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MWUKPOBOJTHOBbIA METO[ CO3[AHUA PABHOMEPHOIO
PACNPEOENEHUA TEMIMEPATYPbI B OB bEMHbIX
AUNIANEKTPUHECKUX MATEPUATIAX

B. H. HE®E[JOB, A. B. MAMOHTOB, M. B. HE®ELJOB, N. M. CABHEHKO

Mockosckuti 20cydapcmeeHHbIU UHCMUMym 3/1eKMPOHUKU U Mamemamuku
(mexHuyeckul yHueepcumem), Mocksa, Poccus, e-mail: Imis@miem.ru

Paccmompenvt 6onpocsi co30anus pagHOMEpHO20 pacnpedeseHus memnepamypbt 6 0056-
emHOM Mmamepuane, Haxodsuemcs 8 CBY-ycmpoiicmee aywesoeo muna. [Ipedcmaénensi pe-
3yabmambsi S5KCREPUMEHMANbHBIX UCCAe008AHUL pacnpedeserus memMnepamypbl 8 3a8UCUMOCMU
om muna aHmeHHbl, obecnevuearouieli NepnreHOUKyAApHoe UAU NApanneabHoe HAnpasaeHue
CUNOBBIX AUHULL BEKMOPA HANPANCCHHOCMU IAEKMPUHECK020 NOAS OMHOCUMENbHO NOBEPXHOC-
mu mamepuana. I[lokasano, ymo pasbpoc memnepamypsi cocmaensem ne 6osee 5 °C npu
Hazpeee mamepuana do 80 °C.

Karoueswte caosa: CBY-ycmpoiicmeéo ayuesoco muna, pacnpedenexue memnepamypsl,
00BeMHbIIL QUINEKMPUHECKUL MAMEPUAan, U3IYy4auwas aHmeHHa.

Questions of the even temperature distribution creation in the volumetric materials with
different dielectric losses placed in the beam-type microwave device are examined. The
volumetric material was irradiated by two types of antennas which provided perpendicular
. and parallel flux direction of the electric-field vector relatively to the material’s surface.
Experimental data on the temperature field distribution in the volume of material is presented.
1t is shown that the total temperature dispersion is less than 5 °C inside the material heated
up to 80 °C.

Key words: beam-type microwave device, temperature distribution, volumetric dielectric
material, radiating antenna.

DopMHUPOBaHUE PABHOMEPHOIO PACIIPEIEIEHMS TEMIIEPATYPBI [P Ha-
IPeBE OOBEMHOIO TURJIEKTPUIECKOTO MAaTEPHAIa — OIHA U3 CAMBIX aKTya/Ib-
HBIX 33[1a4 NPU CO3JaHUM TEXHOJIOTMYECKOIO MPOLIECCa C MUCIOIb30BaHUEM
CBY-sHepruu. AHAIV3 IPUMEHEHHS pa3TMYHbIX KOHCTpYKimii CBY-ycT-
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POIACTB C LIEJTBIO peaTi3allii PABHOMEPHOIO HarpeBa IoKa3all, 4To Haubosee
MEPCIIEKTUBHBIMM SIBJISTIOTCST YCTPOMCTBA JTydeBoro Tuma. Camblid pacpo-
CTpaHEHHBII BUJI 3JIEKTPOIMHAMMWYECKOM CUCTEMBI — ITPSIMOYTOJIbHAsS Kamepa
pa3MepaMu IOPSAIKa HECKOJIBKIX JUTMH BOJTH A uctouHnka CBY-sHeprum.
Ha ee cTeHKax B oIpeie/ieHHOM Iopsiake pacronoxeHsl CBY-uamyyarenu,
KOTOpBIE JOJDKHBI 00€CIIEYMBATh 33IaHHOC PACIIPEACTIEHUE TEMIIEPATYPEI
B 00pabaThIBaEMOM IU3JIEKTPUUECKOM MaTepraiie. OTU U3JTydaTelld, KaK
MIPaBWIO, MIPEACTABISIOT CO00M pPaCKPBIBBI BOTHOBOIOB ITPSIMOYTOJIBHOIO
cedeHMs1, paboOTarOIMX Ha OCHOBHOM THIle BOJHEI /. MecTa pacriooxeHus
M3TYYaIOIIMX aHTEHH OIPEICIISIIOTCS] TEOMETPUYCCKMMM pa3MepaMu paboyeid
KaMephl, a TAKXE pa3MepaMy U (PU3NIECKUMU CBOMCTBAMU JUSJICKTPUKA.

CrpyKTypa 37€KTPOMarHuTHOTO I10JIs1, (hopMUpyeMasi JICKTPOAUHAMM-
YECKOM CUCTEMOM, MOXET MPETEPIeBaTh 3HAYUTEIILHBIC U3MCHEHUS TTPU
HaXOXJICHWM B HE MaTepuaia ¢ JAU3JICKTPUYECKUMM roTepsiMu. CTerneHb
UCKaXEHUS CTPYKTYPHI 3JIEKTPOMAarHUTHOTO T10JII 3aBUCHUT HE TOJIBKO OT
BHOCHUMBIX JUIJIEKTPUUYECKHUX ITOTEPh 1 MECTa pacloJIOXEHUS MaTepuaia
B KaMepe, HO M OT Jpyrux (pakTopoB, BIMSIHME KOTOPBIX IPH IIpeaBa-
PUTEIBHBIX pacyeTax Y4eCTb JOCTATOYHO TPYAHO. B G0IbIIMHCTBE ClTy4acB
BBIOOP KOHCTpYKIMU CBY-ycTpoiicTBa Iy4eBoro TvIa st TepMoodpaboTKn
KOHKPETHOIO MaTepraia ¢ U3BECTHBIMU JIUJICKTPUUCCKUMU T1apaAMETPaMU
BBIOMPAIOT B XO€ MPEABAPUTEIbHBIX 3KCIIEPUMEHTOB [1].

Hixe nipecTaBiaeHbI pe3yJibTaThi SKCIICPUMEHTAIbHBIX UCCIICI0BaHUMI
npoiiecca HarpeBa 00bEMHOIO OTHOPOIHOTO AU3IEKTPUIECKOrOo MaTepraa
¢ npuMmeHeHreM ogHoro CBY-ucrouyHmKa ¢ BEIBOIOM 3HEPIUH M3 pPaCKphIBa
MPSMOYTOJIEHOIO BOJTHOBO/A, paboTalollero Ha BojHe TUIa H,, 1 pa3me-
ILIEHHOTO HA BEPXHEU CTEHKE IPSIMOYIOJIbHOM KaMephl (puc. 1, a). B atoM
CJIy4ae BEKTOp HaMpskeHHOCTU E 371eKTpuyecKoro mosis mapauiesieH mo-
BEPXHOCTH 00pabaThIBAEMOI0 MaTepuaa.

HarpeBasm MHOTOCTIONMHBIN OMHOPOIHBIN AU3ICKTPUYECKHUI MaTepAaT
TomuuHoM 300 MM, cocTosiiid U3 30 MIEHTUYHBIX CJIOEB CYXOi IPEBECUHBI
(cocHa 9 % BnaxHocti), CBY-mosem ¢ yacroroit Konebanuii 2450 MT.
upuHa 1 TMHA CJ10sT APEBECUHBI ObUIA OMUHAKOBBI M cOCTaBIsLT 200 MM.
Marepuai pacronaraim B Kamepe Ha paccTosSHUU 240 MM OT HCTOYHMKA
CBY-3Heprun 10 BEpXHETO CIIOS APEBECUHEI, €T0 TEMITEPATYPy U3MEPSLIU
10 OCH M3JTYYarOLIEro BOJIHOBOIA B LIEHTPE KaXaoro cJiosd. C LEeIbio UCKITIO-
YCHMS BIIMSIHUS OTPAXEHHOMN OT METAJUTMYECKHUX ITOBEPXHOCTEH MOIIIHOCTH
CTEHKM KaMepbl ObUTH TTOKPBITHI MOIOIHAIOIIMM MaTepuaioM. ITpu usme-
PCHUAX MCITOIB30BAIM TEpMOMETP c LieHou nenenust 1°C. Ha puc. 2 (xpu-
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Puc. 1. CBY-ycraHOBKa 114 HarpeBa 0O0BbeMHOIO IUINIEKTPHUECKOTO MaTepUaa:

1 — xaMepa HarpeBa; 2 — MOIJIONIAIONIMIA MaTepuas; 3 — UCTOYHUK IHEPIUH;
4 — obpabaTeIBaeMBIif MaTepHail; S — MOJCTaBKa M3 PagUMONpo3pavyHOro Marepraia

TiT,
1,2

d, cMm

Puc. 2. Pacnipenenenue TeMmepaTypHOro Mnojisi B MaTepHaie 10 CIOSAM:

1 — 43 packpbiBa MPSAMOYTOJIBHOTO BOJHOBOAA; 2 — OT aHTEHHH! B BHIE KaIUId U3
CepeIVHBl IIMPOKONH CTEHKM BOJHOBOHA; 3 — CyMMapHOE pacrpelelieHHe 3a CYeT
CYTIEPIIO3ULIMK OT JABYX THUIIOB aHTEHH

38 Memponoaus Ne 12, 2010



Basg ]) npencraBjieHa 3KCIIEPUMEHTAIIbHAS 3aBUCUMOCTD PaclpeeICHUs
TEMIIEPATYPHI IO TOJIIIMHE UCCIIeAyeMOro MaTepraia, nomydyeHHas Ha CBU-
YCTaHOBKE, ITOKa3aHHOM Ha puc. 1, a.

DKCIIEpUMEHTAJIFHO YCTAHOBWIM, YTO MAKCUMAIILHOE PacIIpeIeIICHUAE
TEeMIIEpaTYpHI HAOMI0JAaeTCs HE Ha TIOBEPXHOCTH, a B INIyOMHE MaTepUaia.
3aBUCHUMOCTD paclpeaeACHHSI TEMIIEPATYPhl IO TOJMIIUHE AM3JIEKTPUKA
UMeEET JIBOSAKUI XapaKTep: €€ ITOTbeM 0 MAKCUMAITBHOIO 3HAYCHUS OITHA-
ChIBacTCs 1apabojIoi, a CraJl TeMIIEpaTyphl B HAIPABICHUM PacIIpeleIeHUS
CBY-3Heprum — 3KCITOHCHIIMATEHOM 3aBUCUMOCTBIO BUIA

2Te
AVE

»
, 2

T(z)=T(z,)exp| -

e 7 — HanpaBieHue pacnpocTpaneHus CBY-sneprun; 7(z)) — Makcu-
MaJbHOE 3HaYEeHUE TEMIIEPATYPEI, KOTOPOE COOTBETCTBYET KOOPAUHATE 7,
COIJIACHO 3KCIIEPUMEHTATBHBIM JJAHHBIM; £, €7 — IeiCTBUTEIbHAS X KOMII-
JICKCHAsl YaCTU OTHOCUTEIbHON AU3IEKTPUIECKOM ITPOHUILIAEMOCTH MaTe-
pyaia.

B oTedyecTBEeHHBIX M 3apyOEXKHBIX HAYYHBIX ITyOJIUKALUSAX 3TO SIBJICHUE
TTOJIYYWIJIO Ha3BaHUe «3(P@EKT sillia», a B padoTax, IIOCBIIIEHHBIX HATPEBY
00BEMHBIX OMOIOTMYECKUX TKAHEH, — «3(PHEKT OeabIX (TOpAYUX) MSATCH».
B MeauimMHe JaHHOE SIBJICHUE [IIMPOKO MCIIOIB3YIOT, KOTIa HEOOXOIUMO
JIOKaJIbHO HAarpeTh OMOJIOTMYECKYIO TKaHb B 3aJaHHOM 00J1acTH, HE 110-
BpEXJ1asi OKPYXarlolye TKaHU.

OmHako B MHOTOOOpa3HbIX TEXHOJIOTHYECKHMX TIpoIleccax, KaK MpaBuIo,
HEOOXOIUMO OCYILIECTRISIT PABHOMEPHBIA HAaIrpeB TU3JICKTPUKOB 10 BCEMY
00beMy. Takue IpoLecChl CBSI3aHbI C peaTi3allieid peakiMii TIpaTalliy,
NOJIMMEPU3ALIIH, [TPOLIECCOB BCITyYMBAHUS U 00€33apakKMBaHUsI MATEPUAIOB.

B [2] paccMoTpeHa «cOCTaBHASI TUANICKTPUUYECKAS MOJEIb»>, B KOTOPOM
CUJIOBBIE JIMNHUM HAIIPSDKEHHOCTU E 351eKTpHUYecKoro 1oJist mepreHauKy-
JISIPHBI TIOBEPXHOCTH IMAJIEKTPUYECKOro Matepuaia (cM. puc. 1, 6). Torza
3aBUCUMOCTB paclpeleIeHUs TeMIIEPaTyphl B MaTEpHAaJIe OTTUCHIBAETCS
napabosIoi ¢ MAKCHMYMOM Ha TIOBEPXHOCTH MaTepUaid ¥ MUHUMYMOM B
€T0 IiiybuHe. 31ech 3Ha4YCHUE HAINPSIKEHHOCTH 3JIEKTPUYECKOTO TS B
IIN3JICKTPAYECKOM MaTEpUATIC UMEET BUI

| E= EO/,/(e' ) +(eY,

rac EO — HANIpSAXKCHHOCTD 3JICKTPUYECKOTI'O ITOJIST B BAKYYME.
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[To pe3ynbraTaM 3TUX UCCiIeI0BaHUM B [3] mipeiioXeHa KOHCTPYKIIMSA
CBY-ycTpoiicTBa [y1s1 HarpeBa MOBEPXHOCTH ac(PaTbTOOETOHHOIO ITOKPBITHS.
Manmyyaroriiast aHTeHHa BHITIOIHEHA B BUJIE LLE/IM CTICLIMAIGHOM KarUIEBUIHOU
(hbopMBI, MpOpPE3aHHOM B CEpEeIMHE IMPOKOM CTEHKHX BOJIHOBOIA IIPSIMO-
YIOJIbHOTO C€4YeHMsI, pabOTAIOIIEro Ha OCHOBHOM TUIIE Konebanuit A, . B
3TOM CJTy4ae BEKTOP HAIPSDKEHHOCTH E 3)IeKTpUYecKoro mosisi HarpasJieH
T[IEPIICHIMUKYJIISIPHO TIOBEPXHOCTH IUAJIeKTprKa. Ha puc. 2 (kpuBas 2) noka-
3aHa 3aBUCUMOCTD PACIIPEICIICHUST TEMITEpATyphl OT U3JTy4aroIEi aHTEHHBI
B BUJIE LLEJIU KATUICBUAHOMU (DOPMEI.

Ha ocHoBaHuM aHanu3a JaHHBIX SKCIIEPUMEHTAIBHBIX UCCIEI0OBAHUIN
ObUT CO3MaH METO MPAaKTUYECKOM pealu3alliid paBHOMEPHOTO pac-
NIPENCIIEHUS TEMIIEpATypHl 1Mo 0O6beMy Matepuaia. OH OCHOBaH Ha
CYIIEPITO3ULIAU B3aUMOIOTIOHSIONIUX pPACIIPEACIICHUU TeMIIEpaTyphl B
MaTepUaje mpu yCJIOBUU, YTO OOBEMHBIM MaTepuasl o0JydaeTcs ¢ UcC-
[10JIb30BAHUEM aHTECHH 000UX TUIIOB. [IpHMHIIMII CyTIEPITO3UIINU 3aKITIO-
9aeTcs B CIACIYIONIEM:

BEKTOP HAITPSCKEHHOCTH 3JIEKTPUYECKOTO T10J1sT HallpaR/IeH MMapajuIeIbHO
TIOBEPXHOCTH MaTepuaiia u IpU 3TOM CO30aeTCsI MAaKCUMYM TeMIIEPaTyphl
B LICHTpE oObeMa MaTepuania;

BEKTOP HATPSKEHHOCTH 3JIEKTPUYECKOTO T10JIs1 HAallpaBJICH TIEPITEH-
JIMKYISPHO MOBEPXHOCTU 00pabaThIBAEMOT0 MaTepuaia U IIpU 3TOM CO-
3a€TCSI MAKCUMYM TEMIIepaTyphl Ha TOBEPXHOCTU MaTepuaa.

C y4eToM cripaBeITUBOCTH IIPUHITUTIA CYTIEPTIO3UIIVNH paciipeieIeHus
TEMIIEPATyphl B MaTepUajie MOXHO peaiM30BaTh paBHOMEPHOE pacripe-
JeJICHUEe TEMIIEpaTyphl B O0BEMHBIX MaTepUaiax ¢ IU3JIEKTPUYECKAMU
norepsAMu (puc. 2, KpuBas J3). 3aMeTHa BBICOKast paBHOMEPHOCTb pac-
MPENEIICHUS TEMIIEPATYPHOTO TIOJIA IO 00BbeMy MaTepUaiia, OTKJIOHEHUE
TeMIieparypsl nipu Harpese 10 80 °C cocraBwio He 6onee 5 °C.

OTtMeTnM, 4TO, BapbUpys BpeMs paGoTsl HcTOYHMKOB CBY-3Heprum ¢
PAa3HBIMH ITOJISIPU3ALIMSIMUA BEKTOPA HATIPSDKEHHOCTH 3JIEKTPUYECKOTO OIS
II0 OTHOILIEHUIO K MTOBEPXHOCTU 00padaTrbiBa€MOro MaTepuaia, MOXHO
IIOJIy4aTh 3aJaHHOE pacIipelesICHUE TEMIIEpAaTyphl B MaTepUaiax ¢ pa3-
JIMYHBIMU JUAIEKTPUYECKUMHU MOTEPSIMM. ,

IIpencraBieHHbIE PEe3yIIbTATE MCCIIEIOBAHUSA MOTYT OBITh MCITOIB30BAHBI
IIPU TEPMOOOPAOOTKE OOBEMHBIX NUINECKTPUYECKUX MATEPUAIOB B
Pa3TMYHBIX TEXHOJIOTUYECKMX IPOLIECCAX, TIIE TPEOYETCS ITOMyYrTh 3a1aHHOE
. pacIripeieJIeHUE TEMITEPATyphl BHYTpM 00pabaThIBa€MOro MaTepuaia.
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