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3HEepPruM CTAaOWIN3UPYIOLIEro OXJIAXKAEHUS NeYH

U NepeoxIaXKAeHUA TENJIOHOCUTE ISl HU3KONMOTEHUaIbHbIX
HCTOYHUKOB
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AHHOTALIMA:

B craTbe npeacTaBJieHbl MCCIef0BaHUA COBMECTHOH pabOThl OTOIMJIEHHS M TOpsS4Yero BOJOCHAGKEHHS.
YcraHOBJIEHO, YTO 3 EKTUBHOCTb CHCTEMBI BO3pacTaeT C yBeJIMYEHHEM DPACXOZAa TEMJIOHOCHTeJNs Ha
ropsiiee BOJOCHA0XXeHME, a TaKXKe NPU CHIDKEHUU TeMIlepaTypbl TEIVIOHOCUTEJISI B CUCTEME OTOIJIEHHUS.
AHanMTHYeCKUM CIoco60M yCTAaHOBJIEHO AJII CUCTEMBI C JOOXJaXAEHHWEM palMOHAJbHOE COYEeTaHHe
HCXOAHBIX U PEXUMHBIX YCJOBHUH, KOTOPOE B CHCTEME aHAJU3UPYyEMOH CTPYKTYpbl 06GecrnevynBaeT
ONTHMAaJIHOE 3HaYeHHe K03 pPULMeHTa Npeo6pa3oBaHusl.

KJ/IIOYEBBIE C/IOBA:
OTOIJIEHHE U ropsiuee BooCHabKeHUe; 3P GEeKTHBHOCTD CUCTEMBI; PACXO/, TEIJIOHOCHUTEIST; KO3PPUIIEHT
npeo6pa3oBaHUs

1. BBegeHue

B npoun3BoACTBe CTPOUTE/IBHBIX MaTepHaloB U U3JeJUH NpobeMa NoBbllIeHUs 3QPeKTUB-
HOCTHU MCINIOJIb30BAaHUA TOIIMBA ABJsETCA HauboJiee aKTyalbHOM [AJsI TaKUX IHEProeMKHUX
BHU/IOB IIPOAYKLIMHY, KaK I|€eMEHT, KepaM3UT, U3BeCTb, KepaMHU4eCKHe CTEHOBble MaTepHasbl,
cO6OpHble U MOHOJIUTHBIE Kesle306eTOHHbIe KOHCTPYKLUHU U T.4. Ha X IpOU3BOACTBO €XKerojHo
pacxoayeTcs 6osiee 50% Bcex TOMJIMBHO-3HEPTeTUYECKHUX PeCypCcoB, NOTpebJisieMbIX B 3TOU
oTpacsau. B yacTHOCTH, B HanboJiee SHEProeMKHX Ievyax MPOU3BO/CTBA BXKYIIUX U CTEHOBBIX
MaTepHasoB KO3$OULHEHT UCI0JIb30BaHUsA TOILIKMBA B 2-3 pa3a MeHbllle, YeM B reHepaTopax
TPaJIULIUOHHOTO0 TelJoCHabxeHUs. [loTepH TeNnJOThl B OKpPY»alollylo CpeJly C 60KOBOH MOBepX-
HOCTH, OOBIYHO He YKPBITOW MeuH, ocTUralT 6-7 KBT/M2. [Ipu 3ToM 3¢ HeKTUBHOCTD CKUTaHUS
TOIJIMBA B TaKUX arperaTax He npesbiiiaeT 40% , a NOTepH TENJIOTbI C 60KOBOM MOBEPXHOCTH
pocturatoT 10-30% ero o6uiero pacxoja. B ycinoBusx jgeduuura M BbICOKOM CTOUMOCTH
TEIJIOBOW 3HepruM B YKpaWHe aKTyaJbHbIM SIBJSETC CHIKEHHE pacxofa IepBHUYHOTO
TOIJIMBA B TEXHOJIOTMYECKHUX NpOLeccax, a Takxke NoBbllleHHe 3¢ GeKTUBHOCTH 0T6OPa, Npe-
06pa3oBaHMUA U HCIOJIb30BAaHUSA 3HEPTUU [JJi NPOMBILIJIEHHOTO U KOMMYHa/JlbHO-OGBITOBOIO
TeIJIOCHAGXKEeHHs.
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2. lleab uccaego0BaHUS

[lepcieKTUBHBIM MpPEJCTABJSETCS HalpaBjieHUWe NPUMeHEHUs] TEeMJIOHACOCHBIX TEXHOJIO-
Ui AJ1s1 3Heproc6epexxeHus [1] B mpolieccax MpPOU3BOJCTBA CTPOUTEJNbHBIX MaTepHAJOB
BO BpAl[AIOLIMXCS Mevyax C yTUJIU3alMed HU3KOTeMIepaTypPHbIX ra30BO3JYLIHBIX MOTOKOB.
JIoru4HO, YTO MHUHHMMH3alUsl TEIJIOTbl TEPMOTPAaHCOOPMATOPHOH KOMIIOHEHTHI B 06IeM
3HEPreTHUYecKOM IOTOKe JIO/DKHA ObITh JOMHUHHUPYIOIIEH B CHCTeMaxX 3HeprocoepexeHus
Ha 3TOH OCHOBeE.

Llesib vcceoBaHUs 3aKJII0YaeTCd B HAYYHO-TEXHUYECKOM 06G0CHOBAaHWHM HOBOTO MOJAX0/a
M CHUCTEM MO pa3pabOTKe 3HeprocOeperawiield TEeXHOJIOTUU TEeIJIOCHAGXKeHHsI Ha OCHOBe
PeKynepaTUBHO-TEPMOTPAHCHOPMATOPHON YTHIUIZAIUU TENJIOTHI CTA0UIU3UPYIOLIETO OXJIAXK-
JIeHUs] Bpalllaroleicsa MeYyd U CMEeXHbIX a30BO3/yIIHbIX MOTOKOB [2, 3]. [uis gocTwxkeHUs
MOCTAaBJIEHHOW 1leJIM HEeOoOXOJUMO MPOBECTH HCC/IeZJ0BAHUST HWHTErPUPOBAHHOM CHCTEMBbI
C IOOXJIAXKJEHUEM PENUPKYJIALMOHHOTO TOTOKA B PEXXUMe CTA6UIN3UPYIOIIET0 OXJIK/eHHUS
MeYu C UCIOJb30BaHUEM CMEXHbIX Fa30BO3AYIIHBIX IIOTOKOB JIJIsi paclIMpeHUsI 3HepreTuyec-
KOTO pecypca MpOMBIIIJIEHHOT0 TEeMJIOCHAGKEHUS;

Ha pucynke 1 npejcraB/ieHa cMcTeMa NMPOMBIIJIEHHOTO TemocHa6xeHus [4, 5], koTopas
M03BOJISIET HHTETPUPOBATh 3HEPTUIO OXJIAXKAeHHsI 60KOBOK MOBEPXHOCTH U HU3KOMOTEHIHAJIb-
HBIX UCTOYHUKOB C TEPMOTPAHCPOPMATOPHBIM I00XJIDKJEHUEM PEIUPKYJISIIUOHHOTO MOTOKA
10 HE0OXO0IMMOTO YPOBHS [IJIsi CHMKEHHSI TeMIIEPATYPbl UCXOJHOU BOJbI B TEIJIbIN MEepPHO.
roza.
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Puc. 1. Cucrema TensiocHa6xeHHsl Ha OCHOBe TepMOTpaHCHOPMUPOBAHHOM 3Hepruu
CTaGU/IM3MPYIOLIEro OXJIAXK/eHH T1e4H U Nepeox/Iax/eH s TelJIOHOCUTe I HU3KONOTeHMaIbHbIX
UCTOYHUKOB: 1 - yKpbITHE Neuy; 2 - Kasiopudep; 3 - BEHTUIATOP; 4 - KOHJIeHCAaTOP; 5 — UCITApUTeb;

6 — KoMHpeccop; 7 - 6ak-aKKyMyJATop; 8 - Hacockl; 9 - peryssaTop pacxosa; 10, 11 - coOOTBETCTBEHHO,
COGPOCHOM M 3a60pHBIN NaTPyGKH C TPEXXOAOBBIMU PEry/IsATOpaMu pacxoa; 12, 14, 15 - Tpexxo0BoH
peryasTop pacxoa; 13 - pekynepaTUBHbIH TeNJI006MEHHHUK

[Tocne oxnaxkjeHUs NeYr ropssdYui BO3/1yX U3 TENJI006MEHHUKA NPeIBApUTENBHOT0 OXJIAX-
JleHds 5a ImoctynaeT B KaJopudep 2, Iie OH OXJIaXJaeTcs, HarpeBas BoJAy. OX/akJeHHbIH
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PeLUpKyJISIMOHHBIA BO3/yX ocje Kasopudepa 2 B pe3ysbTaTe MPOXOXKAEHHUs Yepe3 Uclapu-
TeJIbHBIN TeMJIO0OMEHHHUK 5 nooxnaxgaercs. [locie mpoxoxaeHus yepes natpy6ox 10 Bo3ayx,
oxytaxkgast Boay no 5°C, yaanserca B atMmocdepy. OH 3aMeHSIETCS TEMJIbIM ra30BO3/AyIIHBIM IOTO-
KOM OT HHU3KOINOTEHIIMAJIbHOTO UCTOYHHKA, TOCTyNast 4Yepe3 BO3/1yx03a60pHbIH naTpy6ok 11.
ABTOMaTH3MPOBAHHBIA NPOLECC CMEIIEeHUs IMepPeoXJaXJAeHHOW YacTH PelUpKYJISIHOHHOTO
IIOTOKAa M TMOCTYNAIOIIero ra30BO3/JYLIHOTO 3HEPrOHOCHUTENS OT HHU3KOMOTEHIHaJbHBIX
HMCTOYHHUKOB O0ecleyrBaeT YCTAHOBJEHHYIO TeMIIepaTypy PeLUpKYyJ/SIUOHHOTO MOTOKA Ha
BXOJIe B YKPBITHE Ie4yy, Ha ypoBHe 5-10°C. [IpeasioxeHHas cucTeMa UCKJIIOYaeT NpUMeHeHHe
JIONOJIHUTEJIbHBIX MCTOYHHUKOB 3HEPrUH JJIs JOTpeBa BOJbI, KaK B pabodyeM peXHMe, TaK
Y B PeMOHTHO-BOCCTAaHOBUTEJ/IbHBIN NIepHo/J, paboThl NpeAIpUATHS.

3. JHepreTuyeckas 3¢ PeKTUBHOCTb IPe0Gpa3oBaHMS

BepTukanu coefHEHUH NMOJIOTEH MOXXHO TPAaKTOBATh KaK OCTAaHOBKH MEXJy pa3HbIMHU
MOMEHTaMU /JBW)XEeHHs], UTO CO3JaeT OUIyIleHHe BbINAJIeHUs W3 BpeMeHU. JTO (eHOMEeH
«OJJHOBPEMEHHOCTH HeoJHOBpeMeHHoro» (P. Kozesnek).

CyKI[eCUBHOCTb OTpa)kaeT NpPOLleCC W3MeHeHHUsI TOPOJCKOTO IPOCTPAaHCTBA 3a CYeT
[I0CJIe/[0OBATEbHOr0 PACIOJIOKEHNS U300pXKEHUH pa3HbIX ero ¢pparMeHTOB.

B pa6oTe «Count down» (puc. 2) B. KoBasieH4nKoBa nof4epKrBaeT NIpeeMCTBEHHOCTb HCTO-
pUHY ropoja U AJUTeJbHOCTb BpeMeHM. JleBasl M IpaBast YaCTH TPUITHXA NPeACTaBJISAIOT cO60i
3BeHbsl OJHOW LleNM B3aUMOCBSI3aHHBIX COOLITUM, NPOUCXOAALIUX B pa3HOe BpeMs B OJHOM
rOpOJICKOM NPOCTpPaHCTBe. Ux coeiuHseT IMHUA TOPU30HTA, KOTOpas HUcye3aeT B BUXpe OyMak-
HBIX JINCTOB B IleHTPaJIbHOM 4acTH KOMNO3ULUU. B3jieTeBiire B BO3AyX MoJ, MOPbIBOM BeTpa
YHUCTbIe JIMCTbI GyMaru ¢ IOpBaHHBIMU U 3aTHYTHIMHU KpasiMU Pa3pbIBalOT FOPOACKOE NPOCTPaH-
CTBO-BpeMsl U [JleJIAlOT ero o6paTHUMbIM. PacmosioxkeHHble Ha NepejHeM IlJlaHe MacCHBHble
KaMeHHble OTpaX[leHus1 HabepeXXHOH CO34al0T OLlylleHHWe TedeHHs BpeMeHHM B PasHbIX
HalpaBJ/IeHUsX, B JIeBOM M MpaBoi 4yacTAX paboThl. [lo 06e CTOPOHBI OT LleHTpPa BO3HUKAIOT
JiBe KapTHHBbI, KaXK/Jasl CO CBOeH NepcrneKTUBOM U CBOUM NPOCTPAaHCTBOM-BpeMeHeM.
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Puc. 2. 3aBUcUMOCTb KOB(])CI)I/IIU/IGHTa npeoGpasosaHﬂﬂ OT COOTHOLIEHHUA PACXO/JI0B IperolIero TeInJIOHOCUTEIA

Y HarpeBaeMoH CPefibl: mmmmm ~NMPU U =0,2; = = = -npU = 0,25, — . — -npupu=0,3

JHepreTuyeckass 3QpPeKTUBHOCTb IPe0bpa30BaHUs CONPSHKEHHBIX 3HepreTUYeCKUX MOTO-
KOB B aHaJIU3UPyeMOH cUcTeMe TellJIOCHa6XeHUsl BbIpaXkaeTcsl B BUJe 3aBUCUMOCTH K03 du-
[JMeHTa Npeobpa3oBaHUsl OTHOCUTEbHO ONpeesIoIUX UCXOAHBIX U PeXXUMHBIX 1apaMeTpOB,
npeJCcTaBIAeTCA B BUJe
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[Ipr 3TOM 3aBUCHMOCTb KOMIIEHCUPYIOLIEH YaCTH NMOCTYNAOIET0 TENJIOHOCUTES OT HU3KO-
NOTEHI[MAaJbHOT0 UCTOYHHUKA JJIs O//lepKaHUsl YCTAHOBJEHHON TeMIlepaTyphbl CMecH MOTOKa
ty Ha BXO/Ie B YKPBITHE €YU NPeCTaBJIsSETCS CAeLYIOUUM aJIFOPUTMOM Y = ty—tex/ tun—tex.

[TosnydyeHHass 3aBUCUMOCTb K03ddHUIMeHTa Npeobpa3oBaHUd, coJeprKallas COOTHOIIEHHE
ra3oBO3/yLIHOI0 NOTOKA M HAarpeBaeMou cpe/ibl, a TAKXKe He3aBUCHUMbIe UCXOJHbIEe TapaMeTpPhI
Y peXUMHbIE YCJIOBUS, M03BOJISET POAHAIU3UPOBaTh 3PPEeKTUBHOCTL TpaHCHOPMALMH CO-
NpSKEHHBIX dHEPTreTHYeCKUX TOTOKOB M ONPe/ieIUTh PallMOHAbHOE COYeTaHNe He3aBUCUMbIX
NepeMeHHBIX /IS JOCTM)KeHHUs] BbBICOKOI()QPEKTUBHOW PabOThl MHTErPUPOBAHHOW CHCTEMBI
TeIJIOCHA6XXeHHUs [IPU YCTAaHOBJIEHHOH MOIIHOCTH OTGHMPAeMOro TEIJIOBOro MOTOKA C OXJIaX/a-
MO} MOBePXHOCTH BpalljamoLieiicsa neyu.

U3 ycnoBuil paboThl aHaJIU3UPyeMoOU cucTeMbl (puc. 1), a Takxke ypaBHeHus (1) cienyer,
YTO yBeJMYeHHe pacxoja ra3oBO3AYIIHOrO MOTOKAa HAa eAUHUIly HarpeBaeMoM cpejbl MpHU
YCTaHOBJIEHHON MOIIHOCTH OT6GOpa TEMJIOTHI C OXJaX/JaeMOH NMOBEPXHOCTH Me4yd NPUBOAUT
K ONpe/ieJIeHHOMY POCTY TeMIlepaTypbl Tpeolieii cpefibl Hepes HCapuTeieM.

W3 npeacTaBieHHbIX TpadUKOB Ha PUCYHKe 2 CJIeAyeT, UYTO B 3TUX YCJIOBUAX KOIPPUIUEHT
npeo6pa3oBaHUsA 3HAYUTENbHO BO3pacTaer.

[Ipy 3TOM CHMXeHHe pacxoja pelUPKYJIALMOHHOM 4YacTH TeIJIOHOCUTeJs B Ipolecce
3KCIJIyaTalMU CUCTeM ropsiyero BojocHabxeHus ¢ 0,3 fo 0,2 oka3biBaeT 6oJiee CyllleCTBEHHOe
BJIUSIHME, YeM yBeJMUeHHe y/eJbHOT0 pacxoja ra3oBO3JyLIHOW cpebl, T.e. Gi/Gxs, obecrne-
4yuBas CylleCTBeHHble 3HaYeHUs1 ko3adduuueHTa npeobpasoBaHus. O4eBUAHO, YTO BJIUSHUE
[epBOro ¥ BTOPOro MapaMeTPOB OTPa)kaeTcsl Ha BO3pAacTaHUM TeMIlepaTypbl ra30BO3yLIHOM
CpeAbl Ha BXOJle B HCIApHUTeNb, a COOTBETCTBEHHO, U Ha 3$eKTUBHOCTb Npeobpa3oBaHUsA
CONPSDKEHHBIX SJHEPTeTHYeCKUX TOTOKOB.

JlaHHbIe TpecTaBIeHHBIX IPAaPUKOB (pHUC. 3) MOCTPOEHHBIX COTJIACHO OJyYeHHON 3aBHCH-
MocTH (1), CBUZETENBCTBYIOT O IPEANOYTHTENbHOM YBEJTHYeHUH COPOCHOH YacTH PenupKys-
I[MOHHOTO NOTOKA, pHUYeM C 6oJiee HU3KOH TeMITepaTypoH TEIJIOHOCHUTeIsl, KOTopasi KOMIIEHCH-
pyeTcsl pacxo/0M NOCTYNALIEro TelJIOHOCHTE/IEM OT HU3KONOTEHI[HaIbHOT'0 UCTOYHHUKA.
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Puc. 3. 3aBucuMocTb K03$PUILMeHTa TPe06Pa30BaHUs OT COOTHOLIEHUS PACXO/0B TEMJIOHOCUTEIS
HU3KOINOTEHIIUAJIbHOTO U PeLIUPKYJIALMOHHOrO NoToKa: NpH tun = 30°C: — - tgx = -10°C,
- = = = tBx=-5°C, — . — —tx=0°C

TaxuM 06pa3oM, U3 pe3y/IbTaTOB aHa/IM3a CJIe/yeT, YTO BIOJIHE ONpe/eeHHoe 6alaHCHOe
COOTHOIIEHHE COPOCHOM YacTH JOOX/JIKJAAEMOro PelUpKyJ/IALMOHHOTO NIOTOKA U KOMIEHCH-
pyeMoi 4acTH TEMJIOHOCUTEJS] OT HU3KONOTEHIMAJbHOI0 HCTOYHHKA, 06ecrneyrBasi Moazep-
)KaHWEe YCTAHOBJIEHHOM HayaJbHOM TeMIepaTypbl PEeLUpPKY/SIMOHHOTO IOTOKAa Ha BXOJe
B YKDBITHE IIe4yH, CIOCOGHO 06eCHeydTb JOCTATOYHO BBICOKME 3HAYeHHs KoapduuueHTa
npeo6pa3oBaHus, peasibHo oT 8 10 15 npuy = 0,15 - 0,2.
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4. 3aK/II04eHHue

1. HccepoBaHMeM YCTaHOBJIEHO, YTO MPH COBMECTHON pa6oTe OTOIJIEHHUST U TOPSIIero BoJo-
cHa6xeHus1 3¢ deKTUBHOCTD CHCTEMbI BO3PACTaeT C YBeJUYEHHEM PACX0/ja TEMJIOHOCUTe s
Ha ropsiiee BOJOCHAG)KeHHe, a TaKXKe MPHU CHWKEHUH TEMIepaTypbl TEIJOHOCHUTEJsI
B CUCTeMe OTOIIEHHUs], KaK [JIs1 pacieTHbIX YCIOBUH, TaK U B MPOLiECCe IKCIIYaTALHOHHOTO
peryJiMpoBaHusl.

2. AHaJIUTHYECKUM HCC/IEeJOBAHUEM CUCTEMBI C J00XJIXKAEHUEM PELUPKYJIAIMOHHOTO MOTOKA
[4] ycTaHOBJIEHO palMOHAJbHOE COYETAHHWE MCXOJHBIX U PEXUMHBIX YCIOBHUH, KOTOpOE
B CHUCTEMe aHAIM3UPyeMOU CTPYKTYpPhI o6ecrieynBaeT 3Ha4eHHe KoaduneHTa npeobpaso-
BaHUs He MeHee 7. PalloHa/IbHOE COYETAaHHWE MCXO/JHBIX MTApaMEeTPOB IKCIIyaTalMOHHOTO
pexuma cioco6Ho obecneyuTh KoadpdunueHT npeobpasoBaHus fo 12.
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Heat supply based on thermotransformed energy of stabilizing cooling
of the furnace and supercooling of coolant of low-potential sources

ABSTRACT:

The article presents a study of the joint work of heating and hot water. It has been established that the effi-
ciency of the system increases with an increase in the coolant flow rate for hot water supply, as well as with
a decrease in the coolant temperature in the heating system. Analytically, a rational combination of initial
and regime conditions is established for a system with subcooling, which in the system of the analyzed
structure provides the optimal value of the conversion coefficient.
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heating and hot water supply; system efficiency; coolant flow rate; conversion rate



