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TepHOMiNbCLKUI HAaLlIOHAJIBHUY NI€IaroriYHni YHiBEpCUTET iMeHi Bosmopumupa 'HaTioka, TepHorins, 2026.
CyyacHuil cTaH TepHOMiIbCHKOTO CTaBy € Pe3yJIbTaTOM TPUBAJIOi B3AEMOJIii MPUPOJAHUX OCOOIUBOCTEN OTO
dhopMyBaHHS Ta IHTEHCUBHOTO aHTPOIIOT€HHOIO THCKY. Piuka CepeT, IpoTikalouu yepes CiibCbKOroCcrnoaapChki
yrifns Bule 3a Tedielo, akyMyJIloe 3HaYHi 00csru MiHepasibHUX JOOPUB Ta ECTULMAIB 1€ O BXOLy Y MicTo.
Yp6aHizoBaHui BIIMB M. TE€pHOMIb (CKUAU 37TMBOBUX BOJ, HAIXOIKEHHS BaKKUX MeTaliB, KCEHODIOTHKIB)
HaKJIaJa€ThCSI Ha BUCOKY TPODHICTh BOJOVMH, IIPOBOKYIOYM HEKOHTPOJIbOBAHE «LBITIHHS» BOJY 1iaHOGAKTEPisIMUL.

3B's130K TeMHU JiMcepTallii 3 HAayKOBUMM IIporpamamu peasizoBaHo y IIporpami TepHominbcbkoi MicbKoi panu



«MicbKe 03€epo - Bi3uT 10 micta TepHONnos» (TaKOX BilOMO] SIK «3€JIeHa KiMHaTa»). PO60Ta BUKOHYBA/IACh Y MEXKax
HAyKOBO-ZOCJIiTHOI TeMU «AJbrosiorizanisi TepHOMiIbCHKOIO CTaBYy 3€JIeHUMU MIKPOBOOPOCTSIMU (XJlopeJa i
CLIeHeZleCMyC)», 3a pe3yJibTaTaMu sIKoi 6ys10 naTeHT Criocib onTuMisallii eKoJ0riyHOro CTaHy BOJY Y BOJIOCXOBUIIAX:
nat. 162855 Vkpaina: CO2F 3 /34 (2023.01) A61K 36 /05 (2006.01) / N2 u2025 05563, 3as18:1.13.11.2025, omny6.1.
30.04.2026, Bros1. N2 17. MeTo0 fOCiIKeHHs 6yJI0 TEOPETUYHO OOIPYHTYBATH Ta IPAKTUYHO peasi3yBaTu
6ioTexHosIoriyHMi MeTog, peabinitanii TepHOMiNbCHKOro CTaBy Ha OCHOBI BUKOPHUCTAHHS 3€JIEHUX
MikpoBogopocrteii Chlorella sp. 17151 3MeHIIEHHS HACiIKiB 6araTo(pakTOPHOr0 aHTPOIIOT€HHOTO HaBaHTAXKEHHS Ta
cTabisizallii €eKoJIOriYHOro CTaHy BOLOVMU. 3aBIaHHS NOCIiIXeHHS: * [eHesuc eBTpodikallii Ta poJib I'PYHTIB i
HyTpieHTiB CeperTy. * OnjiHKa ypbaHi30BaHOrO BILJIMBY I ajanTalii MikpoBogopocTel. ®* 3aKOHOMiIPHOCTI acuMissiii
HYTpi€HTIB 31 CTOKY 1 MicbKuX mpKeped. * biopemenianifinuii noteHuian Chlorella sp. o0 BasKKUX METaliB.
Pexomenpanii ce3oHHOi perenepatii ctaBy 3 03yBaHHSIM 6iomacu. MeTogu focCiIpKeHHsI. MeTofo0J10riYHy OCHOBY
CKJIAJIU CUCTE€MATHYHI T0JIbOBI NOCTIIKEHHS 3 PETYJISIPHUM Bi6OpOM ITpO6 BOAM HA 9 TOUYKAX MOHITOPUHTY
TepHomninbcbKOro crapy npotsarom 2023-2025 pp. 3aCTOCOBAaHO KOMILJIEKC TiipoximMiuHux (POTOKOTIOpUMETPIs,
TUTPYBaHHS [J1s1 BU3HAUYEHHs po3unHeHoro kucHio, BCKno, XCK, cnosyk a3oTy, pocdopy Ta BaXXKUX METaJliB),
rigpo6iosiorivHuX (MpSMUI MIKPOCKOIIIYHMI MiIPaXyHOK KJIITUH Yy JIiYMJIBbHIN KaMepi) Ta MaTEMATUKO-CTaTUCTUYHUX
meTtogiB. EdextuBHicTs BrimuBy Chlorella sp. oniHioBanu misxom NOpiBHSIHHA pe3ysbTatis 2023-2025 pokiB i3
naHrumu 2020 poky (o 1moyartky asbrosizatii), orpumanumMu 3 martepiasnis POBP. HaykoBa HOBU3HA Oflep>KaHUX
PEe3yJIbTaTiB MOJISITa€ y TEOPETUYHOMY OOI'PYHTYBaHHI Ta peasizallii 6i0TexXHOJIOrYHOro Niixony 4o 0310POBJIEHHS
yp6aHi30BaHMX BOJ], HA OCHOBI METOy KEPOBAHOI asnbroJisalii. Briepiie po3po6ye€HO ajanToBaHi 10 yMOB CTaBy
TEXHOJIOTIYHI peKoMeHaallii 3 BukopuctaHHsam mramy Chlorella sp., BU3HaueHO napaMeTpu J03yBaHHs 6iomacu Ta
rpaiku BHECEHHS 3aJI€JKHO BiJl TEPMIUHOTO PEXXUMY. YIOCKOHAJIEHO CXEMY €KOJIOTiYHOIO MOHITOPHHTIY Yepes3
30HYBaHHs akBaTopii (3oHK «['anuunHay, «Oninnsay, sk «Lluranka»). BusHaYeHO MeXaHi3MU CTPUMYBAHHS
IjiaHOGaKTepill yepes JOMiHYBaHHS XJIOPOKOKOBUX BOJOPOCTEN. ADTYMEHTOBAHO MOXJINBICTh BUKOPHUCTAaHHS
asproJisatii K iHCTpyMeHTY cTabinizalii rifpoxiMiyHOro CTaHy BOJY B yMOBaX IEPCUCTEHTHOI'O MiCbKOTO
npecuHry. OcobucTuil BHECOK 30,00yBava € BU3HAYa/IbHUM Ha BCiX eTanax — Bif popMyBaHH4 ifei Ta 360py
II0JIbOBOTO MaTepiasny Ha 9 ctBopax npotsirom 2023-2025 pp. 10 NPoBeeHHs 1ab0PaTOPHUX TiApOXiMiuHUX,
aJIbrOJIOTiYHMX aHali3iB, CTaTUCTUYHOI 0OpOOKU JaHUX Ta GOPMYJIIOBaHHS BUCHOBKIB. BucHoBKuU: 1. EBTpodikariis
CTaBy 3yMOBJIEHA 3aIJIABHUM JIOKEM Ta arpapHUM CTOKOM p. Cepert. 2. YpbaHizoBaHe HaBaHTAXXEHHS CIIPUYMHUIIO
nerpanauito Bogorimu 1o 2020 p. 3. BopoBamkenns Chlorella vulgaris cra6inidyBano pH Ta KucHeBUI pexxum. 4.
HominyBanus Chlorococcales 3a6e3nednsio nepexonseHHs 6ioreHis, 3HmwkeHHs1 XCK, npurHiyeHHs njanobakTepii
Ta BUIy4eHHs ¢pocdariB i a30Ty. 5. Asbrosizauis nigTeepauia 6iopemeialliiHui OTeHLiasN: 3MeHIIeHHs Fe Ha
60-65%, cTabinisauis Mg, 3HI>KeHHS Zn. 6. Po3po6sieHO peKoMeHallii «afjpecHoi» anbrosisanii KiI04oBUX AisSHOK,
110 YHi(iKyBaso sAKicTb Bogu 1o HopmartusiB I'/IKpubr tTa Bumor Jupekrusu 2000 /60 /EC. Kio4osi cosa:
TOKCHUYHE 3a0pyAHEHHS, BaXKKi MeTasiy, aHTPOIIOTeHHE HaBaHTaXXeHHS, TepHOMilbCbKe BOJOCXOBUIILE, SIKiCTb BOJIY,
MiKpPOBO/IOPOCTIi, IBITiHHS 1[iaHO6AKTEPiii, HITPOreH, aHTPONIOTeHHUIT BIJINB, MOP(QOJIOTis, 3allyIaBHi eKOCUCTEMH,

6iomaca, Chlorella vulgaris, 3eseni BogopocTi

2. The current state of the Ternopil Pond is the result of the interaction between its floodplain origins and intense
human impact. The Seret River, flowing through agricultural lands upstream, accumulates significant amounts of
mineral fertilizers and pesticides. The urban impact of Ternopil (stormwater runoff, inflow of heavy metals,
xenobiotics) compounds the high trophic status of the water body, triggering uncontrolled cyanobacterial blooms.
The aim of the study was to theoretically justify and practically implement a biotechnological method for the
rehabilitation of the Ternopil Pond based on the use of the green microalgae Chlorella sp. to mitigate the effects of
multifactorial anthropogenic pressure and stabilize the ecological condition of the water body. Research
objectives: To investigate the origins of eutrophication in the reservoir by analyzing the role of floodplain soils in
the riverbed and the transport of nutrients from agricultural landscapes via the Seret River. To conduct a
comprehensive assessment of the cumulative impact of the urban environment and to verify the adaptive capacity
of the introduced microalgae culture. To identify patterns in the biological assimilation of nutrients originating
from river runoff and urban sources of pollution. To investigate the bioremediation potential of Chlorella sp.



regarding the accumulation and detoxification of heavy metals in aquatic environments. Methods of research. The
methodological framework was based on systematic field studies involving regular water sampling at nine
representative monitoring points in the Ternopil Pond during 2023-2025. A set of hydrochemical
(photocolorimetry, titration to determine dissolved oxygen, BODn, COD, nitrogen, phosphorus, and heavy metal
compounds), hydrobiological (direct microscopic cell counting in a counting chamber), and mathematical-
statistical methods (correlation and variance analyses). The scientific novelty of the results obtained lies in the
theoretical justification and implementation of a biotechnological approach to the remediation of urban waters
based on the controlled algalization method. For the first time, technological recommendations adapted to pond
conditions have been developed using the Chlorella sp. strain, and biomass dosing parameters and application
schedules have been determined depending on the thermal regime. The effectiveness of Chlorella sp. was assessed
by comparing the results from 2023~ 2025 with data from 2020 (prior to the onset of algal blooms), obtained from
materials provided by the ROWR. The environmental monitoring scheme has been improved through strategic
zoning of the water area (the “Halychyna” and “Opillia” zones, and “Tsiganka” Beach) to enable “targeted” algal
control. The applicant’s personal contribution is crucial at every stage from developing the concept and collecting
field data at nine monitoring sites between 2023 and 2025 to conducting laboratory hydrochemical and algal
analyses, performing statistical data processing, and drawing conclusions. Conclusions: 1. Eutrophication of the
pond is caused by the floodplain and agricultural runoff of the Seret River. 2. Urbanized load caused degradation of
the reservoir by 2020. 3. The introduction of Chlorella vulgaris stabilized the pH and oxygen regime. 4. The
dominance of Chlorococcales ensured the interception of nutrients, reduction of COD, suppression of
cyanobacteria and extraction of phosphates and nitrogen. 5. Algolization confirmed the bioremediation potential:
reduction of Fe by 60 - 65%, stabilization of Mg, reduction of Zn. 6. Recommendations for “targeted” algolization of
key areas were developed, which unified water quality to the standards of the State Water Quality Commission and
the requirements of Directive 2000,/60/EC. The work was carried out as part of the research project “Algalization
of the Ternopil Pond with Green Microalgae (Chlorella and Scenedesmus)” (Agreement No. 21 between V. Hnatiuk
Ternopil National Pedagogical University and the Municipal Enterprise “OPKiV of Ternopil” dated February 10,
2022; supervised by Prof. V. V. Grubinko). Based on the results of which a patent was granted: Method for
optimizing the ecological condition of water in reservoirs: Pat. 162855 Ukraine: CO2F 3 /34 (2023.01) A61K 36 /05
(2006.01) No. u2025 05563, filed 11/13 /2025, published 04,/30 /2026, Bulletin No. 17. Key words: toxic pollution,
heavy metals, anthropogenic load, Ternopil Reservoir, water quality, anthropogenic influence, microalgae,
cyanobacterial blooms, nitrogen, morphology, floodplain ecosystems, biomass, Chlorella vulgaris, green algae.
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