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Iloka3zano, mo BHpilleHHA TMPo0JIeMH eHepro3depe:keHHA O00’€KTIB KHTJIOBO-
rpoMajcbKOr0 MNPHU3HAYEHHS MOKJIMBEe 3aBAAKHM 3POCTAHHIO BHPOOHMITBA Ta BHKO-
PUCTAHHIO HIi3APIOBATOr0 0eTOHY SIK €()eKTHBHOIO TEmI0i30/uiiHOr0 i KOHCTPYKUilHO-
TemoizoasuiiiHoro martepianay, mo 3ade3nmeuye peajizanilo KOHUIeNUil CTAJ0ro Po3BUTKY
Ykpainu. BcecTraHoBjeHO, 10 OAHIEW 3 HAWAKTyaJdbHIiIIMX MNPoOJeM TEeXHOJOTril Temio-
BoSIiHUX TAa KOHCTPYKUiHHO-TENI0i30MiHHUX Hi3APOBATUX 0ETOHIB € 3HUKEHHA IXHbOT
cepeIHbOl I'YCTHHH 3 OTHOYACHUM 3a0e3MeYyeHHsIM HeoOXiTHUX 3HAYeHb MIIHOCTI Ta iHIIMX
eKcnyaTaniiHux Baactusocreii. e nepeadayae po3po0eHHs ONTUMAIBHUX pelenTypHUX
CKJIaJiB ra3o00eTOHHUX CcyMileil sl Hi3APIOBATHX 0eTOHIB HEaBTOKJIABHOI0 TBEpPAHEHHS,
TeXHOJIOTIYHMX MapaMeTpiB IXHbOT0 BHPOOHMITBA. APryMEeHTOBaHO BHOIp CcKiIamiB
Hi3ApIOBaTHX O0€TOHIB HEaBTOKJIABHOIO TBepPAHEHHs, IO 3a0e3ledyy€ CTBOPEHHSA ONTH-
MaJIbHOI MIKPOCTPYKTYPH Marepiajly, 3MEHIIEHHS MAKPONIOPHCTOCTI Ta MiIBHIICHHS
TPIIMHOCTIKOCTI, 3MiIHEHHSI KOHTAKTHMX 30H IEMEHTHOr0 KAMEHI0 i HalOBHIOBAYiB
3aBASIKH CHPSIMOBAHOMY 3aCTOCYBAHHIO e(eKTHBHUX XIMiYHHX Moau@pikaTopiB i BHCOKO-
SIKiCHOI CHPOBHHM, BUKOPHCTAHHS BUCOKOAUCIIEPCHUX LEMEHTYIOUHX MaTepialiB 3 BHCOKOIO
rigpaB/ivyHOI0 AKTUBHICTIO.

KaiouoBi cioBa: eHepro3oepeskeHHsl, ra300eToH, B’sKy4i kKoMmo3umii, Moaugikyroui
100aBKH, CTPYKTYPOYTBOPEHHSI.
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PROSPECTS FOR PRODUCTION OF HEAT INSULATION AERATED
CONCRETE BASED ON CMPOSITE BINDERS

© Pozniak O. R., Lutsyuk I. V., Yakymechko Y. B., Melnyk V. M., 2019

It is shown that solving the problem of energy saving of housing and public objects use is
possible due to the growth of production and use of aerated concrete as an effective insulation
material, which ensures the implementation of the concept of sustainable development of
Ukraine. Analysis of the data of the Ukrainian Autoclaved Aerated Concrete Producers
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Association has shown that the demand for aerated concrete constantly increases, and the
growth of its production is about 40—45 %. It has been established that one of the most pressing
problems of the technology of thermal insulation and constructional and thermal insulation of
aerated concrete is to reduce their average density while providing the necessary strength values
and other operational properties. This requires the design of optimal composition of aerated
concrete mix for non-autoclaved aerated concrete, technological parameters of their production.
It has been established that binders for non-autoclaved aerated concrete should be characterized
by high activity, rapid strength development, resistance to physical and environmental
influences, non-deficit and cheap ingredients of aerated concrete. Modern production is oriented
on the production of effective materials using technologies that would provide minimum
consumption of raw materials, energy, and the use of secondary resources. Gypsum binders of
B-modification occupy a special place in this category of building materials due to low energy
intensity and wide prevalence of raw materials.

The choice of compositions of non-autoclaved aerated concretes have been argumentated,
which provides creation of optimum microstructure of the material, reduction of macroporosity
and increase of crack resistance, strengthening of contact zones of cement paste and fillers due to
the directed application of effective chemical modifiers and high-quality raw materials, the use
of highly dispersed silicon containing materials with high hydraulic activity.

Key words: energy saving, aerated concrete, binder compositions, modifying additives,
structure formation.

ITocTanoBka nmpo6GJjeMu Ta ii 3B’fA30K i3 BaKJIMBHMH HAYKOBHMMHM 3aBJaHHsIMH. MiHimizallis
BUTpaTH €HEprii Ta MaTepialbHUX PECypCiB y NIpoLeci CHOPYAKEHHS Ta eKCIuTyaTauii OynaiBenbHUX
KOHCTPYKIIIH 31 3MEHIICHHSIM HETaTHMBHOIO BIUIMBY Ha JOBKULISA BIJINOBIIHO IO HPUHIMUIIB CTaloro
PO3BUTKY B OyaiBHMLTBI (MikHaponHa KOH(pEPEeHIis 3 HABKOJUIIHBOIO CEPelOBUIIA 1 PO3BUTKY, 1992 p.),
a TakoX moJokeHHs MixHaponHoi kiiMatnyHoi yrogu (Ilapuspkuii morosip, 21 koH(epeHIis CTOpiH
pamkoBoi xonBeHlii OOH 3i 3minm kiimaty, 2015 p.), cpsiMOBaHOT Ha CKOpPOYEHHS 1 B MEPCHEKTHBI
YCYHEHHS BUKHJIIB MAPHUKOBUX Ta3iB, CTAIOTh MPIOPUTETHUMH MPU HOBOMY OYyIIiBHHIITBI, PEKOHCTPYKIIii
Ta MOJIEpHi3alil iCHyr04Ooro xutioBoro ¢ouay [1, 2].

ByniBenbHUM ceKTOpoM YKpaiHHu CIOKUBAEThes Maibke 50 % mpupoaHux pecypcis ta noHaz 40 %
e”eprii. IcToTHi BUTpaTu eHeprii HEOOXiTHI He TUIPKM Ha CHOPYAXKEHHS OyJiBenb Ta CHOPYyH, aje i Ha
iXHIO eKCIUTyaTallifo MpOTATOM BChOTO YKHTTEBOTO MUKITY. Ha jKHUTIIOBO-KOMYHAIIBHUI CEIMEHT IMPHIIA/IA€
Hai0i1nplIa YacTKa KiHIIEBOTO CIIOKMBaHHA €Heprii, 3okpema B kpainax €C Ta YkpaiHi — OJM3bKO
38-44 %, npu uboMy B OyAMHKaX BHHHKA€E eMicis Ou3bKo 35 % BCiX MapHUKOBUX T'a3iB, 110 BH3HAYAE
HeoOXimHicTh oxopoHHu AoBkimisa. [lonan 60 % OynuHKiB *XuUTIOBOTO (QOHAY YKpaiHW MOOyAOBaHi 0
1970 p. Ta He BIANMOBINAIOTH CYYaCHHUM apXiTEKTYpPHO-TUIAHYBaJbHUM, CaHITAPHO-TITIEHIYHUM Ta
eKCIUTyaTallifHUM BUMOTaM. 3HOLICHHS! OCHOBHUX (oHIiB mepeBuinye 60 %, a eHepro€MHICTh HOCIYT y
2-3 pa3u nepeBuIlye MOKa3HUKU €BPONEHChKUX KpaiH [1, 2].

[Ipobnemu eHepro3depexeHHs 1 eKOJIOriyHOI OE3MEKU CTaBIATh Nepea OyAiBeNbHOIO Taly33i0 HU3KY
HEBIJKIaIHUX 3aBllaHb, CEpPell SKHUX BHpIIIaibHA POJIb HAJICKUTh CTBOPCHHIO HOBUX TEILIOI30JISIIHHUX
MmartepiajiiB i BUpOOHUUTB, 10 3a0e3medyloTh ixHil Bumyck [3, 4]. Tomy BupimieHHs: npoOjeMu eHepro-
30epeKeHHsT 00’€KTiB KHUTIOBO-TPOMAJICEKOTO TPH3HAYCHHS 3aBISKH 3pPOCTaHHIO BUPOOHUWIITBA Ta
BUKOPHUCTAHHIO Hi3PIOBATOr0 OCTOHY K €()eKTHMBHOIO TEILIOI30/LIMHOr0 1 KOHCTPYKLIHHO-TEII0130151-
[ilfHOTO Marepiany, € NMPIOPUTETHUM HANPSMKOM peaji3aiii KOHIEMIlii CTalloro PO3BHTKY YKpaiHW, a
PO3pOOIIECHHST HI3APIOBATOrO TEIUIOI3ONSIIMHOTO Ta300€TOHY Ha OCHOBI MICIIEBHX KOMITO3UIIHIX
B’SDKYUYUX MaTepialiB € BAKIMBUM 1 aKTyalbHUM HayKOBUM 3aBJIAHHSIM.

AHaji3 ocTtaHHIX AoCTiKeHb i myoOmikaumiit. OZHUM 13 NPIOPUTETHUX HANPSMIB Cy4acHOTO
OYIIBHUIITBA € TIJABUIIEHHS TEIUIO3aXMCHUX BIIACTHBOCTEH 30BHIIIHIX OTOPOKYBaTbHUX KOHCTPYKIIii,
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oI0 BHM3HAa4Ya€ BAaPTICTh eKCIuTyartalii OyAMHKIB 1 coopya i3 3a0e3neyeHHSM KOMGOPTHUX YMOB
MIKpOKJIiMaTy B TNpHUMIilIeHHI. BpaxoByroun BHCOKY BapTiCThb EHEProHOCIiB, y Cy4YaCHHX YMOBax
eKcIUTyaTallis OyIiBeab HEMOXKJIUBa 0e3 BHKOPHCTAHHS €(PEKTHMBHHMX TEILIOI30JALIMHUX MaTepialiB, sKi
XapaKTepU3YIOTHCS MiABUIIEHUMH TEIUIO130ALIHHIMHU BIaCTUBOCTAMH [5, 6]. OZHUM i3 JinepiB CTIHOBUX
MaTepiajliB Ha CydaCHOMY PHHKY, SKHM TO€IHYe B OOl BHUCOKI KOHCTPYKIIHHI Ta TEIJIOiI30JIAIiiHI
BJIIACTHBOCTI, € HI3APIOBaTUil OETOH, 30KpeMa ra3o0eTOH HEaBTOKIABHOIO TBEPIHEHHS, SKOMY BIIACTHBE
ONTHUMAJIbHE CIIBBIAHOIICHHS ()I3MKO-TEXHIYHHMX BJIACTHBOCTCH. BUKOPUCTaHHSA TAKOIro TEIUIOI30JIALIIiM-
HOro OCTOHY Aa€ 3MOTY HEMTpasi3yBaTH OCHOBHI HEIOJIKM, MPUTaMaHHI TEIUIOI30JLIAHUM MaTepiajam
Ha OCHOBI MiHEpaJIbHOT BaTH, MHOIOJIYPETAHOBUX Ta MHOIOJIICTHPOJILHUX BUPOOIB [7].

Po3BuTOK OYIiBENBHOT IHAYCTPIi B YMOBax CBITOBOI IIPOMHUCIIOBOI KPH3H TOKA3Y€E, 110 BUPOOHHUIITBO
HI3IPIOBaTHX OCTOHIB (K aBTOKJIABHOI'O, TaK 1 HEABTOKJIABHOI'O TBEPIHECHHS) HE CKOPOTHUIIOCS, a, HABIaKH,
OTPHUMAJIO JIOJIATKOBUH MOMITOBX JJIsl TIOAAJBIIOTO BJOCKOHANEeHHs. YacTka Hi3aproBaTHX OETOHIB cepen
OyIiBeNbHUX MaTepialiB Il OrOpPODKYBAIBHUX KOHCTPYKIIH SK y 0araTOMOBEPXOBHUX KapKaCHUX
OyaiBsX, TaK i B MaJIONOBEPXOBOMY OyIiBHHULTBI cTae aexami O0imbimoro (puc. 1).

i Lerna kepamiuna

i bararonoeepxose ByaiBHMUTBO
Manonosepxose 6yaiBHMUTBO

M Llerna cunikatHa

id BNOKHK 3 UemeHTy

£} GNOKH 3 oro 6eToHy

a 7]

Puc. 1. Punox cminosux mamepianie (a) ma cnosicusants 2azobemony 8 Ykpaini 3a munom oyoisnuymea (6)
(3a danumu Beeykpaincvroi acoyiayii 6upobHUKIE A8MOKIAGHO20 2a300eMOHY)

3rigHo 3 manuMu Bceeykpainchkoi acomianii BUPOOHHKIB aBTOKJIaBHOTO Ta3o0eToHy, B YKpaiHi
MONUT Ha ra300eTOH MOCTIHHO 3pocTae (puc. 2), a MPHUPICT HOro BUPOOHMULTBA CTAHOBUTH NMPHOIM3HO
40-45 % [5, 7]. OctanHiMu pokamu B YKpaiHi 30yJOBaHO HHU3KY HOBHX IiJIPUEMCTB i3 BUCOKOTEXHOJO-
riYHUM OONagHaHHAM AJIS1 BUPOOHHUITBa BHPOOIB i3 Ira300€TOHY, a TaKOX PEKOHCTPYHOBaHO JiHiI Ha
3aBO/IaxX, fKi BHUITYCKalOTh BHpOOM BHCOKOi skocTi. Ha BupoOHmumx ninisix TOB “Aepox” (M. OOyxiB,
M. bepezanb, Kuiscbka 00:1.), TOB “Opientup-bynenement” (M. bpoBapu, Kuisceka 061.), TOB “KOAK”
(M. duinpo), BAT “XXuromupcbkuii komMOiHaT cuiikaTHUX BHpoOiB” (M. XKutomup), komnanii “IIpomuc-
noBa 0aza “TOB “TeprnoninsOyn” (M. TepHOminb) Ta AESAKUX IHIIMX MiANPHUEMCTB BCTAHOBJICHO TEXHO-
noriune oOnagnanHs ¢ipm HESS, WEHRHAHN ta MASA HENKE Tomo, sixke 3a0e3neuyye BHITyCK
SIKICHUX IpiOHMX OJIOKiB 13 BUCOKOIO TOYHICTIO F€OMETPUYHMX PO3MIpiB i3 MaKCHUMaJIbHOIO BUPOOHUYOIO
noTyxHicTro miniit Bix 50 1o 1380 THc. M 3a pik [6, 7].

Crorojsi y cBiTi B 48 kpainax mpaiitoe 0113bk0 220 3aBOJIB 13 BUIIYCKY HI3JpIOBATOro OCTOHY, 3
HUX 3a TEXHOJOTIEr0 KoMmaHii “Xebenp” — 29, “Kincinoke” — 15, “Cumnopekc” — 33, “Cenkon” — 7, “ITonHr” —
44 3aBomiB. Y HU3LI KpaiH iCHYIOTh BJAacHI PO3POOKH 1 TEXHOJOTii, B SKUX MOPSA 13 JIICH30BAaHUMHU
MPALIOIOTh 3aBOJU HAa OCHOBI CBOET BITYM3HSIHOI TEXHOJIOTII BHPOOHMIITBA Hi3aproBaTuX OeroHiB. Ili
METOJUKH BIJIPI3HAIOTHCS, SIK IPaBHJIO, CIocoO0aMu momeny, (opMyBaHHS 1 pi3aHHS Tra300€TOHHUX
MacHRBIB Ha BUPOOU 3a7aHUX PO3MIpIB [6].
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BupoOHUIITBO Ta300€TOHIB MEPEBaXKHO IPYHTYETHCS HA aBTOKIABHOMY CIIOCO01 TEII0BOI 00pOOKH.

OpHaKk aBTOKJIABHOMY TI'a300€TOHY € aJlbTepHATHBA — HEABTOKJIABHUM HI3APIOBATUN OCTOH, SKHUI
BIZIPI3HAETHCS HU3BKUM BOJONOTIMHAHHSAM, HEBHCOKHMMH KalliTaIbHUMUA BKJIQJCHHSAMHA B OOJaJHAHHS 1
OCBO€EHHS BUpOOHHMIITBA. [IpH 1IbOMY 3aTpaTH Ha BUPOOHHIITBO ra300€TOHY HEABTOKJIABHOI'O TBEPIHCHHS €
3HaYHO HW)KYUMH TIOPIBHSHO 3 BHPOOHHUIITBOM aBTOKJIABHOTO Ta300€TOHY 1 B Cy4YaCHHX YyMOBax
BUPOOHHUIITBA TIPOBEJICHHS aBTOKIJIABHOI OOPOOKH € CKJIaJIHUM SIK 3 TEXHIYHOTO TOTJISY, TaK i 3 TOTJSILY
eKoHOMIi eHepropecypciB. [IpoTe HeaBTOKIaBHMIN Ia300€TOH Ma€ CYTTEBI HEJONIKHM, a came: IiJBHIICHY
ycaJKy Tin 4ac ekcrutyaramii (2—3,5 MM), He3HaYHy TPIIIMHOCTIMKICTh i yJapHy MIIHICTh MOPIBHSHO 3
ABTOKJIABHUM 3a OZIHAKOBOI CEPEIHbOI I'YCTHMHH BHPOOIB, IO CTpUMyeE ixHe mommpenHs [8]. Lle moB’s3aHo
HacaMmIiepea 3 THM, IO MPOIECH Tiaparallii ra300e€TOHIB B yMOBaxX aBTOKJIABHOI OOpPOOKH MPOXOJAThH
TIOBHICTIO, 1 POYKTH TiipaTaliii TepMOJJMHAMIYHO CTIHKi 3a HopMalibHOT TemriepaTypH. [Ipotiecu rigparartii
HEaBTOKJIABHUX T'a300€TOHIB HE 3aBEPIIYIOTHCS HABITh Micis 28 Mi0 TBEPAHECHHS, IIPH 1ILOMY YTBOPIOETHCS
3HAYHA KUIBKICTh TiPOCWIIIKATIB Y BUTJISIII TENI0, KU BIUIMBAE HA MPOIIECH YCAIKH, 1 HE BCi MPOIYKTH
rigparanii € cridkumu. J{Js MigBUIICHHS MIIHICHUX BIACTHMBOCTEH HEABTOKJIABHUX ra300CTOHIB JOLIIBHO
3B’s3yBaTH TIJAPOKCH KaJbI[i0, IO YTBOPIOETHCS I Yac TiApaTaiii MOPTIAHIIEMEHTY, B MIIHIII 1
BOJIOCTIHKIIN CHOJYKH, HANpPHUKIA], TiIPOCHIIKATA KaJNbIiI0, a TaKOX 3HAXOAWUTH ONTHUMAJIbHE
CHIBBIIHOIICHHS MK BMICTOM KPHUCTAIIYHUX 1 T€JICBUX y MPOAYKTax riapararii [8—10].
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Puc. 2. Juuamixa supobnuymsa asmoxnagnozo 2azobemony ¢ Ykpaini npomsaeom 2008-2017 pp., muc. m
(3a oanumu Beeykpaincvroi acoyiayii 6upobHUKIE A8MOKIAGHO20 2a300eMOHY)

OnHi€0 3 HaMaKTYaJBHIIIMX MPOOJIeM TEXHOJIOTIT TEIUIOI30MAIIMHMX Ta KOHCTPYKIIHHO-TEILIO301s-
IIMHUX HI3APIOBATUX OCTOHIB € 3HIDKCHHS IXHBOI CEpelHBbOI TYCTHMHH 3 OJHOYACHUM 3a0e3NCUCHHSIM
HEOOXITHUX 3HAUYCHb MIIIHOCTI Ta IHIIMX eKCIUTyaTAIlIHUX BIACTUBOCTEH. Y 3B’S3KY 3 I[MM ChOTOJIHI BaKJIMBO
pO3pOOUTH ONTUMAJIBHI PELENTYPHI CKIaAM Ta300€TOHHMX CyMIIIeH IS HI3APIOBAaTHX OCTOHIB
HEaBTOKJIABHOTO TBEPJHEHHS, TEXHOJIOTIYHUX MapaMeTpiB IXHbOIO BUPOOHHIITBA, 10 AACTh 3MOT'Y BUPIILIUTH
po0JIeMH eHEPro30epeKeHHs Ta MOKPALUTH TEIVI03aXMCHI BIACTUBOCTI OrOPODKYBAIBHUX KOHCTPYKIIH.

3riguo 3 JICTY b B.2.7-45:2010 10 Teruioi3onsniiHuX HaJIeKaTh HEABTOKIIABHI Hi3[pIOBaTI OCTOHH
3 Mapkoro 3a cepeaHboro ryctuHoro D200-D350 i xmacom 3a mimmicTio Ha cruck B0,35-B0,75, mo
KOHCTPYKLIHHO-TEIUIOI30IMIHHIX — 3 MapKow 3a cepenHboro ryctuHoo D500-D900 1 kimacom 3a
MinHicTio Ha ctuck B1-B5. [lns BUroTOBIEHHS Hi3IpIOBaTUX OETOHIB BHKOPHUCTOBYIOTH CHPOBHHHI
MaTepiany, SKi BiANOBINAIOTH BUMOTaM UYMHHHMX HOPMATHUBHHMX JOKYMEHTIB: B’SKy4l Marepiaaum —
MOPTIAHALEMEHT, BamHo OyiBeNbHE, IUIaK JOMEHHUNA IpaHyIbOBAaHHUM, B SDKyUE TiIICOBE; KPEMHE3EMUCTI
MaTepianu — MiCOK MpupogHui, 30ma-BuHoc TEC, 30ma rizpoBuaaneHHs, iHII BTOPUHHI KPEMHE3EMHUCTI
MPOAYKTH MNPOMHUCIOBOCTI 31 BMicToM SiO, He MeHmmM HiX 60 %; Boga; razoyTBOproBad — IyApa
AIIOMiHi€BA, TACTH HA 11 OCHOBI; MIHOYTBOPIOBAYi; TOOABKU-PETYIIATOPH CTPYKTYpOoyTBopeHHs [11].
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B soicyui komnosuyii 0ns 2az00emony HeagmokiasHo2o meeponenHs. HaliBaroMilmyMyu YMHHUKAMHU
(hopMyBaHHsI CTPYKTYPH B’SDKYYHMX KOMIIO3MIIIH JJII OTPUMAaHHS HEABTOKJIABHHMX ra300€TOHIB € CKJIAJ i
BiJICOTKOBE CITiBBIIHOIIICHHSI KOMIIOHEHTIB, IO BXOASTH IO IXHBOI PELICNTYPH, a TAKOX PO3MIp 3epeH
MiHepasibHOI yacTuHU. Came I mapamMeTpy BH3HAYAIOTh SIKICTh SIK TOTOBHX B’SDKYYHX CHCTEM, TaK i
KiHIIEBOTO TIPOYKTY Ha TXHiif ocHOBI [12].

3rimHo 3 mocmimpkeHHsMU [13], B’sKydi pEeHYOBUMHHM Ui HEABTOKIABHOTO Ta300€TOHY MOBHUHHI
XapaKTePU3yBaTHUCS BUCOKOK aKTUBHICTIO, IIIBUIKUM HA0OPOM MIIIHOCTI, CTIHKICTIO 10 ()I3WYHUX BIUIMBIB
JIOBKIJUISA, HEACPIUTHUMH 1 ACHICBUMHU CKIaaoBUMU. [Ipu 11bOMy BapTO 3a3HAYMTH, 10 CPEKTUBHUM €
BUKOPHUCTaHHS B’SDKYYMX 31 3HM)KEHOIO ICTHHHOIO TYCTHHOIO, ajie¢ 3 BUCOKMMH MOKa3HUKAaMHU MIITHOCTI.
B. M. CeniBanos [ 14] 3amponoHyBaB CKiIagi ra300€TOHHUX CyMillled Ha OCHOBI 3MILTAHUX O€3KIIHKEPHHUX
B’SDKYYHX, IO MICTATh BHCOKOKambIieBy 300y TEC i po3kpuBHi rimHUCTI opoau. OTpuUMaHMid 32 TaKOO
PEeLIeNITYPOIO ra306eToH Mae cepeaHio ryctuny 170205 kr/m’ Ta Mirmicts Ha ctick 0,06-0,11 MITa.

Aptopu [13, 15] mocmigumu, MmO JUIS OTPpUMaHHS HEABTOKIABHOTO HIi3APIOBATOTO OETOHY i3
cepennboro ryctuHoro 400-500 KI/M> Ta SAKICHUMH MMOKa3HMKAaMH, aHaJOrIYHUMH [0 aBTOKJIABHOIO,
e()EeKTHBHO BUKOPUCTOBYBATH MiHEPaJIbHO-OAHOPIIHI KOMIIOHEHTH BIJIIOBIIHOI AMCIIEPCHOCTI: Oe37100aB-
KOBUH MOPTIAHIEMEHT MiABHUINEHOI aKTUBHOCTI, 0€3yCalKOBUH 1 PO3IIMPHHIA IIEMEHT, HErallleHe BaIlHO,
HANIBBOJHUH TillC, KOHIEHCOBAHUI MiKPOKPEMHE3EM i3 ITiJIBUIICHOI0 MYI[0JaHOBOK aKTUBHICTIO Ta iHIII
aKTHUBHI MiHepanbHi 100aBKu. Bka3zaHi KOMIIOHEHTH BOJOJIIOTH BHCOKOI TOBEPXHEBOIO AKTHBHICTIO Ta
eHepriero B3aemMoiil y BomHOMY cepenosuiii. [Ipu mpoMy crocrepiraeTbcsi 3HaYHE BHJIUICHHS Teruia i
VIIUTBHEHHS CTPYKTYPH IIEMEHTHOTO KaMEHIO.

Y poGoti [16] moka3aHO, IO BHKOPUCTAHHS IIEMCHTIB 13 IIJBHIICHMM BMICTOM aliTy 1
TPUKAJIBLIE€BOTO ANMIOMIHATY CIIPHSIE€ OTPUMAHHIO ra300€TOHY 13 MAKCUMAJIBHOO MIITHICTIO 1 MiHIMaJIbHUMHU
nedopMarlisiMi  ycalku. 3aCTOCYBaHHS MUIAKOMOPTIAHAIEMEHTY 1 IyIOJaHOBOTO IOPTIAHIIEMEHTY
NPU3BOJIUTH JI0 3HWKEHHS MIIIHOCTI ra300€TOHY 3 MOTipPHICHHSM HOTO MOBITPOCTIMKOCTI 1 301TBIICHHSIM
nedopmariii  ycaaku. I[lommpeHHs 3a KOPJAOHOM HaOyJad BapTICHI KajbI[ifaJlOMIHATHI IIEMEHTH,
3aCTOCYBaHHS SKUX JIA€ 3MOTY OTPUMYBaTH OCTOHH i3 MOKPANICHUMH MOKA3HUKAMU SIKOCTi, BITMOBHTHUCS
BiJl TEIUIOBOJIOroi oOpoOKHM Ta CKOPOTHTH TEpMiHM HaOupaHHS BiANycKHOI MinHOCTi. Buxopucranss
TiZpaBIiYHUX B’ SDKYYUX HA OCHOBI TJIMHO3EMHUCTOIO IIEMEHTY 1 ISIKUX MPOMHUCIIOBUX BIJXOIIB J1a€ 3MOTY
yepe3 4—6 roIUH OTPUMYBATH Bi/ITyCKHY MIITHICTh OETOHY.

s 3abe3nedeHHs] BUCOKOTIOPUCTOI CTPYKTYPH TEIDIOI30JSIIIHOTO Hi3IPIOBATOrO0 OETOHY MOXHA
3aCTOCOBYBATH IMPUHITUIY MTPOSKTYBaHHS, OCHOBaHI Ha OOJIKY TPaHYJIOMETPUYHOTO CKIIaay IIeMeHTIB [9].
IcHye B32€MO3B’SI30K MK TOBIHHOIO MiXKIIOPOBHX TMEPETOPOIOK HI3APIOBATOTO OETOHY 1 pO3MIPOM 3€pEH
LIEMEHTY, 3 OJHOT0 OOKY, 1 JTHUCIEPCHICTIO B’SKYYOro Ta CEAMMEHTAI[IHOI CTIMKICTIO IEMEHTOBOJIHHUX
CyCIleH3iil, 3 iHmoro. BcTaHOBIEHO, MO BeIWMYMHA TPAHUYHOTO pO3MIPY 3€peH B’SHKYyUOro B
TEII0130JSIIHHOMY Hi3ApIOBAaTOMY O€TOHI CTaHOBUTH 50 MKM.

CydacHe BUPOOHMIITBO OPIEHTYETHCS HA BUTOTOBJICHHS €()EKTUBHUX MAaTEpiajiB 3a TEXHOJIOTiSIMH,
gKi 0 mepeabaydany MiHIMAIBbHI BUTPATH CUPOBHHH, EHEPTii, 3aCTOCYBaHHS BTOPHHHHUX pecypciB Tomo. Y
i KaTeropii OyaiBENbHUX MaTepialliB 0COOIMBE MiCIle 3aiiMal0Th KOMITO3MIIiiHI B’SKYydl Ha OCHOBI BarrHa
3aBISKH HIDKYi €HEProEMHOCTI TOPIBHAHO 3 TOPTIAHIIEMEHTOM Ta JOCTYIHOCTI CHPOBUHHHX
marepianiB [17]. [lpore icHye Oararo TexXHIYHHX MPoOOJEM, SKi CTPHUMYIOTH INHPOKE BIPOBAKEHHS
B’SDKYYMX KOMIIO3MIIIH 13 BUKOPHUCTAHHSAM HETAIICHOTO BallHAa y Cy4acHOMY OYIIBHHUIITBI. 30KpeMma, Ii¢
HEJOCTAaTHHO BWBYCHHWU BIUTUB BHIY BallHA Ha CTPYKTYpPOYTBOPEHHS B SOHKYYHX, BIJICYTHICTb
CHUCTeMaTh3allii XiMIYHMX J00aBOK, BHKOPHUCTAHHS SKHX Ja€ 3MOTY CTBOPUTH yMOBU [UIS IXHBOTO
rigpatarniitnoro tBepaHenHs. Ilin uac rigpatamii CaO BigOyBaeTbes mepeOyaoBa IIUIBHIIIOT KyOiYHOT
IpaTKU Kalbllil0 OKCHJY 3 YTBOPCHHSM IIapyBaToOi CTPYKTypu HIk4oi cumetpii. [lepeOymoBa
kpuctanmiyaoi rpatku CaO mo meHm mrineHOi y Ca(OH), CympoBOMKYeThCS 3pOCTaHHIM MOJSPHOTO
00’eMy, IO NMPHU3BOOUTH 10 PO3MHMpEHHS BamHa y 2,0-2,5 pasy. Lle cynmpoBomKyeTbcs BHHUKHEHHAM
HaTNpyKeHb, pyiHyBaHHIM 3epeH CaO Ta MmojanblIiuM KaTaliTHIHUM PUCKOPEHHIM peaKilii.

Pazom 3 TuM, aBTOp [18] BCTaHOBMB, IO MiJi YaC BUKOPHCTAHHS KOMIUIEKCHOI TOOAaBKH Ha OCHOBI
Na,SO, i CaO B HEaBTOKJIABHOMY TI'a300€TOHI YTBOPIOETHCS BHUCOKOIMCHEPCHHUI Tinc aporiapat. Ilpu
bOMY BiIOYyBa€ThCs TigpaTauiiiHe TBEPAHEHHS KaJbLiI0 OKCUAY 3 YTBOPEHHSIM MOPTIAHAWUTY Y BUIIISII
KpHcTaniB MmiactuHyactoi ¢opmu. HasBHiCTH miABHIIEHO KUIBKOCTI MOPTIAHIMTY Ta ETPHUHLITY Y
[EMEHTHOMY KaMeHi 3a0e3redye 3MEHIICHHs YycaJkud ra3o0eTOHy 3 KOMIUIEKCHOIO J00aBKOIO Bij
3,2-3,5 no 1,5-1,8 MmM/M mOpiBHSHO 3 Ta300eToHOM Oe3 no0aBok. KpiM Toro, i3 BBEAEHHSIM J00aBKH y
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1,2—1,4 pa3y 3pocTae KpaTHICTh CIy4yBaHHA ra3o0etoHy, Ha 20-25 % — ra3oyrpuMyBajibHa 34aTHICTH Ta
Ha 1-2 roji CKOpOUYEThCs 4ac HA0OPY MJIACTHYHOI MIITHOCTI.

Mooughixysanns 6 socyqux Komnosuyiu ma Hizoprosamux bemonie Ha ixuili ocrosi. He3pakaroun Ha
3HaYHUN JOpOoOOK HAyKOBIIIB y Taly3i OTPUMaHHS HEAaBTOKJIABHOTO Ta300€TOHY, AaKTyallbHHMH 3
TEOPETUYHOTO 1 MPAaKTUYHOTO AacCMeKTiB € JOCHIPKEHHs, CIPSIMOBAaHI Ha BUBUYEHHA (I3UKO-XIMIYHHX
MIPOIIECIB, 110 BiIOYBAIOTHCS IMiJl YaC BUPOOHMIITBA HEABTOKJIIABHUX Ia300€TOHIB 3a YMOBH BBEICHHS 0
iXHBOTO CKIamy pi3HOro poxy Moaudikyrounx a00aBOK, 3aBISKH SIKUM MOXXHA B JOCTaTHHO HIMPOKOMY
Jiana3oHi 3MIHIOBaTH T'yCTHHY 1 MIIHICTh Hi3ApIOBATOr0 OCTOHY, IO € BAXKJIMBHUM [UISl PO3B’SI3aHHS PI3HUX
KOHCTPYKTHBHHX 337124 y OyaiBHULTBI [19].

TeopeTHUHUMK TIEpeIyMOBAMH CHHTE3y MIIHOCTi, IIIJIBHOCTI W IOBFOBIYHOCTI B’ SIKYYHX
KOMITO3UIIii Ta OETOHIB Ha iXHi OCHOBI € TIOBHIIlIE BUKOPUCTAHHS €HEprii MOPTIaHIIEMEHTY YM 1HIINX
B’SDKYYUX PEYOBWH, CTBOPECHHS ONTHMAJIBHOT MIKPOCTPYKTYPU Marepiaiy, 3MEHIICHHS MaKpOIIOPHUCTOCTI
Ta MIiJBUIICHHS TPIIIUHOCTIKNKOCTI, 3MIIIHEHHSI KOHTAKTHHUX 30H IIEMCHTHOTO KaMEHIO 1 HAIOBHIOBaYiB
3aBJISIKK CIIPSIMOBAHOMY 3aCTOCYBaHHIO €(PEKTUBHHUX XIMIYHAX MOIU(IKATOPIB i BUCOKOSKICHOT CHPOBHHH,
BUKOPHUCTaHHSI BUCOKOJUCIIEPCHUX [EMEHTYIOYHX MaTepiaiiB i3 MiIBUIIEHOIO T1IPaBIiYHOI0 aKTUBHICTIO 1
HOBHUX /100aBOK 13 peryipoBaHoO0 eHepriero posmuperss [19, 20]. OctanHiM 4acoM sIK BUCOKOE(PEKTUBHY
MYLOJaHOBY J00aBKY BUKOPHCTOBYIOTh BUCOKOAKTUBHHMI MeTakaoniH (BMK), BBeneHHS sIKOTO 70 CKIaLy
Hi3IPIOBATOOCTOHHUX CyMIIIeH J1ae 3MOTY TiIBUIIUTH MIIlHICTh Ta300€TOHIB 03 3MEHIIIeHHS TYCTUHH 200
3HU3UTH TyCTHHY Oe3 BTpaTH MiumHocTi. lle 3yMOBIE€HO TakMMM UYMHHHKAaMH: 3POCTaHHSAM MIITHOCTI
MIXKIIOPOBHX MEPETOPOIOK 3aBASKH IMiIBUIICHHIO MIITHOCTI [IEMEHTHOI'O KaMEHIO 1 MMOKPAIICHHIO TOPOBOL
CTpYKTypH Ta300eroHy. KpiM 1poro, ajgroMOCHIIIKATHa CKIQJ0Ba METaKaoJiHy 3/IaTHa aKTUBHO
B3a€EMOJIISITH 3 TIilICOM, IO MICTHTHCS B MOpTIaHeMeHTi. KOHTpolboBaHe YTBOPEHHs ETPUHTITY Ha
paHHIX CTaisIX TBEPAHEHHs ra300€TOHY Ja€ 3MOI'y CYTITEBO 3MCHIIUTH ycaakoBi aedopmamii [21]. 3a
nmaaumu [21], BBeneHHs sk Monugikyrouoi qo6aBkrn BMK npu3BoauTh 10 3HWKEHHS TYCTHHH 1 MIITHOCTI
KaMEHIO 3 TiICcOBOro B’spKy4oro. Jlemio iHIa KapTHHa CIOCTEPIraeThesl mpu MOAU(iKyBaHHI BaHSIHOTO
B’SKYYOT'O BUCOKOAKTHBHAM METAKAOIIHOM: 3a HOTO ONTUMAaNhHOTO BMICTY 20 % IMiIBUIIYIOTHCS MIITHICHI
BJIACTHUBOCTI 1 BOJOCTIMKICTh KaMEHIO, IO [Ja€ 3MOTYy OTPUMYBaTH cyxi OyniBenbHI cymimi 3
TEXHOJIOTIYHIUMH BIIACTUBOCTSMH, OJIM3EKUMHU JI0 CyMillIeH Ha IIEMEHTHOMY B’ SKY4IOMY.

HeBenuka KiIbKiCTh KpeMHE3eMYy Yy CKJIai ra300€TOHHOI CYMIIIl MPHUBOAMTH 10 MOKPAIICHHS il
PEOJIOTIYHUX XapaKTePUCTHK, IO CHPHUSE MiJIBUIIEHHIO CTIHKOCTI crcTeMH Mija yac nopusarii [22]. Kpim
TOT0, MIKPOKPEMHE3EM, pearyrdu 3 TiIPOKCHIOM Kalibllito, 3a0e3redye 3HaYHe 3MIIIHCHHS MIDKIIOPOBHX
NEeperopo ok razo0eToHHUX BHUPOOiB. ABTOpH [23] pO3poOHMIM CKJIAAW KOMIIO3ULIMHOTO TillCOBOTO
B’SDKYYOTO 3 BBEACHHIM HAHOCTPYKTYPOBAaHOTO KPEMHE3EMHCTOIO0 KOMIOHEHTY B KiTbKOCTi 15-20 %, mo
3abe3neuye mnpupict MinHocTi 70 40 %. Choromui MOXNHBAa 3aMiHAa TPATUIIHHUX KPEMHE3EMHHX
HATIOBHIOBA4iB TOHKOJUCTIEPCHUMH BiIXOJaMu JpOOJICHHS 1a0a30BUX TipChKUX MOPIi.

[lepeBakHO Ha MIIHICTh Ta300€TOHY BIUIMBAE MILHICTh MIXIIOPOBUX IEPEroponok. Posrisgaroun
MDKITOPOBI MIEPETOPOJIKH ra300€TOHY 3 MO3UIlii OETOHO3HABCTBA, BAPTO BPaxXOBYBATH HETATWBHUI BIUINB
Ha IXHIO MIIHICTh HAJJIUIIKOBOI KIJBKOCTI BOJM 3aMilllyBaHHS. TOMY OJIHUM 3 TOJOBHHX IUISAXIB
30UIBIICHHS MIIIHOCTI MDKIOPOBHX IEPErOPOJOK € 3HWKCHHS BOJOTBEPJAOro (BOIOILIEMEHTHOIO)
BIJHOIICHHS, 1[0 3MEHIIY€E KamIIpHY IOPHCTICTh Marepialy Ta MigBHILYe HOro MinHicte [24]. Y
NPaKTULl BUPOOHMITBA PI3HUX BHIIB OETOHY IMIMPOKO 3aCTOCOBYIOTH IJIACTU(IKATOPH, IO JAI0Th 3MOTY
MiBUIIATH PYXJIUBICTh Ta300€TOHHOI cyMimni Oe3 30iibIIeHHS KIIBKOCTI BiTbHOI Bomu. OcoOnuBHiA
iHTepec BUKJIHMKAIOTh CyneprulacTu(ikaTopyd HOBOI TeHepalii Ha OCHOBI HOMIKapOOKCHIATiB, SKi
BIZIPI3HSIOTECS BiJl TPaAMIIHHUX NOOABOK THIIOM 1 3HAYHO MEHIIOK KiJBKICTIO 10HHMX rpym (crnadki
TMOJIIEIEKTPOJIITH), @ TAKOXK 3B’ SI3aHOIO ITPOCTOPOBOIO CTPYKTYPOIO HASABHUX OIYHMX JaHItOriB [20].

BucHoBku. Cepen 4YHCICHHUX 3alpONOHOBAHMX IUISIXIB IMOKPAIICHHS IMOKA3HUKIB SIKOCTI
HEaBTOKJIABHUX OETOHIB HAMMEPCIEKTHBHIIINM € 3aCTOCYBaHHS HOBUX IIEMEHTYIOUMX MaTepiaiiB Ta
XiMiuHHX [00aBOK y ixHbOMY ckiani. lle macTe 3MoOry OTpuUMyBaTd Hi3ApIOBaTi OCTOHM 13 3aJaHUMH
BJIACTHUBOCTSIMH, LI0 € aKTyaJIbHUM BHPILICHHSAM 3aBJIaHb Y TEXHOJOTI] e()eKTUBHUX TEIUIOI30AIIMHNX Ta
KOHCTPYKLIHHO-TETI0130/ Ui HHIX OyiBEIbHUX MaTepialiB.

151



1. Canuyvkuit M. A. Enepeosbepieaioui mexnonoeii 6 6yoienuymei : nagy. nocionux / M. A. Canuyp-
kuti, O.P. Illozusix, V. /. Mapywax. — Jlveie : Budasenuymeo Jlvsiecvkoi nonimexuixu, 2013. — 236 c.
2. Comnmucix P. A. Acnexkmu cmanozo pozsumky 6 0Oyoisnuymei/ Conmucik P. A., Mapywax V. /1.,
Hosusx O. P., llyma B. O. // Cmanuii po3éumox — cman ma NEpCnekmusu; Mamepianu MidCHaApoOHO20
Haykogo2o cumnosiymy SDEV'2018 (28 momoeo—3 bepesus 2018 poxy, Jlveie-Cnascvke, Ykpaina). —
2018. — C. 92-93. 3. Obcseu cyuacnoeo eupobHuymea i CRONCUBAHHA 2a300emony. [Erexmponnuil
pecypc]. — Peoicum oocmyny: https://pp-budpostach. com. ua/a255738-obsyagi-suchasnogo-virobnitstva.
html. 4. Tomunun K. B. Aueucmoiii bemon — nepcnexkmuewl passumusi / K. B. Tomunun, H. C. Cmopuaii //
bemon u orcenezobemon ¢ Yrpaune. — 2006. — Ne 3. — C. 2-3. 5. Uepsaxoe FO. M. Hizoprosamuil bemon —
eqpexmusnutl cminosutl mamepian / FO. M. Yepessikoe // Cmpoumenvuvie mamepuanst u uzdeaus. — 2008. —
Noe 6. — C.35-37. 6. Namsone E. Durability Properties of High Performance Foamed Concrete /
E. Namsone, G. Sahmenko, A. Korjakins // Procedia Engineering. — 2017. — No. 172. — P. 760 —767.
7. Enexmponnuti pecypc. — Peoycum docmyny: https://gazobeton. org. 8. A6ovipatimos JK. A. Ynyuwenue
cBolicmE 2a300eMOHHBIX CcMecell U Heda8MOKIABH020 2a300emona 68edeHueM pa3iudnsvlx 000a8ok /
K. A. Abowipaiimos, C. K. Menubaes // Becmuux KIVCTA. —2013. — Ne 3. — C. 119-123. 9. Jlo-
moe B. A. Bausnunue 006asox ma ¢hazosulii cocmas 2az00emouHol cmecu 6 npoyecce ee meepoeHus: /
B. A. Jlomos, H. A. Mumuna // Mamep. nayuno-npaxm. xoug. “Xumusi u XUMUYECKAss MEXHON02Us Ha
pybeace moicauunemen”. — Tomck, 2009. — T. 1. — C. 98—100. 10. Bupobruymeo, eracmusocmi i 3acmo-
cysannsi eazobemony neasmoxiasnoz2o meepouents / O. P. Ioswax , B. M. Menvnuux , 1. O. 3asadcvxuil,
A. A Menvnuk // Bichux Hay. yn-my “Jlvsiscoxa nonimexuixa”. “Teopis i npakmuxa 6yodienuymea”. —
2017. — Ne 877. — C. 160-166. 11. Pynosa P. @. Ocnosu eupobnuymea cminogux ma 030001108ANbHUX
mamepianie : niopyunuxk / P. @. Pynosa, B. I IToy, O.I Ienesepa, O.Il. Koncmanmunogcovxuti,
10. JI. Hocoecokuii, B. B. Ilina. — 3-me 6uo. — K.: Ocnosa, 2017. — 528 c. 12. Poznyak O., Sanytsky M.,
Zavadsky 1., Braichenko S., Melnyk A. Research into structure formation and properties of the fiber-
reinforced aerated concrete obtained by the non-autoclaved hardening // Eastern-European Journal of
Enterprise Technologies. —2018. — Ne 3/6 (93). — c. 39—46. 13. Axumeuxo A. b. Banuano-cincosi 6 ’siicyui 3
nOKpaweHumuy excniyamayiunumu xapakmepucmuxamu / A. b. Axumeuxo, M. A. Canuywxuti // BydigenvHi
mamepianu ma eupoou. — 2012. — Ne 5 (76). — C. 4-8. 14. Cenusanos B. M. Cyxue cazobemonnvie cmecu
Ha OCHOGE GMOPUUHO20 Cblpbs U 0mx0006 npomviwinennocmu / B. M. Cenusanos, A. . Lllunvyuna,
A. U. Tnoips // Cmpoumenvuvie mamepuanvt. — 2000. — Ne 9. — C. 10-11. 15. Amran Y. H. M. Properties
and applications of foamed concrete; a review. / Amran Y. H. M., Farzadnia N., Abang Ali A. A. //
Construction and Building Materials. — Vol. 101, Part 1. — 2015. — P. 990-1005. 16. Martynov V. Influence
of the Structure of a Material Solid Phase on the Properties of Cellular Concrete / V. Martynov and oth. //
National Journal of Composite Materials. — 2015. — Ned. Vol. 5. — P. 79-80. 17. HAxumeuxo A. b.
Hexomopule ocobennocmu ucnonvb306anus HezawieHol uzgecmu 6 sueucmoix 6emonax / A. b. Axumeurxo //
Cmpoumenvnvie mamepuanwvl. — 2006. — Ne 6. — C. 26-27. 18. HAxumeuxo A. b. Kinemuuni napamempu
eiopamayii CaO 6 posuunax enexmponimie / A. b. Axumeuxo, B. A. Bonowuneys // Texnonoeii ma ousatin:
enexkmponne gaxoge eudanus. —2012. —Ne 1 (2). — 11 c. — Pesxcum docmyny 00 dcypu.: http://www. nbuv.
gov. ua/e-journals/td/2012 _1/2012-1. html. 19. Pozniak O. Non-autoclave aerated concrete from modified
binders composition containing supplementary cementitious materials / Pozniak O., Melnyk A. //
Budownictwo I architektura. Politechnika Lubelska. — 2014. — Vol. 13(2). — P.127—134. 20. Tposn B. B.
llobasku ons 6emonis i 6ydisenvhux posuunie / B. B. Tposin..— Hiowcun : TOB “Budaenuymeo “‘Acnexm-
Ioniepagp”, 2010. — 228 c. 21. Memaxkaonin & 6ydisenvnux posuunax i Gemonax / [Heopxin JI. H.,
Jlywnixoea H. B., Pynosa P. ®., Tposn B. B.]. — [monoepagis]. — K.: KHVbBiA, 2007. — 216 c.
22. Zulkarnain F. Durability of Performance Foamed Concrete Mix Design with Silica Fume for Housing
Development / F. Zulkarnain, M. Ramli // Journal of Material Sciences and Engineering. — 2011. —
P. 518-527. 23. I'anuna E. A. Komnosuyuonnoe 2uncosoe esaxicyuee ¢ npumeHeHuem HAHOCMPYKMypu-
posannozo Kpemueszemucmozo xomnonenma / E. A. anuna, JI. B. 3axpesckas // Akmyanvhvie npobiemvl
apxumexmypwl, cmpoumenvcmea u ousauna : Mamepuanvl Edice200H0tl MeNCOYHAPOOHOU CMYOEHUECKOU
HAYYHOU KOH(pepeHyuu UHCMUmMyma CMpoumenbcmed, apxumexkmypvl U uckycemed. Maznumozopck,
23-24 anpens 2015. Maenumoeopck. — 2015. — C. 121-124. 24. Cepoiox B. P. Minepanoni ma ximiumi

152



0obasku 6 mexnonozii eazobemonie / B. P. Cepowx, O. O. Miwenxo // CmpoumenvHble mamepuabl,
uzoenusa u canumapuas mexruuxa — 2011. —Ne 39. — C. 141-146.
References

1. Sanytsky M. A., Poznyak O. R., Marushchak U. D. (2013). Enerhozberihayuchi tekhnolohiyi v
budivnytstvi: navch. posibnyk, 2013. — 236 p. [in Ukrainian]. 2. Soltysik R. A., Marushchak U. D.,
Poznyak O. R., Duma V. O. (2018) Aspekty staloho rozvytku v budivnytstvi, Stalyy rozvytok — stan ta
perspektyvy: materialy mizhnarodnoho naukovoho sympoziumu SDEV'2018, pp. 92-93. [in Ukrainian].
3. Obsyahy suchasnoho vyrobnytstva i spozhyvannya hazobetonu. [Elektronnyy resurs]. — Rezhym
dostupu: https.://pp-budpostach. com. ua/a255738-obsyagi-suchasnogo-virobnitstva. html. [in Ukrainian].
4. Tomilin K. V., Storchay N. S. (2006) Yacheistyy beton — perspektivy razvitiya, Beton i zhelezobeton v
Ukraine, No. 3, P. 2-3. [in Russian]. 5. Chervyakov Yu. M. (2008) Nizdryuvatiy beton — yefektivniy
stinoviy material, Stroitel'nyye materialy i izdeliya. — No. 6. — S. 35-37. [in Ukrainian]. 6. E. Namsone,
G. Sahmenko, A. Korjakins (2017) Durability Properties of High Performance Foamed Concrete,
Procedia Engineering, No. 172, P. 760 —767. 7. Elektronnyy resurs. — Rezhym dostupu: https://gazobeton.
org. [in Ukrainian]. 8. Zh. A. Abdyraymov, S. Zh. Melibayev (2013) Uluchsheniye svoystv gazobetonnykh
smesey i neavtoklavnogo gazobetona vedeniyem razlichnykh dobavok, Vestnik KGUSTA, No. 3, P. 119-123.
[in Russian]. 9. V. A. Lotov, N. A. Mitina (2009) Vliyaniniye dobavok na fazovyy sostav gazobetonnoy
smesi v protsesse yeye tverdeniya, Materialy nauchno—prakt. konferentsii “Khimiya i khimicheskaya
tekhnologiya na rubezhe tysyachiletey”, T. 1, P. 98—100. [in Russian]. 10. Pozniak O. R., Melnyk V. M.,
Zavadskiy [. O., Melynyk A. Ya. (2017) Vyrobnytstvo, vlastivosti [ zastosuvannia gazobetonu
neavtoklavnogo tverdnennia, Visnyk Natsionalnogo universitetu “Lvivska politekhnika”. “Teoriya i
praktika budivnitstva”, No. 877, P. 160—166. [in Ukrainian]. 11. R. F. Runova, V. [ Gots, O. G. Gelevera,
O. P. Konstantinovskiy, Yu. L. Nosovskiy, V.V.Pipa (2017) Osnovy vyrobnytstva stinovykh ta
ozdoblyuvalnykh materialiv, 528 s. [in Ukrainian].12. Poznyak O., Sanytsky M., Zavadsky 1.,
Braichenko S., Melnyk A. (2018) Research into structure formation and properties of the fiber-reinforced
aerated concrete obtained by the non-autoclaved hardening // Eastern-European Journal of Enterprise
Technologies, No. 3/6 (93), P. 39—46. 13. Ya. B. Yakymechko, M. A. Sanytskyy (2012) Vapnyano-hipsovi
vyazhuchi z pokrashchenymy ekspluatatsiynymy kharakterystykamy, Budivelni materialy ta vyroby, No. 5
(76), P. 4-8. [in Ukrainian]. 14. V. M. Selyvanov, A. D. Shyltsyna, A. Y. Hnyrya (2000) Sukhye
hazobetonnye smesy na osnove vtorychnoho syr'va y otkhodov promyshlennosty, Stroytelnye materialy,
No. 9, P. 10-11. [in Russian]. 15. Amran Y. H. M., Farzadnia N., Abang Ali A. A. (2015) Properties and
applications of foamed concrete; a review, Construction and Building Materials, Vol. 101, Part 1, P. 990-1005.
16. Martynov V. and oth. (2015) Influence of the Structure of a Material Solid Phase on the Properties of
Cellular Concrete, National Journal of Composite Materials, No. 4. Vol 5, P. 79-80.
17. Yakymechko Ya. B. (2006) Nekotorye osobennosty yspolzovanyya nehashenoy yzvesty v yacheystykh
betonakh, Stroytelnye materyaly, No. 6, P. 26-27. [in Russian].18. Yakymechko Ya. B., Voloshynets V. A.
(2012) Kinetychni parametry hidratatsiyi CaO v rozchynakh elektrolitiv, Tekhnolohiyi ta dyzayn:
elektronne fakhove vydannya, No. 1 (2), 11 p. — Rezhym dostupu do zhurn.: http://www. nbuv. gov. ua/e-
Jjournals/td/2012 _1/2012-1. html. [in Ukrainian]. 19. Pozniak O. Melnyk A. (2014) Non-autoclave aerated
concrete from modified binders composition containing supplementary cementitious materials,
Budownictwo I architektura. Politechnika Lubelska, Vol. 13(2), P.127-134. 20. Troyan V. V. (2010)
Dobavky dlya betoniv i budivelnykh rozchyniv, 2010, 228 p. [in Ukrainian]. 21. Dvorkin L. Y.,
Lushnikova N. V., Runova R. F., Troyan V. V. (2007) Metakaolin v budivelnykh rozchynakh i betonakh,
2007, 216 p. 22. Zulkarnain F., Ramli M. (2011) Durability of Performance Foamed Concrete Mix Design
with Silica Fume for Housing Development, Journal of Material Sciences and Engineering, P. 518-527.
23. Ganina Ye. A., Zakrevskaya L. V. (2015) Kompozitsionnoye gipsovoye vyazhushcheye s primeneniyem
nanostrukturi-rovannogo kremnezemistogo komponenta (2015) Aktualnyye problemy arkhitektury,
stroitelstva i dizayna: Materialy Yezhegodnoy mezhdunarodnoy studencheskoy nauchnoy konferentsii
instituta  stroitel'stva, arkhitektury i iskusstva, P. 121-124. [in Russian]. 24. SerdyukV.R.,
Mishchenko O. O. (2011) Mineralni ta khimichni dobavki v tekhnologii gazobetoniv, Stroitelnyye
materialy, izdeliya i sanitarnaya tekhnika, No. 39, P. 141-146. [in Ukrainian].

153



