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Abstract. The developed methodology of designing installations with microwave power supply for heat treatment of
raw materials of agricultural enterprises is described. The scientific problem is the low energy efficiency of
installations designed for heat treatment of raw materials with steam—water mixture, convective heat supply, the
absence of continuous-flow installations for farms that ensure the preservation of consumer properties of the heat-
treated product at reduced operating costs. (Research purpose) The research purpose is developing the scientific and
technical foundations of installations with microwave power supply for processing raw materials at agricultural
enterprises. (Materials and methods) Carried out three-dimensional modeling of the structural design of the
installations in the Compass 20 program, determined the electrodynamic parameters of the “generator-resonator”
system in the CST Microwave Studio program. (Results and discussion) Resonators of different structural designs
have been developed for different types of raw materials, in which electromagnetic safety is ensured by forbidden
waveguides, decelerating systems in the form of a chain of connected resonators, comb, cylindrical spiral, rod ring,
counter pins. In resonators with curved surfaces, several magnetrons of the same frequency or operating at close
frequencies with dissectors were used to change the frequency of the generator and increase the number of types of
vibrations, and mixing, transporting mechanisms that allow maintaining the well of the technological process less
than 0.5 and observing the dimensions of the raw materials in accordance with the depth of penetration of the wave.
It was found that when using several magnetrons, the concentration of the electromagnetic field energy in the
resonator volume and the reduction of radiation losses are achieved using ceramic reflectors. The values of the
intrinsic Q-values of the resonators were determined to evaluate the thermal efficiency coefficient. (Conclusions)
Using the examples of an animal colostrum defroster, instant milk pasteurizer and a three-section hop dryer with air-
cooled magnetrons, the implementation of the scientific and technical fundamentals of designing microwave
equipment for processing raw materials of agricultural enterprises was shown. It was revealed that they provide ways
to achieve a continuous mode of operation of the equipment in compliance with electromagnetic safety without a
shielding housing by implementing metal-dielectric resonators with decelerating systems and ceramic reflectors with
an optimal arrangement of waveguides with air-cooled magnetrons on the curved surfaces of the resonators.
Keywords: methodology and design criteria, microwave power supply, resonator Q-factor, high electric field
strength, continuous mode, radio leakage, animal colostrum defroster, hop dryer, milk pasteurizer.
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Pepepam. B xmenegodueckom npousgoocmee OCHOGHAA HAVYHAA NPOONeMa — HUSKAL HEPeodIPPeKmugHocb
XMeNeCYUUIOK ¢ KOHGEKIMUBHBIM NOOBOOOM MENAA U OMCYMCMaue ManoeabapumubIx nepeogUICHLIX XMeeCyuiIoK
HeNnpepuigHO-NOMOYHO20 Oelicmeus 0N hepMepCKux Xo3aiicms, 06ecneyusarux COXpaHeHue nompeoumenbCeKux
€BOTICME XMes NPU CHUNCEHHBIX DKCNTYAMAYUOHHBIX 3ampamax. [ CHUMCeHU DKCHAYAMAyUOHHBIX 3amMpam Ha
CYWIKY XMeTia 8e0ymcs pabomvl, HANPAGIEHHble HA YMOUHEHUE DEXCUMO8 CYWIKU, CHOCODCMBYIOWUX HAumyyuLel
COXPAHHOCMY NOMPEOUMENbCKUX XAPAKMEPUCTIUK, U COBEPULEHCINBOBAHUE MEXHONO2UT U MEXHUYECKUX Cpeocms,
KOmopbie No36OMUMM Obl CHUSUIMb SKCIAVAMAYUOHHbIE 3amMpanvl. 3acayxcueaem eHUMAHUA HOGbII ¢NOcob Cyuiku
XMelld  C8epX8bICOKOYACMOMHbIM — dHEp2onoosodom.  (Ilene  uccnedosanus) Buiseumv  sgpghexmusrocme
CBEPXBLICOKOYACIMOMHON  KOHBEKMUGHOU ~ XMeNECYWUIKY HEeNpepvleHO-NOMOYH020 Oelicmeus nymem OYeHKU
PaspabomanHbix KOHCMPYKYUOHHBIX UCHOJIHEHUTI XMENeCYUUNOK ¢ MeMmanioOuNeKmpUieckKiMil pe3oHamopamu,
obecneyugaromuMy  PAGHOMEPHYIO CVIMKY U 00e33aparcusanue ceexceVOpaHHo20 XMeld U 3NeKMPOMASHUNHYIO
besonacrHocms  0e3 KpAHUPYIOUe20 KOPNYca Npu CHUMNCEHHBIX SKCHIVAMAYUOHHLIX 3ampamax & YCIogusx
xmenesooyeckux xosaiicms. (Mamepuanet u memoosy) Ilposenu mpexmepHoe MOOeIUPOBAHUE KOHCMPYKYUOHHBIX
ucnoaHenuil xmenecywunox 8 npoepamme Komnac 20, onpedenunyu snexmpoounHamuieckue napamempsl CUCHEMbl
«eenepamop-pesonamopy ¢ CST Microwave Studio. (Pezynismamet u obcysicoenue) Pewunu 3a0aqy onmumuzayuu
KOHCMPYKYUOHHO20 UCHOTHEHUS U PA3MEPO8 MEMAN0OUIIEKMPUIECKUX pesoHamopos. Tloxkasanu, 4mo ocHOGHbIMU
KpUMEPUAMU  CTYAHCAM NPABUILHO CO2IACOBAHHbBIE NAPAMEMPbL 2NEKIMPOOUHAMUYECKOT CUCMEMbl «2eHepamop-
pe3oHamopy:  cobCmaeHHas  OOGPOMHOCHb — DE3OHAMOPA,  HANPANCEHHOCHb  SNIEKMPUYECKoz0  NOJIA, €20
DABHOMEPHOCHIb  pACHpedeNeHIs, MOWHOCHIL NOMOKA  U3TYYeHutl, o0veM pesonamopa. llpoananusuposanu
anexmpoouHamudeckue napamempsl 11 Xmenecywuniok ¢ - pasHblMu  KOHCIMPYKYUOHHBIMU — UCHOJIHEHUAMU
Pe30HAMOpO8: ¢ NONYCHepUtecKum, NOYYUTUHOPULECKUM, YUTUHOPUYECKUM, MOPOUOANLHBIM, NPUSMAMUYECKUM,
MUNCOUOHBIM U Opyeumil. (Beigoovl) Yemanosum, ymo MaxcumaivHoli cobemeennoil oobpomuocmuio 0o 8000
061a0a10m mopoudanbiblil U nosychepudeckuii pezonamopel. Onpedeniiu 8 X00e OYeHKU OMKIOHEHUS OM CPeOHe20
SHAYEHUs. UHMEPSANIO8 8aAPbUPOBANU KpUmepues, 4mo Pgexmusnsvl XMeneCyYWuiKy ¢ pesoHamopami 8 euoe
napaboiouda u 2unepbonouoa, 1 NOIVYUIUHOpUYECKUe.

Kouesvie ciiosa: xmenecywuaxy, pe3oHamopsl pasHo2o0 KOHCMPYKYUOHHO20 UCNOJHEHUS, ANeKMPOOUHAMUYECKUEe
napamempul, CpaGHUMENbHBIL AHATUS XMENCCYUUTIOK, KPUIMePpUY ONMUMUSAYUY.
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Abstract. In hop production, the main scientific problem is the low energy efficiency of hop dryers with convective
heat supply and the absence of small-sized mobile continuous-flow hop dryers for farms that ensure the preservation
of the consumer properties of hops at reduced operating costs. In order to reduce the operating costs of drying hops,
work is being carried out aimed at clarifving the drying modes that contribute fo the best preservation of consumer



characteristics, and the improvement of technologies and technical means that would reduce operating costs. A new

method of drying hops by ultra-high-frequency energy supply deserves attention. (Research purpose) The research
purpose is revealing the effectiveness of an ultrahigh-frequency convective hop dryer of continuous-flow action by
evaluating the developed structural designs of hop dryers with metal-dielectric resonators that ensure uniform drying
and disinfection of freshly harvested hops and electromagnetic safety without a shielding housing at reduced
operating costs in the conditions of hop farms. (Materials and methods) Carried out three-dimensional modeling of
the structural designs of hop dryers in the Compass 20 program, determined the electrodynamic parameters of the
“generator-resonator system in CST Microwave Studio. (Results and discussion) Solved the problem of optimizing
the structural design and dimensions of metal-electric resonators. It was shown that the main criteria are the correctly
agreed parameters of the electrodynamic system “generator-resonator=: the intrinsic Q-factor of the resonator, the
voltage of the electric field, its uniformity of distribution, the power of the radiation flux, the volume of the resonator.

The electro-dynamic parameters of 11 hop drvers with different designs of resonators were analyzed: hemispherical,

semi-cylindrical, cylindrical, toroidal, prismatic, ellipsoid and others. (Conclusions) It was found that toroidal and
hemispherical resonators have a maximum intrinsic Q-factor of up to 8000. It was determined during the evaluation
of deviations from the average value of the intervals of variation of the criteria that hop dryers with resonators in the
Jorm of a paraboloid and hyperboloid, and semi-cylindrical, are effective.

Keywords: hop dryers, resonators of different design, electrodynamic parameters, comparative analysis of hop
dryers, optimization criteria.
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Pecpepam. [Ipumerense onmudeckux cnexmpaibHbix Memoo08 MOXCeNnt NOMOYb & peuteHuy npobnem, GOHUKAIOUUX
npu nepepabomxe MoJOKA U MOJOUHBIX NPOOYKMOog. Tpaduyuonnvie aHanumuyeckue Memoobvl (Hanpumep, Qusuxo-
XUMUYECKUE UBMEPEHUS, CEHCOPHBIIl AHATUS, XPOMAMo2pagus) — OmMHOCUmMeNbHO dopoaite, mpyooeMKue i mpeoyom
XUMUYECKUX 8EULeCINE U CTIONHCHO20 AHATUIMUYECKO20 060PYO08AHUS, A MAKICE KEATUDPUYUPOBAHHO20 NEPCOHANA.
Cywecmayem Heobxo0uMocme & paspabomxe 6oee ObICMPLIX U MeHee 3ampanHeix cnocobog MmoyHo20 KOHMpPOJs
USMEHeHUTl Kauecmaa MOJOKA U Opyeux MOJOYHBIX NPOOVKMOS 8 npoyecce nepepabomxu u xpaneHnus. Muozcue
Hepaspyuiaiowue U HeUHeA3UgHbvle UHCMPYMEHMATbHbIE MemOoObl OOCHVIHbL Ol GCMPOEHHO20 U OHJIALH-
MoHumopunea nuuegvix uzoemuti. K wnum ommuocames ¢nyopecyenmuas CnexkmpoCcKonus, OmpaicamenvHas
CHEKMPOCKONUS CpeOHe20 U OIUNHCHE20 UHPPAKPACHO20 OUANA30HA, SA0ePHbIN MASHUMHLII Pe3OHAHC U MAaK Oajee.
(Ilene uccrecosanus) H3yuume QomonoMuHecyeHmHole XapaKmepucmuxy U napamempvi MOJIOKA paziuiHoOL
JrcupHOCmY npu e2o ckucanuy. (Mamepuanst 1 menoowt) BoinOIHUNY USMEPEHUS CHEKMPATbHbIX XAPaKMepUCcmux
6036yoKcOenus Mooka 8 ouanasore 200-500 nanomempos na cnexmpodghiyopumempe « Lmoopam-02-Ilanopamay.
(Pesynemamer u obcyxcoenue) Ommemuny YeeauyeHue UHMEHCUGHOCHU JTIIOMUHECYEHYUY Npu ONUHE GOJHBL
8036yoKcOenus 442 nanomempa u ee ymeHvuienue npu 262 HAHOMEMPOS NO NPOXONCOEHUIO 3AOAHHO20 OMpesKa
spemenu ons ocuprocmu 3,2 npoyenma. Onpedemuny, umo OAs dcuprocmu 1,5 npoyenma npu Onune 80JIHbL
6036yoKcOenus 262 HaHOMempa MeHOeHYUs COXPAHAemcs, HO Npu OnuHe 8oHbl 8030VocoeHus 442 nanomempa,
HANpomug, —NPOUCXOOUM — YMeHbUleHUe UHMEHCUSHOCHY  JIOMUHeCHeHyuY, umo mpebyem  YMOUYHAOUUX
oxcnepumennos. (Bvigoow) [loxasanu, 4mo noaydeHHble pe3yabmamel YKA3bIGAIOM HA 3A8UCUMOCHTb CKUCAHUS
MONIOKA U USMEHEHU UHIMEHCUGHOCUY TIIOMUHeCYyeHyuly 8o apemeny. KoHcmamuposany, umo OaHHoe HabIoo0eHUe



