanHoe m3obpaskenne (initial.img);
6 — pasnoecnoe cocrosuue (black.img); ¢ — nepasHOBECHOE
COCTOSIHUE TIOCJ/Ie BO3JEHCTBHSI OHOPOJHBIM GEJIbIM CBETOM
(white.img); 2 — pesymbrar o6paborkn nso6paskenns (result.img )

HOTO 3apsijia. Bo-TiepBhIX, POU3BOJAUTCS, KaK U B
MEPBOM pEXKUMeE, BBIYUTAHUE YPOBHSI «U4EPHOT0» JIJIST
MOJIyYeHUST TPOMEKYTOUHOTO MAaCCUBa JIAHHDIX.
Takas >xe orrepalisi TPOU3BOUTCS CO 3HAYEHUSIMU
daiina white.img, 4To MO3BOJISIET TOJYUUTH KO-
burenTpl, XapakTepU3yIoliie YyBCTBUTENbHOCTD
ceHcopa B Kaxjoil touke. Mcmoabayst ot Koad-
urmentsr s 06pabOTKU TPOMEKYTOYHOTO Mac-
cuBa, MoJiydaeM KoHeuHblil ailn usobpaskeHus
(result.img), B KOTOPOM yCTpaHEeHbI BCe HEOAHO-
poaHOCTH cencopa. [yt yIo6HOTO TIpe/icTaBIeHus
PEe3yJIbTaTOB BbIXO/HbIE IAHHbIE HOPMUPYIOTCS K 233.

I'padudeckn pe3yabTaThl ¢ TOMOIIBIO TPOTPAM-
MBI MOTYT OBITh MPECTABJIEHBI B J[BYX BU/AX:

— wu3oOpaskenne o6beKTa HA IKpPaHe JUCILIes
(1103UTUB-HETATUB);

— rpaduK 3aBUCUMOCTH YPOBHSI BU/IEOCUTHAJIA
OT KOOP/IUHATBI.

Busyanusaryst BO3MOKHA KaK JIJIsT OKOHYATETBHO
o6pa6oranHoro uzobpaskenus (daiin result.img), Tak
1 JIIS TIEPBOHAYAJIBHO TOJTyYeHHbIX JaHubix (aii-
abt black.img, initial.img, white.img). lns ya06-
cTBa jajbHelineil paboTbl ¢ N300PAKEHUSMU TTPO-
rpamMMa I03BOJIsIET MPeoOpPa3oBbIBaTh MX B CTaH-
naprubiii rpaduveckuii popmar PCX, kotopbliii 3a-
TEM MO3KeT ObITh MTPeo6pa3oBaH B JIOOOI JAPYTOIL.

Ha puc. 1 npencraBienbl pe3yabTaTbl pabOThI
MOJIYJISl BU3YAJU3AIK Pa3paboTaHHON TPOTPaAMMbI
Ha pa3JIMYHBbIX dranax o6paboTku ganubix. Mexonu-
Hoe u3obpaxkenue 3Bes3aHoro ueba (puc. 1, a)
MOJTyY€eHO TP HKCITIOHUPOBAHUN CEHCOPA Ha TeJie-
ckorne (pedpakrope) acTpoHOMIYECKOI 06cepBaTo-
pun OJ1eCCKOTO HANMOHAIBHOTO YHUBEPCUTETA
um. 1. 1. MeunukoBa.

HecmoTps Ha IOCTaTOYHO BBICOKYIO HEOHOPO/I-
HOCTh HccaeayemMoro cencopa (puc. 1, 6), paspa-
60TaHHBIE AJTOPUTMBI 0OPAGOTKU JAHHBIX MO3BO-
JISTIOT KOMITECUPOBATH €€ U 3HAYUTEJIbHO YJIYUIITUTh
KavyecTBo nzobpaxenus (puc. 1, 2). IT0 MOATBEP-
JKJIaeT U pHC. 2, HA KOTOPOM MpHUBeAeHO 06pabo-
TaHHOE N300paskeHne, 3aMMCaHHOE TTPU OCBETEHNN
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Puc. 2. TloayronoBoe usobpazkeHue, MOJTyYEHHOE IPH
MTOMOTII CEHCOpa HAa OCHOBE HEW/EAJbHOTO TeTepoTre-
pexoqa ¢ paspemenuem 250x250

OOBIYHOI JTAMIION HaKaJUBaHUS, KOTOpas /aBaJjia
OCBENIEHHOCTh Ha 06bekTe Topsaaka 100 Joke, u ¢
aKcrosummeit 1,/8 c.

LR

Takum o6pazoM, co3laHHAs YHUBEPCAJbHAS
MIporpaMMa MO3BOJISET YIPABJISATh MPOIECCOM CKa-
HUPOBAHUS IaTIMKA U306pakeHus 1 MPOBOIUTD 06-
paboOTKy TOJYYEHHDBIX JAHHBIX C TOCJEYIONIM
BBIBO/IOM M300PaKEHHST HA MOHUTOP KOMITBIOTEPA, a
TakKe Mpeo6pPa3oBbIBATh (hailyibl ¢ BUpeonHbopMa-
nueit B Jio6oii (opmar, [OCTYIHBI CTaHaPTHBIM
rporpaMmam, paboTaionM ¢ U306PAKEHUSIMHU.

Pazpaboranias 1 U3roToBJIeHHAS YCTAHOBKA JIJIsT
3aICH, CYUTHIBAHUS W BHU3YAJIU3AINH U300paKe-
HUI, TOJTYYEeHHBIX TIPU TTOMOIIN CEHCOPa Ha OCHOBE
HEeN/1eaJIbHOTO TeTePOTIEPEXD/IA, TTO3BOJISET MTPOBO-
JIUTH WCCJENOBAHUS C I€JbI0 COBEPIIEHCTBOBAHUS
CEHCOPOB TIPEXK/IE BCETO 3a CYET YMEHBIIEHUS WX
HEOIHOPO/IHOCTH 1 HOBbIIIeHNsT cTabuibHOCTH. [Ipo-
rpamMMa B COYETaHUM € padpabOTaHHBIM CEHCOPOM
MOJKET CJIYKUTb IIPOTOTUIIOM JaTuyuKa u300paske-
HHUM, KOTOPBIN MOKET IPUMEHSITHCSI B 00J1aCTH Me-
JUTITHBI WU TIPU aCTPOHOMUYECKUX MCCJIEOBAHN-
sax. B pganbueiiimem 6yyT mccie0BaHbl BO3MOXK-
HOCTH TIPUMEHEHUS TAKOTO CEHCOPA [IJIS TTOJTYYeHUS
N3006pAKEHIIT MUKPOIJIEKTPOHHBIX YCTPOUCTB.
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Borschak V. A. Computer processing of the images
obtained by a sensor based on the CdS—Cu,S
heterojunction.
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sitivity, non-ideal heterojunction.

There has been created a multipurpose program that
allows to manage the image sensor scanning, to process
data to compensate for the heterogeneity of the sensor
photosensitivity and convert the video data file into
any format, accessible to standard programs, which
process images.

Ukraine, I. I. Mechnikov Odessa National University.

Bopmak B. A. Komn'lotepaa o6poGka 300paskennp,
OTPHMaHHX 3a JIOIIOMOrOI0 CeHcopa Ha 6a3i rerepo-
nepexoxy CdS—Cu,S.

Katouosi caosa: cencop 306pasxens, 1eo0Hopionicmo
pomouymaueocmi, neidearvHuil zemeponepexio.

CTBOpPEHO YHIBEPCATBHY MPOTPaMy, M0 J03BOJISIE YIIPaB-
JIATU TIPOIIECOM CKaHYBaHHS [IaTYNKa 300PaKEHHS, [IPO-
BOUTH OOPOOKY OTPUMAHUX JIAHUX 3 METOI0 KOMIIeH-
carii HeoHOPiHOCTI (DOTOUYTIMBOCTI CeHcopa Ta Iie-
perBopioBaTu aiis 3 Bijseo B Oyab-skuii dopmar, J10-
CTYNHUN CTAaHJAPTHUM IIPOrpaMam, IO IIPAIo0Th i3
300pasKEHHSIMU.

Yxkpaina, Ozmecbkuii HallioOHATHHNI yHIBEPCHTET iMeHi
I. I. Meunuxkosa.
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TEMIIEPATYPHDBIE TTIOJIA B PACTYIHIEM KPUCTAJUIE
«COJIHEYHHOI'O KPEMHUWA»

Memodom KoMNLIOMEPHOZO MOOCIUPOBANUSL ONPEdeLetbl ONMUMAILHBLIE MENI0BbLE YCIOBUS GbIPAUYU-
sanust memodom Goxparvckozo MOHOKPUCNALN06 ST, npuzoo0n0z0 015 U320MOGAeHUsL POMOILEKMPU-
yeckux npeobpaszosamenei snepzuu. M3yuenvt 3a6ucumocmu xapakmepa memMnepamyprulx noaei u
GoprvL pponma xpucmariudayuu om ouamempa Kpucmaild, Cmaoul t CKOPOCMU €20 GulPauueanus,
a maxsxe om coommouenHust Ouamempa u 6blcomuvl KPUCMALIA.

Katoueswle caosa: coaneunwlii erMHutz, menJjosovle noJs, CKopocmv Hdnpaefl@HHO?j Kpucmajiuauyuu,

pasmepvl Kpucmaia.

Jlnst usrorossienust GOTOINEKTPUIECKUX TTPEOO-
pasosareJeii seprun (M) HEOOXOAUM «COJTHEY-
HBIIl KpEMHHUI» ¢ 4nCcTOTON He HIKe SN 1 o6Jaa-
IOIUIT MOHO- WJIW MYJIbTUKPUCTAIITYECKON CTPYK-
typoii [1, 2]. Tpaguimonubie crocoObl MOJTyYEHUST
KpeMHHs «COIHedHoro» kadecrsa (SoG-Si) nmeror
HU3KYTO MPOU3BOIUTENbHOCTD, IKOJOTHUECKN OTAC-
HbI U JI0BOJIbHO jioporu. Cpe/in HOBBIX, aJlbTepPHA-
TUBHBIX TeXHOJIOTHIT osryyenust SoG-Si ocoboe me-
CTO 3aHUMAET IPSIMOE BOCCTAHOBJICHWSI KPEMHE3€EM-
COJICPIKAIIETO ChIPhS YTJICPOIHBIM BOCCTAHOBUTEIEM
B pyaHotepMuueckux redax [3, 4] ¢ npomyBkoii
KHUCJOPOAOM. TakuM MeToI0M MOKHO TIOJIYYUTh pa-
(puHUpOBaHHbBIN KPEMHUI ¢ CYMMapHBIM COJIEPKa-
HueM nipumeceii okosio 1000 ppm. ddbderTuBHBIM
7 OTHOCHTEJBHO JIETEBBIM CITIOCOO0M JlaibHened
OUYMCTKY SBJISETCS HANIPaBJEeHHAS KPUCTAIN3AINS
C MOJIydYeHHeM CTPYKTYPbl, HEOOXO[IUMOM JIJisl U3-
roroByenuss MIII [2]. [Ipu 5TOM BO3MOXKHO 1OJTY-
yeHue GOJIbIIUX CAUTKOB MOHO- U MYJIbTUKPEMHUS,
13 TEXHOJOTUYECKOTO IMPOIlecca NCKJII0YAI0TCS KO-
JIOTHYECKU BPEJIHbIE W B3PbIBOOTIACHDBIE BEIECTBA,
ce6eCTOUMOCTD TTOJTy4aeMO PO KITUH CHUYKAETCS .

OpHoii 13 anmapaTHbIX peaan3aliii MeToI0B Ha-
[PaBJIECHHON KPUCTAJJIU3AIUN MOXKET CJYKUTb
BBIpAIUBAaHNE MOHOKPUCTAJIJIOB 10 MeToay Yo-
XpaJsibckoro. Kak mpaBmiio, MCXOMHOE ChIpbe [IJIs
MOJTyYeHUs] MOHOKPHUCTAJIIIOB KPEMHUS 3TUM METO-
JIOM yoKe 06J1aJIaeT HY3KHOU YUCTOTOI, TI09TOMY CKO-
pPOCTD BBIpaMUBaHud MOKeT gocturatbh 100 mm/d
u GoJiee. B Haiem ke ciydae JIaHHBIH METOJ]| UC-
MOJTBb3YETCS W JIJIS KPUCTAJIU3AIMOHHON OYUCTKY
pPaMHUPOBAHHOTO METAJIIYPTrUYeCKOTO KPEMHMUS.
[l TaHHOTO CBHIPbS MPU CKOPOCTSX POCTA CBBITIE
10 MM,/9 MOKET BO3HUKHYTDH HapyIIeHHE CTPYKTY-
pPBl KpHCTaJla, BBI3BAHHOE KOHIIEHTPAIIMOHHBIM
nepeoxJaaeruem [5]. Jlust npefoTBpaiieHust 3To-
ro IPUMECU OTBOJSATCS B PACILIaB IIyTeM IepeMe-

IITUBAHWS, OCYTIECTBISIEMOTO TIPU BPAIIEHIHN KPUC-
tasna B Meroze YoxpaJsbckoro. Torma cKopocTb
BBIPAIMBAHUS MOKHO HECKOJIBKO MOBLICUTH. [lo
ATON TIPUYNHE HAMU MCCJIE0BAJINCDH TEIIOBbIE pe-
JKVIMBI BBITATUBAHUS CO CKOPOCTSIMU, He TIPEBbITIA-
formumu 20 MM /4. CyTiecTBeHHOE BJAUSHNE Ha TIPO-
1IeCC KPUCTANIUBANOHHON OUNCTKI OKA3bIBAET TaK-
ke gopma hpoHTA KPUCTANIUBAIIE, KOTOPAs 3a-
BHCUT OT CTaJMW W CKOPOCTHU BbIpamuBanus. [lis
COXpaHEHUs ONTUMAJbHOTO yrJa npu auddys3un
IpuMecH B paciiiaB HeoOXOAUMO BbIIEPIKUBATD
bopmy dponra Kpucrasuzaiuu, 6JU3KYIO K MJI0C-
KO, Ha BCeX CTAANSAX BhIpamuBanus. Kpome Toro,
opma dponTa KpUCTAIIM3ANUU MOXKET CIYIKUTD
BHU3YaJbHBIM TTAPAMETPOM [IJIT KOHTPOJIS CTPYKTYP-
HOTO COBEPIIEHCTBA N (DOPMBI PACTYIIETO KPUCTAJI-
aa [6, 7].

[lenpto HacTostielr paGoThl ObLIO M3y4YeHUE Te-
IJTOBBIX TTOJIEH W CKOpPOCTEN BbIpaIlMBaHUS MOHO-
kpuctayiioB SoG-Si pa3InYHbIX JUAMETPOB METO-
oM HoXpabCKOTO Ha Pa3HBIX CTAAMSAX BBITATHBA-
HUS TIPH yCJIOBUY coXpaHeHns ¢hopMbl GpoHTa KPH-
crajummsanuu, 6JU3KON K IJIOCKOH. MeTo1oM KOM-
TMHIOTEPHOTO MOAETMPOBAHUS U3yYATNCh TeMIIepa-
TypHble 10Jist u ¢popMa HPOHTA KPUCTAJIUZAIUU B
3aBUCUMOCTH OT JIMaMeTpa, CKOPOCTU U CTAMH TPO-
11ecca BbIPATIUBAHMUS.

KavecTBo mosry4aeMbIX KPUCTAJIOB 3aBUCUT OT
coCTaBa pacijiaBa U MPOIECCOB TEIJIO- ¥ Macco06-
MEHA B CHUCTEME «TUTEeJb — KPHUCTALI — PACILIaBy.
Jlist ynpaBJieHust poieccoM BbIpaliuBaHus HeOO-
XOJIMMO YUYUTBIBATH XapakTep I0/[BOJA Tela K
CTEHKAM THTJI U OPUEHTAINIO TUTJIS OTHOIIEHNIO K
(ponTy KpHcTamnmM3anUM U HATPABJIEHUIO CHUJIBI
TSKECTH, CKOPOCTb POCTa KPUCTAJIA, PAa3MeEpPBI pa-
CTYIIETO KpucTaiia. B obiiem ciyuae reMieparyp-
HbIe TIOJIST U paclpefiesieHne puMecell B KPeMHUN
JIOJIKHBI OTIPEJIEISTHCS. OJJTHOBPEMEHHO U COTJIACO-
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BaHHO. B HamreM ciay4yae KOHIIEHTpAIUU TpUMeceii
MaJibl, OHU TPAKTUYEeCKN He BJIUAIOT Ha TeMIlepa-
Typy, TO3TOMY 3aJady pacdyeTa TeMIepaTypPHBIX
roJield W pacipejieJieHnsT TIpuMeceil TIpu Halpas-
JIEHHOW KPUCTAJTU3AINUKA MOKHO PEeIaTh MOCJe/10-
BaTeJbHO.

MaremaTHnuyeckast MOJ€EJIb

MopenupoBaHue TeMIlepaTypPHbBIX I0Jell B cuc-
TEeMe «KPUCTAII — PacCIjaB» MPOBOJUJIOCH C TIO-
MOIIIBIO TIPOTPAMMBI, B OCHOBY PaGOThI KOTOPOH T10-
JIo’KeHa IByMepHas Mojiesib. B aToit MosesbHol cu-
cTeMe WCTOYHUKOM TeTIa SIBJSETCS HarpeBaTesb, a
CTOKOM — OXJIa)K/laeMble CTeHKM Kamepbl. /[7s1 pe-
HIeHUs 331241 MOCTPOEHUS TeMIIEPaTyPHBIX MOJIei
B pacTyleM KpucraJie ObLIU TPUHSATHI YIIPOIIa-
IOMIHe TIPE/IoI0KeHns. Bo-TiepBbIX, cOCTOsSIHUE Ch-
CTEMBI CUNTAJIOCh PABHOBECHDBIM B KAJK/IBIIT MOMEHT
BpeMeHH. Bo-BTOpBIX, crucTeMa NMeeT 0CeBYIO CHM-
METPUIO: BCE BEJUINHBI 3aBUCAT TOJBKO OT OCEBOI
KOOPJIUHATBI Z U OT pafuyca ¥ B IJIOCKOCTH, TIep-
MeH/IUKYJISPHONU OCH Z.

Cuientyst aBropam psia pa6or, Harpumep [8 —10],
ObLIN OTIpejiesieHbl TPeOOBAHUST K PacyeTaM TeMIie-
pPaTypHOTO TOJII B pacTylleM Kpucrajie. JTo He-
06X0/IUMOCTD yUYeTa MepeHoca Terja KPUCTAJIIoM,
TETJIOBOTO U3JIyYeHUs C TIOBEPXHOCTU PacCIljiaBa U
KpucTajia, o6MeHa U3JydyeHUeM MEX/y KPHUCTaJl-
JIOM U PACILIIaBOM.

JI[BuskeHue paciijiaBa — BA3KOU HeC:KUMaeMOi
KUJIKOCTH — OMNHUChbIBaeTcs ypaBHeHueM Hasbe-
Croxkca

pvj(avi/axj)—pgivagiocL(T—TO)—arij/ax., 1)

rje p — IUIOTHOCTb pacIljiaBa MpH HEKOTOPOW TeMire-

parype T;

0 — CKOPOCTb 3JIEMEHTA KHJKOCTH;

g — YCKOpeHHEe CBOOOIHOTO IajIeHHS;

O, — KO3(P(UIHUEHT TEIJIOBOTO PaCHIMPEHNs;

T; — TEH30p HANPSLKEHni, T;;= —pd, + h(avi/axj+
+0v;/0x; D

p — ,lIaBJIeHI/Ie

N — Koa(PUIMEHT BA3KOCTH.

K ypastenuto (1) Hy>KHO 106aBUTH YpaBHEHHE
HENPEPBIBHOCTH [IJIs1 HEC)KUMAEMON KUJAKOCTH

dv,/dx, = 0 (2)
U ypaBHEHUE TEeIJIONPOBOJHOCTH
pcpviaT/axi +aqj/8xi =0, 3
TAe €, — TEILIOEMKOCTD;

q; — Temnosoii notok, ;= —kdT /0x;;

k — koa(dUIMEHT TEMIOIPOBOIHOCTH.

WNupexcsl 4, j 311eCh TPUHUMAIOT 3HAYEHUS KO-
OpJIMHAT X, ¥, Z M, TAKUM 00Pa3oM, X = X, X, =Y,
X, =2z, g; W v; — TPOEKIMN HANPABJEHUI CHJIbI
TSOKECTH M CKOPOCTH Ha COOTBETCTBYIONNE KOOP-
JNITHATBHI.

Ha moBepxHOCTH, OrpaHWMYMBAIONIEl pacIlias,
HEOOXOJMMO 3a/]aTh CKOPOCTb © WUJIM CUJY T, M

(n — wopmasp Kk mosepxuoctn). Ha mosepxwo-
CTH, coTIpuKacaorieiics ¢ TurjaeM, v = (; Ha TTOBepX-
HOCTH, COTPHUKACAIONIEHCI ¢ KPUCTAIIOM, U = O
(vp — CKOPOCTH BBITATUBAHUA KPUCTAJLIA); HA 10-
BEePXHOCTHU, KOHTAKTUPYIOIIel ¢ ra3oBoii cpenoi,
T~ nP, (P, — naBicHue rasa Ha IHOBEPXHOCTD
paanIaBa).

Jlng ypasHenus teronposognoct (3) taxke
HEOOXO0/IMMO 3a/1aTh TPAaHUYHBIE ycaoBusi. Ha BHY-
TPEeHHEeH MOBEPXHOCTH TUIJISA TEIJIOBON MOTOK G=( .
Ha rpanwuiie «pacmjaB — KpUCTAJLI», KOTOpas
onpezensercs usorepmoit 7(r,z) =T, (T, — Tem-
rneparypa IJaBJIeHus ), HapyIIaeTcs HereprBHOCTb
TEMJIOBOTO TIOTOKA, TOCKOJBKY TYT BbBIJEJISIETCS

CKPBITAs TEIJIOTA KPUCTAJLIU3AIH Q:

kNTn — k, VT, n =pSvan,

rje uaeKchl S 1 L OTHOCSATCSI, COOTBETCTBEHHO, K
KPUCTAJLTYy U PACILIaBY.

Boipaskenne a7 TETI0BOTO MOTOKA U3 paciljia-
Ba MMeeT CJeAYIOMNl BU:

kR, VT, n = n(T,—T)+ec(T =T ). (4)

[TepBoe caaraeMoe B IpaBoil yactu ypasterus (4)
OIIMChIBAET HHIOTOHOBCKOE OXJIAXK/EHHUE, TPOIOop-
HMOHAJbHOE PAa3HOCTU MEXJy TeMIlepaTypaMu
pacmiaBa T, u okpysxatomei cpeawt T .. Bropoe
cJ1araeMoe CBsI3aHO C JIY4eBbIM TEIII000MEHOM. 371ech
€ — wuaJaydaresbHas crnoco6HocTh (emissivity),
0=15,67-108 [k /(cMK*), T, — adpdexruBras
(B cMbIc/Ie U3TyUYeHUS) TeMnepaTypa OKPYKEHMS.
Uien €67 omuchiBaeT MOTOK, MCIYIEHHBIH APY-
TUMHU HATPETBIMHU TTOBEPXHOCTAMU: KPHUCTAJJIOM,
CTeHKaMu KaMmepbl 1 T. 1. OH JJoJi3KeH ObITb BbIpa-
JKeH vepe3 wHTerpasbl (MIu CyMMblI) 110 yKasaH-
HBIM TIOBEPXHOCTAM. Pe3yIbTupyIonuii moToxK, mpo-
XOJAINN Yepes n-if 21eMeHT MMOBEPXHOCTH U PaB-
HBIII BTOPOMY cJlaraeMOMY B HpaBoﬁ YyacTH ypas-
nennst (4), o6osnaunm 4epes ¢f [9, 10]. Oxn co-
CTOUT U3 HOTOKA TEIUIOBOro u3iydennus qL=e oT 4
ceporo reJsa, umeromtero remreparypy T,, a takxke
OTPA’KEHHOTO TIOTOKA, MCIYIEHHOrO JPYTUMU II0-

sepxuoctsamu, (1—¢ )f gF u, Haxomer, morso-

IIEHHOTO TTOTOKA —€,f, 4. 31ech npemoaraercs,
YTO TIOTJIOIAIONIAs CIIOCOOHOCTD PaBHA M3JIydaTe.b-
Hoit. Bemmuuna f,, — Tax HasbiBaembrii view factor,
KOTOPBII ONKCBIBAET reOMETPUUYECKHUE XapaKTepu-
CTUKH B3aMMHOTO PACIIOJIOKEHHS 2JIEMEHTOB 12 U R:

1 cos O cosO
Lo z_f J'"l—zdendSk,
n S, Sk nk

rae S, n S, — IJIOMAAN 9JIEMEHTOB 1 1 k; 0,un0,~
YIJIbI MC)K[[y HOPMAJIAMIL K 9JICMCHTAM 7 " k u
JINHUEH, COeINHSIONIEH 1IeHTPbI 9TUX 3JIEMEHTOB U
uMmetouieil jauny L . Besnunnbt q,f OTIPE/IEJISIOT-
cA U3 ypaBHEHUS

anqlf = EnquE’
rie an = [Snk - (1_28k)fnk]/8n; Enk = Snk'
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Nrak, cocrosiiue pacijaBa Xa-
PaKTepU3yeTcs MOJISIMU CKOPOCTH 0,
JlaBjieHust p u temnepatypsl T, Ko-
TOPBIE OIPE/IE/IAIOTCS U3 YPaBHEeHHUIT
(1), (2) u (3). Cocrosnue Kpuc-
Ta/jla B HAIIEM CJydYae OIUCHIBAET-
cs TOJIBKO TeMIepaTypoif, Kotopas
HAXO/UTCS U3 YPABHEHUS TEILIONPO-

BOJIHOCTH
V(kVT) - PsC,s0, VT = 0.

Takum o6pasom, perienue 3aja-

4y [OCTPOEHUS TeMIIepPaTypHOTO
1I0JIS1 B KPUCTAJLIE CBOJUJIOCH K pe-
IIIEHNUT0 METO/IOM KOHEYHBIX 3JICMEH-
TOB HEJIMHEITHBIX yPaBHEHUH ¢ 4acT-
HBIMU MPOU3BOHBIMU U HEJIOKAJIb-
HBIMH TPAHUYHBIMHU YCJOBUSIMH.
AJITOPUTM YHCJIEHHOTO PelIeHNUsT OIn-
can B [11, 12].

Pe3yJIbTaTI)I MO/JA€/JUPOBAHUA U UX aHAJIU3

Ha puc. 1 npojieMOHCTPUPOBAH Pe3yJIbTAT MPO-
BeJIEHHOTO Mo/jiesinpoBanus. 3oTepma ¢ temmnepa-
Typoit 1693 K saBasieTcs rpanutieil pasziesna Mex /Iy
pacIJIaBOM U KPHCTAJJIOM.

CTpyKTypHOE COBEPIIEHCTBO BBIPANIMBAEMOTO
KpHCTALIA U ero (DU3nvecKrue CBOUCTBA 3aBUCAT OT
(hopmbr ppoHTa KpHCTANIM3AINYT, HA KOTOPBII BJIU-
seT CKOPOCTb pocTa. BbLto mposesieno nccenoba-
HY€ BJIMSHUS CKOPOCTH BBITATHBAHUS O U J[aMeT-
pa Kpucraiia d, BbIpammBaeMoro merogoM Yo-
XPaJIbCKOTO, HAa XapaKTep TEeMIIepPaTypPHBIX IOJIeil
B HeM. MojieTMpoBaHye NPU U3MEHEHNN U B JlUa-
masone 1—20 mm/9 1 d ot 80 10 250 MM TO3BOIH-
JIO YCTaHHOBHTb, YTO C BO3pacTaHueM v Qopma
¢dponTa paszena ¢has MeHSETCS OT TTOYTH TLJIOCKOIT

a) Z, MM

120

v=2,5MM/4
d =80 mm

80

40 -__—-//
6) 0 Zb 4(l) 6b 7, MMI
Z, MM T
120 v =20 MM/4
d =80 Mmm

N ___——/”’;////
0 20 40 60 7, MM

0 20

40

Puc. 1. PesyabTar pelieHusi ypaBHEeHUH TEIJIONPOBOJHOCTH B CHUCTe-
Me «KPHUCTAJJI — PACIJIaB» METOJOM KOHEYHbIX 3JIEMEHTOB JIJIsI KPH-
cramna guamerpom 80 MM (Ha OCAX yKasaHbl 3HAUEHUS B MM)

K BOTHYTOM, IPUYEM MIPH COXPAHEHUH BBICOTHI KPHU-
cTajiia ¥ yBeJWYEHUN ero JuaMerpa 9TH h3MeHe-
Hus yeuauBatoTess (970 MOKHO YBUETH Ha pHC. 2,
T/le TIPUBE/IEHbI HEKOTOPBIE U3 MTOJYUYEHHBIX PE3YJIb-
tatoB). MHaue roBopst, HanGoJiee Boruyras ¢opma
HabJiio/laeTcss B KpHCTajjie HanOOJIbIIEro Jguame-
Tpa, KOTOPbIH BbIPAIIUBAETCS ¢ HAUBBICIIEN CKOPO-
crbio (eM. puc. 2, 2). IIpoBeeHHbIE HCCIEA0BAHNS
TaK)Ke TOKAa3aju, 4TO TIPU YCJIOBUU TIPOTIOPITHO-
HAJIbHOTO YBEJUUEHUS JUAMETPOB KPUCTAJLIA U TH-
IJis U COXPaHeHun cKopoctu pocta dpopma ¢pponra
KPHUCTAJLIN3AIUN OCTAETCSI HEU3MEHHOII.

CrenieHb BJINSHIS CKOPOCTH KPUCTAJIN3AIUN 1
[mameTpa Kpucrasiana nHa gopmy dpoHTa pasmesa
a3 3aBUCHT OT cTa/MU BBIpAIUBaHUS: HA GoJee
[IO3/{HUX 9TAllaX BbIPAIMBAHUS CKOPOCTb BBITSTHU-
BaHMS W JUaMeTp KPHCTa/lla MEHbIIE BJIUSIOT Ha
UCKpPUBJIEHKE TpaHuIbl pasaena a3 (cM. puc. 2 u

B)

o MM v=2,5MM/9
] d =250 mm
120 T
80 +
=
0 40 80 120 r, MM
r) )
2 MM T v =20 MM/u
i = d =250 mm
120
80 +
T : . ]

0 40 80 120

7, MM

Puc. 2. TemnepaTypHble IO B CHCTEME «KPHUCTAIJ — PACIIaBy» TIPU TOJIYYEHUN KpHUCTaaaoB Si BeicoToii 60 MM
quamerpom 80 mm (@, 6) m 250 mm (6, 2) mpu ckopoctu BurtaruBanusg 2,5 Mm,/4 (a, ¢) u 20 mm/u (6, 2)
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a)
Z, MM
300 £
200 £
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100 £
£ v =2,5MM/4
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F T
300 £
200
100
v =20 MmM/4
0 20 40 60 80 7, MM

Puc. 3. TemneparypHuble oS B CHCTEME «KPUCTATT —

pacIiaB» Mpu CKOPOCTSX BBITATHBAHUSA 2,5 1 20 MM,/ 4

Ha MO3/IHEN CTaJN¥ BHIPAIUBAHUS KPUCTAJIA BbICOTOM
240 MM n guamerpom 160 mMm

puc. 3). Ilo ar0ii NpuyMHe Ha HaYaJbHON CTa UK
CKOPOCTH BbIpAIIUBaHUsI He J0JKHA MTPEBbIIIATh 2 —
3 MmM/4. Ha 6oJtee o3HNUX CTaAlSIX CKOPOCTh MOJK-
HO ITOCTEIIeHHO YBEJNYUBATh, JIOBO/IS /10 3HAYEHUI,
KOTOpbIE MOTYT OTPAHUYMBATHCS BEJUUYUHOI, OTpe-
Jlesisonieiicss KoHIleHTpaiueil npuMeceil B HCX0/1-
HOM CBIPbeE.

WNccnenoBanms Tak:ke TTOKA3aJId, YTO PN HEU3-
MEHHON CKOpocTH BbipamuBanusi dopma dpoHTa
KPUCTAJJIN3AIMY, PACIIPE/IeIEHUE TETJIOBBIX T10JIek
U TeMIIepaTyPHBIX T'PAJAUEHTOB BOJM3U TPAHUIIHI
pasaesa ¢ha3 3aBUCAT B OCHOBHOM OT COOTHOIITEHUS
JINaMeTpa M BbICOTBI KPUCTAJIA. JTO CIIPABE/JINBO
B cjy4ae, KOTJla NMPU M3MEHEHUU [UaMeTpa Kpu-
CTaJLIa TIPOTIOPIIMOHAJIBHO U3MEHSIeTCs1 1 00BbEeM pac-
JiaBa.

Curemyer otMeTHTb, 4TO Tpebyemas hopma hpon-
Ta KPUCTAJIN3ANH 3aBUCUT OT KpHUCTaLIorpadu-
YEeCKOTO HAIIPABJICHUS BbIPAIUBAHUS MOHOKPUCTAJI-
JIa, OJTHAKO B OOJIBIIMHCTBE CJIy4aeB OH JIOJKeH
6bITh 6/U30K K 11ockoMy. CKOpPOCTb BbIpaluBa-
HUS 11es1ec006pasHo 3aaBaTh UCXO/IS U3 TEILIOBBIX
ycsoBuil BOM3U (PpoHTa U HAYATBHBIX YCJIOBHM
KPUCTAJIN3AIMOHHON OYUCTKU OT KOHKPETHBIX TIPU-

Mecell B COOTBETCTBUU € TPeOOBAHMUSMHU, KOTOPBIE
IPEDSIBISIOTCS K YUCTOTE «COJHEYHOTO KPDEeMHHUS» .

[IpoBenennoe MozeMpoBaHue TETIOBBIX TTOJEN
B PACTyIIEM KPHUCTAJLJIe TO3BOJISIET B JaJbHEHIeM
BBIIOJIHUTD PACUYET PACIIPECICHNST JICKTPUICCKU aK-
TUBHBIX MpUMeceil 0 06beMy KPHCTAJJIOB Pa3HbBIX
pasMepoB, BLIPANINBAEMBIX C PA3HBIMU CKOPOCTSIMHU.
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Aama nocmynaenus pyxkonucu
6 pedaxuyuro 10.02 2012 e.

Kondrik A. 1., Datsenko O. A., Kovtun G. P. Tempe-
rature fields in a growing solar silicon crystal.

Keywords: solar silicon, thermal fields, rate of
directional crystallization, crystal size.

The optimal thermal terms for growing by Czochralski
method Si single-crystals, suitable for making photo-
electric energy converters, has been defined by the

computer simulation method. Dependences of tempe-
rature fields character and crystallization front form
on the diameter of the crystal, stage and speed of
growing, and also on correlation between diameter
and height of the crystal has been studied.

Ukraine, NSC "Kharkov Institute of Physics and
Technology".

Konppix A. 1., Hamnenko O. A., Kosryn I'. II. Temne-
PaTypHi NOJS B KPHCTaJi <COHSYHOTO KPEMHII0», MO
pocre.

Karouosi cnosa: conaunuil kpemmii, mennoei nous,
WEUOKICMb CNPAMOBAHOT KpUucmarizayii, poamipu
Kpucmana.

MeToOM KOMIT'IOTEPHOTO MOJIEJTIOBAHHS BU3HAYEHO
ONTHMAJIbHI TENJOBI YMOBU BUPOUIYBAHHS METOJOM
YoxpaTbCbKOTO MOHOKPHUCTAMIB Si, TPUAATHOTO 17
BUTOTOBJIEHHSI (DOTOECJEKTPUUHUX IEPETBOPIOBAUIB
eHeprii. BuBueHo 3asie’KHOCTI XapakTepy TeMmIleparyp-
HuX noJiB i opmu HpoHTy KpHCcTaTizamii Bix giamer-
pa kpucraja, crajaii Ta MBUAKOCTI BUPOL[YBAaHHHA, a
TaKO’K Bi/l CIiBBiZ{HONIICHHA JiaMeTpPy Ta BUCOTH KPH-
craJa.

Yxpaina, HHIl «XapkiBcbkuii ¢isuko-TexXHiIHNH
IHCTUTYT> .

WccaenoBanne TeMepaTypHOil 3aBUCUMOCTH KOHTAKTHOTO COIIPOTUBJIEHUS] OMUYECKIX
A dexTuBHOCTH cOOpa 3apsI0B B AATUYMKAX Y-U3IyUEHHT ¢ Pa3JndHON KOHMUTYpa-
MHOroypOBHEBbIE MJIATBI C TOJCTOMJIEHOYHOU mojauMepHoil uzossinuein (Poccus,
NBayKTUBHOCTD, 3JEKTPUYECKU IEpecTpauBaeMasi IMOJyIMPOBOAHIUKOBON CTPYKTYPOI
Bunsaue pacnpenesenus npumecu B 6ase Ha (hOTOIJIEKTPUUECKIE CBOICTBA MIOBEPXHO-
cTHO-GapbepHbIX yiabTpaduonerosbix doronpueMankos (Ykpauna, r. Kues)

CI/IHXPOHI/ISaHI/Iﬂ IIOTOKOB /JaHHBIX B MHOTI'OKaHaJ/JIbHbBIX CHCTEMaX III/ICI)I)OBOI?I 06pa60T—

[ToBblenne HaZeKHOCTHU JUOJ0B I[TorTrm npun BOSI[efICTBHPI Pa3pAg0B CTaTIJEKTPHUYIEC-

Ncnionb3oBanne hopMaTn30BaHHBIX TOKA3aTeJIEHN JIJIsT OIIEHKU KA4ecTBa TPH IIPOEKTH-
POBAHWH PAAUOTEXHUYECKUX CUCTEM OXPAHBI TIEPIMETPOB TEPPUTOPHUAIBHO-PACTIPEIE-

>

KoHTakTOB K InP (Vkpauna, r. Kues)
>

mueit anekrpoaos (Ykpanna, r. XapbKoB)
>

r. Apsamac)
>

(Poccus, r. Caparos)
>
>

KU CHUTHAJIOB ¢ nepectpamBaeMoii crpykrypoit (Ykpanna, r. Omecca)
>

crea (Benapych, r. Munck)
>

neHnbIx 06bekToB (Ykpauna, r. Xapbkos)
>

BricokoremMmeparypHble JaTYNKH JIABJIEHUS C TEH30PE3UCTOPAMU HA OCHOBE HUTEBW/I-
HbIX KpucTa/ioB kpemuusi (Ykpauna, r. JIbBoB)

» @OTOANO/I C TIOBBINIEHHO! YyBCTBUTEIHHOCTBIO B KOPOTKO-
BoJIHOBOI o6stactu Y D crektpa Ha ocHoBe dhocduma ramims
(Ykpanna, r. UepHOBIIBI)

» llonyyenue u cBOWCTBA THUPOKO30HHBIX XaJbKOTEHU/IHBIX
CHMHTULISATOPOB Ha OcHOBe coeunenuii Ay By, (Vkpanna,
r. XapbKoB)

> (DoTosIeKTpHYECKHE CBOMCTBA rerepornepexonos n-SiC,/n-Si
(Vkpauna, r. XapbKoB)
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V36exucran, r. Tamxkenr, 'HITO «®usuka-Couannes; 20A0 «<FOTON>;
Poccus, SHoBocu6upekuil 3aBoj TIOJTYTIPOBOHMKOBBIX TIPHGOPOB; YkpanHa, T. Kues, ‘@mmar OAO «FOTON»
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NCCIEAJOBAHNE MMITYJ/IbCHbIX XAPAKTEPUCTHUK
OTPAHNUYUYUNUTEJEN HAIIPAKEHUA

ITpednosxen HOBBLIL METNOO UBMEPEHUS HANPSIKEHUSL 02PAHULCHIUS, NPEOHAIHAUEHHBLIL 0151 USMePeHUs Napa-
MEMPOB MOUHBLX UMNYTLCHUIX MOKOE Ozpanuyumeneti nanpsxenus. Iloepewnocmy memoda ¢ déa pasa
MeHbule NO2ZPeUNHOCTNU UEECNI020 MemOodd NPIM0oe0 usmepenus. Hccaedosanvt 3asucumocmu 0onycmu-
MOTL MOWHOCTU OOHOKPUCATOHBLY U O8YXKPUCATLHBLY 02PAHULUMEICU HANPAKEHUS, U UMNYILCHOU HA-
padomxu om OAUMeILHOCIU UMNYILCA.

Knrouesuvie crosa: ozpanudumentb HanpaKenus, aeyxzeuepamopnbld M@WIOa, nozpeuwHocms Memoaa, Um-

NYABCHAS MOUHOCD.

Jlnst obecrievenust 6ecriepe6oitHoit paboThl 0ObEK-
TOB CBSI3U U TEXHOJIOIMUYECKOT0 000PY/I0BAHUS U~
POKO HCIIOJIb3YIOTCSI TIOJIYIIPOBO/IHUKOBbIE OTPAHU-
quTeN U HANpsDKeHus. VX ocHOBHOe Ha3HAayeHue —
He JIONYyCKATh MepeHanpsiKeHnit, BOSHUKAIOMNX B
AJIEKTPOHHBIX M AJIEKTPUUECKUX YCTPOUCTBAX, T. €.
[OTJIONATH YaCTh MOIIHOCTH, N3-3a U3JIMIIKA KOTO-
pOii BO3HUKAIOT 3TH TepeHanpspkenus. [lostomy
KOHCTPYKIINS KOHKPETHBIX OTPAHUYUTEHHBIX [IU-
0J/I0OB XapakTepu3yeTcs B MEPBYIO Ouepe/ib MaKCHU-
MaJIbHOI paccenBaeMOil MMITYJIbCHON MOIIHOCTbHIO

4 max M MAKCHMaJIbHbIM HMITYJIbCHBIM TOKOM [,
KoTopble oHa oGecrieynBaeT. OrpaHUYNTEIN HATIPSI-
JKEHUS TIePBOTO MOKOJICHNS 06J1a/1aJIi MaJIOi MOTII-
HOCTBIO U ObLJIM PACCYUTAHBI HA UMITYJIbCHBIE TOKH,
He tpesbiiaionue gecsatku amiep. CooTBeTCTBEH-
HO, U3MEPUTEJIbHBIE CTEH/IbI U METOJMKHU TOKE ObLIH
pacCUUTaHbl HA TaKyIO MOIIHOCTH. [lepBble MCITbI-
TaTeJbHbIE CTEH/bI M METO/bl MCCJEIOBAHMS MM-
MyJIbCHBIX MAPAMETPOB OIPAHUYHTENEN HATPIIKe-
Hus 6pLH pasdpaboTanbl HoBOCMOMPCKUM 3aBOOM
HOJIYIPOBOAHUKOBBIX 1pu6opos (Poccusi). Onu
MIPUMEHSIOTCS B KJAaCCUPUKATOPE OTPAHUUUTEb-
ubix anogoB CMMUN.3.410.043TDO, pabora KoTo-
pPOTO OCHOBaHA Ha TIPSIMOM U3MEPEHWH HaIlpsiKe-
HUsl orpaHudenusi. llorpenrHoctb aTOro Merona
BKJIIOYAET IMOTPENTHOCTH UMITYJIbCHOTO BOJBTMETPA
1 BBIHOCHOTO JICJTUTEIST W COCTABJSIET OT £6 710 =8%
[1]. OgHako NpUMeHUTETHHO K Pa3paboOTAaHHBIM B
OAO “FOTON” (V¥s6ekucran) [1] momxymnposos-

Pa6ora BbITIOTHEHA B pamkax mpoekra <«Paspa6orka
METO/IOB TEPMUYECKOI 1 3JIEKTPOUMITYJIbCHON 06PabOTKI
JUIS YBEJMYEHUS BBIXO/Ia TIPU TIPOM3BOJICTBE JeUIINT-
HBIX TPYII MOJYHPOBOAHUKOBLIX mpubopos» DTU
HIIO «®usuka-Counie» AH PYs.

HUKOBBIM MOIIHBIM CHMMETPUYHBIM JABYXKPHC-
TAJIbHBIM OTPAHUUYUTE/ISIM HAIIPSIPKEHMS, KOTOPbIe
CIOCOOHBI NPOILYCKATh UMITYyJIbCHBIE TOKU B COT-
HU am1iep 6e3 CyIeCTBEHHOTO YBeJMYeHMsT Hallpsi-
JKEHUS M OTJINYAI0TCS MAaJbiM BpeMeHeM cpalaThl-
BaHUSI, METOJI [IPSIMOTO U3MEPEHUsT OKa3ascs Head-
(peXTUBHBIM B CHJIy HECKOJIbKUX IpUYNH. Bo-mep-
BBIX, M3-3a TOTO, YTO BeJIMYNHA aGCOIOTHON TO-
I'PENIHOCTH 3aBUCHUT OT IJIOTHOCTU TOKA M COIPO-
TUBJICHHSI BBIBOJOB OrpaHUYUTENsI. BO-BTOPBIX,
MOCKOJIbBKY HUMITYyJIbCHAsI MOIIHOCTb GJIOKA MHTa-
Hust ¢ yBeandennem U KatacTpopudeckn pac-
TeT, IIPUMEHEHNE TIPSIMOTO METO/Ia OTPAHUYCHO [IH-
arnasoHoOM MMILyJIbcHBbIX TOKOB 100 A, Hampsike-
uuem orpannderus 200 B (To ectb uMmyabcHOI
MomHocThIo 20 KBT).

Hccaeayembie 06pa3ipl ¥ ONUCAHHE
/IByXT€HEepaTOPHOTO METO/IA

Uccenemyembie 06pasiibl KPeMHUEBBIX p©—p—
n— N -CTPYKTYp M3rotaBauBasmch Ha 3aBojge OAO
“FOTON” MeTomoM OTHOBPEMEHHON ABYXCTOPOH-
Heil muddysun 6opa n ¢ocdopa n3 miIeHK006pa-
syromux pactBopoB KBK-45 (45% conep:kanne
Goproit kuciore) u KDOK-54 (54% conepskanne
docdophoii kucaors). st npuGOpOB, paccyrTaH-
Hbix Ha 100 B, ocHOBOII CAyKIJT n-KPEeMHUIT MapKu
K9®d-0,4, a nusa npu6opos Ha 200 B — KOdD-2,0.
[lns obGecrieuenusi BbIJIEPIKUBAEMON UMITYJIbCHOU
MOIITHOCTY TIPU BO3/ICHICTBUY TOKOB C ILJIOTHOCTbHIO
104 —105 A /cM? KpuCTa/IBI OTPAHUYKTE,IS] HAIIPSI-
JKEHUST TIOMETIAJN MEK/Y MAaCCUBHBIMU TEIJIOOTBO-
JISTUME TT0CePeOPEHHBIMU ME/[HBIMU JINCKAMU-KOM-
MeHCaTOpaMy, OTJIMYAIONIMMUCS BBICOKMMHU TETLIO-
MPOBOTHOCTHIO U TETLIIOEMKOCTBIO. V3 pacyera J1i-
TEJIBHOCTU MMITYJIbCOB MOPsiZIKa 1 Mc, TOJIIIHA JIHC-
KOB BbiGupasiach paBHoii 0,5 MM. OIHOKpUCTAJID-
Hble OTPAaHMYUTEN HATIPSIPKEH WS, PACCUNTAHHbBIE HA
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MomHocTh 1,5 KBT, oTsimvanich HeCHMMETPUYHbI-
MU BOJIbT-aMIIEPHBIMH XapakTepuctnkamu. CruMmer-
puyHble orpanmunTesan Hampskennd #Ha 10 kBT
MpeICTaBIsA0T c060it COOPKY U3 JIBYX KPUCTAJLIOB
¢ HanpspkenueM 1po6os kaxzgoro 200 B (cepus
72), cymmapHoe Hanpsikenue npo6os — 400 B.
[lBa orpaHMuNTENS HAIPSIKEHUS CasHbI cepebps-
HpIM iputnioeM llcp-2.5. OrparmunTenn HampsxKe-
Hust Ha 20 kBt mpeacrasagior co6oil yeTbipe J1o-
Jla, pasMellleHHble B OJIHOM KOpIIyce, T/le Kaxk/asi
rapa coe/inHeHa 1ocJIe/[0BATENbHO, U B CYMMeE JIAI0T
npo6oiinoe Hanpsizkenune 400 B (cepust Z4) [2—4].
WN3amepenne HanpsKeHUS OTPAHUTYEHUS NCCTETY-
eMbIX 06pa3IoB MTPOBOMJIOCH IO CXeMe, MPeCTaB-
JIEHHO}T Ha pHc. 1. B oT/imvme oT U3BECTHOTO METO-
Jla, TJIe UCTI0JIb3YETCs OJIUH FeHepaTop, 3/1eCh TIPU-
MEHEHO JIBa reHeparopa. MeTo/i OCHOBaH Ha COOT-
HOTIEHWW JIJIS1 HAMPSKEHUS OTPAaHUYeHIS

Uor = UH+rd]m’ ( 1 )

rae 7, nuddepeHITMaIbHOE COMPOTUBJICHUE B
o6JiacTu 1po6os.

ITpennosxenHas cxeMa IIO3BOJISAET BMECTO U3Me-
penna U M3MepATb BEJIUYMHY IOCTOAHHOIO 00-
parHoro Hanpsbkenus Uy M UMITyJIbCHOI COCTaB-

DOUT

bII1

Puc. 1. Buok-cxema ycTaHOBKHU [JI1 U3MEPEHUS MM-
IIyJIbCHOTO HAIPAKEHUA OIPaHMYeHUs [BYyXTreHepaTop-
HBIM METOJIOM:

BII1 — renepatop HampspKenus, 3ajaoniuii Tok; bII12 — cradu-
JIN3UPOBAHHBII reHepaTop 1ocTossHHOro Hanpsikenus; GUT —
opMupoBaTesb NMITYJILCOB TOKA; I/IHVL 5 — MMIIYJIbCHbIE 1T~
KOBbBIC BOJBTMETPBI; V|| — BOJBTMETD MOCTOAHHOTO HaTPsKe-
Hust; VD — UCHbBITYyeMblil OTpaHNYNTEIbHbII IO/ Rm — u3Me-
PUTETbHBIN pesncTop, 3ajaoimii Tok yepes anox; R, — pesnc-
TOP, TO3BOJISIIONINI OIpeiesuTh ToK yreuku; K1 — tupucrop,
3aJIAI0IMIT VIMTELHOCTD 1 popMy umityibca; X, Xy — U3Me-
puresbHble KaeMMbl; X o5, Xg, — KJIEMMbI IS noaKJHoquI/IH
ocnutorpada uim SKBI/IBdJIeIITa HArpy3KH IIPH TTI0BEPKe

Jasonteit 7,/ . Beaencrsue masnoctn 7,1, (ne npe-
BbIIIACT 26 % U p A1 BCEX OTPAHMYUTE/IHHBIX JIH-
0/10B) HpenﬂomeHHbm MeTo/| JIUIIeH HeJOCTaTKOB
MeTo/ia NMPAMOT0 U3MepeHNs HAIPSKEeHNs OTPaHu-
YeHnus.

B uameputesbHoit ycranoBke 6710k nutanust bIT1
06ecTeYnBaeT MaKCUMaJ IbHbIH NMITY IbCHBIN TOK [,
[Torpemnocts ycTaHOBJIEHUS MAKCUMAJIbHOIO TOKA
Al/I, = 10%. Berxognoe nanpsuxenue Uy, co-
CTaBJIAeT

Ug= (U~ Up+H(Ry*tR I, < 02U+

orp orp

(2)
+ (R0+R1/13)Im’

rje RO’ Rnsi COIIPOTUBJIEHNE NCCJIIEAYEMOI'O U 13-
MEPUTEJIbHOI'O ANO0J0B COOTBETCTBEHHO.

ITokaszaresib HecTabuIbHOCTH Uy MOJIKEH ObITh
He 6osiee 5%. Heobxoamvast 115 peaﬂmaumxl 3TOTO
MeTo/ia MOIIIHOCTh OJIOKA MUTAHUI Pg= 0 8U0rpI -
uyT0 Ha 20% MeHbIIIe, YeM IPH METOE IIPSIMOTO H3-
MEPEHWUS.

YupabisieMblil cTaOUIM3UPOBAHHBIN MCTOYHHUK
nutanusg bI12 oéecneqMBaeT yCTaHOBJIeHI/Ie IIOCTO-
SHHOTO HATPSKEHUS U} ¢ HOTpemHocTbIo
AU, /U ne 6omee 2%. (gHO U3MepseTCs U KOHTPO-
JIUPYETCS BOIBTMETPOM TTOCTOSTHHOTO HATTPSKEHUS
(V}}), MIMEIOLINM TIOTPEIIHOCTD O H—1% (roMO6UHE-
posanubiM ipu6opom 111 300). Biok muranus BI12
JTOJIKeH 06ecrieynBaTh TaKOH MOCTOSHHBIN TOK 3a-
paia BbIxoaHoro xomnjencaropa C, ., 4TOObI BbI-
HOJIHANOCH ycnoBue Igp,2l, /M, Tie N — CKBaK-
HOCTb U3MEPUTEJIBHOrO UMITyJibca. Besnunna Bbl-
xozanoi emxoctn C, - BII2 BBIOWPAETCS U3 YCJIO-
sua C  >100C, (t11e C, — uCXoaHasg eMKOCTb
JIMO/Ia), B ATOM CJIydae BbIXO,ZIHOE COTIPOTUBJIEHIE
BII2 ne BHOCHT CyIIIeCTBEHHOH TTOTPENTHOCTH B (OP-
MUPOBaHNE CTAHIAPTHOTO UMITYJIbCA.

Pesucrop RYT MPEJ0OTBPAIIAET CMEIeHre HYJIs
BOJIbTMETPOB 34 CYET TOKOB YTEYKU HCITBITYEMOTO
auoga VD u kmoua K1 B mepuosbl maysbl MExIy
nmtyJsbcaMu. COpPOTHBIIEHNE 3TOTO PE3UCTOPA BbI-
O6upaeTcs U3 yCJIOBUS

[ O
rySR, LT

yT

3)

KOTOPOE JIETKO BBITIOJIHAETCS, TTOCKOIBKY 7, < (0,01 Owm,
al, < 1076 A.

KJIIO‘{ K1 nosxeH Bblep:KUBATh MaKCUMaJIbHOE
Hanpstkenue ncrounnka mutanusg bII1 Ugpy, KOTO-
poe Ha BeJI4HHY MPOOUBHOTO HanpsKenus Uy MeHb-
e, 4yeM B NpsAMOM Metojie. Kooy jrosnkeH Takoke
BBIZIEPKNBATD MAKCUMAJIbHBIH I/IMHyJIbCHbII/I TOK [,,.

bmok MUT dbopmupyer crangapTHBIN KCIIO-
HEHIMAJIbHBIH UMITYJIbC TOKA C aMHJII/ITyI[OI/I I, or
7 no 93 A ¢ TOMOINIBI0O HOPMUPOBAHHON aﬂcpcbe—
peHIupyIoIei R C -1enu. [JIuTeIbHOCTD UMITY Tb-
COB TOKa {, Ha ypOBHe 0,51, cocraBnger 1 mc £10%,
a LTenbHOCTD nepeﬂHero (¢gpoHTa UMITYJIbCOB HE
6osiee 10 Mrc £10%. CKBa)KHOCTb UMITYJIBCOB 1| He
menee 104 +£10%.
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[TorpemnmocTpb 3a1aHUA U TOJICPYKAHUS aAMILTUTY-
bl UMty JibcoB ToKa Al /T, cocraBisier +10%. TTorperr-
HOCTD 3a/IaHUST TTAPAMETPOB 2JIeMEHTOB (hOpPMUPY-
romeii e He npesbiaer S(R)<1%, 3(C)<5%.

Wmnynbcubie nukosble BoabTMerpbl VIV, u
UIIV, 103BOJIAIOT U3MEPATH SKCIIOHEHI[HATbHbBIE HM-
MyJIbCBI C JJTUTETHHOCTBIO TIJIOCKON BEPITHHBI 10
musncekyu (tuna B4-17 win anasorudmbie).
Bxoanoe compoTuBieHne BOILTMETPOB — HE MeHee
500 kOmM.

OcHOBHas MOTPENTHOCTDH UMITYJILCHOTO BOJIBTME-
Tpa 6e3 BBIHOCHOTO JIEJIUTEIs HAIIPSIZKEHUST PAaCCUn-
TBIBaeTCs 1o hopmyJie

8 = (5% Ux + 0,1%U, ) /U, , (4)
rae U, — usMepseMas BeMYNHA UMITYJIbCHOTO HATPS-
SKeHMUS;
U — mpejiesl U3MePEHUsI BOJbTMETpA.

mnpen

Bosbtmerp UIIV, uctiosb3yercs i u3MepeHust
TOKA YTE€UKN (HanmeeHI/Iﬂ Ha conmpotuBieHn R ),
I/IHV — JUUII KOHTPOJIST aMILTUTY bl MaKCI/IMaJIb-
HOTO I/IMHyJIbCHOFO ToKa, 1Mockoabky U,=R,.I,,.
ITorpemnocth BbIHOCHOTO AemTens npudopa UIIV,
cocTaBaser +2%.

ITopsiiox paboTbl HA YCTAHOBKE CJIE/LY IO

— BKJIovaetcs 6ok utanus BII1 u BosbT™MET-
por UIIV,, NIV, u V;

— K M3MEPHUTEJbHBIM KJEeMMaM TTOJKII0YaeTCs
HCIBITYEeMblil OrpaHUYUTEIbHDBIN THO/;

— BrJovaerca BII2, myrem ero peryimpoBku
yCTaHaBJMBAeTCS TOKa3aHue MOCTOSHHOTO BOJIBT-
merpa Vi, paBHOe 06paTHOMY TPOOMBHOMY HaIIps-
JKEHUIO OTpaHudYuTebHOTO auoaa Uy,

— BKJIovaeTcs kiaou K1;

— pesysbrar uaMepenns U W pexxuM 10 TOKY
I, canrbiBatorcs ¢ BosbrMerpoB IV, u UITV,,.

HanpsikeHne orpaHnYeHUs] pacCYUTBIBACTCS T10
dopmyJie
Ugyp= UptU.

Konrpouns dopmer u mutenproctu (¢,) nsme-
PUTEJNBHOTO UMITYJIbCA OCYIIECTBJISIETCS C TIOMOIIIBIO
usmepureabHoro ycrpoiicrsa (UY) (ocumiaiorpa-
da C1-65A), KOTOPOE MOAKIIOYAETCS K KJIeMMaM
X, 1 X, B xauectse kimouesoro ycrpoiicta (K1),
obecreyrBaoIero MaKCUuMaJIbHblil TOK [, OorpaHu-
YUTETLHOTO Anoaa u (GpoHT BKmovenus ¢, <t /10,
ucnosbsyerca tupucrop 1.42TB-6800 ¢ ummysibe-
HbpIM TOKOM [, > 1000 A m £, < 1 MKc).

Bnox Cl)OpMI/IpOBaHI/IH I/IMHyJIbCOB toka DOUT
COCTOWT M3 HA60pa BBICOKOBOJBTHBIX KOH/IEHCATO-
POB € MaJIOi yTeYKOH 1 Mara3mHa TOUHbBIX PE3NCTO-
POB, TIO3BOJISAIONINX 33/1aBaTh MaKCUMAJbHBIN NM-
MyJIbCHBIN TOK B ITUPOKUX TIpe/iesiaX ¢ MOCTOTHHOM
Bpemenu ¢t = 1 mc.

CneayeT OTMETHUTH, YTO JIAHHAST METO/INKA 00ec-
MeYNBAET COXPAHHOCTD POPMBI MMITYJILCOB HE3ABH-
CUMO OT MOIITHOCTH MMITyJibca. HeopnokpaTtnas ot-
paboTKa METOJIMKH TMOKa3ala BO3MOXKHOCTb 3ajia-
HUS TIApaMETPOB HUMITYJIbCOB, HE3ABUCUMOCTDL pe-

3yJIBTATOB M3MepeHuii oT mpoBoaumMoct (compo-
TUBJIEHUS) BBIBOJOB [IMO/IOB, OGIIE TTOrpeniHoCcTH
OT 32/1aBaeMOI MOTITHOCTH UMITYJIbCA TOKA, a TaK)Ke
HU3KME 3HAUYEHUS TOTPEIIHOCTA U3MEPEHUN HATIPSI-
JKEHUST OTPAHUYECHMUSI.

OcHOBHas MOTPENIHOCTb METO/IA OTIPEETSETCS
TOTPEIIHOCTDIO MMITYIbCHOTO BOJIBTMETpa Vy mpu
M3MePEeHNN UMITYJIbCHOI cocTaBIAIoONIeit HdeH)Ke-
st U(85), HMOrpemHocTbio u3MepeHns: i ycra-
HOBJIeHI/IH 06paTHOTO TPOOUBHOIO HATIPSIKEHILS

Up(8,,) m MOTpentocTbio, CBA3AHHOM ¢ yCTaHOB-
et i usMepenueM pexuma o Toky (8, ). Tloa-
Hblil quddepeHnuan s HAIPSIKEHS OI‘paHI/I‘{e-

Huga U orp ¢ MAKCHMAJTBHBIM HMITY TbCHBIM TOKOM I : -
anrp aU o 104 orp

au,, = oUy oU + a,,. (5)
oUy U ol,

Yuutpisast, uto U, paccMaTpUBAeTCs B LeJI0M
KaK CyMMa IOTPEeNIHOCTH YCTAHOBJIEHUsT HAIIPSIKe-
Hust 1po6ost (AU/U=2%), MOrpeHocTy ycra-
HOBJIEHHS MAKCHMATHHOTO TOKA (AI/1,=10%) u
JIOJIM MMITYJIbCHO COCTABJISIIONIEN B HallpsKeHun
orpanuyenus (U /U, or=20% ), HaXOaUM

AUy, _ AUy Uy AU U .\

U, Uy Um,p U u,,
1A U ©
nl, U’

rae n — IIOKa3aTeJib CTEIIEHM B MEXaHHU3ME IIPO-

0051, IJIs1 TAaBUHHOTO TIPO0OSt 1 = 3.

HPI/I 9TOM COCTaBJIAIOMIUE TTOTPENTHOCTU METOda
OIIpe/IeJIAITCA CAeYyIOIUMU COOTHOIIEHUAMMN

AU U U 1

U = = 60 — = 6 C =

U u,, U 5

orp

=1,2%, (7)

rae 8 — MOIPENIHOCTD MMITY/IbCHOTO BOJIbTMETpa
Vi, 11]19{ npenena udmepenuii 100 B 8 = +(5/>U +

+0,1% r[pea) 6%:;
AU, U
8, =—"L -1 -2%.0,8=1,6%,
Ung U U (8)

orp

rae AU, /U = 2% — TOTpenHocTb yCTaHOBJICHUA
HpOéI/IBHOFO HaTPSKEHUS

=0,4%.

1a1 U —1-10%-% 9

In = nl, U, 5

OcHoBHag CpeAHEKBaApaTnYHaA onnoKa JdaH-
HOTO MeTo/Ja COCTaBJIACT

, =8l +8, +8] =

(10)
= i\/1,22 +1,62 + 0,4 = +2,04%.

Takum 06pasoM, IIPOBeJCHHbIE U3MEPEHUS OT-
pPaHUYEHUS HATIPSIPKEHUST UMITYJIbCHBIX JIMO/IOB TI0-
Ka3aJu, 4YTo MPEJIOKEHHDII METO/] UMeeT MOTPell-
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HOCTD, CYIIECTBEHHO MeHbiryio (B 2—3 pasa), yem
HOTPENIHOCTh MeToa MpaAMoro uamepenns (6%).

BoaaeiictBue MMIyJibCOB Ha JONMYCTUMYIO MOII-
HOCTb H MMITYJIbCHYIO HapaOOTKY OrpaHHYHTE. el
HaIPSIKEHUST

Ha ocHoBe mipeyio:KeHHOTO MEeTO[a N3MEPEHNS
HAIPSDKEHUST OrpaHuyeHust ObLJIN OIPE/IeIEHbI 30HbI
YCTONUMBOI PabOTHI U BbIJIEPKIBAEMbIE MOITHOCTH
(coorsercrByorye 50% 0T MAaKCUMAIbHOIN UMITYJIbC-
HOit MomHOCcTH) MajgomomHbix (1,5 kBT) ognokpu-
CTaJIbHBIX U BBICOKOBOJILTHBIX (400 B) aByxkpuc-
TaabHBIX MOMHBIX (B mMmyabce — g0 1000 kBr)
OTPAHUYUTEJNbHBIX JUOJIOB.

JlmTeIbHOCTD UMITYJTbCa TOKA BBIOUPAJIH B/IBOE
MeHbIIle HOMUHAJIBHON U 33/1aBAJIM MaKCUMAJTbHBII
TOK ¥ MONHOCTh. COPTUPOBKA OTPAaHUYUTETHHBIX
JINO/IOB TIPOBOJINJIACH TI0 3HAUeHuAM quddepentim-
AJIBHOTO COTIPOTUBJIEHUS AMO/A B TIPSIMOM BKJIIOUE-
HUW HAa MaJOM TOKe, KOTOPOe U3MEPSIOCHh 10 1
mocJie BO3/IEICTBYS CEPUU UMITYJIbCOB. Bbiaep:ras-
1Me BO3/eiicTBIE MAJION MOIIHOCTH PUOOPHI TTO/1-
BEprajuch BO3/ICHCTBUIO CEPUU UMITYJIbCOB, TOK W
MOIITHOCTH KOTOPBIX B 1,5 pa3a MpeBbIlIaan HOMU-
HaJIbHbIE. 3aTeM MOIMHOCTb M TOK WMITYJIbCa BO3-
JIefiCTBUST BO3BPAIIAINCh K HOMUHAJBHBIM 3HaUe-
HUSIM, JIJTUTEJIbHOCTb UMITYJIbCA YBEJUYUBAJIACDH
MOTIIATOBO JI0 HOMWHAJIBHOMN, a YICJIO UMITYJIbCOB B
Ccepuy YMEHbBINAIOCH JI0 eInHUIbl. CKBAXKHOCTDH MM-
myJabcoB B cepun 6bira He Menee 30000, a Bpems
Meskly umiryJabcaMu — ze metee 30 c.

Uccneayembie o6pasiibl Oblin Pa3OuThbl Ha JBE
IPYIIIbI U pas/ie/ieHbl Ha BBIGOPKY 110 3 —4 HITYKH
¢ 6;iu3kuUMM TapamMerpamu. B nepByto rpyiiry 06-
PAas3IoB BXOJAT OJHOKPUCTAIbHBIE JUO/IbI C HATIPS-
xxenueM 1po6ost 100 B. Bropas rpynmna o6pasios
MPE/ICTABJISIET IBYX- U YETBIPEXKPUCTAIbHDIE JHO-
nbl ¢ HanpspkenneM mpo6ost 200 m 400 B coorser-
ctBeHHo. B mmomax wa 10 kBT mHampsixkenue mpo-
60 kaxkjporo cocrasisger 200 B, u Ha BoJibT-aM-
MEepPHOI XapaKTepUCTUKE UMEIOTCS 06pATHbBIE BETBU.
B orpanmunresngx nanpsokenus Ha 20 KBt mpo6us-
Hble HanpsbkeHus cymmupyiores (400 B). B atom
cJiydae TOXKe UMeloTcsi oGpaTHble BETBU € MPOOUB-
HbIM HanpspxeHueM 200 B.

[lns onpesiesienust pecypca MoJy4eHHBIX OTrpa-
HuuuTeaeil Hanpspkenusa Ha 1,5 kBt 6pm mpose-
JIEHbI UX UCTIBITAHUS HA HAPaGOTKY B 3aBUCUMOCTH
OT UMITYJIbCHOM MOTITHOCTH U JITTUTEbHOCTH UMITYJTb-
cos (puc. 2 u 3). [Ipu Bo3AEHCTBUM UMITY/IbCOB Ha
ypoBHE 0,8P 11 max TOJIYyUAETCS UMITYJIbCHAST Hapa-
6otka He MeHee 800 UMIYJIbCOB, a CHIXKEHIE MOTIT-
Hoctu 710 ypoBHA 0,5P . max 32 CYET CHUKEHUS
UMITYJIbCHOTO TOKA MO3BOJISIET MOJYYUTh HAPAOOT-
Ky s npuMepHo 10% uMmyibcoB meperpyskiu.

[To mepe yBenuuenus 4ucjia U AJIATETbHOCTH
UMITYJIbCOB YMEHbBINAETCS J0MYCTUMAST UMITYJIbCHAS
MotHOCTh anoaa (puc. 3). YBeinueHue JJuTeb-
Hoctn nMmmyabca ot 10 Mrc 10 20 Mc TPUBOIUT K
YMEHDBINEHUIO BBIJIEPKUBAEMOIT MONTHOCTH TIPU OJI-
HOM U TOM K€ KOJIMYECTBE MMIYJIbCOB (KaxI0My
YBEeJTMYEHNTO ATUTETbHOCTA UMITYThbCa HA TTOPSIIOK

N '\ t, = 10 Mrc
106 \\ n = 104
™~
-
104 AN
\-\"\
.\l
\.__‘--.
102
0 0,2 0,4 0,6 P, /P

" max

Puc. 2. 3aBucumMoctb nuMiyabcHON Hapabotku N [uoja
OT MaKCHMaJIbHOI MOIHOCTH nMItyabca npu [, = 70 A

\_-\_.\ t, = 10 Mkc
—e

& T e —— 100 mke

B4

B !

.%@ _\—A\A\1MC
Q- A

1 \v\ —aA
10 mc
v
100 10! 102 103 104 N

Puc. 3. 3aBucmMocTb MaKCHUMaJJIbHON MOIITHOCTH WM-
MyJIbCca JMO/A OT YHCJa MUMIYJabcOB N TIpHU PasHoil ux
IJUTEJIbHOCTHI tn

COOTBETCTBYET TPEXKPATHOE YMeHbIIIEHnE MOIIHO-
cti). B 3aBUCUMOCTH OT CKBasKHOCTU UMITYJIbCA BbI-
Jlep;KUBaeMasi UMITYJIbCHASI MOIIIHOCTb B UCCJIE/ye-
MbBIX OrpaHMYMTENIIX Hanpsukenus (auogax Tuma
1,50H39AC) tem Gouibliie, 4eM MEHbIIE 1) AJUTE b
HOCTb WMIyJIbca. Y MEHBIEHNE CKBAaKHOCTH WM-
MyJibca TPUBOJUT K CHUKEHWIO BBIJIEPIKUBAEMON
MOIITHOCTH, a [0 MePEe YBEJUYEHUS [JINTEJTHHOCTH
UMITYJIbCOB YMEHbBINAETCS JA0IMYCTUMAS UMITYJIbCHAS
MomutHoCTh (puc. 4, a).

WccaenoBanust 3aBUCUMOCTH UMITY TbCHON MOIII-
HOCTH CUMMETPHYHBIX BBICOKOBOJIBTHBIX OTPAHUYN-
Tesieil Hanpsykenns (IBYXKPUCTAIbHBIX cepun Z2
1 YEeTBIPEXKPHUCTANbHBIX Cepur Z4) OT JAINTEeIbHO-
CTH UMITYJIbCa MMOKA3aJ¥, YTO B HUX BbIJIEpPKUBae-
Mble MOIIIHOCTU YMEHbBIIAIOTCS 110 OJHOMY U TOMY
xe 3akony (puc. 4, 6).

Oco6eHHOCTHIO 3aBUCUMOCTH MaKCHUMaJbHOI
UMY JIbCHON MOITHOCTH OT JJTUTEJTbHOCTH MMITYJIb-
ca JiJIsl 3aJIaHHOI CKBAsKHOCTH SIBJISIETCSI TO, UTO TIPH
JUTITEILHOCTH UMITy.Ibca 10 2-1073 mc eme sddek-
TUBEH OTBOJ] TeIla U HaOJIOLAETCS He3HAUYUTEJIb-
ubiii cnag P . OaHako B JajibHeilneM OrpaHudu-
TeJIb HATIPSIKEHUST BBIXOAUT HAa PEKUM, KOTJa MPo-
MOPIIMOHAILHO JITUTETBHOCTA UMITYJIbCa yYMEHbIIa-
€TCsI BBIIEP)KIBAeMast MOIHOCTD. B IByXKpHUCTATh-
HBIX OTPAaHUYUTEISIX HATIPSIKEHUS 9Ta 3aBUCUMOCTD
Cpasy BBIXOJIUT HA YYACTOK IPOTOPIMOHAJIBHOM 3a-
BHCHMOCTH BbIZIEPKMBAEMOIT MOIIIHOCTHU OT JIJIUTEIb-
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Puc. 4. 3aBUCUMOCTD BBIAEPKUBAEMON MOITHOCTH OT
JUTATETHHOCTH WMITYJTbCA TIPU PA3JUYHON €ro CKBaXK-
noctu (@) u ang rpannunreneil pasubix cepuit (6)

HOCTHU UMITYJbCA. B CJIyda€ 4YE€TbIPEXKPUCTAJTbHDBIX
orpaHMYuTe el HAIPSKEHUS BbIIEP/KUBAeMast NM-
1Ty JIbCHAsT MOIIHOCTD CTAHOBUTCS Ha MOPSIIOK GOJIb-
i€ 110 CpaBHEHUIO C /IBYXKPUCTAJIbHbIM OI'paHN4N-
TeJIeM HaNPSKEHNS TPU OJNHAKOBON BeJIMYNHE Ha-
npsikenus mpo6ost (400 B).

&k

Takum o6pa3oM, Ha OCHOBE OILIEHKH ITOTPEIIHO-
cTell IPSIMOTO U KOMIIEHCAIIMOHHOTO METO/IOB OIIpe-
JleJIEHUsT HAIPSIPKEeH s OrpaHuYeHtsl OrpaHnYHuTE b-
HBIX IMO0B OTIAHO MPeANOUTEHNE IBYXTEHEPATOP-
HOMY METOJY, TTOCKOJIbKY OH TI03BOJISIET YMEHBIIUTD
MOTPEITHOCTh M3MEPEHUST MOTIHBIX WMITYJIbCHBIX
TOKOB JIO/IOB, TIPEBBIMIAIONINX JAECATKH amIiep. JK-
CTIEPUMEHTATBHO TIOKA3aHbI TMIPEIEIbHO 0Ty CTUMBIE
PEKUMBI AKCILTyaTalluyl OTPaHUYUTE ICH HATpsKe-
HUS TPU UMITYJIbCHOM BO3EHCTBUU MOIIHOCTBIO OT
1 no 1000 kBr. OrpanuuuresbHble AUOJbI THUIIA
1,50H39AC npu MaJbIX CKBa)KHOCTSX HUMITYJIbCOB
BBIJIEP)KMBAIOT MaJjIble MOINIHOCTU MHKOB JIJTMHHBIX
UMITYJIbCOB ¥ MOIIHbIE UMITYJIbChI MAJIOW JIJTUTEJb-
HOCTH BILTIOTH 10 1073 Mc.
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A new method for measuring the voltage limit is
offered. It has been designed to measure high-power
pulsed current of voltage limiters. The error of this
method is half as much as the error of the known
method of direct measurement. The investigation of
dependence of power capability of single-crystal and
double-crystal voltage limiters and of the pulsed
operation time on pulse duration.
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METO/I, OIIEHKN KAUECTBA TOHKOILJIEHOYHON ILJIATbHI

Paspabomai memoo oyeniu xauecmed monKonIeHOUHOU Niamol, KOMOPbLl OCHOBAN HA PE3YIbIMANAX UIME-
PEHUS CONPOMUBLEHUS. PESUCTNOPOS U BUIUUCTEHUS UX UHCTIPYMEHMATbHBIX nozpewnocmet. TTpumenenue
dannozo memoda no3soisem Yseaudums 6uixo0 200Huix naam 6 1,5 —2 pasa.

Kaioueswvie cro6a: monkonienoumnlii pe3ucmop, UHCmpymenmdaivHds noZpeunocms CoOonpomuelenusl.

B GoJbiiHCTBE JATUYMKOB MepBUYHON UHQOP-
Maiuu B Poccnn cepBUCHYIO 3JIEKTPOHUKY BBITIOJ-
HSIIOT B BU/IE TOHKOILJIEHOYHOI MUKPOCOOPKH. IJTO
CBS3aHO TIPEXK/IE BCETO C TEM, YTO MMACCUBHbBIE KOM-
[IOHEHTBI JATYUKOB UMEIOT OoJibliine rabapuTbl U
X HEBO3MOKHO M3TOTABJIUBATD 110 MTOJYIIPOBO/HU-
KOoBOI TexHOJOruu. OCHOBHOW KOHCTPYKTHBHOM
eIMHUIEl MUKPOCOOPKM, KOTOPasi BO MHOIOM
OTIpe/iesigeT ee KauecTBO, HA/IEXKHOCTD M BBIXO/] TO/I-
HBIX, SBJIIETCS TLIaTa.

B niporiecce nmponsBo/icTBa TOHKOIIJIEHOYHOM T171a-
TBhI UCTIOJIB3YIOT JBA OCHOBHBIX THIIA KOHTPOJIS: TIO
BHEIITHEMY BU/IY U 10 TIapaMeTpaM NacCUBHBIX dJie-
MeHTOB (Pe3ucTopoB, KOHJEHCATOPOB M KaTyIIeK
uHAyKTHBHOCTH). Ham6Gosee pacipocTpaHeHHbBIM
3JIEMEHTOM TJIATBI SIBJISIETCS TOHKOIIJIEHOYHDBIH pe-
sucrop (TIP). BBuay BbICOKOH TOYHOCTH M CTa-
6ubHocT, TIIP yacTo ncnosb3yioT B aTynKax u
B M3MEPUTENbHBLIX CICTEMaX WJIN yCTPOUCTBAX, Ha-
[IpUMeP B BBIXO/IHBIX PE3UCTOPAX AKCEJEPOMETPOB,
BXOJ/IHBIX JIEJTUTEJNSIX MYJbTUMETPOB, N3MEPUTEb-
HBIX MOCTax, pe3uctopHbix Marpunax AT u ITAIL
Komnuectso TIIP Ha oaHoll 1jiate MOXKET HOCTU-
raThb HECKOJbKUX JECATKOB W Jake coTeH. Kauec-
TBO U3TOTOBJICHUS TIJIATHI ONIPEJIEJISETCS TOUHOCTHIO
nonaganus conporubiaenuit TIIP B 3apanubiii nH-
TEpBaJI JI0MyCKa.

N3amepenne conpoTuBieHns 60JIbIIOr0 KOJIMYecTBa
PE3UCTOPOB TJIATHI BPYYHYIO SABJISETCS TPYAOEMKUM
niporteccoM. [l CHUZKEHWST TPY/I0EMKOCTH U TTOBbI-
IIeHNsT TOCTOBEPHOCTH M3MEPEHUH COTPOTUBJIEHUS
TIIP B [1] npenioxkeHa aBTOMAaTH3UPOBAHHAS CHU-
cTeMa KOHTPOJISI KauecTBa IJIaThl, B OCHOBE KOTOPOi
JIEKUT U3MEPEHUE CONPOTUBJIEHUS] PE3UCTOPOB Tec-
TOBBIX CX€M, PACIIOJIOXKEHHBIX Ha TepudepuitHbIX
TEXHOJOTHYECKUX TOJIAX TOAT0XKKH. /lamee 1o
OTIPE/ICJIEHHBIM AJITOPUTMAM [POU3BOJIUTCS PACUET
CUCTEMATUYECKUX U CIYYAlHBIX MTOTPENTHOCTEN pas-
mepoB TIIP. Ilo paccuntanHbIM 3HAUECHUAM TOTPEII-
HOCTEN JaeTcs 3aKII0UeHNe O TOHOCTH TIJIATHI.

Merton, paccMoTpenubrii B [1], sBisgercs koc-
BEHHBIM W, CJEJ0BATETbHO, HEHAJEKHBIM. XOTS

OH U JaeT 3aKJIYeHHe O TOAHOCTH IIJIATbhl, 3TO
BOBCE HE O3HAYAET, UTO CONMPOTUBJEHUE KaXK/OTO
pe3ucTopa MJIaThl JEXKUT B 33/[aHHOM T0JIe 0Ty C-
ka. Takue oTka0oHEHUST MOTYT ObITH BBI3BAHBI PS-
JIOM TIPUYWH, TaKUX, HaIpUMep, Kak HepaBHO-
MEPHOCTb HAIbLIEHUS PE3UCTUBHOTO CJOM IO TO-
BEPXHOCTHU TO/JIOKKHU, JIOKAJbHOE IO/ITPaBJInBa-
HUe Pe3nucTopa, MOPUCTOCTD MOIOXKKH, TPOKOJBI
B (poropesucte u nip. To ecth, B ciyyae npumeHe-
HUS 9TOTO METOJla BeJNKa BEPOSATHOCTH TOTO, UTO
Ha COOPOYHYIO OIEPaIUio MOXKET ObITh MPOMYyIile-
Ha 6pakoBaHHas ILJIaTa.

[Ipu mpoekTUpOBAaHNN W U3TOTOBJIEHUN TLIAT HE
NPUIAIOT TOJIKHOTO 3HAYEHUSI MHCTPYMEHTAJIbHBIM
norpentHoctsM TIIP, XOTd OHM CHMXKAIOT BBIXO[
rogueix B 1,5—2 paza [2]. MHcTpyMeHTa bHBIE
rorpetHocTu conporupiaeHud TITP B ocHoBHOM o11-
penensiores KoMmiektoM doroma6aonos (MII) u
MPOSBJSIOTCS B TOM, YTO COINPOTUBJIEHUE OJIHOTO
WM HECKOJTBKUX PE3UCTOPOB HE TOTMATaeT B 3a1aH-
Hoe 11o0Jie Jjorycka. Ha BociiponsBoiuMOCTb COIPO-
tusienusi TIIP, kpoMe TEXHOJOTUYECKOTO ITPOIlec-
ca uarotopaerus DI, MOryT oKa3bIBATh BIUSHUE
Pa3paboTUNK 3JIEKTPUYECKON IPUHIIUITHATIBHOM cXe-
MBI, KOHCTPYKTOP 9CKHU3a TOMOJOTHH, KOANPOBIIUK.
Bce MHOTOOGOPA31E NHCTPYMEHTATHHBIX MTOTPEITHO-
cTell MOXKHO Pas/ieJInTh HA METOINYeCKue, CyObek-
THUBHbBIE U IPOU3BOICTBEHHDIE TIOTPEITHOCTHU TIPU U3-
roroBaenun MIII.

K MeToamdecknM MOrpentHocTsIM MOKHO OTHEC-
TH BBIOOD Pa3pabOTUYMKOM CXEMbl HOMUHAJbHOTO
conporusienusa TIIP 1o crangapTHOoMy psay, a He
WCXO/I U3 MUHUMAJIBHO BO3MOXKHBIX pasMepos TIIP,
KOTOPDBIE IBJIIIOTCS TEXHOJIOTHUECKIM OTPAHITIEHN-
eM. MHor/ia 9TO IPUBOJUT K HECOOTBETCTBUIO CO-
NIPOTUBJIEHNS, N300Pa’KEHHOTO HA 3CKHU3€e TOTIOJIO-
run TIIP, nepeuHio aJeMEHTOB BCJEJCTBUE JIHC-
KPETHOCTH KOOP/IMHATHON ceTKu. MeTomuecKue 1o-
IpentHocTH (OPMUPYIOTCS M3-32 TOTO, YTO TPUMeE-
HseMble MaTeMaTUYeCKue MOJIeJId pacyeTa COIpo-
tuBaerust TIIP u ero morpemxocTeii SsBASIOTCS TIPU-
OJIMKEHHBIMU U He BKJIIOYAIOT B ce0s 0COOEHHOCTH
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koHcTpykiuu TIIP, HanpuMep compoTuUBIEHNUS €ro
AJIEKTPOJIOB, a TaK}Ke CHCTeMATHYeCKHUe TTPOU3BO/I-
CTBEHHbIE TIOTPEITHOCTH, KOTOPbIE BOBHUKAIOT B Pe-
JIbHOM TEXHOJIOTHYECKOM IIPOTIeCCe.

CyODbeKTUBHBIE TIOTPENTHOCTH B OCHOBHOM CBSI-
3aHBI C HEBHIMATEJIHHOCTBIO TPOEKTUPOBIIUKOB TLJIAT
n dotromabsonoB. OmuOKM TaKOTO pPojia ITPUBO-
JI9T, Kak TPaBUJO, K HEBEPHOMY OIIPEIeIeHUIO
Yycya KBaJpaToB Pe3UCTopa.

[TpousBo/icTBEHHBIE TOTPEITHOCTH TTPU U3TOTOB-
JleHnu (HoTonabJI0HOB CBSI3aHbI C TOYHOCTBHIO 060-
pyZlloBaHuS U MeTojia u3roroBJeHusi. Kpome Toro,
MHCTPYMEHTAJIBHYIO TIOTPENTHOCTD MOTYT 3HAYUTEIb-
HO YBEJIUYUTH HEUCIIPABHOCTH OOOPY/IOBAaHUS, Ha-
npumep poToHAGOPHON YCTAHOBKU.

NucTpyMeHTaNbHbIE TIOTPENTHOCTH OOHAPYKUTH
OUYEHb CJIOKHO, T. K. OHU MAaCKUPYIOTCS TIPOU3BO/I-
CTBEHHBIMU TorperntHocTssMu. Ha cormporuBienue
PE3UCTOPOB BJUSIOT /IBA OCHOBHBIX IapaMeTpa:
y/IeJIbHOE TIOBEPXHOCTHOE CONPOTUBJIEHUE P PE3UC-
TUBHOM TIeHKN U ko dunment dopmbr K - ITo-
CKOJIBKY COTIPOTUBJIEHUE 3aBHCUT OT JIBYX IIepe-
MEHHBIX, BBISBUTD ITPUYUHBI MOSIBJIEHUS WUHCTPY-
MEHTAJIBHBIX OMMUOGOK TPHU IMOJYYEHUH 3aJJaHHBIX
conpotuBsieanit TTIP B mnporiecce M3roToBaeHNs T11aT
Tpyano. OTCIO/Ia BO3HUKAET 3a/1a4a Pa3paBoTKI aJi-
TOPUTMA OIIeHKH MHCTPYMEHTATbHBIX TIOTPENTHOCTENH,
KOTOPBIIT TTO3BOJUI OBl TIPU KAXK/IOM 3aIyCKe Ta-
TBI 110 HOBBIM (pOTOIIA6JI0OHAM TIPOCTBIMU pacyeTa-
MU HaXOJWTb JaHHbBINH KJIacC TOTPENTHOCTEI.

[lesbio HacTOsIIEN PAGOTHI SIBJISIETCS Pa3paboT-
Ka MeTo/ia OIeHKH KayecTBa TOHKOILJIEHOYHON T1J1a-
TBI TI0 PE3yJIbTaTaM BBIYUCJIECHUS WHCTPYMEHTAJb-
Hbix norpemtHocteit TTIP.

[3] npeasoxken anroputM OMEHKU UHCTPY-
MEHTAJIbHBIX MOrperHocTeii. /lanubiii MeTos
OCHOBAH Ha COTIOCTABJIEHUN COMTPOTUBJIEHUS UCCJIe-
JTyeMOTO Pe3nCTopa ¢ 3TaJoHHbIM. [Ipruem B Kade-
CTBE ATAJIOHHOTO PE3UCTOPA BHIOUPAETCS BXOISIIII
B coctaB miatel TIIP ¢ man6oapmuMu pazMepami.
Ecam TakoBoTO He MMeeTcsT, TO TPOEKTUPYIOTCS TEX-
HOJIOTHYECKUE ITAJOHHDBIE PE3NCTOPDI C pa3MepaMn
0,5x0,5 mM. HemocTaTkoM JaHHOTO METO/A SIBJISIET-
¢S TO, UTO TEXHOJOTHMUECKIE ITAJOHHBIE PE3UCTOPDI
YBEJUIIBAIOT TPYAOEMKOCTD MMPOEKTUPOBAHUS TLJIA-
TBI U 3aHUMAIOT €ee TLIoMaab. KpoMe TOTo, JaHHbBIM
METO OTINYAETCS CPABHUTEIHLHO HEBBICOKON TOTHO-
CThIO, T. K. OCHOBAH TOJIBKO Ha MCKJIIOUEHWH BJIHSI-
HIA YIeJTbHOTO TOBEPXHOCTHOTO COTTPOTUBJIEHNS.
Ecan mpeAnooXuTh, 4TO cucTeEMAaTHIECKUE TT0-
TPEITHOCTA JJWHBI, MUPUHLI W COTMPOTUBJIECHUS
anektposioB TIIP ckomiencupoBanbl [4], MOXKHO
MPEJIOKUTD JAPYTON TOX0/1 K BBIOOPY 3TAJTOHHO-
TO PE3NCTOPA, OCHOBAHHBIN HA BHIYUCJIECHIH TTOTPETI-
HOCTH OTHOIIeHs conpoTtuBaennii asyx TIIP. Co-
raacuo [5], ara morpenrHocTb B 00IEM cJydae
OTIPeIeITETCS BhIPAKEHNEM

0K =dp,, —0p,, +
+J (8L, = 8L, + (8, - 8b,)* + 8K, (1)

rjie MHaeKcel 1, 2 coorBeTcIBYIOT pesucropaM R, R,

dp, — cucTeMaTHyecKas TpafMeHTHas TOTPENIHOCTh
VAEJIbHOTO TIOBEPXHOCTHOTO COTPOTHBJICHUS
DE3UCTUBHON TIJICHKU PE3UCTOPA;

81, b — ciyuaiinble MMOTPEITHOCTH JJUHDBI [ U Mmupu-

HbI b pesucropa,

8[{ﬂ — MOTPEITHOCTb OTHONIEHUS COMPOTUBJIEHUN
asyx TIIP, oOycuioBiennasi TO4edyHbIME Jl€-
dexTamu.

Ecam npu mpOeKTHPOBAHUY TLIATHI UCCJE/ye-
MBI ¥ STAJOHHBIH PE3UCTOPBI PACIIONOKUTH Ha
PacCTosIHUM MeHee 5 MM JIPYT OT ApYyTa, TO Ipa/u-
EHTHOH MOrPEITHOCTHIO MOKHO IIpeHe6pednb. B atom
cayuae opmysia (1) npuHuMaer Buj

8K = /81, - 81,)* + (3, — 8b,)* + 5K, (2)

Kak caemyer u3 atoit hopMyJibl, TOTPENTHOCTD
oTHOLIeHus conpoTusaenuii Asyx TIIP Munumasb-
Ha, €CJIM Pe3UCTOPbI UMEIOT WAEHTUYHYIO (hOopMy
U PACIOJIOKEHBI B HEMOCPEJCTBEHHOW OJM30CTH
JIpyT OT Jpyra. B atoMm ciuydae BeawmdmHa 3TOH
MOTPENTHOCTY OY/IeT OIPE/IEATHCS TOUEUHBIMU Jie-
dexramn (06b1YHO SKﬂ = 1—3%). Ognako Ha
npaktuke uaeHTndHocTh popm Beex TIIP coburio-
CTH HEBO3MOXKHO. TeM He MeHee, MOXXHO TTPEATIO-
JIOXKUTD, YTO TPU HEKOTOPBIX YCJIOBHUAX BO3MOXK-
HO npubamkeHue BbipaxkeHus (2) K MUHUMAJb-
HOUW TIOTPENTHOCTH.

YUT0oO6DI BBISIBUTD 3TU YCJIOBUS, PACCMOTPUM CJIY-
YaitHy1o morpenrioctsb Koadduimenta popmor TIIP,
KOTOpasi OTHChIBAETCS caeaytornieil (popMyIoii:

K, =8I +3b> = \J(AL / 1) +(Ab / b)Y, (3)

rae Al, Ab — aGcosioTHbie ciydaiiibie TTPOU3BOJI-
CTBEHHDBIE TTOTPEITHOCTHU JJIWHBI 1 TupuHbl TITP.

Ecau 8/ = 38b nim 8b = 38[, T0O MEHBIIUM CJa-
raemMbiM B opmysie (3) MokHO npene6peub. Kak
MOKA3bIBAIOT HccaeoBanus [6], masg cTpyKTypb
miaernok PC-3710-V-Al Al=2Ab. B atom ciayvae Bo3-
MOJKHBI JIBE CUTYAI[UN:

a) 2Ab/1 > 3Ab/b; orkyna /b < 2/3,;
6) Ab/b > 6Ab/1; otkyna /b > 6.

Anamuz dopmya (2), (3) nokasbiBaer, 4to Bce
PE3UCTOPBI, KOTOPbIE MOKET CO/IEPIKATH TOHKOTLIE-
HOYHAs IJIaTa, B 3aBUCUMOCTH OT KoadduimeHTa
bopmbl Ky,=l/b MOXHO pas/e/nTh Ha HECKOJIbKO
TPYII, TPUYEM KaXK/yIo TPYNIIY MOXKHO XapaKTe-
pu30BaTh COOCTBEHHBIM 3HAYEHHEM IIOTPEITHOCTH
OTHOIIEHUS COITPOTUBJIEHHIA.

BbIsiBUM yCJIOBUST MUHUMYMA MTOTPEITHOCTUA OT-
HoureHus: conporusienuil Apyx TIIP g kasxoii
rpymbl TIIP:

1 rpynmna — pe3ucTOpbI ¢ MPUMEPHO OJIMHAKO-
BOI MMUPWHOW WJN ¢ 6OJIBINON mupuHoii. B artom
caydae 0/,—31,>3(8b,—3b,);

2 TpyIina — pe3nucTopbl, Pa3Mepbl KOTOPHIX 3Ha-
YUTEJSBHO OTJIUYAIOTCS APYT OT JIPYTa;

3 rpynna — pe3ucTopbl ¢ IMPUMEPHO OJMHAKO-
BOI /I/IMHO¥ WJau ¢ 6OJBINON JInHOI. B atoM coy-
Jae 8b1—6b2>3(511—512).
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OdeBUIHO, YTO B KayecTBE ITAJOHHOTO TpeI-
MOYTUTEbHEE BBIGUPATH PE3UCTOP U3 TOM Ke IPyT-
TIBI, YTO U MCCAeAyeMbIil. B aTOM ciyyae MUHUMU-
3UPYIOTCS CIyYalHbIe TPON3BO/ICTBEHHDBIE TTOTPETII-
Hoctu usrotonsennd TIIP u jierko BbIABISIOTCS MH-
cTpyMenTasbHble. HanboJiee c/10:KHO 06ecTieunTh M-
HUMAJbHYIO TOTPENTHOCTD OTHOIIEHUS COTTPOTHBIIE-
Huit ayx TIIP jqug pesucropoB BTOPOIl MPYIIIBI.
Cremyet otmetuTb, uto asg TIIP aToii rpynms! mpo-
W3BOJICTBEHHAS TTOTPEITHOCTh MaKCUMaJIbHa BCJIe/I-
CTBHE BBICOKOW 3aBUCUMOCTH UX COIPOTUBJIEHUS OT
pasMepos. [loaToMy /151 IOBBIIEHUST BBIXO/1Q TO/I-
HBIX TIJIAT TIPU UX TPOEKTHPOBAHWM CJEAYET yBe-
anuutb pasmepbl Tex TIIP BTOopoil rpynmsbl, mo-
TPEITHOCTD COMPOTUBJIEHNST KOTOPBIX HE TT03BOJIIET
JMOCTUTHYTDb 33JJaHHOTO JOIMYyCKa. JTO BIOJHE [10-
MIyCTUMO, T. K. 9TH PE3UCTOPBI 3aHUMAIOT HEOOJIb-
HIYIO IJIOIIA/b.

[Tpu usroroBsenun miaatbl Mo HOBbIM DIII He-
06X0/IUMO OTIPEJIETTUTD T€ PE3UCTOPBI, COMPOTUB/IE-
HUe KOTOPBIX He TIOMAajJ0 B 3aJlaHHOE TOoJe JOIyC-
Ka. [l Kaskj0ro U3 uccaeyeMbIX pe3ucTOPOB CJie-
JlyeT BbIOpaTh ATAJOHHBIN. B mganbHeiiemM ucce-
JlyeMbIit pe3uctop 6yaem o6o3Hauyath R1, a ara-
JIOHHBIT — R2.

Cdopmynupyem tpeboBanusi K BbIGOPY 3TAJOH-
HOTO pPe3ncTopa:

— 9TAJIOHHBIN PE3UCTOP JIOJIKEH BXOAUTDH B CO-
CTaB IJIAThl, HA KOTOPOH pacIOJIOXKeH HCCaerye-
Mblii PE3UCTOP;

— W3MepeHHOe COMPOTUBJIEHNE ITAJTOHHOTO pe-
3UCTOPa TOKHO COOTBETCTBOBATH 3a[[aHHOMY [10-
MyCKY;

— koadduimentsr GoOPMbI UCCIAEYEMOTO U ITA-
JIOHHOT'O PE3UCTOPOB JIOJIKHBI COOTBETCTBOBATD OJ1-
HO# rpymie (cM. Ta6JuIly) NI HAXOJUTCS Ha CTHIKE
TPy,

— paccTogHUe MEXKIY UCCAeAYEMbIM U 3TAJIOH-
HBIM PE3UCTOpaMy 10 KoopauHate Y (Masoil cro-
POHE NOJIIOKKK) He JO0JKHO MPEBbIIaTh 5 MM. B
3TOM CJiydae Pa3HOCTbIO TPAJUEHTHON IIOTPEIIHO-
CTH 3TUX COITPOTUBJIEHUI MOKHO ITPeHeOPEYb.

Orpe/iesienrie THCTPYMEHTATBHBIX TTOTPENTHOCTEN
TIIP npousBoJAT 1O CJeAyIoHeMy aJrOpUTMy:

1. ITo BBIIIIEOTINCAHHON METOAUKE LI KasK/I0TO
pesucTopa IJaThl ONMPEAESOT ITAJOHHBIN pe3u-
CTOP, /IS 4ero pe3ucTopbl rpynnupytor (cM. tab-
muity). IIpu 9TOM MCIIOJIB30BATh TAKKE COYETAHUS
Kak «R1 — wmccaenyembprii, R2 — aTajoOHHbBIN> U
«R2 —uccaenyemblil, R1 — arajoHHDBII» HE/b3s.

2. 3apaor snavenus 3K (o6bruno 8K = 0,03).

Hozpewnocms omnowenus conpomusaenuii osyx TIIP 6 3a-

sucumocmu om Koappuuuenma gopmuol

3. BblYmcagioT [0MyCcTUMYIO MOTPEITHOCTD HC-
CJIe/IlyeMOr0 Pe3UCcTOPa OTHOCUTEJIbHO 3TaJOHHOTO
no ¢dopmynaam u3 Tabauipl. Takas MOrpenrHoCcTb
obGycyoByiena napamerpamu atux TIIP, 3apanubl-
MU B KOHCTPYKTOPCKOH JJOKYMEHTAIUN.

4. Bpramcasior (pakTHYecKylo OTHOCHTEIHHYTO
MOTPENIHOCTh OTHOIIIEHUS COIPOTUBJIEHUN HUCCJIe-
JLyeMOr0 M 3TAJIOHHOI'O PE3UCTOPOB

8K, = (R1, /R2, — R1/R2)/(R1/R2) =
=(R1, /R2)/(R2/R1)—1,

rre R1, R2, — n3MepeHHble CONPOTUBJIEHUS PE3NC-
TOpOB I1J1aThI,
R1, R2 — nHoMUHAJIbHbIE CONPOTUBJCHUS 3TUX
JKe Pe3rcTOPOB M0 KOHCTPYKTOPCKOM
JIOKYMEHTALNN.
5. llpu HasmYuu WHCTPYMEHTAJbHOI MOTrper-
Hoctu TIIP BblnosHsIETCS Caeyiollee HepaBeHCTBO:

8K | > SK. (4)

Ecim nepasenctso (4) BbINOIHAETCS 1718 KAKO-
ro-b0 WMCCJIe/lyeMOTO PE3UCTOpPa, TO MPOBOJST
anaj 3 MPUYNH, BBI3BABIINX 3TO OTKJOHEHHUE, U
MPUHUMAIOT MEPhI 10 WX YCTPAHEHUIO. AHAIN3
MHCTpyMeHTaJbHbIX norpemHocteil TIIP caexyer
MIPOBOANTD TIPU TIEPBOM U3TOTOBJEHUU TOHKOTLIE-
HouHO# TaThl 1Mo HOBBIM DIII. ITomMy ananmusy
JTOJKHBI TTO/IBEPTAThCS TaKKe Te TIJIAThI, KOTOPbIE
XapaKTepu3yIoTcss HU3KUM TIPOTICHTOM BBIXO/[a TO/T-
HBIX B CBSI3W C HETMOTMA/IAHNEM COMPOTUBJIECHNS Ka-
koro-sm6o TTIP B 3aanibiii T0OMyCK.

ITo paspaboranHbIM ajTOpuUTMaM TPOU3BE/EHA
OTIeHKA WHCTPYMEHTAJbHBIX TOTPEITHOCTEN CIIPO-
extupoBannoil B Hos6pe 2004 r. narer Y KBTI, na
Kotopoit copmupoBano 47 pesucrtopoB. Pasmep
MJIATBI cocTaBssieT 45%29,5 MMm. IlepBbie 06pasIib!
JIAHHOII TL1aThl 6bLIN U3TOTOBJIEHBI B arpesie 2005 T.
g anasn3a MHCTPYMEHTATLHBIX TOTPEITHOCTEH
TITP nHeo6XoauM YepTesk MIAThl U PE3YJIbTAThI U3-
MepEeHUsT CONPOTUBJIEHNH. B ¢Bs3M ¢ TeM, YTO 4acThb
Pe3uCcTOPOB ObLIN MOJATOHOYHBIME U 3HAYEHUS] MX
COTIPOTHBJICHUS 3AMUCHIBAJINCH TOJIBKO MTOCJE TTPO-
BEJICHNUS TIOJITOHKH, 3TH PE3UCTOPBI aHAIN3Y He MO/l
BEpraJuch.

Ha ocnoBannm yepteska miaater 61117.100.429 n
BBIINEN3IO0KEHHBIX PEKOMEH AN ObLIa MpoBe/ie-
Ha rpynnupoBka TIIP, u nms kaxmoro pesucropa
6BLT BBIOPAH 3TAJTOHHBI.

Or1reHka HHCTPYMEHTAJTBHBIX TIOTPETTHOCTE TTPO-
BOJIMJIACH TIPU CJACAYIOMNX MCXOAHBIX JTAHHDBIX:
Al=+10 MKM; Ab==%5 MKM; AKI[:O,OB; p=1 kOm /0.
PasHocTb Tpa/ineHTHON MOTPEITHOCTH JIJIST BCEX MC-
cjaegyeMbiX 1 aTagoHHbIX TIIP npunn-
MaJlach PaBHON HY.JIIO.

[To pazpaboTanHbIM aJIrOpUTMAM BbI-

Ipynna | Koadppunment
TIIP ¢opmbr

@opmy.ia A5 TOTPEeNHOCTH
OTHOIIEHUSI COTIPOTUBJIEHUI TPYIIIIbI

YHUCJISLIACH JIOTYCTUMbIE U (paKTHIecKue
OTKJIOHEHUS COTTPOTUBJIEHUHN HCCIeIye-

10,01 <K4<0,67

8K =81, — 8l, + 0K,

MbIX PE3NUCTOPOB OT 3TAJIOHHDbIX.

2| 067<Ky<6

8K = (81, — 8L + (8, - 8h,* + 3K,

B pesysbrare IpoBeieHHBIX pacye-
TOB OBLJIO YCTAHOBJICHO, YTO IIECTDH pe-
3UCTOPOB 13 47 UMEIOT PAaKTHYECKOE OT-

3 K¢>6

8K = 8b; — db, + 8K ,

KJIOHEHHE 3HAYEHUIT COITPOTHUBJICHU BbI-

TexHoIOrNS 1 KOHCTPYUPOBaHUE B 3/1eKTPOHHOIT anmaparype, 2012, Ne 3

33



TEXHOJIOTUYECKHE IPOIECCHI U OBOPYAOBAHUE

11e IONMyCTUMOT0. AHAJIN3 MTOKA3aJ, YTO /IS OHO-
T'O U3 PE3NCTOPOB TAKOE OTKJIOHEHWE BBI3BAHO HECO-
OTBETCTBHEM ero HoMuHaabHoro snavenns (6,2 kOm)
peanm3oBaHHOMY B uepTexe maarbl (6,0 kOm). 1o
ommn6Ka CXeMOTEXHUKA — OH BbIOPAJ HOMUHAJID-
HOE COTIPOTUBJIEHUE 3TOTO PE3UCTOPA TI0 CTAHAAPT-
HOMY psafay. s Apyrux ngTH pe3ncTopoB KaKWX-
JGO CYTECTBEHHBIX OTKJIOHEHUH B KOHCTPYKTOP-
CKOIl JJOKyMeHTalnu Haiijleno He Oblio. [loatomy
IS 3TUX PE3UCTOPOB ObL poBeieH pacyet 8K 110
pesyabrataMm usMmMepeHus 12 muar. [lonosHuTEb-
HBIM aHaJM3 MOKa3aJl cJae/yIollee.

1. BOTBITIMHCTBO PACCUNTAHHBIX 3HAUEHII |6KH|
Memblie, yeM 0K, T. €. HHCTPYMEHTAIbHbBIX TTOTPEII-
HOCTe /17151 3TUX PE3NUCTOPOB HET.

2. Tlapamerp 0K mMeeT Kak IOJIOKUTE/IbHbBIE,
TaK M OTpPUIlaTeJbHbIe OTKJIOHEHUS, YTO CBUETETH-
CTBYET O CJIyYailHOM XapaKTepe OTKJIOHEHWUIA.

3. Jlyig KaK/I0To U3 TSATH UCCIEeyEMbBIX PE3UCTO-
POB B ABYX-TpeX cJyuasix u3 asenaiuaru [8K |>8K,
YTO, KaK BBISICHUJIOCH, CTAJO PE3yJbTATOM CJEIY-
IONIMX TPOMAaXO0B:

— Pe3yJbTaTbl U3MEPEHNN 3aMUCHIBAJIUCH YHC-
JIAMU C HEJOCTATOYHBIM KOJMYECTBOM 3HAUaIIMX
mdp nocJie 3amnAToit — He 6oJee Tpex, a cae0Ba-
JI0 GBI YETBIPE;

— nipu u3Mepennu conportusiaenus TIIP onepa-
TOP JOMYCTUJI OITHOKY;

— BO BpeMsI BBIIIOJIHEHUST TEXHOJIOTMYECKHUX TTPO-
1[ECCOB HaMbLIeHUs W GOTOUTOrpacduu HA pe3u-
CTOP TIOTIAJT UHOPO/IHbIE YACTHUIbI;

— IIEPOXOBATOCTH TOJJIOKKHU HE PerJiaMeHTH-
poBaIach;

— oromabIoHbBI GBLIN 3aTPSI3HEHDI;

— Kpas 3JieMeHTOB (hOTOIIA0I0HOB HE OBLIN J10-
CTAaTOYHO YETKUMH.

BoiBo1b1

B pesysbraTe aKCIIepIMEHTATBHO-TEOPETUIECKOTO
aHaJIN3a UHCTPYMEHTAJIbHBIX MTOTPENTHOCTEN COIpOo-
tupjgenust TIIP ycTtaHOBJ/I€HO, UTO /17151 TOBbBIIIEHUS
BBIXO/[a TOAHBIX CEPUUHO M3TOTABJMBAEMBIX ILIAT
cJieJlyeT U3MEHUTb PasMepbl OJHOTO PE3UCTopa.
[TpoBeennas mpakTUYeCcKast OlleHKa MOKa3a/ia Bbl-
cokyi0 3 eKTUBHOCTD Pa3pabOTAHHBIX AJTOPUT-
MOB: IIPUMEHEHUE JIAHHOTO METO/Ia MO03BOJISIET yBe-
JINYUTD TIPOIEHT BBIXO/A TOMAHBIX ILJIaT TOHKOILIE-
HOYHBIX MUKPOCOGOPOK B 1,5—2 pasa.
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Spirin V. G. Method for evaluating the quality of
thin-film board.

Keywords: thin-film resistor, resistance instrumental
error.

A method for estimation of the quality of a thin-film
board has been developed, based on the results of
resistance measuring and instrumental errors calculation.
Recommendations are given for the exclusion of gross
errors in the application of the method. The practical
estimation carried out shows the high efficiency of
the developed algorithms. This method allows to
increase the boards yield by 1,5—2 times.

Russia, Arzamas Polytechnical Institute, a branch of the
R. E. Alekseev Nizhny Novgorod Technical University.

Cripiu B. I'. MeTo/1 OlliHK! SIKOCTi TOHKOILTIBKOBOI ILIATH.

Knouoei caosa: monxonaiexosuil peaucmop, iHCmpy-
MeHmanoha noxudxa onopy.

Po3po6ieHo MeTo/| O1liHKK SIKOCTi TOHKOILTIBKOBOI I1J1a-
TH, SIKAN 3aCHOBAHWI Ha pPe3yJbTaTaX BUMipIOBAHHS
OTIOPY PE3UCTOPIB i OOYUCITIEHHS X IHCTPYMEHTAJIbHUX
noxu6ok. /laHo pekoMeHalii 10 BUKJIIOYEHHIO IPy6ux
IpoMaxiB npu 3acTocyBanHi Merony. IIpoBesena nmpak-
THUYHA OI[IHKA TOKAa3y€ BUCOKY eMEeKTUBHICTb PO3PO6-
JICHUX aJITOPUTMiB. 3aCTOCYBAHHS JAHOTO METOIY /103-
BOJIsiE 301BIINTY BUXiJ IpUAATHUX T1at B 1,5 — 2 pasu.

Pocis, Apsamacbkuil momiTexXHiUHUN iHCTUTYT, ¢imis
Huskeropocbkoro TexHiunoro ysisepcurery im. P. €.
AJexceena.
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HAHOKOMIIO3UTbBI HA OCHOBE OITAJIOBbBIX
MATPUIL] C KPUCTAJVIMYECKVMUN
GEPPOTOPOUJATIBHBIMU MYJIBTUGEPPONKAMUN

H 3yuenvt onmuueckue, maznummuble u OuseKmpureckue c6olcmed, cocmas u cmpoenue 06pasuyoe
HAHOKOMNO3UMOB HA OCHOBE Peuemuambly Yynaxosok nanocgep SiO., (onanosvix mampuu,), codep-
KAWUX 6 MEKCHePUUECKUX HAHONOJOCTNAX KAACMEPbl KPUCMAIIULECKUX (hA3 Mamepuaios, OmHoO-
cAUUXCSL K MY buUeppouxam geppomopoudanvrozo mund.

Knioueswvie cnosa: nanokomnosumeol, memamamepudilol, MAZHUMHble U 8u3ﬂexmpuuecxue xapak-

mepucmuKxu.

Nayuenne My abTudeppoOrMKOB — MarHUTOYHOPSI-
JIOYEHHBIX CTPYKTYP Topouganboro tuna (FTO uim
(hepPOTOPONIAIBHO YIOPSIOUEHHbIE CUCTEMbI) —
HaYyaJo0Ch CPaBHUTEJbHO HeJaBHO. VX TosyueHue
1 UCCJe/IOBAaHUE SBJISETCS aKTYaJbHBIM, TTOCKOJIb-
KY MarepuaJibl 1 MeTaMaTeprasibl Ha OCHOBE MYJIbTHU-
(beppoMKOB 1epCIeKTUBHDI JIJIST YCTPOICTB, NCTIOJIb-
3YIONUX Pa3JMYHble MATHUTO- U 3JIEKTPOOITHYE-
ckue apdexror. [Ipeanomaraercs, yro Guaarogaps
apdexTy cIOHTAHHOTO HAaMarHWYWBAHUS TIO[ JIEH-
CTBUEM JIOKAJBbHOIO 3JIeKTpuuecKkoro noJs (Haps-
Jly C BOSHUKHOBEHUEM TOJISPU3AIUN B MArHUTHBIX
HOJISIX) MyJIbTU(DEPPOIIOAO0OHbIE MaTEPUAIbl TOPO-
UJAJBHOTO TUTIA HAMIYT MTMPOKOE TIPUMEHEHNE KaK
B MUKPO3JEKTPOHUKE U B PA3JUYHBIX CEHCOPHBIX
YCTPOHCTBAaX, TaK M B HOBOM, Pa3BUBAIOIIEMCS Ha-
[paBJeHUH — CIIMHOBOK ajieKTpoHuKe (CIUHTPO-
Huke). Kpome Toro, MeOTCs Bce OCHOBAHUS MIPe/l-
roJiaraTh MosiBjieHue pazpaboTOK YCTPONCTB yIpaB-
Jiennsi pa30BBIMU CKOPOCTSAMHU W JAMarpaMMaMu
AJIEKTPOMAaTHUTHOTO WU3JIyYEHUS B ONTUYECKOM,
CBUY- u TTli-gumamasoHax ¢ MUCHOJb30BAHUEM I10-
no6ubIx Matepuason [1, 2]. Ocobenno nmpuBeKa-
TEJTBHO BBITJSIAAT PE3yJbTaThl paboT B 00JacTu
UCCJIe/IOBAHWI MYJIbTU(EPPOU/IHBIX MATEPUATIOB B
B/l YIOPSA0YeHHBIX 3D-HaHOPEIETOK C UCITOb-
3oBanueM Kpucraaautos (pasmepamu 15 —40 M)
MyJIbTH(hEPPONKOB (hepPOTOPONIATBHOTO THTIA YIIO-
pagoudenud, B yactHocTd, TakuX Kak LiCoPO,,

Asropbr Gmaropapubl A. B. Koposesy (IIKIT TDOM
VpO PAH) 3a nposejiene MarHUTHBIX M3MEPEHUH Ha-
HOKOMIIO3UTOB.

PaGora BbiosiHeHa pK YacTHYHOI 1toiepskke PDODU
(rpant odpu-mM-2011 Ne11-02-12095) u Ilpesupuyma
PAH, a taxske Hayunoro donmga UP P204,12 /0232).

LiNiPO,, LiCuO,, InFeO; nmu InMnO, (u3o-
crpykrypubie GaFeO,).

Muorouuc/entble paboTbl, IPOBOUMbIE HAYY-
HBIMM KOJIJIEKTMBAMHU B Pa3JIMUHBIX CTpaHax, II0
MOJIYYeHUIO U U3YUYEHUI0 MYJIbTUuheppouron dep-
POTOPOUIAJIBLHOTO THUIIA PAa3JUYHOTO COCTaBa yKa-
3BIBAIOT HA TO, YTO OOJBIMIUHCTBO U3 HMCCJIEOBAH-
HBIX MaTepPUAJIOB MaJIONMPUTOIHBI IS MpaKTHUe-
CKOTO NIpUMEHEHMs, TOCKOJIbKY OHU He Bcerjaa 00-
JIaIaf0T CBOMCTBOM CIIOHTAHHOTO HAMATHUYNBAHUS
(nmm mosgpusanumeii), MPOSABAAIOT HEOGXOAUMBIE
CBOIICTBA TOJIBKO MPU HUBKUX TEMIEPATypax WK
XapaKTePU3YIOTCs 3HAUUTEIbHO MeHbIiMK (Ha /Ba
i 6oJiee MOPSAKOB), 4eM 5TO HEOOXOANUMO, 3Ha-
YEHHUSIMU OCHOBHBIX 11aPaMETPOB.

[To Bceil BummMocTH, pemuThb npobaemMy cos/a-
HUsI cucteM, paboTOCIIOCOOHBIX B 00JIACTH KOMHAT-
HBIX TEMIIEPaTyp, MO3BOJUT Pa3paboTKa HOBBIX TH-
OB TTO/JOOGHBIX MYJIbTU(hEPPOUTHBIX METaMaTePH-
aJIOB C HCIIOJIb30BaHNEM paHee pa3paboTaHHON TeX-
HOJIOTUY TIOJTyYeHUsT BBICOKOKAYECTBEHHBIX PeIIeT-
YaThIX ynakoBok Hanocdep SiO, pasmepamn 180 —
380 um [3—8]. C 1esbio MOHUMAHUS U KOHTPOJISI
0COOEHHOCTEN B3aUMOCBSI3H 3JIEKTPUUECKUX U Mar-
HUTHBIX [TAPAMETPOB TAKUX MaTepuasioB Tpedyercs
npoBejierrie (HyHIAMEHTATHHBIX HCCJIeOBAHUI B
YaCTU U3YUYEHUs PACTIPOCTPAHEHUST AJTEKTPOMATrHUT-
HBIX BOJIH B HUX, & TAKXKE UX JIUIJIEKTPUUECKUX,
3JIEKTPOOIITUYECKHUX , MATHUTOONI TUYECKUX, MATHUT-
HBIX W JPYIUX XapaKTEPUCTHK.

OO6pasupl AJs MCCJI€e/J0BaAHUIA
OG6pasuamu Jis UCCIEAOBAHUIT CITY/KUIM Ha-
HOKOMIIO3UTbI Ha OCHOBE PEHIETYATHIX YIAaKOBOK

nanocdep SiO,, Mexkcepuyeckue HaHOIOJIOCTH
KOTOPBIX 3aI0JIHEHbl MYJIbTU(PEPPONKAMHU TOPO-
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upanaporo tuna — LiCoPO,, LiNiPO,, LiCuO,
U JIDYTUMH.

Brauasie ObLIM M3TOTOBJIEHBI BBLICOKOKAYECTBEH-
upie 3D pemeTanbIe ynakosku Hanocdep SiO,
o6beMoM 2—3 cM? ¢ pazmepamu MOHO]IOMeHHbIX
o6.tacreii 10 0,1 MM 1 0IHOPOIHOCTHIO 1O AUAMET-
py nanocdep He xyke 3—5%. IIpu atom npume-
HSUJIACH CITETIMATBHO pa3pabOTaHHbIe METOIUKHI YTIPO-
YHEHUST ONAJOBBIX MATPHIL, YTO TIO3BOJIUJIO TPOBO-
JIUTh UX MEXAHUYECKYI0 06PAOGOTKY JIJIst IOCTUMKEHMS
HEOOXOIMMbIX Pa3MepPOB M IMIEPOXOBATOCTH MTOBEPX-
HocTeii 06pasIoB.

Komrosuronnbie 06pasiibl Ha OCHOBE MOJTyYeH-
HBIX OTAJIOBBIX MATPHIL MOJYYAIN KUIKODAZHBIM
MeToaoM — 3arosHenneM (mponuTkoi) Mexcde-
PUYECKUX HAHOTIOJIOCTEN HEOOXOMMbIMU BEIIECTBA-
MU C IOCJEIYIONEM OTKUTOM IPU TeMIIepaTypax
ot 400° 1o 1000°C.

C mempio gopMupoBanusg B MeskchepnyecKux
HAHOMOJIOCTSX KPUCTAIINIECKIX (Da3 MaTepuasios,
oTHOcAmmXcA K Myabrudeppoukam — LiNiPO,,
LiCoPO,, LiCu0,, B KauecTBe IPONUTHIBAIONINX Pac-
TBOPOB PA3JMYHON KOHIIEHTPAIUU UCIIOJTH30BAJIN:

— pactop com Co(NO,), B oprodocdoproii

kuciore (H3PO,) n Bozmbrii paCTBop LiNO,3H,0;
pactBop Comu Ni(NO,),"3H,0 B opTocboc—

(bopHOI/I kucaore (H,PO ) I/I BO,E[HI)II/I pacTtBOp
Li(NO,)-,H,O;

— BOlIHbII/I pacrBop coJieit LiNO;3H,O un
Cu(NO,),;

— pactsopsr couneii Li;PO, u Niy(PO,), B op-
TodochopHOiT KHca0TE € [[OﬁaBJIeHI/IeM aMMI/IaKa

— pactsopsi coJieit Li,PO, u Co,(PO,), B op-
tTodochopHoii KucaoTE € ﬂoéaBﬂeHMeM aMMI/IaKa

OtMeTuM, YTO CUHTE3UPOBAHHDIE B MeKcepu-
YECKUX IOJIOCTAX OIIAJOBBIX MaTPUIl BellleCTBa MO-
IYT HAaXO/JUTHhCS B PEHTreHOaMOP(MHOM U KPHUCTAJI-
JINYECKOM COCTOSTHUSX, TIPU 3TOM TpeGyemMble (hyH-
KI[MOHAJbHbIE XapaKTePUCTUKU KOMIIO3UTOB OIIpe-
JIEJITIOTCS TOJBKO KPUCTAJLINYeCKUMY (Da3ami.

Ma30Bblil COCTaB U CTPYKTYPHbIE 0COOEHHOCTH
HaHOKOMIIO3UTOB

OCHOBHOI1 CTPYKTYpHOIT 0ocob6eHHOCTbIO (heppo-
TOPOUJIATHHBIX CTPYKTYP SBJSETCS TOPOUAAIbHOE
ynopsiouenue crmios (puc. 1, 2). Knaccuveckas
Kpucraanorpaduss B MPUHIAIIE HE CTOCOOGHA OTO-
6paskaThb CUMMETPUIO TaKUX OOBEKTOB, KOTOpas
onpeensercss cGOPKON CUMILIHIMANbHBIX (KieTou-
HbBIX) KOMILJIEKCOB U3 TOTOJOTUYECKUX CTPYKTYP-
HBIX 3JIEMEHTOB, U TOJIBKO TIOJyYeHHbIE CUMMETPUH
[9] mo3BoJIsATOT OTOGPAKATH 3aKOHOMEPHOCTH YTIO-
pAOYEHNs 3JEKTPOHHON IMO/CUCTEMBI B MYJIbTHU-
deppoukax.

MDa30BbIil aHAJN3 BBITOJHANCA KaK /0, TaK U
rocJie oTKura 06pasioB, ¢ UCIO0Jb30BAHINEM PEHT-
rerosckoro audpaxromerpa JIPOH-3M (CuK -ns-
Jiydenue, rpaduToBbIl MOHOXpOMAaTop; 6e3 BpaLue-
Hust o6pasiia Bequuuna imara 0,02°) ¢ Bpaienuem
o6pasiia B HENPEPbIBHOM peskuMe 1° B MUHYTY).

PentrenomndpakiinonubIil aHaIN3 KasK/0TO T0-
JIyueHHOTO 0o06pasiia mokasan cJeayiomnee. Masa

a)

6)

Puc. 1. Ynopsagouenue cmunos monos Co?" na yz-

nnockoctn (a) m xz-mnockoctu (6) AAS OCHOBHOTO

COCTOSTHUST KPUCTAJIINYECKOTO MYJIbTU(EPPONKA COCTABA
LiCoPO,

(3akparienmble i HezaKpalIeHHbIe KPYXKKI COOTBETCTBYIOT HOHAM

Co ayist kKoopauHat X = 3 /4 n x =1 /4 cOOTBETCTBEHHO; CEPbIMU

CTpeJIKaMM MOKa3aHbl CIIMHOBBIE KoMmoHenTsl nonos Co [10])

Puc. 2 Hanuune ABYXIEIIOYE€YHDbIX JECTHUYHDIX I10/1-
crpykryp (two-leg ladder systems [10]) B crpykrype
Li,CuO,

LiCuO, (MOHOK/IMHHASI CHHTOHNSI, TTPOCTPAHCTBCH-
Has rpynna C2,/m) cunresupyercs B 06pasiax ora-
JIOBbIX MaTpUIl HPpU TeMieparypax OTKHUTA

=750—1000°C. B 3aBucumoctu or T momMumMo
L1CuO Takske o6pasyrorcs paspl SiO, (kpapu —
FeKcaI‘OHaJIbHaH cunronnsi, P3,21), CuO (mono-
kiuHHas cunronust, Ce) u L12O (ky6uueckast cuH-
ronns, Fm-3m) (puc. 3, @). Kpucraammeckas dasa
LiCuO, naunnaer cbopMHpOBaTbca [IpyA Temiepa-
Type anue 750°C, 1 ee KOHIIEHTPAIUS YBEJNYNBA-
€TCSl C POCTOM TEMIIePaTypPbl, TIPU ATOM aKTUBU3U-
pyercs npouecce pekpucranmmsanun SiO, 1 yMeHb-
nraercs konteHTpanus dasnr CuO. B 06JIaCTI/I TeM-
neparypor 800°C dopmupyercsa dasa Li,O. Ana-
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Puc. 3. PentrenoBckue amdparTorpaMMbI (CuKa-mnyquHe) 06pasIoB C HAHOMOJOCTSIMHU, 3AMOJHEHHBIMU
PA3JIMYHbIMU COCIMHEHUAMMN
a — na ocnose Liu Cu (LiCuO, u p.), CHHTE3NPOBAHHBIX MPH PA3IMYHBIX TeMIeparypax; 6 — ma ocrose Li, Ni u P (LiNiPO, u p.)
JIOTHYHbIE Pe3y/ibTaThl (hasoo6pasoBanus Habmo- | Pnma), a Takske, B 3apucumoctn ot T', daspr SiO
AQIOTCSI PN CUHTE3€ KPUCTALINIEeCKUX (a3 Ha oc- | (MoHok/mHHast cuuronus), SiO, (KpHCTOéaJIHTg
nose smtus u Hukess (pocdarnr): 6bi1o cunTesn- | (terparonaiphasi cuaronnst, P4,2,2); Cos(PO,),
posano coegunenne LiNi, (PO, ;) (Monokmuanas | (monoxuunast cunronusi, P2;/b); (puc. 4).
cunronus, P2, /m) (AFM-ctpykTypa), a cpapiu- YcraHoBJaeHO, 4TO KpHUcTajaanueckas ¢asa
TesbHo Hebobie KontenTparuu LiNiPO, na6mo- | LiCoPO , Haunnaer GopMIPOBaTLCA TIPU TeMIIepa-
namucb (puc. 3, 6) TOJBKO TP UCIIOJIb30BAHUU B typax Bbimie 500°C, a ee KOHIEHTpAIMs MaKCH-
KayecTse pacTBopuTe/IA cMecu opToocOpHOi KiC- | MasbHa B 00pasliaX OMAaJ0BbIX MATPHII, OTOXKIKEH-
JIOTbl U aMMMaKa. HBIX Tpm Temmeparypax Boime 800°C. Haiimennr
ITpu remmneparypax orxura 700 —900°C B 06- | BapuaHTbI IIPOITUTOK U TEPMOOOPAGOTOK, Obectieyn-
pasiax omnajoBbIX MaTpull Oblia CHHTE3WPOBAaHA | BAIOIUIUE MOJYYEHHE B HAHOMOJOCTSIX OAHO(A3HOI
dasa LiCoPO, (opropombuueckas CHHTOHUS, | CHCTEMbI (xpucrammueckoii daspr LiCoPO ).
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CuetyeT OTMETHTD, YTO HAMU TaKXKe IIPOBOJU-
JIUCh PabOTBI MO 3aMOJHEHWIO OTAJOBBIX MATPHIL
TakuMu coeanHennamu, Kak InFeO; m InMnO,
(uzoctpykrypupie GaFeO,) ¢ ucnosb3oBanueM B
KauecTBe PAacTBOPUTEJSI OKCH/A WHAMS U HUTPAaTa
JKeJIe3a, BOIHBIX PACTBOPOB COJISTHOI KUCJIOTDI pas-
JUYHON KoHIeHTpanuii. OfHaKo 3/iech MOKa erre
He YJaJ10Ch TIOJYyYNTh 0AHO(A3HbIE CUCTEMBI, T. €.
cojiepaIue ToabKo, HarnpuMep, InFeO, (pasmmy-
ubie asbl SiO,, HeMarHUTHbIE M 5JIEKTPUYECKH He
AKTUBHbIE, HE B CYET).

Onrnyeckue, MU3JeKTPUIECKHE U MATHUTHbIE
XapaKTePHCTHKH 00Pa3ioB

PesynbTaThl ucciaeoBaHuil ONTUYECKUX Xapak-
TEPUCTUK — CIEKTPOB OTPAKEHUS U KOMOUHAIHU-
onnoro paccensanus csera (KPC) B ontuyeckom
JIMana3oHe — MpHUBe/eHbl HA pUC. 3. Vccaenona-
HUSI IPOBOJIUJINCH C TIOMOII[BI0 MUKPOPaMaHOBCKO-
ro ciekrpomerpa LabRam HR800 (HORIBA Jobin-
Yvon) u ciiekrpodoromerpa UV-3600 (Shimadzu).

[Ipu nccae0BaHUN JUDJEKTPUYECKUX [TapaMeT-
POB OBLIM MOJYYEHbI YaCTOTHDIE 3aBUCHUMOCTH Pe-
ampuoil (&) n mMuuMoit (&£7) KOMIIOHEHT aUdJIeK-
TPUYECKON MPOHUIAEMOCTH O06Pa3IOB OIAJTOBBIX

a)
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Puc. 6. Yacrornbie sapucumoctu € (@) u €” (6) o6pas3uos onagoBbIX MaTpull A0 npornuTku (1) 1 3amoTHEHHbIX
kaacrepamu LiCoPO, (2)
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Puc. 7. Tlerna rucrepesuca (@) n kpuBas namarununBanus (6) ob6pasua ¢ Hanouactunamu LiCoPO,

30

MaTpull, Mexkcdhepudeckue HaHOMOJIOCTH KOTOPBIX
OBLITH 3aTI0JIHEHDI EPEYUCICHHBIME BEIIECTBAMU C
pasmepamu KJacrepoB 15—30 um (puc. 6). /{uo-
JIEKTPUYECKUE CHEKTPbI ObLIN M3YYeHbI B TTHPOKOM
muarrazone yactor — ot 1 MItp go 2 TI'u — ¢ uc-
[I0JTb30BAHUEM MUKPOBOJIHOBBIX U TEParepiieBoro
MEeTO/I0B. V3Mepenns B Jualia3oHe BbICOKHUX YaCcTOT
(1-106—1,8-109 T'11) 6bLIM TPOBEEHBI € NCTIOTb30-
BaHUEM [UIJIEKTPUIECKOTO CIIEKTPOMETPa € KOaK-
cHaJbHOI M3MepuTeJbHOI siueitkoil Novocontrol
BDS 2100 u ummnenancubiM anasiusaropom Agilent
4291B. B mukpososnosoit o6actu (2-108 —
2:1010 Trp) U3MepeHus MPOBOUIUCH METO/IOM KO-
AKCUAJILHOTO 30H/a ¢ OTKPBIThIM KoHI[oM (Agilent
8507E), 17151 4ero MCI0JIb30BaIN CETeBON aHAIN3a-
top Agilent E8364B, a B o61actu TT1; — mMerosom
TpancMuccuonnoi TT1 creKTpoCcKomun ¢ UCIoJb-
3oBanueM emrocekynHol Ti-candupooii 1azep-
ot cucrtembl [6, 7]. KoakcumanibHble M3MepeHUs
(1-106—1,8-10? T'1y) mpoBouaKch Ha o6pasiiax B
dbopme nmmuaapos (guamerp 3 MM, BbicOTa 4 —
5 MM), BCe OcTa/ibHble U3MEPEHUs IPOBEJEHbI Ha
o6pasiax B ¢popme miractun pazmepamu 10x10 mm
u tosmuoi 1 —3 MM. Bee nsmepenus nposeieHbl
0e3 HaHeCEHHs 3JIEKTPOJIOB Ha 06Pa3IIbI.
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[lwasiekTpuyueckasi IIPOHUIIAEMOCTD € BCEX HC-
CJIeIOBAHHBIX OTAJOBBIX MATPUI], HAHOMIOJOCTH
KOTOPBIX 3aMIOJTHEHDBI TIEPEUNCIEHHBIMI KPUCTAILIH-
yeckumu ¢azamu, Bblllle, yeM 3HAUeHUs € JIJs1 He-
3aT0JIHEHHOI MaTpUIlbl. Bo BceM npuBe/IeHHOM /1U-
ara3oHe YacTOT MPOSIBJISETCS AUAIEKTPUIECcKas JIic-
nepcusi, XapaKkTepHas JIJIs1 KOMITO3UTHBIX Marepua-
JIOB, TIpU 9TOM €’ HEe3HAYMTEJTHbHO MOHMKAETCS C
yBesinuenueM yactorel. Kak Buano us puc. 6, 6,
MHUMasi KOMIIOHEHTA JIUAJIEKTPUUECKON TTPOHUIIA-
emoctu (a 3HAUWT, U IUBJIEKTPUYECKHUE TIOTEPU) BO3-
pacraer Kak B cTopoHy Huskux uactor (/<10 MI),
Tak u B cropony TT'm yacror. HemonoronHblil Xa-
PaKTep HEKOTOPBIX YaCTOTHBIX 3aBUCUMOCTEl € ya-
CTUYHO MOJKET ObITb 0ObSICHEH KCIEPUMEHTATHHbI-
MU HeToYHOCTAMU (BCJIECTBIE HEKOHTPOIMPYEMOii
HIEPOXOBATOCTU IMOBEPXHOCTH, (DOPMbBI U TOJIIUHBI
06pasIoB, OTCYTCTBUSI HJIEKTPOJOB ¥ T. JI.), a Ya-
CTHYHO BO3MOKHBIM BJIUSHIEM MATHUTHBIX CBOICTB
M3y94aeMbIX MaTepuasoB.

OcymiectBienue 3PpPeKTUBHOTO BO3/CHCTBUS
MUKPOBOJIHOBBIX TI0JIEll HA HAHOYACTHI[bI METAJIJIOB
NIpe/ICTABJsIeT UHTEPeC KaK /1151 HaX0XK/eHUs YCJI0-
BMil CylIecTBOBaHUS OTPULATEJIbHON /1eiiCTBUTE b~
HOH YacTW MAaTHUTHON TMPOHUIIAEMOCTH, TaK U I
MIPUMEHEHUs WCCIeYEeMbIX MaTepHUasioB B 3JIEKT-
POHHBIX NTPHOOPAX CBEPXBBICOKUX YaCTOT. AHAJIN3
Pe3yJIbTaToOB MPOBOMJICS € y4eToM (ha3oBOrO CO-
CTaBa, CTPYKTYPHOT'O U MATHUTHOTO COCTOSTHUST Ma-
Tepuasa /st 0TOPaKOBKU 06pasIloB.

MaruuTHble U3MePEHUST BBITIOJIHSINCH Ha 00pas-
11axX omaJIoBbIX MaTpull ¢ Hanovactuiamu LiCoPO 4
Ha ycranoke MPMS-XL (Quantum Design) B
WHTEpBaJie HAlPSKEHHOCTH MarHuTHOTO 11oJist H 710
30 k9 B TemiiepatypHoM auamnasone ot 2 g0 300 K.
W3mepenbl KpuBble HAMATHUYUBAHUS W TTE€TJIM TUC-
Tepesnca, a TakXe TeMIepaTypHble 3aBUCHUMOCTH
MarHUTHOW BOCIPUUMYUBOCTH W MArHUTHOTO MO-
MeHTa 06PasIloB B 10Jie HanpsiKeHHocTbio 10 KD,

AHasm3 KpuBbIX Hamarundnsauus (puc. 7) no-
3BOJISIET TIPEAIIOJOXKUTh COBMECTHOE IIPUCYTCTBUE
eppUMarHUTHLIX U CyliepriapaMarHuTHBIX CBONCTB
koMm1o3uToB. Ilociennne MOXKHO OOBSICHUTH MPU-

—_

Bocnpuumunsocts, X107

o S} ] D o] (==
1
o—c— 00— *°

0 100 200 300
Temmepatypa, K

Puc. 8. TemmepaTypHble 3aBUCHMOCTH MarHUTHON BOC-

MPUUMYUBOCTH 06pa3iia ¢ HAHOYACTHUI[AMU LiCoPO,,

U3MEpEeHHbIe B I0Jie HampsbkeHHOcTbio 10 KD Ha 1o-

croanHoM Toke (— @ —) u Ha uactore 1000 'y (- 0 —)

CYTCTBUEM HAHOYACTHUI[ METAJIJIOB MAJIBIX PA3MEPOB
(10—15 um).

IlonHOE coBmajieHue JaHHBIX 10 MArHUTHON
BOCIIPUUMYHNBOCTH, H3MEPEHHOI Ha TIOCTOSTHHOM TOKE
u Ha yacrore 10 k' (puc. 8), roBopur o Tom, uTO
Ha IepeMeHHOM TOKe He HabJio/laeTcs BKJAJAa OT
CBSI3aHHBIX 3apsiZIOB, KOTOPbIe MOIJA Obl BO3HHK-
HYTb 3a CUET MATHUTOAJEKTPUUYECKOTO aeKTa.

Kak Bugno us pue. 9, npsimoii xoj remiepa-
TYPHOI 3aBUCUMOCTHU [I€WCTBUTEIbHON YACTU Mar-
HUTHOTO MOMEHTA IIPAKTHYECKH COBIIaiaeT ¢ o6par-
HBIM, a Pe3yJIbTaThl U3BMEPEHUH ATOTO TTapaMeTpa B
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Puc. 9. Ilpsamoii 1 ob6parHbIil X0/ TeMIepaTypHOil 3a-
BUCUMOCTH [[€HICTBUTEIHHON YaCTH MAarHUTHOTO MOMEH-
Ta ob6pasna ¢ Hanoyactunamu LiCoPO,, mamepenubie
na gacrore 1000 I

a)
40 |,
- ]
g
z - 307
=S 1
T E 201
=i 1L
=2 13
g 104 %
0 100 200 300
Temnepatypa, K
6) .
g 30
SN
= 2 201°
7 ®
cL -
=27 104 =,
= { =
0000000000 ° oOO%Ococoow 0P Po oa OC’%
0 100 200 300

Temmeparypa, K
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MATEPUAJIbI 3JIEKTPOHUKU

1oJie ¢ HapsKeHHOCTbIo 0,4 D UAEHTUYHBI TOJIY-
YEeHHBIM TIPU 4 I, HO UMEIOT OOJIbIINI pa3dpoc
snavennii (puc. 10).

3akJouenue

[IpoBenentble nccae0BAaHUI ONTUIECKUX, Mar-
HUTHBIX W AUIJEKTPUUYECKUX CBOMCTB, cOCTaBa M
CTpoeHusT 06pa3OB HAHOKOMIIO3UTOB HAa OCHOBE
peneTyaThiX yrnakoBok Hanocdep SiO,, comepka-
X B MEXCPEPUIECKIX HAHOIIOJIOCTSX KJIACTEPDI
KpHUCTAIINYECKNX (a3 MaTepUaJoB, OTHOCSIINXCS
K MyabTudepponkaM GeppoTOpoOnAaTbHOTO TUA,
MTOKA3aJ 1 X TMEePCIEeKTUBHOCTD I/ CO3J[aHUS YCT-
POIICTB, UCIHOJB3YIOUUX PA3JUYHbIE MAarHUTO- U
aJieKTpoonTudeckue 3pPeKTol.

B panpHefiemM 1iaHupyeTcs POBECTH TeOope-
THYECKHE U IKCIIEPUMEHTATbHBIE UCCIE0BAHUS Pas-
HOTHITHBIX 06Pa31l0B HAHOKOMITO3UTOB /IS 0O'bsIC-
HEHUST Pa3JUYHbIX HaGJI0JaeMbIX OCOOEHHOCTEN,
HaIrpuMep, 0COGEHHOCTEN CTPYKTYPHOI U CIIMHOBOI
Mozies it 00BEMHOTO CITMH-YTIOPsiiouenust (eppoTo-
pouasbHoro tumna, B yacrmocru aag LiCoPO, —
COE/IMHEHWS C TIOKa €llle TJI0X0 OObSICHEHHON MU-
KPOCKOITNYECKOH MOJIEJbIO.
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ferroics of ferrothorite type in interspherical nano-
spacing has been studied.
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Humu Myt eppoikamu.

Kriouosi caosa: nanoxomnosumu, memamamepianu,
MaAzHiMHL ma OleseKxmpudni Xapaxmepucmuxu.

BuBueno ontuyHi, Mar"iTHI Ta AieJeKTPUYHI BJIACTH-
BOCTi, CKJaja Ta OYJIOBY 3pa3KiB HAHOKOMITO3UTIB Ha
OCHOBI rpaTdacTix ynakoBok Harocgep SiO, (onaso-
BUX MATPHI[h), IO MiCTATh B MiKCHEPUYHUX HAHOIIO-
JIOCTSIX KJIacTepy KpUCTATiYHuX (a3, Mo BiTHOCATHCS
110 MyJIbTH(hEPPOTKIB (hepPOTOPOITATBHOTO THITY .

Pocisg, m. Mocksa, ITH/ITI “Texmomamt”, m. €xare-
punoOypr, lucturyT disuku meranis YpB PAH; Yecbka
pecriy6atika, M. Ilpara, [ncrutyt disuku AH UP.
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BJIVAHWE TOJINIMHDBI 11 TEMITEPATYPbI IIJIEHOK
OTAJIOIMAHMNHA MEAMN HA NX CBOUCTBA

Hcenedosanus nokasajiu, 4mo niaeHxKu qudflOLgUdHUHd Meau, obaadas COBOKYNHOCMDBIO YHUKAJIOHBLY
CBOZZCT)’I@, MOZYm YCneuwHo NPUMERAMbC 6 Kauecmee 2a304y6CmMeUmelbHolx noprtmm? pPe3UCTMUBHDLY
cmpyrmyp. Tozuquna NnJleHKU, 6 omaudue om memnepamypol, He A6J11emcs onpeae/lmozqum CbCZKWIOpOM
ons NOJAYUEHUS BbICOKOIL UyYyeCcmeumeyslbHocmu. Omnocumenvio Hu3Kdas pa6ouaﬂ memnepamypa maxKux
CMPYKMYp no360/1em SKCNAYdAmuposdnnv zasoaemeumopbt 6 IKOHOMUUHOM pPerKume.

Kouesvle cnoea: 2asouyscmeumesviolii 31eMenm, pe3ucmusHas Cmpyxmypd, Hanvlienue nieHox,
demexmupyiouue XapaKxmepucmuxy hmaroyuanund meou.

CrtpyKTypbl, ClIOCOGHBIE U3MEHEHSITH CBOIO MTPO-
BOJIUMOCTD 110/1 JIefiCTBUEM BHEITHUX (PAKTOPOB MIK-
POKO TIPUMEHSIIOTCS B KAayecTBE 4YBCTBUTEJIbHBIX
snementoB (UJ) razoeTekTopoB. ITO B OCHOBHOM
MeTaJJIOKCU/IHBIE TOJYTPOBOAHNKN. Hapsamy c
HUME GOJIBIIION MHTEPeC TpecTaBstior YD Ha oc-
HOBE TPOBOJSNINX TOJUMEPOB, UCIOJIb3yeMble B
KadyecTBe CEHCOPOB MPOBOAUMOCTH. Takue MaTepu-
aJibl, KaK IOJUITMPOJII, MOJUUMU/bI, (Tasonua-
HUHBI, OTHOCUTEJIBHO CEJEKTUBHDBI, PAaGOTAIOT IIPH
6oJiee HU3KUX 110 CPABHEHUIO C METAJIIIOKCH/IHBIMHE
MOJTyTTPOBOTHUKAMI TeMIlepaTypax. Yaiie Bcero B
kauectBe UD ¢ MOTMMEPHBIMY TTOKPBITUSIMU Pac-
CMaTPUBAIOTCS PE3UCTUBHbBIE AJIEMEHTBI C PTAJIOIU-
aHuHOBbIMM TieHKamu. [lpemesn o6Hapy:keHust y
TaKNX 3JIEMEHTOB MOJKET JIOCTUTATh joJieil ppt [1].

DTanonnannibl M YIIOMITHAIOTCS B JUTEpa-
Type Kak HanboJjiee MepCrieKTUBHbIE U HHTEPECHDIE
MaTepUaJIbl JIJIs UCIIOJIb30BAHUS B Fa304yBCTBUTEIb-
HBIX 3JIEMEHTaX. JTO OOBACHAETCS X BBICOKOU XEMO-
U TEPMOCTOMKOCTHIO, OTHOCUTEJIBHOI JIOCTYITHOCTBIO,
9JIEKTPOHHBIM TUTIOM TTPOBOAMMOCTH, HU3KOW pa-
6oueil TemMiepaTypoii.

JnekTpodusnvIecKkre U WHIUKANMOHHBIE CBOM-
cTBa (PTAJONUAHUHOB M€/, KaK U JIPYTUX TOJIU-
MEPHBIX MATEPUAJIOB, CUJIBHO 3aBUCST OT YCJOBHUII
U PEKMMOB WX IOJY4YEHUS, TepMOOOpPabOTKH, pe-
JKUMOB M3MEPEHNST M MHOTUX JAPYTUX (PaKTOPOB.

B macrosmieit paGote U3y4anoch BIHMSHIE TEM-
[epaTypbl U TOJIUHBI TJIEHOK (DTAJIOIUAHNHA MEH
(rerpa-3-okrazenuacynbdomons dragonuaHuHa
Me/Ii) Ha cBoiicTBa UD Ha UX OCHOBe.

s cozpanus pe3aucTuBHbIX U mpumeHsiach
MUKPO3JeKTpOHHas TexHojorns. Ha mosmupoBan-
HOW € /IBYX CTOPOH WM30JUPYIONIEH TOTOXKKE U3
candupa MeToZOM ABYXCTOpOoHHEH (oTommuTorpa-
¢um ¢ oxHON CTOPOHBI (POPMUPOBAJICS PEIUCTHB-
HBIII HarpeBarteJib, KOTOPBI OJHOBPEMEHHO BbITTIOJI-

HAJI U POJIb aTYMKa TeMIEepaTyphl, a ¢ APYron —
BCTPEYHO-IIThIPEBOI rpebenyarsiii pesucrop. Paccro-
STHUE MEXY TOKOBEAYIINMU JOPOKKaMu — 20 MKM.
[l MeTamm3anum BCTPEYHO-BKITIOYEHHBIX Tpe6err-
KOB W HarpeBaTessT MCIOJb30BAJU HUKEIb C TMOJ-
cJoeM BaHaausd. TOMMIHA CJI0SI MEeTaIIn3alul —
0,4—0,5 MKM.

Ha rpebetiiku METOZI0M BaKyyMHOTO TepMUYe-
CKOT'O HAIbLJICHWS] HAHOCHUJIH TIJIEHKU (PTasonuanu-
Ha Meau. /Ly KOHTPOJS WX TOJIIWMHBI B KaMepy
MTOMeIaTi KBaplieBble MUKPOBeChI. Ilenka Hano-
CUJIach OJTHOBPEMEHHO HA 00pasel] W Ha TJIACTUHY
KBapIIEBOTO Pe30HaTopa BecoB. TOJIIHA TJIEHOK
BapbupoBaiach B auamnazone 0,08 —0,8 MxMm.

B xo/1e npesBapuTeIbHBIX SKCIIEPUMEHTOB ObLIN
BBIGPAHBI OTITUMAJIBHBIE PEKUMbI TTOJYUeHUsT T1JIe-
HOK (TeMItepaTypa MOMJIOKKH, TeMIepaTypa ucla-
pHTENs, CTeNneHb BakyyMa) ¢ Ham0oJee BBICOKOI
BOCITPOU3BOJIMMOCTBIO UX XapPaKTePUCTUK.

R, Om
1011 .
1010 -
109 — 150°C
108 100°C
107 | I I
0 0,25 0,5 0,75 d, MKM

Puc. 1. 3aBucuMocTb CONMPOTUBIIEHNS IJIEHOK (PTAJIOINA-
HUHA MeJIW OT WX TOJIIMHBI IIPU PA3HOil TeMIieparype
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WNccnemoBanns a/ieKTPIYECKUX TTApaMeTPOB T1JIe-
HOK TpoBojuau npu Hanpsskenuun U mernee 10 B,
nockosbky npu U>10 B mabmionajicsi cUIbHbBII
BpeMeHHoIt fipefi comnpoTuBaeHus R.

[Tory4yennble sKCIIEpUMEHTATIHHBIE PE3YIbTATHI
MOKA3aJIH, Y4TO 3aBUCHUMOCTb R OT TOJIIMHBI 06pas-
1a HOCUT HeJuHelinbiil xapakrep (puc. 1). Bouio
TaKkke yCTaHOBJEHO, UTO BpeMeHHOU Apetid compo-
TUBJIEHUST HAOJIO/IAETCS U TPU HANPSDKEHUSIX Me-
Hee 10 B, npuuem BesmuumHa apeiida 3aBUCUT OT
TEMITEPATYPHI.

Ha puc. 2 npuBesieHbl TeMIepaTypHble 3aBUCH-
MOCTH BPEMEHHOTO [ipeiicha COMpOTUBICHUS TJICHOK
Pa3JMYHON TOJIIUHBI, W3MepeHHble npu U=5 B
(ROT, R, — comnpoTuBJieHne MJEHKU TIPU TeMIie-
parype YT, COOTBETCTBEHHO, CPa3y T0CJe ee YCTAaHOB-
nennst i yepes 10 mun; (R;—R;) /Ry, — Bpeme-
HOW apeiid comnporusiaenus npu temrmeparype T).
Kak BumHO 13 pUCYHKA, C YMEHBITEHUEM TOJIUHDI
IJIeHKK BesmmunHa Jpeiida yBemuuuBaercs. [Ipak-
TUYECKM BO BCEM MCCJIEJIOBAHHOM TEMIIEPATYPHOM
J[uamas3one apeiid ToJOXWUTENEH, T. €. RT>ROT
(conporussienne co BpemeneM pacrer). OpHAKO
¢ poctoM T gpeiid yMeHbIaeTcss, W IpH ompesie-
JIEHHOH TeMIlepaType ero 3HaK MeHseTCs Ha MPOTH-
BOIIOJIOJKHBIN, T. €. jgajee RT<ROT (conpomBﬂe—
HUe yMeHbInaercs). Temreparypa, NpH KOTOPOIi
MIPOUCXO/IUT MHBEPCUS 3HAKA Jpeiidha, MeHbIIe JIJIs
6oJiee TOJICTBIX TIeHOK. Crefyer oTMETHTb Kaue-
CTBEHHOE M3MEHEHUE COMPOTUBJICHUS TJICHKH TOJI-
ol 0,08 MKM, KOTOpoe HAGJIIOAAETCS IPU TEM-
nepatype Bbirre 220°C. [To Bcei BepoATHOCTH, OHO
CBSI3aHO C Pa3pblBaMu IJIEHKU Ha pesibedaX CTPYK-
TYPbI, T. K. Pa3HUIlA MEX/y TOJIUHOW CJIOsS Me-
TAJIIM3AIUN U TOJIITHON HCCaelyeMoil TIIeHKH
JTOCTAaTOYHO BEJIMKA.

AHAJIOTMYHDIE PE3YJIHTATHI ObLIN TOTYYEHbI 1 JIJIsT
ieHoK ranonuanuna Kpemuus B [2].

N3 TemiiepaTypHbIX 3aBUCUMOCTEl OBLIO OIpe/ie-
JIEHO 3HAYEHME SHEPTUH aKTUBAIUU TTPOBOIUMOCTH.
g mnenok tommuuol nopsizika 0,08 MKM, ocak-
JIEHHBIX B aTMocdepe ¢ MTOBBIIIEHHBIM CO/IEPIKaHIEM

0’3 | 0,0SMKM
0,125
5 0,2 [
N
~ 0,8
S 01 L
m )
Is
X
o S
-0,1 L ] 1 1 1 1
50 100 150 200 T,°C

Puc. 2. TemneparypHas 3aBUCHMOCTD Jipeiida compo-
THBJECHHA ILICHOK Pa3HOil Tomuubl (B MKM)

KHUCJIOPO/Ia, SHEPTHUST aKTUBAIUH TTPOBOJNMOCTH CO-
crasysia 1,2—1,4 3B. [l 6oJiee TOICTHIX MJIEHOK,
OCasKJIeHHbIX B BakyyMme 3-107° MM pT. cT., 3Haue-
HUST sHeprum akTuBanuu coctapisaun 0,8 —1,0 aB
1 BO3PACTAJH MTOCJI€ BBICOKOTEMIIEPATY PHOI TEPMO-
06pabOTKH.

J1151 «CBEKETPUTOTOBIEHHBIX > 00PA3IIOB Pe3c-
TUBHBIX CTPYKTYDP XapakTepHa BBICOKAsl Y4yBCTBU-
TeJbHOCTD K okemam asorta (NO ). Tlocae cusrus
BO3/IENICTBUSA Ta3a Ja)ke Ipu KOMHATHON TeMIlepa-
Type COTIPOTHBJICHIE MEHEe YeM 32 MUHYTY BOCCTa-
HaBsBaetcst Ha 80% OT UCXO/HOTO 3HAYEHUST, JIJIsT
IOJTHOM JKe J1ecOPOIK HeOOXOIMMO YBEJIHIUTD TEM-
nepatypy. OgHaKko moce TepMoo6PAGOTKI TTPU TeM-
neparype 180°C HaunHAIOT TPOUCXONTH Ka4eCTBEH-
HbIe U3MEHEHWS CBOUCTB TIJIEHOK: YMEHbBIITAETCS 1y B-
CTBUTEJIBHOCTD, YBEJUYMBAETCSI COIPOTUBJIEHUE, a
BpeMs ero BoccTaHoB/ieHus pacter (cM. puc. 3, rae
IO — TOK JI0 BO3/ieiicTBUS Ta3a, I — TOK IPU BO3-
neiicrein NO ). Tepmoo6pa6orka mpu 230°C Tax-
’Ke He TIPUBO/UT K YMEHDBIIECHUIO BPEMEHU BOCCTa-
HOBJIEHUST, HO TIPU ATOM elife OOJIbITIe YBeJINYnBaeT-
csl COTPOTHBRJIEHE 06pasIia.

Cunemyer orMeTuthb, uTo corsacho [3], npu tep-
Moo6pabotke paxke gm0 100°C B pesyibrate CTPyK-
TYPHBIX U3MeHeHUI HaOTIO/IAI0TCS U3BMEHEHNUST CBOICTB
MJICHKN (DTajouannHa MeJIu — YyBeJU4YeHue Bpe-
MEHU OTKJIMKA, YMEHbIIEHNEe COITPOTUBIEHUS 1 4y B-
creutesbioctd K NO,. Bimanne remnepatypsr Ha
CBOICTBA TJIEHOK (PTATOIMaHNHA MeIN PacCMaTpu-
Basiocb U B [4]: npu rtemmeparypax Bbirie 200°C
HAGMIOATICS TIepexo/] Marepuaia u3 o-haspl B B-
(hazy, coOTBETCTBEHHO N3MEHSINICD W CBOICTBA T1JIeH-
KU YBEJUYHUBAJCS Pa3Mep 3€pHa, yBEJIMYNBa-
JIOCh COTIPOTHBJICHWE, yMeHbINaJcs Apeiid mapa-
mMeTpoB. B [5] nabmioganuch usMenenusi CBONCTB
TaKuX IJIEHOK IIpU Temueparype Bbiiie 225°C:
YXY/IIIATach 4yBCTBUTEIBHOCTD, HO YMEHbBIIAJIOCH
BpeMsI BOCCTAHOBJICHUS TIOCJIE BO3/IEHCTBUS OKCHU-
JoB azota. B [6] 6bL10 ycTanoBsieHo, 4TO MpHU TEM-
mepaTtype, Kak W B HameM cJaydae, Bbime 180°C
[IPOMCXO/UJIM KaueCTBEHHbIE MU3MEHEHUSI CBOICTB

a) 6)
Iy 1/1,
103 - 103 -
17
102 | 102 10
I
] \
! 4
10! 101 F )
2 ! b
! N
I
10° 100+
|
0 10 20 Bpewms, c 0 10  Bpewms, ¢

Puc. 3. Jlunamuxka mpoueccos agcopOuun (1) u gecop6-
wnn (2) NO, 110 repmooGpaGorku (@) 1 mocJie TepMo-
o6pa6orku menku pu 180°C (6)
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Puc. 4. CrpykrypHhas dopmyJia TeTpa-3-OKTa/IeIiicyabdo-
mMou1 (pranoimanuia Mequn M—Cu, R1=SO,~NH-C,;H,

TJIEHKN (pTasonnannia Melu — W3MEHSAINCh (o-
TOMPOBO/IUMOCTD W SHEPTHS aKTUBAIUY TIPOBO/IU-
MOCTH.

B mporiecce mcceseioBanmii ¢ TOMOIIBIO KBapIie-
BbIX MUKDPOBECOB 110 M3MEHEHUIO PE30HAHCHOI Jac-
TOTBI TIJTACTUHBI OblTa 3aDUKCUPOBAHA TEMIIEpPaTy-
pa, TIPU KOTOPOH HAYMHAIO TTPOUCXOJNTH M3MEHe-
HUe Macchl MJIeHKH (PTajoIMannHa MeIu Ha T1iac-
THHE. JTa TeMIepaTypa okaszasnach nopsiaka 175°C.
[TockombKy ¢ mosmgopMuI3MoOM Marepuaia 3To He
cgzano (1Ipy Takoii Temneparype rajoluaHuH He
UCHapsercst), MOKHO MPE/IION0KHTD, YTO TPOUCXO-
JIIT yXOJ cJab0 CBSI3aHHOM ¢ KApKAaCOM CTPYKTYp-
HOUl (hopMyJibl cyibhoMOrIbHOI rpyTibl (puc. 4),
MO3TOMY U M3MEHSIOTCS CBOWCTBA IieHKU. [lo-Bu-
JUMOMY, YIMEHHO C 3TOH TPYIION CBA3aHbI HU3KOE
CONPOTHUBJICHUE W BBICOKAST YYBCTBUTEIBHOCTD K OK-
cUjlaM asoTa, a ee yXOj NPHUBOMUT K HM3MEHEHWIO
MPOBOJIUMOCTH, YXY/IIIEHUIO YYBCTBUTEJIHHOCTH U
JIDYTUM KAaueCTBEHHBIM M3MEHEHUSIM ILIeHKU. Tak,
JUIST TeTpa-TepT-OyTHI-(hTalolMannHa Men MoCTe
YXO0/Ia COOTBETCTBYIONUX MepU(epUiTHbIX TPYIIIT UyB-
CTBUTEJbHOCTh CTAHOBUTCS MPAKTUYECKU HA TOPSI-
JIOK MEHbIIIE, a COMPOTUBJIEHUE TIJICHKN MPU HEU3-
MeHHOH TOJIIMHE — B HECKOJBKO pa3 GoJIbIIe.

B mporiecce HambLIeHUS TJIEHOK ObLIH OTIPOGO-
BaHbI /IBa pekuMa. B 1epBoM ciyyae HarblIeHHUE
MaTeprasa Ha MOAJOXKKY MPOBOINJIOCH TTPAKTHYe-
cku cpady. Bo Bropom cuayuae pep:karesb ¢ TOJI-
JIOKKOH cHauaJia ObLJ 3aKPBIT 3aCJA0HKOM, a ucra-
puTesb ¢ PTATOIMMAHTHOM B TeUeHUE HECKOIbKIX
MUUYT I[POrPEBAJICS TIPU BBICOKOI TeMIepaType
(350°C). Ilo ucreuyeHUn HEKOTOPOrO BPEMEHU 3a-
CJIOHKY OTKPBIBAJIW, W TPOW3BOWIN HaIblJICHUE
drajsonuannna Ha MOMJIOKKY. B oboux ciyuasx
TeMITepaTypa MojJI0XKKa Gblja KOMHATHOI.

[Inenku, mosy4eHHbIEe B TIEPBOM cJydae, ObLIN
6oJiee YYBCTBUTEJIbHBI K OKCU/AM a30Ta U UMEJH
MeHbIIIee COITPOTUBJIEHNE, YEM BO BTOPOM. IDTO IO/
TBEPIKIACT MPEANON0KEHIE, YTO UMEHHO CYIb(pO-
MOWJILHOM TPYIITIO 06yCJIOBJICHA BBICOKAS YyBCTBHU-
TEJTBHOCTb W HU3KOE COMPOTUBJIEHUE: TIPU TaKOM

I/, -

600 -

400

200

0 1 1 1
100 150 T,°C

Puc. 5. 3aBuCUMOCTb Ta304yBCTBUTENbHOCTU TLIEHKH
tommuuoi 0,08 MKM OT TeMTepaTypbl MPU KOHIIEHTPA-
mu NO, 3 ppm

HATbLIEHUN (DTAJOIHAHNH, HE YCTIEeBAs PA3JIOKNTh-
cs, BMecTe ¢ nepudepuitHoi IpyImoi ocakaaeTcs
Ha ToJIOXKKY. [Ipu BTOpOM crocoGe HaIbLIeHUs
[P BBICOKOI TeMIIepaType aTa TPyTiia HCHapsieT-
cs1, W Ha TOJJIOKKY Tonagaer hTaJonnanuH Mean
6e3 mepuepuitHbIX TPYIII.

UyBCTBUTENHLHOCTH 00PA3IOB K OKCUAM a30Ta ¢
POCTOM TeMIIEPaTyPbl PE3KO YMEHbIIAeTCsI. ITO BUJI-
HO Ha pHUC. J. J[JsI TIEHOK, TIPOIIEANTHX TEPMO0O-
pa6otky 1pu temnepatype He Bbie 160 —170°C B
TeyeHre HECKOJbKUX YacOB, XapaKTepHA BBICOKAs
YYBCTBUTEJBHOCTh K OKCUJAM a30Ta MPH MPAKTH-
YeCKW OTCYTCTBYIONIEM OTKJMKe Ha JIPYTUE Tas3bl.
Tepmoo6paboTka nHeobxouMa JJsi peoTBpalie-
HUS M3MEHEHUs CBOICTB TLIEHKH B MpoIecce pabo-
ThI, KOT/IA TIOBBIMIAIOT TEMIIEPATYPY JAJsS YCKOpe-
HUS J1eCOPOITNN.

Jltst tenok tosmHon 0,08 MKM, ocask/IeHHBIX
B arMocepe ¢ TOBBIIIEHHBIM CO/IEPKAHUEM KUCJIO-
po/la, YCTaHOBJEHA CHOCOOGHOCTb OOHAPY KUBATDH
OKHUJIBI a30Ta Ha ypOBHe MeHee 1 ppm.

WccmenoBanus mOKa3aam, YToO ra304qyBCTBUTEb-
HOCTbH MaJIO 3aBUCUT OT TOJIIUHBI MJEHKU U 49TO C
yBeJTMYEHUEM TOJIUHBI HECKOJIBKO YBEJTUIHBAETCS
BpeMs JIecOpOIIHN TTOCTIe BO3/IEHCTBUS OKCHUIOB a30-
Ta, OJAHAKO IIPH ITOM YJIYUIIAIOTCS CTAOUIBHOCTD U
BOCITPOU3BOIUMOCTD TTAPAMETPOB.

*kk

WccnepoBanns TeTpa-3-0KTa/eIIICy Tb(OMONIT
dranonuania Mein MOKA3aJiu, 4yTo 3TOT MaTepHall,
006/1a/1ast COBOKYITHOCTBIO YHUKAJIbHBIX CBOUCTB —
HU3KUM COIIPOTUBJIEHUEM, BBICOKON UyBCTBUTEJb-
HOCTBIO 1 CEJIEKTUBHOCTBIO K OKCHIAM a30Ta, MO-
JKeT YCIIeITHO NMPUMEHATBbCS B KauecTBe Ta304yB-
CTBUTEJBHBIX TIOKPBITUH PE3UCTUBHBIX CTPYKTYP.

Tommuua TJIeHKW, B OTJWYUE OT TeMIeEpary-
pbl, HE SBJISETCS ONPEAeSonuM (PakTopoM s
MOJTyYeHNs BBICOKOW UYYBCTBUTEIHHOCTH K OKCH-
JlaM a30Ta, OJIHAKO JIJISl TOJyYeHUus] CTAOUIbHBIX U
BOCIIPU3BONMBIX PE3yJIbTATOB, OTHOCUTEJBHO Ma-
JIOTO BpeMeHU jecopOInu, yao6CcTBa TEXHOJIOTHU-
yeckux mpoieccos (Bo nzbexkanue paspbiBOB ILIEH-
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KM Ha TPAaHMYHBIX yYacTKaX) OHa J0JIKHA COCTaB-
aatb ot 0,5 go 0,7 MKM.

Temreparypa sKcIIyataluu pe3ucTUBHBIX dJie-
MEHTOB Ha OCHOBE PACCMOTPEHHBIX IJIEHOK He J10JI-
skHa ObITh BbIe 170°C — 49ToOBI HE MPOUCXOMIILT
yXxoJ1 nepudepuitHoil Tpymibl, 06ycaaBInBaONIEi
HU3KOE COMPOTUBJIEHNE W BBICOKYIO T'a304yBCTBU-
TEJbHOCTD, HO He Hike 60°C — 4TOObI HCKJIIOUUTD
BJIMSIHUE BJIATU HA YyBCTBUTEbHBIN ajieMeHT. Takoii
HU3KWIT nana3zon paboyux rtemmneparyp drasuoiu-
aHWHA Me/lM, B OTJWYUE OT JPYTUX (PTajaoruaHu-
HOB, JIeJIaeT UCIIOJIb30BAHUE YyBCTBUTEIbHbBIX dJIe-
MEHTOB Ha OCHOBE 3TOTO MaTepuJa B Ta30/eTEKTO-
Pax 9KOHOMHUYHBIM C TOYKH 3PEHUs] SHEPTOIOTPeD-
JIEHUA.

CpaBHeHue MOJYYEeHHBIX Pe3yJbTaTOB € OMy6-
JINKOBAHHBIMU JJAHHBIMHU 110 (PTAJOIMAHUHAM MEIH
YKa3bIBaeT Ha TO, YTO B KAXK/IOM KOHKPETHOM CJIy-
yae U JIJIS KaKJ0ro Tra rrajolmania HeoOXo-
JIUMO TIOZI0UPATH CBOU ONITUMAJIbHBIN PEKUM TTOJTY-
YeHUsl TJIEHOK W KOHKPETHbIE YCJIOBUS PabOThl B
COCTaBe UyBCTBUTEJBHOTO 2JIEMEHTA.
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Alieva H. S. Effect of thickness and temperature of
copper phthalocyanine films on their properties.
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The research has shown that copper phthalocyanine
films, having a set of unique properties, can be
successfully used as gas-sensitive coating of resistive
structures. The thickness of the film, in contrast to its
temperature, is not the determining factor for high
sensitivity. Low operating temperature of structures
with copper phthalocyanine films allows to exploit
them in economy mode.

Azerbaijan, Baku, National Aerospace Agency.

Azicea X. C. BILMB TOBIUHY ILIiBOK (prasionianiny
Mi/li Ta TEeMIepaTypH Ha iX BJIACTHBOCTI.

KiouoBi c06a: 2a3ouymausuil eiemenm, pe3ucmue-
HA CMPYKMypd, HANUIOEAHH NILBOK, 0eMeKmyed b i
xapaxmepucmuxu ¢pmanouianiny mioi.

JlocutipkeHHs mokasam, 1o TTBKE (DTaTomniaHiny Mifi,
BOJIO/IIIOYM CYKYIIHICTIO YHiKaJbHUX BJIaCTUBOCTEM,
MOXKYTb 3 YCIIiXOM 3aCTOCOBYBATHUCA AK Ta304yT/IUBi
TTOKPUTTS PE3NCTUBHUX CTPYKTYpP. TOBIIMHA IJIiBKH,
Ha BiZIMiHy BiJ{ TeMIleparypu, He € BU3HAYAJIbHUM YNH-
HUKOM JIJTs1 OTPUMaHHST BUCOKOT Uy TJIMBOCTI. BiHOCHO
HU3bKa po6O0UYA TEMIIEPATYPA TAKUX CTPYKTY J03BOJISIE
EKCILIyaTyBaTH Ta30/lcTeKTOPU Y €KOHOMIYHOMY PEKUMI.

AszepoOaiijizkan, M. bBaky, Hamionasnbhne aepoxkocmiune

areHTCTBO.
HOBBIE KHUT'U

/Aﬁx.nep 10., Aiixaep I'. U. Jlazepbi.

HOBBIE KHUT'U

B

MockBa: TexHocdepa, 2012.— 496 c.

[TepeBoa HOBOro (cenbmoro) uamaanus 6a3oBoro yueOGHHKA H3/1aTeJNbCTBA
«IlImpuHrep» MO OCHOBaM J1a3epHOU ONMTHKU COIEPKUT HOBEHIIHe CBeJe-
HHsT O BbICOKOMOIIIHBIX JHOIHBIX U TBEePJIOTEIbHBIX Ja3epax AJs yaAbTpa-
(h1oaeTOBOr0, BUAUMOro 1 MH(pPaKpaCHOTO U3aydeHui. PaccMoTpeHbl Bo-
JIOKOHHBI€ JT1a3€pPhbl, YJABTPAKOPOTKHE CBETOBbIC UMITYJ/JbChbl, PEHTI€HOBCKHUE
JYyud M CBETOBbleé MMIYJbChl OT J1a3epPOB Ha CBOOOJHBIX 3JEKTPOHAX, a
TaK:Ke MX MPUMeHeHHe B MeIUIUHCKON NuarHocTHKe U 6uodoToHHKe. B KHUre 3aTparu-
BAIOTCs CJIEeNYIONIHEe BOMPOCHL: (DYHKIIMH, TUIbl U CBOWCTBA J1a3€PHOTO U3JIYyUeHHSs], THIIbI
JIa3epoB, OMTHYECKHE KOMIOHEHTHl W yIpaBjeHHe Ja3epHbIM H3JydeHHeM, MpUMeHeHue
JIa3epOB B TEXHOJOTHH 00pabOTKH MaTepHaJ/oB, MeIHIIMHE, U3MEpPEeHHsX U mepenayde qaH-
HbIX. HpOCTOTa W JOCTYNMHOCTb HU3J0KEHHUs Je/aeT KHUTY TPeKpacCHbIM nocobuem He
\TOJIbKO JJIs1 CMeIMAJUCTOB, HO U JUJIsl CTYJE€HTOB U MpernojaBateaeil npoQHuabHbIX BySOB./

\

”CHOJ]HCHPIC, ynpaBJieHUE, NTPUMEHEHHUE.—
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MEXAHNU3M ®OOPMUNPOBAHUA 3
ME/KCJIOEBBIX KBAHTOBbIX HUTENM
B JIETMPOBAHHOM IIMHKOM Bi,Te,

H3yuen npouecc popruuposanus nanonumeii na nosepxrocmu (0001) Bi,Te,. Ycemanosneno, 4mo 6 niocko-
cmu Te"—Te? npoucxodum npouecc muzpauuu amomos, nepemewenue 1 Koazy a1 KAACMEPOS Hd OCHOGE
amomos Zn. B pezyivmame ouhghy3uonno-ozpanuuenioil azpezanyuu hopmupyomes cmpyxmypoi ¢ K8AHMO-
BbIMU TMOUKAMU, U3 KOMMOPLLY CAMOOp2anu3ytomcs nanonumu. Taxue nosepxnocmuvie CmpyxKmypol onpeaejlﬂf
10m ceoticmed paspatamviéaemblx MONOLOZUUCCKUX UI0AAMOPOE Ha ocHoge coedunenutl A, B!
U Y6eUUUBAIOM MEPMOINEKMPUUECKYI0 IPhexmusnocms KomMnozuma.

Krntoueswvie caosa: xeanmosvie mouxu u HUmMu, muzpavuus amomoe, MOp(ﬁO/lOZUﬂ, MONOA02ULECKULL usoadamop,

Kaacmepol, oughpysus, azpezavusi.

Caroncrpie kpuctasiinl A,V B,V uspecTHbI Kak Ma-
TepUaJIbl, IIMPOKO UCIIOJIb3YEMbIE B TEPMO3JIEKTPITYE-
crBe. O6GHApY>KEHHbIE B HUX TOMOJIOTUYECKH 3allH-
IIEHHDIE COCTOSTHUST BbIJIeJIEHbI B HOBBII BUJI KOH/IEH-
CHPOBAHHOTO COCTOSTHUS BEITIECTBA — TOTOJIOTMYECKUIT
UB0JIATOP, UTO MPEBPATUJIO UX B MHTEHCUBHO UCCJIE-
Jtyemblie 00beKThl. [lepcriekTuBa uCob30BaHus CITH-
HOBOTO COCTOSIHUS 3JIEKTPOHOB B ITPUITOBEPXHOCTHOI
00JIaCTH 9TUX MATEPUATIOB B KAUeCTBE HOCUTEJIS €/~
HUIIBI UHQOPMAIIUT MOXKET cTath 6oJiee JTOCTYITHOM
TIPH UCTIOJIb30BAHNH B TEXHOJIOTHH 3(D(HEKTOB camo-
opranmsanuu HauocTpyKtyp. llporieccor cTpykryp-
HOW IepecTpoiiKu, IMPOTEeKalne Ha ITOBEPXHOCTU
KPHUCTAJJIOB, UTPAIOT 0COOYIO POJIb TP TTOJTyYeHIH
CHUCTeM TOHVKEHHON Pa3MepHOCTH, TAKUX KaK KBaH-
TOBBIE TOYKU U HUTH. [IprMecn onpesieleHHOTO BH/IA,
He BO3/IENCTBYS PAJIMKAJIbHBIM 00Pa30M HA XUMIYe-
CKYIO M 3JIEKTPOHHYIO CTPYKTYPY CJIOEB, BbIOPACHI-
BAIOTCSI B MEXXCJIOEBOE TIPOCTPAHCTBO, T/e 06Pa3yioT
HAHOCTPYKTYPBI Pas3MuHON pasMepHOCTH U (POPMBbI:
JIByMEPHbIE — TIJIOCKOCTH, OJJHOMEPHbIE — HUTHU WJIH
HyJIbMEpHbIE — KBAaHTOBbIE TOYKH, KOTOPbIE MOKHO
UCIIOJIBb30BATD /ISl YIIPABJIEHUST MEIKCIOEBBIM PACCTO-
suueM. [lepeHoc 3apsiia Mo HUTSIM, TLIOCKOCTSM U
TYHHEJMPOBaHNE 3apsi/la Yepe3 KBAaHTOBbBIE TOYKH CO-
OTBETCTYIOT TEOPUH JBMKEHMS KUAKOCTH JIaTTHH Ke-
pa [1, 2], kak u KpaeBble COCTOSTHUS KBAaHTOBOTO
crmHoBOTO adderta Xosna, HHIYINPOBAHHbBIE /BY-
MEPHBIMU 3JIEKTPOHHBIMU COCTOSIHUSIMU, 00OPasy-
IOIUMHUCS TIPU Pa3/BIXKEHUN cJioeB. TpaHcmopr 3a-
psiZia B 0ObeMe CJI0EB UMEET XapaKTep JBUKEHUS SKUJI-
koctn Mepmu. Panee B [3—6] coobmianocs o dop-
MHUPOBAHUU TAKIX MEKCJI0EBBIX HAHOCTPYKTYD, KaK
JIByMEpHbIE TIPUMECHbBIE CJIOU, 06pPa3yIoIe CBEpX-
PEIIeTKN U OTHOMEPHBIE KaHAJbI TTPOTEKAHNS 3apsi-
Jla, U O BJUSHAU WX HA KMHETHYCCKUE TTAPAMETPDI.
BoicTpanBanme TpUMECHBIX KJIACTEPOB B MACCUB KBaH-
TOBBIX ToYeK Ha noepxuoctu (0001) kpucrasia sB-

JISIETCST UHTEPECHDIM C TOUKH 3PEHVS YIIPABJIEHNS CBOM-
CTBAMM MaTepuasa.

Iesbio HacTosmeH PAGOTDI OBLIO H3YYCHHE HpO-
11eccoB (POPMUPOBAHTS MEKCJIOEBBIX HaHOHHTeI/I it}
BbICTpaMBaHMH KaacTepoB B miaockoctn Tel) —Te D
na nosepxunoctu (0001) ciaoucroro Kpucrasia
Bi,Te,, teruposannoro Zn. I/ICCJIe[[OBaHI/IH IIPOBO-
JULJTH TI0CPEICTBOM aTOMHO-CHJIOBOII MUKPOCKOIIMN
(ACM) (Ha ckaHUPYIONIEM 30HI0BOM MUKPOCKOIIE
mapku Cossep HEKCT) u penrtrenoaudpakromer-
pun (Ha mudpakromerpe dupmbr Philips Panaly-
tical X’Pert Pro XRD

[Tpu npoBeieHK UCCIeI0BAHUIT U3YYATUCH CJIe-
JTyIOTIINIE BOTIPOCHI:

— BDISIBJICHUE B3aNMO/ICHCTBUS IpUMeceil n 06-
PA30BaHUS OT/IETBHBIX MEXKCIOEBBIX COEIMHEHNI;

— BEPOATHOCTb BCTPaMBAHUA arpern OBaHHbIX
aToMoB B pasHbie Touku maockoctu Tel!) — Tel

— BDISIBJIEHHE MEXaHU3MOB POCTa HaHO‘IaCTI/IH,
3aKOHOMEPHOCTel JUHAMUKYI U3MEHEHHS Pa3MepOB
HAaHOOOBEKTOB W UX PACIIpPeeseHIs TPU aHaJIn3e
npoduIorpamMM;

— BBISIBJIEHUE CAMOOPTaHU30BAHHBIX CTPYKTYP,
MO/IOOHBIX KBAHTOBBIM TOYKAM M HUTSIM.

Ycranosaeno, uro aud@ysnoHHbIE IPOIECCHI
MPUBOJAT K COMMIKEHUIO OT/ICTbHBIX MAJIBIX HAHO-
YyacTuil 1 00Pa30BAaHUI0 KOHTAKTOB MEX/IYy HUMH.
MoryT B3aI/IMO,Zj[ef/,ICTBOBaTb [1Ba, TpU U 6GoJiee HAHO-

PaSOBaHI/H/I (kBaHTOBBIX TOYEK). B miockocTu
Te™ Bi ,Te, cbopMI/IpyIOTCﬂ HaHOOOBEKTHI
paSJII/I‘{HOI/I reomeTpHM TaKkue Kak HEYIOpsI0ueH-
HbIe CJIOMCTbIE CTPYKTYPbI M HAHOOCTPOBKH, YIIO-
pSI/IOYEHHDbIE HAHOCTYTIEHN U HAHOOCTPOBKH MAJIbIX
pa3MepoB, MOJ00HbIE KBAHTOBBIM TOUKAM, a TaKKe
yIOPsI/IoUeHHbIe JINHEHHbIE (QUTYPDI, MOA00HDIE
KBaHTOBbIM HuTsM. Ha monyuennbix ACM-u306-
PaKEHUSIX BU/IHBI OCTPOBKOBBIE CKOILJIEHUS IIPUMe-
ceii (puc. 1)
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Puc. 1. ACM-uzob6paxe-
HUe KOoaryJnpOBaHHBIX
HAHOOCTPOBKOB W HUTEN
B cTpykType Bi,Te,<Zn>

[TockoIbKY IIMHK OTHOCUTCS K TIPUMeCsIM, 06J1a-
JIAIOIIIM MaJIbIM MOHHBIM PaJIMyCcoM, MPHU JIETUPO-
BaHWM €T0 aTOMBI Jerko ANMDOYHIUPYIOT B MEXK-
CJIOEBOE TIPOCTPAHCTBO XaJbKOTEHU/IOB BUCMYTa W
CYPBMBI. JTO MOATBEPXKIAOT TTpuBeieHHbIe ACM-
c(bOTorpa(bm/I LEMOYKN OTAEJTbHBIX HAHOOCTPOBKOB

puc. 1) n kBanrtoBbix Touek (KT), cdopmupo-
BaBIIUX HAHOHWTU.

Murpanus 1 B3auMo/IEfICTBUE KJIACTEPOB TIPH-
BOJIUT K 06PA30BAHUIO KBAHTOBBIX HUTEN B paMKax
mpolecca pocTa <«CHU3y-BBepX». OCHOBHOU TIpH-
YIHOII, BBI3bIBAIONIEll 00pa3oBaHue HANPSIKEHHbIX
OCTPOBKOB Ha IMOBEPXHOCTH, SIBJISETCS PeJIaKCaIus
YIPYTUX HANPSDKEHWN HAa KPasgx CJ0EB M B3aUMO-
JIefiCTBUE OCTPOBKOB TIOCPE/ICTBOM HAIPSKEHNI,
co3aBaeMblx uMu B kpuctayuie. Mopma KT mo-
JKeT 3HAYUTEJTbHO M3MEHAThCS B IIpoIlecce 3apa-
HIMBAHUS WU [IOCTPOCTOBOrO oT:xura. Ha puc. 1
BU/IEH KOHEYHBIN PE3yJIbTAT JUHAMUKUA (OPMUPO-
BaHM GOJIBITUX OCTPOBKOB U3 MaJbIX U c(HOPMU-
poBannbix n3 KT nunHeiinpix o6pa3oBaHuii, KOTo-
pble MOKHO Ha3BaTh KBAHTOBbIMU HUTsMU. OHA
13 KBAHTOBBIX HUTell cdhopMupoBaHa M3 KJacre-
poB BbicoTOl 710 80 HM U pasMepoM y OCHOBAHUS
nopaaka 90 um (puc. 2)

B pesyabTare L[H(b(P/yspIOHHbIX MpPOIIECCOB B
Meskcoax kpucramna Ay BY! dopmupyiores namo-
06beKTHI pa3anvyubiX hopM u pazmepos. [Ipu BHe-
aperun jgerkoaundgynaupylonmx mnpumeceii Cu,
Ni, Fe, Zn, Ag, Se nponucxoauT AByMepHBIN POCT,
quist mpumeceit Sb, In xapakrepen mexanusm dop-
MUPOBaHUS TPEXMEPHBIX HAHOOOBEKTOB. KauecTBeH-
HOE ¥ BU3YaJbHOE OMUcaHue MOPQOJIOTrHIECKIX 0CO-

0.8 1,2

Puc. 2. M3o6paskenne HaHOHUTH U TTPOdUIOrpaMma
OJTHOTO W3 €€ TOTEPEYHBIX CeUCHUH

0 04

MKM

6eHHOCTel CaMOOPTaHM30BAHHBIX HAHOPA3MEPHBIX
CTPYKTYP BBISIBUJIO CTEIIEHb UX YIOPSIJI0YEHHOCTH.
[unamuka dopmMupoBanus HaHOPPArMEHTOB TaAKO-
Ba, 4TO [€PBOHAYAJBHO BO3HUKAIOT HAHOOCTPOBKH,
nogo6ubie KT. B gaspHeiiiem B rpoliecce 9BOJIO-
1Y OCTPOBKM MOTYT COEIMHATHCS, 06pa3ys mepe-
MBIUKHU, COXPAHSIS [IPU 9TOM CBOIO (POPMY U BbICO-
TY, WA MOTYT (hOPMHUPOBATHCS HOBbIe OOGbeMHbBIE
CTPYKTYPBI cJI0XHON hopMbl. Bo Becex cayuasax B
KavyecTBE XapaKTEePUCTUUYECKOTO BLICTYIIAET HE JIU-
HelHbIil pa3Mmep HUTEH, a pasMep CTPYKTYPHOIO
aJjieMeHTa — 110/{061si KBAaHTOBOW TOYKHU, HE 3aBU-
cameil oT Bujia mpuMecei.

B mpomecce camoopranmsanuu B MJIOCKOCTH
Te™ — Te popmupyercs ynopsoueHHbiii MaccuB
HAHOOCTPOBKOB (KBaHTOBBIX TOYEK). Arperanus Ja-
CTHII IIPUBOJIUT K YMEHBIIEHUIO TIJIOTHOCTHU paciipe-
neqeranss KT m K BO3HUKHOBEHMIO HAaHOOOBHEKTOB
6OJIBIITX Pa3MEPOB. IDJIEKTPOHHO-MUKPOCKOIHYE-
CKHE CHUMKH TI0Ka3aJ¥, YTO HaHOOOBEKTHI POPMU-
pyIoTCS M3 HAaHOOCTPOBKOB B Tipotiecce anddy3nn
npu temrieparypax Boirre 500 K. Bueapsisico rias-
HBIM 06pPa30M B MEKCJIOEBOE MPOCTPAHCTBO, MPH-
MecH CO3/1al0T 0ObeMHbIE MEPUOIUNYeCKUE CBEPX-
CTPYKTYPBI, COCTOSINIME W3 MACCHBOB KBAaHTOBBIX
TOYEK MEXK/Y CJOSIMU TEJLIYPUIHBIX KBUHTETOB, KO-
TOpBbIE BCJE/CTBUE TOTO PA3/BUTAIOTCS. Y CUJIEHUE
aHuzorporuu 1pu camoopranusaiuu KT npubo-
JIUT K YBEJIMUEHUIO POJIN «U3TUOHBIX» KOJeOaHU
B YIPYTUX KOJEOGAHUSX KPUCTAJIA, OIPE/EIio-
X ero TemsoBbie cBoiicTBa. O posn 3TOU CIern-
(puueckoii BeTBN KoJIe6aHMil KpUCTAJIJIA, HAa3bIBae-
MbIX aKyCTHYECKUMU, U UX TIOBEJIEHUU B CJOUCTHIX
KpucTajiax corjacuo Teopun Jludmmia [7] coob-
nasoch B [8]. M3ruGnasi BeTBb COOTBETCTBYET KO-
JieGaHUSIM, PACITPOCTPAHSIONIUMCS B IIJIOCKOCTH CJIO-
€B CO CMEIIeHHWsIMU aTOMOB B HallpaBJIEHUHU, I€p-
MEHIUKYJISIPHOM CJIOSIM, 1 JIa€T OCHOBHOH BKJIAJ B
TETJIoNEepeHoc. XapakTep TeMIepaTypHOil 3aBUCH-
MOCTH TETJIOEMKOCTH CJOUCTBIX KPUCTAJJIOB pas-
JINYEH B Pa3HbIX JMaNa3oHax Temieparypbl. Uem
60JIbIlle AHU3OTPOIUST KPUCTAJIA, TEM 3HAYUTE -
Hee POJIb M3THMOHON BETBU B «MeMOPAaHHOM» (-
dekre (pocre 4acToThl U3rMOHBIX KOJEOAHUIT TPH
PACTSIKEHUU CJIOEB), MPUBOJAIIEM K OTPHUIIATEIb-
HOMY TEILJIOBOMY PACIHIUPEHUIO B IJIOCKOCTHU CJIOEB.
Hab6moiaeMble B HACTOSIIITMX UCCJIEOBAHUSX aHO-
MaJIM KUHETHYECKUX T1apaMeTpoB IIPOUCXO/IUJIN B
00J1aCTH JINHEWHOTO TEMIIEPATYPHOTO POCTA TETLIO-
€MKOCTH KDPHCTAJIa, T/le JOMUHUPYET BKJAJ 13-
ru6HBIX KoJiebanmii. Paccesnue aToil (POHOHHOI BeT-
Bu y ocHoBanusi KT, KOTopble XUMUUECKH CBSI3AHBI
C TEJITYPUJHBIMU KBUHTETAMU, IIPUBOUT K T€pMa-
suzarnun ypoBHedl KT ¢ mocaexyommM TyHHEIN-
poBaHueM 3apsia. Jta 001acTh, B KOTOPOU TETLIO-
€MKOCTb MPOTIOPIMOHATbHA KBAJPary TeMIepary-
pbl T2, a kK03 DUIMEHT TEILIONPOBOAHOCTH IIPO-
nopunoHasen T2 (rge x MOKET OnpeensThes
MpoleccaMi TYHHEJIUPOBAHUS, T. €. Pa3MepaMu U
mioTHOCTBIO ckorieHng KT), oTMedaercst Kak 06-
JIacTh TeryioBoll anoMmayuu. OTMETHM, 4YTO CHaj
pemeToyHON (DOHOHHON COCTABJIAIONIEN TETIOTPO-
BOJIHOCTH B 3TOI 06JIaCTH MOKET HECKOJBKO KOM-
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MIEHCUPOBATHCS YBEJIMUYEHNEM 3JIeKTPOHHOI COCTaB-
JISTIOTIEN TEIJIONPOBOIHOCTH, 06YCJIOBIEHHOM TYH-
HEJbHBIM TOKOM, KOTOPBIN IIPeACTaBJsIET COOO0i
kuakocThb Jlartumkepa. TepMoanexkTpuaeckas ad-
(eKTUBHOCTD MCCIEAyeMbIX 00pa3IOB BbIIIE, YeM
HEeJIETUPOBAHHBIX, TMO-BUUMOMY, 3a CYeT CHIUXKe-
Hust 0611ell TEIJIONPOBOHOCTH KOMIIO3UTA «KBUH-
TETHBIE CJION — HAHOHWTH» IPU YBEJUYEHUU POJIH
paccesinusi (POHOHOB KOJIeOAHUSI CJIOEB HA TPaHuU-
11aX HaHOHWTeW. B aTux mporeccax TOMUHUPYIOT
(OHOHBI, COOTBETCTBYIONINE U3TUOHBIM KOJEOAHN-
M, UMeIolne KBaJAPATUIHbINA BUJI UCTIEpCUn. Ar-
perupoBaHHbIE CTPYKTYPbI, COEAMHEHHbBIE JIPYT C
JIPYTOM HEIPEPbIBHOI 1IEMOYKON KJacTepos, obec-
MeYNBAIOT TYHHEJUPOBAHUE 3apsjia 0 TIPOBOJIS-
mmM KanagaMm. Kuactepsl, dopMmupylomnme HaHO-
HUTH, YITUPSIOT BaH-/I€P-BAaIbCOBO IPOCTPAHCTBO,
He pa3py1ias TOMOJOTHYECKHU 3aIUIIEHHbIE COCTOSI-
nus [9], cMemaior ux Bo BuyTpennuii kpunrer [10].

IKCIIEPUMEHTAIBHBIN BBIOOD TEMTIEPATYPHOTO pe-
JKUMa OT’KUTA JIETUPOBAHHBIX KPUCTAJIOB MO3BO-
JIMJI TIOJTYYUTh MEXKCJIOEBble HAHOCTPYKTYPBI Tpe-
O6yeMoil pazMepHOCTH U BbicoTOl /10 80 HM. YcTa-
HOBJIEHO, 4TO Murpaius u audy3noHHO-OrpaHu-
YeHHas arperanus aTOMOB IPUBO/IUT K KOATYJISIIUN
OJTHOMEPHOTO PsIa KJACTEPOB HA OCHOBE aTOMOB 71,
a peJslakcalsi yInpyrux HanpsbKeHud Ha iedeKt-
HBIX IIEHTpaxX W B3aMMOMAEHCTBUE KJIACTEPOB —
K hopMupoBaHNIO HAaHOHUTEH. Takue MOBEPXHOCT-
HbIe CTPYKTYPBI ONPEJIESIOT CBOMCTBA pa3pabarhl-
BAaeMBbIX TOMOJOTUYECKUX U30JIITOPOB HA OCHOBE CO-
enunennii AYBY! u yBeqnmdmBaioT TepMOaIEKTpH-
4ecKyIio 3(ppeKTUBHOCTH KOMIIO3UTA.
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Alieva A. P., Aleskerov F. K., Kakhramanov S. Sh.,
Nasibova S. A., Moroidor E. D., Pishkin M. The
mechanism of formation of the interlayer quantum
wires in zinc-doped Bi,Te,.

Keywords: quantum dots, nanowires, migration of
atoms, morphology, topological insulators, clusters,
diffusion, aggregation.

Nanowires formation process on a (0001) surface of
Bi,Te, is studied. It has been established that on inter-
layer surface Te(¥ —Te(" there is a process of migration
of atoms, moving and coagulation of clusters on the
basis of Zn atoms. As a result of diffusion-limited
aggregation the structures with quantum dots are
formed, from which nanowires are self-organized. Such
superficial structures play regulating role in working
out the topological insulators based on AYBY! and
increase thermoelectric efficiency of a composite.

Azerbaijan Technical University, the NGO «Selens»
NAS RA, Baku, Azerbaijan; Istanbul Technical Univer-
sity "Yildiz", Turkey.

Amiesa A. I1., Aneckepos @. K., Kaxpamanos C. III.,
Haci6osa C. A., Mopoiinop €. /I., [limkin M. Me-
xaHi3M (hOpMyBaHHS MI3KIIAPOBHX KBAHTOBUX HUTOK
B JeroBanomy nunkom Bi, Te,.

Knouoei caosa: keanmoelr mouxu ma Humxu, Mizpda-
yisi amomis, Mopghos0zis, MONOJLOZIYHUL 130455MOpP,
Kaacmepu, oughy3sis, azpezauis.

Busueno mpoiec popMyBaHHS HAHOHUTOK Ha HOBeg)XHi
(0001) Bi,Te,. Beranosaeno, mo y rmomuni Tel)—
Te® BiOyBa€eTHCS MPOIleC Mirpaillii aToMiB, mepeMiiieH-
Hg i KoaryJdiig KjacTepiB Ha ocHOBi atomiB Zn. B
peayabTari Audysiiino-o6MekeHoT arperaiiii GopMyIOTb-
csl CTPYKTYPH 3 KBAHTOBHMHE TOYKAMH, 3 SIKHX CaMOOP-
ranisyrorbcst HaHOHUTKU. Taki 1moBepxHeBi CTPYKTypU
Bi/IirpaioTh PEryJoiovdy PoJib MPU PO3POOILI TOMOJIOTI-
YHIX i3021TOPIB Ha OcHOBI criomyk AYBY! i 36iabury-
I0Tb TEPMOEJICKTPUYHY ¢(PCKTUBHICTD KOMIIO3UTY.

Asep6aiikancbkuii Texuivauii yuisepcurer, HBO «Ce-
ger» HAH AP, Baxy, Aszep6aiizxan; CtaMOyabcbKuit
texHiynuil yuisepcurer «unaus», Typeuunna.
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OYHKIIMOHAJIBHAA MUKPO- 1 HAHOJJEKTPOHUKA

YK 621.36:004.94

K. ¢.-m. n. P. I. YEPKE3', /1. 1. IEMbAHIOK?

Ykpauna, r. YepHoBIIbI,
radionch@mail.ru

'YHY umenn IOpua ®egpkobnya, *MHCTUTYT TepMOdJIEKTPHYECTBA

IOKCIIEPUMEHTAJIbHOE MNCCJ/IEJOBAHUE
OHEPITETUYECKUX XAPAKTEPUCTUK
[MPOHUITAEMOI'O TEPMOOJJIEMEHTA

IIpedaosxena KOHCMPYKYUSL NPOHUUACMO20 MEPMOITEMEHMA 0151 OXAAKOCHUS U HAZPEBA 2d3d UNU KUOKOCTIU.
IIpedcmasaenvt snauenus InePeeMULECKUX XapaKmepucmux mepmMoIIeMeHma u3 NOAYNPoSoOOHUKOBbLX Mame-
puanos na ocnose Bi—Te—Se—Sb. Pesyivmamol uccae0o8anuii NOKA3diu 603M0KHOCMb 00ecneuenus mem-
nepamypnozo nepenada 5—15°C npu oxaa;xoenuu uiu nazpese 6030yxa ¢ Inepzemureckoi sghpexmueno-
cmuio, npesviularoweti na 5 — 9 % 603M0KHOCIU MPAOUYUOHHBIX MEPMOITEKMPUUECKUX ITEMEHMOB.

Koueswie ciosa: MePMOINEKMPUUECINEO, MEPMOILEMEHNMbL, NPOHUUACMbLE MATEPUAILbL, XO0J00UNIHBLIL KOSQb*

Gpuyuenm, omonumenvivitl Koaghguyuenm.

N3BecTHBI TEPMO3JIEMEHTBI, B KOTOPBIX TEILJIO-
06MEH MeK/y UCTOYHUKOM U CTOKOM TeIlJIa IPOuC-
XOJIUT HE TOJIbKO Ha CHasX, HO U B 00beMe MaTepu-
aja BerBeil [1]. Bapuantamu peasusainuu Takux
MO/Ie el SIBJISTIOTCS TIPOHUIIaeMbIe TEPMOJJIEMEHTHI,
B BETBIX KOTOPBIX B/IOJIb HATIPABJIEHUS MPOTEKA-
HUS JIEKTPUYECKOTO TOKA UMEIOTCst KaHaibl (IIopbI)
JUISL TIPOITYCKAHUS TEIJIOHOCUTEJS. Y IPaBJIsis yC-
JOBUAMHU Ternoo6Mena (CKOPOCThIO TEILIOHOCHTE-
JISl, THTEHCUBHOCTBIO TEILIOOOMEHA U T. II.) B COYe-
TaHUM C BO3HHMKAIOIUMU TIPU 3TOM B Marepuale
BeTBEH TepMOaJIeKTpuaecKnMu aperTaMu, MOKHO
BJIMSITH Ha dHEPreTuueckyio sddektuBHOCTD Mpe-
06pa3oBaHusT SHEPT UM,

Teoperndeckue uccae10BaHNS TIPOHUIIAEMBIX TEP-
Moa1eMeHToB (TJ) 171 0X/IasK IeHNS TIOTOKOB Ia30B
u sKugKocteit [2, 3] mokasaju, 4To uxX ImpuMeHeHHe
MO3BOJISIET TTOBBICUTDL XOJIOAMIBHBIN KO3 QUIIeHT
ma 30 —40% 10 cpaBHEHWIO ¢ BO3MOKHOCTSIMI Tpa-
auinoHHbIX TO. ITO yKa3biBaeT Ha IEPCIEKTUB-
HOCTb MCITOJIb30BAHMSI IIPSIMOTO GE3MaIIMHHOTO Tep-
MO3JIEKTPUIECKOTO CIIOCO6A OXJIAK/IEHUS, KOTOPbIIA,
KaK U3BeCTHO [4], XapakTepusyeTcsi IpoCTOTOI KOH-
CTPYKIIMH, BBICOKOI HA/IEXKHOCTBIO B padoTe, KO-
JIOTHYECKON YNCTOTOMH, BBICOKOI TOUHOCTHIO PETyJIn-
POBaHUS TEMIIEPATYPHOTO PEXKUMA U T. JI.

O/iHaKO TpaKTUYeCKasl peasusaiusi MpoOHUIlae-
mbpix TO cBsizana ¢ ornpejesieHHBIMU MaTepPHaJIO-
BE/TYECKUM U TEXHOJOTUYECKIMU TPYAHOCTSIMU, KO-
TOpBIe TOOYXK/JAIOT K TIOUCKY 60Jiee IPOCTHIX BapH-
aHTOB (pU3MUECKUX MojieJiell mpeoGpasoBaTeieil ¢
BHYTPEHHUM TeriooOMeHoM. OJIHUM U3 TaKuxX Ba-
PUAHTOB SBJISAIOTCS TIPOHUIIAEMBIE TIJIOCKOCTHBIE Tep-
MO3JIEMEHTDI, B KOTOPBIX Ka’K/lasi BETBb COCTOUT U3
OIIPe/IeJIEHHOTO KOJTMYECTBA TIJIACTHH, PACIIOI0KEH-
HBIX HA paccToSHUM APYT oT apyra. [IpomeskyTku
MEXIY IJIACTUHAME SIBJISIIOTCSI KaHAJaMu, 10 KO-

TOPBIM NPOKAYNBAETCS TEILIOHOCUTEND (GKUIKOCTD
uau ras). KommbiorepHoe MozgeMpoBaHue TaKuX
TO [5] mokasaJjio Ha BO3MOYKHOCTD ITOBBIIIEHUS XO-
JonbHOTO Koaddunumenta Ha 20 —30% mo cpas-
HEHUIO ¢ BOBMOYKHOCTSMU TPAAUIIMOHHBIX TD. Of-
Hako nHpoOpMAIK 06 9KCIIEPUMEHTAJIbHBIX HCCJIe-
JIOBAHUSIX TAKMX TEPMO3JIEMEHTOB aBTOPaM He BCTpe-
YaJI0Ch.

B nacrostieit pabore sKCIepUMEHTAJbHO UCCJIe-
JIOBAHbI TIPOHUIAEMbIE TIJIOCKOCTHBIE TEPMO3JIEMEHTDI
U OIpejie/ieHbl UX dHEPreTUYecKre XapaKTepUucTu-
KU B PEXKIMe OXJIAK/IEHUS W HarpeBa BO3/yXa.

KOHCTPYK].[I/IH IIPOHUI[A€EMOTO TEPMOIJIEMEHTA

Ha puc. 1 npesacraBnena ¢gusndeckass MoJeb
uccaeayemoro TO u ero koHcTpyKuus. Tepmoaie-
MEHT COCTOUT U3 BETOK 7- U P-THIIOB IPOBOJIUMOCTH
Ha ocHoBe MatepnajyioB Bi—Te— Se—Sb, o6paso-
BAHHbBIX U3 IJIACTUH |, MOKPBLITHIX aHTuAnddy3u-
OHHBIM CJIOSIMU HUKEJISI, ME/IHBIX 3JIEKTPOKOMYTA-
IIUOHHBIX IUH 2, COeNHIIONNX IIJIACTUHBI BeTKNA |
110 XOJIOJHOU TIOBEPXHOCTHU; TEIJIOOOMEHHUKA U3
Mean 3, TOKPBITOro aHTHAn(MQGY3HOHHBIM CJI0EM
HUKEJIS W KOMMYTHUPYIONIETO TIACTUHBI BETKU 10
TETLJION CTOPOHE TePMOdJieMenTa. TermnmooOMenHuK 3
COJIEPIKUT CUCTEMY KaHATOB 4 [ TTPOKAYKU 10
HUM TEIJIOHOCUTEJIS, OTBOJAIILErO TEILIO OT TO u
CHCTEMY KAaHAJIOB ) /I TEIJIOHOCUTENsI, KOTOPbBIii
HeoO6X0UMO OXJa/uTh. Kanaubl 6, co3jgaHHble
IJIOCKOCTSIMU BeTOK T3 1, 57IeKTPOKOMYTAIlMOHHbI-
MU HIHHAMHA 2 BMECTe ¢ KaHaJIaMU TeIJIO0OMEHHIKA 5
06pasyioT CUCTEMY CKBO3HBIX KaHAJIOB JIJIsl ITPOKay-
KM 110 HUM OXJIAKIAEMOI0 TEIJIOHOCUTEJIS .

[Ipoxosxierne aIeKTPIIECKOTO TOKA COOTBETCTBRY-
o1ell TOMSIPHOCTH Yyepe3 BeTKU 1O BBI3BIBAET TO-
JIOTPEB BEPXHETO TEIJIOOOMEHHUKA 3 U OXJaKe-
HUe 3JIeKTPOKOMyTannoHHbIX 1muH 2. [Ipomycka-
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Temmonocurennb

Tenmonocurennb

BP (I EEIEIRRRT R eeeee WY

CKBO3HOM KaHaI

Puc. 1. ®dusnveckas MozieJb U KOHCTPYKIUS HPOHUIIAEMOTO TEPMOIIEMEHTA

HUE KUJKOTO MU Ta3000PasHOro TEIJIOHOCUTEIS,
HATIPUMEP BOJIBI MJTH BO3/IyXa, YePe3 CUCTEMY CKBO3-
HBIX KaHaJOB 5, 6 HPHUBOAUT K €r0 OXJIAXK/CHHIO
6srarogiapst Termoo6Meny ¢ 60KOBOIT, 60Jiee X0JI0/-
HOI TTIOBEPXHOCTBHIO BETOK 1.

MeToauka u pe3yabTaThl 9KCIIEPUMEHTATbHBIX
HCCJIeI0BaHUIl

WNccnenoBanue MpoOHUIIAEMOTO TEPMO3JIEMEHTA
[IPOBOJIMJIOCH HA CTEHJIE, CXEMa KOTOPOTO TPE/ICTaB-
JeHa Ha puc. 2. [lng co3gaHmWsa MOTOKA BO3AyXa
yepe3 TO 1 uCoab3oBaHbl a3pOIMHAMUYECKYIO TPY-
6a 13 ¢ BentussitopoM 14. TeroBast u3osus OT
OKpY:Kalolleil cpe/ibl 06eCrevYnBaeTcss KOXKyXoM 4
n3 [IBX, Temmon3ommpoBanHoOTO TEHOIIACTOM 3.
AmriepmerpoM 16 U BOJIBTMETPOM [7 M3MEPSAIOTCS
rmapameTpbl iutanus TO. TepMocratupoBanue Ter-
JIBIX CIIaeB TEPMO3JIEMEHTa 06eCIeUnBAET KUJIKO-
CTHBIII TEPMOCTAT 5. YTpaBJeHrue MOTOKOM BO3[IY-
Xa OCYIIECTBJISIETCS U3MEHEHNEeM CKOPOCTH Bpariie-
Hus BeHTusstTopa 4 yepe3 6ok nurtanus /5. Tem-
neparypa Bo3zyxa Ha Bxojie B TJ, a Tak:ke 3Have-
HUS TeMIepaTypbl TOPSTYETO M XOJOTHOTO CIIAEB
otpeiengioTes auddepennnagsbHBIMA XPOMETb-KO-

nesieBbIMU TepMotiapamu 8, 9, 10 cOOTBETCTBEHHO.
CurHaJjipl TepMonap rnepekiouaTesieM 7 BbIBOISITCS
Ha BosibT™MeTp 6. CBoGommble criau 11 Tepmornap
noMenienbl B HyJb-tepmoctar 2. Temneparypa u
CKOPOCTb BO3/IyXa Ha BBIXOJ/I€ M3 TEPMO3JIEMEHTA
oTIpe/iesIsieTcs JaTunkoM 2 anemMometpa 8.

BoastabiM TepmocTatoMm 12 o6ecrieanBaeTcs Mo/
JlepsKaHue TeMIIepaTypbl TEILIbIX CIIAeB TePMO3Jie-
MEHTOB HA YPOBHE TEMIIEPATYPbI OKPYIKAIOIIEN cpe-
Jibl. C 1oMoIIbio 6JI0Ka TMUTAHUS PETYJIUPYETCS TOK
yepe3 T, koTopbIil u3Mepsgercd amnepMerpom 76.
Heo6xoammas CKOPOCTh JABMKEHUST BO3/[yXa uepe3
TO ycranaBiuBaercsi myTeM peryaupoBanus 0Ji0-
KOM IIMTaHUSI BEHTUJIATOPA C KOHTPOJIEM ee 3Haue-
HUS 110 TIOKa3aHusiM aHeMoMmeTpa 18.

TO m3roTOBJIEH M3 TEPMOAJEKTPUUYECKUX IK-
CTPYAMPOBAHHBIX MaTepuaJoB Ha ocHoBe BiyTes
CO CpeIHNMU 3HaueHusAMI TepMoa/ic o=192 B /K
1 sjeKkTpornposogHocTn 6=985 Om !-cm™!. Ucexon-
HBII MaTepuas pas3pe3aju Ha MJIACTHHBI pa3Mepa-
M 2,4x10x20 MM, 13 KOTOPBIX 06pa3oBaHbI IIPO-
HUIaeMbIe BETBU C IIarOM 2 MM I10 TISTb TLJIACTUH B
Kask1011 BeTBuU. [lyomanb monepevyHoro ceueHus Tep-
MO3JIEMEHTA BMECTE ¢ KaHAJIaMH ¢ y4eTOM GOKOBBIX

3a30pOB 2 MM TIO TIEPUMETPY
12 13 14 cocrasuma 6,44 cM2, B KOTO-
POl TLIONIA b MaTepuaa Be-
TOK cocTaBJsieT 2,4 cM2, a Tio-
na/jib TMPOXOJHOTO CEYEHUS
4,04 cm*. Takum oGpasom,
3HAYEHUE MapaMerpa MPOHH-
1[aeMOCTH, PABHOTO OTHOIIIE-
HUIO MMOCJIeHEN K 001Iel 1J10-

mau, cocrasuiio 0,63.

B pesysbTaTe mpoBejeH-

5 6 7 8§ 9 10 11
sKungkocrroii
TepMOCTaT
4
3
2 —
—3

HBIX M3MepeHuil ObLIN MoJTy-

YEHbI XapPaKTEPUCTUKU ITPOHN-

maemoro TO saeMenra s

PA3JIMYHBIX CKOPOCTEH MTOTOKA

Biok
MUTAaHUS
TEPMO3JTIEMEHTA

18
\\ Anemo-

MeTp

2
[\

17 16

Puc.2. Cxema crenga AJst MccjelOBaHUS IIPOHUIIAEMBIX TEPMO3JIEMEHTOB

BO3yXa B pPEKHUMaxX OXJiaxX-

Bok JIEHNs ¥ HarpeBa. JTH SKCIle-
IIMTaHUA
PUMEHTAJIbHbIE JAHHBIE XOPO-
BeHTI/IJIﬂTOpa
1110 COTJIACYIOTCS C TEOPETHYC-
\ CKUMH pacyeTamu, IMPOBeJCH-
s HBIMH 110 METOIMKE, OIMCAH-

HOIT B [3], ¢ yyeroM KOMMY-
TAIlMOHHBIX IJIACTHH, TEILIO-
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Puc. 3. XapaKTepuCTUKH TepMoaJieMeHTa B peskuMe oxJaakaeHust (@) u HarpeBa (6) Uil PasiuvHONl CKOPOCTH
Bosayxa (HuwkHuii ungexc 1 B 0003HAYCHUAX COOTBETCTBYET CKOpocTH Bosayxa 1 m/c; ungekc 2 — 0,4 m/c;
nugere 3 — 0,1 M/c ana pexuma oxmaxaenns n 0,2 M/ ¢ a1 Harpesa)

[I€PEXO/IOB 1 TEIJIOOOMEHHOI CHCTEMbI Ha TETLIbIX
cragx T3.

Ha puc. 3, a npencraBjieHbl 3aBUCUMOCTH Pa3-
HOCTU TEMIEPATYP MEXK/Y TEILIbIMU U XOJIO/IHBIMU
criassmu TO AT, rayOuHbl OXJQKAEHUS BO3/yXa
(pasHoctu TemmepaTyp BO3yXa Ha BXO/IE M BbIXO-
ne) At, XOJIOZIONTPOU3BOAUTETLHOCTH Q . ¥ XOJIO/TNJTb-
HOTO KO3 (pHUTMEHTA € OT BEJTMYNHBI 2JICKTPUYECKOTO
ToKa I, TIoJlydeHHble B pexkxnMe oxjaxkaennsd. Ort-
clojla BUJHO, 4TO 00JACTH MaKCHUMAJbHOU TJIyOu-
HBI OXJIAJK/IEHUS BO3/IyXa COOTBETCTBYIOT 3HAUEHU-
SIM MaKCUMAaJIbHON XO0JI0/IOTTPOU3BOUTETbHOCTH JIJIST
BCeX 3HAUEHUI CKOPOCTU BO3JyXa. XOJOAUJIbHbBIH
koaduirenT Bo3pacraer ¢ yMeHbIIEHUEM TOKa I1-
TaHUS U JOCTUTAeT MaKCHMMAaJbHbBIX 3HAYEHUN MPU
TaKOM MUHUMAJIBHOM TOKE MUTAHUs, KOTOPBIN ellle
obecrieunBaer oxJiaxkjaeHue Bosayxa. [lus ckopo-
cru Bosayxa 1 m/c Q, =2,94 Br, AT=6,5°C,
€. .. =8,3, 4TO IPEBBIACT 3HAYCHNS XOJONIBHOTO
koaddunmenta s Tpaguinontpix T wa 5—8%.

Ha puc. 3, 6 npeacraBieHbl 3aBUCHMOCTH OTO-
MTUTETBHOTO KO3 PUITNEHTA L TEPMOITIEMEHTA, TeTl-
JIOIIPOM3BOUTENBHOCTH Q,, IIEPEIajia TeMIIEPaTy P
Bo3ayxa At u 3Havenwit AT oT TOKa nuTaHus B
pesxume Harpesa. IIpu ckopoctu Bosznyxa 0,4 M/ ¢
nosaydenpr smavenus Q,=8,52 Br, p . =3,5,
AT=15,8°C, At=6,5°C. OTrcroma BUIHO, 4YTO OTOIIU-
TEJbHBINA KOA(DMOUIIMEHT B 9TOM PEKUME UMEET MaK-
cumyM (11pu Toke 8 A), B KOTOPOM 9HEpPreTuyecKast
apdexTuBHOCTD MakcuMaabHa. [losydeninie 3HaTe-
g W Ha 6 — 9% BBITIE, YeM y TPAIUIMOHHBIX TO.

BboiBo/1b1

Takum 06pasoM, HCCAEIOBAHMS [TOKA3aIM, 4TO
NPeJIOKEHHAsT KOHCTPYKIIHS TTPOHUIIAEMOTO Tep-
MO3JIEMEHTA TI03BOJISIET 0OECIIEYNTD OXJIAKIEHIE WK
HarpeB Bo3ayxa Ha O — 13°C ¢ aneprerndeckoit ag-
(bEeKTUBHOCTBIO, MpeBbINIaoIieil Ha 5 — 9% BO3MOK-
HOCTH TPAJUIMOHHBIX TepMO3JIeMeHTOB. JlaHHas
KOHCTPYKIINST MOKET ObITh yCOBEPIIEHCTBOBAHA C
1[E€JIbIO JOCTMIKEHMST GOJIBIINX 3HAYEHUN XOJI0/[0- 1
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TEIJIOTIPOU3BOIUTETBHOCTEN ITyTEM UCTIOTb30BAHUS
MOCJIE/IOBATE/IBHOTO 3JIEKTPUYECKOTO COEJAMHEHUS
MJIOCKOCTEN BETBU, MCIOJb30BAHUS KUIKOCTHBIX
TeIJIOHOCHUTe el N KackajnpoBanus. Ilpnmenenne
KacKaaupoBaHus [6] B IpOHMUIIAEMBIX TEPMOAJIEKT-
PUYECKUX CHCTEMaX 3HAUNTEIbHO YBEJININBAET TJIy-
OUHY OXJIaXK/IEHUS U MOBBIIIAET XOJIO/UIbHBIN KO-
addurenT, 0cO6EHHO IPU TPAHUYHBIX Heperaiax
TeMIepaTyphbl.
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OBECIIEYEHHME TEIIJIOBbIX PEXHNMOB

Cherkez R.G, Demianiuk D.D. Experimental research
of the energy characteristics of a permeable
thermoelement.

Keywords: thermoelectricity, thermoelements,
permeable thermoelement, coefficient of performance.

The construction of permeable thermoelement used
for cooling and heating of gas or liquid flux has been
designed. Energy characteristics of the semiconductor
thermal element based on Bi —Te— Se— Sb materials
have been presented. The results showed the possibility
of ensuring the temperature difference of 5—15°C
during cooling or heating of air, with the energy
efficiency exceeding by 5—9% that of the traditional
thermoelectric elements.

Ukraine, Chernovtsy, Yuriy Fedkovych Chernovtsy
National University, Institute of thermoelectricity.

Uepkes P. T., /lem’suiok /. /[. EkcnepumenTaibHe
JTOCJIi IZKEHHS] eHEPreTHYHNX XaPaKTEPUCKTHK MPOHUK-
HOTO TePMOEJIEMEHTa.

Knouosi crosa: mepmoenrexmpuxa, mepmoesemenmu,
NPOHUKHI Mamepiaiu, Xo100urbhull Koeghiyicum, ona-
J0BANLHUI KOehiuicHm.

3ampoNOHOBAHO KOHCTPYKIIITO TPOHUKHOTO TEpMoeJie-
MEHTA JUIA OXOJIO/IPKEHH Ta HarpiBaHHA IIOTOKIB ragy
060 pinnau. Hagano sHaueHHs €HEPreTHIHUX XapaKTe-
PUCTHK TepMoeJieMeHTa 3 HalliBIIPOBOHUKOBUX MaTepi-
aJtiB Ha ocHoBi Bi— Te— Se — Sb. Pesysbpratu goci-
JKEHb TIOKA3aJIl MOKJIUBICTD 3a0€31eUeHHST OXOIO/[PKCH-
ust a6o narpisBanus 1moBiTps Ha 35— 15°C 3 enepreruu-
HOIO ePeKTUBHICTIO, 110 HA 5 — 9% TepPeBUIIye MOKJIH-
BOCTi TPAIUIIIHHNX TEPMOETEKTPUIHNX €JIEMEHTIB.
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Manora6apuTHas BakyyMHasi yCTaHOBKa
TEPMUYECKOro MCNapeHus HacTOMbLHOro TUNa

MBY TM-TUC T
Hasnavenue:

Haneceuue nnéHok metannos (Al, Au, Cu ¥ Ap.) METOAOM TEPMHYECKOTD
MCMapeHHA B BaKyyMe,

Ocobenrocmu;

» CMEHHBIR NogNoHKOgepxaTens ana obpaboTim noanosex (NracTuH)
G0x48 Mm 6w
A0x48 MM 12 wr }nwxmupoﬂnnﬂ obpabioTka

g ;uﬁ?;é':'.,m ikt i E: }D.III-I:I':T:JpOHHnn obpaboTka
+ MpoUECoE HAHECEHWA METANNMHECKMY NNEHOK B BLICOKDM BAKYYME
* MNoAreToBka NOBERKHOCTA NOANDHEK — HATDEE W MOHHAR O4MCTKE
« OTEauKa peakTopa 00 npeaenbHon paspskedna 5«10 Ma
* ABTOMATHIMPOBAHHOE YNPABMNEHHE OT MUKPONPOLBCCOpa
* ManoraSapuTHan DeaMacnAHan BakyyMHan CUCTEMA OTHAYKK
* ABTOHOMHAA CHCTEMA BOOAHOTD CXNEBHIEHHA
+ Motpebnreman MOWHOCTE He Bonea 5 kBT &
* Mnowane, 3aHMMaesan ooHoR yeranoskol =15 m
* BoamonwHe KOMOWHALMK HECKONMBEMX KCTOMHHKDE Ha OOHOR paboueh kaMepe

Cxema peaxkrtopa
3

MBY TM-THUC-Marna MBY TM-THUMC-Marua x 2

1 Pafodan kamepa; 5 Keapuestil QaT4WK ROHTPOMA TOMLMHS! NNEHKN;
2 MnaseTapHsR NOGNCHKKONEPHATEN b, 6 CHCTEMa HATPEBA W MOHHOM OMHCTEM,

3 BpawaiuyWics 3KpaH— LWNHHOPWYECKaR 33CnoHKs; 7 OpoccensHan 3acnoHES;

4 Mcnapurens; 8 Knanaw.

wa" (HAMTM)
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+ TenekoMMyHHKaLHOHHBIE CUCTEMBI W CETH

- CoBpemeHHble HHHOPMALHOHHBIE CHCTEMBI U TEXHONOTHH

+ UHdbopmauyHoHHBIE TEXHONOTHH B NPOEKTHPOBAHMKH M MPOM3BOACTEE
3NEKTPOHHBIX annaparos

- besonacHocTb MHPOPMALMOHHO-KOMMYHHKALHOHHbBIX CHCTEM
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