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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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MICROWAVE INSTALLATION WITH CONICAL RESONATORS
FOR THE HEAT TREATMENT OF INEDIBLE MEAT WASTES

Abstract. The aim of the research is to develop ultrahigh-frequency installations and technologies for heat
treatment of inedible wastes of animal origin in a continuous mode to increase the feed value of the protein product.
In connection with the aim, the main objectives were solved, which allowed to manufacture and test in the
production conditions of microwave installations for the heat treatment of inedible wastes of animal origin and to
assess the technical and economic efficiency of their introduction into farms.

The objects of research are the technological processes that provide heat treatment of multicomponent raw
materials, experimental and test samples of ultra-frequency installations. The subject of research is the detection of
laws of the influence of the electromagnetic field of ultrahigh frequency on multicomponent raw materials of high
humidity for determination of effective operating modes of functioning of ultrahigh-frequency installations in the
continuous mode.

For the implementation of microwave technology for the heat treatment of multicomponent highly-humid raw
material multi-generating radio-leak-tight installations with a low-power magnetron air cooling, ensuring the conti-
nuity of the technological process and the repeated impact of EMF of UHF, at sufficiently high electric field intensity
and the own Q-factor of the resonator was developed. The configuration of the working chambers provides for the
possibility of ensuring uniform heating of raw materials and varying the productivity of the installation, with the
implementation of its sanitary processing.

There were developed two microwave setups with a conical resonator for the heat treatment and disinfection of
inedible wastes of animal origin, providing the high electric field, the continuity of the technological process in
compliance with radio leak-tightness.

Keywords: microwave generator, magnetron, biconical and tetraconical resonators, inedible wastes of animal
origin, heat treatment and disinfection, continuous mode.

Introduction. In accordance with the strategy for the development of the Russian Federation
processing industry until 2020 and the Federal Scientific and Technical Program for the Development of
Agriculture for 2017-2025, approved on August 25, 2017, No. 996, which provide for the tasks of en-
suring the import substitution of biological supplements by increasing their own production and increasing
the efficiency of technology for processing inedible wastes of animal origin, the development of
scientifically-based technology and technical means to increase the feed value is relevant.
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It is known that in birds and animals killing process with subsequent processing, technical waste is
accumulated, characterized by a high moisture content (65-75%) directed to the production of animal
feed. Due to the high humidity content, the raw material is a good medium for the development of
microorganisms, therefore all inedible wastes of animal origin should be processed for the destruction of
pathogenic microflora [1].

It is distinguished a method for producing a meat-and-bone meal from animal slaughter wastes in
vacuum boilers by steam hydrolysis, sterilization and further drying of the raw materials. Due to the
duration of the contact of the raw material with the high-temperature fluid, the quality of the feed product
decreases. Such a technology is not easy to implement in a recycling workshop with low productivity. The
technology of production of feed flour from blood is known, where the main processes are carried out in
vacuum boilers, at high energy costs (30 kWh/t of raw materials) and steam (1200 kg/t of raw mate-
rials) [2].

Therefore, for small and medium-sized agricultural enterprises, the development of technologies and
technical means for the heat treatment of inedible wastes of animal origin, which allow to decontaminate
the product, is relevant.

We propose technologies and technical means for the heat treatment of inedible wastes of animal
origin in the electromagnetic field of ultrahigh-frequency (EMF UHF) to increase the feed value of the
protein supplement with reduced operating costs [3-9]. To implement such a technology, installations with
ultrahigh-frequency (microwave) power supply were developed [10-18].

In Russia, the importance of the development of research for the effects of ultrahigh-frequency
(microwave) heating is confirmed by the adoption on December 17, 2012, of the Strategic Research
Program "UHF Technologies", which determines the development of industrial process heaters.

It is known that in the USA, England, Canada, Germany and France, UHF installations are developed
on the basis of one or several sources of microwave energy, power from 25 to 50 kW. Such installations
have considerable dimensions and weight, water cooling devices and magnetron protection facilities from
reflected power (ferrite circulators), but they do not ensure uniform heating of the raw materials [19-25].
When one source fails, it is necessary to stop the whole technological process. The cost of installed UHF
power is estimated at $2500-3000 per 1 kW. Therefore, for the widespread introduction of microwave
installations in agricultural production, the cost of installed microwave power should be reduced to an
average of $100-300 dollars [10].

The scientific problem is the increase in the efficiency of the operation of microwave installations
providing heat treatment and disinfection of inedible wastes of animal origin with the increase in the
nutritional value of the protein supplement.

Technologies and technical means for inedible waste processing have been studied by such authors as
Rogov L.A., Ivashov V.1, Boltenkov .M., Kurochkin A.A. They have developed technological lines for
the production of dry animal feeds from blood, fat, bones, etc. [2].

A major contribution to the theory of heat exchange processes and the theory of electromagnetic
fields was made by Arkhangelskiy Yu.S., Atabekov G.I., Bessonov L.A., Bunimovich V.I., Ginzburg
A.S., Drobakhina O.0., Kisunko G .V., Kolomeitsev V.A., Lykov A.V., Lurye M.Yu., Netushil A.V.,
Neiman M.S., Rudobashta S.P. and etc. [11, 24].

The founders of innovative electrotechnologies are Borodin L.F., Strebkov D.S., Prischep L.G. and
others. Works continue on the development and improvement of microwave technology and hardware by
Vasilyev A.N., Vendin S.V. and etc. [12, 13].

However, the task of increasing the nutritional value of protein additives by the action of electro-
magnetic radiation in the continuous mode, with the use of low-power ultrahigh-frequency generators,
remains unsolved. Analysis of the results of studies carried out by many authors [11, 10] on the imple-
mentation of electrophysical methods of action on raw materials of animal origin, including on inedible
animal slaughter wastes, makes it possible to identify the main directions for improving microwave
technology.

The aim of the research is the development of microwave installations and technology of the heat
treatment of non-food wastes of animal origin in a continuous mode to increase the feed value.

In connection with the aim, the following objectives are set:
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1. To develop technologies for processing inedible wastes of animal origin by repeated exposure by
EMF UHF, providing an increase in the nutritional value of the protein product;

2. To expand the research of the method of EMFUHF influence on multicomponent raw materials in
non-traditional resonators and to obtain mathematical models of the process of functioning of installations
ensuring the continuity of the technological process of cooking and disinfection of inedible wastes of
animal origin with rational engineering and technological parameters;

3. To derive analytical dependencies that allow us to justify the parameters of the electrodynamic
system with non-traditional resonating chambers that ensure the cooking and improvement of the
microbiological parameters of the protein product;

4. To study the distribution pattern of the electromagnetic field of the ultrahigh-frequency and the
heat flux in the resonators that ensure a continuous mode of operation of microwave installations;

5. To develop a technique for designing microwave installations based on the derived analytical
dependencies and the equation of the dynamics of endogenous heating of multicomponent raw materials at
changing in the electrophysical parameters during the heat treatment;

6. To substantiate the complex of engineering and technological parameters and operating modes of
microwave installations taking into account the revealed dependencies and results of studies of physico-
chemical, microbiological and organoleptic indices characterizing the nutritional value of a protein product;

7. To develop, manufacture and test the UHF installations for heat treatment of inedible wastes of
animal origin in industrial conditions and to assess the technical and economic efficiency of their
introduction into farms; to develop scientifically grounded practical recommendations on the development
of installations with ultrahigh-frequency power supply to reduce operating costs and increase the feed
value of protein products; to develop a technical task for creating a sample of microwave installations for
the heat treatment and disinfection of inedible wastes of animal origin in the continuous mode.

Methods of the research. The investigations were carried out on the basis of the theory of the
electromagnetic field using mathematical apparatuses of electrodynamics. The processing of the expe-
rimental data was carried out using computer programs such as Microsoft Excel 10.0, Statistic 5.0, 3D
modeling of the design of microwave installations in the Compass-3DV15 program. Calculations and
visualization of the distribution of the electromagnetic field in the developed resonators were carried out
according to the programs of three-dimensional computer simulation of the electric field CST StudioSuite
2015 and its subroutine CST Microwave Studio. Experimental studies of the process of repeated exposure
of EMFUHF to raw materials were carried out using electronic digital recording equipment. The model of
separation of raw materials into a solid and liquid fraction was made in the program FlowVision 2.5. A
multicriterial evaluation of the technological process of the EMFUHF effect on raw materials was carried
out through regression models obtained on the basis of the theory of active planning of the three-factor
experiment of type 23 in the Statistic 8.0, Excel 10.0 programs. The quality of the processed product was
evaluated through organoleptic, physicochemical and microbiological indicators in specialized labo-
ratories and using the SpectraStar 2400 infra-red analyzer. Three-dimensional modeling of the design of
microwave installations was carried out in the Compass-3DV15 program.

Results of the research. To reduce the operating costs of the technological process for the produc-
tion of a protein product from inedible wastes of animal origin, it is proposed to heat-treat in EMFUHF the
raw materials, previously crushed and dehydrated. To implement the microwave technology for
processing multicomponent highly-humid raw materials, various non-traditional configurations of volume
resonators have been developed that ensure the implementation of the following criteria [14]:

1. Continuity of the technological process of EMFUHF;

2. High electric field intensity, achieved due to the use of a special configuration of resonators and
several sources of radiation in one resonator, providing multiple exposure of EMFUHF to raw materials,
increasing the bactericidal effect;

3. High basic Q of resonator, at which the high efficiency of the installation is achieved, due to spe-
cial camera configurations;

4. The radio-leak-tightness of the installation, due to the use of a shielding body made of non-ferro-
magnetic material and below-cutoff waveguides, instead of receiving and discharge sleeves;

5. Variability of installation efficiency and versatility for multicomponent raw materials with high
humidity, achieved through the use of several low-power air-cooling magnetrons;
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6. Uniform distribution of the electric field and inedible waste in the resonator;

7. Possibility of sanitary treatment of the working chamber after the heat treatment of raw materials.

The following describes the developed microwave installations containing conical resonators that
allow to create a high electric field intensity and continuity of the technological process while maintaining
the maximum permissible level of radio-leak-tightness.

1. Ultrahigh-frequency installation with a biconical resonator for the heat treatment of inedible
wastes of animal origin. It is known that an open biconical resonator is used to increase the radiative
Q-factor, the cross-section of which decreases from the center to the edges [12, 13]. In the middle part of
such a resonator, there are waves propagation constants of which decrease in the case of removal from
the center of the resonator. When the diameter of the open end of the resonator reaches certain limiting
values, which can be characterized by the value of half of the diameter of the base of the conical
components of the resonator, the quality factor of the resonator decreases significantly and its application
loses its meaning [22-24].

A characteristic feature of the biconical resonator is the presence of areas with a pronounced
exponential law of variation of the electromagnetic field. Such a field distribution allows to remove a part
of the surface without significant Q-factors for some types of oscillations and thereby realize an open
resonance system. The biconical resonator, in comparison with a cylindrical resonator [14, 25], excludes
the degeneracy of parasitic modes, and this allows high Q values to be achieved. By choosing the angle at
the tip of the cone, it is possible to form an electromagnetic field concentrated mainly in the central area of
the resonator, and this contributes to a greater increase in the Q-factor of the resonator [3, 12].

The developed microwave installation with the biconical resonator (figure 1) has a sufficiently high
intrinsic Q-factor, radio-leak-tightness, and where it is possible to excite an electric field of high intensity.
The main units of the installation are the biconical resonator 5, microwave generators, a screw conveyor 3,
4 with a motor reducer 1 and a charging capacity 2. Inside the horizontally arranged biconical resonator 5,
the screw conveyor 3,4 is mounted coaxially along its central axis. It is made in the form of a cylindrical
dielectric body 4 with a screw dielectric conveyor 3. The hole on one vertex of the circular cone 5 and the
end of the cylindrical dielectric body 4 are docked to the lower base of the charging capacity 2. The conti-
nuation of the screw dielectric conveyor 3 is located in the charging capacity 2 and is connected to the
shaft of the geared motor 1. The geared motor 1 for driving the conveyor is mounted on the outside of the
charging capacity 2. This container 2 is made of a non-ferromagnetic material. The diameter of the hole at
the other vertex of the circular cone (biconical resonator 5) is less than a quarter of the wavelength, then
the radiation is limited. Magnetrons 6 of microwave generators are installed along the perimeter of the
joint of the bases of circular cones, with a shift of 120 degrees. In the area of the vertices of circular cones
in the biconical resonator, an electric field of high intensity is excited. This means that when the high-
intensity electric field of the ultrahigh frequency is double-acting, the bacterial microflora is destroyed, i.e.
sterility of the welded protein food for animals is provided.

Continuity of the technological process is provided by means of the screw 3 made of a dielectric
material, for example, a fluoroplastic.

Figure 1 — Ultrahigh-frequency installation with the biconical resonator for the heat treatment and disinfection of wastes
of animal origin: 1 — geared motor for driving the dielectric screw; 2 — charging capacity for crushed raw materials;
3 — screw conveyor; 4 — cylindrical screw body; 5 — biconical resonator; 6 — magnetrons of the microwave generator;
7 — discharge hole on the top of the circular cone
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The screw conveyor consists of a cylindrical dielectric body 4, inside which a dielectric screw 3 with
a spiral rib rotates. On the tops of cones with a common base of circular section, there are holes for
feeding raw materials and unloading finished products in a continuous mode. If the diameter of these holes
is less than a quarter of the wavelength, then the installation meets the requirements of radio-leak-tight-
ness, i.e. the maximum permissible level of the radiation power flux does not exceed the normative value.
The design parameters of the conical resonator are consistent with the wavelength.

The technological process of the heat treatment of animal slaughter wastes in a continuous biconical
resonator occurs as follows. Load the crushed inedible waste loading container 2. Switch on the geared
motor 1 for driving the screw conveyor 3, 4. When the screw dielectric conveyor 3 rotates, the spiral ribs
push the raw material along the dielectric cylindrical body 4. Switch on the microwave generators, the
emitters from the magnetrons 6 directed into the biconical resonator 5 excite the electromagnetic field in
it. Moreover, the intensity of the electric field of the ultrahigh-frequency in the biconical resonator
increases from the center to the vertices of the circular cones. Therefore, when the raw material is
transported by means of the screw conveyor through the biconical resonator 5, the raw material is exposed
to an electric field of immediately high tension with a gradual decrease to the central part of the resonator,
then with an increase in the electric field strength to the discharge hole. Such a double action of the elec-
tric field with a smooth change in the intensity from a minimum to a maximum ensures the destruction of
pathogenic microorganisms and equalization of the temperature of the raw material in the interstitial space
of the screw conveyor during its movement and mixing. This ensures uniform dielectric heating and heat
treatment of the raw materials. The principle of action of the conveyor from a dielectric material is based
on the use of a rotating screw, the spiral ribs of which move the raw material located in the areas between
the cylindrical body and the screw of the conveyor. The rotation of the conveyor is transferred from the
geared motor on the side of the charging capacity 2. The use of such screw conveyor is due to the physical
properties of the inedible animal slaughter wastes and the possibility of maintenance of the electric drive.
The screw conveyor drive is carried out by means of the geared motor, which allows to regulate the speed
of rotation, to regulate the duration of the movement of the raw materials through the biconical resonator.
The cylindrical body of the conveyor 4 is made of a dielectric material. The dimensions of the body 4
(diameter and length) are matched to the dimensions of the biconical resonator, which in turn are matched
to the wavelength. The shape and execution of the delivery screw conveyor largely depend on the physical
and mechanical properties of the raw materials.

The capability of the installation depends on the number of microwave generators and the dose
(W-s/g) of the effect of the electromagnetic field of the ultrahigh frequency (EMFUHF), i.e. the product of
the specific power of the generator (W/g) and the duration of the exposure (s).

2. Ultrahigh-frequency installation with conical resonators for the heat treatment of inedible meat
wastes. The main nodes of the microwave installation (figure 2) are the spherical shielding body 11, the
conical resonators with round bases 3 and UHF generators 2 of low power. The working chamber is pre-
sented in the form of conical resonators, the round bases of which are docked with the spherical shielding
body. In the upper part of the hemisphere, there is a loading spout 1. Conical resonators are docked
uniformly along the perimeter of the lower hemisphere. For this, there are holes in the shielding body in
the area of the lower hemispheres. In this case, the axes of the conical resonators are an extension of the
radial axes of the spherical body, inside which a disk 8 rotating from the shaft 9 is coaxially mounted. On
the disc, there are directional vanes, and under the disk - pushers 10. The disk, directional vanes, pushers
are made of dielectric material. The vanes are located along the radial axes of the disc. The pushers and
thrust elements provide vibration to the dielectric tray 4.

UHF generators are installed at the joints of the spherical shielding body and circular conical
resonators 3. At the tops of the conical resonators, there are discharge holes 5. To maintain the radio-leak-
tightness of the microwave installation, the diameter of the discharge hole cannot exceed a quarter of the
wavelength. The diameter of the spherical shielding body and the design parameters of the conical
resonators are matched to the wavelength.

The technological process of the heat treatment of animal slaughter wastes in the continuous mode is
as follows. Turn on the electric drive of the disc, the crushing mechanism that feeds the crushed inedible
wastes into the working chamber through the loading spout 1, which is presented on the spherical body 11.
Next, switch on the microwave generators 2. The raw materials fall on the rotating dielectric disk 8 and
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Figure 2 — Microwave installation with conical resonators for the heat treatment of inedible meat raw materials
in continuous mode: a — general view; b — spherical shielding body with UHF generators; ¢ — directional tray with a spring;
d — conical resonator; e — disk, 1 — loading spout; 2 — microwave generator; 3 — circular conical resonator;
4 — dielectric directional tray; 5 — discharge hole; 6 — spring with a radio-absorbing coating; 7 — stop element;
8 — dielectric disk with directional vanes; 9 — shaft of the electric drive; 10 — dielectric pusher; 11 — spherical shielding body

with the help of the directional vanes, due to the centrifugal force, is reset to dielectric trays. In the wor-
king chamber (in sphere 11 and in the conical resonators 3), the electromagnetic field of ultrahigh
frequency is excited. The raw material, when moving along dielectric disc 8 and along dielectric trays 4, is
heated, cooked and disinfected in the continuous mode. In this case, the dielectric trays, due to the stop
elements 7 and the pushers 10, are raised to the level of the dielectric disc 8 and lowered, and due to the
vibration of the spring 6, the raw materials along the dielectric trays move to the discharge holes 5.

A nomogram (figure 3) has been developed that allows to reconcile the design parameters with the
installation operation modes depending on the initial bacterial number of the raw materials (TMC); to
coordinate the exposure dose of EMFUHEF, the specific power of the generator and the increment of the
heating temperature; determine the performance of the installation.

During the heat treatment of inedible waste of animal slaughter in EMFUHF the following processes
occur: hydrolysis of starch and its dextrinization, thereby increasing accessibility; chemical modification
of dietary fiber; increase the stability of fat due to the destruction of enzymes, which increases the shelf
life of the product. Under the influence of EMFUHEF, the raw materials are modified, i.e. it is stabilized in
composition and completely sterilized. Microwave installation allows to efficiently process all generated
waste slaughter and deboning to obtain an effective feed product. The composition of the product depends
on the type of processed meat wastes.
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Figure 3 — Nomogram for reconciling of the regime parameters of the microwave installations
with the optimization criterion - with the decrease in the TMC in the raw materials

Specifications of microwave installations for the heat treatment of inedible wastes of animal origin in
the continuous mode with conical resonators are given in Table.

Specifications of microwave installations with conical resonators

Name Parameters
Capability, kg/h 40-50
Power of microwave generators, kW 4.8
Drive power of disk, kW 0.5
Power of microwave installation, kW 53
Specific energy costs, kW*h/kg 0.11-0.13
Dimensional specifications, m 2.0-1.0

Conclusion.

1. The developed operational and technological schemes for the heat treatment and disinfection of
inedible meat raw materials by the action of the electromagnetic field of ultrahigh frequency and structural
schemes ensure the implementation of microwave technology in the continuous mode with observance of
the electromagnetic safety of installations estimated by the value of the radiation flux power not exceeding
10 pW/cm?, working 8 hours per day.
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2. The deduced mathematical dependences of the heating dynamics of inedible meat raw materials
with a change in the electrophysical parameters in the process of the EMFUHF effect allow us to reconcile
the design and technological parameters with the operation modes of the microwave installations, namely:

basic Q-factor (4000) and the volume of the resonator with electric field strength (2.89 kV/cm) and
heating rate (0.6-0.8°C/s) of the raw materials of different humidity (65-80%).

3. The distribution of the electromagnetic field in the transient process in conical resonators is
calculated and visualized with the help of the CST Microwave Studio program. The results made it pos-
sible to comprehensively evaluate the change in the parameters of the electrodynamic system "generator-
resonator-load".

4. Based on the analysis of regression models and evaluation of the chemical composition of the
protein product, rational design and technological parameters and operating modes of the microwave
installation have been revealed. Th UHF installation for the heat treatment and disinfection of inedible
animal slaughter wastes consumed by the power of 4.28 kW is designed and manufactured, providing a
capability of up to 30 kg/h at the energy cost of 0.15 kW-h/kg. The microbiological parameters of the raw
material with the initial bacterial number of 2-10° CFU/g and the heat treatment in EMFUHF to 100°C
improved to 0.2:10° CFU/g. The chemical composition of the processed product corresponds to the
normative data.

5. The economic effect of the use of microwave installation for the heat treatment and disinfection of
inedible meat raw materials in the continuous mode is within 400 thousand rubles per year due to a
reduction in operating costs.

The scientifically grounded practical recommendations for the creation and operation of microwave
installations for the heat treatment and disinfection of inedible meat raw materials have been developed.

The obtained results can be successfully used for the heat treatment and disinfection of inedible meat
raw materials in dairy cattle breeding, in the male young-stock breeding [15-18].
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TAFAMJBIK EMEC ET KAJIABIKTAPBIH TEPMOOHIEYT'E APHAJIFAH
KOHYCTbI PESEHATOPJIbI MUKPOTOJIKbIH/IbI KYPBLIIFBLJIAP

AHHOTanusl. 3epmmey maxcamovl AKybI3[Ibl OHIMHIH a3bIKTBIK KYH/BUIBIFBIH apTTBIPY VIIIH a3bIKTHIK €Mec
’aHyap HIBIFY TeriHe e KAIIBIKTap/Ibl Y3IIKCI3 PeXXKUMIIE TEPMOOH/ICY TEXHOJIOTHICHI MEH KOFaPhl XKHUITIKTI KYpbLI-
FhUIAP/bI XKacay Ooubin TaObuiansl. KoilbliFaH MakcaTKa COMKeC OHAIPICTIK armailyiap/a a3bIKThIK eMec aHyap
LIBIFY TeriHe We KauJbIKTapasl TepMoeniey yuriH JKXK KypbUIFbLIap OpHATBHUIFAH JKOHE OJIapAbl Iapya Koxa-
JIBIKTapbIHA HTI3YIH TEXHUKO-IKOHOMHKAJIBIK THIMJILIIT Oarasajibl.

3epmmey Hbicanbl KOTIKOMIIAHEHTTI HIMKI3ATTBIH TEPMOOHICYIH KaMTaMacChl3 €TETiH TEXHOJOTHSUIBIK IPO-
nectep, KKK skcrepuMeHTambapl )KOHE ChIHAMAIBI YIITLIepi.

3epmmey yreici (npenmer) Y3naikceiz pexxumueri KKK TriMai xyMbIc jkacay pexuMIepiHe )KOFapbl KULTIKTET
AIIEKTPOMATrHHUTTI Ka3bIKThIH bUIFAJIBUIBIFEL )KOFAPhl KOITKOMIIAHEHTTI IIMKI3aTKa 9Cep €Ty 3aH/bUIBIKTaphl 3epT-
Tenemi.

KenkoMImaHeHTTI bUIFaIbUIBIFBI KOFAphl IIHKI3aTThl TEPMOOHJCY/IH MHUKPOTOJKBIHIBI TEXHOJOTHUCHIH iCKe
achIpy YIIIH KONT'eHEePaTOPIIbl PaJHOrePMETHKAIIBIK KyaTTBUIBIFBI 83 MArHETPOH bl ayajibl CAIKBIHIATKBIIIThI, TEXHO-
JIOTHSUTBIK TPOIECTIH Y3MIKCI3MINiH KaMTaMachl3 eTeTiH Kypsurrbuiap skacamabl. JKOKOMIK, amektpsai jKa3bIKTHIH
KOFapbl KyaTThUIBIFBIHAA JXOHE PE30HATOPJBIH CalallbUIbIFbIHAA THIMIUIIT JKorapbl. JKyMbIC KaMepalapbIHbIH
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KOH(UTypauusachiHIa MIMKI3aTThl O1p KaJbIIThI XKbUIBITY XKOHE KYPBUIFBIHBIH OHIMALIIIIH 0acKapy KapacThIpbUIFaH,
CaHUTAPIIBIK OHJCY HKacaa/Ibl.

Kanyap mIbIFy TeriHe ue TaraMmIbIK eMec KalJIBIKTap (bl TEPMOOHICYIIH KOHE 3aNaNChI3aH/IbIPY/ IbIH KOFapPhI
KHIUTIKTI KOHYCTBI PE30HATOPJIbI €Ki KYPBUIFBICHI CHUIATTalFaH. PaguorepMeTuKaHbl CaKTaraHIa TEXHOJIOTHSUIIBIK
MPOIECTIH Y3IIKCI3AIriH KAMTaMachl3 €TeIl.

Tyiiin ce3mep: >xoFapbl KULTIKTI TeHEPATOp, MArHETPOH, OMOKOHYCTBI KOHE TETPAKOHYCTHI pe3aHaTopiap, »a-
Hyap IIBIFY TEriHe he TaFaMIIbIK eMeC KaJIbIKTap, TEPMOOH/ICY KOHE MaChI3IaHIBIPY, Y3IIKCI3 PEKUM.
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MHUKPOBOJIHOBBIE YCTAHOBKH C KOHUYECKUMU PE3OHATOPAMUI
JJISI TEPMOOBPABOTKH HEIMUINEBBIX MACHBIX OTXO10B

AHHoOTanusl. [fenvio uccredoeanuil sIBISIETCSl pa3pabOTKa CBEPXBBICOKOYACTOTHBIX YCTAHOBOK U TEXHOJIOTHUH
TepMOOOPaOOTKH HEMHUIIIEBEIX OTXOOB JKUBOTHOTO IMMPOUCXOXKICHUS B HEIPEPHIBHOM PEKUME JUTS TIOBBIIICHUS KOP-
MOBOH LIEHHOCTH OEIKOBOTO MPOAYKTa. B CBSI3M C MOCTAaBICHHOW IIETBIO PEIICHBI OCHOBHBIE 3a]1a4H, TO3BOJIMBILINE
M3rOTOBHUTH M anpoOHpOBaTh B MPOM3BOJCTBEHHBIX ycioBusix CBY ycraHOBKHM ajisi TEpMOOOPAOOTKH HEMHILEBBIX
OTXO/IOB JKMBOTHOT'O TPOUCXOXICHUSI M OLIEHUTh TEXHUKO-DKOHOMHYECKYI0 d3((QEKTUBHOCTh MX BHEApEeHHUs B dep-
MEpCKHE XO3SICTBA.

Obvexmom uccnedosanus SBIAIOTCA TEXHOIOTHYECKHE IPOILECCH, 00eCIeunBalonme TepMooOpadoTKy MHO-
TOKOMIIOHEHTHOTO CBIPbSI, 3KCIIEPIMEHTAIFHBIE H OTIBITHBIE 00Pa3IIbl CBEPXBBICOKOYACTOTHBIX YCTAHOBOK.

Ilpeomemom uccredoganuii SBISIETCS BBIABICHHE 3aKOHOMEPHOCTEH BO3AEHCTBUS 3IEKTPOMATHHUTHOTO ITOJIS
CBEPXBBICOKOM 4aCTOThl HA MHOTOKOMIIOHEHTHOE CHIPbE BBICOKOW BIIQXKHOCTH JUIsl onpeneneHus 3pdexkTHBHBIX pa-
004nX PeKUMOB (PYHKIIMOHUPOBAHUSI CBEPXBBICOKOYACTOTHBIX YCTAHOBOK B HEIPEPHIBHOM PEKUME.

i ocymiecTBIeHHS MUKPOBOIHOBOI TEXHOJIOTHH TEPMOOOPAOOTKH MHOTOKOMIIOHEHTHOTO BBICOKOBIIAYKHOTO
CBIPBSI pa3pabOTaHBl MHOTOTEHEPATOPHBIE PaJHOTePMETHYHBIE YCTAHOBKH C MAaJOMOIIHBIMH MarHETPOHAMH BO3-
JYITHOTO OXJIaXIEHUs, 00eCleunBaloe HEeMPEePhIBHOCTh TEXHOIOTUIECKOTO MpoIecca 1 MHOTOKPAaTHOE BO3ICH-
creue DMIICBY, npu 10CcTaTOYHO BBICOKON HANPSHKEHHOCTH SJIEKTPHUYECKOTO TMOJII U COOCTBEHHON TOOPOTHOCTH
pe3onatopa. B xoHpurypamym pabodux kamep mperycMOTPEHBI BO3MOXKHOCTH 00ECTIEYeHNST PAaBHOMEPHOTO HarpeBa
CBIPbsl M BAPbUPOBAHUSI IPOU3BOIUTEIBHOCTHIO YCTAHOBKH, C OCYILECTBICHHEM €€ CAHUTAPHON 00pPabOTKH.

Omnwucansl 1Be pa3pabOTaHHBIE CBEPXBBICOKOYACTOTHBIE YCTAHOBKH C KOHHYECKUMH PE30HATOPAaMH JUIS TEPMO-
00paboTku U 00e33apaKMBAHUS HEMHIIEBBIX OTXOJOB JKHBOTHOTO IMPOHCXOXKICHUs, 00ECIIeUnBAIOIIIE BBICOKYIO
HATPSKCHHOCTh 3JEKTPUYECKOTO MOJIsl, HEMPEPHIBHOCTh TEXHOJOTMYECKOTO IIPOIecca MPU COOIIOACHUH Pauo-
TepPMETUIHOCTH.

Ki1roueBble cji0Ba: CBEpXBBICOKOYACTOTHBIN F€HEPATOP, MATHETPOH, OMKOHWYECKUN M TETPOKOHUIECKHH pe3o-
HATOPBI, HEMHUIIEBbIE OTXO/IbI KMBOTHOTO IPOUCXOXKIEHHUS, TepMOOOpaboTka 1 00e33apaKUBaHUE, HENPEPbIBHBIN
peXUM.
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