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Ilpoananizosano empamu uepe3 NOGEPXHIO YMENNEHUX MdAd HEYMenIeHux
mpybonposoodie cucmem onaieHHs.

Energy consumption in buildings is largely dependent on losses through the building
envelope and through engineering systems.

It is known that the largest losses in engineering systems occur at the stage of
transportation of energy resources to the building, as well as in places where they are
located in unheated premises. Therefore, it is very important to provide high-quality, full-
fledged insulation of engineering systems to minimize energy losses.

A significant number of heating systems currently operating in our buildings were
designed and commissioned more than 30 years ago. The materials and thickness of
insulation used at that time differ significantly from the current requirements set out in
Annex B of the relevant DBN.

It should also be noted that the condition of the pipelines themselves is quite different.
In some buildings, although not insulated, they are well maintained, painted, and protected
from moisture. In others, the pipelines are in disrepair, the walls are covered with rust,
leaking in places, and can lead to an emergency.

Comparing the dependence of heat loss changes in insulated and non-insulated
pipelines, we can note the similarity of their character in the form of a polynomial of degree
3.

It is also worth noting that the heat loss of pipelines with outer diameters of 50 mm
or more increases sharply (in uninsulated pipelines) or gradually (in insulated pipelines).

During the heating period, the level of losses corresponds to the temperature of the
heat carrier in the system, and therefore to the ambient temperature. For pipelines of other
diameters, we observe a similar dependence.

Regardless of the diameter of the pipelines, losses in non-insulated pipelines
significantly depend on the temperature of the heat carrier and fluctuate within significant
limits. Losses in insulated pipelines fluctuate within insignificant limits. The highest losses
will occur in January, and the lowest - in April. We do not take into account the months
when there is no heating.
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An average heating system in a five-story building with damaged or missing
insulation will lose UAH 378,294.3 during the heating season compared to a well-
insulated one. On average, buildings that have been in operation for a long time can
usually have localized damage or lack of insulation in the amount of up to 30% for various
reasons. In this case, the cost of losses in such systems will amount to UAH 113488.3.

Kniouosi cnosa: mennoempamu, mpy6onpogio, cucmema onaneHHs.

Keywords: heat loss, pipeline, heating system.

EneprocrnosxuBanHs B OyJiBIISIX 3HAYHOIO MIpPOIO 3aJIEKHUTH BiJl BTPAT 4epes3
000JIOHKY 30BHIIIHIX OrOPOJDKYBaJbHUX KOHCTPYKLIM Ta uepe3 iHXEHEpHI
CHCTEMH.

Bimomo, mo HanOimbII BTpaTH B iH)KEHEPHUX CHCTEMaX BigOyBaeThCsS Ha
eTarll TPAaHCIOPTYBaHHA €HEPTeTHIHUX PECypCiB A0 OYAIBII, a TAKOXK Y MICIIX,
Jic BOHU 3HaXOMIATHhCS B HEONATIOBAHMWX NPUMILICHHIX. TOMy IyXe BaXkIHBO
3a0e3rnedyBaTi AKICHE IIOBHOLIHHE YTEIUICHHS IH)KEHEPHHX CHCTEM JUIs
MaKCHMaJIbHOTO 3MEHIICHHS BTPAT EHEPrOHOCIIB.

3HayHa KiIBKICTh CUCTEM OIAJICHHS, SIKi PAIOI0Th B HALIMX OyIiBISX Ha
JIaHUI MOMEHT, OyJia 3arpoeKTOBaHa i BBEJICHa B eKCIuTyaTallito Oubine 30 pokiB
ToMy. Marepiany i TOBLIMHA YTEIUIIOBaya, sIKi 3aCTOCOBYBAINCH Y TOW Tepioa
3HAYHO BIJIPI3HSIOTBCS Bl Cy4acHMX BHMMOT, BHKJIAJEHUX Yy J0JaTtky b
mpodineraoro JIBH [1].

JocBing 0OCTeXKEHHS 3HAYHOI KUIBKOCTI JKHTJIOBHX Ta TPOMAJICHKUX
OyniBesb IOKa3ye, IO TEIUIOBHH 3aXHCT TPYOONpPOBOIB y HEOIAIIOBaHHX
MIPUMIIICHHSIX MOKe OyTH SIK BiZICYTHIN MOBHICTIO, TaK i 3HAXOIUTHCH Y TEXHIYHO
CIIPaBHOMY BUTJISAAI. A TakoXX MOXE iCHYBaTH 3HAa4HA KUTBKICTh MPOMIKHUX
BapiaHTIB: Bifl CHCTEM, SIKi MAIOTh IIap YTEILTIOBA4a 3pyHHOBAaHUM YaCTKOBO abo
MOBHICTIO — JI0 CHUCTEM YTEIUICHHMX MiAPYYHUMH MarepiajiaMH (TMOYMHAIOYN 3
ouepery, IIMHK, caMaHy Ta IHIIMX HOAIOHMX pedeil 1 3aKiHYyIOUH eJIeMEHTaMHU
rapJiepo0y Ta Matparam).

Takox ciig BiA3HAYMTH, MO CTaH CaMUX TPYOONPOBOMIB JOCTATHBHO
BiZpi3HAETHCS. Y HesKkux OyMiBIsX BOHHM, XOU i HE yTEIUICHI, IPOTe JOTILIHYTI,
modapboBaHi Ta 3aXHINEHI Bix BOJOTH. B HIIMX TpyOOIPOBOIM 3HAXOAATHCS B
aBapifHOMY CTaHi, CTIHKM IIOKPHTI ip)K€0, MICI[IMHM MiATiKalOTh i MOXYTh
TIPU3BECTH JI0 aBapiMHOI CUTYyaIli.

3BaXkaloyM Ha CTaH Ta PiBEHb YTEIUIEHHS TPYOOIPOBOAIB MpOaHaANi3yeEMO
BTPATH TEIUIOBOI €Heprii OHUM METPOM HEYTEIJIEHOi Ta YTEIUICHOI 3riJgHO i3
HOpMaTHBOM [ 1] cTasieBUX TpyO: BOAOra3onpoBiTHUX 3 YMOBHHM HPOXOAOM 25;
32; 40; 50 MM [2] Ta enexTpo3BapHoOi i3 30BHiIIHIM HiameTpom 89 mm [3].
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280°C

Puc. 2. Anani3 remoBtpat TpyOOIIPOBO/IIB

SIkicHy OLIIHKY TEIUIOBTPAT MOKHA IIPOBECTH 3a JOOMOT'0I0 TEIIOBi30pa.
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Puc. 3. Cran tpyOomnpoBozis

MeTtoanKa BU3HAYCHHS TEIUIOBTPAT MpuitHATa 3a [4] Ta 3acTtocoBaHa 1uist
M. JIlynpka npu temmepatypHoMy rpadiky mepexi 95/70°C ta Temneparypi
cepenopuma +10°C. TemionpoBigHICTh Marepiany yTeIUlloBaua NpHUHHATA
0,045 Br/m*K.

PiyHi TennosTpatM 1m HeyTeneHoro
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Puc. 4. Pigni TerutoBTpatn | M HEyTEIUIEHOTO TPYOOIPOBOAY
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Piuni TennostpaTt 1m ytenneHoro Tpybonposoay
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Puc. 5. Piuni TeruoBTpatu 1 M yTEIICHOTO TPYOOIPOBOIY

[MopiBHIOIOYHM 3aJIEKHOCTI 3MIHM TEIUIOBTPAT B YTEIUICHUX Ta HEYTEIICHUX
TpyOOIPOBOAAX MOXKEMO BII3BHAUYUTHU CXOXKICTB X XapaKTepy y BUIJISAI TOJIHOMA
3 crynens. Takox BapTo BiJ3HAYUTH, IO TEIUIOBTPATH TPYOONPOBOJIIB HpPHU
30BHINIHIX JiaMeTpax Bix 50 MM pi3ko (B HeyTemsieHMX) abo IUiaBHO (B
YTEIUICHHX) 3POCTAIOTh.
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Puc. 6. Brpatu gepes nmosepxHio HeyTemieHoro (Psx 1) ta yremmenoro (Psan 2)
TpyOOIIPOBOAIB
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Puc. 7. Micsani TeruioBTpaT 1 M TpyOOIIpOBOAY 30BHIMIHIM AiaMeTpoM 60MM
Psan 1 — weyrennenoro, Psn 2 - yrennenoro

[IpoTsrom OMaNrOBaILHOTO MEPIOAY CIOCTEPIraeThCs BiAIOBIIHICTE PiBHS
BTpaT TeMIeparypi TEIUIOHOCIS B CHCTEMI, a OTXKE TeMIeparypi 30BHIIIHBOIO
cepenosuiia. st TpyOOMpPOBOIIB IHIIHX AiaMETPIB CIIOCTEPIraeMo MOIIOHY
3aj1exHICTh. [ToMicsiuHi maHi st TpyOONPOBOIB IHIIUX JiaMETPiB 3BEICHO Y
Tabm. 1.

Amnanmiz nmaHux TaOnuii 1 mokasaB, IO HE3AJIEXKHO Big JiaMeTrpa
TpyOOIIPOBOMIB BTPaTH y HEYTEIUICHMX CYTTEBO 3ajieKaTh BiJl TeMIIEpaTypu
TEIUIOHOCISt 1 KOJNMBAIOTBCS y 3HAYHMX MeXax. BTpatm B yTemieHux
TpyOOIIpOBOAAX KOJMBAIOTHCA y HE3HAUHMX Mexax. HaiOunbmi BTpatu OyayTh
BifOyBaTHCh y CivHi, HaiiMeHII — y KBiTHI. MicsIli, B SIKi ONaJIeHHS BiICYTHE, 10
yBaru He Oepemo.

KonuBanHs wmix HaiOuThmuMu 1 HaliMeHmwMu BTpatamu (kBT rom.)

CKJIafiaTHMe!

- U HeYTEIICHUX TPYOOTIPOBOIIB

S 34 42 48 60 89

Jiamerp, MM

Brparu 40,10 49,53 56,63 70,76 105,02
- IUIsl YTEIUICHUX TPYOOIpOBO/IiB

S 34 42 48 60 89

niamerp, MM

Brpatn 5,26 5,98 6,07 6,16 6,48
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Tabuus 1
[omicsiuni Brpatn y 1 M TpyOompoBoais, KBT roz.
. 34 42 48 60 89
Micsub - . . - - . - 2 - -
Hei3. | i3on. | Hei3. | i3om. | Hei3. | i3om. | Heis. | isom. | Heis. | i3oi.
1| 53,26| 6,98| 6579| 7,94] 7521| 8,06 9399| 8,18| 139,49| 8,61
2| 4654| 6,10| 57,49| 6,94| 6572| 7,04 8213| 7,14]| 121,89] 7,53
3| 43,03| 564| 5314| 642| 6076 651| 7593| 6,61 112,68 6,96
4| 1316| 1,73| 16,26 1,96| 1859 1,99| 2323| 2,02| 3447 213
5 0,00{ 0,00 0,00 0,00 0,00f 0,00 0,00 0,00 0,00{ 0,00
6/ 0,00]| 0,00/ 000f 000 000 000 000 000 0,00 0,00
7] 00| 0,00 000/ 000 000/ 000 000 000 0,00 0,00
8/ 0,00/ 0,00/ 000/ 000 000/ 000 000 000 0,00 0,00
9] 0,00/ 0,00/ 0,00 000 000/ 000 000 000 0,00 0,00
10| 1469| 193] 1815] 219| 20,75| 2,22| 2592| 2,26| 3847 2,38
11| 39,79| 5,22| 49,15| 594| 56,19| 6,02 70,22| 6,11| 104,21| 6,43
12| 49,27| 6,46| 6086| 7,35 6958| 746| 86,95 7,56| 129,04| 797
Pazom| 259,75| 34,06| 320,83 38,74| 366,80| 39,32| 458,36| 39,88| 680,25 42,00
Tabnuws 2
[MomicsiuHa pi3HUIA BTpaT y | M HEYTEIUIEHHX Ta YTEIUIEHUX TPYOOTIPOBO/IIB,
kBT roz.
Micsiib 34 42 48 60 89
1 46,28 57,84 67,15 85,81 130,88
2 40,44 50,54 58,68 74,98 114,36
3 37,39 46,73 54,25 69,32 105,72
4 11,44 14,30 16,60 21,21 32,34
5 0,00 0,00 0,00 0,00 0,00
6 0,00 0,00 0,00 0,00 0,00
7 0,00 0,00 0,00 0,00 0,00
8 0,00 0,00 0,00 0,00 0,00
9 0,00 0,00 0,00 0,00 0,00
10 12,77 15,95 18,52 23,67 36,10
11 34,57 43,21 50,17 64,11 97,78
12 42,81 53,51 62,12 79,38 121,07
Pa3om 225,70 282,09 327,48 418,48 638,25

OueBuHO, 110 BTPATH Yepe3 HEyTeIUIeHI TpyOOonpoBOau OyXyTh 3HAYHO
BUIIMMHM, HDK 4Yepe3 YTEIUICHi, TOMY Ul OLIHKM piBHA BTpaT Oynemo
BUKOPHCTOBYBAaTH PI3HULIO MDK BTpataMM y TpyOOIpOBOIaX OJIHAKOBUX
niamerpiB. JlaHi po3paxyHKiB 3BeAeHO y Tabi. 2. [IpuiHABIIYN cepeiHIO BapTiCTh
rirakanopii 2500 TpH. OTpHMaEeMO HACTYIHY BapTiCTb BTpar uepe3 1 M

TPYOOIPOBOY MiCIs SIKICHOTO YTCIUICHHS 3a JIFOYUMH HOPMATHBAMHU.
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SOBRIMIHIH 34 42 48 60 89
ﬂlaMeTp, MM

Bapricte  Btpar, 485,16 606,38 703,96 899,577 137199
IpH.

Takum 9uHOM, i3 30UTBIICHHSAM AiaMeTpa CyTTEBO 3POCTA€E BapTiCTh TEILIA,
BTPAYCHOT0 Yepe3 MIOBEPXHIO TPyOOIIPOBOY.

SKmo B3ATH paHAOMHHH OYAWHOK, CKaXiMO I’ SITHIIOBEPXOBHM, TO
JIOBXXHHA TPYOOMPOBO/IIB PI3HUX JiaMETPiB MOXKE HAOYTH HACTYITHUX 3HAUYCHD.

3oBHiwHii 34 42 48 60 89
JiaMeTp, MM
JoBxuHa, M 202 84 116 62 67

Toni BapTICTh TeIIa, BTPAYCHOTO Yepe3 CUCTEMY TCILIONOCTAYaHHs Oy IiBJIi:
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Takum YHHOM, CEPEAHbOCTATUCTUIHA cucremMa OITaJICHHS

I’ ITHIIOBEPXOBOI0 OYIMHKY, TEIIOI30JIAIIIS K0T OyIa 3HUIIeHa a00 BiICYTHS, ¥
MOPIBHSHHI 3 SIKICHO YTEIUICHOI, 3a ONAJIOBAJIbHUN Ce30H Oyje BTpadaTu
378294,3 rpu. B cepenuboMy OymiBii, sIKi TPHUBAIUM Yac €KCILTYyaTYIOTHCS, SIK
MIPABUJIO 3 PI3HUX MPUYUH MOXKYTh MATH MICIISI 3 JIOKAJIbHUMH MOIIKOKCHHSIMHA
a0o BizcyTHICTIO yTeroBaya B KibkocTi 10 30%. Toxi BapTiCTh BTpaT y TaKUX
cucremMax crtaHoBuTuMe 1134883 rpH. JlaHi po3paxyHKH CBig4aTe TIpo
BKJIMBICTH SIKICHOTO YTETUICHHS Ta MiATPUMAaHHS HOTO Y CTIpaBHOMY CTaHi.
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