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EJEKTPUHYHI AIIAPATH

VIK 621.3

M. T ITAHTEJIAT, A. B. TPO®IMOB

METOAUKA MYJbTUDIZUYHOI'O AHAJII3Y 3B’ SI3AHUX EJIEKTPOMATIHITHUX I TEIIVIOBUX
MMPOLHECIB B IHAYKIIMHIN KYXOHHIU IIVIMTI TA NOCY I, IO HAI'PIBAETHCA

Y po0oTi 3anponoHOBaHO METOAUKY MYJIBTH()I3HUYHOTO YHCETHHOTO aHANI3Y PO3MOITY 3B’ I3aHHUX EIEKTPOMArHITHOTO Ta TEIUIOBOTO
MOJIB 1HAYKUIHOT KYXOHHOI IUTUTH Ta MOCYAY, LIO HArpiBa€ThCsl, Y ABOBUMIpPHIH MOCTAHOBLI METOIOM CKIHYEHHX CJIEMEHTIB.
BpaxoByrOTbCS 3aJI€KHOCTI Bifi TeMIepaTypu eJIeKTpo(disndHUX 1 TemIo(i3suYHUX BIIACTHBOCTEH MarepiaiiB KOHCTPYKIIH, [0
PO3TISIIAIOTHCS, @ TAKOXK MArHITHI BIIACTUBOCTI MarHiToM' IKHX MaTepiaiB.

KuawuoBi ciaoBa:inayKiiiiHa KyXOHHa IUTUTa, CJICKTPOMArHiTHE IIOJIe, TEIUIOBE IIOJe, MYyJbTH(DI3HKa, KOMI IOTEpHE

MOICIIIOBAHHSA, METO CKIHYCHHX CJIEMCHTIB

Beryn. B ocHOBy nmpuHmmmy i iHZKUIHHHX
KyXOHHHMX IUIMT TOKJIAJICHO PO3IrpiB METaJeBOro MOCYIy
BUXPOBHMH  CTPYMaMH, SIKI CTBODIOIOTBCS — €JIEKTpPO-
MarHiTHEM nojieM gactotoro 20-100kIm. B poborax [1-3]
3aIPOIIOHOBAHO 1HKEHEPHY METOJUKY PO3paxyHKy MoOyTo-
BHUX IHIYKIIHHUX KyXOHHHUX IUIAT, @ TaKOX MaTeMaTH4Hi
MOJIEITi Ta METOJMKHKOMIT FOTEPHOTO MOJICITIOBAHHS PO3IIO-
JITy eJeKTPOMArHiTHOrO Ta TEIUIOBOTO TONS TUTMTH Ta
Tocy11y, 110 HarpiBaeThbes. HacTynHuM erarnom y KoMInieKc-
HOMY JIOCJI/DKEHHI LIbOTO IHOBAaTHBHOTO KJIAcy EJeKTpO-
MoOYTOBOT TEXHIKM € YHCENbHUN aHaNi3 3B a3aHuX (MYJIbTH-
Gi3UYHKEX) EJEKTPOMArHITHUX Ta TEIUIOBHX SIBHII, IO
MaloTh Miclie B Iporeci poOOTH IHAYKIIHHHX KyXOHHHX
IUTUT, 3 YpaxyBaHHSAM iX B3a€MHOIO BIUIMBY OJIHE HA iHIIE,
IO JTO3BOJIMTH OTPUMATH HAHOUTBII JOCTOBIPHI pe3yibTaTu
PO3paxyHKiB.

Mera poGotH — po3poOka METOAUKH MYJIBTH-
(hI3MIHOTO YHCENBHOTO aHali3y pO3MOIUTY 3B’ A3aHUX
€JIEKTPOMArHiTHOTO Ta TEIUIOBOTO TIOMIB 1HIYKITIHHOT
KyXOHHOI TUTMTH Ta TOCYAY, IO HarpiBaeTbecs. OTpuMaHi
pe3ysbTaTd  KOMII IOTEPHOTO  MOJICNIOBaHHA — OymyTh
MpOaHaTi30BaHi B HACTYITHUX poOOoTax.

Orusip JiTepaTypHHX MKepel Ta aHATI3 CTaHy
npodjemMu. Y BITUM3HSHIH HayKOBO-TEXHIUHIH JiTeparypi
Hapasi He 3HaljeHo poOiT, MpUCBAYEHHX pO3poOILi Ta
pearmizaiii iHKEHEPHHX Ta YHCEIbHHUX METOIUK po3pa-
XYHKY Ta OPOEKTYBaHHS IHIYKI[IHHUX KyXOHHHX IUIMT, 32
BUHATKOM [1-3]. V 3aKOpIOHHMX BHAAHHSX BiJNOBIIHHX
myOmikamii Texx HeGaraTo. PosrissHeMo HaOiIbII miKkaBi 3
HHX.

Y  pobGorax [4-6] 3ampoNOHOBAHO  METOAUKY
CIUIBHOTO YHCEJBHOTO aHaJi3y IMPOLECIB B ENEKTPOHHHUX
cXeMax TE€HepaTopiB BHCOKOi YacTOTH Ta PpO3HNOALLY
CJICKTPOMArHITHOrO MOJII B  IHIYKTOPHIH  cucTeMi
IHIYKIIHHOT KYXOHHOI IUIMTH, LIO JIO3BOJMJIO aBTOpam
3alpOTIOHYBaTH, pO3paxyBaTH Ta EKCIIEPUMEHTAIBHO
NEPEBIPUTH I[iKaBy HOBITHIO KOHCTPYKIIIO iHIYKTOpa
T, KoMIT roTepHe MOJEIIOBaHHS PO3IOJINY €IeKTPO-
MarHiTHOTO TIOJISl BHUKOHYETBCS METOJOM  CKIHYCHHX
eleMEeHTIB 'y JIBOBUMIpHiK [4, 5] Ta TpuBuMipHii [6]
mocrtaHoBkax. HemomikoM poOOT € BiJCYTHICTh aHaIlizy
TEIUIOBUX TPOIIECiB Y KOHCTPYKIIii, IO pO3TIIAAAETHCS.

VY pobori [7] 3milicneno copoOy omnTHMizalii Ta
BUKOHAHO CKIHUCHOGJIEMEHTHUH aHaji3 y JBOBUMIpHIi
MOCTAHOBLI  ENEKTPOMATHITHHX  mpoueciB  (po3moain

€JIEKTPOMArHITHOrO0 MOJIi Ta EJIEKTPOMArHITHUX CHJI) B
IHAYKIIAHIA KyXOoHHIA IuMTi. CyTTEBUMH HEIOJIKaMU
BUKOPUCTAHOT METOAMKH € PO3B’sI3aHHS PiBHSIHB €JIEKTPO-
MarHiTHOTO TIOJSl Y MArHITOCTATUIHOMY HaOIMKEHHI
(TO6GTO 3HEXTYBAaHHS BUXPOBUMH CTPYMaMH B TIEPIITY YepTy
y MOCYAi, IO HAarpiBa€TbCs), a TaKOX 3HEXTYBAHHS
peATbHUMH MAarHiTHUMH BJIACTUBOCTSIMH MaTepialiB IIUTH
Ta mocyay (BCi Marepiain BBaXKarOThCS HEMarHiTHUMK). 1e
HE JI03BOJISIE OTPUMATH YSIBY HPO pEasbHi IPOILECH, IO
MaloTh Miclle B TPOIECl eKcIulyaTalii i1HZyKuidHoi
KyXOHHOI tuiuTd. KpiM TOro, mpu BHKOPUCTAHHI BKa3aHOI
MOCTAHOBKH HE MOXKE WTH W MOBU IO HACTYITHUM aHAI3
TEIUIOBUX MPOIECIB Y KOHCTPYKILIT, IO PO3TISIA€THCS.

Agtopu po6oTH [8] po3B’A3anu aHAIOTIYHY 3a7a4y 3
BUKOPUCTAHHAM  OiJBII  CY4acHOTO (OPMYJIIOBaHHS,
AHAJIOTIYHOrO 3aMpOIOHOBAHOMY B [2], 110 J03BOJMIO 3
BUKOPHCTAHHSIM METOJa CKIHYECHHX EJIEMEHTIB OTPHUMATH
JeTATbHUNA TBOBUMIpHUH PO3MOILT aMIUTITYTHUX 3HAYEHb
IIUTBHOCTI  BUXPOBHX CTPYMIB y  3alpoOIIOHOBaHii
KOHCTPYKIIi 1HAYKIiiHHOT KyXoHHOI TwumMTH. KpiMm ToTO,
BUKOHAHO PO3PaxXyHOK TCIUIOBHX BTPAaT Y IUIOCKOMY
IHAYKTOpi IUINTH, ajie He 3pOOJICHO HACTYMHHUIM KPOK —
KOMI' FOTEpPHE MOJCTIOBAHHS TEIJIOBOTO CTaHY IHAYKTOpa
Ta TOCY/y, 1[0 HATPiBAETHCS.

Po6ota [9] mnpucesiueHa po3B’s3aHHIO 3agadi
€JIeKTPOMArHiTHOT ~CYMICHOCTI CTOCOBHO  CY4YacHOTO
moOyTOoBOrO OONamHAHHSA, YTOMY YHCII TOOYTOBUX

IHAYKMiHERX WuT. OTKe, BUKOHYETHCS PO3PAXyHOK
€JIeKTPOMArHITHOTO TIONIT Yy TIPOCTOPi, IO OTOUYE
moOyToBuii TpuCTpiii. Ilpu IHOMY BHKOPHUCTOBYETHCS
METOJl €KBIBaJCHTHOTO EJIEKTPOMArHITHOTO UIOJIBHOTO
MOMEHTY. TakuM YHHOM, 3alpONOHOBAaHA PO3PaxXyHKOBA
METOJMKa HE JIO3BOJIAE OTPUMATH ACTANBHUN PO3MOILT
CJICKTPOMArHITHOTO Ta, TUM OUIBIIE, TEMIEPaTypHOTO
MMOJIsl B KOHCTPYKTHBHHX €JIEMEHTAaX MOOYTOBHX IUIMT Ta
MOCYTy, IO HATPIBAETHCS.

VY crarti [10] 3an0ponoHOBaHO BHKOPHCTATH METO
CKIHUEHUX €JIEMEHTIB JUIA PO3B s3aHHS 3B’ sI3aHUX
NBOBUMIpDHMX 3aJad  PO3PAaxXyHKY HECTalliOHAPHOTO
€JICKTPOMArHIiTHOTO TMOJII y KOMIUIGKCHIH ¢dopmi Ta
CTaIliOHApHOTO TEIIOBOTO TIOJNS TOCYAy, M0 Harpi-
Baethest. Hemomikamu podortu [10] €:

* PO3B’sI3aHHS CaMe CTAIliOHAPHOTO PIBHSHHS TEIIO-
MPOBIHOCTI, B TOM Yac SK TeMmIepaTypa IOCYAy B
mpoIleci HArpiBaHHS CYTTEBO 3MIHIOETHCS HE JIUIIE Y
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MIPOCTOPI, a TAKOXK y Jaci

* 3aIPONIOHOBAHA METOJHMKA HE BUKOPUCTOBYETHCS IS
pO3paxyHKy  TEIUIOBOTO  CTaHy  KOHCTPYKTHBHHX
CJIEMEHTIB 1HIYKIIHHOT KyXOHHOI TmTH (iHIyKTOpa Ta
MAarHiTONpoBOAYy);  HAsABHICTH  MArHITOMPOBOAY B
KOHCTPYKIIi TUTUTH HABITh HE BPAXOBYETHCS

e aBTOPM pOOOTH HE BpaxoOBYIOTh  3aJISKHOCTI
eneKTpo(i3MYHNX Ta TEIIO(I3UYHUX  BIACTHBOCTEU
MarepiaiiB BiJl TEMIIEPATYpH, a TAKOX HEXTYIOTh CYTTEBO
HENHIHHUMH MarHiTHUMH BJIACTHBOCTSIMH (pepoMarHir-
HHUX MaTepiajiiB IOCyIy Ta MarHiTOIPOBOIY

B pobori [11] Meron CKiHYEHHX €JIEMEHTIB
BUKOPUCTOBYETHCS JUI KOMII IOTEPHOI'O MOZENIOBAHHS
PO3MOAITY TPUBHUMIPHOTO  EINEKTPOMATHITHOTO  IOJIS
3aIPONIOHOBAHOI  KOHCTPYKIIl IHAYKIIHHOI KyXOHHOI
IUINTH,  BUKOHAaHAa  EKCIIEpHUMEHTalbHA  IepeBipKa
OTPUMaHUX YHCEIBbHUX pe3yibTariB. TermoBe mone
KOHCTPYKIIIi HE TOCITIIKYEThCS.

VY Haiibinem  gockoHamii  crarti  [12] wmeron
CKIHYEHUX €JIEMEHTIB BHKOPUCTAHO JUISi KOMIT IOTEPHOTO
aHali3y 3B’S3aHMX JBOBHMIPHUX €JEKTPOMArHITHOTO Ta
HECTaIliOHAPHOTO TETUIOBOTO IIOJIB Y 3allpONOHOBaHIN
aBTOpaMH KOHCTPYKILIi I1HAYKIIHHOI KyXOHHOI TIIJIUTH.
BpaxoBaHo 3anexHOCTI TeTUIOQI3MIHUX BIACTHBOCTEH
MaTepiamiB Bi Temmeparypu. OTpuMaHO IiKaBi pe3yib-
TaTH CTOCOBHO 3MiHH TEMIIEPATypH MOCYIy Y MPOCTOpi Ta
qaci. Hemomniku po6oTw:

* HE BpPaxOBaHO B3aJEXKHOCTI  €JIEKTPOPIZHUHHUX
BJIACTHBOCTEH MarepiasliB BiJl TeMIIEpaTypu, a TaKoX
CYTTEBO HEJIHIMHI MarHiTHI BIACTUBOCTSMHU (epoMarHir-
HHUX MaTepiajiB

* HE pPO3MIINAETHCS (epOMarHiTHUH MAarHiTONPOBiL
IHAYKIIHHOT TITUTH

Bu6ip nanpsiMky pociimkenn. s HOCSATHEHHS
MeTH poOOTH AOLIEHO PO3BUHYTH METOAUKY, BUKIAJICHY
B poboti [12], a came 3acTOCyBaTH METOX CKiHYEHHX
€IIEMEHTIB /Il KOMIT IOTEPHOTO aHaNi3y 3B’ s3aHHUX
€JIEKTPOMAarHITHOTO Ta HECTAI[IOHAPHOTO TEIJIOBOTO TIOJIiB
y TIOCyAi, IO HAarpiBaeThCs, a TaKOX B IHAYKTOpi Ta
MarHITONPOBOMI 1HIYKIIIHHOT KyXOHHOI IUTUTH, Bpaxo-
BYIOUYH 3QJISKHOCT] eJIEKTPO(DIZNYHUX Ta TEIUIOPI3HUHUX
BJIACTHBOCTEH MarepiasliB BiJl TEMIEpaTypu, a TaKoX
HEeJiHIfHI MarHiTHI BIacTHBOCTI (OCHOBHI KPUBiI HaMarHi-
YeHOoCTi) (QepoMarHiTHUX MaTepiamiB. MaremMaTu4He
MOJICTIOBAHHSL PO3MOALTY 3B S3aHHX TIIONIB JOIJIHHO
po3ToYaTd y IBOBHMIpHiHA MOCTAHOBII (3HAYHO OiTBII
CKJIaJIHA TPUBHUMIpHA TIOCTAHOBKAa Ta  BiJIMTOBiJHE
mporpamMHe 3a0e3ledeHHs MOXYTh OYyTH BHKOPHCTaHI
MT3HIIIe VT YTOYHEHHS OTPUMAHHUX PE3YIIbTATIB).

OcHoBHi  ¢Qismuni mnpoumecu B IHAYKUiHHUX
KYXOHHHUX IUIUTAX Ta MOCYAi, 0 HarpiBaerbesi, Ta ix
B3aeMHHUIl 3B s130K. OCHOBHHUM BY3JIOM I1HIYKI[HHOT
KyXOHHOI IUIUTH € iHAYKTOp [1] — miocka OJHOBUTKOBA
abo 0araToOBHTKOBA KOTYIIKA, NPH HPOTIKAHHI MO SKIH
3MIHHOTO CTPYMY CTBOPIOETHCSI €JIEKTPOMArHiTHE IIOJIE,
sIKe 1HIlyKTy€ B CBOIO Yepr'y BUXPOBI CTPYMH B MOCY/Ii, 1110
HarpiBaeTecs. KoHCTpykmis —iHIyKTOpa IHIYKIHHOT
TUTUTH TIpencTaBieHa Ha puc. 1. Kpim Toro, mpoTtikaHHs
BUXPOBHX CTPYMiB Ta 00OyMOBIIEHAa UM 3MiHa TEIIOBOTO
CTaHy MalOThb MICIle B CaMOMy IHAYKTOpi, a TakoxX y
(heprTOBOMY MarHITOIIPOBO/II TUTUTH.

Puc. 1 —ITnockuii 6araTOBUTKOBUIT iHAYKTOP IHAYKIIHHOT
[IJIUTH

YV  poGorax [13, 14] 3gilficHeno  crpoby
KOMIUIEKCHOTO ~ aHali3y Ta Yy3arajJbHEHHS MYJbTH-
(i3MIHUX TIPOILIECiB, II0 MAIOTh MICIE Y Pi3HOMaHITHOMY
CYYaCHOMY €JIEKTPOTEXHIYHOMY OONagHaHHi (eTeKTPHUHI
MallWH{, TMPOMHUCIIOBI I1HAYKIIHI HarpiBavi, HOBITHI
KOHCTPYKIIii aKTyaTopiB Ta iH.). Ockiiibky (i3uuHi SBHUIIA
B IIPOMMCIJIOBHX YCTaHOBKaX 1HIYKLIHHOrO HarpiBaHHs Ta
NOOYTOBHX IHAYKIIWHUX IUTUTaX € TOTOXHI, TOUIIBHO
PO3MOBCIOJIMTH  aHawi3, BukoHanuid y [13, 14], Ha
MpoIlecH, IO MaloTh MicIle MW HarpiBaHHI MMOCYyAy Ha
IHAYyKOidHIE  maTi. B mpomeci  QyHKIiOHYBaHHS
IHAYKIIAHOT ~ KYXOHHOI  IUTMTH  HAWOmpOly  poib
BiJIIrpalOTh 3arajbHOBIMOMI SIBUINA, SKi BH3HAYAIOThH
SJIEKTPOMArHITHHH Ta TEIUIOBUH CTAaH MOCYXy, IHAYKTOpa
Ta MarHiTompoBoxy. PosrisHeMo BKa3aHI TIPOIECH Ta
SIBUILA OUIBII JIE€TAILHO.

[Tpn nporikaHHI TO IHAYKTOPY 3MIHHOTO CTPYMY
gactototo 20-100 k['11 cTBOpIOETBCS €IEKTPOMArHiTHE
nose, sKe IHAYKTYE B CBOIO 4epry BUXPOBI CTpyMH B
MOCY/i, IO HAarpiBa€ThCsl, a TAaKOX Y MarHiTONPOBOJI Ta
camMoMy iHIyKTOpi. Y BiINOBiAHOCTI 10 3akoHy Jkoyns
[3, 10, 12], BuHWKarOTh BHYTpINIHI Kepena Teria
(TemmoBi BTpaTH), 10 MPU3BOAATH J0 3MiHH Y TIPOCTOPI Ta
y daci TEIUIOBOIO CTaHy IIOCYyQy Ta 3a3Ha4eHHX
KOHCTPYKTUBHHUX €JICMEHTIB IUINTH. Y CBOIO Yepry, 3MiHa
PO3HOALTY TEIUIOBOTO HOJIS BIUIMBAE «GBOPOTHUM YHHOM>
Ha CIICKTPOMArHiTHI MpPOIECH B IUINTi, OCKUIBKU
enekTpoi3uuHi  BIACTHBOCTI ~ MaTepiamiB  (mMTOMA
€JIEKTpUYHA NPOBIIHICT Ta, B 3arajlbHOMY BHIIAJKY,
MarHiTHa MPOHHUKHICTB) 3aleKaTh Bia Temmeparypu [13,
14]. Bigpady 3a3HauMMoO, IO TEMIEparypa HarpiBy
MOCYJy Ta KOHCTPYKTHBHUX EJIEMEHTIB IUIUTH € 3HA4HO
HIK4o0 Toukk Kiopi  (opienroBro 760 °C  mis
KOHCTPYKIIIHHAX CTajiell) BiAMOBIIHUX MaTepiaiiB, OTKe
TEMIepaTypHa 3alie)KHICTh MAarHITHOI  IPOHHUKHOCTI
Maibke BiCYTHS 1 MOXe He BpaxoByBaTHCh. OKpiM TOTO,
TemIo(pi3uuHi  BJIaCTMBOCTI MaTepiaaiB  (TEIUIONpPOBi-
HICTh, TEIUIOEMHICTh Ta MIUIBHICTB) MOCYAY Ta TUTHTH TEX
3anexars Bin Temmeparypu [3, 12-14].3BicHo, MarHitHi
BIACTHUBOCTI (MarHiTHa NPOHUKHICTB) (epoMarHiTHUX
MarepiaiiB 3aJIeXHUTh BiJl HANPY>KEHOCTI MarHiTHOTO MOJIA
[2, 15, 16].

TakuM  YMHOM, METOAWMKA  MYJIBTHU(IZHYHOTO
YHCENHHOTO aHajli3y pPO3MOAiTY 3B S3aHUX eJeKTpoMar-
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HITHOTO Ta TEIIOBOTO II0JIiB iIHAYKIIHHOT KyXOHHOI ITHTH
Ta TOCY[y, III0 HATPiBa€ThCS, Ma€ BPaXxOBYBATH HACTYITHI
B3a€MO3B’ s3aH1 Qi3WYHI TPOIIECH Ta SBHUIIIA:

1) HaBenenHs 3MiHHEM CTPyMOM  iHIYKTOpa
BUXPOBUX CTPYMIB B IOCY/Ii, 1110 HATPIBAETHCS, @ TAKOXK Y
MarHiTONpoBO/Ii Ta CaMOMY 1HJIYKTOPI.

2) BuHUKHEHHS  BHYTPILIHIX  JOKepen  Tervia
(TerutoBUX BTpAT), IO MPU3BOAATH 10 3MIiHH Y MPOCTOPI
Ta Yy Yaci TEIUIOBOrO CTaHy HOCYAy Ta 3a3HaueHHX
KOHCTPYKTUBHUX CJICMEHTIB IUIUTH.

3) 3anekHicTh €IeKTPOGI3UYHUX Ta TEIIO(I3HIHUX
BJIACTUBOCTEH MaTepialiB BiJl TEMIIEPaTypH.

4) 3aneXHiCTP MAarHiTHHX BJIACTHBOCTEH (epo-
MarHITHUX MaTepiamiB Bif HampyXeHOCTI MAarHiTHOTO
OIS

Ha mactymHOMy etami IOCTiIKEHb IOWITBHO Oyze
PO3MIISTHYTH 3MiHY HampyXeHO-Ie(OpPMIiBHOTO CTaHy
MOCyQy Ta KOHCTPYKTHBHHX €JIEMEHTIB IUIMTH IIif
BIUIMBOM TpAaIi€HTIB TEMIIEpaTypu, a TaKOXK CHII
eNeKTPOMArHiTHOTO moxomkeHHs [13, 14].

Metoanka MYyJIbTH(IZHYHOT O 4YHCEeNbHOI0
aHagi3y mpoueciB B iHAyKuiiiHiil KyXoHHiil nmauTH Ta
nocyai, mo HarpiBaerbcsi. PoO3TsiHEMO IOCIHIIOBHO
METOJHKY KOMI' FOTEPHOTO MO/ICTIOBaHHS
MyIbTH(QI3MYHEX  (3B'S3aHUX) EJIEKTPOMATHITHHX Ta
TEIJIOBUX TMPOLECIB B IHAYKIIHHNX KyXOHHHX IUIMTax Ta
mocyZdi, 1o HarpiBaerbes. Ilpu  mboMy, PO3MOIiT
CJIEKTPOMATHITHOTO Ta TEIUIOBOTO TONS IHIYKINHHOT
KyXOHHOI IUTUTH BH3Hauaethes [2, 3] crocoBHO ii
IHIYKTOPHOT CHUCTEMH, IMIO CKJIAJAE€ThCS 3 HACTYIMHHX
CJICKTPOIIPOBITHIX Ta HEEJIEKTPONPOBIIHNX €JIEMEHTIB
(puc.  2): iHgyKTOp; TOCYH, LIO  HArpiBaeThCs;
MAarHiTONPOBIi; JieJIeKTPHK (TOBITPSI).

1) Po3paxyHOK pO3IOYHMHAETHCS 3
aHalli3y METOJOM CKIHYEHHX €JIEMEHTIB  PO3MOIiTy
€JIeKTPOMArHiTHOTO TOJS B  IHAYKTOPHIH  CcHCTEM,
300paxkenuit Ha puc. 2. Ilpu 1OMY pO3B’A3yETHCS
mudepeHItiiHe pIBHSAHHA Y YaCTKOBHX TOXIIHUX ¥

YHUCCIIBHOT'O

KOMIUIEKCHIF  ¢opmi 3  BIAMOBIIHUMH  TPaHUIHUMHU
yMoBami [2]:
]u)/A:i l% +i la_A +j0, (1)
OX\uox | oyl uady

ne A —BEKTOpHHUI MarHITHUH IMOTEHIA,

Y —IUTOMa eJIEKTPUYHA MPOBITHICTE MaTepiany;

|l —MarHiTHa IPOHHUKHICTh MaTepiaty,;

j —yIaBaHa OUHUIIS;

W=21f—KpyroBa 4acTora;

f—uacrora cTpyMmy B iHIYyKTOPI IHAYKINHHOT IUTATH;

Jo — MIIIBHICTE CTPYMY B iHAYKTOPI ITHTH.

BennunHa  MarHiTHOI NPOHHMKHOCTI — Marepiany
innykrtopa (ouB. puc. 2), SKHHA, K [paBHIIO,
BUTOTOBISIETRCSE 3 Mifi (iHOMI 3 IHIIMX HEMArHITHUX
MarepiajiB), JOPiBHIOE MAarHiTHi#l TPOHUKHOCTI BaKyyMy:
W = Uo. Benmnunna MarHiTHO{ NPOHUKHOCTI
(epoMarHiTHAX MaTepialiB, 3 SKUX BUTOTOBIIAIOTH TOCY
Ta MAarHIiTONPOBIZ, CYTTEBO HENIHIHHO 3aJle)KUTh BiJ
HarnpyxeHocti Maruitaoro monst H [2, 15, 16].Ockinsku
MOCY/, IO HArpiBa€TbCSA, a TAKOK MAarHiTOMPOBOIH, IO
3aCTOCOBYIOTHCS B IHIYKIIHHNX IUTMTAaX, BUTOTOBIISIOTHCS
3  MAar”iTOM sKUX MarepiaiiB, SBHUINEC MAarHiTHOTO

ricrepe3nucy IpH BUKOHaHHI PO3paxyHKIiB HE BPaXxOBYEMO.
Jns xoxkHOTO (hepoMarHiTHOTO Matepialxy y BHXiTHHX
MaHUX TOTpPiOHO 3amaTH HENiHIHHY OCHOBHY KPHBY
HamarHiuyBanHs B(H) abo Ge3mocepeHbo 3aiexkHICTH
MarHiTHOi NMPOHHMKHOCTI BiJl HAIPY>KEHOCTI MarHiTHOTO
nons  p(H). BukopucroByioThcs cydacHi edekTUBHI
iTepamiiiHi aaropuTMH pO3B’SI3aHHS HEJIHIWHUX 3a/1ad 3
ypaxyBaHHSM 3QJICKHOCTI MArHiTHOI MPOHUKHOCTI BiJ
HampyxeHocTi MarHiTHoro mons W(H), HaBemeni Ta
JnetanbHO mpoaHamizoBaHi B [15, 16]. [nst BUKOHAHHS
MOTIEPEeHIX  «OIIHOYHHX»  PO3PaxXyHKIB  MOXKIIHBO
O3B’ si3aHHs JIIHIHHOT 3a7a4i 3 MOCTIHHUM (OCepeHeHUM
3a KpUBOIO HAMarHiuyBaHHS) 3HAYCHHSIM MAarHiTHOI
MIPOHUKHOCTI L = [z= CONS{AIA KO)KHOTO MarHiTOM' SIKOTO
MaTepialmy.  3aJeXHICTh  MarHiTHOI  IPOHHUKHOCTI
MaTepialiB BiJf TEMIIEpaTypH HEe BPaxOBYeThCs. Benmnmanan
NUTOMOI  eNeKTPUYHOI NPOHUKHOCTI MaTepiajiB Ha
MOYaTKy IpOLECY pPO3PaxyHKIB  3aJaloThCsl  IpH
nouatkoBiii Temreparypi (sx mpasmino, 20°C).

pan ( ferromagnetic part)

pan (part from|Al)

wl-number of the coils

3mm

7

ferrit

Puc. 2 —Ipuknan po3paxyHKOBOI MOAEINI iHAYKTOPHOT CHCTEMH
wiutH (mporpamuuii kommeke EleFANT2D [17],IxctutyT
OCHOB Ta TEOPii eJIEKTPOTEXHIKM TEXHIYHOTO YHIBEPCUTETY

M. ['par, ABcTpis)

2) PesynpTaTé, OTPHMaHi CTOCOBHO PO3MOALTY
BEKTOPHOTO  MarHiTHOrO  NOTEHIialy, J03BOJSIOTH
po3paxyBaTH HPOCTOPOBHH PO3MOALT MOJIYJIS LIIBHOCTI
BUXPOBOT'O CTPYMY B HOCY/i, III0 HArpiBaeThcs, a TAKOX B
IHAYKTOpI Ta MarHitonposoi [2]:

Je = -joyA ®)

3 BHKOPUCTAHHSAM OOYHMCICHOTO PO3IOAITY MOIYIS
IIUTFHOCTI BUXPOBOTO CTPYMY PO3PaXOBYETHCA IIUTBHICTH
TEIUIOBUX BTPAT (MOTYXKHICTh BHYTPIIIHIX HKEPEI TETIa)
B MOCY/Ii, 1[0 HATPIiBAETHCS, TA B MATHITONPOBOI [2, 3]

e
— € N
.

Q (3)
y

OTPUMaHUI MIPOCTOPOBHUII PO3MOMALN AKOI B IOAAIBIIOMY
BUKOPUCTOBYETBCS B SIKOCTI BHUXiOHOI iH(oOpmamii mms
KOMIT FOTEPHOTO aHali3y TEIUIOBOIO CTaHy MOCYAy Ta
MarHiTornpoBOAY B Mpomeci poOoTH iHAYKIIHHOT TUINTH.

3) BukoHyeTbcsi ~ KOMIT FOTEPHE  MOJCIIOBAHHS
METOJIOM CKIHYEHHUX €JIEMEHTIB PO3NOAIIY Y MPOCTOpi Ta
y 4aci TEIUIOBOTO NOJIS HOCYAY, IO HarpiBa€ThCs, a TAKOK
IHIYKTOpa Ta MAarHITONPOBOMY IHAYKIIHHOT KyXOHHOI
mmtd. [lpr  1hOMY pO3B’SA3YETBCS  HECTallioHapHE
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PIBHSIHHSI TETUTOTIPOBIHOCTI Y YACTKOBHX MOXITHUX [3]

pcpa_T:i()\a_T]+i )\a_T +Q' (4)
ot ox\ o0x) ody\ oy
ne T — Temmeparypa, 10 3MIHIOETBCS y MPOCTOPi Ta y
yaci;

A\ — TeTIONpPOBIAHICTH MaTepiay;

P — IITBHICTH MaTepiaiy;

Cp— TETUIOEMHICTh MaTepiay;

Q — moTyXHiCTh BHYTpIIIHIX JUKepen Tera. Y
3arajbHOMY BUIIAJKY, BEIUYHHU A, P Ta Cp(TertodizuyHi
BJIACTHUBOCTI MaTepiasiB) 3aJexaTh BiJl TeMIepaTypu.

Pigassaast  (4) po3B'A3yETBCST 3 BiAMOBIIHAMH
TPaHNYHAMHA yMOBaMH [3], 10 OIMKCYIOTh B TIEPINY YEPTy
KOHBEKTHBHHI TEIII000MIiH €JICKTPOIPOBITHUX
MOBEPXOHb 3 HABKOJIMIIHIM CEPETOBUIIEM:

Ao -1, ©)
ge A — TemIONpOBIAHICTE Marepiaqy BiAMOBimHOT

€JIEKTPOIPOBITHOT MOBEPXHI;

N — 30BHIIIHA HOpPMalb JO TOBEPXHi, IO
PO3TILIAETCS,
0 — Koe]imieHT TemI000MiHY 3 30BHIIIHIM

CepeloBHIIEM, IO CYTTEBO 3alCKHUTh BiJl BHAY Ta
HIBUKOCTI 0X0JI0pKyBava [3];

T, — TeMmmepaTypa 30BHIIIHBOTO CEpEIOBHINA
(oxomomxyBaua). Bemwuunu O Ta T, 3a0al0ThCS Y
BUXIJIHUX JAHUX OKPEMO JUIsi KOXKHOI 3 TpaHUIlb, IO
OepyThCsl 10 yBar B MPOIeCci BHKOHAHHS PO3PAaXyHKIB.

Jlis  uMcenbHOro  po3B's3aHHA  piBHAHHA  (4)
moTpiOHO 3amaTH Yy  BHUXIAHMX JAHUX  HACTYIHI
Terodi3naHi BJIACTHUBOCTI MaTepiaiis nocyny,
MarHiTOnmpoBOAy Ta iHAyKTOpa (mmB. puc. 2) Ta ix
3aIEKHOCTI BiJ Temmeparypu: A — TEIUIOMPOBIIHICTH
Marepiany; P — LIJIbHICT MaTepiany; C, — TENJI0EMHICTh
Mmarepiaiy. [Ipu po3B’si3auHi piBHsHHS (4) B AKOCTI TIpaBoi
YACTUHM 3aJA€ThCS PO3MONIA Yy TPOCTOpi Ta y 4daci
LIUTBHOCTI  TEIUIOBUX BTpaT (MOTYXKHOCTI BHYTPILIHIX
Jokepen teria) Q(XY,t) y eneKTponpoBiIHUX elleMEHTax
koHCTpyKii  (3), oOTpuMaHmii 3a  pe3yibTaTamMu
PO3paxyHKy pO3MOAiTYy €JIeKTPOMArHITHOTO TMOJs Ta
LIIJIBHOCTI BUXPOBUX CTpYMIB. Kowmr'torepHe
MOJICIOBAHHS TEIUIOBOTO CTaHy BHKOHYEThCS [3] y

paMKax €IWHOiI OOYHCIIOBANGHOI MPOIEAYypH JIMIIE
CTOCOBHO OKpEMO KOXXHOTO 3  EJEeKTPOIPOBITHIX
KOHCTPYKTUBHUX €JIEMEHTiB, a caMe I[ocyly Ta

MarHiTOIIPOBOMY, BUKJIIOYAIOYH 3 PO3MIISAY CYTTEBI 3a
00’ eMOM JTieIeKTpUIHI 1M1 10071acTi.

4) Tlicnst  YHCENBHOTO  PO3B'S3aHHSA  PIBHSHHSA
teronposigaocti  (4), TOOTO  miCHA  OTPUMAHHS
IIPOCTOPOBOTO po3moainy TEIJIOBOTO noJts
SNEKTPOMPOBIJHUX ~EJIEeMEHTIB KOHCTpYyKUii (mocyay,
IHIYKTOpa Ta MACHITOMPOBOMY), PO3PaxOBYHOThCS HOBI
3HAQUYEHHA 1X IUTOMOI  EJISKTPUYHOI  MPOHUKHOCTI
MaTepialliB 3 BUKOPUCTAHHSM BiIIMOBITHUX 3aJCKHOCTEH
Bix Temmeparypu [2], mo moBuHHI OyTH 3amaHi y
BUXIJTHUX JaHUX.

5) 3 BUKOPUCTaHHSAM OTPHMAHHUX «HOBHX>» BEIHMYHH
MTUTOMOT ENeKTPUIHOI  TIPOHUKHOCTI MarepiaiB
BHKOHY€ETHCS MOBTOPHE PO3B’s3anHs piBHsHHS (1), ToOTO

PO3paxyHOK pO3IMOAITY €JNeKTPOMAarHiTHOTO TOJs, IO

BiJINIOBiJa€ OTPIMAHOMY TEIUIOBOMY TIOJIF0 KOHCTPYKILil.
6) «l{ukmiuHuii» po3paxyHOK3a myHKTamu 1) — 5)

MTOBTOPIOETHCST 10 IOCSTHEHHS 301KHOCTI iTepamiifHOTO

Ipolecy.
3B's3aHI  JABOBUMIpPHI  33ja4i  KOMII IOTEpPHOTO
MOJICTIIOBAaHHSL ~ PO3MOJUIY  €JEKTPOMArHiTHOrO  Ta

TEIJIOBOTO MOJISL MOCYAY Ta KOHCTPYKIIMHUX €JIEMEHTIB
MOOYTOBUX I1HAYKUIHHMX IUIMT JOLUJIBHO PO3B’s3yBaTH
J00pe pO3BHHYTHM METOJIOM CKiHUEHHX elieMeHTiB [2, 3].
CrpykTypa BUXIITHUX IaHUX Ta pe3yJbTaTiB OOUYMCIICHB
neranpHo omumcana B [2, 3]. Ilpm  BuKOHaHHI
KOMI FOTEPHOTO MOJETIOBaHHA TOTPIOHO OpraHi3yBaTH
AaBTOMATHYHY Tepefady pO3MOIiTy IIITBHOCTI TEIUIOBHX
BTpar (3) 3 MpOTrpaMHOTO 3abe3MeueHHs, MPU3HAYECHOTO
UL PO3paxyHKY eJeKTPOMAarHiTHUX IIPOILECiB, 10
IpoLeayp CKIHYEHOEIEMEHTHOTO aHalli3y  PpO3MOJiTY
TemrepaTypHoro noist. [Ipyu npoMy, BEIMYMHH MIUTBHOCTI
TEIUIOBUX BTPAT (MOTY)KHOCTI BHYTPIIIHIX JKepen Teria)
3a7al0ThCsl Y BY3JaX CKIHYEHOENIEMEHTHOI CITKH, sKa
MOBHHHA OYTH y3ro/pKeHa it 000X 3a1a4 (MOAETOBaHHS
CNICKTPOMATHITHUX ~ Ta  TEIUIOBMX  MPOIECIiB), IO
PO3B’A3yIOThCS  cHiTbHO. HeoOXimHO TakoX 3aiicCHUTH
ABTOMAaTUYHY  <GBOPOTHY»  Ilepefady  OTPUMAaHOro
PO3MOALTY TeMIepaTypH IO MPOrPaMHOTO 3a0e3neueHHs,
MPU3HAYCHOTO U1 CKIHYEHOGIEMEHTHOTO  aHallizy
pPO3MOAITYy  €JIeKTPOMAarHiTHOTO  IONs, 3  METOIo
pO3B’s3aHHS  3B'sA3aHMX  3aad 3 ypaxyBaHHIM
3aJIe)KHOCTEH eNeKTPO(I3NYHUX BIACTUBOCTEN MaTepiaiB
BiJl TEMIIEpaTypH.

BucnoBkn. Y po0OTi 3ampornoHOBaHO METOAUKY
MYNbTHQI3UYHOTO  YHMCENBHOTO  aHajli3y  pO3HOALLY
3B’S3aHUX EJISKTPOMArHiTHOrO Ta TEIUIOBOIO  IIOJIB
IHIYKIiHOT KyXOHHOI IUTHTH Ta MOCY.y, 10 HarpiBaeThCs,
Y IBOBHMIpHIii OCTaHOBIII METOAOM CKiHUCHHX EIIEMEHTIB.
BpaxoByroTscst 3aJIeKHOCTI Bif TeMITepaTypu
enekTpopi3MIHNX 1 TEIIO(I3NYHUX  BIIACTUBOCTEH
MaTepiaigiB KOHCTPYKIIH, IO PpO3MIISAAIOTHCSA, a TaKOXK
Mar”iTHi ~ BIIACTUBOCTI ~ MAarHIiTOM SIKMX  MaTepiaiB.
Otpumani pe3ynbTaTtu PO3paxyHKIB OynyTh
MpOaHaTi30BaHi B HACTYITHUX pOOOTaXx.
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