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Hcnonvzoeanue dncene306emoHHbIX  U30EAUL 8 KAYECmEe CMPOUMENbHbIX MAMEPUALO8 NpU
8036e0eHUU 30AHUTI 1 COOPYIHCEHUTI 00 CUX Nop Aeiaemcs Hauboiee 8ocmpebosanHbiM. Imo 00y-
C/I0BIIEHO GLICOKOT CHENEHBIO HAOENHCHOCMU U HeCyuyeli cnocobHOCMbI0 OaHHBIX u30enutl, docma-
MOYHO HANAHCEHHOT CUCMEMOT KOHMPOJIA 30 NPOU3EOOCHEOM.

Tennoenaxcnocmuan 06pabomrka GeMOHHBIX U HCEIe300eMOHHBIX KOHCMPYKYUI A619emcs
HeOMvbeMIeMOll 1 OMBEeMCMBEHHOI HYACMbIO MEXHON02U4YecKko2o npoyecca npouzeoocmea KbBH
cmpoumenvHo2o komnaexca Poccuu. Dnepeemuyeckue 3ampamol HA 6bINOIHEHUE IMOT MEXHOIO0-
euyeckotli onepayuu cocmasnsgiom 6onee 50 % om ecex snepeozampam npeonpusmisl.

Tlpunmenenue unH@paxpacrHo2o usiy4ens eol3nleaem onpeoeieHHble 0COOEHHOCHIU 8 MOOeN -
POsaHUY npoyecca PAcnpOCMPAHEHUs Menad U, KaK cieocmeue, npozpee GemoHHbIX U30eiuil no
moaujune.

B cmamve paccmampueaemecs MOOeIUpoarue npoyecca pacnpocmpaneHiis menid u pacye-
ma memnepamypel U GpeMeHU HNpocpeed eHympu 0emoOHHO2O0 Uu30enus ¢ UCNOIb306AHUEM
HK-usnyuenus npumeHumenso Kk kamepe UHQPPAKPACHO20 Hazpeed. Imo no3eoaum HAy4HO 060CHO-
8AHHO NPOBOOUMbL PAGOMbBL NO ONMUMUSAYUL KOHCMPYKMUGHBIX Xapaxmepucmuk MK-yemarnoexu,
evibopa UK-uznyuameneti, ux pacnoioxcenus 8 kamepe. llpeocmasnena ¢usuueckas modens sxcne-
PUMEHMANLHOT YCMAHOBKI HABOPA MeMNepamypul UCCie0yemMo2o 00pazya npu pasiuyHbIx cnocodax
nepeoawu menad. [lpu peuwenuu 3a0a4u HeCMAYUOHAPHOT MENTONPOBOOHOCHIU Obll 6LINOIHEH PAC-
yem @peMeHu npoepeea BemoHHO20 U30enUs 8 Kamepe Meni08IaNCHOCmHOT obpabomxu. Ha ocnoea-
HUL NOJYYEHHBIX OAHHBIX ONpeOeiiiit OCHOBHBIE 3a0aul IKcnepumenmos. OHu O0IHCHBI GKIYAMD 8
cebs gviagneHIe MeMNePAMYPHO2O NOJIA GHYMPU UCCIEOYeMO20 00pa3Ya € PA3TUYHBIMU UCMOYHUKA-
mu UK-usnyuenus, enuanue OuHwl 80JHLI U OIUMENBHOCHI NPOYECCd Menio8Ia*CHOCHHON 00pa-
OOMKU HA NPOYHOCHIHBIE XAPAKMEPUCTIUKY NOTYHACMBIX U30eNUTL.

Knrwouessie cnosa: bemon, unpaxpacroe usiydenie, menioodMeH, MAmeMamuyecrkdas mo-
Oeilb, YCKOPeHHOe meepoeHue, HeCIMAYUOHAPHAS MEeNnIoNnPOBOOHOCHb, IKCNEPUMEHM, KAMEPA UH-
@paxpacro2o Hazpesa, 06veKm mepmMoodpabomKl, memMnepamypHoe noJe.
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Use of ferro-concrete products as building materials at erection of buildings and construc-
tion is most demanded till present moment. It is caused by high degree of reliability and bearing
ability of the given products which have been enough adjusted by the monitoring system behind
manufacture.

Thermomoist processing of concrete and ferro-concrete designs is an integral and responsi-
ble part of technological process of manufacture of a building complex of Russia. Power expenses
for performance of this technological operation make more than 50 % from all power inputs of the
enferprise.

Application of infra-red radiation causes certain features in modeling of process of distribu-
tion of heat and, as consequence, warming up of concrete products in thickness.

In the article modeling of process of distribution of heat and calculation of temperature and
time of warming up in a concrete product with lk-radiation use with reference to the chamber of in-
fra-red heating is considered. It will allow to conduct scientifical works on optimization of construc-
tive characteristics of Ik-installation, choice of Ik-radiators and their arrangements in the chamber.
The physical model of experimental installation of a set of temperature of the investigated sample is
presented at various ways of transfer of heat. During solvation of the problem of non-stationary heat
conductivity the calcution of time of warming up of a concrete product in the chamber of thermomoist
processings has been executed. On the basis of the received data the primary goals of experiments
have been defined. They should include revealing of temperature field in the investigated sample with
various sources of Ik-radiation, influence of length of a wave and duration of process of thermomoist
processings on strength characteristics of received products.

Key words: concrete, infra-red radiation, heat exchange, mathematical model, accelerated
hardening, non-stationary heat conductivity, experiment, chamber of infra-red heating, object of
heat treatment, temperature field.

B crpoutensHOM mpOHM3BOACTBE BCE IIHPE HCNONb3yVIoTC UCTOuHUKH MK-manyuenus ps
VCKOPECHHOT'O TBEPACHUS OCTOHHBIX M KEIC300CTOHHBIX CTPOHTEIBHBIX KOHCTPYKUMU. B Hactos-
[Iee BpeMsl OTMEUCHO €ro MPUMEHEHNE B JBYX BAPHAHTAX!

® BO3BCACHHUE 3JAHHMN MO TCXHOJOTMH MOHOIUTHOTO AOMOCTPOCHHUS (OCODCHHO B 3MMHHX
VCIOBHSAX);

® H3roTOBJICHUE CTPOUTEIBHBIX KOHCTPYKIUH B 3aBOACKON TEXHOMIOTHH.

B nepeom Bapuante UK-uanyuenne mpumensercs ans nepudepuiiHoro oborpesa GeToHa.
[Ipu stomM B KauyecTBe HCTOUHHKOB MK-M3nmyueHUsS HCHONB3VIOTCS METAIMYCCKUE, TpyOdaTeie
(TOH#1) u crepskHEBBIC KapOOPYHAOBBIC U3ay4arean. [lpu HCHonp30BaHUM BTOPOrO BapHAHTA Cy-
HICCTBYIOIINE YCTAHOBKH TCITOBIAKHOCTHOH 0Opa0OTKH HA MPEANPHATHAX CTPOHHHIYCTPHH Te-
peobopyayrores B yeranosku ¢ MK-uznyuatemsivu.

[TpumeHeHne WHQPAKPACHOTO U3TYUCHHS BBHI3BIBACT OMPCACICHHBIC OCOOCHHOCTH B MOAC-
JUPOBAHUH MPOLIECCA PACTIPOCTPAHCHUS TEIIIA H, KaK CICACTBUE, MPOrPeB OCTOHHBIX M3ACIUH IO
TOJIIIUHE.

B cBs3u ¢ 3THM cTaBUTCA 334392 O HEOOXOIMMOCTH pa3paboTKH MaTeMaTHICCKOU MOJCTH Te-
moodbMmena B cucreMme «MK-u3nyuarens — OETOHHOE U3AEIHE», a TAKKE VIACTBYIOLIUX B 3TOM IMPO-
Lecce KOHCTPYKTHBHBIX 3JIEMCHTOB YCTAHOBKH. JTO TO3BONHT HAYYHO OOOCHOBAHHO MPOBOIUTH Pa-
GOTHI IO ONTHMH3ALUH KOHCTPYKTUBHBIX XapakrepucTik MK-ycranosku, seibopa MK-uzmyqarenei,
HX PACIIONOKCHHS B KAMEPE U JIp.
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B kauecTBe MaTeMaTHUECKOW MOJCTH OTMCAHHS Tporecca TeruroodmeHa B cucreme «MK-
M3Iy4YaTeab — OOBEKT TEPMOOOPAOOTKM» PEKOMECHAYCTCS HCMOIb30BaTh AuddepeHIHaIbHOS
YPaBHEHHE SHEPTETUUCCKOro Gananca:

n-Ad4, P, -dt=Cd0+Pdrt+Pdr+P_dr 1)

rac A, — xoapdunpent nornowmeHus sueprui MK-usnyaenus odmydaemeim obbexrom; 1 — KIIJ

UK-obnyuarens; Py, — mommuocte MK-o0nyuatensa, Br; C — temmoemkocts MaTepuana o0beKTa
obnyuenns, Lx/k; 0 — remneparypa OeronHoro uzaenus, K; P, — TerioBsie morepu, BOZHUKAMOIIUS
B Pe3y/IbTaT¢ KOHBEKTHBHOTO TEII000OMeHA, BT; T — Bpems mporiecca, ¢eK; Py — MOIIHOCTB, HEOO-
XOAMMAs Ha HcnapeHue Bnary, Br; P, — TennoBeie noTepy, BOZHUKAIOIIUE B PE3VIBTATE TYIUCTOrO
TennoodOMeHa MEXKAY 00IyIacMbIM 00OBEKTOM U OKPYKAIOLIMMHU TOBEPXHOCTIMH, BT.

JaHHOE ypaBHCHHE CIPABCAIHUBO K KATETOPUH 00IY4aAEMbIX 0OBEKTOB O3 BHYTPCHHUX HC-
TOYHHUKOB Teria. OAHAKO U3BECTHO, YTO MPOLIECC TBEPACHUS OETOHA COMPOBOXKIAACTCS BBHIACICHH-
eM Terma. Y4uecth 3TOT 3(P(PEeKT BO3MOKHO BKIKOUCHHEM B ypaBHEHHE (1) AOMOMHUTCIBHOW CO-
crapomeii «P6», koropas OyAeT onpeensTh MOLUTHOCTb TCIUIOBBIACICHUH NMPH 3K30TECPMHUUC-
CKOM PEaKLUHU «BOAA — LICMEHTY.

Pemas ypasrenue (1) otHocuTensHO 6 M MpHHNMMAs BO BHUMAHHUE, UTO TEMIIEPATYPa CTCHOK
(dhopmbI, KaMEpbI U OCTOHHON CMECH B HAYAJIC OOTYUICHUS OJAMHAKOBA, MOYKHO 3aITHCATh:

-7
= {1-eT
0 Qm ax I-e , 2)
rae emax — MaKCHMAJIbHO BO3MOKHOC MPEBBIIICHNE TEMIIEPATYPhl OCTOHHOIO OIOKA MPH €ro Te-

mioBaakHOCTHOM 00padoTke, K; T — mocrosiHHas BpeMeHH HarpeBa OSTOHHOTO OIOKA, CEK.

B cBoto oucpens, 0

max BBIPAXKaCTCA TaK:

AT Ky P
az -FZ

e as. - cymMapHBIT ko3¢ dunueHt Tennoodbmena, B1/K-m?; FZ — cyMMapHas IUIOIab TETl-

0

max

; 3)

aooomeHa, M?, Ky — koadduuueHT TermioBol akTuBHOCTH O€TOHA, Ps — MOIIHOCTE TEILIOBBIACIIC-
HUW TIPH 3K30TEPMHUUECKON PEAKIINH «BOJA — IEMEHT», BT.
[Ipencrasus ypasaenue (3) B BUAE:

P P

_g —0bn [

Omax =F1 I +E, 7 (€))
MOJIYYHM YHUBEPCATBHYIO MATEMATHUCCKYIO MOJEIh PACUeTa MAKCHMAITBHO BOBMOKHBIX 3HAUCHHH
TeMIIepaTypsl Harpesa OeTOHHBIX On0KoB m3aenui B cucreme «MK-ob6myuatens — OeToHHOE M3ae-

P
JIUCY NIPHU PA3TUIHBIX 3HAYUCHUAX INIOTHOCTU K MOIITHOCTHU (F )

[Tokazarens El B ypaBHenun (4) xapaxrepuzyer cBoiicrBa MK-uznyuareneit u 6eroHHOrO
OI0Ka, 3aBUCALINE OT COTNACOBAHUS CICKTPATIbHBIX XaPAKTCPUCTHK UCTOUHUKOB M3ITYUCHUS U OTI-
THYECKUX CBOUCTB OCTOHHOT'O H3ACTHL.

[Tokazarens E2 BBIpaskacT TEIIOBYIO aKTHBHOCTh MPOLIECCA TBEPACHUSI OSTOHA U 3aBHCUT B
OCHOBHOM OT Mapku OctoHa. dusnueckas MOACTb IIAHHPYEMBIX 3KCIICPUMEHTOB NPEACTABICHA
Ha pHUCYHKE |.
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a "ti O/

e

LT

Puc. 1. ®usmdeckad MOACTH IKCIICPHMCHTATFHOH YCTAHOBKH HA00pa TEMIICPATYPBI HCCICIYEMOTO 00pa3na
TIPH PA3IHYHBIX CHOCO0AaX MEPEAayH TEIIA: a) TCILIONPOBOAHOCTHIO, 0) H3IYUCHUEM:
1 — mccneayemsbrii obpaserr; 2 — UCTOYHHK TEINA; 3 — TePMOIaphI

Pacuem spemenu npozpeea

Bocmons3yemcs mpUONMKEHHBIM METOAOM PELICHUS 33]a9 HECTALIMOHAPHOH TCILIONPOBOA-
HOCTH AJISl HAXOXKACHUS BPEMCHHU MPOrpeBa OETOHHOTO H3ACTHS B KaMEPE TCIUIOBJIAKHOCTHOH 00-
paboTKH, B MPAKTHYCCKHX PacueTax 4acTo MPUMEHICTCS METOA KOHEUHBIX paszHocted [lImmara.
JTOT METOJ OCHOBAaH Ha JOIMYLICHUH BO3MOXXHOCTH 3aMEHBI HEMPEPBIBHOI'O MPOLIECCAa CKAYKO00-
PasHBIM KaK B MPOCTPAHCTBE, Tak U BO BpeMeHH. [Ipu sToM nuddepeHunanbHoe YpaBHCHHUE TEII-
JOMNPOBOJHOCTH 3aMEHSIETCSI YPABHEHUEM B KOHEUHBIX PA3HOCTAX, KOTOPOE AJISL OJHOMEPHOrO IO-
751 UMEET BUJA;

A A

At A2

[IpaxTrka MPUMEHEHHS STOr0 METOAA K PACcUCTy TUIOCKHX, IUIHHAPHICCKUX U CHEPHUECKUX

TEN, a TaKKe K pacueTy JBYMCPHOrO TEMIICPATYPHOTO NOMS BICpPBHIC Oblna paspaboraHa
9. HImuarom. PaccMoTpuM 3TOT METOA B IPUMEHEHHH K M3ICNHI0 KaMepbl. Pasznenum u3aenne Ha
CI0H OMMHAKOBOU TOmmUHBL AX ; (puc. 2), kotopsie Oyaem obosznauate HOMepamu (n—1), n,
(n + 1)... Bpems taxxke pazodbem Ha mHTepBaIbl Af, KOTOpBIC OyAeM 0003HAauUaTh HOMEpamu Kk,
(k + 1)... B rakom cayuae t,; 0003HAYACT TEMIIEPATYPY B CEPECIUHE N-T'O CJIOS B TCUCHHUE BCETO
k-ro mpoMexyTka BpEMEHH; TEMIICpPaTYpHAast KpHBAsl MPEACTABILICTCS TOMaHOU muHHeH. M3 pucynka 2

CIIEYET, UTO B MPEAENax CIOos N TEMIICpaTypHas KpUBas UMeeT aBa HakioHa. CleqoBaTeibHO, MPOU3-
BOXHAS OT TCMIICPATYPHI IO KOOPIUHATE TOKHA UMETh BA SKCTPCMYMA, 4 IMCHHO!

At Tyl knk
AT+ Ax

®)

At g1k
Ar— Ax
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g BTOpOI NMPOU3BOAHOHN MOTYUNM:

2
A [Arj (Azj} 1
=L = A =l a2 (6)
Ar2_ Ax{ Ax Ax 2(n+1.k n-1k n.k)

IIpon3Boanas OT TEMIEPATYPEI IO BPEMEHH JUIA CJIOS N IMEEST BU:

A Tk Tink @
At At
IMoxncrasass ypasaenus (6) u (7) B ypaBHeHHE (5), IMEeM:

Tnk+1""nk — fnke1 -1k "2 nk

At Ax?
50058
AT by taoik [, AT }
t =2a ntlie Nn-li | oq 1| (8)
nk+1 2 ) 2 nk

Taxum oOpasom, 3Has PACOPESACICHUE TEMIICPATypP B TEIC Al k-ro HHTEpBAIA BPSMCHHU, HA
OCHOBAHHUHU ypaBHCHUS (8) MOKHO HAUTH PACIPEACICHUC TEMIICPATYP AJIS MOCICAYOIIETO HHTEP-
Bana Bpemenu (k + 1) u . 1.

At Ax

At
BBIOpaTh Tak, 4ToObl 2¢t— =1, TO

Ecnu unTEpBaIEI BpeMCHU
sz

U pa3Mep CI0cB

ypaBHeHHE (8) IpUHUMACT BHI;

1
bk+1 :E(ZnJrl k1 k ) ©)

|

_flTv Ay 2 )
|
|

|
ID_-J_ I - | D.-?--z_ ¥
/‘T’” " | |
| | ' | |

Puc. 2. MeToa KOHCUHBIX PA3HOCTCH: YCIOBHBIC 0003HAUCHUS U rpa(HIcCKas HHTCPIPETALHI

W3 ypasHeHus (9) CICAYET, UTO /4 | SABISCTCS CPEAHCAPUPMETHUCCKIM 3HAMCHUH 1, | 11

i, |7 IMostomy TexHHKA pacueta OuCHb mMpocTa. Takke mpocTo ypaBHeHue (8) pemacTtes U

rpaduuccku. JHAYUCHUE HHTECPBAIa BPEMCHH At OIIPEIEIAETCS U3 COOTHOICHUSL:

Ar=Ax? 2a . (10)
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PaccmatpuBas OeToHHOS HM3aCHC (¢:c:0.765-10_6 M*/cex) Tommuuoi 200 MM, mocme pas-
6uBKH Ha 4, c10i Oepercs paBHBIM 50 MM, HHTEPBAT BPEMCHH A/ MOIYYACT 3HAUCHUC:
2
Ar:mz/za:%:zmo cex.
2-0.765-10

IMoryunam Bpems mporpeBa OAHOTO COs, TIOCTE CIOKEHHS BPEMEH IPOTPEBA BCEX CIIOEB
monmy4gaem 10800 cek, miu 3 uaca (BpeMst porpeBa BCEro U3ACUS).

Ha ocnosanun MOJTYUCHHBIX ypaBHeHI/II\/'I BBIABIIACTCA 3aJdava IMOCTAHOBKU SKCIICPHUMCHTOB.
OHU J0MKHBI BKIKOYATE B CE0S BRISIBJICHUEC TEMITCPATYPHOTO MO BHYTPH HUCCASAYEMOro odpasua
C pa3sIUMIHbIMHU UCTOTHUKAMU I/IK-I/ISJ'IY‘IGHI/IH, BJIMAHUC JJIMHBI BOJIHBI U JUIUTC/IIPHOCTH IIPOLCCCa
TCIUTOBIAKHOCTHOM 00pabOTKH HA MPOYHOCTHBIC XaPAKTCPUCTUKH MMOTYIACMbBIX H3ACTHIH.
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