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M.I'. IIAHTEJIAT, 10.C. TPHII]YK, O.0. YEITEJIIOK, A.K. €JIO€B

CTAH I HEPCHEKTUBH MYJIbTU®I3UNYHOT'O MOJEJTIOBAHHA
IHAYKOIMHUX KYXOHHUX IIVIUT

[HAYKUiiHI UTHTH SIBISIOTE COOOI0 BIZHOCHO HOBHMH KJac Cy4acHOi €NeKTPONOOYTOBOI TEXHIKH — KyXOHHI €IEKTPHUYHI IUIMTH, SIKi pO3IrpiBaroTh
METAJICBHI TOCY/] BUXPOBUMH CTPyMaMH, SIKi CTBOPIOIOTBCS €leKTpoMarHiTHuM moieM dactororo 20-100 xIm. Ilpencrasise 3HavHMil iHTEpec
JIOCHI/DKEHHS. MYJIbTH(QI3UYHUX (EIEKTPOMArHiTHUX, TEIJIOBMX | MEXaHIYHUX) IMPOIECIB, IO MPOTIKAIOTh B IHAYKIIWHUX IUIMTAaX B MpoOLeCi iX
eKCIUTyaTalii, a TaKkoXX po3poOKa METOAMKH PO3PaxXyHKY i NPOEKTYBAaHHsS iX KOHCTPYKTHBHHUX eieMeHTiB. OTpHMaHi pe3ylbTaTH MaroTh OyTn
po3paxoBaHi Ha BHKOPHCTaHHS B NPAKTHI[l KOHCTPYIOBAHHS IOOYTOBMX IHAYKUIMHMX IUIHT, a TAKOXX y HAaBYAIBHOMY IIPOLECI IS MiArOTOBKH
(axiBIiB 3a BiAMOBITHOIO HAaBUAIBLHOIO IpOrpamoio. KimbkicTh OmyOIiKOBaHHX pOOIT, MPUCBIYCHUX KOMII IOTEPHOMY MOJAEIIOBAHHIO IPOIECIB B
IHOYKUIHHUX KyXOHHHMX IUIMTaX, Ha 0araro MOPSAKIB MEHIIE, HDK KUIbKicTh MyOuikauiii 3 muTaHe JoOpe PO3BHHYTOrO YHCENIBHOIO aHaNi3y
MyIbTU(I3UYHHX SBUI y IPOMUCIOBUX IHAYKIIHHAX HarpiBadax. Y CTAaTTi HABEAEHO OIVIAA i aHaNi3 MyOiKaIii, TOTOBHUM YHHOM OIyOJIiKOBaHUX y
3aKOPJOHHNUX BHAAHHSX, NMPHCBSYCHUX MYJIbTH(I3HIHOMY KOMITIOTEPHOMY MOJCIIOBAHHIO CICKTPOMATHITHHX 1 TEIUIOBHX IPOLECIB 1 SBUII B
IHOYKUIHHUX KYXOHHUX IUIMTAaX 1 MOCYHi, IO HArpiBaeThCs. 3alpOIOHOBAHI HANPSIMKH MOJANBLIMX JOCTIIKEHb: MOLITBHO BpaxyBaTH IpH
3aCTOCYBAaHHI METOZIa CKIHYEHUX EJICMEHTIB 3aJIeKHOCT] eIeKTPO(i3NIHHX Ta TEIIO(i3HIHNX BIACTHBOCTEIl MaTepialiB BiJ TEMIEPATypH, a TAKOXK
HETiHi}{HI MarHiTHI BIACTHBOCTI (OCHOBHI KpHBI HAMArHi4eHOCTI) (hepoMarHiTHUX MaTepianiB. MaTeMaTHYHe MOJCTIOBAHHS PO3MOALTY 3B’SI3aHHX
TOJIIB OLIJIBHO PO3MOYATH Y JBOBUMIPHIH MOCTaHOBLI (3HAYHO OiNBbLI CKIagHA TPHMBHUMIPHA ITOCTAaHOBKA Ta BIAIOBIJHE MPOrpaMHE 3a0e3MeueHHs
MOXKYTb OyTH BHKOPHCTAaHI Mi3HiIIe A1 YTOYHCHHS OTPUMAHHX PEe3yIbTaTiB).

Ku1r04oBi ci10Ba: iHAYKIIHHI IIHTH, MyAbTU(I3HYHI TPOLIECH, KOMIT' TOTEPHE MOACIIOBAHHS, IHAYKILIHHI HarpiBayi, OIS 1 aHai3 myOiKarii,
HaNpsAMKHU HOJANBLINX TOCIIKEHb.
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COCTOSHUE U NTEPCHEKTUBBI MYJIBTHO®U3NIYHOI'O MOJEJIUPOBAHUA
HNHAYKIIUOHHBIX KYXOHHBIX IIJINT

VHIyKUMOHHBIC TUTUTHI NPECTABISIOT COOOH OTHOCHTEIBHO HOBBIH KJIACC COBPEMEHHOW AJIEKTPOOBITOBOH TEXHHKH — KYXOHHBIC JJIEKTPUYCCKUC
IUIATBI, KOTOPBIE Pa30rpeBalOT METALUIMYECKYI0 MOCYAY BUXPEBBIMH TOKAaMH, CO3/1aBaCMBIMH AJIEKTPOMArHUTHBIM mojieM udactotoi 20-100 kI'm.
IpencTaBnsieT 3HAYMTENBHBIH WHTEPEC MCCIENOBAaHUE MYIbTHOU3HYECKUX (INMEKTPOMATHUTHBIX, TEIUIOBBIX M MEXaHHUYECKHX) MPOLECCOB,
MPOTEKAIOMMX B HMHAYKLIMOHHBIX IUIUTaX B IpOLECCe HMX OJKCIUIyaTalldd, a TaKkKe pa3paboTka METONUKH pacuera W NPOCKTUPOBAHHS HX
KOHCTPYKTHBHBIX 3JICMEHTOB. [l0JyueHHBIE pe3yNIbTaThl JODKHBI OBITh PACCUUTAHBI Ha UCIIOJIBb30BAHUE B NMPAKTHKE KOHCTPYHPOBAHUS OBITOBBIX
WHIYKUMOHHBIX IUIMT, @ TakKe B y4eOHOM mpolecce Ui HMOATOTOBKH CIEHHAIMCTOB IO COOTBETCTBYMOLICH y4deOHOW mporpamme. KommyecTBo
OIyOJIMKOBAaHHBIX PalOT, MOCBAIIECHHBIX KOMITBIOTEPHOMY MOJIEIMPOBAHHUIO MPOLECCOB B MHIYKIMOHHBIX KYXOHHbIX IUIMTaX, HA MHOTO MOPSIKOB
MEHBIIIE, YeM KOJIMYECTBO IyOJIMKalWii MO BOMPOCaM XOPOLIO Pa3sBHTOrO YHCICHHOTO aHalW3a MYyJIbTU(GH3UYECKHX SBICHHH B MPOMBIIIICHHBIX
HMHIYKIMOHHBIX HarpeBaTelsix. B cTaThe mpuBeneH 0030p M aHaIM3 MyOJIMKALMid, TIIaBHBIM 00pa3oM OIyOJMKOBAaHHBIX B 3apyOe)KHBIX H3JAHUSX,
MOCBSIICHHBIX MYJIbTU(PU3NYCCKOMY KOMIBIOTEPHOMY MOJCIUPOBAHHUIO AJIEKTPOMAarHUTHBIX M TEIUIOBBIX MPOLECCOB U SIBJICHUII B MHIYKIHOHHBIX
KYXOHHBIX IUTUTaX W HarpeBaeMmoil mocyze. IIpeuioxeHsl HampaBieHHsS NajdbHEHIIMX MCCICIOBAHMIL: LIENECOOOpPa3HO ydYecTh NPH NMPUMEHEHUU
METOJa KOHEUHBIX JIEMEHTOB 3aBUCUMOCTH AJICKTPOGH3MYCCKUX U TEIUIO(PU3NIECKHX CBOIMCTB OT TEMIIEPATyphl, a TAK)KE HEJIMHEHHBIC MATHUTHBIC
cBOifcTBa (OCHOBHBIC KPUBBIC HAMArHHMYCHHOCTH) (hePPOMArHUTHBIX MaTepHanoB. MaTeMaTHYeCKOe MOJCIUPOBAHUE PACIIPECICHUS CBI3aHHBIX
moJiel 1enecoo0pa3Ho Ha4YaTh B ABYMEPHOH MMOCTAHOBKE (3HAYMTEIBHO OOJIee CI0KHAsI TPEXMEpHasi IOCTAaHOBKA M COOTBETCTBYIOLIEE MPOrPaMMHOE
obecrieueHne MOTYT OBbITh MCIIOJIb30BAHbI MO3HEE JJIsl yTOYHEHHUS TTOJTyYCHHBIX PE3YIbTATOB).

KitoueBble c0Ba: MHIYKIMOHHBIC IUIMTHI, MYJIbTH(GH3UYECKUE MPOLECCH], KOMIBIOTEPHOE MOACIHPOBAHHE, HHAYKIHMOHHbBIC HArpeBaTelH,
0030p 1 aHANN3 MyOIUKALMA, HAIPABJICHHS AAIbHEHIINX HCCIICTOBAHUH.

M.G. PANTELYAT, Yu.S. GRISHCHUK, A.A. CHEPELYUK, A.K. ELOEV

STATUS AND PERSPECTIVES OF THE MULTIPHYSICAL SIMULATION OF INDUCTION
KITCHEN PLATES

Induction cookers are a relatively new class of modern electrical household appliances — kitchen electric stoves that heat metal dishes with eddy
currents generated by an electromagnetic field with a frequency of 20-100 kHz. Of considerable interest is the study of multiphysical
(electromagnetic, thermal, and mechanical) processes occurring in induction cookers during their operation, as well as the development of methods
for calculating and designing their structural elements. The results obtained should be intended for use in the practice of designing domestic induction
cookers, as well as in the educational process for training specialists in the relevant curriculum. The number of published papers devoted to computer
simulation of processes in induction cookers is many orders of magnitude less than the number of publications on the issues of well-developed
numerical analysis of multiphysical phenomena in industrial induction heaters. The paper presents a review and analysis of publications, mainly
published abroad devoted to multiphysical computer modeling of electromagnetic and thermal processes and phenomena in induction cookers and
heated dishes. The directions for further research have been proposed: it is advisable to take into account, when applying the finite element method,
the dependencies of the electrophysical and thermal properties on temperature, as well as the nonlinear magnetic properties (main magnetization
curves) of ferromagnetic materials. Mathematical modelling of the distribution of coupled fields should be started in a two-dimensional formulation (a
much more complicated three-dimensional formulation and the corresponding software can be used later to refine the results).

Key words: induction cooker, multiphysical processes, computer simulation, induction heaters, review and analysis of publications, directions
for further research.

Beryn. [HnyKmidiHI IUTATH SABISIOTE COOOO BiTHOCHO
HOBHH KJac Cy4YacHOI €JCKTPOMOOYyTOBOI TEXHIKH —
KyXOHHI €JIEKTPHYHI IUIUTH, SIKi pO3irpiBaloTh MeTaleBHN
IOCYJl BUXPOBHMH CTPYMaMH, SIKi CTBOPIOIOTBCS CIICKTPO-
marHiTHUM mojem uvactororo 20-100 kI'm [1]. Komer-

PYKLII Cy4acHUX IHAYKLIHHUX IUIMT Pi3HUX BHUPOOHHUKIB
HaBeneHI Ha puc. 1. OCHOBHUM BY3JIOM 1HIYKIIHHOL
KyXOHHOI IUTUTH € IHAYKTOpP — IUIOCKAa OJTHOBUTKOBa 200
0araToBUTKOBa KOTYIIKA, NPU MPOTIKaHHI MO SIKIH 3MiH-
HOTO CTPYMY CTBOPIOETHCS €JIEKTPOMArHiTHE II0Je, sIKEe
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IHAYKTy€ B CBOIO 4Yepry BUXPOBiI CTPYMH B TIOCYAi, IIO
HarpiBaeTscsi. KoHCTpyKIis iHOYKTOpa THIYKIIHHOT TTH-
TH TIPEJICTaBJICHA Ha pUC. 2.

IIpencraBnse 3HAYHMK  iHTEpEC  JMOCIIHKCHHS
MyIbTH(QI3UUHUX  (EJIEKTPOMArHiTHUX, TEIUIOBHX 1
MEXaHIYHUX) HPOLECIB, IO MPOTIKAIOTh B IHAYKLIHHUX
IUINTaX B Mpoleci iX ekclulyaralii, a TakoX po3poOka
METOIUKH PO3paxyHKy 1 INpPOEKTYBaHHS IX KOHCTPYK-
TUBHMX eJieMeHTiB. OTpuMaHi pe3ysbTaTH MaloTh OyTH
po3paxoBaHi JUIsi BUKOPHUCTaHHS B MPAKTUIl KOHC-
TPYIOBaHHS TOOYTOBHX IHOYKIIHHUX IDIMT, a TaKOX Yy
HaBYAJHHOMY TIpoIeci IS TiATOTOBKH (axiBIiB 3a
BiJIMTOBIHOIO HABYAIBHOIO MTPOTPAMOIO.

Puc. 2. [Tnockuii 6araToBUTKOBHIA IHAYKTOP 1HAYKLIHHOT TUTH

JlocmimkeHHs Ha3BUUaRHO CKIIATHUX 3 Qi3WIHOI Ta
MaTEMaTUYHOI TOYKH 30py MYJIbTH()I3HYHUX EJeKTPO-
MAarHiTHAX, TEIUIOBMX 1 MEXAHIYHMUX SBHII, IO MAalOTh
MiCIle B TIpoleci poOOTH IHAYKIIMHUX KYXOHHHX ILTUT,
MOJKJIMBO MPOBOJUTH JIUIIIC 3 BUKOPUCTAHHSIM CYYacHUX
METOJIB KOMIT FOTEPHOTO MOJICIIIOBAHHS  (YHCEIBHUX
meroxiB). Ilpm 1npomy, mnorpiOHO BpaxoByBaTH iX
B3a€MHHUIl BIUTMBY OJHE Ha IHIIE, IO JO3BOJUTH
oTpuMarTu HaHOLIBII JOCTOBIpHI pe3ynbTaTH po3pa-
XYHKIB.

KimpkicTs omyOinikoBaHHX pOOIT, NPHCBIYCHUX
KOMII FOTEPHOMY MOJEITIOBaHHIO IPOIIECiB B IHAYKIIHHUX
KYXOHHHX IUINTaX, Ha 0araTo MOPSAAKIB MeEHIIe, HiX
KUTBKICTh TyOmikamii 3 mWTaHbe a00pe pPO3BHHYTOTO
YHUCENBHOTO  aHANI3y  MYJNbTH(]I3MYHUX  SBHII Y
MPOMUCIIOBUX I1HIYKIIHHUX HarpiBadax (Iumie nesiki 3
THCSY TyOmikamid HaBeneHi, Hampukian, y [2]). B
OCTaHHI POKH IHTEpPEeC HAYKOBIIB JO JOCIHIKCHHS came
IHAYKIIHHUX KYXOHHHX IUIUT OE3MEpPepBHO 3pPOCTaE,
KUIBKICTh ~ BIJIOBITHMX HAyKOBHX IMpalb 3pOCTaE,
MiABUIYEThCS CKIATHICTD MaTeMaTHYHHX MoOJened i
YHUCENIBHUX  METOJIB, 1LI0 BHKOPHUCTOBYIOTHCS  [UIsi
BHKOHAHHS PO3PAXYHKIB.

Mera poGotu — ormix i anHami3 myOuikamii,

MPUCBAYCHUX MYJIbTH(IZNIHOMY KOMII IOTEPHOMY MOJIe-
JIOBAHHIO TPOILECIB 1 SIBUI B IHAYKHIHHUX KyXOHHHX
IUTUTaX, 1 BU3HAYCHHsI HANPSMKIB TOJAIBIIUX JOCHII-
KCHbB.

Orasig JiTepaTypHHX /:Kepeld Ta aHAdi3 cTaHy
npodaemMu. Y BITYM3HSHIM HAayKOBO-TEXHIYHil JiTepa-
Typl Hapasi He 3HaiileHO pOOIT, IPUCBIYEHUX PO3POOLI
Ta peamizamii IHXCHEPHHX Ta YHCEIBHUX METOJHK
pO3paxyHKy Ta INpPOCKTYBaHHS IHAYKLIHHUX KYXOHHHX
IUTMT, 32 BUHIATKOM MyOJIKalill JOCHiIKEHb Kadenpu
enekTpuuHux amaparie  HTY «XIII» [1, 3-7]. V¥
3aKOPIOHHUX BHIAHHSX BiJNOBIZHUX MyONiKamid Tex
HeOaraTo. Po3rirsHeMo HalOIBII iKaBI 3 HUX.

Y poborax [8-10] 3ampomoHOBAHO METOAUKY
CIUTBHOTO YHCENBHOTO aHali3y MPOIECIB B €ICKTPOHHUX
cXeMax TeHepaTopiB BHCOKOi YacTOTH Ta PO3MOIITY
CJIEKTPOMArHITHOTO MOJsl B IHAYKTOPHIM  cucTeMi
IHAYKIIHHOT KYXOHHOI IUINTH, IO JO3BOJMIO aBTOpaM
3alpONOHYBATH, pPO3pPAaxyBaTH Ta EKCIEPHUMEHTAIBLHO
NEepeBIPUTH LiKaBy HOBITHIO KOHCTPYKIIIO IHAYKTOpa
winth (puc. 3). KoMn’totepHe MOJENIOBaHHS PO3IOALTY
CJIEKTPOMArHITHOTO  MOJS  BHUKOHYETbCS  METOJOM
CKIHYCHHX eJeMEHTIB y JBOBHMipHIA [8, 9] Ta
TpuBuMipHiii  [10] mocraHoBkax. J[BoBuMipHa Ta
TPUBHMIpPHA PO3PaxXyHKOBI MOJENi, CTBOPEHI JJIiA
BUKOHAHHS EJEKTPOMAarHIiTHUX pPO3paxyHKIiB, HaBEICHI
BimmoBigHO Ha puc. 4, 5 [9, 10]. Ha puc. 6 nHaBenmeHi
MPUKIAAA OTPUMAHUX PE3yNbTaTiB PO3PAXyHKY EIEKTPO-
Mar”iTHOro MOJS TIpPU PI3HUX pEeKUMax podOTH
IHlyKTOPHOT CUCTEMH.

Henomnixom poOiT € BiICYTHICTh aHaji3y TEIUIOBHX
NPOLECIB Y KOHCTPYKIi, 0 PO3IIISAAETHCS.

®
Puc. 3. [ngykropHa cucremMa iHAYKIIHHOT KyXOHHOT [UTHTH 3
JBOMa KOHLIECHTPHIHMMHU KOTYLIKAMH Ta KOHIIEHTPATOPaMu
enexrpomartiTHoro mojst [10]:
a — BHJ 3BEpXY; b — BUJ 3HU3Y

Puc. 4. TpuBuMipHa MOJEJIb IHAYKTOPHOI CHCTEMH 3 ABOMA
KOHLIEHTPUYHUMHU KOTYIIKaMHU, KOHIIEHTPAaTOpaMH
CJIEKTPOMATHITHOTO TI0JIS Ta TIOCYAOM, 110 HarpiBaeThes [10]
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Puc. 5. JIBoBuMipHA pO3paxyHKOBA MOJIENb CHCTEMH «[IBi
KOHIICHTPHYHI KOTYIIKH — HOCY/» AJISI PO3PaxyHKy pO3HOTIITY
eJIEKTPOMArHiTHOTO 1oJIs [9]

Puc. 6. Hpmulan;l pe3ynbTarTiB po3pe£;4yHKy po3noaiTy
enekTpomartitHoro moJs [10]

YV po6oti [11] 3xilicHEeHO ONITUMI3AIliI0 Ta BUKOHAHO
CKIHYCHOETIEMEHTHUH aHaji3 y ABOBUMIPHIN ITOCTAHOBII
€JIEKTPOMArHITHUX IPOLECiB  (PO3MOALT  eJeKTpoMar-
HITHOTO IOJI Ta €JICKTPOMATHITHUX CHJI) B IHAYKIUHHIN
KyXoHHIH 1uuTi. CyTTEBUMH HEJOJiKaMH BHKOPUCTaHOI
METOIUKH € pPO3B’s3aHHS PIBHAHb EJIEKTPOMAarHiTHOIO
NnoJs |y MarHiTocraTM4HOMYy HaOmwKeHHI  (TOOTO
3HEXTYBaHHS BHXPOBHMH CTpyMamH B IIEpLIy 4epry y
Iocyni, IO HAarpiBaeTecs), a TAaKOXK 3HEXTYBaHHA
peaTbHUMH MAaTrHITHAUMH BJIACTUBOCTSIMH  MaTepialliB
IUTMTH Ta TOCyXy (BCi MaTepiajil BBa)KalOThCS HEMAarHiT-
mumu). lle He mO3BONIsIE OTpPHMATH ySBY IIPO peajbHi
mpoIiecy, IO MAaloTh Micle B TPOIECi eKcInTyaTamii
IHAYKIIHHOT KyXoHHOI mutu. Kpim Toro, npu BHKOpuC-
TaHHI BKa3aHOI IIOCTAHOBKM HE MOXE WTH W MOBH TIPO
HACTYITHUI aHai3 TEINIOBUX MPOLECIB Y KOHCTPYKIII, 0
PO3TIISIAETHCS.

ABTopu pobotu [12] po3B’s3anu aHaNOTIYHY 3a7ady
3 BHUKOPHCTaHHSM OUIBII Cy4acHOTO (opMyItOBaHHS,
AQHAJIOTIYHOTO 3alPOIOHOBaHOMY B [3], IO JO3BONMIO 3
BHKOPUCTaHHSIM METOJa CKiHUYEHHX eJeMeHTIB (puc. 7)
OTPUMATH ACTATbHUN JBOBUMIPHHN PO3IOMAIN aMIUTITY-
HUX 3HA4YEHb MIUTFHOCTI BHXPOBUX CTPYMIB Y 3ampo-
MTOHOBAHIA KOHCTPYKIii 1HAYKMiHHOI KyXOHHOI IJIHTH 3
iHgyKTOpOoM y BHDIigi cmipam (puc. 8). Kpim Toro,
BUKOHAaHO pO3pPaxyHOK TEIUIOBUX BTpPAaT y IUIOCKOMY
IHAYKTOpI IUIMTH, ajie He 3pOOJICHO HACTYIHHUH KpPOK —
KOMIT' FOTEPHE MOJICJIIOBAHHS TEMJIOBOI'O CTaHy iHAYKTOpa
Ta Mocy1y, 0 HarpiBaeThCs.
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Puc. 7. Po3paxyHkoBa MOJIETb CHCTEMH «IHIYKTOP — IOCYI» 3
PO30MBKOIO HA CKIHUEHI eJIEMEHTH I PO3PaxXyHKY PO3HNOALITY
CJICKTPOMATHITHOTO 1o [12]

Puc. 8. ITnockwuii criipanbHU#t IHIYKTOP 1HIYKIIHHOT KyXOHHOT

mintH [12]
PoGora [13] mnpuceBsueHa po3B’s3aHHIO 3amadi
€JIEeKTPOMArHITHOI ~CYMICHOCTI CTOCOBHO CYYacHOTO

moOyTOBOTO OOJNAAHAHHSA, y TOMY YHCII TOOYTOBHX
IHAYKWIAHUX  TMT. OTXKe, BHKOHYETHCS PO3PaXyHOK
€JIEKTPOMArHITHOTO TMOJSl Yy TMPOCTOpi, IO OTOYYyE
noOyToBuii npuctpid. [lpn 1BOMYy BHKOPHCTOBYETHCS
METOJl EKBIBAJICHTHOTO EJISKTPOMArHiTHOrO AWUMOJIBHOTO
MOMeHTy. TakuM YMHOM, 3alpONOHOBaHA PO3PaxyHKOBA
METOJWKa HE I03BOJIIE OTPUMATH AETANBHUH PO3MOJLT
€JIeKTPOMArHiTHOTO Ta, THM OUIbIIe, TEMIEepPaTypHOTO
IoJIsl B KOHCTPYKTUBHUX €JIEMEHTaX MOOYTOBHX IUIUT Ta
MOCYyLy, IO HAarPiBa€ThCS.

VY crarti [14] 3anporOHOBaHO BUKOPHCTATH METO]
CKIHUEHUX C€JIEMEHTIB Ui PO3B’S3aHHS 3B’ sI3aHHUX
JIBOBUMIPHHX 3a/lad PO3PaXyHKY HECTAlliOHApHOTO eJeK-
TPOMArHiTHOTO I0JIs1 y KOMIUIEKCHIH (opMi Ta cTarioHap-
HOT'O TEIJIOBOTO MOJIsI IIOCYAyY, 10 HarpiBaeTbesi. Ha puc.
9 HaBEICHO €CKi3 pO3PAaXyYHKOBOI MOJENI CHCTEMH
«IHAYKTOp — Hocya», a Ha puc. 10, 11 — 3ampornoHoBana
aBTOpaMHM KOHCTPYKIisl Ta 1 po3paxyHKOBa MOJEIb 3
BIINOBITHUMH TEOMETPHYHUMH po3MipaMu. PesymbraTtn
PO3paxyHKy IPOCTOPOBOTO PO3MOIITYy TEMIEpaTypH B
MOCYIi, IO HATPiBaeThCS, HaBeACHI Ha puc. 12.

Central Axis

Exciting Coils

Puc. 9. Ecki3 1BOBUMipHOT pO3paxyHKOBOI MOJEI CHCTEMH
«IHIyKTOp — mocyn» [14]

Puc. 10. BuroropneHuii iHAyKTOp iHAYKLIITHOT KyXOHHOI IJIUTH
[14]

95

Puc. 11. JIBoBuMipHa po3paxyHKOBa MOJIEIb CUCTEMH
«IHIYKTOP — HOCY» 3 BUTOTOBJICHOIO KOTYILIKOIO [14]
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Puc. 12. TemnepaTypHe 1oJie HOCYAy, IO HarpiBaeThes [14]

Henomixamu pobotu [14] €:

— PpO3B’s3aHHA caMe CTalllOHApHOTO PIiBHAHHSA
TEIUIOTIPOBITHOCT], B TOW Yac SIK TeMIlepaTypa MOCyay B
mporieci HarpiBaHHA CYTTEBO 3MIHIOETHCS HE JHIIE Yy
IPOCTOPI, @ TAKOX y Yaci

— 3aIpOINIOHOBAaHA METOJIMKA HE BUKOPHCTOBYETHCS
JUIl  PO3pPAaxyHKY TEIJIOBOTO CTaHy KOHCTPYKTHBHHX
€JIEMEHTIB 1HIYKLIHHOT KyXOHHOI miutu (iHIyKTOpa Ta
MarHiTonpoBoJy);  HasBHICTH  MAarHiTONpoBOLY B
KOHCTPYKIIi IUTUTH HABITh HE BPAXOBYETHCS

— aBTOpH pPOOOTH HE BPaXOBYIOTH 3aJICKHOCTI
eNeKTpo(I3UIHNX Ta TeIIO(I3MIHIX BIACTHBOCTEH
MaTepialiB BiJl TEMIEpaTypH, a TaKOXK HEXTYIOTh CYTTEBO
HENiHIHHIMHA MAarHITHAMH BJIACTHBOCTAMH (hEepoMarHiT-
HHUX MaTepiajliB IOCyIy Ta MarHiTOIPOBOIY

B pobGori [15] wMerom CKiHYEHHX €JIEMEHTIB
BUKOPHUCTOBYETBCS JIsI KOMII IOTEPHOTO MOJICJIIOBAHHS
pO3MOJTy TPUBHMIPHOTO  €JIEKTPOMArHiTHOIO — MOJIS
3alpONOHOBAHOI  KOHCTPYKLIT IHIYKIIHHOT KyXOHHOT
wmmtn (puc. 13). Ha puc. 14 HaBenena BinmnosinHa
po3paxyHKOBa MOJelb, a Ha puc. 15 — oTpumanHumii
PO3MOALT IHAYKIIT MArHIiTHOrO IOJs IUIMTH. TeruioBe
mmojie KOHCTPYKIIi pO3paxyHKOBHM IIJISIXOM HE JOCIHif-
KYETBCA, XO0Ya BIAMOBIAHI EKCIEPUMEHTANbHI JOCIHif-
JKCHHSI BUKOHaHi (puc. 16).

Puc. 13. 3ar[p0n0HOBaHé KOHCTPYKIIiSI IHIYKIIIHHOT KyXOHHOT
muTH [15]

Puc. 14. TpuBumipHa po3paxyHKOBa MOJEIb 3aIIPONOHOBAHOL
KOHCTPYKIUIT IHAYKIIHHOT KyXOoHHOT Tty [15]

Puc. 15. Po3moin iHgyKIii MarHiTHOTO MOJIS 3aIIPOIIOHOBAHOT
KOHCTPYKIIiT IHAYKI[HHOT KyxoHHOT mntH [15]

Puc. 16. TemnepaTypHe 1oJie OCYAY, 110 HArpiBa€ThCs
(pe3ynbTaTH eKCIePUMEHTAIBHUX TOCIiKEHb) [15]

V crarri [16] Merox CKIHYEHHMX €JIEMECHTIB
BUKOPHCTAHO JJIsi KOMIT' IOTEPHOTO aHajli3y 3B’s3aHHX
TPUBUMIPHHUX €JICKTPOMArHITHOIO Ta HECTalliOHapHOTO
TEIUIOBOTO  TOJNIB Yy  3alpolOHOBaHii  aBTOpamu
KOHCTPYKIii 1HIyKMifHOI KyXoHHOI TmTH (puc. 17).
BpaxoBano 3ameXHOCTI TemIO(I3MYHMX BIACTHBOCTEH
MaTepiainiB Bif Temmepatypu. Ha puc. 18 HaBemeHo mpuk-
Jag PO3paxOBAHOTO PO3MOAINY UIUIBHOCTI BHUXPOBHX
CTPYMIB Yy CUCTEMI «IHIYKTOP — IIOCY/[».

Puc. 17. TpuBumipHa po3paxyHKOBa MOJEIb 3aIIPONOHOBAHOL
KOHCTPYKIIT IHIYKI[IHHOI KyXOHHOT INTUTH 3 9 iJeHTHYHIMHI
MPSIMOKYTHUMH KOTYIIKamH [16]
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Puc. 18. Po3moain miiibHOCTI BUXPOBUX CTPYMIB y
3aIpOIOHOBaHI KOHCTPYKIIT IHAYKIIHHOT KyXoHHOT ity [16]

Henoniku podotu:

— HE BpPaxOBaHO 3aJISKHOCTI eNeKTpodi3nIHIX
BJIACTUBOCTEH MaTepiasliB Bif TeMmepaTypH, a TaKOX
CYTTEBO HENiHIWHI MarHiTHI BIACTHBOCTAMH (pepoMarHiT-
HHUX MaTepiaiis;

— HE PO3MIISAAETHCS (PepOMarHiTHUH MarHiTONpOBix
IHAYKIIHHOT TUTUTH.

Bubip HanpsiMky aociaimkeHb. s AOCATHEHHS
MeTH poOOTH JOIIIEHO PO3BUHYTH METOJIUKY, BUKIAJICHY
B poboti [16], a came BpaxyBaTh MpH 3aCTOCYBaHHI
METO/Ia CKIHYCHHX EJIEMEHTIB 3aJIe)KHICTh eJIeKTPodi-
3UYHUX Ta TEMJIO(I3UIHUX BIACTHBOCTEH MaTepiaiiB Bif
TEeMIepaTypH, a TaKOX HEJiHIiHI MarHiTHI BIACTHBOCTI
(ocHOBHI KpWBI HaMarHi4eHocTi) (epomarHiTHUX MaTe-

piamiB.  MaremMaTudHe  MOJENIOBAHHSA  PO3MOILTY
3B’SI3aHMX MOJNIB JOLIJIBHO PO3NOYATH y IBOBUMIpHIN
MOCTaHOBLI (3HayHO OLIBII CKJIAJHA TPUBHMIpHA

[IOCTAaHOBKA Ta BIANOBiIHE NporpamMHe 3a0e3NeueHHs
MOXYTh OyTHM BHUKOPHMCTAHI IIi3HIIIE A YTOYHEHHS
OTpPUMaHUX Pe3yJbTaTiB).
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