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MODEL OF ENERGY EFFICIENT HEATING FOR BUILDINGS

A.A. Basalaev

PaccmaTpuBaercsi mocTpoeHue MOJe]M CHCTeMbl 3Heprod(¢eKTUBHOIO TemJocHalKe-
Husi 3naHnii. [IpeacraBieHbl OCHOBHBIE 3aBHCHMOCTH NMapaMeTpoB (YHKIHOHHUPOBAHHS MO-
TpeOuTeN el B cMCTeMe TEeIUIOCHA0KeHHs ISl PesKUMOB 0e3 peryJHpoBaHus M0 TeMIepaType
HapPYKHOT0 BO31yXa M ¢ PeryJupoBaHHeM TeMIepaTyphbl 0J1aBaeMoOro B cMCTeMy OTOIJIEHUS
U BO3BPAIAeMOro0 U3 Hee TeNJIOHOCHTEIs N0 TeMIepaType HapyKHOro BO3ayXa.

Kniouesvie cnosa: menﬂocua69/ceHue, Modeftupoeanue.

This article describes the model of energy efficient heating for buildings. The main ma-
thematical relations between parameters of consumers in heat supply system are shown for
modes without regulation according to the outdoor temperature and with regulation of supply
and return heat carrier temperature according to the outdoor temperature.

Keywords: heat supply, simulation.

Beenenune

OnnuM 13 3(PPEKTUBHBIX HHCTPYMEHTOB TIPH
pCIICHUM 3a1a4d IMOBBIIICHUS KA4eCTBA YIIPABICHHS
pacmpeneiicHieM M TMOTPEOJICHHEM SHEPropecypcoB
SIBIISICTCSI MOJICITUPOBAHKUE PEKHMOB (PYHKITHOHUPO-
BaHUs CUCTEeM dHeprocHaOxeHus. Ero mpenmymiectsa
MIPOSIBJISIFOTCS. KK Ha 3TaIe MPOCKTHUPOBAHUS MPH OII-
PEeIETICHUU ONTHUMANBHBIX IIPOCKTHBIX MapaMEeTPOB
CHUCTEMBI U €€ CTPYKTYPBHI, TaK W TIPH TPOBEICHUU
PEKOH(UTYpALIMU CHCTEMBI C IICNBI0 TOBHIIMICHUS €€
3P PEKTHBHOCTH, HO YK€ C yUEeTOM HAKOIIJICHHBIX CTa-
TUCTHYECKUX JAHHBIX IO Pe3yJIbTaTaM dKCIUTyaTaIliH.
[TockonbKky MO/I€Nb CO3AAETCS TSl HAXOXKICHHS HaM-
6osiee A3PPEKTUBHBIX PEKUMOB PabOTHI CUCTEMBI, TO
napamMeTpbl OOBEKTOB MOJETH JOJKHBI YAOBIETBO-
pATH TpeOoBaHMSIM 3HEProdhHEKTUBHOCTH, KOTOPHIC
MOTYT COCTABIISITHCSI HA OCHOBE IHEPIrEeTHUYCCKHUX T1ac-
MOPTOB 3/1aHUN, HOPMATUBHON M TEXHUYECKOU JIOKY-
MeHTanuu [1, 2] u pe3ynbpTaToB YHEProayanuTa CUCTE-
MBL. PaccMOTpuM pacueT mapaMeTpoB TOTpeOHTenen
MOJICIA CHUCTEMBI 3HEProd((GEKTUBHOTO TEIUIOCHA0-
JKEHUS 37aHUH.

Pacuer mapameTpoB norpedureseii

CHUCTeMBbI TeIIOCHAOKeHU S

OfHUM W3 OCHOBHBIX AacCIEKTOB 3HEpProdddex-
TUBHOTO (DYHKIIMOHUPOBAHHS CHUCTEMBI TEIJIOCHA0-
JKCHHSL SIBJIICTCSI OTIYCK M TOTPEOJICHHE TEIUIOBOM
SHEPrUu B 3aBUCHUMOCTH OT MOTOAHBIX YycioBui. B

BacanaeB Anexcanap AHATOJIbeBUY — aCIIUPAHT Kadeapsl
aBTOMATUKU U yrpasieHus, FOxHo-Ypanbckuil rocyaapcer-
BEHHBII yHUBEpCUTET; sasha-basalaev@mail.ru

JJAaHHOM MOJEJNN OCHOBHOW XapaKTEPUCTUKOM OKpy-
JKarollel cpesbl BbIOpaHa (akTuueckas Temreparypa
Hapy’>KHOTO BO3JyXa {4, MOCKOJIBKY €€ KoJieOaHus
NPUBOJST K Hanboyiee 3HAYMTENHLHBIM H3MEHEHHUSIM
noTpedsieMoro KojaudecTBa TersioBoi sHepruu. Co-
rnacHo [1] remoBast sHeprus Ha otoruieHue Q ompe-
JersieTcs mo Gopmyie:

O=aqV (tg—ty), (1)
Iie ¢ — YJCIbHOE KOIWYECTBO TEMJIOBOM SHEpPIuH,
noTpedssieMol Ha OTOIUICHHE; O — TOIPABOYHBIA KO-
A PUIMEHT, 3aBUCSIIUI OT pacyeTHOH TeMIeparypbl
Hapy>KHOTO BO37yXa; V' — 00beM OTaruImBaeMoro Io-
MEIIEHUS; fg — CPEeHECYTOUYHas TeMIlepaTrypa IoMe-
IICHMS.

W3 3aBucuMocTel, mpuBeieHHBIX B [3], TeMmepa-
Typy BHYTPEHHETO BO3/yXa fg MOXXHO OIIEHHTH IIO

thopmyme:

I+— —1 , 2)
Aty \ Tep —tgp
e tcp = (13 — ) / 2 — Qakruueckas cpenHss TeMIie-
patypa TeIUIOHOCHUTEIS; /3 U 1, — (pakTHIecKne TemIe-
paTyphl MO/JaBa€MOro M BO3BPAIlAEMOTO TEMJIOHOCH-
Tenei; Atp = tgp — typ — PA3HOCTb PACUETHBIX TEMIIEpa-
Typ  BHYTPEHHEIO U  Hapy»XHOro  BO3/1yXa;
Op = (tsp — trp) / 2 — pacUeTHBI TEMIICPATYPHBIH Ha-
TOp; t3p U fhp — paCUETHBIE TEMIIEPATYPHI [10/1aBAEMOT0
W BO3BPAIIAEMOT0O TETUTIOHOCHUTEICH; /1 — IMOCTOSHHAS,
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3aBHCSAIINAs OT THIA OTOMHUTEIBHBIX MPUOOPOB U CXE-
MBI TIOJIa41 TETUIOHOCUTEJSI.

CorunacHo [4], tp ¥ Hp PACCUUTHIBAIOTCSI B 3aBU-
CUMOCTH OT #y. Takum oOpazom, O BeIpaaeTcs 4yepes
CJIeYIOUIUE MapaMeTPhI:

Q:f(qavanatH=t3at2)' (3)

Just apdextrBHOrO (QyHKIMOHMPOBAHMS CHCTE-
MBI UCTOYHHK JIOJIKEH OTITYCKaTh B CETh TEIJIOHOCH-
Tellb C TEeMIEpaTypoil, paCCUUTHIBAEMOM MO MPOEKT-
HOMY TpadUKy B 3aBHCUMOCTH OT fyj, a MIOTPEOUTEIH
JIOJDKEH PEryJMpoBaTh PacxXoj TEIIOHOCHUTENSI TaKkKe
B 3aBUCUMOCTH OT f1;. B chepe XKKX nmpeobnanaror 2
CXEMBbl PEryJUpPOBaHUsl pacxoja TEIUIOHOCHUTENS IO-
TpeOUTENAMH: TIOJICPIKAHUE TEMIIePaTyphl IO/IaBae-
MOTO #3 U BO3BPALLAEMOr0 f, TEIJIOHOCUTEINS 1O rpa-
(bUKy B 3aBUCUMOCTH OT fy. [lapameTpsl morpedurens
PACCUMTHIBAIOTCS IIPU PELLIEHUU CIIEIYIOLIEH CUCTEMBbI
YpaBHEHMIA:

0=f(q.V,n,ty,13,1;)
0 =G (nh-1)
0 =G;(t-1)
Gy = G +Gp (4)
G G
G_o = fin G_HO
B =P, +APy(Gy) =Gy 5o,

rae ¢t — Temieparypa 1oJaBacMoro TeII0OHOCUTEN,
paccuuThiBaeMas 10 TeMIlepaTypHOMy Trpaduky
HCTOYHMKA C YUYETOM TEIUIONOTEeph HpH Iepenade
TemoHocurensa; G; — pacxo/ MoJaBaeMoOro TEIIo-
Hocutenst; G — pacxo] TEIJIOHOCHUTENS. B CHUCTEME
oTomeHus 3maHusg; Gy — YacTh BO3BpAIIacMOTO
TETUIOHOCHUTEINS U3 CUCTEMBI OTOIUICHMS, pacXoaye-

Moro Ha noamec; Gy — MakCHUMalbHBIH pacxoJ Mo-
JlaBaeMoro u3 ceTu TemnoHocutens npu Gp=0;
So — MPOCKTHOE MUHUMAJIBHOE COMPOTUBIICHUE CHUC-
TeMbl, paccuutannoe npu Gp =0; P, u P, — naBie-
HUS B MOJAIONIEM U BO3BpAaMIAONIEeM TPYyOOIpOBO-
JlaX Ha BBOJC 3/IaHUS; fij — QYHKIHS, OTpa)karomas
3aBHCHMOCTH pacxojla Ha BBOJAC OT pacxoJa Ha
MoJIMEC MW OmpenersieMas pPacXOJHOW XapaKTepH-
CTUKOW HCTHoNb3yeMoro kiamana; APy — QyHKIus,
3aJar0mIas 3aBUCHMOCTH Tepemnaja AaBICHUH, CO3-
JTaBae€MOT0 HUPKYIAUOHHBIM HACOCOM, OT pacxoja
TETUIOHOCUTEJIS, MPOXOJAIIETr0 4Yepe3 JaHHBIH Ha-
coc; Grp — MaKCUMallbHBIM pacxoj Ha MOJMEC MpHu
G = 0, moxyyaeMblil U3 ypaBHEHUS:

APy (Gro) = Giig S - (5)

B cmydae mommeprxaHus TeMIiepaTypsl BO3Bpa-
[[aeMOT'0 TEIIOHOCUTEIIS f, 32 CUeT MOJMeca TEIlIo-
HOCHTEJS M3 BO3BpAIAIONICTO TPyOOIpoBOIa B TIO-
JAIOITNH 1, = f(#;;) HEM3BECTHBIMU TapaMeTPaMH SB-
nstores O, 1, 1, G, Gs, G B ciydae nmognep:xanns
TEMIIepaTypsl MOJAaBaEMOTO B CHCTEMY OTOIUICHUS
TETUIOHOCUTENIS 3 3a CUET MOoJMEca TEIIOHOCUTES
W3 BO3BpAlIalOIIEro TPyOONpOBOJa B IMOJAMONIUI
t; = f(ty) HEM3BECTHBIMHU MapameTpamu sBJsitoTes O,
t, t, G, G3, Gp. Takxke B ceTH MOTYT CYIIECTBO-
BaTh MOTPeOUTETN 0€3 PEeryJIHpPOBaHUS IO fy C W3-
MEHSEMBIM BPYUYHYIO pacxogoM G, IS KOTOPBIX
HEU3BECTHBIMH MMapaMeTpamMu ABIstoTes Q, f, b, 13,
G3, GH.

3ak/ouenue

C HCnoJb30BaHUEM METOJIMKH, OINHCAHHOW B
pabote [5], B cpeae VisSim Obuia paspaboTaHa Mo-
JICNIb CUCTEMBI TEMJIOCHA0KEHUST KOMILIEKCa 3aHuil
O HO-Y paibCKoro rocy1apCTBEHHOTO YHHUBEPCHUTE-
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Ta (cM. pucyHok). Cucrema COCTOUT U3 3 Ipymnn ce-
Te TeruiocHaOxkeHusi. IlepBas rpymnma BKIOYaeT
SHEPTOLEHTp C 2 UCTOYHHKAMH B BHUJIE Ta30TOPIIHE-
BBIX arperaroB, HACOCHYIO CTaHLUIO U 38 moTpedu-
tenedd (10 moTpebuTeneit ¢ peryimpoBaHHEM pacxo-
Jla TETIOHOCUTEISI B 3aBUCHMOCTH OT TEMIIEPATyphl
BO31yXxa). Bropas rpymma cocTOMT M3 HCTOYHHKA
(TOpOICKOW TEIUIOBOI CceTH), HACOCHOHN CTAaHIIUU H 5
notrpedureneil (2 moTpeduTens ¢ peryIupoBaHUEM).
Tperbs rpymnma BKIOYaeT 2 UCTOYHUKA (KOTEIBHYIO
¢ 3 KOTJIaMH ¥ Ta30TypOMHHYIO CTAHIIMIO C 5 YHEPro-
arperatamu), HaCOCHYIO CTaHIMIO U 4 morpeOuTens
(1 morpebutens ¢ peryiaupoBaHueMm). Pe3ymabTaTh
MOJICTTUPOBAHUS MOKa3aIH, YTO TOCTPOCHHAS MOJIETh
C JIOCTaTOYHOHM JUIS MPaKTHYECKOTO HCIOJIb30BAHUS
CTETEHBI0 TOYHOCTH OTPAYKAECT COCTOSHUE CHCTEMBI
TEIUIOCHA0KEHUSI, YTO MO3BOJISIET MCHOJIB30BAThH ATY
MOJIeNIb JUIsI aHaJN3a dHEprodPpPeKTUBHOCTH HCCIIe-
JTlyeMOT0 KOMIIIEKCa.
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