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OINEHKA 99®EKTUBHOCTH TEIIJNIOOTBOJA
MEJIHBIX 3JIEMEHTOB TEXHOJIOI'MYECKOI'O OBOPY1OBAHMUA
C IN®PY3NOHHBIM 3AIIUTHBIM CJIOEM

B pabote oTMeueHbI epCcreKTHBbI NCIIOb30BaHUs TepMOAU((Y3NOHHOTO YIIPOUHEHHS IS 3aLUThl OT BHICOKHX
TeMIIepaTyp MEIHBIX AJIEMEHTOB PA3JIMYHOI0 TEXHOJIOTHUECKOTro 00opynoBanus. ViccaenoBansl CopyKTyphl A1 dy3noH-
HBIX CJIOEB, TOJIy4EHHBIX Ha TEXHUYEeCKOH Meau Mapku M1 mocie o6paboTku B HackImaroniell JopoukoBoi cpeae. Cpe-
Jla obecrieunBaeT KOMIUIEKCHOE HACBIIICHHE MOBEPXHOCTH HECKOJIBKHMH 3JIEMEHTAMH, IIPEUMYIIECTBEHHO AJTFOMHUHUEM.
Jnst nccnenoBaHust TEIUIO(QU3NUECKUX CBOMCTB MEIHOTO IUIACTHHYATOTO 3JIEMEHTa ¢ TU(QY3HOHHBIM CIOEM pa3HOU
TOJILMHBI UCCIIEJIOBAaHA CKOPOCTh HAIPeBa €ro ra3oBbIM IiaMeHeM. [1o pesynbprartaM SKCIepUMEHTa C'y4eTOM BBIOPAHHOM
pacyeTHOIl MOieNH, MOCTPOSHHON Ha OCHOBE TEIUIOBOTO OalaHCa, MOJIyYeHBI JaHHBIC 110, KO3()GHIMEHTY TeIUIoNpOBOA-
HOCTH AU((Y3MOHHOTO CJIOS, KOTOPBIA BBIpAXKAETCS MHTEIPAIBHBIM IOKaszarereM. Ha /0CHOBaHMM CKOPOCTH Harpesa
U Pa3HOCTH TEMIIEpaTyp B KOHTPOJBHBIX TOYKAX MO JUIMHE SJIEMEHTA IPOBeAEHa OleHKa A(HGHEKTHBHOCTH TEILIOOTBOIA
IUIACTUHYATOTO ME/IHOTO 3JIEMEHTA C PA3IMYHON TOMIMHON 1(h(Y3HOHHOTO CHOSL

KuiroueBble ciioBa: Me/ib; TEIIONPOBOIHOCTD; A TMTHPOBAHUE MEJIN; )KAPOCTOMKOCTD; IIOPOIIKOBBIE Cpeabl; aud-
(y3MOHHBIH CITOM.
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ESTIMATION OF COPPER ELEMENTS HEAT REMOVAL EFFICIENCY
OF TECHNLOGICAL EQUIPMENT WITH A DIFFUSION PROTECTIVE LAYER

The paper notes the prospeécts for mising thermal diffusion hardening to protect copper elements of various
technological equipment from high témperatures. The structures of diffusion layers obtained on M1 grade technical cop-
per after processing in a saturating pewder medium have been investigated. The medium provides a complex saturation
of the surface with several elements, mainly aluminium. For research the thermophysical properties of a copper plate
element with a different'thicknesses diffusion layer, the rate of its heating by a gas flame has been studied. According to
the results of the experiment, taking into account the selected calculation model built based on the heat balance, data have
been obtained on/the thermal conductivity coefficient of the diffusion layer, which is expressed by an integral indicator.
The heat rémoval efficiency of a lamellar copper element with different thicknesses of the diffusion layer has been
evaluated. The evaluation has been carried out based on the heating rate and the temperature difference at the control
points alongthe length of the element.
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Fig. 5. Table 1. Ref.: 11 titles.

BBenenne. Menp U ee CIIaBbl TPAJAULMOHHO UCHOIB3YIOTCS MPU M3TOTOBJICHUHU TEIIOOTBO-
JSIITUX AJIEMEHTOB TEXHOJIOTUYECKOT0 000pYyI0BaHHS: KPUCTAILIM3ATOPH! U (hypMBl METaLTypruJe-
CKOTO TPOM3BOJICTBA, pa3IMYHbIE OXJIAXKAAIOIINE YCTPOHCTBa XUMHUYECKOW OTpAciM, HAapUMED,
no(GHUIBEPHBIE XOJOMMIBHUKH CTEKOJIBHOTO MPOW3BOJACTBA W MP., KOTOPBIE AIKCIUTYyaTHPYIOTCS
B YCIJIOBHSIX BO3JCUCTBUS BBICOKMX TEMIEpPATyp M arpeCCUBHBIX CpeJl B BUJIE MApOB U BEIECTB, BbI-
3bIBAIOIIUX AKTHBHYIO KOPPO3HUIO MOBEPXHOCTH m3aenuil [1—3]. O6nanas BbICOKOM TEIIONPOBOA-
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HOCTBIO, ME/Ib UMEET HU3KUE JKAPOCTOMKOCTh U KOPPO3HMOHHYIO CTOMKOCTh B HEKOTOPBIX Cpelax,
B YAaCTHOCTH, OBICTPO pa3pyIiaeTcs Mo IeUCTBUEM CEPHI U €€ coenHeHui [4; 5].

Crioco60B 3aIuThl MEM U METHBIX CIUIABOB B HACTOSIIEE BPEMsI IOCTATOYHO MHOT'O, BCE OHU
HaIpaBJIEHbl HA CO3JJaHUE OapbepHOTro CJIOs Ha MOBEpXHOCTH u3Aenus. OqHUM U3 Haubojee paru-
OHAJIBHBIX CHOCOOOB 3aIIUTHI OT BBICOKOTEMIIEPATYPHOTO OKUCIICHUS M KOPPO3UU MENIU SBISETCS
TepMoan(y3MOHHOE HACHIIIEHUE AIEMEHTaMHU, 00pa3yIOUIMMHU NIPU OKHUCIIEHUU IJIOTHBIE YCTOM-
YUBBIC OKCUIHBIC ciiou [6—S8]. Takumu snemMerTamMu MOTYT SBISIThest Al, Si, Ti. OgHako Hen3ydeH-
HOCTb BOIIPOCA MPUMEHEHHS TAKOTO BUAA YIPOUHEHUS 1711 paOOTAIOIMIKUX B KOHKPETHBIX MPOU3BO/-
CTBEHHBIX YCIIOBUSX U3JEJINN CIEPKUBAET MPOMBIIIIEHHOE IPUMEHEHHUE, IIOCKOJIBKY K OCHOBHOMY
BO3JICHCTBUIO TEMIIEPATypHOro MOl J00aBisieTcs crnenuduuHoe KOppO3MOHHOE BO3ZeiicTBHE
arpecCUBHOU CpEbI.

Jlannast paboTa MOCBAILIEHA HCCIIEJOBAHMUIO BIMSHHUS TepMOAU(PPY3MOHHOTO “YHPOUHEHUS
MEIHBIX TEIUIOOTBOISIIMX XOJIOAUILHUKOB CTEKOJIBHOTO MPOU3BOJCTBA Ha (POPMUPOBAHUE 3aILUT-
HBIX CBOMCTB MOKPBITUI U COXPAaHEHUE BHICOKMX MOKA3aTeIe TeIIONPOBOHOCTH.

VYcnoBus paboThl TEMIOOTBOSIIUX IEMEHTOB CTEKOIBHOTO MPOU3BO/ICTBA, B YACTHOCTH JIa-
MEJIBHOIO XOJOAMIbHUKA, CIOXKHBIE, UMEIOT LIMKINYECKUN XapaKTep, TeMIeparypa B 30HE O0TBOJIa
tera gocturaer 1 500 °C (pucynok 1). ATMocdepy BOKpyr XOoJdOAWIbHIKA, HaCTO arpecCUBHYIO,
(hOpPMHUPYIOT KOMITOHEHTBI IIMXTHI MPU CTeKIoBapeHuu. Hanbolbiei ierydectsio obmagaet 0op-
Hasi KUCJIOTa, €CIIM BBITyCKaeTcsl MoAU(UKAIMS CTeKIa ¢ OOpOM, ee /CONu, OKCUJ CBUHIA, OKCH]I
CYpPBMBI U JAPYTHUE COEITUHEHUS, a TAKIKE XJIOPUIBL.

O4eBUAHO, YTO MOMyYaeMbIil 3alIUTHBIA AU(PY3UOHHBIU CIIOM, pacioiarasich Ha TOBEPXHO-
CTH XOJIOIUJIbHUKA, OyAET ABIATHCS TEIIOBBIM COMPOTUBJIEHUEM, B pe3yibTaTe AEHCTBHSI KOTOPOTO
3aMeIINTCS Terionepeaada B KaXJa0M METHOM dJIeMeHTe OT MOBEPXHOCTH BriyOb m3genus. s
KOHKPETHBIX M3JIEINH 3aMeJIEHUE MOXKET SIBISITBCS KPUTUUHBIM, YTO NOJYEPKUBAET aKTyaJIbHOCTb
BOIPOCA MCCIIEOBAHUS TETUIONMPOBOIHOCTU U _0Ka3aTenbcTBa A((HEKTUBHOTO OTBOJA TEIUIA Yepes
TepMoan((Hy3NOHHBIN 3aIIUTHBIN CITOM.
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PucyHok 1. — Cxema paboTbl TEMJIOOTBOAALLErO XOJNIOAUIIbHUKA CTEKOJIbHOro

NPoOu3BOACTBA (a), BHELWWHUN BUA XONOAUNIbHUKA JNaMeNnbHOM KOHCTpyKuuu (6)
M ero pabora B coctaBe YCTaHOBKM (8)
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[To maHHBIM MPOM3BOAUTENS, 3aHUMAIOIIETOCS 3AIIUTHBIMU MOKPBITUSMH, HAHOCUMBIMU Ha
W3JIEHs] METAIUTYPrUYeCcKOTO MPOU3BOCTBA, KOAPDUIIUEHT TETIOMPOBOIHOCTH CIIOSI U3 TalbBaHU-
YEeCKOT0 HUKEISI MOKET COCTaBIATh, B yacTHOCTH 80 BT/ M - K (crutaB AMC — HWR, I'epmanusi),
CJIOs1, TIOJIYYEHHOTO IJIa3MEHHBIM HambuieHneM, — He 6onee 30 Bt/ m - K u 1. 1. [9]. Ins tepmo-
I Gy3UOHHBIX CIOEB TaKUX JAHHBIX HE MPHUBOJIUTCS MO MPUYMHE, BO-TIEPBBIX, HEAOCTATOYHO
YaCTOTO HWCIOJB30BAHMUS PAacCMAaTPUBAEMOTO BapHWaHTa, BO-BTOPHIX, OCOOCHHOCTEH CTPYKTYPHI:
CJIIOUCTOCTH ¥ BBIPAXKEHHOTO TPAINEHTA CBOMCTB IO TITyOHHE CIIOS.

Marepuanbl U MeToAbl MccjeaoBaHus. TepMmonndp@y3HMoOHHOE HACBILIEHUE MPOBOIMIN
B IIOPOILIKOBOM CpeJie MpHU MEYHOM HarpeBe B FEpMETHYHOM KOHTEHHEpe C IUIaBKUM 3aTBOpOM. Pe-
KHUM 00pabotku: Temneparypa — 560 °C, Bpems — 2...6 4. Iy mpoBeeHUs NpoHecca UCTIONb30-
BaHa IIAXTHAasl 3JIEKTpUUYECKas Meyb C CEIMTOBBIMM HarpeBarenssMu. Haceimense menn mapku M1
I'OCT 1173 npoBoauian B TOPOIIKOBOM Cpefie, MPUTOTOBICHHONW Ha OCHOBE alfOMUHUS Mapku [1A-2
o 'OCT 5494 ¢ no6aBkoit mHepTHOTO HanoaHuUTeNs (okcua amoMuHus — AdpyO3, 'OCT 3136), ak-
tuBaropa (ammoHui xsopuctbiii — NH4Cl, TOCT 2210) u npoayKTOB peakiuu aqroMoTepMHuye-
CKOT'0 BOCCTaHOBJIEHHS OKCHIOB XpoMa U Oopa.

HccnenoBanue TEIIONPOBOAHOCTH IPOBOJAMIN, OCYIIECTBIIASA ~HArpeB »MEIHOM IJIaCTUHBI
(;mamenn) pazmepom 70 x 15 x 1,5 MM co croeM u 6e3 1ud@y3uoHHOr0 Cliost ra30BbIM IIIaMEHEM
C Pa3HOM MHTEHCHBHOCTBIO U KOHTPOJIEM TEMIIEPATYPbl «XOJOAHOW» M «Tropsdyei» 4acTH IUIACTUHBI
(pucyHok 2). IlTox «xoia04HOMN» 30HOH MOJIpa3syMeBacTCs Y4aCToK, JabHUM OT MEcTa HarpeBa, B Ha-
[IeM cly4yae HaxOSLIMics Ha paccTossHUM 50 MM OT HAFPEBAaEMOro TOpLA, a MOA «ropsuei» —
Y4acTOK OJIIKE K 30HE HarpeBa, HaXOISIIUNCs Ha paccTOsIHE3(0 MM OT HarpeBaemoro topia. M3me-
peHHE TeMIepaTypbl U PETHCTpaLUs €€ pacipeencHNs (B 30HE BHICOKUX TEMIIEPATYpP) BBIOIHSITUCH
C HCIOJIB30BaHUEM TEMIIEpaTypHOro onrudeckoro mamepurens MT-3CM (BbicokoTeMIepaTypHbIi
TPEX30HAIbHBI TEPMOBHU30pP) Ha CHELUAIBHOHOAFOTOBICHHOM cTeHae. KoHTposb Temmeparypbl
BBITTONHSICS TepMoMeTpoM nHPppakpacHbiM Mestek TR01D, peructparms Temneparypsl «XOJI0IHONW
yacTu miacTuHbl — MynbTuMeTpoM UNI-T UT6TC ¢ repmonapoii (1-51 TOUKa KOHTPOIS), «ropsdeiny —
n3mepurenem-peryisatopom «CocHa-003M» ¢ Tepmonapoit (2-s1 Touka KOHTpOJIst), MPUOOPHI Tepe-
JlaBaJll JJaHHbIE Ha KOMIBIOTEp Ul WX IMOCIeAyIollero aHanus3a. HarpeB mpowusBoamics B JABYX
BapUaHTax, 0OYCIJIOBJIEHHBIX OCOOCHHOCTAMHU pexkuMma TerooOMeHa. CTalMOHapHBIA PEXUM TEIUIo-
oOMeHa OTJIMYAJICS OT HECTAUUOHAPHOTO HAIWYMEM NPUHYIUTEIBHOIO BOASHOIO OXJIAXKJCHUS Y4acT-
Ka, IPOTUBOIOJI0KHOIO HAFPEBAEMOMY TOPILY UCIIBITYEMOTO JIAMEIBHOIO 3IEMEHTa (PUCYHOK 2).
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PucyHok 2. — CxeMa CcTeHAa U ero BHelWHWA BUA Ans MccrneaoBaHUs TennonpoBOAHOCTU
namMernbHbIX 31IeMEHTOB M3 Meau B Crlydae HecTaLuMOHapPHOro (3) M CTauMOHapPHOro PeXMMoB (6)
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OKOH4YaHuUe pucyHKa 2

Pe3yJabTaThl HecIe10BaHUA U UX 00cyskaAeHue. Vcxons 3 MogydeHHBIX pe3yJbTaTOB Me-
TaJI0rpa)uueckoro U peHTreHOCTPYKTYPHOTO UCCIIEOBaHUIM 00pa3oB/1I0CHe HACBILICHUS, MOX-
HO OTMETHUTH CIIEAYIOIIEe: CTPYKTYpa 0Opa3yromerocs 3aluTHOTO Cilosi Ha MEN — 3TO, TIPEXK/Ie
BCEro, aJIlOMUHU/IBI MEJIM U 30Ha TBEPAOro pactBopa (pucyHok 3). B cTpykrype ciosi peHTreHo-
CTPYKTYPHBIM aHaIU30M ompeaenstorces amroMuHuabl CuzAl i CugAly u dasza Al,O3 (kak pesynbrar
B3aUMOJIEHCTBUS TUPPY3MOHHOTO CII0S C BO3LyXOM).

[Ipu HaChIIEHNH IIUTENBHOCTBIO 2 4 (POpPMUPYETCS TePMOIU(PY3HOHHBIN ATFOMUHUIHBIN
10 TomuHON nopsiaka 30 MKM ¢ IJIaBHBIM NEepexo{oM K\.OCHOBHOMY METaJUTy (CM. PUCYHOK 3, a).
Juddy3noHHbII CiIol Tipu 0oJiee BHICOKOH JTNTENBHOCTH HACBIIICHUS (CM. PUCYHOK 3, 6) MMeEeT
CJIOMCTYIO CTPYKTYPY C SIPKO BBIPaKEHHOM 30HOM TBEPAOIro pacTBOpa U KOMIUIEKCA ATFOMUHUAHBIX
(a3, TBepabIX pacTBOpoB Ha ocHOBe coenuHEHUI Cuz Al n CugAly.

Heo0GxonuMo OTMETUTB, YTO C TOYKH, 3PEHUS MOBBIIIECHHS CTOMKOCTH OCTUYb BBICOKHX
3aIUTHBIX CBOMCTB ISl MEIH yAAaeTCS TPH CO3aHUU CJI0s TommuHouM 6onee 50 mkMm [10]. B aTom
cirydae TepMoan(Py3noHHBIN €10l OTHOCUTENBHO 3()(PEKTUBHO 3aLUIACT MEb OT OKUCIIEHHUS.

Kak yxe ormeuanocs panege, 00pazoBaHHbIN Au()(Hy3HOHHBIA CIION OyIeT SBISATHCS TEIUIOBBIM
CONPOTUBIIEHUEM, B pe3yJbTale MIPHCYTCTBHS KOTOPOTO 3aMeJUIMTCs TeIulonepeaya B MEIHOM
aneMeHTe. TermIonpoBoHOCTE HUPHY3HOHHOTO CJI0si OyAeT 3HAYWTEIBHO HIDKE HCXOIHOW Tel-
JIONPOBOAHOCTH Menu, KoTopasi=Coctapnsier 401 Bt / (m - K) npu temneparype 300 K [11]. Ouenka
HETaTHBHOTO BO3JICHETBUS 3AIMMTHOTO CJIOS HA TEIUIONPOBOAHOCTH TPEICTABISIET COOOH Ba)KHYIO
3a7a4y sl IPAaKTHYECKOIo MPUMEHEHUS] METHOTO M3/IeNUs B TEIJIOOTBOIAIINX JIEMEHTAX.

x 1000 x 200

a) 6)

PucyHok 3. — MukpocTtpyktypa andcgdy3MoHHOro cnos Ha meau,
nony4eHHoro 3a 2 4 (a) n 6 4 (6) HacblwWweHUA

34



Mawunocmpoenue u mawunogeoenue Mmai, 2023, 1 (13)

Ha nepBom »sTane uccnenoBaHuil MPOBOJMIIACH OLEHKA pE3yJIbTaTOB HArpeBa JIaMEIbHOIO
JJIEMEHTa B YCIOBHSX, (DOPMHUPYIONIMX HECTAIMOHAPHBIA PEXHUM TeruiooOMeHa (pUCYHOK 4, a).
[Tpu HaNUYUM Ha MOBEPXHOCTH AUPPY3UOHHOTO €O CKOPOCTh HAarpeBa CepALEBUHBI JIaMEIbHOTIO
AIIEMEHTa XapakTepu3yeT 3(h(PeKTUBHOCTH TEIUIONEpeiadl B paccMaTpuBaeMon cucreme. Jo Tem-
neparypsl nopsaka 250...300 °C nabmrofancst NpakTUYECKH JIMHEWHBIM NPUPOCT TeMIepaTyphl
B 3aBUCHMMOCTHU OT BpeMEHU HarpeBa. B pe3ynbpTaTte moka3zaHo, UTO CKOPOCTh HarpeBa Jijisi MEIHOTO
oOpaszna 6e3 nuddy3rnoHHOTO €0 B yKa3aHHOM HHTEpBaje TEeMIIEpaTyp COCTABISIET MOPsIKa
6...7°C /¢, a aqnsa o6pa3ioB ¢ TepMoaupHy3uoHHBIM c0eM TOImMHON 50...75 MKM — mopsaka
2,5...3,0°C / ¢, 94TO 3aMETHO HW)XE€ UCXOAHOTO BapHaHTa, HE UMEIONIETO 3aIUTHOTO CJOS, CKO-
pPOCTh HarpeBa MajaeT MPaKTUUECKH B 2 pasa.

B nanpHeiimemM npoBOAMIIMCH MCCIEIOBaHUA 0OCOOEHHOCTEH HarpeBa B yCIOBHSAX, (HOpMUpY-
IOIIMX CTAI[HOHAPHBIA PEXHUM TETNIOOOMEHa (cum. pUCYHOK 4, 6). OTMETHM, YTO 3a'¢UeT MPUHYIH-
TEJIBHOIO OXJIAX/IEHUS MPOTUBOIIOJIOKHOIO TOPLIA JJAMENIH Ha XOJIOAHOM TOPLE TOCTUTAETCs Ooee
HU3Kasg Temneparypa. TemioBoi OanmaHc yCTaHaBIMBAJICS MPHU TeMIepaType B 2...3 pa3ad HUKE, YeM
JUTSL BApUAHTA, KOTOPBIM XapaKTePU3yeTCsl OTCYTCTBHEM MPUHY TUTESIIEHOTO OxuiaKaeHus . OnichiBa-
€MBbIii BapUaHT IKCIEPUMEHTA, UMesl CTAllMOHAPHBIN PEKUM TEII000MEeH4, MO3BOJISET MO pacyeT-
HOM cxeMe MPOBOIUTH TEINIOTEXHUYECKHIA pacuer.

U3 panee npoBeneHHbIX padoT [8; 10] oTMeueHO, 4TO KOIQPUITHESHT TEIIOIPOBOAHOCTH UG-
(y3MOHHOTO CJI0S MOXET OBITh OINpe/AeNieH B ClIy4yae pPaBEHCTBA TEMIIOBBIX MOTOKOB (g) AJS IBYX

BapHAHTOB HATPEBa, JIAMEJIH CO CIIOeM (¢g,) U Tamenu 0e3 uddy3HoHHOTO CIios (¢1):

7 =q, JAVA _ At,
! z bOCH bﬂc + bOCH ’ ( 1 )
7\‘ OCHSOCH 7\’;[(: S;lc 7\‘001-1 Socn
rne At u A, — mnepenaj TemnepaTyp o iiHe 06pasia 0e3 ci1os 1 CO CI0eM COOTBETCTBEHHO, K;
boey U1 by — TONIMIMHA (UTMHA) OCHOBHOTQ MeTaiia (Meau) u AuQQy3UOHHOTO CIOSI COOT-
BETCTBEHHO, M;
Aocn M Aye — KO3 GOUIMEHT TEIIONPOBOIHOCTH OCHOBHOTO MeTasia (Meau) u auddy3non-
HOTO CJI0sI cCOOTBEeTECTBEHHO, BT / (M - K);
Socn U Sp¢ — TUIOMIAIh OCHOBHOI'O MeTaiia (M) U MOMEPEYHOro ceueHus Tu(Py3HOHHOTO

CII0S1 COOTBRTCTBEHHO, M.

st pernieHust MpeACTaBICHHON 3aadil TEIUIONIEPEHOCa Yepe3 JIaMeIbHbIN (TJIacCTHHYATHIN)
3JIEMEHT U MPOBEACHUSI TEINIOTEXHUYECKOTO pacyeTa B KOHKPETHBIX YMCJIOBBIX 3HAUEHUSX MPOBE-
JICHO yTpOIleHHnEe paCyeTHOM cxeMbl. [IpuHsM, 4To HampaBieHHE TEIIOBOTO MOTOKA MPOUCXOAUT
TOJIKO OT TOpIIA JIAMEJIBHOTO JIEMEHTA, TJIe pacoioKeHOo razoBoe miams. Kpome Toro, Bce Temio-
MPOBOJSIINE CEUCHUSE, a UMEHHO CEUEHUS CJI0S U OCHOBBI MO TOPILY JTAMEIBHOTO AJIEMEHTA, IPUHS-
au paBHBIMA, (Sgc = Socu). B pe3ynbrare KOHTpOIIS TeMIepaTyphl C TEPMOBH30pa B MECTE KOHTAKTa
IJIAMEHH OT ra30BOM TOpPEeKH C MOBEPXHOCTHIO JIAMETBLHOTO JIEMEHTa TeMIepaTypa B 3TOU 30HE
coctapsieT nopsiaka 900 K. Takast TemriepaTypa NpUHATA B KQUECTBE PACUETHOU JIJIsi ONIPEICIICHUS
nepenaza TeMIeparyp 1o JJIuHe o0pasia.

Heo0x01MMo OTMETHTb, YTO TIPH MTOBBIIICHUN TEMIIEPATYPhI BCICACTBHE YCHUIICHHUS TETUIOBBIX
HEOJIHOPOJAHOCTEHN pacceuBaHUE 3JIEKTPOHOB, KO(PPHUIIMEHTOB TEIIONPOBOAHOCTH METAIIIIOB U3Me-
Hsercs. [loaromy 3HaueHne kod(PuIMEeHTa TEIIONPOBOAHOCTH MEIN MCHOIb30BAIOCH ISl COOT-
BETCTBYIOIIETO JHana3oHa Temneparyp, B uactHoctu it 400 K — 379 Bt/ (m - K), ana 900 K —
354 Bt/ (m - K)[11].

B pesynbrare npeoOpa3oBanusi ypaBHeHus (1) M yKa3aHHBIX BbILIE JOMyIIEHUH K03 duIm-
€HT TEIJIONPOBOAHOCTHU AU (HY3UOHHOTO CIIOSI ONPEeNsAeTCs:

b A
7\‘[[0 = }\’OCH = t]
b )\ A, — At

OCH
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Hcnonb3ys naHHBIC HarpeBa MeIHOW JamMen (TUTAaCTUHBI), @ UMEHHO Tepernaibl TeMIIepaTyphl
JUTSL YCTOSIBIIIETOCS] PEKUMa M OJJMHAKOBOTO BpeMeHHOro otpeska (> 80 ¢), mameneit ¢ pa3nudHOM
TOJIIUHON CJIOSI, YCTAHOBJICHO, YTO MHTETPAIBHBIN KOAPHUIIUEHT TETIONPOBOTHOCTUA TEPMOIUD-
(dby3noHHOTO Cci0s HaxoauTces B auana3oHe 38...54 Bt/ (M - K) (cu. pucynok 4, 6, Tabnuma 1).

CornacHo IUTEpaTypPHBIM JaHHBIM, OJHUM W3 HAWIYYIIUX BapUAHTOB y MEIHBIX CILIABOB IO
TEIUIONPOBOJHOCTH SIBJIsIeTCA JaTyHb JI96, koTOpas mpu TemiepaType, CONOCTAaBUMOM C UCCIEmy-
emMoi, nmeeT Kod3duument rerutonpoBoaHocTH, paBabiil 110 Bt / (M - K). Tlony4eHnHsie 3HaYeHUS
K03 (UIMEeHTa TETUTOMPOBOJIHOCTH XOPOIIO KOPPEIUPYIOT CO 3HAYCHUSIMH KO3 UIIMEHTa TErio-
MIPOBOJHOCTH OPOH3 PA3IHUYHOTO COCTaBa, B YACTHOCTU C TEIUIOMPOBOJIHOCTHIO ATFOMUHHUEBBIX OpOH3,
HafnpuMep, MpU KOMHATHOM TeMmIiieparype U KoHuUeHTpauuu amomunus 10 % wmacc. B{menu xod3¢-
¢unmenT remonposoaHocTy paseH 60,8 Bt / (M - K), a mpu 20 % macc. — yxe 29,3 Bt /(M - K) [11].
OpHako ciexyeT OTMETHTb, YTO OINKCHIBAEMBIA pacyeT SIBISETCS JIMIIb NPUOAN3UTENBHBIM U HE
MOXKET OTpa)kaTh B IMOJIHOM Mepe MPoIecc TEIIOMACCONepeHOca, MOICTUPYEMOTO HCIIBITAHHSIMH.
Kpowme Toro, cam ko3¢ puiireHT TEeIIONpOBOAHOCTH B HAIIEM CIIydae ONpeeeH, 111 KOHKPETHOTO
WHTEpBalia TeMIepaTyp.

Kpome mosnydeHHBIX 3HaYCHHH KOI(DQPUIIIHEHTa TEIUIONPOBOIHOCTH, \ HATSITHO YPPEKTHUB-
HOCTh Pa0OTHI JIJAMEIBHOTO DJIEMEHTa MO TEIUIOOTBOJY MOKET XAPaKTepPHU30BaTh pa3HHIIA TeMIIe-
partyp, onpezeneHHas 10 KOHTPOJIBHBIM TOYKaM, KOTOphIe B paboTe-0003HAYCHBI KaK «XOJIOTHBIC
U «TOpsSYHe» 30HbI KOHTpoust (pucyHok 5). Torma B KOIHMUECTBEHHOM BBIPAXXKECHHH MOKHO OTMe-
TUTh, YTO TOJIIMHA CJIOs1 Okojio 30 MKM CHIXaeT 3PGEKTHBHOCTE TEIUIO0TBOMA Ha 14 %, croi
B 100 mxkm — Ha 51 %, 120 MxMm — Ha 65 %.

450 200

150

100 |-

30HbI Nnamenu, °C

“a, Mege mapis M1 |

"o, Meas ¢ saliuribe T enoem 5028 mis
"0, Meas c sawutHiim T/l cnoem 75210 mm
“i.. Megab ¢ 3aujuribim T cnoem 125£10 mem

50 {7 S|, Megs M1 (Topauan” aoHa)
“o, Menk M1 (XonogHas® 30Ha)

i g, Mepe M1 c nowpeities ao 100 mem (xonopHas™ 3oua)

i ™oy, Megb M1 ¢ nowpeitien 0o 100 vem (TopRYEA” 30Ha)

TemnepaTypa «XOnoAHOW» UKFopsivei»

Temnepatypa «xofoAHoro» Topua namenu, °C

150 200 250 300 350 0 20 40 60 80 100 120 140
Bpewms, ¢ Bpewms, ¢

a) 6)

PucyHok4. — OueHKa CKOPpOCTM HarpeBa NiacTuHbI (Mamenu) Nnpu HarpeBe ra3oBbIM NJIAMEHeM
B HeCTaLMOHapHbIX (@) U cCTauMOHapPHbIX (6) ycnoBusix TennoobmeHa

Tabnuuya 1. — 3HadeHne koadpumLmeHTa TENNONPOBOAHOCTM AN dY3MOHHOIO Crosi B UCCNEOQYEMOM
WHTepBarne TemnepaTyp
VicxogHble AaHHbIe KoacbdmumeHT TennonpoBogHOCTU Age, BT/ (M - K)
Aty, °K Ab, °K Bac, MKM npu 900 K
533 o* 354
528 30+8 54
533
521 100 £ 10 45
516 120 £ 10 38

lNpumeyvarue. * — pna namenu 6e3 A dy3MOHHOro crnos (TONbKo MeAb).
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PucyHok 5. — OueHka 3dcpekTMBHOCTU ( TensoorBOAa

B ycnoBuax cTauuMoHapHoro Tennoo6mMeHa no pa3HoOCTU
TemMnepaTtyp B KOHTPOJIbHbIX TOYKaX

3akiouenne. B pesynbrare BHITOJHEHHOW paOOTHI HECITIEIOBAHBI OCOOCHHOCTH CTPYKTYp IH-
(y3HOHHBIX CJI0EB Ha MeM Mapku M1, KoTopble Moy 4eHBI' M3 OPOLIKOBBIX CMecel, 00ecTIeunBarOIIUX
JIETUPOBaHKME TPEUMYIIECTBEHHO aTFOMUHHEM. I IpuBeneHa crpykrypa u (a3oBeii cocraB oOpa3sy-
torrierocst A y3uOHHOTO CII0s Pa3HOM TONIIMHBL, TOAYYEHHOM nocie 2 u 6 4 00paboTKu.

[IpoBenen ananu3 TermmopU3MIECKIX, CBOMCTB TepMOAH(PPYy3NOHHBIX CIOEB IO CKOPOCTH Ha-
rpeBa B YCJIOBUSX HECTAlMOHAPHOTO, TEIIOBOTO IMOJISI MEAHOTO 3JIEMEHTa B BUJIE JIAMEIH CO CIIOEM
u 6e3 muhdy3noHHOTO CIIoS. Y CTAaHOBICHO, YTO 32 CYST HAMWUUSA AUQPY3HOHHOTO CIOST MIPOUCXO-
JIUT CHIKEHHE CKOPOCTU HarpeBa MEAHOTO AJIEMEHTa, B YaCTHOCTH MpH ToniuHe ciost 50...75 MkM
MIPaKTHYECKHU B 2 pasa.

B pesynbrare pacuera 11ddy3noHHOrO C1os Kak 3JeMEHTa TeIJIOBOr0 CONPOTHBICHUS B yC-
JIOBUSIX KOHBEKIIMOHHOTO HAFPEBa MOJIYYEHBI JaHHBIE TI0 KOA(PPHUIMEHTY TEIIONpoBoAHOCTH. [Tpn
tomuuHe auddyznonnoro cnos 100 + 10 MKM HMHTErpanbHbId KOA(QGHUIHUEHT TETIONPOBOAHOCTH
mddyznonnoro cios cocrasmi 45 Bt/ (m - K).

IIpoBenena oueHKka >PGEKTUBHOCTU TEIUIOOTBOJA B YCJIOBHSX CTAlMIOHAPHOI'O TEMJIOBOTO
TIOJIs TAMENTBHOrO JIeMEHTa UCX0s U3 (hopMupyromeiics pasHHLIbI TEMIIEpaTyp Mo JUIMHE SIeMEeHTa
CO CJIOEM PA3HOM TOJIIMHBEI U 6e3 Hero. OTMeuYeHo, 4To 3(PPEKTUBHOCTH TEIIOOTBOIA B UCCIIETY-
€MOM JIMAlla30He TOJIIMH ManaeT Ha 14...65 % oT ucxomHOro Bapuanrta 6e3 3allUTHOTO CJOf, T. €.
TEXHUYECCKOU MEM.
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