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HEPEJIIK YMOBHUX ITIO3HAYEHBb, CUMBOJIIB, OAUHUIIb,

CKOPOUYEHbD I TEPMIHIB
PITb — PeaKIiifHO-MTOPOIIKOBI OETOHU
RPC — Reactive Powder Concrete
B/11 — BOJIO-IIEMEHTHE B1JHOIIICHHS,
B/T — BOJIO-TBEP/I€ BIIHOIICHHSI;
P/B — PO3YHHHO-B'SDKYYE BiTHOIICHHS,
P/HI — PO3YMHHO-IIIAKOBE BiTHOIIICHHST,
AT — I'paHyJIbOBAaHUM JOMEHHUM LIJIAK;
JICTM — JIrHOCYJIb(POHAT HATPIEBUM TEXHIYHUIN MOAU(DIKOBAHUM;
JIALL — JIy’)KHO-aKTUBOBAHUM LIEMEHT;
ITAP — MOBEPXHEBO-AKTUBHA PEUYOBHHA;
KIC — KpUTHYHA 1HPpACTPYKTYpa;
THO — TpuHaTpidocdar;
CAb — cynb(haTHO-IPIKIHKOBA OpaxKa
111 — MOPTJIAHALEMEHT
Mc — CWJIIKATHUM MOJTYJIb PO3YMHHUX CHIIIKATIB HATPIIO
TBO — TeIIOBOJIOTa 00poOKa
IT:11 — MICOK : IIEMEHT

JIAIHIIL] - ;y»)xHO-aKTHBOBAHI ITAKOIOPTIAH/IIEMEHTH
PDA — peHTreHo-(ha3o0BHil aHami3

KMI] — KapOOKCUIIMETHJIIIEITION03a HATPIIO



AHOTANIA

Pazcamakin A. B. "JlekopaTuBHI peakiliiiHO-TIOPOIIKOBI OETOHM Ha OCHOBI
JTy>KHO-aKTHBOBAHMX IIIAKOMIOPTIAHIIIEMEHTIB" — KBamiikaiiiiHa HayKkoBa Tparls
Ha TMpaBax PyKOMHCY.

Hucepraliiss Ha 3100yTTS HAyKOBOIO CTymHeHs JokTtopa (inocodii 3a
cnemianbHicTio 192 "ByniBHunTBo Ta muBinbHa iHxkeHepis" (19 —ApxiTekTypa Ta
OyniBHUIITBO). — KHiBChbKMI HaIlllOHABHUN YHIBEPCUTET OYMIBHUIITBA 1 ApXITEKTYpH
MinicTepcTBa OCBITH 1 HayKu Ykpainu, Kuis, 2026.

VY aucepraimiiiHiii poOOTI MOKa3aHa MOXJIMBICTb PO3POOKH, AOCTIIKEHHS 1
e(EKTUBHOTO BHKOPUCTAHHS JY)KHO-aKTHBOBAaHUX MUIAKOMOPTIAHIIEMEHTIB Ta
OTpUMaHHSI Ha iX OCHOBI PEaKIIHHO-MOPOIIKOBUX OETOHIB 3 BUCOKUMH 1
HAJIBUCOKUMH  (DI3UKO-MEXaHIYHUMH, CKCIUTyaTallliHUMH, CIHeliaJbHUMH  Ta
JIEKOPAaTUBHUMH BIACTUBOCTSIMHU.

AHani3 cyyacHHUX TEHJCHIIM y CBITOBOMY MaTepiajio3HABCTBI, BIMCHKOBO-
MOJITUYHA CHUTyaIlli y CBiTi, 1 B YKpaiHi 30KpeMa, BKa3ylTh Ha MPIOPUTETHICTh
pO3pOOKH 1 BUKOPUCTAHHS OyAiBEIBHUX MaTepialliB 3 BHCOKMMHU Ta HAJBUCOKUMH
G13UKO-MEXaHIYHUMH 1  eKCIUTyaTallliHUMU ~ XapaKTepUCTUKAMH, SKI  3/aTHI
BUTPUMYBATH 3HAYHI JMHAMIYHI HaBaHTaXeHHA. lle, y mepumry 4depry, IEMEHTH 1
OeroHM Ha iX OcCHOBI. ICHye mOmuT 1 3alliKaBIEHICTh B OTPUMAaHHI MOJIOHHX
MatepiaiiB. Aje mo6 3a0e3mneuynTd eheKTUBHICTh BUKOPUCTAHHS TaKUX IIEMEHTIB Y
OeToHax ciiA 3HAYHO MIABUIIMTH iX AaKTHBHICTH Ta (OPMYBAHHS KOMILIEKCY
CHEIiaIbHUX BJACTUBOCTEH — BHCOKUX TPYKHO-TUIACTUYHHUX XapaKTEPHUCTHK,
BHCOKOI TPIIIMHOCTIMKOCTI, YJApPHOT MIIIHOCTI, PETyJIbOBAaHUX BIACHUX Ae(opmarlii,
MOPO30CTIHKOCTI, BOJIOHENPOHUKHOCTI, 3JaTHOCTI TBEPJAHYTH TPH BIJI EMHUX
TEMIEepaTypax Ta IMiJ BOJOK, BOTHECTIMKOCTI, KOPO31MHOI CTIMKOCTI, HHU3BKOTO
TEIUIOBUJUICHHS 1, HE B OCTaHHIO Yepry, JAEKOPaTHMBHOCTI Ta 3pPY4YHOCTI
BUKOPHUCTAHHS, 110 MOXKe OyTH peaizoBaHa TakoX 1y Gopmari cyxux OyiBEIbHUX

CyMIiIIEH.
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Cnig TakoX BIAMITUTH, OIO0 JEKOPATHBHI IIEMEHTHM Ha OCHOBI 01710r0
HNOPTIAHIEMEHTY B YKpaiHi He BUPOOISIOTHCS, a IMIOPTYIOTHCSA 3 IHIIUX KpaiH.

ToMy BUKOpHCTaHHS BHCOKOS()EKTUBHHUX JICKOPATUBHUX JIY)KHO-aKTUBOBAHUX
LEMEHTIB MOXKE CTaTH )KUTTEBO BAXKIMBOIO ATbTEPHATHUBOIO Y BUPOOHUITBI O1LIMX Ta
KOJIbOPOBHUX IIEMEHTIB. BoHM 371aTHI HagaBaTH psii OCOOIUBUX BIACTHBOCTEH —
CTaOUTBHICTB KOJIbOPY, TOBIOBIYHICTh, BUCOKY ar€3110 TOIIIO.

OcHOBHI CcyyacHi CBITOBI TEHJICHIIII CHOPSMOBaHI Ha MIABUIIEHHS BUMOT [0
0aratoyHKIIOHATBLHOCTI 1 JOBTOBIYHOCTI OYIiBENbHUX MaTepialliB, IiIBUIIECHHS
e(pEeKTUBHOCTI BHUKOPUCTAHHS LIEMEHTIB, 3MEHIIEHHS €HeproBUTpaT 1 coOiBapTOCTI
JUISL TIJBUIIEHHS X €KCIUTyaTalliiHUX BJIACTUBOCTEH, MiABUIIEHHS 1X €KOJOTTYHOCTI
Ta 3MEHIICHHS KapOOHATHOTO CIIAY.

BignoBigHicTe aucepTaliifHoi poOOTH 3a3HAYEHUM TEHACHIISAM CIIpHUSE, 3
OHOTO OOKYy, CTAHOBJIEHHIO EKOHOMIKM 3aMKHEHOTO IIMKIY, HalpaBieHOl Ha
3a0e3nedeHAs] e(PEeKTUBHOCTI BUPOOHMIITBA Ta 30€pPEKCHHS HABKOJIUIITHHOTO
CepeIoBHINa, a 3 1HIIOro OOKY, MIJBUIICHHIO JTEKOPATUBHUX, (P13MKO-MEXaHIUHUX Ta
eKCIUTyaTalifHUX TOKA3HUKIB TIPHW 3BEJCHHI HOBUX Ta PEMOHTI CTApUX CIOPY.
3arajabHO-OYAIBEIHHOTO Ta CIEiaJbHOTO, Y T.4. CTPATETiYHOTO PHU3HAUYCHHSI.

JIOWiNBHICT, BUKOHAHHS 3aBJaHb, Ha BHPIINICHHS SKUX CHPSIMOBAHO
TUCepTaIiitHy poOoTy, OOIpyHTOBaHAa peE3ylbTaTaMH TIOMEPEIHIX JTOCIIIKECHb
BITYM3HSHUX Ta 3aKOPJOHHUX aBTOPIB MPH BUKOHAHHI MPAKTUYHHUX PO3POOOK SK B
VYkpaini, Tak 1 3a KopAoHOM. Bimomi pe3ynpTaTe moTpeOyIOTh cHCTeMaTH3allii Ta
PO3BUTKY MpOOJIEMAaTUKA Yy HampsSMKY YIOPaBIIHHS SK CKJIQJOM TiApaTHUX
HOBOYTBOPEHB IIEMEHTHOTO KAMEHIO, TaK 1 CTPYKTYpH OCTOHIB, 3AaTHUX 3a0€3MEYUTH
HEOOXI1IHUN pPIBEHb JEKOPATUBHUX BJIACTUBOCTEH, MEXaHIYHY MILHICTh, YAAapHY
CTIHKICTB Ta 1X JOBIOBIYHICTb.

Takum yMHOM, ONMUT HA HEOPraHiuHI IIEMEHTHI MaTepiaau Ta OETOHM Ha iX
OCHOBI 3 BHIIEBKA3aHUMU BJIACTHBOCTSIMH BHCOKHA. 3 BpaxXyBaHHSM YChOTO
BUIIIECKA3aHOTO II€ OJHO3HAYHO O0YMOBJIIOE aKTyalbHICTh MPOOJIEeMH 1 HEOOXITHICTh

il BUpIIIICHHS.
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VY pochmimpKeHHSX, SIK aTIOMOCHIIIKaTHI KOMIIOHEHTH B'SKYYUX KOMIIO3HIIIMN,
Oynu  BHUKOpPUCTaHI  TOHKOAMCIEPCHUH  JIHIMPOA3EpKUHCBHKUM  TOMEHHUU
IpaHyJbOBaHUN nuIaKk 1 mopriaanauemedTt tuny I[II[1 kmacy 42,5N 3 nuTomoro
nosepxuero  4100...4200 cv’/r (32 BreiiHoM) i3 CIIBBIZHONIGHHSAM Yy IIIAKO-
HeMeHTH1H cymimr 95:5, 75:25 1 55:45 (uwnak : mopTiaaHIIeMEHT).

Sk my’>)KHUI KOMIIOHEHT BUKOPUCTOBYBABCS METACHIIIKAT HATPIO MEHTariapar
(Na,0-SiO,5H,0) 3a CAS 497-19-8 y BUISII HETITPOCKOMMYHOTO TMOPOIIKY Ta Y
BUIISIAL po3unny 3 p = 1,24 r/em’. Y BUNAnKy BUKOPHCTAHHS JIy)KHOTO KOMIIOHEHTY
y BUINISAl MOPOIIKY CyMmiml "muiak + MOPTIaHALEMEHT + MOpomok + mobaBka
3aMillyBajiacsi BOJAOIO. Y BHNAJIKy BHUKOPHCTaHHS pPO3UMHY cCywmim "mmak -+
NOpTJIaHAIEeMeHT + mo0OaBka" 3aMmillyBamacs BOJHUM PO3YMHOM  JIYXKHOTO
KOMIOHEHTY 3 p = 1,24 r/mu.

B sKxocTi Jy’)KHOTO KOMIIOHEHTY BHUKOPHCTOBYBAJIOCS TaKOX PO3YMHHE
BHCOKOMO/YJIbHE HaTpieBe ckiio 3a CAS 1344-09-8 3Mc=2...3ip= 1,35 r/em’.

B sKocTi peryasTopiB CTPOKIB TYXaBJI€HHS 1 CTPYKTYpPOYTBOPEHHS
KOMIO3UIIIM 3 METacHJiKaTOM HaTpil0 BUKOpHCTOBYyBajacs jgobOaBka JICTM
(nmirnocynbdoHaT TexHIYHUU MoaudikoBanuit HaTpieBut — CryH,,Na,0;,S5) 3a CAS
8061-51-6 y BurIsii KOHIIEHTpOBaHOTO po3unHy 3 p = 1,25, K=45% 1 pH =09.

JUis  perymioBaHHS ~ CTPOKIB  TY)KAaBJICHHA  KOMIIO3HUIIII Ha  OCHOBI
BUCOKOMOAYJIBHUX HATPIEBUX PO3YMHHHUX CTEKOJI 3 Mc >2 BUKOPHUCTOBYBAIHCS
nob6asku TpuHatpiidochary — Na;PO, 12H,0 (nam 3a tekctom TH®) 1 rminepuny —
C;H30; a6o C;Hs(OH); 3a CAS 10101-89-0 3 p = 1,228 r/em’. Cine Na;PO, 12H,0
Oyna BUKOpUCTaHA SIK MOAMGIKATOP ISl MIABUIIEHHS CTIMKOCTI BUCOKOMOYJIBHUX
HATPIEBUX CIJIIKATIB /10 KOATYJSIlii Mpy B3a€MOJIT 31 MIJIaKOM (IIEMEHTOM) 1, TAaKUM
YUHOM, JIJIS1 CHOBUTHHEHHS TY)KABJICHHS JTOCIIHKYBAHUX IIEMEHTHUX KOMITO3HITIH.

SK CTPYKTYpOYTBOpIOIOUl J1O00ABKH JUIsl PETYIIOBaHHS YCaaku Ta OUIM3HU
JTY>KHO-aKTHBOBAHOTO MIIAKOTOPTIAHAIIEMEHTY Ta PEaKIIiMHO-TIOPOIIKOBOTO OETOHY
BUKOPHCTOBYBABCS TOHKOUCTIEpcHUM kapOoHat kanblito (CaCO;) 3a CAS 471-34-1
3 Oumu3HoI0 90% y mopomkonoaioHii (Hopmi, TOHKOAUCIIEPCHUM MIOKCH]l TUTaHY

TiO, (pyrun) 3a CAS 13463-67-7, xaomin xmacy KH 84 3a CAS 1332-58-7,
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3aCTOCOBYBAaHWUW y TAMEpoBid MpOMHCIOBOCTI 3 OummsHO 84%. Takox
BUKOPHCTOBYBAJIUCS MITMEHTH MIHEPAIBHOTO TTOXOKEHHS.

Jlns MikpoapMmyBaHHsA Oyjla BUKOPHCTaHa TOJIMPOIUJIEHOBA 1 KOMOJIMep-
nporinenosa (Gibpa y Kinbkocti 3...4 Kr/Mm’.

Sk npiOHMIA 3amOBHIOBAY y LIEMEHTHO-MIIAHUX PO3YMHAX BUKOPUCTOBYBAIIU
crangaptauii micok (JICTY b B.2.7-189:2009) Ta piukoBuil KBapIOBUN MICOK 3
Mk = 1,16.

Bunpo6osyBanus PIIb Ha ynapHy MitHICTh (yAapHY B'SI3KICTh) BUKOHYBAJIOCS
3a METOJMKOI0, BHUKJIQJIEHOIO Yy MiApy4HUKY bymiBenbHe marepiano3HaBCTBO / 3a
pen. Kpusenka I1.B. — Kwuis: Jlipa-K, 2012. C.55.

CTpyKTypOyTBOPEHHS KOMIIO3HIIIN Ta (hI3UKO-MEXaHIYHI W eKCIUTyaTaiiitHi
BJIACTUBOCTI B'SDKY4YMX 1 OETOHIB KOHTPOJIIOBAJIOCHh 3 BUKOPUCTAHHSAM KOMILIEKCY
¢di13uKo-MexaHIYHUX (MILHICTh, YyAapHAa MIIHICTh, ycaaka) Ta (DI3UKO-XIMIYHHX
MeTOUK nocuixeHsb (PDOA, 30H10BUI aHATI3 MIKPOCTPYKTYPU LIEMEHTHOTO KaMEHS
Ha pPacTpoOBOMY €JIEKTPOHHOMY MIKPOCKOMI-MiKpOaHali3aTopi, KaJoOpUMETPis,
raJibBaHO-€.p.C., CJEKTPOOIIp TAaCT, KOHTpaKIlis). BusHadueHHs OiMU3HU 3pa3KiB
BUKOHYBAJIOCh 3a J0noMoror crnekrpodoromerpa NS810 3 miana3zoHOM JOBXKHH
xBuiib 400...700 HM. s MOpIBHSHHS BHKOPUCTOBYBaBcs 3pa3ok Ral 9016 3i
ctyrneneM 6inm3HU L = 98,85.

Jns onTumizamii ckiaaiB ApiOHO3EPHUCTUX OETOHIB, 3pYYHOCTI OOpPOOKHU
OTPUMAHUX JaHUX OyJ0 BHUKOPHUCTAHO MAaTEMaTUYHE IUTAHYBAHHS EKCIEPUMEHTY
tuny  [IDE-2° Tta II®E-3°, sike TpammiiitHo noGpe 3apekoMeHmyBaio cebe y
HAYKOBUX JOCIIKEHHSIX.

VY Xoni AOCHIIKEHb BCTAHOBJIEHI OCHOBHI 3Ha4UMi (PaKTOpH, 3/1aTHI CYTTEBO
BIUIMBATH HA CTPYKTYPOYTBOPEHHSI JY>KHO-aKTUBOBAHUX IEMEHTIB y HANPAMKY
3a0€3MeUYCeHHs] BHUCOKHX (DI3MKO-MEXaHIUHUX, eKCIUTyaTaI[liHUX Ta CHeIllalbHUX
BiaactuBoctedl. lle amoMocuimikaTHUI CKJIaJ LEMEHTY, HapaMeTpH PO3UMHHUX
CUJIIKATIB HATPi0 (CWJIIKATHUM MOJYJb, arperaTHUN CTaH, JI03yBaHHSA) 1 MpHUpoJa
Moaudikyrounx n106aBok. Jly>KHO-aKTMBOBaHI LIEMEHTH, B SKHUX Yy SKOCTI JYXHOTO

KOMIIOHCHTY BHUKOPHCTOBYIOTLCA CHITIKATH HaniIO, BI/IpiBH}IIOTI)CH IMBUIKHUM



HAOOPOM MIITHOCTI, BUCOKOIO aKTHBHICTIO, YIapHOIO MIIHICTIO, MOPO3OCTIMKICTIO .
Ile Bka3zye Ha NEPCHEKTHBHICTh 1X BUKOPHUCTAHHS SIK OCHOBHM JJIi OTPUMAaHHS
PEeaKIIHHO-TTOPOIIKOBUX OCTOHIB JISl 3aXHUCTY KPUTHYHOI 1HPPACTPYKTYPH.

bynu BuKOHAHI JOCHIIPKEHHS MO PEryjliOBaHHIO CTPOKIB TY)KaBJICHHS
[IEMEHTIB, AaKTHBOBAaHWX PO3UYMHHMMHU CHJiKatamMud Hatpito 3 Mc = 1
(Na,0-SiO,'5H,0 — mertacunikat HaTpiro meHrtarigpar) i Mc = 2...3. Meracumikar
HATPII0 MEHTaripaT BUKOPUCTOBYBABCA Y JBOX arperaTHUX CTaHax — Y BUIJISL
HOPOUIKY 1y BUTJISIAL BOAHOTO PO3UHHY.

JInst  ynpaBiiHHA —PpEOJIOTIYHMMHU  BJIACTUBOCTAMU 1 CTPOKAMH IIOYATKY
TY)KaBJICHHS JIy’)KHO-aKTUBOBAaHUX IIEMEHTIB Ha OCHOBI METACWJIIKaTy HaTpiro Oyia
BuKopucTtana gqo6aska JICTM HatpieBuii.

[TokazaHo, 10 BBEIEHHS METACUJIIKATY HATPIIO IO IIEMEHTY Y BUTJISIII BOJTHOTO
pPO3UMHY MPHU3BOJUTH 0 CYTTEBO OLIBINOI 1HTEHCHU(IKALIl CTPYKTYPOYTBOPIOIOYUX
MPOIECIB 1 CKOPOYEHHS CTPOKIB TYXKaBJICHHS Yy TOPIBHSHHI 3 BapiaHTOM
BUKOPHUCTAHHSA METAaCHJIIKaTy HATPiI0 y BUIJISII MOPOMIKY 13 3aMIITYBaHHAM BOJOIO.
BcranoBneHo, 1110 3pocTaHHs BMICTY MOPTIAHAIEMEHTY Y IUIAKO-IIEMEHTHIH cymiri
TaKOX BeJAE M0 BIAYYTHOTO CKOPOYEHHS CTPOKIB TY)KaBIE€HHS — Yy OUIBIIOCTI
BUIA/IKiB HEJIOMTYCTUMOTO 3 TOYKHU 30py TEXHOJOTIYHUX BHMOT.

Hocnimkennss BmuBy Ao6aBku JICTM mokaszano MOXIUBICTH €()EeKTHBHOTO
YIPaBIIiHHS CTPOKAMH TY>KaBJICHHS 32 YMOBH i BAKOPUCTAHHS HE Y PEKOMEHI0BaHii
HOPMATUBHUMHU JTOKYMEHTaMHU KIJbKOCT1 ISl TPAAMIIMHUX KIIHKEPHUX IIEMEHTIB
(0,1...0,3%), a y mnigBuieHid KuibkocTi — 10 4%. Y pe3yapTaTi OTpUMAaHO
TEXHOJOTIYHO  MPUMHATHI  CTPOKM  MOYATKYy  TYXKaBIEHHA Yy  Mexax
0-38...2-24 ron.-XB. TNpU BUKOPUCTaHHI B SKOCTI JY)KHOTO KOMIIOHEHTY
MmeTacuiikary Harpito 1 Jo6aBku JICTM y kinbkocTi 2...4%.

3aJe’)XHO BiJl arperaTHOr0 CTaHy JYXHOI'O KOMIIOHEHTY OTPUMAaHO JyXHO-
aKTUBOBAHI IUIAKOMOPTIAHIIEMEHTH 3 aKTUBHICTIO 4yepe3 28 nib 56...65 Mlla npu
MOPOIIKOBOMY BBEJICHHI METacWJIIKaTy HATpil0 13 3aMilllyBaHHSM BOJOIO 1

104,1...115,1 MIIa npu BBeJiIeHHI METAaCUJIIKATy HATPIIO y BUIJISIII PO3UHHY.
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PesynbraTti mOCHIHKEHHS CTPYKTYPOYTBOPEHHSI JTY>KHO-aKTHBOBAHMX IIIAKO-
nopTiaaHANeMeHTHUX Kommo3uilii (PDA, kamopumerpii, TaabBaHO-€.p.C., OIOPY
1acT, KOHTPAKIIi) MiATBEPAUJIA BUIIICHABEICHI BUCHOBKH 1 3HAXOUJIUCH Y XOPOIIIiit
Kopensmii 3 OTPUMAaHUMH  TEXHOJIOTIYHUMU 1 (b13UKO-MEXaHIYHUMH
XapaKTePUCTHKAMH.

OTpuMaHHS BHCOKOAKTUBHUX JTy>)KHO-aKTHBOBAaHHMX IUIAKOMOPTIAH/IIIEMEHTIB
JO3BOJIIJIO TIEPEUTH 110 PO3POOKKM HA iX OCHOBI 1 JOCIHIKEHHS OeKOpamusHUX
ITAKOTOPTIAHIIIEMEHTIB.

bynu BuKoHaHI IOCHiKeHHs BIUIMBY BinOumorounx 106aBok (7i0; 1 CaCOy;)
Ta MOPTJIAHAIIEMEHTY y CyMimi "miak + mopTiaaHaneMeHT" (i3 BMICTOM MUIAKY Y IIiH
cymimn 45, 70 1 95%) Ha cryniHb OUIM3HU B'SDKYYMX KOMIIO3MIIIM Ta iX (¢i3uKo-
MEXaHIYH1 BIIACTUBOCTI 3 BUKOPUCTAHHIM MOBHOTO (paKTOPHOTO €KCIIEPUMEHTY THUITY
[IOE-3” 3 QyHKI{iAMH BIATYKY V BHDISIAI OUTH3HU, CTPOKIB IOYATKY TYKABICHHS i
MIIIHOCTI HAa CTHUCK. JIy>)KHHI KOMIIOHEHT — METaCHJIIKAaT HaTpil0 MEHTariapar y
kubkocTi 10%, y BUTJISil HOPONIKY 13 3aMillIlyBaHHSM BOJIOKO.

3a Bumoramu JICTY b B.2.7-268-2011, nmns oTpumanHs OiI0OTO KOJHOPY
NOPTIAHAUEMEHTHUM KITIHKEp O170r0 IEMEHTY MOBUHEH MaTH O1Mn3HY > 68%. A s
YKOBTO-YEPBOHOI TaMH 1 KOPUYHEBOTO KOJHOPY KOJIBOPOBHUX IIEMEHTIB 1€l TTOKa3HUK
noBuHeH O0ytu > 40%.

3rifHO OTPUMaHHUM pe3yJbTaTaM, ONTHUMAIbHOI MOXXHA BBa)KATH KIUJIbKIiCTh
nooaBku Ti0O, 4...5%. VY 1upoMmy BuNaAKy OUIM3HA JTy>KHO-aKTHBOBaHOTO
IIUTAKOTIOPTJIAHIIIEMEHTY Ha PiBHI 68% J0CsITaeThes MPU BMICTI IUIAKY Y JIYXKHO-
aKTUBOBAHOMY  IIJAKOMOpTIaHIIEMEeHTI He MeHme 75% (1 mo  25%
nopTiaaHAneMenTy). Bei iHmi ckiagu 13 BMICTOM mwuiaky 1o 55% 1 BMicTOM
noptiaauanemMenty a0 45% watote OutnsHy 48...65% ¥ BIANOBIZAIOTH BUMOTAM
KOJIbOPOBHUX I[EMEHTIB JKOBTO-YEPBOHOI TaMH 1 KOPUYHEBOTO KoJbopy. CTpoku
MOYaTKy Ty>kaBlieHHs — 34...73 XB.

AHaJOri4Hl SIKICHI 3aJIeKHOCTI CIIOCTEpPIralOThCA 1 MpPU BHUKOPUCTAHHI

BinO10r04901 100aBku CaCO; y KinbKocTi 24%.
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Bukonano onTuMizaiiifo CKJIAIiB  JIy’)KHO-aKTHBOBAaHUX  JIEKOPATUBHHUX
LEMEHTIB 3a KpUTepieM OUTM3HU 3aJ€XHO B KUIBKOCTI OKCHIy 3ajli3a y LUIAKY Y
mexax 0,4...2,6% 13 3a0e3MeueHHsIM TIPU 1IbOMY OUIHW3HU IIEMEHTHOTO KaMEHI0 He
auxde 70%. BpaxoBanuii qiama3oH mMpuUCyTHOCTI OKCHAIB 3ami3a y nuiaky 0,4...2,6%
JI03BOJISIE BUKOPUCTOBYBAaTH yCi BiIOMi JOMEHHI NUIaKKW YKpaiHU JUISi OTPUMAHHS
011X JTy’)KHO-aKTHBOBAHUX IIEMEHTIB.

JlpiOHO3epHUCTI OETOHM Ha OCHOBI OUIMX JIy’)KHO-aKTUBOBAHHX IIIAKOBUX
HEeMeHTIB ciany 1:3, 3 MeTacuIikaToM HATPII0 Y BUTJISA1 TOPOIIKY, 13 3aMIITyBaHHIM
BOJIOIO 1 MIFMEHTOBAHUX 3a0apBIIIOIOYOI0 MIHEPaIbHOIO J00aBKOK, MAlOTh y BIlll
28 16 minHicTh HA cTuck 49,1...56,8 MlIla, a uepes 180 ni6 — 66,8...67,5 MIla. Yci
CKJIAIU MArOTh XOPOIIY AUHAMIKY TBEPAIHHS 1, BUXOSIYH 3 MIIIHOCTI Yy Biri 2 110 —
35...37 Mlla, ix MO>KHa BIAHECTH J0 HIBUAKOTBEPIHYIHX.

BcranoBneHo, 1110 3HaYCHHSI yCaaKu 3HAXomaThest y Mexkax 0,54...0,77 mm/m.
Haii6inpma ycanka y ckiagax 3 A00aBKOIO KaoJliHy, HailHMK4Ya — 3 J00aBKOIO
KaJIbIUTY.

MOopO030CTIHKICTh AeKOpaTHBHUX CKIaAiB He Hmwk4a F200. Yci ckimamum Takox
CTIWKI 10 i1 MOMEPEMIHHOTO 3aMOYYBAHHS 1 BUCYIITYBaHHSI.

Ckrnaay 3 pi3HUMHM BiIO1UTIOBa4aMH 1 MIrMEHTaMU PI3HUX KOJIBOPIB YCHIITHO
OPOMIUIM TECT Ha CTIMKICTh KOJBbOPY A0 YIbTpadioieTOBOTO OMPOMIHEHHS 1
TEIJIOBOJIOTO1 0OPOOKH.

VYci 3pa3ku JTy»KHO-aKTMBOBAaHMX JPIOHO3EPHUCTUX OETOHIB, SIK KOHTPOJbHI,
Tak 1 JEKOpPaTHBHI, MPOMILIN BUMPOOYBAHHS HA BUCOJOYTBOPEHHS 3 MO3UTHUBHHUM
pe3yabTatoM. J[Jig rapaHTOBAaHOTO BUKJIFOUEHHS MOSIBH BUCOJIIB (BUIIBITIB) JI0 CKJIaay
JIEKOPAaTUBHUX PO3YHMHIB BBOAMIACH BomoyTpumyroua nobaBka KMII[ y kinbkocTi
0,25%.

3rigHO 3 pe3ynbTaTaMd BUMIPOOYBaHb IIEMEHTHO-MIIIAHUX PO3YMHIB CKIIATY
1:3, mpurotoBaHuX y Ja0OpaTOPHUX YMOBAX, BOJOYTPHMYIOYa 3IAaTHICTH YCIX
CKJIa/IiB, Y TOMY YHCJIi 1 KOHTPOJILHUX, € JOCTATHHO BUCOKOIO 1 3HAXOUTHCS Y MekKax
94,3...96,5%. Baenenns pno6aBku KMIl mnokpammio 1i MOKa3HUKA 1O pPiBHSA

96,2...98,6%. OxpiM TiABUIICHHS BOJOYTPUMYIOUOI 3aTHOCTI, BBEJACHHS TOOABKH
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KMILI cmopusie MNOKpamieHHIO PEOJIOTIYHUX BJIACTUBOCTEH CyMilIl, MiABUILEHHIO
IUTACTUYHOCTI 1 3pYYHOCTI POOOTHU 3 CyMIIIIITIO Ta 3MEHIIIYE PU3UK MOSBU BUCOJIB.

Onrtumizariss CKJIaAiB JIY)KHO-aKTUBOBAHMX IIJIAKOMOPTIAHIIIEMEHTIB 34
¢$13UKO-MEXaHIYHUMHU Ta JCKOPATUBHUMHU O3HAKaMU J03BOJIMJIA TEpedTH 10
PO3pOOKHM Ha TX OCHOBI peakIliiHo-mopoikoBux 6eToHiB (PIIB).

Ha nepmiomy erami mociimkeHb Oyjia BCTaHOBJIEHA 3aJICKHICTh MIITHOCTI
[EMEHTHO-MIIIAaHUX OETOHIB y pI3HI CTPOKM TBEPIIHHSA BiJl CIIBBIIHOIICHHS
"B'sokyde : micok" y mexkax 1:3...1:1. Ilicox piukoBuii, kBapuoBuii, 3 Mk =1,16.
CriBBIAHOIIEHHS "IUIAK:MOPTJIAHALEMEHT" y [UIAaKOLEMEHTHIN cywimi 95:5.
JIy)kHUH KOMIIOHEHT — METACWJIIKAaT HaTPil0 TEHTaripaT y BUIJIAAI IOPOIIKY.
3aMilryBaHHS CyMillll — BOJIOKO.

Ak 1 cmpg Oyno odikyBaTH, 3OUIBIIEHHS BMICTY B'SDKY4Oi PEUYOBUHHU Yy
KOMIO3MIII Bele 0 3pOCTaHHs MIIHOCTI. MIIHICTP Ha CTUCK ckiamy 1:1 y Bimi
28 ni6 cranoBuna 87,5 Mlla, ckmany 1:2 — 67,7 Mlla, cknamy 1:3 — 49,8 MIla. A 'y
Bim 360 mi6 — 123,9; 94,6; 64,8 MlIla BignoBigHo. HaiOinbim BHCOKY MIIHICTH
npojeMoHCTpyBaB ckiag Ne 1 13 crmiBBigHOIIEHHS "B'sKyde : micok" — 1 : 1, sxuit i
OyB NPUMHATHIA OO0 MOAAIBLIMX JOCTIIKEHb B SAKOCTI PEAKIiHHO-MOPOIIKOBOTO
OeToHY.

OnTumizanis GpakifHOro CKIaAy PIYKOBOTO MICKY JO3BOJMJIA HOJIMIIUTU
MOKa3HWKHU MIIIHOCTI y BCl TEPMIHU TBEpHIHHA Ha 5...6%, OYEBHAHO, 3a PAXyHOK
OlMBIN IIUIBHOI YIAKOBKM 3€pEH 3allOBHIOBaYa 1 3MEHIIEHHS BOJONOTPEOH,
MOB's13aHOT 31 3MEHINIEHHS MUTOMOT TTOBEPXH1 3aIIOBHIOBAYA.

VYei ckimaam, SK 3 ONTHUMI30BaHUM (pakIiiHUM CKJIAJ0M ITiCKY, TaK 1 3 HE
ONTHUMI30BaHUM, ITPOJEMOHCTPYBAIU OCOOIMBO MIBUAKUI HaOIp MIITHOCTI Ha CTUCK —
35,7...40,0 MIla uepe3 1 moOy. Yepesz 28 nmi6 — 87,5..91,8, gepe3s 360 mi6 —
123,9...128,3 Mlla.

CHiBBIHOIIEHHS MIIIHOCTI HA CTHUCK 0 MIIHOCTI Ha 3TMH CKJIAJI0 3arajioMm
5,3...5,9 y Bimi 28 116 1 5,8...6,5 yepe3 360 mi0, mo CBITYUTH PO MiABUIICHY

TPIIMHOCTIUKICT MaTepiaiy.
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Buxopucrtanus meracuiikaTy HATpil0 Y BUTIAAI po3uuHy 3 p = 1,24 r/mn
CYTTEBO 1HTEHCU(IKYBaJIO CTPYKTYpOYTBOPIOIOUI TPOLECH Y TMOPIBHIHHI 3
MOPOIIKOBUM BapiaHTOM BUKOPHUCTAHHS METACHJIIKaTy HaTpil0 1 J03BOJIUJIO
OTpUMAaTH CYNEpPHIBUIKUN Hallp MiHOCTI Ha cTtuck — 52,3...56,0 MIla uepes
1 o6y, 73,8...76,3 MIlla uepe3 2 nmoou Tta 85,0...87.1 MIla uepe3 3 nobwm.
AKTUBHICTB y Billl 28 116 cranoBuna 102,4...108,7 MIla, miunicts uepe3 360 ai6 —
124,8...141,4 MIla 3aJIEKHO B[ BMICTY MOPTIAHAUEMEHTY y
[UTAKOMOPTJIAHAIIEMEHTIH  cyMimmi.  301IbIIEHHS  BMICTY — MOPTJIAHAIIEMEHTY
MIPUCKOPIOE HA0Ip MILHOCTI Y paHHI CTPOKH (110 3 Ai0), aje AelIo 3MEHIIYE y OlIbIIT
BiJITaJICH] TEPMiHH.

Jlemo HUX4Ya aKTUBHICTH B'SDKY4YOi KOMMO3MIlT MPU BUKOPUCTAHHI MOPOILIKY
METacCWJIIKaTy HATpil0 y TOPIBHSIHHI 13 3aMilllyBaHHSAM BOJHUM pPO3YHHOM
METacHJIIKaTy HaTpilo, OYEBHUIHO, MOB'A3aHa 3 BUTpAaTaMU Yacy Ta €Heprii Ha
PO3YMHEHHS MOPOILIKY MOPIBHSHO 3 BOJAHUM PO3UYMHOM METACUJIIKATY, KU 3 camMoro
MOYaTKy Ma€ OLIbII BUCOKY JIY>KHICTh CEPEIOBHUIIIA 1 BiAPa3y K BCTYIAE Y B3aEMOJIIIO
3 KOMIIOHEHTaMHu B'shKydoi kommosuilii. Ile ocoOiMBO MOMITHO Ha paHHIX CTaisgX
TBepAiHHA. OHAK, 3 YACOM LISl PI3HUIIS CYTTEBO CKOPOUYETHCS.

Po3kpuTO BIUIMB CHJIIKATHOTO MOAYJS PO3YMHHHUX CHIIIKATIB HATpPil0 Ha
MminHicTh PIIB. TlokazaHo, 1m0 BUKOPUCTAHHSIM PO3YMHHUX CHJIIKATIB HATPIlO 3
M =2...3 3 IpUCYTHICTIO y JTy>KHO-aKTUBOBAHOMY IIIJIAKOMOPTJIAHIIEMEHTI IIJIaKy Yy
Mexax 55...95% 3abe3neumsio OTpUMaHHS HAAIIBUIKOTBEPIHYUYHMX BUCOKOMIIIHUX
PEaKIIfHO-MTOPONTKOBUX OETOHIB 3 MIMHICTIO Ha CTUCK 4epe3 3 FOJAWHA —
19,0...28,0 MIla, 1 noGy — 40,0...45,7 MIla, uepe3 7 116 — 69,2...95,3 Mlla, uepe3
28 mi6 — 77,7...129,8 MIla, uepez 90 mi6 — 82,7...138 MIla, uepe3 180 mib6 —
84,8...141,5 Mlla, uepez 360 ni6 — 88,2...144,6 MIla 3ajie’)xHO BiJ 3HAYEHHS
CHJIIKATHOTO MOAYJSI PO3YMHHOTO CKJIa 1 CKJIaay NUIaKOMOPTIAHALEMEHTY.
OnTUManbHUM € BUKOPUCTAaHHS PO3YMHHOIO HATPi1€BOTO cKia 3 Mc = 2,5...2,6.

Ctpoku modaTKy TyKaBleHHs ckiaand 34...46 XB., ale MOXKJIMBE iX
nomoBkeHHs 10 60...90 XB. 32 paxyHOK BUKOPUCTAHHS KOMIUIEKCHOT f00aBku "THO

+ rinepun".
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VYnapua (6amictuyHa) MminHicTh 3pa3kiB PIIb Ha oCHOBI Jy)XKHO-aKTHBOBaHUX
IIIAKOMOPTIAH/ALEMEHTIB cKIana uepe3d 28 1i6 3354...4315 xJ[x/M’, Ha OCHOBI
TpamuuiiiHoro mopraamguementy — 3001 k/x/m’, a uepes 180 g6 —
4413...4805 KI[;K/M3 14001 KI[;K/M3 BIJIITOB1IHO.

XapakTtep pyWHYBaHHA 1 OUTBII BUCOKI MOKa3HUKHU yaapHoi minHocTi PIIb Ha
OCHOBI JIy’)KHO-aKTUBOBAaHUX IUIAKOMOPTIAHIEMEHTIB MOXYTb OYTH TOSCHEHI
0COOJIMBOCTSIMU  (pa30BOTO  CKJIAJly HOBOYTBOPEHb 3 TIEPEBAKAaHHAM B HHUX
HU3bKOOCHOBHMX TIAPOCHIIIKATIB KAaJbIII0 Ta TiAPOATIOMOCHUIIIKATIB 3MIIIAHOTO
Na-Ca cknagy, CHIBBIIHOIICHHSM TeIEBUIHOI Ta KPUCTATYHOI  CKJIAJ0BO1
TiIpaBIiYHAX HOBOYTBOPEHb 3 TIEPEBAKAHHSM TENEBUIHOI CKJIQJ0BOI, IO
MATBEPKYETHCS 1 THIITMMHU aBTOPAM.

Kpim Toro, OeroHM 1BOro KJIacy MaloTh OUIBII BHCOKI ajamnTaiiiiHi
BJIACTUBOCTI 1 3IaTHICTh JJO CAMO3AJIKOBYBaHHS AC(PEKTIB y BUIIIAAl TPIIIMH, SKILIO
BOHM 3'SIBJISIIOTHCS y PE3YJIbTATI eKCTPEMATbHUX YMOB €KCILTyaTallii.

HesanexHo Big ckiiany, 3 4acoM yaapHa mitHicTh ycix PIIB 3pocrae.

Bucoka TPIIIUHOCTINKICTh TaKOro OeToHy H1ATBEPIKYETHCS
CITIBBIIHOIIEHHSIMU MIITHOCT1 Ha CTUCK JI0 MIITHOCTI Ha 3TUH y Mexax 5,3...5,9 y Bimi
28 ni0.

VY pesynbTaTi anamizy npobnemu ycagouHux aedopmariii PIIb sk Ha ocHOBI
TPaIUIIHHUX KIIHKEPHUX [IEMEHTIB, TaK i JIy’)KHO-aKTUBOBAaHHMX 30KpEMa, BUSBIICHO
dbakTopu ympaBiiHHS BJIACHUMH JedopMarlisiMd MuX OETOHIB HAa OCHOBI B'SXKy4Oi
CUCTEMH "TPaHyJIbOBAaHUN TOMEHHMH IIIJIaK + MOPTIAHAIEMEHT + PO3UMHHI CHIIIKATH
HaTpito" 13 BMICTOM HUIaKy y cuctemi 5...55%. IlokazaHo, 1m0 HalOUIbLI J1IEBUMHU
¢dakropamu npoTuaii gedopMmarlii ycaaku JTyKHO-akTUBOBaHUX eMeHTIiB Ta PIIb Ha
iX OCHOBI — € BHUKOPHUCTAHHS HaHOMOIU(IKYIOUUX MiHEpaTbHUX J00aBOK 1
IPUCYTHICTh MOPTIAHAUEMEHTY Yy CyMilll "NIUTaK + MOPTIaHAIEeMeHT. BriauB iHImx
¢dakTopiB, SIKI € MEHII J1€BUMH, 3MEHLIYETHCS y PALy: HPUCYTHICTH (Pibpu >
TEMIEPATYPHO-BOJIOTICHI YMOBHM TBEpPAHEHHS > CHJIIKATHUA MOIYJb PO3UYMHHUX
CUJIIKATIB > arperaTHUd CTaH PO3YMHHUX CHJIIKATIB HATpII0 > TpaHyJIOMETpis

3aIIOBHIOBAa4a.
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BusiBneno, 1m0  ymijabHEHHS ~ MIKPOCTPYKTYpH  Ta  IHTEHCH]IKaIlis
KpHUCTaII3aIli THIX MPOLECiB y [EMEHTHIH MaTpuLl JOCSTa€eThCs
HaHOMOIM(DiKyIOUOI0 100aBKOI TOHKOAMCIIEpCHOTro KapooHaty kainbiuty (CaCOs),
sSKa BU3HAYAa€ 3MCHINEHHA Yycaaku Oerony y 1,6...1,7pasu nmo 3Ha4YeHb
0,55...0,7 mm/M Ha MoMeHT cralimizamii depe3 90 ni6 TBepaHenHs. Kpim Toro,
3MEHIIIEHHSI PO3MIPy YaCTHHOK KaiabluTy 3 8...10 MM mo 1...5 MKM 3yMoOBIIO€
OPUCKOPEHHS Ta TNOMIHOJEHHS CTPYKTYPOYTBOPIOIOUMX TMPOLECIB peakuiiHO-
MOPOIIKOBUX OETOHIB 1 J0JIaTKOBE 3MEHIIeHHs Aedopmariii Ha 5...6%. [To3utuHO
Ha 3HWKEHHS edopmaliiif ycaJku BIUMBAE 1 HAHO-T00aBKa okcuy Tutany 7i0,, sika
y K1IbKOCT1 5% 103BOJMIa 3HU3UTH ycanaky Ha 12...15%. Kpim Toro, no6aBku HaHO-
TiO; 1 CaCO; BiguyTHO BimOLTIOIOTH BsDKydy ckianoBy PIIb mo piBas > 70%, mio
no3BoJisie iepeBecty PIIb 1o po3psay nekopaTuBHUX.

[IponemoncTpoBana edexTuBHICTH MikpoapMmyBaHHs PIIb momimpormnineHoBOO
Ta KOMOJNIMEP-TIPOIMiIeHOBOI (Bibpol0 y KimbKOCTi 3...4 Kr/M, IO JO3BOIMIO
3HM3UTU ycaaky Ha 30...35%. Ilpu upomy, ¢idpa po3mipom 6...12 MM moka3zana
Kpallli pe3yibTaTH, Hix (i0pa po3mipom 24 M.

[lepeBipka BIUIMBY TEIJIOBOJIOTOi OOpoOKM Ha JedopMaTHBHI BJIACTHUBOCTI
JTy’)KHO-akTHBOBaHUX IleMeHTIB Ta PIIb moka3zana ii eeKTUBHICTh 1 MO3WTUBHUUN
BIUIMB 13 3MEHIIEHHSIM BiacHUX Aedopmaniid ycaaku Ha 15...20% y mopiBHSHHI 31
3pa3KaMu MPUPOTHOTO TBEPAIHHSI.

[Ipu BUKOpHUCTAaHHI METAaCHIIKATy HATPil0 y BUIJISAL 600HO020 pO34uH) BIACHI
nedopwmariii ycagku Ha MoMeHT crtabimzamii y Bimi 90 mi6 ckmamm 0,98 mwm/m.
Bukopucranas meTacuiikaty HaATpil0 y BUIVISAL HOpPOWKY JTO3BOJUIO 3MEHIIUTH
ycamouHi nedopmariii 3 0,98 mm/m 10 0,89 mm/m, ToOTO Ha 9,0%, Y MOpIBHSIHHI 3
BUKOPHUCTAHHSAM METACUJIIKATy HATPIIO Y BUTTISI PO3UUHY.

P03kpuTO BIIIMB CHUIIIKATHOTO MOAYJISI PO3YMHHUX CHITIKATIB HATPIIO HA YCAAKY
ta MminHicTh PIIB. BcranoBmeno, mo 3HmwkeHHs Mc 3 3 1o 1 mpu3BoauTh 10
3HUKEHHS ycanku 3 1,13 10 0,98 mm/Mm.

JloBeneHO, 110 ONTHMI3allil 3€pHOBOTO CKJIaay 3arOBHIOBAaYa JI03BOJISIE

JOJIATKOBO 3HM3UTU ycanaky Ha 4...6% y MOpIBHAHHI 3 KOHTPOJBHUMH 3pa3KaMu



14

OeTOHY Ha HE ONTHUMI30BaHOMY 3allOBHIOBAYI.

[TokazaHo, 10 KOMIUIEKCHA Jisl BHUIIEHa3BaHUX (DAKTOPIB BIUIMBY (HAHO-
n00aBKM, MIKPOAPMYyBaHHA, TEIJIOBOJora OOpoOKa, arperaTHUM CTaH JIy)KHOTO
KOMIIOHEHTY, CHJIIKAaTHHUM MOMYJIb PO3YMHHUX CHIIKAaTIiB HATPIlO, ONTHUMI3allis
rpa”HyjioMeTpii  3amoBHIOBaua) jo3Bojisie orpumyBatu PIIB 13 BmacHumm
nedopmaiismu ycagku y mexkax 0,5...0,6 MM/M, 110 CIIBCTaBHO 31 3BHYAMHUMU
OeToHamH.

VY pe3ynbTaTi BKa3aHMX 3axO0J/liB  OTPUMAHO BHCOKOMIIIHUH  JIy>KHO-
aAKTUBOBAaHUI IEMEHTHHUM peakKIiiiHO-MopolKoBUi OeToH kiacy minHocTi C80/95 3
BHCOKOIO KIHETHKOI paHHbOI MinHOCTI (52,3; 76,3; 85,0 MIla na 1, 2, 3 mo0y
BIJIMOBIIHO), BUCOKOI TPIIMIMHOCTINKICTIO (3 BIJIHOLIEHHSIM MIITHOCTI Ha CTHUCK JI0
MIIIHOCTI Ha 3ruH 5,3...5,9), 3umxkenumu aedopmariismu ycaaku (0,5...0,6 mm/m),
BHUCOKOIO  aTMOC(QEpOCTIUKICTIO 1  Mopo3soctidikicTio > F300, crabinbHIMH
eKCIUTyaTal[liHUMH XapaKTEepUCTUKAMU y Yaci. 3a IIBUIKICTIO Habopy y paHHI
cTpoku HamgmBuiakoTBepAHyunii PIIb 3HauHO mnepeBepirye OETOHM Ha OCHOBI
TJIMHO3EMHOTO IIEMEHTY, CYIMEPIIBUIKOTBEPAHYUOrO MOPTIAHALIEMEHTY Ta LIEMEHTY
3 HHU3BKOIO BOJOMOTPEOOI0 Marouu NpUMHATHI aedopmarliii ycaaku. BpaxoByrouu
BUCOKI  (Pi3MKO-MeXaHIYHI, eKCIUIyaTalliiHi Ta CHellaJibHl  XapaKTepUCTUKHU
orpumannx PIIb, iX MoxHa BiHECTH 10 "BUCOKODYHKITIOHATHHUX "

Poskputro  mexwnonociuni  acnexkmu  ompumanus ~ PIIF  Ha  OCHOBI
HAaHOMOIU()IKOBAHUX JIYKHO-aKTUBOBAHUX IIEMEHTIB.

BusiBneHo BIUIMB cnocoby 68edenHs Nyi#cHO20 Komnonenma (arperaTHuit
CTaH — TMOPOUIOK / PO3YMH) Ta CKJIaAy LIUIAKOBMIIIYIOYOTO ILIEMEHTY Ha CTPOKH
TY>KaBJI€HHS — OIHOTO 3 OCHOBHHUX TeXHOJOTiyHUX (akrtopiB oTrpumanHs PIIb.
Buxopucrtanns mMeracunikaty Hatpito (Mc = 1) y BUrIsial po3uuHy 3a0e3Medusio
MaKCHMAaJIbHE 3MEHILICHHS PO3UYMHHO-B'SKYUOTro BITHOIICHHS 1 OUIBII 1HTCHCUBHUI
PO3BUTOK MILHOCTI OETOHY y MOPIBHSAHHI 3 BUKOPUCTAHHIM METAaCHIIIKATy Y BUIJISAL
nopormky — Ha 30,5%; 23,5%; 18,4%; 6,1% 1 3,9%, 3abe3neuyroun MIIHICTh Ha
ctuck 52,3; 85,0; 108,7; 136,11 141,4 MIla y Bimi 1, 3, 28, 180 1 360 116 BiAmoBiIHO.

VYci KoMIIO3HUIIT JEMOHCTPYBAIU CTa0IIbHUM 1 MOHOTOHHHMM MPUPICT TOBTOTPUBAIION
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MirHOCTI. CHiBBIIHOIIEHHSI MIITHOCTI Ha CTHUCK JO MIITHOCTI Ha 3TWH Y JI1amma30Hi
5,3...5,9 miaTBepANIIO BUCOKY B'SI3KICTh Ta TPIMIMHOCTINKICTE O€TOHY. 301JIbIICHHS
BMICTY MOPTIAHIUEMEHTY Yy NUIAKO-LIEMEHTHIN B’soky4id cuctemi 3 5 1o 45%
OpU3BOAUTH A0 1HTeHcuikamii HaAOOpy MIMHOCTI y paHHI cTpoku (mo 3 mib) 1
CKOpPOYEHHSI TEpPMIHIB Ty)KaBjieHHs. [Ipu BHUKOpHUCTaHHI METACHIIIKATy HATPIIO
(Mc =1), 3ajie)xHO BIJI MOro arperaTHOro cTaHy (TOPOIIOK, PO3YMH) Ta CKJAIy
ATFOMOCHUTIKATHOT CKJIAJIOBOI, CTPOKH TIOYATKy TYXKaBJIEHHS MOXYTh CKJIaJaTu
19...100 xB. A nipu BBeaeHH1 no6aBku JICTM —40...118 xB.

[Toxazano, mo PIIb Ha 0CHOBI y>KHO-aKTHBOBAHUX IILJIAKOTOPTIAHIIIEMEHTIB
JIEMOHCTPYIOTh BHIII OalliCTUYHI XapaKTEpUCTUKH y mopiBHAHHI 3 PIIb Ha ocHOBI
TpaauUidHOrO  MopTiIaHaueMeHTy. Tak, po3poOneni PIIb  nemoncTpyroTh
MIJBUIICHHS 3HAYE€Hb KJIFOYOBUX BJIACTUBOCTEW y 4aci (MOpiBHSAHO 3 28-71000BUM
BIKOM): MIIHICTh Ha cTUCK depe3 360 mi6 — mo 141,4 MIla (miaBumienus Ha 30,1%)
ta 144,6 MIla (ma 9,1%); ymapua wminHicTs yepe3 180 mi6 — mo 4413 x/lx/m?
(miaBumenHs Ha 31,6%) ta 4805 xJlx/m* (Ha 11,3 %).

Buxoasun 3 metony abComoOTHUX 00'€éMiB CHPOBUHHUX CKJIQJ0BHX OCTOHHOT
CyMiIlIi, 3aPOTIOHOBAHO MemOOUKY PO3PAXYHK)Y CKAa0i8 TIAHUX OETOHIB HA OCHOBI
JTYHO-aKTUBOBAaHUX IIJIAKOMOPTIAHAIEMEHTIB, y TOMY YHCIHI peaxuiiHo-
nopomkoBux OetoniB (PIIB) 1 GeroniB mns 3D-popmyBanns. Hanpukian, Butpata
inrpenienTie Ha 1M mOpM cHiBBigHOmWeHHI "B'wKyua pedoBmHa : micok" — 1:1,

BUKOPHUCTAHHI JY’KHOTO KOMIIOHEHTY Y BUIJISA/II TOPOIIKY 1 3aMIIITyBaHHI BOJOIO:

— B'smxyua pedoBuHa (mak + I11] + nyxHuii komroneHt)  — 1034 xr/v’;
— MicOK piukoBuii apidHui (Mk = 1,16) — 1034 xr/™’;
— BOJa — 220...230 JI/M3;
- B/T —-0,213...0,222.

Ckuaz 3aIIpo€KTOBAHO 3 BpaXyBaHHSAM TEXHOJIOT] yKIaJaHHs O€TOHHOI CyMili
PIIb. 3a ymoBHM 6niugy 6iopodii Tpu yKiIaJaHHI, BMICT BTATHYTOTO MOBITPS HE

nepeBuurye 4...8% 3a 00'eMoM.
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Posrnsnyto Takox Bukopuctanus PIIb ans ¢dopmyBanHa BHpOOIB METOIOM
excmpy3ii ab0 euxopucmanua ix y 3D-npunmepax 3 BHU3HAYCHHSIM OCHOBHHX
TEXHOJIOTIYHUX MapameTpiB Mpoliecy. BCTaHOBIEHO, 1110 KOHCHUCTEHIIIS] OETOHHUX
CyMiIlIe Mae BiJMOBIATH MapKaMm 3a JIETKOYKJIaaalbHICTIO Bif S1 (ocamka KOHYCY
1...4 cM) no V3 (xkopctkicTs 6...10 ¢) 3anmexHo Big 00'emy Ta koHbIrypailii BupoOy,
TUIy eKCTpyAepa (TBUHTOBHM, IIHEKOBUM), TUCKY Ta IIBUIKOCTI BUIABIIOBAHHS
cyMimii. BelnuuHu THCKY Ta MIBUIKOCTI €KCTPY3ii BapilOIOTHCS 3aJ€KHO BiA THILY
oOyiaiHaHHsA. PekoMeHIyrOThCs IIBUAKOTBEPAHYYl CYMIIIl 31 CTPOKAMHU IOYaTKy
TykaBieHHs 25...40 xB. Cymimi PIIb ans 3D-npyky mOBHHHI XapaKTepU3yBaTHCS
TaKUMU OCHOBHUMHM IOKa3HMKaMH: po3muuB 3a Cyrrapaom — 12...15 cm (abo Ha
mini-slumpcone — 10...14 cm), BomoyTpuManus = 97 %, MBUIKICTb TY>KaBJICHHS
<20 xB. BpaxoByrouu BHUCOKY 1HTEHCUBHICTh Ha0opy MirHOCTI PIIb, B T.4. y panHi
TEPMIHM, JIOBEJACHO MOJKJIHMBICTh BIAMOBU BiJ TermiaoBoi o0poOku. B okxpemmx
CHeIlaIbHUX BHUMAJAKaX, KOJM TepPMOOOpPOOKa TEXHOJIOT1YHO HEOOXiIHa, JOLLIBHO
oOMexuTH Temieparypy Ha piai He Buie 50°C. Ile Bkasye Ha eHeproe()eKTHBHICTh
po3pobnenux PIIb.

Ha ocHOBI oTpuMaHuX y XOJl JOCTIIKEHb JAHUX PO3POOJIEHI TEXHOJOT1YHI
pekoMeHaIli 1moa0 BUPOOHUIITBA 1 €KCIUTyaTallli peakiiiiHO-MOPOIIKOBUX OETOHIB
MiBUIIEHOT €(EKTUBHOCTI HAa OCHOBI JIy’)KHO-aKTHBOBAHUX I[EMEHTIB IS 3aXUCTY
00’€KTIB KPUTUYHOT 1IHQPACTPYKTYPH

KitouoBi cioBa: J1y>)KHO-aKTHMBOBAH1 JIEKOPATUBHI IIIAKOMOPTIIAHIEMEHTH,
PEaKIfHO-TTOPOIITKOBI OETOHU, MIIHICTh, OATICTHYHI XapaKTEPUCTUKH, YCAJKa,

MeToauKka po3paxyHky PIIb, TexHonoriuni pekoMeHaaImi.
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ABSTRACT

Razsamakin A. V. "Decorative reactive powder concretes based on alkali-
activated slag Portland cements" — qualifying scientific work in manuscript form.

Thesis for the degree of Doctor of Philosophy in the specialty
192 "Construction and Civil Engineering" (19 — Architecture and Construction). —
Kyiv National University of Construction and Architecture of the Ministry of
Education and Science of Ukraine, Kyiv, 2026.

The dissertation demonstrates the possibility of developing, researching, and
effectively using alkali-activated slag Portland cements and obtaining reaction-
powder concretes with high and ultra-high physical, mechanical, operational, special,
and decorative properties based on them.

An analysis of current trends in global materials science and the military-
political situation in the world, and in Ukraine in particular, indicates the priority of
developing and using building materials with high and ultra-high physical,
mechanical, and operational characteristics that are capable of withstanding
significant dynamic loads. These are, first and foremost, cements and concretes based
on them [1, 2]. There is demand and interest in obtaining such materials. However, in
order to ensure the effective use of such cements in concrete, it is necessary to
significantly increase their activity and form a complex of special properties: high
elastic-plastic characteristics, high crack resistance, impact strength, adjustable self-
deformation, frost resistance, water resistance, the ability to harden at sub-zero
temperatures and under water, fire resistance, corrosion resistance, low heat release,
and, last but not least, decorative appeal and ease of use, which can also be
implemented in the form of dry building mixtures.

It should also be noted that decorative cements based on white Portland cement
are not produced in Ukraine, but are imported from other countries.

Therefore, the use of highly efficient decorative alkali-activated cements can

become a vital alternative in the production of white and colored cements. They are
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capable of providing a number of special properties, such as color stability,
durability, high adhesion, etc.

The main global trends are aimed at increasing the requirements for the
multifunctionality and durability of building materials, improving the efficiency of
cement use, reducing energy costs and production costs to improve their operational
properties, increasing their environmental friendliness, and reducing their carbonate
footprint.

The dissertation's compliance with these trends contributes, on the one hand, to
the establishment of a closed-cycle economy aimed at ensuring production efficiency
and environmental protection, and, on the other hand, to improving decorative,
physical, mechanical, and operational characteristics in the construction of new and
repair of old general and special-purpose structures, including those of strategic
importance.

The feasibility of the tasks addressed in the dissertation is substantiated by the
results of previous studies by domestic and foreign authors in the course of practical
developments both in Ukraine and abroad. The known results require systematization
and development of the issues in the direction of managing both the composition of
hydrated cement stone formations and the structure of concretes capable of providing
the necessary level of decorative properties, mechanical strength, impact resistance,
and durability.

Thus, there is a high demand for inorganic cementitious materials and
concretes based on them with the above properties. Taking into account all of the
above, this clearly determines the relevance of the problem and the need to solve it.

In studies, finely dispersed Dniprodzerzhynsk blast furnace granulated slag and
Portland cement type PC1 class 42.5N with a specific surface area of
4100...4200 cm®/g (according to Blaine) with a ratio in the slag-cement mixture of
95:5, 75:25, and 55:45 (slag : Portland cement).

Sodium metasilicate pentahydrate (Na,0-SiO,5H,0) with CAS 497-19-8 was
used as the alkaline component in the form of a non-hygroscopic powder and in the

form of a solution with p = 1.24 g/cm’. When using the alkaline component in
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powder form, the mixture of "slag + Portland cement + powder + additive" was
mixed with water. When using the solution, the mixture of "slag + Portland cement +
additive" was mixed with an aqueous solution of the alkaline component with
p=1.24 g/ml.

Soluble high-modulus sodium glass with CAS 1344-09-8, Ms = 2...3, and
p = 1.35 g/cm’ was also used as an alkaline component.

As regulators of the setting time and structure formation of compositions with
sodium metasilicate, an additive LSTM (lignosulfonate technical modified sodium -
CyoH,4Na;0,,S,) according to CAS 8061-51-6 was used in the form of a concentrated
solution with p = 1.25, K=45%, and pH = 9.

To regulate the setting times of compositions based on high-modulus sodium
soluble glasses with Ms>2, trisodium phosphate additives — Na;PO,12H,0
(hereinafter referred to as TSP) and glycerol — C;HiO; or C;Hs(OH); with
CAS 10101-89-0 and p = 1.228 g/cm’® were used to regulate the setting times of
compositions based on high-modulus sodium soluble glasses with Ms > 2. According
to, Na;PO,12H,0 salt was used as a modifier to increase the resistance of high-
modulus sodium silicates to coagulation when interacting with slag (cement) and,
thus, to slow down the setting of the studied cement compositions.

The following were used as structure-forming additives to regulate the
shrinkage and whiteness of alkali-activated slag Portland cement and reaction powder
concrete finely dispersed calcium carbonate (CaCQOj;) according to CAS 471-34-1
with a whiteness of 90% in powder form, finely dispersed titanium dioxide 7iO,
(rutile) according to CAS 13463-67-7, kaolin class KH 84 according to
CAS 1332-58-7, used in the paper industry with a whiteness of 84%. Pigments of
mineral origin were also used.

Polypropylene and copolymer propylene fiber in the amount of 3...4 kg/m’® was
used for micro-reinforcement.

Standard sand (DSTU B V.2.7-189:2009) and river quartz sand with Mk = 1.16

were used as fine aggregate in cement-sand mortars.
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The impact strength (impact toughness) testing of the RPC was performed
according to the method described in the textbook Budivel'ne materialoznavstvo / za
red. Kryvenka P.V. — Kyi'v: Lira-K, 2012. S.55.

The structure formation of compositions and the physical, mechanical, and
operational properties of binders and concretes were controlled using a set of physical
and mechanical (strength, impact strength, shrinkage) and physicochemical research
methods (XRF, probe analysis of the microstructure of cement stone on a scanning
electron microscope-microanalyzer, calorimetry, galvanic e.r.s., electrical resistance
of pastes, contraction). The whiteness of the samples was determined using an NS810
spectrophotometer with a wavelength range of 400...700 nm. For comparison, a
Ral 9016 sample with a whiteness degree of L = 98.85 was used.

To optimize the composition of fine-grained concretes and facilitate the
processing of the obtained data, mathematical planning of experiments of the FFE-2
and FFE-3’ types was used, which has traditionally proven itself well in scientific
research.

The research identified the main significant factors that can significantly
influence the structure formation of alkali-activated cements in terms of ensuring
high physical, mechanical, operational, and special properties. These are the
aluminosilicate composition of cement, the parameters of soluble sodium silicates
(silicate modulus, aggregate state, dosage), and the nature of modifying additives.
Alkali-activated cements, in which sodium silicates are used as the alkaline
component, are distinguished by their rapid strength gain, high activity, impact
strength, and frost resistance. This indicates the promise of their use as a basis for
obtaining reaction-powder concretes for the protection of critical infrastructure.

Studies were conducted on regulating the setting times of cements activated
with soluble sodium silicates with Ms = 1 (Na,0-Si0,-5H,0 — sodium metasilicate
pentahydrate) and Ms = 2...3. Sodium metasilicate pentahydrate was used in two
aggregate states: in powder form and in the form of an aqueous solution.

To control the rheological properties and setting times of alkali-activated

cements based on sodium metasilicate, sodium LSTM additive was used.
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It has been shown that the introduction of sodium metasilicate into cement in
the form of an aqueous solution leads to a significantly greater intensification of
structure-forming processes and a reduction in setting times compared to the option
of using sodium metasilicate in powder form mixed with water. It has been
established that an increase in the content of Portland cement in the slag-cement
mixture also leads to a significant reduction in setting times, which in most cases is
unacceptable from the point of view of technological requirements.

The study of the effect of LSTM additive showed the possibility of effective
control of setting times when it is used not in the amount recommended by regulatory
documents for traditional clinker cements (0.1...0.3%), but in an increased amount—
up to 4%. As a result, technologically acceptable setting times within the range of
0-38...2-24 hours-minutes were obtained when using sodium metasilicate as an
alkaline component and LSTM additive in an amount of 2...4%.

Depending on the aggregate state of the alkaline component, alkali-activated
slag Portland cements were obtained with an activity of 56...65 MPa after 28 days
when sodium metasilicate was added in powder form with mixing with water, and
104.1...115.1 MPa when sodium metasilicate was added in the form of a solution.

The results of the study of the structure formation of alkali-activated slag
Portland cement compositions (XRD, calorimetry, galvanic-e.m.f., paste resistance,
contraction) confirmed the above conclusions and were in good correlation with the
obtained technological and physical-mechanical characteristics.

The production of highly active alkali-activated slag Portland cements made it
possible to move on to the development and research of decorative slag Portland
cements based on them.

Studies were carried out on the effect of whitening additives (7iO, and CaCO3)
and Portland cement in a "slag + Portland cement" mixture (with slag content in this
mixture of 45, 70, and 95%) on the degree of whiteness of binding compositions and
their physical and mechanical properties using a full factorial experiment of the

FFE-3’ type with response functions in the form of whiteness, setting time, and
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compressive strength. The alkaline component is sodium metasilicate pentahydrate in
an amount of 10%, in the form of a powder mixed with water.
According to the requirements of DSTU B V.2.7-268-2011, to obtain a white

color, Portland cement clinker of white cement must have a whiteness of > 68%. For

yellow-red and brown colored cements, this indicator must be > 40%.

According to the results obtained, the optimal amount of 7i0O, additive is
4...5%. In this case, the whiteness of alkali-activated slag Portland cement at a level
of 68% 1s achieved when the slag content in alkali-activated slag Portland cement is
at least 75% (and up to 25% Portland cement). All other compositions with a slag
content of up to 55% and a Portland cement content of up to 45% have a whiteness of
48-65% and meet the requirements for yellow-red and brown colored cements.
Setting time is 34...73 minutes.

Similar quality characteristics are observed when using a 24% bleaching
additive CaCO;.

The composition of alkali-activated decorative cements has been optimized
according to the whiteness criterion depending on the amount of iron oxide in the
slag within the range of 0.4...2.6%, while ensuring the whiteness of the cement stone
is not less than 70%. The range of iron oxide content in slag of 0.4 to 2.6% allows the
use of all known blast furnace slag in Ukraine to obtain white alkali-activated
cements.

Fine-grained concretes based on white alkali-activated slag cements in a ratio
of 1:3, with sodium metasilicate in powder form, mixed with water and pigmented
with a coloring mineral additive, have a compressive strength of 49.1...56.8 MPa at
28 days, and after 180 days — 66.8...67.5 MPa. All compositions have good hardening
dynamics and, based on the strength at 2 days — 35...37 MPa, they can be classified as
fast-hardening.

It has been established that the shrinkage values are within the range of
0.54...0.77 mm/m. The highest shrinkage is observed in compositions with kaolin

additive, and the lowest — with calcite additive.
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The frost resistance of decorative compositions is not lower than F200. All
compositions are also resistant to alternating wetting and drying.

Compositions with different bleaches and pigments of different colors have
successfully passed the test for color fastness to ultraviolet irradiation and heat and
moisture treatment.

All samples of alkali-activated fine-grained concrete, both control and
decorative, passed the efflorescence test with positive results. To guarantee the
absence of efflorescence (discoloration), a water-retaining additive CMC was added
to the decorative solutions in an amount of 0.25%.

According to the results of tests of cement-sand mortars with a composition of
1:3, prepared in laboratory conditions, the water-retention capacity of all
compositions, including control ones, is sufficiently high and ranges from 94.3 to
96.5%. The addition of CMC (carbomethylcellulose ) improved these indicators to
96.2...98.6%. In addition to increasing water retention capacity, the addition of CMC
improves the rheological properties of the mixture, increases its plasticity and ease of
use, and reduces the risk of efflorescence.

Optimization of alkali-activated slag Portland cement compositions based on
physical, mechanical, and decorative characteristics enabled the development of
reaction powder concrete (RPC) based on these compositions.

At the first stage of research, the dependence of the strength of cement-sand
concretes at different hardening times on the ratio of "binder : sand" within the range
of 1:3..1:1 was established. River sand, quartz sand, with Mk = 1.16. The
slag:Portland cement ratio in the slag-cement mixture was 95:5. The alkaline
component was sodium metasilicate pentahydrate in powder form. The mixture was
mixed with water.

As expected, an increase in the binder content in the composition leads to an
increase in strength. The compressive strength of the 1:1 composition at 28 days was
87.5 MPa, the 1:2 composition was 67.7 MPa, and the 1:3 composition was
49.8 MPa. At 360 days, the values were 123.9, 94.6, and 64.8 MPa, respectively. The
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highest strength was demonstrated by composition #1 with a binder:sand ratio of 1:1,
which was accepted for further research as a reaction-powder concrete.

Optimization of the fractional composition of river sand improved strength
indicators at all hardening stages by 5...6%, apparently due to denser packing of
aggregate grains and reduced water consumption associated with a decrease in the
specific surface area of the aggregate.

All compositions, both with optimized and non-optimized fractional
composition of sand, demonstrated particularly rapid compressive strength gain of
35.7...40.0 MPa after 1 day. After 28 days, it was 87.5...91.8 MPa, and after
360 days, it was 123.9...128.3 MPa.

The ratio of compressive strength to flexural strength was generally 5.3...5.9 at
28 days and 5.8...6.5 after 360 days, indicating increased crack resistance of the
material.

The use of sodium metasilicate in the form of a solution with p = 1.24 g/ml
significantly intensified the structure-forming processes compared to the powdered
version of sodium metasilicate and allowed for super-fast compressive strength gain
of 52.3...56.0 MPa after 1 day, 73.8...76.3 MPa after 2 days, and 85.0...87.1 MPa
after 3 days. The activity at 28 days was 102.4...108.7 MPa, and the strength after
360 days was 124.8...141.4 MPa, depending on the Portland cement content in the
slag Portland cement mixture. An increase in the Portland cement content accelerates
strength gain in the early stages (up to 3 days), but slightly reduces it in the longer
term.

The slightly lower activity of the binder composition when using sodium
metasilicate powder compared to mixing with an aqueous solution of sodium
metasilicate is obviously due to the time and energy required to dissolve the powder
compared to the aqueous solution of metasilicate, which has a higher alkalinity from
the outset and immediately interacts with the components of the binder composition.
This is particularly noticeable in the early stages of hardening. However, over time,

this difference is significantly reduced.
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The influence of the silicate modulus of soluble sodium silicates on the
strength of reinforced concrete structures has been revealed. It has been shown that
the use of soluble sodium silicates with M = 2...3 in the presence of 55...95% slag in
alkali-activated slag Portland cement ensured the production of ultra-fast-setting
high-strength reaction powder concretes with compressive strength after 3 hours of
19.0...28.0 MPa, after 1 day of 40.0...45.7 MPa, after 7 days of 69.2...95.3 MPa, after
28 days of 77.7...129. 8 MPa, after 90 days — 82.7...138 MPa, after 180 days —
84.8...141.5 MPa, after 360 days — 88.2...144.6 MPa, depending on the value of the
silicate modulus of soluble glass and the composition of slag Portland cement. The
optimal solution is to use soluble sodium glass with Ms =2.5...2.6.

The setting time was 34...46 minutes, but it can be extended to 60...90 minutes
by using the complex additive "TNF + glycerin".

The impact (ballistic) strength of RPC samples based on alkali-activated slag
Portland cements was 3354...4315 kJ/m’ after 28 days, based on traditional Portland
cement — 3001 kJ/m’, and after 180 days, 4413...4805 kJ/m’ and 4001 kJ/m’,
respectively.

The nature of destruction and higher impact resistance indicators of RPC based
on alkali-activated slag Portland cements can be explained by the peculiarities of the
phase composition of new formations with a predominance of low-basic calcium
hydrosilicates and hydroaluminosilicates of mixed Na-Ca composition, the ratio of
the gel-like and crystalline components of hydraulic new formations with a
predominance of the gel-like component, which is confirmed by other authors.

In addition, concretes of this class have higher adaptive properties and the
ability to self-heal defects in the form of cracks if they appear as a result of extreme
operating conditions.

Regardless of the composition, the impact strength of all RPCs increases over
time.

The high crack resistance of such concrete is confirmed by the ratio of
compressive strength to flexural strength within the range of 5.3...5.9 at 28 days of

age.
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As a result of analyzing the problem of shrinkage deformations of RPC based
on both traditional clinker cements and alkali-activated cements in particular, factors
for controlling the deformation of these concretes based on a binder system of
"granulated blast furnace slag + Portland cement + soluble sodium silicates" with a
slag content in the system of 5...55% were identified. It has been shown that the most
effective factors in counteracting the shrinkage deformation of alkali-activated
cements and RPC based on them are the use of nanomodifying mineral additives and
the presence of Portland cement in the "slag + Portland cement" mixture. The
influence of other factors, which are less effective, decreases in the following order:
the presence of fiber > temperature and humidity conditions of hardening > silicate
modulus of soluble silicates > aggregate state of soluble sodium silicates >
granulometry of the filler.

It has been found that microstructure compaction and intensification of
crystallization processes in the cement matrix are achieved by a nanomodifying
additive of finely dispersed calcite carbonate (CaCQO;), which reduces concrete
shrinkage by 1.6...1.7 times to values of 0.55...0.7 mm/m at the moment of
stabilization after 90 days of hardening. 0.7 mm/m at the moment of stabilization
after 90 days of hardening. In addition, reducing the size of calcite particles from
8...10 um to 1...5 um accelerates and deepens the structure-forming processes of
reaction-powder concretes and further reduces deformations by 5...6%. The nano-
additive of titanium oxide 7iO, also has a positive effect on reducing shrinkage
deformations, which in an amount of 5% allowed to reduce shrinkage by 12...15%. In
addition, nano-7i0, and CaCOj; additives significantly whiten the binding component
of RPC to a level of > 70%, which allows RPC to be classified as decorative.

The effectiveness of micro-reinforcement of RPC with polypropylene and
copolymer-propylene fiber in an amount of 3...4 kg/m’ has been demonstrated,
which reduced shrinkage by 30...35%. At the same time, fiber with a size of
6...12 mm showed better results than fiber with a size of 24 mm.

Testing the effect of heat and moisture treatment on the deformation properties

of alkali-activated cements and RPC showed its effectiveness and positive impact,
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with a reduction in inherent shrinkage deformation of 15...20% compared to
naturally hardened samples.

When using sodium metasilicate in the form of an aqueous solution, the
inherent shrinkage deformation at the time of stabilization at 90 days was
0.98 mm/m. The use of sodium metasilicate in powder form reduced shrinkage
deformation from 0.98 mm/m to 0.89 mm/m, i.e., by 9.0%, compared to the use of
sodium metasilicate in solution form.

The influence of the silicate modulus of soluble sodium silicates on the
shrinkage and strength of RPC has been revealed. It has been established that a
decrease in Ms from 3 to 1 leads to a decrease in shrinkage from 1.13 to 0.98 mm/m..

It has been proven that optimizing the grain composition of the aggregate
allows for an additional reduction in shrinkage of 4...6% compared to control
concrete samples using non-optimized aggregate.

It has been shown that the combined effect of the above factors (nano-
additives, micro-reinforcement, heat and moisture treatment, aggregate state of the
alkali component, silicate modulus of soluble sodium silicates, optimization of
aggregate granulometry) allows obtaining RPC with its own shrinkage deformations
within 0.5...0.6 mm/m, which is comparable to conventional concretes.

As a result of these measures, high-strength alkali-activated cement reaction
powder concrete of strength class C80/95 with high early strength kinetics (52.3;
76.3; 85.0 MPa at 1, 2, 3 days, respectively), high crack resistance (with a
compressive strength to flexural strength ratio of 5.3..5.9), reduced shrinkage
deformations (0.5...0.6 mm/m), high weather resistance and frost resistance > F300,
stable performance characteristics over time. In terms of early strength gain, ultra-
rapid hardening RPC significantly outperforms concretes based on alumina cement,
super-rapid hardening Portland cement, and low water demand cement, while having
acceptable shrinkage deformation. Given the high physical, mechanical, operational,
and special characteristics of the RPCs obtained, they can be classified as "highly

functional".
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The technological aspects of obtaining RPC based on nanomodified alkali-

activated cements have been revealed.

The influence of the method of introducing the alkali component (aggregate
state — powder/solution) and the composition of slag-containing cement on the setting
time — one of the main technological factors in obtaining RPC — has been revealed.
The use of sodium metasilicate (Ms = 1) in the form of a solution ensured the
maximum reduction in the soluble-binding ratio and more intensive development of
concrete strength compared to the use of metasilicate in powder form — by 30.5%;
23.5%; 18.4%; 6.1%; and 3.9%, providing compressive strength of 52.3; 85.0; 108.7;
136.1; and 141.4 MPa at ages 1, 3, 28, 180, and 360 days, respectively. All
compositions demonstrated a stable and monotonous increase in long-term strength.
The ratio of compressive strength to flexural strength in the range of 5.3..5.9
confirmed the high viscosity and crack resistance of concrete. Increasing the Portland
cement content in the slag-cement binder system from 5 to 45% leads to an
intensification of strength gain in the early stages (up to 3 days) and a reduction in
setting time. When using sodium metasilicate (Ms = 1), depending on its aggregate
state (powder, solution) and the composition of the aluminosilicate component, the
setting time can be 19...100 minutes. And when adding LSTM, it is
40...118 minutes.

It has been shown that RPCs based on alkali-activated slag Portland cements
demonstrate higher ballistic characteristics compared to RPCs based on traditional
Portland cement. Thus, the developed RPCs demonstrate an increase in key
properties over time (compared to 28 days of age): compressive strength after 360
days — up to 141.4 MPa (an increase of 30.1%) and 144.6 MPa (9.1%); impact
strength after 180 days — up to 4413 kJ/m? (an increase of 31.6%) and 4805 kJ/m? (an
increase of 11.3%).

Based on the method of absolute volumes of raw components of concrete
mix, a methodology for calculating the composition of sand concretes based on
alkali-activated slag Portland cements, including reaction powder concretes (RPC)

and concretes for 3D forming, has been proposed. For example, the consumption of
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ingredients per 1 m® with a ratio of "binder : sand" of 1:1, using an alkali component

in powder form and mixing with water [6]:

— binder (slag + PC + alkaline component) — 1034 kg/m’;

— fine river sand (Mk = 1.16) — 1034 kg/m’;

— water — 220...230 I/m’;
- W/C —-0.213...0.222.

The composition was designed taking into account the technology of laying
concrete mixture RPC. Under the influence of vibration during laying, the content of
entrained air does not exceed 4...8% by volume.

The use of RPC for forming products by extrusion or in 3D-printers with the
determination of the main technological parameters of the process was also
considered. It was established that the consistency of concrete mixes should
correspond to grades from S1 (cone slump 1..4 cm) to V3 (stiffness 6...10 s)
depending on the volume and configuration of the product, the type of extruder
(screw, screw), the pressure and speed of extrusion of the mixture. The pressure and
extrusion speed vary depending on the type of equipment. Fast-setting mixtures with
setting times of 25...40 min are recommended. RPC mixtures for 3D-printing should
have the following basic characteristics: Sutard flow 12...15 cm (or 10...14 cm on a
mini-slumpcone), water retention > 97%, setting speed < 20 min. Given the high
intensity of RPC strength gain, including in the early stages, it has been proven that
heat treatment can be dispensed with. In certain special cases where heat treatment is
technologically necessary, it is advisable to limit the temperature to no higher than
50°C. This indicates the energy efficiency of the developed RPCs.

Based on the data obtained during the research, technological
recommendations have been developed for the production and use of high-
performance reaction-powder concretes based on alkali-activated cements for the

protection of critical infrastructure facilities.
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BCTYII

AKTYaJIbHICTh TEMH

P03BUTOK TTPOMHCIIOBOCTI Ta MOJITHKU OE3MEKHM BUMAara€ HOBUX OY/IBEIIbHUX
MaTepiaiiB, A0 SKUX BHCYBA€TbCS WIIMM pAg BUMOT — BOHM IOBHUHHI OyTH
O€3MeUHINMMH, E€KOJIOTIYHUMH, eKOHOMHHMH, JCKOPaTHBHUMH, MaTH Pl
CHeIiaIbHUX BIACTUBOCTEH, 10 TOB'SI3aHO 3 CYYaCHUMH BUKJIMKaMH. 3 1HIIIOTO OOKY,
aHaJll3 Cy4yaCHHX TEHJCHII y CBITOBOMY MaTepiajO3HaBCTBI, BICHKOBO-TIOIITHYHA
cutTyalii y cBiTi, 1 B YKpaiHi 30KpeMa, BKa3ylOTh Ha MPIOPUTETHICTH PO3POOKHU 1
BUKOPHUCTaHHA OyAIBEJbHUX MaTepiajiB 3 BUCOKMMH Ta HAJBUCOKUMH (Di3UKO-
MEXaHIYHUMHU 1 EKCIUTyaTalllHHUMU XapaKTepUCTUKAMHU, K1 37aTHI BUTPUMYBATU
3HA4YH1 JAWHAMIYHI HaBaHTaxeHHs. lle, y mepury depry, meMeHTH 1 OCTOHM Ha iX
ocHOBI [1, 2]. IcHye monuT 1 3aIiKaBIEHICTh B OTPUMaHHI MOMIOHMX MaTepiamiB. AJe
06 3a0e3neunTH €(EeKTUBHICTh BUKOPUCTAHHS TaKMX IIEMEHTIB y O€TOHax CIif
3HaYHO MIJBUIMUTH IX AaKTUBHICTh Ta (OPMyBaHHS KOMIUIEKCY CIIEHIabHUX
BJIACTHUBOCTEH — BHCOKHUX MPYXKHO-TUTACTUYHUX  XapaKTEPUCTUK, BUCOKOI
TPIIMHOCTIMKOCTI, YAAapHOI MILHOCTI, PpEeryJbOBaHUX BJIACHUX JAedopMarlii,
MOPO30CTIHKOCTI, BOJIOHENPOHUKHOCTI, 3JaTHOCTI TBEPJAHYTH TIPH BIJ EMHUX
TeMmrepaTypax Ta IIiJI BOJOI, BOTHECTIMKOCTiI, KOPO31MHOi CTIMKOCTI, HU3BKOIO
TEIUIOBUJUIGHHS 1, HE B OCTaHHIO Yepry, JAEKOpPaTHBHOCTI Ta 3pPY4YHOCTI
BUKOPHUCTaHHA, fKa MOXXe OyTu peami3oBaHa y ¢opmaTi CyXux OyIiBEIbHUX
CyMiIIeH.

Takum 4rHOM, MOMUT HA HEOPraHIYHI IIEMEHTHI MaTepiaau Ta OETOHM Ha iX
OCHOBI 3 BUIIIEBKa3aHWMHU BIACTHBOCTAMHU Belukuid. Lle 0OyMOBIIO€ aKTyalbHICTh
npo6sieMu 1 HEOOX1IHICTh 11 BUPIILICHHSI.

binpmricte OyniBeIbHUX MaTepiajiB IPYHTYEThCS Ha TMOPTIAHALIEMEHTAX.
30kpema, JEeKOpaTUBHI IIEMEHTH Ha OCHOB1 O1I0T0 MOPTIAHALIEMEHTY, IKUH IIHPOKO

HE BHUPOOJSETHCS Ta IMIOPTYETbCA y OaraThbOx KpaiHax. Alle Takl JEKOpaTUBHI
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EMEHTH MalOTh 0arato HeJOJIKIB BIACTUBUX JJISI TPAAULIMHOTO MOPTIAHALIEMEHTY,
30KpeMa BHCOKI €HEepreTM4YHl 3aTpaTd, HE EKOJOTIYHICTh. BUKOpHCTaHHA
JICKOPAaTUBHUX JIy’)KHO-aKTUBOBAHMX IIEMEHTIB MOXKE CTaTH >KUTTEBO BaXKIUBOIO
ATBTEPHATUBOIO y BUPOOHUIITBI OULTMX Ta KOJHOPOBUX IIEMEHTIB. BoHuM 3maTHi
HAJaBaTH s OCOOJMBUX BJIACTUBOCTEH — CTAOUIBHICTH KOJIBOPY, JOBIOBIYHICTH,
BHUCOKY ajre3ito Tomio [3-9].

OcHOBHI CBITOBI TEHJEHIII CHPSMOBaHI Ha MIJABUIIEHHS BUMOT [0
0aratoyHKIIOHATBLHOCTI 1 JOBTOBIYHOCTI OYIiBENLHUX MaTepialiB, IIiIBUIIECHHS
e(pEeKTUBHOCTI BHUKOPUCTAHHS LIEMEHTIB, 3MEHILIEHHS €HeproBUTpaT 1 coOiBapTOCTI
JUIs  TIABUIICHHS 1X JIEKOPaTUBHUX BIIACTHBOCTEH IMUISXOM BHUKOPHUCTaHHS
e(peKTUBHUX 3ac00iB OTpUMaHHS PO3YMHIB 1 OETOHIB Ha iX OCHOBI 3a PaxyHOK
JOJATKOBOTO 3alpOBa/KEHHS] TPUPOAHMUX Ta TEXHOTCHHUX MOAU(IKATOpiB Y
npucyTHocTi epekTuBHUX [TAP.

BinnoBigHICTh AucepTaliiftHOi pOOOTH 3a3HAYEHMM TEHACHIISIM CIpUSE, 3
OJTHOI CTOPOHHU, CTAHOBJIEHHIO EKOHOMIKM 3aMKHEHOTO IMKIy, HalpaBiIeHOi Ha
3a0e3nedeHAsT e(PEeKTUBHOCTI BUPOOHMIITBA Ta 30EpPEKCHHS HABKOJIUIITHHOTO
CepeIoBHINa, a 3 1HIIOro OOKY, MIJIBUIICHHIO JEKOPATUBHUX, (PI13MKO-MEXaHIUHHUX Ta
eKCIUTyaTalliiHUX TOKAa3HUKIB IMpPH 3BEJCHHI HOBHX Ta PEMOHTI CTapHX CIIOPY.
3arajibHO-Oy/A1BEJIBHOTO Ta CIEL1aIbHOIO, Y T.4. CTPATEr1YHOTO MPU3HAYEHHS.

JIOIINBbHICT, BUKOHAHHS 3aBJaHb, HA BUPIMIEHHS SAKUX CIPSIMOBAHO
TUCepTaIiitHy poO0Ty, OOIpyHTOBaHAa pE3yJbTaTaMH TOMEPEIHIX JOCIIIKECHb
BITYM3HSHUX Ta 3aKOPJOHHUX aBTOPIB MpPHU BUKOHAHHI MPAKTUYHHX PO3POOOK SK B
VYkpaini, Tak 1 3a kopioHOoM. OTpHUMaHi pe3yibTaTH MOTPEOYIOTh CUCTEMaTH3aIlli Ta
PO3BUTKY MpOOJEMAaTUKA Yy HampsMKY YIOPaBIiHHS SK CKJIQJ0M TiApaTHUX
HOBOYTBOPEHB IIEMEHTHOTO KaMEHIO, TaK 1 CTPYKTypH OETOHIB, 3[aTHUX 3a0€3MeUUTH
HEOOX1IHUN pPiBEHb JEKOPATUBHUX BJIACTUBOCTEH, MEXaHIYHY MILHICTh, YAAapHY

CTIMKICTB Ta 1X JOBrOBIYHICTb.
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3B’A30K po00TH 3 HAYKOBHUMH NIPOrpaMaMu, INIAHAMH, TEMaAMH

HucepramiitHa po6oTa TOB'SI3aHa 3 BUKOHAHHS JEP>KOIOHKETHOT TEMAaTHKHU
No 2J1b5-2023 "Po3pobka peakiiiHO-OPOITKOBUX O€TOHIB M1JBUINEHOI €()eKTUBHOCTI
Ha OCHOBI JY)XHO-aKTHBOBAHHMX IIEMEHTIB JJIA 3aXUCTy OO0 €KTiB KPUTUYIHOI
iHppacTpykTypu" (Ne nepxpeectpartii 0123U101832).

Marepiasim aucepraniiiHoi poOOTH BKJIIOYEHI Y HAayKOBO-TEXHIUHI 3BITH
kadenpu "TexHonorii OyaiBeIbHUX KOHCTPYKLIi 1 BUpo6iB" Ta HaykoBo-mociigHoro
IHCTUTYTY B'SDKyuyux 1 wmatepiainiB KHIBCBKOTO HAI[lOHAJIBHOTO YHIBEPCUTETY

OyJIBHUIITBA 1 apXITEKTypH.

Merta i 3apa4i gocJaixKeHHS

Meroro aucepramiitHoi poOOTH € BH3HAYEHHS ONTHMAIbHUX yMOB
OTPUMAHHSI, YIPaBIiHHA BJACTUBOCTSAMH 1 BHUKOPUCTAHHS JIEKOPATUBHHX
PEaKIifHO-TTOPOITKOBUX OeToHIB Ha OCHOBI Jy’KHO-aKTUBOBAHUX
[JIAKOTIOPTJIAH/IIEMEHTIB, @ TaK0X CTBOPEHHS HOBMX MarepiaiiB Ta po3poOka
MPUKIIAIHUX 1 TEXHOJOTTYHUX PIIIEHh OTPUMAHHS HAJBHCOKOMIIIHUX PEaKIiiHO-
MOPOIIKOBUX  €(PEeKTUBHUX  OETOHIB HAa  OCHOBI  JY)KHO-aKTHBOBAaHHX
HAaHOMOJIM(DIKOBAaHUX HIJIAKOMOPTIAHAIIEMEHTIB, SIKI MOXKYTh OyTH BUKOPUCTAHI1 SIK
JUIS CHOPY/DKEHHSI IMBUIBHMX O0O0'€KTIB, TaKk 1 JJIs CHOPYIKEHHS Ta 3aXHUCTY
00’€KTiB BICHKOBOI Ta KPUTUYHOI 1HQPACTPYKTYpH.

BianoBigHo 10 mocTaBieHOi MeTH OyJid BUPIIIEH] Taki 3ajadi:

— JIOCHIPKEHO BIUTMB arperaTHOr0 CTaHy JIy>KHOTO KOMIIOHEHTY, CKJIaly IIEMEHTY
Ta MOAUQIKYIOUMX JA00aBOK OPraHiYHOIO Ta HEOPTaHIYHOTO MOXO/HKEHHS Ha
CIMPOKU mydHcasieHua i 30epedxcenicmy iX y uaci, BCTAHOBJICHO BILIUB
arperaTHOr0 CTaHy JYXKHOTO KOMIIOHEHTY, CKJIaay IEMEHTY Ta MOIU(DIKYyIOINX
n00aBOK OpraHiyHOro Ta HEOPraHI4YHOIo MOXO/KEHHS Ha

CMPYKMYPOYmMeEopeHHsa Iy>KHO-aKTUBOBAaHUX LUIAKOTIOPTIAHALIEMEHTIB 1 Ha
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OCHOBHI (hizuxo-mexaniuni xapaxkmepucmuxu PIIb Ha OCHOBI IyXHO-
AKTUBOBAHMX IUTAKOTIOPTIAH/IIICMEHTIB,;

po3pobiieH1 edeKkTUBHI 3aco0M pEryJIOBaHHS GaacHuUMu oeghopmayiamu
HaHomoudikoBanux PIIb Ha OCHOBI JIy)KHO-aKTMBOBAaHUX IIIAKOMOPTIIAH/I-
IIEMCHTIB;

JOCITIKEHO BIUIMB MOAU(DIKYIOUNX T00ABOK HA eKCHAYamauiitii 61acmueocmi
pPeaKIiiHO-TTOPOIIKOBUX OETOHIB Ha OCHOBI HaHOMOJW(IKOBaHUX JTY>KHO-
aAKTUBOBAaHUX LIEMEHTIB (MIIHICTh, YAapHa MILHICTh, TPIIMHOCTIHKICTD, BIACHI
nedopmMmairii ycaaku, 31aTHICTh TBEPAHEHHS Y PI3HUX YMOBaX, T€HE3UC MIITHOCTI
1 CTIMKICTB KOJIbOPY Y Haci);

PO3pOOIIECHI MeXHON02IYHI OCHOBU 8U20MOBIEHHA | eKchiayamauyii MaTepiaiB
Ha OCHOB1 HAHOMOM(IKOBAaHUX JTY>KHO-aKTHUBOBAHUX HUIAKOMOPTIAH/IIIEMEHTIB;
pO3pO0JICHI mexHoN02iuHi peKkomenoayil MO0 BUPOOHMIITBA 1 €KCILTyaTarlil
MO (IKOBAHUX PEAKITIMHO-TIOPOIIKOBUX OETOHIB;

BCTAHOBJIICHO 6MJUE XIMIUH020 CKaady i o0codaueocmeil MIKpOCMPYKmypu
JY>KHO-aKTHBOBAHOIO  HUIAKOMOPTIAHALIEMEHTY 3aJie’KHO BiJ  BHUXIJHOTO
[JTAKOBOTO Ta JYXHOTO KOMIIOHEHTIB Ha 3MiHy 3abapeienHsa Oemonie mpu
TBEPJIHECHH1 Y HOpPMAJIbLHMX YMOBaX Ta Ha MOBITPI;

OOTpYHTYBAHO THUII Ta KiJbKicHUN BMICT [TAP y KOMIIIEKC1 3 HAHOCTPYKTYPHUMH
MoaudikaTopaMu Ha 3MEHIICHHS BOJIO-IIEMEHTHOTO BIHOIIECHHS IS 3arajbHOl
aKTHBI3aIlli TPOILIECIB  CTPYKTYpOYTBOpPEHHS, (OpPMyBaHHS  IOYATKOBOL
CTPYKTYpPH JI€KOPATUBHUX OETOHIB Ta HAMpAaBICHUW iX PO3BUTOK Yy dYaci 014
3ano0izanna ymeopenHnsa ucoig¢ y KIHIEBOMY IIPOIYKTI MiJ JI€K0 30BHIITHHOTO
CEpEIOBHUILIA;

BU3HAUEHO TUIU MiHEpaJbHUX OApBHUKIB, X KUIbKICHMNA BMICT IPH OTPUMAaHHI
3aJlaHUX KOJIbOPIB MaTepialiB 1 JOCTIHPKEHO PO3BUTOK MIIIHOCTI  Ta
noBroBiuHicTh PIIb y ix nmpucyTHOCTI;

BUKOHAHO 00CHAIOHO-RPOMUCI08Y NEPEGIPKY MEXHOI02IYHOCHI ma WEUOKOCmI
meeponenna orpuMannx nexopatuBHux PIIb y mpuponHux HaTypHMX ymoBax

3aJIe’KHO B1J] aTMOC(EPHHUX YMOB 30BHILIHBO CEPEIOBUIIIA;
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— JOCHIIKEHO CmillKicmb 3a0apeienna ma cmillkicmos cmpyKmypu MaTepiaiiB

MiCJsl CTaHAAPTHUX 1 HATypHUX BUnpoOoByBaHb PIIb.

HaykoBa HOBH3HA OTPUMAaHUX Pe3yJabTATIB

® BH3HAYCHO 3aKOHOMIPHOCTI BIUIMBY Ha NPOLECH BIAOUTIOBAHHA peaKUiiHO-
nopomkoBux OetoHiB (PIIB), y T.4. (orokaTamiTUYHOrO MIOKCUIY THUTaHYy Y
npucyTHocTi edextuBHux IIAP Ta iX KOMIUIEKCIB 3 KapOOHAaTHUMH Ta
ATFOMOCHITIKATHUMU CIIOJTYKaMH;

® BHBYCHO BIUIMB HAHOCTPYKTYPHHX CIIOJIYK OpPraHO-MiHEpaJIbHUX KOMIUIEKCIB Ha
NPOIECH CTPYKTYPOYTBOPEHHS Ta JIOBIOBIUHICTh PEaKIiHHO-TIOPOITKOBUX
OCTOHIB Ha JY)KHO-aKTUBOBAHHMX IIUIAKOMOPTIIAHIIIEMEHTAaX Ta iX Y4YacTh Y
npolecax OKUCICHHS CTPYKTYPHUX €JIEMEHTIB IIIAKIB,;

® PO3BUHEHI JOCTOBIPHI YSIBIIGHHS 1 CMOCOOHM IIOAO MIiABUILECHHS MOTEHIIAIBHUX
MOKJIMBOCTEH JTYKHO-aKTUBOBAHUX IIIJIAKOMOPTIAHIIIEMEHTIB y O€TOHAX HOBOTO
MOKOJIIHHS IIJITXOM KePOBaHO-HAMPABIEHOTO T0OIATKOBOTO CUHTE3Y y IIEMEHTHUX
MATpPULAX TIAPOATIOMOCUIIIKATIB, TOMIOHUX 3a CTPYKTYpPOH IPUPOIHUM
[eoJliTaM NMpU MOAM(PIKYBaHHI HAaHOAOOABKaMU Yy BUTJISAI CHJIIKATIB HATPIIO 1
BHCOKOAKTHUBHUX aJTFOMOCHIIIKATIB;

® BUSBJICHO MOXJIMBOCTI 3MEHINEHHS 3aTPATHOCTI 1 MIJBUINEHHS EKOJOTTYHOCTI
PEaKIHO-TTOPOITKOBUX OETOHIB HA OCHOBI JY)KHO-aKTUBOBAHHMX IIUIAKO-
MOPTJIAHIIEMEHTIB, TaK K TaKi IIEMEHTH MaKCUMAaJIbHO HACHYCHI MPOMHUCIOBUMHU
BIIXO/IaMH TEXHOT€HHOTO TOXOKCHHs (IIUIaKW JOMEHHI TPaHyJIbOBaHI, 30JH
TOIIO);

® BH3HAYEHO CTIMKICTh MIHEPAIbHUX KOJIBOPOBHX OapBHMKIB TpH (HOpMYyBaHHI
JIEKOPATUBHUX PEAKILINHO-TIOPOIIKOBUX OETOHIB Ta iX BIUIMB Ha JIOBIOBIYHICTh
MaTepianiB, y T.4. 3JaTHICTb /10 YTBOPEHHS BHCOJIB Ha MOBEPXHI IITYyYHOTO

KaMCHS,
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® BHBYEHO OCOOJUBOCTI (POPMYBAHHA MIKPOCTPYKTYpHU Ta IOPOBOTO MPOCTOPY

JOBTOBIYHMX JCKOPATUBHUX PEAKLIWHO-TIOPOIIKOBIUX OETOHIB y MPUCYTHOCTI
MiHepallbHUX Moaudikatopis Ta [TAP;

e BUKOHAHA ONTUMI3aIls CKJIaJIB PEaKIIHHO-TIOPOIIKOBUX OETOHIB Ta BH3HA4YCHI
3aKOHOMIPHOCTI KOMMO3MUIIIHOI X mMOOyAOBM 3a KpPUTEPIEM MIIHOCTI Ta
pPO3pO0JICHO MEXaHI3MM YIPABIIHHSA BJIIACHUMHU JedopMaliisiMi yCaaKu IUX
OeTOHIB Ha OCHOBI B'SDKYUO1 CHUCTEMU "mak +
MOPTIAHIAIIEMEHT + JTY)KHUW KOMIIOHEHT" 3 OTPUMAaHHSM HAIIBUIKOTBEPIHYUNX
Bucokominiuux PIIb 3 Bucoxkumm (i3uKo-MeXaHIYHUMU 1 €KCIUTyaTalliiHuMU
XapaKTEPUCTHKAMHU, 3 TEXHOJIOTIYHO MPUHHATHUMU CTPOKAMHU TY)KABJICHHS Ta
KEPOBaHUMH BJIACHUMHU JehopMallisIMU YCAIKH;

® Ha BIAMIHY BiJ HayKOBHX POOIT BITUYM3HSIHUX Ta 3aKOPJOHHUX BUCHMX, BKa3aHa
po3po0Ka 3amponOHOBaHA MPU BUKOPHUCTAHHI €(PEKTUBHHX JIYKHO-aKTHBOBAHUX
[UTAKOTIOPTJIAH/IIIEMEHTIB, a HE TPATUIIAHUX MOPTIAHALEMEHTHUX B SKYUUX
PEYOBHH, SIKI TOTPEOYIOTh CKJIaAHUX TEXHOJIOT1 BUTOTOBJICHHS, BIJIPI3HIIOTHCS
HU3BKOIO EKOJIOTIYHICTIO, BHCOKOIO EHEPrOEMHICTIO 1 XapaKTepU3YIOThCS

HECTaOUTbHUMU XapaKTEPUCTUKAMU.

IIpakTHYHe 3HAYEHHS OJlePKAHUX Pe3y.IbTATIB

[TpakTiuHa peanizaiisi 3aBJaHb MPOEKTY [O3BOJISIE CYMMEBO POIULUPUMU
HalpsSMKA BUKOPUCTAHHS PO3UYMHIB 1 OCTOHIB Ha OCHOBI JIY)KHUX JIEKOPATHBHUX
NUTAKOMOPTIAHIIEMEHTIB, K aHAJIOTY JEKOPATUBHUX TPATUIIHHUX IIEMEHTIB, 110 3
paxyHOK BHKOPUCTaHHS BIAXOMIB Ta CYNyTHIX MPOAYKTIB MeTamyprii Ta
TeIUIOEHEPIeTUKKU (METamyprifHUX IIUIAKIB, TMAJIUBHHUX 30J1, BIJIXO/AIB BUPOOHMIITBA
ANIOMIHIIO TOIIO) CHPUSATUME BHPINICHHIO TMHTaHb OY/1BEITbHO-BUPOOHUYOTO
KOMIUIEKCY, @ TaKOX eKOJIO2IUHUX NpoOieM NOBOONCEHHS 13 8eNUKOMOHHANCHUMU

gioxoodamu. ITpudomy, 3a3HaueHi MPoOJIeMH € aKTyaJIbHUMH HE TUIbKHU JJI1 Y KpaiHu,
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aiie i AJi1 BChOTO CBITY, MIATBEPPKEHHSAM YOTO € PEryJsipHE MPOBEACHHS 3aXO/IIB,
MPUCBSIYEHUX ITAM MTUTAHHSIM.

Busnadeni 3axoau BiIOUIIOBaHHS Ta OTPUMAaHHS JIOBFOBIYHUX JEKOPATUBHHX
MaTepiaiB Ha OCHOBI JY)KHO-aKTHMBOBAHUX IILJIAKOMOPTJIAHIILIEMEHTIB, 10 JT03BOJISIE
CYmmeso nioguwumu mepminu excniyamayii OyIiBEIbHUX CIIOPY/ 3arajlbHOro Ta
CHEIIaIbHOTO TpU3HAYEHHS, HajgaTH iM JCKOPATUBHOI BHPA3HOCTI. 3a3HayeHE
TIO3BOJISIE 3MEHWUMU BUMPAMU HA eKChAyamayilo TaKuX KOHCTPYKIIH, CIOpYy,
00’€KTIB, 30inblUmMU CMPOK IX 0e38i10M06HOI CYJicOU, MO CIPHUSE PO3BUTKY Ta
e(EeKTUBHOCTI €EKOHOMIKH.

3a pe3ynpTaTaMH aHai3y CBITOBHX pPHUHKIB MOXKHA CTBEpDKYBaTH, IO
3aMpoNOHOBaHI IEKOPATHBHI [IEMEHTH Ta MaTepiajl Ha OCHOBI JIY)KHO-aKTHBOBaHUX
[UTAKONOPTIAHAEMEHTIB 0Y0ymb mamu HOnum Ha puHKy Yxpainu ma ceimy 3
OTJISITy HA BUCOKY €HEPro- Ta PECYpCOEMHICTh TPAAUIIIMHUX OUTUX Ta JEKOPATUBHUX
neMmeHTiB. Kpim Toro, mns YkpaiHu 1€ IIAHC 3MeHwumu IMHOPMHY CKIAO08Y
eKOHOMIKU, aJKe BCl OUIl IIeMEHTH Ha HAllOMy pPUHKY € I1MIOPTOBAHUMU
MarepiajlaMH.

OTprMaHi 3HaHHS y pe3yJNbTaTl BUKOHAHHS NaHOI POOOTH MOdcymb Oymu
peanizo8ani Ha 00206IpHUX YMO8ax K B YKpaiHi, TaKk 1 3a KOPJOHOM 3a PaXyHOK
BUKOHAHHS POOIT 3a JIOrOBOpaMH, KOHTPAKTaMH Ta JIIEH3IHHUMHU yrogaMmu. Takum
YUHOM, pe3yJbTaTh BUKOHAHHS TPOEKTY 0OVOymb KOHKYPEHMO30amHuMu 1
BI/IMOBIaTH MOTpedaM PO3BUTKY TEXHOJIOT1M, CYCHIJILCTBA Ta €KOHOMIKM YKpaiHW,
COPUSATH MIJBULICHHIO CTAJIOTO PO3BUTKY KpaiHu y minomy. Kpim toro, macmrabue
BUKOPUCTAHHA MPOMHCIOBUX BIOXOAIB 3HAXOAUTHCA Yy pO3pi3l MPIOPUTETHUX
IJIOBUX Mporpam ypsiay Ykpainu (pimennss PHBO "IIpo komiuiekc 3axo/iB 11010
BJIOCKOHAJICHHSI TTPOBEACHHSI MOHITOPHHTY JOBKULIS Ta ACP)KABHOTO PETYIIOBAHHS Y
chepi MOBOKEHHS 3 BiAXOAaMU B YKpaiHi", TOINO) Ta 3aBJaHb 13 3a0€3MEUCHHS
€KOJIOTIYHOI CKJIaJI0BOi HAIllOHAIBHOT O€3MeKH, a 3alpOBaKEHHS BHUITYCKY O1IMX
LEMEHTIB B YKpaiHi 3mMeHuums iMnopmue HaéanmaxjiceHHs Ha eKOHOMIKY KpaiHH, 110

TaKOX € NUMAHHAM HAYIOHAILHOL Oe3neKu.



45

Ilpakmuuna yinnicms po3poOKKM OETOHIB HOBOTO TOKOJIHHS, a came
pPEaKIifHO-TIOPOIIKOBUX OETOHIB HAa OCHOBI HAHOMOAM(DIKOBAHUX  JIy>KHO-
AKTUBOBAHUX IIJIAKOMOPTIAHAIIEMEHTIB, € Ha/I3BUYallHO BUCOKOIO TaKOX 1y eanysi
besnexu i oboponozdamnocmi Kpainu. 1{IHHICTE JISI NPAKMUYHO-COYIANLHO2O
PO36UMK)Y Kpaidu OYIKYBaHHMX HaIlpalfoBaHb OOyMOBJICHa 3ampOBaKEHHSIM
3aMpoIOHOBAHUX IIEMEHTIB, BUTOTOBJICHUX 3a PECypco- Ta EHepro30epiralodmmu
TEXHOJOTISIMU TPH  BIAMOBIAAJIBHOMY BIAHOLIEHHI JO €KOJIOTHi OTOYYI0YOTro
cepenoBuiia (3MeHiieHHs ewicii CO;) 3a paxyHOK BHUKOPHUCTAHHS MMOOIYHUX
MIPOYKTIB BUPOOHUIITBA 1 BIIXO/IB MPOMUCIOBOCTI (JIOMEHHI TPpaHyIhOBaHI IIAKH,
30JIM-BUHECEHHS TOlIO0). BKazaHl XapaKTepUCTUKH BU3HAYAIOTH NEPCHEeKMUBHICHb
BUKOpUCMAHHsA TAaKUX MaTepiajgiB IpU 3BEJCHHI Ta 3aXUCTI CHOPYJ KPUTHYHOI
BIMICHKOBOI Ta IMBUIBHOI 1HPPACTPYKTYypH: Ipediii, 1aMOH, €IeKTPOCTaHIIll, CTaHIIii
BOJIONIOCTa4YaHHs, YKPITUICHHS, MOCTOB1 KOHCTPYKIIIi, CKJIaau OO€mpuInaciB, aMyHiIlii,
MIPOJIOBOJILCTRA, JIOPOKHI Ta a€pOAPOMHI MOKPUTTS, GopTU(IKAIIINHI CIOPYIX TOIIIO.

BpaxoByroun ix BHCOKI (I3UKO-MEXaHI4HI, EKCIUIyaTalliiiHi Ta CIeniaibHi
XapaKTePUCTUKU 1X MOKHA BITHECTH J10 ""BUCOKO(YHKIIIOHAIbHUX ",

[lpakTryHa IIHHICT, Ta 3aIlKABJICHICTh Y pe3yJbTaTax [aHoi poOoTH
MIITBEp/PKEHA JIMCTAaMHU IMIJTPUMKH BiJ HACTYHMHUX TMPOBIIHUX IMIJANPUEMCTB
OyniBenbHOT 1HAYCTpii YkKpainu: [IpomucnoBo-OyniBensHoi Trpynu "KoBanbcbka',
m.KuiB; IIpAT "BbpoBapchkuii 3aBoj 3a11300eTOHHUX KOHCTpYKLii'", M.bposapu; T1I1

"KuiB-Pecypc", Mm.Kuis; [IpAT "JlomoOyniBensHuii koMOiHaT No4", M. Kuis.

Oco0ucTnii BHeCOK 3100yBaya

[Tonsirae y BUKOHAHHI €KCIIEPUMEHTAIbHUX AOCIIIKEHb, 00pOOIIl OTPUMAaHUX
pe3yJbTaTiB Ta BIPOBAKEHHI PO3pOOJICHUX MaTepiaaiB y BUPOOHHUIITBO, IO

B1I0OpakeHO Y HOro HAyKOBUX MyOJTIKaIlisIX 1 anmpobaliii pe3ybTaTiB.
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ma cknad bemony”, 14 tpaBas 2025 p. m. Pisne, HYBI'TI.

Iy6aikamnii. 3a TeMoro nucepraiiii ony0JikoBaHo 17 HayKOBUX Mpailb, 3 HUX:

* 6 —y HaykoBHX ()axOBUX BUJIAHHIX YKpaiHw;

* 2 — y mepioJUYHUX HAYKOBUX BUJIAHHSX IHIIMX JEP)KaB, SIKI BKJIKOYEHI J0
MDKHApOJAHUX HAYKOMETPUYHUX 0a3;

* 2 —y30ipHUKaxX Te€3 MIXKHAPOJHUX KOH(DEPEeHIIii:

* | — B SIKOCTI HOPMAaTUBHOIO IOKYMEHTY;

* 6 —y Marepianax JOMOBIACH MIKHAPOIHUX KOH(PEPEHIIIH.

Ctpykrypa i oOcar aumcepramii. /lucepramiiiHa poOoTa BUKIaJeHa Ha
184 cropiHkax APYKOBAaHOTO TEKCTY OCHOBHOI YaCTHHH, sIKa CKJIanaeThes 31 Berymy,
7 Po3niniB Ta 3aradbHUX BUCHOBKIB 1O poOoTi. [ToBHUI 00cAT AricepTalii CTaHOBUTH
227 ctopiHOK 1 BKiIo4ae 64 pucynku, 43 Ttabnumi, 41 dopmyiy, CIOHCOK

BUKOpHCTaHUX kepen 13 181 naiimenyBanns ta 1 JlonaTok Ha 24 cTopiHKaXx.



