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IIOHTO-KACIIIVICbKA IIOJIIXETA HYPANIA
INVALIDA (GRUBE, 1860) (POLYCHAETA,
AMPHARETIDAE) Y BHYTPIIIHIX BOJAX €BPOIIN:
CYYACHE IIOHIMPEHHA TA IT'TIIOTE3A
ITAJTIEOPE®YTTYMIB!

Posensnymo cman 0ocnioieHb po3N0BCIOOHEHHS iHBA3UBHO20 CONOHYB8AMNOB00H020
noumo-xacniiicokoeo éudy nonixemu Hypania invalida (Grube,1860) y 600Hux 06’ekmax
€Esponu. Y namusHomy (icmopuunomy) apeasi, w0 0xXonsoe noHusss pivox Jyuato, Ininpa
ma Boneu, nonynsuii yiei nomixemu 8idomi 3 2idpobionoeiunux docnionenv Kinuys XIX —
nouamxy XX cm. OcHosri 6iomonu ii 1okanizauii — 6i0KAA0eHHS CiPO20 MYTY, 3aMyNeHO020
nicky, myny 3 domiuikamu yepenauiox montockis. Ilicns cmeopenns Ha JJninpi ma Bonsi ka-
cKadi8 8000cx08UW, HA Mi NiIOBUUEHHA MiHepanidayii 800HUX mac Oyno eidmiueHo y
1970—1980-x pp. posnosctodxucernns H. invalida 6i0 nonu33s Ha cepeOri OinAHKU UUX PitoOK.

Y cepeoniii ma sepxniti uacmunax [ynaro nocenennst H. invalida 6ynu idomi 3 1930-x
poxkis.

Y cmammi ananisyromocs oani suaxioox nonynauiii H. invalida y 6acamvox piuxax
ma kauanax Lenmpanvroi ma 3axionoi €sponu, 0cobnuso uucnenHi —3 nyonikauyiti no-
uamky XXI cm. Binvusicmo HAyKo81,i6 66axamv, U0 PO3N06CHOOHEHHIO NOTIXeMU CHPUSE
AKMUBHA 102iCNUKA N0 600Hill Mepedci pe2ioHy.

Posensidaemucs zinomesa npo poscenennsi H. invalida no enympiwinix 6odax Llenmpa-
nvHoi ma 3axionoi €sponu 3 penikmosux ocepedkis y 6epxis’i Ipa-/lynaro, ujo ymeopunucs
Hanpukinyi enoxu onouery 11—13 muc. pokie momy nicis 3HaAUHO20 NIOBUUEHHS COTIO-
Hocmi 800 Ilonmuuroeo (JJasHvouopHomOpcoKko20) baceiity i miepayii onieo- ma me3o-
2aniHHUX 8U0i6 Oe3xpebemHtux 00 8epxie’st piuKil.

Kntwouosi cnoea: Hypania invalida, ineasis, piuku ma xananu €sponu, mexauismu
po3nosctodxucenns, icmopis eiopoepacgii €sponi.

'Po60Ty BUKOHAHO 3a paxXyHOK 610/pKeTHOI iporpamu «IliffTpuMKa po3BUTKY Ipiopu-
TeTHUX HaIpAMiB HaykoBux pocnimxensb (KIIKBK 6541230)».

IO utysann a: Inrin 10.B., Kenesnax H.I. ITonto-Kacniiicbka nonixera Hypania
invalida (Grube, 1860) (Polychaeta, Ampharetidae) y BHyTpinInix Bogax €Bponu: cydacHe
HOIIMpPEHHs Ta rimoresa naneopedyriymis. I'iopobion. scypu. 2025. T. 61, Ne 4. C. 3—24.
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Inizin FO.B., Kene3nsk H.I.

Mertoro migroToBku crarTi 6yB Hamip 3i06paTy, IpoaHamisyBaTy Ta y3ara-
JIBHUTY MaTepiamy BTacHUX SOC/I/PKeHb Ta HAYKOBUX Iy0stiKaiiit, 1o 3’siBu-
JINCA y 3HAYHII KiNbKOCTi, 0c06/mMBO Ha To4aTKy 2000-X pokKiB, 3 iHpopMaliero
npo sHaxigku Hypania invalida (Grube,1860) y 6aratbox BOZHMX 00’ €KTax
€Bponu Ha BeIMYE3HUX IIPOCTOpPAaX — Bifl BepXHiX BojocxoBuly Boiru Ha
cxopi o pivok Temsa, Pona Ta CeHa Ha 3axofi BIPOJOBX HAy>Ke CTUCIMX
cTpokiB — 20—30 pokis. BukianeHo fesaKi npuiyiieHHs o0 MOTeHIiNHNX
crioco6iB (MexaHi3MiB) po3NnOBCIOKeHHA noixeTn. HaBeeHo rinoresy mpo
MOXX/IMBOCTI il PO3IIOBCIOMYKEHH, OB SI3aHi i3 CyYacHMMU Ta iCTOPUYHUMMU
acrmeKTaMM JIOKaslisalii MOy AL IMOIiXeTH, a TAKOXK €KOJIOTIYHMMM Ta 6io-
JIOTIYHVMMM XapaKTePUCTUKAMU BUTLY.

Marepian i MeTOgMKa JOCITiI)KEHD

CraTTs 6a3yeThCs Ha MaTepianax BTaCHUX PEry/ISPHUX HOCTiKEHb MaK-
posoobenTocy 6inbinocti Bogocxosuin [ninpa 3 1971 o 1994 p. i B obmexe-
HOoMy 06’eMi — o 2020 p. 36ip npob Ta ixHI0 06pOOKY IIPOBOAVIIN 3 Bifi-
noBifHNMM MeTofuKamu [32]. BukopucroByBamu gHouepmaknu [letepcena ta
CIIY-100, a TakoX Jipary 3 IpOTATYBaHHAM 3 60PTYy MOTOPHOTO YOBHA a00 eK-
CIeIUIIIIHOTO CyAHa Ha BifcTanb 10 M i3 HACTYIIHMUM IIepepaxXyBaHHAM Ki/lb-
KocTi opranismiB Ha 1 m>. Ocobunn H. invalida BumiproBanu 3 TOYHICTIO 10
0,5 MM i 3Ba)KyBa/I/ Ha Barax 3 TO4YHicTIO 10 1,0 mr. IligpaxoByBany KibKicTbh
s€lb Y TOHA/IaX CTATeBO3PiNINX OCOOMH.

Y cratTti aHani3y0ThCA [aHi YMCIeHHNX my6ikaiii, mo mictaTh iHdop-
Mallilo 010 3HAXOKeHHA ocernienb H. invalida y Bogaux 06’ ekTax EBpOI.

Pe3ynbTaTi JOCTigKeHb Ta iIX 00rOBOpPEeHH S

[Tonixeta H. invalida nopsin 3 nesxumy BUaMM BUIUX PaKOIIOJiOHNUX Ta
MOJIIOCKIB HAJI&KUTh IO IPYIM O6e3XxpeOeTHUX IMOHTO-KaCIiICbKOTO ¢ayHic-
TUYHOTO KOMIUIEKCY, iCTOpMYHUM (HAaTMBHMM) apeajioM sKux € JlyHaiicp-
Ko-/loncpka Ta Bonro-Ypanbcbka nposinnii ITonro-Kacniiicbkoi cononysa-
TOBOZHOI o67acTi [33, 46, 48]. Binburicte nux opranismis, 3okpema H. invali-
da, 3a gaHVMU rifpobionorivayx focnimxens Ha Mexi XIX ta XX cT., peectpy-
Ba/IM Y IOHU334X pivok YopHoro, AsoBcbkoro Ta Kacniiicbkoro Mopis, 30Kpe-
Ma [lynato, [IHicTpa, [JHinpa ta Bonru [5, 6, 14, 26, 40]. Taky nokasnisario 1mo-
Iy/IALLII TIOIIXeT Y HaTUBHOMY apeai i3 comonicTio Boguux mMac 0,2—10,0 %o
6y/10 MiATBepIKEeHO MOAIBIINMY JOCTIIKEHHAMY Iepel] IOYaTKOM IINpo-
KOMAaCIITaOHMX TiIPOTeXHIYHMX POOIT [10 CTBOPEHHIO BOJOCXOBUIIL] i3 Cepefiu-
Hy XX cT. y 6aceitHax takux pigok [TonTto-Kacmiiicbkoro periony, sk JIHinpo,
Bonrai[lon [18, 21, 25,29—31, 39]. OnTuManbHi yMOBY PiBHSA COJIOHOCTI Ji/IA
po3Butky H. invalida cranoBnars 0,3—>5,0 %o [34]. Tomy BBaXkaeMo HeKOpeK-
THUM BifHOCUTMU IJI0 IIOJIiXETYy IO IPiCHOBOMAHMX OPTaHi3MiB, HATOMICTb I1OT-
pibHO HayjaBaTy il CTATyC COMOHYBATOBOLHNUX a00 eBPUTAIHHMX Iigpo6ioH-
TiB.

baceiin p. Jlninpo. Ha [Ininpi ynpopgosx 40 pokis (1932—1972 pp.) 6yno
CTBOPEHO LIiCTh BEIMKUX BOJOCXOBMUII] 3 METOIO BUPOOJIEHHS e/IeKTPOeHeprii,
cTabi/IbHOI JIOTICTUKMY, JiKBifaLil IMiKiB BOJOIILIA, CTa/lIOro 3abe3ledeHHs BO-
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ITonmo-Kacniiicoka nonixema Hypania invalida (Grube, 1860)

JIOI0 IIPOMMCIIOBOCTI Ta CiIbCHKOTO TOCIIONIAPCTBa, MUTHYUX OTPeO, pO3BUTKY
IIPOMIC/IOBOTO pUOHMIITBA, peKpealtil [44]. I popMyBaHHA BUCOKOIIPOAYK-
TVBHOI KOPMOBOI 623y pub y BOOCXOBMIIA 3 TOHM33: [IHiNpa npoBogmInch
inTpomykuii 6ararbox BupiB monro-kacnicpknx (I1K) 6esxpebernnx, sAki 3a
eKOJIOTiYHMM CIIEKTPOM BifIIOBifa/m XapaKTepuUCTUKaM YMOB, 10 popmysa-
JIMCh Y HOBOCTBOPEHMX BOJIOMIMAX, 30KpeMa IiBUILEHHI0O MiHepaisalil Bo-
JIHUX MAac, 3HVDKEHHIO KOJIbOPOBOCTI, YIOBiTbHeHHIO Tedii [9, 11, 22]. Binp-
IIiCTb IHTPOAYKLiN ImpencTaBHMKIB Mysidae Ta Gammaridae saBepimiuch
IXHBOIO YCIIIIITHOIO aK/IiMaTH3al[i€l0, i BOHM YBINIIIM O PaLlioHy IIPOMICIO-
Bux pub [50, 84].

Yepes 10—15 pokiB mic/st iHTpOAYKLiN Y BOLOCXOBUIAX OYA/IN 3 SIBJISA-
tics 11K 6e3xpebeTHi, AAKi MOI/IM IOTPANINTH y HEBEIMKIil KiIbKOCTi pa3oM i3
Maco «0QilifTHNX» IHTPOAYIIEHTIB, @ TAKOX Ti, 1110 PO3CENAITHCS CIIOHTAH-
Ho (cTUXiltHO) y mponeci Mirpaniit Ha HOBi 6ioTomny, cepen iHIoro i He3aceneHi
abOpUTeHHVMY OpraHi3MaMu, IMOBIipHO, Y CKIafli 00pOCTaHb KOPIYCIB CYJeH,
i3 6amactHuMY Boamu [36, 47, 82, 83]. [lo Takux opraHi3aMiB HamexxuTs i H. in-
valida, sika HiKo/u He Oy/1a 1iTeCIPSMOBAHO IHTPOIYKOBAHOIO 32 MeXXi HATYB-
HOTO apearny.

Taxe posnoscromkenns H. invalida cnip oniHoBat sk iHBa3iro — mpo-
HYIKHEHHs IIeBHOTO BYJIy OpTaHi3My 3a Me>Xi JI0T0 MeIIKaHHA ab0 iCTOpUYIHO-
ro apeany 6e3 cBimomoi yuacri mogyan. lle popmynoBaHHA CYyTHOCTI ABUIA
iHBasii, Ha HaIy [yMKY, SIK HayiOi/b1I Bfjaste, My 00pay 3 4MC/IeHHNX, iHKON
KOHTpaBepCiifHIX BapiaHTiB, HaBefleHNX Y GyHIaMeHTaIbHiil pani [8] Ta me-
AKMX {HIMX my6mikanisax [19, 67].

Cnig HaragaTy, mwo H. invalida 6yno onucaHo JOCTiHMKOM KiTb4acTux
gyepBiB A.E. I'pybe, skiit naB BUAy AyXXe BJaly HasBy, L0 BimoOpakae pe-
rioHanbHi, MopdornoriuHi Ta moBeiHKOBi 03HaKu. Hypanis — maBHbOTrpelrbKa
HasBa p. [liBgennnit byr, invalida — y nepexiazi 3 1aTMHCbKOI MOBY O3HAYa€
«Hecu/IbHa» a60 «cmabka». To6TO BUOBY YacTUHY L€l Ha3BM, HAIIeBHE, MOX-
Ha TaKOX TPAKTYBATH K MaIOpPyX/yBa. [liiiCHO, MEeIlIKalouy y IIiIbHUX TPYO-
KaX, cOPMOBAHMX MY/IOBMMU, Pifillle — MilJaHUMY YaCTKaMM, CKPIiIUICHUMMU
C/IM30BUM CEKPETOM, i PO3TAlIOBAaHMX Y IOBEPXHEBMX IIapax JJOHHUX Bifl-
K/1aiiB ab0 y ipysax apeiiceH, ocobuun H. invalida nuie 4acTKOBO BUXOJAT
i3 Tpy6OK [y1s1 360Dy HeTPUTY 3 foMilKamMy MiKpodiTo- Ta MiKpo3006eHTOCY 3
BUKOPVCTAHHAM YNMCTeHHNX IIynanens [53].

Brepie sk inBaiifepa y LlenTpanbHOoMy €BporneiicbkoMy (JJHITpOBChKO-
my) inBasitnomy kopupopi (EIK) H. invalida 6yno suaiifeno BuiTky 1977 p.
y npurpe6nesiit yactuHi KniBcpkoro Boocxosnia — BepxHboro y [JHinpo-
BCBKOMY Kackazii (tabnuiya). Ha rmnbokoBoHil akBaTOpii HYKHBOI YaCTHHY
KpemeHUylIbKOro BOMOCXOBUIIIA IOMY/ALIIO L€l IMOMIXeTH 3 YMCENbHICTIO
230 ex3/m? 3apeectpoBano y 1980 p., To6TO Ti/bK1M Yepes 14 pokiB mic/s iHTpo-
AYKIIii B 1110 BOJI0VIMY 3 TOHM33s JJHinpa Ta KaxoBcbkoro Bogocxosuia jes-
KX BUJIiB TaMapuy, Misug ta Momtocka Hypanis colorata (Eichwald). Ockinbkn
iHTpOmyKUiHMIT MaTepian Bifbupamu y BOfoVIMax-JOHOPaX 3 BUKOPUCTAH-
HAM TpPasiB Ta fpar [49], To pa3oM i3 IyIMy OpraHi3aMaMy HEeMUHY4Ye IOTpaIl-
I y TIeBHIN KiZIbKOCTi 11 ocobunm H. invalida. HasBHicTb y iHTpOAYKLiIHOMY
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Inizin FO.B., Kene3nsk H.I.

MaTepiani He3sHa4HOI KiNbKOCTi IosixeT i 06yMOBMIA JOCTATHBO TPUBAIUI
TepMiH GopMyBaHHSA NOMY/IALIiT 1[boro rifpobionTa. Kpim roro, minepanisa-
1iga Boau KpemeHuylbKOro BofocxoBuIla € B 1,5—2,0 pasy HIXKYOMW, HIX y
BOJOVIMax-foHOpax [9, 22]. Y BepxHiit yactTuHi KpemeH4y11bKOTO BOZOCXOBU-
ma H. invalida 6yno 3HaliieHO i Yyac eKCIeANIiTHNX JOCI/KEeHb TaKOX Y
1980 p. y MyIuCTHX BifK/IaJleHHAX I/IMOO0KOBOHOT 3aTOK, 10 chOpMyBanncs
HiC/Is IPYHTOHAMVBHMX poOiT (FaMIIiHTY) 31 CTBOpeHHA JaMbu y pyciii mpuTo-
ku JIHinpa p. Biplanky 3 BUKOPUCTaHHAM 3eMCHapsRy-pedynepy.

Y 1983 p. H. invalida 6yno BusBIeHO B INTMOOKOBO/HIIT 30HI HYDKHBOI Yac-
THM KaHIBCbKOTO BOJOCXOBMILA — OCTAaHHBOIO 33 CTPOKAMM CTBOPEHHA
(1975—1976 pp.) y JHinpoBcbkomy Kackapi. Ha Benmkiii 3a miolmero Ty Hiii
rmboKoBOAHI (8—12 M) akBaTOpil BOZOCXOBMINA, sIKA YTBOPWIACSA BHAC-
MoK GaraTopiyHOro BMOOYBAaHHS IiCKY, 3HAYHO IisHilre, y 1996 p. 6yno
3adikcoBaHo MacoBuit po3BuTOK monyswii H. invalida (3,5—5,4 Tuc. exs/m?,
13,25—21,65 r/m*) Ha 6ioTomax 3 BiiKIaieHHAMNI Ciporo (OKIC/IEHOTO) MY,
Zie 1ieit Buy OyB JOMiHYI04MM y 6io1IeHO31.

3a rigpobionorivHNMY JOCTIHKeHHAMY BIPOROBX 1986—1989 pp. micns
aBapii Ha YopHoOMnbebKilt AEC, Ha ginanni p. [Ipumr’ari Big m. HYopHOoOUNA 10
3oun ii Baginua B KuiBcbke BoocxoBuie H. invalida y cknapi Mmakpo3oo-
6enrocy He 6yno BusBneHo [43]. Ilpore € iHdopmanis nmpo 3HaxifKy i€l
nosnixetu B 1999 p. y HeBenukii piuni Myxasenp — npuroni p. 3axigauit byr
[92], sixa sABIAE cobor0 eneMeHT JIHINIPOBCHKO-By3pKOro KaHamy, AKUi 1O
1940-x pokiB nmoegHyBas 6acertay JJHinpa i Bicny, a Tenep nepexpuruii ry-
xo10 fambormo [17, 72]. 1o 3HaXigKy MOXKHA BiTHECTH IO KaTeropil «3aragko-
BUX», aJKe B Mexkax binopyci, 3a MaTepiamamu rifpo6ionoriyHux JOCIiKeHb,
Hagam B Ilpumari, gedAkux mputokax Ta JJHimpoBcbko-Bysbkomy kaHaii
H. invalida ne 6yno sHaiineHo [35, 45, 89].

Buie o JTninpy, 30KpeMa y rup/oBiit 30Hi 10ro npuToku p. bepesunm —
novaTKoBoi AinsgHky bepesuHcbkoi BopHOI cuctemu [7], sika moB’s3yBania
Iuinpo 3 6aceitHom Banriiicbkoro mopst Brpogosx XIX cT., 3a JaHNMU Br1ac-
HUX gocnimpkenpb 1988—1989 pp., mocenens H. invalida Takox He 6yn10 BUAB-
JIEHO.

Y rupnosiit 30Hi p. IIpumr’sri o mosnixery Hamu Oy10 Briepiue 3HaliJIeHO B
cepnHi 1992 p. y parioni c. Otamis (51°11'59" N; 30°23'07" E) i BogHOYacC y
IHinpi B paitoni c. Hikni XKapn (51°17'40" N; 30°3421" E).

3a gaHuMM, OTpUMaHMMH Y 4epBHi 1990 p.', HABUIIIOI TOYKOK PO3IIOB-
ciomkeHHs H. invalida y Bepxupomy JIHinpi € mTy4Ha r/m60K0oBOfIHA 3aTOKA
6insa M. CrnaByTuya, CTBOpeHa 3 BUKOPUCTAaHHAM 3eMCHapsAfiB-pedyepis
(51°31'10" N; 30°44'03" E). ITonixern 3HaitmeHo Ha IMbuHi 5,6 M Ha 6ioTomni 3a-
MyseHoro micky. Takox y yepsri 1992 p. monyanito H. invalida 6yno 3narine-
HO y Tiit camiit 3aToni Ha 6ioTomi ciporo (okuciaeHoro) Mysny Ha rnbuHi 12,0 M
3 YJMCeIbHICTIO Ta 6ioMacoro BigmosigHo 2500 ex3/M? Ta 6,25 r/M>.

Y BogocxoBuiax JHinpa makcumManbHe Tpatisaus H. invalida Bigmive-
HO Ha 6ioTomnax saMyneHoro micky (37—47 %) Ta ciporo (0KMCc/IeHOro) My/y 3

'Y crarri [85] momMuakoBo BkasaHo gaty 1985 p.
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Tabnuus
JaTu Ta paiionn nepmux sHaxigok H. invalida y Bogaux 06’ekrax €spomnn
Poxu Bopgni 06’extn . Jixep ena
inpopmanii

Baceiin p. Jlninpo

1895—1897 [Tonusss Juinpa (HatuBHuMii apean), JHinpoBcekuit | [26, 40, 46]

JIMMaH
1923 3ona MaitbyTHboro KaxoBcbkoro Bogocxosuma (Ha- | [29]
TUBHUII apea)

1949 JHinposcbke (3amnopisbke) BOZOCXOBUILE [20]

1977 Kam’stHcbke ([JHITpOA3ep)KMHChKeE) BOJOCXOBHIIE [41]

1980 KpemeHuynbke BOfOCXOBHMIIE [41]

1983 KaniBcbke BOJOCXOBUILE [41]

1977 KniBcbke BogocxoBulie [23]

1990 Bepxwiit Jninpo HeoIyo6IiKo-
BaHi JaHi

1992 p. Ipur’sts HeoIyo6IiKo-
BaHi JaHi

Baceiin p. Bonea

novaTok XX ct1. | [Tonusss Bonru (HatusHMit apean) [6, 14]
1960 Bonrorpazcbke BogocxoBuile (HaTUBHUIT apeart ?) [24]
1977 CaparoBcbKe BOFOCXOBHILE [16]
1977% Kyit6nireBcbke BOJOCXOBMIIIE [16]
1991 YeboKcapcbKe BOLOCXOBMILIE [4]
1995 T'oppKiBCbKe BOJOCXOBIIIE [4]
1994 Pubincbke BOLOCXOBUIIE [4]
1997 YrauibKe BOJOCXOBUIIE [4]
1992 IBaHbKIBChKE BOIOCXOBUIIE [4]

Baceiin p. Jlynaii

1896 Henbra [lyHato (yKpaiHCBKMII CEKTOP) [40]
1930-i poxn Henbra [lyHato (pyMyHCBKUII CEKTOD) [80]
1940-i poxn Hiokniit [lynait (pyMyHCbKMIL CeKTOP) [58]
1960-i poxn Hioknint Tynait (6onrapcbKuii ceKTop) [87]
1971 Cepenniit [lynaii (cepOcbkuit ceKTop) [101]
2018 Cepenniit [lynait (XOpBaTCbKUIL CEKTOP) [97]
1967 Bepxwiit IyHait (HiMeL[bKIi1 CeKTOP) [74]
1961 Bepxwiit [lyHait (aBCTpiiicbKumit ceKTOp) [98]
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Pokn Bopni 06’ekTu ; }'IH(I?(() ;Ii:f :::‘i.l.

2014 Bepxwiit [lyHait (4ecbKuit ceKTop) [91]
Baceiinu desxux pivox Llenmpanvroi ma 3axionoi €sponu

1999 p- MyxaBeus (mpuroka p. Biciu 3-ro mopsipky depes | [92]

piuku Hapes i 3axigumnit Byr)

2010 p. Omep (IJeunHcpka maryHa) [99]
2021 p- Onep (BepxiB’s) [75]
2014 p. Enpba (Bepxis’s) [91]
2007 p. Enpba (cepenHs qacTuHa) [65]
1993 Kanan Iynaiti—MaitH—Perin [93]
1996 p. Maiin [88]
1997 p. Peiin (BepxiB’s) [94]
1995 p. Peiin (monHn33s1) [73]
1996 p- Mosens (HimeyunHa) [94]
2001 p- Mosens (Opanuisn) [62]
2000 p. Cena (paiton ITapmka) [61]
2001 p.- Mapna [55]
1997 p. Pona (BepxHs yacTuna) [63]
2000 p. Pona (ectyapiit) [61]
2008 p. Temsza [66]

* H. invalida inTpomykyBanack y 1959—1967 pp.

JIOMIIIIKOIO Yepemnaniok Bigmepnux ppeiiceH (22—32 %), miHiMaibHe — Ha
6ioToIax YOPHOro MyJTy Ta YiCTOro micKy (0—8 %). XapakTepHO, 110 Y «MOJIO-
nux» KuiBcbkoMy Ta KaHiBCbKOMY BOJJOCXOBUIIAX TPAIUIAHHA 32 10-piuynmi
nepiox (1985—1994 pp.) icroTHo 3pocro (3 19 1o 34 % ta 3 38 1o 68 %), TOAi AK
y «ctapux» Kpemenuynpkomy i KaxoBcbKOMy BOJOCXOBMILAX — JIEIIO 3HU3U-
nocb. [TocenenHs mosixery 3a3pn4ait GopMyIOTHCs 11032 30HOI0 PO3BUTKY BU-
VX BOJJHUX POC/IVH IT€PEeBAXXHO B flianiasoHi rmmbun 4—8 M. binpiicts gHimn-
POBCHKMX BOJOCXOBMIL BifIHOCATHCA [0 WITYYHUX BOIOMIM O3€PHO-PIiYKOBOTO
TUILY 3 CepejHbOI0 MBUAKIcTIO Teuil 0,2—0 5 M/c. Ha BepxHix finAHKaX Bofo-
CXOBMIII, Jle IIBUAKICTh Teuil Moyke mocaratu 0,8—1,2 M/c i JoHHI Bimkmagu
cpopMoBaHi YMCTUM ITiCKOM, ITOJIiXeTa TPAIUIAEThCSA NOOANHOKO. H. invalida e
HOCTI/IHMM KOMIIOHEHTOM Apy3 Dreissena polymorpha (Pallas) ta D. bugensis
(Andrusov) pasom i3 ITIK pakonogiouumu. CepefHs 41CeTbHICTH IO BOJOCXO-
Buiax J[Hinpa 3a nepion 1985—1994 pp. cranosuna 107—458 ex3/m?, 6iomaca
— 0,46—2,50 r/m*. Ha 6ioTomax I7IMHICTOrO MYy 3 JOMIIIKaMV YeperaIioK
ipeliceH IIi MOKAa3HMKM MOXYTb 3poctaty fo 2000—3000 ex3/m* i 25,00—
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40,00 /Mm% MakcuMajbHa JOBXMHA OCOOMH MOJiXeTu mocAarae 17—18 mm.
Craresa 3pinictb H. invalida ciocrepiraerbcs npu TOBXNHI 4epBUB 7—8 MM
i3 HaABHICTIO Y rOHa/lax 53—65 A€e1b. MaKcuManbHa KiZIbKiCTb A€I1b Y TOHA/IaxX
0COOVHY NOBXIHOI 16,5 MM cTaHOBMIA 154.

bacetin p. Boneu. Y monussi Bonrm, srigHo 3 pesynbratamu Tigpo6io-
JIOTIYHUX JOCTipKeHb novaTtky XX ct., H. invalida — 3Bu4aitHuil KOMIIOHEHT
MaKpO3006eHTOCY K CKIafioBa icropnutoro apeany [1K 6esxpebernux. I1 mo-
Iy/ALil pO3BUBAMNCA MEPEBAXHO Ha MYIMCTUX IPYHTaX y JiallasoHi COJO-
Hocri 0,2—10 %o [6, 14].

Y npoueci crBopenHsa Ha Bonsi Kackasy BOJOCXOBUI 3 APYTOI IIOIOBMHA
XX c1. 6ynu npoBegneHi MaciutabHi 3axonu 3 inTpoaykuil ITK makpobesxpe-
6eTHUX W11 POpMyBaHHA BUCOKOIPOAYKTUBHOI KOPMOBOI 6a3y pub [24]. Ha
BiMiHY Bif BogocxoBuil JIHinpa, y gesaKi BogocxoBuIa Ha Boisi, 30kpeMa y
Kyibumescbke, CapaToBcbke i Bonmrorpascpke, pasom i3 IpefcTaBHUKAMU
Mysidae, Gammaridae, Mollusca Bupogosxx 1959—1967 pp. y 3HauHill Kinb-
KocTi Beenanacsk i H. invalida [16]. Y Kyitoumescbkomy i CapaToBCbKOMY BO-
[IOCXOBUINAX II}0 MOJiXeTy BIeplle OyI0 BUABIEHO Timbku y 1977 p. (mus.
Ta611.), TOOTO Yepes 10 i 6inblre pokis mics MpoBeeHNX IHTPORYKLii [24]. Y
HalfHIDKYIOMY B Kackazi Bonrorpagcbkomy BogocxoBui ii 6y1o Bepiie 3a-
peectpoBano BXe B 1960 p., To6TO Ha Apyruii (1) pik micas movarky iHTpO-
nykuiit. OcraHHii $pakT MoXe cBigunTH npo te, mo H. invalida icuyBana He
TIbKM B [e/IbTi BOJIIM SIK B icTOpPMYHOMY apearli, ajie 11 Ha Il HVDKHIN 9acTyHi 32
300 xM BuIIe 3a Tevi€lo, fle B TOfanbIIoMy 0y1o cTBopeHe Bonrorpazncpke Bo-
JIOCXOBMIIE, B AIKOMY BOHA YCIIIIHO po3cemtack. [lofibHa curyanis Haragye
nosaBy H. invalida Bxxe Ha gpyruit pik micna sanoBHeHHs KaxoBcbkoro Boo-
cxoBuIa Ha JIHINpi 10 IpOEKTHOI BigMiTKM piBHA Bogm y 1956 p. 6e3 mpose-
nenHs iHTpopykuin ITK 6e3xpeberHux [25]. BepxiB’s 1jboro BopocxoBuIna
posTtamoBane Ha BifcraHi 330 KM, a HYDKHA YacTHa — Ha 100 KM Bu1IIe IeIbTH
JHinpa i Tako>X BXOIMTD, SIK i MOHMU33sA Bomiry, y Mexi icropmynoro apeany
MOJIiXeTH.

Possurok H. invalida y Kyii6umescbkomy Ta CapaTOBCbKOMY BOJOCXO-
BUINAX, HalliMOBipHillle, MoKe OYTI HacTiIKOM He HOBOI iHBa3ii, a pe3ynbTa-
TOM JIOBTOTPMBAJIOI afjanTamii 1o abioTMYHMX YMOB BOJJOCXOBMII ITiC/IA iHTPO-
nykuint kommekcy ITK 6e3xpebeTHnx yrponosx 1959—1967 pp., sk 11e crioc-
Tepiranocs i B Kpemenuynbkomy BogocxoBuii Ha [IHinpi. Y Haitbinpmomy B
€spomni Kyrbumescbkomy Bogocxosui (gosxnaa 500 kM) Ha p. Bonsi H. in-
valida Tpannserbca 1o Bcilt akBaropii (Bif BepxiB's o nmpurpe6eBoi 30HM)
IIEPEBAXKHO HA MYIMUCTUX Ta MilIAHO-MyIUCTUX IPpyHTaX. Y 2000—2008 pp. 1i
CepefiHs YMCeNbHICTh cTanoBUIa 51,2 ex3/m?, 6iomaca — 0,2 v/m* [53]. Iicns
cTBOpeHHsI Ha BepxHiit Bonsi HoBux Bogocxosuiy Buiie Pubincpkoro H. inva-
lida mouana poscensatucs i B iux BofioriMax 6e3 rmomepepHix 3axofjiB 3 iHTpo-
nykuiit [TK 6e3xpebetHux (muB. Tabmiimo). JJocmigHNKN XapaKTepU3yIOTh el
npoliec K TUIOBY iHBasilo abo «aproaxmimMarusanioo» [51], yomy, Ha ixHIO
IYMKY, MOXK€ CIPUATH aKTUBHE CY/[IHOIUIABCTBO Ha LIiii minAnmi Bonrn.

Y nopganpiioMy icHye MO>XuBicTh poHukHeHHA H. invalida 3 Pub6in-
CbKOTO BOJOCXOBMIIA y cucTeMy Bonro-banTtiiicbkoro BogHoro miaxy [10] —
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cxmagoBy CxigHoro €sporericbkoro (Bonspkoro) iHBasiitHOro Kopupopy
(CEIK).

Baceiin p. [ynail. 3a pjaHuMu Tifpo6ioIOriYHUX KOCHKeHb, 3 KiHLA
XIX cr.y genbri lyHato 6y BuABieHi moceneHHs 6aratbox Buais [TK 6e3xpe-
6eTHuX, 30Kpema i H. invalida [26, 40, 46]. 3Ha4HMIT PO3BUTOK IOMYJIALI 11X
OpTaHi3MiB B YKPAiHCHKill YacCTUHIi Je/IbTU CIIOCTEPIraBCcs YIPOJOBX YChOIO
XX cT. i TpMBae fo TenepiurHboro yacy [34, 77, 78]. Haasuictes H. invalida y
Hwxnapomy [lynai B Mexxax PymyHii Ta bosnrapii Takoxx BiffoMa 3 JaHuX rifpo-
6ionorivHMX focmimKenb nepinoi monosuHu XX cT. [58, 64, 80, 87].

BriM icHye 3Ha4yHa pisHUIA BiITHOCHO MOXX/IMBOCTEN PO3IOBCIOIPKEHHSA
H. invalida y 6aceitni [lynato (six 3axigHoro €BpoIeiicbKOro iHBasitHOTO KO-
punopy (3€IK)), Ha BifMminy Biff ymMOB, o chopmysBanuch y [uinpi ta Bonsi
YIIPOZIOB)X CTBOPEHHSA Ha LIMX PiuKaX KaCKaJiB i3 YMCIEHHUX BEMKUX BOJO-
CXOBUII 3 TOYATKy Apyroi monmoBuan XX cT1. (1930—1970-Ti pokmn).

Ha mexxi HyxHBOI Ta cepeHboi Tedii [JyHaro Ha Bigcrani 61m3bpko 900 kM
BiJl I'MpJIa iCHYE N1Ile OlHE Be/IMKe BOJIOCXOBMUIIE B palioHi «3ali3HUX BOPIT»,
CTBOpeHe HalpukiHi 1960-x pokis 3 rifpoenexkrpocranuisamu xeppamn I ta
Ixepman I [15]. To6To [0 11Or0 Iepiofy He iCHYBAJIO INTYYHVX ITEPEIIOH I/Is
aHaJpOMHUX Mirpauiit BogHuX opraHismis no [lynato. Tak, nepepn nopoxu-
CTO-CKeTIbHUM 3BY>KeHHAM pycina Jlynato «3anisHi Bopora» y rmmbokomy meci
e B 1940 p. 3adikcoBano nocenenns [1K pakononiouux ta H. invalida 3 Hap-
3BMYAITHO BIUCOKOIO YMcenbHicTI0O — 1o 10 000 ex3/m? [58, 86]. V CepegHboMy
Jynai Buie [I>kepaancbKoro BOJOCXOBMIIA Ha cepOCHKiil fUIAHLI piuku Ho-
nynauii H. invalida 6ynu 3apeectpoBai y 1971 p. y pe3ynbTaTi peTelbHUX
rocnimpkens Ha 20 pospisax [101]. Kpim Toro, 1110 mojiixeTy Takox 6y1o BusAB-
JIEHO y TMP/IOBUX 30HaX nputok [lynato — Casa i Tuca (guB. Ta6s1.). Bue 3a
Tevi€lo y XOpBaTChKil finanui [JyHaro, a Takox y p. [Ipasa H. invalida 3snaiige-
HO y 2018 p. [97].

Y Bepxubomy [lyHai B Mexxax Asctpii Ta Himeuunnn H. invalida Bussie-
HO Ha TMo4aTKy 1960-x pokiB [74, 98] Ha ginanui 2070—2208 kM Bij rupa B
TUIIOBMX JIA IipCbKMX PiuOK KaM SHUCTO-TpaBiitHux 6iotomnax. To6To HaBiTh
3a HECIIPYAT/IMBYUX YMOB JI/Is1 TAKOTO Ma/IOPYX/IMBOTO O@HTOCHOTO OPraHi3My,
Ak H. invalida (3HayHa Ka/JaMyTHICTb BOAY, Be/IMKa LIBMAKICTb Tedil, pyx-
NMBiCTh JOHHUX BiffKTafiB), LA MojixeTa Memikana B J[lyHai Ha y>ke BeuKii
BificTaHi BiJj HATUBHOTO apeaiy, 10, Ha HALIy AYMKY, He MO>KHA ITOSCHUTY aHa-
IPOMHOIO MIrpaLi€lo i3 TOHN335 PidKIUL.

Y nitepaTypHuX mxepenax ingopmarii mopao 3axonis 3 inTpomykuii ITK
6esxpebeTHux Ha AisiHkax CepenHboro it Bepxuporo JlyHato Hamu He 3Haiife-
Ho. Taxkum umHOM, yci ¢daktu posnoscromxkenHs 1K opranismis, 30kpema
H. invalida, ynponosx XX — nouatky XXI ct. o piuni Jynaii cip onjiHroBatu
AK KIIaCMYHUI IIpoliec iHBasil — ABuUIa, 110 BiJIGYBaGTI)CH 6e3 yinecnpamosa-
HOT yuacmi m00uHuU.

Amnanis posnoscromkenss H. invalida y Jlynai cBiguutb (uB. Tabmmijo),
IO ITepIIi 3HAXigKY BifOy/mcs y ienbTi Ta 10To HYDKHIM Tewil Hanpukinmi XIX
Ta B nepuiii monoByHi XX cr. IlisHile icHyBaHHA NOMy/ALIN MoixeTn 3a-
peectpoBano y Cepennbomy Ta Bepxubomy JlyHai, a B ocranHi 10—15 pokiB —
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y piukax 6aceitniB bantiitcbkoro Ta IIiBHiYHOTO MOpiB, OB’ I3aHMX MDX CO-
6010 Mepexero KaHaiiB Ta JlyHaem. € gymka [60], mo came [lyHait Ak QyHK-
nioHylouni iHBasiliHuiT Kopupop € mxepenom 6inpiocti Buais ITK 6esxpe-
OeTHMX, cepen iHmux i H. invalida, saxi po3noBcropnmics B [ux piukax EBpo-
nu. 15 ;yMKa € JOCTaTHBO ePEKOHMBOIO, OCKiNbKM Y BepxHili yactuHi CEIK
icHyBana y>ke Heenuka kinbkicts ITK Bupis, Buxmouatoun i H. invalida [4].
Kpim Toro, Tpu rinku LHEIK moctynoBo npunHmm cBoe GyHKI[iOHyBaHHS Ha
noyvarky i B cepenyui XX cr. Y ckmazni 6ioty 1iux BOfHUX 00 €KTiB TaKOX Oyria
HesHa4yHa KinbkKicTb [TK BuziB 6esxpeberHux i Takox 6e3 H. invalida [85].

Piuku ma xananu Llenmpanvroi ma 3axionoi €eponu, nos’sa3ani 3 [Jynaem.
[TepeBakHa OiNbIIICTD CKIAAOBUX BOgHOI Mepexi IlenTpanbhoi Ta 3axigHOl
€sponu (II3€) Bxe 6araTo HecATWITP BUKOHYE JIOTiCTMYHI QYHKII, IO
cripusie BogooOMiHy Mix ii e1leMeHTaMy i pO3IIOBCIO>KEHHIO 3 BOJHIMM Maca-
MM Ta Yepe3 TPAHCIIOPTHI 3acobu ripo6ioHTIB Ha Pi3HMX CTAfliAX PO3BUTKY B
HOBI nokasireru [60, 67, 76, 81, 91, 95—97, 101].

Y cxigHOoMy HanpsAMKy [lyHail y Hau yac noB’si3aHmit i3 Bicioro Hu3kox0
pidok y Taxiit mocnigoBHocri: ynait — Mopasa — Enpba — Opmep — Bicra;
PiuKM X OB sA3aHi MiXK c060I0 KaHaTaMU Ta 03epaMi. Ba>kiBo, 1[0 KaHaIM B
iVl CKIazHi Mepexxi 6y cTBopeHi B pisHi poku, mounHaroun 3 1881 p. (ka-
Han Opep — llnpee), kanamu Bicna — Opep ta Onep — Enpba — y 1914 p. [38,
69, 81]. HariBigpanenimoro Ha cXif y LibOMy JIAHIIOTY, fie Briepure y 2010 p.
6yno 3nanneHo H. invalida, € lllennncbka naryna p. Ogpep y banrificbkomy
Mopi [99]. Ha mouaTky 2020 p. mosnixery 6y/10 3HaiiieHO 71 y BepxHiit Tedii Ope-
pa [75]. Cnig 3a3HauuTy, 110 3a JAaHMMMU paHillle IPOBENEHNX AOCTIIKeHb Y
1964 p., y Hwxubomy Opepi B paitoni M. @paukdypr H. invalida me He 6yno
3apeecTpoBaHo [56].

3 Opepa H. invalida o xanany nponukia y p. lllnpee [81] (zuB. Tabmm-
10). [larni Ha 3axin monixery 6yno sHarieHo B 2014 p. y paitoHi 4ecbKo-HiMe-
IIbKOTO KOpAoHY 106713y M. [leunn y p. Enb6a, e BoHa s1BJIsI€ CO60I0 HeBeu-
Ky TipCbKy piuKy 37e6i/bIIOro 3 KaM AHUCTUM IPYHTOM [91], Xo4a 3a3Bmyaii
114 TIOJIiXeTa Bifjjae nepesary 6ioTonaM i3 My/IMCTMMY JOHHMMIU BifIKTalaMI.
ABTOpPYV IPUNYCKAIOTh, IO Y Bepxis’sa Enpbu H. invalida norpanmia mo me-
pexi kaHaniB [lynait — Maiin — Ofiep 3aBIAKM CyJHOIUIABCTBY. Y CepefiHiii
teuii Ens6u H. invalida Buepiue 6yno sHaiineHo y 2007 p. [65].

Y cBolo uepry, B p. Maitn H. invalida norpanwia 3 JlyHato 1o crapOBUHHO-
My KaHaJy, IOBTOPHO BiIKPUTOMY JyIsI CYJHOIUIaBCTBa y 1992 p. [60], me ii
6yro 3apeectpoBaHo B 1996 p. [88]. ITo xanany lynait — Maiin — Peiin, axuii
Mae Iy>ke CKJIjHy iH>xeHepHY OyznoBy (moBxkuHa 171 kM, 16 muosis, nepemnarn
BucoT 230—330 M Hap piBHeM Mops) [70], H. invalida notpannna y Peitn —
Haiigosury (1326 xm) piuxy Himeuunnn 6aceitny IliBHiuHOTO MOpA1. Y BepxHb-
omy Peitni H. invalida 6yno Briepiue sHaitfieHo B 1997 p. [94]. BaxximBuMm 4mH-
HVIKOM, IIIO Mir CIpyuATY NpoHVKHeHH!o H. invalida 3 [lynato B MaiiH, a notim
y PeitH, € TexHO/MOTiYHA HEOOXiTHICTD MOCTITHOTO TepeKaYyBaHHA BETUKUX
Mac Boau 3 [lyHato B kaHas [lyHait — MaitH — Peitn [60]. 3rigHo 3 nocnimxeH-
HaAMY, nposefeHyMu y 2003 i 2004 pp., H. invalida BusBuIacs posnoBcroke-
HIM MenKaHIeM Bepxuboro PeitHy HaBiTh Ha Bifcrani 350—400 kM Bif BUTO-
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Ky Ha JitAH1i MiXX Micramy Mannrerim ta Kapcpye. IlonynAnii momixetn pos-
BUBQ/IVICh Ha KaM SHMCTMX Ta TPABIfHUX I'PYHTAX i3 MaKCUMaIbHOIO YVICe/Ib-
Hictio 116—165 ek3/m* [59]. Hukue 3a Teuiero, B paitoni KenpHa momixera
YTBOPIOE Ii/IbHI MOMynALii [76].

Y Hwxubomy Peitni B Mexxax Hinepnanpis nocenenns H. invalida Bin-
MiueHi y yumHi Ta cepnHi 1995 p. pasom i3 nomymanismu [IK pakomoni6Hux
[73]. Y p. Maac, noB’s3aniit ka"anom i3 HyokxHim PeitHoM, nomymanii miel
nonixety Oyau 3HaijeHi Ha Teputopii Benbril Hanpukinui 1990-x pp. [96].
BBarkaeThcs, 110 «KaTaipoMHe» po3noBciomKenHs H. invalida 3a Tediero Peit-
Ha € HaC/TiIKOM Mirpanii IM4nHoK momixetu y ckinagi spudry [76].

Oxpim npocysanHs H. invalida Ha niBHiY €Bponm criocrepira€rbcs iH-
Basid B 3aXiJHOMY HaIIpAMKY, YOMY CIPUAE HASABHICTD IIIZIBHOI MEPEXi Ka-
HaJTiB, 3HAYHY YaCTVMHY AKUX 100y 0BaHO Iie B cepeayHi XIX c1. Y 1834 p. BBe-
IEHO J10 eKCIUTyaTalii Cy/IHOIUIaBHMI KaHan Pona — Pelin Bkmo4HO 3 p. CoHa,
AKUI Ma€ JOBXMHY 236 kM i 114 nwmosis (!). Brim y Hami gHi BiH BUkopucro-
BYETbCA JINIIIE A/ BOTHOTO TypusMy [71]. Bepxusa Pona Mae BUIIAR ripcbKoi
piuKM i3 MIBUAKOKO Tedi€lo, a micida 3muTTs 3 p. CoHa CcTae Cy[JHOIUIABHOIO.
Bume wm. Jlion H. invalida 6yno 3HaiimeHo y 1997 p. i3 4uce/NbHICTIO [10
700 exs/m’. ITicns Butoky 3 JKeneBcbkoro osepa (03. Jleman) Pona HabyBae
rifpomMopdosoriyHNX 03HaK piBHMHHOI piukn 6aceitny Cepefi3eMHOTO MOps,
mo crpusno nossi B 2000 p. H. invalida i B ii ectyapii [61].

Y BepxiB’s p. Mosenb — nputoku Bepxuboro Peitny — H. invalida norpa-
muna 3 Periny i mocriliHo BXopgwna mo ckmapy 6enrocy B 1994, 1996, 2000,
2001 pp. Ha YOTHPHOX CTAHIiAX (ITYHKTAX JOCTIIKeHb). Y paitoHi M. Mer un-
CeNpHICTD MojtixeTy KonmuBanach Bix 400 mo 11 000 exs/m* [61, 62]. Hani y
3axXiJHOMY HaNlpAMKY Bofiu PeiiHy MO>KyTb moTpamiATu 3 p. Mosenb y p. Map-
Ha 110 KaHa/Iy JOBXIHOI0 314 kM i3 178 mmosamu (rmmbuHa 2,6 M), AK1it BBe-
leHO 10 eKcIuryartanii B 1853 p. [68]. Aje HaBiTh 3a TaKMX CKIagHMX Tiffpo-
TeXHIYHMX YMOB y cepenHiit yactuni Mapun H. invalida 6yno sHaiiieHo Ha-
BecHi 2001 p. Y paitoni M. XKyeHBizb ii uncenpnicts gocsirama 8000 exs/m? [55].

Yepes 6iune Bigramy>xeHHa kaHamry Mosenrb — MapHa BinbyBaeTbcs 3°€l1-
HaHHA MapHu i, onocepekoBaHo, PeitHy 3 BogH1MY nutaxamu 6aceriny p. Ce-
Ha, AIKa BIAJA€ 0 ATIAHTUYHOTO OKeaHy [68]. BHac/mifok QyHKIIOHYBaHHA
IIbOTO IUIAXY B cepenHiit Tedii p. Cena B paitoni [Tapyoka y 2000 p. 6yno Buep-
1Ie 3apeecTpoBaHo noceneHHs H. invalida [61].

Y BepxHiit Tedii pitok Pona, Moserns, Cona it Mapna nnocenenss H. invali-
da TpannATheA y 6ioTonax, mo cdopmoBani Momockamu p. Corbicula ta ge-
penamkamy BifMepiux ocobuH [61]. Y p. JJHinpo Ta 110ro BOZOCXOBUIAX
H. invalida, six BKa3yBa/oCh BUlLE, € IOCTIIHMM KOMIIOHEHTOM II€HO3iB MO-
JIIOCKIB p. Dreissena Ta HalllapyBaHb YepeIaIloK BiMep/Inx 0COOMH, 110 MOXKe
xapakrepusysatu H. invalida sx neno-ocrpakodinbHui BUL.

Hocutb HecriofiBanuMy 6y 3Haxigku nmomyAniit H. invalida B 2008 p.y
p. Temsa Ha Tepuropii Benukoi bputanii [66] Ta moBTOpHO — mMO6MU3Y
M. XeMIITOH, 3a 18 kM Buie JIOHAOHA, e BOHA Ma€ BUIJIAJ, PiKU 3 ITOBiIbHOIO
tediero [90]. Iyt 1boro Buy MOTPibHO OYI10 TOJ0/IATH TaKy CKIaZHY MOPCHKY
IepelKoy, AK MpoToka JIa Manm.
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Moscnuei mexanizmu posnosctoonenus H. invalida. Y 6inbiocti nurosa-
HUX y CTaTTi HayKOBUX Hy6nil<auil71 TOZIOBHUM YMHHUKOM, IIIO o6yMOBmoe
posnoscromkenHs [IK 6esxpeberHux o BozHii mepexi I]3€, BBaxxaeTbcst BO-
JIHVII TPAHCIIOPT, 30KpeMa 00pOCTaHH:A KOPIIYCiB CyfieH Ta 6aacTHi Boan, 6e3
fleTanmisallii peamisaiii I1X MeXaHi3MiB CTOCOBHO 0i1/IbIIOCTi BUAIB Makpobes-
xpebetHux (60, 67, 81, 91, 96, 97, 101].

besymoBHO, 110 PO3NIOBCIOIKEHHA NPUKPIIVIEHNX OPraHi3MiB, TaKMX AK
D. polymorpha ta D. bugensis, y BUITIA/ii 0OpOCTaHb KOPIIYCiB CyzieH e(eKTUB-
HO BifIOyBa€ThCs 10 BOFHMX LIIAXaX €Bponi. [0 TOTro X I1i MOTIOCKM MAIOTh i
IUIAaHKTOHHY JINYMHKY, SIKa 3 O/IaCTHUMM BofjaMu norpamwia o IliBHiuHOI
AMepUKI 1 3yMOBI/Ia IIMPOKE PO3MOBCIOIPKEHHA LIMX APEiCeHi] Ha KOHTU-
HeHTi e 3a octanHi 20—30 pokiB [79]. 3HauHO cknapHilIe BifbyBaeThCs
po3celeHHA OEHTOCHUX OpraHi3MiB, 30KpeMa IpeACTaBHUKIB iHpayHM, 10
AKuX Hanexxutb H. invalida.

BaxmBoro ck1afjoBoo y GYHKI[iOHYBaHHI KaHasiB, 0COOIMBO 3 YMCIIEH-
HMMM 1IIJII03aMY Ta IIepeNafioM BUCOT HaJl piBHEM MOPs, € NIepioANYHI IVK/IN
HAIIOBHEHHs Ta CIIOPOXXHEHH: IIeBHIX JIITHOK KaHajIiB. EBpoIeiichbKi KaHa/In
MaIOTb IIMONHY nuie 2,6—4,0 M, TOMy 3aBJsAKU poOOTi IOTY>KHUX HACOCIB ¥
BOJHI Macy, 1O IepeMilllaloThCsA Ha PisHi AULAHKY KaHAJIiB, MOXYTb IIOTpal-
JATY NeTKi Gpakiii JOHHMUX BifKIafiB, le MeIKaloTh OeHTOCHI OesxpebeTHi,
3okpema H. invalida. ITpu 6araTopazoBoMy HOBTOPEHHI IIUX [Iill YIPOJOBX
JIeCATKIB POKiB HEMIHYYe Biff0yBa€ThCs IepeMillleHHs TaKUX Tif[po6ioHTIB 110
TifpoCcuCTEMAX Yy HOBI JIOKa/TIiTETH.

Baxxnmuso, mo H. invalida Melkae B JOCTaTHBO IiIIBHUX MYTOBUX TPYyO-
Kax, 110 MO>Ke 3aXVICTUTH Lji TeH[ITHI OpTaHi3MM Bifi MEXaHIYHUX ITOLIKOJ-
YKEHb TP IOTPAIUISIHHI y TPYOOIIPOBOAM, YCTATKYBaHHSA 3 TIEPeKauKu BOAY Y
KaHa/laX. Ajie, Ha HaIy [yMKY, HailOi/IbII peaibHYM BapiaHTOM PO3IOBCIOfi-
»keHHA H. invalida e mepeHoC i3 BOZHMMY MacaMy, 1[0 TePeKavyI0ThCs 3 O Hi€el
RUITHKY KaHAJIy JI0 iHIIOI, TpyOOK nomixeTn. BoHy MicTATh 6araTto fecATkis
JIOCTaTHBHO LIi/IbHYX €D, O1IBIIICTD 3 IKMX MOKe BUTPUMATH IIeperaf; TUCKY
B rijpocucTeMax i Ipy NOTPAIUIAHHI B HOBi 610TOIN HATV )KUTTSA HACTYITHOMY
nokosninHio H. invalida. Takoi camoi [yMKu JOTPUMYIOTbCS JOCTITHUKA PO3-
nosciomkeHH: [TK 6e3xpeberHux y BogHiit Mepexi II3€ [60, 61, 63, 76]. Boun
3BepTAIOTh YBary Ha Te, 110, BUXOAAYN 3 s€llp, muanHku H. invalida monmmmra-
I0Tb TPYOKM i 3 TIOTOKOM BOAM SIK KOMIIOHEHTH JIpU(Ty MOXYTh JJaJIeKO IIe-
pemimiarucsa 3a pycioM piuku abo 1o kanany. Ha ginsaHkax BogoTokiB i3 cma6-
KOIO TeUi€lo IMYMHKM OCiZJaloTh Ha JHO i TAKOXX YTBOPIOIOTH HOBI IO IALLii
MO/TiXeTH.

Oxpim ocobmuBocTelt QYHKI[IOHYBaHHS TiIpOCKCTEM KaHaiB BifJHOCHO
MeXaHi3MiB PO3IIOBCIOIKEHHA Iilpo6ioHTIB 6araTo JOCTITHMKIB BKa3ylOTh Ha
MOXX/IMBICTD IX IIepeHeCeHHs y CKIafi 6aJacTHUX BOJ, TPAHCIIOPTHUX CY/ieH.
Lleit MmexaHi3M 70Ope BUKOHY€ (DYHKIIIO PO3IOBCIOKEHH INTAHKTOHHMX Op-
raHisMiB Ta TUX, 30KpeMa OEHTOCHUX Ta NepUQITOHHMX, SKi MAIOTb Y >KNT-
TEBOMY LIMKJIi IVITAHKTOHHI cTafii (gpeiiceHinm, yHioHimy, XipoHOMigM).

HeobxigHicTb mepiognyHOrO 3aKadyyBaHHA BOAY Y OalacTHI €MHOCT] 3y-
MOBJIeHa 3abe3edeHHsAM BifJIIOBifHIX rabapuUTiB CyJieH MO BMUCOTI /I Ipo-
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XOJPKEHHA IiJ] YMCTIeHHUMMY HU3BKVMY MOCTaMI, OCOOIMBO i1 OPOXKHIX Cy-
neH. [Ipy 3aBaHTa)XKeHHI I1aB3aco0iB, HaBIIaKy, HEOOXiTHO BUJA/IATY 3HAYHI
0o6’emn 6amactHoi Boau. Haramaemo, o GinbuIicTh €BpOMENIChKUX KaHATIB
MaTh [IMOMHY 10 4,0 M. 3a TaKMX YMOB Y 6a/IacTHI pesepByapy IIpyu 3aKady-
BaHHI BOJY HEMMHYYE IOTPAIUIATH CaMi IOJIiXeTH, a TAKOXK IXHi IMYMHKI Ta
annd. 1Ipyn cnopo>XHeHHI €éMHOCTell ITeBHA YacTMHA VX «MITpaHTiB» OIM-
HAETbCA Y HOBUX IifipoeKocucreMax. BBaxkaeMo, 1110 Takmil MeXaHi3M IIOTpall-
nauuA H. invalida 3 Box xoHTMHeHTanpHOI €Bponu 1o p. Temsa y Benukiit
Bpwuranii € Hat6ib1I BipoTifHMM.

[lTomo Mo>xnmBocTell posnosciopkeHHs H. invalida y BopHiln Mepexi
Lentpanbroi Ta 3axifnoi EBponu no CEIK Ta LIEIK Bike BKaszyBanocs, 10 y
BEPXHIX YaCTMHAX UMX KOPULOPIB, 3BiKM MOTEHLIIHO MOIJIa IIOTPAllUTY LS
nonmixera, mo 1990-x pp. ii momynamii 6ym/1 BificyTHi [4, 85]. OfgHak Harmepui
naHi mopo sHaxinok H. invalida y Bepxubomy JlyHal BiTHOCATBCSA O IIOYATKY
1930-x pp. [64] y mexxax ABctpii Ta HiMeuunHu, To6TO Ha BifcTaHi 6/1M3bko
2200 xMm (!) Big rmpna piukyM — HATMBHOTO apeay MojixeTu. TakKuMM YUMHOM,
MiIKPECTNMO, IO IIiIIKOM apryMeHTOBAaHUM € IPUIYIIEHHH, 10 JOHOPOM
H. invaliday BoyHi 06’exTy iboro periony moxke 6yt 3€IK, nos’ss3anmit 4nmc-
JIEHHMMU KaHa/IaMH 31 IIi/IbHOIO PiYKOBOIO Mepeketo €BPOIN.

[TpoTe fmy>xe Ba)XXKO MOSICHUTY PO3IOBCIOIPKEHHS MTOPYX/IMBOTO OeH-
TocHoro opraHismy H. invalida Ha Taky 3HauHy BifcTanp 1o pycny JlyHaro 3a-
co6aMy BOZHOTO TPAHCIIOPTY, SIKMII aKTVBHO IT04YaB PYHKIIOHYBATH JIMIIE 3
XIX ct. B ocranni poku npu akTHBi3anii rifpo6ionorivHnx JOCIiIKeHb Ha Ma-
mmx BogoToKax 1I3€ H. invalida 6yno 3HaiiieHO Y HeBENIMKNX, NEPEBaXKHO
FipChKOTO TUITY PivKaX, /ie BifICyTHIl BOGHUI TPAHCIIOPT, KPiM peKpeariiinHo-
ro. lle T'opuns, Tuca, IIpyr, Ciper, banbrasyn [3, 54] i piuku Junapcpko-Asb-
niiicpkoro ripcpkoro Macusy ([Ipasa, Casa) [97, 100, 101]. Taki 3Haxigkm, Ha
Hally TyMKY, TAKOXX MO>KHA BiJTHECTM JIO KaTErOpil «HECIIOJiBaHMX».

3 ornApmy Ha 11i aKTI, 3aC/TyTOBY€ yBary aIbTepHATVBHA TiltoTe3a BigHOC-
HO JKepes po3noBcrofxeHHa H. invalida y BopHilt Mepexi €Bpomny, 30kpeMa
o710 ii 3HaXifJOK Ha TipCbKMX Ta MEPeAripChbKUX AIIAHKAX pivok. € mpumy-
I[eHHs, 10 Iji HOMy/IALii CTAHOB/ATh COOOI PELeHTHI 3a/lMIIKN TTOCe/IeHb
nosixerty, AKi copMyBanucs y cepeHiit Ta BepxHiil yacTuHax [Ipa-JlyHaio B
nepiof; BICOKOTO CTOSAHHA MOPCBbKIX BOZ, [27] mix 4ac reomMopdosoriyHmx ta
HaTeOKTIMaTUYHUX TpaHchopMalil rifporpadivyHoi Mepexxi Ha IpocTopax
LleHTpanbHOI €EBpONN Ha IIOYATKY €IOXM ToyoeHy [12, 13, 33, 48, 54, 63]. L
rimoTe3a 6y1a chopMyTbOBaHA HAYKOBIAMM Pi3HIX KpaiH i B pisHUII 4ac, mo
Hajae 11 cyrreBoi BiporigHocTi [33, 63]. Bona 6asyerbcs Ha maneorigpor-
padiuyHMX acmekTax po3BUTKY Iii€l Mepexxi y MDKIbOZOBUKOBI Ta B OCTaHHIN
HiC/AIOTOBUKOBUI TIepiofy i MOB’s13aHa 3 iCTOTHMMM KOJIMBAaHHSIMK PiBHS
BOJY Y MOPCBKMX BOZOJMaX IiBHA €BpoI, 3MiHOIO IXHbOI KOHiryparii ta
JIVHAaMIKOIO CTyleHs MiHepanisanii. CamMe 3a TaKMX YMOB MOITIM BUHMKHYTU
BiJOKpeMJ/IEHI KOMIIZIEKCH TIOMYJIALINM COIOHYBaTOBOJHMX Ta €BPUTAIIHHMUX
OesxpebeTHNX, sIKi B HAlll 9aC OTPUMAIN Ha3By «IIOHTO-KACHiiChKi» opra-
HisMu. PenjeHTHi monyanii uux rifpo6ioHTIiB MOITIM 3a/IMIIUTUCS Y AESIKUX
BOJHMX 00’ €KTaxX ripchKux Ta mepearipcbkux cucrem Anpi ta Kapmar. Hase-
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Puc. 2. Apajio-KacIilicbKo-IIOHTi/ICbKO-IIAaHHOHCbKe MOpPe-03epo y MiolleHi 3a [57]

fieHi cxemu (puc. 1, 2) 3MiH BUIJIALY MOPCBKMX i COIOHYBAaTOBOIHUX €KOCHU-
cTeM €Bpomny y Hic/IAIbOROBUKOBUII nepiof [52, 57] cBig4aTh Mpo peanbHy
MOXX/IMBICTh GOPMYBaHHSI Ta IOJA/IBIIOTO iCHYBaHHS TaKMX BOJHMX Oioreor-
pacdivHMX «aHKTaBiB». K BUIHO 3 pUCYHKY 1, HaibinbINIt 3a MacmTabamMu
3a/IMIIKOBMUIT «aHKJIaB » copMyBaBcs Ha finsHLi Cepenaporo ta Bepxuboro
ITpa-[ynaso. Illof0 MOXXIMBOCTI NOMIMPEHHS COIOHYBAaTOBOZHNX Oe3xpeber-
HUX y piunia MaitbyTHix Bonry, [JHinpa ta JlyHaro mic/is 0cTaHHBOTO JIbOZO-
BUKOBOTO IIepiofly CBiff4aTh I1a/ICOHTOJIOTIUHI 3HaXigky depemnamok D. poly-
morpha Ha Tepuropii EBponn [1, 2, 8, 33, 37, 48]. Y TakoMy BUIIa[IKy y BEpXiB s
JlyHar, KpiM JpeiiceHy, MOIJIM IOTPAIUTY ¥l iHIIi COTOHYBAaTOBOJHI Opra-
HisMy, 30KkpeMa H. invalida, ane pelmtky sKuX, Ha BiMiHy Bifi 4eperamiox
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JipeiiceH, MPOCTO He MOI/IM 30€PerTucs y reoJIoTiYHIX CTPYKTYPax yIIPOZOBXK
6araTboX TUCAYONITDH [63].

3a yMOB aKTMBHOI'O PO3BUTKY IUTYYHUX BOSHMX LIIAXiB y €Bpomi BIpo-
nox XIX—XX cr., AKi moegHamy 6aceiiHy 6araTbox pidok y WIiIbHY Tifpo-
rpadiuHy Mepexy, Iii OpraHi3Mu OTpUMaIM 3MOTY O HOLIVPEHHS i3 «peiKTO-
BUX» IIOMENIKaHb i Oy sHaiifieHi, cepep inmmx i H. invalida, micns noyatky
CHCTEMHUX Ti[p06i0/TOTiYHNUX JOCTIIKeHb Ha BOZHMX 06 ekTax [I3€, ocobmu-
BO aKTUBHMX Ha mo4aTKy XXI c1. JlofaTKoOBMM apryMeHTOM Ha HifiTBepKeH-
Hs OOIPYHTOBAHOCTI LIi€l riloTe3n € 3HaXifka y BepXHiil Tedii KapraTcbKoi
p. Tuca (mpuroka dynaro) IIK ramapupu Stenogammarus compressus G.O. Sars
[28], sika i1 moci He 3apeectpoBaHa y CepennboMy i Bepxubomy [uimpi [42] i B
Hxubomy JlyHai [77].

BucnoBkn

HasBhicTb Benmykoi KinbkocTi nmy6iikaniit B octanHi 10—20 pokiB mpo
3Haxijgku mocenens H. invalida o rigporeorpadivniit Mepexxi 3axiguoi i [len-
Tpa/sbHOI €BpoIM Mo>ke OyTV IIOB’sI3aHa He CTIIbKM i3 ABMIEM PO3IIOBCIOf-
JKeHHS Iji€l MOJIiXeTy, a J1 3 Be/IMKOIO YBArolo CIiIbHOTY rigpo6ionoris o ca-
MOTO (peHOMeHY aKTVBHOTO PO3MOBCIOJKEHHS COIOHYBAaTOBOHIX MaKpobOes-
XpeOeTHNUX ITOHTO-KacHilichbKoi (ayHM.

[Tonixera H. invalida nane>xxutp o rpymu rifpo6iontis ITonro-Kacmiit-
CBHKOTO (PayHICTIYHOTO KOMIUIEKCY, IKi MEIIKAIOTh Y BOJHMX 00 €KTaX HATUB-
Horo (icropuaHoro) apeany 3 piBHeM conoHOCTi 0,2—10,0 %o, 1110 06YMOBITIOE
JOLIITbHICTD BITHOCKTH 1€l BUJL 0 COTTOHYBaTOBOGHMX a00 eBpUTaTiHHIX Op-
raHismiB, a He 1O IPiCHOBOJJHUX, SIK BKa3y€ThCA Y JesKUX MyOIiKallisax, HaBe-
NEeHMX Y CIIMCKY BUKOPMCTAHOI JIiTepaTypu.

Y HatuBHUX apeanax H. invalida nanexutdb o rpymnu nenodiibHux op-
raHi3MiB, pifjie — 1o menroncaMmodibHUX Ta NETOKOHXi0(MiTbHYX, YTBOPIOKO-
4y GaraTovMcenbHi MomyALii 3a yMoB cnabkoi mporovynocri (0,1—0,3 m/c)
npu piBHi cononocri 0,2—5,0 %o. Y ny6nikaniax octaHHix 10—20 pokiB mpo
3HAXi[IKM IIOJIiXeTN y BEMKNX i Manux piukax [J3€ BkasyeTbcs, 1110 BOHa Tparl-
JIAETHCA Ha Mil[aHO-TPABIMHNUX I'PYHTAX HaBiTh 3 BEJIMKUM KaMiHHAM 3a IIBU/I-
KocTi Teuil iHkomm 6inbire 1 M/c y Boai 3 MiHepanisariieto 0 0,2 %o. I1i paktu
CBifYaTh PO HAA3BMYAIHO IINPOKY eKOMOTiYHy «ItacTiyHicTh» H. invalida,
[0 3HAYHOKI0 MipOI0 OOYMOBIIOE Ii 3HAaTHICTH /O OCBOEHHS HOBUX BOJJHUX
00’€KTiB.

[Tomiueno, o sik inBaiiaep H. invalida mBuaKO OCBOIOE if JOCSTAE 3HAYU-
HOI 4YMCe/IbHOCTI y HOBOCTBOPEHMX 6i0TONax Iic/sA JHONOIMOIEHHS aKBa-
TOpiil BOIONM, K Iie criocTepiranoch Ha Bepxubomy JIHinpi, Kaniscbkomy Ta
KpemenuynipbkoMy BOJOCXOBMIIAX. Y «MOJIOANX» BOJOCXOBMIAX BMHUKAE
TUMYaCOBUIT «CIanax» yucenbHocti H. invalida, 110 memio sHIDKY€eTbCs B Ha-
CTYITHI POKH.

Binpuicts HOBUX 3Haxinok H. invalida y BopHit Mepexxi 3axinHoi i [lenT-
panbHOi €Bporm BuABneHO B CepegHbomy i Bepxubomy [lyHai, a TakoX B
iHmMX piykax €BpoI, OB I3aHNX i3 HUM YMC/IEHHVMM KaHanamu. Jleski Ha-
YKOBIIi IpKepeaMy IOIIMPEHHA IIOHTO-KACIiICbKMX OPraHisMiB, 30KpeMa
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H. invalida, y 1i BogHi 06’€KTH BBaXKaloThb (PYHKIIIOHYBaHHA TPbOX €BPO-
HeVichbKMX iHBas3itHMX Kopupopis: CxigHoro (Bonspkoro), IlenTpanbHOro
(Juinposcbkoro) Ta 3axigHoro ([lyHaitcbKoro).

[Tpouukuenns H. invalida 3 6aceitny CEIK y BopHy Mepexy 3axigHoi i
IlenTpanpHOl €Bpomny 6yl10 HEMOXXIMBUM, OCKUIBKY IepIli 3HaXifKu Ii€el
nonixety y PubiHcbKOMY BOOCXOBUILL, SIKe CTAHOBUTD COOOI0 HVDKYY AiITHKY
HITY4HOI YaCTUHU Bonro-banriiicbKoro TpaHCIIOPTHOTO LJIAXY, BiH6YJII/ICH
nuire y 1994 p.

Poscenenns H. invalida 3 6aceitny LIEIK y Bogny Mepexxy 3axinHoi i Ilen-
TpabHOI €BPOIN TAKOXX Ma/OBipOTiIHO, OCKIbKM KaHa/y, 10 TO€ENHYIOTh
6acertH Bepxuboro [Ininpa ta p. Bica, npunuanim cBoe QpyHKI[ioOHyBaHHA Ha
noyaTky i B cepeiuHi XX cT., a Ha Mexi Cepepaboro Ta Bepxuboro JIninpa ra
jioro nputokax H. invalida 6yna 3naitnena muuie y 1990-x pokax. 3Haxigku
H. invalida y p. Enp6a — Hati6inbi cxigHoi 3a reorpadiqyHuM IOMTOKEHHAM
piuku LlenTpanbroi €Bpony — muiie 3 2014 p. € 1e OZHUM 3 IEPEKOHIMBUX
TOKasiB, 110 Ha 3aXifj LA MojIiXeTa He MOIJIA IIOTPAIINTH 31 CXOZY, 30KpeMa i3
cucrem LHEIK.

Posnoscromxkenns H. invalida y Bopuiit Mepexxi 13€, Haibinpm Bipo-
TifiHO, IIOB’s13aHe i3 po3cenieHHAM Liiel momixeTy 3 piunia dynato sk 3€IK, mo
BUKOHYE QYHKIiI0 posnoBciopkeHH: iHImx [TK 6e3xpebeTHNX.

Y Hwxknpomy JlyHai, sKuii CTaHOBUTb c06010 HaTMBHUII (icTOpyryHMit)
apeasl IOHTO-KACMIiiicbKOI QayHy, mocenenHsa H. invalida Bigomi 3 movartky
XX cr. ¥ Cepegnbomy Ta Bepxubomy [lynai momynAnii nomixetu BUABIEHI y
pesynbTarti rifpo6ionorivHuX KOCIimKeHb, To4YnHa4Yy 3 1930-x pokis.

Sk Bigomo, H. invalida He mae ¢yHKLiOHaNIbHUX 3aC06iB 1O aKTMBHOI
MIrparil i Mo>Xe po3cenATICA NuIIe MacuBHO. [lepnM BapiaHTOM TaKOro Me-
XaHi3My Mo>ke OyTV pO3IOBCIOJPKEHHS 32 YMOB Tedil TMYMHOK MOJIiXeTH, 110
BWIYIIWINACS 3 SIEND 1 3a/IMIIWIN TPYOKY, [ie MelllKae MaTepuHCbKa 0coO1Ha
IoJTiXeTy. 3a/Ie)KHO Bifl IIBUAKOCTI Tedii IMYMHKI MOXKYTb IIEpEHOCUTHCA Ha
Oi/bII-MeHII 3HaYHi BificTaHi i Mic/Is OCiZaHHsA Ha THO YTBOPIOBATY MOMY/IALT
Yy HOBUX OCE/INILaX.

Otxe, nosBa nonynauinn H. invalida y BopHit mepexi 1I3€ mos’sa3ana
JUIIe 3 IMACUBHUM POSIOBCIOJPKEHHAM LbOTO OPraHisMy, OCKiIbKM iHTpO-
nykuii miei nmonixern y CepepiHiii i Bepxwniit Jlynait Hiko/mm He TPOBOJSUINCD.

JTropyHa MO>Ke [Ii€BO CIpUATY PO3NOBCIOKeHHI0 H. invalida sk y piukax,
TaK 1 110 YMCTIEHHMX KaHa/max €BPOIIN 3a HAsIBHOCTI IO/TiXeTH Y CKIafi 6anact-
HIIX BOJ], sIKi 6araTopa3oBO HaIIOBHIOIOTHCS Ta CKUAIOTHCS TPV TPOXOKEHH]
Cy[IHaMI IIiJi MOCTaMM Ta II0 YMCJIEHHMM LUTI030BMM KaMepaM KaHaziB. Kpim
TOTO, IlepeMilljeHHs BeJIMKNX 00CATIiB BOZHUX Mac, HepinKo 30ypeHuX i3 JoH-
HUMMU BifIK/TaflaMIi, TAKOXX MOXXe CIIpUATH IepeMilieHHIo H. invalida na pis-
HIUX CTaflifAX pO3BUTKY 110 TpacaX KaHaJliB.

[TinTBepmKeHHAM peastisanii Takoro MexaHismy € sHaxigku H. invalida B
npurokax Cepenguporo i Bepxuporo [lyHaro Ta B rifpo/oriyHo OB’ A3aHNUX 3
HUM piukax, Takux sik Opep, Maiin, Enb6a, Peiin, Pona, Cena ra iH., 3 KiHIIs
XX crt.i0co6mmBo 6araTouncenpHi — 3 moyatky XXI ct. BusiBneHHs nocenenp
H. invalida Ha pi3HuX [iIAHKaX BeIMKMX PidoK (BepxXiB’sa abo MOHU334) y pi3Hi
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CTPOKM MO>Ke OyTu OOYMOBJIEHO He TiIbKy (PaKTOM PO3IOBCIOKEHHs II0-
TiXeTy, aje il AVCKPETHICTIO IPOBeNEHHs TifipoOioNoTiuHNX JOCTPKeHb Y
qaci.

3acnyroBye yBary aJabTepHAaTUBHA BEPCis MIOMO0 XKepel PO3IOBCIOKEH-
HA H. invalida y BopHiit Mepexi €Bpomnn. Bona 6asyerbcs Ha Ianeorifpor-
padivHMX acmekTax PO3BUTKY IIi€l Mepexxi y MiX/IbOJOBMKOBI Ta OCTaHHII
HiC/IATbOJOBUKOBUIL TIepiofl i MOB’sI3aHA 3 iCTOTHMMU KOMBAaHHAMM PiBHA
BOJY Y MOPCHKMX aKBaTOPiAX miBgHA €Bponu. CaMe 3a TaKuX YMOB chopMmy-
BaJIVICA MOX/IMBOCTI JI/IsI BUHUKHEHH BiIOKpeM/IeHVX ITOIIyJIALii 6e3xpeber-
HIIX, AKi B HaIll 9aC OTPUMA/IU Ha3BY «IIOHTO-KACTIiiChKi». [XHi perenTHi mormy-
NAL{i MOITIM 3IMIINTHCh Y JIEAKUX BOJHMX 00 €KTaX TipCbKMX Ta Iepefi-
ripcbKUX TepUTOPiit EBponu. B mpoljeci akTMBHOTO PO3BUTKY IITYYHUX BO-
IHMX IUIAXiB y €Bpomni BrpooBX XIX—XX crT. 1i opra"ismMu Manm 3mMory o
nomypeHHs i 6y 3HavgeHi, cepen iHmmx i H. invalida, micnsa akTuBHUX
rigpobionoriuanx gocnimxens. Lo rinoresy 6yno chopmynboBaHo i miprpu-
MaHO pSJIOM HayKOBIIiB, BOHA Ma€ I1a/Ie0Te0JIOTiYHe MifAIPYHTS, 110 00YMOB-
JIIO€ 11 aKTYa/IbHICTb.

B exocucremax JJninpa ta Bonru iuBasia H. invalida mana aHagpoMHMit
XapaKTep Bi/l HATMBHMX apeajliB y IOHM335X IUX Pi4OK [JO BEPXHIiX YacCTUH. Y
piukax 6aceriniB IliBHiuHOTO i Cepefi3aeMHOro MOpiB, a TAKOXX ATITaHTUYHOTO
OK€aHY CIIOCTEPIraeThCsA KaTaJpOMHE PO3IOBCIOJKEHHA LIi€l Io/TiXeTn 3 oce-
penkiB y BepxHiit yactuHi 6aceitny JJynaro. Leit mporjec € BaroMum aprymeH-
TOM Ha KOPUCTb riloTe3u BiTHOCHO «PeIiKToBOi» pupoau iuBasii H. invalida
y BogHi 06’exTu LleHTpanbHol Ta 3axifHoi EBpom.

Y 3B’A3Ky 3 IOCWIEHHSAM YBaru ROCTiTHMKIB-Tifpo6iosnoriB o ABuiia
inBasii rifpobionTis, oco6mBo npeacraBHuKiB [1K dayHicTiyHOTrO KOMITTEK-
Cy, Yy BHYTpilHi Bogu €Bponu 1a IliBHiYHOI AMepUKY, CTif 049iKyBaT! IOSABA
inpopmauii npo sHaxifkn H. invalida, a Takox HoBux IIK Buzis y pisHorum-
HUX BOGHMX 00’ €KTaX, 0COOMMBO MaJIOfOCTIPKEHNX 1 30BCIM He JOCTiIKEeHNX
B aCIleKTi rigpo6biosnorii.
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PONTO-CASPIAN POLYCHAETA HYPANIA INVALIDA (GRUBE, 1860)
(POLYCHAETA, AMPHARETIDAE) IN THE INLAND WATERS OF EUROPE:
MODERN DISTRIBUTION AND HYPOTHESIS OF PALEOREFUGIUMS

The paper considers the state of research on the distribution of the invasive brac-
kish-water Ponto-Caspian species of polychaete Hypania invalida (Grube, 1860) in water
bodies of Europe. In the native (historical) area covering the lower reaches of the Danube,
Dnipro and Volga rivers, populations of this polychaete are known from hydrobiological
studies of the late 19th and early 20th centuries. The main biotopes of its localization are
deposits of gray silt, silty sand, silt with impurities of mollusk shells. After the creation of
cascades of reservoirs on the Dnieper and Volga, against the background of increased mi-
neralization of water masses, in the 1970s and 1980s, the dispersal of H. invalida from be-
low in the middle section of these rivers was recorded.

In the middle and upper reaches of the Danube, settlements of H. invalida have been
known since the 1930s.

The article analyzes data on the findings of H. invalida populations in many rivers and
canals of Central and Western Europe, especially numerous - from publications of the be-
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ginning of the 21st century. Most scientists believe that the polychaetes dispersal is facilita-
ted by active logistics in the water network of the region.

The paper considers the hypothesis of H. invalida dispersal in the internal waters of
Central and Western Europe from relict sites in the upper reaches of the PraDanube, which
were formed at the end of the Holocene epoch 11—13 thousand years ago after the salinity
of the waters of the Pontic (Ancient Black Sea) basin had increased significantly and the oli-
go- and mesohaline invertebrates species migrated to the upper reaches of the river.

Keywords: Hypania invalida, invasion, rivers and canals of Europe, dispersal mecha-
nisms, history of European hydrography.
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IIOITYIAILINMHA CTPYKTYPA, IIPUPOJTHA
CMEPTHICTD TA ITIEPCIIEKTUBU IIPOMUCITY
ATEPVHMU IINTAHOI ATHERINA BOYERI (RISSO, 1810)
B YKPATHCBKIX BOJJAX IIIBHIYHO-3AXIJTHOI
YACTHMHI YOPHOTO MOPS TA
TUIITYIbCBKOMY JIMIMAHI

Ha ocnosi mamepiany, 3i6parozo enpodoex 2017—2021 pp. y nieHiuHo-3axioHiii uac-
muni Yoprozo mopsa (II3YM) ma y 2024 p. — y Tunieynvcokomy numawi, 6yau ompumani
0aHi wjpdo Po3mMipHO-8iK0B020, CIMAMEB020 CKIA0Y Ma NPUPOOHOT cMepMHOCII amepuHu
niwjanoi Atherina boyeri (Risso, 1810). Busienero, uio ocrosy ynosis 6 II3YM cxnadatomo
yvozonimxu ma deonimxu. MakcumanvHuii éik pub y Yoprnomy mopi cmanosus 4+, a 6
Tunieynocoxomy numani 3+. Amepuru 3 YopHozo MOps xapaxmepusysaniuco 6UULUMU POC-
MoBUMU NOKASHUKAMU NOPIBHAHO 3 pubamu 3 Tunieynvcvkozo numany. Bcmanosnero, uio 6
060X 8000UMAX 30 HUCENLHICINIO NePeBaNCAnY CAMKU, AKI NOUUHAIOMY JOMIHYBAMU 3 BIKY
cmapuie 060X pokie. SHuUMEHHA 00cA2i6 8UNI0BY AMEPUHL, AKe CHOCHEPI2AEMbC 0CMa-
HiMU 0eCTMUTIMMAMU, N06 SI3aHe NePeBAaNCHO 3 Pe2yISTMOPHUMU NePEUUKO0AMU NPOMUCTLY.
3anpononosaro 3axoou 071 NOKPAUseHHS cmary 3anacy ma 30invulents 00cs2ie 6Un06y
Ub02o 6uUdY, 30KpeMa WISIXOM ONMUMI3AUIT pe2ysiuil NPOMUCTY ma NOKPAULEeHHS 6000-
0OMiHy Mid MOPeM i TUMAHAMU.

Kntouosi cnosa: amepuna niujana, posmipHo-eikosa cmpykmypa nonynsauii, cmame-
ULl CK71A0, MeMN POCMY, NPUPOOHA CMEPIHICb, NePCNeKMUBU NPOMUCTLY, B00HI biopecyp-
cu, nigHiuno-3axiona yacmuna Yoproezo mops, Tunizynvcokuti numa.

Arepuna nimana Atherina boyeri (Risso, 1810) — mmpoko IompeHnit
B[, apeas AKoro oxomunoe Cxigny Atnantuky i [lopTyranii go Maspuranii,

Ourtysanna:T'ymnak b.C, bymyes C.I. ITonynamniiina cTpykTypa, IpMpogHa CMEPTHICTD
Ta epCIeKTVUBY IPOMUCTY aTepuHy mianoi Atherina boyeri (Risso, 1810) B ykpalHCbKIUX
BOJax IiBHIYHO-3axifHOI yacTyHM YopHoro Mops ta TuirynscbkoMy numani. I'idpo6ion.
acypH. 2025. T. 61, Ne 4. C. 25—38.
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a Takox Cepenzemue, YopHe Ta A3oBcbke MopsA. Panime BBakanochp, 1o y
YopHOMY MOPi MeIIKa€e OKpeMII BUJ IpeCTaBHNKIB pory Atherina - Atheri-
na mochon pontica (Eichwald, 1831) [4, 8]. IIpoTe jioro 6y/10 BifHeceHO 10 cu-
HOHiMiB Bupny Atherina boyeri Risso, 1810 [27]. Lleit Buj TpuMaerbcs 3pe-
6i1pII0TO IPUbOEPeXKHNX PaitOHIB MOPSI, YaCTO 3aXOAUTH B MI/IKOBO[HI /TaryHU
Ta €CTyapHi 30HI. ATepyHa BUTPUMYE IIMPOKNII lialla30H COIOHOCTi BOIM Bif
0 mo 50 %o. Lle mo3BosA€ 11 pO3MMPIOBATH CBiil apeasl, 3ace/I004M MPiCHO-
BOHI Bofoiimu (4, 8, 16, 17, 19, 21]. ArepuHa € gpiOHUM KOPOTKOLMKIIYHUM
BUJOM i focArae BiKy 4 poKM, @ MaKCMMa/IbHOIL JOBXMHM 10 15 cMm. CTareBa
3pUIiCTD Y Hel HacTa€ Ha APYTOMY POL XKUTTS, MiC/AA JOCATHEHHA JOBXIHU
6inbie 50 mm. Hepect y 11p0ro Bujyy 6araTonopuiitamit i TpuBae 3 KBiTHS 110
CepIleHb, iKpy pmOM BiIK/Ia/jaloTh Ha MifIBOIHY POCIMHHICTD. ITmoxtodicTh aTe-
PVHU BiIHOCHO HEBUCOKA, ITPY TOBXMHI prbm 11 cM KilbKicTb iKpMHOK rOCA-
rae 2760. )Kusutbcs 1eit Buj nepeBaxHo konenogamu (Copepoda) Ta mpi6-
HYMM OpTraHi3Mu 6eHTocy: amdinogamu (Amphipoda), isonogamu (Isopoda) i
nomnixeramu (Polychaeta) [4, 8, 9, 14, 15].

Y Hopromy Mopi aTepyHa He Ma€ BEJIMKOTO IIPOMMCIIOBOTO 3HAYEHH, Ye-
pes Lie crientianbHi po60TH 3 OLiHKY 11 3aaciB paHilire He TPOBOAVINCH. Butos
LbOTO BUJY 3/i/ICHIOETHCA IIePEBaXKHO B MiBHIYHO-3aXiHi 4acTUHi Mop4 Je,
3a eKCIIePTHUMM OL[iHKaMu, i1oro 3amac gocsaras 15—20 tuc. T [10]. Leit paiton
MOPps1, 3aBISIKM CBOII BMCOKIIT 610/I0TiYHIT IPOYKTUBHOCTI Ta BE/MKIil Ki/lb-
KOCTi OOIIMPHUX MiJIKOBOJJHMX 3aTOK Ta CIIO/Iy9eHMX 3 MOPEM JIVIMAHiB, € UL
aTepUHM BelIbMU CHPUATAMBUM MiclieM, [jeé BOHA JIOCATa€ 3HAYHOI 4MCeslb-
HocTi [2, 3, 10]. Bizomo, 1110 B Terumnii Iepiof; pOKy aTepuHa Mirpye B IMMaHU
Ha Haryn Ta HepecT. BoceHu BinOyBaeTbcsi 3BOpOTHa Mirparis pub y mope.
CaMe Ha 1LI}0 IOPY POKy IpuUIIafia€ Oi/bllla YacTKa BWIOBY aTePUHU, KU
3MiJICHIOEThCA B KaHAJIAX, IO 3’ €XHYIOTh MMMaHu 3 MopeM. Cepen BUAIB, AKi
BU/I00yBAIOTHCA ITACYBHUMM 3HAPSAAAMYU IPUOEPEKHOTO JIOBY, aTepyHA 01/
6eperiB MuxonaiBcbkoi Ta Omecbkol obmacTeil HapUKIiHI[i MMHY/IOTO CTO-
JTTTA 3ajiMaa mepiie Miciie 3a 06¢siroM ButydeHH: [10]. 3HauHa YacTKa BUIO-
By IIbOTO BMUAY TpajuliliHO Ipumajana Ha Twiirynbcbkmii MMMaH, Je Ha-
IPUKIiHIII MMHYJIOTO CTOMTITTS BOHA CK/Iajiajia Oi/blile IOJIOBMHY Bijj 3ara/IbHIX
y/10BiB, a HUHi — 61m3bk0 90 % [2, 3, 9, 11].

Ha cporopHi indopmalis 100 momy/IAniitH1X XapaKTepUCTUK aTepUHN
B IiBHiYHO-3aXifHil1 yacTuHi YopHoro mops Ta Twuiiryabcbkomy nmMMaHi
IPaKTUYHO BifICYTHA, a JaHi oo 1i 6ionorii ypusyacti. Bygy4un macoBum Bu-
IOM, aT€pPUHA € OTHUM 3 HAIIYMCEIbHIIINX CII0>KMBAYiB 300IUIAHKTOHY B IIpU-
Oepe>xHiit 30Hi Mops. [Ipy IbOMy BOHA Bifiirpa€ Ba>K/IMBY POIb y XKVBJIEHHI
XVDKUX pub Ta MOPCHKUX ITaxiB. BigmosigHo oniHka cTany nomynsaunii iporo
BUJIY € BOK/IMBUM K/TIOYeM /IS pO3yMiHHA ITIOOA/IbHYX ITPOIIeCiB, AKi BinbyBa-
I0TbCs1 B eKocrcteMi HopHoro Mopsi. Takox focriikeHHs 610/10TiYHIX Xapak-
TEPUCTUK aTepUHM € HEOOXITHUM /i1 OpTaHisalii panioHabHOTO IIPOMUCITY.
Y 3B’3Ky 3 IIIM HaMu OYJ10 IOCTABJIEHO 32 METY JOCTIAUTY CTPYKTYpPY HOITy-
NALil aTepUHU MIlAHOI Ta OLHUTK MEPCIEeKTUBY II IPOMUCIY B IiBHIYHO-
3axifHii yacTuHi YopHoro mops i Tuirynbcbkomy MMMaHi.
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Ionynayitina cmpykmypa, npupooHa cMepmHicimv ma nepcneKmueiu NPOMUCIy

Marepian i MeTOgMKa JOCITiI)KEHb

Martepianu [ia JOCTIIPKEHHA CTaHY IOMNY/ALLIl aTepUHN 6y}11/1 3ibpani B
nepiox 2017—2024 pp. mij, 9ac BUKOHAHHS JOCTIHUX poOiT 3a mporpaMamu
HII Opecbkoro nenTpy IliBleHHOTO HayKOBO-JOCTiJHOTO IHCTUTYTY MOPCh-
KOTO pMOHOTO roCIofiapcTBa Ta OKeaHorpadii Ta [HcTuTyTy MOpChKOi b6iosorii
HAH VYxkpainun. Bigbip npo6 y Yopromy mopi Ta Twiirynbcbkomy numaHi
3[i/ICHIOBa/IN 3 IPOMMC/IOBYX 3HAPAMD JIOBY — CTAaBHUX HEBOAIB 3 JOBXXIHOIO
Kpuna 10—100 M Ta po3mipoM Biuka y Kot 6,5 Mmm. B Tumnirynbcbkomy nn-
MaHi 3Haps/fs 0By posTamosysau 6ind c. Kobneso, B Yopaomy Mopi — 110-
63y rupa bepesancpkoro nmumany 6ins c. Pubakiska i B KapkiniTcbkiit 3a-
To1ii 6ins ¢. JTasypHe. Takoxx mpoBoamnu focnifHi 1oy B Mexxax M. Opieca, fie
aTepUHY BiJJIOBIIOBAIN ITiJIOMHOIO CITKOIO 3 BIiYKOM 6,5 MM.

Bionoriuamit aHai3 IpOBOAVIIN, BifOMpaoyuy 3 yIOBY BUIIAKOBUM YN-
HOM 100—150 ex3. arepunn. Y pu6 Bumipioanu 3aranpHy foBxuny (TL) 3
TOYHICTIO 10 1 MM, Macy BM3Ha4a/IM Ha €/IEKTPOHHMX Barax 3 TOYHicTIO 70 0,1 T.
ITip gac po3TuHy prb BU3HaYamM iXHIO CTaTh Ta BifOMpanu OTOMITH, 32 IKUMU
B IIOJA/IbLIIOMY IIPOBOAV/IN BU3HAUYEHHs BiKy. 3arajioM 3a Iepiof IpoBejeHHA
JOCTiIKeHb Oyy10 mpoaHanisoBaHo 3923 exs. arepuHu (Tabm. 1).

3i6paHi B IIONbOBUX yMOBaX JlaHi Oy/I0 CTaTMCTUYHO ONpalbOBAHO Bif-
IOBiTHO O CTAaHAAPTHUX METOAUK 3 BUKOPUCTAaHHAM IporpaM Microsoft Ex-
cel 2016 ra Statistica 2010. [Ins 3icTaBneHHs BUOIPOK OO PO3MIPHOTO Ta
BIKOBOTO CKJIafly aTepuHM Oy/lI0 3aCTOCOBAaHO MeTOJ IOOYOBM PO3MipHO-
BIKOBMX K/IIOUiB BifilTOBifHO Mo pexomeHpauiit [12]. KoedinienTn npupopHoi
cMepTtHOCTI (M) pospaxoByBany 3a MeTofoM l'iciacona, AKuii Hajkpale mij-
XOUTD JUIsI KOPOTKOUMK/IIYHNUX nenmarivnux pub [20]. Ouinky TemIry pocTty
aTepPUHM BUKOHYBaJIM Ha OCHOBi pO3MipHO-BiKOBOI CTPYKTypM IONYJIALIl, 3
BUKOPUCTaHHAM KoedinieHTiB I'excri Ta bepranandi, ama pospaxyHKy AKux
3acrocyBamu R-ckpunr [24].

Tabnuuys 1
O6csr Mmarepiany npoaHanisoBaHoro B nepios 2017-2024 pp.

Pokmu pocnimkenb
IToxasuuku Bcworo
2017 | 2018 | 2019 | 2020 | 2021 | 2024

Yopue mope

[Tpomipu moBXuHM Ta Macu, €k3. | 714 | 760 | 464 | 550 | 1164 | — 3652
Brsnavenns crari Ta BiKy, €Ks. 489 | 207 | 110 | 216 | 141 — 1163
Kinpkictp 1po6 3 ynosis, og. 7 5 2 4 5 — 23

Tunirynbcokuit mumaH

ITpomipu TOBXMHM Ta MacH, €K3. | — — — — — 271 271
BusnaueHHs cTaTi Ta BiKy, €Ks. — — — — — 271 271
Kinbkicts mpo6 3 ynosis, of. — — — — — 2 2

IIpmmiTKa. «—» — He JOCTi>KyBalN.
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PesynbTaTtu gocimigxeHpb

AHnaJti3 po3MipHO-BiKOBOI Ta CTaTEBOI CTPYKTYPM aTEPUHM IIiI[aHO] 3 y/I0-
BiB CTaBHUX HEBOJIB y MiBHIYHO-3axXi/IHiil YacTuHi YOpHOTO MOpA NO3BONNB
BM3HAYNUTY K/IIOYOBi IapaMeTPH, AKi € BOXXIMBUMM JI/IA OL[iIHKY CTaHy IIOIIy-
nsuii poro BuAy. B xopi gocrimpykeHsb 6y1o BUABIEHO, 110 B IiBHIYHO-3aXiHil
gactuHi YopHOro Mops Ta B TM/IIry1bCbKOMY TMMaHi HE3HAYHO IIEPEBaXkal0Th
camki (puc. 1, 2). B o60ox BofjoiiMax criBBigHOIIEHHs cTaTeit ckiano 1:1,27.Y
YopHoMy Mopi BigMidamuch WOpPiYHi KOMMBAHHA CTaTeBOro cKiapy. Tak, y
2018—2021 pp. yacTKa caMOK BapiloBana B Mexax 50—76 % (B cepeqHBOMY
56 %). JInmre 8 2017 p. cocTepiranoch He3sHaYHe IlepeBaXKaHHA caM1iiB (51 %).

Bikosuit cknaj arepunn B YopHOMy MOpi XapaKTepu3yBaBCs MiHIMBICTIO.
Y 2017—2021 pp. npoMuciosi ynosu 6ymu chopMoBaHi 0COOMHAMM 3 ITATU
BiKoBUX rpyn Bif 0+ 0 4+, cepen AKUX SOMIHYBA/IN LIbOTOITKY Ta JBOJIITKMA.
Yacrka MxX gBOX BiKOBUX I'PYII B OKpeMi pOKM KO/mBanach Bifg 53 no 89 %, B
CepefHbOMY CTaHOBIUM 76 % (puc. 3, 4).

Y TunirynmbcbkoMy MMMaHi B ylI0Bax 3ycTpidannch prby BikoM fo 3+ ce-
pen sakux 70 % mpumnazgano Ha ABojiTOK. TyT, K i B MOpI, TaKOX cIlocTepira-
JIach TeHJEHIiA 3HVDKEHHA YacTKM CaMI[iB CTapIIMX BiKOBUX Ipym (puc. 4).
A6comoTHe JOMiHYBaHHS CaMOK B 000X BOZOJIMax IOYNMHAIO BiZOYBaTUCh
IpYU JOCATHEHHI pubaMiu JBOPIYHOTO BiKY.

Posmipuuit cknap aTepuHu, K i BiKOBUII, MaB T€HAEHIIIO O IIOPIYHMX
amin. CepepHs goBxuHa pub B YopHOMY Mopi y pi3Hi pokn BapitoBaia B Me-
xax 76,8+9,8 — 86,7+8,5 MM, B cepefHbOMY cTaHOB/IAYM 81,6+12,0 MM (puc.
5).

3arajzioM, IPOTATOM POKiB HOCIi>KeHb yI0BU aTepuHu B YopHOMy Mopi
Oy ipencraBieHi pubamy JoBXMHOW0 44—120 MM, cepep AKX 60 % mpura-
a0 Ha 0cobuH foBxnHo0 70—90 MM (puc. 6). Y TuirynbcbkoMy miMaHi
INOBXXMHA aTepUHU CKIafana Bif 59 mo 106 MM, a ii cepelHE 3HaYeHH CTAHOBU -
10 84,2+6,54 MM. Binblle 3HaYeHHS cepefHbOI JOBXWHM pub y MMMaHi Ho-
PIBHHO 3 MOPeM IOSICHIOETHCS MEHIIIOK0 YaCTKOIO IIbOTOITOK y Ipobax. Ik B

%
100

50 r

2017 2018 2019 2020 2021 2017—2021 p.
8 Camiri CamMkn

Puc. 1. CniBBifHOLIEHHA CTaTell aTepMHN IMIlJaHOI B IPOMIUCIOBMX y/IOBaX B IIiBHIiY-
HO-3axijgHii yactuHi Yoproro mopsa y 2017—2021 pp.
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MODI, TaK i B IIMaHi CAMKM XapakK-
TepU3yBa/INCh OiNbLIOI TOBXI-
HOIO HIXK caMIIi.

Jna XapakTepUCTUKM POCTy
arepuHM Oymm pospaxoBaHi piB-
HAHHA 3a/1€)KHOCTI JIOBXXMHA —
Maca. 3aje>XKHICTb Macy BiJl JOB-
JKMHM Y IbOIO BULy BUABUIACH
BJICOKOIO AK Yy YopHOMY MOpi, TaK
i 8 TunirynbcbkoMy nuMaHi (puc.

Cawmii,

44%
Camku, K

56%

. Puc. 2. CniBBigHOIIIEHHA CTaTell aTepMHM Mila-
7). 3HaueHHA KOoeQiLieHTy fFe- yoip IIPOMUCIOBUX yoBax B Tumirymbcbkomy
Tepminanii (R?) mas pub 3 Mops  mumani y 2024 p.

(0,94) BuaABMIOCH OinmbIIMM HiX

JU1sg pu6 3 IMMaHY, fie BOHO CTaHO-

Buo 0,83.

Pospaxynku napamerpiB piBHAHHA bepramandi BusABmIN, 10 aTepyHA 3
YopHOro Mops XapaKTepu3yeTbcsl OUIbII BUCOKMMM POCTOBMMU XapaKTepu-
ctukamy, Hix B Turirynpcbkomy muMani. PesynbraTi, orpyuMani ot 060x Bo-
IOVIM, CBi9aTh IPO Te, 110 TEMIIV pPOCTY CAMOK 1JbOT0 BUTy BUIIIi, HDK Y CaMIIiB
(Tabm. 2).

Ha ocHoBi nmapamerpiB pocty bepranandi 6ynmm pospaxosani koedinieH-
TV IPUPOAHOI cMepTHOCTI (M) ajis pisHUX BiKOBUX IpyH aTepuHu B HopHOMY
Mopi ta Tunirynbcbkomy numasi. CepefjHe 3HaUY€HHS 1IbOTO MOKA3HMKA /IS
pu6 3 mumany (1,24) 6yno BuimuM, HiX mis pub 3 mops (0,99). Buasnnocs, mo
B 000X BOZIOJIMaxX CMEpPTHICTb caMIiiB BuIle, HDK caMoK. [lnsa pu6 3 Tuiry-
JIbCBKOTO JIMMaHy Pi3HUIIA B 3HAYEHHAX IIbOTO ITOKasHMKa Oysa 6ibin Bupa-
YKeHOI0, HDK jy1st pu6 3 HopHoro mopsi (Tabm. 3). OueBupHO, caMe UM i osic-
HIOETDCS NepeBaKaHH CaMOK y HaJICTAapIINX BiKOBUX IPyIax B 000X BOZIO-
iiMax (ouB. puc. 4).

%
100

80 r

60 r

40 r

20

2017 2018 2019 2020 2021 p.

00+ b1+ B2+ B3+ m4+

Puc. 3. BikoBuii cKknaj aTepyHM MilljJaHOI B IPOMUCIOBYX Y/I0BaX B MiBHIYHO-3aXi/IHil ya-
cruHi YopHoro mopsa 'y 2017—2021 pp.
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Puc. 4. BikoBa Ta crareBa CTpyKTypa aTepMHU B IPOMMCIOBUX yNIOBaX B IiBHiYHO-3a-
xipHilt vactuHi YopHoro mopsa y 2017—2021 pp. (a) ta B Twrirynbcbkomy nuMani y
2024 p. (6)

OO6roBopeHHs pe3ynbTaTiB JOCTi>KEeHb

Hocnipxenna arepynn nimanoi 8 Yopuomy mopi ta Tustirynbcbkomy nmm-
MaHi BUABWIO BiIMiHHOCTI y HONY/IALiIHIN CTPYKTYpi pu6 3 ux Bogoim. Of-
HaK, 3 OTJIANY Ha Te, 110 TWIiryIbChKmil TMMaH 3’ €JHAaHWIL 3 MOPeM, YMOBY JI/IA
¢dbopMyBaHHA OKpeMoi IOMy/IALil IIbOTo BUAY Y MMMaHi BificyTHi. Ha kopucTb
TOTO, L0 1Liefl BUJ He YTBOPIOE B TMIiry/1bcbKoMy MMaHi 6araTo4ncenbHOro
JIOKaJIbHOT'O CTafia, MPAMO BKa3yIOTh IaHi IPOMMCIOBOI CTATUCTUKU. Y POKH,
KOJIV CIIOJTYYHMII KaHA/I MDK JIMMaHOM i MOpeM OyB IIepeKpUTIIL, BUIOBY aTe-
PVMHM y IMMaHi SHYDKYBaINCA
IPaKTUYHO 0 HY/IA (TabI. 4).

100 [TopiBHAHHA cTaTeBOI
95 T CTPYKTYpM TOIy/ALil aTePUHA

90 i3 palioHiB HAIINX GOC/Ii>KEHDb

Z g5 3 JAHNMIL TIOTIEPEAHIX NOCTIA-
< % HUKIB LI>OTO B/ B IHIIMX Hac-
S TUHAX JOro apeany CBiJYUThb
é 75 IIpoO Te, WO CHiBBiJHOIIEHHA
a 70 cTaTel Ha KOPUCTb CAMOK € Xa-
PaKTEPHOK PUCOI0 I LIbOTO

65 BUAly. 3MEHIIEHHA KilbKOCTIi

60 CaMIIiB 3 BIKOM TaKO>X BiiMiua-
20172018 2019 2020 2021 P ;1ch B Gimbimocti paitoHiB foc-
o Cepeyne 3raverrs O Josipyiit intepsan T CranpjapThe BiXUTeHHA nimkenp. [TofibHe SABUIIE CTIO-

: . . CTepirazoch AK B HaTUBHOMY
Puc. 5. lunamika cepeiHbOI JOBXXMHM aT€PVHM IIi- . . .
1IaHO1 B TPOMICTIOBYX y/IOBax B MiBHiYHO-3axinuifi 4P€a/lIl ATEPUHIL, TaK 1y BOLON-

wactuni YopHoro mopst y 2017—2021 pp. Max, Kyiu BOHa Oy/1a BUIIaIKO-
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Puc. 6. PosmipHuii ckiaj, aTepyHM MilllaHOI B IPOMUC/IOBUX YIOBaX B MiBHIYHO-3aXigHil
vyactuHi Yoproro mops y 2017—2021 pp. (a) Ta B Tunirynscbkomy mumasi y 2024 p. (6)

BO BCeseHa [18, 22, 23, 25]. Ha Hamy gyMKy, Ije 3yMOBJIEHO Oi/IbII BMCOKOIO
IPUPOHOIO CMEPTHICTIO caMliB (Tab1. 3).

[TpotAarom ycboro nepiopy Bocmijpkenb ynosu atepuan B Yopaomy mopi
Ta TWIry/IbCbKOMY MMaHi CK/Ia[ia/IiICs 3 MOIOAMX OCOOMH BiKOM JI0 2 POKIB,
IO € TUIIOBUM JyIsI KOPOTKOUMK/IIYHUX BUAIB pubd [5]. MakcumanbHuil Bik
aTepuHy, 3apikcoBaHMil y MOpi Ta B IMMaHi, CTAaHOBUB 4+ Ta 3+ poKU BifIo-
BiJHO, IJO Y3TOJPKY€ETbCA 3 NAHMMM I iHIIMX PETiOHIB NMOLIMPEHHA 1L[bOrO
Bupy [13, 18, 22,23, 26]. 3 ornapmy Ha Te, IO B YI0BaX 3yCTpidamnch pubmu BiKy,
AKUI BifIIOBiZla€ MAKCUMQ/IbHIIl TPUBA/JIOCTI >KUTTA LIbOTO BUAY, MOXKHA 3a-
KJTIOYMTY, IIJ0 IPOMIICIIOBE BUTy4eHHS aTePVHM B 000X BOJJ0VIMaxX He ITepeBy-
HIyBaJI0 JOIYCTMMOTO piBHA. HesHauHa KilMbKiCTh IIbOTOMITOK B y/IOBaxX 3
Tuirypcbkoro nuMaHy HOSICHIOETBCS HacaMIlepes YacoM 360py marepiany
JUIA HAIlMX JOCTiIKeHb. BriTky 2024 p. 3HayHa yacTuHa pub MOKOMiHHA 0+ y
CEpIIHI 1ile He JJOCAT/Ia PO3MipiB, sIKi JO3BOJISIOTH IX e)eKTUBHO BUIOB/TIOBATH
IPOMICIOBUMM 3HAPSAAAAMY JIOBY. [I/1 OTpyMaHHs Oi/IbII JOCTOBIpHUX Ha-
HUX IIOJ0 IONIY/ALIMHOI CTPYKTYPU aTEPUHM PEKOMEHYEThCA IPOBOAUTHI
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Puc. 7. 3anexxHicTb Macu Bifi JOBXXVMHY aTepUHM MillaHOI B MiBHIYHO-3aXifHIl 4acTUHI
YopHoro mopst y 2017—2021 pp. (a) ta B Tuairynbcpkomy numani y 2024 p. (6)

Tabnuus 2

IIapamerpu pocTy Ta 3a/IeXKHICTh JOBXKIHA-Maca aTepyHu nimanoi'y Yopaomy mopi
B 2017—2021 pp. Ta B Tunirynbcbkomy mumasi B 2024 p.

IToxasHukn
Bomoiimu CraTbh
L. k fo a B
Yopne mope, Camui 12,14 0,46 -0,70 0,00545 | 3,08887
2017=2021 PP | e 1245 | 046 | -0,72 | 0,00519 | 3,11356
O6upsicrari | 1245 | 044 | -0,79 | 0,00536 | 3,09919
Tunirynpcokuit | Camii 11,19 0,82 -0,29 0,04748 | 2,18771
JHyvan Camku 11,30 | 067 0,54 | 0,00393 | 327917
O6umsicrati | 11,30 | 0,66 0,54 | 0,00301 | 3,39985

I[OCHiI[)KeHHH BOCE€HN, KOJINM YaCTKa L[I)OI‘O)'IiTOK B IIPOMMC/IOBUX 3HAPAALAX

3pocTae.

KonmBaHHA BIKOBOTO Ta pO3MipHOro CKIajy arepuHy, 3adikcoBaHi B
Yopromy Mopi y 2017—2021 pp., Ha Hally AYMKY, [10B A3aHi 3 YMCENTbHICTIO
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Tabnuuys 3
BixoBi koedilieHT NpUPOTHOI CMEPTHOCTI aTepMHM HilaHO1 y MiBHIYHO-3aXiHiii
yacTuHi YopHoro mops B 2017—2021 pp. Ta B Tunirynbcbkomy numasi B 2024 p.

Bik pub6u, poxn
Bopoitmn Cratbh
0+ 1+ 2+ 3+ 4+
YopHe Mmope Camui 2,07 1,08 0,79 0,67 0,64
CaMkn 2,03 1,07 0,79 0,67 0,63
O6upsi craTi 1,92 1,03 0,76 0,64 0,61
Tunirynoepkuit - | Camui 3,11 1,43 1,11 1,01 —
A Camku 2,36 1,24 0,97 0,86 —
O6unsi craTi 2,33 1,24 0,96 0,86 —
Tabnuuys 4

IIpomucioBi ynoBu aTepuHn nMillaHoi B MiBHiYHO-3aXigHil YacTuHi YopHoro Mop:
Ta CHOMYYHNX 3 HUM MuMaHax y 2009—2023 pp. (1)

IliBHiuHO-3a- . TysnoBcbka .

Poxu XifHa YacTMHA TI/I)'{lFYIIbe— Hlau60)1aT— rpyma jn- IHHuH
YopHoro Mopst KU IMMaH | CKUI IMMaH vamis BOZIOIIMU

2009 39* 281 73 150 11
2010 21% 316 42 — 1
2011 53* 370 65 5 10
2012 21* 381 84 — 10
2013 209% 482 9 7 12
2014 5% 354 16 — 9
2015 10* 247 17 — 7
2016 93* — 62 — —
2017 190 26 51 26 5
2018 189 335 59 39 1
2019 199 132 — — 10
2020 180 0,5 — — —
2021 243 43 48 — 27
2022 33 26 2 — 1
2023 — 19 13 — —

[Tpumitka. * Y 30HI KOHTpO/O ympaBmiHHs «3axigHO-HOpHOMOpPChKA pPUOOOXOPOHA»;
«—» — He JJOCTIi/KyBaJl.

OKpeMUX ITOKO/MiHb. OCKi/IbKY B Pi3HUX YaCTMHAX apealy CBOTO apeajy aTepu-
Ha IIpefiCTaB/IeHa 3/1e0i/IbIIOTO I[bOTOIITKAMM, JU/IS SIKUX XapaKTePHUI BUCO-
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KWJ1 piBEHb IIPUPOJHOL CMEPTHOCTI, TO AVHAMIKa YMCEIbHOCTI ITOIY/IALi 3y-
MOBJIEHa HacaMIIepeJ] yMOBaMI HaryjIy Ta HepecTy B KOHKpeTHUI pik [5]. e
ABUIIE MIATBEPIXKYBAJIOCh 1 HAIIMMU CIIOCTepeXeHHAMU. Hanpukmam, y
2021 p. B ynoBax 6yy0 3apikcOBaHO 3MEHILIEHHSA CepeHbOI TOBXXMHY P16 Ha
10 MM HOpIiBHAHO 3 MUHYIUM poKoM (muB. puc. 5). Lle cympoBomxyBanocs
361/IbLIIEHHAM YaCcTKM LIbOTOJITOK (AuB. puc. 3). Bcryn mo mpommcrty uncrieH-
HOTO ITOKOJIiHHA MOTTOfuX pub y 2021 p., y CBOI0 4epry, CIPUYMHAB 3POCTAaHHA
3araJIbHMX y/IOBiB, X044 Ki/IbKiCTh 3HapsA4b HA IIPOMMCIIi 3a/IMILIA/IACh B TUX JKe
MeXKax, 10 i B monepegHboMy poui (fuB. Tadm. 4).

ArepyHa 3 HopHOro MOps XapaKTepuayBanach OiIbII BUCOKVMMM TeMIIa-
MM TiHIITHOTO Ta MaCOBOTO POCTY, Hix B TuiirynbcbkoMy numani (auB. puc. 7,
Tabs1. 2). 3a CBOIMM POCTOBMMM XapaKTePUCTUKAMU aTepyHa 3 00CTeKEeHUX
HaMM IUIAHOK 3alIMa€ IPOMDKHE IIOJIOXKEHHS cepefi IOMYIALIN B Pi3HUX Jac-
TUHaX ii apeany. Tak, pubu 3 HopHOro Mops Bigpi3HAINCH OIIBII MIBUIAKUM
POCTOM, HIX B €CTyapHUX CUCTeMax 03. Bicronic y miBHiuHiit ['penii Ta maryni
Map MeHnop Ha niBgeHHOMYy cxopi [TipeHeiicpkoro miBocrposa [13, 16]. Brim
TEMII POCTy YOPHOMOPCBKMX 0cOOMH OyB HipkumM, HiK B CepenzeMHOMY,
Appiatnanomy ta Kacmiiicbkomy Mopsax [14, 26].

Cman pecypcy ma nepcnekmueu NpOMUCTY amepuHu 8 YKpaiHcbKux 600ax.
3 mouyarky XX CT. BiiMiYa€TbCA CKOPOYEHHS 0OCATIB BUIOBY aTEPVMHN Y BOZIAX
HMiBHIYHO-3aXi/JHOI YacTMHM YOpHOro MOpPA Ta MpWIErINX MMMaHax. ¥ 1980-x
POKax yJIOBM aTepyHM B LIbOMY perioHi gocsranu 3 tuc. T [10]. Ieit Bug nepe-
BO)XHO BMKOPVCTOBYBABCS I IOTped CiIbCbKOTO TOCIOfApCTBa Ta iHOJI B
AKOCTi HOMILIIOK ITpY BUPOOHMIITBI pMOHNX KOHCEpBiB. 3a OCTaHHI JBa Jecs-
TIJITTA MaKCUMa/JIbHII BWIOB LbOTO BMUAY CTaHOBUB 712 Ty 2013 p., a 3
2019 p. e nepeBuiysas 400 T.

IcropmyHO 3HaYHA YacTMHA BWIOBY Ipunafana Ha Tumirynbcpkmii, la-
6omarcoknit i Tys3miBCbKY IpyITy IMMaHiB, ie BUKOPUCTOBYBA/IICS TPAUIIH]
3HAPAAA JIOBY, TaKi AK rapay Ha 00/I0BHO-3aITyCKHMX KaHa/IaX Ta HeBe/MKi 3a
po3mipamu craBHi HeBoaM (2, 3,7, 9, 11]. Y Hopromy Mopi Haiibinbi 3Ha4HI
00CATY BIWIOBY CIIOCTEpiraauch HaMu y NpWIEITINX [0 JIMMaHiB aKBaTOpPifAx
mif gac mirpauii pu6 1o mMicub 3uMiBi, 30Kkpema B paitoni Kin6ypHcbkoi kocn,
c. PnbakiBka ta c. CnyaBka.

3HIDKEHHSI BUJIOBY aTepPUHH, siKe Bif0y/I0Ch MPOTATOM OCTaHHIX Jiecs-
TWIiTh, IOB’sI3aHO He 3 HaJIMiPHUM IIPOMIC/IOM, a8 HAaBIIaKV — i3 BHECEHHAM
OCHOBHMX MiCIIb i IOBY 10 CK/I[ly IPUPOJ00XOpoHHUX Teputopiit (IIpupos-
Ho-3anoBigHoro gouay (II3®)). Ile cipyumHMIO 3MeHIIeHHA KiIbKOCTI ITpO-
MMC/IOBMX Opuraj i BiAIIOBITHMX 3HAPA/b JIOBY B TPAAMLINHIX palloHax IIpo-
muciy. KpiM Toro, ckopormnacs KinbKicTb 06/10BHO-3aITyCKHUX KaHAIB, SKi
pubOrocofapchKi MiAIIPUEMCTBA BiTIOBIAHO /10 6araTopivHOl TpagUIitHOT
IPaKTUKY JTMMAaHHO-IIACOBUIHOTO PUOHMIITBA BUKOPUCTOBYBAIN IS 3 €fi-
HAaHHsI IVIMaHiB i3 MOPeM Ta eKO/IIOTiYHO Ta eKOHOMIYHO Haitbibi edeKTuB-
HOTO BIJIOBY pub1. Y Cy4acHUX yMOBaX, KOMM OiNbIIiCTb BOJOIM, fie paHilie
3[i/ICHIOBABCsI IIPOMIICENI aTepuHY, BXOATh 1o 113D, cTBOpeHHA HOBMX Ka-
HaJIiB J/1s1 3a0e3edeHHs NoTped puOHOI MPOMICIOBOCTI Ta IOKPAIleHHs BO-
1000MiHY 3 MOpeM 3HAa4HO ycKIagHeHe. JJoJaTKOBOIO IMpPO6/IeMO0 peryiwo-
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BaHHs p1OaIbCTBA € HEJOCKOHAJIICTh Y/HHUX 3aKOHOABYVX HOPM, SIKi BMa-
TalOThb BCTAaHOBJIEHHA OKPEMMX JIMITiB BIUJIOBY BOJZHUX 6GiopecypciB fK s
KOXXHOI BOJIOVIMMU, TaK i 714 11 YaCTUHM, Y BUIIAIKY, AKIIO BOHA 3HAXOAUTHCA B
Mexax o6’exra II3® [6, 7]. Taknit mipxiz, 1o nepexsbdadae pos3moOAin 3amacis
MIIpylounx BUAIB MDK MOPEM Ta IMMaHaMM i BUSHAYEHHA KiTbKOX OKpPeMUX
MiMiTiB BUJIOBY, € METOJJOJIOTiYHO HEKOPEKTHUM. AJDKe 1je He TiIIbKI CTBOPIOE
JI0JJaTKOBi OI0POKPATUYHI CKITaJIHOCT] B pery/TI0BaHHI puOHOTO rOCIIOfapCTBa,
YHEMO>X/IVBJIIOE JIOB Ha [i/IAHKAX, [j¢ BiH IPOBOAVIBCA IeCATKI POKIB, a I ITepe-
IIKOJ[KA€ MOAATBIIOMY PO3BUTKY pMOHOI ranysi Ha 61IbIIOCT AiISHOK y36e-
PpeXOKA MiBHIYHO-3aXigHOI YacTMHM YOpHOro Mops.

OcTaHHIMU IeCATUIITTAMY BHAC/IIOK HECTIPUATIMBOI €KOIOTiYHOI CUTY-
anii B IiBHIYHO-3aXigHil 9acTiHi YOpHOTO MOPA CIIOCTEPIraeTbCsl CKOPOUEH-
HA 3aI1aciB TpagyIiHNX 00 €KTiB IPOMUCITY, 30KpeMa aHuoyca Engraulis enc-
rasicolus (Linnaeus, 1758) Ta mmpora Sprattus sprattus (Linnaeus, 1758). B riux
yMoOBax puOaIKM IOYany NPUAUIATY BCe Oinblie yBaru IPOMUCTY HOBUX
006’€KTiB JT0BY — 6e3xpebeTHMX, sKiy 2018—2021 pp. cTanmu CKIafatu OCHOBY
BuIOBY [1]. BogHOouac 3amac arepuHy y NMiBHIYHO-3axifHii yacTuHi YopHOTro
MOps 4epe3 HU3KY 3aKOHOJABYMX HOPM 3aJMIIAETHCA HELOCTAaTHHO OC-
BoeHNM. [IpomicioBmit 3amac I1boro BUy MOXKHa CyTTE€BO 301IbIINTH 32 pa-
XYHOK IIOKpallieHHsI BOTOOOMiHY Mi>K MOpeM Ta IMMaHaM, SIKi € JI/Is aTepUHU
BKpail BXIMBMMIU I Haryay Ta Hepecry. OO6/IaliTyBaHHA HOBMX Ta IIifi-
TPUMKa iCHYIOUMX 06}10BHO-3aHyCKHI/IX KaHaJIiB, AKi € TpaAuLilftHUM JJI pe-
rioHy cII0cO60M JIOBY, HO3BOIMTH HalOi/IbII pallioHa/TbHO OO/IOBTIOBATY aTe-
pUHY Ta iHIIi By pub Ha iXHIX MirpariifHux IUIAxax 3 1MMaHy B Mope. Binbi
pallioHaIbHE PeryIIoBaHHA IIPOMICITY BOJHNX 6iopecypciB MOKe JO3BOINTHI
BiJHOBUTY BWIOB LIbOTO BUAy B TPaULIfHUX pallOHaX IPOMMUCIY O TUX
PiBHiB, fIKi CIIOCTEPira/Ch B MUHYJIOMY CTOJIITTi.

BucnoBkn

AHmHaris cTaTeBoi CTPYKTypy NomNyAlLii aTepyHy ninjanoi B Yopaomy mopi
Ta TunirynbcbKkoMy nMMaHi BUABUB IlepeBaKaHHA CaMOK B ITOMY/IAILL, YacTKa
AKMX CTAaHOBWIA 56 % B 000X BojoiiMax. HacTka caMIliB 3MeHIIyBaIach y cTap-
IIMX BiKOBMX TPyHax, L0 BUK/IMKAHO IXHBOIO Oi/IbII BMCOKOIO IPUPOHOIO
CMEpPTHICTIO.

Bixoswuit cknap arepuau B YopHnomy Mopi B iepiof 2017—2021 pp. BKII0-
4aB p16 3 BikoBuX rpyn Bif 0+ [0 4+, 3 TepeBa)KaHHAM IIbOTOMITOK i IBOJTOK,
JacTKa AKUX B CEPEHbOMY 10 POKaX cTaHOBMIA 76 % Bif ynosis. ¥ Tuiry-
JIbCBKOMY JIMIMaHi MaKCUMAa/IbHII BiK aTepVHY He IIEPEBULIYBaB 3+ POKMU, IIpK
oMY OinbIIicTh p16 Oyria mpefcTaBIeHa ABOITKAMIL.

Temmnu ninifHOTO Ta MaCOBOTO pOCTY aTepyHM B YOpHOMY MOPi BUABUIN-
Csl BUIMMM NOPiBHAHO 3 TWIry/IbCbKUM TMMAaHOM, MaKCUMAa/IbHi po3Mipn
pu6 cranoswm 120 ta 105 MM BifmosigHo. Po3paxyHku 3a piBHAHHAM bepTa-
maHdi mokasam, o caMKu B 000X BOOVIMAaxX MaJi BUI TeMIIM POCTY, HiX
camui. binbir nomitHo 1e 6y1o ms pub 3 Tunirynbcbkoro mumany. CepenHe
3Ha4eHH: Koe(il[ieHTiB MPMPOJHOI CMEPTHOCTI /1A pi3sHUX BiKOBVIX TPYII aTe-
punu B Yopromy mMopi cranosuno 0,99, a 8 Tunirynbcbkomy nuMani — 1,24.
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Jlna cTBOpeHHA OiMBLI CHPUATAMBMX YMOB I iCHYBaHHA aTepUHM B
[13YM Ta panioHaIbHOTO BUKOPUCTAHHA ii 3ar1acy HeoOXifIHO IOJIIIIINATY pe-
TY/IIOBaHHs BOZOOOMIHY MK MOpeM i MMMaHaMM, 30KpeMa yepe3 CTBOPEHHS
HOBUX 00JIOBHO-3aIyCKHUX KaHamiB. Ile B KoMIUIekci 3 onTumisali€ero pery-
NALI IPOMUCY CHIPUATUME HE TiIbKM IOKPALEHHIO CTaHy IIOIY/IALII JaHOTO
Bupy B II3YM, a it 703BOMUTH MiTPUMyBaTH JOr0 PiuyHMII BUIOB Ha CTa-
6inbHOMY piBHI He MeH1Ie Hix 700 T.
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POPULATION STRUCTURE AND FISHERY PERSPECTIVES OF SAND SMELT
ATHERINA BOYERI (RISSO, 1810) IN UKRAINIAN WATERS OF THE
NORTHWESTERN PART OF THE BLACK SEA AND THE TILIGUL ESTUARY

Based on the material collected during 2017—2021 in the northwestern part of the
Black Sea (NWBS) and in 2024 in the Tiligul estuary, data on the size-age, sex composition
and natural mortality of the sand smelt Atherina boyeri (Risso, 1810) were obtained. It was
found that yearlings and two-year-olds make up the bulk of the landings in the (NWBS).
The maximum age of fish in the Black Sea was 4+ and in the Tiligul estuary 3+. Fish from
the Black Sea were characterized by higher growth rates than those from the Tiligul estuary.
It was found that the population of this species is dominated by females, the proportion of
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which begins to increase from the age of two years. The decline of sand smelt landings ob-
served in recent decades is mainly due to regulatory obstacles to fishing. Measures are pro-
posed to improve the status of the stock and increase the catch of this species, in particular
by optimizing fisheries regulation and improving water exchange between the sea and es-
tuaries.

Key words: sand smelt, dimensional-age structure of the population, aquatic bioresour-
ces, the northwestern part of the Black Sea, the Tiligul estuary.
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®APMAKOJIOTTYHI ACIHEKTU 1
XPOMATOTPA®IYHUT HPO®IIb ®EHOJIBHUX
CKJIATOBUX TPHOX BUIIB MAKPOBOIIOPOCTEI
ETUIITY. TOCIILKEHHS 3B’I3KY
CTPYKTYPU I AKTUBHOCTI

Memotw pobomu 6yno nopisHsanvHe 00CIiOHeHHS 3a2anvHozo emicmy geronis (3D),
maninis (T) i pnasonoidie () 6 Ulva compressa, Pterocladia capillacea i Colpomenia sinu-
0sa, eKCMPazo6anux Mpooma pisHumu posuunHuxamu. IIposedeno AKicHy i KinvKicHy ouiH-
Ky peHOMbHUX PeuosUH y Pi3HUX eKxcrmpakmax 6000pocmei.

Haii6inowuii emicm 39 i @ sapeecmposaro y emunavemamnomy excmpaxmi C. sinu-
osa (8ionosiono 49,99 i 38,68 me/e). B excnepumenmi 3 excmpazyBanHam MemaHoLOM
3apeecmposaro HAtBInvuuil 8Mictn 0yOUNbHUX PeUOBUH Y 6Cix MPbox 8udié 8000pocmel,
natisuwuti y C. sinuosa (19,36 me/e). Hamomicmv npu excmpazysanHi eekcanom emicm ge-
HOMbHUX Pev0BUH i 6i0n102iuHa AKMUBHICMb OYIU HATHUNCHUMU. AHATI3 excrmpakmie 6000-
pocmeii 3a 00nomoeoio 8ucokoepexmuenoi piounnoi xpomamoepagii (HPLC) dozeonus
8CMAHOBUMU HASBHICMY 16 PeHonbHUX KUCOom i pra80H0i0i6, BKII0UANUY 2A08Y i KO-
puumy Kucnomu i kamexin, y Oinbuiocmi ekcmpakmie.

Locnioncenns 0anu 3moey npunycmumu, wo emuiauemamni i MEMaHonvHi excmpax-
mu C. sinuosa i P. capillacea mosxcymuv cyeysamu saxnueum oxepenom npupooHux nosnigpe-
HOi6 3 AHMUOKCUOAHMHUMU, NPOMUIIAbeMUUHUMU, NPOMUAPMPUMHUMU | NPOMU3ANd-
JIbHUMU 81ACMUB0CSIMU. Biomiueno 3Hauny kopensuyito mine emicmom Pnasonoioie i an-
MUOKCUOAHMHOI0 | npomudiabemuunor akmueHicmo. BionowenHs cmpyxmypu i ak-
mueHocmi prasoH0i0is, Kk AHMUOKCUOAHMIS | NPOMUIIAdeMUUHUX PeHOBUH, Pe2YTIIOEMb-
5 wepe3 nepewic amoma 2iopozeHy ma nocnido8HOI BMPAMuU NPomMoHy/nepeHocy enexmpo-

IuTysaHH A Iemain M.M., Mocradpa M.X., Enb 3okm I.M. Gapmakonoriuni acrexTy i
xpomarorpadiuamit npodinb GeHOMPHUX CKIAOBUX TPbOX BUIIB MaKPOBOZOPOCTEN
€runry. JocnimpkeHHs 38’ A3Ky CTpyKTypH i akTuBHOCTL. I'iopobion. scypH. 2025. T. 61, Ne 4.
C. 39—63.
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Hy. Memanonvhi i emunayemamui eKCmpakmu 8000pocmesi MAny aHmMuKoazyIsHmMHi
enacmueocmi. OOHax Heo6XiOHI NOOANLIUAL IMOKCUKOIO02IUH] | KIHIUHI QOCTIIONEHHS.

Kntouosi cnosa: maxposodopocmi, Gionoeiuna axmuericmo, PnasoHoiou, geronu,
maninu, 3amoxa A6y Kip,Cepedsemte mope, Eeunem.

Introduction

Macroalgae «seaweeds» have attracted attention in the search for bioactive
substances to create novel medications and nutritious diets [17, 25, 26, 35].
Phenolics are among the most abundant and important bioactive molecules
produced by seaweeds, especially brown seaweeds which play a significant role
in algal growth and development. They are also created to protect against a ran-
ge of abiotic and biotic stresses, such as UV radiation, high temperatures, sali-
nity, pathogenic infections, and herbivory [30]. On the other side, stress such as
high salinity, microbial attack, and ultraviolet rays induces an elevation in po-
lyphenol production in seaweeds, leading to the development of more intricate
forms [1, 26, 59]. Seaweeds contain phenol up to 20 % of their dry weight. Most
of the secondary metabolites found in plants are classified into two groups:
phenolic acids and polyphenols [35].

Seaweed phenolics contain a basic structure consisting of the hydroxy gro-
up connected to aromatic ring. They are classified based on the number of car-
bon atoms and benzene rings, as well as solubility [30]. Polyphenols comprise a
broad set of about 8000 structurally different substances that can be grouped
into various families, such as flavonoids, phenolic acids, stilbenes, lignans, and
tannins. The number of hydroxyl groups, the position of the hydroxy group,
and the number of phenyl rings in the structure all affect how bioactive pheno-
lic compounds are [30, 74].

Polyphenols in seaweeds vary arrays of phytochemicals that have garnered
significant interest owing to their therapeutic qualities and beneficial impacts
on health [51]. These compounds are characterized by a wide spectrum of bio-
activities such as antimicrobial, anticancer, anti-inflammatory, anti-Alzhei-
mer, anti-aging, and beneficial antioxidant activities [27, 28, 67]. Numerous
studies have shown that macroalgal polyphenols are more stable than those fo-
und in terrestrial plants, making them more effective at lowering oxidative
stress [25, 26, 34]. They are consumed raw or processed worldwide due to their
high mineral and antioxidant content, including polyphenols [14]. Phenols
have significant commercial potential that could lead to a better future for hu-
mans, such as anti-inflammatory, anticoagulant, anti-arthritic, anti-cancer,
anti-diabetic drugs, as well as functional foods [48, 75]. Moreover, seaweed-de-
rived phenols have been found to reduce blood glucose levels [44]. In recent de-
cades, seaweed phenolics have emerged as a desirable and sustainable source of
antioxidants with a variety of biofunctional qualities. They may eventually rep-
lace current aquafeed additives [22].

Among the polyphenols present in seaweeds are flavanols, catechins, and
phlorotannins which have incredibly wide range of possible biological functi-
ons [28, 29]. Flavonoids with their distinct structural features are naturally oc-
curring secondary metabolites of phenolic compounds that possess a variety of
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biofunctional qualities, including the ability to scavenge free radicals and act as
antioxidants [67]. Additionally, phenolic acids, flavonoids, and tannins are the
main dietary phenolic compounds [68]. Seaweeds contain both soluble and
binding forms of tannins, which can make up to 14 % of their dry biomass [65].
The brown algae were found to be able to store polyphenolic chemicals up to
25—30 % of their dry weight [55]. The main phenolic compounds found in gre-
en and red algae are flavonoids, phenolic acids, and bromophenols [77]. Phe-
nolic compounds are believed to have antioxidant properties because they can
scavenge free radicals, donate electrons or hydrogen atoms, or bind metal cati-
ons. The ability of phenolic compounds to neutralize free radicals is attributed
to their molecular structures, specifically the number and positions of hydroxyl
groups and the types of substitutions on aromatic rings. This concept is known
as the structure-activity relationship (SAR) [58]. Also, flavonoids are a signifi-
cant group of polyphenols found in seaweeds. They have protective effects in
biological systems by transferring hydrogen or electrons to free radicals, activa-
ting antioxidant enzymes, chelating metal catalysts, reducing a-tocopherol ra-
dicals, and inhibiting oxidases [69]. Future views and research approaches are
given to encourage further investigation of seaweed phenolics, foster a better
knowledge of their medicinal potential, and promote sustainable extraction
and purifying procedures [62].

The goal of this study was to examine how three different solvents (ethyl
acetate, hexane, and methanol) affected the extraction yields of the phenolic
compounds. A detailed chromatographic analysis of algal extract was perfor-
med. The study sought to assess the antioxidant, antidiabetic, anti-arthritic, an-
ti-inflammatory, and anticoagulant properties of the extracts in vitro. The fin-
dings of these investigations will help us better understand the possible health
benefits of U. compressa, P. capillacea, and C. sinuosa from Abu Qir Bay in
Egypt. The study keeps track of structure-activity correlations to support biolo-
gical processes with possible uses in the pharmaceutical industry.

Material and Methods

Chemicals: Sigma-Aldrich (Darmstadt, Germany) supplied all of the che-
micals and solvents utilized in the study.

Collection and identification of seaweeds. Three different species were fres-
hly collected during autumn 2023 from Abu Qir beach (30°05'—30°22' E,
31°16'—31°21' N), Alexandria, Egypt (Fig. 1). They were washed with seawater
to remove epiphytes and sand attached to the surface, then transported in the
iced condition to the laboratory of Taxonomy and Biodiversity of Aquatic Bio-
ta at the National Institute of Oceanography and Fisheries, Alexandria, Egypt.
The specimens were carefully rinsed with tap water and some of the fresh thal-
lus was preserved in seawater containing 5 % solution of formaldehyde for ta-
xonomic identification. The other clean thallus was shade dried at room tem-
perature and powdered, then preserved at -20 °C for further analysis. The col-
lected seaweed species were identified based on [5] and confirmed using the
Algae Base website [21] as Ulva compressa Linnaeus from Chlorophyceae, Pte-
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Fig. 1. Sampling locations and seaweed species

rocladia capillacea (S.G. Gmelin) Borne from Rhodophyceae and Colpomenia
sinuosa (Mertens ex Roth 1806) Derbes & Solier from Phaeophyceae.

Preparation of algal extracts. Dry seaweed extracts were prepared using a
Soxhlet apparatus. Approximately 10 g of finely powdered seaweed were pla-
ced in a thimble and extracted with approximately 100 mL of ethyl acetate,
methanol, and hexane separately for about 48 hours. The resulting extracts
were concentrated under lower pressure using a rotary vacuum evaporator
(40—60 °C, 135—150 rpm, for 2 h) and then freeze-dried. The freeze-dried
sample was weighed for yield calculations (mg/g dry weight) and stored at
-20 °C until use. The crude extracts were utilized for qualitative and quantitati-
ve analysis of phenolic compounds and the selected bioactivities in vitro.

Qualitative analysis. Phytochemical analysis of the algal crude extracts was
subjected to nine qualitative assays such as coumarins, flavonoids, phenols, qu-
inones, saponins, tannins, terpenes, steroids, and cardiac glycosides. These
tests were performed on the tested extracts following established protocols; ba-
sic responses in these studies enabled the identification of these substances [27,
57].

Test for phenol. A small amount of each extract was mixed with 1 mL of wa-
ter, and 1 to 2 drops of FeCl; were added to a test tube. A blue, green, red, or
purple color indicates a positive result.

Test for flavonoids. A small amount of each algal extract was mixed with
one to five drops of concentrated HCI. The presence of flavonoids is indicated
by the rapid development of a red color.
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Test for tannins. 2 mL of 5 % FeCl; solution was added to a test tube contai-
ning 5 mL of each extract. The presence of a greenish-black precipitate suggests
the presence of tannins.

Test for steroid. Each algal extract was mixed with 2 mL of chloroform, and
then concentrated H,SO4 was added at the same time. The presence of steroids
is indicated by the red coloration that develops in the lower chloroform layer.

Test for saponins. Dilute 1 mL of the tested extracts with distilled water to
20 mL and shake in a graduated cylinder for 15 minutes. The formation of a 1
cm layer of foam indicates the presence of saponins.

Test for terpenoids. 2 mL of chloroform and 0.5 mL of each algal extract
were placed in a test tube. Then, 3 mL of concentrated H,SO, was added, for-
ming a distinct layer. Terpenoids are indicated by reddish-brown interface co-
loration.

Test for quinones. Concentrated sulfuric acid should be added to 1 mL of
each algal extract. If red coloration appears, it indicates the presence of quino-
nes.

Test for coumarins. 2 mL of crude algal extract were combined with 3 mL of
10 % sodium hydroxide (NaOH); the presence of coumarins is indicated by the
yellow coloration of the mixture.

Test for cardiac glycosides. Glacial acetic acid was mixed with a few drops of
2 % FeCls solution, and then 2 mL of the resulting solution were combined with
the crude extract. Following this, the mixture was transferred to another vessel
along with 2 mL of concentrated H,SO.. The presence of cardiac glycosides in
the samples is indicated by the formation of a brown ring forms at the interface.

Quantitative analysis. Total phenol content. The total phenolic content
(TPC) of the algal extracts was determined using the Folin-Ciocalteu reagent.
For each algal extract, 1.0 mL mixed with 5 mL of distilled H,O and 0.5 mL of
Folin-Ciocalteu reagent applied afterwards. After mixing and letting the mix-
ture incubate for 30 minutes at room temperature, 1.0 mL of 1.8 M Na,COs was
added and incubation in the dark for 2 hrs. The absorbance at 760 nm was mea-
sured and data were expressed as milligrams of gallic acid equivalent per gram
extract dry weight (mg GAE/g).

Total tannins concentration. After combining 1 mL of the algal extract with
0.5 mL of Folin-Ciocalteau’s reagent, as reported by [32], 1 mL of saturated
Na,CO; solution and 8 mL of distilled water were added. The reaction mixture
was left to stand at room temperature for half an hour. The absorbance was me-
asured at 725 nm using a UV-Visible Spectrophotometer after the supernatant
was collected by centrifugation. A standard graph was created by plotting the
absorbance of different tannic acid concentrations as increasing quantities of
standard tannic acid were added. Tannic acid equivalent as milligrams per
gram of the sample was used to express the tannin content (mg TAE/g) [50].

Total flavonoids content (TFC). Using the technique [76], which involve
the formation of a complex flavonoid-aluminum with a peak absorbance at
430 nm, the TFC in various algal extracts was measured spectrophotometrical-
ly. A 2 % AICl; in methanol solution was combined with a volume of the algal
extracts. The absorbance of the resulting reaction mixture was then recorded at
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430 nm after 10 minutes of incubation at room temperature. The calibration
curve was created using catechin and the results were reported as mg of catec-
hin equivalents per gram of dry extract (mg CE/g).

High-performance liquid chromatography (HPLC) analysis of phenolic
compounds. The HPLC method was used for the quantification and identifica-
tion of individual phenolics. An Agilent 1260 series HPLC was used to analyze
the phenolic components in the examined algal extracts. A C18 Eclipse column
(4.6250 mm i.d., 5 pm) was utilized for the separation at 35 °C. At a flow rate of
1 mL per minute, the mobile phase was composed of 0.1 % trifluoroacetic acid
in acetonitrile (B) and water (A). The following linear gradient was used to pro-
gram the mobile phase: 12—14 min (80 % A), 14—16 min (80 % A), 0—5 min
(80 % A),5-8 min (40 % A), 8—12 min (50 % A), and 12—14 min (80 % A). The
wavelength of the multi-wavelength detector was calibrated at 280 nm. An in-
jection volume of 10 pL was used for each sample solution. The phenolic com-
pounds in extracts were identified by comparing retention times and absorpti-
on spectra with standards, as well as by spiking samples. Results are expressed
as pg of compound per mL of extract (ug/mL).

Pharmacological aspects in vitro. Anti-inflammatory activity. The basic of
this test is to create an orange Fe’*/xylenol combination, that reaches its maxi-
mum absorbance at 560 nm. 20 pL algal extracts (500 pg/mL) and 40 uL glycine
max enzyme 15-lipoxygenase were incubated for five minutes at 25 °C. The
mixture was then further incubated at 25 °C for 20 min in the dark after adding
linoleic acid to a 50 mM Tris-HCI buffer (pH 7.4) at a final concentration of
140 uM. To stop the reaction, 100 puL of the FOX reagent (9:1 v/v methanol/wa-
ter solution containing 30 mM sulfuric acid, 100 uM xylenol orange, and
100 uM iron (II) sulfate) was added. In the control wells, only the buffer and
LOX solution were pipetted. The LOX enzyme was present in the blanks during
the incubation time, and the FOX reagent was added followed by the addition
of the substrate, linoleic acid [52]. To measure the inhibitory action of lipoxy-
genase, the percentage suppression of hydrogen peroxide generation was de-
termined by calculating changes in absorbance values at 560 nm after 30 minu-
tes at 25 °C. The inhibition % was determined using the following equation

(Eq. 1);

((Acamrol _Ablank ) _(Asample _Ablank ))
x100
(Acontrol _Ablank ) (Eq 1)

Anti-inflammatory activity =

where Acontrol represents the absorbance value of the control well, Apink repre-
sents the absorbance value of the blank well, and Agmple represents the absor-
bance value of a sample well.

Anti-arthritic activity (anti-denaturation activity). The efficiency of prote-
in denaturation in the examined extracts was assessed using the assay [63].
0.05 mL of algal extracts (500 ug/mL) and 0.45 mL of 5 % w/v bovine serum al-
bumin in an aqueous solution made up 0.5 mL of the reaction mixture. To ad-
just the pH to 6.3, 1 N HCl was used. The samples were incubated for 20 min at
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37°C and then heated for 3 min at 57°C. After cooling the sample, 2.5 mL of
phosphate buffer was added and then the turbidity generated was measured at
416 nm.

Equation (2) was used to calculate the inhibition percentage,

(Asam € _Ab [an )
Anti-arthritic activity = % x100 (Eq.2)

control )

Antioxidant activity. Total antioxidant capacity (TAC) was determined
using the techniques [54]. Specifically, 0.3 mL of each algal extract (500 pg/mL)
was added to 3 mL of the working solution (28 mM sodium phosphate, 4 mM
ammonium molybdate, 0.6 M sulfuric acid) in three replicates. After 90 minu-
tes of incubation at 95 °C, the absorbance of the mixture was measured at
695 nm. The data obtained were expressed as milligrams of ascorbic acid equi-
valent per gram of extract dry weight (mg AAE/g).

Ferric reducing power (FRP) activity. Ferric chloride-potassium ferricyani-
de was used to assess the ability of different algal extracts to remove Fe** [47].
After adding 1 mL of algal extracts to 2.5 mL of sodium phosphate buffer
(0.2 M, pH 6.6) and 2.5 ml of 1 % Ks[Fe(CN)s], the mixture was incubated for
20 minutes at 50 °C. The 10 % C,HCL;O, was added in 2.5 mL increments. An
absorbance measurement was recorded at 700 nm after combining a portion of
the solution (2.5 mL) with 2.5 mL of distilled H,O and 0.5 mL of 0.1 % FeCls. A
calibration curve was plotted using ascorbic acid, and the results were expres-
sed in mg of ascorbic acid equivalent per gram of extract dry weight
(mg AAE/g).

DPPH radical scavenging capacity. Following the assay [38], the DPPH ra-
dical scavenging capacity of various algal extracts was evaluated. Approximate-
ly 3 mL of DPPH solution (0.1 mM) was mixed with 0.3 mL of each algal extract
in triplicate. The absorbance of the samples was measured at 517 nm. Ascorbic
acid was used as the standard free radical scavenger. The degree of inhibition
was calculated using the following equation (Eq. 3):

—A )
. .. control sample
DPPH scavenging activity % = (A—XIOO (Eq. 3)

control )

where the absorbance of the DPPH radical plus methanol is the control and the
absorbance of the DPPH radical plus sample extract or standard is the sample.
Antidiabetic activity (o-amylase inhibition assay). Anti-diabetic ability
using oi-amylase inhibition was measured using the method [15]. Phosphate
buffer (500 uL, 0.20 mM, pH 6.9) containing o.-amylase (0.5 mg/mL) solution
was mixed with test algal extracts (500 pL) and a reference drug (acarbose)
(500 pg/mL). The mixture was then incubated for 10 minutes at 25 °C. Follo-
wing the addition of a starch solution (500 pL, 1 % w/v in 0.02 M sodium phos-
phate buffer pH 6.9), the reaction mixtures were incubated for 10 minutes at
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25°C. After heating in a boiling water bath for five minutes and cooling to room
temperature, the reaction was quenched with 3 mL of dinitrosalicylic acid rea-
gent (1.0 mL). Following a 10 mL dilution of the reaction mixture with distilled
water, the absorbance was determined at 540 nm and the enzyme inhibition
percentage by the crude extracts was determined using the following equation

(Eq. 4)

% inhibiti Enzyme activity of control-Enzyme activity of sample 100
= X
o tibIHon Enzyme activity of control (Eq. 4)

The doses of the extract resulting in 50 % scavenging activity (IC50) were
calculated using GraphPad Prism 6 software.

Anticoagulant activity. All clotting assays were done using normal citrated
human plasma from three individual healthy donors with no history of blee-
ding or thrombosis. The anticoagulant activity was assessed using three assays
[78]: prothrombin time (PT), activated partial thromboplastin time (APTT),
and thrombin time (TT). In the APTT assay, 90 uL of citrated normal human
plasma and 10 puL of algal extracts were incubated at 37 °C for 60 seconds. Then,
100 pL of prewarmed APTT reagent were added and allowed to react at 37 °C
for 2 min. After that, 100 pL of 0.25 mol/L pre-warmed calcium chloride was
added and APTT was recorded as the clot formation time. To perform the PT
clotting experiment, 90 pL of citrated normal human plasma was added to
10 pL of algal extracts (500 pg/mL) and incubated at 37 °C for 1 min. After that,
200 pL of pre-incubated PT test reagent (37 °C, 10 min), was added and the
clotting time was recorded. Heparin was used as a positive control, while saline
(0.9 % NaCl) was used as the negative control. For the TT assay: 90 uL of citra-
ted normal human plasma was mixed with 10 pL of each sample (500 pg/mL)
and incubated at 37 °C for 60 seconds. Following the addition of 200 uL of
TT test reagent, the clotting time was then measured.

Statistical analysis. The means + standard deviation of three replicates was
employed to present the results. One-way analysis of variance (ANOVA) was
utilized for statistical comparisons, with p-values less than 0.05 considered sig-
nificant. IBM-SPSS Statistics version 22 was used to conduct a Pearson correla-
tion analysis between the phenolic contents and the biological activities of all
extracts under investigation.

Results and Discussion

Extraction yields. Yields of different extracts of the selected species were
examined and presented in Table 1. With respect to other solvent extracts; the
methanol extract (polar solvent) of every species exhibited the maximum yield
followed by ethyl acetate then hexane. It is commonly known that the yield of
chemical extraction is affected by the pH, extraction time, temperature, chemi-
cal composition of a sample, type and polarities of solvents [39]. In this connec-
tion, it was stated [61] that methanol produced the highest yield when extrac-
ting from Gracilaria species and is regarded as one of the best solvents. In addi-
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tion, it was reported [73] that methanol was shown to be the most efficient ext-
raction solvent, producing the highest extraction yield (16.24—18.43 %).

Qualitative analysis of preliminary phytochemical composition in the tested
algal extracts. The nine crude extracts from three macroalgal species were scre-
ened for the presence of nine secondary biocompounds: steroids, saponins, ter-
penes, quinones, coumarines, tannins, cardiac glycosides, phenolics, and flavo-
noids as shown in Table 1. The pharmacological action of the plant is demonst-
rated by the presence of these metabolites [23]. Most of the extracts tested con-
tained beneficial secondary chemicals, including phenols, terpenes, flavonoids,
and tannins. However, terpenes, coumarins, quinones, and saponins were fre-
quently detected in methanol and ethyl acetate extracts. Cardiac glycosides
were not found in any of the extracts. In this context, it is stated [72] that ethyl
acetate is the most effective solvent for extracting phenolic compounds from
plants. Also, it is suggested [67] that methanol was more effective for extracting
the bioactive phytochemicals than the other solvents. The presence or absence
of phytoconstituents in seaweeds depends on the solvent medium used for ext-
raction and the physiological properties of the seaweeds [67]. The solvent emp-
loyed in the extraction process was the main factor influencing the existence of
any phytoconstituents [53]. Additionally, the extraction of phenolic compo-
unds from plants or fruits is significantly affected by the polarity of the solvent,
which can suppress polyphenol oxidase activity [43].

Quantitative analysis of phenol, flavonoid and tannins. Polyphenols, inclu-
ding total phenolics, flavonoids, and tannin content, were detected in the selec-
ted extracts. In the present study, a significant difference in the phenolic com-
pounds in the algal extracts was observed at p<0.05 (Table 2). Ethyl acetate (a
semipolar solvent) showed the highest extraction efficiency for TPC and TFC
from all the tested species. However, low levels of both components were obtai-
ned in the hexane extracts, which is expected since most phenolic compounds
are polar in nature; semipolar and polar organic solvents are commonly used
for their extraction [56]. The lowest TPC in the hexane extract (non-polar) of
Turbinaria spp. compared to all methanol and ethyl acetate extracts was also
reported [9]. It was detected [2] that most phenolic compounds from different
algal species are more extracted in ethyl acetate solvent than methanol and he-
xane solvents. All of the tested Colpomenia sinuosa extracts exhibited a higher
concentration of phenolic compounds than the other two species. Numerous
studies demonstrated the highest phenolic content in brown seaweeds [28, 55].

Methanol (a polar solvent) was found to be the most effective solvent for
tannins, with values ranging from 9.09 mg/g to 19.36 mg/g for P. capillacea and
C. sinuosa, respectively. This could be attributed to the higher solubility of tan-
nins in methanol compared to the other solvents tested. Within the ethyl aceta-
te extracts, tannin content ranges between 9.09 and 14.63 mg TAE/g in Ulva
compressa and P. capillacea, respectively (Table 2). The lowest value was obser-
ved in the P. capillacea hexane extract (7.27 mg TAE/g) (p<0.05). The variance
in extraction efficiency could be linked to the algae species, the extraction sol-
vent used, and environmental stressors.
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Table 2

One-Way ANOVA regarding phenolic compounds content in the tested algal extracts

Species Solvent Phenolic compounds (mg/g)
flavonoids phenols tannins
Colpomenia sinuosa M 32.52a 33.027b 19.36a
H 15.31d 34.603b 9.09¢
EA 38.68b 49.997a 12.15b
Ulva compressa M 28.57b 23.18¢ 17.04a
H 19.97¢ 20.91c 10.91c
EA 32.58a 25.45¢ 14.63b
Pterocladia capillacea M 24.41c 23.18¢ 18.09a
H 12.67d 20.91c 7.27¢
EA 37.01a 36.81b 9.09¢

Note. M — methanol; H — hexane; EA — ethyl acetate; letters are significantly different at
P < 0.05. Average values marked with the same letter are non-significantly different.

HPLC profile based on polyphenolic compounds. HPLC is an appropriate
procedure to detect polyphenols, which can be used to assay the potential phe-
nolic constituents. In this study, we report here the rapid determination of
16 polyphenols in crude extracts derived from three macroalgal species (Fig. 2,
Table 3), to compare the ability of each solvent to dissolve a selected group of
polyphenols. The 16 phenolics, namely gallic acid (RT: 3.297 min), chlorogenic
acid (RT 3.936 min), catechin (RT 4.358 min), methyl gallate (RT 5.554 min),
caffeic acid (RT 5.883 min), syringic acid (RT 6.386 min), pyro catechol
(RT 7.088 min), rutin (RT 7.343 min), ellagic acid (RT 7.978 min), coumaric
acid (RT 9.004 min), vanillin (RT 9.835 min), ferulic acid (RT 10.044 min), na-
ringenin (RT 10.223 min), taxifolin (RT 12.440 min), cinnamic acid
(RT 14.298 min) and kaempferol (RT 14.716 min) were detected. While the
compounds were well resolved, not all of them were presented in the algal ext-
racts, which may depend on the solvents used and the algal species (Table 3).
The presence of polyphenols in the samples was verified by comparing the re-
tention periods and overlaying UV spectra of the extracts with those of referen-
ce substances. In total, sixteen polyphenols were targeted for quantification by
HPLC, including twelve phenolic acids (gallic acid, chlorogenic acid, catechin,
caftaric acid, chlorogenic acid, caffeic acid, syringic acid, rutin, ellagic acid, va-
nillin, ferulic acid, naringenin, cinnamic acid, and coumaric acid) and four fla-
vonoids (kaempferol, methyl gallate, pyro catechol, and taxifolin). The varian-
ce of individual phenolic compounds is influenced by the extraction solvents
utilized in this study. This can be clarified by identifying flavonoids (pyro ca-
techol and methyl gallate) in the ethyl acetate extract of C. sinuosa only, rutin in
the hexane extract of both C. sinuosa and P. capillacea only, and ferulic acid in
the ethyl acetate extract of P. capillacea only. Gallic acid was the predominant
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Fig. 2. HPLC chromatograms of polyphenol compounds types, retention times and con-
centrations in standard polyphenols

polyphenol. The HPLC results showed that the ethyl acetate extract from C. si-
nuosa had the highest extraction capacity for polyphenolic content, especially
taxifolin (7.53 pg/mL), gallic acid (7.22 pg/mL), coumaric acid (6.35 pg/mL),
and syringic acid (5.95 pg/mL) compared to other algal extracts. In addition,
the highest values of flavonoids, such as taxifolin and kaempferol were detected
in the ethyl acetate and methanol extracts of both C. sinuosa and P. capillacea in
the range of 0.63—7.53 ug/mL and 0.45—2.03 pg/mL, respectively. This study
showed that most of the tested algal extracts could be considered as an impor-
tant source of natural agents for use in the pharmaceutical and food industries.

Pharmacological aspects. Anti-inflammatory activity. Seaweeds have an
anti-inflammatory impact associated with their bioactive contents, like tan-
nins, phenols, and flavonoids, highlighting their potential for novel therapeutic
applications. Polyphenols impact numerous inflammatory cellular pathways,
including the Nuclear factor kappa B (NF-«B) cellular pathway, which controls
gut microbiota makeup and immunological responses. Polyphenol compo-
unds exhibited anti-inflammatory properties by suppressing AP-1 transcripti-
on and NF-kB [10]. Additionally, polyphenols can reduce inflammation by re-
gulating inflammatory cell activity, modifying the actions of enzymes action
involved in arachidonic acid metabolism (phospholipase A2, cyclooxygenase
(COX), lipoxygenase (LOX), arginine metabolism (NOS)), and modulating the
release of other molecules that facilitate inflammation [36].

Figure 3 depicts that, depending on the algal species and their bioactive
content in different extracts, all selected seaweed extracts exhibited varying in-
hibitory efficacy on lipoxygenase, as previously documented in [73]. They sta-
ted that extraction solvents affect extraction yield and the bioactive compound
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Concentration of polyphenolic compounds (pig/ml) in the tested algal extracts Tlifriegs
HPLC chromatograms

Polyphenolic Colpomenia sinuosa Ulva compressa Pterocladia capillacea

compounds 1Ty T A | M | v [ BaA | M | H | R
Gallic acid 1.20 | 0.09 | 7.22 | 0.56 | 0.00 | 2.02 | 1.60 | 0.00 | 5.54
Chlorogenic acid | 0.21 | 0.00 | 491 | 0.45 | 0.30 | 0.87 | 0.77 | 0.00 | 1.21
Catechin 321 | 1.03 | 421 | 0.00 | 0.90 | 0.00 | 0.00 | 0.00 | 0.00
Methyl gallate 0.00 | 0.00 | 0.29 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Caffeic acid 0.84 | 0.16 | 1.37 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01
Syringic acid 0.10 | 0.12 | 595 | 0.00 | 0.00 | 2.15 | 0.05 | 0.00 | 3.56
Pyro catechol 0.00 | 0.00 | 1.43 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Rutin 0.00 | 0.15 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 4.56 | 0.00
Ellagic acid 0.82 | 0.09 | 1.07 | 0.00 | 0.00 | 0.00 | 0.12 | 0.00 | 0.87
Coumaric acid 4.00 | 0.04 | 635 | 0.00 | 0.28 | 0.31 | 0.00 | 0.00 | 0.08
Vanillin 024 | 0.17 | 0.37 | 0.00 | 0.00 | 0.29 | 0.15 | 0.00 | 3.21
Ferulic acid 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.32
Naringenin 0.75 | 0.00 | 2.77 | 0.41 | 0.00 | 0.00 | 0.21 | 0.00 | 1.12
Taxifolin 298 | 0.00 | 753 | 0.00 | 0.00 | 0.63 | 3.17 | 0.00 | 4.21
Cinnamic acid 8.07 | 14.64 | 11.30 | 0.19 | 0.00 | 0.25 | 3.54 | 0.33 | 6.54
Kaempferol 1.55 | 0.00 | 2.03 | 0.00 | 0.64 | 0.00 | 0.45 | 0.00 | 0.55

Note. M — methanol; H — hexane; EA — ethyl acetate.

content, significantly impacting the biological activity of extracts. Methanol
extracts exhibited the maximum inhibition of lipoxygenase as detected by [13];
the methanolic extract of Matricaria chamomilla demonstrated effective sup-
pression of lipoxygenase. Additionally, the crude methanolic extracts of both
Coriaria intermedia stem and Dracontomelon dao bark exhibited high levels of
activity against a-15-lipoxygenase compared to hexane and ethyl acetate ext-
racts. The anti-lipoxygenase activity of C. sinuosa methanolic extract was the
highest at 65.24 %, compared to 55.17 % for quercetin. In comparison with [66]
(35.02-42.5 %), the inhibition range for nine extracts from three distinct speci-
es in our investigation is significantly higher (41.98—65.24 %).

Anti-arthritic activity. Denaturation of proteins and the synthesis of auto-
antigens are the main causes of inflammation and rheumatoid arthritis [4]. The
pathophysiological elements of rheumatoid arthritis can be influenced by po-
lyphenolic substances, which can delay the development and alleviate symp-
toms [11]. The highest anti-denaturation activity was obtained for the metha-
nol extracts of C. sinuosa (73.87 %), followed by P. capillacea at 68.13 % and the
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Fig. 3. Bioactivities of the tested algal extracts applying three solvents

ethyl acetate extract of C. sinuosa at 67.82 % compared to diclofenac sodium
«standard drug» at 66.85 % (Fig. 3). These extracts demonstrated their capacity
to regulate the synthesis of autoantigens, inhibiting the denaturation of prote-
ins. Our results were compatible with those reported in [66], which reported a
range of anti-arthrtic activity for different algal solvents (62.5 to 75 %) and were
higher than those reported in [70], with the maximum anti-arthritic activity of
49.33+0.60 %. The anti-arthritic properties of these extracts may be attributed
to their concentration of flavonoids, which have the ability to regulate the tran-
scription factor NF-kB in the production of TNF-a. This regulating pathway
helps prevent the release of the proinflammatory cytokine TNF-a. Additional-
ly, inhibiting lipoxygenase and the COX pathway limits leukocyte accumulati-
on and reduces the production of proinflammatory cytokines. Flavonoids pre-
ferentially inhibit the formation of the proximal signal complex IL1R, with the
exception of TNFR-1. They also inhibit TACE, thereby preventing the synthe-
sis of TNF-a, a proinflammatory cytokine, by binding to proteins with negative
bond energy. This reduction in TNF-a and IL-6 expression can help decrease
inflammation in rheumatoid arthritis [20].

Antidiabetic activity. Figure 3 shows the inhibitory activity of the tested ex-
tracts against o.-amylase in vitro. The highest antidiabetic ability was recorded
for the ethyl acetate extract of both C. sinuosa (74.73 %; 1C50 6.69 mg/mL) and
P. capillacea (68.36 %; IC50 7.31 mg/mL), followed by the methanolic extracts
of the same species. The antidiabetic action of the macroalgal extracts may be
attributed to the presence of various bio-compounds, such as polyphenols.
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These compounds bind to the active sites of the enzymes involved in diabetes,
modifying their catalytic activity. The antidiabetic effect of these extracts was
attributed to their unique content of taxifolin and kaempferol, as shown in
Table 3. Both compounds displayed antidiabetic, hepatoprotective, neuropro-
tective, and regenerative actions in cells [71]. Taxifolin has been shown to be ef-
fective as an antidiabetic drug, demonstrating a reduction in glycated hemo-
globin levels [33]. Kaempferol functions similarly to insulin secretagogues by
stimulating the release of insulin. It also decreases blood glucose levels and inc-
reases plasma insulin levels in rats with diabetes caused by streptozotocin [3].
Moreover, it has been suggested that polyphenols from edible seaweeds may
impact reactions related to diabetes by inhibiting enzymes at uM concentrati-
ons that break down starch and by modifying the oxidative stress induced by
glucose [46]. The results presented in Table 6 demonstrate a significant corre-
lation between flavonoids, antioxidant activity and antidiabetic activity at
p<0.05. This could be because flavonoids are highly dynamic natural phenolic
molecules with a wide range of chemical and biological activities [60]. This re-
sult aligns with previous research [16, 27]. Plus, the main defense against the
consequences of diabetes is provided by flavonoids. Their ability to act as antio-
xidants is essential for maintaining endothelial function in individuals with di-
abetes [8]. The inhibitory effects of nine extracts in our study were lower than
those reported in [27], which observed exceptionally high values of 93.68 %,
84.96 %, and 77.99 %.

Antioxidant potency. The present investigation employed three distinct as-
says, namely TAC, FRAP and DPPH assays, to evaluate the antioxidant proper-
ties of seaweed extracts. These three techniques demonstrated various antioxi-
dant activity pathways. It has recently been discovered that seaweeds are an in-
teresting source of naturally occurring bioactive chemicals that may have anti-
oxidant properties [25, 26, 28, 67]. According to reports, phenolic compounds
possess antioxidant properties depending on their ability to scavenge free radi-
cals, which mitigates the harmful effects of advanced glycation end products
(AGEs). AGEs are the toxic consequences of hyperglycemia in diabetes and ca-
use damage to a variety of tissues and organs in patients [19]. As illustrated in
Table 6, there is a significant correlation between TFC content and DPPH
(0.842), FRAP (0.759). Flavonoids react with the radical’s reactive component
to stabilize the reactive oxygen species [45]. Ferric-reducing antioxidant power
(FRAP) plays an important role in flavonoid structure to resist the effect of
energetic oxidants like free radicals. Flavonoids can reduce Fe’* to Fe** at
pH 5.5, which can be explained by their ability to donate protons and electrons
as illustrated in Figure 4 [6]. The structural characteristics play a significant
role in assessing flavonoids’ capacity as antioxidants [24].

The primary mechanisms involved in the initial stage of flavonoid and
phenolic compounds oxidation are single electron transfer-proton transfer
(SET-PT) (Eq. 5), sequential proton loss electron transfer (SPLET) (Eq. 6), and
hydrogen atom transfer (HAT) (Eq. 7) [42].
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Oc_ O- .
~ Fe(III) = Fe(IT)

Fig. 4. Proposed route for generating the ferrous complex from the Fe(III) flavonoid comp-
lex [6]

R-OH - R-OH*+e —->R-O'+ H" + e (Eq. 5)
R-OH -R-O"+H* -R-O"+ H" + & (Eq. 6)
R-OH -R-O'+H (Eq.7)

The O-H bond dissociation enthalpy (BDE) controls this process. The
most significant aspect of BDE is its contribution to antioxidant activity; the lo-
wer the BDE, the easier it is to break O-H bonds. The phenolic hydroxyl group
with the lowest BDE determines the compound’s free radical scavenging capa-
bility when it has several phenolic hydroxyl groups [42].

The second pathway involves the transfer of electrons from the antioxi-
dant to the free radical, resulting in the formation of a radical cation. The ioni-
zation potential (IP) and the reactivity of the ROH* cation control this reaction.
A high IP reduces electron transfer rate, while a low IP facilitates electron abst-
raction. An extract’s or compound’s diminished power is associated with its ca-
pacity to transfer electrons or to donate hydrogen atoms, thereby disrupting
the free radical chain [61].

Significant variations in antioxidant activity are demonstrated based on
the type of algal species, extraction method, and solvent employed as shown in
Table 4. The variations in the antioxidant activities among the different algal
extracts suggest that the choice of extracting could impact the scavenging abili-
ty of these extracts. This could be due to differences in the physiochemical pro-
perties of the soluble phenolic compounds in each solvent extract, as noted in
[12]. Overall, P. capillacea, U. compressa, and C. sinuosa extracts using ethyl
acetate demonstrated the highest DPPH scavenging abilities at 63.23 %,
65.33 %, and 69.89 %, respectively. These results for brown algae are consistent
with those obtained previously [27]. The highest TAC was observed in ethyl
acetate extracts of C. sinuosa (3.49 mg AAE/g extract), and U. compressa
(3.44 mg AAE/g extract), while the lowest activity was detected in the hexane
extract of U. compressa (0.469). According to [18], the maximum TAC for the
green alga Enteromorpha prolifera is 1.837 mg AAE/g.

Ferric-reducing power is a crucial indicator of the antioxidant potential of
a compound [25, 26]. The methanol (38.69 mg AAE/g) and ethyl acetate
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Antioxidant activity of the tested algal extracts using three techniques fabie
Species Solvent | DPPH % TAC FRAP
(mg AAE/g DW) | (mg AAE/g DW)

Colpomenia sinuosa M 65.208a 3.069a 38.69a
H 8.944c 1.84a 4.91c

EA 69.888a 3.491a 38.4a

Ulva compressa M 55.848b 2.469a 30.69b
H 8.736¢ 0.577b 4.8¢c

EA 65.325a 3.44a 34.4a

Pterocladia capillacea M 52.104b 3.025a 35.77a
H 8.528¢ 1.396b 4.69¢

EA 63.232a 3.12a 31.46b

Ascorbic acid M 55.52b 3.14a 31.2b
H 4.25¢ 0.83b 2.1c

EA 65.12 a 3.16a 30.25b

Note. M — methanol; H — hexane; EA — ethyl acetate; letters are significantly different at
p<0.05. Average values marked with the same letter are non-significantly different.

(38.4 mg AAE/g) extracts of C. sinuosa followed by the methanolic extract of
P. capillacea (35.77 mg AAE/g), exhibited the maximum FRAP activity (Table
4). These findings are consistent with the data obtained by [25, 26] showing
that the reducing power activity of different seaweed methanolic extracts ran-
ged from 3.06 mg AAE/g for U. lactuca to 31.10 mg AAE/g DW for Sargassum
wightii. This wide variation in reducing power activity is influenced by the po-
larity of the extraction solvent and the total phenolic content. Plus, the higher
polyphenol content also tends to have higher antioxidant activity [7], as de-
monstrated by correlation analysis (Table 6). The tested extracts showed a sig-
nificant correlation between total flavonoids content and DPPH (0.842) and
FRAP (0.759) (Table 6).

Anticoagulant activity. Heparin is a commercial anticoagulant that has
been known and used for over 50 years. It is frequently used to prevent venous
thromboembolic diseases. However, heparin has been documented to have a
number of side effects, including the emergence of avian influenza, bovine
spongiform encephalopathy, thrombocytopenia, hemorrhagic impact, and the
inability to inhibit thrombin bound to fibrin [41]. Consequently, the search for
novel anticoagulants to replace heparin is becoming more intense. Previous re-
search [49] has demonstrated the anticoagulant properties of methanolic ext-
racts of the red alga Acanthaphora spicifera, whether they are naturally occur-
ring or chemically engineered.
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Prothrombin time (PT), thrombin time (TT) and activated partial throm-
boplastin time (APTT) analysis are frequently used tests to evaluate blood coa-
gulation. APTT quantifies the impact of substances on intrinsic and common
coagulation pathways. Based on the standard range of APTT (28—38 s), which
can vary depending on the reagents used, a ratio (APTT measured/APTT cont-
rol) greater than 1.2 results in a significant anticoagulant effect. Therefore,
methanol and ethyl acetate extracts are suitable solvents for extracting anticoa-
gulant compounds from both P. capillacea and C. sinuosa, affecting the intrin-
sic system of the coagulation cascade. Conversely, all hexane extracts show no
anticoagulant ability (Table 5).

The PT and TT tests showed the same APTT pattern (Table 5), indicating
that these extracts act as reactive anticoagulant agents [31]. In this connection,
it has been reported [40] that the APTT and PT effects of the brown alga Sar-
gassum cristaefolium extract are due to its phenolic contents especially flavono-
id. The findings of our study demonstrated that the solvent types and algal spe-
cies had an anticoagulant effect, resulting in an extension of both PT and
APTT. According to [36], prolonged PT indicates inhibition of the extrinsic
pathway of coagulation, while a prolonged APTT indicates inhibition of the in-
trinsic and/or common pathway.

Conclusion

There is a growing emphasis on using bioactive chemicals from natural so-
urces as functional foods to enhance human health and well-being. Results

Table 5
Anticoagulant efficiency of the tested algal extracts

Species Solvents | APTT (s) % PT(s) TT
Colpomenia sinuosa M 50 1.471 23 33
H 32 0.941 17 24

EA 44 1.294 19 27

Ulva compressa M 39 1.147 16 23
H nd nd nd nd

EA 33 0.971 14 20

Pterocladia capillacea M 44 1.294 19 27
H nd nd nd nd

EA 36 1.059 16 23

Standard (heparin) M 45 1.324 18 24
H 30 0.882 nd nd

EA 34 1.000 13 19

Note. M — methanol; H — hexane; EA — ethyl acetate; nd — not detected; APTT — acti-
vated partial thromboplastin time; PT — prothrombin time; TT — thrombin time. Ratio
was calculated by the formula: Ratio = APTT measured / APTT control «34 second».
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show that selected seaweeds are an excellent source of phenolic contents with
various biological activities. The findings indicate that seaweeds, particularly
brown, followed by red and then green species, have antioxidant and antidiabe-
tic properties. This makes them a good source of natural antioxidants. Hence,
they may be employed as functional food and nutraceutical ingredients in the
food industry due to their high flavonoid content. The extraction solvent signi-
ficantly influenced the overall polyphenol content and their bioactivities. Met-
hanol and ethyl acetate have high priorities as extracting solvents for phenolic
compounds with various biological activities. Furthermore, HPLC investigati-
on indicates the existence of several phenolic compounds that could account
for the bioactivity in this species. Therefore, it is advised to conduct additional
research to identify and refine the phenolic compositions accountable for the
various actions and detect their cytotoxicity.
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PHARMACOLOGICAL ASPECTS AND HPLC PROFILE OF THREE EGYPTIAN
SEAWEEDS VIA PHENOLIC COMPOUNDS; UNRAVELING
STRUCTURE-ACTIVITY RELATIONSHIPS

This study was designed to give comparative investigations on the total phenols
(TPC), tannins (TTC), and flavonoids (TFC) content in Ulva compressa, Pterocladia capil-
lacea, and Colpomenia sinuosa using three different solvents. Phenolic compounds were
qualitatively and quantitatively estimated in various algal extracts. The maximum values of
TPC and TFC were found in the ethyl acetate extract of C. sinuosa, with contents of
49.997 mg/g and 38.68 mg/g, respectively. The methanolic extract of all three selected spe-
cies showed the highest yield of TTC, with a maximum yield of 19.36 mg/g for C. sinuosa.
Conversely, the hexane extracts exhibited the lowest phenolic content and bioactivity. Al-
gal extracts were also identified using high-performance liquid chromatography (HPLC),
revealing sixteen phenolic acids and flavonoids, including important compounds like gallic
acid, cinnamic acid, and catechin in most algal extracts, particularly in methanol and ethyl
acetate extracts.

The study suggests that ethyl acetate and methanol extracts of C. sinuosa and P. capil-
lacea could serve as valuable sources of natural polyphenols with antioxidant, antidiabetic,
anti-arthritic, and anti-inflammatory properties. Strong correlations were observed betwe-
en flavonoid content and antioxidant and antidiabetic activities. Additionally, flavonoids
were supported by structure-activity relationships (SARs) as antioxidants and antidiabetic
agents through hydrogen atom transfer (HAT) and sequential proton loss electron transfer
(SPLET). The methanol and ethyl acetate extracts from the species studied exhibited an an-
ticoagulant effect, indicating that they could be used as natural anticoagulants. However,
further toxicological and clinical research is necessary before considering these algal ext-
racts as nutraceuticals and pharmaceuticals.

Keywords: macroalgae, biological activities, flavonoids, phenols, tannins, Abu Qir Bay,
the Mediterranean Sea, Egypt.
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OCOB/IMBOCTI @OPMYBAHHA IIEHOBIIB 3EJIEHUX
MIKPOBOJOPOCTEN (CHLOROPHYTA) ITPU

IXHbOMY BMPOIIYBAHHI B IITYYHIX YMOBAX

Hocnioncerno cmpamezito popmysanHs ueHobiis 3eneHux mikposodopocmeti Tetrades-
mus dimorphus (Turpin) M.]. Wynne i Desmodesmus brasiliensis (Bohlin) E. Hegew. ma
ixH10 8UdOCNeUUPiIUHICMb NPU BUPOULYBAHHI 3a 0if ONMUMATLHUX 3HAYEHb MeMNnepamypu
ma noxuerux pewosun. Kynomypa T. dimorphus ynpoodoes yciei excnosuuii xapaxmepusy-
8anacs cmabinvHo Hux1ow Kinvkicmio uenooiis (1,0 %) nopisusno 3 D. brasiliensis (81,2—
93,6 %). IIpu yvomy 6 D. brasiliensis y nepusy nonosury ekcnosuyii 6i0miueHo nepesaraHHs
4-knimunnux gopm, a 8 opyey — 2-knimunnux. lllsudkicmo po3nady yeHobianvHux gopm
sxasye Ha me, wio T. dimorphus xapakmepusyemocs iH0yxosanum 3axucmom, a D. brasili-
ensis — KoHcmumymusHum. ITumoma weudkicme pocmy ma npupicm 6Giomacu 0aHux
8udie cmamucmuuno 6ynu Ha 00Homy pisni. 00 em knimun y kynomypi T. dimorphus ynpo-
00631 excno3uyii mas mendenuito 00 ykpynuenus, a D. brasiliensis — 0o He3HauH0eo
30piOHeHHS.

Kniouosi cnosa: seneti mikposodopocmi, ueHobii, uimyure UpOuLy8ants, memnepa-
mypa, NoXUBHi peuosuH.

IIntysanHa: Jleoutsesa T.O., Kpor 10.I.,[Ycenxo O.M], Kpacrox F0.M. OcobnmBocTi
¢dbopmyBaHH: 1IeHO6IiB 3enmennx MikpoBogopocreit (Chlorophyta) mpmu ixHpomy Bupo-
I[yBaHHI B IITyYHUX yMOBax. ['i0po6ion. scypr. 2025. T. 61, Ne 4. C. 64—73.
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Ocobnusocmi popmysanns uenobiis seneHux mikposodopocmeti (Chlorophyta)

J10 BUCOKOIPOAYKTUBHUX 3€/I€HNX MiKpPOBOJOPOCTEIl, 3TaTHNX POpMy-
BaTU IeHOOii — CKYITYeHHS KIITUH, YTBOPEHMX B Pe3y/IbTaTi MHOXXMHHOTO
HOZITY i 00’ €lHAHNX 3 PaXyYHOK 3ara/IbHOi 000IOHKY Y CTIHKaX MaTepPUHCHKOI
KTiTHHY [6], Mo>kHa BigHecTn Bupu poxi Desmodesmus, Tetradesmus Ta Sce-
nedesmus [1, 20].

IxHil KTITMHANWIT IUKIT TOIAIOTh HA 1B YaCTUHU: Iepiof pocTy, 10 3ali-
Mae OiIbLINIT IIPOMIXKOK 4acy, Ta IMOCTiKOBHICTD pervtikanii-noginy JTHK [7].
ITepion pocTy XapaKkTepu3yeThCs 301IbIIEHHAM 00’ €My KITITVH JO BE/IMYVHIA,
HeoOXifHOT I BYDKMBAHHA ICIA IUTOKiHe3y (mogminy xaitmunm) [25]. Lei
IIpolIeC CBiIYUTD PO iCHYBaHHA MEXaHi3MiB KOOPAMHALII pOCTY i penpoyK-
TUBHMX IIOC/iIOBHOCTEN, IO CHPUANO CTBOPEHHIO TillOTE3M KOHTPOJIbHOI
TOYKM po3Mipy krituau [10]. [laHa rimoTesa mpuIryckae, o KIiTUHI MalOTh
3[JaTHICTb BM3HAY€HHA CBOTO PO3Mipy Ta IPOTPECYBAHHA KIITUMHHOIO LUKy
HiC/IA JOCATHEHHA MiHIMa/lIbHOI BEIMYMHY, 11O € TOYKOK pecTpukii [7, 10].
Hpyruit nepiofi KAiTMHHOTO LMKy — IIOCHIJOBHICTh peIlliKalii-noginy
IOHK — cxnapaerncs i3 gpas nogsoenns JJHK, mito3y Ta nuTokinesy, itoro pe-
3y/1bTaToOM € GOPMYyBaHHA 1IeHOOIIB, Ki/IBKICTh K/IITUH Y AKMX BU3HAYAETHCA
TeHeTUYHUMM OCOOIMBOCTAMY BUALY TA 30BHILIHIMYU yMOBaMM i CTAHOBUTD 2,
4, 8,16 a60 32 [7]. YTBOpeHH: Bce 6ibIIOi KiTbKOCTI ZOUipHIX KIiTHH Bif0y-
BAETHCS 3aB/AKM 301/IBIIEHHIO KiTbKOCTI IMTOCTIZOBHOCTE periikanii — 1mo-
niny THK B Me)xax OHOTO K/IiTMHHOTO LKy (8, 9].

3HaXOPKEHHA BOJOPOCTEN Y 30HI ONTUMYMY CHPUSAE HiJBULIEHHIO Kilb-
KOCTi AfepHMX HOAITB, 30i/IbIIYIOUN KiMbKiCTh yTBOpEHMX IleHOOianmbHUX
¢dopm micns nuTokinesy [7]. OfHakK, IOfa/IbIIA CTPATeTisA iCHYBaHHA 1IeHOOiTB
nojsrae y 3bepexxeHHi cBoei popmu abo posmamy Ha okpemi knitvam [22]. Me-
XaHi3M Ta IPUYMHY LbOTO IPOLECY € Ma/IOBUBYEHIMH Ta XapaKTePU3YIOTbCA
BUIOBUMY OCOOIVIBOCTSIMIL.

Y niTepaTypHUX IXKepeax yTBOPeHHsI LIeHOOIIB pO3I/IAAETHCS ITePeBaK-
HO fK 3aXMCHMII MeXaHi3M y BilIOBifb Ha Mil0 HEraTMBHMX YMHHUKIB. Tak,
MeHIIIe CIIiBBiTHOIIEHH: OBEPXHi 10 06’eMy MiKpOBOJOPOCTEN 0OMEXKYE TI0-
IJIHAaHHS PeYOBVH Ta IMPOHVKHEHH:A CBiTa. 30inblIeHHA IXHBOTO 00’eMy
cupuse IBNUJUIOMY OCiJAHHIO Ta MEHIIOMY BMIIaHHIO 300IJIAHKTOHTAMM
[14].

BopHouac 1ieHo6ianbHi B BOJIOPOCTEN K}IaCI/ICbiKYIOTb 3a IBOMA THUIIa-
MM 3aXMCTY: KOHCTUTYTUBHUI (11eHo6ii MPUCYTHI y BEIMKIil Ki/TbKOCTI 32 6y11b—
AKX YMOB, HaNpuKnayg y Desmodesmus communis) Ta iHgykoBaHuii (1jeHo6i1
IIPUCYTHI Y BE/IMKiil Ki/IbKOCT] JInIlIe 3a il HeraTMBHOTO YMHHMKA, HAIIPUKIa[
y Desmodesmus subspicatus), 1110 BKa3ye Ha ixHi BupocnenydiuHi ocobmmbocti
(16, 23].

Otxe, 3’ACyBaHHA MeXaHi3MiB Ta crparerii ¢opMyBaHHA IIeHObiiB 3ere-
HIX MIKPOBOJOPOCTEI SIK IXHBOI a[JallTUBHOI 3JaTHOCTI IIpY BUPOIIYBaHHI B
HITYYHUX YMOBAaX Ma€ K HaYKOBE, TaK i IpaKTM4YHe 3HAaYEHHS.

Meroto pobotu Oyna olLiHKa CTaHy 3e/ieHuX MikpoBogopocreit Tetrades-
mus dimorphus (Turpin) M.]. Wynne ta Desmodesmus brasiliensis (Bohlin)
E. Hegew., ixupoi BupocrenndiuyHocTi Ta cTparerii popMyBaHHA I1eHOOIIB 3a
il ONTMMAaNbHMX 3HAY€Hb TEMIIEPATYPU Ta IOXXMBHUX PEYOBMH.
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Jleonmvesa T.O., Kpom I0.I"., Ycenxo O.M., Kpacrok FO.M.

Marepian i MeTOgMKa JOCITiI)KEHb

O6’exTaMu TOCTiIKeHb 00paHO HaitbinbII mpoaykTusHi [13], anpromno-
TiYHO 4MCTi KynbTypu 3eneHux Mikposogopocreit (Chlorophyta) i3 konekuii
kyneryp (HPDP) Incturyty rigpo6ionorii HAH Ykpainun [2]: Desmodesmus
brasiliensis (Bohlin) E. Hegew. HPDP-102 ta Tetradesmus dimorphus (Turpin)
M.]. Wynne (= Acutodesmus dimorphus (Turpin) P. Tsarenko) HPDP-108, mo
3[aTHI IO yTBOpPEHHA 2-, 4- Ta 8-KITMHHMX LIeHo6iiB [17, 19, 20].

BopgopocTi BupolyBaiu IpU ONTUMaJIbHUX 3HAYEHHAX TeMIlepaTypu
(31,0 °C — g T. dimorphus ta 28,0 °C — s D. brasiliensis), iHTeHCMBHOCTI
OcBiT/IeHHs 47,5 MKMOJIb/M?-C Ta CIiBBiffHOIIEHH] CBiT/IA i TeMpsiBY — 16 : 8
rox. KusuipHe cepefoBuie MiCTUIO BiICTOSIHY BOZIONIPOBifHY BOAy, 6io-
TeHHi eJleMeHT Ta MiHepaybHi crionyku [12]. Bmict a3ory Hitpartis Ta dpocdo-
py docdaris cranosus 81,7 mr N/am’ i 7,1 mr P/am’® msa D. brasiliensis ta
692,7 mr N/nm?160,0 mr P/am® — st T. dimorphus. IlepeMilnyBaHHS KyIbTYP
BifOyBa/I0Cs IUIAXOM MOfiadi y Ky/JIbTUBALIHI €EMHOCTI cTMC/IOr0 aTMocgep-
Horo noBitps (38 am’/xB). TpuBamicTh eKCriepuMeHTy fopiBHIOBaIA 24 106M.

YucenbHICTb KIITVH MiKpOBOZOPOCTET MiipaXOBYBa/IN y I ATH ITOBTOP-
HOCTAX IIiJ CBITZIOBUM MiKpocKonoM JIomo Mukme[-2 3 BUKOPUCTaHHAM Ka-
mepu ['opsieBa [3]. BogHovac paxyBamm KinbKicTb KIIITHH KO>XHOI popmu (ofi-
HOKTITUHHI, 2- Ta 4-KIITUMHHI LIeH006i1).

CepenHbom060BMIT KOe(illieHT 30i/IbIIeHHA YMCEeNbHOCTI KIITUH po3pa-
xoByBa/m 3a popmyno: k = N;/ No/ t, ie No i Ny — KOHILIeHTpallif KIiTUH
(mH. x1/cM®) Ha IOYaTKY Ta HANIPUKiHI eKcrosuiii, Af — TpuUBaIicTh foC-
TJPKYBaHOTO IIepiofy.

[TuToMy MWBUAKICTH POCTY pO3paxoByBaau 3a Gopmy/oro [24]:

h= InN, -InN,
At

b

me No Ta Ny — KUIbKICTh KJIITMH BifTIOBiTHO Ha IOYAaTKy Ta HAIIPUKIiHII JOC-

JKYBaHOTO Hepiofy; At — TpMBaIiCTh HOCIIKYBAHOTO Hepiofy.
BusHaueHHA pO3MipHMX XapaKTepUCTHK KIITVMH (ZOBXMHA i IIMpUHA)

MiKpOBOIOPOCTEN MPOBOAIN 33 JOIIOMOIOI0 MiKpockomy Axio Imager-2 Ta

nporpamHoro 3abesnedenss: ZEN 3.0 (n = 50).

O6’eM KTiTHH BU3HAYA/IM CTEPEOMETPUYHIM METO/JOM, BUKOPVICTOBYI0YM
MiHiVHI po3Mipy KIiTHH BogopocrTeit [15].

Ho6oBwnit mpupict 6iomMacy 064MC/TIOBAIN 32 CYXO0 PEYOBUHOIO SIK Pi3HU-
1[I0 MK [TOYaTKOBOIO Ta KiHI[EBOKO Ki/IbKiCTIO 6ioMacy JOCipKyBaHOro IIe-
piony pocrty, mofieny Ha Kinbkictp #i6 [5].

ExcnieprMeHTanbHi faHi ONpalbOBYBaIN 3aralbHOIPUITHATAMY METOA-
M1 BapianiiiHoi cratuctuku y nporpami Microsoft Excel 2010. BiporigHicTb
pisHMIIi cepelHiX BeIMYMH BM3HAYa/IN i3 3aCTOCYBaHHAM t-Kpurepio CTblo-
leHTa Ha piBHi 3HavywocTi p < 0,05.
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Ocobnusocmi popmysanns uenobiis seneHux mikposodopocmeti (Chlorophyta)

Pe3ynbraTu JOCTifKeHb Ta iX 00roBOpeHHs

Hait6inbur cripuaTinsuMm jyia ¢isionorivHol akTMBHOCTI KIITUH Ta Hapo-
I[yBaHH: 6ioMacy 3e/leHMX MikpoBopopocteit ponis Desmodesmus ta Tetra-
desmus € piamason temmepatyp 20,0—35,0 °C, mo xapakTepusye ix Ak Me-
sodinis [11, 13, 18].

Hari6inpI cipysaT/IMBuil TeMIIepaTypHUI PeXXUM BU3HAYAIN 3a BE/INYN-
HOIO cepeHboI060BOoro KoedilieHTa 361/IbIIeHHs YMCeNTbHOCTI KIIITHUH, PO3-
PaxoBaHOTO PV BUPOIIYyBaHHI BMCOKONPOAYKTUBHUX BUAiB 1. dimorphus ta
D. brasiliensis ynpopgosx 24 1i6 (puc. 1).

3a JaHMM IIOKa3HMKOM MAaKCUMa/IbHY IPOAYKTUBHICTb /I KY/IbTYpU
T. dimorphus BigmiueHo npu Temuepatypi 31,0 °C, a D. brasiliensis — 28,0 °C.

Heo6xigHO 3ayBa>knTy, 10 IIPYU PO3PAXYHKY 6iomMacy HaitbibI BUCOKI 1
3HaueHH:A ms 1. dimorphus BigMiueHO HanpuKiHIN ekcrosumii (24-ta 06a)
npu 22,0, 25,0 Ta 28,0 °C 3a paXyHOK BICOKOTO PO3Mipy KIiTHH (puc. 2), a i
D. brasiliensis — nipu 28,0 °C.

TakyM 4MHOM, ONTUMAaIbHUII TeMIEPaTypHMUII PEeXVM BUPOIIyBaHHS
MiKpPOBOJOPOCTENI 32 CepeHbO000BMUM KOedillieHTOM 301/bIIIeHHST YNUCeNb-
HocTi KniTnH cranoBus: mis T. dimorphus — 31,0 °C, a gna D. brasiliensis —
28 °C (puB. puc. 1).

B AKOCTi MOXXMBHUX PEYOBNH, HANOUIBII CIPUATIMBUX /IS POCTY 3erIe-
HIIX MiKpOBOZOPOCTe1, BUKOPUCTOBYBa/IN a30T HiTpaTiB Ta pocdop dpocdartis
y KOHIleHTpaLisix: mnst kynstypu 1. dimorphus BignosigHo 692,7 mr N/pm’ i
60,0 mr P/oM?, a ga D. brasiliensis — 81,7 mr N/pgm?® ta 7,1 mr P/ [12].

CniBBigHOLIEHHS OJHOKIITUHHMX Ta IeHobianbHux (2- Ta 4-KIiTHHHI)
¢dopm T. dimorphus i D. brasiliensis B iporjeci BUpOLTYBaHHS MaJIo CyTTEBi
BigMiHHOCTI (puc. 3).

ITokasano, mo kynbrypa T. dimorphus ynpopnosx yciel ekcrosuii xapax-
TepU3yBasach MepeBaXHO OAHOKIITMHHUMM popmamu (99,0+0,002 %), 3 He-

3,0

2,5
2,0 |
L5t
1,0

05

Cepenabono6oBuit KoedinieHT
36iIbIIEHHS YMCETbHOCTI KJIITUH

0,0

22 25 28 31 34
Temmepatypa, °C

Puc. 1. Cepentpono60Buit KoedillieHT 361/IbILIIeHHS YMCeNbHOCTI KIITUH 3e/IeHNX MiKpo-
Bopopocreit T. dimorphus (1) ta D. brasiliensis (2) B 30Hi OIITUMaTbHUX TeMIIEPATYP
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Puc. 2. biomaca mikposogopocreit T. dimorphus (1) Ta D. brasiliensis (2) mpu Bupoy-
BAaHHI B 30Hi OIITVYMAa/IbHIX TEMIIEPATYD
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Puc. 3. CriBBigHOLIeHHS OOMHOYHYUX (1), 2- (2) Ta 4-1eHO6ianbHMX (3) KIITUH Y Ky/IbTY-
pax T. dimorphus (a) ta D. brasiliensis (6) 3a ONTUMaNTbHIX YMOB BUPOILIYBaHH

3HAYHOIO KiZbKicTio 2- (0,9+0,18 %) i 4-kniTrHHUX 1{eHObianbHUX hopm (0,1+
0,7 %) (puc. 3, a).

Bonnouac y D. brasiliensis BiOyBanocb BapiloBaHHs OJHOK/ITITMHHUX i Iie-
HOOianpHMX (2- Ta 4-kaiTnHHUX) GopM. 30KpeMa, BiICOTKOBA Ki/IbKICTD 1ie-
HO6iiB yIIPOIOBX yChOTO Iepiofy 3a/muianacs Ha JOCUTh CTabiIbHOMY piBHi
90,1—93,6 % (muB. puc. 3, 6).

Kynprypa D. brasiliensis ynpomoBXX IepIIoi IMOJTOBUHM €KCIIO3UIii
(12 pi6) xapakTepuayBanacsi BUCOKOIO YMCENTbHICTIO KITHH, sKi popmyBanmm
4-xmiTnHHI 1eHOo6ii (47—76 %), 1110 CBi[YNTD PO IepeBaKaHH MHOXKMHHOTO
HOAi/Ty B IIe¥l mepiofi, TOAi AK KiMbKiCTh 2-KIITMHHUX L|eHOOiIB Maja TeH-
feHio fo migBuineHHs (4—11-ta mo6a) 3piBHIOIOYNCH 32 YNMCENBHICTIO 3
4-xnituaHUMU (puc. 4).
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Puc. 4. YucenpHicTb MoOgMHOKUX KiTHH (1) Ta 2- (2) i 4-KMiTMHHUX 11eHO6iiB (3) B Ky/b-
Typi D. brasiliensis 3a ONTMMa/IbHUX YMOB BUPOIIyBaHHA

Y mpyriit monoBuHi ekcrosnii (3 12-i go 24-1 nobmn) y D. brasiliensis crioc-
Tepiraiym cTabiIbHO OJHAKOBY KiNbKiCTb 4-KIITMHHMX IjeHOOIIB Ta cTpiMke
361/1bIIIEHHA KiIIBKOCTI 2-KIITHHHNX (OPM, YMCeTbHICTD AKX 3pociia 10 84 %
(muB. puc. 3, 4). Take 3pocTaHHA, Ha HAIII IOTIAN, MOXKE MAaTH Ki/IbKa IIOSICHEHb
— Iepexif BUIY Biff MHOXXVIHHOTO HOAiNy Ko 6iHapHOTo ab0 X posnap 4-Kki-
TUHHOTO LIeHO6iI0 Ha [iBa 2-KIiTUHHUX.

Crip 3a3HauMTH, IO 3TiAHO 3 MiTepaTypHUMM JaHuMH [17, 19, 20] mikpo-
Bogopocri T. dimorphus i D. brasiliensis 3naTHi yrBoproBaTy i 8-1 KIiTHHHI I1e-
HOOii, IKMX y JaHOMY eKCIIepYMEHTi He 0y/I0 BUABJICHO.

BopHouac, BificoTkoBa KinbKicTb ofHOKMITMHHUX dopM D. brasiliensis
YIPOIOBXK YChOTO Iepiofly 3a/MiIanacs Ha JOCUTh CTabiTbHOMY piBHI — 6,4—
9,9 % (mmB. puc. 3).

Taky 3aKOHOMipHICTb BifMi4€HO TaKOX y po6OTaxX iHIINX aBTOPiB 32 yMOB
BIUICOKOI IIMTOMOI MIBUAKOCTI pOCTy HpefCTaBHMKIB popiB Desmodesmus Ta
Scenedesmus [7, 14, 21]. BpaxoBytoun Te, 110 y mpoleci pervtikanii-mopiry
JHK 6epyTb yyacTb /mire OFHOKIITHHHI (OpMM BOLOPOCTEl, IXHSA 4MCeb-
HiCTb MO>Ke OyTH OJHMM i3 KpUTepiiB, 110 CBifYaTh PO iHTEHCUBHICTD PO3M-
HO>XEHHS KYJIbTYPMU.

OTxe, mpu mTy4yHOMy BupoiyBanHi D. brasiliensis, Ha Bigminy Big T. di-
morphus, XapaKTepu3yeTbcsi BUCOKOI0 (EHOTUIIIYHOI IUIACTUYHICTIO, IO
IPOSIBJISIETCA Y 3MiHI CHIBBiJHOIIEHHS ORHOKIITVMHHMX Ta I[eHOOia/JIbHUX
dbopm.

Y mporeci BupolyBaHHsA 000X BUJIB BiIMi4eHO KOPOTKOTpUBajIe IIPO-
XOJPKeHHA J1ar-(asy Ta BYCOKi MOKa3HMKM MUTOMO] IIBUIKOCTI pOCTY Ha eKc-
IOHEHIIiiTHiN ¢asi, Ky YMOBHO MO>KHA IIOIINTY Ha B ITePiojiy 3a/IeXKHO Bif
nominytouoi popmu 1ieHo6iiB. Tak, 30kpeMa, y Iepury IOJIOBMHY eKCIIO3MIIil
(1-mra — 12-Tta moba), KoM 3a YMCeNbHICTIO TepeBakan 4-KITHHHI 1[eH06ii
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Tabnuuys 1
ITuroma mBupKicTs pocry (mo6a™) kynsryp T. dimorphus i D. brasiliensis 3a
ONTHMATbHNUX YMOB
Kynprypu 1-ma—12-Ta moba 12—24-Tta mo6a 1-ma—24-Ta goba
T. dimorphus 0,23 0,11 0,16
D. brasiliensis 0,24 0,07 0,15

(mvB. puc. 4), TOKa3HMKY MUTOMOI IIBUAKOCTI pocTy Oynu BifnosigHo y 2,0 i
3,3 pasu (p < 0,05) Buiumu, HiX y apyry (12—24-Ta goba), Konu ZOMiHyBaIN
2-xniTunHI dopmu (Tabm. 1).

Pospaxynok 6iomacu T. dimorphus ta D. brasiliensis (1-mma—24-Ta f06a)
II0Ka3aB IIOCTYIIOBMIA ii mpupict (puc. 5), AKUIi B CEpeflHbOMY CTAHOBMUB Bifi-
noBifHO 25,4 Ta 25,7 Mr/gm’ 3a mo6y (p < 0,05). BogHovac KooHianbHa Ky/ib-
typa D. brasiliensis xapakTepusyBanacs Aelo MBUALINM IIPUPOCTOM biomacy,
HiK ogHoKiTHHA T. dimorphus. Tax, Ha 4-Ty 00y eKCIIepUMEeHTY Lieli II0Kas-
HUK Y D. brasiliensis 6yB Ha 77 % Buinm, HiX y T. dimorphus, Ha 14-1y o6y —
Ha 40 %, a Ha 24-Ty 06y — 3piBHABCA ( p< 0,05) (zmB. puc. 5).

Basyrounuch Ha rinoresi «KOHTPOIBbHOI TOUKM po3Mipy KiaituH» [10], Axa
KOOPAMHYE PiCT i peNpORyKTUBHY 3[JaTHICTb MOKHA IPUITYCTUTY, 11O MiHiMa-
JIBHUT 00’ €M KIIITUH BOJZOPOCTEN € KOHTPOIBHOIO TOYKOIO PO3Mipy /i iXHbO-
ro BIDKMBaHHA. BcranoBneno, mo ansa 1. dimorphus BiH CTaHOBUTD
< 43,5 MmxM?, a s D. brasiliensis — < 64,1 mxm® (Tabm. 2).

OTxe, Iy yTBOPEHHA 4-KITUHHOTO IleHo06ito0 06’eM kinitun T. dimorphus
ta D. brasiliensis Ha MOMEHT TOYKY PECTPUKIII CTAHOBUTD BifilIOBifHO > 174,0
Ta > 256,4 MKM".

Y xynbrypu T. dimorphus Ha NOYaTOK BUPOLIYBAaHHA TAaKUX KITUH He
3a¢ikcoBaHO, [0 MOXXe CBiJYMTHU IIPO BiJICYTHICTb abo MiHiMa/lIbHY YacTKy

700
w600 | M
&
T 500 T
< 400
3
= 300
g
5 200

100

12 ﬂ
0 L rem @0 m'

0 1 4 9 14 21 24

TpuBamicTh eKCIEePUMEHTY, Ai6

Puc. 5. biomaca senenux mikposogopocreit 1. dimorphus (1) ta D. brasiliensis (2) npu
HITyIHOMY BUPOIYBAaHHI
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Tabnuuys 2
06’em (MxM®) KniTuH 3eneHux mikpoBogopocreii T. dimorphus 1a D. brasiliensis
IPY IITYYHOMY BUPOIyBaHHI

T. dimorphus D. brasiliensis
Jobu | cepenni Mesxi mgx/ . cepesiHi Mexi mgtx/ .
3HaYeH- min, 3HaYeH- min,
KO/IMBAHb ) KOJIMBaHb )
HA 06’eM H o6’eM
0 94,4 45,9—169,4 3,7 0 165,5 |90,0—337,1 3,7 7,0
1 95,2 43,5—176,2 4,1 2,5 | 1652 |86,8—342,2 39 32

10 106,4 |44,5—253,6 5,7 10,7 | 147,8 |64,1—257,7 4,0 2,0
17 108,6 |47,2—280,0 59 15,1 | 155,3 |70,3—334,0 4,8 8,6
24 120,0 |46,3—302,4 6,5 25,0 | 150,2 |68,6—370,5 54 11,0

* Yacrka (%) KIiTHH, 00’eM SIKUX IepeBuInye MinimansHuit y 4,0 a6o 6inbire pasis.

KJITVH, 10 AUIATBCA MHOXVMHHUM HOAITOM. 3rofioM, Ha 10-Ty 00y ixHA
KinbkicTb 3pocna 1o 10,7 %, a Ha KiHelb ekcro3uii (24-ta gob6a) — mo 25 %.

Bonnouac y D. brasiliensis iXHs KIIPKIiCTb Ha IIOYaTOK eKCIIEPYIMEHTY CTa-
HoBmIa 7 % i Ha 10-Ty 00y 3MeHImIach 10 2 % 3 HaCTYIIHUM 3POCTaHHAM Ha-
IpUKiHI a3y eKCIoHeHniTHoro pocty 1o 11 %.

O6’em knitnn y T. dimorphus ynnpomoBsx Bciei ekcIio3niii MaB TeHIEHIIio
710 ITOCTYIIOBOTO 36i/blIIeHHA Ha 27 %, 10 BigOyBanocs 3a paXyHOK 3pOCTaHHSA
MaKCHMAa/IbHIX 3Ha4eHb Ha 78 % Ta CyIpOBOMKYBAI0Ch IIiIBUIEHHAM IXHbOI
MiH/IMBOCTI.

3pocTaHHsA MiHINBOCTI 00’ €My KIITUH BOZOPOCTEN MO>Ke OYTH IIOB’I3aHO
31 361/IbILIEHHAM KiZIBKOCTI ITocmigoBHOCTeN pervtikanii — nogpiny JHK y me-
YKaxX OIHOTO KJIITMHHOTO UKy [8, 9] a60 3 migBUIeHHAM Ki/IbKOCTi HEaKTUB-
HMX KJIiTUH, IO BifPi3HAIOTbCA BiJ )KMBUX 3HAYHMM PO3MiIpOM Ta BTPATOIO
dbopmn [4].

Boxnouac 06’eM kmitun y D. brasiliensis ypooBK eKCIIepMEHTY Xapak-
TEPU3YBaBCA 3BOPOTHOIO TEHMEHIiI0 — 3MeHIIeHHA Ha 10 %. IIpu npomy
MiHMBICTDb IXHPOTO 00’€MY HiJBUIIYBalIach 3a PaXyHOK SIK 3MeHIIEHH MiHi-
Ma/IbHUX 3HayeHb Ha 31 %, Tak i 36inblIeHHA MakcuManbHuX Ha 10 % (muB.
Tabm. 2).

BucnoBkn

Kynerypa T. dimorphus ynipomoBx yciel excriosunii xapakrepusysanacs
CTabi/IbHO HIKYOI0 KibKicTi0 11eH06iiB (1,0 %) mopiBHsiHO 3 D. brasiliensis
(81,2—93,6 %), mo CBimYUTH NMPO Pi3HY CTpaTerilo MOBEiHKM TAHUX BUJIB
IIiC/IA UTOKiHesy.

Posnap 1eno6iiB y xynsrypu T. dimorphus BigbyBaerbcs oppasy micis
LIMUTOKiHE3Y, 110 MOKe BKa3yBaTy Ha iHIyKOBAHMII 3aXJCT y IJbOTO BUAY, B TOM
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Jac sK IPOXO/PKeHHs nepioay pocty D. brasiliensis y xonoHianbHiit ¢popmi €
KOHCTUTYTUBHMM 3aXMCTOM.

Kynbrypa D. brasiliensis y nepiiy mojI0BUHY €KCIIO3UIIii XapaKTepusyBa-
J1acs NepeBaKaHHAM 4-KTTMHHUX 1IeHO6iiB, a B Ipyry — 2-X KITUHHIUX, 110
MO>Ke CBIJYMTY IIPO Mepexift Bifj MHOXXMHHOTO MOJiNy o 6iHapHOTO a60 mpo
posmaj 4-KIiTMHHKX 11eHOO0iIB Ha 2-KIITUHHI.

YTBOpeHH: 4-KITHHHUX IeH006iiB y D. brasiliensis Mmoxe 6y OB’ s13aHO
3i 301/IbILIEHHAM YaCTKM KPYIHMX KJIITVH y KYJIbTYPi.
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FEATURES OF THE FORMATION OF CENOBIES OF GREEN MICROALGAE
(CHLOROPHYTA) WHEN GROWN IN ARTIFICIAL CONDITIONS

The strategy of cenobia formation in the green algae Tetradesmus dimorphus (Turpin)
M.]J. Wynne and Desmodesmus brasiliensis (Bohlin) E. Hegew. and their species specificity
when cultivating under optimal conditions of temperature and nutrients content were in-
vestigated. The culture of T. dimorphus during the entire exposure was characterized by a
consistently lower number of cenobia (1.0%) compared to D. brasiliensis (81.2-93.6%). In
D. brasiliensis, four-celled cenobia dominated in the first half of exposure, while two-celled
forms — in the second half of exposure. The rate of decay of cenobial forms indicates that
T. dimorphus is characterized by induced protection, and D. brasiliensis — by constitutive
protection. The specific growth rate and biomass growth of these species were statistically
at the same level. The cell volume in the culture of T. dimorphus tended to increase during
exposure, while that of D. brasiliensis tended to decrease slightly.

Key words: green microalgae, cenobia, artificial cultivation, temperature, nutrients.
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BIUIVB MIIBUIEHMX KOHIIEHTPAIIIV IOHIB
KOBAJIBTY HA BMICT HENOJISIPHUX JIIIIIIB V
TKAHMHAX OPICHOBOTTHUX PUB

Jocnioseno emicm 3azanvrux ninidie ma ixXHix oxpemux HenonAAPHUX Ppaxuiii y 376-
pax, newinyi ma m’sg3ax kapacs cpiénscmoeo (Carassius gibelio Bloch.) ma usyxu 3éuuatinoi
(Esox lucius L.) 3a 0ii 0,1 m2/om’ i 0,25 me/0m’ ionis kobanvmy npomsizom 14 0i6. Bcrnarnos-
JIeHO, W40 OUHAMIKA iNiOH020 NPOPINI0 y MKAHUHAX PUO 30 IMOKCUUHO20 BNIUEY 3ATEH UMD
810 NPpUPOOU Ma KoHUeHMPAayii memany y 600i, a MAKoHK MAE BUO0BY A MKAHUHHY che-
uugpixy. Biomiueno 3azanviy menoeHuito 00 3pOCNAHHS BMICHLY 3a2anbHuX ninidie y ne-
Yinyi pub ma 11020 3HUNEHHS Y M A3AX, U40 3YMOBTIEHO nepepo3nodinom inioHux pesepsis. Y
neuinyi pub BUS6/IEHO 3IMEHUIEHHS YACKU HOoconinidie ma mpuayuneniueponis, 3poc-
MAHHA 8Micy Xoslecmepory ma npooyKmie 2ioponisy ninidie. Sminu 6 ninioHux npoginsx
350ep Oynu Oinvut 8i0UYMHUMU Y ULYKU, 0COONIUB0 3 BUCOKUX KOHUEHMPALili ioHi6 Kobab-
my (0,25 me/0m?). Smitu emicmy HeNONAPHUX NiNi0i6 y M A3AX PUb 3 iHMOKCUKAUIT ioHamMU
KOOAIbMY Masiu CRiflbHi MeHOeHUiT: SHUNCEHHS BMICILY MPUAUUTIIILEPOTIi6 Ma 3pOCMAHHS
4ACMKU HeecmMepupiko8anux HUpHux kucnom. 5K y Kapacst, max i y ugyku mauo mice 3Hu-
HeHHS cnieeioHOUIeHHA xonecmeposn/dochoniniou y 3a6pax 3a 0ii 060x KOHUeHMPALili
ioHis kobanvmy, modi Ax y newinyi ma m’s3ax yeti NOKA3HUK 00CIMOBIPHO 3pOCcMaAs MinvKu
y Kapac.

Knwuosi cnosa: kapace cpibnacmuil, ujyka 36unaiina, niniou, kobanvm.

Baxki MeTau € OfHUMY 3 OCHOBHUX aHTPOIIOTEHHUX 3a0pY/IHIOBAaYiB BO-
JIHOTO cepefoBMIa y cBiToBMX MacmTabax. [lIBupkmit Temn ypb6anisanii, in-

IDnwrtysasnn Mapkis B.C,, Xomenuyk B.O., Kypant B.3. Bius nigpuineHnx
KOHILIeHTpalliii ioHiB K0Oa/IbTy Ha BMICT HEIO/IAPHYUX JIiIIAIB Y TKaHMHAX IIPICHOBOJHMX
pub. I'iopobion. xypH. 2025. T. 61, Ne 4. C. 74—86.
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IyCTpianisamnil Ta MOfIepHi3alii CIIbCbKOTO rOCIIOfapCTBa CIIPHAE BUBITbHEH-
HIO BOXKMX METaJIiB 3 IXHIX CIIOJTyK Ta NOTPAIIAHHIO Y BOJHI eKocucTeMu. Bci
BOHM € TOKCMYHVMIU BUIIle IIEBHUX IIOPOTOBMX KOHILIEHTPALiN i MOXKYTb BUK-
nuKaTy QisionoriyHmii crpec y rinpo6ionTis [26]. [lesxi Baxkki MeTau MaloTh
3maTHICTD 1o 6ioakyMy ALii, a IXHi KOHIIEeHTpaIil B 6i0Ti MOXXYTb 3pOCTATH 10
TOKCMYHMX PiBHIB, IIJ0 Hapa’ka€ Ha HeOe3IeKy pPi3sHOMaHIiTHI BUU BOJHUX
TBapMH, 0COO/IMBO Ti IKi 3HAXOATHCS Ha BePIIMHI Xap4oBoi mipaminn [6, 12].

Py6y MaroTh 3aTHICTh HAKONIMYYBATY 3HAYHY Ki/IbKIiCTh BOXKKMX METAIiB,
1[0 HacaMIlepe]t 3a7IeXKNUTD Bijj IXHbOI KOHIIeHTpallil Ta pOopMM 3HAXOKEHHH Y
Bofi [19]. BoHM mmpoko BUKOPUCTOBYIOTbCA J/IA OLIHKM AKOCTi BOTHOTO Ce-
PeROoBUILA, TOMY IO IIOCTiTHO HACEIATD TOBIY BOLY, SIKa IIPUIIMAE Ta iHTer-
pye ximiuHi, pisnyHi Ta 6ionoriuHi ynHHMKY [6].

Bigomo, mo opraHisMm rigpo6ioHTiB, 30KkpeMa pub, Mae Oarato 3acobiB
6ioximMiuHOI aganTarii pisHOroO CTyNeHs CKIafHOCTI, SIKi JO3BO/NAIOTH JIOMY
YCHILIHO MPUCTOCOBYBATUCA [0 Aii TOKCUKAHTIB, y TOMY 4Mcii Metainis [30].
Ba)xki MeTany MOXXYTb CTMMY/TIOBATH HaMipHe YTBOPEeHHSA aKTUBHUX (OpM
KJICHIO B OpraHismi pu6, 110 npusBOgUTb 1O IOPYLIEHH OKJMCHO-BiJIHOBHOTO
6aylaHCy Ta CTPYKTYpM JIiMiAIiB, SIKi € OCHOBHMMY KOMITOHEHTaMM 610/10Ti9HIX
MeM6Opas [19]. Jlimigy BIIMBaOTh Ha IPOHUKHICTb MeMOpaH, 6epyTb y4acTb y
nepefiayi HEPBOBOIO IMITY/IbCY, CTBOPIOIOTh MIXKK/IITMHHI KOHTAKTHU, BUKOHY-
10Tb QYHKII BTOPMHHNUX MeceHIKepiB [5, 26]. OcobnuBocTi Merabomnismy
JMIfiB, BKIIOYHO 3 IpOLleCaMyl TPAHCIIOPTYBAaHHS Ta [ETIOHYBaHHSA, Y pud
iHIIi, HIK y eHZOTepMHMX TBapuH [31].

Kob6anpT € BayXIMBMM O6iOT€HHMM €JIEMEHTOM, KMl Y IIEBHUX KOHI|EHT-
paLisgx HeOOXiTHMIL I KUTTERI/IBHOCTI OPTaHi3My K TBAapWH, TaK i JT0u-
HI. BiH BXOAMUTD [0 CKIafy HU3KM (epPMEHTIB, TaKUX fK JeTifiporeHasu, ae-
rifparasy, rigparasu, Myrasu, Tpancdepasu [23]. ®isionoriuna ponb ioHiB
Co®" pnst pub moJsisirae y Tomy, 110 BiH € HeOOXiZHIMM KOMIIOHEHTOM BiTaMiHy
Bi,, sAAKMIT akTUBYE npouecy KpoBoTBOpeHHA [9]. Kpim Toro meit MeTan BuKo-
HY€ POJIb METUJIIOIOUOTO areHTa, Oepe y4acTb y peaklifx IIKomi3y i nukmy
TpuKapboHoBux Kucnort, cunresi [JHK, amiHOKMCIOT, )KMPHUX KUCTIOT, a Ta-
KO>X BIUIMBAE Ha pict pu6 [15].

[TpmnpopHi KoHIeHTpalLil K06anbTy y BOAi € focuTh HU3bKuMu (0,04—
8,0 MKr/gM?), alle BOHM MOXKYTb 3pOCTaTy BUILe TPAHIYHO HOMYCTUMIUX Y 3a-
OpynHeHMX Bofoiimax (monay 3 mr/am’) [2, 3]. HagxomkeHHst KOOAmbTy 10 op-
raHismy pu6, B OCHOBHOMY, 3[Ii/ICHIOETbCS Uepes 3510pa, KMIIKIBHNK Ta MIKipy
[9, 36, 37], mic/s yoro yepe3 KPOBOTIK I1eil MeTal MOXKe HaJXOIUTM JIO Pi3SHUX
OpraHiB, Takux sK NediHKa, HUPKY, M 's13u [17]. TIpu HagXomKeHHi MeTany B
oprauism pu6 Buiue isionoriyHo HeoOXiHOTO PiBHS BiH MOXXe BUK/INKATH
HU3KY TOKCMYHMX eeKTiB. [IpoTe Joc/ipKkeHp 010 NIKOJOYMHHOCTI JAHOTO
MeTaJTy HefJOCTaTHbO, 110 YTPY/AHIOE OLIiHKY eKOTOTIYHIX PUBUKIB 1 pO3pOoOKY
KPUTEPIIB AKOCTi BOAY IS bOTO METAJLY.

3 Meror0 6ioiHAMKaLil piBHA 3a0pyAHEHHs BOXOMM KOOaTbTOM Ta BUB-
YeHHs J10r0 TOKCUYHOTO BIUIMBY Ha Tifip06iOHTIB B HALLIOMY HOCTIPKeHH] MU
30cepeVINCS Ha aHaTi31 ;UHAMIiKM BMICTY Ta CIiBBigHOIIEHHS (paKiiiii Heil-
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TPa/IbHYX JIIiB Y TKAHMHAX IOV PEHNX IIPiCHOBOJHMX BUJIiB p16 — Kapacs
cpibnACTOrO i IyKM 3BMYAIHOI.

Marepian i MeTOgMKa JOCITiI)KEHD

Hocnimxennsa 6ymo mposeneHo Ha Kapaci cpibnacromy — Carassius gibe-
lio Bloch. Ta myni sBuvaitnit — Esox lucius L. cepeHbOI0 Maco0 BifilTOBiTHO
200—220ri150—170T. B 1abopaTopHUX yMOBaxX BMBYa/IV BIUIVB Ha OPTaHi3M
pub ioHiB KOOANBTY Y ABOX KOHLeHTpauisax 0,1 Ta 0,25 MT/mM?, 1o Bifnosima-
I0Tb 2 Ta 5 TPaHNYHO JOIYCTMMUM KOHIEHTpalliAM. MeTan BHOCUIN Y BOLY
200-7iTpoBMX aKBapiyMiB, ie 3HAXOAWMINCS JOCTiAHI Ipymu pub (110 1’ sTh 0co-
6uH y koxxHoMy), y Buragi CoCly-6H,O. 3 MeTor0 3HIDKEHHS BIUIMBY Ha prb
IXHiX BIaCHUX €K30MeTa0O0IiTiB BOJIy B aKBapiyMax 3MiHIOBa/IN 1[04BON060BO.
JInsa [OCATHEHHA CTaHy PO3BUTKY i MaKCUMMAaJbHOIO IIPOSIBY KOMIIEHCATOP-
HO-aJJaITUBHUX peaKIliil o MeTaly akIiMaliilo pu6 3ijiCHIOBAIN MIPOTATOM
14 ni6. Lleit nepiog, 3a JaHuMm aBTOpiB [25], € HOCTaTHIM A1 HOpMyBaHHA
aJlalITMBHUX PeaKIliil B OPraHi3sMi eK30TEPMHUX TBAPYH.

I ananisy Bigbupanm medinky, 3s6pa Ta cnmHHI M A3K. TkaHuHM HO-
Ipi6HIOBAIM Ha XOJIOZi B CKITHOMY T'OMOTEeHI3aTOpi 3 HACTYIIHUM €KCTpary-
BaHHAM 3aTa/IbHNX JIIiAiB CyMiIIIIo X710podopM:MeTaHO y CIiBBifHOLIEHH]
2:1 3a metopoM Pormya [13]. [Ipu boMy 1o ofHi€el MacoBOI YaCTMHY TKAaHVHU
mojaBamy 20 94acTMH eKCTPAryrdoi cyMimi i saimmany Ha 12 rof [id eKcT-
pakuii. JIoMilIKM HEMNiIHOrO CK/Iafy BUAAIANM 3 €KCTPAKTY BiIMMBaHHAM
1%-BuM posunHom KCl. KinbkicTh 3araqbHMX JIiNifiB y TKaHMHI BU3HAYAIN
BaroBUM MeTOJIOM ITiC/IA BIITOHKM eKCTparyrodoi cymimi [21].

PospinenHs HenonsApHUX JIiMiJIB 3A1ICHIOBAIN 32 METOMKOI BUCXITTHOI
OIHOMipHOI TOHKOIIApoBOi XpoMarorpadii Ha mractmakax Merck, Himeuun-
Ha. [Tepes po6oToro mracTMHKM NpoTAroM 30 XB aKTUBYBAIM IIPU TeMIIepa-
Typi 105 °C B cymmnpHiit madi. OTpumanuit x10popopMHMIT pO3UNH NMiMifiB
CIIOYATKY BUITAPOBYBA/IM HACYXO, a MOTIM po3uMHsImM y 1 M xmopodopmy.
OpepskaHi mpo6m JiifiB HAHOCU/IN HA IJIACTUHKY MiKpOJ03aTOPOM B Ki/lb-
KocTi 40 MK/I po3uMHy i momimany ix y xpomarorpacgiuni kamepu. Pyxomoro
¢dasoro cryXmia cyMill rekcaHy, BieTuaoBoro edipy i 1boAAHOI O1[TOBOI KIiC-
notu y BigHomeHHi 70:30:1. Opep>kaHi XpoMaTorpaMy NpOABJIANINA B KaMepi,
Hacu4deHirt mapamu rtoxy [1]. s inentudikanii okpemux ¢pakiuiit minizis Bu-
KOpUCTOBYBa/my crienn¢ivHi peareHT i ounineni craugaptu [21]. KinpkicTs
HeOJISIPHUX JIMifAiB Bu3Havanmm 6ixpomaTHuM meromoM [7], Bmict docdo-
ninifiB — 3a KinbKicTio HeopraHiuHoro ¢ocdopy mMeTomoM BacbkoBCbKOTo
[35].

PesynbTaTi npoBefeHNX LOCTIKEHD CTATUCTUYHO OIIPALlbOBYBa/IN i3 BU-
KOPUCTaHHAM CTaHAapTHOro nakery Microsoft Office Excel.

PesynbTaTi JOCTigKeHb Ta iIX 00rOBOPEHHS

AHnanis 3azanvrozo emicmy n1inidie. 3MiHa IapaMeTpiB BOJHOTO CepeLoBU-
1A IPU3BOUTH B0 MOAY/IALII JinigHOro podino y rifpo6ioHTis, 1o 3abes-
THevye MifTPUMKY IXHbOI )KUTTEiANbHOCTI Ta BYDKMBaHHA [22]. OcobnmBicTIo
MeTabos1i3My /inifiB y pub € 3HauHi KOJIMBAaHHSA CK/IAJy Ta iIHTEHCUBHOCTI Ha-
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KOIIMYEHH KMPIB y OpraHi3Mi 3a BIVIMBY pisHUX YMHHUKIB [20]. Mopudikarii
y CKIafi JiIigiB € KOMIICHCAaTOPHMM MeXaHi3MOM, AKWII 3a0e3Iedye OITH-
MajbHi (YHKIIiOHa/IbHI MOXIMBOCTI OpraHi3sMy 3a pi3HMX YMOB. XapakTep
PO3IIOZAINTy 3ara/IbHMX JMi/iB y TKaHMHAX 1 opraHax pu6 3a1eXXuThb Bif BUAY,
PYXOBOI aKTMBHOCTI, YMOB Cepe/lOBUIIa, KOPMOBOI 6a3u, Biky To1o [24].

OckinbKu ninigy 3a3HA0Th WBYUIKOTO PO3ILIEIIEHHS, IOBTOPHOTO CUHTe-
3y Ta B3a€EMOIIEPETBOPEHD Yy Bi[IIOBi[jb Ha 30BHIIIHI Ta BHYTPIlIHI IO/IpasHN-
KI, BOK/IMBO OfTHOYACHO aHa/Ii3yBaTH PisHi K/1acu JIIifiB y pi3sHMUX TKaHUHAX,
106 OTPUMATH YiTKE YABJIEHHA IIPO 3MiHI Y MeTabomi3Mi JTinizis, CIIpUYMHEH]
3a0pyIHIOIYMMY PedOoBMHAMN [34].

3HayvHi 6ioximMiuHi 3MiHW, ITOB’A3aHi 3 BMICTOM XXUPY Ta )XMPOBYUX KOMIIO-
HEHTIB, AKi BUK/IMKaHI BAXKIUMM MeTalaMM, € Oi/IbIl HeOe3IeYHNMM Ta MO-
JKYTb SHUSUTY IJIOI0YiCTD, OCKIIBKM JIIIiIN BifirpaloTh BaXK/INBY POJIb Y PO3-
MHO>XEHHI KiCTKOBUX pMO fAK JPKEpe/no eHepril Ta MONepeHMKN CTepoifis
[34].

AHaji3 OTpMMaHMX pPe3y/IbTaTiB IIOKa3aB, IO y CTaHi aKTMBHOI >KNT-
TERIATIBHOCTI iCHy€e 3HaYHA Bapiabe/nbHICTh 3araJIbHOTO BMICTY JIiIifIiB Y TKa-
HVHAX JOCTIIKYBaHUX NPiCHOBOAHMX pub (Tabs. 1). 3a 3pOCTaHHAM I[bOTO
ITOKAa3HMKA JOC/I/PKYBAaHHI TKAHVHY MOYKHA PO3TalllyBaT! B TAKOMY IIOPAJKY:
CKeJIeTHI M’ 513U — 3s510pa —> meviHKa.

Y 3s16pax ZOCTIIKYBaHUX BUAIB pub 3arajbHuiT BMICT JIiMifiB 3a3HaBaB
JNOCTOBIpHMX 3MiH nuiie 3a BIuBy 0,25 mr/nm® ioHiB KOOQJIbTY y LIYKH, A€ iX
BMIiCT — 3MeHIIyBaBcs Ha 39,4 % MOPIBHAHO 3 KOHTpoIeM. 3s10pa € HecIle-
11IiYHOI TKAaHMHOIO IS 3allaCaHHs JIMIfiB, IPOTe IXHA KiTbKiCTh MOXe
3MEHIIYBaTUCh Y LIill TKaHUH] 3a Ail BaXKKUX MeTasis [14].

[TediHKa € BaXK/IMBUM OPraHOM JIIIiTHOrO OOMiHY, /ie IPOXOANTD CUHTE3
CTPYKTYPHUX JIiIifAiB, a TAKOXK Ipolleck AeTOKCUKalil y pub. Ionu kobanbry

Tabnuus 1
Bwmicr saranpHMX TinifiB y TKaHUHAX puo6 3a #il ioHiB K0OaIbTy
(mr/r cupoi TkanuHM, Mtm, n =5)
Bupu pu6 KonTpons 0,1 mr/mm® 0,25 mr/pm®
[Teuinka

Kapacp 17,84+1,13 22,85+0,99* 24,80+1,54*

Myxa 49,84+4,83 53,49+2,99 47,24+4,56
3s6pa

Kapacp 19,84+0,83 19,35+1,53 21,34+0,92

Mlyxa 19,55+0,77 20,31+1,58 11,84+0,77*
M’s13u

Kapacp 13,34+0,92 11,44+0,87* 8,46+0,63*

Myxa 8,77+0,54 10,35+0,47 6,33+0,47*

Tyt i B Tabm. 2—5: * — pisHMIA BiporifHa IOPIiBHAHO 3 KOHTposeM (p<0,05).
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MOJXXYTb JifITU K CTPECOPU, BUK/IMKAIOUM OKMC/IIOBA/IbHII CTPEC i 3aIycKaro-
91 KOMIIEHCaTOpHi MeTabosiuHi aganranii [18]. OrpuMani pesynbratu cBif-
YaTh IIPO FO303IKHNUI XapaKTep BIVINBY iOHIB KOOAIbTY Ha JITiTHNIT CKIaf
HeYiHKM ZOCTiIKyBaHMX BUAiB pu6. CymapHUIT BMICT TinifiiB y mevinii kapa-
cs1 36impimBCs Ha 28,1 ta 39,0 % BiAIOBIZHO IpM KOHIEHTpAIil i0HiB KOOab-
Ty 0,110,25 mr/mm>. Y 1yKY Oy710 BiIMi4€HO TEH/EHIIII0 10 3pOCTaHH JAaHOTO
IOKa3HMKa 3a ii 0,1 Mr/nm’ ioHiB KoOaIbTy Ta 3MEHIIEHH: JI0T0 — 3a BIUIUBY
0,25 mr/gm?. 36i1bIIEHHSA KiIbKOCTI 3arabHUX JIiITiIiB y neviHIi Kapacs 3a fiil
000X KOHIIEHTpallill Ta y neviHni myku — 3a aii 0,1 Mr/IM?, IMOBIipHO, 06y-
MOBJICHO aKTVBAli€l0 aHAOOMIYHUX TIPOLIeCiB y 1ii TKaHMHI Ta Mobini3ariieo
MIIAB /15 afanTUBHMX ITepebynoB MeTabomismy [29].

CyMapHuit BMICT JIIifIiB y M'13aX Kapacs HOCTOBIPHO 3HIDKYBABCA 3a [il
060X JOCTIPKYyBaHNX KOHLIEHTpALlill i0HIB KOOa/IbTy — BifllOBiZHO Ha 14,2 i
36,6 % BiTHOCHO KOHTPOJIbHUX 3HaYeHb. Y M’s3aX II[YKU Iieil TIOKa3HMUK 3MEH-
mBcs Ha 27,8 % nuite 3a BBy 0,25 Mr/pm’ ioHiB Metany. O4eBUHO, 1110 32
iHToKCMKanii ioHaMy K0OaNIbTy Ma€e Miclie Iepepo3NOfi MiMiIHNX pe3epBiB
MK M’s13aMM Ta TTe4iHKo0. KpiM TOro, 3HVM>KEHH: 3ara/IbHOTO BMICTY JIiIifiiB ¥
M’s13aX MO>Ke OyTV 3yMOBJIEHO aKTMBAlli€l0 i0OHaMu KoOasIbTy JIiNosisy Ta Mo-
6imisani€ero minifiB sK mpKepena eHepril [4].

Ortxe, NMigBUIIEHI KOHIIEHTpalii i0HiB K06a}IbTy MIPU3BOAVIIN JIO Hepe-
posmopiny Ta Mob6inisanii minigHUX pesepsiB, 1110 Nependadae TAKOX 3MiHM IX
(dpakIiltHOTO CKIafly Y TKaHMHAX p1O, A1 MPOTHUAIl TOKCMYHOMY YMHHMUKY.

AHaniz gpakyiiinozo cknady ninioie. Y pesynbrati mocmipkeHHA dpak-
1iITHOTO CKIafy JIimifiB 316ep pub 6y/10 BUABIEHO MifiBUILEHHA BMicTy doc-
¢onininis (PJI) Ha 14,2 % 3a BruuBy 0,1 Mr/gm’ i0HIB KOOA/IBTY B LIyKM Ta HA
19,6 127,3 % 3a fiil 060X KOHI|eHTpalliit MeTany y kapacs (Tabsm. 2). Taki sMiHn
MO>KHA PO3T/IANATY AK afAlITUBHY PEAKIiI0 Opra”isMy Ha IifBUILeHY KOHI[E€H-
Tpalifo ioHiB K06a/IbTY, [0 IPU3BOANUTD 0 CTPYKTYPHMX i PYHKIIiOHAIBHUX
3MiH 6iooriuHux MeMOpaH

3a excriosu1ii mpy 060X KOHLIEHTPAIisIX MeTTy MaJla MicIle TeHAEHIIis 10
3HIDKeHHA BMicTy Tpuanmnriinepornis (TAD) y 316pax o60x BupiB puo, npore
focToBipHMMY Il 3MiHM Oy yuiie 3a #gii 0,25 Mr/gm’ i0HIB MeTany y 3s16pax
myky, komu 49actka TAT sHmkysanach Ha 22,8 %. 3HmkenHsa Bmicrty TAT
MO>KHA pO3IVIAfATY fAK afalTUBHY BilIIOBifb Ha BIUIMB MeTaly, TOMy LIO B
CTpec-yMOBaxX TPUALVIIIILEPOIN € YHIBEPCATbHUM KEPEIOM €HEprii, He-
00XiZHOI /1 MOM AKIIEeHHA TOKCUYHOI il ioHiB MeTamis [1].

Bwmict xonectrepony (XJI) sHmKyBaBcs y Kapaca Ha 13,21 12,4 % Ta y mykn
Ha 21,6 i 24,3 % BigmoBifHO 1Py 060X OCTIIKYBAaHNX KOHI[EHTPALliAX i0HiB
MeTaJTy. 3MeHIIeHH: KiTbKOCTi IIbOT0 KOMIIOHEHTY 6iimigHoro mapy Ta of-
HOYacHe HaKonu4eHHs GpocdoimifiiB, IMOBIPHO, CIIpuUsie 30i/TbIIEHHIO TUINH-
HOCTi 6inimigHOro HIapy, o Befie KO 3POCTAaHHA PETyIATOPHOI aKTMBHOCTI
iHTerpanbHKX 6iKiB MeMOpaHu KtiTuH 3516ep pub [38].

3s16pa 6esnocepeHbO MiAAATHCS BIUIMBY METAIIB, 1110 MOYKe IOTipLINTH
cuHTe3 ninifiB abo x mocwmuty ix karabomism. TAT i XJI mMoxyTp 6yTn
MO006ini3oBaHi A1 TOTO, 11106 3aJOBONBHUTI eHepreTyYHi noTpebu abo peary-
BaTM Ha CTPYKTYPHi ITOIIKO/PKEeHH, BUK/INKaHi okucHUM ctpecoM [11]. Taxk,

78 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2025. 61(4)



Bnnue nidsuuiernux koHuenmpayiti ionie K06anvmy Ha 6Micm HeNnoAAPHUX N1inioie

3a qii BuIoi KoHIeHTpanii Metany (0,25 Mr/aM’) CrocTepiranocst FOCTOBipHe
3pOCTaHHA 9acTKM HeecTepudikopanux xupHux kucnot (HEJKK) y kapaca Ha
5,3 % Ta y uykn Ha 6,9 %, 1110, 04eBUIHO, 3yMoBiIeHO rifgpomisom TAT i XJI.
Bumict monoanmnriineponis (MAT) ta guanynrninepornis (JJAT) B 3s26pax pu6
IPaKTUYHO He 3MiHIOBaBC:A y JOCTIJHUX IPYIIaX 00 KOHTPOJIIO 32 BUHATKOM
3s16ep 1yK, me 3a 3a fiii 0,25 Mr/pm° ioHiB K0b6anbTy KimbkicTs [JAT 3pocTana, a
yactka MATI sHIKyBamacs.

AHajti3 pe3ynbratiB QpakIilfHOTO CKIay JIiMifliB MeYiHKM oka3as (Tab.
3), 1110 3a BIVIMBY 000X OC/II/KyBaHMX KOHIIEHTpPaL[ill KOOA/IbTy y Kapacs Ta 3a
nii 0,25 Mr/mM’ i0HIB MeTaly — y YKV BCTAHOBJIEHO JOCTOBipHE 3HVDKEHHS
smicty @JI BignosifHo Ha 16,7, 14,5 i 8,2 %. PJI € BaXXIMBUMU CKIaJOBUMMA
KTTMHHOI MeMOpaHM, i 3HVDKEHHS IXHBOTO BMICTy MOKe OyTM HacIiKoM
BIUIMBY MeTayly Ha ii apxiTekTypy [34].

Taxox cnip BigmiTuTn sMenmenns smicty TAI y renatonurax Kapacs 3a
BruBy 0,1 mr/ o K00abTy Ha 17,6 % Ta y yKM 3a KOHLIeHTpaliil 0,25 Mr/ oM
MeTany y Bofi Ha 25,2 %.

OmnocepenkoBanuM mnipTepmxeHHAM gectpykuii @JI ta TAT kmitun me-
9iHKM pu6 € 3arajbHa TEHAEHIIis 0 HAKOIMYEHHs KiHI[eBUX IIPOAYKTIB Tifi-
ponisy nporo npouecy — HEXXK ta MAI. Tak, y kxapaca i myku 3a pii
0,25 mr/gm’ ioHiB Ko6anbTy BigMiveno 3pocranss yactku HEJXKK BigmosingHo
Ha 5,1 Ta 15,5 %. Kinbkicts MAT 3poctana Ha 49,3 % 3a z1ii 0,1 Mr/gm’ y Kapacst
TaHa 39,0191,7 % — 3a Aii 060X FOCTIIHKyBaHNX KOHLIEHTPAIlill i0HIB MeTary y
myku [33].

Tabnuus 2

OpaxkuiiiHnit CKIaf HeMOLAPHUX MiifiB 3516ep puob 3a #il ioHiB K06aIbTY
(%, M+m, n=15)

Bupn pu6 ‘ TAT ‘ HEXK OAT ‘ XJ1 ‘ MAT ‘ dJ1
Kapacp
Kontponb 20,18+ 36,97+ 7,90+ 12,20+0 6,64+ 16,12+
0,28 0,22 0,34 »45 0,51 0,47
0,1 mr/pm’ 18,22+ 38,02+ 8,00+ 10,58+ 6,78+ 18,41+
1,30 1,60 0,20 0,30% 0,23 1,00%
0,25 Mr/mv® | 19,02+ 38,93+ 7,96+ 10,69+ 6,91+ 16,49+
0,46 0,58% 0,27 0,28% 0,07 0,15
Hlyxa
KonTponb 20,98+ 34,36+ 2,57+ 13,38+ 4,68+ 24,03+
0,41 0,31 0,15 0,24 0,46 0,93
0,1 mr/am’ 19,32+ 34,83+ 2,35+ 10,49+ 4,26+ 28,74+
0,56 1,11 0,13 0,56% 0,36 1,12*
0,25 Mr/mM® | 16,20+ 36,72+ 3,17+ 10,13+ 3,20+ 30,59+
0,43* 1,10* 0,17* 0,38* 0,11* 1,11*

[Ipumirtka. TAT — rpranmirininepony; HEJXKK — HeecrepudikoBani )upHi Kucnory;
JAT — pranynrninepony; XJI — xonecreporm; MAI' — moHoanyrnineponyu; ®JI — doc-
domimign.
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3minn yactku XJ1 3a #ii ioHiB K06anIbTy HOCATD BUmOCHEMBITHNIT XapaK-
Tep. 3a BIUIMBY 000X JOCIIPKyBaHMX KOHIIEHTpAIliil MeTaly B Kapacs BCTa-
HOBJIEHO OoCTOBipHe 36inbiienHsa Bmicty XJI Bigmosigno Ha 30,3 Ta 23,8 %.
Taxki 3MiHU KOHIIEHTpaLil JaHOTO JIiMiAy y HediHi pub, IMOBipHO, HeOOXifHI
Uis1 3a0e3ledeHHs 3pOCTaHHs B'SI3KOCTI JIimifHOrO 6imapy MmeMmOpanuy, 3 Me-
TOI0 3MeEHIIIeHHs 10r0 TPOHUKHOCTI [yis ioHiB Co*'. Ampxke XJI € BXXIMBUM
KOMITOHEHTOM K/TiTMHHMX MeMOpaH, 1[0 CMHTe3YEThCA Y BiAIIOBib Ha cTpec-
XK CIIOCTepiranocs sMeHIeHH:A yacTky XJI Ha 23,6 % 3a 1ii 0,25 mr/mom? MeTary.

BuB4eHHs 3MiH MiIiAHOTO CHeKTpPy M's13iB pub 3a il iOHIB BaXKKMX Me-
TaJIiB Ma€ BayK/IMBe IPAKTUYHE 3HAYE€HHs, TOMY 110 puba € I[iHHIM Xap4OBUM
npopyktoM [19]. AHazis pe3ynbpTaTiB I10Ka3as., 110 Cy0/IeTanbHi KOHIIEHTpaIil
ioHiB K00Oa/IbTy CYTTEBO BIUIMBAIOTH i Ha (PPaKUifHUI CKIaJ HEMOJAPHUX
ninifiB y M’sas3ax pu6 (tabm. 4). 3a aii 060X JOCTIIKYBaHNX KOHIIEHTpaLill Me-
Ty y M A3aX Kapacs MV BUABIIN 3MeHIIeHHA BMmicty OJI BignoBigHO Ha 11,6
16,8 %.

Yactka ¢docdominifiB y M’sA30Bilt TKaHMHI myky Oyra BUINOK, HDK Y
IHIIMX TKaHMHAX pub, BKIIOYHO i3 M’s13aMu Kapacsi. Bogrnouac 3a iii 0,1 mr/om’
K0OaIbTy y M AI3aX IIYKU CIIOCTepiranock 3pocranus Bmicty ®JI Ha 7,3 %. Ta-
KOXX BiMiueHO 3HIDKeHHS KinbKocTi [IAL Ha 43,6 Ta 35,3 % BifgmoBigHO 3a mil
0,1 mr/pm’ i 0,25 mr/am’. O3HAKOIO JIMONI3y Ta Mepepo3NOAiNy MMiIHUX pe-
cypciB € 3menmenHA Kinbkocti TAI' y kapacsa Ha 8,6 % 3a pii 0,1 mr/am® Ko-
6anpTy Ta y mykn — Ha 15,31 9,1 % 3a BIUIMBY 000X MiIBUIIEHNX KOHILIEHT-
paniit Metany y Bogi. IlifTBep/I>KeHHAM IaHOTO IIPOLIECY € TAKOXK 3POCTaHHA
vqactkn HEXKK y pn6, sik npopykTiB epMeHTaTMBHOTO Tiffpo/i3y 3a3Ha4eHNX

Tabnuus 3
DpakuiliiHnil CKIaf HeMOMAPHMX MiNifiB meyinky puo 3a Aii ioHiB K06anbTY
(%, M+m, n =5)

Bupn pu6 TAT HEXK IAT XJI MAT DJI
Kapacp
KouTtpomnp 17,98+ 41,22+ 2,33+ 8,32+ 5,94+ 24,22+
1,01 1,43 0,21 0,69 0,41 0,59
0,1 mr/pm? 14,81+ 42,84+ 2,47+ 10,84+ 8,87+ 20,17+
0,74* 0,80 0,12 0,43* 0,86* 0,76*
0,25 mr/mm? 17,87+ 43,30+ 2,12+ 10,30+ 5,69+ 20,71+
0,31 0,62 0,05 0,64* 0,55 1,06*
Mlyxa
KonTpons 21,00+ 44,17+ 1,88+ 598+ 2,05+ 24,92+
2,05 0,80 0,10 0,57 0,13 2,22
0,1 mr/pm? 21,32+ 42,20+ 1,95+ 5,46+ 2,86t 26,22+
2,13 0,93 0,19 0,36 0,28 1,56
0,25 mr/pm? 15,71+ 51,00+ 1,91+ 4,56+ 3,93+ 22,88+
1,02* 2,00* 0,03 0,45 0,31* 1,12
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suie mimigis (PJ1 i TAT). Bmict HEXKK y kapacs 3poctas 3a fii 0,1 mr/am’ ta
0,25 mr/am’ ioniB Co** BifnosigHo Ha 25,1 i 22,6 %, y LyKu 3a BIUIUBY BUILOI
KOHIIeHTpalii TOKCMKaHTy — Ha 8,3 %. BogHo4ac ¢i1if 3a3Ha4N TN 3SMEHIIEeHHA
piBHsa MAT y m’sa3ax kapacs Ha 20,1 % 3a pii 0,25 mr/mm’ MeTay.

IligBuiieHHA aKTUBHOCTI /1illa3y MOJKe IIPMU3BECTY [0 3HMKEHHA 3aralb-
Horo BMmicTy nminifiB i 36inbuenns BMicty HEJKK 3 MeToro BuKOpucTanH: IX K
eHepreTUYHNUX PeCyPCiB /Il IIOM SIKIIEHHs CTAHY TOKCUYHOTO CTPECY, BUK/IN-
KaHOTO BIUIMBOM MeTany. Tak, y TKaHuHax nabipunroBux pub (Anabas testu-
dineus) Bigmivanocst 3HVYDKeHHsI piBHs mimifiB i 36inpuenss pisas HEXK sa
BIUIMBY IeCTUIMIB i BOKKMX MeTa/liB Ha OpTaHi3M [34].

3minu Bmicty XJI y M’A3ax pub 3a iHTOKCMKaIil ioHaMM KO6a/lIbTy Mamn
HacamIiepes; BunoBy crenudiky. Tak, mano micie migBumenHs yactku XJ1 y
Kapacs Ha 14,7 % 3a BBy 0,1 Mr/gm® MeTany Ta 3HVDKEHHS KOHIIEHTpAIil
IIbOTO CTEPOJTY Y M fI3aX IyKu Ha 33,8 Ta 33,4 % 1o0 KOHTPOIO Ipu 060X
KOHIIEHTPAIisX i0HiB KOOA/IBTY Y BOJI.

3rigHoO pe3y/nbTaTiB HOCTIKEeHb aBTOPIB [26], ioHNM K0OaIbTY 3MiHIOBAIN
MeTabos1isM crepoiB y Mifii M. galloprovincialis. 111 sminu 3ane>xany Biff KOH-
LeHTpallii ioHiB K00a/IbTy Ta 3abe3IedyBaIN 3HVDKEHHS IIKiI/IMBOTO BIUIUBY
ioHiB 1jporo merainy. Bigomo, mo XJI, six crepon 3i cienudivHO0 CTPYKTYPOIO,
3HIDKY€ IPOHMKHICTD KIIITMHHOI MeMOpaHu [26].

CnisgiOHoweHHs xonecmeposny 00 gocgoninidie y mxanuHax xkapacs ma
wgyku. IleBHI perynATOpHI MeXaHi3MM K/IiTMHM KOHTPOJIITbH IUIMHHICTh
MeMOpaH LUIAXOM 3MiHM CITiBBiTHOIIEHHS OKpeMux KiaciB mimigis. [Tigsu-
I[eHHs BMICTY XOJIeCTepOJTy B K/IITMHHUX MeMOpaHax MiIBUIIYE TEMIIEPATYPY
I1aB/IeHHs ixHboro gocdorminignoro 6imapy [1]. [Tpu npomy ciBBifHOLIEH-

Tabnuuys 4
@pakuiiiHuil CKIaj HeIOAPHMX NilifiB M A3iB pu6 3a aii ioHiB K0b6anbTY
(%, M+m, n =5)

Bupnu pu6 TAT HEXK JAT XJ1 MAT DJ1
Kapacp
KonTponb 31,56+ 22,95+ 2,65+ 6,02+ 5,86+ 30,97+
0,74 1,49 0,11 0,15 0,23 1,75
0,1 mr/pm? 28,83+ 28,70+ 2,51+ 6,91+ 5,67+ 27,38+
0,85* 0,45% 0,15 0,24* 0,30 0,87*
0,25 mr/mm? 32,53+ 28,14+ 2,61+ 6,27+ 4,68+ 25,78+
0,36 0,44* 0,09 0,35 0,21% 0,78*
Mlyxa
KonTponb 17,96+ 21,68+ 2,01+ 3,25+ 1,95+ 53,15+
0,47 0,51 0,06 0,05 0,13 1,35
0,1 mr/pm? 15,21+ 22,65+ 1,13+ 2,15+ 1,83+ 57,02+
0,34* 1,33 0,06% 0,11% 0,11 1,30*
0,25 mr/mm’ 16,32+ 23,47+ 1,30+ 2,17+ 2,04+ 54,70+
0,32% 0,43* 0,09% 0,09% 0,15 0,90
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Hs Xonectepon/docdorniniay B TkKaHMHAaX pub 3MIHIOETHCS 3aIeXKHO Bij BULY,
a TAKOXK TUITY TKaHVMHIY i € BOXK/IMBUM IIOKa3HMKOM TEKY4OCTi MeMOpaHH, 1110
XapAKTEPU3Y€E CTaH OPraHisMy i JI0ro 3JaTHICTh aflaiTyBaTHCA O 3MiH Y Ha-
BKO/IMIIHbOMY cepemoBuili. YnucnenHi ¢yHkuii KTiTMHHMX MeMOpaH 3aie-
JKaTh BiJl IXHbOI IVIMHHOCTI, a IVIMHHICTb, y CBOIO Y€pTry, 3a/IeKNUTh BiJl CIIiB-
BifHOIIeHHA Pocdonimniais i xonecreporny [38].

AHarti3 pe3ynpTatiB Hokasas (Tab1. 5), 110 y 3516 pax JOCKYBaHUX BUIIB
pub Mano Miciie 3HIDKeHHs criBBigHomeHHs XJI/®JT 3a nii 0,1 i 0,25 mr/gm’
ioHiB kob6anbTy Ha 24,0 i 14,3 % y xapacs Ta Ha 34,4 i 40,5 % y myKku.

3s6pa 060x BuAiiB p1b Ge3mocepeHbO MiAAI0ThCS BIVIMBY i0HIB KOOaIb-
Ty, a IXHs pO/Ib y AMXaHHI Ta ioHOperyLil 3abesnedye MOAiOHY aganTUBHY
BiJITIOBi/ib, LIJO IPU3BOAUTD O 3HIDKeHHA criBBigHOmeHHA XJI/DJI. 3a Brn-
BY 000X JJOCTII/PKyBaHNX KOHIIEHTpAIliil i0HIB KOOa/IbTy y Kapacs JaHUil Ho-
Ka3HUK JIOCTOBIpHO 3pOCTaB BifnoBifHO Ha 58,81 47,1 % y nedinui Ta Ha 31,6 i
26,3 % y M’s13aX, 1110 MO>KHA PO3IJIANATY AK aallITUBHY BifilIOBi/ib Ha 3pOCTaH-
HA KiIBKOCTi MeTajly y BOGHOMY cepefioBui. I3 niteparypu Bifomo, mo 36i1b-
meHH:A cniBBigHomeHHA XJI/®JI npusBoguTh 10 yli/IbHEHHA I/Ia3MaTUYHOI
mMeMOpanu [27], Mopy ALl akTMBHOCTI MeMOpaH-3B’si3aHMX epmeHTiB [8] Ta
3MeHIIIeHHsI IPOHUKHOCTI 11 ij1s1 i0HiB MeTaniB [16].

Y TKkaHMHaX LyKM, HaBIIAKM, CIIOCTEPIraocs 3MeHIIEHH CIIiBBiJHOLIEH-
Ha XJI/®J1 Ha 12,51 16,7 % y medinmi ta Ha 33,3 % y M’s13ax 3a fiii MeTaIy y KOH-
ueHTpauii 0,1 i 0,25 Mmr/mm?>. Opep>kaHi faHi BKa3yloTh Ha 30i/IbIIEHHS TUIVH-
HOCTi MeMOpaH y TKaHMHaX pub Ta peryIATUBHOI akTMBHOCTI ¢pocdoninifis y
ixupoMy ckazi [32].

BigminHOCTI y minifHUX mpodinax mediHky Ta M A3iB MK KapaceM i Iiy-
KOI0 BifoOpakaroTh MeTaboO/IiuHi 0COOMMBOCTI OKpeMMX BUJIB pub Ta iXHIO
pi3Hy peaxIlifo Ha cTpec, BUK/IMKaHMiT KobanbToM. OpraHism kapacs € 6inbI
TOJIEPAaHTHMM JIO CTPECOBMX YMHHMKIB HABKO/IMIIIHBOTO BOJHOTO CEPEJOBMILA
i peanisye crparerito Hakonm4eHHs XJI B nmeuinni Ta M’A3ax mjs crabimisanii

Tabnuuys 5
CuiBBigHOIIEeHHA X0TecTepory Ta ¢pocdonininis y TkaHmHax puob 3a fii ioHiB
Kobanbty (M+m, n =5)

Bupu pu6 Konrponb 0,1 mr/om3 0,25 mr/pm®
[Teuinka
Kapacp 0,35+0,04 0,54+0,04* 0,50+0,04*
Myxa 0,28+0,05 0,23+0,03 0,20£0,02
3s6pa
Kapacp 0,76+0,04 0,58+0,04* 0,65+0,02*
Mlyxa 0,55+0,03 0,34+0,02* 0,33+0,03*
M’s13u
Kapacp 0,20+0,02 0,25+0,01* 0,24+0,01*
yxa 0,063+0,003 0,037£0,002* 0,040+0,002*
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MeMOpaH i 60poTbOU 3i cTpecoM. Y IIyK, K XVyKaKa 3 BUIIOI0 IIBU/IKICTIO Me-
Tabosni3My, BigMidaeTbcsa nocwieHnit posnaz XJ1 iia popgyKyBaHHSA eHepril.

BucnoBkn

Taknm 4nHOM, 3MiHU B TinifHOMY 1IpO(iNi TKaHMH pKb 3a1eXKaTh HacaM-
nepeq Bifi Buy pu6, KOHIIeHTpallil ioHiB K0OaIbTy Y BOJi Ta 4acy eKCIIO3MIIiI.
VIMOBipHO, 11i 3MiHM TIOB’s3aHi 3 MOETHAHHAM OKUCTIOBATbHOTO CTPECy Ta
afANTallilHNX peaKliil Ha iHAYKOBaHYy METa/IOM TOKCUYHICTb.

3a il ioHiB K0OA/IBTY BiMiueHO 3ara/jbHy TeHIEHIIO IO 3pOCTaHHS 3ara-
JNIbHOI KiIbKOCT] imifiiB y mevinii pu6 Ta ii 3SHYDKeHHA y M 534X, 1[0 3yMOBJIEHO
IIepepO3IOAIIOM JITIJHNX pe3epBiB.

Y meuinui pu6 sminn ¢paxuiitHoro ckrafy inifis 3a aii ionis Co** 6ynn
pisHOCTpsAMOBaHVMY i Ma BUOBY crienniky. BigmiueHo smeHIIeHHSA YacT-
kn Qocdorminifis i TpuanMIIIineporiB, 3poOCTaHHA BMICTY XOTeCTepoly Ta
IPOAYKTIB Tifpoi3y /imigiB (MOHO-, AMAIVIITiLIEpOsIiB Ta HeecTepudikoBa-
HUX )KMPHUX KUCIIOT).

3MiHy B nimigHux npoginax 3s6ep Oymu 6ibLI Bif4yTHUMM Yy LYK,
0COo0/IMBO 3a BUCOKMX KOHIIEHTpalliit ioHiB kobanbty (0,25 Mr/mM?): 3pocTaH-
HA BiZIcCOTKOBOTO BMicTy pocorinifis, HeecTepndpikoBaHUX XUPHUX KUCIIOT,
IVALVITIEPOTiB Ta 3HIDKEHHA — XOJIECTEPOITY, TPUALM/IIILEPOIIiB Ta MO-
HOAIWIITIiLepoiB. ¥ 3516 pax Kapacs BijMiueHO 3HVDKEeHHS Ki/IbKOCTI XomecTe-
po/ly Ta TEH[EHII0 10 3POCTAaHHA INPOAYKTIB Tifposi3y mimifiB — MOHO-
aryIrIineposiB Ta HeecTeprPiKOBaHUX XUPHUX KUCTIOT.

3MiHV BMICTy HeNO/IAPHMX JIMiAIB y M's3aX pub 3a iHTOKCuKalii ioHamMu
KOOQIbTy Ma/IM CIIIIbHI TeH/EeHI{l: 3HVDKEHHs BMICTy TPUALMIILEpOIiB Ta
3POCTaHHA YaCTKM HeeCTepU(piKOBaHNX KVPHUX KUCIOT. Y M A3aX IIyKu Oy1o
BiZIMi4€HO TAaKOX 3HVDKEHHA YacCTKY XOJIECTEPOJIY Ta AMALVIIIIILEPONB, a y
Kapacsa — 3HIDKeHHA QocdoinmifiB 3a 060X KOHIIEHTpaliil Ta MOHOAIWI-
rineporis — 3a 0,25 Mr/gm° i0HIB KOOAIBTY.

CriBBigHomeHH: Xonecteposn/docdoinian y TkaHMHaX pub 3a #Aii ioHiB
KOOQ/IbTY 3a/I€KHO Biff By pub Ta TMIy TKaHUHU. Y 3510pax pub mMaso Micie
3HMKeHHs cniBBigHowmeHHs XJI/®JI 3a f1ii 000X KOHILIEHTpAllill MeTany 5K y
Kapacs, Tak i y mykn. 3a BIUIMBY iOHiB K0Oa/IbTy y IeUiHI[i Ta M'3aX Y Kapacs
JlaHNII TOKA3HMK JOCTOBIPHO 3pOCTaB, 10 IPU3BOAWIIO [0 YI[i/TbHEHHA T1/1a3-
MaTMYHOI MeMOpaHU Ta 3MeHIIeHHA IIPOHUKHOCTI 1i /141 i0HIB MeTatiB.
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INFLUENCE OF ELEVATED CONCENTRATIONS OF COBALT IONS ON THE
CONTENT OF NON-POLAR LIPIDS IN FRESHWATER FISH TISSUES

The content of total lipids and their individual non-polar fractions in the gills, liver,
and muscles of crucian carp (Carassius gibelio Bloch.) and pike (Esox lucius L.) under the
influence of 0.1 mg/dm® and 0.25 mg/dm’ cobalt ions was studied. It has been established
that the dynamics of the lipid profile in fish tissues under toxic influence depend on the na-
ture and concentration of the metal in the water, and also has species and tissue specificity.
A general trend towards an increase in the content of total lipids in the liver of fish and their
decrease in the muscles was noted, which is due to the redistribution of lipid reserves. In the
liver of fish, a decrease in the proportion of phospholipids and triacylglycerols, an increase
in the content of cholesterol and lipid hydrolysis products was detected. Changes in gill li-
pid profiles were more pronounced in pike, especially at high concentrations of cobalt ions
(0.25 mg/dm?). Changes in the content of nonpolar lipids in fish muscles during intoxicati-
on with cobalt ions had common trends: a decrease in the content of triacylglycerols and an
increase in the proportion of non-esterified fatty acids. Both in crucian carp and in pike,
there was a decrease in the cholesterol/phospholipid ratio in the gills under the influence of
both concentrations of cobalt ions, while in the liver and muscles this indicator significant-
ly increased only in crucian carp.

Key words: crucian carp, pike, lipids, cobalt.
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EKCIIPEC-OIITHKA PO3BUTKY OBPOCTAHb Y
TEXHIYHUX CUCTEMAX TA B
EKCIIEPMMEHTAJIbHUX YMOBAX

Posensrymo Hosi memoOuuri nioxoou 00 OUiHKU PO3BUMKY Yepyno8aHv nepugimony,
W0 cMeopII0ms 00POCMAHHS 8 MEXHIYHUX CUCEMAX 6000NOCINAYAHHS, A MAKOXH O7IA
OUIHOK eeKmMUBHOCI HeOOPOCTNAOUUX B/IACTNUB0CIEL] eKCHEPUMEHMATIbHUX 3AXUCHUX
nokpummis. IIposedeno anania pesynomamis 00CniOHeHb eKCHEPUMEHMATLHUX CYOCH -
pamis 6 samoyi Kaniscokoeo 60docxosuwia (p. Juinpo). Beedero nousmms gopmynu 06-
pocmany, w0 003801UN0 YHIPIKYSAMU ONUC MA XAPAKMEPUCIUKY 00POCMAHb 68 HeBHUX
ymo8ax. 3anponoHosaHi mMemoouuHi nPpUtiomu Moxymo 6ymu eukopucmaui 6 2iopo6io-
JI02i4HOMY MOHIMOPUHEY MEXHOEKOCUCTNEM, 6 eKCNePUMEHMANLHUX O0CTIONEHHAX Cmo-
COBHO PI3HUX 3aX00i6 0OMeNeHHA 00POCIMAHHSL.

Kntouosi cnosa: nepugpimon, obpocmants, excnepumenmanvti cybcmpamu, gopmy-
714 06POCMAHHS, AHMUOGPOCMAIo®i HOKPUMINS, MEXHOEKOCUCTEMA.

[Ipobnema o6pocTaHHA TifPOCIIOPYH, I/IaB3acobiB, CUCTeM BOJOIOCTA-
YaHHs Ta BOJOMIArOTOBKM f0Ope BioMa B NMPUKIAZHIN i TexHiuHiN Tifpo-
6ionorii [3—6, 8]. ¥ mani po3pobneHHs 1ii€l mpobreMy MOXXHa BUUIUTU
Ki/IbKa HANPAMIB i KIFOYOBUX MMUTaHb. [X MOXKHA CPOPMYIIOBATY TAKUM Y-
HOM:

— OljiHKa Ki/IbKiCHOTO PO3BUTKY, AMHAMiK1t (OPMyBaHHS YIPYIIOBaHb;

— BUABJIEHHA OI0TMYHMX B3aEMOIii1 y 6io11eHO3aX, TOIEPAHTHOCTI TUX 41
iHmux opranismiB, o o6pocTalTh 40 GaKTOpPiB cepeOBMIIA, BKIIOYHO 3
(dakTopaMy, OB’ A3aHUMIU 3 eKCIUTyaTalli€l0 TEXHIYHUX CUCTEM;

I urysanus:IIporacos O.0., Mopososcbka [.O. Excripec-oljiHka po3BUTKY 0OpOCTaHb
B TeXHIYHNUX CHUCTeMaX Ta B eKCIIePUMEHTA/IbHUX yMoBaX. [idpobion. xypu. 2025. T. 61,
Ne 4. C. 87—98.
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— po3po6/IeHHs 3aX0/IiB 3 KOHTPOJIIO 32 0OPOCTAHHAM, 3HVDKEHHS IHTeH-
CMBHOCTI OOPOCTaHHsI SIK OKPEMUMM TigpobioHTaMM, TaK i PO3BUTKOM ILijTic-
HUX 6i0LIeHO3iB;

— po3po06ieHHsI METOMIB i 3aXOfiB 100 MiABUILEHHSA 610MO3UTUBHUX
edekriB (iHTeHCHbiKalis mpolleciB caMOOYNIIIeHHST, OTPUMaHHS 6iopecypciB)
3aBJISKU JisVIBHOCTI OpTaHi3MiB 06pOCTaHHST;

— pO3pO6IeHHsT METO/IB Ti[POOIOIOTIYHIX JOCII/KEHD, 8 TAKOX MPaK-
TUYHUX eKCIIPeC-MeTOMIB OL[iHKM SAKICHUX i KIIbKiCHMX XapaKTepPUCTUK 00po-
CTaHHA AK y IPUPOJHUX YMOBAX, TaK i B YMOBAaX TEXHOEKOCHCTEM.

HocnimkeHHs opraHisMiB i yrpynoBaHb epu@iToHy K OKPeMOro eKoJIo-
rO-TOIIYHOTO YIPYIIOBaHHS IilpOOiOHTIB, @ TAKOXX 0OPOCTaHHS K TeXHIYHO-
ro sIBUIIIA B3a€EMOJIil TEXHOEKOCUCTEM 3 TiIpo6iOHTaMM MAIOTh JOCUTD JOBTY
icropiro [2, 6].

Meropu nocnifkeHHs 06pocTaHHs pisHOMaHiTHI [1, 11], mpoTe BoHM J0-
CUTD TPYAOMICTKi Ta BUMAralTh JOCTaTHbOI kBanmidikanii ¢paxiBuis, TOAi K Ha
IpaKTuli icHye HeoOXifHiCTD IIBMIKOI Ta a/IeKBATHOI OL[iHKM PO3BUTKY 00pO-
CTaHHA, [0 MOXXe OyTV KOPVICHUM JJIf PO3B’s3aHHS 3aBJlaHb, 3a3HaYEHUX
Buie. Ham 6araTopiuynmii focBig B3aeMopii riffpo6iosnoris i paKkTUKiB y ramy-
34X eHepreTHKI Ta BOJOIOCTAYaHHs [10Ka3aB, 110 iCHye HeOOXiHICTb po3po6-
JIEHHS JOCUTD IPOCTUX i eeKTUBHUX iHPOPMATUBHUX METO/iB OLIiIHKM 06pO-
CTaHHA 3a BiICYTHOCTI y TeXHIYHUX IPalliBHUKIB 6a30BMX rigpobionoriynmx
3HaHb. KpiM TOTrO, B rifp06i0M0rivHNx JOCTiIKEeHHAX YacTO HeOOXiTHO TPo-
BeCTU IOIepeHill eKcIpec-aHasi3 mepey OIMbLI [ieTaTbHUM, MOTTNOTEHUM
rifipo6i0/IoriyHNM BUBYEHHAM.

Mertoto fanoi po60oTH 610 PO3POOUTI METOJ, eKCIIPeC-OL[iHKU PO3BUTKY
006pOCTaHHA B Pi3HMX YMOBAX, BK/IIOYHO 3 OL[iHKOIO e(peKTUBHOCTI 3aX0/iB 3i
3HIVDKEHHA HETaTVBHOTO BIUIVMBY OOPOCTaHb.

Marepian i MeTOgMKa FOCITiI)KEHDb

SIx matepian g po3pobKy MeTOAMYHMX IIAXOAIB 6yI0 B3ATO faHi goc-
nimpxenb 2024 p. Ha KaniBcbkoMy BofocxoBuli. JlocimkeHHA IPpOBOAIN B
OJIHil1 i3 3aTOK BOIOCXOBMUIIIA HIDKYeE 32 Tedi€elo Bif M. KneBa, y pajioHi octposa
Boguukis (50°20'28.78"C, 30°35'21.56"B).

3rifHO 3 HAIMMU IONEPefHIMI HaHUMM, BiHIIUIACT B AKOCTI CyOCTpaTy
UL eKCIIEPMIMEHTIB MOYKHA BUKOPUCTOBYBATH! AK KOHTPOJIbHMII, TOMY 110 Ha
HBOMY OYJI0 3apeecTpOBaHO HailOi/IbIll IHTEHCMBHUII PO3BUTOK OOPOCTaHHS
[7,9, 10]. CybcTparom 3 HaitbiIbII aHTHOOPOCTAIOYNMIA BTaCTUBOCTAMY Oy1a
OLIMHKOBAaHa CTa/Ib (jai — IVHK), TOMY B JAHOMY €KCIIEPYMEHTi M} BUKOPU-
cranu ui cy6ctparu. Kpim Toro y 2024 p. 6y BUKOPUCTaHi CyOCTpaTH 3 aHTH-
06pOCTaloYMM MOKPUTTAM, 3 BMiCTOM Y ocHOBHIiT pap6i I1D 11511 ynpeneHo-
Boi kucnotu 7 % (Und7%)’, a Takox cybcTpaT, moKpuTi yncromwo (6e3 fo-
mimok) ¢ap6oro IIP115I1.

! Pospobka Incruryry 6ioopraniuxoi ximii Ta Hadroximii im. B.II. Kyxaps HAH
Ykpainu, OTpMMaHuit MaTepian BUIPOOYBaHb OLIBII PeTeIbHO 06PO6TISIETHCSL.
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Excnpec-oyinka po3sumxy 06pocmanv 6 mexHiuHUX cucmemax

ITocraHoBKa cTeHAIiB Oyna mpoBefeHa 24 TpaBHA 2024 p., 3i10MKa — Ha
31-, 61-, 91-mry, 118-1y Ta 178-my 00y. TeMmepaTypa Boay KonmBaaacs Bix
7,5 °C (y mucromnazi) o 28,6 °C (y numHi).

CTeHp I eKCIIOHYBAaHHA IUIACTUH ABJIAB COOOI0 METaJIeBy paMKy pos3-
Mmipom 40x40 cM 3 KriTMHKaMu po3MipoMm 10x10 cM, B KOXHill 3 AKMX Oy10
3aKpiIIeHO [0 TPM eKCIIePUMEHTAIbHUX cybcTpaTa po3mipom 2,5x8 cm. Ha
CTeHJi cybcTpaTy BUBiIIyBasy 3 60pTy 6apiKi, y BepTuKanbHil opieHTanii. ®o-
Todikcaniro Ta Bigbip mpo6 mpoBoamm 3 060X CTOPiH cyOCTpaTy: 3 3aTeMHe-
Hoi cropony (B 6ik TiHi Biff 6ap>ki, cTopoHa cydcTpary A) Ta 3i cBiT/I01 CTOpOHM
(cropoHa B). B ogHOMY psARy cTeHfa i KOXXHOTO TUILY cydcTpaTa 6y/Io mo
12 mpoHyMepOBaHMX IJTACTUH.

I cratmcTnyHNMX 0O6paxyHKiB Ta rpadiyHOTO IMpecTaB/IeHH JaHUX BY-
KOPMCTOBYBaIM porpamunmit maker Microsoft Excel.

Pe3ynrbTaTi JOCTigKeHD Ta iX 00TOBOpeHH:

[TepmimM KpOKOM OIIiHKY PO3BUTKY OOpOCTaHHSA Mae OyTM Bi3yaTbHMI
OIJIAJ] 3 TIOZA/IBIIVM ONMCOM. BiH MOXXe IPOBOAUTICH SIK HA HATYPHOMY Ma-
Tepiai B HOTbOBMX YMOBaX 260 B yMOBaX CYCTeM BOJOIIOCTAYaHHS, TaK i Mic/Is
ornany 3a porosnimkamu (puc. 1—3). HasasHictb ¢pororpadiit obpoctanb Mae
OyT11 060B’I3KOBOIO /11 IPOTOKOJTY OL[iHKM OOPOCTAaHH SIK 6i0MOriYHMX IIe-
PELIKOf.

Y nmomnepenHix KoCTimKeHHAX [7, 9, 10] My BUKOpUCTOBYBamm BepbanbHy
cxeMmy omnucy obpocranHa. Hanpuknaz, o6pocranHs, mo GopMyBaics Ha eK-
CIlepUMeHTa/IbHUX cyocTpaTax Ha Binimtacrti ta Und7% (zuB. puc. 2, 3) Mo>xHa
OIIMICAaTV HACTYIIHUM YMHOM (Tabm. 1).

SIx BupHO 3 TabmuIyi, caM omyc JOCUTDh IPOMI3AKuII i He yHipikoBaHMIL,
IpoTe Hece JOCUTH Oarato iHdopmalii i Mae OyTV BUKOPUCTAHWIT /IS IPOTO-
KOJIiB OINCY OLiHKM oOpocraHHA. [l yHigikauii Ta CIpOIeHHA ONNUCY MU
IPOIIOHYEMO BUKOpUCTOBYBatu Qopmyny obpocranna (FF). s ¢opmyna
BKJIIOYA€ B ceOe 3arajibHy KibKiCHY OL[iHKY 0OpocTaHHA B 6a1ax, 4acTKy I10-

Tabnuuys 1
OmniHka 06poCcTaHHA Ha eKCIIepIMEHTATbHNX CyOCcTpaTax
Hassu Excnosunis,
. Xapakrep 06pocTaHHA

cybcrparis noba

Bininmacr 31 IMoopuHOKi opranismu He 6imbire 1—5 MM

Bininmmacr 91 litku gpericenn 3 moKpUTTAM 70 %, KOIOHII MOXYBaTKI
— 20 % moKpuTTA

Bininmact 178 CyninbHe TpMBMMipHe MOKPUTTA WiTKaMM Apericenn 95 %

Und7% 31 IToomyHoKi 0kpemi opraniamu posmipoM He 6ibIe
1—5 MM

Und7% 91 Hpysu mpevicenn, 55 % MoKpuTTs, MoxyBaTka — 40 %

Und7% 178 TpumapoBe MOKpUTTA ApeiiceHo0, 98 %, oxpemi KOTOHil
MOXyBaTKI — 5 %
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31 goba 61 goba 91 noba 118 moba 178 moba
FF =0,5/D-0/ FF =5/D-8/ FF=33/D-18/ FF=4,6/D-60/ FF=49/D-83/
B-0/S-0/T-2 B-93/S-0/T-0 B-43/S-0/T-0  B-20/S-1,5/T-25  B-0/S-0/T-23

Puc. 1. 3aranbuuii rabityc i suHaMika o6pocTaHHs opraniamamu nepuditony cybcrpara 3
BiHimmacry, cydcrpar Ne 11

KPUTTS CyOCTpaTy OCHOBHUMM opraHisMamu. OliiHKa B 6aaX IIpOBOAVUTLCA 3a
5-6aJIbHOIO IIKAJIOKO:

1 6anm — okpemi opraHismu, He 6ispie 1—5 MM 3a PO3MipOM, HOKPUTTS
cybcrpary mo 5 %,

2 6amu — He3iIMKHYyTe, IIAMICTe 00POCTAHH:A, OKpeMi KOIOHii, TOKPUTTA
6—20 %,

3 6a1m — OJHOLIAPOBi KOJIOHII, OfHOSAPYCHI MOCe/IeHH, TPYIN KOMOHIA,
nokpurra 20—50 %,

4 6amy — MacKBHI KOJIOHIi, ZBOBMMipHi 00pOCTaHHS 3 KOJIOHIII i CKyITYeH-
HA OpraHi3MiB (HampuUK/Iaf, WIITKM [peliceHn), MOKPUTTA cybcrparty 51—
100 %,

5 6aniB — CyIi/IbHe TPUBMMipHEe MacuBHe OOPOCTAaHHS 3 OKpPeMMX Op-
TaHi3MiB Ta KOJIOHIIL.

3acTocoByBany 1ii i ;po6OBi BeMYMHY OL[iHOK, HAIIPUKIAM, IIPU HTyXKe
cmabkomy obpocranni — 0,1—0,5 6aju, Ipy He MOBHICTIO HOKPUTOMY CyOCT-
pati — 4,8 6anmn. Takox po6oBi OL[iHKM MOXKYTb OYTV HACTIiIKOM ycepeHeH-
HA pe3y/IbTaTiB OLIIHKM 0OPOCTaHHA JIeKi/IbKOX IJIACTVH.

Y ¢opmynax (auB. puc. 1—3) HagaHo iHoOpMAIio PO CKIaZ OCHOBHMUX
TPYI riffpo6iOHTIB Ta OLIHKY KiNbKiCHOTO PO3BUTKY oOpocTanHsa. Hanpukiaz,
Ha BiHimtacti (puB. puc. 2) npu excrosnii 31 fob6a psACHICTH/IHTEHCUBHICTD
obpocranHs onjiHeHo B 0,5 6asiB, a Ha 118-Ty 106y — 5 6anis. Crix 3a3HaunTH,
IO TTOPiBHAHHA CyOCTpaTiB IeMOHCTPY€e HEPiBHOMIPHICTb PO3BUTKY 00pOC-
TaHHs, Tak Ha ¢oro 1 Ha cybcTpari, 1[0 eKCIIoHyBaBcs 61 fo6y, BigMiueHO
JKUBI TPUBMMIpHI KOJIOHII MOXYBaTOK, a Ha iHIIOMY cyOcTparti (auB. puc. 2)
3apeECTPOBAHO TiIbKM PEIITKYM KOJOHI MOXYBATOK, 110 CBIfYUTDH IIPO T€, 1110
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31 moba 61 moba 91 moba 118 moba 178 go6a

FF = 0,5/D-0/ FF=29/D-6,5/ FF=4/D-72,5/ FF=5/D-72,5/ FF = 4,9/D-95/
B-0/S-0/T-2 B-45/5-0/T-10  B-22,5/5-0/T-0  B-0/S-0/T-0 B-0/S-2/T-0

Puc. 2. 3aranpHnii rabityc i fuHaMika o6pocTaHHA opranisaMamu nepudiroHy cyocrpara 3
BiHimTacry, cybcrpar Ne 12

MK PO3BUTKY MOXYBATOK /IO APYTOl fIeKaiu INIIHA B IIbOMY POLIi IIPaKTUYHO
IIPOJIILIOB, KMBi KOJIOHII 3a/MIINMIIICA Ha OKpeMMX CyOcTpaTax.

ITonepenHi fmocnipKeHHs IOKa3aau, 1[0 OCHOBHMMU OpraHi3Mamiu, 1o
¢dbopMmyIoTh 06pOCTaHHA Ha cyOcTpaTax €: fpericeHinu gBox Bupis (Dreisseni-
dae, D), moxyBatknu (Bryozoa, B), rybxnu (Spongia, S), pyxomi ¢popmnu (Oligo-
chaeta, Chironomidae, O-Ch), pakonopi6ni (Gammaridae, Corophiidae,
G-C), uepeBoHori Monmocku (Gastropoda, G), Tako>X 3yCTpidaOTbCA PEIITKY
opraniamis, getput (T).

Hanpuxian, Ha 61-11y 106y IOKPUTTA MOXYBaTKo gocArano 90 %, a Ha
118-1y no6y — ymutre 20 %, peruTKy KOJIOHi ckaaganu geTputHi Macu (10 %)
(nuB. puc. 3).

OTxe, 3a JOIIOMOTOI0 KOPOTKOI (POPMY/IV MY MOKEMO 5K SIKiCHO, TaK I1eB-
HOI0O MipOI0 i KiZIbKiCHO OLIHUTM OOPOCTaHHS eKCIepPMMEeHTaIbHUX CyOCT-
pariB. Sk 6y/10 BcTaHOBIEHO Hamy [7], MiX 6a/IbHOIO OLiHKOIO Ta 6i0Macor0 €
3Ha4YHa Kopensnis (puc. 4).

OTpumaHna 3a1e)KHICTb ITOKA3ye, 10 3 KOXKHIM 0a/10M IPAaKTNYHO Ha I0-
PAROK 36inbIIyeThCs 6iomMaca, ToOTO OanbHa OIliHKa — Ije € afjleKBaTHa Ki/lb-
KiCHa OIiHKa PO3BUTKY OOPOCTaHHS.

Excnosuuis va EC mpoBoayiacs B TAKMX YMOBAX, 1110 BepTUKAIbHI CyOCT-
partu 6y Oi/IbII OCBiT/IEH] 3 OfHOTO GOKY i MEHII OCBIiT/IeHi 3 Ipyroro OOKYy,
TOMY 1110 3aTiHAMNCA 60pTOM b6apxKi, Ha AKiit 6y/10 3akpinyieHo cTeHa. 3a fomno-
MOro 0arbHOI OL[iHKY MO>XHa 3pOOMTH OIIHKY BIUIMBY LMX 6iOTOMIiYHMX
BigMinHOCTeN (Tab. 2).

Sk BumHO 3 Tabmuii 2, 06pOCTaHHS HA TEMHIll CTOPOHI B Oi/bIIOCT] BU-
nagkis 6y/0 femto 6iIbIIMM, SIK Ha CBIT/iN cTopoHi. Tak, Ha 178-My o6y Ha
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31 moba 61 moba 91 moba 118 goba 178 goba

FF = 0,5/D-0/ FF =4,5/D-7/ FF = 4,3/D-55/ FF =4,9/D-75/ FF = 4,9/D-98/
B-0/S-0/T-2 B-90/S-0/T-0 B-40/S-0/T-0 B-20/S-0/T-10 B-5/S-0/T-0

Puc. 3. [lunaMika 0OpoCcTaHHs OpraHizaMaMu CyOCTpaTy Ha IIOKPUTTI 3 BMICTOM yH/eLIeHO-
Boi kucnotu (Und7%)

100 000
y = 4,5566¢"7921%
2 _ . s
16 60 R? = 0,4981 .
** *
NE . ¥ . 0/
= 1000 + 3
< *
g *
3 100
[da)]
10 ® .
1

0 05 1,0 1,5 20 25 30 35 40 45 50
IMoxpurts Ha 060x cToponax EC, 6an

Puc. 4. 3anexxHicTb MK 3HaYeHHsAMM OanbHOI OL[iHKM OOpOCTaHHs Ta 6ioMacow op-
ra”ismiB

IIHKY Ha TeMHiil cTOpoHi obpocranHsA Oymo B 1,5 pasu OimbuiMM, sK Ha
cBiTmiit. Bigmiveni fesiki macTuHy, Ha SAKUX 0OPOCTaHHS Ha 000X CTOPOHAX
Oy/10 Maibke OJHAKOBMM, Take 0OpOCTaHHA OY/I0 BiIMiueHO Ha ITAaCTHMHAX 3
BiHimTacty Ha 61-11y fo6y. Bsarani crangapTHa moxubka 6yna JOCUTb BIUCO-
KOI0. Y HMOfa/IbIINX 6a/bHIUX OLiHKaX MOXEMO 3pOOUTH ycepeTHeHHs II0Kas-
HMKIB I10 CTOpPOHi A Ta b.
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Ockinbku 3itomka EC mpoBopmiach KinbKa pasis 3a mepiof liTHbOTO Ta
OCIHHBOTO Ce30HY MOXXeMO 3pOOUTY OIIiHKM PO3BUTKY OOPOCTAaHHS Ta M-
HaMiKM Ha pi3HMX cybcTpaTax (puc. 5).

Ha ocHoBi aHami3y fanux 6anpHOI OL[iHKY BUSIB/IEHO Ki/IbKa BapiaHTIB Ta-
KOI IMHAMIKIL:

1 — my>Ke IOBU/IbHE 3POCTAHHA 3a MEPIINIL NIEPiOf eKCIO3NUIIiI, B JaHOMY
BUIIAZIKy 3a 31 100y Ha BCix cyOcTparax,

2 — Taka IIOBi/IbHA IMHaMiKa CIiocTepiraeThbes i fani Ha HaliMeHI 06poc-
TalYOMY CyOCTpaTi — OLMHKOBaHIN CTajI,

3 — piske 3pOoCTaHHA PACHOTY OOPOCTaHHA Ha APYTOMY eTalli PO3BUTKY
(Big 31-1 mo 61-i fo6M) Ha iHIMX CyOCTpaTax,

4 — KO/MMBaHHA 3Ha4eHb OOPOCTaHHSA Ha IBOX PiBHAX: /IS LMHKY — Ha
piBHi 1,5 6asiB, 14 iHmmx cybcrpaTiB — Bif 3,8 6ajiB 3 MogaIbLUINM HeBeIN-
KIM 3POCTaHHSM /10 4,5 6ariB.

Sk 6aunmo, AVHaMiKa Ha pi3HUX cybcTpaTax Mae CBOIO crenudiky, Bifi-
MideHO He3HayHe OOPOCTaHHs Ha IMHKY B YCi epioan focaimpKeHHs. BogHo-
qac JyIs1 iHIMX cyOCTpaTiB, KpiM IIVHKY, cepenHiit 6an OyB B repiof Bix 61-i o
178-1 jo6m Bix 3,8 (msa IIO115I1) mo 4,1 (Und7%) 6anis. TobTo 6ynmm 61msbKi
3HA4YeHH:, O TOTO XX IPY 3HAYHiil HepiBHOMIPHOCTI pO3IOziTy 06pOCTaHHA
Ha OKpeMux cybcrparax sHadeHHs CV (%) 6ymm jocuts Benuki (Big 19,8 ms
Und7% po 30,8 % ma [TP115I1). Orxe, 3anponoHoBaHi aHTNOOpOCTaI0Y] 110-
KPUTTS He Oy/IU JOCTaTHBO e(eKTUBHIMIA.

Kpim 3aranbHOi OLIiHKYM iHTEHCMBHOCTI 0OPOCTaHHA BOXKIMBO OTPUMATH
JlaHi 110710 KOXKHOI IPyIM OOpPOCTaHHSA Ta OL{HUTY Y4acTb LMX OPTaHi3MiB y

Tabnuuys 2
banbHa oniHka 06pOCTaHHSA HA ABOX CTOPOHAX eKCIIEPMMEHTATbHOTO CyOcTpaTy
(3aTeMHeHa cTOpoHa — A, OCBiT/IeHa cTOpoHa — b)

cy?cifal/;ila EKCE?)EI;HM’ Cropona A, cepepiast M+o | Cropona b cepenns M+o
Binimmact 61 3,57+0,86 3,52+0,89
91 4,10+0,84 3,70+1,16
178 4,45+0,57 4,26+0,94
Und7% 61 4,10+0,83 3,53+0,96
91 4,38+0,74 4,06+0,83
178 4,38+0,57 4,26+0,88
111511 61 3,81+0,98 3,56+1,04
91 3,74+1,32 3,49+1,63
178 4,14+0,97 4,06+0,98
Huuk 61 1,20+0,61 1,33+0,60
91 1,51+1,14 1,21+0,68
178 1,17+0,42 0,91+0,30
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Puc. 5. [lnHamika iHTeHCUBHOCTI 06POCTAHHS Ha PisHMX CybcTpaTax Ha 000X CTOPOHAX, B
6amax

¢dbopmyBaHHi 0b6pocTaHHA cybcTpariB. Sk BUAHO 3 popmyn (auB. puc. 1—3)
OCHOBHVMI OpraHisMamu 6y fpericeHifny Ta MoXyBaTku. JJuHaMika o6poc-
TaHHA JIPeiCeHO0 Pi3HUX CyOCTpaTiB Ha OCBIiT/IEHiN Ta 3aTeMHEHill CTOpOHi
BifpisHsmacs (tabn. 3). Ha cybcTpaTax 0OpocTaHHs Helo Ha 3aTeMHeHiil CTo-

poHi 6yro 6inpmum Ha 30—60 %, HiXX Ha OCBIT/IEHiil CTOPOHI.
O6pocTaHHA MOXYBAaTKOIO MaJIO iHIITY 3aKOHOMIipHiCTb (auB. Tabs. 3). Ha

cybcrpaTax, KpiM IMHKY, 06pOCTaHHS MOXYBAaTKOIO 0Y/10 Oi/1bIINM Ha CTOPOHi

Tabnuuys 3
JInHaMika 06pOCTaHH:A ApeiiCeHOI0 Ta MOXYBaTKaMM (Y BifCOTKaX IMOKPUTTS
cybcTpary) Ha 000X CTOpOHaxX cyOcTpary (3aTeMHeHa CTOpOHa — A,
ocBiTIeHa cropoHa — b)

Hpeiicena MoxyBartka
Hassu Excnosunis,
cybcTparis noba Cropona A, | Croponab, | Cropona A, | Croponab,
cepenHa M+0 | cepenna M+0 | cepefina M+0 | cepefina M+o
Binimmacr 61 15,1+8,4 9,4+4,5 51,1+26,4 60,0+22,4
91 69,3+26,4 30,9+25,7 17,0+13,9 42,4+31,6
178 90,0+7,5 53,4+35,1 0 0
Und7% 61 7,1+3,6 3,9+4,3 71,9£21,8 69,3£17,5
91 60,8+21,1 20,4+22,6 56,7+24,7 61,3£29,3
178 90,6+10,0 51,6+31,4 0 0
IIP115I1 61 8,9+7,5 4,1£2,0 75,2+11,6 70,9+10,9
91 47,9+34,7 24,0+22,6 32,0+30,1 44,3+34,9
178 65,9+39,1 56,0+43,7 0 0
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Puc. 6. lunamika 06pocTaHHs APeIiceHOI0 PisHMX cyOCTpaTiB
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Puc. 7. lunamika o6poCTaHHs MOXYBAaTKOIO Pi3HUX CyOCTpaTiB

b (ocBitneHiit), 3a BukmodeHHAM cyocTpary [1O 11511 Ha 61-11y 106y Ta I{MH-
Ky Ha 91-111y 100y, ie 06pOCTaHHA MOXYBATKOO 0Y/10 61/IbIINM Ha 3aTeMHEHi
CTOpOHi (cTOpoHa A).

JIuHamiKy 06pocTaHHA [peliCeHOI0 Ta MOXYBATKOIO IIPeJICTaBIeHO Ha PU-
CYHKax 6, 7.

O6pocTraHHsA ApeliceHO0 Ha CybcTparax IO, MOCTYIOBO 30i/blIyio-
qichb 3 31-1 o 61-1 1o6w, 3 MOJATPIIVIM HApOCTAaHHAM Ha 91-my — 178-my
100y.

Ak 6yno 3ayBakeHO BUIIE, XOYa MAKCUMATbHUI PO3BUTOK MOXYBAaTKI
Plumatella fungosa Pallas 6yB Ha 61-11y 106y, Ha geAKMuxX cybcTpaTax MacUBHI
KOJIOHII BigMepnu panimte. Ha Micii >XMBUX KOJIOHIN 3alMIIMINCA BifiMepi
MOXyBaTKM (BigMmiveni Ak gerput — T).
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Tabnuuys 4
CniBBiTHOIIEHH 3aranbHOI 6aTbHOI OL[IHKM HEOOPOCTAI0YOTO IOKPUTTA O
KOHTPO/IBHMX CyOCTpaTiB — BiHIIIAacTy Ta OIVIHKOBAHOI CTaTi

Roow | Biminnacr | L | Und7 | eI
31 0,54 0,50 0,58 108 117
61 3,55 1,26 3,81 107 302
91 3,90 1,36 4,22 108 310
118 4,56 1,70 3,96 87 234
178 435 1,04 4,32 99 416

Ha cy6crpaTax 3 oMHKOBAHOI CTasi BifMi4eHO fesAKuil HeBeMKMIL if-
JIoM psICHOCTI 06pocTaHHsA (puc. 7), aje CIifi 3ayBaXkKUTH, 1110 BiH OYB 3a paxy-
HOK II05IBJ BE/IMKMX KOJIOHIT MoxyBatku Pectinatella magnifica Leidy (5o 6 cm
B fnaMeTpi) Ha camoMmy creHpi. Ili konoHii 4acTkoBO pospocmica Ha AedAki
IJIACTUHY, 1[0 [0 IpU yCepemHeHHi 6a/IbHOI OL[IHKM 110 KOXKHIN IUIAaCTUHI
i BUIEHHA TIOKAa3HUKIB IIOKPUTTA.

Ille opHMM 3aBjaHHAM JJaHOI po6OTH 610 3aIIPONIOHYBATH €KCIIpec-Me-
TOJIVIKY OLIIHKY e(eKTMBHOCTI aHTMOOPOCTAIOUYNX 3aXO0/iB, B JAHOMY BUIIA[IKY
edextuBHOCTI TeBHOI f06aBKY 70 dap6bu. Ik BuAHO 3 Tabmnii 4, faHmii cyoct-
par He Ma€ CYTTEBOTO AHTMOOPOCTAIOYOTO eeKTy.

BucuoBxu

3anpornoHoBaHa METOAVKA JO3BOJIM/Ia OTPUMATH HeOOXi/iHi 1aHi Ta 3po-
6uTH AKICHI Ta KiZIbKiCHI OIIiHKY 00pOCTaHHS, a came:

— KOPOTKO, yHi(ikoBaHO Ta ZOCUTb iHPOPMATUBHO OMNCATY XapaKTep
06pOCTaHHA 32 JOIIOMOT0I0 (YOPMYIIN;

— OL{HUTM CTYIIiHb PO3BUTKY, PACHOTY PO3BUTKY OOPOCTaHHSA 3a JOIO-
MOTOI0 IIKaIy OaIbHYX OLiHOK. Ha ocHOBI mKam Moske OYTH [/ KOXXHOTO
TUIIY TEXHOEKOCUCTEM Ta CUCTEM BOJOIOCTAYaHHS PO3POOJIEHO CUCTEMY
OLIIHKM 3arpo3 Bijj 00pocTaHHsI, HAPUKIaj: oljiHKa 3—4 6ama = 3arposa ce-
penHboro piBHA, oniHka 4,5—5,0 6aJiB = 3arposa BJMCOKOTIO PiBHA;

— BCTaHOBUTY, 1[0 OKpeMi Ipymnu rifpo6ioHTiB 110-pi3HOMY pearyoThb Ha
TakKi paKTOpU CepelOBUIIA, AK OCBiT/IeHH:. Lle MoXke 6yTU BpaXoBaHO y po3-
pob11i MeTO/iB OLIHKM 3aX0/iB 60POTHOM 3 0OPOCTAHHSIM, A TAKOX /IS PO3-
po6Ky 6i0MO3UTUBHIX KOHCTPYKIIiil (Pi3sHMX IPUCTPOiB HA AKUX OpraHi3Mu
nepu¢iTOHY BiflirpaloTh MO3UTVBHY POJIb, HAIPUK/IAL Y CAMOOYMIIICHH]);

— BCTaHOBUTM OCOOIMBOCTI AMHAMIKM PO3BUTKY OOPOCTAaHH:, 30KpeMa
3aJIeKHO BiJl XapaKTepy cyOcTpara;

— BCTAQHOBUTM OCOOIMBOCTI PO3BUTKY OKpeMMX HANOiIbII BaXkKIMBUX
TPYII Tiffpo6ioHTiIB;

— 3pOOUTH BUCHOBKM BiJHOCHO aHTMOOPOCTAI0UMX BIACTUBOCTEN OJJHO-
TO 3 BapiaHTiB ITOKPUTTSL.
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PerenbHe rifpob6ionoriune gocmimkeHHA NepudiTOHHNX YIPYIOBaHb Y
paMKaX IIpOBefIeHHA HATYpHOTO €KCIIePUMEHTY, 0€3yMOBHO HaJacTb HOBi
BOX/IMBI [JaHi 1IO/I0 iXHBOTO cKIafy. byne moknagHo BUABIEHO AHAMIKY po3-
BUTKY, 0COOIMBOCTI peakilii oKkpeMMx BUAIB Tifpo6ioHTIB Ha pi3Hi pakTopu
cepefioBMILA, BKIIOYHO 3 aHTponoreHHMMM. OfHaK g NPaKTUYHUX Liiiei
€KOJIOr0-TEXHIYHOIO MOHITOPUMHIY 3alIpOIIOHOBAHA €KCIIPEC-METOMKA MOXKE
OyTH LII/IKOM JOCTAaTHBOIO i LOCUTH iHPOPMATUBHOIO.
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RAPID ASSESSMENT OF FOULING DEVELOPMENT IN TECHNICAL SYSTEMS
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AND IN EXPERIMENTAL CONDITIONS

New methodological approaches for assessing the development of periphyton com-
munities that create fouling in technical water supply systems, as well as for assessing the
effectiveness of antifouling properties of experimental protective coatings are considered.
The results of studies of experimental substrates in the bay of the Kanev reservoir (Dnieper
River) were analyzed. The concept of fouling formula was introduced, which allowed to
unify the description and characterization of fouling in certain conditions. The proposed
methodological techniques can be used in hydrobiological monitoring of technoecosys-

tems, in experimental studies of various measures to limit fouling.

Keywords: periphyton, fouling, experimental substrates, fouling formula, antifouling

coatings, techno-ecosystem.
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MOHITOPUHI TTIPOXIMIYHIUX ITIOKA3HUKIB
PIYOK JECHA, CTPMKEHD, BZIOYC

Y cmammi npoananizosano ounamixy 2iopoximiunux nokasnuxie piuxu Jecnu ma it
npumox Cmpuxcenv i binoyc npomseom 2021—2023 pp. Onucano sAKicHi ma KinvKicHi
3MIHU HACMYNHUX NAPAMEMPIB: 8MICHY POZUUHEH020 KUCHIO, OIOXIMIUH020 CNONUBAHHS
kucHio (BCKs), ximiunoeo cnowmusanns xuctio (XCKim), xonuenmpauii gocpam-ionis,
HiMpozeHy amMoHitiHO20, HiIMPUMHO20 Mma Himpammuoezo, 3aniza 3azanvtozo (Fe’* i Fe**) ma
Mmaneany. Busieneno 30inviuenHs KoHueHmMpayii 3a6pyoniolouux peuosut y 600i p. decHu
Hucue m. eprieosa (nicnis 6nadinns 6 nei npumox Cmpudcerv ma Binoyc) nopieHsno 3 6o-
dot euwse m. HepHicosa. Bcmawnosnerno docmosipHe 30invuieHHs makux NOKA3HUKIB:
XCKun, KOHUeHmMpayii HimpozeHy Himpum#oeo, 3aniza 3azanvrozo (Fe** i Fe**) ma manea-
Hy 6 2021—2022 pp. Y 2023 p. 30inouiunacs KinoKicmv nOKA3HUKIE, W0 MAOMv 00CHO8ipHY
siominnicmo nepesuujenns LK, soxpema: bCKs, XCKu, 6micm Himpoeery amoHitiHozo
ma Himpummozo, 3aniza sazanvroeo (Fe’* i Fe’*) ma maneany. Axicmv 600u y p. echi Huxc-
ue m. Yeprieosa 3anexums 6i0 abiomuunux axmopis: cknady spyxmis, memnepamypu
800U i NOBIMPST, AMMOCHEPHO20 MUCKY, KinvKocmi onadie, ane 6inbuioro mipoio 8id aHmpo-
No2eHHUX YUHHUKIB: HAOXOOMEHHS 3A0PYOHI0BATLHUX PEUOBUH 3 NOBEPXHEBUM CTHOKOM,
CKUOY HEOUULEHUX A He 00CUMb OUUUEHUX KOMYHATbHO-NOOYMOBUX CIIMHUX | NPOMUC-
JI0BUX 800, 4 MAKON MEXHO2EHHO020 3a0pYOHEeHHS HACIOOK 6iticokoeux 0iil. Ha sixicmp
800u p. Mecnu naiibinvue ennusaiomv 600u p. binoyc.

Knwuosi cnosa: Yepniziscoke Iloniccsi (eymiona 3oma), BCKs, XCKy, Himpocer
amonitinuil ma Himpumnuil, 3anizo 3azanvre (Fe** i Fe?*), manean, oxcepena 3a6pyoHers,
pexomenoauii.

IliBHi4 YKpainu, Ha BiIMiHY Bifl MiBAHA, Ma€ JOCTATHi 3amacy IpPicHOI
BOJIM, 30KpeMa Ha Teputopii YepHiriBcbKoi 00/1acTi 3HAXOAUTHCS 265 iHi-
HVIX BOJHUX 00’€KTiB (piuky Ta cTpyMKM) Ta 2601 IUTOLIMHHNX BOTHUX 00 €K-
TiB (03epa, cTaBKM, BOJOCXOBUIIA, BofgoiiMu) [2]. Boga p. [lechn — ronosHe

O utysanna: Kugenko A.O., [Tanepuuk B.B. MoHiTOpUHT rifpoXiMiuHIX TOKa3HMKIB
pidok decna, Ctpmxens, binoyc. I'idpobion. xypn. 2025. T. 61, Ne 4. C. 99—114.
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JKepesio MUTHOI BOAY /Il MEIIKAHIIiB 6araTbOX HaceJIeHUX IYHKTIB, ceper
inmmx i M. Knesa, ToMy MOHITOPUMHT ii AKOCTi 3/1i/iICHIOETbCA TMOCTIIHO, TIPO
1[0 CBifyaTh uMcneHHi nmyb6ikauii [6, 7, 13, 15, 22, 27 ta in.]. Tak, [.B. Mupon
[13] y 2003 p. Bu3HaumB, 1m0 Ha Teputopii YepHiriBcbkoi obmacti B H6aceitHi
p. llecHr MO>XHA BULIINTY YOTUPY €KOJIOTiYHI 30HM 31 3SHAYHVM aHTPOIIOT€H-
HMM HaBaHTaXeHHAM: Micra Hosropop-Cisepcbkuit, Yepniris, Hixkun Tta
baxmau. [TepeBakaHHA y UX perioHax maHAmagTiB 3 HU3bKUM IIOTEHIIiaIoM
CaMOOYMIIIeHHs CIPUYMHAE HAIXOJPKEeHHA Y BOIHI 00’eKkTy HiTpaTiB Ta doc-
¢artiB 3 cinmbcpKorocrnogapchkux yrifb. KpiM toro, Ha skictb Boau p. [lecHn
3HAQYHUI BIUIMB MAIOThb BOJOKOPUCTYBadi CyMDKHMX TEpPUTOPiil, 0COOMUBO
Cymcpkoi obmacri (p. lloctka) [13]. s p. [JecHu B Mexxax M. YepHirosa Baro-
Me JpKepesio 3abpynHeHHs — e nputoku CtpiokeHb Ta binoyc. MoHiTopuHr
AK CUCTEMA OL[IHKM CTaHY JOBKI/IIA, 30KpeMa ITIOBEPXHEBUX BOJ, 3[iMICHIOETD-
Cs1 IOCTIITHO, a/le BHACTIOK BilfICPKOBIUX [Iill Bitbip mpo6 Ha MacuBax B TPaHC-
KOPIOHHUX ITyHKTaX MOHITOPUHTY OYB HEMOX/IMBMIL. Bix ckmamy Boxu, 30K-
peMa Bij KOHLIEHTpalil pO3YMHHMX COJIe, Fa3iB Ta OpraHiYHNX peYOBMH 3ajle-
xartb i piswuni BracTuBOCTI (TeMIepaTypa 3aMep3aHH:, BeMYMHA BUIIAPO-
BYBaHHS, IPO30PicTh), XIMITHMIT CK/Taf Ta XapaKTep MPOTiKaHHA XiMiYHUX pe-
akuiit. Tomy gocmifiykeHHA MOXO KeHHs iOHHOTO CKJ/Iafly BOAM Ta I0r0 TpaHC-
dbopmallii € BOX/IMBUM TEOPETUYHUM MUTAHHAM, a il XiMIiYHMIT CKJIa]] JOTIOMa-
ra€ BUPILIEHHIO IPAKTUYHNX 3aBJjaHb (IIPY BOJOMOCTaYaHHi, TiZIPOTeXHIYHO-
My Oy/iBHUIITBI, 3pOLIeHH], BefleHHi pr6HOTO rocrogapcrsa) [21].

SIkicTb moBepxXHEBUX BOJ P. [leCHY 3a/1eXKUTh Bijf 6araTbOX YMHHMUKIB, 30K-
peMa Bif rifpoxiMiYHMX ITOKa3HMKIB 11 IPUTOK, O AKNX BiJHOCATHCA CepefHi
piukn: Cygoctb, CHOB, OcTep Ta CeliM. AHaJli3 CTaHy IXHiX IOBEPXHEBUX BOJ
3/i/ICHEHO Ha OCHOBI JaHMX LI[O/I0 CEPEAHbOPIYHUX KOHILIEHTPAILIill pEYOBUH Y
KOHTPOJIbHMX CTBOpPaX BOJHMX OO’€KTIB Ta 3BiTiB 3 BMIOBY BORHUX Giope-
CypciB y puOOTOCIIofapchbKux BOZHMX 00’€KTaxX. 3a JOIIOMOTOI0 aHai3y HOC-
JIKEHUX TiApOXiMiYHMX OKA3HUKIB 6Y/10 3p00/IeHO BICHOBOK IIPO PUSUKNI
JUIs 3OPOB’s1 HaCe/IeHHs BHAC/IIIOK CIIOXKVBAHHSA pUOU 3 BOSHMX €KOCUCTEM,
BOJIa SIKMX Ma€ IMepeBUIIeHHs KOHI[eHTpalil BaXkux mMetanis [16, 17]. Kpim
cepefHiX piuoK CBill BHECOK Yy 3a0pynHeHHs [JeCHY YMHATS ii IPUTOKY, 30Kpe-
Ma CtprokeHb Ta binoyc, AKi BifHOCATHCSA [0 Ma/IMX PidOK Ta BIIaJaroTh y [ec-
Hy B MexXax M. Yepnirosa. JJocmimkenns, Axi 6ynmu nposefeni y 2014—
2016 pp. [9], mokasanu mepeBuIleHHS BiITOBIIHO IO €KOIOTO-pubOrocIo-
JlapCBKMX HOPMATUBIB IpaHMYHO-goIycTNMOl KoHeHTpauii (/1K) nitpnr-
ioHiB Ta 3araJIbHOTO 3aj1i3a, MpOTe HalbiNblIe IepeBNIeHHA Oy/I0 BigMideHO
JI/11 MaHTaHYy.

11i MOKasHMKM CHiBBiJHOCATDHCA 3 pe3y/IbTaTaMyl BUBYEHHA 03€p CUCTEMU
Oneuenn (M. KniB), 1110 3HaX0fAThCA B MeXax ypbaHisoBaHOI TepuTopii [4], sk
i p. CrpmKenp, i1 pycia AKOI BIaCTMBi 3HaYHi aHTPOIIOT€HH] 3MiHM — 3ape-
Ty/IbOBaHICTb, BUPIBHIOBaHHA, 3a0py/JHEHHS CTOKaMM, HOOYTOBUMM Bifixoza-
M1 (0co6/1MBO Ha Bifipisky B M. UepHIroBi, e po3TaloBaHO TPV BOLOCXOBUINA
3ara/JIbHOI0 IUIOoLIelo 42,7 ra Ta 3aralbHUM 06’eMoM 61u3bKO 955,9 Tic. m?)
[24]. HocnimxkenHs, nposeneHi B Incrutyri rigpobionorii HAH Ykpainn [4],
ITOKa3aJayu JOBOJI BMCOKiI KOHIIEHTpaljii JOCHiKYBAaHUX METAJIiB, 30KpeMa
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MaHraHy i ¢pepymy, y BOAi IpUAOHHOTO TOPU30OHTY 03ep, AKi HaBiTb 3a ycepes-
HEeHVIMU ITOKa3HMKaMJ 3HaYHO [TePeBUINYIOTH (BiAnoBigHO y 8 i 3 pasm) ixHio
KOHILIEHTpalilo y BOJii TOBEPXHEBOTO 1Iapy. [IoACHEeHHAM iCTOTHOTO 3pOCTaH-
Hs KOHIJEHTpalii VX METAJIiB Y NPUJOHHOMY IlIapi BOAM, HAa MKy aBTOPiB
(4], € TpuBanmit fedinuT KUCHIO, 3HM>KeHHs pH BOAY Ta OKMCHO-BiTHOBHOTO
norenuiany (Eh), BHacnigok yoro Bin6ysaernca BignoBnenus Mn(IV) i Fe(I1I)
B okcypax o Mn(II) i Fe(II) Ta ix mepexin y po3umMHeHMit CTaH.

Piyka CTpiuykeHb TaKOXX 3a3Ha€ AHTPOIIOTEHHOTO BIUIMBY: CKIJ, HEOUMIIle-
HJIX Ta He JIOCUTb OYMIIeHNX KOMYHA/IbHO-ITOOYTOBUX CTiYHUX BOJ Oe3moce-
PENHBO Y BOAY; HaAXOKEHHs 3a0PySHIOBAIBHUX PEYOBUH 3 NOBEPXHEBUM
CTOKOM i3 3a0y[JOBaHMX T€PUTOPIil Ta CIIBTOCIYTi/Ib. YIIPORZOBX TPHOX POKiB
(2019—2021 pp.) Hamu 6ynu poaHaTi30BaHi rifpoXiMiuHi MOKA3HUKY PidOK
Iecna ta CtpyxeHb 1A 3’sICyBaHHs IPUYVH 3HVDKEHH SKOCTi Bosu B p. ec-
Hi. OTpMMaHi pe3ynbTaTy JOBOJATHh HEraTUBHUI BIUVIUB p. CTPVIKEHD Ha I10-
Ka3HUKM BOAM p. [lecHN: € mpsiMa KopesALis MK 301/1blIIeHHAM BMICTy 3aj1iza
3araJIbHOT0, MaHTaHY, AMOHili-i0HiB, HITpUT-i0HiB AK B CTpIKHi, TaK i B [lecHi
HIDK4e M. Yepnirosa (To6To mic/s BnazinHsA B Hel 1iiel mpuTokm) [18].

3arajbHa JOBXXMHA Mepexxi Mammx pivyok YepHiriBcpkoi o6macti crano-
BUTH 4374,8 KM, 1110 BifiIOBiAHO y 5,7 Ta 6,7 pasiB Oi/blile, HIX cepeHiX Ta Be-
NMUKUX pivok [1—3]. Marti piuku € fyKepesioM BOJOIIOCTaYaHHs IPOMUCIOBHX,
KOMYHJIbHUX Ta CiIbCbKOTOCIIO/JaPChKMX MiJIIPUEMCTB, IIOTIOBHEHHA 3aI1aciB
Hig3eMHUX BOA. BOHM TakoXX BUKOPYMCTOBYIOTbCA /il pUOOPO3BENIeHHA Ta
BifiMOYNHKY iofiell. B Hux 3ocepemkeno maibke 80 % BOZHOTO CTOKY Ta ¢op-
myerbcs 60 % BopHUX pecypciB Ykpainn. Ha Manux piukax mo6ymoBaHo mHo-
Haz 1000 BogocxoBuy i 24 TCAYI CTaBKiB, B AKMX IOPOKY HAIPOMAJ)Ky€EThCSA
noHaz 12 Mipp. M® Boau, a 3 ypaxyBaHHSIM BOJLOCXOBUIL JIHITPOBCHKOTO Kac-
Kagy 06’eM BOAM CTAHOBUTD 6/1M3bKO 55 MIpg. M°. ToMy 0cob/iBe 3HaUYeHH
Mae 36epekeHHsI BOTHOCTI Ma/luX pidoK Ta iX 3aXMCT Bifi 3aMyJ/IeHHs Ta 3ac-
Mivenss [11].

Mera po6oTu: mpoaHanmisyBaT¥ AMHAMIKY TifpoXiMiYHMX ITOKasHUKIB
p. Hecun Ta ii nputok CTpykeHb i bimoyc Ta mokasatu 3ameXxHICTh AKOCTi
BOJIM BiJf HM3KM a0iOTMYHUX Ta aHTPOIIOTeHHVX YMHHUKIB.

Marepian i MeTOgMKa JOCITiI)KEHD

3pasky BOAM Bifbupanyu y HaCTYIHUX CTBOpax: p. JJecHa (Buie i HiDK4e
M. Yepnirosa), p. Crpwkens 1a p. binoyc. [Ipuuomy ctBop p. [lecHa (Hykue
M. YepHirosa) po3taioBaHumii Mic/ist BIaiHHA B Hel IPUTOK: pidok CTpIrKeHb
ta Binoyc. IIpobu Bomu mis xiMidHOro aHami3y BifOupamyu 3a HOIOMOTIOIO
CIIellia/IbHOTO IPUCTPOIO (BEpTUKANIBLHOTO 6aToMeTpy abo CKIAHKY, IO 3a-
KpilleHa Ha OWII 3 MiTKaMM i TpUsHaveHa /s Bitbopy pob Ha BU3HAYEHHS
PO3YMHHOTO y BOJIi KMCHIO 3 KOPKOBOIO IIPOOKOIO, sIKa 0O/TafHaHa ;BOMA CKJLA-
HUMM TpybouKamm) 3 moTpibHoi rambuam (0,5—1,0 M), mo6 He BifdyBanocs
HepeMilllyBaHHs BOAM Ta Il KOHTAKTy 3 MOBiTpaAM. Kucenb ¢ikcyBanm 3pasy
IiC/1 HAaIOBHEHHA CK/IAHKM Ta BU3HAY/IM TUTPUMETPUYHO JIOJOMETPUYHIM
MmetogoM Binkiepa [12]. Hani Binbupanu mpo6u fi1st BU3Ha4eHHsI 610XiMiqHO-
ro cnno>xuBauHs KucHIO (BCKs) y kucHeBi ckIsiHKY 6e3 myxupliiB HOBiTps. B
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NepINiii BUSHAYAAM PO3YMHEHMII KUCEHD, NBi iHIII BUTPUMYBaIN y TEMPABI
5 1i6, IOTIM y HUX 3HOBY BU3HAYa/IV PO3YMHEHMIT KICeHb. Pi3HNUII0 MiX 110-
YaTKOBMM i KiHIIEBMM BMICTOM IlepepaxoByBaiu Ha 1 IM?, [je KCeHb, BUTpPa-
YEHMI Ha OKVICHEHH: OPTaHiYHMX PEeYOBMH y BOJi. /I BUSHaUYeHHA ITepMaH-
ranatHol okucHoBaHOCTI BOAM (XCKymn — XIMIYHOTO CIIOKMBaHHSA KUCHIO)
pobu mic/s Bifbopy KoHcepByBany gopaBaHHAM 5cM’ 25 % H,SO4, moTiM y
nabopaTopii mpoBojuIN aHami3 3rifgHo meromuku [12]. [Tpu HassBHOCTI 3aBUC-
JIMX PeYOBMHM y BOA iX ycyBamu ¢inbTpyBaHHAM Ipob Bogu yepes QinbTp
«CYHSA CTPiuKay». 3a JOIIOMOT00 POTOMETPUYHOTO MeTORy Oy/u BU3HAaYeHi Ha-
CTYIIHI TiffpoXiMivHi OKAa3HUKI: KOHI[eHTpalis 3aranbHoro 3aisa (Fe’*i Fe?")
— PO3YMHOM POJAHNCTOTO aMOHilo, Mic/A nonepenHboro okyucHeHHs Fe(II)
no Fe(IIl) HagcipyaHOKMCIMM aMOHi€M; KOHILIEHTpAIlisl MaHTaHY — LUIAXOM
okycHeHHA MaHraHy (II) o mepmaHraHat-ioHiB B a30THOKMCIIOMY cepezo-
BULL] fii€lo epcynbdary aMOHII0 y IIPUCYTHOCTI KaTanizaTopa — ioHiB cpibiia;
KOHIIeHTpallid HiTpOreHy aMOHiTHOro — peakTusBoM Heciepa, HiTputHOTO —
peaktuBoM ['pica Ta HiTpaTHOrO — Cynb(POPEeHONTOBUM PEAKTVBOM Yy IIPUCYT-
HOCTi amiaky, MiHepanbHUX pocdaTiB — MOMOAATOM aMOHII0 y KUCTIOMY Ce-
PemOBUIL y IIPUCYTHOCTI aCKOPOIHOBOI KMCIOTH. 3 BUKOPUCTAHHAM TUTPU-
METPUYHOTO METOJy BU3HAYaIM BMICT Cy/bdaTiB — PO3YNMHOM XTOPUCTOTO
6apito BaCl, 3 nofaBanHAM eTnoBoro crupty i 0,05 %-BOro BOJHOTO PO3UYNHY
opraninosoro K, X70pupiB — po3umHOM a30THOKucmoro cpibma AgNOs y
npucyTHocti ingukaropa xpomary Kaiiro (K.CrO,) srigHo i3 saranbHoOIpmit-
HATUMM MeTomuKamu [12].

ExcnieprMeHnTanbHi NOKa3HUKM BCIiX JOCII/KYBaHUX PEYOBMH IIOPiBHIO-
Banu 3 I'IK exonoro-pnborocnogapcbkux Hopmatusis [19] ta IIK ms sago-
BOJICHHS IIMTHMX, TOCIIOAAPCHKO-IIOOYTOBMX Ta iHIIMX HOTped HaceleHHA
[20]. Oxpim oTpMMaHMX HaMU pe3y/IbTaTiB JOCIIPKeHb BifjibpaHuX mpo6b y po-
60Ti BUKOPUCTOBYBa/IN JIaHi OO XiMIYHOTO CK/Iafly IIOBEPXHEBUX BOJ, SKi
Oy ony6/1iKoBaHi y OTTOBISIX TPO CTaH HABKOJIMIITHBOTO IPUPOTHOTO Cepe-
nosuia B YepHiriBeobkiit ob6macti [1—3].

CratucTuaHy o6pobOKy faHMX 3/ilicHIOBaMN 3a foiomMoroo Microsoft Ex-
cel. JocToBipHY pi3HMIIIO MK cepeHiMM apupMeTNYHNMY 3HAYeHHAMMN BU3-
Haya/nu 3a Jornomorolo t-kpurepiro CTbiofieHTa.

PesynbTaTi JOCTigKeHb Ta iIX 00rOBOPEHHS

AHaji3 cepefHiX Be/IMYMH IifpoXiMiYHIX ITOKA3HMKIB p. lecHn Ta ii mpu-
Tok CTpikHA Ta binoyca 3a 2021—2023 pp. Bigaocro HopM ['IK (111 Bomoiim
p1OOroCIofapcbKOro Mpu3HadeHHs Ta I 3a[J0BOJIEHHS MUTHUX, TOCIIOfap-
CbKO-TIOOYTOBYX Ta iHIIMX MOTped HaceleHH:) IOKa3aB iXHIO Ki/IbKiCHY Ta
AKICHYy pi3HOMaHIiTHiCTb. bynmm BigmideHi JOCUTH BUCOKi cepefHbOPiYHI 1O-
Ka3HMKM KOHIIeHTpallii KucHio (tabs. 1), aje mij BIVIMBOM BUCOKUX TeMIepa-
TYp Ta aHTPOIIOT€HHOTO HaBaHT)KeHHA 20—22 cepnH:A 2022 p. BMICT KUCHIO Y
Bozi p. CTpIKeHb 3HUBUBCA [0 KPUTUIHOTO piBHA (MeHure 1 mr/mm®) mpu
8,2—13,2 % Hacu4YeHH: BOAY KMCHEM, 1110 CIIPMYMHIIIO MAaCOBUIL 3aMOp pI/I6I/I.
[TpoTsaroM focmimKyBaHUX poKiB KOHLIeHTpanlii pocdaT-ioHiB, HiTporeHy Hit-
partHoro (uB. Tab/1. 1), a TaK0X Cy/IbdaT- Ta XTOPUA-iOHIB Oy B Me>KaX HOP-
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Puc. 1. Ilnnamika 6ionorignoro crioxxusanus KucHio (BCKs) y Boai pivok Hecna, Ctpu-
XeHb, Binoyc mporsrom 2021—2023 pp. Tyt i Ha puc. 2—6: I — p. JecHa (Buie M. Yep-
Hirosa); 2 — p. Crpixenp; 3 — p. binoyc; 4 — p. [lecna (mmxde M. UepHirosa).

HiroBa IOPiBHAHO 3i CTBOPOM 3a60py BoAM Buile M. YepHirosa sHa4eHHs O-
kasHukiB BCKs gocTroBipHO BifpisHatoThea (p<0,05). Bucokmit BMicT opra-
HIYHUX PEYOBMH IPU3SBOAUTD O Pi3KOTO IMAMiHHA KOHLEHTpaLil KMCHIO Ta
MOXX/IMBUX 3aMOPiB pu6M, 0COOIMBO BIIITKY, KO PO3YMHHICTb KVCHIO Y BOA{
3HAYHO 3HIDKEHa.

Ha pucyHKy 2 HaBefieHO /IaHi [O[I0 AMHAMIKM IIOKa3HMKa XiMiYHOTO CII0-
xuBanHs KucHO (XCKun), sikuit smiHOBaBcs Bif 15 o 23 mr O/pm’ y Boai
p. JecHu mo Buajinusa nmpurox (Bume M. YepHirosa); Bijg 34,4 no
52,25 mr O/am’ — y Bopi p. Ctpwkens; Bif 54,1 mo 72,1 mr O/apm® — y Bogi
p. binoyc ra Big 30,1 go 41,8 mr O/pm® — y Boji p. JlecHu mic/is BafiHHA Ipu-
TOK (HI>K4e M. YepHirosa) 3a mepiop 2021—2023 pp. ¥ 2023 p. criocrepiranach
Hait6inb1 ocroBipHa BigMiHHICTD XCKuma (p<0,01) y Bogi p. [lecHn HyKue M.
YepHirosa, MOpiBHAHO 3 BOJIOIO BuIlle M. YepHIrosa, sk HacTigOK 3a0pygHeH-
Hs Boju mputokamu Crpmxens (52,25+10,4 mr O/pm’) i Binoyc (70,2+
14,0 mr O/gm’). XCKmn € BOXK/IMBOIO CaHITapHO-TIiri€HIYHOI0 XapaKTepUCTH-
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Puc. 2. Junamika ximiuroro crioxxuanHs KucHio (XCKuy) y Bogi pidok Jecna, CTprokeHb
ta binmoyc mpotarom 2021—2023 pp.

KO0, TIOKAa3HNMKOM, IO BifloOpakae CTYMiHb 3a0pyZHEHHA BOAYU IIPUTOK
CTpykHA Ta, 0c00/11BO, binoyc BHACIOK BIVIMBY aHTPOIIOT€HHUX YMHHIKIB
(cTiuni Boju Ta cinbepkorocnopapcbki crokn). Kpim Toro, BHacIijoK BilicbKo-
BUX Jiif Ha YepHIriBupmHi Ta COpMYMHEHNX HUMY TEXHOTEHHUX 3a0pyIHEHb
(pyitHyBaHHA MOCTiB, 1aMb Ta 6eperoBoi iuii) [23], y BogoiiMu moTpanmio
6arato HeJOCTATHbO OYMIEHUX HPOMUCIOBUX BOJ, MiHEpa/lIbHUX PEYOBUH
(cipkoBogenb, cynbdiry, 3amizo (II)), mo Takox moripiuye sKicTb BOogyu LuX
npuTOK p. lecHn.

Ha pucynky 3 306paxkeHO 3MiHy KOHILIEHTpallil HiITPOreHy aMOHITHOTO y
Bofii pidok JlecHa, Crpmxenb Ta bimoyc 3a 2021-2023 pp. Leit mokasHuk
sMiH0OBaBcA y Boji p. CrpmxeHb BifmoBifHO mo pokax: 1,02; 1,31;
1,28 mr N/nm’ ta 6yB Haitbinbumit y 2022 p. (a 33% Ta Ha 3%, OPIBHAHO 3
2021 ta 2023 pp.), mpuuomy y 2023 p. mepesuiys Hopmy I'IK ms Bogoiim pu-
60rocrofapchbKoro mpusHadeHHA y 2 pasu. KonyBaHHA KOHIeHTpalii HiTpo-
reHy aMmoHiitHoro y Bopi p. bimoyc Bigmosigno pokam e: 1,77; 1,59;
3,09 mr N/pm’. Lleit mokasuuk y 2023 p. nepeBuius Hopmy I'IK myst Bogoitm
puOOroCIofapchbKOro Mpu3HadYeHHs y 5 pasiB. KoHIleHTpalis aMoHilo BKasye
Ha PO3K/IA[laHHA OPTaHIYHMX PEeYOBMH Ta HASABHICTb HEOUYMIICHUX CTIYHMX
Boz. [Tonepenni focipKeHHs BUABIMIN 301/IbIIEHHS KOHI[eHTpaLil aMOHi0 y
BeCHAHO-JITHIN nepiof [9, 16], 1m0 CBigunTh PO 3HAYHE aHTPOIIOT€HHE Ha-
BAaHTAXEHHs BHAC/TIJOK IVIOLMHHOTO 3MIBY [IOLIOBUX Ta TA/IMX BOJ, Mallke 3
yciei teputopii M. YepHiroBa, HafiXO[>KeHHs IMPOMMUCIOBUX Ta MOOYTOBMX
CTOKIB, a TAKOXX Yepe3 BUKUIAHHA N0OYTOBUX Bigxoxni HaceneHHsAM. ITinsu-
I[eHHA KOHILIEHTpalil conyk aszory y 2022 p. i, oco6mmBo, y 2023 p. MO>KHa
HosACHUTYU BIIMBOM 6yporo rasy (NO,), AK1it yTBOPIOETbCA, AK i HM3Ka iHImIIX
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Puc. 3. [lunamika KoHIleHTpawii Hitporeny amoHirtHoro (NH; ) y Bogi piuok [lecua, Ctpu-
JKeHb, binoyc nmporarom 2021—2023 pp.

XiMIYHUX CITONTYK, 30KPeMa YaJiHUII Ta BYIJIEKMC/INIA Ta3 i BOJAHA I1apa, BHAC-
oK BUOYXIB Ta AeToHalii BilICbKOBMX paKeT, apTWIEPiiiCbKIX CHAPA/IB Ta
MiH [14]. Bypwit ra3 Baxuuii 3a OBiTps, pearye 3 BOJOIO MIIIXOM abCOpOii.
Kpim Toro, HaykoBIi mifipaxyBaIy, 10 B IPOIleCi OKMCHEHH 1 KT BUOYXiBKY B
HOBITP:A MOTPAIUIAITD JeCATKM KYOiYHIX MeTpiB TOKCMYHMX rasiB: SO,, NO,,
CO rta apomaTuyHi ByI/IeBOfHI 6eH3eHOBOrO psAny [23].

Ha pucyHnKy 4 HaBefjeHO JjaHi 110710 KOHIJEHTPallil HITpOreHy HiTpUTHOTO,
sika 3MmiHoBanach Bix 0,033 mo 0,17 mr N/am’ y Bogi p. Jecuu; Big 0,11 o
0,18 mr N/gm’ y Bogi p. Ctpinkens Ta Bif 0,099 o 0,9 Mr N/nm’ y Bogi p. Binoyc
3a ocnmimKyBauuit nepion. Haiibinbiny KoHIleHTpaljio Iji€l peyoBMHM 3a-
peectpoBano y 2022 p. y Boai p. Ctpyokens (Ha 45 % 6inbie, HiX y p. binoyc ta
Ha 74 % O6inbiue, HDX cepepHi 3HaueHHA y p. JecHi). Ane B 2021 i 2023 pp.
361/pIIeHHI KOHI[eHTpallil HITPUTHOTO HITpOTeHy criocTepiranocs y p. binoyc,
110 KOPEJIIOE 3 MiIBUILEHNM BMICTOM LIi€l pedoBMHM Y BOAI p. JJecHu HIbKYe
M. UepHirosa Ta Mae focToBipHy BigMiHHicTb (p<0,01) mOpiBHAHO 3i cTBOpOM
3abopy Bozu Buie M. UepHirosa. Piuka binoyc, Axa Mae kopuronopioHy gomm-
HY 3aBIIVPIIKY 2 KM, 3a3HA€ 3HAYHOTO AHTPOIIOT€HHOTO HABAHTA>KEHH A BHAC-
JTOK TOCTIOfIapChKOTO OCBOEHHS Ta MAacOBOI 3a0y0BY IPIUIETINX TEPUTOPiNt
(cema Crapuit binoyc, ITaBniBka, Tpucssarcpka Cnobopa, 4ncienHi cafgiBHn4i
TOBapuUCTBa Ta arpodipmu), sIKi IPU3BOAATD 10 PO3OPIOBAHHS IPUOEPEXKHIX
cmyr. e mopyrye rifpooriyxi 3B’s13KM MiX 3aIIaBOIO i PyC/IOM Ta BIIMBAE
Ha NPUPOJSHMIA TiPOIOTIYHMIT PEXXUM PidKM, CHPUYMHIOIOYM IiJTOI/IEHHS
3abynmoBaHoi 3arvtaBiu. [lo Toro xx ajis p. binoyc ocHoBHMM mkepenoM 3a06pyz-
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Puc. 4. Junamixa KoHLeHTpawii HiTporeny HitpurHoro (NO, ) y Bogi piuok [lecHa, Ctpu-
JKeHb, binoyc nmporarom 2021—2023 pp.

HEHHS € CKUJI HeJJOCTATHbO OYMINEHUX CTIYHNX BOJ. Taka >X TeH/IeHIIis, a came
3pOCTaHHs 3a0pyAHEHHs BOAM CIIOTyKaMy a30Ty V p. [preHsp mic/is BuagiHHsA B
Hei n1iBoi mpuToky (p. Pokay) 6yna nokasana i1 iHmmmm aBTopamu [5].

Ha pucyHky 5 306pa>keHO 3MiHYy KOHIIeHTpalii 3aranpHoro 3amisa (Fe’* i
Fe’*) 3amepion 2021—2023 pp. y Bozi pigok Crpykens (0,36; 0,42; 4,9 mr/mm’),
Binoyc (0,78; 0,83; 5,04 mr/gm’) ta JecHa micist Bnaginus unx nputok (0,41;
0,26; 3,81 mr/am?). ¥V 2023 p. crioctepiranocs icrotHe mepesutieHts [IK y
Bofli pivok CTproKeHb Ta binoyc, o cynpoBoKyBanoch BillIOBiJHUM MiJBK-
LIeHHAM KOHLEHTPALlil 3aTa/IbHOTO 3a/1i3a (Fe** i Fe’") y Bogi p. lecHu HIDKYe
M. YepHirosa nopiBHsAHO 3 Bofoto Buile M. YepHirosa (p<0,01). BigmosigHo o
HallX TONEPefHIX JOCHiKeHb pidoK YepHIriBcbkoi obacri, crocrepi-
Ta€eTbCA TEHJEHIiA o 30i/MbIIeHHS KOHIEHTpAIil 3aralpHOTO 3ajlisa y JIiT-
HbO-OCiHHIII Tepiof, 0COOIMBO Y cepITHi-BepecHi, 1110 ITOB’A3aHO 3 HAIXO/KEH-
HSIM HeOUMIIleHNX 260 HeOCTaTHbO OUMIIIEHNX CTIYHUX BOJI, @ TAKOXX 3 IIOBEp-
XHEBJM CTOKOM 3 YpOaHi30BaHMX TEPUTOPIii Mifi 4ac IHTEHCUBHUX JOIiB [6,
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Puc. 5. [Tunamika KoHLeHTpawil 3ai3a 3aranpaoro (Fe?* i Fe**) y Bopi pivok [lecua, Crpu-
’KeHb, binoyc mporarom 2021—2023 pp.

8]. 3aranbHe 3amiso (Fe** i Fe’") e Bayx/MBMM [TOKa3HUKOM 3a0py/HEHH BOAN,
sIKe MOXKe MaTu NpuUpojHe a0 aHTPOIOTEHHE MOXO/pKeHHs. UepHiriBcbke
[Tomicca BifHOCUTBCA [0 T'YMiIHOI 30HM, IPYHTOBI Ta JpeHa>KH1 BOIM KO Ma-
I0Tb HifBUIIeHY KOHIIEHTPAI[il0 OPTaHiYHUX CIIOJIYK TYMiHOBOTO pAAy (Iymy-
coBi kucnoTn). I'0NMOBHMM IKepeloM HaIXO[PKeHb T'YMYCOBUX KUC/IOT (Ty-
MiHOBOI Ta (yJIbBOKUCIOTI) B I'PYHTOBI, JpeHaXKHI Ta NOBEPXHEBi BOAY €
I'PyHTM Ta TOpdoBuUIa 60MIOTUCTOI Ta yicucToi MicreBocTi 06macTi, 3 AKUX
BOHJ BYIMUBAIOTHCS JIOLIOBVMMIU Ta IpeHXHUMM Bofamu [6]. Lle Mmoske OyTu
IIOB’s13aHe 3 IIpoIlecaMy, sKi onucaHi y crarrti [5]. Bimomum e daxr, mo mxepe-
JIOM BOJHOTO I'YMYCY Y MiCbKVX BOJIOJIMax i BOZOTOKaX MOXKYTb OyTH JiesKi

ISSN 0375-8990. I'igpobionoriunmii xypHai. 2025. 61(4) 109



JKuoenxo A.O., Ilaneprux B.B.

0,16 0,15 0,15
0,14 k\ "0 14
14 | 0,13 :
x. N\ 0,12 /
0’12 | 0,11._‘.. AN /,/
i—..,'._) \ /'
5 010 | | N_ 008,/ o
= N\ / )é
= 0,08 | \
& 0,06
0,06 | .4
= %, 0,04 - e
0,04 | 0,03 e N
dosin o 0,02 .~
0,02 | =4
0
2021 2022 2023
—e- ] - —-3 ceedeee 4

Puc. 6. [Tunamika KoHIeHTpauil MaHrany (Mn?*) y Boai pidox [lecta, CrpikeHp, binoyc
npotsarom 2021—2023 pp.

CITOJTYKM CTiYHMX BOJ, SIKi TPAaHCOPMYIOTHCA B aBTOXTOHHI I'yMYCOBi pe40OBU-
Hu (I'P), siki 61m3bKi 3a ckmazioM i cTpykTypoto no rpynrosux I'P i symosiio-
I0Th 301/IbIIIEHHS KOHIIEHTpALil 3ara/IbHOTO 3aj1i3a Ta MaHTaHY.

Ha pucynky 6 mokasaHo 3MiHy KOHIjeHTparil MaHrany (Mn**) y Boai
pivok [lecna, Crpuxens, binoyc nporsarom 2021—2023 pp. Y 2022 p. KOHLeH-
Tparjisi MaHraHy y Bogi p. Ctpyoxens (0,12 Mr/am’), HOPiBHSIHO 3 BOZOI0 PidOK
Iecua Hmxue M. Yepwirosa (0,04 mr/am’) Ta binoyc (0,08 mr/am’), BusiBUIacs
Hait6inbI0M0 (mepeBuieHHA y 12 pasis Hopmu I'IK). IIpiuomy y crBopi 3a60-
py Bogu p. [lecau Hyk4de M. YepHirosa crocrepiranoch nepeBUIeHHs HOPMI
I'IK y 4 pasu. Konnenrparia manrany Tyt Oyna BABidi BUIO0, HDK y BOAi 3
crBopy Buie M. Yepmnirosa. Illo cTocyernca p. binoyc, To nepeBniennsa Hop-
v [IK Tyt 6y10y 8 pasis. ¥ 2023 p. Haii6i1b11 3a6pyiHEHOIO 10 MaHIaHY BI-
sBmwIacs Boga p. binoyc (0,15 mr/am’), 3 mepeBuieHHAM y 15 pasiB HOpMu
I'TIK. KoHueHTpanis maHrany B p. JlecHa (Hipkue M. YepHirosa) nepeBuuiyia
'Ky 9 pasis, a B 2021 p. — y 13 pasis.

Orxe, Ha 3a0pyJHEHHA MaHTaHOM BOZM p. [lecHu 6i/IbII0I0 MipOIO BIUIN-
Bae Boja p. binoyc, nix p. Crpmkenp, 10 MiATBEPIKY€ETHCA NOCTOBIPHOIO
BigMminHicTIO (p<0,01) MO KOHILeHTpauii MaHraHy y Bopi p. JecHm Hipkue
M. Yepnirosa mopiBHAHO 3 BOJOK CTBOPY Buile M. Yepnirosa y 2021—
2023 pp. (nuB. Tabn. 1). lle opHiero mpuYNMHO0 30ibIIEHHsT KOHI[EHTpAIil
MaHraHy Ta ¢epyMy y BOJi JOCTIIKYBaHMX Pi4OK € iX BMMUBAHHA 3 KPJC-
TATYHUX TOPif YKpaiHcbKoro muTa. [le abioTIHMiT YMHHIK, ale IBUAKICTD
IIbOTO ITPOLIECY 3a/IEXKNUTD Bifl aHTPOIIOT€HHOTO BIUIMBY. ABTOpU [10], IpyHTY-
I04MICh Ha poboTax [28, 29, 30], cTBepKYIOTb, 1IJ0 YaCTMHA METaIiB, sIKa CKOH-
[IeHTpOBaHa y MiHepa/IbHill (KpUCTaIivHil) CTPYKTYypi, XapaKTepu3yeThCs Ma-
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JIOX0 PO3YMHHICTIO B He3aOpyIHeHNX JOHHUX BifKrIazax. SIKI1o JOHHI BigKia-
nu (JIB) mip fii€ro aHTPONOTeHHNX YMHHYKIB 3a0py/iHeH], TO 3HaYHA YacTMHA
MeTaJIiB 3HaXOAUThCs Y PpaKiisx, ki 3aaTHi 1o fecopOuii MeTasiB 3a popmy-
BaHHA INeBHUX (i3VKO-XiMiYHUX YMOB y IPUAOHHOMY FOPM3OHTI BOAM Ha
Mexi fortuky 3 1B [25, 31]. [lo ux yMOB BiZHOCATbHCS: 30iMblIeHHs MiHe-
panisauii i smenmenus pH Bogy, TpuBamuii fedinnt O, y IpUEOHHOMY ropu-
30HTi. MaHraH B IIX yMOBaX Ma€ BMCOKY MirpaniitHy sgatHicts [10], mo ys-
TOJKY€ETBCA 3 pe3y/IbTaTaMy NOC/IKEeHb iHIINX aBTOPiB [26].

Takum 4MHOM, /151 36epexeHHs YMCTOTH p. [lecHn, siKka 3abe3neuye MuT-
HOW0 Bojo10 M. KuiB, cjtifi 3BepHYTM yBary Ha AKiCTb BOAM ii IPUTOK: PiuoK
binoyc i Crpmwkens. HeoOXigHMMY € PeKOHCTPYKIIis OYNMCHYX CIOPY/, Ta Me-
peXi BOLOBiABENEHHA BiJj XKUTIOBUX 6y;1MH1<iB M. YepHnirosa, ounieHHs Ta
normub/IeHHs pycia LUX pidoK, 3MEeHIIeHHS 3aMy/leHHs noxa. KpiMm rtoro,
MOXK/IMBa 6i0/1oriyHa Meniopariisi MIsIXOM 3apuOIeHHsT POCTMHOIAHUMY BU-
famy pu6: 6imuM aMypom, 6i11M Ta CTPOKaTUM TOBCTOTIOO0M.

BucnoBkn

3araybHOI TeHJeHIIil BiTHOCHO BCiX 3a0pyIHIOIYNX PEYOBIH Y JOCIIIKY-
BaHiil Bofi npoTAroMm 2021—2023 pp. HE BUABJIEHO, IIPOTE OCHOBHOIO 3aKO0-
HOMIpHICTIO € 36i1blIIeHHA KOHIEHTpallil 3a0pyHIOIOYNX PEYOBUH Y BOJi
p. HecHnu y ctBopi 3a6opy Boay HybK4e M. YepHirosa (Imic/ist HafXOKeHH
Boayu mputok CTpikHA Ta binoyca) mopiBHAHO 3 BOJOIO CTBOPY BMIIE M.
Yepuirosa. Hait6inpie Ha skictb Bogu p. [lecHu BIymmBaoTh Bou p. binoyc,
Jie OCHOBHMMU JpKepe/iaMi 3a0py/fHEHHS BOJM € MiATPUEMCTBA KOMYHA/IbHO-
O TOCIIO/IAPCTBA, CKUJ, HEIOCTATHbO OYMILEHNX CTIYHMX i IPOMMCIOBUX BO/,
3acMiueHHs MOOYTOBMMM BiIXO/jaMy, TOBEPXHEBMII CTiK 3 ypbOaHi30OBaHUX Ta
CLIbCPKOTOCITOAPCHKIUX YTifib Mifl 9ac iHTEHCMBHUX [OILIIB, 3 TAKOXX TE€XHO-
TeHHi 3a0py/jHeHHs BHACTIOK BiliCbKOBUX Aiil (aHTPOIOTeHH] YMHHUKN). []o
abioTryHMX PaKTOpiB BiTHOCATD HasABHICTD TOpdy B HonuHi p. binoyc ta Bu-
MUBaHHA QepyMy i MaHTaHY 3 KPUCTATIYHNX TOPif Y KpalHcbKoro muTa. Bera-
HOBJICHO JOCTOBipHe 30iIbIlIeHHA KOHIJeHTpalii HaCTYIHMX ITOKa3HUKIB:
XCKumn, KOHIEHTpaLil HiTporeHy HiTputHOro (2021 p.), 3amisa 3arajpbHOTro
(Fe’*iFe*") ta manrany B 2021—2022 pp. ¥ 2023 p. 36i1b1mnIach KibKicTb o-
Ka3HUKIB, 110 MaloTb focToBipHe nepesnienns I'JIK, sokpema: BCKs, XCKwn,
BMICT HiTpOTeHy aMOHIITHOTO Ta HITPUTHOTO, 3ani3a saranpHoro (Fe’* i Fe**) ta
MaHraHy. KpiM BKa3aHUX IpUYMH MiABUILEHHA KOHIIEHTPALlii CIIO/TyK a30Ty y
2022 p. Ta, 0co6mBo, y 2023 p. MO>KHA MTOSICHUTY TAKOXX HACTIIJKOM BilICbKO-
BUIX [iiil Ha YepHIriBIiyuHi.

Ilnsa 36epexxenHa uncrory Bopu pivok CrpinkeHb, binoyc Ta JlecHa He-
OOXiHVMM € OUMIIeHH: Ta NOITMOIeHHS PyCia IUX pidoK, 3MEHIIeHHs 3aMy-
neHHs 1oxa. Kpim roro, € norpeba y BipoBa/ykeHHI HOBMX TEXHOJIOTII, ceper
iHmoro — 6araropasoBe BUKOPMCTAHHS OYMINEHVX CTIYHMX BOJ B TEXHO-
JIOTIYHMX IIpoliecaX, PEKOHCTPYKIIifA OYMCHUX CIIOPY/J, Ta MepexKi BOfloBifBe-
leHHA Bif >kKnT/10BMX OyuHKiB M. UepHirosa. [l nokpaleHHA €KOJIOTi4HOTO
CTaHy IMX piuok HeoOXigHe BifHOB/IEHHA IXHIX IPUPOTHMX €KOCUCTEM IIJIA-
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MONITORING OF HYDROCHEMICAL INDICATORS OF THE DESNA,
STRYZHEN, BILOUS RIVERS

The article analyses the dynamics of hydrochemical indicators of the Desna River and
its tributaries Stryzhen and Bilous during 2021—2023. Qualitative and quantitative chan-
ges in the following parameters are described: dissolved oxygen, biochemical oxygen de-
mand (BOD:s), chemical oxygen demand (ChODu), phosphate ions, ammonium, nitrite
and nitrate nitrogen, total iron (Fe** and Fe**) and manganese in the water of the rivers:
Desna, Stryzhen, Bilous. An increase in the concentration of pollutants in the water of the
Desna River below the city of Chernihiv (after the tributaries Stryzhen and Bilous flow into
it), compared to the water above the city of Chernihiv, was detected. A significant increase
in the concentration of the following indicators was established: ChODuy, nitrite nitrogen,
total iron (Fe** and Fe?*) and manganese in 2021—2022. In 2023, the number of indicators
with a significant difference in exceeding the MPC increased, in particular: BODs,
ChODu, ammonium and nitrite nitrogen, total iron (Fe** and Fe?*) and manganese. The
water quality in the Desna River below the city of Chernihiv depends on abiotic factors: soil
composition, water and air temperature, atmospheric pressure, precipitation, but to a grea-
ter extent on anthropogenic factors: the inflow of pollutants with surface runoff, discharge
of untreated and insufficiently treated municipal wastewater and industrial waters; techno-
genic pollution due to military operations. The water quality of the Desna River is most af-
fected by the waters of the Bilous River.

Key words: Chernihiv Polissya (humid zone), BODs, ChODuy,, ammonium and nitrite
nitrogen, total iron (Fe** and Fe®*), manganese, sources of pollution, recommendations.
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