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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 clectro-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 ficld 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].

It 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
(EMUGFF) 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 clectromagnetic 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 ¢lectric 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, 6) schematic illustration of the front view andA-A; B, T) 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 diclectric 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. Tum on
the drive of the air offtake 11 and the batcher 5 with diclectric 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
clectromagnetic 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
vield 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

7 17 ¥ 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;
77 170 "\ 8" 9 ZNE 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
discases 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_ucer 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 bums; 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 vields 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. Hosuxonal, I'. B. Knanxun?, O. B. Muxaiisosa!, M. B. Besiosal,
B. I'. Cemenon?, 1. A. Baiimykanos*, K. K. Hexan, A, K. Kapomoaesn®

YKoraps! Giiv Gepy T MEMIEKETTIK GHO/KRETTIK Gisim Gepy Mekemeci
«Hmxeropox MEMICKETTIK HHXKCHEPTIK-9KOHOMHUKAIIBIK Y HHBEPCHTET
Hwmxeropox o6meicer, KasruanHo, Pecet,
Koraps! OiniM OepyaiH (eacpaIbiK MEMICKETTIK OFOIKETTIK OimiM Oepy Mekemeci «Hmwkuuit Hosropoa
MCMJICKCTTIK ayBLIIAPY AITBLTBIK akaaeMmsicely, Hikauit Hosropoa, Pecet,
3¥Koraps! OiniM GepyaiH (peaepanIblk MEMIEKETTIK OrOMKETTIK Olmim Oepy Mekemeci « UyBam MEMIIEKETTIK
ayBUTIIAPY AIIBLTBIK akaaeMIsIChDy, Uebokcapsl, Pecei,
4 «Kasax YITTHIK arpapiibIK YHHBEPCUTETI» KOMMEDIHAIBIK EMEC AKIMOHEPIIK KOFaMbI, AnMater, KasakcTan,
M. X. Jlynatu areiHAarsTapas MEMICKETTIK yauBepcuteti, Tapas, Kasakcran

MUKIBATKA KEITIEHAI OCEP ETETIH 3JIEKTPO®U3UKAJBIK
DAKTOPJIAPBI BAP KOH/IBIPFBIJIAP

Annoramust. Tept OypsIUTHI KOHE JOHIEICK KAMAChl Oap KBAa3H CTAIMOHAPIBIK PE30HATOPIAPMEH €Ki MHUK-
POTOIKBIHAB KOHABIPFbLIAP 23ipneHnai. Exi KOHABIPFBIIA Ja Pe30HATOPABIH KOHAEHcaTop Oemirinae /lapcoHBamib
KaruJachlHA COMKEC KHMJIOTEPI KUUITIHIH KO3iHE KOCBUIFAH 3JCKTP pa3psa mamaaps! 6ap. COHABIKTAH, 6CIMIIKTED
AIBIH a7a OTHIPFBI3Y KE31HAC 3ICKTPO(PM3HKANBIK (DAKTOPIAPABIH IMHMKI3ATKA, OHBIH IIMIHAC KAPTOI IMCH M3 TYH-
HEKIHE KEHICHI dCepiH Kamramacs3 ereli. KonmeHcaropapiH OemiriHae TIKOYPBHINUTHI KOJIACHEH KUMAHBIH KBA3H-
CTAMSUTBIK TOPOMAATBABI PE30HATOPHI Oap aJFamKbl KOHABIPFBIAA KAOBIPFAIAPIBIH APACHIHIAFBI KAIIBIKTHIK
MCTTEPTS KAparaHAa a3 'KOHC TOJKBIH Y3BIHABIFBIHBIH TOPTTCH OipiHCH KeM eMec. Pe3oHarop koakcmamasl (heppo-
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MATHHUTTIK OWJIHHAPICP PETIHAC KYPACTBIPHUIFAH, OHBIH TOMCEHII HETI3JCpl OHBIH KOHACHCATOP OONIriH Kypawasl
JKOHC imKi HHIHHAPAIH OuikTiri perreneai. Llmmmaapaepain OYHipITik KAOBIPFaIapsl apackIHAAFEI CAKHHABIK KCHIC-
TiK ()epOMArHUTTIK eMec OETKiI KadaTIIeH Ka0bUIABI, 1K DUIHHAPAIH KeTepy OMIKTITiHIH OYpaHIa bl PETTETIMIiHIH
Ty#iHAepi 6ap. CakMHAIBIK KEHICTIKTEC IMIMHAP, aya aFbIHBI JKOHE KHJIOTEPI] >KUUITIHIH KO31HE KOCBUFAH JJCKTP
KyarsIH meiFapy mamsr 6ap. Kormercarop Oemiminae go3arop 0ap. CepTKe MHIHHAPAIH Oyiip OcTinae 120 rpaxyc-
KA JKBIUDKYBI Oap MATHCTPOHHAH MIBIKKAH COVJIC TAPATKBII PS30HATOPABIH KOHACHCATOP Ooirine xidepimeni. Exin-
1l KOHABIPFBIAA TOPOUIAIBABI PE30OHATOP OPTAJBIK OOIIKTE MOHTEICK KONIACHEH KHUMAChl 0ap ;KOHE TOPFa Iapai-
JICITB1 JOHTCIICK OCTTCPMCH TOP TYPIHAC YCHHBLUTFAH. Topa iImiHAC TU3ICKTPIIIK TOp KOHBEHepi 0ap. Pesonaropasy
OPTANBIK O6MITiHAC AWIICKTPIIK O6TyINI OPHATBLIIATHIH AHHAIMATBI AUCK Oap. COYIC TapaTKBIIITAP TOPFa OAFbIT-
TaJaabl JKOHC KHJIOTCPI] KHLTIKTCP KO3ACPIHC KOCBLIFAH MICKTPOTA30Pa3pAITHI MAMIAP KOHACHCATOP KCHICTITIHC
OarprrTanaapl. Pe30HATOPIBIH OPTACHIHIA apHA NIVHKBIPHI OPHATBHUFAH, Al TOP aCTBHIHAA - TOP OCTiHIH TOMCHTI
OeIiriHiH CKiHII OPaMack O0JIATHIH HHAY KIHAIBIK SKBUTBITKBIIIL

Tyiiin cezaep: >KOFapBITOIKBIHABI TCHEPATOP, KBA3UCTAIMOHAPIBIK TOPOMIAIBIBI PE3OHATOP, 3JIEKTP Pazpsin
IIAMAAPHI, KAUJIOTEPII KUK K31, HH/IY KIMSUIBIK KbLUTBITKBILIL.

I'. B. Hopuxogsal, I'. B. Kaankun?, O. B. Muxaiiiosal, M. B. Besosal,
B. I. Cemenon?, /1. A. Baiimykanos*, K. 7K. Mcxan*, A. K. Kapbmtaes®

TocyqapcTBEHHOE OHOMKETHOE 00PA30BATEIBHOE YUPEHKICHHE BEICIIETO 00pa30BaHms « HHsKEropoACKuit
TOCYNApCTBCHHBI HHXCHCPHO-IKOHOMHUYICCKAH YHUBEPCUTETY, Hikeropoackas obnacts, KasruanHo, Poccus,
XDeneparbHOE TOCYJAPCTBEHHOE GFOKETHOE 0OPA30BATENLHOE YUPEIKASHHE BHICIIETO 00PA30BAHKS
«Humxeropoackas rocy JapCTBEHHAS CEIbCKOXO03IUCTBEHHA akaaeMuspy, Hikuuit Hosropoa, Poccus,
3DenepanbHOE TOCYAAPCTBEHHOE OFOKETHOES 00PA30BATCIBHOE YUPEIKICHUEBBICIIETO 0OPA30BAHHS
«UyBamckas rocy TapCcTBEHHAs CEIIbCKOXO3SIMCTBEHHAS akaaeMusDy, Yebokcapsr, Poccns,
‘HekoMMEPYECKOE aKIHOHEPHOE 00mEecTBO «Ka3aXCKui HAIMOHABHBIN ATPAPHBIA YHUBEPCUTETY,
AmvaTsr, Kazaxcran,

STapasckuii ['ocynapctensbii yuusepcuret uM. M. X, Jlymaru, Tapas, Kazaxctau

YCTAHOBKH JIJI1 KOMILTEKCHOT'O BO3JAENCTBUS
IJEKTPOPUIHYECKHUX PAKTOPOB HA CBIPBE

Annortamus. Pazpaborans! B¢ CBEpXBBICOKOYACTOTHBIC YCTAHOBKU C KBA3HCTALMOHAPHBIMH PE30HATOPAMH C
MPAMOYTOIBHBIM M KPYTJIBIM CeUCHHEM TOpa. B 00emx ycTaHOBKaX B KOHACHCATOPHOM YACTH PE30HATOpA IIpe-
JyCMOTPEHA JJICKTPOra3opaspagHas JIAMIl, MOAKIIOYCHHAd K HCTOYHHMKY KHUJIOTEPLIOBOH YACTOTHI IO HMPHHIUILY
JapconBais. [1o3ToMy ycTaHOBKH OOECIIEUMBAIOT KOMILICKCHOE BO3ICHCTBHE 3JIEKTPO(m3MIecKux (hakTopoB HA
CBIPbE, B TOM YHCIIC HA KIYOHH KapTO(ens U JIyKa-CeBKA IPH MPEANOCaI0UHOM 00padoTke. B mepBoi ycTaHOBKE C
KBA3HCTAMOHAPHBIM TOPOUAATIBHBIM PE30HATOPOM HPAMOYTOJIBHOTO CEYCHUSA B KOHACHCATOPHON YaCTH PACCTOSAHHE
MEXKTY CTCHKAMH MCHBINE, YeM IO KpasM, H HE MEHEe YCTBEPTH JJIUHBI BOTHBL. PE30HATOP BBIMOIHEH KAK COOCHO
PacToNoKEHHBIC HE()EPPOMATHUTHBIC HWIMHIPHL, HIGKHHE OCHOBAHMS KOTOPBIX OOpPa3ylOT €T0 KOHACHCATOPHYIO
YacTh, ¥ PACIOJIOKCHUE BHYTPEHHETO IMIMHAPA IO BhICOTE peryimpyercs.KomplieBoe mpoCcTpaHcTBo MEKay OOKO-
BBIMH CTCHKAMH IIMJIMHAPOB CBEPXY 3aKPBHITO HE(PEPPOMATHUTHOM MOBEPXHOCTHIO, COACPIKAMICH Y3IbI PE3600BOTO
pEryJIATOpa BBICOTHI MOABEMA BHYTPEHHETO NIUTHHAPA. BHYTPH KOIBIEBOTO MPOCTPAHCTBA YCTAHOBICHBI LIMIHHID,
BO3AYyXOOTBOJ M JIAMIIA 3CKTPOra3opaspAaaHad, MOAKIOYCHHAS K HCTOYHHMKY KHJIOTEPLOBOI 4acTOTHL. B KOHACH-
CaTOPHOM HYacTW WMeeTcsa n03aTop. M3mydarenm OT MAarHETPOHOB, PACIOJIOKCHHBIX HA OOKOBOW NMOBEPXHOCTH Ha-
PYKHOTO LMJIMHAPA CO CABUIOM Ha 120 rpaaycoB, HAPABJICHBI B KOHASHCATOPHYIO YacTh pe3oHAaTopa. Bo BTOpOit
YCTAHOBKE TOPOUJATIBHBIA PE30HATOP MPEACTABICH B BHJAEC TOPA C KPYTIBIM CEUCHHEM M COCTBIKOBAHHBIX IIOCKO-
MAPAJUICIBHBIX KPYTIBIX MOBEPXHOCTEH B IEHTPAIBHON 4acTH. BHYTPH TOpa pacTIONOKEH AUANICKTPHUCCKUI CETOY-
HBIH TPAHCHOPTEP. B HEHTPATbHON YaCcTH PE30HATOPA PACHOJIOKESH BPAIAIOMIMNCS AUCK, HAA KOTOPBIM YCTAHOBICH
JUBICKTPHYCCKHH PaCHpeacIUuTeIb. B TOp HAPABICHBI H3MyYATENH, 4 B KOHACHCATOPHOE MPOCTPAHCTBO — 3ICKTPO-
ra30paspsaaHbIC JTAMIIBL, MOAKIIOYCHHBIC K HCTOYHUKAM KUJIOTEPLOBOH 4acTOTHL 110 LEHTPY pe3oHAaTOpa YCTAHOB-
JICHA 3aTPy304HAsd BOPOHKA, a MOJA TOPOM — HHAYKIHOHHBIH HATPEBATENb TAK, YTO CETMEHT JHA MOBEPXHOCTH TOpa
SIBILIETCS. BTOPHYHOM €T0 OOMOTKOIA.

KioueBnie c10Ba: CBEpXBBHICOKOYACTOTHBIM ICHEPATOP, KBA3WUCTAIIMOHAPHBIH TOPOWJANBHBIN PE30HATOP,
3CKTPOTra30Pa3pAaHbIC TAMIIBL, HCTOYHUK KATOTEPLOBOH YaCTOTHI, HHAYKIMOHHBI HATPEBATE .
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