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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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VALIDATION OF MICROWAVE INSTALLATION PARAMETERS
WITH MOBILE RESONATORS FOR HEAT TREATMENT
OF NONEDIBLE EGGS

Abstract. The use of hatching eggs rejected in the candling process as a protein feed after heat treatment and
disinfection is relevant. The aim of the work is to develop and to validate the parameters of the installation, which
provides heat treatment and disinfection of rejected hatching eggs, to obtain high-quality protein feed at reduced
energy costs. The following objectives were solved: to develop a flow chart of the installation for the impact of the
electromagnetic ultrahigh frequency field on a raw material with a cidal effect and providing selective heating of a
two-component raw material in a dielectric shell; to develop the constructional design of the ultrahighfrequency
installation with resonators having high basic Q-factor and providing high electric field intensity and continuous
operation with maintaining electromagnetic safety; to conduct a technical and economic assessment of the use of the
worked out installation in farms for processing rejected hatching eggs. The technical problem of the development is
to ensure the duty cycle of a continuous process of exposure of the electromagnetic ultrahigh frequency field
(EMUHFF) less than 0.5 and electromagnetic safety with a sufficiently high basic Q-factor of the resonator, forming
a resonator-beam electrodynamic system. A distinctive feature of the resonators from the known mobile resonators is
the use of a biconvex lens made of fluoroplastics to form a uniform field on the object of influence. The installation
contains the bezel in the shielding case attached to the ring gear, coupled with the driving gear. To the bezel, the
lower hemispheres are attached with the possibility of tipping. Emitters are directed into the upper hemispheres,
which are rigidly fixed on the body. With a power consumption of 4.08 kW and a capacity of 12 kg/h, the specific
energy costs are 0.34 kW-h/kg, i.e. it is 32% reduction in energy costs compared with the prototype.

Keywords: electromagnetic field, mobile spherical resonators, fluoroplastic lens, rejected hatching eggs, heat
treatment and disinfection.

Introduction. Improving the efficiency of microwave installations that provide heat treatment and
disinfection of nonedible animal waste with an increase in the forage value of the protein supplement and
identifying patterns of the impact of the electromagnetic ultrahigh frequency field on high-humidity
multicomponent raw materials to determine the effective operating modes of microwave installations in
the food industry are relevant.

It is known that the average percentage of chicken output under current conditions is 84-85% [1].
Analysis of the research results showed that the percentage of rejection of hatching eggs in Russia is 6-
10%. Each hatching egg loses 80% of its value if sold as a table egg. In farms, the waste of hatching eggs
can reach up to 3%. Such a high percentage of early embryonic mortality is usually associated with
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improper storage of hatching eggs.During the entire incubation period, egg candling is performed several
times. Biological control of hatching eggs before setting to the incubator and after candling of the hatching
eggs after 3 and 7 days makes it possible to identify rejected eggs suitable for use as protein feed after
disinfection and cooking. Hatching eggs are rejected in case of:

- disturbances in the development of the embryo and separation of the inner shell membrane;

- appearance of blood rings and frozen foetuses;

- when the yolk exploded and mixed with white;

- marble shell structure (abundance of calcium in the shell);

- shell damage (light streaks);

- large air cell or cell is located on the side;

- the presence of blood clots;

- free movement of yolk, etc.

Such material after candling hatching eggs on average is accumulated in the amount of 3%. The use
of hatching eggs rejected in the candling process as protein feed after heat treatment and disinfection is
relevant. Therefore, we suggest that the listed incubation wastes should be boiled and disinfected in the
electromagnetic ultrahigh frequency field (EMUHFF) at high electric field intensity for the use as a feed
additive.The calculation of the number of eggs requiring processing for use in the form of protein feed in
farms was carried out. If there are 12 incubation cabinets and 4 hatchers in the hatching egg workshop,
each of which has 104 trays, and the average number of eggs in each tray is 120 pieces, then the capacity
of one incubation cabinet for 19 days is 12,480 pcs. of eggs, and of 12 incubation cabinets - 149760 pcs.
of eggs.According to the fact that 3% of eggs set in the incubator belong to the category of "rejected",
therefore, 4493 eggs from 12 cabinets can be processed for the production of protein feed. This means that
an average of 1123 pcs should be recycled throughout the day. Therefore, the designed microwave
installation with a capacity of 200 pcs/h can process this amount of raw materials in 5.6 hours, and the
installation will work 22.5 hours per month.

The specific properties of electromagnetic radiation contribute to the emergence of new field of
application of microwave technology, that is the creation of a previously impracticable process of cooking
eggs without water.

There is a method and microwave installation for cooking eggs without water. For example, a
microwave egg boiler contains a rotating fluoroplastic rotor with cells inside a cylindrical shielding body
for transporting eggs through the chambers of microwave ovens [2]

The power consumption of the microwave installation (ultrahigh frequency installation) with four
sources and transport mechanism is 5.0 kW; the speed of eggs movement is 1.8 cm/s, the productivity is
150-165 pieces/h, the specific energy cost is 0.5 kW - h/kg [3]. The author proved that with a process duty
cycle of close to 0.5, the cooking time is the shortest; when the temperature in the yolk reaches about
70 °C, the shell breaks.With such a constructional design of the working chamber, in the form of a
tetrahedral prism with a slit for transporting eggs through the electromagnetic ultrahigh frequency field,
the Q-factor of the resonators is very low, therefore, the energy costs are high.

There is a device for sanitizing hatching eggs by the complex effect of electromagnetic radiation [4].
The device contains infrared sources and ultrasonic frequency generators (22 kHz or 110 kHz) located
above the dielectric disk with cells for transporting eggs. This device allows to disinfect eggs in a
continuous mode, but it does not cook them to get protein feed.

Therefore, the aim of this work is to develop and validate the parameters of the installation, which
provides heat treatment and disinfection of the rejected hatching eggs to obtain high-quality protein feed at
reduced energy costs.

The following objectives were solved:

1. To develop a flow chart of the installation for the impact of the electromagnetic ultrahigh
frequency field on a raw material with a cidal effect and providing selective heating of a two-component
raw material in the dielectric shell.

2. To develop the constructional design of the ultrahigh frequency installation with resonators having
high basic Q-factor and providing high electric field intensity and continuous operation with maintaining
electromagnetic safety.
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3. To conduct a technical and economic assessment of the use of the worked out installation in farms
for processing rejected hatching eggs.

There are proven technologies and technical means for heat treatment of non-food animal waste in the
electromagnetic ultra-high frequency field of (EMUHFF) to increase the forage value of the protein
supplement. For the implementation of this technology, installations with ultrahigh frequency (micro-
wave) power supply has been developed [5].

Materials and research methods. Based on the analysis of the constructional design of existing
installations that provide cooking eggs without water in continuous mode, working with the use of elec-
tromagnetic radiation energy of ultrahigh frequency (EMUHFF), new working chamber with spherical
mobile resonators was developed, which allows to reduce the specific energy costs for the process of egg
heat treatment.

Research results and discussion. It is known the microwave (ultra-high frequency) emitters that
direct the energy to the part of the raw material, which has large dimensions. For this purpose the H -
shaped waveguide with an open end is used. There are horn antennas with a corrective dielectric lens in its
aperture to create a flat wave or focus the radiation on the raw material. Using fluoroplastic biconvex lens
it is possible to form a uniform field on the side of the targeted object [8].

We propose the microwave installation with low-power magnetrons, air cooling for cooking eggs
without water in continuous mode, by repeated exposure of the electromagnetic ultrahigh frequency field
in the “heating-pause” mode.

The technical problem of the development is to ensure the duty cycle of continuous process of
exposure of the electromagnetic ultrahigh frequency field (EMUHFF) less than 0.5 and electromagnetic
safety with a sufficiently high basic Q-factor of the resonator, forming a resonator-beam electrodynamic
system.

Microwave installation (figure) for heat treatment of eggs in continuous mode: inside a cylindrical
shielding body 1 installed on the mounting rack 15, coaxially, along the perimeter of the lower base there
is the dielectric bezel 3 attached to the ring gear 2, coupled with the driving gear mounted on the shaft of
the electric drive.

Microwave installation for heat treatment
of nonedible eggs in continuous mode:
a) schematic illustration;

b, c) spatial image from different angles;
1 — shielding body; 2 — ring gear; 3 — bezel;
4 — pivot hinge; 5 — lower hemisphere;

6 — upper hemisphere;

7 — magnetron with emitter; 8§ — conveyor;
9 — charging tray; 10 — charge hole; 11 — tipper;
12 — dielectric fishing line; 13 — shield grid;
14 — discharge tray; 15 — mounting rack
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Lower non-ferromagnetic hemispheres 5 are attached to the bezel 3 using the hinges 4 convexity
down, diameter multiple of half the wavelength, covered with guide line 12, the ends of which are
connected with the inner side surface of the shielding body 1, where there is a window with shielding
grid 13. There is also a tipper 11 in the form of a dielectric rack fixed to the upper base of the shielding
body 1 with the possibility of contact and tripping of the lower hemispheres 5 towards its side surface and
discharge tray 14.The upper non-ferromagnetic hemispheres 6, equal in diameter to the lower hemispheres
5, rigidly fixed under the upper base of the shielding body 1 convexity up, have opening in the upper
points for guiding the emitters of the magnetrons 7 located along the perimeter on the upper base of the
shielding body. The upper hemisphere 6 is covered with a fluoroplastic lens. On the upper base of the
body 1, there is an inspection window and a charge hole, under which the dielectric charging tray 9 is
located. The distance between the radiators 7 should be at least two diameters of the hemispheres 6.

The technological process of eggs heat treatment in continuous mode is under the following way.
Turn on the driving gear, providing rotation of the gear ring 2 and the dielectric bezel 3 with the lower
hemispheres 5. Turn on the conveyor 8, for feeding eggs through the charge hole 10 and the charging tray
9 into the mobile hemispheres 5.

Turn on the microwave generators, after that the rays of electromagnetic waves using the upper
hemispheres will be directed to the lower hemispheres, where the eggs stand. In this case, the microwave
generator operates in a resonant-beam electrodynamic system. That is, the upper hemispheres 6 contain
fluoroplastic lenses and operate in the mode of the beam electrodynamic system. Fluoroplastic lens with a
diameter equal to the diameter of the hemisphere 6, provides radiation focusing.At the moment when the
upper 5 and lower 6 hemispheres are situated coaxially relative to each other, a spherical resonator is
formed. Herewith, electromagnetic rays from the emitters 7 are sent to the lower hemispheres 5, bounce
back off their surface, a standing wave is formed, there is a heat treatment of raw materials. The presence
of several microwave generators and their non-synchronous operation give an averaging out of the total
waves reflections, which leads to a good degree of distribution of the electric field in the working chamber
and, consequently, to the uniform heating of the raw material.

Moreover, in effective rotation speed of the electric motor, the eggs in the lower hemispheres fluc-
tuate, which also increases the uniformity of heating of the eggs components. By placing the magnetrons
at regular intervals, taking into account the fact that these intervals should be much larger than the
diameter of the hemispheres, it is possible to achieve wave interference and prevent the eggshell from
breaking. Studies show that the best distribution of the electric field intensity in spherical mobile
resonators with a slit is achieved at hemisphere diameter of 12.24 cm and interval of up to 1.0 cm.

Such a constructional design of spherical resonator with mobile hemisphere and stationary sphere
with fluoroplastic lens allows to transfer up to 80% of the energy emitted by the magnetron to the raw
material, and up to 55% without fluoroplastic lens. [9].

Technical specifications of the microwave (ultrahigh frequency) installation are shown in table.

Technical specifications of the microwaveinstallation

Item

Capacity,

pcs/h 200

kg/h 12
Magnetron power, kW 3.2
Fan power for magnetron cooling, kW 0.25
Drive power of the ring gear, kW 0.63
Microwave installation power, kW 4.08
Specific energy costs, kW-h/kg 0.34

Technical and economic assessment of the use of the developed installation in farms for processing
rejected hatching eggs was carried out. Operating costs for heat treatment of eggs in microwave instal-
lation in continuous mode for 1 month according to the conceptual design include the costs of wages,
energy, maintenance and repair of the installation, depreciation allocations, other expenses.
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Accordingly, the mathematical model is developed for the latter, matrices of product markers from
genuine to falsified are proposed. Variants of poor-quality, and also surrogate products as possible inter-
mediate links are considered for completeness of the information [6].

The microcontroller synchronizes with the external network and calculates the sine period [7].

Taking into account the average salary of the operator servicing this installation, in the Nizhny
Novgorod region, the salary will be 106.25 rubles/hour. Taking into account the payment of personal
income tax and contributions to the PFR, the FCMIF,and the SIF and the working time of 32 hours, the
wages will be 4,862 rubles.

The power consumption of the developed microwave installation is 4.08 kW, then the cost of
electricity per month will be 4.08 kW - 22.5 h - 7.3 rub/kW*h = 670.14 rubles. Depreciation for 1 month
from the book value of the construction (72 thousand rubles) is 1,200 rubles, and deductions for current
repairs - 1,440 rubles.

Taking into account other expenses of 408.6 rubles/month, general production costs of
1287 rubles/month, the total amount of operating costs is 4862 + 670.14 + 1200 + 1440 + 408.6 + 1287 =
=9867.74 rubles/month.

The producing cost of the operating costs for heat treatment of rejected hatching eggs in the
microwave installation is 9867.74 / 4493 = 2.2 rub/pcs.

The price of the hatching eggs is 25-35 rubles/pcs. Taking into account the fact that eggs rejected
after candling after 3-7 days lose 80% of their value, the wholesale price of raw materials on 03.10.2018
averaged 3-5 rubles per piece. Then the cost of raw materials will be 4493 pcs/month - 4 rubles/pcs =
= 17 972 rubles/month. The cost of heat-treated and decontaminated rejected eggs according to the
conceptual design will be 4+2.2 = 6.22 rubles/piece. If the heat treatment of eggs weighing 60 g, an
average of 270 kg/month, the producing cost of protein feed is 6.22/0.06 = 104 rubles/kg. The wholesale
price of egg feed for chickens is 400 rub/kg. When selling produced protein feed from rejected hatching
eggs by means of exposure to EMUHFF at a price below the market - 250 rubles/kg, the additional income
will be 150 rubles/kg.

Conclusion. When using spherical resonators with mobile hemispheres and fluoroplastic lenses in
stationary hemispheres, forming the resonator-beam electrodynamic system, the specific energy costs are
reduced by 32% compared to the prototype with the use of one fan for cooling four magnetrons mounted
directly to the resonators, with the electronic units located in the control cabinet. The producing cost of the
heat-treated rejected eggs is 104 rubles/kg.

I.B. HOBI/IKOBal, I'.B. )Kuamcnﬂz, M. B. BeJmBal, 0. . Opnosal,
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'Memnekerrik GrompkeTTiK GimiM Gepy Mekemeci
«Hmxeropo MEMIIEKETTIK HHKEHEPITiK-YKOHOMHUKABIK YHUBEpCUTET», Hinkeropon oonbicel, Kasruanxo, Peceit,
*deepaltbIbIK MEMIIEKETTIK XKOFaphl OKY OPHEI
«Hmxuanit HoBropo MeMIIeKeTTiK aybUIIIapyallbuIbK akageMusicel»y, Hikauit Hosropon, Pecetd,
3<1>ez[epanm,n< MEMJIEKETTIiK OI0/KETTiK O11iM Oepy MekeMeci sKoFaphl O11iM
«UyBamr MeMIJIEKeTTIK ayblIIapyambUIbK akageMusicen», Yebokcapsl, Peceit,
* «Ka3aK YITTHIK arpapibiK YHHUBEPCHUTET» KOMMEPIHSIIBIK eMec aKIIHOHEPIIiK KoFrambl, Anmatel, Kazakcras,
°M. X. Jlynartu areiaaars: Tapas MeMIekeTTik yuuepcuterti, Tapas, Kazakcran

TAFAMJBIK EMEC )K¥MbIPTKAJIAP/IbI TEMIIEPATYPAJIBIK OHAEYTE APHAJIFAH
KO3FAJIMAJIBI PE3OHATOPJIAPBI BAP MUKPOTOJIKBIH/IbI KOH/IbIPTBIHBIH
CUITATTAMAUJIAPBIH HETT3IEY

AnHoTanusi. TepMUSUIBIK OHJICY/ICH JKOHE 3a1aJIChI3aH/IbIPYyIaH KeHiH aKybI3/Ibl K€M PETiHAE OBOCKOIHUSIIBIK
npolriecc OapbIChIH/A KAPAMChI3 MHKYOAIMsUIaHFaH )KYMBIPTKAHbBI Mafijanany MaHb3bl O0JbIn TadbLIaabl. XKyMbIc-
TBIH MaKcaTbhl MHKYyOalusi >KYMBIPTKaJapblH TEPMUSUIBIK OHACY JKOHE Je3nH(EKUusuayabl KaMTaMachl3 ETETiH,
TOMEHJICTIJITEH SHEPTHUS IIBIFBIHBIH a3alTKAH JKOFaphl calallbl MPOTEHH I a3bIK alyFa MYMKIHIIIK O€peTiH KOHIBIP-
FBIHBIH TIapaMeTpJIepiH d3ipiey koHe Heri3aey Oousibin Tabbutanbl. MiHIETTep MIEHIiiai: GaKTepUIHATIK acepi 6ap
IIMKI3aTKa KOFapbl JKUUIIKTI 3JIEKTPOMArHUTTIK OPICIHE acep €Ty JKOHE IUANEKTPJIIK KaObIKIIAchlHIa €Ki KOMIIO-
HEHTT] LIMKI3aTThl 1pIKTEI alyAbl KAMTaMachl3 €TYyJiH TEXHOJIOTHSJIBIK CXEMachlH Kacay; JKOFapbl JJIEKTP OpICiHIH
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OEpIKTIriT MEH 3JIEKTPOMArHUTTIK KAYiINCI3IIKTI CaKTal OTBHIPBIN Y3MIKCi3 KYMBICBIH KaMTaMachl3 €TETIiH YKOFaphl
camansl, KOFapbl ACHICHJIl pPe30HATOPIapMEH MHUKPOTOJKBIHIB KOHIBIPFBUIAPIBIH KOHCTPYKLIHUSUIBIK KOHCTPYK-
IUSCHIH 93ipIiey; mIapya KOXKaJbIKTapbIHIA KapaMChI3 KYMBIPTKalapAsl KaliTa eHAey KOHIBIPFHIHEI ITaliqaaHy a6l
TEeXHUKAJIBIK-OKOHOMUKAJIBIK Oaranay Xyprizy. JlamyaplH TeXHUKAIBIK MIHIETI 3JIEKTPOHIBI-MATHUTTIK OpiCTeri
(BMIICBUY) 0,5-TeH keM >koHe pe30HATOP-CIyIIeNi AMEKTPOANHAMUKAIIBIK KYHEH] KaJIBINTAaCThIPAaTHIH Pe30HATOPABIH
KETKUTIKTI JKOFaphl O3IHIIK CamachIMEH 3JIEKTPOMArHMTTIK KayiNCI3mIKTIH Y3MIKCi3 TEXHOJNOTHSUIBIK YPIICIHIH
KYMBIC LUKJIBIH KaMTaMachl3 eTy OoJjbln TaOblIaabl. benrini »KbpUDKbIManbl pe3oHaTopiiapJaH Pe30HaTOpJIapAblH
allBIPBIKIIA epeKIIeNiri acep eTy o0beKTiCiHIe OIpTyTac epic KaIBIITacThIpy YIIiH (TOPOIUIACTTaH jKacajFaH Koc-
JIOHEC JIMH3AChIH Nakanany 0okl Tadbutanbl. KOHIBIPFBI KOpFay KOPIYChIH/A allILIHFbI TErepUIiriMeH TiCTi TOXre
OaiinaHpICKaH cakuHAachkl O0ap. CakuHara TOMEHTi kapTheicepaMeH OCKITUITeH, OJApIbIH ayJdapbllyFa MYMKIHJIT1
6ap. Coyiie TapaTKpIl JieHere KaTaH OEKIiTIJINeH JKOFapFbl JKapThl IIapFa OarbITTaJIFaH. DHEPTUSHBI TYTHIHY Ke3iHe
4,08 kBT >koHE CHIMBIMIBUIBIFBI 12 Kr/caF, HaKThI 3Heprus TyThHY - 0,34 kBT/car, s¥HH, NPOTOTHOIMEH CAJBICTBIP-
FaHJIa SHEPTHS MIBIFBIHBH 32% TOMEHCTY.

Tyiiin ce3aep: AIEKTPOMArHUTTIK Opic, KBUDKBIMAIBI chepalblk pe3oHaTopiap, (pToporuiacTUKaNbIK JIMH3A,
»KapaMChI3 HHKYOAIHSIIBIK, dKYMBIPTKA, TEPMUSIIBIK OHJICY KOHE 3aTaChI3IaHAbBIPY.

I.B. HOBI/IKOBal, I'.B. )Kuamcnﬂz, M. B. BeJmBal, 0. . Opnosal,
B.T. Cemenos’, /I. A. Baiimykanos®, K. 7K. Hcxan®, X. A. Ay6akupos®

'TocymapcTBeHHOE GIOKETHOE 00PA30BATENFHOE YUPEKICHHE BBICIIEr0 00Pa30BAHHS
«Hwmxeropoackuii rocy1apCcTBEHHbI HHXEHEPHO-9)KOHOMUYECKUH YHUBEPCUTETY,
Hwmxeropoackas obnacts, Kasruamno, Pocens,

*deepanbHOE TOCYIAPCTBEHHOE BIODKETHOE 00Pa30BATENLHOE YUPEKICHHE BBICIIEr0 00Pa30BaHHS
«Hmxeropockas rocyapCcTBEHHas CEJIbCKOXO03sICTBEHHAs akaneMus», Huxxuuit Hosropoa, Poccus,
3denepanbHoe roCyJapCTBEHHOE OIOKETHOE 00pa30BaTENbHOE YUPEKICHIE BEICIIET0 00pa30BaHuUs
«UyBarckast ToCyJapCTBEHHAs CEIIbCKOXO3SIMCTBEHHAS akaaeMusy, Yebokcapsl, Poccus,
4HCKOMMep‘leCK06 aKIHoHepHoe 00mecTBO «Kazaxckuii HallMOHANIBHBIA arpapHbld YHUBEPCUTET,
Anmartsl, KazaxcraHn,
5Tapa301<1/1171 rocyaapcTBeHHbIN yHuBepcuTeT uM. M. X. lynaru, Tapas, Kazaxcran

OBOCHOBAHME MAPAMETPOB MUKPOBOJIHOBOI YCTAHOBKH
C IEPEABHU/KHBIMHU PE3OHATOPAMMU JJI1 TEPMOOBPABOTKHU HEIINIINEBBIX SIUILL

AHHoTanus. Vcnons3oBanne 0TOpaKOBaHHBIX B ITPOIECCE OBOCKOIMPOBAHMS HHKYOAIMOHHBIX SIHI KaK OeJIKo-
BOTO KOpMa TIociie TepMooOpaboTKku 1 00e33apaKuBaHus akTyainbHO. Llenbio paboTsl sSBisieTcs pa3paboTka u 060c-
HOBAaHHE MMApaMETPOB YCTAHOBKH, 00CCIICUMBAOIIEH TEpMOOOPabOTKY W 00e33apakuBaHKE OTOPAKOBAHHBIX HHKY-
GaLMOHHBIX SIML, JUI HOIYyYCHUS KaueCTBEHHOIO OEJIKOBOIO KOPMa MIPH CHIDKCHHBIX SHEPIEeTUYECKHX 3aTparax.
Pemens! 3amaun: pa3paboTaTh TEXHOJIOTHYECKYIO CXEMY YCTAHOBKM ISl BO3JEHCTBHS IJIEKTPOMArHUTHOTO IIOJIS
CBEPXBBICOKOM YacTOTHI Ha ChIpbe, 00Iajaonero 6akrepuuuaHbM 3G dexToM u 00ecreynBarouM H30UpaTeIbHbINA
HarpeB JBYXKOMIIOHEHTHOTO CHIPbsi B JHUAJIEKTPUYECKOW 000JI0YKe; pa3paboTaTh KOHCTPYKIHMOHHOE HCIOJHEHHE
CBEPXBBICOKOYACTOTHOW YCTaHOBKU C PE30HATOPaMH, 00JaJafolIMU BBICOKOH COOCTBEHHOM NOOPOTHOCTHIO, 0Oec-
MIEYNBAIOLIMMH BBICOKYIO HAIPSDKEHHOCTH 3JIEKTPHYECKOTO T0JISI U HETIPEPBIBHBIM PeXXUM PabOThI IPH COXPaHEHHU
3JIEKTPOMAarHUTHON 0€30I1aCHOCTH; ITPOBECTH TEXHUKO-IKOHOMHUYECKYIO OLIEHKY ITPUMEHEHHs pa3paboTaHHOH ycTa-
HOBKH B (pepMEpCKUX XO3SIMCTBax Ul MEepepadOTKH OTOPaKOBAaHHBIX MHKYOAIMOHHBIX SIML. TeXHHYECKOH 3amadeit
pa3paboOTKH sBIAETCS 00eCIedeHNe CKBa)KHOCTH HEIPEPHIBHOTO TEXHOJIOTHYECKOTO MpOIecca BO3ACHCTBHUS B 3JIEK-
TPOMArHUTHOM ToJie CBepXBBICOKOH gacToThl (DMIICBY) menee 0,5 u 3eKTpOMarHUTHOW O€30MAaCHOCTH TIPH J0-
CTaTOYHO BBICOKOH COOCTBEHHOW AOOPOTHOCTH PE30HATOpA, O0Pa3yIOLIEr0 PE30HATOPHO-JIyYEBYIO 3JIEKTPOANHA-
MHUECKyI0 cucTeMy. OTINYNTETbHOM OCOOEHHOCTBIO PE30HATOPOB OT M3BECTHBIX IEPEIBIKHBIX PE30HATOPOB
SBISIETCSI MCIIOJIb30BAHKE IBOSKOBBIMYKION NMHMH3BI U3 (pTOporuiacta s (popMHpOBaHMS PaBHOMEPHOTO IOJISA Ha
00beKTe BO3/IEHCTBUS. YCTAaHOBKA COJEPKUT B DKPAHHMPYIOIEM KOpIyce 000JOK, MPUKPEIUICHHbIH K 3y0daTomy
BEHIly, CLEIUIEHHOMY C Benylued mecrepHeidl. Ha 0000k NpUKpeIuieHbl HWKHUE MONIyc(hepbl C BO3ZMOMXKHOCTBIO
onpokuabIBaHus. B BepxHUe moiycdepbl, KOTOpbIe )KECTKO 3aKpEeIIeHbl Ha KOpITyce, HanpasieHbl u3inydarend. [Tpu
noTpebisieMol MOIHOCTH ycTaHOBKHY 4,08 kBT 1 nponsBoauTensHOCTH 12.KI/4. yAEIbHbIE SHEPTeTHYECKUE 3aTPaThl
coctaBisiror 0,34 kBr-u/kr, T.e. Ha 32% MPOMCXOMUT CHMKEHHE DHEPreTHUECKHUX 3aTpar M0 CPaBHEHHIO C IPOTO-
THUIIOM.

Ki1roueBble cj10Ba: 31EKTPOMAarHUTHOE I10JIE, TIEPEABIDKHBIE CepHIECKIE PE30HATOPHI, PTOPOILIACTOBAS JINH-
3a, OpakoBaHHBIE HHKYOALMOHHEIE SHIIa, TepMO0OpadoTKa U 00e33apakuBaHue.
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