AHOTALIA

[ropronna  FO.B.  JlocmijpkeHHs  Ta  MareMaTW4yHE  MOJCITIOBAHHS
O0loUIbTpalliiHUX €JEeMEHTIB JUIsl CTBOPEHHS O€3MeYHOro Ta KOM(OPTHOIO
cepenoBulla NpuMilieHb. — KBamidikaniiHa HayKoBa Ipalisl Ha MpaBax pyKOIHKCY.

Hucepramisi Ha 3100yTTS HAYKOBOTO CTymHeHs JaokTopa (dimocodi 3i
cnerianbHOCTI 263 «IluBinpHa Oesmeka» (26-1{uBinpHa Oe3neka) — KuiBchkuii
HAI[lOHAIBHUM YHIBEpCUTET OyIIBHHUIITBA Ta apxiTekTypu, Kuis, 2025.

Jucepraiiisi TpHUCBSYEHA BUPIMICHHIO aKTyaldbHOI 3ajadl po3pOoOJICHHS
edexTuBHUX 010(PUIBTPAIIHHUX TEXHOIOTIN SISl CTBOPEHHS 3/0POBUX 1 O€3MEUHUX
YMOB Y MIPUMIIIEHHSIX PI3HOTO MPU3HAYECHHS.

VY po6oTi OCHOBHY yBary NnpuaijaeHo mpodiemi 6e3neku nepeOyBaHHs JTroaen
y OpUMIIIEHHSX, 30KpeMa «CuHIpoMy xBopoi OyaiBii» (CXB). 3okpema, 3pocTaHHs
FePMETUYHOCT] KOHCTPYKLIA Ta BIPOBAIKEHHS CHHTETUYHUX MaTepialliB Y
OyIIBHMULITBI TPU3BEJIIO 1O TOTIPHIEHHS $KOCTI MOBITPS B MPUMILIECHHSAX.
KommiiekcHuil aHami3 MWKiAIMBUX (akTopiB NpH mnepeOyBaHHI B MHPUMILIEHHAX
MO0Ka3aB, 10 Ha ChOTOHI BOHH HEJOCTATHHO CHUCTEMATHU30BaHI.

3anponoHoBano kiacupikarito mkiamuBux (akropis CXb, mo nependavae
Noj1 iX Ha BHYTPINIHI Ta 30BHINIHI. 3OBHIIIHI — KIIMaTU4HI, €KOJOTIYHI,
pafiamiiiHi Ta BIJCOCKOJIOTIYHI BIUIMBU. BHYTpIlIHI — mapamMeTpu BHYTPIIIHHOTO
cepenoBuia, Gi3u4HI, TEXHIUHI, pajlialiiiHi, ICUXOJOT14HI Ta 610X1MiuHI (haKTOPH.

JocnipkeHHs: 010XIMIYHOMY aHalli3y CTaHy TMOBITPSHOIO CepelOBHILA
BUKOHAHO B MPHUMIMIEHHSAX PI3HOTO NPHU3HAUYEHHS — 3UMOBHUU CaJl YHIBEPCHUTETY,
pecTopaH, KOBODPKIHT, MEIMUYHUN 3aKiaJ Ta TOPrOBO-PO3BAKAIBHUN KOMILICKC.
JlocaipKeHO BIUIMB POCIIMH Ha MIKpOOHE YMCIIO METOJOM MAaCUBHOI CETMMEHTAIl].
[TokazaHo 34aTHICTh POCIIMH 3HUKYBATH MIKpPOOHE YHCIIO B MpUMIIIeHHAX 10 11,8
paziB. OOpoOIeHHS pe3ynbTaTiB JOCTIKEHb (DITOHITUAHUX BIACTUBOCTEU POCIIHH

METOJIOM JIUCTKOBHX JHUCKIB JIO3BOJIMB DPAHXKYyBaTH POCIUMHU 32 (HITOHITUITHOIO



aktuBHICTIO Bin Chlorophytum comosum (upuHA 30H JT3UCY BiJ TUCKIB 14,3 MM)
1o Phoenix dactylifera (4,1 mm).

J1j1st 0OTpyHTOBAHOTO BUOOPY POCIMH CTBOPEHO MaTeMaTHYHI MOJIEJ1 IXHBOTO
cTaHy. 3anmpoNOHOBAHO MiAX1Jl J0 OILIHIOBAaHHS CTaHy POCIIMH B MPUMILICHHSX 3a
100-6a1pHUM MOKa3HUKOM SIKOCT1 BIATIOBIAHO /10 OIIIHKH 3a TphOMa IKajaamu Bijg 1
a0 5 OamiB 3 BIANOBIAHUMU Koe(illieHTaMU BaroMocTi. 3a pe3ylibTaTaMu
CIIOCTEPEKEHHS B PI3HMK YyMOBaX CKJIaJ€HO perpeciiiHi MaremaruuHi mozeni. Lle
JI03BOJISIE MPOTHO3YBaTH CTaH POCIUH B PI3HUX 30HAX NPUMILICHb 3a/Jis
MPABWIBHOTO MiIOUPAHHS ACOPTUMEHTY POCIIHMH B PI3HUX 30HAX MPUMIIICHb.

Ha ocHoBI mpoBeeHOoro aHamizy 3aponoHOBaHO (HITOIU3AITH 3UMOBOTO Caly
KuiBCchKOTO HAIIOHAIBHOTO YHIBEPCHUTETY OYIIBHHITBA 1 apXiTEKTypH 3a/is
00poThOM 3 OCHOBHMMHU WIKIJJIMBUMH (PakTOpaMu, cepell SKUX MIKpOOHE
3a0pyaHeHHss Ta IyM. PociuHu migiOpaHo 3a MareMaTUYHUMHM MOJENSMU 3
OYIKyBaHUM IMMOKa3HUKOM He Huxue §0.

IIpakTyHe 3HAYeHHS] OTPHUMAHHX Pe3yJbTATiB IOJSITaE Y HAyKOBOMY
OOTpyHTYBaHHI  Ta  EKCIEPUMEHTAJbHOMY  MIATBEPIKEHHI  JOIUIBHOCTI
BUKOPUCTAHHS (PITOHIUIHUX POCIIHUH Ta 3€JICHUX CTIH JIJIi OUMIIEHHS MOBITPS BIJT
MaTOTeHHOI MIKpO(JIOPH B TMPUMIMICHHAX PI3HOTO MPU3HAYCHHS, IO CIPUSE
CTBOPCHHIO 0€3MeyHOro Ta KoM(OpPTHOTO cepemoBmina. Po3pobiieHe paHKyBaHHS
pociauH 3a (ITOHIIMAHOIO AaKTHUBHICTIO HAaJa€ IMPaKTHYHI PEKOMEHJAIi IS
ONTHUMAJIBHOTO TiAOMpaHHS ACOPTUMEHTY PpOCIMH 3 METOK JOCSATHEHHS
MaKCHUMaJIbHOTO CaHAIIHHOTO eekTy. 3anporoHoBaH1 pilieHHs 3 (iToAU3aNHY, 110
BpPaxoOBYIOTh OCOOJIMBOCTI Ta3000MIHY PpOCIMH Ta BHUMOTHM JI0 OCBITJICHHS,
JO3BOJISIIOTh  €(DEKTUBHO IHTETPYBATU O3€JECHEHHS B 1HTEP €PU 3 TMO3UTHUBHUM
BIUIMBOM Ha KOMQOpT mnepeOdyBaHHsS JIOACH Ta SKICThb MOBITPSA 3 HAJAaHHIM
pEeKOMEHJAlIA Il apXITeKTOpiB, AM3aiHEpiB Ta (axiBLIB 3 OXOPOHU Mpalll.
OTpumaHi pe3yabTaTd MOXYTb OyTH BUKOPUCTaHI IPHU PO3POOJIEHHI CaHITapHO-
TITIEHIYHUX HOPM Ta PEKOMEHIAIIN 00 03€JICHEHHS] IPOMAJICbKUX, BUPOOHUUMX
Ta JKUTIOBUX NPHUMINICHb JJIS TONIMIICHHS SKOCTI BHYTPINIHBOTO TIOBITPSI Ta

3HIDKEHHS PU3UKIB ISl 370pOB’si. Po3poOneHHs migxoay J0 OIIHIOBaHHS CTaHY
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POCIIMH B IHTEp €pax J03BOJISIE CTBOPIOBATH PErpeciiiHl MaTeMaTHU4HI MOJIENI s
MIPOTHO3YBaHHS iXHBOI €(EKTUBHOCTI (piTopemMesiailii BHYTPIIIHbOTO TOBITPS Ta
3a0e3meueHH1 KOM(OPTHOTO 1 O€3MEYHOTO CepPeOBHIIA IPUMIIIEHb.

Pe3ynbsraru poOOTH BIPOBAIHKEHO B aAMICTICTPATUBHUX NpUMIlIeHHAX DI
«Enepris-1», y nisnbHocTi « TOB Cronuunuit byncorsy Ta B HaB4aIbHOMY IIPOILIEC]
KuiBchKoro HarfioHaIbHOTO YHIBEPCUTETY OY/IIBHUIITBA 1 apXITEKTYPH.

HaykoBa HOBH3HA OTPUMAHMX Pe3yJILTATIB:

Ynepwe:

® pO3pOOJICHO MareMaTU4HI MOJENl SIKOCTI KIMHATHUX POCIHH JJIs
3a0e3neueHHst Oe3MeYHOTr0 MOBITPSHOTO CEPEIOBUIIA B IPUMIIICHHSIX.

Yoockonaneno:

e xriacudikamio (akropiB, MO BHU3HAYAIOTh TOABY Ta mepedir
«CHHJIPOMY XBOPOT Oy/IiBII».
Habynu nooanvwoeo pozeumxy:
® JIOCIIDKEHHS BIUTUBY (DITOHIMIHOTO €(DEeKTy POCIMH Ha BHYTPIITHE
MOBITPSTHE CEPEIOBUIIE TPUMIIIICHbD.

KuarwuoBi caoBa: OiodiasTpallisi, cepeaoBUIe IPUMIIIEHb, IIKiIITUBI
dbakTopu, BHYTPIIIHE CEPEAOBUIIE, CUHAPOM XBOPOTO OYAMHKY, MIKPOOHE YHCIIO,
ditonu3aliH, KIMHATHI POCIHMHH, BHYTPIIIHE O3€JCHEHHS, (QITOHIMAMN, JETKi

(biTOOpraHiuHI PpEYOBUHHU.



ABSTRACT

Research and mathematical modelling of biofiltration elements to ensure a
safe and comfortable indoor environment - Qualification scientific work on the
rights of a manuscript.

Thesis for the degree of Doctor of Philosophy in the speciality 263 "Civil
Security" (26-Civil Security) - Kyiv National University of Construction and
Architecture, Kyiv, 2025.

The thesis is devoted to solving the urgent problem of developing effective
biofiltration technologies for creating healthy and safe conditions in premises for
various purposes.

The work focuses on the problem of indoor safety, in particular, the "sick
building syndrome" (SBS). In particular, the increase in the tightness of structures
and the use of synthetic materials in construction has led to a deterioration in indoor
air quality. A comprehensive analysis of indoor hazards has shown that they are
currently insufficiently systematised.

The article proposes a classification of harmful factors of the SBS, which
provides for their division into indoor and outdoor. Outdoor factors include climatic,
ecological, radiation and video-ecological impacts. Indoor - parameters of the
internal environment, physical, technical, radiation, psychological and biochemical
factors.

The study of biochemical analysis of the air environment was carried out in
premises for various purposes - a university winter garden, a restaurant, a coworking
space, a medical facility, and a shopping and entertainment centre. The effect of
plants on microbial counts was studied using the passive sedimentation method. The
ability of plants to reduce the microbial count in the premises by up to 11.8 times
was shown. Processing the results of the study of the phytoncidal properties of plants
using the leaf disc method allowed us to rank plants by phytoncidal activity from
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Chlorophytum comosum (width of lysis zones from the discs 14.3 mm) to Phoenix
dactylifera (4.1 mm).

Mathematical models of plants’ quality have been created for a reasonable
selection of plants. An approach is proposed for assessing the condition of plants in
the premises according to a 100-point quality indicator using the assessment on three
scales from 1 to 5 points with the corresponding weighting coefficients. Based on
the results of observations under different conditions, regression mathematical
models were developed. This allows us to predict the condition of plants in different
areas of the premises in order to correctly select the range of plants in different areas
of the premises.

Based on the analysis, the work proposes a phytodesign for the winter garden
of the Kyiv National University of Construction and Architecture to combat the main
harmful factors, including microbial contamination and noise. Plants are selected
according to the mathematical models with an expected index of at least 80.

The practical significance of the obtained results lies in the scientific
substantiation and experimental confirmation of the feasibility of using phytoncidal
plants and green walls to purify the air from pathogenic microflora in premises for
various purposes, which contributes to the creation of a safe and comfortable
environment. The developed ranking of plants by their phytoncidal activity provides
practical recommendations for the optimal selection of the plant assortment to
achieve the maximum sanitation effect. The proposed phytodesign solutions, which
take into account the peculiarities of plant gas exchange and lighting requirements,
allow for the effective integration of greenery into interiors with a positive impact
on human comfort and air quality, with recommendations for architects, designers
and occupational health and safety specialists. The findings can be used to develop
sanitary and hygienic standards and recommendations for greening public, industrial
and residential spaces to improve indoor air quality and reduce health risks. The
development of an approach to assessing the condition of plants in interiors allows

the creation of regression mathematical models to predict their effectiveness in
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phytoremediation of indoor air and ensuring a comfortable and safe indoor
environment.

The results of the work have been implemented in the administrative premises
of the Enerhiia-1 Farm, in activities of the “Stolychnyi Budsoiuz” LLC and in the
educational process of the Kyiv National University of Construction and
Architecture.

Scientific novelty of the results:

For the first time:

e mathematical models of the quality of indoor plants was developed to
ensure a safe indoor air environment.

Improved.:

e classification of factors that determine the occurrence and course of the
"sick building syndrome".
Further developed:
¢ studying the impact of the phytoncidal effect of plants on the indoor air
environment.

Keywords: biofiltration, indoor environment, harmful factors, indoor

environment, sick building syndrome, microbial count, phytodesign, indoor plants,

indoor gardening, phytoncides, volatile phytochemicals.



CIIUCOK ONYBJIKOBAHUX ITPAILLb 3A TEMOIO TUCEPTAILIII

Haykogi npauji, y Axux ony0/1ikoBaHi 0OCHOBHiI HAYKOBi pe3yJIbTaTH AMCePTaLil

a) cmammi y 3aKOPOOHHUX 8UOAHHAX, NPOIHOEeKcosanux y Oazax oanux Web of

Science Core Collection ma/abo Scopus:

1. Gas Exchange Research on Plant Layers of Green Structures and Indoor
Greening for Sustainable Construction / T. Tkachenko et al. Sustainability.
2025. Vol. 17, no. 8. P. 3467. URL: https://doi.org/10.3390/sul 7083467 (mara
3BepHeHHs: 15.04.2025) (SCOPUS, Q1)

Ocobucmuti 6Hecok 3000y8aua Nonaeac y 8U3HA4eHHI 0cobausocmeli NIUSy
oceimieHocmi Ha 2a3000MiH 8 POCIUHAX, 30KpeMd KPUMUYHO20 3HAYEHHS
ocgimieHocmi, euuje sIKo20 Npupocmy QOmoCUHMeMudHoOi aKMuUGHOCmI He

8i00y8aemuvcsi

2. Tkachenko T., Lis A., Tsiuriupa Yu. et al. Planning of green roofs for the best
thermotechnical effect. Scientific Review Engineering and Environmental
Sciences  (SREES). 2025. Vol. 34, no. 1. P. 42-54. URL:
https://doi.org/10.22630/srees.9954 (SCOPUS, Q3)

Ocobucmuti 6necok 3000y8aua NONA2AE 6 NPOBEOEHHI AHANIZY NO3UMUBHUX

eqhekmis 8i0 3e/leHUX KOHCMPYKYILL.

0) cmammi 6 HAYKOBUX GUOAHHAX, BHECEHUX 00 NeEpeliKy HAaAyKosux (axoeux

eéuoanv Ykpainu kamezopii «by :

3. Tsiuriupa Y. Biosafety Provision in Large Halls. Case Study. HayxoBuii BicHuK
JHouHTY. 2024. Vol. 13, no. 2. P. 6-14. URL: https://doi.org/10.31474/2415-
7902-2024-2-13-6-14.
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Haykogi npaui, fiki 3acBiTuyioTh anpoodaniro MarepiaJjiB aAucepraumii:

4. Korbut V., Tkachenko T., Mileikovskyi V., Vakhula V., Tsiuriupa Yu.
Evaluation of the effectiveness of air exchange for the formation of a bio-safe
and comfortable environment of premises with a massive presence of
people. Energy. Resources. Ecology: Program and abstracts of reports of the 5th
international scientific and practical conference, Kyiv, 27-29 November 2024.
Kyiv, 2024. P. 68-69. URL: https://www.knuba.edu.ua/wp-
content/uploads/2025/02/ere-2024-eng-1.pdf (nara 3sepaenns: 04.05.2025).

Ocobucmutl 8Hecok 3000y8aua noisieac 8 po3podleHHI peKoMeHOayill U000
BUKOPUCMAHHA ~ POCIUH OISl 3MEHUWEHHS  3A0pYOHeHHs Nogimps.  npu
SMIUUYBANLHIU GEHMUNAYILT

5. The research method for indoor air sanitation dependent on the ventilation /
Y. Tsiurtupa et al. Mamepianu Il Mixcuapoonoi nayxogo-npaxmuuHoi
KkoHgepenyii  «Green  Construction».  Kuis,  2024.  P.375-377.
URL.: https://www.knuba.edu.ua/wp-
content/uploads/2024/05/zbirnyk gotovyj-4.pdf (date of access: 04.05.2025).

Ocobucmutl 6Hecok 3000y8auya nonsicae 8 AHANI3l HANPAMKI8 O0CNIOMCEHD
GdimonyuonHoi akmueHocmi pociun ma 6nauU8y Kpamuocmi nosimpooomMiny Ha
Gdimonyuony akmusricmo

6. Ilropromna FO. B., Tkauenko T. M. Bru 6ionoriyaux (pakTopiB Ha MOBITPSHE
CEpE/IOBUIIE TMPUMIIIEHb PI3HOTO TNPU3HAYCHHS. «AKMyanvHi NUMAHHA
CYCRiIbecmea y cghepax exonociunoi ma yueiivbHoi be3neKu, enepeo3depedcenns,
MeHeOdxcMeHmy ma ekoHomikuy: Marepianu Beceykp. HayKOBO-IIpakT. KOH). 3a
y4acTIO MOJIOJIUX y4. Ta 3100yBayiB BUIIl. OCBITH:, M. 3aMOPIXKAKS. 3aOPIKKS,

2024. C. 170-173. URL: https://www.znu.edu.ua/ii_znu/nauka/2024/aktualni-

pytannya/zbirnyk 24.pdf (nara 3Bepuenns: 04.05.2025).
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Ocobucmuti 8Hecox 3000y8aua Noafeae 8 O0CHIONCEHHI 6NIUBY (DIMOHYUOHUX
POCIUH HA MIKpOOHEe uucio 6 3umosomy cady Kuiscvbkoco HayioHanbHo2o

VHigepcumemy 0y0igHUYMBA | apXimeKmypu

[Mroprona FO., Herpiit T. BrmB Oionoriunux (axkTopiB Ha MIKpOKIIMAT
BUPOOHUYOro MpuMilleHHA. Cmanuti  po36umox. 3axucm HABKOIUUWHBLO2O
cepeoosuwya. Enepeoowaonicms. 36anancosamne npupoookopucmysanns. . 30.
marepianiB VIII mixkHap. koHrp., M. JIbBiB, 16—18 xoBT. 2024 p. Kuis, 2024.
C. 234. URL: https://doi.org/10.56287/8285-40-1.

Ocobucmutl  6Hecoxk 3000ysaua noisieae 6 aualizi 8i0OMUX CHOCO0IB
Knacughixayii wxionueux ¢paxmopie ma MoNciusocmeli 3acmocy8anHs POCIUH

0J151 BMEHUEHHS WKIONUB020 BNIUBY OI0N02IUHUX (haKMOpIs.

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

_International Scientific and Practical Conference Green Construction Ky
iv_13-14 May 2025.

Ocobucmuii  6Hecox 3000ysaua nonsieae 6 po3pobieHHi Kiacughixayii

BUSHAYAILHUX (DAKMOPi6 CUHOPOMY XB0PO20 OYOUHKY.
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