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AHHOTaUmA
BBepeHue. [Insa KOHTPOANPYEMOro ynpaBieHWs TeMa0BbIMWU NpoLeccaMu YCTPOCTB CUAO0BOM 31eKTPOHUKN
Ba)XKHO 3aAadeli ABnseTca NosbllleHre 3GPEeKTUBHOCTM OTBOAA Ter/ia OT aKTVUBHbIX KOMMOHEHTOB.
Llenb pa6oThl. MNpejcTaBneHe HOBOro NoAxoAa K pasMeLLeHnto IMHENHOro NCTOYHMKA Ternla KOHTaKTHOro
T!MNa Ha MOBEPXHOCTM TOHKMX 06Pa3sLIOB C LieNbio NCCNeA0BaHNA 0CObeHHOCTel pacnpocTpaHeHs TenaoBbIX
MOTOKOB B OKCUAHBIX MOA/0XKAX M3 MaTepUanos C pasN4yHON TeNNoNpPOBOAHOCTHLIO.
MeTopabl. MNpescTaBneHbl pesybTaThl UCCIEA0BAaHNN OCO6EHHOCTeN pacnpoCTPaHEeHNS TEM/I0BbIX MOTOKOB B
OKCUAHBIX MOAN0XKaX C Pa3/INYHON TEMI0MPOBOAHOCTLIO (CUTaAN 1 NOANKOP). NS reHepauumy TeNJI0BOro Mo-
TOKa MCMONb30BaCH ANHENHbIA UCTOYHUK Tenna, B KayecTBe KOTOPOro NMpUMeHsiacb 3/1eKTPoNpoBOASALLas
yrnepojHas HTb.
PesynbTathl. [loNyyeHbl TepMorpaMMbl 1 Npoduan pacnpegeneHns TeMnepaTypbl B Pa3indHble MPOoMeXyTKM
BPeMeHM HarpeBa Ha MOBEPXHOCTW MOAJIOXKN C 31eMEHTOM HarpeBa 1 Ha ee obpaTHoOli cTopoHe. MokasaHo,
YTO pasmeLleHre MHEeNHOro MCTOYHMKA Tenaa Ha OCHOBE 3/1IeKTPOMNPOBOAALLENA YrIepofHON HUTKU Ha no-
BEPXHOCTU MCCIefyeMbix 06pasLioB 1 MOHUTOPUHT BO BPeEMEHW TepMOrpamMm C AByX MPOTMBOMOMOXHbIX MO-
BEPXHOCTeN NO3BONAT NOAYYNTb AaHHblE AN OLEeHKM 3PEKTUBHOCTY TEMIOBBLIX CBOMACTB OKCUAHBLIX NMOA/IO-
XeK. PacnpocTpaHeHve TenioBoro NoToka B OAHOPOAHOM MaTepuane B6AU3M MecTa reHepaumv MMeeT BUA
KOHyCa TemnioBoi Tpybbl C OCHOBaHMEM Ha MOBEPXHOCTN C UCTOYHWKOM Terna. TenioBoi KOHYC A8 KepaMuKu
“MeeT 60/bLUMIA Yroa Hak/IoOHa, YeM B Clyvae cuTanna.
3astoueHme. lNosyyeHHble pesy/bTaTebl MO3BOANAN NPEANOXUTE CMOCOD CHVXKEHWNS TeMI0BOro CONMpPOTUBAEHNS
Ten/I0NPOBOASLLEl MNOAIOXKM 3a CHET CO3AaHNS YCIOBUI AN yBENUYEHNS MIOLLAAN TEMNONPOBOAALLErO CeUeHMSs.

KnroueBble cnoBa: 0KCMAHas KepamMumka, NoINKOP, CUTa, TEMA0BON NOTOK, TEMAOMPOBOAHOCTL, TEPMOrpaMm-
Mbl, INHEHbIN NCTOYHUK Ternna
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Abstract

Introduction. For controlled thermal management of power electronics devices, an important task is to in-
crease the efficiency of heat removal from active components.

Aim. To introduce a new approach to placing a linear contact-type heat source on the surface of thin samples
in order to study the features of propagation of heat fluxes in oxide substrates from materials with different
thermal conductivities.

Methods and materials. The paper presents the results of studies of the propagation of heat fluxes in oxide
substrates with different thermal conductivity (glassceramic and aluminum oxide ceramic - polycor). To gener-
ate the heat flux, a linear heat source was used, for which an electrically conductive carbon fiber was applied.
Results. Thermograms and temperature distribution profiles were obtained at different periods of heating
time on the surface of the substrate with a heating element and on its reverse side. It was shown that the
placement of the linear heat source, implemented using an electrically conductive carbon filament, on the sur-
face of the studied samples and time monitoring of thermograms from two opposite surfaces of the samples
allowed to obtain data for evaluating the thermal properties of oxide substrates. The distribution of the heat
flux in a homogeneous material near the generation point had the form of a cone of a heat pipe with a base on
the surface with a heat source. The thermal cone for an aluminum oxide ceramic substrate had a larger angle of
inclination than that in the case of glassceramic.

Conclusion. The results obtained allowed to propose a method for reduction of thermal resistance of a heat-
conducting substrate by creating conditions for increasing the area of heat-conducting section.
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Beenenune. /[ ynpaBiieHUS MOIUHBIMH DJIEK-
TPUUYECKUMHU MPOLECCAMH B YCTPOWCTBAX CHUJIOBOM
ANEKTPOHUKN HEOOXOIMMO HCIIONB30BaTh d(PdeKTHB-
HBIE pEIICHUs JJIs OTBOJA TeIia OT AKTUBHBIX KOM-
MTOHEHTOB, PACIIONIOKEHHBIX HA MOHTaXHBIX JHIJICK-
TpUUECKUX MoIokkax [1—7]. OgHUM U3 TakuX pe-
LIEHUH SBJISIETCA MCIOJNb30BaHUE TETUIONPOBOASIIUX
TOJIJIOKEK C BBICOKOHM TEIIONPOBOAHOCTHIO [8, 9].

WNudopmanms 0 TEIUIOBBIX CBOMCTBaX TMOMIOKKU U
0COOCHHOCTSAX OTBOJA TEILIa B ¢ 00beMe HeOOXOI -
Ma JJIs YIpaBJICHUS PESKMMaMH PabOThI YCTPOWCTB
MOIIIHON CHIJIOBOM 3JI€KTPOHUKH.

B peanbHBIX ycIOBHAX pacmperesieHHe Teruio-
BBIX ITOTOKOB BHYTPH MOHTQ)XKHOH MOIOKKH HE sIB-
JIETCSI PAaBHOMEPHBIM. OTO CBSI3aHO C HAIWYHEM
TOPSIYUX TOYEK Ha TIOJIOKKE, B KOTOPBIX MPOUCXOIAUT
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MOBBIIICHHOE TeIUloBblAeNeHre. ONnTuMHU3aus Bo-
MPOCOB IPUMEHEHHS MOAJIOKEK B YCTPOHCTBAX CH-
JIOBOY AIIEKTPOHMKY BBHIBOJIUT HA MEPBBIN IJIaH 33]1a-
4y OnpeieieHus B HX 00beMe pealbHON (OpMBI TeTl-
JIOBBIX NOTOKOB [10], KOTOpBIE T€HEPUPYIOTCS AKTUB-
HBIMH TOJYIPOBOJHUKOBEIMA KOMIIOHCHTAMH Ha
MTOBEPXHOCTH.

JAns perucTpanmy TeMIeparypbl ITOBEPXHOCTH
HCTIONIB3YIOTCSI ONTHYECKHE METOABI KOHTPOJS, B
YaCTHOCTH TeruioBU3nOHHbIE [11-14]. OHu mo3Bo-
JISIOT BU3YaJIU3UPOBATh MPOLECCH PACIPOCTPAHEHUS
TelUIa Ha TOBEPXHOCTH IMOMVIOKKH U OLEHHUTH €€
TEIUIOBBIC XAapaKTEPUCTHKH. JIOCTOMHCTBOM TaKHX
METOIOB SBJSIETCS OTHOCHTENbHAS IIPOCTOTA TPOBE-
JEHHs] SKCTIEPUMEHTa U BO3MOXXHOCTh PErHCTpaIuu
TEIUIOBOY KapTHUHBI B PEaIbHOM MacIlITade BpEMEHH.

Lenpto HacTosLEeN CTaTbU SIBISIETCS H3yUYEHUE
MIPOIIECCOB PACIPOCTPAHEHHs TEIUIOBBIX MOTOKOB B
TEIUTOTIPOBOAAIINX OKCHIHBIX ITOUIOKKAX C Pa3iIid-
HOW TEIUIONPOBOAHOCTHIO (CUTALT M TOJUKOP), CO-
3[1aBa€MbIX C MOMOIIBIO JTUHEWHOTO MCTOYHUKA TeTll-
Jla Ha UX TTOBEPXHOCTH.

Marepuajsl 1 MeToabl. B 3KcniepuMeHTax Io
HCCIICIOBAHHUIO TEIUIOBBIX CBOWCTB HCIONB30BAIICH
IIBa THMA TEIUIOMPOBOISIINX MOAJIOKEK: ATIOMOOK-
cunHast kepamuka Mapku BK100 (monmxop) u3 monu-

kpuctawmaeckoro AloOgz (99.6 %) ¢ koabdurmen-
tom Tertonposoasoctd 30 Br/(M-K) m tommmmoii
0.5 MM u cutamn mapku CT50-1 tommuaOoM 0.5 MM ¢
Si0y  (60.5 %), Al,0O3
(13.5%), CaO (8.5%), MgO (7.5%) u TiO,
(10.0 %), B KOTOPOM MHUKPOKPUCTAIUIBI pPyTHIIA
(a-TiOy) u xopamepura (2MgO —2Al,03-5Si0;)

SIBIISIFOTCS. OCHOBHBIM KOMITOHEHTOM, ¢ K03(pduiiren-

OKCHUJHBIM  COCTaBOM

Tom Tertonposonnoctd 1.4 Br/(m-K). U3 momno-

JKEK BhIpe3anch 00pasipl pasmMepom 60 x 24 mm. Ha
MMOBEPXHOCTH 00pPAa3IoB pa3Merancs JWHEHHBIH Hc-
TOYHWK, BBUICTSBIIMKA TEIJIO TPH MPOXOKICHUH
JJIEKTPUUECKOTr0 TOKa. B KauecTBe asieMeHTa Harpesa
KCIIOIb30BANIaCh  YIIEPOIHAsl 3JIEKTPOIIPOBOIIIAs
HUTH (BUCKO3HAs TexHuueckass HUTH) [9, 15]. [Toxro-
TOBJICHHBIE OTPE3KH HUTH U3 YIJIEPOIHOTO BOJIOKHA
pazmepamu 110 x 4 x 0.06 MM UMenU COIPOTHUBIIE-
Hue 60 OM. KoHLbI HUTEH METAIITM3UPOBAIIUCH CIIO-
eM meau (tommuHa 30 MKM, rajibBaHHYECKOE Oca-
xzaeHue). Hute ¢ MeTalIM3UpOBaHHBIMH KOHIIAMU
pasMenianach Ha MOBEPXHOCTH TOMJIOKKH U (DUKCH-
poBallach CIEIUAIBHOW CTEKIOTKaHbIO (CTEKIJIOBO-

JIOKHOM, TIPOMHUTAHHBIM STOKCUIHOW cMOoi). JlnmuHa
HarpeBaress [03BOJIIET M30THYTh €r0, OXBaThbiBasl BECh
MEPUMETD MPSIMOYTOIEHOTO FICCIIEyeMOro oOpasria.

Jns nomydeHus TepMorpaMM C IOBEPXHOCTH
MOJUIOXKKH HMCIIONIb30BAIach TEINIOBU3UOHHAS KaMepa
MobIRM4. Ilocne nogauy MUTaHUSI HA HarpEeBaTElb-
HBI 3JIEMEHT C HMHTEPBAaJOM B 5 ¢ MPOBOIMIACH
ChbEMKa TEpMOIPaMM IOBEPXHOCTH IOAJIOKKHU IJIs
MOJIy4eHUs. KapTUHBI TemIeparypHoro mnomas. s
MOJTyYeHHUS CPAaBHUMBIX PE3YJbTaTOB SKCIEPUMEHTOB
HAa MOUIOXKKY U3 KEPAMUKH, UMEIOLIeH OONbLINHA KO-
3(QQUIUCHT TEIUIONPOBOIHOCTH, MOJaBaIach OOJb-
masi MOIHOCTE: 6.8 BT mo cpaBaenwnio ¢ 3.5 B, mo-
JlaBaeMbIMHU Ha MOMJIOKKY M3 cuTajuia. Ilpu 3toM Bo
BCEX OKCIEPUMEHTaxX (DUKCHUPOBAIUCH H30TEpMHUUE-
CKHe KapTUHBI TETJIOBOTO Mo TeMiepatypsl 30 °C.

Pacnipenenenne TemmepaTryp Ha MOBEPXHOCTH
MO/UIOKKK B pasiMyHble IPOMEXKYTKH BpPEMEHU
HarpeBa HMCIOJb30BaJOCh VISl ONpPENENIEHUs] CKOPO-
CTH PACIpOCTPAHEHUs] TEIJIOBOIO IIOTOKAa B IIPO-
JIOTFHOM HaITpaBJICHUU.

Pesynbrarel. B xone uccnenoBaHuii MOTy4eHbI
KapTUHBI PACIpOCTPAHEHHUS TEIJIOBOTO TOTOKa OT
JIMHEMHOro0 MCTOYHHUKA TeIUla B IOAJIOKKAX U3 Mare-
pHAJIOB € PA3IMYHOM TeronpoBonHOCThI0. CHUMa-
JUCh TEPMOTPaMMBbl paclpellelieHus] TeMIepaTyphl
Ha CTOpPOHE C JIMHEWHBIM HCTOYHUKOM TeIJa U Ha
00paTHOIi CTOPOHE B OIMHAKOBBIC MIPOMEKYTKU Bpe-
MeHu HarpeBa. Ha puc. 1 mpencraBneHsl Tepmo-
rpaMMBbl pacnpeieNeHusl TeEMIepaTyphl, CHATbIE IJis
JIByX TOBEPXHOCTEH MOIIOKEK W3 CUTaJIa U Kepa-
MUKH Ha MATOM CEKyH/Ie Harpena.

Kak u3BecTHO, TemnoTa, BeIAeIsAeMasi TUHEHHBIM
HUCTOYHUKOM, pAacIOJIOKEHHBIM Ha IOBEPXHOCTHU
MOJUIOXKKH, PAaCIPOCTPAHSETCA OT UCTOYHMKA OJUHA-
KOBO BO Bcex Hampasienmsx [16, 17]. Takoi Harpes
oTpesieNisieT XapakTep pachpeefieHus TEMIIEpaTyp B
MOJ/UIOKKE B Pa3IMYHbIE TPOMEXKYTKH BPEMEHHU.
TepMmorpammbl, npeAcTaBiIeHHbIE HA pHUC. 1, OTYeT-
JMBO JEMOHCTPUPYIOT OTIIEYaTOK TEILIOBOTO MPOhu-
7 PUCYHKA JIMHEHHOTO HarpeBaTesIbHOIO 3JIEMEHTa
Ha OOpaTHOW CTOpOHE MOUIOKKUA. B To ke Bpems
TeMIIepaTypa oTredaTka nmpoduist Gonee HU3Kasl, 4eM
TeMIepaTypa HCTOYHMKA HarpeBa Ha MPOTHUBOINO-
JIOKHOW MOBEPXHOCTU MOANIoKKH (puc. 2). HItpuxo-
BOM nuHMell moka3ana uzorepma 30 °C, u3MeHeHHe
TIOJIOXKEHHS KOTOPOH CO BPEMEHEM pacCMOTPEHO Jia-
nee. Ha puc. 2, ¢ ee HeT, Tak Kak NpoQuiIb TeMIepa-
TYpBI 00paTHOM CTOPOHBI KEPAMHUKH ITPOXOAUT BBIIIE
HU30TEPMBI.

I/Icc.nenonalme PACIIPOCTPAHCHHUS TCIJIOBOI'0 MOTOKA B TENMJIOMPOBOAAIINX OKCHAHBIX 55
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Puc. 1. TepmorpamMMbl HOBEPXHOCTH MOJUIOKEK HA MATOM
CEKyHJIC HarpeBa: d, 6 — CTOPOHA PACIIOI0KEHHS JIMHEIHOTO
HCTOYHHUKA TeIu1a; 6, 2 — oOpaTHasi CTOPOHA; d, 6 — MOAJIOKKA

U3 CUTAILIA; 6, 2 — MOAJIOKKA U3 KEPAMUKU

Fig. 1. Thermograms of the substrates surface at the fifth
second of heating: a, ¢ — side of the linear heat source location;
6, 2 — the reverse side; a, 6 — sitall substrate;

6, 2 — ceramic substrate

MOo)XHO OTMETUTD, YTO B ciaydae curamia CT50-1
TOYTH BCs MOBCPXHOCTH MOMJIOXKKH B TCUCHUEC IICP-
BBIX 5C HE yCIeBaeT Harpetbcs (COXpaHseT CBOIO
HCXOHYIO TEMIIepaTypy), 32 UCKIIOYCHHEM yJacTKa,
II€ pacIHONOKEH JUHEHHBI MUCTOYHUK Teria. Jlims
KepaMMKM TEIUIOBas KapTHHA MMeEET APYroil BUI: B
pesynprare HarpeBa OOINbINAs 4YacTh MOBEPXHOCTH
MTOJUTOKKH HarpeBaeTcss M MPHOOpEeTaeT TeMIiepary-
Py, 3HaUeHHE KOTOpOH BhImie McxonHoil. Habmonae-
MBbIE pa3juuus B KapTUHE HarpeBa i BpEMEHHU S ¢
XOPOIIIO COIIACYIOTCS ¢ O0Jiee HU3KOH TeIIONpPOBO/I-
HOCTBIO MOIOKKH u3 cutamuia CT50-1 mo cpaBHe-
HUIO C TOAJIOXKKOH n3 kepamuku [18, 19], yto B uTO-
re ¥ MPUBOJUT K TAKOMY pE3yabTary.

J1s1 KOMM4eCcTBEHHOM OLEHKH CKOPOCTH pacIipo-
CTpPaHEHHs TeIia B MOUIOKKE HEOOXOIUMO Ompee-
JIUTh TEMIIEPATypHOE TOJIE, CO3[aBAEMOE JIMHEHHBIM
MCTOYHMKOM TEIIa Ha ABYX MOBEPXHOCTAX, B PA3JINIHLIC
MIPOMEXYTKH BpeMeHu. Ha puc. 2 mokazaHbl KpUBbIC

TAKOTO IMOJIS Ha MOBEPXHOCTSX M3 CHTAIUIA U KEepaMu-
KU JUTS1 HECKOJTBKMX MOMEHTOB BPEMEHHU.

BenenctBue  M30TPOMHOTO — pacTpoOCTpaHEHUS
Tema B o0beMe Marepuana IPH OJHOCTOPOHHEM
HarpeBe OTIEYaTOK MpO(WIs dIEeMEHTa HarpeBa Ha
00paTHOH CTOPOHE IOUIOKKHU pacIuIbIBaeTCs (pac-
mmmpsiercs). Kpome Toro, ero Temmeparypa MEHbIIIE,
YeM Ha CTOPOHE C AJIEMEHTOM HarpeBa. Hampumep, B
Cllyyae CHTaIUIa IS JIEBOH METIM HarpeBaTeIHHOTO
JJIEMEHTAa HA CTOPOHE MOMIOKKH C 3JIEMEHTOM
HarpeBa MaKCUMyM TEMIIepaTyphl Ha IISATOH W JBa-
nuaroit cexyngax cocrasiger 60.8 u 93.5 °C, a Ha
MPOTUBOIIOJIOKHONH CTOPOHE TOMIOKKHA TOA ITHM
anemeHToM — 33.5 u 70 °C coorBercTBeHHO. bonee
BBIp@XKEH Takoi 3(PdeKT I MomIoKKH U3 KepaMmHu-
KH, KOTOpas oOnanaer Oojiee BHICOKUM Ko3(DHUITNCH-
TOM TEIUIOPOBOHOCTH.

HarnsinHoe mpezncraBieHHe O paclpoCTpaHeHUH
Teria B Marepualie MOAJIMKKA MOXKHO TONYYHUTh U3
M30TEPMHYCCKHIX JIMHUN JJIsI PA3INYHBIX HHTCPBAJIOB
HarpeBa. Ha puc. 3 moka3aHo m3MeHEHHE MTOJI0KEHHS
M30TEpMHUYECKHX NTUHUHN ¢ Temmeparypoi 30 °C ot-
HOCHTENFHO JIMHEHHOTO MCTOYHWKA TEIUIa C YBEIH-
YCHUEM JUTUTEIBHOCTH Harpesa (T) TS MOIJIOKKH U3
cuTauia U Kepamuku. [1o TOpU3OHTANBHON OCH OT-
JIO)KEHO PACCTOSIHUE OT TOYCYHOTO MCTOYHHUKA TeIlia
B 000MX HampaBicHUSAX. TONIIMHA MOAJIOXKKA TIPEm-
CTaBJICHA YCIIOBHO.

Kak BugHO w3 puc. 3, B HavambHBINH MEPUOL
HarpeBa (5 ¢) Kak B CHTaJlIe, TaK M B KEPaMHUKE pac-
MPOCTPAHEHHUE TEIJIOBOTO MOTOKA B MaTepHale Moj-
JIOKKW WUMeeT BHJI KOHyca TeruioBoi Tpyosl [20] ¢
OCHOBAHUEM Ha MOBEPXHOCTU C TETIJIOBBIM UCTOYHU-
koM. C yBenndyeHHEeM BPEMEHH HarpeBa H3-3a OTpa-
JKEHHSI TeIia OT HMPOTHUBOIMOIOKHONH OTHOCHTEIHHO
TETIOBOTO MCTOYHHKA MOBEPXHOCTH BO3ZHHKACT B3a-
UMOJICHCTBUE MANAIOIINX W OTPaKEHHBIX TEIUIOBBIX
BOJIH B 00bEME MOMJIOKKH. DTO SIBISCTCS MPUIMHON
MCYE3HOBEHHSI TEIUIOBOTO KOHyca (Ui cHTajula M
KEPaMHKH Ha MATHAIIATON U JAECATON CEKyHIax Co-
OTBETCTBEHHO), W JAJBIIC TEIUIOBOH (HPOHT pacmpo-
CTpaHsETCs C OJUHAKOBOW CKOPOCTHIO BO BCEM O0B-
eMe MONIOKKH. BakHO OTMETHTh, YTO TEILIOBOW
KOHYC B CiIydae KepaMHKH (MaTepuana ¢ Ooibpliei
TEIJIONPOBOAHOCTBIO) UMeeT OONBIIUIA YroJl HaKIIOo-
Ha, YeM JJIs CHTajUia (Marepuana ¢ MEeHbBIICH Teruio-
MIPOBOIHOCTEIO).

AHamI3 TEIIOBOTO PAaCcCEHBAHMS MOIOKKH U3 Ke-
paMHUKH, ¥ B 4acCTHOCTH (POpMBI €€ TeIUIOBOrO KOHyca,
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Puc. 2. TemnepatypHble TpoGIM TOBEPXHOCTH ITOUIOKKH I PA3IMYHOTO BPEMEHH HarpeBa: d, @ — CTOPOHA PacIoJIOKEHHS
JIMHEHHOT0 MCTOYHUKA TeIa; O, 2 — 00paTHas CTOPOHA; a, O — MOJJI0KKA U3 CUTAILIA; 6, 2 — OAJI0KKA U3 KEPAMUKU

Fig. 2. Temperature profiles of the substrate surface for different time heating: a, ¢ — side of the linear heat source location;
6, 2 — the reverse side; a, 6 — sitall substrate; ¢, 2 — ceramic substrate

MOKa3all, YTO METAUIM3AlKsl OOpaTHONH CTOPOHBI MOI-
JIOXKKU MOMKET 3HAYHUTEITLHO YITyUIIUTh TETUIOBBIC XapaK-
TEPUCTUKH 3a cUYeT OoJiee OBICTPOro HarpeBa OOPaTHOM
CTOPOHBI U CO3/IaHHs YCIIOBUIA [UTSI PABHOMEPHOIO pac-
MPOCTPAHEHHS TEIUIOBOTO MOTOKa B oObeme Oe3 oOpa-
30BaHUS TEIUIOBOTO KOHYCA.

Curamy/Sitall
12.0 7.26.0 1616 6.0 7.2 12.0 MM
12.0 7.36.1 6.17.3 12.0 MM
Kepamurka/Ceramic
12.0 5.5 n 5.5 12.0 MM
12.0 1.6 - 1.6 12.0 MM
T -5¢; —10¢; — —-20c¢

Puc. 3. I3MeHeHHe MONOKEHHS U30TEPM IIOCKOT O
TeMreparypHoro npo¢uis ¢ remneparypoit 30 C
OTHOCHTEJIBHO JINHEHHOTr 0 NCTOYHHKA TeIUIa Ha IOBEPXHOCTH
C 2JIEMEHTOM HarpeBa (W) U Ha 00paTHOH CTOpPOHE

Fig. 2. Change in the position of isotherms of a flat
temperature profile with a temperature of 30°C relative to
a linear heat source on the surface with a heating element (m)

and on the reverse side

Kak HarmsgHO MOKa3aHO Ha puC. 3, IpH yBeNH-
YeHNH TEIUIONPOBOTHOCTH MaTepHaja CKOPOCTh pac-
MIPOCTPaHEHUs] TEIUIOBOTO IIOTOKAa OT MCTOYHHKA
TeIJla B MaTepHajie B HAIpaBJICHHUH, MapajieIbHOM
MOBEPXHOCTH 00pasia, 3aMETHO BO3pAcTaeT. ITo
MO3BOJISICT TIPEATIONOKUTh, YTO, €CIH B KauecTBE
Marepuaa BHIOpaTh Menb (MaTepral MeTaJLIH3aliH,
HUMEIONINH BBICOKYIO TEIUIONPOBOAHOCTE), CKOPOCTh
pacrpocTpaHEeHUs IIOTOKA TeIyla B HEM MHOTOKPATHO
Bo3pacteT. [loaTomy ecnu marepuan obOpasma Oymer
MHOTOCJIIOWHBIM: OAWH CJIOW M3 Marepuajia ¢ HU3KOU
TETUTONIPOBOAHOCTRIO M BTOPOH — W3 Marepuania C
BBICOKOH TEILTOTIPOBOAHOCTHIO, TO KapTHHA PacHpo-
CTpaHEHUS TeIa OyJeT CYIeCTBEHHO OTINYAThCS OT
OIHOCJIONHOTO 00paslia U3 MaTrepuaia ¢ HU3KOH Ten-
JIOIPOBOIHOCTBI0. DTO SIBIAETCS TEMOH JalbHEUIINX
UCCIIEIOBaHHUH aBTOPOB.

Pemenne ¢ nmpuMeHeHNEM MeTaIH3aIK o0part-
HOW CTOPOHBI TOUIOXKKH II03BOJISIET HCIIONIB30BATh
BECHh 00BEM TOAJIOKKHU M3 KCpaMUKHU IJIs TEIIJIOBOIO
pacceuBaHusi, T. €. YBEIMUYMUTh ILIOWIAJb TEILIONPO-
BOJSILLETO CEYEHUs], YTO B pe3ylbTaTe NPUBOAUT K
YMEHBILIEHHUIO TEIJIOBOro conpoTusieHus. Ilomnox-
KM W3 KEePaMHUKH C METaJUIM3MPOBAHHOW 0OpaTHOU
CTOPOHOM MOT'YT HallTW NpPUMEHEHUE Ui YIyullle-
HHS TETUIOBBIX PEKUMOB PaOOTHI yCTPOHCTB CHIIOBOH
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JJNIEKTPOHUKHA C AKTHBHBIMU D3JIEMEHTAMU Ha MOH-
TaKHBIX ITOIJIOKKAX.

3akiiouenue. B HacTosimied craree TpencraB-
JICHBI PE3YNBTaThl UCCIIEIOBAHUHA PACIPOCTPaHCHHUS
TEIUIOBOTO TIOTOKa B TEIUIONPOBOASIINX OKCHUAHBIX
MOJUIOKKAX C Pa3IMuyHOM TEeIUIONPOBOAHOCTHIO (CH-
TaJl ¥ MOJKKOp). JIJIsl reHepany TEeIIoBOro MOTOKa
HCIIONB30BAJICS JTMHEHHBIM MCTOYHUK TEIlIa, B Kade-
CTBE KOTOPOTO MPHUMEHSIACH BIIEKTPONPOBOISIIASL
YIJICPOTHAS HUTh.

[Moxy4eHs! TepMorpaMMbl U Tipodrin pacrpesne-
JIEHUs] TEMIIEpaTypbl B pa3iM4YHble MPOMEXYTKH
BpEMEHH HarpeBa Ha MOBEPXHOCTH MOAJIOKKH C 3JIe-
MEHTOM HarpeBa M Ha ee oOparHOU ctopone. [Toka-
3aHO, YTO B ()OPMHUPOBAHNUN KAPTHHBI TEIUIOBOTO IT0-
JI1 BaXHYIO POJIb MIpaeT KOA(QHUIIUSHT TEIIonpo-
BOJIHOCTH TMOMAJIOKKH. PacmpocTpaHeHHe TEIIoBOTO
MOTOKa B OIHOPOJHOM Marepuaie BOIW3U TOYKH Te-
HEpaluyd UMEEeT BUJ KOHyca TEIUIOBOW TPYOBI C OC-

HOBaHHEM Ha IOBEPXHOCTH C HCTOYHHUKOM TeIUIa.
TeroBo#l KOHYC ISl TOJIJIOKKHA U3 KEPAMHUKH UMEET
OONBIIKI YTOT HAKIIOHA, YeM B CITydae CHTAILIA.

AHanu3 TEIUIOBOTO PAaCCEUBAHUS TOMJIOKKH W3
KepaMHKH, U B 4aCTHOCTU (HOPMBI €€ TeIJIOBOTo KO-
Hyca, MOKa3al, YTO METaJUTH3aIs OOPaTHON CTOPOHBI
MOAJIOKKHA MOKET 3HAYUTEIHHO YIYyUIIUTh €€ TEIUIo-
BbIC XapaKTepUCTUKU. B 3ToM ciydae 3a cuet Gonee
ObICTpOro HarpeBa OOpaTHOW CTOPOHBI CO3[AIOTCS
YCIOBHS [UISI PABHOMEPHOTO PAaCHpPOCTPAHEHHS Tell-
JIOBOTO TTOTOKA B 00beMe 0e3 00pa3oBaHUS TEIIJIOBO-
ro KOHyCa, T. €. YBEIMUMBACTCS IUIOMIAAb TEILIONPO-
BOJAIIETO cedeHus T 3D PESKTUBHOTO TEILIOOTBOIA.

[Monnoxxku U3 KepaMUKH C METAJUTM3UPOBAHHOM
00paTHOW CTOPOHOH MOTYT HaWTH NMPUMEHEHUE IS
VIIy4IIEHUS TEIUIOBBIX PEXUMOB pabOTHI YCTPOHCTB
CUJIOBOM 3JIEKTPOHUKHU C aKTUBHBIMU DJIEMEHTaMU Ha
MOHTaXHBIX MOJIOXKKAX.
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