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PaccMmoTpeH TenmnoBow pexum oTanvBaeMbiX MOMELLEHWA, paccynTaHbl on-
TUManbHble pasmepbl CIOeB orpaxaeHni, paspaboTaHa maTtemaTuyeckas mogernb
AN aHanusa TemnepaTypbl BO3Ayxa B NMOMELLEHUSX, TEMNSONOTOKOB Mpu Npomns-
BOSIbHOM XapaKTepe TennoBbIX BO3AEeNCTBUA, 060CHOBaHO atheKTUBHOE UCMOSb-
30BaHWe NporpaMMHOro NoTpebneHns TennoTbl B MOMELLIEHUSX.
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Wn. 4. Tabn. 2. bubnuorp.: 11 Ha3B.

The paper considers a heat regime in heated premises, contains information
on calculation of optimum enclosure layer size, development of mathematical
model for analysis of air temperature in the premises, heat flows when heat influ-
ence is of arbitrary character and substantiates efficient usage of , analyses math-
ematical model elaborated, effective use of programmable heat consumption.

Keywords: heat regime, heated premises, external air temperature.
Fig. 4. Tab. 2. Ref.: 11 tites.

OOBEeKTHI, TEIUIO3ANUTHBIA YPOBEHb KOTOPBIX HIDKE HOPMHPYEMOTO, YTell-
JITFIOTCSL MaTepragaMi Ha MOBEPXHOCTSIX, OTPAHUIHBAIONTNX XapaKTEPHYIO KOH-
CTPYKIHIO. PactpocTpaHeHne MONMydmiia TEIIo- U pecypcocOeperarmue Ko-
JIOTUYECKHUE JKUIIbIE CHCTEMBI, W3BECTHBIC KaK DKOJOTHYECKas XHUIlas Cpena,
B KOTOPHIX MUHUMH3UPOBAHBI TETUIONOTEPH, a TIOTEHIIMAT 3KOHOMHYHOCTH JI0-
cruraer 40-50 % [1-3].

Terio- 1 MacconmepeHoc B CTPOUTENBHBIX KOHCTPYKIIUSAX CBS3aH C UX TEM-
repaTypaMu TIOBEPXHOCTH, a a3pOJAMHAMUKA CTPYKTYPHI JIUHUAN TOKA B 3aMKHY-
TBIX KOHTYpax OMpEAeNsieTCs COOTHONIICHUSMH HX TEOMETPHUYECKHX pa3Me-
poB. KOHBEKTHBHO-paJMallMOHHBIC MMOTOKA B3aWMOJCHCTBYIOT MEXIY COOOH,
3aBHCAT OT KOH(UTYpaluii TOBEPXHOCTEH B MPOCTPAHCTBAX, B HUX BO3HUKAIOT
IUPKYJISIMOHHBIE KOHTYPBI, 3aBHCAIIUE OT WX TEIDIO(MHU3MUECKUX XapaKTepH-
cTuk [4-6].

TeronoTepu MpH pa3IUIHBIX CIIOCO0AX TEIMIO3AMMUTEI OTPAXKIAIOIINX KOH-
CTPYKIIHMH, TPOU3BOJLHO PACIIOIOXKEHHBIX B IPOCTPAHCTBE, XapaKTEPU3YIOTCS
guciamu Hyccenbra, Pames, rpaHWYHBIMA ¥ HadalbHBIMHA YCIOBHSMHU. [[1s
CHUKEHUS TETIOTIOTEPH UCIIONIB3YIOTCS KOHCTPYKITHH, B KOTOPHIX MUHUMAJTHHEI
KOHBEKTHBHBIC BO3JIYIIIHBIE TOKH, TaK KaK UX KOA(D(UIIUEHT TETIIONPOBOAHOCTH
A ~ 0,23 Br/(mK).

79



B benapycu u Poccun Ha oToruieHue RUIbIX, aAMUHACTPATUBHBIX U TPOU3-
BOJICTBEHHBIX 3JIaHHH HCIIONB3YETCs] SHEPrOpecypcoB OOJbIIe, YeM B CTpaHax
C aHAJOTHYHBIMH KJIMMATHYECKUMHU ycioBusiMu [7]. B cooTBeTcTBHM C caHU-
TapHO-TUTHEHUYECKUMH TPEOOBAaHUSAMH K TEIUIOTEXHHYECKOMY MPOEKTHPOBa-
HUIO HEAOMyCTUMO 00pa3zoBaHWE KOHJIEHCAaTa Ha BHYTPEHHUX IOBEPXHOCTSIX
OTPAKIAOIMNX KOHCTPYKIIMA, YTO TMOATBEPKICHO KaK HOPMATHBHBIMH JOKY-
MeHTaMU, Tak u anpoduposano B CLIIA, Kanazge u aqpyrux crpanax.

B cTpoutensHBIX COOpPYKEHHUSAX BO3AYIIHOE MPOCTPAHCTBO MEXKAY YTEILIH-
Te€JIeM W BHEUIHUM CJIOEM YJy4llaeT TEIJIOM3OJISALMOHHBIE CBOICTBA CTEHBI
BCJIEJICTBHE SKPAHUPYIOIIETO ACUCTBHUA OOJUIIOBKU MO OTHOUICHHUIO K paHalu-
OHHOMY TEIUIOBOMY TMOTOKY, TIPH 3TOM PAaCUeThl MTOKA3bIBAIOT, YTO IS TTOBBIIIE-
HUS TETJIO3AIIUTHI 3MaHuid 3QGeKTUBHO HapyxHoe yremeHue [1]. Ogaum u3
BapHaHTOB yBEJIWYEHHUS COMPOTHBIEHUS TeIUIoNepenaye TepMopeaduIuTupye-
MBIX OOBEKTOB SIBIISIETCS] HATHYNE Y HAPY>KHBIX TIOBEPXHOCTEH OTpaXXIeHUH 3aM-
KHYTBIX PaaAUaAllMOHHO-KOHBCKTUBHBIX BO3AYIIHBIX KOHTYPOB, B KOTOPLIX IIpHU
BCPTUKAJIBHOM ITOTOKE TCIUIOTHI CXEMbI HUPKYJIAIUKA BO3AyXa MMCIOT BUI pas-
JUYHBIX (OPM BpAIAIOUIMXCS SYEEK NMPH BOSHUKHOBEHHHM KOHBEKLWH. Y H30-
TEPMUUCCKHUX HOBCpXHOCTeﬁ ABWXCHUE BO3yXa IHPOHUCXOAUT IPU HAIUIHUU
HWIMHIPAYECKUX SYEeK B 3aBHCHMOCTH OT T'€OMETPHUYECKUX XapaKTEPHCTUK
BEPTUKAJIIBHON MOBEPXHOCTH IpH uuciax Panes, menpmnx 1700. Ananus temn-
JIOTIEpeHOca B OTPaHUYCHHBIX KOHTYpaX MPU BEPTUKATBHBIX KOHBEKTHBHEIX T10-
TOKax TOKa3bIBAaeT, YTO YBEIMYEHHE UX XapaKTePHBIX Pa3MEpPOB MPUBOJIUT K
pocty uncia Ra, sBISIOmErocs onpeAeisioniM B pacieTax MUHUMH3ALUH TeTl-
JIOTIOTEPb.

B 3aBucuMOCTH OT KOHQUTYpalli¥, OPUCHTAIMH OTPAKIAIOIIUX CHUCTEM
OTaryinBacMbIX HOMGHIGHI/Iﬁ 1 3aJaHHOI'0 U3MCHCHUS HApPY’KHOI'0 BO3JayXa IIpo-
IIECCHI TEIUIONEpEeHOCca W adpOAMHAMHUKA MOTOKOB Pa3nuyHbl. Jl0 HACTOSAIIEro
BPEMEHH OTCYTCTBYIOT ONTHMAJbHBIE PEIICHUS 33/a4 TEIUIO- U MaCCO3AIIHUTHI
OTPKICHUN, TIOKPBITUH, CBETONPO3PAYHBIX KOHCTPYKIUH, TPUKBAPTUP-
HBIX MIPOCTPAHCTB U T. A. Pemenue mpoOiaempl MOBHIIEHUs SHEProdhHEeKTHBHO-
CTU 3JJaHUM W COOPYKEHHH Ha 3Tamne HX
MIPOEKTUPOBAHMUS, CTPOUTENbCTBA M IKC-
IUTyaTallid  akTyalbHO Uil PecmyOnmuku
benapycs.

PaccmoTpum pereHne 3amadd  TEIUIO-
oOMeHa B TIOMEIIEHUSX C YCTPOHCTBOM
OTpaKICHHIA, HAITPUMEP B COOTBETCTBHH CO
cxemoi Ha puc. 1.

KoHcTpyKIuio cTeHbl MOXHO paccMaT-
pUBaTh KaK OJIHOCIOWHYIO, PAacCUUTaB ee
. = DKBHBAJICHTHBIE TEIUIOQHU3MUECKHE Xapak-
1 5 4 4 Tepuctuku. J{ns 5TOro BOCHONB3yeMCs Ma-

TEMaTH4YECKOW MOZEIbIO TeIJI000MeHa cTe-

cremer sxamus: 1 - mrykarypisii crofi;  HP BKJIIOUarolield 1Ba M OoJyiee CIIOEB C
2 — KHPIIHYHAL KIATKA,; pPa3NUYHBIMH  TEIUIOPU3HYECKHUMHU  CBOM-

3 — cIoif yrermmTes U3 mopoOeToHa; ctBamu. [Ipomecc TeruiooOMeHa B i-M citoe
4 — 06.MIIOBKA 3aTHPKOIT xXapakTepu3yercsi KpaeBod 3amaued [8].

Puc. 1. CxeMa KOHCTPYKLIUH Hapy>KHOH
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MatemaTHuyecKkol MOJIENBIO CYUTAETCA CHCTEMa MaTeMaTHYECKHX COOTHOIe-
HUH, ONMHCHIBAIOIIMX MpPOLECC WIN SABJIEHHE, a ONEpalldd MO COCTaBJICHUIO U
N3yYCHHIO TAaKUX MOJENEH pacCMaTPHUBAIOTCS KaK MaTeMaTH4ecKoe MOJEIHpPO-
BaHue. MHpopMannoHHas MOAeIb — HA0Op HEKUX BEIWYMH, KOTOPhIE COIEpKaT
HeoOxoauMyto MHQOpManrio 00 00BeKTe, CHCTEME OOBEKTOB, MPOIECCEe WIIH
SIBJICHUU.

[Ipu pemennn oOpaTHOW 3afaydl TEIUIOMPOBOIHOCTH MPHU U3BECTHOM pac-
IPENeNICHUN TeMIIEpaTyp B HApy)KHOM CTEHEe, HallpuMEp BKIIIOYAIOLICH YeThIpe
CJI0sI, U HECTALlMOHAPHOM TEIUIOBOM PEKHUME MOIYUEHO A, = 2,32 B1/(M°K).

TennoBoii 6ananc MOMENICHHUST MOXKHO MPEICTABUTh YpaBHEHHEM [9]

Ve 5T5‘ET) =—Fk [tB (r)-t, (‘C)] —c,(7) [tB (v)-t, (‘C)] +0,(1)—

RO (L@ -t (]2 R, [0 -t ()], @

rae V — o0beM NOMEIIeHUST; ¢ — ylelnbHas 00beMHasl TEIIIOEMKOCTh BO3YXa;
t,(1) — cpemuss Temmeparypa BHYTPEHHETO BO3/ayXa B moMelneHuw; t,(t) — rem-
neparypa HapyxkHoro Bosuyxa; t,. (t) — Temneparypa BHYTPEHHHX TOBEPXHO-

creil i-ro HapyxxHoro ciosi; t,. (1) — TemepaTypa IIOBEpXHOCTH i-r0 BHYTpPEH-
1

Hero cnost; ¢, (t) — xoapduument uadmisrpannn (Q, = VNnc'); n — kpatHOCTH
BO3yx000MeHa; Qn(T) — KOJMYECTBO TEIUIOTHI, MOCTYHAIOMIEH B MOMEIICHHE;
Fk — mumomams 1 k03 GUIIMEHT Temonepeaayn yepe3 CBETOMPO3payHble KOH-
crpykuny; F,, F, — miomans CoOTBETCTBEHHO HApYKHBIX 1 BHYTPEHHHX CIIO-

H B{

eB; O, , O, — KO3()(DHUIUEHT TeII00TAAYH i-r0 HAPYKHOT'O U i-T0 BHYTPEHHETO
1

Bj
CJIIOCB; M, My — YMCJIO HAPY>KHBIX U BHYTPCHHHUX CJIOCB.

I[Hﬂ aHaJIM3a TeII000MeHa B HaPYXHBIX CJIOAX YUYUTBIBAJINW KPACBYIO 3ajiavy,
IIOJIYYCHHYIO U3 06H1€FO BUga JIA N = 0, Korjaa.

M09 _, 0y(0)

o v pol o SxX<li=1,m; | =0; (2)
_7\'Hi w = Ol [tB (T) _tHi (01 T)]v (3)
ot (. ,
- % = Oy [tH () =t (L T)]; (4)
t; (x,0) =t (x), (5)

rae t.(X,t) — Temmeparypa i-ro HapyXHOro ciosi; A, — kKodpduuuent rten-

JIOTIPOBOTHOCTH i-TO HApPyKHOTO Ciiost; | . — TomuHa i-rO0 HapyKHOTO CIIOS;

Hi
Ol — K03QHUIMEHT TeII00TauH Yy i-r0 Hapy»KHOTO clIos; &,; — KO3((PUINECHT
TEMIIEPATYPOIIPOBOTHOCTH i-TO HAPYKHOTO CITOS.

Amnanorndnasi cucreMa ypaBHeHI/Iﬁ HUMCECT MECTO JIA BHYTPCHHUX CJIOCB!
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atBi (X7 T) — aB azt}ai (X’ T)

ot o2 b i sx<li=1,my |, =0; (6)
atBi (IB 71)
kBi a—)r(nl = Olyi |:tB (‘C) _tBi (Iﬁml 11)]; (7)
atBi (0’ T) _ N
T O ()
£ (%,0) =t (x), 9)

rae t;(X,t) — Temmeparypa B i-M BHYTPEHHEM CJIOE.

MaremaTHyeckasi MOJIENb pa3padoTaHa MPH CIASAYIOIUX JOMYIIEHUIX: TEM-
nepaTypa BO3lyXa CTallMOHAPHA B MOMEIIECHUSX; IIOBEPXHOCTh CJIOS B JIHOOOM
MOMEHT BPEMEHU H30TE€PMHYHA; BIAKHOCTHBIH PEXHUM OTPaXKIEHUH — CTAIHO-
HapHBINA; KOX(PGUIHMEHTHl TEIIOOTIA4YM B JTAHHOM JHMAala3oHe TeMIlepaTyp Mo-
crosiabl; Q,(t) = const; usmenenue Q(t) u ty(t) mpuHUMaeTCs B COOTBETCTBUU
C 3aKOHAaMH Terutoneperoca. [Ipumennm K pemernto 3amaun (1)—(9) xonedHo-
paszHocTHBIM Meton [10], qomyckas HamU4Me NBYX OJHOCIOMHBIX BHYTPEHHHX
U ABYX Hapy>KHBIX CT€H, BKJIIOYAIOLIMX YETBIPE CIIOS, ONTUMAIIbHBIC TOJLIMHBI
KOTOpBIX ObLTH paccunTasl B [11]. 3HaueHuss mapaMeTpoB MOAETH MPUBEICHBI
B Tabm. 1.

Tabnuya 1
ITapameTpsl MaTeMATHYECKOI MO eIH

Fov? |k Br/(M*K) | ay - 108 M%c | @y, - 105 M¥c | @y, - 105 Ml | Oy, Br/(M2-K)
4,0 2,32 1,67 -10°° 1,67 -10° 0,28 - 10°° 9,86

Os2s BTI(M*K) | 0o1, BU(M2K) | 0o, BT/(M2-K) A1, BT/(MK) A2y BT/(MK)
9,86 29,0 29,0 2,32 2,32

c,

3 O,y g2, IH]! IHZY IB]! IB2|
Vi (;éb:;/) Br/(M*-K) [Br/(M*K)| M | M M M

3,48 3,48 20 | 40 {10 |100|1,045| 9,86 9,86 |0,56(0,56| 0,16 | 0,16

A’le 7\'521 FH]! FB]! FBZv
Br/(m-K)|Br/(m-K)| M2 | M® | M2

AMIITUTYABI KONieOaHU HapyKHOW TeMIepaTyphl BO3JyXa pPacCUUTHIBAIN
B cooTBeTcTBUM ¢ ypaBHeHueM: t (t)=-2+10c0s(0,261r),°C. Komuuecr-

BO TEIJIOTHI, MOCTYMAIOIICH B TIOMENIEHHe, NPHUHUMAIH paBHbIM Q(T) =
= 5000 xJx/4, Q,(t) = 200 x/[x/(a-K) (Q, — KONIUUECTBO, TEMIOTH HEOOXOIH-
MoOe€ JJIsl HarpeBaHusl HHQWIBTPYIOIIEroCs Hapy>KHOTO BO3yXa).

Pacuer TemMriepaTypHOTo MOJIsi MOMEIIEHUS TPOU3BOIMIH C IaroMm At = 8
o BpeMeHHO#H ocu U npu h = 0,08 — o xoopauHATE X, UX PE3yJIbTaThl MPEJ-
CTaBJICHBI HA pHC. 2.

Hcnonb3ysi MPeAoKeHHbIH METOM, ObUTH PACCUYMUTAHbl MOTOKH TEIUIO-
Thbl, KOTOPBLIC HYXHBI I AOCTHIXKCHHA OITHMAJIbHBIX TEMIIEPATYpP BO3AyXa
B IMOMCHICHUAX, U ONPECACICHbI 3aBUCUMOCTU JIA IMOTOKOB TCILIOTHI, HEOOX0-
JMMBIX JUIS COXPAHEHHs B TMOMEIIEHHSX MMOCTOSHHOW TeMIIepapaTypbl, — MpH
3aJaHHbBIX 3HaYeHusnX t,(t), (1), @, Q(t). Takas mocraHOBKa 3amaum obecrie-
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YUT peain3allii0 IMPOrpaMMHOTO OTIIYCKa TCIIJIOTBI, €ro ONTHUMU3ALUI0, 4YTO
MO3BOJIUT YJIYUIIUTH TCMHCpaTypHO-BJ'Ia)KHOCTHLIfI PEXKUM HOMGHICHI/If/i u
COKpaTUTh pacXxod TEIIJIOThEI Ha UX OTOIIICHHE.

ts, °C
18 A

A/ as
% \\/\/

8 16 24 32 40 48 T, 4

14

Puc. 2. TemnepatypHoe 1oJ1e IOMELIEHUS NIPY 3aJJaHHOM U3MEHEHUU
HapyKHOH TeMIepaTypsl U CTAllHOHAPHOM TEILIOBOM PEKHME

Ypasuenue (1) npumeT BuI:
Q) =Fk[t,(1)-t,(1)]-Q,[t, () ~t,(t) |+
+Zi2:1 FﬂiaHBi |:t1-1 (T) - tuci (T)] + Ziil FBiaBi |:tB (T) _thi (T):I . (10)

B pesynbrare uncnenHoro pemeHus 3agaun (2)—(10) mpm t, = 18 °C
moJiyueHa (yHKIIMOHAIbHAS 3aBUCUMOCTh i1 Q(T), n300pakeHHas Ha puc. 3.

Hcnonb3yst METOT HAUMEHBIIIUX KBAIPATOB, MOJyYeHA aHATUTHYCCKAS 3aBU-
CHMOCTb B BH/E (C OrPENIHOCTHIO 10 5 %)

Q.(t) = 5000 + 4000c0s(0,2457).

PesynbsTare! uccnenoBanuii Q, mpu 3aganubix 1,(1), t,(t), Q(1) Ha ocHOBaHMHK
pa3pabOTaHHON MaTeMaTHYECKOW MOJICIIH MIPEICTABJICHBI HA PUC. 4.

Q(x)-107, Qus
KK/ KK/ (4-K)

200 _\ /-

A\
Y

150
8 16 24 32 1,4 48 8 16 24 32 1,4 48
Puc. 3. IcTOKY ¥ CTOKH TEIUIOTHI Puc. 4. KoauuecTBO TEMIOTHI, HEOOXOAUMOE
JUTS TOCTHYKCHUSI ONITUMAJIBHBIX TEMIIEPATYpP BO3AyXa  JJIsl HATPEBaHHsI HHPUIBTPYIOIIETOCS
B NIOMEIICHAH B TEUCHHE JIBYX CYTOK Hapy>XHOTO BO3/yXa

C MOMOIIBIO TIPEIIOKEHHOW METOIMKHU PACCUUTAH TEIUIO0OOMEH B TIOMEIIIe-
HUSIX TpU TPOU3BOJBHOM XapaKTepe H3MEHEHHUS TEeMIIepaTyp Hapy HOIo
BO3/IyXa, CKOPOCTH BO3AYIIHBIX IMOTOKOB. AMIUIMTYABl MECSYHBIX M TOJOBBIX

TEMIIEpaTyp HApYKHOTO BO3AyXa JJIs OOJIACTHBIX LEHTPOB roponoB bemapycu
MpeICTaBJICHbI B Ta0JI. 2.
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Tabauya 2
AMIUTMTY/IBI TEMIIEPATYP HAPYKHOrO BO3AYyXa B KJIMMATHYecKoii 30He Benapycu

Cpennss cyTouHas aMILUIMTYAa Cpenustst rogo-
TeMIIepaTyphbl HAPY>KHOTO BO3ayXa, °C Bas aMILIATYy1a
T'opon TeMnepaTypsbl
L jpivy]y v v | v VI IX | X | XI | XIl| HapyXHOro
BO3/yXa
Bpecr 55(63| 74 (94108109108 |10,4| 9,7 | 7,8|57 |45 8,2
Burebck | 6,268 | 7,6 (88108 |10,7|103|10,1| 88 (6,4]|4,4|50 8,0
I'omenr» |63(68| 72 |86|110) 108 |105|10,7|10,2|7,8|5,0]5,0 8,3
I'pogro | 57|63 72 (94110108106 |10,1| 9,4 [73]|43 |45 8,1
Mupncxk |62 (66| 73 |89|110] 106 |10,3|10,1| 9,2 | 6,6 | 4,3 |47 8,0
Morunes |64 (70| 7,7 | 88111108 |108|10,7| 9,7 |7,0|4,9|53 8,4
Cpennue
MECSIYHBIE
IO TOpO-
Jam 61|66 74 (90|110|108|105(104| 95 |72|48 |48 8,1
BbIBO [

st MHOTOCITOMHBIX KOHCTPYKLIHUKA HAapy>KHBIX CTEH PAaCCUUTaHbl ONTUMAJb-
HBIC TOJIIIUHBI CIIOEB OTpakKAEHMs, pa3paboTaHa MaTeMaTH4ecKas MOJENb AT
pacueTa TeMIeparypsl BO3AyXa B MOMELICHUSAX, pacxoia TEIUIOThl U TeMIlepa-
TYPHBIX IIOJICH OTpa’kACHUS NPH MPOU3BOJILHOM XapaKTepe M3MEHEHHS BO3MY-
MIAIONINX TEIUIOBBIX BO3JEHCTBHUI, 000CHOBaHO S((EKTHBHOE HCIIOIH30BAHUE
MPOTPaMMHOI0 IOTPEOIICHNUS TEIUIOTHI B TOMEIICHUSX.
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