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1 BBEAEHUE

OpHoW 13 Hanbonee ocTpbIxX NPoBAEM Pa3BUTUA TOMIMBHO-3HEPTeTUHECKOro KoMmiekca Poccum
asnseTca npobaema sHeprocbepekeHna. OT ee yCnewHoro peleHms B0 MHOTOM 3aBUCUT
M3HECNoCObHOCTb 3IKOHOMMKM CTPaHbI.

Llenesble ycTaHOBKM Nporpamm sHeprocbepexkeHna Poccun npeaycMaTpuBaoT SKOHOMMIO TONAUBA U
sHeprum B pasmepe 500 - 600 maH Ty.T. B 2010 r., 4To N03BOAUT TakKe Ha 30 - 40 % coKpaTUTb BbIBPOCHI
BpeAHbIX BellecTs B aTMocdepy, KOTopble AOCTUMAIOT B HacToALLee Bpemsa 0Koao 20 MAH T B roa, 1
CTabunnm3nMpoBaTb BbIOPOCHI NAPHUKOBLIX ra30B.

CyL,ecTBEHHYIO PO/b B BbINOJHEHUU NPOrPamMbl sHeprocbepexkeHns Poccum npusBaHa cbirpathb
BbICOKO3PEKTMBHAA TEMNI0BAA U30AAUMA, MPUMEHAEMan BO BCeX 06N1ACTAX MPOMbILIEHHOTO
NPOM3BOACTBA W CTPOUTENLCTBA. 10 NPUBANNKEHHbBIM OLLEHKaM NOBbILWEHNE TEMI03aLWNTHbIX CBOICTB
TENI0M30ALNOHHBIX KOHCTPYKLMI MPOMbILLIEHHbIX COOPYXKEHUI, 060pyA0BaHUA 1 TPy6ONPOBOAOB,
CUCTEM LLeHTPA/IM30BaHHOTO TEMNOCHABKEHMWSA W OTPaXKAEHUIN 34aHMI B cOCTOAHMM obecneunTb B 2010
r. SKOHOMMIO 3Hepropecypcos B o6beme 40 MAH T Y.T.



AHanus coctosHUA npobaembl sHeprocbepeKeHUsa B CTPOUTENLCTBE M PO/IM TEMIOBOMN U30N5LUM B €€
peLleHnn NoKasas, YTo B HaCTOALLEE BPEMS NOTEepPU Tena0Tbl 06 bEeKTaMM CTPOUTEIbHOFO KOMIJIEKCa
Poccumn coctaBnatoT:

yepes M30/IMPOBaHHbIE MOBEPXHOCTU CYLLECTBYIOLWMNX MPOMBbILLIEHHbIX COOPYKeHUI, 060pyA0BaHMA K
Tpybonposoaos - 356 maH Kan/roa, nam 65 maH Ty.1/roa;

yepes U30/1ALUMI0 TENNONPOBOAOB TeNoBbIX ceTel - 324 maH MKan/roa, uan 59,5 maH T y.1/roa,.

3aTpaTbl TENAOTbI HA OTOM/IEHUE KUJbIX, 0BLWECTBEHHbIX U MPOMbILLIEHHbIX 34aHWUIA, 414 BOCNOAHEHUA
noTepb Yepes U30AALMI0 OrpaXkKaatoLLMX KOHCTPYKUMIA gocTuratoT 1340 maH Mkan/roa, nnv 240 MAH T
y.T/roa. Taknm obpaszom, obuime noTepu TENI0BON SHEPTUM 06 bEKTAMMN CTPOUTE/IbHOTO KOMINJIEKCa
COCTaB/IAIOT B HacTosALlLee BpemMs okoio 2 mapa Mkan/roa, unm 364,5 maH Ty.1/rog, T.e. okono 20 %
rof0BOro NPon3BoOACTBa NEPBUYHbIX TONJINBHO-3HEPrETUYECKNX pecypcoB Poccuu.

MoBbllEHNE NPON3BOAUTENBHOCTM TEXHOOTMYECKUX YCTAaHOBOK, MCMOb3YIOLWMX TENNOTY, BCce bonee
LUMPOKOE NPUMEHEHWNE B MPOMbILW/IEHHOCTM BbICOKUX TEMMNeEPaTYp 1 rNyboKoro xono4a co3aatoT BeCbmMa
C/IOXHblE YCNOBMSA 3KCMAYaTaLMUM TEMNNOU3ONALUNOHHBIX KOHCTPYKLMIA, MPOMbILLAEHHbIX COOPYXKEHUI U
060pya0BaHNA. MHTEHCMBHbIE NPOLECCHI TEMIO- U BAaroobmeHa, BO3HMKalOLWME NPU 3TOM B
TENI0M30/1AUNN, OKA3bIBAIOT CYLL,ECTBEHHOE BMUAHME HA ee TeNI03alLMTHbIE CBOMCTBA U
[ONTOBEYHOCTD.

Bnara, NpoHMKaloLan 13 oKpyKatoLLel cpesbl B TENIOU30AUNOHHbBIE KOHCTPYKLMK B NpoLecce MX
3KCMIyaTaumu, CyLLECTBEHHO U3MEHSET yC/I0BUA TenioobmeHa. MNpoLeccbl COBMECTHOTO TEMNJIo- 1
BNAaroobmeHa, BO3HMKatOLWMeE NPU 3TOM B U301AUMK, BKAtOYAA Ha30Bble NpeBpaLLeHmMa Blaru B
NMOPUCTON CTPYKTYpPE TEMNNOU3ONALMOHHOIO CNOS, MPUBOAAT K 3HAUYUTENbHOMY YBEIMYEHUIO NOTEPD
TEN/1I0Tbl MO CPABHEHMIO C PAaCYETHLIMM, ONpeaeieHHbIMK 6e3 yyeTa BnaroobmeHa. M3secTHo,
Hanpumep, YTo NOTePM TENIOTbI TEMNON30IMPOBAHHbIMM TPYyOONPOBOAAMM NOA3EMHBIX TEMNOBbIX
ceTen, paboTatoLwmx B YCAOBMAX MHTEHCUBHOMO BO34ENCTBUA FPYHTOBOM B/1ArM, 3a4acTyto NpPeBbIWatoT
pacyeTHble B 1,5 - 2 pa3a. HakonneHwe Baarn B TeNA0M30AALNOHHbBIX KOHCTPYKLMAX
HU3KOoTEMMepaTypHOro ob6opyA0BaHMA HEPEAKO NPUBOAUT K CTO/Ib 3HAYUTENIbHOMY YBEIMYEHMIO NOTEPD
X0/10413, YTO HeobX0AMMa WX NOSIHAsA 3aMeHa.

MepeHoc BNaru B Teniomsonaumm, paboTatoLeil B YCI0BUAX KOHTAKTa C arpeccuBHOM cpeaoi
(Hanpumep, B TENIOM30NALMM 060PYA0BAHNA HAPYIKHBIX YCTAaHOBOK U XPaHWIULL, MPOMBbILLEHHbIX
npeanpuATUi, Noa3emMHbIX TPYH60NpoBoA0B HeCKaHa/IbHbIX TEMJIOBbIX CETEN, IKCMyaTUPYyEMbIX B
YCNOBUAX MHTEHCUBHOIO BO34ENCTBUA B/1arn), BO MHOTOM ONpeaensieT MHTEHCUBHOCTb KOPPO3MOHHbIX
NPOLECCOB B KOHCTPYKLUMAX M30/IMPYEMOro 060pyA0BaHMA U AeCTPYKLUMIO TENNOU30ALMN. TEM CaMbim
TEen/10- U B1aroobMeHHbIe NPOLLECChl B HUX ABSAIOTCA OAHUM M3 OCHOBHbIX GAaKTOPOB, ONpeaensowmx
[AONITOBEYHOCTb HE TO/IbKO TEMNOU30NALUMOHHBIX KOHCTPYKLMIA, HO U M30/Mpyemoro o6opyaoBaHus.

B cBA3M € 3TUM c/ieayeT OTMETUTb, YTO B OT/IMYME OT CTPOUTENIbHOM TeNN0PU3INKK, Tae AN OLEeHKU
B/IMAHUA TENO- U BIaro0bMeHHbIX BO3AENCTBUIA OKPYKatoLein cpeibl Ha Orpa*kaatolme KOHCTPYKLUMM
3[1aHUI, BbI3bIBAIOLLMX CHUMKEHME UX TEMI03ALLMUTHbIX CBOMCTB, LUMPOKO MCMOb3YHTCA pacyeTHble
meTozbl, pa3paboTaHHble B Tpyaax O.E. Bnacosa, B.WN. Borocnosckoro, B.M. UnbuHckoro, B.A.
MauunHckoro, ®.B. Ywkosa, K.®. ®okuHa, A.Y. dpaHuyKa 1 ap., B oTeyecTBeHHbIX (H.M. 3ennkcoH, M.T.
KaraHep, C.B. XuxkHaAKos, E.M. LLUy6uH) n 3apybexHbix (U.C. Kammepep, O.0. Mennoii, P. Kacker)



MOHOTrpaduaAxX 1 Nepuoandecknx NnybamKaumax, NOCBALLEHHbIX NPOMbIWAEHHON U30AALUN, BONPOCHI
COBMECTHOrO TeMNJI0- U BAaronepeHoca 1 ux BAMSHWE Ha TEMNN03aLWMUTHbIE CBOMCTBA TEM/I0U30ALMOHHbBIX
KOHCTPYKLMIA He paccMaTpuBatoTcs.

K corkaneHuto, meToapl CTPOUTENbHOM TENN0DU3MKKN B BONBLUMHCTBE C/ly4aeB He yAaeTca UCNo/1b30BaThb
ONA 3TUX Lenei, NOCKObKY TeMnepaTypPHO-BIAXKHOCTHbIE YC/I0BMA, B KOTOPbIX IKCM/yaTUpyeTcs
NPOMbILNEHHAsA U30NALUA, CYLLECTBEHHO OTINYAOTCA OT YCIOBUIM 3KCNAyaTaLMm TeNIOU301AUUK B
orpa*KAeHusax 3gaHunit. JocTaToyHO OTMETUTb, YTO AMAMNA30H TeMMepaTyp, B KOTOpom paboTatoT
KOHCTPYKLMN NPOMbILLIEHHOM U3oaaumm coctasaseT oT -180 ao 600 °C, a Tenion3onsaumna orpaxkaeHui
34aHui - ot -20 go 30 °C.

BcieacTeme MHTEHCUBHbIX TEMJIO- U BIaXKHOCTHbIX BO3AEMNCTBUIN OKPY»KatoLLen cpeapl, Hef0CTaTOYHOro
yyeTa BANAHMA COBMECTHbIX TEMN0- U BNaroobMeHHbIX NPOLLECCOB Ha TeNN03allMTHbIe CBOMCTBA
N30/1ALMKN NPU NPOEKTUPOBAHUM N MOHTaXKe 3HepProaGpPeKTUBHOCTb TENNOU30NALMOHHBIX KOHCTPYKLMIA
MPOMbILLIEHHbIX COOPY>KEHWI B MpoLecce 3KCnayaTauum CHUMKaETCA, YTO NPUBOAUT K 3HAUYUTE/IbHbLIM
CBEPXHOPMAaTUBHbIM NOTEPAM TEMIOBOWN SHEPTUN.

B HacTosLee BpeMsA CBEPXHOPMAaTUBHbIE TEMNI0BbIE NOTEPU Yepes M30IMPOBAHHYIO NOBEPXHOCTb
NPOMBILLNIEHHbIX COOPYKeHUI, 060pyaoBaHUsA, TPYBONpPOBOAOB M TENIOBLIX CeTEel A0CTUraIoT 244 MAH
lKan, uam 44 MAH Ty.T. B ro4. DKCNayaTaLMOHHbIe TEMN/I0BblE MOTEPU Yepes CyLLeCTBYoWMNe
TEN0MU30AUNOHHbIE KOHCTPYKLMKN 3HAUYMTE/IbHO MPEBbLILWAIOT PACYETHbIE, TaK B MPOMbILLIEHHOW
nsonauumn obopyaosaHua n Tpybonposoaos oHW B 1,25 - 1,3 pasa 60/blue HOPMATUBHbIX, @ B TENIOBbIX
ceTaAX - B ABa pasa.

MpuBeaeHHble gaHHble ybeanTeNbHO CBUAETENLCTBYIOT O TOM, YTO AR YCNELHOTO pewweHna npobaembl
aHeprocbepekeHuns B CTPOUTENLCTBE HEOHXO0AMMO NOBbILEHWE 3HEPro3pPEKTUBHOCTM MPOMbILLIEHHOM
TEN/10BOM U30NALMMN MYTEM LUIMPOKOIO BHEAPEHMSA B MPAKTUKY NPOEKTUPOBAHMNA U CTPOUTE/bCTBA
BbICOKO3(PEKTUBHbIX TEMNNON3ONALUMOHHBIX MAaTEPMANOB N KOHCTPYKLUMIA HAa OCHOBE HOBbIX METOA0B
pacyeTa, yYMTbIBAOLLMX BAUAHKUE TENNO0- U BAaroobmeHa 1 obecneynsatoLmx BbI6op ONTMManbHbIX
TEXHO/IOMMYECKMX, TENNOPUINYECKMX U MACCOOBMEHHbIX XapaKTEPUCTUK M301ALMUMU N NPOEKTHbIX
peleHnid, rapaHTUPYIOWMX CTabUAbHOCTb TEMN03ALWMUTHLIX CBOMCTB TEMION30AALMOHHBIX KOHCTPYKLMIA
B NPOLLeCCe IKCNAyaTaLuu.

Mcxoaa U3 M3N0XKEHHOTO B MPOLECCE BbINOIHEHWA HAcToALEN paboTbl NPeanoKeHbl pacyeTHble
MEeTOAbl OLEHKM BAUAHWUA BNAXKHOCTW Ha TEN/I03aLUMUTHbIE CBOMCTBA TEM/IOU30ALMN U NPEAIONKEHUA N0
HOPMMPOBAHMNIO PaCHETHbIX 3HAYEHWIA ee TeMnoNPOBOAHOCTM B KOHCTPYKLUMAX.

2 XAPAKTEPUCTUKHN BSIAXKHOCTHOIO COCTOAHUA TENNTOU3O0NALUOHHDLIX MATEPUANIOB

B KanuANApHO-NOPMUCTON CTPYKTYPE TENIOU30NALMOHHBIX MAaTePMaN0oB BCErAa COAEPKUTCA BAAra,
KO/IMYECTBO KOTOPOM onpeaenserca yCA0BUAMM 3KCMyaTaLMM U COCTOAHMEM OKpY»KatoLLen cpeabl.
CopepkaHue Bnarn B Matepuane onpegensitor obbluHO BbiCyLIMBAaHMEM HAaBECKM B/IAXKHOTO mMaTepuana
Ps, npn 105 °C (npuv 3TOM TemnepaType TENI0M30ALNOHHbIE MaTepuasbl MPAKTUYECKU HE CoaepKaT
BAarun) 40 AOCTUNKEHUA NOCTOAHHOM Maccbl Py. BennumHa

U=(Psn'PO)/PO (1)



Ha3blBaeTCA BAArocoAepXaHnem matepmana u UMeeT eaUHNLY U3MEPEHUA - KF BAarn/Kr cyxoro
MaTepuana. BnarocogeprkaHue, BblparkeHHOE B MPOLLEHTAX, HA3bIBAETCA OTHOCUTEIbHOW BIAXKHOCTbIO
maTepmana No Macce UauM NPOCTO MAacCOBOM BAAXKHOCTbO W. YMHOXMB BRarocogepxaHue U Ha
NNOTHOCTb MaTepuana B CyXOM COCTOAHUM P,,, HaWAEM BNarocogepskaHue matepuana no obbemy, Kr/m’:

U, = Upy. (2)

B NPaKTUKe NCNOIb3YHOT TaKXXe NOoHATUE OTHOCUTENbHOW BNAXKHOCTU NO 06'bEMy, nnn o6beMHom
BN1aXXHOCTU

W = (Upw)/pw (3)
rae Py - N10THOCTb BOAbI.

MaKcumasibHoe BnarocoAepaHune, KOTopoe AO0CTUraeTcs AUTE/IbHbIM BblAepXKMBaHNEM MaTepmana B
BO/le, Ha3blBaeTcA BarocoaepskaHuem noaHoro HamokaHus U,,. [1na 3epHUCTbIX U BONOKHMUCTbIX
maTepuanos

Un= m(pm/pm)r (4)

ana 60NbLINMHCTBA AYENCTBIX MaTepunanos

Um < m(pm/pm); (5)
rae m - nOpnUCToCTb.

CBOICTBa BOAbI, COAEPIKALLENCA B TEMNIOU30NALMOHHBIX MaTepuanax, ee noasusKHOCTb Npu
B3aMMO/EMCTBMM C OKPYXKaoLLEei Cpeaoi XapaKTePM3YIOTCA SHEPIMeit CBA3WN BNarn ¢ NOBEPXHOCTbIO
TBEP/O0ro BellecTsa, 06pasyoLero KanuaaapPHO-NOPUCTYIO CTPYKTYPY Tena. Mo 3HaYeHUIo SHeprum 3Toin
CBA3M pPa3nyaloT GU3MKO-XMMUYECKM (CUNbHAA CBA3b) N GU3UKO-MeXaHMYeCKM (cnabas cBA3b)
CBA3aHHYIO BOAY.

dusnKo-xmmmuueckan ceasb. Biara, ceazaHHan pU3MKO-XMMUUECKK, NpeacTaBifeT coboi NaeHKy U3
MOANEKYN BOAbI, a4COPOUPOBaAHHbIX Ha NOBEPXHOCTM KaNUANAPHO-NOPUCTOMN CTPYKTYpPbl MaTeprana u
YAEPUBAEMbIX Ha Hel 33 CYET CMI0BOTO NO/A Ha NOBEPXHOCTU pasfesna TBepaoe TeNo-ras,
o6pasytoLLerocs BcaeacTBuMe HEKOMMEHCUPOBAHHOCTM MONEKYIAPHBIX CUA B MOBEPXHOCTHOM C/I0€.

ToNLMHA NNEHOK KMAKOCTH, aACOPEMPOBaHHbIX Ha MOBEPXHOCTM MOP M KanuAnApoB, Konebnetca oT (3 -
5)-10"° (moHOMONEeRyAAPHBIN cioit) 4o 1-107 m (monMmonekynapHbIi cnoit). CBoicTBa aAcopBLUOHHO-
CBA3AHHOI BOZbI M3-3a BO3AEMCTBIA HAa HEE MOLLHOIO CUI0BOrO MOA NOBEPXHOCTHBIX MONEKYAAPHbIX
CUNN 3HAUYUTENBHO OT/IMYAIOTCA OT CBOICTB CBOGOAHOM BOAbI. Hanpumep, cBA3aHHas BoAa He pacTBoOpAeT
SN1EKTPONUTBI APYTMX PACTBOPUMBIX BELLECTB, 061a4aeT CBOMCTBAMM yNPYroro Tena, MMeeT
MOBbILLEHHYIO NAOTHOCTb U MOHUMKEHHYIO TEMNOEMKOCTb (MEHbLUE eAUHULLbI).

®du3nKo-mexaHnuyeckan cBA3b. Bnaroi, pn3nKo-mexaHUYeCcKn CBA3AHHOM CO CTPYKTYPON, fBAsSeTCA
MNOKOCTb, HAXOAALLAACA B KaNMANAPAX, U XKUAKOCTb CMaunBaHmMA. KanunnapHas cBasb XUAKOCTU
Xapaktepusyercs KoadOULMEHTOM NOBEPXHOCTHOTO HATAXKEHUS, PaBHbIM CU/le, AEWCTBYIOLWEN BAO/b
MOBEPXHOCTM KUAKOCTU U NMPUIOKEHHOW K €AMHULE OJVHbI IMHUW, OrpaHMYMBatoWwein MexKdasHyto



MOBEPXHOCTb M KanuanapHoe aasneHue. BneHnsa cMavmBaHua HabntoaaloTca Ha rpaHuLe pasaena Tpex
¢$as, ogHa 13 KoTopbix 06bIYHO ABNAETCA TBEPAbIM Tenom (Ppasa 3), a gBe gpyrue - KuaKocTbio (dasza 1)
n rasom (dpasa 2).

Mpn HENOSIHOM CMaYMBaAHWUK }KNAKasA NOBEPXHOCTb pa3aena nepecekaeT TBEPAYIO MOBEPXHOCTb NO
HEKOTOPOW IMHUN, Ha3blBAEMOM NEPUMETPOM CMaYnBaHMA, U 06pa3yeT c Hel Kpaesom yron 6,
nsmepaemblit B ogHol ¢ase. KocuHyc KpaeBoro yrnia ABAAeTca Mepoi CMaymMBaHus B, cBA3aHHOM C
Ko3dPULMEeHTaMMN NOBEPXHOCTHOIO HATAKEHUSA - MeXPa3HbIX FPaHUL, S1p; S31; S3» YPABHEHUEM

B =c0s 6 = (s3; - S31)S12, (6)

KOTOPOE NOKa3bIBaeT, YTo 6 3aBUCUT TONbKO OT MONEKYAAPHON NPUPOAbI NOBEPXHOCTEN pasaena 1 He
3aBWCUT OT Pa3MepPOB Kanam UAK Ny3bipbKa.

Bo3MOXHbl ABa cnyvan cmaumsaHma: npu 0 < B < +1 (s3; > S31), KOrga Kanns pactekaercs no Teepaomn
NoBepXHOCTU, 06pasya paBHOBECHbIN yron 8 < 90°, u npm 0 > B > -1 (S3; > S31), KOrA4a Kanasa Bogbl HA
TBEPAOWN NOBepPXHOCTM 06pasyeT yron 6 > 90°.

MpY HANMYUM UCKPUBAEHHOWM FPaHMLLbI MEXKAY KUAKOMN M ra3o06pasHoi pasamm no obe CTOPOHbI
NOBEPXHOCTM pasaesna MMeeTca PasHOCTb I’MAPOCTaTUYECKUX AaBNeHWI, 0bycioBNeHHan
MOBEPXHOCTHbLIM HaTAXKEHMEM M Ha3blBaeMas NanjiacoBbiM WAU KanUANAPHbIM AaBAeHNEM.
KanunnspHoe gasneHue p; NPONopuUMOHaNbHO cpeaHen KpuBmsHe C B pacCMaTPUBAEMOM TOUKe
rpaHMLLbl NOBEPXHOCTU pa3gena Asyx ¢as:

C=1/r=1/2(1/r1+1/r2), (7)
roer- CpG,CI,HVIVI pPaanyc KpuBm3HbI,

ry N r, - panycbl KPUBU3HbI ABYX INaBHbIX CEYEHUMN, T.e. CEYEeHNI NOBEPXHOCTM ABYMS B3aUMHO
nepneHaNKYIAPHbIMK NNOCKOCTAMM, NPOXOAALLMMM Yepe3 HOPMaib K AaHHOM Touke. [aa wapa

r=ri=r,nps=2s,C=2s5,/r. (8)

M3 (8) BMAHO, UTO KaNUNNAPHOE AaB/eHne ANA NAOCKO NOBEPXHOCTU PABHO HY/IO, AM1A BbINYKA0MN - OHO
NOJIOXKUTENbHO, A1 BOTHYTOW - OTpULLATENIbHO (PanyC KPUBMU3HbI CYMTAIOT NOJIOKUTE/IbHbIM, KOr4a OH
Hanpas/ieH B ry6b XNAKOCTH).

KpvBU3Ha XMAKOW NOBEPXHOCTU B KaNUAspe onpeaenseTca yCA0BUAMM CMavnBaHua. as
KanuANApHOM TPYOKM AOCTAaTOYHO MasIoro Pajmyca ro MEHUCK MOYKHO cuMTaTb chepuyecKkoi
NOBEPXHOCTbIO PAANYCOM Iy, ONpeaensembiM Mo BEMYMHE U MO 3HAKY.

r=rofcos 6. (9)
KanunnapHoe nasneHne, COOTBETCTBYIOLLEE TAKOMY MEHMUCKY, PaBHO

20
—12 poeB,

o

5

(10)



Ecnmn paccmoTpeTb paBHOBECHOE COCTOAHUE XuaKkoctm B U-obpasHoi TpybKe, 04HO KONeHO KOTopoi
[0CTaToyHO 60/blIOro gMameTpa (UTobbl cpeaHAs YacTb MeHUCKA Oblia NI0CKON), a APpYroe - Kanuansp,
TO NPV NONOKUTENLHOW CMAaUYNBAEMOCTUN CTEHOK Kanuanapa Kuakoctbio (1 3 cos 6 > 0) oHa
NOAHMMAETCA MO OTHOLLEHMIO K YPOBHIO B LUIMPOKOM KONEHE, a Npu HecmaumnsaemocTtn (1 > cos 6 2 0)
ONYCTUTCA Ha BEANYUHY

2o, cos8

h= :
rﬂg(pm _pI{) (11)

roe P, - NJI0THOCTb HaCbIWEHHOTOo Napa;
g - YCKopeHue cBob60oAHOro nageHus.

KanunnspHoe gasneHve obycnoBANBAET BECbMA BayKHOE A1 XapPaKTEPUCTUKM BAKHOCTHOIO
COCTOSAIHMA KanUANAPHO-NOPUCTbIX TN ABAEHME - KaNUANAPHYIO KoHAeHcaumto. baarogaps
KanunnapHomy s deKTy gaBneHMe HaCbILLEeHHOro napa Hag, BbiMyK/I0M NOBEPXHOCTbIO XXUAKOCTU BblllEe,
a Hag, BOTHYTOM HUMKe, YeM Hag NIOCKoM (3akoH KenbBuHa)

&=exp _RTM 2Ty

roe M - oTHOCMTeNbHaA MONEKYNAPHaA Macca;

R - yHMBepcanbHas ra3oBas NocToAHHas;

T - abcontoTHaA TemnepaTypa;

pr - AaBNEHWE HACbIWEHHOro napa Haj BOrHyTOW NOBEPXHOCTbIO;
P, - AaBNeHMe HaCbILLEHHOTO Napa Hag, NI0CKOM NMOBEPXHOCTbIO.

Taknm o6pasom, Npu KOHTAKTE C HACbILWEHHbIM B/1a*KHbIM BO34YyXOM CyXOe NMOpUCTOE TEN0, MMeIOLLLEE B
CBOEW CTPYKType Kanuansapbl AOCTAaTOYHO MafblX Pa3MepOB, YBAXKHAETCA 3a CHET KanuanapHom
KOHAEeHcaumm B cooTBeTcTBUM ¢ (12). Hanpumep, npu BaaxkHocTu Bo3ayxa j = 0,35 6narogaps
KOHAEeHCaL MM 3aN0JIHATCA BCE KanUANApbl pasmepom 40 10° m, npu j = 0,9 - BCe KanUANAPbI Pa3Mepom
meHee 10° m. Mpu paguyce kanunnapa 10”7 M gaBneHMe HaCbILLEHUA HaJ MEHUCKOM Haxoasalleica B
HEM XWAKOCTM NPAKTUYECKMN PABHO AaB/IEHMIO HACbIWEHUA HAA, NJIOCKOW MOBEPXHOCTbIO. ITO
06CTOATENILCTBO MOCAYKMO OZHON U3 FNAaBHbIX MPUYMH KNAaCCUUKALIMM NOp pasmepom 6osibiue 107 m
KaK MakpoKanuasiapbl, a Nop MmeHblue 107 m - Kak MUKPOKanNuANAapb.l.

B COCTOAHWW TMIrPOTEPMMUYECKOTO PAaBHOBECUA C BAAXKHbIM BO34yXOM TemrepaTypa Tesia paBHa
TemnepaTtype BO34yxa, AaB/ieHWe Napa BO BAAXKHOM BO34yXe, 3aK/NHOYEHHOM B KanuANspHO-NOPUCTOM
CTPYKTYpe, paBHO NapumnaabHOMY AaBAEHMIO Napa B OKPYKalOLLEM BO3AYXE, a BAarocoaepraHme
MaTepurana NnpMobpeTaeT HEKOTOPOE NOCTOSHHOE 3HAYEHME, Ha3biBaeMOe PaBHOBECHbIM. PaBHOBECHOE
B/IarocoZeprKaHne 3aBUCUT OT TEMMNEPATYPbI U BAAXKHOCTM OKPY)KatOLLEro BO3ayxa 1 onpegensercs
dbopmolit cBA3M BAArM C MaTepManom, KOTopan, Kak OTMEYaNoCh Bbllle, MOXKeT BbITb NpeacTaBaeHa B
3aBMCMMOCTM OT NapLUManbHOro AaBAeHUA napa Mbo GU3NKO-XMMUYECKH, B0 GU3NKO-MEXaHNYECKM



cBA3aHHOW. Ecin maTepman npu JOCTUMKEHUW PAaBHOBECUA NOMNOLWAET BAary, 3TOT NPOLLECC Ha3biBaeTcA
copbumeir, ecnmn otaaet - gecopbumeit. Kpmsas, XxapakTepmsyoLwasn 3aBUCUMOCTb MeXAY PaBHOBECHbIM
B/larocogepXaHnem maTepmasa U OTHOCUTEIbHbIM NapLMANbHbIM AABAEHUEM UIN BNAXKHOCTLIO j, %,
NPV NOCTOSIHHOM TeMnepaType, HasblBaeTcA M30TepMol copbunn nnm gecopbummn. BnarocoaepkaHume
maTepuana npu PaBHOBECKM C HACbIWEHHbIM B/1aXKHbIM Bo3ayxoM (j = 100 %) Ha3biBaeTcs
MaKCMMaA/IbHbIM rurpockonmyeckum Uy, .

O6bl4HO M30TepMa copbLmMmn N306paXkaeTca KPUBOWM B KOOPAMHATAX: BNarocoaepskaHue matepuana U,
Kr/Kr (ocb opaunHaT), 1 napumasbHoe Aas/ieHne napa Bo BAaXKHOM Bopayxe p,, Ma (ocb abcumcc).

Ona 6onbWMHCTBA 3GPEKTUBHBIX TENIOU30NALUOHHBIX MAaTEPMANOB M30TEPMbI COPOLMMN YKa3bIBaAOT HA
ABe, 0CTaTOMHO YEeTKO BblparkeHHble 06i1actn: 0 £ j £ 80 % - 061acTb aAcopbLMOHHO-CBA3AHHOM Baaruy;
80 £j £ 100 % - 06n1acTb KaNUNNAPHO-CBA3AHHOW BNaru. MNpuyem ans asTUX maTepuanos B NepBoOn U BO
BTOPOM 06/1aCTAX 3aBUCMMOCTb PAaBHOBECHOTO B/IArOCOAEPKAHUA OT BAAXKHOCTU BO3AyXa C AOCTAaTOYHOM
ONA TEXHUYECKUX NPUBANKEHUA TOYHOCTBIO MOXKHO CYUTATb IMHEMNHOM. ITO NO3BOAAET A5 NOCTPOEHMUA
NPUBANKEHHON M30TEPMbI COPOLMM IKCNEPUMEHTA/IbHO ONpeaenATb PaBHOBECHOE BAarOCOAEpPKaHNe
maTtepuana BCero nLWb NPKU ABYX 3HAYEHUAX BAAXHOCTM Bo3ayxa: npu 80 n 100 %.

Ha ocHOBaHMM 3KCnepMMeHTaNbHbIX AaHHbIX O PaBHOBECHOM B/1IarocoAep»KaHum uccnenyemoro
MmaTepunana npu Temnepatype Bosayxa 20 °C n BnarkHoctm Bo3gyxa 80 1 100 % [u (j = 80 %); u = u,,] ero
COpBUMOHHANA MacCOeMKOCTb (BIaroeMKocCTb), Kr/m:-Ma, onpeaenserca U3 BbipaxKeHWii:

B 06/1acTb a4COPBLMOHHO-CBA3AHHOM BAArU:

W= 80%,=20°C)
* T 08pR( - 2000y '

(13)
B 06/1aCTb KaNUANAPHO-CBA3AHHOM:
& o um,r':f = 20°C —uip = 80% £ = 20°C) -
" D,Ep:(.t =207 " (14)
IT
roe Pu . napumanbHoe AaB/ieHNE HACbIWEHHOro Napa Bo BAaXKHOM Bo3ayxe (j = 100 %), MNa;
P - MJIOTHOCTb U30IALMOHHOMO MaTepuana, Kr/m’.
MpomerKyTOoUHbIe 3Ha4YeHMA PaBHOBECHOIO BAarocoAepXaHua caesyet onpeaenatb no popmynam:
¥
Ui@) = vy mcff :
npn 0 £ < 80 %; (15)

npv 80 % £ j £ 100 %,

Uip) = Ulp = 80) + | pff — - 0,825 e,

100 (16)



Mpu npumeHeHnn dpopmyn (13) - (16) cneayeT Mcnonb3oBaTh AaHHbIE Tabanubl 1.

Ta6nmu,a 1 - XapaKTepucTMK1M NOpPMUCTOCTU U PAaBHOBECHOIO B/1arocoaepKaHmA Ten1I0M30AALUOHHbIX

marepuanos
Bung MopuctocTb 0bwas m PaBHOBeCcHOe Bnarocogep»aHue,
maTtepuana Kr/Kr, npu t = 20 °C 1 BRaXKHOCTU
BO3A4yXxa
OTKpbITad 3aKpbiTad j=80% j=100 %
BonoKHucTbIe my,=0,74m ms=0,26m 0,01 0,05
[MeHonnacTbl m,=0,98m m3=0,015m 0,01 0,04
lMeHoOKay4yK m,=0,985m m3=0,015m 0,025 0,02

anBe,D,EHHbIe Bbille COOTHOLWEHNA NO3BONAKOT ONPEAENATb PABHOBECHOE B/1arocogepXaHme

TENNOU30NALMOHHbLIX MaTeEPUANIOB B 3aBUCUMOCTU OT B1IaXKHOCTU OKPYXKalkoLlero so3ayxa npun

Temnepatype 20 °C. [lna onpeaeneHmsa no sTMM AaHHbIM PAaBHOBECHOIO BAArocogepKaHuna npu aoboi

Apyroi TemnepaType B AnanasoHe -60 £ t £ 60 °C cneayeT NPUMEHATb NPUBAMIKEHHYIO dopmyny

U(t) = U(t=20°C;j) " [1-0,002(t - 20) exp2,8 (1 - j)],

rOe j - BAaXKHOCTb BO34yXa B 408X eANHMLbI.

(17)

[NA OueHKN BNaXKHOCTHOIO peXKnma Tension30aALNOHHbIX KOHCprKLI,MVI noAa3emMHbIX COODY)KEHMﬁ,

paboTaloLLmx B YCI0BUAX KOHTaKTa C MacCMBOM BNAYKHOIMO FPYHTA, HaNnpuUmMmep TenaoM3onaumn

NoA3eMHbIX TEMIONPOBOAOB U Ap., BBEAEHO MOHATUE PaBHOBECHOTO B/1aroCoAepKaHua Tena0M30aUnn

Urp, KI'/KI', B cucrteme tenaomsonauuma - B/IAXKHbIN FPYHT, HaXOp,FIU.LeVICﬂ B ycnosmnAax TepmoanHamm4yeckoro

paBHOBeCKA. 3HaYeHWA 3TOW BENMUYUHBI 418 Pa3IMYHbIX TPYHTOB NpeAcTaBaeHbl B Tabauue 2.

Tabnvua 2 - PaBHOBeCHOe BAarocogep)XaHue Tennom3onaumnmn V, Kr/Kr, B KOHTaKTe € BAaXKHbIM

rPyHTOM

7kl MpyHT

nay, necyaHbli cynecb CYIIMHOK rNMHa

na BnarocogepykaHue rpyHTa, Kr/Kr

Mlew|O0O/O0|O0|O0O|O0O|O|lO|O|O|0O|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O]|O

o]y 7/ [ IR IR R R AR N (U O RN O O O O O O R R I O R O R R I

acr |0|1|1|2|2(3|3|]0|2|1|2|2(3(3|]0|1|1|2|2|3|3|0|1(1]2]2

bl 5i0(5/{0|5|{0|5(5|0|5|0|5|0|5|5|0(|5(0|5|]0|5|5|0|5|0|5
oo|jo0|0|j0|0j0|0O|O0O|O0O|O|O|O|O|0O|O|0O|O|O|O|O|O|0O}j0O|0O]O0
1(1(1(2}2}2|3|0|1(1]1 2 0j0|0]|12 112/0(0(0]0]12
4,7|8|0|4|8(2|7|2|5|8|/0(4(0[3|6|8|2|5|8|4(1(3(4]6]|0

5

Mew | OjO0|O0|O0O|O|O|lO|O|O|0O|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|O}|O

oka |, |, .t t 000000000000t 1,1,1,1,

yay (1(1(1}212}12(22(0(9}2|2(12|1|240|0|5|0|12}|2|12|0|0O|0O|0O]|O

Kun 0(2(3|4]|7 3|{5/{0|1(/3(4(7(1|2|4|6|9|0|2|8(0(2(3|4)|7




Bon |0O|0|0|1]|1
OKH |, |, |, |, 1|,
metr |416(0(0|2
aA 0|07 5

~

~

~

~

~

512 8
ij1i0,0(0|0j0j0O|2|0]0O]O
2|13/]0(0|0|2|48]1|]0|0]0O0
5(0/1(3|5|0|0]|0 1125

~
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3 YBNAXHEHUE TEN/I0BOI U30NALUMN B MPOLLECCE SKCNNYATALMUMN

B npegbiaywem pasgene npusengeHbol MeToabl onpeaeneHna BNa*XHOCTHbLIX XapPaKTePUCTUK

TENTOUN30NALMOHHbLIX MaTePKManoB B TENTION30NAUNOHHBIX KOHCTPYKLMAX, HaXO04ALWLNXCA B YCNIOBUAX

TEPMOAMHAMMUYECKOrO PaBHOBECHOIO COCTOAHMA C OKPYXKatoLen cpeaoi. Huxe paccMoTpeHbl MeToabl

pacyeTa AMHAMMKWN YBAAXKHEHMWSA TENNON30NALMOHHBIX KOHCTPYKLUMIA 3a cueT anddysnmn napoobpasHoit

B/1ar1 B MOPUCTYIO CTPYKTYPY M30NALUKN NPU KOHTAKTE C BAAXKHbIM BO34YyXOM, a TaKKe NpoLeccoB

YBaXKHEHUA KaneibHOM BAaroi npu aTmochepHbIX 0CaAKaxX UAN KOHTaKTax C MaCCMBOM B/Ia*KHOMO

rpyHTa Ha OCHOBE 3aKOHa u3oTepmuyeckoi anddysumn snaru:

gm = -Dgradu,,

IT B
rae g, - NJI0THOCTb MOTOKa B/1arn napoobpasHoi Y ynun kanenbHoit T , Kr/(m*-4), 0BbycnosneHHan

rpagneHTom KOHUEHTPAauuum snaru u,, KF/M3, B matepuane. B Kauectse pacquHoﬁ CXeMbl

paccmaTpunBaETCA M30TepMMHECKMVI BnaronepeHocC B HeorpaHMHEHHOVI nnactnHe TOJ'ILLI,MHOIZ 5, m,

OMMCbIBAEMbII YypaBHEHUEM

C KpaeBbiMU YCUNNAMMU:

1
che,, =D8u;;
dt ax

0
U t=0;0£xE8)="r;

G
U0 ETE oo x=6)=" .

dult=0x=0 _ 0
dx '

PeweHwne ypaBHeHua (19) c KpaeBbimn yeuamamm (20) - (22) ans cpegHero BnarocoeprkaHus no

TONLMHE NAACTUHbI ¥ (T) n3secTHo:

=

_ i) (z=0) _ I—E
2!~z (z=0) ys

s
E -—Fa
Ep 4 '

roe Fo,, - MaccoobMmeHHbIN Kputepuii Pypbe, paBHbIN:

(18)

(19)

(20)

(21)

(22)

(23)




P
Fo, =1L

b 52

(24)

Mcnonb3ya (23), cpeaHee BnarocogepkaHue no To/LWMHE U30AALMMN 32 BPEMA Tys, MOXKHO ONpesenunTb

U3 BblparKeHUs:

Uy (1) = 0-[u,(x=68) - u(t=0)] + u,(t = 0). (25)
Mpu pacyeTe yBAAKHEHUA U30NSALUKN, SKCMYaTUPYEMOW BO BIaXKHOM BO3A4YXe, onpeaeneHune
6e3pa3mepHoro snarocoaepxaHus no (23) n cpeaHero BnarocoaepsKaHma no ToauuHe no (25)
NPOM3BOAMUTCA NPW 3HAYEHMAX MacCOObMeHHOro Kputepus dypbe, HallaeHHbIX No (25) ¢
MCNONb30BaHMEM Ko3ddULMEHTa AnddY3nM NnapoobpasHoii Bnaru D, m*/u (Tabauua 3).
Tabnuua 3 - Xapaktepuctuka aud¢dysmoHHoro nepeHoca napoo6bpasHoit Baaru B
Tena0M30iALNOHHbIX MaTepuanax
Matepuan MnoTtHocT | MNopwmctoc OnddysnoHHan Koaddunumne | KoapopuumeHt
b, KF/M> Tb MacCConpoBOAHOCTb HT COnpoTMBAEH
(naponpoHuuaemoc | anddysumn na andpoysmm
Tb) Ay, Mr/(m-u-Na) napa D, i
m2/y
MNepantobeToH 800 0,69 0,26 - 3,04
600 0,77 0,30 - 2,64
MNeHobeToH 800 0,7 0,14 3,4-10° 5,65
600 0,77 0,17 4,6:10° 4,65
400 0,85 0,23 1,1-10° 3,44
MwnHepanbHana BaTa 150 0,93 0,47 - 1,68
150 0,93 0,43 - 1,84
150 0,93 0,41 - 1,93
MwuHepanoBaTHan 400 0,81 0,32 - 2,47
navTa
Ha BUTYMHOM 240 0,88 0,16 - 4,94
CBA3YHOLLEM
MeHonnacT:
NoAUCTUPOAbHbIN MCh- 23 0,98 0,018 2,7-10'5 43,9
C 27 0,97 0,002 1,9-10
NONMBUHUNXNOPUAHbIN 59 0,96 0,002 2:107 395
75 0,95 0,001 0,810 791
deHondopmanbaernaH 31 0,98 0,29 1,15-10° 2,72
biit DM-1 40 0,97 0,22 6-10”7 3,59
50 0,96 0,35 8,62-10” 2,26
T0 e, OMN-5 52 0,96 0,13 1-10° 6,1
69 0,95 0,094 810" 8,4
nonuypetaHosbln MMNY- 50 0,95 0,029 7-107 27,2
3C 55 0,95 0,025 3-10° 31,6
60 0,94 0,025 2,810° 31,6
MeHocTeko 230 0,89 0,13 4,0-10°
240 0,88 0,125 4,2-10°
250 0,88 0,115 3,4-10°
BcnyyeHHbI nepant 69 0,97 0,3 2:10" 2,63




12 0,97 0,23 1,5:10" 3,59
CreknoBaTa Ha 50 0,98 0,54 510" 1,5
deHoNbHOM
cBA3yoweEmM
MeHoKayuyk BK 89 0,92 1,26:10"* 6-10” 6280
MeHokayuyk ENAM 75 0,95 3,04-10™ 4-10° 2600
MeHononnaTUNEH 30 0,97 2,9-10* 9-10°® 2728

BnarocopaeprkaHue N30ALUM Ha HapyXKHOM NOBEpPXHOCTU U, (X = §) Npu 3alaHHOI B1aXKHOCTM BO3AyXa j,
%, onpeaennetca ¢ nomoubto popmyn (15), (16).

Mpw pacyeTe yBAAXKHEHNA U30NALMU, paboTaloLLei B KOHTAKTe C KanebHoW BNaroi, B Kayectese
rPaHUYHbIX yC0oBUiA (21) cneayeT NPUHUMATL 3HAUEHME B/1arocoAepKaHmaA NoJIHOrO HaMOKaHu1A, a Npu
KOHTaKTe C MacCMBOM BJ/IaXKHOTO FPYHTa - paBHOBECHOe Barocogepanue U, no Tabavue 2. B sTom
Cny4yae onpeaeneHne maccoobmeHHoro Kputepua dypbe, ncnonbyemoro B (23) u (24), npoussoauTca ¢
ncnosibzoBaHnem KoadduumeHTa D - koadduumneHTa audpdysnmn KanenbHoOM Baarn no tTabauue 4.

Tabnvua 4 - KoapdpuumneHt gudpdysnmn KanenbHou Bnarm, m2/y

Bug tennousonaumu
BonokHuctan MNeHonnact lNeHoKayuyK
1,5-10° 2:10° 1,5-107

[na paccmoTpeHmA NpoLeccoB BAaronepeHoca B TEMIOM30AALMOHHbBIX MaTepMasax BO BCEM
BO3MOXKHOM ZMANa30oHe N3MEHEHWA BIArOCOAEPIKAHUA, OT HYAA A0 MaKCMMaabHOro (o6s1acTb,
BK/toYatoLLan ANdOY3MOHHBIM M KaNnUANAPHBIN NepeHoC), KOraa BAArocoAepiKaHue TeNI0n3oNaLmm B
KOHCTPYKLMM U3MEHAETCA OT PaBHOBECHOTO U,, COOTBETCTBYIOLLEro COPOLMOHHOMY, MPU 3a4aHHOM
B/IA’*KHOCTM BO34yXa 40 B/1ArocoAep’KaHmaA NOSIHOrO HAMOKaHuMA, a 0606 eHHbIN KoaddnuneHT
andoysum Bnaru a,,f(u,) B 3aBUCUMOCTM OT BNAroCoAEPKAHNA MOXKET U3MEHUTLCA Ha OANH-ABA
nopagkKa, BBoautca 6e3pazmepHasn Be/IMYMHA OTHOCUTE/IbHOTO BAAaroCcoAepKaHua:

- U ixo-U,
=ou,-u,
o (26)
KoTopasa nameHsaetca ot 0 go 1.
[na onvcaHmA nona BnarocoaepaHui UCNOJb3yeTCA HeIMHeNHOoe ypaBHEeHMe BAaronpoBoAgHOCTH
the, _ 8 B,
a EI_ Py I:uv:' A :

AHanus IKCNEPUMEHTAJIbHbBIX AaHHbIX MOKa3aj, 4YToO 3aBUCUMOCTb K03¢¢MLI,VIEHT3 ,u,md)d)ysmm BNnaruv ot
BnarocoaepxaHuma I'VIApOd)VI!'IbeIX MaTepmnanosB ONMUCbiBaeTCA ypaBHEHNEM

aw =11+ 2B +ollt ), (28)




- oo
roe #m® - oTHoCUTENbHbIN KO3pdPUUMeHT anddy3nmn Bnaru, pasHbIi am(UV)/ﬂ”‘; U _ KoapodumumeHT

anododysum Bnarm npu Uy, = 0.
BBeaeHnem 6e3pasmepHbIX NepeMeHHbIX:

MaccoobmeHHoro Yncna Pypoe

Fo, = ai’cf 5

(29)
M OTHOCUTE/NIbHOMN KOOPAMHATbI
E =zl (30)
ypaBHeHue (27) npuBogumTca K 6e3pasmepHomy BUAY:
eh _ E 1 .BUEM
AFa,  Ax|1+2pTF  +ali* = dx
(31)
[Ona cTaumoHapHbIX YC/I0BUIA:
i 1 art g
— 2 ' — = -
x| 1+ 2P0, +oll, dx (32)
PewenHue (32) npu rpaHnuHbix ycnosuax: & =0, Uy, =1, & =1, Uy, = 0 nonyyeHo B Buge:
7 _pa
— A - P
U = ——tg[B(x)]-Z,
o o (33)

roe

atp P 1x +arctg

et .
"B P o -’ (34)

Ons rmapodobHbIX TENNOM30NALNOHHBIX MAaTEPUAIOB 3aBUCMMOCTb KoadduumneHTa andodysmm Bnaru ot

Bix)=arctg

BnarocogepxaHmAa nMmeet Ka4eCTBeHHO NHOM xapakrtep. na ee onmucaHna NnpeanoXKeHo ypaBHeHUe

aw =11+ 29170, as)

rae OTHOCUTENbHbIN KoadduumneHT anddysum Bnarn E# g otanune ot (28) onpeaenseTca Kak
OoTHoweHue Koapouumnenta andpdysnmn saarm npu Uy, = 0 K KoaddpuumeHty anddysum snarn npun Uy, =
1:



aw =y (U =0/ a, (U, =1 (36)

PeweHwue ypaBHeHua (28) B 3Tom ciyyae, Npu Tex e rpaHnyHbIX yenoBuax: Usn( ¥ =0) = 1; Ugr( ¥ =1)
= 0 BbIparkaeTca dopmyno

Lo = ! tg(l—E)arctgx,f}_-f.
:(; (37)

4 PACYETHbIE METO/A,bl OLLEHKU BIUAHUA YBNAXKHEHWUA HA TEN/I03ALLUTHBIE CBOMACTBA
TENousonaunn

Mepepaya TeNOTbl B HEYBAAMKHEHHbIX TEMIOM30ALMOHHbIX MaTepuanax ABAAETCA CIOXMKHbIM
NPOLLeCCOM, BKAHOUYAIOLWMM NepeHoC TENAO0Tbl KOHAYKTUBHOW TeNA0MpPoBOAHOCTLIO, U3NyYeHNEM U
KOHBEKLMEN N OCyLLLEeCTBAACTCA NOCPEACTBOM:

TENJ0NPOBOAHOCTM TBEPAOTO CKeeTa, 06pasyloLLero NOPUCTYHO CTPYKTYPY maTepuana;
TEN/J0NPoOBOAHOCTM rasa, HaxoAALLErocs B Nopax U Kanuansapax;
N3NIYYEHNA MeXAY CTEHKaMM MopP U Kanuanapos;

KOHBEKTMBHOIO NepeHoca TenioTbl 3a CYeT KOHBEKTUBHbIX TOKOB rasa B NMOPUCTON CTPYKTYpe
TENI0U30AALNN.

OAHaKo B Lensax ynpoLweHna TeNN0BbIX PAacYETOB A5 onpeaeeHnsa TeNI03aWMTHbIX CBOMCTB
TEMN/IOU30/ALMOHHbBIX KOHCTPYKLMIA UCNO/b3YOTCA PacyeTHble 3aBUCUMMOCTM, OCHOBaHHbIE Ha 3aKOHe
dypobe, cnpaBegIMBOM, CTPOTO FOBOPSA, INLLb 415 TBEPAbIX T/, B KOTOPbIX NEPEHOC TEMNAO0TbI NPU
HaNWYMK rpasmMeHTa TeMNepaTyp NPOUCXOOMT TONIbKO 3a CYET KOHAYKTUBHOWM TEMN/IONPOBOAHOCTY.
O4eBUAHO, YTO MCNONb3YyEMbIV NPU TaKOM Noaxoae KoapPUUUEHT TeNN0NPOBOAHOCTU ABNAETCA
0606U1LeHHO XapaKTEPMUCTUKOM NPOBOAMMOCTM TENNOTLI B MaTepuane - 3dPpeKTUBHOM
TENNONPOBOAHOCTbIO:

Ao =Ag +Ap + Ay, (38)
rae A; - K03pOULMEHT KOHAYKTUBHOM TENONPOBOAHOCTH;
A, - KO3PPMUMEHT paSMaLMOHHON TeNNONPOBOAHOCTH;
A, - KO3dPUUMEHT KOHBEKTUBHOW TEMIONPOBOAHOCTH.

Hannune cTonb CNOXKHOIO XapaKTepa COCTaBALWMX B 06LLEM NMOTOKE TEMNI0Tbl B TEM/ON30ALNOHHBIX
MaTepmranax v BblparkeHune 3TOro Npouecca IMHENHbIM YpaBHEHNEM NepeHoca NPUBOAAT K TOMY, YTO
addeKTMBHAA TENNONPOBOAHOCTb ABAAETCA CNOXKHOMN QYHKUMEN He TONIbKO TeMNepaTypbl, HO U
[JaBNeHVsA, ra3a, 3aMno/HAIOLWErO NOpPbl, CTENEHN YEPHOTbI MOBEPXHOCTU MOP U KanWANAPOB, a TaKKe
MHOTUX ApYyrnx GaKkTopos.



Mpu pa3paboTke pacyeTHOro meToaa onpeaeneHma apGeKTUBHON TENNONPOBOAHOCTH
TENION30ALMOHHbBIX MaTePMAIOB ANA ONpeaeeHNs ee KOHAYKTUBHOM cocTasAasAoLwen bbina
ncnoab3oBaHa mogenb O. Kpuwepa. Kak NnoKasann skcnepMmeHTasibHble AaHHble, OHA AadeT BNojHe
YA0BNETBOPUTE/IbHbIE PE3Y/bTaTbl NPU pacyeTe TENNONPOBOAHOCTU NIETKUX BbICOKO3DDEKTUBHbIX
TENION30ALMOHHbBIX MaTEPMAOB, HaLEALWNX LUMPOKOE NPUMEHEHME B KOHCTPYKLUMAX MPOMbILLIEHHON
n30/1AuMKN (BONOKHUCTAA U301ALMSA, MEHOMNIACTA, NEHOKAYYyKn 1 gp.).

PacueTHble popMy/ibl 3TOM MOAENU ANA onpeaeneHns KOHAYKTUBHOM TENI0NPOBOAHOCTU MaTePUaoB B
CYXOM COCTOSIHUM MMELOT BUA,:

A= ! ;
¢ — :
(1-c)f hy+alh, (39)
hy =(1—m0h |+
1 ( :I ke = (40)
1
Ky e—r
—-m +m
rae a - SkcnepumeHTanbHO onpeaensemMblil KOapPUUNEHT, XapaKTePU3YIOLLMIA CTPYKTYPY MaTepunana;
m - NOPUCTOCTb MaTepurana B AONAX eANHULI;
A - TENNONPOBOAHOCTb TBEPAOIO CKENeTa MaTepuana;
A; - TENI0NPOBOAHOCTb ra3a, 3amnoIHAIOLLEro NOPUCTYIO CTPYKTYPY MaTepuana.
PacueTHble popmynbl ona onpeneneHns KOHBEKTUBHOM COCTaBAAIOLLEN MOyYEeHbI C MOMOLLbIO
pe3ynbTaToOB YUCAEHHbIX PELLEHNA CUCTEM NHENHBIX AnddepeHUnanbHbIX ypaBHEHMI B YaCTHbIX
NPOW3BOAHbIX, ONMUCbIBAIOLLMX CTAaLMOHAPHbIN TENJ0NepPeHOC B MOPUCTbIX CPeaax B yCAOBUAX
€CTeCTBEHHOM KOHBEKLMM B MIOCKUX U LIUIMHAPUYECKUX Cnosx. Mo pe3ynbTaTam 3TUX pacyeToB
HalileHbl KpUTepUabHble YPaBHEHNA, OTPaXKatoLLMe 3aBUCUMOCTb OTHOCUTENbHOTO KoadduumneHTa
KOHBEKTMBHOM TENIONPOBOAHOCTM
+ A+
_Ag Ay Ay
I
Ao+
¢ ?LP (42)
Ra®
oT GUAbTPaAUMOHHOrO Yncna Penes - , KOTOpble ANA NAOCKUX N LUANHAPUYECKUX
TENJ0U30/ALMOHHBIX C/IOEB UMEIOT BUA;:
2 3
ONA NNOCKOro ropmMsoHTanbHOro ciosa npu 40 < Ea” £ 100:
3 0
0,05
£ = (Fam o, (43)

L@
Mpwn Ea” ¢ 40, E, = 1, KOHBEKTUBHbIV TennonepeHoc oTcyTcTeyeT, A, = 0.



L @
na nnockoro BeptmKkanbHoro cnosa npu 0 £ Ea” £100:

3 @
£, = (Ra™ o, (44)
R'- &
Ana umannapuyeckoro cnoa npn 0 £ & £ 100:
3
Ew=1+59:10°[n(1- )] exp(-4,29n) " (K&~ )2 (45)
B ypaBHeHusx (42) - (44)
2
e ePLEp cFﬂT

- —
w(, +4,)2,78°10 )

rae 2,78-10" - K03hdULMEHT NnepeBoaa pa3sMepHOCTM TenoNpPoBOAHOCTM U3 Kkan/(m-u-°C), B
KKan/(m-y-°C);

U - KO3pPUUMEHT ANHAMUYECKOW BASKOCTU, KI/Mm-C;

g - YCKOPEeHUe CUNbI TAKECTU, M/C;

P - NNIOTHOCTb, Kr/M>;

b - KoadduumeHT TemnepaTypHOro paclumpexma, 1/°C;

I - TOALWMHA CNOA U30NALUKN, M, SN LUIUHAPUYECKOTO cnoa L =1r; - ry;
r1 - pagnyc NoBEPXHOCTU n30anpyemoro Tpybonposoaa;

I, - TO ¥Ke, NOBEPXHOCTU U30AALNN;

K - K03ddULMEHT GUALTPALIMOHHOI NPOHNULLIAEMOCTU U3ONALMN, M’

Mpepnaraemas pacyeTHaa MmeToAMKa onpeaeneHuns appeKTMBHOM TENIONPOBOAHOCTU BOIOKHUCTbIX
MaTepraNoB peaansyeTca caesyowmm obpasom:

- pacyeT KOHAYKTMBHOW TENI0MPOBOAHOCTN BOJIOKHUCTOM M30ALMUM BbIMOIHAETCA MO COOTHOLLIEHUAM
(39) - (41), B KOTOpPbIX B KayecTBe TeMNJA0MNPOBOAHOCTU CKe/leTa UCNOIb3yeTcA TENI0NPOBOAHOCTb
BOJIOKHa (Tabnumua 5), a rasa - MonIeKynsapHas TenaonpoBoAHOCTb Bo3ayxa (Tabanua 6).

Tabauua 5 - TennonposogHocTb, BT/(m:°C), U NNOTHOCTb BONIOKHa, Kr/M3, CTPYKTYpHbIe
XapaKTepPUCTUKU d BONOKHUCTbIX MaTepuanos

BonokHoO
MYANNUTO-
MUHepanbHoe b6a3anbToBOE CTEK/IOBOJIOKHO
KpemHesemucroe

Ae = 1,2 +8,5:107(t,, + 100) A =1,2 +8,5:107(t,, + 100)



BosoKkHO

MYANNTO-
MWUHEpPabHOE ba3anbToBoe CTEK/1I0BOJIOKHO
KpemHe3emuncrtoe
a=0,69 a=0,70 a=0,70 a=0,76
ps = 1000 ps = 1700 ps = 1700 ps = 1000

Tabnunua 6 - TennonpoBoAHOCTb NOJIMMEPHOU MaTpULbl MEHONAACTOB

MaoTHocTb maTpuupl, | TennonposoaHocTb, BT/(m-°C),

Mexonsact Kkr/m® NpPU HOPManbHOM TemnepaType
MoNNUCTUPONBHbLIN 1050 0,20
MonnypeTaHOBbIN 1250 0,25
deHondbopmanbaerngHbIn 1400 0,19

KoHBEKTMBHasA cocTaBaAowan 3GGeKTUBHOMN TEeNI0NPOBOAHOCTM BOIOKHUCTbIX MaTepnanos
onpeaenseTcs C UCNo/ib30BaHUEM BbipaxKeHui (42) - (47), npuuyem KosdULMEHT PUNbTPALMOHHO
NPoHULaeMocT K, M>, BXOAALMIA B (45), onpeaenseTca no dopmyne

3
M

4= m= /100 ’

d, (47)

=

B KOTOPOW 17 - COAEPMKAaHNE HEBONIOKHUCTbIX BKAOUYEHUI, %;
d, - AnameTp BONOKHA, M;
m - NOPUCTOCTb BOIOKHWUCTOMN M30ALMMN.

PaavauMoHHan TenaonpoBOLHOCTb BOJIOKHUCTbIX MaTePManoB onpeaenaerca C MOMOLLbIO CneaytoLe
3aBMCUMOCTHU:

_ ol _nd,
PR (mm)

(48)
rae o - KOHCTaHTa boabumaHa, pasHas 4,965-10 KKaﬂ/(MZ-H-rpa,u,);

Tm - CPEAHAA TeMnepaTypa nsonauuu, K;

m - NOPUCTOCTb;

ds - AMAaMETp BOJIOKHA, M;

Kocn - KOG OULMEHT ocnabneHns, KOHCTaHTa, onpeaensemasn A48 Pas/iMuyHbIX BUAOB BOIOKOH MO
3MMNNPUYECKUM POPMYNam:

MYNNNTOKpEMHE3EMUCTOE BOJZIOKHO



Koen = 25MdsT, + 5-10(1 - M)?/Tom; (49)

6a3anbToBOE BOJIOKHO

Koen = 70mds T, + 5:10°(1 - m)/T; (50)
MWUHEPAIOBAaTHOE BOJIOKHO
Koen = 20mMd,T,, + 7-10°(1 - m)?/T,; (51)
CTEKNNOBOJIOKHO
Koen = 11,2-10°md, T, + 800(1 - m)*/ T, (52)

B oTAnMumMe OT BONOKHUCTbIX MaTepPUanoB nepegaya TeNA0Tbl B NEHOMNAACTaX OCYLWLECTB/IAETCA B
OCHOBHOM 33 CYeT KOHAYKTUMBHOIO NepeHoca Yepes rasosyto cpeay - 65 % 1 yepes nonmMmepHyro
maTpuuy - 25 - 27 %. Ha aonio paanalumMoHHOM cocTaBastowen npuxogmrca He 6onee 5 - 7 %.
KOHBEKTMBHOIO NepeHoca B HMUX He HabatoaaeTca BOobLLE, MOCKObKY NEHOMAACTbI MPAKTUYECKM He
COAEPKAT CKBO3HbIX MNOP, B OT/INYME OT BONOKHUCTOMN U30NALMN, TAe CKBO3HAA NOPUCTOCTb ABNSETCA
npeobnagatowen. KoappuuymeHT dnabTpauMoHHOM NPOHULAEMOCTU NEHOMNIACTOB Ha 3 - 4 nopaaKa
MEHbLLE, YeM Yy BOJIOKHUCTOM U30/1AUUN.

Mcxoas ns aTux coobparkeHunit ana pacyeta apdeKTMBHOM TeNN0NPOBOAHOCTM NEHONAACTOB MOTYT BbITb
npumeHeHbl cooTHoweHuA (39) - (41) ¢ CNoNb30BaHNEM B Ka4€CTBE CTPYKTYPHbIX XapaKTepUCTUK Ans
deHondpopmanbaernaHbIX, NOANBUHUNXAOPUAHbBIX U NEHONOANYPETAaHOBLIX NeHonnacTos - 0,420, a anA
NOANUCTUPOANBHbIX - 0,20. TemnepaTypHbIi KO3 dULMEHT TEeNNONPOBOAHOCTM AN BCEX NEHOMNAcToB
NPaKTUYeCKM 0aMHaKoB: b = 0,00015 BT/M(°C)?, a KO3pOULMEHTbI TENIONPOBOAHOCTM NOAMMEPHOI
MaTpuLbl NpuBeaeHbl B Tabanue 6.

B npoLiecce M3roTosseHNA NOPUCTan CTPYKTYpPa NEHOMIACTOB 3aMO/HAETCA razamu C
TENNoNPOBOAHOCTbIO, 3HAYUTENbHO MEHbLLIEN, YeM Y Bo3ayxXa. B 3aBUCMMOCTU OT NPUHATOMN TEXHONOMMUU
3TUMMW razamm MOryT 6bITb YrneKMcabln, GPeoH, UMKAoNeHTaH u ap. Mo3Tomy TenaonpoBoAHOCTb
CBEXKEM3TOoTOB/IEHHOTO NeHoNAacTa caeayeT paccumTbiBaTh no (39) - (41), ucnonb3ys B KayecTse
TEnNoNPOBOAHOCTM rasa AaHHble Tabauubl 7.

Tabanuya 7 - TennonpoBOAHOCTb ra30B B NOPUCTON CTPYKTYype NeHoNnAacTos

ras TennonposogHoOCTb, BT/(m-°C)
Bo3ayx 0,0257 [1 + 0,003(t,, - 20)]
Yrnekucnbiii ras 0,016 [1 + 0,0045(t,, - 20)]
LmknoneHTaH 0,013 [1 + 0,0051(t,, - 20)]
dpeoH 0,0081 [1 + 0,0054(t,, - 20)]

Mocne U3roToBAeHUA TeMOU30NALMOHHbIX KOHCTPYKLMIA B HUX MPOMCXOAUT NOCTENEHHOE
andodysnoHHoe 3amellleHne 06pa3oBaBlLeroca B nopax neHonsaacrta rasa Bo3ayxom. MNpu stom
TEnNoNPoBOAHOCTb NEHOMNIACTOB YBENNYMBAETCA OT Hauya ibHbIX 3HAYEHUI, onpegenieHHbIX no (39) - (41)



C YYeTOM TEMNNONPOBOAHOCTU rasa, A0 KOHEYHbIX, TaKKe onpeaeneHHbix no (39) - (41), rae B Kadectse
TENJ0NPoOBOAHOCTM rasa NPUHMMAETCA TENJONPOBOAHOCTb BO3AYXa.

MN3BeCTHO, YTO NPW YBNAXKHEHMUM U30NALUKN TENNONPOBOAHOCTb ee yBenminsaetca. B guanasoHe
N3MeHeHNA cpegHMX TemnepaTyp BRaxHon nsonaumm 0 £ t., £ 25 °C yBennueHne apdeKTMBHOM
TENA0MNPOBOLHOCTM NPOUCXOAMUT 33 CYET NOBbIEHNA €€ KOHAYKTUBHOM COCTaBAAOLLEN BCNeACTBME
3aMmeLLeHNA BO3ayXa B MOPUCTOM CTPYKTYPE n3onaLmm 6oaee TennonpoBoSHbIM KOMAOHEHTOM - BOAOW.

B aTom cnyyae npu onpeaeneHum shpdheKTMBHON TENONPOBOAHOCTU BNAXKHOWN U301ALMU (BONOKHUCTOM
EIl
W NEHOMNAcTOB) ANA pacyeTa XapaKTEPUCTUKM KOHAYKTUBHOIO NepeHoca Teniotbl ¢ BMecTo

BblparkeHui (39) - (41) ncnonbayroTca 3aBUCUMOCTH:

ENL _ 1 .

T -a) R ral 53)
M = (= g + Wy (o =W 54)
EIL — 1
L e Ay AW A, - W) 55)

rae Ay - TenJonpoBOAHOCTb BOAbI;
W - oTHOCUTeNbHas BNaXKHOCTb No o6bemy (3), ocTanbHble 0603HaYeHUA Te e, yTo B (39) - (41).

Pe3ynbTaTbl 3KCNepMMEHTaIbHbIX UCCNeA0BaHMA MOKa3au, YTO NPeasioKeHHana mogenb 3pPpeKTUBHOM
TENA0NPOBOAHOCTM BAAXKHOW U30NALMN YA0BNETBOPUTENBHO ONUCLIBAET TEMI0MNEPEHOC NPU
HOPMa/IbHbIX CpegHUX TemnepaTtypax. MNpu NOBbIWEHHbIX CpegHUX TEMMNEpPaTypax Ten0NPoBOAHOCTb
BNAXKHOM M30N1ALMM NPEBbILAET PacyeTHble 3HaYeHUs, onpeaeneHHble ¢ nomoubio (53) - (55), B
HEeCKO/1bKO pa3. Ob6bACHAETCA 3TOT GpaKT ABAEHMEM TEPMOBNAroNpPOBOAHOCTU - BO3SHUKHOBEHMEM MOTOKA
BNarv BO BJaXKHOM MaTepuane Npu ero HarpeBaHnK, HanpasBAeHHOro No NOTOKY Ten1oTsl. B
3aBMCUMOCTM OT XapaKTepa NOPUCTON CTPYKTYpPbl, BNAarocoAeprkaHus, rpagMeHTa U ypoBHA TemnepaTtyp
TEPMOB/IAaroNpPOBOAHOCTb MOXKET HbITb Bbi3BaHa Pa3IMUYHbIMKU GU3MUYECKMMM NPOLLECCAMMU:

nofa AencTBnem rpagmeHTa NoOBEPXHOCTHOMO HaTAXEHUA BOAbl B MEHMCKAX, B MECTaX CYXKEeHWA nop u
KanuANApoB, BbI3BaHHbIX FPaANEHTOM TeMNeEPaTYpP, MPOUCXOAMUT TEPMOKANUANAPHOE ABUKEHNE BOAbI B
CTOPOHY 60bLIETO NOBEPXHOCTHOMO HATAMKEHMSA, T.€. B CTOPOHY NOHMMKAIOWMXCA TemnepaTyp;

B MOJIHOCTbIO YB/1aXXHEHHbIX MaTepuanax nepemelleHne XMAKOCTU NPOTUB TEM/IOBOIO NOTOKA MOXKET
NPOUCXOo4NTb 3a CHET TEPMOOCMOCa, O6YCHOBI'IEHHOI'O pasanymnem yaenbHOro rennocoaep*XaHma
HKNOKOCTU B TOHKOM C/10€ Yy NOBEPXHOCTU NOP U KaNnUnNnAapoB B 06BEME;

napuuanbHoe faB/seHne Napa B NapoBO3AYLIHOM CMECH, HaXoAALLEeNCA B MOPUCTON CTPYKTYpe
TEN0M30ALUMOHHOIO MaTepmana, MMEIOLLEro BAarocoAepiKaHue Bbllle MaKCUMaabHOro
TMIPOCKOMMYECKOro, PaBHO AAaBNEHUIO HACbILWEHWUA Npy TemnepaType Tena;



Npu NoABMEHUN rpaaMeHTa TeMnepaTyp B HEM BO3HUKAET TaKXKe rpagmeHT napumanbHOro AasaeHus
HaCbILLEHHOrO Napa, KOTOpPbIi Bbi3biBaeT ANdPY3MOHHbBIM NepeHoc Napa U3 mecT ¢ 60/1ee BbICOKOM
TemnepaTtypon B mecTta ¢ 60/iee HU3KOM, CONPOBOXAAOWMNCA ero KoOHAEeHCaLUMeN U NOBbILWEHNEM
B/1ar0COAEePKaHUA B XON04HOM 30He.

Pe3ynbTaTbl NpoBeAEHHOM YNCNEHHOMN OLEHKN TePMOTpaaMeHTHbIX MOTOKOB B/1ark PasiMyHoM
dusnyeckoit npupoabl (TEpMoKanuUANapHbI nepeHoc, Auddysns HacbILEHHOrO Napa ¢ nocaeaylowen
KOHAEHcaumMel n gp.) N0O3BOIUAM 3aK/IOYUTb, YTO TEPMOB/IAronpPoOBOAHOCTb B KOHCTPYKLUMAX HA OCHOBE
3hPEKTUBHbBIX TENNOM3ONALMOHHBIX MaTePNanos, 061aaatoLMX BbICOKOM NOPUCTOCTbIO (BONOKHUCTbIE U
neHonaacTbl), NpenmyL,ecTBeHHo obycnosneHa AnddY3MOHHbIM NEPEHOCOM.

3ddeKT yBennyeHMA TenIONPOBOLHOCTM BAAXKHOTO MaTepmUana Npu ero HarpesaHnun, 0bycnoBAEHHbIN
NoABAEHWEM MPU 3TOM B EFO NMOPUCTON CTPYKType Anddy3MOHHOro NoToKa napa, CoNnpoBOXKAAOLLErOcs
ncnapeHMeMm BAaru B ropavei 30He U KOHAEHCaUMEN B XON0AHON, NPea/iaraeTca yunTbiBaTb BBEAEHNEM
OONONHUTENBHOTO KOapduMLMeHTa TENNONEPEHOCA, BOSHUKAIOLLENO 33 CHET TEPMOB/IATONPOBOAHOCTH A;,
onpeaensieMoro BblpaXKeHnem

1
o= |1-—— | wrbexp(p
d 1+W—W2]?LM vrhemldie) (56)

roe W - oTHoCUTeNbHOE BNarocoaepskaHme nsonaumm no obvemy (3);

Aw - K03bdUUMEHT NaponpPoOHNLAEMOCTM U3oAAuMK, Kr/(m-y-Ma) (Tabanua 3);
r - Tenniota $a3oBOro Nepexoaa Bnarv, KKan/Kr;

t., - cpeaHAa TemnepaTypa maTepuana, °C;

a = 2666 Ma;

b =0,046 1/°C.

B 3ak/toueHme cneayet OTMETUTb, YTO 3G dEKT pe3Koro yeBesimyeHna Tenn1onpoBoAHOCTH 3a cHeT
TEPMOBNAroNpoBOAHOCTM NPU HarPeBaHUK BAAXHOTO MaTepuana NPoABAAETCA TO/IbKO B HaYa /IbHbI
nepuoz Nporpesa BAaXKHOM M3onaumn (B TedeHme 5 - 10 4) 40 yCTAaHOBAEHUA CTALLMOHAPHOIO
TEMMNEepPaTYPHOro M BJIAXKHOCTHOIO PEXKMMOB B TEMJOU30AALMOHHON KOHCTPYKLUMM, METOAMKA U
aNropUTM pacyeTa KOTOPbIX 418 Pa3/IMYHbIX YCN0BMIA IKCNIyaTaLMmM NOAPOOHO PacCMOTPEHbI B
moHorpaduu B.I'. MeTposa-AeHuncosa, /1.A. MacneHHUKoBa «Tenao- 1 BNaroobmeH B NPOMbILLAEHHON
nsonaummn» (M.: dHeproatommsgart, 1983).

5 MPEAJ/IOXEHMA NO HOPMUPOBAHMIO PACYETHbIX 3HAYEHWIA TEN/IONPOBOAHOCTH
n3on1Aaunu B KOHCTPYKLIUAX

TennosawuTHble CBOWCTBA TEN/TON3ONALMNOHHDbIX KOHCTDYKLLMVI NMPOMbIWNIEHHbIX COOpy)'KEHVIﬁ n
pr6OI'I|OOBO,CI,OB, a TakKxe orpa»(p,eHMﬁ 3,Cl,aHI/Il7I, KaK MOKa3bIBa€T NPaKTUKa, CHUXKAKOTCA B npouecce
3KcnayaTauumn. Tak, Hanpumep, 3a cHeT NePUOLANYECKUX TEMNOBIAKHOCTHbIX BO3,CI,el71CTBMl7| OKPY)KaIOLLI,eﬁ
cpeabl BCneacTrsne MeXaHMYECKNX Harpys3ok, O6YC}'IOBI'IEHHbIX BM6paumeﬁ 060py,LI,OBaHVIFI M BETPOBbIM
Hanopom nepemeHHOro HanpasaeHunAa, BONNIOKHUCTAA U3o1aumna ynaoTHAETCA, TOJ/ILMHA €€ YMEHbLUAETCA,



a TennonpoBOAHOCTb YBeANUYMBaeTcA. TennoM3oNALMOHHAA KOHCTPYKLMA U3MEHSET CBOO Gpopmy
(«npoBucaeT»), BHyTpu Hee 06pasyroTca NOJIOCTU C YCUNEHHOM KOHBEKUMEN B Hel, Bo3ayxa. Bce aTto
NPUBOAMT K CHUMKEHUIO €€ TEPMUYECKOTO COMPOTUBAEHMA. TeMnepaTypHO-BAaXKHOCTHbIE Aedopmauun
CYLLECTBEHHO U3MEHAIOT MOPUCTYIO CTPYKTYPY TEMNIOM30IALMOHHOO CNOA M3 NEeHOMNIacTa B npolecce
aKcnayatauun, 4o 80 % NoBbIWAETCA COAEPIKAHNE B HEM OTKPbITbIX MOP, YTO NPUBOAUT K PE3KOMY
YBEJ/IMYEHMIO SIYYUCTOM COCTaBAAIOLLEN B NEPEHOCE TEMJIOTbI, @ TaKXKe K NMOBbIWEHMUIO
B/1arONPOBOAHOCTY, YTO B/ieYeT 3a CO60i yBeIMYeHNe KOHAYKTUBHOM 1 06Lwel Ten1onpoBogHOCTH
TEN0M30/1ALNOHHOrO C/OS.

CHU}KeHMe Tenn03alnTHbIX CBOMCTB TEMNOU30IALMOHHbIX KOHCTPYKLMI B NpOLLecce 3KcnyaTaumm
onpeaensier Ux 4ONr0OBEYHOCTb. Kak N3BECTHO, A0/NTOBEYHOCTb TEXHUUYECKOIO 06bEKTA XapaKTepusyeTcs
coxpaHeHMem ero paboTocnocobHOCTM A0 HACTYNAEHUA NPeseibHOro COCTOAHMA NPWU YCTAHOBAEHHOM
cucTeme TeEXHUYECKOro 06C/yKMBAHUA U pemMoHTa. Mpuyem nog paboTocnocobHOCTbIO NOHMMaeTCA
TaKoe COCToAHUEe 06bEeKTa, NPU KOTOPOM OH CNocobeH BbINOHATL 3a4aHHble PYHKLUKN, COXpaHsaA
3HauYeHUA onpeaensowmx Ux NapameTpoB B Npeaenax, yCTaHOB/IEHHbIX HOPMAaTUBHO-CNPABOYHOM
OOKYMeHTaLmen.

CobbiTHe, 3aKktoYatlolLLeecs B HapylleHnn paboTocnocobHOCTU, ABAAETCA OTKAa30M 0ObEKTA, KOTOPbIN
MOMeT BbITb BHE3aMHbIM - MPAKTUYECKN MIHOBEHHbIN BbIX0OZ 06bEKTa U3 CTPOS UM NOCTEMNEHHbIM,
XapaKTepUsyoLWMMCA AAUTE/IbHBIM BbIXO40M NapameTpoB, onpeaenatolmMx ero paboTocnocobHOCTb, 3a
npezesbl HOPMATUBHbIX AOMYCKOB.

PaccmaTtpuBan 40r0BEYHOCTb TENI0OU30NALUMOHHBIX KOHCTPYKLNI, caeslyeT cumTaTh, YTO UX
paboTOCNOCOBHOCTL XapaKTepmn3yeTca NocTeneHHbIM OTKAa30M U MOMKET ObITb NpecTaB/ieHa
3aBUCUMOCTbIO:

glt) _
pror Flz), )

B KoTopolt g(t = 0) - Tens0Bble NOTEPU B Hayae aKCNAyaTauuu;
g(t) - TennoBble NoTepu yepes T ST 3KCNIyaTaLmm.

YuutbiBaA nPAMYHO NPONOPLNOHANIbHOCTb MeXAay BeIMYMHaMU TeN10BbIX NOTepb Yepes
TENNTOUN3O0NALMOHHbIE KOHCTPYKUNN N TENN0ONPOBOAHOCTbIO MCNOJ1Ib3yeMOro B HUX maTepuana, HaVIAEMZ

g(z) _ Mz
g{z=0) Mz=0) (58)

rae A(t = 0) - Tenn1onNpoBOAHOCTb TENIOU30AALMOHHOIO MaTepuana B KOHCTPYKLUMM BHavane;
A(T) - TO e, uepes T neT akcnayataumu, Bt/(m-°C).

BbiparkeHue (57) c AOCTaTOYHOM ANA NPaAKTUYECKUX Leniei TOYHOCTbIO MOXHO NpeacTaBuUThb
3KCMOHEHLMaNbHOM 3aBUCUMOCTbIO



—q{tj =exp KT,
g(t=10) (59)

roe K - KoHcTaHTa pabotocnocobHoctu, 1/roa.
Ucnonbaya (58) n (59), nonyunm:
A(t) = A(t = 0)expKt (60)

COOTHOLLEHKNE, onpeaenatollee ANHAMMUKY CHUNKEHUA TENNO3ALLUTHbLIX CBONCTB TEM/IOMU30ALMNOHHBIX
KOHCTPYKLMI 3a CYET yBEIMUYEHUA TENI0NPOBOAHOCTM U30NALMKU B NpoLecce aKkcnayaTaumn. [ina Toro
yTobbI 06ECNEYNTL TPEOYEMYIO HOPMMPOBAHHYIO NAOTHOCTbL TEMN/I0OBOrO NOTOKA Yepes U30/IMPOBAHHYIO
noBepxHOCTb 060pyaoBaHMA TPYBONPOBOAOB CUCTEM UHKEHEPHOro 0bopya0BaHMA 34aHUIA U
TennocHabXeHUs 3a Bce Bpemsa 3KCMayaTaumm T, 1eT, B KAYECTBE PacYeTHOro 3HayeHuaA KoapobuumeHTa

TEenNoNpPoBOAHOCTU haa npv onpeaeneHnn ToALWMHbI U30AALMKN NpeanaraeTcs UCNoab30BaTh
cpeaHenHTerpasibHyto 3a T IeT SKCMNAyaTaunmn BeIMYNHY, 3HaYeHNe KOTOPOI Ha OCHOBaHUK
MHTerpuposaHus (60) c yueTom 3aBUCMMOCTM TEMNOMNPOBOAHOCTU OT TEMMNEPATYPbI onpeaenseTca
BblpaykeHnem

+eup Kt

A (Te) = ! AT =00,

(61)
roe t,, - cpegHAa TemnepaTtypa nsonaumun.

3Ha4YeHMs KOHCTaHTbl paboTocnocobHOCTM K, xapaKkTepuaytoLwein gMHaMUKY CHUMKEHUSA
TENJ0U30ALMOHHbIX CBOMCTB TEMNJION30NALMOHHbBIX KOHCTPYKLMI B MpoLecce sKcnyaTaumm,
onpeaeneHHble Ha OCHOBE Pe3y/IbTaTOB UCCNEA0BaHMIA, NPOBEAEHHbIX MHCTUTYTOM «TENN0NpPoeKT»
COBMECTHO € MHCcTUTyTamn BHUMUIHepronpom, AKX um. NMameunosa, HUMMocctpoin, BHUUCT, a Takke
pabot t0. BobpoBa, A. lemeHTbeBa, A. lbaukoBa, /1. Hesckoro, . bapTa, K. XonTa, k. KennHepa, B.
[unpKca, npuBeneHsbl B Tabauue 8.



Tabanua 8 - KoHcTaHTa paboTocnoco6HOCTN TENNON30NALMOHHBIX maTepuanos K, 1/roa

Tunbl Ycnosua Npoknaakm
Tpybonposog, B B HeoTannneaembix nogBsanax, HapgzemHasn NoasemHasn B NoasemH MNoasemHana 6eckaHanbHan
oB OoTananBa yepaakax, noAnosibHbIX NPOXOAHbIX aA B
eMblX KaHanax KaHanax Henpoxo
nomeuieH AHbIX
NAax KaHanax
Buna nsonaunm
NneHOoKay4 BOJIOKH neHonnna neHoKay BO/OKH neHonna BOJZIOKH neHonna BO/TOKHU apmMmorneHo neHonoanme neHonoanyp
yK** ucran cThl qu** ncras cTbl ncras cThl cTas beToH p6eToH etaH
OTonneHns n - 1,35-10% | 7:10° | 6,5-10° - - - - - - - -
ropavero
BOAOCHabe
HWNA
Xon04HOro 4,2:10° - - - - - - - - - - -
BOAOCHabxe
HUA
LieHTpanun3os - 1,35-10% | 7-10° - 1,8:10% | 7-10% | 2,2:10° | 810° | 4,610 2,7-10° 5-10° 1,65-10™
aHHOro
TennocHabxe
HUA

MeHonNacTbl C NPEMMYLLECTBEHHO 3aKPbITONOPUCTOMN CTPYKTYPOI, NEHOMNOAMYPETaH, NEHONOANCTUPOA U 4.

* %
MeHoKay4yyk TMNa AspodaeKkc, NeHoNoAnaTUAEH IKodpaeKc 1 ap.

* %%k o o
I'IeHononmypeTaH B YKECTKOM NO/INSTUNAEHOBOM 060/104Ke C ANCTAHULMOHHbBIM KOHTPO/1EM BJ1aXKHOCTW.




