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Y3AT'AJIBHEHA MATEMATHUYHA MOJEJIb TEIIJIOBOI'O PEXXUMY
HNPUMIIIEHHA TA CUCTEMMU TEIVIOIIOCTAYAHHSA BYIUHKY

© Mapmunsx M.A., Mucax U.C., 2013

Po3B’A13aHO0 aKTyaJlbHy HAYKOBY 3ajady, 0 IOJSATa€ y po3podJjieHHi MaTeMaTH4HOI
MOJeJi TeIJIOBOT0 PpeXUMY MNPHUMIlleHHS] Ta CHCTeMH TeIJIONOCTAaYaHHA OYyIMHKY 3
BPAXyBaHHAM TeNJI000MiHy Ha 30BHIlHIX OrOpPOIKYIOUHX KOHCTPYKIIfAX Ta Ha Temjonepe-
Aal0YMX MOBEPXHX.

KarouoBi cioBa: TemJjonepenaya, i30J1b0BaHUN TPyOONMpoBid, KUIBKICTh TeIJIOTH,
CHCTEeMAa TeIIONOCTAYAHHS, MATEMATHYHA MOJeJIb.

The paper solved an actual scientific problem that is developing mathematical models of
thermal treatment facilities and home heating systems, taking into account heat transfer tothe
exter nal envelope and the heat transfer surfaces.

Key words. heat, insulated pipe, the amount of heat supply system, the mathematical
model.

AKTyaJIbHICTB A0CTINKEeHb

CTBOpEeHHsI HEOOXiZHOTO TEIIOBOr0o KOMGOPTY B NPHUMILICHHSAX PI3HOTO NpPU3HAYCHHA, IS
3a0e3neueHHs] HOPMaJbHUX YMOB JKUTTS 1 JiSUTBHOCTI JIFOAMHH, BUMarae BUPOOHHULTBA 1 TPaHCTIOPTYBAaHHS
BEJIMKOI KIJIBKOCTI TeInoBoi eHeprii. CTpykTypa 3abe3nedeHHs TeIIOTO )XUTJIOBUX OYIMHKIB B YKpaiHi
BiZOyBa€eThCS 32 PAaXyHOK BUKOPUCTAHHS NMPHUPOJHOIO Ta3y, €KOJIOTIYHO YMCTHUX MaiuB. [HOMBimyanmbHi
JDKepesia TEIUIOTH IOCTYNOBO 3aMiHIOIOTBCA KOTJIAaMH 1HIIOro, MporpecuBHimoro tumy. llpore, ueit
MpoLlec € NOBrOTPUBANMM, BiH BHUMAara€ 3HA4YHUX (IHAHCOBHX BHUTPAT 1 MOCIiZOBHOI MPOEKOJIOTiYHOI
nomiTuku. ChOrofiHi peskuM poOOTH CUCTEMHU TEIUIONOCTadYaHHsS AUKTYEThCS YMOBaMHU (DYHKLIOHYBaHHS
00’€KTiB TEMJIOCHOXMBAHHI. 3MIHHMMH BTpaTaMH TEIUIOTHU B HABKOJMIIHE CEPENOBHILIE Yepe3
OTOPOJKYIOUl KOHCTPYKLii OyniBenb, pekKMMOM CIIOKMBAaHHS Tapsidoi BOAM HACENICHHSAM Ta yMOBaMu
eKCIUTyaTallii TeXHOJOT1YHOTO YCTaTKyBaHHSI.

Merta Ta 3a7a4a 10CJHiKeHb
MerToro JTOCHiDKEHHST € po3pOOJICHHS MaTeMAaTHYHOI MOJIENi TEIUIOBOIO PEKUMY TPUMIIIECHHS Ta
CHCTEMH TEIUIONIOCTaYaHHsI OyJIMHKY 3 BpaxyBaHHSM 30BHIIIHIX Ta BHYTPIIIHIX MapaMeTpiB OymiBelb.
3ajauero € MaTeMaTHYHE JOCHIHKEHHs TEINIOOOMIHY Ha 30BHINIHIX OTOPOJDKYIOUMX KOHCTPYKIIISIX Ta Ha
TETUIONIEPEAI0UNX TIOBEPXHSX.
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00’ eKT HOCaiAKEeHHS
Cucrema TemionocradyaHds OyIWHKY 3 3aCTOCYBaHHSIM TEIDIOBOI TMOMITM 1 CYYacHHX Ta30BUX
BOJOTPIHHUX KOTIIB.

Beryn

Pe3ynbpTaTé eKcriepUMEHTANbHUX AOCIIIKEHb MOKAa3HUKIB TEIJIOBOI HaAiHHOCTI KOHCTPYKLIH, IO
3a0e3MeuyloTh TEIUIOI30JIsLiI0 HOBUX OYAWMHKIB Ta OyIWHKIB MiJ 4Yac PEKOHCTPYKLii, CBigYaTh PO
HEOOXIZHICTh YIOCKOHAJICHHS CHCTEMHM IPOCKTYBaHHS TaKWX KOHCTPYKIiH, sKa NOBUHHAa OyTH
CHIpsIMOBaHa Ha 3a0e3MeUeHHs] HEOOX1THIX XapaKTepUCTUK eHeproe()eKTUBHOCTI Ta TEeIIOBOI HaAIHHOCTI.
Hns nporo marematydHa Mojens (HOpPMYBaHHsS TEIJIOBOTO PEXHMMY NPHMILICHb MOBHHHA BKIIOYATH
MO>KJIMBICTh OLIIHKH TEMIEPaTypHOIO CTaHy MIPUMIIIEHb 3 ypaxyBaHHIM OCOOJIMBOCTEH Horo (hopMyBaHHS
BHACJIIIOK TIPOIIECiB TEII000MiHY Ta €eHEPreTUYHOI B33a€MOII1 3 HABKOJIHIITHIM CEPEIOBHUIIIEM.

OTtpumani pe3yJabTaTn

TemnepaTypHUi PEeKUM ONATIOBATBHOTO MPHUMILICHHS (POPMYETHCS BHACHIOK CYKYITHOTO BIUIMBY
METEOPOJIOTIYHUX YMOB (TEMIIEpaTypH 3OBHIIIHBOTO MHOBITPs t,, MIBHAKOCTI BITPY V, IHTEHCHBHOCTI
COHSIYHOT pajialii) Ta MoOyTOBO-TEXHOJIOTIYHMX HAAXOMKEeHb Q. 3agaya mmojsrae B TOMY, MI00
BU3HAYMUTH 3aKOH 3MiHM TEMIEPATypH HOBITPs y MPUMIILLEHH] {, 1 BHYTPIIIHIX TOBEPXOHb OTOPOAKEHB Lorop
3aJIeKHO Bij 3a3Ha4eHUX (PaKTOPIB 3 ypaxyBaHHSIM POOOTH OMATIOBAILHUX MPHIIAIIB.

XapaKTepHOIO OCOOIUBICTIO CydyacHHUX Oy[iBelNb € BEUKA PI3HOMAHITHICTh KOHCTPYKIIH 1 ITMPOKUI
niama3oH iX poOoTH. J[o KOHCTPYKTHBHUX OcOOIMBOCTEH OyaiBelb, sSKi BH3HAYAIOTh TEIUIOBI SIKOCTI
MPUMILICHHS, HAIEKATh:

— PO3MIIICHHS 1 TeOMETPHYHI PO3MipH OYiBIIi;

— KOeQiIiEHT MOBITPOIIPOHUKHOCTI BiKOH 1 OTOPOIYKEHb;

— Croci0 BEeHTUIIALIT OYyIiBi, TEIUTO(i3UYHI SKOCTI OrOPOHKEHb.

ITpu po3poOiii MaTeMaTU4HOi MOJIEIi TEIUIOBOTO PEKUMY MPHUMIILCHHST Oy BUOpaHi MPUMIIICHHS
cydacHoi 3a0yZI0BH, Ta MIPUHAHATI TaKi CIPOIICHHS

— Y BCIX MPUMIMICHHSAX OYAiBIIi MiATPUMYETHCS TETUIOBUIA PEKUM, aHAJIOTTYHHIA PO3PaXYHKOBOMY;

— TeMmmeparypa TOBITpsS B KOXXHHWH KOHKPETHHH MOMEHT 4acy € OJHAKOBOIO Yy BChOMY 00 eMi
MIPUMILICHHS;

— TeMIlepaTypa Ha BHYTDIIIHIM IOBEPXHI 30BHIMIHBOTO Ta BHYTPIIIHBOTO OTOPOKEHHS
3aJTMIIAETHCS B KOKHUI KOHKPETHHIH MOMEHT 4acy MOCTIHHOIO;

— TeroQi3nyHI SIKOCTI MaTepialy OropoPKeHb HE 3MIHIOIOTHCS 13 3MiHOKO TEMIIEPATYpH;

— TeMIeparypa MoBiTPs B3I0BXK ONAaTIOBATHLHOTO MIPHIIAy OJJHAKOBA,

— y IIPUMIIICHHI JIi€ TIPUPOHA BEHTHJISIIIS.

CucremMa TEIJIONOCTaYaHHS € CYKYITHICTIO BEJHMKOI KIJIBKOCTI TEIUIOOOMIHHMX IPHUCTPOIB,
0o0’€JHAHUX y €IWHY CHCTEMY TeHepallil, TpPaHCIOPTYBaHHS, BIJIMYCKy TEIUIOTH, 1 Moxe OyTu
NpejicTaBIeHa Yy BHUTIISAI €IWHOI CTPYKTYpHOI cxemu. OCHOBHMH €JIEMEHTaMHU CHUCTEMH, THUHAMIivHi
XapaKTePUCTUKY SIKOi HAWO1IIbIIIE BIUTMBAIOTH HA PEXKUM ii poOOTH, € TaKi:

— 30BHIIIHI OTOPO/IKEHHS IPUMIILICHHS,

— 130J1b0BaHi TEIIONPOBOH;

— ONAJIOBAJIBHI IPUJIAN Ta HE130JIbOBaHI TETJIONPOBOAH,

— paxianiiiHi HOBEpXHI HArpiBaHHS KOTIIB;

— BOJOBOJSHI MHiAirpiBadi, MOBITpOHArpiBayi, KOHBEKTWBHI MOBEPXHI HarpiBaHHsA KOTIIIB,
TETI00OMIHHHKH.

EnemenTty cucteMu TEIUIONOCTaYaHHS BiAPI3HAIOTHCS 3!

— crocoOoM TiepeaBaHHs TEIUTOTH (KOHBEKINE0 TETUIONPOBIIHICTIO, BUITPOMIHIOBAHHSIM);

— (i3MYHUMH BIACTUBOCTSIMHU TEIIOHOCIIB (Ta3, pianHa, 1Boda3HUil TEIIOHOCIH);

— KOHCTPYKTUBHUM BHKOHAHHSM (OPSIMOTEUisl, IPOTUTEYis, TIEPEXPECHA TEUist).

Kpim Toro, ymoBM ekcrutyaTamii, TEIUIOBI Ta TigpaBiIiuHI PEKMMH BIUIMBAIOTh HAa AMHAMIYHI
BJIACTUBOCTI €JIEMEHTIB, 5IKi y 3B’ 53Ky 3 LIMM HE MiATPUMYIOThHCS HA CTAJIIOMY PiBHi.
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s MaTeMaTHYHOrO OMMCY TEIJIOBUX MPOLECiB, LI0 BiAOYBalOTbCS B €IEMEHTAaX CHCTEMH
TETJIONOCTA4YaHHsI 1 ONaJIeHHs, HAIOLIIbHILIIE BUKOPUCTOBYBATH aHAJITUYHUN METOJ, SIKUH 0a3yeThCs Ha
¢i3nuHid CcyTi mpoueciB, 1m0 BigOyBarOTbCS B €JIEMEHTAaX CHUCTEMHU TEIUIONOCTa4daHHSA. BpaxyBaHHA
CTOXaCTHYHHUX (aKTOpPiB, sIKi BIUIMBAIOTH HAa PEXKHM POOOTH CHUCTEMH, HAWJOLINBHIIIE MPOBOIUTH
EKCIEPUMEHTAIFHO 3 BAKOPUCTAHHSAM METOIB CTATUCTUYHOIO OIPALIOBAHHS PE3YJIbTATiB JOCTIKEHb.

SIKImo po3risiaaTH CHUCTEMY TEIUIONOCTaYaHHS 1 OMAaleHHS SK CYKYIHICTh TemjIoMacOOOMIHHHX
€JIEMEHTIB, TOJi TTIOYATKOBUM PIBHSHHSM JUIS IMOOYAOBH MaTeMaTHYHOI MOl CUCTeMH Oyne piBHSHHS,
sIKE OMHCY€E MIBUAKICTh 3MIHM TEMIIEpaTypy CEpeIOBHILA 3aJICKHO BiJ 3araibHOi KiIBKOCTI TEMJIOTH, IO
NepeaaeThes PISHUMH LUIAXaMU:

rﬂjtsz"’Qﬂ"’an +Qd) +Qm

1
ne MEp'V —maca cepomosmmia; t=(t;, t,...) — Temmeparypa moBepxHi Tiga abo TEIIOHOCIS;
n
Qk = iz o A (ti _ti—l) . . .. . .. SN
= CyMapHa KiJbKiCTh MifBeAeHOI (BifBEAEHOI) TEMJIOTH KOHBEKIIELO;

2

9 i’“ﬁati
=D A —
i=1 xf

CyMapHa KuIbKicTh mimBeseHOl (BimBeIeHOI) TEIIOTH —TEILIONPOBIIHICTIO;

Qsun = i A G (T)

i=1

n
Q=D KAt —tiyg)
i=1
Q- — [uKepeo TemIoTH, 3MiHa MTapaMeTPiB SIKOro MOKe OyTH 3a7aHa OyAb-sIKHM 3aKOHOM.

cyMapHa KiNmbKicTh migBemeHoi (BifBeAeHOI) TEIUIOTH BHIIPOMIHIOBAHHSM,

— CyMapHa KiTbKICTh miiBeieHol (BiZIBeACHOT) TEIIOTH 3a paxyHOK iH(IbTpaLii;

[Ticnst miCTaHOBKM BiJMOBITHUX 3HAYCHb Y IMpaBy 4YacTUHy piBHsHHA (1) OyaemMo matu cuctemy
TdepeHIiaTbHUX PIBHAHB ISl KOKHOTO €IEeMEHTa CHCTEMH Teruonoctadands. Crepiry po3riistHeMO iX
JUTS1 30BHIIITHIX OTOPODKEHb npuMitieHHs (puc. 1).

'l}'\.cg

-~
o
oo

:"v 1

tB_H % t3.1'1.
t, § t,
ol S, O X
Puc. 1. 3oeniwmni o2opodoicenns npumingenns
JudepeHtiiini piBHIHHS:
Btl(x,r) thl(x,r)
ot oX (2)
oto(x,7) 3%ty (x,7)
= 0(2
oT axz 3)
atg(X,T) 82t3(x,7)
= as
ot aXZ 4
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I'pannuHi ymoBU:

atl 0(6
— =——(t,, —t
aX X:O ﬂl ( 36 GH.O) (5)
Mo o ©
7\42 aX X=51 8X X:82
Ay Ot ot
72 92 =3 )
A3 X X=02 X X=02
dt3 o3 a3
— =——=t, -t )+—
ox X=53 /13 (3 6) 13 (8)
t1|x:§1 :t2|x:§2
t2|x=51 :t3|x=52 (9)

Cucremy nudepeHIiadbHUX pIBHSAHD JUIS BHYTPIINIHIX OrOpPO/PKEHb TNPHUMIIICHHS HAaBEICHO
Ha puc. 2.

tC'I.l t

-0/2 0.2 X

Puc. 2. Buympiwni 02opoosicents npuminyenns

Hudepentiiine piBHIHHS:

ot(x,z) " 9%t(x,7)

o7 aXZ (10)
I'pannyni yMOBH:
ot o, q
— =——|t, -t +—
ox x:é 2 ( 6 cm.n) 2 (11)
2
ot o,
— =—(t; -t +1
ox X:_§ A ( B CT.l'l) BX (12)
I
OX|y_g ~ — YMOBA CUMETPUYHOTO TEIIIOOOMIHY (13)
ndepeHwiiine piBHAHHS PO3PaXyHKY 00’ €My MOBITpsl B IPUMILLICHHI |
Audepenuiiine pi Ppo3paxyHKy 00’€eMy MOBITPs B IPUMINICHHI
ot, (7)
Cg 'Ve ST = Qon (T) + QiHc (T) + Qno6 (T) — 0 Ay, (te ~temn )_ g Agy (te ~temen )_

14
- aeAeiK (te —tgixen )_ k(j)A(j) (te -t ) ( )

Cucrema audepeHuiaibHUX PiBHSAHB UTA 130Js1iHHOr0 Tpy6omnpoBoay (puc.3):

43



ti3
t.
t, D
X
Puc.3. IZorvosanuii mpyoonposio
JudepeHtiiini piBHIHHS:
oty (x,7 aty(x,7
Clml%"'chlg%:alAl(tc ~ty) (15)
ey, 9%t (y,
czgyr):aC c(;w) 0<y<s,
4 ay (16)
2
atw(y’T) ) J ti3 (y’T) 0<v<§
or  ° 2 =Y=02 (17)
dy
I'pannyni yMOBH:
Fel = Ty ty)
ay y=0 Ac (18)
tC| y:_51 = tl3 y:é‘l (19)
Je Oe s
ﬂ’is’ ay y=5; ay V=0, (20)
Hal - Z2, g, (0)
Wys, Ao @
Hdudepenuiiini piBHSIHHS IS ONATIOBAJILHUX MPUJIAIiB Ta HE130J60BAaHUX TPYOOIIPOBOMIB:
aty(x,7 aty(x,7
Clml%"'cl[)lg%:alp‘l(tc ~ty) 22)
at.(x,7
Ccmc%=0!1A1(tc —t1) -2 Po(te —t,) (23)
1
T dQ(z
Ceme(te _t6)+a2A2£(tc_tesz d‘(l') (24)
I'pannyni yMOBH:
x=0;ty(x,7)=ty; x= 0t (x,7)=t; (25)

PiBHSIHHS, $SIKI CKJIQ[alOTh MaTeMaTHYHY MOZETb, MOXHA pO3B’S3aTH 3 JOCTaTHBO BUCOKOIO
TOYHICTIO 3a JONOMOIOI0 KOMI'IoTepa. AJie HaBiTh KOMM PO3B’S30K Mojeni Oyae OTpuMaHo,
BHUKOPUCTOBYBATH HOTO IJIs1 KEPyBaHHS III0YMMHU CUCTEMAaMH TEIIONOCTAuYaHHsI 1 ONAJICHHsI CKIIaJHO Yepes
HEBIAMOBIIHICTh KOHCTPYKTHUBHUX OCOOJIMBOCTEN ICHYIOUMX CHCTEM EKCILUTyaTalliiHUM BUMOTaM.

PexxuMu BiammycKy TEIUIOBOI €Heprii y Ail0uKX cucTeMax He THYYKi 1 He MiAaoThCsl MaHEBPYBaHHIO,
BOHM HE MOXYTh BPaxOBYBAaTH pI3HOMaHITHI 30BHIIIHI BIUIMBH Ha iX poOoTy, He 3a0e3nedyroTh
MOYJIMBOCTI IPOTPaMOBaHOI 3MIHU TEMIIEPATYPH MOBITPs B MPUMIIICHHX, HE Mepe0avaioTh HapalelibHy
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pOOOTY AEKIIBKOX IPKEpeNn TEIUIOTH B 3arajipHii TemsioBid mepexi. TpanumiiiHi cucTteMy onajieHHS i
TEIUIONOCTAYaHHS 3/Ie0UTBINIOro O0NaJHAHI €IeBaTOPHUMH CXEMaMHU NpPUEIHAHHS, SKi HE MiANAl0ThCS
TOYHOMY PETyJIOBaHHIO, a TaKOX CHCTeMaM{ ONaJleHHS, SKi TNPAaKTUYHO YHEMOXKIIHUBIIOIOThH
IHIVMBITyaTbHE TIOKBApTUPHE aBTOMATHYHE PETYJIFOBAHHS TEIUIOBUX PEXXKHUMIB IIPUMIIIEHb.

BpaxoByroun 1e, MOKeMO 3pOOHTH BHCHOBOK MpPO Te, II0 BUKOPHCTAHHS MAaTeMAaTHYHOI MO
CHUCTEMH TETUIONOCTaYaHHs MOXKe OyTH €(EKTUBHUM JJII HOBUX CHUCTEM, SIKi POEKTYIOTh 3 YpaxyBaHHSIM
CYy4aCHUX BHUMOT.

BusHauanpHUM [ aHaizy MWHAMIKA TETUTOOOMIHHUX TIPOIIECIB B OMAJIOBATHHHUX IMPHIIATAX €
MOJIETTh PO3MOBCIOKEHHSI TETUIOTH BiJI Tapsdoro elneMeHTa 10 xonoaHoro. Lli mpomecu € myxke cKiraHuMU
1 iICTOTHO BiJIpi3HAIOTHCS 3AJIEKHO BiJl BUILY TEIUIOOOMIHY.

Jnst cxmamaHHS OUQEpeHIiiHOro piBHSHHS TEIUIOBOTO OallaHCy OXapaKTepU3yeEMO IOBUTLHUI
eJIeMEHTapHUH IIap TEIUIOOOMIHHOTO TIPUIIANY, KU Ma€ TOBIIUHY AX.

PiBHSIHHS TETIOBOTO OallaHCy 3alUCY€EThCS Y BUTIISII!

AQy + 4Qp + 4Q,, =0 (26)

ne AQy — pi3HHUIIA KUIBKOCTI TEIUIOTH, SKa MPOXOIUTh Yepe3 Iap TOBIIMHOI X Ta x+4x; AQ, — mpupict
KIUJTBKOCTI TEIJIOTH, aKyMYyJIbOBAaHOI B elleMeHTapHOMY miapi; 4Qw —KUTBKICTh TEIUIOTH, IO HAIXOIUTh Bif
€JIEMEHTApHOI MOBEPXHI TEIIOOOMIHY.

3HaueHHs1 3MiHHOT Qy € CYMOIO KITBKOCTI TEIUIOTH, SKa NPHHECEHA rapsvol0 BOAOKIO 3 TPYOKH
TermooOMiHHKUKa Qy, TETIOTH MepeIaHol BiJi CTIHOK MPHJIaRy J0 MOBITPS NPUMIIeHHS Q)

Qx = Qv + Q/lw + Q,?,s (27)

KiJIbKIiCTh TEIUIOTH, IPUHECEHOT Tapsv0i0 BOIOK0, MOXKHA pO3paxyBaTH Tak:
Qu="fwV-pw-Cy-t-4r (28)
ne f, —IUIOmA MOMEpeYHOro mepepidy TPyGOK TeIIOOOMiHHHMKA,M® p,, Cy — TYCTHHA Ta MHTOMA
TEIUIOEMHICTh BOJH; t — TeMmepaTypa rapsiuoi BOIH.
KinbkicTh TEIUIOTH, IIepedaHoi Big Tapsuoi BOAM 1O CTIHOK TemiooOMiHHUKAa Q, 1 Bix
TETMI00OMIHHHKA — MOBITPIO MPUMIIIEHHS, CTAHOBHUTH Q¢!

ot
=—f, - —A 29
Qaw w ﬂvwax T (29)
Qu=—"1s-4 ﬂAT (30)
As s s ox

Ie Ay — KoehiIlieHT TermonpoBiaHocTi Boay; fs — mIoima momepeyHoro mepepisy KaHaiB TEITOOOMIHHHKA;
As— KOe(illi€HT TEIUIONPOBIIHOCTI MaTepiary TpyOu TeII00OMiHHUKA.

BuchHorku

1. JIns 3a0e3rnedyeHHss HOPMOBAaHUX YW 33JaHUX YMOB MIKpOKIIIMAaTy B NPUMIIIEHHSX OYyJIHHKY
HEOOXITHO pO3rJIAAaTH OYIIBIIO, SIK €IMHY CHEPreTHUHY CHCTEMY, CIIJIBHO BPaXOBYIOUH MaTEMaTHYHI
3aJIEKHOCTI 1 3B'SI30K MIX TEIUIONOCTAYaHHSAM CHCTEMH OIAJIEHHS, BEHTWIALII, BOIOIOCTA4aHHS 1
TETUIOTEXHIYHUMH BIIACTUBOCTSIMH 30BHIIIHIX OTOPO/IKYBAITBHUX KOHCTPYKITiH.

2. XapakTep eHEpProBUTpaT Ta eHEepro3ade3rneucHHs OyIMHKY BU3HAYAETHCS PIBHSIHHIM TEILIOBOTO,
MOBITPSIHOTO Ta BOJIOTiCHOTO OayiaHCy OYJMHKY, BHYTPILIHIX Ta 30BHIIIHIX MOBEPXOHb OrOPOIKYBAILHUX
KOHCTPYKIIiH, JKepes HaIXOIKEHHS TeTUIOTH.

3. PiBHAHHS, fKi CKIAmalOTh MaTeMaTW4YHy MOJENb TEIJIOBOro OyIWHKY, HAHOINBIIOK Miporo
e(eKTUBHO MOXHA BHUKOPHCTOBYBATH IIiJi 4ac MPOEKTYBAaHHS TeIjio3a0e3leyeHHs] HOBUX OyIWHKIB 3
BpaxyBaHHIM Cy4aCHUX TEXHOJOTIH 1 [pKepen TeroBoi eHeprii.
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