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CBEPXTOHKAA TEMNOW3IONAUKA

OCOBEHHOCTN CTPOEHUSI CBEPXTOHKWUX TEIMJ/ION30JISIUNOHHbIX [MOKPbITHN,
MEXAHWU3MbI 3ALNTBI OT OXKOIroB N SHEPIO3®®EKTUBHOCTD.

CBepxToHKKMe TennomsonsumoHHble nokpbiTust (CTIM) npeactaBnsAoT cOOOM XKMOKYH KOMNO3ULMIO
N3 aKpuroBbIX MOIMMEPOB, C FfATEKCHbIMU MEepenneTeHnsMn, rge BO B3BELLUEHHOM COCTOSIHUM
HaXOAATCS HECKOMbKO TUMOB BakyyMupoBaHHbIX 40 0,13 lNa, kepammnyecknx(5-20 mkM)mMukpocaep.
HaHocumcsi, kak Kpacka - Oelicmeyem, Kak mensioeou 6apbep!
MMocrne HaHeceHWs Ha 3almLLiaeMytlo MOBEPXHOCTb, B MpoLecce UCnapeHus BoAbl, BHYTpU
mMaTtepuana obpasytoTCs MUKPOCKOMUYECKME BO3OYLUHbIE MOMOCTM, BOKPYr KOTOPbIX (POPMUPYIOTCH

KOKOHbl 13 BaKyyMUPOBAHHbIX MMKpOCd)ep. MMocrne nonHoun nonmMepusaunmm Martepumana Ha
3awmugemMon NOBEPXHOCTH 06paayeTc;| cnnowHoe, 6ecLUoBHOE, KBa3MBaKyyMHOE nMNOKpbITHNE, C

abConTHO YHUKabHbIMU TEMNOM3NYECKMMU CBOMCTBAMM.
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NPUHUUNMUANBHAA CXEMA PA3PE3

BaKyyMMUpPOBaHHble A0
0,13 Ma. Kepamuueckue

/ Mukpocepbl

CTpyKTYypUpOBaHHbIE€ Taknm 06pa3omM BO34YLUHbIE NOMOCTM N BaKyyMUPOBAHHbIE Kepamuyeckue
MUKpOocdepbl Co34atoT 3NMaCTUYHBINA CUIOBOWN KapKac NOKPbITUS.
CraumoHapHoe pacnpegerneHve Temnepartyp B TakoMm matepuane 6yaeT HeO4HOPOAHLIM U
3aBUCUTOT BENTUYMH TEMNTONPOBOAHOCTU KOMIMOHEHTOB.
Mpw HarpeBaHMM NONMMEPbI  PaCLLMPSAIOTCA U AaBEHME B NOSIOCTAX MOHUXKAETCS, NPOMCXoaunT
OOMNOSMHUTENbHOE  BakyyMMpoOBaHWe, 4YTO nNpuBoauMT K ewe Oonbwemy  yMEHbLUEHUO
TEnnonpoBOAHOCTM. B pesynbTaTte dopmumpyeTcs anacTu4Hoe, MHOrocronHoe,
TennooTpaxawwee MOKpbiTME, ONOKUpylOLWee BCe MeXaHM3Mbl Tenmnonepesadn u umMeroLlee
PEKOPAHO HU3KUA KOIAMUMEHT TEMnnonpoBOAHOCTM (TEMNOMNPOBOAHOCTL KepaMU4eckux cdep ¢
paspsbkeHnem 0,13 Ma. He Gonee 0,00083 BT/MPK - CnpaBo4YHuK . "®usnyeckne BenmuuHbl", Tab
, CTp.361. MockBa. QHepromsgar, 1991 r.)

BO34yuwHble N0ON10CTU

BaKyy MMPOBaHH ble
Kepamuyeckue
Mukpochepbl

cBAsyowWwasn
nonMmepHas
KOMM 03MuuA

CXEMATUYHOE U3OBPAXEHUE TEMMEPATYPHOE NOJIE

Puc. 1 CxemaTnyHoe 1 TensnioBoe n3obpaxeHne CBEPXTOHKOIO KepamMU4ecKoro NoKpbITUS.



OcobeHHOCMU MexaHuU3Moe mennonegeda Yu.

PeanbHblI onbIT paboT CO CBEPXTOHKUMUN, XNOKUMU, KEPaMUYECKUMUN TEMNON30MATOPaMU Ha
aKpWIoBbIX CBA3YIOLLMX MOKa3ar, YTO UX XapakTEPUCTUKK, U "MeXaHU3MbI 3aluTbl OT OXKOroB™
HACTONbKO MHHOBALMOHHBI, YTO HE YKIaablBalOTCA B paMKn HOpM 6e3onacHbIx Temnepartyp, Ans
"TPagauLMOHHLIX" yTennurenen, n TpedbyloT oTaeNbHbIX NOSACHEHWIA.

3 Bcex MeTof0B U3mMepeHun TemnepaTyp 1 onpeaeneHuns ux KpUTudeckux npegernos
Hambornee 4OCTYNEH OpPraHoNenTUYeCKMn METOA.

Ecnu Bawwa pyka CnokonHo, He UcnbITbiBast 60nM NEXUT Ha ropsyert NOBEPXHOCTU, TO
TemnepaTypa Ha NoBepXHOCTU - He Bbile +45°C. CtaHgaptbl CLUA, Nepmanun, Poccum
ONpEeAENnsIoT, YTO BO3AENCTBUE HA KOXY YernoBeka TeMmnepatypbl +60°C, B Te4eHUN 2 ceK. Bbi3biBaeT
OXOr NMepBOM CTEMNEHU U ABIAETCA TpaBMoonacHoW. [ins TpaguuMOoHHbBIX BUAOB U30MSALNUN,
NPYMEHSAEMbIX MHOTME AeCATUNETUss — Kak NpaBusio, MMHeparbHas BaTa U ee aHanoru, nioc
3awmTHOE NOKpbITHE ("KOXYX" - OLMHKOBAHHAA XeCTb UM artOMUHWUIA) —

BCe npaBunbHo. TemnepaTypa Bbiwwe +45°C TpaBMoonacHa.

Ho e crniyyae ceepxmoOHKuUX NOKpbIMuli ece
coeepuwieHHo He mak!
lMpubopsbI Nokasbiearom memmnepamypy Ha
noeepxHocmu nokpbimus 94,6°C(puc.2), a
PYyKa crioKoUHO /ieXkum Ha rnogepxHocmu
U30JISIYUU , YeJI08€EK He ucrbimbieaem
duckomebopmHbIx owywseHut! lNapadokc?!

Bce "napapokcbl" npocTo 06 bsCHAETCA ©
TOYKW 3pPEHUSA 3aKOHOB (3K,
[na Havyana oTMeTnm Te onpeaeneHnst, Ha

Puc.2 TennoBW3MOHH bl CHUMOK .
KoTopble Byaem cebinatbes :

TennonpoBOAHOCTL - CBOMCTBO MaTtepuara nepeHocuTb TENSOTY Nog, AeNCTBUEM Pa3HOCTH
TemnepaTtyp Ha ero NoBepxHOCTAX (MepeHoC TenmnoThbl OT OT 6ornee HarpeTbiX YacTen MeHee
HarpeTbiM, 00yCrOBEHHOE TENoBbIM ABWkeHNeM YyacTtul) (BT/mCC).

TennoeMKOCTb - KONMYECTBO 3HEPrNK, HEOBX0aMMOE ANS U3MEHEHNSA TemnepaTypbl 1 Kr.
BellecTBa Ha oguH rpagyc (kOx/kreC).

TemnepaTyponpoBOAHOCTL - CKOPOCTb M3MEHEHMS TEMMNEPATYPbl B Pa3fNYHbIX TOMKaxX Tena.
OnpenensieTcs, Kak YacTHOe OT AeneHns TennonpoBogHOCTb / TennoeMKocTb (M?/Cek.).
Tennootpaya/TennoBocnpusiTue)- NEPEHOC TEMMOTbl C MOBEPXHOCTU KOHCTPYKLMM B
OKpYXaloLLyto cpealy 3a CHET KOHBEKTMBHOIO U Fly4MCTOro TensioobmeHa.

KoHBeKTMBHbIN TEMTO0OMEH - MePEHOC TENSIOThbI C NOBEPXHOCTW (HA NOBEPXHOCTb) KOHCTPYKL MK,
OMbIBaIOLLWIM €€ BO34YXOM UIN BOOOW.

JNyymncTbin TennoobmeH - NepeHoC TensioThl C NOBEPXHOCTM (Ha MOBEPXHOCTb) KOHCTPYKL MM 3a
CYET 3NEKTPOMArHUTHOIO U3STy4EHUSI.

KoHAYKTMBHbIN TeNI0O06MEH - NEPEHOC TENSIOTbI HA MOSEKYNSIPHOM YPOBHE, NP HanM4um
rpagueHTa TemnepaTypbl, OT HAarpeTon YacTuLbl K MEHEEe HarpeTomn.

MoKpbITKSA, 4aHHOro TUNa, HAHOCATCS TOHKUMM criosiMuy (400 MKM), ¢ NpoMeEXyTKamm CyLLKK
12 - 24 yaca, 4TO NO3BONAET MaTepuany NOMHOCTLIO NONIMMEPN30BaTbLCS N 0becnevnTb
nopasuTenbHble pe3ynbTatbl. MeaneHHo HapalmBaeMble Crion 06pasytoT TOHKUE NIIEHKN
MaTepuarna - BepxHsasa YyacTb (60-100 mkM) cocTtounT 13 ogHuX "BChnbIBLUMX" MUKpPOCAEp, a CpeaHas
yacTb cnos (300-340 MkM) COCTOUT U3 MUKPOCKOMUYECKMX BO3AYLLUHbIX MOP, 06MENNEHHbIX
KepamMmmiecknmmn cgepammn. To NOXoxe Ha obpasoBaHue Kornew npu pocte gepesa. Kaxabli crion
3pPeKTUBHO NPENSATCTBYET NPOHNUKHOBEHUIO TEMMOBOrO NOTOKAa B criegyowwmin crion. NMpu
Tennonepeaaye TENOBOM NOTOK MNEPEXOAUT U3 CIIOsi B CIOW NEPNEHANKYNSPHO (Mo NyTn
HaMMEHbLLETO COMPOTUBIIEHUS).

«CrioeHasn» CTPYKTYpa NOKpPbITUA 6J'IOKMpyeT nepenavy sHepruu, obecne4ymBas oONOMHUTENBHOE
TennoBoe conpoTunBrieHNE.

MepBble Crion pe3Ko CHWKaEeT BENMYMHY TEMNSIOBOr0 NOTOKA, U3Ny4aeMoro ropsven
NOBEPXHOCTbIO, NOCIEAYOLLME CIIOM MOHMXKAKOT ero nocteneHHo (Puc.3).



MpaduK CHUXKEHUA TEMNEPaTypPbl C NPUMEHEHUEM NOKPbLITUA
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I'IepeHoc Tenna, B CBEPXTOHKUX TENJOU3O0NALMOHHBLIX NOKPbITUAX, NpeactaBAaAeT cobon
CIO>KHYO KOoMOuMHau Mo KOHOYKTUBHOIO, KOHBEKTUBHOIO U JTIyHUCTOIo TennoobmeHa.
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OcHoBHOW BKIMag B Tensionepegady BHOCUT Nydnctoe
n3nyyeHune. BennumHa TennoBoro noToka ny4yncTomn
COCTaBMAOLLEN NPONopLMoHarnbHa 4-01 CTeMNeHy Temneparypb)
Wi ~e0 T4 Ha NOBEPXHOCTM MOKPbITUS (CTeneHHas 3aBncumocTb Wn ~eoT
rae: T - Temnep. NOBEPXHOCTM U30NALUM) N KO3MLMEHTA

- 137yYeHUs MaTepuara.

KOHBEKTMBHAsA COCTaBNSAOLWANA NOMHOCTLIO 3aBUCUT OT MecTa
pacnonoxeH1Us N3onMpyemMoin NoBepxXHOCTU, CBONCTB
OKpy>atoLLier cpebl U NpornopLmvoHarbHa pasHoCTH

v Wk~aT Temnepatyp - Wk~AT. rae: AT = Lioguson - U okp.cpems (PUC.4).
— Tennonotepu oT KOHOYKTUBHOM COCTaBMSOLLEN
| Puc.d npeHeb pexxmTensHO Marbl 1 NPOMOoPLNOHAarbHbI
AT = t TenryioHocuTe ns - t noBepxHOC™M

lMepexodHbie npoyeccbl mensioobmeHa e CTI ocywecmensromcs
3a cyem peasiuszayuu obujux ¢husuvyeckux MNPUHUUNos,
6s10KUpyrowux ece npoueccbl mensonepedayu:

- YHUKaJ/IbHO HU3KOU mernsionpoeodHOCMU CMeCcuU Ke paMu4ecKux
eaKyyMupoeaHHbIx c¢hep (Hanmyume orpoMHOro Konm4yecrea HenOABWXKHOrO,
pa3pskeHHOro Bo3ayxa oopasyeT HenpeoaoIMMbIN, HaAeXHbIN 6apbep oT
NPOHMKHOBEHUA Tenna), Yem MeHbuWwe duamemp cghep, memM MeHbWe
mensionpoeodHOCMbL Mamepuarna;

- 8bICOKOU ompa)kameJsibHolU cnocobHocmu cghepuye cKux rnoesepxHocmeu;

- HU3KOU u3Jsly4ameJsibHoOU crnocobHocmu cghe puyve cKux noeepxHocmedu;

- C8e PXHU3KOU memrepamyporpoeoOHOCMU MOKPbIMuU.

MuNMOHBI TOHKOCTEHHBIX KepaMuieckux cdep, coctasnsawowme oo 85% obvéma matepuana,
nocrne ncnapeHust Bogbl 1 Nonumepusaumm NoKpbITUst 06 pasytoT CNSOLWHOE, LEePOXOBaTOE Ha
OLLyMb, NOKpbITUE. BCA NOBEPXHOCTL NOKPbITUS BYKBANbHO YCbiNaHa TOHKOCTEHHbIMU,
BaKyyMUPOBaHHbLIMW MUKpOCepamu, BbICTYNAIOLWMMIN HaZ NMOBEPXHOCTLIO CIOUCTOM NOSIMME PHOW
OCHOBbI. YenbHbIi BEC BaKyyMUPOBaHHbIX MuKkpocdep = 0,1 r/lcme.

Mukpockonmyeckune cdpepbl UMEOT O4EHb TOHKME CTEHKM 060MoYeEK, n3amepsiemMble
HaHomeTpamu. T ennoeMKocTb Takmx obonoyek 1,1 k [x/kroC.

TemnepatypHOoe BO34eMNCTBME HA KOXHbIM MNOKPOB YesioBeKa 3aBUCUT He TONbKO OT
Temnepartypbl, HO U OT CBOMCTB NOBEPXHOCTU, C KOTOPOM KOXa KOHTaKTMpYeT.

Bcem n3BeCTHbI OLLy LLIEHNSA OT NPUKOCHOBEHUS K AEePEBAHHOM NaBke U MOHETE, B GaHHOM
napurke, n Tem 6onee OT KOHTaKTa Ha XOpoLleM MOPO3€e C 4epPeBOM M MeTasoM.

[Mpy NPMKOCHOBEHMM K MOBEPXHOCTU MOKPLITUS, pyKa KacaeTcs 060504eK, BbICTYNaroLLMX
MUKpOCdep N MTHOBEHHO UX OxNaXaaeT (TennoeMkocTb Tena vernoseka 3,4 kKx/kroC, 4To
B 3,15 pasa 6onbLue TennoemMkocTu NnokpblTus). (Puc.5).
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NMockonbKy adphekTUBHaAA TennonpoBoaHOCTb (A = 0,001 B1/M°C) n TennoemMKocTb
(C= 1,1 k Ox/kr °C) NOKpbITUA Marsibl, MO CPAaBHEHUIO C TENSONPOBOAHOCTbLIO (A= 0,5
B1/m°C) un TennoemkocTtblo (C= 3,4 kO x/kr°C) KOXKHOro NOKpoBa, TeMnepaTtypa B TOUYKe
KOHTaKTa MTHOBEHHO CTaHOBUTCA GNM3KOM K TeMneparype Tesna YyerioBeka.
TemnepaTyponpoBOAHOCTb MaTepuana, Takke HAYTOXHO Mana (0,0000016 m?/cek) u
NOJSIHOCTbLIO GNIOKMpPYET NPUTOK Tensa K TO4YKe KOHTaKTa.
TemnepaTtypa, B TOUKE KOHTaKTa He pacTeT - TePMUYECKOro OXora HerT.

Taknm o6pasom ocyuiectBnserca "ABTOMATUYECKAS 3ALLNTA OT OXKOrOB"!

Tennootgava ¢ NOBEPXHOCTM MOKPLITUA B HAPY>KHOE NPOCTPAHCTBO, NpY AKCNyaTalum B NeTHUN
nepwuopa Ha TennoTpaccax (Nobov NPoKnagkM) U B NOMELLEHMAX He3HaYMTeNbHas

Qnap. =0k +0n = 2 - 3,5 B1/M2°C - TeNNOBble NOTEPU COOTBETCTBYIOT HOpMaM.

OB6osHaYeHUA:

8,5~ TOMNWKMHA M30NALNK; s - KOIMMOULWEHT TENNONPOBOAHOCT M M30NALMK; t,, - TEMNepaTypa TENNOHOCUTENA |
t. - TeMneparypa oKpyXatwllero Bo3ayxa; t; - TeMmnepatypa Ha NoBepXHOCTH M30NALMK ; q - TENNOBLIE NOTEPH ;

oL, ; o, - KO3(pPMLMEHTbI TENNOOTAAYK W TENNOBOCMPUATUS, T,. - TEMNEpaTypa HAPYKHOM NOBEPXHOCTH M30MALLMK ;

R, - CONPOTUBNEHKE TENNONepefaye KOCTPYKL UK - TpyGa, Tennousonatop; t, . - TEMNEPATYpa BHYTPEHHER NOBEPXHOCTH M30NALMI.

B.

Onpegenedve MNMpoBepKa COOTEETCEUA TONWMHEI M30MALMK N0 HOPMUPOBAaHHOW NMOTHOCTH TEMNOBOro MNOTOKA
TONLWKMHBI (TennoBbie NoTepH) M TeMNepaType Ha NOBepPXHOCTH M30NALMMK
VBOMALWOHHOMO
cnos, Npw 3a0aHHON
TEMNepaType Ha Temneparypa Temneparypa ConpoTUBNEHME
NOBEPXHOCTH Ha HApYHHOI Tennoeble NOTEPU BHYT. NOBEPXHOCTW Tennonepenade Tpyba
V30N AL NOBEPXHOCTM M30M ALMK TENN ou3on AL A + TennousonAyuA
8 o= ottt (tt) | Tuz = te ya- (auaq/lua) q= tw-te / Riot tewm=ty - q ! og Ry =1a+ 8,/ 186,/ 1w,
S 13 0,0017 |m T:‘s 43,5 | ¢ q * 59 BT/ Mm% teuz 143 |°C Ruot| 2,22 mZ °C / BT
Ay,| 0001 |BT/MCC Suz | 0,0017 |m t. 150 |°C ty 150 [°C Ogrp| 87 [BTM°C
t, | 150 | Auz | 0,001 BT/ m°C te 20 |[°C q 59 |BT/wm 84 0,008 |m
te 20 |°C taua 143 |°C Riot 220 |MPC/BT ogp| 8,70 BT/m? °C Aq 58 |[BTMm°C
t 45 | q 59 [BT/wm 82 | 0,0017 |m
a,, | 250 |BUmM’°C Tao.1 A2 0,001 |BT/M°C
oy 250 [BT/M°C
Heckonbko uHbie npouecchbl NnponcxoaaTt 31MOW. OTpI/ILI,aTeJ'IbeIe TemMnepartypbl BO3ayxa
CHWXatoT TemMnepaTypy NOBEPXHOCTM U30NALMM U yBENMYMBAIOT Tensonotepu(cm.  T1ab.1; 2).
¥ * = .
O s | 0,0017 |m 1’:3 10,7 |c q 7  [Br/m2 tews | 141 |C Reot | 222 |w2°C/BT
Ays | 0001 [BT/MCY  Bys | 0,0017 |m L 150 | tw | 150 |© Ogrp| 87 [BTMZC
t., 150 |C Aus | 0001 [BT/ mCR {o 20 |C q 77 [pT/w? 81 0,008 |m
te 20 |C tems | 141 |C Rt | 222 |WCBT [ ogrp| 870 [B7MZC A1 58 [BT/MC
t; 45 |C q 77 |BT/M 82 | 0,0017 [m
., 250 BTm2eC Az 0,001 |BT/M=C
Ta6.2 oLy 250 BT/m2Z°C




3uma. CHer nexuT Ha NoBe pPXHOCTU usonaumm.(tab.2)
Temneparypa NOBEPXHOCTU U3ONALUM NOHMXaeTCH B 4 pa3a:
v/ pe3koe nagaeT MOLHOCTb Ny4ncToro TennoobmeHa Wn~eoT#;
v KOHOYKTUBHas COCTaBMALLAsA CBA3YHOLLEro nonmepa
npeHebpexuTensHo Mana(T.K. 85% MoKpbITUS - KepamuKa);
v’ KOHBEKTMBHasA cocTaenstowas = 0 (NoB. 3akpbiTa CHEroOM);

v' k0adhdMLUMeHT TennooTaaun man Quap.= 2 - 3,5 B1/m2°C

BbiBoa: CymmapHoU MowHocmu mernsioriomepb He do0cmamoy4Ho, Ymobbi
pacmonumb cHe2, meM 60s1ee, YUMo ceepxHU3Kasi memriepamyporpoeooHOCMb
MOKpbLIMUS Npakmu4Yecku 6J10Kkupyem rnpumok mensia 8 30Hy KOHmakma u
KoaghhuyueHm mennoomaoayu Mmamepuarsa rnpeodesibHO MaJl.
Tennonomepu MUuHUMasibHbI - CHe2 He maem.

Pacuyet TonuyH CTI o6bI4HO NPOBOASAT NO 3af4aHHLIM 3HAYEHUAM TEMMNEPATYP Ha MOBEPXHOCTU
n3onaumm, 3aTemM Ux NpoBe PSOT MO 3HAYEHNAM HOPMUPOBAHHOM NSIOTHOCTW TEMIOBOrO MNOTOKA.
Ecnm TennonoTtepu npeBbiLLanT HOPMY, TO TOMLLMHY M30SALUN YBENNYMBAIOT 40 YPOBHS
oTBevatoLlero TpebosaHnam CHul no TennonoTtepam. (tab.1)

TonwwmHy nsonaumu, ona Hopm Tennonotepb No CHulM, moxHo nogobpath no Tabnmue.

Tabnwuua Temneparyp Ha NOBEPXHOCTH M3OSALIMM M TENMOEBLIX NOTEPL NPM Pa3NM4YHbIX
3HaAYEeHMAX TOMUMH M TeMNepaType oKkpyXawiljero eo3gyxa +20°C, o, = 2,50 Br/im2Z oC
00,0008 m 0,0012 m 00,0016 m 0,002 m 0,0024 m
G Br/m’ o¢ Br/m® ¢ Br/m? °c Byia? |f
29 3 23 276 19 264 16 255 14
70 29 295 24 238 20 26.9 17
80 38.3 46 35 314 28 295 24 28.2 21 ~ 35°C
%0 413 53 ETE 4B 311 28 296 24
100 44 3 61 47 351 38 32 31 27 1
110 47 4 68 52 37 43 343 36 324 31 |
120 504 76 58 389 47 359 || 40 33.7 34
130 535 84 64 52 375 || a4 35.1 38
140 565 91 48 70 57 391 || 4s 36.5 41
150 596 99 503 76 61 407 52 37.8 45 | 4s%c
160 626 106 52.F 82 66 56 39.2 438
170 65 6 114 55 87 484 71 60 40.6 51
180 68.7 122 573 93 503 76 455 64 55
190 717 129 597 99 522 80 47 68 58
200 748 137 62 105 54 1 85 48 6 72 62 )]

/ Tepenaya TennoBoro rnotoka Yepes cron "TpaauumoHHbIX"

yTennuTenein CoBepLIaeTcs KOHAYKTUBHBIM CMOCOGOM, B 3TOM
chnyyae eAMHCTBEHHbIM B110KaTOpPOM TEMNSIOBOro NOTOKA SABMSETCA
TEnsIonpoBOAHOCTb TENSIOU30NALUN.

Brarogaps Bbicokoi TennonposogHocTy (209 BT/mOC) un
TemnepatyponposoaHocTu (0,000086 m?/c) antoMuHMn GbICTPO
nNpUHUMaeT Ha cebs TennoBow NOTOK U BblpaBHUBAET
TemnepaTypy No CBOEN NOBEPXHOCTU (BbICTYMas B PO

[anee nponcxXoauT o4eHb MHTEHCUBHAs TennooTAa4a B OKPYXaloLLee NpoCTPaHCTBO
KOHBEKTMBHbIM M Ny4YUCTbIM CIOCOG0M, 1 MOBEPXHOCTL "OKaXyLUKU", HA OLLyNb, XONOoAHas.

Tennootaaya Bcel KOHCTPYKUMKU On = Ok + On = 23 1 6onee BT/M*°C, npuyem "nberHas" gona" B
3TOM NPUHALNEXUT MMEHHO JTyMUCTON COCTaBMAOLWEN NepeHoca Tenna.

Ecnm K okaxyLuKe npyKacaeTCs Tero YernoBeka, TO B TOUKe KOHTaKTa, Temneparypa, B BUAYy
6onbLLUOK TennoemkocTn Tena Yenoseka (3,4 kpk/kr°C), ymeHblLUaeTCcs 3a O CEKyHAbI A0
TemMnepaTtypbl KOXXHOro NOKpoBa.



Ho 13-3a 6onbLon TemnepaTtypornpoBOgHOCTU "OKaXYLLKU" TENOBbIE MOTOKM MITHOBEHHO
YyCTPEMIATCA K MeCcTy AncbanaHca TENMoBOro paBHOBECUsI (TOYKA KacaHus) U BblpaBHUBAIOT
Temnepartypy noBepxHoCTU. [1py 3TOM MHTEHCUBHBIV NPUTOK TEMsa, K TOYKe KOHTaKTa CTPeMUTCSA
noaaeparb MOLLHOCTb JTy4UCTOM COCTaBMALLEN Ha NPeXxHEM YpOBHE.

Ecnu TemMne paTtypa oKaXyLlUK1U BbICOKasi - OXOr He U36exeH.
B 3umHMIA neprog Ha NOBEPXHOCTU "OKaXKyLLKN" CHEer MHTEHCUBHO TaeT, M0 TEM Xe Npu4mHam.

Uem Hmxe TemMnepartypa Opr)KaIOLLl,eVI cpenbl, TeM MHTEHCUBHEE Tenyiootaadya u TenrioBbie notepu

pacTyT, T.K. pacTeT MOLLHOCTb KOHOYKTUBHOIO TennoobmeHa ( pocT At) N MOLLHOCTb ﬂqu/ICTOVI
COCTaB. noaaepxmBaeTcda TemnepatyponpoBOaAHOCTbIO alltOMUHUA.

N L %

BbiBoa: CymmapHasi MOWHOCTb
TensioBbIX MOTOKOB AO0CTaTO4Ha, YTOObI Ha
XOJI0A4HON, "OKaXyLKe" UHTEHCUBHO Tasn
CHer U BUCesin COCYJbKMU.

CpaBHeHHe xapaKTrepucTuk "TpaguyHoHHbIX yrennurenen”
M CBEepPXTOHKHUX TeNnsION3 ONALUNOHHbIX NOKPbITHH

TpaguMOHHbIE

CBEPX‘I'OHKHE' TENNOMIONAULMOHHBIE

yrenaurenu NMNOKPbLITHUA
sHepro- TennonpoEoOHoCTE TennonpoBogHocTs 0,001 BT/m2CC -
3 PEKTUBHOCTE 0.045 BT/M?°C E 45 pa3 MeHblle, B 45 pas s ekTUBHe:
SonbLMe
CTOMMOCTE 33 1 M2 Ha 25-30% MeHbLLE
SHKOHOMIMYMHOCTE v
= EA TennonoTepuHa 35% MeHbLue
CTOWMO CTh
AOATOBEeYHOCTL 3-5 nert B NomMelleHnax - 20 neT, Ha ynuue- 15 neT

3aumTa oT
KOPPO 31K K

He ZawmwaeT,
EMMTLIBAET BAArY

BOOO HENPOHWUREM, aaresna K metannam 100%,
3aWKTAa OT KOPPO3WK, KOHOeHCaTa 1 Y@ 100%

KOoHOeHcaTa
3awmTa HEeBO3IMOMHA, obecnedMBaeT 3aWnTy MNMOGbIX re0MeTRNHECKMX
oGopyaoBaHWA WNK TPy AoeMKa noBepxHocTel, hnaHubl, 330BVIKEW, OTBOAObLI
FawmTa 3aMTEIHET ABTOMATMHECKAA 3allUTa OT OXOroB,

OT OOoroe

0ByCcnoBrneHHana Pr3MHeCcKMMmM CBOR-MI NOKPbITKMRA

BL3YyanbHbIA OCMOTP M ¥3 100% BW3yanbHbIA 11 ¥3 KOHTPONbL 3a
KOHTpOIMb 3a KOHTpOnb Ges COCTOAHKMEM NOBoro obopyaoBaHna - Baku
COCTOAHNEM AEMOHTEHA pesespBaBo4bl, TONNUMBA, Macna, OoTBoAbl,
oSopyaoBaHWA HE BO3MOHEH, chnaHubl, 3a0BLBHKK
TPYAOEMKOCTb 6-8 yaCoB/M2 NpPoOU3BOONTENBHOCTL paboT: Ge3803aYLLUHBLIA
MOHT&HKA

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

F3WKMTAa OT FEY KA

He oGecneYvynBasT

Aemnduvp yeT niobbie NOBEPXHOCTI BO BCEM
OKanasoHe YacToT- KOXyYXW TYpGUWH, BO3AYXOBOAbI

BECOBLE 5.7 Kr/M2 3MNACTUHHBL, NEerkun - 0,18 Kr/m2(oavH cnoi),
XapaKkrepucTUKN NHLUHER HAarpy3KkW He CO3A4arT
YTHUNKM3aLa PEMOHT NOKPBITMA B TEYEeHKMKM CpOKa
PEMOHT W pPeMOoOHT gOopor aKCNyarTauni He TpebyeTCcA, peMOHTHBIE paboThl
YTUNKM3aLA 11 CINOHEeH, M BOCCTEHOEBNEHWE NOKPBITWA NoCNe pemMOoHTa
HeoOX o aKMbI INEMEHTAPHDBI, OTHUCNEHWA Ha PEMOHT HE
Han. enoxeHM1A TpebyHTCA, B YTUNM3AaUMA HE HY¥O3eTCH
SKOMOMMYHO CTh BpedsH onAa SKOMOTHUYECKW YHCT, Be3BEpeeH NPKM HAHECEHMHK
300pOBbA M IKCMAYaTaumm
SCTETUMHOCTb ObICTpO TEPAET He TEPHET B TEYEHMM BCEro CpoKa SKCMITYaTaumn,
YBENMYMBAET OCBELUEHHO CTh NOMELLEeHIA
noxapo - ropuvT NpK nR°eynnaropoYecTi r, vHao,. PpacnpocTpaHeHiAa
0e30NacHOCTL pPO3NKBe 1 naame HK=0, npr 850°C TepmuK14ecKIa pasnaraeTcs,
nponuTke MCM BblOSMAET YIMEeKUCAbIA ras v asoT-TemM CamMmbIM
racuT NaAama 1M Abiv, paspelledH KNprumMmeHeHMWo Ha
obopyaoBaHKMKM M TpyHONpoOBOAAX BMNOME LLLEHHMAX
noboii cTeneHK OrHe CTOMKOCTH, OTHEBBIX HArpP y3 oK
HEe CO303eT, OTHOCHTCA K CBE PXTOHKWMM MOKPbITHMAM
A0 2 M, OMpeaenAaeTcd Kak Mo M¥apo 3alMTHbIA.
KPMMMHOMEHHO CTh BO3MOMKHOCThb pasrpadneHnio 1 NoBTORPHOMY WCMNONbL30BaHWID He
paSFpaﬁJ‘IEHMﬂ noanesnT




Merogbsl namepeHns Temneparyp Ha MOBEePXHOCTH
CBEPXTOHKHUX TErnsION30/IA4NOHHbIX MOKPbITHH

MemodsbI u npubopbl, NPUMeHsIEMbIe 8 COB8PEMEHHOU mernsiodHep2emuke, Ons
3amepa memnepamyp Ha "mpaduyuoHHOU usonayuu” abcosrromHO He Npu200HbI OJIsl
KOHMpoOJIsi memMmriepamyp Ha C8epPXMOHKUX Mensiou3os/issyUuOHHbIX MOKPbIMUSIX.
NamepeHne TemnepaTyp ogHa U3 CroxHenwmnx npobnem B Tennogmanke, o0COBEHHO ecrim peyb

naeT O CBEePXTOHKNX TEMNMON30JTIALMOHHbIX MOKPbITUAX.

Hu3kas TennonpoBOAHOCTL U TEMMNEPATYPONPOBOAHOCTL MNOKPLITUIA KOPYHA NMPUBOAMT K
CYLLECTBEHHbLIM UCKaXXEHUSIM, MPY NMPUMEHEHWUN KOHTaKTHbIX METOLOB M3MEPEHMUsI TeMNepaTyp
NOBEPXHOCTEN N30NMMPYEMbIX OO HEKTOB.

ANA yMeHbLUeHUsA 3TOW NOrpeLIHOCTM He06X0AMMO NPUMEHATL creuunanbHble MeToAabl
U3MepPeHUn.

Mpn "cTaHpapTHLIX" MeToAuKax owmbKa n3aMepeHnss TemnepaTypbl MOXET COCTaBMATb AECATKN
rpagycoB B 3aBMCUMOCTM OT TemnepaTypbl M3MepaeMoro oobekTa, TemrnepaTypbl OKpyXatoLLEen
cpeabl U TENNOM3NYECKNX XapaKTEPUCTUK OO bekTa.

YemM MeHbLUe Ten1onpoBoAHOCTL MaTepuana, Tem 6onbLle owmnobka 3amMepa.

Mpn 3amepax KOHTaK THbIMU Te pMOMeTpaMu,
C 3aKpbITON N3MEPUTENBLHON NIacTUHON,
NPOUCXOOUT SKPAHMPOBKA YaCcTN NOBEPXHOCTH,
3aKpblBaeMoW 4aT4YMKOM TEpMOMETPa OT
KOHBEKTMBHbIX MOTOKOB M CaM AaT4yuK KacaeTcs
NMOBEPXHOCTHOIO CI10si NeperpeTbix 060o4ek
Kepamudecknx capep. B pesynbtate oH
NoKa3blBaET 3aBblLLEHHYIO TEMNepaTypy.

Takom cnocob 3amepoB He NpuUroaeH
ANsi NONy4YeHUsi OCTOBEPHOW MHhopmaLnn.

150°C

Bbicokag oTpaxaTesibHas CNOCOBHOCTb U HU3Kas CTENEHb YEPHOTbI (3aMKHYTbIE PaBPSKEHHbIE
nonocTn, obnagatT NOHWKEHHOW CTEMEHBI0 YEPHOTLI ) MOKPbITUA KopyHONpPUBOAAT K
CyleCTBEHHbIM OLUMOKaM NPy UCNONb30BaHMU MMPOMETPOB U TeNNOBU30POB, rPagympoBKa
KOTOPbIX OCYLLECTBMAETCS C UCNOMb30BaHMEM MOAESIbHbIX YEPHOTEMbHbIX U3NyYaTeneun,

npegHasHavyeHHbIX ANs 3HaYeHU n3nyyvaTernbHON cnocodHocTn, 6rmskon k € =0,99, pabotarowmx B
crnekTpanbHOM Anana3oHe BOSH 7-18 MKM.

MNanyyaTenbHas cnocobHocTb nokpbiTuie  KopyHa &np = 0,24, B cnekTpanbHOM AnanasoHe
BOMH, AnnHon 1 - 4 mkm. oaTomy peanbHas (MCTUHHas) TemnepaTypa obbekTa MOXeT
OTNMYaTbLCA OT U3MEPEHHON B 2 - 3 pa3sa, Npu HENpaBUSIbHOM ydeTe KO3dhpLMeHTa TeNIOBOro
N3Ny4YeHus.

BeckoHmakmHbie Memodbl u cpedcmea
u3smMepeHul Nnpu2oOHbI MOJILKO Onisi
OPUEHMUPOBOYHOL OUYEHKU COCMOSIHUS
mpy6onpoeodoe u memnepamyp, T K. Ha
NX TOYHOCTb BIIUSIIOT MHOXECTBO (hakTopoB
(3arpsisHeHHOCTb BO3Ayxa, paccTosiHME 40
06beKTa, HeYydTEeHHbI KOAMLIMEHT M3ny4e-
HVSA 1 T.4.), NTO3TOMY TaKue U3me peHust
Hemnb3s CYUTaTb AO0CTOBE PHLIMU.
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MupomeTpbl 13 00LLEN KAPTUHBLI TEMNEepa-
TYPHOrO nons "BbIXBaTbIBAOT" MakCUMaribHYyH
TemnepaTtypy pasorpeTbix 060n104ek kepamuyeckmx cdpep. T.e. npoucxoguT paguauuoHHas
3acBeTKa usnyyeHnem, nayLuero HenocpeaCcTBEHHO OT NOBEPXHOCTU Mukpocdep. Maneniwee
[YHOBEHWE BETEpKa MeHsIeT TeMrepaTypy NpunoBepxXHOCTHLIX MUKpoCcdep.

O6was owmbka Takux M3MepeHMﬂ MOXET COCTaBIIATb OECATKN rpagycoB. |_|03TOMy nMUpomMeTpLI
Henb3A NPUMeHATbL NPU 3amMepax TeMnepaTtyp Ha CBe PXTOHKUX NOKPbITUAX.

TennoBusopbl, NPUMEHSIEMbIE B TENIOSHEPrETUKE, TaKXKe HeNPUrogHbI ANA 3TMX Lernen no
NPUYUHAM, yKa3aHHbIM Bbille.



Ansi onpedeneHusi memnepamypbl MoO8epxXHOCMU C8EPXMOHKO20
menJiou30JIsiuOHHO20 NMOKPbLIMUsi Haubosiee Ha0eXXHbIMU U 00CMO8e PHbIMU
siensiromcsi onpedesieHUe memnepamypbl Ha oWy nb U ¢ MOMOWbLK mepmMonapbl ¢
OMKPbIMbIM pabo4yum criaem.

Hanbonee TOYHbLIM 1 LOCTOBEPHBIM SBIIETCA METOA 3amepa Temnepatyp Ha noBepxHocTn CTT1
npeanoxun agupekTop MHCTUTYTa MexaHnKn MeTannonormmepHbix cuctem um. B.A. Benoro,
akagemuk H.K. MbiwkmH B 2009 .

MeTon ocHoBaH Ha ghakme KuneHusi 600bI npu memnepamype +175°C Ha
nosepxHocmMu ceepxXmoOHKUX Mernsiou3osismopoe U 3aKo4aeTcs B UsMepeHnm
Temnepartypbl KOHTakTHoON Tepmonapon T. "K", ¢ OTKpbITbIM ChnaeM, MOMELLEHHOW B CIOM BOAbI Ha
NMOBEPXHOCTU NOKPbITUSA, 6€3 KOHTaKTa C ero NOBEPXHOCTLIO.

B nabopaTtopHbIX yCNOBUsIX METOA A0Ka3asn CBOK COCTOATENbHOCTb M TOYHOCTb U3MEPEHWUIA.

B HacTosiee Bpems, Hanbornee UcnbliTaHHbIM U JOCTOBEPHBIM METOAOM 3aMepa Temneparyp,
ansietca metog « Pyl «HAW CaHTexHukuy.

OH ocHOBaH Ha nNpoBeAeHUN 3aMepoB TeMrnepaTypbl KOHTaKTHOW Tepmonapon T. "K", ¢ OTKpbITbIM
cnaem, C NocrieayoLen KOpPeKTUPOBKOM MOrPeLUHOCTM U3MepPEHUn No rpadmky, pas3paboTaHHbIN U
0006 peHHbIN «PIYTT «HAN CaHTexXHUKNY.

Ha ocu opavHaT oTKnagbiBaeTcsa Temneparypa, 3aMmepeHHast KOHTaKTHbIM CNOCOOOM Ha
NMOBEPXHOCTUN TEMNSIOM3O0NSALMOHHOMO NOKPbITKS, a Ha Ocx abcunce — pearbHasi TeMmnepartypa Ha
MOBEPXHOCTUN NOKPbITKSA. Mo aTomy rpadwmky, Hanpumep, 6e3onacHon Ana YernoBeka ABnseTcs
TemnepaTypa Ha NOBEePXHOCTM NOKpbITUS 87°C (4To cooTBETCTBYET TeMnepatype 55 °C Ha
MeTannM4ecKon NoOBEPXHOCTH).
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onpepeneHvsdaktmyeckon temMmnepartypbl
HanoBe pXHOCTUN CBE PXTOHKUX TENNMOU3ONALNOHHbIX noprn’uﬁ

T °c AaHHbIe 3aMepa KOHTaAaKTHbIM MeToAoM (TepmonapoWn)
Ha NOBEPXHOCTN CBEPXTOHKUX TEMMOU3ONSALUOHHBIX MOKPbLITUN
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Boree npocTon n HagexHbIn cnocod Npeanoxvn nponssoanTens Matepnana Temp-Coat.
OH ocHoBaH Ha 6ase cneunansHo paspaboTaHHbIX TEPMOMETPOB 1 MeTOAa U3MEPEHUA.
MeToa onpo6oBaH 1 peKoOMeH40BaH K NPUMEHEHUIO NMPOU3BOAUTENEM.

3TN yHUKanbHble NepeHOCHbIE TEPMOMETPbI HE3aMeHUMbI A1 U3MepeHnsa TeMmnepaTyp
NpaKkTUYeckn NbbIX NOBEPXHOCTEN. BuMeTannmyeckmin YyBCTBUTENbHbLIN ANIEMEHT BbICTPO
n3MepsieT TemnepaTypy NoBEPXHOCTU, OH COOTBETCTBYIOLLMM 06pasoM 3alLMLLEH OT NOBPEXOEeHU
MarHuTamu n koprycom npubopa. [ins nponssoactea Hauboree TOYHbIX 3aMepoB Nprubop
HeobxoaMMo UCMonb30BaTh B 6e3BeTpeHHyto norody. NlomecTute TepMOMETP Ha NOBEPXHOCTb,
TemnepaTypy KOTOpPON HeOBX04MMO U3MEPUTL — LLKANoW HaBepx, YTOObl YyBCTBUTESbHbIN 3NIEMEHT
Haxoausncsa Hag NoBepXHOCTbIO.
MarHuTbl no3BonaT Bam nomecTuTb NpMbop Ha nMobyto YacTb MarHUTHOW noBepxHocTw. MNpubop
TaKXe MOXHO MCMNOSMb30BaTb HA HEMArHUTHbIX TOPU3OHTarbHbIX MOBEPXHOCTAX.

3am epbl CHUMArTCA 4Yepea 1 MHHYTYy nocJjiée yCraHoOBKHA TepMomMerTpa.

Temnepatypa oKpy»KatoLLEero Bosayxa BOKpyr TEPMOMETPA UMK TAra y NOBEPXHOCTN MOTyT
HEe3HaYNUTENBbHO NMOBIMUSATL Ha NMPOU3BOAMMbIE 3aMepbI.
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