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OLIHKA MAKCUMAIJbHOI )
TEMNEPATYPWU, OOCAIHYTOI
nia 4YAC TBEPAOIHHA BETOHY

B ymosax 3pocmaroyux ekonoeiyHux rpobrnemM ma
36inbWeHHs1 eHepzosumpam, po3pobka HO8UX mexHonoeil
gueomoesieHHs1  bydigesibHUX  KOHCMPYKUiU €  8axiusum
3ae0aHHsIM 6ydigernbHoI eanysi. OOuH 3 Krr4oeux ghakmopis,
AKkul ernjiueae Ha SfKicmb ma mpueasiicmb 8UKOPUCMAaHHS
bydigernbHUX Mamepianie - ue mernnoea obpobka 6emoHy. Llel
fpouec nMo3umueHo ernjiugae Ha ps0 napamempie Mamepiany,
makux K MiyHicmb, MOpo30cmilikicmb, 8000HENPOHUKHICMb ma
008208i4HICMb.

OdHak, 8 ymosax HadmipHo20 CrioXugaHHs
efiekmpoeHepeii, akmyasbHOK cmae HeobXiOHiCmb 3MEeHWEHHS
eHepzemuYyHUX sumpam y fpoueci supobHuymea. BidnogioHo do
Ubo2o, po3pobka HOBUX MexHOsozili MoBUHHA 6K/oYamu
cmpameeii  3HUXEeHHsT eumpam eHepaii ma onmumisayii
MEeXHOJI02i4YHUX UUKJITI8.

B YkpaiHi, Sk i 8 iHWUX KpaiHax, numaHHs1 pauioHasibHo20
BUKOpUCMaHHSI eHepeii Mae eaxruee 3Ha4yeHHsl. Bpaxosyrouu
ocobnusocmi eHepeemu4yHo20 CEeKmopy KpaiHu, 8ax/iusum
HarnpsiIMKOM € 3acmocy8aHHS allbmepHamueHuUXx Oxepesn eHepeil.
Lle sidkpueae winisixu 00 po3suUMKy cmilikoeo ma eghekmueHo20
bydisHuUuymea, Wo 8paxosye eKosI02iYHi ma eHepaemuyHi eumoau
cydacHocmi.

Y nowykax onmumaribHUx —crnocobig  MoKpauweHHs
enacmusocmeti 6emoHy, fKi eusHadarompe (o20 HadiliHicmb ma
doseosiyHicmb, 84eHi 38epmaromp ygacy Ha KOMIMIeKCHUU ernue
pisHuUx ¢bakmopis. 3okpema, eibpauis, HaluUWKosuUl MUCK,
memnepamypHi pexumu ma XiMmiyHi dobaeku eidieparoms
Knoyosy porib y nid8UUEHHI SIKICHUX XapakmepucmuK 6emoHy.
Lli memoou do3eosnsitomb He MInbKU 3HAa4YHO Mosinwumu Uo2o
MiyHicmb, ane G 3abesnedumu GiIOMIHHY MiUHICMb YMOBHO-
MpO2iHHUX Mamepiarnis, rokpawumu cmilikicms 00 3HOCYy ma
aspecusHux cepedosull.

Y cyvacHux ymosax, KO/U KOHKYpeHUiss & 2arysi
supobHuymea bemoHHux eupobie 8UCOKa, 8aXnueo 3Haxooumu
banaHc M OOCS2HEHHSIM 8UCOKUX MEeXHIYHUX Xapakmepucmuk
Mamepianny ma 36epexXeHHsIM  €eKOHOMIYHOI  doyinbHocmi.
BukopucmaHHs1 SIKICHUX HarlogHiogadie ma &’sXKydux eUCOKOI
aKkocmi nidsuwye miyHicmb 6emoHy, 00Hak ue MoxXe npuzsecmu
00 3b6inbweHHs1 eapmocmi 8eupoby ma 3HUWXeHHS (020
KOHKYPEHMOCIPOMOXHOCMI.

Knrovoei cnoea: 6emoH, MiuyHicmb, MOPO30CcMmiliKicma,

B8000HENMPOHUKHICMBb, 0dos208i4yHicMb, mepmocuriosa
mexHorioeisi.
Ha »kanb, 3abe3nedyeHHs BMCOKOSIKICHUMM B'SXXYy4MMU

OfHi€l0 3 aKkTyanbHuUX npobnemM € 3MEHLUEHHs  3arnoBHHBA4YaMMU.

BUOOOYTKY SIKICHOI cupoBuHM ans GyniBenbHOI Y cCBiTNi UMX BUKNUKIB Haa3BUYaMHO
ranysi. barato pogoBuL, 3a3Hanu ekcnnyatauii BaXnNUBO  LUyKaTW  BHYTPIilWIHI  pe3epBuM And
abo BM4YepnaHi, Wo cTaBuThb Nig 3arpo3y cTabinbHe  nigBuLEHHS  MiUuHOCTi  ©6eToHy. BukopucTaHHs

MicueBux OyaiBenbHUX MaTepianis Ta onTuMisauis
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npouecis MOXyTb CTaTuM Bignosigaw Ha Ui
npobnemun. 3acTtocyBaHHs iHHOBAUiMHUX MeToAiB
BUPOOHMLTBA Ta BUKOPUCTAHHA anbTepHATUBHMX
axepen eHeprii MOXyTb CnpuaTu 3abesneveHHto
CTarnoro Ta eKosoriyHo 36anaHcoBaHOro PO3BUTKY
OyniBenbHOI ranysi, 30epiraloum pecypcu Ta
3MEHLUYIOYN HEraTMBHWUA BMAMB Ha HABKOSULLHE
cepefoBuLLe.

Mpouec TBepaiHHA 6eToHY  BKIHOYaE
nigBuLLEHHS TemnepaTypu, WO MOXe CYTTEBO
BM/IMHYTU Ha SKICTb Ta TpuBanictb OyaiBenbHMX
KOHCTPYKUiN. lpoTe TOYHa OuiHKa Ta KOHTPOSib
TEMMNepaTypHOro pexuMmy nig 4Yac TBepAiHHS
BUKNUKAIOTb CKNMagHOWi 4epe3 HeoaHopiaHun
po3nogin Temnepatypy y O6eTOHi Ta 30BHILLHI
dakTopu. Lle mMoxe CnpuUYMHUTL  HeraTuBHI
Hacnigkm ans MILHOCTI Ta CTIMKOCTI OyaiBenbHMX
mMaTepianis, 0cobnmeo nig Yyac maclTabHux pobiT.
Omxke, po3pobka edeKTMBHMX MEeToauMK Ta
BUKOPUCTAHHA HOBITHIX TEXHOSOrN  KOHTPOSto
TemnepaTtypHoro peXmmMy BaXXIMBI ans
3abeaneyeHHs AKOCTI JOBroBiYHOCTI
OyaiBenbHUX KOHCTPYKLNA.

AHania ocmaHHix docnidxeHb ma
ny6nikayid. Temnepatypu 3aTBepaiHHSA
BMMBAOTb HA PO3BUTOK MIKPOCTPYKTYpU Ta
YTBOPEHHSI MOP Y LIEMEHTHUX Martepianax, siki, y
CBOIO Yepry, BNnuBalOTb Ha KaninspHi Hanpyrn Ta
noB’si3aHy 3 HWMKU Yycagky. barato pocnimpkeHb
nokasanu, Lo, He3BaXal4m Ha Te, Lo LBUAKICTb
rigparauii 3Ha4YHO HMXKYa npwu HUXKYMX
Temneparypax 3aTBEepaiHHS, pO3BUHEHA
MIKPOCTPYKTypa B GinbLU Ni3HbOMY BiLi Mae BinbLu
PIBHOMIpHMI pO3MoAin nNpoaykTiB rigpatauii 3
MEHLIOK KinbkicTio nop [1-4]. OpHak icHye
pPO30iKHICTE y KiHUEBOMY CTyneHi rigpatadii npwm
pi3HMX TemnepaTypax. Y Tom 4ac 4k OaraTo
JocnigXeHb nokasylTb, WO KiHUEBUA CTyMiHb
rigpaTauii BULWIA, KONy TemnepaTtypa 3aTBepaiHHSA

Ta

Hwkya [1,2,3,5], peski iHWi nokasywTb, LWO
KiHUeBUWA  CTyniHb  rigpaTauii  3anuwaerbcs
0OHaKoBUM npu Pi3HUX Temneparypax

3atBepaiHHa [1].

barato aBTOpiB Mokasanu, WO ycagka B
LeMeHTHUX maTtepianax 3ymMoBMeHa KaninsapHuMu
Hanpyramu, €Ki po3BUBAKOTbLCA B CTPYKTYpi nop
yepe3 3HWKEHHA BIOHOCHOI BOMOrocTi B Mipy
rigpaTtauii B cuctemax 3 4acTKOBOK rigpaTauieto
B’'Xyuux [6,7]. KanindpHi Hanpyru, ki MOXHa
npeacTaBUTU 3a OONOMOrow piBHAHL KernbsiHa-

Jlannaca, 3anexartb Big Temnepatypu, i TOMy
Oarato pocnigpkeHb [6,7,8,9] nokasanu, wWo
aBTOreHHi  gedopmauii  He  MOXyTb  ByTu

npeacTaBneHi 3a JONOMOrow yHKUil 3pinocTi Ha
BiAMiHY Big, iHLLIMX MaKpOMeXaHi4YHUX
BNaCTUBOCTEN, TaKi K MiLUHICTb Ha CTUCK | MOAYIb
npyxHocti [9]. bByno npoBegeHo Garato
JocniopkeHb, Wo6 3po3ymiT BNMMB Temneparyp
TBEPAIHHA Ha pO3BWTOK aBTOrEHHOI YyCagku B
MaTepianax Ha OCHOBI LueMeHTy [2,3]. OgHak gyxe
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Mano AocnigpKeHb BpaxoByBanu Ton camuii edpekT
ons  6eToHiB  Bucokoi MiuHocTi [10], ©eToHiB
BWCOKOI  ekcnnyartauinHoi  sakocti[11,12] Ta
YyNbTpaBUCOKOEEKTUBHMX OETOHIB apMOBaHUX
BonokHoM [9,13]. Kpim Toro, Oinbuwictb umMx
JocrnigpkeHb  30CepekeHO Ha Temnepatypax
3atBepaiHHA Buwe 20 °C, a JocnigKeHHs BNnvBy
TemnepaTyp 3atBephiHHa Hwk4ve 20 °C  ayxe
HeuncneHHi [9,11].

MeTa pocnifgXeHb. Po3pobka
ePeKkTUBHNX METOAIB Ta BMKOPUCTAHHSA HOBITHIX
TEXHOMOrIN KOHTPOMI0 TeMMnepaTypHOro pexunmy
BaXxnuei  angd 3abe3neyeHHs AKOCTI Ta
[JOBrOBIYHOCTI  OyfiBENbHUX KOHCTPYKLIA, OTXe
MeTa pobOTU € BOOCKOHANEHHA TEepMOCUIIoBOI
TEXHOMOorii BUroToBrneHHs1 6EeTOoHiIB.

Buknag ocHoBHOro martepiany

BaxnueicTe TemnepaTypu npu nporpisi
6eToHHUX BuMpoGiB nondrae B TOMy, WO
TeMnepaTypHUn pexuM MoXe MaTu BeNUKUN
BMMIMB Ha SKICTb Ta XapaKTePUCTUKN OETOHHMX
BMpobiB. HanexHe KepyBaHHs TemMnepaTtypol B
npoueci BUIOTOBMIEHHA OETOHHWX BUPOLIB €
KPUTUYHUM acrnekToM AN JOCArHEeHHs OGaxkaHux
pesynbTarTiB.

Kritoyosi acnektn BaXXNMNBOCTI
TemnepaTypu npu nporpisi 6eToHHWX BUPOGIB:

1. MiuHicTtb i TpuBanictb: [lpaBunbHun
TemnepaTypHUA pexum BnvBae Ha HOPMyBaHHS
KpUCTaniyHoi  CTPYKTYpU LEeMeHTy B OeTOoHi.
HepoctatHi abo HagMipHi TemnepaTypu MOXyTb
npu3BecTM A0 BTpaTU MILHOCTI Ta TpuUBanocCTi
MaTepiany. BignosigHui TemnepaTypHUn
KOHTpOnb fonomarae 3abe3neynMTu onTMMarbHy
MILHICTb Ta CTiNKICTb.

2. MikpocTpykTypa: Temnepatypa
BMMMBAE Ha poO3MNoin BOAM Ta BOASAHOI napu B
BeToHi nmig 4Yac TBepaiHHA. HenpaBunbHUIA pexum
MOX€ CMPUYMHUTIX YTBOPEHHS MOP Nif NOBEPXHEID

OeToHy, WO HeraTMBHO BMIMHE Ha  MOrO
MIKPOCTPYKTYPY Ta MiLHICTb.

3. Minimizangia TpiwmH: g vac
OXONOMKEHHA ©OEeTOHy nicnsi  HarpiBy MOXYTb
BUHUKHYTU TPILLUHK yepes TepmanbHi
Hanpy>XeHHs. 3abeaneyveHHst KOHTPOIO

TemnepaTypu nig 4Yac OXOMNOMXKEHHs Jonomarae
YHUKHYTM UWMX TpilMH Ta 30epertu CTpykTypy
BMPOOY.

4. BnnuB Ha KiHUeBe BUKOPMUCTaHHA:
TemnepaTypHUi PEXUM TakoX MOXe BMAVHYTU Ha
Te, Ak OeToHHi Bupobwu OypyTb BecTn cebe B
peanbHMX YyMoOBax ekcnnyaTadii. Hanpuknag,
BMCOKa TemnepaTtypa nNig 4ac TBepaiHHA Moxe
MoKpaLLUTh MOPO3OCTINKICTL BETOHY.

5. [EHeproecekTuUBHICTL i cTanicTtb:
BukopucTaHHA COHSAYHOI eHeprii ans  nporpisy
BEeTOHHUX BUpobiB MOXe cnpusaTn
eHeproedeKkTUBHOCTI Ta 3MeHLeHHIo0 Bukuais CO2,
WO € BaXnNUBMMW acnektamu Yy CyyacHin
OyaiBenbHin MPOMMUCNOBOCTI.
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3 pocnipkeHb 6eToH Habupae MiLHOCTI
npu Temnepatypi go 60°C, npu nigBULLEHI
TeMnepaTypu 3MILHICTb 3MEHLUYETLCS, Yepe3 Te
Wwo BTpadaeTbcs  4vactuHa Boaun. Cepeg
pocnigpkeHb Derabla i Benmalek, pne 6eToH
nigoaetTbca HaBaHTakeHHo B 50 MIa Tta nigaaHui
TepMivHin 06pobui npu 60°C npoTtarom 24 roauH.
Llen nigxig BUABMBCA €KOHOMIYHO €(PEKTMBHMM Ha
noyaTky oopmMyBaHHSA GETOHY, a B JOBrOCTPOKOBIl

nepcrnekTuBi crocTepiranaca 4acTkoBa BTpaTa
MiyHocTi [14].
Takox iHWi [gocnimpkeHHa nigTBepaunm

BMAMB MiABULLEHOI Temnepatypy Ha 6eToH, Lo
BMNMB BMCOkOi Temnepatypy pfo 300°C Ta
Bi4NOBIAHO 36iNblUEHHS cMnK npecyBaHHA 6eTOoHyY
nig 4ac TBEpAiHHS 3HUXYE MilHICTb 6eToHy
[15],[16].

€ MOMEHTW, AKi € HEraTUBHMMW Ta NOBUHHI
OyTM PpoO3rNsHYTI NpU  3acTOCYyBaHHI  TePMiYHOI
00pobkn BUCOKOMILHUX OeToHIB HOBOrO
NOKOSIHHS.

Y [Oesiknx Bunagkax —crnocTepiraloTbecs
3HaYHi NOLLKOMKEHHSA NMOBEPXOHb Came B 3paskax
00pobneHux npu nigBueHin Temnepartypi. Lle
NMOSICHIOETLCS HagMIpHOO nedopmauieto
BIKPUTOrO noBepxHeBOro Lwapy 6etoHy [17].
30e6inbloro e BUKMIMKAE MIKPOTPILWMHM  Ha

NOBEPXHi; OTXe TakuM npouec CrpuYrHSE
3HVKEHHS MeXaHiYHNX BNacTMBOCTEN i
OOBroBiyHoCTi  6eToHy. HactynHa npobnema,

noB'si3aHa 3 panToBUM i AECTPYKTUBHUM PO3PUBOM
NMOBEPXHEBOrO Llapy, LWo BigbyBaeTbca npwu
HarpiBaHHi ©6eToHy [17]. Lia npobnema 06yna
nos'dA3aHa i3 LiNbHOW CTPYKTYPOH BUCOKOMILHUX
OeTOoHIB HOBOro MOKosiHHA. BignosigHo cTpykTypa
Takoro BUCOKOMIUHOrO ©6eToHy obmexeHa i
NPU3BOAWTb 00 HAKOMUYEHHS! BHYTPILLHBOrO TUCKY,
i KONM  MIUHICTB Ha  po3TAr  JOCAraeTbCA
rPaHMYHOrO CTaHy, Us CTpyKTypa MaTepiany
pynHyeTbecd. 1o gaHuX nopu yTBOPHKOTLCA Mpu
Temnepatypi 105°C, wo Bignosigae Temnepartypi
BUNapoBYyBaHHA BoAW, npu Temnepartypi 220°C,
BiOyBaETbCS PO3LLENEHHS cyMilli [18].

HaBepgeHi pocrnigkeHHA | BUCHOBKM
iNMOCTPYIOTb BaXIMBICTb KOHTPOIO Temnepartypwu
nig Yac npouecy TBepAiHHA GeTOHy Ta TepMidHOI

00po6kn. OCHOBHI BWCHOBKM BKMOYalOTh  Taki
acnekTu:

1. BnnuB TemnepaTypu Ha MiUHICTb
OeToHy: [o neBHOI Mexi, 3i 36iNblEeHHAM

TemnepaTtypu nig 4ac TBepAiHHS OeToHy Moxe
crnocTepiratuca  MOKpPalleHHA  Moro  MiLyHOCTI.
OpHak, 4KWwo Temnepatypa 3aHagToO BUCOKa
(6inbwe 60°C), ue MOxe Npu3BecCTM OO BTpaTu
MILHOCTI  4Yepe3 BUMNApOBYBaHHA BOAM Ta
dopmMyBaHHS BinbLL NOPUCTOT CTPYKTYPU.
2.TepmiyHa o0o6pobka Ta €KOHOMIYHa
€(EeKTUBHICTb: AOCNIMKEHHS, SKi BUKOPUCTOBYIOTb
TepMiyHy 00pobky 6eToHy npu MigBMLLEHNX
TeMmnepaTtypax, MOXyTb  OyTM  €KOHOMIYHO

90

ma mexHorsoegissx
2023

eeKTBHUMHN Ha noYaTkoBOMY eTani
dopmyBaHHs 6eToHy. [lpoTe Ha [OBrOCTPOKOBIN
nepcrnekTuBi CrnocTepiraeTbCs 4acTkoBa BTpaTta
MiLLHOCTi.

3.BnnmB  Temnepatypu Ha  CTPYKTypy
OeToHy: nigsuLleHa TemnepaTtypa MOoXe
npu3BecTM [0 YTBOPEHHA nop y OeToHi Ta
po3aLensieHHs cymiwi. Lle moxe ctaTu npuyYmMHOLO
3HKEHHS MeXaHiYHNX BMacTMBOCTEN Ta
[OBroBiYHOCTI MaTepiany.

4.[1eCcTpyKTUBHMUIA PO3PUB MNOBEPXHEBOIO

wapy: nig BAAMBOM MiABULLIEHOT TemnepaTtypu
MOXe  BigbyBaTucsi  OECTPYKTUMBHWUIA  pO3pUB
nosepxHeBoro wapy 6etoHy. Lia npobnema moxe
OyTm noB's3aHa 3i  LWIMbHOK  CTPYKTYpOIO

BMCOKOMILHUX BETOHIB.

YcCi Ui acnekTn NigkpecronTb BaXIMBICTb
TOYHOMO KOHTPOSO TemnepaTypu fig Yac npouecy
TBEpAiHHA OeToHy Ta TepMivyHoi 06pobku AOns
[OCArHEeHHsa HeobXigHWX BRacTUBOCTEN Ta SAKOCTI
0eToHHMX BUPOGIB. BaxnuBo GanaHcyBaTh Mixk
NigBMLUEHHAM Temnepatypu AN MNpPUCKOPEHHS
npouecy TBEPAIHHA Ta YHUKHEHHS BTpaT MILHOCTI
Ta iHWKWX HEraTUBHUX HaCHiOKIB.

BucHoBku:

Ha ocHoBi HaBegeHux [JocnigpkeHb Ta
BUCINOBMNEHNX y3araribHEHNX acnekTiB BU3HAYEHO,
Lwo:

TemnepaTypHUn pexum Baxnueun Ans
MiyHoCTi  ©BeToHy: EdpektnBHe kepyBaHHA
TemnepaTypoto rpae KpUTUYHY posb Y OPMYyBaHHI
MILHOCTi Ta iHWMKX XapaKTepuctuk 6eTOHHMX
BUpOOIB;

MigBMwEeHa TemnepaTypa MOXe BNAnBaTH
Ha CTPYKTypy OeTOHy, Npu3BoAAYN OO YTBOPEHHS
nop Ta AeCTPyKLii NMOBEPXHEBOro Lapy;

BukopuctaHHs TepmidHOT 06po6ky GeTOoHyY
BYMarae peTenbHOro KOHTPOS TeMnepaTypHOro
pexumy Ta ypaxyBaHHsi KOHKPETHUX BNACTUBOCTEN
mMaTepiany.

OTmxe, BaxnuBiCTb TemnepaTtypu npu
BUrOTOBIEHHI BGETOHHMX BUPOGIB He MoXe OyTu
HeZooLHeHa. MpaBunbHe KepyBaHHS
TemnepaTypHUM PEXMMOM Crpusie 3abe3nedyeHHto
HeoOXiOHMX XapakTepUCTMK Ta AKOCTI 6eToHy, Lo
€ BaXMBUM acrnektom B OydiBHUUTBI Ta
iHCbpaCTPYKTYPHOMY PO3BUTKY.
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ESTIMATION OF THE MAXIMUM
TEMPERATURE REACHED DURING THE
HARDENING OF CONCRETE

In the conditions of growing environmental
problems and increasing energy consumption, the
development of new technologies for
manufacturing building structures is an important
task of the construction industry. One of the key
factors that affects the quality and duration of use
of building materials is heat treatment of concrete.
This process has a positive effect on a number of
material parameters, such as strength, frost
resistance, waterproofing and durability.

However, in conditions of excessive
electricity consumption, the need to reduce energy
costs in the production process becomes urgent.
Accordingly, the development of new technologies
should include strategies to reduce energy
consumption and optimize technological cycles.

In Ukraine, as in other countries, the issue
of rational use of energy is of great importance.
Taking into account the peculiarities of the
country's energy sector, an important direction is
the use of alternative energy sources. This opens
the way to the development of sustainable and
efficient construction that takes into account the
environmental and energy requirements of the
present.

In search of optimal ways to improve the
properties of concrete, which determine its
reliability and durability, scientists pay attention to
the complex influence of various factors. In
particular, vibration, excess pressure, temperature
regimes and chemical additives play a key role in
improving the quality characteristics of concrete.
These methods make it possible not only to
significantly improve its strength, but also to
provide excellent strength of conventional
materials, improve resistance to wear and
aggressive environments.
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In modern conditions, when competition in In light of these challenges, it is extremely
the field of concrete products production is high, it  important to look for internal reserves to increase
is important to find a balance between achieving the strength of concrete. The use of local building
high technical characteristics of the material and  materials and optimization of processes can be the
maintaining economic feasibility. The use of high- answer to these problems. The application of
quality fillers and high-quality binders increases innovative production methods and the use of
the strength of concrete, but this can lead to an alternative energy sources can contribute to the
increase in the cost of the product and a decrease  sustainable and ecologically balanced
in its competitiveness. development of the construction industry, saving

Unfortunately, one of the urgent problems resources and reducing the negative impact on the
is the decrease in production of high-quality raw  environment.
materials for the construction industry. Many Key words: concrete, strength, weather
deposits have been exploited or exhausted, which  resistance,  water  permeability,  durability,
jeopardizes the stable supply of high-quality thermopower technology.
binders and aggregates.
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