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B cytku B P® nepepabarsiBator 126,3 T BeTepHHAPHBIX KOH(PHUCKATOB JJIsI KOPMOBBIX Iiesed. [Ipu mpon3BOAUTENIBHOCTH
nepepabaThIBaIOIIEH yCTAaHOBKY 35 KI/4 HE0OX0IMMOE KOJIMUECTBO JOJDKHO COCTABIIATH HE MeHee 7 ThIC. IIT. ba3oBble anmapaTs
SBJISIOTCS SHEPrOEMKHUMH, TI03TOMY HEOOXOAMMO CHU3UTh HKCILTyaTal[HOHHBIE 3aTPaThl HA TEPMOOOPAOOTKY ChIPbS ¢ COXPAaHEHHEM
KOPMOBBIX IoKa3aTenei. Llens ncciemoBanus — pa3paboTka yCTAaHOBKH C YHEPTOMOABOIOM B 3IIEKTPOIPUBOIHOM PE30HATOPE
1 000CHOBaHUE PEKUMOB PAOOTEL.

OOBEKTOM HCCIIeI0BaHUs SIBIISIIUCH CIM3UCTBIE CYOIPOIYKTHI, TpEOyIOIINe HeliTpanu3anuu 3amnaxa u o0e33apakuBaHus Ipu
TepMOOOpaOOTKE. ANTOPUTM PAOOTHI: HCCIIEI0BATh TMHAMUKY HAarpeBa ChIpbs; pa3padoTaTh IU(POBYIO MO YCTAHOBKHU; IIPOBECTU
KOMIBIOTEPHOE MOJICIMPOBAHNE 3JICKTPOAMHAMUYECKHX IIPOLECCOB B PE30HATOPE; 000CHOBATH PEXKUMBI PAOOTHl YCTAHOBKH:
HaNPSHKEHHOCTh KOPOHHOTO pa3psia U AJIEKTPUIECKOT0 IO B Pe30HATOPE; BHIYHCIUTH 3P (PEKTHBHOCTH SKpaHa, MOIIIHOCTb
reHepaTopa, MIPOU3BOAUTEIBHOCTh YCTAHOBKH, SHEPTETHUECKUE 3aTPATHI.

PazpaboTanu TeXHOJIOTHIO B YCTAHOBKY, COBMEUIAIONIYIO MIPOIIECCH TEPMOOOPpabOTKH, 00e33apaKHBaHU U HEHTpaTU3aInH 3araxa
B HETIPEPHIBHOM PEXKHME KOMIUIEKCHBIM BO3A€HCTBHEM AJIEKTPOMArHUTHBIX M3ITy4YEHHUI, MPH CHIKEHHBIX SKCIITyaTallHOHHbIX
3arpaTax. B 3JIeKTponpuBOJHOM PE30HATOPE, COOCHO PACIIOI0KEHHOM B SKPAaHUPYIOIEM KOPITyCe yCTAaHOBKH, PACIIOJIOKCHBI
KOPOHHUPYIOMIAsl METKa, 3JIEKTPOra30pa3psAHbIe JaMIbl OaKTepHIUAHOTO MoToka Y D-mydeil, HOXKH, MHEKH U U3ITydaTenH
OT MarHeTPOHOB BO3YITHOTO OXJakAeHHsI. CpeJHHH TepuMeTp KOJIbI[EBOTO 00beMa MEeXIy pe30HATOPOM U KOPIyCcoM, TIe
B030yKaeTcs Oeryias BOJIHA 3a CYET 3JIEKTPOMArHUTHOTO U3IydeHHs 4epe3 nepdopanuo, KpaTeH MOJ0BUHE JIHHBI BOJIHBI.
VYcTaHoBIEHO, UTO TepMOOOPAOOTKY CHIPBS C 00€33apakMBAHNEM H BBITOIKOH JKUPA MOKHO ITPOBECTHU B 3JIEKTPOIIPUBOJHOM
pe3oHarope ¢ coocTBeHHOM 100poTHOCTHIO 80 000 M MOIIHOCTEBIO TeHepaTopa 4,4 kBT, mpousBoauTensHOCTRIO 35—40 Kr/4 u 9Hepre-
traeckuM 3arpatamu 0,25-0,28 kBr-u/kr. [Ipyn HanpspkeHHOCTH dIIeKTpHYecKoro rmoist 5 kB/cm n koponHoTO paspsiga 9,79 kB/cwm,
obecrieunBaroleil He0OX0ANMYIO KOHIICHTPAIMIO 030HA 32 CYET KOPOHUPOBAHMS OAKTEPUIIMIAHBIX JIAMII, IPOUCXOAUT CHIKCHUE
GakTepHuanbHOW 00CEMEHEHHOCTH MPOTYKTa A0 AOMYCTHMOTO YPOBHS.

[IpakTHUecKyro 3HAUNMOCTh IPEACTABISACT YCTAHOBKA C SHEPTOIIOABOIOM B 3JIEKTPOIPHUBOIHOI pe30HATOP U 0OO0CHOBAHHEIE
pexXnMBbI ee paboThl, O3BOJISIIOIINE CHU3UTH IKCIUTyaTallMOHHBIE 3aTPAThl HA TEPMOOOPAOOTKY CHIPbS U COXPAHUTh KOPMOBEIC
MoKa3aTeNn MPOAYKTa.

Karouesbie caoBa. Cyonponykrsl, CBU-ycranoBka, aiekTporazopaspsaHble JaMIbl, TeHepaTOp KUIOrepIoBOil YacTOTHI,
nepdopupoBanHbIii GapabaH-pe30HATOP, KOPOHUPYIONIUE UTIIbI, CIIUPATbHBIH U BUHTOBO# IIHEKH

Jas uutuposanusi: Boponos E. B. Pa3paborka CBU-ycTanoBkH 1t TepMO0OpabOTKH OTXO00B yOO0s )KUBOTHEIX // Texuuka
M TEXHOJIOTHS MUIIEBBIX MPou3BoacTB. 2024. T. 54. Ne 2. C. 369-381. https://doi.org/10.21603/2074-9414-2024-2-2511
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Abstract.

Every day, the Russian Federation processes 126.3 tons of animal slaughter waste into animal feed. With an installation capacity
of 35 kg/h, the required quantity is 7000 units. As a rule, the devices are energy-intensive. The problem is to reduce the opera-
ting costs of heat treatment of raw materials while maintaining the feed quality. The article introduces a new installation powered
by an electrically driven resonator with rationalized operating modes.

The research featured mucous by-products that require thermal treatment to neutralize the smell and disinfect the raw material.
The authors investigated the dynamics of heating and used the data obtained to develop a digital installation model and test
the electrodynamics in the resonator. After that, they rationalized the operating modes, i.e., corona discharge, electric field,
screen efficiency, generator power, installation performance, and energy costs.

The complex action of electromagnetic radiation provided a continuous combined heat treatment, disinfection, and odor neutraliza-
tion with reduced operating costs. The electrical resonator was coaxially located in the shielding and contained a coronating
electrode, electric bactericidal UV gas discharge lamps, knives, screws, and emitters from air-cooled magnetrons. The annular
volume between the resonator and the coat excited the traveling wave by electromagnetic radiation through the perforation. Its
average perimeter was a multiple of half the wavelength. The heat treatment with disinfection and fat rendering required an intrinsic
quality factor of 80 000, a generator power of 4.4 kW, a productivity of 35-40 kg/h, and energy costs of 0.25-0.28 kWh/kg.
When the electric field was 5 kV/cm and the corona discharge was 9.79 kV/cm, the corona of bactericidal lamps provided the
required ozone concentration and the bacterial contamination fell down to an acceptable level.

The new installation with an electrical resonator reduced operating costs for heat treatment of animal slaughter waste and
maintained the high-quality of the resulting feed products.

Keywords. By-products, microwave installation, electric gas discharge lamps, kilohertz frequency generator, perforated
resonator drum, corona needles, spiral and screw augers

For citation: Voronov EV. Electrophysical Microwave Installation for Heat Treatment of Animal Slaughter Waste. Food
Processing: Techniques and Technology. 2024;54(2):369-381. (In Russ.). https://doi.org/10.21603/2074-9414-2024-2-2511

Beenenue Temrepatype Boabl 65—68 °C B Teuenue 5—-6 MuH. Tem He

Hanbonee tpynoemknmu B 00padoTke CyOnpoyKTamu MeHee HENPHUTHBIH 3arax 0cTaeTcs. ITO ChIPhEe MOJKHO HC-
ABJIAIOTCS YEThIPEXKAMEPHbIE JKEIYAKH KPYIIHOTO POra-  IOJB30BaTh KakK KOPM IS )KUBOTHBIX TOJIBKO TTOCIIE TEPMO-
TOT'O CKOTa U MEJKOTrO POraToro CKOTa, a TAKKe JKEITy IKH 00paboTky, 00e33apaXMBaHus U yaaneHus 3amnaxa [2—4].
cBuHEH. HekoTopsle ciu3ncThie CyONpOIyKThI 3-32 Ma- B cBs13u ¢ 3THM pa3paboTKa yCTAaHOBKU C HICTOUYHUKAMHU
JIOW THINEBON IIEHHOCTH U TPYJOEMKOCTH 00pabOTKH ANMEeKTPOU3NIECKUX (HaKTOPOB IS TEPMOOOPAOOTKH OT-
(IpOMBITH, pa3pe3aTh BIOIb, 00E3KUPHUTH, OUHNCTUTH OT X0JI0B Y0051 )XMBOTHBIX, TTO3BOJIIONIEH peann3oBaTh yKa-
CJIM3HUCTON 000JIOUKN ) HCTIOIB3YIOT TOJIBKO JUIsl KOPMOBBIX 3aHHBIC MPOLIECCHI B HEMTPEPHIBHOM PEXUME, aKTyasIbHa.
ueneii. [Ipu nepepaboTke 0TX0/10B yOOS )KUBOTHBIX, Ha- W3BecTHA HOpMa BBIX0/1a CyOTIPOAYKTOB ITPH Iepepa-
IIpUMeEp, JKeITy/IKa KBauHbIX )KUBOTHBIX (pyOer, KHIKKa, 0OTKE KPYITHOTO pOraToro CKOTa B MPOLEHTaxX K )KUBOH
CeTKa, CBIYYT), BBIICISICTCS crenuduueckuii 3amax [1]. Macce: HenuieBas oopess — 0,17 %, tpaxes — 0,14 %,
[TosTOoMy pH TepMOOOPAOOTKE TAKOTO CHIPHS IPH IPOU3-  CHIYYT 00paboTaHHBIA U CBUHOHU x)emymok — 0,21 %,
BOJICTBE KOpMa JJIs )KUBOTHBIX C BBITOITKOM >KHpa HE00- py6en — 1,32 % [1]. B cpennem ato 2 %, T. €. 33 470 T
XO/IMMO HEHTPaIN30BaTh 3arax 1 00e33apa3uTh NPOIYKT. CyONpOyKTOB BTOPOM KaTeropuy HaKaIIMBaeTCs B TOJ1
[Tpu mpou3BoACTBE KOMOMKOpPMA U3 KEITyAKa KBAUHBIX o Poccun B MsICHOM >KMBOTHOBOJICTBE. B cpenHem B
JKMBOTHBIX (pyOL1a, KHIKKH, CETKH U ChIUYTa) €ro IIapsT CYTKH cientyet nepepaborars 126,3 T cyOnpoyKToB BTO-
W OYMIIAIOT OT CJIM3UCTOH 000J0YKU B HEHTPUDYTE TPpH poii KaTeropuu.
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Cnu3uCTBIE IPOIYKTHI CIEAYET epepadaThiBaTh B TEUE-
HEe 3 9 rocie y0osi, cyMMapHasi IPOU3BOAUTEIBHOCTD yC-
TAHOBOK JI0JDKHA cocTaBisiTh 42 100 kr/4. Eciu npousso-
JIUTENBHOCTD IIPOEKTUPYEMOM YCTaHOBKH C UCTOYHUKAMHU
anekTpodu3ndeckux (pakTopoB coctaBisieT 35—40 Kr/4,
TO HE0OX0MMOE NX KondecTBo B rpezaenax 1000 mr.

C yueTtom Buaa yOOHHOTO CKOTa HAKATLTUBAIOTCS CyO-
TPOYKTHI TOBSKbU, KOHCKHE, OJICHBH, BEPOITIOKBH, Oapa-
HbH, cBUHBIE. ClleI0BaTEIIbHO, KOJIMYECTBO HEOOXOIH-
MBIX YCTaHOBOK, BKJIIO4asi pe3epBHble, 11 PD cocraBut
6—7 Thic. CyIIECTBYIOT COTHH YCTAHOBOK JUISl I3MEJBUCHHS
W TUTaBJICHHSI )KUPOCOJICPIKAIIETO MSICHOTO CHIphsi. Paz-
paboTaHHast HAMH yCTaHOBKA HanbOoJiee OJIM3Ka K [ICHTPO-
oexxaoi Mammae ABXK-245 (M3MenbunTeTh-TIIaBUTENb ).
OCHOBHBIM pabOYMM OPraHOM MaIIHHBI ABJsIeTCs Tepdo-
PHPOBAHHBIN AIIEKTPONPUBOAHOM OapabaH, TOIBHIKHBIN 1
HETIO/IBIUKHBIC HOXKH. 1071 IeiCTBIEM IEHTPOOSIKHON CHITBI
M3MENbYEHHOE ChIPhE MOTA/IaeT Yepes Mephoparyio B KOJb-
LIEBOE IIPOCTPAHCTBO MEXLY KOPITycOoM 1 OapabaHoM, Kyia
mojiaeTcst OCTpHIi map mof gasinerneM 0,15 MITa. Hemo-
CTaTKU: BBICOKUH pacxon napa —Ha | T ceipbst 100 kr; pa-
Ooumii mporecc NPOUCXOUT MPH CMEIINBAHNUN JKUPO-
BOT'O CBIPbS C TOpsiYEl BOAOM, UTO YXyALIAeT KOPMOBYIO
[IEHHOCTb NMpoAyKTa. [Ipn Takoil TEXHOIOTUHN BHITONKH
JKMpa U3 TaKOTO CBIPBsI, KaK JKeJTy/10K XKBauHbIX )KUBOTHBIX,
HEUTpaIN30BaTh HENPUSTHBINA 3amaX HE YJAeTCs.

N3Bectasr CBY-yCcTaHOBKH C pe30HATOpAMH PA3HOTO
KOHCTPYKTHBHOT'O MCIIOJIHEHHSI JUII TEPMOOOpaboTKH
chIpbsi [5—9]. OTH ycTaHoBKH 3G HEeKTHBHO paboTarOT, HO
B HUX HE MPEIYCMOTPEHBI HCTOUYHUKH IIEKTPOpU3NIe-
CKuX (paKTOpoOB, 0OECHEUNBAIONINE HEUTPAIN3AUIO He-
MPUSITHOTO 3amaxa rnpu nepepadorke cbipbsi. st Tepmo-
00paboTKHN Kamep KeTyAKa >KBAUHBIX KHBOTHBIX C yJa-
JICHHUEM HETPHUATHOTO 3araxa yCTaHOBKH CIIEJYeT JI0Y-
KOMINJICKTOBAaTh HCTOYHUKAMH O30Ha U 6aKTepI/IL[I/II[HOFO
notoka Y ®-iryueii. B Hamrelt Hay4HOi mkoine pa3pabo-
tanel CBU-ycTaHoBKH A1 TEpMOOOPAOOTKH MSICHOTO
CBIPBSl B HEIPEPBHIBHOM peknMe. OCHOBHON COCTaBHOM
4acThi0 ycTaHOBKH ¢ CBU-3HEpromnoaBoiom sBIsieTCst
00beMHEI pezoHaTop. [TosToMy paspaboransl mudpo-
BbI€ MOJIESIN PE30HATOPOB U MPOBEAECHO KOMIIBIOTEPHOE
MOJIETTMPOBAHUE HIIEKTPOANHAMUYECKHIX MIPOLIECCOB B Pe-
3oHaropax. OT ero AMEKTPOINHAMHUYECKUX TaPaMETpPOB,
a MMEHHO HaNpsHKEHHOCTH 3JIEKTPUYECKOTro MOJIst U CO0-
CTBEHHOMW JIOOPOTHOCTH PE30HATOPOB, B 3HAUUTEIHHOMN
CTEICHH 3aBUCHUT PEKUMBI TepPMOOOPAOOTKHU KaXKIAOTO
BU/IA CBIPBSI, TO3BOJISIIONIME CHU3UTH AKCILTyaTallnOHHbIC
3aTpaThl C COXPaHEHHEM KOPMOBOM LIEHHOCTH MPOAYKTa.
Ho »tn ycTaHOBKH Takke 6€3 HCTOYHUKOB SICKTPOPH3H-
yeckux (akropos [10—15].

Hayunas npoGiema — CHIKEHHE DKCIUTYaTallHOHHBIX
3aTpar Ha TepMOOOpPaObOTKY HEKOHAWIIMOHHOTO BTOPUY-
HOTO MSICHOTO CBIPbSI pemraeTcst pa3paboTKOH TEXHOIIO-
M U TEXHUYECKOT'0O CPCACTBA HCIPEPHLIBHO-ITIOTOYHOI'O
JIEHCTBUS C HCTOYHUKAMH AIEKTPOYU3NIECKUX (HaKTo-
POB B 3JIEKTPONPHUBOJHOM IIJIMHIPUIECKOM PE30HA-
TOpE, TIO3BOJISIIONIMX NP TOHKOM HU3MEJIBYCHUU CHIPhS
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COXPaHNUTh KOPMOBYIO LIEHHOCTh TOTOBOTO MPOIYKTa
U HEMTpan30BaTh HEMIPHUATHBIN 3amax.

Iens cTaThy — UCCIIE0BATh JUHAMUKY HarpeBa Kamep
JKeJTy/IKa KPyITHOTO POraToro CKOTa U pa3paboTaTh paauo-
TepMETHYHYIO YCTaHOBKY Ul Te€pMO0OpadoTKH 1 00e3-
3apakMBAHUS B HEIPEPHIBHOM PEXHUME MPU TOHKOM H3-
MeNIb4eHUN OOEHCKHX OTXOZ0B C HCTOUHHKAMH JJIEKTPO-
(m3nuecknx (pakToOpoB, BKIOUYAsk CBEPXBBICOKOYACTOTHBIN
9HEProNOo/BOA, OAKTEPHIIMIHBINA TOTOK Y D-1yueii n 030H
OTIpeieNIeHHON KOHIIEHTPAIIUH B 3JIEKTPOIPHUBOTHOM Tep-
(oprpOBaHHOM IMJIMHAPUIECKOM PE30HATOPE.

O0BbeKTBbI U METO/IBI MCCJIEIOBAHUS

B pamkax 3TOl cTaTbu MCHOJIB30BAIN MAaTEPHUAIIbI
3asBKH Ha u3o0petenue (3asBka Ne 2023123873). Mone-
JMPOBaHHUE PACHIPEACTICHUS 3JICKTPOMArHUTHOTO TIOJIS B
pe3oHaTOpe MPOBOIMIH C TOMOIIbI0 porpammbl CST
Microwave Studio [16, 17]. UcciexyeMbIM CBIpbeM sIB-
JISIOTCS CIIM3UCTBIE CyOMPOIYKTHI 2-i1 KaTeropuu, ume-
IOIINE TTUTATENbHYIO IEHHOCTh HUXKE, UM MTUTATENbHAs
LICHHOCTh MsICa, SIBIISTIOIINECS JOTOJHUTEIEHBIM HCTOY-
HHUKOM JKHBOTHOTO O€JIKa. DTO JKEeYAKH KBAYHBIX )KHBOT-
HBIX (pyOerr, ceTka, KHIDKKA, MUIIEBOJ, CHIIYT), CBUHBIC
JKEITYJKH, HEeKOHNIIUOHHBIE KHUIIKH, TPAXEN TOBSIKBS U
CBUHAas, CEJIe3€HKa U JPYTroe MSICHOE ChIpbe, Tpedyroniee
HEUTpanu3aIiy 3amaxa u 00e33apaXuBaHus1 IPH TEPMOO0O-
pabotke. Ha pucynke | mpuBeneHo ucciIeayeMoe ChIpbe —
KaMepbl JKelTyIKa KPYITHOT'0 pOraToro CKOTa, HOIy4eHHOe
nociie yoost 01.08.2023 r. u3 GpepMepcKoro xo3siicTea
«K®X IMuporosa P. A.».

Ha ocHoBe aupnekTpuuecknx, GU3NKO-MEXaHHIECKIX
XapaKTCPUCTUK HCKOHAUIMOHHOTO ChIPbA, cneumbnqe-
CKHX 0coOeHHOCTeH AnmekTpomarauTHoro ot CBY, Teo-
PHH ONITUYECKOTO N3JTYYEHHsI U KOPOHHOTO pa3psijia, CHc-
TEMHOT'0 I0/IX0/1a K KOMIUIEKCY TEOPETHUYECKUX U IKC-
MIEPUMEHTAIBHBIX PE3YJIbTATOB pa3paboTaHa yCTAaHOBKA
C UWIMHIPUYECKUM 3JICKTPOIIPUBOAHBIM PE30HATOPOM
Juisl TepMooOpadboTKH, 00e33apakuBaHus U HEHTpasin3a-
LIUY 3a11axa KUPOCOAEPKAILIUX OTXOI0B yOOsI JKHBOTHBIX
BO3/eiicTBHEM arekTpodusnyeckux (akTopos. Ha ocHo-
BaHWU aHAJIM3a UCCIICJOBAHUH U KilacCH(PHUKAINN KOH-
CTPYKTUBHBIX PEIICHNH BBIABUIIH IEPCIIEKTUBHYIO MOJIEITb
YCTaHOBKH C HCTOYHHKAMU 3JIeKTpoMarauTHoro nomst CBY
1 OaKTepPUIMIHOTO IOTOKA YIIbTPa(HUOIETOBBIX H3ITyYEeHUH
KOPOHHOT'O pa3psijia.

Pe3yabTaThl 1 HX 00CyKIeHUE

HpOBeHI/I OKCIICPUMCHTAJIbHBIC UCCIICIOBaHNA JUHA-
MHKH HarpeBa KaMep *Kely/ika KPYITHOTO pOraToro CKoTa
B MHUKPOBOJHOBOH CHCTEME «TC€HEpaTop — pe30HATOp —
Harpy3ka» SUPRA-850 mpu MomHOCTH MarHeTpoHa
850 Bt. U3y4enne qHAMUAKH HATPEBA CHIPHS TTO3BOJISIET
YTOYHUTDH PEKHUMBI pPaOOTHI pa3padbaThIBAEMOH YCTAaHOBKH,
BBIOPATh ONTHUMAJIBHYIO yAEIbHYIO0 MOIIHOCTh FeHepa-
TOpa, 9TO TTO3BOJIMT MOJ00PATh ONTHMAIBEHOE BpeMs 00pa-
OOTKH CBIPBS U TEMIIEpaTypy 00paboTku. B nepcrexTrse
9TO MPHUBEJET K CHIKCHUIO DKCIUTyaTallMOHHBIX 3aTpaT
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Pucynok 1. Mccnenyemoe cbipbe (KaMepbl JKellyaKa KpyIMHOT'0 poraToro ckota): a) pyoeir; b) cetka; ¢) KHIKKa; d) chrayr

Figure 1. Cattle stomach chambers used as raw material: a) rumen; b) reticulum; ¢) psalterium; d) abomasum
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Pucynox 2. JluHaMuKa AMSIEKTPUIECKOTO HArpeBa
ChIUyTa KPYIHOTO POraToro CKOTa IMpH Pa3HbIX YIEIbHBIX
MOINIHOCTSX TeHeparopa: 2,53, 1,42, 0,95 Br/r

Figure 2. Dielectric heating of cattle rennet at 2.53, 1.42, 0.95 W/g

IIpH TEPMOOOPAOOTKE CHIPhS M COXPAaHCHUIO KOPMOBBIX
IToKa3aTeJieii TOTOBOTO MPOYKTa IPH UCTIHITAHUU HATYP-
HOT0 JTaOpaTOpHOTo 0Opasia ycranoBku. Ha pucynke 2

MIPUBE/ICHBI PE3YJIbTATHI HCCICIOBAHUS JHHAMUKA JIH-
SJICKTPUYCCKOT0 HATPEeBa ChIYyra KPYIMHOTO POraToro
ckota. OHM TIO3BOJISIIOT OICHUTH CKOPOCTh HAarpeBa Chl-
4gyra KpyImHOTO pOTraTOro CKOTa, COM3MEPUTH MPOIOJIKH-
TEILHOCTh BO3JICHCTBUS AileKTpoMarHuTHoro nosst CBY

JUIS TPEX Pa3HBIX yIEIbHBIX MOUIHOCTEHN renepatopa: 2,53,
1,42, 0,95 B1/r (uT0 mocturaercs peryJMpoBKON 3aKiIaibl-
BaeMOW MacChI ChIpbs). J[jist TOro 4TOOBI B MOJHON Mepe

HCIIOJIb30BATh MOJIOKUTEIILHOE BO3/ICHCTBHE MUKPOBOJI-
HOBOTO (haKTOopa, TepMOOOPabOTKY HEOOXOANMO MPOBO-
b 0T 10 10 20 MUH, YTO MO3BOJIUT JJOCTUYB TEMTIEPATYPHI
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Pucynox 3. JlunaMuka AM3JIEKTPUIECKOTO HArpeBa
H3MeJIbUeHHBIX KyckoB pyoua (1,8 BT/r) u cetku (2 B1/r)

Figure 3. Dielectric heating of crushed rumen (1.8 W/g)
and reticulum (2 W/g)

cerayra ot 80 10 100 °C (KOHTPOIMPOBATIOCH TETIOBU30-
pom FLUKE TISS 45), B 3aBucHMOCTH OT y1€JIbHOM MOIII-
HOCTHU T'eHeparTopa.

Jns yBenuueHust pOM3BOAUTEIbHOCTH YCTAaHOBKH U PaB-
HOMEPHOTI'0 HarpeBa ChIPhs €T0 CIIEAYET TOHKO U3MENbYaTh
U HENPEPBIBHO NEpEMENINBATh B pe30HaTOpe ¢ 4 MarHe-
tponamu 1o 1100 BT, yTo mo3BoimT 1ocTHdb S HEKTHB-
HOCTH TIepepaboTKH 3a KOPOTKHUH MPOMEKYTOK BPEMEHH.

Pe3ynbraTsl 9KCIEpUMEHTAIBHBIX HCCIEI0OBAHUN AU-
HaMUKH JIMJIEKTPUYECKOT0 HarpeBa pyoLa U CETKH KpyTi-
HOT'O POraToro ckora (puc. 3) Mo3BOJISIOT OLIEHUTH UX CKO-
pPOCTh HarpeBa M ONpPENeNUTh NPOJOLKUTEIBHOCTD BO3-
JieficTBuUs 3neKkTpoMarHuTHoro nojist CBY npu pasHbx
yJCIBHBIX MOIIHOCTAX reHeparopa: 1,8 u 2 Br/r. Onu
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MOKa3bIBAOT, YTO CETKA M PyOeI] KPYITHOTO POTaToro CKoTa
HarpeBaroTcs B dNeKTpoMarHuTHoM mnojie CBY ¢ pasHoii
ckopocThio. [Ipu Bapmauy mpogoKUTEIBHOCTH BO3-
nedictBus ot 0 1o 15 MuH TemnepaTypa B U3MEIbYCH-
HBIX KyCKax ceTkH coctaBuia 96 °C, a B M3MEIbUCHHBIX
Kyckax pyoma — 83 °C.

[TpoBenu 3KCTIepUMEHTHI 110 BBISIBICHHIO 3D (PEKTUBHBIX
yJIeIbHBIX MOIIIHOCTEW reHepaTopa, POA0KUTEILHOCTH
BO3JICHCTBHS M TEMITEpaTyphl HarpeBa KHIKKH KPYITHOTO
poraToro ckota. Pe3ynbrarsl uccieoBaHus TEMIEpPa-
TYpBI HarpeBa roTOBOTO MPO/IYKTa, BBISBICHHBIC HA OCHOBE
MIPOBE/IEHHOTO 3KCIEPUMEHTA IPU TTOMOINH TETUIOBU-
3opa FLUKE TISS 45 (puc. 4), noka3spIBatoT, 4To Ipy MO~
HOCTH TeHepaTopa 6,64 BT/T 3a 5 MUH MOXXHO TIOTYYIHTh
BBICYIIICHHBIH TPOYKT U3 M3MENBbYEHHON KHIKKH (pUC. 4).
[pu 3TOM MaccoBast OIS BIIark B KHWKKE cocTaBmita 86 %,
a BJIQKHOCTh KHMKKH TIOCJIe BO3JCHCTBUS dJIEKTpOMar-
nrutHOTO N0t CBY — 14 %. IToaTtomy mi1st mepepaboTku
M3MEJbUCHHON KHUKKH aKTyaJIbHOH SIBISETCSA CYILIKA IIPU
CHIDKCHHBIX SHEPTeTHUECKHX 3aTpaTax.

Ha ocHOBe IpoBeIGHHBIX 3KCIIEPUMEHTAIBHBIX HCCIIE-
JIOBaHUH JIMHAMUKHN TUAJIEKTPHUYECKOTO HArpeBa ChIPbs
(xamep Jkelyika KPYITHOTO POTraToro CKOTa), BbISIBJICHHBIX
(G PEKTUBHBIX YAEIBHBIX MOILIHOCTEH TeHepaTropa, npo-
JIOJDKUTENBHOCTH BO3/ICHCTBUSL, TEMIIEPATYPBI M CKOPOCTH
Harpesa ChIpbsl pa3paboTaHa YCTaHOBKA C IMIIMHIpUYE-
CKHM 3JIEKTPOTIPHBOIHBIM PE30HATOPOM, COBMEIIAIOIIAs
KOMILICKCHOE BO3JICHCTBHE 3JIEKTPOPU3UICCKUX (HAKTO-
POB C TOHKHM €T0 U3MENIbYEHUEM U TIEPEMEIINBAHIEM.
YcTaHoBKa IS TSPMOOOPAOOTKH U 00e33apaKMBaHUS C
HeWTpan3anuei 3anaxa mpu TOHKOM N3MEeTbYeHHN JKUPO-
CoJIepIKAILMX OTXO/I0B Y0051 )KUBOTHBIX BO3/ICHCTBHEM DJICK-

IMociie TepMO0GPabOTKH
0e3 M3MebUCHHUSI, 5 MUH,
4,25 B/, 80 °C.

Tpopu3NIeCcKNX (HaKTOPOB MpHBEACHA Ha pUCYHKe 5. OHa
COJICP)KUT B He(hEPPOMArHUTHOM LIMIIMHJIPUYECKOM KOp-
myce 3 COOCHO PacmoJIOKEHHBIN TTep(poprpOBaHHEIH ITH-
JIMH/IPUYECKHUIT 3JIEKTPOIIPHBOJIHOM OapabaH-pe3oHaTop 7.
Ha nepdopupoBanHOM HIKHEM OCHOBaHUH OapabaHa-pe-
30HATOpa )KECTKO YCTAHOBJICH MOJBIKHBIN Heeppomar-
HUTHBIN HOX /() ¢ painaibHO PACTIOIOKEHHBIMH JIE3BUSIMH.
ITo BICOTE OOKOBO MOBEPXHOCTH OapabaHa-pe3oHaTopa
TapajuIeNIbHO PACIIONI0KEHBI HETTOIBIKHbBIE HOXH 9 cO
casurom Ha 120° mo mepumetpy 6apabaHa-pe3oHaTOpA.
Bepxnee nepdopupoBanHoe ocHOBaHuE OapabaHa-pe3o-
HaToOpa MPECTaBICHO Kak HedeppoMarHuTHAs mepdo-
PHpOBaHHAS KOJIbLIEBast IOBEPXHOCTh, COCTHIKOBAHHAS C
epUMEeTPOM OOKOBOI TOBepXHOCTH. Ha Bcei KobIieBoi
MTOBEPXHOCTH PACIIONIO’KeHa HeeppOMarHuTHasi KOpo-
HUpyromas werka 8. Hax neHTpanbHbIM OTBEPCTUEM
BEPXHEr0 OCHOBaHUsI OapabaHa-pe30HaTOpa Ha BEPXHEM
OCHOBaHHMH HE()epPOMATHUTHOTO IIMITHHPUIECKOTO KOp-
myca co caBuroM Ha 120° pacmosnoKeHbl BOJTHOBOJBI C
MarHeTpOHaMH BO3IYIITHOT'O OXJIAXKICHUSI, M3JTydaTel N KO-
TOPBIX HAIMpPAaBJICHBI B IEPPOPUPOBAHHBIN HUIAHAPHYE-
ckuit 6apadban-pe3onHarop. ITo LeHTpy BepXHEro OCHOBAHHUS
Kopiyca 3 pacronioskeHa HedeppOMarHUTHAs 3arpy304-
Hast EMKOCTB / € 3aCJIOHKOH, BHYTPH KOTOPOH YCTaHOBIICH
He(eppOMarHUTHBIN 3IIEKTPOTPUBOTHON CIIUPATBHBIN
mHeK 2. C BHYTpPEHHEH CTOPOHBI BEPXHETO OCHOBAHMUS
KopIryca HaJ HeheppOMarHUTHOW KOPOHUPYIOMICH IIeT-
KOH C paBHOMEPHBIM PaIMaIbHBIM CIBUTOM PACTIOI0KEHBI
3JIEKTPOTra30pa3psIHbIE JIAMITbl OaKTEPHUIIUIHOTO TOTOKA
Y ®-jryueli 5, MOAKIIOUEHHBIE K UICTOYHUKAM KHJIOT€PLO-
Boif yactoThl. Hedeppomarnuraas nmpuemHas EMKOCTb /3
pacnooKeHa 1o H>KHUM OCHOBAHUEM HUJIMHIAPUIECKOTO

TepmoobpaboTka
HU3MEITbYCHHOU
KHIDKKH, 5 MUH,
6,64 B1/r, 97 °C

Macca KHIKKH, U3MEPEHHAs! C MOMOIIbIO 2JIeKTPOHHBIX BecoB M-ER:

HavyayibHas — 195 r, nocne Bo3aeicTBus dsekrpomaruutHoro noist CBY — 27,3 r.
MaccoBast 10Jis YIaJICHHOW BJIaTW M3 KHIKKU coctapisiet (195-27,3)/195 = 0,86.
DT0 3HAYNT KHMIKKA BBICOXJIA M MIMEET BIIAXKHOCTH 14 %.

Pucynoxk 4. Busyanusamnus BapeHOTro B d1eKTpoMarHuTHOM 1oxe CBY chIpbst (KHMXKKH KPYITHOTO POTaTOro CKOTA)

Figure 4. Psalterium cooked in electromagnetic microwave field
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Pucynok 5. YcTaHOBKa ¢ HIMIIMHAPUYISCKUM dJICKTPOIIPUBOIHBIM PE30HATOPOM Uil TepMOOOPaboTKH, 00e33aparKuBaHHsI
W HeWTpaJn3aluy 3amaxa )XUpPOCOACPIKALINX OTXOJ0B yOOs )KUBOTHBIX BO3JIEHCTBHEM IEKTPOPHU3NIECKUX (PaKTOPOB:
a) oOmuit Buj; 0) 0OIIMIA BIJI B pa3pe3e; B) CXeMaTHYCCKOE H300paKkeHUE YCTAHOBKY; T') YCTAHOBKA B pa3pese,
¢ NO3UNMSIMH; / — 3arpy304Hasi EMKOCTh; 2 — 3JIEKTPOIPHUBOAHON ciupaabHbIl MHEK; 3 — HeeppOMarHUTHBII
OUTUHAPAYECKHIA KOPITYC; 4 — MAarHETPOHBI; 5 — 3JEKTPOra3opaspsAHbIe JTaMITbl OaKTEPUIHIHOTO MOTOKa Y D-1yueit;
6 — UICTOYHUKH KUJIOTEPIIOBON YaCTOTHI; 7 — NEPPOPUPOBAHHBIN HMIHMHAPUIECKUN HIEKTPONPUBOTHON OapabaH-
pe3onarop; 8§ — HepeppoMarHuTHasi KOPOHUPYIOLIAs ieTka; 9 — HEeNOABMIKHBIC HOXKHU; /() — MOABMKHBIH HOXK; /] — Bal
9MEKTPONPHUBOAA; /2 — KapKac JUlst MOHTaXa; /3 — npuemMHas éMKOCTb; /4 — He()eppOMAarHUTHBII BUHTOBOMH IIHEK

Figure 5. Installation with a cylindrical electric resonator for heat treatment, disinfection, and odor neutralization of fat-containing animal
slaughter waste: a) general view; b) general cross-sectional view; c¢) scheme; d) installation in section, with positions; / — loading chamber;
2 — electrically driven spiral screw; 3 — non-ferromagnetic cylindrical body; 4 — magnetrons; 5 — UV bactericidal electric gas-discharge
lamps; 6 — kilohertz frequency sources; 7 — perforated cylindrical electric drum-resonator; 8 — non-ferromagnetic coronating electrode;

9 — fixed knives; /0 — movable knife; /7 — electric drive shaft; /2 — frame; /3 — receiving tank; /4 — non-ferromagnetic screw

KOpIIyca, T/Ie B KOJIBLIEBOM 3230pe MEX/1y HUM U OapabaHoM-
PE30HATOPOM PACIIOTIOKEH DIIEKTPOIPUBOIHON BUHTOBOM
mHeK /4. YcTaHOBKa CMOHTHPOBaHa Ha Kapkace /2.
TexHoMOTHYECKUH TpoIIecc TepMooOpaboTKH, 06e33a-
paXKUBaHUsI M HEUTPaJIM3aLlK 3araxa )XHUPOCOAEPIKAIIX
0TX0/10B YOOsI J)KHBOTHBIX BO3JICHCTBHEM 3JIEKTpodH3nye-
CKuX (DaKTOPOB IPOUCXOIHT CIEAYIONIIM 00pa3oM. 3arpy-
3UTb U3MEJIbUYEHHBIE OTXO/IbI yOOSsI JKMBOTHBIX, BKIIFOUAs Ka-
MepbI )KBauHbIX JKMBOTHBIX (pyOell, ceTka, KHIKKa, CHIUYT),
B 3arpy304HYI0 EMKOCTH / TIPH 3aKpbITOH 3acioHKe. Bkiro-
YHUTH AIEKTPONPHBOA OapabaHa-pe3oHaTopa 7. Bximounts
9IEKTPONPUBOA He(heppOMarHUTHOTO BUHTOBOT'O IITHEKA /4.
OTKpBITH 3aCJIOHKY B 3arpy304HON EMKOCTH U BKITIOYUTh
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HedeppoMarHuTHBIH crirpainbHbli mHek 2. [Tocne aToro
M3MEIIbYCHHBIE KYCKH JKHPOCOAEPIKAIMX OTXO0JI0B y0os
JKUBOTHBIX TTOMAJAl0T B OapabaH-pe30HATOp Uepe3 [eH-
TpaJIbHBIC OTBEPCTHS HA OCHOBaHMAX Kopryca 3 u Gapa-
OaHa-pe3onatopa. Ha ocnoBanun G6apabana-pe3onaTopa
3aKperuIeH IOABM)KHBIN HOXK JJISl TOHKOTO M3MEJIbUYCHHS
CBIPbsl M OTOPAChIBAHUS €r0 K BHYTPCHHEH MOBEPXHOCTH
OapabaHna. 3a30p MeK 1y HETO/IBUIKHBIMU HOXKaMH 1 Oapa-
0aHOM-PE30HATOPOM PEryIUPYETCsl B 3aBUCUMOCTH OT BUZA
BTOPHUYHOT'O CHIPbs. Jlaree BKIIOYUTH BEHTHIISITOPHI U
MarHeTPOHBI 4 BO3AYITHOTO OXJIAXKICHUSL.

B Gapabane-pe3oHaTope Bo30yK1aeTCs dJIEKTpOMa-
THUTHOE T0JIE CBEPXBBICOKOW YacTOTHI (cTOSYast BOJTHA
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c gactotoii 2450 MI't u anmuHOM BotHbI 12,24 cM). Brutro-
YUTh UCTOYHUKHU 6 KHJIOTepIIOBOil yacToThl. YacToTa NM-
MyJIbCHO-MOACTIMPOBAHHBIX BLICOKOYACTOTHBIX KOHe6aHl/II>II
110 xI'm. TTocme 3TOTO BMIEKTpOTa30pa3PSAHBIC TAMITBI I
GakTepuiaHOro notoka Y d-irydeii 3aroparorcs 1 pH co-
NPUKOCHOBEHHHU He(hepPOMATHUTHOH IIETKON § HAYNHAIOT
KOPOHUPOBATh. 3a cUeT dJeKTpoMarauTHoro noyis CBY
MOIIIHOCTB 3JIEKTPOTa30pa3psIHBIX JAMI YBEINUUBACTCS,
OHM sIpYE TOPSIT U CHIIbHEe KOPOHHUPYIOT, YBEINYHBa-
eTCsl KOHIIEHTpAIKsl 030Ha B pe3oHaTope. [Ipu BpaiieHuu
6apabaHa-pe30HaTOPa 3a CYET KOPOHHOTO pa3psizia MEXIY
AJIEKTPOTa30pa3psJHBIMU JIaMITaMH 5 U He(eppOMarHuT-
HBIMH HIETKaMH MTPOUCXOUT 030HHUPOBAHUE BO3yXa.
O30H 1 0aKTEepPUIIUAHBIN TOTOK Y D-Tydel (B qramnazoHe
BOJIH 254—257 HM) pacrpoCTpaHsIOTCs BHYTpH Hedep-
POMarHUTHOTO NEPPOPUPOBAHHOTO HIEKTPOIPUBOIHOTO
Gapabana-pe3oHaropa. Y D-Iydn OKa3bIBAIOT OaKTEPUIIHI-
Hoe Bo3eiicTBre. O30H 001a1aeT CHIILHBIM 00€33apaHu-
BAIOIIUM JICHCTBHEM Ha ChIpbe. 3a CUET TOKOB MOJISAPH-
3aIliH )KUPOCOIEpIKallee TOHKON3MEIBYEHHOE ChIPHE B
anexktpomarHutHOM noje CBY HarpeBaercs 1o 85—95 °C,
JKUP BBITAIUTUBACTCS MPHU BpalllcHUH OapabaHa pe3oHa-
Topa. 3a c4eT MeHTPOOEIKHOH CHITBI CHIPhe 0TOPACKIBACTCS
K niepdoprpoBaHHO OOKOBOW TIOBEPXHOCTH OapabaHa-
pesonaropa (nuamerp orepctuii 1,2—6,0 mm). ToHkO
U3MeNbYeHHOE CBhIPbe MPIKUMaeTcs K oOevaiike Oapa-
OaHa-pe3oHaTOpa. BITONIEHHBIN XHp TpocadynBaeTCs
yepe3 nepdopanuio 6apabaHa-pe30HaTOpa B KOJIBIIEBOE
MPOCTPAHCTBO MEXK/y PE30OHATOPOM U LIUIIUHPUIECKIM
koprycoMm 3. IlIkBapa 1o Mepe yMEHBUIEHUS! pa3MEPOB
YaCTHIl TAKXKE IPOXOAUT depe3 nepdoparuio 6apadbana-
pe30HaTopa BMECTE C BBITOIUIEHHBIM XUpOM. B cBsizu ¢
TEM, YTO PE30HATOP Mep(HOPHPOBaH, B ITOM KOJIBIEBOM
MIPOCTPAHCTBE BO30YXKIACTCSI AIIEKTPOMAarHUTHOE 110JIe
Oeryeil BOJIHBI, TO3TOMY 3/IECh CMECh JKHpa U IIKBaphI
JIOTIOJTHUTETBHO 3HAOTEHHO HATPEBAETCS M O30HUPYETCSL.

KommiekcHoe Bo3ieiicTBHE 3IeKTpOYH3NIECKHX (HaKTo-
POB GaKkTepUIUAHOrO OTOKa Y D-11yyei, 030Ha U 3JE€KTPH-
YEeCKOTO TIOJIS BRICOKOW HampshkeHHOCTH (Oomnee 1,2 kB/cm)
YTHETaeT MPOLECCH Pa3MHOKEHHS M POCTa MUKPOOpra-
HHU3MOB, pa3pyluas uX BereTaTuBHbIC (GOPMBI ITpU TEPMO-
00paboTKe CHIPhS B HEMTPEPHIBHOM peXXHUME. 3a CUET 030Ha
1 OaKTEPUIIMAHOTO MMoToKa Y D-Iyueil HelTpanuzyercs
3anax. O30H YHMYTOXXKaeT MUKPOOPTraHU3MBI, pa3pyiast
HX KJICTKHW UBHYTPH U CHAPYKU, HE TTO3BOJIASA UM PAa3MHO-
xKaTbest. [IprMeHsIst HECKOJIBKO MarHeTPOHOB BO3IYIITHOTO
OXJIQXKJICHHUS, MOKHO YBEJIMYHUTH YHCIIO BO30YK/TaeMbIX
B 33JIaHHOM JIMala30He BUJIOB KOJIEOAHUH B pe3oHaTOpe
U TIOBBICHTH PAaBHOMEPHOCTH HarpeBa chIpbs [18, 19].
[MonswxHbIH HEedeppoMarHUTHBIN HOX /() ¢ paanalbHO
PacIOJIOKCHHBIMU JIE3BUSIMU 00ECIIEYHBAET IIPU Bpa-
[IEHWU BMecCTe ¢ OapabaHOM-pE30HATOPOM / TOHKOE H3-
MEJIbYCHHE JKUPOCOICPKAIUX OTXO0J0B, NHTCHCHBHOE
nepeMelInBaHne 1 0TOpachlBaHNE K BHYTPEHHEH IOBEpX-
HocTH Oapabana-pe3oHaTopa. HemoaBmxHbIe HOXHU 9
Hape3aloT IIKBapy, KOTOPast 32 CUeT LEHTPOOESIKHOM CHIIBI
BMECTE BBITOIUICHHBIM JKUPOM MaJaeT B OTBEPCTHE HA
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00KOBOIT TOBepXHOCTH OapabaHa-pe3oHaTopa. [ 0TOBEIHA
MPOAYKT (IIKBapa M JKMp) CTEKaeT B HeheppOMarHuT-
HBIIl BUHTOBOM IIHEK /4, T. K. IEHTPOOEKHAsI yCTaHOBKA
pacrojoKeHa Mo HAaKJIOHOM K FOPHU30HTAJIBHOM 110~
CKOCTH. YTOJI HAaKJIIOHAa YCTAaHOBKH MOJO0pPaH C y4eToM
yrIja CTEKaHUS BBITOINICHHOTO ’KHUpa BMECTE CO IIKBAPOH.
C noMo1IbI0 BUHTOBOT'O IIHEKA TOTOBBIN MPOLYKT BHITPY-
JKaeTcs B He(peppOMarHUTHYO IpHeMHYTo éMKocTh /3. He-
(beppOMarHUTHBII BUHTOBOH IITHEK OIPaHUYMBAET U3ITY-
YeHHE Yepe3 OTBEPCTHE, MPeAHA3HAUYCHHOE /TSI BBITPY3KH
nponykra. HedheppoMarHuTHEIN cimpaabHBIA ITHEK 2
BBINOJTHSET JIB€ (DYHKIIMH: PABHOMEPHOH MOJaYH CHIPHSI
B OapabaH-pe30HATOp U OrpaHUUCHHS U3ITYUCHHUIT KaK 3a-
MEJUISIOIIEH CHCTEMBI TIPH OTIPEIETICHHOM COOTHOIIICHUH
JUIMHBI BUTKA CIIMpaNH K ee 1ary. Ecim inamerp nposoja
MaJl, 110 CPaBHEHHIO C JUAMETPOM CIIHPAIIH, TO €€ MOKHO
paccMaTpuBaTh KaK aHH30TPOIHBIN IIHIHH/P, TPOBOAN-
MOCTb KOTOPOTO OECKOHEYHA B HAIIPaBJICHUH BUTKOB CITH-
pajii ¥ paBHa HYJIIO B IEPICHANKYJISIPHOM HaIlPaBJICHUH.
[Tpon3BOANTETBHOCTD YCTAHOBKHU 3aBHCHUT OT KOJIMUECTBA
MarHeTpOHOB, JIEKTPOTra30pa3psAHBIX JIAMI M MOIITHOCTH
HCTOYHUKOB KMJIOTE€PIIOBOM 4aCcTOTHI, BUAA KUPOCOIEP-
JKAIETO ChIPbsI, MIIOIIAAN KUBOTO CEUEHNUS ephoparuu
OapabaHa-pe3oHaTOpa M €ro OKpYXHOI ckopocTH. [Ipn
TepMOOOPAOOTKE CHIPHS B AIEKTPOMATHUTHOM TIOJIE CAHTH-
METPOBOTO JHala30Ha B Hep(POPHPOBAHHOM LMIHHPHYE-
cKoM OapabaHe-pe30HaTOpe N3MEHEHNE TUAIICKTPUIECKIX
apaMeTPOB CHIPBS (ANAIIEKTPUIECKON IIPOHUIIAEMOCTH,
(akTOpa AUINEKTPUUECKUX ITOTEPh) MaJlo BIUSACT HA pe-
KM pabOTHI MAarHETPOHHOTO TeHepartopa. Pa3mepsl umH-
JPUYECKOTO pe30HaTopa BHIOPAHBI KPATHBIMU HECKOJIb-
KHUM JUTMHAM [0JTyBosIH. CpeiHuil HepuMeTp KOJIbLEBOTO
00BeMa MEXITy pe30HaTOPOM U KOPITyCOM, TI€ BO30YXkKIa-
ercst Oeryiast BOJIHA 32 CYET MJICKTPOMAarHUTHOTO U3JTyde-
HUS Yepe3 nepoparuio, KpaTeH MoJOBUHE JUTUHBI BOJHEL.
Konpueoit 06beM OyAeT BEIMONHATH (YHKITHIO KOJIBIIE-
BOro pe3onaropa. O0bEeMHBIN PE30HATOP SIBISIETCS CUCTE-
MOH ¢ pacrpeeneHHbIMU TTapaMeTpamMu, 00Ia1a0IUMU
MHO>KECTBOM PE30HAHCHBIX YacTOT. [lunuunpuueckuit
pe3oHaTop BO30YX/maercs Ha OAHON M3 PE30HAHCHBIX
4acTOT, €CJIM U3TyyaTellb MarHeTPpOHa HaIllPaBJIeH uepe3
CHENNAIbHBIN BOJTHOBOJ U HEM yCTAHABIMBAIOTCS CTOSI-
Y1e BOJIHBI, B y3J1aX KOTOPBIX HArPEB ChIPbsS HEBO3MOXKEH
(aHeprus CaHTUMETPOBBIX BOJIH B y3J1€ paBHa HYJI0). [To-
9TOMY LMJIMHAPUYECKHIT PE30HATOP BBINOJIHEH B BUJIE JICK-
TPOIIPUBOIHOTO OapabaHa, YTOOBI y3JIBI CTOSYUX BOJH
HEINpepBIBHO nepemerannch. OJHOBPEMEHHO ChIpbE
MIEPEMEIINBACTCS U U3MENIbYAETCs. Y CTAHOBKA COJICPIKUT
HECKOJIBKO MarHETPOHOB BO3/YIIHOTO OXJIaXKACHHSI, YTO
TaK)Ke 3a CUET HHTEeP(EPEHIINH BOJIH YBEINIMBACT MOIII-
HOCTb U HANpPsHKEHHOCTh DJICKTPUYECKOTO 1MoJisl. B nmnun-
JIPUYECKOM PEe30HATOpE IEKTpoMarHUTHOTO ot CBY
BO30ykaaercsi oT 3—4 MarHeTpOHOB, U3IY4aTEIN KOTO-
PBIX Yepe3 COOTBETCTBYIOIINE BOJIHOBO/IbI HANIPABJIEHBI
B €r0 00BEM.

Ha cxopocTh HarpeBa chIpbsi CHIIBHO BIIUSIET HAIPS-
JKEHHOCTB 3JICKTPUUECKOTO IOJIsI, KOJIUYECTBO CHIPbS B



Voronov E.V. Food Processing: Techniques and Technology. 2024;54(2):369-381

pe3oHaTope (yaenpHast MOIITHOCT TeHEpaTopa) U N3MEHe-
HUE ero JUAIEKTPUYECKUX 1apaMeTPOB B 3aBUCMOCTH OT
TeMIlepaTyphbl HarpeBa. B ycTaHOBKE MEK/Ty 21€KTpOraso-
Pa3psIHBIMU JIaMITaMH OaKTEPHIMIHOTO TToToKa Y D-mydei,
3alUTaHHBIMU OT T€HEPaTOpa KWJIOTEPIIOBOH 4aCTOTHI,
U KOPOHUPYIOIMIUMH UTJIaMHU CO3Ja€TCsI HEOJHOPOAHOE
3JIEKTPUUECKOE TI0JIE, HAMPSKEHHOCTh KOTOPOTO MaKCH-
MaJlbHa Ha Urojikax. [IpeoOpazoBaHie BEICOKOBOJIBTHOTO
HaIpPsDKCHUS B KOPOHHBIN pa3ps]l HEOOXOANMMON CHIIBI
MIPOUCXOUT OJIaroaps AIEKTPOra30pa3psIHBIM JIaMIIaM.
CroxxHbIe (PU3UIECKUE U IITEKTPOXHUMHUUECKHE MTPOLIECCHI
C yJacTHEeM MHEPTHBIX I'a30B B JIAMIIE ITO3BOJISIOT MOJY-
YUTh HECKOJIbKO (pakTopoB. HEepTHBIH ra3z npuodperact
CBOMCTBA JIEKTPONPOBOAHUKA, 3aTEM UEPE3 CIION BO3LyXa
MEX]Ty JJaMIOH U KOPOHUPYIOLIMMHU UTTIaMH 3aMBIKAETCS
Ha 3eMJI10. B pe3ynbTaTe BOZHMKAET KOPOHHBIN pas3psl,
CJI€I0BATENIbHO, TPOUCXOAUT BBIJEJICHUE 030Ha, TeIjia U
yJIbTpaHOIETOBOTO U3IIyUeHHs B mpocTpaHcTse. Ecin
YMEHBLINTb MEXAIEKTPOAHBIH npomexyTok (0,5-1,0 cm),
TO HATPSHKEHHOCTH AMEKTPHIECKOTO MOJIS JOCTUTaeT TAKOTO
3HAYEHUs, IPU KOTOPOM HAUMHAETCSI MOHU3ALUS BO3-
nyxa. MoHu3anus u Bo30y KA€HHE MOJIEKYJI I'a3a B KOPOH-
HOM pazpsijie Habo1aeTcst TOJIBKO B 00J1aCTH HaMOOIbIIIEH
HaMPSAXKCHHOCTH JJICKTPUUCCKOTO I10JIA, BOJIM3H TTOBEPX-
HOCTHU ¢ KOPOHHMPYIOLIUMHU UIJIaMU. B ocTanbHON yacTu
Pa3psAIHOTO MPOMEXKYTKAa TOKOIIPOXOKIACHUE OCYIIECT-
BIISIETCS 3a CUET APeiihoBOTo ABMIKEHHS SIIEKTPOHOB HIIH
HOHOB, 00Pa30BaBIINXCS B KOPOHUPYIOIICH 001aCTH.

B nponiecce TepMooOpabOTKH cireryeT KOHTPOJIMPOBATh
TemIeparypy npoxaykra. Heorsemiemoil uacTolo mmporecca
TepMOOOPaOOTKH CHIPHSI SBISAETCS KOHTPOIh MUKPOOHOIIO-
THYECKOH 0€30MacHOCTH )KUpa U KBapbL. [Ipu nposeneHnu
mepepaboTKH B TEUEHHUE TPEX YacOB IOCIE YOOs KHUBOT-
HBIX, COOJIIOZICHUM CAaHUTApPHBIX MPABUII M YCIIOBUH Xpa-
HEHUS TPOAYKTa (KHpa U MIKBAPHI) TOBBIIICHHUS O0IIEro
MHKPOOHOTO YHCIIa BBIIIE ITPEJIETbHO JOITYCTHMOrO YPOBHS
500 te1c. KOE/T HE poncxoanT. MOITHOCTS TOTOKA U3ITY-
YEeHUIl yCTAaHOBKOH ClIelyeT KOHTPOIUPOBATh C IOMOIIBIO
mpubopa [13-41, 9T0661 COOMOAATE ITEKTPOMATHUTHYIO
6e3omacHocTh Ha ypoBHE 10 MKBT/T.

1o n3BeCTHON METOAMKE PACCUUTaHbI OCHOBHBIE I1apa-
METpPbI KOPOHHOTO pazpsiaa. i MUIUHAPUUECKON CHC-
TEMBI DJICKTPOAOB BEJIMYMHA HANIPSAKCHHOCTH DJICKTPHUYC-
CKOTO TI0JIsI, ITPY KOTOPOIl HaOIr01aeTCst BOSHUKHOBEHHE
KOPOHHOT'O pa3psijia BOJIM3U MOBEPXHOCTH LIUIIUHIpUYE-
CKOTO 3JIEKTpOo/1a (3JEKTPOTa30pa3psAHON JIAMITBI), OTIpe-
Jensiercst sMnupudeckoi popmysoii [Tuka:

0,308

)

r7ie 0 — JaBJIEHHE ra3a, aTM.; ¥ — paiyC KOPOHUPYIOIIETo
LHWINHAPA, CM.

B ycranoBKke paanyc 35eKTpOra3opaspsgHO JTaMIThl
paBen 7, = 1 cM, paauyc KOpOHUpPYIOIUX Hedeppomar-
HHTHBIX HTOJIOK (MTONKH B mmeTke) 7, = 0,1 cM, Bo3myx
¢ naBieHueM 50 MM pT. CT.

E =31x5x 1+[ (1)
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Torza HanpsHKEHHOCTD AEKTPHYECKOTO MO Y TIOBEpX-
HOCTH KOPOHHMPYIONUX WIJI, TPH KOTOPOI HauWHAETCs
KOPOHHBIN pa3psiji, COCTaBIsAET

50 50

E =31x——x|1+|,[=—x0,1
760

=9,787
760

2

[o dpopmysne MUITMHAPHUUECKOTO KOHJIEHCaTOpa OTpe-
JieJIeHa pa3HOCTh MOTEHIUANIOB, COOTBETCTBYIONIAs ITON
HaMPsKEHHOCTH JEKTPUUECKOTO MOJIS:

U.=E, xr xlnr—2:9787x0,1xln$:2253 ?3)

5

>

O¢ddexTuBHOCTH IKpaHUPOBaHUS HeheppOMarHHUT-
HOT'O KOpITyca, T. €. OTHOILICHUE HAIPSHKEHHOCTEH JJIeK-
TPUUYECKOTO T10JIs B JTAHHOM MECTE IIPH OTCYTCTBUH IKpaHa
Y I €r0 HAJTMYHMHK Oe3 OTBEPCTHH 1 1esel cuuTaroT Oec-
KOHEYHO 00J1bI110#. OIHAKO BHIITOJIHEHHE CIUIONIHOTO K-
JIMHJIPUYECKOT0 SKPaHUPYIOLIEro KopIyca Ipu padboTe
YCTAHOBKU B HENPEPBHIBHOM PEKUME HEBO3MOXKHO, T. K.
€CTh OTBEPCTHSI JUISl 3arPY3KH CHIPbSI U BBITPY3KH ITPOIYKTA.
D PEeKTHBHOCTD IKPAHUPOBAHUS YCTAHOBKH ONPEIEIISUITH
o metoauke A. B. JloHcKkoro:

4)
re S, — IIOMIA/b IOBEPXHOCTH SKPAHHPYIOUIETO KOP-
myca, M*; S — TIOIIab OTBEPCTHS, M.

TTnomaas MOBEPXHOCTH LMJIMHAPUYECKOTO KOPITyca:

Syopn =2%x(Rx H + R*)=2x

x3,14x(0,45x0,6+0,45°) =2,97 (5)
Tak Kak Ha 9KpPAaHUPYIOIIEM KOPITyce TPH OTBEPCTHS
(cMOTpOBOE OKHO (3,), OTBEPCTHS MOJ 3arpy304HOH (I,)
¥ IpueMHoH (3,) EMKOCTAMH), TO 0bmast 3HEKTUBHOCTH
SKpaHupoBaHus (D) BEUUCIACTCS 10 (hopmyiie

1 1 1 1
= 4
3 3 D3, 5
[Imomans OkHA IJIsT BU3yaTbHOTO HAONIOACHUS 32
MPOIIECCOM paBHA

(6)

S, =3,14 x 0,025 = 0,0785 m? 7)

Torna 3 peKTHBHOCTL YIKPAaHUPOBAHKSI CMOTPOBOTO
OKHa COCTaBJISIET
2,97
0,0785

KOpIL

91

3
2
=0,25x[
4

) =58,18  (8)

ol

Db deKTHBHOCTD SKPaHIPOBAHMUS OTBEPCTHS MO 3arPy-
309HOM EMKOCTBIO:

S, =3,14 x 0,306 = 0,294 m*

15

2,97
0,294

KOpIT

2
D, =—x =0,25x =8,03

) )

02
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D¢ heKTHBHOCTH IKPAHUPOBAHUS MPSIMOYTOIBHO-
ro orBepctus, pazmepamu 0,05%0,6 M Ha OCHOBaHUU
KOpITyCa MoJ MPUEMHON EMKOCTBIO: S, = 3,14 x 0,6 X
x 0,05 =0,0942 m?,

1,5

2
9321 — :0,25xﬂ =44,26 (10)
4 3 0,0942
O6mas 3¢ heKTHBHOCTH IKPAHUPOBAHMS:
L SRR O R S SR ST
9 D, D2, D3; 5818 8,03 44,26
+0,1245+40,0226 = 0,164 (11)

O61mas 3¢ heKTHBHOCTD IKPAHUPOBAHUS HA3KASL, TI03-
TOMY BO BCEX OTBEPCTHSIX JUIsl OTPAHUUCHHUS U3ITyUCHUH
HPEyCMOTPEHBI JIOTIOJHUTEbHBIC y3i1bl. CMOTPOBOE OKHO
3aTSIHYTO MEJIKOSYEHCTON He(eppOMarHUTHOHN CETKOMH,
JIMaMeTp MPOBOJIOKU HE MEHee 2 MM M pa3Mep OKHa Jina-
Mmetpom 50 MM. B 3arpy304Hoii EMKOCTH pacoNoKeH dJeK-
TPOTIPUBOIHON HeepPOMarHUTHBIN CIIMPATBbHBIN MIHEK
C paaryCcoM CIupaiu r u marom 4. Jlnamerp Hedeppomar-
HHUTHOTO ITPOBO/IA MaJI, [0 CPABHEHHMIO C THAMETPOM CITH-
palti, TIO3TOMY 3TOT IITHEK MOYKHO ITPECTaBUTh KaK aHH-
30TPOITHBIN UINHAP, T. €. IPOBOAUMOCTD €r0 OECKOHETHA
B HaIpaBJICHUH BUTKOB CITUPAJIM ¥ paBHA HYJIIO B TIEPIICH-
JMKYJIIpHOM HanpasieHud. KoapdunneHt 3amenieHus
MOYKHO TIPHUOTU3UTEIHHO OMPENEeITUTh 1Mo (hopMyIe:

k=2x7mx 4 (12)
h

[Tondopom panuyca u mara cnupaii MOXKHO OTpaHH-
YUTH MOIIHOCTD M3JTy4EHHS Yepe3 OTBEPCTHE, TPEIHAZHA-
YEHHOE JUIS1 3arPy3KH ChIPbsl. AHAIOTUYHYIO (DYHKIIUIO OCY-
IICCTBIISIET M 3JICKTPOIPHUBOIHON HeheppOMArHUTHBIH
BUHTOBOI IIHEK, Pa3MEIICHHBIH B OTBEPCTHH, IIPEIHA-
3HAYCHHOM JJIs BBITPY3KH IMPOAYKTA.

BaxxubIM napamMeTpoM pe30HaHCHON CHCTEMBI SIBIISIETCSI
coOCTBeHHas! JOOPOTHOCTD, XapaKTEepU3yoIast OTHOIIIC-
HUE 3aMlaCEHHON PHEPIUH K CPEeIHEeN 3HEpruu moTeph 3a
TIepHO KOJIeOaHus, T. €. IO 3TOMY ITOKA3aTeN0 MOKHO OLle-
HUTh TEPMUUECKHN KOAP(UIMEHT MOIE3HOrO JeHCTBHS
B IIIMHAPUYECKOM pe3oHaTtope. /st obocHOBaHMS T0OPOT-
HOCTH pa3padaThIBaeéMOi KOHCTPYKIINH pe30HaTOpa ObLIO
MPOBEJICHO KOMITBIOTEPHOE MOJICIIMPOBAHUE AIICKTPOIH-
HaMHUYECKUX IPOIIECCOB CHCTEMBI «T'€HEepaTop — pe3o-
HATOP». YUUTHIBAIN, YTO PE30HATOP MPEJCTABICH KaK
LUINHIP, HA BEPXHEM OCHOBAHHN KOTOPOT'O PACIIOI0KEH
elle IMIMH/IP MAJIOW BBICOTHI. Pa3Meps! IMHApa nprBe-
JieHbl B Tabauie 1. MozennpoBaHue TpeXMEpHBIX CTPYKTYP
9JIEKTPOMArHUTHOTO TIOJIS B IWIMHIPUIECKOM pE30HA-
tope nposenu B porpamme CST Studio Suite (Berumc-
muTensHBI Moayns Time Domain Solver) [16, 17]. Oto
IporpaMma M03BOJINIIA MOJICINPOBATh CJIOXHBIE CBEPX-
BBICOKOYACTOTHBIE CTPYKTYPBI B PE30HATOPE U BU3YyaJH-
3UpOBaTh paclpeaeiIeHUe dJICKTPUIECKON 1 MarHUTHOH
COCTABJISIFOLIEH 2JIEKTPOMArHUTHOTO TIOJISI B HEM.
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PesynbraTel nccnenoBaHUA paCTIPEICICHUS AIEKTPO-
MarHATHOTO TIOJIS B 00beMe IMITHHAPHIECKOTO pe30HaTOpa
(puc. 6) MOKa3BIBAIOT, YTO B €T0 LIEHTPE HAMPSKCHHOCTD
INIEKTPUYUECKOTro moJist gocturaet 4-5 kB/cm. [lpu Takoit
HAIPSHKCHHOCTH 3JICKTPHUYECKOTO OISl U OIPEACICHHOM
KOHIICHTPAI[UU O30HA 3a CUYET KOPOHUPOBAHUS OaKTe-
PHUIUIHBIX JTAMIT 0)KUJACTCS CHIDKEHUE OaKTepHaIbHOMN
obcemenenHoctH npoaykra no [IAY, 500 teic. KOE/T.

[poBenu pacyeT ero COOCTBEHHON JOOPOTHOCTH ITyTEM
BBIUKCIIEHNsT 00beMa (V, M?) U IO i TIOBEPXHOCTH
CTEHOK aTFOMHHUEBOTO pe30HaTopa (S, M?), yIUTIBasE TOJI-
mMHy CKUH-c70s (A = 1,72 Mkm), ipu gactote 2450 MI1.
[Mons3ysace meronukoii FO. H. ITuensHIKOBA, BEIYUCITAIN
COOCTBCHHYO TOOPOTHOCTH PE30HATOPA 110 (hopMyIIe:

Q:kx2><K><A (13)

S
e k — KO3 UIHMEHT, YIUTHIBAFOIINI CHIDKCHIE IO I
MTOBEPXHOCTH pe30HaTopa 3a c4et nepdopanuu (k= 0,55).

[Inomanas MOBEPXHOCTH NUIUHAPUICCKOTO pE30Ha-
Topa auameTpom 73,44 cM u BeIcoTOH 50 cM cocTaBmsieT

S=2xgx(Rx HxR)=2x3,14x

x (0,3672 % 0,5+ 0,3672) = 2 M (14)

O0BbeM NUIHHIPUIECKOTO Pe30HATOpa!

V=ngxR>x H=2x3,14 x

x(0,3672 x 0,5 +0,3672%) = 2 m? (15)

CobcrBeHHas JOOPOTHOCTH Pe30HATOpA:

0,211

X

Q:kXZX%XA:0,65X2X

x1,72x107° =79738 (16)

3,02¢e + 06

2,4e + 06
2,0e + 06
1,6e + 06
1,2¢ + 06
8,0e + 05

4,0e + 05
0

Mode 1

Type E-Field

Frequency 2450,05 MI'n
Phase 0

Maximum 5,43567¢ + 06 V, m

Max. pozition 330,613. -306,543. 25,994

Pucynok 6. PacnipenenieHne HalpsKEHHOCTH
9JIEKTPUIECKOr0 MOJISl B PE30HATOPE

Figure 6. Electric field strength in the resonator
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Tabmuna 1. TexHHnYecKne XapaKTepUCTUKH YCTAaHOBKH
C BO3ACHCTBYIOINMHE 3IeKTPoPU3nIeCKUMH HaKTOpaMu
B 3JICKTPOIPUBOIHOM IIMIMHAPHYCCKOM PE30HATOPE

Table 1. Electrophysical installation with electrical cylindrical
resonator: technical characteristics

HanmenoBanue [TapameTpsl
ITpon3BOANTENBEHOCTD, KI/4 3540
OO011ast MOIIHOCTh 10
YCTaHOBKH, KBT
VYrenpHBIE SHEPreTHIECKIE 0,25-0,28
3arparbl, KBT-u/kr
Momnocts CBU 4.4
reHeparopos, KBt
MoIHoCTh 0,4
ANEKTPOra30pa3psIHBIX
Jtami, KBt
Mo1HocTs IpuBOJA 5
Oapabana-pe3oHaropa, KBt
MoIHOCTh CIIUPATILHOTO 0,2
¥ BUHTOBOTO IITHEKOB, BT
Yacrora BpateHus 200-250
Oapabana, 00/MUH
JnameTp u BbIcoTa 90; 60
KOpIIyca, CM
Jnamerp u BbIcOTa 73.,44; 50
pe3oHaropa, cM

PacueTsl moka3pIBaIOT, 9TO COOCTBEHHAS JOOPOTHOCTH
pe30HaTOpa TakOi KOHCTPYKLMHU HAaXOAUTCS B Ipeie-
max 80 000. DTo 3HAYHT, YTO TepMHUIECKHAN KOIDDUIIH-
€HT II0JIe3HOI0 AekcTBHSI MOXKeT gocturath 0,7-0,73. B
UTHHIPHYCCKOM PE30HATOPE COOCTBCHHAS JIJIMHA BOJTHBI
HE 3aBHCHT OT €T0 BBICOTHI BJ10JIb Och 0Z ¥ COBIAIacT Co

90x930x2300

3HaYEHUEM KPUTHIECKOH JUIMHBI BOJHBI £ B BOJIHO-
Bojsie. HezaBrucuMocCTh COOCTBEHHOM JITMHBI BOJIHBI OT
BBICOTBI IIWIIMHAPHYECKOTO PE30HATOPA I MOABI £ |
M03BOJISIET YBEJINYUTH COOCTBEHHYIO IOOPOTHOCTD, MOBBI-
mas ero BeIcOTy. [To3TOMY 1711 BONHBI £ | H3MEHEHHE
COOCTBEHHON JOOPOTHOCTH TOCTHTATH U3MEHEHUEM €TO
MIPOJIOJIBHBIX Pa3MEpOB, OCTABIISI PE30HAHCHYIO Yac-
TOTY (UKCHPOBAHHOHN BeMWYHHOHN. /|1t TONBIX pe3oHa-
TOPOB BEJIMYHHA COOCTBEHHOM T0OOPOTHOCTH 110 JAHHBIM
A. B. CrpekanoBa umeer nopsiiox 10°.

C y4eroMm 3eKTpopHU3UYECKHX MapaMeTPOB JKUpa —
ynenbpHO# Temoemkoctr (2300 Jx/kxr-°C), miaoTHOCTH
(930 xr/M*) pacrutaBIeHHOTO KHpa, GaKTOpa THIICKTPH-
gyeckux noreps (18-20) nmpu Temmnepatype 80—100 °C n
0KHJITAaEMON HAIPSHKEHHOCTH JIEKTPHUUECKOTO MOJIS B KO-
aKCHaJILHOM pe3oHaTope 4—5 kB/cM — BeIYMCIMIIM TIPO-
JIOJDKUTETBHOCTD BO3/ICHCTBHS SJIEKTPOMArHUTHOTO TTOJIS
CBUY Ha cbIpbe.

W3 BBIp@)KeHUSI, XapaKTEPU3YIOIIET0 CKOPOCTD JIUAIIECK-
Tpuueckoro Harpesa xupa (A7/Az, °C/c), MOXKHO 110 METO-
nuke 1. A. PoroBa onpeneianTs IpoJ0KUTENBHOCTD
BO3JICHCTBUS dNIeKTpoMarHuTHOro moyist CBY:

aT 0,555x107" x fxkx E* xn
pxc
TJIe f —YacToTa IeKTpoMaruuTHoro noist, MI'm; k — dak-
TOP AUAJIEKTPUUECKUX MTOTEPh XKUPa; £ — HANPSHKEHHOCTD
AIIEKTPHYECKOT0 Nouts, B/M; 1 — Tepmuuecknii koadurm-
€HT MOJIE3HOTO EUCTBUS; p — INIOTHOCTH PACIUIaBICHHOTO
KuUpa, Kr/M* (930 Kr/M?); ¢ — TEMI0eMKOCTh PaCIIaBICHHOTO
xwupa, Jx/kr-°C (2300 Jx/kr).

[IposomKUTENBHOCTh BO3ICHCTBUS AJIEKTPOMArHUT-
Horo nonst CBY:

amn

AT

=408 ¢=6,8 muH

T =
0,555107"% x 2450 x10° x19x 5000° x 0,73

PacyeTs! MOKa3bIBAIOT, UTO MIPU HAMIPSHKEHHOCTH SJIEK-
TPHUYECKOT0 MOJIs, paBHOHU 5 KB/cM, Mpo0/KNTEIBHOCTD
BO3AEHCTBHA 37eKTpoMarauTHOro oyt CBY cocraBnser
6,8 muH (0,113 u), ecnm TepmMuyeckuil KO3 GUIHEHT ToJIe3-
Horo aeiictBus 0,73. Takyto IpoI0KUTETLHOCTS MOKHO
obecrieunTh IPU MOIITHOCTH reHeparopa 3—4 BT/, T. e. B
pe3oHaToOpe ¢ YeThIPbMs I'eHepaTopamu, o0LIeil Molil-
HocThlo 4,4 kBT1. Toraa B pe3oHatope MOKET B CTALMO-
HapHOM peXxnMe 00pabaThiBaThCs ChIphe Maccoil 1,5 kr.
B HenpepbIBHOM peskrMe U IIPU BO3IEHCTBUU OCTATIbHBIX
9MeKTpOU3NIECKUX (PaKTOPOB B PE30HATOPE OJTHOBPE-
MEHHO OyneT oOpabaTeBaThCsl 3—4 KT CHIPHSI IPOU3BO-
JATENBHOCTRIO 35,4 xr/4 (4/0,113 = 35,4 kr/4). MomHOCTh
JIEKTPOMArHUTHOTO I10JIsI, paCCenBaeMast B €IMHHUIIE 00b-
ema ChIpbs, onpezensiercs o ¢popmyine U. A. Porosa:

P=0,555x10" x fxkx E*x1=0,555x10" x

x2450%10° x19x 5> = 645881 B—: (19)
M
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(18)

Ha ocHoBe pe3ynpTaTOB MPOBEACHHBIX MCCIIEIOBA-
HUI ¥ MHOTOJICTHUX pa0OT HAYYHOU IIKOJIBI, IJIC CO3/IaHBI
necstka CBY-yCcTaHOBOK JUIsI TEPMOOOPAaOOTKH Pa3HOTO
CBIPbS arPOIIPEANIPHUSATHIA, COCTABIIM TCXHUUCCKHE XapaK-
TEPUCTUKH ycTaHOBKH (Tabi. 1) [20]. YacToTy BpareHus
AJICKTPOIIPUBOTHOTO PE30HATOPA MPUHUMATH PABHYIO
4acTOTy BpallleHus1 padoyero opraHa — 3JeKTPOIPUBOJI-
Horo OapabaHa m3MenpunTensi-masuterss ABXK-245, rie
MIPU TaKUX 000pOTaX MPOUCXOIUT TOHKOE HU3MEIIbUCHUC
CBIpbsi. KOHCTPYKTHBHBIE pa3Mepsl pe3oHaTOpa s BO3-
Oy KIeHHUs HIEKTPOMArHUTHOTO TOJISI PE30HAHCHOW yac-
TOTBHI COTJIACOBANHN C JJITMHOW BOJHBI. I IUIHHIpHYeE-
CKOT'0 PE30HATOpa €ro TUaMEeTpP JOJDKCH ObITh KPATHBIM
MOJIOBUHE JITMHBI BOJIHBI (JiTiHA BOJHBI 12,24 cM). Peko-
MEHJIYIOT, YTOOBI IMHCHHBIC pa3Mephl B 5—6 pa3 MpeBhI-
IIAJTH JUTHHY BOJIHBI TeHeparopa. [103ToMy auaMeTp mpuHsIT
paBHBIM 6 KpaTHOU uTMHE BOMHBI (12,246 = 73,44 c™m),
a BBICOTA MMJIMHJIPUYECKOTO PE30HATOpa HE CBsI3aHa C
paboueil IITMHO BOIHBI K MOYKHO BBIOPATh MPOU3BOIIBHO,
TOPSIJIKA pajiyca MOMePEYHOro ceucHus. [IpuHsim, paBHOIt
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50 cM, gt 9P PeKTUBHOM OaTaHCHPOBKH PE30HATOPA TIPH
obopotax 200-250 o6/mMuH.

[IpoBenn TeXHNKO-3KOHOMHUYECKYIO OLEHKY TpHMe-
HEHUS yCTaHOBKH B (epMepcKoM Xxo3siicTBe. O1eHKyY
pa3paboTaHHOH yCTaHOBKH MPOBOIMIN B CPABHEHHH C
yCTaTaHOBKOH /1 BEITONKY skupa S-OUb (6a30Bsrif Ba-
puanT) cromMocThio 400 ThIc. py0. PacueTs! BBeTHCH IS
M3MENBUYEHUSI )KUPOCHIPhS. M BHITOIKH XKHPOMACCHI IIPO-
n3BoaAuTEeNbHOCTEIO 100—120 Xr/9 mpu ynensHOM pac-
xoze anexTposneprun 0,1 kBT-9/kr 1 pacxoxe mapa (pu
nasnennn 0,15-0,3 MITa) 180 kr/4.

PacueTsl oka3bpIBalOT, 9TO 00IIAs CyMMa SKCIUTyaTa-
IIIOHHBIX pacxonoB coctaBisieT 150 000 py6./mecs. Cebe-
CTOMMOCTB TepMO0OPaOOTKH 1 00€33apakKNBaHMUS CHIPhS
1o 6a30BOMY BapHaHTy cocTaBisieT 6,21 py0./kr. PacueTsr
HKCIUTyaTallIOHHBIX PACXO0/I0B HA TEPMOOOPAOOTKY OTXO/I0B
y00s1 JKUBOTHBIX TIO TIPOEKTHOMY BapHaHTY YCTaHOBKH
OamancoBO cTOMMOCTEIO 130 THIC. py0. MOKA3HIBAOT, UTO
MIPH POU3BOAUTENbHOCTH 35—40 Kr/4 001mas cymma pac-
x0710B cocTaBisieT 86 993 py0./mecsn. CebecTONMOCTH
TepMOOOPAOOTKH ¢ 00e33apakKUBAHUEM CHIPbSI COCTABHUT
4,35 py0./kr.

BriBoabl

Hayunyto HOBH3HY Ipe/ICTaBIAI0T 000CHOBAHHBIE KOH-
CTPYKTHUBHO-TEXHOJIOTHUECKHE ITapaMETPhl YCTAaHOBKH C
9JIEKTPOIIPUBOIHBIM IMINHAPUYECKUM PE30HATOPOM,
NpeTHa3HAYeHHON JUIsl KOMIUIEKCHOTO BO3/ICHCTBYS JIEK-
Tpodu3ndecknx (HaKTOpOB Ha HEKOHIUIIMOHHOE MSCHOE
CBIPBE B HEMIPEPHIBHOM PEXKUME C COOJIIOAEHHEM HIIEKTPO-
MarHUTHOHM 0€30IacHOCTH.

[IpakTHdecKyro 3HaYUMOCTb pabOTHI IIPEICTABISIOT
3D Mozernb yCTaHOBKH C HICTOYHHKAMH AJIEKTPO(QU3NUECKIX
(hakTOpOB, PACHOJIOKEHHBIMH BHYTPH 3JICKTPOIPUBOJI-
HOTO IWJIMHJIPUYECKOTO PE30HATOPA; pe3yIbTaThl UcCie-
JIOBAHUS TUHAMHUKH JTAJICKTPHUECKOTO HarpeBa Kamep
KEIYJKH KPYITHOTO pPOraToro CKOTa; Pe3yJIbTaThl MOJe-
JIMPOBAHMS 3JIEKTPOJINHAMUYECKHX MIPOLIECCOB C UCTIOJIb-
3oBanueM CAD/CAE-cucremsr CST Microwave Studio;
TEXHUUYECKHE XapaKTEPUCTHKN YCTAaHOBKHU C PallMOHAIIb-
HBIMH [TapaMeTpaMHy.

Pe3ynbraThl Hcciie0BaHNs TMHAMUKH HarpeBa TOHKO
M3MEJIbYEHHOTO ChIPbSI TIOKA3bIBAIOT, YTO MOJKHO IIPOBECTH
TepMOOOPabOTKY C BBITOITKOI JKMpPa B YCTAHOBKE C LIMJIMH/I-
PHYECKHM DJIEKTPOIIPUBOIHBIM PE30HATOPOM B HEIPEPHIB-
HoM pexumMe. [Ipu monHocTn CBU-reneparopa 4,4 kBT u
MOIITHOCTH 3JIeKTporazopaspsansix jgami 400 Bt npous-
BOJIMTEIBHOCTh YCTAHOBKH cocTaBisieT 35—40 kr/4, yaemnb-
HbIE dHEepreTuieckue 3arparsl pasusl 0,25-0,28 kBT-u/kr.

Pe3ynbrarel Mcciaen0BaHusl 2JIEKTPOJMHAMUYECKIX
MPOLIECCOB CHCTEMBI U PACIIpeIeICHHUsSI HIIEKTPOMarHUTHOTO
1oJIsl B 00beMe IIMIIMHIPUYECKOTO PE30HATOPA ITOKA3bI-

BAIOT, YTO B €T0 LIEHTPE HANIPSIKEHHOCTh AIIEKTPUIECKOTO
mostst nocturaet 4—5 kB/ewm, a E-aueprust — 3040 Jx/ve.
Bricokast coOCTBeHHAst TOOPOTHOCTD, TOATBEPKICHHAS
pacueTHbIM 3HaueHueM (79738), yka3pIBaeT, 9TO Tep-
MHUYECKHHA KOA(P(UIIUEHT TOJE3HOTO JACHCTBHUSI MOXKET
nmocturayTs 0,73.

[Ipn HaNpsKEHHOCTHU HJIEKTPUUECKOTO T0JIsI, pAaBHOU
5 kB/cM, TpOAOKUTETFHOCTD BO3ICHCTBHS SJIEKTPOMAT-
auTHOTO TIo1s1 CBY cocrasmset 0,113 4, ecnm Tepmmde-
ckuit K03 unueHT mone3noro Aeiicteus pasex 0,73.
Takyto MpOJOIKUTEIBHOCTh MOXKHO 00ECIIEUNTh TIpU
MOIIHOCTH reHeparopa 3—4 B1/r, T. €. B pe3oHaTope ¢
YETBIPHMS TeHepaTopamMu 00miel MomHocTho 4,4 KBT.
Toraa B pe3oHaTOpe MOXKET B CTAMOHAPHOM PEXHME
oOpabaTeIBaThCA CHIphE Maccoii 1,5 xr. B HenmpepriBHOM
PEeXHUME U TIPH BO3JICHCTBUN OCTAIBHBIX JIEKTpodhu3n-
YecKuX (pakTOpOB B PE30HATOPE OJHOBPEMEHHO OyAeT
oOpabaTsIBaThCst 3—4 KT CHIPHSI IPOU3BOIUTEIHHOCTHIO
35,4 xr/u.

[Mpu HaIpsDKEHHOCTH AIIEKTpUIeckoro noist 9,79 kB/cm
y TMOBEPXHOCTH KOPOHHUPYIOIINX UIJT HAYNHACTCS KOPOH-
HBIN pa3psi/l ¥ BbIAEICHHE 030Ha, COOTBETCTBYIOIICH KOH-
LEHTPALUH, 9TO JONOJIHUTEIBHO ¢ OaKTEPUIINIHBIM ITOTO-
KOM OT 3JIEKTPOTa30pa3psAHBIX JIAMIT YCHIUBACT 3 (HeKT
00e33apaXxnBaHus IPOAYKTA.

PagyorepMeTHYHOCTh YCTAaHOBKHM 00€CIICUNBAETCS
9JIEKTPONPUBOAHBIM HE(EPPOMArHUTHBIM CIHPAILHBIM
IITHEKOM TIPH 3arpy3Ke ChIPbsi 1 BAHTOBBIM IITHEKOM TIPH
BBITPY3KE IIPOYKTA, BBIOJIHSIOIINE OJJHOBPEMEHHO (DYHK-
LU0 3aMeJUISIONIEH CUCTEMBI, OTPAaHUYHMBAsT M3y IEeHUSL.

Takum 00pa3oM, MPOEKTHPOBAHUE PATUOTEPMETHY-
HOI YCTaHOBKHM C MCTOYHHMKAMH 3JIEKTPOPHUINIECKUX
(akTOpoB B 00EMHOM PE30HATOPE C BEICOKOI COOCTBEH-
HOW Z0OOPOTHOCTBIO M C MarHETPOHAMH BO3/IyIIHOTO OX-
JaXK/IeHHs1, 00eCTICUNBAIONINN BEICOKYIO HANPSKEHHOCTD
AIIEKTPUYUECKOTO OIS JUIsl TEPMOOOPaOOTKN BTOPUIHOTO
MSICHOTO CBIPBSI B YCIIOBUSIX (DepMEPCKHUX XO3SHCTB B He-
MIPEPBIBHOM PEKUME, SIBIISIETCS IEPCIIEKTHBHBIM; MOYKHO
MIePEXOUTh K U3TOTOBJIEHHIO 00pa3ia yCTaHOBKH.
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