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AHHOTAIUA

Ha ocHOBEe MaTemaTnuecKoro MOAEIMPOBAHUS CBEPXBBICOKOYACTOTHOTO BO3ACHCTBUSA
AJIEKTPOMATrHUTHON BOJIHBI HAa JUAJIEKTPUUYECKYIO cpefy Mo ¢u3nueckoil dopmysie
pa3paboTaHbl MPOrPaMMHBIE CPEJCTBA, MO3BOJSIONIME MPOBECTH HUKEOMUCAHHBIC
uccienoBanus. lIpeaMerom wuccienoBaHusl SBISIETCA IMAJIEKTPUYECKAsT cCpena ¢
u3BecTHbIMU napamerpamu. Mwmeercss mcrounuk CBY BOJMH € mpeAcTaBiI€HHBIMU
XapakTepUCTUKaMH. BpbIsBIeHA  3aBUCUMOCTh  TeMIIEpaTypbl OT  T[JIyOUHBI
JIUBJIEKTPUYECKON Cpebl IIPU PA3JIMYHOM BPEMEHHU JIEUCTBUS U PAa3HBIX MOLIHOCTAX
WCTOYHMKA: TEMIEpaTypa CIaJaeT IO OSKCIOHEHTE. TakKe BBISBJICHO BIIHUSHUE
XapaKTEPUCTHK CPEAbl - ACHUCTBUTEIIBHOM M MHHUMOM 4YacTed IUAJIEKTPUYECKOU
OPOHUIIAEMOCTH - Ha H3MEHEHHEe TtemiepaTypbl. llomyueHHble pe3yibTaThl
odopmIIeHBI B BUJI€ TPpaUKOB, HATJISAIHO MOKA3bIBAIOIIUX 3aBUCUMOCTH MapaMeTPOB.
[IpencraBnennsle TpadUKU TMO3BOJSIOT KOHTPOJUPOBATH MPOIIECCOM HArpeBa

IUDNEKTPUYECKON  Cpelbl, BapbUpPys Pa3JIMYHBIMH  XapaKTEPUCTHUKAMHM IS
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JOCTHXKCHHA OIIPCACIICHHBIX ueneﬁ. HpaKTI/I‘{eCKOG INPUMCHCHHC 3aKIIIOYacTCA B TOM,
YTO JaHHBIC HCCIENOBAHUS IMO3BOJIIOT MOJYYUTh OOJiee PaBHOMEPHBIA Harpes

o0OpabaThIBaeMOii CpeIbl.

KuroueBbie cioBa: temmneparypa, CBY BonHBI, Au3IIEeKTpUYECKas cpena, Harpes,

AUDBJICKTPHUYICCKAA IIPOHUITACMOCTL CPCIBI.

MATHEMATICAL MODELING OF MICROWAVE HEATING OF A
MEDIUM WHEN ITS CHARACTERISTICS ARE CHANGED
Nuriakhmetov B.1I.
student,
Kazan National Research Technical University named after A.N. Tupolev-KAl,

Kazan, Russia

Garaev T.K.
Candidate of Engineering Sciences, Associate Professor,
Kazan National Research Technical University named after A.N. Tupolev-KAl,

Kazan, Russia

Annotation

On the basis of mathematical modeling of the microwave action of an electromagnetic
wave on a dielectric medium, software tools based on a physical formula have been
developed that allow carrying out the studies described below. The subject of research
Is a dielectric medium with known parameters. There is a source of microwave waves
with the presented characteristics. The dependence of temperature on the depth of the
dielectric medium is revealed for different action times and different source powers:
the temperature decreases exponentially. The influence of the characteristics of the
medium - the real and imaginary parts of the permittivity - on the change in temperature

is also revealed. The results obtained are presented in the form of graphs that clearly
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show the dependence of the parameters. The presented graphs allow you to control the
process of heating the dielectric medium, varying various characteristics to achieve
certain goals. Practical application lies in the fact that these studies make it possible to

obtain a more uniform heating of the processed medium.

Key words: temperature, microwave waves, dielectric medium, heating, dielectric

constant of the medium.

AKTyanbHBIMH 33JlayaMu B pa3pabOTKE YCTAaHOBOK CBEPXBBICOKOW YacCTOTHI
(CBY ycTaHOBOK) SIBJISIETCS BBISIBICHHE ONTHUMAJIbHBIX PEXUMOB TEPMOOOPAOOTKU
TUAJIEKTPUYECKUX MaTepUaoB, C TOYKH 3pPEHUS PAaBHOMEPHOro HarpeBa. Tak xe
HEOOXO/JMMO UCCJENOBAaTh BIMSHHE pA3JIMYHBIX (HAaKTOPOB, B TOM YHUCIE
XapaKTEpPUCTHK 00pabaThIBaeMbIX IMAIEKTPUUECKUX cpel npu Bozaedcteun CBY
AJEKTPOMArHWTHBIX  BOJIH. JlaHHBIE HCCIENOBaHUS 3HAUYUTEIBHO  CHHXKAKOT
(¢uHaHCOBBIE M BpEMEHHBIE 3aTpaTbl HAa HKCIEPUMEHTAJbHbIE HCCICIOBAHUS U
paszpabotky CBY yctpoiictB. B paboTe mpoBeaeHbl UCCIeIOBAHUS TEMIIEPATYPHOTO
II0JIA B JUDJIEKTPUYECKOU CPELE.

B Hacrosimiee BpeMs CyIIECTBYIOT MHOXKECTBO HAy4YHBIX pa0OT, MOCBSIIEHHBIX
MaTeMaTUYECKOMY MOJIETIMPOBAHUIO YIIpaBIECHHUs IpoleccoM Ttemtonepenaun CBY
HarpeBa jauasiekTpudeckux cpen [1, 58-61]; [3]; [4, 103-119]; [6; 292-295], B ToM
YKCJIC 3aMaTeHTOBaHbI CIIOCOOBI U yCTpoiicTBa [2].

B pabore mpencraBiieHO HCCleIOBaHHE HA OCHOBE MAaTEMaTU4YECKOW MOJENn
HarpeBa JIN3JIEKTPUUECKOU cpeibl ¢ mapamerpamu: €'=3.4, €"=0,578 - nerictBuTenbHas
U MHUMas 4acTH IudJeKTpudeckoir mponunaemoctu, C=1717 Ix/(xr*K), 1=1,15
B1/(M*K) — k03 duiiueHTsl TermioéMKOCTH U TEIJIONPOBOJIHOCTU COOTBETCTBEHHO,
p=1560 kr/(M*K) — mioTHOCTH cpefpl, ¢ nomoipio CBY 3HEprum 351eKTpOMarHuTHOM
BOJIHBI. XapaKTepUCTHKA HCTOUYHUKA: Ao=25kBT — MmomtHocts, f=2450 MI'11 - yacrorTa.
Ha nono 0eckoHeuHyI0 TUAIEKTPUUYECKYIO Cpey NEPIEeHIUKYJIIIPHO NaAaeT MIoCKas

aniekTpoMarauTHas BoHa. [1o hopmyne, nius moaenu
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pa3pa60TaHBI IMporpaMMHBIC CpCACTBA MW IIPOBCACHBI HCCICOIOBAHUSA HW3MCHCHUA

XapaKTEPUCTUK TEMIIEPATYPHOTO MOJIS AUATIEKTUUYECKON CpEeIbl.
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Puc. 1. 3aBucuMocTh TemMIepaTypsl OT TITyOHHBI, IIPH Pa3HOM BPEMCHH
Harpena, [Cex]

ABTOpCKas pa3padoTka
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Puc. 2. I'paduk TemmepaTypsl OT TITyOUHBI, IPU PA3HBIX MOITHOCTSIX
ucrounnka CBY, [Br]

ABTOpCKas pa3padoTka

B nanHOM MareMaTU4eCKOW MOJEIN TEMIIEpATypa UMEET CHAAOIINN XapaKTep
B riyOuHe cpensl, (1o exp) (puc 1, 2). BiausHue BpeMeHH HarpeBa UMeeT OYCBHIHYIO
3aBHCHMOCTb, TaK )K€, KaK U MOIIIHOCTh UCTOYHHUKA Ao [BT], (puc 1).

Binusinue mapamerpoB cpeibl Ha POCT TpaJUCHTa TEeMIEpaTypbl UMEET He
MaJO3HAUYUMbIX XapaKTep, TaK, HANpPUMEP, WU3MEHEHHUE JIEUCTBUTEIBbHOM YacCTH

JMAJICKTPUIECKON MPOHUIIAEMOCTH 3HAYMTEIBHO BIMSET HA TemIieparypy, (puc 3, 4).
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Puc.3. 3aBucuMOCTb TeMIIEpaTyphl OT INIyOUHBI, IPH pPa3HbIX €'
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ABTOpCKast pa3paboTka
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Puc.4. 3aBucumoc eMIiepa CpEILI OT €'-neiic e OH yac

JURJIEKTPUYECKON MPOHUIIAEMOCTH, Ha Pa3HbIX MNIyOMHAaX, [M]

Takol ke HHTEpeC

ABTOpCKas pa3padoTka

npeacraBsictT M MHHUMAs  4YacCTb KOMILICKCHOMU

IMAJICKTPUIECKOM MPOHUIIaeMoCTH cpebl (puc 5, 6).
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Puc.5. 3aBucumocTs TeMIiepaTypbl OT INIyOUHBIL, TPU pa3HbIX €"

ABTOpCKas pa3paboTka
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Puc.6. 3aBucuMocTs TEMITEPATYPBI OT €" - MHUMOM YaCTH JUAJIEKTPUYECKOM
IIPOHUIIAEMOCTH, Ha pa3HbIX TIIyOHHAX, [M]

ABTOpCKast pa3paboTka

B Buay 3HaUMTENHHBIX W3MEHEHHUS TEMIIEPATYPHOIO TOJS B 3aBUCHMOCTH OT
XapaKTePUCTHK CPE/Ibl, HCCICOBAHUE XapaKTepa HM3MCHEHHUS TEMIIEPATypHOTO
pacmpesieclieHuss TOJsl B Cpele NPEIACTaBIsIeT HE Malbld HWHTEpPEC M HUMeEeT
npakTHYecKoe mpumenenue [5, 49].

C OMOIIIBI0 MOJISITUPOBAHUS M HCCIICIOBAHNUS IPOIIECCOB HArPeBa B CPEJIE TaK
K€ MOYKHO BBISIBUTH BJIMSIHHE, T€X WJIM WHBIX, TAPaMETPOB UCTOYHHMKA O0TydacMOn
SHEPIUU Ha U3MEHEHHUE TeMIepaTypbl. Bapbupys HEKOTOPBIMU TTapaMETPaMH, MOKHO
JOCTHYh PABHOMEPHOTO HArpeBa JTUAJICKTPUYECKOW Cpeabl MO BCeMy O0beMy B

MHUKPOBOJIHOBOW YCTaHOBKE.
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