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Tepemenko JI.B. HanomonudikoBaHi KOJIBOPOBI IMEMEHTH Ta O3J00JFOBabHI
OyIiBelbHI PO3YMHM Ha iX OCHOBI 3 TMOKpAIICHUMH €KCIUTyaTalliHUMU
xapaktepuctukamu — KBamidikariilina HaykoBa mpaiis Ha rpaBax pyKOITHCY.

JucepTaiiist Ha 3700y TTs HAYKOBOT'O CTyIIeHs JokTopa (pistocodii 31 cremialbHOCTI
192 — ByaiBHUNITBO Ta IUBUIbHA 1HXKEHepis. KWiBChbKkMI HalllOHAIBHUN YHIBEPCUTET
OyAiBHHUIITBA 1 apXiTeKTypH, M. KuiB, 2026.

JlucepralliifHe JOCHIPKCHHS TPUCBSYEHE pPo3poOlIll Ta ONTHUMI3alli CKJIaJIB
03/100JIFOBAJIbHUX ~ OyAIBEJIbHMX PO3YMHIB Ha OCHOBI KOJHOPOBUX  IIEMEHTIB,
MOIM(PIKOBaHMX HAHOKAPOOHATHUMH JOOABKaMH, IO BIAPI3HATUMYTHCS MOKPALICHUMHU
(h13UKO-MEXaHIYHUMU Ta CIIEIiaIbHUMU XapaKTePUCTUKAMHU 1 MOKYTb OYTH BUKOPHUCTaH1
JUI. BUTOTOBJICHHSI apXITEKTYPHHUX KOHCTPYKLIA HEOOXITHOTO KOJbOPY 1 MOBEPXHI,
3IaTHOI 10 caMoo4HIeHHs. J[OCATHEHHS TOCTaBJICHOI METH Tepeadadae BUKOHAHHS
TaKUX 3a/1a4:

— BCTAHOBUTHM MEXaHI3M BIUIMBY Ha TIIT'MEHTOBaHI I[EMEHTHI CHCTEMH
NOJIIKApOOKCUJIATHOI ~ Ta  HAHOKapOOHATHOI  J00aBKW, JOCHIIMBIIM  IPOLECH
CTPYKTYpOYTBOPEHHS IITY4YHOTO KaMEHIO, a TaKoXX (PI3UKO-XIMIUYHI 3aKOHOMIPHOCTI
IpoLECiB Tifpartamii MOAU(PIKOBAHUX CHCTEM SIK Ha paHHIX, TaK 1 Ha MI3HIX eTanax
TBEPAIHHS;

— PO3TIIIHYTH KpUTEpli BUOOPY MITMEHTIB 32 XapaKTepOM B3a€MOJIii CUCTEMU
«MIHEpaJbHUM MITMEHT-OLIMH IIEMEHT-KOMIUIEKCHa J00aBKa», OIIHUTH BIACTHUBOCTI
HAaHOMOJU(IKOBAHOI  IMITMEHTOBAHOI  I[EMEHTHOI  CHUCTEMHU (pIBHOMIpHICTb
3aapOOBYBaHHSI MPOJYKTIB Trijipartallii, 1HTEHCHUBHICTh KOJbOPY, CBITJIOCTIMKICTD,
aTMOC(EPOCTIWKICTh), BIUIUB HA TEPMIHU TY>KaBIHHS Ta PIBHOMIPHICTh 3MIHU 00’ €My,
nonepeyKeHHs 3MEHIIIEHHS MIIHOCTI MPY BBEJICHHI MITMEHTIB;

— nigiopatu ONTUMAJILHE CHIBBIIHOIIEHHS MOJTIKapOOKCUIIATHOI,
HaHOKapOOHATHOI J00aBKM Ta IMITMEHTIB MIHEPAJIbHOI'O ITOXOJKEHHS IIPH TiapaTartii
KOJIBLOPOBOTO IIEMEHTY IS OTPUMAHHS O03100JIOBAIBHMX PO3UYMHIB 3 IMOKPAIICHUMHU

eKCIUTyaTaI[liHUMU XapaKTEePUCTUKAMU;



- JOCTIAUTA MOKJIIUBICTh MIABUILEHHS IIUTBHOCTI CTPYKTYPH LIEMEHTHOTO
KaMEHI0, CTIMKOCTI 10 KapOoHi3allii, CTIHKOCT1 KOJIbOPY I€KOPATUBHOI'O PO3UMHY Y Yaci;

— ONTUMI3yBaTU CKJIaJd PO3YMHIB Ha OCHOB1 KOJbOPOBUX MOJU(]PIKOBAHUX
[EMEHTIB Ta BHM3HAUYWTU TEXHOJOTIYHI 1 (DI3UKO-MEXaHIYHI XapaKTEPUCTUKH
PO3pOOJIEHUX CUCTEM;

- JOCITITATH MOKITUBICTh OTPUMAHHS 0300JTFOBAIbHUX PO3YNHIB 3/IATHUX JI0
CaMOOYHIIEHHSI.

Axmyanvnicms 00C1i0NCeHHs TIOJIATa€E B TOMY, IO Ha ChOTO/IHI OJTHUM 13 OCHOBHUX
HANpsSMKiB TE€XHOJIOTTYHOTO PO3BUTKY B OYyJIBHMIITBI € BUKOPHUCTAHHS KOHCTPYKIUH i
BUPOOIB JI0 SKMX BUCYBAIOTHCS MIABUINEHI €CTETUYHI BUMOTH, B TOMY YHCJIl U 10
KOJIOPUCTUYHOTO OQopMieHHA OyaiBenb. [Ipu 1poMmy, neKOpaTHBHI MaTepiaiv o
BUKOPUCTOBYIOTHCS TIOBUHHI BIAMOBIMaTH BHCOKMM BHMOTaM IIOJAO MIIHOCTI #
CTab1ILHOCTI KOJIbOpY. [Ipu BUKOpHCTaHHI OETOHIB Ha OCHOB1 KOJBOPOBHMX IIEMEHTIB
ICHYIOTh TE€BHI OOMEXEHHS y iX 3aCTOCYBaHHI uepe3 BIAOMI HEAOIIKUM TaKUX CHUCTEM
(cmag MIIHOCTI TakuxX OETOHIB y 4aci, HECTaOUIBHICTh KOJIbOPY, BHUCOJIOYTBOPEHHS,
niBuIeHa ycaaka). JloCHiPKeHHS BIACTUBOCTEH Ta BHBYEHHS XapaKTEPUCTHK
MO (IKOBAHUX KOJTHOPOBUX IIEMEHTIB Ta 3a0€3MEUCHHS iX BUCOKUX €KCIUTyaTaIlliHUX
BJIACTUBOCTEH 0OYMOBIIIOE aKTYaIbHICTh IaHO1 POOOTH.

[IpoBenenuit  anamiz  iHQopmamiMHUX  JKepenl B Taly3l  OTpUMAaHHS
037100JIFOBAJIbHUX OyAIBEIbHUX PO3YMHIB HAa OCHOBI MOJU(]DIKOBAaHUX KOJIHOPOBHX
LIEMEHTIB, JI03BOJISIE BUCYHYTH TINOTE3y MPO MOXJIMBICTH OTPUMAHHS MaTepialiB 3
MOKPAIICHUMH SKCIUTyaTallITHIMU XapaKTePUCTUKAMU JIJIsI apXITEKTYPHOTO JCKOPY, 1110
BIJIPI3HSAIOTHCS CTaOUIBHICTIO KOJIBOPY Y Yacl, 3/IaTHICTIO O CAMOOYHIIIEHHSI, BUCOKOIO
MOPO30CTIMKOCTIO Ta CTAOUIBHOCTIO MIIHOCTI Yy Yaci 3a paxyHOK MOAM(IKyBaHHS iX
CTPYKTypH HAHOKapOOHATHUMH no0aBKaMu, 1o CIIBIPAIIOIOThH 3
MOJTIKapOOKCWJIATHUMU TulacTU(diKaTopaMu Ta 3a0e3MedyroTh HalpaBJCHUN CHUHTE3
HU3bKOOCHOBHHMX TIAPOCHIIIKATIB, a Ha ME30piBHI - MUISIXOM peryJioBaHHS
TPaHyJIOMETPUYIHOTO CKIIaay IpiOHOTO 3aloBHIOBaua Yy HAMpSMKY 3MEHIIEHHS HOTo

MyCTOTHOCTI, IJIS MiABUIIEHHS MUIBHOCTI OTPUMAaHUX PO3UUHIB.
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Ha mepmomy eram JOCHIPKEHb MPOBOJUIOCH TMOPIBHSHHS 3MIHM MIITHOCTI
IIEMEHTHUX 3pa3KiB Ha OCHOBI OLIOTO IIEMEHTY PI3HUX BUPOOHUKIB 3 PI3HUM BMICTOM
minepaiiB CsA ta C3S 6e3 BBeneHHs 100aBoK. Bei riemenTy moka3anu ctabiapHui Halip
MIIIHOCTI1 y 4aci, MpUYOMy IIEMEHT 3 HU3bKUM BMicTOM C3A Mae BUIIll MOKA3HUKU HIXK 3
BucokuM. Crif 3a3HaYUTH, 110 HA OyA1BEIbHOMY PUHKY CHOTOJIHI MEPEBAKAIOTh OLTBIII
JenieBl IEMEHTH 3 BUCOKMM BMIicTOM C3A, OCKIJIbKH, OTpUMaHHs OUIOr0 IIEMEHTY 3
MOHMYKEHUM IIbOT0 MIHEpally MOTpPeOy€e MO0JATKOBUX TEXHOJIOTIYHUX MPUHAOMIB, IO
3HaYHO 30UIbLIye 3aTpaTH Ha MWOro BHUPOOHUITBO. BpaxoByrouum 0cOOIMBOCTI
OyIIIBEILHOTO PHUHKY, ISl JOCHIDKeHb Oynu BHOpaHi IIEMEHTH SK 3 MIHIMaJIbHOIO
kiIbKicTIO C3A, Tak 1 3 MAKCUMAJILHOIO.

[Ipu npomaBaHHi 10 OLIOrO MOPTIAHALIEMEHTY 3 HU3BKUM piBHEM C3A,
MOTIKapOOKCHIIATHUX cynepriactTudikaTopis M1ITBEPKEHO ¢()eKTUBHICTh
NOJIIKapOOKCUIIATHUX CynepIiacTu(ikaTopiB. AJle Ha paHHIX eTanax TBepaiHHA (3 100a)
HaWOLIbIIa MIIHICTh IIEMEHTHOTO KaMEHIO JIOCSTAa€ThCsl IPU  BUKOPUCTAHHI
cynepriacTudikaTopiB 3 JOBIUMH T1ipohoOHUMHU OOKOBUMU JIAHIIOTAaMH Ta BUCOKOIO i
CEPENHBOIO MIUTHHICTIO 3apsiay, BIAMOBIAHO B KibKOCTI 1...1,5% Big Macu nieMeHTy. Y
OuIbIlI Ti3HI TepMiHM TBepAiHHA miactudikatop Melflux 5581 F y kinbkocTi 1,5%,
HiABUIILY€E MIIHICTH B 1,5 pa3u y HOPIBHAHHI 3 KOHTPOJIBHUMH 3pa3KaMHu.

[Ipu BBeaeHHi cynepruiactTudikaTopa y KulbkocTi A0 1% g0 OuI0TO LIEMEHTY 3
BUCOKMM BMmicToM C3A croctepiraeMo craj MimHocTi 10 15% y Bim 28 mi6. Lle
MOSICHIOETBCSI TUM, IO NP BBEJIEHH1 MIacTU(]iKyI0401 J0OABKH 10 IEMEHTY 3 BUCOKHM
BMmicToM CsA BoHa aOcopOyeThcs Ha MOro MOBEPXHI 1 11 3aJIMIIKY HEAOCTaTHHO IS
JUCTIEPTYBaHHS CIUTIKATHUX (a3 1 3HMKEHHS B’S3KOCTI B cucTtemi. Ilpu momaBanHi
OUTBIIOT KIJIBKOCTI TUIaCTU(IKYIOUOT T0OABKH SIBUIIA CIIAy MILIHOCTI HEMAE.

Brenenns mnactudikyrodoi 700aBKH J0 IEMEHTHOI CUCTEMU 3 HU3bKUM BMICTOM
C3A Oinpir eheKTHBHE 1 IPU MEHILIOMY J03YBaHHI.

Mopaudikailisi IIEMEHTHHUX CHCTEM HaHOKapOOHATHUMH J00aBKaMH CHpPHUSIE
crabimizari ¢a30Boro ckjiaay HOBOYTBOPEHb Ta TApaHTYE JIOBTOBIUYHICTH OTPUMAHOIO
EMEHTHOT'O KaMEHIO, OCKUJIbKH 3MIHIOE CKJIaJ HOBOYTBOPEHb Y HANPSIMKY (POPMYBaHHS

O1IBII TEPMOJMHAMIYHO CTAaOUILHUX CIIOJYK, IO HIBEIIOE CHaj MIIHOCTI B OULIMX
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neMeHntax 3 migBuiieHuM BMicToM CzA. Ile miaTBepmKyeThCcs pesyibTaTaMu
JOCIIIJIKEHHSI MIKPOCTPYKTYPH LIEMEHTHOTO KaMEHIO, JI€ MOXKEMO CIIOCTepiratu
3apOCTaHHS MMOP MPH J0JaBaHHI HaHOKapOOHATHOI J00aBKH. MOXKIIMBICTh MPOTIKAHHS
TaKOTO  TIPOIIECY  TaKOX  MIATBEP/KYEThCA  KPUCTAJIOXIMIYHOK  TOAIOHICTIO
HaHOKapOOHATHOI 10OABKH, KapOOHATHOTO E€TPUHTITY Ta TOOEPMOPUTY Ta MOMKIIMBICTIO
iX 3pOILEHHS 10 KpUCTAIOrpapiyHUM TUIOHIMHAM, 1110 TPOXOoATh 1o npouapky CaO.

Ha HactynmHoMy etarti 10CiKeHb BUBYAIN pojib okpeMux MiHepaiiB C3A Ta CsS
B CHHTE31 MIIHOCTI IITy4HOTO KaMeHI0 Ha OCHOBI MOAM(]IKOBAHOTO O1I0TO
nopTiananemMenTy. st nporo 0ynu Bukopuctani cuaTe3oBadi MiHepamu CsS 1 CsA. s
JOCITIJIKEHbh BHUKOPHUCTOBYBAJIM KOMITO3HIIIT HA OCHOBI IIUX CHHTE30BAHMX MIHEPAiB,
IPUTOTOBJICHUX Y BHUIVIAJI CYCIIEH31M, 3MIHM B CKJaJl SKMX Ha paHHIX TepMiHax
rigpartariii, 3a¢iKcoBaHi 3a JOMOMOTOI0 ONTUYHOI'O MIKpOCKOIa 31 30uIbleHHsIM y 400
pasiB.

Onpazy micisi 3aMmilllyBaHHS KOMIIO3MIIT Ha OCHOBI MiHepainy Cs3A,
mactTudikaropa Ta HaHOKapOOHATHOT J00AaBKU, CyMIIl BUTJIsAE ofHOp1aHOTO. [Ticis 10
XBUJIMH TiApartaiii TOYMHAETHCS TPOIEC CTPYKTYPOYTBOPEHHS 1 CIIOCTEPIra€ThCs
dbopMyBaHHs LIEHTPIB KpUCTami3ailii HOBOyTBOpeHb. Uepes 2 Ta 3roauHu BiJl MOYATKY
3aMiIyBaHHs, KUIbKICTh LIEHTPIB KPUCTaJli3allii HOBOYTBOPEHb 3POCTAE.

3a jgaHuMHM Mikpockomii micis 7 mi6 TBepaiHHS — (pa3oBUil CKiIaa MPOAYKTIB
rijparariii npeCTaBIeHUN MepeBakHO aMOP(130BaHOIO TJIOOYJISIPHOIO MACOI0, 1 TIITBKH
npu 30uemenHi 1o 10000 pasiB gesiki HOBOYTBOPEHHS MOXKHA 11€HTU(IKYBAaTH SIK
reKcaroHajbHi INIACTUHKHU T1POATFOMIHATIB Ta T1APOKapO0aTtOMIHATIB KAJIBIIIIO.

Ile miaTBepmKyeTbcs W pe3yiabTaTaMH peHreHodazoBoro axamizy. Moxemo
OPUITYCTUTH, IO HAHOKApOOHATHI J00AaBKM BIJIIPAIOTh POJIb KPUCTATOXIMIYHHUX
M1JI0KOK 1 CIPUSIOTh NPUCKOPEHHIO MPOIIECY KpUCTaizallii riapaTHUX HOBOYTBOPEHb
noaiOHKUX 70 KapOOHATHOTO ETPUHTITY.

AHaJIOT14H1 TOCTIKEHHS 0YyJIo mpoBeaeHo 3 MiHepaiioM C3S. AHaji3 HaBeAeHUX
JaHUX J03BOJIsi€ 3adiKCyBaTH 30UIBIICHHS KUIBKOCTI OyTrOpKiB pocTy (BHACHiJIOK

noyatky Tigpatarii minepamy Cs3S) Ta BiAMITUTH, IO TP TiApartaiii MiHEepady B



5

NPUCYTHOCTI TUIBKM IuIacTU(ikaTopa Mae Miclie JesKe TrajbMyBaHHS IIPOIIECY
CTPYKTYPOYTBOPEHHSI.

[Tpormec riapaTtartii C3S B mpucyTHOCTI HAHOKaPOOHATHO1 TOOABKY MPHUCKOPIOETHCS
3a paXyHOK CKOpPOYEHHs 1HAYKIIHHOTO niepioay. Lle BiOyBaeThCcsl BHACHIIOK BHACIIOK
KPUCTAIOXIMIYHOT MOAIOHOCTI TIAPOCHIIKATHUX CIIOJIYK Ta HAHOKapOOHATHOI J0OaBKH
gKa BHUCTYIAE K «MIAKIAIKa» JJIs KpUCTali3alii TiIpOCUIIKATY KaJbIlil0, CIpHUSIE
MPOSIBIICHHIO e(DEeKTy HYyKJeallli, 3a0e3Meuyroun 10JaTKOB1 IIEHTPH 3apOIKOYTBOPEHHS.

Crig 3a3Ha4UTH, 110 MIPH BBEJICHHI HAHOKapOOHATHOI T0OABKH CTPYKTYpa € OLIbIII
II1IJILHOIO MOPIBHSHO 3 CTPYKTYPOIO O€3 HAHOKapOOHATHOT I00aBKH.

3miHa MexaHi3My rifpatamii MiHepany C3S B NpUCYTHOCTI HaHOKapOOHATHOI
n00aBKM  MIATBEPIKYETHCS  Pe3yIbTaTaMu peHTreHodasoBoro  aHamizy, Ha
peHTreHorpami iienTudikoBaHi 1udpakiiitai Bij00pa)kKeHHs He TUIBKU NOPTIAHIUTY ajie
1 TOOEepMOpUTY Ta CKOYTHUTY, IIO CBIAYUTH MPO XIMIUYHY B3AEMOIIO T1IPOCHUIIKATHOL
¢da3u 3 KapOOHATHOIO CKJIAJIOBOIO.

Ha wmactymHoMy ertami JOCHIDKEHO 3MIHY MIITHOCTI 3pa3KiB Ha OCHOBI O1JIOTO
IIEMEHTY 3 PI3HUMH TuTacTHdiKaTopaMu y KibKocTl 1,5% 3 momaBaHHSM HEOPTaHIYHHUX
MITMEHTIB 3€JIEHOT'0, CHHBOT'O Ta YEPBOHOTO KOJILOPIB. [lirMeHTH BBOAMIIU B KIIBKOCTI 3,
6 Ta 9% BiJ KUIBKOCTI LIEMEHTY. 31 30LIbIICHHAM KIJIHKOCTI MITMEHTIB MILIHICTh 3pa3KiB
3MeHIyeThes. [Ipu 1boMy, HaANOIIbIIIE 3MEHIIEHHS MIITHOCTI CIOCTEPIraeThCcsl Ha
3pa3Kax, 3a0apBJICHUX YEPBOHUM MITMEHTOM — MIIHICTh 3MEHIIYeThCst Ha 20%

Ha ¢ortorpadisx MIKpOCTPYKTypH CKOJIy LIEMEHTHOTO KaMEHIO Ha OCHOBI O1J10TO
MOPTJIAHAIIEMEHTY Ta HEOPraHIYHUX MTMEHTIB PI3HOTO KOJIhOPY MOXKEMO CIOCTEPIraTH
HAsSIBHICTh PO3BUHEHOT TOPOBOT CTPYKTYpH. X0Ua XapaKTep MOp CXOXKHUI MpH T0aBaHH]
MITMEHTIB PI3HOTO KOJBOPY, aji€ MPU BBEICHHI IMITMEHTY YEPBOHOTO KOJIBOPY,
YTBOPIOIOTHCS IOpU OUTBIIOTO po3Mipy. O3HAK HasBHOCTI MPOIIECIB 3aPOCTAHHS TOp HE
CIIOCTEPITAETHCA, IO MOSICHIOE CITa T MIITHOCTI IIEMEHTHOTO KaMEHIO.

3 MeTOW MiATBEP/KEHHS BIUIMBY HAHOKApOOHATHUX J00aBOK Ha MPOLECH
(GbopMyBaHHS KPUCTAIIYHUX HOBOYTBOPEHBb OYJIO OCHIIKEHO MIKPOCTPYKTYIY TPbOX
3pa3KiB IIEMEHTHOTO KaMEHIO pI3HOTO CKiany y Ounemn misHboMy Bitl (90 mi0).

CtpykTypa LIEMEHTHOTO KaMeHIO 0e3 J0JaBaHHs MITMEHTY OUIbII OJHOpiAHA, a MpHU
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JIOJaBaHHI YEpPBOHOI'O MITMEHTY YTBOPIOIOThCS MikpoTpimuau. [Ipu BBeaeHHI
HaHOKapOOHATHOI J00aBKH, MOXKEMO CIOCTEpIraT IOCUTh OJHOPIIHY CTPYKTYpY,
3apOIICHHS TPIIIUH Ta TMOP, 110 YTBOPUIUCH BHACTIIOK I0JaBaHHS MITMEHTY.

B pesynbTaTi npoBeaeHUX AOCIIKEHb Ha 3pa3Kax 1IEMEHTHOTO KaMeHIo y Gopmi
KUJICTIh BUSBIJICHO, IO BBEICHHS 10 TUIACTH(IKOBAHOI IIEMEHTHOI CHCTEMHU IMITMEHTY
3MEHIIIy€ yac 10 nossu TpinuH Ha 0,5 ronunu. JlogaBaHHS HaHOKApOOHATHOI 100aBKU
301IBIIIY€ Yac J0 MOSBU TPIIIUH MPOMOPLINHO KIJTBKOCTI T00aBKH.

Ha nactynmHomy ertami JOCHiPKeHb OyJI0 BU3HAYEHO BIUIUB HEOPTaHIYHUX
MITMEHTIB Ha BOJIONIOTPEOY 1IEMEHTHUX CUCTEM. Ha OCHOBI 01710r0 MOPTIaHIIEMEHTY 0e3
wiactudikaTopa Ta 3 JoJaBaHHAM IutacThdikaTopa y KUTbKOcTi 1,5%. 301inblueHHs
KUTBKOCTI TITMEHTY, HE3aJIeKHO BiJl MOro KOJbOpPY, MPHU3BOAUTH 0 301IbLICHHS
BOJIONOTPEOU IIEMEHTHOI CHUCTEMH, OJIHaK, NpPU BBEICHHI IuIacTU(dIKAaTopa BILIWB
MirMeHTa He € TakuM 9yTTeBuM. CIijl 3a3HAYUTH, 1110 TIPU BBEJECHHI HAHOKapOOHATHOI
n00aBKM BOAONOTpeOa LIEMEHTHHX CHUCTEM 3HHXKYEThCS B cepelHboMy Ha 5 %.
KoHcucTeHI1isi IEMEHTHOTO TiCTa IPH [[bOMY CTa€ OUIBII €TaCTUYHOIO.

BusHaueHHs1 BIUTMBY MITMEHTIB HAa TEPMIHM TYXaBIHHS LEMEHTHUX CHUCTEM Ha
OCHOBI O1JIOTO MOPTJAHJIIEMEHTY 0e3 J100aBOK Ta Ha IEMEHTHUX CHCTeMaX Ha OCHOBI
o110TO MOPTJIAHILIEMEHTY, MO (IKOBAHOTO MOJTIKapOOKCUIIATHUM
cynepmiactudikaropom Melflux 1641 F y kinekocti 1,5% Big Macu niementy. llpu
IbOMY, IMTMEHTH, 3aJIS)KHO BiJ] iX KOJIbOPY Ta JO3YBaHHS, UNHATH PI3HHUM BILTUB SIK Ha
TEPMIHM MOYATKY, TaK 1 HA TEPMIHM KIHIISA TyXaBiHHs. [loyaTok Ty»aBiHHS IIEMEHTHOT
cuctemu 0e3 racTudikaTopa Mpu BBEICHHI MITMEHTIB CKOPOUYETHCS, 32 BUKIIFOUCHHSIM
HICMEHTIB CHHBOT'O KOJIBOPY, 5Kl 30UIBIIYIOTH Yac MOYaTKy TYXaBiHHSA. 31 301IbIICHHSIM
BMICTYy MITMEHTY, 4Yac KIHIS TY>KaBIHHA 30UIbIIYETHCS, 32 BUKIIOUEHHSM MITMEHTY
KOBTOT'0O KOJIbOPY, IKUH, HABIAaKH, CKOpouye ioro. Beenenns miactudikaropa 3011b11y€e
Yyac MOYaTKy TYy>KaBIHHS HEMITMEHTOBAHOI IIEMEHTHOI cucTteMu Ha 24%, a KiHelb — Ha
113% mnopiBHSHO 3 LeMEeHTOM 0Oe3 BBeaeHHs miactudikaropa. [Ipu 11oMy BBeACHHS
HITMEHTIB JI0 IJIACTU(IKOBAHUX LIEMEHTHUX CUCTEM 30UIbIIYE 1 Yac MOYaTKy 1 4ac KiHISA

TY>KaBI1HHS.



JIns  OIIHKM BIUIMBY HaHOKapOOHATHOiI J1I00aBKM Ha TEPMIHM TY>KaBIHHS
IIEMEHTHUX CHUCTeM OyJi0 TOpPIBHSIHO paHillle OTpUMaHl pe3yjabTaTH 3 TEPMiHAMHU
Ty>KaBIHHSA TIaCTU(IKOBAHOI IIEMEHTHOI CUCTEMHU 3 BMICTOM YEPBOHOTO MIrMeHTty 6 %
Ta JOJaBaHHSAM JI0 HUX HaHOKapOOHATHOI J00aBKM y KuibkocTi 2,5...4,5%. 3i
30UTBIIIEHHSIM ~ KITBKOCTI  BBEJEHOI  HAHOKApOOHATHOI  JM00ABKH  MPOTMOPIIHHO
CKOPOYYIOThCS TEPMIHU MOYATKY Ta KiHIS TyKaBiHH. JIOCIIPKEHHS 3M1HU TeMIIepaTypH
pO3IrpiBy IIEMEHTHOT'O TICTa, TEPMOI30JbOBAHOIO BiJI HABKOJIUIIIHHOTO CEPEOBHUIIA, B
nepii 20 roIuH TiApaTalii TiATBEpHKye BIUIMB HAHOKapOOHATHOT J0OaBKU Ha TEPMIHU
Ty>KaBJICHHS.

Ha HacTynmHOMy erami JOCHIKYBajlu BIUIUB HaHOKapOOHATHOI J00aBKM Ha
3MaTHICTh I[IEMEHTHOI CHCTEMH JI0 CaMOOYHIIEHHS Ta TPOBOJIUIM  OIIHYIL
BHCOJIOYTBOPECHHS OTPHMAHHMX KOJIOPOBHX IIeMEHTIB. JloJlaBaHHS HaHOKapOOHATHOT
n00aBKH, X0U 1 HE 3a0e3Meuy€e BUKOHAHHS BUMOT, 1110 BUCYBAIOTHCS 10 (POTOKATATIITUYHO
aKTUBHUX B’SDKYUYHUX, alie 30UIbIIIY€ 31aTHICTb CUCTEMHU IO CAaMOOYHUIICHHS. BBegeHHs
HaHOKapOOHATHOI M00aBKM JO IIEMEHTHUX CHUCTEM Ha OCHOBI (POTOKATaTITUYHO
aKTUBHUX  B’SDKyYMX  JIO3BOJISIE  3MEHINUTH  KUIBKICTh  HAIMIBIPOBIIHHUKOBOTO
dboTokaranizaTopa BABIYl. YIIUIBHEHHS IIEMEHTHOI CUCTEMH JIMIIE HAHOKApOOHATHOIO
100aBKOIO HE 37aTHE 3yMUHUTH TPOIIEC BUCOJOYTBOPEHHS. ONTUMALHUM PIIIEHHSM €
BUKOPUCTAaHHS B CKJIa/i KOJHOPOBOTO IIEMEHTY KOMILJIEKCHOI J00aBKH, 10 MICTHTh 4,5
% HaHokapOOHaTHOI 100aBKHU Ta 15 % MIKpOKpEeMHEMY.

[TpoexTyBaHHS CKJIaTy CyXuUX OyMIBEIbHHX CyMIllIel 3BOAMTHCS O BU3HAYCHHS
ONTUMAJILHOTO 3€PHOBOTO CKJIay AP1OHOI0 3alOBHIOBAYa (/111 ONTUMI3allii ME30PiBHS),
BMICTY HarlOBHIOBaua y BUTJISZII MapMYypPOBOTO OOpoIHa (A1 onTuMi3allii MIKpOPiBHS)
Ta IEMEHTHO-MIIIAaHoro BiHOmeHHs. [1i101p 3epHOBOTO CKIIaay ApiOHOTO 3aOBHIOBAaYa
IPOBOJUTHCA METOJIOM YEproBUX HAOMMKEHb (1Tepallii), AKUi MoJsrae B MO4eproBoMy
3MINTYBaHHI KPYMHUX Ta APiOHMX (Dpakiiil miCKy B PI3HUX MPOIMOPINAX Ta BU3HAUCHHI
KOXEH pa3 HacumHoi TrycTuHU. Haii0inpma rycTHHAa CyMilll JOCATA€ThCS TPHU
BukopuctanHi ¢pakuiit (1...2 mm) ta (0,1...0,4 Mm) y kubkocTi 65% Tta 35%,
BiMOBIIHO. OnTuMizaliis Ckiaaxy MOAu(BIKOBAaHOTO OyMIBEIBHOTO PO3YHUHY OYyII0

IPOBEICHO 3 3aCTOCYBAHHSAM JIBOX()aKTOPHOTO METOJY IUIaHyBaHHS €KCHEPUMEHTY, B
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SKOMY sIK 3MiHHI ()aKTOpH 00paHo BMICT MapMypoBoro OopourHa (5...15mac.%) Big Macu
JIpiOHOTO 3aloBHIOBaYa Ta LEMEHTHO-Minane BigHomeHHs (1:2,5...1:3,5). dyHkiiero
BIATYKY OOpaHO MIIHICTh PO3YMHY IPU CTUCKY Yy Billl 3, 7 Ta 28 ni0.

Ha ocHoBi mpoBesieHOro ABOGaKTOPHOTO €KCIEPUMEHTY Ta aHalizy MOoOYAO0BaHHMX
MOBEPXOHb BIATYKY, 3allPOCKTOBAHO CKJaJl JAEKOPATUBHOTO PO3UMHY 13 3aCTOCYBaHHIM
NBO(aKTOPHOTO METOTY IJIaHYBaHHS €KCIIEPUMEHTY Ta BCTAHOBJIEHO, IO BUKOPUCTAHHS
MapMypoBOro 0opoIiHa y KiabkocTi 15% Bix Macu qpiOHOTO 3aroBHIOBaYa 3a0e31euye epeKT
«UIUTHHOT YITAKOBKI 3€PEH, 1110 JT03BOJISIE JOCSTTH MIITHOCTI Ha 28-My 100y Ha piBHi 9,6 MI1a.
Lle 3HaYHO TIEpEBUIITY€E CTAHIAPTHI BUMOTH JI0 JCKOPATUBHUX PO3UYHHIB. OKPIM TOTr0, BUCOKHI
BMICT MapMypOBOro OOpOIIHA HAJa€ PO3YMHY HEOOXIIHOI MJIACTUYHOCTI, IO KPUTUYHO
BaKJIMBO JJIs1 HAHECEHHsI TOHKUM 11apoM. Lle MiHIMiI3ye BOAOMOTIIMHAHHS OCHOBH Ta 3arodirae
nosiBl ycaakoBux TpituH. [IpuitHsite nemenTHo-minane BigHoeHHs 1:3,0 rapanTye BUCOKY
paHHIO MIITHICTH Ha 3-Tt0 100y (3,33 MI1a).

Haykosa nosusna:

— JOCTIKEH] TPOIIECH CTPYKTYPOYTBOPEHHS IIEMEHTHOI MAaTPHUIl HE TUIBKH
HAa Me30-, aj€ W Ha MIKpO- Ta HAHOPIBHAX, B PE3yJbTaTi YOTO CHUHTE3YIOTHCS
HU3bKOOCHOBHI BOJIOKHHUCTI T1IPOCHIIIKATHI (pa3u, 1110 rapaHTye CTaOUIbHICTh (Pi3UKO-
MEXaHIYHUX XapaKTEPUCTHK IEMEHTHOTO KaMEHIO y 4aci;

— 3 BHUKOPUCTAHHSIM KOMILIEKCY (DI3UKO-XIMIYHUX METOJIB JIOCIIKEHHS
MpoaHa izoBaHO 3MiHY (ha30BOTO CKJIaJly HOBOYTBOPEHb IIEMEHTHOIO KaMEHIO MpH
BBEJICHHI HAHOKapOOHAaTHUX M00ABOK Ta TIOKa3aHO, IO TPH BUKOPUCTaHHI
HAHOKapOOHATHOI IUCIIEPCli Ma€e MiClie HE TUIbKH MPOSIBJICHHS HyKJI€alIMHOro e(eKTy,
asie ¥ 30UIbIIY€EThCS MIBUAKICTH 3B’SI3yBaHHS BUILHOIO MOPTJIAHIAUTY B HU3bKOCHOBHI
T1APOCUITIKATH KaNbIli0. TakoXK BIpOT1THO YTBOPEHHS TiApOCHIIKaTHUX (a3, moaiOHuX
JI0 CKOYTHUTY, IO 3B’SI3YIOTh KapOOHATHY CKJIaJIOByY B TEPMOJMHAMIYHO CTaOUIbHI
CTIOJTyKU;

— BU3HAYEHO CUHEPTreTUYHUI BIUIMB CYMICHOI J1i HAHOKapOOHATHOI J0OAaBKHU
pa3oM 3 MOJIKapOOKCHIATHO MIACTU(IKYIOUOK0 H00aBKOI BHACIIOK YOTO BUHHUKAE

MOKJIMBICTh CTaOLTi3alii HOBOYTBOPEHb Ta (PI3UKO-MEXAHIYHUX XaPAKTEPUCTHK
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HITYYHOTO KaMEHIO, 1[0 J03BOJIsIE €(PEKTUBHO BUKOPUCTOBYBATH OLl IIEMEHTH 3
MiBUIIICHUM BMIicTOM C3A sIK OCHOBH JIJIsi OTPUMAaHHS 03/100JI0BaIbHUX MaTepialliB;

— MOKAa3aHO, 110 BBEACHHS A0 CKJIaay MIrMEHTOBAHOI LIEMEHTHOI CHUCTEMH
HaHOKapOOHATHOI J100aBKM Yy BHUIJISAAl CYyCIleH3li, crpuse (OpMYBaHHIO O1IBII
JIOCKOHAJIOl IIIJIFHOI Ta OJHOPITHOI CTPYKTYpH LIEMEHTHOTO KaMEHI0 Ta 3abe3nedye
Ha0l1p MIIHOCTI IEMEHTHUX CUCTEM Yy Yaci, HIBEJIOIOUH HETaTUBHUI BILJIUB MITMEHTIB Ha
MIIHICHI XapaKTePUCTHUKH;

— eKCIIEPUMEHTAJIbHO JOBEIEHO, IO NpPU BBEACHHI 10 (POTOKATATITUYHO
aKTUBHUX B’SHKYYHX CHCTEM HAHOKApOOHATHOi J0OaBKH, OCTaHHS J03BOJIAE€ BIBIYl
3MEHIIIUTH KUTBKICTh HaIIBIPOBITHUKOBOTO (POTOKATAII3ATOPA;

— MoKa3aHl IUIIXH OOpPOTHOM 3 BHCOJOYTBOPEHHSM 3a PaxXyHOK BBEICHHS
KPEMHE3EMHUCTO1 CKJIQJ0BO1, 110 CIpHs€ 30UIBIICHHIO KUIBKOCTI TeleBUIHOI (a3u y
BUTJIAJI HU3BKOOCHOBHUX  T1IPOCHIIKATIB, SIKI  MIJBULIYIOTh  CTIHKICTH [0
BHUCOJIOYTBOPEHHS.

[IpakT4Ha IIHHICTH POOOTH MIATBEPIKEHA BIPOBAKEHHAMH 11 pe3yJbTaTiB B
ymoBax MII «Cuinikat» Ae 3A1iCHEHO BUITYCK JOCIIIHOT MapTii CyXoi OyAiBEIbHOT CyMillli
JUTS IGKOPATUBHOTO IITYKaTyPEHHS Ta BUKOHAHO BIIPOBAKEHHS LIUIIXOM 03/10071eHHSI pacaty
CKJIaJICbKO1 Oy TiBJI. 3AIMCHEHO OTJISIT IEKOPATUBHOIO MITYKAaTypHOro 1mapy uepe3 10 micsiiB
ICJIT HAHECEHHS Ta TIATBEP/PKEHO MOro 3aj0BUIBHUIN CTaH (aKT IMPO BIIPOBAKEHHS
Nel607/25-1, Bim 16.07.2025 p.)

Kniowuosi cnosa: nemMeHTH1 CUCTEMHU, OUTUN IIEMEHT, JIEKOPATUBHUMA IIEMEHT,
KOJIbOPOBUM 1IEMEHT, MOJIiKapOOKCUIaTHI TacThudIKaTopu, MeiaamiH(opMmanbaeriaHi
miacTuikaTopy, HEOpraHiyHi MICMEHTH, HaHOMou(iKallis, HaHOMOAM(IKOBaHI
cuctemu, w™idepan CzA, Hano-CaCO3, nanokapOoHaTHI 100aBKH, TEXHOJOTIYHI
BJIACTUBOCTI, TEPMIHU TY>KaBIHHS, BOJONOTpeOa, MIIHICTh, MIKPOCTPYKTYpa, MPOLIECH
rigpataiii, MpOLECH CTPYKTYpPOyTBOPEHHS, BYIJICLEBI HAHOTPYOKH, eMiTeKCiaabHi

HApOIIyBaHHs, JEKOPATUBHI PO3UMHHU, 0300TI0BAIbHI PO3YUHU
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ABSTRUCT

Tereshchenko L.V. Nano-modified colored cements and finishing construction
mortars based on them with improved operational characteristics — Qualification
scientific work on the rights of a manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 192 — Building
and Civil Engineering. Kyiv National University of Construction and Architecture, Kyiv,
2026.

The dissertation research is devoted to the development and optimization of the
compositions of finishing construction mortars based on colored cements modified with
nanocarbonate additives, which will be distinguished by improved physical-mechanical
and special characteristics and can be used for manufacturing architectural structures of
the required color and a surface capable of self-cleaning. Achieving the set goal involves
fulfilling the following tasks:

- to establish the mechanism of the influence of polycarboxylate and
nanocarbonate additives on pigmented cement systems by investigating the structure-
formation processes of artificial stone, as well as the physical-chemical regularities of the
hydration processes of modified systems at both early and late stages of hardening;

- to consider the criteria for selecting pigments based on the nature of the
interaction of the "mineral pigment — white cement — complex additive” system, to
evaluate the properties of the nano-modified pigmented cement system (uniformity of
coloration of hydration products, color intensity, lightfastness, weather resistance), the
influence on setting times and uniformity of volume change, and the prevention of
strength reduction during the introduction of pigments;

- to select the optimal ratio of polycarboxylate and nanocarbonate additives
and mineral-based pigments during the hydration of colored cement to obtain finishing
mortars with improved operational characteristics;

- to investigate the possibility of increasing the density of the cement stone

structure, carbonation resistance, and color stability of the decorative mortar over time;
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- to optimize the compositions of mortars based on colored modified cements
and determine the technological and physical-mechanical characteristics of the developed
systems;

- to investigate the possibility of obtaining finishing mortars capable of self-
cleaning.

The relevance of the research lies in the fact that today one of the main directions
of technological development in construction is the use of structures and products to
which increased aesthetic requirements are imposed, including the color design of
buildings. At the same time, the decorative materials used must meet high requirements
for strength and color stability. When using concrete based on colored cements, there are
certain limitations in their application due to the known disadvantages of such systems
(strength loss of such concrete over time, color instability, efflorescence, increased
shrinkage). Investigating the properties and studying the characteristics of modified
colored cements and ensuring their high operational properties determine the relevance
of this work.

The analysis of information sources in the field of obtaining finishing construction
mortars based on modified colored cements allows us to hypothesize the possibility of
producing materials with improved performance characteristics for architectural
decoration, distinguished by long-term color stability, self-cleaning ability, high frost
resistance, and long-term strength stability. This is achieved by modifying their structure
with nanocarbonate additives that work in synergy with polycarboxylate
superplasticizers, ensuring the directed synthesis of low-basic hydrosilicates, and at the
meso-level - by regulating the particle size distribution of fine aggregates to reduce void
content, thereby increasing the density of the resulting mortars.

At the first stage of the research, a comparison was made of the strength
development of cement samples based on white cement from different manufacturers
with varying contents of C3A and CsS minerals without additives. All cements showed
stable strength gain over time, with the cement containing low C3;A levels exhibiting
higher values than those with high levels. It should be noted that cheaper cements with

high CsA content currently dominate the construction market, as producing white cement
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with a reduced content of this mineral requires additional technological measures that
significantly increase production costs. Considering the specifics of the construction
market, cements with both minimal and maximal C3;A content were selected for the study.

The kinetics of strength gain for cement compositions based on white Portland
cement with low Cs;A content, modified with polycarboxylate superplasticizers and
obtained at the same cement paste consistency, is presented on the slide.

The effectiveness of polycarboxylate superplasticizers was confirmed when added
to white Portland cement with low C3A levels. However, at early stages of hardening (3
days), the highest strength of the cement stone is achieved using superplasticizers with
long hydrophobic side chains and high or medium charge density, in quantities of
1...1.5% by weight of cement. At later stages of hardening, the Melflux 5581 F
superplasticizer at 1.5% dosage increases strength 1.5 times compared to control samples.

When adding superplasticizer in amounts up to 1% to white cement with a high
CsA content, a strength decrease of up to 15% is observed at the age of 28 days. This is
explained by the fact that when the plasticizing additive is introduced to cement with high
CsA content, it is adsorbed on its surface, and the remaining amount is insufficient to
disperse the silicate phases and reduce the viscosity of the system. There is no strength
decrease when a larger amount of plasticizing additive is added.

The introduction of a plasticizing additive into a cement system with a low Cs;A
content is more effective even at lower dosages.

The modification of cement systems with nanocarbonate additives promotes the
stabilization of the phase composition of newly formed products and ensures the
durability of the resulting cement stone, as it alters the composition of the new formations
towards the synthesis of more thermodynamically stable compounds, thereby neutralizing
strength loss in white cements with high Cs;A content. This is confirmed by
microstructural studies of the cement stone, where pore closure is observed upon the
addition of nanocarbonate additives. The possibility of such a process is also supported
by the crystallochemical similarity between the nanocarbonate additive, carbonate
ettringite, and tobermorite, as well as the possibility of their intergrowth along
crystallographic planes passing through the CaO layer.
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In the next stage of research, the role of individual CsA and C3S minerals in the
synthesis of artificial stone strength based on modified white Portland cement was studied
using synthesized mineral suspensions. Changes in the composition during early
hydration stages were recorded using an optical microscope at 400x magnification.
Immediately after mixing the composition based on the C3A mineral, plasticizer, and
nanocarbonate additive, the mixture appears homogeneous. After 10 minutes of
hydration, structure formation begins, and the formation of crystallization centers of new
products is observed. After 2 and 3 hours, the number of these centers increases.
According to microscopy data after 7 days of hardening, the phase composition of
hydration products is represented mainly by an amorphized globular mass; only at
10,000x magnification can some new formations be identified as hexagonal plates of
calcium hydroaluminates and hydrocarboaluminates. This is also confirmed by X-ray
phase analysis results. We can assume that nanocarbonate additives act as
crystallochemical substrates, accelerating the crystallization of hydrate products similar
to carbonate ettringite.

Analogous studies were conducted with the C3S mineral. Analysis of the data
reveals an increase in the number of growth tubercles (due to the onset of C3S hydration).
It was noted that when the mineral hydrates in the presence of only a plasticizer, there is
some inhibition of the structure formation process. The hydration of C3S in the presence
of a nanocarbonate additive is accelerated due to the shortening of the induction period.
This occurs because of the crystallochemical similarity between hydrosilicate compounds
and the nanocarbonate additive, which acts as a "substrate™ for calcium hydrosilicate
crystallization, promoting a nucleation effect and providing additional crystallization
centers. It should be noted that with the introduction of the nanocarbonate additive, the
structure is denser compared to the structure without it. The change in the C3S hydration
mechanism is confirmed by X-ray phase analysis, where diffraction reflections of not
only portlandite but also tobermorite and scawtite were identified, indicating a chemical
interaction between the hydrosilicate phase and the carbonate component.

The next stage examined the strength of white cement samples with different

plasticizers (1.5% dosage) and inorganic pigments (green, blue, red) introduced at 3, 6,
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and 9% by weight of cement. Strength decreases with increasing pigment content, with
the most significant reduction (up to 20%) observed in red-pigmented samples.
Microstructure images of the cement stone reveal a developed pore structure; although
the pore nature is similar across pigments, red pigment leads to larger pores, explaining
the strength decline. To confirm the influence of nanocarbonate additives, three cement
stone samples were studied at 90 days. The structure without pigment is homogeneous,
while the addition of red pigment causes microcracks. With the nanocarbonate additive,
a highly homogeneous structure is observed, with the healing of cracks and pores caused
by the pigment. Furthermore, tests on ring-shaped cement stone specimens showed that
adding pigment to a plasticized system reduces the time to crack appearance by 0.5 hours,
whereas the nanocarbonate additive increases this time proportionally to its dosage.

Regarding water demand, increasing pigment content increases water requirements
for white Portland cement systems, although the plasticizer dampens this effect. The
nanocarbonate additive reduces water demand by an average of 5%, making the cement
paste consistency more elastic. The influence of pigments on setting times varies by color
and dosage; generally, pigments (except blue) shorten the initial set time of unplasticized
cement. The introduction of a plasticizer increases the initial set time of non-pigmented
cement by 24% and the final set time by 113%. Adding pigments to plasticized systems
further increases both initial and final set times. Increasing the nanocarbonate additive
dosage proportionally shortens both initial and final setting times, confirmed by
temperature monitoring during the first 20 hours of hydration.

Finally, the nanocarbonate additive was shown to increase the self-cleaning
capacity of the cement system. While it does not fully meet requirements for
photocatalytically active binders, it allows the amount of semiconductor photocatalyst to
be halved. Since nanocarbonate additives alone cannot stop efflorescence, the optimal
solution for colored cement is a complex additive containing 4.5% nanocarbonate
additive and 15% microsilica. The design of dry building mixtures involves optimizing
the grain size of fine aggregate (for meso-level optimization) and the marble dust content
(for micro-level optimization). The optimal density was achieved using a 65:35 ratio of

(1-2 mm) and (0.1-0.4 mm) fractions. Using 15% marble dust by weight of fine aggregate
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ensures a "dense packing" effect, reaching a 28-day strength of 9.6 MPa, providing the
plasticity necessary for thin-layer application, and minimizing water absorption and
shrinkage cracking, while a 1:3.0 cement-sand ratio ensures high early strength (3.33 MPa
at 3 days).

Scientific novelty:

- the processes of structure formation of the cement matrix were investigated
not only at the meso-, but also at the micro- and nano-levels, resulting in the synthesis of
low-basic fibrous hydrosilicate phases, which guarantees the long-term stability of the
physical and mechanical characteristics of the cement stone;

- using a complex of physical-chemical research methods, the change in the
phase composition of the cement stone's new formations upon the introduction of
nanocarbonate additives was analyzed; it was shown that the use of a nanocarbonate
dispersion not only exhibits a nucleation effect but also increases the rate of binding of
free portlandite into low-basic calcium hydrosilicates. The formation of hydrosilicate
phases similar to scawtite, which bind the carbonate component into thermodynamically
stable compounds, is also probable;

- the synergistic effect of the joint action of a nanocarbonate additive and a
polycarboxylate plasticizing additive was determined, which results in the possibility of
stabilizing the new formations and the physical-mechanical characteristics of the artificial
stone, allowing for the effective use of white cements with an increased CsA content as a
base for obtaining finishing materials;

- it was shown that the introduction of a nanocarbonate additive in the form of
a suspension into the composition of a pigmented cement system contributes to the
formation of a more perfect, dense, and homogeneous structure of the cement stone and
ensures strength gain of cement systems over time, neutralizing the negative impact of
pigments on strength characteristics;

- it was experimentally proven that when a nanocarbonate additive is
introduced into photocatalytically active binder systems, it allows for reducing the

amount of the semiconductor photocatalyst by half;
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- ways to combat efflorescence by introducing a silica component were
shown, which contributes to an increase in the amount of gel-like phase in the form of
low-basic hydrosilicates, which increase resistance to efflorescence.

Practical value:

The practical value of the work is confirmed by the implementation of its results at
the MP "Silicat" enterprise, where an experimental batch of dry building mixture for
decorative plastering was produced and implemented by finishing the facade of a
warehouse building. An inspection of the decorative plaster layer was carried out 10
months after application, and its satisfactory condition was confirmed (Implementation
Act No. 1607/25-1, dated July 16, 2025).

Keywords: cement systems, white cement, decorative cement, colored cement,
polycarboxylate plasticizers, melamine-formaldehyde plasticizers, inorganic pigments,
nano-modification, nano-modified systems, CsA mineral, nano-CaCQOs;, nanocarbonate
additives, technological properties, setting times, water demand, strength, microstructure,
hydration processes, structure formation processes, carbon nanotubes, epitaxial growth,

decorative mortars, finishing mortars.
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