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KaszakcmaH Pecniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMoap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHUKarbIK fblrbiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6irdipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbin npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHol sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoesuu u mexHudeckux Hayk e Emerging Sources Citation
Index deMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmaa.
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INSTALLATIONS FOR COMPLEX INFLUENCE OF
ELECTROPHYSICAL FACTORS ON RAW MATERIALS

Abstract. Two microwave installations have been developed with quasi-stationary resonators with rectangular
and circular torus sections. In both installations in the condensing part of the resonator, there is an electro-gas-
discharge lamp connected to the source of kilohertz frequency according to the D'Arsonval principle. Therefore, the
installations provide a complex effect of electrophysical factors on raw materials, including the potato tubers and
onion sets during preplant treatment./n the first installation with a quasistationary toroidal resonator of rectan-
gularcross section in the condensing part, the distance between the walls is less than at the edges and not less than a
quarter of the wavelength. The resonator is designed as coaxially arranged non-ferromagnetic cylinders, the lower
bases of which form its condensing part, and the arrangement of the internal cylinder is adjustable in height.

The annular space between the side walls of the cylinders on the top is closed with a non-ferromagnetic surface
containing the nodes of the threaded height regulator of the internal cylinder. Inside the annular space, there is a
cylinder, an air offtake and an electro-gas-discharge lamp connected to kilohertz frequency source. In the condensing
part, there is a batcher. The emitters from magnetrons located on the side surface of the outer cylinder with a shift of
120 degrees are directed to the condensing part of the resonator.

In the second installation, the toroidal resonator is represented in the form of a torus with a circular cross
section and docked plane-parallel circular surfaces in the central part. Inside the torus is a dielectric grid conveyor. In
the central part of the resonator, there is a rotating disk, over which a dielectric distributor is mounted.Emitters are
directed into the torus, and electro-gas-discharge lamps connected to kilohertz frequency sources are directed into the
condensing space. At the center of the resonator, a feed hopper is installed, and under the torus - an induction heater
is mounted so that the segment of the bottom of the torus surface is its secondary winding.

Keywords: ultrahigh frequency generator, quasi-stationary toroidal resonator, electro-gas-discharge lamps,
kilohertz frequency source, induction heater.

Introduction. It is known that the treatment of onion sets before planting is carried out in order to
avoid low germination, bacterial damage, and intensive “shooting”. Immediately before planting, onions
are heated at a temperature of 35-40 °C for 10-12 hours. Further, phytosporinis used to suppress the
development of pathogenic soil microflora. There is a way to warm the onion sets in hot water (45-50 °C)
for 10-12 minutes and then in cold water, also 10-12 minutes, then treatment with pests and nutrient
solutions. At the same time for uniform heating and cooling of onion sets in farms, it is necessary to have
water heaters and additional mechanisms for mixing.
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There is a method of preplanting treatment of onion sets in an electromagnetichigh-frequency field
[1]. At the same time, high-frequency installations of periodic action and with fixed frequencies (27.12
MHz, 40.68 MHz) were used, where the working chamber is a condenser made of two parallel-arranged
plates. Long-term laboratory and field studies of these authors on the application of electromagnetic high-
frequency fields for preplanting treatment of onion-seed showed that there is an increase in sowing and
productive indicators, improving product quality.

In the Federal State Budgetary Educational Institution of Higher Education "Stavropol State Agrarian
University", there were received positive results of research on the preplanting treatment of onions with a
pulsed electric field to improve their sowing qualities [2].

1t is known that the yield of potatoes depends largely on the quality of sown tubers. Today,
preplanting treatment is carried out with agricultural preparations for the prevention of diseases, pests,
growth stimulation. Most often for disinfection these drugs are used: Maxim, Phytosporin-M, they are
combined with other fungicides and growth stimulants. They protect the crop from diseases at all stages of
growth, but do not exclude side effects on humans[3].

The positive results of electrophysical methods of processing products are known [4, 5, 6, 7]. For
example, the electrophysical factors processing technology of potato tubers prevents the contamination of
agricultural land and, without chemical intervention, makes more efficient the use of the capabilities of the
potato tuber itself. Known methods of preplanting treatment of potato tubers with low-frequency (8-19
Hz) magnetic fields [8]. The installation contains an inductor, but the processing time at a frequency of 16
Hz reaches up to 15-20 min, which is a disadvantage.

Conditions, materials, and research methods. The development of constructional design of cavity
resonators was carried out on the basis of the analysis of electrophysical factors influencing the raw
materials, based on the theory of the electromagnetic ultrahigh frequency field, induction heating and
d'arsonvalization [9].

The object of the research is technological processes that ensure the prevention of potato tubers and
onion sets from pests and growth stimulation; experimental samples of installations that implement the
complex effect of electrophysical factors on raw materials in a continuous mode.

The aim of preventive treatment of potato tubers and onion sets before planting by the complex effect
of electrophysical factors is disinfection from a number of pests, activation of potato tuber cells to
accelerate and promote their germination, with the exception of side effects on the physico-chemical
composition of grown potatoes.

Results and discussion. Below are described two developed microwave installations with toroidal
resonators, providing complex effect of electrophysical factors on raw materials in continuous mode.

The first installation. For disinfection from a number of pests, for activation of onion sets germi-
nation and potato tubers in continuous mode in order to increase productive indicators, we suggest
processing them before planting with a complex effect of the electromagnetic ultrahigh frequency field
(EMUGEFF) and corona discharge, which provides air ionization and ozonation. The implementation of the
complex effect of these electrophysical factors is possible in the microwave installation with the
quasistationary toroidal resonator [1, 2] of rectangularcross section, containing below-cutoff waveguides
that ensure the observance of electromagnetic safety when moving onion sets through the resonator.An
electro-gas-discharge lamp connected to kilohertz frequency source according to the D'Arsonval principle
[12, 14] provides a corona discharge and radiation of a bactericidal flux of ultraviolet rays, moreover, this
lamp filled with argon or neon and located in the electromagnetic ultrahigh frequency field coronates more
powerfully.

The technological task of development is the preplanting treatment of vegetable crops in order to
increase their sowing and productive indicators by the complex effect of electrophysical factors in
continuous mode with the provision of high electric field intensity and ozonation for decontamination of
raw materials and compliance with electromagnetic safety.

The microwave installation (figure 1) for preplanting processing of vegetable crops consists of the
vertically located quasistationary toroidal resonator 1 with a rectangular cross section.

It is known that the shape of the profile of the toroidal resonator determines the structure of the
excitable electromagnetic fields. The electric field is mainly concentrated in the condensing part of the
resonator, where the distance between the walls is small, i.e. this part of the resonator is capacitive in
effect. The magnetic field energy is concentrated in the periphery part of the resonator (in the torus) [10].
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Figure 1 — Microwave installation for preplanting processing of onion sets in continuous mode:
a, 06) schematic illustration of the front view andA-A; B, r) space image of the installation in the section and batcher;
1 — quasistationary toroidal resonator; 2 — dielectric cylinder for feeding raw materials;
3 — condensing part of the quasistationary toroidal resonator; 4 — magnetrons with emitters; 5 — batcher with radially located
dielectric scrapers; 6 — discharge opening with the below-cutoff waveguide in the form of a regular triangular prism;
7 — drive shaft of the scraper batcher; 8 — raw material; 9 — circular electro-gas-discharge lamp; 10 — kilohertz frequency source;
11 — dielectric air offtake; 12 — threaded height regulator of the internal cylinder; 13 — below-cutoff waveguide of circular section

The annular space between the side walls of the cylinders is on top closed with a flat surface, where
there are openings for the dielectric air offtake 11 and for the below-cutoff waveguide 13 joined with the
dielectric cylinder 2. Inside the annular space, there is the dielectric cylinder 2, the dielectric air offtake 11
and the circular electro-gas-discharge lamp 9. This lamp has the ring form is put on the inner cylinder with
a gap between them at the level of its base.The electro-gas-discharge lamp 9 is connected to kilohertz
frequency source 10, located on the side surface of the inner cylinder, from the inside. In the condensing
part, there is the batcher 5 with radially located scrapers, mounted on the shaft 7 of the electric motor
coaxially with the base of the outer cylinder, where there is the discharge opening 6 in the form of a
sector. The below-cutoff waveguide in the form of the regular triangular prism is docked to the discharge
opening.

The emitters from magnetrons 4, located on the side surface of the outer cylinder with a shift of 120
degrees, are directed to the condensing part of the resonator, where there is raw material 8. The capacity of
the condensing part of the resonator is regulated by changing the vertical position of the internal cylinder.
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For this, there is a threaded height regulator for the lift of the inner cylinder 12. In this case, the electric
field intensity is adjusted by changing the distance between the bases of the non-ferromagnetic cylinders.

The technical process of preplanting processing of potato tubers or onion sets is as follows. Turn on
the drive of the air offtake 11 and the batcher 5 with dielectric scrapers. Set a certain distance between the
bases of the cylinders, calibrated to the required value of the electric field intensity, sufficient for
disinfecting onion sets or potato tubers.Turn on the kilohertz frequency source 10, after which due to the
occurrence of corona discharge between the side surface of the inner cylinder and the electro-gas-
discharge lamp 9, the air ionization occurs, ozonation, the lamp will be a source of ultraviolet rays of the
"C" area. Next, turn on the conveyor to feed the raw material into the dielectric cylinder 2 through the
below-cutoff waveguide 13 of circularcross section. Turn on the ultrahigh frequency generators 4. When
the raw material enters the condensing part 3 of the quasi-stationary resonator 1, it is exposed to the
electromagnetic ultrahigh frequency field in the process of moving with the scraper batcher, it is heated
(up to 35-40 °C), disinfected due to the high electric field intensity (above 1.5 kV/cm), as well as
ozonization and bactericidal action of ultraviolet rays.

Moreover, the electric field intensity is adjusted by changing the distance between the bases of non-
ferromagnetic cylinders using a threaded height regulator of the inner cylinder lift 12. After one turn of the
shaft of the electric drive 7 of the scraper batcher, the processed raw material 8 is poured out through the
discharge opening 6 and the below-cutoff waveguide in the form of the triangular prism. Through the air
offtake 11, dust, husks, others are removed. The technical process of preplanting treatment of onion sets or
tubers of seed potatoes goes is underway in continuous mode.

During the operation of the kilohertz frequency source (by D'Arsonval principle), impulse high
voltage and low power currents affect the raw materials. The current passes through the electro-gas-
discharge lamp. Between the lamp and the side surface of the inner cylinder, there is a corona discharge of
different intensity depending on the gap between them (0.5-2 cm). Herewith, there is a release of ozone
and air ionization, a formation of ultraviolet rays. The current on the electro-gas-discharge lamp is not
more than 0.2 mA, the voltage is 12-15 kV, the pulse frequency is 110 kHz [14]. The released ozone and
ultraviolet rays of the “C” area have a bactericidal effect. Bacteria and microorganisms present in the
treated seeds die. With the complex effect of various electrophysical factors, the cells of potato tubers and
onion sets are activated, which increases the germination energy, germination, growth force and
yield.When designing the quasistationary toroidal resonator for operation in continuous mode, it is
necessary to strive to reduce the equivalent capacitance at a given resonant frequency and increase the
equivalent inductance (toroidal surface). In this case, the loss of microwave energy in the toroidal
resonator is reduced, and the efficiency increases [10].

Low radiation losses due to the presence of below-cutoff waveguides and losses in the walls of the
quasi-stationary toroidal resonator made of aluminum lead to the fact that this resonator in the microwave
range has a high-quality factor of its own.

The second installation for preplanting treatment of potato tubers or onion sets by electrophysical
factors (figure 2) consists of the toroidal resonator 1, made in the form of the circular torus, the average
perimeter of which is a multiple of half the wavelength. The middle part of the toroidal resonator is made
of two plane-parallel circular planes, forming the condensing space 13.In this space, the disk 5 is installed

4 7 ¥ 7 2 Figure 2 —

Installation for preplanting treatment of potato tubers
with exposure by electrophysical factors:

1 — toroidal resonator; 2 — microwave energy emitters;

3 — induction heater; 4 — dielectric grid conveyor;
5 — rotating disk; 6 — dielectric distributor of tubers;
7 — driving pulley; 8 — driven pulley for the grid conveyor
drive; 9 — dielectric scrapers for waste unloading;
10 — unloading window for tubers;
11 — discharge dielectric limiter;
12 — kilohertz frequency sources;13 — condensing space;

77 110\8\89 \7\6\5 4 14 — filling hopper;15 — window for discharging waste
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coaxially with the resonator, which is driven by the electric motor. Above the disk 5 is rigidly installed
dielectric distributor of tubers 6 in the form of a streamlined surface. Through the upper circular plane,
detachable electro-gas-discharge lamps fed from the kilohertz frequency sources 12 are directed uniformly
around the perimeter into the condensing space.

Electro-gas-discharge lamps are surrounded by the grid that protects from the impact of tubers. In the
center of the same circular plane, the filling hopper 14 is installed. Microwave energy emitters 2 from
magnetrons are directed through the surface of the torus. They are located with a shift of 120 degrees in
order not to disrupt the operation of neighboring magnetrons. Inside the torus, the conveyor 4 and the
scrapers 9 move by means of the driven pulley 8 and the drive gear mounted on the shaft.The discharge
dielectric limiter 11 is rigidly fixed above the conveyor, directing the potato tubers to the window 10 with
the below-cutoff waveguide. The fluoroplastic scrapers 9 mounted under the conveyor move with it, and
they are intended for discharging waste from the torus through the window 15 and the below-cutoff
waveguide. The induction heater 3 is installed under the torus, and the torus segment above it performs the
secondary winding of the inductor [11].

So, the installation contains three different sources of electromagnetic radiation:

- ultrahigh frequency generators (main nodes - magnetron, emitter);

- induction heater (primary winding and torus segment);

- kilohertz frequency sources (generator and electro-gas-discharge lamps) that generate high-
frequency alternating impulse current with high voltage, the value of which is in the range of 2-15 kV,
current frequency - 110 kHz [12].

The technical process of preplanting processing of potato tubers is as follows. Load the potato tubers
into the hopper 14. Turn on the electric drive of the disk 5, then the driven pulley 8 rotates by means of the
driving pulley, driving the conveyor 4 and the scrapers 9. Turn on the kilohertz frequency sources 12 and
induction heater 3, then ultrahigh frequency generators, emitters 2 of which excite in the EMUHFF
toroidal resonator.

A traveling wave with the 2450 MHz frequency is excited in the toroidal resonator, and under the
influence of the EMUHFF, the potato tubers endogenously heat up to 35 °C, which accelerates the
enzymatic activity of the tubers, thereby increasing their germination. In the condensing space, the electric
field intensity is high enough (more than 2 kV/cm), which ensures the prevention of potato tuber from
diseases and pests.

Electro-gas-discharge lamps 12 are at a distance of several millimeters (3-5 mm) from the tubers. In
this case, a small electrical discharge arises between the lamps and tubers, which accelerates biochemical
reactions, saturates the tubers with oxygen, increases the elasticity of the tuber's jacket and its permeability
[2]. The electric discharge has a bactericidal and bacteriostatic (delayed multiplication of bacteria) action.
Discharges produce ozone with a disinfecting effect. The conversion of high-voltage voltage to the corona
discharge of the required force is due to the electro-gas-discharge lamps. Complex physical and
electrochemical processes with the participation of inert gases in the lamp can produce several factors.
Inert gas acquires the properties of the electrical conductor, then through a layer of air between the lamp
and the tubers of potatoes, through the potatoes and the disk 5 is closed to the ground. As a result, the
corona discharge occurs, therefore, ozone, heat and ultraviolet radiation are released in the condensing
space 13. This whole complex of factors contributes to the activation of potato tuber cells, which allows
them to accelerate and increase their germination.

Because of the fact that induction heaters are installed under the torus bottom segment, the
electromagnetic coil (primary winding) generates a magnetic field, and the torus surface bottom segment
made of ferromagnetic material with a size of at least 70% of the surface of the induction cooker is heated
by eddy currents. When there are pests, separated by the conveyor grid 4, by means of mobile
fluoroplastic scrapers 9 to the heated torus segment, they are destroyed by a thermal burn and are output
through the discharge window 15 and the below-cutoff waveguide.

The choice of modes of factors influence depends on the type and maturity of potatoes or onion sets.
The use of such an installation with different electrophysical factors will allow to obtain environmentally
friendly products that meet all the requirements of the standards. This installation is recommended for
preplanting processing of potato tubers no larger than 6 cm. This is connected with the provision of the
high electric field intensity in the condensing space, the depth of a centimeter wave penetration into the
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potato tubers, and also the simplification of the design of the below-cutoff waveguides. They are provided
in the unloading windows 10 and 15. Uniform heating of the tubers and continuous operation of the
installation is ensured by transporting in the torus with the help of the grid conveyor.

The technical specifications of the installation for preplanting treatment of potato tubers by the
complex effect of electrophysical factors are given in table.

Installation specifications

Item
Capacity, kg/h 250-300
Microwave generator power, kW 3.6
kilohertz frequency sources power, kW 0.225
Induction heater power at a heating temperature of 150 °C, kW 1.0
Power of motor red}lcer ESTA -6.3'/12.5 0.043
for the conveyor drive, 2.4/4.8 r/min
Installation capacity, kW 4.9
Specific energy costs, kW-h/kg 0.015-0.2

Conclusions. Using the proposed installation, with the capacity of up to 300 kg/h,it is possible to
handle the entire volume of potato tubers in farms before planting. Studies show that the duration of the
effect from the complex impact of electrophysical factors is up to 6 days. Consequently, it is possible to
carry out preplanting treatment of up to 20 tons of potato tubers, no larger than 6 cm in size, using one
such installation, at specific energy costs of up to 0.2 kW*h/kg.

The developed installations contain various sources of electromagnetic radiation.:

- ultrahigh frequency generators, providing endogenous heating of planting material and prevention
of diseases and pests; induction heater for the destruction of pests by means of thermal burns; high-
frequency (110 kHz) alternating impulse current generators with high voltage (up to 15 kV) and electro-
gas-discharge lamps, which accelerate biochemical reactions and disinfect the raw material due to
ozonation.

This whole complex of energy sources contributes to the activation of sown and productive indicators
of vegetables. Using a new method of preplanting treatment of onion sets and potato tubers can increase
crop yields by up to 15% and improve product quality, increase hygienic safety requirements of the
product, therefore, the developed installations are recommended for use in farms.

I'. B. HoBukoga!, I'. B. ’Knankun?, O. B. Muxaiisiosa!, M. B. Beiopal,
B.T. Cemenon?, 1. A. Baiimykanos*, K. ’K. Hcxan*, A. K. Kapbin6aes®

Koraps! 6i1imM GepyIiH MEMIIEKETTIK OIOKETTIK 6iltiM Gepy MekeMeci
«Hmxeropo MEMIICKETTIK HHXEHEPITIK-9KOHOMHUKAIBIK YHUBEPCUTETI»
Hwxeropon o6ubicel, Kusruauno, Peceid,
DKoraps! 6iimM GepymiH (BemepaabK MEMIIEKETTIK GFOMKETTIK Gimim Gepy Mexemeci « Hmkauit Hosropox
MEMJIEKETTIK ayblIIapyamsUisK akageMusicel», Hivkauit Hosropon, Peced,
3 oraps! 6iniM GepyaiH (enepanibK MEMIIEKETTIK OIOIKETTiK 6i1iM Oepy MekeMeci «UyBall MeMIeKeTTIK
aybUIIIAPYAIIBUIBIK akaneMusichly, Uebokcapsl, Peceid,
4 «Kaszak WITTHIK arpapJiblK yHHBEPCUTET» KOMMEPIHUSIIBIK EMEC aKIIMOHEPIIIK KOFambl, AnMatel, KazakcraH,
M. X. Ilynaru arbingarsi Tapas MmemiekeTTik yausepeureri, Tapas, Kazakcran

MHUKI3ATKA KEINEHAI OCEP ETETIH QJIEKTPO®U3UNKAJIBIK
DAKTOPJIAPBI BAP KOH/IBIPFBIJIAP

Annotanusi. TepT OYpHIIITHI JKOHE JOHIE€JEK KMMachl O0ap KBa3W CTAllMOHAPJIBIK PE30HATOPIIAPMEH €Ki MHK-
POTOJIKBIHIBI KOHABIPFBUIAp d3ipyieHni. Exi KOHABIPFBIIA 1a pe30HaTOpAbIH KoHAeHcaTop Oemirinae JlapcoHBanb
KaruJachlHa COMKeC KHMJIOTepIl JKUUIITiHIH Ke3iHe KOCBUIFaH 3JIeKTp paspsi maMaapsl 6ap. COHABIKTaH, ©CiMAIKTED
QJIJIBIH aJla OTHIPFBI3Y Ke31HAE 3JIeKTPOPHU3UKAIBIK (haKTOPIapAblH LIMKi3aTKa, OHBIH INIiHAE KapTol MeH MHui3 TYH-
HEeKiHe KeIICHII ocepiH KaMTamacki3 eTeli. KoHneHcaTopabH OeliriHae TIKOYPHIITH KOJICHEH KUMaHbBIH KBa3H-
CTaIlMSUIBIK TOPOHMIANBIBl PE30HATOPBHl Oap aJFallKbl KOHABIPFBIIA KaOBIpFalapAblH apachlHIAFbl KaIIbIKTHIK
IHICTTepre KaparaHJa a3 >KOHE TOJKBIH Y3BIHABIFBIHBIH TOPTTEH OipiHeH keM eMmec. Pe3oHaTop koakcuanasl Gpeppo-
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MarHUTTIK LUIMHAPIEp PEeTiHAe KYpacThIPbUIFaH, OHBIH TOMEHI1 HETi3Aepi OHBIH KOHIEHcaTop OeniriH Kypaumbl
JKOHE 1MIKI MUITHHAPAIH OuikTiri perrenemi. L{unmuuapnepain OyHipiik KaObIprasapbl apachlHAarbl CAKUHAIBIK KCHIC-
TiK (pepOMarHUTTIK eMec OeTKi KabaTIieH Ka0buIa/ibl, 1MIKi HWIMHAPAIH KOTepy OMIKTIriHiH OypaHaaibl peTTerimiHig
Ty#iHgepi 6ap. CakMHAIBIK KEHICTIKTE IHJIMHJP, aya aFbIHbI JKOHE KHJIOTEPIl KHUIITHIH KO3iHE KOCBUIFaH 3JICKTP
KyaTbIH LIbIFapy mamsl 6ap. Konnencarop 6eniminae nozarop 6ap. CeIpTKbl HnmHApAIH Oyitip Oetinge 120 rpamyc-
Ka JXBUDKYBI Oap MarHeTpOHHaH IIBIKKAH COYJIE TapaTKbII PE30HATOP/bIH KOHAEHcaTop Oeiirine xidepineni. Exin-
Il KOHJABIPFBIIa TOPOMJIANIB/BI PE30HATOP OPTANBIK OOJIKTE JOHIeNeK KeJIZICHEH KMMachl 0ap >KoHE TOpFa Iapai-
JIeTIb/Ii IeHTeJIeK OeTTepMeH TOp TYpiHAe YChIHbUIFaH. Topa ilrHae JUAIEKTPIIiK TOp KoHBelepi 0ap. PesoHaTopabix
OpTaNBIK OeIiriHae AUAICKTPIIK OeNylli OpHATBUIATHIH afHAIMANBl JUCK Oap. coylie TapaTKBIITap TOPFa OarbIT-
Tajaabl JKOHE KHIIOTepI] KUITIKTEp KO3[epiHe KOCBUIFAH 3JIEKTPOra3opa3psAThl IIaMaap KOHICHCATOpP KEHICTITiHe
OarpITTanmanpl. Pe3oHATOPIBIH OpTachHAA apHA MIYHKBIPHI OPHATBUIFAH, al TOpP ACTBIHAA - TOp OETiHIH TeMEeHTi
OeiriHiH eKiHII opaMachl OONIATHIH WHIYKIUSUIBIK KbUTBITKBILLI.

Tyiiin ce3aep: >KOFapBITOJIKBIHIBI T€HEPATOP, KBA3UCTALMOHAPIIBIK TOPOUIAIBIBI PE30HATOP, 3IEKTP Paspsn
MIaMIapbl, KMJIOTePIl JKUUTIK K31, MHAYKIUSIIBIK KBUIBITKBILI.

I'. B. HoBukogal, I'. B. ’Knankun?, O. B. Muxaiiiioa', M. B. BesioBa,
B.T. Cemenon?, /1. A. Baiimykanos*, K. %K. Hcxan*, A. K. Kapbin6aes®

TocynapcTBeHHOE OIOKETHOE 0OPa30BaTEIBLHOE YIPEKIEHHE BEICIIEr0 00pa3zoBanus « Himkeropoackuit
roCyIapCTBEHHBIN WH)KEHEPHO-YKOHOMIYECKUH YHUBEpCHUTET», Hmkeropoackas obmacts, Kasruamao, Pocewns,
2®epmepanbHOE TOCyTapCTBEHHOE OI0IKETHOE 00Pa30BaTENbHOE YIPEKIACHHE BEICIIETO 0Opa30BaHHUS
«Hmxeropockasi rocyapCcTBEHHAas CENIbCKOXO3sliicTBEHHAsI akaneMus», Huxnuit Hosropoa, Poccus,
3®emepanbHOE TOCYIapCTBEHHOE OI0HKETHOE 00Pa30BaTENbHOE YIPEKICHHEBBICIIETO 06Pa30BaHMS
«UyBarickas rocyJapCTBeHHAs CEIIbCKOXO3SMCTBEHHAA akaaeMusy, Yebokcapsl, Poccus,
“HexomMepaeckoe akIMOHEpHOE 001mecTBO «Kazaxckuii HAlMOHANBHEIN arpapHbIi YHUBEPCUTETY,
Anmartsl, Kazaxcran,

STapasckuii l'ocynapcTennbiii ynusepeuteT uM. M. X. Jlynaru, Tapas, Kazaxcran

YCTAHOBKH J1JIs1 KOMILIEKCHOI'O BO3JIEMCTBUS
SJNEKTPOOPUZNIYECKUX ®PAKTOPOB HA CBIPBE

AnHoTanus. Pa3zpaboTaHpl 1Be CBEpXBBHICOKOYACTOTHBIE YCTAHOBKU C KBa3UCTAI[MOHAPHBIMU PE30HATOPAMH C
MPSIMOYTOJBHBIM ¥ KPYTJIBIM CeUeHHeM Topa. B o0enx ycTaHOBKaX B KOHICHCATOPHON YacTH pe30oHATOpa Ipe-
IyCMOTPEHAa 3JIEKTPOra3opa3psaHas JIaMIla, MONKIIOYEeHHAas K MCTOYHHKY KWJIOTEPIIOBOW YAacTOTHI 1O MPHHITUITY
HapconBais. [ToaToMy ycTaHOBKH 0OECHEYMBAIOT KOMIUIEKCHOE BO3ICHCTBHE 3JEKTpodu3ndeckux (akTopoB Ha
CBIpBE, B TOM YHCIIE Ha KIIyOHH KapTodems u JyKa-ceBKa MpH HpeArnocagtodHoil oopadoTke. B mepBoit ycTaHOBKE €
KBa3HCTAI[MOHAPHBIM TOPOUAATIBHBIM PE30HATOPOM HPSMOYTOJIIEHOTO CEYEeHHUS B KOHJCHCATOPHOM YaCTH PacCTOSHUE
MEXKIAY CTCHKaMHu MEHbLIC, YEM 110 KpasM, U HC MEHEC YCTBCPTU TJIMHBI BOJIHBI. PCSOHaTOp BBIIIOJIHEH KaK COOCHO
pacriojiokeHHble HeeppOMarHUTHbIE LWJIMHIPBI, HIDKHHE OCHOBAHMS KOTOPBIX O0pa3yloT €ro KOHJIEHCATOPHYIO
4acTh, U PACIIOIOKEHUE BHYTPCHHETO HWIMHAPA IO BEICOTE perynupyercs.KonpleBoe mpocTpaHCTBO MEKIY O0KO-
BBEIMH CTEHKaMH HWJIHHAPOB CBEPXY 3aKPBHITO He()epPOMArHUTHON MOBEPXHOCTHIO, COAEPIKAIICH y3JIbl pe3p00BOTO
peryisTopa BbICOTHI IOAbEMa BHYTPEHHEr0 LHUIMHIpA. BHYTpH KOJIBLIEBOIO MPOCTPAHCTBA YCTAHOBIIEHBI LUJIMHID,
BO3IYXOOTBOJ M JIaMIIa 3JIEKTPOra3opaspsAgHast, MOAKIIOYCHHAs K MCTOYHHKY KHJIOTepIIOBOI 4acTOTHL. B KOHICH-
CaTOPHOM YacTH MMeeTcs Jo3aTop. M3iydaTenmun OT MarHETPOHOB, PACIIONIOKEHHBIX Ha OOKOBOW MOBEPXHOCTH Ha-
PYKHOTO IIJIMHApPaA cO cIBUTOM Ha 120 rpagycoB, HampaBJIeHBI B KOHACHCATOPHYIO YacTh pe3oHaTopa. Bo BTopoit
YCTaHOBKE TOPOHIAIBHBIA PE30HATOP MPEICTABICH B BUIE TOpPAa C KPYTIIBIM CEYEHHEM W COCTBIKOBAHHBIX ILIOCKO-
MapajuiesIbHbIX KPYTJIBIX MTOBEPXHOCTEH B IIEHTPAJIbHOW YacTH. BHYTpH TOpa pacnoyioKeH JUIIEKTPUYECKUM CEeTOU-
HbIN TpaHcnopTep. B ieHTpanbHO# YyacTu pe3oHaTopa pacioiOKEeH BpaIlaloIIUICs JUCK, HaJl KOTOPbIM YCTaHOBIIEH
JTURJIEKTPUYECKU pacnpeenuTesns. B Top HanpaBieHsl H3MydaTeny, a B KOHJEHCATOPHOE MPOCTPAHCTBO — JIEKTPO-
ra3opaspsiHble JIaMIIbl, MMOJK/IIOUEHHBIE K UCTOYHUKAM KHJIOTE€PIIOBOM 4acTOThl. [lo 1EeHTpy pe3oHaTopa yCTaHOB-
JieHa 3arpy304yHasi BOPOHKA, a MOJl TOPOM — MHIYKIIMOHHBIM HarpeBarelb TaK, YTO CETMEHT JIHA TIOBEPXHOCTH TOpa
SIBIISICTCS BTOPHYHON €r0 0OMOTKOIA.

KuaioueBble cj10Ba: CBEpPXBBHICOKOYACTOTHBIM TI'€HEPAaTOp, KBA3UCTALMOHAPHBIN TOPOUIANBHBIN pe3oHaTop,
3JEKTPOra30pa3psiAHbIE JIAMITbI, UCTOYHUK KUJIOTEPLIOBOM YaCTOThI, UHAYKIIMOHHBIM HAarpeBaTeb.
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