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®I3UKO-XIMIYHA MOJIUDIKALIA IEMEHTHOI CUICTEMHU
MOHOJIITHOI'O BETOHY

Merta. PoboTa cnpsimoBaHa Ha po3poOKy HayKOBHX OCHOB TEXHOJIOTil MOIM(}iKOBaHOTO OETOHY HOBOT'O ITOKO-
JIHHS YISl CHIOPY/ CTIELIaIbHOTO MPU3HAYEHHS 32 PaXyHOK YIPaBIIiHHS MPOIECaMU CTPYKTYpOYTBOPEHHSI MO ]i-
KOBAHOI IIEMEHTHOI CUCTEMHU y NMPUPOIHUX YMOBax TBepAHEHHs. Meroauka. /[ JOCSATHEHHS MOCTaBIEHOI METH:
1) mpoBeneHi NOCTiHKEHHS PEOJIOTIYHIX XapaKTePUCTHK MOAN(DIKOBAaHUX OSTOHHHMX CYyMIIIeH Ui CIIOpy. Crielia-
JHHOTO TPU3HAYECHHS Ta MPOLECIB CTPYKTYpPOYTBOPEHHS MO (iKOBaHOI IEMEHTHOI CHCTEMU OETOHY IPUPOIHOTO
TBEPIHECHHS; 2) BU3HAYCHI METOAN HAJIIHOT OIIHKY MIITHOCTI OETOHY Yy MOMEHT 3HATTS JAIUTYHKY i mepenadi Ha-
BaHTaKEHHS HAa KOHCTPYKIIii, B AKMX OETOH HE JOCAT MPOEKTHOI MITHOCTi. Pe3yJbTaTH. ABTOPOM BCTaHOBIICHO, IO
y Moan(iKoBaHIi IIEeMEHTHIH CHCTeMi, IO TiAPaTyeThCsA, y PE3yIbTaTi B3a€EMOIIi PI3HUX MaKpOiOHIB PO3BUBAETHCS
CTPYKTYPOYTBOPIOIOUHI MPOIEC i3 MEPeBarol aKTUBHHUX YaCTHH, SKi 3HAYHO MEPEBHUINYIOTh HOTO JAMCHUIIATUBHY
YacTHHY y MOPIBHSHHI 3 HOpMaJbHUMH yMOBaMu TBepaHeHHs. HaykoBa HoBu3Ha. BcraHOBIEHI 3aKOHOMIPHOCTI
CTPYKTYPOYTBOPEHHS MOIM(IKOBAHOI IIEMEHTHOI CHCTEMH, apMOBaHOI CHHTE30BaHUMH J00p€e 3aKpHCTali30BaHUMHU
cripanernoniOHUMH HATKONOJIOHMMH KpHCTajlaMH, MEXaHIYHE 3UETJICHHS SIKUX PO3IJISAAETHCS K OCHOBHE JKEpe-
JIO CTBOPEHHS MIIIHOCTI Y CYKYITHOCTI 3 J0JJaTKOBUM 3UEIICHHSM, 110 JIOCSTAETHCS B PE3yJIbTaTi B3aEMHOTO IIPOPO-
ctanHs kpuctaii. [lpakTuuHa 3HAYMMICTB. Y TIporieci JOCTIHKEHHS PO3TIISHYTO ITiIBUINEHHS B’ sDKYYOTrO IMOTEH-
[iary IeMEHTY y BUCOKOMIIIHUX O€TOHAX Ta BUKOPHCTAHHS MOAM(IKOBAaHMX [EMEHTHUX CHCTEM B OCOOIUBHUX yMO-
Bax OeToHyBaHHS. Po3poOieHuil opraHo-MiHepambHI MOAUDIKYIOUHHA KOMIUIEKC, IO 3a0e3ledye AUCIepcHe ap-
MyBaHHS I€MEHTHOi MaTpuii OetoHy. BiH 103BONsI€, 3MIHIOIOWHM TPHPOAY ITOBEPXHI B SHKY4OI pPEYOBHHH
i MoaubikaTopa, MOIU(IKyBaTH MPOLEC CTPYKTYPOYTBOPEHHs LeMEeHTHOI MaTpuui. TemmepaTypHuii dakTop He
YHHATh HETaTUBHOTO BIUIMBY Ha OETOH, IIO0 TBEpAHE, a KOMIUIEKCHHHN MonugikaTop 3abesnedye MOJIMIIECHHS
(hi3MKO-MEXaHIYHUX XapaKTEPUCTUK LEMEHTHOI MaTpHii W OETOHY 3a PaxyHOK NEpBHUHHOI 3MiHU CTAaHYy CHCTEMH.
Y Moan¢ikoBaHii LIEMEHTHIH CUCTEMI, L0 TiIPaTYEThCs, B Pe3yIbTaTi B3a€MOIl PI3HUX MaKPOiOHIB PO3BHBAETHCS
CTPYKTYPOYTBOPIOIOUHIA IMPOIEC i3 MEPeBarol) aKTHBHHUX YaCTHH, SKi 3HAYHO MEPEBHUINYIOTh HOTO JAMCHUIIATUBHY
YaCcTHHY B MOPIBHSHHI 3 HOPMaJIbHIMH YMOBaMH TBEpAHEHHs. Pe3ysbTaT, OTprMaHi Ipy MOJEIIOBAHHI IOBEIIHKH
Mo (ikoBaHO IIEMEHTHOI CHCTEMH, IO TiIPaTYEThCS, MOKA3ylOTh, IO Y CHUCTEMI CHOCTEPIraroThCS KOJMBAHHS
KOHLICHTpalil NPOMDKHUX NPOJYKTIB TigpaTaiii, SIKi OTOTOXHIOIOThCS 3 BHHUKHEHHSM IIPOCTOPOBO-YaCOBOT

CTPYKTYpPH.
Kniouosi crosa: nemenTHa cucrema; Moau(dikallist; CTpyKTypOyTBOPEHHS; OETOH

JOLIBHICTE 00’ €IHAHHA JEKIUIBKOX THUIIIB aKTHBa-
Beryn MIHHUX BIUIABIB Ha IIEMEHTHY CHCTEMY OCTOHY.
[puifHATO MONOXKEHHS, IO OJCPKAHHS MOHOJIIT-
HUX OETOHIB 3 BUCOKMMH EKCILTyaTalliiHUMU BIla-
ctuBoctssmu (BEB) mae 3acHoByBatucs Ha (hizuko-
XiMiYHOMY MOAM(IKYBaHHI IIEMEHTHOI CHCTEMH
oetony. Takuii crioci6 00’enHye (i3MUHY aKTHBa-
IO [IEMEHTHOI CUCTEMH 3 IHTEHCUBHOIO XIMIYHOIO
B3a€MOJII€I0  KPHUCTAJOTIAPAaTHUX HOBOYTBOPEHBb
3 pEUYOBHHAMH, IO BBOJSATHCS Y LIEMEHTHY CHCTE-
My SIK MiHepaJbHI JUCTIEPCHOAPMYIOYi KOMIIOHEH-
TH y CKJadi CICIiaJhbHOTO OPTraHO-MiHEpaJTLHOTO
Moaupikyrouoro kommiekcy (OMMK).

MOXIIHBICTh TABUINCHHS CSKCIDTyaTalliiiHIX
XapaKTepUCTHUK OETOHY JJIsl MOHOIITHOTO OyIiB-
HHLTBA BIKPHBAETHCS 3 MEPEXOJIOM JI0 MPUHIH-
ITOBO HOBOi TEXHOJIOTii, 3aCHOBAHOI Ha 3acTOCy-
BaHHI (yHAaMEHTANbHUX TPHHLUIIB B3aEMOIIi
KOMITOHEHTIB B’sDKy4J0i cCUCTeMH B OeToHi [16—19,
20, 24]. Le 3abe3meuyerbcsi MOIUQIKYBaHHIM
KOMIIOHEHTIB IIEMEHTHOI CHCTEMH, IO CIpHSE
MIIBUIIEHHIO CTYIEHS TimpaTariii B’shKydol pedo-
BUHH ¥ CIIPSIMOBAaHOMY CTPYKTYPOYTBOPEHHIO Lie-
MEHTHOI Matpulli Oetony [6, 8, 10—13].

Ha ocHOBI BUKOHaHHX EKCHEPHUMEHTAIBHO-
TEOPETHYHUX JOCITI/PKEHb 3p00JIEHO BUCHOBOK PO
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Merta

Po3poOka HaykOBUX OCHOB TEXHOJOTIl MOJHU-
¢ikoBaHOro OETOHY HOBOTO HOKOJIHHS AJsI CIIO-
pPyA cHeUiaJbHOTO MpPU3HAYCHHS 3a PpaxyHOK
YIPABITIHHS TIPOIECAMU CTPYKTYPOYTBOPEHHS MO-
TUQIKOBaHOI IIEMEHTHOI CHUCTEMH Y TPHPOJHHUX
YMOBAaX TBEpIHECHHS.

MeTtoanka

st TOCSITHEHHST MTOCTABJIEHOI METH BUKOHAHO
JOCHIPKEHHSI PEOJIOTIYHUX XapaKTePUCTHK MOJU-
(ikoBaHMX OCTOHHUX CyMIiIIel Ui COPY/I CIIelli-
ANBHOTO TPU3HAYEHHS, MPOIECIiB CTPYKTYpPOYTBO-
peHHst Mo (]iKOBaHOT IEMEHTHOI CHCTEMU OETOHY
NPUPOAHOTO TBEPAHEHHS; BU3HAUYEHO METOIM Ha-
TIAHOT OIIHKK MIITHOCTI OETOHY Y MOMEHT 3HATTS
omanyOKH ¥ mepenadui HaBaHTa)KEHHs HA KOHCTPY-
KIIii, B IKUX OETOH He JOCAT MPOEKTHOI MIITHOCTI.

Pe3yabTarn

®i3uko-xiMiuHe MOIU(]IKyBaHHS I[IEMEHTHOI
cucTeMH OCTOHY BHM3HA4a€ MOXXJIHMBICTH peETyJIio-
BaHHS ii BIACTHBOCTEH, IO JO3BOJISAE TMOPS] 3 iH-
TeHCH(]IKaIi€r0 TBEPAHCHHS CIPSIMOBAHO OINTHUMI-
3yBaTH CTPYKTYpy LEMEHTHOI MaTpuli OeTOHy.
Leit mpomec 3a0e3medye picT MIITHOCTI O€TOHY TpH
CTHUCKY ¥, 0COOJIMBO, TIpH 3THHI, 10 3abe3mneuye
MiJBUILECHHS  JIOBroBiYHOCTI OeToHy. ®Di3mko-
XiMiyHa Moan(iKalis HEMEHTHOI CUCTEMH I03BO-
JUIa BHUSBUTH JIOMATKOBI Pe3epBU TOJIMIIICHHS
PEOJIOTIYHUX 1 MIIIHICHUX BJIACTUBOCTEH OCTOHHOT
cyMinn i OETOHY 3a paxyHOK NMPUKJIaJCHHS TEXHO-
JIOTIYHUX BIUIMBIB TEBHOI IHTEHCHBHOCTI, KOHTPY-
eHTHUX (HiI3UKO-XIMIYHAM YMOBaM TepeOiry mpo-
1IECIB Tigparallii IIeMeHTHOI cuctemu [22].

BupimenHss mocrtaBieHoi TpobIeMH € aKTyallb-
HUM JUTSI PO3BUTKY TEXHOJIOTIi 3BEJCHHS MOHOJIT-
HUX OyniBenb B YKpaiHi.

Teopiss TigpaTallifHOrO CTPYKTYPOYTBOPEHHS
BCE Ie HE CTalla «JIMHAMIYHOI TEOpi€roy» i 3Had-
HOI0O MIpOI0 3QJIMIIAETBCS «KIHEMAaTHYHOIO CXe-
MOIO», IO TUIBKU TOB’SI3y€ MK CO00I0 MapaMeTpH
CHUCTEMH, ajie MPaKTUYHO HE BH3HAUYAE MEXaHi3My
il 3MiHE ¥ ONTHMAaJILHOCTI CTPYKTYPOYTBOPCHHS
[9, 17, 23]. Y Xoxi AOCHIKEHb 3pO0JICHO BHCHO-
BOK TIpO ICHYBaHHS pe3epBy KEepyBaHHA LUMHU
nporecamu. Lle 0coOaMBO BaXKITMBO 32 HEOOXiTHO-
cti onepxanns 6etonis BEB [14, 15].

[Iporecu mpuUCKOpPeHHS TBEPIHEHHS MOHOIIIT-
HOrO OETOHY IO3BOJISIFOTH CKOPOTHUTH BHKOpHC-
TaHHS OMaNyOKU IO AOOH, SIKIIIO MICJS TOYaTKOBOT
aKTWBAaIlii BOHH TPUBAIOTh Y PEXHMI BiIBOIY TeII-
ma[l, 2, 5].

MonugikyBaHHS LIEMEHTHOI CHUCTEMHU OETOHY
JUTSE MOHOJIITHOTO OYJIIBHUIITBA Iependadae BILTUB
Ha XIMIiYHI TIPOIIECH, IO BIMOYBAOTKLCS TIPH Tizpa-
Talii KJIIHKEPHUX MiHepalliB i CTPYKTypOYyTBOPEH-
Hi nemenTHoi matpuui [3, 21]. Tomy Bubip mMonu-
(ikaTopiB 37iHICHIOBABCS 3 YpaxyBaHHSAM X XiMid-
HOi aKTHMBHOCTI CTOCOBHO KIIIHKEpHHX MIHEpaiB,
0COOJIMBO aTrOMiHATIB Kalbllito [4, 7, 9].

[lonepenni mOCTiHKEHHS TOKa3alldl JIOILITb-
HICTh BBEJICHHS II0 CKJIaay OpraHO-MiHEPaJIbHOTO
Moudikyrodoro komiiekcy (OMMK) nementHoi
cucTeMH OETOHY CIeIliallbHO CHHTE30BaHUX CIIO-
JIYK Mgz(OH)3C14H20 1 Mg3(OH)5C14H20, Jai(e]
€ OCHOBHUMH IPOAYKTaMH peakiii B cucremi MgO
— MgCl, — HO B HOpManbHUX yMOBax TBEPIHEH-
Hia. Lli crmomykn BHWKOHYIOTH POJIb JHCIIEPCHOTO
apMyIOY0Tr0 KOMIIOHEGHTa IIEMEHTHOI MaTpHIli Oe-
TOHY.

ligpar XJoOpokcuIy MarHit0o YTBOPIOETHCS
y ¢opMi m00pe 3aKpHCTai30BaHUX TOJOK, SKi
OTMCaHi sIK cHipanenofioHi TpyO4acTi HUTKOIOIi-
OHi kpuctanu. MexaHiYHe 34CIUICHHS LIUX HUTKO-
MOMIOHUX KPHUCTATIB PO3TIISAAETECS SK OCHOBHE
JDKEpEeJIo CTBOPEHHS MIIJHOCTI TOPSJ 3 JTOJATKO-
BUM 3UCIUICHHAM, IO AOCSTAEThCS B PE3yibTaTi
B3a€MHOTO TPOPOCTAHHS KPHCTANIB, KOJIH BOHHU
CTHKAIOTBCS OJWH 3 OAHWM. YTIOBUIbHEHE TyKa-
BiHHS 1 HIBUJKE TBEPIHCHHsS MOIU(IKOBAHOI Iie-
MEHTHOI CHCTeMH OETOHY J03BOJIIE BUKOPHUCTOBY-
BaTH Taki OCTOHHI CyMIIi I OSTOHOHACOCHOTO
TPAHCIOPTY Ta TPAHCIOPTYBATU iX Ha BEJHKI Bil-
CTaHi MiJ] 9ac 3BEJCHHS MOHOITHUX OYliBEb.

JochimkeHHsT yTBOPEHHsI 1 TIepeTBOpeHHsS (a3
TiIpaTiB XJIOPOKCHIY MAarHil0 BUKOHYBAJHCS Ha
3pa3Kax, BUTOTOBJICHUX 3 PI3HUMH BiIHOLICHHSMH
MgO/MgCl, i moCTIfHIM MacOBUM BiJTHOIIEHHSIM
H,0O/MgO=2. PesynbpTatél AOCTiIKEHb HaBEICHO
y Tadm. 1.

JlocimKeHHsIME BCTAHOBIIEHO, IO YTBOPEHHS
1 mepeTBopeHHs (ha3 rigpariB XJIOPOKCHIY MarHito
€ ¢yskuiero BigaomeHnass MgO/MgCl,. ITpu mons-
pHomy BigHomenHi MgO/MgCl,<4 yTBOprOETHCS
Mg;(OH);sCl-4H,0 3 magmmkom MgCl,.
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Tabnums 1

YTBOpeHHs i nepersopenns ¢a3 y cucremi MgO — MgCl, — H,O

Table 1

The formation and transformation of phases in the system MgO — MgCI12 — H20

MoutsipHe BiAHOIICHHS Yac, ni6 InentudikoBani pazu
MgO Mg(OH), | Mgy(OH)sCl | Mgy,(OH);Cl | MgCl,-2MgCO5:
4H,0 4H,0 Mg(OH),-6H,0
MgO/MgCl,: 1/12 (2 roxm) ++ - +++
3 1 Crnign - F++ + Cruion
5 - - ++ ++ T€ caMe
8 - - + 4+ «
15 - -
4 1/8 (3 roxm) + - +
1 + — ++ Crigun
4 +++
66 +++
5 1/6 (4 ron) + + ++
1 Cnign ++
7 +++
6 127 + -+ Crnign ++
7 +++
9 +++ ++ Crnimn Crnimn
22 ++ +
62 ++ +
8 1 +++
29 ++ +++ + ++ +
69 ++ ++ + ++
75 ++ Cningn +
128 +++ Caion
Mg(OH),/ 10 +++
MgCl,=5

[TpumiTka: + HeBeNMKa KUIBKICTb, ++ cepelHsl KUIbKICTh, +++ BeMKa KiJIbKICTb.

3 yacom Mg;(OH)sCl-4H,0O mnepeTBOpIOEThCS
y Mg,(OH);Cl'4H,0. lIBuakicth mepeTBOpeHHs
3pocTae TpH 3HIKeHHI BimHomeHHs MgO/MgCl,.
Crifika criomyka Mgs;(OH)sCI-4H,O yTBOproeTscst
npu MoisipHoMy BimHomenHi 4<MgO/MgCl,<6.
Sxmo 3amicte MgO 3 po3zumnom MgCl, pearye
Mg(OH), (pu MOJIIPHOMY BiJTHOIIICHHI
Mg(OH),/MgCl,=5), To mnepeBaxaro4or ¢Ha3ow
€ Mgy (OH);CI'4H,0. Cnomykun  Mg(OH),
1 Mgy(OH);C1-4H,0 yTBOPIOIOTBHCS TIPU MOJISIPHO-

My BimHomenHi MgO/MgCl,>6. Ilpu Takomy Bin-
HomieHHI cmomyka Mgy(OH);Cl-4H,O HecTiiika
i meperBoproeThest 'y Mg (OH)sCl-4H,0. IlIBua-
KiCThb peakiii TMepeTBOpeHHS HHU3bKa 1 3MCHIIY-
€Thcsl TpH 30inbineHHi BigHomeHHs MgO/MgCl,.
3 wacom kinmbkictb MgCl,"2MgCO;5-Mg(OH),-6H,0
30ULIBIIYETHCS Y BCIiX 3pa3kax B Pe3yJbTaTi peaxil
3 armoctepaum COs.

MiKpOCTpYKTypa HOBOYTBOPEHb IIEMEHTHOI
CHCTEMH 3 XJIOPOKCUAOM MarHito (y Mexax crali-
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meHOCTi Mg3(OH)sCl-4H,0 six mepeBaxkatouoi da-
3M) JOCHipKyBajlacs Ha 3pa3KaX, BHTOTOBIICHUX
3 TEOPETHYHO PO3PaxOBaHOK KUTBKICTIO BOJH, HE-
00XigHOI A7 HPOEKTHOTO CTYIEHs Triaparanii,
i MomsapauMm BigHomeHHsM MgO/MgCl,=5,68.
CrioctepeskeHHsI 32 JOTIOMOTOI0 CKaHYIO4Oro elie-
KTPOHHOTO MIKPOCKOIa BHKOHaHI Ha IOBEPXHSIX
3JIaMiB, OTPUMAaHUX TIPH PO3PHUBI BHCYIIICHUX 3pa3-
KiB, MOKPUTHX IIApOM CIUIaBYy, IO CKJIJa€ThCs
360 % Aui40 % Pd.

Pesynbrat nociiKeHb NO3BOJMIM BUCYHYTH
TaKy Till0Te3y PO3BUTKY MiKPOCTPYKTYpU MOAUQi-
KOBaHOI IleMeHTHOi cucteMu. Kpucramu rimpary
XJIOPOKCUAY MarHito MBUAKO POCTYTh B MPOCTOPI
MDK TiIpaTHUMH HOBOYTBOPCHHSIMH KIIHKCPHHUX
MiHepalliB. ¥ pe3ynbTari IIbOT0 BUHUKAE MeXaHiu-
HE 3YCIUICHHS, SIKE 3YMOBIIIOE PO3BUTOK MOYATKO-
BOI MIITHOCTI 1 kKOpcTKOCTi. OCKUTBKY IS BUTHHO-
TO POCTY KPHCTalliB HEAOCTATHHO MPOCTOPY, TO
KpPHCTaJId B3a€EMHO IPOPOCTAIOTh, yTBOPIOIOYH
LIJIBHY CTPYKTYPY, SIKA 3yMOBIIIOE 3POCTaHHS Mi-
ITHOCTi. YTBOPEHHS TOIYACTUX KPHUCTATIB HE PO3-
TIIsAaeThesd SIK 0e3yMOBHA BHMOTa AJISl TBEpIHEH-
HS. MilHICTh 3aJIEKUTh Bil YTBOPEHHS NPOLYKTIB
peaxinii, sKi 3alOBHIOIOTH BIIBHUH MPOCTIp, IO
NPU3BOAUTH A0 (HOPMYBaHHS IMITBHOI MIKpOCTpPY-
KTypd 3 MiHIMaJbHOIO MNOpHCTiCTIO. OYeBUAHO,
CIIpHSA€ IBOMY XapaKTepHE 3POCTAHHS TOMYACTHUX
1 HUTKOMOAIOHMX KpucTaiiB. KpuBa HapocTaHHS
TpaHMLi MIIHOCTI MOAN(IKOBaHOI LIEMEHTHOI CHC-
TEMH HaBeJeHAa Ha puc. | y 3icTaBieHHi 3 aHaANOTi-
YHOIO KPHBOIO [IEMEHTHOT'O TiCTa.

<
E 100 +— -@ — Monudixosana nemenTHa
- 80 - cucrema o= -8
E +HGMCHJ.5T—1&3 - ¢ d
60 4 /" —l
4 > ¢
20 [ - =
[
0 +-m—m
S S S R R I P S,
NS Q,‘g \b‘o ,\9‘0 Wb\‘o o A¥ 'f,’"v &

TpuBaiicTh TBEpIHEHHS

Puc. 1. Kinerrka 3MiHM MIIHOCTI IIPY CTUCHEHHI
LIEMEHTHOI MaTpHLli OETOHY
Fig.1. The kinetics of the changes in the compressive
strength of the cement matrix of concrete

VY mocnmimKeHHSX BHKOPUCTAHUI MOpTIIAHALE-
MeHT M 500. Pi3aums B HapoCcTaHHI MIITHOCTI Ode-
BuaHa. OCKUIbKA HEMA€E MOMITHOI 3MIHM B MIKPO-
CTPYKTYpi, 3MEHILIEHHSI MIIJHOCTI 3pa3kiB Moaudi-

KOBAHOI IIEMEHTHOI CHCTEMH, K€ THMYacOBO Bil-
OyBamocs y Bimi 1 100M, MOXHa TMOSICHUTH
HaNpy>XEHHSM TPU PO3TATaHHI, BUKIMKAaHUM yca-
JIKOI0, sIKa crioctepiranacs depe3 1 moOy TBepn-
HEHHs. PaHHE 3pocTaHHS MIITHOCTI 3pa3KiB IIeMeH-
THOi CHUCTEMH 3 XJIOPOKCHJIOM MarHilo y mepiii
24 ron BIANOBiNAE CIOCTEPEKEHHSIM, BUKOHAHUM
3a JIOTIOMOT0I0 CKAaHYIOUOTO €JIeKTPOHHOTO MIiKpo-
ckora. [losiBa mepmMx roI4acTux KPUCTAJIiB BUSB-
JieHa 4yepe3 2 TOJ Micisi MPUroTyBaHHA Moaudiko-
BaHOI LIEMEHTHOI CHCTEMH, NepI HiX CHCTEMa I10-
yaja HaOupaTtu MinHicTh (puc. 2). Jlo 4 ron picrt
KPHCTaJIiB 3HAYHO MPHUCKOPUBCS, L0 MPU3BENO 10
YTBOPEHHS MiKPOCTPYKTYPH, HaBelleHOI Ha puc. 3.
Hamanmi wmikpocTpykTypa HE TMOKa3ana HISKAX
3MiH, 32 BUHSTKOM IIOCTYIIOBOI'O 3MEHIICHHS I10-
PUCTOCTI.

# v g

- | W 2 s

Puc. 2. ®dororpadis MiKpoCTpyKTypH

MO (iKOBAHOT IIEMEHTHOT CHCTEMH
y Bimi 2 rox (x3 000)

Fig. 2. A photograph of the microstructure
of the modified cement system at the age
of 2 h (X3 000)

- 2 A a » 'h- ‘...*hl-
Puc. 3. dororpadist MIKpoCTpyKTypH

MO (iKOBAHOT IIEMEHTHOT CHCTEMH
y Bimi 4 rox (x2 000)

Fig. 3. A photograph of the microstructure
of the modified cement system
at the age of 4 h (X2 000)
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3 BHKIAEHOTO MOXXHA 3pOOUTH BHCHOBOK:
npu MoJsipHOMy BimHomeHHi 6>MgO/MgCl,>4
nepeBaXxae CTiliKa KpHCTaJIiYHa ¢aza
Mg;(OH)sCl-4H,0. s ¢a3a mpu TBepIHEHHI MO-
HOJIITHOTO OETOHY 3a MO3UTHBHUX TEMIIEPATyp i
niero arMocdeprHoro CO, MOBLIBHO MEPEXOAUTH
y MgCl,:2MgCO;-Mg(OH),-6H,0. Lle neperso-
peHHS BITOyBa€ThCAd TEPEBAXKHO HA TIOBEPXHI
1 HE3HAYHO BIUIMBAE HA MIIHICTH MOAU(DIKOBAHOT

IeMEHTHOT ~Marpuii OeroHy. Skmo OeToH
MiAJA€ThCSl  BIUIMBY  JIOUIY, TO MEPEBAKHOIO
¢dazor0 Ha  HOro TOBEPXHI €  CHOJyKa

4MgCO;3;-Mg(OH),-4H,0, sx ue Oylo BUSBICHO
B 3pa3Ky-mpu3mi po3MmipoM 4x4x16 cm. Ycepenuni
IIEOTO 3pa3Kka IepeBakaro4uoro (a3or OyB Timpar
Mg3(OH);sC1-4H,0, ane, kpiM Toro, OyJu NpUCYTHI
Mg(OH), i MgCl,-2MgCO;-Mg(OH), 6H,0.

MexaHiuHi BJIaCTUBOCTI LIEMEHTHOI CHCTEMH
3 MiHepaJIbHUM MOJIU(IKATOPOM MpU Pi3HUX Bif-
HomeHHsix MgO/MgCl, i ipu mocTiiHOMY MOJISIp-
Homy BigHomenHi H,O/MgO=3,5 (abo 1,56 — ma-
COBE BITHOIIICHHS) HaBECHI Ha puC. 4.
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6) MiHicTb npu 3ruHi

Puc. 4. Kinetuka 3MiHH MIITHOCTI MO iKOBaHOT
MiHEpaJTbHUM KOMITOHEHTOM IIEMEHTHOI CHCTEMHU
3 pizHUM MoIsIpHAM BigHOmeHHsIM MgO/MgCly:
1 —-MgO/MgCl,=5,4; 2 — MgO/MgCl,=5,9;
3 — MgO/MgCl,=6,38; 4 — MgO/MgCL,=6,85

Fig. 4. The kinetics of the changes in strength
of the modified mineral component in cement systems
with different molar ratio of MgO/MgCI2:
1 —MgO/MgCI2=5,4; 2 — MgO/MgCI2=5,9;
3 — MgO/MgCl12=6,38; 4 —- MgO/MgCl2=6,85

Kpaimi pe3ynbrati oTprMaHi Ha 3pa3kax 3 Mo-
nsipauM BigHomeHHsM MgO/MgCl,=5,415,9.

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYNMICTDL

BcTanoBieHi 3aKOHOMIPHOCTI CTPYKTYpPOYTBO-
peHHst MOAM(DIKOBAaHOT IEMEHTHOI CHCTEMH, apMo-
BaHOI CHHTE30BaHUMH OOpE 3aKpUCTAIII30BaHUMHU
CITipaJIeTIOAIOHMMY HUTKOITOAIOHUMH KPHUCTATAMH,
MeXaHIuHe 3YCIUICHHS SKHX PO3TIISJAETHCS SIK OC-
HOBHE JKEPeJIO CTBOPEHHS MIiLHOCTI Y CyKYITHOCTI
3 JOJATKOBHUM 3YETUICHHSM, IO JIOCSTAETHCS B pe-
3yJIbTaTi B3aEMHOTO MTPOPOCTAHHS KPHCTAIIB.

3anpornoHoBaHa TEXHOJIOTiA 3abe3rneuye Imij-
BUIICHHS B SDKYyYOTO TIOTEHITIATy [IEMEHTY y BHUCO-
KOMIITHUX O€TOHaX Ta BHKOPWUCTaHHSI Moaudiko-
BaHUX I[IEMEHTHHX CHCTEM B OCOOJIHMBHX YyMOBaXx
OetonyBaHHs. Po3poOneHuii opraHo-MiHEepaIbHUI
MoAu(IKyIOUN KOMIUIEKC, 10 3a0e3reuye qucie-
pCHE apMyBaHHS IIEMEHTHOI MaTpHIll OCTOHY, KU
JI03BOJISIE, 3MIHIOIOUM PUPOAY TOBEPXHI B’ SHKY4OT
pedoBuHM i MoaudikaTopa, MOAU(IKyBaTH MPOIIEC
CTPYKTYpOYTBOPEHHS LIEMEHTHOI MaTpui. Temrre-
paTypHHuii (paKTOp HE YNHUTH HETATUBHOTO BIUIHBY
Ha OETOH, IO TBEP/HE, a KOMIUIEKCHUI Moaudika-
TOp 3a0e3reuye MOJIMIIeHHS (Di3UKO-MEXaHITHUX
XapaKTepPUCTHK [EMEHTHOT MaTpuii i OeToHy 3a
PaxyHOK MEPBUHHOI 3MiHH CTaHy CUCTEMHU.

BucHoBku

1. Po3poOneHuit opraHo-MiHEpalbHUNA MO-
IUQIKYIOUMid KOMILIEKC, 0 3abe3neuye aucrepe-
HE apMyBaHHsS LIEMEHTHOI MaTpuli OeToHy. BBe-
JCHHS y LIEMEHTHY CHUCTEMY XIMIYHO aKTHBHHUX
KOMIIOHEHTIB TOJI()YHKI[IOHANBHOT il T03BOJISE,
3MIHIOIOUH MPUPOIY MOBEPXHi B’sKYUOi PEUYOBUHH
1 Mommdikaropa (TiapodiabHICTE, 3apsm, OyIOBY
MOJIBIHHOTO EJICKTPUYHOTO IIapy, KOHIICHTPAIIiIO
MOBEPXHEBUX AaKTUBHHUX aHCaMOJIiB), y IIMPOKUX
Mekax MoAu(]IiKyBaTH IpOLEC CTPYKTypOyTBO-
peHHs1 neMeHTHOi marpuli. [Ipu npoMy Temmepa-
TypHHI ()aKTOp HE YMHUTH HETaTUBHOTO BIUIUBY
Ha OETOH, IO TBEP/HE, a KOMIUIEKCHUIN Moaudika-
TOp 3a0e3reuye TOJIMIIeHHS (Di3UKO-MEXaHITHUX
XapaKTepUCTHK [EMEHTHOT MaTpuii i OeToHy 3a
PaxyHOK NEPBUHHOI 3MiHH CTaHy CUCTEMHU.

2. BcranoneHno, mo y MomaudiKoBaHIN Iie-
MEHTHIH CHCTeMi, IO TiIpaTyeThcs, B Pe3ysbTaTi
B3a€MOJI] pi3HUX MAaKpOiOHIB PO3BHBAETHCA CTPY-
KTYypOYTBOPIOIOUHMH IIPOILEC i3 MEepPEeBarol0 aKTUB-
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HUX YaCTHH, SIKI 3HAYHO MEPEBHINYIOTh HOTO IH-
CUIIATHBHY 4YaCTUHY IMOPIBHIHO 3 HOPMaJIbHUMHU
yMOBaMHU TBepIHEHHs. Pe3yibpratu, oTpuMaHi npu
MOJICITFOBaHHI IMOBEAIHKN MOAM(IKOBAHOI IIEMEHT-
HOI CHCTEMH, IO TiAPATY€EThCs, MOKa3yIOTh, IO
Yy CHUCTEMI CIIOCTEPITraloThCs KOJUBAHHS KOHIIECHT-
patii IpoMiXKHUX TPOMYKTIB Timpararii, ski OTO-

TOXHIOKOTBCSA 3

BUHHUKHCHHAM IIPOCTOPOBO-

4acoBO1 CTPYKTYpPH.
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PU3NKO-XUMHNYECKAS MOAHPUKAIUA
OEMEHTHOU CUCTEMbBI MOHOJIMTHOI'O BETOHA

Hens. PaGora HampaBiieHa Ha pa3pabOTKy HayYHBIX OCHOB TEXHOJOTHH MOIM(UINPOBAHHOTO GETOHa HOBOTO
MIOKOJICHHS ISl COOPYKEHHUH CIIENHMAIIbHOTO Ha3HAUYEHH 3a CUET YINPABICHUS MPOLIECCAMH CTPYKTYpOOOpa3oBaHus
MOUGHUIIMPOBAHHON IIEMEHTHON CHCTEMbI B €CTECTBCHHBIX YCIIOBHX TBepaeHus. Meromuka. J[ist qoCTOKeHHS
MIOCTABJICHHOM Lienu: 1) MpoBelieHbl CCIIeIOBaHUS PEOJIOTMYECKUX XapaKTEPUCTUK MOAN(DHUIIMPOBAHHBIX OETOHHBIX
cMeceil Uil COOpY>KeHUH CIenUabHOr0 Ha3HA4YeHUs U MPOLECCOB CTPYKTYPOOOpa3zoBaHHs MOAM(MHUINPOBAHHON
LIEMEHTHOW CHCTEeMBI OETOHa €CTECTBEHHOI'O TBEpPACHHS; 2) ONpEeeSIeHbl METOJbl Ha/Ie)KHON OLIEHKH NMPOYHOCTH
OeToHa B MOMEHT CHSATHSI OTAlyOKH M Nepesiaud Harpy3Kd Ha KOHCTPYKLHMH, B KOTOPBIX OETOH HE JOCTHUT IPOEKT-
HOH mpouHocTu. Pe3yabTaThl. ABTOPOM YCTaHOBJICHO, YTO B THAPATHPYIOIIEHCS MOIU(PHUIMPOBAHHON 1IEMEHTHOMN
CHCTEME B pe3yJbTaTe B3aMMOAEHCTBUS Pa3IMYHBIX MaKpPOMOHOB Pa3BHBAETCA CTPYKTYpoOoOpasyromuii mporecc
C TPEeNMYINECTBOM AaKTHBHBIX YacTeH, KOTOpbIE 3HAYMUTEIHHO MPEBBIMIAIOT €ro JUCCHNATHBHYIO 4YacTb II0
CPaBHEHHIO C HOPMaJbHBIMH YCIOBHAMH TBepicHusA. HaydyHass HOBHM3HA. YCTAaHOBJIECHBI 3aKOHOMEPHOCTH
CTPYKTYpooOpa3oBaHusd MOAU(DUIMPOBAHHONW IIEMEHTHON CHUCTEMBI, apMUPOBAHHON CHHTE3UPOBAHHBIMH XOPOLIO
3aKPUCTAJUIN30BAHHBIMH CHHPAICBUIHBIMA HHUTEBUIHBIMH KpPHUCTAJUIAMH, MEXaHHYECKOE CLEIJIEHHE KOTOPBIX
paccMaTpuBaeTcs Kak OCHOBHOW MCTOYHHUK CO3JIaHHsI TPOYHOCTH B COBOKYITHOCTH C JIOMOJHUTENBHBIM CLETIICHUEM,
JIOCTUTaeMBIM B pe3yjbTaTe B3aMMHOTO INpopacTaHusd KpucramioB. IlpakTuyeckas 3HaumMocTb. B mporecce
HCCIICIOBAaHUST PACCMOTPEHO IIOBBIIIEHHE BSsDKYLIEro MOTEHIMala I[eMEHTa B BBICOKOIIPOYHBIX OETOHax
W WCIOJIb30BaHUE MOIM(UIIMPOBAHHBIX LEMEHTHBIX CHCTEM B OCOOBIX YCIOBHUSX OeToHMpoBaHusi. Paszpaboran
OpraHo-MUHEPAJIbHBIH MOIU(PUIMPYIOMNH KOMIUIEKC, 00eCHeYNBAIOMINI AUCIEPCHOE aPMUPOBAHUE IIEMEHTHOMN
MaTpHibl OETOHA, KOTOPHIH ITO3BOJISET, U3MEHSSI IPUPOY MOBEPXHOCTH BSDKYIIErO BEIIECTBa M MOIM(HKATOPA,
MOIU(UIMPOBATh HpoLEcC CTPYKTYPOOOpa3oBaHMs LIEMEHTHON MaTpHuubl. TemmnepaTypHbIi (akTop HE OKa3bIBAET
HETaTUBHOTO JCHCTBUSA Ha TBEPACIOUINIA OETOH, a KOMIUIEKCHBIH MOIU(HUKATOP 00ECIeUnBaLT YIyqlleHne (GU3uKo-
MEXaHWYECKHUX XapaKTePHCTHK LEMEHTHOM MaTpuibl M OETOHA 3a CYET IEPBHYHOTO H3MEHEHHSI COCTOSHUS
CHUCTeMBL. B MoOImuIMpoBaHHOW THAPATHPYIOLIEHWCS LIEMEHTHOW CHCTEME B pe3yiabTaTe B3aHMMOACHCTBHA
pa3NUYHBIX MAaKPOHWOHOB Pa3BHBAETCS CTPYKTYPOOOpasyrOIIMil NpOIEecC C MPEeMMYIIECTBOM aKTHBHBIX YacTeH,
KOTOpBIE 3HAYUTEIBHO IIPEBBIMIAIOT €r0 JUCCHNATHBHYIO 4acTh IO CPABHEHHIO C HOPMAJIBHBIMH YCIOBHSIMHU
TBepJieHUs. Pe3ynbTarhl, MOJMydeHHbIE NP MOJCIMPOBAHMH TOBEIEHUSI TUApATHPYIOIIecs MoAn(UIMPOBAHHON
LEMEHTHOW CHCTEMBI, TOKa3bIBAIOT, YTO B CHUCTEME HAOJIONAIOTCS KOJIeOaHMs KOHIIEHTPALUH HPOMEXYTOYHBIX
MIPOAYKTOB I'MJIpAaTaIlMH, KOTOPbIE OTOKIECTBIISIIOTCSA C BOSHUKHOBEHHEM NPOCTPAHCTBEHHO-BPEMEHHON CTPYKTYPHI.

Kniouegvie cnosa: nemMeHTHas cucremMa; MoanHUKaLus; CTPYKTypooOpa3oBaHue; 0eToH

D. V. RUDENKO"

"Dep. «Urban Construction and Management», Zaporizhzhia State Engineering Academy, Lenin Av., 226, Zaporizhzhia,
Ukraine, 69006, tel. +38 (098) 214 04 85, e-mail veberc@ukr.net, ORCID 0000-0003-0827-042X

PHYSICO-CHEMICAL MODIFICATION OF MONOLITHIC
CONCRETE CEMENT SYSTEM

Purpose. The paper is aimed to the development of scientific bases of the technology of modified concrete of
new generation for special facilities by managing the processes of structure formation of modified cement system in
conditions of hardening. Methodology. For the achievement the goal: 1) the research of rheological characteristics
of modified concrete mixes for special facilities purpose and processes of structure formation of modified cement
system of natural curing concrete was conducted; 2) there were defined methods of reliable evaluation of concrete
strength at the removal time of formwork and transmission of loads to the constructions where the concrete has not
reached the designed strength. Findings. The author found that the structure formation process develops in the hy-
drating modified cement system as a result of interaction of various macroions. In this process its active parts pre-
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vail, which considerably exceed its dissipative part compared to normal conditions of hardening. Originality. There
were established the regularities of structure formation of modified cement system, reinforced with synthesized, well
crystallized helical filamentary crystals, mechanical grip of which is considered as a principal source of strength in
combination with an additional coupling achieved due to cross-germination of crystals. Practical value. In the study
the increased binding capacity of cement in high strength concretes and the use of modified cement systems in the
special conditions of concreting were considered. The organo-mineral modifying complex that provides the dis-
persed reinforcement of concrete cement matrix which allows modifying the process of cement matrix structure
formation by changing the nature of the surface of binder and modifier was developed. The temperature factor has
no negative influence on the hardening concrete and complex modifier provides the improved physico-mechanical
characteristics of cement matrix and concrete by means of the primary changes in the system state. In the modified
hydrating cement system as a result of interaction of various macroions the structure-forming process with advan-
tage of active parts, which significantly exceed its dissipative part of the normal conditions of hardening are devel-
oping. The results of modeling the behavior of modified hydrating cement system show that fluctuations in the con-
centration of intermediate hydration products are observed in the system. They are identified with the emergence of
spatiotemporal structure.
Keywords: cement system; modification; structure formation; concrete
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