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1 BBEIEHHE

OnHoit u3 Haubonee ocTpoIx NMpobaeM pasBu-
THSA TOIUIMBHO-3HEPIETHYECKOro KoMIUiekca Poc-
CHUH siBJseTcs npodiaeMa sHeprocoepexerus. Ot ee
YCINELIHOrO pelleHMsl BO MHOTOM 3aBMCHT XH3He-
CNOCOGHOCTL 9KOHOMMKH CTpaHbI.

LieneBble yCTAaHOBKH MpOrpaMM 3Heprocbepe-
XeHHus1 Poccuu npenycMaTpuBaioT 3KOHOMHIO TOIT-
N¥B2 ¥ JHepruu B pasmepe S00—600 MiH T ¥.T. B
2010 r., uro no3ponur Takxe Ha 30—40 % cokpa-
TUTb BIOPOCK! BPEAHbIX BELLECTB B atMocepy, KO-
TOpbIE NOCTUIalOT B HAcCTOSAIIEE BpPeMS OKOJO
20 MJIH T B rol, ¥ CTaGMIM3UPOBATh BLIOPOCHI Nap-
HUKOBbIX ['a30B.

Cy1luecTBeHHYIO POJb B BHIMOMHEHUH NPOrpam-
Mbl 3Heprochepexxenus Poccum npu3BaHa ChIrpath
BbICOK03(heKTHUBHAS TEerU10Bas U30/IUMs, IIPUMeE-
HseMasi BO Bcex 00J1acTsIX IPOMBILLUIEHHOTO MPOKU3-
BOJICTB2 ¥ CTPOMTENLCTBA. [10 MpuOMDKeHHBIM OLIEH-
KaM TIOBBIILIEHHE TEIUTO3aLMUTHBIX CBOHCTB TEIIO-
U30JBILIMOHHbBIX KOHCTPYKUMM NMPOMBILUIEHHBIX CO-
OpYXeHMit, 060pYIOBaHUS U TPYOONPOBOIOB, CUC-
TEM LUECHTPaTM30BAHHOIO TEIUIOCHA0XEHHUSA U OTpaX-
IEHWH 31aHUR B COCTOSTHMM obGecrieunts B 2010 T.
SKOHOMMIO JHEpropecypcoB B oobeMe 40 MJIH T y.T.

Ananua cocTosHuS npobnemst dHeprochepe-
XKEHMS B CTPOMTENLCTBE M POJIM TETLUIOBOM U305~
UMM B ee pelieHUU IOKa3aj, 4TO B HACTOsIlee
BPEMS NIOTEPH TEIJIOThI 00BEKTAMM CTPOUTENILHO-
ro Komruiekca Poccuy cocTapisioT:

yepe3 U30JIUPOBAHHbIE TIOBEPXHOCTH CYLLECTBY-
IOLIMX TPOMBILIJIEHHBIX COOPYXEHHUI, obopynosa-
HUA U TpyGonpoBogoB — 356 mnH I'kan/ron, wiu
65 MaH T y.1/TOL;

4epes U30JILHUIO TEIUIONPOBOAOB TEIUIOBbIX Ce-
Telt — 324 mnu I'Kan/ron, wim 59,5 MIH T y.T/TOA.

3atpaThl TEIUIOTHI Ha OTOIUIEHUE XWJbIX, 00-
WECTBCHHbBIX K NIPOMBILLIJIEHHbIX 3IIaHl/H7[, 1 BOC-
MIOJIHEHMS TTOTePb Yepe3 U30JALIMIO OTPaXIaroLMX
KOHCTpYKuUuUit nocturaior 1340 mnn I'kan/ron, uau
240 msH T y.1/rol. Takum o6pa3om, ob1ue nore-
PY TEIUIOBOM 3HEPIUU 0OBEKTAMU CTPOUTENLHOTO
KOMIUIEKCA COCTABAAIOT B HACTOSIEE BPEMS OKO-
50 2 mapa l'kan/ron, unm 364,5 MJIH T y.1/r0L, T.€.
okoso 20 % ronoBOro MPOU3BOACTBA MEPBHYHBIX
TOIUIMBHO-3HEPreTHUECKUX pecypcoB Poccuu.

INoBbILIeHHE MPOM3BOAUTENLHOCTH TEXHONOTH-
YECKUX YCTAHOBOK, MCNOJb3YIOILUX TEIUIOTY, BCE
Gosee IWMPOKOe NPUMEHEHHUE B NPOMBIIILIEHHOC-
TH BbICOKUX TEMIIEPATYP M IJ1y6OKOro X0104a CO-
30a10T BeCbMa CJIOXHbIE YCJIOBMSI 3KCIUTyaTaLMH
TETLIOM30JSILIMOHHBIX KOHCTPYKIIUIA, TPOMBILIUIEH-
HBIX COOpYXeHU U 06opynosauusa. UHTEeHCUBHBIE
MPOLIECChl TEMIO- ¥ BrarooGMeHa, BO3HHKAIOLIME
IIpY 3TOM B TEMJIOU3ONSLMM, OKA3bIBAIOT Cylle-
CTBEHHOE BJIMSIHUE HA €€ TerU103alliTHbie CBOM-
CTBa M JONTOBEYHOCTb.
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Binara, NpoHHKaloWasl U3 OKPYKaloWeil Cpebt
B TEIUIOM3OMALIMOHHbIE KOHCTPYKLHHU B TPOLIECCE
MX IKCIUTyaTaUWH, CYILECTBEHHO M3MEHSET YCJIO-
BUA TerutooOmeHa. [Ipouecchl COBMECTHOrO Tenno-
Y BjlarocoOMeHa, BO3HMKAIOLUE [IPH 3TOM B U301~
MM, BKIOYas (pa3oBblEe MpEBpAlEHHUs] BIard B
MOPUCTOM CTPYKTYpE TETUIOM3OJSIIMOHHOTO CJOf,
TPUBOIAT K 3HAYUTEJILHOMY YBEIMYEHUIO TOTEPH
TEIUIOThl MO CPaBHEHHMIO C PaCYETHBLIMH, OTpene-
JIeHHbIMHU De3 yyera BraroobMeHa. V3BeCTHO, Ha-
NIPUMeEp, YTO TMOTepH TEIIOThl TEIUIOU30MUPOBaH~
HBIMM TpyOOIIpOBOIAMM NTOA3EMHBIX TEIUIOBLIX Ce-
Teit, paboTalonMX B YCIOBUSIX UHTEHCHMBHOTO BO3-~
IEeHCTBUS FPYHTOBOI BJar, 3a4yacTyio NpeBbilla-
10T pacueTHble B 1,5—2 pa3a. HakorneHue Bnaru B
TEIIOU3ONALIMOHHbBIX KOHCTPYKLMAX HU3KOTEMITE-
paTypHOTO 00OpYNOBaHHSI HEPEAKO APMUBOIMT K
CTOJIb 3HAYMUTEJILHOMY YBEIWYEHHIO NOTEPH XOMO-
Ia, YTO HeoOXonuMa ux IOJIHasl 3aMeHa.

ITepeHoc Bnaru B TEIUIOM3OJISIIIMM, padoTaio-
WeH B YCHOBUSIX KOHTAKTA C arpecCUBHON cpefoit
(HanpuMep, B TEMIOU3ONSLUN 060pyJIOBaHMS Ha-
PYXHBIX YCTAHOBOK M XPaHWJIHLL TTPOMbIILUIEHHBIX
NPEATIPUATUN, OA3eMHBIX TpybonpoBonos 6ecka-
HaJIbHBIX TEIUIOBBIX CETEH, SKCIIIyaTUPYEMbBIX B
YCAOBHUSIX UHTEHCHUBHOTO BO3IEMCTBUA BJIarM), BO
MHOIOM OMpenenseT HHTEHCUBHOCTh KOPPO3HOH-
HbIX IIPOLECCOB B KOHCTPYKLMAX M30JHPYEMOTrO
000pyIOBaHUS M HECTPYKLMIO TEIUTOM3ONALIMN. TeM
CaMbIM TEIJIO- M BJIaro0OMEHHbIE ITPOLIECCH B HUX
SIBJISIIOTCS! ONHUM H3 OCHOBHbIX ()aKTOPOB, OIpe-
JENIAI0LUX KOJrOBEYHOCTh HE TONBKO TEIUIOM30-
JIAUMOHHBIX KOHCTPYKUM#M, HO ¥ M30JIUPYEMOTO
000pyNOBaHUS.

B cBSI3M € 3TUM ciedyeT OTMETUTD, YTO B OT-
JIMYME OT CTPOUTENbHOU TEINOMU3UKHU, Tae s
OLIEHKHM BIMSIHMSA TEIUIO- W BJIarOOOMEHHBIX BO3-
neWCcTRUM OKPYXKAIOWEH Cpelsl Ha orpaxaaicuve
KOHCTPYKUHH 3IAaHMI, BbI3LIBAIOLUMX CHUXEHHE
MX TETUIO3aLUMTHBIX CBOMCTB, ILIMPOKO UCIOIb3Y-
I0TCSL pacyeTHbIe METOLbl, pa3paboTaHHbIE B TPY-
nax O.E. Bnacosa, B.U. borocnosckoro, B.M. Unb-
uHckoro, B.JI. MauuHckoro, ®.B. Yukosa,
K.®. ®okuna, A.Y. ®paHuyKa U IIp., B OTEYECTBEH-
Hbix (H.M. 3enukcon, M.T. Karanep, C.B. Xux-
usikos, E.IT. Lly6un) u 3apy6exusix (M.C. Kam-
mepep, 1.P. Memnoii, P. Kacker) MmoHorpagusx u
MEPHOAUYECKHX MyOIMKALUSIX, TIOCBALIEHHEIX PO~
MBILIEHHON H30JSLUY, BONPOCH COBMECTHOIO
TEIUIO- U BJIAroTiepeHoca U UX BIMSIHKE Ha TEIUIO-
3alIMTHbBIE CBOMCTBA TETUIOU30NSLIMOHHBIX KOHCT-
PYKLHMHA He pacCMaTpHBalOTCA.

K coxaneHuio, MeTOIbl CTPOMTENBHOM TEIUIO-
u3uky B GONBIUKHCTBE CNy4yaeB He YAAeTCs HC-
[ONL30BATh MLIA ITHX LIENe#, MOCKONLKY TEMIIEpa-
TYpPHO-BJIAXHOCTHbIE YCJIOBHA, B KOTOPBIX 3KCII-
JIlyaTUpYeTCsl MpOMBILUIEHHAS M30MALUsA, CYLle-
CTBEHHO OTJIMYAIOTCS OT YCJIOBHi 3KCIUTyaTauMH



TETUIOM30/ISILIMK B OrpaXaeHusX 31anuit. Jocratou-
HO OTMETHUTB, YTO IHAIa30H TEMIEPATYP, B KOTOs
POM paboTaroT KOHCTPYKIMM NTPOMBILILTEHHOM: H30~
asumK cocrasasgeT ot —180 mo 600 °C, a Tero-
H30JIUHA OrpaxneHui 3ganui — or —20 go 30 °C.

Bcnexcrsue MHTEHCHBHBIX TEIUIO- M BIAKHOC-
THBIX BO3NEHCTBUNA OKPYXAIOLLEH Cpelkl, HEXOCTa-
TOYHOTO y4eTa BIUSHUS COBMECTHBIX TEILIO~ Y Blla-
roo6MeHHbBIX MPOLIECCOB HA TEIUTO3AILUTHbIE CBOM-
CTBa U30MALMH IIPU TIPOEKTHUPOBAHMH M MOHTaXe
3HEPro3(PHPeKTUBHOCTD TETLUIOU3OIALIMOHHBIX KOH-
CTPYKUMI NPOMBILIJIEHHBIX COOPYXEHHI B Mpo-
11ecce IKCIUTyaTauvy CHUXAETCS, YTO NPUBOINT K
3HaYUTENbHBIM CBEPXHOPMATHBHEIM NOTEPAM Tell-
JIOBO¥ 3HEpTUHU

B HacTos1ee BpeMsi CBEpPXHODMATHBHBIE TEM-
JIOBBIE TTOTEPH Yepe3 U3OMHUPOBAHHYIO MOBEPXHOCTD
HPOMBILUIEHHEIX COOpPYXEeHHUM, 060pyIoBaHHMs,
TpyOONpPOBONOB U TEIUIOBBLIX CeTedl NOCTHraloT
244 myH I'kan, WM 44 MIH TY T B rod. DKCrutyara-
LIMOHHBIE TEIUIOBBIE IIOTEPH YEpe3 CYLIECTBYIOLINE
TEIUIOU3OJIALIMOHHbIE KOHCTPYKIUY 3HAYMTEIBHO
MPEBBILUAIOT PAaCYeTHEHIE, TaK B NMPOMBILIIEHHON
U3019MH 000pyNOBaHUS M TPYOOTIPOBOIOB OHU B
1,25 — 1,3 pa3za Gosbille HODMaTHBHLIX, & B Tell-
JIOBBIX CETSX — B JBa pa3a.

IpuBeneHHbie DaHHbBIE YOEIUTETBHO CBHAETEb-
CTBYIOT O TOM, YTO VIS YCHEUIHOrO peLeHHs po-
G1eMbl 3HEprocOepeXXeHust B CTPOUTENBCTBE HEOD-
XOQHMO NOBbILIEHHE 3Hepro3¢hHeKTUBHOCTH HPO-
MBILLIEHHOH TEIJIOBO# U3OMSLIUH ITIYTEM IHPOKO-
ro BHENPEHUS B NPAKTUKY MIPOEKTUPOBAHUA U CTPO-
UTENbCTBA BLICOKO3((EKTMBHBIX TETUTOM3ONALIMOH -
HBIX MaTepUanoB ¥ KOHCTPYKIIMI Ha OCHOBE HOBBIX
METOIOB pacyera, YYUTHIBAIOIUKX BJIUAHME TEIUIO-
U BiaaroobmeHa ¥ oGecrieynBaloIIMX BhIGOP OITH-
MaJIbHBIX TEXHOJIOTMYECKUX, TEIUTOMU3IUYECKUX U
MacCOOOMEHHBIX XapaKTEPUCTHK M30/ISLIMK Y TIpO-
€KTHBIX DELUeHUN, rapaHTUPYIOLLIUX CTaGWIBHOCTh
TETUT03alUTHBIX CBOUCTB TETUIOM3OSILIMOHHBIX KOH-
CTPYKLIMIA B NPOLIECCE IKCIUTyaTALIMM

Hcxons 13 U3N0XKEHHOTO B IIPOLIECCE BHIITON-
HEHUA HacTosiled paboThl MPEeAIOXKEHbBl pacyeT-
Hble METOABI OUEHKH BJIMAHMS BIIAXHOCTH Ha Tell-
NIO3a1UMTHBIE CBOMCTBA TETUIOM3OJISUMU W TIpel-
JIOXEHHSA MO HOPMUPOBAHMIO PACUETHBIX 3Haue-
HUH ee TeTUIONMPOBONHOCTH B KOHCTPYKIIMSIX

2 XAPAKTEPUCTHKH BJIAXHOCTHOI'O
COCTOAHMA TEILTON3OJALIMOHHBIX
MATEPHUATIOB

B KanmWinspHO-nopUCTO# CTPYKTYpE TEIUIOU30-
NAUMOHHBIX MAaTEPHAIOB BCEra CONEPXHUTCA Bia-
ra, KOTM4ECTBO KOTOPO# ONpenenseTcs yCJIOBHs-
MU IKCIUIyaTaUMU U COCTOSHMEM OKpYXaloluei
cpensl. CofepxXaHue Baard B Matepuane omnpene-
JA10T OOBIYHO BHICYHIMBAHUEM HaBECKH BJIaXXHOTO

marepuana P, npu 105 °C (npu 3t0i TeMnepary-
pe' TEIUTOM3O/ALIMOHHBIE MaTepHaNbl MMPAKTHYEC-
KM He COoHepXaT BJlard) A0 NOCTHXEHMS NOCTO-
SIHHO# Macchl P. Benuynna

U= (P, — P)/P, (1)

HAa3bIBaeTCs BIArocoJepXaHNueM MaTepHala ¥ uMe-
€T eAMHHLY U3MEPEHMs — KT BJIard/KT CyXOro Ma-
TepHana. BnarocogepxaHue, BbIpaXXeHHOE B [IPO-
LEHTAaX, Ha3bIBAETCS OTHOCHTEIBHOM BIaXHOCTHIO
MaTepHaia Mo Macce WIH NPOCTO MAaCCOBOM BIaX-
HOCTBIO W. YMHOXMUB Biaroconepxanue U'Ha riot-
HOCTb MaTepHaia B CYXOM COCTOSIHMH p,,, HalileM
BJIarOCONEPXXaHHE MaTepHaia 1o o6beMy, Kr/M>

U, =Up, )

B mpakTuKe HCIONB3YIOT TaKKe MOHSATHUE OT-
HOCHTENBLHOM! BIAXHOCTH MO 00bEMY, MM OOBEM-
HOM BIAXHOCTH

W=(Upw)/p>xs (3)

rae p, — IUIOTHOCTb BOMBI.

MaxkcuManbHOe BlarogonepxkaHue, KOTOpOe
OOCTHTaeTCs IUTUTEIbHbIM BbIIEPXHUBAHUEM MaTe-
puajsa B BOZE, Ha3bIBAeTCs BlarocolaepxaHueM
nonHoro Hamokanusi U, [ 3epHUCTBIX U BOJIOK-
HUCTBIX MaTepPUAIOB

U = m (p,/0,)s C))
151 OOJIbIIMHCTBA AYEHCThIX Marepuaios

rie m — MOPUCTOCTb.

CeoiicTBa BOIBI, COIEpXAILUECS B TEIUIOM30-
JALMOHHBIX MaTepuanax, ee MOJBUXHOCTb NpH
B3aUMOJENCTBUU C OKpYXaIOUIeH cpedoit xapak-
TEPU3YIOTCS] YHEPTHUEit CBA3M BIard ¢ MOBEPXHOC-
TBIO TBEPIOrO BeLECTBa, 06pa3ylollero Kanuwuisp-
HO-TIOPUCTYIO CTPYKTYpy Tena ITo 3HaueHHIO 3HEp-
TMH 3TOM CBSI3M pa3inyaioT QPUIHKO-XHMHYECKH
(cunbHas cBsi3b) U (PU3MKO-MeXaHHYECKH (cna-
6as cBs3b) CBSI3AHHYK BOLY

Du3uKo-xuMHIecKas cBa3b. Bnara, cpa3aHHas
PHU3UKO-XUMHUUECKH, TIPEOCTABNSET COOOM IIeH-
KY U3 MOJIEKYN BOABI, aiCOPOUPOBAHHBIX Ha IMO-
BEPXHOCTH KaNUINAPHO-TIOPUCTON CTPYKTYphi Ma-
Tepuasia ¥ yIepXUBaeMbiX Ha HEH 3a CYET CH-
JIOBOTO MOJAS HAa TOBEPXHOCTH pa3lena TBEpPAOE
TeNO — ra3, oOpa3yIoLIerocs BC/IEACTBUE HEKOM-
MEHCUPOBAHHOCTH MOJIEKYIAPHLIX CUJ B IMOBEPX-
HOCTHOM CJIo€

TomuuHa IEHOK XWIKOCTH, ancopOMpOBaH-
HbIX Ha TMOBEPXHOCTH MOP M KaMWUIIPOB, Koneo-
aetcs oT (3 — 5) 10°1° (MoHOMOEKYNSAPHBIIL CO)
o 1 1077 m (nonumonekynsapHbii cioii) CaoiicTsa
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aJICOPOLIMOHHO-CBA3aHHOM BOIB! H3-3a BO3AEHCTBUA
Ha HEe MOLLIHOTO CWIOBOTO N0JIA1 NOBEPXHOCTHbBIX
MOJIEKYJIIDHBIX CWI 3HAYUTENBHO OTIHYAIOTCS OT
CBOMCTB CBOGOAHOM Boasl. Hanpumep, cs3zanHas
BOJa HE PAaCTBOPSET EKTPOAUTHI APYTHX PacTBO-
PHMMBIX BellecTB, obsagaer CBOMCTBAMH YTIPYToro
TeNa, UMEET MOBBILIEHHYIO IVIOTHOCTb M NOHMXKEH-
HYIO TETIOEMKOCTh (MEHbLIE eXHHULIbI).
Pu3nK0-MeXaHHYECKAs CBA3b. Braroi, ¢pusu-
KO-MEXaHWYeCKH CBI3aHHOM CO CTPYKTYpO#, SIB-
JNACTCA XMAKOCTh, HaXONAILAsACH B KallWUISApax,
Y XUIKOCTb CMayMBaHud. KamuuispHast CBA3b XU~
KOCTH XapaKrepuiyercs Kod(QhHUHEeHTOM NoBep-
XHOCTHOI'O HaTSDKEHHWs, PaBHBIM CHJe, NeHCTBY-
IOLUER BAONb MOBEPXHOCTH XMIOKOCTHM M NPHIO-
XEHHOH K eIMHMLE JUIMHbI IUHUU, OTpaHUYMBa-
IOLUER MeX(Da3HyI0 NMOBEPXHOCTh U KallWUIIPHOE
HapleHue. SIBNeHUs cMaYMBaHUsl HabMONaloTCs Ha
rpaHule pasnena Tpex ¢as, oIHa U3 KOTOPhIX 00bIY-
HO SIBSETCS TBEpAHIM TenoM (dasa 3), a nBe Apy-
rue — xuakocTbio (¢asza 1) u razom (¢asa 2).
ITpu HEMOMHOM CMaYMBAHUHM XHIKas IOBEPX-
HOCTb pa3fiesia NepeceKaeT TBEPAYIO NMOBEPXHOCTD
110 HEKOTOPO# JIMHHMM, Ha3blBaeMOM NMEPUMETPOM
CMayuBaHus, U obpa3yeT ¢ HEH KpaeBoit yroi 6,
u3MepsieMblit B onHOHM (haze. KocuHyc KpaeBoro
yINia sIBJisieTCS Mepod CMayuBaHMWA B, CBA3aHHOM
¢ K03 duuMeHTaMu MOBEPXHOCTHOIO HATSXEHHUS
— MexX(a3HbIX TPAHUIL O,,; G;;; O3, YPABHEHHEM

B=COSB=(G32 —031)512, (6)

KOTOpO€ TNOKa3blBaeT, YTO O 3aBHCUT TOJLKO OT
MOJIEKYJIIPHOM TNPHUPOALI NOBEPXHOCTEN paszmena
M He 3aBMCHMT OT Pa3MepOB KaIliM WM My3bipbKa.

BO3MOXHH NBa ciyyas CMauUMBaHMA: MPH
0 <B < +1 (03, > 04)), KOTaa KaIia pacTeKaeTcs
10 TBEpAOH MOBEPXHOCTH, 06pa3ysi paBHOBECHbBIH
yron 86<90°, u mpu 0 > B> — 1 (o3, > 03)), Koraa
Kajulsl BOIbl HAa TBEpAOW IMOBEPXHOCTH 0OpasyeT
yron 8 > 90°.

Ipy HaTUYMM MCKPUBJIEHHOMN IPaHMULIBI MEX~-
Iy XUnko# u razoobpasHoit ¢azamu no obe cTo-
POHBI TMOBEPXHOCTH pa3sfesia UMEETCsl pasHOCTb
FUAPOCTATUYECKUX NaBjlieHMIt, obycnoBieHHasn
ITOBEPXHOCTHBIM HATSDKEHWEM U Ha3biBaeMasi Jiall-
JIacOBbIM MJIM KaNWUIAPHLIM AasneHueM. Kanun-
JSIPHOE NaBlieHHe p  MPONOPLUMOHANBHO CPEenHEH
kpuBU3He C B pacCMaTpMBaeMoOM TOYKe IPaHMILbI
TIOBEPXHOCTH pa3jiena IByX ¢as:

C=1/r=121/r + 1/ry), @)

rae ¢ — CPeAHUH paniuyC KPpHBU3HBL;
Fy M r, — pamuyChli KDMBU3HbI IBYX [JIABHBIX Ce-
YEHMH, T.e. CeueHUi NoBepPXHOCTH IBY-
Ms B3aUMHO MNEpPNEeHAUKYASAPHBIMH
MIOCKOCTAMHU, TMPOXOISIIUMU yepe3
HOpPM&JIb K JaHHO# Touke. s miapa
r=r =r214 Do 220120 =20'12/r. (8)

U3 (8) BUAHO, YTO KanmwilsgpHOE NaBJICHUE
IUIS1 IIOCKOM NOBEPXHOCTH PAaBHO HYJIIO, [UIST BhI-
[YKJIO# — OHO IOJIOXHUTENAbHO, UL BOTHYTOM —
OTPMLIATEIbHO (PaAMYC KPMBHU3HBI CYUTAIOT M1OJIO-
XKHUTENbHBIM, KOIHa OH HANPaBJiEH B IyOb XMI-
KOCTH).

KpHBH3HA XHUOKOH MOBEPXHOCTH B KamnmUis-
pe Ompelnensiercs yCJIOBUAMHU cMauyuBaHus. s
KANWUIAPHON TPY6KU IOCTATOYHO MAJIOTO pajiny-
Ca ry MEHMCK MOXHO CHMTaTh Cpepu4ecKkoil no-
BEPXHOCTBIO PATMYCOM 7, ONIPEAESEMBbIM MO Be-
JIMYUHE U NO 3HaKy.

r = ry/cos 6. &)

KanuinspHoe maBieHHe, COOTBETCTBYIOLIEE
TAKOMY MEHHUCKY, PaBHO

_20p
D = —-ro—-cos 6. (10

Ecnn paccMoTperh paBHOBECHOE COCTOSIHME XHII-
koctu B U-oGpa3Hoii TpyOKe, OIHO KOJIEHO KOTO-
poit BO0CTaTOYHO HOJBILOro AuameTpa (YToObl cpen-
HsIsl 4yacTb MeHMCKa ObUla IUIOCKOIt), a Ipyroe —
Kanwuiap, TO HPH MONOXHUTENbHOM CMaYMBaeMOC-
TH CTEHOK Karnmwuusipa XHAKoOCThIO (1 2 cos 6 > 0)
OHa MONHMMAETCS NO OTHOLIEHHIO K.YPOBHIO
B LIMPOKOM KOJIEHE, & NPH HECMauMBaeMOCTH
(1 > cos 6 = 0) onycTHTCH Ha BETUUUHY

_ _20jpc0s6 1
08Py ~Py)’ 4b

rae p, — IUIOTHOCTb HaCBILUEHHOTO Mapa;
g — YCKOpeHHUEe CBOOOIHOIO NafeHus.

KanuuisspHoe nasieHue o6yCNIOBIHBAET BECh-
Ma BaXHO€ U1l XapaKTepPUCTHKM BIaXHOCTHOTO
COCTOSIHUSI KANTWUISIPHO-TIOPUCTRIX TEN SBICHHE —
KaIlWUISpHYI0 KOHAEHCalMIo. baaronapst kanuni-
JNpHOMY 3 ¢heKTy AaBjeHHe HACHILEHHOTO fapa
Hal BbITYKJIOH NOBEPXHOCTBIO XMIKOCTH BBILLE, a
Hal BOTHYTOM HMXE, YeM Hal TJIOCKOM (3aKOH
KenbeyHa)

Dy l:_ M 2012
by

~L =exp RT(D,K-DH)' - ]> (12)

rae M — OTHOCHTENIbHAsI MOJNIEKYJIApHas Macca;
R — yHuBepcaibHad rasopasi IOCTOSIHHAS;
T — aGcosmioTHas TeMIeparypa;
D, — [aBjJieHHe HAChILLEHHOTO napa Haz BOr-
HYTOH NMOBEPXHOCTLIO;
Py, — laBJieHHEe HACHILEHHOro Nnapa Hajl
IUIOCKO# IOBEPXHOCTBIO.



TaxuM. 06pa3oM, NpH KOHTAKTE C HACHILEH-
HbIM BJIAXHBIM BO3XYXOM CyXO€ [TODHCTOE Telo,
HMeEIoLUEe B CBOEH CTPYKTYpe KanmWUIApE A0CTa-
TOYHO MAJIbIX pa3MEPOB, YRIAKHAETCA 32 CYET Ka-
MWUIAPHON KOHIEHCALUWH B COOTBETCTBUM C (12).
Hanpuwmep, tpu BaxHOCTH Bo3ayxa ¢ = 0,35 61a-
ronaps KOHAEHCALMHM 3aIIONHATCS BCE KaTMUIAPBI
pasmepoM o 109 M, npu ¢ = 0,9 — Bce Kanuwus-
pbl paamepoM MeHee 10-8 m. [Tpu panmyce xammi-
nsipa 10°7 M maBIeHMe HACBIILEHMA Hal MEHHCKOM
HAXONSALIENCS B HEM XHIKOCTH NPaKTHYECKY PaBHO
HOAaBJICHUIO HaCHIUECHUS Haj MUIOCKOH MOBEPXHOC-
TbIO. 3TO OOCTOATENBCTBO MOCHYXWIO ONHOH M3
IIaBHBIX MIPUYUH KJIaCCHPUKALIMHM MOD pa3MeEpPOM
Gonviue 107 M KaK MAKPOKANMIADEL, a TIOP MEHb-
we 107 M — KaK MMKpOKAIHILISAPSI.

B cocTossHUM TUIPOTEPMUYECKOTO PAaBHOBECHS
C BI2XHBIM BO3AYXOM TeMIiepaTypa Teda paBHa
TeMIIEpaType BO3[yXa, JaBIeHUE Tapa BO BaX-
HOM BO3JyXe, 3aKIIOUEHHOM B KANWISPHO-IIO-
PHCTOHM CTPYKTYpE, PaBHO NapLMaJbHOMY JaBJie-
HHUIO 1apa B OKPYXKaloleM BO3LYXE, a BIaroco-
IepXaHue MaTepuaia NMpuoGpeTaeT HEKOTOpoe
MIOCTOSIHHOE 3HAYEHHE, Ha3bIBAEMOE PABHOBECHBIM.
PaBHOBecHOe BnarocomepaHue 3aBHCUT OT TEM-
NepaTyphsl U BIAXHOCTH OKPYXAIOILETo BO3AyXa U
onpenensiercs GOpMOI CBA3M BNaru ¢ MaTepHa-
JIOM, KOTOpad, KaK OTMEYAJIoCh BhILIIE, MOXET OBbITh
MPEACTAaBNEeHA B 3aBUCUMOCTH OT MapUMaIbHOIO
JaBIeHHs napa Aubo U3MKO-XMMHYECKH, NH60
(HU3MKO-MEXaHHYECKHU CBA3aHHOM. Ecmu martepu-
aN Npyv JOCTHXEHUH PaBHOBECHS MOITIOLLAET BJla-
ry, 3TOT IPOLIECC HAa3bIBAETCA COpOLMEN, ecnu
ornaer — gecopbumeil. Kpupas, xapakrepu3ayiowas
3aBUCHMOCTDb MEXIY PAaBHOBECHBIM BJIarOCOAEPXKa-
HUEM MaTepHuaia U OTHOCHTENBLHBIM MapUHaIbHBIM
JaBIEHUEM WM BIAXHOCTBIO @, %, MPH IOCTO-
SIHHOM TeMIlepaType, Ha3blBaeTCA U30TEPMON COp-
6unu unu pecopOumnu. Bnaroconepxanue Matepu-
ana NpU paBHOBECUHU C HACBILIEHHBIM BAaXHBIM
Bo3ayxoMm (¢ = 100 %) Ha3piBaeTCa MaKCHMAIb-
HbIM rurpockonuyeckum U, .

O6b1yHO M30TEpMa copOuuyu H3oGpaxaeTcs
KDUBO# B KOOpAMHATAX: BIArocoaepXaHWe maTe-
puana U, xr/kr (OCb OpAMHAT), ¥ NapuHagIbHOE
HaB/IeHHE Tapa BO BIaxHoM Boayxe p., fla (ocb
abcuucc).

Insa 6onplinHCTBA 3¢ (EKTUBHBIX TEIIOM30-
JIALIMOHHBIX MAaTEPHAIOB U30TEPMbl COPOLIMH YKa-
3bIBAIOT HA [[B€, JOCTATOYHO YETKO BhIpAXXEHHbIE
obnactu: 0 < ¢ <80 % — oGnacTb ancopOLUHOHHO-
cBsisaHHOM Brnary; 80 < ¢ < 100 % — obGnacTs Ka-
NMWUIPHO-CBSA3aHHOM Brary. [TpHyem it 3Tux Ma-
TEPUANOB B MEpBOil U BO Bropoit obnacTiax 3aBu-
CMMOCTb PAaBHOBECHOT'O BJIAarOCOACPXKAHHUS OT BIAX-
HOCTH BO3yXa C AOCTATOMHOM 115 TEXHHUYECKUX
NPUGIIKEHUH TOYHOCTBIO MOXHO CUMTATH JIMHEH-
HO#. JTO NMO3BOJSET U1 MOCTPOEHHUS NMPUOTIKEH-

HO¥ M30TEPMbI COPOLIMU IKCIIEPUMEHTANIBHO O~
penesisiTh pAaBHOBECHOE B/IarocoAepXaHue MaTepu-
a1a BCEro JIMIb ITPU ABYX 3HAYE€HMAX BAAXHOCTH
Bo3ayxa: nipu 80 u 100 %.

Ha ocHOBaHMM 3KCNEPUMEHTANBHBIX JaHHBIX
O PaBHOBECHOM BJIarOCONEPXaHUM MCCIENYEMOTO
MaTtepyasia pu Temreparype Bosnyxa 20 °C i Biax-
HocTy Bo3ayxa 80 u 100 % [u (¢ =80 %); u =u,,
€T0 COpOLIMOHHAs MacCOEMKOCTh (BIarOEMKOCTB),
Kr/m - [1a, onpenesisieTcsi U3 BbIPAXECHHIA:

B 06/1aCTh aICOPOLIMOHHO-CBA3aHHOM BJIATH:

o =80%, =20°C)
08 (r=20°C) (13

ag _
Cpw =

B 00/1aCTh Karnu/UIAPHO-CBA3aHHOI:

Uy (£ =20°C) - (o = 80 %, 7 = 20°C)
B 0,2p"(t = 20 °C)

k
m

Pu> (14)

roe p: — HapuhajabHOC NaBJICHHE HACBILLEHHO-

ro mnapa BO BJaXHOM BO3Oyxe (¢ =
= 100 %), I1a;
p,, — IUIOTHOCTb M3OJIALIMOHHOrO MaTepHa-
na, Kr/m3.
TTpoMexyToyHBIe 3HAYeHHA PABHOBECHOTO Blia-
TOCOAEPXAHUS ClIeayeT OnpeneaTh o GopMynam:

npy 059 <80%,U(0) = pf 2= (15)

npH _ 80% < ¢ <100%,
(16)
U(g) =Ulo = 80) +[p:: 2 -o,spg}c:,.

ITpu npumeHennn dopmyn (13) — (16) cre-
OYyeT UCINONb30BaTh JAHHbIE TAOJAUIIHL 1.

Ta6auua | — XapakrepuCTHKH HOPACTOCTH H
PABHOBECHOIO BJIATOCOJEPIKA-
HHSI TEIUIOH30/AUKOHHBIX Ma-

TEPHAJIOB
PaBHOBecHoe
BJ1aroCofepXaHue,
Bua [Topuctocts obuias m Kr/KT, npu t = 20 °C
Mmare- M BJIAKHOCTH
puana BO3ayXa

OTKpBITast 3akpeitas [0 = 80 % | = 100%

Bonok- (m, = 0,74m| m, = 0,26m 0,01 0,05
HUCTBIE

Meno-|m, = 098mm, = 0,015m| 0,01 0,04
T1acTHl

Texo- m, = 0,985m m, = 0,015m| 0,025 | 0,02
KayuyK




[puBeneHHbBIE BHIILE COOTHOLIEHHUS MO3BOMS~
10T OMpelessTh PaBHOBECHOE BJIArocomepXaHue
TETUIOU30IAIIMOHHBIX MaTEPUAIIOB B 3aBUCHMOCTH
OT BJI&XXHOCTH OKPYXAaIOLIEro BO3yXa NPy TeMIie-
parype 20 °C. [1ns onpeneneHus 1o 3TUM JaHHBIM
paBHOBECHOTO BJIArOCOAEPXAHHSA NPH JTIOO0H Opy-
roil remneparype B auanasoHe —60 < ¢t < 60 °C
clemyeT PUMEHATb NPUONMXKEHHYIO GOpMYITY

U@ =U(@=20°C; ¢) x
x [1-0,002 (r — 20) exp 2,8 (1—o)], {17

Toe ¢ — BJIAXHOCTb BO3IYXa B JOJISIX €IMHHLIb.

Il OLEHKM BIAXHOCTHOT'O PeXXHMMa TeTUIOU30-
JNSLMOHHBIX KOHCTPYKLH MMON3EMHEIX COOPYXe-
HHUH, pabOTalOLUUX B YCAOBUAX KOHTAKTa C MaCCH-
BOM BJIZXHOIO I'PYHTa, HApUMED TETUION30NALIUS
MoA3eMHbIX TEIUIONPOBONOB U Ap., BBEACHO I10-
HATHE PaBHOBECHOTO BJIATOCOACPXAHUSA TEIUIOU30-
JISIUH Urp, KI'/KT, B CUCTEME TETIOM3OJIALINA —
BJIAXHbIH TPYHT, HaXoNALEHCs B YCIOBMSIX Tep-
MOIMHAMMYECKOTO paBHOBECHS. 3HaYEHMS ITON
BEJIMYMHEI JUIS Pa3IMYHBIX FPYHTOB IpEACTaBIIe-
Hbl B Tabnuite 2.

3 VBJIAXHEHME TEIUIOBO M30JIALIANA
B INTPOLECCE 3KCILTYATAITMH

B mpensiayuieM pasgene NpUBeNEeHBI METOLbL
ONpeAcHeHNs] BIAXHOCTHBIX XapaKTEepPUCTHK TeIl-
JIOU3OJIILUMOHHBIX MaTepPUAIOB B TEILIOU30NALU-~
OHHBIX KOHCTPYKLHUSIX, HAXOOALIUXCS B YCIOBUSX
TEPMOAMHAMMYECKOrO PABHOBECHOI'O COCTOSIHHA C
oKpyxaiowulei cpenoit. Hrxe paccMoTpeHbt METO-
Il pacyeTa IWHAMMKM YBIIAXHEHUS TEIUIOU30JIA~
LXOHHBIX KOHCTPYKUM# 3a cueT ouddy3uu napo-
006pa3Hoii BIaru B NOPUCTYIO CTPYKTYPY M30SILIKMU
TpY KOHTAKTE C BJAXHBIM BO3LYXOM, & TaKXe
NMpOLECCOB YBAAXKHEHMA KanelbHON BJIaroy Ipu
aTMOC(hepHBIX OCaiKaX WIM KOHTAaKTax C MacCu-
BOM BJIQXKHOIO I'PYHTa Ha OCHOBE 3aKOHa U30Tep-
MUueckoi nuddysuu Biaaru:

qn =-Dgradu,, (18)

rie g, — TUIOTHOCTb NOTOKA BJaru napooGpas-

HOM g0} WM KanenbHOH g¥ , Kr/(M*y),

obycnoBieHHas rpaaiMeHTOM KOH-
LEHTPaLMM BJAry u,, Kr/M3, B Mare-
puaie.
B kayecTBe pac4eTHOIi CXeMBl pacCMaTpHBaeT-
C U30TEPMHYECKUI BIAronepeHoC B HEOTpaHM-
YEHHOH IJIACTUHE TOJMILMHOMN §, M, ONTMCHIBAEMbIi
YpaBHEHUEM

du, 0u
= - pZ%
ot ox?

; (19)

Tab6auua 2 — PasnoBecHoe BJarocoiepikanne Tenaon30siun Urn’ KI/KT, B KOHTAKTE C BJIAXKHBIM TPYHTOM

fIMHa
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C KpaeBbIMHM YCHIMSMM:

u,(t=0; 0<x<8)=u; (20)
u,(0S 1< 00 x =8) =il 21

du,(t=0;x =0) -0

o (22)

Pewenue ypaBHeHus (19) ¢ KpaeBBIMH yCH-
musamu (20) — (22) ans cpexHero BIarocomepXa-

HUSA 1O TOJILMHE IUIACTHHHBI &,(T) H3BECTHO:

BO-u(=0)
ud —u,(1=0)

8 n?
=1-2 L -
TCCXP( 2 om]a

0
(23)

rae Fo,, — maccoobmeHHbll KpuTepuit Pypee,
pAaBHBIN:

Fo, = —3*. (24)

Hcnoneays (23), cpenHee BiarocoaepxkaHue 1o
TOMIIMHE HU3OMALMH 33 BPEMS T,,, MOXHO Ofpe-
[IeJTUTh U3 BhIPaXeHUS'

Z,(t)=0-[u,(x=8) -u,(t=0)]+u,(r=0). (25

[Tpu pacyere yBAaXHEHHWS W3OJIALMM, IKCII-
JlyaTUpYeMOU BO BJIXHOM BO3IyXe, OINpeaeIeHHe
6e3pa3MepHOro Biaroconepxanus no (23) u cpen-
HETO BIarocoAepXaHus 1o ToawuHe mno (25) npo-
U3BOOMTCH MPHU 3HAYEHHAX MacCCOOOMEHHOTOo
Kputepusi Pypbe, HalgeHHEIX 10 (25) ¢ UCNOoNkb-
30BaHHeM KoadduimenTa nugpdysun napoodpas-
Ho#t Biarn D, M2/ (Tabnuua 3).

Ta6nuua 3 — XapakrepucTuka M PY3HOHHOrO mepeHoca napooOpasHoil BIATH B TEIIOH30/AIHON-

HbIX MaTepHaiax

Duddysmonnas
MACCOMpPOBOAHOCTb Koaduument Koadpuument
Marepnan Hnorﬂog:rb, TopuetocTs | (naponponunae- | AMddysnu mapa D, | COMPOTHBIEHUA
K/ MOCTB) M*/q andbdymu u
A, Mr/(my Ila)
1 2 3 4 5 6
MepaurobeTon 800 0,69 0,26 - 3,04
600 0,77 0,30 — 2,64
Teno6eToH 800 0,7 0,14 , 3,4 106 5,65
600 0,77 0,17 4,6-10°6 4,65
400 0,85 0,23 1,1-10°3 3,44
MuHepanpHas Bata 150 0,93 0,47 — 1,68
150 0,93 0,43 - 1,84
150 0,93 0,41 — 1,93
MuHepanoBaTHas [JIWTa 400 0,81 0,32 - 2,47
Ha BUTYMHOM CBSI3YIOILEM 240 0,88 0,16 - 4,94
ITeHonnacr
MOJNNCTUPOTBHBIH 23 0,98 0,018 2,7 1073 43,9
NnCh-C 27 0,97 0,002 1,9-10
TTONINBUHNIXTIODUL - 59 0,96 0,002 2-10-7 395
HbIi 75 0,95 0,001 0,8-10"7 791
deHondopmanbIeTHA- 31 0,98 0,29 1,15-10°¢ 2,72
uptit OI1-1 40 0,97 0,22 6-10-7 3,59
50 0,96 0,35 8,62-10°7 2,26
to Xe, PII-5 52 0,96 0,13 1-10-6 6,1
69 0,95 0,094 810”7 8.4
NOANYPETAHOBBI 50 0,95 0,029 7-10°7 27.2
Mry-3c 55 0,95 0,025 3-10°3 31,6
60 0,94 0,025 2,8-10°5 31,6
[MeHocTek0 230 0,89 0,13 4,010
240 0,88 0,125 4,2 106
250 0,88 0,115 3,4 106




Oxonuanue mabauys 3

OuddysuonHas
i MaCCOMpOBOIHOCTD Koadppnupent Kospduument
Marepuan fIOTHOCTE, | MopHcTOCTs |  (maponponuuae- | AWQPysun napa D, |  conpoTHBIeHMs
kM MOCTb) M4 Mbdy3uu p
A, Mr/(my [a)
1 2 3 4 5 6
BenydeHHEIH MEpAUT 69 0,97 0,3 2:104 2,63
72 0,97 0,23 1,510 3,59
CrexyioBata Ha (eHOb- 50 0,98 0,54 510 1,5
HOM CBA3YIOLLEM
IMenokayuyk BK 89 0,92 1,26-10-4 6-10-9 6280
TMexokayuyk ETTIM 75 0,95 3,04-104 4-10-9 2600
TMeHononusTHIEH 30 0,97 2,9-10# 9-10-8 2728
Brnarocomepxanue H30JSLMH Ha HapyXHOU
- Uv(x’ t) -U
MOBEPXHOCTH U, (x = §) NIPH 3aIaHHON BIAXHOCTH Uy = —-——L, (26)
Bo3nyxa ¢, %, ompenensercs ¢ NOMOILUBIO (op- Un —Up

myn (15), (16).

IIpu pacuere yBiIaXHEHHS H30JSLUM, pabo-
TalOLIEe! B KOHTaKTe C KanejabHOW BIAroi, B Ka-
YyecTBe IPaHHYHBIX ycnoBMii (21) caenyer npuHuU-
MaTb 3Ha4YeHMeE BJIATOCOEPXaHUA MTOTHOrO HaMo-
KaHMA, a NPU KOHTAKTE C MACCHMBOM BJIAXHOTIO
TPyHTa — PaBHOBECHOe Biiaroconepxanue U no
Tabmuue 2. B 3TOM ciyyae onpeneneHHe Maccoob-
MeHHOT0 Kputepusi Pypse, HCTIONb3yeMoro B (23)
# (24), NpOU3BOAMTCS C MCIOJNb30BAaHUEM KO3(D-
duumenta D — koaddunmenTa audpysun Kkaneis-
HoOU BNaru o tadnuue 4.

Ta6nuua 4 — Kodpduuuent madpdysun ka-
nejbHOl BJIarH, M%/q

BuI TeroM30NsSLMu

ITenomnact

210¢

BonoxHucras

1,5-10°3

INeHokayuyk
1,5-10°7

JIns pacCMOTpEHMS MPOLIECCOB BIaronepeHo-
ca B TEMJIOU3OJIALIMOHHBIX MaTtepualax BO BCEM
BO3MOXHOM IHaNa3oHe M3MEHEHUSI BIarocomep-
XaHMsI, OT HyJs HO MakcHManbHOro (o6;1acte,
BKIOvalomas InG@y3noHHbBIH U KanWUISIpHBIA
NepeHoc), Korga BAarocoAepXaHue TEIUTOU30Js-
UMH B KOHCTPYKLIMY U3MEHAETCS OT PAaBHOBECHO-
IO #,, COOTBETCTBYIOLIETO COPOLIMOHHOMY, TPH 3a-
JaHHOH BJIAXXHOCTH BO3/yXa A0 BJIaroconepXaHusa
MOJTHOFO HAMOKaHHs, a 06061eHHbI Ko3dhdhu-
uueHt anddysuu Brarv a, flu,) B 3aBUCHUMOCTH
OT BJaroCoAepXaHHsl MOXET H3MEHUTLCS HAa OIUH-
IiBa nopsanka, BBOAUTCA Oe3pa3MepHas BeJIMYHHA
OTHOCHUTEJILHOTO BJIATOCOAEPXAHMS:

10

koTopasi uaMmensercsa ot 0 no 1.

Ins onMcaHHs NOJSA BIAroCOAEpPXaHUH Mc-
MOJIB3YETCA HETMHEHHOE YpaBHEHHE BIarolpoBO-
HOCTH

du, 0 du
—Y = Y |,

AHanu3 IKCNEPUMEHTAIIbHbIX JaHHBIX [TOKA3an,
YTO 3aBUCHMOCTh Ko3hduuueHra muddy3uu pua-
T'M OT BJIATOCOAEPXaHUA ruApOPUIbHbIX MaTEpHa-
JIOB ONMCBIBAETCS] YpaBHEHHEM

g, =1/(1+2pU,, +aUL,), (28)

rae d, — OTHOCHTENbHBIN Ko3hduimeHT nuddy-

3um By, pasubii g, (U,)/a; a° —

ko3¢ duumeHT audoy3uu Braru npH
U,.= 0.
BeeneHueM Ge3pa3sMepHBIX NepeMeHHBIX:
maccoobMeHHoro yucia Pypne

Fo, = d’t/8? (29)

H OTHOCUTEJILHOH KOOPIAMHATHI

X=x/8 (30)

ypaBHeHMe (27) mpuBoauTcsa K Ge3pasMepHoO-
My BUOY:

o _ 0 1
oFo,

OTH

x| 1+ 28U,y +alUZ, 0%

@3y



JIns CTallMOHAPHEIX YCJIOBHIA:

a1 _aw
x| 1+ 28U, +aUZ, 3x

=0, (32)

Pewenue (32) npu rpaHUYHBIX YCTOBHSAX:
¥=0, U, =1, x=1, U, = 0 nonyyeHo B
BuUze:

[ a2
U@ = LB g[300)- 2, 33)

)
o

rae
B(x) = (arctg atB _ arctg B )X +
Jo-p? Jou—p? ¥
+arctg ———B . (34
a-p?

Jns ruapodo6HBIX TEIUIOM30MALMHHBIX MaTe-
pUaJIOB 3aBUCUMOCTh KO3pduuueHta aupdysun
B/Iarv OT BJIArOCOAEPXAHHUS MMEET KaYeCTBEHHO
UHOW xapaktep /[Ins ee omMCaHWA NPeLTOXEHO
ypaBHEHME

@y = 1/(1+ 2¥Uqyy), (35

rie OTHOCHUTENbHBIN ko3dpduuneHT audoysuu
BAaru 4a, B oTinuue ot (28) ompenensieTcs Kak

OTHOWEHHE KoaddHuuenTa aucdy3uu Braru npu

Uy =0 X k03pduumenty mucddysnu Brars npu

=1

ay = am(UOTH = 0)/am (Uom =1) (36)

Pewienue ypaBHeHus (28) B aToM cnyuae, npu

TeX X€ TPAaHMYHBIX ycnoBsix: Uy, (x=0)=1;

Uon (; = 1) = 0 Bbipaxaercs popmynoi

1 -
U = —t8(1 - x) arctg/y
5 Jr (37)

4 PACYETHBIE METOJBI OLIEHKU
BIUSAHHUA YBIAKHEHUA
HA TETUIO3AIMUTHBIE CBOVMCTBA
TEIION3OJA1INA

[Mepenaya TenioThl B HeyBAaXKHEHHBIX TEMO-
UBONSALUMOHHLIX MaTepHaiaX ABAAETCA CIOXHBIM
MIPOLIECCOM, BKITIOYAIOUIMM MEPEHOC TEIUIOThI KOH-
LyKTUBHOMW TEIUIONPOBOAHOCTBIO, U3YYEHUEM WU
KOHBEKLIMEN U OCYIIECTBAAETCH NOCPEACTBOM:

TETUTONPOBOAHOCTH TBEPHOrO CKeneTa, o6pa-
3YIOLLETO MOPUCTYIO CTPYKTYPY MaTepHaia;

TETLTONPOBOAHOCTY ra3a, HaXOOALIETrocs B No-
pax ¥ Kanuwuispax;

U3Ty4EeHUS MEXIY CTeHKAaMH NOp M Kanmuiis-
POB;

KOHBEKTHBHOIO NEPEHOCA TEMIOTHI 3a CYET
KOHBEKTHUBHBIX TOKOB ['a3a B IOPUCTOM CTPYKType
TETUTOU3OJIALUH.

OnHako B 1e/sX ynpoLieH s TEMIOBbIX pacye-
TOB AJIE ONpENEeHUS TEeIUIO3alUUTHBIX CBOMCTB
TETUTOM30IALIMOHHBIX KOHCTPYKIMIA HCITONB3YIOT-
Csl pacYeTHbIE 3aBUCUMOCTH, OCHOBAaHHbIE Ha 3a-
xoHe Dypee, CripaBe/UTMBOM, CTPOTO rOBOPS, JHLLb
U1 TBEPABIX TEN, B KOTOPLIX MEPEHOC TEIUIOTHI
DY HATUYUH TPAIUEHTA TEMIIEPATYP NPOUCXOAUT
TOJIBKO 32 CY€T KOHAYKTUBHOM TEIUIONPOBOLHOC-
TH. O4eBHAHO, YTO MCIIONB3YEMBIiA IIPU TAKOM N0~
xone Ko3hPULMEHT TeIIONPOBONHOCTH ABIAETCS
006001IEHHOH XapaKTepHUCTHKOM MPOBOIUMOCTH
TEIUIOThl B MaTepHasie — 3P deKTUBHOI TerIonpo-
BOIHOCTBIO:

)»3(1, = }»q + Ap +Ags (38)

rie A — K03 UUMEHT KOHAYKTUBHOI TEIUI0-
MIPOBOIHOCTH;

Ap — KO3 (PHULHUEHT paTHallMOHHOIM TEIUIO-
MIPOBOIHOCTH,

A, — KO3(DQULUHEHT KOHBEKTUBHOMH Te10-
TIPOBOAHOCTH.

Hanuuue cTons cIoXHOro xapakrepa COCTaB-
JNIAI0HIMX B OOLUEM ITOTOKE TETUIOTHI B TEIIOM30-
JALUOHHBIX MATEPUATAX Y BbIpAXKEHME 3TOrO Npo-
uecca JUHEeHHbIM YpaBHEHHEM MepeHOCa MPUBO-
IIAT K TOMY, 4TO 3¢ DEeKTHBHAS TEILIONPOBOIHOCTD
ABNSIETCS CAOXHON QYHKUMEH HE TONBKO TeEMIle-
paTypbl, HO W NaBJE€HHUS, Tra3a, 3anoJHAIOLIETO
MOpbI, CTENEHH YEPHOTHI IOBEPXHOCTH TOp U Ka-
NMWISIPOB, a TakKe MHOTHX APYTrUX (akTopos.

Ipu pa3paboTke pacyeTHOro MeToa Oompene-
JeHHs 3(peKTUBHON! TETUIONPOBOIHOCTH TEIUIO-
M30JIILIMOHHBIX MAaTePUANIOB JUIA OTpeNe/ieHUs ee
KOHIYKTUBHO¥ COCTaB/IAIoWIEeH OblTa UCTIONB30BaHAa
mozenb O. Kpuiuepa. Kak nokazanu akcnepumeH-
TalbHble JaHHBIE, OHA JAET BIIOJHE YIOB/IETBOPH-
TeJIbHbIE pe3yJIbTaThl NP pacyeTe TerIonpOBOI-
HOCTH JIeTKHNX BbiCOK02(heKTUBHEIX TEILION301-
UMOHHBIX MATEPUANOB, HALUEIIIUX WHXPOKOE MpH-
MEHEHHE B KOHCTPYKLIMAX MPOMBILLIEHHON H30-
JIAUMH (BOJIOKHUCTAs U30/ALIMS, IIEHOIUIACTHI, Ie-
HOKay4JyKH H Ap.).

Pacuertnbie hopMyibl 3TOM MOZENH Ui Onpe-
JleIeHUs KOHOYKTHBHOM TEIUIONPOBOIHOCTH Ma-
TEPHAJIOB B CYXOM COCTOSSHUM MMEIOT BHA:

1 :
M a ey (39)
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M = =-mAy +mh; (40)
My = 1
2 A=) heg v M/ (41)

II¢ a — 3KCIEePHUMEHTaJIbHO OIpeneisieMblit
K03bdHULUNEHT, XapaKTepU3YIOLIU
CTPYKTYPY MaTepHaa;

m — TIOPUCTOCTb MaTepuaia B HONAX elu-
HHLIBI,
A, — TEIUIONPOBONHOCTb TBEPHAOro CKeJeTa
Marepuana;

A. — TEIUIONMPOBOAHOCTh ra3a, 3amlOJHAIO-
LIEro MOPUCTYIO CTPYKTYpPY MaTepHa-
na.

PacueTHble GOpMyIIBl WISl ONpeneNeHus KOH-
BEKTHBHOH COCTaBJISIOLLEH NONYYSHBI C TOMOILBIO
Pe3yJIbTaTOB YHCJIEHHbIX PEIleHH CHCTEM JIMHEH -
HBIX Iu(@depeHIUaNIbHbIX YPABHEHUH B YaCTHBIX
TIPOU3BOIHBIX, ONMMCHIBAIOLIMX CTALIMOHAPHBIN Ten-
JIONEPEHOC B MOPHUCTHIX CPefiax B YCIOBHAX €CTe-
CTBEHHOM KOHBEKIUHMH B IUIOCKUX ¥ LIHTHHAPUHEC-
Kux cnosix. 1o peaynbratam 311X pacueToB Haitne-
Hbl KPUTEPHUATbHBIE YPaBHEHMS, OTpaXaloLIMe 3a-
BMCHUMOCTb OTHOCHTEJILHOTO KO3 (PHIIMEHTa KOH-
BEKTUBHOH TEIUIONPOBOIHOCTH

Ay Ayt Ay

Ex hg + Ay (42)

oT puibTpalMoHHOrO yKcaa Penes — Ra®, kxoro-
phle VISl IJIOCKUX M LIWIMHIPHYECKMX TeIUIOU30-
JSILMOHHBIX CNOEB UMEIOT BUA!

IS TUIOCKOTO TOPHM3OHTANBHOTO CAOS NpH
40 < Ra® < 100:

E, = (Ra®)%% (43)

IIpu Ra® < 40, E =1, KOHBEKTUBHBII TerUionepe-
HOC OTCYTCTBYET, A, =0.

Ilns MAoCKOTrO BEpPTHKANbLHOTO CJIOS NpH
0 < Ra® < 100.

EK = (Ra®)0.035 (44)
Jina manuHapuyeckoro cnos npu 0 < Ra® < 100:

Eq =1+59-102 [n(1 -n)]’* exp(-4,29n) x
x(Ra®)?.

B ypasHeHusx (42) — (44)

Ra® - gBLKp%c,AT
u(h, +1,)2,78-107

(46)
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rze 2,78 104 — koadduuMeHT nepesona pa3mep-
HOCTH TEILIONPOBOAHOCTH M3
kxan/(mM-4-°C), B kkan/(m-c-°C);
K03hQULHKEHT IUHAMUYECKOM
BSI3KOCTH, KT/M * C;
— YCKOPEHHE CHIBI TSKECTH, M/C;
— IUIOTHOCTb, KI/M3;
K03 PUuMeHT TeMnepaTypHOro
pacumpeHus, 1/°C;
— TOJILMHA CJOSl M3OJNALUM, M,
U1 WWTHHAPUYECKOTo ciod L =
=nh="rn
r, — Paluyc MOBEPXHOCTH HU30NHpYe-
MOro TpyOomnpoBoaa;
r, — TO Xe, MOBEPXHOCTH U3ONIALINH,
K — xo3pduimeHT GuiibTpaliOHHON!
NPOHMLAEMOCTH M30/ALMHU, M2,

IIpennaraemas pacyeTHasi METOIMKA OIpele-
JeHusa 3p¢eKTHBHON TETUIONPOBOIHOCTH BOJIOK-
HUCTBIX MAaTEPHAJIOB PEATH3YETCA CEAYIOLUM 00-
pasom:

- pacyeT KOHIYKTHBHOU TEIUIONMPOBONHOCTU
BOJIOKHHCTOM M30JISILIMU BBIMIOJHAETCS 110 COOTHO-
wenusaM (39) — (41), B KOTOpBIX B KAayecTBe Tell-
JIONIPOBOAHOCTH CKEJIETa MCIOJIb3YETCs TEMUIONpPO-
BOXHOCTH BOJIOKHA (Tabnuua 5), a ra3za — MOJEKY-
JiipHasi TETUIONPOBOAHOCTL BO3myXa (Tabmmua 6).

S
{

N O o0g
l

Ta6anuma 5S— TennonporomoctTs, Br/(M-°C),
H IVIOTHOCTH BOJIOKHA, Kr/M3,
CTPYKTYPHbIE XaPAKTEPHCTHKH
@ BOJIOKHHCTBIX MaTEPHAJIOB

Bonokxo
MYJUIATO-
MUHEpalpbHOE |  KpeMHe- Ha3anbTOBOE CTeKsio-

3EMHCTOE BOJIOKHO

A,=1,2+8,5:105(z,+100) |A,=1,23+8,6:10-5(7,+100)

a=10,69 a=0,70 a=0,70 a=0,76

p, = 1000 | p,=1700 | p,=1700 | p, = 1000

Ta6nuua 6 — TensonpoBoarocTs moAHMED-
HOH MaTPHIBI NEHOIAACTOB

[iothoers | 1€MIONpoBon-
Texornact watpuupt, (HOCTB, BT/(4°C),
Kr/M3 TpU HOPMANbHON
TeMneparype
[MonucTHpOABHBIN 1050 0,20
IMonuyperaHoBbIH 1250 0,25
deHondopMansaerua- 1400 0,19
HbI#




KonsexTrBHas cocramisiomas -3dgdekTusHOM
TEMJIONPOBOAHOCTH BOJIOKHHCTHIX:MATEPHATIOB
OTIpeNeNIAeTCA C HCITOJNB30BAHUEM BBIPAXKEHMIH
(42) — (47), npuyeM koapduumMeHT DUILTPALM-
OHHO¥ npoHuLaeMocTu K, M2, Bxonsimit B (45),
ornpenensieTcs no Gopmyine

m3

K= 5 (47)
4{4(l—m—n/100}
dy

B KOTOpDOH # — COXEpPXaHHE HEBONOKHUCTHIX
BKJIIOYEHHU M, %;
d, — IWaMeTp BOJIOKHA, M;
m — TOPUCTOCTb BOJOKHUCTOM U301~
415178
PannaumoHHast TEMIONPOBOJHOCTh BOMOKHU-
CTBIX MAaTEPHAJIOB ONpENEAETCH C MOMOUIBIO Cle-
IyI0Ile 3aBUCUMOCTH:

ol d,
< T 48
P Ko A=) (48)
roe C — KOHCTaHTa BOHBHMaHa, paBHasa

4,965 - 108 xxan/(M%y-rpan);
T — cpenHss TeMneparypa U30aS1KH,
K;
m — TIOPUCTOCTD;
d, — AvaMeTp BOJIOKHA, M;
K — xo3pduumeHT ocnadaeHns1, KOH-
CTaHTa, omnpeleiigemMas Ui pas-
JIMYHBIX BUIOB BOJIOKOH IO 5M-
nupuyeckuM opmynam:
MYJUTUTOKPEMHE3EMHUCTOE BOJIOKHO
K., =25md,T, +5 10(1—m)*T

0C

(49)

n
6a3a/IbTOBOE BOJIOKHO
K., =70 md,T, +5- 103(1—m)/Tm; (50)

MUHHEPATOBATHOEC BOJOKHO
K, ,=20 md,T, + 7 - 103(1—m)¥/T,; (51)

CTEKITOBOJIOKHO
K. ,=11,2 105 md T, + 800(1—m)>/T,. (52)

B oTanyne OT BONOKHHMCTHIX MaTepHAaJIOB Me-
penaya TerUioThl B MEHOMIACTAaX OCYUIECTBASETCS
B OCHOBHOM 33 CYET KOHIYKTHMBHOTO NepeHoca
yepe3 raszoBylo cpeny — 65 % U yepe3 nmonumep-
Hy10 matpuuy — 25—27%. Ha pomo pagMauuoH-
HO# cocTaB/siIoLIeH npuxoauTcs He 6oee 5 — 7 %.
KoHBeXTHMBHOrO nepeHoca B HUX He HaGmonaeT-
csl BOOGLLE, MOCKONBKY MEHOMIACTbl NMPaKTH4eC-
KM HE COAEpXAaT CKBO3HbIX MOP, B OTJIUYME OT
BOJOKHUCTOH HM3OJISALIMM, TI€ CKBO3HAsI MOPHUC-
TOCTb aBAsercs npeoGaanioweit. KoapduumneHr

(PUILTPAUMOHHON! MPOHULIAEMOCTH ITEHOTIIACTOB
Ha 3 — 4 nopsinKa MeHbllie, Y4eM Y BOJIOKHHUCTOI
HU30JALMMN.

Hcxona u3 3tMx coobpaxeHuit Wi pacyeTa
3¢ dexTMBHO! TErIONPOBOAHOCTH MMEHOIIACTOR
MOTYT OBITb NMPUMEHEHBI COOTHOwWEHHS (39) —
(41) ¢ ucrmonb30BaHMUEM B KaueCTBE CTPYKTYPHBIX
XapaKTepUCTUK A1 heHondopMaTpIerHIHbBIX, TTO-
JMBHHWIXIOPUAHDIX U NTEHOTIONNYPETAHOBBIX e~
Hom1actoB — 0,420, a A1 NOMUCTUPONBHBIX —
0,20. TemnepatypHbiit KO3(hGOULHEHT TEIUTOMPOBOA-
HOCTH IUIA BCEX NEHOIUIACTOB MPaKTUYECKU OfM-
HakoB: § = 0,00015 Br/M(°C)?, a k03¢ dHLHeHTb
TETJIONPOBOAHOCTH MOMMMEPHOM MATPUIILI [IPH-
BelleHbl B TaGnuue 6.

B npouecce M3roToBAEHUS TOPUCTAS CTPYKTY-
pa NEeHOIIACTOB 3all0AHSETCS ra3aMH C TEMIONpo-
BOJHOCTBIO, 3HAYUTENLHO MEHBIUEH, YeM y BO3-
ayxa. B 3aBUCHMOCTH OT NMPHUHATOM TEXHONOTMHU
9TUMH ra3aMy MOTYT ObITb YTIEKHCIbIH, (peoH,
uMKIonenTaH u ap. [Toatomy TennonmpoBoaHOCTh
CBEXXEU3TOTOBJIEHHOTO MEHOIUIAacTa CleayeT pac-
CYMTBIBATE 1O (39) — (41), HCrOAB3YA B Ka4ecTBe
TETUIONPOBOOHOCTH ra3a JaHHbIE Tabauibl 7.

Tab6nuua 7 — TemronpoBoaHOCTs ra3os B
HOPUCTOH CTPYKTYpe NEeHO-
ILIACTOB

las TernonposoaHocts, Br/(M °C)

Bosayx 0,0257 {1 + 0,003 (¢,, — 20)]

Yraexucnblit ras 0,016 [1 + 0,0045 (¢, — 20)]

[uxnoneHrtan 0,013 [1 + 0,0051 (z,, — 20)]

®peon 0,0081 [1 + 0,0054 (r, — 20)]

[Toce U3TOTOBMEHUA TETIOU3ONALMOHHBIX
KOHCTPYKLUHMI B HMX TIPOMCXONHMT MOCTENEHHOE
Iud@y3noHHOe 3aMellleHHe 06pa30oBaBLIEroCs B
nopax rneHoracTa rasa Bo3nyxom. [1pu atom ten-
JIOTIPOBOJHOCTb MEHOIJIACTOB YBEJINYWBAETCH OT
HayvyaJIbHbIX 3HAYEHMI, OnpenefeHHBIX no (39) —
(41) c yyeToM TEemnJIOMPOBOXHOCTH Ta3a, JO KO-
HEYHBIX, TAKX€ OmpenesieHHbIX rmo (39) — (41),
rA€ B KA4YeCTBE TEIUIONPOBONHOCTH Fa3a IpHHH-
MAaeTcA TeTUIOMPOBOAHOCTh BO3OYXa.

W3BecTHO, 4TO NpM YBAAXKHEHHM W3OJIALMU
TETUIONPOBOAHOCTD €€ YBeIMYMBaeTcs. B nuanaso-
He U3MEHEHHS CPEIHUX TEMITEPATYP BIAXHOM! H30-
nsiumy 0 < Ip < 25 °C yBenuueHue 3¢ ¢eXTHBHOM
TETUTONPOBOIHOCTH NPOMCXOIHUT 3a CUET MOBbILIE-
HUSA €€ KOHAYKTHBHOW COCTaB/ISIIOIIEN BCNEACTBHE
3aMeLLEHUsT BO3OYXa B MMOPUCTON CTPYKTYpe H30-
Jsiuuy 6osee TEMAONPOBOAHBIM KOMITOHEHTOM —
BOZOH.
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B atoMm ciyyae npu onpenenesnu 3¢ bexTUB-
HOH TEIUIONPOBOAHOCTH BJIOKHOH U3ONALMH (BO-
JIOKHHUCTOM M NEHOIUIAaCTOB) WIS pacyeTa xapak-
TEPUCTHKM KOHAYKTHBHOTO MEPEHOCA TETLIOTHI A"

BMeCTO BbipaxkeHuit (39) — (41) ucnoas3yrorcs
3aBUCHMOCTH:

- 1

CTUar ey Y

A = (1= m)hgy + Wiy +(m=W)h,;  (54)

M 1

M = om fhe W i vy 9

rae A, — TEeIUIONPOBOXHOCTb BOMBI;
W — OTHOCHTENbHas BIAXHOCTD 110 06BEMY
(3), ocTanbHBIE OOO3HAYEHMsI TE Xe,
410 B (39) — (41).

Pe3synbrathl 3KCIEpUMEHTAILHBIX MCCENOBAHMI
MOKa3aIH, YTO MpemIoXeHHass Moneb 3¢hdeKTHs-
HOM TEIUIONPOBOAHOCTH BJIAXKHOM M30JIALIUU YIOB-
JIETBOPUTENBHO OIMCHIBAET TEIUIONEPEHOC MpHU
HOPMAIBHBIX CPEIHMX TeMnepatypax. [Ipu noBbi-
LIEHHBIX CPEXHMX TEMIIEpaTypax TeIUIONPOBOIHOCTh
BJIAXHOW M30JALIMHU NPEBLILIAET pacyeTHbIE 3Haye-
HUs, onpeneneHHsie ¢ nomouibio (53) — (55), B
HECKOJbKO pa3. O6bACHAETCA 3TOT GaKT ABNEHUEM
TEPMOBJIArolIPOBOJHOCTH — BO3HHKHOBEHHEM I10-
TOKa BJIarM BO BJIAXXHOM MaTepHaie IPH ero Harpe-
BaHUMU, HAIIPABJIEHHOTO 1O MOTOKY TEIUIOTHL. B 3a-
BUCHMMOCTH OT XapakTepa IMODPUCTOM CTPYKTYDHI,
BJIArOCONEPXaHMs, IpaIUeHTa U YPOBHS TeMIiepa-
TYP TEPMORJIArONPOBOXHOCTb MOXET ObITh BbI3BaHA
Pa3IMYHBIMK QU3NYECKUMH NPOLIECCAMMU:

MOX NEHCTBUEM IpalMeHTa NOBEPXHOCTHOIrO
HaTSXEHHMS BOAbl B MEHUCKAX, B MECTAaX CYXEHHS
TIOP M KalWIsIpOB, BbI3BAHHBIX TPANUEHTOM TEM-
NepaTyp, NPOMCXOAUT TEPMOKAIMUISIPHOE IBHXKE-
HME BOIbl B CTOPOHY OO0JblLErO MOBEPXHOCTHOTO
HaTAXEHHUS, T €. B CTOPOHY NMOHUXAIOLIUXCS TEM-
nepatyp;

B TOJIHOCTbIO YBIAXHEHHBIX MaTepuanax Ie-
peMELIEHHE XUIKOCTH IPOTUB TEIIOBOTO MOTOKA
MOXET IPOMCXOIUTD 33 CUET TEPMOOCMOCA, 00yC-
JIOBJICHHOIO DPa3fiMYMeM YIETbHOIO TeIviocoaep-
XaHHSA XMIKOCTU B TOHKOM CJIO€ Y ITOBEPXHOCTH
MOp M KalWLISIpOB B O6BbEME;

napiuuvajibHOe DaBjieHUE MNapa B NapOBO3AYLU-
HOM CMECH, HaXOIsLIENUCs B MOPUCTOM CTPYKTYpE
TETUIOM30ALMOHHOTO MaTepUaa, MMEIOLLIErO Bia-
roCOOEpXaHHUE BbILLIE MaKCHMMAJLHOTO TMIPOCKO-
MMHYECKOr0, PaBHO NaBJI€HHUIO HACLILIEHHS IPH
TEMIepaType Tena;
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TIDH TIOSIBJIEHUH I'PaIMEHTa TEMIIEPATYD B HEM
BO3HHMKAET TaKXK€E IPAIUEHT NapLUUATLHOIO NaBjic-
HHS HaCBHILIEHHOIO Napa, KOTOPbIH BbI3bIBAET DU~
(y3uOHHbII NepeHoC napa U3 Mect ¢ 6onee BbI-
COKO#l TemmepaTrypod B MecTa ¢ GoJjiee HM3KOI,
CONPOBOXAAIOLIUIACS ero KOHIEHCAIUel H NOBbI~
HIEHUEM BJIarOCOAECPXAHUSA B XONIOXHOM 30HE.

PesynbTaThl MpoBeNEHHOM YMCNEHHOH OLIEH-
KH TEPMOTpaiMeHTHBIX TIOTOKOB BJIarH pa3iInyHoM
¢dusnyeckoit npuponbl (TEPMOKANWUISIPHBIN Te-
peHoc, nud@dy3usa HaChILIEHHOro Inapa ¢ Iochie-
oyloliell KoHAeHcauuei ¥ JAp.) IO3BOJIWIM 3aK-
JIIOYMTD, YTO TEPMOBJIATOIIPOBOIHOCTD B KOHCTPYK-~
LMSX Ha OCHOBE 3¢ (PEKTUBHBIX TEIUIOM3ONALIMOH-
HbIX MaTepUasioB, O6MaNAIOIIUX BLICOKOM MTOpHC-
TOCTBIO (BOJIOKHHCTbIE U TNEHOIUIACTHI), MpEUMY-
LIEeCTBEHHO o6ycnopneHa AMPPY3HOHHLIM Mepe-
HOCOM.

O¢doexT yBeIMYEHUS TEMIONPOBOIHOCTH
BJIQXHOTO MaTepuaia NpH €ro HarpeBaHuH, obyc-
JIOBJIEHHBIN NOSBICHUEM NPH 3TOM B €ro IIOpHC-
TO CTpyKType N1 hYy3UOHHOrO MOTOKA fapa, co-
TPOBOXIAIOUIETOCS UCNIApEHHEM BJIaTH B ropsiyeit
30HE M KOHAGHCallMel B XOJMOXHOM, IIpe/araeTcs
YYMTbIBaTh BBEACHHEM JONONHUTENBHOTO K03(hdhu-
LIMEHTa TEIUIOTIEPeHOCa, BO3HHKAIOLIETO 3a CYeT
TEPMOBJIArONPOBOAHOCTH A,, ONPENEJISIEMOTO Bbi-
paXeHHeM

1
)\1 =(1—1+—-—W—_—u/2'];\.M ca-rbx

xexp(b-1,),

(56)

rme W — OTHOCUTENbHOE BJArocofepXaHue
U30JISIUMM N0 06beMy (3);

A, — KO3hDUUKEHT MapornpoOHHLIAEMOCTH
usossiumy, Kr/(M-y-Ila) (Tabmuua 3);

r — Teruiora ¢$a3oBOro repexona Biarw,

KKaJI/KT;
I, — CPelHsis TeMIepaTypa Marepuana, °C;
o = 2666 Ila;
b = 0,046 1/°C.

B 3akmoyeHue caemyeT OTMETUTb, 4TO 3¢ deKT
PE3KOro yBeJIMYEHMs TEMIONPOBOAHOCTH 3a CYET
TEPMOBJIATONIPOBOLHOCTH IPU HaIrpeBaHHH BJaX-
HOTO MaTepuana MpPOSIBISETCS TOJBKO B Hayalb-
HbIH NEPHON Nporpesa BIaXHOM U30JALHUH (B Te-
yeHue 5 — 10 y) D0 ycTaHOBNEHHS CTAUMOHAp-
HOTr'0 TEMITEPATYPHOIO U BJIAXHOCTHOTO PEXHMOB
B TEIUIOU30JIALIMOHHON KOHCTPYKIHHM, METOIMKA
M QITOPUTM pacyeTa KOTOPhIX Ui pasIHyYHBIX yC-
JIOBMIi 3KCIUTyaTaUMH NOAPOOHO pacCMOTpPEHbI B
MoHorpaduu B.I". Ilerposa-ZleHucosa, JI.A. Mac-
JIEHHUKOBa «Teruio- U BIarooGMeH B MPOMBILLI-

JeHHo# usonsuuu» (M.: DHeproaToMH3Iar,
1983).



5 MPEJJTIOXEHHUSA 110 HOPMHUPOBAHHUIO
PACYETHBIX 3HAYEHU
TEILTIONMPOBOJXHOCTHU U30JIALIUUA
B KOHCTPYKIIMSIX

Terno3awuTHbIE CBOMCTBA TEMIOU3ONILUOH-
HBIX KOHCTPYKUMI POMBILULIEHHBIX COOpYXeHUIt
U TpYOOIIPOBOIOB, a TAKXKE OTpaXIeHUH 3MaHHi,
KaK MMOKa3bIBaeT NPaKTUKa, CHUKAIOTCS B MpoLiecce
IKCIUTyaTaluy. Tak, Harmpumep, 3a CYeT NepuoIH-
YEeCKHX TETUTOBIAXXHOCTHBIX BO3AEHCTBUIT OKpYXa-
IOILIEH Cpelbl BCJIEACTBUE MEXAHUUECKMX HArpy30K,
o6ycnoBneHHbIX BUOpaLuein 060pyIoBaHuUs U BET-
POBBIM HanopoM MEPEMEHHOr0 HanpaBieHus, BO-
JIOKHHUCTasl U30MALUMS YIUIOTHSETCH, TOIIMHA ee
YMEHbILAETCS, a TEeIUIONPOBOAHOCThL YBeJIMYMBa-
eTcsl. Tennou3onsiuMOHHas KOHCTPYKLMA U3MEH -
€T CBO1O (hopMy («IpoBHCaET»), BHYTPH Hee obpa-
3YIOTCA MOJIOCTH C YCUNIEHHOM KOHBEKIIMEH B HEMH
BO3ayXa. Bce 9TO MPUBOOUT K CHIDKEHHIO ee Tep-
MHUECKOTO CONpPOTHBIeHUS. TeMMepaTypHO-BIaX-
HOCTHBIE Je(OPMALMM CYLUIECTBEHHO W3MEHSIOT
ITOPUCTYIO CTPYKTYPY TETUIOU3OJISILIMOHHOrO CJIOF U3
TMIEHOIUTacTa B Mpoliecce SKcryatauuu, go 80 %
MOBBLILIAETCA COAEPXKaHHME B HEM OTKPHITHIX MMOp,
YTO MPHUBOAUT K PE3KOMY YBETUUYEHMIO JYYUCTOM
COCTaBJIAIOUIEH B [EPEHOCE TEIJIOTHl, a TakkKe K
MOBBILLEHHIO B/IarOTNIPOBOAHOCTH, YTO BJEYET 3a
coboil yBenuuyeHre KOHIYKTHBHOM U oblieit Ter-
JIOTIPOBOIHOCTH TEIUIOU30ASLIMOHHOTO C/O4.

CHHUXeHHE TeIUIO3aIUMTHBIX CBOMCTB Terio-
M30JNIAUMOHHBIX KOHCTPYKLUHA B TpOLECCe IKCT-
JlyaTauuu onpeaeaser ux JoAroee4Hocts. Kak us-
BECTHO, XONTOBEYHOCTb TEXHUUECKOTO 00BeKTA Xa-
PaKTepU3yeTcad COXpaHEHHEM ero paboTocrnocot-
HOCTY [0 HACTYIUICHUS IPEAEIbHOIO COCTOSHUS
NpHU YCTAaHOBJIIEHHOW CHUCTEME TEXHMYECKOro 00-
CIIy>KMBaHUs M peMOHTa. [IpuyeM nox paGoTocmo-
COBHOCTbLIO MOHUMAETCS TAKOE COCTOSIHIHE 0ObEK-
Ta, NPU KOTOPOM OH CITOCOOeH BbIMONHSTh 3a0aH~-
Hble (DYHKLMH, COXpaHASA 3HAYEHHS Ofpenesio-
WMX UX [TapaMeTpoOB B TMpenesax, YCTaHOBAEHHBIX
HOPMaTUBHO-CIIPABOYHON NJOKYMEHTALMEH.

CoObiTHe, 3aKTIO4alOLIEecs] B HApyLIEHUH pa-
50TOCNIOCOGHOCTH, SBJAETCA OTKAa30M OObEKTa,
KOTOpPBIA MOXET ObITb BHE3AMHbBIM — MPAKTHYECKU
MTHOBEHHbII BBIXOA 0OBEKTa U3 CTPOSt WK NOCTe-
MEHHBIM, XapaKTePU3YIOIUMCA [UITMTENbHBIM Bbi-
XOIOM IM1apaMeTpOB, OMNpeleNsAolUX ero padboTo-
CMOCOGHOCTS, 3a Npee/ibl HOpMaTUBHBIX JOITYCKOB,

PaccMatpyBast 10OITOBEYHOCTD TEIUIOM30/IALIMOH-
HBIX KOHCTPYKLMH, CIeQyeT CUUTATb, YTO HX pado-
TOCTIOCOGHOCTD XapaKTepH3yeTCsl TOCTENEHHBIM OT-
Ka30M M MOXeT ObITb MpeaCcTapieHa 3aBHCHMOCTBIO!

L0 r@, (s7)

B KOTOpOii ¢(t = 0) — TemuoBbie MOTEPH B HAYa-
JIe 3KCTINyaTalMH;

¢(t) — TeIUTOBBIC HOTEPH YEPE3 T JIET IKCILTY-
aATALHH,
YuuThIBas NPAMYIO ITPONOPLIMOHATEHOCT MEX-
Ay BETUYMHAMM TEIUIOBBIX MOTEPD YEPE3 TEIUTOU30-
JALUMOHHBIE KOHCTPYKUMM U TEIUIONPOBOIHOCTBIO
MCIIO/Ib3YeMOTO B HHX MaTepuaa, HalaeMm:

-q(t) _ M1
g=0) Ax=0)’ (38)

rae  A(t=0) — TemwIonpoBOAHOCTb TEIUIOU3ONALIHM-
OHHOTrO MaTepuana B KOHCTPYKLIUH
BHavaJie;
A(t) — TO Xe, yepe3 T JeT IKCIUTyaTaLuH,
Br/(M-°C).
Boipaxenue (57) ¢ IOCTaTOYHOM WA MPaKTU-
YECKUX LeNeH TOYHOCTbIO MOXHO NpPENCTaBUTh
3KCTIOHEHUMANTEHOM 3aBUCUMOCTBIO

q(1)
q(r=0)

rie K — KOHCTaHTa paGoTOCIIOCOGHOCTH, 1 /rox.
Ucnons3ya (58) u (59), moayyum:

M) =A(t=0)expK1— (60)

COOTHOLLEHUE, ONpeIe/Aoiee AMHAMUKY CHIXe-
HUS TEIUTO3aIMMTHBIX CBOMCTB TETIOU3OMAIMOH-
HbIX KOHCTPYKLIHH 32 CYET YBEAHYEHHS TEMIONPO-
BOMHOCTH U3ONSALIMU B TPOLIECCE 3KCIUIYATALINH.
Hns Toro yToGsl 06ecneyuTb TpeGyeMylo HOp-
MHPOBAHHYIO MJIOTHOCTb TETUIOBOTO MIOTOKa Yepes
W30/IMPOBAHHYIO MOBEPXHOCTL 060PYNOBaHUA TPY-
OonpoBOAOB CUCTEM HHXEHEPHOTO 000pynOBaHUA
3NaHUH ¥ TerTocHaOXeHHUS 3a BCe BPEMS IKCILTY-
aTauMM T, JIET, B KAYeCTBE PACYETHOTO 3HAYEHHs

=exp K1, (59)

AP
ko3¢ duuMeHTa TeMI0NPOBOAHOCTH AP,

1IpH Orl-
peneaeHUH TOMUMHBI U30JILMH [TPEITAraeTcs yc-
MOMB30BaTh CPENHEUHTErPAILHYIO 3a T JIET JKCII-
JlyaTaluy BeJIMYMHY, 3HauyeHUe KOTOPOW Ha oc-
HOBaHUM HMHTerpupoBaHusa (60) ¢ yueToM 3aBH-
CHUMOCTH TEMJIONMPOBOAHOCTH OT TEMIIEPATYDPLI OfI-
peaensercs BhipaXxXeHHEM

)‘33 (v In) =

LSRN0 (6)

rae t, — CpeaHsis TEMNEPaTypa U3ONSALUM.

3HaYeHUS KOHCTaHTbl paboTOCNOCOOHOCTH K,
XapakKTepU3yloLlle i IMHAMUKY CHHKEHUS TETLI0M30-
JIALIMOHHbBIX CBOHCTB TEMNIOU30ISLIMOHHBIX KOHCT-
PYKLUMI B TpoLIECCe 3KCILTyaTaluy, ONpeaeaeHHbIe
Ha OCHOBE pe3y/bLTaTOB MCCAENOBAHHUII, TIPOBEAEH-
HbIX HHCTHTYTOM «TETUTONPOEKT» COBMECTHO C HH-
cturytamn BHUTTHW 3nepronpom, AKX um. [Tam-
dunosa, HUMUMocctpoit, BHUUCT, a taxxke
pa6ot IO BoGposa, A. [lemeHTbeBa, A. IbIukoBa,
J1. HeBckoro, JIx. bapra, K. Xousra, [Ix. Keannepa,
B. Iupkca, npuseneHs! B Tabauue 8
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Tab6nuua 8§ — KoHcranta paGoTocnoco0HOCTH TENIOH30NAUMOHHBIX MaTepranoB K, 1/rox

YenoBus NpoKnankK
B [Tonsem-
OTaNH-~ B HeoTaMBaeMbIX MonzeMHags B | nyag B
Tunst BaeMbix | TOBBanaX, yepaaxax, Hanzemuasn TNPOXOHBIX | penpo- | 11OM3eMHas GeckaHanbHas
TpyGo- noMe- TMOONOABHBIX KaHamax KaHanax XOIHBIX
NPOBOAOB  [1neHUsAX KaHanax
Bun usonsuun
TIeHO- | BONOK- | MEHO- | MEHO- | BONOK- | MEHO- | BOMOK- | TIEHO- | BOJIOK- |apMone- [eHONOMM-| NeHono-
Kayyyk"'| HucTas |rtactel’ [Kayuyk™| HucTas |rnacTsl’| Hucras {maacrtel’| Huctas |HOGETOH | Mep6eroH |[muyperan”™
Oromnenns| — |1,35103 7-103 |6,5103] — - — - — — -
U ropsyero
BOLOCHAa0-
XKEHUS
XonoxHoro |4,2:103] — - - — - - — — - - -
BONOCHA0-
XKEHUS
Lenrtpanu-| — |1,35107 7-10°3 —  |1,8:102f 7103 {2,2:102| 8102 |4,6:102{2,7-10"2] 5103 |1,6510%
30BaHHOTO
TEeNNOCHa0-
XEHUA
* TIeHOMNACTh! C NPEMMYLIECTBEHHO 3AKPLITONIOPUCTON CTPYKTYpOMH, NEHONMONNYPETaH, NEHOTIONUCTUPON ¥ Ip.
** TleHokayuyk Tuna A3apogrnekc, NEHONONUITHIEH DKodneke U ap.
*** TJeHONOAMYPETAaH B XECTKON MONUATHNEHOBON 060/I04Ke ¢ QUCTAHLMOHHBIM KOHTPOJIEM BAKHOCTH.




