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TennonsonsynoHHbIe MaTepuarbl B CTPOUTESNbCTBE. KameHHas BaTa

NI CTEKIMOBOJTIOKHO. CpaBHMTeﬂbeIIZ aHalnnma

PezuoHanbHbil meHedxep U.A. BepdroauH®,
OAOQO "KameHHbili kKapbep”

BseoeHue
[nsa yero HyxxHa Tennomnsonsaums?

C pasBuTMEM UMBMNM3aLMKM, Koraa Gopbba 3a Tenno nepectana ObiTb HACTONBKO OCTPOW, OGNWK 3OaHui U
TEXHOJIOMMS UX BO3BEAEHWS! 3HAUYMTENbHO U3MEHUIUCL. YBENUYMIICS Kak pa3Mep OKOH, Tak U UX KONMYECTBO, CTEHbI U
KPbILLUX CTanu TOHbLUE, MAacCUBHbIE O4Yaru U pycckue rnevym cMeHunucb 6atapesiMu LeHTparibHOro OTOMMEHUs, a Ha
CMeHY epHy, MXy, BOMJIOKY M Makrne NPULL HOBble TENSIOU3O0NSLUMOHHbIE MaTepuarbl.

OpHako ¥ B HacTosilee Bpemsi npobnema cbepexeHns Tenna ocTaeTcsi OCTpoi. MpUYMH TOMY HECKOSbKO.
Bo-nepBbix, 4TOObI 0GOrpeTb COTHU MUINIMOHOB KBaApaTHbIX METPOB MIIOXO YTEMMEHHbIX KUMKW, HeobXxoaumo
TPaTUTb MOWUCTUHE acTPOHOMMYECKMe CYMMbl Ha TOMMMBO, Aa W 3anacbl UCKOMNaemoro TomnnuMBa He BGecKOHeYHbl.
Bo-BTOpbLIX, B NocneaHWe HECKOMbKO AECATKOB NeT Npuobpeno 3HaYeHne yCUnmBLLEECS aHTponoreHHoe Bo3aencTene
Ha OKpYXXaloLLyto cpesy.

Ona Toro ytobbl cbepeyb M AeHbrM, U Npupoay, NPUXOAMTCA YTENNATb 30aHUS,, BHE 3aBUCMMOCTU OT WX
Ha3Ha4YeHUs (Kunble, agMUHUCTPATUBHbIE UMW NPOMbILLNEHHbIe). MpruyeM coBpeMeHHoe yTenneHune, NoMMMO CBOEro
NpsSIMOro AeNCTBUSA, AAeT U psd NPUATHBIX «MOGOYHbIX» 3CPEKTOB: XOPOLLYH LYMO- U BUGPOM3ONSALMIO U NMPOYHYIO
OCHOBY Mof, pa3Hoo6pa3sHble 0TAeNoYHbIe MOKPbLITHS.

YToO6bI npaBuribHO Bbl6paTb TENNON30IALMOHHbIN Martepuarn, HyXHO 3HaTb, Yero Mbl XOTUM nobutbcs, 1 ansd
KaknxX UMEHHO Liefier OH HaMm HY>XEH.

OCHOBHbIMU TUNAMK TENJITON30NALNOHHBIX MaTepmnanoB B MMpe SBMSeTCA MUHeparbHas BaTa (KkameHHad BaTa
N CTEKMNOBONOKHO) — 52%. [pu atom 6Gonee AByx TpeTem MUPOBOrO CNpoca Ha W3ONAUMIO MPUXOAUTCH Ha
CTpOUTENbCTBO 3aaHun [1].

[maBHas 3agada TenmnomnsonsauMOHHOro cnos — obecneveHne 3agaHHbIX TEMMNO3aLUUTHBLIX CBOMCTB B TEYEHue
3ajaHHOro BpeMeHu npu 3agaHHbIX yCNoBUAX akcnnyatauun.

Bbl60p yTennMTeneﬁ npoBOANTCA Ha OCHOBE CpPaBHUTEJIbHOIoO aHanma3a ux CBOWCTB. KpI/ITepVIHMI/I HageXHOCTU
yTeI'IJ'II/ITeJ'IeI7I SABNSAIOTCA MOKasaTenu CBOWCTB, onpegenawwine HaOeXHOCTb KOHCTPYKUMU NO COXPaHEHUHo
TENNo3awmnTHbIX CBOWCTB B yCcnoBuaAx akcnnyartaunm B Te4eHmne 3agaHHOro BpemMeHu.

L',e.l'leO [aHHOW CTaTbW sBnseTcH CpaBHeHne KaMEeHHOW BaTbl U CTEKNOBOJSIOKHA C LIENbIO npaBuIibHOIo Bbl60pa
TOro nnn nHOro Mmatepuana ana KOHKPeTHbIX BUAOB KOHCprKLI,VIVI.

OnpedeneHue rNoHAMUU «KaMeHHas eamay U «cmeKsioeama

MMHepaanaﬂ BaTa — TENNOU30NSALMOHHbIN MaTtepuman Ha OCHOBE MUHepallbHbIX BOJIOKOH. MI/IHepaJ'IbeIe
BOJIOKHa ObIBalOT Pa3nnYHbIX BUOOB: CTEKITIOBOJIOKHO; LLIITAaKoBOE BOJTOKHO; KaMeHHO€Ee BOJIOKHO.

CTeKknoBONOKHO — MUHepanbHOe BOJIOKHO, npou3soaAuMoe, npenmywecTtsBeHHO, u3
npupoaHOro necka (KBale,a) nnn BTOPUYHOIO CTeEKNa. M3 cTeknoBonokHa M3roToBnsieTcH
CTekrnoBarta.

KameHHOe BOSIOKHO — MUHeparnbHOe BOJIOKHO, npou3soaumoe, npemmyliectBseHHO, 13
pacnnaBiieHHbIX TOPHbIX NOpoaAn (B OCHOBHOM 6a3aﬂbTOBbIX). Ha kameHHOM BOSIOKHE OCHOBaHa
KaMeHHasd BaTa.

LLInakoBoe BOMOKHO — MUHEpanbHOEe BOJIOKHO, MPOU3BOAMMOE M3 AOMEHHOrO Lunaka (Ha
CerogHsiWHMn geHb B P® pacnpocTtpaHeHo cnabo, uM3-3a HU3KMX TEXHUYECKUX U
noTpedunTenNbLCKNUX CBONCTB).

BepZ[IOFI/IH H.A. TCHHOI/ISOHSIIII/IOHHI)IC MaTtepuajibl B CTPOUTCIILCTBE. Kamennass BaTa WM CTEKJIOBOJIOKHO: CpaBHI/ITeHLHHﬁ
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|. TexHonoaus npou3zsodcmea
MuHepanbHasa BaTa Ha OCHOBE CTEKITOBOJIOKHA (CTeKnoBarta)

[na nony4YeHns CTEKINOBONOKHA WCMOMb3YHT TO e CbIpbe, YTO U
ONs  npou3BoACTBa OOLIYHOrO CTeKna, WNM  OTXoAdbl  CTEKOMNbHOW
NpPOMbILLINEHHOCTU. McxoaHoe chipb€ AN Mpou3BOACTBa CTEKnoBaTbl —
Necok, cofa, [OONOMMWT, W3BECTHSK, Bypa wunu aTnGop. CoBpeMeHHble
npov3BoAcTBa uUcnonb3ytoT Ao 80% creknobos. CTeknoBata sIBNSieTCA
3MNacTUYHbIM, NEerkuM, TensbiM MaTepuanom.

PucyHok 1. ®parmeHT BOJIOKHUCTOMN

CTPYKTYPbl CTEKITOBOJIOKHA

MN3roToBrneHne CTEeKNOBOSIOKHA HAauYMHaETCA C pacniaBneHns B neyu
necka, BTOPUYHOrO CTekna u gobaBok. PacnnaBrneHHoe CTeKno 3a cyeT
LieHTpoGEeXHON curbl MpoAaBnmnBaeTcs Yepes uUnbepbl U pacnbiiseTcs Ha
MWIIIMOHBI HUTE, B KOTOPbIE BMPbLICKMBAETCS CBA3YHOLLEE.

MonyyeHHbI NPOAYKT NO  KOHBeWepy nopjaeTcd B Neyb
nonvMmepusauumm, a nocrne HapesaeTcd Jo Tpebyembix pasmepoB roToBbIX
nsgenvii. B HekoTopbix criyyasix Ha u3genue npukrnenBaeTcs MNOKpbITUe
(kaWwmMpoBOYHbIN MaTepuan). PucyHok 2. lNpouecc

BOJIOKHOOOpa3oBaHusl

MuHepanbHasa BaTa Ha OCHOBe 6a3anbTOBbIX NOpoA (kaMeHHas BaTa)

MwvHepanbHasi BaTta — BOJIOKHUCTbIA TEMNMOU30NALUMOHHBIN MaTepuan Ha CUHTETMYECKOM CBSA3YHLLEM,
nonyyYyaembii U3 MWHEPArnbHOIO Cbipbsi — CUNMKATHBIX pacniaBoB ropHbix nopod. OcHoBoW Ans npou3BoAcTBa
MUHeparnbHOM BaTbl CNYyXWT 6asanbT, KOTOPbI NNaBAT B CneuuanbHbIX neyax npu Temnepartype okono 1500°C.
Mpn npon3BoACcTBE M3 TakOW pacnnaBfieHHOM 6a3anbTOBOM Macchl (hOPMUPYIOTCA BOSIOKHA, B KOTOPbLIE MOTOM
0006aBNAlT CUHTETUYECKOE CBSA3YHOLLEee, KOTOpOe CKpenmnsieT 3T BOMOKHA, a Takke AOMOSMHUTENbHbIE XMMUYEeCKne
«npucagkm», ¢ NOMOLLLIO KOTOPLIX BaTy MbITAOTCA HaAenuTb TakMMy CBOMCTBaMM Kak, Hanpumep, rmapodoBOHOCTb,
NNOTHOCTb U T.N. B ntore Mbl nony4yaem matepman ¢ OTKPbITON A4EUCTON CTPYKTYPON, KOTOPbIA — B 3aBUCUMOCTU OT
mMoamdukaumm — cnocobeH paboTtaTb npu Temnepartypax go 1000°C.

Il. NpumeHeHue

MpaBunbHoe  NpPUMEHEHME  KAYeCTBEHHOW  TENNOM3ONAUMM  CTano  HacyWwHOW  HeoBXOAUMOCTbIO.
B cTponTenbctBe cerogHsi MCMomnb3ylT COBPEMEHHbIE MaTtepuarnbsl U TeXHororum, nossonswolime cbepedb Tenno
bonee adeKTMBHO. DTO, HANPUMEP, CITOXHbIE TPEXCINOWHbIE KOHCTPYKUMU U3 XKene3o0eTOoHHbIX naHenen, 6nokoB
nerkoro 6eToHa, kMpnuya C 06sA3aTeNbHLIM CPEedHUMM CIOEM TEMSIOM30NAUMM, a TakkKe MHOFOCIOWHbIE CUCTEMbI
hacagHOro yTenneHns — BeHTunmMpyemble pacagbl U CUCTEMbI KMOKPOIo» TUNa.

Hapo ckasaTtb, YTO yTENNUTb Kak B CTPOSLLEMCSH, TaK U B y>Ke NOCTPOEHHOM 34aHun MOXHO BykBarnbHO BCe, OT
dyHoameHTa Oo kpbiwn. OgHako Ans OCTUXKEHUS MaKCuManbHOW 3(hEKTUBHOCTU HEOBXOAMMO 3HaTb HEKOTopble
TeXHUYecKkne oCobeHHOCTH, XapaKTepHble AN pasHbix cdhep NpUMEHEHNS TEMNON30NALMN.

CTteHbl

B y)xe NocTpoeHHbIX JOMax YacTo NPUMEHSIIOT BHYTPEHHEe yTernneHne, XOTA C TOYKM 3pEHUS TENMOTEXHUKM 3TO
He camblii NyyWwWin BapuaHT. [lero B TOM, YTO B 3TOM Cilydae, MOMUMO YMeHbLUEHWS MOMe3HoN nnollagu, Brara,
HensGexxHo 0bpa3yoLLascs B XMUIIOM MOMELLEeHUN, HaYMHAET KOHAEHCMPOBaTbLCSA Ha XONI0OQHOM YacTu CTeHbl, TO eCTb
nog Tennovsonauuein. Torom cTaHOBUTCS OTCbIpEBaHME CTEH, YTO HEraTUBHO OTPa)kaeTcsl Ha BHYTPEHHe oTaenke
NMoMelleHNiA 1 300pOBbe HaxodsdWMXcs B HUX nogei. YTobbl aToro m3bexaTb, HEOOXOAMMO MCMONb30oBaTb
napovsonsauuio.

Jlydwunm BapuaHTOM, MO MHEHUIO CMeunanucToB, aBndeTca dacagHoe yTenneHue, no3BonsLliee He TONbKO
3(PPEKTUBHO U HAOEXKHO YTEMMUTbL YXKe NMOCTPOEHHOE 3[aHue, HO U NpuaaTbe emy HOBbIM 06nMK. CTOMT ckasaTtb, YTO
Takoe yTenneHue ABnsieTcst Hambonee rpaMoTHLIM CO BCEX TOYEK 3peHuns. [leno B TOM, YTO MO CPaABHEHUIO C APYrUMU
KOHCTPYKUMSIMU CTEHbI MMEIOT ropas3go Oonbluyto nnowagdb, U NodToMmy Havbonee ysisBuMbl ons xonoga: o 40%
BCEX MOTepb Ternmna MpouMcXoauT UMEHHO 4Yepe3 Hux. [Npu 3TOM BHellHMEe YacTu CTEeH 3[4aHus Npu 3KchnnyaTauum
UCMbITbIBAOT HebnaronpusiTHoe BO34EWCTBME MepenagoB TemnepaTtyp, OCaAKOB, COMHEYHOW paguaumn 1 apyrux
BpeaHbIX (DaKTOpPOB.

Ecnn yTenneHue npoBoaUTCA CHapyXu, npobriema KoHAeHcauuu Bnarm BecbMa 3(EKTUBHO peluaeTcs
MCcnonb3oBaHMEM COBPEMEHHbIX NaponpoHMUaemMbixX yTennutenein. 3oHa BbiNageHUst KoHOeHcaTa cMelLaeTcsl B Crov
YyTENNUTENS, KOTOPLIN UCMapsieT ero B OKPYXKalLWyY cpedy. OTO MO3BONsSeT Hecylluel CTeHe OCTaBaTbCs CYXOW U
GnaronpusiTHO OTpaXKaeTCsl Ha COCTOSIHUM KOHCTPYKUMM. KpoMe Toro, cTeHa BHYTPU TEMNOU3ONSLMOHHON «LLyObl»
BepZ[IOFI/IH H.A. TCHHOI/ISOJISIIII/IOHHI)IC MaTtepuajibl B CTPOUTCIILCTBE. Kamennas Bata WM CTEKJIOBOJIOKHO: CpaBHHTeJ’ILHLIﬁ
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nepecTaeT MoABepraTbCs TemnepaTypHbIM MepenagamM, U, OCTaBasiCb MOCTOSIHHO HarpeTol W3HYTpuW, CTaHOBUTCS
CcBOE0OPasHbIM aKKyMynSITOPOM TeMna, CnocoBCTBYS COXpaHeHM0 KOMGOPTHON TemnepaTypsbl.

Mpun MoHTaxe Tennousonauum B hacagHon cucteme HeobxoanMO CreanTb, YTOObI MANTLI NAOTHO Npunerany K
N30NMPYEeMON MOBEPXHOCTU W APYr K ApYry, 3anonHsanu BeCb NpefyCMOTPEHHbIN Ans 3Toro obbem, a B MmecTax
NPUMbIKaHUS He ocTasanoch Lweneu. NpyM MHOroCNOMHOWM N30NALMM XXenaTenbHO, YTODbI KaxabIi NoCneayoLmin Crion
nepekpbiBan BHaxnecT LWBbl npeablgyllero crnos. Ona BeHTUNMpyembiX acagHblX CUCTEM MOTYT NPUMEHATLCS
NAUTbl 3 MUHEparibHON BaTbl HA CUHTETUYECKOM CBA3YoLWEeM € NNOoTHOCTb0 80—130 kr/m3. Takue nnuTbl NPUMEHSAOT
B KayecTBe OLHOCITOMHON TENMOU3ONALUU NN B KAYECTBE HaPY>XHOrO CNos Npu BbIMNOSTHEHWUN U30NALMK B ABa CNos,
npu 9TOM BHYTPEHHWI Crow BbINOMHAETCA u3 onee nerkon rnapodobusMpoBaHHON MWHNAUTLI C MIIOTHOCTBIO
30-80 kr/m3. B BeHTUNUpyembix acagHblX CUCTEMAxX LUMPOKO MPUMEHSIIOTCS CTEKMNOBONOKHUCTbIE NnuThl. [pu
BblIOOpe CTEKMOBONOKHUCTLIX NAWUT A5 YTENNeHns BeHTUNMpyeMbix dacagos, Kak OAUH U3 BapuaHToB, MOXeT OblTb
pEeKoOMeHOOBaHO ABYXCMOWHOe yTenneHne. Cuctema yTenneHus npyv 9TOM MOslydaeTcs OQHOBPEMEHHO MSTKOM K
[OCTaTOYHO XeCTKoW. [lonyckaeTcs Takke BapuaHT MCNOMb30BaHWS ABYXCMONHOMO YTEMMEHUS C BHYTPEHHUM CroeM
N3 CTEKNOBOSIOKHWUCTOW NMWTbI, @ HAPYXHBbIM — N3 MUHEPanoBaTHON MNUTHI.

KpoBns

O6paTvm BHMMaHMe Ha Kpbilwy. M3BeCcTHO, 4TO Yepes3 Hee yxoauT 0o 20% Tenna. YTenneHne ckaTHbIX KpblLL,
OCHOBHOMO KOHCTPYKLMOHHOIO peLleHMsi B 4YacTHOM CTPOMTENbCTBE, OCIMOXHEHO TeM, 4YTO B KPOBESbHbIX
KOHCTPYKLMAX Yalle BCero MCMonb3ylTcs roptoyne Unm HeorHecToMKne matepuansl (Takne kak gepeBo, cTalnb Miu
anomuHnii). CnegoBaTenbHO, ANst TOr0 YTOObl MUHUMM3MPOBATL MOCMNEACTBUS NoXapa, HeobXxoauMMO MPUMEHATb
HEroproyyo Tennon3onsaumio.

Takke 04eHb BaXxHO, YTOObI yTennutenb cBoboaHO nponyckan BogdAHble napbl, HO HE Obin r’MrpocKonn4HbIM (He
H86I/Ipaﬂ Bnary wus aTMOC(bepbl), Tak KaK npun YyBeJinvyeHun BIIaXHOCTU MaTepuana BCero Ha 5% ero
TEnnomn3onsauMoHHas cnocobHOCTb YMeHbLUaeTCAd NoYTn B Ba pas3a.

YunTtbiBas npviBedeHHble TpeboBaHus, NS YyTENNeHUsl CKaTHbIX KPOBENb XOPOLLO MOAXOAST Nerkue niutbl U3
KaMEHHOW BaTbl, KOTOpble YCTaHABMNMBAOT MeXay ctponunamu. Mexay npoyvMM, rpamMoOTHOE YTenneHWe CKaTHbIX
KPOBErb MO3BOSISIET NPEBPaTUTL YepAaYHOe NOMELLEHUE B XXUoe (MaHcapay), YTo yBenMyvBaeT NosiesHyto nnowaab
XKUIbS.

3ameTnm Takke, YTO NpeobnagarolimMe B ropodax u Bxogslme B MOAY B WMHAMBMAYaANbHOM CTPOUTENLCTBE
NAOCKNEe KPOBMNM HEBO3MOXHO co3aaTbh 6e3 MCnonb3oBaHMs KayecTBEHHOM Tennousonsumun. MNMpu atom TpeboBaHus K
Hel OYeHb XeCTKue, Beb B OTNMYME OT CKaTHOM KpbilW, nrockasi (C YKIOHOM okoro 2%) noasepraetcs 6onbluen
Harpyske, U BCE €€ 3NIEMEHTbl OOJKHbI ObiTb OTNIMYHOIO KavecTBa. Tak Ha3blBAaeMbl «KPOBESbHbLIA NMUPOr» —
CNOXHas MHOrOCMONHasl MHXEHepHas KOHCTPYKUMS, BKMkdawwasi B cebsi ocHoBaHue (MpodpHactun unu nnuta
nepekpbITUS), Naponsonaumio, NpeaoTBpaLlatoLLylo nonagaHne BoAsAHbIX NapoB U3 NOMELLEHUs B Tennousonsaumio,
TEeNnoM3onsuMio 1, B 3aBepLueHne, rmapov3osNsLMOHHBIN KoBep. Tennonsonsums B 3TOM criydae gormkHa obnagatb
OO0CTaTOYHOW XXEeCTKOCTbHO, YTODbI BblAepXKaTb 3HAYMTENBHYHO Harpy3ky, He Tepsis Mpu 3TOM CBOMX Ka4yecTB.

MogBan

B nocneoHee Bpems nofsanbl BCe Yallle WCMONb3YHOTCA Kak MOACOOHbIE MOMELLEHUs, MacTepckue u np.
Cpoenate nogBan WM LOKOJbHBIA 3TaX >KUMbIM BO3MOXHO TONMbKO MpU  YCNOBUWM [OCTaTOYHOM TOJLUMHBI
TENNOU3oNALMN BCEX KOHTaAKTUPYIOLLMX C TPYHTOM 4acTel 3aaHus. Ecnu Ha aTane saknagku dpyHoameHTa He Obina
BbINOMHEHa CMMoLIHas HapyXHas rmapo- U TEMNOM3oNAUUS nepuMeTpa 34aHWUs MO CXeMe «TPYHT, rMapou3onALms,
Tennonsonauus, MyHaamMmeHT», 406UTbCA NPUEMNEMOro MUKPOKNMMaTa GyaeT CroXHO U JOporo.

Mon

Monbl Ll,enecoo6pasHo yTenndatb U euwe no OAHON HemarnoBaXkHOWN npunynHe — cnon Tennousonauun CINYXUTt
XOpOoLWnM 3BYKOMOITOTUTENEM. Kak wn3BecTtHO, nonbl yKnaablBaklOTCA pa3HbIMU crnocobamu, crnepoBaTenbHO,
FIOD,GI/IpaTb yrennutenb cnegyet Cc y4eToM WX KOHCTPYKUUW. I'IpM YKnagke nosioB no naram yrtenrnterb
pacnonaraetcd Mmexany HMMM U He nogBepraeTcAa Harpyske, no3ToMy B TakOM Cliy4vyae Ll,eJ'IECOO6pa3HO MCcnoJjib3oBaTb
nerkMe NNUTbl M3 KamMeHHoW BaTtbl. Ecnu npeaycMaTtpuBaeTCAa UeMeHTHadA CTAXKa, crnenyeTt MNpUuMeHATb bonee
XeCTKune Tenyion3onaunoHHble MaTepuansbl.

Mon n noTonok B BOMbLWIMHCTBE AOMOB CBSA3aHbl BOEOUHO. M KOHEYHO, MOTOSIOK TOXE MOXET ObITb yTenneH.
Nomumo 06epe>i<eHV|9| Tenna, B A4AHHOM cCliy4vae Tension3onauma BbiNnoJHAET U elle oHY OYeHb BaXXHYH pOJib — OHa
CTaHOBUTCA OTJINYHBIM 3BYKOU3OJIATOPOM.
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I1l. CmoumocmHsbil pacdem Ha nipumepe obbekma e 2. Hosocubupcke

PaunoHanbHbI BbIGOp MaTeprana yTennutens Ans KOHKPETHOM KOHCTPYKLMU OYeHb BaxeH. PaunoHansHOCTb
B 9TOM CNny4ae o3HayaeT, 4YTo Ans onpefeneHHon KOHCTPYKUUKM (HanpumMmep, CTEHbl UMK KPbILK) Bbl CMOMNN BblBpaTb
caMbln 3hEKTUBHBIA yTENnUTENb — MO npupoge Martepuana, Mo ero TEnnousonsUMOHHBIM CBOWCTBAM, Bbl
paccunTany HeobxoouMylo TOMLWMHY CrOA M 3aTpaTuiM MpU BCeX BalMX pacyeTax pauuMoHanbHOEe KOMM4ecTBO
cpencTs.

PaccMoTpM aaMUHUCTPATMBHOE 34aHWE CO BCTPOEHHLIMU TOProBbIMWM MOMELLEHMSMU, WHOUBUAYANbHbLIM
TEMNMOBbLIM MYHKTOM W MOA3EMHON aBTOCTOSIHKOM Mo ynuue BnagumupoBckass B 3aenbLOBCKOM paiioHe ropoaa
HoBocunbupcka.

parioH no Betposomy gasneHuto: Il (38 kr/m?, CHul12.01.07-85%);

pacyeTHas TeMmnepartypa Bo3gyxa Hanbonee xonogHoro nepuoga: -39°C;

KIMMaTU4EeCKUIN panoH cTponTenscTea: B;

YPOBEHb OTBETCTBEHHOCTU 3gaHus: Il;

Knacc yHKUMoHanbLHon noxapHou onacHoctu: ® 1.3;

cTeneHb OrHecTonkocTu 3aanus: Il;

HOopMaTuMBHas cHeroBasi Harpyska: 250 kr/m?;

mMaTepuan orpaxaalroLlimx KOHCTPYKLMWIA: MOSHOTEMbIN KMPMNWY Ha LeMeHTHo-necyaHom pactesope M50,
TonwmHa Knagku 250 mm.

Mnowaab yTennsemon NOBEPXHOCTU CoCTaBNAeT 2662 M2, Tennousonauusa 3gaHus BbINOMHSETCA B ABa CMOS.
KpenneHune ytennurens AOMKHO MPOU3BOAUTLCS MO CMOSIM, HAYMHasa C HWxHero psga. KpenneHune cnoee nnut BO
n3bexxaHne MOCTUKOB Xoroaa HeobXoAnmMo NPoM3BOAUTL BHAXIIECT.

B nepBom BapuaHTe paccuuMTaem CTOMMOCTb YTEnneHus Ans AaHHOTO 00beKkTa C  MNpUMEHeHVeM
MUWHepanoBaTHoro yrennutensi. NpyuMeHuM nnuTbl Ha ocHoBe GasanbToBOro BonokHa Rockwool BEHTU BATTC.
MAnTbl NMET KOMOMHUPOBAHHYO CTPYKTYPY M COCTOSIT U3 XKECTKOrO BEPXHENO (HApy»XHOro) 1 Boree Nerkoro HMKHero
(BHYTpeHHero) croeB. Pasamep nnut 1000x600x150 MM. Mx cToumocTb coctaBrsieT 399,6' p/m2. CToumocTb Ha
o6bekT 1063735 pyo.

Bo BTOpOM BapmaHTe paccyMTaem CTOMMOCTb YTEMNEHWs ONA OAHHOro OO0bekTa C MpPUMEHEHMEeM NIuT u3
CTEKITOBOJNIOKHA. [nsi BHYTPEHHEro Crnosd paccMoTpum nnuTbl M3 cteknoBosiokHa URSA GLASSWOOL [1-30,
pasmepom 1250x600x100 mm u ctommocTbio 220 p/m?2. CTommocTb Ha obbekT 585640 py6. [Ana BHELWIHero cnos
paccmMoTpuM nnuTbl n3 cteknoBonokHa URSA GLASSWOOL ®dacag (MaTepuwan, cneuynansHO npegHasHauYeHHbIN Ans
NpUMeHeHUs B dhacagHblX CUCTEMAXxX C BEHTUIMPYEMbIM BO3AYLUHbIM 3a30poM. Mcnonb3yeTcs B Ka4ecTBe Hapy>KHOro
Cnosi nNpvM  OAHOCIMOWHOM W [ABYXCMOMHOM YTENfeHWA MHOrO3TaXHbIX W  BbICOTHbIX 34aHWui), pasMepoM
1250x600x50 Mmm n ctommocTtbio 141,5* p/m2. CtommocTb Ha obbekT 376673pyb. NToro croMmMoctb Ha OOBLEKT
962313 pyb6.

Kak Mbl BUOUM U3 pacdeTa, AeLleBne yTennaTb AaHHOE 34aHWE MNuTamMu M3 CTEKSOBOSIOKHA (Mpov3BOACTBO
CTEKNoBaThbl AeLUeBre, T. K. UMEET MOCTOSAHHbIA XUMWYECKUIA COCTaB), OAHAKO HENb3s OQHO3HAYHO YTBEPXAATb, YTO
OaHHbIA BUA yTENNeHUs nydwle, BeAb B GOMbLUMHCTBE CryYaeB Af1sl HABECHbLIX BEHTUNUPYEMbIX dhacagoB NPUMEHSIOT
UMEHHO KaMeHHyto BaTy. COMHEHWss B HaJEXHOCTM W YCTOMYMBOCTM OTHOCATCA KaK K LLENOYeCTOMKOCTU
CTEKMOBOJSIOKHA, TaK W K MNPOYHOCTM Ha paspbiB, HEOOCTATOMHOCTb KOTOPOW 06ycrnoBreHa camuMm crnocobom
narotoBrieHnss nnut. Kpome toro, cteknoBosiokHo npu 600°C yxxe NoNHOCTbIO pacniiaBUTCH, TOr4a Kak npu noxape
TemnepaTypa Hag BEPXHUM Cpe30oM OKOHHOro npoema moxeT gocturate 1000 °C.

B Tom cny4vae, ecrnm HeobxoOuMMO OOCTUYb XXECTKOM 3KOHOMWUWM MpWU YCTPOWCTBE BeHTUnupyemoro cacaga,
OO0MyCTMMO MCMNONb30BaTh NAaponpoHMLIAEMYIO BaTy M3 CTEKNOBOSOKHA. YKecTkme nnuThl M3 6a3anbTOBOro BOSOKHA,
UMeKLLne BbICOKME MPOYHOCTHbIE U AedOpPMaLMOHHbIE XapaKTEPUCTUKN, B HABECHbIX BEHTUNUpyeMbix dacagax
ncnonb3oBaThb NpeanovTUTENbHEE.

IV. Ananus u obpabomka OaHHbIX. BbisierieHue npeumyuw,ecmes u HeOocmamkos,
obocHosaHHOCMb 8bI60OPa KOHKpemHoz20 auda mernou3onsauuu

W kameHHast BaTa, ¥ CTEKrNoBaTa VMeKT AOCTOMHCTBA M HedoCTaTKn. PaccMoTpuM KpaTko AOCTOMHCTBA 3TMX
mMaTepuarnos.

OCHOBHbIM CBOMCTBOM KaMeHHOW BaTbl, OTNMYaloWmm ee oT MHormx apyrux TUIM, sBngeTtca Heroprodectb B
COYeTaHUM C BbLICOKOW Tenno- u 3Bykousonupytowen cnocobHocTeto. K Tomy xxe TUM Ha ocHoBe 6a3anbToBOro

! ykasaHbl LeHbl HOBOCMBUPCKUX KOMMaHWi, MpeanaratoLLmx pasnnyHble BUabl TENNoU3onsLmm
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BOJIOKHa obnagatoT YCTOVIHMBOCTbPO K TemMmnepaTtypHbIM ,El,e(*)OpMaLI,VIFIM, HETMrpoCKONMYHOCTbHO, XUMNYECKON W
BMOOrM4ecKom CTOMKOCTbIO, 3KONTOMMYHOCTBIO U FIEFKOCTbO BLINMOJTHEHMST MOHTaXa.

Mo TpeboBaHnaM noxapHon 6e30nacHOCTVM M3Oenns U3 KameHHOW BaTbl OTHOCHATCS K KIaccy HEeroprumx
maTtepuanoB (HIN). bonee Toro, oHn adhpeKTUBHO MPENATCTBYHOT PACNPOCTPAHEHUIO MfIAMEHN U MPUMEHSIIOTCH B
KayecTBe I'IpOTI/IBOI'IO)K3pHOI7I n3ondaummn n orHe3alunTbl. TeI'IJ'IOI'IpOBOJJ,HOCTb VI3,D,€J'II/II7I CKnagblBaeTca u3 Tpex
COCTaBMSALWUNX: TENNONPOBOAHOCTM BOSIOKOH, TEMMOMNPOBOAHOCTM BO3AYLUHON Cpeabl U BNarn, HaxXoasLWmnxcsa Mexay
BOJTOKHaMU, a Takxe nepegadu tenna nyvyencrnyckaHmem.

BaxHoe cBoncTBO mMmaTtepuanoB U3 KaMEHHOW BaTbl — HUYTOXHO Manasi yCcadKa (B TOM 4ucne TepMI/I‘-IeCKaﬂ) n
COXpaHeHne CBOUX reoMeTpunyecKnx pasmMmepoB B TedeHne BCEero nepmoaa akcnnyartaumm 3goaHus. 310 rapaHTmpyet
OTCYTCTBUE «MOCTUKOB XOJioga», KOTOpble B NPOTUBHOM Clly4vae Hen3beXXHO BO3HMKIM Obl HA CTbIKaxX U30NSALNOHHBIX
nnnT.

KameHHas BaTa oGnagaeT 4pe3Bbl4aiiHO HU3KOM MMIPOCKOMUYHOCTBLIO: COAepKaHUe Brarv B U3LEenusiX U3 Hee
npu HopMarbHbIX YCMOBUsIX akcnnyaTauun coctasnsieT 0,5% no obbemy. OOHaKo XpaHEeHUe Ha CTPOUTENbHO
Nrowagke M MOHTaX TEMousonsuMM 4acTo MPOUCXOASAT BO BIAXHbIX YCMOBUSIX (Hampumep, BO BpPeEMs OOXAS).
UTtoObl  MMHMMWM3MpOBaTb  BOAOMOINOLLEHWe,  BaTy, Kak  MpaBurio,  MNPOMUTLIBAT  cheuuanbHbIMy
BOZAOOTTasKMBaOLWMMM COCTaBaMU (KPEMHUN-OPraHNYECKMUN COEAMHEHNUSIMU UK CrieumaribHbIMU Macnamm).

M30nsaumMoHHbIE MaTepuanbl OTNIMYAKTCS BbICOKOW XMMUYECKOW CTOMKOCTbO. Bonee Toro, kameHHas BaTta
ABNAETCA XMMWYECKM MAaCCUBHOM CPeaoN M He BbI3bIBAET KOPPO3UKO KOHTaKTUPYKOLWMX C HEen MeTansos.
TennonsonsiuMoOHHbIE U MEXaHW4YecKMe CBOMCTBA M3OENWIA COXPaHSATCA Ha NepBOHayanbHOM YPOBHE B TeveHue
aecaTtkoB net. [NMpuMmeHeHue BaTbl M3 0a3anbTOBOrO BONOKHA MO3BONSET obecnevynMTb He TOSbKO TEMno-, HO U
3BYKOU3ONALMIO CTEH. 3HAUMTENBHO CHUXaETCS PUCK BO3HUKHOBEHUS CTOSUMX 3BYKOBbIX BOMH BHYTPU orpaxaatoLLen
KOHCTPYKUMM, TeM CcaMmblM, YBENUYMBAETCA W30MAUMS OT BO3AYLIHOrO LyMa. 3BYKOMOrMoLuiarle CBONCTBA
MaTepuana yBenmyMBaroT 3aTyxaHue akyCTUYECKMX BOMH U 3HAUYUTENbHO CHUXKAOT 3BYKOBOW YPOBEHb NMOMELLEHNS.

Mo cBoicTBaM CTeknoBaTa HECKOSIbKO OTNMYaeTcs OT KaMeHHoW. OTnuumnst obycnoBreHbl, B YaCTHOCTU, TEM,
YTO BOJIOKHa CTEKISIHHOW BaTbl UMEHT Oonbluyto TonwuHy (16-20 Mkm) n B 2-3 pasa bonbliyto anuHy. bnarogaps
9TOMY W3[Eenust U3 CTEKNsHHOW BaTbl 06nagaloT MOBLILEHHOW YMPYrocTbld M MNpPoyvHOCTbio. CTeknsHHas BaTa
NPaKTUYECKN HE COOEPXKUT HEBOMOKHUCTLIX BKITIOYEHUIA M 06nagaeT BbICOKOM BUOPOCTOMKOCTLIO.

TennonposogHocTb HaxoauTcsa B npegenax 0,030...0,052 Bt/m-K.

Tennons3onsiuMoHHble MaTepuanbl W3 CTEKMNOBOMIOKHA — XOpOLUMe 3BYKOM3ONATOPbI, TaK Kak WMeloT
BOMOKHUCTYIO CTPYKTYPY M XOpoLo nornowatoT 3syk. ObnagalT BbICOKOW XMMUYECKOW CTOMKOCTbIO, HE cogepxart
KOPPO3WMOHHbIX areHToB, HEervrpockonuuHbl. brarogapsi MpoTMBOrHWMMOCTHOM 06paboTke W OTCYTCTBMIO 3anaxa
npeaoTBpaLLaeTcs NoABEHNe BpeanuTenen U nneceHn B CTPOUTENbHBIX KOHCTPYKLUSX.

OTOT HeroptounMin MaTepuan He BblaensieT TOKCUYHbIE U BpedHble BelecTBa Nog BO3AENCTBMEM OrHS.
CreknoBaTHble W34ENMSA  LUMPOKO MPUMEHSIOTCA AONA  TEeNnnoBOW  U30MAUMM  CTPOUTENbHBIX  KOHCTPYKLWNA.
CTEKNOBOIOKHO — HACTONIbKO MSTKMA UM 3NacTUYHbLIN MaTepuan, 4To U3AENUSMU U3 HEero MOXHO O6GnMUOBLIBATb
HEpPOBHbIE MOBEPXHOCTWU, @ TaKkKe MNPUMMEHATb B KOHCTPYKUMAX Ntobor ¢opMbl 1M KoHdurypauun. [Npu atom
TENON3O0SIALNOHHbBIE M3OENUs U3 CTEKIOBAThl OTNIMYATCA CTabUNbHOCTLIO YOPMBbI, BbIOEPXKMBAKOT CTapeHue, He
nogseprasicb gecopmaumn.

CpaBHeHne 0CHOBHbIX NapamMeTpoB ABYX MaTepuanoB npueegeHo B Tabnuue 1 [3, 5].

Tabnuua 1
MnotHocTb, | CxxMmaemocTb, | TennOoNpPoBOAHOCTbL, | TemnepaTypocTomn- MaponpoHuuae-
krim® % Bt/ m°C KOCTb, °C MOCTb, Mr/(m 4lla)
KameHHas BaTa 30-90 30 0,033-0,044 1000 0,30
CTEeKNoBOJIOKHO 11-30 90 0,033-0,044 450 0,55
MaTtepuanbl M3 CTEKITOBOMOKHA, WCMOMb3yemble AN YTENNeHUs KOHCTPYKuui, obnagarT MnoTHOCTLIO

MEHbLUEN, YeM y MartepuanoB u3 KaMeHHOW BaTbl, 1 CO34al0T MEHbLUNE Harpy3km Ha CTpPpOUTESIbHbIE KOHCTPYKUUN.
Mx bonbluas cXnmaemocTb, Gonbluasi rmbkocTb U ynpyroctb obecneunBaloT 6onee BbICOKOE KayecTBO M30NsALUM
HEePOBHbIX HOBerHOCTeVI N CJNTOXHbIX MO reomeTpumn KOHCprKLI,VIVI.

TennonpoBogHOCTbL MaTepUarnoB M3 CTEKITOBOSIOKHA M KAMEHHOW BaTbl HE 3aBUCUT OT MPMPOAbI Matepuana u
NnpakTU4Yeckn OOuHAKoBa. HawmmeHblune 3HavyeHusi TEennonpoBOAHOCTM WMMEKT Marepuarnbl M3 CTEKITOBOJIOKHA
BbICOKOW MIOTHOCTU, OTNNYAIOLMECH BbICOKON LIEHON.

MaponpoHNLLAEMOCTb CTEKITOBOSTOKHA BhILLE, YEM Y KAMEHHOW BaTbl.

BepZ[IOFI/IH H.A. TCHHOI/ISOJ'IS{III/IOHHLIC MaTtepuajibl B CTPOUTCIILCTBE. Kamennass BaTa WM CTEKJIOBOJIOKHO: CpaBHI/ITeHLHHﬁ

aHaIu3
30



HNHkeHepHO-CTPpOUTEIBHBIN KYpHaJ, Nel, 2010 MATEPWAINbI

MaTepuanbl U3 cTeknoBonokHa nroTHocTbio 11-30 Kr/M> N KaMeHHO BaTbl — Heroptoume matepuansl (HIN) n
MOTYT NMPUMEHATBLCS B CTPOUTENBHbLIX KOHCTPYKUMAX 6€3 orpaHmyeHnin. CTEKNOBOMOKHO NMOTHOCTLIO Gonee 30 kr/m®
umeet rpynny roptodectm 1, 4yto B psge cnydaeB TpebyeT BbIMOMHEHMS crneumanbHbIX KOHCTPYKTUBHbIX
MEpPONPUATUIA ONS NOBbILIEHMST KNacca MOXapHOW onacHOCTU. TemnepaTypoCTOMKOCTb CTEKMSIHHOM BaTbl OObIMHOMO
cocTaBa CyLLIEeCTBEHHO HUXE, YEM Y KAMEHHOW BaTbl.

B cuny 6onee Hu3kon cebecTommocTM NpoM3BOACTBaA CTeknoBata cTouT gelwene. OHa NpUMEHSEeTCa B TeX
anemeHTax 3gaHuwn, rae Tpebyetcs obecnevnTb aPPEKTUBHYIO TENnonsonauuo 6e3 yBennyeHns Beca KOHCTPYKLUN.
Mpn ycuneHun TennousonauMM HapyXHbIX CTeH KUPNUYHOrO 34aHusd NPUMMEHVMMbl BapuaHTbl Hapy>XHOro U
BHYTPEHHEro ytenneHus. 3T maTtepuanbl HE3aMEHUMbl U B KapkacHOM CTpPOMTEeNbCTBe, FAe Msrkas cTeknosara,
«BTUCHYTasi» Mexay LWMTamu, 3anosHseT BCe LWenw.

Crneuundpyka ycnoBunm aKcnnyatauuMum OnNpedenser CcocTaB TEXHUYECKUX TpeboBaHWA K MpPUMEHSIEMbIM
MaTepuanam. Hanpumep, KamMeHHOBaTHble MAWTbI MOBLILIEHHOW JXECTKOCTM, WCMOMb3yeMble B KayecTBe
TENON30NALMOHHOIO CMOsi B MOKPbITUSX C PYJIOHHOW KPOBMEW, NMpW 3KChfyaTauuu MOABEPrarnTCs CXMMAoLWUM
Harpy3kam, MO3TOMY AN HUX OOHUM U3 OCHOBHbIX TOKa3aTenen sBnseTcsd MNPOYHOCTb Ha cXkatue npwu
OEecCAaTUNPOLIEHTHON gedhopmauuu.

3aknoyeHue

Tennon3onaunoHHbIE N3AENUSA U3 KAMEHHOW BaTbl, TAKKe Kak M30enusi 3 CTEKNOBOSIOKHA, MOTYyT NPUMEHATbLCA
B cneayrwowmnx MHOIOCITOMHbIX TEMNNON30NSLUMOHHBIX CUCTEMAX:

B CMCTEMaXxX Hapy)XHOTo yTEMNMEHNST «MOKPOTo» TUMa;

B KayecTBe TennonsonaLMOHHOIO CMosi B HABECHbLIX BEHTUNUPYEMbIX hacagax;

B CMCTEeMax C yTennuTeneM ¢ BHyTPEeHHE CTOPOHbI OrpaxxaatoLleid KOHCTPYKLNK;

B cUCTeMax C YTennuTenem BHYTPW Orpaxgalolleil KOHCTPYKUMM (CroucTas Krnagka, TPEeXCoWHble
GETOHHbIE UM XKene306eToHHbIe NaHesNn, TPEXCMOMHbIE C MeTanIM4eckumm obLuMBKkamMu).

M3onsauus orpaxkaaroLumx KOHCTPYKLUWUIA U3 MUHepanbHOl BaTbl BKIOYAET B ce6s kak MsArkue nnuTbl U Matbl Ans
NMPUMEHEHNSI B KapKacCHbIX KOHCTPYKLUMUSIX, TAK W XXECTKME U TMOMYXEeCTKUe NNUTbI, MUCMonb3yeMble, Hanpumep, B
pacagHbIX KOHCTPYKLUUAX, Fae U30NSALUMS HaxoaMTCs Mo Bo3OeicTBUEeM Harpy3ok.

HeobxooumMo OTMETUTb, YTO XKECTKME YTennuTenu U3 KaMeHHOW BaTbl NpedHasHayeHbl AN NPUMEHEHUs Ha
obbekTax, rge usonAumMs noaBepraeTcs Harpyske nubo BO BpeMs BbIMOSIHEHMS MOHTaXHbIX paboT, nmbo npwu
akcnnyataumn. NpoYHOCTL Ha CcxaTue XeCTKUX U3AENUN 3aBUCUT OT NIIOTHOCTWU TENNOU3OoNALUMOHHOrO MaTepumana u
coaepXXaHus CBA3YIOLLEero.

OcCoOeHHOCTLI0 MaHenen M3 CTEKNOBOSIOKHA SABMSIETCA BO3MOXHOCTb npon3BoaAnNTb THYTblE€ 3J1EMEHTbI
(Hanpmmep, penbechble FIOTOJ'IKIA). MaTepMaﬂbl M3 CTEKIOBOJIOKHa BbIMYyCKAKTCA KaK B pyJriOHax, Tak 1 B BuAe ninT C
BbICOKOW XEeCTKOCTbi0. XKecTkme nnutbl, 0BGNMUOBaHHbIE CTEKITOBOMSIOKOM, SBMSIHOTCS xopome|7| BeTpO3aL1J,VITOI7I.
OcHoBHoe NPUMEHEHNEe TakKnX NiMuT — 3TO U30J1AUNA CTEH Mo LUTYKATYyPKy B BEHTUIIMPYEMbIX cpacap,ax.

Bbl60p TOro Unu NHOro Bnaa yrenneHna 3aBMcuT ot obnactu NPUMEHEeHUA N TEXHUYECKUX XapaKTepPUCTUK.
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