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HECTAHLUMWOHAPHOE TEPMOYMNPYIOE AE®OPMUPOBAHUE
ANEKTPOMNPOBOASALLEIO TENA,
BbI3BAHHOE AENCTBMEM MAFHUTHOIO nons

PaccmatpuBaeTcsi BO3feMCTBME MarHUTHOrO MOSIA Ha CBsi3aHHble Tepmoynpyrue
BONHOBbLIe npouecchl. Lienb pa6oTsi cocTouT B co3aaHum yao6HOW AnA MCNonb3oBaHUs
B UHXEHEpPHOW NpaKTUKe MaTemaTU4yecKoW MOAENM MarHUTOTePMOYMNpPYroro ABUXEHUsI
cpeAbl U OLIEHKE OTHOCUTENBLHOrO BAUAHUA OOBLEMHBLIX CWM, BbI3BaHHbLIX AeACTBUEM
3MIeKTPOMarHUTHOrO MOASAA WM TepMOYNpYrux  COCTaBMSIOWMX Ha  npouecc
AeopMUPOBaHNA  3neKTponpoBoaswero HedeppomarHuTHoro Tena. CkopocTb
pacnpocTpaHeHusi Tenna koHeyHa. BBedeHbl AonyuieHusi, ynpoluarowye MosiHOCTbIo
CBSAI3aHHYI0 CUCTEMY MarHMTOTEPMOYMPYrux YypaBHEHUA U MoO3BonAOWME ANA
MONy4YeHNsi  KOHKPETHbIX  pPe3ynbTaToB  MNPUMEHUTb  YUCMIEHHOEe  pelueHue
C UCrnonb30BaHMEM MeToAa XapaKTepPUCTUK.

Knroyeenbie croea: MasHUMHOE r10fle, MEPMOYIPY20CMb, HaMpPsKeHUs, Memod
Xapakmepucmuk.

BBegeHue. Bo MHOrMx npuknagHbIx 3agadvax, rge BrvMsiHAE MarHUTHOro
Mons CyLLeCTBEHHO CKa3biBaeTCA Ha AedopMaLuun pasnmnyHbiX KOHCTPYKLNNA,
BO3HMKAET HEOOXOAMMOCTb OLEHKM OTHOCMTEMBHOIO BMMSHWUA OOBEMHbIX
CUI, BbI3BaHHbIX BUXPEBbLIMW TOKaMK, Ha npoLecc obpa3oBaHusi TepmMoynpy-
rMX HanpsbkeHuWn. Takue npobnembl BO3HUKAIOT NPY MPOEKTUpPOBaHWU pa-
OVOSMNEKTPOHHON annapaTypbl, pelleHun 3agavy  MarHUToa’apoynpyrocTty,
WHOYKUMOHHOM HarpeBe Tesl, MarHUTHOWM LUTaMMoBKe, paspyLUeHUn Ten nopg
OeCTBUEM UMMYIbCHBIX 3NIEKTPOMArHUTHbLIX Nonen n ap.

[aHHas paboTa HaueneHa Ha pa3paboTky MaTeMaTuyeckorn Moaenu, no-
3BONSOLLEN UcCnefoBaTb TEPMOYNPYIUE HaMpshKEHUS B TOKOMPOBOASILLEM
Tene, B03byxxaaeMble HECTAUMOHAPHbLIM MarHUTHBIM nonem. 3agaya marHu-
TOTEPMOYNPYroctTu cchopMynmMpoBaHa AN OAHOMEPHOrO MOMyNPOCTPaHCT-
Ba. CuuTaetcsa, 4to matepuan obnagaeT KOHEYHOW NPOBOAMMOCTbIO 6e3
MarHMTHOM WNK anekTpuyeckon nonsipmsauun. CKopocTb pacnpocTpaHeHust
Tenna KoHe4Ha.

MocTaHoBKa 3apgaun. PaccmatpuBaeTCcs NMHENHO-TEPMOYNPYroe 3nek-
TponpoBogasilee npocTpaHcTBo (X >0), B koTopoM B Nto6oi MOMEHT BpeMe-
HW OTCYTCTBYET 3MEKTpuUYeckas UM MarHuTHasi nonsipusaums. B obrnactu
X <0 co3gaeTcs HecTaUMOHapHOe MarHUTHoe nore, napannensHoe NNocko-
ctm x=0. Cumtaem, 4to none ussectHo npn X=0, t>0. Takum obpasom,
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BCE HEU3BECTHble BEJINYUHbI 6y1:|,yT 3aBuUCeTb TOMbKO OT X W t wu,
COOTBETCTBEHHO, BO3HUKHYT JULLUb HaMpPsKeHUA Oy EGX(X,t), nepemMetle-

HUS Uy, =u(X,t) 1 Temnepatypa T =T (x,t). CocTaBnsioLiNe MarHUTHOro U

anekTpudeckoro nonevi npu x>0 MMewT Npoekuum Ha ocnm X, Yy, Z:
B =(0,0,B(xt)) u E =(0,E(xt),0).

McxogHonm cuctemon  ypaBHeHun [3, 9-11] aBnsoTCA  ypaBHEHWs
Makcsenna n 0606LeHHbIn 3akoH Oma Ans onpeaeneHnst anekTpoMarHmT-
Horo nong, 3akoH [Jioamens — HenmvaHa gnst ynpyroro nonsi n o6o6uweHHoe
ypaBHeHue TennonpoBogHocTu ®dypbe ANS onpeaerneHns TemnepaTypHOro
nons. 3Tu ypaBHeHMS 0Bpa3yloT 3aMKHYTYIO CUCTEMY W ABMSAOTCA OCHOB-
HbIMW YPaBHEHUSMU MAarHUTOTEPMOYMNPYroCTHU.

0630p nutepaTypbl. B coBpemeHHbIx nybnuvkaumsax, Hanpumep [6, 9, 10],
OTMeYaeTCs, YTO MPY peLUeHU MHOTUX NPUKNaaHbIX 3adadv, B YaCcTHOCTM, Npu
CO3[aH1UN NMMNYIbCHBLIX CONEHOMAAnbHbIX KaTyLUEK, PasnnyHbIX TUMOB MarHu-
TOKYMYNSTUBHBLIX r€HEPaTOPOB, MPU YNpPaBreHUn OBWXEHUEM nna3mbl U ap.,
HeobxoQuMO yuuTbiBaTb BIMSHWE HECTaLUMOHAPHOro MarHUTHOrO Nomns Ha yn-
pyryto gecpopmaumio, 06ycnoeneHHyto HarpeBom Tena. Takum obpasom, Kpome
ynpyroro W 3MneKTPOMarHUTHOro nonen, Heobxooumo paccmaTtpuBaTb elle
1 BO3HMKaloLlee TemrnepaTypHoe nore. 3TV nonsd B3anuMOLENCTBYOT Mexay
cobow n BnuAT Ha obyto gecdbopmaumio Tena. MarHutotepmoynpyrme 3aga-
un paccmatpmeanucb [5, 9—11] nNpu pasnnMyHbIX OOMNYLLEHUSX O CBSA3HOCTU
yNpyroro, 3MeKTPOMarHUTHOrO M TEeMrepaTypHOro Monen, yaiie Bcero Aans
nony6ecKoHeYHbIX TeN 1 Ten co cheprnyeckon Nnum LUNMHaApUYECKon CUMMeT-
pvien. PelleHns nony4veHbl, B OCHOBHOM, C MOMOLLbIO MHTerpanbHbIX npeobpa-
30BaHuN. 3BeCTHbI [2, 6, 7] HECKONBKO NPUOAMKEHHBIX PELLEHNI MHXKEHEPHbIX
3ajau4, KacaroLLMxcsa TEPMOYNPYrMX PELLEHNIA B MITACTUHKAX U CTEPXKHSX.

AHanu3 nybnukauum no HecTauMoHapHOW MarHUTOTEPMOYMNpPYrocTn Mo-
KasblBaeT, YTO Npu MOOENMPOBaHUM Mpouecca «MarHUTHOW aedopMauumn»
06bI4HO NpeHebperaloT TepMOynpyruMmn HanpsXkeHnsMu, a B 3agadax o ge-
dopmaumsx Nnpu gencTenM nasepa paccMaTpuBaloT NULb 3PdEKTbl TEPMO-
ynpyrocti u abnauum [9, 11].

Mmetowmecs B nutepaType aHanuTUYecKme pelleHns AMHaMU4ecknx Tep-
MOYMPYrMX 3adady 4YacTo HAaCTOSIbKO NPOMO3LKM, YTO 63 YMCIEHHbIX pacyeToB
He NpeaCcTaBNseTCsl BO3MOXHbIM MPOBECTU OLIEHKY HAMPsPKEHHOTO COCTOSIHUS
KOHCTpykuun. O630p nybnukauui no o6o3HavYeHHoON npobreme nokasbiBaerT,
YTO CBSA3aHHbIE C HEW BOMPOChl pa3paboTaHbl eLle HeJoCTaToO4HO, B YaCTHO-
CTW, OTCYTCTBYeT yAoOHas Ans MCMOMb30BaHWSA B WHXEHEPHOW MpakTukKe
MOZenb U METOAMKA pacyeTa NpUKagHbIX MarHUTOTEPMOYNPYIMX 3agay.

MatemaTunyeckas mogenb. OCHOBHble ypaBHEHWs ANS MNOCTaBNEHHOMN
3ajauu, a Takke COOTBETCTBYHLUME Onpeaensiowne COOTHOLLIEHUS UMelT
BuAa [3, 5, 11]:
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3pecb X, t — oceBas koopauHaTa M BPeMS COOTBETCTBEHHO; U — OCeBOe
nepemelleHne; o, — HanpsxeHue; Ty — HavanbHas Temnepatypa;, T — npu-
paLleHvie TeMnepaTypbl; C, — yAelbHas TennoeMKoCTb Npu NOCTOSHHOW Je-
dopmaunn; x — TEMnONpPOBOAHOCTb; « — TeMrepaTypHbIi KoapduLnMeHT
NTMHENHOrO PacCLUMPEHNs; Ly — MarHUTHasi MPOHMLAEMOCTb; o — YAenbHas
aneKkTpuyeckas NpoBOANUMOCTb; J — NNOTHOCTb 3MEKTPUYECKoro Toka; A, i —
yrnpyrue noctosiHHble Jlsime; p — nnotHocTb; f — cocTaBnstowas 06beMHOw
cunbl; g — obbemMHas NNOTHOCTL TEMNSIOBOro NOTOKA.

MpoBegem HekoTopble npeobpasoBaHMa M ynpoweHus cuctembl (1).
OB606LLEHHOE YpaBHEHUE TeNonpoBoAHOCTU Dypbe MOMYyYEHO NpU HESBHOM
NpeanonoXeHn1, YTO CKOPOCTb PacrnpoCTpaHeHUst Tenna sBnsieTcst 6eckoHeuY-
Ho 6onbLuoi. Mpn nccnegoBaHUsIX BbICOKOCKOPOCTHBIX HECTaLMOHAPHBLIX Npo-
LieccoB, Hanpumep, Npy TennoBbIX yaapax HeobXo0AUMO y4nTbIBaTb, YTO TEMMO
pacnpoCTpaHSAETCst XOTb U C 04eHb BOMbLLON, HO KOHEYHON ckopocTbio V' [1]:

V = (x/(c,p0))"2

rae 7o — BpemsA periakcauun TenyioBoro noToka (I'IOCTOFIHHaﬂ BpeMeHI/l).
MNoacTaensa 3Ha4YeHne NAOTHOCTM TEMJTOBOrO NOTOKa

oT 00y
= —K— - T —_
x x 0o

B ypaBHeHue GanaHca Tenna ans ogHoOMepHoW 3aaaum

or 00y
C,p—=—X4W, 2
vPat ot @
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nonyuum runepbonuyeckoe ypaBHeHMe nepeHoca Tenna. Ecnu ygenbHas
MOLLHOCTb uctovHukoB Tenna W =0, To ypaBHeHMe (2) 3anuwieTcs Tak:

vP ot 0 8‘:2 aXZ :

CpaBHMBaﬂ C Knaccun4yeCkmMm 3aKOHOM TennonpoBOAHOCTU d)ypbe, BNaunm,
4YTO npu KOHEYHOM CKOpPOCTW pacnpocCTpaHeHnda Tensa B ypaBHEHUU Tenio-

ot 0T
NPOBOAHOCTU crieyeT 3aMeHUTb r Ha cyMMmy E+ 00— -

B pesynbTaTe cuctema ypasHeHun (1), cesasbiBaowas oy, T, , Npu-
HUMaeT BUg

oy 1 d%oy AR T 1 o%B?.

®)

p ._+_._1
o 2 1-v a2 2uy ox*
T 1 07T 1

2
___.———(1+6)'£+a—1b'1+v~ao-x+ ! (@j (4)
2 v2 a2 a ot x 1l-v ot Kuyog\ ox

o°B o ou oB
- —_ ~|B=|= _—. 5
o2 #oanX( axj Ho%0 = )

3aecb c? =(/1+2y)/p — KBagpaT CKOPOCTW YMpyroi BOMHbI; a=k/C, —
KO3(hPULMEHT TEMMNEPATYPONPOBOAHOCTH;
CaPTo(3a+2u)”  (1+v)a®ETy

VZ=a/(pry); €= o, (A+2u)  (1-v)(1-2v)c,

— k03(bPUUMEHT cBA3HOCTK; v — koadduumeHT lNyaccoHa; E — moaynb
YNpyrocTtut; ry — BPems penakcauum TennoBoro noToka.

[nsa ynpoLueHns cuctembl CBA3aHHbIX ypaBHeHui (3)—(5) onyctum Henu-
HeMHbIV YneH B ypaBHeHun Makcsenna ans MarHuTHoW nHaykumm (5). Takoe
ynpoLleHve cnpasennueo, ecnu B He 3aBucuT oT gedopmaumn U Temne-
paTypbl. Takum 06pa3oM, MarHUTHas UHAYKUMS yOOBNETBOPSET YpaBHEHUIO

Ancbdpy3nm

o°B oB
—_— —_— 6
2~ 00k — (6)

PeweHune ypaBHeHus (6) n3BectHO [2], n onsa cnyyas cTyneH4aToro 3a-
AaHud Ha rpaHuue

By, t20;
B(O’t)z{o t<0
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MarHuTHas UHAYKUUA B NONYNPOCTPaHCTBE X = 0 onpegenaeTca BblpaXeHnem

B(x,t) = Bgerfc(mx), (7)

1/2
rae m=3(400/t)
Ons dyHkumm owmbok, BxogsLen B (7), u3BecTHbl [2] cnegytowime cooT-
HOLLUEHUSA:

erf (z -2 dz, erf (o) =1, erf (-z) = —erf (z),

H
8
a7 dz, — erf( )= 2 7

N7

erfc(z) =1—erf(

ﬂ

Wcnonbaysa (7), (8), Hangem OB/ox u 6282/8x2 , BXogsLwme B ypaBHe-
Hug (3), (4). Tak,
oB _ 2Bym e_m2x2

& Jr

Takum 06pa3oM, MarHuTHas UHAYKUMS B J@aHHOW MoAenu npespaliaeTcs
B MCTOYHWK BO3MYLLEHUI B CBA3AHHbIX YPABHEHWUSIX TEPMOYNPYroCTy.
Beoasi B ypaBHeva (3), (4) 6e3pasmepHble BENNYMHDI:

1-2
£== 1= ¢, L@=aT; o= T)Ox o B
a a E 3A+2u Bo
B 1-2v aB} ) , V2
=— = , k=auyoy; ¢f =1; ¢5 =—,
> = 9= , Moo 5 2= 2

nonyyaem s paccmMaTpyBaeMON 3aaaum CrieaytoLLyo CUCTEMY YpaBHEHUIA:

o 1 aza_az®+ 2B

_t . 0o_ : 9
o2 ¢? o or? T g2 ©

2 2
0 ?_%.a © (1+g)@+ga—a+¢(%j (10)
0E° ¢ or? or or o0&
C Ha4arnbHbIMWU YCIOBUAMMU
=99 _0-L _0npuc=0¢>0 1)
61 or

N rpa@aHN4YHbIMU YyCIioBUAMU
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© o gt 20 ss0 (12)
o P70, r<0, T

B obwem crnydyae TemnepaTypHoe Mnosie [O/MKHO yOOBMEeTBOPSTb YCIo-
BMAM KOHBekuun. OgHako, B OaHHOM paboTe KOHBEKLUS Ha MOBEPXHOCTU
£ =0 npuHaTa paBHON Hynto. MarHUTHas MHAYKUMS,, BXOASILLAs B ypaBHe-

Hug (9), (10), onpegensieTca ¢ MOMOLLbIO BbIPaXXEHUN

—erfel & (K] B __ |k o _K.E
p=erfe 2 \l[ " ox \/;ex'o( 4 r]'

MeToa pelweHUss. AHanMTUYECKNe peLIeHns AMHaMUYecKMX 3agdad Tep-
MOYNPYroCcTW HaCcTOMbKO rpoMo3aku [2, 7, 9], uTo 6e3 YMCNEeHHbIX pacyeToB
MPOBECTM OLIEHKY HamnpsXKeHHOro COCTOSIHUA uccnegyemoro obbekra craHo-
BMTCS1 HEBO3MOXHO. B gaHHoI paboTe ons pelleHus cuctemsl runepbonu-
Yeckux ypaBHeHur BTOoporo nopsigka (9), (10) mpumeHsieTca npsMoe unc-
NeHHoe peLleHne C UCNOMb30BaHMEM METO[a XapakTepucTuk. B 3amMkHyTOM
BMAE MOry4yeHbl ypaBHEHUS] XapaKTEPUCTUK N XapakTepnucTuyeckme COOTHO-
weHus. CemenictBa xapaktepuctnk cuctembl (9), (10) n cooTHoweHus
Ha HVX OMpeaensaTCs CneayoWuMN paBeHCTBaMK:

de

— BOOIb d_ = +1 BbINOMHSATCA COOTHOLLIEHUS

T
2 2
id(a_“jiya s dg—d(a—“jzo;
o0& 0£2 or

de

— BOOIb d_ = iCZ BbINOJTHAKOTCA COOTHOLLUEHUNA
T

2
00 00 o® 0 0
d[aj:FCzd(EJiCZ (1+5)E+Sa—j+¢£a—§j dg :0.

C nogpobHOCTAMY YUCIIEHHOTO MHTErPUPOBAHUSA BOONb CETKU XapakTepu-
CTMK MOXHO O3HakoMmTbCA B paboTax [4, 8].

PesynbTaTbl pacueTtoB. [Ins anpobauun matematuyeckoi moaenu
W BbIYUCTNIUTENBHOW CXeMbl MPOBELEHbl pacyeTbl MOCTaBMEHHON 3agjauu
ONns Tena ¢ MexaHU4YeCKUMM 1 TENNO(U3NYECKMMM CBONCTBAMU, COOTBETCT-

BYIOLLMMU  aNOMUHWUIO; 0:6,32-103 me,  1g —107 1t ¢, 5:3,56~10_2,
k=4,13-10", n=2a(32+2u)/(coux) =800

PacyeTbl nokasanu, YTO BUXPEBble TOKW B antOMUHUM BbI3bIBAKOT CXKU-
MalolMe HanpsbkeHus, a TepMmoynpyrie HanpskeHus pacnpocTpaHsoTcs
B BMAE BOMH PacTshKeHUs-cxaTusl. Tepmoynpyre BOSHbI BbI3blBalOT CKaYyoK
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HaMpPsHKEHWIA, CBA3AHHLIN CO CKauYKOM TemnepaTtypbl Ha rpaHule. PelueHus
AN NonynpocTpaHCcTBa No CBA3aHHOW U HECBA3aHHOW TEOPUSIM B HaYarbHble
MOMEHTbI BPEMEHN Marno oTnuyaloTcsa Apyr ot Apyra. Jlub ¢ TedeHnem Bpe-
MeHM BMnsiHME TePMUYECKOTO B3aMMOOENCTBIUA CTaHOBUTCA 3aMETHbLIM.
HecTaunoHapHoe MarHMTHoe rnose npuv NPOHUKaHWK B TeNOo Bbi3bIBAET ABe

BOmHbl. OgHa u3 Hux, 06ycnoBneHHas BennunHon J x B, Bbi3biBaeT 06bem-
Hble Cunbl B pesynbTaTte AaBlieHns BUXPEBOro Toka. [pyrasi, BO3HMKawowasi ot

[PKOYneBoro Harpesa, nponopunoHaribHOro J - J , cosgaet TepMoynpyryw

BornHy. CrneflyeT OTMETWTb, YTO MOBbILLEHUE TEMMNEepaTypbl Ha NMOBEPXHOCTU
TBEPOOro Terna MOXeT BbI3BaTb HanpshxkeHust Gonblune, YeM MarHUTHoe aaB-
neHve, OHAKO TakMe HanpsxeHus BbICTPO 3aTyxaloT MpWU pacnpoCcTpaHeHUU
BrnyOb OT MNOBEPXHOCTU. A BOMHA, Bbl3BaHHas AaBNEHUEM BUXPEBbIX TOKOB,
pacnpocTpaHseTca B TBEPAOM Terne novtn 6e3 3atyxaHus.

BbiBoabl. [peanoxeHHas matematuyeckas Mogenb 1 MeTOAMKa pacye-
Ta TepmMoynpyroro AeopMUPOBaHUS KOHCTPYKLIMIA, BbI3BAHHOTO AENCTBUEM
HecTaLMOHApHOro MarHUTHOrO MNOMs, MO3BOMNSIIOT, HE MEHSAS BbIMUCIUTENb-
HOW CXeMbl A51S BHYTPEHHMX Y3rI0B CETKU, NOMYyYnTb KOHKPETHbIE pe3ynbTa-
Thbl AN Pa3NUYHbIX HAaYarnbHbIX U TPaHUYHbIX YCIOBUI, T. €. MPOBOAUTL YUC-
NEeHHbIe 3KCNEPUMEHTBI.

PesynbTaTbl YACMEHHbIX pac4yeToB Afsl YacTHbIX CIyvyaeB COrnacyloTcs
C AaHHbIMW, NONYYeHHbIMK ApyrMMyn MmeTtogamu [5, 8, 11].
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0. B. MacmuHoscbKuli, KaHO. MexH. HayK

HECTALIOHAPHE TEPMOMNPYXXHE OE®POPMYBAHHA
ENEKTPOMPOBIOHOIO TINA,
CNPUYMHEHE OI€0 MATHITHOIO nons
PosrnapaeTtbcsa BNAMB MarHiTHOro Mons Ha NOB’si3aHi TEPMOMPYXHiI XBUINbOBI
npouecu. MeToro AaHoi po6OTU € CTBOPEHHS 3PY4YHOI AN BUKOPUCTaAHHS B iHXEHEpPHIn
NpakTUMUi MateMaTU4HOI Moperni MarHeTOTEepPMOMNPYXHOro pyxy cepefoBulia i ouiHKa
BiAHOCHOro BMNNMBY OG’€EMHUX CWUN, CNPUYMHEHUX M€ eNeKTPOMarHiTHoro nons
i TepMONpPY)XHMX  CKNMagoBMX Ha  npouec  pgedopmadii  enekTponposigHOro
HecpepomardiTHoro Tina. LWBuAakicTb po3noBClOAKEHHA Tenna ckKiHYeHHa. BBepeHi
NPUNYLIEHHS, WO CMpPOLIYIOTbL NOBHICTIO NMOB’A3aHYy CUCTEMY MarHeTo TEPMOMNPYXHUX
PiBHAHb | AO3BONATL ANA OTPUMAHHA KOHKPETHMX pe3ynbTaTiB 3acToCOByBaTHU
YMCNOBI PO3B'A3aHHA 3 BUKOPUCTAHHAM MeTOAY XapaKTepPUCTUK.

Knroyoei crioea: MazHimHe riosie, mepMOrpyKHICMb, HarpyXeHHs1, Memoo Xapakmepucmuk.

Y. V. Mastinovsky, PhD (Tech.)

NONSTATIONARY THERMO-ELASTIC DEFORMATION
OF CONDUCTIVE BODY CAUSED BY MAGNETIC FIELD EFFECT
The effect of magnetic field on the coupled thermo-elastic wave processes
is considered. The goal of the paper is to create a mathematical model of magneto-
thermo-elastic medium motion useful for engineering purposes and estimation of relative
impact of volume forces caused by the action of electromagnetic field and thermo-elastic
components on conductive ferromagnetic body deformation. Velocity of heat
propagation is finite. The assumptions simplifying completely coupled system
of magneto-thermal-elastic equations and allowing use of numerical solution by means
of method of characteristics for getting concrete results have been introduced.

Keywords: magnetic field, thermo-elasticity, stresses, method of characteristics.

Introduction. In many applications where the influence of the magnetic
field significantly affects the deformation of different structures, there is
a need to assess the relative influence of volume forces induced by eddy
currents on the process of thermo-elastic stresses. Such problems arise in
the design of electronics, solving magneto-aero-elasticity problems, induc-
tion heating of bodies, magnetic punching, destruction of bodies under the
influence of pulsed electromagnetic fields and others.

This work aims to develop a mathematical model to investigate the thermo-
elastic stresses in the conductive body, excited by non-stationary magnetic
field. Magneto-thermo-elasticity problem is formulated for one-dimensional
half-space. It is believed that the material has a finite conductivity without
magnetic or electrical polarization. The speed of heat propagation is finite.

Formulation of the problem. The initial system of equations [9-11] are
the Maxwell equations and the generalized Ohm's law for determination of
the electromagnetic field, the law Duhamel-Neuman for the elastic field and
the generalized Fourier heat conduction equation for the determination of the
temperature field. These equations form a closed system and are basic equ-
ations of magneto-thermo-elasticity.
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The published analytical solutions of dynamic thermo-elastic problems
are often so cumbersome and lengthy that without numerical calculations the
structural assessment of the stress state of the structure is hardly possible.

Mathematical model. After the conversion and the simplification of the
basic equations for the problem under consideration, namely, bringing the
level of thermal conductivity to the hyperbolic form and neglecting nonlinear
term in Maxwell equations for magnetic induction, we obtain the following
system of equations in the dimensionless form:
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Dimensionless quantities are defined by the equations:
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Magnetic induction entering into the equations (1), (2) is determined by
the expressions
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Procedure of the solution. To solve the second order hyperbolic equa-
tions (1), (2) direct numerical solution using the method of characteristics is
applied. In the closed form the equations of characteristics and characteristic
relations are obtained. Set of characteristics of the system (1), (2) and their
correlation are defined by the following equations:
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Calculation results and discussion. To test the mathematical model and
computational scheme calculations of the problem for the bodies with mechan-
ical and thermal physical properties applicable to aluminum are carried out.

Calculations showed that the eddy currents in the aluminum cause com-
pressive stresses and thermo-elastic stresses are distributed in the form of
stress-strain waves. Thermo-elastic waves were caused by the stresses
jump associated with the temperature jump on the boundary. Solutions for
the half-space according to the coupled and decoupled theories at the initial
instants of time differ little from each other. Only in the course of time the
effect of the thermal interaction becomes noticeable.

Stresses damp rapidly when propagated deep from the surface. But the
wave caused by the pressure of the eddy currents is distributed in a solid
body almost without attenuation.

Conclusions. The proposed mathematical model and method of calcu-
lating the thermal elastic deformation of structures caused by the influence of
non-stationary magnetic field allow to get concrete results for different initial
and boundary conditions, i.e. to conduct numerical experiments, without
changing the computing model for internal nodes of the grid.

The numerical results for the particular cases are consistent with those
obtained by other methods [5, 8, 11].

along
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