AHOTAIISA

I'nywyenko P.O. Y1ocKOHajJeHHs CUCTEMM JOIIOBOI KaHasi3alii 3a JOMOMOTOI0
«3eNIeHux» KOHCTpyKIii. — KBamidikariiiina HaykoBa mpaiis Ha rpaBax pyKOIIUCY.

HucepTtarmiss Ha 3700yTTS HAYKOBOTO CTyMeHs JokTopa dinocodii 3a
cnemianpHicTIO 101 — Ekomoris. — KwuiBchkuii HaIllOHAIbHUNM  YHIBEPCUTET
OyIBHUIITBA 1 apXITEeKTypu MiHICTEpCTBA OCBITH 1 HayKu YKpainu, Kuis, 2023.

JucepTariitHa poOoTa MpUCBSYCHA BUPIIICHHIO 331241 3a1100IiraHHs 3aTOIUICHb
MICBKHUX TEPUTOPiN 3 BUKOPUCTAHHSIM TEXHOJIOTIi «3€JICHHMX» KOHCTPYKIIN, IO €
BKpail akTyaJhbHUM B yMOBaX CBHOTOACHHS Il YKpaiHM Ta CBITY, 30Kpema IS
MOBOEHHO1 B1I0YI0BU 1HPPACTPYKTYpH Ta OyAiBEILHUX 00’ EKTIB.

AHam3 JNTepaTypHUX JDKEpeNl TOoKaszaB, IO «3€JeHl KOHCTPYKII» €
MEePCIIEKTUBHOIO TEXHOJIOTIEI0 YMPABIIHHS JOIIOBUMH CTOKaMH. 3€JICHI JaXW 3/1aTHi
3aXOIUTIOBATH Ta 3aTPUMYBATH JOLIOBY BOAY, IO HOTpamse HAa OyJAMHOK. Ii MOKHa
30MpaTi B HAKOMUYyBajdbHI Oaku [JIsi TOBTOPHOTO BUKOpUCTaHHSA. HeoOXxinHo
MPOBECTH JOCHIKEHHS I1i€1 BOJM JIJIsl BU3HAYECHHS i1 c(hepy 3aCTOCyBaHHS.

Bony 3 rpyHTY Ta AOpPIKOK MOXYTh 30HMpaTd JOUIOBI CaJl — CHEIIAJbHO
o0JaIITOBaHl JUISHKK TPYHTY. Tak0oX BaXXIMBHUM €JEMEHTOM € BOJONMPOHUKHI
TPOTyapu Ta «3eJEHi» MICIsl [UIsl MapKyBaHHS. 3aJMIIAETHCS HEBUPIIMICHUM IS
KJIIMaTHYHUX YMOB YKpaiHu 30MpaHHs i BUIAJICHHS OIIOBUX BOJ 0€3MocepeHko 3
IIPOI3HUX YACTHH.

EdexTrBHUM pIllIEHHSIM € 3€JIeHI BYJHIN Ta ajiei, 10 MOEAHYIOTh OUIbIIIe HIXK
onHy (GyHKIIO g 300py Ta OYMINECHHS JOIIOBOiI BOJW. 3€JeHl BYJIMIN Ta anei
CTBOPIOIOTHCS IIISXOM IHTErpallli eeMEeHTIB 3elIeHO01 1H(PaCTPyKTYpH B iX IH3aiH
JUIs yTpUMaHHsA, 30epiranHs Ta (uibTpaiii AomoBoi Boau. [IpoHukHUN TpoTyap,
OI1OTIOKPUTTS ¥ AepeBa € eIeMeHTaMU, K MOKHA BIUIECTH B AW3aiH 3€JIE€HOI BYJIHIII
4y asel

Ha mincraBi mpoBemeHOTO aHammizy CTBOPEHO KOHIIEMINIO MPUPOTHOTO
YIOpaBIIiHHS TOIIOBUMHU CTOKaMHU Ha ypOaHi3oBaHUX TepuTopisx. KoHmeniis Bu3Hauae
MICII€ KOKHOTO €JIEMEHTa, 110 Oepe yJacTh y 30MpaHHi Ta 3aTpUMaHHI JI0I0BO1 BOJIH.

JI1st epeKTUBHOTO 3MEHITIIEHHS TOTOKIB JOIOBOT BOJAM JTOCIIKEHO TPU MOECII



«3eneHoi nmokpisai» ZinCo pizaux cucrteM. «Cenymuuii kumum» Florafrain FD25,
«3anamni TpaBu» Florafrain FD40 Ta «Can Ha naxy» Florafrain FD60 momero 1 m2.,
ITepiia Mojenb TOKa3ana HaWIIBUJAIIE HPOIyCKaHHS Boau — 1,631m°/m00y. pyra
MOJ€eJIb Halikpale 3aTpumye Boay — 0,62 nv*/no0y. ToMy BOHa peKOMEHIYE€ThCS ISt
YIPaBIiHHS JOMOBUMHU BOJAMHU.

JIsi TOBTOPHOTO BUKOPUCTAHHS JOIIOBUX CTOKIB 3 «3€J€HOI» MOKpPIBII
BUKOHAHO HATYypHI JOCHII/DKEHHS CTOKIB 3 3€JIEHOI Ta HEO3EJICHEHOI IOKPIBIi
KHUTIOBOr0 KoMIUlekcy «PecmyOmika». 3a BciMa MOKa3HHUKaMU BOJA 3 «3€JIEHOI
MOKPIBJII» BIATIOBIJIA€ CTaHAAPTaM JjIsl TUTHOT BOJIH.

Jlnisa Ge3mocepeHbOro MIBUAKOTO 1 PIBHOMIPHOTO 30MpaHHS JOIIOBOT BOAM 3
MPOTHUX YACTHUH JIOPIT 3 MOJIAJIBIINUM 1i OUUIIIEHHSIM PO3p00JICHO IHHOBAIIIMHY CUCTEMY
3eneHoro Kananmy. Moro mapu — mapkyBambHa pemiitka ®EM, meGeHeBo-milana
cymim (IIIIC) dpakuii 0-5 MM, micok ApiGHO3EPHHUCTHI TpUpOAHUiA p = 1,63 T/M°,
mebinp  ¢pakuii 10-2 Omm, TpyOa IIBX npenaxna nepdoposana o 100-200.
ExcniepuMenTanbHi JOCTIHKEHHS KaHATy BUKOHAHO IUISXOM IMPOJIMBAHHS CHCTEMH
BOJIOIO 3 PO3PAaXyHKy 8 AM°> Ha moroHuuii metp. [Ipu Bunusanui Boau 3a 10 ¢ pisens
Boay pocar mmire 30 mM. Jlocmiay nokasanu, mo mi 8 aM® BOAM Ha MOTOHHUI METp
KaHas mporryckae 3a 4 xB. [Ipu pexxumi onaniB M. Kuepa 3a 2021-2022 p. moka3zHUK
e(EeKTUBHOCTI KaHaTy CTaHOBUTH 2,7...4,33. Jlis [1oBITpOhIOTCHKOTO MPOCTIEKTY M.
Kuesa 06’em nmonry 1,28 Mm/XB Oyze MOTVIMHYTO KaHajlaMH 3 000X OOKIB MPOI3ZHUX
YaCTUHU MEHIIIe HiXk 3a 39 c.

«3eneHi» Micug g NapKyBaHHS MAalOTh 3HAYHUN MOTEHLIaN IMOTJIMHAHHS
JOLIOBOI BOAM, a KpIM TOTO, 3HIDKEHHS TeMmmeparypu — OopoTeOu 3 edexTom
TEIUIOBOTO OCTPOBa. 3arajpHa IUIomia O(MiliiHO BU3HAHUX MICIbL AJIS MApKyBaHHS
Kuera csrae 215 925 M2, 3araibHe MOTJIMHAHHS BOIU [IAMH MapKOMICI[IMH CTAaHOBUTH
6677 M> 1OWIOBOT BOH, KA HAa CHOIOIHI HABAHTAXY€ MICHKY 3JMBOBY KaHANI3allilo.

[IpakTiyHe 3acTOCYBaHHS pO3pOOJEHUX pIlIeHb IMOKA3aHO Ha MPUKJIaAi
IPOEKTY «3€eJIEH0D» TMOKpiBai miomero 350 M Ha rosoBHOMY Kopryci KuiBchbkoro
HAI[IOHAJILHOTO YHIBEpCUTETy OyAIBHHUIITBA 1 apXiTeKTypu. byno mnpoanamizyemo
KUIBKICTh omajiiB B M. KuiB 3a 2022 p. MakcumaibHUNi 00’ €M OMajiiB y TeIUIUH MMepioJy

poky 63,1 mm y BepecHi. [IpuitnsiTo cucremy «3amnamisi TpaBu» Bix kommadii Zin-Co



31 cHemiajJbHO MiAIOpaHuM JJIs I[bOT0 HAaOOPYy POCIHH, BOJIOTOYTPHUMYBAJIbHUMU
MaTamu 1 ApeHaxHumu enemeHtamu tumny Floradrain® FD40. Ilnomi 3eneHux 30H
250 M2, 0 YTPUMYIOTH BOJY, Ta ILIOII MiIoxigHux 30 100 M? 3 BOJOIPONYCKHUM
MOKPUTTSIM, 3B1JIKM BOJIa B1IBOJJUTHCA.

[Tpu MakcuMamnbHIHM 3/1KB1 3a BIACYTHOCTI HakonuueHHs Boau 10 % ii ne Oyne
YyTPUMAHO 1 TMOTPaNUTh Yy JOLIOBY KaHamizamito. [IpornoHyeTbest aBa BapiaHTH:
CTBOpUTH OOOPOTHE TMOHATHOPMOBE ToauMBaHHSA. I[lpy 1BOMYy BOJa 3HOBY
MIPOXOAUTHME CyOCTpaT 1 KOPEHi POCIHH, 1110 Ma€ OYUCTHUTH ii BiJ] MIKPOOPTaHI3MIB 1
YTBOPEHUX XIMIYHUX 3a0pyJAHIOBAYiB 1 MPOJOBXKHUTH CTPOK 30epiraHHs B Oaky. Lle
notpedyBaTuMe HACOCIB.

[HII0KO CTpaTeri€ro € BUKOPUCTAHHS BOJIM JIJISl TyaJIeTiB HAa HIDKYUX MOBEpXax,
IO JTO3BOJISIE CKOPUCTATHUCS TIAPOCTATUYHUM THUCKOM JJIsl caMOIUTMHY. [[Ba yHiTa3u
copoxHIOITh 0ak 3a 10,4 mobm. Ockinbku CTpOK 30epiranHs Boau B Oaky 0Oe3
MOTIPIIEHHS 11 SKOCTI CTAHOBUTH 14 1110, Take pillleHHs € OOIPYHTOBAHUM.

Takox mpakTUYHE 3aCTOCYBaHHSA pe3yJbTATIB JOCTKEHb IIOKa3aHO Ha
MPUKJIAl TPOEKT 3 BCTAHOBJICHHSM aKyMYJTIOIOUHMX OaKiB JUIsi HAKOMTUYECHHS JOIOBOT
BOJIY 3 MOKPIBJI1 y IPUMIIIEHHSX IM1IBAJILHOTO MOBEPXY 0AraToKBapTUPHOTO OyAUMHKY
B sxuraoBoMy Komruiekci «®AMHA TAVH» B Kuei 3 MeTor mepeBencHHs
MOJIMBAJILHOTO BOJIOMPOBOJIy HAa BTOPUHHE JKEPENIO — CTIYHI BOJU 3 «3€JIECHOI»
MTOKPIBJIL.

[IpoananizoBaHO MOKA3HUKW BOJOJIYMWIBHUX BY3JIB CHUCTEMH TMOJIUBY
kutinoBoro xommiekcy «OAMHA TAVH» B m. Kuis 3a mepiog 04.2022p. mo
09.2022p. Ta MOPIBHSIHO 3 KUTBKICTIO OMAJiB 32 aHAJIOTIYHUHN NEPIo A PO3PAXYHKY
00’eMy Ta KUIBKOCTI HAKOMMYYBAJIbHUX OakiB (aKyMyJIIOIOUHUX pe3epByapiB) sKi
HEOOX1/IH1 IS IOKPUTTS NMOTPEO Y BOJII CUCTEMH.

[TokazaHo, 1m0 Ha mepiry 4epry OyIiBHHIITBA 3arajbHOIO TUIOIICIO MOKPIBIII
4208 M? 1OCTaTHEO BCTAHOBHUTH 8 GakiB 1o 6 M>. Po3po0ieHO crcTeMy MOJIHMBAIBLHOTO
BOJIOTIPOBOAY 3 JKUBIICGHHSM BiJ] HAKOMUYYBAIbHUX OakiB Ta IEHTPAJIHHOTO
BOJIONIOCTaYaHHS 3 MPIOPUTETOM 3a OaKaMH.

[TopiBHSIHHA 3 MOKa3aMU JIIUMIbHUKA MOKA3aJ10 MOXJIMBICTh 3a0IIAJUTH A0

90 %, BUTpaT HAa BUKOPUCTAHHS IIEHTPAII30BAaHOTO BOIOTIOCTAYAHHS.



Kiro4oBi ciioBa: 1OIIOBUH CTiK, 3€JIeHa KOHCTPYKIIis, 3€JI€Ha MOKPIBJIA, 3eJIeHe
MICII€ /I TApKyBaHHS, BOJIOTIPOITY CKHE TIOKPHTTSI, MPOi3Ka YaCTHUHA, 3CJICHUIA KaHall,

HAKOMUYyBaJbHUI Oak.

ABSTRACT

Hlushchenko R.O. Improvement of the rainwater drainage system using "green"
structures. — Qualifying scientific work on the rights of manuscript.

Thesis for obtaining the degree of Phylosophy Doctor in the specialty 21.06.01
- environmental safety (101 - Ecology). - Kyiv National University of Construction and
Architecture of the Ministry of Education and Science of Ukraine, Kyiv, 2023.

The dissertation is dedicated to solve the problem of preventing flooding of
urban areas using the technology of "green" structures, which is extremely relevant in
today’s conditions for Ukraine and the world, in particular for the post-war
reconstruction of infrastructure and construction objects.

The analysis of literary sources showed that "green constructions" are a
promising technology for rainwater management. Green roofs are able to capture and
retain rainwater that falls on the house. It can be collected in storage tanks for reuse. It
is necessary to conduct a study of this water to determine its scope of application.

Water from the soil and paths can be collected by rain gardens — specially
arranged areas of the soil. Water-permeable pavements and "green" parking spaces are
also important elements. The collection and removal of rainwater directly from
roadways remains unresolved for the climatic conditions of Ukraine.

An effective solution is green streets and alleys that combine more than one
function to collect and purify rainwater. Green streets and avenues are created by
integrating elements of green infrastructure into their design to capture, store and filter
rainwater. Permeable pavement, bio-cover and trees are elements that can be woven
into the design of a green street or alley

On the basis of the conducted analysis, the concept of natural management of
rainwater run-off in urbanized areas was created. The concept defines the location of
each element involved in the collection and retention of rainwater.

In order to effectively reduce rainwater flows, three models of ZinCo "green



roof" of different systems were investigated. "Sedum Carpet" Florafrain FD25,
"Scented Herbs" Florafrain FD40 and "Roof Garden" Florafrain FD60 with an area of
1 m?. The first model showed the fastest water flow — 1.63 dm?/day. The second model
retains water the best — 0.62 dm?/day. Therefore, it is recommended for rainwater
management.

For the reuse of rainwater run-off from the "green" roof, field studies of run-off
from the green and ungreened roofs of the residential complex "Respublika" were
performed. By all indicators, the water from the "green roof" meets the standards for
drinking water.

An innovative system of the green channel has been developed for direct, fast
and uniform collection of rainwater from roadways with subsequent cleaning. Its layers
are a FEM parking grid, crushed stone-sand mixture fraction 0-5 mm, fine-grained
natural sand p = 1.63 t/m3, crushed stone fraction 10-20 mm, perforated PVC drainage
pipe 9100-200. Experimental studies of the channel were performed by pouring the
system with water at the rate of 8 dm’ per linear meter. When pouring water in 10
seconds, the water level reached only 30 mm. Experiments have shown that the channel
passes these 8 dm® of water per linear meter in 4 minutes. With the rainfall regime of
the city of Kyiv for 2021-2022, the efficiency index of the channel is 2.7...4.33. For
Povitroflotskiy Avenue in Kyiv, a volume of rain of 1.28 mm/min will be absorbed by
channels on both sides of the roadway in less than 39 seconds.

"Green" parking spaces have a significant potential for absorbing rainwater, and
in addition, reducing the temperature — combating the heat island effect. The total area
of officially recognized parking spaces in Kyiv reaches 215925 m? The total
absorption of water by these parking spaces is 6,677 m> of rainwater, which currently
loads the city's storm sewerage.

The practical application of the developed solutions is shown on the example of
the "green" roof project with an area of 350 m? on the main building of the Kyiv
National University of Construction and Architecture. We analysed the amount of
precipitation in the city of Kyiv for 2022. The maximum amount of precipitation in the
warm period of the year is 63.1 mm in September. The “Fragrant Herbs” system by the

Zin-Co company was adopted with a specially selected set of plants, moisture-retaining



mats and drainage elements Floradrain® FD40. Areas of green zones of 250 m?, which
retain water, and areas of pedestrian areas of 100 m? with a permeable coating, from
where water is diverted.

At maximum rainfall, in the absence of water accumulation, 10 % of it will not
be retained and will enter the storm sewarage. Two options are offered: create
reversible overtime watering. At the same time, the water will again pass through the
substrate and plant roots, which should clean it of microorganisms and formed
chemical pollutants and extend the storage period in the tank. This will require pumps.

Another strategy is to use water for toilets on lower floors, which allows taking
advantage of hydrostatic pressure for self-flow. Two toilets empty the tank in 10.4
days. Since the term of storage of water in the tank without deterioration of its quality
is 14 days, such a decision is justified.

Also, the practical application of the research results is shown on the example
of a project with the installation of storage tanks for the accumulation of rainwater from
the roof in the basement of an apartment building in the "Faina Taun" residential
complex in Kyiv with the aim of transferring the irrigation water supply to a secondary
source — wastewater from the "green" roof .

The indicators of the water metering units of the irrigation system of the
residential complex "Faina Taun" in Kyiv for the period from April until September
2022 were analysed and compared with the amount of precipitation for the same period
to calculate the volume and number of storage tanks that are necessary to cover the
water needs of the system.

It is shown that for the first stage of construction with a total roof area of 4208
m?, it’s enough to install 8 tanks of 6 m*. A system of irrigation water supply with
power from storage tanks and central water supply with priority by tanks has been
developed.

A comparison with the readings of the meter showed the possibility of saving
up to 90 % of the costs of using centralized water supply.

Keywords: rainwater run-off, green structure, green roof, green parking space,

permeable pavement, carriageway, green channel, storage tank.
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