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bybon C. JI. ®opmyBaHHS KOM(OPTHOTO Ta OE3MEYHOTO CepeoBUIlla
Mi3eMHUX MPUMIIIEHb BIIKPUTOTO TulanyBaHHs. — KBamidikatiiiHa HayKoBa mpatis
Ha TMpaBax PyKOIMHCY.

Hucepraltiss Ha 3700yTTS HAYKOBOTO CTyIeHS JokTopa ¢iurocodii 31
cnerianbHOCTI 263 «lluBinpHA Oe3meka» (26-IluBinmpHa Oesmeka) — KuiBchkwmid
HAI[IOHAJFHUHN YHIBEpCUTET OyIIBHUIITBA Ta apXiTekTypH, Kuis, 2026.

Jluceprallisi TpHUCBAYEHA BHUPIIICHHIO aKTyaJdbHOI 3aJadl poO3pOoOJICHHS
KOM(OPTHUX Ta O0€3MEYHUX YMOB NepeOyBaHHS JIOJIeH y MIA3EMHUX TPUMIIICHHIX
BIJKPUTOIO IUIAHYBaHHS M1A3€MHOTO PO3TalllyBaHHS.

Y po6GoTi OCHOBHY yBary MNpHUIUICHO MpoOjeMi OE3MeKH JOBrOTPHUBAIOTO
nepeOyBaHHs JIIOAEH Yy MIA3EMHUX MPUMILIEHHSAX BIIKPUTOTO IUIAHYBAHHS, SIKI
nepeo01aiHaHl 3 HAsIBHUX IM1JI3¢MHUX CIIOPY/I 1HIIIOTO 32 TPOEKTOM 1 (PYHKIIIOHATIOM
MpU3HaYeHHs. 30KpeMa, HasgBH1 BOY/10BaHI CHCTEMH BEHTUJISLI1, KOHAUIIOHYBaHHS
MOBITPSI Ta KOHTPOJIIO MAPAaMETPIB BHYTPIIIHBOTO CEPEAOBHINA HE BIAMOBIIAIOTH
KOMGOpPTHUM yMOBaM InepeOyBaHHs, IO 3HaXOAWTb HEraTUBHO BIUIMBAE Ha
CaMOIIOYYTTsI Ta MPOAYKTHUBHICTh mepcoHany. KommiekcHuit aHamiz MIKiAIMBUX
dakTopiB y MiA3eMHUX MPUMIIICHHSIX BIAKPUTOTO IJIAHYBAaHHS MPOJIEMOHCTPYBAB
HEOOXITHICTb YHOPMYBAHHS HE TIIbKA MIKPOKJIIMAaTUYHUX MOKAa3HUKIB, & M 1HIINX
¢13u4HUX (PakTOpiB, 3AATHUX CYTTEBO BIUIMBAaTH Ha Oe3neky 1 KoM@opT
BHYTPIIIHBOTO CEPEAOBUIIIA.

JlociipKeHHs MapaMeTpiB SIKOCT1 MOBITPS MIJI3EMHUX MPUMIIIEHb BIIKPUTOTO
MJIAHYBaHHS Ta aHaIi3 PiBHIB KOHIIEHTpaLlii IpiOHOAUCIIEPCHOTO MUY, PajoHy Ta
BYTJIEKUCIIOTO ra3y AOBEIH, 10 OUIBIIICTh epeodIafHaHUX MiI36MHUX IPUMIIIECHb
HE TPHUCTOCOBAHI ISl MOCTIMHOTO TepeOyBaHHS BEJIUKOI KUIBKOCTI JIOJEH, IO
3YMOBJIIO€ CKJIQJHICTh MIATPUMaHHS O€3MeyHuX 1 KOMQOPTHUX MapaMeTpiB
MOBITPSTHOTO CEPEIOBUIIIA.

BcranoBneno, mo Ha auHamiky KoHmeHTpamii CO; CyTT€BO BILTUBAE

KUIBKICTB 1 JIOKTI3aIlisl JI0JIeH y TPOCTOP1 MPUMIIIEHHS, 2 TAKOXK HASIBHUI P1BEHb
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KOHIEHTpaLli BYTJIEKUCIOr0 Ta3y y MPUIUVIMBHOMY TMOBITPl, IO 3YMOBIIIOE
HEOOXIIHICTh ypaxyBaHHS Ili€i OCOOJMBOCTI TIPH PO3PaxyHKYy KpaTHOCTI
NOBITPOOOMIHY. 3amporOHOBAHO 30HYBAHHS MPUMIIIEHHS Ha OCHOBI MOTOYHHUX
noka3HukiB COx.

YcraHoBIIEHO, IO PiBHI BUIIPOMIHIOBaHHS Rn B MiJ3EeMHUX MPUMIIICHHIX
BIJIKpUTOTO TUTAHYBAHHS MIA3€MHOIO pPO3TAlllyBaHHS HE IUJIKOM BIAMOBIIAIOTH
pEriiaMeHTOBaHUM 3HAYEHHSM 1 MOXYThb CYTTE€BO BIUIMBAaTH Ha 3arajilbHUi CTaH
JMOJeH, SKI TOCTIMHO 3HAXOASAThCA B TAKUX TMPUMIIICHHSX. 3amporOHOBAHO
BpPaxOBYBAaTH BIJIHOCHUM KOE(ILIEHT BIUIMBY PaJOHy IMPHU PO3PaxyHKYy KpaTHOCTI
MOBITPOOOMIHY MPUMIIICHHS JUIsi 3MEHIIEHHA pPIBHS HOTro KOHIIGHTpalii 10
YHOPMOBAHHX TTOKA3HUKIB.

AHaJi3 TerjIo0BOro Ta BOJIOTICHOTO KOMGOPTY MiA3EMHUX MPUMIIIECHb, B TKUX
HE nepeadavyeHo yMOB JJIA MOCTIMHOIO nepe0yBaHHS BEJIMKOI KUIBKOCTI JIFOAEH
MOKa3aB 3HAYHMM BIUIMB HA Il MOKA3HUKH KUIBKOCTI Ta CKYMYEHHS OCli0 uepe3
30UIBIIICHHS! BiAHOCHOI BOJIOTOCTI MOBITPsSI Ta TEMIIEPATypU. 3ampOIOHOBAHO
BpaxOBYBaTH TaKy OCOOJUBICTh IPU BU3HAYEHHI CTpaTeriii mepeobiiafHaHHs
HasBHUX IMABAJILHUX MNPUMIIICHh Ta IMJA3eMHUX IPUMIIICHh IHIIOTO
TE€XHOJIOTIYHOTO TMpPHU3HAYEHHS B O(ICHI MNPUMILIEHHS Ta MICUi MOCTIMHOIO
nepeOyBaHHS JIIOJIEH.

JlociipKeHHs MOKa3HUKIB MIKPOKIIMATy Ta PiBHSI KOM(OPTY B MPUMIILIEHHSIX
MIJI3EMHUX CHOPYA 3 BHCOKOI BOJIOTICTIO 1 3HIXKEHOI TEeMIEpaTyporo
BHYTPIIIHBOTO TOBITPS, HE MPHUCTOCOBAHUX JO JTOBrOTPUBAJIOr0 mMepeOyBaHHS
JIOJEH, aHali3 TMOKa3HUKIB KOM(pOpTy 3a pe3yibTaTaMu aHKETYBaHHS,
¢b1310JI0TIYHUX Ta TICUXOJIOTIYHUX HACHIAKIB TiepeOyBaHHS Y MIA3EMHHUX
MPUMIIIIEHHSX, TO3BOJWIHM 3alPONIOHYBATH CUCTEMY YIPABIIHHS YHOPMOBAaHUMU
MOKa3HUKAaMU TOBITPSIHOTO CEpeloBHINA Ta PiBHI KOMQOpTy mjis Oe3neyHoi Ta
MPOTYKTUBHOI POOOTH JTIOJIEH Y MiI3EMHUX MPUMIMIEHHSIX BIAKPUTOTO TIAHYBAaHHS,
AKa IPYHTYETHCS HA MOCTIMHOMY MOHITOPUHTY MOKAa3HUKIB AATYMKIB, MOPIBHSAHHI
OTPMMAaHHUX JaHUX 3 YHOPMOBAaHMMHU IIOKa3HUKaMH 1 (opmMyBaHHI KepiBHUX

CUTHAJIB JUIA TWIATPUMAHHS MIKPOKIIMATHYHMX TIOKa3HUKIB Ha OCHOBI
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KOMOIHOBAaHHUX CHCTEM TMPUIITMBHO-BUTSHIKHOT BEHTWISIIT 3 «CHTAIBITIHHUMI)
pEKyNepaTUBHUMU  TEIUIOYTHJII3aTOpaMH,  MOMJIMBICTIO  TEMIIEPAaTypHOIO
30HYBaHHS MPOCTOPY 3 OPIEHTYBAaHHSM Ha HAWOUIbIIE CKYMUYEHHS JIOJIeH Ta
MO>KJTUBICTIO KOPEKIIii TeMrepaTypHoi cTpaTudikallii, peryiroBaHHs KOHIEHTpaIii
pagoHy Ta MOro NpPOXIJHUX, a TaKOX MIJATPUMAHHSA aepOIOHHOIO Ta
MIKpOOIOJOTIYHOTO CKJIaay MOBITPA MiJ3€MHOTO MPOCTOPY MJS MiJBUIICHHSA
IPOIYKTUBHOCTI POOOTH Ta O€3MeKH JOBrOTPUBAIOrO IMepeOyBaHHS JIOACH Yy
TaKOIro TUITY MPUMIIIECHHSIX.

IIpakTyHe 3HAYEHHS] OTPUMAHMX Pe3YJbTATIB MOJATae y po3poOJIeHHI
KOMILIEKCHOI CUCTEMH (POPMyBaHHSA MIKPOKIIMATy B TMPUMIIIEHHAX MIJ3€MHHUX
CIOPY/I 3 BUCOKOIO BOJIOTICTIO 1 3HUXKEHOIO TEMIIEPATypOI0 BHYTPIIIHBOTO MOBITPS
IpU NepeodIalHaHHI HAsIBHUX MIA3€MHUX NPUMILIEHb, Y AKUX HE MepeadadeHo
YMOB I TOCTIHHOTO TepeOyBaHHS BEIMKOI KUIBKOCTI JIIOJIEeH, y MiA3eMHI
NPUMIIICHHS BIJIKPUTOTO IUIAHYBaHHA JJisi Oe3medHoi 1 6e3mepebiitHoi poboTu
moneit. OOrpyHTOBaHO (HOPMYBAaHHS TEILJIOBOJIOTICHOTO PEKUMY B MPUMIIICHHSX,
Ha/JIaHO PEKOMEHJAIll II0J0 OpraHizamii Ta MPOEKTYBAHHS CHCTEM BEHTUJIALIT
BOJIOTMX MPUMILIEHb 13 3HMXKEHOIO TEMIIEpaTypOl0 BHYTPIIIHBOTO MOBITPS Ta
3HAYHOIO TEMIIEPATypPHOIO CTpaTU(IKAIIIETO.

PesynbTaTu pobotu BipoBaixkeHo Yy AisuibHOCTI « TOB «KTJI», ®I" «Enepris-
I» Ta TOB «KpemlIpom3I3» (monatok b).

HaykoBa HOBH3HA OTPHMMAHHUX Pe3yJIbTaTiB:

Yoockonaneno:

. MaTeMaTUYHUN amapaTr [Uid PO3paxyHKY TEIUIOOOMIHY M1A3E€MHOL
OyIiBII1 3 ypaXyBaHHSIM KIJTBKOCTI JIFOEH, SIK1 B HIM MPUCYTHI.

. MaTeMaTUYHy MOJEJNlb MOBITPOOOMIHY B MPUMIIICHHSIX M1A3€MHOIO
po3TalryBaHHs BiAKPUTOTO TUTAHYBaHHS 3 ypaxXyBaHHSIM BUBUILHEHHS PajlOHY.

Habynu nodanvuioco pozsumxy:

. JOCITIIKEHHS TTPOIIECIB TEMIIEPATYPHOTO 30HYBAHHS Ta cTpaTUdIKaIii

y B NA3€MHUX NPUMIIIEHHIX BIAKPUTOTO MJIAHYBaHHS, IO JO3BOJISIE 3a0€3M1EUYUTH
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pi3HI MOTpeOM JIoJed 3aleXHO BiJ IHAMBIAYaTbHHX OCOOJMBOCTEH Ta CTaHy

OpraHi3my.

KarouoBi ciaoBa: MIKpOKJIIMAaTU4HI TOKAa3HUKH, TMIA3€MHI CIOPYAH,
TEIUIOBOJIOTICHUN PpEXHUM, TNPHUMIIIEHHS BiIKPUTOTO IUIaHYBaHHS, KOMQOpTHE
CepeqoBHILEe, APIOHOIUCTIEPCHUN MM, SKICTh MOBITPS, KPaTHICTh BEHTHJIALIL,
3a0py/HIOBaYl TMOBITpsS, IITy4YHA 10HI3allis, TeMmIrepaTypHa cTpaTudikaiis,

TIHBOJIFOOH1 POCIUHHU.
ABSTRACT

Bubon S. L. Forming a comfortable and safe environment in open-space
underground premises. — Qualification scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 263 “Civil
Security” (26-Civil Security) — Kyiv National University of Construction and
Architecture, Kyiv, 2025.

The dissertation is devoted to solving the current problem of developing
comfortable and safe conditions for people to stay in underground open-plan
premises.

The work focuses on the problem of safety of long-term stay of people in
underground open-plan premises, which are converted from existing underground
structures of a different design and functional purpose. In particular, the existing
built-in ventilation, air conditioning and control systems for internal environment
parameters do not meet comfortable conditions, which has a negative impact on the
well-being and productivity of personnel. A comprehensive analysis of harmful
factors in open-plan underground premises has demonstrated the need to normalize
not only microclimatic indicators, but also other physical factors that can
significantly affect the safety and comfort of the indoor environment.

Research on air quality parameters of Open Space underground premises and
analysis of fine dust, radon and carbon dioxide concentration levels have proven that

most converted underground premises are not adapted for the constant presence of a



large number of people, which makes it difficult to maintain safe and normal air
space indicators.

It has been established that the dynamics of Co, concentration is significantly
affected by the number and localization of people in the space of the premises, as
well as the existing level of carbon dioxide concentration in the supply air, which
necessitates the need to take this feature into account when calculating the air

exchange rate. Zoning of the premises based on current CO, indicators is proposed.

It was established that the levels of Rn radiation in underground Open Space
type premises do not fully comply with the regulated values and can significantly
affect the general condition of people who are constantly in such premises. It is
proposed to take into account the relative radon exposure coefficient when
calculating the multiplicity of air exchange of the premises to reduce its
concentration level to normalized indicators.

Analysis of thermal and humidity comfort of underground premises, in which
conditions are not provided for the constant stay of a large number of people, showed
a significant impact on these indicators of the number of people due to an increase
Iin humidity and temperature. It is proposed to take this feature into account when
determining strategies for re-equipping existing basements and underground spaces
of other technological purposes into office spaces and places of permanent residence
of people.

Research into microclimate indicators and comfort levels in underground
structures with high humidity and low indoor air temperatures, not adapted to long-
term human occupancy, analysis of comfort indicators based on questionnaire
results, physiological and psychological consequences of staying in underground
spaces, made it possible to propose a system for managing standardized air
environment indicators and comfort levels for safe and productive work of people in
underground Open Space-type spaces, which is based on constant monitoring of
sensor indicators, comparison of the obtained data with standardized indicators and
generation of control signals to maintain microclimatic indicators based on

combined supply and exhaust ventilation systems with recuperative air
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dehumidifiers, the possibility of temperature zoning of the space with orientation to
the largest concentration of people and the possibility of temperature correction
stratification, regulation of radon concentration and its passage, as well as
maintenance of aeroionic and microbiological composition of the air of the
underground space to increase work productivity and safety of long-term stay of
people in such types of premises.

The practical significance of the results obtained lies in the development of a
comprehensive system for organizing the microclimate in the premises of
underground structures with high humidity and low internal air temperature during
the re-equipment of existing underground premises, which do not provide conditions
for the constant stay of a large number of people in the underground Open Space
premises for safe and uninterrupted work of people. The formation of the thermal
and humidity regime in the premises is substantiated, recommendations are provided
for the organization and design of ventilation systems for wet premises with low
internal air temperature and a significant range of temperature stratification.

The results of the work were implemented in the activities of LLC KTL, FG
Energia-1 and LLC KremPromZIZ (Appendix B).

Scientific novelty of the obtained results:

Improved:

o a mathematical apparatus was developed for calculating the heat
exchange of an underground building, taking into account the number of people
present in it.

o mathematical calculation of air exchange in open-plan underground
rooms, taking into account the radon release coefficient.

Further development was made:

o research into the processes of temperature zoning and stratification in
open-plan underground rooms.

Keywords: microclimatic indicators, underground structures, thermal and

humidity regime, open-plan premises, comfortable environment, fine dust, air
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environment, ventilation rate, air pollutants, artificial ionization, temperature
stratification, shade-loving plants.
CIIMCOK ONMYBJIIKOBAHMX ITPAILb 3A TEMOIO JUCEPTAIIII
Crarti B HAyKOBHX BH/IAHHSIX, BHECEHHMX /0 MeEpesiKy HayKOBHX
(¢axoBux Buganbp Ykpainu kareropii «b» :
1. Bby6on C. JI., Herpiii T. O., Po3po6nenHs cucteMu ynpaBiliHHS piBHEM
koMdopTy mia3eMHUX MpuMilieHs tuiy Open Space MiI3eMHOTO pPO3TallyBaHHS,

Hayrosuii Kypuan Meminsecm Ilonimexniku. Cepis: Texniuni nayku, No 4, 2025,

C. 340-345., DOI https://doi.org/10.32782/3041-2080/2025-4-47.

Ocobucmuii 6necox 3000y8aua nosiecae 8 po3pooaeHHi KOHYyenyii cucmemu
VIPABNIHHS Pi6HeM KOMGDOpmy nio3eMHUX npumMiujersb GIOKpUmMo20 niaHy8aHHs.

2. C. JI. Byoon, T. O. Herpiii. JlocnipkeHHs] TapaMeTpiB SIKOCTI MOBITPS
npuminiedb Ttuny Open Space mia3eMHOro po3TallyBaHHA. KomyHanvHe
eocnooapcmeo  micm, 2025, Ttom 3, Bumyck 191. C. 580-583.
https://doi.org/10.33042/2522-1809-2025-3-191-580-585.

Ocobucmuii  6Hecok 3000y8aua noisgeac y BUSHAYEHHI HNOKA3HUKIG
8Y2NleKUCTI020 2A3Y, PAOOHY, OpPIOHOOUCNEePCHO20 NUTY pechipabenvHoi gpaxyii ma
3anponoHOBAHO 3aX00U YHOPMYBAHHS 3A3HAUEHUX NAPAMEMPIE.

3. byoon C.JI., Pe3nik /.B. [ocmixkeHHs MIKpOKIIMaTUYHUX
MOKa3HUKIB O(ICHUX NPHUMIIIEHb THUIy Open Space MiJ3eMHOr0 PO3TaIlyBaHHS,
VYkpaincbkuit xKypHan OyaiBHUIITBA Ta apXiTekTypu, No 5 (029), 2025, C.38-45.

Ocobucmuti 6Hecoxk 3000y8aua noaseac 8 OOIPYHMYBAHHI NIOMPUMAHHS
MIKPOKIMAMUYHUX NOKASHUKI6 HA OCHOBI KOMOIHOBAHUX CUCMEMaM HPUNIUGHO-
BUMANCHOI  GeHMUNAYIL 3 PeKYnepamusHuMu  ocyulyeadamu nosimps ma
MOJACTUBICMIO MEMNEPAMYPHO2O 30HY8AHHS NPOCMOPY 3 OPIEHMYBAHHAM HA
HaubiIbue CKYn4eHHs TH00el.

4, byoon C.JI., Bu3zHaueHHS MOKa3HUKIB KOM(OPTHOCTI MiJI3EMHUX
MPUMIIIIEHb Ha OCHOBI1 ONIMTYBAHHSI MIPAIliBHUKIB. KomyHanbhe cocnodapcmao micm,
2025, mom 6, sunyck 191. C. 394-398. https://doi.org/10.33042/3083-6727-2025-6-
194-394-398
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HaykoBgi npaui, fiki 3acBifuy0Th anpodaniro MaTtepiajiB aucepraumii:

S. Porosenko O., ctyn., Byoon C., crya, 'opoenko O. JlocmimxeHHs
BITUBY MTOKa3HUKIB MOBITPSHOTO pOCTOpY odicHUX mpumiiieHs Tumy Open Space
Ha piBeHb KOMQOPTHOCTI mpaiiBHUKIB, Te3u XXXII Misxcuapoonoi Haykogo-
NpakKmuyHoi Kongepenyii cmyoenmis, acnipanmis i Moiooux yuenux "Axmyanvui
npoonemu  dwcummedisnvuocmi  cycnitecmea’, Kpemenuyk, Kpemenuyyvxuil

HayionanvHuti yHigepcumem imerni Muxaiina Ocmpoepadcwvkozo, 2025. C. 302-304.

https://doi.org/10.32782/2079-5009.krnu25.11.10.

Ocobucmuii 6Hecok 3000y8aya NoasA2a€ Y BUSHAYEHHI GNIUBY NAPAMEmpIE
AKOCMI NOBIMPsL Ni03eMHUX OQDICHUX NPUMIWEHb BIOKPUMO20 NIAHYBAHHS HA PIGEHb
KoM@popmHocmi npayieHuKxis.

6. Byoon C. JI., Porosenko O. O., Pe3nik /. B. Cucremu BeHTUIIALIT
ouuIeHHs moBITPs B Open Space MpUMIIIIEHHSX MM1I3€MHOTO po3TallyBaHHs, 1e3u
11 midicnapoonoi naykoeo-wemoouunoi kongepenyii, 22 - 23 mpasns 2025 poky,
Kuis, /{eporcasnuu ynisepcumem «Kuiscokuti agiayitinuti incmumympy, 2025. C. 30.
Ocobucmuii 6necox 3000y8aua NONA2AE V GUIHAYEHHI MA PAHHCYBAHHI
WKINOUBUX (PAKMOPIB 8 NIOZEMHUX NPUMIWEHHIAX 8I0KPUMO20 NIAHYBAHHS 3 MEMOI0
PO3pOOKU cucmem BeHMUNAYII.

7. Tsiuriupa Y., Bubon S. Development of a classification of factors that
determine the occurence and course of "sick building syndrome". Proceedings of the
1V International Scientific and Practical Conference “Green Construction”. Kyiv:
Kyiv National University of Construction and Architecture. 2025, Kwuis, 2025. C.
249-251. URL:
https://www.researchgate.net/publication/391850107_Proceedings_of the IV _Inte
rnational_Scientific_and_Practical_Conference_Green_Construction_Kyiv_13-

14 May_2025.

Ocobucmuii  6Hecoxk 3000y8aua NONA2AE V BGUIHAYEHHI AKMYAIbHOCHI

cucmemamu3zayii ma kiacugixkayii ¢oakmopie «cCUHOpoM) X80po20 OVOUHKY» O

PIBHUX MUNIE NPUMIUYEHD.
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8. Hroprona 1O., Byoon C. Po3pobiienHs knacudikariii ¢pakTopis,

10 BU3HAYAIOTh TOSIBY Ta IMepedir «CHHIPOMY XBOPOi OyIiBIII».

Mamepianu 1V Mixcuapoonoi naykoso-npaxmuunoi kongepenyii « Green
Construction» («3enene 6yoignuymeoy). Kui: KuiBchbkuil HalllOHaJIbHUN
YHIBEPCUTET OYJIBHHUIITBA 1 apXITEKTYpPH. 2025,

c.356-358.
https://www.researchgate.net/publication/391850615 Materiali_IVV_Miznarodno

i naukovo-

prakticnoi konferencii Green Construction Zelene budivnictvo Kiiv 13-
14 travna 2025 r
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cucmemamu3zayii ma Kiacugirayii axmopis « cUHOpoMy X80po20o OYOUHKYY npu
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