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BUKOPUCTAHHA BIAXOAIB CKJIAHOI'O BOIO B BETOHHOMY
BUPOBHUIITBI

13 pozeumrom c6imosoi indycmpianizayii WupoKo2o Po3no8CIOONCEHHs HAbYIU 8I0X00U CKIAH020 6ot0. CKasHull Oitl He
PO3UUHHULL Mamepian y NPUPOOHbOMY cepedosuyl, aie 00CUnb NEPCReKMUGHUIL Mamepian 0is 3aCMOCY8ANHS NPU GUPOOHUY-
mei Oyoisenvrux mamepianis. Ha cyuacnomy emani eKOHOMIUHO20 PO3GUMKY KPAiHU 00 HAUOLIbUL 8AXNCIUGUX NUMAHDb, WO 6U-
3HAYAIOMb PiEHb | NPUCKOPEHHS HAYKOBO-MEXHIYHO20 NPOSPeCy 8 NPOMUCIO0B80CHII, € SHUNCEHHS MAMEPIaio- ma eHepeOEMHO-
cmi, nioguwenHa AKOCMI ICHYIOUUX i po3poOKA HOBUX epeKMUBHUX Mamepianie, 3a YMOBU WUPOKO2O BUKOPUCHAHHS
NPOMUCTIOBUX 8I0X00i8. Y yitl cmammi onucano npogederi O0CIIOHCEHHA i3 3ACMOCYB8ANHHA CKAAHO20 0010 Y 8UPOOHUYMEI Ye-
MeHmy 015 NiOBUWeHHA eKCILYamayitiHux Xapakmepucmux.

Knrwwuosi crosa: éiocopmosare ckio, moHKOOUCNEPCHUL CKASHUL NOPOULOK, OEMOH, 2I0POOKCUTbHE [OHU, 8I0X00U CKAA;
AJIM; mixpocmpykmypa, pecypco3bepedicetts; CKIsIHUL NOPOUWOK.

Puc.: 2. Bi6n.: 6.
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AKTYyaJIbHICTh TEMH TOC/TIZKeHHs1. Y CTaTTI IPEACTABICHO PE3yJIBTaTH HAYKOBO-METO Y-
Horo pociimkeHHs. [Turanas pecypco3OepeskeHHs 1 BTOpUHHOT TepepoOKH CHPOBHHU JTyXKe IOC-
TPO CTOITh y CBITi. Y pe3ynbTari iHaycTpiamisaiii Ta ypOaHizalii IopiYHo 10 BChOMY CBITY yTBO-
PIOETHCS KiTbKa MUTBHOHIB TOH BiIX0/1iB CKi1a. OCHOBHMMU JDKEPETaMH BIIXO/IIB CKJIA € BiIXOIOBI
KOHTEWHEpH, €KpaHH BIKOH, BIKOHHE CKJIa, TIOMIHECIIeHTHI JIaMIIH, JITAMITOYKH, €IEKTPOHHE 00Ma/I-
HaHHS, MEIWYHI IUISAIIKKA Ta TUSIIKA 3-T11T aJIKOTOJIBHKX HarmoiB [1]. BiabmiicThk BiIXO/IB CKiIa Ha-
MIPABJISIETHCS HA CMITTE3BAIIUIIE Yepe3 JOMIIIKH, SIKi CKIIaIHO BUJAIIUTH, BUCOKI BUTPATH HA JI0C-
TaBKY JI0 3aBOIIB 13 BUTOTOBJIEHHS CKJIa a00 3MillIaH1 B1IXOJ0BI IOTOKH PI13HUX KOJIbOPIB, SIK1 BAYKKO
PO3IUTUTH HAa KOPUCHI CHPOBUHHI 3aracH ckjia. OCKUIBKH CKJIO — HEPO3YMHHUIN MaTepiall, TO 3aX0-
POHEHHSI TAKHX BIIXOIB € HEOLLITEHUM 1 HE EKOJIOTIYHUM PillIeHHAM. TeXHOMOTIUHIM MiATPYHTIAM
JUIsl CTBOPEHHSI MaTepiajiB 13 J0JaBaHHSIM BIIXOAIB CKIISTHOTO OO0 CIYTYBAJIO T€, IO CKIIO 32 Xi-
MIYHUM CKJIJIOM TOAIOHUI 10 0CaIOBUX Ta MeTaMOP(IYHUX TIOPiJI, a OTHKE, MOXKE 3aCTOCOBYBa-
TUCS Yy BUPOOHUIITBI OyAiBENbHUX MaTepiaiiB. ToMy BUKOPHCTaHHS BIIXOIIB CKJ1a B Oy/iBeIbHIN
MPOMUCIIOBOCTI € OJTHUM 13 HalOLIb11I MPUBAOIMBUX NUISXIB YTHIII3aLlii, OCKUIBKH 1€ MOXe 3a0e3-
MIEYUTH BEJIMKY KUTBKICTh CIIOKMBAHHS LIUX MaTepiaiiB [2].

IMocTanoBka npodjaemu. OCKiIBKY CKIIO HE PO3KIAAE€ThCS IPUPOIHUM YHUHOM, BiJIXO/IH,
10 YTBOPIOIOTHCS CHOTO/HI, 3AIUIIATUMYTHCS B HABKOJIHUIITHHOMY CEPEIOBHIII COTHI, a MOX-
JIMBO U TUCSY1 POKiB. BiIxoau cKiia He pO3KIIaJatoThCs JIETKO caMi 1o co01, TOMY 11e HacaMmIie-
pen He TUTbKHU €KOJIOTIYHO MIKIAJIUBO, a i Hebe3mevHo [2].

AHaJI3 OCTaHHIX H0CiIxKeHb i myOJikamiii. SIk 3a TaHUMU MIKXHAPOIHUX JOCIITKCHb,
TakK 1 JIOCHIKEHb, MPOBENEHUX B YKpaiHi, BIAXOAHU CKISTHOTO OO0 MOJKHA BUKOPHUCTOBYBATH B
6eroHax sk 3amiHa meoHro Bix 20-100 % (6e3 BTpaT pi3uKo-MeXaHIYHUX XapaKTEPUCTHK), Ya-
CTKOBa 3aMiHa LIEMEHTY Ta MICKY, BAKOPUCTAHHS CKJISTHOTO MOPOLIKY (IyApH) SIK aKTUBHO Mi-
HepanbHOi 106aBku (AMU) [3].

Tak, y 60-x pokax XX ctomTTs Oy/0 MPOBEACHO 0arato MOCTIIKEHb 3 BUKOPUCTAHHSIM
CKJITHOTO TIOPOIIIKY SIK 3allOBHIOBa4a Uit BUpOOHUIITBA OeToHy [3]. OqHak y mporieci 1oci-
JOKEHHS, sike TpuBaio 3 1963 poky i1 Oyno crnpsiMoBaHE Ha BUPOOHHUIITBO apXiTEKTypHOro Oe-
TOHY, BUSIBIJIOCH, III0 OETOHU 3 JOJABAHHSIM BiJXO/IIB CKJISTHOTO OO0 TPICKAIOTHCS. 32 BETMKOTO
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BMICTY CKJIa MO>KE BUHUKHYTH IIIKIJIUBA JIy)KHO-KpeMHe3eMHa peakilis (ASR) B 6eroni. ASR
€ SIBUITIEM, 3QJIC)KHUM B1JI TIOBEPXHI, 1 CTBOPIOE Te€JIb, SIKUH MPHU 3BOJIOKCHHI HaOyBae 00’ emy,
10 IIPU3BOJAUTH JIO TPIIIKMH Ta 3HIKCHHS MIITHOCTI. Po3mIMpeHHs Moke OyTH 3MEHIIICHE, SKIIIO
CKJIO pO3MeEJICHO /10 Po3Mipy YacTHHOK 300 MKM ab0 MEHIIIE, TOMY JOILUIBHO PO3IVISAATH CaMe
YAaCTKOBY 3aMiHYy IIeMeHTY. MeneHul CKIsTHUI mopomok Moxe aista ik AMJI, popmytroun C-
S-H Ta migBUIYOUYM MIIHICTh Ta JIOBIOBIYHICTh OCTOHY 3aBISIKM BUCOKOMY BMICTY KpeMHeE-
3eMy B CKJISTHOMY Mopomiky [1; 4]. YTBOpeHHSI HU3bKOOCHOBHHX TiAPOCUIIIKATIB KaJIBIIIO MijI-
TBEP/HKCHO JAaHUMU JIOCIIIKEHb, IPOBEICHUX B YKpaiHi [4].

BujgijieHHs1 HeTOCTiIKeHNX YaCTHH 3arajbHoi npodJjemu. [IpoBeneHnii aHami3 ocTaH-
HiX JOCIHIKEeHb 1 MyOJiKaliil mokasas, 110 MUTAHHSAM BHOOPY 1 MPOEKTYBAaHHS caMe CTBOPEHHS
OCTOHIB 3 I0IaBaHHSM BiJIXO/IB CKJIISTHOTO OO0 € TIEPCIICKTUBHUM HAINPsMOM Y cepi Oy1iBHU-
nTBa. OCKUIBKY J0IaBaHHs CKIITHOTO 0010, MiABUIIYE (Pi3MKO-MEXaHIYHI BIIaCTUBOCTI CTBOPIO-
BaHMUX MarepiaiiB. KpiM Toro, HuHI B YKpaiHi HeMae BUPOOHUIITB OETOHY ITPOMHCIIOBOTO Xa-
paxTepy, sKi 3aCTOCOBYIOTh BiJIXO/IM CKIITHOTO OO0 Y BUPOOHHIITB.

MeTo10 cTaTTi 1OCHIHKEHHS JOLITEHOCTI BAKOPUCTAHHSA BIJIXO/IIB CKJISTHOTO 0010 Y BUPO-
OHMIITBI OETOHIB, MEpPEeBipKa MOKIMBOCTEH BUKOPUCTAHHS Y BUPOOHHIITBI, MOMIYK 32 1 IPOTH
BUKOPUCTAHHS BIIXO/IB CKIISIHOTO 0010 B Oy/IiBEIbHII MPOMHCIOBOCTI, BU3HaYCHHs cdepu 3a-
CTOCYBaHHS IIMX MaTepiaiB.

Bukiiag ocHoBHoro marepiajy. TexXHOIOT1UHI KPOKU MIATOTOBKU CKIISIHUX BIAXOMIB 0
MOAAJIBIIOTO CIPSMYBAHHS y BUPOOHMIITBA 3aJIS)KHO BiJI PO3Mipy YacTOK BKa3aHi Ha puc. 1.
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Puc. 1. Texnonoziuna cxema ompumanus cKisHo20 RpoOyKmy

[Ticnst 360py BiACOPTOBaHE CKIIO BiIIPABISETHCSA 10 OOPOOHUX MIANMPUEMCTB AJIST MUTTS
Ta noApiOHeHHs. [10TiM BiIXOM CKJIa MPOCIIOIOTHCS HAa YaCTUHKU po3MipoM 10 ta 5 MM st
pizHux nineil. Ckiaogactku po3mipom 10 MM 371€011bIIOTO BUKOPUCTOBYETHCS SIK 3aMIHHHUK
KpPYMHOT'O 3all0BHIOBAYa, TOJI SIK CKJIO PO3MIPOM 5 MM BUKOPUCTOBYETHCS SIK 3aMIHHUK JIpi0-
HOTO 3amoBHIOBayYa (micKy). HapemTi, ApiOHI 4aCTKU pO3METIOIOTHCS, 11100 BUTOTOBUTH TOHKO-
JTUCTIEPCHUM CKJISTHUN TIOPOIIOK, SIKUW Ma€e MiHIMajabHE BOJOMOTIWHAHHS Ta CTIAKICTh A0 Ail
BUCOKHX TemIieparyp 0e3 moripiieHHs (i3uKo-MeXaHIYHUX XapaKTepUCTHUK. TOHKoAMcIepc-
HUM CKJISIHUN MOPOILIOK 13 pO3MipoM 4acTok BiJ 75 1o 150 MKkM Mae HalOUIbIIT JOLUIbHE BUKO-
puctanns sk AMJ] ans 3aMinu 1ieMeHTy B 6eToHi [4].

VY cdepi apXiTEeKTypHOTO Ta JIEKOPATUBHOTO OETOHY IMepepoOsIeHe CKIO Ma€ Bpakarodi
XapaKTePUCTHKH 3aBISIKM €CTETUYHUM BIACTUBOCTSAM BIIXO/IB CKJIa. BUKOpHCTOBYIOUHM pi3HI
PO3MIpH CKJIa MOXHA JOCSATTH Kpaloi ecteTuyHoi koHueHnTpauii. JIinr ta [lyn (2011) npone-
MOHCTpYBaJIY, III0 BUKOPUCTAHHS YaCTUHOK po3mipoM Bix 2,36 1o 5 mm abo Big 5 g0 10 MM
MO>K€ 3HAYHO IMIIBUIIIUTH €CTETUYHY IIHHICTh apXITEeKTypHOTO OeTOHY [5].
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Touxooucnepcruti nopowiox cxna ax AM/I.

AM]J] — akTHBHa MiHepajbHa I00aBKa - PEYOBHHA, 3/1aTHA MPH 3MIIIyBaHHI 3 BaITHOM 1
BOJIOIO YTBOPIOBATH IJIACTUYHE TICTO, SIKE HAOMPA€E MILHICTh HE TUIBKH Ha MOBITPI, aJie i B BOJI.
AKTHBHI MiHEpaJIbHI JOOABKH MICTATh Y CBOEMY CKJIaJli OKCUJ KPEMHIiI0 B aMOP(PHOMY CTaHi
(SiOzamopd). AmopdHuii cran, Oy aydn XiMIYHO aKTHBHUM, J103BoJisie AMJ] BcTymaTH B Ximi-
YHI peaxiiii.

ASR noB’s3aHe 3 pO3LUIMPEHHSM LIEMEHTHOTO MPOIYKTY Yepe3 PEeaKIito IPOKCHIbHUX
10HIB y IIEMEHTI 3 KPEMHIEBUM CIIOJIyKaM Y 3allOBHIOBaYi. Y Tpolieci riaparallii myojaHoBa
peaxilisi BiIXO/iB CKJIa CIIOKMBAE TiapaTu neMeHTy (nmoprianaut abo Ca(OH)2) Ta 3amoBHIOE
pasiiie yTBopeHy nopoBy cTpykTypy C-S-H, CTBOpIOIOYH TAKUM YHHOM OLJIBII IIUTBHY TIOPOBY
CTPYKTYPY Ta BIJIOBIHO MiABHUIYIOYH MIIIHICTh IEMEHTHUX MaTepiaiiB. J{piOHO3epHUCTI Bij-
XOJIM CKJIa MICTATh OKCHJ KpeMmHito, SiOz, SKMii MOXE pearyBaTH 3 T1IPOKCHIIOM KaJbIlil0
(Ca(OH)2), yrBOopeHuM Imij yac rigpaTarii, a MymoJaHoBi peakiiii BupoosioTs Oiasime C-S-H
Ta 3MEHIIYIOTh KIJIBKICTh T'IPOKCUIY Kaibliio [5].

JlocmiKeHHsT MIKPOCTPYKTYPH BKa3yIOTh Ha Te, 10 MOPOLIOK BiIXOMIB CKJIa YTBOPIOE
MIUTFHY MaTPHIIO 1 MOKpAIy€e BIACTHBOCTI MiITHOCTI. Tak, Ha OCHOBI JAOCIIIKEHB, JOBEACHO
MOYJIMBICTh BUKOPHCTAHHSI MOPOLIKY CKJISIHOTO OO0 SIK aKTUBHOI MiHEpalbHOI J00aBKH, 1110
BIUIMBA€ HA KIHETUKY HAOOpPYy MILIHOCTI IPU CTUCKY Ta IPOLIECH CTPYKTYPOYTBOPEHHS MaTepi-
ay. 3a pe3yJibTaTaMy JOCTIKEeHb OyJIU BUSBJIEHI BUCOKI MIIHICHI XapaKTePUCTUKH IITYYHOTO
[IEMEHTHOTO KOMITO3UTY 3 BBeleHHIM 40 % rpaHyIb0BaHOTO TOMEHHOTO IIJIAKy Ta BiJ 5 110
15 % TOHKOAMCIIEPCHOTO CKIISIHOTO TMOPOIIKY, 3 MmokazHukamu MinHocti 30...106 MIla na
2...90 noOy TBEepAHECHHS.

Bucoki 3HaueHHSsI MIITHOCTI MOSICHIOIOTHCS, TUM 1110 33 PaXyHOK B3a€MO/Ii1 CKJI0(ha3u rpaHy-
JbOBAHOT'O JIOMEHHOTO LIJTAKY 1 CKJIONOPOIIKOBOI CKJIA/IOBOT B SHKYUO! PEYOBHHU 3 OPTIAHIUTOM
y OiK yTBOpEHHS HU3bKOOCHOBHUX T'iJPOCHITIKATIB KAJIBIIO, T1IPOTpaHaTIB 1 IO TOMOIIOHIX Ka-
JIBIIIEBUX T1IPOATIOMOCHITIKATIB (Ha pUC. 2 — OTO MIKPOCTPYKTYP IIEMEHTHOTO KaMEHIO).

4\

~

Puc. 2. Enekmponni mixpoghomoepaghii nogepxui cKomy uimyyHo2o KameHo Ha 0CHOBI WAaAKO-
HOPMAAHOYEMEHMY 3 6MICIMOM ONMUMANbHOI Kinbkocmi winaky (40 %) na 28 006y meepo-
HeHHs1, MOOUGhIKO8aH020 8i0X00amu CKIsIHO20 6010 6 Kinbkocmi, 5; 10; 15 % 6ionogiono

ABTOpHU MPOIOHYIOThH JIaH1 CKJIaJM 3aCTOCOBYBATH JIJIsl OTPUMaHHsI OETOHIB CHEIiaJbHOTO
MPU3HAYEHHS 3 PUCKOPEHOI0 KIHETUKOIO HA0OpYy MIIIHOCTI SIK Ha [TOYaTKOBUX, TaK 1 HA MI3HIX
eTarnax TBEp/iHHS, a TAKOXK 3aXHCHUX MOKPUTTIB 1Jis OeTOHY[6].

BucHoBku. VY 1iif poO0Ti moka3aHa MOMIIBHICTE YTUMI3allii BiIXOIB CKJISTHOTO 000 LIS~
XOM BIPOBAKEHHS iX MU BUPOOHUITBI cyMileit 6eToHHuX Ta 6eToHiB. Kpim Toro, 1oBeneHo,
3aJIeKHICTh BIACTUBOCTEH CKIOMOPOIIKY BiJl pO3Mipy YaCTHHOK, a TAKOXK, 1110 TOHKOJHCIIEPC-
HUM CKJIONOPOIIOK MO>KHAa BUKOPUCTOBYBATH sIK AM/I npu BUTroTOBIIEHI B’ SDKYYHX KOMIIO3H-
i, Yce BUIE3a3HAuCHE BIIKPUBAE HOBI MOXKJIMBOCTI TIPH CTBOPEHHI OETOHIB CHEI1aIbHOTO
MPU3HAYEHHS, 3aXUCHUX MMOKPHUTTIB Ta JJEKOPATUBHOTO apXITEKTYPHOTO OETOHY.
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USE OF WASTE FLOAT GLASS IN CONCRETE PRODUCTION

The issue of resource conservation and secondary processing of raw materials is quite acute in the world. With the
development of world industrialization and urbanization, the use of glassware became widespread. Glass block is not a soluble
material in the natural environment, but it is a promising material for use in the production of building materials.

The objective needs of production development led to the creation of new materials with increased values of physico-
mechanical and special properties. At the current stage of the country's economic development, one of the most important
issues that determine the level and acceleration of scientific and technological progress in industry is the reduction of material
and energy intensity, the improvement of the quality of existing materials and the development of new effective materials,
subject to the wide use of industrial waste.
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Rational use of blast furnace slag is an important reserve for increasing the efficiency of metallurgical and cement pro-
duction. Blast furnace slags are a complete product for the production of construction materials, they are widely used in road
construction and agricultural purposes. In the production of cement, granulated blast furnace slag is used as an active hydrau-
lic additive and, in a small amount, as one of the components of the raw material mixture.

The purpose of the article is to investigate the feasibility of using glass waste in the production of concrete, check the
possibilities of use in production, search for and against the use of glass waste in the construction industry, and determine the
scope of application of these materials.

Based on the principles and approaches of microstructure research, the research methodology and the possibility of using
glass battle powder as an active mineral additive, which affects the kinetics of compressive strength gain and material structure
formation processes are presented.

In the work, for the first time, a general approach to the functional analysis of the technological process of cement
production with the addition of impurities in the form of glass battle is proposed. The presented materials can be used for the
reasonable selection or design of concrete mixes for road surfaces and building reconstruction.

Keywords: sorted glass; finely dispersed glass powder; concrete; hydroxide ions; ADM; microstructure; resource saving;
curing powder.
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