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E®EKTUBHA CUCTEMA TEILIOXOJOJONOCTAYAHHSA KU TJIOBOI BY AIBJII
. B. Crenanos, H. JI. Crenanosa, O. A. l'aitneituyx

Bkazano, w0 euxopucmanms MenjioOHACOCHO20 OONAOHAHHA € HAUOIbW NepcneKmusHUM
sapianmom 018 MeNni0X0N000NOCMAYanHA 0OY0igenb, OCKIIbKU 00360JA€ KOMNIEKCHO 3 BUCOKOH
eHep2oepheKMmUBHICMIO supiuumu npooremMu eUpPOOHUYMEA MeNIOMuU Ma X0A00y 015 HCUMA080I 6Y0i6Ii.
IIpoananizoeano ¢hakmopu, wo mawome HAUOINGWUL GNIUE HA NOMYICHICMb CUCEMU 2aPAYO20
8000NOCMAYAHHA MA CUCTEMU XOT00ONOCMAYAHHA 0Nl KOHOUYIOHY8AHHA NOGIMPs 6 NPUMILEHHAX
Oyoieni. /[na menno2o nepiody poKy 3anpoOnoHO8AHO BUKOpUCMAMU GI0IOpaHy Meniomy 8 cUucmemi
KOHOUYIOHYBAHHA NOGIMPA AK HU3bKOMeMnepamyphe odcepeno Ois GUNAPHUKA MeNN08020 HACOCY, WO
npayioe Ha eapsaye G00onocmavauHs. Busnaueni medci  Ooyinbnocmi  6UKOPUCMAHHA — MAKO20
anapamypHo-cxeMHo20  piuieHHs Ol CUucmemu menjioxonrooonocmadauns  oOyoieni.  Ilposedeni
00CNiOHCEHHA U000 BUOOPY ONMUMATBLHOZO BAPIAHMY V6 A3VEAHHA MENJI08UX NOMYMHCHOCHel CUcmem
X0J1000NOCMAYAHHA MA 2apA4020 6o0onocmadanis. Buseneno, wo naubinew 0oyinbHum eapianmom €
8CMAHOBNEHHS 8005IHO20 OAKA-AKYMYIAMOPA 8 CUCEMI 2apA1020 6000N0CMAYAHHSL.

Knrwouosi cnosa: menionocmauanus, Xoni000NOCMAYAHHS, eHep2oepheKmueHicms, menaiosull
Hacoc, KOHOUYII08AHHS, 2apsie 6000N0CMAYAHHSL.

IOPEKTUBHASA CUCTEMA TEIIVIOXOJOJOCHABXEHUS ) KUJIO0T'O 3IAHUSA
. B. Crenanos, H. JI. Crenanosa, O. A. lNaitneituyk

Vrazano, wmo ucnonvzosanue MeEnIOHACOCHO20 — 000PYOOBaHUs  sAGAemcsi  Hauboaee
NePCReKMUBHbIM 8APUAHMOM OJisL MENIOXAA00CHAOIICE s 30aHUll, NOCKONILKY NO380JIslen KOMIIEKCHO C
8bLCOKOUL IHEP20IPPHeKxmUBHOCbIO peuiumb NPoOIeMbl NPOU3BOOCBA MENIOMbL U X0A00A OIS HCULO2O
30anus. Tlpoananuzuposanvl axmopul, oxazviawue HaudoabUee GIUAHUE HA MOWHOCb CUCTEMbl
eopsaue20  B8000CHAOJCEHUS U CUCTEMbl XOA000CHAOJICEHUs O  KOHOUYUOHUPOBAHUSL 8030YXA 8
nomewenusix 30anus. /s menio2o nepuooa 200a NPeoroANCeHO UCNOIb306AMb OMOOPAHHYI0O MENJIOMm) 6
cucmeme KOHOUYUOHUPOBAHUS B6030YXA KAK HUBKOMEMNEPAMYPHLIL UCMOYHUK Ol  UCNapumens
Menineo2o Hacoca, pabomaiowe2o Ha 2opsayee 8000cHabucenue. OnpedeneHbl epaHuybl Yeaiecooopas-
HOCMU UCNONIL306AHUSL MAKO20 ANNAPAMYPHO-CXEMHO20 DEUEHUS. CUCEMbl MEeNI0oXAA00CHAOICeHUS
30anus. Tlposedenvt ucciedosanus no 6bl00pPy ONMUMALLHO20 6APUAHMA VEA3KU NENJI08bIX MOWHOCTEl
cucmem X0a000CHAbIICEHUsT U 2opsaue20 8000CcHabceHus. Buiseneno, umo naubonee yenecooopasuvim
BAPUAHMOM SNIAENCSL YCMAHOBKA 800HO20 OAKA-AKKYMYIAMOPA 8 CUCHeMe 20Paue20 8000CHAONCEHUSL.

Knroueevie cnosa: mennocnaboicenue, X01000CHAOICEHUS, IHEPLOIPHEKMUBHOCHb, MENT0BOU
Hacoc, KOHOUYUOHUPOBAHUS, 2opsiuee 8000CHADMICEHe.

EFFECTIVE SYSTEM OF HEAT AND COLD SUPPLY OF RESIDENTIAL BUILDING
D. Stepanov, N. Stepanova, A. Gaydeychuk

Indicate that the use of heat pump equipment is the most promising option for heat and cooling
supply of buildings, because it allows to solve complex with high efficiency the problems of heat and cold
production for residential buildings. Analyzed the factors that have the greatest impact on the capacity of
the hot water system and a cooling system for air conditioning in the building. It is proposed for the warm
period of the year the selected heat in the air conditioning system as the low-temperature source for the
evaporator of a heat pump operating on hot water to use. The boundaries of the feasibility of using such
apparatus and of the system of heat supply and cooling of the building are defined. Researches for
choosing the best option of linking heat capacity of air conditioning systems and hot water supply are
conducted. Revealed that the most feasible option is to install a water tank in the hot water supply system.

Keywords: heating, cooling, energy efficiency, heat pump, air conditioning, hot water.
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Beryn, moctaHoBKa 3axayi

B XHMTIOBO-KOMYyHanbHOMY ceKTOpi Ykpainu cnoxuBaerbes 10 40 % enepronociiB. OcHOBHa
YacTUHA 1X BUTPAUAETHCSl HA BUPOOHMIITBO TETUIOTH AJISI CUCTEM OMAJIEHHSI Ta Tapsuoro BOAOTIOCTaYaHHS
xutioBoro ¢oHny. IlepeBaxkHa yacTHHA TEIUIOT€HEPYBaJIbHOTO OOJAIHAHHS NpAIO€ HA MPHPOJHOMY
rasi, IMPOKE BHUKOPHCTAHHS SKOTO HETaTMBHO BIUIMBA€ HAa EHEPreTHYHY HE3aJEeKHICTh YKpaiHH.
BripoBamkeHHsI cuCTeM CIANIOBaHHS BYTULIS, Ma3yTy Ta OioMacH B MICISIX 3 IIUTFHOIO 3a0y/IOBOIO €
YCKJIaJHEHUM. BHKOPUCTAaHHS €JIEKTPOONAIFOBAILHOTO O0JIaJIHAHHS Hi 3 €KOHOMIYHOI TOYKH 30Dy, Hi
TUM OiNbIle, 3 MOTISAIB TEPMOAUHAMIKA HE € NOIUIFHUM. ToMy HaiOiIbIl MPOTPEeCHBHUMHU Ha JTaHHUN
MOMEHT, € TEIJIOHACOCHI cucTeMH [1].

OpHOYaCHO, MiABUITYIOTHCSI BUMOTH O KOM(OPTY KHUTIOBUX NPUMIlLleHb, B TEIJIMN Tepio]] pOKY
LIMPOKO BUKOPUCTOBYIOTHCSI CUCTEMH OXOJIOJDKEHHS 3 3aCTOCYBAHHSM (PPEOHOBHX MAPOKOMIIPECIHHUX
MAalllUH B CKJaJi TaK 3BaHUX CIUIT-CHCTEM KOHIUIIOHYBaHHA. Taka TEXHIKa BUMAara€e BEJIMKUX BUTpPAT
eleKTpoeHeprii Ha cBoe QyHKIioHYBaHHA [2]. Hamu 3ampomnoHoBaHe amapaTypHO-cXeMHE O()OpMIICHHS
e(eKTHBHOI CHCTEMH TEIUIOXOJIOJ0MOCTAauYaHHs JKUTIOBOI OyAiBimi (puc. 1), sika M03BOJISIE 3MEHIINUTH
BHTPATH EIEKTPOCHEPTii, CKOPOTUTH KAaIlTaJOBKIAJCHHS B CHUCTEMy Ta cOOiBapTicTh BHUPOOHHIITBA
TEIUTOTH Ta Xonoxay [3].
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Pucynok 1 — Cxema eHeproepeKTUBHOT CUCTEMH TETIOXO0JIO0MIOCTaYaHHs OyaiBIi

BaxnuBoro 0co0iMBicTIO po3po0iieHOi CUCTEMH € HeOOXiIHICTh yB’S3yBaHHS MAJsl TEIUIOTO
TIepioay POKY BIITyCKy TEIUIOTH Ha rapsiae Bogonoctadanns (I'BII) Bix koHaeHCaTOpa TEIIOBOTO HACOCY
Ta XOJIONY Ul KOHIWIIOHYBaHHS MOBITPS B MPHUMILICHHSX BiJ BHIIApHUKA TEIJIOBOTO Hacocy. Tomy
MeTOI0 JaHoi podoTH € aHani3 (akTopiB, IO BIUIMBAIOTH Ha €(DEKTUBHICTH TEMJIOXOJIOMOMOCTAYaHHS
OyIiBIIi Ta BU3HAYCHHS MEX JOIIILHOCTI BAKOPUCTAHHS TaKOi CHCTEMHU.

OCHOBHI J0CTiTKeHHS

BHKOpHCTOBYIOUM HOPMATHUBHI METOJWKH PO3PaXyHKIB MOTYXKHOCTI CHCTEMH Tapsdoro BOJIO-
rocTavdanss [4, 5], HEOOXIMHOT MOTYKHOCTI XOJI0M0TIOCTadaHHs OyIiBii, iH(pOpMAIlifo MO0 PO3MOALTY
COHSIYHOT'O BHITPOMIHIOBaHHS B M. BiHHUII ISl JIMITHS MICAIS Ta CIIOXKUBAHHS Taps40i BOJH MPOTATOM
no0u, Bu3HaueHo rpadiku cnokuBanHs Terioty Ha ['BII Ta Xonoay Ha KOHAWIIIOHYBaHHS TPUMIIICHb.

Sx MoxHa moOayuTH 3 pHUC. 2, MOTYKHICTh BHIIAPHHKA TEIUIOBOTO HACOCY, IO IIPAIIOE HA
notpebu ['BII Ginbinry wactuHy moOu qoctaTHsS Ajisl 3a0€3MEUEHHS XOJIOAY, OKpIM BiIpi3Ky Bif 8 1o
17 romuan. Hecrada xonony B mew mepion ckinagae oimst 92 kBT-rox., pemra mobu € HAIUIHIIIOK XOJI0TY,
SIKUI HEOOXITHO BiIaTH B HABKOJIMIIIHE CEPEIOBUILE B IPYHTOBOMY TEILIOOOMIHHUKY.

IIpoananizoBaHO BIUIMB OCHOBHUX (DaKTOPiB HA MOTYKHICTh cucteMu [ BII Ta xonmomomnocrauanus
Oyxaism. TakuMu axkTopaMu sl CUCTEMH XOJIOAONOCTAYaHHS €. TeMIIepaTypa BHYTPIIIHBOI'O MOBITPS,
TEPMIYHI OIOPU OTOPOKYBAILHUX KOHCTPYKIIiH, BiJHOCHA IUIONIA 3aCKJICHHS, KUIBKICTh IIOJCH B
MPUMIIIECHHSIX.

AHaJti3 pe3ynbTaTiB PO3paxyHKIiB IOKa3aB, 10 HAHOUIII BILIMBOBUM (DAKTOPOM € TeMIIepaTypa
BHYTPIITHBOTO MOBITPs. Tak 3MEHIIIEHHS PO3paxyHKOBOI TeMIepaTypH B npumimeHHi Ha 1,1 °C Bumarae
301IBIICHHS MAKCUMaJIbHOT TOTYXHOCTI Ha 7,28 %. TepMiuHHMil omip CTiH Ta MOKPHUTTIB Mae HabaraTo
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MEHILIHUH BIUIMB — IIPY 30UIBIIEHH] ONOPY LIMX OTOPOKEHb HA 5 % MakcHMalbHa MOTYKHICT 110 XOJIOAY
3MeHIIy€eThest Bchoro Ha 0,14 %. 3MiHa myiomi 3ackiieHHs gacaiiB 1Mo pi3HOMY BIUIMBAE HA PO3PAaXYHKOBY
XOJIOAWIBHY IOTYKHICTh B 3aJIe)KHOCTI Bix cTOpiH cBity. Ilpm 30inpmieHHi miomii 3ackieHHs Ha 5 %
MOTYKHICTh CHCTEMH XO0JIOONIOCTa4aHHs 3pocTtae Ha 0,5...2,5 %.
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Puc. 2 — I'padix BupoOHUIITBa TeIIOTH 1St 3a0e3nedenns notped I'BII ta xomoxy most
KOHWIIIOHYBaHHS MOBITPS

AHAIOTI4HI JOCHi/KEHHsI MPOBEICHI AN CHUCTEMH Taps4doro BojaomnoctadaHHs. OCHOBHHUMHU
BIUTHBOBUMH (paKTOpPaMH €: KUTbKICTh criokuBadiB I BII, HopMu BHTpaT rapsdoi Boau Ha 1 MemmkaHIIs.
BusiBieno, mo BiiMB nux (akTopiB OJHAKOBHHN: MpH iX 30ibLIeHH] Ha 5% TEMI0Ba MOTYXKHICTH CUCTEMHU
I'BII 3pocTae Ha 2,87 %.

CmiBcraBneHHst moTyxHocteil cucrem ['BII Ta xXomomomocradaHHS MO3BOJISIE 3pOOWTH Taki
BHCHOBKH:

— BIOPOBAKCHHS TEIJIOHACOCHUX TEXHOJIOTi BHMarae 00OB’SI3KOBOTO MOIEPEAHBOTO YTEIUICHHS
Oy/iBIIi, OCKUIBKH I1i TEXHOJIOTII € KAl TaIOEMHUMH;

— B OyIp-SIKOMY BUTIQJIKY JUISl TETDIOHACOCHUX CHCTEM HeOOXiTHO 3a0e3MeYnTH MOKIUBICTD BiZOOpy
TEIUIOTH 3 HABKOJHUIIHBOTO CEPElIOBUIIA — IIEPEBAXKHO IPYHTOBI CUCTEMH ab0 Bigdip TEIUIOTH PiuyKOBOI
YH IPYHTOBOT BOAM;

— JUTSL JKWATIIOBOI OYIiBJII BUKOPUCTAHHS 3allPOIIOHOBAHOI CHCTEMH € JOIIJIBLHUM, OCKUIBKH XOJO
BHPOOJIAETHCSA TEPEBAKHY YAaCTHHY TEILIOTO Iepioday 0e3 BHUKOPHCTAHHS ITOJATKOBOTO OOJamHAHHS i
CTOKMBaHHS JOJAaTKOBOI €HEpTii.

— BUKOPHCTAHHS TaKOTO CXEMHOTO pIMeHHs I odicHUX OYIiBellb HE € ONTHMAIBHUM, OCKUIBKH
Taka OYyHmiBJIA XapaKTePU3YEThCS 3HAYHUM KOE(IIli€HTOM 3aCKJICHHS, BEIUKOI0 KUIBKICTIO JIIOAEH i,
BiNOBIHO, 3HAYHOIO IOTY)KHICTIO 1O XOJOAY, & HOPMH CIOXXHBAaHHS Tapa4oi BOIM HE3HAYHI i,
BiJNIOBiZTHO, MaJIa MOTY>KHICTh Tapsuoro BOIOMOCTAYaHHS;

— po3po0JicHEe amapaTypHO-CXEMHE DIIICHHS € HaiOuTbml e()EeKTUBHUM B CHCTEMaX 3 BEIIMKUM
CTHOXKMBAaHHIM TEIJIOTH Ha Tapsde BOAOIOCTAYaHHS 1 AEHIO MEHIIOIO CHOXKMBAaHOIO MOTYXHICTIO TIO
X0JI0Ay.

Jlns yB’s3yBaHHS CHOXKWBAaHHS Ta BHPOOHMIITBA TEIUIOTH Ta XOJIOAY Y IH)KCHEPHIH MpaKTHII
BHKOPHUCTOBYIOTh aKyMyJISITOpH. B cxemi [3] MOXKHA aKyMyJIIOBaTH TEIUIOTY Ta XOJIOJ 3 BHKOPHCTAHHSIM
BOAU 200 BOJHOTO PO3UMHY ETHIICH-TIIKOII0. Uepe3 BUCOKY BapTiCTh OCTAHHBOTO JI0 PO3IIISAY MPUHHSATI
BOJISTHI aKyMYJISITOPH.

B naniii poGoTi mpoaHamizoBaHi aKyMyJiIsATOpH Xonony (Boma 3 Temmeparypoio 5 °C) Ta
akymynstopu temwtotu ans ['BII (Boga 3 Temmepatypoto 55 °C). Po3paxyHKOBa MOTYXHICTb CUCTEMHU
I'BII ckmamae 157,1 kBt, a MmakcuManbHa TOTYKHICTh CHCTEMH XoJiogornocTadanas 93 kBrt. JlifcHwmit
Koe(ILi€HT IEPETBOPEHHS BU3HAYCHUH 3a acmopTHuMH nanumu oonaananus CIAT [6] 1 ckmanae 3,13.

€MHOCTI aKyMyJIATOpiB BU3HAUEHI BUXOSYH 13 PiBHSIHb TEIJIOBOTO Ta MaTepialbHOTO OajaHCiB
CHCTEMH MPOTIATOM 100U, TEPMOJUHAMIYHUX XaPAKTEPUCTHK BOAH.
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PesynpraTn nocmipkeHs MOKa3aly, M0 IS BUIICHABEICHNUX MTOYaTKOBUX JTAHUX PO3PAXyHKOBHI
06’ €eM Gaka-akyMyJIsTOpa X00dy CKiaB 24 M’ , a 00’eM Gaka-aKyMyJIATopa rapsdol BOIM 3,6 M.

3HayHO OLIBIINI 00’ €M OaKa-aKyMyJIsTOPA XOJIOIHOT BOAM MOSICHIOETHCS MAIMM TEMIICPATYPHUM
HATIOPOM aKyMYJIFOBaHHSI.

BucHoBkn

— Haii0inplm mepcrnekTUBHUM Ha JaHUM MOMEHT, Ha Hally AYMKY, € BUKOPHCTaHHS TETIOHACOCHHUX
TEXHOJIOTIM JUIsl TEIUIo- 1 XOJIOJMOMOoCcTauaHHs OyaiBenb. Taki CHCTEMHU JI03BOJISIOTH BUPOOJISTH
TEIUIOTY 1 XOJIOA 3a JOIIOMOTOI0 TOrO X Habopy oOmagHaHHs. IIpy 11bOMy MOXe BUKOPHCTOBYBaTHCh
TEIUIOTa IPYHTY, PIYKOBOI Ta TPYHTOBOI BOJIH.

— BusiBneHo ocHOBHI (akTopu, 110 BIUIMBAIOTH HAa MOTYXHICTh CHCTEMHU XOJOAONOCTAYaHHS Ta
rapsyoro BOJONOCTadaHHS Oynieni. BcraHoBiieHO, 1m0 HAWOUIBIIMI BIUIMB Ha MaKCUMAaJbHY
MOTYKHICTh CHCTEMH XOJIOJIOTIOCTA4YaHHs CIPUYMHSIOTH KUTBKICTh JIFOAEH, IO 3HAXOASTHCS B
MIPUMIIIEHH] Ta BiTHOCHA TuTOIa 3ackieHHs Oymisimi. Jms cucremu I'BII HalOinpmmii BIUTHB MalOTh
KUTBKICTh MEIIKAHI[IB T4 HOpMa CIIOYKUBAHHS rapsa4oi BOJAM Ha | MoauHy.

— ChiBcTaBieHHS TOTYKHOCTEH raps4oro BOJOMOCTAYaHHs Ta XOJOAOIOCTaYaHHS JO3BOIMIO BHSABUTH
YMOBH JOLITBHOCTI BAKOPUCTaHHS 3aIPONIOHOBAHO] €()EKTUBHOI CHCTEMH TETIIIOXOJIOIOTIOCTAaYaHHs.

— /Jlnst BUpiBHIOBaHHS HEPIBHOMIpHOCTI crokuBaHHS Terotn Ha ['BII Ta xomomy 3ampomoHOBaHO
BUKODHCTAaHHS 0aKiB-aKyMynsTOpiB. BusBieHo, mo OimbIl AONMUTPHAM 332 EKOHOMIYHHUMH Ta
MacorabapuTHAUMH TOKa3HIKaMH € BCTAHOBJICHHS BOASHUX OakiB-akyMyJsTopiB B cuctemi ['BIL.
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