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YTOUHEHUE TEMIIEPATYPHBIX T PA®UKOB TEILTOBBIX
CETEHN IPU HEHTPAJIM30BAHHOM TEIIJIOCHAB)XEHUHA
IMOTPEBUTEJIEN

M.F. BOZHENKO, D.S. SEREDA, M.I. NOVITSKYI

THE REFINEMENT OF THE HEAT CIRCUIT LOAD DIAGRAM
WHEN DISTRICT HEATING SCHEME

Anotanis. Haromomeno, mo y 3B’S3Ky 3 IiJBHIICHHSAM HOPMATHBHOI TeMIEpaTypd BHYTPILIHBOTO
MOBITPsI KUTIIOBHX OyxiBens 10 20 °C BHHHKAae HEOOXIOHICTH YTOUYHEHHS TEMIEpaTypHHUX rpadikiB TETIOBUX
MEpEeX MPH [CHTPaTi30BaHOMY TEIIONOCTaYaHHI CIIOKHUBAYIB.

3a BigoMHMH (QopMyJIaMH OTPUMaHI 3aJIEKHOCTI 3MiHM TEMIIEPaTyp BOJM B IOJABAJIbHINM Ta MOBOPOTHIM

.. . . . P _~n o
JIHIAX TEIUIOBUX MEpeX BlJ TEMIIEpaTypu 30BHIIIHBOIO IIOBITPSA IPHU tBH =20 °C gns po3paxyHKOBHX

temneparyprux rpadikie 150/70; 130/70; 115/70; 105/70; 95/70 °C mnsa Bcix obmacHUX IEHTpiB YKpaiHu Ta
neskux mict AP Kpum.

INoka3zaHo, 1110 3MiHa TeMIlepaTypu BHYTPIiLIHBOTo MoBiTps 40 20 °C npU3BOAUTE 10 301JIbLICHHS BUTPATH
MepexHOT Boju Bix 4,7 % 1o 8,3 % NOpiBHIHO 3 HAsIBHUMH rpadikaMu.

KarouoBi cioBa: cucremMa TeIUIONOCTa4YaHHs, CIOXKMBadi TEIUIOTH, TEMIIEparypa, TeIJIOBI Mepexi,
BUTpATa BOJU.

AnHotanusi. OTMEYEHO, YTO B CBSI3U C IOBBIIICHHEM HOPMATHBHOW TEMIIEPAaTyphl BHYTPEHHEIO BO3/yXa
*KUIbIX 37aHui 10 20 °C BO3HMKAaeT HEOOXOAMMOCTh YTOUHEHHS! TEeMIEpaTypHbIX IpadruKoB TEIUIOBBIX CETeH
NP LEHTPAIN30BAHHOM TEIIOCHAOKEHNH MTOTpEeOHUTENEH.

ITo n3BecTHBIM (opMysaM OBUIM MOJYYEHBI 3aBHCHMOCTH W3MEHEHHS TEMIIEpaTyp BOABI B IOAAIOIICH U

. o P _5p o
0o0paTHON JNHMHUSAX TEIUIOBBIX CETEH OT TeMIepaTyphl HApY>KHOTO BO3IyXa IPH tBH 20 °C gnst pacueTHBIX

TemrnepaTypHux rpadukos 150/70; 130/70; 115/70; 105/70; 95/70 °C st Bcex 001acTHBIX LIEHTPOB Y KPauHbI U
HEKOTOpBIX ropoJoB AP Kpbim.

Taxoke ToKa3aHo, YTO U3MEHEHUE TeMIepaTypsl BHyTpeHHEro Bo3ayxa 1o 20 °C npuBOJMT K IOBBIILICHUIO
pacxona ceteBoii Bozpl oT 4,7 % 110 8,3 % 1o CpaBHEHHIO C CYNIECTBYIOIINMH IpaduKaMH.

KnioueBble cioBa: cucrema TeruiocHaOXeHHs, MOTPEOUTENH TEIUIOTHI, TEMIIEpaTypa, TEIUIOBBIE CETH,
pacxos BOJbI.

Annotation. It is emphasized that due to increasing of the regulatory temperature of indoor air of
residential buildings up to 20 ° C is necessary to clarify the temperature graphs of heating networks in district
heating.

By the known formulas relevance of water temperature changes in the water supply and rotary lines of
heating system from the outside air temperature at t = 20 °© C are obtained for the calculating of temperature
graphs 150/70, 130/70, 115/70, 105/70, 95/70 ° C for all regional Ukraine’s centers and some cities in Crimea.

It is stated that the change of internal air temperature to 20 ° C leads to increasing of water costs from 4,7%
to 8,3% compared with the existing schedule.

Keywords: heat supply system, heat consumers, temperature, heat networks, water discharge.
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Beryn

B Vxkpaini 3 1.04.2007 p. € unnni Jepxasni Oynisensni Hopmu JABH B.2.6-31:2006 [1], 3rimHO 3 AKuMU
PO MPOEKTYBaHHI TETIIOI30MANIHHOI 000JOHKN OYAMHKIB Ta CIIOPYA TOPAN 3 HEOOXiJHICTIO 3a0e3meueHHS
MiHIMAJBPHO MJOMYCTHMOTO 3HA4YCHHS OIOpY TeIUlonepenadi OOTOpOKEeHb, HANPHUKIAL, pPO3paxyHKOBa
TeMIepaTypa BHYTPIIIHBOTO IOBITPS ISl KHUTIOBHUX, TPOMAICHKHX Ta aIMiHICTpAaTHBHHUX OYAMHKIB ITOBHHHA

CTaHOBUTH tfH =20 °C.

3BHYaiHO, IO I HOBUX OyAiBENb MOTYXHICTh CUCTEMH ONAJICHHS PO3PaxOBYeThCSA Ha MiATPUMAHHS t};ﬂ

=20 °C, 3riiHO 3 UM 3IHCHIOETHCS BIAMOBITHUN BUOIp HATPIBaJIbHUX NPHUIAIiB Y MPUMIIICHHSX.
3abe3nedeHHss HOpPMaTUBHOI TEMIIEpaTypy BHYTPIIIHBOTO MOBITPSl Y MPUMIILEHHSX, K OyJIU CIOpYKEH]

paHiIIe i cucTeMa ONaleHHA B SKMX PO3paxoByBaJlach 32 CTAPHMMU HOPMaMM Ha IiJTPUMAaHHA tfH =18 °C,

MOXKHA JIOCSITTH IIPU 3MEHIIEHHI TEIUIOBHX BTpaT OYJIBISIMH, TOOTO 3a PaxyHOK JOJATKOBOTO YTEIUICHHS
30BHIIIHIX CTiH Ta 3aMiHi CBITJIONPO30PHX KOHCTPYKIii, a00 mpu MoJepHi3alii CHCTEMU ONMaJIeHHs. AJe Npu
HUHIIIHI CUTYyalil HeHTPai30BaHo 11e 3p00UTH HEMOIKIIHBO.

IMocranoBka 3agaui

OCHOBHUMH €JIEMEHTaMU CHCTEMH TEIUIONIOCTayaHHsI € JDKEPENO TEeIUIOBOI eHeprii, TeIuioBi Mepexi Ta
CIOXKMBaYi TEIUIOTH.

CucteMH TEIUIONOCTAUaHHS 3@ IOTYXHICTIO JDKepella TEeIUIOBOi €Hepril MOAUIAIOThCS Ha CHCTEMH
ABTOHOMHOT'0, ICLIEHTPATi30BaHOT0, IIOMIPHO — LICHTPaJIi30BaHOT'O 1 IEHTPaTi30BaHOTO TEIUIONOoCcTadyaHHs [2].

Jns1 3a0e3nedeH s HEHTPAIbHOTO PETYIIOBAHHS TEIUIOBOTO HABAHTAKEHHS

CIOXKMBAYiB, TETIIONOCTAaYaHHA SKUX 3ailcHIoeThes Bin TELL, paifoHHNX KOTesneHb (IpH HEHTPaIi30BAHOMY
TEIUIOTIOCTaYaHHi) ab0 KBapTambHUX KOTENeHb (TIPH IMOMIPHO — IICHTPalTi30BaHOMY TEIUIONIOCTAYaHHi),
HEOOXiqHO MaTu rpadikd 3MIHH TeMIepaTyp BOAM B TEIUIOBUX MEpEXax, 30Kpema, B 3aleKHOCTI BiJ
TEeMIIepaTypH 30BHIIIHBOTO MOBITPSI.

HasBHi rpadiku po3poOusuncst Ajisi pIi3HUX PO3PaxyHKOBUX TEMIIEpaTyp BOAM B MOAABAIBHHX Ta
MOBOPOTHHUX JIIHISIX TEIUIOBUX MEPEX IPH MOCTIHHIA TeMneparypi BHYTPIIHBOTO IOBITPS )KUTJIOBUX OyaiBeNb

p _ o
t =18°C.

. . . P _
Hogi HopmaTuBHi mokymenTu [1], sik Biq3HA4aIOCh BHIIE, PETIAMEHTYIOTh IF0 TEMIIEPATypy, sK tBH =20

°C, TOMy METOK IaHOi pOOOTH € OTPUMAaHHsS YTOYHCHHMX TEeMIEPaTypHHX rpadikiB TEIJIOBHX MEPEK CHCTEM
[EHTPAJi30BaHOTO Ta IOMIPHO — IEHTPANi30BAHOTO TEIUIONIOCTaYaHHsA, AKi O 3a0e3nmednmnu HOpPMAaTHUBHI
TEeMIepaTypHi YMOBH B HasBHUX OyIiBIsAX 0€3 3aMiHU HATPiBATLHUX MPIJIAJIIB CHCTEM OMAICHHS.

Pe3yabTaT po3paxyHkis
B [3,4] naBeneHi aHANITHYHI 3alEXKHOCTI JJI PO3PaxXyHKY TEMIIEpaTyp BOAM B MoJaBambHIN (1) Ta

MOBOPOTHIN (;05) MariCTpasx TEIJIOBHX MEpEeX IS Tak 3BAHOTO ONATIOBAJIFHOIO TEMIEpaTypHOro rpadika,
TICJIS IEPETBOPEHB SKUX OTPHUMAEMO

o = 0, + (A —12, ) K2+ (22, — A)K,,. &)
p__¢p
- :tfﬁ+(A—r:H)K2:§—me @)
2 ;

= twh ®

. tlfH - tp.o

LBt

2

ne K, - koeimieHT 3HMKEHHSI BUTPATH TEIUIOTH HA OMAJCHHS Ta BEHTWIAIIIO 3aJIeKHO BiJ TeMIepaTypu

. . . 4D . . .
30BHIIIHBOT'O TOBITPS; tBH- PO3paxyHKOBa TEMIICparypa BHYTPIIIHbBOI'O HNOBITPA YCEPCAMH1 OMATIOBAaJIbHUX
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. 3 p
or. ~ ocC.
IIPUMIIIECHB, C, tp - PO3paxyHKOBa TEMIIEpaTypa BOOH, IO HAAXOAWUTH B ONAJTIOBAJIBHUMW IIPUJIAL, C, tHOB -
PpO3paxyHKOBa TeMII€paTypa BOJAU B IMOBOPOTHOMY pr60Hp0BO):[i TEIIOBO1 Mepexd, OC; tp o- PO3paxyHKOBa
. . o, .
TeMIEpaTrypa 30BHIIIHBOI'O IMOBITPSA AJIA IMIPOCKTYBAHHS OITAJICHHS, C, tH - IIOTOYHA TEMIIEpATypa 30BHIIIHBOT'O

H or. tP . . . o
noBiTps, °C; tn on ~ PO3PaxyHKOBa TEMIIEPATypa BOHM B II0aBaIbHOMY TPyOONPOBOI TeruIoBoi Mepexi, °C.
Sk npuknazn, Ha puc.l HaBeneHi rpadiky 3MiHM TEMIIEPaTyp BOAM B TEIUIOBHX MEPEXax B 3aJEIKHOCTI Bif

TEMIIepaTypH 30BHIIIHBOTO TIOBITPS U PO3PAaXyHKOBOTO TEMIIEpaTypHOTO Tpadika (tf; on / tf; OB) = (150/70)

°C, ipu thH =20°C, tp.o =-22°C  (mampuknan, 1us M. Kuesa), t3p =95 °C.

Ha IbOMY K PUCYHKY HAaBCJICH1 T1 CaM1 3aJIC)KHOCTI1, aJIC AJId paH1IIC BUKOPUCTOBYBAHO1 TCMIIEpATypHU tBH

=18 °C, s THX Ke TapaMeTpiB.

: 4D p _
BIZ[OMO, oo TeMmneparypa BoAU B TCIJIOBUX MEPC)KaAX 3MCHINYETHCA B1J tl‘IOL[ Ta tl‘IOB npu tH —_ tp.O 0

AQHAJIOTIYHUX TEeMIlepaTyp MpU TEMIepaTypl 30BHIIIHBOTO MOBITPS B TOYLI 3JaMy TeMIIepaTypHOro rpadika
teroBoi Mepexi (t,,), @ Hagadi 1i TeMIepaTypy 3aJIMINAIOTHCS MOCTIHHUMU JI0 3aKIHYEHHS ONAIOBAILHOTO
Ce30HY Ta B JITHil nepioJ] Npu 3abe3neueHHi HaBaHTaXeHHsI Ha rapsiue Bojornocradanus (I'BIT).

Jlis BU3HAYCHHSA 1 ,;, SKa TpH tEH = 20 °C nopisuioe 5,48 °C, a npu t;)H = 18 °C signosiguo 3,84 °C,

BUKOPHUCTANH PiBHAHHA (3), momepeqHho BU3HAUMBINK 3 piBHAHHA (1) Bemmuuny K, 5;, OCKIIBKH TeMIepaTypa
MOAABAIBHOI BOIU B TOYLI 3JaMy TeMIIEpaTypHOro rpadika TerioBoi Mepexi MiATPUMYEThCS MOCTIHOWO i

JIOPIiBHIOE t;g’n = 70°C. Otpumani 3naueHns koepinienta K, ,,, ckiagawots 0,3455 npu thH =20°C 10,354 npu

p _
t; =18°C.
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Pucynok 1. 3MiHa TemmepaTyp BOJU B TETUIOBUX MEpeXax JIJIsl pO3paxyHKOBOTO TEMITEPATYpHOTO Tpadika

(tr . /th ) =(150/70) °C:

o o p _ oc.
1,3 — noxaBaJIbHKI Ta MOBOPOTHHI TPYOOIIPOBOIH NIPH tBH =20°C;

2,4 — Ti X 3aJEKHOCTI, e npu t]I:H =18°C.
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[IpakTiyHuii iHTEpeC Uil ONEPAaTHBHOIO MEPCOHATY JUKEpEeN LEHTPai30BaHOTO TEIUIONOCTavyaHHs
MPEICTABISIIOTH Tpadiku 3MiHU TEMIIEPaTyp BOIH B TEIUIOBUX MepEKax B 3aJICKHOCTI Bi/I TOTOYHUX TEMIIEPATyp
30BHIMIHBOTO TOBITPS Ta PO3PaXyHKOBUX TEMIIEPATYp 30BHIITHHOTO MOBITPS IJISl HPOCKTYBAHHS OTIAJICHHS, TOMY
3a HaBeleHMMH Bumie 3aiexxHocTsMHu (1), (2) 3 ypaxyBamaaMm ¢opmynu (3), Hamu Oymu po3paxoBaHi
TeMIepaTypHi rpadiki TEITOBHX MEPEX Il HAHOIIBII MOMHUPEHUX PO3PaXyHKOBUX TEMIIEPATypHHUX rpadikiB
TertoBuX Mepex : 150/70, 130/70, 115/70, 95/70 °C npu po3paxyHKOBil TeMIlepaTypi BHYTPIIIHEOTO TOBITPS
20 °C.

AHani3 KIIMaTOJNOTiYHUX JaHWX OOJacHUX LEHTPiB YKpaiHu Ta aeskux MicT AP Kpum mnokasye, mo
TeMIIepaTypa 30BHIIIHBOTO MOBITPS ISl NPOEKTYBaHHS onajneHHs (t,,) 711 HUX KOJIMBAEThCA BiJ Minyc 25 °C 1o
minyc 16 °C, ms micta CeBactonoss — MiHyc 11 °C 1 qnst M. Snra — minye 6 °C, Tomy TemnepaTypHi rpadiku
TEIJIOBUX MEPEX B 3aJIEXKHOCTI Bil TEMIeEpaTypH 30BHIIIHBOTO MOBITps mpH t,,= 20 °C po3paxoByBagu A
BKa3aHUX Temrneparyp t, , — auB.Tabm.1.

Sk npuknan, B Tabn.2 HaBemeHMil rpadik 3MiHH TeMIEpaTyp MEpeXHOi BOIU Uil PO3PaxyHKOBOTO
TemneparypHoro rpagika 150/70 °C.

Ta6mums 1.
Po3paxyHkoBi TeMnepaTypH 30BHIIHEOTO MOBIiTPA ty .

3HaueHHS .
t0.°C Hacenenwnit myHKT

-25 JlyraHCBK
-24 Cymu
-23 HuinponeTpoBerk, JloHensk, [lonraBa, Xapkis, UepHiris
-22 Kuromup, 3anopixoks, Kuis, KipoBorpan, Uepkacu
-21 Binaut, PiBre, TepHOMiTh, XMETEHUIBKHMA
-20 Jlyupk, [Bano-®pankiBchk, Mukonais, UepHiBIi
-19 JIbBiB, XepcoH
-18 VYixropon, Oneca
-17 J>xaHko
-16 €smatopis, Cimpepononsb
-15 deonocis
-11 CeBacToIoib
-6 Snra

AHaJi3 0OTPpUMaHMX pPe3yJbTATIB

OCKUIBKY HOPMATHUBHA BEJIMYHHA té’H 30ibmena 3 18 °C go 20 °C, To BignosigHo Ha 2 °C 30UIBIIYETHCS

PO3paxyHKOBa PI3HUI TEMIIEPATyp (tlfH— tyo), mo ckmagae 5% 1, BiamoBinHO, Ha 5% 301BIIYIOTHCSA

PO3paxyHKOBI BTPATH TEIUIOTH OYAIBISIMH Yepe3 30BHINIHI 00ropoKeHHs (TIPU He3MIHHUX 1HIIUX YMOBAX).

V 3B’A3Ky 31 30UIBIIEHHSAM PO3PaXyHKOBHX BTpAT TEMJIOTH Yepe3 30BHIIIHI 0OTOpOKEHHS MPH MiJABHIIEH]
tse D0 20 °C, Ta 3MiHI TeMIepaTypu BOAM B MOJABAIbHIM Ta MOBOPOTHINA Mepekax, OYeBHUIHO, 3MIHHTHCS 1
MacoBa BUTpaTa MEPEXXHOI BOJIH.

3MiHa BUTpaTH MEPEXKHOI BOJIH, K MPUKIIAJ, AJIT HOBOTO TemmneparypHoro rpadika (150/70) °C, %

G = (&2 1100 @)
G

1
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Tabmuug 2.

3MiHa TeMmIepaTypu BOOM B TEIUIOBHX Mepexax I PO3paxyHKOBOTO TemIieparypHoro rpagika (150/70)

°C_(Ko1 = 0,3455)

3HaueHHs by, (BEPXHA CTPOKA) Ta tn,, (HHKHS cTpoKa), °C, IpH TEMIIEpATypax
thor [ 30BHILIHBOTO MOBITPA t,;, °C
°C °C

[ 5 0 -5 -10 -15 -20 -25

70 68,5 82,7 96,6 110,2 123,6 136,9 150
-25 45

42,4 41,8 47,1 52,1 56,9 61,4 65,8 70

70 69,4 83,9 98,1 112 125,7 139,3 -
-24 4.8

42,4 42,2 47,6 52,7 57,5 62,1 66,5 -

70 70,5 85,3 99,7 114 128 141,8 -
-23 51

42,4 42,6 48,1 53,2 58,1 62,8 67,4 -

70 71,5 86,7 1014 116 130,3 144.4 -
-22 55

42,4 43 48,6 53,8 58,8 63,6 68,2 -

70 72,7 88,1 103,2 118,1 132,7 147,1 -
-21 58

42,4 43,4 49,1 54,5 59,5 64,4 69,1 -

70 73,8 89,6 105,1 120,3 135,2 150 -
-20 6,2

42,4 43,8 49,6 55,1 60,3 65,2 70 -

70 75,1 91,2 107,1 122,6 137,9 - -
-19 6,5

42,4 44,3 50,2 55,8 61,1 66,1 - -

70 76,4 92,9 109,1 125 140,7 - -
-18 6,9

42,4 44,8 50,8 56,5 61,9 67 - -

70 77,7 94,7 111,3 127,6 143,6 - -
-17 7,2

42,4 45,3 51,5 57,2 62,7 68 - -

70 79,1 96,6 113,6 130,3 146,7 - -
-16 7,6

42,4 45,8 52,1 58 63,6 69 - -

70 80,7 98,5 116 133,1 150 - -
-15 7,9

42,4 46,4 52,8 58,8 64,5 70 - -

70 87,6 1076 | 127,1 146,2 - - -
-11 9,3

42,4 48,9 56 62,5 68,8 - - -

70 99,2 122,6 | 1455 - - - -
-6 11

42,4 53 61,1 68,6 - - - -

ne Gy ta G, — BUTpaTa MEPEKHOI BOJH, T/TOJ, ISl HASSBHUX (t;’H =18 °C) Ta HoBux (t’ =20 °C)
TEMIEPATYPHUX I'PadikiB BIATOBIIHO.
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3 ypaxyBaHHSM TOro, o BuTpatu Boau G; ta G, 3anexath BiJl TEIUIOEMHOCTI BOJH, PI3HHLI TeMIeparyp
BOJU B TOJABAIBHIN 1 TOBOPOTHIH

Mmepexi Aty Ta At,, BIINOBIAHUX BTpaT TEIUIOTH OOrOpPOKEHHIMH QBTpl Ta Q a OCTaHHI, 30KpeMa,

BTp2 ’
p

— BLA TEMIECPATyp BHYTPUIHBOI'O MOBITPs tBHl

p . . .
Ta tBHZI TEMIIEpATypu 30BHIIIHLOTO TIOBITPs tH , TO B

BHIAJKY, KON t, = t,,, BennunHa Aty = Aty, i mpu nocTiiiHii TennoeMHoCTi Boau, popmyna (4) Habyne BUTIALY

tP P
AG =| 22—l 1100 ®)
Bul p.o

TakuM 4UHOM, SIK IOKa3yIOTh PO3PaXyHKH, JUIl HOBUX TEMIIEpAaTypHHUX rpadikiB TEIUIOBHX MEPEX IpH f; =
t)0, @ TAKOXK IIPU Oy[b-IKOMY 3HAYE€HHI TEMIIEPATYPH 30BHILIHBEOIO IOBITPs B iHTepBai Bix t,, 10 t,,; Tpeba
30iIbIIUTH BUTPATY MepexHoi Boau Bix 4,7 % (mmst temneparypuux rpadikis mpu t,, = -25 °C) 1o 8,3 % (ams
TemnepatypHux rpadikis mpu t,, = -6 °C).

BucHoBku

1. B pe3ynbraTi po3paxyHKIB Ul NPAKTUYHOTO BUKOPHCTAHHS OyJIM OTpHMaHIi 3aJIe)KHOCTI TEMIIEpaTyp
BOJM B IMOJaBaJIbHIA Ta MOBOPOTHIN JIHISAX TEINIOBUX MEPEk IPU PO3PaxXyHKOBUX TEMIEpAaTypHUX rpadikax
150/70, 130/70, 115/70, 105/70, 95/70 ° C mnst po3paxyHKOBOI TeMIepaTypu BHyTpimHboro mositps 20 ° C.

. p o .
2. Pospaxynkamu mokasano, mo 3mina t) 10 20 ° C mpusBoauth 10 3poCTaHHA BHTPAT TEIIOHOCIA Y

nojiaBabHii Mepexi Bix 4,7 % (14 TeMnepatypHux rpadikis npu t,, = -25 °C) 1o 8,3 % (a1 TemnepaTypHUX
rpadikiB mpu t,, = -6 °C) NOpPIBHAHO 3 HAABHUMM TeMIEPATypHUMH rpadikamu, Je HOPMATHBHE 3HAUCHHS
TEeMIlepaTypy BHYTPILIHEOTO HOBITPs ckianaio 18 °C.
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