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3MIHU BMICTY ®OC®ATIB I HOHIB AMOHIIO ¥
TEPHOILJIbCbKOMY BOJOCXOBHIII HPOTAI'OM POKY TA POJIb
CHLORELLA VULGARIS BEIJER Y HOTI'O OIITUMI3ALII

I'. B. UBAJIIOK, B. B.I'PYBIHKO

Teproninbcobrutl HayioHanbHUL nedazocivHuil yHisepcumem imerni Borooumupa I'namioka,
0986372888g@gmail.com

3binvuentss aHMpono2eHH020 HABAHMAICEHHS HA 2IOPOEKOCUCTEMY NPUPOOHUX BOOOUM NPU36eio 00 esmpodikayi,
a eiomak i 00 «y8iminHA 600U» 3i 6CiMa U020 HACHIOKAMU MA 3AOPYOHEHH:A Cepedosuna iCHY8aHHs 2I0pOOIOHMIS.
Memorw cmammi 6yno npoananizysamu pecynayito eémicmy ¢ocgamie ma tionie amonito y Teproninocokomy cmasi.
Jocnidoicennss nposoounucsa enpooosdc 2023-2024 poxie (8i0 eepecHs 0o eepecHs), 3 8i0OOpom npod womicays
KOJCHUX 084 MUMMCHI (34 BUHAMKOM 3UMOBUX MICAYIB, KOAU MeMNepamypHi NOKASHUKU OYAU 3HAYHO HUNCUUMU
memnepamypu 3amep3ants 6o0u i cmas 6y8 nokpumuii kKpueoi) xa enuburi 0,5 mempa. Ananiz 3paskie nposoouscs 3a
donomoezoro ionomipy AI-123 ma KOK-2-YXJI 4.2. @izuxo-ximitnumu nOKAZHUKAMU 05l MOHIMOPUH2Y 3a0pYOHEHOCMI
600U OY/10 0OPAHO. KUCIOMHICMb, HAABHICMb Pocdamie ma UOHIE AMOHII0. 3a pe3yibmamamu 00CHIONCeHb 30ilICHEHO
epagiune MooenosanHts, ke NOKA3AN0, WO HA Ml CMAOIbHO20 NOKA3HUKA Kuciomuocmi 600u (pH) sminu emicmy
tloHi6 amoHito ma gocpamis Oynu cniemiprumu y sxcoemui-nucmonadi 2023 poxy ma y mpasni-uepeni 2024 poky. ¥V
aunui 2024 poxy nomenyianu emicmy UMIp08anux tionie piszxo 6iopisznanuca. Ha nauwy oymky 3uudiceHus emicmy uUoHie
Y 800i cmagy 6 cepeOuni 4epeHs MNOACHIOEMbCA AKMUBHUM NEPemEOPEeHHAM 6 OpP2aHiuMi CNOAYKU HepPO3UUHHUX
docghamis mikposooopocmsamu Chlorella vulgaris Beijer, ski 0yau eéneceni 3 uepsusa 2024 poky oo TepHoninbcbkozo
cmagy y u2ensidi nacmu y kinekocmi 200 ke (Pezionanvhuil ogic 600nux pecypcie y Tepnoninscwriil oonracmi, 2024.).

Kuouosi cnosa: @ocgopuuii 0d6min, amonitinuti 0dmin, @ocgam-iionu, UoHu amonito, Tepnonizbcokuil cmas,

esmpodixayis, ciopoexocucmema, Chlorella vulgaris Beijer

Beryn. YV 3B’s13Ky 13 TOCUJICHHSIM aHTPOIIOTESHHOT
JISUTBHOCTI 3pOCIIo HABAHTAKCHHS Ha
rigpoekocuctemMu (30UIbIICHHS 00’€MIB MiCHKHX
CTIYHHUX BOJl, 3MHUBIB 3 CLIBCBKOTOCIOJAPCHKHUX
YTi/ib, 3aperyaroBaHHS CTOKy  pi4oOK ¥y
BOJOCXOBHUIIAX), a  HaiOIbIle  TOTEpPIAITh
€KOCHCTEMH MalluiX Ta CEepPeJHIX PiYoK, CTaBKIB Ta
o3ep. Sk BimoMO, OIMBOIICTH CTIYHUX  BOJ
TepHOMNBIIMHN HE OYHUINAIOTHCSA JUIS BUJIAICHHS
OpraHiyHUX 3a0pyJHEHb. 3POCTaHHS PIBHSA TaKUX
OIOreHHMX PEYOBHMHH, 5K CIOIyKd (ochopy Ta
a30Ty, OCOOJIMBO Yy CIEKOTHUH Iepion JiiTa, €
BHU3HAYAIbHUMU JUISE (YHKI[IOHYBaHHS
T1IPOEKOCUCTEM, TPO WIO CHUTHANI3YE 3POCTAHHS
eBTpodikamnii. ChopmoBaHi yMoBH 3a0€3MEUyIOTh
ONTUMAJIbHI TapaMeTpu Ui EKCIOHEHIIaTbHOTO
pOCTY TOMYJISINiA  MIKPOCKOIIYHUX BOJIOPOCTEH,
MEPEBAKHO TPEJACTABHUKIB BB IliaHOOAKTEepin
Ta 3€JIEHUX, M0 € NPUYNHOI TaKOro SBHIIA, 5K
"ugiTinag Boau". PO3BUTKY BojopocTell crpuse
30UTBIICHHST TEMIEpaTypd W COHSYHOI pajiarii.
(3omoraprosa Ta in, 2008)

AHaiiz  MeTaboNiYHOTO WUISIXYy OpraHiuHUX
peuoBuH B TOoMy umciai 3a crpusuaas Chlorella
vulgaris  Beijer npmacte 3Mory  JOCKOHamimie

BI)OSYMiTI/I LIISAXA Ta MOKIIMBOCTI JUIsL BUOAJICHHA
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MOKMBHUX PEUOBMH 3 TrifpoekocucteM (Suggey
Guerra-Renteria, et al. 2019).

Iuapoximivsni MTOKa3HUKU BOJH y
TepHONUIBCEKOMY CTaBi € IHTETPaIbHUM KpUTEpiEM
€KOJIOTIYHOTO CTaHy BCHOTO BOJI030ipHOTO OaceiHy,
BiZOOpa)katoyy CyMapHHUI BIUTUB aHTPOIIOTCHHHX Ta
npupoanux Qakropis. (Ckubda, 2017). Tomy, MeTor0O
HAIOro JIOCHIDKeHHS OyJio BigoOpasuTu piBHI
3a0pyaHEHHS  BOAW  TepHOMIIBCHKOTO  CTaBy
(dhocharamu Ta MOHAMH aMOHIO, IO CTAHE OCHOBOIO
JUISL TTOJAJIBIIOT0 PO3POOJICHHS IMOBIPHHMX MUISXIB
Ta TOTEHLIAIy OYMLICHHS BOAM 3a JOIIOMOTIOIO
Chlorella vulgaris Beijer. MikpoBomIopoCTi OKpeMO
abo B CHITbHOMY KyJIbTHBYBaHHI 3 OakTepisiMu
MPONOHYIOTH  0ararool0iufgounii  migxig 70
BUJAJICHHSs  Ta  TIOBTOPHOTO  BUKOPUCTaHHS
MMOKUBHUX PEUOBHH, TaKWX SK a3oT 1 docdop,
OCKLIBKH 1X MO>KHa 3acBoiTH B Oiomaci (Beuckels, et
al., 2014).

Wonn amomito (NHs")  yTBOpIOIOTBCS B
pe3ynbTari amoHidikamii OUTKOBHX CITONYK, IO
MmictaTbess 'y Boai. MikpoBomopocts Chlorella
vulgaris Beijer mnornuHae 3 BOIM  ITOJAJIBILI
MPOAYKTH pO3MATy aMiadHoro a30Ty Yy BHTIIAMII
niTpar-ionis  (NOs ), ki MeTabomi3yroTh i
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yTBOPIOIOTBCSL 3 HIiTpHTHOTO azory (NO;), 1o
OKHCIIUBCS B a8pOOHHMX YMOBaX.

Komeramu A. Suggey Guerra-Renteria Tta iH.
pO3paxoBaHO TEOPETHYHI BUXOAW UIS BUAAICHHS
tbochopy 3a (dhoToreTepoTpohHIX YMOB,
BU3HAYMBIIN X 3HaueHHS Ak 0,042 mmons POs 2 Ha
rpam cyxoi macu Chlorella vulgaris Beijer, 19,43
mmouts pocdopy (P) Ha rpam cyxoi macu Chlorella
vulgaris Beijer (Suggey Guerra-Renteria, et al.
2019).

Amnanizyroun metabomnizm docdopy y Bomi, ciif
sragatu, mo docdop (P), BaxknuBuil CTpyKTypHUI 1
(yHKIIOHATBHUH  KOMIOHEHT  YCiX  JKHMBHUX
opraHi3miB. BiH 3HaX0ANUTbCA Y MOBEPXHEBUX BOJAAX
y BuUrmsagi opro- um momidocdariB, a Takox
opraniyaux cronyk. (Christine Ferrier-Pages, 2016).
o6 mepeTBOpUTH HOTO CHOJAYKH y O10AOCTYIHI
JUIS  KOHCYMEHTIB, BOJOPOCTI  TepepoOIIsIIOTh
BIIXOJM Ta TEPETBOPIOIOTh PO3YMHEHI HEOpraHidHi
MOXKUBHI ~PEYOBMHM B  OpPraHiyHi  MOJICKYIIH.
Bracninok 0ioreoxiMigyHUX IMPOIECIB, MOB'SI3aHUX 3
KUTTEIISUTBHICTIO Ta PO3KIAIAHHSIM TiIpOOiOHTIB,

opra”iyfi croyku ¢hocopy MmepexoasiTs 3 0ioMacu
y BOJIHE CepefoBuIIe. SHIKEHHS BMICcTY docdatiB y
BOJI CIIOCTEPIraeThCsl BHACHIJOK CIIOKMBaHHSA B
OCHOBHOMY OpTO(oc(]haTiB MiKpOBOJOPOCTIMHU.

Marepiaaun ta Meroam. it DOCTIHKCHHS MH
BUKOPUCTOBYBalIX BOAY TepHOMIILCHKOIO CTaBy,
SIKY BiIOMpaly peryJsipHO BIPOJOBXK Mepioay 3
BepecHs 2023 poky mo BepecHs 2024 poxy nBidi Ha
Micsams 3 raubuan 0,5 M (32 BHHITKOM 3HMOBHX
MICSIIIIB, KOJM TEMIEPaTypHi TOKa3HUKH OyiH
3HAYHO HIDKYUMH TeMIlepaTypu 3aMep3aHHs BOIM i
ctaB OyB TOKPHUTHH KpHUTOI0). AHam3 3pa3KiB
MPOBOAMBCS 3a Jnormomorow lonomipy Al-123 Ta
KOK-2-YXJ14.2.

Di3UK0o-XIMIYHUMUA MMOKa3HUKAMHA JUIS
MOHITOPHHTY 3a0pyIOHEHOCTI Bomu Oymo oOpaHO
kucnotHicTs (pH), HasBHicT QocdariB (P20s) Ta
tioniB amoniro (NH4").

Pesynbratn Ta ix oOroBopenns. [‘padiune
MOJICTIOBAHHS IT0Ka3aj0, M0 Ha T CTabiIbHOTO
MOKa3HWKa KHUCIOTHOCTI BOJW 3MiHM BMICTy HOHIB
amoHiro Ta docdariB Oymu criiBMipHUMHE (pHrc. 1).
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Puc. 1. Cnissionowenun emicmy iionie gpocghamie, amoniio i kucnomuocmi y TepnoninecoKomy 6000CxX06UN4i.
Fig. 1. The ratio of phosphate, ammonium, and acidity ions in the Ternopil Reservoir

Ce30HHE MiIBUIIEHHS TEMIEpaTypy BOJIU Y JITHI
Micsi CYTIPOBOKYBAJIOCS HE3HAYHUMU
BIIMIHHOCTSIMH ~ BMIiCTy  HOHIB  aMOHil0  Ta
opTtodocdaTiB BIPOAOBK IOCTIHKYBAHOTO MEPIOLY,
a OT MOKa3HWKH HOHIB QocdaTiB KOKHUX 2 THXKHI
XapakTepu3yBalIHCs Mapa0oNiyHIMU 3MIHAMH, IO
MOSICHIOETBCSL AHTPOIIOTEHHUM BIUTMBOM Ha BOJY
CTaBy, IO € BiJMMOYMHKOBOK 30HOK. 30KpeMa MU
CTHIOCTEpIraJid CHHXPOHHI 3MiHM TIOKAa3HUKIB Y
xoBTHI-HcTonani 2023 poky Ta y TpaBHi-YepBHI
2024 poky. Y nunni 2024 poKy MOTEHLiaIM BMICTY
BHMIPIOBaHWX HWOHIB pi3K0 BiapisHsuncs. Ha Hamry
TYMKY 3HIDKCHHS BMICTY ¢ocdaTiB y BOAI CTaBy B
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cepeAMHi  YepBHS  MOACHIOETHCS  AKTUBHUM
MIEPETBOPCHHSM B OpPTaHivHi CIIONYKH HEPO3UUHHUX
docdarie MIKpOBOJOPOCTAMHU XJIOPENH, ska OyJa
BHeceHa 3 4yepBHs 2024 poky 10 «TepHOMmiIbCEKOro
CTaBY» y BUTJISAI acTu y KinbkocTi 200 Kijorpamis.

(PerionanpHuit  odic  BOTHMX  pecypciB Y
TepHOMIBCHKIN o0acri, 2024.) 3rigHO
JiTepaTypHUX IpKepen, Qocdath €  KIYOBUM
OlOreHHHM  €JIEMEHTOM Y  TiJIpO€KOCHCTEMaX,
PperyIodn poriecH 010MPOIYKTHBHOCTI,
TpodiuHnX B3a€MOJIH Ta (hopmyBaHHs
OlOpI3HOMAHITTS. AHTPOIIOTCHHA  €BTpodiKaris,

3yYMOBJICHA HaJMIPHMM HaaXOIKeHHsIM (ocdartis, €
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OMHMM 3 HAHOUIBII AaKTyaJlbHUX EKOJIOTIYHUX
po0JIeM Cy4acHOCTI, IO MPU3BOANTH 10 JeTpanartii
BOJHUX €KOCHCTEM Ta TMOTIPIIEHHS SKOCTi BOAHOTO
cepenosuia (Suggey Guerra-Renteria, et al. 2019)

BucnoBku. Pesynprat oTpuMaHuX BUMIPIOBAaHb
CBiMUaTh TpO Te, MmO MikpoBomopocth Chlorella
vulgaris Beijer BIULIMBa€E Ha 3HMXKCHHS BMICTY HOHIB
amonito (NHs ") i docdaris (P2Os) Ta Moxe OyTh
3aCTOCOBaHa JUIsl ONMTHMI3amii X BMICTy, a BiJTaK
3HWKEHHS eBTpoQiKkalii 1 MPUPOIHBOTO OYWIIEHHS
BoaU TepHOMILCHKOTO CTaBy MPOTATOM POKY.

Kondgpnikm inmepecis: Asmopu 3aa61s1i0ms npo
gidcymuicmo 0y 0b-siKUX Qinarncosux abo
KOMePYIUHUX 38 A3Ki8, AKI Moeau 6 nocmasumu nio
CYMHIB HeynepeodceHicmy pe3yaibmamie
00CHI0IHCEHHS.

Dinancysanns ma noOAKU: Oane OOCHIONCEHHS.
O0yno  npoginancoeano  enacHUMU  00X00AMU
asmopie, momy KOH@IIKmY iHmepecie YHUKHYMO.
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THE STATE OF PHOSPHORUS AND AMMONIUM EXCHANGE IN THE TERNOPIL
RESERVOIR AND THE ROLE OF CHLORELLA IN ITS OPTIMIZATION

H. V. Chvaliuk, V. V. Hrubinko

Ternopil Volodymyr Hnatyuk National Pedagogical University
0986372888g@gmail.com

The increase in anthropogenic load on the hydroecosystem of natural reservoirs led to eutrophication, and therefore
to «water bloom» with all its consequences and pollution of the habitat of hydrobionts. The aim of the article was to
analyze the regulation of the content of phosphates and ammonium in the Ternopil pond. The research was conducted
during 2023-2024 (from September to September), with monthly sampling every two weeks (except for the winter
months, when the temperature indicators were significantly lower than the freezing temperature of water and the pond
was covered with ice) at a depth of 0.5 meters. The analysis of the samples was carried out using the Al-123 ionomer
and KFK-2-UHL 4.2. The following physicochemical indicators were selected for monitoring water pollution: acidity,
the presence of phosphates and ammonium ions. Based on the results of the research, graphical modeling was carried
out, which showed that against the background of a stable indicator of water acidity (pH), changes in the content of
ammonium and phosphate ions were comparable in October-November 2023 and in May-June 2024. In July 2024, the
potentials of the content of measured ions differed sharply. In our opinion, the decrease in the content of ions in the
pond water in mid-June is explained by the active transformation of insoluble phosphates into organic compounds by
chlorella microalgae, which was introduced into the Ternopil pond on June 3, 2024 in the form of a paste in the amount
of 200 kilograms (Regional Office of Water Resources in Ternopil Region, 2024.)

Key words: phosphorus exchange, ammonium exchange, phosphate ions, ammonium ions, Ternopil Pond,
eutrophication, hydroecosystem, Chlorella vulgaris Beijer
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