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BeToHHble oTonUTENbHbLIE NPUBOPBI

Bedywjuli uHxxeHep-koHcmpykmop A.A. ®posnoe*,
PYIT «MiHcmumym benHUNC»

B HacTosillee Bpems B CBS3W C pa3BUTMEM TexHMYeckon 6Gasbl paspabatbiBatoTcsi 6onee adhdeKTMBHbIE
oTonUTENbHbIE MPUBOPBI, YMYYLWAKTCA UX JKOMOrMYecKMe XxapakTepucTuku. bomblioe 3HadeHne npugaeTcd ToMmy,
yTOObl codepxaTb 3T YCTPOWCTBA WM CUCTEMbl Ha BbLICOKOM TEXHMYECKOM YpOBHE U obecneumBaTtb yaobCTBO
obcnyxmBaHus.

Pa3paboTka U KOHCTPYKTUBHOE UCMOMNHEHUE OTOMUTENbHBLIX NPUBOPOB OOMKHO paccMaTpuBaTbCs HE TOMBKO C
TOYKN 3PEHUs 3aKoHoAaTerbHbIX MPEeAnMCaHnii U TEXHUYECKUX TPeBoBaHW, HO U C TOYKM 3peHUs Nomb3oBaTtens.
JomkHbl NPUHMMATLCA BO BHUMaHUE 3HEPro-akoHOMUYECcKue U akonormyeckue TpebosaHus. Takum obpasom, nepen
KOHCTPYKTOpPaMu CTOMT 3ajadya co3faHusi OTOMUTENbHbIX CUCTEM C MNO3UUMM TennonoTpeGneHns, UaMeHeHus!
TEPMUYECKOTO COMPOTMBIEHUS OrpakdalolUMX KOHCTPYKUUIA, BbiGopa NOBEPXHOCTU Harpesa, pacyeTa OnTUMarbHbIX
pa3MepoB, a Takke BblGopa COOTBETCTBYIOLUMX YacTeld CUCTEMbI: OTOMUTENbHLIX NPMOOPOB, apmaTypbl, HAacOCOB
nT.Ao.

O6bEémM cTpouTenbcTBa unbs B Pecnybnuke Benapycb yBenuuMBaeTCcsi C KaxablM Fo4OM, OOHAKO €ro
CTOMMOCTb Ha CerogHsIlLHWIA OeHb He Bcerga yaooBreTBopsieT noTpebutens. OnpegeneHHas gons cebecTtoMMocTu
KBaapaTHOIO MeTpa XWUMbsA NPUXOOUTCA Ha OTONUTENbHbIE NPUOOPLI (Kak OOUH U3 OCHOBHBIX SNTIEMEHTOB CUCTEMBI
otonneHust). CHU3NB CTOMMOCTb OTOMUTENbHOrO OBOPYAOBAHMS MPU COXPaHEHWM HeoBXOAMMON TennooTaaloLuen
CMNOCOBHOCTU, MOXHO JOBUTLCS CHKEHUA CTOMMOCTM XUMbS.

Ha cerogHAawHun geHb B Pecnybnuvke benapycb OCBOEH BbIMyCK OTOMUTErbHbIX NPUOOPOB U3 cTanmu wu
anioMnHug, bumeTannuueckmx OTONUTENbHbIX NPUOOPOB, a Takke NPOAOIMKAETCHA BbIMYCK YCOBEPLUEHCTBOBAHHbIX
YYryHHbIX paguMaTopoB. Kpome Toro, 3HauuternbHas A0Ms pblHKa NPUXOAMTCA Ha BBO3HYKO MPOAYKUMIO, YTO AOSHKHO
NOBMUATbL Ha pas3BUTEEe OTEYECTBEHHOro NMPOM3BOAUTENS MO NyTU MMIopTo3amMelueHus. NponsBoacTBO yKasaHHbIX
OTOMUTENbHbIX MPUOOPOB COMPSPKEHO CO 3HAYUTENbHBIMU 3aTpatamMu SHepruuM, a B Crlyyae BbIMyCKa YYryHHbIX
pagmaTopoB HAaHOCUTCH Cepbe3HbIN Bpea OKpyXaloLlen cpeae.

AﬂbTepHaTMBOVI TpagnunoHHbIM pagnaTopamM U KOHBEKTOPpaM MOTyT CTaTb OEeTOHHbIE OTONUTENbHbIE ﬂpl/l60pbl.
beToH sBnsetca NnpeKkpacHbIM CTpPOUTENTbHBIM MaTtepuarioMm, no3BOoNIALWLMM UCMNONb30BATb €ro And U3rotoBrieHuA
NOYTN BCEX ANIEMEHTOB 34aHWI, B TOM YUCHE OTONUTENbHbIX yCTpOVICTB — HarpeBaTesibHbIX I'IpVI60pOB, BbINOJTHEHHbIX
B B1AE TOHKUX MJINT.

Teopemu4yeckoe uccriedogaHue bemoHHbIX omorumesibHbIX npubopos

nOCKOHbe 9KOHOMMU4ecKan SQJQ)GKTMBHOCTI: HarpesaTesibHOro np|/|6opa B OCHOBHOM onpegendeTca pacxogom
MeTanna Ha eaunHunuy otgaBaemMoro MM tenna, and U3rotoBrieHusA pr6HbIX HarpesaTeJibHbIX 3J1IEMEHTOB OETOHHBIX
I'IpVIGOpOB u,enecoo6pasHo NMPUMEHATb pr6b| MarnbIX CE4YEHUI C TOHKMMMK CTEHKaMU, UMetoLLne Manblin BEC.

Q xIpx/aC Wccneposanua nokasanu, 4to Tennootgada ¢ 1 kr
MeTanna ras3oBbix Tpyb, 3anoXeHHblXx B OETOHHblE
npnbopbl C ABYCTOPOHHEW TenmooTgaden, Jocturaer
3,8 kx/kr-yac-rpag, a [gns  paguMaTtopoB —  BCEro
1 kx/krvyac-rpag. Takum obpasom, npu MNpUMEHeHUn
BGETOHHbIX OTOMUTENbHbLIX MPUBOPOB MOXHO COKPaTUTb
pacxod meTanna B cpegHeM B 4 pasa No CpaBHEHMIO C
1 YyryHHbIMKM npubopamu, paboTalwumm B OAUHAKOBbIX
ycrnosusax [1].

B orvonutensHom npubope ©OeToH sABnNseTcH
TENNoOBON U30MALUMEN, Yy KOTOPOW TEnnonpoBOAHOCTb
2 BEMMKA, a TEPMUYECKOe COMpPOTUBMEHME Tennoorgadve
HM3koe. [Mo3TOMy BaXHO pauMOHaNbHO PeWnTb 3agady
KOHCTPYKTMBHbIX ocobeHHocTeN TPYOHBbIX
HarpeBaTesbHbIX 3NIEMEHTOB U UX pasMelleHne B 6eToHe
Ha OCHOBE Yy4yeTa 3aKkOHOB nepejauyn Tenna oOT
3aMOHOMMYEHHbIX TPYD K MOBEPXHOCTU Npubopa.
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D 2 0 40 5 6 70 8 D WO Ha puc. 1 nokasaH rpadmk Tennootgadm 1 m Tpy6bl
@3/4", roe B Ka4ecTBe TEMNOHOCUTENS UCMNONb30Banach
PucyHok 1. Mpacuk Tennootaaum 1 M Tpy6Ghbl Boda.

(TennoHocuTenb — BOAa)
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Mpsivaa 1 rpaduka xapakTepusyeT Tennootaady TpyObl, 3amMoHONMYeHHoW B GeToHe, a npsMas 2 —
TennooTgady oroneHHon Tpy6bl. [Npu ctaHgapTHOM nepenage Temnepatyp B 70°C TtennooTtgada 3aMOHOSNIMYEHHOM
Tpy6bl Ha 60% 6onbLue, YeM HensonmpoBaHHOM Tpybbl TOro e gnametpa [1].

[ns BGeTOoHHbIX HarpeBaTernbHbIX MPUGOPOB MOXHO NPUMEHSTb TEMMOHOCMTENb C BbICOKMMW NapameTpamu,
MOCKONbKY TemnepaTypa UX MOBEpPXHOCTU ycTaHasnuBaeTca Ha 25-30°C Hwke Temnepatypbl TenfnoHocuTens. 3To
0BCcToATENLCTBO NO3BOMSET ewe bornee 3HaYNTENLHO CHU3WUTL PAcXO4 MeTanna Ha HarpeBaTefbHbIe 3fIEMEHTHI.

Mpn npoBedeHMM TEMMOTEXHUYECKUX MWCMbITAHUA Mpu
TemnepaType TennoHocutens fo 90°C Temnepatypa Ha
NMOBEPXHOCTM UCTbITyeMoro obpasia He npeBbiuaeT 65°C.

Bbino YCTaHOBJ1€HO, YTO TemMnepaTtypa Ha NoBepxXHOCTU
ncnbiTyemoro 06pa3u,a 3aBUCUT OT CXeMbl OBWXEeHUA BOAbl.
Ecnn BOoAy nodaBaTb MO CXemMe CHU3y BBepX, TO nydwe

NPOrpeBaeTCs HWXKHAS YacTb, @ ecnu nogaBaTb Body CBepXy st
BHU3, Nny4Lle nNporpeBaeTcs BepxHasA YacTb obpasua. 3 8anit
3832

Y GEeTOHHBIX OTOMUTENbHLIX NpUBopoB Gonblias YacTb s
Tenna nepefaeTcs MOMELLEHUO MpU MOMOLUM  U3NYyYeHus, -
TOrda Kak y paguaTtopoB TennooTAada M3nyyYeHMeM MeHblue o
paguaunoHHon cocTtaensowen. Ha addekTMBHOCTL paboThl P \\\
BGETOHHOro OTOMMTENbHOrO npubopa BAUSET KOHCTPYKLMS, I Hv
CXema pacrnonoKeHUsi HarpeBaTenbLHOro 3MeMeHTa, a Takke P
MOXET BNMATb U opma NULIEBON MOBEPXHOCTU. [loaToMy C | 2310
Luenbo ONTUMMU3aUMM reoMeTpUYecKMx napameTpoB 6ETOHHbIX i ol
oTonUTEnbHbIX NPUOOPOB ObINO MPOBEAEHO KOMMbIOTEPHOE 3zee0z
MOAENMpoBaHWe TPeX BapWaHTOB MPUGOPOB C PasmnuyHbIM Ko
penbedoMm nuueson nosepxHocTn. OAWH ©3 BapuaHTOB 203003 ;:.—I
npeacTaBrieH Ha puc. 2. -

Takum obpasom, npYMeHnB KOMMbOTEPHOE PucyHok 2. 3kcnepumMeHTanbHbIN obpasel
mMoJenupoBsaHue, 6binn  onpefeneHbl  KOHCTPYKTUBHbIE GeToHHOro oTONMTENLHOrO NpUGopa u ero
ocobeHHocTM Byayuero obpasua. KOMNblOTEepHasi moaenb

Mimess BO3MOXHOCTb aHanuaupoBaTb MOJSTyYEHHbIE KOMMbIOTEPHbIE MOZENW, OTKPbIBAKOTCS Oonee LuMpokue
BO3MOXHOCTM MO YCOBEPLUEHCTBOBAHMIO CYLUECTBYHLIMX W BHOBb pa3pabaTbiBaeMblX KOHCTPYKUUA OEeTOHHbIX
OTOMUTENbHbLIX MPUOOPOB, YTO CYLLECTBEHHO MO3BONUTL COKPaATUTb BPEMEHHblE M (hMHAHCOBbIE 3aTpaTbl Ha
JarnbHenwwme nccrnegoBaHus.

HpoeeOeHue mennomexHuU4ecKuUx ucrbimaHuu 3KCriepemMeHmarsribHbIX 06pa3uoe

Ha ocHoBe pe3ynbTaToB KOMMbOTEPHOIO MOAENNPOBAHUSA OblNM N3rOTOBIIEHbI SKCNEPMMEHTarnbHble 0bpasLpbl.
BHewHun Bng obpasuoB npeacTaBneH Ha pucyHke 3.

McnbiTaHua  BbIMOMHANMCE  Ha  YCTaHOBKE,  coAepKallen
cnepytowee obopynosaHue:

a) ucnbiTaTenbHy KaMepy, COCTOSALLYIO U3:

. BHYTPEHHEro orpa>kaeHus;
. KOMMNEHCaUMOHHOIo orpaxaeHus.

B) KOHOMLMOHEP ONns OxNaxOeHus Bo3dyxa, LUMPKYNUpYOLLEero
MeXay orpakaeHuaAMu;

C) MNEepBUYHBLIN  KOHTYp, KOTOpbIn obecneuvBan nogadvy
== s HarpeBaTenbHOM KUOKOCTU B UCMNbITYEMble OETOHHbIE OTOMUTENbHbIE
. npnoopsl;

| 3KCI'IepI/IMeHT npoBoaunca B 3aKprTOI7I Kamepe C LWeCTblo
oxXnaxgaembiMun, LUPKYJIMpYyLWmnMmM Bo3ayxam, NOBEPXHOCTAMMWU.

TemnepaTypa BO34yXa, UMPKYNMpYylOLWEro B 3a30pe Mexay
orpaxaeHusmu, perynupoBanach Tak, YyTOOBI obecneuntb
nogdepxaHne TemnepaTypbl BO3adyxa, W3MepsieMon B Kamepe B
KOHTPOIbHOM TOYKe, PacnofioXXEHHOW BHYTPWU Kamepbl, B npegenax
3Ha4deHun ot 19°C go 21°C ¢ TouHocTbio Ao +0,1°C.

PucyHok 3. BHelwHun Bug
3KcnepuMeHTarbHbIX 06pa3LoB (cBepxy
BHU3: ob6pasel, Ne1, ob6pasey No2,
obpasen Ne3)

®ponos A.A. beronHbIe OTONHTENBHBIE TPUOOPHI
23



HNHKkeHepHO-CTPOUTEIBHBIN sKypHaJ, Ne7, 2009

OKCNepMMEHT MPOBOAUIICA B CTaUMOHApHOM peXume, KOTOPLIN nogaepxuBarncs B TedeHue BCero nepuoga
nccregoBaHun.

McnbiTaHnst NpoBOAWUNMCE CO CreayLWMMI 3HAYEHVSIMI CPEAHEN TeMNepaTypbl BOAbI:
(45 £+ 5)°C;
(50 + 5)°C;
(65 + 5)°C;
(75 + 5)°C;

Kaxxgoe ucnbiTaHue Onuiiocb He MeHee 1 4, B TeYeHWe 3TOro rnepuoda BPEMEHU B TEYEHWE paBHbIX, He
npeebiwatowmx 10 MWH, VHTEpPBaNoB BPEMEHM PErMcTpYpoBanuCh BCE MU3MepsieMble BenYMHbL TemnepaTypbl,
pacxof Bofbl Yepe3 OTonuTeNbHbI Npubop.

B xoge vcnbiTaHn M3MepsnuMcb TemnepaTtypbl Ha BXOAE B UCMbITyeMblt obpasel 1 Ha BbIXode M3 Hero, a
Takke TemnepaTypa B LEHTpe UCnblTaTenbHON kKaMmepsbl. [na pacyeTa TennoBow MOLHOCTM UCNONb30Banucb cpeaHue
3HaYEHUNS NOMNYYEHHbIX B UCMbITAHUAX BENUYMH.

Ona npuvBegeHus paccyMTaHHOM MOLLHOCTM K HOpManbHOMY [aBfEHUI0 €€ YMHOXanu Ha MonpaBOYHbIV
KO3 PUUNEHT:

A
1 + M , (1 )
Py
roe [3— nonpaBoyHblii KOadduUMeHT paBHbin 0,3 (4ns pagnaTopos);

Ap — pa3HoCTb AeiCTBUTENBHOTO Y HOpMarbHOro AaBneHui, Ma;

P, — HOpMaribHoe aTmoccbepHoe nasnexue, lNa.

Tennosasi MOLLHOCTb Bbipaxanacb B criedytolemM Buae:

$=Blt,, —1,) =BA)", @
rae tmean— CPEOHAS TEMNEPATYpPa NEPBUHHON XNOKOCTY;
tmean= (Te + 15)/2, (3)
roe t, — TemnepaTypa NepBUYHOM XUOKOCTM Ha BXOAE;
t; — TO Xe, Ha BbIXoAe;

t,— TeMneparypa Bo3jyxa B KOHTpO.I'IbHOIZ TOYKE;

KOS ULIMEHTBI B M N paccunTLIBaNUCh METOLOM HalMEHbLLMX KBaZPaTOB MO 3HaYeHWsIM [0g ¢, kaKk hyHKLMN
log(t,.,, —t,)=log At cyueTom BeCOBOrO KOathMLMEHTa.

M3 aTon 3aBMCMMOCTM BbIBOAWMMACh HOMMHaNbHas MOLWHOCTb ANA pas3HOCTM TemnepaTtyp Mexay cpeaHewn
TemnepaTypow BoAbl U KOHTPObHOW TemnepaTypoy BO3ayxa B UCMbITaTENbHON Kamepe, At, paBHOM 70°C.

Vicnonb3ys MeToA HanMeHbLLMX KBaApaToB, Noslyyanu crneayolme BulpaxeHns ans logB wn n:
> wlogg) @(logAt)’ - > @logAr) @logAtlog s
2
ZZUZ @(logAt) - (Z zvlogAt)2 (@)
B ZZUZwlogAtlog¢—ZwlogAtZwlog¢
sz a(logAr) — (ZwlogAt)z (5)

B pes3ynbTate KOMMNbKTEPHOIo MOAENMMPOBAHNA N HATYPHbIX NcnbiTaHWn QKCNepUMeHTalrbHbIX 06p83LI,OB Obinn
nony4eHbl crnegywuine pesyrnbraThbl.

logB =
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CETU

O6paszey Neo1
Ne n/n Tron, 'C Tosps C Teps C Trow C G, nic q, BT Q, Bt
1 49,96 49,42 49,69 21,50 319,0
2 59,87 59,14 59,50 19,43 363,0
0,1 710,0
3 65,05 64,15 64,60 19,87 475,0
4 75,05 73,64 69,48 20,58 614,0
O6pa3sey No2
Ne n/n Tros, C Tosps C Teps C Toom 'C G, nic q, BT Q, Bt
1 45,03 44,28 44,65 20,83 309,0
2 55,13 54,06 54,59 19,64 443,0
0,1 830,0
3 65,09 63,08 64,44 19,70 530,0
4 75,03 73,40 74,22 19,48 670,0
O6pa3sey Neo3
Ne n/n Tron, 'C Tosps C Teps 'C Toom 'C G, nic q, Bt Q, Bt
1 45,03 44,29 44,66 20,25 306,0
2 55,05 54,01 54,53 19,80 430,0
0,1 742,0
3 65,15 63,91 64,53 19,45 509,0
4 75,05 73,58 20,57 19,92 600,0
3aknrdyeHue

PesynbTaThl KOMMbIOTEPHOTO MOZENMPOBAHUS M IKCMEpPUMEHTa rMokasanu, 4To GEeTOHHble OToMUTEeSIbHble
npubopbl Kak anbTepHaTMBa CYLIECTBYIOLUMM OTOMUTENbHbIM MpUubopamMm WMEHT 3HauMTenbHbIA MoTeHuuan Ans
JAanbHenLlero CoBepLIEHCTBOBaHNSA U MacCOBOIO BHEAPEHUS.

M3 npoBedeHHbIX MCCNeAoBaHUN MOXHO caenaTb npeaBapuTerbHbIM BbIBOG O TOM, YTO BNuMaHME penbeda
nyLEeBOV NOBEPXHOCTU Ha TEMNNOOTAAILLY CMNOCOBHOCTL OTONUTENLHOIrO Npubopa numeeT mMecTo BbiTb. OgHako 3To
TpebyeT panbHenwmnx Oonee peTanbHbIX WUCCNEeOoBaHWUA: MOCTPOEHMST Gonee CrOXHOW KOMMbIOTEPHON MoJenwu,
yuuTbiBalOLWEN Oonblle KPUTEPUEB [N pacyeToB, MpoBefeHWUst OonbLUero 4Ymcrna HaTypHbIX 3KCMEPUMEHTOB C
pasnu4yHLIMKM NapameTpamMmu cpea u T.4.

B XMINWLLHOM W MPOMBILLSIEHHOM CTPOUTENLCTBE NPYMEHEHNE PACCMOTPEHHbIX Bbllle GETOHHbIX OTOMUTENbHbIX
NpubopoB, 3NEMEHTbI KOTOPbIX KOHCTPYKTUBHO MOTYT ObiTb CBSI3aHbl C YacTAMMU 34aHUiA, SBNSETC HEOOXOAMMBIM U
onpaBdaHHbIM, TaK Kak U3roTOBMEHUE TakMx NpMOOPOB He HeceT 3a coboi 3HaUMTESNIbHLIX MaTepuasibHbIX 3aTpaT U
MOXEeT OblTb OCBOEHO foObIM [OMOCTPOUTENbHBIM KOMOGMHATOM, 4YTO [AacT COOTBETCTBYHOLIMA 3KOHOMUYECKUIA
apchekT. BeToHHbIE OTOMUTESNBbHbIE NMPUMOOPLI MOFYT CTaTb OOLEKTOM Goriee MpPUCTaribHOFO BHUMaHWUS B CBSI3U C
TEeHAEHUMEN K YBENUYEHUIO TEPMUYECKOTO CONMPOTMBIIEHUS OrPakaatoLLIMX KOHCTPYKLIWA.

Bbicokne aKkcniyaTauMoHHbIE W CaHUTaPHO-TUIMEHUYECKME MokasaTen GETOHHbIX OTOMUTEMbHLIX MPUGOPOB
noaTeepXadalT Lenecoobpas3HoCTb LUMPOKOTO BHEAPEHUS B MPaKTUKy COBPEMEHHOro MNPOEKTUPOBaHUS CUCTEM
OTOMNSIEHNS!, XUITULLHOTO U FPaXXAaHCKOro CTPOUTENbCTBRA.

JNutepatypa

1. Jlnbep WN.C. Cuctembl oTonneHusi ¢ 6eToHHbIMU HarpeBaTenbHbIMKU NoBepxHocTamu. J1., 1966.

Anekceli AnekcaHOposuy ®poros, 2. MuHck
Ten. pab.: 8(10-375-17) 267-10-01, an. nouma: info@belniis.by
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