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UCCJIEJOBAHUE ®OPMHUPOBAHUS ITOPOBOM CTPYKTYPHI
HEMEHTHBIX CUCTEM, TBEPAEIOLIUX ITPU IIOHNKEHHBIX
N OTPULATEJIBHBIX TEMIIEPATYPAX
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dopMUPOBaHKE MOPOBOH CTPYKTYPhI [IEMEHTHOTO KaMHS TPOUCXOIUT B PE3yJIbTa-
T€ MPOIECCOB THAPATAIMOHHOTO BO3ICHCTBUS TBEpHoil (a3bl (IEMEHTHOE BSIKYIEE) U
JKUIKOH (a3l (Boma). B ¢BI3U ¢ 3THM MOXKHO MPEATIONOKHUTE, UTO JTF000E U3MEHEHHUE yC-
JIOBHH THApPATAllMK OKAa3bIBACT BIUSHHE HA B3aUMOJCHCTBHE JAHHBIX (a3 MEXKIy coOOM
U MPUBOIMUT K U3MEHEHUIO TIOPOBOI CTPYKTYPBI IIEMEHTHOT0 KaMHsI. Oco0y¥0 poJib B MPo-
Iecce TUApPATALMK UTpaeT kunkas (asa. TemmeparypHbie KoJicOaHUs CPENbl, B KOTOPOit
MPOUCXOMUT TUAPATAIHS [IEMEHTHOW CUCTEMBI, CIIOCOOHBI 3HAUUTEIBHO MOBJIMSATH Ha XU-
MUYECKYI aKTHBHOCTBH BOJBI B Mpoliecce ruaparanuu [1]. B koHeuHOM HTOre, TaHHBIC
(hakTOpBI CIIOCOOHBI MPUBECTH K HAPYIICHUIO (HOPMUPOBAHUS CTPYKTYPHI IIEMEHTHOTO
KaMHs ¥ CHUKCHHIO €r0 3KCILTYaTaI[MOHHBIX XapaKTepPUCTHK. Boia, HaXoaamascs Mex 1y
JacTUI[AMU TeJisl M yJAep)KUBaeMasi B CBEKCYJIOKCHHON I[EMEHTHON CHCTEME KaluJIIsap-
HBIM JIaBJICHUEM, OCOOCHHO MOJIBEPKCHA BIUSHUIO OTPUIIATEIIBHBIX TEMIIEPATy P, TaK KaK
OHH MPHUBOIAT K OBICTPOMY HCIAPCHHUIO XUMHYESCKUHECBI3aHHON KAUJIIAPHON BJIaTH C
o0pa3oBaHKeM KallMJULSIPHBIX 1Op, pa3Mep U (popMa KOTOPBIX OTIUYAETCs OT Hop, o0pa-
3YIOIIHUXCS MPU HOPMATBHBIX YCIOBUSX TBEPACHUS.

ITomuMoO 3TOTO, paHHEE 3aMOPaKMBAHUE CUCTEMBI IPUBOIUT K OBICTPOMY HEPEXOAY
CBOOOMHON BOIBI U3 JXKHUJKOTO arperaTHOro COCTOSHHS B TBEPIOE, YTO XapaKTePU3YeT-
Cs TOSIBIICHUEM BHYTPEHHUX HAMPSIKEHUU B CHCTEME M PE3KMM YBEIUYCHHEM 3HAYCHHS
TUPABINYCCKOTO JABJICHHUS JIbJIa Ha IIEMCHTHYIO MaTpuIly [2]. B pesynbrate hopmupy-
IOIIUICS HAa PAHHUX CTaIHUSIX THIpATAI[UU CTPYKTYPHBIA KapKac CUCTEMBI IPETEPIeBacT
HeoOpaTHUMbIe H3MCHEHH S, YTO, B CBOIO 0UYEPE/Ib, XapaKTEPU3YESTCsI U3MCHEHUEM Pa3MEpPOB
Mop B CTPYKTYpE MaTepHala, a TaK)Ke 3HAUUTEIbHBIM H3MCHCHHEM UX 00bheMa OTHOCH-
TEJILHO TBEPAOH MAaTPHUIIBL.

CTpyKTypooOpa3oBaHUE IEMEHTHBIX CUCTEM HAIMIPSIMYEO 3aBHCHUT OT CTEIICHU UX MO-
nudUKaIUU CIIeNHAIBHBIMU J00aBKaMHM, B T.4. IIPOTHBOMOPO3HBIMH KOMITIOHEHTaMH [3],
o0ecreYnBaONIUMU MMPOTEKAHKUE MPOIECCOB THApATAIlUU MPH MOHMKEHHBIX M OTPHUIIA-
TEIBHBIX TeMIIepaTypax.3yueHrne MexaHu3Ma ux JCHCTBUS U BIUSHUS Ha QOopMHUpOBaHUE
MHUKPOCTPYKTYPBI [IEMCHTHOTO KaMHsS CIIOCOOCTBYET HAIPABJICHHOMY PErYJIHPOBAHUIO
ero cBoicTB. [loaToMy MOAUGHUIIUKAIIUS IEMECHTHBIX CUCTEM CICIIHAJIBHBIMUA MIPOTHUBO-
MOPO3HBIMHU KOMIIOHCHTAMH SIBJISICTCS aKTYyaJbHOW HAYYHO-TIPAKTUYCCKON 3a1auei.

Jns onpenesieHus BIUSHUAS TPOTHBOMOPO3HBIX KOMIIOHCHTOB Ha (QOPMHUpPOBaHHE
MOPOBOTO MPOCTPAHCTBA IEMECHTHON CHCTEMBI OBLIM MPOBECHBI UCCIICIOBAHUS KJIac-
CHUYECKO IIEMEHTHOM CHCTEMBI (KOHTPOJIBHBIN COCTaB) U €€ MOJAUDHUKAIIUH CIICIIHAITb-
HBIM IPOTUBOMOPO3HBIM KOMIIOHEHTOM Ha IMOJUMEPHOW OCHOBE (MOAMGBUIIPOBAHHBII
COCTaB).
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Mrcy

PernameHT mpoBeieHUsT IKCIIEPUMEHTA IPEAToarail BbIACP)KUBAHHE CBEKEIPUTO-
TOBJICHHBIX 00pa31oB B TeMiepaTypHoM auamnazone ot +22 go —10 °C (c marom 5 °C) no
JIOCTHIKEHHSI UMH MIPOEKTHOT0 Bo3pacta (28 cyT).

J1s kaxgoro odpasia Ha npudope Porotech 3.1 (puc. 1), npuHInm 1eACTBUSI KOTOPO-
IO OCHOBaH Ha METO/IE 9TaJIOHHON TOPOMETPHH, Obljla Oy YeHa 3aBUCUMOCTh H3MEHEHU I
CyMMAapHOT0 00beMa MOpP OTHOCHTEIIBHO TeMIIepaTyPHbBIX yCIOBHUTHApaTanuu (puc. 2).
B ocHOBe MeTO/a 3TaIOHHON TOPOMETPHH JISKUT MPUHIIUIT YCTAHOBJICHHU S KATUJLISIPHOTO
PaBHOBECHS MEXK/1y U3MEPSEMbIM M ATAJIOHHBIM 00pa3lamMu.
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Puc. 2. Vi3meHenne cyMmMapHOro oobeMa op OT TeMIIepaTyphbl MHpaTaniuy

AHanu3 NoJlyuyeHHO! 3aBHUCHMOCTH TOKa3aj, YTO IPU CHUKEHUH TEMIIepaTypsl I'i-
gpatanuu 1o 3HadeHus 0 °C HabmronaeTcs CXokee yBeJIn4eHHe CyMMapHOro oobeMa mop
JUIst 00oux cocTaBoB. JlanpHelee CHIKEHUE TemnepaTypsl 10 3HadeHus: —10 °C BbIsiBU-
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J0 XapaxkTep K 3HAYUTEIbHOMY YBEJIMYEHUIO CYMMapHOTro o0beMa MOp Yy KOHTPOJIBHOTO
COCTaBa, B TO BpeMs KaKk cOCTaB, MOAH(UIIMPOBAHHBIN TPOTHBOMOPO3HBIMH KOMITOHEH-
TaMHU, TIPOSIBUI TCHJICHIUIO K COXPAaHEHHUIO JTAHHOTO IIOKa3aTels.

TaxuM 06pa3oM, MOKHO BBIICTUTH 3 KITIOYEBHIC TOYKH N3MEHEHHUSI CyMMapHOTO 00b-
ema 1op:

+22 °C— HCXOmHBIE TaHHBIE 0 XapaKkTepe (OpMUPOBAHUS TOPOBOH CTPYKTY PHI;

0 °C — Touka m37I0Ma KPUBBIX pacupeesieHns 00beMa op B MaTepuae;

—10 °C — HWXKHSA TPAaHUIIA U3MEPEHUT.

Jeranu3zanus MOJNy4YEHHBIX 3aBUCHMOCTEH 10 00BEMYNOPB KIIIOUEBBIX TOYKAXIPHU-
BEJICHA Ha puc. 3.
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Puc. 3. Pactipenenenue od6beMa mmop 1mo BUAaM

AHanu3 NOIYYCHHBIX JaHHBIX JUJI1 KOHTPOJBHBIX 00pa3lloB NP pa3HbIX TeMIlepa-
TYPHBIX PEeXHMaXxX BBISBHJI 3HAUYUTEIIBHOE YBEIWUYCHNE 00beMa MaKpOIIOp MpH OJHOBpeE-
MEHHOM YMEHBIICHHH ME30- U MUKPOIIOp B CTPYKType obpasua. Hanboinee siBHO 3Ta 3a-
BUCHMOCTH IPOSIBISICTCS IPU CPABHEHUM JAHHBIX paclpesesieHus 1Mop Mmo oobemy s
KOHTPOJILHOTO 00pa3ua, TBepaesmiero npu temneparype —10 °C ¢ qaHHBIME pacrpeserne-
HUS TIOP B KOHTPOJIBHOM 00pa3iie, TBepAeBIIeM npu Temrneparype +22 °C.

Jl1st KOHTPONIBHOTO cocTaBa, TBepAeBmero npu remmeparype —10 °C, nabmrogaercs
JIOCTATOYHO HECTaOMJIbHASI K BOCIPUSTHIO BHEITHUX HArpy30K IIEMEHTHAasi MaTpHlia, 4To
MOATBEPXKAACTCS TAHHBIMH AJISKTPOHHONH MUKpOCKOINH (puc. 4,5).
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CTponTerbHOE MaTepuaroBeseHne

500 11172011 mag| WD | HFW | det |spot
4.0 11 PM mm|1.49 mm|ETD| 4.0

D | HFW | det |spot
mm |1.49 mm|ETD

Puc. 4. MukpocTpyKTypa KOHTPOJIb- Puc. 5. MukpocTpyKTypa KOHTPOIBHOTO
HOro oOpasua, TeMmIeparypa THIpaTaliu obpasuia, Temmeparypa ruaparamun —10 °C
mtoc 22 °C

B oTnnume oT KOHTPOIBHOTO COCTaBa, MOAN(PHUIIMPOBAHHBII COCTAB ITOKA3aJ CTA0NIIb-
HOCTH ()OPMHUPOBAHUS IOPOBOrO MPOCTPAHCTBA U B YCIOBHIX MOHM)KEHHON TEMIIEPaTy Pbl,
HECMOTs Ha yBeJIHMYCHHE 00beMa OTJCIBHBIX BUIOB ITOp. XapaKTep pacipeiesieHus 1op B
CTPYKTYpe o0pa3na MEHSeTCsl He3HAYMTEIBHO IPU CHUIKEHHH TeMIIepaTyphbl FUApaTaliuu
o 0°C, a mpu maibpHEHIIEM CHUKCHHH TeMIIepaTyphl 10 HUKHEH TpaHUIbl U3MEPEHUN
BBISIBIJI BIIOJIHE 3aKOHOMEPHOE yBEJIMYeHHE 00beMa MaKpoIop MpH OJHOBPEMEHHOM CO-
XpaHEHUHU B3aUMHOTO PacIpe/ielIeHNUs Me30- 1 MUKPOTIOP.

MUKpPOCTPYKTYpa MOAUGDHUIHPOBAHHBIX COCTABOB MIPEJCTABICHA HA PUC.6 U 7.
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HV ag | WD HFW | det | spot |=———500 ym ——
PM|20.00 kV|100 x| 8.3 mm | 1.49 mm |ETD

5/11/2011 HV WD HFW | det
8:30:20 PM 1 20.00 kV|100 x| 7.2 mm |1.49 mm ETD| 4.0

Puc. 6. MukpocTpyKTypa MOAU(HITH- Puc. 7. Mukpoctpykrypa MomuduImpo-
pOBaHHOTO 00OpasIia, TemMIieparypa ruapara- BaHHOTO 00pasIiia, TeMIeparypa TUapaTaluu
muu +22 °C munyc 10 °C

ITo uToram nMpoBeACHHBIX UCCIEIOBAHUN MOXHO CJIEJIaTh BBIBOJI, YTO MOJU(DHKAIUS
LIEMEHTHBIX CHCTEM IMPOTHUBOMOPO3HBIMHU J00aBKaMH CIIOCOOCTBYET COXPAHEHUIO THApA-
TAallM{ LEMEHTA B CUCTEME IIPU [TOHUKEHHBIX U OTPULIATENIBHBIX TEMIIEPATYPAX, YTO IIPHU-
BOJIUT K (OPMHUPOBAHNIO HOPMAJILHOM MOPOBOM CTPYKTYPhI IEMEHTHOT'O KaMHSI.
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S.A. Pashkevich, A.O. Adamtsevich, A.P. Pustovgar, S.A. Golunov, N.N. Shishiyanu

RESEARCH OF FORMATION OF THE PORE STRUCTURE OF CEMENT SYSTEMS THAT HARDEN
AT LOW AND NEGATIVE TEMPERATURES

The article covers the formation of the pore structure of cement systems that harden at low
and negative temperatures. Temperature fluctuations that accompany the hydration of cement sys-
tems can produce a substantial impact onto the chemical activity of the water in the course of hydra-
tion. These factors can produce an adverse impact on the formation of the structure of the cement
stone and impair its performance characteristics. The formation of the structure of cement systems
is dependent on the impact of specialized additives, including antifreeze agents that facilitate hydra-
tion at low and negative temperatures. The research of their action and the nature of their influence
on the formation of the microstructure of the cement stone facilitate the purposeful adjustment of
their properties. Therefore, modification of cement systems by specialized antifreeze components is
a relevant objective of scientific and practical research.

Research of a classical cement system (a benchmark composition) and a cement system
modified by a specialized antifreeze polymer-based additive (a modified composition) was per-
formed to identify the impact of antifreeze additives onto the process of formation of its pore space.

Upon completion of the research project described in the article, the authors have concluded
that antifreeze additives facilitate hydration of cement at low and negative temperatures and cause
regular formation of the pore structure of the cement stone.

Key words: system, temperature, hydration, pore, antifreeze, mortar, additive, test.
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