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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.¢. it is 32% reduction in energy costs compared with the prototype.

Keywords: clectromagnetic 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 ecarly 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 foctuses;

- 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
clectromagnetic 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,
cach 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 diclectric 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, ¢) 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.
Turmn 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,

pes/h 200

kg/h 12
Magnetron power, kW 312
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/pes =
= 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.
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*deIepaThIBIK MEMICKETTIK JKOFAPHI OKY OPHBI
«Hmxauit HoBropo MeMIICKETTIK ay bUTHNIAPYAIIBLIBIK akaaeMIsIChly, Hmxauit Hosropos, Pecet,
denepanapk MEMJICKETTiK GF0KETTIK OiTiM Gepy MekeMeci sKOFaphI Giim
«UyBam MEMJICKETTIK ay bLIIIAPY aIIBUIBIK aKaJeMISIChDy, Uebokcapsl, Pecet,
* «Ka3ak YITTHIK aTpapiIbIK YHHBEPCHTET» KOMMEDPIHAIBIK eMEC AKIHOHEPIIK KOFaMbl, AMaTsl, Kasakcran,
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TAFAMJABIK EMEC K¥YMBIPTKAJIAP/IBI TEMIIEPATYPAJIBIK OHAEYT'E APHAJIFAH
KO3TAJIMAJIBI PE3OHATOPJIAPBI BAP MUKPOTOJIKBIHABI KOHALIPFbIHBIH
CHUIIATTAMAJIAPBIH HETT3JIEY

AnnoTtamus. TepMILIIBIK 6HACYICH JKOHE 3aJANCHI3IAHIBIPYIaH KEHIH aKybI3Abl )KEM PETiHAC OBOCKOIHSLIBIK
mporecc OAphICBIHAA KAPAMCHI3 HHKY OAIMIaHFAH >KYMBIPTKAHBI TTAHJAIAaHy MaHBI3ABI 00bIT TaObIaasl. KymbIc-
TBIH MAKCaThl MHKYOAIWs >XYMBIPTKAJIAPBIH TCPMILUIBIK OHICY JKOHE AC3MH(EKUIMSUIayabl KAMTAMACHI3 CTETIH,
TOMCH/ICTIIITCH YHEPTH IIBFBIHBIH a3aHTKAH >KOFAphI Camnajbl MPOTEHH/I a3bIK aJyFa MYMKIHAIK OCPETiH KOHIBIP-
FBIHBIH TAPAMCTPIICPIH 93ipIcy KOHC HEri3acy Oombmm TaObumambl. MiHACTTEp MICILTl: OAKTCPHIHATIK dcepi Oap
IIMKI3aTKA KOFAPBI JKALTIKTI 3ICKTPOMATHHTTIK OPICiHE ocep ©TY JKOHC AUIICKTPIIK KAOBIKIIACHIHIA €Ki KOMIIO-
HCHTTI IIHMKI3ATTHl ipIKTSN ajayAbl KAMTAMACHI3 CTYIIH TCXHOJIOTHAIBIK CXCMACKHIH KACAY; MKOFAPHI JJICKTP OPICIHIH
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OCPIKTITi MCH 3ICKTPOMATHHUTTIK KaVIMCI3MIKTI CAKTAH OTBHIPBIN Y3MIKCi3 KYMBICBIH KAMTAMACBI3 CTCTIH KOFApPBI
camaibl, XKOFapbl ACHICHII PE30HATOPIAPMEH MHKPOTOIKBIHIABI KOHABIPFBUIAPABIH KOHCTPYKIMSUIBIK KOHCTPYK-
IISICHIH 931pJey; IMapya KOKAIBIKTAPBIHAA >KapaMChI3 )KYMBIPTKAJIAPAbI KalTa 6HACY KOHIBIPFBIHBI MAWIATAHY bl
TEXHHUKAIBIK-3KOHOMHKANBIK Oaramay >Kyprizy. JaMyZIblH TEXHHKAIBIK MIHICTI 3JICKTPOHIBI-MATHUTTIK 6picTeri
(BMIICBUY) 0,5-T¢H KeM >KOHE PE30HATOP-COYIICII 3ICKTPOIHHAMHKAITBIK KYHCHI KATBIITACTHIPATHIH PE30OHATOPABIH
JKETKIUTIKTI JKOFaphl ©31HMIK CAamachIMEH 3JCKTPOMATHUTTIK KayiNCI3AIKTIH Y3AIKCI3 TEXHOJIOTHSUIBIK YPIICIHIH
JKYMBIC ITMKIIBIH KAMTAMACHI3 €Ty OOIBII TaObLIAAbl. Belnrim >KeIDKBIMAIBI PE30HATOPIAPAAH PE30HATOPIAPIBIH
aNBIPHIKIIA CPEKIIEIri 3cep €Ty OOBEKTICIHAEC OIPTYTAaC Opic KANBINTACTHIPY VIIIH (PTOPOIUIACTTAH >KacaluFaH Koc-
JTOHCC THH3ACHIH Madaaany 00bIn Tadbutanasl. KOHABIPFEI KOPFAy KOPIYCHIHAA ATIBIHFBI TCTSPIIITIMCH TICTI TOXKTC
OalimaHbICKaH cakuHACHI O0ap. CakWHAFa TOMCHTI >KapThIC)CpaMcH OCKITINTCH, OJIAPIBIH ayJapbLIyFa MYMKIHIri
Oap. Coynie TapaTKbIII ICHETS KaTaH OCKITUITCH JKOFAPFBI JKAPTHI MApFa OAFBITTAIFAH. JHCPTHAHBI TYTHIHY KC3iHIC
4,08 kBT sx0HE CHIMBIMABLIBIFBI 12 Kr/caF, HAKTHI SHeprust TyThiHY - 0,34 xkBt/car, sFHH, IPOTOTHOIMEH CAJIBICTBIP-
FAHA SHCPTHA MIBIFBIHBH 32% TOMCHICTY.

Tyiiin ce3aep: 3ICKTPOMATHHTTIK OPiC, JKbULKBIMAIBI C(PEPaTBIK Pe30HATOPIAP, (PTOPOILIACTHKANBIK JIHH3A,
’KapaMChI3 HHKY OALMSIIBIK SKYMBIPTKA, TEPMILLIBIK 6H/ICY SKOHE 3AJIACHI3TAHIBIPY .
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Amvatsr, Kazaxcran,
>Tapasckuii rocyIapcTBEHHBIH yHuBepcHTeT HM. M. X. Jlynatu, Tapas, Kasaxcraun

OBOCHOBAHHUE MAPAMETPOB MUKPOBOJTHOBO YCTAHOBKH
C IEPEABU/XKXHBIMH PE3OHATOPAMM AJIAA TEPMOOBPABOTKH HENNUINEBBIX AWNI]

Annoramus. Yicnonp30BaHAe 0TOPAKOBAHHBIX B MPOIECCCE OBOCKONUPOBAHMS HHKYOAIMOHHBIX AHI[ KAK OCITKO-
BOTO KOpMAa TOCJC TePMOOOPadOTKH B 00e33apaKUBAHHA AKTYaIbHO. L{enpro paboTsl SBAsSCTCS pa3paboTka u 000C-
HOBAHHC MAPAMCTPOB YCTAHOBKH, O0CCIICUMBAIOIICH TCPMOOOPAOOTKY M 00C33aPAKUBAHIC OTOPAKOBAHHBIX HHKY-
OAUHMOHHBIX AWI, I TMOJYUCHHA KAYCCTBCHHOTO OCITKOBOTO KOPMA NMPH CHIDKCHHBIX SHCPTCTHUCCKHX 3aTpaTax.
Pemmens! 3amaum: pa3paboTaTh TEXHOIOTHYCCKYIO CXEMY YCTAHOBKH I BO3ACHCTBHA 3JICKTPOMATHHTHOTO ITOJII
CBCPXBBICOKOH JACTOTHI HA CHIPEE, 00IATAOIMETO OaKTCPpHIMAHBIM 3()(PSKTOM H 00CCTICUHBAFOIIAM H30HPATCIHHEIH
HATPCB IBYXKOMIIOHCHTHOTO CHIPBSA B JHIICKTPHUCCKON 000J0YKE; Ppa3padoTaTh KOHCTPYKIHOHHOC HCIOTHCHHC
CBEPXBBICOKOYACTOTHOW YCTAHOBKH C PC30HATOPAMHE, 00JIAJAFOIIUMH BBHICOKOH COOCTBCHHOM AOOPOTHOCTBIO, 00¢C-
TICYHBAOMIMMHE BBICOKYIO HAMMPSDKCHHOCTD 3JICKTPHICCKOTO MO M HCMPCPBIBHBIA PSKAM PAOOTHI IPH COXPAHCHUH
3MEKTPOMATHUTHOH O€30MACHOCTH; MMPOBECTH TEXHUKO-IKOHOMHUECKYIO OLCHKY ITPUMECHEHHS pa3paboTaHHOH yCTa-
HOBKH B (D)ePMEPCKHX XO3SHCTBAX I MEPEPabOTKH OTOPAKOBAHHBIX MHKYOAIMOHHBIX SHMI. TeXHHUCCKOM 3amadch
pa3paboTKH SBILIETCS 0OCCIICUCHAE CKBAYKHOCTH HEMPEPHIBHOTO TEXHOJIOTHYECKOTO IIPOLECCA BO3ACHCTBUS B 37ICK-
TPOMATHHATHOM IOJIC CBSPXBBICOKOH dacToThl (OMIICBY) Menee 0,5 u 3ICKTPOMArHUTHOHM OC30MACHOCTH TPH J0-
CTaTOYHO BBICOKOW COOCTBEHHOH JOOPOTHOCTH PE30HATOPA, OOPA3YIOIIETO PE30HATOPHO-IYUCBYIO 3ICKTPOIMHA-
MHYCCKYEO CHCTeMY. OTIHYHATCIFHOH OCOOCHHOCTBIO PE30HATOPOB OT HM3BCCTHBIX MCPCABIDKHBIX PE30HATOPOB
SBJICTCS WCHOIB30BAHAC TBOSAKOBBIMYKIONH THH3BI W3 (Toporacta Al (OPMHPOBAHHS PABHOMCPHOTO TMOJSA HA
00BCKTC BOBACHCTBHA. YCTAHOBKA COACPYKHT B 3KPAHHPYFOIICM KOPIyce 000M0K, MPHKPCIUICHHBIA K 3y0daTtoMy
BCHIIy, CICIUICHHOMY ¢ BeAymicH mectepHei. Ha 00010k MPHKPEIICHBI HIDKHUEC TMOIYC(HEPhl ¢ BO3ZMOKHOCTBHIO
ompoKuasIBaHAA. B BepxHIC MOIyCEPhL, KOTOPHIC JKECTKO 3aKPEIICHBI HA KOPIYCE, HATIPABICHBI U3 TydaTead. [Ipn
moTpeOIIeMOii MOITHOCTH YCTaHOBKH 4,08 KBT M poM3BOAMTEABHOCTH 12 . KT/4. Y ACTBHBIC YJHCPTCTHUCCKUC 3aTPATHI
coctapsoT 0,34 kBruw/kr, T.e. HA 32% MPOMCXOANT CHIDKCHHUE YHEPIETHUCCKHX 3aTpar MO CPABHEHHIO C MPOTO-
THTIOM.

Kimo1ueBbie C/I0Ba: 3IEKTPOMATHUTHOE TIOJIC, TICPEABIGKHBIC C(hepHUECKHIE PE30HATOPRL, (JTOPOILIACTOBAS JIHH-
3a, OpaKOBaHHBIC HHKYOALHOHHEIC I, TCPMOOOPAOOTKA U 00¢33apakuBaHHUL.
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