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[lpuBomutcs pa3paboTaHHas KOHEYHO-3JIEMEHTHAs TpeXMepHas MoAeldb Uil pacdera
3JIEKTPOMArHUTHBIX U TEMIIEPATyPHBIX MOJIEH U mapaMeTpoB MHIyKTOPOB IIPH HarpeBe BPaIaloINXCs
nuckoB B mporpammHoM KoMmiuviekce ANSYS. Ilpu pacyere mapameTpoB AIEKTPOMAarHUTHOIO U
TEMIEpaTypHOrO0 TOJeH 3afaroTcsd CBOWCTBAa CpeAbl, XapaKTEpPUCTHKHM MaTepHajoB JAUCKA U
UHIYKTOpoB. IlocTpoeHne CceTKM KOHEYHBIX 3JEMEHTOB IIPOBOAUTCS C Y4YETOM INIyOMHBI
IIPOHUKHOBEHH 3JIEKTPOMAarHUTHON BOJHBI B MaTepHal Jucka. B MareMaTH4ecKkoil MOJEnH CUCTEMBI
JTUCK-UHIYKTOP KOHEYHO-3JIEMEHTHOE pelIeHHe 3JeKTPOMArHUTHON 3aladl OCYIIECTBISIETCA C
WCTIOJIh30BaHUEM (POPMYIMPOBKHM MAarHMTHOTO BEKTOpHOTO ToTeHmHana B koMmiuiekce ANSYS. Ee
MIPEUMYILECTBOM SBIISETCS BO3MOYKHOCTh HCIOJB30BaHMS YPaBHEHUH CBSA3M JUISI MHTETPALlUM JABYX
pa3sHBIX CETOK, HECBA3aHHBIX MEXAy COO0OH (B YAacCTHOCTH Uil MOJIEJIMPOBAHUS BPAILEHUS).
HccnenoBanusa BIUSHUS 4YacTOTHl BpAIEHUS Ha BBIJCJIEHHE MOLIHOCTH BHYTPEHHUX HCTOYHUKOB
TeIUla B JMCKE 3a cyeT AByX cocTaBisgomux JJC mpoBoAATCSA C HCIIONB30BAaHUEM CTEP)KHEBBIX U
IUIOCKUX MHAYKTOpoB. llepBas cocraBmsomias BO3HMKAeT Ha CpeOHEd 4YacToTe TOKa B HE
BpalaronieMcs JUCKe | MPOMOpIHOHANbHA KBAagpPAaTHOMY KOPHIO YacTOThl TOKa. Btopas
coctapisitomas OJIC HaBomuTCs NMpH BpaAIlEHUM ANMCKA B BJIEKTPOMAarHUTHOM IIOJIE, CO3/1aBacMOM
MHAYKTOPOM. M MPONOPIHOHANbHA 3KCIIOHEHIIMAIBHONW 3aBUCUMOCTH 4acTOTHl BpamieHud. [lomyden
HOBBIH J3(QQEKT NpH HHIYKIMOHHOM HAarpeBe MWCKOB, 3aKJIIOYAIOIIUICS B JOMOJIHUTEIHLHOM
BBIJCJICHUY TEIUIOBOW SHEPIHU B W3JENUM 3a cyeT BpauieHus. [IpoaHann3npoBaHO BIUSIHHE YaCTOTHI
BpalleHusl Ha (GOpMUpPOBaHHE MOITHOCTH BHYTPEHHUX MCTOYHHKOB TEIlIa BO BPAIIAIOMIEMCS JHCKE C

WCTIOJB30BAHUEM CTEP)KHEBBIX WM JJUIMIICHBIX HMHIYKTOpOB. lIpuBemeHBI pe3yibTaTbl pacdeTHBIX



I/ICCJ'IGZ[OBaHI/Iﬁ pacnpez[eneHI/Iﬁ TEMIOCPATyp BO BpallarOmMUXCAd JUCKaX C HCIOJb30BAaHUCM

CTCPIKHEBLIX U 3JUIMIICHBIX MHAYKTOPOB C YY€TOM YKa3aHHBIX q)aKTOPOB.

BBenenune

OmHoit w3 obyacTeil MpUMEHEHMsSI MHAYKIIMOHHOTO HarpeBa SIBILICTCS peaju3alns TETUIOBBIX
MIPOIIECCOB B TeJaX BpAIIeHUs JUIS MPOBEISHIS Pa3TOHHBIX W TEPMOIUKINYECKAX UCIIBITAHUN TUCKOB
1 OaHJaXel aBHAIMOHHBIX Ta30TypOouHHBIX ABurareneit (['T/]) u TypOuH SHEPreTUYECKUX YCTAaHOBOK
Ha PpAa3rOHHBIX W CHEIUAIU3UPOBaHHBIX creHAgax [l, 2]. WHAyKUuMOHHBIA HarpeB MO3BOJSET
00eCneunTh BHICOKHE CKOPOCTH HAarpeBa U IMOJIyYUTh 33/IaHHOEC HEPaBHOMEPHOE PACIPE/ICIICHUE TEM-
meparyp 1Mo paguycy A¥CKA, COOTBETCTBYIOIIETO SKCIUTyaTAIlMOHHBIM YCIOBHSAM IPH UCIBITAHUAX Ha
pasroHHbIx creHaax [1, 2]. OObluHas cUCTeMa WHAYKIMOHHOTO HAarpeBa COCTOUT M3 HECKOJBKHX
TJIOCKUX KOJBIIEBBIX MHAYKTOPOB, PACIOJIOKEHHBIX HA Pa3HBIX paamycax nucka. Ee HemoctaTkamu
SIBIISIIOTCS: HEBO3MOXKHOCTH IOJIYYEHHUS JOTIOJHUTEIHHON TEIIOBOIM SHEPTUH 3a cyeT BpaieHus (T.K.
UHIYKTOPHI OCECUMMETPHUYHBIC), AUCKPETHOE PACIONOXKEHUE HHIYKTOPOB IO MOBEPXHOCTH IHCKA
YXYIIIaeT TOYHOCTh BOCIIPOM3BEICHUS TEMIIEPATYPHBIX TOJEH m3Aenuid. PaHee MCIOIB30BaINCh, B
OCHOBHOM, aHAJIUTUYECKUE METOBI U OJTHO- WJIM JBYXMEPHBIC YUCICHHBIE METOBI PacueTa, a TaKkkKe
(hm3nyYecKoe MOJICITMPOBAHUE WIIM HATYPHBIC SKCIICPUMEHTHI M0 Pa3pa0d0TKe MHIYKTOPOB. Y Ka3aHHBIC
METOJIl HE TO3BOJISIFOT YYECTh CIIOKHYI0 TEOMETPHIO CHCTEMbl WHAYKIIMOHHOTO HArpeBa, BIHMSHUS
BpAaIICHUS HAa PACcTIPEICICHUE TEMIICPAaTyPhl U BBIJCICHUE MOIITHOCTA BHYTPEHHUX UCTOYHUKOB TEILIa
B JHWCKE W TpeOyIOT BBEIACHHUS MHOTHX JOMYIICHHWHA, CHIDKAIOIMINX TOYHOCTH pacueToB. HaTypHbIe
SKCIIEPUMEHTHI 10 HAarpeBy BpallaloNIMXCs IJUCKOB Ha YCTAaHOBKAX CBS3aHBI C CYIECTBEHHBIMHU
MaTepHAILHBIMH 3aTpaTaMH ¥ OTPaHUINBAIICH TI0 BpEMEHH UCCIICTOBAHUH.

[lpu Bpamennn nerameit B MarHUTHOM monie B HuX HaBomutca JJIC wu, Takum obOpasowm,
MOSIBJISICTCSL  TOTIOJMHUTENbHAS MOITHOCTh BHYTPEHHHMX HCTOYHUKOB TeIJIa TIPH ONPEICICHHBIX
VCIOBHSIX B 3aBHCUMOCTH OT (OpPMBI HHIYKTOpoB. OHAKO, paHee IMPH pacdeTax CHCTEM
HWHIYKIIMOHHOT'O HArpeBa BpaIlaroINXCs IUCKOB, B TOM YHCJIE, U Ha PA3TOHHBIX CTEHAAX BKJIAJ STOTO

3¢ dexTa B HarpeB HE pacCMAaTPUBAJICSA U HE OIICHUBAJICS.



Pa3pa60TI<a paC‘ieTHO—SKCHCpHMeHTaHBHOﬁ MCTOJAUKHN HMHAYKIUOHHOTO HArpesa, OCHOBaHHOM
Ha 3D—MO,E[CJ'I$IX, C Yy4€TOM HOBOI'O S(b(l)eKTa - HOJYyUCHHA HOHOHHHTCHBHOﬁ TCIIOBOM OHEpPTHUU B
JUCKax 3a CYET BpallCHUA (I[OHOJ'IHI/ITCJ'IBHOFO BBIJCIICHUA MOIMHOCTH BHYTPEHHUX HWCTOYHHUKOB
Terma) u obecreueHus 3aJaHHOI'0 TEMIICPATYPHOI'O OJIA JUCKOB ABJIACTCA aKTyaJ'ILHOﬁ 3ajadecii. HpI/I
TCPMOUUKIMYCCKUX HCIIBITAHUAX MaKCUMaJlbHasgd YaCTOTa Bpall€HUA OHUCKOB MOXKXCET COCTaBJIATH

20000 - 70000 06/muH.

Teopus

PazpabarpiBaeTcsi MeTOOMKa pacyeTa pPEeKUMOB HHIYKIMOHHOTO HarpeBa, TpPeXMEpHBIC
MaTeMaTHYeCKHe MOJAENTH B IporpamMmHoM Komruiekce ANSYS mms pacuera  31€KTpOMarHUTHBIX
HOJIEH C YYETOM BBLACICHUS AOTIOIHUTEIbHON MOIHOCTH BHYTPEHHUX UCTOYHHUKOB TEILIa B TUCKaX U
MOJIEIMPOBAHUS pPaclpeiesieHus] TeMmIepaTypbl MO JUCKY C Y4Y€TOM BpalleHus. MUuHHUMalbHbIE
YacTOThl BPALIECHUs ONPENENIAIOTCS, IPU KOTOPBIX TEMIIepaTypa Ha Jr00M paguyce AucKa Oblaa Obl
paBHOMEpPHON B OKPY>KHOM HAIIpaBJIEHUH TPU MOJEIMPOBAHUU HEPABHOMEPHOI'O pACIHpPEesICHUS
TEMIIEpATYPhI IUCKA B pagualbHOM HaIlPaBICHUH.

HccnenoBanusi BAMSHUS YacTOTHl BpAIlCHWS Ha BbBIIEJEHHE MOIIHOCTH BHYTPEHHHX
HMCTOYHHMKOB TEIUIa B JTUCKE 3a c4eT ABYX cocTaBiumomux JJ[C mpoBOASTCS € HCMOIB30BaHHEM
CTEPIKHEBBIX U IIOCKUX MHAYKTOPOB [3]. IlepBas cocTapisiomas BO3HUKAET HA CPEIHEH 4acTOTE TOKa
B He BpamjaromeMcss aucke. Bropas cocraBmsromas O/IC HaBoauTcs NpH BpalleHUH JKcKa B
JIEKTPOMArHUTHOM II0JIE, CO3[aBa€MOM HHIYKTOPOM, B COOTBETCTBUH C 3aKOHOM 3JICKTPOMAarHUTHOM
unnykiun Papaznes. B pesynprare 4ero IOMOJHHUTENBHO BO3HUKAIOT WHAYLHPOBaHHbIE TOKU. Ha
HEOONBIIIOW dYacToTe BpallleHHs YyKa3aHHAas cocTaBisomas wmana. [lpu yBelWYeHHH YacTOTEHI
BPALICHUS YBEIIMUMBACTCA CKOPOCTh H3MEHEHHs (Iylbcalyd) MarHUTHOTO MOTOKa B IHUCKE U
HaBeneHHas DJIC (BTopasi cocTaBisollas) CTAHOBUTCA 3HAYMMOW B JHana3oHe OONBIINX YacTOT
BpalleHus. B pe3ynbTare MOLIHOCTb [JOINOJHWUTEJIBHBIX BHYTPEHHHX HMCTOYHHMKOB TeIja
YBEJIUYMBACTCS U MOBBIIIACTCS HHTCHCUBHOCTh HHAYKIMOHHOTO HAarpeBa BPALIAIOLIErocs AUCKA.

Takum 06pa3oM MOITHOCTh P MHAYKIIMOHHOTO HarpeBa ompezensercs no popmyie

P:P1+P2 (1),



rae P, - MoOIIHOCTB, BeIJENsAeMasl B AUCKE 3a CYET YACTOTHI TOKA, MPOTOPIHOHAIEHA KBaAPaTHOMY
KOPHIO YacTOTHI TOKa, P, - MOIIHOCTG, BBIAENAEMAasl B AUCKE 3a CUET BpAIICHU, MPOMOPIHOHATHHA
9KCITOHEHIINATBHOHN 3aBUCUMOCTH YacTOTHI BPAILICHHUS.

B nanHOii paboTe BIHEpBBIE PAcCMOTPEH HArpeB JVMCKOB, BPAIIAIOIIUXCS B TEPEMEHHOM
3JIEKTPOMAaTrHUTHOM TIOJIE, C YYETOM JIOMOJIHUTEIHHOTO BBIACICHUS MOIIHOCTH BHYTPEHHHX
MCTOYHUKOB Ha BBICOKUX YaCTOTax BpalleHus [4].

[Ipu pacuere mapaMeTpoB AIEKTPOMArHUTHOTO TOJS 3aJar0Tcsi CBOMCTBa cpenbl. Cuctema
ypaBHeHHIT MakcBeia, MpeacTaBiIsIeT co00W MOIETh IJICKTPOMAarHUTHOTO Tpollecca. JTa MOIETh
JICKUT B OCHOBE KaK aHAIMTUYECKUX, TAK U YUCICHHBIX METOJOB pacyeTa dJIeKTPOMAarHUTHBIX MOJIEH.

B wMarematwdeckoil MoOAeNMM CHUCTEMBI AHCK-MHAYKTOP KOHEYHO-IJIEMEHTHOE pEIICHUE
AIIEKTPOMArHUTHOW 3aJadd OCYIMIECTBIISIETCS C MCIONB30BaHWEM (OPMYIHPOBKH MAarHUTHOTO
BEKTOPHOTO MOTeHIHalda B nporpaMMHOM KoMmiuiekce ANSYS. JlaHHas (opMyTuUpOBKa SBISETCS
y3J7I0BO#, OHA TIO3BOJISIET MPOBOIWTH aHAIM3 CTATHUECKUX, TAPMOHWYECKUX M MEPEXOIHBIX 3a1ad U
UMEET TPU OCHOBHBIE CTEIICHU CBOOOIBI. Ee mpenMyIecTBOM SBIISETCS BO3MOXKHOCTh UCTIONB30BAHUS
YpaBHEHU CBSI3U IJIS1 MHTETPALUU IBYX PA3HBIX CETOK, HECBSI3aHHBIX MEXKIy COO0OM (B YaCTHOCTH ISt

MOACIUPOBAHUSA BpaH_IeHI/ISI).

Pe3yabTaTthl ucciaenoBanui

[ yMeHbIICHUS! BpEMEHHU pacyeTra, IOCTPOCHUE CETKM KOHEUHBIX 3JIEMEHTOB MPOBOAMIIOCH C
YYETOM TIyOHHBI IPOHUKHOBEHHS JIEKTPOMATHUTHOW BOJTHBI B MaTepHal, T.c. OJIKE K MOBEPXHOCTH
o0bekTa ceTka OblLia Oonee rycTas, M0 CPAaBHEHHIO ¢ EHTPOM. [ToCTpOCHHAsT KOHEYHO-3JIEMEHTHAS
CETKa CHCTEMBI «UHAYKTOP-IUCK» coaepxkur mnpumepHo 70000-150000 snementoB. I'eomerpust

YKa3aHHOW MaTeMaTU4YECKON MOJIenH NMpeACTaBieHa Ha puc. 1 u 2.



Hugykrop

Huck (zarpyska)
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Induction heating analysis

Puc. 1. I'eomeTpudeckass MOJI€TTb CUCTEMBI «HMHAYKTOP-IHUCKY.

JI1s 37eKTPOMAarHUTHOTO pacyeTa rapMOHMYECKOM 3a1auu B IporpaMMHOM komiuiekce ANSY'S
HCTIONB30BaH TpexMepHblii snemeHT SOLID97 (y3moBast mocTaHoBka 3amaun). [pyrumu crioBamu
HCTIONb30BaHa (opMa 3ileMeHTa WIECTUTPAaHHHWK («Kuprnud»). Ha BHemHWX TrpaHUIax o0iacTu
BO3lyXxa OBLIO 3aJaHO HyJIeBOE 3HAaUYCHHUE BEKTOPHOI'O MAarHMTHOTO TMOTEHIMAala, TO €CTh
MIPeNIoaraeTcs, 9YTo Ha BHEITHEH TpaHuIle MOJIEIH, YAAJICHHOH OT HCTOYHUKOB, IIPOUCXOIUT TIOJTHOE

3aTyXaHHUC BJICKTPOMAroHuTHOI'O ITOJIA.

Puc. 2. CeTka KOHCUHBIX 3JICMEHTOB CHCTEMEI CKHUHAOYKTOP-AUCK» BMECTE C 00BEMOM BO3ayXa

(BepxHsist yacTh 0ObEMa BO3IyXa HE MPE/ICTABICHA).



Ha Bcex ydacTkax BHEWIHEH TpaHHIBI MOJEIH, Te SIBHO HE yKa3aHbl WHBIC BUIBI TPAHUYHBIX
yCIIOBUH, 3a1aHo ycnoBue Heilimana.

[IpoBeneHbl pacdeThl WHAYKIIMOHHOTO HarpeBa MUCKa C BpamieHueM u 0e3 BpamieHus. [lpu
YBEIUYECHUU YaCTOTHI BPAIICHUS N YBEIUUUBACTCS CKOPOCTh M3MEHEHHUSI MATHUTHOTO TIOTOKA B IUCKE
u HasegeHHas OJIC. B pesymbraTe MOIMHOCTh BHYTPEHHUX HCTOYHHUKOB TEIIA YBEITUUMBACTCS H
MOBBIIIAETCS HHTEHCUBHOCTh MHIYKIIMOHHOTO HarpeBa BpAIIAOIIETocs TUCKa (CM. KpuBas 2 Ha pHC.
4). PesynabTaThl pacyeTOB MOIIHOCTH, BBIACHSIONICHCS B JHUCKE U3 HHUKEIEBOTO CIUIaBa MpHU
WHIYKITMOHHOM HarpeBe ¢ y9eTOM BpallleHUs TUCcKa MIpUBEACHBI Ha puc. 4. [TapaMeTps! peskuma: TOK —
500 A, gactora — 2400 I'ny, 3a30p — 10 mm. Taxke Ha puc. 4 npeACTaBiIeHa 3aBUCUMOCTb MOIIIHOCTH
1, BeIIengeMoil B aucke 0e3 BpameHus. 3Hauenne P = 100 % cooTBeTCTBYyeT MOIIIHOCTH, BBIAETSIEMOM

B HENOIBWXHOM aucke - 30 kBT.

P,

El

128 -
1204
115
110+

105

100+

90 E T L T J T ?
0 10 20 30 40 50 60 ﬂ'103

00/MHH

Puc. 3. 3aBuCHUMOCTD BBIAENAEMOI MOITHOCTH B AUCKE OT YaCTOTHI BPAILLICHHUS:
1 — Ge3 BpaieHus, 2 — ¢ y4eTOM BpalleHHs (CTEPKHEBOI HHAYKTOP), 3 — C yUETOM BpaIllCHHS

(3ITUTICHBIA UHIYKTOP).

U3 puc. 3 CJICOYCT, UTO BJIMAHUC HABCACHHBIX 3a CUCT BpalllCHHUA OMCKa TOKOB, T.C. YBCIIMUCHHUC

MOIIHOCTU BHYTPCHHUX HCTOYHUKOB TCIIOTBI CTAHOBUTCA CYHICCTBCHHBIM IIPU YaCTOTAX BpPALICHUA



Beime 15000-20000 o6/mMuH. DTO SBISIETCS AOMOIHUTENBHBIM (DAaKTOPOM SHEProcOepeKeHHs MpH
NPOBEICHUN TEPMOLMKINYECKUX HCIIBITAHUN AUCKOB C UCIIOIB30BAHUEM WHIYKIIMOHHOTO HATrpeBa.

Bce 3amaum, Tak WM WHadYe CBA3aHHBIE C WHAYKIMOHHBIM HArpeBOM, SBISIOTCS
MEKIUCUUIUIMHAPHBIMYA, TO €CTh Ui TOTO, 4YTOOBI ONpENeNuTh TEIUIOBOE IMoJie B H3/ACIHH,
HeO6XOIlI/IMO CHa4daJia pCIIMTh JJICKTPOMAarouTHYIO 3aia4yy " HaWTH BHYTPCHHUC UCTOYHUKU TCIIJIOTEHI
B M3JCTHH. A 3aTeM yXe Ha OCHOBE HaWJCHHBIX BHYTPEHHHUX HCTOYHHKOB TEIUIOTHI OINPEACIHUTH
pacmpenencHue TEMIIEpaTypHOTO MOJs B JUCKE B 3aJaHHBIE MOMEHT BpeMeHH. [IporpamMMHBIH
komiutekc ANSY'S mo3BosieT pemaTs CBsI3aHHbBIE dJIEKTPOMarHUTHBIE-TETIIIOBEIE 3a/1a4H.

Ha ocnoBe pa3pabotanubix Mogeneii B kommiekce ANSY'S npuBoasTcs pe3ynbTaThl pacyeTHBIX
UCCIICIOBAHUI 10 MOJICJIMPOBAHUIO C HCIOJIB30BAaHHEM pPAa3HBIX WHIYKTOPOB paclpeaeieHuit
TEMIEepaTyp BO BPAIIAOIIUXCS IIOCKAX JAUCKaX. B COOTBETCTBUM C METOAMKON TPEXMEPHOTO pacueTa
WHAYKIIUOHHOT'O HarpeBa CO3JaHbl KOHCUHO-3JIEMCHTHBLIC MOJCJIHN IIJIOCKOr0 AWCKa U MHAYKTOpa C
Y4eTOM TIOCTOSTHHOTO 3a30pa MeXy WHAYKTOPOM U MOBEPXHOCTHIO Mucka. [Ipu Bpamennn Hambosee
3¢ GEeKTUBHBIN HArpeB JOCTUTACTCS B TEX KOJBLEBIX 30HAX AUCKA, KOTOPbIC Ooiee IUTENFHOE BpeMs
HaxXOJATCSA TION YydyacTKaMu UWHAyKTopa. ClleoBaTeNbHO, KAXKIBIH TaKOW ydYacTOK WHAYKTOpa
XapaKTepU3yeTcsi OTHOIICHHEM €ro IIHPHHBI K COOTBETCTBYIOIIEH KOJNBIIEBOW 30He HarpeBa. B
JAHHOM CJIydae IIMPUHA TAaKOT'O y4acTKa MHIYKTOpa CIOXHOU (OopMBI ompenensercs Ha OCHOBE €ro
MIEPECEUCHUS COOTBETCTBYIOIICH KOJBIICBOW 30HOW HarpeBa. YKazaHHBIC (DAKTOPHI YUHUTHIBAIUCH B
pacueTHBIX HCCIICAOBAHUSAX PACHpPEACTICHUI TeMIeparyp BO BpalLAOMIEMCs IUIOCKOM JIUCKE C
HCITOJIb30BAaHMEM JIBYX JJIIUIICHBIX HHAYKTOPOB [3], pacmoIoKEeHHBIX ¢ ABYX €ro CTOPOH (puc. 4).

Tak kak ykazaHHas 3aja4a WHIYKIIMOHHOT'O HarpeBa IWCKa SBISIETCS MHOTOIUCIUILTUHAPHOM,
TO Ui TOTrO, 4YTOOBI ONpENENUTh TEMIEpaTypHOe TioNe, HEOOXOAMMO CHayalla pelIuTh
AJIEKTPOMAarHUTHYIO 3ajadqy M HaWTH BHYTpEHHHE MCTOYHUKU TEIUIOTHI B TUCKE. A 3aTeM yxe Ha
OCHOBE HalJJeHHBIX BHYyTPEHHUX UCTOYHUKOB TEIIOTHI OMPEACIUTh PacIpeAeiIeHUe TETIOBOTO OIS B
mucke. [t pereHust 3amaun co3MaHbl 1B€ HE3aBUCHUMBIC DJIEKTPOMArHUTHAS M TEIUIOBast MOAEIH C
OIMHAKOBOW TreoMeTpuel. /I MoJenmupoBaHUS TEMIIEPaTypPHOTO TIOJS WCIIONB30BAJICS JIEMEHT
SOLID90. AnropuT™m pelieHUs CBSI3aHHOHN 3ajauu ocyliecTBisuicsa ¢ nomolnbio ANSYS Multi-field

Solver.



C WHCIONb30BaHUEM DIUIMIICHBIX WHAYKTOPOB  (puc. 4), pacloJIOKEHHBIX HSKBUIUCTAHTHO
OTHOCHUTEIHHO MOBEPXHOCTH JIUCKA C JIBYX €r0 CTOPOH, OBUIM MPOBEJCHBI PACUCTHBIC UCCIICIOBAHUS
110 MOJICTTMPOBAHHUIO HEPABHOMEPHOTO pacmpeiesieH!s] TEMIIEpaTyphl [0 pagnycy ANCKa MOCTOSHHON
TONIIUHBL. MTHIYKIMOHHBIN HAarpeB UCKA OCYIIECTBISICS IO MAaKCUMAaIbHOM 3aJaHHOM TeMIepaTypbl

550°C. Inst Bcex MHIYKTOPOB TOK ObLT 0fuMHaKOBEIN - 500 A, gactora Toka 2400 I'm.

Puc. 4. DnnuncHeIN HHIYKTOP.

B pesynbrare pernieHus 3NIeKTPOMArHUTHOM 3a/1a4d MOJy4YeHbI 0e3 BpallleHHs pacrpe/elicHHe
BHYTPECHHUX HMCTOYHUKOB Teruia (puc. 5) W 3aBUCHUMOCThH BBIICISEMON MOIMHOCTH [4] B JHUCKE OT
4acTOTHI BpamieHus (kpusas 3, puc. 3). o 50000 o6/mMuH >mHIICHBI HHIYKTOp OoJiee 3¢ heKTHBeH,
4yeM CTepHeBoW WHAYKTOp. llocie pemieHHWs TETIOBOM 3ajadydl ONpeAeNieHO pachpeielieHue

TemnepaTypsl (puc. 6, 7) B TUCKE C y4€TOM BpallleHHUs B IEPEMEHHOM 3JIeKTPOMAarHuTHOM TOJIe.
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Puc. 5. Pacnipenenenne yneapHOM MOIHOCTH HarpeBa B HETMIOJBUYKHOM JIUCKE.

ANEYSE 12.1
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Puc. 6. PaCHpe,Z[eJICHI/Ie TEMIICPATYpPhl BO BpallatomeMcCs JUCKE.
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Puc. 7. Pacnipenenenue TeMnepaTyphl 10 paJidyCcy Bpallaroilerocs Jucka.

3akiouenne

Pa3paboTaHa KOHEYHO-3JIEMEHTHAsI TPEXMEPHAs MOJENb JJIsl pacdera JJICKTPOMATHUTHBIX U
TEMIEPATYpPHBIX TOJNeH MapaMeTpOB WHAYKTOPOB TIPU HArpeBe BpAIIAIOIIUXCS JTUCKOB B
nmporpaMmMHoM koMiiekce ANSYS.

[TonydyeHsl pe3yiabTaThl HCCICIOBAHUI DHEPreTUYECKUX  XAPAKTEPUCTUK  CTEPIKHEBBIX
HHAYKTOPOB € YUYETOM BJIMAHUSA 3a30pa U HaCTOThHI TOKA P HArpe€Be JUCKOB.

IMonydyeH HOBBIA d(PQPEKT NpU HUHIYKIMOHHOM HArpeBe JHMCKOB, 3aKIOYAIONIMHCA B
JIOTIOJTHUTEIIEHOM BBIJICTICHUH TEIUIOBOW YHEPTHH B U3JICIIMU 34 CUST BpalieHus [4].

[MpoaHanu3upoBaHO BIMSHUE YaCTOTHl BPAIICHUS HA BBIJCICHUE MOIIHOCTH BHYTPEHHHX
WUCTOYHHMKOB TEIUIA BO BPAIIAIOIIEMCS TUCKE C HCITOJIb30BAHUEM PA3HBIX UHIyKTOPOB.

[IpuBeneHsl pe3ynbTaThl pPacUETHBIX MCCIEAOBAaHUM paclpelesieHnid TeMIepaTtyp BO

Bpalaromuxcsa AUCKax € UCIOJIb30BAHUCM CTCPIKHECBLIX U SJUIUIICHBIX HHAYKTOPOB.
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