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|. Benenue

B »aT0i1 cTratbe MBI paccCMOTPUM NPUMEPHl NPUMEHEHUS APEBECHOIO CTEKJIa B
CTPOUTENbCTBE, a TaKXKe HX IMPEHMYIIECTBA M HEAOCTaTKU. MBI TakKe pPaccCMOTPHUM
paSJ'II/I'-IHI)Ie BHUIbI leeBeCHOFO CTCEKJIa U TEXHOJIOI'MHU UX U3TOTOBJICHHS, a4 TAKXKEC BO3MOXKHBIC
MPOOJIEMBI ¥ PUCKU TIPU UCTIONIB30BAHUH €T0 B CTPOUTEILCTBE.
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Bo3MOXHO 5T W3TOTOBHTH IMPO3pavyHOE CTEKIO W3 JpeBecHHBI JepeBa? JlepeBbs,
3aMEHSIOIINE MTPO3pPavYHbIe OKOHHBIE CTEKJIA B BAIlIMX OKHAX, - 3TO HE IIPOU3BEJICHNE HAYIHON
¢danTacTHKU. DTO JIENaloT yXKe ceifuac.

Pyku k pa3paboTke SKOJOTMYHOTO M O€30MMacHOr0 CTPOUTEIBLHOTO MaTepHalia
MPUIOKWIN Cpa3y JBE KOMaHJIbI HCCienoBareied — u3 MOApUIICHACKOTO YHUBEPCUTETA
(CIIA) m w3 llIBenuu. HMHTEpecHO TO, YTO Y4YEHBIE IOYTH OJHOBPEMEHHO CMOTJIH
«00ECIBETUTHY MaTepHal U JOBECTH €ro MPAKTUYECKU JO0 IPO3PAYHOCTH: pPE3yJbTaTaMu
CBOUX DOKCIIEpUMEHTOB OHU mnoxaenuavuch B 2019 romy Ha BbICTaBKE AMEPUKAHCKOTO
XUMHYECKOTro oOIecTBa. BrepBbie MOsSBICHUE MPO3PAuHON JIPEBECHHBI OCBETHI JKypHAJ
ACS Biomacromolecules.

UccnenoBarenn  oOHapyXKWJIM, 4YTO IIpo3padHas JAPEBECHHA  ITOTEHIIMAIbHO
MPEBOCXOJIUT CTEKJIO, KOTOPOE B HACTOSIIEE BPEMs UCIOJIB3YETCsl B CTPOUTEIBCTBE, TIOUTH
BO BCEX OTHOMIEHUSX.[1]

Pucynok 1. /IpeBecHoe CTEKII0
II. [IppuMeHeHne IPEBECHOTO CTEKIIA B CTPOUTEIILCTBE

JlepeBo OCTaTOYHO [AaBHO CHHUCKaJTO ce0e ciaBy Haubosiee HKOJIOTHYHOTO
CTPOMTENBHOIO MaTepuana Ha pbiHKe. [Ipo3paunas apeBecMHa, XOTh B €€ COCTaBe M
MPUCYTCTBYIOT HEKOTOpPhIE XHWMHUUYECKHE BEIIECTBA, TAKXKE CUYUTAETCs O€30macHOM: Bce
€€ KOMIIOHEHTHI Ouopa3jiaraeMbl B OTIUYME OT OETOHA WJIM 3JIOMOJYYHOTO TIUIACTHKA,
KOTOPBINA, KaK HM3BECTHO, HAHOCUT OKpYXKarolel cpeae MHoro Bpena. Emié ogHo BakHOe
CBOMCTBO TIPO3pavyHON JpPEBECHHBI 3aKiI0UaeTcss B €€ BJArocroiikocTu — Omaromaps
HMEIOIIEMYyCsSl B COCTaBE Marepuaia akpuily, OH HE TOABEPKEeH Bo3jciicTBUIO Biaru. K
CJIOBY, 1 MEXaHUYECKHE HArpy3KH TaKkoe AEPEBO BBIIECPKUBAET KyJla JyUllle, YeM CTEKIIO WU
TIJIACTHK.

A emé MHHOBAIIMOHHBIN cTpoMarepuan XapaKTEPU3YETCs] BBICOKUM
k03 (pPpuunenTom NpoNnycKaHus CBeTa U HEMJIOXUMH TEMJIOU30JIMPYIOIUMHU
CBOIICTBAMM, YTO TOJIOKUTEIHHO CKa3bIBaeTCd Ha OOECHEUYEeHWH KOMHATHI €CTECTBEHHBIM
OCBEIICHUEM, DJHEPromoTpPeOICHNH W KOIIENbKE YCIOBHOTO BIAJENbIla COBPEMEHHOTO
AKOJIOTHYHOTO JoMa.[3]

K crnoBy, uccnenoBarenu u3 [logaedecHOi ToKe HE 000U HOBUHKY BHUMAHHUEM: OHH YK€
paccMaTpuBalOT BO3MOXKHOCTb NPUMEHEHHUs IUIUT U3 NPO3PAYHON JIPEBECHUHBI IS
CTPOUTENHCTBA TEIUINI. YUEHBIE CUMUTAIOT, YTO MPO3pavyHas APEBECHHA MMEET BCE IIAHCHI
BCKOpPE TIOKOPUTb PBIHOK CTPOUTEIBHBIX MAaTEPHAIOB U CYIIECTBEHHO HW3MEHUTh
HCIIONB3YEMbIE TEXHOJOTHUU CTpouTenbcTBa. [0 OIleHKaM 3KCmepToB, pa3pabOTKa MOXKET
BOWTH B MaccOBO€ IMPOM3BOJCTBO MPUMEPHO Yepe3 5 JIET, YTO CHIEJAeT BO3MOXHBIM €&
WCIIOI30BaHNUE HE TOJIBKO B 00JIACTH CTPOUTENHCTBA, HO TaK)KE€ W B M3TOTOBJIICHHH MeOemH,
IIPEIMETOB UHTEPLEPA, OKOH U T. 1.[2]

II1. TexHosi0rum U3roTOBJIEHHUS JAPEBECHOI0 CTEKJIA

Hoxtop Jlapc bepraoynn, uccinenosarens u3 llBenun, pacckasan, 4ro A MOTyYEHUS
MPO3payHOro MaTepuajga M3 JPEBECHHbl CHaudajga ObUl U3BJIEYEH JIMTHUH — JIAHHBINA
KOMITIOHEHT norjioman cBer. Ha ero mecto yu€Hble MOMECTUIM aKpUJl, OJHAKO OH JIUIIb
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YMEHBIIINJ PACCEUBAHUE CBETA, @ HE MPEKPATHII €r0 MOTHOCTHI0. OOBSICHIETCS ITO TEM, YTO
aKpHJI — BEIECTBO JOCTATOYHO MJIOTHOE U HEMPO3pavyHOE.
- v .

Pucynok 2. M3roToBiieHne ApeBECHOro CTeKia

Jns copaBKH: MOMBITKH CO3/1aHUSI aHAJIOTMYHOIO Marepuaja IpeAlNpUHUMAIINCh U
paHbIlle, OJHAKO HCIIOJIb3yeMble METOAbl €1Ba JIM MOXHO Ha3BaThb AKOJOIMYECKU
OesomacHbiMH. Tak, A W3BJICUEHUS JIMTHUHA HCCIENOBATENM HCIOJIb30BAId OMAaCHbBIE
XUMHUYECKHEe BellecTBa. Jloporoctosdmuii mnpouecc TpedoBad IPUMEHEHMSI BBICOKHX
TeMIepaTryp 1 OOJIBIIOTO KoJnyecTBa BpeMeHU. KoHeuHbI MPOAYKT MONydascs XpYNKUM U
HE TOJIUJICS JJISl UCTIOJB30BAHMS B CTPOUTEIBHBIX HEsX.[1]

Opnako Havano depeAe OHKCIEPUMEHTOB OBbLIO TMOJIOKEHO: B XOJ€ HOBBIX
UCCIIEIOBAaHUM B TOpBI JIPEBECHMHBI BMECTO M3BJICUEHHOTO JIMTHUHA YYEHBIE ITOMECTUIIU
MOJIMATHIICHTJIMKOJIb, M3BECTHBIM Takke kak momumep [IDI. OH rinyOGoko BHempsieTcss B
MOPUCTBIM MaTepuall U 00JaaeT CBOWCTBOM COXPAaHEHMs 3HEpPruu Inpu Harpese. Takas
Mpo3payvHasl ApeBecHa JHEM IOIIOUIAET TEIJIO0, a HOYbK €ro BO3BPAILIAET, YTO MO3BOJISET
MOJICP)KUBATh KOM(OPTHBIA TEMIEPATypHBI pEXUM B 3[JaHUM, TIOCTPOCHHOM C
HCIIO0JIB30BAaHUEM JIAHHOT'O CTpOoMarTepuana.

UToOBl MOJIMATWICHIVIMKOIL OCTaBajCsl BHYTPH JAPEBECHBIX IOp, CO3JaTelH
MHHOBAIMOHHOW JIpeBECHUHBI BHEJPWIN €r0 B BUJE CIELUAIbHBIX Karncyid. He obomiock u
06e3 go0OaBineHMs BCE TOrO JK€ akKpwia, H3-3a YEro KOHEYHBIM TPOAYKT HENb3s
OXapaKTEpU30BaTh KaK CTOINPOLIEHTHO IPO3PAYHBIA, HO IPOTrpecc HE CTOMT HA MECTE.
BrnionHe BeposSTHO, UTO COBCEM CKOpPO HAa PBIHKE 3KOJOTUYHBIX CTPOMTENBHBIX MaTepUalioB
MOSIBUTCS] KPUCTAJUIMUECKU-TIPO3pavHasl HaTypaJlbHasl JPEBECHHA.

B nenom mporiiecc M3roTOBIEHUS MPO3PAavyHON JIPEBECHHBI HE BBIMJIAIUT OCOOEHHO
cioXHbIM. Ha mepBoM sTane mpouCcXOAWUT «BBIMBIBAHME» JIMTHUHA. JlJI1 9TOr0o JpeBECHbIE
OpyCKHU «IIpOBapuBaIOT» B CIELUATBHOM «OYJIbOHE», COCTOAIIEM UX THIAPOKCHIA HaTpus,
BOABI M NIPOYMX XUMHUYECKHX BEIIECTB HAa NPOTSHKEHMM Napbl 4acoB. Bropoil stam —
HaCBILLIEHUE MaTepuana MOJUAITUICHIJIMKOIEM, aKpWIOM U JIpYTMMHU HEOOXOJAMMBIMU
komrnoHeHTaMu. Ilocie »Toro Opycku o0OpabaThIBalOT SMOKCHUAHOM CMOJNOH B HEIsIX
MOBBILIEHUS UX TPOYHOCTH.

B nacrosiee BpeMsi pa3mMepsl OpyCKOB CTpOro orpanudensl: 12,5%12,5 cM u TonmuHa
okosio 1 cm. OgHako B OyayieM pa3pabOTUUKU HAJCIOTCS MOMYyUnUTh 00Jiee KPYITHBIC TTUTHI,
YTO MMO3BOJIUT PACIIUPUTE cepy NpUMeHeHUs u3zenuil.[4]

V. IIpobseMbl 1 PUCKH MCIOJIb30BAHNS IPEBECHOI0 CTEKJIA B CTPOUTEIbLCTBE

JlpeBecHOE CTEKJIO HM3TOTAaBIMBAIOT U3 JIPEBECHUHBI OBICTPOpACTYIIEro 0ajb30BOIO
JiepeBa ¢ HU3KOHM IJIOTHOCTHIO. JTO JAEPEBO MPUHAUICKUT K POAY LIBETKOBBIX PACTEHUUN U
nocturaer B BeicoTy 30 merpoB. Ho mpu sToM HOBas pa3paboTka MMeeT CBOM MHUHYCHI, -
JPEBECHOE CTEKJIO BCE K€ yCTymaeT OOBIYHOMY B IIPO3payHOCTH IpuMepHo Ha 15-20%, na u
€ro MPOU3BOCTBO rOpa3ao AOPOXKE.

CeroaHs nepea y4eHBIMH BCETO MUpPa CTOST JIBE CEpbE3HbIE 3a1auu. /{15 pemenus nepBoi us3
HUX MOTPeOyeTcss M0 BO3MOXKHOCTH YBEJIMUYUTh CTENEHb NMPO3PAYHOCTH JAPEBECHOTO CTEKJIA.
Bropas 3amaua — noneITaThCsl YACMIEBUTH TEXHOJIOTHIO TPOU3BOJICTBA ATOTO MaTtepuaa.[3]
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V. 3akimtouenue

B 3aknouenue, Opesecnoe cmekio A61A€MCA BANCHLIM DJIEMEHMOM COBPEMEHHO20
cmpoumenbcmea 06 2Mom 2080psm €20 00CMOUHCMEBA:
MexaHuuyeckue CBOWCTBAa M IKCIUTyaTallMOHHBIE XapaKTEPUCTUKH MPO3PAYHON JPEBECHHBI
OOyCJIOBJICHBI, TPEXJIE BCEro, COJAEpP)KaHMEM B HEW IIEJUIIOJIO3HOTO BOJIOKHA U
F€OMETPUUYECKOW  OpHUEHTAllMeH  s4YeeK  BOJOKHUCTOM  TpyOkH  (pagWiaibHOW |
TaHICHIUAJIBHOM), YTO OO0EeCleYyuBaeT CTPYKTYPHYIO OCHOBY JUIi MPOCKTUPOBAHUS
COBPEMEHHBIX MaTepUAJIOB U T.J[
OnHuM M3 acTeKTOB MEXaHUYECKHX CBOMCTB MPO3pAYHOU APEBECHHBI SBISETCS MPOYHOCTD
MaTepuana.
OnHako, Mpu HCIOJIb30BAHUM JAPEBECHOTO CTEKJIA B CTPOUTENBCTBE CIEIYET YYUTHIBATH
aCTEKT BBITOJIBL.
B uenom, wucmonp30BaHHE IPEBECHOTO CTEKJIAa B CTPOUTEIBCTBE MOXKET MPEACTABISTH
3HAYUTENIbHbIE MPEUMYIECTBa, HO TpeOyeT TIIATeTbHOro aHaiu3a puckoB. COBpeMEHHbIE
TEXHOJIOTHHU TO3BOJISIIOT CO3/aBaTh BCE 00Jie€ CIIOKHBIE MHHOBAIIMOHHBIE MaTepUAlIbl, YTO
OTKPBIBAET HOBbIE BO3MOXXHOCTH JJIs1 MHKEHEPOB CTpoUTENeil.[5]
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I. Beenenue

B 31011 cTatbe MBI paCCMOTPHUM NPUMEPBI IPUMEHEHHUS a3POreisi B CTPOUTENIBCTBE, a
TaK)K€ X MPEUMYIIECTBA U HEAOCTATKU. MBI TaKKe PACCMOTPUM PaA3JIMUHBIE BUJIBI a3pOrelis
N TEXHOJOTHMHM HX HM3TOTOBJICHHUSA, a TaKXKXE BO3MOXHBIC HpO6J’IeMBI U PHUCKH IIpHU
HCIIOIb30BaHUU a3POTeNsi B CTPOUTEIBCTBE.
Abdporens (MHa4Ye €ro eme Ha3bIBAIOT 3aMOPOKEHHBIM WM TBEPIABIM JIBIMOM) MOXKHO
CPaBHUTH C 3aTBEP/CBIICH MBUIBHOM MeHoW. Ajporenu (OT JaT. aer — Bo3ayx u gelatus —
3aMOpOXKEHHBIN) — KJIACC MaTE€pPUAJIOB, MPEICTABISIONMINX COOON T'eiib, B KOTOPOM >KHJIKAs
(daza TONHOCTHIO 3aMeleHa Tra3000pa3HOi. DTO Marepuaibl ¢ OONBIION MMIIOMIAABI0
MMOBEPXHOCTH, MAJION TMJIOTHOCTBIO, COCTOSIINE U3 OJIOKOB YAaCTHI], COeTMHEHHBIX BMECTE U
00pa3yrIUX BBHICOKOMIOPUCTYIO CTPYKTYpy. OH HaxOIUT MPUMEHEHHE B TakuX cepax Kak
aIPOKOCMHYECKasi NPOMBIIUIEHHOCTh, MEIWLHA, BOEHHBIE TEXHOJOTUHU, JJIEKTPOHHKA,
OIITHKA, KPUOI€HUKA U MHOTHX IPYIHUX.
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