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1. OuiHI0BaHHS pO30CEPEIYKEHOTO PiBHS MPUPOJHOrO IOBITPOOOMIHY B OYZiBIISIX 3 BpaXyBaHHSIM MiHJIMBOCTI
BHYTPIILIHIX Ta 30BHIIIHIX YMOB

2. Assessment of the decentralized level of natural air exchange in buildings, taking into account the variability of
internal and external conditions

Pedepar:

1. B pucepTauiiiniil poboTi MpoBEIEHO OIJISLA, Ta aHaJli3 BIVIMBOBOCTI KPATHOCTI IIOBITPOOOMIHY SIK BEeHTUJISLiHO]
CKJIa[IOBOi Ha €eHeproeeKTUBHICTb OyAiBesb Pi3HOro Npu3HaYeHHs. HaBeneHo ylitepaTypHUi Oy, 3 MUTaHb
iAX0iB 1O BU3HAUEHHS KPATHOCTI IIOBITPOOOMIHY, Jile OKPeCJIeHO OCHOBHI PaKTOPH SIKi BIVIMBAIOTH Ha
3a0e3ne4eHHs KOMPOPTHUX YMOB 3 TOUKU 30pY SIKOCTi OBITpsl. B ToMy uncsi npupinena yara nokasHuky CO2 B
IIPUMIILIEHHSIX, K iHIUKATOPY SIKOCTi NOBITpsL. [IpencTaBieHa eMIlipuyHa METOMKA PO3PAXyHKY IOTOAMHHOI
IIPUPOAHOI KPATHOCTI MOBITPOOOMIHY B 6araToroBepxoBuX OYAiBJIsIX B yMOBaX MiHJIMBOCTi 30BHIIIHBOTO Ta

BHYTPIIIHBOTO cepenoBuila. TakoX HaBeJeHU 1J1aH eKCIIEPUMEHTY Ta METOAMKA BU3HAUEHHS! IPUPOJHO]



KPaTHOCTI NOBITPOOOMiHY Ha 6a3i eKCriepuMeHTalbHUX BUMipIOBaHb PiBHS CO2 B penpe3eHTaTUBHUX MPUMILEHHSIX
3 KpokoM 1 xBunnHa. BuzHauenns koHueHTpanii CO2 6ys0 IpoBeZieHO Ha OCHOBI MacoBOro 6ajlaHCy BUOpaHUX
IIPUMIllleHb 3 BpaxyBaHHSIM KJIIOYOBUX ITapaMeTPiB: IPUPOJHOTO MOBITPOOOMiHY, (POHOBOI (30BHILIHBOT)
KoHLeHTpanio COZ, noyarkoBoi KoHueHTpauii COZ2 B IPUMILLEHHI, IPUCYTHOCTI JIIOJEN Ta FTEOMETPUYHUX PO3MIpiB
npumimenHs. B pamkax gocrinxkeHHs 6ys10 IpoaHani3oBaHo 3MiHy KoHLeHTpauii CO2 B mpuMilleHHi B 3a71€XKHOCTI
Bif psLly napaMeTpiB, a caMe: BUAiJIeHb Bif jitofeil, 3MiHU KoHUeHTpalis CO2 y NpUIjauBHOMY IOBITpi Ta 06'eMy
[IPUIUIMBHOIO MOBITPS. 3a pe3yJbTaTaMy IIPOBENEHOI0 aHali3y BCTAHOBJIEHO, 110 PErYJII0BaHHS KPATHOCTI
NOBITPOOOMIHY 3a piBHEM CO2 € Kpamum MiIX0H0M, HDK IPOCTe JOTPUMaHHS HOPMATUBHUX 3HAYEHb, OCKIIBKY 1iel
niaxin no3Bosisie 6ibLI TOYHO Ta €(PEKTUBHO PETryJIOBATU ITOBITPOOOMIH B OY[IiBJISX, BpaxOBYIOUM peajibHi yMOBU Ta
noTpeby KOpUCTyBaviB. Y guceprallii IpeicTaBleHOo pe3yabTaTh eKCIIepUMEHTAIbHUX AOCIiIPKEHb KOHLIEHTPpaLlii
CO2 ta BU3HaUY€HA KPATHICTb IPMPOIHOrO MOBITPOOOMIHY B ayAUTOPisiX HaBYanbHOro kopnycy KIII im. Irops
CikopcpKoro. BcTaHOB/IEHO, 110 6€3 BpaxyBaHHS IPOBITPIOBaHb KPATHICTb MOBITPOOOMIHY cTaHOBUTD 0,41 ron-1, 3
BpaxyBaHHSIM IIPOBITPIOBaHb CepPeIHS KPAaTHICTb OBITPOOOMiHY cTaHOBUTH 0,48 ron-1. Ha 0CHOBI fieKinbKOX cepiit
BMMIipIOBaHb IIPOBEAEHUX B 3MMOBUH 11€Pi0], B IPUMIIIEHHSIX )XUTJIOBOI OyAiBJli 6yJI0 BCTAHOBJIEHO, 110
XapaKTEPHUM € siBullle iHPinbTpalii. 3a JaHOro MEXaHi3My LMPKYJILiI TOBITPSI, KPATHICTb MOBITPOOOMIHY CKJIagana
0,74 ron-1 nyist xuTIAOBOI KiMHaTH, Bix 0,73 ron-1 njs kopunopy, Ta 3,4 ron-1 nyis KyxHi. [Ipy ymoBax ekcinbrpatiii,
KpaTHICTb IOBITPOOOMIHY /1151 XKUTI0BOI KiMHaTH 6ysa Ha piBHi 0,37 ron-1, 1,06 rog-1n71s kopugopy, ta 0,57 rog-1
17151 KyxHi. EKClepuMeHTH NigTBepauiy, 10 peasbHa KPaTHICTb IIOBITPOOOMIHY, KOJIM CBDKE MOBITPSI HAAXOIUTD
yepes BiKHA Ta JBEPi, NepeBulye MiHiMaibHi HOpMATUBHI 3HaYeHHs1. OJIHaK, IpY OGEPHEHOMY IIOTOLIi OBITPS,
BOHA He BiJI[TOBiJla€ HOpPMAaTUBHUM 3HaUYeHHSIM. TakoX MMpoBoInIack 06pobKa cepii ekcriepuMeHTaNTbHUX
IOCJiI)KEeHb B PEIPE3€HTAaTUBHUX IPUMIILIEHHSIX KBAPTUPHU B JIiTHIN nepioh, IIpoTsarom siTHbOro nepiony 6yno
BUSIBJIEHO, 1O KiJIbKiCTh BUIIAAKIB iHQinbTpaLii Ta ekcdinbTpauii maike OJJHAKOBA, ajie, SIK i 7151 ONayII0BAJIbHOTO
nepiony, HaIIPsIMKY PyXy IIOBITPS B IIPUMIllEHHSIX 3aJI€XKaTh Bif HAlIpsMKYy BiTpy. Iy ymoB iHQinbTpanii KpaTHICTb
NoBiTpo0OMiHY cTaHOBUA 0,57 ros-1 117151 >KUTI0BOI KiMHaTH, 2,34 roz-1 nisg Kopunopy, 2,41 ron-1 nis KyxHi. [ns
YMOB eKc(pinbTpalii KpaTHiCTb NOBITPOOOMiHY cTaHOBUIIA 0,24 roz-1 nig XuTnoBoi KimHaTH, 0,94 rog-1 gas
Kopuznopy, 0,52 ron-1 115 KyxHi. B pamkax excrepruMeHTaIbHOrO JOCTIIKEHHS TAKOX IIPOBOUINCE
eKCIlepMMeHTaJIbHI 3aMipu KoHUeHTpaLii CO2 B ayautopii yubosoro kopmycy KIII im. Iropst Cikopcbkoro N222 B
PEXMMi OXOJIOIKEHHS B JIiTHIN nepion. OTpuMaHi pe3yJbTaTy [I0KA3yIOTh, 10 BEJIMYMHA IPUPOIHOI KPaTHOCTI
MOBITPOOOMIHY 3aJIEKUTB Bif] BITPOBOTO Ta CTaK €(eKTiB. 3 MOCUIIEHHSIM Pi3HULIi TeMIlepaTyp MK BHYTPIIIHIM Ta
30BHILIHIM [TOBITPSIM, CIIOCTEPIraeThCsl 3pOCTaHHS BEIMYMHY KPATHOCTI MOBiTpoo6Miny Bix 0,37 o 0,9 rox-1.
[IpoBeneHO aHai3 eHepreTUYHNX [MOKa3HUKIB JOCIiIKyBaHUX [IPUMIILEHb HA OCHOBI MOJI€JIEN, CTBOPEHUX Y
nporpaMHoMy cepeposuili EnergyPlus, ki 703BOJISIIOT BUSHAYATH €HEPTrOCIIOKUBAHHS Oy IiBJli HA MOTpedU
OTaJIEHHS 3 BPaXyBaHHSIM MiHJIMBOCTI (PaKTUYHOTO IPUPOIHOTO [TOBITPOOOMIHY B KUTJIOBUX OYAiBIIsIX. 3a
pe3yJbTaTaMu eHEepreTUYHOro MOJIe/I0OBaHHS, piuHa €KOHOMIsl eHeprii 3 BpaxyBaHHSAIM (PaKTUYHUX 3HaY€Hb
IIPUPOAHOI KPaTHOCTI MOBITPOOOMIHY B Pi3HMX 30HAX OYy[IiBjli CTAaHOBUTH 5,4% B NopiBHSHHI 3i cTangapTom [ICTY B
EN 15251:2011, a B nopiBHsHHi 3i crangaprom JIBH B.2.2-15:2019 - 7,7%.

2. In the dissertation, a review and analysis of the influence of the air exchange rate as a ventilation component on
the energy efficiency of buildings of various purposes was carried out. A literature review on approaches to
determining the air exchange rate is presented, where the main factors that influence the provision of comfortable
conditions from the point of view of air quality are outlined. Including attention paid to the CO2 indicator in the
premises as an indicator of air quality. An empirical method of calculating the hourly natural multiplicity of air
exchange in multi-story buildings in conditions of variability of the external and internal environment is presented.
The experiment plan and the method of determining the natural multiplicity of air exchange on the basis of
experimental measurements of the CO2 level in representative rooms with a step of 1 minute are also given.
Determination of CO2 concentration was carried out on the basis of the mass balance of selected rooms, taking
into account key parameters: natural air exchange, background (external) concentration of COZ2, initial
concentration of CO2 in the room, presence of people and geometric dimensions of the room. As part of the study,
the change in the concentration of CO2 in the room was analyzed depending on a number of parameters, namely:



secretions from people, changes in the concentration of CO2 in the supply air and the volume of supply air. Based
on the results of the analysis, it was established that regulating the air exchange rate according to the CO2 level is
a better approach than simply observing the normative values, since this approach allows for more accurate and
effective regulation of air exchange in buildings, taking into account the real conditions and needs of users. The
dissertation presents the results of experimental studies of CO2 concentration and determined the frequency of
natural air exchange in the classrooms of the educational building of National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute”. It was established that without taking into account ventilations, the air
exchange rate is 0.41 ACH, with ventilations, the average air exchange rate is 0.48 ACH. On the basis of several
series of measurements carried out in the winter period in the premises of a residential building, it was established
that the phenomenon of infiltration is characteristic. With this air circulation mechanism, the air exchange rate
was 0.74 ACH for the living room, 0.73 ACH for the corridor, and 3.4 ACH for the kitchen. Under exfiltration
conditions, the air exchange rate for the living room was at the level of 0.37 ACH, 1.06 ACH for the corridor, and
0.57 ACH for the kitchen. Experiments have confirmed that the actual air exchange rate, when fresh air enters
through windows and doors, exceeds the minimum regulatory values. However, with the reverse air flow, it does
not meet the normative values. A series of experimental studies was also carried out in the representative rooms of
the apartment in the summer period. During the summer period, it was found that the number of cases of
infiltration and exfiltration is almost the same, but, as for the heating period, the directions of air movement in the
premises depend on the direction of the wind. For infiltration conditions, the air exchange rate was 0.57 ACH for
the living room, 2.34 ACH for the corridor, and 2.41 ACH for the kitchen. For exfiltration conditions, the air
exchange rate was 0.24 ACH for the living room, 0.94 ACH for the corridor, and 0.52 ACH for the kitchen. As part of
the experimental study, experimental measurements of CO2 concentration were also carried out in the auditorium
of the educational building of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic
Institute" No. 22 in the cooling mode in the summer. The obtained results show that the value of the natural
multiplicity of air exchange depends on wind and stack effects. As the temperature difference between the indoor
and outdoor air increases, there is an increase in the air exchange rate from 0.37 to 0.9 ACH. In the fourth chapter
of the dissertation, an analysis of the energy indicators of the researched premises is carried out based on models
created in the EnergyPlus software environment, which allow determining the building's energy consumption for
heating needs, taking into account the variability of the actual natural air exchange in residential buildings.
According to the results of energy modeling, the annual energy saving, taking into account the actual values of the
natural multiplicity of air exchange in different areas of the building, is 5.4% compared to the standard DSTU B EN
15251:2011, and compared to the standard DBN B.2.2-15:2019 - 7.7%.
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OdiuiiiHi OTIOHEHTH
BaacHe IlpizBume Im'st I1o-6aTbKOBI:

1. T'amzka AHTOH MUKoJIalioB1UY

2. Anton Ganzha

KBasigikamnis: 1.1, npodecop, 05.14.06
Imentudikarop ORCID ID: 0000-0003-3967-2421
JoparkoBa iHpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. 3anopoxenp Aptyp OJsieKCaHIPOBUY

2. Artur Zaporozhets

KBasigikanis: n.r.u., c.a., 05.11.13

Imentudikarop ORCID ID: 0000-0002-0704-4116

JopaTrkoBa inpopmanis:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT 3arasnbHOI eHepreTuky HaujoHanbHOI akazemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 04589627

Micue3HaxoaKeHHS: ByJI. AHTOHOBMYA, 6yZ. 172, Kuis, 03150, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiiHHS: Haujonanbha akazemis HayK Ykpainu

InenTudikarop ROR:

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Byak Hapis AugpiiBHa

2. Nadia Buyak

KBasiikamis: . 1. 1., gouenr, 05.14.01
InenTudikarop ORCID ID: 0000-0003-0597-6945
JoparkoBa indpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npociekT bepecTeiichKuii, oyz. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aThKOBI:
1. lknap Biktop IBaHOBHY

2. Viktor Shklyar

KBasigikamis: . t. u., gouent, 05.14.06
Imentudikarop ORCID ID: 0000-0001-6879-7501

JoparkoBa indopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IlpizBuie Im's [10-6aTbKOBI Heproycenko Ozbra [OpiiBHa
rOJIOBH pagu

BaacHe IlpizBume Im'st II0-6aTbKOBI Heproycenko Ozbra [OpiiBHa
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBimasbHUI 3a lli,ILI‘OTOBKy l'etmanuyk 'aHHa OsnexkcaHpiBHA

00JIiKOBUX JOKYMEHTIB

Peectpartop VkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi IOpuenko TeTsHa AHaToiiBHA

OisIJIBHOCTI




