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Annomayusn

Beseoenue. CymectByronue crioco0bl 00e3KUPHUBAHUS KOCTCH KUBOTHBIX MATOA(P(EKTUBHEL
1 TpeOyIOT BHICOKHX IKCILTYaTAllMOHHbIX 3aTpar. J{ist perieH s JaHHOH mpo0IieMbl aBTOpaMu
HACTOSIIECH CTAThU MPEIJIaraeTcsl YCTAHOBKA CO CBEPXBBICOKOYACTOTHBIM SHEPrOMOBOJIOM
B PE30HATOP, TJIe U3MEIIBICHHOE ChIPhE TOABEPraeTCsl TEPMOMEXaHUIECKOMY BO3ICHCTBHIO.
Lenv uccneoosanus. Iopwimenne 3 (eKTHUBHOCTH M3BICUCHNUS )KUPa U3 KOCTEH yOOHHBIX
JKUBOTHBIX C COXpaHEHHEM KOPMOBOH [IeHHOCTH npoaykra B CBU-ycTaHOBKE HEMPEPhIBHO-
MIOTOYHOTO AEHCTBHS C KOAKCHAJIBHBIM PE30HATOPOM 0e3 SKpaHHUPYIOIIETo KOpITyca IyTeM
obecreueH s BEICOKOW HAMPSDKEHHOCTH JIEKTPUYECKOTO OISl U TEPMOMEXaHUIECKOTO
BO3JICHCTBUS Ha CHIPBE.

Mamepuaner u memoOwl. TpeXMepHOE IEKTPOMArHUTHOE MOJEIHPOBAHHE POLIECCOB
pacnpesieieH|s SIEKTPOMArHUTHOTO TOJISI B KOAKCHAJILHOM PE30HATOPE MPOBOAMIOCH
B cucreMax npoekrupoBanust CST Microwave Studio, Computer Aided Design (CAD)
u Computer Aided Engineering (CAE).

Pesynomamul uccredosanusi. CBEpXBBICOKOYACTOTHASI YCTAHOBKA COAEPKUT Heeppomar-
HUTHBII yCEUEHHBIH KOHYC, BHYTPU KOTOPOTO COOCHO PACIONIOKEH AJICKTPOIPUBOIHOM
OMueBOi poTOp ¢ He(heppOMArHUTHBIM BajoM, 00pa3yromeil KOaKCHABHBINA PE30HATOP
C KOHHYECKHM KOJBIICBBIM MPOCTPaHCTBOM. Ha Baiy poTopa co CIBUTOM IO BBICOTE 3a-
KperuieHs! (PTOPOILTACTOBBIE CTYHI[BI, K KOTOPBIM IIOMAPHO C 00SUX CTOPOH MPUKPEIIICHBI
KopyH10BbIe Omita. C y4eTOM UCXOTHBIX MapaMeTPOB M3MEIBYCHHOTO KOCTHO-)KUPOBOTO
CBIPbsI OTpE/ieieHa ANHAMIKA HAarpeBa MPH Pa3HbIX yaeabHbIX MomHocTsix CBY-reneparopa.
Obcyoicoenue u 3axnouenue. Pe3ynsTaTbl HCCIEIOBAHMS EKTPOIMHAMUYECKIX TapaMETPOB
pe30HaTOpa CBHACTEIBCTBYIOT O TOM, YTO HAMPSDKCHHOCTD HJIEKTPUYESCKOTO OIS, JO0CTa-
TOYHAS JIsl CHIKEHHUS OaKTepPHALHOH 00CEMEHEHHOCTH POIYKTa, COCTaBIsIeT 2—5 KB/cM.
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D dexTHBHBIN PEKIM 00€3)KUPUBAHUS KOCTHOTO CHIPbSl JOCTUTACTCS IIPH YASIBHON MOII-
HocTH reHeparopa 0,71 KBT/KT, poZOIKUTETFHOCTH BO3IEHCTBUS CBEPXBBICOKOYACTOTHOTO
3J1€KTPOMArHUTHOTO 10JIst 6,55 MUH (IIpH 3arpy3ke pe3oHaropa 9,3 Kr), IpOU3BOIUTEIbHOCTH
85 kr/u, sHeprerryeckux 3arparax 0,141 kBt u/kr u Temneparype Harpesa 90—100 °C.

Knirouesvie cnosa: KoakcuaabHbIH pe30HATOD, ONYEBO POTOP, PTOPOIIACTOBBIEC CTYIIHUIIBL,
kopyHoBoe 610, CBU-ycTaHoBKa, 00€3KHPHUBAHUE, KOCTHOE CHIPHE

Konghnuxkm unmepecog: aBTopbl 3asBISIIOT 00 OTCYTCTBUM KOH(IUKTA HHTEPECOB.

Jlna yumuposanus: O6ocuoBanue napamerpoB CBU-ycTaHOBKH JUTs 00€3KUPUBAHUS KO-
creit yooitHbIX sxuBoTHBIX / [. B. HoBrKkoBa [u ap.] // UHKeHepHbBIE TEXHOIOTHH M CUCTEMBI.
2024. T. 34, Ne 2. C. 318-335. https://doi.org/10.15507/2658-4123.034.202402.318-335
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Abstract

Introduction. The existing methods of removing fat from the bones of meat-producing
animals are low-efficient and require high operating costs. To solve this problem, a unit
with an ultra-high-frequency energy supply to the resonator is proposed. In this unit the
crushed raw materials are subjected to thermomechanical action.

Aim of the Study. The aim of the study is to increase the efficiency of removing fat from the
bones of meat-producing animals while preserving the product feed value in a continuous-
flow process microwave unit with a coaxial resonator without a shielding housing by
providing a high electric field strength and thermomechanical effect on the raw materials.
Materials and Methods. Three-dimensional electromagnetic modeling of electromagnetic
field distribution processes in a coaxial resonator was carried out in the CST Microwave
Studio, Computer Aided Design (CAD) and Computer Aided Engineering (CAE).
Results. The ultrahigh frequency unit contains a non-ferromagnetic truncated cone, inside
which an electrically driven whip rotor with a non-ferromagnetic shaft is coaxially located,
forming a coaxial resonator with a conical annular space. Fluoroplastic hubs are fixed to
the rotor shaft with a height shift, to which corundum bilas are attached in pairs on both
sides. A shell of a truncated cone coated with an abrasive material is coaxially attached to
the inner shell of a non-ferromagnetic truncated cone. The dynamics of heating at different
specific capacities of the microwave generator is determined taking into account the initial
parameters of the crushed bone and fat raw materials.

Discussion and Conclusion. The results of studying the electrodynamic parameters of
the resonator indicate that the electric field strength 2—5 kV/cm is sufficient to reduce
bacterial contamination of the product. An effective mode for removing fat from bone raw
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materials is when the generator specific power is 0.71 kW/kg, duration of exposure to an
ultrahigh frequency electromagnetic field is 6.55 min (when loading the resonator 9.3 kg),
productivity is 85 kg/h, energy consumption of is 0.141 kWh/kg and heating temperature
is 90-100 °C.

Keywords: coaxial resonator, whip rotor, fluoroplastic hubs, corundum bilo, microwave
installation, degreasing, bone raw materials
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Beenenne. CornacHo nanubiM Poccrara!, B 2022 1. 06beM mpousBeieHHON B Poccuun
MSICOKOCTHON MYKH COCTaBIISET 564 ThiC. T. B 3T0li CBsI3U yBeNIM4HMIaCh U MOTPESOHOCTH
B TEXHOJIOTHUSX BBITONKH KHUPa U3 KOCTHOTO CHIPhA. B MPUHATON MpaKTHKE MULIEBYIO
KOCTh 00€3KUPHUBAIOT CyXUM HJIM MOKPBIM CIocoOoM rnpu temmeparype mo 100 °C.
KagecTBo upa 3aBUCUT OT MAKCUMAIBHON TEMIIEPATYPHI U MTPOJAOHKUTEILHOCTH TEP-
Moo0padoTtku. [Ipumenenune Temnepatypsl Boitie 120 °C oTpuriareIbHO CKa3bIBaeTCs Ha
cBoricTBax xwupa [1-3]. HammensImas mpogomKATEIFHOCTE 00pabOTKH OIPEIeIsIeTCS
BpPEMEHEM TUIABJICHHS JKAPA W BBIIECPKKA CHIPBS IS YHUITOKESHHUS [TaTOTeHHONH MUKPO(-
nopsl. 3BeCcTHO, 4TO yrenpHas TeTuioTa, Heooxoaumast Iuist 00paboTKH )KUPOCHIPhS, HE
3aBHCHT OT CIIOC00a ITOJIBO/Ia SHEPTUH, & POJOIDKUTEIBHOCTS 00PaOOTKH OIpeesieTcs
BHJIOM IOJIBOAA SHEPIrUU, HHTEHCUBHOCTBIO NIEPEHOCA TEIUIOTHl U MACChl, IUIOMIAIbIO
MTOBEPXHOCTH CHIPhSI M1 €T0 AIEKTPO(YU3MIECKUMU CBOMCTBAMHU. J{J151 TEXHOJIOTHUECKOTO
MPOIIeCCa BBITOIKH JKUPa U3 KOCTEH YOOMHBIX )KUBOTHBIX U MOTY4YCHHS KOCTHOTO OCTaTKa
JUTSL BEIPAOOTKH JKeJIaTHHA WU MTPOU3BOJICTBA OCIIKOBOTO KOPMa UCIIOJIB3YIOTCS yCTa-
HOBKH C Pa3JIMIHBIMHU CIIOCO0aMH dHEpromnoasoaa [4—6]. Psa aropos? [7; 8] oTMeuaror,
9T0 00BEMBI MPOU3BOICTBA OEIIKOBOTO KOPMa U3 KOCTHOTO CHIPHSI IOCTaTOYHO HU3KHUE,
U MpeJIaraloT BapuaHThl paCIIUPEHUs Chephl MPUMEHEHUS KOCTHOTO ChIPbs. Takke OHU
ONMCHIBAIOT OCHOBHBIE BHIBI alllIapaToB M TEXHOJIOTUN MepepabOTKH KOCTHOTO CHIPHS
TSI IPUTOTOBIICHUS Pa3HBIX MTPOIYKTOB.

Ienp nccemoBanms — MOBBICUTH d(ODPEKTHBHOCTH U3BJICUCHUS KUPa U3 KOCTEH
yOOMHBIX JKHBOTHBIX C COXpaHEHHEM KOPMOBOH IEHHOCTH MTPOIYKTa B CBEPXBBICOKOYA-
CTOTHOHM YCTaHOBKE HEIPEPHIBHO-IIOTOYHOIO AEUCTBUS C KOAKCUAIbHBIM PE30HATOPOM
0e3 3KpaHUPYIOIIETO KOPITyca C IIOMOIIBI0 BBICOKOH HAIPSDKEHHOCTH DIIEKTPUYECKOTO
MOJISl ¥ TEPMOMEXaHUUECKOTO BO3AEHCTBUS Ha chiphe. IIpu aTOM pemiaroTcst Takue
3aJlauu, KaK aHaiu3 000pyJIOBaHUs JJIS TEPMOMEXaHHUECKOM 00pabOTKK KOCTEH K-
BOTHBIX, pa3paboTka pabouell KaMephl C MarHETPOHAMH BO3/YIIHOTO OXJIAXICHUS,
OTIpEICICHHIE TTPOAOKUTEILHOCTH CBEPXBBICOKOUYACTOTHOTO BO3JEHCTBHUS U PEKUMOB
paboThI YCTAaHOBKH.

! AHanutndeckuii 0630p phIHKa KOPMOBBIX 100aBOK [Dmexrponnsiii pecypc]. URL: https://clck.
ru/39yftQ (mara oopamenus: 01.08.2023).

2 MyxamertoBa A. D., SImaneraunosa K. III. KomrutekcHOe UCIONB30BaHHE KOCTHOM MAcChl KaKk Me-
TOJ IMOBBILICHUSA S(b(beKTI/IBHOCTI/I Mﬂconepepa6aTLIBa}omero NpEAnpuATUs // I/IHHOBaL[I/II/I 1 HAYKOCMKHUE

TEXHOJIOTUH B 00pa30BaHMU U SKOHOMHUKE : MaT-Jibl X MexayHap. Hayd.-IpakT. U MeTol. KoH}. Ya :
Bamxkupckuii rocynapetBensslit yHusepcutert, 2022. C. 35-37.
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O030p auTeparypsl. B HacTos1ee BpeMs H3BECTHBI THAPOMEXAHUUECKHE U NIEKTPO-
UMITYJIbCHBIE CTIOCOOBI M3BIICUEHHS JKUpa U3 KocTei. O0e3KuprBaHUe MPEIBAPUTEIEHO
M3MEIBYEHHBIX KOCTEN B CMECHU C BOAOW B THAPOMEXAHUYECKON MalllMHE OCHOBaHO Ha
MIPUHIIAIE YAAPHO-UMITYJICHOTO Pa3pyIIEHHUs KUPOBBIX KIETOK. IMITyIbChbl BOSHUKAIOT
MIPH JBM)KEHUH OWJI, BPAIIAIONMINXCS Ha DJIEKTPOIPHUBOTHOM BaTy B KOPITyCE MAIIHHBI.
IIpu ynape cmecu o TypOynnu3aTop cO3qaloTcsl rupomMexanndeckue 3¢dexTs, odec-
MIEYNBAIOIINE BBIACICHUE XKupa. Jlagee cMech kupa, BOIBI U KOCTEH MO NEHCTBHEM
LEHTPOOEKHOM CHIIBI BEIOPACHIBACTCS B Pa3AEINTEINb, IJI€ XKHUP BCIUIBIBAET, OTKYJa €ro
HAMpaBJISIOT B IUIABWIBHBIN anmapar-.

K HemocrarkaM Takoro MeTozna He0OXOIUMO OTHECTH 3HAYUTEIbHBIA PAacXoll BOJBL,
00JIBIIOE KOJIMUECTBO 3a1€HCTBOBAHHBIX alIIapaToB (B TOM YHCIIE THIPOMEXaHHYECKOH
MAIIHBI BEICOKOH MMPOU3BOAUTENIBHOCTH), @ TAKXKE TO, YTO SHEProdH(HeKTUBHOCTH Cca-
MOH YCTaHOBKH HE OTBedaeT TpeOoBaHUAM (HepMEPCKUX XO3SMCTB (JOCTATOYHO UMETh
ycTtaHoBKy 110 200 kr/q).

B anekTpouMNyIbCHBIX anmaparax HeT 3JIeKTPONPUBOAHBIX y3710B. g 06e3-
JKUPUBAHUS KOCTEH CO3/al0T JUHAMHYECKHNE UMITYIBCHI B )KUJIKOCTH C TOMOIIBIO
3IEKTPUIECKOTO IPOOOS MEXAY ABYMS AJIEKTPOAAMH IPH pa3psiie KOHAESHCATOPOB.
IIpu >TOM HMITyTbCHASA KaBUTAIMSA CIIOCOOCTBYET pa3pylIEHUIO 000JI04YEK KUPOBBIX
KJIETOK H MOCIENYIOIIEMY BBIMBIBAaHHIO XHpa. 1lociie mponyckaHus depes 30Hy
paspsiia KOCcTb 00€3KUPHUBACTCS, a 3aTeM BhIrpyskaercs. JKup mocie orcrauBaHus
B aIlliapaTe BBIBOAUTCS Yepe3 TMAPO3aTBOpP. JHEPreTHUECKUE 3aTpaThl JOCTATOYHO
HU3KHE, OJTHAKO ammapar paboTaet npu HanpspDKeHHH Ha nekTponax 30—60 kB, a kop-
nyc 3anonHeH Bopoil. [IpobuBHoe Hanpsoxenne Bozayxa — 30 kB, mostomy Tpebyetcs
cTporoe coOmoaeHNe IEKTPOOE30NaCHOCTH, YTO B YCIOBUAX (EPMEPCKUX XO3SICTB
BBITNIOJIHAETCS HE BCETIA.

B nayunoii mkosie paspaboransl necsatku CBU-ycraHoBok anst repmooOpa-
OOTKHM BTOPUYHOTO CHIPBS KUBOTHOTO Mpoucxoxjaenus [9—12]. Hampumep, mo-
nynbHas CBU-ycTaHOBKA HENMPEPHIBHO-TIOTOYHOTO AEHCTBUS ISl TEpMOOOPabOTKH
1 00e33apaKMBaHUs CHIPHS )KHBOTHOTO MPOUCXOXkAeHUA [13] comepKUT cheMHbIe
00beMHBIE PE30HATOPHI B BUE TpexX Moayiel. [lepBrlil MOy s peaHa3HAYEH IS
TepMOOOPAOOTKH BTOPUIHOTO OMOTOTHIECKOTO CHIPHS JKHBOTHOTO ITPOUCXOXKICHUS,
BKJIFOYAs 3aMOPOXKEHHBIE OJIOKH MSICHBIX OTXOJI0B, HO HE MOXKET OBbITh HCII0JIb30BaH
JUIS1 U3BJICUYEHHUS )KUPA U3 KOCTEH.

U3BectHa CBY-ycTaHOBKa ¢ KOHHYECKUM PE30HATOPOM MJIsI 00€3BOKHUBAHUS
¥ TepMOOOPaOOTKH MACHBIX OTXO0B (HemuIeBas 00pesb, CyOnpoayKThl, KpoBb) [14].
YcTaHOBKa COAEPKUT KOHMUECKUIN SKPAHUPYIOMINM KOPITYC C CUTOBBIM PE30HATOPOM
B BUJIC YCEUCHHOTO KOHYca 0€3 OCHOBaHH, BHYTPH KOTOPOT'O HAXOAUTCS JUIIEKTPH-
YEeCKHUH POTOP B BUJI€ YCEUEHHOTO KOHYCA, TOKPBITHIH MEIKO3EPHHUCTHIM a0pa3uBHBIM
MaTepHualioM. YCTaHOBKa 00eCIeurnBacT COBMEUIEHUE MPOIECCOB 00€3BOKUBAHMS
W3MENBYECHHBIX MSCHBIX OTXOJIOB, TOHKOTO H3MEJIBUCHUS U TEPMOOOPAOOTKH CHIPbSI
TBepaoi (a3pl. JlaHHas ycTaHOBKA Tak)Ke HE pacCUYMTaHa Ha M3BJICUCHHUE JKHUpa U3
KOCTEH.

3 MpamoB B. U. TexHonorudeckoe 000pyI0BaHne NPEIIPHIATHIA MICHO# mpombinuteHHocTd. Y. 1.
O6opynoBanue A/ yoos U mepBudHOi 06padotku. M. : Komoc, 2001. 552 c.
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Cymectyer CBU-ycTaHOBKa ¢ OMKOHUYECKHM PE30HATOPOM U MaKETOM TapesioK
JUTsL TEpMOOOPaOOTKU MICOKOCTHBIX KOH(HUCKaToB [15; 16]. BHyTpeHnnuii naker ¢ro-
POTIJIACTOBBIX TAPENIOK YCTAHOBIIEH Ha 3JIEKTPONPUBOIHON AUIIEKTPUUIECKUI Ball CO
CIMPANBHBIM TUJICKTPUYECKUM [ITHEKOM B HW)KHEH KOHWYecKol oOeuaiike. BepxHsist
obedaiika mepoprupoBaHa U COOCHO PACIMOIOKEHA B 3KPAHUPYIOIIEM YCEYEHHOM KO-
Hyce. VMcnonp30BaHne JaHHOW yCTAHOBKH IMTO3BOJIMT MTOBLICUTEH KaueCTBO 00paObOTKH
MSICOKOCTHOTO ChIpbsi. HemocTaTkoM sBIsIeTCS CIOXKHAS JUIsl CAHUTAPHOM 00paboTKU
B YCJIOBUSIX (epPMEPCKUX XO3AUCTB KOHCTPYKIIHS.

0O030p CyLIECTBYIOIUX TEXHOJIOTUI U 000PYIOBaHMS IIOKA3all, YTO yUYCHBIMH He
B IIOJIHOW Mepe PEeIIeH BOIMPOC BBITOIKHU XHpa U3 KocTei. DPdhekTHBHOCTH mpoiecca
BBITOIIKM 3aBUCUT OT CIIOC00a MOABO/IA TEIIa, TEMIIEPATyphl HarpeBa Chphbs (He Oornee
120 °C), BeM4IMHBI U3METFYCHHBIX YaCTHLI, COTTIACOBAHHOMU ¢ ITyOMHO MPOHUKHOBEHUS
BOJIHBI ITPU JU3JIEKTPUIECKOM Harpese.

Takum oOpa3om, HayuHas mpodeMa 3aKiIodaeTcs B HU3KoW 3 dexruBHOCTH ar-
MapaToB AJISl U3BJIEUCHUS KHUPa U3 KOCTel yOOHHBIX >KUBOTHBIX. [1J1s1 HHTEHCU(HUKALTUH
TerI000MeHa aBTOpaMM HacToAIIeH cTaTbu mpensaraercs ycraHoka CBY-snepro-
MOJIBOJIA B PE30HATOD, T/I€ MPEABAPUTEIHLHO U3MENBUEHHOE ChIPhe OyAeT MOABEPraThCs
TEPMOMEXaHHIECKOMY BO3IICHCTBHIO.

MatrepuaJbl 4 MeToAbI. TpexMepHOE MOAEINPOBAaHUE IEKTPOAUHAMUYECKUX
IIPOLIECCOB PACIPEACICHNS NEKTPOMATHUTHBIX MOJIEH B PE30HATOPE HECTaHIApTHOM
KOHCTPYKLMH U OIpeeNICHNE PALOHATIBHBIX 3JICKTPOIUHAMHYECKUX apaMeTpoB Mpo-
BOJIWIIH C UCTIONb30BaHUEM crcTeM mpoektupoBanust Computer Aided Design (CAD)
u Computer Aided Engineering (CAE) [17-19].

g mpoeKkTupoBaHus, YUCIEHHOTO MOAETUPOBAHMS U ONITUMHU3ALUHN TPEXMEPHBIX
3NIEKTPOMATrHUTHBIX CUCTEM HCIIOIB30BaH Takxke makeT HHCTpyMeHToB CST Microwave
Studio Suite. Umerorcst pasubie nporpammsl [20; 21], comepxaliue 0a3y JaHHBIX
BOJTHOBOZIOB M OOBEMHBIX PE30HATOPOB, U3 KOTOPHIX MOXHO BBIOPATh MOIXOASAIINE Mapa-
METPU30BaHHBIE MOJIENIN U IKCTIOPTHPOBATH IaHHBIE B YKa3aHHBIH TaKeT MHCTPYMEHTOB
JUTS BBITIOJTHEHUS] MOZIETIMPOBAHNUS ¥ ONTUMI3aKH. YacToTy BpalieHus OndaeBoro poropa
JUTSE TOHKOTO M3METBIEHNS KOCTHOTO ChIphA MpUHUMaIHK 1o qaneeM B. WM. MBamosa.
Omna pasna 200-250 06/MuH.

Pe3yabrarsl ucciegoBanusi. Ha pucynke 1 mokasana CBY-ycraHoBka Hempe-
PBIBHO-IIOTOYHOTO ACHCTBUS AJIs1 U3BJICUEHHS )KUPa U3 KOCTEH YOONHBIX )KUBOTHBIX,
CoZeprKallasi BEPTUKAIBHO PACIIOIOKEHHbIN He()eppOMarHUTHBIN yCEUEHHBIN KOHYC 4
C 3arpy304Hoii / u npueMHo# /] eMkocTsIMU. BHyTpu 3arpy304Hoii HeeppoMarHUTHOM
eMKOCTH / pacnosoxeH mpezaep 2. B ycedeHHOM KOHyce COOCHO pacloNOXKeH dJeK-
TponpuBogHOH OnueBoii potop 8. HedeppomaruuTaelii Bas 3 1 HeeppoMarHUTHBINA
YCEUCHHBIH KOHYC 00pa3yloT KoaKCHalbHBIN pe3oHarop 9. Ha HapyxHOH MOBEpXHOCTH
KOaKCHaJIbHOT0 pe3oHaTopa co casuroM Ha 120 °C o nepuMeTpy yCTaHOBJIEHBI IO BBI-
COTE MarHeTpoHbI /() BO3AYIIHOTO OXJIaXKICHHS ¢ BOIHOBOIaMH. Ha HedeppoMarHUTHBIH
BaJly OMYEBOT0 POTOpA C IIOMOIIBIO IITTOHOK 3aKPETICHBI (P TOPOILUTACTOBBIE CTYIHIIB 0,
K KOTOPBIM Ha TaJIblIaX MOMAapHO C ABYX MPOTHBOMOJIIOKHBIX CTOPOH MPUKPETIIIEHBI YETHIPe
KOpyHIOBEIX Omita 7. Kaxmas ciemyromas mapa oun cmemiena Ha 30 °C, 9ro co3mgaeT
addext BuHTOBOM MMHUHU. K BHYTpeHHEH oOedaiike HeheppOMarHUTHOTO YCEUSHHOTO
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KOHYCa MPUKPEIUICH AUJIEKTPUUECKUI yCeueHHBII KOHYC 5, TOKPBITHIN aOpa3suBHBIM
MarepuanoM. Mex1y BHEIIHeH KpOMKO# Oul 7 OM4eBoro potopa § U BHyTPEHHEH I10-
BEPXHOCTBIO AUIIEKTPUIECKOTO YCEUCHHOTO KOHYca 00pa3oBaH 3a30p 2—3 cM.

<)

Puc. 1. udposas monens CBU-ycTaHOBKH [T U3BJICUCHHUS JKUPA M3 KOCTEH yOOUHBIX )KUBOTHBIX:
a) obmuit Buz; b) o0Iuil BUA B pazpese ¢ MO3ULUIMIE;
C) KOaKCHAaJIbHbBII PE30HATOP C KOHUYECKHM KOJIBLIEBBIM IIPOCTPAHCTBOM;
1 — 3arpy3o4Hast eMKOCTb; 2 — mpezaep; 3 — HeeppoMarHUTHEIH Ba OUYEBOTO pOTOpa;
4 — He(eppOMAarHUTHBIN yCEUCHHBIH KOHYC; 5 — AMAICKTPUUSCKUN YCEUSHHBII KOHYC;
6 — cTynuIBl PTOpPOIUIaCTOBEIE; 7 — OWIIBI U3 KOPYyHNA; 8§ — OMYEBOM POTOP;
9 — KoakcuanbHbIN pe3oHarop; 10 — MarHeTpoHsI ¢ BOIHOBOAAMY; 11 — mpuemMHas eMKOCTh

Fig. 1. Digital model of the microwave installation for extracting fat from the bones
of slaughtered animals: a) general view; b) general view in section with positions;
¢) coaxial resonator with conical annular space;
1 — loading tank; 2 — shredder; 3 — non-ferromagnetic shaft of the scourge rotor;
4 — non-ferromagnetic truncated cone; 5 — dielectric truncated cone; 6 — fluoroplastic hubs;
7 — corundum bilas; 8 — whip rotor; 9 — coaxial resonator; 10 — magnetrons with waveguides;
11 — receiving capacity

Hcmoynux: 31€ch 1 laliee B CTaTbe BCE PUCYHKU COCTABIICHBI aBTOPAMH.
Source: Hereinafter in this article all figures were drawn up by the authors.

TexHONIOTHYECKUH POIIECC U3BICUEHUS JKUPA U3 KOCTEl YOOHHBIX dKHBOTHBIX TIPO-
UCXOIUT CIeAyroImuM o0pazoM. CHauasia HeoOX0AUMO BKITFOUUTH AIIEKTPOIIPUBO Onde-
BOTO POTOpA U AEKTPONPUBO 1Ipeaepa. Jlanee kocTu yOONHHBIX )KUBOTHBIX 3aIPY’KaroT
B €MKOCTb. VI3MeNBIEeHHBIE C IOMOIIBIO HIpe/iepa KOCTH )KUBOTHBIX IOCTYIAIOT Yepe3
3arpy304Hyl0 €MKOCTbh B KOAKCHAJIBHBIA PE30HATOP U MONAAA0T MOJ BPAIIAIOLIIECs
omet (200-250 06/muH). [Tocne BKITIOUEHHSI MATHETPOHOB B KOAKCHAIBEHOM PE30HATOPE
B030yxnaercas OMIICBY — snexTpoMarHuTHOE HOJIE CBEPXBBICOKOW YacTOTHI (JIMHA
BOJIHBI paBHA 12,24 cM), U3METBIEHHOE KUPOCOACPIKAIIEE ChIPhE TIOABEPIaeTCs 3HI0-
TEHHOMY HarpeBy MO AeHCTBUEM TOKOB MOJISAPHU3ALHH.

Tak kak K BHyTpeHHel oOeuaiike yceueHHOTo HeheppOMarHUTHOTO KOHYyca MpH-
KperieHa o0evaiika IUAIEKTPUIECKOr0 YCEUeHHOTO KOHYyca, MOKphITas abpa3suBHBEIM
MaTepualoM, IoJl IeHCTBHEM LIEHTPOOEIKHBIX CHII CBHIPhE paclpeensieTcs 0 CTEeHKaM
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JIU3JIEKTPUYECKOTO YCEUSHHOTO KOHYCa, yapssick 00 abpasnBHOe MOKphITHE. B 3a30pe
MEXy BHEIIHUMHU KPOMKaMU OWJI M JTUDJICKTPUUYCCKUM YCEUCHHBIM KOHYCOM CBIPhE
JIBUKETCS BMECTE ¢ OMJIaMHU BHH3, TaK KaK OHH PacIioyioxeHsl co ciurom Ha 30 °C o
BBICOTE paboueil KaMephl.

3a cyeT MHOTOKPATHOTO y/iapa OMYeBBIM POTOPOM B TIPOIECCE FHIOTEHHOTO HAarpeBa
paspyliaeTcs MOrpaHUYHbIN CI0H Ha MOBEPXHOCTH U3MEITBYEHHOTO ChIPhSI, YCKOPSISI TEM
caMBIM TIPOIIeCC MaccolepeHoca (TOBBIIIAETCS CTENIEHb 3BIIedeHus xupa). [Ipu sTom
CO3aI0TCs TepMOMEXaHUIeCKHEe YPPEKThI, 00eCIICINBAIONTNE BRIICICHHE KIPa U3 13-
MEJTBYEHHBIX YaCTHII CHIPhs. PacmonokeHne O 0 KOHMYECKOH JIMHUU 00ecTieanBaeT
MPONOTIbHOE cMeteHne cMecH. ChIphe MO JeCTBUEM IIEHTPOOEKHBIX CHIT Bpalllatole-
rocst ONYEeBOTrO POTOPa OTOpaAChIBACTCS K aOpa3uBHON MOBEPXHOCTH JAUAIIEKTPHUECKOTO
yceueHHOro KoHyca. [Iponcxoqut 3aBuxpeHne U3MeNbYeHHBIX YaCTHI] KOCTHO-)KUPOBOTO
CBIPbS (TypOyIHU3aLus CHIPhS).

OHo monBepraeTcs MHOTOKPaTHOMY MeXaHHuecKkoMy ynapy. IlpogomkuTensHOCTh
nporecca ooezxkupuBanus ceipbsi B OMIICBY cocrasnser 5—7 MuH (B 3aBUCHUMOCTH
OT YIEeTBbHOW MOITHOCTH TeHepaTopa), mocie 4ero moj JeHCTBUEM LHEHTPOOeKHBIX
CHJI CMECh JKMpPa U YacCTHUI] KOCTEH BHIOpACKIBAETCSI Yepe3 OTBEPCTHE B MaJlOM OC-
HOBaHUM YCEUEHHOTO KOHYyCa B IPUEMHYIO HEPEPPOMATHUTHYIO eMKOCTh /] ¢ 3a-
CIIOHKOH. 3armoIHEHHYI0 €MKOCTh CJIEAyeT MePeaBUHYTh. B Hell Up BCILIBIBAET
Ha MMOBEPXHOCTh, a KOCTH OCENAIOT Ha AHO. bombmast ckopocTs OMYEBOTO poTOpa
Y BBICOKAsI HaIPSHKEHHOCTH JIEKTPUUYECKOTO TOJsA 00€CIednBalOT MOBBIIIICHUE
WHTEHCUBHOCTH 00€3’)KUPUBAHUS TOHKOM3MEIBUEHHOTO CHIPhs. TexXHONIOrndecKui
3¢ eKT CyIecTBEHHO 3aBHCUT OT YaCTOTHI BpallleHHs OMYEBOTO POTOPA, 32a30pa MEXK-
oy 6udaMu 1 abpa3uBHON MOBEPXHOCTHIO YCEUEHHOTO JUAIEKTPUUECKOTO KOHYCa,
KOJIMYECTBA TOHOK (KOPYHJOBBIX OWIJI C IMAJEKTPUUCCKUMHU CTynHIlaMu). buduesoit
POTOp BHIMONHSAET QYHKIUIO YAAPHOTO U TPAHCIOPTUPYIOLIErO BO3ACHCTBHS Ha
ceipbe. Jlyis obecrieueHnss MeXaHUIeCKOro Bo3IecTBHS U nudPepeHnrnpoBaHHON
CKOPOCTH TPaHCTIOPTHUPOBAHUS CHIPHS MO BHICOTE PE30HATOPA TOHKH YCTAHOBIICHEI
MOJ| Pa3IMYHBIMH YIJIaMHU K OCH Baja.

XapakTepHoil 0COOEHHOCTBhIO KOHHYECKOTO PE30HATOpA SBISIETCS HAIMYKE B pe-
30HaHCHOM o00OBeMe 00macTelt ¢ pe3Ko BBEIPaKEHHBIM HKCITOHEHIIHAIBHBIM 3aKOHOM
M3MEHEHHS DJIEKTPOMArHUTHOTO 1oiisd. Hanwdaune obmacteld ¢ TakuM pacripeelieHueM
TIOJISI TIO3BOJISIET YIaJIUTh YaCTh IIOBEPXHOCTH C COXpaHEHNEM BBICOKOW COOCTBEHHOM
MIOOPOTHOCTH pe30HATOPA ISt HEKOTOPBIX THIIOB KOJIEOAHUH M TEM CaMbIM Peain30-
BaTh OTKPBITYIO PE30HAHCHYIO cHCTeMY Il ¢pyHKunoHupoBaHus CBY-ycTaHOBKH
B HETIPEPHIBHO-NIOTOYHOM PEXHUME C COONIONEHHEM 3JIEKTPOMarHuTHO# Oe3omac-
HoCcTH [22].

[Tpu naBneHUH )KUPa MPOUCXOAAT U3MEHEHUS €T0 JUANIEKTPHUECKHUX U TeTI0PH3H-
YeCKUX XapaKTePHUCTHK, YTO BIMSET HA POAOKUTENILHOCTD JUAIEKTPUIECKOTO HAarpeBa
JI0 TIOJTHOTO 00€3KUPUBAHHUSI KOCTHOTO CBHIPBSL.

C y4eToM yienbHOU TeII0eMKOCTH paciuiaBienHoro xupa 2300 J[x/kr°C, pakropa
MAJIEKTPpUIECKUX MOTeph pu Temmeparype 80—100 °C u oxxumaeMoit HanpsbKeHHOCTH
SIIEKTPHUYECKOTO MO B KOAKCHAIBHOM pe3oHaTope 5 kB/cM mpenBapuTesHO BEIYHCICHA
MPOJIOJDKUTENBHOCTE Bo3aiericTBuss DMIICBY Ha chiphbe.
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W3 BBIpaXkeHHUs1, XapaKTEepHU3YIOIIEro CKOpOCTh Harpesa xupa (AT/Az, °C/c), npo-
JOJDKUTETBHOCTD Bo3aeiicTBrs DMITCBY* onpenersiercs mo opmyire:

10 e (BY 100
gzo,ssslo ka[CMj n-10 c "

At p-C c

e f— 4acToTa deKTpoMarHuTHOro noJst, MI'; k — dakTop quaneKTpuaeckux moTepb;
E — HanpspKeHHOCTD AIIEKTPUYECKOTo 1motisi, B/M; 77 — Tepmudeckuii koa¢GUIUEHT mo-
JIE3HOTO JIEHCTBUS; p — IUIOTHOCTh PACILIABICHHOTO JKUPA, KI/M*; ¢ — TEIIOEMKOCTb
pacruiaBieHHOro xupa, Jx/kr- °C.

IIpomomxuTenpHOCTE Bo3aekcTrus DMIICBY paccunTaeM ciemyronmm oOpa3oMm:

= 90-930-2300
0,555-107"2.2450-10°-20-5000%-0,72

=393 ¢ = 6,55 MuH. )

PacueTbl MOKa3bIBaIOT, YTO MPU HAMPSDKEHHOCTH JICKTPUYECKOTO I0JIsl, paBHOH
5 kB/cM, pogomkutensHOCTh Bo3aekicTBus OMIICBY cocrasnser 6,55 mus (0,109 1),
ecmu Tepmuaecknii KI1JI cocrasmser 0,72-0,75.

B KOHCTPYKIIMOHHOM HCIIOJTHEHNH YCTaHOBKH HEOOXOIMMO PEaTn30BaTh TEXHOIOTH-
YEeCKYIO 331a9y pa3pylIeHHs >KHPOBBIX KIETOK M BBIIEIICHUS KHPa 32 TIEPHOJT TEPMOME-
XaHWYECKON 00pabOTKH ChIPbs. [l paBHOMEPHOTO HArpeBa U3MEIBIEHHOTO KOCTHOTO
CHIPBS B 3JIEKTPOMArHUTHOM TOJIe OETyIIei BOIHBI IPeayCMOTpeHa TypOyru3aims
YacTHUI] KOCTHO-)KUPOBOTO CHIPhsI MO ACUCTBHEM LIEHTPOOEKHBIX CHJI BPAIIAOIIETOCS
OuyeBoro poropa. BeluucneHHY0 TPOAOIKUTENBFHOCTh TEPMOMEXaHHYECKO 00padoT-
KU CBIPbA CIIEAYEeT KOPPEKTHPOBATh C yYETOM TPEOOBaHHUN TEXHOJIIOTUH U PE3YJIETATOB
9KCIIEPUMEHTAIBHBIX UCCIICJOBAHMH.

PacueT KOHCTPYKTHBHBIX MTapaMETPOB OTKPHITOTO KOAKCHATIBLHOTO PE30HATOpA MPO-
BOJIWJICS C yYETOM JUTMHBI BOJHBI 12,24 cMm [23-25], yMeHbIIeHHUS [ITyOUHBI TPOHUKHOBE-
HHSI BOJIHBI B KOCTHOE ChIphe Mpu 00ekupuBanuu 10 11,2—1,7 cm’ [26-28], u3BecTHBIX
METOJIUK PacueTOB PE30HATOPOB CAHTUMETPOBOTO auarazona [29-31].

s o6ocHOBaHUS > (HEKTHBHOM KOHCTPYKITUN PE30HATOPA OBIITN MPOBEICHEI TE€O-
pEeTHYECKHEe PacyeThl C UCTIOIb30BAaHNEM M3BECTHBIX MAaTEMaTHUYECKUX BBIPAKCHUN,
a TaK)Ke KOMITHIOTEPHOE MOJISTHPOBAHUE AIEKTPOJMHAMUYECKUX MPOLIECCOB B KOAK-
CHAJIBHOM PE30HATOPe C KOHMYECKUM KOJIBIIEBBIM MPOCTPAHCTBOM B mporpamme CST
Microwave Studio. Tak, npenBapuTeabHO paccuuTaHa COOCTBEHHAsI JOOPOTHOCTh Pe30-
HaTopa IpH pazMepax yCedeHHOTO KOHYCa, COITIACOBAHHBIX C JUIMHOW BOJHEI 12,24 cM.
Bricora paBHa 122,4 cm; auamerp OOJBIIOT0 OCHOBaHUS — 61,2 cM; IUaMeTp Majioro
ocHoBauusA — 9 cM. CobCTBeHHAs JOOPOTHOCTE BRIYKCICHA uepe3 00neM (V, M*) 1 mito-
11a/lb TOBEPXHOCTH CTEHOK aJTFOMHHHEBOTO pe3oHaTopa (S, M?) C y4eTOM TOJIIUHBI

4 Crpexkanos A. B., Crpekanos 0. A. DnekTpoMarHuTHbIE OIS U BOMNHEI : Y4eb. nocobue. M. : PUOP:
NHOPA-M, 2014. 375 c.

3 Poros 1. A. Dnekrpodhu3nyecKue, ONTHIECKUE U aKyCTHUECKUE XapaKTePUCTHKH ITHIIEBBIX POy K-
ToB. M. : Jlerkast u nuiueBast IpoOMBIIIUIEHHOCTb, 1981. 288 c.

Electrical technologies and equipment 325



I/IH)KEHEPH]:»IE TEXHOJIOTUN 1 CUCTEMBI Tom 34, Ne 2. 2024

ckuH-ciost (A = 1,72 mxm) nipu gactote 2 450 MI'116. O0beM U MI0Iaabh MTOBEPXHOCTH
KOAKCHUaJIbHOTO PE30HATOPA BBIYUCIEHBI 10 HUKEITPUBEICHHBIM (hOpMYyJIiaM:

Vionye =%~n-R2 -H =%-3,14~30,62 -122,4 =119 959 em?; 3)
S o =7 R-(R+L)=3,14-30,6- (30,6 + 126,17) = 15 063 cn’; )
onuyc:%'ﬂ-r2~h=%-3,14-4,52-18:381,5CM3; )
veenron, =X 1P+ D =3,14-45-(4,5+7,6) = 171 em?; (6)

V en won = 119959 —381,5 = 119 5775 ow’; %

N = 15063 — 171 = 14 892 e, ®)

yced. KOH.

rne R, L, Hwur, [, h — mapamMeTpbl KOHCTPYKIIMH: KOHYCa U YCEUSHHOW YacTU KOHyca
COOTBETCTBEHHO.

C yuerom oObema 3 599 cm® u mtornaau 1 176 cM? moBepXHOCTH HeeppOMarHUTHOTO
Bajyia quaMeTpom 3,06 cM 00beM U TUIOIIAAb MTOBEPXHOCTH KOAKCHAIILHOTO PE30HATOpa
C KOHUYECKUM KOJIBIIEBBIM 00HEMOM COCTABIISAET:

V.o =119577,5-3599=115979 cm’

peson.

S =14892-1176=13 716 c™m™ C)

Pe30H.
CoOcTBeHHas 10OPOTHOCTH KOAKCHAIBHOTO PE30HATOPa BEIUUCISIETCS 10 opmyIe:

2.V 2-0,115979
S-A 1,3716-1,72-10°

0= =98322. (10)

PacueTsl MoKa3bIBaOT, 4TO COOCTBEHHAS TOOPOTHOCTH KOAKCHAIBHOTO PE30HATOPA
paBHa 98 322, cnegoparensHo, Tepmuueckuii KIT/ moxet cocrasuts 0,72—0,75.

PesynbraTsl KOMIBIOTEPHOTO MOICTMPOBAHUS deKTponuHaMuaeckux (J]1) mporeccon
B KOAKCHAJIbHOM PE30HATOPE C KOHUUECKUM KOJIBIIEBBIM 00BEeMOM (BBIIICYKa3aHHBIMHU
3aJjlaBaeMBIMH TTapaMeTpaMu KOoHCTpyKinu) B iporpamme CST Microwave Studio
MpuBeeHBI Ha pucyHKe 2. OHU CBUIETENECTBYIOT O TOM, YTO KOHUYECKHE PE30HATOPHI
WCKITIOYAIOT BBIPOXKJIEHUE MMAPa3UTHBIX THIIOB KOJeOaHUM, a 3TO TO3BOISET AOCTUYD
BBICOKHX 3HaYeHHH COOCTBEHHOH TOOPOTHOCTH.

Pe3ynbrarel MosenupoBaHus paclpoOCTPAHEHUS MHUKPOBOJIHOBOTO TOJIS JJIS KO-
AKCHAITLHOTO PE30HATOPA C KOHUYECKUM KOJIbIIEBBIM 00beMoM 115 979 cm? (puc. 2),
BBITIOJTHEHHOTO B TIPOTPAMMHOM KOMITJICKCE AJICKTPOAMHAMUYECKOTO MOJICIIUPOBAHUS
CST Microwave Studio, Computer Aided Design (CAD) u Computer Aided Engineering
(CAE), no3Bonmiu moiryuuTs pacupeaenacare DMII mo KoopAUHATHEIM 0CSM, BEIYUCITUTH
HAIPSHKEHHOCTh AIEKTPUYCSCKOTO MOJIsI, HANPSHKEHHOCTh MArHUTHOTO TIOJISA, IIOBEPX-
HOCTHBIH TOK, SHEPTHUIO 3JICKTPUYSCKOTO ¥ MATHUTHOTO TOJICH.

¢ TTuenpHukoB FO. H., Ceupuios B. T. DiieKTpoHHKa CBEPXBBICOKUX 4acToT. M. : Paquo u cBsi3b, 1981. 96 ¢.
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P uc. 2. Pe3yabraTbl KOMITBIOTEPHOTO MOJIEIMPOBAHHS ANEKTPOAHHAMHUYECKHX apaMETPOB
KOAKCHAJILHOTO PE30HATOPa C KOJIBIIEBHIM KOHHUECKUM 00beMoM (Moza 1) B ccTeMax MPOEKTUPOBAHUS
CST Microwave Studio, Computer Aided Design (CAD) u Computer Aided Engineering (CAE):

a) pacnpezeneHre IMII o KOOpAHHATAM X, Y, Z; b) HaNPsHKEHHOCTh AIEKTPUYECKOro mosisi, B/M;

C) HANMPSKEHHOCTh MATHUTHOTO 1osist, A/M; d) MOBEPXHOCTHBIN TOK, A/M; ¢) E-sueprus, Br/m3;

f) E-sueprus B paspese, Br/m*; g) H-aneprus, Br/m3; h) H-sueprus B paspese, Br/m?

Fig. 2. Electrodynamic parameters of a coaxial resonator with an annular conic space (mode 1)
in the system CST Microwave Studio, Computer Aided Design (CAD) and Computer Aided Engineering
(CAE): a) EMF distribution by x, y, z coordinates; b) electric field strength, V/m; ¢) magnetic field
strength, A/m; d) surface current; ) E-energy, W/m?; f) E-energy in section, W/m?;

g) H-energy, W/m?; h) H-energy in section, W/m?
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st obecriedeHust HEMPEPHIBHOTO PeKUMa pabOThl YCTAaHOBKH KOHHUECKUH KOpITyC
yCeueH U MpeACTaBIeH KaK OTKPBIThINA pe3oHarop. C M3MEHEHHEM yIvia IIPU BEpIIMHE
KOHyca C()OPMHUPOBAHO MEKTPOMArHUTHOE T0JIE, CKOHIIEHTPUPOBAHHOE B OCHOBHOM
B IICHTPAJILHOM 00JaCTH KOAKCHAIBHOTO PE30HATOPA, YTO CIIOCOOCTBYET MOBBIIICHHIO
COOCTBEHHOH JJOOPOTHOCTH PE30HATOPA C KOHMYECKHM KOJIBIIEBBIM IPOCTPAHCTBOM.
B cpenneit yactu Takoro pe3oHaTopa CymieCTBYIOT BOJHBI, TOCTOSHHBIE PacIpOCTpa-
HEHUS KOTOPBIX YMEHBITIAIOTCS B CITydae yIajJeHus oT IeHTpa pe3oHaropa (puc. 4). Ha-
HPSHKEHHOCTH 3JIEKTPUUYECKOTO II0JIsl B PE30HATOPE HAXOMUTCA B IIpeaenax 5 kB/cum, uto
MO3BOJISIET YMEHBIINUTH 00IIIee MUKPOOHOE YHCIIO B IPOLYKTE J0 IPEAEIBHO IOIYCTUMOTO
yposas 500 teic. KOE/T. 0. B. Kopuarus u coarops! [32] qoka3anu, 4To yBeIUICHHAE
HaNpsHKEHHOCTHU 3JIEKTPUUECKOTO I0JIs, BO30YKACHHOTO MaJOMOLIHBIM HCTOUHUKOM
CBY-uznyuenus, Boiue 1,2 kB/cM obecneunBaeT yHUUTOKEHHE MUKPOOPTaHU3MOB.

AHanu3 snexTpoanHaMuku nponeccoB CBU-TepMo0oOpabOTKH KOCTHOTO CHIPBS
U Pe3yiIbTaThl KOMIIBIOTEPHOTO MOEIUPOBAHUS 3JIEKTPOMAarHUTHBIX BOJH IOATBEP-
JKIAI0T I0CTOBEPHOCTh PE3YIbTaTOB TEOPETUUECKUX HccenoBaHuil. B nmepcniekTuse
iaHupyercs co3nate CBY-ycTaHOBKY ¢ KOAKCHAJIBHBIM PE30HATOPOM C KOJIBIIEBBIM
KOHUYECKUM TPOCTPAHCTBOM M YTOUHUTH PE3ybTaThl MOACITUPOBAHMS.

ITouck 3¢ dexTuBHBIX pekUMOB padboTel CBU-ycTaHOBKH CBOAMTCS K BBIABICHUIO
yCJI0BUH, 00€CTICUNBAIONINX MHTEHCUBHOE 00E3KUPUBAHUE ChIPbS IIPH J103€ BO3ICHCTBUS
OMIICBY 77-78 Br-u/kr (6,6 kBT - 0,109 w /9,3 xr = 77,35 Br-9/kT).

Tak, 3 peKTUBHBIN pEKUM 00€3KUPUBAHUS JOCTUTACTCS IIPU YAETbHONH MOLITHOCTH
rereparopa 0,71 kB1/kr; mpomomxurensHocTH Bo3aeicteust OMIICBY 6,55 mun (pu
3arpyske pezoHaropa 9,3 Kr); Ipou3BOAUTENLHOCTH 85 KI/4; SHEPTeTHYECKHUX 3aTpaTax
0,141 xBt-u/kr; Temneparype Harpesa 90—100 °C.

Texuuueckue xapakrepuctiuku CBU-ycTaHOBKH 17151 00e3KUpUBAHUS KOCTEH yOoii-
HBIX JKHBOTHBIX IIPUBEEHHI B Ta0nuIe 1.

Tab6numna 1

Table 1

Texnnueckue xapakrepuctuku CBU-ycTaHOBKH 17151 00e3:KMPHBAHUSA KOCTel YOOI HBIX JKMBOTHBIX
Technical characteristics of a microwave unit for degreasing the bones of slaughtered animals

IMapametpsr /
Haumenoanue / Name Parameters
1 2
Komnaectso CBUY-reneparopos, mt. / Number of microwave generators, pcs. 6,000
IIpousBoaurtensHOCTD, KI/4 / Capacity, kg/h 85,000
Macca enMHOBpPEMEHHOM 3arpy3Ku Chipbsi, KT/ Mass of one-time loading of raw 9300
materials, kg ’
MoIHOCTh IeCTH MarHeTpoHoB, KBT / Power of six magnetrons, kW 6,600
MOIIHOCTB LIECTH BEHTHIISTOPOB /IS OXJIAXKICHHS MATHETPOHOB, KBT (BEHTHIIATOP
ocesoi kananbHb CV-150, 30 Bt) / Power of six fans for cooling magnetrons, kW 0,180
(axial channel fan CV-150, 30 W)
Mourtocts 6udeBoro poropa, kBt / The power of the whip rotor, kW 4,000
Yactota BpamnieHus 6uueBoro poropa, o6/mMuH / The frequency of rotation of the 200.000
whip rotor, rpm ’
MoiHocTs mpenepa, kBt / Shredder power, kW 1,220
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Oxonuanue mab6n. 1/ End of table 1

1 2
Iotpebnsiemast moruHocth CBU-ycranoBku, kBt/ Power consumption of the 12.000
microwave unit, kW >
VYnensHbIE SHEPreTUYEcKue 3aTpatsl, KBT-u/kr / Specific energy costs, kW-h/kg 0,141

[Inanupyemast GajaHCOBasi CTOMMOCTb, ThIC. py0. / Planned book value, thousand

e 200,000

Hcmounuk: COCTaBICHO aBTOPaMH.
Source: Complited by the authors.

3a cueT HeheppOMArHUTHOTO HIpe/iepa B 3arpy304HON €MKOCTH U YCEUCHHUs KO-
Hyca Ha YPOBHE KPUTHYECKOTO CEYeHHs (IUaMeTp Majoro OCHOBAaHHS paBeH 9 cM),
korma DOMII orpakaeTcs BHyTph pe3oHaTopa (puc. 4), P HEMPEPHIBHOM PEKUME
pabOTBI YCTAHOBKH OKHIACTCS 00CCIIeUeHNE DICKTPOMAarHuTHON O€30ITacCHOCTH Ha
HPENENIbHO TOIYCTUMOM YPOBHE (JOITyCTHMAasi MOLTHOCTD ITOTOKA U3IYUCHUH paBHA
10 mxBt/cm?) [32].

OO0cy:xneHue u 3aKJroueHue. PazpaboTranHas TEXHOIOTHS TEPMOMEXaHHUYECKOTO
METO/Ia N3BJICUEHNUS XKUPA U3 N3METBUEHHOTO KOCTHO-)KUPOBOTO CBIPBS U KOHCTPYKTHBHOE
ucnonHenne CBY-ycTaHOBKH ¢ KOaKCHAIbHBIM PE30HATOPOM C KOJIBLIEBBIM KOHUYECKUM
00BEMOM U OMYEBBIM POTOPOM MOTYT OBITH HCIIOJIB30BAHBI ISl BHITOIIKH JKHPA U3 KOCTEH
yOOMHBIX KUBOTHBIX B (pepMEPCKUX XO03sHCTBaX.

Coueranne Bozaeiictsust OMIICBY 1 MHOTOKpaTHOTO ynapa MpeiBapuTeIbHO U3-
MENBICHHOTO CHIPHSI C MOMOIIBIO JIUAIIEKTPUIECKOTO OMIEBOTO poTOpa 00 abpa3uBHYIO
MOBEPXHOCTH MPH MEPEIBIKEHIH Yepe3 KOAKCHAIBbHBIN Pe30HaTop B TypOyJIeHTHOM
PEKUME YCKOPSIET NPOoLiecC 00e3KUPUBAHUS ChIPhsI IIPU HENIPEPBIBHOM PEXUME PaOOThI
YCTaHOBKH C COONIONEHNEM DIIEKTPOMArHUTHOM 0€301TacHOCTH.

Pe3ynbrarsl BBIYUCICHUS U BU3YaIU3alMy PacHpeeeH s JIeKTPOMAarHUTHOTO OIS
B PEXHME [IEPEXOIHOTO IPOLIecca B KOAKCHATIBHOM PE30HATOPE C KOJIBLEBBIM KOHUUECKUM
00bEMOM MO3BOJIMIIN KOMIUIEKCHO OLIEHUTh OCHOBHBIC ITAPaMETPhI ANIEKTPOJUHAMHUYC-
CKOH cHUCTEMBI (COOCTBEHHYIO TOOPOTHOCTh, HANPSHKEHHOCTH 3JIEKTPHYECKOTO MOJI,
MOBEPXHOCTHBIN TOK, E-3Hepruro u ap.).

Pesynbrarel ncenenoBanus mokaspiBaroT, 4to CBY-ycTaHOBKa € IECTHIO MArHETPOHAMHU
BO3IyIIHOTO OXJIAXKICHUS MOIIHOCTHIO 110 1,1 kBT npu n3mens4eHun KOCTHO-KHPOBOTO
CBIPbSI YOOMHBIX )KUBOTHBIX MOXKET 00€CIIEYNTh TEPMOMEXaHUYECKOE BO3/ICHCTBHE HA
CBIPbE MPOU3BOAUTENLHOCTBIO 85 KI/4 B HEMIPEPHIBHOM PEXXHUME TIPU BBICOKOW HArpsi-
JKEHHOCTH JIEKTPHUYECKOT0 Tois 5 KB/cM.

Hns obecriedenms HEOOXOMMMOM TEXHOJIOTHYECKOH 3P HEKTUBHOCTH MpoIlecca
00€3>KUPUBAHUS ChIPbs CIENYET MOANEPKUBATH CIEAYIOINUN PexXUM paboThl ycTa-
HOBKHM: HaIlpsSDKCHHOCTD JIEKTPHUYECKOTo moist paBHa 2—5 kB/cMm; yaenpHas mou-
HOCTB TeHepaTopa paBHa 0,71 kBT1/kr; nponomkuTeabHOCTh Bo3aeiicTBus OMIICBY
paBHa 6,55 MuH (mipu 3arpy3ke pe3oHaTopa 9,3 Kr); IpOU3BOIUTEIHHOCTh paBHA
85 xr/u; sHeprernueckue 3arparsl paBHbl 0,141 kBT u/kr; Temneparypa Harpesa
paBaHa 90-100 °C.
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