{WAPOsg
i 0
B H

|5
L] .
h

S HAYKA 1 MUPOBO33PEHUE

. HAYYHbIH )KYPHAJI

MOIEJHUPOBAHUE TOKOITPOBOJAAIIUX LHINH

HNypabiMmbipanos Kyssat

[IpenomaBatens MexyHaponHoro yHHBepcuTeTa HedTu M raza umenu Srmsirennu Kakaesa,
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[IpenogaBarens MexxayHapoaHOro yHHBepcuTeTa Heptu U raza umenu Srmbirengu Kakaesa,
r. Amxaban TypkMeHucTan
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[IpenonaBarens MexayHapOAHOTO yHHMBepcHTeTa HedTH U raza umeHu SArmbirenan Kakaesa,
r. Amxa6azn TypkmeHucTaH
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r. Amxa6azn TypkmeHucTaH

CamaxkoB Memxyp

[IpenonaBarens MexayHapoAHOTO yHHMBepcHTeTa HedTH U raza umeHu SArmbirenan Kakaesa,
r. Amxa6an TypkmeHucTaH

HarpeB 31eKTpOHHBIX KOMIIOHEHTOB IPH pabOTe — 3TO OJHA U3 OCHOBHBIX MYJIbTU(PHU3UUECKUX
MIOCTAaHOBOK, C KOTOpPOWM pa0oTaroT MH)XEHEpPhl U  HCCIENOBAaTeNd, 3aHUMAIOLIUeCs
AIIEKTPOJMHAMUYECKUMHU pacuéTtamMu. OH MOXKET SBISTbCS KaK HENOCPEICTBEHHO LENbI0
UCCJIEIOBaHMS, TaK U NMOOOYHBIM 3(P(PEKTOM, BBI3BAHHBIM JIEKTPOMArHUTHBIMU MOTepsMU. Tax
WIN MHa4e, TeMIepaTypa MoYTH BCerja BIUSET Ha paboTy 3JIEKTPOHHOTO YCTPOMCTBA.

B cBs3u ¢ 3TMM HE0O6X0IUMO OOCYANUThH, KaK MPOBECTU 3JIEKTPOTEPMUUYECKHH, B TOM 4YHCIE
COIPSDKEHHBIN aHAU3 JUIl HU3KOYACTOTHBIX U BBICOKOYACTOTHBIX PEXUMOB pabOThI, UCIIONIb3Ys
crenuanbHble M  BCTPOEHHBbIE B MPOrpaMMHOE OOECHeueHHe THUIbl  MCCIIEeJOBaHUMN
MyJdbTU(U3NUECKHEe UHTeP(EHCHI, TOCTYIHbIE B MOAYJIAX PACIIMPEHUs AIIEKTPOTEXHUUECKOH U
AIIEKTPOIMHAMUYECKON JUHeNKu naketa KoMmcomon MyabTH(HU3HKC.

OmnpeieneHHO MPU TaKUX pacueTax MOTYT ObITh 3a/1eHCTBOBaHbI CAMbIE Pa3IMUHbIe HHCTPYMEHTHI
U HACTPOWKH, KOTOpBIE OTHOCSTCS K YHUCTO 3JIEKTPOJAMHAMHYECKMM WM YHUCTO TEIUIOBBIM
pacueram.

C onHOW CTOPOHBI, BCE pacCUMTaHHBIC B DJIEKTPOJAMHAMHUYECKOM HHTepdeiice morepu, B TOM
qucie Ha TPaHMIle, aCCOIIMUPYIOTCS C UCTOYHUKOM Teria B uHtepdeiice Heat Transfer in Solids,
TO €CTh HE HY)KHO JOOABJIATh €T0 CAMOCTOSATEIHHO.



C npyroii cTOpoHBI, B 3aJaud J100aBiseTcs oOpaTHas CBA3b, KOTOpas OyAeT y4YUTHIBAThCS B
pacueTe 3aBUCUMOCTH AJIEKTPOMArHUTHBIX CBOMCTB OT TEMIIEPATYPHI.

B Bepcusax 1o 5.3a conpsbkeHHE pealM30BBIBAIOCH YEpE3 TPU OJHOCTOPOHHUE CBA3KU:
Electromagnetic Heating Source, Boundary Electromagnetic Heating Source u Temperature
Coupling. Tenepsr ke Bce OOBEAMHEHO B OJHOM MeCTe. DTO HEOOXOIUMO YUYHUTHIBATH IPHU
HaCTpoﬁKe CBOHUX MO,Z[GJ'IGfI, 0COOEHHO €CJIM HA4YMHAETE HCIIOJIb30BaTh HOBLIE BEpCHUHN ITaKETa
MOACIUPOBaHUS.

JUis 3a1a4K ¢ pacyeToM 3JIEKTPUUYECKHX TOKOB ITOTEPU 00YCIIOBIIEHBI KOHEYHON MPOBOAMMOCTBIO
cpenbl. IIpu pacuere MarHUTHBIX MOJIEM U BUXPEBBIX TOKOB BKJIAJl TAK)KE BHOCUT T'MCTEPE3UCHBIE
MarHUTHbIE NOTEPU. A e€ciM peyb UAET O BOJHOBOM pacuere, CBU wmnm onrtuyeckoM, TO
YUUTBIBAKOTCA U AUDJIEKTPUUECKHUE IIOTEPHU.

Wrak, mx0oyineB HarpeB — 3TO 3a4acTyl CTalMOHApHas 3a/jada U TaKOM THUIl UCCIENOBaHUS
noJJep>KUBaeTcs A NaHHOro uHTepdeiica. Takke MOXKHO paccuUTaTh 3a/1a4l U BO BPEMEHHOI
obnactu. [{nst npounx nHTep(eiicoB HE paccMaTPUBACTCS CTAIIMOHAPHBIMU JUCCEHIKaMH pabOThI
YCTPOMCTBA, MOATOMY M CTAllMOHAPHBIC UCCIAEAOBAHUS JJISI HUX HE aKTyaJIbHBI.

B pesynprare mnpoBeAeHUs aHalIUM3a COCTOSHUS IPOOJEMBI BBIIOJHEHO HUCCIEA0BaHHE U
MOJIEJIMPOBAHUE TOKONPOBOJAIIMX IIMH C YYETOM IIOCTAHOBKM MYJbTU(DU3MUECKUX 3a1ay
JDKOYJIeBa U MHIYKIIMOHHOI'O HAarpeBa ILUH.

Iloka3aHo, 4TO B KayecTBE MCTOYHUKA TEIUIA IIOJACTABIIAIOTCA YCPEIAHEHHBIE 3a IEPUOL
3JIEKTPOMAarHUTHBIE MIOTEPH, a 3aTEM UCIOJB3YETCS TaK HAa3bIBAEMBIN CEIPErMPOBAHHbBIN MTOAXO0.
C IMOMCKOM caMocorylacoBanHoro pemenus. [1o dakty npeanonaraercss MHQIALMOHHBIN TEPEX0.T
OT 3JIEKTPOMArHUTHOM 3ajlauyl K 3a/laue TeIUIonepeiaun 0 TeX Mop, HoKa He OYAYT BBIITOJHEHbI
KpuTepun cxogumoctu. IIpu nocTmkeHun IO0CTaTOYHO BBICOKOM TeMIIEpaTypsl, IIPH KOTOPOH
BO3MOJKHBIE 3HAYUTEIIbHBIC U3MEHEHUS CBOMCTB MaTepUalla, JIEKTPOMArHUTHBIE IIOTEPH, TO €CTh
LEJINKOM 3JIEKTPOAMHAMHUYECKAs YacThb 3a/1a4M OyAyT IepeCcUnThIBATHCSI HA OCHOBE OOHOBJIEHHBIX
JAHHBIX O CBOMCTBAaxX Marepuaina, a 3aTeM OyayT KOPPEeKTUPOBaTbCS U MEPEeCUUTHIBATHCS
TEMIIepaTypHBIE MOJIS.

B cnyuyae ecnm oOpaTHOM CBSI3M HET, T.. KOTJa 3JEKTPOMAarHUTHBIE CBOWCTBA HE 3aBUCAT OT
TEMIEPATYPHI, 3a/1a4y MOKHO SIBHO pa3JeNUTh Ha JIBa II1ara.

[Tepssiit — 310 mar Frequency Domain ¢ coselicTBUEM 3JIEKTPOIMHAMUYECKOT0 HHTEpdeiica.

Bropoit — aTo mar Stationary, Hy unu Transient nns untepdeiica Heat Transfer and Solids u
MyJabTUMeanueckoi cs3ku Electromagnetic Heating.

Jlnist 9TOM 1Ie7IM MOYKHO HCIOJIb30BaTh 3arOTOBKH, KOTOPbIe Ha3biBaroTcs Fre-quency Stationary
One Way Coupled Electromagnetic Heating unu Frequency Transient One-Way Coupled
Electromagnetic Heating, xoTopsle AOCTYmHBI Ui BblOOpa, HauumHas ¢ penusa 5.4 cpeabl
MOJEIINPOBAHUS.

B 6onee crapeix Bepcusix Comsol uX MOKHO Takke HaCTPOWThb, HO BPY4YHYI0. B mro6om ciyuae,
uccienoanue rpymnmsl Frequency Station wnu Frequency Transient Bo MHOTO pa3 3¢ dexTrBHEE
pacuera B 100 BO BpEMEHHOI 001aCTH C 1IaroM, XapaKTePHbBIM JUIs SJIEKTPOMAarHUTHON 3a1a4H.



PaccMoTpeHbl 0COOEHHOCTH TUCKPETHOTO NPEACTABICHUSI MHIYKTHBHBIX CTPYKTYP M IPOIIECCOB,
MPOTEKAIOIINX B HUX, C 0O0CHOBAaHHEM MPUMEHEHUS PAa3HOCTHBIX YPAaBHEHUN M PEKYPPEHTHBIX
npoueayp JUIs aHauu3a T[OBEJACHHS WHAYKTUBHBIX CTPYKTYp W MOJCIH  TOMOJOTHUHU
WHAYKTUBHOCTH. MccnenoBanus — (QOKycHpOBaIMCh HAa  YETHIpEX  MYJIbTU(DU3UUCCKUX
unrepdericax: Joule Heating, Induction Heating, Microwave Heating u Laser Heating.

B pa6oTe u ucnonb3oBanack 1 00Cykaanack MynbTUGU3HUecKas cBs3ka Electromagnetic Heating,
KOoTopas sBisieTcsl nBycTtopoHHed. MccnenoBanus rpymnmbl Frequency Station mnmu Frequency
Transient BooOI11Ie peaqu3yIOT JIOTUKY pacueTa B KOTOPOU AJIEKTpOMAarHuTHas 3a/1aya peuiaercs B
yacToTHOM oOnactu. B pabore mpencraBieHa 3agaya MHAYKIMOHHOTO HarpeBa CTalbHOMN
3aroTOBKH C MOMOIIbIO KATYIIKU WHAYKTUBHOCTH B JIBYXMEPHOM OCUMMETPUYHON MOCTAHOBKE.
[TokazaHo, 4YTO B KauecTBE OCHOBBI HACTPOMKM HHTepdeiica s pacueTa 3JIeKTPOMarHUTHOTO
HarpeBa, B HalleM cirydae ucrnonb3yercs Induction Heating.

Pacuer oCHOBHBIX IapaMeTpPOB MOJEIH MIPOBOJMICS C UCIIOJIb30BAaHUEM MCCIIEJOBAHUM I'PYIMIIbI
Frequency Stationary wim Frequency Transient. Taxke mocMOTpUM Ha TO, KaK YYUTHIBACTCS
oOparHas CBsI3b B TakoM 3ajaue. PaccmarpuBanach JIoruka paboThl 1 HACTPOWKH, B TOM YHCIIE TIPU
UCTIOJIb30BaHUE HccienoBanuil rpymmbl Frequency Stationary wim Frequency Transient ¢ yuetom
npyuMepa U B 3aKJIIOYEHUU IOJBOAMJICS HUTOT, a TaKKE€ KOPOTKO OTMEYascCs MOAXOA s
MOJIEJIMPOBAHUS IPYTUX BAPUAHTOB IEKTPOMarHUTHOTO HAarpeBa.



