Bernmunsuis, oceimneHHss ma mernoaasornocmadaHHs. Bun. 24, 2018

YK 697.34

NMapameTpbl TeNIOBOW CeTU NPU NOHWXKXEHHOM TemmnepaTypHOM rpacuke

N.A. Penpko!, A.A. Penpko?, A.B. Ilpuiimax®, H.I'. Jlanu6epr*

K. T.H., 1011 XapbKOBCKHI HAIIMOHATLHBIA YHUBEPCUTET rOpoCKoro xo3siictea um A.H. Bekerosa, r. Xapbkos, Ykpauna,
germes_s2006@ukr.net, ORCID:0000-0002-9863-4487

2n.1.1., mpod. XapbKOBCKUH HAIMOHAILHBIH YHUBEPCUTET CTPOUTENLCTBA U ADXUTEKTYPHI, I. XapbKoB, YKpauHa,
andrey.ua-mail@ukr.net , ORCID: 0000-0003-2331-7273

3n.1.1., npod. KueBckuii HallMOHAILHBL YHUBEPCUTET CTPOUTENILCTBA U APXUTEKTYPEL, I. Kues, Ykpauna, 02opriymak@gmail.com

4

K.T.H., I0L. XapbKOBCKUI HallUOHAJIbHBI YHUBEPCUTET CTPOUTENBCTBA U APXUTEKTYPBI, I. XapbKoB, YKpauHa,

natan.lanzberg@gmail.com

Annomayusa. B cospemennoii sxoHomuneckol cumyayuy 8 Ykpaure sKCHayamayus cucmem meniocHab1ceHus 6e0émcs npu
noHUdICeHHOU memnepamype cemesoil 800bl. Tlogviutennuiti memnepamypnuiti epagux 95/70°C uz-3a gvicokoii cmoumocmu
monauea asnaemcs Heyenecooopasuvim. Onvim makux cmpan kak HJanusa, Tepmanus, Quunanous, Llseeyus u [oinanous c
PA3BUMbBIM YEeHMPATUZ0E8AHHBIM MENLOCHAONCEHUEM YKAZBIBAECM HA HEOOXOOUMOCHb NEPEOOUEePEOH020 000PYO0B8AHUS UHOU-
8UQYANLHO20 Menno602o nyHkma (UTII) 30anus cucmemoil asmomamuiecko2o pe2yiupo8anus, Nocie 4e2o 8blNOIHAEmcs ne-
Pexo0 Ha MexHONO2UI0 ¢ NOHUMCEHHLIM meMnepamypHbim epaguxom. Ilodmomy mooeprusayua cucmem menioCHabICeHus
Ykpaunvl, nanpasnennas na npumenenue NOHUICEHHO20 MEMNEPAMYPHO20 epaduka, nompebyem nepexooa Ha 3aKpulimbvle
He3a8uUCUMble CUCTEMbl OMONTIEHUS, HA KAYeCMBEHHO-KONUYECMEEHHOe Pe2yiuposanue U Ha asmomamusayuto cucmem UTIT
nompebumenei. B nacmosuyeil pabome npuseoenvl pe3yiibmambl YUCIEHHO20 UCCTE008AHUA BIUAHUS KOHCMPYKMUSHBIX U pe-
JHCUMHBIX NAPAMEMPO8 MENN0B0 Cemil Ha 8b160P ONMUMATLHOU MEMNEPANypbl U PACX00d Cemesoli 00bl CUCMEMbl YeHMPa-
auzoeannozo mennocuabocenuss (CLT). Onpedeneno cywecmsennoe enusanue omonumensvrol xapaxmepucmuxu k-F, Bm/K,
30anua Ha napamemput CL[T, onpedenenvi gpakmuueckue 3Hauerus k'F HeKOMOPLIX HCUNBIX OOMOE NO OAHHBIM HANMYPHLIX
uccnedosanuii. Ilonyuennvle paxmuueckue Oanuvle HUHMCe pACUEMHBIX 3HaueHull k-F, umo mpebyem nosviueHHoOU memnepa-
mypbl menioHocumens 6 nooawoujem mpyoonposode. CrHudicerue memMnepamyproz2o pagura nompedyem CHUMCeHUs IHep2o-
nompeonenus 6 HCUNLIX OOMAX U AOMUHUCTIPAMUBHBIX 30AHUSAX.

Krioueswvie cnosa: mennosas cemeoy, NOHUMNCEHHBILL meMnepamyprlﬁ zpaqbuK, YUCIeHHOE UCCIe008aHle.

BBenenue. Pazputue 1ieHTpaaInu30BaHHOTO TEI-
nocHaOxenus B crpanax EC unér no myru, mo3so-
JIAIOIIEM HKCIIONB30BaTh €ro npeumyiiectsa [1, 2,
3]. Temnodwkanus obOecrieunBacT MHUHHMATHHBIN
pacxoi TOIUIMBA HAa MPOM3BOJCTBO TEIUIOBOW U
ANEKTpUIecKol SHepruu. KpymHbie HCTOYHUKH 0O-
Jiee TOATOTOBJIECHBI K MCIONb30BAHUIO HU3KOKAJO-
PUIHBIX COPTOB TOIUIMBA. MIX 3KOHOMHMUYHEE OCHa-
CTHTB Ta3004YUCTHBIMU YCTAHOBKAMH U 00CCIICUNTh
Ha HUX MPOBEJEHUE IKOJIOTMUECKUX MEPOIPUSITHIL.
CoBMECTHOE HCMONb30BAaHUE PA3IUUYHBIX UCTOYHU-
KOB TETTOTHI AJIs TapaJuIeIbHOM paboThl Ha eTUHBIE
TEIUIOBBIE CETH 00ECIeUunBaET MOBHIIIEHUE UX KO-
HomuuHOcTH. CoBMecTHas paboTa WCTOYHUKOB
MTO3BOJISIET IEPEUTH OT KAYECTBEHHOTO PETYIHPOBA-
HUS OTIyCKa TEIUIOTHI K KadyeCTBEHHO-KOJINYe-
CTBEHHOMY U KOJMYECTBEHHOMY PETYIUPOBAHUIO C
MIEPEMEHHBIM PacXO0M TEIJIOHOCHUTETS, 9TO obec-
MIEYHMBAET COKPAIEHHE TEIJIOBBIX MOTEPh M YIyd-
LIEHHBIM TUAPABIMYECKUN pexuM cuctembl. llep-
CIIEKTUBHBIM TEXHUYECKUM PEUICHUEM SBISACTCA
MOHM)KEHNE MAKCUMAJIbHOW TEeMIIepaTypbl CETEBOU
Bonbl. CHIDKEHME TeMITEpaTyphl MO/IaBaeMON ceTe-
Boil Boxel Ha 1 °C yBennuMBaeT BBIPAOOTKY dJIEK-
Tprueckoit snepruu Ha TOI nHa 0,1-0,3 %. Ilpm
3TOM MOTepHW TerioThl moHmwkatoTcs Ha 0,3 %. B

HacToslIee BpeMsl TEXHUYECKHUE BO3MOXXHOCTH T10-
TpeOuTeneld MO3BOJSIOT JOCTHYD JOCTATOYHO HU3-
KOW Temrmeparypbl 0OpaTHOH ceTeBOW BOIBL. JTO
MIO3BOJIICT YBEIMYMTS [I€penal TeMIepaTypbl Hoza-
I01IETO (2, °C) 1 006paTHOTrO (%6, °C) TEMIOHOCH-
TeNsl y motpedutenst At = t,, — tup, K, a Takxke 1o-
HU3UTH PAcXo]l TEIJIOHOCUTENIS] HE YBEJIMUMBAas A1a-
METp TPyOOITPOBOIOB TeTIOBOM ceTH. [loHmKkeHHast
TEMIIepaTypa CeTeBOM BOABI IO3BOJISIET MPUMEHSTh
IUTACTUKOBBIE TEIUIOM30JIMPOBAaHHbIE TPYOBI, YTO
o0ecreurBaeT MOBBILIEHNE UX HAAEKHOCTH.

B HacTosiiee BpeMsi B yCIOBUSIX MOJICpPHU3AIINT
CHCTEM LEHTPAJIN30BaHHOIO TEMJIOCHAOKEHHUS C
LEJIBIO TTOBBIIEHUS MX SHEPro3(HeKTUBHOCTH OCY-
HIECTBISIETCS BHEIPEHUE KOJIMYECTBEHHOTO Dery-
nvpoBanusi. ONBIT BHEAPCHUS TOKA3bIBAET, 4YTO
npuBenénHble 3aTpaThl Ha 40-50 % MeHbIe, yeM
MIPH Ka4eCTBEHHOM perynupoBanuu. CoBMeIlIeHUE
Ka4eCTBEHHOTO0 ¥ KOJMYECTBEHHOTO PETYIHpPOBa-
HUS IO3BOJISIET CHU3UTH TEIUIONOTPEOIeHUE B Iiepe-
XOJIHBIE MEPHOJIbI OTONUTENBHOTO ce30Ha 10 50 %
[2].

CocTtosiHue npodJaeMsbl. V3MeHeHe Harpy3KH
B TEIUIOBOM CETH — OTKJIIOUYEHHE HEKOTOPBIX IPO-
MBIIIUIEHHBIX TPEANIPUSATHIA, TIEpeXo]l Ha JIelleHTpa-
JM30BaHHOE TEIMJIOCHAOXKEHHE TMoTpeduTene —
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MPUBOJUT K W3MEHEHHUIO THAPABIMYECKUX PEXKU-
MOB CHCTEMbI LIEHTPAIN30BAHHOIO TEMJIOCHaOXe-
HUS TIpY Ka4eCTBEHHOM peryiauposaHuu. Bo mHo-
THX TOposiax YKpauHbl ¢ HeJblo SKOHOMUH MPUPO.I-
HOTO Ta3a CHCTEMbI LIEHTPAJIbHOIO TemIoCHadxe-
HUSI 9KCIUTyaTUPYIOTCS ¢ IOHIKEHHBIMU IIapaMeT-
pamu TemmeparypHoro rpaduka. [Ipu sTom B cu-
CTeMe LUPKYJINPYET 3aBBILICHHOE KOJIMYECTBO Tell-
JIOHOCHUTEIS. DTO SBIIAETCS TMO0 HapyIIeHHeM HOP-
MaTUBHBIX [1aPaMETPOB, MO0 CBSI3aHO C MOBBIILIE-
HUEM SHEPreTHYeCKOd M IKOHOMUYECKOW 3(dek-
THBHOCTH [ 1, 4, 5, 6]. MepompusaTus, BEITIOTHICMEIC
IIPU PEKOHCTPYKIMHU 3AaHUM U MOAEPHU3ALUM CHU-
CTeM OTOIUICHHUs, 00ECIIEUNBAIOT CHM)KEHHE HE00-
XOJMMOM TEIIOBOH MOIIHOCTH CHCTEMBI TEIIO-
cHaOxenus [6, 7, 8]. Ho skcruTyaTarus cucteM 1eH-
Tpanu3oBanHoro teruocHatxkenus: (CLT) c 3aBbI-
IICHHBIM PacXOAOM TEIUIOHOCHTENS W HelocTa-
TOYHO 3()()EeKTUBHBIMY CHCTEMaMHU aBTOMAaTH3AIUN
MPUBOIMT K «II€PETOnaM» B XKHJIBIX JOMax U aAMU-
HUCTPATUBHBIX 3MaHUSIX, a TaKKe 3HAUUTEIHHBIM
norepsM TerwioTel. [lo3ToMy mpu MoaepHH3aLUH
CUT neobxommMo 0OOCHOBaHHE TEMITEPATYPHOTO
rpaduka JUIS KaxJI0H CHUCTEMbI TEIUIOCHAOKEHUS
[3,9,10, 11, 12].

IIpu cymecTtByomIeil cUCTEME OTOIICHUS 3/1a-
Huit 1 rpaduke 95/70 °C obecrieunBaeTcst pa3HOCTb
TeMIeparypsl At = t,, —tsp = 20 K npu 3HaueHun
TETJIOTEXHUYECKON XapaKTepUCTUKH 000pyaoBa-
HHS CHCTEMBI oToruieHus 3aanus, BT/K, k-F=const.
[lpu yBenuyeHWu pacxofa TEINIOHOCHUTENS U TPH
MOCTOSIHHOM TEIUIOBOW Harpyske moTpeOuTess re-
penan temneparypbl Af, K, nonmxaercs. Ilpu no-
HWKEHUH TEIUIOBOW MOIIHOCTH CHUCTEMBI OTOILIE-
HUS TOTpeOuTENs HeOOXOMUMO TIOHU3UTh TEMIIEpa-
TYpy NOBEPXHOCTH OTONUTENBHBIX NMPHUOOPOB MU
YBEIUYUTh 3HaYE€HHUE k'F, IPONOPIHOHAIIEHO CHH-
3uB nepenas temneparypsl Az, K. Pacxop remnono-
CUTENs IIPU 3TOM yBenuuuBaerca. B [5] ykas3biBa-
ercs yto 3ameHa rpaguka 150/70°C na 95/70°C
MPUBOJNT K YBEIWYCHHUIO PACXOla TETUIOHOCUTEIS
B TPH pa3a U 3aTpaT Ha TPAHCIIOPTUPOBKY TEIIOHO-
CHUTEJSI IOYTH B MATH pa3. ITO yKa3bIBaeT Ha Helle-
Neco00pa3HOCTh  UCIIONIb30BaHUSI  TIOHMKEHHOTO
TemiieparypHoro rpaduka. Ilepeurcium dakropsl,
BJIMAIOLINE Ha BBHIOOP ONTHMAIBHONW TEMIIEPaTyphl
TEIUIOHOCHUTEJISL: PAacXol] TEIUIOHOCHUTEINS; 3aTpaThl
Ha TPaAHCIOPT; MPOITYCKHAs CIOCOOHOCTh TpPyOO-
MPOBOZIOB (AMAMETP); TEIUIOBBIE OTEPH (TOMILIMHA
W MaTepual TEIUIOM30JISILIHN); «IIEPETOIBD» 31aHUH
P MOJIOKHUTENEHON TeMIepaType Hapy>KHOTO BO3-
IyXa U3-3a CPe3KH Tpaduka TEMIEpaTyphbl CETEBON
BOJIbI IPU HAJIMYWHU CUCTEM TOpSYero BoJocHabxe-
Hus y norpedureneit. [Ipu monepamsamym CLT u
W3MEHEHUH 30HbI ¥ KOH(HUTYpalul CHCTEMBI Tell-
JOCHAOXKEHUs, PEKOHCTPYKIIMU M aBTOMAaTH3aLUuU

BO3HHMKAET HEOOXOOMMOCTh OOOCHOBaHHS TEILIO-
BOTO rpaduka ormycka TerioTs [21].

Pesynsratst [10, 13] yka3siBaroT Ha HEOOXOAH-
MOCTb KOPPEKTUPOBKH TEMIIEPATYPhI CETEBOH BOABI
B 3aBHCHMOCTH OT TEIJIOBOM Harpys3KH, TemIlepa-
TYpBbI HAPY’KHOTO BO3[lyXa, BPEMEHH CYTOK, T.€. CO-
30aHMS JUHAMUYECKUX TeMIepaTypHbBIX rpauKoB.
TemneparypHble TpaQuKH JOIHKHBI COCTaBIISATHCS
naanBuAyansHo s kaxkaod CLT, n tompko mpu
3TOM HaOJIOAeTCsl CUCTEMHAasl SKOHOMHMS pacxona
toruuBa. B [11] yka3bIiBaeTcsl, YTO HOHMKEHUE TEM-
IepaTypbl CETEBON BOIBI IIOCIE CHCTEMBI OTOILIE-
HHUS, 3apOeKTHPOBaHHON Ha Tpaduk 95/70 °C, He
peasibHO 0e3 TeXHHYECKOH MonepHu3anud u (u-
HAHCOBBIX 3aTpar. CHIKEHUE TeMIlepaTypbl Ipsi-
MOH CETeBOM BOJbI IPU OIHOBPEMEHHOM YyBEJINYE-
HUH e€ pacxojia CTaji0 BO3MOXKHBIM BCJIE/ICTBHE 3HA-
YUTENBHOTO CHIKEHHS TETUIOBOM HArpy3Kd HCTOY-
HUKOB W TEIUIOBBIX Maructpanei. B [14] mpuse-
ICHbl JAaHHBIC HATypHBIX HCIBITAHUM PEXKHMOB
CUT (r. Bure0ck). BoInoaHeHO CpaBHEHUE SHEPTO-
3aTpaT MpU Pa3IM4YHBIX TEMIIEPAaTypHBIX Ipadukax
OTIYCKa TEMJIOTHl B MEKOTONMHUTEIbHBIA IEPUO.
YcTaHOBJIEHO, YTO SHEPronoTPeOicHHE CHUKASTCS
npu pexxume TermocHabxkenus 75/55°C no ueH-
TPaJbHOTO WM WHAWBUAYAJIBHOTO TEILUIOBOIO
nyHkTa. OnbIT BHEAPEHUs KOJIWYECTBEHHOTO pPery-
JMPOBaHMSI TIOKA3bIBAET, YTO MPUBEAEHHBIE 3aTPAThI
Ha 40-50 % MmeHblIe, 4eM IPU KaY€CTBEHHOM pPery-
JMPOBAHUH.

TexHn4Yeckne BO3MOXKHOCTH IOTpeOUTesen
MO3BOJIIIOT UMETh JOCTaTOYHO HM3KYIO TeMmIlepa-
Typy OOpaTHOI ceTeBOil BOXBI, YTO MO3BOJISIET CO-
XPaHWUTh WM JIaXKe YBEIUYUTH Tepernaj] TeMIepa-
typel  Atf, K. Tak, TemmeparypHbslli Tpaduk
130/70 °C moxer ObITb 3aMeHEH Ha Tpaduk
100/40 °C mpu ToM xe pacxone ceTeBod Bombl [3].
B pabore [15] npuBeneHsl pe3yabraTbl ONTHMHU3A-
UMM TapaMEeTPOB IMOHMXEHHOTO TEMIEpaTypHOro
rpaduka Opu ONTUMH3ALMHU 3aTPaT Ha TPAHCIOPT
TEIJIOHOCHUTENS. [IOHM)KEHHBI TeMIlepaTypHbIi
rpaduK BO3MOXCEH 3a CU€T CHWKEHHS MOITHOCTH
CHCTEM BEHTWILMM MOMEIIEHUHA NMpPU PacuETHOM
pacxome cereBoit Bombl [16]. ITokazaHo, 9TO BO3-
MOXXHO CHW)KEHHME TEMIIEpaTypbl NPSMON CETEBOM
Boabl oT 150 °C go 115 °C 3a cuér cHMXeHUsd 00-
1ield TEeIIOBOM MOLIHOCTH CUCTEMBI OTOIUICHHS J10
0,706 OT MPOEKTHOTO 3HAYCHHUSI.

@dakTophl, BIUIIONIME HA BBHIOOp TeMIeparyp-
HOTO rpaduka: TemIieparypa Hapy»XKHOTO BO3AyXa,
MIPOITyCKHasi ~ CIIOCOOHOCTh  TEIJIOBBIX  CETEeH,
Harpy3ka Ha Topsiaee BopocHaOxkenwe (I'BC),
Harpyska Ha BEHTHJLILMIO, Harpy3Ka Ha OTOIUICHHE:
MOTEPH Yepe3 OrpaxIaroliie KOHCTPYKIIMU U Kpart-
HOCTBH Bo3yxoobmeHa [7, 8, 25]. HopmatusHsIe 110-
KyMEHTBI, BIUSIOIIME Ha BHIOOP TEMIEpaTypHOIo
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rpaduxa: JbH B.2.2-15:2015, ICTY b EN 12831,
JIBH B.2.5-39:2008, JBH B.2.5-67:2013,
JCTY B EN 15251:2011, ACTY b EN ISO 7730.

KparnocTh BO3/IyX000MEHa COIJIaCHO
JABbH B.2.5 - 67:2013 B Ykpaune cocrasiser 0,5.
Hsa cpaBaenns: B CILIA — 0,35; I'epmanun — 0,5;
Anrnmuu — 0,4; eeunu — 0,2. HopmatuBHOE CHU-
JKEHHE KPAaTHOCTH BO3yx000MeHa B 2,4 pasza obec-
MEYNBA€T  CHIDKEHHE  IPOEKTHOM  TEIUIOBOM
Harpy3ku Ha 30-35 % [4] u mo3BosieT 060CHOBATh
3aMeHy TemneparypHoro rpaguka 150/70 °C Ha
115/70 °C. B laawnn, unnsaaun, [IBernn n Hop-
BETHH pean3yeTcsl TeMIIepaTypHBIH rpaduk B miep-
BuyHOM KoHType 120 °C/(50-70 °C) [17-20]. Mex-
JyHapOJHBIC CTAaHAAPTHl CHUCTEM IICHTPATU30BaH-
HOTO TeTIOCHAOKeH M ipruBeeHk! B Tadm. 1. [pe-
nebl 3O GEKTUBHOCTH MCIIONB30BaHMSI TEXHOJIOTUN
MOHIKEHHOTO TEeMIIepaTypHOro rpaduka IpHBe-
JIeHbI B TA0II. 2.

Tabruya 1
CrangapTtsl TeMnepaTypbl TelioHocuTe s (PUHIAHUS)
KoHTyp cH- Hogrie 3manust | Ctapeie 3manus
CTEMBI TCILIO- Oror- Oror-
CHAOWEHHSA | jeppe IBC JleHue IBC
nmepBuunbnid | 115/45| 70/25 |115/65| 70/25
BropuuHbiii | 70/40 | 55/10 | 80/60 | 55/10
Tabnuya 2

TemmnepaTypHbIe rpadgpHKH cHcTeM HEHTPAJIN30BAHHOTO
TeruiocHaoxkeHus (Fosianaust)

Temneparypa, °C, B
Ha3ssanue crcTembl TPyGOIPOBOLE
TEIUIOCHAOKEHUS
psiMOM | 0OpaTHOM
BricokoreMmneparypHoe 90 70
CpenneremneparypHoe 55 35-40
HuzkoremmneparypHoe 45 25-35
CBepXHHU3KOTEMIIEpaTypHOe 35 25

MeTonuka uccjenoBanus. Beibop onrumans-
HOTO Pacxofa TEIUIOHOCHUTEINS 3aBUCUT OT ANaMeTpa
TpyOOIpOBO/A, TOJNILMHBI K CBOWCTB TEIJIOBOM H30-
JISAUH, a TaKKe TEMIepaTypbl CeTeBOM BOIBI [22].
[loaTomy mpm ompeneneHNH TeMIIEpaTyphl TETUIO-
HOCHTEJIS1 HEOOXOIMMO YUUTHIBATh IIOTEPH SHEPTUH
MIpH TPAHCIIOPTE U TEIUIOBBIE TIOTEPU B OKPYKarO-
LIyI0 cpefy. OJEKTPUYEcKas: MOILIHOCTh HAcOCOB
omnpeznensercsa no popmyse [23], Br/m:

Py = ApsaQ/, (1)

e Ap — oTepu AaBlIeHUS Ha METP TpyOOIpoBoa,
ITa/m, O — 06BEMHEIN PAacXo/ TEMIOHOCUTENS, M /C;
n — KIIJI HacocHOM yCTaHOBKH.

®dopmyiy (1) MoxHO 3anucarh B Buze, B/Mm:

Py = 086K, G/ (namon*p?D3°),  (2)
rae K, — SKBUBAJIEHTHAS [IEPOXOBATOCTh, M, BHYT-
peHHeld moBepxHOCTH Tpybomposoma (0,5 Mm);
G, — MacCOBBI PAcXoJ]l TEIUIOHOCHUTENS, Kr/d,
N« U My — KIIJ[ Hacoca u anexTpoaBUraresss cooT-
BETCTBCHHO, MPUHATHIE paBHBIMH 0,6; p — IIIOT-
HOCTb TEILIOHOCHTENS, KIr/M>; Dy — BHYTPEHHUM
muamerp TpyOompoBona, M. CymMMa Ko3(phUITHCH-
TOB MECTHBIX COTIPOTHBICHNH TTpuHsTa 0,1.

[orepu TemoTsl (NMHEHHAS MIOTHOCTH TEll-
JIOBOTO MOTOKa), BT/M, onipenensirorcst mo gpopmyiie:

q = T[(tnp - toxp)/Rl (3)
TTIE foxp — TEMIIEPATYPA OKPYIKAIOIIETO BO3AYyXa, °C;
R; — nuHelHOE TEPMHUYECKOE COMPOTUBICHUE TETI-
JIOU30JMPOBAaHHOTO TpyOoIpoBoaa, M K/BT:

Rl = 1n(DH3/DTp)/(2){I/I3);

Aus — KOB(DGUITUSHT TETUIONPOBOIHOCTH TEILION30-
msiimu, B1/(m-K): A = 0,05 Br/(m-K) — mst meno-
MOJINypeTaHa.

CymmapHble yIenbHble OTEPH SHEPTUHU NPH
HEM30TEPMHYCCKOM TPAHCIOPTE CETEBOM BOJBI
ompenenstoTcs mo Gopmyne, Br/m:

Py=PF,+q “)
MaccoBblif  pacxom TEIJIOHOCHUTENsS, KI/C,
onpeaensercs o Gopmyie:
QHOT
2C, \ty, — tyy, — 8L
D p BH K. F
e Quom — KOIMYECTBO TEIJIOTHI, MOTPEOIsIEMOE

3maHueM (WM 30aHuSAMH), BT; f, — BHYTpEHHSA
Temneparypa nomemeHui, °C; ¢, — TemIoéMKOCTh
terutoHocurens, Jx/(kr K).

KonuiecTBo TEIIOTHL, TOTpeOIIsieMoe 3aHIeM,
omnpeaensuiachk no Gopmysie:

Quor = Gmcp : (tnp - tob’p)- (6)

TeroTexHU4ecKass XapaKTepPUCTHUKA 3IaHUS
paccunTsiBanack o gopmyie [15]:
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QHOT
oo F = tnp + to6p ' (7)
2 — lgn

3arpaThl Ha TPAHCIOPT TEIUIOTHI OMpPEeIs-
JIUCH C YI€TOM Tapu(OB HA AIEKTPOIHEPTHUIO U TETI-
JIOTYy,  KOTOpPBICE  TPHHATHI,  COOTBETCTBEHHO,
C,, = 1,883 rpu/(xBt-9) u C, = 1,06 rpu/(xBt-9).
VnensHble 3atpathl, 10 rpa/(M-4):

Zy = P,,C,,+ q,Cq — min. ()

Pemenne ypaBueHus (8) BBIIOIHEHO C TPUMeE-
HEHUEM MaTeMaTHYeCKOTO IJIAHNPOBAHUS SKCIIEPH-
MEHTa B 3aBHUCHMOCTH OT JHAMETPa U TOJIHHEI
TEIUIOBOW M30JIAINN TpyOompoBoaa. B pesymberare
OTIpeNeNsIach TeMIIeparypa TEIUIOHOCHUTENS B TIO-
JAIoIIeM B 00paTHOM TpyOOIpPOBOJIE, a TAKKE pac-
XOJI TETJIOHOCHUTEIISI P MUHUMAIIBHBIX YIIEIBHBIX
MOTEPSIX SHEPTUH [Tl PA3INIHBIX 3HAYSHUH TeMITe-
patypsl Hapy>KHOTO Bo3ayXa (. XapbKoB).

AHaJaM3 pe3yJbTATOB.

B pabote npuBeieHBI pe3ynbsTaThl MOAETHUPOBA-
HUSl CHCTEMBI TEIUIOCHAOKEHWS, MPOJIOKEHHOW B
MOA3EMHOM KaHaje. [yOuHa 3aJ10)KeHUsT KaHala —
1 M; monepeunoe ceuenue kanana — 0,25 m?. Koag-
(DMIIUEHT TeTUIONMPOBOJHOCTH CTEHOK KaHajia MpH-
uat 1,3 Br/(m-K). Onpeneneno cyiiecTBeHHOE BIIU-
SIHUE TEIUIOTEXHUYECKOW XapaKTepPHCTHKH Ha 3Ha-
YeHHs TEMIIEPaTyphl CETEBOI BOIBI B MOJaBAEMOM
TpybonpoBoje. B Tabin. 3 npuBeneHsl JaHHBIE pac-
4yéTa Mpu pa3nyHbIX 3HaueHusx K-F. Terortexuu-
YECKYH0 XapaKTePUCTUKY 3MaHUI U KOJIMYECTBO TI0-
TpeOIsieMOl TETUIOTHI OTPEAEIISIIH TaK Ke TIPH TIPO-
BEJICHUH HATYpHBIX U3MepeHuil (Tabi. 4).

VaenbHBIN pacxo/l TEIUIOBOW YHEPTUM HA OTOI-
JIEHUE 3IaHHUI ONpeAenseTcsa coracHo [25] u non-
EH ObITh MEHBIIIE HOPMHUPOBAHHOT'O 3HAYEHUSI, KO-
TOPOE OMPEACISIETCS ISl Pa3IUYHBIX TUTIOB JKUIIBIX
1 O0IIIECTBEHHBIX 3aHMiA. B 3aBHCHMOCTH OT ATax-
HOCTH 3[]aHW W TEeMIIepaTypHOW 30HBI, 3HAYCHUE

gx"*® m3mensiercs ot 104 10 56 (xB1-u)/m?. Hopma-
THBHBIE 3HaYCHUS ¢ B | epMaHU COCTABISIOT 96-
40 kBTt u/(M?-Ton). ITo sHepreTrueckoil >3GPeKTrB-
HOCTH 3JIaHUS KJIACCU(DUITUPYIOTCS COIJIACHO OT-
KJIOHEHHIO B MIPOMEHTAX ¢ OT Enax.

BrnusiHre KOHCTPYKTHBHBIX NTApaMeTPOB TPyOO-
MIPOBO/IOB HCCIIEAOBAIOCH C MPUMEHEHHEM METOaa
MaTeMaTHYECKOTO TUIAHUPOBAHUS 3KCIICPUMCHTA.
[Tnan u MaTpuIa BEIYUCIUTENLHOTO SKCIIEPUMEHTA
npuBeAeHsl B Tabmmmax 5 w 6. lloBepxHOCTH
twp = f(Dmp, Ous) IOKA3aHA HA pUC. 1.

B pesymprare 0O0paOOTKM JaHHBIX BBIYUCIIH-
TEJILHOTO 3KCIIEPUMEHTA TIOTyYEHbI YpaBHEHUS pe-
rpeccun. TemnepaTypa TEIUIOHOCHUTENSI B TIO/A0-
mieM TpyOoIpoBoIe OpeAessieTcs o popMye:

(toy = to + oo tyap;

! t, = 48.198 — 3.318X; +
+0.213X, — 0.133X, X,;

ltl}p = —1.28+0.079 - X,.

®)

Temmneparypa TenaoHOCHTENS B 0OpaTHOM Tpy-
0O0IPOBOIE OTpeeNsIeTcs o GopMyIie:

— 4+0 1 .
toﬁp - t06p + t06p ' tHap'

tg&p = 39.145 + 2.57X; — 0.155X, + ©)
+0.08X,X,;
l2,, = —1.051 = 0.073 - X,.

Pesynwrate! onpenenenus pac4€THON TeMIepa-
TYpBl CE€TEeBOM BOABI B 3aBUCHMOCTH OT TeMIIepa-
TypBI HAPYKHOTO BO3AyXa MPEACTABIEHBI HA pUC. 2.
Pe3ynbraThl BEIUMCIATENBHOTO SKCIIEPUMEHTA MTPH-
Be/leHBI B Ta0M. 7. HarypHble u3MepeHust S3HepreTu-
YECKUX XapaKTEPUCTHK KUIIBIX JOMOB (T. XapbKOB),
BbINONIHEHHI B 2015-2016 romax. Pe3ynbprarsl moka-
3aJld, YTO WX 3HAUEHUS MPEBBIIIAIOT HOPMAaTHUBHBIC
(tabn. 8), pexomenayemsie JIBH B.2.6 —31:20006,
Ha 35...75.3%.

Tabruya 3.
Bansinue TenJIoTEXHHYECKOH XapaKTepUCTHKH 060py1oBaHus cucteMbl otoienus K-F, B1/K,
HA TeMIePaTypy TEeNJI0HOCH T

Ne | K-F, kB1/K | t,, °C | togp, °C | G, xv/c | Ap,la/m | P,,, Bt/M | q, Br/m | Po,+ g1, Br/M

1 8 91,5 73,5 6,6 114,5 1,265 38,65 39,9

2 10 79,0 61,0 6,6 114,5 1,265 33,37 34,63

3 12 70,6 52,7 6,6 114,5 1,265 29,80 31,11

4 14 64,7 46,7 6,6 114,5 1,265 27,30 28,60

5 16 60,2 42,3 6,6 114,5 1,265 25,45 26,71

6 18 56,8 38,8 6,6 114,5 1,265 24,0 25,24

*Hapy»KHbI{ U BHYTPEHHUI TMaMeTp TpyOOIPOBO/Ia, COOCTBETCTBEHHO, Digp = 108 MM U Dy = 100 MM; TONIIMHA TEIIOBOM H30-
JSIIMKM U3 TIeHOMoMnyperana Ou: = 60 MM; TerioBasi MOIIHOCTh 0ObekTa otoruieHust 500 kBT, Temneparypa BHYTpPEHHEro BO3IyXa
20°C, Temnepatypa HapyxHoro Bo3ayxa 0°C, pa3HuLa TeMieparypsl mpsiMoii u odparHoit Boasl 18°C, ckopocts Boss! 0,84 m/c.
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Tabnuya 4.
JlaHHbIe HATYPHBIX HCHBITAHUIN OTONUTEIbHON CHCTEMBbI KUJIBIX 31aHMii (1. XapbKoB, ¢eBpajb 2017 r.)
Anpec )Kuioro 1oma I. XapbKoB T. 3MHUeEB
yi. JoctoeBckoro,
XapakTepucTHKa 21 yn. Brammesas, 1

DTa)XHOCTh 9 9
KommgecTBo KBapTHp 84 108 (21 oTk)
OramnBaeMas IIOIAb, M 4013,26 4465,60
TemnoBas Harpyska, ['kan/gac 0,4197 0,3501
Cpennsis TeMnepaTtypa HapyHoOro Bo3ayxa, °C -3,8 -3,5
Temnepatypa tertonocutes, °C t,/tosp 66/46 49/39
Pacxo TEMIIOHOCUTENS, M 5210,26 5537,83
TemnoBast MOIITHOCTH, KBT 162,37 94,11
V nenpHas TEIUIOBask MOLTHOCTh, BT/M? 4,05 21,1
IToTpebnenne TemoBoit sHeprum, ['Kan 130,76 74,124
XapakTepucTHKa oTonuTenbHOH cuctemsl, K-F, kBT/K | 5,8 4,0

Tabnuya 5.

DaKTOPbI NJIAHA IBYX()AKTOPHOI0 IKCIIEPHMEHTA

Haspanwue ¢akxropa KonoBoe o6o3naueHme YpoBHU dakTopa
-1 0 +1
Hwnametp tpy6omnposona D,,,, MM Xi 100 200 300
TomNmMHA U3OIALHH, Oy, MM X> 40 55 70
Bobixox — Temneparypa Temnonocurens, °C Y — — —
Tabruya 6.
ManI/Illa IVIAHUPOBAHUS JKCIIEPUMEHTA
Ne onbiTa Xi X2 Y;
1 + - Y
2 - + Y,
3 + + Y;
4 - - Y,
5 + 0 Y5
6 - 0 Y
7 0 + Y,
8 0 0 Y5
9 0 - Yo
86|
82
thp
oC 25 -
74|
-l
100

140
180
Dy, mm 220

256 :

300 70

58

Puc. 1. IToBepxHOCTS tnp= f(Dip, dus), °C

52

Ous, MM
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GpaTHOW BoAbl, rpag.C

TEMNEQATY PRI NPAMOA U 0

I I
e =300 M 13=T0 MM NpAMaR
D=300 mm 1a=70 mm obpatHan
mmmmm O=300 pMm w3=40 mm npaman
——— D=300 mm na=40 mm oSpatHas
e D=100 mm 3=70 M npAMan [
D=100 mm w3=70 mMm obpatHan
=cmimem O=100 mn wa=40 v npAaMas
D=100 mm w3=40 mm obpatHas

-25 -15

-10

-2 0 5

TEMNEpaTypa HapywHoro Bo3gyxa,rpan.C

Puc. 2. 3aBUCUMOCTB TeMIepaTyphl TEITIOHOCHUTENSI OT TEMIIepaTyphl Hapy)XKHOTO Bo3ayXa (Qmax = 600 kBt; K*F = 12 kB1/K):
1 —d=100 mm, 6=70 mm (ipsimast Boza); 2 — d=100 MM, 6=40 mm (mipsimast Boza); 3 — d=300 mm, 6=70 MM (TipsiMas Boza);
4 — d=300 mm, 6=40 mm (Ipsimast Boga); 5 — d=300 mm, 6=40 MM (oOpatHas Boma); 6 — d=300 mm, 6=70 MM (oOpaTHas Boza);
7 — d=100 mmM, 6=40 MM (oOparHas Boxa); 8 — d=100 mm, 6=70 MM (oOpaTHas Bona)

Takum 00pa3oMm, NpPUMEHEHHE MOHUKEHHOTO
TEMIIepaTypHOro rpaduka B CUCTEMaXx TeMIOCHa0-
KEHUS MOTPeOyeT CHUIKEHHSI DHEPTONIOTPEOICHNUS B
KWIIBIX JIOMax M aJMUHHCTPATUBHBIX 37aHusAX. Ha
puc. 3 ToKa3aHa 3aBUCUMOCTb TEMIIEPATYPhI TEILIO-
HOCHTENS OT TEMJIOBON HArPYy3KHU.

BeiBoabl. OmnpenieneHo CymecTBEHHOE BIIHA-
HUE OTONUTENbHOH Xapakrepuctuku K-F, BT/K,
3nanus Ha napametpsl CLIT, onpenenens! paktuye-
ckve 3HadyeHHs K-F' HEKOTOpBIX MXWIBIX JOMOB.
YcraHOBIEHO, YTO (haKTUIECKUE TAaHHBIC HIDKE pac-
YETHBIX 3HAYCHUH, YTO TpeOyeT MOBBILICHHON TeM-
nepaTypbl TEIIOHOCUTENS B IOJAIONIEM TpyOorpo-
Boze. Pe3ymbTarhl BBIYHCIMTENHHOTO JKCIIEPH-
MEHTa MO3BOJIWJIA ONIPEIEIIUTh PallMOHAJIbHBIE KOH-
CTpYKTHBHBIE M pexuMHble napamerpsl CLT mpu
Pa3TMYHBIX 3HAYEHHUAX TEeMIIepaTypbl TETIOHOCH-
Tensi. Pe3ynbTaThl YMCIEHHOTO MCCIIETOBAHUS T10-
Ka3bIBAIOT, YTO TapaMeTphl TEMJIOBOM CETH NpHU
MaKCUMaJIbHOM TETUIOBOW HAarpy3ke U TemMIepaType
Hapy>KHOTO Bo3ayxa MmuHyc 25 °C cremyromme:

TeMIepaTypa CeTEeBOM BOJBI B MOAAIOIIEM TPYyOO-
npoeoae paBHa 76,7 °C; pacxol TEIUIOHOCUTENS
5,7 kr/c, ckopocth 0,73 M/c, ynebHbIe TOTEPH IaB-
nenust 85,3 Ila/M, yjaenbHbIE TIOTEPU BIEKTpUYE-
CKOW MOIIHOCTH Ha TPAHCIOPT TEIUIOHOCHTEINS
0,81 B1/™M, ynenbHbIe TerioBbie moTepu 33,8 B1/m.
PasHocTh TemMmepaTypsl B IPSIMOM ¥ OOpaTHOM TPY-
oompoBoaax uzMensiercs ot 26 °C go 30 °C. Ilpu
HW3MEHEeHUH Tapua Ha SIEKTPOIHEPTHIO U TEILUIOTY
3HA4YE€HHUE TEMIIEPATypPhI IPSIMOM BOJBI U MaCCOBBII
pacxoj Taxxe u3MeHsitores. [ Ipu noHu>keHHoM Ten-
nosoit Harpyske (Q = 0,8 Quox) 3a CUET CHUKEHMS
KpaTHOCTHU BO3ayxoo0MeHa 110 0,5 B cucTemMax BeH-
TWISIIIAW 3[aHUH, 9TO MPUOIMKAETCA K YCIOBUAM
skcrutyataiuu CLT crpan EC (%4, = 40 °C). Tewm-
nepaTypa TEIUIOHOCHUTEIIS B MOJAI0IIEeM TpyOompo-
Bojie paBHa 72 °C, a B obpatHoM 51,6 °C. IIpu cHuU-
JKEHUH TeryIoBOM Harpy3ku Ha 40 % Ttemmepatyp-
HBII Tpaduk noHmwkaetcs o 60/42,5 °C.
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Tabruya 7.

JlaHHbIe BBIYHCINTEILHOT0 JKCIIEPUMEHTA MPH TeMIlepaType HapyKHOT0 BO3AYXA fuqp, °C, HAPY’KHOM H BHYTPEHHEM
AuamMeTpe TPyOGONpoBoAa, MM, COOTBETCTBEHHO Dygp M Din

Howmep tuap, Dy, Dyyap, Ous, taps Lotps Gm, w, Ap, P, qi,
OIIBITA °C MM MM MM °C °C kr/c | mM/c | Ila/m | Br/m | Bt/™m
1 -25 300 308 70 75,0 69,7 28,5 [ 040| 6,6 | 0,31 | 664
2 -20 300 308 70 69,0 64,1 27,1 (038 | 6,0 | 0,27 | 59,1
3 -15 300 308 70 63,0 58,5 25,5 [ 036| 53 | 023 | 51,8
4 -10 300 308 70 57,0 52,8 239 (034 | 46 | 0,18 | 445
5 -5 300 308 70 51,0 472 22,1 [{031] 40 | 0,15 | 37,2
6 0 300 308 70 45,0 41,6 20,1 [ 028 | 3,3 | 0,11 | 29,8
7 5 300 308 70 38,9 36,1 17,8 [ 025| 2,6 | 0,08 | 22,5
8 -25 300 308 40 74,8 70,0 31,1 (0441 7,9 | 0,41 | 94,3
9 -20 300 308 40 68,8 64,3 29,5 (042 17,1 0,35 | 83,9
10 -15 300 308 40 62,8 58,6 278 1039| 6,3 | 0,29 | 73,5
11 -10 300 308 40 56,8 53,0 26,0 {037 | 55 | 0,24 | 63,2
12 -5 300 308 40 50,8 47.4 24,1 (034 | 4,7 | 0,19 | 52,8
13 0 300 308 40 44,8 41,8 21,9 ({031 | 39 | 0,14 | 423
14 5 300 308 40 38,8 36,2 194 | 0,27 | 3,1 0,10 | 31,9
15 -25 100 108 70 85,8 60,8 6,0 [0,76 | 929 | 0,92 | 36,9
16 -20 100 108 70 79,2 55,8 57 10,72 | 84,2 | 0,80 | 33,0
17 -15 100 108 70 72,5 50,8 54 1068 | 753 | 0,67 | 29,1
18 -10 100 108 70 65,7 459 5,0 0,64 66,3 | 0,56 | 25,2
19 -5 100 108 70 58,8 41,1 47 10,60 | 57,1 | 0,45 | 21,2
20 0 100 108 70 51,9 36,3 43 10,54 | 47,7 | 0,34 | 17,2
21 5 100 108 70 44,8 31,7 38 1049 | 38,0 | 0,24 | 13,2
22 -25 100 108 40 84,8 61,6 6,5 [0,821]108,6 | 1,17 | 50,8
23 -20 100 108 40 78,2 56,5 6,1 |0,78 | 984 1,0 | 454
24 -15 100 108 40 71,5 51,5 58 10,74 | 88,0 | 0,85 | 40,0
25 -10 100 108 40 64,8 46,5 55 10,69 | 77,4 | 0,70 | 34,6
26 -5 100 108 40 58,1 41,6 5,1 10,64 | 66,6 | 0,56 | 29,2
27 0 100 108 40 51,2 36,8 46 10,59 | 55,6 | 0,43 | 23,7
28 5 100 108 40 44,2 32,1 41 10,52 | 44,2 | 0,30 | 18,1
Tabnuya 8. 90
BHCPFCTH‘ICCKHG XAPAKTEPUCTUKHU KUJIBIX TOMOB O
°. 80
8 % Q=-20%
knacc B
Drak- Hopwma- Paicru- é 3 0
OramuBa- YeCcKHe g =
HOCTB JKH- THBHEIE o Z60
mbix go- | VIO e, | o 55
aab M B/l HUS, 58 _ |
MoB K kBr/m? z £50
=
5 3087 89 117 2
9 7869 73 112,7 T
16 3656 73 128 B, 3. Tonmearma oo sty

TEIIOBOM Harpyske
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Anomayis. Y cyuachiil exonomiynit cumyayii ¢ Ykpaiui excniyamayis cucmem menionoCmaiaiHis nposooUumvCsi i3 HU3bKOKH
memnepamypoio mepedxncesoi 6oou. Iliosuwenuii memnepamypnuii epagix 95/70°C uepes eucoxky eapmicme naiusa €
HeooyinoHum. /loceio maxux kpain sax [ania, Hiveuuuna, Dinnanoia, Lllseyia ma 'oniandia 3 po3eunenum yeHmpanizoeaHum
MenIonoCMadyauHAM 8KA3Y€ HA HEOOXIOHICb NePUI0Yep208020 00IAOHAHHA IHOUBIOYaIbHO20 mennosozo nyHkmy (ITI1) 6ydieni
CUCMEMOIO ABMOMAMUYHO20 Pe2yTI08aHHs, NICIIA 4020 BUKOHYEMbCA Nepexio Ha MEeXHON02II0 31 3HUICEHUM MeMNepanypHuUm
epagpixom. Tomy molepuizayia cucmem menionocmavauua Yxpainu, CnpamoeaHa HaA 3acmMOCY8AHHI  3HUICEHO20
memnepamypnozo epagika, nompebye nepexooy Ha 3aKpumi He3anedlcHi CUCmeMuy ONAIeHHsl, Ha AKICHO-KITbKICHe pe2yio8anHs
ma asmomamu3zayiro cucmem ITII cnoocueauis. Y dawiii pobomi HaAGeOEHI Pe3yIbMAMU YUCENbHO20 OOCTIONCEHHS GNIUBY
KOHCIPYKIMUBHUX | PEHCUMHUX NAPAMEmpie meniogoi Mepexci Ha 6ubip onmumaibHoi memnepamypu i 6Umpamu Mepexce6oi
600u cucmemu yeumpanizoearnozo mennonocmavanns (CLT). Busnaveno icmomuuil 6niug onanioeaibHoi Xapakmepucmuxy
k'E, Bm / K, 6yoieni na napamempu CLT. Busnauenni ¢paxmuuni sHauenus k-F Oesaxux scumaosux 6yOuHKie 3a OaHumu
HamypHux oocnioxcenb. Ompumani gaxmuuni Oaui HudCue pO3paAxXyHKo8ux 3HaueHv k'F, wo eumazcae nioguuyeHoi
memnepamypu menyioHoCisi 8 NOOABANLHOMY MPYOONPOBOOL. 3HUICEHHA MeMnepamypHozo 2pagiika UMazac 3HUICCHHS
EHeP2OCNONCUBAHHS 8 HCUMIOBUX OYOUHKAX T AOMIHICMPAMUSHUX OYOi6ax.

Kniouoei crnosa: mennosa mepesica, 3uudiceHuii memnepamypuuil epagix, uucenvhe 00CHONCEHHS.
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Abstract. In the current Ukrainian economic situation, operation of heat supply systems is under low temperature of the heating-
system water. The higher temperature chart of 95/70°C is inexpedient because of high cost of fuel. The experience of such
countries as Denmark, Germany, Finland, Sweden, and Holland with developed centralized heat supply proves the necessity
of priority equipment of local heat distribution and metering stations (HDMS) of the building with an automatic control system.
After that, the technology with a reduced temperature chart should be applied. Therefore, the modernization of heat supply
systems in Ukraine aimed to applying the reduced temperature chart will require the transition to closed independent heating
systems, to qualitative and quantitative regulation, to automation of HDMS consumers. In the paper, the results of the numerical
study of the constructive and operating parameters of influence of a heat supply network on the selection of the optimum
temperature and the flow of the heating-system water in a district heating system (DHS) are considered. The significant
influence of the heating characteristic k-F [W /K] of a building on the parameters of the DHS has been determined, the actual
values of k'F of some residential buildings have been determined according to field studies. The obtained actual data is lower
than the calculated values of k'F, which requires increased temperature of the heat carrier in the supply pipeline. Reducing the
temperature chart will require a reduction in energy consumption in residential and administrative buildings.

Keywords: heat supply, lower temperature chart, numerical study
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