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B cmamve npogodunics aHaiuz 3Hepeemuyecxoil 3gexmueHocmi padomvi KOHOEHCAYUOHHO20 2A308020 6000-
Zpelinozo Komia & meveHue oMonumeITbHo20 ce30Ha. Bbidenenbl xapaxmepHble 6o3ayujaioujue 6o3oelicmeus, onpede-
JleHvl Ouanazonvi ux uznenenus. Taxdce oyeneHo UX GIUAHUE HA IHEPeMUUecKyo IPPeKmuUsHocms padomul 2a308bix
KOHOEHCAlU OHHBIX 80002PEIIHbIX KOMI0E € PARTUUHLIX MUNax cucnieat omoniedus. Paccnriompena cmpykmypa atame-
Mamuyeckoil Alodenu, no3eonAuell oYeHUnb OCHO8HbIE Napalempsbl padomuvl cCUcHeAlbl OMONIeHUs 8 PaTUYHbIX V-
JOBUAX IKCRIYAMAYUU, 8O3HUKAIOWLX 8 MeyeHlie omMonumenbHozo ce3ona. IIpusedervl pezyiomanmst Mamenamuiecko-
20 MOOETUPOBAHIS PeXCUMO8 PadoNibl 1 NAPAMempos clchieibl OMOoNIeHIUA ¢ 2a308biM KOHOEHCalUOHHbIAL godozpeli-
HLIM KONMIOM 078 NO200HLIX VCA08UI 08VX pelloHoe YKpauHbi omonumensHbix cezonog 2012 ..2015 2000e. [ia noo-
meepocoenUa ad0exeamHoCHU Modell NPosedeHo CPAGHeHUEe NOTVYEHHbIX pPe3vibinamoe ¢ OQHHbIMU HAOTI0eHUA 3d
padomoii 2a3068020 KOHOEHCAYUOHHO20 80002PeliH020 KONIA 8 COCMAse cUCHeAlbl OMONIeHUA MHO20K8APMUPHO20 HCU-
a020 doma. Coenanvt ebigodvl 06 yposHe KO3 guylerma noaeHo2o delicmeus KOHOEHCAYUOHHBIX 2A308bIX KONLIOE,
npu padonie 8 pearbHbIX YCI08UAX U OaHbI PeKOMEeHOaYlU N0 e20 NOBbILHEHUTO.

The energy efficiency analysis of the gas condensing water boiler was performed during the heating season in cur-
rent study. The tvpical disturbance variables were allocated, and the ranges of their changed were defined. In addition,
their impact on the energy efficiency of the gas condensing boilers in different types of heating systems was evaluated.
The structure of a mathematical model allowing to estimate the basic parameters of the heating system in a variety of
operating conditions that occur during the heating season was reviewed. The results based on mathematical simulation
of operating modes and parameters of the heating system with gas condensing water boiler for the weather conditions
relating to two Ukrainian regions were shown for heating season of 2012...2015 years. To confirm the adequacy of the
model, simulation results were compared with the data of work monitoring of the gas condensing water boiler as a part
of heating system of an dwelling—house. The conclusions about the level of condensing gas boiler performance during
working in real conditions were provided and the recommendations towards its improvement were proposed.

KiaoueBble C10BA: KOHISHCAIIHOHHEIH Ta30BEIH KOTell, 3 QeKTHBHOCTE

Key words: condensing gas boiler efficiency

Beenenne. B nmocienHee BpeMs IIpH NPOEKTHPOBAHHH JKHIIBIX H IPOMEINIUTIEHHEBIX 3JaHHH HaOmromaeTcs TeHIeHITHA
K HCTIONB30BAHHIO ARTOHOMHEIX TeILIOTEHePHPYIONIHX arperaToB A1 CHCTEM OTOIUIEHHS H TOPSUEro BOJOCHA GKeHHI.
OcHOBHasA 9acTh TAKHX arperaroB CTPOHTCA Ha Oa3e ra3oBhIXx Bojorpedusx koTioB (I'BK). MakcuMansHELH K03 ¢ dH-
mHeHT nonesHoro gefictemi (KILM) oberaneix I'BK, paccaHTaHHEIH 0T BhIcIIeH (OMHOH) TEIUIOTH CTOPAaHHI TOILIHBA,
KoneGieTca B mHamazoHe 78...85 % [1, 2]. OcHoBHBIe BHIABI yIeNbHEIX MOTeph Tellla aBToHOMHBIX I BK, paccuuTan-
HEI€ OT BEICINeH (TIOMTHO#H) TeTIOTEI CrOPaHH: TOILUTHEA, COCTABIIIIOT !

— TEIUTOBEIE IIOTEPH C YXOIAITHMH JBIMOBBIMH razaMH — 10 18 %;

— NOTepH, CBA3aHHbIE C HEMIOJIHEIM CTOpaHHeM TOILTHBa — 1...2 %;

— NOTEepPH B OKPY’KAIOITYIO Cpely, CBA3aHHBIE C HECOBepIIeHCTBOM TeIumoH3oauHH I BK — 2...3 %.

1 moBEImIeHHs 3¢ (beKTHBHOCTH OTONHTENLHEIX CHCTEM Pa3paboTaHbl H BEITYCKAIOTCS IMIPOMEIIUIEHHOCTEIO KOH-
IeHCAllHOHHEIE Ta20BkEle Bomorpeinsle KOsl (KI'BK), KOTOpEIe OCHAIIMAIOTCS CIIEIHATHHEIM KOHISHCAITHOHHEIM KO-
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HOMaif3epoM, OTGHPAIOIITHM TOTIOHHTEIEHOE TEIUIO OT JBIMOBEIX T'a30B, OXJIAXKIAsd HX H JaCTHIHO KOHIEHCHPYS JacTh
u3 1,6 KT BoasHOrO mapa, OOpazyIomerocs HpPH CKHIAHHH 1 M npupoasoro raza. Ctoumocrs KIBK o6bmmo B
1,5...2 paza Bemme, 9eM I'BK Toi ke MOINHOCTH. 3asBIsAeMBIH IIPOH3BOJHTEIAMH MakcHManpHBIH KIIJ] mocTHraet
97 %. IIpu 3T0M, OOBIMHO B PeKIaMHBIX IelIAX, MPHBOIATCA 3HAUeHHA «Tak Ha3eBaeMoro KIL», paccaHTaHHOIO OT
«HH3IIeH» TeIUTOTHI CrOpaHHA 0e3 ydeTa IOTephs Ha Mapoo0pa3oBaHHe H HarpeBR IPOJYKTOB cropaHHi. OH MOXKeT «JI0c-
THTaTb» 3HaveHHsd 108 %. OmgHaKo 3TH MaKCHMATBHEIE 3HAYEHHI MOTYT GBITH JOCTHTHYTEHI HE BO BCEeX PEKHMAX.

ITocTanoBka mpodaemsl Tak kak B KIBK oxmaxIeHHe IEIMOBEIX Ta30B OCYINECTRIAETCA 06paTHEIM TEITIOHOCH-
TelleM, TO KOJIHYECTBO CHHMAeMOTO TeIlla, a, CJIeJOBaTeNbHOo, 3(deKTHRHOCT, BeeH YCTaHOBKH GymeT 3aBHCETH OT
TeMIIepaTyphl 00PaTHOIo TEIJIOHOCHTed. YeM HIDKe TeMIlepaTypa TeIUIOHOCHTE, IIOCTYIAoIIero H3 o6paTHOTO Tpy-
GompoBoga, — TeM BEINIE, OPH IPOIHX paBHBIX yeroBHix, KIII KI'BK. Temmeparypa o6paTHOTO TEILIOHOCHTENA He-
nocTofgHHa. OHa MOXKeT H3MeHsAeTcA B AHana3oHe oT 22 °C mo 60 °C B 3aBHCHMOCTH OT THIIa CHCTEMEI OTOILICHHA, 3a-
JTaHHOTO PEKHMAa paboTHI H TeMIlepaTyPHI OKPY KAroIeH cpellel. YIpaBIeHHe CHCTeMOH OTOIITeHHs, 3a9acTyI0 IIOTo/10-
3aBHCHMOE, — T. €. TeMIepaTypa TeIUIOHOCHTEI, II0JaBaeMOT0 B CHCTEMY OTOIUIEHHA («II0JadH»), BappHpYeTCA B
3aBHCHMOCTH OT TeMIIepaTyphl OKpy:karomeH cpensl. ClleqoBaTelbHO, OyIeT H3IMEHATHCA H TeMIlepaTypa TeIUIOHOCH-
TelI, IOCTYIAIONIeTo H3 06paTHOro TpybonpoBona («obpaTkH»), a BMecTe ¢ Hell H 3 dexTHRHOCTE padoTtel KBI'K H
BceH CHCTEMEI B IIeIOM.

Db dexkTHRHOCTE pabOTH KOHISHCAIIHOHHOTO KOTJIA NIPH TeX K€ IIOTOJHEIX YCIOBHAX OyIeT 3aBHCETH OT KOHCT-
PYKITHH CHCTEME] OTOILIEHHSI H ee TeMIlepaTypHoro pexkuMa. HanGomnee st dexTHBHO Takoil KoTen 6ymer pabortats ¢
CHCTeMOH OTOIUIeHHA B IOy, C TeMIlepaTypHEIM peskHMoM 25...40 °C na nopage H 20...30 °C Ha «oOpatke». B Hame#
CTpaHe TaKHe CHCTeMEI ellle MaJo paclpOcTPaHeHEl H He NMPHMEeHSII0TCA B MHOTOKBAapPTHPHEIX JoMaX. B MHOTOKBap THp-
HEIX JOMaX IIPOILTOro BeKa NMOCTPoHKkH HaHGOIee paclipocTpaHeHE! TP IHITHOHHEIE PaJTHATOPHEIE CHCTEMEI OTOIIEHHS
¢ BePTHKAIBHOH pa3BoNKOH H TeIUIoBEIM peskHMoM 60...90 °C na nomage H 40...70 °C Ha «o0paTke». OIHaKO, B HOBO-
CTpofiKaX, OCHAINEHHBIX «3aKPHITBIMH» THOO aRTOHOMHEBIMH CHCTeMAaMH TeIUIOCHAOKEeHHS, NPHMeHsAeTCS TIOKBAPTHP-
Has IBYXTpyOHas pa3sBOJKA CHCTEMEI OTOILIEHHS ¢ TEMIEPATYPHEIM peskHMoM pamgHatopos 40...70 °C Ha «mogade» H
35...55 °C Ha «oOpaTke».

VxaspiBaeMsli mpoussoguTesMH KT BK mMakcuMansueii KITJ] MoxeT 6bITh JOCTHTHYT IIPH TeMIlepaType oGpar-
HOTO TeltoHocHTeNA (mopsaaka 25...30 °C). B pealbHBIX YCIOBHAX Takasd TeMIEpaTypa JOCTHTAeTCS PEIKO HIIH BOOO-
IIe He JOCTHTAETCH, H KoTel GyaeT pabotats ¢ KIL]I cymecTBeHHO HHKe 3HATEHH, YKA3aHHOTO IIPOH3BO THTEIEM.

Mogeas 115 oeHKH 3 dekTHBHOCTH. {111 olleHKH 3(bdeKTHBHOCTH paGoTH TeIUIOTeHepHPYIOMeH YCTAHOBKH ¢
KOHIeHCAITHOHHEIM KOTJIOM B TeIeHHe OTOIIHTETLHOTO Ce30Ha B Pa3HEIe TOJBI OblTa pazpaboTaHa MaTeMaTHIeCKas MO-
ek,

MateMaTHIeCKas MOJelb ObINIa pealH30BaHa B cpele MoaemHposanus Matlab Sitmulink. OcHoBHOH BXOIHOH me-
PeMeHHOH U MOJIeNH ABIIAeTCA TeMIlepaTypa OKpyKaromeH cpesl. BEIXOIHEIMH IlepeMeHHEBIMH ABIIIOTCA: TeMIlepa-
Typa BoIEI B 06paTHOM TPYOONpOBOIe, MOTpebiieMas TemIoBas MomrHocTs, KIIJT TemmoreHepHpyiomeH yCTaHOBKH,
noTpebieHHe TOITHRA. Bee mepeMeHHEIe THHAMHYIECKH H3MEHTIOTCA Ha MPOTAKEHHH OTOIHTENBHOIO ce30Ha. Moaens
TaKKe paccaHTeIBaeT cpegHHH KIIJ ycTaHOBKH B TedeHHe OTOIHTENBHOIO Ce30Ha. BIok—cxXeMa MOJeH NpHBeIeHa
Ha pHc. 1.

OCHOBHBIMH 1eMeHTaMH MOJIEIH ABIITIOTCA:

— MOJIeNb BEITHCIHTENI TpeGyeMoH TeMIepaTypEl «II0adTH» — B 3aBHCHMOCTH OT TeMIIEPaTYPHl OKpYsKawomei
Cpelbl, BEITHCISIET He0OX0IHMYIO TEMIIEPATYPY TEIUIOHOCHTENA B TOJAIOIIeM TPYOOIPOBO/Ie CHCTEMEI OTOILIEHHA.

— MOJIeNh TOTPeGHTeN TEIIOBOH YHEPTHH — BEITHCIAET MOTPeGIIeMyI0 TEIUIOBYIO MOITHOCTE H TeMIIEpATypy
oGpaTHOTO TPYGOIPOROAA, B 3aBHCHMOCTH OT IIepelalga TeMIIepaTyp CHapyKH H BHYIPH IOMEINEHHS, TeMIIePaTypEl
moaadH H pacxoma TemnoHocHTend. KIIJ] KITBK paccuHThIBaeTcs MO TeMIlepaType OOpaTHOTO TEIUIOHOCHTeNd. [t
3Toro GBLTA pazpaboTaHa OTNeNBHAS MOJENh, KOTOPas HaXOIHTCA B MOoAcHCTeMe «Performancey. PaccuaHTbIBaeTCA Te-
xymHH H cpexaui KI1JT KI'BK 3a Beck nepHoI MOIeTHPOBAHHI.

C 371eKTpOHHOTO pecypea [5] GBI moMydIeH apXHB JaHHBIX O TIOTO/IE B ABYX ropogax Ykpauusl B Onecce H KHege,
3a mepuox 2008...2016 rogos. [ JaHHOTO SKCIIEPHMEHTA H3 STOTO apXHBa OBLUTH BEIJeNIeHbl JaHHBIE TOJMBKO IO TeM-
mepaType B IEPHO,I OTOMHTENBHEIX ce30HOB (¢ 1 okTaAbps mo 31 amnpens) ¢ maroM H3MeHeHHA JaHHBIX 3 Jaca. JTH JaH-
HEBIe GBIITH HMIIOPTHPOBAHEI B MOJIENE B BHIE MACCHBA H HCIIOJIL30BATHCE B KadecTBe HHQOPMAIHH O TeMIIepaType OK-
py:KaroIleHl cpearl, H3MeHAIomeHca BO BpeMeHH.

Pe3yabTAThI 3KCIIEPHMEHTOB. JKCIIEPHMEHT IPOBOIHIICH JUIA HOTONHBIX JAaHHBIX II0 JIBYM ropoXaM YKpaHHEI —
Opecce H KHeBy, 3a oTonmHTenbHEIe ce30HEI 2014...2015, 2013...2014, 2012...2013 ronos. 3Hadennsa cpeaanx KIIJ{ mpH-
BeZeHEI B Ta6mL. 1. B memoM cpemnsia 3¢ QeKTHBHOCTE CHCTEMEI Majlo BAPEHPYETCS I PAa3HEBIX JIET H PETHOHOB, TIO3TOMY
JTHHAMHKA H3MeHEeHHs JaHHEIX pHBeeHa o Oecce 3a OTOMHTENBHEIH ce30H 2014...2015 rogos (pHe. 2—4).
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HEIH cezom 2014..

.2015 romoB aBTOHOMHAS ra30Bas KOTeTbHAA JKHIOTO AoMa B T. OJecca, OCHAIIEHHAS BEICOKO3(dek-
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1 M’ COMUKEHHOTO Ta3a H3 BO3MOXKHBIX 1500 T.

Tabaama 1 — KIIJT KI'TA B pa3sHBIX perHOHAX B PAa3HbIe TOABI

Beiroabl. 13 pe3yibTaToOB 3KCIIEPHMEHTOB
ClIeqyeT, 9TO KOHJISHCAITHOHHEIH KOTel XOTk H

OtonHTebHELH Topona s dexTHBHee OGBIMHOTO, HO OH TaKXKe He HC-
CE30H, TOOBI Ognecca Kuer MOIB3YET BCIO TEILTOTY CrOpaHHA TOILIHBRA, T. K
2012...2013 91,5 90,4 TeMIepaTypa 0GpaTHOTO TEILIOHOCHTENA BapbH-
2013...2014 91,6 90,8 pyeTcs B TeYeHHe OTOINHTENBHOTO CE30HA H
2014...2015 91,3 90,7 HMeEeT HEeIOCTATOYTHO HH3KYIO TEMIIEPATYpPY IS
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[JIyOOKOH VTHIIH3AaIHH TeIUla JBIMOBEIX Ta30B.
OddexkTHBHOCTS, TeIIOTEeHepHPYIOMEH yeTa-
HOBKH C KOHICHCAITHOHHBEIM KOTJIOM MOXKeT
OBITH TOBBIMIEHA ITYTEM IIOJATH B CEKIHIO KOH-
JeHCAaIlHH TEeIUIOHOCHTeNA ¢ Gollee HH3KOH TeM-
nepatypoH. Ha pHe. 4 npsAMEBIMH THHHAMH IOKa-
3aHo, KakHM 6501 651 KIIJ] CHCTEMBI IPH TeMIIe-
parype TEIIOHOCHTEII Ha BXOoJe KOTIa Ha
ypoBHe 25 °C H 30 °C. Takum o6pa3oM, MOKHO
cIenaTh BEIBOJ, UTO Jaxe HaHGomee >¢ddeKTHB-
ueiii KIBK mpH paGoTe B pealbHBIX YCIOBHAX
He qobHpaeT 7...8 % [0 MAaKCHMAIbHBIX 3HATe-
HHH, 3aABIIEMbIX IIPOH3BOIHTEISIMH.

Jna moBwmmneHHs 3(GQeKTHBHOCTH paboTEI
KI'BK HMeeT cMEICT IIPHHATE MEPE] UL CHHKE-
HHS TeMIIepaTyphl TEIUIOHOCHTEIN, HCIIOIb3ye-
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