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CBEPXTOHKAA TEMNOW3IONAUWA

OCOBEHHOCTHN CTPOEHWUS1 CBEPXTOHKMWX TEMJION3O0JISIUNOHHbBIX TMOKPbLITUMN,
MEXAHU3MbI 3ALUNTBI OT OXXOIroB U SHEPIrO3®PEKTUBHOCTD.

CBepxTOHKMe TennomsonsaumoHHble nokpbitua (CTI) npeacTasnsaoT cobom XUAKYI KOMMO3ULNIO
N3 aKpuroBblX MOMMMEPOB, C NaTEKCHbIMW MepenneTeHnaMn, rae BO B3BELUEHHOM COCTOSHMU
HaXOASATCHA HECKONbKO TMMNOB BakyyMmnpoBaHHbIX Ao 0,13 lMa, kepammnyecknx(5-20 mkM)mukpocdep.

HaHocumcs, kak kpacka - delicmeyem, kak mensioeol 6apbep!

Mocne HaHeceHMs1 Ha 3allMLLAEeMy0 MOBEPXHOCTb, B MPOLECCce MUcnapeHust BoAbl, BHYTpPM
maTepuana obpasylTcs MUKPOCKONUYECKME BO3AYLUHbIE MOMOCTU, BOKPYr KOTOPbLIX (DOPMUPYHOTCS
KOKOHbl W3 BaKyyMMpPOBaHHbIX MUkpocdep. [locne nomnHou nonumepusauun Matepuana Ha
3auLLaeMon NOBEPXHOCTU  0bpasyeTcs CrrolwHoe, GeclloBHOE, KBa3WBaKyyMHOE MOKPbITUE, C
abComMTHO YHMKANbHLIMU TENNOMU3NYECKMMU CBONCTBAMM.

BaKyyMupoBaHHble A0
0,13 Ma. kepamuueckue
MuKpochepbl

BO3A4YLUHbIE
nonocTu

NPUHUMNUANBHAA CXEMA PA3PE3

CTpyKTypMpOBaHHblE TakuM 06pa3omM BO3AYLUHbIE MOMIOCTM U BaKYYyMUPOBAHHbIE KEpamMuveckme
MUKpOChepbl CO34atoT 3NacTUYHBIA CUIOBOW KapKac MOKPbITUA.
CraumoHapHoe pacnpegeneHue TemnepaTyp B TaKkoM maTepuarne 6ynet HEOAHOPOAHbLIM U
3aBMCUT OT BEJIMYUH TENNONPOBOAHOCTU KOMNOHEHTOB.
Mpn HarpeBaHUM NONUMEPbI PacCLUMPSAIOTCA U JaBfieHMe B NONOCTAX NOHUXaETCH, MPOUCXoanT
OOMOMHUTENbHOE  BakyymMuypoBaHuWe, 4TO nNpuvBOoAUT K ewe  OonblieMy  YMEHbLUEHUIO
TEennonpoBOAHOCTH. B pesynbTaTte dopmumpyeTcs anacTu4yHoe, MHOrOCIONHOE,
TennooTpaxawLwee MNOKpbiTUEe, OGNokMpylowee BCe MexaHU3Mbl Tennonepedayn u uMmeroLee
PEKOPOHO HU3KUA KOIPUUNEHT TEMNNonpoBOAHOCTU (TEMSIONPOBOAHOCTb KEpPaMUYECKMX cdep C
paspsixeHnem 0,13 MMa. He Gonee 0,00083 BT/MCK - CnpaBoyHUK . "dusmuyeckue BenuuuHbl", Tab
15.28, ctp.361. MockBa. SQHepromagaT, 1991 r.)

BO3AYyLWHbIE NONOCTU

BaKyyMUpPOBaHHble
Kepamuuyeckue
MUKpocdepbl

cBAsyowWan
nonMmepHas
Komnosuuus

CXEMATUYHOE M3OBPAMEHUE TEMMNEPATYPHOE MONE

Puc. 1 CxemaTn4yHoe 1 TeNNoBoe N306pa)xeHne CBEPXTOHKOrO KepaMMYeCKOro NOKpbITUS.



OcobeHHOCMU MexaHU3Moe8 mensionepeda4u.

PeanbHbIn onbIT paboT CO CBEPXTOHKUMU, XXUAKUMU, KEPaMUYECKUMMU TEMNOM30NATOpaMM Ha
aKpUMOBbIX CBA3YIOLMX MOKa3sar, YTO UX XapaKTEPUCTUKN, 1 "MeXaHU3MbI 3almTbl OT OXKOroB™
HaCTONbKO MHHOBALMOHHbI, YTO HE YKIaAblBalOTCS B paMku HOpM BGe3onacHbix Temnepartyp, 4ns
"TpaanuMOHHbIX" yTennuTenen, n TpebytoT OTAENbHbIX MOSACHEHWNA.

M3 Bcex MeTo0B U3MepeHUn TemnepaTyp 1 onpeaeneHnsa ux KpUTUYECKUX npeaenos
Hambornee JOCTyNeH OpraHoNenTU4eCKUin MeToa.

Ecnn Bawwa pyka CNOKOWHO, HE UCMbITbIBAsA BOMMN NEXUT Ha ropsven NOBEPXHOCTU, TO
TemnepaTtypa Ha NOBEPXHOCTU - He Bbilwe +450C. CtanaapTel CLUA, Mepmannm, Poccum
onpenensioT, YTO BO3AENCTBME HA KOXY YenoBeka TemnepaTypbl +60°C, B Te4eHuM 2 cek. Bbi3biBaeT
OXOr NepBON CTENEHU N ABNAETCA TpaBMoonacHon. nga TpaguumMoHHbIX BUOOB N30NALMM,
NpUMEHAEMbIX MHOTME OeCATUNEeTUS — Kak NpaBurio, MMHeparnbHasa BaTa u ee aHaroru, nroc
3alWmTHOE NOKpbITHE ("KOXKYX" - OLMHKOBAHHASA XXECTb UIN antoMUHUN) —

BCe npasuiibHO. TemnepaTypa Boiwwe +45°C TpaBmMoonacHa.

Ho e cniyyae ceepxmoHKUX NOKpbIMul ece
cosepuwieHHo He mak!
lMpubopsbi Nnokasbiearom memmnepamypy Ha
noeepxHocmu nokpsimusi 94,6°C(puc.2), a
PYKa CroKOUHO Jiexxum Ha noeepxHocmu
usonsAyuuU , Yes108€K He ucnbimbieaem
duckomepopmHbix owyuwieHu! lNapadokc?!

Bce "mapagokcbl" NpocTo 06bsACHAETCS C
TOYKM 3pPEHNSA 3aKOHOB (PU3NKMN.

[nga Hayana oTMeTUM Te onpegenexHns, Ha
KoTopble Byaem ccbinatbes :

Puc.2 TennoBW3MOHHBIN CHUMOK

TennonpoBOAHOCTL - CBOMCTBO MaTepuarna nepeHoCUTb TENNOTY No4 AEWCTBUEM PA3HOCTU
TemnepaTyp Ha ero NoBepXHOCTAX (NepeHoC TENNOTbl OT OT 6onee HarpeTbIX YacTen MeHee
HarpeTbiM, 06yCnoOBreHHOe TennoBbIM ABWxeHneM YacTtuy) (BT/mOC).

TennoemMKoCTb - KONMYECTBO IHEPTUKN, HEOOXOAMMOE ANA U3MEHEHNA TemnepaTypbl 1 Kr.
BeLlecTBa Ha oavH rpagyc (kKOx/kreC).

TemnepaTyponpoBOAHOCTb - CKOPOCTb U3MEHEHMS TEMMNEPaTypbl B Pa3fiMyHbIX TOYKaxX Tena.
OnpepensieTcs, kak YacTHoe OT AenexHus TennonpoBoaHOCTb / TennoemkocTb (M?/cek.).

TennooTtaaya/TennoBocnpuaTUE)- NEPEHOC TENSOTbI C MOBEPXHOCTU KOHCTPYKLNN B
OKpY)KaloLLyto cpefly 3a cHeT KOHBEKTMBHOIO U Ny4McToro TennoobmeHa.

KoHBEeKTUBHbIN TENNTOOOMEH - NEPEHOC TENSIOTbI C MOBEPXHOCTU (HA MOBEPXHOCTL) KOHCTPYKLUNN,
OMbIBaOLLMM ee BO34YXOM U BOAOMN.

NyuncTbin TennoobMeH - MepeHOC TEMNOTbI C NOBEPXHOCTM (HAa MOBEPXHOCTb) KOHCTPYKLUMA 33
CYET ANEKTPOMArHMTHOrO N3NyyYeHus.

KoHAYKTMBHBLIN TeNNOOOGMeEH - NepeHoC TeNoTbl HA MOSEKYNSAPHOM YPOBHE, NPWU HanMyunm
rpagueHTa TemnepaTypbl, OT HAarpeTon YacTuLbl K MEHEE HarpeToMn.

lMepexodHbie npouecchbl men10o0bMeHa 8 c8epPXMOHKUX Mensou3oasiuuUOHHbLIX
nokpbimusax(CTI1), mexaHU3MbI 3aWUMbl OM 0X0208,

MoKpbITMSA, 4AHHOMO TUNAa, HAHOCATCS TOHKMMK crnodmm (400 MkM), ¢ MpOMEXXYTKaMn CyLLUKK
12 - 24 yaca, 4TO NO3BONAET MaTepmany NOMHOCTLIO NONMMEpPM30BaTbCs 1 obecneynTb
nopasuTenbHble pesynbTatbl. MeaneHHo HapalumBaemble Crov 06pasyoT TOHKME NIEHKN
MaTtepuana - BepxHsaga yacTb (60-100 mkM) cocTtouT u3 ogHux "BennbiBLINX" MUKpocdep, a cpeaHsas
yacTb cnost (300-340 mkM) cOCTOUT 13 MUKPOCKOMMUYECKMX BO3AYLUHBIX NOP, 06nenneHHbIX
kepammyeckumm cchepamm. ATo Nnoxoxke Ha obpasoBaHue Konew nNpu pocTte aepesa. Kaxabin cnon
ahheKTUBHO NPEensTCTBYET NPOHNUKHOBEHWUIO TENMOBOrO NOTOKa B cneaytowui crown. MNpu
Tennonepeaaye TeNsoBOM NOTOK NEPEXoauT U3 Crost B CrION NeprneHanKynsapHo (o nytu
HaMMEHbLLEro CONPOTUBIEHNS).

«CnoeHasi» CTpyKTypa NnokpbITUs 6rnokMpyeT nepeaady aHeprum, obecrnevmsasi 4ONOSIHUTENbHOE
TENOBOE CONPOTUBIIEHNE.

[MepBble cnon pe3ko CHXaeT BENUYMHY TEMNMOBOro NoToKa, N3ny4yaemMoro ropsyen
NMOBEPXHOCTLIO, MOCeAYOLMNE CIOM NOHWXKAaOT ero nocteneHHo (Puc.3).
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ONDyRaouUen
Cpean TonuwmHa cnos, Mm
I'IepeHoc Tenna, B CBEPXTOHKUNX TEMNONIONMALMOHHbIX NMOKPbITUAX, NpeacTaBlideT cobon

CITOXHYHO KOMOMHaUuio KOHOYKTUBHOIO, KOHBEKTUBHOIO U JTy4NCTOIo TennoobmeHa.

OcHoBHoOW BKNag B Tennonepegayvy BHOCUT flyuyncroe
nanyyeHue. BennumHa TennoBoro noToka ny4ncTon
COCTaBNAKLLEN NpoNopLMOHaribHa 4-0M cTENEHN TeMnepaTypbl
Wi ~e0 T4 Ha NOBEPXHOCTM NOKPbLITUS (CTEeNeHHas 3aBUCMMOCTb Wn ~e0T#,

rge: T - Temnep. NOBEPXHOCTU U30NALUKN) 1 kKO3 rLneHTa

e N3ny4yeHuss matepuana.

KoHBEKTMBHAsA COCTaBMAIOLLIAA NOMHOCTLIO 3aBUCUT OT MecTa
PacnonoXeHnst U30NMPyemMoi NOBEPXHOCTM, CBOMCTB
OKpYy>aloLLien cpe/ibl 1 NPONopLMOHanbHa pasHoCTH
v Wk~aT Temnepatyp - Wk~AT. rae: AT =1, . son - L okp.cpeast (PUC.4).
—p TennonoTepu OT KOHAYKTUBHOW COCTaBMsAOLLEN
npeHebpexnTensHO Marbl U NPONOPLIMOHATbHbI

| Puc.4

AT = t TennoHocuTensa t NOBEpPXHOCTU

lMepexodHbie npouyeccbl mennoobmeHa e CTIT ocywiecmensromces
3a cyem peanusayuu obwux huzuyeckux NPUHYUNOS,
6510KUpyrowux ece npouyecchbl mernsionepedayu:

- YHUKaJ/IbHO HU3KOU mensonpoeoOHOCMU CMecuU KepamMu4ecKux
eaKyymMupoeaHHbIx c¢hep (Hanmume orpoMHOro Konmyectsa HenoABUXHOIO,
pa3psKeHHOro Bo3ayxa obpasyeT HenpeoaoNMMbIN, HAAEXHbIN 6apbep OT
NPOHUKHOBEHUSA TeNna), Yem MeHbwe duamemp chep, meMm MeHbuWwe
mensonpoeodHOCMbL Mamepuara;

- 8bICOKOU ompaxKamesibHOU cnocobHocmu cghepuyeckux rnosepxHocmeu;

- HU3KOU u3slydamesibHOU cnocobHocmu cghepuyvyecKkux noeepxHocmell;

- C8EPXHU3KOU memMrepamypornpoeooHOCMU MOKPbLIMUU.

MunnnoHbl TOHKOCTEHHbIX KEpaMn4ecknx cgep, coctasndowwime o 85% obvéma matepuana,
nocne ncnapeHus Bogpl 1 NOMMepm3aLmMm NoKpbITMS 06pasyoT CNMOLWHOE, LWepoxoBaToe Ha
OLLynNb, NOKPbITUE. BCA NOBEPXHOCTL NOKPLITUSI BYKBaNbHO yCbiNaHa TOHKOCTEHHBIMW,
BaKyyMMpPOBaHHbIMW MUKpOocdepamMu, BbICTyNaLUMK HaZ MOBEPXHOCTBIO CITOMCTOW MNONMMEPHOMN
OCHOBbI. Y€enbHbIl BEC BaKyyMMUpoBaHHbIX Mukpocdep = 0,1 r/cm3.

Mukpockonunyeckne cdepbl MMEIOT O4YEHb TOHKME CTEHKM 0605104eEK, M3MepAeMble
HaHomeTpaMu. TennoeMKocTb Taknx obonodek 1,1 k Ix/kreC.

TemnepaTypHOe BO3[4eMCTBME HA KOXHbIM MOKPOB YefioBeka 3aBUCUT He TONbKO OT
TeMnepaTtypbl, HO U OT CBOMCTB NOBEPXHOCTU, C KOTOPOM KOXKa KOHTaKTUpYeT.

Bcem n3BecTHbI OLyLeHns OT MPUKOCHOBEHUS K AePeBSIHHOM NaBke U MOHeTe, B 6aHHON
napwvnke, n TeM 6onee OT KOHTaKTa Ha XOpPoLLUEM MOpPO3€e C AepPeBOM U MeTasnsIoMm.

Mpu NPUKOCHOBEHUU K MOBEPXHOCTUN NOKPLITUSA, pyKa kacaeTcs 060mnoYeK, BbICTynatoLLmx
MUKpocdep M MIHOBEHHO UX oxnaxaaeT (TennoemMkocTb Tena yenoseka 3,4 kx/kreC, yto
B 3,15 pasa 6onbLlue TennoemMkocTy NokpbiTns). (Puc.5).
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MockonbKy achdekTuBHaA TennonpoBoaHOCTb (A = 0,001 BT/MCC) n TennoemMKocTb
(C=1,1 k Qx/kr °C) NOKpbITUA Marsbl, MO CPAaBHEHUIO C TEMNSIONPOBOAHOCTLIO (A= 0,5
BT1/M°C) n TennoeMkoctbio (C= 3,4 kx/kr°C) KOXXHOro NOKpoOBa, TeMnepatypa B TOUYKe
KOHTaKTa MTHOBEHHO CTaHOBUTCSA ONM3KOM K TeMnepaTtype Terna 4YesioBeka.
TemnepaTtyponpoBOAHOCTbL MaTepuana, TakKke HUYTOXHO mana (0,0000016 m?/cek) U
NONHOCTLIO 6NOKUPYET NPUTOK Tensia K TOYKe KOHTaKTa.
TemnepaTypa, B TOYKE KOHTaKTa He pacTeT - TEPMUYECKOro oXora Her.

~50 MKkM—>
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Takum ob6pasom ocywectBnsaeTca "ABTOMATUYECKAS 3ALLNTA OT OXXKOIoB" !

TennooTtaaya ¢ NOBEPXHOCTU MOKPLITUSI B HAPYXXHOE NPOCTPAHCTBO, NPV 3KCNyaTauum B NETHUN
nepuoa Ha TennoTpaccax (nobon Npoknagkn) 1 B NOMELLEHNSX HE3HAYMTESbHAs

QOwnap. = Ok + On = 2 - 3,5 B1/M?°C - TennoBble NoTepu COOTBETCTBYIOT HOpMaMm.

OBosHa4YeHMA:

8,..- TOMWMHA 130NALWK; A0 - KO3MMUUKUEHT TENNONPOBOAHOCTH U30MALMM; t,, - TEMNEpaTypa TENNOHOCUTENA |
t. - TeMneparypa oKpy:XatolWero Bosayxa; t; - Temneparypa Ha NoBepXHOCTH M3OMNALMK ; q - TENNOBbIE NOTEPH ;

o, ; O, - KO3 UMEHT I TENNOOTAAYK M TENNOBOCNPHUATHS, T, - TEMNepaTypa HapyxHON NOBEPXHOCTH U3ONALMK |

R,,; - CONPOTUBNEHWE TENNONEPENAYE KOCTPYKL MM - TpyGa, TENNOW3IONATOP; t, . - TEMNEPATYPA BHYTPEHHEN NOBEPXHOCTH M3OMNAL UK.

Onpepenedve MpoBepKa COOTERTCEMA TOML MHI M30MALWKM MO HOPMHUPOBAHHOM MNMNOTHOCTH TEMNOBOrO MNOTOKA
TONLWHDI (TennoBkLie NOTepU) M TEMMEPATYPE Ha NOBEPXHOCTA U3ONALMK
VB0 ALMOHHOM O
Cros, Npy 3anaHHoN
TeMnepaType Ha Temneparypa Temneparypa ConpoTUBMN eHkre
NOBEPXHOCTH Ha HapyHOoN Tennosble NOTEPK BHYT. NOBEPXHOCTH Tennonepenade Tpyba
M30nALVM NOBEPXHOCT W VG 0N ALMN TENN oM3on ALK + TennousonAyuA
8ot -tV o, (tt) | Tus = ta ua- (Su2q/Anz) q =ty-te / Riot =ty -q/ ae R =M+ 8,0 +8,/0,+ 1,
- * N N
5 1 0.0017 |u Tws | 438 °C q* | 88 e | ton.| 143 |C Reot| 2,22 |w2°c/BT
A,.| 0001 |BT/mM®C Sya | 0,0017 |m t, 150 |°C tw 150 |°C Ogr a7 [BTmcC
u2 P
ty 150 |°C Auz | 0,001 [BTf me°C te 20 [|°C q 59 [BT/m &1 0,008 |m
te 20 |°c te ua 143 |°C Riot 220 |MPC/BT agrp| 870 [BUMIC A 55 [BT/Mm°C
t 45 |C q 59  [BT/m 82 | 0,0017 |m
a,, | 250 |Bum’°C Tab.1 A2 0,001 |BT/M°C
oy 250 [BT/M2°C

HeckonbKo nHble npouecchl nporcxogaTt 3umon. OTpuuaTenbHble TeMnepaTypbl BO3ayxa
CHWXXaKT TemMnepaTypy NOBEPXHOCTU U30MIALMMK M YBENMYMBAKOT TennonoTtepu(cm. Tab.1; 2).

E‘,.m 0,0017 |m Tﬁs 10,7 |=C q * I7  |Br/m2 t:us 141 |C Riot 222 M2 °C / B

A, | 0001 [BT/mM=C Sua | 0,0017 |m t. 150 | tw 150 |C Ogrp| 87 [BTMC

t. 150 |°C Auz | 0001 [BT/ MCl o 20 | q 77 |BT/W? 51 0,008 |m

te -20 |°C tews | 141 |C Riot | 222 [WCBT | ogrp| 870 |BTMIC A 58 |BT/M<C

t; 45 ¢ q 77 |BT/W 82 | 00017 |m

Ly 2,50 BM?°C Ao 0,001 |[BT/Mm=C
Tab.2 aw | 250 [T




= ¢ ] |
' 1} ‘” o | 3uma. CHer nexwuT Ha NOBEePXHOCTU U3onsaumun.(tab.2)
. m TemnepaTtypa NOBEPXHOCTM U30NALMN NOHWXKaeTcAa B 4 pasa:

i v/ peskoe nagaeT MOLLHOCTb NiyuyncToro TennoobmeHa Wn~£0T4;
v KOHAYKTUBHAsi COCTaBMsOLLAsNn CBA3YOLWEro nonuvepa
npeHebpexuTtenbHo mana(T.K. 85% NoKpbITUS - Kepamuka);

v KOHBEKTUBHas cocTaBnstowas = 0 (NoB. 3aKkpbiTa CHErOM);

v' koachbdpuumneHT Tennootaaum man Quap.= 2 - 3,5 B1/mM2°C

BbiBoa: CymMmmapHoOU Mow,HOCMu mensiornomepb He 30CmMamo4YHOo, Ymobbi
pacmonums cHe2, mem 6oJsiee, YmMoO ceepxHU3Kasi memrepamypornpo8ooOHOCMb
NOKpbIMus NpaKkmu4ecku 6/10kupyem rnpumok mensia 8 30Hy KOHmakma u
Ko3ghghuyueHm mensioomoavyu Mamepuasa npeodesibHO MaJl.
Tennonomepu MUHUMarsbHbI - CHe2 He maem.

Pacuet TonwuH CTI 00Obl4HO NPOBOASAT NO 3a4aHHbIM 3HAYEHNAM TemMnepaTtyp Ha NOBEPXHOCTH
N30nsLMK, 3aTEM UX NPOBEPSIOT NO 3HAYEHUSIM HOPMUPOBAHHOWM NNOTHOCTY TEMNNOBOIO NOTOKA.
Ecnun Tennonotepu npeBbIWAT HOPMY, TO TONLUHY M30MSLNN YBENUYNBAIOT 40 YPOBHSA
oTtBevatLlero TpebosaHuam CHul no tennonotepsam. (1ab.1)

TonwuHy nsonsauuu, 4ns Hopm Tennonotepb no CHulM, MmoxHO nogo6paTh No Tabnuue.

Tabnwuua TeMmnepaTyp Ha Mo BePXHOCTH M30NALIMM M TEMNMOELIX MOTEPb NMPHM PasnnM4YHbIX
FHAYEHMAX TOMNMWMH M TEMNepaType oKpy#arwwero goznyxa +200C, o, = 2,50 Brim2 «C
0,0008 m 0,0012 m 0,0016 m 0,002 m 0,0024 m
°c “c Brm® “c Brim® °c Brim® °c Brim® °c B’
60 293 23 276 19 264 16 255 1 b
70 352 29 295 24 28 20 26,9 17
80 38.3 46 35 314 28 295 24 28.2 P - 35°C
90 413 53 41 33 31.1 28 29.6 24
100 44 3 61 38.7 47 351 38 32 31 27 i
110 47 4 63 52 37 43 343 36 32.4 3 T
120 50.4 76 58 38.9 a7 359 || a0 33.7 34
130 535 B84 457 B4 52 375 || a4 35.1 38
140 56.5 91 48 70 57 391 | as 36.5 41
150 596 99 503 76 61 a07 || s2 37.8 45 | as5c
160 62 6 106 52 7 g2 [ [ ss 392 48
170 65 .6 114 55 87 48.4 71 I 40.6 51
180 63.7 122 57.3 93 50.3 76 455 64 55
190 71.7 129 59 7 99 52 2 80 47 [ 58
200 748 137 52 108 54 1 g5 486 72 62 J

[MepexodHbie npouecchbl mensioobmMmeHa
6 "mpaduuuoHHbIX ymenaumensix” ¢ "okaxywkou" u3 airoMuHus.

lMepepada TennoBOro NOToKa Yyepes cron "TpagnuMoHHbIX"
yTennuTenen copepiaeTca KOHAYKTMBHLIM CNOCOOOM, B 3TOM
cnyyae egUHCTBEHHbIM BF10KaTOPOM TEMSIOBOroO NOTOKa ABMSETCH
TENNonNpPoOBOAHOCTb TENNON30NALNMN.

Bnarogaps Bbicokoit TennonposogHocTh (209 BT/MCC) u
TemnepatyponposoaHocT (0,000086 M2/c) antomMuHMIA GbICTPO
npuHMMaeT Ha cebsa TennoBon NOTOK U BbipaBHMBAET
TemnepaTypy No cBOen NOBEPXHOCTHU (BbICTyNnas B ponu

[Janee nponcxoauT o4eHb MHTEHCUBHAas TeNyo0oTAa4a B OKpYXKatloLLlee NpoCTpaHCTBO
KOHBEKTUBHBLIM U Ny4YUCTbIM CNOCOGOM, 1 NOBEPXHOCTb "OKaXyLUKU", Ha OLlyNb, XONOAHas.

TennooTaaya Bcel KOHCTPYKUMKM Ok = Ok + On = 23 1 6onee BT/M2°C, npuyem "nbBuHasa" aonsa" B
3TOM NPUHAANEXUT MMEHHO JTYYUCTON COCTaBNALLEN NepeHoca Tenna.

Ecnu k okaxyLLke npukacaeTcs Teno Yyenoseka, TO B TOMKE KOHTaKTa, Temneparypa, B Bugy
BonbLUol TENNOEMKOCTM Tena Yenoseka (3,4 kIx/kr°C), ymeHbLIaeTcs 3a J4ONM CEKyHAbI A0
TemnepaTypbl KOXXHOro NOKpoBa.



Ho n3-3a 6onblion TeMmnepaTtyponpoBOAHOCTM "OKaXXyLKW" TENNOBbIE MOTOKN MTHOBEHHO
yCTpEMNATCA K MecTy gucbanaHca TennoBoro paBHOBECUS (TOYKA KacaHWs) U BbipaBHUBAKOT
TemnepaTypy NOBepXHOCTU. [Mpn 3TOM MHTEHCUBHbLIN NPUTOK TEMNa, K TOUKE KOHTaKTa CTPeEMUTCS
noaaepatb MOLLHOCTb NTy4UCTOWN COCTaBASIOLLEN HA NPEXHEM YPOBHE.

Ecnn TemnepaTypa OKaXyLUKU BbICOKas - OXXOI He N306eXeH.

B 3uMHMIN nepro Ha MOBEPXHOCTU "OKaXXyLUKN" CHer MUHTEHCUBHO TaeT, No TeM Xe NpuymMHam.
Yem HKe TemnepaTtypa OKpyxatLllen cpeabl, TEM MHTEHCUBHEE TeNnooTAava 1 TENsoBble NOTEpPU

pacTyT, T.K. pacTeT MOLLHOCTb KOHAYKTUBHOrO TennoobmeHa ( pocT At) 1 MOLLIHOCTL Ny4YncToi
COCTaB. NOAAEPXKMBAETCA TEMNEPATYPONPOBOAHOCTBIO antOMUHUS.

BuiBoa: CymmapHas MOLWHOCTb
TennoBbIX MOTOKOB AO0CTAaTO4YHA, YTOObI Ha

XONOAHOM, "OKaXyLKe" MHTEHCUBHO Tasan
CHer N BUCesn COCYIbKM.

CpaBHeHHne XapaKTepHruCTHUK "TpaguumnMoHHbIX yTennnrenes”
M CBEepPXTOHKHNX TensIoNn30/1I94HOHHbIX NMOKPbITUH

TpagWUuHMOHHBIE

CBEp XTOHHKHME Te NNOMZONAUMHMOHHEBIS

yrenaumrenM NOKPEITHUA
SHEpPro- TennonpoBoOHOCTL TennonposogHocTs 0,001 BT/m2CC -
3thPEKTUBHOCTL 0,045 BT/M*PC E 45 pa3 MeHblUe, B 45 pa3 g ekTUBHEE
Donbuwme
CTOMMOCTE 32 1 M2 Ha 25-30% MeHbLLe
SHOHOMMYHOCTEL '
TEnnonoTepn n TennonoTepuHa 35% MeHbLue
CTOMMOCTb
AOOATOBEeYHOCTb 3-5 neTt B NomMeLleHnax - 20 NeT, Ha ynuue- 15 neT

3aumTa oT
KOPPO 31K I

He IauMuaeT,
BEMUWTLIBAET BRAary

BOA0HENPOHULEEM, aaresna K metannam 100%.,
3alKTa OT KOppPO3UWK, KOHOSHCaTa 1 Y@ 100%

KOHOeHCaTa
3awmTa HEeBO3IMOMHA, obecnevyneaeT 3aWnTy NobbX reoMeTpUHecKx
Oﬁopy,ﬂ,OBaHHﬂ WA TPY.O0EMKa I'IOBEDXHOCTE.‘M, l:pJ'IaHLl,bl, SA0BHHEN, OTEBOAOLI
3awmTa 3aWMTBI HET aBToOMaTWHECKAA 3alnTa OT OXKOroB,
OT OXOTOB 0GyCcnoBneHHaa PU3MYECKUMIA CBOR-MWU NOKPbITKA
EM3yanbHbIA OCMOTPp M Y3 100% BW3YanbHLIA 1 ¥3 KOHTPOnbL 33
KOHTPOINb 3a KOHTpOnb 0es COCTOAHMEM NKGoro obopyaoBaHnAa - Baku
COCTOAHWMEM AeMOHTaHA pesepBaBOAbl, TONMMNWEA, MAacna, oTBoAbl,
oS opyaoBaHWA HE BO3MOHEH, chnaHubl, 3a0BIBHKK
TRPYOOEMKOCTb 6.8 YaCoB/M2 NpoK3BoAWTENBHOCTL paboT: Be3Bo3nyLUHbLIA
MOHTaKa

pacnennvTene -100m2/4ac, KMcTe - 0,1 4ac/m?2

F3WKMTAa OT FEY KA

He oGecnevynBasT

Aemndpurp yeT Nniobble NOBEPXHOCT BO BCEM
AManasoHe YacToT- KOMYXI TYPOKH, BO3OYXOBOObI

BECOBLE 5.7 Kr/MR2 3NAacCTUHHBL, NErkn - 0,18 Kr/m2(oavH cnoi),
XapaKkrepucTUKN AWLUHE W HAarpy3KW He Co3aarT
YTUNM3auma PEMOHT NOKPLITHMA B TEYEHMM CpOoKa
PEMOHT K M pEMOHT gopor IKCNyarauvn He TpebyeTcA, peMOoHTHblE paboTbl
YTUNU3auma 1 CNOMEeH, M BOCCTaHOBMNEeHKe NOKPbITUIA Nocne peMoHTa
HeoOXoaMMBbI 3MNemMeHTapHbl, OTHUCIEHWA HA peMOHT He
Kamn. BAOMEeHKMA TpebyrTCH, B YTUNM3aLWA He Hy:¥OaeTca
SKOMOMYHOCTh BpenseH ona SKOANOTHUYECKW YKCT, Be3epeneH NpHM HAHECEHMM
300pPOEBELA M IKCMAYSTaLlMIA
ACTETUYHOCTb ObLICTPO TEpAET HE TEPAET B TEYEHWW BCElNo CPOKa SKCNNyaTauun,
YEENWMYMBAET OCBELEHHO CTe NOoMELLEeHA
noxapo - ropunT NpK neynNnnaropo4YecT ri, vHAa. pPacnpocTpadHeHKA
Ge3onacHoOCTkL po3nvee 1 nname H1=0, npwu 850°C TepmKMecKW paznaraeTca,
nponutke NCM BblLOEMAST YINEKMUCAbIA ras 1M azoT-TeM CamMbIM
racuT MAamMA 1M AbIM, paspelleH KNpumMmeHeH D Ha
oBopyA0oBaAHKK M TPYBSOMNPOBOAAX B MOME LLLEHMAX
NoBor CTENEHK ONHE CTOMHOCTKM, OTHEBLIX HArP Y3 0K
HE CO3Na8eT, OTHOCHMTCA K CBE PXTOHKKMM MOKPbLITHUAM
00 2 M, ONpenenAeTcA KaK NOMapo 3allMTHBIN.
KPVMMHOIEHHO CTh BO3MOM¥HOCTh pasrpatneHo U NoOBETOPHOMY MCNONbB30OBaHWKD He
pasrpabneHrA NoON 4T




Merogbl namepeHnsi Temneparyp Ha NOBEPXHOCTH
CBEPXTOHKHX TeNn/ION30JIAUNOHHbIX NMOKPLITUH

MemodsiI u npubopbl, NPUMeHsieMble 8 CO8PEMEHHOU mensio3Hepaemuke, Osisi
3amepa memnepamyp Ha "mpaduyuoHHOl usonsayuu” abcosIromMHO He NPu200HbI OIS
KOHMpOJIsi meMrnepamyp Ha C8EPXMOHKUX Mensiou3osisiyUuOHHbIX MOKPbLIMUSIX.
N3mepeHue TemnepaTyp ogHa 13 CnoxHenwmnx npobnem B Tennogunsnke, 0cobeHHo ecnm peyb

naeT O CBEPXTOHKNX TEMTONUIONALMOHHBIX MOKPbITUAX.

Hu3kas TennonpoBoAHOCTL M TEMNEpPaTypONpPOBOAHOCTb NOKPbLITUI KOpyHA NPUBOAMUT K
CYLLLECTBEHHbIM UCKAXXEHMSIM, MPU NMPUMEHEHMMN KOHTAKTHbIX METOOB U3MEPEHUS TemnepaTyp
NOBEPXHOCTEW N30NNPYEMbIX OO BEKTOB.

[Ons yMeHbLUeHUA 3TOW NOrpeLHOCTU Heo6Xo0AMMO NPUMEHATL cneunanbHblie MeToAbl
N3MEepPEeHUMN.

Mpwu "cTaHgapTHbLIX" MeToAMKax owmbKa N3MepeHns TemnepaTypbl MOXET COCTABMATb AECATKN
rpagycoB B 3aBMCUMOCTU OT TemnepaTypbl n3mepsemoro o6bekTa, TemnepaTypbl OKpyXKatoLLen
cpeabl 1 TENNOMU3NYECKNX XapaKTePUCTUK OO bekTa.

YeM MeHbLUe TeNnnonpoBOAHOCTbL MaTepuana, TeM 6onblue owmnbka 3amepa.

Mpn 3amepax KOHTaKTHbIMU TepMOMeTpPaMu,
C 3aKpbITON N3MepUTENbLHON NNACcTUHOMN,
NPOUCXOOUT AKPaAHNPOBKA YaCTU NOBEPXHOCTHU,
3aKpblBaeMOM JaTYNKOM TepMoMeTpa OT
KOHBEKTUBHbIX MOTOKOB 1 CaM AaTyuK KacaeTcs
NOBEPXHOCTHOIO Cros neperpeTbix o6onoyek
Kepamuyecknx cqep. B pesynbTtaTe OH
nokasblBaeT 3aBblLUEHHYI0 TeMnepaTypy.

Takom cnocob 3amepoB He NpurogeH
A58 NonyyYeHns JOCTOBEPHOM MHdopMaLnu.

150°C

Bbicokasi oTpaxaTtenbHas cnocobHOCTb U HU3Kas ¢
nonocTu, 06naaatT NOHWKEHHON CTENEHbIO YEPHOTbI ) MOKPbITUS KopyHANPUBOAAT K
CyLLeCTBEHHbIM OWMGKaM NpPU UCNOSIb30BaHUM NMPOMETPOB U TENJIOBM30POB, rpaayrpoBka
KOTOPbIX OCYLLECTBIAETCS C UCMONMb30BaHNEM MOAESbHbIX YePHOTENbHbIX U3nydYaTenen,

npeaHasHa4YeHHbIX AN 3Ha4eHUn n3ny4artenbHOW cnocobHocTn, 6nmskon k € = 0,99, paboTtatowux B
crnekTpanbHOM AnanasoHe BOSH 7-18 MkM.

WNanyyatenbHas cnocobHocTb NokpbiTMin  KopyHa €np=0,24, B cnekTparnbHOM AuanasoHe

BOMH, AnvHon 1 -4 mkm. MoaTomy peanbHas (MCTMHHASA) TemnepaTtypa o6bekTa MoXeT
OTNNYaTbCs OT n3MepeHHon B 2 - 3 pasa, Npu HenpaBuIibHOM yyeTe KoadduumeHTa TennoBoro
n3ny4yeHus.

BeckoHmakmHble MemoO0dbI U cpedcmea
usmepeHul nNpu2o0HbI MOJILKO Ons
OpUEHMUPOB8OYHOU OUEHKU COCMOSIHUS
mpy6onpoeodoe u memnepamyp, T.K. Ha
NX TOYHOCTb BNUSIIOT MHOXECTBO (hakTopoB
(3arpsisHeHHOCTb BO3ayXa, paccTosiHue 4o .
00bekTa, Hey4TEHHbIA KO3DULNEHT n3ny4e-
HMSA U T.0.), NO3TOMY Takue U3MepeHusi

Henb3A CYMTaTb AOCTOBEPHbLIMM.

MupomeTpbl 13 06LLEN KapTUHBLI TEMNEpPa-
TYPHOro nong "BbiXxBaTblBalOT" MakCUMarbHYyo
TemnepaTypy pasorpeTbix 06ono4vek kepammyeckux cpep. T.e. npoucxogmT pagmaumnoHHas
3acBeTKa U3ny4yeHnem, ngyLero HenocpeacTBEHHO OT NOBEPXHOCTU MUKpocdep. Manenwee
OYHOBEHWe BeTepKa MeHsIeT TeMnepaTypy NpUnoBepXHOCTHLIX MUKpocdep.

O6wwas owmnbka TakMx N3MEPEHUIA MOXKET COCTaBNATb AECATKN rpagycoB. [1o3ToMy nMpomMeTpbl
Henb3s NPUMEHATL NpU 3aMepax TemMmnepaTyp Ha CBEPXTOHKUX NOKPbITUSIX.

TennoBu3opbl, NPMMEHSIEMbIE B TENNOSHEPreTUKE, TaKKe HeNPUrogHbI Ans 3TUX Uenen no
NpUYMHaAM, YKa3aHHbIM BbilLe.



Ans onpedeneHuss memnepamypb! M0O8ePXHOCMU C8EePXMOHKO20
menou3osiiyUOHHO20 NOKPbLIMUsI Haubosiee Ha0eXHbIMU U O0CMO8ePHbLIMU
sensromcs onpedesieHue memrnepamypbl Ha Ouwynb U C MOMOWbIO MepMonapbi ¢
OMKpbIMbIM pabo4yum craem.

Hanbonee ToYHbIM 1 OCTOBEPHBLIM ABMSETCA METOA 3aMepa TemnepaTyp Ha nosepxHocty CTI1
npeanoxun gupektop MHCTUTYTa MexaHnkn meTtannononmmepHbix cuctem um. B.A. benoro,
akagemuk H.K. Mbiwknn B 2009 .

MeTop ocHoBaH Ha ghakme KurneHusi 600bI npu memnepamype +175°C Ha
rnoeepxHoOcmMu c8epPXMOHKUX Mersiou3osiimopoe8 U 3aknio4aeTcs B U3MepeHnn
TemnepaTypbl KOHTaKTHOM Tepmonapoin T. "K", ¢ OTKpbITbIM cnaem, NOMELLEHHON B CrOW BOAbl Ha
NMOBEPXHOCTM MOKPbITUS, 6€3 KOHTaKTa C ero MOBEPXHOCTHIO.

B nabopaTopHbIX yCNOBMSX MeTOL AOKa3an CBOK COCTOSATENBHOCTb U TOYHOCTb U3MEPEHUNA.

B HacTosiwee Bpems, Hanbonee ncnbiTaHHbLIM U 4OCTOBEPHLIM METOA0OM 3amepa TemnepaTyp,
asnsaetca metoq «PryM «HAWM CaHTexHukny.

OH ocHoBaH Ha npoBeaeHWY 3aMepoB TeMnepaTypbl KOHTakTHOW Tepmonapon T. "K", ¢ OTKpbITbIM
cnaem, C nocregylLwen KOpPEeKTUPOBKOMA MOrPELUHOCTY N3MEPEHMIA NO rpadunky, paspaboTaHHbIN U
oaobpeHHbIn «PIrYT «HAN CaHTexHukny.

Ha ocu opavHat oTknagbiBaeTcsa Temnepartypa, 3amepeHHas KOHTakTHbIM CnocoboM Ha
NMOBEPXHOCTUN TENNOM3ONIALNOHHOIO NOKPLITUS, @ HA OCK abcunce — peanbHas TemnepaTtypa Ha
NMOBEPXHOCTU NOKPbITUSA. 10 aToMy rpaduky, Hanpumep, 6esonacHom Ansa Yenoseka ABNAETCH
Temnepartypa Ha NoBepXHOCTU NoKpbITUA 87°C (4To cooTBeTCTBYET TeMnepatype 55 °C Ha
MeTanIn4eckon NOBEPXHOCTN).

TPA®PUK
onpeaeneHus cdbakTnyeckomn Temnepartypbl
Ha NOBEepXHOCTUN CBEPXTOHKUX TEMINMTOUIONMALMOHHbIX nOKprTMﬁ

T °C pAaHHble 3amepa KOHTaKTHbIM MeTo4oM (TepMonapoii)

Ha NoBepXHOCTN CBEPXTOHKUX TENJIon30JIALUMOHHbIX I'IOKprTI/H7|
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peanbHas TeMnepaTtypa Ha NoBe PXHOCTU CBE PXTOHKUX MOKPbLITUNA




Bonee npocTon n HagexHbIn cnocob NpeanoXxun npomssoanTens Matepuana Temp-Coat.
OH ocHoBaH Ha base cneumnanbHo pa3paboTaHHbIX TEPMOMETPOB U METOAA N3MEPEHUA.
MeToga onpo6oBaH 1 pekoMeHAOBaH K MPUMEHEHMNIO NPOM3BOAUTENEM.

OTN yHMKanbHble NEPEHOCHbLIE TEPMOMETPLI HE3aMEHUMbI A4S U3BMEpPEHUs TemnepaTyp
npakTu4ecku nobbix NOBepXHOCTEN. BMeTannnyeckmin YyBCTBUTENbHbIV 3NEMEHT BbICTPO
n3mepseT TemnepaTypy NOBEPXHOCTU, OH COOTBETCTBYIOLWUM 06pa3om 3aLiuLLeH OT NOBPEXAEHUN
MarHMTamm n kopnycom npubopa. [lnsa nponssoacTea Hanbonee TOYHbLIX 3aMepoB Nprudop
Heobxoaumo ncnonb3oBaTh B 6€3BETPEHHY0 noroay. NoMmecTntTe TepMOMETP HA MOBEPXHOCTb,
TemnepaTypy KOTOPON HEOBXOANMO N3MEPUTb — LLIKArNowm HaBepx, YTOObl YyBCTBUTENbHbIA ANEMEHT
Haxoauncs Hag NOBEPXHOCTHIO.

MarHntel no3eonat Bam nomectutb npnbop Ha nobyto YacTe MarHUTHOM nNoBepxHocTu. MNpnbop
TaKke MOXHO MCMNOMb30BaTb HA HEMArHUTHBIX FTOPU30OHTaNbHBLIX MOBEPXHOCTSAX.

3amepbl cHuMaloTeca Yepe3 1 MUHYTY nocsie yCTaHOBKH TEPMOMEeTpa.

TeMHepaTypa OKpy>awlLiero so3ayxa BOKpyr repMmomMeTpa unn tdara y noBepxHoCTtm MoryTt
He3Ha4nTes1IbHO NOBJMINATb Ha NPON3BOANMbIE 3aMepPbI.
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