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CTABUI3AL|A ETPUHTITOBOI ®A3U
ETRINGITE PHASE STABILIZATION

AHoTauis. Bneplue ycTaHOBNEHO MNOCNIAOBHICTb NpoLieca GopMyBaHHSA BTOPUHHOTO eTPUHTITY | MexaHi3m BIIMBY Ha CTPYKTYPY i BNaCTMBOCTI 3aTBEPAINOT KOM-
no3nuii. MofanbLioro po3sUTKY Habysin TeopeTyHe y3aranbHeHHs CTabinisallii eTTpVHITOBOT dasw, Lo 00yMOBIOTE GOPMYBaHHS CTPYKTYPH Ta di3Ko-MexaHiuHi
BNACTVBOCTI, iX B3aEMO3B'A30K i3 CKNaJoM MOYaTKOBKX MaTepianis i TEXHOMOMUHMM NPOLIECOM OTPHMAHHSA BHPOBIB. TEOPETUYHO BCTAHOBEHO | eKCriepUMEHTabHO
NiATBEPAKEHO ONTUMANBbHIUIA BMICT CynbdaTy KanbLiio (B mexkax 30-40% Bif Mack KOMMO3MLi) MO3UTUBHO BMMBAOYOTO Ha KiNbKICTb YTBOPEHHA ETPUHIITY.
KnioyoBi cnoBa: KomMno3ujiiHe B'sxyye, MoandiKaLjia, eTPVHTIT, CTabini3allis eTpUHITOBOI a3k, antoMiHaTHI LleMeHTU, CynbGOoantiomMiHaTHI LieMeHTU.

Abstract. For the first time, sequence of the secondary ettringite formation process and the mechanism of influence on the structure and properties of the
hardened composition were established. Theoretical generalization of the ettringite phase stabilization, which determines formation of the structure and physical
and mechanical properties, as well as their relationship with composition of the initial materials and the technological process of obtaining products, has gained
further development. The optimal content of calcium sulfate (within 30-40% of the composition mass) (which has a positive effect on the amount of ettringite

formation) has been theoretically determined and experimentally confirmed.

Key words: composite binder, modification, ettringite, ettringite phase stabilization, aluminate cements, sulfoaluminate cements.
|

AKTyanbHicTb npo6nemu

BaxknueBum Hanpsmom OyAiBeNibHOro martepiano3HaBCTBa €
po3pobKa pPO3UrHIB crevLianbHOro NprU3HayYeHHs Ha OCHOBI KOMIMO-
3MLINHNX B'AXKYUYMX PEeYOBUH. Taki pO34MHIM 3aCTOCOBYIOTbCA ANA
HafiaHHA NOBEPXHAM 0COBNMBUX BNACTUBOCTEN, 06YMOBIEHUX YMO-
Bamu ix po6OTW: BOTHE- i XapOCTilKi, BOJOHENPOHUKHI, pagiaLin-
HO3aXWCHi, iH' €KLiNHI, TaMNOHaXHi Ta iHWi. BnacTmBoCTi Takux po3-
YMHIB BM3HaYaloTbCA iX CKMAJOM Ta TEXHOMOriE€0 BUPOOHULTBA i
OfHVM i3 OCHOBHUX KOMTMOHEHTIB € MiHepanbHi B'AXyui pevo-
BUHW [1-2].

CTBOpEHHsA HOBMX Pi3HOBUAIB LLeMEHTIB 3aranbHo-6yaisenb-
HOro Ta creuianbHOro NPU3HaYeHHA — OQMNH 3 OCHOBHKX HaNpPAMIB
Cy4YacCHUX po3po6OK B TEXHONOTiT BUPOOHMLTBA B'AXKYUNX PEUYOBMH.
Y rpyni crneyianbHUX LeMeHTIB 0cobnrBe miclie 3aliMatoTb MNHO-
3eMuCTi, cynbdoantomiHaTHi Ta iHLi. OCHOBHI NoLWyKoBi po6oTY Nif

18 |

Yac po3pobKM TaKKX LLeMeHTIB 34iCHIOTb Y HanpAMi CTBOPEHHSA
HOBMX KOMMO3ULiN i3 3aMiHO AedilUTHUX KOMMNOHEHTIB. 3a Ta-
KOro peyoBMHHOrO CKnafy BapTiCTb KOMMO3WLiil 3 BNAacTUBO-
CTAMM FIMHO3EMUCTUX LIEMEHTIB He3HaYHO nepeBuLlye PAAOBI,
ane ix 3aCTOCyBaHHA MOKpPaALLYye eKcryaTaliiHi XapakTepucTnkm
BMpPOGIB.

Y3aranbHMBLWW HarpoMag»KeHuni JOCBif, 3a3Ha4YaEMoO, Lo
HOBI edeKTMBHI KOMMO3MUii Ha OCHOBI MNHO3EMUCTOrO Le-
MEHTY, Tincy Ta BiAX0AiB BUPOOHNLTBA € AOCUTb ePeKTUBHUMY
B €KOHOMIYHOMY i TexHiYHoMy nnaHi [2-3]. Ane Hegonikamu
TakUX KOMMO3ULINHUX B'AXKYUMX PEYOBUH € HeCTabinbHICTb
eTPUHriTOBOT pa3m, OTprMaHoOi B npoLeci rigpaTauii anomiHaTis
i cynboartis. Cnig Big3HaunTK, Wo npobnema ctabinbHOCTI ckna-
[0BOI eTPUHTiTa NPUCYTHA | B BUpobax Ha OCHOBI NOpTHaHaLe-
MEHTY.



BupileHHA npobnemn MOXn1MBe BUKOPUCTAHHAM CY-
YaCHMX TeXHONOTIN —MoAnpiKyBaHHAM cynbdoantomiHaTiB
Kanbuito. Lle gactb 3mory uiniecnpAMoBaHO peryntoBatu
LWBMAKICTb NOTO rigpaTawii Ta y3roguti B Yaci npouec CTpykK-
TYPOYTBOPEHHA i NiABUWMTY CTabiNbHICTb €TPUHIITOBOI
ba3n (0OCHOBHOI CKNIA0BOI LIeMEHTHOro KameHto). Tomy ak-
TyanbHUMW 3 NOrNAZY Teopil i NPaKTUKM € JOCNiIAXKEHHS,
CNPAMOBaHi Ha BYBYEHHA BNANBY J06aBOK Pi3HOI Nprpoau
Ha rigpaTauiiHy akTmBHicTb cuctemn CaO-Al203-SO3-H20 i
3[aTHICTb perynoBaT! HanNpy»KeHHA Ta iHLWi BNaCTUBOCTI 3a-
TBEPAINOI CTPYKTYPW.

Merta gocnipgxeHb
BcTaHOBUTY pakTOpPW BNAMBY Ha CTabiNIbHICTb ETPUH-
rity B npoueci rigpatauii cuctemm CaO-Al203-S03-H20.

AHanis nitepatypmn

AHani3 npoBefieHVX [OCNigXeHb B obnacTti 6eToHo-
3HaBCTBa MiATBEPAXKYE, WO BUPIlLEHHA Npobnemu LineHa-
npaBneHoOro ynpaefiHHA CTPYKTYpPOIO Ta BNacTUBOCTAMU
TBEPAIYOT KOMMO3MLINHOT CCTeMM Ha OCHOBI MiHepany CsA,
a TaKoX MMNHO3eMUCTOrOo LIeMEeHTY Ta rifncy MOXHa AOCATTH
LUNAXOM CTBOPEHHsA 6araTopiBHEBOT CTPYKTYPW KOMMO3W-
TiB [4-6].

Mpw rigpaTauii antomiHaTHMX LeMEeHTIB B MPUCYTHOCTI
rincy cuctemy ximiyHunx peakuinn Ca0-Al203-CaSO4-H20 mox-
Ha po34innTn Ha ABi cMCTeMU:

a) Ca0-Al203-H20; 6) CaO-Al203-H20-CaS0a4

B pesynbrati yTBOpIo€TbCA No Apyrin yactnHi TTCAK i
MICAK, a no nepuwinn CsAHs, CAH1o0, C2AHs, CaAH13, Ca2(OH)2.
Mo nepwin i apyrin yacTuHi € npouec ytBopeHHs Al2(OH)s.

Ha ppyromy eTani, 0co6n1Bo nicnaA Ty»KaBeHHA Cro-
cTepiraeTbca nepexig rigpoantomiHatis (kpim C2AHe) B rigpo-
cynbdoantomiHaTy, Wo i NPYBOANTD [0 BMNINBY Ha BENUYNHY
3MiHK 06'emy B crCTEMI.

Mpouecw, yTBOpeHHs eTpUHIiTOBOT $pa3m nos'a3aHi 3
YLWiNbHEHHAM CTPYKTYpU Ta 36inblUeHHAM MiLHOCTi LleMeHT-
HOro KameHto. [lani, y>ke B 3aTBepAinin cnctemi, BHaCNigok
B3aEMOAIT eTPUHTiTy 3 6e3BOAHNMM aNltOMiHaTaMM KanblLito
Bif6yBaeTbcA yTBOPEHHA MoHOCynbdaTHOT popmu MCAK, wo
BUK/MKAE BHYTPILLHI HAaMPY>X€HHA Ta PYyMHYBaHHA LIeMeHT-
HOTrO KaMeHHo.

B cnctemi CaO-Al20s-S0s -H20 npouec rigpaTtauii 6inbLu
cknagHui. Mo-neplue BifbyBaeTbCA GOpPMyBaHHA NEPBUHHOT
CTPYKTYpY Ta ofHoYacHe GOpMyBaHHs rigpoantomiHaTiB
i rippocynbdoantominatie TTCAK i MICAK, CAHs.

Mo-apyre, pe3ynbraTamu B3aEMOAIT rigpoasnoMiHaTiB 3
cynbdaTtamu KanblLito, € OpMyBaHHSA BTOPUHHKX MiHepa-
nis — TTCAK i MI'CAK. lMpouec yTBOpeHHA BTOPUHHUX MiHe-
paniB BMIMBAE Ha 3MiHY CTPYKTYpW Ta BU3Ha4Ya€ OCHOBHI ¢i-
3MKO-MeXaHiYHi BNacTUBOCTI, BHYTPILIHIi HanpyXeHHA Ta
po3lwmpeHHs. Mpobnema, Wwo noTpebye pileHHA Ha faHOMY

eTani — yCTaHOBJIEHHA CMiBBIAHOLIEHHA YTBOPEHHA Ha nep-
womy etani CnAmHx i TTCAK, MI'CAK Ta B1u3HauyeHHa no-
BepXHi dopmMyBaHHs. BupiweHHs Liel npobnemun fae amory
BM3HAUNTU NPOTiKaHHA Qi3nKO-XiMiYHUX NpoLeciB cncTemm
B yaci [7-9].

CTabinbHiCTb eTpUHriTa HeobXiaHa NPV BUKOPUCTaHHI
MU, CAL, KoMNo3MLiHMX B'AXKYYMX PEYOBMH Ha OCHOBI MK~
HO3eMKCTOro LIieMeHTY Ta rincy, a TakoX npu moamdikawlii rin-
COBVIX B'AXKYYMX PEYOBVH MMIUHO3EMUCTAM LLEMEHTOM.

OcTaHHiIl BapiaHT € 4OCUTb MaNoZOCiAKEHM Hanps-
MOM B 3B'A3KYy 3 €HEpProB/TpaTamv Ha BUPOOGHMLTBO i Npu-
[aHHsA creljianbHNX BNAaCTUBOCTEN 3a paxyHOK GOpMyBaHHs
eTpuHrity [10-12].

OcHOBHUI MaTepian i pesynbraTun

Ha ocHoBi aHani3y nitepatypHux gaHmx po3pobsaeHo
METOLOMOrit0 NPOBEAEHHA JOCNIAXKeHb. BoHa 6a3yeTbca Ha
rinoTeTMYHOMY METOJI | BKNIOYAE HACTyMNHe: B MeTOA0NOr i
NPOoBEeAEHHA AOCTigXXeHb NepeabdbayeHo BU3HAYEHHSA PpaKTo-
piB BNAUBY i 3aneXHiCTb CTabiNbHOCTI €TPUHTITY Bifi HUX.
MeTopmka gocnifxeHb 6asyBanacb Ha BUKOPUCTaHHI PEHT-
reHo$a3oBoro, AndepeHLiiHO-TEPMIYHOIO i eNIeKTPOHHO-
MiKPOCKOMIYHOrO aHanisy, a TakoX BU3HAYEHHi OCHOBHUX
BNIaCTUBOCTE 3aTBePAIINX PO3UMHIB.

Y 3B'A3KY 3 TUM, L0 BUPOGHNLTBO CyrbdoantoMiHaTHUX
LIeMEHTIB, Yepes BiACYTHICTb GOKCWTIB B YKpaiHi BiiCy THE 3a-
NMPOMNOHOBAHO rinoTesy BUPOOHULITBA KOMNO3ULiT Cynbdo-
anoMiHaTHUX uemeHTiB cuctemn Ca0-Al203-SOs3-H20 Ha
OCHOBI FMIMHO3EMUNCTOrO LIEeMEHTY i FiNCOBUX B'AXYUMNX peyo-
BVH. 3rifHO mMeTogonorii gocnigKeHb, NPoBeAeHO BU3Ha-
YeHHA OCHOBHMX BNAaCTUBOCTEN CUPOBMHHMX MaTepianis
I'U-400 TypeubKoro i NofbCbKOro BUPOBHMKIB i TincoBurx
B'AXKyuMnx pe4yoBurH no metoauxkam ACTY.

MeToaunka pocnigkeHb nonsrana B OCHiOKEeHHI umc-
Toro miHepany GzA (Tabs. 1) Ta WITYYHUM yTBOPEHHAM €TPUH-
TiTy LWAAXOM MOLAMPIKYBaHHA HaNiBBOASAHOIO FiMNCy CoYaTKy
MiHepanom G3A, NOTIM — FMNHO3EMUCTM LieMeHTOM. Mpu
LbOMY BM3Havasnacb onTMManbHa KifbKicTb MogudikaTopa
IANA NigBuLLeHHs Gi3NKo-MeXaHiYHVX BNAaCTMBOCTEN, @ TAKOXK
BM/IVBY MiHepanoriyHoro cknagy MoandikoBaHoro B'axy-
4Oro Ha npovuec rigparadii.

B pocnigkeHHAX ANnA CTBOPEHHA KOMMO3MULiNHUX
B'AXKYUVX MaTepianis 3 MeToto CcTabinisauii eTpuHritoBoi dasu
6yno BMKOPUCTaHO HaNiBBOAAHWIA FiNc MapKu [-5, AKicHi no-
Ka3HuKM sikoro Bignosigatotb CTY b B.2.7-82:2010. Bu3Ha-
YeHHA HopManbHoI rycTnHm (HIN) rincosBoro TicTa npuBeAeHo
B Tabnuui 2. OCHOBHi $i31KO-MexaHiuHi BNacTUBOCTI NpuiBe-
[eHi B Tabnuui 3.

MouaTok Ty>KaBfieHHA rincoBoro Ticta — 7 xB 45 cek.
KiHeub Ty>KaBneHHA rincosoro Ticta — 14 xB 5cek.

B Tabnuiui 4 npriBeaeHa Mexa MiLHOCTi Ha CTUCK Finco-
BOrO B'AXYYOro.

Tabnunua 1.

XimiyHnn cknag miHepany GA

BmicT okcmpais, mac. %

Al2Os3 Ca0 cB.CaO SiO2 Fe20s n.n.n
37,36 61,80 0,38 cn. cn. 0,28
Tabnuua 2.
BusHaueHHs HI rincosoro TicTa
Ne n/n Macarincy, r Maca Bogu, mn B/l PasnnuB Ticta,mm
1 300 168 0,56 215
2 300 153 0,51 175
3 300 156 0,52 180
4 300 159 0,53 190
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Tabnuuga 3.
OcCHOBHi ¢i31KO-MexaHiuHi BNacTUBOCTI HaNiBBOAAHWIA rinc mapku -5

Ne HaiimeHyBaHHA NoOKa3HUKIB MokasHMKN AKOCTi Bunpo6oByBaHHA

1 MiyHicTb Ha cTUCK/3rvH, MIMa 5,0/2,5 Bignosigae

2 MacoBa YacTka HePO3UMHHUX B CONAHIN KMCNOTI peyoBUH, %, He GinbLue 0,05 0,05

3 MacoBa yactka Kucnotn H2S0a, %, He 6inbLue 0,02 0,02

4 MacoBa yacTKa 3ani3a, %, He binblue 0,01 0,01

5 MacoBa YacTKa BaXKKUX MeTanis, %, He binblue 0,001 0,001

6 MacoBa YacTKa BaXKKUX MeTanis, %, He binblue 0,002 0,002

7 ToHuHa nomeny, %, He Ginblue 4,4 Bignosigae
Tabnuuga 4.

Me>Ka MiLHOCTi Ha CTUCK TiNncoBOro B'sxy4oro 6e3 fobaBKu

Po3mip 3paska, cm

Rcr2, Rcr 3ar., RBur,
BepxHboi rpaHi HwxHbOi rpaHi e e e
1 16,0 4,0 4,0 16,0 4,0 4,0 444 1756 4,0 41 4,1 3,5
2 16,0 4,0 4,0 16,0 4,0 4,0 462 1805 3,7 3,6 3,7 4,0
3 16,0 4,0 39 16,0 4,0 3,9 447 1791 3,6 3,5
4 15,9 4,0 4,1 15,9 4,0 4,1 456 1749
5 15,9 4,0 4,1 15,9 4,0 4,1 456 1749
6 16,1 4,0 4,0 16,1 4,0 4,0 452 1755
TG
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@ - HAITiBBOIHUIA rirnc (CaS04-0,5H20)

Puc. 1. Kpwsi ATA (a) Ta peHTreHiBCbKa AvdpakTorpama (6) rincy -5-I1

Kpusi [ITA (a) Ta peHTreHiBcbKa avdpakTorpama (6) rincy -5-1l npu-
BefeHi Ha puc.1. I, imp/sec

MiHepanbHWin cknag HaniBBOAAHOIO riNCy NpeAcTaBNeHNI HaniB- 12000
BoaaHuM rincom (d/n=0,397; 0,322; 0,312; 0,278; 0,231; 0,218; 0,212;
0,184;0,172;0,169; 0,165; 0,144; 0,135).

PiTBenbaiscbKa diarpama TBepAiHHA rincy NnpuBefeHa Ha PUCYHKY 2.

KinbKicHMIN peHTreHoda3oBuin aHanis 3a metogom PiTeenbaa npu-
BefleHNN B Tabnui 5. 2000 - i1

[nAa oTpMMaHHA eTPUHTITY NPOBeAeHi AOCNIAKEHHA HA OCHOBI ; ..
KOMMO3MLiHOT CyMiLLi FINC+IANHO3eMUCTUI LIeMeHT 3 peani3aLi€lo Kom- 0 ‘ ‘ tf | ;
NO3MLIAHOT B'AXKYYOi PEYOBUHM 3 MaKCUMaJIbHM BMICTOM XiMiYHO 20 30 40
3B'A3aHOI Bogu. MonekynapHa maca — 233,4 r/monb. p = 4,5 r/cvd. . ¥ il [nglé 2 8 | (Cpemnifi))

LlemeHTHa MaTpuuA Bigirpae ronoBHy ponb npu GopmyBaHHI LED ﬁ ‘lzﬁ MBI
CTPYKTYpW OyAiBeNbHUX KOMMO3UTIB Ta MiLiHWX BNAcTMBOCTEN. B npovieci (C.:SS(()::‘G ;;% _an‘ ["‘|. rﬂ_-ﬂ r I I I
NpoBeAeHHA JOCNiAKeHb B AKOCTI BUXiJHOI B'AXKYYOi peyoBuHM 6yno -
BMKOPUCTaHO rnnHo3zemmctun uemeHT 'U-400, MU-500. XimiyHun cknag Puc. 2 PitBenbaiscbka Aiarpama T8epaiHHaA B yaci rincy [-5:
rIMHO3EMUCTOTO KiiHKepy NpeacTaBieHniA B Tab. 6. 1 —nicna 1 umkny; 2 - nicnda 18 umknis
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[10 OCHOBHUX }i3nKO-MeXaHiYHUX BAACTUBOCTEN MN-
HO3eMUCTUX LuemeHTiB, 3rigHo 3 ICTY b B 2.7-46:2010, Hane-
KaTb: TOHMHa Nomeny, TePMiHN Ty>KaBfleHHA Ta MiLlHI BacTu-
BocTi. BignosigHo go ACTY 6ynu focnigxeHi Buwe3sraaaHi
OCHOBHI XapaKTepucTuKK (Tabn. 7-8).

Kpusi OTA (a) Ta peHTreHiBcbKa gndpaktorpama (6)
rnnHo3emuctoro uemeHTy M'LU-500 nprBeaeHi Ha pUCyHKY 3.

MiHepanbHuin cknag rMnMHO3EMUCTOrO LeMeHTy npef-
cTaBneHun moHanbbitom (d/n=0,275; 0,243; 0,229; 0,213;
0,204; 0,1988; 0,1893;0,1727; 0,1574; 0,1490; 0,1455).

MpoBefeHi gocnigxeHHA rigpataLii YncToro MiHepany
CsA npwu yTBOpEHHi rigpoantomiHaty wectnsofgHoro (CsAHe)
NoKasyoTb, L0 B NpoLieci ekcnnyaTauii npy 3MiHi BONOrocTi
Kp 3HUXKy€eTbCA, a e oAvH i3 ¢paKTopiB, WO NPY HAABHOCTI
cynbdaTiB Befie A0 YTBOPEHHA ETPUHTITY

[na po3pobKu cknagis KOMNO3ULINHNUX cynbdo-anio-

rincy BUKOPUCTOBYBaNV MeTOAMN MaHyBaHHA eKcneprMeH-
TiB (cumnnekc-rpagyatii i MOC 2n) i Ha OCHOBI pe3ynbTaTiB
0OCHigXeHHA BU3HAY€eHi CMiBBiAHOLIEHHS OCHOBHUX KOMIMO-
HEHTIB.
Po3spaxyHok cnposunHHoI cymiwwi CA Ta Boga NpoBo-
LVBCS BUXOLAYN 3 PIBHAHHSA:
162 r/monb + 108 r/monb = 270 r/monb
3Ca0-Al20s + 6H20 = 3Ca0-Al203-6H20.
150r
MonsapHi macu:
m(3Ca0-Al20s3) = 162 r/monb;
m(6 H20) = 108 r/monb;
m(3Ca0-Al203-6H20) = 270 r/monb.
1. XCsA =(150-270)/162 = 250r.
2. XeH20=(108%*250)/270 = 100 mn.
150 + 100 = 250r.

MiHaTHMX LLleMEHTIB Ha OCHOBI MIMHO3EMUCTOrO LIEMEHTY i B/T=0,4.
Tabnuua 5.
KinbKicHWIN peHTreHoda3oBuin aHani3 3a metogom PiTBenbaa
Linknu npouecy TBepAiHHA CaS04:0,5H20 CaS04:2H:0  CaSOa Aomiwkn
MinepanoriuHui cknag nicna 1 unkny TBepAiHHA HaniBBOAHOTO rincy, Kpyea 1 24 67 4 5
MiHepanoriuHni cknag nicna 18 Lukny TBepAiHHA HanNiBBOAHOTO Fincy, Kpusa 2 5 86 4 5
Tabnuua 6.

XimiuHni cknag rnnHosemmcToro KniHkepy U-400

BmicT okcumais, mac. %

Al20s Ca0 SiO2 Fe20s
50 35 10 5
Tabnvua 7.
Pe3ynbtatv BU3HaueHHsa HI emeHTHOro TicTa (MMMHO3eMHUI LeMeHT)
Ne n/n Maca uemeHTa, r Maca Bogn, mn B/L} TMn6unHa 3aHypeHHA TOBIKaYMKa,MM

1 400 160 0,4 40

2 400 120 0,3 25

3 350 115,5 0,33 33

4 350 112 0,32 23

5 350 108,5 0,31 25

6 350 122,5 0,35 40

7 350 119 0,34 40
Tabnuvuga 8.

Pe3yanaT|/| BM3Ha4YeHHA ¢i3I/IKO-MEXaHiHHVIX B/TACTUBOCTEN MMTIMHO3EMUCTOrO LEeMEHTY

muHosemucTun

[}
LeMeHT SnuT, Mm2/Kr goott

HI'T, %
noYaTokK

TepMiHl/l TY>KaBJIeHHA, roa-XB

TpaHnuA miyHocTi npu cTncky, MMa, y Biui, Ai6

KiHeLb 1 3 28

398 92 33 60 xB 56ceK 12 rognH 5 xB 10cek 30,52 36,41 41,23
lnmn/cek
a) 1600 6)
1400 A
1200 o A
o~ o)
1000 A 3 8
800 4 =
T) o A
\ P~
600 [, N éf’ 2 AEQA
by y = oo
400 | % | & 25 Rz
W NKJ.O &~ =°5%
200 M S
VWAL AN
0 SN AN 5
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/\ - MoroamomizaT kaibiro (Ca0-Al203)

Puc. 3. Kpwgi ATA (a) Ta peHTreHiscbka gudpakTtorpama (6) rmnHosemmnctoro tuemeHty U-500
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Ha ocHoBI po3paxyHKy npurotysanu cymiw miHepany CA Ta
BOAMN.

B Tabnuui 9 nprBegeHa Mexa MiLHOCTI Ha CTUCK MiHepany
CsAHs.

BusHauaemo 3anexHictb Kp Big cepefoBuLla 3i 3MiHHOIO BO-
noricTio 3pa3kiB MiHepany CsAHe (puc.4).

Br3Hauaemo 3miHy Temnepatypu, pH, Ta 06'emHnx gedopma-
Lin npouecy rigpatauii B yaci miHepany CsAHs (puc. 5).

DocnigHuia 3pasok miHepany CsAHe mae dionetosuii Konip.

Crabinizauito WITYYHOro eTPUHFITY BU3HaYanun no pesyssratam
TOMOHIMIYHMX peaKLi nepexofy CMCTEMU 3 MaKpPO- B MiKPO- Ta Ha-
HOCKCTeMy Mpu 3MiHi Yacy, MPOBOAAUN JOCAIAKEHHA Yepe3 7, 14 Ta
28 ni6.

Po3paxyHOK CMPOBMHHOI CyMillli ANA OTPUMAHHA ETPUHTITY
NPOBOANBCA BUXOAAUN 3 PIBHAHHA:

270 r/monb + 516 r/monb + 468 r/monb = 1254 r/monb

3Ca0-Al203:6H20 + 3CaS04-2H20 + 26H20 =
3Ca0-Al203-3CaS04 -32H:0.

50r

W.,% A
100 [
90
80
70
60

T~

=

0,5 0,7 0,8 1 Kp

Puic. 4. Tpadik 3anexHocTi Kp Bif cepenosuLia 3i 3MiHHO0O
BOJIOTICTIO 3pa3kis MiHepany CsAHs

MonspHa maca etpuHrita: 3Ca0-Al203-3CaS04-32H20.
m(3Ca0-Al203-6H20) = 270 r/monb;
m(3CaS04-2H20) = 516 r/monb;
m(26 H20) = 468 r/monb;
m(3Ca0-Al203-3CaS04:31H20) = 1254 r/monb.
1. XGA = (50-1254)/270=232r.
2. X3CaS04:2H20 = (232-516)/1254 = 95,4r.
3.X26 H20 = (468*232)/1254 = 86,5T.
50+ 95,4+ 86,5=232r.
G3A + rinc + BOAa = eTPUHTIT.
KinbKicTb ¢pakTMyHO BBEEHOI BOAM CKNagae 72 Mi.
Ha ocHoBi po3paxyHKy npuroTtysanu cymiw miHepany C:A
Ta AByxBogHoro rincy (CzASsHs2). B Tabnuui 10 nprBefeHa mexa
MILHOCTI Ha cTUCK MiHepany CsASsHs2.
Bu3Hayaemo BNNMB 3mMiHM BONOTrOCTi Ha Npouecu rigpaTauii
Ta MiLHicTb 3pa3kiB MiHepany CsASsHs2 (puc.6).

3
pH At C) p Viom
17 17t~ 3 |02
16|16 -2 1 0,19
) N o
13 [13 et 2 o
12

2

0 20 40 60 80 100 120 140 500 7, xe
Puc. 5. Tpadikn 3anexHocTen:
1 — pH npouecy rigpatauii 8 yaci miHepany CzAHs;
2 — Temnepatypv npouecy rigpatauii 8 yaci minepany CsAHs;
3 — ob'emHuMx fedopmaLlin crcTemn B npoLec rigpatauiiy
yaci miHepany CsAHs

Tabnuua 9.

Me>a milyHoCTi Ha cTucK MiHepany CsAHe

Po3mip 3paska, mm

mcyx, r

BepxHboi rpaHi

HuxHboi rpaHi

Rer cyx.,
MMNa

RcT Hac.,

[+
L) MnMa

p,Kr/m®* mBon, r

1 2,0 2,0 2,0 2,0 2,0 2,0 16,0 2000 17,0 6,3

2 2,0 2,0 2,0 2,0 2,0 2,0 16,0 2000 17,0 6,3 6,85 0,59
3 2,0 2,0 2,0 2,0 2,0 2,0 16,0 2000 17,0 6,3

4 2,0 2,0 2,0 2,0 2,0 2,0 16,0 2000 17,0 6,3 6,85 0,59
5 2,0 2,0 2,0 2,0 2,0 2,0 14,0 1750 15,0 71

6 2,0 2,0 2,0 2,0 2,0 2,0 15,0 1875 16,0 6,7 4,03

7 2,0 2,0 2,0 2,0 2,0 2,0 15,0 1875 16,0 6,7

8 2,0 2,0 2,0 2,0 2,0 2,0 13,0 1625 14,0 7,7 4,03

9 2,0 2,0 2,0 2,0 2,0 2,0 13,0 1625 14,0 7,7 4,03
10 2,0 2,0 2,0 2,0 2,0 2,0 15,0 1875 16,0 6,7 6,87 0,59
11 2,0 2,0 2,0 2,0 2,0 2,0 14,0 1750 15,0 7,1 6,87
12 2,0 2,0 2,0 2,0 2,0 2,0 15,0 1875 16,0 6,7

1854 6,78 6,86 4,03 0,59
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Tabnnua 10.

Mexa miyHocTi Ha cTnck miHepany CzASsHs2

Po3mip 3paska, mMm

BepxHboi rpaHi

HuxHboi rpaHi

mcyx,r  p,kr/m* msBon,r W, %

Rer cyx., Rcr Hac.,

Mfa  Mna Kp

1 2,0 2,0 2,0 2,0 2,0 2,0 15,0 1875 16,0 6,7

2 1,9 2,0 1,9 1,9 1,9 1,9 16,0 2216 17,0 6,3 8,94 4,91 0,55

3 1,9 1,9 1,9 1,9 1,9 1,9 13,0 1895 14,0 7,7

4 1,9 1,9 1,9 1,9 1,9 1,9 15,0 2187 16,0 6,7

5 1,9 1,9 1,9 1,9 1,9 1,9 13,0 1895 14,0 7,7

6 1,9 1,9 1,9 1,9 1,9 1,9 15,0 2187 16,0 6,7 7,15 4,47 0,63

7 1,9 1,9 1,9 1,9 1,9 1,9 15,0 2187 16,0 6,7

8 1,9 1,9 1,9 1,9 1,9 1,9 15,0 2187 16,0 6,7

9 1,9 1,9 1,9 1,9 1,9 1,9 16,0 2333 17,0 6,3 8,04 4,47 0,56

10 1,9 1,9 1,9 1,9 1,9 1,9 15,0 2187 16,0 6,7

1 1,9 1,9 1,9 1,9 1,9 1,9 16,0 2333 17,0 6,3

12 1,9 1,9 1,9 1,9 1,9 1,9 15,0 2187 16,0 6,7 10,50 7,15 0,68
2139 6,73 8,66 5,25 0,60

W,% A JocnigHnin 3pa3ok cymiwi miHepany CsASsHs2 mae

100 '\
90 [

70 -
60

™

S

0,6 0,65 0,7 0,75 K;

Puc. 6. Tpadik 3anexHocTi Kp Bif cepenosuLia 3i SMIHHOK
BOJIONICTIO 3pa3kiB MiHepasny CsASsHs2

BrisHauaemo 3miHy Temnepatypu, pH, Ta 06’emHunx fe-
dopmauiin npouecy rigpatauii B yaci miHepany CsASsHs2
(pnc. 7).

pH pL'C) N Vow'

1616 e 3 0,19
"""'\'-...____Hq_ 1

1515 - 2} \ 0,18

14 14 0,17

13 13 : 0,16

12 12 . — 234 0.15

11511 :

0 20 40 60 80 100 120 140 500 7, xe
Puc. 7. Tpadikn 3miHu:

1 — pH npouecy rigpatauii B yaci miHepany CASsHsz;

2 — TemnepaTtypv Npouecy rigpatauii B Yaci miHepany CsASsHsz;
3 — o0'emHux gedopmaLiin cucTemm B NpoLeci rigpatalyil

y yaci MiHepany CsASsHs2

TEMHO-CUHI KONip.

Mo BMbpaHii meToanLi AocniaxeHb Bigbysanaca Mo-
Andikalia HaniBBOASHOrO rincy rNHO3eMUCTM LLEMEHTOM.
EkcnepumeHTanbHMM LWIAAXOM BCTAHOB/IEHO OMNTUManbHY
KinbKictb moandikatopa — 70 % rMMHO3eMUCTOro LIeMEeHTY,
sIKa HeoOXiflHa AnA NiABULLEHHA Gi3UKO-MeXaHIYHUX BnacTu-
BOCTel, a TakoX popmMyBaHHA HEOOXiAHOro MiHepanoriy-
HOro cknagy Mofn@pikoBaHOro B'AXKY4Oro.

Mpw rigpaTauii MogndiKoBaHMX B'AXKYUNX PEYOBYVH Ha
OCHOBI MMHO3eMUCTOrO LieMeHTy Ta rincy BifgbyBaeTbcA
YTBOPEHHA eTPUWHTiTa, AKNI AaB MOXKNMBICTb chopMyBaTu
HeoOXiAHY CTPYKTYpY 3 OCHOBHUMY }i3nKO-MeXaHiYHUMMN
BNACTMBOCTAMM.

B Tabnuui 11 npriBegeHa Mmexa MiLlHOCTi Ha CTUCK 3pas3-
KiB, o mictaTb 70 % MU+30 % rincy.

Br3Hayaemo BNAMB 3MiHW BONIOrOCTi Ha Npouecu rig-
paTauii Ta MiLHiCcTb 3pa3Kis, Wwo mictaTb 70 % MU+30% rincy
(pwc. 8).

W,% A

100 \
90 \\

80 S

N
70 \
60

1,1 1,3 1,5 1,7 Kp

Puc. 8. Tpadik 3anexxHocTi Kp Bif cepenosuLa 3i 3MIHHOWO
BOJIOTICTIO 3pa3kKiB, Wo MicTATb 70 % IL+30% rincy
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Tabnumua 11.
Mexa MiLHOCTI Ha CTUCK 3pa3KiB, o mMicTATb 70 % 4+30% rincy

Po3mip 3paska, mm

Rcr cyx., RcT Hac,
mcyx,r p,kr/m* mBon,r W, % YXer !

- q . q MMa Mna
BepxHboi rpaHi HwkHbOI rpaHi
1 2,0 2,0 2,0 2,0 2,0 2,0 14,0 1750 15,0 7.1
2 2,0 1,9 2,0 2,0 2,0 2,0 15,0 1974 16,0 6,7 16,08 1,16
3 1.9 2,0 2,0 2,0 2,0 2,0 15,0 1974 16,0 6,7 13,85
4 2,0 2,0 1,9 2,0 2,0 2,0 14,0 1842 15,0 7.1
5 2,0 2,0 1,9 2,0 2,0 2,0 14,0 1842 15,0 7.1
6 2,0 2,0 1,9 2,0 2,0 2,0 14,0 1842 15,0 7,1
7 2,0 2,0 1,9 2,0 2,0 2,0 14,0 1842 15,0 71 16,53 1,19
8 1,9 1,9 2,0 2,0 2,0 2,0 14,0 1939 15,0 7.1 13,85
9 2,0 2,0 2,0 2,0 2,0 2,0 14,0 1750 15,0 71
10 1,9 2,0 2,0 2,0 2,0 2,0 14,0 1842 15,0 7,1 16,08 1,00
11 2,0 2,0 2,0 2,0 2,0 2,0 14,0 1750 15,0 71
12 2,0 2,0 2,0 2,0 2,0 2,0 14,0 1750 15,0 7,1 16,08
1841 7,06 14,60 16,23 1,12
w,% |
Br3Hauaemo 3miHy Temnepatypu, pH Ta 06’emHux gedopma- 100 e
Lin npouecy rigpaTtauii B Yaci 3paskis, wo mictatb 70 % +30%
rincy (puc. 9). 90 1 % pra
80 “Sa
“~
k View’ 70 \ :
pH At. CA A 1M \
1717 . 3 ) 0,20 60
A PYPRE
16 16 = ’ 05 07 0,9 1,1 1.3 15 1L7Kp
1515 J Ny 2 0.18 Puc. 10. Mpaodikm 3anexHocTi Kp Bin cepenosuula 3i 3MiHHOWO
il; 1 ’ BOJIOFICTIO 3pa3kKiB Yy yaci, o micTath: 1) miHepan CzAHs, 2) MiHepan
14 |14 / 0.17. G3AS3Hs2; 3)70 % U+30% rincy
e id x
/ \._ » S Crabinizaujito eTpUHriTOBOI $ha3un fOCNigKyBaan Ha YNCTOMY
13 13 b 0,16 MiHepani GGA 3 gopaBaHHAM Boan (CzAHe), LUTYYHO CTBOpEHOMY
ETPUHTITI, AKNIA yTBOPIOBaNY, BIAMOBIAHO [0 PO3PaxyHKY 3 CyMiLlli
12 L12 — MiHepany CsA, aByxBofHoro rincy Ta Bogu (CsASsHs2) Ta Ha Kom-
0 20 40 60 80 100 120 140 500 7, x6  nosuti 70 % L, + 30 % rincy.
BusHayaemo 3miHy TemnepaTtypu npouecy rigpaTauii y 4yaci
Puc. 9. Tpadiku 3miHu: 3paskKiB, Wo mictaTb: 1) minepan CzAHs; 2) minepan CsASsHs2; 3) 70
1 — pH npouecy rigpataujii 8 Yaci 3paskis, % U + 30 % rincy (puc.11).
wo micTatb 70 9% 'Ll +30 % rincy; £ o6 A
2— Temneparypu npouecy rigpataii e Yaci spaskis, 17 —— : 5 3 ¥t
wo mictatb 70 % M+30% rincy; / =/
3 — ob'emHuMX fedopmallii cucTemn B Npoueci rigpaTauii y vaci 16 ot S Z T
: ) o e _
3paskis, Wo MicTtaTb 70 % 'L + 30% rincy. " ] \ . —\.{
[HocnigHwun 3pasok, wo mictatb 70 % MU+30% rincy mae TeMHo- 14 3 A
CUWHI Konip, Lo nepexogunTb Yepes 10 XBUnuH B GioneToBuii. - 3&
Br3Hauyaemo BNAMB 3MiHM BONIOTOCTi Ha NpoLecK rigpaTadii Ta 13} —- : 3
MiLHICTb 3pa3KiB y Yaci Wo MiCTATb: is |
1) minepan GAH; 0 10 20 30 40 50 60 70 80 500 7x6
2) minepan CsASsHs; o . i
3) 70 % 'Li+30% rincy (puc.10). Pyic. 11. Tpadik 3MiHM TemnepaTypy NpoLecy rigpaTaLii y vaci

3pPa3ki., WO MICTATD:
1) minepan GiAHs, 2) miHepan C3AS3Hs2; 3)70 % I'U+30% rincy
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Brn3HauaeMo BNAmB 3miHM Yacy Ha BennunHy pH 3paskis, Wo
MiCTATb:

1) miHepan CsAHe;
2) miHepan C3ASsHs2;
3) 70 % I'U+30% rincy (puc.12).
pH A 3
3
14 — — }—‘
L~
13 — +—3
] 2
12 - 3 )

/

11 %

0 10 20 30 40 50 60 380 500 rxe

Puc. 12. Tpadik 3miHKM pH npouecy rigpaTtauii 8 yaci 3paskis, Wo
MICTATb:
1) minepan GiAHs, 2) miHepan CzASsHs2; 3)70 % I'U+30% rincy

Br3Hauaemo 3miHy niHiiHUX gedopmaliii B npoueci rigpa-
Tauii 3pa3ski., y Yaci o MiCTATb:

1) miHepan CsAHe,

2) miHepan CsASsHs2;

3)70 % 'Ll + 30% rincy (pnc.13).

V, om° A

0,20 ¢ e

0,19 ~—
\ ;

#

0,18 — ~

0

0 10 20 30 40 50 60 380 500 7 xs

Puc. 13. Tpadik 3miHM NiHiHKX fedopmalint cucTemmn B NpoLec
rigpatauiiy yaci 3paskis, WO MICTATL:
1) minepan GiAHs, 2) miHepan C3AS3H32; 3)70 % I'U+30% rincy

JNlitepatypa:

MopawndikyBaHHA rincoBOro B'sAXy4oro rnMHo3emu-
CTVIM LIEMEHTOM [la€ MOXIMBICTb CTabinizyBaTn yTBO-
peHHsA eTpUHriToBOT a3y, 36inbNTN BOJOCTINKICTb Ta
3MEHLUNTM NiHiNHI gedopmaii Ha 50 %.

ETPWHrIT 3 10ro BUTATHYTVIMY FONYaTUMK KpUCTa-
namu, 3abesneyye XxopoLue apMmyBaHHA CTPYKTYpW Lie-
MEHTHOIO KameH!0; B NPOoLecCi YTBOPEHHA eTPUHTITY
BM/IMB HAAA€ 3HaYHa KiNlbKiCTb BOAW | CYTTEBO 36inbLuy-
€TbcA 06’em TBepAoi da3n, TUM CamynM AOCATAaETbCA
3MiLHEHHA CTPYKTYPU B NepLUi TepMiHWN TBEPAIHHSA; eT-
PUHTIT Ma€ GinbLu BUCOKY CTiNKICTb B MOPIBHAHHI 3 ApY-
rMMU rigpaTamu i MeHLLe NiaTBepAXKeHN Ga3oBUM ne-
peTBOpeHHsAM, Lo 3abe3neuye cTabinbHICTb CTPYKTYpU
TBEPAiHHA; reflb rigpooKCnAa antoMiHIA CNPUAE 3HU-
KEHHIO BHYTPILLHIX Hanpy»KeHb Mpu poCTi KpUCTanis 3a
paxyHoK 6inblu enacTUyYHMX 3B'A3KIB 3 KpycTanamu, B
pe3ynbTaTi Yoro CTPYKTypa TBEPAiHHA 36epirae BUCOKY
MiLHICTb i UinicHicTb. B npoueci 36inblueHHA KibKOCTi
KpucTaniyHmx das; Ha ocHoBi AHs, GinbLue yTBOPIOIOTHCA
iHWi rigpaTHi $a3n, B Tomy yncni eTpuHrit. AHs 3anos-
HIOE NopK Ta KaninAapw, 3abe3neuye BUCOKY LWiNbHICTb
CTPYKTYpW TBepAiHHA. HanbinbL BUCOKM epeKT foca-
raeTbCA Nif Yac oAHOYaCHOro GopMyBaHHA CeAS3H32 Ha
OCHOBI NEPBMHHOIO | BTOPUHHOTO €TPUHTIITY.

BucHOBKM Ta nepcnekTnBm

noganblUnX po3pobneHb

Bneple yctaHOBNeHO MOCNiAOBHICTb Mpoueca
$opmMyBaHHA BTOPMHHOTO €TPUHTITY | MeXaHi3M BNAuBy
Ha CTPYKTYpY i BAacTMBOCTI 3aTBepAinol KOMNO3NLil.
Mopanblioro po3BUTKY Habynu TeopeTuyHe y3arasb-
HeHHA cTabinizalii eTTpuHriToBOT $hasu, Wo obymoBto-
10Tb GOpMyBaHHA CTPYKTYpU Ta $i3nKO-MexaHiyHi Bna-
CTUBOCTI, X B3aEMO3B'A30K i3 CKNaJOM MOYaTKOBMX
marepianis i TEXHONOTNYHUM NPOLLECOM OTPUMAHHA BU-
pobis.

TeopeTnYHO BCTAHOB/EHO i eKCNeprMeHTalbHO
NiaTBEPAXKEHO ONTUMANbHUIA BMICT CynbdaTy KanbLiito
(B mexkax 30-40% Big macy Komno3uuii) NO3UTUBHO
BMJIMBAKOYOrO HA KiNIbKICTb YTBOPEHHA eTTPUHTITY.

nyavaor viL NTHOL39 ‘|hAXKE.9
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YAK 691.328 / DOI 10.48076/2413-9890.2023-103-02

DNBopkin J1. ., Bopatoxerko O. M., MakapeHko P. M. / Bna-
CTUBOCTI f1PIBHO3EPHUCTUX CaMOYLLiNbHIOBaNbHNX BETOHIB i3 A0~
6aBkoto nonimepy // byaisenbHi matepianu ta Bupo6bu, 2023, N° 1—
2,cTp. 10-13. Puc.: 4. Tabn.: 3. bibniorpadis: 17 Ha3..

HaBefieHo pesynbTaTii 4OCHiAXeHb BNAaCTUBOCTEN CaMo-
YWiNbHIOBaNbHNX APIGHO3EPHIUCTIX GETOHIB 3 BUKOPUCTaHHAM Mo-
nigyHKuioHanbHoro moaudikatopa. MokasaHo, Wo npw onTrmanb-
HOMY CKnafii Ta BMICTi Takoro moaudikaTopa, Wo BKtoyae B cebe
nonisiHinaueTaTHy aucnepcito Ta cynepnnactuikatop, CTa€ MOX-
NINBUM CYTTEBO MOKPALLMTU BNACTUBOCTI CaMOYILiNbHIOBabHUX
6eToHiB.

Kniouosi cnosa: CamoyLinbHIoBanbHUiA 6eToH, NonidyHKLio-
HanbHWI MoaudikaTop, NoniBiHiNaueTaTHa ANCNEpPCia, MILHICTb,
BOAOMOIMMNHAHHA, CTUPaHICTb.

Leonid Dvorkin, Oleh Bordiuzhenko, Ruslan Makarenko /
Properties of fine-grained self-compacting concrete with polymer
additive // Building materials and products, 2023, N° 1-2, p. 10-13.
Fig.: 4.Table: 3.Bibliography: 17 titles.

The results of studies of the properties of self-compacting
fine-grained concrete using a polyfunctional modifier are pre-
sented. Itis shown that at the optimal composition and content of
such a modifier, which includes a polyvinyl acetate dispersion and
a superplasticizer, it becomes possible to significantly improve the
properties of self-compacting concrete.

Keywords: Self-compacting concrete, polyfunctional modi-
fier, polyvinyl acetate dispersion, strength, water absorption, abra-
sion.

YAK 691.:542:666.9 /

DOI 10.48076/2413-9890.2023-103-03

JloporaHb H. O., YepHsk J1. M. / KomnneKkcHe 3acTocyBaHHA
TEXHOTEHHOT CUPOBVHY ANA BUrOTOB/NIEHHA LIEMEHTHOTO KiiHKepy
// BypisenbHi maTepianu Ta BUpo6u, 2023, N2 1-2, cTp. 14-17. Puc.:
4.Tabn.: 6.bi6bniorpadia: 21 Ha3Ba.

JlocniakeHo MOXNMBICTb KOMMIEKCHOTO 3aCTOCYBaHHA Ga-
raTOTOHHaXKHUX BiAXOAIB arpoONPOMUCIOBOCTI Ta TennoeHepre-
TVKI iNA BUrOTOBJIEHHA LIEMEHTHOTO KAiHKepy. I3 3acTocyBaHHAM
Komn'toTepHOi Nporpamu «KniHkep» BU3HaueHO HOBI CKNaaw BU-
XiJHUX CUPOBUHHUX CyMilleil Ha OCHOBI CUCTeMM Kpelija — pu-
coBa Jly3ra — 3on1a BuHocy TEC i3 3aranbHum Bmictom 39-52 mac.%
BKa3aHMX BiaxoAis. EKcnepvmMeHTanbHO NiATBEpAXKEHA MOXN-
BiCTb OTPUMaHHA HOPMaNIbHOTYXaBilOUOro LeMeHTy cepeaHboi
MILHOCTI 3 CyMiLLi, WO MiCTUTb 45,2 Mac. % TeXHOreHHOI CPOBUHYN
npu BUNani 3 MakcrmanbHoto Temnepatypoto 1400 °C. MokasaHo
3B'A30K BNACTVBOCTEN OTPUMAHOTO LIEMEHTY 3 0COBANBOCTAMM
basoBoro cknagy 3 nepeBaXxHUM PO3BUTKOM CUNIKaTIB KanbLilo
G5S, C2S 3a paxyHOK MiABuLLEHOT peakLiiHoi 3aTHOCTI aMopdHOro
KpemHesemy p1coBoi fy3ru.

Kniouosi cioBa: LieMeHT, KiiHKep Ny3ra prcoBa, 30/1a BUHOCY,
CyMill CUPOBWHHa, CKNag, BUnan, Gasn KpUctaniyHi, BNacTMBOCTI.

Nataliia Dorogan, Lev Chernyak / Complex application of
man-made raw materials for the manufacture of cement clinker //
Building materials and products, 2023, N° 1-2, p. 14-17. Fig.: 4.
Table: 6.Bibliography: 21 titles.

At the article, the results of the investigation on the complex
stowing of rich tonnage inputs in agro-industry and heat energy for
the preparation of cement clinker are given. The object of the study
was raw material mixtures for production of cement clinker based
on the system of chalk — rice husk — fly ash. Calculations and analy-
sis of the composition of raw mixtures were carried out using the
created computer program "Clinker’, which made it possible to
quickly determine the rational ratio of components according to the
given characteristics of the clinker. According to the results of com-
puter calculations, the possible content of rice husk in chalk-based
binary mixtures in the range of saturation coefficient KH = 0.80-0.95
is 55.7-60.1 wt. %, and fly ash — 23.9-26.6 wt. %, however, the num-
bers of silica and alumina modules do not meet the recommended
n=1.9-3.0 and p = 0.90-2.0 for cement clinker. When using 3-com-
ponent mixtures, the possible total content of rice husk and ash in
the range of KH=1.9-3.5 is from 39 to 52 wt. %. At the same time,
the quantitative ratio of husk ash varies from 2.1 to 7.3. The possi-
bility of obtaining normal-hardening cement of medium strength
from a mixture containing 45.2 wt.% of man-made raw materials at
a maximum firing temperature of 1400 °C has been experimentally
confirmed. According to the X-ray phase analysis on the Philips
X&apos;Pert PRO — MRD diffractometer, the relationship between
the cement properties and the formation of the C3S-C2S-C2AS-CA
crystal phase system during clinker firing was established. At the
same time, the predominant development of calcium silicate phases
is associated with the increased reactivity of amorphous silica, a
product of heat treatment of rice husk. It was concluded that the in-
tegrated use of rice husk and fly ash as man-made raw materials in
the mass-intensive production of cement clinker is a promising di-
rection for the utilization of large-tonnage industrial waste.

Key words: mineral binder, rice husk, fly ash, raw mix, com-
position, firing, crystalline phases, properties.

YAK 691/ DOI 10.48076/2413-9890.2023-103-04

[lepes’'aHko B. M., Mpuwko . M., ly6os T. M. / Crabinizauia
eTpuHriToBOT $pasu // byaisenbHi matepianu Ta BUpo6u, 2023, N° 1-
2, cTp. 18-25. Puc.: 13. Tabn.: 11. bibniorpadia: 12 Ha3..

BnepLue ycTaHOBAEHO NOCAIAOBHICTL NpoLeca GopMyBaHHA
BTOPWHHOIO ETPUHFITY | MexaHi3M BNAMBY Ha CTPYKTYPY i BRacTu-
BOCTI 3aTBepAiNOi kKomno3uii. MoganbLuoro po3sBuTKY Habynu Teo-
peTnuHe y3aranbHeHHA cTabinizaLii eTTpuHriToBoi $pasu, wo oby-
MOBJIIOIOTb  POPMYBaHHA CTPYKTYpW Ta  (i3nKo-MexaHiuHi
BNACTUBOCTI, iX B3aEMO3B'A30K i3 CKNafoM NOYaTKOBMX MaTepianis
i TEXHONMOTIYHMM MPOLLECOM OTPUMaHHA BMPOGIB. TeopeTnyHO
BCTaHOB/IEHO | eKCMepUMEHTabHO MiATBEPAXKEHO ONTUMaNbHWI
BMICT cynbdaty KanbLiito (B mexax 30-40% Bif Macu KOMNo3uLii)
NO3UTVBHO BM/IMBAIOYOrO Ha KiIbKICTb YTBOPEHHA ETPUHTITY.

KniouoBsi cnoBa: komnosuuinHe B'axyye, moandikawis, eT-
PYVHriT, CTabini3aLia eTPUHriTOBOT Gpasw, anioMiHaTHI LleMeHTH, CyNb-
doantomiHaTHI LeMeHTU.

Viktor Derevianko, Hanna Hryshko, Taras Dubov / Etringite
phase stabilization // Building materials and products, 2023, Ne 1-
2, p. 18-25. Fig.: 13.Table: 11.Bibliography: 12 titles.

For the first time, sequence of the secondary ettringite for-
mation process and the mechanism of influence on the structure
and properties of the hardened composition were established.
Theoretical generalization of the ettringite phase stabilization,
which determines formation of the structure and physical and me-
chanical properties, as well as their relationship with composition
of the initial materials and the technological process of obtaining
products, has gained further development. The optimal content
of calcium sulfate (within 30-40% of the composition mass) (which
has a positive effect on the amount of ettringite formation) has
been theoretically determined and experimentally confirmed.

Key words: composite binder, modification, ettringite, ettrin-
gite phase stabilization, aluminate cements, sulfoaluminate ce-
ments.

YAK 691.5/ DOI 10.48076/2413-9890.2023-103-05

Mywkapbosa K. K., Tepeuiexko J1. B. / Oujika BNuBy HaHO-
Kap6OoHaTHMX 406aBOK Ha 3AaTHICTb LIEMEHTHUX CCTEM [J0 Camo-
ounuieHHa // BypisenbHi matepianu Ta Bupo6u, 2023, N2 1-2, cTp.
26-29.Puc.:4.Tabn.: 1. bibniorpadia: 15 Ha3B.

MpoaHani3oBaHO NPOL|ECH CAMOOUMLLIEHHA LIEMEHTHIX Ch-
CTem, B TOMY Ynchi i npolecy GpoToKaTanisy, Wo BUHNKAIOTL Npu
noTPanAHHI CBiTNa Ha NOBEPXHi MaTepianis, WO MICTATb GpOTOKa-
Tanizatopu. B 6inbLiocTi npoBefeHUX OCNIKEeHb ANA CTBOPEHHSA
doToKaTaniTMuHoro epekTy AK poToKaTasnizaTop HanvacTile Bu-
KOpWCTOBYIOTb Aiiokcua TuTaHy (TiO2) AK NOLWMPEHWiA HaniBNpoBif-
HUKOBUI MaTepiaf, o Ma€ TPy KpUCTaniuHi CTPYKTypu — aHaTas,
pyTvn i BpyKIT. TN aHaTasy WypLIEe BUKOPWUCTOBYETLCA, OCKINbKN
€ 6inbll GpOTOKATANITUUHO aKTUBHUM HiX iHWI MoaudikaLii TiO2. B
AKOCTi GpOTOKaTani3aTopiB MOXKAMBE 3aCTOCYBAHHA I iHLLNX HaniB-
NPOBIHNKOBNX MaTepianis, Takux Ak SiC, WOs, Fe20s, GaP, GaAs,
CdSe, CdS, ane ix $poToKaTaniTM4Ha aKTUBHICTb MeHLa. Takox
OKPIM OKpeMuX CrionyK 3acTocoBytoTb cuctemm InP-CdS um ZnTe-
CdS, aki nposogATb neryBaHHA TiO2 aTomamu ByrneLwo, Cipku,
a30Ty. Po3rnAHyTo pe3ynbTaTi JOCAIAKEHb, WO CNPAMOBaHI Ha Mo-
LWYKM iHWWX WAAXIB NiABULLIEHHA 3AaTHOCTi LLIeMEHTHUX CUCTEeM 10
CaMOOUNILEHHA, HAaNPWVKag, 3a PaxyHOK MiABNLLEHHA WiNbHOCTI
LieMEeHTHOrO KameHio. [poBefieHo [OCNiAKeHHA epeKTUBHOCTI
BK/IOYEHHA HaHOKapGOHaTHOT J06aBKM ANA YL|iNIbHEHHA CTPYK-
TYPU LIEMEHTHUX CUCTEM 3 METOI0 OTPUMAHHS LIEMEHTHUX CUCTEM,
3[aTHIX 0 CamoouuLLeHHs. [TifTBEpKEHO, LLIO BUKOPUCTaHHSA Ha-
HoKapboHaTHUX MaTepianis 403BONAE OTPUMaTN GyAiBenbHi MaTe-
pianu, 34aTHi A0 CaMOOUNLLEHHA, 3aBAAKN GOPMYBAHHIO €NeKTPo-
reTeporeHHUX KOHTaKTIB, WO CMPWAE OTPUMaHHIO LieMeHTHIX
CUCTeM 3 MOKPaLLEHUMU eKCrTyaTaL|iiiHUMK BNacTUBOCTAMM, 30-
KpeMma, 3AaTHICTIO 10 CaMOOYUMLEHHS.

Knio4oBi cnioBa: LieMeHTHi CUCTeMM, CaMOOYULLEHHS, $pOTO-
KaTani3, WinbHIiCTb LEeMEHTHOro KameHIo, HaHOKapboHaTHi ao-
6aBK, eNeKTporeTeporeHHi KOHTaKTU.

Kateryna Pushkarova, Larysa Tereshchenko / Assessment of
the effect of nanocarbonate additives on self-cleaning capacity of
cement systems // Building materials and products, 2023, Ne 1-2,
p. 26-29. Fig.: 4.Table: 1.Bibliography: 15 titles.

Self-cleaning processes of cement systems, including pho-
tocatalysis processes that occur when light hits the surface of ma-
terials containing photocatalysts, are analyzed. In most of the con-
ducted studies, titanium dioxide (TiO2) is used as a photocatalyst
as a common semiconductor material with three crystal struc-
tures — anatase, rutile and brookite — as a photocatalyst. The
anatase type is more widely used because it is more photocatalyt-
ically active than other TiO2 modifications. Other semiconductor
materials can be used as photocatalysts, such as SiC, WOs, Fe20s,
GaP, GaAs, CdSe, CdS, but their photocatalytic activity is lower. Also,
in addition to individual compounds, InP-CdS or ZnTe-CdS systems
are used, which dope TiOz with carbon, sulfur, and nitrogen atoms.
The results of research aimed at finding other ways to increase the
ability of cement systems to self-cleaning, for example, by increas-
ing the density of cement stone, are considered. A study of the ef-
fectiveness of the inclusion of a nanocarbonate additive for com-
pacting the structure of cement systems was conducted in order
to obtain cement systems capable of self-cleaning. It has been con-
firmed that the use of nanocarbonate materials makes it possible
to obtain building materials capable of self-cleaning due to the
formation of electro-heterogeneous contacts, which contributes
to obtaining cement systems with improved operational proper-
ties, in particular, the ability to self-clean.

Keywords: cement systems, self-cleaning, photocatalysis,
density of cement stone, nanocarbonate additives, electro-hetero-
geneous contacts.
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KasepwH K. O., Anonko [l. B., JleskiBcbkuii [l. B. / CyuacHi Bu-
COKOTEXHONOriHi 6eToHM Ha ocHOBI edipis Nonikapbokcunatis AnA
3aXMCTy eHepreTuHIX 06'exTiB Ykpaitu // BynisenbHi matepianv Ta
BUpo6Y, 2023, N2 1-2, cTp. 30-33. Puc.: 1. Tabn.: 1. bibniorpadisa:
20 Ha3B.

3acTocyBaHHA XiMiUHVX J06aBOK Ha OCHOBI edipis nonikap-
6okcunaTiB € epeKTUBHIM 3aCO60M pPerysioBaHHA PEOOMiUHINX
BIaCTUBOCTEN GETOHHUX CyMmillen, MoANGIKYBaHHA CTPYKTYpPW Lie-
MEHTHOTO KaMeHI0 B 6ETOHi Ta caMoro 6eTOHy, a OTXKe, NOKpPalLeHH:A
11010 $i3MKO-MeXaHiUHNX XapaKTePUCTVK Ta rapaHTyBaHHA JOBrO-
BiYHOCTI. OTpUMaHHA BUCOKODYHKLIiOHaNbHYX 6eToHiB AocAra-
€TbCA 3a PaxyHOK BUKOHaHHA 6araTboX BUMOT, L0 BUMAVBAIOTL i3
$i3NUHNX OCHOB CTPYKTYPOYTBOPEHHA GETOHY, a came: BUKOPU-
CTaHHA BUCOKOMILIHNX LieMEHTIB Ta 3anoBHIOBauiB, 3aCTOCYBaHHA
MaKC/IMaJIbHO HU3bKOTO BOZJOLIEMEHTHOTO CiBBIAHOLEHHS. Buko-
pucTaHHA MoandikaTopis 3abe3neuye edpeKTUBHICTb yKnagaHHA He-
TOHY, PO3nany6Ky MOHOMITHIX CMOPYA Y AKHANKOPOTLLi TePMiHM 3a
[OCTaTHBOI AKOCTI OCTaHHIX, BUTOTOB/IEHHA TOHKOCTIHHUX rycToap-
MOBaHVX KOHCTPYKLIi NiBULLEHOT MiLLHOCT, MOXUBICTb NpoOBe-
AeHHA ByaiBenbHNX POBIT AK Y 3MOBUX, TaK i B CyXUX CIEKOTHUX
ymoBax. [lif TepMiHOM, BUCOKOTEXHONOTUHI" 6eTOHM 06'eAHaHI 6a-
raTOKOMMOHEHTHi 6ETOHN 3 BUCOKMMI eKCrTyaTaLlinHUMK BacTu-
BOCTAMU, MiLIHICTIO, JOBIOBIUHICTIO, HU3bKUMU KOediLlieHTOM Aundy-
3ii i CTUpaHICTIO, HaAiiHUMKM 3aXUCHUMW BNAcTUBOCTAMMW MO
BiAHOLUEHHIO /10 CTaNeBOl apMaTypy, BVUCOKOIO XiMIYHOIO CTIKICTIO.
MeTa po60oTy — ofiep>kaHHA 6ETOHY 3a/JaHoOro Knacy 3 BUCOKUMM

MOKasHVKaMy paHHbOT MILYHOCT, CepPeAHbOIT FyCTUHU Ta CTIKOCTI
3aTBepAiNOro 6eToHy A0 arpecUBHIX YMHHIKIB, WO 3abe3neuy-
€TbCA AKICTIO BUKOPVCTAHOTO LIeMEHTY Ta BBEZJEHHAM XiMiUHX A0~
6aBoK. BucHOBKY. Po3pobrieHa Ljina rama crewjianiaoBaHnX BUCOKO-
dYHKUiOHanbHUX 6eToHIB 3 cynepnnactudikatopamu HOBOI
reHepauii Ha OcHOBI edipiB nonikapboKcmnaTis Ta NOBITPOBTAryio-
4Mx 106aBOK, MPUUOMY 3a PaxXyHOK Pery/ioBaHHA CMiBBifHOLIEHHA
CTepuyHOro pakTopa Ta aHiOHHOT aKTUBHOCTI edipiB nonikapbok-
CunaTiB y KOMMNEKCi 3 BUCOKOPO3UMHHUMI eNeKTponiTamu, ofep-
»KaHi BUCOKOTEXHONOTUHI Ta IUTi 6ETOHHI CyMmiLLi 3 TPMBaNUM Yacom
36epexeHHs X lerkoyknaaanbHOCT, o rapaHTye OTPUMaHHsA be-
TOHIB 3 NiABULLEHOI0 PaHHBLOIO MiLIHICTIO, BUCOKMMM eKcryaTaLii-
HVIMV BNACTUBOCTAMM, B TOMY UWCAi HafJifiHVMM 3aXUCHYMI BNaCTU-
BOCTAMM MO BifHOWEHHIO [1O CTaneBoi apmaTypyu Ta BUCOKOIO
XiMiuHoto CTilKiCTIO.

KntouoBi cnoBa: BUCOKOTEXHONOTIUHI 6ETOHM, CamOyLLiNbHIO-
BanbHi 6eToHn (Self-Compacting Concrete, SCC), BUCOKOMILHI Ge-
ToHu (High-Strength Concrete, HSC), noBrosiuHicTh, eHepreTuiHa
iHppacTpyKTypa.

Kostiantyn Kaverin, Dmytro Anopko, Dmytro Levkivskyi /
Modern high-tech concretes based on polycarboxylate esters for
the protection of energy facilities in Ukraine // Building materials
and products, 2023, N° 1-2, p. 30-33. Fig.: 1. Table: 1. Bibliogra-
phy: 20 titles.

The use of chemical additives based on polycarboxylate es-
ters is an effective means of regulating the rheological properties
of concrete mixtures, modifying the structure of cement stone in
concrete and the concrete itself, and therefore improving its phys-
ical and mechanical characteristics and guaranteeing durability.
Obtaining high-performance concrete is achieved by meeting
many requirements arising from the physical foundations of con-
crete structure formation, namely: the use of high-strength ce-
ments and aggregates, the use of the lowest possible water-ce-
ment ratio. The use of modifiers ensures the efficiency of concrete
laying, the formwork of monolithic structures in the shortest pos-
sible time with sufficient quality of the latter, the production of
thin-walled thick-reinforced structures of increased strength, the
possibility of carrying out construction work both in winter and in
dry, hot conditions. The term "high-tech" concrete includes multi-
component concrete with high operational properties, strength,
durability, low diffusion coefficient and abrasion, reliable protec-
tive properties in relation to steel reinforcement, high chemical re-
sistance. The purpose of the work is to obtain concrete of a given
class with high indicators of early strength, average density and
resistance of hardened concrete to aggressive factors, which is en-
sured by the quality of the cement used and the introduction of
chemical additives. Purpose of the article a whole range of special-
ized highly functional concretes with superplasticizers of the new
generation based on polycarboxylate esters and air-entraining ad-
ditives has been developed, and by adjusting the ratio of the steric
factor and the anionic activity of polycarboxylate esters in a com-
plex with highly soluble electrolytes, high-tech and cast concrete
mixtures with a long-term preservation of their ease of work have
been obtained, which guarantees obtaining concrete with in-
creased early strength, high operational properties, including reli-
able protective properties in relation to steel reinforcement and
high chemical resistance.

Key words: high-tech concrete, self-compacting concrete
(SCC), high-strength concrete (HSC), durability, energy infrastruc-
ture.
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TposH B. B., Kinapacs B. 1./ MoaentoBaHHA TPILYMHOCTIKOCT
BUCOKOMIL|HUX GETOHIB, 3AaTHMX 10 CamOyLLinbHeHHA // byaisenbHi
martepianu Ta Bupobu, 2023, Ne 1-2, ctp. 34-37. Puc.: 5. bibniorpa-
dia: 20 Ha3B.

HaBefieHo pe3ynbtati MOAENIoBaHHA TPILMHOCTINKOCTI BU-
COKOMILJHUX 6ETOHIB, 3[aTHUX A0 CaMOyLiNbHEHHA. LLinaxom mo-
[leNtoBaHHA NPYHWX i MiKponnacTuyHmx fedopmaliin no Aiarpa-
Max flepopMyBaHHA 3pa3KiB-Npu3M 3 iHiLiil0BaHOIO TPILMHOI
BCTaHOBJIEHO MapamMeTpy PO3KPUTTA TPILLVH B AOCHIKyBaHMX 6e-
TOHaXx. 3a MOAE/II0 BCTaHOB/IEHO, LLO LUMPUHA PO3KPUTTA yCafiou-
HUX TPILWWH Y AOCNiAXyBaHNX 6eToHax (Ha 120 aoby) 3HayHO ne-
PeBULLYE Lielt NOKa3HK ANA NovaTKy YTBOPEHHA MaricTpanbHoi
TPiWmHN. OTXe, 33 YMOBN 0OMEXeHOT ycafiki, yTBOPEHHA TPILLMH
B JOCNiAKyBaHNX 6€TOHaX HeMUHyYe. 3a MOAENNI0, yTBOPEHHA MiK-
POTPILLMH BHACNiOK 06MexeHOT ycafkv 6eToHy 6e3 f06aBoK no-
UYMHAETLCA Ha 9 A00Y, a YTBOPEHHA MaricTpanbHOT TPILMHN — Ha
11 poby TBepAHEHHA. [oYaToK YyTBOPEHHA YCaAouHUX MIKPOTPI-
W¥H B GETOHI 3 3071010 BIHOCY, BaNHAKOBMM GOPOLIHOM Ta MiKpO-
KpeMHe3eMOM MOUNHAETLCA Ha 6 0By TBEPAHEHHA. YTBOPEHHA
YCaZlouHIIX MaricTpanbHNX TPILLMH B X 6ETOHaX MOUYMHAETLCA Ha
8,10 7a 11 poby TBepAHEHHA BiANOBIAHO. MOYaTOK yTBOPEHHS yca-
JIOYHNX MIKPOTPILMH B 6ETOHI 3 MeTaKaoNiHOM NOUYNHAETLCA Ha 8
106y, a MaricTpanbHOI TPilMHU — Ha 17 06y TBepaHeHHA. OTxe,
cknag, 6eTOHY 3 MeTaKao/liHOM MOXHa BU3HATV HalbinbL Tpilm-
HOCTINKVM Cepep; AOCAIAKYBaHWX, WO MOACHIOETbCA MEHLLOIO ycafi-
KOI0, BIAHOCHO HI3bKNM MOZys1eM NPY>KHOCTi Ta BiJHOCHO BENIMKOIO
NiNAHKOIO MiKPONNaCTUUHX fiepopmalLliit GeTOHY Lboro cknagy.

KntouoBi cnoBa: BUCOKOMIiLHWI 6eTOH, 6ETOH 3AaTHWI 0 Ca-
MOYLLiNbHEHHA, MOAeNIOBaHHS, TPILLMHOCTINKICTb, ycaaKa, Moayb
NPY>HOCTI.

Vyacheslav Troyan, Bogdan Kindras / Modeling the crack-re-
sistance of high-strength self-compacting concrete // Building ma-
terials and products, 2023, N° 1-2, p. 34-37. Fig.: 5. Bibliography:
20 titles.

The results of modeling the crack resistance of high-strength
self-compacting concretes are presented. By modeling elastic and
microplastic deformations from the deformation diagrams of
prism specimens with an initiated crack, the parameters of crack
opening in the concretes under study were established. According
to the model, it was found that the width of the opening of shrink-
age cracks in all investigated concretes (by 120 days) significantly
exceeds this indicator for the beginning of the formation of the
main crack. Thus, with limited shrinkage, the formation of cracks
in the concretes is inevitable. In accordance with the model, the
formation of shrinkage microcracks of concrete without additives
begins on the 9th day, and the formation of the main crack — on



the 11th day of hardening. The beginning of the formation of
shrinkage microcracks in concrete with fly ash, limestone and mi-
crosilica begins on the 6th day of hardening. The formation of
shrinkage main cracks in these concretes begins on the 8th, 10th
and 11th days of hardening, respectively. The beginning of the for-
mation of shrinkage microcracks in concrete with metakaolin be-
gins on the 8th day, and the main crack — on the 17th day of hard-
ening. Thus, the composition of concrete with metakaolin can be
considered the most crack-resistant. This is due to less shrinkage,
a relatively low modulus of elasticity and a relatively large area
ofmicroplastic deformation of concrete with metakaolin.

Key words: high-strength concrete, self-compacting con-
crete, modeling, crack resistance, shrinkage, modulus of elasticity.
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Nanoscbka C. 1., Aemyenko T. M., KoHonna M. C. / Bnavsun
KpeMHiltopraHiuHuX rigpodobisytoumnx 106aBOK Ha JOBrOBIYHICTL
Hi3AploBaTOro 6€TOHY aBTOKNABHOrO TBEPAHEHHA // ByaisenbHi
matepianu Ta Bupobu, 2023, N2 1-2, ctp. 40-43. Puc.: 8. Tabn.: 5.
bi6niorpadia: 6 Ha3B.

B cTaTTi HaBefieHi pe3ynbTaTi AOCIAKEHHA BMANBY KPEMHI-
opraHiuHvX rigpodobisyiounx A06aBOK Ha OCHOBHI di3nKo-mexa-
HIYHNX BNACTUBOCTEN aBTOK/IaBHOrO ra306eTOHY MapKw 3a cepefi-
HboO rycTuHolo D400. MeTta po6oTu — BusHauntu epekTnBHICTL
KpeMmHiiopraHiuHmx rigpodobizyiounx [06aBOK Ha AOBrOBIYHICTL
Hi3ploBaTOro 6eToHy. BUCHOBKM. 3a pesynbTatamu NpoBefeHX A0-
CnifpkeHb BCTaHOBJIEHO, WO 1A NiABNLLEHHS OCHOBHUX $i3nKO-Me-
XaHiYHNX Ta eKCryaTaLiiiHNX XapaKTepUCTUK ra306eToHIB MapKu
3a cepe/iHbOI0 rycTHO D400 ONTUMaNbHIM € BBEAEHHSA 10 CKNafly
Hi3APIoBaTOBGETOHHYIX CyMillel 06aBKM KpeMHINopraHiYHoT piauH
MMC-50 y kinbkocTi 1,5-2 % Bia Macu Cyxux KOMMOHeHTiB. Mpwn
LibOMY MILIHICTb MaTepiany npu CTUCKY NigsuLLyeTbea 3 2,9 MMMa go
3,8 MlMa; BogonornMHaHHA 3HKYETbCA 3 49,6 % [0 4,2 % 3a Macolo,
MOPO30CTIVKICTb MiABULLYETLCA Ha 2 Mapku. CKnaaw, Lo MiCTATb 40
6aBku MMC-50 i MMC-40 xapaKTepu3yBanuca 3HMKeHoI0 Ha 3-5%
Cepe/IHbOIO YCTVHOIO Y CyXOMY CTaHi 3a PIBHO3HaUHUX 3HaueHb Mill-
HOCTi npu cTUCcKy (3,7 MMMa i 3,8 MMMa BigNoBiAHO). 3pa3ku aBTOKNaB-
HYX ra306eToHiB, MOAMdIKOBaHNX fOOaBKaMV ONIrOMETUNTIAPOCH-
JIOKCaHy | METUCUNIKOHaTY HaTpilo, NOKa3anu NigBULLEHHA MILHOCTI
i MOPO30CTINKOCTI 3a KinbKocTi 06aBoK 3,5 % i 2,5 % BiaNOBiAHO.
MiuHicTb Hi3aptoBaToro rigpodo6i3oBaHOro 6eToHy aBTOKNaBHOTO
TBEPAIHHA 3a6e3MeuyeTbCA OCHOBHUMI HU3bKOOCHOBHNMMU Fifipo-
cnnikaTHUMK dazamu Ta 36iNbLLEHOIO KiNbKICTIO BUAOBXKEHNX NPU3-
MaTUYHNX KpucTanis adsinity. Kniouosi cnosa: 6eToH, Bogonornu-
HaHHA, fob6aBKa, rigpodobisaLlia, MOPO3OCTINKICTb, ryCTUHa,
MILHICTb, Hi3apIoBaTUN GETOH.

Svitlana Lapovska, Tatiana Demchenko, Mykola Konoplya /
Effects of silicone hydrophobic additives on the durability of auto-
claved cellular concrete and the aerated autoclaved concrete qual-
ity // Building materials and products, 2023, N° 1-2, p. 40-43. Fig.:
8.Table: 5. Bibliography: 1 titles.

The article presents the results of a study of the effect of sil-
icone hydrophobic additives on the main physical and mechanical
properties of autoclaved aerated concrete with an average density
of D400. The purpose of the work is to determine the effectiveness
of silicone water-repellent additives on the durability of cellular
concrete. Purpose of the article. According to the results of the
studies, it was found that to improve the main physical, mechanical
and operational characteristics of aerated concrete with an aver-
age density of D400, it is optimal to introduce an additive of sili-
cone liquid PMS-50 in the amount of 1.5-2 % by weight of dry com-
ponents into the composition of aerated concrete mixtures. In this
case, the compressive strength of the material increases from 2.9
MPa to 3.8 MPa; water absorption decreases from 49.6 % to 4.2 %
by weight, and frost resistance increases by 2 grades. The compo-
sitions containing PMS-50 and PMS-40 additives were charac-
terised by a 3-5% reduction in average dry density with equivalent
compressive strength values (3.7 MPa and 3.8 MPa, respectively).
Samples of autoclaved aerated concrete modified with
oligomethylhydrosiloxane and sodium methyl siliconate additives
showed an increase in strength and frost resistance at an additive
content of 3.5% and 2.5%, respectively. The strength of the cellular
hydrophobic concrete of autoclaved curing is provided by the
main low-base hydrosilicate phases and an increased number of
elongated prismatic crystals of affilite

Key words: Concrete, water absorption, additive, hydropho-
bisation, frost resistance, density, strength, cellular concrete.
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Nanoscbka C. [1., YepHeHko M.B., Kononna M. C. / flocnia-
XKeHHA Bi3NKO-TEXHIUHNX XapaKTepPUCTUK Hi3gpioBaToro 6eToHy
aBTOKNaBHOrO TBEpAHEHHA AnA 6yaiBHMLTBa // ByaiBenbHi mate-
pianun Ta Bupo6u, 2023, N2 1-2, cTp. 44-46. bibniorpadia: 7 Ha3..

Po3rnaHyTi npobnemn eHeprosbepexeHHA OyaVHKIB, paLiio-
HajlbHe 3aCTOCBaHHA aBTOK/IABHOMO ra306eTOHY 3HIKEHOI ry-
CTWHW, NOPIBHAHO 3 aHaNIOrOBUM CTIHOBMM MaTepianom. Po3rna-
HyTi eHepro36epiratoui TexHoNorii BUPOOGHNLTBA aBTOKNABHOMO
rasobetoHy. MeTa po60oTn — BusHauntn epekTUBHICTb 3acToCy-
BaHHA aBTOKNaBHOro ra306eTOHY 3HMKeHOi rycTuHm (D400-D300)
npw 3BefeHHi ByAnHKIB. BU3HauuTK WnAXu eHeprostepexeHHs
Npu BUrOTOB/EHHI aBTOKNABHOTO ra306eToHy. BucHoBku. Po3rnsa-
HYTi WNAXV eHeprozbepexeHHA nNpu byaiBHULTBI OyAVHKIB 3 BK-
KOPWCTaHHA Hi3[pioBaTOro 6ETOHY aBTOKNaBHOMO TBEPAHEHHS, a
TaKoX PO3rAAHYTi METOAN eHepro3GepekeHHs NPy BUTOTOBIEHHA
Hi3/|ploBaTOro GETOHY.

KntouoBi cnoBa: ABTOKNaBHWIN ra3o6eToH, HisgploBaToni
6eTOH, eHepro3bepexKeHHs, TepMiUHMIA onip.

Svitlana Lapovska, Mykola Chernenko, Mykola Konoplya / Re-
search of the physical and technical characteristics of autoclaved
aerated concrete for construction // Building materials and prod-
ucts, 2023, N° 1-2, p. 44-46. Bibliography: 7 titles.

Considered problems of energy saving of buildings, rational
application of autoclaved aerated concrete of reduced density,
compared to analog wall material. Energy-saving technologies for
the production of autoclaved aerated concrete are considered. The
purpose of the work is to determine the efficiency of using auto-
claved aerated concrete of reduced density (D400-D300) in the con-
struction of buildings. Determine the ways of energy saving in the

production of autoclaved aerated concrete. Purpose of the article.
Ways of energy saving in the construction of houses using auto-
claved aerated concrete are considered, as well as methods of en-
ergy saving in the production of aerated concrete are considered.

Key words: Autoclaved aerated concrete, aerated concrete,
energy saving, thermal resistance.
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Lanko 10. B., bonaapetko O. M., Llanko O. 0., Xepebuyk [.
C./BcTaHoBNeHHA eeKTVBHOCTI BOrHE3axMCTy lepeBUHI KOMMO-
3uuieto Ha ocHoBi NonidpocdaTy amoHito // BynisenbHi maTepianu
Ta BUpobu, 2023, N° 1-2, cTp. 48-51. Puc.: 1. Tabn.: 1. Bibniorpadia:
10 Ha3B..

MpoBeaeHO ekcnepyMeHTanbHi JOCNIAKEHHS 3 BU3HAUEHHA
epeKTUBHOCTI BOrHe3axncTy KOMMO3WLiii i3 3aCTOCYBaHHAM eKc-
nepyMeHTanbHNX 3pa3kKiB nonidpocaTy aMoHilo Ta BCTAHOBNEHO,
1110 BOTHe3axuLeHa iepeByIHa BiJHOCUTLCA [0 BaXKKOTOPIOUMX Ma-
Tepianis. [loka3aHo, WO eKCNepUMEeHTaNbHi 3pasku fepeBuHn
nicna 06pobneHHA KOMNO3ULEL i3 3acTocyBaHHAM nonidochaty
amoHito Ta nonipocdaty amoHito, TepmocTabinisoBaHoro nonipoc-
baTom MenamiHy, 3a epeKTUBHICTIO BOrHe3axX1CTy BiJHOCATLCA A0
matepianis nepwoi rpynu edpeKkTUBHOCTI (BaKKOroptoyi mate-
pianwu). locnigxysaHa komnosuuia 3abesneuye epekTUBHICTb BO-
rHe3axucTy BiNoBiAHO AnA 06'ekTiB |...V Knacis. 3a pesynbtatamut
eKCrepyMeHTaNbHUX [OCTifKeHb, BCTAaHOBIIEHO, WO 3acTOCy-
BaHHA riapodobisylounx cymiwein «Cinon» 3aTpUMye NPOHUKHEHHSA
Ta HaKOMMYeHHA BOAW BOrHe3axuLeHolo AepeBuHolo. BuasneHo
TaKoX MifBULLEHHA BOrHe3ax1CHOI epeKTUBHOCTI BOrHe3axuLLeHol
fepeBuHm nif vac cninbHoi Aii «[ICA-2» Ta rigpodobisytoyoi cymiLui
«Cinon» nicna o6pobneHHA 3paskis.

Kniouosi cnosa: fepeBunHa, roployicTb, KOMNO3WuLis, BOrHe-
3axuCT, nonipocdaT aMoHito, MOKPUTTA.

Tsapko Yu. V., Bondarenko O. P, Tsapko A. Yu., Zerebcuk D. S.
/ Determination of the efficiency of fire protection of wood by a
composition based on ammonium polyphosphate // Building ma-
terials and products, 2023, N° 1-2, p. 48-51. Fig.: 1. Table: 1. Bibli-
ography: 10 titles.

Experimental studies were conducted to determine the ef-
fectiveness of fire protection of compositions using experimental
samples of ammonium polyphosphate and it was established that
fire-resistant wood belongs to non-flammable materials. It is
shown that experimental wood samples after treatment with a
composition using ammonium polyphosphate and ammonium
polyphosphate heat-stabilized with melamine polyphosphate be-
long to the materials of the first efficiency group (flammable ma-
terials) in terms of fire protection efficiency. The studied composi-
tion provides fire protection efficiency, respectively, for objects of
classes I...V. According to the results of experimental studies, it was
established that the use of "Silol" hydrophobic mixtures delays the
penetration and accumulation of water in fire-resistant wood. An
increase in the fire-resistant efficiency of fire-resistant wood during
the joint action of "DSA-2" and the hydrophobizing mixture "Silol"
after processing the samples was also revealed. The atmospheric
resistance of fire-resistant wood as a result of the joint action of
the composition was investigated using experimental samples of
ammonium polyphosphate and ammonium polyphosphate heat-
stabilized with melamine polyphosphate and the "Silol" mixture.

Keywords: wood, flammability, composition, fire protection,
ammonium polyphosphate, coating.
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KopHuno I. M., Tkauyk B. C./ OpraHisaLiiiHa cctema nporHo-
3yBaHHA NOKa3HWKiB B NPOeKTyBaHHi | 6yAiBHULTBI 3a JONOMOroto
maTeMaTU4HNX MoAeneit // BypisenbHi matepianu Ta Bupobu, 2023,
Ne 1-2, cTp. 54-55. Bibniorpadia: 5 Ha3B.

Y cTaTTi HaBefeHNIN NOKabHWI NPOrHO3, CTPYKTYpa AKOrO
He € EAVHVM BapiaHTOM, NPEeACTaBNAETCA HaNbINbLL 3aBePLIEHOI0
YaCTMHOIO CUCTEMU NPOTrHO3YBaHHA. DYHKLIOHYBaHHA AaHVX MO-
[Aeneii He TiNbK eKCneprMeHTabHO BUMPOGYBaHO, BOHU HEOLHO-
|Pa30BO BMKOPUCTOBYBaNNCA N1A 6araTbox MPaKTUUHIX PO3PaXxyH-
KiB Ha nepcnekTusy. OfHaK, BpaxoBaHi METOAN MPOrHO3yBaHHA
nepepbayaloTb BUKOPNCTaHHA eKCNepTHUX OL{iHOK, CMoco6u oTpu-
MaHHA AKNX, NpobnemaTiyHi. ToMy AaHuii MaTepian 3Moxe po3-
WUPUTK | AOMOBHWTI METOAMNKMN OTPUMAHHA Ta 06POBKM eKcrepT-
HUX OLliHOK.

Kniouosi cnosa. [MporHo3yBaHHA NOKa3HWKIB, EKOHOMIYHUIA
npouec, KopenaliiiiHa i perpecnBHa GpyHKLiA, YacoBunil paa.

Iryna Kornylo, Vladyslav Tkachuk / Organizational system for
forecasting indicators in design and construction using mathemat-
ical models // Building materials and products, 2023, N2 1-2, p. 54—
55. Bibliography: 5 titles.

The local forecast presented in the article, the structure of
which is not the only option, is the most complete part of the fore-
casting system. The functioning of these models was not only
tested experimentally, they were repeatedly used for many prac-
tical calculations for the future. However, the considered forecast-
ing methods involve the use of expert assessments, the methods
of obtaining which are problematic. Therefore, this material will be
able to expand and complement the method of obtaining and
processing expert assessments.

Keywords. Forecasting indicators, economic process, corre-
lation and regression function, time series.
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KopHrwuno .M., Thun O.M. / CucTeMHWii MeToA BUKOPUCTaHHSA
BeKTOPIB i MaTpuLpb Npu GyaiBHULTBI 06'eKTiB // BynisenbHi mate-
pianu Ta Bupobu, 2021, Ne 1-2, cTp. 56-57. bibniorpadia: 4 Ha3B.

Y CTaTTi pO3rNAfaETbCA METO/ BUKOPUCTaHHA BEKTOPIB i MaT-
pub Npu ByaiBHULTBI 06'€KTIB NPK BUPOGNEHHI ynpaBRiHCbKUX
pieHb. OCHOBHVM [kepenom iHpopmaLlii NpUitHATa MaTPULA LiH-
HoCTel.

KnioyoBi cnoBa: cucTeMHUI NifXif; yNpaBRiHCbKi pilleHHs;
CUCTEMN 3 JUCKPETHUMW CTaHaMu; NOXiHa MMOBIPHOCTI CTaHy;
AUCnepciiHniA aHanis.

Iryna Kornylo, Olga Gnyp / System method for using vectors
and matrixes in construction of objects // Building materials and
products, 2021, N° 1-2, p. 56-57. Bibliography: 4 titles.

The article discusses the method of using vectors and matrices
in the construction of facilities in the development of management
decisions. The main source of information is the matrix of values.

Keywords: systems approach; management decisions; sys-
tems with discrete states; derivative of the state probability; analy-
sis of variance.
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OropogHik |. B. / locnigxeHHA 0cobnmBoCcTelnt MapKeTUHry
Ha PUHKY HepyxomocTi // BypisenbHi matepianu Ta Bupobu, 2023,
N2 1-2, cTp.60-62. Puc.: 1. Tabn.: 2. Bibniorpadia: 11 Ha3s.

Y faHiin cTaTTi BUCBITAEHI 0COBNMBOCTI HEPYXOMOCTI Ta Map-
KETUHIOBVIX AOC/IPKEHb Ha PUHKY HEPYXOMOCT, iNA epeKTUBHOrO
npocyBaHHA LMX 06'eKTiB Ha ByaiBeNnbHOMY PUHKY. Po3rnaHyTo
0CO6/IMBOCTI XKNTTEBOTO LMKy 06'EKTIB HEPYXOMOCTI Ta Aiil Mapke-
TONOriB Ha pi3HUX ii eTanax. [lokasaHo, WO JOCAIAKEHHA PUHKY He-
PYXOMOCT € BaX/IMBIM IHCTPYMEHTOM A PO3YMiHHA aKTyalbHNX
TeHAEHLIiN Ta NONUTY Ha HEPYXOMICTb, LLO [J03BONAE 3PO3YMITH, AKI
TUNW HEPYXOMOCTI € MONYNAPHUMN, AKI PerioHn € HanbinbL Npu-
BabNAMBMMK ANA NOKYNLIB Ta AKi paKTopy BMNAUBAIOTb Ha LiHK Ha
HepyxoMicTb. MapKeTUHIoBi OCNIAKEHHA MOXYTb BYTN KOPUCHI
[NA Pi3HWX rpyn NloAei, BKoYaloumn pientopis, iHBecTopis Ta by-
[fliBenbHUKIB. OCHOBHOIO L{ifINt0 MapPKETUHIOBUX AOCHIAKEHD PUHKY
HEepPYXOMOCTi € aHani3 NoTpeb Ta MONUTY Ha HEPYXOMICTb cepef
pi3HMX rpyn cnoxwsavis. Lie fo3Bonse byaisenbHMKam Ta piento-
pam afanTyBaTI CBOI NPOAYKTU Ta NOCAYrM A0 NoTpeb iHBecTopiB,
3HAXOANTY HOBI PUHKM 36y Ty Ta OTPUMYBaTV HeOOXifAHI GiHaHCOBI
npubyTKN. Kpim TOro, AOCNIAXKEHHA PUHKY HEPYXOMOCTI MOXYTb
[IONOMOTTN BUABWTY MOTEHLiHI PU3MKN Ta MOXIUBOCTI, WO B
CBOIO Uepry 3ab6e3neunTb BNIPOBaAXKEHHA 06IPYHTOBAHMX pilleHb
40710 iHBECTYBaHHA B HEPYXOMICTb.

KniouoBi c/ioBa: pUHOK HEPYXOMOCTI, )WUTTEBUIA LIMKN 06'€K-
TiB HEPYXOMOCTI, TONUT, NPOMO3KLiA, MapKETUHrOBE AOCAIAKEHHA.

Iryna Ogorodnyk / Study of marketing features on the real
estate market // Building materials and products, 2023, N° 1-2, p.
60-62. Fig.: 1.Table: 2. Bibliography: 11 titles.

Annotation. This article highlights the features of real estate
and marketing research in the real estate market, for the effective
promotion of these objects in the construction market. The pecu-
liarities of the life cycle of real estate objects and the actions of
marketers at its various stages are considered. Real estate market
research is shown to be an important tool for understanding cur-
rent trends and demand for real estate, which allows you to un-
derstand which types of real estate are popular, which regions are
most attractive to buyers, and which factors affect real estate
prices. Marketing research can be useful to many different groups
of people, including realtors, investors, and builders. The main goal
of marketing research on the real estate market is to analyze the
needs and demand for real estate among different groups of con-
sumers. This allows builders and realtors to adapt their products
and services to the needs of investors, find new sales markets and
obtain the necessary financial returns. In addition, real estate mar-
ket research can help identify potential risks and opportunities,
which in turn will ensure the implementation of informed deci-
sions about investing in real estate.

Keywords: real estate market, life cycle of real estate objects,
demand, supply, marketing research.
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Pokuubka A. B, OropogHik |. B./ locnigkeHHa ocobnmsocTei
Ta PO3BUTKY eleKTPOHHOI TOPriBAi B Cy4acHMx ymoBax Ykpainu //
BynisenbHi matepianu Ta Bupobu, 2023, N° 1-2, ctp. 63-67. Puc.: 1.
Tabn.: 2. bibniorpadia: 13 Ha3B.

Y paHiit cTaTTi BUCBITNEHO OCHOBHE MOACHEHHA MOHATTA
«eneKTPOHHa KomepLifa» Ta po3rnaHyTo ii pisHoBMAKW Ta Tunu. Ha-
Be[IeHO HOBITHI pOPMM B3aEMOAIT yUaCHWKIB PUHKY TOBapiB i No-
CAyr, WO MaloTb BiAHOLWEHHA A0 peanisaLlii eneKTPOHHOI Komepuyii.
BUABNEHO UMHHUKW, WO CTUMYIOIOTb NOAANbIINI PO3BUTOK Aa-
HOTO eKOHOMIYHOTO ABNLLA. BU3HaueHO MixkHapogHe perynioBaHHs
€/1eKTPOHHOT TopriBAi. PO3rNAHYTO rONOBHI NepeBaru Ta HefoniKu
eNeKTPOHHOT KoMepLiii AK popmu MixkHapoAHOI Toprisni. [loBefeHo,
LLIO BUrOAU Bifj 3pOCTaHHA €NeKTPOHHOT KoMepLii BUABUANCA Haba-
raTo 6inbLUKMY, MOPIBHAHO 3 0r0 HepoNiKamu. BctaHoBNEHO, WO
eneKTpOHHa KoMepLis NoB'A3aHa 6e3nocepejHbO 3 BENMKOIO Kiflb-
KicTio 6i3Hec-onepaLlii, He3anexHo Bif TOro, UM MAETHCA NPO PO3-
[pi6HY Toprisnio un onepauii Mixk Komnaniamu. OfHak epekTnB-
HICTb BNPOBafXEHHA eNeKTPOHHOI KOMepLii TiICHO nos'A3aHa 3
IHCTUTYUIAHUMK 3MiHaMN TPaAULINHUX MeTOAB TopriBni. Takox
npoaHanisoBaHo TeHAEHL|ii PO3BUTKY eNIeKTPOHHOT KoMepLiiiy CBITi.
MpepacTaBneHo pesynsTaTi aHanisy CTaHy eneKTPOHHOI KoMepLyii B
YKpaiHi y NOPiBHAHHI 3 iHLWIMYN 3apy6iXKHUMY iepXKaBamu.

Kniouosi cnosa: Toprisns, enekTpoHHa komepuis, IHTepHeT-
TOPriBNA, eNeKTPOHHNI bi3Hec.

Anna Rokytska, Iryna Ogorodnyk / Advanced features and
development electronic commerce in the minds of Ukraine //
Building materials and products, 2023, N° 1-2, p. 63-67. Fig.: 1.
Table: 2. Bibliography: 13 titles.

Annotation. This article highlights the basic explanation of
the concept of "electronic commerce" and considers its varieties
and types. The latest forms of interaction between participants in
the market of goods and services related to the implementation
of electronic commerce are given. Factors stimulating the further
development of this economic phenomenon have been identified.
The international regulation of electronic commerce is defined.
The main advantages and disadvantages of electronic commerce
as a form of international trade are considered. The main advan-
tages and disadvantages of electronic commerce as a form of in-
ternational trade are considered. It has been proven that the ben-
efits of the growth of e-commerce have far outweighed its
drawbacks. E-commerce has been found to be directly related to
a large number of business transactions, whether retail or busi-
ness-to-business. However, the effectiveness of e-commerce im-
plementation is closely related to institutional changes in tradi-
tional trading methods. Trends in the development of e-commerce
in the world are also analyzed. The results of the analysis of the
state of e-commerce in Ukraine in comparison with other foreign
countries are presented.

Keywords: trade, e-commerce, Internet trade, e-business.
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