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AHHoTanmus. B pabore mpencraBieHbl pe3ysibTaThbl TEIUIOBBIX HCCIIEIOBAHUMA Uil oOpaslia U3 allOMHHHS
C HAHOIIOPUCTBIM OKCHJIOM QJIIOMUHUS, BBIOJHEHHBIX C HCIIOIb30BAHHEM TEIUIOBU3HOHHBIX H3MEPEHHM.
B xauecTBe 31eMeHTa HarpeBa NPUMEHsIACh YIIEpOAHAsh HUTh HAa OCHOBE BHCKO3HOW TEXHHYECKOW HHTH.
Ha ocHoBe pe3ynbTaToOB HCCIIEAOBAHMM MOKAa3aHO, YTO JIOKAIBHBIM HAarpeB MOBEPXHOCTH 00pa3lia KOHTAKTHBIM
CIIOCOOOM € HCIOIb30BAHMEM JIMHEHHOrO WCTOYHMKA TEIUIa MOXET OBITh HCIIONB30BAaH B TEPMOMETPHHU
JUISL OLIEHKH TETJIONPOBOJHOCTH TBEP/IBIX MHOTOKOMITIOHEHTHBIX JH3IEKTPUUECKIX MaTepPHaIoB.
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Abstract. The paper presents the results of thermal studies for a sample of aluminum with nanoporous alumina
using thermal imaging measurements. As a heating element, a carbon thread based on a viscose technical thread
was used. On the base of results, it was established that local heating of the sample surface by the contact

method using a linear heat source can be used in thermometry to determine the thermal conductivity of solid
multicomponent dielectric materials.
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st ucnonp30BaHMsI II€YaTHBIX IUIAT Ha  AIIOMHHMEBOM OCHOBE B YCTPOMCTBAX
C TIOBBILICHHBIM BBIJIEICHUEM TeIUIa Ba)KHO 3HATH UX TEIMJIOBBIC XapaKTEPHCTUKU U, B TEPBYIO
odepenb, XapaKTEePUCTUKU TUIJIEKTPHUYECKOTO CJI0s, OTENSIONMIEr0 aKTUBHBIC MOMYIPOBOJHUKOBBIC
3JIEMEHTHI OT TIOBEPXHOCTH aJIOMHUHUS. braronapst BRICOKOH TEMIONPOBOJHOCTH aTIOMHHUS U MaJIOH
TOJIIUHE JMAIEKTPUUYECKOTO CIOS, Ul TeHEepalud TEIOBBIX TOTOKOB M TPOBEACHUS TEIIOBBIX
WCCIICIOBAHUH MOXKET HCIIONb30BATHCS JIMHEHHBIH MCTOYHUK Tella Ha TIOBEPXHOCTH IIIATHI
u3 amomunus [1-3]. 3amaueii IMHEHHOro0 UCTOYHMKA TEIUIa TPH MPOBEACHUH TEIUIOBBIX M3MEpPEHUI
B YCIOBHUSX OBICTPONPOTEKAIOIEr0 peXMMa HarpeBa (HECTAI[MOHAPHBIA PEXHM)  SBISETCS
obecriedeHre BHICOKOTO YPOBHS TMHEHHON MOIIHOCTH HarpeBa. CoBpeMEHHbIE METOIBI TEPMOMETPHH
MO3BOJISIIOT  KOHTPOJIUPOBATh TEMIIEPAaTypy TMOBEPXHOCTH HccienyeMoro Martepuana. OgHuM
W3 METOJIOB, UCIIONB3YEeMbIX JUISl PErHCTpallid  TeMIEepaTypbl Ha IOBEPXHOCTH Pa3MYHbIX
MaTepHaloB, SBISIOTCS ONTUYSCKUE W, B YACTHOCTH, TEIIOBU3MOHHBIE MeTO/bl. C WX TOMOIIBIO
MOXXHO BH3YaJIU3UPOBATH MPOIECCHl H3MEHEHUsI TEMIIepaTyphl BO BpEMEHH Ha TIOBEPXHOCTH 00pasiia
W 3aTeM OIICHWUTh €€ TEIIOBbIE XapaKTepHCTHUKH. JIOCTOMHCTBOM TPHUMEHEHHS TaKOro MeToja
SIBIISIETCSI  OTHOCHTENBHAS IMPOCTOTA MOJTOTOBKH 3KCIEPUMEHTAa W BO3MOXKHOCTH PETHCTPAIlUM
npodIsl pacupeneyeHusT TeMIepaTypbl Ha OONBIION Tomaan. B manHON paboTe MpeacTaBiIeHbI
pe3yNbTaThl TEIIOBBIX MCCIIENOBAaHUN 00pa3iia U3 AIFOMUHHS C HAHOITOPUCTHIM OKCHJIOM aJTFOMHHUS,
OCHOBaHHBIX Ha MCIIOJIb30BAaHUU TEIIJIOBU3UOHHBIX U3MEPECHUH.

B uccnenoBanuax MCIONB30BAIUCH 0OPA3IBI U3 AIIOMUHUS CO CJI0EM HAaHOIIOPHCTOIO OKCHIA
QJIIOMUHMS, Ha [IOBEPXHOCTU KOTOPBIX pa3MeIlajcs JUHEHHBIH UCTOYHUK Temja. B kadecTBe Takoro
3JIEMEHTa HarpeBa HCIOJIb30BaJach yIVIEpOJIHAasi HUTh HAa OCHOBE BUCKO3HOW TEXHMYECKOM HUTH.
@dopma HUTU UMeJla OAUH U3IHO0 ISl UCKITFOUCHUS JIOKAJIbHOT'O TTOBBIIIEHHS IIJIOTHOCTH TOKa B MECTax
¢ BbICOKOM kpuBu3HOH. Ilocie nHuIMUpOBaHUS pabOThl HArpeBaTEIbHOIO 3JIEMEHTa C MHTEPBAJIOM
B 5c mpoBoguiiach CbhEMKa TEpMOIpaMM JIMIEBOM IIOBEPXHOCTHM oOpasla W3 aJOMHHUSA
C HaHOIOPHUCTBHIM OKCHIOM ATFOMHUHHUSI.

C momomrpio ananmza COM-n300pakeHHI aHOTHBIX TUICHOK OBLIO HMCCICAOBAHO BIIHMSHHE
HanpspKeHust  aHomupoBaHust (muamazon or 10 mgo 40 B) wHa mapamerpsl  dopmupyemoit
MHKPOCTPYKTYpPbI (MEKIOpUCTOe paccTostHie u auamerp Top (Opore)) HAHOMOPUCTBIX IUICHOK
pu aHopupoBaHun amoMuHuss B 0,3 M BOOHOM pacTBOpe ILABENEBON KUCIOTHL. Pe3ynpTaThl
WCCIIEIOBAHUN TTO3BOJIUIA YCTAaHOBUTH, YTO TpU yBenwdeHun Hampspkerus ot 10 mo 30 B 3Hauenms
MEKIOPUCTOI'0 PACCTOSIHUSA M AMAaMETpa IOp aHOAHBIX IUIEHOK, IMOJYyYEHHBIX B PACTBOPE LIABEIEBON
KHCIIOTHI, YBEIUYHUBAIUCH JIMHEHHO, a Kod(hduuueHt (opmoBku pocta aumamerpa 1mop (dpore/U)
ymenpmanca. [lpu HanmpspkeHusx aHogupoBaHus Bbime 30 B HaOmromanmnch pe3koe yBEIHYEHHE
aaMmerpa mop W cTabuimmzanms  kodd¢umueHta  (QOPMOBKHM  pocTa  AMAMeTpa  Iop,
YTO CBUJETENBCTBOBANIO 00 YCHJIGHMH IIPOLIECCOB PACTBOPEHMS OKCHAA B IOpax aHOAHOW IJICHKU
M3-3a POCTa CKOPOCTH PEAaKLMU PACTBOPEHHUS OKCHIA AJIOMUHHS BCJICACTBHE HArpeBa 3JIEKTPOJINTA
B IIPOIIECCE OKUCIICHUS allfoMuHus (puc. 1).

CocraB mienok AlOs3, MONTy4eHHBIX AHOAWPOBAHMEM ATIOMUHHUS B PACTBOPE MIABEICBOM
KUCIIOTHI ITpu Hanpsbkennu 40 B, onpexensiics ¢ momolnkio sHeproauctepcHoro cnekrpomerpa (3/C).
Pe3ynbraThl aHanM3a 3J1EMEHTHOTO COCTAaBa OKCHUIHON IUIEHKH MIPUBEICHBI B TAOJMLIE.

Ha wuccrenyemom yudactke oOpasiia, KpoMe ODJIEMEHTOB OKCHJAQ alfOMHHHS (KHCIOpoaa
U aMIOMUHHMs), OOHapyeH yriepon. IlpucyrcTBue yriiepoma OOBSCHSAETCS BHEIPEHHEM aHHOHOB
3JIEKTPOJIUTA WM IPOIYKTOB UX OKHCIICHHUS B OKCUAHYIO IJICHKY B IIpollecce aHoaupoBanus. JlanHeie
O/IC MuKpoaHanm3a TMOKa3bIBAIOT, YTO COCTaB aHOMHOro okcuaa amoMuHus (AOA) mpakTHYeCKH
coorBercTByeT hopmyie Al,Os.
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Puc. 1. I3menenne auameTpa 1mop, pacCTOSHUS MEKIY LIEHTpaMu 1op (a)
u ko3 durrenTa hopmosku pocta mop (0) ¢ pocToM HanmpsHKEHHUsT aHOTUPOBAHHMS
Fig. 1. Change in pore diameter, the distance between the centers of the pores (a)
and the molding coefficient of pore growth (b) with increasing anodizing voltage

JJIeMeHTHBIH COCTaB MOPUCTOro AaHOAHOI'0 OKCUAA AJTIOMUHUAS,
MOJIy4eHHOT0 B 3JIEKTPOJINTE HA OCHOBe LaBeseBoi kKucjaoTsl npu 40 B
The elemental composition of the porous anodic alumina,
obtained in an oxalic acid-based electrolyte at 40 V

XUMHYECKUH 2JIEMEHT MaccoBble POLEHTHI ATOMHBIE ITPOLIEHTHI
C 4,0 6,0
(6] 45,4 56,5
Al 50,6 37,5

Jua  ompeneneHus TEMJIOBBIX  XapaKTEPUCTUK oOpaslia M3 allOMHHUS CO  CJIOEM
HaHoropuctoro AOA TpH TEIUIOBBIX H3MEPEHHUSIX HCIOIB30BANIOCH TEPMOCTATUPOBAHUE HIDKHEH
CTOPOHBI ITUTATBI C TIOMOIIBIO MOIIHOTO pajguaropa W3 alOMUHHA. Puc. 2 wnirocTpupyer
paBHOMEpPHOE pachpefelieHHe TEIUIOBOrO TIOoNsS Ha TOBEPXHOCTH  aJIOMHHHEBOM  IUIATHI
C HAHOTIOPHCTHIM OKCHJIOM AQNIOMHHHS [UIS CIIydas TEpMOCTATHPOBAaHUS HIKHEH CTOPOHBI
C TIOMOIIIBIO paguaTopa.
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Puc. 2. 300paxxenue miaTel u3 antoMunus ¢ cioeM AOA 1 HarpeBaTelbHbIM JIEMEHTOM B TEIUIOBU3MOHHOMN
Kamepe (@), mpodwIb pactpeneseHus TeMITepaTyphl depes 25 ¢ Baoib 3aaannoi suann L1 (b) ¢ KoHTpomsHEIME
toukamu (T1—T3) mpu MorrHOCTH Harpesa 3,4 Br: L1 — 3aianmast IMHHS ¢ KOHTPOJIBHBIMH TOUKaMHU T1, T2, T3;
T1 — IOBEepXHOCTH pamuaTopa; T, — yriaepoaHasi HUTh; |3 — MOBEPXHOCTD TUIATHI
Fig. 2. Image of a board made of aluminum with a layer of alumina and a heating element
in the thermal imaging camera (a), temperature distribution profile after 25 s along a given line L1 (b)
with control points (T1—Ts) at a heating power of 3.4 W: L is a given line with control points Ty, T, Ts;

T1 —the surface of the radiator; T, — carbon thread; Ts — board surface
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Pesynpratel McciaenoBaHMs MOKa3aidd, YTO 3HAUYEHHUS TEMIIEpaTyphl Ha BEpXHEH U HIDKHEH
CTOpOHE 00pa3la U3 amIOMUHKS OTIMYAIUCh HE3HAYUTENBHO, B TO BpeMs Kak 3HaYCHUS! TEMIIepaTyphl
Ha TIOBEPXHOCTH AJIIOMMHUEBOH IUIaThl M AlIOMHUHHEBOIO paguaTopa pasziuyajiich CYLIECTBEHHO.
Ha ocnoBe 3T0r0 OB ClleNiaH BBIBOA O OOJIBIIOM TEIIOBOM CONMPOTHBICHHH KOHTAKTa aJFOMHHHEBAs
aTa — paguarop, IOATOMY JaHHBIE O Pa3HOCTH TEMIIEpPaTyp MOBEPXHOCTH ATIOMUHHUEBOM IUIATHI U
paauaTopa HEe MOTYT OBITH HMCIOJB30BAHBI JUIS BBIYMCIICHUS TEIUIONPOBOJHOCTH. B TO ke Bpems
pe3ybTaThl U3MEpEHHs MPOQUIIS TEeMIIEpaTyphl Ha MOBEPXHOCTH ATIOMHHUEBOM IUIATHl HA TPAHUIIC
C HarpeBaTeNIbHbIM 3JIEMEHTOM IO3BOJISIOT PACCUMTATH TEIJIONPOBOJHOCTh CJO0S HAHOMOPHCTOTO
AOA 1npu TepMOCTaTHPOBaHUM HUXKHEH CTOPOHBI IUIATHI C Y4ETOM HM30TPOMHOCTH PAaCIpOCTPaHEHUS
TEIJIOBOrO MMOTOKA OT Harpesarens mo ¢popmyie (1). Do o3Hayaer, uTo IPOGHUIH TEMITEPATYPHI OyIeT
HMMeTh TOYKH Teperuda (puc. 3), COOTBETCTBYIOIIME TEMIIEPAType MOBEPXHOCTH CJIOSI HAHOIIOPUCTOTO
AOA mna rpanune c HarpeBateneMm (T1), TemmepaType ciIos HaHOIOPUCTOrO AHOJHOTO OKCHJIA
QIIOMHHUSI Ha TpaHuIiie ¢ amomMuHieM (T2) 1 paBHOBECHO# TemiiepaType antoMunus (T3).

Temmepartypa, °C
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0 30 60
Paccrosinue, Mm

Puc. 3. Cxema onpenencuus Temmepatypbl cios AOA Ha rpaHuIle ¢ HarpeBaTenbHbIM diieMeHTOM (T1),
co cioem amomunus (T2) U paBHOBeCHOU Temnepatypsl cios amtomunus (T3) Ha poduiie Temieparypsl
BJIOJTb ITIOBEPXHOCTH 0Opa3ia
Fig. 3. Scheme for determining the temperature of the layer of alumina at the boundary with the heating element
(T41), with the aluminum layer (T2) and the equilibrium temperature of the aluminum layer (Ts3)
on the temperature profile along the sample surface

Jua cirydasi, Korja TeryIoBOH MOTOK, MPOXOQAIIUi depe3 cinoit Hanonopuctoro AOA 1 cioi
QITIOMUHMSI OJIMHAKOB, MOXHO 3allicaTh CJCAyIOIlee YypaBHEHWUE Ui TEIIONPOBOJHOCTU CIIOS
HaHonopuctoro AOA:

dAI203 (Tz _Ts)

Mpo, =hy —222 2 37
Al,04 Al dA| (-I-1 _TZ) (1)

7€ Ao, — TEIIONPOBOJHOCTH CIIOS HAHOMOPHUCTOrO OKCHJA AMIOMHHUSA; A, — TEIUIONPOBOAHOCTD
cnost amoMunus; Oy o — TOMIIMHA CJI0S HAHOTIOPHCTOrO OKCHAa amomuuus; Ti, T2 — Temmeparypa

CJIOS. HAHOIIOPHUCTOI'O OKCHJAA aJIOMHMHUS HA I'PaHMLE C HAarpeBaTelleM M Ha TPaHHUIEe C aJTIOMUHHEM;
T3 — paBHOBECHasI TeMIIEpaTypa CIIos ATFOMHHUS; O, — TOJNIIMHA CIIOST ATIOMUHUSL.

AHanu3 TepMorpaMm U npouis TeMIepaTypsl Ha IpaHUIle C JIMHEHHBIM HCTOYHHKOM TeIlia
Ha 55-# cexyHJie HarpeBa MO3BOJIII ONPENENUTh cienytonie napamerpsl: 11 = 38,3°C, T, =37,0°C
n T3=36,7°C.

BeramcrienHOe 3HaY€HHE TEIUIONPOBOJIHOCTH CJIOS HAHOMOPHCTOTO aHOJHOTO OKCHIA
AIIOMHMHUSI Ha 55-f CeKyH/e HarpeBa ¢ UCmojb3oBanueM ypaBuenus (1) cocraBmio 1,56 Bt/(m-°C).
Hcnonp30Baliich ClIenyronme UCXoaHble AaHHble: TonmuHa ciaos Al,Oz — 30 MkM, ToJIIMHA CIOS
Al — 0,8 MM, TerutonpoBoatocTh crutaBa AA3003 — 180 Br/(m-°C).

Taxum oOpa3oMm, HaHOpa3MEpHBIE YIIIEPOACOACPKAIINE BKIIOYEHUS B CII0€ HaHOIIOPUCTOTO
OKCHJa alllOMHHHUSI C COZAEp)KaHHEeM yriieposja OKoino 6 at. %, MogydeHHbIe NpPU AHOAMPOBAHUH
amoMuauss B 0,3M BogHOM pacTBOpe IIABENEBOM  KUCJIOTHI, TO3BOJIMIIM  YBETUYUTh
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TEIJIONPOBOJHOCTh IUIEHOK B 1,5 pasa mo cpaBHeHuto ¢ mieHkamu AOA, chopMHUpOBaHHBIMU

B pacTBOpE CepHOWM KHUCHOThL. [lomydeHHBIH pe3yabTaT XOPOILIO COMNIACYeTCS C JaHHBIMU
JUTSI TETLTIONPOBOTHOCTH MIOPUCTOTO aHOIHOI'O OKCHa ATIOMUHUSA 1,4-1,8 Bt/(m-°C),
npencTaBieHHbIMU B [4, 5].

3aka04enne

[loka3aHo, d4TO JIOKaJNbHBIA HArpeB IMOBEPXHOCTH o0Opa3la KOHTAKTHBIM CIIOCOOOM
C UCIIOJIb30BaHNWEM JIMHEMHOr0 HCTOYHMKA Terja (BCTPOEHHAs B KOHCTPYKIMIO YIieponHas HUTh
araMerpoM 10 SOMKM) M perucTpanus IeperpeBa HCTOYHUKA Teria MOTYT OBITh HCIOJIb30BaHBI
B TEPMOMETPUU JUISl OLIEHKHM TEILIONPOBOJHOCTH TBEPABIX MHOTOKOMIIOHEHTHBIX JUA3JIEKTPUUYECKUX
MaTEpUaJIOB.
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