TENNOBU3NOHHOE OBCJIENOBAHUE OB BEKTOB
B LENAX NOBbILWLWEHNA SQHEPTOPECYPCOCBEPEXEHUA
N BE3OMNMACHOCTU UX SKCIMNIYATALUN

B. . HEKPACOB, kaHa. ¢u3.-maTt. Hayk, 3aB. OTAENIOM TEmnno-mMacCOOOMEHHbLIX MPOLIECCOB B
nHxeHepHbix cuctemax Y «MHCTUTYT HANTUC» (MuHck)

B xypHane «CtpouTenbHble maTepuansl, obopyaoBaHue, texHonorun XXI Beka» Ne11, 2001 r.
Obina onybnukoBaHa CTaTbsl aBTOPOB BO rnaBe ¢ naypeatom HobGenesckon npemun akagemukom PAH
A.M. TpoxopoBbiM «Poccuiickue TennoBu3nOHHbIE NpUBOopbI», KOTOopasi Bbi3Bana O0MbLION MHTEpeC Y
yntatenen. B pasButMe 3auHTepecoBaBLlUeN TeMbl MyOMMKyeM CTaTbio, OTpaXalollyo cneunduky
MCnonb30BaHWs TENOBM30POB B cTponTenbcTee 1 XKKX.

B HacTosiwee Bpems B Poccum n bernapycu OONMbLUMHCTBO 34aHUM U COOPYXEHUN WMEIOT
HapyXHble  OrpaxgarolimMe KOHCTPYKUMKW, He COOTBETCTBYKOLUME COBPEMEHHBIM  HOPMAaTWUBHbLIM
TpeboBaHMAM MO COMPOTMBAEHUIO Tennonepedade. [103TOMy OYeHb BadKHBIM SABMSETCA NpoBedeHue
MacCOBOro 1 onepaTMBHOIO obcrenoBaHns (aKTUHECKOro TEMIOTEXHUYECKOrO COCTOSIHWUA 34aHUA 1w,
ApyrMmn crioBamu, pakTuyeckoro pacnpegerneHvs TemnepaTtypHbiX Mofner Ha NMOBEPXHOCTU HapYXKHbIX
OrpakgaroLLmx KOHCTPYKLUMI 30aHUA U COOPYKEHWUN.

TemnepaTtypa NOBEPXHOCTEN CTPOUTENbHbLIX KOHCTPYKUMIA 3aBUCUT OT TEMNNOMU3NYECKUX CBOWCTB
X MaTepuarnoB, Hanuuusi TEMMOMNPOBOAHbLIX BKMYEHWUNA, KaK KOHCTPYKTMBHO OOYCMOBMEHHbIX, Tak U
CrnyyarHbIX, SBMSIIOWMXCSA TEXHOMOTMYECKMMM WM KOHCTPYKTMBHbIMKM  dedektamm u  ap. Ecnn
nonb3oBaTbCs TPAOULMOHHBIMKM MeTodamu, TO AN OnpeaeneHuns Tennodgu3anyeckoro CoCTOSIHUSE
OrPaXOalLWmMX KOHCTPYKUMA 30aHWS  HeobOXOOUMO  YCTaHOBUTb HECKONbKO COTEH WNM  ThICSd
TepmogdaTtymkoB. EcTecTBeHHO, Oonblias TpygoeMKOCTb M BbICOKAs CTOMMOCTb TakonW paboThbl
3aTpyOoHSAET OCylecTBreHne HeobxoammMoro KOHTPOMs Tennouanyeckux CBOWCTB BO BPEMS NMPUEMKU
30aHWI B SKCNyaTauuo U, ocobeHHo, nepes KanutanbHbIM PEMOHTOM WM PEKOHCTPYKLMEN.

OpHako Tenepb Ha BOOPYXEHWM CMeLManncToB uMeeTcss 3(PEKTUBHBIA MeToh KOHTPOns U
onpegeneHvs NPOCTPaHCTBEHHOIO pacrnpefeneHns TennoBbiX MOTOKOB (TemnepaTyp) No MOBEPXHOCTU
OrPaXOaloLMX KOHCTPYKUMIA 34aHUA, OCHOBAHHLIM Ha MNpuMMeHeHuM npubopa nog Ha3BaHUEM
«TennoBu3op». OH OOHOBpPEMEHHO, Ha OofHOM kafape, peructpupyeTr 6onee 65 000 3HaveHun
TemnepaTyp, YCpeOHEHHbIX Ha NoLaan B HECKOSLKO KBaApaTHbIX CAHTUMETPOB.

B HacTosilee Bpemsi Haubornee npegnoyTUTENbHBIMU MO TEXHUYECKMM W 3SKCMyaTauUoOHHbIM
XapaKkTepucTMkam, CTOMMOCTM W HAOEeXHOCTU NPEACTaBNSATCA  MNOPTATUBHbLIE  KOMMbIOTEPHLIE
Tepmorpadbl IRTIS-200 (cm. puc. 1). 3T Tepmorpadhbl XOpoLLO 3apekoMeHaoBanun cebsa npu pabote B
KpUTMYECKMX ycnoBusax (Mpu HU3Kux Temnepatypax o -30°C). Mpunbopbl IRTIS-200 paboTatoT B ropoaax
Cvbnpn n [anbHero Boctoka: Hosocubupcke, Cypryte, Koranbime, HoBom YpeHroe, HeptoHrpm
(AxyTns), AHagbipe (YykoTka), KemepoBo, Komcomonbcke-Ha-Amype.

TennoBn3op Mo3BOMSET MOMydYUTb TEMNNOBON «MOPTPET» Orpaxkaatolwen KOHCTPYKUUM 34aHust (CM.
puc. 1-9), npoaHanusupoBaTb M300paxeHne Ha komnbtoTepe (cM. puc. 10) U NPUHATbL 3KCMEPTHOE
3aKrno4eHne no cnocoby Tennousonauun 3gaHus, a nocrie BbIMONHEHUS paboT Mo YTEMNEHWo - BHOBb
CHATb TEMMOBON «MOPTPET» Orpa)aalolen KOHCTPYKLMN U NPOBEPUTbL KAYeCTBO BbIMONHEHHbIX paboT.
Mocne koMnbloTepHOW 06paboTkM M30OpakeHus M pacrneyaTkyn Ha LBETHOM MpUHTEPE TensoBble
«MNOPTPETLI» MOTYT ABMNATLCS 0brumnansHeIMU JOKYMEHTAMMU COCTOSTHUSE KOHCTPYKLMKW 34aHUS.

K npenmyLiectBam TENMOBU3NOHHBIX CbEMOK TaKKe OTHOCATCS:

- BbICOKasl TemnepaTypHas paspeLuatoLas crnocobHoCTb NpMbopoB.;

- ONCTaHUUOHHOCTb U3MEPEHNs NMPU NMOMHOM MCKITIOYEHMN MEXAHUYECKOTO KOHTaKTa M HapyLleHus
nons TemMneparyp n3MepsieMoro o6bLeKTa;

- BO3MOXHOCTb OOHapyXeHusi BHYTPEHHUX [OedeKTOB MO W3MepeHWsM BO3MYLUEHUIN Mons
TemnepaTyp Ha MOBEPXHOCTUN KOHCTPYKLUK;

- BbICOKas NPOCTPaHCTBEHHas pa3peLuaroasi cnocobHocTb Npnbopos;

- BO3MOXHOCTb 0630pa ogHUM K TeM Xe npubopom manbix (pasMepomM [0 HECKOSbKMX
CaHTUMETPOB) 1 O4YeHb BoNbLUMX (Pa3aMepoM 40 COTEH METPOB) OOBLEKTOB;

- BonbLUON Anana3oH TeMnepaTyp, OXBaTbIBAEMbIX OOHUM U TEM Xe Npudopom.

TennoBM3MOHHOMY KOHTPOSO MOABEPralTCA HapyXHble W, Mpu HeoOXOAMMOCTW, BHYTPEHHUE
NMOBEPXHOCTUN OrpaxaatoLLmMx KOHCTPYKLMIA 30aHWUIA 1 COOPYXKEHUNA.

TennoBmanoHHoe obcrnegoBaHve, B TOM YMCHE MpU NPOBEAEHNM MPUEMOCOATOYHbIX MEPONPUATUN,
No3BONSAET pellaTh LWMPOKUIA CNEKTP 3adad Mo BbISBNEHWIO AeEKTOB 30aHWUN Y COOPYKEHWN:

- KOHCTPYKTMBHbIX, TEXHOJTOTMYECKUX , AKCMyaTaluMOHHbIX N CTPOUTENbHbIX AeEKTOB CTEHOBbIX
naHenewu,

- HE4OCTaTOYHO YTEMNIEHHbIX CTPOUTENBHbBIX KOHCTPYKLMIA;

- 0edeKToB KUPNUYHOW KnadKu;

- 0edeKToB NepekpbITUN U NOKPbLITUN;



- HapyLLEHWI LLIBOB U CTbIKOB MeXAy COOPHBIMU KOHCTPYKLMSMU;

- yTeyek Tenna yepes OKHa M OCTEKIEHHbIE Y4acTK/ 30aHWIN B pe3ynbTaTte MoXoro MOHTaxa;

- yTeyek Tenna yepes KOHCTPYKLMM U CTbIKW LIOKOMbHbIX 3TaXen 1 YepAadHblX KOHCTPYKLMNA;

- yTeyek Tenna yepes CUCTEMbI BEHTUNALNN;

- Y4aCTKOB 3[aHWI C NOBbLILLEHHbIM COAepXXaHWeM Bnaru;

- Y4aCTKOB C MIIOXOW paboTon CUCTEMbI OTOMIIEHMS U rOpsiHEro BOgOCHabXXeHus.

- CnepoBatenbHO, MeTO4 TEMMOBU3NMOHHOMO KOHTPOMS KayecTBa Tenno3awuTbl No3BonseT
onpefensitb Mecta M pasMepbl Y4acTKOB, MoAfiexalmx PEeMOHTY AN BOCCTaHOBIEHUst Tpebyembix
TENNO3aLUTHBIX KAa4YecTB.

KauecTBo TennoBm3MoHHOro obcnenoBaHWst 3aBUCUT OT MHOMMX (pakTopoB, onpeaensoLLmx
MOrpeLlHOCTL  perncTpauum  TemnepaTypHOro Monsi  MOBEPXHOCTM  orpaxzaroller  KOHCTPYKLUW.
MeToanyeckme MOrpeLHoCT! perncTpaumm TemnepaTypHoro nofst Moryt ObiTb Bbi3BaHbl M3MEHEHMEM
cocTaBa pPerncTpupyeMoro WH@PaKpPacHOro W3MydYeHUss M OTKIMOHEHMEeM TemnepaTypHOro nomns Ha
NMOBEPXHOCTN OT TEMMNEPAaTYpPHOro MNons, onpeaensiemMoro yCTaHOBMBLLMMCS PEXMMOM TemnronepeHoca.

Mpun TepmorpacmpoBaHMM  onTMYecKass OCb  TenfoBM3opa 4YacTO  OKasblBaeTcs  He
nepneHanKynspHomn Kk obcnegyeMon NoBepXHOCTH, a NIIOTHOCTb SHEPTUN U3MYYEHUS NMOBEPXHOCTU MPAMO
NpONopLMOHanbHa KOCUHYCY Yria Mexay HOpMarblo K MOBEPXHOCTM U HanpasieHeMm

ontudeckon ocu. Ha un3mepsemoe uU3nyyeHWe MNOBEPXHOCTUM uccrnegyemoro obbekta B
3HAYUTENBHOW CTEMNEHN BNMSET TEMNNOBOE BO3AEWCTBME MOCTOPOHHMX WMCTOYHUKOB Tenna. MNpu aToMm
y4ecTb BNUSIHWE W3MYYEHUS MOCTOPOHHUX TEMMOBbLIX MCTOYHUKOB KpalHe TpyaHo. Ecnu ke comnHue
ocBellaeT NoBEPXHOCTb 0ObeKTa, MYCTb AaXe KPaTKOBPEMEHHO, Hanpumep, Nepuoamnyeckn CKpblBasiCb
3a obnakamm, To TepmorpadupoBaHue MHOrga NPoBoOAUTL HelenecoobpasHo.

Hanuune koHOeHcaTa Ha MOBEPXHOCTW OrpaXAeHus B BuUAe BNarm WM WHES MeHseT
TEeNnonpoBOAHOCTb MOBEPXHOCTHOIO CIOS  OrpaxgeHus, genaet TemnepaTypHoe none 6Gornee
N30TEPMUYHBIM U MOXET MEHATb KOIPMUUMEHT YepHOTbl MOBEPXHOCTU. [lepedncrieHHble dakTopbl
Yy4eCTb KpanHe COXHO B pearnbHbIX ycnosusx. CnegoBaTtenbHO, MPU Hannuum KoHAeHcaTa B Buge uHes
WU BrarM Ha MNOBEpPXHOCTU obbekTa MPOBOAUTL TepMorpadmpoBaHue HeuenecoobpasHo. [pyrown
NPUYMHOW BO3HWKHOBEHMS MOrPELLHOCTEN ABMAAOTCA yKTyaumm napaMeTpoB BeTpa, KoTopble
NPVBOASAT K U3MEHEHWIO YCIOBMI TeNoobMeHa Mexay HapyKHbIM BO34yXOM 1 MOBEPXHOCTbI0 OOBbekTa.

MorpelHoCcTb TENMOBU3MOHHBLIX W3MEPEHWUA CYLLEeCTBEHHbIM 00pasomM 3aBUCUT OT CTEMNEHU
YepHOTblI 0BcneayemMon NOBEPXHOCTU. JTO OBYCroBNEHO 3akoHamMu hunsmku. 3Has BENUYUMHY TEnnoBoro
NOTOKa U3MNy4YeHUs 1 U3NyYatoLlyto CNOCOBHOCTL MOBEPXHOCTU, MOXHO ONPEeAEenuTb U TemnepaTtypy 3Tou
noBepxHoctn. [loTok wu3nydeHuss oT nwboro Tema ¢ Temnepatypoh T UM cTeneHbo YepHOTbl E
onpegensetca opmynon CtedaHa-bonbLmaHa:

Q =EqT" (1)

roe a - noctosiHHas CrtedaHabonb-umaHa.

E - cTeneHb 4epHOTLI MOBEPXHOCTH

Kak BugHo 13 dopmynbl (1), 4N OAHOTO K TOrO e MOTOKa U3MNy4YeHus NpMbop MOKaXeT pasfnyHyto
TemnepaTypy

NMOBEPXHOCTU, €CNN CTeNeHb YEPHOThbI MOBEPXHOCTU pa3fnnyHa.

Ha aTom 3akoHe u OCHOBaH MeToh AWCTaHUMOHHOIO M3MEepeHus TemnepaTtypbl MOBEPXHOCTU C
UCnonb30BaHWEM annapaTtypbl, PerucTpupytoLllen WuHppakpacHoe uanydeHve. TennoBusopbl - 3TO
npunbopsl, KOTOpble NpeobpasyloT HEBUANMOE YENoBEYECKUM FMa3oM TEMnnoBoe U3nyvyeHue ot npegmeTa
B BUOMMOE €ero

n3obpaxeHue, Ha KOTOPOM BUAHO pacnpegeneHve Temneparyp.

YpaBHeHMe, KOTOpOe ONuUCbIBaeT BENUYMHY MOTOKa WH(paKpacHOro UsnyvyeHud, nagarwoLlero Ha
nprbop, MOXHO 3anuncaTtb B criegytoLwem Buae.

Q = Qo-e™+(1-E)*Qcp*e” (2)

roe Q - NOTOK MHGYPAKPACHOIO N3NYyYeHNs], NagaroLLMiA Ha NPUEMHUK n3nydyeHns npubopa (BT);

QO - NOTOK MHPAKPACHOTO U3MNYYEHUs], KOTOPLIN U3Ny4aeT pernctTpupyemasl noBepxHocTb (BT);

Od - NOTOK MHGPAKPACHOTO M3NYYEHUS!, KOTOPbIA NagaeT Ha U3Mepsiemyro nosepxHocThb (BT). OToT
NMOTOK COCTOUT OObLIYHO M3 OBYX YacTen: MOTOKa, OOYCMOBMEHHOrO W3fy4yeHWeMm COofHua u HebGecHown
nonycaephbl, a Takke NOToka, 06yCnoBNEeHHOro U3ny4eHmem cpeabl,

oKpyXatoLLen obcnenyemyto NoBepxXHOCThb (34aHus, AepeBbs U Ap.);

e - ocnabneHue M3nyyeHWs No Nydy 3peHust Npubopa 3a CHeT NOTMOLEHUS U3NYYeHUs! napamm
BoAbl 1 rasamm CO, un CO.

MepBbIi UneH ypaBHeHUs (2) o3Ha4vaeT cOBCTBEHHOe m3nyyeHne obbekTa, ocriabneHHoe no nydy
3peHus npubopa. OcnabneHne nMany4eHns HeobBXoaNMO y4MTbIBaTb NPU TEMMOBU3NOHHBIX U3MEPEHUSIX B
ropsumx uexax, rge npov3BOACTBO CBSA3aHO C BbideneHnem GonblUoro Kkonuvyecta Tenna u rasos CO,
CO2, NOx, a Tarke opyrux BewiecTs, nornowarowmx NK-nsnyyenne.

Y4yeT noToka n3nyyYeHusi, OTPaXKEHHOTO OT OKPYXKatoLLMX 06BHEKTOB (BTOPOM UNEH B ypaBHEHUM (2)),
BaXXEH MpU W3MEPEHMSX B 3aMKHYTbIX MOMELLEHMAX C BbICOKOTEMMEPaTYPHbIMU MCTOYHMKamu. [lpu



CbeMKe OrpadkAaloLMX KOHCTPYKUMIM 34aHUN Takke HeobXxoaumo yduTbiBaTb atMocdepHble YCroBUsS B
MOMEHT U3MepeHnsi, 0COBEHHO MOSOXEHMEe ComnHLa Ha HebocBoae.

Tak, Ha pucyHke 2 npeacTaBreHa TepMmorpaMma CeBEPHOM CTOPOHbI 34aHus, CcpefHsas
TemnepaTypa CTEeH KOTOpPOro npu TemnepaType HapyxHoro Bosgyxa -8°C, cocTtaBnsieT no AaHHbIM
npubopa 1-3°C. PesynbTaTtom Takon cpegHen TemnepaTtypbl SABMSETCS OTPaXeHUe WU3NYyYEeHUs HU3KO
pacnonoXXeHHOro ConHUa OT CHEXXHOW MOBEPXHOCTU N CTEH COCeQHUX AOMOB.

OpHako, comnHue MoXeT ABMAATbBCA M UCTOYHMKOM MOMNE3HOM MHopMauun npu TENOBU3MOHHOWM
CbeMKe B neTHee Bpemsi. Ha pucyHke 3 npuBegeHa TepMorpamma CTeHbl Mocrne yxoda corfHua Ha
OpYryto CTOpOHY 3paHud. B pesynbTarte paguauMoHHOro nporpeBa CTeHbl CTanM XOpOoLO BWUAHbI
TEPMUYECKN HEOQHOPOAHbIE YHaCTKM, PaKTUHECKMN - MeCTa PEMOHTA.

OTumMmn TepmorpaMmMaMy Mbl XOTUM MOKa3aTb, YTO MPOBOAUTb U3MEPEHMSI MOTYT CMEeLManucThbl,
OOyyeHHble TEexHUKe WU3MEepPeHUs1 TenmnoBM3OPOM, HO IKCMNEepTHOE 3akfiovyeHue [OOIDKHbl [aBaTb
cneuynanuctel B obnactM TennodusuknM, HecTaumoHapHOro TennoobmeHa, WHpakpacHOW ONTuKM,
CTPOUTENbHBIX KOHCTPYKLUIA, 3HEpreTudeckoro obopygoBaHns u ap.

Takum obpa3om, «TOYHOE» M3MEpPEHWe TemnepaTypbl MOBEPXHOCTU BO3MOXHO MpU 3HaHUKN ee
CTeneHn 4YepHOTbl, MOrodHbIX YCNOBUWA (TemnepaTypa BO34yxa, CKOpOCTb BeTpa M T. A.) B TeyeHue
HEKOTOPOro BpeMeHu A0 U3SMEPEHUs N B MOMEHT U3MepPEHUS.

B YI «WHctutyrT HUMTUC» (e-mail: v_necrasov@tut.by, Ten.. 264-71-64) HakonfneH OnNbIT
npoBefeHNsa TEMMOBU3SNOHHbLIX UCCnefoBaHWi Ha 6ase coBpeMeHHOro ManorabapuTHOro Tennosu3opa
IRTIS-200 1 nmeeTcs WTAT BbICOKOKBANUMULIMPOBAHHBLIX COTPYAHWKOB ANA NpoBedeHust U1 06paboTkm
pesynbTaToB 06cneaoBaHus.

Ha ocHoBe TennoBM3WOHHbIX WCCNeaoBaHUA MoryT 6biTb paspaboTaHbl  Heobxoaumble
aHeprocbeperatoLLme MeponpuaTus, 1 No pesynbTaTtam 3Tux obcneaoBaHW BbISBMEHHbIE AedeKkTHble
3NeMeHTbl 3[4aHMW U Y4acTKM Orpaxaalowmnx KOHCTPYKUMA MOryT MoABepratbcs fanbHenwemy
aeTtanbHomy o6crneoBaHuIo.

B 3aknioyeHve cTOUT 3aMeTUTb, YTO TEMNOBM3UOHHbIE OOCNEedoBaHUS C uUenbio obHapyxeHus
y4acTKOB C YyTeykamMu Tenna B OrpaKgalolwux KOHCTPYKUMAX HeobxoaMmo npoBoAnTb BO BpeEMS
OTOMNUTENbHOrO Ce30Ha, Korda CyLlecTBYeT nepenag Temnepatyp BHYTPEHHEro U HapyXHOro Bosfyxa.
KpbilwK, a Takke Ka4yecTBO OTAENKN HaPYXKHbIX N BHYTPEHHUX NMOBEPXHOCTEN OrpaKaaroLumMX KOHCTPYKLUUA
nyywe obcnenosaTh B NeTHee BpeMs. TennoBM30op MOXET Takke LLUMPOKO UCMOMNb30BaTbCA B SHEPreTuke
W TENMoSHepreTvke AN paHHerW AUarHOCTUKU aBapuiHbIX CUTyauuin U NpoBefeHUs NpodUNakTUYeCcKmx
paboT B Lenax noBbllleHUs 6&€30MacHOCTN 3KCNNyaTupyemMbiX OO HEKTOB.

Puc. 1. KomnstomepHbili mepmozpagh IRTIS-200
Puc. 2. Tennosu3uoHHbIl CHUMOK CMEHbI 8 JIeMHee 8peMsi rocne COTHeYHo2o obnyqeHusi. KpacHbili usem coomeemcmsyem
mMecmam pemoHma

Puc. 3. Tennosu3uUOHHbIU CHUMOK Ce8epHOU CmeHbI Xurno20 0oMma ¢ CornHeYHoU nodceemkoli 0m 3acCHEXeHHoe0 JlaHowaghma
Puc. 4. Tepmoepamma cmeHbl Xunoeo 0oma ¢ HapyweHHoU merniou3onsayuel naHened (y4acmku KpacHO-Xefmoeo ysema)
Puc. 4. Tepmoepamma cmeHbl xuno2o doma ¢ HapyweHHoU menousonayued naHesned (y4acmku KpacHO-Xesmoeo ygema)
Puc. 6. Tepmozpamma cmeHbl Xunoeo 0oma ¢ HapyweHHoU merniou3onsayuel naHened (y4acmku KpacHO-Xenmoeo ysema)
Puc. 7. Tepmozpamma cmeHbl Xuoeo 0oMa ¢ HapyweHUeM mernaou3onsyuu 8 weax
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Puc. 8. Tepmoepamma cmeHbl xuno2o doma ¢ HapyweHuUeM mennou3onsayuu 8 weax

Puc. 9. TennosusuoHHbIlU KOHMPOIIb NaMAMHUKO8 apXumeKmypbl

Puc. 10. BoamoxHocmu rnipoepammHozo nakema IRTIS: susyanusayus, aHanus, obpabomka, 3anuck, MPOCMOmMp U pacrieyamka
mepmozpamm

Poccus, Mocksa, Ctapocagckui nep., a. 8, ten./dakc: (095) 924-2351. E-mail: irtis-Itd@mtu-net.ru
Internet: www.mtu-net.ru/irtis
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