AHOTANIA

[TaTpamky €.B. BrockoHalleHHsI METOAIB aHaJI3y BIUIMBY NMPUPOAHUX (PaKTOPIB
Ha KOM(POPT NPUMIIICHb.

Juceprariisi Ha 3400yTTS HAyKOBOTO CTyIeHs AokTopa (inmocodii 3a crerri-
anpHicTIO 192 — DByniBHUNTBO Ta IuBLIbHA iHXeHepis. — Onecbka Jep)KaBHA
akazieMis OyTiBHUIITBA Ta apxiTekTypu, Omeca, 2025.

Hucepraiiiiine JOCHIIKEHHS NPUCBSIUEHE BUBYEHHIO, TEOPETUUYHOMY Ta €KC-
NEPUMEHTAIBHOMY, BIUTUBY BUOpAHUX MPUPOIHUX (PAKTOPIB HA KOM(POPT B KUTIOBUX
npuminieHHsx. B skocti BuOpanux mnpuponHux (akTopiB BUOpaHI COHSYHE
BUIIPOMIHIOBaHHS Ta IHEPTHUM r'a3 paJoH.

Y Beryni npuBeieHe 0OIPYHTYBaHHSA BUOOPY TEMU JOCIIKEHHS, C(hOPMYJIbOBaHI
MeTa Ta 3aJadl JOCIIIKE€Hb, HAyKOBa HOBH3HA Ta IMpaKTUYHE 3HAUEHHS poOOTH,
IIPEACTABIICHA 11 3arajgbHa XapaKTEPUCTHKA Ta 3B’ 130K 3 HAYKOBUMH IIPOTPaMaMH.

3acTocyBaHHS CTaHAAPTU30BAHOTO M1IX0 Ty 10 OOUUCICHHS TPUBATIOCTI IHCOTSAIIIT
€ TIEPILIMM KPOKOM B HaIlpsIMKY BJOCKOHAJICHHS TPOEKTHUX poOiT. HacTynmHuM kpokom
Ma€ CTaTh Po3poOKa HOPM IO PO3PaXyHKY COHIIE3aXUCHUX METOJIB. AJie pPO3paxyHOK
JIMIIE TPHUBAJIOCTI 1HCOJALII HE BIJAMOBIJAE CyYaCHHMM BHMOTaM 1 MOXKJIUBOCTSIM.
30KpeMa, MOKJIMBOCTI MOJEIIOBAHHS BIUIMBY COHAYHOI pajialli Ha CaHITapHO-
riri€HIYHAA Ta KOMGMOPTHUM CTaH MPUMILIEHHS 3a JOMOMOIOI0 IMPOTPaMHOTO
3a0e3MeyeHHs.

HaranbHoto € HeoOXiJHICTh MEepexXoay 10 HOPMYBaHHS KUIbKICHUX MOKa3HHKIB
1HCOJIALIT SIK 3 TOYKHA 30pYy CaAHITApPHO-TIM€HIYHOTO BIUIMBY, TaK 1 3 TOYKU 30Dy
ontuMizaiii TeraoBoro BIMBY. Came TOMy, TeMa BHUBYEHHS METOMIB OOUMCIICHHS
iHCoAMIl 1 X Momudikaiis A1t moTped moOya0BU SAKICHUX KITBKICHUX MOJENeH €

aKTyaJbHOO. 3a0e3MeueHHs paJoHOBOi Oe3NeKH - OHa 3 HaWBaXJIMBIIIKX MPOOIEM



OyIiBHHIITBA, SIKa aKTUBHO OOTOBOPIOETHCS B OCTaHHI JIBa ACCATIUNTTS. 3a Ieil 4ac
MPOBEJICHO 3HAYHY KUIBKICTh JOCIIKEHb I10JI0 PagoHOOE3MeKH JOBKIJIISA JIFOUHHU.
[TopiBHSIHHA pe3yibTaTiB, OTPUMAHUX PO3PAXYHKOBUM LUISIXOM 1 NMPU BUKOPUCTAHHI
MaTEeMaTUYHOTO MOJCIIOBAHHS, Jaj0 3MOTy pEKOMEHAYBaTH 3alpOINOHOBAHY
IHKEHEPHY METOJIMKY I MPaKTUYHUX PO3PAXyHKIB 1 CYTTEBOrO 3HWKCHHS
PaJi0aKTUBHOTO 3a0pyAHEHHS MPUMIIIEHb, K1 3a0€3MedYeH] MPUTUTHB- HOBUTSKHUMH
yCTaHOBKaMH BeHTWJIAIIL. Lle m103Bossie 3p0OMTH BUCHOBOK IMPO aKTYyalIbHICTh TEMH
JTYcepTaliiHol poOOTH.

Mertoro nucepraniiiHoi poOOTH € pO3BUTOK HAayKOBUX 3acaj 1 MPUHUUIIB (Hop-
MyBaHHS MapaMeTpiB KOM(OPTHOTO >KHUTIOBOTO CEPEJOBUINA B MPHUMIMICHHIX 3
3aCTOCYBAaHHSM BEHTUJIAIT HA 0a31 BUKOPUCTAHHS MOJICITIOBAHHS BIIMBY MPUPOTHUX
dakTopiB. B gucepraliii BUKOHAHWN aHalI3 HAyKOBHX MyOJiKaliid, BITYU3HSHOI Ta
3aKOPIOHHOT HOPMATUBHOI 0a3H 11010 METO/IIB pO3PaXyHKY 1HCOJIALIT Ta KOHIIEHTpaIlil
pazioHy, IPOaHaII30BaHO ICHYI0UY1 METOAM AOCIIIKEHHS BIUTMBY BUOPAHUX MTPUPOTHUX
OIIIHKH 1 pO3paxyHKY, pO3pOOJICHUI METO OLIIHKH CTaHy CEPeIOBHINA Y OYIIBIAX JJIs
BUOOpPY HaMKpamoro BapiaHTy BEHTWIALII, BJIOCKOHAJICHUN  KOMIUICKCHUM
SHEPreTUYHUIN METOJT JUTSl OLIHKHU COJISIpU3aIlii, 1HCOJIALIl Ta KOHIIEHTpaIlli pajoHy B
YKUTJIOBHX MPUMIIIICHHSX.

B mepmomy po3aini po3risaaroThCsa ABa BAXIMBUX MPUPOIHUX (PakToOpH, SKi
HEOOX1IHO BpaxOBYBaTH Ha MOYATKOBUX €Tamax MpPOEKTYyBaHHsS 00’ €KTiB 3a0y/I0BH.
YTOYHIOETBCS TOHATTSA KOMGOPTY KUTJIOBHX IMPUMINIEHh Ta BIUIUB HAa KOMQOPT
IHCONISMIT Ta KOHIEHTpalii pamoHy. Pamiaris pi3HOTO TOXO/KEHHS BHUMAarae
BIJINOBIJTHUX 1H)XEHEPHUX pillleHb Bl 3a0yJ0BHUKIB. PasianiiiHe BUIPOMIHIOBAHHS
BILJIMBA€E HA OY/IIBIII 1 OTOPOJIKYBaJIbHI KOHCTPYKIIii 10 HUX.

Bubpani came 11 aBa mpupoaHux (akTopa 4depe3 CXOXKICTh iX Mojeneil Ta



HEOOX1THOCTI B 000X BHUMAJKaX HOBUX MIIXOJIB 0 OOYHCIEHHS 3 3aCTOCYBaHHSIM
CHEPreTUYHUX METOIB 00UMCIICHHS.

Benuky posib B po3B’si3aHH1 POOJIEM, 1110 BUHUKAIOTh, BIAIIpae BEHTUJIALS, a SIK
METOJI aHaJII3y ISl MPUWHSTTS PIIEHB - MaTeMaTUIHe MoJietoBanHs. OIHA 13 BUMOT,
sIKa BUCYBA€ETHCS 10 OyIyBaHHS MOJEJIel IPOIECIB - 1€ MOXKJIUBICTH iX Ha MOYATKOBUX
eTamnax MPOCeKTyBaHHS Ta Ha eTarax PeKOHCTPYKIIl Ta peMOHTY.

Tak sx ocHOBHa HeOe3MeKa IMiIBUINEHOI KOHIIEHTpAIlli paJioHy 30Cepe/keHa Ha
HUKHIX TTOBEPXaX PO3MVITHYTO OCOOJUBOCTI BEHTHJISALT MaJOMOBEPXOBUX OY/TIBEIIb.
[IInsgxoM MOnTyKy 3a KIFOUYOBHMHU CJIOBaMH Ta 3rajJlIkaMd B HayKOBHX CTaTTAX 3 0a3u
nanaux ScienceDirect (Elsevier) oOymo BimiOpano 2130 Haiipene- BaHTHIIINX
nyOJiKalii 3 3a1aHoi IpoOIeMaTHKH.

iX TmojaNbIIMil aHami3 3MA1MCHIOBABCS 3aco0aMy aHaji3y COIIaIbHUX MEPEeX,
pealli3oBaHMMH Y CIICIiali30BaHOMY ITporpaMHOMY 3abe3neucHHi VOSViewer MoBoro
Java.

[Mporpamumii iHcTpymeHT VOSViewer BUKOPHUCTOBYEThCSA i MOOYIOBH Ta
Bi3yasizallii 610J1I0METPUYHUX MEPEX 3a JIOMOMOTOI0 PI3HUX €JIEMEHTIB IMyOJiKaIlii:
LUUTYBaHHSA, KIIOYOBI cJIOBa, OiOmiorpadiuHe 3’€AHaHHS, CHIBUUTYBaHHS a0o
CIIBaBTOPCHKI 3B’ SI3KHU.

3 BUKOpHCTaHHAM iHCTpyMeHTapito «VOSviewer» B poO0Ti BUBYAIHCH KIHOYOBI
CJIOBa IMyOIIKaIlii 3 TOYKH 30py iX B3aEMHOTO BUKOPHUCTAHHS B OJHUX 1 TAKUX CaMHX
myOJiKaIfisax Ta INTEeHCUBHOCTI BUKOPUCTAHHSI OJTHOTO TEPMIHY.

Bupainstoreest 1Ba KiacTepu myOJIiKallii: MoB’si3aHi 3 PaJlOHOBOIO O€3IEeKO0I0 Ta
1HCOJISIIEIO TpUMiIeHb. [IpogeMOHCTpOBaHO, IO ICHY€E HU3KA MOHSTH, OB’ I3aHMUX 3
THCOJISIIIEI0: 30KpeMa BEHTWIALS, TEIJIOBUM KOMQOpPT, COHAYHA EHEprisa Ta
eHepreTuyHa e(exTuBHICTh. [Ipu 1IbOMy, caMe BUIUICHHS IIUX JBOX 3MICTOBHMX

KJIacTepiB MyOJIKaIlii 3 TeMAaTHKW BKa3y€ Ha 3HAYHy MPOTAIMHY y CY4aCHOMY



HAyKOBO-1H)KCHEPHOMY 3HaHHI: TIOHSITTSI IHCOJIAIT Ta PaJOHOBOIT O€3IMEKH BUBYAIOTHCS
OKpEeMO Ta Mailke HIKOJIM He MOE€THYIOThCA pa3oM. B Toil yac, ik 3 TOYKH 30py
KOHCTPYKTHUBHHUX PIIlIEHb BOHU € 3MICTOBHO TOB’SI3aHUMH Ta e

3B’SI30K MOKE OyTH PO3KPUTO Yepe3 KOHIENT KOM(POPTY - BY30J1 MEPEXKI IKOTO OpaKye
1 IKMI MIT OM PO3TaIlIOBYBATUCH JIECh B ME¥Kax I[bOTO Kojia. TakuMm 4nHOM, o0y 10Ba
MaTeMaTUYHUX MOJENeH € 3‘€AHYIOUYIO0 JIAHKOIO IS JTOCHIDKEHHS 1HCOJIAIII Ta
PaZOHOBOI OE3IEKH.

B napyromy po3aini BUBYa€ThCS BIUIMB COHSYHOTO BHUIIPOMIHIOBAHHS Ha
KUTIOBHN KOM(pOpT. IcCHYI0U1 €BpONENCHKI CTAaHIAPTH PO3IJSAAIOTh JE€HHE CBITIO 3
PI3HUX TOUOK 30Dy 13 pI3HUM piBHEM JeTaiizaiii. B Ykpaini icHye OyaiBensHa HOpMa,
AKa PEryJIlo€ 1HCOJSAIIID MPUMINICHb. AKTyaJIbHUM HAyKOBUM 3aBIAHHSAM €
NOPIBHSUIBHUI aHai3 1HCOJIALIL , PO3PaxOBaHOI PISHUMHU METOJIaMH 1 METOJAMKAMHU.
CygacHi KOMIT FOTE€PHI1 TEXHOJOTIi J03BOJISIOTh MOJEIIOBATH 1HCOJISIIIO TPUMIILICHD
B)K€ Ha €Talll MPOEKTYyBaHHs, 10 3HAYHO IMiJBUIILYE TOYHICTh PO3pPaxXyHKIB. Y AaHii
po60Ti OyI0 PO3POOIECHO 00’ €KTHO-OPIEHTOBAHUN METOJI PO3PAXyHKY 1HCOJISAIIT JIs
KUTJIOBUX 1 BUPOOHMUYMX TMPUMINIEHb, SKUW JI03BOJISIE Y3TOKYBAaTH BHYTPIIIHI
YKpaiHChKI HOPMU 3 €BPOIEHCHKUMU CTaHAapTaMu. J[J1s BpaXyBaHHS YNHHHUKIB, K1 HE
BXOJISITh IO YAHHUX HOPM PO3PAXYHKY 1HCOJISIIIT’, po3po0ieHa mporpaMa Ha 00’ €KTHO-
OpiEHTOBaHI MOBI BUCOKOTO piBHs Python.

B Tperbomy po3aini po3risgaeTbes BIUIMB KOHIIEHTPALli pajioHy Ha KUTIOBUI
koMmdopTt. 3abe3nedeHHs paJoHOBOI OE3MEKH - OJIHA 3 HAWBaXKIMBIIIUX IMPOOIEM
€KOJIOT1i’, sIka aKTUBHO OOTOBOPIOETHCS B OCTAaHHI JBa NECATWIITTA. 3a Iei 4ac
MIPOBENICHO 3HAYHY KUTBKICTh JOCIIKEHB MO0 PAJOHOOE3MEeKH TOBKIJUIS TIt0IuHU. B
JUCEPTaIlil BUBYAIOTHCS OCOOIMBOCTI MacONIEPEHOCY PaJOHY B PI3HUX CEPEIOBHUIIAX,
a TaKOX MpoaHaIi30BaH1 METOIU AOCIIKEHb I[IUX MPOIIECiB.

B naniii po0oTi OyayeThCs Ta AOCTIIKYEThCS MAaTEMAaTUYHA MOJIEINb, KA OMHUCYE



IpoIec 3MIHM KOHIIGHTpAIlil pajJjoHy B KUTJIOBOMY MPHUMIIICHI MPH BEHTWIALII , B
TOMY YHUCJ1 NMpUMYCOBIA. MoJietoBaHHs J103BOJISIE HAM 3pPO3YMITH CKJIAJIHI SBUIIA,
30KpeMa Te, SIKy poJjb Bijirpae nudysis, a Ky KOHBEKIlIS. BpaxyBaHHS KOHBEKIIIi,
TOOTO PyXy paloHy MiJ [I€I0 TOBITPSAHUX TIOTOKIB 1 PI3HUIIb THUCKY, HO3BOJISE
IMITYBaTH pi3HI cTparerii BeHTWIALII. BcTaHOBIEHO 3B’SI30K MK IIBHIKICTIO
MEXaHIYHOI CHCTeMH BEHTIJIAIIT Ta BUAAICHHSM PAJIOHY 3 TPUMIIIECHHS.

JIJist ekcTiepuMEHTaNbHUX JOCIIKEHb OyJia 3MOHTOBaHA CIieliajibHa YCTAHOBKA.
AepolMHAMIYHI BHUMIPIOBAHHS CHCTEMH TMPOBOJAWIMA 3 BHUKOPHUCTaHHIM 0Oa-
raTopyHKIIIOHATBHOTO BUMIpioBaibHOTO mpuiaxy TESTO 435 i3 tpyOkoro IliTo.
JlocnikeHHsT 3MIHM KOHIIGHTpAIlli pajJoHy MPOBOJWIKMCS 3a JOTOMOIOI0 MpUIIaLy
netextop pagony DMG68R. Ilpu excneprMeHTaX BHUKOPHCTOBYBAIWUCH MPUILIIHBHO-
BuTsbkHa ycranoBka BYT 300 E2B €C 3 pekynepauieto Temna. [loBiTpooOMiH B
nabopaTopii 371HCHIOBABCS 3a CXEMOIO: T0J/1aua MOBITPS 3BEPXY, BUJIJICHHS MOBITPS
3BEpXY.

JloBeneHna e(peKTUBHICTHP POOOTH CHCTEMH 3araJlbHOOOMIHHOI BEHTHJIALII MpH
JIe3aKTUBALlIl MPOAYKTIB pO3May 130ToMiB pagoHy. Po3pobiiena MeTonKa po3paxyHKy
3HMDKEHHSI pajJlalliiHOl aKTHUBHOCTI paJoHy Yy poOodiil 30HI NpPHUMIIIEHHS Ta
3alpoOIIOHOBaHA CXeMa MOBITPOOOMIHY, IO BHKJIIOUYAE MOJKIMBICTH HAIXOJKCHHS
pPaJl0aKTUBHUX 130TOMIB y 30HY AMXaHHS JoauHU. Byna cTBopeHa maTeMaTH4Ha
MO/I€JIb 3 BUKOPUCTAHHSM 1HKEHEPHOTO METO/1Y MPOTHO3Y OL[IHKH 3MIHU KOHIIEH Tpallii
paioHy y MPUMIIICHHI.

[3 3acTocyBaHHSIM OOYHMCIIOBAILHOTO TiAPOJMHAMIYHOTO KOMIUIEKCY MOJIEIIO-
BanHs ANSYS CFD (Computational Fluid Dynamics - oOuucmioBaabHa Tigpora-
30/IMHaMiKa), CTBOpEHa MaTeMaTH4YHa MOJeib, SKa 3arajioM IMITyE HaIXOJKEHHS
pagoHy uepe3 HIUITMHHUN 3a30p KOHCTPYKIII MiJIoryd 3 (YHKIIIOHYHOYOI CHCTEMOIO

NOBITPOOOMIHY B IJIOLIUHI TOCIIIKEHHS.



[IpoBenenuit aHami3 OJHO3HAYHO TOKa3ye, MIO 3alpOIOHOBAHA CXEMa IOBI-
TPOOOMIHY JUIsl MPUMIIIEHb, Yy SIKI TNPOHUKAE PajOH, HAWOLIBII palfioHaIbHA 1
BUKJIFOYA€ MOXJIMBICTD MITHATTS PaJIOHy B 30HY JUXAHHS JIFOJAUHH.

[lopiBHSIHHS pe3ydbTaTiB, OTPUMAHUX PO3PAXYHKOBUM IIUIIXOM 1 MPHU BHUKO-
pUCTaHHI MAaTEMaTUYHOI'O MOJICIIOBAHHS, 1a€ 3MOT'Y PEKOMEHTyBaTH 3alpOIOHOBAHY
1H)KCHEPHY METOAMKY JIJIsl MPaKTUYHUX po3paxyHKiB. Cxema moBITpooOMiHY "momaya
IPUILJTUBHOTO TOBITPS 3BEPXY - BHUJAJICHHS BUTSKHOTO IMOBITPSI 3HM- 3Y'BHUKIIOYAE
MOJKJIMBICTh KOHTAKTY JIET€Hb JIFOJIUHU 3 PA/IIOAKTUBHUM T'a30M.

Takum 4YMHOM, y AMCEpTalliHIi pOOOTI BIOCKOHAJIEHO EHEPreTUYHl METOIU
OOYMCIICHHS 1HCOJISIIT Ta KOHIIEHTpAIlli paJlOHy B >KUTIIOBUX OY[IBIIAX; pOo3poOJecHa
METOJMKa PO3pPaxyHKy 3HM)KEHHS pajialifiHOl aKTUBHOCTI PaJioHy y poOouiil 30HI
IPUMILIEHHS; 3alpOIIOHOBaHAa CXEMa IMOBITPOOOMIHY, IO BHUKJIIOYAE MOXJIUBICTH
HAJXO/KEHHS paJl0aKTUBHUX 130TOMIB Yy 30HY JUXaHHsS JIIOJAMHU; CTBOpPEHA
MaTeMaTHYHa MOJIEIb 3 BUKOPUCTAHHSAM 1H)KEHEPHOT'O METOY IMTPOTHO3Y OIIHKH 3MIHU

KOHIIGHTpAIll paJIoHy Y IPUMIIICHHI.

KawuoBi ciaoBa: xutinoBuili koM@opT, 1HCOJSINSA, COJApU3allis, pPajaoH,
BEHTWJIALIIS, TEMJI000MiH, KOMGOPT, MaTeMaTUyHa MOJIeNb, 3a0pyHIOBaYl MOBITPA,
riipoaepoHamMika, cXxema MoBITPOOOMiHY, OOUMCITIOBAJIbHA T1IPOJIMHAMIKA, TEIJIO-

MacCOOOMEH .
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The dissertation research is devoted to the theoretical and experimental study of
the impact of selected natural factors on comfort in residential premises. The chosen
natural factors are solar radiation and the inert gas radon.

The introduction substantiates the relevance of the research topic, formulates the
research objectives and tasks, highlights the scientific novelty and practical significance
of the work, and presents its general characteristics and relation to scientific programs.

The application of a standardized approach to calculating insolation duration is the
first step toward improving design solutions. The next step should be the development
of standards for designing solar protection methods. However, calculating only the
duration of insolation no longer meets modern requirements and capabilities. In
particular, there is a need to model the influence of solar radiation on the sanitary-
hygienic and comfort state of premises using software tools.

There is a general need to transition to regulating quantitative insolation indicators
from both a hygienic and thermal optimization perspective. Therefore, studying
calculation methods and their modification to develop qualitative quantitative models
remains highly relevant. Ensuring radon safety is one of the most critical issues in
construction and has been actively discussed over the past two decades. Numerous
studies have been conducted on radon safety for human environments. Comparing
calculation-based and simulation-based results enabled the proposal of a practical

engineering methodology for reducing radioactive contamination in premises equipped



with mechanical ventilation systems. This confirms the relevance of the dissertation
topic.

The aim of the dissertation is to develop scientific foundations and principles for
forming parameters of a comfortable living environment in buildings using ventilation,
based on modeling the influence of natural factors. The work analyzes scientific
publications and regulatory frameworks (domestic and foreign) related to methods for
calculating insolation and radon concentrations, and investigates existing approaches
for assessing the influence of selected natural factors on indoor comfort, including
relevant evaluation criteria and calculation methods. A method is developed for
evaluating indoor environments to select optimal ventilation solutions. A
comprehensive energy-based method is improved for assessing solarization, insolation,
and radon concentration in residential premises.

The first chapter considers two important natural factors that must be taken into
account at the early stages of building design: insolation and radon concentration. It
clarifies the concept of comfort in residential spaces and the impact of these factors on
comfort. Radiation of various origins demands appropriate engineering solutions from
developers, as it affects buildings and enclosing structures.

These two factors were chosen due to the similarity of their modeling and the
necessity of applying energy-based calculation methods in both cases.

Ventilation plays a crucial role in solving the problems that arise, and mathematical
modeling is used as the analytical method for decision-making. One requirement for
such modeling is its applicability at early design and reconstruction stages.

Since elevated radon concentrations pose the most significant risk on lower floors,
the features of ventilation in low-rise buildings are considered. Based on keyword
searches and queries in the ScienceDirect (Elsevier) database, 2130 of the most relevant

publications were selected.



Their further analysis was conducted using social network analysis tools,
specifically the VOSviewer software in Java

The VOSviewer software tool is used for constructing and visualizing bibliometric
networks based on various publication elements such as citations, keywords,

bibliographic coupling, co-citation, and co-authorship links.

Using the VOSviewer toolkit in this study, keywords from publications were
examined in terms of their co-occurrence within the same publications and the
frequency of usage of individual terms.

Two publication clusters were identified: related to radon safety and to indoor
insolation. It was shown that several concepts are associated with insolation, including
ventilation, thermal comfort, solar energy, and energy efficiency. However, the
separation of these clusters indicates a significant knowledge gap: insolation and radon
safety are usually studied independently and rarely considered together, despite their
connection from a design solutions perspective. Mathematical modeling is thus the
unifying link for studying both aspects.

The second chapter focuses on the impact of solar radiation on residential
comfort. European standards consider daylight from different viewpoints and with
varying detail levels. Ukraine has building codes regulating indoor insolation. A
relevant scientific task is a comparative analysis of insolation calculated by different
methods. Modern computer technologies allow modeling insolation already at the
design stage, significantly improving calculation accuracy. An object-oriented method
was developed for insolation calculation in residential and industrial premises, aligning
Ukrainian and European standards. A Pythonbased program was created to consider
additional influencing factors not covered by current regulations.

The third chapter analyzes the impact of radon concentration on residential

comfort. Radon safety is one of the most important ecological issues discussed in the



last two decades. The study examines radon mass transfer characteristics in different
environments and analyzes methods for investigating these processes.

A mathematical model was developed to describe changes in radon concentration
in a ventilated room, including forced ventilation scenarios. The model allows
understanding complex processes, particularly the roles of diffusion and convection.
Considering airflow and pressure differences enables simulation of various ventilation
strategies. A relationship between mechanical ventilation rate and radon removal from
indoor spaces was established.

An experimental setup was assembled, and aerodynamic measurements were
carried out using a multifunctional TESTO 435 device with a Pitot tube. Radon
concentration changes were measured using a DM68R radon detector. A VUT 300 E2V
EC air supply and exhaust unit with heat recovery was used. Air exchange in the
laboratory followed the scheme: air supply from above and exhaust from below.

The effectiveness of the general ventilation system in deactivating radon decay
products was confirmed. A method for calculating radon activity reduction in the
working area of a room was developed, and an air exchange scheme was proposed that
prevents radioactive isotopes from entering the human breathing zone. A mathematical
model using an engineering prediction method for assessing radon concentration
changes indoors was created.

Using the ANSYS CFD (Computational Fluid Dynamics) software suite, a model
was developed that simulates radon ingress through a floor construction gap in a room
equipped with a functioning air exchange system.

The analysis clearly shows that the proposed air exchange scheme is the most
rational and eliminates the possibility of radon entering the breathing zone.

The comparison of results obtained through analytical calculations and

mathematical modeling allows for recommending the proposed engineering



methodology for practical applications. The air exchange scheme of "supply air
delivered from above - exhaust air removed from below"eliminates the possibility of
human lung exposure to radioactive gas.

Thus, the dissertation improves energy-based methods for calculating insolation
and radon concentrations in residential buildings; develops a methodology for reducing
indoor radon radioactivity; proposes an air exchange scheme that prevents radioactive
isotope entry into the breathing zone; and creates a mathematical model using an
engineering method for predicting radon concentration changes indoors.

Key words: indoor comfort, insolation, solarization, radon, . ventilation, heat
exchange, comfort, mathematical model, air pollutants, hydroaerodynamics, air

exchange scheme, computational fluid dynamics, heat and mass transfer.






