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Pedepar:

1. Incepraniiiny po60Ty IPUCBSIYE€HO MOJEIOBAHHIO HAaBaHTaXXEHHS BOL0306ipHOTro 6aceiiny Cynu 6i0reHHUMU
eJleMeHTaMU (CIOoJIyKaMu HiTporeHy Ta ¢pocdopy) METOJOM MAacoBOro 6anaHcy i 3acobamu moneni MONERIS, a
TaKOXX pO3p00JIEHHIO TPOTHO3HUX CLieHapiiB BiporinHoi 3MiHU eMicii 6i0reHHUX eJIeMEeHTIB Ta PO3IJIsLy
e(eKTUBHUX YIIPaBIiHCbKUX 3aX0IiB /1711 3MEHIIEHHS] aHTPOIIOr€HHOI'0 HAaBAaHTAKEHHSI Ha BOJ030ipHNUil 6aceiiH. Y

pO6OTi AJ1s1 BU3BHAYEHHS HABAHTA>)KEHHSA O0ioreHHNMU eJleMeHTaMU BUKOPUCTAHO [iBa piBHi METoIu — pOBanYHKOBI/Iﬁ



(MacoBoro 6anaHcy) Ta KoHLenTyaabHy moaesnb MONERIS. Po3paxoBaHuil METOZIOM MacCOBOTO 6ajlaHCy eMiCilHu
IIOTiK 6iOreHHUX eJIeMEHTIB y Bojo36ipHOMY 6aceiini Cysnu ckiagae 921,2 T - pik-1 asis HiTporeHy Ta 312,9 T - pik-1
17151 pocdopy. Y pesysnbTaTi IpoLeciB yTpUMaHHS [0 rojoBHOro pycia Cyau HafxoguTh yeboro 29 % HiTporeHy Ta
43 % pocdopy. 3a METOJIOM MACOBOTO 6asIlaHCYy HAMOLIbIII HAIXOAKEHHS HITPOTe€HY BU3HAYE€HO 3 OPHUX 3eMelb (35
%) Ta Bim HacesieHHs, O HEe Ma€e JOCTYILY 10 KaHajizauilHux cucteM (25 %). Haibinpmmii ctik pocdopy BU3HaYEHO
3 OpHUX 3emeJib (70 %), ToZi sIK Bij HaceJIeHHs], 0 He Ma€e IOCTYIy 1O KaHali3allillHUX CUCTEM, BiH CKJIafla€ BCbOTrO
7 %. IHIIMM Ba>KJIMBMM METOJIOM OL[iHKM HaBaHTa)KeHHS 0ioreHHUMMU ejeMeHTamMu € moaeiab MONERIS, rojioBHOIO
nepesarolo sKoi € ii I'IC-opientoBaHicTs. Mopess MONERIS okpeMo BU3HaYae LIISIXU Ta IPKEPEsia HAIXOIKEHHS,
€MiCilo Ta HaBaHTa)KeHHSI 6i0OreHHUMU eJleMeHTaMu. Y ucepTallii po3rysiHyTO pO3paxyHKOBUIA arlapaT MOJiei
MONERIS, a TakoX AeTasbHO 0XapaKT€pPHU30BaHO OCHOBHI Ta MePioINYHi BXifHi JaHi, Bif IKOCTi SIKMX 3aJI€>KUThb
eeKTUBHICTb MOZeoBaHHA. 3acobamu mogesi MONERIS po3paxoBaHo 3arajibHy €MiCilo HITpOreHy, siKa cKjaja
17151 Bojos6ipHoro 6aceiiny Cymu 1809,8 T - pik-1. BcraHoBneHo, mo yepes audysHi axepena HagxoguTs 91 %
yCbOTO HITPOTE€HY, 3 IKUX OCHOBHUM IIIJIIXOM HaJXO/KE€HHSI HITpOreHy € mnifzemHi Bogu (57 %), 1110 06yMOBJIEHO
nig3eMHUM KuBJIeHHAM Cyiin Ta ii IPUTOK. AHTPOIIOT€HHI IpKepesia ckiaagaoTb 90 % eMicii HiTporeny y
BOJ1036ipHOMY 6aceiiHi Cyiu, 3 IKUX OCHOBHUM € CiJIbCbKe rocrnogapctso (55 %). Came ToMy Halbiblli 3HAYEHHS
eMicii HiTporeHy CrioCcTepiraloTbCsl B aHaJIITHYHUX ONVMHULISX 3 HAHOIIbIIMMY IIJIOLAMHY OPHUX 3€MeJlb. 3acobamMu
mogesni MONERIS pospaxoBano 3arasnbHy eMmiciio pocdopy y Boposzbipaomy 6aceiini Cynuy, sika ckiana 196,2 T - pik-
1. BcraHOB/EHO, 10 Yepe3 nudy3Hi JpKepesna 10 Bofo3oipHoro 6aceiny Cynu HagxoguTs 71 % gocdopy, 3 IKux
TOJIOBHMMHU LIUISIXaMU HAaIXoAKeHHs ¢pocdopy e nigsemHi Bogu (39 %) ta ypbaHizoBaHi Tepuropii (22 %). BusiBneHo,
1110 QaHTPOIIOTeHHI JpKepeJia ckiafaiTb 87 % 3aranbHoi eMicii pocdopy, 3 SIKUX TOJIOBHUMU € MicbKi mxepena (50 %
eMicii). YHac1igoK 1boro HamobinbIi 3Ha4eHHs eMicii pocdopy BUSIBIEHO B aHAJIITUYHUX OOVHULSX 3 HAUBUILIAM
piBHeM ypb6anizauii. Po3pobaeHo 4oTupu 6a30Bi clieHapii aHTPOIIOreHHOI aKTUBHOCTI B MEXKax BOJI036ipHOTO
6aceiiny Cynu — iHepTHUH, JerpajaliliHyil, yMOB BOEHHOTO CTaHy Ta 30ajlaHCOBaHOCTI. [HepTHUI clieHapii
XapakTepuaye MiHiMaJbHi 3MiHU B 00CsIrax i CTpPyKTYpi aHTPOIIOT€HHOTO HaBaHTaXXEHHS, Aerpafaliiinuil €
HaWTipmMM CLieHapieM aHTPOIIOr€HHOi aKTMBHOCTI, CLieHapiil yMOB BOEHHOT'O CTaHy BiloOpaXkae OTOYHI TeHEHIIii
aHTPOIIOTeHHOI aKTUBHOCTI, a 306aJlaHCOBaHMM CLIEHAPil € TAaKKUM, 10 SIKOTO CJIiJ IParHyTu. 3a iHepTHOTO CcLeHapio
1o 2030 poky HaIxXOIKEHHs HiTporeHy 3pocte Ha 7,1 %, a pocdopy — Ha 2,8 %. 3a merpagauiiiHoro cueHapiio
IpUpicT emicii HiTporeny Mmoxe cksactu 14 %, a pocopy - 15 %. 3a cuieHapilo yMOB BOEHHOTO 4acy HaJIXO/I>KE€HHS
6iOreHHMX €JIEMEHTIB 3MIHUTLCS IyKe OU(PEPEHLINOBAHO B PO3Pi3i aHANITUYHUX OJMHUIb, 32 YMOBU 3POCTaHHS
emicii HiTporeny Ha 3,5 % Ta 3HMKeHHS eMmicii pocdopy Ha 4,1 % y Bogo3bipHOMY 6acerinHi Cysu. 3a 36a71aHCOBAHOTO
CLieHapilo eMicisl HiTporeny 3HU3uThCA Ha 3,9 %, a pocdopy - Ha 6,5 %. [IpencrasieHo orsy epeKTUBHUX
iHCTPYMEHTIB 3i 3MEHIIEHHS] aHTPOMIOT€HHOTO HAaBAaHTAKEHHS Ha BOA030ipHui 6aceiiH Cyiu Ha pPi3HUX iepapXiuHux
PiBHAX. 3alIPOIIOHOBAHO Ha HalliOHAJILHOMY Ta PETIOHAJILHOMY PiBHSX BIIPOBAAUTH M0JI0KEHHS HiTpaTHOI
IUAPEKTUBU, BECTU €KOJIOTO OPi€HTOBAHMI Aiaslor MiXK JepKaBHUMHU YCTaHOBAaMH, 5IKi peasi3yloTh Iep>KaBHY
IIOJIITUKY y cpepi BOOHUX PECypCiB Ta MK opraHaMi MiCLI€BOIO CaMOBPSIyBaHHS, BOJOKOPUCTYBa4aMH i
(dpepmepaMu. 3aIpOIIOHOBAHO CTBOPUTHU €UHY i€papXiuHy CUCTEMY 300PY SIKiCHOI Ta OIlepaTUBHOI iH(popMallii mpo
CTaH JIOBKIiJIJIS B MeKaxX BOLL036ipHUX 6aceiiHiB, a TAKOX HaJaroJyuTy CUCTEMY BUMIPIOBaHHS XIM{YHOTO CTOKY
HiTporeHy Ta ¢pocdopy Ha BCiX BOCbMU TiIpOJIOriyHUX IIOCTaxX y Mexkax 6aceiiny Cyinu. Cepeli KOHKPETHUX 3aXO0/iB
31 3BMEHIIEHHS aHTPOIIOT€HHOI'O HAaBAHTAKEHHS! Y BOJ030ipHOMY 6aceiiHi CyJn 3apONOHOBAHO: IIOKPALEHHS
SIKOCTi KaHasi3aliliHUX CUCTEM Ta OYMCHUX CIIOPY/; 3HIKEHHSI 00CATiB 3aCTOCYBAaHHSI MiHepaIbHUX 10OPUB;
3HIDKEHHS YaCTKY OPHUX 3€MeJIb UIJISIXOM IX IIepeBeleHHS B IACOBUIIA Ta JIiCH; iMILJIEMEHTALlisl METOIiB
OpraHiuHOro 3eMJIEPOOCTBA; JeMapKallisi IpUGepeXHUX 3aXUCHUX CMYT Ta CyBOPE iX TOTPUMaHHS; BilHOBJIEHHS

IPUPOJHUX BOJHO-OOJIOTHUX YTillb Ta BiJIbHUX T€Yill PidOK.

2. The thesis is aimed at modelling the nutrient load of the Sula catchment (nitrogen and phosphorus substances)
by the mass balance method and the MONERIS model, as well as developing forecast scenarios of probable
changes in nutrient emissions and considering effective management measures to reduce the anthropogenic load
on the catchment. In the thesis, two different methods were used to determine the nutrient load: the mass balance
method and the MONERIS conceptual model. The emission flow of nutrients in the Sula catchment area, calculated



using the mass balance method, is 921.2 tonnes year-1 for nitrogen and 312.9 tonnes year-1 for phosphorus. As a
result of the retention processes, only 29 % of nitrogen and 43 % of phosphorus are released into the Sula.
According to the mass balance method, the largest nitrogen inputs are from arable land (35 %) and from the
population without access to sewerage systems (25 %). The largest phosphorus inputs were identified from arable
land (70 %), whereas the population without access to sewerage systems accounted for only 7 %. Another
important method for assessing nutrient loading is the MONERIS model, the main advantage of which is its GIS-
orientation. The MONERIS model separately determines the pathways and sources of nutrient inputs, emissions
and loadings. The thesis describes the calculation apparatus of the MONERIS model and describes in detail the
basic and periodic input data, the quality of which determines the efficiency of modelling. The MONERIS model
calculated the total nitrogen emissions, which were estimated at 1 809.8 tonnes year-1 for the Sula catchment. It
was established that 91 % of all nitrogen is supplied through diffuse sources, of which groundwater is the main
source of nitrogen (57 %), due to the underground feeding of the Sula and its tributaries. Anthropogenic sources
account for 90 % of nitrogen emissions in the Sula catchment, with agriculture being the main contributor (55 %).
That is why the highest nitrogen emissions are observed in the analytical units with the largest areas of arable land.
The MONERIS model calculated the total phosphorus emissions in the Sula catchment area, which reached 196.2
tonnes year-1. It was established that 71 % of phosphorus enters the Sula catchment area through diffuse sources,
of which the main ways of phosphorus supply are groundwater (39 %) and urban areas (22 %). It was revealed that
anthropogenic sources account for 87 % of total phosphorus emissions, of which urban sources are the main ones
(50 % of emissions). As a result, the highest values of phosphorus emissions were found in the analytical units with
the highest level of urbanization. Four basic scenarios of anthropogenic activity within the Sula catchment area
have been developed: inert, degradation, war-time and sustainable. The inert scenario describes minimal changes
in the volume and structure of anthropogenic pressure, the degradation scenario is the worst-case scenario of
anthropogenic activity, the war-time scenario reflects current trends in anthropogenic activity, and the
sustainable scenario is the one to be aspired to. Under the inert scenario, by 2030, nitrogen inputs will increase by
7.1 % and phosphorus - by 2.8 %. Under the degradation scenario, the increase in nitrogen emissions could reach
14 % and phosphorus emissions - 15 %. Under the wartime scenario, the supply of nutrients will change very
differentially by analytical unit, with a 3.5 % increase in nitrogen emissions and a 4.1 % decrease in phosphorus
emissions in the Sula catchment. Under the sustainable scenario, nitrogen emissions will decrease by 3.9 % and
phosphorus emissions - by 6.5 %. An overview of effective instruments for reducing the anthropogenic load on the
Sula catchment area at different hierarchical levels is presented. It is proposed to implement the provisions of the
Nitrate Directive at the national and regional levels, to conduct an environmentally oriented dialogue between
state institutions implementing the state policy in the field of water resources and between local governments,
water users and farmers. It is proposed to create a unified hierarchical system for collecting qualitative and
operational information on the state of the environment within the catchment basins, as well as to establish a
system for measuring chemical nitrogen and phosphorus runoff at all eight hydrological stations within the Sula
basin. Specific measures to reduce the anthropogenic load in the Sula catchment include: improving the quality of
sewage systems and wastewater treatment plants; reducing the use of fertilisers; reducing the share of arable land
by converting it to pasture and forest; implementing organic farming methods; demarcating and strictly enforcing
buffer strips; and restoring natural wetlands and free-flowing rivers.
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IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKUIL TiPOMETEOPOJIOTIYHMI IHCTUTYT Jlep>KaBHOI

ciyk6y YKpaiHu 3 HaA3BA4YallHUX CUATYaliil Ta HalioHanbHOI akafeMii HayK YKpaiHu
Kopg 3a €IPIIOY: 02572508
Micue3HaxoaKeHHS: npocnekT Hayku, 6yn. 37, Kuis, 03028, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuit

VIII. 3akar04Hi BimoMocTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pagu

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBi

rOJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallilo HayKOBOi

OisSIIBHOCTI

[lleByenko Onekcit JIeoHimoBUY

[lleByeHko Onekciit JIeoHimoBUY

YopHomopeus 10.0.

VKpIHTEI

FOpuenko Tetsna AHaTosiiBHA



