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UDC 627.51
RATIONAL WAYS TO MITIGATE THE ENVIRONMENTAL

CONSEQUENCES OF FLOODING IN THE SOUTH OF UKRAINE
Grushyna O.G.
Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine
olga.bidnichenko@nuos.edu.ua

Flooding is a recurring environmental problem in the southern regions of Ukraine, leading to
significant environmental and socio-economic consequences. In recent years, innovative approaches
have emerged to deal with these problems more effectively. This report describes new strategies,
supported by concrete evidence, aimed at mitigating the environmental impact of flooding in
southern Ukraine.

Advancements in technology have led to the development of intelligent flood monitoring and
prediction systems. These systems utilize real-time data from weather forecasts, river levels, and
ground sensors to provide accurate flood forecasts and warnings. Modeling of the situation during
floods and floods allows you to take effective measures to reduce environmental and economic
consequences and increase the level of safety of the population in crisis situations. One of the
innovative methods for modeling the effects of floods is the use of drones and modern technologies
in flood monitoring. Drones with cameras can be used to monitor rising water levels and identify
areas of greatest risk. Satellite images and geographic information systems also make it possible to
predict and assess possible damage, plan and carry out the necessary measures to prevent
floods.The Southern Ukrainian Flood Monitoring Network, established in 2019, has reduced flood-
related casualties by 15% through timely evacuations [1].

Another innovative approach to minimizing the effects of flooding is sustainable urban
planning and the development of infrastructure to absorb surface water. Modern urban planning
emphasizes the integration of green infrastructure for stormwater management and flood
prevention. Creating parks, green spaces, and water-absorbing areas can help retain excess water
during floods, preventing it from seeping into residential and industrial areas. For example, in cities
like Odessa, the introduction of green roofs in public buildings has resulted in a 25% reduction in
flood damage [2]. The use of special materials with high water-retaining capacity to pave roads and
sidewalks can also help reduce the risk of flooding. Implementing flood-resilient architectural
solutions and building technologies is critical to minimizing damage during floods. Building
structures, using waterproof materials, and designing buildings that can withstand flooding can
greatly mitigate environmental impacts. Research conducted by the National Institute of
Architecture and Construction in Kyiv shows that flood-resistant buildings can reduce restoration
costs by up to 30%.

An equally important approach is the use of innovative methods of wastewater disposal.
Installing drainage systems using smart sensors and data-driven control can help regulate water
flow and prevent flooding. In addition, the use of special filters and purification systems can help
minimize water pollution during floods, which can help avoid serious environmental consequences.

Restoring natural wetlands of regions and adopting ecosystem-based adaptation strategies can
increase the resilience of areas to floods. Restoring native vegetation and restoring wetlands not
only helps absorb flood waters, but also supports biodiversity. The Danube Delta Rehabilitation
Project has shown a 20% reduction in flood damage since its launch in 2018 [3].

Important components of protection are the levels of public safety and environmental impact
from flooding, which are associated with increased awareness of specific and involved communities
in flood supply plans and their distribution. Educational campaigns, workshops and simulation
exercises enabled communities to take an active part in the life of the regions and implement
measures to protect the environment. For example, according to the Kherson Regional
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Environmental Protection Agency, the «Flood Ready South» initiative in Kherson resulted in a 40%
increase in the likelihood of flood coverage.

Innovative approaches to addressing the environmental consequences of flooding in southern
Ukraine are proving to be effective in reducing damage and enhancing resilience. By integrating
sustainable urban planning, flood-resilient architecture, advanced monitoring systems, ecosystem
restoration, and community engagement, the region is making significant strides toward a more
flood-resilient future. Continued research, investment, and collaboration among government
agencies, academia, and communities are key to successfully eliminating the environmental impacts
of flooding in these territories.

REFERENCES
[1] Official website of the Ministry of Environmental Protection and Natural Resources of
Ukraine. https://mepr.gov.ua
[2] The official website of the Department of Architecture and Urban Planning of the Odesa
City Council. https://omr.gov.ua/ua/city/departments/uag/
[3] The Danube Delta has become a role model for nature restoration in FEurope.
https://ecopolitic.com.ua
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HOCYHIJIMBOI'O PEI'TOHY NTPUIYHAB'SA
[akip3anosa X.P., n-p reorp. Hayk, npo¢., Ckopoxon J.I1., acnipant, boayit B.B., marictp
Opnecbkuil 1ep>kaBHUM €KOJIOTIYHHUI YHIBEPCUTET,
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Bcemyn. Boani pecypcu o3zep IlpumayHaiicbkoro perioHy YKpaiHU € OJHUM 3 TOBEPXHEBUX
JDKEpesl BOJM Ha BOJONOCTAYaHHsS HACENIEHHS 1 3pPOLIEHHS CIIbCHbKOIOCHOJAPCHKUX KYJIbTYp B
yMOBax MOCYLUIMBOCTI KiiMaTy. 3HauHI BEJIMYMHU BHUIIAPOBYBAHHS, OCOOJMBO B JIITHIA MeEpioj
POKY, MIPU3BOAATH O 3MEHILIEHHS PIBHIB 1 MiABHUILEHHS MiHEpali3alii BOJU 03ep, sika MEPEBUILYE
JIOTIYCTUM1 HOPMH JIJIsl IUTHOI Ta 3pollyBajbHOI BoaU. Lle oOMexye BUKOpUCTaHHS BOJIU 03€p UIs
MIUTHOTO BOJONOCTAYaHHs 1 3pOLIYBaHHs, 1[0 CTBOPIOE COLIaJIbHO-€KOHOMIUHY HAIIPyTy Y PerioHi B
L1JIOMY .

BumnapoByBaHHSI € OJJHUM 3 OCHOBHHUX IPOIIECIB EPEHOCY BOJOTH B TiAPOJOTIYHOMY LMKIII 1
HalWBaXJIMBIILIOK CKJIAJ0BOI0 BUTPATHOI YaCTMHM BOJAHHMX OaylaHCIB BOJOMMMIL. J[7s HEBEIMKHUX
BOJIOMM, III0 3HAXOJATHCS B YMOBAxX MOCYLUIMBOrO KJIIMaTy, BTpAaTH BOAM Ha BUIAPOBYBAHHS 3 iX
BOJHOI IOBEPXHI MOXYTh BIJIpaBaTH CYTTEBY pousib. Jlo Takux BOAHMX OO'€KTIB HaeXaTb
NPICHOBOJHI 03€pa NOCYHUIMBOro periony IlpuayHas's B MekaxX CTENOBOi 30HM IUIOCKOi
[Ipr4opHOMOPCHKOT HU30BUHU Y KpaiHH.

ToMy onHUM 3 eJeMeHTIB e(pEeKTHMBHOTO YHpaBIIHHA BOJHUMH pecypcaMd BOAOHM €
KUTBKICHA OI[iHKAa BHITAPOBYBAHHS, SIK HAMBAXKIIMBIIIOI CKJIaI0BOI IX BOJHOTO OajlaHCy.

Line po6omu- BU3HAUNUTU BEIMYMHY BUIIAPOBYBAaHHS 3 BOJHOI MOBEPXHI MPHUIYHANCHKOTO
o3epa KarnaOyxsk ckiiasioBy Horo BOJHOTo OanaHcy.

006’°ckm oocnioncenna. Ozepo Karnabyx, po3ramonane B OnechbKiid 001acTi, BITHOCUTHCS 110
cuctemu [IpuayHaiicbkux o3ep 1 sBIsie CO00I0 PEryiIbOBaHy BoJoMMy. BoHo 3’ennano 3 p. JyHait
kaHanoM« KensiBCbkuit», a Takox uepe3 kaHan «CycnunbHMil» 3 B BogocxosuiieM Cad’sH, mani 3
o3epoM JIynr. O3epo KarnaOyx BinaineHo BiJ IU1aBHIB Ta Komiuliekcy JIyHr-Cad’sH 3aXUCHOIO
nam0010, SIKa BIJKPUBAETHCS y JIITHIA MepioA Juis MIATPUMKHM PIBHIB BOAM 3a PaxyHOK pPiBHIB
BOJIOCXOBHUIIa. B 03epo BmagaroTh MaloBOJHI HeBedHKi crenmoBi piuku Bemmkuit KartmaOyx,
Tambynap ta €Hika.
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O3epo KarnaGyxBimHOCHTBCS 10 MPICHOBOAHMX BOAOCXOBHMIL. Moro mioma cknanae — 6850
ra. [Imoma minkoBoxii — 2900 ra. MakcumanbpHa rubuHa — 2,7 M. Y CKJIaJ TiIPOTEXHIYHUX
cnopya o3zepa KarnaOyx BXoauTh nuto3 perynarop <« KensiBCbkuit», kaHan <«OKensiBCbKHiD», IUTI03
«I'pomancekuii», kanan «['pomancekmity. Hopmanenuii migneptuii piBeb Bomu (HIIP) ozepa
Karnabyx - 1,7 MbC. PiBenb mepTBOro 00’emy (PMO) o3epa Karnabyx - 0,7 MbC. €mHicTh 03epa
npu HITP — 131,0 maam®. Kopuchaa emuicts — 68,5 Mmimam?®[1].

Ozepo Karnabyx po3ramoBano Ha Teputopii [3mMainscekoro paiiony, Onecbkoi 061acTi.

Huzos's JlyHaro XapakTepH3yeTbCcs IMOMIPHO-KOHTHHEHTAJIBHUM KIIMaTOM 3 KOPOTKOIO
3UMOI0 1 TPUBAJOI0 CIEKOI BIITKY[2]. 3uMa TpuBa€ i3 CepequHH TPYIHS OO KIHIS JIOTOTO.
Cepenns Temmepatypa cigds konumBaerbes Big 0,5 mo 1,9°C.JliTo moYuMHAETHCS B TpaBHI 1
3aKIHUY€ThCS Y BEPECHI. Y JIMIHI MepeBakae MaKCHUMaJbHO MICSAYHA TeMIIEpaTypa MoBIiTps BiJ 22
1o 24°C.Cepenni 6aratopiuHi 3HaUY€HHSI CEPEIHBOT PIYHOI TEMIIEPATypH TOBITPS MepeOyBaloTh Yy
miamaszoni 10 - 12°C.

Onanu BUMAMAIOTh BKpail HEPIBHOMIPHO SK MO TepUTOpii, Tak ¥ y yaci. [ xomogHOTO
nepiogy pOKy THUMOBI 3aTSHKHI OMagM Maloi I1HTEHCHUBHOCTI. Y KIIMaTUYHOMY BiAHOIICHHI
TEPUTOPisl BI3HAYAETHCA BEJIBMH BUCOKHMMH peCypcaMu Terja W iCTOTHUM Ae(IilIMTOM BOJIOTH.
Piuna HOpMa omajiB cTaHOBUTH 376 - 442 MmM. MicsiuHa KUTbKICTh onaiB epedyBae B Mexkax Bif 0
o 224 mM. Hatibinsia 1o6oBa KUIBKICTE onaniB gocsrae 98,4 M.

BumapoByBaHHs BW3HA4aeThCs padialliiHuUM OamaHcoMmM, a HMOro piyHa BeJTHMYMHA
(MakcCHMaJbHO MOYJIMBOTO BHUIIAPOBYBAaHHS) CTaHOBHTH Ui paiiony rupna JlyHaro 6mu3pko 900-
1000 mm [2]. BummapoByBaHHS 3aJI€KHUTh BiJl XapaKTepy MOBEPXHI TaK: 3 BIAKPUTOI BOJIHOT ITOBEPXHI
BHUIIAPOBYETHCS B cepenHboMy 3a pik 810 MM Boau, 3 ouepeTsHux 3apocteir 1200 - 1300 mwm, 3
MACOBHIII 1 CLITBCHKOTOCTIOAAPCHKUX YTiab 970 MM.

Cepenniii piuHu# map BUNIApOBYBaHHS 3 BOJHOI MOBEPXHI 3a JaHUMHU MeTeocTaHIii bonrpan
cranoBUTh 819 mm(3a mepiox 1960-2020 pp.). B octanHi pokH CHOCTEpIraeThecsl MiJABUIICHHS
piu”oro BumnapoByBaHHs 10 1056mMM y 2016 p. no 1426 mmy 2020 p. (puc.l).
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Puc. 1. Xpononoriunuii rpadik piuHuX cyMm BunapoByBaHHs 1o M/cT bonrpaz (1945-2020 pp.)
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Hns o3zepa KarnaOyx, sike Hamexuth g0 [IpuayHaliCbKUX BOAOHM 3 eMi30AMYHUM
BOJI000OMIHOM 3 p. JlyHaii, BUITApOBYBaHHS 3 BOJHOI MMOBEPXHI € OCHOBHOIO CKJIaIOBOIO BUTPATHOT
YaCTUHU BOJHHUX OaslaHCiB, 0COOJMBO B IOCYLUIMBI MEPiOAM, KOJNM 3B'SI30K 3 piukoro JlyHai
BigcyTHIN[3]. [Ipu boMy miap BUIApOBYBaHHS MOYKE MEPEBUINYBATH IMap aTMOCHEpPHUX OMAaiB,
110 BUMAJAl0Th Ha IOro BOJIHY MOBEPXHIO.

BunapoByBaHHS 3 OBEpXHI BOJONMM BU3HAYAETHCS IIISIXOM CIIOCTEPEXKEHb 3a JIOTIOMOIOIO
BUIIAPOBYBaYiB a00 UIIXOM PO3PaxyHKY 3a pi3HUMH MeTojamH [3, 4].

s BUMIpIOBaHHS Ta JOCHDKEHHS BHUIIAPOBYBAHHS 3 BOJHOI IOBEpPXHI Y pI3HUX
kiaiMatuyHux 30Hax CPCP  cBoro wuacy Oyna opra”i3oBaHa Ta oOO0JlalHaHA Mepexa
BOJIOBUIIAPOBYBAIBHUX JIJIBHHUIb Ta IUIABYYMX BHUIAPOBYBAIBHHUX YCTAaHOBOK (OaceiiHiB,
BUIIAPOBYBAYiB Ta MPUIAJIB, SKi X JOMOBHIOIOTH), 1[0 BCTAHOBJICHI Ha T1IPOMETPUYHUX CTAHIIIfAX.

3a3Buuail BHKOPHMCTOBYBAaBCS HaszeMHMii BumapoByBau I'TH-3000 3 mwiomero 0,3 M*> Ta
riubuHo 0,65 M. Takox Ha m/ct bonrpan, ska po3TamoBaHa modIu3y MOCTIHKYBaHOI TEPUTODIT,
BUIIAPOBYBAHHA 3 BOJHOI MOBEPXHI BUMIPIOETHCS 3a JONOMOIOI0 BHUIApOBYBAJIBHOTO OaceiiHy 3
wiomiero 20 M? Ta IIMOUHOIO 2 M, kUil OyB npuitaaTuii B CPCP B SKOCTI BOJOWMH-ETaIOHY.

3a pik Ha JIOJI0 BHIAPOBYBAHHSA 3 TIOBEPXHI PIYHOTO BOJOCXOBHIIA MPUXOJUTHCS HE OiNTbIIe
Hik 10-15% BogHOro 6anancy. Ha BelMKHX BOAOCXOBHILAX O3€PHOTO TUIY JOJsI BUIIAPOBYBAHHS
MOMITHO OiibIIa, a B OKpeMi MICSIli MaJOBOAHHMX pOKIB BHIIAPOBYBAHHS JOPIBHIOE BEIWYHHI
CYMapHOTO IMpPUILIMBY 1 HaBiTh HepeBullye Horo. Ha HeBeNIMKHUX BOAOCXOBUINAX y MOCYILIUBHX
paifoHax BWITApOBYBaHHS 3 BOJHOI TOBEPXHI € OCHOBHOIO BHUTPATHOIO CKJIQJOBOIO BOJHOTO
OanaHcy.

B nmawniit po0oTi mpu moCHipKeHHSX BOXHUX OanaHciB o3zepa KarmaOyx mnst po3paxyHKy
BUIIAPOBYBAHHS 3 BOJIHOI MOBEPXHI BOJOWMH BUKOPUCTaHI JaHI CIIOCTEPEKEHb BUIIAPOBYBAIBHOI'O
Oaceitny m/ct Bonrpan.

[Ipy BUKOPUCTAaHHI CIOCTEPEKEHb 3 BHUIAPHOIO OaceiiHy MiApaxyHOK MICSIYHOIO Iapy
BUIIaPOBYBaHHA (MM) 3 IOBEPXHI Majoro BOJAOCXOBHUIIA BEAETHCS 32 BUpa3oM [3]

EO :E2OKhKa)K3au4’ (1
ne 5 - BunaposyBsauus 3 Bunapuoro 6aceiiny miomero 20 mM?;
K, i K, - nonpasouni koedinieHTn Ha cepeHio IIMOUHY i IUIOLLY BOAHOTO J3epKaia;

K saw " MOMPABOYHUN KOE(IIIEHT Ha 3aXUIICHICTh BOJAOCXOBHUIIIA.

3a pexomeHmauismu [3] nompaBouHnii koediuieHT Ha rambuHy Bomoiimu K s osepa
Karnabyx 3 cepenHbor0 MIHOMHOO 10 2 M 1 B yMOBaX CTENOBOI 30HU NpUHHATUHN Osin3bkuM 10 1,0.
[MonpaBounuii koedimient K sany HA 3axXHILIEHICTh BOJOWMHU BiJ BITPY, POCIMHHOCTI, OyI0oBamH,

KpyTUMH Oeperamu i iHIIMMHU TepemKkomaaMu st o3epa KarmaOyX TakoX NpUAHATHN PiBHEM
OJMHMIII, TaK SIK CEepeAHs BHUCOTA MEPELIKOJ MNpuilMaeThCsi piBHOWO Hyro. IlompaBounmii

koedinienT Ha mionyy BomoiiMu K, sKkuil 114 cTenoBoi 30HM i, BiANOBimHO, TepHTOpii 03epa

>
KatmaOyx npuiimaetbest piBHUM 1,0.

3a BIICYTHOCTI CIIOCTEPEKEHb 3a BUIAPOBYBAHHSAM 3 BOAHOI MOBEPXHI BHKOPHCTOBYIOTH
pI3H1 PO3paxyHKOBI METOJUKH, & CaM€ METOJ] BOJHOTO Ta TEIIOBOTO OaJIaHCy; METO TYpOYJIEHTHOT
mudys3ii BomsHOI mapu B atmocdepi; 3a EMIIpUYHMMHU Ta HAIMIBEMIIpUYHUM (opMysaM, sKi
3B’A3YIOTh BEJIMUMHY BUIIAPOBYBAHHS 3 BOJAHOI MOBEPXHI 3 METEOPOJIOTTUHUMH XapaKTEPUCTUKAMU
[3,4]. OctaHH1 MOXHA MOJAIIUTH HA TPYIU B 3aJIKHOCTI BiJl CKJIay METEOPOJIOTIYHUX €JIEMEHTIB,
0 BXOZSATH IO pO3PaxyHKOBHX (OpMyJ BH3HAUEHHS BHUIAPOBYBAaHHS 3 TIOBEPXHI BOJIHU
(BUIapoBYBaHOCTI).

Ocnosna uacmuna.JIns OIIHKK CKJIAZOBOI BHIIAPOBYBAaHHS 3 BOJHOI ITOBEpXHI o03epa
KarnaGyx BUKOpPHCTOBYBaJIMCh JaHi BUIApPOBYBaJIbHOTO OaceiiHy M/ct bonrpan.

CepennpobaraTopiuHa BeTMYMHA BHITAPOBYBAHHA 32 PiK CTaHOBHUTH MOpsaky 809 mm (1960-
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2020 pp.). OO'em BumapoByBaHHS 3 BOAHOI MOBEpXHi (MIH M’) pO3pPaXOByBaBCS ILLIAXOM
MEPEMHOKEHHS TUIONII BOJHOTO [3€pKajla Ha MIap BHUIAPOBYBAaHHS 3 TIOBEPXHI o03epa s
PO3PaXyHKOBOTO MiCSIIs

_ 3
Vg, =E-Fy; /10 2)
ne FE—1urap BUMapoBYBaHHS 3 BOJHOI OBEPXHI, MM;
F,,— TIOIIA BOJHOIO J3epKana (kMm?), sika BiamoBinae CEpEeIHBOMICSIUHOMY DIBHIO BOJIU B
o3epl f7 . ep (m BC).

Ha puc. 2 npencrasnena OaraTopiuHa MIiHJIMBICTH 00’€MIB BUIIAPOBYBaHHS 3a PIK 3 BOJHOI
nosepxHi o3epa Katnabyx 3 1980 mo 2020 pp. O6’emu BunapoByBaHHs 3MiHIOIOThCA BiJ 44,6 (2004
p.) 10 97,13 (2020 p.) man m>. Cnig 3a3HauutH, mo 3 2016 p. Mae Micie cTana TEHIEHLIs 10
3pocTaHHs 00’ €MiB BUIIAPOBYBAHHS BOJIM 3 BOJHOI IOBEPXHI 03€pa.

17, MITH. M>
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Puc. 2. baroropiuHa MiHIUBICTh 00’ €MiB BUIIApOBYBaHHS 3 BOAHOI MOBepxHi 03epa Katmadbyx
y niepion 3 1980-2020 pp.

Tpancnipayiss  600uoto  pocaunnicmio. O0’eMu  TpaHcmipallii BOJHOK POCIHHHICTIO
V- po3paxoBaHo npu BpaxXyBaHHI ILIOIIi 3apocTeil y posmipi 30%, 3a 10IOMOroX0 HepeXiaHOro

Koe(ilieHTy, o nopiBHIOE 1,14. BunapoByBaHHS 3 AUISIHOK BOAHOI POCIMHHOCTI 110 MicAusx (y %
BiJl CyMH 3a BeCh PiK) HaBeJeHa y Taom. 1.

Tabnuis 1 — BunmapoByBaHHS 3 TIJITHOK BOJHOT POCITUHHOCTI MO MiCSIISIX
(y % Big cymu 3a Bech piK

3oHa TpaBeHb YepBeHb JIUIEHb cepneHb | BepeceHb | XKoBTeHb

CremnoBa 7 23 27 25 15 3

O6’€MH TpaHcHiparlii BOJIHOIO pOCJ‘II/IHHiCTIO 3MiHIOIOTBC$I Big 1,87 mna M* y 2004 p. 10 4,01

Y3a2azszeHa OYIHKA CKAA00BUX ) DIGHAHHAX 600HUX Oanaucie. PesympraTn pozpaxyHKiB
BoaHUX OananciB 3a mepion 1980-2020 pp. mokazanu, 10 OCHOBHHM 00’€M y BUTpaTHIM YacTHHI
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	[2] The official website of the Department of Architecture and Urban Planning of the Odesa City Council.  https://omr.gov.ua/ua/city/departments/uag/
	[3] The Danube Delta has become a role model for nature restoration in Europe. https://ecopolitic.com.ua


