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CTPYKTYPHO-®YHKIIIOHAJTBHA OPTAHI3AIIISA
®ITOIUIAHKTOHY BEJIMKOTO PIBHUHHOTO
BOTOCXOBMUIIIA B YMOBAX ITTOBAJTBHUX
KIIMATUYHMX 3MIH (HA TIPUK/IANI
KAHIBCBKOTO BOTTOCXOBMUIIIA)

Y pobomi posenanymo 6azamopiuny OuHamixy @imonnanKmony 6e1uK020 pi6HUHHO-
20 8000CX08UULA 8 YMOBAX 27100aNbHUX 3MiH Knimamy (Ha npuknadi Kaniecviozo 6000cxo-
suwa, Yepaina). Cyuacti HamypHi 00CnioneHHA NPOBOOUTUCH Y TIMHI Ce30HU POKi6, meM-
nepamypHuii pexcum SKUX Xapaxmepusysascs pisHUM 8i0XUNEHHAM 810 KTIMAMUuHoi Hop-
mu. IIposedeHo NOPi6HAHHA OMPUMAHUX Pe3YIbMAmis i3 pempocneKmusHUMU OaHUMU
MUuMynoeo cmonimms. Bideyk ¢imonnankmoHy 6000cxo8u4a Ha enobanvie NomenIiHHA
Kaimamy 6Kmouae: NidBULEHHS 3a2aNbHOI YUCEIbHOCMI Yepynosanv, 30invueHHs abco-
momuoi 6iomacu Cyanobacteria ma ixuvoi uacmxu y 3a2anvHiil 6i0Maci yepynosamv, 3meH-
wenns 6iomacu Bacillariophyta, 3miny cpykmypHoi opeanizayii 00MirHy104020 KomMnuexcy,
30invuleHHs uacmxu OpiOHOKIiMmuHHUX 6udis. Hatibinvui penpeseHmamusHum iHOUKamo-
DOM KaimMamudHux 3min suseunacy wacmka 6iomacu Cyanobacteria, wjo niomeepoxcyemo-
CA LiMepamypHumu 0aHumMu w000 iHUX 6000CX08UL4; C8iMY 610 NOMIpHOT do mponiuHoi
30HU.

Kntouosi cnosa: pimonnanxmon, senuxi pisHunui sodocxosuwsa, piuxa duinpo,
3minu knimamy, memnepamypa, Cyanobacteria, «usiminms» 600u.

IInryBanHa: Hep6ak B.I., Cementox H.€., Axymun B.M. CrpykrypHO-dyHKIIiOHa/IbHA
opraHisariist (iTOIIAaHKTOHY BE/IMKOTO PiBHUHHOTO BOJOCXOBMIIA B YMOBAX IJI00aIbHIX
KiiMatyHuX 3MiH (Ha mpuxiani KaniBcbkoro Bogocxosuia). T'iopobion. scypr. 2022.
T.58. Ne 4. C. 3—27.
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Bcranosneno [34], mo ro6anbHi 3MiHM KITIMaTy € OfHI€I0 3 HalakTy-
IPHIMNX IPO6IeM CbOTOfieHHs. YIpomoBX XX CT. cepefHs TeMIlepaTypa
noBiTpa y IliBHiuHil niBKymi nigsumwiace npn6msuo Ha 0,7+0,2 °C, i oc-
TaHHE AeCATWIITTSA Oy/10 HailTerymimmM. BilmoBifHO MPOrHO3yETHCA, 1110 TEM-
neparypa HOBiTps Oyjie MiiBUIYBAaTUCD i B MaliOyTHbOMY. 30KpeMa, Mofiesi
17106aTbHOT NVIPKYJIALi, 3 BUKOPYICTAHHAM CIieHapiiB, AKi BpPaXOBYIOTb 3pOC-
TaHHA BMICTy HIOKCUJy BYIJIELIO Ta iHIIMX IAPHMKOBUX rasiB B arMocdepi,
IIPOTHO3YIOTh 30i/IbIIEHHA CepeiHbOI TeMIepaTypu nosirps Ha 1,5—5 °C mo
2100 p. [60].

B Yxpaini, mounnaroun 3 80-X poKiB MMHY/IOTO CTOMITTA i ;O TeNepilHbO-
O 4Yacy, Ha BCill TEPUTOPII CTIOCTEPIra€ThCA CTATUCTUYHO 3HAYYIIE MiABUAILIEH-
HA AK JeHHO], TaK i HiYHOI TeMIlepaTypy MOBITpA [6].

BopHi exocucreMu € Ha[3BUYAHO BPA3MMBMMU IO 3MiH KIiMaTy, Oc-
KiIbKY IXHiii TepMIYHMIT PEXKUM TiCHO ITOB A3aHMII i3 TEeMIIEPATyPOIO MOBITPAI.
Tak, 3a octansi 100 pokiB 3apeecTpOBaHO MiBUIIEHHSA TeMIIEpaTypy BOAU Ha
1—3 °C y Takux BeJIMKUX €EBPOIENChKUX pivuKax, sk PeitH Ta [Iynait [21, 61].
BcraHoBNEHO 3pOCTaHHA TeMIepaTypy BOAM y piukoBiii ginanui KaniBcbkoro
Bopocxosuuia Ha 1,4—1,7 °C, a B o3epHiit — Ha 1,7—2,0 °C 3 1977 o 2012 pp.
[1].

DiTON/IaHKTOH, K IepBUHHA JIAHKA, 110 POPMYE IIOTOKM eHeprii BOTHUX
€KOCICTEM, INEePIINM pearye Ha 3MiHM YMOB CepeloBUILA, 3yMOBJIEH] IIOTEII-
niHHAM Knimarty. [TepebynoBsa itoro cTpykTypHO-(yHKI[ioHaTbHOI OpraHisanii
i BIVIMBOM IIiJBUIEHOI TeMIepaTypyu IPU3BOAUTHL [0 3MiH i Ha BUIIUX
TpodiuHuX piBHAX eKocucTeMu [54].

IHdopmaniiiHmii MONIYK I0Ka3aB, 10 Be/IMKMIT MaCUB ONyOIIKOBaHNUX Ha-
YKOBUX POOIT, Y IKMX PO3ITISAAETHCS BIUIMB KITIMaTUYHIX 3MiH Ha (DiTOITaHK-
TOH, BiTHOCUTBHCA 0O OKEaHIYHUX i MOPCHKMX €KOCUCTEM [18, 22, 26, 31—33,
37, 46, 53, 55].

IITo cTocyerbcst MPiCHOBOAHOTO (QiTOIIAHKTOHY, TO JOCTIXKEHHS J10TO
BiZITYKy Ha 3MiHM K/IiMaTy B OCHOBHOMY 30Ce€pe[l>KEHi Ha NPUPOJHUX 03epax
(5,14, 23,24, 27,28, 30, 35, 38, 40, 44, 45, 48—52, 56, 60]. Hanpuknaz, po3rs-
HYTO BIUIMB K/IIMaTMYHMX (IyKTyalliil Ha Taki Be/luKi o3epa, AK 03. Bammhr-
TOH, 03. Taxo (CIIIA), 03. Koncrann, YKeneBcpke o3epo, Liopixcpke 03epo
(IIBeitijapist), OMMcaHO JOBTOCTPOKOBI TeHJeHLii y rifpodisnvynmx, rigpo-
XiMiYHMX i Tifipo6iOIOTiYHNX XapaKTepUCTUKAX, Y TOMY YKC/I Y BUZOBOMY
cxmazi QITOMIAHKTOHY Ta mepiofax «uBiTiHHA» Bogu [60]. [IpoaHanizoBaHO
POJIb IOTEIUIiHHA KIiMaTy y 6araTopivHiit fuHamini ¢itoriankrony o3. OH-
tapio (CIIA) [24], 03. Mitoca (Hopseris) [45], 03. banxam (Kasaxcran) [40].

Y 6aratbox po60Tax HaroJIOUIYyETbCS, IO Cepef YCiX TaKCOHIB BOZOPOC-
TeM, AKi HaceNAI0Th BOMHY TOBILY 03€p CBITY, HaJ6i/IbIlle 3aHEIIOKOEHH I BUK-
nukatoth Cyanobacteria, i ofjHe i3 HaifHara/JbHIIINX IMTaHb — K KIIMaTU4Hi
3MiHJ MOXXYTb BIUIMHYTY Ha IXHill pO3BUTOK [23, 35,38, 50—52]. Anais HaBe-
JleHOT HM3KM ITyOTiKalliil oKasye, 110 OCi He OTPMMAaHO YiTKMX OJIHO3HAYHUX
BUCHOBKIB 11010 3B’13Ky MK 3MiHaMM KJIiMaTy Ta «UBiTiHHAM» BOZU IliaHO-
6akTepisMu. B ocHOBHOMY 1ie 3yMOB/IEHO THM, 110 TOCUTD CK/IA/{HO BilAiINTH
BIUIMB Ha (iTOIVIAHKTOH KITIMaTVYHNX 3MiH (IPMPOJHIX YU aHTPOIIOTEHHNX)
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Bif Ail iHIIMX YMHHUKIB aHTPOIIOT€HHOTO MOXO/KEeHHs (HAalpMKIIaJ, eBTPO-
¢dbyBanH:) [46].

Ha ocHoBi gocnimxenna 143 osep pisHUX mupoTr B €Bpormi Ta AMepuii
II0KA3aHo, 10 3 IiIBUIEHHAM TeMIIepaTypy 4acTKa 6iomacu njanobakTepii
pisko 3pocrae [38]. 36inpinenns posButky Cyanobacteria nmpu migBuieHHi
TeMIIepPaTypy TAKOXK 3aPeECTPOBAHO A bopeanbHOTO 03epa [Troxasapsi (Pin-
naupiga) [52], o3. Hpise (Himepmanan) [35], o3. Jlyruep (ABctpia) [54],
03. Bankysep (wrrat Bammurron, CIIA) [56]. Y Husni my6nikaniit mosigom-
JISIETBCS TIPO Te, IO B OCTAHHI HECITWIITTS 3pOC/Ia YUCENbHICTD IjiaHObaK-
Tepili Ta MOCHIMINCD SIBUIIA «IIBiTiHHsI» Bofu B 03. Kinepert (I3pains), 110, ce-
pen iHmuX ¢axkTopiB, OB’ A3aHO 3 MOTEIUIIHHAM KiiMary [28, 30, 48, 49]. ITe-
pexin o mOoMiHyBaHHsA LliaHOOAKTepiil TaKOX BifIMi4eHO B OCTAHHI pPOKU Y
¢itomnankroHi o3ep lllyunncbko-boposoi kypoprHoi 30HM (Kasaxcran) [5].

Y TOI1 >Ke 4ac, HelOCTaTHHO BMBYEHO BIUIMB KIiIMAaTYHUX 3MiH Ha ¢iTo-
IUIAHKTOH IIPMPONHO-IITYYHNX BOGHIX €KOCUCTEM, AIKVMMH € BEJIMKi PiBHMHHI
BOJOCXOBUIIA, 30KpeMa BOJOCXOBMINA [IHIMPOBCHKOIO KacKagy. Y IpoaHa-
JTI30BaHMX HaAMU Hy6ni}<auiﬁx 10 BOJOCXOBMILAX CBITY [13, 15, 16, 19, 20, 25,
36, 39, 42, 43, 47, 63] B OCHOBHOMY OIVICYETLCS CTPYKTYypa (PiTOIVIAHKTOHY 3a
PisHMX TeMIlepaTyp BOJY, @ KOHKPETHUX PoOiT, fie 6 po3IyisagaBcs iioro Bifryk
Ha 3MiHM K/IiMaTy B aCIIEKTi Ki/IbKOX IECATUITD, IPaKTUYHO HeMae. [Ipu 11po-
My G1TbLIICTD IIVIX CTATel CTOCY€ETHCS BOJOCXOBMILL, SIKi He 3aBXK/IV 3HAXOATD-
Cs1 Ha BeJIMKMX PIBHMHHUX piuKax, a 1O TOTO X Y CYOTPOMIYHMX, TPOIIYHNX,
apupHux 3oHax. [Ty6mikaniil mofo0 BOZOCXOBUIL ITOMiIPHOTO IOSCY 3HAYHO
MeHuue [13, 39, 43, 47, 63].

BBa)xaeMo, 110 aKTya/IbHICTh CY9aCHMX HOCTIIKeHb BiryKy (iTOIIaHK-
TOHY NHIIPOBCHKUX BOJOCXOBUI Ha KIIMaTM4Hi 3MiHM 3yMOBJIEHA HAaCTYII-
HUM:

1) Benuki piBHUHHI BOJOCXOBMIIA € YHIKQTBHUMU IPUPOJHO-IITYIHUMMU
€KOCHCTeMaMI, €KOJIOTi4Hi YMOBI Y AKX CYTTEBO BiIPiSHAIOTbCA Bifi IPUPOJ-
HIX 03€p i piYOK.

2) YV HayKOBill /liTepaTypi MifIKpeCII0eThCsA Mi3epHiCTb HAABHNX CYy4acHUX
JlaHVX Ta HeOOXiTHICTh HeTaTbHIIIOr0 MOHITOPMHIY AVHAMIKM «IIBiTiHHS»
BOZM LIiaHOOAKTepiAMN B YMOBaX KTIMaTUYHNUX 3MiH [23, 50, 51]. Tomy Bemuki
PIBHIHHI BOJOCXOBNILQA, TAKi K JHITPOBCHKi, MOXXYTb CJIyT'YBaT! MOJI€/IbHN-
MU 00’ €KTaMM J/Isl HPOBEJIeHHs TaKMX JJOCTifI>KEeHb.

3) JuinpoBchbKi BofocxoBuIa € eBTpodHMMY eKocucTeMamu [57, 58], a
foBeneHo [51], 1m0 B eBTpOQHMX BOJHUX €KOCKCTEMAX 3MiHa K/IiMaTy BUCTY-
Ha€ MOTY>KHUM «KaTali3aTopOM» IS TOAAIbIIOTO MOIIMPEHHS «IIBiTiHHA»
BOJM IliaHOOAKTepisAMM y I7106aTbHOMY MacIITa61.

4) THinpoBCHKi BOJJOCXOBMIIIA BUKOPUCTOBYIOTHCS SK JKepesa MIUTHOTO
BOJIOIIOCTaYaHHA I MaliKe 30-MilbIIOHHOTO HaceneHHA [7], a HagMipHUil
posButok Cyanobacteria B yMOBax IOTEIUIIHHA K/IiMaTy MOXXe CIIPUYMHUTI
HaJXOIKeHH: Y BOAY a/IbIOTOKCUHIB [3, 4], 110 CTAHOBUTH 3arpo3y A/ 370-
POB’sI Hace/IeHH L.
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Meta po6oTu — mocmipgnTy 6araTopidHy AMHaMIiKy QiTOITAHKTOHY Be/n-
KOTO PiBHMHHOTO BOJJOCXOBHUI[A B YMOBAaX I7I00Q/IbHMX 3MiH KTiMaty (Ha mpu-
k1azni KaniBcpkoro BogocxoBuia, Ykpaina).

Marepian i MeTOmIKa FOCTi>KEHDb

Harypsi focnimkenss QiTommaHKTOHY IPOBOAIINCD Ha Pi3HUX [/IAHKAX
KaniBcpkoro BogocxoBuina 3a ciTkoo craniin [ncruryry rigpobionorii HAH
Ykpaiun y nitHi cesonmu (mumenn) 2017 ta 2019 pp. Kapty-cxemy parioHy
JOCTTiI>)KeHHs HaBeJleHOo y morepeHin my6sikanii [8]. CraHii crioctepesxeH-
HS BKJIIOYA/IM ITIMOOKOBOLHI i MIJIKOBOIHI OI0TOIM TaKMX MIIAHOK:

— Hkue rpe6si Kuisebkoi TEC (50°35'15" nH. 1., 30°30'41" c. 71.);

— 3aroka Cobave rupro (50°3126" nH. 1., 30°31'34" ¢. 11.);

— 3aroka O6omons (50°30'31" nH. ur., 30°31'01" c. 11.);

— o. TpyxaniB, Hmx49e MockoBcbkoro mocty (50°29'18" nH. mr.,
30°32'32"c. m.);

— BuIe ckupy boprHuibkoi crannii aepanii (50°19'13" nH. mr.,
30°37'38" . 11.);

— HIK4Ye ckuay BoprHunbkoi crannii aepanii (50°18'59" nH. m.,
30°37'53" c. 1.);

— rupro p. JInbigs (50°22'54" nH. 1., 30°34'44" ¢. 1.);

— paiioH M. Ykpainka (50°07'45" nu. 11., 30°46'07" c. 1.).

[l BpaxyBaHHS BEPTUKA/IbBHOTO PO3IO/iTY PiTOIIAHKTOHY, MOX/IMBOI
TeMIepaTypHOi cTpaTudikaliii, apbronoriyni npobu Ha rmm6OKOBOAHNUX 6io-
Tomax (3 rmbuHamu Bif 5,0 M i Ginbiie) Bifbupany 3 HOBEPXHEBUX, CEPENNH-
HUX i IPUJOHHUX TOPU3OHTIB BOJHOI TOBIII.

dikcariito, ceuMeHTAaIiI0, KaMepa/ibHe OTPAI[IOBAaHHSA P00 MPOBOAUIN
3TigHO 3 3aranbHOBigoMuMy Meromamu [10]. JomiHaHTaMy BBa’kKaau BN,
6iomaca KX CK/Iajjaia He MeHII Hix 10 % Bif 3aranbHoi 6iomacy, cydpomiHa-
HTamMy — 5 %. JJocTOBIpHICTDb BiMiHHOCTeJ cepefiHiX BeJIMUMH OL[iHIOBAIN 32
fonomoro Kpurepio CTblofieHTa.

Jnsa mOpiBHAHHA Pe3yNbTaTiB CyYaCHUX HAaTYPHUX NOCTIKEHD i3 peTpo-
CIIEKTMBHVMM JQaHVIMM BUKOPJVCTaHi aHa/IOTiYHI Marepiany, omy6aikoBaHi B
MoHorpadii [12].

Krnacrepunit aHami3 mogi6HOCTI yrpynoBaHb (iTOIIAHKTOHY IIPOBOAVIIN
3a xoedinientom bpes — Keprica [41]. [TepeBaroro faHoro koedimieHTy € Te,
IO BiH BpaxOBY€ He TUIbKM BUIOBMI CKIafl, aje M KiIbKICHI IOKa3HUKU
nopisHIoBaHuX yrpynosatb. Koedinient bpes — Keprica pospaxoBysanu 3a

X. —X

OPMYJI010:
p
Z::l ij ik

BC =————3
g Ziszl(xij +xik)

e BCjx — xoediuient nogibuocti bpess — Keprica s yrpynosass j i k; xij, xix
— 4ucenbHicTh (6ioMaca) i-ro BUAy B yrpynoBaHH:AX j i k Bignmosigno. Cratn-
CTUYHMII aHA/I3 JaHNX BYKOHYBA/IM 33 JOIIOMOTOI0 KOMII IOTePHMX IIPOrpam
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Past 4.03, Statistica 6.0. TakcoHOMiYHY HOMEHK/IaTyPy BOOPOCTEN HaBEJEHO
3riTHO 3 MDKHapOIHUM e/IeKTPOHHMM KaTanoroM AlgaeBase [29].

PesynbTaTi jocigKeHb

Temnepamypruii pexcum y poxu npoeedeHHs HamypHux 0ocrioxens. Exc-
neMLilHi focnimkeHHsa Ha KaHiBCbKOMY BOJJOCXOBMUINI IPOBOAVIINACS Y JIiTHI
CE30HM POKIiB, AKi CYyTTEBO BiIpi3HAMNCDH 3a CBOIM TEMIIEPATYPHUM PEXIMOM
(Tabm. 1).

Tak, 3a manumu llentpanpHoi reodismunoi obcepBartopii im. Bopuca
Cpesnescbkoro HAH Yxkpainu (IITO) [9] cepenHboMicsadHa TeMIlepaTypa 1o-
BiTpA B M. Knesi B munHi 2017 p. cranosuna 20,9 °C. IIpu uboMy KiaiMaTu4Ha
HOpPMa TeMIIepaTypy MOBITP: B INIHI 10 M. KueBy, po3paxoBaHa Ha OCHOBI ce-
penHbpobaratopiuHux gaux 1961—1990 pp., cknagae 19,3 °C. Otxe, Bigxu-
JIEHHA CepeHbOI TeMIIepaTypy MOBiTpA B nmHi 2017 p. Bif K1iMaTM4HOI HOP-
mu (A) nopisHoBano 1,6 °C.

Y numnni 2019 p. cepegHbOMicAYHA TeMIlepaTypa IOBITpA CKIajasna
19,8 °C, a ii BigxuneHHs Biff kj1iMatuuHoi Hopmu — 0,5 °C.

AHaJti3 eHHOI TeMIIepaTypy IOBITPA Iif Yac eKCIIeANLITHUX TOC/TiIPKEHb
(mepepocTaHHIN TVYOKIEHD INITHS) TIOKa3ye, 110 B 2017 p. BOHA KO/IMBAIach Bifg
23,0 1o 26,0 °C, a B 2019 p. — Big 19,0 no 24,0 °C. BignosigHo, TemnepaTypa
BoAY B yMIHI 2019 p. Tako>x 6yya HYDKYOI0, HDK y mumHi 2017 p. (muB. Tabm. 1).

OTxKe, MOYKHA CTBEPIKYBATH, 110 KIiMaTH4YHi yMOBM BiIiTKy 2017 p. 6y1n
3HAYHO TeIUTMMY, HDK BTiTKy 2019 p. [In14 6inbinoi HaoyHOCTI Hafami B po-
00Ti BUKOPJMCTOBYBAaTMMETbCSI YMOBHE ITO3HAYECHHS «O/IbII TeTUINIT Pik» /A
2017 p. Ta «MeHII Temuit pik» — ana 2019 p.

CyuacHa xapakmepucmuka QimoniaHkmony 6 poKu 3 pisHum memnepa-
mypHum pexcumom. CTPYKTYpHi mokasHuky. Y nuiHi 2017 p. y diTormaHKToHi
KaniBcbkoro Bogocxosuina 0y1o BUABIEHO 64 BUAM Ta BHYTPiLIHbOBMIOBI
TaKCOHM BOZOpoOCTeii (B. B. T.), sIKi Haymexxanu 1o mrecty Bigainis (Cyanobacte-
ria, Bacillariophyta, Cryptophyta, Miozoa, Ochrophyta, Chlorophyta). Anpo
¢iTommankTony popmysanu Taki pouu, sk Microcystis, Pediastrum, Desmodes-
mus, Scenedesmus, Nitzschia. Y munni 2019 p. 6y7o ifeHTudikoBaHo 46 B. B. T.
Bogopocreit 3 mectu Binpini (Cyanobacteria, Bacillariophyta, Miozoa, Och-
rophyta, Chlorophyta, Euglenozoa). Hait6inpimoro kinpkicTio BupiB Oymm
npepncrasieHi pogu Aulacoseira, Navicula, Chlamydomonas, Desmodesmus.

Crip 3BepHYTM yBary Ha BigMiHHOCTI QropucTudnoi cTpyKTypu ¢iTo-
IUTAHKTOHY B POKM 3 Pi3HMM TeMIIepaTyPHUM PeXUMOM. TaK, y «MEeHUI TeIIo-
my» 2019 p. (A =0,5°C.) yacTka niaHo6akTepiit ckagana 13 %, a B «6ibLI Ten-
nomy» (A = 1,6 °C) BoHa 6yna B iBTOpa pasu Bumow — 20 %. AHanoriyHa 3a-
KOHOMIpHICTh Oy/1a XapakTepHa i i 3emeHux Bogopocreit: 33 % y 2019 p.
HopiBHAHO 3 39 % — y 2017 p. JliaTOMOBi BOJOPOCTi, HaBIIaKy, Oy IpeCTaB-
JIeHi 6i/IbIIIOI0 Ki/TbKiCTIO BUJIIB Y «MeHII TerToMy» pori — 41 % y 2019 p. mpo-
™ 27 % y 2017 p.

OyHK1ioHATbHI TOKAa3HMUKMU. [ToOpiBHAMbHMIT aHATI3 KiIbKICHMX XapaKTe-
PUCTUK PO3BUTKY (iTOIVIAHKTOHY ITOKa3aB, IIJ0 BOHY KO/IMBA/INCH Y MIMPOKO-
My Jiania3oHi HaBiTh y Me>KaX O{HOTO POKY CIIOCTepeskeHb. Tak, y «OinbIi Ter-
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Tabnuus 1

IopiBHANbHMIT aHAII3 TeMIIEPAaTYPHUX PEKMMIB NMOBITP: Ta BOAY Y POKU NPOBEeHH I JOCTiI>KeHb
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* 3a gannmu LentpanbHoi reodisnaroi obcepsaropii (LITO) [9]; ** 3a ganumu IO kniMaTiaHa HOpMa TeMIIEPATYpH IIOBITPsI B IUIHI (cepegHpObara-

Topiuni fani 1961—1990 pp.) cranoButs 19,3 °C [9]; Bigxmnenns (A, °C) po3paxoBaHo Hamu; *** 3a manumn [HTepHeT-mKepena «KaneBckoe Bogoxpanu-

nnte. TeMneparypa Bogbl» [2]; ¥*** 3a HalMMy BUMIPIOBaHHAMIL.

nomy» 2017 p. 4mcenbHicTh diTo-
IUITAHKTOHY B IIOBEPXHEBUX TOPU-
30HTaX BOJIHOI TOBIIi CK/Iafiajia Bifl
3108 mo 124 155 tuc. kn/pm’, y npu-
OOHHMX TOpMU3OHTaX — Bifg 2780 1o
25 008 tuc. xi1/om’. Y «MeHII Terio-
My» 2019 p. YMCeNbHICTb ITAHKTOH-
HUX BOJOPOCTel y IOBEPXHEBUX T'O-
PM30OHTaX 3MiHIOBanach y MeXax
7470—38 949 Tuc. xn/gm’, y mnpu-
BOHHMUX TOpM3OHTaXx — 4200—
40 106 tnc. xn/om>.

Biomaca ¢itronnaHKTOHY B
«6impi Tertomy» 2017 p. craHOBMIIA
0,78— 11,64 r/M’ 111 MOBEPXHEBUX
ropusoHTiB i 0,53—2,95 r/m* — st
OPUSOHHUX. Y «MEHII TeIIoMy»
2019 p. ueil MOKa3HUK BifIOBIZHO
ckmazas 1,57—4,61 r/m’ y moBepxHe-
BUX ropusonrax i 1,30—1,68 /M —
y IPUJOHHMUX.

Y axocri imoctpanii, mo mia-
TBEPJPKY€E BUILleCKa3aHe, HA PUCYH-
Ky 1 mpeficraBieHO IPOCTOPOBUIL
posnopin 6iomacu ¢iTOIIAaHKTOHY
Ha JIeAKUX CTaHIifAX CIIOCTepeXeHH A
y munHi 2017 ta 2019 pp.

3 PUCYHKY BUJIHO, 1IJO CTPYKTY-
pa 6iomacu QiTonyaHKTOHY y pisHi
POKM 3Ha4HO BifpisHanmack. Tak, y
«6impI Terromy» 2017 p. MaiiKe Ha
BCiX CTaHILifAX CIIOCTEPEXEHHA MO-
minysamm Cyanobacteria 3 6iomacoro
0,24—8,84 r/m’ (32—89 %) y moBep-
XHeBUX ropusonTaxi0,02—2,44 r/m*
(5—82 %) y mpMEOHHNUX TOPU30H-
tax. biomaca Bacillariophyta 6yma
3HayHO MeHIow: 0,17— 0,47 /M’ y
IIOBEPXHEBMX ropusonTax Ta 0,08—
0,32 r/M’ — y IpUIOHHNUX.

Y Toit Xe 4ac, y «MeHII TeIIo-
My» 2019 p. OCHOBHUM II€HO30yTBO-
prorounM Binpinom 6ymm Bacillario-
phyta. Ixus 6iomaca gocsrana 0,63 —
3,64 /M (27— 90 %) y moBepXHEBUX
ropusonrax ta 0,08—3,31 r/m’ (mo
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Puc. 1. Crpykrypa 6iomacu diromnankrony KaHiBcbKOro BOZOCXOBHUIA y POKM 3 PI3SHUM
BifixuneHHAM (A) cepefHbOMICIYHOI TeMIIEPAaTyYpH Bif KIiMaTn4HOI HOpMIL: 1 — AisHKa
Hiokde rpebni Kuisebkoi 'EC, moBepxHeBuit map; 2 — MPUAOHHUIT ap; 3 — HIDKYE
c. boptHndi, nosepxHesuii map; 4 — M. YKpaiHKa, TIOBepXHEBMII Iap; 5 — M. YKpaiHKa,
IPUIOHHNII IIap

60%) y npupgoHHMX ropusoHTax. biomaca Cyanobacteria mpu mpomy 6yna
HIDK4Y0M0 1 ckmagana 0,31—1,20 r/m° y moBepxHeBux ropusonrax i 0,08—
0,57 r/M* — y IPUZOHHUX.

Buxopsun 3 BuieHaBeieHNX IMQPPOBYUX JaHUX, BBaXKAEMO, 1110 Oiomacu
OKpeMIX Bifjii/liB Ta IXHi BiJCOTKOBI YacTKY € O1bLI YyT/IMBUMMY iHAVKATOPA-
MM KJIIMaTMYHUX 3MiH, HDK 3araibHa 6iomaca (ab0 4mcenbHicTh) QiTOMIAHK-
TOHY.

J1s minTBepayKeHHA faHoi rinoTesu 6y/0 OLiHEHO, YU € CTATUCTUIHO JI0-
CTOBIpHMMM BiJMiHHOCTI M>K cepeHIMM ITOKa3HMKaMM KiJIbKiCHOTO pO3BUT-
Ky QiTOIUIAaHKTOHY B POKM 3 Pi3HUM TeMIIepaTypHUM PeXUMOM («Oinbir Ter-
mM» 2017 p. Ta «MeHI TerM» 2019 p.). Byno npoananizoBaHo Taki mokas-
HVIKI: 3arajibHa 4yycenpHicTh (XN), 3aranbHa 6iomaca (XB), 6iomaca okpemux
Bippinis (Cyanobacteria, Ochrophyta, Miozoa, Ochrophyta, Chlorophyta) ta
iXHS BiZICOTKOBA 4YacTKa y 3araibHii 6iomaci ¢itorurankrony. JJocToBipHicTh
BiIMiHHOCTeJI CepefHiX BeIMYNH OL[iHIOBa/IN 32 LOIIOMOro Kpurtepito CTbhio-
nenrta (Tadm. 2).

I3 mpepcraBieHuX y Tabamii ZaHUX BUJHO, IO Y BiICOTKOBOMY CIIiB-
BigHomenHi Cyanobacteria Ta Bacillariophyta cnocrepiranach craTucTndno
JIOCTOBipHA Pi3HUIISA MDK «OI/IBII TEIUIMM» Ta «MEHII TeIIMM» pokamu. Tax,
JacTKa IjiaHobakTepiil y «6inpin Temnomy» 2017 p. ckmagana 66+8 %, a
«MeHII TertoMy» 2019 p. 6yna goctoBipHO HIDKYOI0 — 2416 % (t = 4,05; p
0,003). Yacrka miaTOMOBUX BOJOPOCTeEl, HAaBIIaKy, JJOCTOBIPHO 3pocTaia
«MEeHII TeraoMy» poli: 3 18+9 % y 2017 p. mo 56£11 % y 2019 p.

o]

w
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M. Ykpaitika,
TIOBEPXHS

Puc. 2. [lenporpama nogi6HOCTi INIAHKTOHHVX BOZOPOCTEBUX YIPYIIOBaHb Pi3HUX Ji/s-
HOK KaHiBCPKOTO BOZOCXOBHINA B POKM 3 Pi3HMM TeMIIEPaTypHMM PeXKJMOM 3a Koe-
¢iuienrom nogibuocti Bpest — Keprica

POJIOTiYHO, a BepXHA YacTuHa KaHiBCbKOTO BOJOCXOBMIIA, Y MEXKAX SIKOI BOHI
3HAXOJATHCS, € IOTUYHOIO eKOCUCTeMOI0. HacoBa JUCKPETHICTh MiXK BOLOPOC-
TEBMMU YTPYIIOBAaHHAMM Pi3HMX POKiB MOxKe OyTM 3yMOBJIeHa Pi3HMIEIO B
IXHBOMY TEMIIEPATYPHOMY PEXUMI.

SKImo0 OKpeMo POSITIAHYTM KOXKHMUII 3 VX JBOX BEIMKUX K/IACTEPiB, IIO-
MITHO, 10 B MeXKax Knactepy 2017 p. koedinienTn CepeHceHa € 3HAYHO BUIIN-
MM, HDXK y Mexax knacrepy 2019 p.: Bigmosigso 0,64—0,7010,37—0,43. OTxe,
y 2017 p. m1aHKTOHHI BOJOPOCTEBI yTPYIIOBAHHA XapaKTePU3YBAINCh CYyTTEBO
OiMBIINM CTyIIeHeM MOAI6HOCT], 1110 MOyKe OyTV MOB’s3aHO 3 II€I0 CIIIBHOTO
€KOJIOTIYHOTO YMHHMKA — IiJBUIEHOI TEMIIEPATyPU BOM.

Ist 6impin rM6OOKOro MosiCHEHHST OTpuMaHuXx KoedirieHtiB bpes —
Keprtica Ta mopsaKy posrallyBaHHA BOJOPOCTEBUX YIPYIOBaHb Ha JNEHIPOT-
paMi HeoOXiTHO IpOaHaTi3yBaTy CIIIBHOCTI i BIAMIHHOCTI y BUJJOBOMY i Ki/lb-
KiCHOMY CKJIafli yTPYIIOBaHb. 3 OIJIAAY Ha ILie PO3IJIIHEMO CTPYKTYPHY Op-
raHizaliro IXHbOTO JJOMiHYI04YOTO KOMIUIEKCY (Tabr. 3).

I3 Tabmu1i BUAHO, 110 B «6ib1I TertomMy» 2017 p. JOMIHYI0UMIT KOMIUIEKC
OyB osirogoMiHaHTHMM a60 MoHOjoMiHaHTHMM. KinbKicTh JOMiHaHTIB
(=10 % Bix 3arampHOI 6ioMacy) ckIajjaia OOVH — JiBa BUJV; KUIBKICTb Cy6-
foMiHaHTiB (=5 % Bif 3aranpHOI 6iomacu) — o ogHoro Bupy. [TokasaHo, 110
Majke Ha BCIX CTAHIAX CIIOCTEPEXEHHS OCHOBY 6iomacyu (iTOIUIaHKTOHY
(56—71 %) dopmysana mianobakrepia Microcystis aeruginosa (Kiitzing)
Kiitzing (areHT «1BiTiHHS» BOAM). 3aBAAKM Liil CIIIIBHIN PYCi BOJOPOCTEBI yT-
PYIIOBaHHA Ha ieHAporpaMi (AuB. puc. 2) 06’efHaINCH B OAVH K1acTep 2017 p.
3 BUCOKNUM piBHeM nofioHocTi (koedinientn bpes — Keprica 0,64—0,70).

Y Toil Xe 4ac, y «MeHII TerioMy» 2019 p. jomiHyrounit KoMIiekc ¢iro-
ITAHKTOHY BiZIpi3HABCA ITO/TiJOMiHAHTHOIO CTPYKTYPOI0. Y KOKHOMY YTPYIIO-
BaHHI 3apeeCcTPOBAaHO TP — II' ATh JOMIHAHTIB i 0 1BOX cy6oMiHaHTiB. []o
CK/Iafly JOMIHYIOYOTO KOMIIZIEKCY BXOIVUIM NPENCTAaBHUKM PiSHUX BiffimiB:
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nepesaxHo Bacillariophyta — Stephanodiscus hantzschii Grunow (8—24 %),
Aulacoseira granulata var. angustissima (O. Miiller) Simonsen (zo 53 %), Dis-
costella stelligera (Cleve & Grunow) Houk & Klee (0 15 %), a Tako>x Miozoa —
Peridinium cinctum (O.F. Miiller) Ehrenberg (zo 20 %), Cyanobacteria — Mic-
rocystis pulverea (H.C. Wood) Forti (o 17 %). 3a3HadeHi yrpynoBaHHA BUJiB
i3 Bigminis Bacillariophyta, Miozoa, Cyanobacteria 06’exHanuce y gpyruit Be-
nuknit knacrep (puB. puc. 2). Ha Bigminy Big yrpynosanb 2017 p., yrpynoBaH-
HA 2019 p. 6ynu NomigoOMiHAaHTHUMM, a OT)Ke Oi/IbIIOI0 MipOIo Biffpi3HAMUCH
Mk co6oro. Tomy koedinientn bpes — Keprica B Mexax kimactepy 2019 p. €
3Hau”o Hiokunmu (0,37—0,43).

3BepTae Ha cebe yBary, [0 IPUAOHHMIT PiTOIIAHKTOH Yy paiioHi M. Yk-
PalHKM € BUHATKOM i3 BUIIEONCAHOI 3aKOHOMIPHOCTI. IK y «MEHII TemIomy»
2019 p., Tak i «6inpm Temwomy» 2017 p. y IbOMy YIpyHOBaHHI JOMiHyBama
fiaToMoBa BoOmopicTb Stephanodiscus hantzschii (nyB. Tabn. 3), Mo TakoXx
Bifo6paswmioch i Ha meHpporpami (amB. puc. 2). OfHUM i3 TOACHEHb MOXe
Oytu BrymmB ¢itoctoky p. KpacHoi, y skiit zaHuit BUj € ZOMiHYIOUYMM.

OTxe, aHaTi3 CTPYKTYpM JOMiHYI0UOTO KOMIUTEKCY (Tab1. 3) 9iTko mosc-
HIOE BUII[eHaBeJleHy JieHaporpamy (puc. 2) Ta i po3nofia Ha KiIacTepu.

TakyM YMHOM, CTPYKTYpHO-(YHKIIIOHaTbHA OpraHisalisi GiTOIIaHKTOHY
B POKM 3 Pi3HUM TeMIIEpaTypHUM PEXMMOM CYTTEBO BifIpi3HAETbCA.

IopieHanHA cyuacHux O0aHux i3 pempocnexmusHumy. TemiepaTypHuit
pexxuM. [ 6i1bII NOBHOI OLIHKY BIUIVBY KJIIMAaTWYHMX 3MiH Ha CTPYKTYp-
HO-(YHKIIOHa/TbHY OpraHisaniito ¢iTomaHKTOHY 6y/I0 TPOBe/ieHO NOPiBHSH-
Hs Pe3y/IbTaTiB CyYaCHUX HATYPHUX JOCTIIKEHD i3 peTPOCTIEKTUBHMMMY JaHM-
MY MUHY70ro cTomiTTs (1998 p.) [12].

3a paammu ITO [9] cepenHboMicAYHA TemIeparypa MOBITpA B JIMIIHI
1998 p. cranoBuna 19,5 °C, To6T0 Hab/MIDKaMIACh JO KIIMAaTHYHOI HOpMH (A =
0,2 °C). Orxe, 1998 p. YMOBHO BBa)KaTVMeMO «KOHTPOJIbHVM» JyIsI OLIIHKM
Bifryky ¢itomnankrony KaHiBcbkoro BogocxoBmiia Ha KIiMaTUYHi 3MiHIL.

IlikaBuM aKTOM € Te, 10 cepeTHbOPiYHA TeMIiepaTypay 1998 p. ckinama-
na 8,1 °C i Takox HabmKamach 1o KiiMatnyHoi HopMmu 1961—1990 p., ska
nopiBHioe 7,7 °C [9] (A = 0,4 °C). 1 TOpiBHAHHS, CEpeHbOPiYHA TEMIIEpaTy-
pay 201712019 pp. 6yna 3HauHO BUILIOIO i focATana BignosigHo 9,8 °C (A =
2,1°C)i10,6 °C (A =2,9 °C). OTxe, MO>KHa CTBeppKyBaTy, 1o 2017 12019 pp.
Oy CyTTEBO TeIUTimmMM, HK 1998 p.

TemmnepatypHuit pe>xM poKiB, 1110 pO3ITIANAITHCA HAMU, MOYKHA CXeMa-
TUYHO 300pa3nTH TaK:

8,1°C(A=04°C)

t=98°C(A=2,1°C)

JIunenn < JIunenn > JIuneHo
1998 p. 2017 p. 2019 p.
«KOHTPOJIbHUI» «O1IBII TETIIIT «MEHII TeIUINIT»
t=19,5°C t=20,9 °C t=19,8 °C
(A=0,2°C) (A=1,6°C) (A=0,5°C)
CepepnbopiuHa f = CepepnbopiuHa Cepepnbopiuna

t=10,6 °C(A=29 °C)
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@ironnaHKTOH. CIiBCTaB/IEHHA CYy4aCHUX i PEeTPOCIEKTUBHUX JaHUX 10
¢iTommankToHY (UB. TabI. 2) IOKA3a/I0 HACTYIIHI 3MiHML.

1) locToBipHe mifiBUIeHHS 3aTa/IbHOI YMCe/IbHOCTI (iTOIUTaHKTOHY. TaxK,
y 1998 p. cepents uncenbHicTh ckaafana 3461 tuc. kn/gm’, a B 2017—2019 pp.
— 22 227—37 494 tuc. xn/gm’, To610 3pocia B 7—10 pasis.

2) HocroBipHe 36inbiieHHs abcomoTHOI 6iomacu Cyanobacteria 3
0,07 t/m’ y 1998 p. mo 0,60—2,92 r/m’ y 2017—2019 pp., T06TO B 8—40 pasis.

3) HocrosipHe 36inbureHHs yacTky 6iomacu Cyanobacteria3s 7 % y 1998 p.
1o 24—66 %y 2017—2019 pp., To6TO B 3—9 pasis.

4) 3meHmenHs abcomoTHOI 6iomacu Bacillariophyta 3 2,06 r/m* y 1998 p.
10 0,35—1,59 r/m’ y 2017—2019 pp., To6TO B 1,3—6 pasis.

IlikaBo, 1110 He3BaYKAIOYM Ha CTATUCTUYHO NOCTOBipHe 30i/IbIIeHHS 3ara-
JIBHOI 4MCeNMbHOCTI (PiTOIUIAHKTOHY, HAMM HE 3apeECTPOBAHO CYTTEBMX 3MiH Y
3arasbHiin 6ioMaci. I]e OSACHIOETbCS THUM, 110 YMCENbHICTh 36iIbIINIACh B
OCHOBHOMY 3a PaxyHOK IiaHOOaKTepill, fKi XapaKTepu3ylTbCs ApiOHUMU
posmipamu krituH. ITogi6Hi pe3ynbraTy 6y/10 OTpUMAaHO it iHIIMMY JOCTiTHN-
Kamu [23, 38]. Tak, Ha mpuktazi 6inpmm Hixk 100 03ep pisHUX MIMPOT CBITY 1O-
Ka3aHo, L0 TOTEIUIIHHA KIiMaTy IPU3BENO 4O Pi3KOTO 3POCTaHHA YaCTKU
1iaHo6aKTepill y IVIAaHKTOHI, ajle IIpK IIbOMY JOCTOBIPHMX 3MiH y 3arajbHii
6iomaci pitormaHKTOHY He crioctepiranoch [38]. Takox BcTaHOB/IEHO [54, 64],
10 IpM HiABUINEHHI TeMIepaTypy PO3MipHI IOKa3HUKM IPiCHOBOZHOIO
(biTOIVIAaHKTOHY 3MEHIIYIOTHCA AK Ha BUZOBOMY piBHi (K/1iTvHM i KOJIOHII cTa-
I0Th MEHIINMI), TaK i Ha LIEHOTMYHOMY PiBHIi (3pocTa€ yacTka BUfiB i3 api6-
HinmmMy kritnHamm). Ile y3ropKyeTbcs 3 pesyabTaTaMy HAIINX HONepemHix
mocnimkenb. Tak, misa KuiBcbKoro BomocxoBuia mmokasaso [58], 1o migsu-
IeHHs TeMIIepaTypy HIpMU3BOAUTDL [0 INEPeposIOfily posi Benmmko- i mpi6-
HOK/TITMHHUX (OPM BOJJOPOCTelT Ha KOPUCTD ApiOHOKMITMHHYX. Taka nepeby-
JI0Ba CTPYKTYp (PiTOITAHKTOHY € afalTallifiHUM MeXaHi3MOM, K1t 3abe31e-
9ye CTilKicTb aBTOTPOQHOI JIAHKM IO aHOMA/IbHO BUCOKUX TEMIIEpATyp Ta
36a/IaHCOBAHICTh IPOAYKIINHO-AECTPYKLIMHNX IIPOIeciB B yMOBax 3MiH
KJIiMary.

Takum uMHOM, CTPYKTYpHO-(YHKIIIOHa/IbHA OpraHisallisf GiTOIIaHKTOHY
BE/IMKMX PiBHMHHIX BOJIOCXOBUII € peIIpe3eHTATVBHIM 6i0/10TiYHNM iHaMKa-
TOPOM 3MiH K/1iMaTy. [HpOpMaTUBHUMM € TaKi 1OTO XapaKTePUCTUKIL:

— 3arajibHa YMCEe/IbHICTD;

— abcomoTHa 6iomaca Cyanobacteria;

— vacTka 6iomacu Cyanobacteria;

— 4acrka 6iomacu Bacillariophyta;

— CTPYKTypa JOMiHYI4OTO KOMIUIEKCY;

— KkoedinieHT nopi6uocti bpest — Keprica.

Y oMy BBa>Ka€EMO, 1110 cepefi llepepaxoBaHUX IOKa3HMKIB HaltbibLI pe-
IIpe3eHTaTVBHOIO BUABMIACHh YacTKa 6iomacu Cyanobacteria. Came jy1s 11bOro
IIOKA3HMKA 3apPeeCTPOBAHO JJOCTOBIpHi BiiMiHHOCTI MiX 1998 p. («<KOHTpOIIB-
HUM»), 2017 p. («6inpir Termum») i 2019 p. («meHu temmm») (puc. 3).
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Puc. 3. baratopiuna pguHamika yactku 6iomacum Cyanobacteria, %, y diTommankroni
KaniBcbkoro Bogocxosuia (1) (Touka — cepefiHs BeTMUYIHA, TPAMOKYTHUK — CTaHAApPT-
Ha IOMWJIKA, Bilpi30K — MeXi KO/IMBaHb) Ta CepeSHbOMICAYHOI TeMIepaTypu MOBITPs B
nuHi (2)

OO6roBoOpeHHs pe3yIbTaTiB JOCTiI)KeHb

Jns nepeBipKu y3TOJPKEHOCTI HallMX HAaTyPHUX PE3Y/IbTaTiB, OTPMMAHUX
Ha BEJIMKOMY PiBHMHHOMY BOJJOCXOBUIIL, i3 JAHUMU IHIINX JOCTIJHNUKIB 6yno
IIpOaHa/Ii30BaHO HMU3KY ITy6JIiKallill 110 BOZOCXOBMINAX CBITY, AKi 3HAXOAATHCA
Ha pi3HUX KOHTMHeHTax: EBporna, A3is, [liBuiuna Ta [TliBrenna Amepuka, Ad-
puka (tabim. 4).

I3 HaBe#eHNX y TaONNI|i YNCTEHHUX JITEPATyPHMUX AAHMX BUJHO, IO B
niamasoHi Temneparyp 15—23 °C ¢irommankToH ¢popMyBamy BOJOPOCTi pis-
HUX Bigainis: Bacillariophyta, Miozoa, Cryptophyta, Chlorophyta, Cyanobac-
teria. Y Toi1 e yac, KoM TeMIepaTypa Boau nepesuutysana 23 °C, [oMiHylo-
41M BifiiiioM nepesaxxHo Bucrynamu Cyanobacteria. [Tpy nboMy romiHyBaH-
HA IjiaHOo0aKTepill Ipy Mi/IBUIEHH] TeMIIepaTypy BOAM CIIOCTePiraaoch y pis-
HMX KJIIMaTMYHMX 30HaX — Bifi IOMipHOI 1O TPOIiYHOI.

OTxe, CTBEPIKYEMO, 1110 Pe3y/IbTAaT HAMINX NOCTi/IKEHb y3TOKYIOTbCS
3 TiTepaTypHMMM JaHUMU. Binryk iTOITaHKTOHY Be/IMKOTO piBHUHHOTO BO-
JNOCXOBUIIIA YKPAaIHM, PO3MillleHOTo Ha p. [IHiNpo, Ha K/IiMaTU4YHi 3MiHM € aHa-
JIOTIYHMM TaKOMY B iHIIMX BOJOCXOBMILAX CBIiTy i B OCHOBHOMY IIPOAB/IAETHCSA
B iHTeHCcnpikanii po3BUTKY IjiaHOOaKTepill Ta 3MeHIIeHH] YacTKY iHIINX Bifi-
TiTiB.

Ba>x/mmBo Takox, 110 MOAiOHI pe3ynbTaTy 6yI0 OTPMMAHO HAMU B IIOIIE-
penHix gocmifkeHHAX Ha KuiBcbkomy i KaniBcbkomy BogocxoBmmjax. Tax,
II0KA3aHo, IO /IiaTOMOBi BOAOPOCTi (PiTOIITAHKTOHY JOCATAIOTh MaKCUMaIb-
HOI 6ioMacy 3a TeMueparypu Bogy 61m3bko 22,0—23,0 °C, a nianobaxTepii —
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Temmnepatypa Bozau, °C

o Cyanobacteria O Bacillariophyta

Puc. 4. KopersiitHa 3a/1e)HiCTh MDK TeMITepaTyporo Bopu Ta 6iomacoro Cyanobacteria (r
=0,92; p = 0,009) i Bacillariophyta (r = -0,96; p = 0,002) y ¢iTonnankroni Kuiscpkoro Bo-
IOCXOBHIIA

>25 °C [8, 58, 62]. Ik mpukIazm, Ha pUCYHKY 4 HaBeIeHO 3a/IeXKHICTh OioMacu
niaHo6aKkTepill i AiaTOMOBUX BotopocTelt y pitomnankToni Kuiscbkoro Bogo-
CXOBUIIIA BiJl TeMIIEPATYpU BOJN.

AHajtorivHi 3a/1eXKHOCTI Bijj TemMIiepaTypu Bofy 6y/10 OTpMMaHO HaMMU /IS
iHIIOTO KOMITOHEHTY aBTOTPOQHOI TaHKN — ¢iToeniiToHy: MOSUTUBHY —
IS LliaHOOAKTepill i HeraTMBHY — IS AiaTOMOBMX BOJopocTeit [57].

3 orIAMy Ha 1ie, C/Tifi KOPOTKO y3ara/JbHUTH, SIKi caMe 0coO/IMBOCTi ITiaHo-
OakTepiit 3ab6e3nedyoTb IM KOHKYPEHTHY IlepeBary B yMOBaX MOTEIUIiHHA KITi-
MarTy.

1) OnTrMasnbHi TeMIepaTypu ig pO3BUTKY LjiaHOOAKTepill € BUIINMI,
HDX J714 BOJOPOCTEN iHIINX BifAiTiB.

2) B ymoBax nisuienoi remnepartypu sogu Cyanobacteria ycrminrso koH-
KypYIOTb 3 eyKapioTamu, TaKUMU fAK JIiaTOMOBI, 3e/ieHi, Kpunrodirosi Bomo-
pocri [35, 60].

3) IlepeBara B KOHKYpeHIlii 3a conA4YHy eHeprito. Kinituau Cyanobacteria
MICTATP 3HAYHi ra30Bi BaKyosIi, 3aBJsAKM AKUM Yy Hepion cTpatudikauii Bogo-
PpOCTi mifiHiMaIOTbCA HA MOBEPXHIO BOAM i YTBOPIOIOTH IIi/IbHI IUTIBKM «IiBi-
TiHHA». 1]i TIIBKM 3aTiHIOIOTDH iHIII BUAM BOJZOPOCTEN, SIKi MAalOTh HVDKYUI
piBeHb IJIABYYOCTi 32 PaXYHOK O1/IbIIOI MMTOMOI Bary K/IiTVH i 3HAXOZATHCA Y
ToBIi Boau [35].

4) Perynanis masyuocri. [loBegero [51], mo KpiM yTBOpeHHs ra3oBUX
BaKyosIelt, sKi 3a06e3I1eyyoTh IIaBy4icTh, IliaHOOAKTepil 37aTHI HAKOIMYIyBa-
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TV BYITIEBOAM Y AKOCTi Oamacty. Lle mo3BossA€ iM 3MilICHIOBATY BepTUKa/IbHI
Mirpanii y ToBIIi BOfy, EPiOAMYHO OTPUMYIOUy OiOreHHi efleMeHTH 3 I7In6-
LIMX TOPM3OHTIB i 3HOBY MiJHIMAIOYMCh Ha IOBEPXHIO BOJL.

5) IL1iBKM «1IBiTiHHA» MOXYTb JIOKQ/IbHO IiABUIYBATI TeMIIEPATYypPy BO-
iU 4yepe3 iHTeHCUBHE TOIIMHAHHA CBiTIa POTOCHMHTETNIHMMM Ta GOTO3aXIIC-
HUMM TlirMeHTamMu. Takuil HO3UTUBHMUII 3BOPOTHMIT 3B’ 30K JIa€ DOIaTKOBY
KOHKYPEHTHY IlepeBary 1iaHobakrepisam [51].

6) Benukuit Habip mofaTKOBMX POTO3aXMCHMX MIrMEHTIB (KapOTHHOIAY,
cuitoHeMiHn), 3aBaaku AkuM Cyanobacteria MaroTh KOHKYpEHTHY IlepeBary B
YMOBaX iHTeHCUMBHOI COHAYHOI papianii [51].

7) Ilpu mipBuIeHHi TeMIlepaTypu 3HVDKYETbCS B A3KICTb BOAM i, Bifi-
TIOBi/{HO, 3MEHIIY€ETHCS OIIip BOAM BepTUKA/IbHIN Mirpanii pitormankrony. e
ABUIE IIOJIETIIYE (bopMyBaHHﬂ IIIBOK «LBITIHHA» Ha IOBEPXHI BOAU Ta
cripusie WIBMAKIM BepTUKa/IbHIN Mirpaunii 1jiano6akrepiit. Y Toil >xe 4ac, npu
3MeHIIeHHi B I3KOCTi BOAM AiaTOMOBI i 3e/1eHi BOJOPOCTi 3 Oi/IbIIOI0 MUTOMOIO
Barolo MIBU/IIE OCIJAI0Th Ha THO. TaKuM 4MHOM, IjiaHOOaKTepil OTPUMYIOTH
Ile OJHY KOHKYPEHTHY IlepeBary repep iHummMu Bigainamu [16, 51].

8) Bigomo [51], 10 B yMOBax iHTEHCMBHOTO (POTOCHHTE3Y MO>Ke 3HIDKYBa-
TUCh JOCTYNHICTb BinbHOro CO,. IliaHOo6akTepii, AKi 3HaXOAATbCA HA IIO-
BepXHi BoaM, MOXyTb acuMimosaryu CO, 6e3nocepeqHbo 3 aTMOCchepn .

9) Cyanobacteria, 0co6/1mBo K0O/IOHia/IbHI BUAN, SIKi [JOMIHYIOTb ITPK «IIBi-
TinHi» Bogy (Microcystis aeruginosa (Kiitzing) Kiitzing, Dolichospermum flosa-
quae (Brébisson ex Bornet & Flahault) P. Wacklin, L. Hoffmann & J. Komadrek,
D. scheremetieviae (Elenkin) Wacklin, L. Hoffmann & Komarek, Aphanizome-
non flosaquae Ralfs ex Bornet & Flahault, Cuspidothrix issatschenkoi (Usachev)
P. Rajaniemi, Komdrek, R. Willame, P.Hrouzek, K. Kastovskd, L. Hoffmann &
K. Sivonen), MeHIIO0 MipOI0 BMIZAalOTbCS 300IUIAHKTOHOM, HiXXK BOJJOPOCTi
inmmx Bigginis [11, 17, 59].

BucnoBxu

Ha ocHoBi cyyacHMX HaTypHMX Ta PeTPOCIEKTUBHUX JAHMUX IIPOAHAIi30-
BaHO OaraTopiuHy AMHAMIKy QiTOIIAHKTOHY BE/IMKOTO PIBHUHHOTO BOJIOCXO-
BuIa Ykpainu — KaHiBCbKOTO BOJOCXOBUINIA — B YMOBaX I/TOOIbHUX KTiMa-
TUYHUX 3MiH. [TokasaHo, 1m0 cTpyKTypHO-(dYHKI[iOHa/NIbHA OpraHisanis ¢iTto-
IJTAHKTOHY YyT/IMBO Pearye Ha IiIBUIIEHHA TEMIIEPATYPH, a OTXKe, 3a LiINM
KOMIUIEKCOM ITOKa3HMKiB € iHpopMaTUBHMM 6i0/10TiYHNM iHAMKATOPOM 3MiH
KTiMaTy. Bifryk ¢itormaHKTOHY BOZOCX0OBMUINA Ha IT00A/IbHE TOTeTUIiHHA KIli-
MaTy BK/IIOYAE:

— CTaTUCTUYHO JOCTOBipHE MiJJBUILIEHHA 3aTa/IbHOI YMCETPHOCTI yIPYIIO-
BaHb;

— CTaTMCTUYHO JOCTOBipHe 30i/bIIeHHA abcomoTHOI 6iomacy Cyanobac-
teria;

— CTaTUCTUYHO KOCTOBipHe 36iMbIIeHHA BifcoTKoBOI yacTky Cyanobac-
teria y 3araipHiit 6iomaci yrpynoBaHb;

— 3MmeHIueHHs 6iomacu Bacillariophyta;
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— 3MiHy CTPYKTYpHOI OpraHisalii JOMiHy}0YOro KOMIIJIEKCY 3 IOJIifIO-
MminaHTHOI (pisHi Buam 3 Bippinis Bacillariophyta, Miozoa, Chlorophyta, Cya-
nobacteria) Ha MOHOJJOMiHaHTHY 3 IepeBakaHHsAM Cyanobacteria;

— 30i/1blIIeHHS YaCTKM APIOHOKTITUHHNX BUMIB.

Y ninomy, cepep mepepaxoBaHMX XapaKTepPUCTUK (iTOIUIAHKTOHY Hali-
OibLI perpe3eHTaTUBHUM iHMKATOPOM KIiIMaTUYHUX 3MiH BUSBU/IACH YaCT-
ka 6iomacu Cyanobacteria, 110 TaKOX MiATBePIKYETHCA JIITEPATYPHUMU JIa-
HMMMU TI0 IHIIMX BOJOCXOBUIAX CBITY Bifi IOMipHOI 0 TPOMIYHOI 30H.
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PHYTOPLANKTON STRUCTURAL AND FUNCTIONAL ORGANIZATION IN
A LARGE LOWLAND RESERVOIR UNDER CONDITIONS OF GLOBAL CLIMATE
CHANGE (CASE-STUDY OF KANIV WATER RESERVOIR)

The paper deals with the phytoplankton long-term dynamics in a large lowland reser-
voir under conditions of global climate change (case-study of Kaniv Water Reservoir,
Ukraine). Present-day field studies were carried out in summer seasons of two years, with
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different deviations of temperature conditions from the climatic norm. The findings obtai-
ned have been compared with the retrospective data of the last century. The phytoplankton
response to the global climate warming includes: raise in the community’s total cell count;
increase in the Cyanobacteria absolute biomass and their share in the community’s total bi-
omass; dropdown in the Bacillariophyta biomass; changes in the dominant complex struc-
ture; increase in the share of small-sized species. The percent share of Cyanobacteria bio-
mass appeared to be the most representative indicator of climate change, which is in line
with the data obtained by other researchers on different water reservoirs across the globe
from the temperate zone to tropics.

Keywords: phytoplankton, large lowland reservoirs, the Dnieper River, climate change,
temperature, blue-green algae, harmful algal blooms.
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YY>KOPITHI BUOV PUB TA IXHI ITIAPA3UTHU
p- 3ABVK: 3ATAJIbHA XAPAKTEPUCTUKA,
MAPKEPHI ITOKA3HVKHN, CXEMA MOHITOPUHIY!

' JocmifpkeHHss BMKOHAaHO 3a migTpuMkyu HanioHambHoro (GOHAY HayKOBMX

mocmimxenb Ykpainu — ITpoekr 2020.02/0171 «Po3pobxa HayKoBUX 3aca; KOMIUIEKCHOTO
MOHITOPVHIY Ta 3arpo3 HOIIVPEHHs iHBa3MBHMX BUAIB pub piuKOBOI Mepexero i me-
pexifHMMM BojamM YKpaiHu (Ha OCHOBi IapasuTapHMX, MOMY/ALIMHMX i FeHeTUYHMX
MapKepiB)».

Il mTyBauH 1 Kynokons 10.K., IOpunmuens B.I., Hlep6atiok M.M., Mapymax O.10.,
3aiuenko H.B., [Jymak B.C. UyxopigHi Buau pu6 Ta ixHi mapasutu p. 3ABIDK: 3arajbHa
XapaKTepUCTUKA, MaPKePHi ITOKAa3HIKIL, CXeMa MOHITOpuHTrY. ['iopobion. scypr. 2022. T. 58.
Ne 4. C. 28—47.
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Hocniosceno cxnad ixmiogpaynu p. 308w, sika Hapaxosye 24 sudu pub, 3 skux 17 € abo-
puceHHUMU, 084 — OUCAHUTTIHUMU BCENEHUAMU, N TMb — CAMOPO3CeNIeHUAMU-HEOTIMHe-
muxamu. Ananiz pubHozo HaceneHHs HA 00CTIONEHUX CIMAHYIAX NOKA3A6, W40 CaMopo3ce-
nenui (Babka gymnotrachelus, Proterorhinus semilunaris, Neogobius fluviatilis, Pungitius
platygaster, Gasterosteus aculeatus), 015 AKUX HATIMOBIPHIUUM WUTIAXOM PO3CeNeHHS € NPU-
pooHa miepauis 6i0 eupna piuku 00 ii 6epxie’s, 3AGNAIOMbCS Y CKAOI YePYNoBaAHHS TUULE 6
cepeoniii meuii. Jucmanyitini eécenenyi (Perccottus glenii, Carassius gibelio) cknadanu
HAUbinbULy Hacmky y eepxie’i p.306us, npome Oy1U 6Us6/IeH] NPAKMUUHO HA 6CIX 00C-
nioxncerux Oinsaukax. Y uynopionux éuois pub eusesnero 10 6udié napasumis pisHux cucme-
mamuunux epyn (ingysopii, mpemamoou, ckpeonanxu, Hemamoou). Ceped 00HOKMiMUH-
Hux napasumis nepesasxcanu ingysopii p. Trichodina, ceped 6azamoxnimunnux napasumie
— memauepxapii mpemamood, 0CMamouHUMU XasssimMu sSIKUx € puboioni nmaxu (Diplosto-
mum sp., Apatemon gracilis).

Ha ocrosi nposederux 0ocnioneHv 3anponoHo8aHo cxemy KOMNAEKCHO20 MOHIMOPUH-
2y uyHopioHux 8udie pub i3 3acmocy8aHHIM NONYNIAUIUHUX, NAPAZUMON0IYHUX MA 2ete-
MUYHUX NOKASHUKIB.

Kntouosi cnosa: uysopioni 6uou pub, HeonimHemuxu, OUCManyitini ecenerui, napa-
3UMU, MOHIMOPUH.

AKTyaJIbHICTb IOCTYIy y PO3poOlii Ta OHOBJIEHHI 3acaji KOMIIEKCHOTO
MOHITOPVHTIY IOIIVPEHHS iHBa3VIBHNUX BUJIiB puO I'PYHTY€ETHCS HA HOBUX Te€O-
PETMYHNUX i MPaKTWYHUX JOCATHEHHAX y BUBYEHHi 6iosorii Ta ekosorii op-
TaHi3MiB, 1110 MOMMPIOIOTHCA 3a MeXKi CBOIX IpupoAHMX apeaniB. CydacHi Hay-
KOBI TIOC/TI[PKEHHS NeMOHCTPYIOTh, 11O BIUIMB Yy>KOPiJHNX BB Ha MiCLIEBY
6ioTy 3paTeH Mpu3BOAUTY [0 1i CyTTEBOI Ki/bKicHOI Ta sAKicHOI TpaHcdop-
Mail. [Ina posyMiHHA yciel TOBHOTY PU3MKIB i 3arpo3 HEOCTATHHO MAaTH 3a-
rajipHy iH(popMaliio 11070 6i0/10rii Ta €KOJIOTil IEBHOTO BU/Y BCE/IEHIS, BaXK-
JIBE PO3YMiHHA IIOXO/>)KEHHA JIOTO IOy AL, CTYIIeHd IHTerpyBaHHA BULY B
€KOCHCTEMY, IO KOJIOHI3YEThCA, KOHKYPEHTHOI YCIIIIHOCTI B YMOBaX KOHK-
peTHUX 6i0TMYHMX yrpynoBaHb. OTHMUM 3 MOX/IMBMX HAINPAMIB y PO3BUTKY
CY4aCHUX MOHITOPMHTOBMX ITiZIXO/IiB CTOCOBHO IOLIMPEHHA BCENIEHI|iB-TiIpO-
OiOHTIB € KOMIUIEKCHE 3aCTOCYBAaHHS IOMY/IALIHUX, TapasUTOIOTiYHUX Ta
TeHeTUYHVX IIOKa3HMKIB Ha T/Ii BUSHAYEHHSA €KOJIOTiYHMX YMOB iCHYBaHHA I10-
Iy/ALil B JOHOPHUX PeTiOHaX.

[Tpu BuKMIami mMarepiamy My BUKOPUCTOBYEMO IOHATTS «JUCTAHIIIHIX
BCE/IeHIIiB» — BUJIB, IJO iCTOPMYHO MOXOJATDH 3 IHMIMX 300reorpadiyHux
peTioHiB, IPOHMKHEHHA AKMX Y BOJOVIMM Y KpaiHM 3yMOBJIEHE IIPAMUM BI/IN-
BOM Jis/IbHOCTI nmropyHM (y HALIMX JOCPKEHHAX Iie IpPefCTaBHUKN Haje-
KOCXiIHOTO NpPiCHOBOZHOTO (payHiCTMYHOTO KOMIUIEKCY POTaHb-TOTOBEIIKa
Ta Kapach CpibACTIIT), Ta «HEONIMHETVKIB» — TPYIN BUJiB-CaMOpPO3CeTIeH-
1iB, sIKa BK/II0YA€ BUY 3 IIMPOKOIO TOJIEPAHTHICTIO 10 3MiH COJTOHOCTI, KOTPiy
CBOIX Cy4acCHMX apearax BUABJIEHI AK Y IPICHOBOJHMUX, TaK i y MOPCbKIX/COTIO-
HYBaTOBOZHMX 6ioTonax Ykpainy ta €Espony [23]. Y HaIIMX ZOCTiIKeHHAX Iie
npencraBHuKy I[TonTo-Kacmificbkoro comoHyBaToBOgHOrO (ayHiCTUYHOTO
komIuiekcy (6wuku Babka gymnotrachelus, Proterorhinus semilunaris, Neogo-
bius fluviatilis, komouka Mana niBgeHHa — Pungitius platygaster Ta 60opeasb-
HO-aT/IAaHTUYHUI BUJ] — TPUTO/IKOBa Komouka Gasterosteus aculeatus).

Marti pivuku € BK/IMBUM €7IEeMEHTOM BOIO30ipHIX OACEITHIB, OCKI/IbKY He
yire GOpMYIOTb 3aTa/IbHUI CTiK, aie I MOXKyTb OyTy pedyriymamu pifgkicHux
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BUJIiB Ta OCepelKaMIy IOIIMPEHHA Yy>KOpifHUX B1AiB. OCTaHHE 0COOMNBO aK-
TyaJ/IbHe JI/I1 HEBEJIMKIX Ta y>Ke 3apery/IbOBaHNX PidOK, PeCypcH AKMX aKTUB-
HO BUKOPMCTOBYIOTbCA /ISl Pi3HMX TOCIIOJAPCHKIIX 11ifet (CTaBKY Ta BOJOCXO-
BUIIIA /I pUOHUIITBA, OCYIIeHi 6epery sIK MacoBUINA TOIIO) 1 y OMMHAX SKUX
po3TanIoBaHo 6arato HaceleHMx MyHKTIB [12, 13, 28].

[Tpuknasom came Takol piuKM MO>Ke CIyTYBaT 3[ABUK — IIpaBa IPUTOKA
Tetepesa moBxnHOW0 145 KM Ta mwromiero H6acertny 1775 km?* [9]. [JonmnHa Tpa-
nenienofibHa, 3aBIIMPIIKM 10 4 KM, 3aBI/IMOMIKY 1o 25 M. 3aIUiaBa y BepxiB’i
3abomoyeHa, mupuHa ii 7o 1 kM. Piunine momipHo 3BUBUCTE, 3aBIINPILIKHA 1O
20 M, 3aBrmmb1Ky (y Mexxenb) 1—2 m. I[Toxwn piuknm 0,59 m/km. JKuBneHHs
MinaHe. 3aMep3a€e HANPUKIHIL NMCTONANA, CKpecae O cepefyiHy OepesHs.
3[BIDK — BOZIONIPUIIMaY OCYIyBa/IbHO-3BOJIOXKYBa/IbHOI cucTteMu. [Ins pery-
JIIOBAHHA CTOKY CIIOPYA>KEHO Bojgocxosuia. Ha sHauHOMY NpoTA3i piuka Ka-
HajisoBaHa. B 1970-x piuka XapakTepusyBalach BeIMKNUM Pi3HOMAaHITTAM
IoHHOI ayHM Ta IepeBaKaHHSM B Hiil 0J1iro- ta [3-Mesocanpo6is, 1o cigunu-
JIO IIPO CIIPVAT/IMBUI CAaHITapHMIL CTaH PiuKy, BUSHAYEHMII B LII/IOMY SK [3-Me-
3ocanpobHmit [9].

Illomo pubHOro HacenmeHHA 3/BMKA, TO HAasABHI JiTepaTypHi AaHi mepe-
Ba)XHO ITOJJAIOTh 3araJibHMIT epertik Bu/iB ixriopaynn pia Terepesa, 6e3 me-
Tayisanii 1o itoro 6aceiiny [1, 2, 10].

Mertoro gaHoi pO6OTI/I 6y)10 TOCTIIUTY YY>KOPifgHI BUAM Y CKTafi pI/I6HOI‘O
HaceJIeHHA p. 37BVDK, CK/IaJ] IXHIX MapasUTapHUX YIPyNOBaHb, OLiHUTHU IIO-
TEHI[i/IHy HeOe3IeKy [/IA MOJATbIIOr0 IOMMPEHHA I[UX BUIB PIYKOBOIO Me-
peXKero, 3alIpOIIOHYBATH JiesAKi e7IEMEHTU CXeMU KOMIIZIEKCHOTO MOHITOPUHTY
9Y>KOPiIHUX BUJIB puo.

Marepianu i MeTOgMKA JOCTiHKEHb

Hocnimxenns 6ymu nposeneHi npotsarom 2021 p. Ha 10 fginsaakax obcre-
JKeHH (CTaHLisAX) Ha piukax 3Bk Ta [Touenms (tabm. 1, puc. 1). Takox mis
aHaJli3y BpaxoBaHi aHi BacHux 360pis y bopomsauuiy 2012 p., ki 6ynn yact-
KOBO OITyOIiKoBaHi y pobori o 6aceitny Terepesa [2]. Bpaxosyroun rigpo-
noriuHi 0co6/MBOCTI 3BIDKA SIK MasIol pidky, pubu Oyiu BIUIOB/IeH]I Ha MiIKO-
BOJJISIX 32 JIOIIOMOTOIO TIiJicaka Ha YKUBIA, HIiC/IsI YOO BCi abOpUTeHHI BUIM
Oynu BuUIyLIeHi ofpasy micia BUAoBol ifeHTudikanii Hasag go Boporm. Uy-
YKOPiZHI BUAM Oy HOCTaB/IeH] B )KMBOMY BUIIAAIL O TabOpaTopii /11 moza-
JIBIIOTO NAPa3UTONIOTIYHOTO aHai3y. Bcboro BusBieno 1703 ocobunm 24 Bu-
niB pu0, 3 Hux 111 0cobuH mecTy BUAIB 6y/10 ZOCTIIKEHO Ha HAsBHICTD Iapa-
sutiB. [lapasutonoriyanii po3TH 0y/10 BUKOHAHO 3a CTAaHAAPTHUMM METO/ V-
KaMU, BU3HAYEHH ITapa3nTiB — 3a BiIMOBiHMMI BU3HAaYHUKaMu [6—S8].

I meAKux Miclb JOCTIIPKEHb BM3HAY€HO OCHOBHI TiIpOXiMiYHi II0Ka3-
uukm: NH;, NO;, NO;,PO;", pH, GH, CH 3a gonomoroto Tect-ua6opy Vi-
socolor Eco 3 poromerpom nopratuBauM (Macherey-Nagel) ta remneparypy
BOJIN.

Bisyanizanis indopmauii o0 po3MipHO-MacOBMUX XapaKTepUCTUK BU-
6ipok pu6 3xiiicHeHa MeTOfaMM IOIIYKOBOI Ta omicoBoi craTuctuku (box and
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whisker, violin plots) i3 3acTocyBannam nakery nporpam PAST 4.03 (Paleonto-
logical Statistics Software system) [20].

PesynbTaTi joCuigKeHb

Ha pocmimpkennx minsaHkax (CTaHLifgx) p. 3ABMK BUABIEHO Bix 3 mo 16
BUAIiB pub, Bcboro 24 Byuam (tabs. 2). Haitvacrimle TpamisBcs poTaHb-TOJIO-
Bellka, Ha 10 3 11 craHWin, pApx BMUJIB BUABJIEHO NNIIE HA ONHINA 3 NiIAHOK,
IPUYOMY B IIOHM331 piuky (TOJIOBEHb €BPOMENChKIIL, OMCTPAHKA PYCbKa, Iid-
Kyp-6i101ep JHIIPOBCHKMIT, OMIOK-IYIMK 3aXifHWUIL).

Cepen BUAB/IEHNX Y HOCTIKEHH] BUAIIB puO yyiiie OfMH BUA, OMCTPsAHKA
PYCbKa, BHECEHO /10 TOTOYHOTO ByjaHHs «epBoHoi KHurn YKpainm» [11]. e
JoTupu BUAu € B nepeniky Pesomronii 6 Ocemmuinoi gupextusu bepHcbkoi
KOHBeHIIil (Tipyak eBpoImeicbkuii, MiuKyp-0inonep JHIIPOBCHKMIT, IUIaBKa
3BMYaliHA, BIOH 3BUYAiiHUI). 36epexeHHs y 3ABIKI BOX i3 HMX, ripyaka
€BPOIIEVICHKOIO Ta INMIIABKM 3BMYANHOI, HE BUK/IMKAE CyMHIBiB, OCKI/IbKI
BOHI 3YCTPiYalOTbCA YacTO i Ha JEAKMX [IAHKAX € MacoBuMU. [HII Buam
TPAIIIA/INACH €Mi30/INYHO, TOMY IXHi IIEpCIIEKTUBY iCHYBaHHA y P. 3ABIIK € IIif,
3arpos30I0.

Jna MOBHOTY aHa/i3y NMPOBIIHMX YMHHMKIB, AKi BIVIMBAKTDh HA YCIIilI-
HiCTb NOLIVMPeHH Ta HaTypasisanii pub — AVCTaHLIHIX BCETIEHIiB Ta CaMo-
PO3Ce/IeHIIiB-HeOlIMHETUKIB, MU CITPOOYBa/IV JATH OIUC AeAKNX BOKIVMBIX, 3
HAIIOI TOYKM 30Dy, ab10TMYIHMX Ta GIOTUIHMX TApaMeTPiB HOCII/KEHNX KOM-
IOHEHTIB eKocyucTeMy p. 3ABIDK. ['eorpadiuHe posTallyBaHHA CTAHIN, AKi
OyI10 fOCTIiKeHO, HaBefeHO y Tabmui 1.

Heski gisuuni xapakmepucmuxu: 1) yci JiIAHKY JOCTKeHHA a60 po3Ta-
IIOBaHi HA OCHOBHOMY pyciii p. 3ABIX, 260 MalOTh 3 HUM Oe3IIocepeHE CIIO-

Tabnuuys 1
T'eorpadiuHe posTalmryBaHHS FOCTIIKEHNX CTAaHIIIN Ha p. 3ABIDK
Cranuii npota HosroTa piBB:eCl\(;Tl\jo};?, M
1. c. 3gBIDKKa 50.235761 29.340934 176
2. cmt. bpycnnis 50.284048 29.516809 163
3. c. Poxis 50.384242 29.657662 151
4. c. CutHAKN 50.420462 29.728560 149
5. c. ®aciBouka 50.437094 29.767472 147
6. c. JlosoBuK 50.518340 29.857777 135
7. c. Jlo3oBuK, p. [loyennu 50.514549 29.844660 137
8. cMT. bopopsaHka 50.622886 29.910157 131
9. c. 3pBUKiBKa 50.677678 30.015845 127
10. c. ®eneBnyi 50.824332 30.100008 119
11. c. BaxiBka 50.937514 30.081976 111
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Puc. 1. JocmipxeHi cTaHIii Ha p. 31BIK

JIy4eHHs; 2) Ha O1IbIIOCTI CTaHIill ciocTepiraeTbes cupsiMoBaHa Tevis (0,05—
0,1 M/c); 3) Ha BCbOMY NPOTA3i pyc/a piukM CIOCTepiraeTbcs 3HaAYHE 3apoc-
TaHHS BUIIVIMYM BOJHVIMM POCIMHAMM; 4) IepeBaXaloYMM TUIIOM JIOHHUX
I'PYHTIB € YOpHi HaMy!IM Ta 3amy/eHuit micok (50—70 %); 5) Temmeparypa
BOJY Y MOBepxHeBoMy Iapi (21.10.2021, 31.10.2021) ckmagana 7,5—38,9 °C; 6)
nposopictb — 0,3—0,5 M (3a fuckom Cekki).

Hesxi ximiuni xapakmepucmuxu: NH;, — 0,1—0,3 mr/gm*; NO, — 0,02—

0,08 mr/mm’*; NO; — 1,00—4,00 mr/am* PO;” — 0,60—1,90 mr/mm’; pH —
6,95—7,09; GH — 2,32—3,92 mmonbs/gm?; CH 2,32—4,62 MMOIb/ >,

XimivyHi TOKa3HUKM JOCTIPKEHNX AITHOK Oy/In B MeXKax YMOBHOI HOpMI
IS TAKOTO TUITY Pi4OK [9] Ta BifIIOBiZal0Th TaKmM, 110 3arajioM 31aTHi 3abes-
TIeYNTY iCHyBaHHA 6i0/10Ti9HMX cKTagoBuX. Bmict ionis PO, 6yB HaiiBuium
y paitoni cmt. Bpycunis (1,5 mr/am’) ta c. Baxika (1,9 mr/am’), Ha iHIOIMX
CTaHISX Iieil MOKa3HUK He3HavyHO BapioBas Bix 0,6 ;o 1,1 mr/pv’. [Hi mo-
KasHVIKY Oy/IM OfHOPiZHIIIMMM JIA BCbOTO 3BYDKA i KOMMBA/IICh HE3HAYHO.

Cmpyxkmypa pubHozo HaceneHHs 6 acnekmi uyxopioHocmi. 3ajyis BCTa-
HOBJIEHHA POJIi Yy>KOPifHMX BB B YTPYIOBaHHAX P16 BU3HAYEHO IXHIO Ya-
CTKY B 3ara/IbHill 9MCeIbHOCTI BUOIPOK 3 JOC/TI>KEHNX CTaHIIiil, BCTAHOBJICHO
HeAKi MOMyNMALiNHI XapaKTepUCTUKU [JIA MOJENbHUX BUMIB cepep Huc-
TAHLIHMX BCEJIEHLiB (POTaHb-TO/MOBEIIKA) Ta CAaMOPO3Ce/IeHIiB (KOM0UKa
MMiBJeHHa).

YacTka 4y>KOpigHUX pub y 3arajbHill 4nceIbHOCTI cKlana 61msbko 10 %
(HeoniMHeTHKM — 6 %, DMCTaHLiHI BceneHni — 4 %) (puc. 2).

Amnanis pubHOTO HaceleHHs Ha JOCTIIPKEHUX [iITHKAX [TOKa3as, II0 ca-
Mopo3ceneHLi-HeoniMHeTVKY (Babka gymnotrachelus, Proterorhinus semilu-
naris, Neogobius fluviatilis, Pungitius platygaster, Gasterosteus aculeatus), ps
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Yyncopioni eudu pub ma ixui napazumu p. 306uxc

AKUX HaMiMOBIpHIIIMM ILJIAXOM
pO3CeNleHHA € IPUPOIHA Mirpanisa 4%
Bif rupmna piukm mo ii BepxiB’s,
3’SIBJIAIOTBCA Y CK/IAJIi yTPYIIOBaH-
Hs JIM1Ie B CepenHiit Teuii (cT. 5 —
daciBouka), Ha CTAHLIAX Y HIXK-
Hili Te4il pidyKM IXHA YacTKa Ta BU-
IoBe 6araTcTBO 3pOCTAIOTh (pIC.
3).

Hucranmniiiai Bcenenui (Perc-
cottus glenii, Carassius gibelio, ne-
peBa)kaB POTAHb-TOTOBEIIKA)
CK/Iafla/iy HalbinbIIy 4acTKy y
BepxiB’i p.3BMX, IpoTe Oy/IM BU-
HF)‘IeHi NpaKTIIHO Ha BCiX foc- 90 %
MiPKeHUX [iNAHKAX, 10 He Jo-
3BOJISI€ BCTAHOBUTY IPUPOIHMIA
M IITYYHMI IUIAX TIPOHMKHEHHSA
i mommMpeHHsA, NpoTe CBIAYUTH
PO BU3HAYaJbHY POJIb CHPUAT-

JIUBUX CEPENOBUIIHUX YMOB Y BU- O =1 mIx
ABJIEHUX BUIIA/IKaX TOMiHyBaHHA.

TakuM 9MHOM, BUAB/IEH] y Puc. 2. CtpykTypa 3arajpHOI BUOIpKY, IO xa-
. paxrepusye pubHe HaceneHHA p. 3aBIK. TyT i Ha
CK/Majii pUOHOIO HaCemeHHs puc. 3: I — abopurenn; II — neomimuernxy; 111
P. 3ABIDK YY>KODifHI BUAM MAXOTh — nycranuiiini BeemeHm
IIeBHi 0COOIMBOCTI pO3NOAINTy 3a-
JIEXKHO BiJj pO3TallyBaHHA IOC-
TimKeHuX AisiHoK. CaMoposcerneHIyi (KOMo4Ky, 61ukn) 6y nomupeHi B Ho-
HU331 a00 B cepeHilt Teuil piukn. [JucTaHIiliHI BCeleHIl, sIKi € iHBa3MBHUMMU
qy>KOPiHUMY BUaMu (pOTaHb-TOMOBENIKA i Kapach CpibsAcTmit), mommpeni
AK Y BEPXHill Tedil, Tak i B HYDKHIN. POTaHb-To/I0BEIIKA IMPOKO MMOMIVPEHMIA
10 BCbOMY 6aceliHy, 4acoM € JIOMiHAHTOM Ha OKpeMux AisHkax. Lle saramom
XapAKTEPHO [/ iCTOTHO IOPYIIEHNX JIIO/ICHKOIO HiANIbHICTIO BOJHNUX €KOCH-
creM. [TopibHi ABUIA TAKOX CIOCTEPIralThbcs I iHIIMX PivoK, 30Kpema i
ms 6aceiiny p. Terepes 3aramom [2], pns p. Tpy6ix Tormmo [21].

Posmipro-macosi xapaxmepucmuxu. BaXIMBIUM €IeMEHTOM aHajIi3y I10-
TeHIlia/Ty IIEBHOTO BUY 1O BiITBOPEHHA Ta PO3CE/IEHH:A € BCTAHOBJ/IEHHA Map-
KEPHIX PO3MipHO-MAaCOBMX XapaKTePUCTUK J10T0 nomnynAnii. Hyokye HaBene-
HO JIesIKi XapaKTepUCTVKIY /IS OYJIALIN AUCTAaHIITHNX BeeneHuis (Perccot-
tus glenii) Ta camoposcenenuis (Pungitius platygaster, Gasterosteus aculeatus)
(Tabdm. 3).

3 MeTol0 Bisyasisanii iHpopmalii mpo po3MipHO-MacoBi XapaKTepUCTUKA
6yno mobymoBaHO Jfiarpamy, fAKi XapaKTepu3ylTb OCOOIMBOCTI pO3HOTITY
YJICIOBUX 3HAYEHD NOCTIKEHNX ITapaMeTpPiB Ta YMOXK/IMB/IIOIOTD IXHIO aJjeK-
BaTHY iHTepnpeTanio. Tak, BUcoKa MiHIMBICTh PO3MipHO-MAaCOBUX XapaKTe-
PUCTUK POTAaHA-TONMOBEMKN (puc. 4), Ipo AKy CBifYaTb 3HAYHI BeIMYMHU
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Puc. 3. BigHocHa mpepcTaBeHiCTh PisHMX Ipynm pub y CKaami puOHOTO HaceneHHs
p- 3mBIOK (Ha3BYM CTAHIIN ZOCTIKEHH BiIOBIRAIOTH Ta6I. 1)

CTaHJAPTHOTO BifxmieHHsA (fuB. TaO/l. 3), NOACHIOIOTbCA iCHYBaHHAM Y BHU-
6ipui 7BOX pO3MipHO-MacoBMX (BiKOBUX) I'PYIL, 3 MeJiaHOIO, sIKa 3MilljeHa J10
Iiala3oHiB MEHIINX BEIVYNH.

Jns momynAuii Manoi KOMIYKM IiBIEHHOI pO3IIOfiI PO3MiPHO-MacOBUX
XapaKTepUCTHK € OIVDKYNM 10 HOpMaIbHOTO, MeJjiaHJ 3HaUeHb CIiBIIA/Jal0Th
3 MaKCMMaJIbHMMM YaCTOTaMM BUIAAKIB (puc. 5).

Cmamesa cmpykmypa. Y KONIOYOK y CTaTeBill CTPYKTYpi IepeBakanu
caMkn (52—66 %), y poTaHsA-ToMoBelKy — cami (66 %) (puc. 6).

Hapasumonoeiuna xapakmepucmuxa. Buasireno 10 BuAiB mapasuris
pisHux cucremarnyHyx rpyn (indysopii, TpemMaTony, CKpeOITHKY, HeMaTOMM)
(tabn. 4). ITonpu 6igHMIT BULOBUII CKITaJ] TAPAa3UTOLIEHO31B, TOIIPEHHS Hesi-

Tabnuuys 3

PosmipHO-MacoBi xapakTepucTUKN BUGIpKM NOMY/IALIT AesAKIX BUAIB pub 3a
NeBHUMU IapaMeTrpamu (p. 30BIDK, 2021 p.)

CranpapTHa Maca 6e3 Maca M
o . aca roHa-
Bunn moBxuHa | Maca (m, r) | BHYTpIIlHIX Op- | Ie4iHKM u (mg, 7)
(SL, mm) ranis (mb, r) (mh, 1) a &

Pungitius 3739£797 | 0,48%0,11 0,40£0,09 0,01+0,01 _
platygaster | 24,03—5331 | 0,26—0,63 0,23-0,53 0,004-0,03

Gasterosteus | 44841523 | 173+0,69 121£0,42 0,10£0,08 | 023£0,20
aculeatus 36,81-56,68 | 091-3,61 0,72-2,28 0,01-0,38 0,01-0,87
Perccottus 4725+2229 | 4,52+492 3,61+4,20 0,34+0,35 0,13£0,18
glenii 20,52-86,00 | 0,18-14,33 0,13-1295 0,01-117 0,01-0,51
[MIpumitka. Y unceTbHUKY — cepefjHi 3HaUeHH: Ta CTaH/IaPTHE BiXI/IE€HH, y 3HAMEH-
HUKY — Jialla30H BapiloBaHHsA Bii min 10 max; «—» — He BUMipIOBaJIu.
36 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2022. 58(4)
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0 2 4 6 8 10 12 14 16 18
a 6

Puc. 4. XapaxTepucruka Bubipku pora-
H:-TOJIOBEIIKM 3 P. 3IBJX 3a: @ — CTaH-
IZapTHOM TOBXNHOW (SL, mm); 6 — ma-

e e e T COI0 Ta Macolo 0e3 BHYTPIIIHIX OpraHis
0,00 0,15 0,30 0,45 0,60 0,75 0,90 1,05 1,20 (m, mb, T); 6 — Maco MeYiHK Ta TOHa-

8 mu (mh, mg, 1)

KUX BUAIB MapasuTiB y MOMy/IALIAX Xa3siB Oyl10 3HAYHMM 1 eKCTeHCUBHICTb
inBasii gominyrounx Bupis carana 40—60 %. Cepeq OGHOKIITMHHIX TAPa3UTiB
nepeBaxanu ingysopii p. Trichodina, sixi, ofHak, 6y BUABIIEH] MlIe Y fesi-
KUX BUJIiB Heo/miMHeTHKiB (Pungitius platygaster) Ta IUCTaHLITHNX BCeICHIIIB
(Perccottus glenii). Cepepn, 6araTOKIITMHHYX [TApAa3NTiB ITepeBakamy MeTalep-
Kapii TpeMaTo/i, OCTATOUHMMM Xa3ssAMU AKUX € puboinHi nraxu (Diplostomum
sp., Apatemon gracilis). Yci BuAB/eHi BUay mapasuTiB MO>KHa BBaXKaTy I'eHe-
palicTamy, TOOTO 3 iHIINX JIiTepaTypHMX JKepel BOHM BiloMi IS pisHMX
BUJiB pn6-xasAiB, OfHAK B YMOBAaX JOCTIPKEHMX AUISTHOK P. 3ABIMK CIIOC-
Tepiranach IeBHa CIeljiamizaliss — fesKi BUAM [apasuTiB Oynu BUsBIIEHI
NMIIe y NeBHUX BUZIB Xa3siB. Tak, Biltuacti Halinpocriui Apiosoma gasterostei,
Trichodina tenuidens, T. gasterostei 6ynu BUABIIEHI JINIe Y KOMIOYKY MiB/IeH-
HOI, X04Ya MepUIOONNCH IMX BUAIB i 6araToumcenbHi peectpalii Bijomi s
TPUTO/IKOBOI KOIIOYKY Ta iHmux BupiB (mns Trichodina tenuidens) [6].
Ckpebnsaaku Acanthocephalus lucii 6yny BUABIIeHI MNIe B KUMIEYHUKY
TPUTOJIKOBOI KOJIIOYKY, ajieé 31 3HAaYHOKI0 €KCTEHCUBHICTIO Ta iHTEHCHUBHICIO
inBasii. /Inire y poTaHA-rooBenKky 010 BUABICHO TNYNHOK HeMATO Spiro-

ISSN 0375-8990. I'igpobionoriunmii sxypHait. 2022. 58(4) 37



Kyuoxonv FO.K., Opuwuneup B.1., Illepbamiox M.M. ma in.

SL
20 25 30 35 40 45 50 55 60
a
mh

0,000 0,005 0,010 0,015 0,020 0,025

8

70

(mh, 1)

T T T T T T

0,20 0,25 0,30 0,35 0,40 0,45 0,50 0,55 0,60 0,65

6

Puc. 5. Xapaxrepucruka BUOIpKM KO-
JIFOYKM MAIoi MiBJIeHHO] 3 p. 3[BIDK 3a:
— CTaH[JapTHOI JOBXMHOK (SL, mm); 6
— MAcoI0 Ta Maco 6e3 BHYTPILIHIX Op-
ragis (m, mb, r); 8 — Macow0 IeYiHKK
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Puc. 6. CrateBa CTPyKTYypa [IeAKNX IyXKOPifHNX BufiB pub y p. 3gsmwk: F — camxi; M —

camiii
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Xys contortus, sIKi y JOPOCTIOMY CTaHi Tapa3uTyTh y 60/10TAHNUX Yepemnax. He-
IIO/IaBHi 3HAXI/IKM IJbOT0 ITapasnTa y CK/Ia/li IapasuTapHUX YIPYIIOBaHb pOTa-
HA-TOJIOBEIIKY BifIMi4€HO y BOJOVIMaX YKpaiHM Ta iHIINX €BPOINEIChKUX pe-
rionax [22, 24, 25].

MosxHa 3poOUTI BUCHOBOK, 110 BCi BYSIB/IEHI BU/IM 6araTOKIITMHHYX ITa-
pasuTiB HabyTi Yy>KOpigHUMY BUAaMu puo, ki Oy JocsipkeHi y HOBUX KO-
JIOHI30BaHUX eKocucreMax. lIlo[0 OGHOKIITMHHUX ITapa3uTiB, TO JleAKi 3 BU-
7iB, sIKi He BUsB/IEH] Ha iHIINMX, HaBiTh CHOPifHEHNX BUAax pub-xassis (Apio-
soma gasterostei, T. gasterostei), IMOBipHO, MO>KyTb HOLIMPIOBATUCS IOITY-
A€o BUAY, B AKiit BifOynach 110oro peecTparis.

Ha npuknapi fBoxX npeacTaBHUKIB 4y>KOpigHOI i p. 3ABIXK ixTiodayHu
— KOJIIOYKY IiBeHHOI Pungitius platygaster (camopo3cesieH1li) Ta pOTaHA-TO-
yoBewmiku Perccottus glem'i (mmMcTaHUiHI BCelen1|i) — HaMyM BUKOHAHO cnpo6y
KOMIUIEKCHOTO aHa/li3y 3 BUKOPMCTaHHAM IIapa3UTOIOTiYHMX Ta MOIY/IALIN-
HIUX MapKepiB 3a/i/id BCTAHOB/IEHHs CTYIIE€HSA iHTETPOBAHOCTI YY>KOPiJHOTO
BUJLy B HAOYTUX eKOCHCTeMaX, IOTeHIliaTy 1O HOLIMPEeHHs Ta poJIi B 61011eHO3i.

Tabnuuys 4
Busasneni Bugu napasuris
Bunn xa3sis (n) Bupu nmapasuris P, % MI+sd IR A

Gasterosteus acu- | Acanthocephalus lucii 63,4 2,69+2,00 1—7 1,71
leatus (43)
Pungitius plathy- | Apiosoma gasterostei 5,9 2,0 2 0,10
gaster (17)

Trichodina sp. (Tricho- | 11,8 52,0+£68,0 4—100 6,12

dina tenuidens, T. gas-

terostei)
Babka gymno- Acanthocephala larv. 20,0 1,0 1 0,20
trachelus (5)

Apatemon gracilis mtc | 20,0 2,0 2 0,40

Proterorhinus se- | Diplostomum sp. mtc 11,1 2,50+2,12 1—4 0,28
milunaris (19)

Apatemon gracilis mtc 61,1 4,27+4,07 1—15 2,61

Neogobius fluvia- | Diplostomum sp. mtc 20,0 4,0 4 0,40
tilis (9)

Apatemon gracilis mtc | 40,0 6,75+4,11 1—12 2,70

Perccottus glenii | Trichodina sp. (Tricho- | 44,4 | 31,25%£20,31 | 10—50 13,89
(18) dina nigra, T. interme-
dia)

Spiroxys contortus larv. | 16,7 1,33+0,58 1—2 0,22

I[TpumiTKa. n— KinbKicTb 06CcTeXXEHNX 0COOMH; P — eKcTeHCUBHICTb 3apaxkeHHA (%);
MI — cepenHs iHTEHCUBHICTD 3apakeHHA (ek3/0c06.); IR — mialta3oH Be/IMYNH iHTeHCUB-
HOCTi 3apakeHHs (ek3/0c00.); A — iHmeKc psicHOCTi (eK3/0¢06.).
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Konwuxa nisdernna. Bup 3apeecTpoBaHO Ha IBOX CTAHISIX Cepe{HbOI Tedil
p. 3ABIOK. By ycminiHO MoOIMPIOEThCA PiYKOBOIO MEPEXKEK, pO3MipHO-Ma-
COBIi XapaKTePUCTUKM Ta CTPYKTYPa MOMY/IALil BifIIOBiJa€ YMOBHOMY ONITUMY-
My [4, 5]. BusBneni nuine ogHokmiTMHHI mapasutu (iHgysopil), Aki xapak-
TepHi [ [BOX BUMIB KOJIOYOK, IPOTE y JOCHIIKEHUX TOYKaX P. SABIK
3apeECTpOBAHO JIMIIE I KOMIOYKM MiBJeHHOI. IMOBipHO, 10 1ii apasuTy,
ocobmuBo Apiosoma gasterostei Ta Trichodina gasterostei, crierydiuHi s xo-
JII0YOK, MOXKYTb BUCTYIIaTV MapKepaMy IOIINMPEHHA IIbOTO BUAY PiYKOBOIO
Mepexero baceriHiB piuok Terepes ta 3xBrok. L1i X BuaM OMHOKIITUHHNUX T1a-
pasuTiB Bif3Ha4yeHi HaMy I iHIIMX HAaOyTUX NPICHOBOZHUX €KOCUCTEM
(cTpymok y c. Xopopis, 6aceitn [IHinpa) Ta HatuBHOTO perioHy (menbra Jly-
Hao) (Kynoxons, IOpummHenp, nepcoHanpHe NMoBifoMIeHH:A). BincyTHicTh
6araTOKITMHHMX ITapa3nTiB CBITYMTD IIPO HE3HAUHY iHTETPOBAHICTD Y rifipo-
6io11eHO3 Ta MO>Ke OYTH IIPOSIBOM SIBUIIA «3BiIIbHEHH Bijj Mapa3nuTiB» y HOBUX
MiClleMEIIKaHHAX, [0 CIIPUAE Y KOHKYPEHTHIN 1 KOIOHi3al[iifHill YCIiIHOCTI
MOMY/IALil. 3aTHICTD 4O IOJA/IbIIO] €KCIIAHCIl MOYKHA OLIHUTH AK BUCOKY.

Pomanv-20n06ewika. Haitbinpun nmommpenuit Buj pub y HalIMX TOCTif-
JKEeHHAX — BuABIEeHO Ha 10 3 11 craHniin Ha BCiMl BOCHIKyBaHill HiTAHII
piukn. Yci BusAB/IeHi Buay mapasuTiB MOXKHA BBOXXATU HAOYTUMU — BilldacTi
Haitnpocriut Trichodina nigra ta T. intermedia € momypeHNMM eKTOIApa3n-
TaMy NPiCHOBOAHMX pub, a HeMaTofa Spiroxys contortus MapasuTye y Micie-
BUX OOJIOTSHNX Yepernax. Buj yCIilIHO MOLIMPIOETHCS PiYKOBOIO MEPEXEIO,
PO3MipHO-MacCOBi XapaKTEPUCTUKU Ta CTPYKTypa IOMYJIALII CBifYaTh IIPO Ha-
ABHICTDb JIEKiIIBKOX PO3MipHO-BIKOBUX TPYI Ta yCIIilIHE BifTBOpeHHA. Bif-
CyTHICTb crienidHMX [ POTaHA NapasuUTiB, AKUX MOXHa Oy10 6 BUKOpU-
CTaTy SIK MapKepHi (HalpuKiIaz, BitoMoi 3 iHIIMX BooiM YKpaiHy MOHOTeHel
Gyrodactylus perccotti) He T03BOJIA€ BCTAHOBUTY IIIAXV IIPOHNMKHEHHSA POTa-
HA'y 6aceitH p. 30BIDK (po3cesieHHA 4y 3aHeceHH:A). Husbke BujjoBe 6araTcTBo
MIapasUTUYHOIO YITPYIIOBaHHA POTAHA CBIYUTD IIPO HE3HAYHY iHTETPOBaHICTh
y rigpo6ioljeHo3 Ta IPOsIB ABMIIA «3BITbHEHHS BiJ| TapasuTiB» y HOBUX MicIie-
MeIlIKaHHAX. 30aTHICTD 10 MOAAIbUIOL eKCIIaHC il MOXKHA OL[iHUTH K BUCOKY.

[TocnioBHe Ta pi3HOOIYHE €KONTOTO-MIAPA3UTOIOTIYHE HOCTIIKEHHS 0-
/LALLM 9y>KOPiHUX BU/IB pub Ha Pi3HMX AUIAHKAX p. 3ABIDK JO3BOJIMIO 3a-
IIPOIIOHYBATM CXeMY KOMIUIEKCHOTO MOHITOPVHIY pu0-BCe/leHIIiB i3 3acTocy-
BaHHAM IONY/IALIHNX, Tapa3UTOIOTiYHNX Ta TeHeTYHNX NTOKa3HUKIB (puc.
7).

Ha mamy pmymKy, KOMIIEKCHUI IIJXifl IOIATAE Y piSHO6i‘~IHOMy o€ -
HaHHI CYYaCHUX eKOJIOTIYHMX Ta 610/IOTIYHMX IHAMKALIHMX [TapaMeTpiB i mo-
BUHEH MIiCTUTI HACTYIIHI 67I0KN:

I. BcraHOBNIEHHA a0iOTMYHMX Ta 610TMYHIX TOKA3HUKIB MOHITOPVHIOBUX
CTaHIIil 3aJ/I1 BM3HAYeHHA YMOB IIOIIVPEHHA Ta iCHyBaHHA pu6 Ta IXHIX mma-
pasuris.

Y paMkax 1jporo 610Ky CTTiji HaBeCT! TOYHe reorpadivyHe po3TanryBaHHs;
CTaHIil, Ha SKiV JOCIIPKyBanu 9y>KOPigHMUX p1b i3 BCTAHOB/IEHHSAM TOYHUX
KOOpAMHAT Ta BUCOTY HaJi piBHeM Mopsi. BapTo HaBecTy BcTaHOBIIeHi (i3nyHi
XapaKTePUCTUKM, SIKi BXXIVMBI /1 iCHyBaHHs Ta rouypeHHs pu6. He Buuep-
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ITONIbOBI JOCIIKEHHA

Bio6ip ixmionoziunozo mamepiany |

BcTanoBIeHHA BUOBOTO CKIALy BcranosnenH: ¢isyko-XiMidHMX Ta
Ta YMCEbHOCTI 0iOTMYHMX YMOB iCHYBaHHS BCe/IEHIIiB
| Tpaucroprysanus pub go maboparopii ‘
JTABOPATOPHI TOCTIKEHHA
‘ IxTionoriuni ‘ ’ ITapasuronoriuni ‘ ’ TeneTunyni
=
AHATITUYHI JOCTIIXEHHA
Pesynvomam:
M
ExocucremHa ponb B6ynoBanicTs B | CropinHeHicTb
6ioLeH03
KonkypenTna
yCHilIHiCTh GIS — mporHocTUyHi
MOJI€TIOBaHHSA

Puc. 7. Bok-cxeMa KOMIUIEKCHOTO MOHITOPMHTIY 4y)KOPITHUX BUJiB p16

IIHVII Nepeslik IUX XapaKTePUCTVK HACTYIHMIL: 1) BOZHMIT 00’ €KT, B AKOMY
pO3TalloBaHa CTAHIif, Ma€ CIIOIyYeHH 3 iHIIMMY BOTHUM 00’ eKTamMu abo Hi;
2) xapakTep CIIONTy4eHHs (IiIAHKA piuky, KaHaI MDK 03epaMi, IigpoTexHiuHi
npucTpoi Ta iH.); 3) BOJHE cepemoBuILe Ha AiIAHI JOCTIIPKEeHHS IPOTOYHe (€
CIIpsIMOBAHA Teyisl), HEIPOTOYHe; 4) CTaHI[iA 3apOC/a BUILOI BOJHOIO POC-
JIMHHICTIO, YMCTOBOAMSA; 5) XapaKTep NOHHMX BifJKIafiB, CTyNiHb 3aMy/IeHHA
I'PYHTIB; 6) TeMIIepaTypa; 7) IpO30pPicTh.

Cepen XiMiYHUX XapaKT€PUCTUK, AKi € BUSHAYAIbHUMMU 1A XKUTTENiANb-
HOCTi pu6, BapTO BiA3HAYMTY BMICT KICHIO, 3arajbHy MiHepamisalito (co-
JIOHICTB), BMIiCT 6i0reHHIX e/leMeHTiB (3ara/JbHNII BMICT CIIOTyK HeOpraHiuHO-
ro a3oty, pocdop pocdaris).

OtpuMaHi B pesynbTaTi OCTIKEHHA CTPYKTYpH iXTiOII€HO3iB Ta OKpe-
MMX HOMNY/IALi pub faHi CIyryioTh 11 GOpMyBaHHSA APYTOro MOHITOPUHIO-
Boro 67oky — II. BcraHOB/IeHHA posti 4y)XOpigHUX BUAIB pub y CTPyKTypi
6io1jeH03Y, MapKepHi XapaKTepUCTHUKI IIOMYJIALIi pub-BCeIeHIiB.

Cepen MapKepHIX IIOKa3HUKIB, AKi XapaKTepU3yIOTb Iieil /10K, HaM 3Ja10-
TbCSI BX/IVMBYMIMY HACTYIHI: 1) 4acTKa BCE/IEHIIIB Y 3arajbHill 4MCeNTbHOCTI
BifjibpaHoro 3paska; 2) BUEOBMII CKIafl Yy>KOpifHUX pub (JacTKa JAVICTaH-
LifHNMX BCeJIeHIIiB Ta HEOMIMHETHKIB); 3) pO3MipHO-MacOBi XapaKTepUCTUKA
BUOIpKM MOMNy/IAL] IIeBHOTO BUAY 3a IIEBHUMM Iapamerpamu (cepenHi 3Ha-
YeHHs, CTaHAapTHe BiIXWIeHH:, min, max, box and whisker plot), 3oxkpema —-
craHjaptHa foBxuHa (SL); maca (m); Maca 6e3 BHyTpilHix opranis (mb); maca
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neqinku (mh); Maca ronap (mg); Maca MO3Ky (mbr); 4) XapaKTepuCTIKa IeBHOI
IIOITY/IALI 3a CTATTIO Ta BiKOM.

Tpertiit MapkepHUit 610K CK1afaTh napasuronoridni mokasumku (II1.
[TapasurosoriuHa XapaKTepyCTUKa MOMy/IALil pubu-BceneHs), sKi onmucy-
I0Tb CTPYKTYPY iXTiONapasuTOleHO3y B acIleKTi roCTalbHOI crenndivyHoCTi,
AKICHUX Ta KiIIbKICHUX XapPaKTE€PUCTUK IIOIVPEHHA PiSHNUX IPYII Ta BU/IB I1a-
pasutis: 1) CTPyKTypa napasuToleHO3y (BUETOBUI CKIIAJ], IIOKA3HUKI 3apake-
HocTi (EI, II, psAcHICTB), [JOMiHAHTM, MapKepHi BUAM); 2) CTPYKTYypHi
CIIiBBiTHOIIEHH Ki/IbKOCTi BU/IiB IeBHMX I'PYH (reHepasticTy/crenianicTy; no-
POCIi/I0BeHIIbHI; Yy>KOPifiHi/MicIieBi).

[Tin vac gocmimKeHHs pub-BCeleHIIiB, OKPIM iXTIONOTIYHMX Ta [TAPA3UTO-
JIOTiYHUX TOCTIKeHb, BiOMpany TaKoX 3pasKy TKAaHWH IS TIO[Ja/IBIIOTO Te-
HETUMYHOIO aHalisy. Voro IIpoBefeHHA HeoOXxifHe y BoX acnekTax (bmoxk IV.
I'eHeTMYHA XapaKTepUCTMKa MOMY/IALIl prby-BceneHI): 1) MikpocaTemiTHII
aHai3 3311 BCTAHOBJIEHHS IIOXO/KEeHH/CIIOPifIHeHOCT oy AwLii; 2) 6ap-
KOJIVIHT — SIKIIIO iCHY€ HeOOXiHICTh MiATBEP/KEHHS YM BCTAHOBJIEHHS BUTIO-
BOI IpuHane>xxHocTi. OnpalroBaHHs IMX MaTepianiB A p. 3aBUXK 6ype 3xiit-
CHEHO Iijj 4ac MaiOyTHIX HOC/Ii)KEeHb Y MMPLIOMY aCIeKTi, 3 ypaXyBaHHAM
MaHUX 3 iHIIIUX BOJOMM.

Ha ocHoBi mpoBeieHMX 3a 4OTMpMa BULIICONMCAHNMMI 6JI0KaMy KOMITIEK-
CHUIX JJOCT>KEHb 3 SIB/IAETbCSA MOXK/IMBICTD y3araJbHEHb Ta BYCHOBKIB IIJOJI0
BCTAQHOBJICHHS NOXO/PKEHHs IOMYJ/IALil puby B IEBHOMY BOZHOMY 00’€KTi,
JABHOCTI MPOHMKHEHH, YCIIIIHOCTI Ta iHBa3iiIHOTO ITOTEHIIialy, EKOCUCTEM-
Hilt pori. Taki BUCHOBKM MOXYTb OyTi 3po6eHi Ha OCHOBI ITOKA3HUKIB, 1[0
CBif4ath mpo: 1) MOXO[yKeHHs Ta CIOPiJHEHICTh — TeHeTUYHi Ta mapasuTo-
noriuHi Mapkepu; 2) yCIilIHICTD y mofonanHi GinbTpiB 3ycTpidi Ta GinbTpiB
IPUCTOCYBaHHA — ITapasUTONOTiuHi MapKepy; 3) eKOCUCTEMHY POJIb Ta KOH-
KYPEHTHY YCIIIIHICTb — iXTiONOTiYHI MapKepu.

3posymino, mo npu 36epe>keHHI OCHOBHUX CKIafoBux (6/10KiB), cxema
MOHITOPUHIY MOXKe MOAM(DIKyBaTUCh 3a/IeKHO Bifl YMOB Ta 3aBIaHb IIPOBe-
IEeHHS.

OO6roBopeHHs pe3ynbTaTiB JOCTi>KEeHb

Monimopune uyxopionux éudie pub (meopemuuni 3acadu ma 3acmocy-
eanns). Jleski i3 cydacHUX HiXOAiB K0 OLiHKY 6iomoriyHNX iHBa3iil 6a3yI0Th-
Cs1 Ha eKCIIEPTHOMY BU3HA4YeHH] iHBa3iiiHOCTI OKpeMMX BUAIB Tifpo6ioHTiB Ta
cryneHs 6iosorivHoro 3abpyaHeHHs Ha piBHI 6ioleH03iB [14, 26]. 30KpeMma,
ingexc SBPR BMKOPUCTOBY€ETbCA /1A OLIHKM PU3MKY iHBasii BUMIB 3i 3HAYHM-
MM IIOTEHLITHMMH 3arpO3aMM B €KOCUCTEMHOMY Ta €EKOHOMIYHOMY acCIIe€KTaX.
Ileit inpexc 6asyeTbcs Ha 3araIbHil OLiHIII PiBHA arpecUBHOCTI BCEIEHIIB 3a
TpbOMa IIOKa3HMKaMI: BUCOKUII moTeHian fo poscenennsa (HRD — High risk
for dispersal), Bucokuit moteHnian o ocBoenHs HoBol ekocucremu (HRE —
High risk for establishment in a new environment) i Bucokuii moTeHuian fo
eKOJIOTIYHMX 1 HeraTMBHUX coljianbHo-ekoHoMiuHMX BiumBiB (HRI — High
risk to cause ecological and negative socio-economic impacts). Bemunsan
KO>KHOTO 3 TPhOX ITOKA3HIMKiB BU3HAYAIOTHCSA eKCIepTHO [26], SBPR Bapitoe y
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niamrasoHi Big 0 mo 3 6aniB: 0 — iHBasii HeBigoMi; 1 — iHdopMmanis gocTynHa
tinpku o HRD a6o HRE (Hm3bkuit pusuk); 2 — indopmalis JOCTyIIHA 10
HRD i HRE (cepenHiit pusuk); 3 — indopmauis gocrynsa no HRI, Hesanexxno
Bizt HassBHOCTI iHdopmanii mogo HRD i HRE (Bucokmit pusmk).

[Torenuian Buny no nommpennsa (HRD) BusHavaeTbes 6ararbMa 03HaKa-
MU BUJY, SIKi MOXYTb OyTy crienupiyHMMM 1A LIbOTO BMUJY YUY JIOTO IEeBHOI
JKUTTEBOI cTafil. Yepes BMCOKUI piBeHb CKIaIHOCTI paH)XyBaHHSA Ta HEB/3HA-
YEHOCTI TaKUX O3HAK, PU3MK HIBUKOTO PO3IOBCIOMKEHH:A BUIB IIPOIO-
HYETbCA OIHIOBATH 3a Pi3HOMAHITHICTIO NUIAXIB iHTpOAYKILil, criennivnmx
IIsI TIEeBHUX BUJIIB.

ITorentian 1o ocBoerHs HoBoI ekocucremu (HRE) BusHavaeThcs 6iommo-
TiYHMMUI O3HAaKaMM BUAY, TAKMMH SIK JIOTO €BPUTAJVHHICTD, TeMIIEpAaTypHa
TOJIEPaHTHICTb, HEBUOAIIMBICTD IO YMOB iCHYBaHHA Ta JeAKi iHII O3HaKM.
ITorenuian 4y>KOpifHOTO BUAY KO €KOJIOTIYHNX 1 HETAaTMBHUX COL|iaIbHO-€KO-
HoMiuyHux BIuBiB (HRI) Mo)XHa BU3HAYMTH SIK KiNbKiCHO BUpa)KeHMIT Hera-
TVBHWII BIUIVB Ha CepeIOBUIIEe PelNITiEHTA, HAIPYUKIIAJ: 3HIDKeHH: 6i0pisHO-
MaHITTs, 3MiHa XapakTepy (DyHKLIOHYBaHHs €KOCUCTeM, BTPAT! Yy BUPOO-
HULITBI, OTipIIEeHHA JOCTYIY O MPUPOSHUX PECYPCiB Ta iHIII BTpaTH €KOCU-
CTEMHMX IIOCITYT.

byno sanpononoBano MOgyIbHMI IHCTPYMEHT OL[iHKY JI/I1 MEHEKMEHTY
iHTpoayKOBaHUX pM6 BIiAIOBIHO KO pU3MKIB BUAIB Ta IXHIX MOMy/ALiil i am-
poboBaHO Ha mpukIani BogHMX 00’ekTiB AHril Ta Yenbcy [15]. La cxema
OLIiHIOBaHHA CKJIAJJAETHCA 3 YOTMPHOX MOAYB: 1) mpiopuTnsauia Bupy pu-
OW-BCeeHIs; 2) PUSUK YY>KOPITHOTO BUAY A1 PELMIIIEHTHOI BOIOVIMM Ta BO-
11036opy; 3) BIUIUB Ha Aii 3 MEHeIKMEHTY (KOHTPOJII0); 4) BapTiCTh MEHEeX-
MEeHTY (KOHTpPOJIIO).

[Ipioputusanito BuiB pub-BCeTeHIIB IIPOIOHYETLCA 3iMICHIOBATY 3a-
CTOCOBYIOYM BiTHECEHHS JIO «9IOPHOTO» ab0 «binoro» crmckis. Buan 3 «6ino-
ro» CIIACKY, SIK IPaBU/IO, JJO3BOJAIOTHCA (200 HOMYCKAIOTHCA) [0 iIMIIOPTY
Ta/ab0 IHTPOAYKIII /I OTPMMAaHHA CIIEKTPY IXHIX eKOHOMIYHMX Ta COIia/lb-
HIX BUTOJI, CTBOPIOIOYM IIPY IIbOMY MiHiMa/IbHUII PU3YK /I HABKO/IMIIHHOTO
cepemosua [19, 29]. Ili comcky 4acTo CKIAfAITLCA 33 JOIOMOTOI0 iHCTPY-
MEHTIB ITOTIepeiHbOI TepeBipKYU PU3MKIB, AKi K1acupiKyoTh BUAM BiIIOBITHO
7io iXHbOI JIMOBipHOCTI cTaTy iHBasuBHMMU. Hanpuknan, «KoMmnekc oniHkn
inBasuBHOCTI p16» (Fish Invasiveness Scoring Kit — FISK) 6yB aganroBanuii 3
«Komrtekcy iHcTpyMeHTIB 3 onjiHku pusmky 6yp’sniB» (Weed Risk Asses-
sment tool [27]) m1a ouwiHKM NMOTeHLiHOI iHBa3MBHOCTI iCHYIOUNX i ITOTeH-
LiITHMX MalfOyTHIX 4y>KOPifHUX IpicHOBOAHUX pub [17, 18].

Knacudixkanisa inTpopykoBaHux pu6 3a IXHbOIO ITOTEHIINIHOK iHBAa3WB-
HicTio (Hampukiag, FISK) Ta BifoMum cy4acHUM mommpeHHAM (HalpyUKIIaf,
Ki/IbKICTD MiCI[b, Ie BOHM IIPUCYTHI, Ki/TbKiCTb KOIOHI30BaHUX PiYKOBUX Oa-
CeliHiB, JOBXXVHA KOTOHI30BaHUX PiYOK Ta iH.) € epeayMOBOIO I TOfA/Ib-
IINX 3aXOfiB. BBakaerbcs, 10 HeraitHi ympasmiHCbKi il HeoOXimHi 1070
BUJIB, AKi OI[iHIOIOTbCA AK «3 BUCOKUM pusnukom» (high risk), ane B manmit gac
MAIOTb I1le OOMe>KeHe MOIMMPEHH — 3 METOI0 3a100iraHH:s abo CTpUMyBaHHS
CTBOPEHH: HOBUX iHBa3VBHUX IONYJIALLA.
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HacrynuuM KpoKoM y 1iii IpoLefypi OL[iHKM € BCTAHOB/IEHHSA PU3UKY Uy-
JKOPiHUX BUAIB pub I/IA BOXOVIM-PELMIIIEHTIB Ta BOZO36ipHOTO baceilHy.

I ayxopigHux pub, ne Mopyb 1 nepenbadae HeoOXiTHICTB Jiili 3 yrpas-
JIIHHA/KOHTPOJII0, MOAY/Ib 2 J03BOJIA€ BU3HAYUTY BiIIOBi/IHI 3aX0/111 3 MEHe-
JKMEHTY/KOHTPOJIIO IXHiX MOIy/ALil, BiIIIOBiTHO JO XapaKTepUCTUK fAK KO-
JIOHI30BaHMX eKOCUCTeM (TaM Jie B/ IIPUCYTHIII), TaK i BOgo36ipHOTO baceitny
(me BUI MOYKe MOLIVPUTICH).

BukopucroByroun aHamorivHMI1 migxif [15], MOAY/Ib OLIiHIOE PUSNK, AKUI
IIpefICTaBIIsI€ IHTPOAYKOBAHNII BUJ, /IS BOZIOVIM-PELIUIIIEHTIB Ta BOI030ipHO-
ro 6acerfHy BifJIIOBiJHO /1O IIMPOKOI HM3KY KPUTEPiiB: 1) pe3yIbTaTut OL[iHKY
Mopy/is 1; 2) moTeHIian 11 pO3NOBCIO/KEHH S BUY 3 KOIOHI30BaHVX BOOIM
0 TIPUIIMAIOYOro BOHo36ipHOTrO 6OaceliHy; 3) eKOJIOTiYHMIT Ta IPUPOJOOXO-
POHHMIT CTaH KOJIOHI30BaHMX BOJHNUX 00 €KTIiB Ta BOJ036ipHOTO 6aceiiHy Ta 4)
3HaYeHHs KOJIOHi30BaHNMX BOZIOVIM Ta BOZ036ipHOTO 6aceiiHy a1 pubOIOBIIi.

L1i xpuTepii K03BONAIOTD KIacu(iKyBaT HU3BKUI, CEpefHill abo BMCO-
KUI PU3UK IIEBHOTO YY>KOPiHOTO BUAY BiIIOBIIHO IO BCTAHOBJIEHMX XapaK-
TE€PUCTUK Ta IIOKA3HUKIB.

He anamisyroun HacTynHi 6710KM, SIKi CTOCYIOTbCS Oe3mocepefHix Aiit 3
KOHTPOJIIO 4y>KOPiJHOrO BUAY, BAPTO 3a3HAYNUTH, IO KOMIUIEKCHUI ITiIXif,
AKWIT MY TIPOIIOHYEMO, € HAYKOBOIO OCHOBOIO JJIS1 IIOKpallleHHs iH(popMalii,
sIKa MO>Ke OyTY BUKOPYCTaHa /I IPUITHATTSA pillleHb Ta OTPYMaHHS aJleKBart-
HIIX pe3y/IbTaTiB y 6710Kax 1 i 2 TaKol OL[iHKIL.

Ha namry 1yMKy, MOHITOPMHT KIOYOBMX ITOKAa3HUKIB IOIY/IALINA 9y>KO-
pimHMX BuUpiB, AKMIT 00’ €NHy€e MapasUTOJIOTIUHi, HONY/ALiHI Ta TeHeTUYHi
IIOKA3HMKY, JO3BOIMTb MapKyBaTy (IIaCIOPTH3YBaTH) IIEBHY MOIYJ/IALIO0 BU-
JIy B MeXKaX BOTHOTO 00’€KTY Ta piuKOBOro 6aceiiHy, OL[iHITY iHBa3MBHMII IIO-
TEeHIIia/I i€l MOMy/IALii, 3 BUCOKOIO IMOBIpHICTIO BU3HAYATH 0co0uH, sAKi 3 Hel
IIOXOZATD, 33 MEXXaMI JOCTIKyBaHOI SUIAHKI apeay.

BucnoBkn

Hocnimkeno ckmap ixriodaynn p. 3gBIDK, AKa HapaxoBye 24 Buay puo, 3
AKUX 17 € abopuUreHHNMH, 1B — AUCTAHIITHNMI BCEEHISIMY, ITSTh — ca-
MOpPO3CeIeHISIMI-HeoIiIMHeTUKaMIL. AHali3 prOHOTro Hace/leHHs Ha JOCHIif-
JKEHUX JIIAHKaX II0Kasas, 110 HeomiMHeTuky (Babka gymnotrachelus, Prote-
rorhinus semilunaris, Neogobius fluviatilis, Pungitius platygaster, Gasterosteus
aculeatus), s IKMX HAiIMOBIPHIIIMM LIUISIXOM PO3Ce/IeHHS € IPUPOHA Mir-
pauia Bif rupna piukm mo ii BepxiB’s, 3’ABIAIOTBCA Y CKIAJi YTPYIOBAaHHSA
JmiIe B cepenHiit Tedii. Aucranniigi Bcenenni (Perccottus glenii, Carassius gi-
belio) cxmapgany HaOiIbIIY YaCTKY Y BepXiB'i p. 3ABIDK, IpoTe Oy/Iu BUAB/IEH]
MIPAaKTUYHO Ha BCiX CTaHIIiAX.

Y gyxxopigHux BuaiB pub BusAsieHo 10 BUAIB Mapa3nuTiB pisHUX cucTeMa-
TYHMX Tpyn (iHdysopii, Tpemaronm, ckpebmankm, Hematonu). Cepep ofi-
HOKTITMHHUX NapasuTiB nepeBaxamu iHdysopii p. Trichodina, cepen 6ara-
TOK/IITMHHMX ITapasuTiB — MeTallepKapil TpeMaTof, OCTATOYHNMM Xa3AAMU
AKX € puboinui nraxu (Diplostomum sp., Apatemon gracilis).

44 ISSN 0375-8990. Gidrobiologi¢eskij Zurnal. 2022. 58(4)



Yyncopioni eudu pub ma ixui napazumu p. 306uxc

Ha npuksagi 1BoX mpeacTaBHUKIB 4y>KOpigHOI 1A p. 3ABIDK ixTiodayHn
— MaJIa KOJII0uKa HiBfeHHa Pungitius plathygaster (caMopo3ceseHIi-HeomiM-
HETVKV) Ta POTaHb-rojIoBelKa Perccottus glenii (mucraHLiiiHi BcemeHIi) —
HaMJ BUKOHAHO CIIPOo0Y KOMIIEKCHOTO aHajIi3y 3 BUKOPUCTAHHAM IIapasuTo-
JIOTIYHMX Ta IMOMY/IALIHNX MapKepiB 3a//I1 BCTAHOB/IEHHA CTYIIEH:A iHTEerpo-
BaHOCT] 4y>KOPiZHOTO BUAY B HAOYTMX €KOCMCTeMaX, MOTeHLia/ly 0 MOIIN-
peHHsA Ta pori B 6ioleHo03i. 3a mapasUTONOTiYHMMY IOKa3HMKaMu obOupBa
BUIM IeMOHCTPYIOTh He3HAUHY iHTeTpOBaHiCTh y abOpureHHi NapasuTapHi cu-
cremu. [ToTeHI[ias 10 TOJAIBIIOTO MOMMPEHHS 00U/IBOX BI/IiB MOYKHA OLIiHNU-
TU SIK BUCOKUIL.

Ha ocHOBi IpoBeieHNX JOCTIi/IKEHD 3aIIPOIIOHOBAHO CXEMY KOMIIEKCHO-
IO MOHITOPUHTY YY>KOPiTHNX BUAIB puO i3 3aCTOCYBaHHAM MOIY/IALITHX, I1a-
Pa3sUTOIOTIYHNX Ta TEHETUYHMX IIOKA3HUKIB.

Crncox BUKOPUCTAHOI iTepaTypu

1. Beninr [I.€. HotaTku npo ixtrioayny YPCP. 3. [lesiki fani npo ixriodayny pp. Te-
tepiB i Pock. Tp. eiopobion. cmanyii. 1937. Ne 15. C. 145—184.

2. Kynoxouns 10.K., Pomans A.M. Peodinbai Bupn pub 6aceriny piuku Terepis. Hayx.
sicnuk Yepniseyvkozo yH-my. bionoeis. (Bionoeiuni cucmemu). 2018. T. 10, Bum. 2.
C. 139—144.

3. JInucunpiHa OJ. Payna Yxpanmnel. Tom 31. Axanronedannl (Acanthocephala).
Kues : Hayk. rymka, 2019. 224 c.

4. Mosuan 10.B. ®ayna Ykpaunbl. Tom 8. PoI6bL. Beim. 3: BbloHOBbIE, COMOBbIE, MKTa-
JIypOBbIe, IIPECHOBOJHbIE YTPY, KOMIOLIKOBbIE, UTTIOBbIE, FTaMOY31eBbIe, 3€YCOBBbIe, ChUpe-
HOBBIe, KedasieBble, aTePMHOBDIE, orunoOHeBble. Knes : Hayk. gymka, 1988. 367 c.

5. Mosuan 10.B. Pu6n Yxpaiunu. Knis : 3omori Bopora, 2011. 444 c.

6. OnpenenuTenp NapasuToB NpecHOBOAHBIX pbId payHsr CCCP. T. 1: [Tapasutnye-
ckue npocrerimue. Jlennnrpay : Hayka, 1984. 428 c.

7. OmpefenuTe/ib MapasuToB IPpecHOBOAHBIX pbib daynsr CCCP. T. 2: ITapasutuye-
ckue mHoroknerounsle (IlepBas yactp). Jlennurpap : Hayka, 1985. 425 c.

8. OnpegenuTtenp napasuToB npecHOBOfHbIX pbid payHsr CCCP. T. 3: [Tapasutnye-
ck1e MHOrokerouHele (Bropas yacrte). Jlenunrpay : Hayka, 1987. 583 c.

9. IMonimyxk B.B., TpaBauko B.C., Konenko I'Jl. Ta in. I'igpo6ionoris i rigpoximis
piuox ITpaBobepesxroro IIpupuinpos’s. Kuis : Hayk. gymxa, 1978. 271 c.

10. ITonraBuyk M.A. Poi6s1 Masnbix pex IIpaBo6epexxnoro ITomecbss YCCP. Coobue-
Hite 3. BujoBoii cocTaB ppIOHOTO HaceTIeHNsA IPAaBOOEPEKHDBIX IPUTOKOB HIDKHETO Tede-
Hus [Ipunatu n cpepnero JHenpa. Becm. 300nm02uu. 1976. Ne 4. C. 72—77.

11. YepBoHa kHura Ykpainn. TBapunHmit cBit / 3a pef. [.A. Aximosa. Kuis : I'mo6an-
KOHCanTuHI, 2009. 624 c.

12. Afanasyev S.A. Forming of hydrobiota of the river systems in the territory of Ukra-
ine in view of history of hydrographic net. Hydrobiol. ]. 2015. Vol. 51, N 1. P. 3—12.

13. Afanasyev S.A., Gupalo Ye.A., Manturova O.V. Distribution and peculiarities of
biology of the pumpkinseed Lepomis gibbosus (Perciformes: Centrarchidae) in the water
bodies of Kyiv city. Ibid. 2017. Vol. 53, N 3. P. 14—25.

14. Arbaciauskas K., Semenchenko V., Grabowski M. et al. Assessment of bioconta-
mination of benthic macroinvertebrate communities in European inland waterways. Aqu-
atic Invasions. 2008. Vol. 3, N 2. P. 211—230.

15. Britton J.R., Copp G.H., Brazier M. et al. A modular assessment tool for managing
introduced fishes according to risks of species and their populations, and impacts of mana-
gement actions. Biological Invasions. 2011. Vol. 13. P. 2847—2860.

16. Britton JR, Davies GD, Brazier M. Towards the successful control of Pseudorasbo-
ra parva in the UK. Ibid. 2010. Vol. 12. P. 25—31.

ISSN 0375-8990. I'igpobionoriunmii sxypHait. 2022. 58(4) 45



Kyuoxonv FO.K., Opuwuneup B.1., Illepbamiox M.M. ma in.

17. Copp G.H., Garthwaite R., Gozlan R.E. Risk identification and assessment of
non-native freshwater fishes: concepts and perspectives on protocols for the UK. Cefas Sci-
ence Technical Report N 129, Cefas, Lowestoft, 2005. 32 p.

18. Copp G.H., Garthwaite R., Gozlan R.E. Risk identification and assessment of
non-native freshwater fishes: a summary of concepts and perspectives on protocols for the
UK. J. Appl. Ichthyol. 2005. Vol. 21. P. 371—373.

19. Gozlan R.E. Introduction of non-native freshwater fish: is it all bad? Fish and Fis-
heries. 2008. Vol. 9, N 1. P. 106—115.

20. Hammer III., Harper D. A. T., Ryan P. D. PAST Paleontological Statistics Software
Package for Education and Data Analysis. Palaeontologia Electronica. 2001. Vol. 4, N 1.
P.1-09.

21. Kutsokon I. The Chinese sleeper (Perccottus glenii Dybowski, 1877) in Ukraine:
new data on distribution. J. Appl. Ichthyol. 2017. Vol. 33. P. 1100—1107.

22.Kvach Y., Jana¢ M., Nehring S. et al. Parasite communities and infection levels of
the invasive Chinese sleeper Perccottus glenii (Actinopterygii: Odontobutidae) from the
Naab River basin, Germany. Journal of Helminthology. 2017. Vol. 91, N 6. P. 703—710.

23. Kvach Y., Kutsokon Yu. The non-indigenous fishes in the fauna of Ukraine: a po-
tentia ad actum. Biolnvasions Records. 2017. Vol. 6, N 3. P. 269—279

24.Kvach Y., Kutsokon I., Roman A. et al. Parasite acquisition by the invasive Chinese
sleeper (Perccottus glenii Dybowski, 1877) (Gobiiformes : Odontobutidae) in Latvia and
Ukraine. J. Appl. Ichthyol. 2020. Vol. 36, N 6. P. 785—794.

25. Kvach Y., Kutsokon Y., Stepien C.A. et al. Role of the invasive Chinese sleeper
Perccottus glenii (Actinopterygii : Odontobutidae) in the distribution of fish parasites in
Europe: new data and a review. Biologia. 2016. Vol. 71, N 8. P. 941—951.

26. Panov V.E., Alexandrov B., Arbaciauskas K. et al. Assessing the risks of aquatic
species invasions via European inland waterways: from concepts to environmental indica-
tors. Integrated Environmental Assessment and Management.2009. Vol. 5,N 1.110—126.

27. Pheloung P.C., Williams P.A., Halloy S.R. A weed risk assessment model for use as
a biosecurity tool evaluation plant introductions. J. Environ. Management. 1999. Vol. 57.
P. 239—251.

28. Roman A.M., Afanasyev S.0., Kutsokon Yu.K. et al. Pecularities of the Fish Fauna
Forming in Different River Types of the Right-Bank Polissia by Example of the Sluch River
Basin. Hydrobiol. J. 2021. Vol. 57, N 6. P. 31—48.

29. Simberloff D. Risk Assessments, Blacklists, and White Lists for Introduced Speci-
es: Are Predictions Good Enough to Be Useful? Agricultural and Resource Economics Revi-
ew. 2006. Vol. 35. P. 1—10.

Haginmna 11.05.2022

46 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2022. 58(4)



Yyncopioni eudu pub ma ixui napazumu p. 306uxc

Y.K. Kutsokon, PhD (Biol.), Senior Researcher,
Schmalhausen Institute of Zoology of the NAS of Ukraine,
Bohdana Khmelnytskogo str., 15, Kyiv, 01030, Ukraine
e-mail: carassiusl@ukr.net
ORCID 0000-0001-9721-5638
V.1 Yuryshynets, Dr. Sci. (Biol.), Leading Researcher,
Institute of Hydrobiology of the NAS of Ukraine
Geroyiv Stalingrada prosp., 12, Kyiv, 04210, Ukraine
e-mail: ciliator@ukr.net
ORCID 0000-0001-6310-7874
M.M. Shcherbatiuk, PhD (Biol.), Senior Researcher,
M.G. Kholodny Institute of Botany of the NAS of Ukraine,
Tereshchenkivska str., 2, Kyiv, 01601, Ukraine
e-mail: chrom.botany@ukr.net
ORCID 0000-0002-6453-228X
O.Yu. Marushchak, Junior Researcher,
Schmalhausen Institute of Zoology of the NAS of Ukraine,
Bohdana Khmelnytskogo str., 15, Kyiv, 01030, Ukraine
e-mail: ecopelobates@gmail.com
ORCID 0000-0001-9380-5593
N.V. Zaichenko, PhD (Biol.), Senior Engineer,
Institute of Hydrobiology of the NAS of Ukraine
Geroyiv Stalingrada prosp., 12, Kyiv, 04210, Ukraine
e-mail: zaichenko_natali@ukr.net
V.S. Dupak, postgraduate
Schmalhausen Institute of Zoology of the NAS of Ukraine,
Bohdana Khmelnytskogo str., 15, Kyiv, 01030, Ukraine
e-mail: valeriadupak13@gmail.com
ORCID 0000-0002-0957-3791

ALIEN FISH SPECIES AND THEIR PARASITES OF THE ZDVYZH RIVER:
GENERAL CHARACTERISTICS, MARKER INDICATORS,
THE MONITORING SCHEME

The fish fauna composition of the Zdvyzh River was analyzed and shown to comprise
24 species of fish, 17 of them are aboriginal, two - remote alien species, and five — self-dis-
persal neolimnetic. The analysis of the fish population in the studied locations showed that
neolimnetic species (Babka gymnotrachelus, Proterorhinus semilunaris, Neogobius fluviati-
lis, Pungitius platygaster, Gasterosteus aculeatus), for which the most probable way of dist-
ribution is a natural migration from the mouth upstream, have been observed only in the
middle reaches of the Zdvyzh River. Remote aliens (Perccottus glenii, Carassius gibelio) ac-
counted for the largest part in the upper reaches of the Zdvyzh River, but were found in al-
most all locations. 10 species of parasites of different systematic groups (ciliates, tremato-
des, acanthocephalans, nematodes) were found in alien fish species. Unicellular parasites
were dominated by ciliates of the genus Trichodina, multicellular parasites — metacerca-
riae of trematodes, the final hosts of which are piscivorous birds (Diplostomum sp., Apate-
mon gracilis).

Based on the realized research, a scheme of complex monitoring of alien fish species
with the application of a population, parasitological and genetic indicators is proposed.

Keywords: alien fish species, neolimnetics, remote alien species, parasites, monitoring.
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OCOBJIMBOCTI BIUVIMMBY MIAI (1I) I CBUHIIIO (II) HA
BMICT IIITMEHTIB Y CERATOPHYLLUM DEMERSUM L.

Y pesynomami nposederux excnepumeHmanvHux 00CioxeHy 6CNAHOBTIEHO, U40 3MEH-
WeHHsT emicmy omocunmemuunux niemenmis (xnopoginie a i b ma xapomunoiois) y
npedcmasHuxa sanypenux maxpogimis Ceratophyllum demersum L. 6i06ysaemucs 3a KoH-
uenmpayii Cu** y 600nomy cepedosuusi 20,05 me/om® ma Pb** — 20,1 me/om’. Bcmanosrne-
my C. demersum € smeHuleHHS 6enuUuUHYU 8i0HOWEHb XT10poDin a/xnopogin b ma (xnopogin
a + xnopodin b)/kapomuroiou. Busienero 61coki 3HaueHHs koediyienmis 6ionoziunozo Ha-
KonuuenHa mioi ma ceunuto y C. demersum ma 0ocmammio cmitikicmo 00cnioHy8anoi poc-
JIUHU 00 6NAIUBY MEMATLIB, U0 003B0ISIE PEKOMEHOYBAMU BUKOPUCAHHS 0AHO020 8UOY 0TS
pimopemediauii 6001020 cepedosUL4a NP 11020 3a0pyOHeHHT Mi00I0 | C6UHUEM 6i0106I0HO 6
KoHueHmpauisx 00 0,5 mz/om’ i 1,0—2,0 me/om’.

Kniouosi cnosa: miov, ceuneyp, 800He cepedosuuse, Ceratophyllum demersum L., xno-
podin, xKapomunoiou, akymynsayis, gimopemediayis.

Il ntyBaHH s: [Taciuna O.0., Top6atiok JI.O., ITnaronos M.O., Bypmicrpenko C.IL.,
T'opnescpka O.0., Bitosennska T.B. Ocob6nusocti BBy Miai (II) i cBunmio (II) Ha BmicT
nirmentiB y Ceratophyllum demersum L. I'iopo6ion. scypn. 2022. T. 58. Ne 4. C. 48—59.
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Mizb € BaXX/IMBUM I POCTY i PO3BUTKY POC/IVH MiKPOEIEMEHTOM, OC-
KiZIbKM 3a0esIedye CTPYKTYpHY OpraHisamilo Ta QyHKIIOHyBaHHA 6araTbox
(dbepMeHTHUX crcTeM, 6epe y9acTb y TPAHCIIOPTi e/IeKTPOHIB pu poTocKHTe3]
Ta JVIXaHHi, a TAKOXX HeOOXifHa [Is1 371i/ICHEHHSI IHILIMX MPOLIECiB )KUTTENis/Ib-
HOCTi pOC/IMHHNX OpTraHi3MiB [2, 10, 23, 29]. OgHaK y BUCOKMX KOHLIEHTPAIisAX
Mifgp Mo>ke OyTV HaI3BMYATHO TOKCUYHOIO [/ POC/IVH, IPU3BOAAYN JIO pis-
HUX (piziosoro-6ioxiMiuHMX Ta MOPQOIOTIYHNX 3MiH, 30KpeMa /10 HOPYLIeHHS
($yHKI[iOHYBaHHA IIrMEHTHMX CHUCTEM, 3MiHU SAKICHOTO CKJIA[y Ta KiTbKOCTi
HirMeHTiB, BUK/IMKAIOUYM CMMITOMM XJIOPO3Y i HeKpo3y, O IpUrHideHH: ¢o-
TOCUHTE3Y, IUXaHH, 3aTPUMKI POCTY i HaBiTh sarubeni [7, 12, 17, 22, 23].

CauHelb BBa)KAIOTh OJHNM i3 HaMOUIbII TOKCMYHNX BAXKKIX METAJIIB IS
BCiX >KMBMX opraHi3miB [28]. BionoriyHy ponb CBUHIIO He BUABJIEHO, OJHAK
HEeAKMMU JOCTIIPKEHHAMY II0KA3aHO 3HAYHY KyMYJIALII0 METATy B POCIMHHNX
OpTaHi3Max Ta JIOTO TOKCMYHY Jil0 Ha IIIrTMEHTHY CUCTEMY Ta JKUTTEMIANbHICTD
pocnuH B 1inomy [6, 25].

BHacrijok iHTeHCHMBHOI aHTPOIIOT€HHOI AisA/BHOCTI Bif0yBa€eThCs 3poc-
TaHHA KOHI[EHTpPALlil BAXXKUX METaliB y IPUPOJHMX BOJOMMAX, i TaKe 3a6py)1—
HeHHA € 17106a1pHo0 pobnemoro XXI cropivus [30]. Y 3abpyaHennx Bogo-
JIMaxX METaIoiciB KOHIJeHTpalii Mifii Ta CBUHIIO MOXXYTb JOCATATY 3HAYHUX
Be/IMYVH. 30KpeMa, 3a faHumu I1.M. JInnnuka ra in. [16], y Boai p. /Iubins B
Mexxax M. KmeBa KoHueHTpanisa Mifi y posumHeHinn ¢opmi mocArama
0,083 mr/mm?, a cBuHII0 — 0,108 Mr/mv’. 111 MeTamt MOXXYTb HOTPAIUISTI Y BO-
JOVIMM 1 y 3HaYHO BUINMX KOHLEHTPALiAX 3 BUKUJAMJ HEJOCTATHbO OYMILe-
HIX CTiYHNX BOJI.

Byo BcTaHOB/IEHO, 1110 JiesIKi BUIII BOJHI pOC/IMHM, 3aBJSAKU 0COOIMBO-
CTsAM CBO€i aHaTOMi4HOI OyZOBM, 3HAUHIN aKyMy/IALiHIN 3aTHOCTI Ta Jo-
CTaTHBO BUCOKIlI CTINIKOCTi O BIUIMBY BaKKMX METAJIB, MOXYTb OYyTHU BUKO-
pucTaHi s 6ioMOHITOPMHTY Ta iTopeMenianii IPUPOTHUX i CTIYHUX BOZ.
30KpeMa, BCTAaHOBJIEHO, 1110 HailOiNbII epeKTVBHO aKyMY/TIOIOTb i BUA/IAIOTh
Ba)XKi MeTa/ 3 BOJHOTO CepefoBUILA Taki BOHI pocnuuu: Salvinia natans
(L.) All,, Eichhornia crassipes (Mart.) Solms-Laub., Lemna minor L., Elodea ca-
nadensis Michx., Pistia stratiotes L., Ceratophyllum demersum L., Myriophyl-
lum spicatum L. [7, 13]. PeaynpraTyi Takux JOCIiIKeHb ITOKa3aI, [0 BUKOP-
CTAHHS 3aHYPEHUX BOJZHMX POC/IVH i POC/IVH 3 IUIABAI0YVM JIICTAM 1A GiTo-
peMepianii Moxxe 6yTy eeKTVBHMM i eKOHOMIYHO JJOLTBHNUM CIIOCOOOM 04N -

IIeHHs TIOBEPXHEBYX BOJ i JJOOYNIIIEHHA IPOMICIOBYX CTIYHUX BOJ,.
Y 3B’s3Ky 3 LIMM METOI0 HAIIMX HOCTiXKeHb 6y/I0 BCTAHOB/IEHHS 0COO/IN-

BOCTEN BIUIMBY Pi3HUX KOHI[EHTpPALlill Mifli i CBMHIIO Y BOJHOMY CE€PEOBUIII
Ha xutreBictb Ceratophyllum demersum, 30kpeMa Ha CTaH JIOTO IIIrMEHTHOI
CUCTEMM, 2 TAKOXK OLIIHKA JIOr0 aKyMY/IATMBHOI 34aTHOCTI IOJI0 IIVIX METaliB
Ta MOYK/IMBOCTi BUKOPUCTAHHS [yl iTopeMeniallii MPUPOAHMX i CTIYHUX BOJI,
3abpynnennx Cu i Pb.
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Marepian i MeTOgMKa JOCITiI)KEHb

O6’exrom focrnimkenn 6ys Ceratophyllum demersum L., axnit BifHOCUTD-
Cs [0 3aHYPEHMX BUIIVX BOSHUX POC/INH i IIMPOKO NOIINPEHNI Y BOJOIMax
Ykpainn, 30kpeMa y Bogorimax M. Knesa [9].

Pocnuuu C. demersum 6ynu BigibpaHi i3 nmpupopguux Bogoiim M. Knesa i
BMillleHi B akBapiyM o6’emMoM 30 AM’, HAaIlOBHEHMII BifiCTOSIHOIO BOJOIIPO-
BiJJTHOIO BOJIOIO, I aK/IiMaTK3alil IPOTATOM JBOX TVKHiB. OnuH pas y 2—3
JIHi B aKkBapiyMi IIpOBOAM/IN 3aMiHY ITOJIOBMHY 00 eMy Boju. JI/1s1 IpoBefieHHs
eKCIIepVMEHTY I10 CiM MojIofuX 1aroHis C. demersum JOBXUHOIO IPUOIN3HO
7—8 cM moMilany y CKIsHi eMHOCTi 06’eMoM 3 1M, 3aII0OBHEH] BiICTOSHOO
BOJIOIIPOBITHO0 BOJIOM, i JOfaBa/IM OJHOPa3oBo Pb** y Buriani Pb(NOs), ta
Cu*"y Burnapi CuSO.-5H,0 3 pospaxysnky 0,05, 0,1, 0,5, 1,01 2,0 mr/mm’. O6pa-
HO HIMPOKMII ialla30H NOCTIKYBaHNX KOHIIEHTPALill — Bifl peaIbHO BUAB-
neHux y BogoriMax M. Kuesa (0,05 mr/gm’) [16] 5o mpuCyTHIX y MiCIIsIX CKU-
IaHHA HeJOCTaTHbO OYMILEHMX CTIYHMX BOJ, IPOMMUCIOBUMH HiiANPUEMCTBA-
mu (0,5—2,0 mr/om?).

OcBiT/IeHHS pOC/INH 3/1iJICHIOBA/IN JTIOMiHECLeHTHUMMY JIaMIIaMM IeHHOTO
cBiTna (itoro inTeHcMBHICTD cTaHOBMIA 3000 JIK 3 IEepiofoOM CBIT/IO : TEMpsiBa
16 : 8 roy), TemnepaTypa Bopu Oyna 25+3 °C, a pH — 7,6+0,5. [locnifni i KoHT-
POJIbHI POC/IVMHN BUTPUMMYBaIM 3a BUIE3a3HAYEHUX YMOB YIIPOJOBX CEMMU
1i6. PiBeHb BOfIM Y JOC/TITHMX EMHOCTSX MiATPYIMYBA/IN LIJIIXOM PEry/sipHOTO
OflaBaHHsI CBDKOI BOAM 0 00’eMy 3 v,

KoHTponeM ciyryBaim pocinHM, SIKi €KCIIOHYBaIM B TaKUX CAaMMUX YMO-
BaXx, ajie 06e3 Jo/jaBaHH: METaJIiB Y BOJHE CepeloBUIIIe.

Bwmicr nirmentiB y C. demersum Bu3Ha4amy cieKTpoOTOMETPUIHNM Me-
topoM. Excrpakuito xopodinis Ta kapornHoifis mposoammm 80 %-BuUM po3-
4yHOM aneToHy [3]. Pospaxynku npoBoaum 3a popmynamu [14] ta Bupaxa-
71 B Minmirpamax Ha 1 r cyxoi Macu. [Iy11 OTpMMaHHA CyX0i Macul pOC/IVHY BUCY-
IIyBa/IM Y CyHMMIbHiM madi mpu remneparypi 105 °C go cramoi Macu.

BusHadeHHA BMICTY Mifli i CBUHIIIO Y POCTIMHAX 3/1JICHIOBA/IN METOJOM OII-
TUYHOI eMiCiiTHOI CIIeKTPOCKOTIii 3 iHYKTUBHO-3B’A13aHO0 I1asMolo [5]. [lis
LIbOTO, IMiC/IA 3aKiHYEHHSA €KCIIEpUMEHTAIbHUX NOCTIIKEeHb, POCIIHHUI Ma-
Tepiay HPOMUBAIN AUCTUIbOBaHOK Bojo i 0,02 M poszunnom E[ITA (s Bu-
fla/leHHs aficOpOOBaHMX Ha TOBEPXHi MeTasliB) i MPOBOAMIN KUCTIOTHE O307I€H-
HA CyMillIIITI0 KOHIIEHTPOBAaHMX a30THOI i CipyaHOi KMCIIOT, BUKOPUCTOBYIOYM
MmikpoxBuiboBy (HBY) miwu MWS-2 (Berghoff, Himeyunna) [5].

Koediuient 6ionorivnoro nakonnvenus meranis (KbH) BogHumu mak-
podiTamMy BU3HaYa/IM AK CIIBBiIHOIIEHHA BMICTY MeTalTy B pOCIMHHOMY Ma-
Tepiai (MI/KT cyxoi Macu) B0 KOHIeHTpalii Metany y Boai (mr/mm’) [11, 20,
21].

CraTucTuaHy 06poOKy Oofiep>)KaHUX JJaHMX, 30KpeMa PO3paxyHOK cepef-
HbBOTO 3HAUeHHsI Ta CTAHAAPTHOTO BinxuaeHHs (M+m) i3 3—4 BusHa4eHb (n =
3—4), npoBopuu 3a forromoroo nporpamu MS Excel 2016.
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Pe3ynbraTu JOCTifKeHb Ta iX 00roBOpeHH

Y pe3ynbTaTi HpOBeeHNX JOCTiIKeHb BCTAHOBJIEHO, 1110 3a BIvnBYy Cu’'y
KoHIeHTpalil Bix 0,05 5o 0,5 mr/am’ y C. demersum Big6yBaoch 3MeHIIEHHS
BMICTY BCiX JOCTIIKyBaHNX (HOTOCHHTETMYHNX IirMeHTiB. [Ipu 1ibomy Haii-
6inbIe 3HIDKYBaBCA BMicT xmopodiny a (Ha 35—79 % NOpiBHAHO 3 KOHTPO-
neM), MeHIe — xnopodiny b (Ha 29—66 %) Ta KapoTUHOIAIB (Ha 23—68 %)
(puc. 1).

3MeHIIIeHHs 3aTaJIbHOTO BMICTy X/10podiny Ta KapOTMHOINIB Y BOTHMX
MakpodiTiB 3a BIVIVBY IigBUIEeHNX KOHIJeHTpawiit Cu Takoxx 6yI1o BigMideHO
B poboTax iHIMX aBTOPiB [22, 24]. 3HIDKeHH: BMicTy X1opodiny 3a Ha-
KOBOI KiZIbKOCTi Mizi Hacammepep BIumBae Ha ¢orocucremy II, peaxiiitHuii
LIEHTP AKOI MiCTUTDb XIOpOdIN @, 0 CIPUYNHAE MPUTHIYeHHA (POTOCUHTE3Y
[8]. Y niteparypi HasABHi BifoMOCTi ITpO Te, 1110 3HI>KEHHA BMICTY IIIrMeHTiB y
POCIMHHOMY OpTaHi3Mi 3a Ail Mifji CyIIPOBOMI)XYETbCA aKTUBALIIEI0 MIPOLIECIB
IIEpEKVICHOTO OKMCHEHHA JIiNifiB Ta 3MiHOI aKTMBHOCTI aHTUMOKCUJAHTHUX
(bepmeHTiB, 30KpeMa 301/TbIIIEHHAM aKTUBHOCTI aCKOPOATIIEPOKCIU/IA3H, TBAs-
KOJI-3JIeKHOI ITepOKCUAa3N, KaTalasy, CyIIepOKCUANVICMYTa3y, IIyTaTiOHpe-
IyKTasy, OHAK 1ie BiIOYBa€eTbCs JNIle 10 IEBHOTO Yacy eKcrosutii [24, 27].
[TokasaHo, [0 aKTVBHICTb aHTMOKCUAAHTHNX (pepMeHTiB y Potamogeton pu-
sillus L. 3HauHO 36imb1IyBanack 3a BBy 40 mkr/am® Cu mpoTsiroMm 24 rof,
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ITiCJIsA YOT'O CIIOCTEPIrasoch 3HMKEHHA IXHbOI aKTUBHOCTI 3 il MeTaly IpOTs-
roM 6ibpur TpuBanoro 4acy [19]. Takox ekcIepMMeHTaIbHO BCTAaHOBJICHO
36ibpIIeHHs BMiCTY 3aranbHuX HebinkoBux tionis (NP-SH) i uncreiny y Hyd-
rilla verticillata (L.f.) Royle npu koHIleHTpawii Mifi 10 5 MKMOJIB/M®, TOJI 5K
pu 25 MKMOJIb/AM® IXHil1 piBeHb pi3Ko 3HIDKYBaBCs. OFHOYACHO BiMideHO
CyTTEBE 30i/1bIIEHH A BMicTy ¢itoxenarnuis (OX) mpu KoHIeHTpaLifxX Miai 1
Ta 5 MKMOJIb/gM® Ha 4eTBepTy K00y eKCIO3MILil, 110 CBIIYMUTD MPO iXHIO iCTOT-
HY POJIb Y AeTOKCYKAIii MeTamis [27].

BisyanpHO momkomKeHHsA GOTOACHMIIALIIIHNX TKaHNH (03HAKY XJIOPO-
3y) y C. demersum criocTepiraoch HaMu Bke 3a IpucytHocri 0,5 mr/am’ Cu*ty
BOJIHOMY cepefoBuuli. BogHouac, 3a fii iioHiB Mifi y KoHueHTpanii 1,0 i
2,0 mMr/pm® Hamy BifMideHO Taki O3HaKM TOKCUYHOTO BIUIMBY Mifi, sIK omyc-
KaHHS [IarOHIiB Ha JHO, BiTOKPEeM/IEHHS JIUCTKIB Bif cTeber, TaMKicTh cTebern
Ta 03HAKM HEKPO3Y, TOOTO CIIoCTepiranucs sMiHy, AKi B IOAaIbIIOMY IPU3BO-
JIATD 0 3arubeTi POCIMHHOTO OpraHisMy. Y 3B’A3KY 3 I[IM BUSHAY€HH: BMICTy
mirMeHTIB 3a JaHKX KoHIeHTpariit Cu** He BBA)KaIOCh IOI/IBHIUM i He IIPOBO-
punoch. Bapro sasHaumty, mo y Potamogeton pectinatus L. 3a BImBy
10 mxmonb/gm® Cu Bxe Ha 10-i1 eHb eKCIIEPUMEHTY CIIOCTePiranucs 3MeH-
LIEHHA JOBXXIMHY Ta KUIBKOCTI JIMCTKIB, O3HAKM XJIOPO3Y Ta HEKPO3Y, a TAKOX
3armbenp pocnuun [8].

PesynpTaTi BIVIMBY JOCTIKYBaHUX KOHIeHTpariit Pb** na C. demersum
II0Ka3asy, 150 BXXe 3a KoHLeHTparil 0,05 Mr/aM’ y BOZHOMY cepemoBUIIL Bifi-
OyBanocs 3HIDKEHHA BMicTy X10podiny a (Ha 20 %), ofiHaK IIpy IIbOMY 36i/1b-
IIyBaBCS BMICT KapoTuHOIniB (Ha 34 %) (puc. 2). 3MeHIIeHHA 3aralIbHOTO
BMicTy x/10poiny Ta 36i/1bIIeHHA BMICTY KapOTMHOIIB 3a BIUIMBY IigBUIIe-
HUX KOHIleHTpauiin Pb*" takox Oymo Bussneno y H. verticillata [26]. Take
IiZIBUIIEHHA BMICTy KADOTMHOI/IIB 3a BIVIMBY BaXKKMX METAJIiB, Ha JYMKY Jles1-
KIX aBTOPiB, MOXXe OyTI 3aXVICHOIO peaKlii€lo, sika 3arobirae poromecTpykuii i
IepeKVICHOMY OKJMCHEHHIO Xopodinis [1].

Hamu BcTaHoBiIeHO, 1o 3a Aii Pb*" y xonuenrpauii 0,1—0,5 mr/pm’ y
C. demersum 3MeHIIIyBaBCs 3ara/IbHUIT BMicT xopodinis (xnopodiny a — Ha
40—44 %, xnopodiny b — Ha 30—39 % nmopiBHAHO 3 KOHTpoNeM). BogHouac
pu KoHLeHTpalil Pb** y BogHOMYy cepenosui 0,5 Mr/pm’ 3adikcoBaHo 3HK-
YKeHHA BMiCTy KapoTMHOifiB (Ha 18 % mopiBHAHO 3 KOHTpoieM). Taki pesyib-
TaTy JOC/TiKeHb CBi4aTh PO Te, 10 XIOpodin € 611bII 4y TIMBUMIY, TOPiB-
HSHO 3 KapOTMHOIZaMI, [0 MiiBUIeHHs KOHI[eHTpalil Pb*" y BogHOMY cepe-
TOBMIIII.

Busisreno, o npu 36inbinenHi KoHmenTpanii Pb** y BogHoMy cepeno-
Buwi o 1,0 i 2,0 mr/pm’ v C. demersum BifnbyBamoch 3HaYHe 3MEHIIECHHS
BMICTY BCiX JOCTIPKYBaHNX (POTOCMHTETNYHYX IIIrMeHTiB (x710podiny a — Ha
51—62 %, xnopodiny b — nHa 48—53 % Ta kapormHoiniB — Ha 29—50 %
HOPiBHAHO 3 KOHTPOIBHUMM pociyHamMu) (ouB. puc. 2). Crig 3a3HaunTy, M0
IpY 3HVDKEHHI BMICTY 3aralbHOTO XI0podiny Ta KapOTMHOIIB Yy TKaHMHAX
C. demersum BIPOROBX JOCTiY TAKOX CIOCTEpirauch 03HaKu xmoposy. On-
HaK, Ha BigMiHy Bif fiii Cu®" y BiIOBifHIX KOHIIEHTpalLisx, pparMeHTaliii na-
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Puc. 2. Bumict xnopodiny a (a), xnopodiny
b (6) i xapotunoizis (8) y Ceratophyllum
demersum 3a pi3sHNX KOHIIEHTPALill IOHIB
ceurmio (II) y BomHOMYy cepemoBuii
8 (M+m; n=3—4)
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TOHIB, HEKPO3Y Ta iHIINX 03HAK, LII0 MOXKYTb IPU3BOUTH 1O 3aTNOEi pOCIINH-
HIX OPTaHi3MiB, HE CIIOCTEPIramoch.

YIIKomKyrody [if0 CBMHIIO Ha XJIOPOIVIACTY BOJHUX POC/IVH JieAKi Hay-
KOBIIi ITOB’A3yI0Tb 3 IOPYIIEHHAM IXHBOTO PyXY Ta PO3IIOJi/Y, IO MOXKe OyTH
pe3y/lIbTaTOM 3MiH Yy aKTMHOBOMY LMTOCKENETi, OCKI/IbKM CIIOCTEpiraerbcA
(dparmeHTalis i SHUKHEHHA aKTMHOBMX BOJIOKOH HaBKOJIO X/IOPOIIACTiB [25].

HoseneHo, mo C. demersum Mae 3HAYHUI MOTEHIIia OO KeTOKCUKAIIIT
JIOHIB CBUMHIIIO NPV IXHbOMY NOTPAIIAHHI B POCIMHHMII OPraHisM 3aBIAKU
cunTedy ®X i 3MiHi aKTMBHOCTI aHTMOKCUIAaHTHUX pepMeHTIB (cynepokcus-
AMCMYTa3M, TBAsIKOJI-3a/IeKHOI ITepOKCH/asy, aCKOpOaTIIepOKCUIasy, KaTaja-
31 i IIyTaTioHpeyKTasu), onepeHe 3pOCTAaHHs aKTUBHOCTI SIKUX, 3i 30i/1b-
HIEHHAM TPUBAJIOCTI BIUVIMBY i KOHLIEHTpALil MeTaly, 3MiHIOETbCA Ha IIPU-
rHiueHHs [18]. TakoXx crocTepirazoch MoyaTkoBe 30i/MbIIEHHS BMICTY IVC-
Teiny, HebinkoBux tionis (NP-SH) i rnyrariony (GSH) y pocnnH 3 HacTynmHUM
JIOTO 3HIDKEHHAM IIPU MOMIpHMX KOHLIEHTpalifAx CBMHIK. JloBemeHo, IO
cunTe3 OX € BaXX/IMBUM Y IIpoliecaX JeTOKCHKallil CBUHINIO, OJIHAK, K 3a3Ha-
4aloTh aBTOPM, Lie MOXKe IPU3BECTU O 3HAYHOTO 3MEHIIEHHS BMICTy IJIy-
TaTiOHY i, IK HACITifIOK, 10 OKMCHOTO cTpecy [18]. 36inblIeHHA BMiCTy KapoTH-
HOIJIiB Ta aKTMBHOCTI cynepokcuanucmyrasu y H. vertcillata 3a BBy nifBu-
I[eHNX KOHI[eHTpaLilt Pb*', sik mokasaHo y po6oTi [26], CBigunTs IIpo criparjio-
BaHHA CTPEC-TOJIEPAaHTHUX MeXaHi3MiB POCIMHHNX OPTaHi3MiB.
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3arajioM, pe3y/bTaTy IPOBeJeHNX JOC/i/I)KeHb CBilYaTh IIPO Te, L]0 HAKO-
NYeHHS BXKUX MeTaniB y C. demersum BUK/IVKAE OKVICHIOBATTBHIIL CTPEC, a
CTYIIiHb CTiJIKOCTi pOC/IVHY 3a/I€KUTD BiJj aKTMBHOCTI 11 aHTMOKCUAHTHOIL CU-
cremu [24].

[TposiBOM BIUIMBY JIOHIB BaKKVX MeTA/IiB (Mifli Ta CBUHIIIO) Ha IIrMEHTHY
cucremy C. demersum Mo>xe OyTM TaKOXK 3MiHa 3HaUeHb BEe/IMYMH BiJTHOLIEHb
xnopodin a/xnopodin b ta (xmopodin a + xnopodin b)/kapoTuHOIinY, Ki Ma-
I0Th TEHJEHIIII0 10 3MEHIIEeHHS y POC/INH, 1J0 IepeOyBaloTh Y BOJHOMY cepe-
mosuii 3 fogaBanusm Cu®* Ta Pb**, HOpiBHAHO 3 KOHTPOIbHUMM POC/TMHAMMU
(Tabm. 1, 2).

PesynpraTy npoBeieHNX €KCIIEPUMEHTAIbHUX JOCTIKEHb IT0Ka3a/Iu, 1[0
3a HasgBHOCTI y Bofi #oHiB Pb*" i Cu’" B ofHaKOBMX KOHIeHTpauiax (Bix
0,05 Mr/gM*) TOKCHMYHNIT BIUIVB Mifii HA POCTMHHMIT OpTaHi3M € 61IbLInM, HiX
CBUHITIO.

Menmia TokcuuHicTb Pb mopiBHsHO 3 Cu, iIMOBipHO, ITOB’s13aHa 3 TUM, 1110,
HOTPAIUISIIOYM ¥ BOZHE cepeloBuine (BifCTOSIHa BOJAOIPOBiAHA Boja), Pb**
YTBOPIOE HEPO34MHHI 260 MaTOPO34YMHHI CIIOTYKM MajDKe 3 yCciMa HassBHUMMA
Tam anioHamu, 30kpema SO, , Cl,CO?" . Cnonyka Pb(OH); Takox HepogunH-
Ha'y Bogi. [Ipu migBuienni pH BoHOTO cepeioBnina BHACTIOK KUTTENiANb-
HOCTi pPOCIMHHMX OpraHi3MiB 3[JaTHIiCTh JOHIB CBMHIIIO O KOMIIJIEKCOYTBO-

Tabnuus 1
BigHowmenHs BMicTy xmopodiny a no xnopodiny b Ta xnopodinis 1o KapoTHHOIAIB Y
Ceratophyllum demersum 3a pisuux xoHuenrpaniit Cu®* y BOTHOMY cepexoBuLi

. 2 . .
KOHHeHTpaL{;ﬂ Cu*, Xnopodin a/Xnopodin b Xnopodin a + xn?pc)(bm b/
mr/om Kaporunoign

KonTpomnp 2,2 4.4
0,05 2,0 3,8
0,1 1,7 3,2
0,5 1,0 3,0

Tabnuuys 2

BigHomenHs BMicTy xnopodiny a o xmopodiny b ta xnopodinis ;o KapoTHHOIKIB y
Ceratophyllum demersum 3a pisHux xoHIeHTpaniit Pb*" y BogHOMy cepemoBumi

KOHL{CHTpal_I}iH Pb*, Xnopodin a/Xnopodi b Xmopodin a + xn9po<1>in b/
mr/om Kaporunoign
Kontponb 2,1 58
0,05 1,7 3,7
0,1 1,8 39
0,5 1,9 4,1
1,0 2,0 4,1
2,0 1,8 4,8
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Puc. 3. Haxonaenns migi (a) Ta cusigio (6) Ceratophyllum demersum 3a pisHOI KOHI[eH-
Tpauii /10HiB MeTaniB y BogHOMY cepepoBuii (M+m; n = 3—4)

PEHHsS Ta BUIIAJAHHA B 0OCaJ| 3POCTA€E, a OTXKe, 3MEHIIYETbCSA Jioro Giomoc-
TYIIHICTb Ta TOKCUYHICTD, AKa BM3HAYAETHCA KOHILIEHTPALII€I0 CaMe PO3YMHHOI
¢dbopmu metany [15].

PesynbTaTy mocmimyKeHb 1040 HAKONIMYEHHA Mi/li Ta CBMHIIO TKAaHMHAMMA
C. demersum 1pu 36i/bIlIeHH] KOHIIEHTpaLlil MeTaJIiB y BOZHOMY CepefoBUIII
nokasany, mo C. demersum 3paTeH HaKONMYyBaTH 3Ha4HY KinbKicTb Cu (1o
590 Mxr/T cyxoi macu) i Pb (o 1218 mxr/t cyxoi macn) (puc. 3). Bapro 3a3Ha-
uyuti i Te, wo C. demersum 3gaTeH HaKONM4IyBaTy 61/1b1ITY KinbKicTb Pb 6e3 3a-
ru6eni pocmuun. VIMOBipHO, 11e 3yMOB/IEHO 3HAUHOIO 31aTHicTI0 Pb* 110 38’51-
3yBaHHA i afjcop611ii Ha 000/I0HIIi POCIMHHMX KIiTUH Ipu 3pocranHi pH cepe-
TOBMINA BHACTIOK XKUTTENIANBHOCTI POCINH, OCKIZIBKM TOKCUYHY [il0 Me-
TaJIiB ITOB A3YIOTh CaMe 3 IXHBOIO IOHHOK POPMOIO.

Ouinka akymyAniitHoi 3gatHocti C. demersum IORO JOCTIKyBaHUX
MeTaniB 3acBigumia, mo KbH Mizi Ta cBMHII0 pOCIMHOIO JOCATAIOTH BUCOKMUX
3HaYeHb, OHAK Pi3HATHCA MK COO0I0 3a/Ie)KHO BijJy KOHIJeHTpalil i XiMiyHuX
XapaKTepUCTUK IIEBHOTO MeTany (Tabn. 3).

Tabnuus 3
Koedinientn 6ionoriunoro HakonndeHHs Mipi Ta ceuno Ceratophyllum demersum
Konmentpauis fiomis KoedinierTn 6i0/10rivHOr0 HAKOIMYEHHS METAIiB
MeTasIiB y BOAi, Mr/am’ Cu Pb
0,05 2540+42 842128
0,1 1570+34 742136
0,5 1180+51 315+21
1,0 — 391+54
2,0 — 609+43
IIpuMiTKa. «—» — He BUSHAYA/IN.
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ITo mipi 36inblIEHHS KOHLIEHTpALil METTiB y BOAI A0 HMEBHOTO PiBHA
3meHmywTbcs sHadeHHs Benmavay KBH s C. demersum. Y poborti [8] Ta-
KoxX criocrepiranu smenimenHsa KbH nia Potamogeton pectinatus L. mpu 3poc-
TaHHI KOHLIEHTpalii Mifii y BOJHOMY cepefioBUILi. ABTOpPY IIOB I3yI0Tb Lie 3 Ha-
CUMYEHHAM POC/IVHHOTO OPTaHi3My METAIOM i 3MEHIEHHAM 3[JaTHOCTI [0 /10TO
HakommyeHHA. OfHaK Py HA[IXOPKEHHI y BOJHE CEPENOBUILE METAIB Y BI-
COKMX KOHI[EHTpalliAX (3TiflHO pe3yIbTaTiB HAIMX HOCTiKEeHb, TAKMMU KOH-
nentpanismu € 1,0 i 2,0 Mr/am’), IMOBipHO, BifOyBalOTbCsI MOPYIIEHHS IPO-
eciB 0OMiHy pedoBMH, 30KpeMa MeMOpaHHOro TpaHcrnopry. Came 1ii 3MiHU
3YMOBJIIOIOTb HEKOHTPOJIbOBAaHE HAJXOKEHHA METAJIB y KIiTUHH, 110 MOXe
IPU3BOANUTY O HE3BOPOTHMX HACIIJIKIB i 3armbeni poCIMHHOrO OopraHismy
(4].

Opep>xaHi faHi 1[0/J0 HAKONMYEHHA 3HAYHOI Ki/IbKOCTI Mifli Ta CBUHIIIO
C. demersum Ta BiTHOCHO BUCOKOTO PiBHsI JIOTO CTifIKOCTI [0 AIii MeTaiB fa-
I0Tb MO>X/IMBICTb CTBEPIKYBATH, L0 NAHUI BUJ, AOLIJIBHO PEKOMEHAYBATU
JUIS1 BUKOPUCTaHHA 3 MeTo0 (iTopeMenialiii BOJHOTO cepeioBuUINa IPY 10T0
3abpynnenni Cu*" i Pb** 3a ixHix KoHIleHTpaniit BifmosifHo 10 0,5 12,0 mr/am’.
Cip sayBaknty, 10 nipyu Bukopucranti C. demersum i O4UCTKM BOANU Bif
[UX MeTasIiB HeoOXi/{He o/ja/IbIiie BU/a/IeHHsI POC/INH 3 BOJHOTO CEPeIOBUILA
JULS TIOTIepe>)KeHH BTOPMHHOTO 3a0pyJHEHHS BOJOIM MeTallaMyl BHACTIiJOK
posknany diromacn.

BucnoBkn

B pesynbrarti npoBefieHNX eKCIIepYMEHTaIbHUX JOCTIPKEHb BCTAHOBIIE-
HO, 1IJ0 3MEHIIeHH: BMIiCTy POTOCHHTETUYHMX IIirMeHTiB (x10podiis a i b ta
KapOTMHOI/iB) y IpefCcTaBHUKA 3aHypeHNX Makpodiris Ceratophyllum demer-
sum BigbyBaeTbcs 3a KoHIeHTpanil Cu®* y BogHOMY cepenoBuiii 0,05 mr/mam’
Ta Pb* — >0,1 mr/am>. VIMOBipHO, Ile MOB’A3aHO 3i 3HAYHMM HAKOIIMYEHHAM
MeTaJIiB Y TKaHMHaX pocanH (7o 590 mkr Cu/r cyxoi macu i o 1218 mkr Pb/r
cyxoi Macn). BB BMCOKMX KOHIIEHTpaLilt Cu?t y BogHOMY cepegoBui (1,0 i
2,0 Mr/pM®) CYIIpOBOKYETHCA MOABOIO Bi3ya/IbHIX 03HAK TOKCUYHOTO BIUINBY
MeTaTy (OITyCKaHHAM IIaTOHIB Ha JHO, BiIOKpeM/IEHHAM JIMCTKIB Bif cTeber,
JIAMKicTIO cTeben).

[ToxasHMKOM IMOUIKO/KYI0YO1 [Iii BAXKKIMX META/IiB Ha IIrMEHTHY CUCTEMY
C. demersum e 3MeHIIeHHsI (HOPiBHAHO 3 KOHTPOJIEM) BeTMYNH TaKMX BiHO-
IIeHb [IITMEHTiB, AK X/10podin a/xnmopodin b Ta (xmopodin a + xmopodin b)/xa-
poTHHOIAN.

3nayna 3partHicTh C. demersum [Ko aKyMy/ALil Mifi i ¢cBUHIIO Ta 110ro
BiJHOCHA CTiJIKiCTh [JO BIUIMBY LJUIX META/IiB JO3BOJIAE PEKOMEHYBATI BUKO-
PUCTaHHA JJaHOTO BUAY A/A piTopeMerianii BOZHOTO cepeoBMIIA IIPY JIOTO
3a0pyaHeHHI Mifjio i CBMHIIEM B KOHIIEHTpalLiAX BifmosigHo 1o 0,5 mr/pm? i
1,0—2,0 mr/mm>.
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PECULIARITIES OF COPPER (II) AND LEAD (II) INFLUENCE ON THE PIGMENT
SYSTEM OF CERATOPHYLLUM DEMERSUM L.

As a result of experimental studies, it was found that the decrease in the content of
photosynthetic pigments (chlorophyll a and b and carotenoids) in the representative of the
submerged macrophytes Ceratophyllum demersum L. occurs at a concentration of Cu** in
aquatic medium >0.05 mg/dm®and Pb*" — >0.1 mg/dm?>. It was established that an impor-
tant indicator of the damaging effect of heavy metals on the pigment system of C. demer-
sum is a decrease in the ratios of chlorophyll a/chlorophyll b and (chlorophyll a + chloro-
phyll b)/carotenoids. High values of the coefficients of biological accumulation of copper
and lead in C. demersum and sufficient resistance of the studied plants to the metals effect
were revealed. Such results of investigations make it possible to recommend the use of this
species for phytoremediation of the aquatic environment under copper and lead pollution
in concentrations up to 0.5 mg/dm® and 1.0—2.0 mg/dm’, respectively.

Keywords: copper, lead, aquatic environment, Ceratophyllum demersum L., chloro-
phyll, carotenoids, accumulation, phytoremediation.
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BIOXIMIYHII ITIPO®I/Ib, XAPYOBA IIIHHICTD TA
BIOJIOTTYHA AKTVBHICTb ARTHROSPIRA PLATENSIS
GOMONT

Arthrospira platensis (= Spirulina platensis) € nepcnexmuérum Oxcepenom 6ionoziumo
AKMUBHUX CNOZLYK | MOMY MPAOUUITIHO BUKOPUCIOBYEMBCS 0TS LIKYBAHHS PI3HUX X80POO.
Memoio darnoi pobomu 6yn0 oxapakmepusysamu xapuosi ma 6ionoziuni enacmusocmi Ar-
throspira platensis in vitro. Busnauena xanopitinicmo (428,9 xxan/100 2) ma uucmoma
gixouianiny (0,22 %) 0arome MOKAUSICMb peKoMeHOYBamMU yeil 610 6000pocmeti, K Alb-
mepHamueHe Oxcepeno 300posoi ixci. Pospaxosana dobosa doza Arthrospira platensis €
Huxcuot 3a scmarosnernuit BOO3 pisetv, w40 c6i04Umb npo me, 40 60HA He CNPUHUHIOE He-
2aMUBHULL 8NIUG HA 300p06 5T I0OUHU. B npoyeci docnioienv 6U3HAANY AHMUOKCUOAHIN-
HY, NPOMUAPMPUMHY, NPOMUIANATILHY, AHMUOIAbeMUUHY Ma NPOMUAUEMUNXONIHeCHe-
PA3Hy akmueHicmo cemu pisHux ekcmpakmie 600opocmi. Bucokuii emicm eHonvHux cno-
JIyK ma 6uUcoKy 0ionoeiuHy aKmueHicmp cnocmepiednu 6 eKCrpakmax Xaopogopmy ma
emanony, AKi NPOAGAANY Pi3Hi Oion0eiuHi 671aCMUBOCMI y NOPIBHAHHI 3i cTMaHOAPMHUMU
nikamu. Iazoso-xpomamozpagiunuii ma mac-cnekmpomempuuHuil ananis 060x axmue-
HUX excmpakmie 0aeé 3mozy eudinumu 21 6ion02iuHO AKMUEHY PEHOBUHY, 6KNHOUANUU
HUPHI KUCTIOMU, MepneHoiOu, PeHonU a AnKaHU, 6 3a7IeHHOCHI 810 BUKOPUCTNAHO20 PO3-
uunHuka. Moxcra 3pobumu 6ucHos8ox, wio Arthrospira platensis moxce Oymu suxopucmana
8 KOMePUILIHUX UILIX SIK 8adxIuee Oxcepeno 6azamvox 6ionoeiuHo akmuseHux cnonyk. Hazo-
JIOUWLYEMBCA HA HEOOXIOHOCMI NOOANbUL020 BUBUEHHS U020 8UJY 6000pOCIEl 3 MEMOI0
BUOINIEHHS MA OUULLEHHS ePeKMUBHUX CHOTLYK, W40 MOXCYMb OYmu 8UKOpUcmani y papma-
UesmuYHill 2anysi.

Kntouosi cnosa: Arthrospira platensis, 6ionoziuno axmueHi peuosumu, xapuosa
yinHicmy, KomepuitiHe 3acmMocy8aHHs, MedutHe BUKOPUCHIAHHSL.

In recent years, the interest in obtaining bio-functional compounds from
natural sources increased all over the world. Microalgae and cyanobacteria are
thought to be among the best natural resources due to their ability to grow effi-
ciently in large-scale raceway ponds or photobioreactors. Arthrospira species
are common filamentous free floating cyanobacteria occurring in different
fresh and marine habitats. This genus is commercially cultivated all over the
world as an essential source of nutrients in the traditional diets in many count-
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ries with no risks to health. It is marked as bio-function food due to a high con-
tent of valuable proteins (60—70 % of its dry weight (DW)), including the most
essential amino acids like tryptophan, threonine, histidine, lysine, isoleucine,
leucine, and phenylalanine [10]. In addition, this alga contains respectively
8—16 % and 4—9 % DW of carbohydrates and lipids, and also other nutrients,
including vitamins A, B, D, E, and harmless B-carotene [70]. Arthrospira pla-

tensis (Spirulina platensis) is characterized by a high content of microelements
like Fe, P, Mg, Zn, K, and Cu [23]. These compounds have the ability to quench
free radicals and chelate catalytic metals and scavenge oxygen [84]. These natu-
ral antioxidants are known as potential anti-inflammatory agents, which safely
protect human body against inflammation, thus preventing diseases and disor-
ders caused by inflammation [50].

Moreover, Spirulina platensis contains distinctive natural green, orange,
and blue pigments, namely chlorophylls, carotenoids, and phycocyanins, res-
pectively. Phycocyanin, especially C-phycocyanin (C-PC), is widely conside-
red as a precious food-dye because of its protein-based structure and rare in-
tense-blue color [48]. These phytopigments possess nutritional and pharmace-
utical properties such as antioxidant, anti-inflammatory, anticancer, and cho-
lesterol-lowering effects. Furthermore, the cells of this microalga are characte-
rized by high digestibility (75—83 %) due to the lack of cellulose, which facilita-
tes their use for human consumption [6].

Globally, this commercially important algal species is produced by many
companies for selling as food supplement in 20 countries all over the world. It
has been documented as GRAS (Generally Recognized as Safe) with no risks to
health by the FDA (USA Food and Drug Administration). Generally, Spirulina
platensis and Spirulina maxima are the most important species used for con-
sumption [2]. Many studies support the nutritional value of Spirulina powder
as bio-function food or as natural colorant [27, 56].

Recently, Spirulina plays a unique role in medicine and pharmaceutical fi-
eld as antimicrobial agent in the treatment of arthritis, anemia, cardiovascular
diseases, diabetes, and cancer [30, 50]. In addition, S. platensis can be used as an
alternative medicine in the treatment of debilitating diseases such as Alzhei-
mer’s, diabetes, and hepatic damage [13].

The objective of the present work was to estimate the biochemical content
and nutritional value of Arthrospira platensis, to evaluate diabetic, antioxidant,
anti-arthritic, anti-inflammatory, and anti-AChE properties of different algal
extracts using various techniques in vitro, and also to establish relationship bet-
ween the estimated biological activities and phenol content.

Material and Methods
Chemicals
All chemicals were purchased from the Sigma-Aldrich Co. (Darmstadt,
Germany).
Algal samples
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Arthrospira platensis Gomont (formerly Spirulina platensis (Gomont) Ge-
itler) was cultivated on the F/2 marine enrichment medium for cyanobacterial
cultures, aerated by air pumps, and incubated at 28+2 °C under 16 : 8 light/dark
conditions with light intensity of 120 pmol/m?s. Algal cells were harvested af-
ter 12 days, freeze-dried, and then grounded into a fine powder for further ana-
lyses.

Preparation of different extracts

A precisely weighed ~1 g of the grounded freeze-dried Arthrospira platen-
sis was extracted with 10 mL of different solvents, including acetone, ethanol,
methanol, chloroform, diethyl ether, ethyl acetate, and water, overnight at
room temperature (25 °C+2). The tube was centrifuged at 4 500 rpm for 10 min
and the supernatant was recovered. The extraction was repeated with 2 mL of
different solvents and two supernatants were combined. The residue was sub-
sequently extracted twice for 30 min at room temperature and supernatants
were combined for further analyses [14].

Qualitative analysis for phytochemical screening of different extracts

On the whole, nine qualitative analyses were carried out for phytochemical
screening of different extracts of the tested alga. The presence or absence of
such substances as steroids, terpenes, saponins, quinones, coumarins, tannins,
flavonoids, phenols, and cardiac glycosides was revealed in various extracts ac-
cording to standard procedures [82].

Nutritional content

The total content of carbohydrates and proteins in the tested alga was esti-
mated according to [20, 45] using d-glucose and bovine serum albumin (BSA)
as standards, respectively. The total content of lipids was assessed following [5].
The data were expressed in percent of algal dry weight.

The calorie content of the alga was determined by the following equation
[21]:

Calories (Kcal/100 g) = 4 X proteins + 9 xlipids + 4 X carbohydrates.

Phytochemical analyses

The total content of phenols in the studied extracts was estimated by the
Folin-Ciocalteu method [37]. The obtained results were expressed as gallic acid
equivalent (GAE)/g of dry weight (DW). The total content of flavonoids was
estimated as described [25] and expressed as mg of quercetin equivalent (QE)/g
of extract. The content of tannins in various extracts was measured using the
Folin-Ciocalteu reagent assay according to [80] and expressed in mg of GAE /g
of extract.

Estimation of vitamin content

Vitamin C (ascorbic acid) content in the tested alga was determined follo-
wing [59] and expressed as mg of ascorbic acid (AA) per 100 g of dry weight.
Vitamin E content was estimated according to the method [66] and expressed
as o.-tocopherol equivalents per gram of dry weight.

Pigment content
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The extraction of pigments was carried out in triplicate using 10 ml of met-
hanol 100 %, at room temperature and under dark conditions. The extracts
were then centrifuged at 2500 rpm for 10 min and the collected supernatant
was subjected to another centrifugation (5000 rpm for 5 min). The absorbance
of the supernatant was read using a UV-1800 ultraviolet-visible spectrophoto-
meter (Shimadzu, Japan) at 480, 632, 652, 665, 696, 750 nm wavelengths and
calculated using the following equation. The obtained results were expressed in
mg/g DW [16, 58).

Chl a (mg/g) =

[2.0780 x (A632 — A750)— 6.5079 X (A652 — A750) +16.2127 X (A665— A750) — 2.1372 X (A696 — A750)]

wt

Chl ¢ (mg/g) =

[34.0115 % (A632— A750)—12.7873 X (A652 — A750)+1.4489 X (A665— A750) — 2.5812 X (A696 — A750)]

wt

Chl d (mg/g) =

[<0.3411x (A632 — A750)+0.1129 — (A652 — A750) — 0.2538 X (A665 — A750)+12.9508 X (A696 — A750)]

wt

[4x (A480 — A750)]
Carotenoids (mg/g) = ———

wt

B-carotene and lycopene were determined by colorimetric assay according
to [53] and estimated by the following equations.

B-carotene (mg/100 mL) = 0.216 X A663 — 0.304 X A505 + 0.452 X A453

Lycopene (mg/100 mL) = (—0.0458;: A6?3) + 186 (0.372x A505) - (0.0806 x
453).

The concentration of phycobiliproteins (mg/g DW) in the algal buffer ext-
ract (pH 7) were measured at 562, 620, and 652 nm and then calculated using
the following formulae [61]:

A620—(0.474xA652)

C-PC=
534-wt
APC = A652—(0.208 X A620)
5.09 -wt
PE = A562-2.41x[PC]—-0.849 X[APC]
9.62-wt

The final results were expressed in mg of the individual phycobiliprote-
ins/g of algal DW.
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The purity of phycocyanin was estimated by the A615/A280 ratio.

Estimation of multi-minerals

According to [73], algal samples were digested to determine the element
content. The concentration of Cu, Fe, Zn, Ca, Mg, Na, K, S, and Mn was deter-
mined using atomic absorption spectrophotometer AAS/flame mode (Savant
AAGBCQ).

The ratio of ion quotient was estimated using the following equation with
the concentrations given in moles [39].

Ion quotient = (Cat+Na)
(K+Mg)

Estimated daily intake for adult

The estimated daily intake (EDI) was calculated using the following equa-
tion (Health Consultation, Land Crab Evaluation, National Oceanographic At-
mospheric Administration Data 2006):

CXIRXEFXED

EDI [mg/kg/day] BWxAT
where C — the average concentration of the contaminant (mg/kg), IR — inges-
tion rate (0.227 kg/day (8-o0z. meal) for adult), EF — exposure frequency or the
number of exposure events per year of exposure (365 days/year), ED — expo-
sure time (70 years), BW — body weight (70 kg), and AT — averaging time
(non-cancer/lifetime — EDY365 days/year).

Biological activities of algal extracts

Antioxidant activity

Total antioxidant activity

The total antioxidant activity (TAC) of crude extracts was determined ac-
cording to [66]. The total antioxidant activity is expressed as the number of
equivalents of ascorbic acid. A calibration curve of ascorbic acid was prepared
and the total antioxidant activity was standardized against ascorbic acid equi-
valents per gram of sample on dry weight basis (mg/g ASA).

Hydrogen peroxide radical scavenging activity

The capability of the extracts to scavenge H,O, was determined based on
[26] and calculated by the formula:

A -A
Free radical scavenging (H.O:) (%) = CA 5 %100,

C

where Ac is the absorbance of control (ascorbic acid) and As is the absorbance
in the presence of sample or standard.
Anti-inflammatory activity (15-lipoxygenase inhibitory assay)
Anti-lipoxygenase activity assay was done by [63] technique with minor
modifications. The assay was based on measuring the formation of the complex
Fe’*/xylenol orange in a spectrophotometer at 560 nm.

64 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2022. 58(4)



Bioximiunuii npogine, xapuosa yinHicmo ma 6ionoeiuna akmueHicmo

(A control —A sample) o
(A control)

% inhibition = 100

Anti-arthritic activity (protein denaturation assay)

Anti-arthritic activity of the tested extracts was done by [72] method with
slight modifications. Diclofenac sodium and distilled water were used as the
positive and negative controls, respectively. The inhibition percentage was me-
asured at 416 nm and calculated according to the following formula:

(A control —A sample) v
(A control)

% inhibition = 00

where A control (doubled-distilled water) is the absorbance of control well and
A sample is the absorbance of the sample well or standard (diclofenac sodium).

Anti-diabetic activity

Inhibition of o--amylase activity

In vitro anti-diabetic activities by inhibition of a-amylase were measured
according to [28]. The extract samples (500 uL) and standard drug acarbose
(100—1000 pg/mL) were added to phosphate buffer (500 pL, 0.20 mM, pH 6.9)
containing o-amylase (0.5 mg/mL) solution and incubated at 25 °C for 10 min.
Thereafter, starch solution (500 pL, 1 % w/vin 0.02 M sodium phosphate buffer
pH 6.9) was added to the reaction mixture, which was incubated at 25 °C for 10
min. The reaction was quenched with 3, 5 dinitrosalicylic acid reagent (1.0 mL)
by heating in a boiling water bath for 5 min before being cooled at room tempe-
rature. The reaction mixture was then diluted with distilled water (10 mL) and
the absorbance was measured at 540 nm.

Inhibition of o--glucosidase activity

The o-glucosidase inhibition assay was performed according to the modi-
fied method [19]. In brief, a solution of starch substrate (2 % w/v sucrose, 1 mL
in 0.2 M Tris buffer pH 8.0) and various concentrations of algal extracts were
incubated for 5 min at 37 °C. The reaction was initiated by adding ot-glucosida-
se enzyme (1 mL, 1 U/mL) to the reaction mixture, followed by incubation for
10 min at 37 °C. The reaction was stopped with 3, 5 dinitrosalicylic acid reagent
(1 mL) by heating for 2 min in a boiling water bath before being cooled at room
temperature. The reaction mixture was then diluted with distilled water (9
mL), and the absorbance was measured at 540 nm.

Anti-cholinesterase inhibitory activities

Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory
activities using galantamine as positive control were determined according to
[22].

Acetylcholinesterase (AChE) inhibitory activity

AChE assay was carried out as follows: 0.8 mM in 2 ml of assay solutions
with 100 mM of phosphate buffer (pH 7.5) and 1.0 mM 5,5-dithio-bis-(2-nitro-
benzoic acid) (DTNB) were mixed and incubated at 25 °C. The hydrolysis was
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monitored by the formation of thiolate dianion of DTNB at 412 nm for 2 min
(intervals of 30 s).

Butyrylcholinesterase (BChE) inhibitory activity

BChE assay was carried out as follows: 10 uL of each algal extract in 0.2 %
DMSO, 79 pL of 20 mM sodium phosphate buffer (pH 7.6) and 1 pL enzyme
preparation (with final concentrations of 0.035 unit/mL for BChE and final
concentrations of 1 to 500/1000 uM for the compounds tested) were mixed and
incubated for 15 min. Then, 10 pL of substrate solutions were added to the mix-
ture (4 mM for butyrylthiocholine iodide) and incubated for 30 min. The reac-
tion was stopped by adding 900 pL DTNB-phosphate-ethanol reagent. The ab-
sorption was read immediately at 412 nm.

The inhibition percentage of both activities was calculated using the follo-
wing formula:

(A control —A sample) o
(A control)

% inhibition = 100

GC-MS analysis of chloroform and ethanol extracts

GC-ISQ mass spectrometer (Thermo Scientific, Austin, TX, USA) was
used to identify bioactive compounds in ethanol and chloroform extracts at the
City of Scientific Research and Technological Applications. GC- ISQ mass
spectrometer included a capillary column TG—5MS (30 m X 0.25 mm X
0.25 um film thickness). The initial temperature was 55 °C, then increased by
5 °C/min to 250 °C, withhold 2 min and then increased to 300 °C with
25 °C/min. The column oven temperature was initially held at 55 °C and then
increased by 5 °C/min to 250 °C, withhold 2 min and then increased to 300 with
25 °C/min. The injector temperature was kept at 270 °C. Helium was used as
gas carrier at a constant flow rate of 1 ml/min. The solvent delay was 4 min and
diluted samples of 1 ul were injected automatically using the Autosampler
AS3000 coupled with GC in the split mode. EI mass spectra were collected at
70 eV ionization voltages over the range of m/z 50—650 in full scan mode. The
components were identified by comparison of their retention times and mass
spectra with those of WILEY 09 and NIST14 mass spectral database [12].

Statistical Analysis

All experiments were estimated in triplicate and mean values were presen-
ted + standard deviation. For comparing means between extracts, ANOVA —
on way was established using SPSS base 15.0 software (Chicago, USA: Users
guide SPSS Inc., 2006) at p < 0.05 level of significance. Pearson’s correlation
analysis was used to establish relationship between the content of phenol com-
pounds and the estimated biological activities using SPSS software.

Results and Discussion

Qualitative analyses of phytochemical content

Qualitative screening of bioactive constituents is important for medical
uses since the presence of these compounds of interest may lead to their further
purification and identification. As it is evident from Table 1, the highest per-
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cent yield was obtained in etha-
nol extract (24.84 %) followed by
methanol (17.73 %) and chloro-
form (17.62 %) extracts. Ethyl
acetate extraction resulted in mi-
nimum percent yield with
8.19 %. This highlights that etha-
nol is efficient in extracting phy-
tochemicals from Arthrospira
platensis. This difference may be
related to the variances in the po-
larity of the used solvents, which
could cause a wide variation in
the concentration of bioactive
compounds in the extract. More-
over, the nature of extracting sol-
vent plays a master role in extrac-
tion of vital compounds of antio-
xidant capability since the com-
pounds differ in chemical cha-
racteristics, polarities and solubi-
lity [58].

As a result of preliminary
phytochemical screening nine
secondary metabolites (steroids,
terpenes, saponins, quinones, co-
umarins, tannins, phenols, flavo-
noids, and cardiac glycosides)
were tested in seven different ext-
racts of Arthrospira platensis
such as acetone, ethanol, ethyl
acetate, chloroform, diethyl et-
her, water, and methanol (Table
1). The ethanol and methanol ex-
tracts exhibited the presence of
all bioactive compounds excep-
ting cardiac glycosides. In this
case, saponins, quinones, and
glycosides were absent in aceto-
ne, ethyl acetate, and chloroform
extracts. While terpenes and ste-
roids were completely absent in
acetone extract. In addition, cou-
marins were also absent in chlo-
roform extract. Diethyl ether ext-
ract showed the presence of most

Table 1

Qualitative analyses of phytochemicals in different A. platensis extracts and yield

Cardiac
glycosides

nd
nd
nd
nd
nd
nd
nd

Flavonoids

%%

%%

%%

*%

Phenols

*%

*%

*%

*%

Tannins

%%

%%

%%

Coumarins

nd

%%

%%

nd

%%

Quinones

nd
nd
nd

nd

Saponins

nd
nd
nd

nd

Terpenes

nd
*%

%%

%%

%%

Steroids

nd
%%

%%

*

*%

*%

Yield, %

9.72

8.19

17.62
24.84

16.26
16,81
17.73

Extracts

Acetone

Ethyl acetate

Chloroform
Ethanol

Diethyl ether

Water

Methanol
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bioactive compounds except saponins and glycosides. The aqueous extract
showed negative results for coumarins, quinones, and glycosides. These phy-
tochemicals are biologically significant and play a vital role in medicinal appli-
cations due mainly to a high efficiency in suppression the oxidative stress as de-
monstrated by [13]. Previously, it has been found [11] that phytochemicals
from Spirulina can be used in treating dreadful diseases like cancer, tuberculo-
sis, inflammation, and many other blood-related diseases in vitro.

Nutritional value

Proteins, carbohydrates, and lipids are the main nutritional components
in algal biomass [67]. Spirulina species are characterized by the presence of vi-
tal biochemical components, the content of which depends on the composition
of nutrients in the cultural medium [79]. The proximate nutritional compositi-
on of the tested alga is presented in Table 2. Carbohydrates are essential com-
ponents of primary metabolism, as they provide the energy needed for the de-
velopment and other metabolic processes [35]. The estimated carbohydrates
(31.24 %) and proteins (49.28 %) ratio was similar to that given in literature —
45.24 and 33.90 %, respectively [23]. However, protein content was lower than
that in Moroccan Spirulina (76.65 %) [74]. Protein ratio is important informa-
tion because the majority of plant-based foods, which are considered as accep-
table protein sources, contain about 35 % DW [44].

The estimated lipid content (11.88 %) was lower than that in the same spe-
cies from Alexandria water (16.45 and 15 %) [23, 33]. However, the variation in
nutritional content (proteins, carbohydrates, vitamins, and lipids) between
studies could be attributable to a variety of factors, including algal strains, cul-
tural medium and conditions, and analytical method used [46].

The detection of calorie amounts in algal species is essential for recom-
mendation it to use as a source of food or feed. It is well known that calorie va-
lue is related to food quality and can be estimated depending on the content of
carbohydrates, proteins, and lipids. The calorie value was about 428.98

Table 2
Proximate and nutritional content of A. platensis
Biochemical components Content
Carbohydrates, % 31.24+2.56
Proteins, % 49.28+3.43
Lipids, % 11.88+1.21
Crude fibers, % 3.01+0.52
Calorie (kcal/100 g) 428.98+0.87
Vit. C (mg ascorbic acid/100 g DW) 0.47+3.52
Vit. E (mg o-tocopherol equivalent/g DW) 6.79+1.98
[-carotene (pro-vitamin A) (mg/100 ml) 0.55+0.01
Lycopene (mg/100 ml) 7.56+1.28
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(kcal/100 g). This value is similar to that reported by [74], which estimated abo-
ut 436.18 (kcal/100 g) energy in Moroccan Spirulina.

The crude fiber ratio was 3.01+0.52 %, which correlates well with literature
data [6, 74]. In other studied algal species it varied from 1.36 to 7.73 % [47].

Vitamins are nutritional substances required in trace amounts, but essen-
tial in maintaining human and animal health. The dried powder of Spirulina
contains many vitamins like Vitamin E, which is a powerful antioxidant subs-
tance with anti-inflammatory activity [42]. The concentration of vitamin E in
the tested species was higher (6.79+1.98 mg/g DW) than that (0.41 mg/g DW)
determined by [44].

Vitamin Cis an antioxidant substance and plays a crucial role in hormones
and deoxyribonucleic acid biosynthesis. In addition, it protects the photosynt-
hetic apparatus from oxygen free radicals and H,O, formed during photosynt-
hesis through the Mehler reaction. The determined vitamin C content of the
tested species was lower than that determined by [4].

B-carotene (pro-vitamin A) and lycopene are the types of carotenoids with
nutritional and antioxidant properties, which are used for chronic diseases pre-
vention [57]. The concentration of lycopene was similar to that detected in ot-
her microalgae, including Scenedesmus armatus (7.08 mg/100 ml) [71]. At the
same time, the detected content of B-carotene (0.547+0.01 mg/100 ml) was lo-
wer than that (57.38 + 9.98 mg/100 ml) detected by [8].

Multi-minerals content

Minerals are essential nutrients, which are required in minute quantity by
humans to preserve good health. While human bodies are unable to produce
minerals, thus they are completely reliant on the food they consume. Among
the analyzed minerals (Table 3), calcium and potassium represented a large
content in Arthrospira biomass (13.51 and 8.35 mg/g DW, respectively). Com-
paring to other studies, the concentration of the tested minerals was similar or
lower than that estimated by [23, 44]. It has been known that K, Na, Mg, and Ca

Element content and estimated daily intake of the tested A. platensis fables
Elements | Concentration (mg/g DW) | EDI | International accepted daily intake
Mn 0.16 0.525 4.2
Cu 0.53 1.709 2
Fe 5.19 16.853 18
Zn 1.39 4.534 15
S 0.20 0.649 0.18—1.07
Ca 13.51 43.811 100
Mg 1.12 3.632 5
Na 2.98 9.660 2400
K 8.35 27.078 3500

ISSN 0375-8990. I'igpobionoriunmii sxypHai. 2022. 58(4) 69



Iemain M.M., Hoaman H.X.

APC
1.92
__Chla
T 945
C-PC
9.89
Chlc
047
—— }'_,.-'
. “\_Chld
- - 0.74
0.79
Carotenoids ~_Total Chl
1.32 10.66

Fig. 1. Phytopigment composition of the tested alga (mg/g DW) with phycocyanin purity
0f0.22 %

are essential minerals for mental and physical health [40]. The ratio of K/Na
2.83 is important for persons, who take diuretics to manage their blood pressu-
re and suffer from excessive K excretion [35]. This variation may be related to
environmental conditions, processing, and methods of mineralization [74]. As
a result, the study demonstrates that the benefits of Arthrospira can be related
to its mineral and trace element content. The estimated molar ratio was lower
(1.74) than that on quotient range in human body (2.5—4.0), which suggests
that the feeding on Arthrospira can decrease hypertension, preeclampsia, and
heart disease.

Estimated daily intake

Estimated daily intake is one of the most important nutritional values, it
reflects the safety of metal intake due to its direct effects on human health. Ba-
sed on the BBC Health values, Food and Drug Administration (FDA), World
Health Organization (WHO) [17, 35], the daily intake of the measured ele-
ments is lower than the international accepted daily intake, which confirms
that this species is safe for human food and can be utilized as food supplements
to help meet daily mineral and trace element needs.

Pigment content

Spirulina is known to be a good pigment source since it contains chlorop-
hylls, carotenoids, and phycocyanin (Figure 1) belonging to nutritional com-
pounds and greatly influencing its antioxidant effects [44]. Chlorophyll a and
carotenoids content accounted for (9.45+1.12 and 1.32+0.13 mg/g DW, res-
pectively) similar in the quantity obtained by [81]. The estimated Chlc (0.47+
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Fig. 2. Phytochemical content of A. platensis extracts

0.03 mg/g) and d (0.74+0.07 mg/g) content was higher than Chlc and d content
registered in the edible Spirulina — 0.123 and 0.155 mg/g, respectively [58].
Within the class of phycobiliproteins, phycocyanin (C-PC) represented the
highest content (9.89+1.15 mg/g DW) followed by allophycocyanin (APC)
(1.92+0.68 mg/g DW) and phycoerythrin (C-PE) (0.79+0.03 mg/g DW). These
accessory pigments have different economical applications. It is especially true
of C-PC, which has the widest use as a natural dye in food due to its favorable
antioxidant, anti-diabetic, and anti-inflammatory properties [65].

The purity level of the extracted phycocyanin is an essential property for a
specific application (0.22), which lies in the food grade according to [69], which
stated that phycocyanin preparations with A620/A280 lower than 0.7 are con-
sidered to be food grade, while those with A620/A280 between 0.7 and 3.9 are
reagent grade, and those with A620/A280 greater than 4.0 are considered to be
analytical grade, which is enough to satisfy the needs of a specific application.

Bioactive compounds content

Significant difference (p<0.05) was found in the content of the bioactive
components (phenols, flavonoids, and tannins) extracted from A. platensis
using different solvents (Figure 2). These variations depended on the polarity
of the used solvent. The phenols extracted from the alga have been documented
to have various useful activities, including anti-inflammatory, anti- allergic,
antioxidant, vascular, cytotoxic antitumor activities, and enzyme inhibition (7,
34, 68]. Chloroform extract gave the best result overall along with the highest
value of the total phenol and flavonoid content (40.25+3.41 mg GAE/g DW)
and (35.23+2.23 mg QE/g DW) followed by ethanol (37.00+2.65 GAE/g DW)
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and (33.51+1.63 mg QE/g DW), respectively. Ethanol exhibited high efficiency
in the extraction of tannins with 35.81 mg/g DW. By contrast, low concentrati-
ons of phenols, flavonoids, and tannins were obtained in the ethyl acetate ext-
racts.

Biological activities

Several scientific investigations have shown that Spirulina species could be
used in the treatment of different diseases due to synergetic impact of various
phytochemicals in their cells. The present study was designed to compare the
effects of different solvent types on the content of phytochemicals and their re-
levant antioxidant scavenging, anti-inflammatory, anti-arthritic, anti-diabetic,
and anti-acetyl cholinesterase abilities.

Antioxidant activity

Two different methods were used to evaluate the antioxidant activity of
A. platensis extracts like total antioxidant capacity and hydrogen peroxide sca-
venging assay. The difference in antioxidant efficiency based on the two met-
hods might be due to the different mechanisms in scavenging radicals. A. pla-
tensis chloroform extract had the most efficient hydrogen peroxide radical sca-
venging capacity (84.33 %) as illustrated in Figure 3. While, ethanol extract ex-
hibited a higher total antioxidant capacity (59.11 mg/g ASA equivalent/g ext-
ract) than other extracts and ascorbic acid (standard). Among the used sol-
vents, ethyl acetate exhibited a lower antioxidant activity than ascorbic acid. It
has been shown that chloroform extract of the plant Vanda roxburghii had a
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strong scavenging activity against hydroxyl free radicals and DPPH compared
to other extracts and catechin due to its phenol compounds [54].

As it is evident from Figure 3, positive correlation was established between
the total antioxidant activity (TAC) and hydrogen peroxide radical scavenging
activity and the total content of phenols (r = 0.74 and r = 0.92). Many publicati-
ons confirm antioxidant properties of phenol compounds (7, 23, 32], their abi-
lity to be donors of hydrogen atoms or electrons and to capture free radicals
[29]. Moreover, a high content of flavonoids and tannins was detected using
both antioxidant techniques. It has been known that flavonoids react directly
with free radicals, which results in their elimination [3]. It should be noted that
antioxidant effect of the tested alga is not restricted to its phenol components,
but also includes the presence of other antioxidant metabolites like caroteno-
ids, phycobiliproteins, and vitamins that contribute significantly to the activity
directly or indirectly [4, 48].

Anti-inflammatory and anti-arthritic activity

Inflammation is the first response of the immune system to infection and
plays a pivotal role in various diseases. The highest anti-inflammatory and an-
ti-arthritic activity (66.083+2.69 % and 96.051+1.87 %) was observed in etha-
nol extract of A. platensis, followed by water extract (64.850+1.54 % and
94.157%0.54 %), respectively (Table 4).

The obtained results indicate that the anti-inflammatory and anti-arthritic
potentials significantly correlated with the content of tannins (r = 0.92 and
0.66) and flavonoids (r = 0.71 and 0.61). Tannins and flavonoids represent the
complex of phenol substances possessing anti-inflammatory ability via cont-
rolling all indications of gastritis, esophagitis, enteritis, and other irritable bo-
wel illnesses [13]. Significant relationship was established between H,O, radi-
cal scavenging activity and both anti-inflammatory (r = 0.88) and anti-arthritic
activity (r = 0.68) relating to the ability of antioxidant compounds to prevent
various diseases like inflammatory disorders, tumor diseases, and neurological
degenerations.

Anti-arthritic and anti-inflammatory activity of A. platensis extracts, % fabie
Extracts Anti-arthritic Anti-inflammatory
Acetone 50.587 46.484
Ethyl acetate 91.942 63.408
Chloroform 90.115 62.218
Ethanol 96.051 66.083
Diethyl ether 90.181 62.262
Water 94.157 64.850
Methanol 85.059 58.927
Standard Diclofenac sodium 77.50 Quercetin 54.54
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Fig. 4. a-amylase and o-glucosidase inhibitory activity of different A. platensis extracts

Anti-diabetic activity

The intensity of oi-amylase and ot-glucosidase activity inhibition by diffe-
rent types of S. platensis extracts varied (Figure 4). Chloroform extract inhibi-
ted oi-amylase and ot-glucosidase activity more intensively compared to other
extracts with the maximum efficiency of 84.96 and 3.58 %. The minimum
o-amylase (50.03 %) and ot-glucosidase (42.40 %) inhibitory activity was recor-
ded by acetone extract. The inhibition of a-amylase and a-glucosidase activity
significantly correlated with the content of phenols (r = 0.72 and r = 0.61), fla-
vonoids (r = 0.95 and r = 0.90), and also with hydrogen peroxide radical sca-
venging activity (r = 0.75 and r = 0.77) in all extracts. Recent publications [56]
demonstrated the important role of antioxidant compounds of Spirulina in
suppression of a-glucosidase and ai-amylase enzymes via impairment of panc-
reas 3-cells. It is thought [55] that the addition of antioxidant substances to die-
tary meals may be effective in governing diabetic complications. Other bioacti-
ve compounds of Spirulina cells like carotenoids also exhibited anti-diabetic
activity. It has been shown that the risk of acquiring type 2 diabetes mellitus
(T2DM) decreased in consuming carotenoids [78].

Cholinesterase inhibitory activity

The capability of the tested extracts of A. platensis to inhibit both AChE
and BChE is shown in Figure 5. All tested extracts inhibited the activity of both
enzymes to varying degrees depending on the used solvents. Chloroform ext-
ract exhibited the maximum inhibitory activity toward AChE (67.25 %) and
BChE (75.91 %), which was closely similar to that of the reference standard do-
nepezil and galantamine currently utilized as Alzheimer’s disease (AD) drugs.
The activity of ethanol extract was found to be moderate comparing with both
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Fig. 5. Inhibition percentage of acetylcholinesterase and butyrylcholinesterase activity of
the tested A. platensis extracts

standards. Due to the critical role of BChE in acetylcholine hydrolysis, dual in-
hibition of AChE and BChE may improve the signs and symptoms of Alzhei-
mer’s disease [54]. Both TAC and hydrogen peroxide radical scavenging activi-
ty showed significant correlation with both cholinesterase enzymes as it is evi-
dent from Table 5. Thus, relationship was established between TAC and H,O-
radical scavenging activity and AChE (r = 0.90 and 0.98) and BChE (r = 0.90
and 0.97), respectively. The content of phenols, flavonoids, and tannins signifi-
cantly correlated with both activities (r = 0.8). This direct relationship may be
related to their antioxidant activity improving mental disorders [43]. It has
been shown [3] that phenols and flavonoids possess antioxidant properties im-
proving neurodegenerative disorders like Alzeheimer’s disease.

Significant relationship was established between both tested cholinesterase
enzymes and anti-inflammatory activity (r = 0.81). The inflammation plays a
crucial part in the etiology of Alzheimer’s disease. Due to the capability of chlo-
roform extract of Spirulina to scavenge free radicals and reduce inflammation
and arthritis, it may be a viable candidate medicine in the treatment of Alzhei-
mer’s disease and thus deserves to be tested in an animal model.

GC-MS

GC-MS chromatogram of ethanol and chloroform extracts of A. platensis
identified different compounds, which might be responsible for their tested bi-
ological activities. The retention time, molecular weight, molecular formula,
peak area, and bioactive properties of these compounds are given in Table 6.

It has been found that ethanol and chloroform extracts contain fifteen and
twelve compounds, respectively. The major bioactive constituents were phytol
(19.08 % and 21.12 %) and hexadecanoic acid (12.84 % and 27.12 %) in both et-
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hanol and chloroform extracts. In addition, benzene, 1,3-dimethyl- (17.02 %)
and cis-10-heptadecenoic acid (14.92 %) were found in ethanol extract.

All these compounds have been reported as antioxidant and anti-inflam-
matory agents like 3,5-bis (1,1-dimethylethyl)-phenol, 2,6-bis (1,1-dimethylet-
hyl) phenol, heptadecane, and octadecanoic acid [51, 77]. In this case, n-hexa-
decanoic acid was detected in ethanol (12.84 %) and chloroform (27.12 %) ext-
racts possessing anti-acetyl cholinesterase, antioxidant, and anti-inflammatory
properties [1, 77].

Few of the detected compounds possessed anti-diabetic activities, inclu-
ding cholestan-3-ol, 2-methylene-, (3f,50)- in both extracts and benzene,
1,3-dimethyl- in ethanol extract only [36, 52, 83].

Heptadecane was identified in ethanol and chloroform extracts (3.96 %
and 9.34 %), which comprises high ratios of amino acids, vitamins, B-carotene,
and pigments [36]. It is characterized by high biological activities, including
antioxidant, anti-proliferative and antitumor efficiency [38].

Conclusion

The obtained results suggest that Arthrospira platensis is a promising anti-
oxidant agent for food industry relating to its bioactive compounds, calorie
content, ion quotient, and estimated daily intake values. Especially chloroform
and ethanol extracts of A. platensis may replace the current synthetic drugs
used in treating a variety of disorders such as inflammation, diabetes, etc. Furt-
her studies are needed to detect the mode of action of these biocompounds in
vivo using different animal models to illustrate the exact action mechanism of
these compounds.
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BIOCHEMICAL PROFILE, NUTRITIONAL VALUE, AND BIOLOGICAL
ACTIVITIES OF ARTHROSPIRA PLATENSIS GOMONT

Arthrospira platensis (formerly Spirulina platensis) is a promising source of biological
compounds since it has been traditionally used for the treatment of various diseases. The
aim of the present study was to characterize the nutritional and biological properties of
A. platensis in vitro. The detected calorie content (428.98 kcal/100 g) and phycocyanin pu-
rity (0.22 %) make it possible to recommend this species as an alternative source of healthy
food to reduce obesity. The estimated daily intake of A. platensis was below the acceptable
WHO/FAO level so it had no adverse impacts on human health. The antioxidant, anti-art-
hritic, anti-inflammatory, anti-diabetic, and anti-acetyl cholinesterase activities of seven
different algal extracts were detected. Relationship was established between the estimated
biological activities and phenol content. Chloroform and ethanol algal extracts exhibited
different biological properties compared to standard drugs. On the whole, 21 bioactive
compounds, including fatty acids, terpenoids, phenols, and alkanes, were revealed in algal
extracts as a result of gas chromatography-mass spectrometry analysis. It can be concluded
that A. platensis can serve as a very important potential source of many bioactive compo-
unds with commercial impact depending on the used solvent. Further study should be
done for isolating and purifying the effective compounds, which can be used in pharmace-
utical and biological manufacturing.

Keywords: Arthrospira platensis, biologically active substances, nutritional value, com-
mercial use, medical application.
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OCOBJ/IMBOCTI IMMHAMIKI OKPEMIX EJTEMEHTIB
TTIPOXIMIYHOTO PEXXMMY MAJINIX BOTOVM
YPBAHI3OBAHOI TEPUTOPII: BIOTEHHI TA
OPTrAHIYHI PEUOBUHU

Obzosopero pesynvmamu 00CHiONEHHS NPOCMOPOBO-4ACO80T OUHAMIKU HeopeaHiu-
Hux gopm asomy (NH;, , NO;, NO3 ), pocpopy, cuniuito ma po3uuHeHux opeaHiuHux peuo-
sut (POP) y 600i o3ep cucmemu Oneuerv. Konyenmpayis po3uurenozo KUcHIO icmomHo
BNIUBAE HA CNiBBIOHOWeHHS HeopeaHiunux popm azomy. Koepivienm xopensuii mix emic-
mom Oz i 4acmkow amoHiliHo20 a3omy, Himpum- i Himpam-tionie 3a Pi6HA 3HAUYW,0CMI
0,01 cmanosus gionosiono -0,79, 0,60 i 0,78. 3a KoHueHmpauii po3uUHeH020 KUCHIO
<4 me/om* wacmxa NH, , NO; i NO; cmanosuna 6ionosioro 280 ,<6 i =14 % Nucp, 30 4—
8 me/om® — 60—80, 6—12 i 14—28 % Nicop» @ Npu nodanvuiomy 3pocmanui 00 16 me/om’
ixHitl eioHocHuti micm cknadas 18, 24 i 58 % Nieope. 11i0 uac 360pomnoi memnepamypHor
cmpamugikayii 63umKy Pi3HUUS MiN BMICOM HeopeaHiuHo20 A3omy ma 1020 Pi3HUX
popm, a maxoix Heopzaniunozo Hochopy y 600i nosepxHeso2o i NPUOOHHO20 20PU3OHINIE

O untysanHa KexepsaB.A, Kexepa T.IL, JInanuk I1.M., Ocunierxo B.I1., EsTyx T.B.
Oco6nmmBOCTi AMHAMIKM OKpeMUX €/IeMEHTIB TifPOXIMIYHOIO PeXUMy MaIUX BOLOIM
ypbaHisoBaHoi TepuTopil: 6iorenHi Ta opraniuni peqoBum. [iopobdiosn. scypH. 2022. T. 58.
Ne 4. C. 85—109.
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byna nesnaunoio abo i He nepesuusysana 2,5 pasa. Ilpu dopmysanni npsmoi memnepa-
mypuoi cmpamugixayii, nouuraouu 3 ecHu 00 0CeHi, PI3HUUS Mix KOHUeHMPAayieio 3a-
3HaueHux opm asomy i Heopeaniurozo gocopy mix uumu wapamu 6yna icrmommoio.
Konyernmpauis NH, i Pueope HOMIMHO 3pocmana Hudcue mepmokauny. Bepxui mpu osepa
(Mincoxe, JIyeose i ITmawiune) sussunucy HAtbinvui 3a6pyOHeHUMU CNOTYKAMU Heop-
2aHiuH020 azomy i ocopy. SHuneHHA KoHUeHMPayil OCMAaHHIX Y NOBePXHEBOMY api
800U 3yMOGTIeHe ACUMITSTUIEID 0i0MO010, a 3POCMAHHA IXHb02O 6micmy 6iiT OHA — HAOX00-
IHeHHAM 3 00HHUX 810K1A0i6 3a depiyumy Oz i popmysanHsa aHaepoOHUX ymos. 3a ycepedHe-
HUMU NOKA3HUKAMU MOJIsIpHe 8i0HOueHHS N:P 3meHuysanocy 8io 3umu 00 0ceHi 8 Mexax
16,0—5,7, w0 8xasye Ha 3pocmanns y 800i KoHueHmpauii gocgopy 6i0HocHO azomy ma
POPMYBAHHA CHPUSMAUBUX YMOB 07T PO3BUMKY CUHbo3eneHux eodopocmeil. Konyenm-
pauis po3uunenozo cuniyiio y 600i 03ep konusanacy y mexcax 0,03—6,4 me/om’. SnusceHHs
i1020 emicmy y nosepxHesomy uiapi 600U HABECHI 3yMO6/IeHe ACUMINSTYIEID 0iamomMosUMU
sodopocmamu. 3azanvruti émicm POP ma iXHix okpemux 2pyn 3a3HA6a6 ce30HHUX i Npo-
cmoposux amin. Yacmra 1e2K00KUCHIOBAHUX OP2AHIUHUX CNOTIYK Y 8001 BePXHIX MPbOX 03ep
cmanosuna 15,8—55,3 %, a y 800i HuxHix 03ep — 29,1—81,6 % 3azanvHoeo émicmy POP.
Maxcumanvui nokasHuxu xapakmepti ons nimuvoi nopu. Hatibinow 3a6pyoueni opea-
HIYHUMU chomykamu éepxHi mpu o3epa. Konvyenmpauis npupoonux epyn POP, 3oxpema 2y-
MYCOBUX PeU0BUH, 8Y2ne600i6 i 6inK0B0N00IOHUX PeuosuH ¥ 600i 03ep KONUBATIACL 6 MENAX
4,6—8,0, 0,66—5,43 i 0,26—1,09 me/om’, cknadaiouu y 3aeanvromy 6ananci 6i0 37,6 00
55,5 %, pewmy cmanosunu inwi epynu POP, HaneeHo, aHmMponozeHH020 nOX00NEeHHS.

Kniouosi cnosa: sodotimu ypbanizosanoi mepumopii, o3epa cucmemu Oneuenv, cno-
JIyKU HeopeaHiuHoeo a3omy, HeopeaHiuHuil Gocgop, posuuHHull cuniyiti, Ximiune cnoiu-
BAMHI KUCHIO, POZUUHHI Op2aHituHi peHOBUHU, cpamu@ixayis.

Y cydacHUX yMOBax IIOBepXHeBi BOJHI 00’ €KTV 3a3HAIOTh AHTPOIIOTEHHO-
ro BIUIMBY Ti€lo 4 iHmIOM0 Mipow. e mos’a3aHo 3 iXHIM MIMpPOKUM BUKOPU-
CTaHHAM y HAPOJHOMY IOCIIOfAPCTBI, a caMe: I/ IIMTHOTIO i TEXHIYHOTO BOJIO-
IIOCTaYyaHHsA, pekpeanii, pubopo3BefieHHs, CyTHOIUIABCTBA, BUPOOHMUIITBA
€JIEKTPUYHOI eHepril, 3pOolIeHHs, IPUIMaHHA 3IMBOBUX i CTIYHMX BOJ, 3 Pi3-
HVIM CTYIIeHeM ounieHH:. [lo Haifypas/muBilmx BOfHUX 00 €KTIB CIif BifHec-
TV BOJOVIMU 3 YIIOBiIIbHEHMM BOZOOOMIHOM (BOJJOCXOBMIIA, 03epa, CTABKM).
3arasoM, CTaHOM Ha KiHellb XX CT. IOBilOMJ/IANIOCH, 10 MeHIe 10 % piuok
CBiTy cr1if po3IIAfATH SK TaKi, B AKMUX XiMIYHUII CKJIafi BOAM He 3a3HaB iCTOT-
HIIX 3MiH, @ BMICT OKpeMUX XiMiYHIX KOMIIOHEHTIB He IIepeBuUIyBaB (POHOBUX
KOHIeHTpaniit. Ha Toit yac KoHIleHTpawis a3oTy i pochopy y BOEHMX 00’ €KTax
€spomnn Ta [liBHiuHOI AMepuKu 3pocia Marbke y 20 pa3iB MOpiBHAHO 3 POHO-
BUMI KOHIeHTpauissmu [35]. ITpu 36inpiuenHi 3aranpHOl YnceIbHOCT] Hace-
nenHA CBity fo 9,7 MIpH., @ TAKOXX MiCbKOTO Hace/leHHA — Ha 2,5 MPJ. [0
2050 p., srigao nporunosy OOH [53], cig ouikyBaTyt MOAAIBLIOTO 3pOCTAHHSA
3a0py/iHEeHHs [TOBEPXHEBMX BOJ, OiOT€HHMMM CITONTyKaMM i PO3YMHEHVIMM Op-
ra"iyanmy pedosuHaMu (POP). LIboro Mo>kHa YHUKHYTY IpY BUKOPUCTAHHI
IPUPOTOOXOPOHHINX 3aXO/iB, sKi OYyAyTh CIIPAMOBaHiI Ha 3HVDKEHHS HAIXOf-
YKEHHS, epeflyciM, CIIonyK a3oTy i pocdopy o HOBepXHEBUX BOLHUX 00 €KTIB
3 METOI0 YHUKHEHHS IXHbOTO eBTPOQYBaHHA.

EBTpodyBaHHS — NPUPORHNMIL IIpOLieC CTapiHHA BOLOIM, SIKWII 32 aHTPO-
IIOr€HHOTO BIUIVBY NPUIIBUAIIYETHCA B pa3u i 3amictb 200—300 pokis mo4n-
Ha€ MPOSIBIIATICH BXKe Yepe3 KiibKa pokiB. [lo OCHOBHMX KpUTepiiB eBTpody-
BAaHHA BiTHOCATD SHVDKEHHA BMiCTy pO3YMHEHOTO KVCHIO HIDKYe TEPMOK/IVIHY,
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3pOCTaHHA KOHIIEHTpallil CHOMyK a30Ty i pocdopy, 36inbIIeHHA BMicTY 3aBuCi
OpraHiyHOTro NMOXOMKeHHs ((iTOIIaHKTOH, JeTPUT), 3POCTAHHA YaCTKM Op-
TaHIYHMX P€YOBYH aBTOXTOHHOTO IIOXO/>KEHHA, 3MiHY ITOY/IALil BOGOPOCTEN
3 JOMiHYBaHHAM IIPE[CTAaBHNKIB CMHbO3€/IEHNX i 3€JIeHUX BOLOPOCTEN, 3pOC-
TaHHs 6ioMacy 6eHTOCHMX Ta eniiTHIX BOZOPOCTelL, 3MiHY BULOBOTO CKIIAJy
Ta 6ioMacu Makpoditis, 361/IbLIIEHHA KaTAMYTHOCTI BOAY, 3pOCTAaHHA BMICTY
amoHiitHoro asory (NH; ) i HeoprauiaHOro Gochopy (Pucopr) Y FOHHMX BifKIa-
JlaX, 3aMOpPM, BTPATy peKpealLiilH1X BIacTuBocTeit [23, 26, 50].

B cyyacHux ymoBax Jyis IOKpAIlleHHsS SIKOCTi BOfu eBTPOGHUX BOJHUX
00’€KTiB BUKOPVCTOBYIOTb HACTYIIHI 3aXO/M: AparyBaHHs JOHHMX BiK/IafiB,
IITYYHY aepaliito, 06poOKy anbrinygamy, XiMiYHMMI peareHTaMu IS Iepe-
TBOPEHHS Pueopr B 6i0NIOTiIYHO iHEpTHI crionmykm (rimpokcup amoMmiHio, Mo-
nudikoBaHMIT GEHTOHIT 3 BUKOPUCTAHHIM JIAaHTaHY), OapBHUKaMy, 6i01IaTo
BUIIIO1 BOAHOI pocnmuHoOCTi [20, 23, 27, 34, 37, 39, 50, 55, 58].

Cepen ocobmuBoCTel BOGHNUX 00’ €KTIB, SIKi 3HAXOAATHCS Y MeXKaxX Hacesle-
HIIX IIyHKTiB, BXX/IMBE MicClle 3aiIMalOTh ITOPYIIEHHA PUPORHOro H6iopisHO-
MaHITTs, 61/IbII BUpaKeHe MiKOBe HA/IXO/PKEeHH 3/IBOBMX a00 CKMHMX CTid-
HUIX BOJ] 32 PaXYHOK 30i/IbIII€HHS IUIOLi BOJJOHEIIPOHNKHIX JI/ITHOK, 3MiHU
XiMiYHOTO CK/Iafly BOA 3i 3pOCTAaHHAM BMICTY OiOreHHUX CIIOTYK, OPTaHIiYHIX
pedoBuH, crenndivHNX 3a0pYAHIOBAIbHIX OPTaHiYHUX PEYOBIUH, BXXKIX Me-
TajiB, TOTOBHUX JOHIB TOIO [28, 32, 44, 45, 49, 54, 56].

B me>xax ypb6aHi30BaHVX TePUTOPIN CIIOJTYKM HEOPTaHi9HOTO a30Ty i poc-
¢dopy, opraHiuHi pe4oBMHN HAJXOAATH O IIOBEPXHEBYUX BOLHUX 00 €KTIB ro-
JIOBHMM 4YVHOM 3 KOMYHQ/IbHV/MM i IPOMMCIIOBUMMY CTiYHMMM BOJAMMU 3 Pi3-
HVIM CTYIIeHEM OYMILeHH, 32 PaXyHOK CTOKY a0 iHdinbTpanii 3i cranwuiit oun-
I[eHHs CTIYHMX BOJZ Ta OyHiBelbHMX Mali[JaHYVKiB, 3i 37TMBOBMMY BOJJAMM, a
TaKOXX 3 MOHHMX BifKmamis [25, 26, 52]. [IeBHa yacTMHa 3a3HaYeHUX O10TeHHNUX
PEYOBVH NTOTPAIUIAE 32 PAXYHOK ANPY3HUX PKEPeJI, B0 AKUX BiJHOCATHCS HO-
BepXHeBUII Ta IaTepa/IbHUI CTiK 3 BOZ036ipHOI o, atMmocdepHi onaau [25,
26]. Yacro 3a3Ha4a€eThC, 1O /I HOKPAIEHH AKOCTi BOAY IOBEPXHEBUX BO-
IHUX 00’€KTIB HEOCTATHDO /NIIIE JIOKA/i3allii TOYKOBUX JXKepesl, OCKITbKI
HeoOXiJTHO TaKOXX 3BepTaTH YBary Ha MiHiMi3allito BIVIMBY AM(y3HUX IKepel.
Yactka HeopraHivHOTO a30TY (Nieopr) i Pueopr, IKa HAAXOANUTD 32 PaxXyHOK -
¢bysHux mxepen, Mmoxe nepesuinysatu 50 %, a iHoxi gocaratu 90 % Bif 3arab-
HOTO HaIXOJPKEHHS IVIX CIIOJIYK /10 BOZHUX 00 €KTiB [26, 29, 33, 46].

OnTumanbHi yMOBHU [l PO3BUTKY @iTOHHaHKTOHy Ta «IIBITiHHS» BOJAU
BU3HAYAIOTbCS JOCTATHIM BMiCTOM Y BOJi CIIOMTYK Nicopr i Pueopr. 3TifiHO 3 K0ei-
nientom Pendinga, ontuManbHe CliBBifHOIIEHHS BYITIELI0, a30Ty i pocdopy
Y BOJIi ITOBEPXHEBUX BOAHUX 00’€KTIB IJIs1 PO3BUTKY BOLOPOCTENl CTAHOBUTD
40C : 7N : 1P. IIpu npoMy B 0/1iroTpopHOMY BOJHOMY 00’ €KTi KOHIIEHTpaii
docdopy i azory He moBuHHI epesuiysaty 0,01 i 2 mr/gm’. BogHoudac, B eBT-
po¢HMX BOfj0iIMaXx iXHs KOHIIEHTpallis nepeBuilye BifnosifHo 0,03 i 5 mMr/ oM
[50]. 3rizHO MeTOMKM €KOIOTiYHOI OLIIHKY SKOCTi ITOBEPXHEBMX BOJI 32 Bifi-
IIOBIJHMMY KaTeropisiMu, KOHIIeHTpallisd JIOHiB NH; , NO, i NO; y Bogi ne
IIOBVMHHA ITepeBuIyBatit BinmosigHo 0,31, 0,011 10,51 Mr N/am?, a BMICT Peopr
— 0,050 mr/mm’. 3a3HaueHi KoHIeHTpawii BignosigatoTs 111 kiacy sikocTi Boau
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(3abpynHeni BopgHi 06’exT) [13]. 3a pesynbratamMy iHIINX JOCTiIKeHb, KOH-
HeHTpalif Pueopr, KA JIIMITYE PO3SBUTOK CHHDBO3EIEHUX BOLOPOCTEN, CTAHO-
BuTh 0,060—0,050 mr/mm’ i HipKYe [36, 38]. OTKe, cepen 3a3HaYeHNX GioTeH-
HUX CIIOJIyK caMe HeopraHiuHuit ¢ochop BUCTYIAE TIMITYIOUMM YMHHUKOM
JUISL PO3BUTKY (DiTOIIAHKTOHY, OCKi/IbKI, HAIIPYK/IAJ, JesKi TeTepOIVICTH] cu-
HbO3e/leHi BomopocTi popiB Anabaena i Nostoc 3[aTHI acMMiNIOBaTH aTMO-
cepHmit asor [24].

Merta HammMX JOCTIPKEHD O/IATaNa y BUBYEHHI IPOCTOPOBOI i CE30HHOI
fuHaMiKy BMicTy 6ioreHHNxX pe4oBuH i POP, a Tako>x BIUIMBY KMCHEBOTO pe-
XKMIMY Ha BMICT i CIIiBBi/JHOIIICHHA HEOpraHiYHMX POPM a30Ty y BOJii 03ep cyc-
temu Onedenb. JJocmipkeHHs TakoX Oy/mn CIpsAMOBaHi Ha BUBYEHHS BIUIUBY
npAMoi i 3BOpOTHOI cTpaTudikarii Ha BMIicT CTONMYK Nieopr, Preopr 1 pO34MHEHO-
TO CUJIILIIO 32 BEPTUKAJIIIO.

Marepian i MeTOgMKa JOCITiI)KEHD

Y nepuromy nosifomieHHi [9] HaBemeHO 3arajibHy iHpOpMaLio OO
ocobmBocTelt Bibopy 1mpo6, ixHbOro 30epiraHHs Ta MiJTOTOBKY [0 aHAJIi3iB,
a TAaKOXX HaBeJIeHO KapTy-cxeMy o3ep cucremu Oneuvenb. Konnenrpariro He-
opraHiyHuX Gopm asory, Pucopr i po3unHeHOTO CHiLiI0 BUMipIOBanu y Ginbt-
paTtax MpMpOAHOI BOAM, BUKOPUCTOBYIOUM METOAMKN (POTOMETPUYHOTO aHa-
mi3y [14]. AMOHITHMIT a30T BU3HavYaMy 3 peakTnBoM Heccnepa, HiTpuUT-1i0HN
— 3 peakTuBoM I'picca, HiTpaT-110HM — 3 caliIMIaTOM HaTpPilo, HEOPTaHIYHMIA
¢docdop — 3a peakuii B3aemopii opropocdariB 3 MONIOAATOM aMOHIIO y KVIC-
nomy cepeposumii (pH 0,80—0,95) 3a mpucyTHOCTI ackop6iHOBOI KUCIOTH,
Cwiniit — y BUMIAAi cuHbOi (BigHOBIEHOT) popmm cuiniiiMosntibneHoBo] re-
TEPOIOIIKMCTIOTH 3 BUKOPYCTAHHAM MeTON-CyNb}iTHOI CyMillTi K BiTHOBHNI-
ka. Ximiyne cnnoxxuBanHs KucHO (XCK) 3 BUKOPUCTaHHAM Pi3HUX OKUCHIO-
BauiB (KMnO, ta K;Cr,O7) Bu3Havanu 3a 3araJbHOBIOMUMM METO[MKAMMU
(14, 19]. [leprumii 3 moKa3HMKIB (TepMaHraHaTHa OKMCHIOBaHiCTh, 360 XCKwmn)
OIIOCEPENKOBAHO BKa3ye Ha BMICT IETKOOKMCHIOBAaHMX OPTaHIYHMX PEYOBUH, a
ApyTuil (IVMXpoMaTHA OKMCHIOBaHicTh, a00 XCKc;) — Ha 3arajbHy KOHIIEHT-
pauito POP. Bmict po3unHeHOro Byrtemo opraniyanx crionyk (Copr) po3paxo-
ByBa/mn 3a GopMynor Copr = 0,375}XXCKe; [19, 22]. Ina posginenusa POP 3a
XiMiYHOIO ITPMPOIOI0 3aCTOCOBYBAIM METOJ, IOHOOOMiHHOI XpoMaTorpadii 3
BUKOPMCTAaHHSIM KOJIOHOK, 3aIllOBHEHVUX MOHOOOMIHHUMU IIeII0TI03aMU —
JEAE (mietmnaminoerunuenionosa) i KM (kapb6okcumernenionosa). I'ymy-
coBi pedoBuHM (I'P), Aki BigHOCATBCA Ho POP KucIOTHOI Tpyny, BUTydann aj-
copbriero Ha Konmouui 3 JJEAE-uentono3o, a 6i1koBomogiOHI pedyoBUHM
(BIIP), fiK pe4OBMHY OCHOBHOI I'PYIIV, KOHI[EHTPYBa/IN Ha KoMoHIi 3 KM-11e-
monosoro. Heitrpanbay rpymy POP, B sKiit mepeBakaroTh ByT/I€BOJY, OTPUMY-
BaJIV IiC/IS TIOCTIiJOBHOTO MPOITYCKaHHS QiIbTpaTy NpUpofHOI BOY Kpisb 3a-
3HayYeHi BuIIle KOJIOHKY 3 LIe/II0JIO3HMMM JIoHiTaMu. 3a HeoOXiHOCTI HellTpa-
nbHY ¢pakuio POP xoHneHTpyBam y 10—12 pasiB IUIAXOM BUMOPOXYBaH-
Hs. [lecop6buito POP 3 konoHok, 3anoBHerux JJEAE- i KM-uemonosamu, 3xiit-
cHIoBa/mM BifmosifHo 0,3 Monb/am® posunroM NaOH i 0,1 mos/gm® posun-
HoM HCI. Bumict I'P y cxmajii Kc1oTHOI rpymy BU3HaYaIu 3a TpafyoBaIbHIM
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rpadikom «Kompoposicte Bogu, °Cr—Co-mxkann — KoHneHTpanis I'P,
mr/pm’». KompopoBicTs Bofu, sIK HEIPsAMY XapakTepucTuky Bmicty I'P y Bogi
IIOBEPXHEBUX BOHMX 00 €KTiB, BUMipIOBa/Iy 3a JOIIOMOTOIO iMiTaIliiTHOI uX-
pomaTHO-Ko6anbToBol mKany [14]. [Ina nobynosu rpagytoBanbHoOro rpadika
BUKOPUCTOBYBa/INU IpernapaTyt GyIbBOKUCIOT i TyMiHOBMX KUCTIOT, sIKi 6y/u
oTpuMaHi 3 Bogyu KaHiBCbKOTO BOZOCXOBUINA i OUMIleHI 3 BUKOPUCTAaHHAM
katioHooOMiHHMKa KY-23 B H-popmi. Orpumani mpemnapaTy BUCYLIYBaIN
IIUISIXOM TIOCTYIIOBOTO BMUITAPIOBAHHA Y (papPOpOBMX YaIIKaX, ZOBOAAUM iXHi
Cyxi 3a/IMILIKY 0 OCTiitHOI Macy B ekcukaropi 3 6e3sogunm CaCl,. Busnauen-
Hs pedOBMH OiIKOBOI Ipupoay 3aiiicHIOBanm 3a peakuieto Joypi [5, 43], a Byr-
JIEBOZIiB — 3a JJOTIOMOTOI0 aHTPOHY [19].

PesynbTaTi JOCIigKeHb Ta iIX 00TOBOPEHHS

Cnonyku Heopeaniurozo azomy i pocgopy. Ceper CIIOTyK HEOPraHiYHOTO
a30Ty y IpMJOHHOMY LIapi Bogu osep cucremu OneyeHb nepeBakana oro
aMoHilHa ¢popMa, a y TOBEPXHEBOMY IIapi, OKpiM 31IMOBOTO Iepiofy, HaBIIa-
KM, 3pOCTala 4YacTKa HITpUT- i HiTpaT-JioHiB. Taki mpocTOpoBi Ta ce30HHI
3MiHM BiTHOCHOTO BMICTY CIIOITYK Nyeopr 3271€KATh BiJl KOHLIEHTPALII pO34YMHe-
HOTO KMCHIO. 3pOCTaHHA J10r0 BMICTY Y BOJi IPU3BOAWIIO /1O 301/IbIIEHHS Ya-
CTKM HITPUT- 1 HITpaT-110HIB y pesynbraTi oKncHeHHss NH, sIK XiMi4HUM 1UIsI-
XOM, TaK i 3a yuactio HiTpudikyounx 6axrepiit. Bapro 3asHaunry, mo Hacu-
YeHHs BOAM KMCHeM Oy/10 XapaKTepHVIM JIMIIIE IJI IIOBEPXHEBOTO LIapy BOAY
HaJl TEPMOK/IMHOM IIPOTATOM BECHAHO-OCIHHBOrO mepiomy. HasecHi jioro
KOHII€HTpallid 3HaXOAWIach B MexXax 12,1—16,2 mr/mm?, a BJIITKY 1 BOCEHU —
BifnoBigHO 8,3—14,6 i 4,4—14,2 mr/pm’. [lepeHacnveHHst HOBEPXHEBOTO MIa-
Py BOIM pO3YMHEHMM KUCHEM y MexXax 107—146 % criocrepiranocs B ycix ose-
pax HaBeCHI, TOJIi AK BIIITKy i BoceHU — He 3aBxay. HaTomicTs, 7toro gediunt
BifIMi4eHO Y IpUIOHHOMY IlIapi BOAY 03€p IPOTATOM YCbOTO POKY, @ Y IIOBEPX-
HEeBOMY LIapi — TakoX i B3uMKy. [letanpHinry iHdpopMario Iofo KICHEBOTO
PEeXUMY HOCTIIKyBaHUX 03ep HaBeJIeHO y IepuIoMy IoBifoMieHHi [9].

Yacrka NH; y moBepxHeBOMY IIapi BOAM HOCIIPKYBAHUX 03€P 3HAXO/M-
7ach y IMPOKOMY iHTepBasi BenmndnH: 64,9—87,0 % Nieopr B3UMKY, 0,0—51,2 %
— HaBecHi, 22,3—74,8 % — BitKy i 15,6—75,7 % Nieopr — BOceHN (puc. 1, a).

BigHOCHMT BMiCT NH4+ y IpUIOHHOMY LIIapi Bojyt 6YB BUIIMM i 3HAXO/IUB-
cay Mexax: 66,3—94,9 % Nieopr BSUMKY, 38,3—99,3 % — HaBecHi, 82,2—99,2 %
— BTiTKY i 48,8—98,6 % — BoceHu. 3a3BMyaii, I10ro YacTKa y Bofii OiiA gHa Ite-
pesuiyBana 70,3 % Nueopr, i 1u1ire B 03. KupnaiBcbkoMy HaBecHi i BOCEHM BOHa
craHoBmIa BigmoBigHO 38,3 i 48,8 % Nicopr (zuB. puc. 1, a). e sBuie, Bipo-
TiJIHO, 3yMOBJI€HE JIOKaJIbHUM BIUIMBOM BOJHMX Mac p. Cupenp Ha XiMiuHMIA
CK/Iafi IPULOHHOTO HIapy BOAY 3a3HAYEHOIO 03€Pa, OCKI/IBKM TeMIlepaTypa
BOJV Yy LI pivlli HaBeCHi i BOCEHM BifIIOBifaIa Tili camilt remIiepaTypi B 03epi,
sKa CIIocTepiraiach Ha I/IMOHi BifmosigHo 6,0 M 1 5,5 M, a BIITKY — /uiie Ha
rn6buHi 3,5 M. 3 1iel mpu4yHu Bofia 3 p. Cupelb 3a/1e>KHO Bijj Ce30HY Ha/IXOfM-
JTa Ha pisHy IIMOMHY o3epa. BogHouac, yacTka aMOHITHOTO a30Ty Y TMPIIOBii
pinaHLi p. Cupelb HOCTYIIOBO 3MEHIIYBasach Bifj 3uMu 1o oceHi. Tak, B3UMKY
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Puc. 1. Ce30HHI 3MiHM YaCTKM aMOHIITHOTO a30Ty (a), HiTput- (0) i HiTpar-110HiB (8) y Boxi
o3ep cucremnu Onedenb npotsarom 2021 p. Tyt i va puc. 3—7, 9: I — 03. MiHcbke; 2 — 03.
Jlyrose; 3 — 03. ITtamuue; 4 — 03. AuppiiBcbke; 5 — 03. Kupuniscbke; 6 — 03. Viopmanch-
ke; 3, B, J1i O — 3uma, BecHa, n1ito i ocinp; I i Il — BigmoBifHO noBepxHeBUII i IPpUAOHHMI
TOPU3O0HTI BOAM

BigHOCHMIT B7MicT NH, cranoBuB 50,1 %, HaBecHi — 32,3, BiiTKy — 25,8, a BO-
cerayt — e 5,7 % Nieopr.

BigHocHmMit BMicT HiTpuTHOTO a30ty (NO, ) y HOBepXHEBOMY LIapi BOAK
TOCTI/PKYBAaHNX O3€P 3HAXOAMBCA y IIMPOKOMY iHTepBajli BeIM4nH — 1,5—
48,3 % Nucopr, @ 0ir1s1 gHa — muire — 0,3—25,8 % Nicopr. HiTpur-itonu nane-
JKaTh 0 XiMiYHO HECTIVIKMX CIIONYK, OCKI/IBKM 3[JaTHI IIBU/IKO OKMCHIOBATHCh
mo Hirpar-iioHiB (NO;) 3a JOCTaTHBOTO BMICTy PO3UMHEHOTO KMICHIO ab0
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BigHOBMIOBaTHCh 10 NH, 3a itoro mediunty. Came 3 1ji€i IPUYMHU YacTKa
NO, 3pocrana y nosepxHesomy 1mapi Boau 5o 13,1—34,4111,2—48,3 % Nueopr
BiITOBiTHO HaBeCHI Ta BIIITKY IIiJi Yac IOKPaIjeHHs KMCHEBOTO PeXXNMY (IUB.
puc. 1, 6).

Yacrka NO; nopiBusiHo 3 NH; , HaBImaku, 3aByxau 6y/1a BUIOIO y TIOBEPX-
HeBOMY LIapi Boau. BsuMKy BoHa He nepesuiysana 4,3—26,5 % Nyeopr, Ha-
BecHi 3pocrana 1o 24,7—75,7 %, BHTKy i BoceHu craHoBuna 13,4—54,7 i
21,2—69,4 % Nueopr. Y IpU0HHOMY 11aPi BoAM BifiHOCHMIT BMicT NOj -itoHiB
KonmuBaBcs y Mexxax 0,4—46,2 % Nueopr (AMB. puc. 1, 6).

Bcranosneno, mo Haitbinbura yactka NO; - i NO; -itoHiB y mpuonHOMY
mapi Boiu criocrepiranack B o3epax Kupuniscbkomy i Viopnancbkomy (ums.
puc. 1, 6, 8), OCKiNIbKI B HIX, MOPiBHAHO 3 iIHIIMMU JOCTIP)KYBaHUMM O3€paMI,
KMCHEBMII pexxuM OyB HalikpamyM. Bimomo, mo HiTpudikanisa BinbyBaerbcs
3a KOHIIEHTpaL[il PO3YMHEHOr0 KNCHIO, IIJ0 MepeBuIye 2 MI/AM’, a [eHiT-
pudikariiss — KoM BOHa HIDKYA, HIK ~1,5 mr/pm’® [20].

Y HOoCHipKyBaHMX 03epaxX BUABICHO HAsBHICTb KOPEJALIHOTO 3B’A3KY
MDX BMICTOM PO3YMHEHOTO KVICHIO Ta YaCTKOI0 CIIOJTYK HEOPTaHIYHOTO a30Ty.
BcranoBsieHo, 1o 3a piBHA 3HauymocTi 0,01 koedilieHT KopenAnii Mi>X KOH-
LIEHTPali€l0 PO3YMHEHOIO0 KJCHIO 1 BiJHOCHMM BMiCTOM NH;’, NO, - i
NOj -1toHiB craHoBuB BignosigHo -0,79, 0,60 i 0,78 (puc. 2). 3a oTpUMaHUMU
3aJIEKHOCTAMM BCTaHOBJIEHO, 11O 3a KOHIIEHTpallil PO3YMHEHOIO KUCHIO
<4 Mr/gM’ 4acTKa aMOHITHOTO a30Ty, HITPWUT- i HITpaT-MOHIB CTaHOBWUIA
BifgnoBinHO >80, <61 >14 % Nieopr. K10 BMIiCT pO3U4HEHOTO KMCHIO 3HAXO M-
ThCS B MeXXax 4—8 MI/M’, TO YacTKa 3a3HaueHMX GOpM HeOPTaHIYHOTO a30Ty
BXe 3MiHI0€eTbcA B Mexax 60—80, 6—12 i 14—28 % Nucopr. 32 MOJANTBIIOTO
3pOCTaHHSI KOHIIEHTpALii K1CHIO 10 16 mr/pm® BigHOCHMIT BMicT NH,, NO, -i
NO; -itoHiB cTaHOBUB BifiMoBigHO 18, 24 i 58 % Nueopr (IUB. puc. 2).

Bumict NH; y Bogi o3ep cucremu OrnedeHb 3a3HaBaB K CE30HHMX, TaK i
IPOCTOPOBYX 3MiH 3 I/IMOMHOMW. Tak, B3UMKY KoHIIeHTpawis 11iei popMu Nueopr
y TOBepXHeBOMY ILapi Boau Oyra HIDKYOMW, HDK Oind gHa, mmme y 1,1—2,2
pasu. BopHouac, mig yac nmpsAMoi TemMmepaTypHOI Ta KMCHeBOI cTpaTudikariii
1141 pi3HMILA 3pocTana B pasu (puc. 3).

3HIKeHHs KOoHUeHTpauii NH, y moBepxHeBOMy LIapi BOy 3yMOBIIEHE
JIOTO aCUMIJIALE0 BUIOI0 BOSHOIO POCIVHHICTIO i piTOMIIaHKTOHOM Iift 9ac
ixHbOI BereTalii. BogHodac, 3pocTaHHA BMiCTy aMOHITHOTO a30Ty Y BOZi Ipu-
JIOHHOTO TOPU3OHTY Bifl0yBa€ThCs Yepe3 JIOr0 HAIXOMKEeHHs 3 JOHHUX Bifi-
KTafliB 3a geiluTy po34MHEHOT0 KVCHIO, @ TAKOXX IIOPYLIEHHA KOHBEKTVBHO-
ro IepeMilllyBaHHS BOSHMX Mac HIDK4Ye TepMOKIuHy. Cepef HOCTIIKYBaHUX
o3ep MakCMManbHi KoHIeHTpauii NH, crocrepiranich y BepxXHiX TppoX —
Mincbkomy JIyrosomy i ITtammuaomy (guB. puc. 3).

BsuMKy 71010 KOHILIEHTpallid y IOBEpXHEBOMY LIapi BOAU 03ep 3HAXOMU-
nach y Mexax 0,706—1,666 mr N/nMm®, a HaBecHI, BIIITKY i BOCEHM — BiJj-
nosigro 0—0,230, 0,040—0,090 i 0,053—0,654 mr N/nm’ (guB. puc. 3). Y npu-
NOHHOMY TOPM3OHTi BOAY BMICT NH;r B3UMKY cTaHOBUB 0,762—3,231 Mr
N/pm?®, a HaBecHi, BriTKy i Bocern — 0,209—8,690, 1,136—7,035 i 0,207—
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Puc. 2. B3aeM03B 130K MDXX KOHI[eHTpa-
0 5 10 15 20 LIi€I0 PO3YMHEHOIO KUICHIO 1 YacTKOIO
aMoHiitHoro asory (a), Hitput- (6) i
HiTpaT-110HiB (6) y BOAi 03ep cmcreMn
] Omneuens npotsarom 2021 p.

Bumicr O,, mr/nm>

13,170 mr N/pm?® (zmB. puc. 3). Konnenrpauis NH, y Boxi p. Cupenp npots-
TOM JOCTIKYBAHOTO Nepiofy 3MiHIoBanach y mexax 0,079—0,524 mr N/ov3,
floCATAI0OYM MaKCUMaIbHUX BeTMYMH B3UMKY. CIlifi 3a3Ha4MTH, 1110 BMiCT aMo-
HITHOTO a30Ty B Cy4aCHMX YMOBax MaJiO Biffpi3HAETbCA Bif Or0 KOHI[EHT-
paniii, AKi CIIOCTEPiraanch y JOCIipKyBaHNX o3epax nporAarom 2015 p. Y Toii
Yac JI0TO BMICT TaKOXX 3HAXOMBCA y MPOKUX Mexxax — 0,0—12,8 mr N/mm?
[8]. InmmmmMu mocmigaukamu [21, 31, 51] TakoX BUABIEHO LOBOJII BUCOKI KOH-
LleHTpalii NH;’ , 3 IOZIiOHMMY Ce30HHMMU 3MiHaMM J1OT0O BMICTY Y BOZi IToBep-
XHEBOTO 1Iapy, AK i HAMU B Cy4acHUX yMoBax. Hampukmnaj, MakcuManbHMIA
smict NH; y Bogi 03. Mincbkoro y 1986 p. cranosus 2,42 mr N/pm? [3]. O1xe,
BJICOKIi KOHIIEHTpallii aMOHITHOTO a30Ty y Bofii 03ep cucremu OnedeHb CBifi-
9aTh PO IXHE TpuBajie eBTPOdyBaHHS Yepe3 aHTPOIIOTeHHNII BIUIVB, a B Cy-
YaCHMX YMOBAX CUTYyallisl He IOKPALIYEThCA.

Konuenrpauisa NO, -1i0HIB y BOJi JOCTIPKYBaHUX 03€P 3HAXOAWU/IACH Y
mpoKux Mexxax — Big 0,006 o 0,186 mr N/nm’. HajiBuii mokasHuKm BMiCTy
i€l popMu Nieopr CIOCTEPITaMILCh Y APYTOMY-II ATOMY 03€pax B3UMKY (puc. 4).

Bucoki xonyenTpanii NO, BUABIEHO HaBeCHI Ta BIIITKY Y IPULOHHOMY
mrapi Bogyu 03. KupuaiBchbKoro, mo J1eKOX0 MipOI 3YMOBJIEHO JTOKa/IbHUM
BIUIMBOM p. Cupelrb, ie BMIiCT HITpUT-710HIB OYB IepeBa)kKHO BUCOKMUIT 1 KO-
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Puc. 3. Ce30HHI 3MiHV BMiCTy aMOHIIIHOTO a30Ty y BOAi IOBEPXHEBOro (a) i IpUOHHOrO
(6) ropusoHTiB 03ep cucremu Onedens nporsirom 2021 p.

BaBcsA B Mexax 0,030—0,236 mr N/am’. B osepax cucremu OnedeHb IXHsI KOH-
IleHTpalis y 6inbiocTi Bunaakis nepesuigysana 0,020 mr N/ .Y He3abpyp-
HEHUX BOJIOJIMaX, a TAKOX y BOZIOVIMAax puOOTOCIIOAAPCHKOTO MPU3HAYEHHS
BmicT NO); -iioHiB He noBuHeH nepesuigysatn 0,020 mr N/am’ [2, 13]. Bucoki
KoHIeHTpanii NO, 04aTKOBO CBif4aTh PO 3HAYHNIT AHTPOIIOT€HHNII BIUINB
Ha 3a3Ha4eHi BOJOVIMM. Y TOIepeHi POKM IXHA KOHIEHTPALIiA TaKOXK 3HaXO0-
[MTach y mmpokomy intepsani BemrdanH (0,002—0,102 mr N/am’) [21, 31, 51].

Bmict NO; -itoniB y Bopi o3ep Onedenb Kommpabca y mexax 0,016—
0,314 mr N/nm’ (puc. 5). MinimanbHi KOHIIeHTpAI[il XapaKTepHi IS TiTHHOTO
nepiopy, 10 3yMOBJIEHO IXHIM CIIO)KMBAaHHAM POCIMHHVMM OpraHisMaMm. Y
Leil Jyac iXHA KOHILIEHTpallia sHaxogunaach y Mexax 0,016—0,142 mr N/mm?
(nuB. puc. 5).

3asBuyYail, KOHIEHTpallis HiTpaT-ilOHIB y BOJIi MPUJOHHOTO TOPU3OHTY
Oyna HIDKYOI0, HDK Y IMOBepXHeBoMy Inapi Boau. Lle saymoBneHo pediryurom
PO3YMHEHOTO KUCHIO, BHACHifok 4yoro NO; -ifOHM BiZHOBIIOIOTHCA 10
NO; -itoHiB i NH, s XiMiYHMM IUIAXOM, TaK i 32 y9acTI0 feHITpnQiKy0dnx
6akrepiit. 3arasioM, 3a3HadeHi popMM a30Ty 3a3HAIOTh TpaHcopMalii y Bo-
JIHOMY CepeloBUII BHACTIZOK ¢isuKo-XiMidHMX i 6ioximMidHMX mpo1ecis, ce-
peq AKX BaXK/IMBe Miclle ITOCiTaloTh OKMCHO-BiIHOBHI peakuii, amoHidikaris,
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Puc. 4. Ce30HHi 3MiHN BMicTy HITpKUT-110HIB Y Bofii moBepxHeBoro (a) i npugonHOTO (6) ro-
pu3oHTIB 03ep cuctemu OmnedeHb npotArom 2021 p.

HiTpudikanis, genirpudikanis i asordikcanis [4, 18, 25]. YV p. Cupeup MiHi-
MaJjIbHi BeIMYMHY BMICTy HiTpaT-1OHIB TAKOXX CIIOCTEPIiranmch BIIiTKY, a 3ara-
oM IXHs1 KOHIeHTpauis cranoBmia 0,083—0,381 mr N/mm’. Panimie Bmict
HIiTpaT-110HIB 3HaXOAUBCA Y 6ibl mupokux Mexax (0,0—2,2 mr N/nm’), ane
3a3HaBaB TaKVX CaMJX CE30HHNX 3MiH, K i B Cy9acHuX ymoBax (21, 31, 51].

Konnentpanif Nieopr, K 1 710r0 aMoHIiitHOI ¢opMy, 3MiHIOBaIach Moce-
30HHO, a TaKOXX 3 IIMOVHOI0. Y IIOBEPXHEBOMY IIapi BOAY MaKCUMaJIbHUIA
jioro BMicT 6yB y3suMKy — 1,088—1,936 mr N/nm’, Tozi sIK y iHIIi IOpU pOKy
BiH cranoBus 0,103—0,864 mr N/om’ (puc. 6).

BopHnodac, y Bofi IpUMAOHHOTO TOPM3OHTY MaKCUMAIBHUI BMIiCT Neeopr,
HaBIIaKM, CIIOCTePiraBcs y BeCHAHO-OCIHHIN epiof mif yac popMyBaHHA Mpsi-
Moi TeMriepatypHoi crpatudikarnii. Cepen o3ep cucremy OnedeHb Ha6ibI
3a0pyIHEHVMIU CIIOJTyKaM! HeOpraHiYHOTO a30Ty BUABMINCH 03epa MiHCbKe,
JIyrose i IITammue (guB. puc. 6).

OTxe, B3UMKY C/IiJ 0O4iKyBaTy Oi/1bIII piBHOMiIPHOTO PO3IIOJiTy KOHIEHT-
panii Nueopr Y BCill BOJHIN TOBLi, TOZI AK IiJ] 9ac IPAMOI TEMIIEPATypHOI Ta
KMCHeBOI cTpaTudikalii — ii 3HVOKeHHA Y BOAli Hafl TePMOK/IMHOM Ta iCTOTHe
3POCTaHHA HIKYe OCTAaHHbBOTO.

KonnenTpania Pueopr MPOTATOM JOCTIZIPKYBaHOTO IIEPIOAY Y BOJIi 03€P CHC-
temu OmnedeHpb 3Haxommaach B Mexax 0,010—3,121 mr/gm’ (puc. 7). Sxugo
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Puc. 5. Ce30HHI 3MiHU BMiCTy HiTpaT-11OHIB y BOAii moBepxHeBoro (a) i mpugoHHOTO (6) ro-
pu3oHTIB 03ep cucremu OnedeHb nporarom 2021 p.

B3MIMKY JIOTO BMICT y ITIOBEPXHEBOMY i IIPUJOHHOMY FOPM30HTaX BOJAYU MajIo
Bifjpi3HABCA, TO Iif 9ac (opMyBaHH IIPAMOI TEMIIEPATYPHOI i KMCHEBOI cTpa-
Tudikanii BifMiyeHO iCTOTHe 3HVDKEHHs JI0TO KOHIIEHTpallil y IOBEpXHEBOMY
mapi BOAY 3a paxXyHOK acuMinAanii rigpo6ionTamm. BogHowac, BMICT Preopr ¥
BOJi IPUIOHHOTO TOPU30OHTY, HaBIIaKM, 3POCTAaB 3a PAXyHOK J10TO HaIXOJ)KEH-
HA 3 JJOHHUX BifikIafiB 3a flepinnTy po3YMHEHOro KMCHIO Ta (GOpPMYBaHHSA
BiJHOBJIIOBA/IbHYX i IPOMI>KHMX OKVICHIOBa/IbHO-BiZJHOB/IIOBAa/IbHNX YMOB, KO-
mm BenmarHa Eh-norenniany sHaxoputbcsa y mexxax 0—100 MB (muB. puc. 7, 8).
BIIiTKY 4iTKO IPOITIAAETHCS OCTYIIOBe 3pocTaHH s KOHLeHTPalii NH; i Pueopr
HIDK4Y€e TEPMOK/IVHY, AKUIT 3HaXOAUBCA Ha rmbuHi 3,5—4 M. Bin po3pinse Bo-
JIHY TOBILY Ha /iBi YaCTUHM, AKi Bipi3HAIOTbCA MK c06010 3a XiMIUHUM CKJIa-
IOM, BMICTOM PO34YMHEHOIO KUCHIO 1 BeIMYMHAMUI Eh—HOTeHuia}Iy. Ile Binéy—
BAETHCS 3a PAaXyHOK iCTOTHOTO 3HIDKEHHS KOHBEKTMBHOTO IIE€PEMIilllyBaHHA
BOJM HIDKYe TePMOK/IVHY, BHACTIIOK 40T0 (JOPMYIOTbCS 3aCTiliHi ABMIIIA 61/
JIHA IIPOTATOM YCbOTO Iepiofy mpsMol TemmepaTypHoi crpatudikamii. ¥
2015 p. BMICT Pueopr TAKOXX KOMBABCS y LIMPOKMX Mexax (0,027—2,6 mr/am?)
[8] Ta 3a3HaBaB MOAIOHNX IIPOCTOPOBYX i CE30HHMX 3MiH, K LIe XapaKTepHO Y
nepiof MpoBefleHHA HAlIUX AOC/iKeHb y pisHi mopu 2021 p. Bocenn 2018 p.
JIOr0 KOHIIEHTpAlliA y ITOBepXHeBOMY Iapi osep craHoswmma 0,11—0,22 mr
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Puc. 6. Ce30HHI 3MiHM BMICTy HEOPTaHIYHOTO a30Ty Y BOAI IOBEPXHEBOTO (a) i MpUIOHHO-
ro (6) ropusoHTiB 03ep cucremu Onedens nporarom 2021 p.

P/nam’, i muie B 03. JlyroBomy — 1,4 mr P/pv?® [31]. Opnaxk iHmmmm JOCTigHM-
kamy [51] 6yno BusABIEeHO HeBMCOKI KOHIEHTPAil Pucopr (0,010—0,032 mr
P/nm?), siki ciocTepirannchy BIITKY, HAIleBHO, Y IIOBEPXHEBOMY LIapi BOAYU Ta
Y3TO[KYIOTbCA 3 pe3y/lIbTaTaMy HAallMX AOCTIIKEHDb I 3a3HAYEHOTO TOpU-
30HTY (IMB. puc. 7).

Ce3oHHi 3MiHM KOHLIEHTPaLil Nycopr i Preopr y BOZIL 03ep ccTemu OneueHb
MIO3HAYN/INCh Ha MOJLsIpHOMY BifHouleHHi N : P. 3aranom, B 03epax BifHOIIeH-
HA N : P 3miHoBanoce y mexax 1,2—42,1. 3a ycepeHEeHUMM BeTMYMHAMUI
BOHO 3MEHIIYBa/lIOCh Bifl 3MMM J10 oceHi 3 16,0 o 5,7. Le cBigumnTh mpo 3poc-
TaHHA y BOJi KoHLeHTpalil pocdopy BiTHOCHO a30Ty Ta GOpMyBaHHS CIPU-
ATIMBYX YMOB JJI1 PO3BUTKY CUHbO3€TIeHNUX Bofjopocteii [1, 30, 38].

Posuunnuii cuniyiti.. KonueHTpanis po3unHHOro cwinifo (Sipess) y BOAI
o3ep cucremu Omnedens mpotsirom 2021 p. sminoBanacs Bix 0,03 1o 6,4 mr/pm’
(puc. 9). Hati6inbira pisHUIA MiXK BMiCTOM Siposs Y BOZIi IIOBEPXHEBOTO i pM-
JIOHHOTO TOPU3O0HTIB CIIOCTepiraach HaBeCHi, BIITKy Ta BOCEHU Iifi yac ¢pop-
MyBaHHS IIPsAMOI TeMIlepaTypHol crparudikanii. MiHiManbHi KoHIeHTpanii
Siposs Y BOIi TOBEpXHEBOTO 11apy 03ep MiHcbKkoro Ta AHApiiBCbKOTrO BU3Haya-
nucst HaBecHi. ITofi6Hi sMiHM HaMu 6y710 BUAB/IEHO Y IonepeHi poku [8, 10].
Bigomo, 1110 KOMMBAaHHA BMICTY Siposs IPOTATOM POKY 3yMOBJIEHE, HACaMIIepe[,
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Puc. 7. Ce3oHHi 3MiHU BMICTy HeopraHiuHoro ¢ocdopy y Bofi moBepxHeBoro (a) i mpu-
HoHHOrO (6) Topu3oHTIiB 03ep cucremn Onedens mporsirom 2021 p.

Ce30HHMMM 3MiHaMU PO3BUTKY (iTOIVIAaHKTOHY, 30KpeMa IiaTOMOBMX BOZO-
pocreit. 3HIDKEHHS BMICTY Siposs HABECHI ITOB’sA3aHe 3 JIOTO acUMIALIEI OC-
TaHHIMU [59]. MaKcCUMaTbHUI BMICT Siposs OYB XapaKTepHMIT /IS IPUJOHHOTO
1Iapy BOAY IIPOTATOM YChOTO POKY, 1[0 IMOACHIOETHCA MOXK/IMBUM JI0T0 HaJl-
XO/PKEeHHSM 3 JOHHUX Bifikazis 3a fedinnty O, Ta MEHIINM JIOTO CITO>K/BAH-
HsAM 6ioTo0 (UB. puc. 9).

Hait6inb11i BeTMumHM BMICTY Siposs IPOTATOM POKY CIIOCTEPirajnch B 03e-
pax Kupuniscbkomy Ta Vlopaanchkomy, 110 3yMOB/IEHO BILIMBOM BOJIHOT Macy
p. Cupenp. Voro KoH1eHTpanis y piuwi 6y/a, 3a3B14aii, BUILOW0, HIX B 03€pax,
i cranosua 3,9—7,3 mr/nm>. VIMOBipHO, 3 1i€l TpUUMHM BMICT Siposs Y BOTII T10-
BepXHeBOro Iapy osep Kupuniscbkoro Ta Vlopaanchkoro xoua i fielo SHIKY-
BaBCs, ajle He TaK IIOMITHO, K Yy BMIIle PO3TAIIOBaHMX O3epax (AuB. puc. 9).
lppoximiunmit pexxum osep cucremn OneyeHb He 3a3HAB iCTOTHMX 3MiH 3a
BMICTOM Siposs TOPIBHAHO 3 pe3ynbTaTaMu fociifxens 2015 p. [8].

Posuumneni opeaniuni pewosunu. SIKicts Bogy y BofoiiMax ypbaHisoBaHOI
TEPUTOPIl 3a7IEKUTh Bifli KOMIUIEKCHOTO BIUIMBY IIPMPOJHUX Ta aHTPOIIOTEH-
HIX Y/HHVKIB. BHACIiOK HaIXOIPKEHHA CTIiYHMX Ta 3/1MBOBMX BOJ, XiMi4HUI
CKJ/IaJj BO/IM 3a3HA€ iCTOTHMX 3MiH, 1110, Y CBOIO Y€Pry, T03HAYAETHCA Ha IIPO-
CTOPOBIl Ta CE30HHIN JMHAMIIi TOTO YM iHIIOTO TifpOXiMiYHOIO MMOKA3HMKA.
Oco6mmBo 11e CTOCYeTbCA 3aranbHOI KoHLeHTpanii POP, a Takox BMicTy ixHix
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Puc. 8. 3miHa KOHIIeHTpaLlil pO34YMHEHOTr0 KICHIO, BemnumH Eh-noTenuiany, BMicTy amo-
HiltHOrO asory i HeopraniuHoro docdopy 3 rmmbéuHOW0 B 03epax cucremyu OIedeHb y
yepBHi 2021 p.

okpemux rpyn (I'P, BIIP i ByrineBopu), OCKiIbKM 32 YMOB aHTPOIIOT€HHOTO
BIUIMBY iXHA KOHLEHTpallis 3aBXau 3pocrae. Ilepemycim 1je crocyerbesa op-
raHiYHUX PevYOBUH-eK30MeTaboIiTiB. BogHOUac, 32 BeTMYMHOI0 KOHIIEHTPAIIil
POP, sk i 3a BMicToM cTONYK Nucopr 1 Preopr, MOXKHA OTpuMaTy iHpoOpMalito
I[OJIO CTYIIEHs aHTPOIIOT€HHOTO BIUIMBY Ha BOJJHUIT 00 €KT.

Y mpakTuii rifpoxiMidyHIX [OCTIIKEHbD, K IIPaBUJIO, 3aCTOCOBYIOTH I1O-
kasHUK XCK 3 BUKOpPUCTaHHAM TaKUX OKUCHUKIB, SK II€pMaHTaHAT Kalilo
(KMnOy) i guxpomat kaiito (K,Cr,O;). 3a mepumm i3 HUX BCTAaHOB/TIOIOTH
BMICT JIETKOOKMCHIOBAaHMX OPTaHIYHMX CIIONYK, a 3a APYIMM — 3arajbHMuii
BMicT POP Ax npupopHoro, Tak i anTponoreHHoro noxomxeHHa. XCKy, mepe-
BO)XHO BioOpa’kae HasABHICTb Y BOJIi aBTOXTOHHUX JIETKOOKVCHIOBAHNX Op-
TaHIYHMX PEYOBUH, 10 AKNX BifHOCATbCA ByrneBoau i bIIP, a Takoxx npupopHi
anoxToHHi I'P, AKi HAAXOMATD y BOZOVIMY BHAC/iOK BUMVBaHHA 3 IPYHTOBOIO
noxpusy [6]. Hami gocmimkenns 6y cnpsaMoBati Ak Ha BusHadyeHHA XCKwn
ta XCKcr, Tak i Ha po3pieHHs Ta feTeKTyBaHHA okpemux rpyn POP (I'P, Byr-
nesopu i BIIP).
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. 3
Slpoaq, Mr/om

Puc. 9. Ce30HH] 3MiHU BMICTY pO3YMHHOTO CUTLIIO (Siposs) ¥ BOAIL 03ep cucTeMu OnedeHb
nporsAarom 2021 p.

Bemmunan XCKun IPOTATOM JOCTIIPKYBAHOTO IIEPiOAy Y BOJIi 03€p CUCTe-
vyt OnedeHb 3HAXOAWINCH y Mexax 5,2—17,9 mr O/am’ (moBepxHeBuit map) i
4,8—22,4 mr O/pm’ (mpuponHmit map) (tabm. 1). ¥ 2002 p. s o3. Kupn-
MiBCBKOTO 1ieji TOKA3HMK B3MMKY Ta HaBecHi cTaHoBUB 4,2—6,2 mr O/am’ [21].
[Ipotarom 2015 p. BemmunHn XCKwmn B 03epax cuctemn OmnedeHb JOCATaNIN
7,7—18,316,8—22,4 mr O/am’ BiAIIOBifHO y BOAIi TOBEPXHEBOTO i IPUAOHHOTO
ropusoHTiB [8]. 3a Benmnunnamu XCKyn BCTAaHOBJIEHO, 1110 HAHVDKYIUI BMIiCT
nerkookucHoBaHux POP cnocrepiraBcsa B3MMKY, a IXHIiNl MaKCUMMalIbHUIA
BMiCT OYB XapaKTepHUIT /ISl JIITHBOTO IIEePiOAy, KON 3POCTA€ KOHIEHTPAIlis
€K30MeTabOTiTiB ITiff Yac iHTEHCMBHOTO PO3BUTKY IiIpoOiOHTIB Ta «1IBiTiHHA»
Boau. Crip 3a3HaunTy, 1o ce30HHI 3MiHM XCKwmn CYTTEBO He Biflpi3HAIOTbCA
BiJl TaKVX, AKi CIIOCTepiraloTbcs y OiIBIIOCTI paHille ZOCTIPKeHNX HaMU T10-
BEPXHEBUX BOJHUX o6’exriB [16, 17, 48, 57]. BsuMKy Ta BIITKY BeIMYMHU
XCKwmn y IpUAOHHOMY IIapi BOAM Oy Heljo BULIVIMY, HiX y TIOBEPXHEBOMY
TOPM30HTI, L]0 [IOB’sI3aHO, BipOTifiHO, 3 iHTeHCK]iKaIli€I0 HAIXOKEHHS JIeT-
kookyucHIoBaHux POP 3 poHHux BipkmafiB mif yac ¢popmysaHHs gediunty
PpO34MHEeHOro K1cHI0. BogHOYac, 3pocTaHHA IXHbO1 KOHI[€HTPALlil y TOBEpXHe-
BOMY IlIapi BOJAY HABECHI Ta BOCEHY 3YMOBJIEHE, HAIIEBHO, PO3BUTKOM BOLOPO-
CTEN i HAXOMMKEHHAM 3/IMBOBUX BOJ, ITiJl YaC TAHEHH:A CHITy B IIEPLIOMY BU-
IajIKy Ta pO3KIaflaHHAM (PiTOIVIAHKTOHY — y Apyromy Bumnaaky. Cepen moc-
mimKyBaHux ozep HaiBuii BermuyEN XCKyn 6y XapakTepHUMM I 03ep
Mincpkoro, JIyrosoro i IlTammHoro, a HaltHVOKYI — 14 03. I7[op11aHCbK0ro
(mmB. Tabn. 1). Y p. Cupenp Bemmunuy XCKun KomuBamich y Mexax 6,0—
17,2 mr O/gm®, gocsrarmoun MaKCUMYMY BIIiTKY, a IXHi Ce30HHi 3MiHM 6y}11/[
nozibHi 1o TVX, 1o BifOyBaroThcs B 03epax cyucteMu OleyeHb.

Bemmunuan XCKe; Tako>X 3a3HaBa/IN CE30HHNX i TPOCTOPOBMX 3MiH Ta 3Ha-
XOAMINCD ¥ Mexax 16,2—56,2 mr O/pm’ i 13,0—45,5 mr O/pm® BifnoBigHo y
BOJi ITOBEPXHEBOTO i MpKUAOHHOrO mapiB (AuB. Tab. 1). Y momepenHi pokn
1eJl IIOKa3HMK TaKOXX 3MiHIOBAaBCSA Y IIMPOKOMY iHTe€pBasli BEIMYMH, a CaMe: y
2018 p. — 42,2—84,8 mr O/am?, y 2015 p. — 15,2—31,4 mr O/pgm°, a B 03. Ku-
puniBcbkoMy y 2002 p. — 44,7—46,9 mr O/pm’ [8, 21, 31]. Y cesoHHOMY ac-
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IeKTi IIOMITHMM OY/10 3pOCTaHHS BeIMYVH 3a3HAYE€HOTO [TOKa3HMKa Biff 3UMMU
110 oceHi. SIK1o 6paTy Ko yBary mpocToposi 3mMinm, To Bucoki 3HadeHHA XCKer
HOCTIITHO CIIOCTepiranmmch y BoAi BepXHix Tpbox o3ep (MiHcbke, JIyrose, I1Ta-
IIVHE), TOAi AK Y Bofi o3ep Kupniscpkoro i VlopnaHa)Koro BOHM Oy 3Ha4-
HO HYDKYUMU (quB. Tab. 1).

Yacrka nerkookucHioBanux POP y Bofi BepxHIX TpboX 03ep cucTeMMU
Omneuensp cranosmna 15,8—52,8 i 28,4—55,3 % saranpHoro Bmicty POP Bif-
IOBi/JHO Y IOBEPXHEBOMY i IPMJOHHOMY rOpu3oHTax. B o3epax AHzpiiBcbKO-
My, KupniniBcbkomy i VlopnaHCbKOMy iXHs yacTka Oy/1a 3HAYHO BUIIOIO i cTa-
HOBWWIA BignosigHo 29,1—71,3130,8—81,6 %. [Ipn nboMy MaKcuMMa/IbHa 9acT-
Ka nerkookucHoBaHux POP y nocnimpkyBaHux o3epax criocTepiraaach BIITKY
3a paXyHOK 3pOCTaHHsI KOHI[eHTpallii ek30MeTaboiTiB ByI/IeBOHOI i 6in1K0BO1
IPUPOIN, KOHIIEHTPALIiI0 IKMX HaBe[leHO B Tabmuui 2. MakcuMasbHi Bean-
HI XCKcr Ta He3HayHa YacTKa JIETKOOKMCHIOBAHMX OPTaHiYHMX CIIONYK Y
cxnazi POP y takux Bumagkax cBifidaTh Ipo IOMiHyBaHHA y BOZIi BaXKKOOKMC-
HIOBAaHMX OPTaHIYHMX PEYOBVH, SIKi HAAXOAATD K 3 IUIOLII BOJ0360pYy, TaK i
4yepes CUCTeMy KOIeKTOPiB 3i CTiYHMMM Ta 31MBOBUMM BOfIaMU. 3POCTAHHA Be-
mmunH XCKc: y IpuIoHHOMY 11api BOAY AeAKUX 03€p BIITKY i BOCEHM MOKHA
MOSICHUTH NOJATKOBUM Ha/IXO/PKEHHAM HAaKOIMYEHUX OPTaHiYHUX CIIONYK, Y
TOMY 4MC/Ii HaTONPOAYKTIB, 3 JOHHNUX BiIK/IafiB 3a AeilUTy pO3UNHEHOTO
KucHIo [31].

ITporsarom nepiony gocnimkenna semnunnn XCKe: pia sogu p. Cupenb,
AKa MPUIMAE CTiYHI BOAY HU3KYU IIPOMUCIOBUX MiSIPUEMCTB, 3aBXIU Iepe-
BUIIYBa/IM BE/IMYMHM 1IbOTO K IIOKasHUKA B 03. KupuniBcbkoMy Ta 3HaXo[u-
nuCh y Mexax 22,2—47,7 mr O/am’. O1xe, p. Crpelb CITif pO3I/IAAATH SIK OffHE
3 IKepe 3a0pyHeHH: 3a3HaueHoro o3epa POP aHTPOIIOTeHHOTO ITOXO/XKeH-
HSL.

Posrnaparoun Bmict okpemux rpyn POP, a came I'P, Byrnesopis i BITP y
IIOBEPXHEBOMY 1Iapi BOAY JOCTIIPKYBAaHUX 03€p, C/Iifl 3a3HAYUTH, 1110 KOHIIEH-
Tpauisa I'P B HMX KonmmBanach y mexxax 4,6—38,0 Mmr/gm® Ta JocsAraza MakcuMa-
JIbHUX BENVYMH BOCEHU, HAIIEBHO, 3a PAXYHOK YTBOPEHHS «IJIAHKTOHHOIO»
rymycy. Taki ce3oHHi 3MiHM Hamy OY/I0 BUABJIEHO paHille i B iHIINX BOZHUX
06’€KTax 3 yIIOBi/IbHEHNM BOof00OMiHOM [7,42]. Y Bozi 03ep Bepbroro Ta Pait-
IY>KHOTO, IKi pO3TalllOBaHi HEMOJAIIK i TAKOXK BiJHOCATHCA 10 3aI/ITABHUX BO-
noiim, BMicT I'P 6yB 3HaUuHO HYDKYMIL, ajle BUPI3HABCS OLIBII YiTKOIO CE30HHOIO
nrHaMikolo [17,48]. 3asHaueHi 03epa TaK0>X 3a3HAIOTh 3HAYHOTO AHTPOTIOTEH-
HOTO BIUIMBY, ajie BOHM 11036aBJIeHi TaKoi Be/IMKOI CUCTeMM 3/IMBHUX KOJIeK-
tTopiB. CaMe 3 Li€l IPUYMHM BIUIMB IIPUPOJHUX METEOPOTIOTiYHIX YMHHUKIB
Ha Tepebir IpoAyKIiiiHO-IeCTPYKIiIHNX [IpolleciB y HuX O6yB OiIbLI ITOMIT-
HUM, HDX B 03epax cucremy OnedeHb.

CesonHi 3minu Bmicty ByrneBopis i BIIP, saseuuaii, BifnosigaroTs -
HaMilli BMicTy nerkookucHioBanux POP [15, 47]. HaiiBumi KoHIeHTparii Iux
CIIONYK cIlocTepirany BiTKy (Bigmosimno 2,85—5,43 i 0,71—1,09 Mr/mm),
HalfHIDKYi — B3UMKY (BigmosigHo 0,66—1,71 i 0,26—0,39 Mr/mM°, nuB. TabI.
2). ogi6Hi ce30HHI 3MiHM KOHLeHTpalil ByrieBogiB i BIIP crocrepiramcs
paHillle i B iHIIMX BOJOJIMax 3 yIIOBI/IbHEHNM BOJOOOMIHOM, 1110 ITOB’513aHO 3
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Tabnuuys 1
Bemmaman XCKun i XCKe: (Mr O/pp®) ta Copr (Mr/nv’) y moBepxHeBOMY i IPUZOHHOMY
TOPU3OHTAX BOAY 03ep cucremu Onedenp nporarom 2021 p.

Osepa IToxasHukmu 3uma Becna Jlito Ocinp
MiHcbke XCKmn 6,6 138 16,6 156
9,0 128 17,3 129

XCKe 352 sR 395 478

212 30,2 313 455

Copr 132 192 148 179

7.9 113 117 17,1

Jyrose XCKan 69 131 179 134
8,4 122 18,6 123

XCKe 355 297 49 3y

15,7 26,6 337 272

Con 133 1 157 17

59 10,0 12,6 10,2

[Trammue XCKmn 6,0 15,0 17,7 14,3
7,6 122 18,6 14,1

XCKe, 379 56,2 399 27,1

17.8 36,5 412 369

Con 142 21 150 102

6,7 137 15,4 138

AnppiiBcpke | XCKumn 8,4 134 16,0 112
72 115 22,4 110

XCKe, 288 298 24,0 283

17,1 26,0 2838 3L1

Copr 108 112 9,0 10,6

6,4 9,7 108 117

Kupnmiscpke | XCKyn >4 135 154 117
48 117 18,6 98

XCKe 185 27 216 293

15,4 16,7 26,4 318

Copr 7,0 85 81 110

58 6,3 99 119

VMopnancpke | XCKun 2 118 14,1 10,7
6,0 10,6 16,6 9.2

XCKe. 162 183 206 163

14,0 13,0 212 16,0

Copr 61 69 7.7 61

52 49 8,0 6,0

IIpumirTk a. [ToBepxHeBNMit map — HaJi PUCKOI, IPULOHHMI AP — Mifl PUCKOIO.
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Tabnuuys 2
Ce3onHa JuHaMiKa BMicTy Ta yacTku okpemux rpyn POP y Boai moBepxHeBoro
TOpU3OHTY 03ep cucremu OnedeHnb nporarom 2021 p.

ITopu poky
3uma Becna Jlito Ocinp
Osepa POP
KoH1eHTpanis Ta yacTka KO>KHOI 3 IPYII OpraHiYHNX pe4OBUH
mr/mm? | % Copr | MT/EM? | % Copr | MI/mM | % Copr | MT/mM? | % Copr
Miuceke |I'P 7,30 27,7 5,00 13,0 4,80 16,2 8,00 22,3
B 1,33 5,0 3,15 8,2 5,14 17,4 4,67 13,0

BITP 0,33 1,3 0,67 1,7 0,98 33 0,82 2,3

Inmmi X 66,0 X 77,0 X 63,1 X 62,4
JIyrose rp 5,20 19,5 5,10 22,9 6,10 19,4 7,50 32,1
B 1,42 53 3,36 15,1 5,43 17,3 3,75 16,1

BITP 0,39 1,5 0,64 2,9 1,04 33 0,68 2,9

Inmmi X 73,7 X 59,2 X 60,0 X 48,9
IIrammnue |I'P 5,60 19,7 4,60 10,9 5,80 19,4 7,60 37,4
B 1,71 6,0 3,57 8,5 3,43 11,4 4,12 20,3

BITP 0,27 0,9 0,73 1,7 1,09 3,6 0,73 3,6

Inmi X 73,3 X 78,9 X 65,6 X 38,7
Amnppiis- |I'P 5,60 26,0 4,60 20,6 6,00 333 7,00 32,9
cpie B 1,42 6,6 2,28 10,2 3,28 18,2 3,02 14,2
BITP 0,26 1,2 0,65 2,9 1,04 58 0,64 3,0
Inmi X 66,3 X 66,3 X 42,7 X 49,8
Kupunis- |TP 6,10 43,9 4,70 27,6 6,00 37,0 6,10 27,7
cpie B 0,86 6,2 2,71 15,9 3,14 19,4 3,50 15,9
BITP 0,30 2,2 0,57 33 0,76 4,7 0,70 3,2
Inmmi X 47,8 X 53,2 X 38,9 X 53,2
Moppan- |TP 5,90 48,6 5,10 37,2 5,60 36,2 7,10 58,1
cpie B 0,66 5,4 2,61 19,0 2,85 18,4 2,75 22,5

BITP 0,26 2,1 0,53 3,9 0,71 4,6 0,59 4,8
Inmi X 43,8 X 39,9 X 40,7 X 14,5

IMIpumitka. % Copr03HAYAE, 1[0 YACTKY KOXKHOI 3 TPYII OPTaHiYHUX PEYOBIH BUPAXKEHO Y
% IO 3aTaJIbHOTO BMICTy KapOOHYy opraHiuHux crnonyk. Yactky inmmx rpyn POP Bupaxo-
BYBaJI/ 32 PISHULEIO MK 3ara/IbHMM BMiCTOM Copr 1 11OTO BMiCTOM y cknapi I'P, ByrneBopis
(B) i BITP. X — opraHi4yHi pe4OBUHM, AKi He FOC/Ti)KYBa/IUCh.
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iXHIM HaIXOJPKEeHHIM Y BOZLy IIijj yac BereTalii GiTOITaHKTOHY i BUII[0i BOJHOI
pocnuHHOCTI [7, 11, 12, 40, 41]. I[Tpn upomy iXHs KOHIIEHTpaLlis 3MEHIIyBa-
J1aChb BHIU3 32 TeUi€lo Biff 03. MiHCBKOTO 10 03. VlopnaHCBKoro. 3 i€l npuynHU
03. Vlopaanchke ctil BBaXKaTy HaiiMeHII 3a6pyTHEHUM Y KacKajli IOC/TipKyBa-
HUX 03ep. 3MeHIIIeHHs 3a0pyAHEHHs BOAM BHU3 32 TEUi€I0 MiATBEPHXKYETHCA
He jyie 3HVDKeHHAM BMicTy Copr (21B. Ta611. 1), ajie TakoX i po3paxoBaHoOi 4a-
crky inmmx rpyn POP, ski HamMu He gocmimpkyBamich (AuB. TabI. 2).

Y BepxHiX TppOX 03epax 4yacTKa iHmmx rpyn POP, He imenTndikoBanmx
HaMM, B3UMKY cTaHOBU/IA 66,0—73,7 % Copr, @ B HIDKHIX TPHOX BOHA B)KE 3HU-
XKyBasach 3 66,3 1o 43,8 % Copr. ITopibHa cutyanis crnocrepiranacy i B iHmi
HIOpM POKY, @ BOCEHM MaiDKe IS BCiX o3ep OyB XapaKTepHUIT HaHVDKIUI
BiTHOCHMII BMicT 3a3HaueHux rpyn POP. B 03. MiHcbkoMy iXHA YacTKa focs-
rana 62,4 % Cop: i Hanasi 3HVKYBanach, a B 03. VlopraHcbKoMy BOHA CTaHOBMIIA
yure 14,5 % Copr (21B. Ta611. 2). IIpy nopiBHAHHI 3 pe3ybTaTaMy ZOCTiIKeHb
2015 p. cTae 3po3yMinmM, 10 YaCTKA iIHIMNX IPYI OPTAaHIYHMX CIIOJIYK Y 3arajib-
HoMy Oananci POP s6inpumace. Skmo y 2015 p. BoHa cranoBuna 31—36 %
[8], To B mepiox mocnmimxenb 2021 p. B cepelHbOMY 3MiHIOBa/IaCh Y MeXKax
44,5—62,4 % Copr.

OTpuMaHi pe3ynbTaTi JOCTIPKEHD 1[0/J0 3pOCTAaHH:A YAaCTKM iHIINUX IPyTI
POP no6pe y3rokyoThcs 3 TiTepaTypHUMH JaHVMU CTOCOBHO BUCOKUX KOH-
LeHTpallill y BOAl i JOHHMX BifK/Iafax JOCTIIPKYBAaHUX O3€p TaKUX CIEIu-
¢bivHMX OpraHiYHMX PeYOBMH TOKCMYHOI fil, AK HadrompomykTn. Y 2018 p.
IXHI HalIBUILMIL BMICT CITIOCTEpiraBcA y BOA1 03. JIyroBoro i KopenoBas 3 MaK-
cumanbHuMy BemmunHaMy XCKe,. Y Bozi HuK4e po3TalloBaHMX O3€p Beln-
YJHY IMX HOKA3HUKIB CYTTEBOTO 3HIDKYBAINCH [31]. OKpiM Ha(TOIPOAYKTIB,
710 3a3HAYEHVX BOJHUX 00 €KTiB MOXKYTb HaJIXOVITU 3HA4Hi Ki/TbKOCTi CHHTe-
TUYHUX IIOBEPXHEBO-aKTUBHUX PEYOBMH, @ MOX/IMBO I iHIIMX OpPraHiYHUX
croyk. ToMy II/IKOM OYEeBUIHUM CTAE, 1110 3a0pyAHEHHS BOAM 03€p CUCTEMU
OrnevyeHb OpraHiYHMMM pEYOBMHAMM AHTPOIIOT€HHOTO IOXOIPKEHHS MOXKe
3pOCTaTH.

BucuoBxu

EBTpodyBaHHA NMOBEPXHEBNX BOJHUX 00 €KTiB — aKTyanbHa ImpobieMa
CbOTOJICHH:A. B cyyacHUX yMOBax Ba)KKO 3HAVITV BOJHMII 00 €KT, sIKMIT OU He
3a3HaB aHTPOIIOTEHHOrO BIUIMBY. lle, 30KpeMa, CTOCyeTbCcs BOMOWM i BOLIO-
TOKIiB y Me)ax ypOaHizoBaHMx Teputopiit. CaMe 0 TaKMX BORHUX 00 €KTIB
BifHOCATBCS 03epa cuctemu Omedensb (M. KniB). 11i osepa 3a3HaroTh 3a6pyn-
HEeHHs CIIOJTyKaMJl HeOPTaHi9HOTO a30Ty i pochopy Ta OpraHiYHNMY PeIOBU-
HaMM 33 PaXyHOK IXHbOTO Ha/IXOJPKE€HHA 3 IOBEPXHEBYM CTOKOM 4epe3 CHUCTe-
MY 3/IMBHUX KOJIEKTOPiB, @ TAKO>K BHACTIJOK AudY3il 3 JOHHMX BiIK/IaiB 10
BOJJHOTO CepefioBUIIA 3a AedillNTy pPO3YMHEHOTO KUCHIO i GOpMyBaHHS aHa-
epOOHUX YMOB y IIPU/JOHHOMY TOPU3OHTI.

ChiBBiffHOLIEHH HeOpraHiyHMX (HOPM a30Ty y BOAL ZOCTIKYBaHUX 03ep
3MIHIOETbCA 3a/I€XKHO BiJj BMICTy PO3YMHEHOIO KVCHIO, IIPO L0 CBiYNTh Ha-
ABHICTb KOPEJIALIITHOTO 3B’ 13Ky MDX 110r0 KOHIIEHTpPALi€l0 i BiTHOCHNUM BMic-
TOM aMOHIITHOTO a30Ty, HiTpuT- i HiTpaT-itoHiB. KoedinieHT kopemaii Mix
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VMM TIOKasHMKaMy Ipy piBHi 3Havymocti 0,01 cranoBuB BifnosigHo -0,79,
0,60 i 0,78. OTXe, 3a medinUTy PO3UNHEHOTO KMUCHIO <4 Mr/AM’ 4acTKa aMo-
HITHOT'O 30Ty, HITPUT- i HITPaT-IOHIB cCTaHOBWIA BimoBigHO 280, <6 i =14 %
Nieopr. IIpy moffaib1romMy 3spocranHi BMiCTy PO3YMHEHOTO KMCHIO YacTKa aMo-
HifTHOTO a30Ty IIOCTYIIOBO 3MEHIIIYBaIaCh, a HITPUT- i HITPAT-1IOHIB, HABIIAKM,
3pocTana. 3a KOHI[eHTpPallii PO3YMHEHOT0 KMCHIO 16 Mr/mm® iXHii BifHOCHMI
BMICT B>Xe CTaHOBUB 18, 24 1 58 % Nicopr-

[Tpn popmyBaHHi 3BOpoTHOI i TpsAMOi TeMriepaTypHOi cTpaTndikamnii Big-
IIOBiJHO B3MIMKY Ta 3 BECHM [JO OCEHi CIIOCTepirasaach pisHIIIA 32 BMiCTOM He-
OpraHiyHOro a30Ty Ta J0ro Pi3HUX POPM, a TAKOXK HeOpraHivHOTo Gpochopy y
BOJIi IIOBEPXHEBOTO i MPUIOHHOTO LIapiB. BauMKy ixHA KoHIeHTpauis 6ins
nHa Oya y 2,5 pasa BUIIOI0, HDK y ToBepXHeBoMy Huapi. ITixg yac npsamoi tem-
nepartypHoi crpatudikarii 15 pisHniy Oyna B pasu 6inblia. 3a TeMIepaTypHol
crparugikaliii BOJHOTO CepefoBUINA BifIMi4€HO CYTTEBE 3POCTAHHSA KOHIIEHT-
patii aMOHIITHOTO a30Ty i HeopraHi4HOro pocopy HIDKUIe TePMOKINHY. SHI-
JKeHHsI BMICTY CIIOJIYK HeopraHigyHoro a3oty i pocdopy y Bozii moBepxHeBOro
mapy 6y/10 3yMOBJ/ICHO IXHBOIO aCUMI/IALI€0 QiTOIIAHKTOHOM i BUIIOI0 BO-
JIHOI0 POC/IMHHICTIO 3 BECHN JIO OCEHi, a 3pOCTaHHs IXHbOI KOHIIEHTpallii Oisist
IHa BitOyBa€eThCs 3a paXYHOK HAIXO/KEHHA 3 JOHHUX BiflkIafiB 3a gediunry
PO3YMHEHOTO KVUCHIO i pOpMyBaHHSA BiJHOBIIOBA/JILHUX YMOB. 3a cepegHIMuU
BeJIMYMHAMM MOJIAPHE BiffHOmEeHHA N:P 3MeHIIyeTbCA Bif 3MMM O OCEHi B
Mexax 16,0—5,7, 10 BKasye Ha 3pOCTaHHA y BOAI KOHIeHTpauil ¢pocdopy
BiJHOCHO 30Ty Ta pOPMYBaHH: CIPUATIVBIX YMOBU JI/IsI PO3BUTKY CMHbO3€-
neHux Bogopocreit. [IopiBHAHO 3 TonepeHIMY PpOKaMM LOCTIKeHb BMICT 3a-
3HaYeHVX 6i0reHHMX CIIO/TyK MaybKe He 3a3HaB 3MiH i 3a/IMIIAETHCA Ha BICOKO-
MYy piBHi. Y BOCTi/PKYBaHMX O3epaX KOHLIEHTPALlisd aMOHITHOTO a30Ty, HITPUT-
i HITpaT-i1OHIB y BOZIi IOBEPXHEBOIO Ta IPUJOHHOTO IAPiB 3HAXOANU/IACh B Mé-
xax 0—1,666, 0,008—0,18610,016—0,311 mr N/gm* 12 0,207—13,170, 0,006—
0,14110,018—0,314 mr N/pm’. BmicT Heopraniuzoro a3oty i pocdopy B 3asHa-
YeHUX IIapax CTaHOBUB BifmoigHo 0,103—1,936 mr N/am?® i 0,012—0,353 mr
P/nm’ 12 0,424—13,362 mr N/gm?10,159—3,121 mr P/nm’. O3epa Mincske, Jly-
rose i [ITamyue BUABWIMCH HAMOIIbII 3a0PyTHEHVIMI Cepes HOCTiI>KyBaHIX
03ep 3a BMiCTOM CITOJIYK HeOpraHiqHOTO a30Ty i pocdopy. KoHuenrpanis pos-
YMHHOIO CUJIILIiI0 KO/MMBanach y Mexax 0,03—6,4 MT/AM?, TOCATAI0UM MaKCU-
Ma/IbHUX Be/IM4uuH 0ind fHa. HaBecHi itoro BMicT y moBepXHeBOMY IIapi BOAY
SHIDKYETDCSA Yepe3 acUMIIALLII0 iaTOMOBUMM BOJOPOCTAMIU.

3aranpauit BMict POP, BmicT nerkookucnioBanux POP, a Takox BmicT ry-
MYyCOBMX pE€YOBIH, BYITIEBOJIIB, 6inKOBOIOAIOHNX pedoByH Ta iHIMX POP 3a-
3Ha€ Ce30HHO-NpocTopoBux 3MiH. Bemmunmuan XCKwmn, AKi onocepefkoBaHO
BKa3yIOTb Ha BMICT nerkookucHioBaHux POP, y Bofii ocnimpkyBanux osep 3Ha-
XOAWINCH § Mexax 5,2—17,9 mr O/am’ i 4,8—22,4 mr O/’ BigmoBigHo y mo-
BEPXHEBOMY i IPU/IOHHOMY 1lIapaX, JOCATAYM MAaKCMMYMY BIIITKY 32 paXyHOK
3pOCTaHHA KOHIIEHTpAIil ek30MeTaboJIiTiB ByI7IeBOJHOI i 6i1k0BOI IpMpoam.
Yacrka nerxkookucHwosanux POP y Bopi BepxHix Tpbox o3ep cucremu Ore-
4eHb cTaHoBMIA 15,8—55,3 %, a B 03epax AHppiiBcbKomy, KupuniBcbkomy i
VMoppancbkoMy BoHa 6y/ia 3HaYHO BUINOIO i 3HAXOMMIAch y Mexax 29,1—
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81,6 % 3aranbHoro Bmicty POP. Benmnmunnan XCKey, 110 XapaKTepusyIoThb 3ara-
npHuit BMict POP, 3Haxopmnuce y Mexax 16,2—56,2 mr O/am’ i 13,0— 45,5 mr
O/mM’ BifMOBIZHO Yy BOZI IOBEPXHEBOTO i MPUIOHHOTO TOPU3OHTIB. 3araib-
Huit BMicT POP spocTae Bif 3sumu 10 oceni. Osepa Mincbke, JIyrose i I1Tamm-
He BUSBMINCH HAOIIbII 3a0pyHEHNMM Cepell HOCTIKYBaHUX 03ep fK JIeT-
KOOKVCHIOBAHVMI OPTaHiYHMMU CIIONTyKaMu, Tak i 3aramom POP. Konuenr-
pania I'P B o3epax konmsanach y Mmexxax 4,6—8,0 mr/ oM, mocATardy MaKkCuMa-
JIBHUX BEIMYMH BOCeHN. BMicT ByrieBoaiB i 6i1KOBOIOAIOHNX pedOBUH 3HA-
xoauBcs y Mexax 0,66—5,43 i 0,26—1,09 mMr/gm’, a MakcuManbHi BeMIMHN
Oy/In XapaKTepHMMIU I JIiTHbOI IOpM pOKy. BcTaHOB/IEHO, 10 B Cy4acHUX
yMoOBax 4acTKa inmux rpyn POP, Aki Hamu He JOCTiIKYBanlch, B CEpeJHbOMY
3MIHIOETbCA Y MexXax 44,5—62,4 %, Toai ax y 2015 p. Bona cranoBuna 31—
36 % Copr. OT>Ke, He BUK/TIOUEHO, IO 1Ie MOXKYTb OyTV OpTaHivYHi CIIOTyKY aHT-
POIIOreHHOTO HOXOKEHH, IKUM Y Mail0yTHbOMY BapToO HpuAiIuTK 6inblie
yBaru.

B mimomy >X BapTO 3a3Ha4MTH, IO OTPMMAHI pe3y/lbTaTU IPOBENEHNX
HaMI JOC/Ti/PKEHb CBi[9aTh PO 3HAYHMIL aHTPOIIOTEHHMI BIZIMB Ha 03epa CH-
cremu OneyeHp K y MUHYIOMY, TaK i B Cy9aCHUX yMOBaxX. 3a3HauyeHa CuCTeMa
03ep NoTpebye 3HAYHMX 3YCUIIb 3 IPOBEIEHHA IXHBOTO «03/J0POB/IeHHsA». [1e-
pezyciM BOHO IIOBMHHO Iepefi6adaTyt po3poOKY HM3KY 3aXOf[iB 3 HE[JOIYILeH-
Hs IOTPAIIAHHSA 10 03€p HEOUYMILeHNX CTiYHUX BOJ, K IIOBEPXHEBUX 3/IMBO-
BUX, TaK i IPOMMC/IOBYX Ta KOMYHa/IbHO-1T00yTOBUX. HeobxifHe BumyueHHA
JIOHHUX BiIK/IajiB 3311 3HVYDKEHHA BTOPMHHOTO 3a0py/JHEHHS BOAIU CIIOTyKa-
M HEOpTraHiuHOro azoTy i pocdopy. Baxxnneum 6yno 6 TakoX IpOBeAEeHHS
PoOIT 3 HaCMYeHHS BOAM 03€p KICHEM, TOOTO BCTAHOBJICHHS Ha HYUX LITYYHNX
aepaTopis.
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PECULIARITIES OF DYNAMICS OF CERTAIN ELEMENTS OF THE
HYDROCHEMICAL REGIME OF SMALL WATERBODIES OF URBANIZED
TERRITORY: BIOGENIC AND ORGANIC SUBSTANCES

The results of the study of the spatiotemporal dynamics of inorganic forms of nitro-
gen (NH;, NO, and NO;), inorganic phosphorus, silicon and dissolved organic matter
(DOM) in the water of the Opechen’ lakes are discussed. The concentration of dissolved
oxygen significantly affected the ratio of inorganic forms of nitrogen. The correlation coef-
ficient between the content of dissolved oxygen and the share of ammonium nitrogen, nit-
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rite and nitrate ions at a significance level of 0,01 was -0,79, 0,60 and 0,78, respectively. At
the dissolved oxygen concentration <4 mg/dm’ the share of NH} ,NO, ,NO; was<80 %,<6
and 214 % Ninorg, respectively, at 4—8 mg/dm?® — 60—80 %, 6—12 and 14—28 % Ninorg, and
with further increase to 16 mg/dm?’ their relative content was 18 %, 24 and 58 % Ninorg. The
difference between the content of inorganic nitrogen and its various forms, as well as inor-
ganic phosphorus in the water of the surface and bottom horizons was insignificant or did
not exceed 2,5 times during the reverse temperature stratification in winter. In the formati-
on of direct temperature stratification, from spring to autumn, the difference between the
concentration of these forms of nitrogen and inorganic phosphorus between these layers
was significant. The concentration of ammonium nitrogen and inorganic phosphorus inc-
reased markedly below the thermocline. The top three lakes (Mins’ke, Lugove and Ptashy-
ne) were the most polluted compounds of inorganic nitrogen and phosphorus. The decrea-
se in their concentration in the surface layer of water is due to assimilation by biota, and the
increase in their content near the bottom — due to the inflow from the bottom sediments at
oxygen deficiency and the formation of anaerobic conditions. The molar N : P ratio decrea-
sed from winter to autumn on average in the range of 16,0—5,7, which indicates an increa-
se in the concentration of phosphorus in the water relative to nitrogen and the formation of
favorable conditions for the development of blue-green algae. The concentration of dissol-
ved silicon in the lake water ranged from 0,03 to 6,4 mg/dm’. The decrease in its content in
the surface layer of water in the spring is due to assimilation by diatoms. The total content
of DOM and their various groups underwent seasonal and spatial changes. The share of
easily oxidizable organic compounds in the water of the upper three lakes was 15,8—
55,3 %, and in the water of the lower lakes — 29,1—81,6 % of the total DOM content. The
maximum values were typical for the summer season. The top three lakes are the most pol-
luted with organic compounds. The concentration of natural DOM groups, in particular
humic substances, carbohydrates and protein-like substances in the lake water ranged
from 4,6—8,0 mg/dm?, 0,66—5,43 and 0,26—1,09 mg/dm? amounting to in the total ba-
lance from 37,6 to 55,5 %, the rest were other groups of DOM, probably of anthropogenic
origin.

Keywords: water bodies in urban areas, lakes of the Opechen’ system, inorganic nitro-
gen compounds, inorganic phosphorus, dissolved silicon, chemical oxygen demand, dissolved
organic matter, stratification.
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