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PaccmoTpeHbI Tenno- U MaccooOMeHHbIe NMPOoLECChl, MPOUCXOAALME B KeNe306eTOHHOW KOH-
CTPYKLMU MPM renuoTepmMoobpaboTke C NPOMEXYTOUHBIM TENIMIOHOCUTENEM W NX BIIMSHWE Ha Usm-
KO-MexaHU4YecKkme CBONCTBa Xerne300eTOHHBIX KOHCTPYKLMIA.
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[MpoOaeMa U3BICKAHHUS HOBBIX HCTOYHHKOB JHCPTHH ABJIACTCS OTHON H3 BAYKHCHINHX,
HOO OT HEC 3ABHCHT JANBHCHIICE PAa3BHTHC BCCX OTPACICH MPOMBINIICHHOCTH BO BCEX
CTpaHax MIaHeTsl [1—4].

YTraeBOIOPOIHBIC HCTOYHHKH — HE(Th M Ta3 — HCBOCTIOTHHMBI H BO3MOKHO YIKC B
KOHIIC TCKYIIETO CTOICTHS HX 3aMACH HAa 3eMJIC HCCAKHYT. OTHHM 13 HaH00J1¢¢ MPOCTHIX H
HC TPCOYOMHX OOTBITHX 3aTPAT MCTOAOM SABIACTCSA HCIOIB30BAHIC COTHCTHOH HCPTHH.
Bo MHOTHX TeXHHYCCKH PA3BHTHIX CTPAHAX BEAY TCA HANMPSHKCHHBIC HCCIICIOBAHMS, H 3TOT
BHJI SHCpruu B EBpPOIC yrKe CTal HCMOMB30BATHCA AN OTOILICHUA U OCBCIICHHS JKHITBIX H
CcOInaTbHO-OBITOBEIX 3HaHuH. B Ka3axcrane u Poccuu Takue HCCIICTOBAHUA IO HCTIOTB30-
BaHHO 3HCPrun COTHIA IMHPOKO MPOBOAATCS B MPOMBIIIJICHHON U IPA’KIAHCKOH cepe
OCOOCHHO B CTPOHTCIBHON HHAYCTPHH, B YACTHOCTH, B MPOMBIIIICHHOCTH COOPHOTO JKC-
ne300eroHa [5S—6].

BakubsIM BOTIPOCOM JJ1S1 OOCCIICUCHHS YCIOBHH TBEPACHHUA OCTOHA, a CICAOBATCIIb-
HO H KAa4YC¢CTBA M3TOTABIHBACMBIX JKCIC300CTOHHBIX KOHCTPYKIMH, ABIACTCA BIAYKHOCTD
cpenpl. OOBIMHO BCACACTBHEC MACCOOMCHA C OKPY KAOILICH CPeIO U BHYTPSCHHETO MACCO-
mepeHoca OCTOH OBICTPO TCPSACT BIATY NPH TBEPACHUH, YTO MPHBOIUT K HEA00OPY MPOU-
HOCTH. DTO 0COOCHHO YCTKO MPOSABIIACTCA MPH BHLACPKUBAHHH OT()POPMOBAHHBIX H3ACTAN
B VCIIOBHAX CYXOTO KAPKOTO KJIHMATA. BBIMOJHCHHBIC HCCICIOBAHUS TO3BOIMIA HAHTH
MPOCTOL, HO H(P(PCKTHBHOC PCIICHHC — HMCIIOJB30BAHHC TCITHOKAMED C MPOMCHKY TOTHBIM
TCITIOHOCHTEIICM B YCIIOBHAX 3AKPBITHIX IEX0B. MI3TOTOBICHHBIC IO 3TOMY CIOCO0Y JKeTe-
300CTOHHBIC U3ACTHS OTIHYAFOTCS BRICOKMMH MPOYHOCTHBIMH MOKA3ATCIIAMHE H JOATOBCY-
HOCTBEO. BO BCEX CIydasax CTPYKTYpa H CBOMCTBA OCTOHA (ITPOYHOCTH HA CKATHE, PACTSIKS -
HHC, MOAYJIb YIPYTOCTH, MOPO30CTOHKOCTB) HC TOIBKO HC OTIHYANHCH OT AHAJIOTHYHBIX
mokasarencii 0¢TOHOB, TBEPACBIIHX 28 CYT B HOPMAIBHBIX TEMIICPATY PHO-BIAKHOCTHBIX
VCIOBHSX, HO JAKE UX NMpepocxoauau [7—10].

Ha ocHOBEC TCOPETHUCCKMX NMPHHIMIIOB W SKCIICPHMCHTATBHBIX HCCIICIOBAHAN OBLIA
paspadoTaHa KpPYTJIOTOAWUYHAA TCXHOJOTHS IMPOH3BOICTBA COOPHBIX JKCIC300CTOHHBIX H3-
JICTHH B YCIOBHAX 3aKPBITHIX HEXOB C TCPMOOOPAOOTKOHN H3ACIHH COTHCYHOH 3HCPTHCH H
JOTIOTHUTCIBHBIM Ty OTTHPYHOIIAM HCTOYHHKOM SHCPrud. BeToHHAS cMech mogaeTes ¢ 0eTo-
HOCMCCHTCIBHOTO V3J1a 3aBOAA B (DOPMY, YILIOTHACTCA, TIOBCPXHOCTD M3ICTHHA 3arIaKHBA-
©TCA B CPasy K¢ Ha OT(POPMOBAHHOC H3ACITHC YCTAHABIHBACTCSA MOKPHITHE C IIOTHBIM TIPH-
neraHueM k 6optaM Gopmel. 1 6071¢e 3(h(PCKTHBHOTO HCTIOTB30BAHMS COTHCUHOH SHCPTHA
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(hopMOBaHHUC H3ACTHH EICCOO0PA3HO HAYHHATE B 8 9 yTpa, YTOOB HAMOOJICEC MOIITHBIH pa-
JHATTHOHHBIH TIOTOK 0T CoNHIa Aan OBl BO3MOXKHOCTH B TCUCHHC CYTOK MCPEAATH OCTOHY
Oouplne Tema, a, CICA0BATEIBHO, H 00ECICUUTh OBICTPOE TBEpACHHE OeToHA (pHcC 1).
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Prc. 1. Xapaktep H3MEHEHMS TEMIIEPATY PBI IIPU IIPOTPEBE OETOHHBIX 00Pa3L[OB-1L1M1 TOIIIHUHON
20 cM B HIOJE U B SIHBApE MeCAIaxX Ha MUPOTE 42 C.11L: a — NIporpes B Hioie Mecsre 7,53 kBru/m); 6 —
mporpeB B siHBape Mecsitie (1,72 kBT-u/M); / — B 5 MM oT BepxHell OBepXHOCTH; 2 — B cepeluHe obpasia; 3 — 6
5 MM OT HIDKHeH IOBEpXHOCTH

B pa3pa0oTke TEXHONOTHH CEphE3HOE BHUMAHHE OBUIO YICJICHO OIPEICJICHUIO OITH-
MAJIBHBIX PEXKAMOB BBIICPYKHBAHI H3ICIUH 10 pacnanyOku. MccnenoBaHus MOKA34IH, YTO
3a CyTKH OCTOH MpHOOPETACT MPOYHOCTH, paBHYKO 50...60 % OT MPOCKTHOH, HO B 0CO00
JKApKUC JHH MPOYHOCTH 3a CyTku gocruract 70...75 % (tabdn. 1, 2). 3arBepacsimue u3ac-
THsl PacHanyONMBAKOTCS, YKIAABIBAIOTCA HA CKIAJC B MITAOCIH, TIOKPHIBAIOTCS OPE3CHTOM
HJTH TOJIMATHICHOBOM IUICHKON H OCTAOTCS B TAKOM IMOJIOKCHHE CYTKH, B TCHCHHC KOTOPBIX
OeToH ycmeBaeT A0CTHYb NpoyHOCTH, paBHOH 70...80 % or mpoekrHO# (puc. 2). [Ipn BHI-
JICPKUBAHUU M3JCJIMI HA ITOJUTOHE Jy4IIC MOKPHIBATh WX MTadenn OpPe3cHTOM, KOTOPBIH
PEKOMEHIYETCS OPOIIATh BOJOH Uepes 2...3 4 B AHEBHOE BPEMHL.

Ta6m. 1. IIpouHocTs GeTOHA TP IeInoTepMooOpaboTKe ¢ IIPOMEXKYTOUHBIM TEINIOHOCUTENIEM

II IIpounocTts OeroHa Ha
POUHOCTH OETOHA Ha cKaTue B Bo3pacTe, | . .
pacIspKeHUe LipU U3ruoe,
YCIOBHS TBEPICHIUS eyt CyT
| 3 7 28 90 7 28 90
1. HopmanbHoe TBepaenue | — — — 31.5 — — 5.3 —
100 100
2. l'emmorepmooGpaboTKa 154 | 225 37.0 37.7 38.0 4.6 5.8 6.02
C IIPOMEKY TOUHBIM 4894 | 79,4 119,3 119,6 120,6 86,4 109,4 113,2
TEIUIOHOCUTENEM

Ilpumeuanwne. Han dyeproif — mpounocTs GeToHa, Ml la; mox ueproit — B % 0T IpouHOCTH OETOHA
HOPMAaJIBHOTO TBEPACHUA B 28-CYTOUHOM BO3pacTe.

Tatm. 2. Pe3ynprarsl HCIBITAHUS. MOPO30CTOHKOCTH OETOHOB, TBEP/EBIIMX B PA3IMYHBIX YCIIOBUSIX

LlpouHocTh GETOHHBIX 00PA3IIOB Ha CKaTUE KMPS, Mlla
VeloBUs TBep/IeHNs GeToHa 1locie TIoTIepeMEHHOTO 3aMOPaKUBAHUS U
KoHTponpHBIX OTTauBaHU, ITUKIIOB

100 200 300

1. HopmanpHOE TBEpJICHUE 31,7 1.05 1.05 1.07
333 33,4 34,0

2. l'emmotepmooGpaboTKa © 33,5 1.09 1,10 1,15
IIPOMEXKYTOUHBIM TEIUIOHOCUTEIIEM 36,4 37,0 38,4

Research of building materials 143



BECTHUK 10/2012

140 +

120 _——

100 - 1
80 ‘///
60 - ~
40
20 7

Rmx/R»\ZX’ o
\

0 |
0 1 3 7 28 90

T, cyT

Puc. 2. 3meHeHMe Bo BpeMeHH IIpOYHOCTH OETOHA IIPH cxkaTthH Kkitacca B22,5 (M300), TBepaes-

IIIETO B Pa3IMUHBIX YCIOBUSX: /| — HOpMajbHO® TBEepASHHE; 2 — TeIHOTepMooOpaboTka ¢ IPOMEXKyTOUHBIM
TeIJIOHOCHTEIIEM

Hccnenopannsa mokazanu, YTO OT(POPMOBAHHBIC HM3ACIHS YIOOHO BBIACPKHBATH B
reJmoKaMepe. B XomogHOE BpeMs roa H3ASIHsIM OCY IECTBIICTCS JOTIOTHUTEIBHAS T10-
Jlada TEIUIa I HarpeBa BOABI B TEIMOCHCTEME. Takas JOMOTHHTEIBHAS MOJA4a TEIUa K
COJTHCYHOH pagnanuyu 1acT BO3MOXKHOCTH O0OCCIICUHTDH B TCUCHHC CYTOK JOCTHIKCHHC Oc-
TOHOM ITPOYHOCTH 710 75...80 % OT mpoekTHOH. B Tako# TEXHOIOTHH MOBEPXHOCTH OETOHA
B H3ICTUAX MOKPBIBACTCA IICHKOOOPA3YIOIICH KHIKOCTHEO, KoTopasa uepes 20...30 MuH
3aTBEPACBACT B BUJEC HEBUAMMOMN IUICHKU TOMHUHONU B 100 MHKPOHOB U HAJCKHO MPEAO-
XpaHACT OCTOH OT BIArONMOTEPb.

Ha momorHHTCTEHBIH TPOTpeB OCTOHA B 3TOM Ciydac pacxoayercs ot 20 a0 60 kBt
AMEKTPOIHESPruu Ha 1 M° OETOHA, YTO 3HAYHTEIHHO MCHBIIE MO CPABHCHHIO C MAPOIPOTpe-
BOM HJIH JIEKTPOOOOT peBoM. Pactiay OMMBarOTCS M3ACTHS TOIBKO IIPH PA3HOCTH TEMIICPA-
TYP MEKIy MOBEPXHOCTBIO OCTOHA U OKPYKAFOITHM Bo31y XoM He 6oee 20 °C.

CJ'IGZ[Y €T NOAUCPKHYTh, UTO I'CJIMOTCXHOJIOTHA OTIHIACTCA BBICOKOH 3KOJIOTHIHOCTHIO
# 0¢30MacHOCTHI0. D(P(PCKTHBHOCT TCAHOTCXHONIOTHH MOKCT OBITh CYIICCTBCHHO TOBBI-
HICHA 3a CYCT NPUMCHCHHU A HOBBIX 6I>ICTp0TBep£[eIOH.[I/IX BOKYIMUX H XUMHAYICCKUX I[O63BOI(,
MO3BOJLIFOINUX 00ECHEUNTh 00JIce HHTCHCUBHOC TBEPICHHE OSTOHA, KOTOPBIC YIKE TOSBH-
JUACHh HA PBIHKC. TexXHHUKO-IKOHOMHYCCKHC PacUCThl MOKA3BIBAKOT, UTO IMPH NMPHUMCHCHUHA
TSIHOTEXHOJOTHH SKOHOMUTCS OOJNBIIOE KOJMIECCTBO TPAIUIIHOHHBIX JHEPTOPECY PCOB.

Kax m3BecTHO, 1 KT y.T. mo3BoaAeT moay4uts 7000 kkax Tennaa, 1 Kr mapa mo3BoisaeT
moayuuTh npuMepHo 600 kkan, 1 M® raza mpu cxuranun gaet 8500 kkam. B mpombii-
JCHHOCTH COOPHOTO KEIC300€TOHA B OCHOBHOM IJISI TEPMOOOPAOOTKH OT(HOPMOBAHHBIX
H3ICTHH NPHMEHACTCS map, KoToporo Tparutcs ot 400 no 1200 kr Ha 1 M° sxene300eTOHA.
Jaxke ecmu mpu cpeanux 3arparax mapa 500 xr Ha mporpes 1 M3 Kene300e TOHHBIX H3-
gennii, Beraenserca 300000 kkan Tenna, 4TO COOTBETCTBYET 3aTPaTaM ra3oBOro TOMINBA
cBbIIe 35 M° raza Ha mporpes 1 M* u3menuii.

B PecniyOmmke Kazaxcran BRITyCK COOPHOTO ene300eToHa coctaBua B 2005 1. —
2365984 M3, B 2006 T. — 2906969 Mm?, B 2007 . — 1331613 M, B 2008 1. 32 9 MecsnEeB
00BeM MPOU3BOACTBA COOPHOTO Mwene300eToHa coctaBua 833074 m°. Eciu exxerogHo mo
TCIMOTCXHOJNOTHH B TCILIBIA MEPUOA BPEMEHH roaa OyaeT Beimyckatrhest 200000 M® coop-
HBIX JKCJIC300C TOHHBIX I/ISE[GJ'II/Iﬁ, MOKHO 6y/:[eT COKOHOMHTH 7 MJIH M TOILJIMBA B ICPECUCTE
Ha ra3. Eciin ke B X0IOJHBIE MECSIIBI F'O/IA TI0 KOMOMHHPOBAHHOHN T'EIMOTEXHOJIOTHH Oy ICT
BoImyckathes eme 100000 M® uzmeauit B roa, 3KOHOMHS TOIJIHBA TI0 CPABHCHHIO C MAPO-
MPOTPEBOM MOXKET COCTABUTH emie 1,7 MIH M° rasa (IpH pacyueTe MPHHATO, YTO MPH KOM-
OMHHPOBAHHOM METOJC PACXO[ YCIOBHOTO TOIJIMBA B MEPECUCTE HA T3 COCTABHT 17 M°).
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Takum 00pa30M, B LECJIOM NMPH MPAMCHCHHH TCIHOIIPOTPEBA C MPOMEIKY TOUHBIM TEILTO-
HOCHTEJIeM OSTOHA SKOHOMHS YCIOBHOTO TOIUIHBA B MIEPECUCTE HA TA3 COCTABHT 8,7 MIH M’
0 CPABHCHHIO C TTAPOIPOTPEBOM.
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L.B. Aruova, N.T. Dauzhanov

USING SOLAR ENERGY IN HEAT TREATMENT OF CONCRETE
IN THE REPUBLIC OF KAZAKHSTAN

In the article, the authors consider heat and mass transfer inside reinforced concrete struc-
tures, and their impact on the mechanical properties of the latter.

The authors argue that humidity is an important factor of concrete hardening. As a rule, con-
crete-to-environment mass transfer, as well as the mass transfer inside concrete products, cause
fast dehydration in the course of hardening, thus, leading to the insufficiency of strength. This phe-
nomenon may be exemplified by prefab concrete products hardened in the hot and dry climate. The
findings of the authors constitute a simple though efficient solution that consists in the employment
of solar chambers equipped with an intermediate, or supplementary, heat carrier. Solar chambers
are to be installed inside production premises.

Reinforced concrete products manufactured in accordance with the technology proposed by
the authors feature high strength and durability. The concrete structure and properties (namely,
compressive strength, tensile strength, modulus of elasticity and cold resistance) even exceed
those of the concrete products hardened within 28 days in the regular temperature and humidity
environment.
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Theoretical principles and experimental research findings of the authors have been invested
into the year-round technology of manufacturing of reinforced concrete products inside production
premises, where products are treated by the solar energy and a supplementary source of energy.
The concrete mix is poured into the form and compacted there; thereafter, the product surface is
smoothed. Immediately after that a cover is fixed onto the form and tightly attached to the form walls.
The process is to be initiated at 8 a.m. to maximize the period of solar energy consumption and to
accelerate the process of concrete hardening.

Key words: heat treatment, reinforced concrete, heat-mass exchange, gradient.
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