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TEXHOJIOTIA MPOEKTYBAHHA PELUPKYNALIAHOI
CUCTEMUW AKBAKYJIbTYPU - V3B (RAS)
ANA ®OPENIIBHULTBA TA OCETPIBHULTBA
B JOMALLHIX YMOBAX

T'onoexo A. A. — acucmenm,
Ckuoanos FO. B. — cmyodenm I1I kypcy
@axynemem pubHO20 20CcnO0apcmea ma npuUpoOOKOPUCIY 6AHHS,
Xepcorcokuil OepoicasHuil azpapHo-eKOHOMIYHUL YHIGepcumen,
holovko.alina@gmail.com

CpOrofHi yCTaHOBKH 3aMKHYTOToO BojonioctadyanHst (Y3B) akTMBHO BHKOPHCTOBY-
FOTHCSI aKBAKYJIBTYPHHMH TOCTIOIAPCTBAMU TI0 BChOMY CBITY. He BUKITIOUeHHSIM € 1 YKpaiHa,
B sIKill BICOKO pPO3BHHEHA METO/IMKA BUPOIILYBaHHS PHUOH B IIPEACTABICHNX YCTAHOBKAX.

OcHOBHUM 3aBJIaHHsIM Y3B € 1ITy4HEe CTBOPEHHS CEPEeIOBHIIA TPOXKUBAHHS T/~
po0ioHTIB, 110 3a0e3nedye MaKCUMaJIbHUI BHUXI]] TOBAPHOI POAYKIII] B CKOpPOYEHI Tep-
MiHM ITpU 30epexeHH] skocTi ToBapy. Kpim Toro, 0 Takoro BUy yCTaHOBOK € BUMOTH
e(eKTUBHOTO BUKOPUCTAHHS BOAHUX PECYPCiB — MiHIMAIbHE IMiKUBICHHS Ta BUKOPH-
CTaHHsI 000POTHOI BOAN.

HinopiuHe BUpOIIyBaHHS Tip0o0iOHTIB B TaK 3BaHUX 3aKPUTHUX aKBAKYIETYPHUX
(hepmax BUKIIIOUAE PEKUMH 3UMIBIII, THM CAMUM IHTEHCH(DIKY€EThCSI TPOIIEC 3POCTAHHS.
YuM siKicHIIIE TEXHOJIOTIsI, TUM Kpallle Cepe/IOBUIIE MTPOKUBAHHS 1, SIK HACIIJIOK, BHIIE
TeMIu 3poctanHs pudu. Kpim Toro, sIKicHO o4MIieHa Boja J03BOJISIE I IBUIUTH LT~
HICTb TIOCa/IKW pHOH 1 617bII e(heKTHBHO BUKOPHCTOBYBATH BUPOOHHYI IO,

B HaykoBiif cTaTTi BUCBITIICHO OCHOBHI ITapaMETPH BUPOIIYBaHHS OCETPOBHX i
(openeBux pud B yCTAaHOBKAX 3aMKHYTOTO BOJOMOCTadaHHs. JIeTaapHO OmucaHa Tex-
HOJIOTisl CTBOPEHHSI YCTAHOBKHM CBOIMHM pYKaMH B JIOMAIIHIX YMOBaxX, 3 HaIVISIHUMH
(doto marepiagamMu. A TaKOX JCTAIbHO OIMKMCAHO SIKE caMe OONagHAHHS MOTPIOHO s
Oe3nepepBHOI Ta cpaBHOT POOOTH YCTAHOBKH 3aMKHYTOT'O BOAOIOCTAa4aHHs, Ta 0e3y-
MOBHO OITMCaHI BU/IM OYMIIIEHHS BOAM Ta iX IepeBary.

Pesynsrati oTpUMaHNX JIOCIIPKEHD BiTOOPaKatoTh, IO TPOCKTYBAaHHS PELUPKY-
TsIiHOI cuctemMu akBakyiIbTypu — Y3B (RAS) mst opemniBHUIITBA Ta OCETPiBHAITBA B
JIOMAIITHIX YMOBax MOXJIHBa. Jlanuii crioci6 Habararo eneBnii B TOPiBHSAHHI 3 TPHUI0aH-
HsiM V3B iz kimtou. Takok BUpOILyBaHHS T1Ip0OIOHTIB B yCTaHOBKAX 3aMKHYTOTO BOJIOTIO-
CTa4aHHs Mae CBiif psiI epeBar Ta HeIOMIKIB, sIKi OIMCaH] B JaHii HAYKOBIH CTaTTI.

KirowoBi cnoBa: permpkyssniiiHi cucremu (RAS), mpoekrysanus Y3B, dope-
JBHUIITBO, OCETPIBHHUIITBO.
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IocTranoBka npo6aemu. IlepeaymMoBOO MIaTEHOTO PO3BHUTKY peIHp-
KyJSIIIHOI aKBaKyJIbTYpH CTajO0 MiHIMaJbHE PEryilioBaHHS 3 OOKy JepKaBH
[IHOTO HANPSAMKY aKBaKyJIbTYpPH.

Perupkynsamiiini cucteMu mANPUEMINT MOXYTh OymyBaTh Ha BIACHIH
3eMelIbHIH UISHI, 00TalToByBaTH y pHI0aHii Oy it a0o criopy/ii, B aBijib-
WoHi, migBani OymiBii, HAaBITH y BIACHOMY Tapaxi. B mopiBHSHHI 3 iHIIUMHU
HamnpsMKaM{ aKBaKyJIbTypH PELUpKYIsliiiHa ¢epMa — 1ie MiHIMyM JTO3BOJIB,
BHUCOKOTEXHOJIOTIYHE Ta PECYpCco 3a0IlajiHe BUPOOHHIITBO, IO MA€E MOBHICTIO
KOHTPOJIBOBaH1 YMOBH IS 00’ €KTIB aKBaKyiIsTypH [ 1, 2].

BupoOHUIITBO TOBapHOi MPOAYKIIl PENUPKYIALMIAHOI aKBaKyIbTYpH
MOB’sI3aHE 3 MOXKJIMBICTIO TIOBHOT a00 YacTKOBOi MepepoOKH CHPOBHHHU Ta
BUPOOHUIITBA TOTOBOI MPOAYKIII. A Iie CTBOPIOE JIOJaHy BapTiCTh BHUPOOHH-
1ITBa, MOYKJIMBICTH OLTBIIT €peKTHBHOI peastizallii mpoIyKIlil TOIIo.

Jlocuth mommMpeHuM B PEHUPKYISALIHHIX CHCTEMaxX € OCETPIBHHUIITBO,
31e0LTBIIOTO Il BUPOOHUIITBA YOpHOT ikpH. Ta GopeniBHUIITBO — JUIsl OTPH-
MaHHSI YepPBOHOT0 M’sica puOH Ta 6e3MmocepeIHbO 1IKpH.

®dopeniBHUITBO — BUCOKO IHTEHCHBHA ()OpMa BEJICHHSI CTABKOBOTO pUOHM-
IITBA, III0 TO3BOJISIE OJIEPIKYBATH BEJIMKY KITBKICTh prOH 3 omuHUII TwTotdi. Dope-
JIIBHMIITBO 3aMHSIIO OHE 3 HAHOLIBII BIJOMHX MICIIb B CTABOBOMY PUOHHMIITRI [3].

Paiiy:xHa Gopesib € ChOroHI OHUM 3 HAWIOIIMUPEHIIINX 00'€KTIB CBITO-
BOTO PHOHMIITBA 1 IHTEHCUBHO KYJIBTUBYETHCS B 0ararbox KpaiHax CBITY. Y mpH-
POAHMX YMOBaxX BOHA KMBE B XOJIOJHHX 1 PO30PUX MPICHOBOAHMX BOJIOWMAX, aJie
Jo0pe pocte 1 B 3BUYAHUX BOJIOWMAX (SIK MPICHOBOIHUX, TaK 1 COJIOHYBATO-BO/I-
HUX 1 MOPCBHKHX) 3 HE3aOpyAHEH1H BOJIOIO 1 TOCTATHIM BMICTOM KHCHIO [4].

TexHoOr1st BUPOILILYBaHHS paliy»HOI (hoperti po3poliieHa 10CUTh 100pe,
MPOTE 3aBJaHHS MOJSITa€ B 3HAYHOMY CKOPOUCHHI BIJIXOJIB B MEpiof] iHKyOaIlii
1KpH, MAPOITYBaHHS JTMYNHOK 1 BUPOITYBAHHS MOJIOI.

CyyacHe BHCOKO IHTGHCHBHE (OpeleBe TOCIOJAPCTBO MOXKE IPYHTY-
BaTUCSl TUILKA HA HAyKOBO OOIPYHTOBaHHX, CY4aCHHX METOJax O10TEXHIKH.
B ocranHI poKHM 3AIHCHIOETbCA KOMIUIEKCHA iHTeHCcH(Dikamist (opermiBHHUITBA,
BITPOBAKYIOTHCSI HOBI METOIIU O10TEXHIKH, HOBI IPUCTPOT i yCTaTKyBaHHsI, [0
crpusie 30UIBIICHHIO BUXOY MPOAYKIT 3 OAMHMII 00'eMy OaceitHiB, CTaBKIB 1
KOIIIB, MiJBUIICHHIO HIIIBHOCTI MOCAJKH BCIX BIKOBHX TpyIl (opeii, BoA000-
MiHY B pHOOBOJHHX MICTKOCTSIX, BIIPOBAP)KEHHS BUCOKOTIPOYKTHUBHUX TpaHy-
JTHOBAHUX KOPMIB 1 TIEpeOBUX METOIIB TOMyBaHHS [4].

Baromoro npo6iiemoro B BUpOIIlyBaHHi (hopelli B yCTAaHOBKaX 3aMKHYTOTO
BOJIOTIOCTAYaHHs € BapTICTh caMOl YCTAHOBKM Ta OONIQAHAHHS 10 HEl, a TaKOXK
6e3mocepeHb0 MaTOUHE CTAJI0 I BUPOITYBaHHS.

AHaJi3 ocTaHHIX AoCaiIKeHb i myOikaniii. OrmsaoBi poOOTH 1 BeIHKa
KUTBKICTh 00’SIB B IHTEPHET MEpeXi BKa3ye Ha Te, mo Y 3B mix kiirod 1e ayxe
3aTpaTHa YacTHHA pOOOTH, aJie i caMa OCHOBHA B JIaHIH CIIpaBi.
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[Tix «ycTraHOBKaMy 3aMKHYTOT'O BOJIONIOCTaYaHHs» PO3yMIOTh IOBHY pere-
Heparlilo Ta BAKOPHCTaHHs BOIU Oy[b-sKYy KiJIbKICTb pa3iB JjIsi BOJONOCTaYaHHS
OaceiiniB (puboBoaHMX emHocTel). [Tpu bomy B Y3B 31ilCHIOETBCSI: OUUILICHHS
BOAM BiJ 3a0pyIHEHb y Mpoleci BUPOLIyBaHHS puOM (opraHika); MiATPHUMKa
HaJIS)KHOTO CaHITapHOTO CTaHy BOAM Ha OE3MEYHOMY JUTsl pHO PiBHi; BiZIHOBIEHHS
SIK XIMIYHOTO TakK 1 Ta30BOTO PEKUMY BOJIH; 3a0€3MeUyeThCs TEMIepaTypa Juis
OTPUMaHHs MaKCUMAJILHOTO eeKTy BijJ BUpolryBanHs puou B ¥Y3B [5].

Marepiaau Ta MeTOAM TOCJaiAKeHHs. [OIOBHOIO YMOBOIO iHTCHCHUB-
HOTO BUPOIIyBaHHS pUOHOI MPOYKIIIT B yCTAHOBKAX 3aMKHYTOT'0 3a0e3IeueHHS
(Y3B) € ontumizanisi TemneparypHoro pexxumy. ONTHMaibHUN TEepMiYHUN
PEXKUM ISl POCTY OCETPOBHUX pHO 3HAXOAUTHCS B Mexkax Bin 20 mo 22 rpany-
ciB 3a Lenbciem. [Ipu BuOOpi onTUMaNbHOI TEMIEpaTypu Ul BUPOILYBaHHS
OCETPOBUX PHO B CHCTEMax i3 3aMKHYTHM BOJAONOCTa4aHHSIM BpPaxOBYIOTh
3a0pyHEHHS BOAM MeTabojiTaMu pud, BUTPATH KUCHIO Ha HACUYCHHS BOJIH,
LIBUJIKICTH PO3Maly 3aBHCIMX PEUOBHH Ta YMOBH iCHYBaHHS MiKpOOPTaHi3MiB
y cucTeMi 010JIOTIYHOTO OUUIIICHHS BO1H [6].

Jlist BUpOIILYBaHHS OCETPOBHX B YMOBaX iHIyCTpiaJbHUX TOCIIONAPCTB i3
3aMKHYTHUM IUKJIOM BOJ103a0€3MeUeHHs HEOOX1THO Mig0UpaTy BUJIH, 110 BiJIIIO-
BiZIat0Th KOHKPETHUM LJISIM eKCIUTyaTalii puOOBOAHOTO IMTiANPHUEMCTBA — OPi€H-
TOBaHE BOHO Ha BHITYCK TOBapHOI puOM, TIOCAAKOBOTIO Marepiany abo Xap4oBoi
4opHoi ikpH [7].

B cucremax Y3B mepcriekTHBHE BUPOIIYBAaHHS LIMIA, OLTYyrH, poCiii-
CBKOTO OCETpa, CTEePIIsiAL TOILIO.

HeoOxinnuit HaOip oOagHaHHS Al IPOMHUCIIOBUX YCTAHOBOK i3 3aMKHY-
TUM LUKJIOM BOJ0320€3M€UCHHS TOBUHEH BKJIIOYATH:

— puboBonHi Oaceiinu;

— OJIOK MEXaHIYHOTO OYHMIIEHHS BOJH;

— OlonoriuHuii QiIBTP;

— OJIOK BOJIOMIJTOTOBKHU (3HE3apa)kKeHH:, peryJIslilis TeMIepaTypH, Hacu-
YEHHS BOJIU KHCHEM).

3aranpHi BUMOTHM JO pHOOBOIHHMX OacelHIB: BHYTPILIHS ITOBEPXHS
OaceliHy He MOBMHHA BUAUISTH Y BOAY TOKCHYHI Ul KyJbTHBOBaHHX 00'€K-
TIiB PEYOBUHHM 1 MOBUHHA OyTH JOCTATHHO MIIAJKOI0, 100 HE TpaBMyBaTu pHOYy.
Baceiin moBuHeH OyTH JOCTYITHUM JJIs OYUIICHHS 1 cTepuiizanii. @opmu, radba-
PUTH, IPOTOYHICTH, CHIOCIO PEryaIOBaHHS PiBHS BOJH, BiIJIOBHI IPUCTOCYBAHHS
MOBHMHHI BiJINIOB1JIaTH MPU3HAYCHHIO Oaceiny [7].

Marepia 1J1s1 BATOTOBJICHHS OaceiHIB: OETOH, CKJIOIUIACTHUK, BIHIJI-TUIACT,
Heo-amOep — Lie MaTepial i3 CKIOBOJIOKHA 1 €OKCHAHUX CMOJ 3 TOCUTH TJajl-
KOO MTOBEPXHEI0, 3 SIKOTO JIETKO BUTOTOBJISIFOTH JIeTalli pUOOBOIHUX OaceiHiB.

Buainsirots 4OTHpH TUIIH PUOOBOIHHUX OaceifHiB — MPSIMOKYTHI 3 IJIACKUM
JTHOM, TIPSIMOKYTHI 3 TIOXHMJIMM JTHOM 1 JIOTKOM JUTsl 3MHBY Opyay, KpyIiii abo KBa-
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JpaTHi 3 3aKpyIFICHUMHU KyTaMH 1 MPAKTUYHO TUIACKUM JTHOM, KPYIJIi 3 KOHYCHUM
nHoM. Bubip ¢opmu GaceitHy B OCHOBHOMY MOB'sI3aHHH 3 TPOOIIEMOI0 HOro camo-
o4MIIeHHS Bif (ekaniii 1 3anumkiB kopMy. HaliBaykue OUHMIYIOTHCS MPSIMOKYTHI
Oaceiinu 3 TuiackuM JHOM. /{7t Toro, 100 BifOyBasiocs caMOOYHILCHHS, HE00-
X1JIHO, 11100 y OaceliHi OyJi0 mIajike JHO, JIOCTATHS MIBUJAKICTH Tedil BoaU (BUILE
0,8 m/c). CaMOOUUINEHHIO CITPUSIE BUCOKA MIUILHICTh MOCAIKU PUOU, OCKITBKH
BUXPOBI Teuil, SIKi yTBOPIOIOTHCS MPU aKTUBHOMY PYCl pHOH, MEPEIIKOPKAI0Th
ociganHio Opyny. Lle cTocyeTbes mocTaTHbO KpYIHOT pHOH, a TIPH BUPOLIYBaHi
JIMYMHOK 1 MaJIbKIB ITPOIIEC CAMOOYHMIIICHHS TOCIIA0MI0EThCs [6, 7].

3aJiexHO Bijl KOHCTPYKIIT Ta MaTepiany OaceiiHiB oOupaeThes i crocio ix
BCTaHOBJICHHA. JlocTaTHRO BeNMKi OETOHHI 1 MeTaliuHi OaceliHU MPOEKTYIOThCS
1 OyayroTbesl A1l BCTAHOBJICHHSI HAa OMOPH, SIKi MaroTh (yHaameHT. HeBenuki
IUIACTUKOBI 1 MeTaliyHl OacelHM BCTAHOBIIOIOTHCS HA IIi1031 0e3 crieriaib-
HOTro ()yH/IaMEHTY Ha BJIACHI oriopu a00 Ha CIeliaJibHO BUTOTOBJICHI ITiJICTABKH.
HeBenuki cknoriacTUKoBi OaceiiHU MOXKYTh OyTH MPHUKOTNAaHI B CHUITy4WH IPYHT.

BonoBumyck 6aceiiHy — oHa i3 HalBaXKJIMBIIINX 00JIaIITyBaHb Oaceiiny.
3a3Buyaii Miclie BOJIOBHUITYCKY 3aXHIIAEThCS HEPIKABIKOYOIO CiTKOK. B HeBenn-
KHX 1 MiIKHX OacefiHax OYMIICHHS TaKol CITKH BiAOyBaeThCs BPyUHY, y OiIbI
DIMOOKKX 1 OLIbII 00'€MHUX — BUKOPHCTOBYIOTH MEXaHIuHI 3aCO0M OYHMIICHHS
200 OUMILEHHS CTPYMEHEM BOIM i/l THCKOM.

VY 3B'SI3Ky 3 BUKOPHCTaHHSM BHCOKHX INITBHOCTEH MOCAAKH PUOH B
V3B HeoOXifHO BHPINIMTH 2 OCHOBHI MPOOJIEMH — HACUYCHHS BOAM KHUCHEM
JUTsL IUXaHHS pUOM, Ta BUAAJCHHsS 3 OacelHIB MPOAYKTIB >KUTTEMISUTBHOCTI
pu6. OOuBI Ui MpobIeMH BUPILIYIOThCA 32 PaXyHOK MOCTIHHOT 3aMiHU BOAM
y OaceiiHi.

HaiiGinpme nomupenHs B Y3B orpumanu ¢isuyni 1 Gionoriydi Mmetoan
oyHIIeHHsT BoaW. il MEXaHIYHOTO OYMILIEHHS BOAW BHUKOPHUCTOBYIOTH TOPH-
30HTAJIbHI YW BEPTHUKAJIbHI BiJICTIHHUKH, B SKHX BOJIa BIJICTOOETHCS 1 OCBIT-
JIFOETHCSI, 3BUILHSIOYUCH Bijl OUIBIIOI YaCTUHU TBEPIUX 3aBHCIMX YACTHHOK,
a TakoX (UIETpH rpyOOro Ta TOHKOTO OYHINEHHS (TpaBiiiHi, mimaHi). 3 i€
METOI0 TaKOK BUKOPUCTOBYIOTHCS HEHTPHU(YTH 1 T1IpOLHKIOoHH [6, 7].

Bukopucranasg BiACTIHHHKIB Majoe(eKTHBHE uYepe3 JOBrOTPHUBAIICTD
mporiecy BijicroroBanHs. Ha qanuii yac HaitOL1bI €(DeKTUBHUMMU JJIs1 yCTAHOBOK
3aMKHYTOTO BOAOTIOCTaYaHHS BBAKAIOTHCS MEXaHIuHI CaMONPOMHUBHI (DiJbTpH,
a TakoK (UIBTPU 3 pereHepaniiHiM 3aBaHTKEHHAM IMOJTIETUICHOBUX TPAaHYIL.
VY camMonpoMUBHUX (PUIBTPax 0Caaud BUMUBAIOTHCS 3BOPOTHIM ITOTOKOM BOJH B
crieniadbHUN MPOMHUBHUHN KOpoO. [1ist 3a6e3neueHHs epeKTUBHOI poOOTH (ib-
TPiB HEOOX1HO, MO0 IX OYHINAIOYa TOBEPXHs OyJia HEe MEHIIE TUIOIi pUOOBOI-
HUX €EMHOCTEH.

Bionoriune ountieHHs Boau € 000B'I3KOBUM TporiecoM B Y3B, 6e3 sikoro
HEMOXKJIMBa e(peKTHBHA iX eKcIuTyaralisi. Bona 6a3zyeTbcs Ha 31aTHOCTI MiKpO-




Boowi 6iopecypcu ma akeakynemypa, 2(16) /2024

OpraHi3MiB pO3KIaJaTd OpraHiyHi i HEOpraHiyHi PEYOBHHHU, IO HAKOTHYY-
FOThCs1 Y BOJII IPU BUPOIIYBaHi pUOH, Ta CIIPSIMOBaHA Ha BUJAJICHHS 13 CHCTEMU
riepi 3a Bce hocdopy i a30Ty, IKi € OCHOBHUMH JKEpeaaMu 3a0pyaHeHHs. bio-
JIOT1YHE OYMIICHHS MOYKE ITPOXOAUTH B CHELiaTbHUX MPUCTPOSIX — 010 inbTpax,
iHTerparopax, aepoTeHKaX, a TAKOK 010CTaBax 3 OCOOIMBOIO MIKPO(IOPOIO —
AKTHBHUM MYJIOM. AKTUBHHI MYJ — 1€ YIpyIlyBaHHsS MiKpoopraHi3miB-Oaxre-
piii, SIKi OKHCIIOIOTH OpraHiuHi peqyoBUHHU [6, 7].

AEpOTeHKH — II€ €MHOCTI, 3allOBHEHI aKTHMBHMM MYJIOM 1 0OJaJiHaHi
MPUCTPOSIMU JIJIsl HACHUCHHSI BOAM KHCHEM. BoHM OyBaloTh i3 HaloBHIOBaYEeM
(rpaBiii, kepam3uT, kepamiuHi a00 CKIISHI €JIEMEHTH, TIOJICTUIICHOBI TPaHyJIN)
abo 6e3 HbOro. AEpOTEHKH MalOTh MOPIBHSIHO HEBUCOKY BapTiCTh, MPOCTi B
00CITyroByBaHi, ajie MaroTh JOBOJI HU3bKY MPOMYKTUBHICTh. CITiBBIIHOLICHHS
00'emy puOOBOJHMX €MHOCTEH 710 00'eMy aepoTeHKiB ckianae 1:8-1:10. Pazom
3 aepOTEHKaMH 3a3BUYail BUKOPUCTOBYIOTh JIJIsl MEXaHIYHOTO OYMILEHHS BOAM
HE (QUIBTPHU, a BIJCTIMHUKH, OCKUIBKH BEIHMKA KUIBKICTh 3aBUCIIUX YaCTUHOK
AKTHBHOTO MYJy Ay>K€ 3HWKY€E €(EKTUBHICTb pOOOTH QibTpiB. A HEOOXiAHICTH
MiATPUMAaHHS ONTHMAJIBHOTO TEMIIEPATYPHOTO PEXUMY IMIJBHILYE BUTpPATH
€JIEKTPOCHEPTii Ha MiAIrpiB BOAH.

[HTerparop — me KOHIYHA €MHICTh, B HIDKHIM YacTHHI SIKOI CTBOPIO-
€TBCSl LIap aKTUBHOTO MyJdy. BepxHs yacTwHa mpamoe sik BiacTiiHuK. Cris-
BiJTHOIIICHHS 00'eMy pHOOBOJHUX EMHOCTEH 10 00'eMy IHTErpaTOpIiB CKJIaJa€e
1:5-1:10. [Ipu BUKOpUCTAHHI IHTErPATOPIB Bifa1a€ HEOOX1IHICTh MEXaHIYHOTO
OYMINEHHS, OJIHAK BHHHMKA€E MOTPeda TOYHOTO MiATPUMAHHS IIBUAKOCTI BOJO-
o0MiHy, 11100 He BiOyBaJOCh OCiaHHS aKTUBHOTO MYIy i BUHECEHHS HOTO 32
MEXI1 30HHU BiACTOIOBAHHS.

BioginbTpu ocTaHHIM YacOM OTpUMAaITH HAWOUIBII ITUPOKE 3aCTOCYBAHHS
B crcTeMax O10JIOTIYHOTrO ouuiieHHs. [[le eMHOCTI 13 HalOBHIOBaYaMHU Pi3HOTO
TUIY — 00'€MHOT0, TJIAaBAIOYOT0, CTUILHUKOBOTO 1 TpyOuaroro. O0'emHi i ruia-
BalOYi JIMCTOB1 HAIOBHIOBAYi 3aCTOCOBYIOTHCS OBOJI PiAKO B MPOMHUCIOBHX
ycTaHOBKax. YacTile BUKOPHCTOBYIOTh HANIOBHIOBAY1 3 TOJIIETHICHOBUX Tpa-
HYJ1, SIKI pEr€HEPYIOThCSI,  TAKOXK KACETHI 1 CTUTbHUKOBI HallOBHIOBaY1. bioQiyb-
TPH MalOTh MPOLYKTUBHICTH Y 8-10 pa3iB OUIbIIy, Hi’)K a8POTEHKH Ta 1HTETpa-
TOpH, ajie X BapTicTh y 5-10 pa3iB Buina. CriBBiHOIICHHS 00'eMy pHOOBOIHUX
emHoctel i 6iodinesrpis Big 1:0,5 no 1:4. lo HenomikiB 610 inbTpiB, OKpIM X
BHCOKOT BapTOCTI, BI/IHOCUTHCSI HEOOX1THICTh BUKOPUCTAHHS B CKJIAJli OYUCHOT
Cropyau okpemoro 0ioinbsTpy — AeHiTpudikaropa, B SKOMY HITpaTd 3 OUYHIILY-
BaHOI BOJIU BIJIHOBJIFOIOTHCS /IO BUILHOTO a30Ty [6, 7].

[Ipobnema 3abe3nedeHHs] KHCHEM MJIsl JUXaHHS pUO BHUPINIYETHCS 3a
paxyHOK oAadi BOJH, BKE HACHUYCHOT LIUM Ta3oM.

PesyabraTn mocaimkenn. Ha nouarky Oepesnst 2020 poky Oyso crpo-
exToBaHo noMainHe Y3B i ans uporo Oymno npundano 2 pynonu 30x1.5 M mouti-
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npominena pipmu «Rochling» amst ctBopenss 2 6aceiiHis Ta 6apadanHoro (inb-
Tpy. Takox 3HamOOMIIMCS TPYOH JUIst IMPKYJsLii Boau, Oyno Bukopuctano [1BX
Tpybu 110 Ta 50 miamerpy. s 3BaproBanHs OaceiiHiB mpuadanu Apit miei xk
¢ipmu niamerpom 4 MM 1 eH 1St 3BaprOBaHHS MJIACTHKY.

BinmoBifHO 10 HAIIOTO MPOEKTY MM Hapi3aiu JeTajl JJis 3BaprOBaHHSI
OaceitniB. Jlist 6iomoriunoi ¢inprpanii 3Bapuin OaceiiH oBalbHOI POPMHU PO3-
Mmipom 3.50x1.5x1.5 m. Jlns MinHOCTI 1 HAIIHHOCTI MM TIAKPINUIA CTOPOHHU
OaceliHy BepTHKaJIbHUMHU Ta TOPHU3OHTAILHIUMU JKOPCTKOCTSIMH TAKOX 3 TIOJNi-
MPOTIJIEHY, a IOBEpX HUX 2 MeTayeBux o0pyui 3 KyTHuKa 40x40. [{Ho Oaceiiny
3po0JICHO Tijl KyTOM JI0 LISHTPY JIJIsl Kpalioro 300py i 31uBYy Bijnctoro. Beepe-
IUHI OaceiiHy OyJ0 3MOHTOBAHO KpIiIUICHHS JJIsi MOHTYBaHHS aeparopiB, sIKi
Oynu cTBOpeHi BiIacHOPYY i3 aepariiiHoro nutanry 100 miamerpy, BCepeauHi
SIKOTO IUTACTHKOBA TpyOa 50 miameTpy B KiAbKOCTi 6 IT. Mo 1 M Ta BMOHTOBa-
HUMHU Ha JHO OaceliHy (pucyHoK 1).

Puc. 1. IlnacTukoBa Tpyda

Jlo Hux Oyna mix’enHaHa HOMINPOINiJIEHOBA TPyOa Ui MOjAadi KHUCHIO
xomnpecopom «Hiblow HP120». Takoxx OyB BMOHTOBaHHI Hacoc IJisi moxpadi
BOJU B OaceiiH 3 puboro. J{iist 61070ri9HOT0 OUHUILeHHS Boau Oyi1o 3acumaHo 1 m?
aBarodoi 6io3arpysku po6o4oi mosepxsi 1000 m*m? (pucyHok 2).
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Puc. 2. Biozarpy3ka

Baceiin ans pubu mu 3pobunu 3 M B aiametpi. B nentpi Oaceitny Oyna
BMoHTOBaHa 110 TpyOa ans 3a6opy OpynHOi Boau Ha QiabTp MEXaHIYHOT OYH-
cTKH. 3a0ip BOAM 3IMCHIOBABCS 3 BEPXHBOTO 1 HIKHBOTO mmapy. st momaui
YHCTOrO KHCHIO B OaceifH 3 pubamu Oylo BMOHTOBaHO ApiOHOAMCHIEPCHHI
[IUIAHT JOBXUHOK 3 M i 16 MM B iameTpi (pUCYHOK 3).

Puc. 3. Baceitnn

Jist MexaHIYHOI OYMCTKH BomM Oynio 3poOieHo ¢imeTp OapabaHHOTO
turry. BiH ckimagaeTbest 3 Kopirycy, 3 Oapabany 3 ciTkoro 60 MKM, JIOTKa JJIs
BIATOKY OpyIaHOI BOIH, TPOMHUBOYHUX (DOPCYHOK, TPOMHUBOTHOTO HACcOCA, TBU-
TyHa TIpUBOY OapabaHy Ta aBTOMAaTHKH. B Oaceitn mist pubu Boma moTparuise

11
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Ha (iIBTP MEXaHIYHOI OUYMCTKH, BOJA IIPOXOAUTH Yepe3 CiTKY, OpyIHi Biaxoan
3aJIMINAIOTHCSl Ha CITLI, MICIS YOTO 3a JOTIOMOTOI0 MPOMHUBOYHOIO HACOCY i
(OpCYHOK BOHU 3MMBAIOTBCS B JIOTOK ISl BIATOKY OpyOHOT BOAM, SIKa MOTpa-
IUISIE B KaHAJII3a1lii0. A OYHMIIIEHA BOJIa MOTpAILIse 10 0aceiiHy 3 0l0J0riYHOI0
¢inpTparieto i micis TPOXOHKEHHs 010J0Tr1YHOT OYMCTKU BOJAA MOTPAILISE JI0
Oaceliny 3 puboIo.

[Ticns 3amycky 1 nepeBipku cuctemu B ciuHi 2021 poxy Oyno npuadaHo
100 T, neHckkoro ocerpa i 50 mT. pociiickkoro ocerpa Barorw 15 r y Mukora-
iBchKili obnacti pazom 3 kopmoMm ipmu «SK». [lepeBo3ka pubu B XepCOHCHKY
oOnacte, binozepcrkuii paiion, ¢. HajgexaiBka 37iiicCHIOBaIACS B MOJTICTHIICHO-
BUX TIaKeTaX, 3aKa4aHUX YUCTUM KucHeM. [licisi BUpiBHIOBaHHS TeMIlepaTypu
puba Oyna Bumymiena B OaceiiH. [licist IBOX THIXKHIB yTpUMaHHSI pUOU SIKICTb
BOJM TMoripmmiacs 1 puba novana cebe MOraHo MOYyBaTH 1 MOCTYIIOBO BiJIXO-
JWia B He3HAuHIM KinbkocTi. [y yCcyHeHHs moaanbiioi 3arubeni pubu Oyino
3yMUHEHO TOIBII0 prb Ta o6aBieHo 1 kr moBapenoi comi Ha 1 m* Bomu. ITicms
BOTO CTAJIO 3pO3YMLNIO0, IO SIKICTh KOPMY BUSIBUIIACH YK€ HU3BKOIO, 10 CIIPH-
YMHWIO TMOMYTHIHHS BOIM 1 MoraHe camomnouyTTss pubu. byno B3sito Bindip
BOJIM JIJIs1 aHaJi3y B Jaboparopii, a TaKoXK KOXKHOTO JTHSI MM TPOBOJMIIN aHaJi3
BOJM CaMOCTIHHO 3a JIOIIOMOTOIO CIelialbHUX peakTuBiB. Pe3ynpraT anami-
31B MMOKa3yBaJId HOPMY 1 OyJI0 IPUIHATO PIlICHHS PO 3aMiHy KOpMY Ha QipMy
«Coppens». Mu ofipa3y OMITHINA CYTTEBI 3MIiHH: SKICTh BOJM MOKpAIIuiIacs i
puba mouana poctH. 3a 1ei nepioa MU BTPaTUIIM BChOIO POCIHCHKOrO oceTpa i
50 wt. neHCHKOTO (PUCYHOK 4).

Puc. 4. Ocerposi B Y3B

12
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Bocenn 2021 poxy mMu Bupimmim npugdoatu Gopenb, Tak K A 0ceTpa
noTpiOHO OyJI0 MiirpiBaTé BOAY, ajie Halll 4ac Iie 3aTpaTHo. B ciuni 2022 poky
B PiBHEHChKiH oOmacti, B puOHOMY rocnomapcTsi Oyino mpumbano 1000 1.
Majbka Qopesni cepeaHboro Barow 1,5 1. JIns migHATTS Majbka B3sUIH KOPM
¢bipmu «Biomary. Uepes 10 quiB BupollyBaHHs puda mMaja cepeiHio Bary 2 T.
Maibok operni rapHo cebe movyBaB i 3 IKICHUM KOpMOM 100pe HaOupas Bary.

AuJte, Ha aJlb, Hallll IOCIIIKEHHSI CTOCOBHO BHpOIIyBaHHS pudu B Y3B
Oyl eKCTPEHO 3aKiHYCHHI Yepe3 oKymaiito XepcoHchkoi obnacti. Ha sxaib,
Becst pr0a 3aruHysa 4yepe3 BIICYTHICTh €JIEKTPOSHEPTil 1 KOPMOBUX PECYPCIB.

BucHoBku 3 1aHoro gociimkenns. [lepeBaru 3aMKHYTHX CHUCTEM Oue-
BuHi. Lle — 3MeHIIeHHs a00 TTOBHE MPHUITMHEHHST CKUIAHHS 3a0pyIHEHHX CTid-
HUX BOJ; CIIPOLICHHS yTHUIi3aMii IPOAYKTIB KUTTEAISIBHOCTI pU0; MOKITUBICT
CTBOPEHHSI O€3B1AX0JHOT TEXHOJIOT11 BUPOIyBaHHS PHOM LIISIXOM JIOAATKOBOTO
BUPOIILYBaHHS B CHCTEMi OBOUIB a00 1HIIMM IIISIXOM; PaliOHATbHE BHKOPH-
CTaHHSl BOAHHUX, 3€MENIbHUX 1 JIIOICBKUX PecypcCiB; MOBHA KEPOBaHICTh PEXU-
MaMH BUPOIYBaHHs PUOH: TEMIIEPaTypPHUM, COJILOBHM, Ta30BHX, CBITIOBUM i
T. 1., IPUCKOPEHHS] TUM CaMHM TEMITy pOCTY pUO Ta MiIBUILEHHS €()eKTUBHOCTI
BUPOIILyBaHHS.

Jo venomnikie V3B MoxHa BifiHeCcTH, MaOyTh, TUILKU OJTHE: BUCOKA COOI-
BapTICTh BUPOIYBAaHOI puOM, HAWBUILA cepe]] YCiX GOopM pUOHUITBA.

[Hmmit muax BukopuctaHHd Y3B — BHpOIyBaHHS MOCAJKOBOTO Mare-
piairy pi3HUX BHIIB pu0, MOCTaBKa iX y puOOBO/HI rOCIOfapcTBa B paHHI Tep-
MiHH. 3a paxyHOK 30UIbIIEHHS MepioAy BHPOIIYBaHHS MOMJIMBE OJCpPKAaHHS
TOBApHOI MPOJYKIii B CTABKOBHX rOCHOAAPCTBAX 32 OIWH PiK.

RECIRCULATION SYSTEM DESIGN TECHNOLOGY
AQUACULTURE - UZV (RAS) FORTROUT FARMING
AND STURGEON AT HOME

Holovko A. A. — Assistant,
Skydanov Yu. V — 3rd year student,
Faculty of Fisheries and Environmental Management,
Kherson State Agrarian and Economic University,
holovko.alina@gmail.com

Today, closed water supply systems (RAS) are actively used by aquaculture
farms around the world. Ukraine is no exception, in which the technique of growing fish
in the presented installations is highly developed.

The main task of the UZV is to artificially create a habitat for hydrobionts, which
ensures the maximum output of commercial products in a short period of time while
maintaining the quality of the product. In addition, this type of installation has requirements
for efficient use of water resources — minimal feeding and use of recycled water.
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Year-round cultivation of hydrobionts in so-called closed aquaculture farms
excludes wintering regimes, thereby intensifying the growth process. The better the
technology, the better the habitat and, as a result, the higher the growth rate of the fish.
In addition, high-quality purified water makes it possible to increase the density of fish
planting and more efficiently use production areas.

The scientific article highlights the main parameters of growing sturgeon and
trout fish in closed water supply installations. The technology of creating a do-it-yourself
installation at home is described in detail, with illustrative photo materials. It also
describes in detail what equipment is required for continuous and efficient operation of a
closed water supply installation, and definitely describes the types of water purification
and their advantages.

The results of the obtained studies show that the design of the recirculation
system of aquaculture — UZV (RAS) for trout farming and sturgeon farming at home
is possible. This method is much cheaper compared to the purchase of a turnkey UZV.
Also, the growth of hydrobionts in closed water supply installations has its own number
of advantages and disadvantages, which are described in this scientific article.

Keywords: recirculation systems (RAS), UZV design, trout farming, fish farming.
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KOMMJIEKCHI PILUEHHA CUHEPTIT BEKIbKOX ®OPM
AKBAKYINbTYPU 3A MOAEJUTIO MYJIbTUTPOODIYHOCTI
31 SHUXKEHHAM TUCKY HA EKOCUCTEMY

T'onuaposa O. B. — k. c.-2. 1., doyenm,
’Bex B. B. — 0. c.-e. 1., npoghecop,
I Xepconcokuil 0epaicashuil a2papho-eKoHOMIYHULL YHIGepcumen,
’Hayionanvhuil ynisepcumem 6iopecypcie i npupodoxopucmysanns Yrpainu,
anelsatori@gmail.com, vitbekh(@gmail.com

3nilicHeHO0 0araTOKOMITIOHEHTHHUH aHalli3 €()eKTHBHOCTI BIPOBAKEHHS y 3a-
rajibHy CXeMy IiJPOIICHHS PUOOIOCaIKOBOTO Marepialy TEXHOJOTIYHUX AaCIEKTiB 3
JIEKUIBKOX (hOpM BEJICHHS aKBaKyJIBTYpPH (3a MPUHIMIIOM MYyIsTHTpodiuHocTi). Hayko-
BO-EKCIIEPUMEHTAIBLHUM IIISIXOM O0IPYHTOBAHO BUKOPUCTAHHS IPUPOIHIX KOMITOHEH-
TiB y cxeMi mijporneHHs pubonocaakoBoro Marepiaixy Cyprinus Carpio Linnaeus, 1758,
Hypophthalmzchthys hybrid, Ctenopharjyngodon idella B SIKOCTI CTHUMYJISITOPIB MeTa-
GONYHMX MPOLIECIB, a/IANTOrCHIB 3 METOIO MOMIIMIICHHS 3araJbHOT0 (PyHKIIOHATBHOIO
piBHSI B Oprai3mi kopora B moikynstypi. Ha ¢oni okpecieHux BEKTOpiB, BiAMi4eHO
e(heKkTUBHE PILICHHS 1010 IiABHIICHHS MPOBIIHUX IapaMeTPiB MPOAYKTHBHOCTI pHO
32 YMOB ONTHMI3allii TEXHOJIOTTYHOT KapTH MiPOILEHHS Ta PO3BEIACHHS.

3nilficHeHa KOMILJIEKCHA OIiHKa I10/10 e()eKTHMBHOCTI BIPOBAKEHHS €BPOIICH-
CHKUX IHHOBAIIHUX €JIEMEHTIB €KOIOTiYHO-0e3IeTHOr0 CTPAMYBaHHSA TPH peamizaii
BHPOLIYBAHHs Ta PO3BEICHHs PHO B MOIYIBHY CHCTEMY YKPAaiHCHKOI aKBaKyJIBbTYpH.
PosriisiHyTo Ta NpeacTaBieHo 10 06roBOPeHHs pallioHalbHICTh BUKOPHCTAHHS CHHEp-
rii 1eKuIbKoX (hOpM BEIECHHS aKBaKyJIBTYPH 3 METOIO MOJIIMIICHHS MPOBITHUX SIKICHUX
Ta KUTPKICHUX TTapaMeTpiB MPH MIPOBaKEHHI PHOOTOCIIOAAPCHKOT AIsITBHOCTI, a TAKOXK
3HIDKEHHI TUCKY Ha €KOCHCTeMYy. Pe3yipTaT OTpuMaHuX T0CHTIKEHb BiT0oOpakaroTh Ta
HAJIAI0Th 3MOT'Y OLIHUTH PIBEHb BUKOPUCTAHHSI IOTEHIIiaTy OpraHi3My KOporna B IoJIi-
KyJIBTYpi JUIs 3apUOJICHHST PE3UCTEHTHOIO Ta )KUTTE31aTHOI0 MOJIOTI0 akBaTopiil. [1pe-
3€HTOBAHO CITOCIO MiAPOIEHHsT MOJIoMi Kopora B monikyiastypi Hypophthalmichthys
hybrid, Ctenopharyngodon idella 3 BexTOpOM BHPOOHHUIITBA OPTaHIYHOI MPOMYKIIii
€KOJIOTYHO-0€31eYHOr0 CIIPSMYBAHHS B aKBaKyJIbTypi Ta €(pEKTHBHOTO BIIPOBAKEHHS
TEXHOJIOTIYHUX YNHHHKIB B SKOCTI ONTHMi3aliiHUX 3aX0/iB (MiAPOMICHHS B PEIUPKY-
JSIIAHUX CHCTeMaX aKBaKyJIbTYyPH Ta BUPOI[YBaHHS y CTaBax 3 MOXIIUBICTIO 3apuOJIeH-
Hs aKBaTopii). 3MiiCHEHO KOMIUIEKCHHMH aHai3 Ta OTPUMaHi MO3UTHUBHI PE3yNbTaTH
1010 BILIMBY MPHPOJHUX KOMIIOHEHTIB Ha 3arajbHUi (YHKIIOHAJIBHUI CTAaTyC opra-
Hi3My pH0 3 aKIIEHTOM Ta CTUMYJIALIT METa0oNIIYHUX, (hi310710r0-010XIMIYHHX TIPOLIECIB,
T IBHUINEHH] BiZICOTKA BUXO/Y, KOe(iIlieHTa BrOOBaHOCTI, a TAKOXK Ha TOJIIIIeHH] 0io0-
XIMIYHOTO CKJIaJy M’ sS30BO1 YaCTHHH y pu0. PeamizoBano eexT pamioHaabHOTO BHKO-
pHCTaHHSI pECYPCHOT0 NOTEHIialy CTaBiB, KOPMOBOI 0a3u Ta MOTEHIiay MOJIOAL pUO.

KirowoBi cioBa: ynoCKOHAJIGHHS, CHHEpPTis, €KCTEHCHBHA TA IHTCHCHUBHA aKBa-
KyJIBTYpa, PEHUPKYIAMiHI aKBaKyIbTypajibHI CHCTEMH, CTaBH, (hiziororo-6ioximMivHi
rapameTpH, POyKTHBHICTb.
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IocTtanoBka mpodaemu. Ha cBiToBoMy piBHI Bce Ma€ TUHAMIYHICTb,
TpaHchOpMaLiiHUH KOHTEKCT Ha ()OHI MEBHUX CTalMX acrekTiB. B ramysi 20
ArpapHi HayKd Ta MPOJOBOJBCTBO HANpsSM PUOOTOCIIONAPCHKOI IiSUTBHOCTI
nependadae 6araTOKOMIIOHEHTHY «KHBY» CHCTEMY 3 JIOT1YHOIO MOCIiI0OBHICTIO
KOXXHOTO Tiporiecy. besyMoBHO € 6a30Bi, KJIaCHYHI MOHATTS, HA SKUX IPYHTY-
€TbCs1 3araJioM puOorocnoaapcbka IisuibHiCTh. HaToMicTh, BpaxoByro4i TEHICH-
1ii 10 yIOCKOHAJICHHSI TEXHOJOTIYHUX ACIIEKTIB, BAPTO BIIMITUTH BaXKIIUBICTh
BpaxyBaHHsI OIOJIOTIYHUX OCOOJMBOCTEH O0’€KTIB BHUPOIIYBaHHS Ta PO3BE-
JICHHS1, a TAKOXK OOMpAaTH BEKTOP Ha pamioHaJbHICTh X BUKOpUCTaHHS [ 1, 2].

Puborocrnionapchka AisUTbHICTh Ta BIATIOBIIHI TEXHOJIOTTYHI MPOIECH HA KOX-
HOMY 3 €TalliB repe10ayaroTh MEBHUN BILIMB Ha eKocHcTeMy B 1tomy. Hanpukmnas,
BUPOOHHUIITBO KOPMIB, THCTAISALIISI HOBUX ()epM — BCe 1€ 301IBIIYE TUCK Ha IIPUPOTHE
cepeioBuile y (popMi MOCKUIICHOTO BUKOPUCTAHHS PECYPCIB Ta € MOTCHIIIHHUM JpKe-
PETIOM OpPraHiYHOIO Ta HEOPraHIYHOTO 3a0py/HEHHS. B KOHTEKCTI IpoIiecy BUPOIITY-
BaHHSI Ta TOJIBJI, CKJIAJT PaIliOHY, BMICT MIOKUBHUX PEYOBHH, € OJIHUMH i3 OCHOBHHUX
(hakTopiB, siKi (HOPMYIOTh BIUIHB Ta PiBEHb HABAHTAXKEHHSI HA eKOCHCTEMH [3—5].

HalyBae akTyanbHOCTI Taki acleKTH SK KOMOIHOBaHI MOEJi BEeICHHS
ranysi, HO3UTUBHI Pe3yJIbTaTH MOXKYTb OyTH JOCSITHYTI IUISIXOM BUKOPUCTAHHS
CUMOIOTHYHOT MOJIEI, Cepe]l CKIIA0BUX SKOT OOMParOTh rOMIBIIO (TI1ATOIIBIIIO)
MPUPOIHUMH KOMIIOHEHTAMH, BUPOILYBaHHS Ta PO3BEIEHHS 3 LIUIBHICTIO
MOCAaIK1, CEKTOPU OTPUMAaHHS JKEepes aJbTepHATUBHOTO MPOTEiHY B aKBAKYJIb-
Typi Towmo. BTiM, MUTaHHS TUIIAECTHCS BIAKPUTHM Ta repeadadac HU3KY MUTaHb
Ta 3ajJlad, SAKi MOCTAIOTh Nepell MPAKTUKAMU Ta HAyKOBIIMU B PO3pi3i cydac-
HOCTI, iH(opManiHHIX TEXHOJOTIH Ta eKOJIOTTYHOTO CHPSMYBaHHSL.

AHaJi3 ocTaHHIX JOCTimKeHb i myOsikamiii. B KOHTEKCTI mpe3eHTo-
BaHOI /0 OOTOBOPEHHS TEMAaTUKU POOOTH € Pe3yJabTaTH HayKOBO-NPAKTHYHOTO
Xapakrtepy, sKi aBTOpH BiIMI4alOTh Ta OOTPYHTOBYIOTH SIK MO3MTHUBHI 3 PEKO-
MEHJAIHUM XapakTepoM. 30KpeMa, B JITepaTypi HAyKOBI BiAMi4alOTh, IO
HamiBIHTEHCHBHI ()OPMHU BEIEHHS B aKBaKyJIbTypi 30aJIaHCOBYIOTH MPHPOAHI
JOKepesla KOpMY Ta HaJIaloTh MOXJIMBICTH OTPUMATH JOAATKOBI. € ekcriepu-
MEHTH, SIKi ITOKa3alu JOCTaTHHO e()EeKTHBHI PE3YJIbTaTH BUKOPUCTAHHS KOPMiB
IIpU BUPOIIYBAaHHI KOpONa B TOJIKYJIBTYPi 3 BIPOBAKEHHSIM E€KOJIOTIYHOCTI
IHTErPOBAHOTO MYNBETHTPOGIUHOTO cHpsMyBaHHs. JlOCTiIKEeHHS MOKa3yoTh,
110 Taki (OpMHU ONTHUMI3ali] 3 BEKTOPOM HaIliBIHTEHCUBHOTO YIIPABIiHHS CIIPH-
SIFOTh ONTHUMI3aIli] 3arajioM TeXHOJIOT1YHOT KapTH BUPOLIYBaHHS pUOU Ta MMOJin-
LIYIOTh PICT, PO3BUTOK, & TAKOXK BUKOPHCTAHHS JOCTYITHHUX pecypciB [6].

HaromicTb, BaXJIMBO BpaxoOBYBaTH, IO 332 YMOB €KCTEHCHBHOI (hopmu
BeJICHHsI TOTpeOu opraHizMy puoO B MpoTeiHi MOXKYTh OyTH 330BOJICHUMH JIUILE
TUMUacoBo. Hampukiana, moce30HHO, Ha Yac, KOJIM 300IUIaHKTOH y cTaBax Oyje
B HAJJTUILIKY (32 yMOB BUCOKHX TTOKA3HUKIB MPUPOAHOT KOPMOBOT 0a3M, CIIPHAT-
JMBHUX YMOB JUIsI ii (popMyBaHHS).
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OnHax, Koy GioMaca IJTAHKTOHY Ce30HHO OyJie 3MEHIITYBaTUCh, HecTaua OlTka
MaTuMe KOPEIISIIMHNE 3B'S130K 31 CKIIJJIOBUMHU PALiOHY TP TOMIBII Ta BiIIOBIIHO,
BiIOOpasKaTHCh Ha PO3BUTKY PUOH (CHIOBUIBHIOBATH 1i TEMITH POCTY TOIIO). Y TPOTH-
Bary CHHeprii ABOX (pOpM: EKCTEHCHBHOI Ta IHTEHCUBHOT, KOJIM HASIBHICTB MOCTIHOTO
JIOCTYITY JIO JDKEpeN MPOTeiHy 3a0e3reuyBaTuMe 30aJIaHCOBAHMN aMIHOKUCIIOTHHI
npoisib JIs OpraHi3My riipoOiOHTIB. 3arajbHOBIIOMO, II0 SKOJIOr0-(i3ioNoridHi
napamerTpu iIeHTU(IKyIOTh METabOMIvHI MPOLIECH B OPraHi3Mi TipoOIOHTIB, HE-
PO-TyMOpaJIbHI IPOLIECH, 30KpeMa, TOMEOCTaTUUHY piBHOBary [7—10].

3a y3arajabHIOIOUMMH JAHUMHM, JUIS YKPAaiHChKOI aKBaKyJIbTypH KOPOI
(Cyprinus carpio) Bigirpae IOMiHYIOUY POJIb B aKBaKyJIbTypi, IO TaKOX Bij-
Mivaetbes s Llentpanbraoi Ta CxigHol €ponu. [lomikynerypa cripusie Oiibiin
palioHaJIbHOTO BUKOPUCTOBYBATH IOCTYIIHI pecypcH Ta OaiaHCyBaTH IpH Iiepe-
po3noauT TpopiYHUX BITHOCHH B ekocucTeMi [3, 11].

ABTOpH BigMiualOTh B poOOTax, IIOJO MPAaKTHYHOI LIHHOCTI BUKOpPH-
CTaHHS TEXHOJIOT1YHHX aCHEeKTiB BUPOOHUIITBA MTPOIYKIIii pUOHUIITBA B yMOBaxX
3 HaNiBIHTEHCHBHOI aKBaKyJbTypH. HamiBiHTCHCUBHA TEXHOJOTiS Iepeadadae
BUKOPHCTaHHS, B OCHOBHOMY, [P IIJIaHYBaHH1 TOJiBII PO 3epHOBI KYJIBTYpH,
npy yaoOpeHHI — BHECEHHS THOIO JIIsI T IBUIIEHHSI IPUPOIHOT MPOYKTUBHOCTI
CTaBKiB. B mopiBHAHHI 3 TpaAULIHHUMHU 3€pPHOBUMH KOPMaMH B pallioHax Bij-
Mi4aloTh e(peKTUBHIM BUKOPUCTAHHS aJIbTEPHATUBHUX JKEepell eHeprii, mpoTe-
Hy, mepexiJ BiJ 3epHOBUX KOPMIB J0 IITyYHHX HA OCHOBI pHOHOr0 OOpoIIHA,
pociuHHUX KopMiB [12, 13]. Tlo3UTUBHMMU € BapiaHTU BHPOIIYBaHHS TAKHX
MOJIeJIeH Y TIOTIKYIIBTYPi, SIK KOPOII, TOBCTOJIO0UKH, OLTHIA aMyp, & TAKOXK THIIS-
mist. [Ipyn 1bOMy € MOXKIIMBICTH KOpPETYBaTH INIJIBHICTH MOCAIKH, TEPMIHU Ta
crioco0u migroaisii Tomo [14].

B HaykoBHX Ipalsix aBTOPH BiIMI4alOTh PO CUMOIOTHYHUH €(EeKT BHUKO-
pHCTaHHSI B SIKOCTI 00’ €KTIiB KynbTUBYBaHHS Oreochromis niloticus Ta Cyprinus
carpio B yMOBaxX pHUCOBHX Y€KiB, IPU BUKOPUCTAHHI MPUPOTHUX JT00ABOK LISt
niaronisii pudu. [1pu npoMy criektp TpoiYHUX BiIHOCHH pamioHadIbHO PO3IO-
IUIIEThCS MK TiipoOioHTaMu, 3a0e3nedyoun eeKTUBHICTh B BUKOPHCTaHHI
MPUPOJIHOT KOPMOBOT 0a3u Ta BiJICYyTHOCTI KOHKypeHrii [ 15—18].

ABTOpH BiIMIYaIOTh TIO3UTHBHI PE3YJIBTATH EKCIIEPUMEHTAIbHUX JTOCITi-
JOKEHb MIONO TIONIIMIICHHS MPOAYKTUBHOCTI, PO3BUTKY KOPOIIOBHX, THJISMIT,
MapMypOBOTO COMa LUIIXOM MOEJHAHHS PI3HUX CHUCTEM BHPOIILYBaHHS PUOH.
HamiBinTencuBHa (opMa BeAEHHS aKBaKyJIbTypH INependavyae TaKoK BUKOPH-
CTaHHs OpPraHiyHMX Ta HeopraHiuHUX 100puB. B miTeparypi gocmiHUKH BigMi-
YaloTh Ta POOJATH aKLEHT Ha iHTErpoBaHii Gopmi HaMiBIHTEHCHUBHOT CHCTEMH,
siKa nependavyae epeKTUBHE BUKOPUCTAHHSI BIIXO/IIB CUTLCHKOTO TOCIIONAPCTBA,
KOPMIB, CEKTOPIB IpH MiJIPOILEHHI TOIO. 3a TaKUX YMOB BifOyBaeThCs 30111b-
LICHHS PiBHS MEPBUHHOI NPOAYKTHUBHOCTI, PO3UMHEHOTO KUCHIO, KUCIOTHOCTI
Ta HIIKX MapaMeTpiB TiApoxiMiuHOro pesxxumy [19].
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OTxe, cuHepriyHui e()eKT B aKBaKyJIbTypi B KOHTEKCTI IEKITBKOX (opM
BEJICHHS Taiy3i crpusie 301IbIICHHI0O BUPOOHHULITBA puOM O€3 pU3UKY 3aXBO-
pIOBaHb, a TaKOX MOJIMNIICHHIO MPUPOIHOI KOPMOBOI 0a3H, SIKIIO PO3IIISAATH
CTaBOBE BHUPOIIYBaHHS Ta PO3BEJCHHS TiJpOOIOHTIB B MOEHAHHI 3 OaceliHaMu
peLMPKYISILiHNX akBakyabTypansHux cucteM (PAC), cexktopis Ta 6iopeakTo-
PiB KyNIbTUBYBaHHS IPUPOIHOTO KopMy Tomo [1, 4, 11, 20].

B naykoBuX HapoOKax aBTOpW POOJSATH aKLIEHT Ha JOCIHiIKEeHHSIX BUKO-
pUCTaHHS MYJIBTUTPO(GIYHUX MOMYIbHUX CHCTEM, HaIliBIHTEHCHUBHHUX (HOpPM.
HaykoBo-ekcriepuMeHTa bHa podoTa nepeadadaa 1oCiiHKeHHs e(peKTUBHOCTI
BUKOPHCTaHHS CHHEPTii ABOX (OPM aKBaKyJIbTYpH Ha (OHI BIUIUBY TEXHOIO-
TIYHOTO YMHHMKA MiATOAIBIII TpupoaHuMu kKommoneHTamu (MCMT®) puborno-
casikoBoTo Matepiany kopora (Cyprinus carpio Linnaeus, 1758) B momikyasTypi
Hypophthalmichthys hybrid ta Ctenopharyngodon idella. Monons pud BUpo-
1IyBajgu y OacelHaX PEIUPKYISAIIAHOI aKBaKyIBTYpPaJIIbHOI CUCTEMHU 3 BiJIIIO-
BiTHMM JOTPUMAHHSIM 3arajJbHONPUIHATUX HOPMATHBIB Ta pEKOMEHAAil Y
pubHuLTBI [21, 22].

[TigromoyBasin Ha (hOHI 3arajbHOrOCIOAAPCHKOTO PAIiOHY BiJIMOBIIHO
eTaram OHTOTEHEe3Y, TeMIIepaTypH BOIHOTO CEPEIOBHIIA CyMILIIIIO 31 CHIPYITiHU
Ta YOPHOI JIbBUHKH ILJTFOC BUKOPUCTAHHS TEXHOJOTTYHIX YHHHHKIB, IPEJICTaB-
JICHUX HWX4Ye 1Mo TekcTy. KOHTposibHA Tpyra oTpuMyBajia TOIiBil 0e3 nojar-
KOBHMX KOMMOHEHTIB. [licisi mipomeHHs: Kopora B MOJIKYJIBTYpi 3alyCKald y
CTaBH 3 HACTYITHHM MOHITOPHHIOM IPOBIIHUX MapaMeTpiB. Bci koMmoHeHTH
MIPUPOIHOTO KOPMY JJIsl MiATOAIBII OTPUMYBAIU MPH KYJIBTHBYBaHHI y BiAIO-
BiTHUX CEKTOpax TeXHOJIOTi4HOi cxemH. Ha mbomy (oHi Takok BUKOPHCTOBY-
BaJIM €JIEMEHTH aKBAIlOHIKU B SKOCTI Oionoriunoi Qimprpauii B ToMy 4YHchi 3
BHUKOPHCTaHHSM POCIHH JAEKOPATUBHOTO BUKOPHUCTAHHS Ta arpoKyJIbTyp, TAKOXK
BIIPOBA/IMIIN €JIEMEHTH aJIbTEPHATHBHOTO JKepelia eHeprii y BUINISAI COHSYHOT
MiKpomnaHesi Ta MiHi — Mozeni OiopeakTopa. Bike migpoleHoro, pe3ucTeHT-
HOO MOJIOJIIO pUO TUIaHYBaIX 3apuOIeHHs BOAONHM. AHai3yBald MPUPOAHIO
PpUOOIIPOYKTUBHICTh CTaBIB 3a YMOB BUKOPHCTaHHS JisJIbHOCTI MOJEIBHOI
CHCTEMH aKBalOHIKH, KyJIbTUBYBaHHS IPUPOAHOTO KopMy. [lopiBHIOBamu edex-
TUBHICTB BIUIMBY TEXHOJIOT1YHIX YMHHUKIB B yMOBax cTaBiB Ta PAC B KoMIUIeK-
CHIM MOAYNBHIM CHUCTEMi 3a MPUHIUIIOM CHHEPTii AEKUTbKOX (OpPM aKBaKyIb-
TYPH 3 aKIIEHTOM Ha MYJIBTUTPO(IUHOCTI.

JlocuipkeHHs TiIpOXiMIYHOTO CTaHy BOJIHOTO CEPEIOBUIIA 3/11HCHIOBAIU
LUIIXOM CHCTEMAaTUYHOTO Bif0Opy mpo0. AHai3 Ta 00poOKy OTpUMaHUX MPOd
BHUKOHYBaJIH Y BiJIOBIAHOCTI /10 3arajJbHONPUHHATHX METOIUK Ha 0a3i HayKo-
BO-JOCIIHUX JTaboparopiii: «IlepcrekTrBr akBaKyIbTyp», «Dizionoro-0ioxi-
MIiYHI JOCIi/pKEeHHsY, « EXonoriuHuil i XiMiuHUI aHaIi3 Ta MOHITOPUHT BOZM
XIOAEY Ta 1o Micug, Jie 3allaHOBaHO 3axij 3apuOieHHs. Excripec-meronom
BH3HAYJIM OCHOBHI IOKA3HUKH TAPOXiMii, KOPUCTYIOUHCH OKCUMETPOM, pH-Me-
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TPOM, KOHIYKTOMETpoM, potomeTpoM Palintest 7100. B 6aceiinax PAC konueH-
Tpallis BUIbHUX 10HIB BoAHIO (pH) Tpumasack BIPOAOBK TOCIHIKEHb B Cepeli-
HBOMY Ha piBHI 7,4-7,2; BMICT KUCHIO JOpiBHIOBaB 5,8-6,1 MI/n mpu cepeaHix
TeMIlepaTypHUX 3HaueHHsX Bif 22,1 mo 24,2 °C; minepamnizauis — 362 Mr/am?;
HiTpuTH Ta HiTparu — 0,08 Ta 1,1 BinnoBigHo. Maninymsuii 3 00’ ekTaMu Hay-
KOBO-EKCTIEPUMEHTAIILHOTO JIOCIIJKEHHS TPOBOAMIN 3 TOTPUMAHHSIM TPaBHUII
“€BponeichbKoi KOHBEHIIIT 3aXUCTy XpeOSTHUX TBAPUH, SIKi BAKOPUCTOBYIOTHCS
JUTsL €KCIIEPUMEHTAJbHUX Ta iHmMX HaykoBux Iied” (CrpacOypr, 1986).
Pesynbrar qociimkenHs 06pooiaeHo 3a gonomororo ANOVA.

Pe3ynbTaTn gocaizkeHb. AHATI3YIOUU Ta KOMILUIEKCHO OIIHIOIOUH OTPH-
MaHHI pe3y/bTaTH eKCIEPUMEHTAIBHUX JOCIIKEHb, BIIMITUMO TTO3UTUBHUM,
CTUMYJIIOIOYHH e(eKT 32 YMOB BIPOBA/KCHHS 3alIPOIIOHOBAHHUX TEXHOJIOTIU-
HUX €JIeMEHTIB MyJAbTUTPO(IYHOT aKBaKyJIbTypH. MeTabomiuHi polecy B opra-
Hi3Mi puO B €KCIIEPUMEHTAIBHHUX TpyNax BigOyBaiHuCh OUbII aKTUBHO, €TOJIO-
T'isl 32 pe3yNbTaToOM Bi3yalIbHOTO CIIOCTEPEKEHHs OyJia BU3HAUeHa AMHAMIYHOIO,
a PyXJIMBICTh HEPBOBUX LIEHTPIB y puOM — ajekBaTHOIO. [1OpiBHSHHS TeMIIiB
PO3BHUTKY B OHTOT€HE31 KOpOIa B MOJIKYJIBTYpi 3a YMOB BIUIMBY BHBUAEMHUX
YMHHUKIB TPOAEMOHCTPOBAHO HA HACTYITHOMY PUCYHKY 1.

Ctenopharyngodon
idella

-~ EKCNeprmeHT
Hypaophthalmichthys

hybrid

Cyprinus carpio % KoHTponb

Puc. 1. lopiBHAAbHUI aHATI3 WIBUAKOCTI po3BUTKY Cyprinus carpio B NOJXIKYyJIbTYpi
32 YMOB eKcllepUMEeHTAIbHOro nociaigpxkennss MCMT®

OtprMaHHI pe3ylIbTaTy HaJatoTh MAIPYHTS I OOTOBOPEHHS 1100 Karaba-
JITUYHUX TPOLIECIB B OpPraHizMi puo, SKi JOMATKOBO OTPUMYBAITU TIPUPOJTHI KOMITO-
HEHTH TIPH ATO/IBII, YTPUMYBAJIFICh 32 YMOB JOJIATKOBOI OiosoriuHoi (inbrpartii
Ta MOJIEITi aKBaroHiKa. BifmoBiHi Mo3UTHBHI 3MiHM Oyiu 3adhikcoBaHi i Py 10CTi-
JDKEHHI 010XiIMIYHOTO CKJIajy M’sI30BO1 YaCTHHU y pUO (PUCYHOK 2).

V3araJpHEHHS Ta Bi3yalbHa MNpPE3EHTAIlisl CKJIAJIO0BHX KOMILIEKCHOTO
HayKOBO-TIPAKTUYHOT'O JOCII/KEHHS BiI0Opaka€ CHHEPTil0 KOXKHOTO 3 CEKTO-
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piB BupoOHMYOTO Tpolecy. Taka cuMOIOTUYHA MOJETH CHPUSE ITiIBUILECHHIO
palioHaTbHOTO BUKOPUCTAHHS JOCTYITHHX PECypCiB Ta MOTEHIIANy OpraHizMmy
00'€KTiB KyJIbTHBYBaHHS (PUCYHOK 3).

9 90 9 80
80 i .~ Konmpone 70 = Konmpone
70 § * Exkcnepumerm 60 II - Excnepumernm
60 N \\. "
N 50 N
50 \ Y
N 40 N
40 N N
N 30 NH
30 N N
1
20 § 20 3 &
1 1
10 § Qg 10 ‘\* h NE
0 N AN < 3 0 Nt b:' - —_
Bosnora Binok Hvpu 3ona Bonora binok Kupwu 3ona
90
%
80 v« KoHmpons & EkcnepumeHm

60
50
40
30
20
10

N

Bonora binok Kupn 3ona

Puc. 2. lopiBHs1bHMIT GioxiMiuHuii aHai3 M’A30B0I YacTuHH Kopona (1),
TOBCTO/I00MKIB (2), 6is1oro amypa (3)

Puc. 3. Moay/ibHe pillieHHsl, 3TeHEPOBAHO HA OCHOBI 3aIIPONIOHOBAHUX TEXHOJIOTIYHUX
pimienb MyabTuTpodivHoi MCMTD
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Pe3ynbrat TUHAMIYHOTO PO3BUTKY, MAaCOHAKOIMYEHHSI KOpOIa B ITOJi-
KyJbTYpl MiIKPIIUTIOIOTCS MOJIMIIEHHSAM 3arajbHOro (PyHKIIOHAaJBHOTO CTa-
Tycy opraniamy pu6. Ha ¢oHi kpamux 3a (pakTHYHUM 3HAYCHHSM TOKA3HUKIB
PHUOOIPOTYKTUBHOCTI, CTaHy TIPUPOTHOT KOPMOBOI 0a3u y cTaBax Ta CTaOLIbHUM
CIPHUATIMBEM TiAPOXiIMIYHUM peKUMOM y OaceitHax PAC, MokHa JOMYCTUTH i
PO 3MEHIIEHHS TUCKY Ha €KOCUCTEMY MPH TIsUTLHOCTI Takoi Moz (pepMu.

Ha ¢oni orpuMaHux pe3ynbTaTiB MAaCOHAKOTIMYEHHSI OJHUM i3 iH(OP-
MaTUBHHX JOCHIKEHb cTaB MOP(O-PyHKIIIOHATBHUN aHalli3 KpOBi Kopora B
NOMIKyAbTYpi (Tabmuni 1-3).

Tabnuysa 1. @yHKUIiOHAJBLHUIA CTATYC OPraHi3My HbOTOJITOK KOpona
(Cyprinus carpio Linnaeus, 1758) 3a yM0OB BIJIUBY T€XHOJIOTiYHOTO
YMHHHMKA® 32 MOJeJbHOI0 CHCTEMOK0 MYJbTUTPO(IYHOT AKBaAKYJIBLTYPH
(MCMT®), (x = SD, n=50)

IMapamerpu

Kourtpousn

ExcnepumeHTt

KinbkicTs epurpountis, T/1

2,967+0,680

4,001+0,5195"

BwmicT remorno6iny, /1

82,333+1,962

87,8334+2,295™

MCV, mkm’ 92,519+14,365 99,104+12,8306
MCH, nr 28,912+6,278 22,294+3,1900
MCHC, % 23,839+3,810 22,048+3,647

23,667+1,838 31,317+5,9975"
0,347+0,033 0,451+0,0890"
[MpumiTKa: * — TEXHOJIOTIYHUH YMHHUK — MIATOAIBIS KOPOITOBUX KOPMOCYMIIIIO + ylTOCKOHAJIEeH]
ymoBu migpomenss; “0.05 (P<0.05); 70.01 (P<0.01); ™ 0.01 (P<0.001); MCV — cepenniit
00'eM eputpouuTiB (aHI. mean corpuscular volume); MCH — cepenHiii BMICT reMorio0iHy
B eputpouuTi (aHn1. mean corpuscular haemoglobin); MCHC — cepemHsi KOHIIGHTpAIIist
reMOIIO0iHy B epUTPOLUTI (aHIL. mean corpuscular haemoglobin concentration).

3arajbHHN 010K, I/I1

Kpeatunin, MKMOJIB/JI

Tabnuys 2. @yHKIiOHAJBLHHUI CTATYC OPraHi3My I[bOTOJTITOK
TOBCTOJIOOMKIB 32 YMOB BILUIMBY T€XHOJIOTiYHOT0 YHHHUKA® 32 MCMT®
(x = 8D, n=50)

Toscronoduxku Hypophthalmichthys hybrid
Kourtpoun ExcnepumenTt
3,190+0,655 3,998+0,3907"
86,117+4,144 97,233+10,7306"

Ilapamerpu

Kinbkicts eputporutis, T/
Bwmict remorno6iny, /71

MCYV, mkm? 122,231+33,935 105,798+21,2466
MCH, nr 27,841+4,984 24,347+1,7034
MCHC, % 23,547+4,512 23,692+4,3003
3aranbHuii 010K, I/71 37,033+4,371 42,750+4,0412"
Kpearunin, MKMOJIB/JT 0,363+0,038 0,478+0,0856"

[MpumiTKa: * — TEXHOJIOTIYHUH YMHHUK — MIATOAIBISI KOPOMOBUX KOPMOCYMIIIIO + ylTOCKOHAJIEeH]
ymoBu migporenns; “0.05 (P<0.05); 70.01 (P<0.01); ™ 0.01 (P<0.001).
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Tabnuysa 3. DyHKIiOHAJBHUI CTATYC OPraHizMy IbOTOJIITOK 0ij10r0 amypa
32 YMOB BILUIMBY T€XHOJIOTiYHOro YnHHUKA® 338 MCMT® (x = SD, n=50)

Tapaverpn Binuii amyp Ctenopharyngodon idella
Konrposs ExcnepumMeHT

Kinpkicts eputpouutis, T/ 2,97+0,223 3,188+0,242

BwmicT remornobiny, /1 79,171,927 83,217+1,534
MCYV, mkm? 176,87+1,743 123,173+11,139

MCH, nr 41,04+3,147 27,063+2,600

MCHC, % 23,57+1,058 21,945+0,413
3aranbHUAN 010K, I/ 21,17£1,195 27,5334+1,604™

Kpearunin, MKMOJIB/JT 0,43+0,131 0,587+0,193

Buxonsuu 3 oTpuMaHKUX pe3yNbTaTiB, BiAMITUMO, IO 3arajibHUH (QyHKIi-
OHAJIBHUI CTaTyC y pu0 3 eKCIIEPUMEHTAIILHOI TPy BiAPi3HABCS OLIbII aKTHB-
HUM 1epebirom OiJIKOBOTO, ByIieBoIHOTO 00MiHiB. [Ipo 1o cBix4arth BiporiaHi
BiIMIHHOCTI B €KCIIEPUMEHTAIILHUX IPyMNax MO BiTHOUICHHIO O KOHTPOJBHUX
¢daxTnuHKuX 3Ha4eHb. [loTeHmian oprani3aMy KOpPOIIOBHX, sIKi JJOAaTKOBO OTpHU-
MyBaJl KOMIUIEKC MPUPOIHUX KOMIIOHEHTIB Ta 3HAXOIWJINCh B YMOBAX MYJb-
tuTpodiunoi akBakynsrypu (MCMT®), OyB 3HauHO BHIIMM, HIX y puOH 3
KOHTPOJIBHOI TpynH. Buxonsun 3 mapaMeTpiB, sIKi € MAPKEPHUMHU B KOHTEKCTI
O0OMIHHHMX TMpoLeciB, (pOpMyBaHHS PE3MCTEHTHOCTI JI0 MOTCHIIIHHO-HETaTUB-
HOTO CepeIOBHUINA, MOKHA BIIMITHTH PO OUIBII CTIHKUN CTaH pUOH B EKCIIe-
puMeHTanbHil rpyni. Ha ¢oHi BUAKOCTI pO3BUTKY, 1OCIiIKeHHsT HAOyBalOTh
CHJIbHOT CTOPOHU TIPH aHali3i cKiany KpoBi pu0. TpaHCIOpTyBaHHS OKUBHUX
PEYOBHH Ta BUKOPUCTAHHS iX O1IbII pallioHaIbHO NPH IUIACTHYHOMY Ta EHepre-
TUYHOMY OOMiHaX BifOyBajoCh B IPyIIi, JIe MPOBOJMIN EKCIICPUMEHT.

BucHoBku Ta mnpono3umii. Y3aranbHIOIOUW peE3ylbTaTH, sKi Oyiau
OTpPHMaHi 32 YMOB BIUIMBY BHBYA€MHX TEXHOJOTTUHUX YMHHHKIB Ha TPOBIIHI
napamMeTpy BHPOLIYBaHHS Ta PO3BEICHHS KOpOMa B MOJIKYJIBTYpi, BIAMITUMO
MO3UTUBHUMA CTHUMYJIIOIOYMH €(EKT BIPOBAKCHHS EJIEMEHTIB MYJIBTUTPO-
¢iunoi akBakyabTypH. KOMIIEKCHI JOCTIKEHHs TOTIOBHIOIOTH BXKE ICHYIOUH
MO3UTUBHI PE3YNIBTAaTH 32 TEMaTHKOI0 PoOOTH. BpaxoByroun BEKTOp PO3BUTKY
puborocnoaapchbkoi ramys3i K eKoJIoriuHO-0e3MeuH i, TeHIeHIIiT, IKi € MapKep-
HUMH CTPATeTiYHUX IUIaHIB PO3BUTKY Ta MIATPUMKH CTAJOCTI aKBaKyJIbTYPH,
€ MiJICTaBU PEKOMEHIYBaTH 10 BUPOOHMUYOTO BIPOBAHKEHHSI 3alIPOIIOHOBAHOT
MOJIeTIi MiAPOUICHHS! KOPOMOBUX. Y MalOyTHIX JOCIHIIPKEHHSAX Ha METIi MOCTae
IMOMHHE JAOCHTIPKEHHS MOP(OJIOTTYHHX, TICTONOTYHUX MOKAa3HUKIB Ta O1IbII
PO3LIMPEHHI aHaJIi3 KPOB1 Y KOPOTIOBHX.
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COMPLEX SOLUTIONS FORTHE SYNERGY
OF SEVERAL FORMS OF AQUACULTURE ACCORDING
TO THE MULTITROPHIC MODEL WITH REDUCTION
OF PRESSURE ON THE ECOSYSTEM

"Honcharova O. V. — Candidate of Agricultural Sciences, Associate Professor,
’Bekh V. V. — Doctor of Agricultural Sciences, Professor
'Kherson State Agrarian and Economic University,
’National University of Life and Environmental Sciences of Ukraine,
anelsatori@gmail.com, vitbekh@gmail.com

A multi-component analysis of the effectiveness of the implementation of
technological aspects of several forms of aquaculture management (based on the principle
of multitrophicity) into the general scheme of raising fish stocking material was carried
out. Scientifically and experimentally, the use of natural components in the scheme of
raising fish planting material Cyprinus carpio Linnaeus, 1758, Hypophthalmichthys
hybrid, Ctenopharyngodon idella as stimulators of metabolic processes, adaptogens in
order to improve the general functional level in the body of carp in polyculture has been
substantiated.

A comprehensive assessment of the effectiveness of the implementation of
European innovative elements of an ecologically safe direction in the implementation of
fish breeding and breeding in the modular system of Ukrainian aquaculture was carried
out. The rationality of using the synergy of several forms of aquaculture management in
order to improve the leading qualitative and quantitative parameters in the conduct of
fishing activities, as well as reducing the pressure on the ecosystem, is considered and
presented for discussion. The results of the obtained studies reflect and make it possible
to assess the level of use of the potential of the body of the carp in the polyculture
of for stocking water areas with resistant and viable juveniles. The method of raising
young carp in the polyculture of Hypophthalmichthys hybrid, Ctenopharyngodon idella
with the vector of production of organic products of an ecologically safe direction in
aquaculture and the effective introduction of technological factors as optimization
measures (raising in recirculating aquaculture systems and growing in ponds with the
possibility of stocking of water areas). A comprehensive analysis was carried out and
positive results were obtained regarding the influence of natural components on the
general functional status of the fish organism with an emphasis on the stimulation of
metabolic, physiological and biochemical processes, the increase in the yield percentage,
the fattening ratio, as well as on the improvement of the biochemical composition of the
muscle part of fish. The effect of rational use of the resource potential of ponds, feed
base and the potential of young fish has been realized.

Keywords: improvement, synergy, extensive and intensive aquaculture,
recirculating aquaculture systems, ponds, physiological and biochemical parameters,
productivity.
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JlocIi/pKeHO MEepCIeKTUBH 3MEHIICHHSI HEraTHBHOIO BIUIMBY MIKOTOKCHHIB Y
CKJIaJli KOPMIB JUIsl KOpora B pe3yJbTaTi BUKOPUCTaHHS cOpOILiitHOl 100aBKu Ta 3 Or-
TSy Ha 3MiHH aKTUBHOCTI TpaHC(epa3 TenarornaHKpeacy Ta CHpOBaTKH KPOBi KOpoTIIa.

VY Xoni mociipkeHb y J1abopaTopHUX yMOBaX 3MOJIENbOBAHO ONTHMAJIbHI aHa-
JOTi4HI (i3UKO-XIMIUHI apaMeTpH cepeaoBHIla BUpolyBaHHs kopora. ChopmoBaHO
4 TpyIu OMHOPIYOK KOPOTIa CEPEAHBOIO MTOYaTKOBOIO Macoro 20,0 T, SKUX BUPOIILyBAIH y
akBapiymax 00’emom 80 am? i3 po3paxyHKy 1o 12 ek3. y kokHOMY. KopormaM KOHTpOITb-
HOI Ta yCiX JIOCIITHUX T'PYI BOPOAOBXK 25 110 3ro0ByBaii KOMOIKOPM, Y SIKOMY BHUSIB-
neHo TokcuHU adratokcud B1, 3eapaneHoH Ta ge30kcuHiBaieHON. J{0 pamioHy Tocii-
HUX TPYIl JIONATKOBO BBOAMIM mpemnapar «Mikocopo»® y kinbkocti 0,05 (mocumin 1),
0,075 (mocmix 2) Ta 0,1 % (mocmix 3). I1o 3aBepIIcHHI SKCIIEPUMEHTAIBEHOT TO/TIBII1 BH-
BYAIM PiBEHHh aKTUBHOCTI TpaHC(epa3 OTHOPIYOK KOpOoIIa.

JlocmiKeHHAMH BCTAHOBIICHO, 10 BUKOPUCTAHHS B SIKOCTI OCHOBHOTO parfio-
HY KOMOIKOpPMY 3 O3HAKAMH IICYBAHHSI € CTPECOBUM YHHHHIKOM, KU CIPHYMHUB YITKY
TCH/ICHLIIO 3MIHM aKTUBHOCTI (PEPMEHTIB B JOCII/IHUX IPyNax BIAHOCHO KOHTPOJIBHO.
3arajioM B OC/IAHUX IPYNax BIAMIYEHO iHriOyBaHHs aKTMBHOCTI JIy’HOi pocdarasu y
rernaronaHkpeaci Ta raMMa-nry TaMuITPaHCIIENITHIA31 Y CUPOBATII KPOBI Ta reraToraH-
Kpeaci, a TaKoXX IMOCHIICHUI CHHTE3 anaHiHaMiHOTpaHcdepa3u. ToOTo, 3a BBEACHHS J10-
CJIIKYBAHOT COpOLIIHHOT 100aBKH JI0 CKJI/ly KOPMY, BIAMIYEHO ajanTtamito GpepMeHTiB
JIO TIPOJIOHTOBAHOT'O BIUIMBY CTpEC-YNHHHUKA.

B pesynbrati mpoBeeHNX T0CIiIKeHh aKTHBHOCTI (PEPMEHTIB Y CHPOBATIi Kpo-
Bl Ta reraroraHkpeaci OJHOPi40K Koporia OyJio BCTaHOBJICHO, 1110 A0JIaBaHHsI 10 OCHOB-
HOTO panioHy copOuiitnoi no6asku B Kinbkocri 0,05, 0,075 ta 0,1 % Big Macu kopMy He
BHKITUKAE MATOJIOTI] Y (PYHKI[IOHYBaHHI CH3UMIB.

Briepiiie BUBY4CHO BIUIMB BUKOPHCTAHHSI B FOMIBIII KOpOMa MOCIIKYBaHOT cOpO-
1iifHOT 00aBKM Ha aKTHBHICTH TpaHCc(epa3 rernarornaHKpeacy 3a yMOB BUKOPHUCTAHHS
KOpPMIB 3 O3HaKaMH TICyBaHHA. Ha OCHOBI OTpUMaHHX pe3yJibTaTiB OKPECIECHO e]ek-
THUBHICTh BUKOPUCTAHHSI JIOCIIIDKYBAHOTO COPOCHTY 3 METOIO 1HAKTHBALIT BILIUBY MIKO-
TOKCHHIB Ha OpraHi3M Kopora.

KitodoBi cmoBa: kopom, KOpM, KOPMOBI T00aBKH, MIKOTOKCHHH, COpOCHT,
TpaHcdepasu.
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IMocTranoBka mpo6aemu. OTHAM i3 KITFOYOBUX TEXHOJIOTITHUX ACIIEKTIB
iHTeHcnikamii aKkBaKyIbTypH € OpraHi3allisi HOpMOBAaHOI TO/iBIi pUO i3 BHKO-
PUCTaHHSM 30aJIaHCOBAHMX 3a CKJIQJIOM INTYYHHUX KOPMIB, SIKi BiJIIOBIIAIOTh
6iomoriuHuM notpebdam opranizMmy pub [1]. 3abesnedeHHs: BUCOKOT SKOCTI KOp-
MiB, IIIO BiJTIOBITaI0Th BCTAHOBIICHUM HOpPMaM OE€3MEYHOCTI, € 0a30BOI0 yMO-
BOIO JIOCSITHEHHS ONTHMAIBHUX MMOKa3HUKIB €(heKTUBHOCTI BUPOOHUIITBA pUO-
HOIT rpoaykii [2].

Cepen 4MHHUKIB, IO HETAaTWBHO BIUIMBAIOTh HA MOKA3HHUKH SIKOCTI Ta
6e3meyHoCTI KOPMiB 0COOIMBO HEOE3MEYHNM € 3a0pyAHEHHS MIKOTOKCHHAMH,
110 TIEpII 32 BCE BUHUKAE B PE3yNbTaTi BUKOPUCTAHHA Y CKJIaJll KOPMY KOHTa-
MIHOBaHHMX KOMITOHEHTIB, a TAKO)K HEHAJIS)KHUX YMOB BHTOTOBJICHHA Ta 30epi-
raHHs Kopmis [3, 4].

[TonamHOpMOBHH BMICT MIKOTOKCHHIB Yy KOMOIKOpMax IPHU3BOIUTH
0 PO3BUTKY Xap4yOBUX TOKCHKOIH(MEKIIiH, sIKi YHHATH HETaTUBHUU BIUIMB Ha
(YHKITIOHYBaHHSI OPTaHIB 1 CHCTEM OpTraHi3My, IO MPHU3BOIUTE 0 3HUKCHHSI
prborocIogapChKNX MOKAa3HUKIB Ta PEHTA0EIFHOCTI BUPOOHHUIITBA, 3pOCTAHHS
3aXBOPIOBAHOCTI 1 piBHS cMepTHOCTI pub [5, 6]. Takox BimOyBaeTbcs mopy-
IIEHHA TICTOJOTIYHOI CTPYKTypH OpraHiB TpPaBJIeHHS, aKTHBHOCTI TPaBHUX
SH3HMMIB, 3rOPTaHHS KPOBIi, TIOKA3HUKIB Hecnenu(iyHOT pe3UCTEHTHOCTI opra-
Hi3My pu6 Tomro [7—-10].

B ymoBax chorofeHHs KOHTaMiHAIlisI KOPMiB MIKOTOKCHHAMH Ma€ TJIO-
OanpHE MOMIUPEHHS, TOMY 0COOJIMBOI aKTyallbHOCTI Ha0yBae mpobaemMa MonryKy
NI€BUX MPUBEHTHUBHUX 3aXOJIiB, @ TAKOXK CIIOCO0IB 3HIKEHHS BIUIMBY Ha Opra-
Hi3M TBapuH [11, 12].

AHaJi3 ocTaHHIX HocaigxkeHb i mybJikamiii. Bukopucransas B romisii
pubd INTYYHUX KOPMIB HM3BKOI AKOCTI CTBOPIOE OCOOJMBI PU3UKH BHCOKOTO
BMICTY y HUX MIKOTOKCHHIB [8]. Takok BCTaHOBIIEHO BHIIUI PU3HK TOHATHOP-
MOBOTO PiBHS 3a0pyIHEHHS TOKCHHAMH KOMITOHEHTIB POCIMHHOTO TIOXOKEHHS,
0Cco0IMBO 37aKOBHX (IIIIEHUILI, SIMiHb, OBeC, BHUCiBKH) [13, 14]. Ockinbku
3HAYHY YaCTKy y CKJIaJli KOPMiB JJIsI KOPOTIa CKIIAIA0Th 3JIAKOBI KOPMOBI KYJTb-
Typu [1], TO icHY€ TiBHIIIEHa IMOBIPHICTH BMICTY Y HUX TOKCHHIB.

Taxorx cimiz 3ayBaKUTH, 110 J1a0OPATOPHUMHU JOCTIKEHHSIMH Y OUTBIIIO-
CTi BUIIAJIKiB BCTAHOBIIIOETHCS MMPUCYTHICTh TOKCHHIB Y KOPMaXx, IMPOTE y MEKAX
HOPMAaTUBHUX 3Ha4eHb. [Ipu mboMy CItiJy BpaXOByBaTH CyMapHy Jil0 TOKCHHIB
Ha OpraHi3M, aJpKe 4YacTO 3HAYHO TOKCHYHIIINM, € BIUIMB TPYIIH TOKCHHIB, HIXK
omHoTO [4].

Jiis 3armo6iraHHs BIUTMBY MIKOTOKCHHIB Ha OpPTaHi3M y TBapWHHHUIITBI Ta
aKBaKyJIbTypl aKTUBHO 3aCTOCOBYIOTHCS CIIEIiaIbHI PEYOBHHU ¥ TMperaparu i3
copOriHnMHu BiacTuBOCTsIMA. OCHOBHHMI MEXaHI3M IXHBOI Hii mojsirae y 0110-
KyBaHHI abcopOI1ii MIKOTOKCHHIB Y TPAaBHOMY TPaKTi IIPU CIIOKUBAaHHI KOHTaMi-
HOBAHOTO KOPMY, @ TAKOX Y CTUMYJISILIIT IXHPOTO BUBEJICHHS 3 opraHizmy [15].
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Kpim 11b0oro, BUKOPUCTAaHHS COPOCHTIB y KOPMaX CIIPUsIE 3HIKEHHIO HAKO-
MWYCHHS TOKCHHIB Y M’SI30Biil TKaHHHI PUO, 10 MOKPAIIy€e CIIOKHBYI XapaKTe-
PHUCTHKH Ta MOKa3HUKHU O€3MeYHOCTI puOHOT poayKiii [16, 17].

Jo Takux npenapariB Hanexuts «Mikocopo»® (Alltech Inc.), cTBope-
HUI Ha OCHOBI KOMIUICKCY BH/IUJICHUX 13 CTIHOK KJIITHH JPDKIKIB eTepudiko-
BaHMX IIIIOKOMaHHaHiB. Mae MOTy)XHY 3[4aTHICTh 3B’SI3yBaTd NIMPOKUH CHEKTP
MIKOTOKCHHIB 1 3aro0iratu iXHpboMy HOTPAIUISTHHIO 10 KPOBOHOCHOI CHCTEMH
yepe3 TpaBHUM TpaxT [18].

[TomepeaHb0 HAMH AOCHIHKEHO OKpPEeMi acrekTH e(EeKTHBHOCTI 3acTo-
cyBaHHs mnpernapary «MikocopO»®y ckiaai KOpMIB Ul Koporia 3 O3HaKaMu
rcyBaHHs. BeranoBiieHo nokpaieHHs (i3ionorivHoro crany (MpUpOCTiB Macu
pu6 Ha 0,4-15,2 %) Ta onipHOCTI OpraHiaMy (3pOCTaHHs aKTHBHOCTI aHTHOKCH-
JMAHTHUX (DEPMEHTIB 13 TCHJICHIIIE0 J0 3HIKEHHS BMICTY TPOIYKTIB MEPEKHC-
HOTO OKHMCHEHHS JIMiiB y M’si3aX KOPOIIiB) B pe3ysibTaTi eKCIIepUMEHTaIbHOT
roxieii [19].

TakuM YMHOM, MEPCHEKTUBHUM € BUKOPUCTAHHS JTOCIiIKYBaHOTO Ipe-
napary 3a iHTEHCHBHUX TEXHOJIOTiH BUPOIILYBaHHS KOPOIIA, & TAKOXK JOIUTEHUM
€ moruOlieHe BUBUCHHS HOT0 BIUIMBY Ha OpraHi3M, 30KpeMa Ha aKTHBHICTh
MeTaboJi3My B OpraHax TPaKTOrO TPakTy, 110 3a0e3neuyeTbesi (PyHKIIOHAb-
HOIO aKTHBHICTIO TpaHcdepas.

IMocTanoBka 3aBnanus. [lomryk eeKTHBHUX KOPMOBHX 100aBOK 13 cop-
OUiIHIMHU BIACTHBOCTSAMH € aKTyaJIbHUM JJIsl MiHIMi3alii pu3HKiB, OB’ I3aHUX
13 HETaTWUBHUM BILJIMBOM MiKOTOKCHHIB HA OpPraHi3M pHo, a TAKOXK 3 METOI0 3a0e3-
IIEYCHHS TIOKAa3HHUKIB 0E3MEeYHOCTI Ta SIKOCTI pUOHOI MPOAYKILT JJIsi CIIOXKHMBA-
4iB. Ockinbku koporn (Cyprinus carpio L.) € rooBHEM 00’ €KTOM aKBaKyJIbTypH
VYkpaiHu, BUBUCHHS JOLUILHOCTI 3aCTOCYBAaHHS JIOCHIKYBAaHOTO COPOEHTY y
CKJIaJli KOpMY 3 O3HaKaMH TICYBaHHS y MEPCIEKTHBI JO3BOIUTH ONTHMi3yBaTh
MIPOIYKTUBHI MOKa3HUKH y NIMPOKUX MaciTabax BUPOOHHIITBA.

Marepianu i MeToau pocimzkeHHs. J[oCiKeHHS POBEEHO Y J1a0o-
paropHHX yMOBax i3 3a0e3MeYeHHSM ONTUMAalbHUX MapamMeTpiB yTPHUMaHHS
KOPOITiB Ta AOTPUMAHHSM 3araJIbHONPUHHITHX METOJUK MPOBEACHHS EKCIIEPH-
MEHTiB y puOHHLTBI [20].

CcdopmoBaHo 4 TpyIu 0OJHOPIYOK HUBKIBCHKOTO BHYTPIIIHBOIIOPOAHOTO
TUIly YKPaiHCBKOI JIyCKaTol IOPOAM KOPOIA CEPEIHBOI0 MOYATKOBOK MAaCOI)
20,0 1, sKMX BHPOILYBaIU y akBapiymax 00’emom 80 1aM® i3 po3paxyHKy IO
12 ex3. y KOXKHOMY.

ApnanrtanidiHuii nepiox ckiap 14 nmi0, micist 4Oro po3rodaiv eKCHepu-
MEHTaJIbHY TOJIIBIIIO, sika TpuBasia 25 1i0. Jlo0oBy nmoTpedy KopMy BU3HAYAIU
BIJITIOB1JTHO J10 MOKa3HUKIB Macu pu0. [Ipu nibomy 3a0e3reuyBajivi ONTUMAIBHY
TEMIIepaTypy BOIU y akBapiymax Ha piBHI 21-22 °C, a TakoX KOHTPOJIIOBAIN
OCHOBHI XiMi4Hi MOKa3HUKHU Ta BMICT y Hili PO3YMHEHOT0 KUCHIO. ONTUMAabHI
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MOKa3HUKU XIMIYHOTO CKIJIQJy Ta KHUCHEBOTO PEKHMY BOIHOTO CEpeOBHINA
3a0e3MeveHo NUISIXOM BOIOOMIHY Ta aepyBaHHS y aKBapiyMmax.

B roaieni BukopuctoByBasnu kombikopm perenty [IKC111-2/2/4 i3 Bizy-
aNTbHUMH O3HAKaMH TPUOKOBOTO YPa)KCHHS, 110 BHHUKIHM B PE3yJbTaTi HeHa-
JISKHUX yMOB 30epiranus. Jlo paimioHy JAOCHIIHUX TPYI JTOJATKOBO BBOIMIIN
npemnapar «Mikocopo»® y kimbkocTi 0,05 (mocin 1), 0,075 (mocmix 2) ta 0,1 %
(mocmip 3).

[lepen mouaTkoM eKCIIEPUMEHTANILHOT TOJTIBJII BU3HAYAJIN CTYIiHb KOHTA-
MiHAIliT MIKPOCKOIIYHUMHY IprubamMu KOPMIB y 3pa3ky kopmy. B pesyinbrari Oyino
BUSIBJIICHO TPH I'PYIIM TOKCUHIB y KoMOikopmi: adnarokcur B1 — 0,0015 mr/kr
(mpu MakcumanpHO pomyctumMomy Bmicty (MJZIB) mist moBHOpamioHHHX Ta
noxatkoBux kopmiB — 0,01 mr/kr); 3eapanenon — 0,0625 mr/kr (nmpu M/IB ms
KOPMOBHX MarepiaiiB, 36pHOBUX Ta NPOAYKTIB MepepoOKu 3epHa — 2 MI/KT);
ne3okcuHiBanenon — 3,36 mr/kr (mpu M/IB 1t koMOiKOpMIB Ta KOPMOCYMi-
ured — 5 mr/kr) [21]. To6T0, 3a CydacHIMH BUMOTaMH HIOJI0 BMICTY MiKOTOKCH-
HIB Y KOpMax JIOCIiIKyBaHHI 3pa30K He MepeBUIllyBaB Moka3HuKiB M/IB.

[To 3aBepiIeHHI EKCIEPUMEHTAJIBHOI TOMIBII BHBYAIM PiBEHb AKTHB-
HocTi TpaHcdepa3 oqHOpivoK Kopomna. [ Hboro Ha XoJoi BigOupanu rema-
TOIAHKpPEac, a TAKOXK CHPOBATKY KPOBi 13 MOJAIBIIMM MOMILLEHHSM Y PiAKHHA
azor 3a temmneparypu Minyc 196 °C. Oapasy micist po3MOpOXEHHS BimiOpaHi
3pa3Ku TKaHWH TOMOTEHi3yBajM B pO34MHi PiHrepa ajsi XOJOAHOKPOBHUX TBa-
pun (0,65 % — NaCl, 0,014 % — KCl, 0,02 % — NaHCO,) Ta uenrpudyrysanu.
B cynepHaraHTi BU3HaYaJli aKTUBHICTH (DEPMEHTIB.

AkTuBHICcTB nyxHO1 (hocdarazu (JIO) Bu3Hauanm 3a peakuiero 3 GeHis-
(docdarom, B pe3ysbrari sikoi yTBOproeThes Gerot ta pocdar. deno 3 4-amiHo-
(enazoHoMm y npucyTHOCTI Hatpiii mepiioguty yTBOpIOE 3a0apBieHy CIONYKY,
3a IHTEHCUBHICTIO SIKOT PO3PaXxOBYIOTh aKTHBHICTh GpepMeHTy [22]. AKTHBHICTh
ananiHaminotpaHcdepazu (AnAT) Bu3Havyamu 3a merogoM Paiitmana-DpeH-
KeJsl 13 3aCTOCYBaHHSIM KOJIBOPOBOI peaklii MPOAYKTY Tiapomizy 3 2,4-muHi-
TpoeHiTiapasuHoM. Bu3HaueHHS aKTUBHOCTI (EPMEHTY pPO3paxoByBalld
3a IHTEHCHBHICTIO 3a0apBJICHOTO Tiipa30Hy MiPOBUHOIPAIHOI KHUCIOTH [23].
AxTtuBHicTh QepMmenTy ramma-rayramintpancnentuaasu (I'TTII) BusHavamm
KIHETUYHUMHU MeTonamu [24]. 3aranbHuil BMICT OlJIKa BU3HAYa M 32 METOJOM
Jloypi [25]. TlepepaxyHOk akTHBHOCTI TpaHC(epas 3AIMCHIOBAIU B Tepepa-
XyHKy Ha | T Oinka.

OpneprkaHi TUQPOBI J1aHI ONMpaIlbOBYBaJIM METOJJaMK BapialliitHOT cTaThC-
THKH, BUKOPHCTOBYIOUM CTAHAAPTHUH MaKeT CTATUCTUYHUX Tporpam Microsoft
Excel. Buznaganuiu cepenni apupmernyni Benuuanau (M), cepesHio KBajapa-
TUYHY TIOMHJIKY (m) 1 BiporimHicTs pisHulb (P) MK nochimKyBaHHMHU cepel-
HbOApU(DMETHYHUMHU BeMHIMHAMH. CTaTHCTUYHO BipOTiAHY PI3HHLIO OTpUMa-
HUX MTOKa3HUKIB OIIHIOBAIIU 3a t-kpurepieM CThioneHTa [26].
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Pesyabratn gociigmkeHb. 3 METOI0 TIMOMIOTO PO3YMIHHS TPOLIECIB
Je3aMiHyBaHHs Ta jaedochopuaroBaHHs, M0 Bi0yBaIOThCS B IeaToNaHKpeci
1 CHpOBATIII KPOBi, @ TAKOXK VISl OI[IHKU CTYIICHS YPaKEHOCTI OpraHi3My OIHO-
PIYOK KOpoTia y IpoIeci TOKCHYHOTO BIUTUBY MIKOTOKCHHIB IOCIIIKEHO aKTHB-
HicTh JI®, AnAT ta I'TTIL

JociikeHHs akTHBHOCTI €H3UMIB Y CHPOBATII KPOBi Ma€ BEJIMKE JliarHOC-
TUYHE Ta TMPOTHOCTHYHE 3HAYEHHS 32 PI3HUX MAaTOJOTIYHHUX CTaHIB CTPYKTYypH
rapeHxiMaro3HuX opraHiB. KpiM TOro, moka3HWKN aKTUBHOCTI €H3UMIB y CHPO-
BarTIl KPOBI BiI0OpaxaroTh QYHKIIIOHATEHIN 1 MOP(OIOTIYHUIT CTaHU MEYiHKH.

MemOpanuuii enzum JIO y mazmi KpoBi OTHOPIYOK KOPOITa KOHTPOJILHOT
rpynu ctaHoBuB 0,070,011 mxmons denindocdary/c x mr Oinika (Tadmuis 1).
Biporigae 3HIWKEHHS aKTUBHOCTI IIHOTO eH3uMY Ha 42,9 % BITHOCHO KOHTPOJIIO
(p<0,05) B mocmimi 1, CBiTIUTH PO MTO3UTUBHUN BIUIMB COPOCHTA HA MeMOpaHu
remnaromnankpeacy. B mocrmiai 2, 3a 3ronoByBaHHS «MiKOCOpOy» 3 pO3paxyHKY
0,075 %, € TenaeHIIis 10 3pOCTaHHS aKTHBHOCTI TaHOTO eH3uMy Ha 12,5 % Bin-
HOCHO KOHTPOJIIO, a B A0CHiAl 3, 3a 3rogoByBaHHs «MikocopOy» 3 po3paxyHKy
0,1 %, — na 22,2 %. lle Moxe BKa3yBaTy Ha CIPSIMOBAHICTh META0OII3My BHY-
TPIIIHIX OpTaHiB, 30KpeMa, ramaTornaHKkpeacy Ha cTaOlTi3aIlil0o TOKCHKOJIOTid-
HUX TPOIIECIB, AKi B MEBHIA Mipl CIIPHYMHWIN TTOPYIIEHHS MEMOpPaH OKPEMHX
TeHaTOIHTIB.

Tabnuys I. AKTUBHiCTH eH3MMIB CHPOBATKH KPOBi 0AHOPiYOK Kopomna
3a BILIMBY copOenTy «Mikocop0» (M+m, n=5)

JocaigkyBani mokasHuKU Kontpouanb Jocain 1 Jocain 2 Jocain 3

AKTHBHICTE JI®, MRMOTL GeHIn- | () 07,0 011 | 0,040,004* | 0,080,014 | 0.09£0,007
docdary/c x mr Oinka > ’

AxTHBHICTS ANAT, MMOTb THPY- | 100 013 | 0,16£0,027 | 0,15£0,027 | 0,15£0,017
BaTy HaTPir0/To X Mr Oika

Axtricts [TTIL MMOTE MDY~ | 55 37,5 970 | 18,02+2,872 | 17.9121,546 | 16,854,224
BATY HATPil0/TOJ] X Mr Oijka

BusHaueHHS akTUBHOCTI amiHOTpaHc(epas y CHpOBaTIli KPOBi 3aCTOCO-
BYBaTH SIK YyTJIMBHH TECT HA MPOHHUKHICTb MEeMOpaH TeNaTOIMTIB Y BHUIAAKY
YPaKECHHS TEYiHKH €K30TeHHHMH a00 €HJIOTeHHUMH TOKCHHAMH. AKTHUBHICTb
BHYTPIIIHBOKITITHHHOTO eH3uMy ANAT, 1m0 6e3rmocepeiHbo BIUIMBAE HA CHHTE3
Oinka, B cupoBarili KpoBi pud koHTponbHOI rpymu ckiama 0,10+0,013 mmons
mipyBaTy HaTpiro/rox * Mr Oinmka. B gocmimax 1-3 akTHBHICTH JAHOTO €H3UMY
Maja TeHJeHIiro 10 30inpimenHs Ha 37,5; 33,3 Ta 33,3 %, Biamosigno. IIpore,
BIJICYTHICTB BIpOTiTHUX 3MiH, 1 IK y BHMAAKy 3 JID, CBIqUATH IPO TTO3UTUBHUI
e(heKkT 3acToCyBaHHSA COPOCHTY y HAJIEKHIN MiATPUMII TOMEOCTa3Yy.

AxtusHicts ['TTII y cupoBarii KpoBi IiIBHIIYETHCS TPH OyIb-SIKHX
[IATOJIOTIYHUX CTaHaX MEYiHKM Ta JKOBYHMX IIISAXiB, 1, HABHAKH, MPH HOP-
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MaJIbHI{ aKTUBHOCTI €H3UMY HMOBIPHICTh 3aXBOPIOBAHHS MEUIHKH JTyKe MaJa.
3aJiexKHO BiJ] MEXaHI3MY YIIIKOJPKEHHS TICUIHKHU CTYIIHb 301IbIIICHHS aKTUBHOCTI
I'TTII y cupoBariii KpoBi, SIK MPaBHUJIO, TOMITHO BiAPI3HAETHCS, IO JTO3BOJISE
YCIILTHO BUKOPUCTOBYBATH Lel Mapkep As Au(epeHIiadbHOl AiarHOCTHKH
3axBoptoBanb nevinku. {ogo akruBHocTi I'TTII y cupoBari KpoBi KOpOMiB
KOHTPOJIBHOT I'PYyIH, TO JaHWK MOKa3HUK ckiaaaB 22,37+2.870 MMomb mipy-
Bary Harpiro/rox X mr Oinka. B ycix mocnigHuX BapiaHTax aKTHBHICTb JaHOTO
€H3UMY 3MEHIIyBajach MPOMOPLIHHO 10 301bIIeHHs BBeAeHHs «MikocopOy»
JI0 KopMy 1 B gociigax 1-3 Oyia HIKYOK 1I0A0 KOHTponwo Ha 19,4; 19,9 Ta
24,7 %, BIAIIOBIIHO.

[euinka Bifirpae BayKJIMBY poJiib y Mpolecax MiATPUMaHHS CTa0iIb-
HOCTI TOMeOCTa3y Oprai3my. Y TEYiHLI CHHTE3YIOThbCS MPOTETHH, OCOOIMBO
ix m00ymiHOBI (pakuii, BiIOyBa€ThCSI TaKOK CHHTE3 E€H3UMIB aMiHOTpaHC-
¢epa3. BcranoBneHo, 1o 3acTocyBaHHSI cOpOCHTY «Mikocop0» MpHU3BOANTH
110 3HWKeHHs akTuBHOCTI JI® y renmaronankpeaci oqHOPIUOK Kopora. B koH-
TPOJBHIN Trpymi puO aKTHBHICTH LIHOTO €H3MMY Oylia HaBUIIOIO 1 CTAaHOBWIIA
0,21, mporu 0,12 mxmounb deninpocdary/c x Mr Oinka B JOCTIIHUX Tpymax,
o Ha 42,9 % menme (Tabnuug 2). TakuM YMHOM, CIIOKUBAHHS KOPMY 3 HU3b-
KAM BMICTOM MIiKOTOKCHHIB TPU3BOAMTH JI0 TIEBHUX MOPYILIEHb B METa00Ii3Mi
¢docdopy, 110 TPU3BOAUTS JIO MiJBUILICHHS MpoiieciB (ochoperoBaHHS y Terna-
ToIaHKpeaci, a 3actocyBaHHs «MikocopOy» cIipusie mporecaM JETOKCHKAIlii
LUISIXOM 3HMYKEHHSI eHepro3arpaT Ha iHTeHcHBHiCTh AT®d-3a5e)XHUX MpoLEeciB
nedochopenoBaHHs.

Tabnuys 2. AKTUBHICTH ()epPMEHTIB renaTonaHKpeacy 0OJHOPiYOK Kopomna
3a BIIMBY copOeHTy «Mikocop0» (M*m, n=5)

HocaixkyBani

HOKAZHIKH Kounrtpoas Hocuin 1 Hocuin 2 Hocuain 3

AxtusHicTs JID,
Mkmonb Qenindocda- | 0,21+0,043 0,12+0,020 0,12+0,012 0,12+0,033
Ty/c X Mr OlTka
AxTuBHIicTE ATAT,
MMOJIb TTpyBaTy 0,09+0,019 0,17+0,022* 0,19+0,010%* 0,17+0,027
HaTPiro/Tox X Mr Oiska
AxtuBaicts ['TTII,
MMOJTb MpyBarty 171,85+23,773 | 73,29+12,320%* | 90,26+12,034* | 69,79+11,037**
HAaTPI0/Tox X Mr OisKa

Sk 1y cupoBariii KpoBi, akTuBHICTh ATAT y remaronankpeaci A0CTiTHAX
TPyTI TIO 3aBEpIIEHH] JOCIiKEHb Oylla BUIIOIO BiIHOCHO MOKAa3HWKA KOHTPOIIb-
Hoi rpynu. B KonTtpomi nanuit nokasauk cxiagas 0,09+0,019 Mmmons mipyBary
HaTpiro/rox X mr O6inka. B mocmimax 1-3, 3a BUKOPUCTAHHS B CKIIai KOPMY BiJl-
moBigao 0,05; 0,075 Ta 0,1 % «MikocopOy», pizauI ckiana 47,1 (p<0,05),
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52,6 (p<0,01) ta 47,1 % mono koHTpoJtO. [IpUUKMHOIO 3pOCTaHHS AKTUBHOCTI
AnAT B nmocnmigHuX BapiaHTax € OiNbll BHpaskeHa KOMIICHCATOPHA pPeaKIlis
JICTOKCHUKAI[Il Ha HAsSBHICTh CTPEC-YMHHUKA B XOZl JIOCIIJDKEHb 3a BIUIMBY
JIOCITI/PKYBAHOTO COPOCHTY.

Bcranosneno 3naune nqocrosipue 3HmwkeHHs aktuBHocTi ['TTII B remaro-
MaHKpeaci OMHOPIYOK Kopomna JOCHITHUX IPYyIl MIOA0 KOHTPodbHOI. OTpuMaHi
Pe3ybTaTH Y3TrOMKYOThCS 3 aHAJIOTTYHUM JOCIIDKCHHSIMH Y CUPOBATIIi KPOBI
KOpOIIiB, aJie y JaHOMY BHIAAKY TEHJEHIIs € Ounbin BUpaxkeHot0. B Konrtponi
aktuBHicTh [TTII cknana 171,85+£23,773 MMmonb mipyBaTy Harpito/rof X mr
Oinka, a 3HaYeHHs y gociigax 1-3 € amxunmu Ha 57,4 (p<0,01); 47,5 (p<0,05)
ta 59,4 % (p<0,01), BiamosiaHO.

3aranom, oTpuMaHa JMHAMIKa 3MiHM aKTHBHOCTI JOCIIPKyBaHUX (ep-
MEHTIB CBIJUUTHb MPO iACHTHYHICTH pe3yabTaTiB (PEpMEHTIB SK Yy CHPOBATIi
KpOBI, TaK 1 remaronaHkpeaci i3 OiJbIIOK KUIBKICTIO JTOCTOBIPHHX JaHUX Y
renarornankpeaci. [IpoTunexHi pe3yabraTd y CHpOBariii KpOBi Ta TenarornaH-
Kpeaci OTpUMaHO JIUIle y Aociiai 2 1 qociifi 3 3a aktuBHicTIO JID.

BucnoBku. B pesynbrari gociimkeHb, IpyU BUKOPUCTaHHI y CKIIali KOp-
MiB 3 O3HaKaMH ypa)KeHHsI MiKOTOKCHHaMH, COPOLIHHMX BIacTuBocTeil «Miko-
copOy», BCTAaHOBJICHO MMO3UTUBHUI BIUIUB HA (Pi310JI0T0-010XIMIYHI TOKa3HUKU
opraHizmy kopona. JlociimkeHo, mo copOuiiHi BaactuBocti «MikocopOy»,
IIPU BUKOPUCTAHHI y CKJaJi KOPMiB 3 O3HAKaMU KOHTaMiHYBaHHS MiKOTOKCH-
HaMH, OIIOCEPEIKOBAHO BILUTUBAIOTH Ha aKTHBHICTH (PEPMEHTIB y KPOBI Ta Temna-
TomaHkpeaci koponis. Bigmiueno, 3a Beeaenns 0,075 ta 0,1 % «MikocopOy»,
TEHJICHIIII0 10 3pOCTaHHs aKTUBHOCTI JyXHOi (ocdarasu y cupoBarii KpoBi
puo, Ta 3HWKEHHS y renaronankpeaci. 3a srogoByBanHs 0,05; 0,075 ta 0,1 %
«MikocopOy» y cupoBarii KpoBi i remarornankpeaci pud akKTHBHICTb ajlaHiHa-
MiHOTpaHC(epa3u 3pOoCTae, a raMMa-IIyTaMUITPAHCIICNITUIA3H — 3HUKYEThCS
(p<0,05 — 0,01) BiZHOCHO KOHTPOJILHOI TPYIIH.

TakuM YMHOM, CIIOKMBaHHS KOPMY 3 HU3BKHM BMICTOM MIKOTOKCHHIB
MIPU3BOJUTH JI0 MIEBHUX MOPYIIEHb B MeTabo0I1i3Mi (hochopy, 110 TPU3BOAUTE JI0
akTuBizauii npoueci ¢pocdopenroBanns. [Ipore, 3acrocyBanns «MikocopOy»
CTpHsie TpolecaM JIETOKCHKAIlil IUIIXOM 3HIDKEHHs eHeprozarpar Ha iHTEH-
CHBHICTB JleocopentoBaHHs Ta TaMMa-IIyTaMiI-3aJIe)KHUX MIPOLECIB y rema-
TomaHkpeaci kopona. Takox, Le JO3BOJISIE CYTTEBO NepeldynyBaTH MeTadoIIi3M
AMIHOKHUCIIOT, SIKM HallpaBJICHUH Ha MOJO0JAaHHS MMOYaTKOBUX HACIIAKIB MiKO-
TOKCHKO3Y Y I[bOMY OpraHi.
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ACTIVITY OF TRANSFERASES OF CARP
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OF SORPTION ADDITIVE IN THE COMPOSITION
OF FEED CONTAMINATED WITH MYCOTOXINS
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*Dobrianska O. P. — PhD,
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Agrarian Sciences of Ukraine,
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The prospects for reducing the negative impact of mycotoxins in carp feeds as a
result of the use of a sorption additive and taking into account changes in the activity of
hepatopancreatic transferases and of blood serum carp were investigated.

In the course of research in laboratory conditions, the optimal similar physical
and chemical parameters of the carp rearing environment were modeled. Four groups of
age-1+ carp with an average initial weight of 20.0 g were formed, which were reared in
80 dm’® aquariums at the rate of 12 specimens each. For 25 days, carps of the control and
all experimental groups were fed feed containing the toxins aflatoxin B1, zearalenone,
and deoxynivalenol. The diet of the experimental groups was additionally supplemented
with Mycosorb® in the amount of 0.05 (experiment 1), 0.075 (experiment 2) and 0.1 %
(experiment 3). At the end of the experimental feeding, the level of transferases activity
in yearling carp was studied.

Studies have shown that the use of compound feed with signs of spoilage as the
main diet is a stress factor that caused a clear trend in the activity of enzymes in the
experimental groups compared to the control group. In general, in the experimental
groups, inhibition of alkaline phosphatase activity in the hepatopancreas and gamma-
glutamyl transpeptidase in the blood serum and hepatopancreas was observed, as well
as increased synthesis of alanine aminotransferase. That is, with the introduction of the
studied sorption additive into the feed, the adaptation of enzymes to the prolonged effect
of the stressor was noted.

As aresult of the studies of enzyme activity in the blood serum and hepatopancreas
of yearling carp, it was found that the addition of a sorption additive to the main diet in
the amount of 0.05, 0.075 and 0.1 % of the feed weight does not cause pathology in the
functioning of enzymes.

For the first time, the effect of the use of the studied sorption additive in carp
feeding on the activity of transferases under the conditions of using feed with signs of
spoilage was studied. Based on the results obtained, the effectiveness of the use of the
studied sorbent in order to inactivate the effect of mycotoxins on the carp organism was
outlined.

Keywords: carp, feed, feed additives, mycotoxins, sorbent, transferases.

36



Boowi 6iopecypcu ma akeakynemypa, 2(16) /2024

10.

11.

12.

13.

14.

15.

16.

JITEPATYPA
®depmepcebke pubHUITBO / ['pynuask 1. I ta in. Kuis : I'ep6, 2008. 560 c.
IIpo OGesmeunicTh Ta TirieHy kopmiB : 3akoH Ykpainu Big 21 Tpym.
2017 p.  Ne 2264-VIII. URL: https://zakon.rada.gov.ua/laws/
show/2264-19#Text (nara 3BepHenHs: 24.11.2024).
A review of recent innovative strategies for controlling mycotoxins in
foods / Gamal M. Hamad et al. Food Control. 2023. Vol. 144. 109350.
TuraproBa O. Kprokosa JI. CopOeHTH MIKOTOKCHHIB: TPaBHIBLHUI BHOIp.
Teapunnuymeo i gemepunapis. 2020. Ne 1. C. 52-54.
Mycotoxins in Aquaculture: Feed and Food / Gongalves, R. A et al. Reviews
in Aquaculture. 2020. Vol. 12. P. 145-175.
Boutrif E., Canet C. Mycotoxin prevention and control: FAO programmes.
Revue Med. Vet. 1998. Vol. 149. P. 681-694.
Aflatoxin in feed and its effect on fish health / Hegazi Sayed et al. Kafrelsheikh
Vet. Med. J. 2013. Vol. 11. P. 317-329.
Pietsch ~ Constanze, Junge Ranka, Burkhardt-Holm  Patricia
Immunomodulation by Zearalenone in Carp (Cyprinus carpio L.). BioMed
Research International. 2015. 9 p.
Bondy G. S., Pestka J. J. Immunomodulation by fungal toxins. Journal
of Toxicology and Environmental Health Part B: Critical Reviews. 2000.
Vol. 3. Ne 2. P. 109-143.
Response of channel catfish to diets containing T-2 toxin / Manning B. B.
et al. J. Aquatic Animal Health. 2003. Vol. 15. Ne 3. P. 229-238.
Altomare Claudio, Logrieco Antonio F., Gallo Antonia Mycotoxins and
Mycotoxigenic Fungi: Risk and Management. A Challenge for Future
Global Food Safety and Security. Encyclopedia of Mycology. 2021. Vol. 1.
P. 64-93.
Ominka cTyneHs KOHTaMiHAIll MIKpOMilleTaMy Ta MIKOTOKCMHAMH KOPMiB
y CKOTapchKill ramy3i Ykpainu 3a octanHi poku / O. Kynan Ta iH. Bicnux
aecpapnoi nayku. 2020. T. 98. Ne 2. C. 52-57.
Oliveira M.; Vasconcelos V. Occurrence of mycotoxins in fish feed and
its effects: a review. Toxins. 2020. Vol. 12. 160 p.
Distribution of deoxynivalenol, zearalenone, and their respective modified
analogues in milling fractions of naturally contaminated wheat grains /
Schwake-Anduschus C. et al. World Mycotoxin J. 2015. Vol. 8. P. 433443,
A review of the mycotoxin adsorbing agents, with an emphasis on their
multi-binding capacity, for animal feed decontamination / Vila-Donat P.
et al. Food and Chemical Toxicology. 2018. Vol. 114. P. 246-259.
Nikola Puvaca, Dragana Ljubojevi¢ Peli¢, Vincenzo Tufarelli Mycotoxins
Adsorbents in Food Animal Production. Journal of Agronomy Technology
and Engineering Management (JATEM). 2023. Vol. 6. Ne 5. P. 944-952.

37



Bodwi Giopecypcu ma akeakynomypa, 2(16) / 2024

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Cuposarko K. M., 3oteko M. O. TexHoOris1 KOPMiB Ta KOPMOBHUX J00ABOK :
Hapy. roci6. Binaung : BHAY, 2020. 263 c.

Bomko B. C., Cuauenko €. B., Cmeranina O. B. Kopmu 1 kopMoBi 1o6aBku
Ta e()eKTHBHICTh X BHKOPHUCTAaHHS B TOMIBIII TBapuH : HaBy. mocid. bima
Hepxaa, 2023. 225 ¢

PesynbsraTi BUKOPUCTaHHS B TOJIBIII KOpoma COPOSHTY y CKJIajlli KopMy 3
03HaKaMH KOHTaMiHyBaHHs MikoTokcuHamu / Jlepens O. B. ta iH. Puboeoc-
nooapcvka nayka Yxpainu. 2021. Ne 3 (57). C. 72-86.

XKentor FO. O. MeroauuHi BKa3iBKU 3 MPOBEICHHS JOCIIIIB MO TOMIBII
pub. Pubne cocnodapcmeo. 2003. Bun. 62. C. 23-28.

[Nepenik pe4yoBUH, HASBHICTD SIKUX Y KOpMax € 0OMexeHoI0 abo 3a00poHe-
Hoto. : Haka3 MiHicTepcTBa arpapHoi MOMITHKY Ta ITPOIOBOJILCTBA YKpaiHH
Big 16 cepm. 2024 p. Ne 2691. URL: https://zakon.rada.gov.ua/laws/show/
z1326-24#Text (nata 3BepHenHs: 24.11.2024).

TV VYV 24.4-13433137-047-2003. 30.06.2016. Iuctpykuis «JlyxxHa docda-
Taza» 10 HaOOpy peareHTiB Uil BU3HAYCHHS aKTHMBHOCTI Jy)HOI (ocda-
Ta3u 3a peakiliero 3 PeHun pocharom.

TY V 24.4-13433137-047-2003. 30.06.2016. Inctpykuis «AnAT» mo
HaOopy peareHTiB sl BU3HAUCHHS aKTHBHOCTI ajlaHiHaMiHOTpaHchepasu
MeroaoM Peiitmana-@peHkens.

TY V 24.4-13433137-050: 2006. 30.03.2016. [ncTpykuis «Anbpa — ami-
7aza» A0 HaOOpy peareHTiB JUIsl BU3HAUCHHS aKTHBHOCTI JyXHOI (ocda-
Ta3u 3a peakiliero 3 PeHun pocharom.

Protein measurement with the folin phenol reagent / Lowry O. H. et al. The
Journal of Biological Chemistry. 1951. Vol. 193. P. 265-275.

Kamincekuii B. @., bycnaesa H. I. OcHOBU ITPUKITaHOTO MaTeMaTHYHOTO aHa-
JIi3y B CUIBCHKOTOCHOAPCHKUX JOCIIKEHHSX. MeTo. pek. Kuis, 2011. 28 c.

REFERENCES
Hrytsyniak I. 1., Hrynzhevskyi M. V., Tretiak O. M., Kiva M. S., Mruk A. L.
(2008). Fermerske rybnytstvo [Farm fishery]. Kyiv: Herb. [in Ukrainian].
Law of Ukraine dated December 21 2017 No. 2264-VIII [On the
safety and hygiene of fodder]. URL: https://zakon.rada.gov.ua/laws/
show/2264-19#Text [in Ukrainian].
Gamal M. Hamad, Taha Mehany, Jesus Simal-Gandara, Sarah Abou-Alella,
Okon J. Esua, Mosaad A. Abdel-Wahhab, Elsayed E. Hafez (2023). A
review of recent innovative strategies for controlling mycotoxins in foods.
Food Control, Vol. 144, 109350.
Tytarova O., Kriukova L. (2020). Sorbenty mikotoksyniv: pravylnyi vybir.
[Mycotoxin sorbents: the right choice]. Tvarynnytstvo i veterynariia, Vol. 1,
52-54. [in Ukrainian].

38



Boowi 6iopecypcu ma akeakynemypa, 2(16) /2024

10.

11.

12.

13.

14.

15.

16.

17.

Gongalves R. A., Schatzmayr D., Albalat A., Mackenzie S. (2020).
Mycotoxins in Aquaculture: Feed and Food. Reviews in Aquaculture,
vol. 12, 145-175.

Boutrif E., Canet C. (1998). Mycotoxin prevention and control: FAO
programmes. Revue Med. Vet, Vol. 149, 681-694.

Hegazi Sayed, Elsabagh Mabrouk, Abeer El-Keredy, Zaineldin Amr. (2013).
Aflatoxin in feed and its effect on fish health. Kafrelsheikh Vet. Med. J., Vol.
11, 317-329.

Pietsch Constanze, Junge Ranka, Burkhardt-Holm Patricia (2015).
Immunomodulation by Zearalenone in Carp (Cyprinus carpio L.). BioMed
Research International.

Bondy G. S., Pestka J. J. (2000). Immunomodulation by fungal toxins.
Journal of Toxicology and Environmental Health Part B: Critical Reviews,
Vol. 3(2), 109-143.

Manning B. B., Li M. H., Robinson E. H., Gaunt P. S., Camus A. C.,
Rottinghaus G. E. (2003). Response of channel catfish to diets containing
T-2 toxin. J. Aquatic Animal Health, Vol. 15(3), 229-238.

Altomare Claudio, Logrieco Antonio F., Gallo Antonia (2021). Mycotoxins
and Mycotoxigenic, Fungi: Risk and Management. A Challenge for Future
Global Food Safety and Security. Encyclopedia of Mycology, Vol. 1, 64-93.
Kutsan O., Orobchenko O., Yaroshenko M., Herilovych I. (2020). Otsinka
stupenia kontaminatsii mikromitsetamy ta mikotoksynamy kormiv u skotarskii
haluzi Ukrainy za ostanni roky [Assessment of the degree of micromycetes
and mycotoxin contamination of fodder in the cattle industry of Ukraine in
recent years|. Visnyk ahrarnoi nauky, Vol. 98(2), 52—57. [in Ukrainian].
Oliveira M., Vasconcelos V. (2020). Occurrence of mycotoxins infFish feed
and Its effects: a review. Toxins, Vol. 12.

Schwake-Anduschus C., Proske M., Sciurba E., Muenzing K., Koch M.,
Maul R. (2015). Distribution of deoxynivalenol, zearalenone, and their
respective modified analogues in milling fractions of naturally contaminated
wheat grains. World Mycotoxin J., Vol. 8, 433443,

. Vila-Donat S. Marin, V. Sanchis, A. J. Ramos (2018). A review of the
mycotoxin adsorbing agents, with an emphasis on their multi-binding
capacity, for animal feed decontamination. Food and Chemical Toxicology,
Vol. 114, 246-259.

Nikola Puvaca, Dragana Ljubojevi¢ Peli¢, Vincenzo, Tufarelli (2023).
Mycotoxins Adsorbents in Food Animal Production. Journal of Agronomy
Technology and Engineering Management (JATEM), Vol. 6(5), 944-952.
Syrovatko K. M., Zotko M. O. (2000). Tekhnolohiia kormiv ta kormovykh
dobavok. Navch. posib. [Technology of feed and feed additives. Study
guide]. Vinnytsia : VNAU. [in Ukrainian].

39



Bodwi Giopecypcu ma akeakynomypa, 2(16) / 2024

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bomko V. S., Syvachenko Ye. V., Smetanina O. V. (2023). Kormy i kormovi
dobavky ta efektyvnist yikh vykorystannia v hodivli tvaryn. Navch. posib.
[Fodder and feed additives and the effectiveness of their use in animal
feeding. Study guide]. Bila Tserkva. [in Ukrainian].

Deren O. V., Syrovatka N. Yu., Koryliak M. Z., Dobrianska O. P. (2021).
Rezultaty vykorystannia v hodivli koropa sorbentu u skladi kormu z oznakamy
kontaminuvannia mikotoksynamy [The results of the use of a sorbent in
feeding carp as part of feed with signs of contamination with mycotoxins].
Rybohospodarska nauka Ukrainy, Vol. 3(57), 72—86. [in Ukrainian].
Zheltov Yu. O. (2003). Metodychni vkazivky z provedennia doslidiv po
hodivli ryb [Methodical guidelines for conducting experiments on fish
feeding]. Rybne hospodarstvo, Vol. 62, 23-28. [in Ukrainian].

Order of the Ministry of Agrarian Policy and Food of Ukraine dated
August 16 2024 No. 2691 [List of substances whose presence in feed is
restricted or prohibited]. Kyiv. URL: https://zakon.rada.gov.ua/laws/show/
z1326-24#Text [in Ukrainian].

TU U 24.4-13433137-047-2003 (2016). [Instruction «Alkaline phosphatase»
to a set of reagents for determining the activity of alkaline phosphatase by
reaction with phenylphosphate (endpoint)]. Kyiv. [in Ukrainian].

TU U 24.4-13433137-047-2003 (2016). [Instruction of «ALT» to a set
of reagents for determination of alanine aminotransferase activity by the
Reitman-Frenkel method]. [in Ukrainian].

TU U 24.4-13433137-050:2006 (2016). [Instruction «Alpha-amylase» to a
set of reagents for determining the activity of a-amylase (diastase) by the
amyloclastic method of Caraway]. [in Ukrainian].

Lowry O. H., Rosebrough N. J., Farr A. L., Randall R. J. (1951). Protein
measurement with the Folin phenol reagent. J. Biol. Chem, Vol. 193(1),
265-275.

Kaminskyi V. F., Buslaieva N. H. (2011). Osnovy prykladnoho
matematychnoho  analizu v silskohospodarskykh  doslidzhenniakh.
Metodychni rekomendatsii. [Basics of applied mathematical analysis in
agricultural research. Guide lines]. Kyiv. [in Ukrainian].

40



Boowi 6iopecypcu ma akeakynemypa, 2(16) /2024

YOK 639.515.082
DOI https://doi.org/10.32782/wba.2024.2.4

BMJINB ®I3NYHUX TA XIMIYHUX NOKA3HUKIB BOAU
HA NMPOAYKTUBHI AKOCTI PAKIB PI3BHUX BUAIB

Cnrocap M. B. — k. c.-e. H.,
Ceimenvcokuit M. M. — k. c.-2. H.,
Kosanvuyk I. I. — k. gem. H.,
Mamuenko B. I0. — «. c.-2. 1.,
Twyk O. B. — k. c.-e. H.,
JKumomupcokuil Oepacagruti yneepcumem imeri leana @panka,
Slusar_nv@ukr.net

Y craTTi TOIaHo pe3yabTaT! TOCIiHKEHb [I0/I0 BU3HAYCHHS ONITUMAIIFHOTO PiB-
HSl OKCUT'CHY B CEPEIOBHII ICHYBaHHS YJICHUCTOHOI'HX, 1110 O€3M0Cepe/IHbO BIUIMBAE HA
HIBUJKICTB TX POCTY, 30€pe)eHHs! Ta iHII BIATBOPHI SIKOCTI paKiB pi3HUX BHJIIB.

JlocuipkeHHS TPOBOIMITY BIPOAOBK YepBHA—IUIHA 2024 poky, Ha 6a3i 1abopa-
Topii akBakynbTypH [lomickkoro HamioHaIpHOTO YHiBepcuTeTy (KutoMupcrka 001acTb,
M. JKutomup).

s excriepumenty Oynu BimiOpaHi craTeBo3pisi ocodunn gectpykropa (Cherax
destructor) ta ¢uopuncskoro (Procambarus clarkii) pale [ligmocnigHUX OCOOHH
YTPUMYBaJIM B Maro4YHUKY. Parion OyB oqHOTHIHME 1i1st BCiX mimyociigaux rpymn. Ko-
JKEH akBapiyM eMHicTio 150 niTpiB OyB OCHAIEHUI aBTOHOMHOIO CHCTEMOIO OYHIIICHHS,
PETYIIOBaHHS TEMIIEPATYPH i BMICTY KUCHIO, 3 TIOCTIHHOIO 3aMiHOI0 Bozw. JloCImiIKeH-
HS IPOBOAMIIN B TpH eTanu. Ha mepmiomy erami JOCIiAKyBaJli BIUIUB TEMIIEpaTypy Ha
MIPUPOCTH PakiB 000X BUAIB (TpoTsiroM 15 1i6 BUMIipIOBaNM MPUPOCTH OCOOWH, 3HU-
XKYIOUM TeMmIeparypy Boau koxHi 5 nHiB Ha 5 °C). Ha mpyromy erami jociiikeHHs
3umkyBaiau pH Boaum Ha 1 °T wepes 5 nHiB npotsirom 15 1i6. Ha tpetbomy erarti 3HHKY-
Bay BMmicT O, npoTsarom 15 JHiB 3 8 MI/J1 10 5 MI/n. Bpoiok BCHOTO EKCIEPUMEHTY
IIOJICHHO NPOBOJIVIIM 3B)KYBaHHSI KOXKHOI ITiJII0CITITHOT 0COOMHHU.

KonmBanus Temmneparypu B Mexax 15-25 °C He ManH iCTOTHOTO BIUTUBY Ha PO3-
BHUTOK JICCTPYKTOPIB Ta (GIOPHICHKUX pakiB. KommBaHHS KucIOTHOCTI MiX 6 1 8 °T He
BIUIMHYJIM Ha PO3BUTOK PAKONOAIOHMX. 3MIH B alleTUTi, MOBEAIHII Ta MPUPOCTaX HE
crocTepiranu B xo/Hil rpymi. Ilpu sHmxenni konuenTparii O, 10 5 MI/i cTaH rinokcii
OyB TIOMITHHI y (IOPHICEKHMX paKiB. JlecTpyKTOpH BUTPHMYBAJIM 3HIKEHHS piBHA O,
Kpaie, 3 He3HaYHUM 3HI)KCHHSIM TIPUPOCTIiB. ABTOpaMH BIIEPIIE TPOBEJCHO KOMILICK-
CHHI aHaJi3 MmapaMeTpiB BOAM Ta BIUIUB iX 3MiH Ha MPOAYKTHBHI SKOCTI paKiB Ommca-
HUX BUAIB. EKCIIEpUMEHTAIbHO JOBEJCHO 3aJICKHICTh NPOAYKTUBHUX SIKOCTEH PaKiB
BiJl 3MiHM BMICTY KHCHIO Ta BCTAaHOBJICHI PEKOMEHIOBaHI HOT0 IIapaMeTpH.

Kurouosi ciioBa: Cherax destructor, Procambarus clarkii, OKCUTeH, KUCIIOTHICTb,
Maca, IPOyKTUBHICTh, YCTAHOBKA 3aMKHYTOT'O BOJIOTIOCTAYaHHSI.

IocTtanoBka npod/aemMu. binbllie TOJIOBHHN CHIOKWBAaHUX HACEICHHIM
MOPETPOAYKTIB BUPOOISAETHCS B aKBAKYJIBTYPi. PO3IIMPIOETHCS CIIEKTP CIIOKH-
BaHHSI JIeNIiKaTeCHUX BHUIIB Tipo0iOHTIB, 30KpeMa pakonoaionux. M’sco pako-
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MOJIOHUX € JKEPEIOM TIOBHOI[IHHOTO O1JIKa, KHPY MIKPO- Ta MIKPOEJIEMEHTIB,
BiTaMiHiB, HEOOXITHHX JIFOJChKOMY oprani3zmy. [llopiuHo iX mpupoHa momys-
sl CKOPOYYEThCsl uepe3 psia pakTopiB — iHPEKIiHHI 3aXBOPIOBaHHS, 3a0py/-
HEHHS BO/U, OpakoHbepcTBO. CaMe TOMY JIOIIBHOCTI HaOyBa€e BUPOIIYBaHHS
paKiB y ITy4YHO CTBOPEHUX YMOBaX, 30KpeMa B YCTAHOBKaX 3aMKHYTOT'O BOJIO-
nocravanss [1].

HoBuMu BuaMu akBaKyJIbTypH TETIOBOJHHX MTPICHOBOIHUX PaKOTOIi0-
HUX, SIKi IPUBEPHYJIH YBary pOMHUCIIOBLIB-TIPAaKTHKIB Ta HAYKOBLIB € [lecTpyk-
Top 1661 (Cherax destructor) ta ®nopuacbkuil uepBoHud (Procambarus
clarkii) paxu. HaiironopHnimmmu (pakropamu B BUPOIIyBaHHI BCiX TipoOIOHTIB
€ SIKICHa BOJa, TOMY MeTa HaIllMX JOCIIKeHb MOJATalla y BUBYCHHI BIUIUBY
PI3HUX MOKa3HKKIB BOIW Ha TPOAYKTHBHI SKOCTI paKiB pi3HUX BUIB [5].

AHaJi3 ocTaHHIX H0c/igxKeHb i mydaikanii. OnopuaChKUl YepBOHUM
pak (Procambarus clarkii) — npeqcTaBHUK NMPICHOBOAHUX pakiB, 4acTo HOTO
Ha3UBaIOTh «OONOTSHUM 4YepBOHUM». [li yac yTpuMaHHs, AJS LBOMY BHIY
pakiB He0oOXiHO 3a0e3Me4YnuTH JOCTYI JO MOBEPXHI BOAM (HANPHUKIAM, PO3-
MilIaTH B akBapiyMmi IIMaTKH Ty(Qy, BUCOKI POCIHMHH, KOpYi, Tommo). JInHbKa —
BKJIMBHI KUTTEBUH Tpouec A (QIOPHIACHKHX PakiB, OCKUIBKHM iX PICT Bij-
OyBa€ThCs JIMIIC MiJ 9ac JIMHBKU. Xapuyloulch, pakd HAKOMUYYIOTh BaKIIHBI
JUTSL POCTY 1 PO3BUTKY PEUOBHHH, 3TOIOM iX MAHIUP PO3PHBAETHCS 1 TBAPHHA
3aJHIIae Horo; pak pocTte, 301IbIIYIOUHCEH B PO3Mipax, MOKPUBAETHCS XITHHOM,
MOCTYIOBO (DOPMYETHCS HOBHH MaHLHUP, KUK 3 4acoM cTae TBepAauM. Ilicis
BOTO BiH 30epirae craii po3Mipu 0 HACTYIHOI JMHBKU. J{J1s pakiB Xxapakrep-
HUH KaHi0ami3M. AJle, SIKIO iX rofyBaTH 30aJaHCOBAHUM KOPMOM, SIKHiA 3a0e3-
neyyBaTuMe ix (izionoriuHi morpedu, e SBUILE MiHIMI3y€eThCs. 3a HegoCTaT-
HBOT'O MiHEpaJIbHOTO Xap4yyBaHHS y Nepiof JIMHBKH B PaKiB CIIOCTEPIracTbes
3HMKEHHSI ITPOIIECIB POCTY 1 pO3BHUTKY, SIKi MPU3BOISATH A0 iX 3arubeni [2, 4, 9].
®dnopuackKi paku MOXKYTh 3MIHIOBATH KOJIp CBOTO Tijla 3aJISKHO BiJ palioHy.
Hanpukinaz, sIKIo BUKOPUCTOBYETHCSI PALliOH 3 BUCOKHM BMIiCTOM KapOTHHY,
paku HaOyBalOTh NEPEBAKHO YEPBOHOTO KOJIbopy [3, 7, 10].

A66i-necrpykrop (Cherax destructor Yabby) — 1ie BUI TPICHOBOJIHUX
paxomnoniOHNX, MOMMPEHUH B aBcTpaliiicbkux Bomonmax. [lig wac mocyxwu
BOHHM MOXXYTb 3apUBATHCS B MYJ 1 YeKaTd OibII CIPHUSTIMBUX YMOB, MEPioN
nocyxu Moxke TpuBaru 1-2 micsui. Lle Benukuii (o 15 cMm), HearpecUBHHUN BHUIT
paxiB. [1ix yac TUHBKY BOHU C1a0Ki i XOBAIOThCS, TOKHU HE 3aTBEPIIi€ XITHHOBUH
MOKPUB. 3a0apBIIeHHsI BapilO€ BiJl 3eJI€HO-0EKEBOT0 10 CHHBO-CIpOTO (3aJI€KHO
BiJl YMOB cepenoBuina) [4, 6, 8].

IocTranoBka 3aBaanHsa. Mera MOCTiKEHHS TOJsAraia y BHU3HAUCHHI
ONTUMAJILHOTO PiBHSI OKCHT€HY B CEPEJOBUIII, 110 HAHKPALIMM YHHOM MIOETHYE
HIBUJKICTh POCTY, BIDKMBAHHS Ta 1HIII MOKa3HUKH PO3BEICHHS pakiB pi3HUX
BU/IIB.
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TexHoIOTis MPOMKCIIOBOTO PO3BEACHHS pakiB B YkpaiHi BigmpalboBaHa He
JOCKOHAJIO. BaxkMBrMU 11 eleMeHTaMH € TTiITPUMKA ONITUMAIBHOTO PiBHS KHCHIO,
TeMIIepaTypy, KUCIOTHOCTI B 3aMKHYTHX cHcTeMax BofonoctadanHs (Y3B).

[TigBuienHs a00 3HMWKESHHS TEMIIEpaTypH B IOy CTUMHX ME¥KaxX CIPHYH-
HsI€ BIJINIOBIJIHI 3MiHU B 010JIOTIYHIM aKTUBHOCTI BOJHMX OpraHi3miB. 30Kpema,
MiABUIICHHS TEMIIEPaTypyd BOAM TPU3BOAWTH IO 30UTBLICHHS CIIOKWBaHHS
KHCHIO, BUJIIJICHHSI aMOHIHHOTO a30TY, aKTHBI3aIlii 0OOMIHHUX MPOIIECIB — MOTIIH-
HaHHS PO3YMHECHUX PEUYOBUH 13 TOBKIUIS, MIABUILECHHS Yy TJIUBOCTI IO TOKCUY-
HUX PEUOBMH, NMPUCKOPEHHS PO3BUTKY Ta CTATEBOrO J103PiBaHHS, MMOCHIICHHS
TMOIIYKY, CIIO’KUBAHHS Ta TiepeTpaBieHHs ixki [0, 10].

PiBeHb KMCHIO Yy BOJi 3aJIeXKHTh BiJ] TEMIEPATypHOTO DPEKHMY, PIBHS
aeparlii, IIBHOCTI MOCAJIKK Ta IHTEHCUBHOCTI TO/iBIII rifpo0ioHTiB. Tomy, B3a-
€MO3B'SI30K MK LIMMH MOKa3HUKaMH Ta MPOJYKTHUBHICTIO paKiB CIIOHYKaB HAC
710 KOMIIJIEKCHOTO BUBUEHHSI TEMIIEPATYPHUX PEKUMIB, PiBHS KUCHIO 1 KHCIIOT-
HOCTI BOAM B MPOLECI PO3POOKH TEXHOJIOTIH pO3BEICHHS PaKiB B YCTAaHOBKaX
3aMKHYTOTO BOionIocTadanus [8, 9].

3 ToukH 30py Oe3mepepBHOIO BUPOOHHUIITBA TOBAPHOTO MPOAYKTY, HE3a-
JIXKHO BiJl KJIIMATUYHOT 30HU aKBAaKYJIBTYPH, HAHIOLITBHILIOK € TEXHOJIOTISI PO3-
BE/ICHHS paKiB B YCTAaHOBKaxX 3aMKHYTOro Bojonoctadanss. [Ipu BupoiryBaHHi
paKiB y Takux CHCTeMax 0CcOOJIMBE 3HAYCHHS MalOTh KOHTPOJBbOBAHI ApaMeTpH
WTYy4YHOI eKocHcTeMH. BOHM MOXKYTh BIUTMBAaTH Ha BaKIMBI (YHKIIi BOZHUX
OprasiamiB, iX MeTaOOi4YHI MPOIIECH, SIKi MOB's3aHi 31 CIIO)KUBAHHSIM KHCHIO.

Pakn nuxaroTh 310pamMu, TOMY BMICT KHCHIO Yy BOZ1 Ma€ AJsl HHX Tep-
LIOpsiIHE 3HaueHHS. PiBeHb KHCHIO Bifirpa€e BaykKJIMBY POJIb Y KHUTTEMISUIBHOCTI
OpraHi3MiB, BiH € HEOOXiTHUM KOMIIOHEHTOM YCiX OKHCIIOBaJIbHUX MPOLECIB Y
HA3eMHHX 1 BOJHHUX TBapHH. 3aMKHYTI CUCTEMH BOAOIOCTaYaHHS BHKOPUCTO-
BYIOTBCS JJIs1 I ATPUMAaHHS CTa01JIbHOTO PiBHS KHCHIO, CTBOPEHHS CIIPHUSTIUBOT
Mikpoduiopu y BoJi Ta ii OYMIIEHHS BiJ MPOAYKTIB KUTTEAISIIBHOCTI BOAHUX
OpraHi3MmiB.

Y 3aMKHYTHX CHCTEMax BOAOTIOCTaYaHHs HACHYCHHS BOAU KHUCHEM 3a0€e3-
MeYy€eThCs acpaTtopaMu. e BaxIIMBO, OCKUJIbKY 32 BUCOKOT LIIIBHOCTI MOCAIKU
BOJHHUX OpPTaHi3MiB, KOHIIEHTPALisl KICHIO MOXKE BIIACTH 10 KPUTUYHOTO PiBHS.
3 MiJIBUIEHHSIM TEMIIEPaTypH BoJia B 0aCCiHI MOXKE PO3YUHITH MEHIIIE KUCHIO.
VY Takux BUMagKax HEOOXiIHO MITyYHO MiATPUMYBATH BMICT KHUCHIO Ha DiBHI
7 mr/n. Komu BMicT O, y BOZII 3HUKY€ThCSl, OPraHi3M NOYMHAE Bi9yBaTH O3HAKH
KHCHEBOTO TOJIOAYBaHHS, IO MOXKE MPU3BECTH J0 3aJyXH 1 CMepTi. Y TOM ke
yac JIesKi BUU 3/1aTHI MEIIKaTH y BOJONMAX 3 Jy’Ke HU3bKHUM BMiCTOM KHCHIO,
HaNpHUKIaa coM (3aBIsKH (i3ionoriyHiii 0cOOIMBOCTI — KUIIKOBOTO AUXAHHS).

Marepianu i MeTomu nociaimkenHs. ExcriepuMeHTaNbHI JTOCIIKEHHS
MIPOBOAMIIH B 1a00paTopii akBakyasTypH [1os1ichKOro HalioHaIbHOTO YHIBEPCH-
tety (JKuromupcrka obnacts, M. Kuromup).
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Jis exkciepuMeHTy Oyim BimiOpaHi cTaTeBO3puli OCOOMHHU AECTPYyK-
Topa Ta GuopuACHKOro pakis. IlingocmigHuX pakiB yTpUMyBajll B MAaTOYHHUKY.
Parion BIIpoOsOBXK yChOTO JTOCIIPKEHHS OyB cTayivii s 000ox rpym. Koken
akBapiyMm emHicTio 150 niTpiB OyB OCHAIIEHUI aBTOHOMHOK CHCTEMO OYH-
LICHHS, PETYJIOBAaHHAM TEMIIEpaTypH 1 BMICTy KHCHIO, 3 MOCTIHHOIO 3aMiHOIO
BOJIU (PUCYHOK 1).

Puc. 1. MaTOYHHUK /ISl BUPOLLIEHHS paKiB

Jicepeno: 3pobneno asmopamu nyonikayii.

Bci paku Oynu po3mineni Ha 2 Tpyna (po3MOIiia IPOBEISHO 3a 010JI0Tid-
HAMH BUIAMH) B, KOKHA 3 SKUX CKiIamamacs 3 3 THi3x (3 camkm, 1 camers)
(mectpykTop 51061 Ta pIopHUACHKUN YSPBOHUIN) (PUCYHOK 2).

Excriepument nipoBoamiu 3a piBast pH 7 °T i HacmueHHsS KUCHEM 7 MII/JT
npotsroM 15 gaiB. Temmeparypy miaTpuMmyBainy Ha piBHi 25 °C IpoTsATOM TIep-
mux 5 mHiB, 20 °C — HactymaUX 6-10 muiB i 15 °C HacTtymHi 11-15 mHiB. Cxema
SKCIIEPUMEHTY TTo/IaHa B TaOMuIIi 1.

Puc. 2. Hingocainni Buau paxkis (¢poro Cirocap M.B.)

a — (IopHuACHKYIA YepBOHMI; O — HecTpyKTOp 10061
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Tabnuya 1. Cxema nocaigy Ne 1.
BruiuB 3MiHU TeMIepaTypH Ha PHPOCTH PaKiB

Nepon poncrenns sociny | e [ Bropie | Jemstor
I mepiox 1-5 nuiB 25 25
1I mepiox 6-10 quiB 20 20
1T mepion 11-15 guis 15 15

Y mactynmHOoMy ekcriepuMmenTi pH Oyimo 3HmkeHo 10 6 °T nursixom moma-
BaHHS OikapOOHATy HaTpir0 B Mepmuii mepiof (5 MHIB), KUCIOTHICTH 3aJIMIIIa-
nacst Ha piBHi 7 °T B mpyruit nepion (6—10 muiB) i Oyma migsumieHa g0 8 °T B
3axmrouani iepion (11-15 mHIB) MUISIXOM TOMaBaHHS OMTOBOT KMCIOTH 33 TEM-
nieparypu Bonu 25 °C 1 HacHdeHHS KHUCHeM 7 MJiI/i. KHCIOTHICTE BUMIPIOBAIN
pH-metpom EZODO 6011. Cxema gocigy momana B Tadmuiii 2.

Tabnuya 2. Cxema pociigy Ne 2. Bnuin 3minu pH Ha npupoctH pakis

Ilepiox npoBenenHs Tepmin ®nopuacbkuii JecTpykTop
J0CTixy MPOBe/IeHHS (1 rpyna), °T (2 rpyna), °T
I nepion 1-5 nuiB 8 8
11 mepiox 6-10 quiB 7 7
111 nepion 11-15 nuiB 6 6

VY TpeThoMy EKCIIEpUMEHTI aepaTopoM KOHLEHTPALil0 KUCHIO OyII0 10Be-
JeHO 10 8 Mr/i (poOoya KOHIIEHTpAIisd KUCHIO) Y MepIIni mepiog, 6 Mir/a — y
IpyTuit epiox i 5 miu/nm — y Tpetiit nepioa. TpuBamicTh eKCIEpUMEHTY CTAHO-
Buna 15 qHiB 3a Temmneparypu Boau 25 °C i kucnotHocTi 7 °T. Cxema ekcriepu-
MEHTY TIof[aHa B Tabmwii 3.

Taonuya 3. Cxema gpocaimy Ne 3. BB 3MiHN BMiCTYy KHCHIO HA TIPUPOCTHU PaKiB

Ilepiox npoBeneHHsI . DuopuacbKuii eCTPYKTO
P Z1l10cl.1)1i11yZl Tepmin nposenenns 1 rpl})lng), MI/J1 (3Ilrpyrll)z)|]), MlP/J]
I nepion 1-5 nHiB 8 8
II mepiox 6-10 nHiB 6 6
111 mepion 11-15 nuiB 5 5

Bu3HaueHHs BMICTy KHCHIO HPOBOIMJIM 32 J0MOMOror OKcHUMeTpa
EZODO 7031.

Pe3yabrarn nociimkens. [1i1 yac neprioro ekcriepuMeHTy He Oy10 3adik-
COBAHO 1CTOTHHUX 3MiH y MPUPOCTaX, Pi3HULS Oysia HEe JOCTOBIPHOIO, MPOTE CIIO-
CTepirajaocs 3MEHIICHHS PyXJIMBOCTi 000X BU/IIB paKiB, TOMY MOXKHA 3ayBaKUTH,
10 3MiHa TeMIieparypu B Mexax 15-25 °C He cyTTe€BO BIUIMBAE HA MPOLYKTHBHI
SIKOCT1 PaKiB IaHUX BUJIIB, & JIMIIE 3HIKYE iX (i310JI0TTUYHY aKTHBHICTb.
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[poTsirom npoBeeHHS IPYTOro AOCIAY Y IOCIIKYBaHUX IPyIax He CIIoCTe-
pirayii 3MiH y NOBEAIHLI, IPUTHIYEHHsI 400 BiJICYTHICTh alleTUTY, 3MEHIIICHHS IIPUPO-
cTiB. TakuM YMHOM, MO’KHA 3pOOMTH BUCHOBOK, 1110 KOJIMBAHHSI KUCJIOTHOCTI B JTia-
na3oHi 68 °T He BIUIMBAIOTH HA PO3BUTOK PAKOINOMIOHMX. Pe3yisraTy 1oCiiHKkeHb

BIUIMBY 3MiHM BMICTY KHCHIO y BOJIi Ha JKMBY Macy pakiB ofaHi y Tabmuiisix 4—6.

Tabnuys 4. 3mina :kuBoi Macu pakonogionux pisaux suais (O, = 8 mr/a)

Bun pakis
Iepion nocaixy Dnopuacskmii (n=12) JecTpykrop (n=12)
M=m, r C, % M=m, r C, %
I neup 59,58+0,81 12,3 65,76+0,85 12,9
1 nenn 60,81+0,79 12,2 66,81+0,87 12,8
111 nenp 61,26+0,75 12,3 67,58+0,86 12,9
VI neHp 61,52+0,73 12,2 67,98+0,85 12,7
V nexb 61,95+0,77 12,2 68,21+0,87 12,8

Tabnuya 5. 3mina xKUBOI Macu pakonoaionux pisuux Buais (O,= 6 mr/i)

Bun pakis
Iepion mocizy qmo&f}%‘;“"“ ﬂe§;£{§; op
Mz=£m, r C, % M=m, r C,%
I nens 62,31+0,81 12,2 68,52+0,85 12,7
11 neHpb 62,84+0,79 12,2 69,38+0,87 12,9
111 nenn 63,16+0,78 12,2 69,55+0,87 12,9
VI nenn 63,49+0,78 12,2 69,65+0,85 12,7
V nenp 63,87+0,77 12,1 70,14+0,86 12,8

Tabnuys 6. 3mina xKUBOi MacH pakonoaionux pisuux Buis (0, =5 mr/i)

Buj pakis
Tepion xocainy (Dﬂo(l:llgiczlskﬂn Ilegg)lllzc)mp
M=m, r C, % Mzm, r C, %
1 nenp 64,15+0,79 12,2 70,19+0,85 12,6
1I nenn 64,23+0,78 12,2 70,33+0,87 12,7
III neun 64,29+0,78 12,1 70,59+0,87 12,7
VI nenn 64,30+0,79 12,1 70,64+0,85 12,7
V nespb 64,31+0,79 12,1 70,67+0,86 12,6

[IpoananizyBaBiy gaHy TaOIHUIFO MOYKHA 3a3HAYNTH, 110 )KUBA Maca BCIX
BHIIIB PaKiB 30UIBITyBaaCh TOCTYIIOBO. BKiHIN Tepiogy MPUPOCTH CKIAIN Y
¢dopuacekoro — 2,37 1, nectpykropa — 2,45 1.

[Tpu 3HMKEHH] PIBHA KUCHIO /IO 6 MT/JI CIIOCTEpiraan 3MEeHIISHHS PUPO-
CTiB y 000X BHUIIB paKiB, siki ctaHoBmwIn 1,56 1 1,62 T BiANOBiAHO.
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3a KOHIEHTpAIlil KUCHIO 5 MJI/JI JIO KIHIIS TPETHOTO JHS CUMIITOMU KHUC-
HEBOTO TOJIOJIYBaHHS MIPOSIBUIIMCS B pakiB 000X mijmociigaux rpyi. [Ipupoctu
y IIOpUICHKUX paKiB 3HAYHO 3HU3MIIMCS Maibke 710 HYJIs, OJIHAK JIECTPYKTOPU
BUSIBUIINCS CTIHKIIIMMU IO 3HUKEHHS PiBHSI KUCHIO Y BOI.

BucHOBKH Ta TeEpPCHeKTHBH MOAAJBIIOT0 PO3BHTKY. KonnBaHHS
Temneparypu B Mexax 15-25 °C He Manu iCTOTHOTO BIUIMBY Ha PO3BHTOK
JECTPYKTOPIB Ta (DIOPHUICHKUX PAKiB, MPOTE JiaHE MUTAHHs MOTpeOye OLIbII
JICTAJILHO OMPAIIOBaHHS (301JbIICHHS KIJBKOCTI JOCHITHUX PaKiB Ta TpHUBa-
JICTh EKCIIEPUMEHTY).

[Ipoanani3zyBaBiIy gaHy TaOJUIFO MOXKHA 3a3HAYMTH, 110 )KUBA Maca BCiX
BUJIIB paKiB 301/blIyBaiach MOCTYMOBO. BKiHII Tepiogy MPUPOCTH CKIATH Y
(opunceroro — 2,37 1, necrpykropa — 2,45 1.

KonmuBanHst kucaoTHOCTI Mik 6 1 8 °T He BIUTMHYJIM Ha PO3BHTOK paKo-
MOJIIOHMX JTOCITIJHKYBAHUX BUJIIB KOJHUM YMHOM. 3MiH B alleTHUTI, TIOBEIIHIII Ta
Ha0Oopi Bark He CIIOCTEPIranocs B )KOIHIH IpyIi.

IIpu 3HMKEHHI KOHIEHTpalii O, 10 5 MI/J1 KHCHEBE TOJIO1yBaHHs CIIOCTE-
piranocst y GropuIchKuX pakiB. [leCTpyKTOpH BUTPUMYBAJIXA 3HUKECHHS PIBHS
KHCHIO Kpallle, TPOTe CIIOCTEPIranocs 3HMKEHHS TIPUPOCTIB.

[Monmanpmii qociipkeHHsT OyAyTh HalpaBJICHI Ha BU3HAYCHHS HaWOLIBII
KOM(OPTHUX YMOB BHPOLIYBaHHS PaKiB Pi3HUX BHU[IB, TAKUX SIK (i3UKO-XiMiu-
HUX TTOKAa3HUKIB BOJIM, TEXHOJIOTI] yTPUMaHHS, FOJIIBIIi, 1[0 B CBOIO YEPry IacTh
3MOTY MiIBUIIUTH MPOAYKTHUBHI SIKOCTI Ta peHTa0eIbHICTh BUPOOHUIITBA.

INFLUENCE OF PHYSICAL AND CHEMICAL INDICATORS
OF WATER ON THE PRODUCTIVE QUALITIES
OF CRAZY OF DIFFERENT SPECIES

Slyusar M. V. — Candidate of Agricultural Sciences,
Svitelsky M. M. — Candidate of Agricultural Sciences,
Kovalchuk I. 1. — Candidate of Veterinary Sciences,
Mamchenko V. Yu. — Candidate of Agricultural Sciences,
Ishchuk O. V. — Candidate of Agricultural Sciences,
Zhytomyr Ivan Franko State University,
Slusar_nv@ukr.net

The article presents the results of research on determining the optimal level
of oxygen in the habitat of arthropods, which directly affects the rate of their growth,
preservation and other reproductive qualities of crayfish of different species.

The study was conducted in June-July 2024 at the Aquaculture Laboratory of
Polissia National University (Zhytomyr Oblast, Zhytomyr).

For the experiment, sexually mature individuals of the destroyer (Cherax
destructor) and Florida (Procambarus clarkii) crayfish were selected. The experimental
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animals were kept in a brooder. The diet was the same for all experimental groups.
Each aquarium with a capacity of 150 litres was equipped with an autonomous system
for cleaning, temperature and oxygen control, with constant water change. The study
was conducted in three stages. At the first stage, the effect of temperature on the growth
of crayfish of both species was studied (over 15 days, the growth of individuals was
measured by lowering the water temperature by 5 °C every 5 days). At the second stage
of the study, the pH of the water was reduced by 1 °T every 5 days for 15 days. At the
third stage, the O, content was reduced from 8 mg/l to 5 mg/l over 15 days. Throughout
the experiment, each experimental animal was weighed daily.

Temperature fluctuations in the range of 15-25 °C had no significant effect on
the development of destructors and Florida crayfish. Fluctuations in acidity between 6
and 8 °C did not affect the development of crustaceans. No changes in appetite, be have
our or growth were observed in any group. When the O, concentration was reduced to
5 mg/l, a state of hypoxia was noticeable in Florida crayfish. The destructors withstood
the decrease in O, levels better, with a slight decrease in growth. For the first time, the
authors conducted a comprehensive analysis of water parameters and the impact of their
changes on the productive qualities of crayfish of the described species. The authors
experimentally proved the dependence of crayfish productive qualities on changes in
oxygen content and established its recommended parameters.

Keywords: Cherax destructor, Procambarus clarkii, oxygen, acidity, mass,
productivity, closed water supply system.
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This article describes an intensive culture system for unicellular marine
microalgae, which are grown as food for various stages of hatchery culture of
commercially valuable molluscs.

Until recently, live algae were the only source of food for bivalve larvae and
juveniles. However, this is now beginning to change as a result of recent research into
the development of non-live and artificial diets.

However, the production of live algae remains a critical aspect of successful
hatchery management, as they can be used as a live food supplement for innovative
food products.

In addition, the need for microalgae cultivation arises because the natural
phytoplankton content of seawater used in hatcheries is insufficient to support optimal
growth of larvae and juveniles grown at high densities.

The basic methods of algae cultivation have changed little over the years.
Incubators choose either indoor, intensive culture with artificial lighting, usually
external to the culture vessels, or open, extensive culture in large tanks or ponds using
natural lighting.

The article describes intensive methods for obtaining algae cultures on the basis
of a specialized enterprise for the propagation of European oysters Culture blue AS
(Norway).

As a result of using the methods considered, the maximum yield point can be
reached within a 48-hour interval, so the enterprise has introduced a system of automated
nutrient medium supply.

Since the cultures may not grow, or become excessively contaminated by
competing microorganisms, or will disintegrate, the article presents a number of
shortcomings in the system for verification in order to determine the source of
discrepancies.

Therefore, the system considered is carefully controlled and highly productive.

When used in modern mariculture, this system is quite capable of providing food
for larvae, small fry and broodstock kept in artificial incubators.

Keywords: cultivation, marine microalgae, mollusc, food chain, food additive,
incubator, mariculture.
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Analysis of recent research and publications. Unicellular marine
microalgae (Figure 1) are grown as food for various stages of hatchery culture
of commercially valuable molluscs.

Until recently, live algae have been the only food source for bivalve larvae
and juveniles. This is now beginning to change as a result of recent research into
the development of suitable inanimate and artificial diets.

However, the production of live algae will remain a critical aspect of
successful hatchery management for the foreseeable future, at least as a live
food supplement to innovative food products.

®

1

a b c

Fig. 1. Photomicrographs of algae commonly cultivated in hatcheries,
Isochrysis sp. (a), Tetraselmis sp. (b) Ta Rhodomonas baltica (c), which show relative
differences in cell size (Photo — Olifirenko V.V.)

Flagellated and diatom species, among the microalgae, are the primary
producers at the base of the marine food chain. They produce organic cellular
components by absorbing carbon dioxide and nutrients from seawater, using
light as an energy source in a process called photosynthesis.

They are typically cultured in hatcheries in appropriately treated natural
seawater enriched with additional nutrients that include nitrates, phosphates, essential
trace elements, vitamins and carbon dioxide as a carbon source. Synthetic seawater
can be used, but it is prohibitively expensive, except on a small laboratory scale.

The need for microalgae cultivation arises because the natural
phytoplankton content of the seawater used in the hatchery is insufficient to
support optimal growth of larvae and juveniles reared at high density.

In particular, in larval culture, artificial algae cultures are used to replace
all natural phytoplankton. Artificially grown algae should consist of cultures of
species with high nutritional value.

In this context, and in providing appropriate feed rations for breeding stock
and young, only a few of the very many natural algae have good nutritional value
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for bivalve molluscs, and not all of them are amenable to artificial cultivation on
a sufficiently large scale.

A list of the most commonly used species in bivalve hatcheries is given in
Table 1. The parameters of cell size and composition are also shown.

Table 1. Cell volume, organic mass and gross lipid content of some of the most
commonly cultivated algae species used as food for bivalve larvae and spars

et | Oraanicms | Lipias
Flagellates
Tetraselmis suecica 300 200 6
Dunaliella tertiolecta* 170 85 21
Isochrysis galbana
Isochrysis (T-1SO) 40-50 19-24 20-24
Pavlova lutherii
Diatoms
Chaetoceros calcitrans 35 7 17
Chaetoceros gracilis 80 30 19
Thalassiosira pseudonana 45 22 24
Skeletonema costatum 85 29 13
Phaeodactylum tricornutum* 40 23 12

Note: types marked * have relatively low nutritional value

Algae culture accounts for about 40 % of the cost of rearing juvenile
bivalve molluscs to a shell length of about 5 mm in a hatchery.

For example, 1 million juvenile oysters with a shell length of 5 mm
will consume 1400 | of high-density cultured algae daily, at an optimal rearing
temperature of 24 °C. Smaller daily volumes are required for feeding broodstock
and larvae.

Result and discussion. The basic methods of algae cultivation have
changed little over the years.

Hatcheries choose either indoor, intensive culture with artificial lighting,
usually external to the culture vessels, or outdoor, extensive culture in large
tanks or ponds using natural light.

The specialist European oyster breeding company Culture blue AS
(Norway) uses intensive methods to obtain algae cultures.

Intensive methods are satisfactory in terms of reliability and productivity,
but are expensive in terms of capital expenditure and labour, while extensive
methods are generally less reliable and sometimes not very productive.

Medium-scale cultures (usually 4 to 20 1 in volume) can be used as food
for larvae or to start large-scale cultures. Large cultures are usually at least
50 I in volume and are often much larger in volume. The plant uses 300-liter
cultivator columns.
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Starter culture management. The plant’s inoculum maintenance procedures
are virtually identical to standard ones. These cultures were specifically grown
to provide inoculum for growing larger volumes of crops needed for food
production (Figure 2).

Fig. 2. Photographs showing typical conditions for inoculating algae cultures
(Photo — Olifirenko V.V.)

First, a line of starter cultures was created from the stock of the desired
species. Starter cultures, like rootstocks, were grown in 500 ml flasks, and later
in 2000 ml of nutrient medium. Since they are needed to provide the inoculum,
they must be grown quickly. They are cultivated at a temperature of 18 to 22 °C at
a distance of 15-20 cm from fluorescent lamps with a power of 65 or 80 W. This
gives an illumination level on the surface of the culture of 4750 to 5250 1ux.

Starter cultures are grown for various periods of time before use. In the
case of diatom species that have a short generation time, this period is from 3 to
5 days. For most flagellates, it is from 7 to 14 days. When the starter culture is
ready for use, it is subcultured using sterile methods, as described earlier.

Between 20 and 50 ml, (depending on the type and density of the culture),
is transferred to a fresh 250 ml culture to maintain the culture starter line. The
remainder is used as inoculum for larger cultures (up to 25 litres) grown for
feeding, or as an intermediate step in a large-scale cultivation process, where it
in turn acts as an inoculum for much larger cultures.

Inoculation of larger volume crops may require larger volume starter crops.
For the sake of clarity, crops with a volume of 2 to 25 litres will be referred to as
medium-scale crops. For example, a 200-litre production culture first starts with
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a 250 ml starter of the required algae species, which is transferred when it grows
to a larger volume of 2 to 4 litres. When the 300 litre culture is concentrated, the
inoculum of 2 to 4 litres is used to start a new culture of similar volume.

The company operates a medium-scale algae production culture. This is
the so-called batch culture.

Batch culture involves inoculating the culture medium with the desired
species of algae in plastic bags. The culture is then rapidly grown until further
cell density is inhibited by insufficient light penetration into the culture, after
which the culture is completely harvested, the container washed and sterilized,
or simply the plastic bag is replaced and a new culture is started. Batch culture
is typically used for delicate species and fast-growing diatoms (Figure 3).

Fig. 3. Batch culture
(Photo — Olifirenko V.V.)

Batch harvesting is usually carried out at the peak of exponential growth,
when the crops are entering the stationary phase.

The complexity of the cultivation operation depends on the demand for
algae and the cost constraints within which the system must operate.

In its simplest form, a cultivation system can be simply a scaled-up
version of a starter, using 2 litre to 25 litre glass flasks, and then transferring the
algae culture to large volume columns. These are partially filled with a growth
medium — in this case, sterile, nutrient-enriched seawater — and then inoculated
with the required algae species.
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The air is filtered through a 0.2 m pore cartridge or membrane filter to
remove most airborne contaminants and competing microorganisms.

The growth medium was prepared from seawater filtered through a
reverse osmosis filter.

To obtain maximum productivity from some algae species, it may
be necessary to dilute seawater with clean (distilled) freshwater (or from an
uncontaminated source) before filtering or autoclaving. The rate of cell growth
and division Chaetoceros calcitrans, Thalassiosira pseudonana i Skeletonema
costatum is optimal at a salinity of about 20 ppm.

The performance of many flagellates was optimal at salinities of 25 to 32 ppm.

Lighting for culture growth is provided by fluorescent lamps, usually
mounted outside the culture columns. The number of lamps used is determined
by the height and diameter of the culture vessels, with the aim of providing
15,000 to 25,000 lux, measured at the center of the empty culture container. Two
65 or 80 W lamps are sufficient to illuminate 3 L glass flasks with a diameter of
about 18 cm, while 5 lamps of the same light output are required for vessels of
about 25 [ (diameter 35 cm). Optimal growth is at a temperature of 18 to 22 °C
for most species.

By manipulating the culture conditions of some species, such as
Tetraselmis, it is possible to change the size of the cells so that the cells can
be more easily consumed by the larvae. Small-scale cultivation systems can be
technically improved to increase their productivity by using them as chemostats.
However, if the goal is solely to produce more food, a better solution would be
to turn to large-scale cultivation methods.

Large-scale culture method. Commercial bivalve hatcheries must
produce large volumes of high-quality, high-nutritional algae daily to sustain
larval production on a sufficient scale.

Examples of some systems currently in use in Europe and North America
are based on the use of polyethylene bags suspended or supported by a cylinder
of plastic or galvanized steel mesh. All have in common that the culture is
contained in a tall, narrow cylinder, which is the most efficient configuration.

The exception is hatcheries, mainly on the west coast of North America.
They continue to use large, circular tanks illuminated by high-efficiency metal
halide lamps. The highest efficiency is achieved when the lighting lamps are
mounted inside the cultures (Figure 4) rather than outside in the form of a block
of fluorescent lamps.

Culture blue AS uses polyethylene bags for algae cultivation. Polyethylene
is available in large diameter tubes of various widths and in rolls containing
convenient lengths. By cutting the appropriate length and joining the ends by
heat sealing, a sterile, flexible cultivation container can be formed, either in the
form of a cylinder or in the form of an oblong bag. The containers thus formed
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can be reinforced by supporting them in a frame of plastic-coated steel mesh.
Alternatively, the cylinders can be suspended, with or without a side support

mesh, if the diameter of the bag is less than 30 cm and the height is less than
200 cm. The method used at the company is shown in Figure 5.

Fig. 4. Large-scale culture was often carried out in large, round or rectangular tanks
with overhead lighting

S
{

Fig. 5. Examples of plastic bags and algae cultivation systems
(Photo — Olifirenko V.V.)

Bags are the least expensive way to produce large-scale cultivation
containers. These containers can be used indoors with artificial lighting or
outdoors to take advantage of natural light. The bags shown are formed from
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10,000 mm high-strength polyethylene tubing, 90 cm wide. They are supported
by welded steel mesh frames and have a capacity of 300 litres with a large
surface area for light penetration. Large cultures of this type can be illuminated
by vertically mounted 1.8 m long, 80 W fluorescent lamps.

The bag systems shown in the figure are made of a polymer material but
are supported by a strong metal mesh.

In general, the larger the diameter of the culture tank, the lower the
maximum cell density possible at a fixed light level. However, these bags
outperform similarly sized rectangular, fibreglass or plastic tanks, which are
sometimes still used for mass cultivation. But they are inefficient compared to
indoor light cultivation.

The polyethylene bags themselves have a relatively short lifespan, as
the inner surface attracts culture residue and bacteria, which together reduce
light penetration and are a source of contamination. After the culture is finished,
the bag must be renewed. Large diameter bags are inefficient, but bags with a
diameter of about 30 cm can be effective, as the surface area to volume ratio for
light penetration is improved.

The maximum yield point can be reached within a 48-hour interval, so
we have implemented an automated medium supply system at the company. The
solution is to work with the cultures continuously, i.e., harvest continuously.
algae This solution was made possible by optoelectronic cell density monitoring.
A diagram of the automated system we developed and used in production
conditions is shown in Figure 6.

Fig. 6. Schematic of a Continuous Algae Culture System

The principle of automatic operation is not new. Chemostats or
turbidostats that use external light sources to produce microalgae species have
been described previously. The system described above is an updated and more
efficient version of the concept (Figure 7).
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Fig. 7. System elements used in production by Culture blue AS
(Photo — Olifirenko V.V.).

Troubleshooting an Automated Algae Cultivation System. Cultures
may fail to grow, become overly contaminated with competing microorganisms,
or collapse even in the best incubators. Below are a few of the system deficiencies
we have identified to check to determine the source of such failures.

1. Air Supply. Is there enough air being supplied to the cultures? Are
the cells settling to the bottom of the culture vessel? This can happen when
cultivating certain diatoms, in which case the air flow rate should be increased.
This should not happen with widely cultivated flagellates. If so, the problem lies
elsewhere.

2. Temperature. Check the minimum/maximum thermometer. Has the
temperature in the algae culture room increased or decreased in the past 24 hours?
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Most commonly cultivated algae species cannot tolerate temperatures above
26 °C for long periods of time — or temperatures below 12 °C. Temperatures
between 18 and 22 °C are ideal.

3. pH. Check CO, supply. Check the pH of the algae cultures with a pH
probe. Is the pH too high (above 8.5). Is the pH too low (below 7.5)? Adjust the
CO, supply accordingly.

4. Nutrients. Check records of the last time the cultures were fed nutrients.
This is especially important for semi-solid cultures.

5. Fouling. The walls of the culture container, especially at the water/air
interface, are visibly foaming or fouled with what appears to be detritus. If so,
the culture is nearing the end of its useful life and needs to be replaced. If this
is a persistent problem early in the culture cycle with a particular species, check
the starter culture for signs of organism infestation and replace as necessary.

Not all types can be successfully cultured throughout the season. Some
have specific “windows of opportunity” when they can be reliably grown.
However, there is no consistency between hatcheries as to when a given species
will grow well and when it will not. This must be learned from experience and
emphasizes the importance of careful record keeping.

Conclusions. Thus, the intensive culture system described in the article is
a carefully controlled and highly productive one.

When used in modern mariculture, it is quite capable of providing food
for larvae, small fry and brood stock kept in artificial incubator conditions.

IHTEHCUBHI METOAN OTPUMAHHA KYJIbTYP
BOAOPOCTEN

Onighipenxo B. B. — k.6em.H., doyenm,
Moonesa O. A. — cmapuiuil 8uxk1a0ay,
XepcoHncokuil depoicagHutl azpapHo-eKOHOMIYHULL YHIgepcumen

VY crarTi onycaHa cucreMa iHTeHCHBHOTO KYJIBTUBYBAHHS OTHOKITITHHHUX MOP-
CBKHX MIKPOBOIOPOCTEH, SIKi BUPOIIYIOTH SK DKy JJS PI3HHX €TamiB iHKyOaTopHOi
KyJIBTYypH KOMEPIIHHO IIIHHUX MOJOCKIB.

J1o HeIaBHBOTO Yacy JKMUB1 BOJOPOCTI OYIM €UHUM JDKEPETIOM 1K1 ISl THIHHOK
JIBOCTYJIKOBHX MOJIFOCKIB 1 MOJIOJI. AJie Ha JaHU 4ac CUTYyallis MOYMHAE 3MIHIOBAaTUCS
B Pe3yNbTaTi HeJIaBHIX JOCHIPKEHb 3 PO3POOKH HEKMBHX 1 INTYYHHUX PalliOHIB.

[Ipore BHPOOHMITBO XMBHUX BOJOPOCTEH 3aJHIIAE€THCS KPUTHUHO BAXKIUBHM
ACTIEKTOM YCIIIITHOTO YIIPaBIiHHA iHKY0aTOPi€l0, TaK K BOHH MOKYTh BUKOPHCTOBYBa-
THUCH B SKOCTI )KHBOT XapdoBOi JOOABKH JI0 IHHOBAIIMHAX XapUOBHUX MPOAYKTIB.

Kpim Toro, motpeba B KyIbTHBYBaHHI MiKPOBOIOPOCTEH BUHUKAE TOMY, IO MTPH-
POAHUI BMICT (ITOIUIAHKTOHY B MOPCBKiil BOJII, 1110 BUKOPUCTOBYETHCSI B 1IHKYOATOPI,
HEJIOCTaTHIH JUIsl MIATPUMKN ONTUMAJILHOTO POCTY JIMYMHOK 1 MOJIOJII, 1[0 BUPOLILY€ETh-
Cs1 3 BUCOKOIO IIITBHICTIO.
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OCHOBHI METO/JIY KYJIbTUBYBaHHs BOIOPOCTEW MaJIo 3MIHWIIUCS MTPOTSroM Oara-
THOX POKiB. [HKyOaTtopy BHOMparoTh a00 BHYTPIIIHIO, IHTEHCUBHY KYJIBTYpY 31 IITYyY-
HUM OCBITJICHHSIM, SIK TPAaBHIJIO, 30BHILIHE TI0 BiJIHOUICHHIO JIO CYJMH JJISl KYJIBTHBY-
BaHHs1, a00 BIIKPUTY, EKCTEHCUBHY KYJIBTYPY Y BEJIHMKUX pe3epByapax ado cTaBKax, 10
BHUKOPHCTOBYIOTB IIPUPOIHE OCBITICHHS.

B crarTi onucaHo iHTEHCUBHI METOM OTPUMaHHS KYJIBTYpP BOIOPOCTEH Ha 0asi
CICIaIi30BaHOTO MIAMPUEMCTBA 3 PO3MHOKEHHsI eBporieiichkoi yerpuii Culture blue
AS (Hopseris).

VY pe3ynbrari BAKOPUCTAHHS PO3MISIHYTHX METOIB TOYKa MaKCHMaJILHOTO BPO-
JKaro MOXKe OyTH JOCSATHYTA MPOTATOM 48-TOMWHHOTO IHTepBaTY, TOMY Ha IiIITPUEMCTBI
3aIpPOBAKEHO CUCTEMY aBTOMATH30BAHOI IT0a4i XKHBUIILHOTO CEPEIOBHIIA.

Tak sk, KyIbTYpH MOXKYTh HE BUPOCTH, 200 CTaTH HAAMIPHO 3a0pyIHEHUMH KOH-
KypYIOUMMH MiKpoOpraHiaMamu abo po3naayThCs B CTATTi HABEJCHO HU3KY HEIOJIIKIB
y po0OTi cHCTEMH JUIsl TIEPEBIPKH 3 METOIO0 BU3HAYCHHS JDKEpEsIa HEBI/IIIOBITHOCTEH.

OTxe, pO3IISIHYTa CUCTEMA € PETEIILHO KOHTPOIBOBAHOIO T BUCOKOIIPOIYKTHB-
HOIO.

[Tpu BUKOpHUCTaHHI JaHOT CHCTEeMH B CyJacHil MapHUKyIbTYPl BOHA IITKOM 37aT-
Ha 3a0e3MeYnTH DKEIO JIMYMHOK, TPIOHY MOJIO/b T2 MAaTOYHE MOTOJIB'S, 0 yTPUMYIOTh-
csl B LITYYHUX YMOBaX 1HKyOaropis.

KnrowoBi ciioBa: KyJnbTHBYBaHHSI, MOPCBHKI MIKPOBOJIOPOCTI, MAJTIOCK, Xap4OBani
JIAHIIIOT, Xap4yoBa 100aBKa, iHKy0aTop, MapUKyJIbTypa.
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MOHITOPHHT BOAHO-OOJIOTHHX YTifb YKpaiHU 3aBX/M MaB CyTTEBE 3HAUCHHS,
00 CBOEYACHO BHSBUTH MOXIIMBI HETaTHBHI OCOOJIMBOCTI BIUIMBY aHTPOIIOTEHHOTO
¢dakTopy Ha Quopy Ta payHy maHOi TepuTOpii. OCHOBHOIO METOIO AOCIIIKEHHS BOJI-
HO-OOJIOTHUX YT1/Ib 1 € BUABIEHHS SIKICHOTO Ta KiJIbKICHOTO CTaHy POCIWHHO-TBAPHH-
HOTO Ta (hayHICTUYHOTO CBITYy BOJOWM, 1[0 B MOMAAJBIIOMY J103BOJIATH MOBHOI[IHHO
PO3BHBATHCS BCIM BHJAM, SIKi )KUBYTh Ha JaHiil Teputopii [1]. [TpuuuHn HerarnBHUX
3MiH €KOJIOTIYHOTO XapaKTepy BOJHO-OOIOTHOTO YIi/Isi MOXKHA PO3AUIUTH Ha I SITh
KaTeropii 3MiHU TiIPOJOTIIHOTO PEKUMY; 3a0pyIHEHHS BOIM; Pi3ndHa TpaHCPOopMa-
IIisT; eKCIUTyaTaris 010JI0TIYHUX PeCypCiB; IHTPOAYKIIiS 4yKOpITHIX BUIIB. BimHOCHA
BaXXJIMBICTh IIMX MPHYMH Bapilo€ 3aJIe)KHO BiJl PETiOHY, KpaiHM 1 HABITh KOHKPETHOTO
YIS,

CrarTsi BUCBITIIIOE JaHI HayKOBHX JOCII/DKEHb Ta iX aHaili3, SIKI CTOCYIOTHCS
CY4acHHMX TPOOJIEeM BOJHO-OOJIOTHHX YTifb HIDKHBOTHICTPOBCHKOTO HAI[iOHAIBLHOTO
MIPUPOHOTO TIAPKY, SIKUH 3HAXOMUTHCS Ha TepuTpii Oneckkoi obmacti. Exonoriuna exc-
MepTH3a aHai3y Cy4aCHOTO CTaHy BOTHO-OOIOTHUX YTiIb TepuTopii HKHBOTHICTPOB-
cekoro HIIII moxasaina, 110 mMeBHI aHTPOTIOTEHHI YHHHUKM HETaTHBHO BIUIMBAIOTH HA
ctaH sikocTi Bogonmuin gaxnoro HIIII, ToMy 110 mpoTsAroM pokiB AOCHTIIKEHb OyJI0 3a-
¢ikcoBano ninsuiennit BMict HXP (HeOe3neyHnx XiMIYHUX PEYOBHH), SIKi IEPEBUIILY-
Baym ['JIK ckuniB y piuky /[HicTep, a BOHa € OCHOBHHUM JKEPETIOM BO/I03a0e3IedeHHS
MapKy Ta MPIJIETIAX MicT i cenm. Takok HECAaHKIIIOHOBaHI peKpeartiifHi 30H1 Maco-
BOTO BiIMOYMHKY, BumacaHHs BPX (Benmkoi poratoi Xyqo0u), CTUXiiHI CMIiTTE3BAINIIE
1o O6eperoBiit JiHil TepUTOPii BOIHO-O0TOTHUX YTiAbh TEXK MOTIPIIMIN SKICTh BOTOHMHU.
Ha ocHOBI oTpuMaHMX JaHUX 3po0JIEHO BHCHOBOK, IIIO B BOAOMMAaXxX BOJHO-OOJOTHHX
yrias HIITT HukHBOAHICTPOBCHKUI BiOyBatOTHCS MPOLIECH HANPABJIEH] Ha ITiJIBUIICH-
Hs eBTpH(iKalii Borolmu, ToOTO 30araueHHsl O10r€HHNMH eJIeMEHTaMH, 110 CYIpPOBO-
JUKY€ThCS 3HUIIECHHAM ITPOAYKTHBHOCTI BOJONMM Ha AaHiil Tepuropii. SIkicTh Boan 3a
BHJIOBUM CKJIaJIOM Makpo(iTiB BiTHOCHTECA 10 Me30canpodHoi 30aM 3a0pyaaenHs (11
ta III xmacy), To6To ii AKicTh € J0Opa Ta MicCISAMH 3310BITbHA, TOMY CIIiJT TIOCTiifHO MO-
HiToputn ['JIK HeOe3meuHNX pe4OBUH BOAHO-O0JIOTHHUX YTi/ib.

KitrouoBi ciioBa: BOgIHO-00OTHI yrijns, (ayHa, BOMOWMH, PiUKH, 3aIUIaBH, aH-
TPONOTEHHI YNHHUKY 3a0pynHeHHs, HanionansHI TPUPOAHUNA NapK, SKiCTh BOIM.
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AKkTyanabHicTh npodjaemu. Kareropii nepepaxoBani B Pamcapcbkiii kia-
cudikarii TUMB BOAHO-OOJOTHUX YTilb HE € BUUYEPITHUMHU 3 HAYKOBOI TOYKH
30py, a MPU3HAYCHI JUIIE IS TOTO, 00 3a0€3MEYUTH OCHOBY JUISI OTIEPATHB-
HOTO BH3HAYEHHS OCHOBHHX THITIB CEPEIOBHUINA iICHYBaHHSA, IPECTABIECHUX Ha
KOXKHOMY CaMTi, 3 4ITKUM 3a3HAYCHHSIM «I1€PEBAXKAIOUOr0 THITY BOJHO-00IOT-
HOTO yrimns». ToMy ChOTOZIHI € aKTyaJbHUM MPOBEASHHS MOCTIHHOTO MOHITO-
PUHTY BOJHO-OOJIOTHHX YTiAh MIKHApPOAHOTO TaK AEPKABHOTO 3HAUEHHS IS
BYACHOTO BUSIBJICHHS HETaTUBHUX MPOIIECIB IX MOTIpIIECHHS.

B cucremi Pamcapchkoi KOHBEHIIT BHIITISIOTECS COPOK JIBa THITH BOJ-
HO-OOJIOTHHUX YTiJlb, SIKI 3rPYNOBaHI 32 TAaKUMHU KaTETOPISIMU: «IIPHOEPEKHI/
MOPCBK1», «KOHTHHEHTAJIBHI» Ta «aHTPOIIOTCHHI» BOAHO-00JOTHI yrimms [7].
binbmn Toro, BuIeBKazaHi MPUYUHHE HEPIJKO B3a€EMOIIOB’s3aHi, Tak 10 OyBae
CKJIaJTHO PO3JIUIMTH HACIIIKK BIUTUBY KOxkHOT 3 HUX. [IpocTime knacudikyBaru
3MiHM €KOJIOTIYHOTO XapakTepy He 3 MPUYMHH, a 3a TUIIOM 3MiH. BinmosigHo
JI0 BU3HAYEHHS 3MIHU €KOJIOTIYHOTO XapaKTepy, 3MiHU OyBalOTh TPHOX THUIIIB —
Oiosroriuni, XiMiyHi Ta Qizuuni. [Ipu cknaganHi npumarHoi cxemMu Ta BHOOpi
METO/IiB TIPOTHO3YBaHHS 3MiH €KOJIOTIYHOTO XapaKTepy BOJHO-OOJIOTHHX YTilh
MEHE/DKEPH B OCHOBHOMY DO3IVISIAIOTH SKpa3 THUIK 3MiH. 30Kpema, po3risi-
JAIOTHCS HETaTWBHI 3MIHW, BUKIWKAHI MISUTBHICTIO JIIOAWHH. 3aCTOCOBYIOUU
TepMiHU Ta KoHIEMNIi «OIiHKH €KOCUCTEM Ha TMOPO3i THUCSYONITTS», 3TiTHO
3 AKUMH €KOJOTI4HI TOCIYTH CTAHOBISATH HEBII €MHY YaCTHHY E€KOCHUCTEMH,
OHOBJIEHE BU3HAUEHHS PaMcapchKoro «EKOJOTTYHOTO XapaKTepy» € TAKHM.

Y mpOoMy KOHTEKCTI TIepeBard €KOCHUCTEM BH3HAUYAIOTHCS BIIATIOBITHO
no Bu3HaueHHS «OIHKHA €KOCHCTEM Ha TOpPO03i THCSIYONITTS», €KOCHUCTEMHI
MOCITYTH SK «IepeBard, AKi JIOOU OTPUMYIOTh Bif exocuctem». bimpin Toro,
naparpad 2 Pesomonii V, roBoputh, 1m0 «Jloropipuum CTOpoHaM MPOIOHY-
€THCS TIEPEBIPSTH J1aHi, SKI BOHU Hamanu B [Hpopmamiiiaux mucrax Pamcap-
CBKHX BOAHO— OOJIOTHUX YTi/lb, KOKHI IIICTh POKIB, TOOTO JO KOXHOI ApyToi
Kondepenmii Ctopin, i mpyu HEOOXITHOCTI HagaBaTH OHOBIIEHI JUCTH». Kpim
TOTO, B M. 2.4 cKa3aHO: «3MiHa EKOJOTIYHOTO XapaKTepy YTiaisi, BHECEHOTO
no Pamcapcekoro mepeniky, Ma€e MPOXOIUTH OLIHKY B MOPIBHSAHHI 3 0a30BUM
piBHeM, omucanuM B [HdopmamiiiHomy nmcti Pamcapcekoro BogHO 60510T-
HOTO YTiJ/Is1 HA MOMEHT Horo HoMiHatii 1o Ilepeniky abo Ha MOMEHT TIEPIIIOTO
nojaHHs iH(OopMAIiitHOTro JUCTa /10, TOPSA 3 1HIIOK iH(OpMaIli€to, ska Oyia
OTpUMaHa Mi3HIIIe».

Benuke 3HaueHHS I YIPABIIIHAS BOAHO-OOJOTHUMHU YTiIAIMH MAIOTh
0a30Bi JaHi, sIKI BCTAHOBIIIOIOTH MEXI IPUPOJAHNX KOJIMBAHb KOMIIOHEHTIB, MTPO-
LIECIB Ta BHTIA/TIOCIAYT Ha KOXKHOMY YTl B MEKaxX Oylb-IKHX 3aaHUX THM-
YaCOBHX PaMOK, B TIOPIBHSHHI 3 SIKWMH MO)KHA TPOBECTH OIIHKY 3MiH. J{oro-
BipHi CTOpPOHM BXX€ MPUHHSIIN LTy HU3KY BKA3iBOK 3 BUIUIEHHS, OLIHKH Ta
MOHITOPHUHTY €KOJOTTYHOTO XapaKTepy BOTHO-OOJOTHHX YTiJlb MIKHAPOIHOTO
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3HAUCHHS, Ta 1HIIUX BOJAHO-O0JIOTHUX YT1/lb, @ TAKOXK YIPaBIiHHSI HUMH, BKJIIO-
YalouM BKa3iBKM 3 OLIHKK (PAKTOPIB PHU3HKY LIOAO BOJHO-OOJOTHUX YTiib,
mounitopunry [8]. Kpim toro, HTP B3sna Ha cebe 3000B’s13aHHS 3 MOAAJIBINOT
PO3POOKH i€papXiyHOrO MEXaHi3My Ul OMHCY E€KOJOTIYHOTO XapakTepy BOI-
HO-00JIOTHUX YTijib. BiJMIOBITHO 70 OHOBJIEHOI'O BU3HAYCHHS «EKOJIOTIYHOTO
XapakTepy», yTOUYHEHEe BH3HAUYCHHsI MOHATTS «3MiHa €KOJOTTYHOTO XapakTepy
BOJIHO-0OJIOTHHX YTi/Ib» Take: «3 MeTor BUKOHAHHS CTarTi 3 3MIHOKO €KOJIO-
TYHOTO XapakTepy BBAKAETHCS aHTPOIIOTEHHE TIOPYIICHHS OyAb-SKOr0 KOMITO-
HEHTa eKOCHCTEMH, IPOLIECY Ta BUTOAN/TIOCIYTH, 0 3a0€3MeUyI0ThCsl eKOCHC-
temoto». [locunanns Ha Crartio 3 KoHBEHIi1, BKIIOYEHO Y BU3HAYCHHS IS
po3’sicHeHHsT 3000B’s13aHHS 3 MIATPUMKH €KOJIOT1YHOTO XapakTepy BOIHO-00-
JIOTHHUX YT1b MI)KHAPOJHOTO 3HaueHHs, BHeceHux 1o [lepeniky (Pamcapcpknx
yrizip), Mo HakIanarTbes CrarTero 3, a Takox, 100 BiJA3HAYMTH, 110 BU3HA-
YEHHS CTOCY€EThCS TUTBKM HETaTHBHUX 3MiH, IO CTAJMCS BHACHTIJOK aHTPOIO-
reHHoi aisibHOCTI. Lle y3romxyerbes 31 Crarreto 3 Ta Pexomennaniero 4 mpo
ctBopeHHs [Iporokony MonTpe, sika Oyna migrBepmxeHa Kongepenmieto Cro-
piH, o npwuithsia Pesomonito VIILL Jlnst minert Koneenii, Takum 4uHOM, 3
JAHOTO BU3HAYECHHS BUKJIIOYAIOTHCA MPOLECH MPUPOAHUX EBOIIOMIMHUX 3MiH,
10 BiZIOYBalOTHCSA B €KOCUCTEMAaX BOJIHO-OOJOTHHUX YTijib, @ TAKOXK IMO3UTUBHI
3MIiHU @aHTPOTIOI'€HHOTO XapakTepy [5].

OnHak HEOOXIHO BIJA3HAYMTH, IO iHIN Jii, pekoMeHaoBaHi KoHBeH-
€0, HAMPUKIAJ, 110 CTOCYIOThCS OI[IHKH 3arajibHOTO CTaHy Ta TEHJACHIIIN
3MiHH CTaHy BOJHO-OOJOTHHX yTifb Ta PamcapchbKux yriap, BUMararoTh iHpop-
Maiii mpo BCi THMH 3MiH EKOJIOTIYHOTO XapaKTepy €KOCHCTEM — MO3UTUBHHUX
Ta HEraTUBHUX, NMPUPOJHHUX Ta aHTPONMOreHHHX. Tak camo Pamcapcbka KoH-
BEHI[isl BU3HAE, 1O MPOTPaMHU BiJHOBIICHHS Ta peadiiiTaiii BOJHO-00JIOTHUX
YTiJIb MOKYTh TIPU3BECTH O CHPUSTIAMBHUX aHTPOIOTEHHHUX 3MiH €KOJIOTIYHOTO
XapakTepy 1 € KIIFOYOBUM ACIICKTOM 3aXOJ(iB 3 YIPABIIHHS BOJAHO-O0JIOTHUMHU
Naahintivize

[IpyunHM HEraTUBHUX 3MiH €KOJIOTIYHOTO XapaKTepy BOJIHO-O0JIOTHOTO
YTiJs MOXKHA PO3IUIMTH HA I1SITh KaTeropiii: 3MiHM TiAPOIOTIYHOTO PEXUMY;
3a0pynHeHHs Boau; (i3uuHa TpaHcdopMmallis; eKcIulyaraiis OioJOTIYHUX
peCypCiB; IHTPOMYKILiSl Yy KOPITHUX BU/IB. BiTHOCHA Ba)JIMBICTh IUX MPUYUH
Bapilo€ 3aJIeKHO BiJl perioHy, KpaiHu i HaBiTh KOHKPETHOTO yTrigas. binbur Toro,
BUIIIEBKa3aH1 MPUYMHHU HEPIJKO B3a€MOIIOB’sI3aHi, TaK 10 OyBa€e CKIaTIHO PO3-
JUIATH HACTIJIKK BIUIMBY KOXKHOI 3 HUX. [Ipocrinie knacudikyBaTtu 3MiHH €KO-
JIOT1YHOTO XapakTepy He 3 MPUYHHH, a 332 THIIOM 3MiH. BiMOBIHO 10 TOBHOTO
BU3HAYECHHS 3MIHU €KOJIOTTYHOTO XapaKTepy, 3MiHU OyBaroTh TPHOX THIIIB — 0i0-
JIOT14Hi, XIMiYHI Ta (Qi3U4Hi.

[lpu ckiagaHHi NPUAATHOI CXEMU Ta BHOOPI METOAIB MPOTrHO3YBaHHS
3MiH €KOJIOTIYHOTO XapaKTepy BOAHO-O0IOTHUX YTib MEHEIKEPH B OCHOBHOMY
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PO3MISAAIOTH SIKpa3 THUIMHU 3MiH. 30KpeMa, pO3MISJaroThesi HETaTHBHI 3MiHH,
BUKJIMKaH] JISUIBHICTIO JIIOAMHU. B cydacHMX yMOBax Ha MPEBENHKUN Kallb,
HE 3aBXKIM € MOXIIUBICTh MPOBOJUTH KOMIUIEKCHI HAYKOB1 JIOCIIJKCHHS, SKi
MoTpeOyIOTh CIELiaNiCTIB 3 JaHOTO MPOdiII0, 3HAYHUX MaTepialbHUX BUTPAT,
1a00paTOPHOTO YCTaTKyBaHHS 1 CIEIIaIbHOTO O0JIaiHaHHS. B TakomMy BUMaIKy
€ MOXJIMBICTh 3aCTOCYBaHHSI METOJIB OlOIHJIUKAIll, SKHW OTPUMAaB OCTaHHIM
4acoM IIMPOKE BU3HAHHS Ta PO3MOBCIOMKEHHS. BOgHI pocinHu, 3a1eXHO Bix
cBO€1 Oionoriunoi 0coOnmBOCTi, MOPQOIIOTii Ta aHATOMIYHUX IMOKA3HUKIB —
MOXYTh OyTH Oi0IHIUKATOpaMu CTaHy BOJOWM Ta CIyTYBaTH MPEIMETOM TIIO-
0aTbHOTO MOHITOPHHTY BOIHUX 00’ €KTIB [4].

HayxoBi nociikeHHs, sIKi MpoBOAMJIMCS Ha TepuTopii HmkHBbOIHI-
CTPOBCHKOT'O HAIliOHAJILHOTO PUPOTHOTO MAPKY, BKIFOUAIIM B ce0e POBEACHHS
aHaJTi3y JOCIIJKCHb BUKOPUCTAHHSI BOJHO-OOJIOTHUX YTiJlb Ta BU3HAYCHHS iX
CY4YaCHOT'0 CTaHy Iijl JIEF0 aHTPOMOTeHHUX (PaKTOpPiB. [0JIOBHO METOIO JaHUX
JOCHIKEeHb OyJ0 BU3HAUEHHS 3arajbHUX MPUPOJHUX MPOLECiB 3a0e3MeUeHHs
CTIIOCTEPEKEHHS 3a 3MIHOI0 €KOCHCTEMH JaHOI TepUTOPii, TPOBEACHHS €KOJIO-
TYHOTO TPOTHO3YBAaHHS, MOHITOPHHTY BOJIOWMHU Ta CHIOCTEpeKeHHs 3a (propato
Ta ¢ayHoro [2].

IMocTranoBka 3aBaanHs. [IpoBecTH eKOJOTIYHUI MOHITOPUHI BOJO-
HO-00noTHUX yriae HITIT HmkHBOAHICTPOBCHKUH, AOCTIAUTH CYyYaCHUHN KiJib-
KicHU ckian 3a0pyaHIOIYHX pedoBrH B BomoiiMax Ta [JIK, mpoanamizyBaru
JDKEpera aHTPONOTeHHOTo BIUIMBY Ha cTaH p. J{HicTep Ta 03HAHOMUTHCS 3 TIep-
LIONPUYMHAMH TIOTiPIIEHHS BOTHOTO PEXUMY Ha TEPUTOPil JaHOTO BOJHO-00-
notHoro yriaas HIIIL.

AHaJi3 0CTaHHIX AoCTimKeHb i myGsikaniii. J[ocmiKeHHS CTOCOBHO
BU3HAYCHHIO KPUTEPIH OL[IHKH SIKOCTI BOAHUX PECYpCiB HaBeACHI B IOKYMEHTI
Pamcapcbkoi Konseniiii. Teket Pamcapcebkoi KoHBeHIIIT CBITUHTS, 1110 BOJHO-00-
JIOTHI YTiJUIs1 JUIs TIEPEITiKY MIOBUHHI BIIOMpATHCS Ha MiACTaB1 iX MiXKHAPOIHOTO
3HAYCHHS 3 TOYKHU 30py €KOJIOTrii, 00TaHiKH, 300JI0Tii, JJIMHOJIOTIT a00 TiaAposIo-
rii 1 BKasye, 110 «B nepiury 4epry jo llepemiky citij BKJIFOYaTH BOIHO-0O0JIOTHI
YTi[Isl, 0 MalTh MDKHAPOJHE 3HAYCHHSI SIK CEPEJIOBHINA ICHYBaHHS BOJOII-
JIaBHUX NTaxXiB y OyIb-sIKUH CE30H».

[Iponiec mpUIHATTS KOHKPETHUX KPHUTEPIiB ISl BHIUIEHHS BOIHO-00-
JIOTHUX YTilb MDKHAPOAHOTO 3HaYEHHs po3mnouascs B 1974 p., mpote mnepiui
odiuiini Kpurepii Oynmu y3romkeni Ha Kongepenuii Cropin KC-1 y 1980 p.
VY 1987 p. ta 1990 p. Kondepenuis lorosipuux CTOpiH JOAATKOBO MEPEIIIs-
nyia Kpurepii, i y 1996 p. Oyiu npuiinsTi crienianbai Kpurepii ais BugiieHHS
Pamcapchkux yrigp Ha OCHOBI 1X 3HaueHHS AJIs1 30epeskeHHsT pub. 3 MPUHHST-
TsiM «CTpaTeriyHoi CXeMHU Ta BKa3iBOK MIOJI0 MOJaIbInoro ¢popmysanHs [lepe-
JIKy BOAHO-OOJIOTHUX YTiIb MIDXHAPOIHOTO 3HA4YEHHs» (NMpuiiHsTI Pe3onro-
uiero VIL.11 1999 p. kputepii Oyam peopranizoBaHi B IBi IpyNu — BUXOASIYH 3
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penpe3eHTaTHBHOCTI/YHIKaIBbHOCTI Ta Gl0M0oriYHOro pizHOMaHITTA, a Ha KC-9
OyB nomanuit 9-it Kpurepiid, 1110 HaneXuTh A0 BUIiB TBAPUH (KPIM MTaxiB), M0
MEIIKAIOTh Y BOAHO-OoNoTHMX yrinasx. Kmacudikauis tunie BBY B Vkpaini
HaBEJICHO HA PUCYHKY 1.

Puc. 1. Knacudikauis Tunis BBY B Ykpaini

(nosicnenHs 00 Kapmu Hudx#cHe no mexKcmy)

Kpwurepii rpynu A. Yrigmas, siki MiCTATh THIIOBI, piIKicHI 200 yHIKaJIbHI
THTH BOAHO-00IOTHUX yrigs. Kpurepiit 1: BomHo-6010THE yTrimms BBaka-
€THCSI TAKHM, 1[0 MA€ MDKHAPOJHE 3HAYCHHS, SIKIIIO BOHO MICTHTh THUIIOBHUH,
pinkicHui ab0 yHIKaJIBHHN MPUKIAN MPUPOTHOTO abo Maike MPUPOTHOTO
THITY BOIHO-OOJOTHOTO YTiMJs, BUSBICHOTO B MEKaxX BiAMOBITHOTO Oioreo-
rpadigHOTO parioHy.

Kpurepii rpynmu B. Yrigns Mi>kHapogHOTO 3HAYSHHS TSI 30CpeKCHHS
OioyorigHOTO pi3HOMAHITTA. Kpurtepii, 3acHOBaHI Ha BHIAaX Ta EKOJOTIYHHUX
yrpynoBaansx. Kputepiit 2: BogHo-00710THE yTigAs BBaXKaeThCS TaKWUM, IO
Mae MDKHApOAHE 3HAYCHHS, SKIIO BOHO MiATPUMYE iCHYBaHHS BHIIB Bpa3iv-
BHX, 3HHKAIOUNX a00, 10 IepeOyBaroTh Ha MEXKi 3HUKHEHHS, a00 SKOJIOTTIHUX
YTpyTHOBaHb, IO MepeOyBaIOTh ] 3aTPO30I0 SHUKHCHHSI.
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Kpurepiii 3: BogHo-00JI0THE yrijyisi BBAXKAETHCSI TAKKM, 110 MAE€ MiXKHA-
pPOAHE 3HAYCHHS, SKIIO BOHO MiATPUMYE IOMYJISILii BUAIB POCIHH Ta TBapHH,
BOXJIMBUX JUIA 30epekeHHs 010IOTIYHOTO PI3HOMAaHITTS KOHKpPETHOrO 0ioreo-
rpagiyHOro paifoHy.

Kpurepiii 4: BogHo-00510THE yTijjisi BBAXKAETHCS TAKUM, L0 MA€ MiXkK-
HapOJHE 3HAYCHHS, SIKIIO BOHO MiATPUMY€E BUAU POCIHU Ta/ab0 TBApUH HA KPHU-
TUYHO BKJIMBIH CTail IXHBOTO JKUTTEBOTO LHKITY, 00 3a0e31euye MPUTYJIOK y
pa3i HacTaHHS HECTIPUATIUBUX YMOB.

Kpurepiii 5: BogHo-00510THE yTijjsi BBAXKAETHCS TAKUM, L0 MA€ MiXK-
HAapOJHE 3HAYEHHsI, SIKIO BOHO PETYJSIpHO miaTpumye monaimenme 20 000
BOJIOIUIABHUX MTAXiB.

Kpurepiii 6: BogHo-00510THE yriaas BBaKaeTbcs TAKUM, IO Ma€ MiKHa-
pOAHE 3HAYEHHSI, SKIIO BOHO peryssipHO miaTpumye 1 % ocoOuH y momysisiii
OJTHOTO BTy ITaxXiB.

Kpurepiii 7: BonHo-00510THE yTifis BBAKAETCS TAKUM, 10 Ma€ Mi>KHa-
pOAHE 3HAYEHHS, SIKIIO BOHO MiATPUMY€E 3HAYHY YaCTHHY MIiCUEBHX ITiIBUIIB
puo, BUAIB a00 POIMH, €Talu LUKy PO3BHUTKY, B3a€MO/III0 MiXK BHIaMH Ta/ab0
TOITYJISALISIMH.

Kpurepiii 8: BonHo-0050THE yrifis BBaKa€EThCs TAaKUM, 10 Ma€ Mi>KHa-
POZIHE 3HAYEHHSI, SIKIIO BOHO € BAYKIIMBUM JKEPEIIOM JKUBJICHHS IS pUO.

Kpurepiii 9: BonHo-0050THE yrijis BBaXKa€ThCs TAaKUM, 10 Ma€ Mi>KHa-
pOZIHE 3HAYEHHSI, SIKIIO BOHO PETYISIpHO miaTpumye 1 % ocoOuH y momysisiii
OJTHOTO BUJIY Y ITiJIBUJY TBAPHH, SIKi HE HAJIEkKATh JI0 NITAXIB, aJie 3aJICKHI BiJ|
3a3HAUYEHOTO BOJHO-00J0THOTO yriaas (Tabmums 1).

Kareropii, nepepaxoBani B Pamcapcrpkiii knacudikanii TumiB BogHO-00-
JIOTHHUX YTiJlb, HE € BUUEPIIHUMH 3 HAYKOBOI TOYKH 30Dy, & IPU3HAYCHI JIMIIE
IUTSL TOTO, 00 3a0€3MeYnT OCHOBY JJIsl ONIEPaTUBHOTO BU3HAYEHHS OCHOBHHUX
TUIIB CEpeIOBHILA iCHYBaHHS, MPEJCTABICHUX Ha KOXXHOMY CaWTi, 3 YITKHM
3a3HAUCHHSIM «IIEPEBAKAIOUOTO TUIY BOIHO-00JOTHOrO yrimasi». B cucremi
BUUISIOTBCSL COPOK JIBa TUIIH BOTHO-OOJIOTHHX YT1/Ib, SIKi 3TpYIIOBaHi 32 TAKUMHU
KaTeropisiMu: «IpuOepekHi/MOPCHKi», KKOHTHHEHTAIBHI» Ta «aHTPOIIOTECHHI»
BOJIHO-0OJIOTHI yTiJiIs.

Tabnuysa 1. Kputepii BU3HAYEHHS] BOAHO-00J0THUX YTigh YKpaiHu

Kpurepii
Ne | ID Ha3ga
mjaoma |12 |3[(4(5|/6(7|8|9

1 113 Kiniliceke rupio 32800 |+ |+ |+ |+ +

2 | 114 | KapkiniTceka ta Jkapunranpka 3atokd | 87000 |+ [+ [+ |+ |+ +

3 115 HenTpanpauii Cusarn 80000 |+ |+ |+ |+

4 | 116 Sropiuubka 3aToka 34000 |+ + |+

5 | 760 Osepo Kyrypuiyii 6500 |+ |+ |+ |+
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[Iponowxenns Tadnuii 1

Kpurepii
Ne | ID Ha3zsa
miaoma |1 (2(3[(4|5|/6(7|8|9
6 | 761 O3zepo Kapran 500 |+ |+|+ +
7 | 762 O3zepo Cacuk 21000 ++ |+ +
8 | 763 | Cucrema o3ep lllaranu-Anioeit-byprac | 19000 |+ |+ |+
9 | 764 Mexupivust Juictpa i TypyHuyka 76000 |+ |+ [+ |+
10 | 765 IliBaiuna yactuHa J[HICTPOBCHKOTO 20000 | + als
JIMMAHVY
11 | 766 TunirynbCchKui JIMMaH 26000 |+ |+ |+ ]|+ +
12 | 767 Jlenwra [Hinpa 26000 + |+
13 | 768 TenpiBchKa 3aTOKa 38000 |+ |+ |+]|+ + |+
14 | 769 Cximganii CuBam 165000 [+ |+ |+ |+ |+ |+]|+
15 | 770 MounoyHuii 1umMas 22400 +]+
16 | 771 Oo6wutivyHa koca Ta OOMTIYHA 3aTOKA 2000 + ||+
17 | 772 | I'mpno piuku bepau, bepasucpka 3aroka | 1800 + |+ |+ + |+
18 | 773 binocapaiicbka xoca Ta binocapaiicbka 2000 Tl
3aTOKA
19 | 774 Kpusa 3aroka Ta Kpusa xoca 1400 |+ |+|+ + +
20 | 775 [lanpki o3epa 32850 |+ + |+ |+
21 | 776 3arutasa piuku [Tpur'ste 12000 |+ +|+ |+ |+
22 | 777 3aruiaa piuku CTOXi 10000 |+ |+ |+
23 1393 AKBaIIbHO cx?;lzgl;lnxr(lmnnekc MHCY 251 |+ ]+ N e+
24 | 1394 | AkBanbHO-ckenbHuiM kommeke Kapapary| 224 |+ | + + + +
25 1395 AKBanLHo-npnﬁepgnHilfglﬁ KOMIUIEKC MHCY| 275 [ | . N
26 | 1396 Bakotchka 3aToka 1590 |+ |+|+|+]|+]|+ +
27 1397 Benukuii YanensCchKuii mij 2359 |+ |+ |+ |+
28 | 1398 3arutaBa JlecHn 4270 |+ |+ |+ |+
29 1399 JHinpoBchko-OpisbehKa 3aruiaBa 2560 ++H|+H [+ ]|+
30 | 1400 Ozepo CuHeBup 29 + + |+ |+
31 | 1401 [Tonu3s3st piukn Cmotpuy 1480 |+ |+ |+ |[+|+]|+ +
32 | 1402 Bonotnuii macus [lepeGponu 12718 + |+ +
33 | 1403 ITosickki Gomora 2145 |+ ++H ||+
34 |2272 UepeMchKki OomoTa 2975,7 ++|+]|+
35 12273 3amraBa CiM MasikiB 2140 |+ + |+
36 (2274 Bonoruuit macuB Cupa ITorons 9926 |+ |+ |+ |+ |+
37 2275 Bonotnnii macus Comune 10852 |+ |+ |+
38 | 2281 | bime o3epo Ta 6omoto Koza-bepesnna | 8036,5 ++ |+ |+
39 [2282| Apxinenar Bemuki i Mani Kyayrypu 7740 |+ |+ |+ +
40 |2387 JIsmoBa-Mypada 539430 |+ |+ |+ |+
41 |2388 Piuka JlHicTep 820,00 |+ |+ |+ |+ + |+ |+
42 2389 YopHe 6arHo 15,00 [+ |+ |+ |+
43 2390 JlonmmHa HapIwciB 256,00 |+ |+ |+ |+
44 2391 Artak-bopkaBcbke 28340 [+ |+ |+ |+ +

Konu TwuriB BOAHO-OOJIOTHUX YTiJlb HABOASTHCS Y BIAIOBIIHOCTI JI0
Pamcapcbkoi cucremu kiaacudikailii TUITIB BOJAHO-OOJOTHUX YTiJlb, CXBAJICHOT
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Pexomenpaniero, 3 mompaBkamu, BHeceHUMH Pesomromiero VIS Ta Pesomro-
uiero VII.11 Kondepenuii Jorosipaux Cropin. HaBeneni Hux4e kareropii gpop-
MYIOTh y3arajibHeHY CTPYKTYpY JUIs IIBUIKOT iIeHTU(IKAI] OCHOBHUX MPUPOA-
HUX CepelOBHII BOIHO-O0IOTHHUX YTi/lb, MPEACTABICHUX Y KO)KHOMY YT1IIi.

Pesynbratu 1OCIHiKeHHS CBiYaTh, 1IO:

— BUSIBIICHO 1HJIMKaTOPH 3arpo3 eKoJoriuHoMy Xxapakrepy BBY Vkpainu;
(3a mokymenTamu Pamcapcpkoi Konenuii);

— MpOBEJICHA OIiHKA 3arpo3 €KOJIOTIYHOMY XapaKTepy Ta eKOCHCTEMHHUX
nocnyr BBY HmwxkubonnicTposeskoro HITII.

TooBHOIO IPUUMHOIO 3a0pYJHEHHS IOBEPXHEBUX CTOKIB BoA JIHICTPOB-
ChKOTO Oaceliny Oyiu:

— 3 OYHCHHX CIIOPYJ HAJXOJWIN CKHIM HEJIOCTATHHO OYMIICHUX KOMY-
HaJbHUX MTOOYTOBO-IIPOMHUCIIOBHX CTIYHUX BOJI Ta YEPE3 CUCTEMY MiChKOT KaHa-
Ji3auii BOHM NOTparuisun y OesnocepeHio camy piuky JHicTep;

— 10 BOAM pivukH J{HiCTep MOTPAIUIsUTH 3 TOBEPXHEBUMH CTOKAMH XiMiYHi
PEYOBHHH BiJl CUIBCHKOTOCTIONAPCHKUX YIinb (MiHEpajbHI AOOpHUBA, SKUMH
00pOOISIM MPHUIIETITY 10 BOIOWMH ClIBCHKOTOCIIONAPCHKY TEPUTOPII0) TaKOK
MOTPATUISIIH JI0 CKJIAAY JIaHOT BOAHOI TEPUTOPIi;

— mapajesbHO 3 IIUM CIIOCTEpiranucs eposii mpuoepekHoi TepuTopii Ha
B0J103a0ipHiii ruromi To0TO BigOyBanacs Taka cobi abpasist 6eperoBoi JiHii.

Metonu mpoBeneHHs AociaimkeHHs. OO0’€KTOM JIOCHIDKCHHS Oyiu
BOJIHO-0OJIOTHI yTijyisi YKpaiHH, a TOJIOBHOK METOK OyJi0 BUSBHUTH OCHOBHI
3arpo3u EKOJIOTTYHOMY XapaKTepy BOIHO-OOJIOTHHX YTiJb MIXKHAPOIHOTO 3HA-
YyeHHs (Ha npukiaa BogHo-0onotHux yriae HIIT HuxabOIHICTPOBCHKHIT) Ta
MIPOBEICHHS OLIHKHU 1X €KOCHCTEMHUX (QYHKIIH 1 TOCTYT.

MeTonu AOCHIKSHHS: aHaJli3 1 BUSBJICHHS OCHOBHHUX 3arpo3 €KOJIOIiu-
HOMY XapakTepy BOJHO-OOJIOTHHUX YTiJib; MIATOTOBKA aHATITHYHOTO OIVISIY
METOJMYHUX ITiIXOIB J0 OIIIHKK €KOCUCTEeMHHUX (PYHKIIIN; pOo3po0Ka PEKOMEH-
Jamii 1o/0 OLIHKY 3arpo3 eKOJOTTUHOMY XapaKTepy.

CTOCOBHO BU3HAYCHHS KUCHIO 3 TEPUTOPii OBEPXHEBHUX BOJ METOAUKOIO
BKJIIOYEHO B ITPOTPaMU CIIOCTEPEKEHb 3 METOIO OL[IHKH YMOB 1CHYBaHHSI TiIpo-
010HTIB, y TOMY YHCIIi pHO, a TAKOXK SIK HETIPSIMa XapaKTEPUCTHKA OLIHKH SKOCTI
MMOBEPXHEBHX BOJ 1 PETyJIIOBaHHS MPOIECY OYMIICHHS CTOKIB. BMicT KHcHIO €
CYTTEBUM ISl aepOOHOTO JAUXaHH 1 € THANKATOPOM O10JIOTIYHOT aKTHBHOCTI Y
Bozoiimi [7].

Y HopmaruBHUX JokyMmeHTax (Hampukiany ICO 5667-2) HaBeneHo
3arajibHi BAMOTH Ta PEKOMEHJAIIi1, sIKi CJIiJi BAKOPUCTOBYBATH JJIsl OTPUMAHHS
penpesenratuBauX 10 mpoO6. Pi3Hi Buau BomoliM (BOIHHX O0’€KTIB) 3yMOB-
JFOIOTH AESKI OCOOJMMBOCTI BinOOpYy MpoO B KOXKHOMY BUMAIKy. PosrisHemo
OCHOBHI 3 HUX. [IpoOU 3 piuOK Ta BOJHMX IMOTOKIB BiIOUPAIOTh /IS BU3HAUCHHS
SIKOCTI BOZIM B OaceifHi piuKky, MPUIATHOCTI BOIH ISl XapuOBOTO BUKOPUCTAHHS,
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3pOLICHHS, 715l BOAOTIOIO Xy100u, puOOpo3BeIeH s, KylIaHHS 1 BOIHOTO CIIOPTY,
BCTAHOBJICHHSI JKepelt 3a0pyaHeHHs [9].

Cnin 3a3HaunTH, O SAKICTh BOAW y BOAOMMAX (K 03epax, Tak i piukax)
HOCHUTh IMKJIIYHUN XapakTep, MPUUOMY CIIOCTEpIracThcsi 1000Ba i Ce30HHA
IUKJIIYHICTh. 3 1i€l MPUYUHY IOJICHHI TIPOOU CJIiJl BIIOUpPATH B OJMH 1 TOH 3Ke
yac no6u (Hanpukian, B 12:00), a TpUBaJIICTh CE30HHUX JOCHIKCHD IIOBUHHA
OyTu He MeHie | POKy, BKJIFOYAIOUW JIOCHIJDKCHHS cepiil mpoO, BimiOpaHux
MPOTSITOM KOXKHOT TIOpH poKy. Lle 0coONMBO Ba)KIIMBO JIJIsi BU3HAUCHHS SIKOCTI
BOJIM B pivuKaX, 1[0 MAKOTh Pi3KO BiIMIHHI PSKUMHU — MEKEHbB 1 TaBOJIOK. PiBeHb
3a0pyIHEHHS BOJIU 1 KJ1ac SIKOCTI (3aJICKHO BiJI MOKa3HUKA PO3YUHHOTO KHUCHIO)
HaBeJCHO B TaOHIIi 2.

Tabnuys 2. PiBeHb 3a0pyIHeHHsI BOIH i KJIac SIKOCTi
(3aJ1e5KHO BiJ MOKA3HUKA PO3YMHHOI0 KMCHIO Y BO0iiMi)

PiBenn 3a0pyaHeHHs BOAH Po3uuHHMIi KHCEHD

i knac gxocti Jgiro, mr/am? 3uma, Mr/am? % HACHYEHHS

yxe uncri, [ 9 14-13 95

Yuceri, 11 8 12-11 80

[MomipHo 3abpynHeHi, 111 7-6 10-9 70

3abpynueHi, [V 5-4 5-4 60

Bpynsi, V 3-2 5-1 30

Hyxe 6pyani, VI 0 0 0

Jlis BU3HAYEHHs BIUIMBY MiCLisl CKMIAHHS CTIYHHMX BOJ 1 BOX NPHTOK,
MpoOH BiIOUPAIOTh BUIIIE 32 TEUI€IO 1 TOUIII, /Ie BiI0YI0CS TTOBHE 3MillIaHHS BOJI.
Crin maty Ha yBasi, 0 3a0pYIHEHHSI MOXKYTh OyTH HEPiBHOMIpHO MOIIMpPEHi
0 TIOTOKY PiYKH, TOMY 3a3BHYall MPOOH BiOMPAIOTh B MiCIIIX MaKCHMATbHO
OypxnmBoi Tedii, e motoku noope mepemimyrotbes [10]. [IpoOoBiaOipHIKH
MOMIIIAIOTh BHH3 32 TEYi€I0 MOTOKY, PO3TAIIOBYIOYH Ha MOTPiOHIH rTHOUHI.

Pesynbratn pgocaimxkeHb Ta ix 00ropopeHHsi. [IpyynHU HEraTuBHHUX
3MiH €KOJIOTIYHOTO XapaKTepy BOIHO-OOJOTHOTO YT MOXHA PO3MUINTU Ha
T’ SITh KaTeTopii:
3MiHH T1IPOJIOTIYHOTO PEIKUMY;
3a0py/IHEHHS BOM;
¢iznuHa TpaHCcPopMallis;
eKCILTyaTallisi 010JIOTIYHHUX PeCypCiB;

. IHTPOAYKLIs YyKOPIAHUX BUMIB.

BmHOCHa BXJIMBICTh LIUX NMPUYMH BapilO€ 3aJEXKHO Bifl pErioHy, Kpa-
{HU 1 HaBITh KOHKPETHOTO yriaas. binbin Toro, BUIleBKa3aHi MPUYUHU HEPIIKO
B3a€MOIIOB s13aHi, TaK 110 OyBa€ CKJIQJAHO PO3AUIUTH HACHIKH BIUIUBY KOKHOI 3
Hux. [Ipocrime xracudikyBaT 3MiHH €KOJIOTIYHOTO XapaKTepy He 3 MPUYHHH,

o a0 o
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a 3a TUIOM 3MiH. BignoBiAHO 10 BU3HAYCHHS 3MIHU €KOJIOT1UHOTO XapakTepy
(ITaparpad 11 Pezomrontii VII.10 ta [Taparpad 9 [Tocionuka Ne 16 ), 3minu OyBa-
I0Th TPHOX THIIIB — OionoriuHi, XiMiuHi Ta ¢iznysi. [Ipu cknaganni npugatHoOi
CXeMH Ta BUOOpI METOAIB MPOTHO3YBAHHS 3MiH €KOJIOTIYHOTO XapaKkTepy BOJI-
HO-0OJIOTHUX YTi[lb MEHEIDKEPH B OCHOBHOMY PO3INISJAIOTH SIKPa3 THIN 3MiH.
30kpema, PO AAI0ThCS HETaTUBHI 3MIHH, BUKITUKAHI TisTIbHICTIO JIFOIUHU,

Pi3HOOiYHE BHBYECHHS MPOOIEM NPUPOJOKOPUCTYBAHHS OCOOIMBO aKTy-
aJbHE JUIsI PETiOHIB 3 BUCOKHM CTYIICHEM T'OCIIOapChKOTO OCBOEHHS IPUPOTHIX
PeCypCiB, BEJIIMKOK TPUBANICTIO (J€KLIbKA CTOJITH) iX IHTEHCUBHOI €KCILTyaTa-
uii. Came 10 Takux palioHIB BiHOCHUThCs Oaceitn J{HicTpa. [[HicTep po3raiio-
BaHM Ha I'yCTO3acelieHii TepUTOpii 3 BUCOKUM MPOMHUCIOBUM MOTEHIianoM (y
BEpXHill YacTHHi OaceliHy) Ta IHTEHCHBHUM PO3BUTKOM CLIBCBKOTO TOCIIOAp-
cTBa (y cepelHill Ta HUKHIM YacTUHAX OaceliHy). 3HAuHI KOJIMBAaHHS BOIHOTO
CTOKY, 3JMBOBHUH TiAPOJOTIYHUN PEXKHUM, BUCOKA IHTCHCHUBHICTH BOJOKOPHC-
TYBaHHSI Ta CKHJ| IPOMHCIOBUX, TOCMOAAPCHKO-NOOYTOBUX Ta CLILCHKOTOCIIO-
JIapChbKUX CTIYHUX BOJ CTBOPIOIOTH y OaceiiHi [{HicTpa HecTabinbHY TiIpOeKo-
Joriuny cutyailito. Lle 3yMOBIO€ HEOOXIAHICTh KOMIUICKCHOTO JIOCIIPKEHHS
rizpoximiuHoro crany 6aceiny J{Hictpa.

Buxonsuu 3 yHIKanbHOCTI TEpUTOPIi MO CBOEMY OiOpI3ZHOMAHITTIO, IO
30epircsi B OTOUEHHI MPOMUCIOBO-0CBOEHHX paiioHiB Oxenunu, nenbra JHi-
CTpa, 1€ pO3TamoBaHO HWKHBOAHICTPOBCHKHI HAaliOHAJbHUN NPUPOAHUN
MapK, SBISETHCS TPUPOJHUM OaraTCTBOM CBITOBOTO HaAOAHHS.

OpHak HEOOXIMHO BIA3HAYUTH, IO iHINI Aii, pexoMeHmoBaHi KoHBeH-
LI€I0, HANPUKJIAJ, 10 CTOCYHOTHCS OI[IHKH 3arajibHOrO CTaHy Ta TCHICHIN
3MiHU CTaHy BOIHO-OOIOTHHX yTiJb Ta PaMcapchbKuXx yrizb, BUMararoTh iHQop-
Mallii mpo BCi THUIH 3MiH €KOJOTTYHOTO XapaKTepy eKOCUCTEM — MO3UTUBHUX Ta
HEeTraTHBHUX, IPUPOJHUX Ta aHTPOTIOreHHHX (SIK BU3HAETHCs B JlokymenTi 20 Ta
Pezomonii VIILS, npuitasatux KC-8). Tak camo Pamcapcbka KOHBEHIIisI BU3HAE,
IO TPOTPaMu BiJTHOBJICHHsI Ta/a0b0 peadiniTalii BOAHO-00JIOTHUX YTiJb MOXKYTh
MPU3BECTH A0 CHPHUSATIAMBHUX aHTPOMOTCHHUX 3MiH EKOJIOTIYHOTO XapakTepy i
€ KIIIOYOBHM AaCIEeKTOM 3aXOAiB 3 YNPaBIiHHS BOIHO-OONOTHHMH YTiJAsIMHU
(mampuknan, logarok no Pesomromii VIII. 14,

[IpryrHN HETaTUBHHUX 3MiH EKOJIOTIYHOTO XapaKTepy BOTHO-OOJIOTHOTO
YTiJiIsl MO’KHA PO3JIUTUTH Ha 11’ SITh KaTeropiit:

— 3MIHH TiJPOJIOTTYHOTO PEKUMY;

— 3a0py/IHeHHS BOJIH;

— (izuuHa TpaHchopMalis;

— eKCIuTyaTallist G10JIOTiYHUX PecypCiB;

— IHTPOAYKIIs YY)KOPIAHUX BUIB.

BinHOCHa BaXKIUBICTH IIUX MPUYMH Bapiro€ 3aJI€KHO BijJ perioHy, Kpa-
THM 1 HaBITh KOHKPETHOTO yTi/iisl. Bk TOro, BUIllEBKa3aHi MPUYUHU HEPIKO

71



Bodwi Giopecypcu ma akeakynomypa, 2(16) / 2024

B3a€MOIIOB s13aHi, TaK 10 OyBa€ CKJIAJAHO PO3AUIUTH HACHIJKY BIUIUBY KOXKHOI 3
Hux. [Ipocrimie knacuikyBaTi 3MiHHA €KOJIOTIYHOTO XapaKTepy He 3 MPUYMHH,
a 3a TUIOM 3MiH. BilNOBiTHO /10 BU3HAYECHHS 3MIHM €KOJIOTYHOTO XapakTepy
(ITaparpad 11 Pezonrouii VII. 10 ta [Taparpad 9 ITocibnuka Ne 16), sminu Oysa-
I0Th TPHOX THIIIB — 010JIOT14HI, XiMiuHi Ta (i3uuHi.

[lpu cxnagaHHi NPUAATHOI CXeMU Ta BHOOPI METOAIB MPOTHO3YBaHHS
3MiH €KOJIOTIYHOTO XapaKTepy BOAHO-O0IOTHUX YTib MEHEIKEPH B OCHOBHOMY
PO3IISAIOTH SIKpa3 TUOM 3MiH. 30KpeMa, PO3MISJaroThCsl HETaTWBHI 3MiHH,
BUKJIMKAHI TISUIbHICTIO JIFOAWHU.

OcHOBHI 3arpo3u ekosiorivHoMy xapakrepy BBY Vkpainu HaBeneHo
Jaii. [cHyIoTh aHTPONOTeHHI Ta MPUPOJIHI 3arpo3u B YKpaiHi, sIKi MatoTh Hera-
TUBHHH BIUIMB Ha €KOJIOTTYHUM XapakTep YTiams, SK y MekKaxX caMmoro Yrilias,
TaK 1 Ha HaBKOJHILIHIN TepuTOpii (BKIIOYHO 3 IIUPLIOID BOJ030ipHOIO TEPUTO-
pieto, siKIIo 1ie akTyanbHo). Croau BXOIsATh HOBI a00 3MiHEHI BUIM TisSUTBHOCTI/
BUKOPHCTAaHHS, BEJIMKI MPOEKTH 3 PO3BUTKY YISl TOLIO, SIKI MaJId, MalOTh Y1
MOXYTbh MaTH IIKIIJUBHIA BIUIMB HA MPHUPOAHUI SKOJOTIUHHIA XapakTep BOA-
HO-00JI0THOTO yTiist YKpaiHu. 3arpo3u €KOJIOTIYHOMY XapaKTepy BOIHO-00-
JIOTHHX YTiJb YKpaiHu MpescTaBiIeHi Ha PUCYHKY 2.

Bupobunursoe eneprii ta puaodyveanus sopnennx wonatun [ 5
Teoaoriami noaii [N &
Ipancoopral Ta KoMyikauiimi Roputopy _ 15
Hacenenl myaxtn (e chisepkorocnonapeskl) [N 16
Ivben waisary 1a rseskt noroant yyopn [ NN 16
Ineasiiind 1a iomi npodaeyud suan 1a renn [ NG 19
Hpupoani somndisanii cnerey [ NN 2
Claseske rocnagaperso 1a aksaxyvastypa [N
Peryvawsannn son [N ::
dabpyaenny | 35
Buropucrannn dloaorinmny pecypeis [ NN ;=

Puc. 2. 3arpo3u eKoJI0riYHOMY XapaKTepy BOAHO-00I0THHX Yrilb YKpaiHu

3arpo3u 3 HABKOJMIIHLOTO CEPEIOBHUINA, [0 CHPUUUHSIOTH 3MIiHH
(HampuKITa], BiIBEICHHS BOIU, OCYIICHHS, MeNiopaiis, 3a0pyJIHEHHs, HaJ-
MipHE BHKOPHCTAHHS SIK MACOBHUIIA, HAJMIPHI TOPYIIECHHS Yepe3 aHTPOIo-
TeHHY JiSUThHICTh, HaJIMIpHE TTOJFOBAHHS Ta PUOaIbCTBO TOIIO), & TAKOXK 3MiHH,
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SIKI BUHUKJIU TI1JT JII€X0 [IbOTO YMHHUKA, Ta IXHIN BIUIMB Ha YTifjs (HApUKIaI,
3aMyJIeHHS, €po3isl, 3aMOpU PUOH, 3MIHH CTPYKTYpH POCIUHHOCTI, (hparMeHTa-
List IPUPOIHUX CEPEAOBUIL, HOPYILIEHHS PENPOAYKTHBHOCTI BUIIB, (i3n4HI 200
€KOJIOTi4HI 3MiHM BHACHIJOK 3MiH KJIiMaTy TOIIO). Takok BaXKJIMBO PO3PI3HATH
YUHHHKH, K1 TIOXOJSTh 13 CAMOTO YTiisl Ta 3 TEPUTOPI 32 MOTO MEKaMHu, ajie
MaloTh YM MOXKYTh MaTH BIUTUB Ha yrifnas. OkpeMo HeoOXinHO BKazaT (ak-
TU4Hi (Ti, 10 BigOyBalOThCs 3apa3) Ta MOTEHIIHHI (Ti, [0 MOXKYTh BiOYTHCS)
HEraTUBHI YNHHUKHU.

Cepen 3a0pynHIOBadiB MOTPIOHO MPUALTUTH OCOOJIHMBY yBary TOKCHYHHM
XIMIYHUM 3a0pyIHIOIOYMM PEUuOBHHAM Ta IXHIM Jpkepenam. CIomu BXOISTh MPo-
MHCJIOBI Ta CUTLCHKOTOCTIOAAPCHKI XIMIUHI PEUOBUHH Ta iHIII BUKUAX. MOXIIHBO,
Ha YT JIi€ CYKYIHICTh KUTbKOX YMHHHKIB OJIHOYACHO Ta Jisl SIKMX TOCHIIIO-
€TBCS B TaKill KOMOIHAIII1, 1[0 MPU3BOAUTH JI0 CEPHO3HUX HETaTUBHUX 3MiH.

Byno 3po0iieHo OLiHKY pi3HUX THUIIB 3arpo3 €KOJOTIYHOMY XapakTepy
Pamcapcekux BBY B Vkpaini srimHo 31 cxemoro «UuHHHKH (pakTH4Hi a0
MOTEHIIKHI), 10 HEraTUBHO BIUIMBAIOTh Ha CKOJIOTIUYHHMHA XapakTep yriias
VYkpainu» 3a HACTYITHUMH KaTeroOpisIMH.

Otxe, po3mIAAalOYH Miclie3HaXOMKEHHs JIHICTPOBCHKOTO JIMMaHY, KA1 BXO-
JUITh TIEPEITiK BOIHO-00JIOTHHUX YTi/Ib MKHAPOIHOTO 3HaueHHs OJiechkol o0macTi
3araJIbHOIO TIIOMICI0 HMKHBOIHICTPOBCHKOTO HAIIOHATIBHOTO TIPUPOAHOTO MAPKY
21, 5 ra mo oxorumoe [lensry JHinpa piuku JHicTep Takok pa3oM 3 UM ii 3ariaBHi
o3epa pykaBu JIHICTpOBCHKUH jMaH. TakoK CEOIM BXOJSTH CMaparjoBi MEpexi,
SIKi CKJIa[al0ThCS B OCHOBHOMY 3 Ti€i YaCTHHH TEPUTOPIi, SIKa YTBOPIOE 3arajibHy ii
YaCTUHY Ta CKJIA/Ia€ OCOOMMBHN PUPOAOOXOPOHHHUI KOMIUIEKC MTPU3HAYCHHUHN ISl
JIOBI'OCTPOKOBOTO JKUTTSI Pi3HOMAHITHOTO BUy (hriopu Ta (hayHH, a TaKoxk st 30e-
PEXEHHS iX OCHOBHHUX MiCIlb PO3MHOYKEHHS Ta BiTHOBJICHHSI.

TonoBHotO pocnuHoO hiopu HarionansHoTo mpupoaHoro napky «Hux-
HBOAHICTPOBCHKHID» Ha TEPUTOPil BOXHO-OOIOTHHUX YT1/lb € O4EPET Ta POCIUHU
3aIIaBHOTO JIiCY, SIKWH MIATPUMYE YCi PI3HOBUIM POCIMHHOTO Ta TBAPHHHOTO
CBITY, II0 MOXYTb TNepeOyBaTH TiJl 3arpo30i0 3HUKHEHHS 3 JaHOI TEpUTOPIi.
Hocnigankn HuxkHBOIHICTpOBCHKOTO HarioHamsHOro NpUpOAHOTO MapKy po3-
PpOOJISIFOTE HAYKOBO OOIPYHTOBaHI 3aX0/M Pa30M 3 KOMIUIEKCAMH MO0 MiHIMi-
3alii BIUIMBY aHTPOIIOTEHHUX (DAaKTOPIB Ha pallioHaJIbHE BUKOPHUCTAHHS KOPHC-
HUX BJIACTUBOCTEH BOJHO-OOJOTHUX YTiflb.

OcHoBHa yacTHHA TepuTOpii BogHO-00m0THUX yrins HIIII, a Takox npu-
JIMMaHHI IUIOII IIJIaBHIB CKJIAJA0Th TaKl JUISHKH, [0 KUBJISTHCS BOJIOTOIO Bijl
TYCTOT Mepeki PyCIIOBHX BOAOTOKIB. YCIO OCHOBHY 4YacTHHY TepuTopii Humxk-
HBOJIHICTPOBCHKOr0 HalioHamsHOTO MPUPOIHOTO MAPKY OKPECITIOE PYCIIO PIUKU
Juicrep, sika XapaKTepU3YEThCsl 3HAYHOIO 3BMBHCTOIO Ta BEIMKOIO KiIBKICTIO
BUTHHIB, piuMIla, MeaHApiB. 3roJ0M Ha TEPUTOPil AaHOI PIUKH Yy 3aTUILICHOMY
OCHOBHHMM IOTOKOM pivHIIa YTBOPIOEThCs crapuui. [lig yac moBeHi 3 nmaBon-
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KOBHX BOJI 3HaYHOIO YaCTHHOIO IOTIOBHIOIOTHCSI PIYKM Ha MiBAHI YKpaiHH He
BUHSTKOM € 1 piuka JIHicTep Ta MPUTOKU PYKaBiB, SIKi MICJIsl BETMKOI KUIBKOCTI
HAKOTIMYECHHS BOAW YTBOPIOIOTH O/IHY 3arajibHy YaCTHHY BOAHOTO CEpeIOBHIIA.

VY BHyTpilIHIX BoJOHMax YKpaiHu BiOyBaroThcsi HeOaXkaHi 3MiHH B BOJ-
HUX YTIPYIIOBaHHSIX, BUKIUKAHI SK CAaMOPO3CENICHHSM YY>KOPiTHUX BHIIB 11O
rizporpadiuHiii Mepexi, Tak i B pe3yJbTaTi HABMHUCHUX IHTPOAYKLIH 3 TaK 3Ba-
HOIO «pHUOOTOCTIONAPCHKOI0» METO0. K MPpaBmiI0, HABMUCHI IHTPOAYKIIT 4yKO-
PIAHMUX OpraHi3MiB MPU3BOIATH JI0 HETATUBHUX HACIIAKIB SIK JUIsl pUO, TaK 1 JiJIst
IHIINX KOMIIOHEHTIB IPUPOJHUX eKocucTeM [1].

OCHOBHMMH BEKTOpaMH BCEJICHHS Yy>KOPIIHUX BUJIB y OaceiiHi €:

— HaBMHCHa a00 BHUMAJKOBA IHTPOAYKIIS JIFOIMHOI, PEIHTPOMYKIIsS
BUJIB, IO paHille MEIIKAIN B BOAOMMaX OaceiHy;

— caMOpo3celieHHs (YacTo 3 CyMDKHHMX OaceiiHiB y 3B’s3Ky 3 TiapoOyIiB-
HUIITBOM) BH/IIB;

— CaMOpO3CEJICHHS PETIKTOBUX BHIIB, sIKi PO3IIUPIOIOTH CBOI apeaiy B
Mexax 0acelHiB (4acTo BHACIIJIOK KJIIMaTUYHUX 3MiH Ta TpaHchopmallii cepe-
JIOBHIIIA ICHYBaHHSI JIIOMUHOIO, 30KpeMa IpH JIKBiAaLlii MOPOTiB HA PiuKax MpH
ripoOyniBHUITBI).

VY nanuii yac HaWOIIbII BaXKIIMBUM aHTPOIIOTEHHMM BEKTOPOM iHBa3ii
BOJHHMX 0€3XpeOeTHHX BBAXKAETHCS BOIHHUM TPAHCIOPT, TOOTO IMEpEHECEHHs
OpraHi3MiB y CKJIaJi yrpyrnoBaHb 0OpOcTaHb KOPITyCiB CY[IeH Ta 3 BOIHUM Oaja-
CTOM Yy CKJIaJli THMYACOBHX IIAHKTOHHHUX YIPYNOBaHb Ta YIpyINOBaHb ONaJiB
y OanactHux kamepax [4]. OctaHHi# crociO mpu CyyacHHX TEMIIax, MacIliTa-
0ax Ta HampsIMKax BaHTa)KOMOTOKIB CYJHOIIABCTBa 3a0e3Meuye TyKe IBUKE 1
MPaKTUYHO BCECBITHE MOMIMPEHHS OKpeMuX BUIiB. [Iporec iHTpoayKuii dysxo-
pimHUX BHIIB 3 0ajacTHUMH BOJAMH CYJACH HaOyB TIOOAIBHOTO XapaxkTepy i
HaBiTh OTPUMAaB TaKy MPOMOBHCTY Ha3By sIK “‘eKoyioriuna pyierka” [5]. 3Ha-
YEHHS [IbOTO HUISXY BCEIICHHS YY)KOPiIHUX OopraHi3miB Oyze 1 Jaii 3011bIryBa-
THUCS B Mipy iHTeHCH}iKallii CyTHOTUIaBCTBA.

BanactHi Bogu — jpKeperno iHBa3il. Y Halll yac HAHOUIBII BaXKIMBUM
AQHTPOIIOTEHHUM BEKTOPOM OiOJIOTiYHHMX 1HBa3ili BBa)KAETbCS BOAHUHU TpaH-
CIOPT, TOOTO MEPEHECEHHS OPraHi3MiB y CKIIal yrpyrnoBaHb 0OpOCTaHb KOP-
MyCiB Cy/ieH Ta 3 BOAHUM 0ajacToM y CKJaJi THMYACOBUX IUTAHKTOHHHUX YIPY-
MOBaHb Ta yrpyIloOBaHb OMajiB y OanacTHux kamepax [1]. Came B OGamacTHUX
KaMepax CyileH, y OajacTHid BOAl, B JIOHHUX OCaJax, [0 HAKOMHYYKOTHCS B
UX Kamepax Ta B CKJIaJi yrpynoBaHb oOpOCTaHb KOPIIYCIB CyleH BinOyBa-
€ThCSI MACOBE MIEPEHECEHHs opraHi3MiB [6]. Lleii criocib npu cyyacHUX Temmax,
MacmTadax Ta HanpsMKax BaHTa)KOIOTOKIB CYJHOIUIABCTBa 3a0e3redye myKe
HIBHJIKE 1 MPAKTUYHO BCECBITHE MOIIUPEHHS OKPEMUX BUIB. 3HAYCHHS LLOTO
HUISIXY BCEJECHHS YYXXOPIJHUX OpraHi3MiB Oye i Jaii 30UIbIIyBaTucst B Mipy
iHTeHcudiKaiii CyTHOIIaBCTRA.
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[Ipouec iHTpOMYKIT Y4yKOPIAHUX BUJIB 3 OATaCTHUMH BOJAMHU CYICH
HaOyB To0anbpHOTO XapakTepy. BBaxkaeThcsl, 1110 B JaHUH 4ac y pe3ynbTari 0io-
JIOTIYHOTO 3a0pyAHEHHS BiI0YBa€ThCSI MPOIIEC “TOMOIeHI3aIlil” CBITOBOT BOJIHOT
(hitopu 1 payHH, 1 4y>KOPIAHI BUIU € TOTOBHOIO 3arPO30K) MOPCHKOTO HABKOJIHIII-
HBOTO CEePEOBHUIIIA.

[Ipobnema B TOMY, 1110 BiACYTHSI KOHTPOJIbOBaHA MPOILIEAYPa CKHIAHHS Ta
3a00py 0anacTHUX BOJ Ta OCAJiB piuykoBUMU cynHaMu. CKuaHHs Oanacry, siK
[IPaBUJIO, HETMIOMITHE Bi3yaJIbHO, HOTO BaKKO KOHTPOJIOBATH 0€3 CIIeIialbHUX
JOCHIKEHb.

BioTonHe pi3HOMAHITTS Ha JaHiil TEPUTOPIi 3yMOBIIIOE 0ararcTBO poc-
JIMHHOTO CBIiTY BOJJHOTO CepefoBHIIA. SKIO XapakTepu3yBaTH POCIMHHHUN CBIT
B BOAHO-00JIOTHUX yriab ganoro HIIII, To cmix ckas3aru, 10 MacUBU JIEPEB-
HUX POCIIMH PO3TallOBaHi came Ha MPHUPYCIUBUX Bajax piuku [lHicrep, piukn
Typynuyk Ta piuku [muboxuii TypyHUyK, sKi B3AOBXK MiBHiYHOTO Oepera J{Hi-
CTPOBCHKOTO JIUMaHy POCTYTh KOPIHHSM Y BOAHO-OOJIOTHUX 3arljiaBax.

[Tpu npoBezieHi noCHiKeHHs OyJI0 BCTAHOBJICHO, 110 HETaTUBHUM BIUIU-
BOM Ha BojHY ekocucteMmy HmxubomnicTpoBebkoro HIIIT € antponorenHi gak-
TOpY Ha JaHiil TepUTOpii, SIKi CTBOPIOIOTH MpoIecH 3a0pyIHEHHS Ta 4acTKOBOi
Jerpazaiiii BOIHO-O00JOTHHUX YTijib. XOYEThCS BiJ3HAYMTH, IO Yepe3 Te, L0 Y
MHUHYJIOMY CTOPi44i MPpoBOAIIOCS OyniBHULTBO JlyOacapchKoro BOJOCXOBHIIA Ta
Huictposcbkoi 'EC, To B 11eii iepion Oys1o Bi3HaYeHa 3MiHa IPUPOIHOTO PEKUMY
naBoAKoBHX BojI. [lapaenbHo 3MiHIOBaBCS BOAHUE pexxuM. Uepes CTpiMKi aBojI-
KOBI [TOTOKH MiLIOB iHTEHCUBHUI IPOMHCEJT BUIOBIIFOBAaHHS PHOH Ta IHTPOMYKIIist
HOBHUX BHJIIB PHUO 3 UMM 3pOCII0 OPAKOHBEPCTBO HA JaHiil TEPUTOPIi.

Yei 1i nporiecu Npu3Beiy JI0 TOro, 1o Onu3bKicTh OechKoi MPOMHUCIIO-
BO-MICBKOT aryioMepallii i 3Ha4Ha JOCTYIHICTh J0 BOJHO-O0JIOTHUX YTiJlb AaHOT
TepUTOpii crpusiii (GOPMYBaHHIO HEOPraHi30BaHUM IUISTHKAM pekpeaiii Ta
BIJIMOYMHKOM, 1110 MPU3BEJIH JI0 3aCMIYCHHS 3HAUHOI YacTUHU TepuTopii Harrio-
HAJBHOTO MPUPOAHOTO MAPKY.

o crocyeTbest XapaKTePUCTUKHU Piuky J[HicTep TO MOXKHa cKazaTu 110
cama piuka y BEpXHill 4acTHHI B MexKax ykpaiHcbkux Kapnar — 1ie Tunosa I'ip-
ChKa piuka sika Ma€ By3bKy Ta [7mOOKy monmHy a moTiM Jani mo pivmi daic-
TEp BOHA WJIE MIUPOKOI aX /10 XOTHHCHKOI BUCOUMHU JIaji 110 CBOEMY PYCILy
B MOHM331 pidKa BUXOJUTH HAa TPUYOPHOMOPCHKY HHM30BUHY. Bcepenuni teuii
piuku JIHICTpa € MPUTOKU SKi BIIaIAl0Th JIUIIE 3 JIiBOT cTopoHH Iie 30pyu. Cama
X He Ha J[HicTpa ocoOnuBo ii paiion 3nuTTs TypyHuyka 3 JIHicTpoM 3aHeceHi
10 MixHapogHoro nepeniky PaMcapchkoi KOHBEHIIIT CTOCOBHO 3aXHCTY BOTHO
OosotHUX yrige. Ha 1iit TepuTtopii BOAHO-00IOTHUX YTi/lb TOCIITHUKAMH 3ape-
€CTPOBAHO BENMKA KUIBKICTh PHOH i 4ac HEPECTY.

Boau JlHicTpa 3aCTOCOBYIOTH JIJIsi BOJOINMOCTAYaHHS BEIHMKOI KiJIBKOCTI
HACEJICHUX IYHKTIB, a TAKOX JUIS 3POILICHHS TaKO)XK BUKOPUCTOBYIOTh B Pi3HUX
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CLIbCHKOTOCTIONIAPCHKUX Ta MOOYTOBUX LIISIX. Y BepxHil yactuni J{HicTpa, ne
BOHa Oepe MovaToK, piuKy BUKOPUCTOBYIOTS sIK JTicoctiiaB. Ha meBHii Teputopii
KOHIEHTpALlisl HU3KH 3a0pYJHIOI0YMX PEYOBMH BHUIA TPAHUYHO JOIYCTUMHX
koHIeHTpamid. [le mos'si3anHo 3 Tum 1o Ha J[HicTpi po3TalloBaHi Taki MicTa, SIK
MorwunsoBo-Ilogonbebkuii, SAmmine, Kam'saka, bennepu Ta psi iHITUX MicCT, sIKi
HEI00POCOBICHO BEYTh CBOIO FOCIIONAPCHKY MisTbHICTD 1 OYUCHI CIIOPYIH PO3-
TalIOBYIOTh Ha NMpUOEpexHii ii TepuTopii 1HOJI CKUIAIOUM CTOKH MOOYTOBUX
BIJIXOJIiB BOJTHUX CaMe B JJaHy PiuKy.

CyKkynHicTh TeBHOI rpynu BojopocTel (amproduopa), ski KUByTh Ha
noBepxHi J{HicTpa Ha JaHWI MOMEHT Haiuye 75 BUAiB BogopocTel, 3 Hux 50 %
CTaHOBIATH JiamaHTOBI 40 % 3eseHi Ta iHII CHHBO-3eJIeH1 Bogopociti. Ha mpo-
TSA31 YChOTO BETeTAIIHOTO TEePioy OCHOBY (DITOIUIAHKTOHY CTBOPIOIOTH Jlia-
MaHTOBI Ta CHJILHO-3€JIeHI BojiopocTi. JluHamika (itomiaHkToHy Oe3nocepes-
HBO 3aJICKUTH BiJl KIIIMaTHYHUX YMOB CE30HHUX XapaKTEPUCTHK Ta CKIIAJHOTO
KOMIIJIEKCY TiJpOXiMIYHHX 1 T1pOreosoriyHux yMoB Bogoimu. [Ipotsarom ycix
YOTUPHOX CE30HIB JIOCII/PKYBaHHs OyJI0 BCTAHOBJICHO J1aMaHTOBY IPYILy BOJO-
pocreit Ha J{HiCTpi 13 3arajbHOI0 YHCENBHICTIO (iHTOMIaHKTOHIB moHa 50 %
OyJsia yacTKa caMme 3eJieHHX Bojopocted. BiiTky /laHa BuI0Ba Pi3HOMAaHITHICTb
BOJIOPOCTE 3MeHIIyBaitacad Ha 5 % .

Bocenu piBeHb pO3BHTKY Macu (iTOIIaHKTOHY B pivmi [{HicTep 3amu-
HIA€ThCS JOCTATHRO BUCOKMM BHU3 M0 Teuii piuku JHicTep B Mipy BigaajeHHs
BiJl aHTPOIOTCHHUX JDKEPeJl 3a0pyIHEHHSI, a TAaKOX MIpPY BiJl HAJXOKCHHS JI0
HBOTO NpUTOKK piuku Crapuii numan. KinpkicHUN Ta sSIKiICHUE ckiag ¢itor-
JIAHKTOHY 30aradyBaBCsi TOMY, IIO BiH PO3BHBABCS NMPUPOJHMM IUIIXoM. Ha
HUISIXY PO3BUTKY NMPHUPOAHUM IIUISIXOM YTBOPIOBAJaCh BEJIMKA KiJIBKICTh Opra-
HIYHO{ pEYOBUHH, TOMY KHMBa OioMaca IaHOTO (ITOMJIAHKTOHY B MalOyTHHOMY
CTAHOBMJIACS] DKEI0 JIJISl BEJMKOI KijbKocTi Buj pub. [1aBojKOBI BOIM 3HAYHO
BIUIMBAIOTh Ha PO3BUTOK BHJIOBOTO CKJIaAy ajbroduiopu piuku JIHicrep, sika min
Yac BEJIMKOI KUTBKOCTI BOJOWMHE TPAaHCIIOPTYE 3HAYHY KiIbKICTh 3aBUCIIUX PEUO-
BuH. Micust BigOopy 3pa3kiB Boau 3 BogHO-00moTHUX yriae HITIT HuxuabomHI-
CTPOBCHKHI TOOIM3Y ¢. Masiku.

Sk moka3asy JOCHIKSHHS, TO ]I 4ac 3aMyTHEHHS BOIH KiJIbKICTh BUIIB
¢biTorIIaHKTOHY 3MeHITyBajtack npuoau3Ho 10 10 %, i nepeBakanyu 1iaMaHTOBI.
[Tin yac 3MiHM 3 JliTa HAa OCiHb BHJIOBAa PI3HOMAHITHICTh BOJOPOCTEH IUIAHK-
TOHY Ha cTBOpi Oist J{HicTpa 10 30 BUIB, 110 TOB'SI3aHO 3 IOHWKCHHSIM TEM-
neparypu BoAd. XapakTepHUM SIBUILEM JJIsl 3HAYHOT yacTuHU piuku JHicTep €
MOBEHI Ta MMaBOJIKOBI BOJIHM, Ki ITiJl 4ac MaBOJKIB PopMyr0Th 10 50 % piukoBOro
CTOKY. [HIII BiJICOTKH 1€ OY/IyTh CTOKH 3 IPUPOJIHO TOCIIOAAPCHKUX KOMILIEKCIB.

BucHoBku. 3a naHuMH MPOBEICHHUX JO0CTKeHb HaykoBisimMu HIIIT
HwuxHBOIHICTPOBCHKHIA OyJI0 BCTAHOBJICHO, 1110 Ha TEPUTOPIT PH BitOOPi Mpod
BOJM TaKi TOKa3HUKH i SKOCTI, K po3unHHMI KuceHb, BCK, HiTparu ta HiT-

76



Boowi 6iopecypcu ma akeakynemypa, 2(16) /2024

puth. PerymoBaHHs SKOCTI Ta TigpOJOTIYHOTO peXuMy piuku [lHicTep ciig
KOHTPOJIIOBaTH MIOCE30HHO, TOMY HIO Yepe3 BTPYYaHHs IMEBHUX aHTPOIIOTECH-
HUX (PaKTOPiB AEsKi MOKa3HUKH MOTiPIIYIOTHCS.

Exonoriunuii cran BogHUX 00'€KTiB Oaceiiny piuku J{HicTep 1 Mo choroj-
HIlIHI} ACHB € aKTyaJIbHOIO POOIEMOIO 3 TOYKH 30pY €KOJIOTIYHOTO CTaHy TOMY
110 HepallioHAIbHE 3aCTOCYBaHHS BOJIU B Oy/Ib-sIKiil c(hepi JFOACHKOT TisSUTBHOCTI
MOJKE TIPU3BECTH JIO HETaTUBHUX HACIIJIKIB B JIJAHOMY PETiOHI CTOCOBHO BOJI-
Horo cepenosuia. [locTiliHMI MOHITOPUHT CydacHOT €KOJIOTIYHOI CUTYalii Ta
cTaHy OaceiiHOBOI TepurTopii piuku JIHiCTep a TakoK OpraHisailis BiIMOBIIHO
yIpaBIiHHS OXOPOHU Ta 3aCTOCYBaHHS BOJAHUX PECYPCIB Ja€ 3MOT'Y HaM OKpec-
JIUTH KOJIO OLJIBIII aKTyaJbHIIIUX TMPOOIeM sKi caMe ChOTOJHI ITiIATat0Th ITij]
O3S AaHHs U1l HAIIOl BIaAW 100 B MOAAIBIIOMY yHEOE3MEUUTH KaTacTpo-
(iuHMI BIJTMB aHTPOIIOTEHHOTO XapakTepy Ha cTaH piuku JHictep.

OnHUM 13 TOJIOBHUX MPIOPUTETIB BEJICHHS AEPKAaBHOI BOAHOI MOJITUKU
Ta FOJIOBHOIO METOI0, SIKe O CIIPHSIIO BiIHOBICHHIO 1 CTBOPEHHIO CTANOTO (PyHK-
LIOHYBaHHS PIYKOBHX EKOJIOTIYHHUX CHUCTEM OyJo O eKOJOTiduHEe 03/10pOBICHHS
pIYKOBHX OaceliHiB.

TakuM 9MHOM, IJISi TEPUTOPii BOTHO-OOJOTHOTO MPOCTOPY OCHOBHHUM
(hakTOpOM MPUPOTHUX 3MIH € IMHAMIKA BOJHOTO PEXKUMY. SHIKEHHSI PIUKOBOTO
CTOKY MPHU3BOJMTH JIO 3aMYJICHHSI, 130JIA1(ii BOJONM BiJl BOJOTOKIB, IO CIPHUSIE
ix oomiminato [12]. Ilicns Takux mpoueciB BiaOyBaeThCs 3HAYHE 301TBIICHHS
IUTOIL, 3aHHATHUX OOJOTHOIO POCIHMHHICTIO. OCTaHHI JECSATUPIYYIO Lie CTajo
MTOMITHO Ha MPUKJIA/li TyYHUX YTPYyNOBaHb, IO 3’ IBUIINCS HA TEPUTOPIi MOpsiA 3
nepeiznom Masiku—Ilananka, 7ie ouepeT IHTEHCUBHO 3aliMa€ TUTONII, SIKi 3alHSTI
JYYHOIO POCIHMHHICTIO. Taki aHTPOMOreHH 3MiHH PO3LIMPEHHS TUIOL] OUepeTsi-
HUX 3apOCIIiB Ta 301IbIIEHHS YUCEIBHOCTI POCIMHHOCTI YTi/Zsl 32 XapaKTepOM
€ KaracTpo(iYHUMHU Ta HeCe 32 COO0I0 HETaTUBHI HACIIIJIKH.

EVALUATION CRITERIA FOR DETERMINING THE
ECOLOGICAL STATUS OF WETLANDS IN UKRAINE

Almashova V. S. — Candidate of Agricultural Sciences, Associate Professor,
Kherson State Agrarian and Economic University,
vikadianal981(@gmail.com

Monitoring of wetlands of Ukraine has always been essential in order to timely
identify possible negative features of the influence of anthropogenic factors on the flora
and fauna of this territory. The main goal of researching wetlands is to identify the
qualitative and quantitative state of the flora, fauna and fauna of water bodies, which
in the future will allow the full development of all species that live on this territory [1].
The causes of negative changes in the ecological nature of wetlands can be divided
into five categories of changes in the hydrological regime; water pollution; physical
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transformation; exploitation of biological resources; introduction of alien species. The
relative importance of these reasons varies by region, country, and even specific terrain.

This article presents the data of scientific research and their analysis concerning
the current problems in the Lower Dniester National Nature Park, which is located in
the Odesa region. The environmental assessment of the analysis of the current state of
the wetlands of the NNP showed that certain anthropogenic factors have a negative
impact on the quality of the water bodies of this NNP, as during the years of research,
an increased content of hazardous chemicals (HCS) was recorded, which exceeded
the maximum permissible concentration for discharges into the Dniester River, which
is the main source of water supply for the park and nearby cities and towns. Also,
unauthorised recreational areas, cattle grazing, and illegal dumping along the shoreline
of the wetlands have also worsened the quality of the water body.

Based on the data obtained, it was concluded that in the wetlands of the Lower
Dniester National Nature Park there are processes aimed at increasing eutrophication of
the reservoir, i.e. enrichment with nutrients, which is accompanied by the destruction of
the productivity of the reservoir in this area. The water quality, according to the species
composition of macrophytes, belongs to the mesosampling zone of pollution (class II
and III), i.e. its quality is good and sometimes satisfactory, so the maximum permissible
concentration of hazardous substances in wetlands should be constantly monitored.

Keywords: wetlands, fauna, water bodies, rivers, floodplains, anthropogenic
pollution factors, National Nature Park, water quality.
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AKTyalTbHICTh JOCTI/PKEHb SKOJIOTIYHOTO CTaHy MAaJiX PIdOK MOJIATaE B TOMY,
IO cepeJl OCHOBHUX 3aBJaHb €Bporeiicbkoro 3enenoro kypey (2020) € 30epexeHHs 1
BIJIHOBJICHHS O10pPI3HOMAHITTSI CKOCHCTEM 1 3MEHILICHHS 3a0pYIHCHHSI 10 «HYJIbOBOIO)»
piBHs. Bizomo, 1m0 exocucreMn Mallix pidoK YKpaiHu repeOyBaroTh y Iepestiky Haily-
pa3MBIMX 00’ €KTIB JOBKLULIS BIPOJOBK ocTaHHIX 40-50 poKiB, a OCHOBHOIO 3arpO300
JUTSL HUX JTOC1 3aJIMIIAETHCS aHTPOIIOTeHHUH BILTUB. MeToro poOoTH OYIT0 OIIHUTH Cydac-
HUH eKoJNoTiYHuH cTaH Manoi piuku [lyTmiiBka (qoBknHa — 57 KM, IO BOIT0300pY —
506 kM) 32 TiAPOXiMIYHUMH TIOKa3HUKaMHK Ta 010PI3HOMAHITTSM ii POCIUHHOTO TOKPHBY
Ta MpoaHaIi3yBaTH 3MiHH, 110 BiZOYJIKCS 32 OCTAHHE ACCATUIITTA. IJIsl T1IpOeKOIOriYHOT
OL[IHKH SIKOCTI NMOBEPXHEBUX BOJ| BUKOPHCTAJHN JIaHI MOHITOPUHTY 32 16 NOKa3HUKaMH,
SIKFIA TIPOBOIIIITH JIep KaBHI KoHTpouotodi oprarn 'y 2008-2011 1 2020-2021 poxkax. ['in-
poOOTaHIYHI TOCIIHKEHHS TPOBOIMIIN 3aralIbHOIPUHHATAMHI METOIAMH MPOTSITOM Bere-
TatiifHoro nepiomy B 2010-2014 1 2021-2023 poxax. Exomoro-6ionoriunuii anami3 ¢ropu
MPOBOJIMIIM Ha OCHOBI XapaKTEePUCTHK 3 BIJNOBIAHUX HAYKOBHX JKEPEL.

KomMIuiekcHa eKoJIOTigHa OI[iHKA SIKOCTI 32 IHTErpaJIbHUM SKOJIOTIYHUM 1HICKCOM
(I,) mokasasa, mo 3a cepeaHiMK MokasHuKamu Boju pivku uncTi (11 knac, 2 xareropis),
a 3a Haripmmmu — cnabko 3adbpynaeHi (111 kmac, 4 xareropis). Kiac i kareropist He 3Mi-
HUJIHCS 32 POKH, aJe BiIOYI0Cs ITOKPAIICHHS SIKOCTI BOJH PIUKK Maibke 3a yciMa MmoKas-
HUKaM# TPO(O-carpobionorigHoro 610Ky i 3HWKEHHS PiBHS TPOPHOCTI 3a cepeaHiMH
3HAUEHHSIMH BiJl ME€30-eBTPO(HOT 10 Me30TPOHOT mijKaTeropii (repeBakaroduii THIT).
Ie raxox 3adixcoBano B 3mini inaexcy (I ) —sin 2,4 no 2,0. Ilpore, pokamu crioctepira-
€THCS TIEPEBUILICHHS EKOJIOTTYHUX HOPMATHBIB 32 BMICTOM Ba)KKMX METANIB y BOJ, IO
Ma€ reoXiMiqHe TTOXOKCHHS.

Bonna ¢mnopa piukn Hamidye mioHaiiMeHmie 63 BHIIB CYIHHHUX POCIHH, IO
cTaHoBuTh 59 % BugOBOro OararctBa Crup-l'opuHbchbkoi yacTuHM Oaceiiny Ilpum’sTi.
JleB’SITh pOJIMH BOAHUX POCIIHH, SIKi € HAHOLTBIITMMHU 3a KUTbKICTIO BUIB 3 21, € poBi-
HUMH 1 JUIsI THIIMX BOJOMM o0JacTi. Y pOCIMHHOMY IOKPHUBI 3yCTpidaloThCs PiAKICHI
BuIH, 30kpema Wolffia arrhiza, Nymphaea alba, N. candida, Nuphar lutea, Callitriche
palustris, Berula erecta 3aneceni 1o «4epBOHOTO CIIMCKY BOAHMX Makpo(diTiB YkpaiHm»
(1993). BinmiueHO CKOPOYEHHS MOMIUPEHHS aBEHTHBHOTO BUny Elodea canadensis.

KittouoBi crnoBa: 6aceitr Ilpun’saTi, Mana pidka, SKiCTh BOAM, BOIHI POCIHHH,
010pi3HOMAHITTSI.
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AKTyaJlbHicTh TpoOiaeMu. 3axucT OiOpPI3HOMAHITTS Ta EKOCHCTEM 1
3MEHILEHHS 3a0pyJHEHHS JOBKIJUIS 10 «HYJIBOBOTO» PIBHSI — cepell OCHOBHUX
3apraHb €Bporerickkoro 3eneHoro kypey (2020) [1]. Bigomo, 1o ekocucremu
MaJuX pidoK YKpaiHu nepeOyBaloTh y Tepelliky HalypasnuBilIUX 00 €KTiB
JTOBK1JLIs BIIPOA0BXK ocTanHiX 30—40 pokis [2, 3]. OCHOBHOO 3arp030¥0 JIJIsl HUX
OyB 1 3aMIIA€ThCS aHTPOTIOTEHHUI BIUIMB, SIKUH MPU3BOIUTH JI0 3MIHHU Tipo-
JIOTIYHOTO Ta TiAPOXIMIYHOTO PEXXHUMY, MOPYIICHHS YMOB JKUTTS TiIPOOIOHTIB,
i, B OKpeMHUX BHIIaJIKaxX, JI0 MOBHOI Jierpajallii BOAHUX ekocucteM. Hacmiaku
TaKOTrO BIUIMBY OCOOMMBO HEOE3Me4YHi Ha T [I0OaJbHUX 3MiH KITiMary, siKi
€BPOTEHCHKOIO CHIIFHOTOI0 BH3HAYEHO OCHOBHOIO 3arpO30I0 JUIS JTOBKIJUIAL.
TomMy JTOCIIJKEHHSI €KOJIOTTYHOTO CTaHy 1 O10pPI3HOMAHITTS €KOCHUCTEM MaJIuX
PIYOK Ta IX 3MiH BITPOJIOBXK POKIB JO3BOJISIE POTHO3YBATH I'iIPOEKOJIOTIYHI TEH-
JICHIIIT Ta BCTAHOBIIFOBATH 3arpo3u JUIsl 010pi3HOMAHITTS, 30KkpeMa ¢iTodioTH, 3
METOI0 3arno0iraHHs ab0 yCyHEHHS.

I[ocTranoBka 3aBmanHsA. MeTo0 poOOTH OyJia OIiHKA Cy4acHOI'O EKOJIO-
TYHOTO CTaHy PIiYKH 3a TiAPOXIMIYHUMH MOKa3HUKAaMH 1 O10pI3HOMAHITTSIM ii
POCIMHHOTO TIOKPUBY Ta aHaJi3 3MiH, sIKi BiI0OYJIUCS 32 OCTAHHE JIECATUPIUYSL.

AHali3 ocTtaHHiX gocaimkeHb i myOsikamii. [locnijpkeHHSIMHU Hay-
KOBLIIB BCTAHOBJICHO, 10 Mana piuka [lyTuiiBka 3a3Hae BiIHOCHO HE3HAYHOTO
AQHTPOIIOTEHHOTO BILIHMBY, Ha BIIMiHY BiJ IHIIMX BOJOTOKIB periony. [Iposenena
y 2008-2011 pokax KOMIUIEKCHA €KOJOTiYHa OIIHKA 3a IHTErpajJbHUM EKOJIO-
TYHAM 1HIEKCOM (I,) moxasaia, mo SIKICTh BOJI I1i€1 MaJioi piuKu 3a cepeHiMu
3HAUEHHSMH BiJINOBifana Kateropii 2, i BOHH XapaKkTepusyBajacs sIK «4HCTi»,
a 32 HaWTIpIIMMU 3HAYCHHSIMU — KaTeropii 4, «cimadko 3a0pynHeni» [4]. Joci-
JOKEHHSI POCITMHHOTO MOKpUBY piuku y 2017 poui mokasaid, oo Horo BUIO-
BUU CKJIaJl B IIJIOMY MOMIOHMI IO BUIOBOTO CKiaay ¢itodioT piuku Bimis [5].
Hesnaynuii aHTpONOreHHNH BIUTMB Ta BOJIA BUIIOT SIKOCTi, MOPIBHSIHO 3 TIOBEPX-
HEBUMHU BOJIAMH 1HIIUX MaJUX PIUYOK, 3yMOBIIIOKOTH 3HAYHHI IHTEPEC JI0 1[HOTO
BOJIOTOKY SIK €TaJIOHHOT'O BOJIHOTO 00’ €KTy B Oaceiini [ oprHi 1 MOXKIIMBOTO KaH-
qunara Ha posmmpenHs CMaparioBoi Mepexi periony.

Marepianu i meTonu mocimxkennsi. BignosinHo 1o Bomgnoi PamkoBoi
Hupexrusu €C (2000), no sxoi Ykpaina qonyunnacs y 2006 pori, 6aceitn piuku
[TytuniBka BigHOCHTBCS 10 16 exoperiony €Bponu [6]. [lyTuniBka — 1e miBa
nputoka Cty6asku (6aceiin ['opuHi), Maja piuka, JOBKHHOIO 57 KM 1 IUIOIIEIO
BO10300py 506 kM*. Piuka npoTikae B Mexax Ykpainu, B PiBHeHCBKiH (27 kM) i
Bonuncpkiii obmactsix (30 km). Le Tumosa piBHuHHA pidka 3 moxuioM 0,9 M/kmM,
3BUBUCTUM pivuineM Bijx 2—3 10 820 M MIMPUHH, TPATICIIIEBUTHOIO JIOJIMHOIO
3aBIIMpPIIKY 710 4 kM i 3amiaBoro 130-150 M [2, 7]. Ha Geperax BogOTOKYy po3-
tamoBani cenuma Llymans i Onuka, cena boopun, I'pem’siue, XKoOpus Ta iHIII.
PiuKy BUKOpHCTOBYIOTB JJIsl TOCHIOAAPCHKUX MOTPEO 1 pekpeartii; 30kpema, Ha ii
Oeperax po3TanioBaHuil BiToMui caHaropiii «UepBoHa KalHa.
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lNugpoexonoriuny OLiHKY 3[ificHIOBaNM 3a HOpMaruBamu «ExonmoriuHoi
knacuikalii SKOCTi MOBEPXHEBUX BO» 3 BU3HAYCHHSIM KJIACIB 1 KATEropiil KO-
CTI 32 OKPEMUMHU MMOKA3HUKaMU 1 BCTAHOBJICHHSIM OJIOKOBHUX 1HJICKCIB 3a KpHUTe-
pisIMH COJTBOBOTO CKJIaay, TPO(o-canpoOioNOriYHUMH 1 TOKCHYHHUMHU PEYOBU-
Hamu. [nTerpanbuuii exonorianuii inaexc (1), Busnagamm 3a popmyioro (1):

RN M
ne I, — ineKc 3a0pyIHEHHS KOMIIOHEHTaMH COJILOBOTO cKafy; [, — inaexe Tpo-
(o-canpobionoriyHuX (€KOJIOro-CaHiTapHuX) MOKa3HUKiB; I, — iHaeKe cnenn-
(hiyHMX TIOKa3HUKIB [§].

Jis OLiHKM BUKOPHUCTANM JaHI MOHITOPWHTY SIKOCTi BOJ, SIKHH TIpO-
BOIWJIM JiepXaBHI KoHTpomtotoui opranm y 2008-2011 i 2020-2021 poxax.
3o0kpema, TaHi MOHITOPUHTY TIOBEPXHEBUX BOJ 32 16 (i3UKO-XIMIYHUMH TTOKA3-
HUKaMH, KU TPOBOIWB JlermapTaMeHT eKoJorii Ta MpUpoJHUX pecypciB PiB-
HEHCBKOI 00IepKaAMiHicTparii y MyHKTax TipOXiMiYHOTO KOHTPOJO Oifst
cena JXKobpun y 2008-2011 pokax, i 1aHI MOHITOPUHTY MIOBEPXHEBUX BOM, BUKO-
Hanoro y 2020-2021 poxkax /1Y ,,Bomuacekum OJIL] MO3 Ykpainu” y paiioHi
cea Mouynku. Binbopu nmpo6 Boam y 2008-2011 pokax BHKOHYBaIH 3a PEKO-
MeHAamissMu JlepkkomrinpomeTy a0 4 pa3iB Ha PiK 3a TiIPOJOTIYHUMH CE30-
Hamu. Y 2020-2021 pokax — Juiie pa3 Ha pik uepe3 MpUIrHeHHs (hiHaHCYBaHHS
IIPOrpaMy MOHITOPHHTY. BH3HaueHHS NMOKa3HUKIB SKOCTI MOBEPXHEBUX BOJ
BHUKOHYBAJIOCS 3T1JHO 3 YNHHUMH KEPIBHUMH HOPMAaTUBHUMH JIOKYMEHTaMH.

I'igpoOoraHiyHi JOCHIKEHHS TPOBOAMIN 3a 3arajbHONMPHHHATHMHU
METOAaMH MapIIPyTHUM Ta MPOOHUX AITITHOK mo0Omm3y cim Mouynku i KoopuH
y mepiof 3 TpaBHs 1o BepeceHb y 2010-2014 1 2021-2023 poxax. Exomnoro-6io-
JIOTIYHMH aHasi3 (QIOpH MPOBOIWIIN 3a MaTepialaMy BIIACHUX MOJIBOBHX JIOCITi-
IDKEHb POCIIMHHOIO MOKPUBY 1 32 XapaKTEPUCTHKOIO 3 BIIMOBIJHUX HAyKOBUX
mokepen [9-18]. 3okpema, Ha3BU BH[IB HaBeJeHI 32 MiXKHApOIHUM IHIEKCOM
Ha3B pocnuH [9], a xmacubikauis Magnoliophyta BIATIOBIAHO IO CHUCTEMH,
3arportoHoBaHoi [ pynoto ¢inorenesy nokpurtonacinamx (111, IV) [10, 11].

PesyabraTn gociigxeHb Ta ix o0ropopenHs. ['iqpoekonoriuna omiHKa
I10Ka3aja, o SIKICTh BOAU PIUKM 3a HOKAa3HUKAMHM COJILOBOTO OJIOKY XapaKTepH-
3yetbes 1 kareropiero i 1 kmacom. BripomoBk pokiB Kiiac i KaTeropist 3ayInIm-
mcst 6e3 3MiH, a KOHIIGHTpaIlisl Coliel y TOBepXHEBUX BOJaX PIYKH HABITH JIEII0
3HM3MIacs (Tadmmms 1).

3a OmoxoMm Tpodo-campobionoriunux kpurepiiB y 2008-2011 pokax
SKICTh BOIM piuKW omiHtoBanacs Bix 1-2 mo 3-7 xareropiii. Haiiripmii kare-
ropii st mporo 6moky y 2008-2011 poxax Oymno Bctanosieno 3a XCK — 7, a
Takox 3a BMictoM Qocdopy docdariB, a30Ty aMOHIHHOTO i HITPUTHOTO — 5.
VY 2020-2021 pokax SKiCTh BOAW PIUKH OIiHIOBANAcsS B Mexax Bif 1 (st Oinb-
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oCTi KpUTEPiiB) 10 4 kareropii (mns nokasnuka BCK). 3adikcoano mokpa-
IICHHS €KOJIOTIYHOTO CTaHy 3a MOKa3HUKAMHU BCK, Bix 5 1o 4 kareropii i XCK
Bix 3-7 no 3. OTxe, NOPIBHSHHS 3 JaHUMU JCCATHPIYHOT JAaBHUHU MOKA3aJI0
3HauHe MOKPAILEHHS SKOCT1 BOJAM MPAKTHYHO 32 yciMa MOKa3HUKaMH TPOoQo-ca-
npo0ioNoriyHoro 00Ky 1 3HMIKEHHS! PiBHA TPO(QHOCTI 3a CEpPEeAHIMU 3HAYEH-
HSIMH BiJ] Me€30€BTpO(HOI 10 Me30TpodHOI miakaTeropii (epeBaXkKarouuii THII).

Tabnuys 1. PesynbraTn ¢izuko-xiMivHOro aHami3y if omiHka sikocTi
MOBEPXHEBUX BOJ PiYKH 32 KATEropisiMu sIKOCTi

IMoka3HuK, 3uauyenns, mr/am*® (Bix-10) Kareropis sikocti
mr/am? 2008-2011 2020-2021 2008-2011 2020-2021

Cynbdaru 30,7-45,0 23,5-29.8 1 1
Xnopuan 6,4-17,7 16,4-17,1 1 1
Cyxuii 3aTHIIOK 253-396 367-472 1 1
3aBHCIT PEUOBHHU 8,8—11,2 4,0 2-3 1
A30T aMOHIWHHN 0,093-0,815 0,2 1-5 2
A30T HiTpaTHuit 0,00-0,23 0,00-0,045 1-2 1
A30T HITPUTHUIT 0,0006-0,033 0,00 1-5 1
Docdop docdaris 0,023-0,143 0,00-0,005 2-5 1
Po3unHeHuii KuceHb 6,84-8,88 8,065-8,7 1-4 1
XCK 20,0-62,3 21,0-23,0 3-7 3
BCKS5 4,95-6,28 2,7-3,0 5 4

3aizo 0,017-0,43 0,1-0,25 1 3-4
Dropunu 0,04-0,21 0,02-0,03 1-4 1
Mias 0,014-0,024 0,068 5 7

Huuk 0,011-0,03 0,016-0,054 2-4 3-5

Mapranerib 0,016-0,027 0,049-0,121 2-3 3-5

3a xpurepisiMu BMICTy crenn(idHUX PEUOBHH TOKCHYHOI Iii SKICThH
BOJIM 3 POKAMH JICIO TIOTiPIIHJIACS 32 OUTBIIICTIO MTOKAa3HUKIB, KPiM (PTOPHIIB.
30kpema, 3a BMICTOM Miji — Bifl 5 10 7 Kareropii, a IWHKY 1 Maprasito — Bix 3
1o 5. Bimomo, 110 BHCOKa KOHIIEHTPAIliS [IUX BAXXKHUX METAJIB Y MMOBEPXHEBHUX
BOJIAX PETiOHY 3yMOBJICHA T'COJIOTIYHUMHM YMHHUKAMH, & HE aHTPOIOTCHHUM
BIUTHBOM [19, 20]. IMOBIpHOIO MPHYMHOIO 3POCTAHHS BMIiCTy BaXKHX METAIIB
MOJKe OyTH 3HIDKEHHSI BOIHOCTI PIYKH B OCTaHHE JIECATUPIYYS Yepes TII00anbHi
3MiHH KIIiMaTy. Y3araibHIOIOUH, 32 KpUTEPisiMu 115010 010Ky B 2020-2021 pokax
sIKicTh Bomu piuky Bigmosimana II-111 kiracam Ta 2-5 xaTeropisM 3a cepeaHiMu
3HAYCHHSMHU. 3a HaWTipmMMu 3Ha4YeHHSIME — V Kiacy (5 kareropii).

Otxe, pe3yabraTé (i3UKO-XIMIYHOTO aHaTi3y 1 TiAPOEKOIOTiYHA OIliHKA
SIKOCTI BOAM 3a KPUTEPISIMH COIBOBOTO CKJIAMy ITOKa3ajiH, IO BOJAA PIUKH
Oyna i sanmumaerscs yucror (I kmac, 1 kareropis), a immexc (I) — 1, 1 3a
CepeIHIMH 3HAYCHHAMH, 1 33 HAWTipIIMMH 3HaYeHHSIMH (Tadmui 2). CTaHoMm Ha
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2020-2021 pokwu, 3a Tpodo-canpoOioNOTIYHUMU KPUTEPISIMU BOIU PIYKH OIli-
HIOIOThCS K 9UCTI 3a cepeHiMu 3Hadennsamu (L, = 1,75), 1 cnabko 3a0pynHeHi
3a Haiiripmmmu (I, = 4). 3a KpuTepisMu BMICTy crenU(iYHUX PEIOBHH TOKCHY-
HOi i 3adikcoBano noripmenns 3a inaexcom (1,): Bin 2,8 1o 3,3 3a cepennivu
3HauYEHHAMH, TOOTO SIKICTh BOAM BiJl JOCUTH YHCTOI — 710 cllabKo 3a0pyIHEHOT, 1
BiJ 5 0 7 — 3a HANUTIPIIMMH 3HAYSHHSIMH, BOJH — BiJl TOMipHO 3a0pyIHEHHX JI0
nyke OpyIHHX.

Tabauys 2. OWiHKAa SIKOCTi BOAU PiYKH 32 eKOJOTiYHOI0 Kiacupikaiieo

Poku I I I I Kunac Cryninb
A0ci- ! 2 3 : SKOCTI YHCTOTH
MKEeHb | cep. | HaWlr | cep. | HAilir. | cep. | Hailir. | cep. | Halir. | cep. | Halir. | cep. Haiir.

2008- 1 o325 | 7 |28 | 5 | 24 | 43 | m | mr | ameri | 220

2011 HeHi

2020- 1 1 1750 4 |33 7 | 20| 40 | m | m | uwcri| 32OPY*

2021 HeHi

KomMriiekcHa eKoJIoTigHa OILiHKA SIKOCTI 332 1HTETrpaJbHUM SKOJIOTTYHUM
IHIEKCOM (I,) nmoxkasana, o 3a CEpeIHIMM TIOKa3HMKAMU BOJAU PIYKH YHCTI
(Il knmac, 2 kareropis), a 3a HalripmmMu — ciaadko 3adpyaneni (111 knac, 4 kare-
ropist). OTxe, Kiac 1 Kareropist SIKOCTI HE 3MIHMWIIMCS 32 POKH, ajie CrocTepira-
€TBCS JIESKE TIOKPAILCHHS 32 CEPEIHIM 3HAYEHHAM eKoJIorianoro injekcy (1) —
Bix 2,4 no 2,0.

3a pe3ynpTaraMu riIpo00TaHIiYHUX J0CTi’KeHb BCTAHOBMIIH, 110 POC-
JIMHHUH TOKPUB PIYKU CKJIAAAI0Th IOHAHMEHIIIe 63 BUIM BUIIUX BOJHHUX POC-
TVH (CYIMHHUX MakpoQiTiB), siki Hajexars 10 43 pomnis i 21 poauau. Cepen HUX
OJIMH BUJI XBOIIIIB — XBOIIl piuKOBUit (Equisetum fluviatile) 1 00JI0TSIHA TATIOPOTH,
abo teminrepuc oonotauii (Thelypteris palustris), siKi 3pijika TpaIUISIFOTbCS Ha
MUIKOBOJII Y TIPUOEpEeXkKHIl CMy3i BOIOTOKY. Perra BuiiB — KBiTKOBI POCIMHU
(Tabmurs 3).

Tabnuys 3. PisnomaHiTTs (iopn BUIMX BOAHUX pociauH piuku [MyTuiaiBka

Exo- Kur- Tun Yacrora
Ponuna Bun TeBa | cTpare- Tpa-
T™HI
¢opma Til TISTHHS
Equisetaceae Equisetum fluviatile L. E H CRS 1
Thelypteridaceae Thelypteris palustris Schott E H CRS 1
Nuphar lutea (L.) Sm. FL G CS 2
Nymphaeaceae Nymphaea alba L. FL G S 2
N. candida J. Presl & C. Presl FL G CS 1
Acoraceae Acorus calamus L. E G C 2
. Alisma plantago-aquatica L. E H R 3
Al t
ismataceac Sagittaria sagittifolia L. E G CRS 2
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[IponopxenHs Tadbnumi 3

Kur- Tun Yacrora
Ponuna Bux Exo- | epa cTparte- Tpa-
v ¢popma Til TUISTHHS
L. minor L. FF Hy S 3
L. trisulca L. FF Hy R 2
Araceae Wolffia arrhiza (L.) Horkel ex - Hy R 1
Wimm

Spirodela polyrhiza (L.) Schleid. | FF Hy R 3
Butomaceae Butomus umbellatus L. E G CS 2
Elodea canadensis Michx. S Hy C 1
Hydrocharitaceae Hydrocharis morsus-ranae L. FF Hy S 2
Stratiotes aloides L. FL Hy C 1
Potamogeton crispus L. S G R 2
P, lucens L. S G C 1
Potamogetonaceae L natans L. L 6 ¢ !
P. nodosus Poir FL G S 2
P. perfoliatus L. S G CRS 2
Stuckenia pectinata (L.) Béerner | S G C 3
Iridaceae Iris pseudacorus L. E G C 2
Carex acuta L. E G C 2
C. pseudocyperus L. E H R-S 1
C. rostrata Stokes E G C 1
C. vesicaria L. E G C 2
C. vulpina L. E H S 1

Eleocharis acicularis (L.) Roem.
Cyperaceae E H C 1

et Schult.
E. palustris (L.) Roem. et Schult. | E H R 1
Schoenoplectus lacustris (L.)
E H S 1
Palla

Scirpus sylvaticus L. E H C 2
Agrostis stolonifera L. E H CR 4
Catabrosa aquatica (L.) P. Beauv | E H S 1
Glyceria fluitans (L.) R. Br. E H CR 2
Poaceac G. maxima (C. Hartm.) Holmberg | E H CS 4
Leersia oryzoides (L.) Sw. E H CR 2

Phragmites australis (Cav.) Trin.
E H C 4

ex Steud.

Typha angustifolia L. E G CS 2
Typhaceae T. latifolia L. E G C 4
Sparganium emersum Rehm. E G S 2
S. erectum L. E H S 2
Ceratophyllaceae Ceratophyllum demersum L. S Hy SR 4
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3akinueHHs Tadaur 3

Kur- Tun Yacrora
Poauna Bun Exo- | epa cTpare- Tpa-
i ¢opma Til TUISTHHS
Ranunculus circinatus Sibth. S G SR 1
R. aquatilis L. S G S 1
Caltha palustris L. E H CRS 2
Ranunculaceae Ranunculus flammula L. E H CRS 1
R. lingua L. E H S 1
R. repens L. E H S 2
R. sceleratus L. E H R 1
Myriophyllum spicatum L. S G SR 1
Haloragacea M. verticillatum L. S G C 1
Lythraceae Lythrum salicaria L. E H S 2
Brassicaceae Rorippa amphibia (L.) Bess. E H S 2
Persicaria amphibia (L.) S.F. E G C 1
Polygonaceae Gray
R. hydrolapathum Huds. E H S 2
Callitriche palustris L. S Th S 1
Plantaginaceae Veronica anagallis-aquatica L. E H RCS 1
V. anagalloides Guss. E H R 1
Cicuta virosa L. E H C 1
Apiaceae Oenanthe aquatica (L.) Poir. E H CR 1
Berula erecta (Huds.) Coville E H C 1
Sium latifolium L. E H C 1

[pumitka: npicroBoani Makpoditu (Sculthorpe, 1967; Chambers et al., 2008): E — nanis3anypesi,
FL — 3 mnaBarounm suctsim, S — 3anypeni, FF — BisibHO TaBarodi; sxuTTeBi hopmu pocius (Raun-
kiaer C., 1934): Th — tepodirtu, G — reoditn, Hy — rixpoditu, H — remikpunroditu; crparerii
(Grime, 1977): C — kOHKYpeHTH, S — CTpecOCTilKi, R — pynepanu; gacTora TparuistHHS BHIIB 3a
JaHUMHU MappyTHHX jpocmimkens y 2010-2023 pp.: 1 — pigkicHi (II0OJMHOKI JIOKAJTITETH) Ta
CIIOpaNuHI BUJIHU, sIKi BUSIBJICHI MEHIIIE Hik Ha 20% 00CTEXKEHUX MUISHOK; 2 — MAJOMOIIUPEH]
BUIM, SIKI TparIsiFoThes Ha 20—-40% ninsgHoOK; 3 — 3BHYaiifHI BUIH, Ki 3ycTpivaroThes Ha 40—-60%
TUISTHOK; 4 — 3BUYalHi BUJIH, SIKi 3yCTPIYarOThes yacto, Ha 60—-80% MiNsHOK.

HaiiGararimie mnpeacTaBiieHi POJMHH OCOKOBHX, a00 CMHKAaBIIEBUX
(Cyperaceae) — 9 Bunis, i xoprenieBux (Ranunculaceae) — 7 suais. Jlocuts pis-
HOMaHITHUMHU € PICCHHUKOBI (Potamogetonaceae), 1 311akoBi, 800 TOHKOHOTOBI
(Poaceae) — o 6 BuaiB. Pa3zom 1i poanHu ckianaTs 44 % BHUAOBOTO CKIAILy
BOAHOI (riopu piuku. 3aranom, ¢itopizHoMaHiTTs piuku [lyTuiiBka ckianae
59 % BugoBoro O6ararctBa BogHo1 Guiopu Ctup-l'OpHHBCHKOT YacTHHU OaceiiHy
[purn’sti [4]. CniBnanaroTh B’ ATh NPOBIAHUX POJUH BUIIUX BOJIHUX POCIUH
piuku i BogHUX 00’ €KTiB periony, a Cyperaceae 1 Plantaginaceae — 3a micuieM
y cruckKy (Tadmuist 4).
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Tabauys 4. KinbkicTs BUAIB Yy NPOBiTHUX poauHax ¢uiopu BOAHUX POCTUH
Crup-l'opunbscbkoi yactunu 6aceiiny Ilpun’siti Ta piukn IlyrnniBka

Pogunu Perion, aoc. Pogunu Piuka, a0c.
Cyperaceae 18 Cyperaceae 9
Potamogetonaceae 13 Ranunculaceae 7
Poaceae 9 Potamogetonaceae 6
Ranunculaceae 8 Poaceae 6
Araceae 6 Typhaceae 4
Typhaceae 6 Araceae 4
Hydrocharitaceae 5 Apiaceae 4
Plantaginaceae 5 Plantaginaceae 3
Apiaceae 4 Hydrocharitaceae 3
Lentibulariaceae 3 Nymphaeaceae 3

Exonoro-6ionoriunuii anani3 ¢uiopu moxaszas, 110 BiJIOBIJHO JO CHC-
TEMH KUTTEBUX (opM MpicHOBOIHIX MakpoditiB (Sculthorpe 1967, Chambers
et al., 2008) [15, 16], Buan po3MoaiIAIOTECSI HACTYITHUM YHHOM: HaIliB3aHypeHi
YKOpPiHEHI POCIINHM, SIKi pOCTYTh Ha BKPUTHX BOJIOIO 200 MEPioJUYHO 3aTOILIIO-
BaHMX IpyHTaX — 41 BHJ (65 %); MakpodiTh 3 TIaBaIOYUM JIHCTSIM (POCIHHHY,
110 YKOPIHIOIOTKCS Ha JTHI, 3 JINCTSIM, 1110 IJ1aBa€ Ha oBepxHi Boau) — 6 (9,5 %);
BiJIbHOIIIaBatO4i Makpo(iTH (pPOCIMHH, SIKi 3a3BHYAl IUIABAIOTH HA MMOBEPXHI
BOzIM 200 B TOBII — 5 (8 %), 3aHypeHi MakpoQiTH (POCIHHH, SIKi POCTYTh Y BOJII
MOBHICTIO 3aHYPEHi, 3 KOPIHHIM a00 aHaoraMu KOPEHIB y CyOCcTparTi, MpUKpir-
JIeHi 10 Hboro abo TicHo moB's3aHi 3 HUM) — 11 (17,5 %) (pucynok 1).

a 8 C

30
41 24

16

E mFL mFF m$S mTh mH mG = Hy mC S mR mCS5R mCS mSR =CR

Puc. 1. CriiBBigHOIIeHHs ek00ioMopd BogHuX pocauH piuku IlyTniaiBka 3a KinbkicTio
BHJIB: a) cnekTp ekoTunis: E — namiB3anypeni, FL — 3 niaBalounm aucram, S — 3anypeni,
FF - BinbHON1aBa04i; ) crieKTp KUTTEBUX GopM pocauH 32 Raunkiaer (1934):

Th — tepoditn, H — remikpuntodiru, G — reoditu, Hy — rirpodirtu; ¢) cnexrp Tumis
cTpareriii pociinH B yrpynoBanHi 3a Grime (1977): C — koHKypeHTH, S — cTpecocTiiiKi,
R — pynepaau

Yci BoaHI pOCITMHH BOAOTOKY — OaraTopivti, KpiM OHOTO BHy — BUPHH-
Huni 6onotnoi (Callitriche palustris), sixka Tpamserbes 3pinka. Lle Tepodir
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3a kiacuikarieto xutteBux hopm C. Raunkiaer (1934). Kpim Toro, 3a mi€to
KJIacu(iKaIlier y ckiaaai BOAHOI (Gopu mpHOJIM3HO OHAKOBA KUIBKICTh BUJIIB
remikpuntoditiB — 30 i kpunroditiB — 32 (reoditi — 24 Buaw, rizpoditis — 8).

AHai3 THIB CTPaTeriil pOCINH B YIPYNOBaHHI JO3BOJIUB 3’ ICYBaTH, 1110
cepel CymMHHUX MakpodiTiB piuku C-ctpateriB — 18 BujiB, S-crpareris — 16,
R-ctpareris — 8. Pemira BuiB — mepexigiHi Mi>K THIIAMH.

3apocTaHHs BOJHOTO JI3epKajia CTAHOBUIIO Y CEPEAHBOMY Bif 5 10 25 %,
ajie Ha OKpeMuX AUIsTHKax piuku pocsirano 80 %. Lle, Hanpukiaj, yrpyrnoBaHHs
3 noMinyBanHsM Ceratophyllum demersum Ha MaJONPOTOUHIN JUISHII PIYKU B
Mexax cena XKoOpuH.

B pocniHHOMY MOKpPHBI PIUKK TPAIUISIOTHCS PIAKICHI JUIsl PETioHy BHIH
1 yrpymnoBaHHs 3a y4acTIO BOJHHUX POCIHH. 30Kpema, 10 «YepBOHOTO CIHCKY
BOAHUX MakpoQiTiB Ykpaium» (1993) saneceni Wolffia arrhiza (xareropist C2);
Nymphaea alba, N. candida, Nuphar lutea, Callitriche palustris (xareropis C3);
Berula erecta (xareropis C4) [13]. Yrpynosauus dopmariiit Nymphaeeta albae,
Nymphaeeta candidae, Sagittarieta sagittifoliae 3aHeceHi 10 «3eJCHOT KHUTH
VYkpainu» (2009) y craryci piakicHux [21].

HaiimommpeHiuri BUan B pOCIMHHOMY TTOKPHUBI € TPaAUIIHHUMU JUIsl peri-
ony — Phragmites australis, Glyceria maxima, Typha latifolia, Agrostis stolonifera.
3Buuaitni Buan — 1. angustifolia, Sparganium emersum, S. erectum, Alisma
plantago-aquatica, Sagittaria sagittifolia, Butomus umbellatus, Acorus calamus,
Iris pseudacorus, Carex acuta, C. riparia, C. vesicaria, C. vulpina, Scirpus
sylvaticus, Glyceria fluitans, Leersia oryzoides, Caltha palustris, Ranunculus
repens, Lythrum salicaria. HainommupeHiini cepeji 3aHypeHUX 1 BIJIbHOILIABAO-
4YKMX Ha MoBepxHi Bonu pociut — Ceratophyllum demersum, Stuckenia pectinata,
Lemna minor 1 Spirodela polyrrhiza. J1o uucna 3BUYaliHUX BUJIB HaJIS)KaTh
Polygonum amphibium, Nuphar lutea, Lemna trisulca, Potamogeton crispus,
P. nodosus, P. perfoliatus. B octanHi poku BiIMiY€HO CKOPOUCHHS MOITHPCHHS
anBeHTUBHOTO BUny Elodea canadensis, sikuil paHime OyB 3BUYaifHUM BUJIOM Y
¢iToueHo3ax piuku. Lle crocrepiracThes 1 B IHIIMX BOXHUX 00’€KTaxX PErioHy i
3yMOBJIIO€THCS BPA3JIUBICTIO LILOTO BUILY JI0 aHTPOMOTreHHOi eBTpodikarii [13].

BucHoBkn. KoMIuiekcHa eKoJIOTiYHA OIlIHKA SKOCTI BOIU MOKa3asa, 1[0
Brponosx 2008-2011 i 2020-2021 poxiB Boxu piuku IlyTHiTiBKa 3a CTyHEHEM
AHTPOIIOTeHHOT 3a0pyAHeHOCTI onucyroThes K «uucti» (II knac, 2 kareropis)
i «cmabxo 3a0pyaneHi» (111 knac, 4 kareropis). 3a ocTaHHe AecaTUpivus 3adik-
COBAHO 3HWKEHHs €KOJIOriuHOrO injekcy (1) 3a cepenHiMu 3HaYEHHSAMU — Bl
2,4 no 2,0. Cnocrepiraerbcst TOKpALICHHS SKOCTI BOIU PIUKK Maiike 3a ycima
NOKa3HUKaMH Tpodo-canpobionoriuHoro Omoky. Ilopsim 3 1mmMM, BIPOmOBK
JIOCJTIPKYBAHOTO TEPIOy CHIOCTEPIraeThCs MEPEBUILICHHS SKOJIOTIYHIX HOpMa-
TUBIB 32 KOHIICHTPAI[IEI0 BaXXKUX METAJIiB, 30KpeMa, MiJi, III0 Ma€e reoXiMiuHe
TIOXO/[KSHHSI.
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Bonny ¢dnopy piuku cknanae moHaiiMeHmie 63 BUAN CyTIMHHUX POCIHUH,
mo craHoBuTh 59 % BumoBoro OararctBa BoxHOI ¢uiopu Ctup-lopHHBCHKOT
yactuHu Oaceiiny [lpur’siti. JleB’siTh POAMH BOIHUX POCIIMH, SIKi € HAWOLIb-
MMM 32 KITBKICTEO BUJIIB 3 21, TAKOX € IPOBITHUMH JIJIs IHIITUX BOJHHUX 00’ €K-
TiB periony.

B pocnvHHOMY MOKpPHWBI TPaIUISIIOTBCS PIAKICHI BUAM 1 YrpyHOBaHHS.
30KkpemMa, BUSBIIIM NIPEICTAaBHHUKIB TphoX Kareropiit (C2, C3 i C4) «UepBoHoro
crucKy BogHUX MakpoditiB Yrpaiam» (1993): Wolffia arrhiza, Nymphaea alba,
N. candida, Nuphar lutea, Callitriche palustris, Berula erecta. YrpynoBaHHs
dopmattiit Nymphaeeta albae, Nymphaeeta candidae, Sagittarieta sagittifoliae
3aHeceHi 70 «3eneHoi kauru Ykpainu» (2009) y craryci piaKicHHX.

Hatinommpeninn Buau — Phragmites australis, Glyceria maxima, Typha
latifolia, Agrostis stolonifera, a cepen 3aHypeHUX 1 BUIBHOILIABAIOUMX Ha
noBepxHi Boau — Ceratophyllum demersum, Stuckenia pectinata, Lemna minor
i Spirodela polyrrhiza. B ocTtaHHI pOKM BiJIMiY€HO CKOPOYCHHS TOIIUPEHHS
aJIBEHTUBHOTO BULY Elodea canadensis.

[Momanpir TOCHIKEHHST €KOCUCTEMH 1 010pi3HOMAHITTS 1[bOTO BOJHOTO
00’€eKTy, 30KpeMa JTOCIiKeHHs 0ararcTBa ixTiopayHu, MOXKYTh BIAKPUTH Iep-
CHEKTUBY 3aHeceHHsI Manoi piuku [lytuiiBka 1o CmaparnoBoi Mepexi YKpaiHu.

ECOLOGICAL STATE AND PHYTOBIOTA OF THE SMALL
PUTYLIVKA RIVER (HORYN RIVER BASIN)

Grokhovska Yu. R. — Doctor of Agricultural Sciences,
Konontsev S. V. — Doctor of Technical Sciences, Associate Professor,
Khalimonchuk O. M. — 2nd year master's student
at the Educational and Scientific Institute of Agroecology and Land Management,
National University of Water and Environmental Engineering,
y.r.grokhovska@nuwm.edu.ua

Researching the ecological state of small rivers is relevant because the
conservation and restoration of ecosystem biodiversity and the reduction of pollution to
a "zero" level are among the main objectives of the European Green Deal (2020). It is
known that the ecosystems of small rivers in Ukraine have been on the list of the most
vulnerable objects for the past 40-50 years, and anthropogenic impact still remains the
main threat to them.

The work aimed to assess the current ecological state of the small Putylivka
River (57 km length, 506 km? catchment area) based on hydrochemical indicators and
the biodiversity of its vegetation cover and to analyze the changes that have occurred
over the past decade. For the hydroecological assessment of surface water quality,
monitoring data for 16 indicators was used, which were conducted by the state control
authorities in 2008-2011 and 2020-2021. Hydrobotanical studies were carried out using
generally accepted methods during the vegetation period in 2010-2014 and 2021-2023.
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Ecological and biological analysis of the flora was carried out based on characteristics
from relevant scientific sources.

A comprehensive environmental assessment of the water quality using the
integrated ecological index (I ) showed that the river waters are clean (Class II,
Category 2) by average indicators and slightly polluted (Class III, Category 4) by the
worst indicators.

The class and category have not changed over the years, but there has been an
improvement in the water quality in almost all indicators of the tropho-saprobiological
block and a decrease in the trophic level in average values from the meso-eutrophic to
the mesotrophic subcategory (the predominant type). This is also recorded in the decrease
of the index (1) from 2.4 to 2.0. However, over the years, there has been an excess of
environmental standards for the concentration of heavy metals of geochemical origin.

The aquatic flora of the river includes at least 63 species of vascular plants, 59 %
of the species richness of the Styr-Horyn part of the Pripyat River basin. Nine families
of aquatic plants, the largest in the number of species out of 21, are also leading for other
water bodies of the region. The plant cover contains rare species, in particular Wolffia
arrhiza, Nymphaea alba, N. candida, Nuphar lutea, Callitriche palustris, Berula erecta
listed in the “Red List of Aquatic Macrophytes of Ukraine” (1993). A reduction in the
distribution of the adventitious species Elodea canadensis has been noted.

Keywords: the Pripyat River basin, a small river, water quality, aquatic plants,
biodiversity.
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OUIHKA 3BUTKIB IXTIODAYHI
BOAOVMUN-OXOJIOAXKYBAYA 3AMNOPI3bKOI AEC
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VY crarTi MpeacTaBIeHO Pe3yabTaTH JAOCTIHKEHb JHHAMIKA METIOpaTHBHUX BHU-
JIOBIB Ta CTPYKTYPH IXTIOLEHO3Yy BOmOWMU-0x0J0KyBada (BO) 3anopizpkoi aromHOl
enexrpocranuii (3AEC). IIpeacrasneno xoporky xapakrepuctuky BO 3AEC. Hage-
JICHO JIaHI 1010 MOTCHLIHHNX 30MTKIB, SIKI BHHUKAIOTh YHACIHIOK BTPATH BUJIB PUO
4yepes MOPYIICHHS T1IPOJIOTIYHOTO PEXKHIMY il 9ac BIICHKOBOT OKYIIAIlil CTAHIIIT, 3MiHH
YMOB eKCILTyaTallii eleKTPOCTaHMIii. [XTioNOTiYHI JOCITiIKSHHS TIPOBOIMIA 38 METOIH-
kamu Apcana, O3iHkoBCcbKOi Ta MoBuaHa. Po3paxyHoK 30UTKiB IPOBOIMIN 32 METOIH-
KOO PO3paxyHKy 30MTKIB MiHArpomnoaiTuky ta MiHIOBKIUIISA.

Y Boz0#IMi-0X0JI0KYBa4l Hapa3i HapaxoByeThes 16 BUIIB pub. 3 HUX 3a Tpodiu-
HUM CITIBBITHOIICHHSIM OcHTO(aru cknamarwts — 37,5 %, xwmwki Buan — 31,3 %, miaHk-
totaru — 18,8 %, ta ditoparn — 12,5 %. Hapasi ¢ikcyerscst 3arudests Temaono0HnX
BHUIIB pu0 (THiAmis Mo3aMOillbka, KaHATBHUN, aMEPUKAHCHKUI Ta YEePBOHOXBOCTHMA
comu). BcranoBneHo 1o 3araigpHa cyma 30WUTKIB, 3aMOAISTHIX PHOHOMY TOCIIONAPCTBY
BHACJIJIOK 3arubeini pubu cxiagae 152,898 miH. rpH. 3MEHIICHHS YHMCEIBLHOCTI BH-
JiB-OlomerioparopiB Ta IMOBHA iX BTpara (TEIUIONOOHUX BH/IB) 3aIPOXKY€E PO3BHTKOM
HasIBHUX O10JIOTTYHMX MEPEIIKO/] T IOSBOI0 HOBUX, SIK1 Y CBOIO YEPTy MOXYTh IPH3BO-
TUTH J0 aBapiifHUX CHUTYaIlii.

VY 3B’a3Ky i3 okynaieto micta EHeprogapy i BiICyTHICTIO MOXKIIBOCTI TIPOBe-
JICHHS TIOBHOLIHHUX TiAPOEKOJIOTIYHUX MOCII/KeHb Ha TEMEpilTHii Jac PeKOMEHIy-
€ThCSl BUKOPUCTOBYBaTH «TexHOJIOrUHE OOIPYHTYBaHHS 3aCTOCYBaHHS Oi0OJOTiYHOTO
METO/y 3HMKEHHS KUIBKOCTI (DITOTUIAHKTOHY Ta MOJIIOCKIB y TiJPOTEXHIYHINM cHCTEMI
3AEC...», sxe aisuo o 2022 poky (po3pobiene ¢axiBisiMu J{HITPOBCHKOTO Hallio-
HaJbHOTO yHiBepcuTetTy iMeHi Ounecst ['oHuapa), st 3abe3nedeHns Giomemioparii Ta
60poTr0H 3 Oiomepentkonamu y TexHoekocucreMi 3AEC.

KittouoBi croBa: ixtiodayHa, BOJOHMAa-0X0JIOKYBad, TiAPOEKOJIOTis, 30UTKH,
3anopizbka AEC, Gioneperkony, ¢itonepudiToH.

IlocTanoBka npodjemu. besnepepBHa NUPKYIIALIS BOJU Y CUCTEMI 0XO-
JIOJDKEHHS Ta TEXHIYHOTO BOAOTIOCTaYaHHs Ma€ QyHIaMEHTAIbHE 3HAYCHHS JUIsI
¢ynkiionysanus AEC. J{ns uporo y peakropaux cuctemMax BBEP-1000 Buko-
PHUCTOBYIOTH TEXHIYHI BogomocTtadansHi cropyau [1-2]. Jlo HuX BigHOCATHCA
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Opu3KalibHI OaceiHu, rpaIUpHI 1 CTaBKU a00 BOJOWMHU-0XO0JI0KyBavi. B ocran-
HiX y MpoIeci eKcIuTyaTanii HEeMUHYY€e MOCTa€ MUTaHHs HAKOMMUeHHs OioMacu
(bITOTNIAaHKTOHY, BHILOi BOAHOI POCIMHHOCTI, OEHTOCHUX BH[IIB MOJIOCKIB, 1110
Y CBOIO Yepry 3Ha4HO BILIMBAE HA SIKICTh BOJM, Ta 3HWKYE 3JaTHICTh 0 OXOJIO-
JokeHHsI. Taki mpoOieMH MOXKYTh yCKIIaIHIOBaTH POOOTY TEXHOEKOCHCTEM 1 3r0-
JIOM BHUKJIMKATH aBapiiiHi cutyauii. biomeniopatuBHi 3axoau 3 3apuOieHHst abo-
PUTCHHUMH BUIaMH 1 BUJAMH-BCEIICHIISIMU CIIPSIMOBYIOTHCS] HA BUPILICHHS LIUX
npobiem, ane i BOHU 0e3 BiIOBIAHOTO, 30a1aHCOBAHOTO PETYIIOBaHHS MOKYTh
HAHECTH IIKOIY BOJAOHMI-0XOJI0KYBady IIJISIXOM O10T€HHOTO 3aMYJTFOBAaHHS.

Ha cborogni MOHITOPHHT CTaHy BOAOHMHU-OXOJIOIKyBada HEMOKIUBHH
yepe3 okynamito. /lii BiicbK KpaiHH-OKyNaHTa CIPHYMHIIN TaKOXK Psif eKOJIO-
TYHUX KaTacTpod, sSKi MPU3BENIU 0 MOBHOI BTPATH MOMYIALIN TETIOIIO0OHMX
BUIB y BOJOWMi-0X0nomkyBaui 3amnopizpkoi AEC.

AHnani3 octaHnix my6aikaniii. BomoliMu-oxonomKyBaui eHepreTHYHNuX
00’€KTiB ABJSIFOTH COO0I0 YHIKaNIBbHI 00'€KTH 17151 hyHAaMEHTaIbHUX TiApo0io-
JIOTIYHHX JOCIIKEHb. BOHM € He TIIBKY TEXHIYHUMH BOJHUMU 00'€KTaMH CIIe-
[iaJIbHOTO MTPU3HAYCHHS, aJie 1 eJIeMeHTaMu JaHJIaPTHUX KOMILJIEKCIB TOTO Y1
iHmoro periony. Tomy ix exonoriunuii cTan a0 €KONOTTYHUHI TOTEHITIa 3T1JHO
Bomnoi PamkoBoi [QupextuBu €C mae OyTH CyTTEBO HE TipLIMM, HIX y BOJO-
HMax Ha IPUWIENIIUX TePUTOPisX [3—5]

Bomnoiima-oxonomxkysau (BO) — oiuH i3 TOJOBHUX E€IEMEHTIB CUCTEMHU
OXOJIOJKCHHSI Ta TEXHIYHOTO BOJIOINOCTAa4YaHHs aTOMHOI eliekrpocraHilii. BO
3anopizpkoi AEC yBenena B ekcrutyarainito B 1984 p. pa3oM i3 3amyckom mep-
IIOT0 CHEeProOIOKy. YTBOPEHA IUIIXOM BHOKPEMIICHHS YacTHHH KaxoBChKOTO
BOJIOCXOBHIIA HAMHMBHOIO TIIIAHOI Tpeliielo, 1 Mae HACTyMHI MapaMeTpu:
TUIoIIA JI3epKajia 3a HopMmaibHoro miamipaoro piBas (HIIP) — 8,2 xm?, 06’em 3a
HIIP — 47,05 muu M3, cepenust mubuna 3a HITP — 5,87 M, MmakcuMasibHa iim-
ouna 3a HIIP — 16,5 m, noexxuHa Oeperosoi minii — 11,2 km [5].

OCHOBHI ITPHU3HAYEHHS BOAOHMH-0XO0JI0IKyBaya:

1) oXoNoKEeHHST HArpiTOT HIMPKYJISMIHHOT BOAX LUITXOM TEIUIOOOMIiHY 3
arMocQeporo 3a TIIOLICI0 BOAHOTO J3epKara;

2) miaTpUMKa MPOEKTHOTO PIBHS y HUPKYJISLIHHIA cUCTEM1 TEXHIYHOTO
BOJIONIOCTAUaHHS;

3) miaTpuMKa HEOoOXiIHOT SIKOCTI HUPKYISIIIMHOT BOIH.

BonoiiMa-0xoo/pKyBad € TEXHIYHOKO BOJIOWMOKO 1 HE MpH3HAYEHA JIIsl
pHOOTOCIIONapChKOl MisTIBHOCTI SIK TaKoi, ajie BUPOILyBaHHs pUOH, 3apuOIeHHS
Ta BUJIOB pUOUW Ha aKBaTOPIi BOIIOWMHU-0XOJIO/PKYBada BeACThCS 3 METOK 0i0MeTi-
opartii. OCKiJIbKM TEXHOCKOCUCTEMH YaCTO CTHKAIOTKCS 13 Olomeperkoaamu, siki
MOXKYTh IPU3BOIUTHU A0 aBapiiHUX CUTYaLil pi3HOro cryneHs [5—6]. OcobmuBo
[Ie CTOCYETHCS MIANPHUEMCTB aTOMHOT €HEPIeTHKH, 1110 MAIOTh CKJIaJHy CUCTEMY
OXOJIO/PKSHHSI Ta BOJOBIIBECHHS, 1 IIEPEIIKOIU B POOOTI HE MOXKYTh Oy TH JIOCHTh
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LIBUAKO YCYHYTi. ToMy JOLIBHO BUPOIIYBAaTH BHUIIH, SIKi TIOIIaTUMYTh Oiomacy
BOZIOPOCTEH, MepU]ITOHY TOLIO, SIKi 1 CTBOPIOIOTH Oionepemkoau [7].

IocTanoBka 3aBnanns. Pyitnanis Kaxoscskoi 'EC npuzBena 1o cTpim-
KOTO 3HIIKCHHS piBHS Boau y KaxoBcbkOMY BOAOCXOBHII, 110 BIUIMHYIIO 1 Ha
BojoiimMy-oxosomkyBay 3AEC. 3a indopmariero npec-nieHTpy Eneproatoma
Big 31 sxoBTHs 2022 poky [8] BHacigok 3ynuHKH eneproonokis 3AEC npumnu-
HUBCS HArpiB BOJM Y BOJONWMIi-OXOJIO/PKYBaYi, 10 MPU3BEJIO JI0 3HUIKESHHS TEM-
nieparypu Boau 10 no3Hauku +13 °C. Lle npu3Besno 10 MacoBoi 3arudeni pudu
y BO. B TOMy 4mcHi 10 BTpaTH yHIKaJIbHOT MOMYJISIIT MO3aMOIIbKOT THIIAIII.
Buxozsiuu 3 11bOro MeTO0 HaIoi poOOTH OYyJIO IPOBECTH aHAJIi3 CKJIaIy 1XTio-
(dayHH cHCcTEM OXOJOMKEHHS Ta CUCTEMH TEXHIYHOTO BOJIOMOCTAa4YaHHs 3amo-
pizbkoi AEC, a came BOIONMH-0XOJIO/)KYBaua, Ta OI[IHUTU 30UTKH, 3arolisHi
BHACII/IOK MOpyIIeHHs pexxumy excrryaranii 3AEC B nepiox oxynarii.

— TpoaHanizyBaTH 3BiTHI Marepianu 3amopizbkoi AEC Ta BrmacHux
JOCITI/PKEHBb MIOZI0 CTPYTKYpPU I1XTIOLIEHO3Y, OOCATIB BWJIOBY Ta 3apHOJICHHS
BOZOMMU-0XO0JI0/KyBaua;

— po3paxyBaTH 30UTKH, y KOHTEKCTI BTpaTH 010MeNiopaTUBHUX PECypCiB
Ba)KJIMBOTO CTPATEriyHOro 00’ EKTY.

Marepiaau Ta metoau. IxTionoriunuii Marepian 30upain 3 KOHTPOIb-
HUX 3HApsIb JJOBY HAOOPOM CTaBHHX CITOK 3 KPOKOM Biuka a=30—110 MM BIiTKY
2021 poky mig 4yac ekcreauiiii Ha BO 3AEC. Kpim Toro, BUKOpHUCTOBYBaIIU
3BiTHI Marepiasim 3AEC. 36ip Ta 00poOKy iXTiOJOTIYHOTO Marepialy MpOBO-
JAJTH 13 BUKOPHCTAHHSAM 3arajbHONPUHHATHX KIACHYHUX MeToauK [9—11].

Jnst po3paxyHKiB 30MTKiB, HaHeceHUX puOHMM pecypcam BO 3AEC,
BUKOPHCTOBYBJIM METOJUKY PO3PaxyHKY 30MTKiB MiHarponomituku ta MiH-
noBkims [12].

3aranpHi 30MTKH, 3aM0/isIHI pUOHUM pecypcaM BHACIIAOK 3arudesni puou
Ta HIIMX BOIHHUX OiopecypciB, CKIANAIOThCA 3 MPSMHUX 30UTKIB 1 30UTKIB BiX
BTpaTH TIOTOMCTBA (HEMPSIMHUX 30UTKIB).

[psimi 30uTKH po3paxoByBaiu 3a popmyoro (1):

N, =Z*n*p (1),
e, Nl—p03Mip 30MTKIB, 3alOMISHUX 3aruOeurro ocoOMH a0o iX HE3aKOHHUM
BHJIYYEHHSIM 3 BOJHOTO CepeloBHUINA (THC. TPH.); Z — BapTICTh MPOAYKIIi,
BUTOTOBIICHOT 3 1 KI' CHPOBHHH, 32 JIFOYMMH PO3APIOHMMHU PUHKOBUMH I[IHAMH
perioHy Ha MOMEHT MpPOBEACHHS PO3paxyHKy 30HTKiB (TpH.); N — KUIbKIiCTh
3aru6aux abo HEe3aKOHHO TOOYTHX 3 BOJOWMH CTaTEBO3PIINX 0coOmH (mIT.); P —
cepenHs Maca cTareBo3pisioi ocoounw (kr) [12].

Jnst po3paxyHKy HenpsiMHX 30MTKiB BUKOPHUCTOBYBAJIM HACTYNHY (op-
myny (2):

Nz:n*Q*k*p*r*c*Z (2),
10000
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ne, N, — po3mip 30MTKiB, 3almOIisHUX BTPATOX IOTOMCTBA (THMC. TIpH.);
N — KUJIBKICTh 3aruOnmux ab0 HE3aKOHHO J00YTHX CTATeBO3PLINX OCOOMH (INT.);
Q — cepenHst MIOAIOYICTh IKPHHOK, TUUMHOK (IIT.); k — KoedimieHT mpomuc-
JIOBOTO MOBEPHEHHSI BiJl iKpH (JJMUMHOK) (Y BiZICOTKAX); p — CepeHs Maca cTa-
TEBO3p1JI0l 0coOMHU (KT); I — BiHOCHA YacThHA (200 110J1s1) caMoK y craji (y
BIJICOTKAX); C — KpaTHICTh HepecTy (pa3); Z — BapTiCTh MPOAYKIIii, BATOTOBJIECHOT
3 1 Kr cCUpOBHHHU, 32 AiIIOYMMHU PO3APIOHUMH PHUHKOBHMH I[iHAMH PETiOHY Ha
MOMEHT IPOBEJICHHS pO3paxyHKy 30UTKiB (rpH.) [12].

CrarucTu4Hi po3paxyHKH MPOBOAWINA 3 BUKOPUCTAHHSIM TaKeTy IpH-
kiaaHux nporpam Microsoft Excel 2021.

Pesyabratn gociaimkeHnsn. [xtiornieHo3 BojolMu-oxoiomkyBada 3AEC
MpEACTaBICHUH TY4YHO cPOpMOBaHMM OiOLIEHO30M, SKHMW BKIIOYaE B cede
MPEACTAaBHUKIB Pi3HUX TpodiuHuX BUIIB: pitodaru, Oenrodaru, miankrodary,
xmwKaky. OCHOBHOIO METOIO CTBOPEHHSI TAKOT EeKOCHCTEMH € OioMemiopallisi cuc-
TEMU OXOJIO/PKEHHS Ta TEXHIYHOro Bogonocradanus 3AEC.

VY cyuacHOMy cKiaji ixtiodayHH BOJOWMH-OXOJIOKYBaYa 3apeecTpo-
BaHO 16 BuuiB puo6. I3 abopureHHNX BUIB, SKi IEBHOIO MIpPOIO aJanTyBaHCs
JI0 YMOB TEXHIYHOI BOJOWMM, HasiBHI Kapach cpiOmscruii Carassius gibelio
(Bloch, 1752), mritka Rutilus rutilus (Linnaeus, 1758), kpacuomnipka Scardinius
erythrophthalmus (Linnaeus, 1758), nsit Abramis brama (Linnaeus, 1758) Toro.
I3 BUAIB, IKUX IHTPOMYKYIOTh 3151 3a0e31neueHHsI OioMertioparlii HasBHI 01K
ToBCcTONIOOUK Hypophthalmichthys molitrix (Valenciennes, 1844), Ginuii amyp
Ctenopharyngodon idella (Valenciennes, 1844), uopuuii amyp Mylopharyngodon
piceus (Richardson, 1846), Tunsimist Mmo3amOikcbka Oreochromis mossambicus
(Peters, 1852), xananpuuii com Ictalurus punctatus (Rafinesque, 1818), ame-
pukaHcbkuii com Ameiurus nebulosus (Lesueur, 1819), yepBOHOXBOCTHIT COM
Phractocephalus hemioliopterus (Bloch & Schneider, 1801). Takox 3yctpiva-
I0ThCSI 1HBA31MHI BUIN: aMypchbkuil yebadok Pseudorasbora parva (Temminck
& Shegel, 1846), coustunuii okyHb Lepomis gibbosus (Linnaeus, 1758). OcranHi
MOXYTh CTPIMKO HapoOIIlyBaTh CBOK) YUCEIIbHICTh Ta OlOMacy B HECTAOLIBHUX
EKOJIOTIYHUX YMOBAX TEXHIYHUX BOHONM.

VY 2021 poui 44 % BuuiB pud CTAHOBWIIM MPEJACTABHUKUA aOOPUTECHHOL
ixtioayHu, a 56 % npeacTaBieHi 4y>KOPiTHUMA BUIAMH.

3aTpodiunnm ciBBigHOmEHHM 37,5 % cranoBunu 6entodaru, 31,3 % —
xmwxaku, 18,8 % — mrankrodaru, 12,5 % — ditodaru (pucyHoxk 1).

3a aHaji30M BHJIOBY KPYMHOBIYKOBUMH CiTKaMH ( a=70 MM) BCTAHOB-
JieHo, 1o 62,6-75,4 % BUIIB MpHIAIAI0 HAa Kapacs CpiOisicTOro, THIIAIIIO,
kopoma Cyprinus carpio (Linnaeus, 1758) Ta 6imoro ToBcTOM00MKa. Y AOCIHI-
JOKCHUH TIepiojl iXTIONEHO3 B OCHOBHOMY CKJIQJIaBCS 13 MPEJICTABHHKIB, IO
3a0e3MedyoTh 0ioMeliopallito — (HITOIIAHKTO-, 300TUIAHKTO-, OEHTO— Ta EBPHU-
¢aru, a Takok pociauHOinHI puOu. HaiiGinbiie B yioBax mnepeBakanud OeH-
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tToaru (3a BUAOBUM CKIagAoM — 35,6 %), MpelncTaBieHi KOPOIOM 1 KapaceM.
Jleiio MeHIIMH BiJICOTOK TUTaHKTO(AriB (011N TOBCTOJIOOUK) 32 UUCEIIBHICTIO —
32,5 %, onHak, 3a 6ioMacor — 64,6 %.

12,5 %

31.3 %
O @itodarn

B bentodara
Ilnankrodarn
B XmxakH

375 %

Puc. 1. BincorkoBe crniBBiiHOIeHHs TPodidyHUX rpyn pud Bopoiimu-oxosomkyBaya 3SAEC

MermnioparuBHuii 10B pubu mpotsirom 2010-2020 pp. 6a3yBaBcs Ha HACTYTI-
HUX BHJAaX: OUTHH TOBCTOJIOOMK, THIIAITIS Ta KaHATBHUHN coM (Tabmuris 1).

Tabauys 1. Ob6cArn MeJIiopaTHBHOTO BUJIOBY BOJHUX OiopecypciB
3a 2010-2020 pp.

Bux Pik| 5010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 2020

bimnii ToBCTO- | 030 | 5600 | 2730 | 2805 | 770 | 733 | 1565 | 1414 | 1618,6 | 1092,2 | 388925
JIOOMK, KT

Kanamenuit | 550 1 340 | 0 [ 601 | 641 | 208 | 372 | 25 | 10 10 10
CcOoM, KI'

Twosmis, kv | 706 | 646 | 1063 | 1143|1078 | 573 | 560 | 140 | 1416 | 73,8 70,5
Bcroro: 3786 | 3586 | 3793 | 4549 | 2489 | 1604 | 2497 | 1579 | 17702 | 1176 | 3969,75

MeniopaTuBHHI IPOMHUCEI OIJIOT0 TOBCTOI00MKA Oa3yBaBCsl HA 0COOMHAX
7-9 xr Macu. AHalli3 MeJiOpaTUBHOTO BUJIOBY 01J10TO TOBCTOJIOOMKA 32 OCTaHHI
10 pokiB yka3ye Ha 3HauHe 3HMKEHHsS Horo BuiydeHHs y 2014-2016 pokax,
sIKe 3HAXOAMWIIOCH B Mexax Bijg 770 kr 1o 1565 xr. BapTo 3a3HauuTH, 1110 BUJIOB
CTapIIOBIKOBMX OCOOHMH O1IOTO TOBCTOIOOMKA — II€ O/IHA 13 TOJIOBHUX YMOB BJIa-
JI01 yTHITi3alii OpraHiyHoOi PEYOBHHH, sIKA CTBOPIOETHCS (iTorurankToHOM [7].
SIK110 He BHJIyYaTH CTApUIOBIKOBUX OCOOMH BHJY — BOHHM 3aTMHYTh Ta BHBLUIb-
HSTh aKyMYyJbOBaH1 O10TeHHI €JIEMEHTH 3HOBY JI0 BOAOHMH, IO CIIPUSITUME TIOB-
TOPHOMY PO3BUTKY BOJOPOCTEN.
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Tunsniss BUCTymae CIIOXKUBadeM OiOMacu HUTYACTHX BOJOPOCTEH Ta
3ano0irae iXx MacoBoMy OOpOCTaHHIO Ha TiIPOTEXHIYHHUX cHopydax. B ymoBax
BO 3AEC Bua akiiMaTH3yBaBcs Ta YTBOPHB CaMOBIJTBOPIOBAJbHY MOITYJIS-
{10, OCOOMHHU SIKOi PO3MHOKYIOTHCSI TIPOTSTOM YCHOTO POKY (SIKILO TemIepa-
Typa BOIM B3UMKY He omyckaeTbesi Hikue +18 °C. Cepennbopiunuii Oararo-
pIUHUI MOKa3HUK BUJIOBY THJISIIT 3 BopoiiMu-oxonomkyBada 3AEC cTaHOBUTH
376,7 kr/pik. Buxonsuu 31 CIeKTpy >KUBICHHS THIISIII0 MOYKHA PO3IIISAATH SIK
e(ekTUBHOTO OioMemoparopa, OJJHaK BOHA € KOHKYPSHTOM OLIOMY amypy.

3a pe3yabTaraMy iXTIOJNOTIYHHX JOCIiKEeHb Oylo pO3paxoBaHO 3amac
BOJHMX OlopecypciB BopoiiMu-oxonomkyBada 3AEC na 2021 pik (Tabnuns 2).

Tabnuya 2. Ouinka 3anaciB BoaHux diopecypcis, 2021 p.

Buau puo Obcsrn, T

Binuit ToBcTonmo6uk H.molitrix (Valenciennes, 1844) 279,99

Binmuit amyp C.idella (Valenciennes, 1844) 73,96

Kapacs cpibmsictuii C.gibbelio (Bloch, 1752) 25,65

Kopon C. carpio (Linnaeus, 1758) 54,63

Tussimist Mmo3amoitieka O.mossambicus (Peters,1852) 145,05
ITnitka R. rutilus (Linnaeus, 1758) 0,29

Cynaxk 3Buvaituuii Sander lucioperca (Linnaeus, 1758) 0,60

Kananehuuii Ictalurus punctatus (Rafinesque, 1818), ameprkaHCbKHii
Ameiurus nebulosus (Lesueur, 1819) Ta yepBonoxBoctuit Phractocephalus 1,84
hemioliopterus (Bloch & Schneider, 1801) comu
Bceroro 581,99
BionpoayKTUBHICTD, KI/Ta 709,75

3 metoro Giomemiopartii 6mu3bpKk0o 30 POKiB TOMY BOAOWMY-OXOJIOMKYBaY
Oymo 3apuOJICHO TEIUTONMIOOHUMH BHIAMH PO, a camMe MO3aMOIIbKOIO THIIS-
mieto (eBpudar), KaHaJLHAM COMOM Ta aMEPHKaHCHKUM COMOM. Pubwm moima-
FOTh MIPOAYKITit0 (PITOTIAaHKTOHY, (iTorepudiToHy Ta (iTOOEHTOCY, TAM CaMUM
3a0e3Meuyoun YHCTOTY TiIPOTEXHIYHUX CTIOPYI, OCOOIMBO TEPIIOTO KOHTYPY
oxonomkenns. Yepes pyinamiro Kaxoscekoi 'EC, 3HmWKeHHS piBHS BOIW Ta
npunuHeHHs misutbHOcTI 3AEC exocucremy BO 3a3nama karactpodigamx
HaciakiB. Hamu Oyito po3paxoBaHi BETHIHMHH 30UTKIB, IIT0 BUHUKIIN Y PE3YIThb-
TaTi 3aruoei iXTioNeHO03Yy.

3aranmpHi 30MTKH, 3aMOAisIHI pPUOHOTO TOCIIONAPCTBY BHACIIIOK 3aruberti
puOH Ta IHIIUX BOTHUX OiopecypciB HaBeneHi B Ta0muIli 3. BoHM cKiTamaroThes
3 IPSIMUX 1 HEMPSMUX (B BTPATH TOTOMCTBA) 30UTKIB.

Hapasi mopymmeHHs TiZpojoTidHOTO PEXHMY BOIOHMH-OXOJIOMKyBada
3AEC mpu3Besno 10 BTpaTH TEIUIONIOOHUX IHTPOTYKOBAHUX BHIIB PHO TaKHX,
SIK THJISITTIST MO3aMOIITbka Ta KaHATBHUN, aMEPHKAHCHKUHA 1 YSPBOHOXBOCTHH
COMH.
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Tabnuysa 3. 30MTKM y pa3i BTpaTH iXTioJ0riuHoro ckiaamy
BO/I0HiMU-0X010/zKyBavya 3anopizbkoi AEC

Illspag;T;lcc;l;i IﬁlpﬂMi Hgl‘lpﬂMi 3%ra.m>ﬂi
Buz pu6 (ceprient. 2023), | LTER L pn | mwe. rpn
TPH/KT
@) (N) (N,) (N)
Binuit ToBCTONIOONK® 80 22 399,20 0 22 399,20
binuit amyp* 90 6 656,40 0 6 656,40
Kapacs cpibmsctuit 40 1 026,00 9 849,60 1 035,85
Kopom 80 4 370,40 65 556,00 4 435,95
Cynax 140 84,00 577,50 84,58
KanabHnii, avepukascpKuid 90 184,00 4066,40 188,07
Ta YSPBOHOXBOCTHUI COMU
Tunsimist Mo3amOilbKa 200 29 010,00 8 911,87 29 018,91
ITmiTka 70 20,30 186,76 20,49
Bcerboro: 63 750,30 89 148,13 152 898,43

[TpumiTka: * — BUa B yMOBaX BOJJOMMHU CaMOCTIHHO HE BiJAITBOPIOBABCSI.

3aramom, 3a yciMa BTpaYeHHMH BHIAMH iXTIOIIEHO3Y BCTAHOBJIECHO, IO
3arambHa cyma 30MTKiB ckiamae 152,898 MiH TpH., 3 HUX MPSIMHUX 30UTKIB —
63,750 MuTH TpH., Ta HeNpIMUX 30UTKIB — 89,148 MiTH rpH.

Takok ciif 3a3HAUNTH, MO BTpaTa BHIIIB-MENiOpaTOpiB IpH3BETa 110
TIOTIPIIEHHS CTaHy CUCTeMH oxojomkeHHs 3AEC, 1Mo € KpUTHYHO Ba)KITUBOIO
y mrTaTHOMY (PyHKITIOHYBaHHI caMoi €IeKTPOCTAaHIII1, Ta TOMaTKOBUX TOTEHITIH-
HUX 30UTKIB, ITOB’SI3aHMX 3 il PEMOHTOM.

Pe3ynpraTi mpoBeneHNX AOCHTIMKEHDb CBIiTYaTh PO CYTTEBI €KOJOTIUHI
HACTIIKA TOPYIICHHS TEMIIEPaTypHOTO Ta TiAPOJIOTIYHOTO PEXUMY BOIO-
Mu-oxoomkyBada 3amopizbkoi AEC depes 3ynmuHKY poOOTH e€HeproOiIoKiB.
Oco0nuBy yBary MpuIiICHO BTpaTaM, TIOB’ I3aHUM 13 3aTHOEIUTIO TeTUTOMO0HNX
pub-06iomerioparopiB, 30KpeMa MO3aMOIIbKOI THIIATII, SIKa yTBOPIOBajia caMo-
BiATBOPIOBAJIEHY TOMYIIAIIIO Ta OyiTa KJIFOYOBUM €JIEMEHTOM y CHCTEeMi OioMe-
Jiopariii BOZOHMHU.

OCHOBHOIO METOIO0 IITYYHOTO CTBOPEHHS Ta MIATPUMKH iXTiOIEHO3Y
Yy BOIOWMIi-OXOJOKyBadi OyJI0 BHUKOPUCTAHHSI PUO IUIsI KOHTPOIIO 3a PO3-
BUTKOM (piTOIUTAaHKTOHY, (hiTonepruDiTOHY Ta IHITUX OPTaHi3MiB, SKi MOXKYTh
BIUTMBATH Ha YHKITIOHYBAaHHS T1APOTEXHIYHUX criopya. Taki Bumu, sk Oimuit
TOBCTOJIOOWK, Oimuii amyp 1 TWIAMiS, € ¢hEeKTUBHUMH OioMesioparopamu,
OCKITPKM BOHU aKTHBHO CIIOKMBAIOTH Oiomacy (¢ITOIIAaHKTOHY Ta TEpH-
(hiToHy, 3armobirar0dn HaAMIPHOMY PO3BUTKY ITUX OpraHi3MiB, IO MOTIO O
MPU3BECTH 0 OOPOCTaHHS TEXHIYHOTO OONamHaHHSA. BTpara TemmomoOHUX
BUJIB Uepe3 3HIKEHHS TeMIlepaTrypu Boau Hiokde +13°C He nmume mpu3Bena
IO TIOPYIIECHHS OaJlaHCy €KOCHUCTEMH, ajie i CIpHUsiia MOTCHIIIHHUM TEXHid-
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HUM yCKJIaJHEHHSM Yy CHCTeMaX OXOJOMKeHHs. Brpara Buni-6iomemioparo-
piB cripusic BiIHOBJICHHIO Ta aKTHBHOMY 3pOCTaHHIO 0i0OMacu BOJOpPOCTEH Ta
IHIIKX TiApoOiIOHTIB, 10 MOXKE MPU3BECTH A0 301IBLICHHS KUTBKOCTI Oiomepe-
KO/l T BAHUKHEHHS aBapiiHUX CHUTYaIliil.

[MinpaxyHok 30uTKiB 3anoisHux ekocucremi BO 3AEC BHaciiok 3aru-
Oeni pub € Ba)JIMBUM JIJIsl eKOHOMIYHOT OI[IHKY BILTUBY BiliHM Ha BOJIHI €KOCHC-
Temu KpaiHu. OcoOIUBO KPUTHYHOIO € BTpaTa TAaKUX BUIiB pub OioMeiopaTopis,
SK: TUJIATIS, OLTMH TOBCTONOOHK 1 aMyp, — 1110 TAKOK MaTUMe JOBIOCTPOKOBHH
BIUIMB Ha TOTIPIICHHSI Ti{POEKOJIOTIYHOrO CTaHy BOJOWMHU, 10 MOXE MOTpe-
OyBaTu JTOJATKOBUX BUTPAT HAa BIJHOBJICHHsS Ta cTaOumi3amito ekocucremu BO
3AEC. Takox 3arubens puO-6iomeniopartopiB MOXe CHPHUSITH HAKOMUYECHHIO
OpraHiyHOi PEYOBHMHU Yy BOJIOWMMI, IO MPHU3BEIC 10 BTOPUHHOI eBTpodikariii
BOJIOMMH 1 PO3BUTKY BOAOPOCTEH ((hiTOMIaHKTOHY Ta (iTonepediToHy).

Jlnst 3amo0iraHHs MMOJANBIIAM €KOJIOTIYHHM Ta CKOHOMIYHHMM BTpaTam
JOLTBHO BigHOBUTH mporpamu Oiomemiopanii BO 3AEC, 30kpema nuisxom
MOBTOPHOTO 3apHOJICHHS BOIOWMH BHIAMH, IO 3a0€3Me4yI0Th KOHTPOJb Hall
PO3BHUTKOM BOAOpPOCTEH Ta iHmMX Oiomepemikoa. BaxiuBo po3poOHTH HOBI
3ax0QM Ui 3ano0iraHHs MOAIOHMM CUTyalisM y MaiOyTHbOMY, LIO MOXKeE
BKIIIOUaTH MOHITOPUHT TEMIEPaTypH i TIAPOJIOTiYHOTO PEKUMIB EKCIUTyaTallii
CHCTEM OXOJIOJPKEHHS Ta BITPOBAKEHHS JOAATKOBHUX 3aX0/1iB MO0 MiATPUMKH
CTablIBHOCTI EKOCUCTEMH.

BucHOBKH 3 T0C/iIKEHHSI Ta MEePCNEeKTHBU MOJAJIBIIOT0 PO3BHTKY
B 1boMY HampsiMi. [lopymieHHs TiIposoridyHOro pekuMy BOJOHMH-OXOJIOA-
kyBaua 3AEC mpusBeno a0 BTparu TEMJIONMIOOHHX BUAIB-iIHTPOAYLEHTIB 1
OCHOBHHX BHIiB-OioMemioparopiB. Jns 3amoGiranust nmpobieM mosiBu 6ioio-
FYHUX TIEPEIIKOJl, BUKIUKAHUX TiApo0ioHTaMH HEOOXIJHO JOTPUMYBATHUCS
o0csriB 6GiomenioparuBHoro 3apudnenus BO 3AEC, pekomennoBanux y «Tex-
HOJIOTIYHOMY OOIPYHTYBaHHI 3aCTOCYBaHHSI O10JIOITYHOTO METOMY 3HUKEHHS
KUTBKOCT] (DITOIUNIAHKTOHY Ta MOJIOCKIB y riapoTexniunii cucremi 3AEC Tta
MPOBEJCHHST OlOMeNiopaTUBHUX POOIT 3 BHKOPUCTAaHHIM pHUO-Oiomeomiopa-
TopiB Ha mepiox 2018-2022 pp.», sike HamaHO ¢axiBusgMH JIHITPOBCHKOTO
HalioHampHOTO yHiBepcuteTy iMeHi Omnecst [onuapa o oxynamii M. Enepro-
napy. Bcranopneni Buan pu0, 110 3arMHY/IM Ta MOIIM 3arHHYTH y Pe3yJbTari
npunuaeHHs nisiibHocTi 3AEC. PerenbHuil po3paxyHOK MpsIMUAX 1 HENPSMHUX
30UTKIB BiJl BTPAT iXTiOLIEHO3Y JO3BOJIMB OTPUMATH OOIPYHTOBaHi JaHi, 110
JIOLTBHO BHKOPUCTOBYBATH JUIS PO3POOKH Ta BIPOBAIKCHHS €(EKTHBHUX
3axO[iB 3 BIJIHOBJICHHS Ta 30epeKeHHs1 010pi3HOMAHITTS BUIIB pUO BOAOHMH-
oxonoxysada 3AEC.
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ASSESSMENT OF DAMAGE TO ICHTHYOFAUNA
OF THE ZAPORIZKA NPP COOLING RESERVOIR

Marenkov O. M. — PhD (Biology), Associate Professor,
Nesterenko O. S. — PhD (Biology),
Borovyk I. I. — PhD (Biology),
Research Laboratory of Hydrobiology, Ichthyology and Radiobiology of the Research
Institute of Biology of Oles Honchar Dnipro National University,
vanborl7@gmail.com

The article presents the results of studies of the dynamics of reclamation catches and
the structure of the ichthyocenosis of the cooling reservoir (CR) of the Zaporizhzhia Nuclear
Power Plant (ZNPP). A brief description of the ZNPP is presented. The data on potential
damages arising from the loss of fish species due to violation of the hydrological regime
during the military occupation of the station, changes in the operating conditions of the power
station are given. Ichthyological studies were carried out according to the methods of Arsan,
Ozinkovska and Movchan. The calculation of losses was carried out according to the method
of calculation of losses of the Ministry of Agriculture and the Ministry of Environment.

There are currently 16 species of fish in CR. According to the trophic ratio,
benthophages make up to 37.5 %, predatory species — 31.3 %, planktophages — 18.8 %,
and phytophages — 12.5 %. Currently, the death of heat-loving fish species (mozambique
tilapia, channel catfish, brown bullhead and red-tailed catfish) is recorded. It was
established that the total amount of damages caused to the fishery as a result of the death
of fish amounts to UAH 152.898 million. A decrease in the number of bioremediation
species and their complete loss (heat-loving species) threatens the development of
existing biological obstacles and the appearance of new ones, which in turn can lead to
emergency situations.

Due to the occupation of the city of Enerhodar and the lack of the possibility of
conducting full-fledged hydroecological studies at the present time, it is recommended
to use the "Technological substantiation of the application of the biological method of
reducing the number of phytoplankton and molluscs in the hydrotechnical system of
the ZNPP...", which was valid until 2022 (developed by specialists of the Oles Honchar
Dnipro National University), to ensure bioreclamation and combat bioobstacles in the
ZNPP techno-ecosystem.

Keywords: ichthyofauna, cooling reservoir, hydroecology, damages, Zaporizka
NPP, biological obstacles, phytoperiphyton.
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OrmamoBa cTarTs BimoOpakae pi3HOCIEKTPOBY HAYKOBO-IOCHITHY poOoTy, imei
Ta JUCKYCIl 3a pe3yJbraTaMyi OTPUMAHKX JOCIIIPKEHB MO0 SKOJOrIYHOro cTany Twuiti-
I'YJIbCBKOTO JINMaHY, SIKUil 3HaX0UThCs Ha Mexi Onecbkoi Ta MukonaiBehKkol oOacTei.
AKTyaJIbHICTh JOCIIJDKCHHS TIOB’sI3aHa 13 HaraJbHUMHU MTUTAHHIMH, SIKI OTPEOYIOTH
BUPIIICHHS B KOHTEKCTi 30CpEKCHHSI MPUPOTHOTO OIOPI3HOMAHITTS JTMMaHy 33 YMOB
BIUTMBY a010THYHUX Ta O10THYHMX YNHHUKIB.

O06’ext nocnimkeHast — Tumirynscekuit mumad. [Ipeamer mocmimkeHHs — eKo-
JIOT1YHKH cTaH TUIIryJIbChbKOTO JIMMaHy B yMOBaX Cy4acCHHUX aHTPOIOI€HHUX Ta KiliMa-
TUYHUX 3MiH. [Tix yac nmpoBeneHHs qocipKeHHs OyJI0 BAKOPHCTAHO HACTYITHI METO/IH:
3arajbHi Ta CIeliajdbHi METOIU, KPUTHYHOTO aHalli3y, MOPIBHAHHS Ta CHHTE3Y, 300Dy,
aHatizy, 00rOBOpPEHHS OITyOJIiKOBaHOI iH(pOpMAITii.

3a JMoCHiHKEHHSIMH Pi3HAX aBTOPIB BiIMIYEHO, IO OLIBIIICT TpaHChOpMAIiii-
HUX MPOIIECIB CTIPHSIIOTH 3HMKEHHIO BUIOBOTO Pi3HOMAHITTA PHO Ta iHIINX Tiapo0ioH-
TiB Tunirynbcbkoro Jimmany. BucitieHo iHdopMaliito 111040 onpairoBaHHs HasBHHUX
Ppe3yJbTariB TOCIIKEHHS BIUTUBY CLILCHKOTOCIONAPCHKOT Ta roCIoapchKko-1o0yToBol
JUSUTBHOCTI Ha akBaTOpIlO JIMMaHy, 30KpeMa, uepe3 3a0py/IHeHHS CTIYHUMH BOJIAMH Ta
BUKOPHCTAHHS IECTULMIIB Ta JTOOPHB.

[IpencrapneHi maHi pO3KPHBAIOTH BAXKIUBICTh PO3POOKHA KOMIUIEKCHUX HayKO-
BO-TIPAKTUYHAX PEKOMEH/AIlil 3 BEKTOPOM BOJOOXOPOHHHX Ta BOM030epirarodmx 3a-
XO[IiB, CIIPSIMOBaHHUX OE3MOCEPEIHBO Ha O0’€KTH HAPOJHOIO TOCIOAAPCTBA MOOIU3Y
JUMaHy Ta 3a0e3leUeHHs] CTAJIOr0 BUKOPHCTAHHS HOrO BOJ 3 3MEHIICHHSM PH3HKIB
3a0pyHEeHHs aKBaTopii. 3 OrIsiay Ha Te, 10 Ha TEPUTOPIi IMMaHy HasBHA BEJINKA KiJlb-
KiCTh HECIIPUATIUBUX €KOJOT1YHUX MPOIIECIB, a HOT0 CTaH B OUTBIIOCTI HAYKOBHX POOIT,
ABTOPAMH PO3LIHIOETHCS K «KPUTUYHHI», TOLIIBHUM CTAa€ BUKOPUCTAHHS KOMILICK-
CHUX 3aXOJIiB, CIIPSIMOBAHMX Ha CTaOLi3aIiio 3arajJbHOrO CTaHy BOJOWMH Ta 3a0e3Ie-
YEHHsI PalliOHAILHOTO BUKOPUCTAHHSI IIOTEHIIIaTy BOJHOT €KOCUCTEMH.

31iiiCHEHO aKIIEHT Ha arpOTeXHIYHUX 33aX0JaX 3 BEKTOPOM Ha MeToau 00poOKH
3emelnb, sKi 0 3amobiranm eposii modnm3y akBaTopii JMMaHy: KyJIbTHBAISl 3aXHCHUX
POCITHH; KOHCepBaLiiiHe 00pOOIICHHS; KOHTPOJIb BOIOCTOKIB; 30€pEeIKEHHS POCIUHHOTO
mokpuBy. ['1IpoTexXHIUHI 3aX011 MAIOTh OyTH pycia0(hOpMyBaIbHOTO, YKPITLTIOBAIEHOTO
Ta IIPOTHEPO3IHHOTO XapaKTepy.
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ITomasbIn HAYKOBI AOCIIHKEHHS MatOTh OyTH CIIPSIMOBaHI Ha PO3POOKY Ta BIIPO-
Ba/DKEHHSI 3aX0J1iB 3 OXOPOHU Ta BiJHOBJICHHS €KOCHCTEMHU THIIITYJILCHKOTO JMMaHYy 3
ypaxyBaHHSIM HOTO yHIKaJIbHOCTI. 3allaHOBaHI HayKOBO-JIOCII/IHI pOOOTH JIOTIOBHSITH
ICHYIOY1 YSBJICHHS Ta OTPUMaHI PE3yIABTaTH Ta CIIPUATUMYTh 30€peKECHHIO Oi0pi3HOMA-
HITTS Ta 3a0e31edeHHio puoHoro noteHmiany [liBneHHoro periony Ykpaidw.

Kitro4oBi cioBa: nrMaH; eKOJIOTIYHI MPOOIeMH; pallioHaIbHE BOJAOKOPUCTYBaH-
Hsl; CTAJIMH PO3BUTOK.

IocTranoBka npo6iaemu. Jlumanu 3 npubepekHO-OEPETOBUMH TEPUTO-
PisIME SIBJISIIOTH COOOI0 YHIKaIbHI IPUPOAHI KOMITJIEKCH. be3yMoBHO, sIK B Oy/ib-
SIK1l eKOCUCTEeMI, HasiBHI TPOQivHI BITHOCHHHU Ta (QYHKI[IOHATbHA CUCTEMA, SKa
3a0e3rnedye CTaluil PO3BUTOK BCIX THUIOBUX MpoleciB. [iaponoriunuii pexum
JMMaHIB 3HAXOAMTHCS B KOPEISIIMHOMY 3B’SI3Ky 31 CTOKOM PidOK, SIKI B HUX
BIIAJA0Th 3 BIIOBIHUM OI0r€HHUMH, 3a0PYIHIOIYMMH PEUOBHHAMMU, BOJI-
HO-COJILOBHM 0aJIaHCOM.

CyuacHuii exonoriunuii ctan THIITYJIBCHKOTO JTUMaHy MOTPeOy€e CKOOp-
JIMHOBAHOTO YIPABJIIHHS, 30€pEKEHHSI Ta PO3BUTKY BOJHUX PECYpPCIB, parfio-
HAJILHOTO BUKOPUCTaHHS moTeHuiany. OTxe, OJUH 13 BXKIMBUX TPUPOIHIX
00’ekTiB, THIITyIbCHKUN JTUMaH BiJirpac KIIOYOBY poJib y 30epeKeHHi YHi-
KaJIBbHOTO OIOpI3HOMAHITTS Ta Maec LiHHI NpUponHi pecypcu [16]. 3pocranHs
PIBHS aHTPOMOTEHHOT MisUIBHOCTI YMHUTH 3HAUHUM BIUIMB Ha 3arallbHUH CTaH
eKocucTeMH. BUCOKHI piBeHb CUTLCHKOTOCIOAAPCHKOTO OCBOEHHS TEPUTOPIi,
roCIOIapChKO-TI00yTOBa Ta TYpUCTHYHA (peKpealiiiHa) AisTIbHICTh CTaHOBJISTh
3HAYHHUU THUCK Ha E€KOJIOTIUHY CKIJIaJI0By akBaTopii Tumirynbcbkoro sumany. Jlo
TOTO 3K, CydacHI TpaHcpOopMallii KI1iMaTy Ta HOTOJHUX YMOB 3HAYHO BILUIMBAIOThH
Ha TiAPOJIOTIYHI YMOBH JIMMaHy, 0 y MalOyTHbOMY, MOXKE CTBOPUTH YMOBH
JUIsl 3HAUHUX TpaHC(POPMAIIHUX 3MiH B HOTO Bosiax Ta OiopizHoMaHiTTi. [Tincy-
MOBYIOUH, BIJIMITUMO, 1110 KOMILJICKCHI HAyKOBO-/IOCIII/THI pOOOTH €KOJIOTIYHOTO
CTaHy JIMMaHy Ha/IaJyTh MOKJIMBICTh JIOTIOBHUTH BXKE 1CHYIOUI HaIpaIFOBaHHS
Ta PO3MISTHYTH MOXIIUBI KEWCH BHPINICHHS OKPECICHHX HAralbHHUX MUTaHb.
B KOHTEKCTI HAyKOBOTO IHTEpECY JOKOPIHHOTO JOCII/DKEHHS OKPECICHUX
OUTaHb CIiJ BIAMITUTH MOXIIMBICTH PO3YMIHHSI TOJOBHHUX (DaKTOpiB BILTUBY
EKOCHCTEMY JINMaHy B I[IJIOMY Ta PO3POOKHU Y TOAAJIBIIOMY 3aXO0/IiB, HALIIJICHUX
Ha cTa0LIi3allii0 (PYHKIIOHYBAaHHS Ta CTAJIOr0 PO3BUTKY.

AHaJi3 oCcTaHHIX JociaimkeHsb i mybaikaniii. Pesynsratu nociimkeHb
ocobnuBocTel TUIIryIbChbKOTO JIMMaHy, WOTO E€KOJIOTIYHOI CKJIAJ0BOI Ipe-
CTaBJieHi 0ararbMa NMPOBITHIMH HAYKOBLISIMHU B CTPATEriyHUX IIaHAX PO3BUTKY
[liBaHs YkpaiHu, B peKOMEHIAIISAX MOJIMIICHHS TiJPOJOTIYHOTO PEXKUMY Ta
HayKOBHX JIOPOOKax, B TOMY 4MCIi MOHOTpadisx oo [1-12].

OctaHH1 HayKOBi IOCIIIPKeHHs Ta MyOsiKaii [8] JeMOHCTPYIOTh 3arpo3-
JMBY TEHJICHIIIT MO0 EKOJIOTIYHOTO CTaHy IIi€i mpupoaHoi BogoiMu. Pesyib-
TaTH JOCIIKEHb B1JI0OPaXkatoTh T1IPOJIOTIYHI 3MiHH, TIOTIPIICHHS SKOCTI BOJU
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Ta YUCJICHHI 3arpo3u JUIsl 3MIHM BHJIOBOTO Ta YHCEJILHOTO CTaHy Oiopi3HOMa-
HITTSI akBaropii Jiumany [10, 12].

AHanizyroun JiTepaTypHi JKepela 3a OKPEecIeHOI TEMaTHKOI, MOYKHA
BiaMiTUTH, 1110 B miepiox 3 2005 no 2015 poku pociigHUKaMu OyJI0 BUSBICHO
TEHJEHI A0 MiJBHUILIEHHS PiBHS 3a0pyJAHEHHs aKBaTropii JUMaHy CUTbCHKHM
TOCIIOIaPCTBOM, CTIYHUMH BOIAMH T'OCTIOIaPCHKO-TI00YyTOBOTO IPU3HAYCHHS Ta
nignpuemcTeamu [12, 15].

[MoripmeHHs sikocTi BoA THIIrYyIbCHKOTO JIMMaHy OB’ s3aHe, Tepll 3a
BCE, 3 MOTPAIITHHIM CIIONYK (Gocdopy Ta a30Ty, a TAKOK BAKKHX METAaiB.
Sk Bimomo, Taki HeOe3MeuHi peYOBUHH MPU3BOISATH 0 cHanaxiB eBTpodika-
1ii Ta MOCTYMOBOTO 3MEHIICHHS iXTio(ayHH, 610pi3HOMaHITTSI BOLOPOCTEH Ta
nraxis [15].

[IpoTe, 10 CHOTOMHINIHBOTO JHSI, BIJCYTHS JOCTATHS KUIBKICTH HayKO-
BUX JOCHIPKEHb CTOCOBHO BHYEPIAHOTO OOIPYHTYBAaHHSI MPUUYUH Ta (akro-
piB BIUIMBY Ha Cy4acHHI €KOJOTTUYHHMMA cTaH THIITyIbCHKOTO JMMaHY, 8 TaKOX
JOCTIKEeHb 010 PO3POOKH ONTHMAIBHUX CTpaTeriii cTadimi3alii Ta cTanoro
PO3BUTKY BOJTHOTO 00’ €KTY.

MocranoBka 3aBnanHs. Po3mIsiHYTH CydacHi €KOJIOTiYHI TpoOIeMH
TunirynbCchkoro JuMany, (aKTopH, siKi BILTMBAIOTh Ha MOTiPLUICHHS HOTro cTaHy
Ta 3alpOIIOHYBATH CTPATETiUHI 3aX0H I0/10 1X BUpilIeHHs. BukopucroByBaTn
y MaiOyTHIX AOCHIJPKEHHSX MPH MMOCTAHOBII BXE MPAKTHYHOI, HAYKOBO-J0-
CJIJTHOT CKJIJIOBOI, TIPEACTABICHHI MaTepian aHoi poOOTH B SKOCTI 0a30BO1
OTJISI0BOT TIAT(HOPMH.

Marepianu i MmeTonu gocaimkeHHs. TeopeTuyHO Ta iHGOPMAIIHHOO
OCHOBOIO JIOCJIJKEHHSI CTaIlM HAyKOBO-AOCIiHI, OIVISIIOBI Mpami yKpaiHChKUX
HayKOBIIIB I1I0JI0 CYYacHOTO CTaHy Ta mpoosieM TUIIryIbChbKOro JUMaHy Ta Horo
BOJ103a0ipHOTO Oacelny.

VY mporieci HanucaHHs po00TH OYJI0 BUKOPUCTAHO 3aralibHi Ta ClieliaibHi
METO/IM, KPUTHYHOTO aHai3y, IOPIBHSIHHS Ta CUHTE3Y, 300py, aHai3y, 00roBo-
peHHs1 onmyOrikoBaHo1 iH(opMallii.

Pe3ynbTarn gociimkenb. TUNIYIbCHKUH JIMMaH 3HAXOMUTHCS HA MEXI
Opnechkoi Ta MukonaiBcpkoi oonacteit B 40 kM Bix M. Ongecu. O3HaueHU# BOa-
HUH 00’€KT yTBOPUBCS HIISXOM 3aTOTUICHHS piuku Tuiiryn, a came ii TOJMHU
MOPCBHKMMH BoJaMu. THIIITYIbCHKUM TMMaH BiTOKPEMIICHHUH Bix MOpsS HE3HA-
HUM YepenaiikoBO-MIIAaHUM TEPECUIIOM, JOBKHHA SIKOTO CsArae MPUOIH3HO
6,6 KM, a IIMPUHA — KOJIUBAETHCS B MeXKax Bija 3,3 10 4 kM [4].

B ymoBax chOrofieHHs, BHACTIIOK 3HAYHUX TpaHC(POpPMaLitHUX KiliMa-
TUYHUX 3MiH Ta aHTPOIIOTCHHOTO HABAaHTa)KEHHS Ha JIMMaH, 32 OLIHKOIO OiJib-
LIOCTI eKCIIEpPTiB 3a JAaHOI0 TEMAaTHUKOIO, BiH 3HAXOIUTHCS B «KPUTHUYHOMY)»
eKOJIOTIYHOMY CTaHi. 3HauHa HapOIHOTOCTONAPChKA MAisIbHICTh, BiiCHKOBUIA
KOH(QIIIKT Ta HEZIOCTATHIH piBeHb 00IPYHTOBAHOTO BOJOTOCIIONAPCHKOTO YIIPaB-
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JiHHSA 1 OiblIe MOCWIIOITh HECTIPUATIMBI €KOJIOT1UHI SBHIIA HA TEPUTOPIi
numany [18].

OnHuM 3 MpOOJIEMHUX MOTOYHHUX MHUTaHb MO THIryIbCHKOMY JIMMaHi,
SIKI BUHHKIIM JICKIJIbKa JIECSITKIB POKiB TOMY, € Cy4acHi KJliMaTudHi Tpancgop-
Mallii, sIKi JIMIIe MPOCTUMYJIIOBAIH, K KaTalli3aTopy NPOLEeCH BUIIAPOBYBaHHS,
a B pe3yibTari, 3MEHLICHHS! 00csry BoA TWIIrylbChbKOTO JMMaHy. Y Biamo-
BiTHOCTi JI0 MPEICTaBICHUX HAyKOBHX JOPOOKIB aBTOPiB, PIYKH, IO KUBUIN
JIMMaH MPiCHOIO BOOIO, MEPecuXaroTh. BiiTKy npouecu BiiOyBatOThCs OUTBII
aKTHBHO, HAaBECHI Iel mporec 3a0e3MedyeThCsl TPUILTUBOM HaBOIKOBUX BOI.
TakuM 4MHOM, pi3Ke KOJMBAaHHS PiBHS BOJAM, COJIOHOCTI (BOJHO-CONBOBUH
pexuMm) cripusie nectabinizanii GyHKIIOHYBaHHS B LIJIOMY BOAHOI €KOCUCTEMH.
3a3Hauumo, mo B nepiox 3 1999 no 2019 poku, mopivHO, HA OKPEMHUX AUISTHKAX
akBaTopii THIIIrYJIbCHKOTO JIMMaHy CHOCTEpirajgach He3HauHa, JOKaJbHA 3aru-
Oexb pubu, mo 6e3nocepeHbo OyIo OB’ SI3aHO B TOMY YHKCIII 13 IPOTPECyI0U0I0
eBTpodikariero Box [8].

HayxoBi npani BimoOpaxaroTh BaXJIMBICTh Ta HarajibHy NOTpedy BHpi-
LICHHS! TTMUTaHHS MOCTYMOBOTO MiJBHILIEHHS PIBHS COJOHOCTI BOJA JHMMaHy B
pe3ysbTaTi 3HaYHOTO TPUTOKY MOPCHKUX BOJ T BOJHOYAC 3MEHIIECHHS HAAXO0-
JOKEHHS 3 BO103a00py mpicHUX BOJ. Taki 0COONMMBOCTI HAJXOMKESHHS BOJI IIPO-
TSITOM POKY, OCOOJIMBO B JIITHIH Mepiof, IKKi XapaKTepU3yeThCs i€ i BUCOKUM
piBHEM BUIIapOBYBAHHS, CIIPUSIOTH MiABHIICHHIO PiBHS COJOHOCTI JMMaHY 10
25-30 %o [3].

3a3HauuMoO, MO 3acOoNeHHsS BoA THIryIbCHKOTO JIMMaHy Oe3yMOBHO,
3HAYHO BIUIMBA€ HA WOTO BUIOBHU CKjaj. Tak, BHACHIIOK ITiIBUIIICHHS PIBHS
COJIOHOCTI JIMMaHy, 3HaUHO 3MEHIIYETHCSI BUJJOBE PI3HOMAHITTS pHO, IO OB’ si-
3aHO 0E3MOCEPEAHbO 13 3aMiHOI0 JOMIHYIOUMX EKOJIOTiYHuX rpyn pub. Tak,
BHACJIIJIOK TTIIBUILICHHS PIBHS COJIOHOCTI, Y JIUMaHi BiZI0yBa€ThCs 3aMiHa JIOMi-
HYIOUHMX COJIOHYBATOBOJHHX BHJIIB PO Ha MOPCBHKI BUAM — JJISI SIKUX BIIACTHBA
3HAYHO MEHIIA BHJIOBA PI3HOMaHITHICTh. Di310J0TIYHO € OOIPYHTOBAHHUM, 1110
aJIanTalifHO-KOMIICHCATOPHI MEXaHI3MH B OpraHi3Mi TiJpOOIOHTIB aKTHUBI-
3yIOTBCS. 32 YMOB ajanTalii 7O HOBUX YMOB iCHYBaHHsI T'iJIpOOiOHTH MOXYTh
MEPEXOANTH HA HACTYIHY €KOJIOT1uHY Hilly. 3a YMOB HEBIAMOBITHOCTI TaKUM
YMOBaM BiJI0yBa€ThCs 3MiHA ICHYBaHHS 200 JICTAIbHUH BUTIAI0K. TaKUM YHHOM,
TpaHcopMallist piBHS COIOHOCTI BOJ Y THIIITyIbCbKOMY JTMMaH1 IPU3BOJHUTH JI0
301AHIHHS BHIOBOTO Pi3HOMAHITTS T1Ip0o0iOHTIB, 3MEHIIEHHS POAYKTHBHOCTI,
YMOB Haryiy, BIITBOPEHHS riapoOioHTiB [7, 14].

JonatkoBuii, HETaTUBHUN BIUIMB HA JIMMaH YMHUTH CUTBCHKOTOCIIOAAP-
ChbKa Ta TOCIOAPCHKO-MIO0YTOBA JisUIbHICTh HACElCHHs. Tak, BHIIAC Xyao0w,
301IbLICHHST PiBHS PO30PAHOCTI TEPUTOPIi, BUKOPUCTAHHS BEIMKOI KiTBKOCTI
MECTHLUAIB, JOOPHB B arpapHOMY CEKTOpi YMHHUTH 3HAYHUU PiBEHb aHTPOIIO-
TeHHOTO HaBaHTA)XCHHS Ha aKBATOPIIO JMMaHy, 0COOIMBO Ha IPUOPEIKHY TEPH-
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TOpit0 Ta BOJ03a0ip. 3a3BUYaii, MPOTITOM JIITHROTO Ta BECHSHOTO MEPiOJiB,
BHACJIIJIOK IHTCGHCUBHUX JIOIIIB Ta MOBEHEH, BiOyBA€ThCS 3a0pyJAHEHHS BOJ
JIUMaHy, HAaKOIWYCHUMHU BHACIIJOK CLIbCHKOTOCIOMAAPCHKOI AisUIBHOCTI 010-
TeHHUX, OPTaHIYHUX T4 MIHEPAJIbHUX PEYOBUH. BiNMOBIIHO, BHACIIIIOK TaKUX
3a0pynHeHb Ha Teputopil TWIIIrymbCHKOTO JHMaHy BiAOyBaroThbCsS MHpPOLIECH
eBTpo(iKalii, 3SHHKEHHS PiBHS MPO30POCTi BOAM Ta HECTaua KUCHIO y MPHIOH-
HUX IIapax BOAM Ha OKPEMHX HOTO IUISTHKAX, SIKi 3a3Hali HAaiO1Ib1IOro aHTpo-
MOTE€HHOTO BIUTHBY [18].

PesynbraTi npoBeneHUX JIOCIIHKEeHb, aHaJi3y MOTEHI[IMHUX YMHHUKIB,
SIKi BIUIMBAIOTh HA 3arallbHUM CTaH JIMMaHy, HaJlal0Th MOXKJIMBICTh BiIMITUTH,
IO MPOTSTOM OCTAaHHIX POKiB, MoOIM3y THUIIrynbChKOTO JIMMaHy, crocTepira-
€ThCS MTOCTYIIOBE 3POCTaHHS KIJIBKOCTI Ta IMIILHOCTI HACEJCHHS, 10 JI0JaT-
KOBO HETaTWBHO BILTUBAE HA HOTO akBaTopito. [1iBUILIEHHS piBHS KOHIEHTpALlii
HaCeJIeHHs1 Ha y30epexoKi TMMaHy YUHHUTh JI0/1IaTKOBE aHTPOTIOreHHE HaBaHTa-
JKEHHS 38 PaxyHOK HE JIMIIE CLIbCHKOTOCIIONAPCHKOT Ta MPOMHCIOBOL isiiib-
HOCTI, aJie 1 32 paXyHOK TOCIIOJapChKO-1100yTOBOI aKTUBHOCTI. Tak, BHACIITOK
CLIIBCBKOTO 3aCeJIeHHs TEPUTOPIi, a caMe 3a PaxyHOK JauHUX KOOIEPaTHBiB, SIKi
3HAXOAATHCS Ha y30epexoki THiirymy, 3Ha4HO 3piC TUCK Ha EKOJIOTIYHY CKJa-
noBy JiuMay. Jlo HacHiJKiB AiSUILHOCTI JAYHUX KOOIMEPAaTUBIB B Mexkax Tuiti-
I'YJIbCHKOTO JIMMAHY CJIiJ] BiJHECTH: 301 JHIHHS Ta MOBHE 3HUIICHHS YHIKAJIBHOT
¢opu Ta QayHu akBaropii Ta IPUIEHIOI TEPUTOPI; YTBOPEHHS CMITTE3BAIIHII]
Ha HArpOMaJKEHHS TBEPMX MOOYTOBUX BIIXOJIB HA MPWICIJIH 30HI; 3HAYHI
MOPYIICHHS MPUPOTHUX EKOCUCTEM, JaHIIa(TIB Ta OIOTOIIB; MOTPAIUITHHS
BHACJIIJIOK JISUTBHOCTI HAaCENIEHHS CTIYHUX 3a0pyIHEHUX BOJI; BHACIIJIOK roc-
MOJIAPChKOT JISUTBHOCTI Ha JIAUHUX KOOTIEpaTHBAX IMOTPAIUISHHS a aKBaTOPitO
JUMaHy HeOe3NeuyHHX MEeCTUIHIIB, T0OpHUB Ta OpraHiYHUX pPEYyOBHMH. 3a3Ha-
YKMO, IO 32 OLIHKaMHU PI3HUX HAyKOBI[IB Ta €KCIIEPTIB BHACIIOK HApOHO-
rOCIONAPChKOi AISIBHOCTI B THIITYAbCHKHN JMMaH LIOPOKY MOTPAILIAIOTH
HEOUHIIEH] CTIUHI BOJH, SIKi 3HAYHO 3a0PYIHIOIOTh TMMaH HeOe3IeUHUMHU peyuo-
BMHAMH Ta BiJMOBIJHO, HEraTUBHO BIUIMBAIOTH Ha HOTO €KOJIOTTYHUM cTaH [16].

e onHiero, 0coONMBICTIO, sIKa Ma€e IyajJbHUN XapakTep HEraTHBHOTO
Ta MO3UTUBHOIO 3HAYEHHS JIMMaHy € Te, 1[0 BOJOOOMIH 3 MOpPEM BiJ0yBa€ThCS
3a paxyHOK IITYYHO CTBOPEHOTO 3’ €AHyBanbHOTO Kanamy (30 x 0,5-1,0 m) [9].
HeperynboBanuii BoZ0OOMiH JIMMaHy 3 MOpPEM Yy pi3Hi Mepioad BiACYTHOCTI
a00 HHU3BKOTO PIBHS MPICHOBOJHOTO CTOKY MPHU3BOIUTH JIO TIJABHIICHHS PIBHS
BOJI JIMMaHy. 3a3HAYMMO, 1[0 SKIIO TaKa TCHCHIIis Oy/e BiIOyBaTucs i Haaalli,
To THUIITyIbCHKUH JIMMaH MOXKE NIEPETBOPUTHCH Ha TilleprajJuHHY BOJOHUMY 3
BHUCOKHM pPIiBHEM COJIOHOCTi. BpaxoByrouw, mo Bogo3ade3nedeHHs: Tuiirymib-
CBKOTO JINMaHy 3a paXyHOK BOJJOOOMIHY 3 MOPEM SIBIIsiE COOOI0 peasibHUI Mexa-
Hi3M 1151 cTabimi3amii riipoeKoNoriYHOTo CTaHy, MUTaHHS Ha0yBa€ MPaKTHYHOT
LIHHOCTI Ta HAYKOBOTO 1HTEPECY.
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[T03UTHBHOIO CTOPOHOIO B Ayalli3Mi THTaHHS POl 3’€IHYBAIBHOTO
KaHaly JUIsl JIMMaHy € Te, 110 BiH 3a0e3Ieuye IMMaH BOAOIO Y TTOCYLTUBI Mepi-
OJIH, & TAKOXK «CTPUMY€E» HOTO MOBHE OOMUTIHHA. J{0 TOTO K, KaHas, TO3UTHBHO
BIUIMBA€E Ha JIMMaH 3 pUOOTOCIONAPCHKOT TOYKH 30pY, OCKIJIbKH B HAryJbHHN
nepio 4epe3 HbOro JI0 HOro akBaTopiil 3 MOpS MOTparvisie 3HauHa KidbKiCTh
MOPCBKHX pHO, 32 paXyHOK 4OTO 301JIbIIY€ETHCS Ta OHOBIIOETHCS iXTiodayHa. 3a
pPaxyHOK TaKUX MOKJIMBOCTEH BiOyBaeThCs MiBUILEHHS e(hEeKTUBHOCTI prubo-
rOCIOAAPCHKOr0 BUKOPUCTAHHS THIITyIbCchKOTo TuMany. OKpiM [BOTO, ITYY-
HUI KaHaJ CIpUSE TaK 3BAHOMY «IIPHUPOAHOMY» OUHUILEHHIO 3a0pYJHEHUX BOJ
JMMaHy 3a paxyHOK 3aMillleHHsl iX MOPCHKHMH BOAAaMH, a TakoX 3ade3reuye
BOJOOOMIH MiXk PI3HHMH, PO3PI3HEHUMH JTUITHKAMK JTUMaHy [8].

OmnpalioBaBIy JOCTYIHI JIITEPAaTypHi JDKepesa, MOKHA BIIMITUTH, IO
OZIHI€0 3 HAHOLIBIIKMX TpoOaeM THIIryIbCHKOTO JTUMaHy € 3HAYHE 3MEHILECHHS
[MOBEPXHEBOTO CTOKY, 110 OE3MOCepEeHbO IOB’SI3aHO 13 3MCHIICHHSIM PIBHS
BoaM y piukax bamaituyk, Tuniryn ta Llepera. Ha ne BmmHyno nsa daxropw,
30KpeMa TpaHchopMallis KJiMaTy Ta aHTPOIIOTeHHA AisTbHICTh. CITiJ] 3ayBaXKUTH,
10 3MEHILICHHS HaJXO/PKEHHS TPicHOI BoAX 10 THIIryIbCHKOTO JIMMaHy 3HaYHO
BIUIMHYJIO Ha 3arajibHUM eKOJIOTIYHHUHN CTaH, 30KpeMa, Ha O10NpOayKIiiHI MOXKITH-
BocTi. HaykoBi qociiipKeHHs MPOBIAHUX HAYKOBIIB AEMOHCTPYIOTh OTPUMAaHUMU
pe3yabTaTaMy 3MEHILECHHS BUI0BOTO PiI3HOMAaHITTS Tipo0ioHTiB [17].

Kpim Toro, KopMOBi pecypcu BiIOBiHI 0i0J10r0-eKOJIOTTYHUM OCOOIH-
BOCTSIM BOJIHUX OPraHi3MiB TaKoK TPaHCHOPMYIOThCS, B 3aJIEKHOCTI BiJ TiApo-
XIMIYHOTO, T1IPOEKOJIOTIHHOTO PeXXUMY. B TOMY uncIti 32 paxyHOK HaIXOIKEHHS
JI0 aKBaTOpIii IMMaHy OpraHiYHHUX, MiHEpaJIbHUX PEUYOBHH Ha (OHI KIIIMAaTHIHUX
3MiH. Tomy, ofHNM 13 HanpsIMiB 3a0e3TeYeHHS OanaHcy MixK O10NMPOIYKIIHHIMHA
MOKJIMBOCTSIMU Ta pUOOIIPOAYKIIHHUMU IMOKA3HUKAMU € THTPOYKIIisl 10 BOJIO-
HMU BUAIB pHO, sIKi MOXKYTh BiITBOPIOBATUCH B yMOBax JuMany [1, 16].

[ligcymMoBytouH, BiI3HAYMMO MPO JTOULIBHICTH PO3POOKH CTpaTeTridHUX
IUTaHIB PO3BUTKY, MOLIYKY HUISXIB iX BUPILICHHS, ONTUMI3alli]l BXKe iCHYIOUUX
MPOTO3UILii Ta OOIPYHTYBaHb BiJ aBTOpiB B JaHoMy crekTpi. [lepm 3a Bce,
HeoOXiHa po3po0OKa IiNIiICHOrO KOMIIEKCY TEXHIYHUX 3aX0/IiB Ta iX KOHCOJia-
Lisl 3 BpaXyBaHHSIM IMOTOYHHUX Ta CyYaCHHX MPOOJIEM 3 aKLEHTOM Ha TiIpoTeX-
HIYHUX, BOA030epiralounx Ta arpoTeXHiYHUX MPUHOMax.

Tak, arpoTexHiuHi 3axX0[1 MalOTh OyTH CIPSIMOBaHI Ha METOAW OOpPOOKH
3eMellb, siKi 0 3aro0irany eposii mobnm3y akBaTopii muMany. Cepes SIKUX JOUiTbHO
BUJIUTUTH KYJBTUBAIII0 3aXHUCHUX POCIUH, KOHCEpBalliiHe OOpOOJICHHS; KOH-
TPOJIb BOAOCTOKIB Ta 30epexkeHHsI pocauHHOTO oKpuBy [13, 15]. TigpoTexHiuHi
3aX0M MaroTh OyTH Pycia0(OpMyBaIbHOTO, YKPIIUTIOBAILHOTO Ta MPOTHEPO3iii-
HOTO XapakTepy. BomooxopoHHi Ta Bogo30epirarodi 3aXoan MaroTh OyTH CIIPSIMO-
BaHi 0e3MmocepeaHbO Ha 00’ €KTH HAPOAHOTO TOCIOIAPCTBA, SIKi MalOTh MiHIMI3Y-
BaTH PU3MKHU 3a0pyIHEHHS aKBaTOPii Ta 3MEHIIUTH Ha Hel THCK.
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B HaykoBux 10poOkax HaykoBIiB OIeChKOTo JIEpKaBHOTO €KOJIOTIYHOTO
VHIBEPCHTETY TPOIMOHYETHCS MOJETbh BOJHO-COJBOBOrO Oanancy THIITYb-
CHKOI'O JIMMaHy, [l MPEJICTAaBICHO B AMHAMIll Yacy OLiHKa BOAHO-COJIbOBOTO
peKHUMY JTMMaHy 3a pi3HUX BapiaHTiB. [IpakTH4HOT MIHHOCTI HaOyBaEe MOXIIH-
BiCTh 3HW)KEHHSI BIPOT1HOCTI POSIBY TiMOKCIi 32 paXyHOK IHTEHCUBHOCTI BOJIO-
00MiHY MiXK TAMaHOM Ta MOPEM 3 OKPEMHMHU JITSTHKaMu [2].

[Hmmid migxin, 3 onIsIMy Ha OpraHi3ariifHO-eKOHOMIYHI KEHCH, Mporo-
HY€ETHCS aBTOPaMHU PO3BUBATH MPHUPOIHO-TOCIIONAPCHKi 3aXOH IO JTUMaHy 3
BpaxyBaHHsIM MOTped creiikxomaepiB [liBaHs [6]. ABTOpH BUKOPHCTOBYIOTh
MOHSTTS TPhOX CKIAJIOBUX: KOMYHIKallii, KoopauHailii Ta koomnepaiii. ba3syro-
YHCh Ha IMX JifX, CTA€ MOXIJIMBUM JIOCSITTH OKPECIEHY METY: BITHOBUTH Ta
320€3IeUnTH CTATNI PO3BUTOK THIITYIBECHKOTO JINMaHY.

BucnoBku. [IpoBeneHuii ormsg eKOJIOTIYHOTO CTaHy JIMMaHy JE€MOH-
CTPYE, 110 BHACTIAOK aHTPOIIOTEHHOTO HABAHTAXKEHHS Ta TpaHChopMallini-
HUX KIIMaTUYHHX MpoiieciB TUITylbChbKUN TUMaH 3HAXOAUTHCS B KPUTHY-
HOMY eKkosiorigHoMmy cTani. [IpoBimHiI exomoridHi mpoOieMu MoTpeOyrTh
KOMIIJIEKCHOTO MigX0y y BUPIMICHHI II100aIbHUX MUTaHb. | OTOBHUMH €KO-
JIOTTYHUMHU MPOOJIeMaMH JIMMaHY €: BEJIMKa KUJIbKICTh HAJIXOMKCHb 3a0py/I-
HIOIOYWX PEYOBHH B HOT0 aKBATOPiI0 BHACIIIOK TOCIOAAPCHKOI AisITBHOCTI;
3pOoCTaHHs PiBHS OCBOEHHS TEPUTOPIl Ta rOCMOIAaPCHKO-TTOOYTOBOTO BHKO-
PUCTaHHS; HASBHICTH SIBULIA TiMOKCIl y NPUAOHHHUX IIapax Ta Ha OKPEMHUX
JUISTHKAX JIMMaHy, [0 MPU3BOIUTE JI0 3aru0elii rijpoOiOHTIB; MiABUIIICHHS
PiBHSI COJIOHOCTI BOJIH, 1110 00yMOBJICHO 3MEHIICHHSIM HaIXO/)KEHHS B JIUMaH
MpicHOI BOAM BHACHIIOK OOMiniHHSA piukm Twiryn. PanioHanbHe BOZOKO-
pHUCTYBaHHSI, TIIPOTEXHIYHI Ta arpOTEXHIYHI 3aX0AN HAJIAIYTh MOXKIUBICTh
cTabimizyBar (QyHKLIIOHYBaHHS BOJHOI €EKOCUCTEMH Ta MOCTYIOBO 3a0e3me-
YUJIM CTAJIU PO3BUTOK.

ENVIRONMENTAL PROBLEMS OF THE TILIGUL
ESTUARY IN THE MODERN CONTEXT (REVIEW)

Melnyshenko S.H. — Ph.D, Assistant at the Department
of Aquatic Bioresources and Aquaculture,
Honcharova O.V. — Candidate of Agricultural Sciences, Associate Professor,
Kherson State Agrarian and Economic University,
sofiya.melnichenko.98@gmail.com, anelsatori@gmail.com

The review article reflects the multidisciplinary research work, ideas and
discussions based on the results of the research on the ecological state of the Tiligul
Estuary, which is located on the border of Odesa and Mykolaiv regions. The relevance
of the study is related to the urgent issues that need to be addressed in the context of
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preserving the natural biodiversity of the estuary under the influence of abiotic and
biotic factors.

The object of the study is the Tiligul Estuary. The subject of the study is the
ecological state of the Tiligul Estuary in the context of modern anthropogenic and
climate change. The following methods were used in the study: general and special
methods, critical analysis, comparison and synthesis, collection, analysis, and discussion
of published information.

According to the research of various authors, it is noted that most of the
transformational processes contribute to the reduction of species diversity of fish and
other aquatic organisms in the Tiligul Estuary. The article presents information on
the processing of the available results of the study of the impact of agricultural and
household activities on the estuary, in particular, due to wastewater pollution and the
use of pesticides and fertilizers.

The presented data reveal the importance of developing comprehensive scientific
and practical recommendations with a vector of water protection and water conservation
measures aimed directly at the objects of the national economy near the estuary and
ensuring sustainable use of its waters with reduced risks of water pollution. Given that
there are a large number of unfavorable environmental processes in the estuary, and
its condition is regarded as “critical” in most scientific papers, it is advisable to use
comprehensive measures aimed at stabilizing the general condition of the reservoir and
ensuring the rational use of the aquatic ecosystem potential.

The emphasis was placed on agrotechnical measures with a vector on land cultivation
methods that would prevent erosion near the estuary: cultivation of protective plants;
conservation tillage; control of drainage; and preservation of vegetation cover. Hydrotechnical
measures should be of a channel-forming, reinforcing, and anti-erosion nature.

Further scientific research should be aimed at developing and implementing
measures to protect and restore the ecosystem of the Tiligul Estuary, taking into account
its uniqueness. The planned research work will complement the existing knowledge
and results and will contribute to the conservation of biodiversity and ensure the fishery
potential of the Southern region of Ukraine.

Keywords: estuary; environmental problems; rational water use; sustainable
development.
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KNIMATUYHO-TIAPOJIOINYHI YMOBU ®OPMYBAHHA
POCJINHHOIO NOKPUBY HA TEPUTOPIT OCYLUEHOIO
KAXOBCbKOIo BOAOCXOBULLA
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Xepcorncvruil 0epoicasHuil acpapHo-eKoOHOMIYHULL YHIgepcumen,
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Pyitnaris pociiicekum arpecopom aam6u Kaxoscpkoi 'EC 3ymMoBHIIO OCyIIeH-
Hs BOJIOCXOBHIIIA Ta BTPATH TPETHHU MPICHOBOJHUX 3amaciB YKpainu, karacTpodidHux
COLIIaJIbHO-EKOHOMIYHMX Ta €KOJOTIYHUX HaciiakiB. Ha choromuimiHiii geHb 3Ha4yHA
yBara CHpsiMOBaHa JOCII/DKEHHSM (OPMyBaHHS CTaHy IPUPOJHO-POCIMHHOIO TO-
KpPHBY B MEXaX KOJHMIIHBOTO BOJOCXOBHUINA. Y 3B’SI3KYy 3 MM, METOIO JIOCIIJUKEHHS €
BCTaHOBJICHHS 3aKOHOMIpHOCTEH BereTarlii Ta CTiHKOCTI pOCIMHHOTO MOKPUBY 3aJICK-
HO BiJ Cy9acHHX KJIIMaTHYHO-T1APOJIOTIYHUX YMOB TepHUTOPii ocymieHoro KaxoBchkoro
BOJIOCXOBHIIA. Pe3ynbTaTi Ta BUCHOBKM OTPHMaHi Ha OCHOBI KOMIUIEKCHHX TTOJIbOBUX
JIOCITIJDKEHb, KaliOpyBaHHs Ta Jen(pyBaHHs CyIyTHUKOBUX 3HIMKIB Sentinel 2 L2A
B nepion 2023-2024 pp. B kinmi BepecHst 2023 poky mIIomma TepuTopii pOCIHH CKJla-
na 52,4 tuc ra. Hacamnepen, 1o0puMi yMOBaMH PO3BHUTKY POCIMHHOCTI XapakTepu-
3yIOTBCSI OATKOBI CHCTEMH, YaCTKa POCIMHHOTO MOKPUBY IX TEPUTOpIi BapiroBasa Bix
30,7 % no 60,3 %. 3umoBo-BecHsHUH nepion 2024 poKy XapaKTepHu3yBaBCs CIIPUATIN-
BUMH KJIIMATUYHHMHU YMOBaMH, 1[0 3yMOBHJIO 3aTOIUICHHSI BECHSHUMH MaBOJKaMHU JI0
70 % Tteputopii BogocxoBuina. Lle 3a0e3meuniio BUCOKUIT PiBCHb HAKOIIMUYCHHS BOJIO-
I'M Y JIOHHUX BIJKJIaAax i MIBUJIKUI NpUpICT pocauHHOI OioMmacu. Ha kiHemnp BepecHs
2024 poky 1uroma poCIMHHOTO MOKPHUBY B MEKaX KOJIHMIIHFOTO BOJIOCXOBHINA 301TbIIH-
macst y 2 pa3u. BcTaHOBIEHO 3Ha4YHY BapiaOeIbHICTh y BETETAallii pOCIUH B Pi3HUX Ya-
CTHHAX BOJ0CXOBHIIA. L[e 00yMOBICHO HEOTHOPITHICTIO XapAKTEPUCTHUK T1APOIOTIIHOL
Mepexi 1 Iepepo3Io/IiJIoM BOJIOTH, 3B'SI3KOM 13 TOBEPXHEBHMH CTOKaMHU TOJIOBHOTO pyciia
Jluirnpa, pi3HUM piBHEM OpraHiky y JOHHUX BijiKJIazax. MakcuMmalibHa Iiolia 3apocTaH-
H# J10Ka BoytocxoBHuIna 3a 2023-2024 pp. ckiana — 135 tuc. ra, B Tomy uncii 48 Tuc ra —
JIepeBOBHIHA POCIMHHICTE (BepOa 1 Tormodi); 87 THc ra — nepeBakxHo 00JIOTHA i JydHa
POCIMHHICTE 3 OCepeIKaMH YarapHHKiB. BicyTHICTh omaiB i aHOMalbHE 301IbIICHHS
TeMIepaTypH MOBITPS y JIHIHI 10 icTopuyHOTO Makcumymy +40,5-42.0 °C mis periony
JIOCITIJDKEHb, MTPU3BENHU JI0 MPULIBUALICHHS €BalOTPacipalii Ta BUCHAKEHHS 3aIaciB
BOJIOTHY 3 BoJOocXoBuINA. L{e 3yMOBMIIO MOTipIIeHHs BereTanii poCinH, iX BUCUXaHHS Ta
94acTKOBOI Jierpaaarii. Bcranosneno, 1o Ha kiHii BepecHst 2024 poky, 67,3 % pociuH-
HOTO ITOKPHBY MaJIM Pi3HY CTYIiHb IIOPYIICHHS BereTarlil. 3Ha4HNUi piBEHb MOPYIICHHS
3acthikcoBano Ha 43,5 % mutomi, B Tomy uncii 19,5 % pocnuHHOCTI AerpayBao i 3Haxo-
TUTHCSA Ha MEKi 3HUIIEHHS. 3 27 nmumHs 1o 19 cepnHs y BepXHill YaCTHHI BOJOCXOBHUIIA
3a(hikcoBaHI MOXKEKI POCIUHHKX OcepeKiB mroieto 320 ra. HerarusHi mporecu 3yMo-
BWJIM 3MEHIIEHHSI TUIOLII 3/10pOBOi pOCIMHHOCTI Ha 26,3 Tuc ra. JloBeaeHo, 1110 cTadiib-
Hi TEH/ICHIIIT JI0 MMiICHJICHHS HETaTUBHUX KIIMATHYHUX aHOMAJTIH 1 IITYYHE PEryIrOBaH-
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Hs Manumu 06’ emamu ckuaiB 3 Jninpo 'EC 1o teputopii koiumHboro Kaxoscbkoro
BOJIOCXOBHIIA YCKJIATHIOIOTh YMOBH BIJKUBAHHSI POCIIMH. B monanpmiomMy 1ie 3MeHIITUTh
IIUTEHOCTI POCIUH 3 JOOPOIO BEreTali€ero, 30UTBIINTE TUIOMNI JETPa0BaHOTO IOKPHUBY
1 CYXOCTOIO, IiJBUIIUTh YaCTOTY TOXKEX, 3yMOBUTH BTPATy CTIMKOCTI HOBOCTBOPEHOI
€KOCHCTEMH Ta TPHU3BEIC 10 3HUIIEHHS 0CEPE/IKIB POCIIHUH.

KitrouoBi cioBa: KaxoBcbke BOJOCXOBHIIE, POCIMHHICTH, KIIIMaT, TiIpOJIOTis,
nopyiieHHs, ekouu, Sentinel 2, NDVI, NDMI, NDWI.

MocTtanoBka nmpodaemu. 6 uepBHs 2023 poky pyWHaIist POCIHCHKUM
arpecopom gamou Kaxoscekoi rigpoenekrpocraniii ('EC) crana karactpodoro
HalioHapHOTO piBHA [1-3]. BTparu BogHux pecypciB ckianu Oiabie 17 km?,
3aromieHo 600 KM’ NpUIIETIMX TEPUTOPil, 3HAYHI BTPATH PHOHUX PECypCiB,
3HUIICHHS Quopa 1 ¢dayna. Jlo 30HM HaA3BHYAHOI cHTyalil Oylo BiHECEHO
180 HaceneHMX MYHKTIB 3 4ucelbHICTIO HacedeHHst moHan 900 tuc. ocid.
B pesynbrari karactpodu Oinbiie 6,0 MITH BTpaTHIIN JOCTYII 10 BOTHHUX PECYp-
ciB. 30UTKH Bij pyiHalii ramOu ckiiaiau nonaz 18 minbsipais gonapis CIIA [4].
BignoiaHo 1o npuiiHsaToi pesoitorii ['enepanbHoi Acam6iei OOH Ne 64/292
Big 28 ynumHs 2010 poky KpaiHOK-arpecopom 0OyjI0 MOPYIISHO MPaBoO IpoMa-
IsiH YKpaiHu Ha Oe3redHy BOIy Ta CaHiTapilo, sike € 0a30BUM IPaBOM JIIOIUHH,
OCHOBOIO TIOBHOIIIHHOT'O JKUTTS Ta 3a0€3MeYCHHsI BCIX 1HIIUX IpaB [5, 6].

Ha choromnimHiii JieHb 3HAuHA yBara CIpsIMOBaHa JOCIIDKCHHSIM Ta
BCTaHOBJICHHSI 3aKOHOMIpPHOCTEH ()OPMYBaHHSI CTaHy NPHUPOIHO-POCIHHHOIO
MOKPUBY B Mexkax ocyiieHoro Kaxoscekoro Bojocxosuiia [3, 7, 8]. [IpoeneHi
Ha CHOTOJHI JIOCIIIJDKCHHSI MArOTh JIOKAJbHHUI XapakTep 1 He MalTh KOMILJICK-
CHUX (PaKTHYHUX JIOCI/KCHb PEalibHOTO CTaHy TepuTopii KaxoBchkoro Bojo-
cxoBuma. lle moB’s3aH0 3 OOMEKEHUM AOCTYIOM JO TEPHTOPIl JOCITIIKEHb
y 3B’A3KYy 3 aKTHBHUMH OOHOBHMH [IisiMH. Y 3B’S3KYy 3 IIMM, aKTyaJlbHUM €
BUKOPHCTAHHSI CYNyTHUKOBUX 3HIMKIB, CITIBCTaBICHHS IX 13 pe3yJbraraMu
MOJBOBHUX JIOCIIPKEHb Ha JOCTYITHHX TEPUTOPISIX BOIOCXOBHINA, iX KOPEKTHE
JermuQpyBaHHsL.

[IpakTuyHe 3acTOCYBaHHS JUCTAHIIIMHOTO 30HJIyBaHHS HaJga€ MOXKIIHU-
BICTh BIJICTE)KYBaTH PeabHUN CTaH BAYKKOJOCTYIMHHUX a00 HEJOCTYIHUX TepH-
Topii. [IkepenoM akTyaabHUX NAaHUX AMCTAHIIHHOTO 30HIYBAaHHS € CYITyTHUK
Sentinel-2, skuii y BUIbHOMY JocTymi 3a0e3nedyye 300pa)KeHHS i3 4acOBOIO
PO3IUIEHOIO 3[aTHICTIO OJHM3BKO ITSITH J10 1 MPOCTOPOBOIO PO3IIILHOIO 37aT-
Hictio 10Mx10M Ha mikcens [3, 5]. Sentinel-2 BXonuTh 110 ciMeiicTBa CymyTHHU-
KiB JIMCTAHIIIHHOTO 30HyBaHHs 3emili €BpOIEHChKOro KOCMIYHOTO areHTCTBA
(https://www.esa.int/), iKi CTBOpEHI B paMKax IIPOEKTY II100aIbHOr0 MOHITOPHHTY
JoBKiLIs Ta Oesnexku komrmanierwo Copernicus (https://www.copernicus.eu/).
Sentinel-2 npu3HayeHUH AT MOHITOPUHTY 3€MeJb, POCIMHHOCTI, JTICOBHX Ta
BOJIHHUX PECYPCIB, 3aCTOCOBYIOTHCS ITPH JIIKBIJIAI] HACTIAKIB CTUXIHHUX JIUX Ta
HaIllOHaJIbHOT Oe3MeKH.
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AHani3 octaHHixX Aocaimkenpb i mydaikamiii. Dovhanenko D. O. y cmi-
BaBTOPCTBI [9] Ha OCHOBI cymyTHHKOBUX 3HIMKIB Sentinel 2, Landsat 8 1 9, BcTa-
HOBUB, 1110 MIPOCTOPOBY HEOMHOPIZHY CTPYKTYPY IPYHTOBOI'O IOKPHUBY BHUCYIIE-
HOTO T1acTa BOAOMMH (POPMYIOTh YOTUPH THIH IPYHTIB: €BTPUYHI PETIKTUIIICEB]
¢rroBi30mM, eBTpUYHI (IIIOBILIEB] (ITIOBI30JIM, €BTPUYHI (IIIOBIKOIVICEB] TIEHCOI,
eBTPHUYHI (NTIOBIKO-CyOaKBaJIbHI TIeHCOIN. Y JIOXKI BOJOCXOBHUIIA HAUTIOMINPEHI-
IIMMH IPYHTAMHU BUSBHIIUCH €BTPHYHI I1eii0Bi (roBizonu. [pyHTH XapakTepusy-
I0TBCSl PI3HOMaHITHUM TPaHyJIOMETPHYHNM CKJIaZ0M (TICKH, CYMiCKH, CYTJINHKH,
[JIMHU) 1 PI3HUM CTYIIEHEM BOJIOTOCTI. BU3HAYEHO BIUIMB IpaHyJIOMETPUYHOIO
CKJIaay Ta BOJIOTOCTI IPYHTY Ha IHTEHCHBHICTH 3apOCTaHHS JIOXKa BOIOWMH.
3apocraHHs BiJI0yBajIOCs y HaPsSMKY BiJl OeperoBoi JiiHii 10 [eHTPaIbHOT 30HU
BOJIOCXOBHIIA. BueHi BijiMivaiy, 1110 HIJIbHE 3apOCTaHHsI IPUOSPEKHOT JiHIT BijI-
OyBaJiocsi BUILIOIO POCIMHHICTIO. Hali0inbie 301IbIIeHHsT POCITUHHOTO TIOKPUBY
CTHOCTEPIrajocs 3 KiHIA cepIHs 10 KiHis BepecHs 2023 p., KOJIM [TOBEPXHS JIOKa
BOJIOCXOBHIIA XapaKTepu3yBajiacs JOOPUM 3BOJIOKEHHSM. AKTHBHA BEreTallist
POCIMH MPOJOBKYBaIacs 10 movyarky aucromnana 2023 poxky.

VY poborti [7] HaBeneHi pe3yabTaTy MOJbOBUX AOCHTIHKEHb (POPMYBaHHS
CTaHy POCIIMHHOIO MOKPHUBY B Mexax Oanok Kam’sHka i MinoBe, siki po3ra-
I0BaHi Ha IpaBoOepexHii yactuHi KaxoBchbkoro Bojpocxowuia HarioHaib-
Horo npupoaHoro napky «Kam’siacpka Ciu». BueHnMu Oyino BCTaHOBJIEHO, IO
3 30 yepBHs o 19 xoBTHS 2023 POKY KiJBKICTh CYTUHHUX POCIHH Ha TEPHUTO-
pisix 06anok 3pocia Maibke B CiM pasiB i ckiana 68 BuaiB. PoCiaMHHICTE Xapak-
TepusyBajacs AOMIHYBaHHSM BepOu TiOpuay micueBoro Buny Salix alba Ta
JIABHO HATYpasi30BaHOTO UYKOPIAHOTO BUILY Salix fragilis. Y »OBTHI cepemHs
BUcoTa AepeB craHoBuia 190 cM i3 cepennHbop000BUM nprpocToM 1,7 cm. Mak-
cuUMaJibHa BHCOTa JiepeB Oyiia 3adikcoBana Ha Biamitii 309 cM. 3a qyMKoOrO Bue-
HUX, HIBHJIKE 3aCEJICHHs BepOaMu HOBOYTBOPEHUX CyOCTpaTiB BifOyynocs 3aB-
JISIKY 30iry "acy pyliHyBaHHsI JaMOM Ta J103piBaHHS HAciHHS BepOu.

[ToniOHi 3akOHOMIpPHOCTI (OPMYBaHHS POCIMHHOTO TIOKPHBY Ta TpH-
pocty BepOu Oyno 3adikcoBano B. BumineBcbkum 1 C. IlleBuykom [8]. Bue-
Humu 21 yepBHst 2024 poky Oys10 IPOBEACHO MOJILOBE OOCTEKESHHS BEPXHBOT
YaCTUHU KOJHUIIHLOTO BOJOCXOBHIIA HA IBOX PUOCPEIKHUX JUISTHKAX OIS cera
MarnokarepuniBka i cena binenbke. BctanoBineHo, o 100pe 3BOJIOKEHHS JT0XKa
BOJIOCXOBHIIIA, CIIPUATIIMBI MMOTOAHI YMOBHU B miepiof 3 nunHst 2023 10 yepBHS
2024 poky, cIpusUIM HIBHIKOMY HPUPOCTY BepOM Ha MilIaHUX BiJKIagax —
1,2 cM/n00y, Ha opraniyaux Biaknagax — 2,0 cm/no0y. Cepenns Bucota Bepou
cranoM Ha 21.06.2024 poky Ha opraHiyHUX Binkiaaax ckiana 4,5 merpu. Jlia-
METpP MOJIOJUX JIepeB Ha BUCOTI 1,5 M CTaHOBHUB OJU3BKO 25 MM, HIUIBHICTh
3apoctaHHsi BepO csrano 30—40 mr/mM%. 3a IyMKOI BYEHHX, B MaiOyTHBOMY,
3MiHa KJIiMary, 3MEHIIIEHHS BOJIOTOCTI JIOHHHUX BIJKJIAJiB, BHYTPIIIIHHOBUI0BA
KOHKYPEHIIis ISPEB 3yMOBUTh 3MEHIIICHHS IIIBUJIKOCTI POCTY JIEPEB, 301IbIIICHHS
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YaCTUKH TOIOJb 1 3MEHILIEHHS IO BepOu, YaCTKOBE NMPHUTHIUCHHS BereTaii
1 BHCHXaHHs MPUOEPEKHOI POCIMHHOCTI. 30KpeMa, CHTYaIl0 YCKJIAJIHIOIOTh
BOEHHI JIii, SIKI TPU3BOAATH JI0 MOXKEXK B MEXKaX OCYIICHOTO BOJOCXOBHIIA.
BueHi y cBOIX JOCHIIPKEHHSX TaKOK BHKOPHUCTOBYBAJM CYMYTHHKOBI 3HIMKH
JUIsi MOHITOPUHTY CTaHy POCIMHHOCTI B MEXKaxX KOJHUIIHHOTO BOJOCXOBHIIA.

IocranoBka 3aBnanHs. B pe3ynbrari pekOHCTPYKIii ICTOPUYHOI KapTH,
BCTAaHOBJICHO, 110 JICUCTICTH TepuTopii Benmkoro Jlyry cranosuia He Oinblie
10 % [8]. ToOTO 32 CIPUSATIANBUX MPUPOAHO-KIIMATHYHAX YMOB (PYHKIIOHYBaHHS
Benuxkoro Jlyry, nicucticTh TepuTOpii Oylia HE3HAYHOIO, IO CIIPOCTOBYE TIPHITY-
LIEHHS TIPO MOMIJIUBICTH (DOPMYBaHHS BEITMKHX TUIOLI JIICY B JIOXKi BOJOCXOBHIIIA.
VY 3B’s13Ky 3 IUM, METOO JIOCIIIJIKSHHS € BCTAHOBJICHHS 3aKOHOMIPHOCTEH BereTa-
1ii Ta CTIHKOCTI POCIMHHOTO MOKPUBY 3aJICKHO BiJI Cy4aCHHUX KITIMaTHYHO-T1IpO-
JIOTIYHUX YMOB TEpHUTOPIi ocyieHoro KaxoBcbKoro Bog0CXOBHIIIA.

Marepiaau Ta MeToaHM AOCTiTKeHb. J[KepenoM akTyalbHUX HaHUX
JOCHIKEHHS CTaHy POCIMHHOTO MOKPHUBY B MEXaxX KOJUIIHLOro KaxoBchkoro
BOJIOCXOBHIIA (PUCYHOK 1) OyJIM OJIBOBUX CIIOCTEPEKESHHS Ha JIOCTYITHUX TEPH-
Topisix Ganku Kam’stHka mpaBoOepekHoi yacTuHH piuku JlHinpo, maHi aepo-
PO3BiJIKK BOIOCXOBHIIA Ha BiAPi3Ky cenio PecmyOiikanenps — micto bepucinas
XepcoHcrkoi obmacti. CymyTHuKkoBi 3HIMKH Sentinel 2 L2A Bukopucrani s
nemndpyBaHHs 1 pO3paxyHKy 1HJIEKCIB BereTallii pOCIUHHOCTI 1 3BOJIOKEHHSI B
niepion 20.06.2023-22.09.2024pp. JocnimkyBaiucs 0e3XMapHi Mepioju.

Ewil, HERE, Garme, {¢) OpeSinsethiin contibulors. nd e OIS s

F T T T T T T T 1
o a0 60 120 Km

Puc. 1. Tepuropisi ocaizxeHHs ocymenoro KaxoBcbkoro BoaqocxoBuina
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HopmoBanuii inmexc pizauii 3BonokenHs (Normalized Difference
Moisture Index, NDMI) BukopucTanuii 11 BU3HAUYSHHS PiBHS 3BOJIOKEHHS POC-
JIMH OCYIIIEHOTO BOJIOCXOBHIIA Y BiMOBIIHMX Jdiana3oHax Sentinel 2 L2A [10]

NDMI= NIR-SWIR (1)
NIR+SWIR
ne, nianazonu criektpy NIR — ommkHil indpadepBonmii i SWIR — KOpoTKOXBH-
THOBUH 1H(paYepBOHUIA.

JHianmazon 3uauens NDMI cranoButs Big —1 g0 1. Big’emui 3HaueHHs
NDMI (3HaueHHs, 1110 HAOMMKAKOTHCS A0 —l) BiANOBINAIOTH HEPOIIOUYOMY
IpyHTY — 0€3 pocauHHOCTI. 3HaYeHHs O0au3bko Hyus (Big —0,032 10 0,032) Bin-
MOBiIat0Th BogHOMY cTpecy. Bix 0,032 no 0,24 xapakrepusye 3a/10BiIbHE 3BO-
JIOXKEHHSI POCIMHHOTO MoKpuBY, Bix 0,24 10 0,80 — moOpe 3BONOKEHHS, OijbIie
0,80 — BUCOKUIT piBEHb 3BOJIOKEHHS.

Hopwmosanuii inaexc pizauii Beretanii (Normalized Difference Vegetation
Index, NDVI) BukopucTanuii 1jisi BA3HAUCHHSI CTaHy BEreTallii i 3[0pOB’s poc-
JIUH OCYIIIEHOTO BOJOCXOBHINA Y BiJIOBIIHUX Jiama3oHax Sentinel 2 L2A [12]:

NIR-Red

NDVI=— % (2
NIR+Red

ne, miana3zonu cnektpy NIR — ommokHiil iHdpadepBonwmii i Red — uepBoHuii.

Hiamazon 3nauens NDVI cranoButh Big —1 mo 1. Big’emMHi 3HaueHHS
(bopMyIOTbCSl XMapaMH, BOAOIO Ta CHIrom, a 3HadeHHs, Big 0 1o 0,4 nepeBaxHo
KaMiHHSM Ta OrojieHuMH rpyHTaMu. 3HadeHHs NDVI Oinbme 0,4 inentudikye
POCIUHHICTD.

BpaxoBytoun BigMiHHOCTI CHEKTPabHUX XapaKTEPUCTHK JOHHHUX Bil-
KJIaJ(iB BiJ] THIIOBOTO I'PYHTOBOI'O IOKPHBY, HAMHU 32 PE3yJbTaTaMU MOJIbOBUX
JIOCITI/DKEHB 3/IHCHEHO KamiOpyBaHHS CYIyTHHKOBUX 3HIMKIB, IIO 3abe3re-
YMJI0 00’ €KTUBHE PO3ITI3HABAHHS OTOJICHUX 1 POCIMHOBKPUTHX TEPUTOPIH JI0Ka
KaxoBcekoro BogocxoBuina. 30kpema, Bu3HadeHa Kiacu(ikalist XapaKTepHUCTHK
Beretauii i cTpykrypu pociut 3a NDVI. Beranosneno, mo 3nauenss NDVI Bin
0 mo 0,6 BiAMOBi AN TEPUTOPISIM O€3 POCIMHHOCTI, SIKi BKPUTI MYIIUISIMH, BOHU
XapaKTepU3yBaicsI TAKUPaMH, MicKaMH, KaMiHHAMU. 3HadeHHss NDVI Ginbiue
0,6 CBIAUMTH TIPO MPUCYTHICTH pOCIMHHOCTI, 30Kpema: 0,60-0,70 — 3ag0BibHA
pocnuHHIcTB; 0,70-0,85 — nobpa pocnunHicTh; 0,85-1,00 — myxe moOpa poc-
JIMHHICTE. BU3HaueHO, 1110 B MAaKCUMAaJIbHUK MK BereTariii, 3HaueHHs NDVI Bix
0,60 no 0,85 — mepeBakHO BiAIMOBiMaK OOJMOTHIH 1 Iy4HIN POCIMHHOCTI 3 Oce-
pelnkamu yarapHukiB; Oinbiue 0,85 — BKka3ye Ha epeBakHy IPUCYTHICTD JCPEB-
HUX POCTHH (TIEpeBaKHO BEPOOIIO3H 1 TOTOI).

Ce30HHI XapaKTepUCTHKH MOPYLICHHS BereTauii pocianH po3paxoBaHi 3a
¢dhopmyroro:
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ANDVI=NDVI,-NDVI, , (3)

ne NDVI — cran Bererauii Ha motouny nary aociimkenus, NDVI —— cran
BereTalii Ha MONepeIHIO JaTy AOCHiHKECHHS.

ITopymennst Bereranii pocinH ANDVI po3paxoBaHi 3a HacTyIHUMH
ymoBamu: ANDVI > 0 — 6e3 3miH; Bix 0 mo —0,1 — ausske; Big —0,1 1o —0,2 —
cepende, Bin—0,2 1o —0,3 — Bucoke; ANDVI <—0,3 — myke BUCOKE ITOPYyIIICHHS.
HocmimkenHss Oynmu TpoBeneHi 3a pesyibraTamMu AemupyBaHHS OCHOBHHUX
repiofiB BereTamii Ta akTUBHOTO (hOPMYBaHHS POCIMHHOTO IOKPHBY, a CaMe:
28.09.2023; 09.06.2024; 14.07.2024; 22.09.2024.

Y3aranbHEHHs 3HaYCHb [TOPYLIEHHS BereTauii pociaud ANDVI,, Ha Tepu-
TOpii OCYIIEHOTO BOJOCXOBHINA 3fificHeHO cTtaHoM Ha 22.09.2024 poky Bia-
HOCHO MakcuManbHuX 3Hadenb NDVI  (28.09.2023; 09.06.2024; 14.07.2024;
22.09.2024) 3a dhopmynoro:

ANDVI,, = NDVI[22.09.24] - NDVI [28.09.23;09.06.24;14.07.24;22.09.24]  (4)

Pactp makcumanbhux 3Hadenp NDVI - (28.09.2023; 09.06.2024;
14.07.2024; 22.09.2024) po3paxoBaHO i3 BHKOPHUCTaHHSIM poOOYOTO iHCTPY-
menTy Cell Statistics of ArcToolbox, ArcGIS.

Innexc HOpmamizoBanoi pizHumi Bomu (Normalized Difference Water
Index, NDWI) BukopucTanuii 11 BU3HAUCHHS TUTOIT BOAHUX 00’ €KTIB Ta 3aTO-
TJICHHS BECHSHUMH ITaBOAKAMH JIO)Ka KOJIMIITHLOTO BogocxoBuma [12]:

NDWI= Green-NIR (5)
Green+NIR
ne, miarma3onu crektpy Green — 3enenmii i NIR — OmmkHil iHppadepBoHUi

Bxpurti Bogoro Tepuropii BianosinatoTs 3HadeHHI0 NDWI 6inbine —0,2.

O06poOKy 300pakeHb, KapTorpadyBaHHs Ta IPOCTOPOBO-YaCOBUH aHAII3
poBovIH 32 AoroMororo ArcGis 10.6.

Pesyabratn pocaimxkenb. 3HeBogHEHHST KaxoBChKOro BOmOCXOBHUIIA
MIPU3BENIO JI0 OTOJICHHS TOHHWUX BiJIKI/iB Ta MPHPOJHO-KIIMATHYHOT TpaHC-
(hopmartii ocymieHol TepuTopii, sSKa XapakTepU3yeThCs MOKa3HUKaAMH TPOCTO-
POBO-9acOBOi BiJIMIHHOCTI C€30HHOI audepeHItialii Bomoro3ade3neyeHHs Ta
(hiTo-KIIIMaTHYHUX YMOB BOAOCXOBHINA. PocimHHa Oiomaca SIBISETHCS BaXK-
JMBUM IHAMKATOPOM BiJTHOBIICHHS Ta IMOJAIBIIO] €KOJIOTIYHOI CTIMKOCTI MOpy-
[IEHUX TEePUTOPIallbHUX JaHMA(TIB, TPOSIBY OIYyCTEICHHS, HAKOTHMYEHHS
i 30epexeHHs BOJIOTH, 3a0€3MEeUeHHsI TPYHTOBO-BiJITBOPIOBAHMUX TIPOIECIB 1
BJIACTHBOCTEH y JIOHHHX BiJKJIaJjaX OCYIICHOT TEPUTOPIii BOIOCXOBHIIIA.

Y Bepecens 2023 poky 10OprUMH YMOBaMHU PO3BUTKY POCITMHHOCTI Xapakx-
TEPHU3YIOThCS OAJKOBI CHCTeMH (PHCYHOK 2), 4acTKa POCIWHHOTO TIOKPUBY iX
TepuTopiii BapitoBaisa Bix 30,7 % 1o 60,3 %.
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AynYaHcbKa Ganka
oBxMHa — 3, 80Kkm

B
WKHBOPOravynubK1un Numan
[OBXWHA — 18, 54KM

‘Banka Kam'sHka : ameZa\\, s Kaipcbka 6anka |
|noexina — 1024k 8 ‘ = i ; 4 DOBNKMHE — 28,0kM |

Puc. 2. Baaxu ocymenoro Kaxoscbkoro Bogocxopuina

CraH pOCIMHHOTO MMOKPUBY XapaKTEPU3yBaBCs SIK 3a10BUTBHUIMA, JOOPHiA
1 ayxe no0puid. 3aJJ0BUTLHUI CTaH MaJld TEPUTOPIT 13 CEPEAHBOIO MIUTLHICTIO
HU3BKOPOCJIOT POCIMHHOCTI; JAOOpUH CTaH — MO3al4HO-HEOTHOPIIHI MIUTBHI
OCEpe/IKU YarapHHKIB (mepeBakHO BepOoio3u) Bucotor 1o 1,0-1,3 M, myxe
Jo0Opwii cTaH — TePUTOPIT 13 BepOoo3amu OubIie 1,3 M.

YacTka TepuTopiii 6anok (pUCYHOK 3), BKPUTHX BepOOIO3aMH, Xapak-
TEepU3yBaJIKMCs TaKUMU 3HaUYCHHsMU: 3oiioTa Oanka — 67,4%, banka Minosa —
45,1%, banka Kam’siuka — 42,5%, Kaipceka 6anka — 37,8%, HuxabOpOTraunise-
kuii mumaH — 34,2%, Jlymuanceka 6aiika —24,5%. B ninomy, y Bepechi 2023 porri
3arajibHa IUIONIA Oayiok, BKPUTHX BepOoso3amu, ckiama 1193 ra (36,5%).
[Tnoma 3 HU3BKOPOCIIOIO pocauHHICTIO cTaHoBMIIa 580,8 ra (17,8%), Teputopis
0e3 pocnuHHOCTI ckiana 27,1%, a BoaHi 00’ exTH 3aiimanu 18,6%.

Ha pucynky 4 npezacraeneHo banky Kam’siHka cranom Ha 21 KBITHS
2024 poky Ha pi3HHX MO3aiYHO-HEOJHOPIJHHMX IiUIAHKaX. binblna wacThHa
TepuTopii O6€3 POCTMHHOCTI BKPUTA MYIUISIMH, XapaKTePHU3YEThCS TaKUPaMH,
MiCKaMH, KaMiHHSIM, MUTKOBOJISIMU. Y CTPYKTYpl POCIMHHOCTI IEpPEeBaXaroTh
BepOoso3u Bucotoro 1,3-1,8 m. brnuseko 15 % miomni 3afiMaroTh Bep00JIO3U
BUCOTOIO Oinbire 1,8 M. BapTo HaronmocutH, 1o 3a BUCOKHX TeMIIEpaTyp MOBi-
Tpst y mepii 4 micsni micnst ocymenHs: KaxoBChbKOTO BOJOCXOBUINA, OJN3BKO
52 % pOCIMHHOTO TOKPUBY MPUOEPEKHOT TepuTopii (PUCYHOK 5) BTpaTHIH
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HKaipcoka Ganka— 210 ra

HHMHLOPOraYMUBKMA AMMman — 2240 ra
092020 4

Puc. 3. CTpykTypa po3noiny miou 6aJ0K 0CylieHOro BOJ0CXOBHINA
CcTaHOM Ha BepeceHb 2023 poky

Jo0pi BereTaililiHi B1acTUBOCTI. Ha ChOrofHIIIHIH JIeHb OijbIla YacTKa mpuoe-
PEXKHOT POCIIMHHOCTI JIeTpaiyBaa.

Crii akIeHTyBaTH, [0 3arajbHa Iionia Oanok ckiamae jume 3,0 %
TepuTopii ocymeHoro KaxoBcbkoro BoziocxoBuina. Lle cipoctoBye MOXIIUBICTh
X BUKOPUCTAHHS y SKOCTI 1HIIUKATOPa CIPUSTIUBOCTI TIPUPOTHO-KIIIMATHYHUX
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Takupu

Mywi, nicok, KamiHHA, MinkoesoaaA

Puc. 4. Mo3aiuHa HeOTHOPITHICTH Pi3HUX ALISTHOK 0AJIOK OCYLIEHOT0 BOT0OCXOBUINA
cranoM Ha 21 kBiTHs 2024 poky

yMOB 1st (POpMYBaHHS POCIMHHOT 010Macu Ha OCHOBHIN TEPUTOPIl OCYIICHOIO
BOJIOCXOBHIIA. TOMY, pe3yJIbTaTH TOJILOBHX JOCII/PKEHb CTaHy 0aJOK MOXKYTh
OyTH KOPUCHUMH IS XapaKTEPUCTUKH BUIOBOTO CKIIaTy (pIopH, OIiHIOBAaHHS
3MiH CTaHy POCIHHHOCTI Ha MPWICTIUX TEPUTOPIAX. Pe3ynmbraTd MoIbOBHX
JIOCTIDKeHb HaMU OyJM BUKOPHUCTAHI ISl KOPEKTHOTO JeNu(PyBaHHS CYITyT-
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Bbanka Kam’'aHka
poC/IMHHICTE NpubepexHoi TepuTopii, 6ydepHa zoHa 50 m nnoweto 167 ra

o Brpatunu aobpi eeretauiiHi ymoeu
(' 52.0% pOCIMHHOIO TIOKPUBY

Puc. 5. Cran npuéepexnoi pocaunnocti banku Kam’sinka cranom Ha 21 kBiTHst 2024 poky

HUKOBMX 3HIMKIB, iIeHTU}IKAIT Ta JUCTAHIIHHOTO MOHITOPHHTY ITPOCTOPO-
BO-4aCOBOI MO03ai4HOI HEOIHOPIAHOCTI POCIUH JOHHUX JaHAmadTiB Ha BCid
TEepPUTOPil BOIOCXOBHIIA ITomero 215,5 trc. ra.

3a pesyasraTaMH MOJBOBHX JOCIIKEHB 1 AemU(PyBaHHS CYIyTHHKO-
BHX 3HIMKIB Sentinel 2 L2A Hamu Oy/1x yTOUHEHI CIICKTPaIbHI XapaKTePUCTHKU
ineHTudikamii pOCIMHHOCTI, JMHAMIKa BereTarlil Ta KOPEKTHO BU3HAUECHI IO
3apOCTaHHS TEPUTOPIT J1oxka Bogocxopuina 3a 2023-2024 pp. (pUCyHOK 6).

B xinmi Bepecust 2023 poky IUIOIIa pOCIMHHOCTI ckiana 52,4 Tuc. ra:
3a/10BiNbHY BereTantito Maiu 37,0 % miomii pocanHHOCTI, 100py — 46,7 %, myxe
n00py — 16,3 %. Ilicia 3mmMoBoro anabio3y 1 3aBepIIeHHS BECHIHNX MTaBOJIKIB Ha
rmogatok 4epBHs 2024 poKy IUTOIIa 3aiHATa pOCTUHAMH CTaHOBMIA 78,2 THC. Ta,
B TOMY YHCIHI i3 3amoBinsHOIO Bereraitiero 20,3 %, mooporo — 38,1 %, myxe
noopoto — 41,6 %. Cranom Ha 14 nmumHs 2024 poky 1uIoIIa BKpUTa poCINHAMHI
30inbImmIacs Ha 26 % 1 cknana 98,5 Tuc. ra, 3 HEX 13 33JI0OBUIBHOIO BereTa-
miero 21,5 %, mobporo — 51,2 %, myxe nodporo — Bererartist 27,4 %. B tpertiit
JIeKaJIi CepIHs TUTOIa POCIMHHO BKPUTHX TepUTOpii cranoBmia 102,0 Tuc. ra,
30Kpema i3 3a10BIIbHOIO BereTarieio 26,5 %, nobporo — 67,0, xyxe moOporo —
6,5 %. B kinmi Bepecus 2024 poxy 1uroma pocinaHocTi ckinana 110,0 Tuc. ra: i3
3aJI0BLIbHOIO BereTatliero 29,6 %, nobpy — 64,1 %, nyxe nodpy — 6,3 %.

[IBuakuit pupicT pOCTUHHOI 6i0MacCH MOXKHA TIOSICHUTH ITO€THAHHIM
(hakTOpy 3BOJIOKEHHS Ta HASSBHOCTI ITO’KUBHUX CJIEMEHTIB Y TOHHHUX BiJKIadaX.
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BepeceHb 2023-2024pp.

Puc. 6. DopMmyBaHHS POCJIMHHOIO NOKPUBY 3a Nepioa BepeceHb 2023-2024 pp.

Crin BiI3HAUUTH, IO 3MMOBO-BeCHSIHUH Tiepion 2024 poKy XapaKkTepusyBaBCs
CHPUSTAMBUMH KJIIMaTHYHHUMHU YMOBAMH, SIKi 38 YACTOTOIO TPOSIBIB 3BOJIOKEHHS
MOKHA BiJIHECTH J0 aHOMAJIbHO CIPHUSTIMBUX. 30KpEMa, CXOXKi YMOBH Oyi0
3adikcoBano y 1982 porii (pucynok 7). CymapHe 3HaY€HHS BIJIHOCHOI BOJIO-
TOCTI MOBITPsL y 3UMOBO-BecHsHUI niepion 2024 poky Ha 8,8 % mepeBuliyBaio
cratucTuaHy HopMy 1982-2024 pp., y 1982 poui nepesuiienns ckiaano 10,1 %.
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Puc. 7. Iunamika BinnocHoi Bosiorocti (%) noBiTpsi B Me:kax KaxoBcbkoro BogocxoBuia
3a 1982-2024pp.: BigxujeHHs Bi1 craTHCTHYHOI HOPMU B 3uMOBHii (79,8 % 3a/0:KeHHs)
i BecHsinmii (68,6 % 3BoJ10:KeHHS) nepioan

AHOManpHO BHCOKE 3BOJIOKEHHS (iKCyBamocs Ha BCiii BOM030ipHIii
TepuTopii piukm JHITIPO, MO MPHU3BEIO 0 HAKONMUYCHHS BEITUKHX 00’ €MIB
BOZIM B OCHOBHOMY PYCIHi PiUKH, JOOPHUX TiIPOIOTIYHUX YMOB Ta 301TBIICHHS
JacTOTH CKHIIB MOBepXHEeBUX BoA 3 JHimpoBcbkoi ['EC o Teputopii Kaxos-
CHKOTO BOJIOCXOBHIIA. 3a TaHUMHU AemudpyBaHas 3HIMKIB Sentinel 2 L2A namu
3aikcoBaHO HAMOBHEHHS TepuTOpii KaxoBCHKOTO BOAOCXOBHINA HA MOYATKY
oepesns 2024 poky, ctanom Ha 11 6epesns Oyno 3arormeHo 65,0 % Tepuropii,
31 6epesns — 70,0 %, 30 xBiTHS — 55,4 %, 25 kBiTHI — 47,3 % (pUCYHOK 8).

3a nocnimxenasamu B. Bumnescokoro, C. llesuyka [8], B mepio BecHs-
HOI MOBEHi 3A1MCHEHO JIBi XBIJII MAKCUMAJILHOTO TIOITYCKY Boxu 4epe3 JHimpo-
I'EC: nepma xBuis Oyna 3adikcoana 15.03.2024p. — 3500 m*/c, apyra xBuJist
criocrepiranacs 23.04.2024p. — 4130 m*/c. HayKoBI1i BCTAHOBHIIH, 1110 CTiK BOIH
B HIDKHIH Teuii piuku JHinpo 3 1 uepBrasg 2023 poxy mo 30 gepBusa 2024 poxy,
OyB OinmbImM, HiX 3a3Bu4ail. CepeqiHe 3HAYEHHS CTOKY MOITYCKiB 4yepe3 J[Hi-
npol'EC cranoBuio 1730 m/c (54,6 xm*). Tomy, copmoBaHi yMOBH MOKHA
BiJIHECTH 10 HETUTIOBHX YMOB 30HU Creny YKpaiHH, SKi CIIPHSITH BUKUBAHHIO,
CYTTEBOMY MPHPOCTY POCIIHH i 3apOCTaHHS BOJTOCXOBHIIA.

J1s BU3HAYEHHS TPOCTOPOBO-YaCOBHUX 3aKOHOMIpHOCTEH (OpMyBaHHS
pociauHHOrO nMokpuBy 3 18 uepBHa 2023 poky 1o 22 BepecHs 2024 poky, HaMu
Oys0 00paHO TpH AUISHKHA KOJWITHHOTO BOJOCXOBHINA (PUCYHOK 9), sKi pi3-
HATBHCS T1APOJOTIYHOIO MIUTHFHICTIO MEpPEeXi 1 3aJUIIKaMi OPTaHIKH y JTOHHHUX
Bimkmamax. IlpencraBmeHo aWHaMiKy cepeIHbO3BAKEHUX 3HAYEHb HOPMO-
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BaHOTO iHzeKkcy pizHuui 3BonokeHHss (NDMI) 1 HopMoBaHUil iHIEKC Pi3HMLI
Beretanii (NDVI) Ha Tpbox HiIsIHKaX crioCTEepeXeHb. 30KpeMa, BCTAHOBICHO
TicHY 3ayiexHICTh Mixk 3HaueHHs MU NDMI 1 NDVI. e nano MOxIuBICTh Mpo-
CJIIJINTH XPOHOJIOTIIO0 BEreTallll POCIIMH 3aJIe)KHO BiJl TPOCTOPOBHUX BIIMIHHOC-
T yMOB 3BOJIOKEHHsI PI3HUX 4YacTHUH BojpocxoBuiia. Ciix BIAMITUTH, TIO Y
2023 poui Ha BCiX IUISIHKaX (iKkCyBalloCsi BACOKMH piBeHb BOJIOTO3amacy y 10H-
HUX BiJIKJIaaxX, 010 CTUMYJIFOBAJIO CTPIMKHIA MPHUPICT 1 70OpHii piBEeHb BereTarii
POCIIMH 70 MoyarKy jucronana. Ha modyarky mepiinoi XBuill BECHSHOI MOBEHI
15.03.2024 poky Ha BCiii TepUTOPIi J0kKa BOJOCXOBHUIIA (DIKCYyBaJIOCS BiJIHOB-
JICHHSI BeTeTallii Ha BIAKPUTUX BiJl BOJAM JISTHKAX.

31.03.2024

T T 1
o 30 ) 120 Km

30.04.2024 25.05.2024

Puc. 8. Becusini naBogku B Me:kax KaxoBcbkoro Bogocxopuma y 2024 poui

Jinsnka 1 y BepxHili 4acTHHI BOZOCXOBHINA XapaKTEPU3YETbCS BUCO-
KHM piBHEM OpraHiku y JOHHHX Binkianax. Jlo pyitHamnii KaxoBcbkoi mamOu
1151 YaCTUHA BOJIOCXOBUILA [IEPEBAXKHO XapaKTepU3yBaiacs IMMONHOI0 aKBaToOpii
0,7-2,5 m, mictina 6musbko 18 % 00’eMy Bomm BomocxoBuina. bimseko 11 %
3amaciB BOAM He NMPHUMMAaIK ydyacTi y PEryJjroBaHHI CTOKY, I10 HPUBOAMIO IO
3aCTOK0 y aKBaropii, IBITIHHSA BOAH, BUCOKOTO PIiBHS aKyMYJISIil OpraHiku i
(hopMyBaHHIO OCEpeAKiB MOTITpopHO-TinmepTpoPHUX Mac Boxu. JinsHka 1 He
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Mae 0e3MoCepeIHhOr0 TiPOJIOTIYHOIO 3B 53Ky 3 TOJIOBHHM pycioMm JlHimpa.
3BOJIOKEHICTh TEPUTOPIT 3ajIeKaia BiJl 3amaciB BOJIOTH MiCIs pyHHaIlii 1aMOu
i BECHSIHUX NaBOJIKiB. Bojy BECHSHMX MABOJKIB JI0 JUISHKH HAJIXOIWIN 4epe3
MIPUPOIHUI riaponoriyauii pykas 0inst M. EHeproaap (mpaBobepexHa 4acTUHA
BOJIOCXOBHIIA), Aajli IOBEPXHEBI BOAM HAAXOJMIU A0 MOHU33S JIOXKa OCyIIe-
HOTO BOJIOCXOBHILA HAPOTH M. J{HITpOpy/IHE, JI0Ke 3aTOTUTIOBAIOCS 3HAUHUMU
00’emamu Boau. lllupuHa 3aroruieHoro Joxa Bij Oeperosoi jiHii M. JIHimpo-
pynHe 10 aiasHKY 1 ctaHoBuia Outbiie 14 kM.

B3nox GeperoBoi siHil Boja po3nuBanacs Ha 65 kM — Bin M. EHeprogap
1o cena IlnasHi BacuniBcbkoro paitony 3anopi3pkoi oomacti. Le 3a0e3neuyBaio
J00Ope KUBJICHHS. POCIIMH BEPXHBOI YaCTHHHU BOIOCXOBHINA. 3 15 OepesHs 1o
30 keitHst 2024 poky Ha AinsHLI | cnocTepiraBcsi 3HAYHHH MPUPICT POCIUH.
Benuki 06’ emu nomycki moBepxHeBux Boa 3 JHinpol EC, va piBHi 3500-4130 m*/c
(110,5-130,3 km*), 3yMOBWITH MIATPHUMKY BUCOKOTO PiBHSI 3BOJIOXKEHHS 1 CTpIMKe
iABUILEHHS piBHS Beretanii pocnuH y 1,6 pasu (NDVI -3 0,41 no 0,65). I1pu-
pict Bepou ckna 2,0 cm/no0y. 3 30 kBitHst o 09 yepBHs Ha AisHLI 1 dikcyBa-
70cst 30epeKEHHS BUCOKOTO PIBHSI 3BOJIOXKSHHS 1 3011bIIeHHs 3HaueHHss NDVI 3
0,65 mo 0,71. Ha kiHels yepBHs BUCOTa BepOu csirayia 4,5 M 1 BHIIIE.

[To 3aBepICHHIO BECHSHUX MTaBOJKIB, 3 BEPXHbOT YaCTHHH BOJOCXOBHIIA
09 nunast 2024 poky BigOynocs 3BOPOTHE PO3BAHTAXKECHHS BOJIM JIO TOJIOBHOTO
pycna [lHinpa i 3MeHIIeHHs BOJIOT03a0e3MeYeHHs POCirHa. B nepiof JIiTHRO-
OCIHHBOI MEKEHI YacTKa BOJOBKPUTOI TEPUTOPIl B MEkKax KOJIHIIHBOTO BOJO-
cxosuia (pucynok 10) cranom Ha 14.07.2024 poxy cknana 24,3 %, 23 ceprHs —
18,2 %, 22 epecHsi — 16,2 %, 22 xoBTHS — 16,3 %.

BincyThicts arMochepHux omnaais i momyckis 3 JJxinpol EC, anomanbHo
BUCOKI TEMIIEpaTypH MOBITPS 1 BIACYTHICTH TiAPONIOTIYHOTO 3B 3Ky AUISTHKH |
3 TOJIOBHUM pyciioM JIHillpa NpU3BeNn 0 BUCHAKEHHS BOJOTHU 1 MOTipIICHHS
no0poi Beretarnii pocuH. Takum ynHOM, He3HauHe 3HKeHHS NDVI 3 0,71 1o
0,68 dikcyBanocs 1o 14 nunus 2024 poky. 30UTbIIEHHS TEMIIEPaTypH MOBITPS
y JMIHI 10 icTopuaHOro Mmakcumymy +40,5-42,0 °C Ta n’aTuKpaTHe 3pOCTaHHs
YacTOTH MPOSIBY aHOMAJIbHO BUCOKHX TeMIleparyp y JITHIW mepiof AJs peri-
OHY JIOCIiI’KeHb, TIPU3BENN 10 NPUIIBUALICHHS €BAOTPaHCIIpaliifHUX Mpo-
LeCiB, BUCHAXCHHSI 3aI1aciB BOJIOTH 3 JIOJKa BOJOCXOBHIIA, CTPIMKE IOTipPIICHHS
Beretanii Ta BucuxaHHs pociuH. Cepenne 3HaueHHs NDVI 3Huzmnocs Ha
21 %, 3 0,68 10 0,54. 3Ha4Hi OCEPEKU POCIUH ITOBHICTIO BTPATUIIA BEreTalIliIo.
3 27 numHg 1o 19 cepnHs 3adikcoBaHi TOXKEXI y BEpXHil 4acTHHI BOZOCXO-
Buia Ha turomi 320 ra (pucyHok 11).

JoOpum i cTaOIbHUM 3BOJIOXKEHHSIM XapakTepusyBajiacsi JiIsTHKa 2 B
cepeHiil yacThHi BomocxoBuia. L{s yacTuHa Jioka BOJOCXOBHINA Ma€e M00py
MEpEeXy TiAPOTOTIYHOTO PO3BAHTAXKEHHS 1 aKyMYJISILII0 BOA BECHSHHUX IMABOA-
KiB piuku J[Hinpo. 30kpema, Ll TEPUTOPist Ma€ OAATKOBE >KUBICHHS BOJAMHU
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-4aC0B1 3AKOHOMIPHOCTI 3BOJIOKEHHS 1 Bereraull poCJIMHHOCTI

Puc. 9. IlpocToposo

KaxoBcbkoro BogocxoBuiia

HA TepUTOPil ocyLIeHOro
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T
@

22.10.2024

Puc. 10. Po3noain BoqoBKpHUTOI TEPUTOPIi B MelKaxX KOJUIIHBOTO
KaxoBchbKoOro BO0CXOBHINA B JIITHHO-OCIHHIO MeKeHb

Fa N
18.08.2024 23.08.2024

Puc. 11. Iloxke:xi y BepxHiii yacTuHi ocymeHoro KaxopcbKkoro BoiocXoBuIna,
3a nanumu Sentinel 2 L2A
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piukn BazaBnyk noskuHo0 157 kM i mormiero Bogo3oopy 4,2 tuc. kM2, Piuka
nporikae y Kpunnuancekomy, CodiiBcbkoMy Ta HikomonbscbkoMy paiioHax JHi-
MPOMETPOBCHKOT 00acTi, mpaBa nputoka J{Hinpa.

Hinsiuka 2 B nepion BecHsiHOI moBeHi 2024 poky Oyiia OKpUTa BOJOHO.
3 20 TpaBHs, MiCIs MOCTYIIOBOTO CXOJKCHHS BOJU JI0 TOJIOBHOTO pycia JIHi-
mpa, Ha Wil aUIstHI (iKCyBalioCsl BiJHOBJICHHsI Bererailii pociuH. JloBruit
nepio]] 3aTOMJICHHS, 3a0e3MeUnB BUCOKUH PiBEHb HACHYEHHS BOJIOTOI0 TOHHUX
BiJIKJIQIiB. 30KpeMa, JTOJIaTKOBE 3BOJIOXKEHHS IMiJTPUMYBAJIOCS BOIAMHU PIUKH
Bazasnyk. Lle cTumysroBano 700py BereTaito i BUCOKY CTIHKICTh POCITHHHOTO
MOKPUBY B TIepioz JiTHROI crieky. CTabiinbHa BereTauis pociuH GikcyBanacs 10
Tpethoi aekaau cepnus. Cepenne 3HadenHss NDVI y nunni cknano 0,58-0,60,
y cepenni ceprast csarano 0,70. He3nauHe moripiieHHs BereTallii poCiauH CIo-
cTepiranocs Ha KiHelb BepecHsl, cepente 3HaueHHss NDVI sum3unocs 3 0,70 no
0,65. Criij akieHTYBaTH, 10 JUISHKA 2 XapaKTEePU3YEThCS BIIIHOCHO CTIHKUM
3BOJIOXKEHHSIM 1 OpraHiYHMMU JIOHHUMH BiJKJIaJIaMH, 1[0 3yMOBHJIO CTaOUIbHI
yMOBH (pOpMYBaHHSI POCIMHHOTO MTOKPUBY BIpoaoBxk 2023-2024 pp.

Hinsuka 3, Hanpotu cena HoBoOepucias i micta bepucnag, po3raioBaHa
Ha HEOrCHOBUX BAIHIKOBUX IJIACTOBUX BIJKJIa/IaX Y HIKHIN YaCTHHI BOIOCXO-
BHUIIA 1 XapaKTePU3YEThCS JOOPUM 3B'SI3KOM TiAPOJIOTIYHOT MEPEXKi i3 TIOBEPX-
HEBUMU CTOKaMH TOJIOBHOTO pycia JIHimnpa, BETUKOIO HIUIbHICTIO MIJIKOBOJIHUX
30H, 3HAUHOI0 YaCTKOIO MillaHUX TEPHUTOPi 1 HU3BKMM pPIBHEM OpraHiuHUX
BigkmazgiB. ToMy IHTEHCHUBHICTH PO3BUTKY POCIMHHOTO IMOKPUBY IEPEBAKHO
3aJIeKUTh BiJl PiBHS BOIM TOJOBHOTO pyCla PiYKH, KWW BIUTMBAE€ Ha BOJIO-
3a0e3rnevyeHHs AUITHKE 3. 3 MouyaTtky BECHSHUX MaBOAKIB (hikcyBammcsi 100pi
YMOBH 3BOJIOKEHHSI Ii€1 AIISTHKH. 30KpeMa, MOCTYMOBE PO3BAHTAKEHHSI 3a1aciB
BOJIM 3 BEPXHBOI 1 CEpeHBOI YACTHH KOJHMIITHHOTO BOAOCXOBHUILA, 3yMOBIIOBAIN
CHUCTEMaTUYHE BOJHE KUBJICHHS POCIMH Yy HWKHIH 4dacTuHi. ToMy cTaOinbHi
YMOBH BereTalii i GopMyBaHHS POCIMHHOTO MOKPUBY (iKCyBaJUCs Bil cepe-
JIMHU KBITHS 10 cepenuuu ceprHs. Cepenne 3HaueHHs NDVI 30ubmmocs y
2,9 pa3u —3 0,23 10 0,66. BincytHicth onanis i ckuuis 3 J{ninpol EC 3ymoBuiio
3HW)KEHHsI PIBHS BOAM Y TOJIOBHOMY pycii piuku J{Hinpo, OOMIiTiHHS 1 YacTKOBE
MepecuXaHHs pyKaBiB PIYKH T1IPOJIOTIYHOI MepeKi HUKHBOT YACTHHU OCYIIIe-
HOT'O BOJIOCXOBHIIIA, 1110 00YMOBHJIO BOJHUM cTpec Ha autsHIi 3. [le npusserno,
3 13 cepnnst o 15 BepecHs, 10 3HIKEHHS cepeanboro 3HadeHHst NDVI Big 0,66
1o 0,56. KoporkouacHi omaiu 3yMmoBiiin Ha 2(0) BEpECHsI YaCTKOBE BiJIHOBJICHHS
BereTaii pociuH, ane Ha 22 BepecHs piBeHb BereTalii OyB 3HOBY MOT1pIICHHIA.

3a yMOB IpOSIBIB HEraTWBHMX 3MiH KIIMary Ta IITYYHOTO PEryJITIOBAHHS
nonyckiB 3 /Iainpo 'EC, BaximBHM € TOCHiIKEHHS CTIHKOCTI BereTaii pocivH Ta
(opMyBaHHSI pOCIIMHHOTO TIOKPHUBY Ha TEPUTOPil KOIUIITHLOro KaxoBchbKkoro Bomo-
cxoBuIIa. Y 3B’513Ky 3 MM, Ha OCHOBI 3Ha4eHb ND VI Oynu npoBezieHi po3paxyHKu
CE30HHOTO MOPYILIECHHS BereTallii pociiiH 3a Bepeceb 2023-2024pp (pucyHok 12).
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MopyLeHHA POCAMHHOrO NOKPUBY BiHOCHO NIOLLi NONepeaHbOro nepioay

o,
) Iioma, IopyumeHHs pOCTHHHOIO MOKPOBY, % 4yacTKa
Iepion 0e3
THC. Ta amin | TH3bKE | cepetie BHCOKe JIysKe BHCOKe

09.06-14.07.2024 78,2 33,7 39,3 11,5 53 10,1
14.07-23.08.2024 98,5 27,9 46,8 17,6 5,2 2,4
23.08-22.09.2024 102,0 39,4 54,9 51 0,5 0,1

28.09.2023-

22 09.2024 52,4 45,2 28,5 15,3 5,6 53

Puc. 12. Ce30HHI XapaKTepHCTUKH NMOPYIICHHS BereTamii pocJIMH B JIOKi
KaxoBcbKkoro BoocxoBuina 3a sepeceb 2023-2024pp.: a — nepiox 09.06-14.07.2024;
0 — nepion 14.07-23.08.2024; B — nepion 23.08-22.09.2024; r — nepiox 28.09.2023-22.09.2024

Po3paxyHku 3miiCHEHO 11 BOXKIIMBUX TIEPioniB ()OPMYBAHHS POCIMHHOTO
MOKpHBY. MexXi pOCIMHHOTO MOKPHUBY BH3HAYAJIMCS IS TOYATKY KOYKHOTO TIepion
JOCIHIKEeHb. 3a pe3ysIbTaTaMH JOCiPKeHb BCTAHOBJIEHI ITPOCTOPOBO-YaCOBI XapaK-
TEPUCTHUKH TTOPYIICHHS C(hOPMOBAHOT POCIMHHOI OiOMacH 3aJIe)KHO BiJl CyJaCHUX
KITIMaTU9HO-T1IPOJIOTTYHMX YMOB (DYHKITIOHYBaHHSI OCYIIIEHOTO BOJIOCXOBHIIIA.

Bcranosneno, 1o HaiOITBIINI BOAHUH 1 TEMIIEpATypHUA CTPEC POCIUHU
mamu B miepionu 09.06-14.07.2024 i1 14.07-23.08.2024. B nieprmii niepios Big0y-
JI0CS CXO/DKEHHS BOJ, BECHSIHOTO TIABOJIKA 1 OCYIIIEHHSI TEPUTOPii BOJOCXOBHUIIIA.
Le mpu3Beno 10 mepImx MposiBiB CTPECY 1 BTpaTy 100prUX yMOB BereTarlii y poc-
JIMH BEPXHIM 4acTWHI BOJOCXOBHUINA. B CBOIO uepry, 1e 3yMOBHJIO MOPYIIEHHS
POCTIMHHOTO TIOKPUBY B KJIacax BiJI CEPEIHBOTO JI0 Ay’KE BUCOKOTO PiBHSI.
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Jpyruii mepiox XapakTepu3yBaBCsl aHOMaJbHO BHUCOKHMH TEMIIEpaTy-
pamu MOBITPs 1 HAJI3BUYAWHUM PIBHEM BOJIHOTO cTpecy pociuH. Lle 00ymMoBumiio
noripureHHs Beretauii Oinbie 70 % poCIMHHOCTI JioXka BogocxoBuIa. Buco-
KHii PIBEHb MOPYIICHHSI BereTailii 3a)ikCOBaHO TUIONICO 25 THC. Ta. HA JIOHHUX
IPyHTaX, SIKi He MaJi TiAPONIOTIYHOTO KUBJICHHS 3 TOJIOBHOTO pycia JIHimpa.

B Tepriii nepiox, 23.08-22.09.2024, Ginbuie 60 % pocIMHHOCTI MOCTY-
MOBO BTpavajn A0Opi BereTaliiiHi XapakKTepUCTHKH.

3 MEeTOI0 BCTAHOBIICHHS pealibHOI CHUTyalii (OpMyBaHHSI CTPYKTYpH i
TUTOIL POCIMHHOTO TOPUBY, PO3PaxyHKY MOPYLICHHS Bereralii, HaMH CHUCTe-
MaTH30BaHa PacTpoOBa MOJCNIb POCIMHHOCTI 13 MaKCHMaJbHUMH 3HAUYCHHSIMHU
NDVI_ (pucynok 13a) na ocnosi pactpis NDVI cranom na 28.09.2023 p.,
09.06.2024 p., 14.07.2024 p., 22.09.2024 p. lle 1an0 MOXKJIUBICTH BCTAHOBUTH
MEXI JIoKa BOAOCXOBHUINA, sKa Oylia MOKPUTA POCIMHAMHU BIIPOAOBK Bepe-
cenb 2023-2024 pp. [lnoma pocauHHOCTI ckiana — 135 Tuc. ra, B TOMy 4HCIIi
48 TuC ra — IepeBOBUIHA POCIMHHICTD (BepOa i Tonouni); 87 THC ra — epeBakHO
00JI0THA 1 JTy4Ha POCIHHHICTD 3 OCEpeIKaMH YarapHHKiB.

I - e motpa wereTagn

Micuia sereraui 135 Te. ra

T 1
[} 10 0 120 Ken 8

a 6

Puc. 13. Pocaiunauii nokpus Joxka KaxoBcbkoro BogocxoBuia 3a sepecenb 2023-2024 pp.:
a — CTPYKTYPA POCJIMHHOTO MOKPHBY 32 MAKCHMAJIBbHO CIPUATIMBHX YMOB BereTauii,
NDVI__; 6 — nopymenns Bererauii pocaun, ANDVI,

Po3paxyHok nopyuieHHs Bererauii pociud ANDVI,;, 301 iCHEHO CTaHOM
Ha 22.09.2024 pix BIIHOCHO pacTpy MakcuMaibHuX 3HadeHb NDVI . Bcra-
HOBJEHO, 110 32,7 % (44 Tvc. ra) — IO POCIMH HE 3a3HAJIN MOPYLICHB,
67,3 % (91 THc. ra) — TepUTOPIi MatOTh Pi3HY CTYHiHb HOPYIICHHS POCIUHHOIO
MOKpUBY. 3HaUHUH piBeHb MOpyLeHHs 3adikcoBano Ha 43,5 % (58,7 tuc. ra)
o, B Tomy uyucii 19,5 % (26,3 Tuc. ra) poCIMHHOCTI AeTpaayBallo i 3HaX0-
JUTHCS Ha MEK1 3HUILCHHS.

Crig akueHTyBard, 10 BIPOAOBXK OCTaHHIX 40 pOKiB (iKCyeThCs CTa-
OibHE 3HMKEHHS PiBHS BiTHOCHOI BosorocTi moBiTps Ha 10-12 %, mo noBo-
JUTH 3aTOCTPEHHS BOXHOTO Ae(ilMTy Ta MiABUIIEHHS TEMIIEPATYPHOTO THUCKY
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Ha TEPUTOPiaJIbHI EKOCUCTEMHU. 30KpeMa, 3a MI00aIbHUMHU JaHUMHU KIIMaTH4-
Hux pociimkens Copernicus Climate Change Service (https://atlas.climate.
copernicus.eu/atlas), y 2024 poui Ha Teputopii YkpaiHu y NOpiBHsHHI i3 cTaTHC-
THYHOI HOpMOI 1850-1900 pp., Temmnieparypa moBitpst 3pocia Ha 2,07 °C. Jlo
2100 poky MPOTHO3YEThCS TIEPEBUIIICHHS HOPMHU CEPEIHLOPIYHOTO 3HAUCHHS Ha
7,91 °C. Ouikyetbcst, 1o y nepiog 2024-2100 pp. HaiOIbIII KOJIUBAHHS ITi]I-
BUILIEHHSI TEMIIEPAaTyPH MPOTHO3YIOTHCS Y JIITHI Ta 3MMOBI niepioau Bif 2,52 °C
1o 10,34 °C. IligcuneHHs: HeraTUBHUX KIIIMaTHYHUX aHOMAJIi 1 IITY4YHE pery-
MroBaHHS Manumu 00 emamu ckugiiB 3 [Hinpo 'EC npu3BomuTh 10 3HAYHOTO
BOJHOTO JIe(iUTY 1 HOPYIIEHHS HOBOCTBOPEHOI POCITMHHOT €KOCHCTEMH B JIOK1
KaxoBchKoro BoJJ0CX0OBHIIIA.

BucnoBk#. 3a pe3yabraraMi KOMITIEKCHUX MTOJIBOBUX 1 IMCTaHIIHO-CY-
MyTHUKOBUX AOCHIPKEHb BCTAHOBJIEHI 3aKOHOMIPHOCTI Bereraiii Ta CTIHKO-
CTI POCIMHHOTO TOKPHUBY 3aJIEKHO BIJI CY4aCHUX KJIIMAaTHYHO-TiAPOJIOTIYHUX
YMOBH TepHuTOpii ocymeHoro KaxoBchKoro BomocxoBuina. B KiHII BepecHs
2023 poky 110112 POCIMHHOCTI cKiajia 52,4 Tuc. ra. 3MMOBO-BECHIHUHN Tepion
2024 poky XapaKTepu3yBaBCsl CHPUSATIMBUMU KJIIMAaTHYHUMH yMoBaMmH. Taki
YMOBH CITPUSUTH BUCOKOMY PiBHIO HAKOTIMYEHHIO BOJIOTH y JOHHHX BiAKIanax i
LIBUJIKOMY MIPUPOCTY POCIMHHOI OiomMacu. Y mepio BECHSHHUX MaBOJAKIB 3aT0-
wienHs csarano 70 % Teputopii Bomocxosuia. Ha kineups BepecHs 2024 poky
IUIOIA POCIMHHOTO MOKPUBY B MEXaX KOJHMIIHBOTO BOAOCXOBHINA 301TbIIH-
nacs y 2 pas3u. BcraHoBieHo 3HauHy BapiaOebHICTh Y BereTauii pocinH B pi3-
HUX YaCTHHAX BOJOCXOBUIIA. [[e 00yMOBICHO HEOMHOPITHICTIO XapaKTEPUCTHK
TiIpONIOriYHOT MepekKi 1 Mepepo3MOAiIOM BOJIOTH, 3B'SI3KOM 13 MOBEPXHEBUMHU
CTOKaMH TOJIOBHOTO pycia JIHimpa, pi3HUM piBHEM OpTaHiKy y JOHHUX BiJKIia-
nax. MakcuMaibpHa TUIOIIA 3apOCTaHHs JIoKa BojocxoBuia 3a 2023-2024 pp.
ckiayna — 135 tuc. ra, B Tomy yucii 48 THUC. Ta — JIEPEBOBU/IHA POCIIUHHICTh
(BepOa 1 Tomoni); 87 THC. ra — mepeBa)XHO OOJOTHA 1 TyYHa POCIMHHICTB 3 Oce-
pelnkamu yarapHukiB. BincyTHicTh onaiB i aHoMa bHE 301IbLICHHS JTITHIX TEM-
repatyp MOBITPsI U PETiOHY TOCIiIKEeHb, TIPU3BEIN 0 TPUILIBUALICHHS eBa-
roTpacmipaiiii Ta BUCHaXCHHs 3araciB BOJIOTH 3 BojocxoBuia. Lle 3ymoBmiio
MOTIPIIICHHST BereTallil pOCiuH, iX BUCUXaHHS Ta YaCTKOBOI jerpanarii. Bera-
HOBJICHO, 110 Ha KiHIli BepecHs 2024 poky, 67,3 % pOCIMHHOIO MOKPUBY Malld
pi3HY CTYIiHb OPYIIEHHSI BereTallii. 3HauHHii piBEHb MOPYIIEHHs 3a(iKCOBaHO
Ha 43,5 % mtoni, B oMy uucii 19,5 % pociuHHOCTI AeTpalyBaio i 3HAXOIUThHCS
Ha MEXi 3HUIIEHHs. 30KpeMa, y BepXHiil 4acTHHI BOJOCXOBHIIA 3adiKcoBaHi
MOXKeX1 POCIMHHUX ocepekiB miomieto 320 ra. HeratuBHi npouecu 3yMOBUIN
3MEHILEHHS TUIOII 37I0POBOi POCIMHHOCTI Ha 26,3 THc. ra. JloBeaeHo, mo cTa-
OUIbHI TEHJIEHIIIT JI0 TiACUICHHS HETaTUBHUX KIIMATUYHUX aHOMAJIIH 1 IITydHe
perymoBaHHs Manumu 00’ emamu ckuaiB 3 Jxinpo 'EC no Tepuropii xomum-
HbOro KaxoBCHKOTO BOJOCXOBHINA YCKIAIHIOIOTh YMOBH BHXKMBAaHHS POCIIHH.
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B noganpmioMy 11e 3MEHIIUTh HIUTLHOCTI POCIHH 3 I0OPOIO BereTalli€ero, 301b-
UIMTH IJIOIII IETPaIOBAHOTO MOKPUBY 1 CYXOCTOIO, MiIBUIIUTH YACTOTY TTOXKEK,
3yMOBHTB BTpary CTIMKOCTI HOBOCTBOPEHOI €KOCHCTEMH Ta MpPU3BEAE A0 3HH-
IICHHS OCEPE/IKIB POCIIHH.

Honmsiku. JlocmikeHHs 3IIHCHIOETBCS 3a MiATpUMKH KaHajchKoro
iHCTUTYTY yKpaiHcbkux cryaiid (KIYC) Ansbeprepkoro yHiBepcurety. I pant —
«IIpocTopoBo-4yacoBe AOCHIHKEHHS HACIIAKIB pOCIHChKOi 30poiiHOi arpecii B
Oaceitni Huwknboro [Iainpay.

[Ipoext migTpumano nporpamoto Documenting Ukraine [HcTuTyTy Hayk
npo joauny [WM y Binni. I'pant — «JlociikeHHsT HACTHIAKIB pyHHYBaHHS
KaxoBchkoi gamOu Ta OCyIIeHHS BOIOCXOBUIIA JIJIs1 HACCICHHS YKPaTHI.

CLIMATIC AND HYDROLOGICAL CONDITIONS
OF THE FORMATION OF VEGETATION COVER
ON THE TERRITORY OF THE DRAINED
KAKHOVKA RESERVOIR

Pichura V.I. — Doctor of Agriculture, Professor,
Potravka L.O. — Doctor of Economics, Professor,
Kherson State Agrarian and Economic University,

pichuravitalii@gmail.com, potravkalarisa@gmail.com

The destruction of the Kakhovka HPP dam by the Russian aggressor led to the
draining of the reservoir and the loss of a third of Ukraine's fresh water reserves, with
catastrophic socio-economic and ecological consequences. Now, considerable attention
is directed to the study of the formation of the state of the natural vegetation cover
within the former reservoir area. In this regard, the purpose of the study is to establish
the regularities of vegetation and its stability depending on the current climatic and
hydrological conditions of the territory of the drained Kakhovka Reservoir. The results
and conclusions were obtained on the basis of complex field research, calibration and
decoding of Sentinel 2 L2A satellite images during the period of 2023-2024. At the end
of September 2023, the area of the territory with plants was 52.4 thousand hectares.
First of all, beam systems are characterized by good conditions for the development
of vegetation, the share of vegetation cover in their territories varied from 30.7 % to
60.3 %. The winter-spring period of 2024 was characterized by favorable climatic
conditions, which caused up to 70 % of the reservoir's territory to be flooded by spring
floods. This ensured a high level of moisture accumulation in bottom sediments and
a rapid increase in plant biomass. By the end of September 2024, the area of plant
cover within the area of former reservoir has doubled. Significant variability of plant
vegetation in different parts of the reservoir was established. This was due to the
heterogeneity of the characteristics of the hydrological network and the redistribution
of moisture, the connection with the surface runoff of the main channel of the Dnipro,
bottom sediments with different levels of organic matter. The maximum overgrown
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area of the reservoir bed during 2023-2024 amounted to 135,000 hectares, including
48,000 hectares of wood vegetation (willow and poplars); 87,000 hectares are mostly
swamp and meadow vegetation with patches of shrubs. The lack of precipitation and an
abnormal increase in air temperature in July to a historical maximum for the research
region of +40.5-42.0 °C led to the acceleration of evapotranspiration and depletion of
moisture reserves from the reservoir. This led to deterioration of plant vegetation, their
drying and partial degradation. It was established that at the end of September 2024,
67.3 % of the plants had varying degrees of vegetation disturbance. A significant level
of disturbance was recorded on 43.5 % of the area, including 19.5 % of vegetation
degraded and on the verge of destruction. From July 27 to August 19, burning of plants
on the area of 320 hectares was recorded in the upper part of the reservoir. Negative
processes led to a decrease in the area of healthy vegetation by 26.3 thousand hectares. It
has been proven that the stable tendencies to strengthening negative climatic anomalies
and the artificial regulation of small volumes of discharges from the Dnipro HPP to the
territory of the former Kakhovka reservoir complicate the conditions for plant survival.
In the future, this will reduce the density of plants with good vegetation, increase the
areas of degraded cover and dryness, increase the frequency of fires, cause the loss of
stability of the newly created ecosystem and lead to the destruction of plant centers.

Keywords: Kakhovka reservoir, vegetation, climate, hydrology, disturbance,
ecocide, Sentinel 2, NDVI, NDMI, NDWI.
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OUIHKA PU3UKY 3ABPYAHEHHA NUTHOI BOAU
B HABYAJIbHUX 3BAKNTAAAX CUJIbCbKUX HACEJIEHUX
NYHKTIB XUTOMUPCbKOI OBJIACTI BJ11 300POB’A
ANTAYOro HACEJIEHHA

Pomanuyk JI. /1. — 0.c.-e.H., npogpecop,

Banepxo P. A. — k.c.-e.H., Ooyenm,
TI'epacumuyk JI. O. — k.c.-2.H., OoyeHm,
Heporcasnuii ynisepcumem «Kumomupcoka nonimexwixa,
valerko_ruslana@ukr.net

VY crarTi 0CHiHKEHO SIKICTh TIMTHOT BOJH, OTPUMAHOI i3 JpKepel HeleHTpai-
30BaHOTO BOJOIIOCTaYaHHS B JKUTOMHPCHKIN 001acTi, 3 aKIICHTOM Ha BMICT 3aji3a Ta
MapraHIlio, sIKi MPU TPUBAIOMY BIUIMBI HaBITh Y HU3bKUX KOHIIEHTPAIIISIX, MOXKYTh MaTH
IIKIJJTUBUIA BIUIMB HA 3I0POB’S, BKJIFOYAIOYM PO3BUTOK HEBPOJIOTIYHHX 1 CEPIIEBO-CY-
JIMHHUX 32XBOPIOBaHb.

Meroto Jocii/pKkeHHs Oyia OLiHKa PU3UKY JUIsl 30pOB’sl IT€H BHACIIIOK CIIO-
JKUBaHHS ITUTHOI BOJIM 13 TIiIBUIIICHUM BMICTOM 3aJjliza Ta MapraHifio. byio npoanairizo-
BaHo 114 3pa3kiB MUTHOI BOAH, BiIIOPaHUX i3 KOJIOASA3IB Ta CBEPAJIOBUH Y JOMIKUIBHUAX
1 IWKUTbHAUX 3akiagax bepamdiBcbkoro, YKutomupcrkoro, Kopocrencbkoro Ta HoBo-
rpaa-BomuHCbKOTO paiioHiB. [T OMIHKM PU3UKY BHKOPUCTOBYBAIH MeTomoioriro US
EPA, po3paxoByroun cepesiHb01000By 7103y HaxomKkeHHs xiMiyaux pewoBuH (EDI) Ta
koedimieHT Hebesmekn (HQ).

Pesysbraru nociimpKeHHs TIOKa3ay, 10 CepeHiil BMICT 3aiza y MUTHIH BOJI KO-
mmBaBcs Bix 1,0 mo 2,8 mr/mm®. MakcumaibHa KOHIIGHTpallis 3amiza (10,6 mr/mm?®) 3adik-
COBaHa B MIAXTHOMY KOJIOZs131 1IkomH cea Mana [T’ sturipka. Maprasenp y cepenHboMy
BIJIIIOBiJITaB HOPMATHBaM, aJi¢ TIOOJWHOKI TICPEBUIIICHHS BUSBICHO Y 9—19 % 3pa3kiB, 30-
Kpema MakcuMansHAN BMICT (1,95 mr/av?) BusBeHo y HoBorpan-BommHChKii riMHa3zil.

AHai3 pu3MKy TS 370POB’ s AUTSIYOTO HACEICHHS M0Ka3aB, 110 BEJIMYHHA PH-
3WKY IUIS JiTEeH, HaBiTh 32 YMOB ITiABHUIICHOTO BMICTY 3ai3a i MapraHIlio, He TIEPeBH-
ryBaja gonyctumux 3Hadenb (HQ < 1), 1o cBiguuTh PO HU3bKUIT pIBEHb HEOE3EKH.
VY cymapHOMY pU3HUKY IEpIIe Miclie mocinae 3aiizo (BHecoK 12-28 %), Tomi sk JacTka
Maprasuio He nepesunryBana 10 %. HaiiBumia BenuunHa pusuky Oyna XapakTepHa Juis
JiTeH BikoM 6—12 pokiB, HAMEHIIIA — JJIs1 HEMOBJIAT.

Bim3HaueHo, mo piBeHb pU3HKY BHACHIIOK 3a0pyTHEHHS 3aJli30M 1 MapraHieM
€ HI3bKUM. [IpoTe 3armponoHOBaHO PO3IIUPUTH JOCIIIKCHHS, BKJIFOUHBILIHN OI[IHKY PH-
3WKY BiJ] CIIO)KUBAHHS HITPATIB, SKi TAKOXK € IMOTCHIIHO HEOS3MEUHUMH TS 3I0POB s
JIUTSYOTO HaceseHHs. OTpUMaHi pe3yabTaTH MOXYTh OyTH BUKOPUCTAHI AJI PO3POOKHU
3axO0JliB 3 MOKPAIICHHS CKOJOTIYHOI OE3IeKH BOIOMOCTAUuaHHs Ta MiHIMI3aIlil pU3UKIB
JUTS 37I0POB’ ST HACEJIEHHS ¥ CUTBCHKUX TPOMAaiax.

KitrouoBi ciioBa: mUTHA BOZA, PU3HK, 3aJ1i30 3arajbHE, MapraHellb, CKOJIOTIYHA
Oe3meka.
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MocTanoBka npoodemMu. 3a0pyAHCHHS TUTHOT BOJM, 110 HAJIXOIUThH 13
JOKEpeJl HEeIEHTPaJIi30BaHOIO BOJOIMOCTAYaHHS, BAKKUMU METallaMHu 1 HITpa-
TaMH € MPOOIEeMOI0 JUISl CIIbCHKHUX CeNiTeOHMX TEPUTOpPiH, a OCKIIBbKH Bix ii
SIKOCTI 3aJIC)KUTh CTaH 370POB’S HACENICHHS, TO MUTAHHS OLIHKU PUBUKY JUIS
JIOAWHU BHACIIIOK IMOCTIMHOTO CIIOXKHBAHHS HESKICHOT BOJH, 3aTUIIAETHCS
rOCTPOO MPOOIEMOI0 Ta HAOYBa€ BCe OLIBIIOT AKTYaTIbHOCTI.

VY CciIbChbKil MICIIEBOCTI, SIKa HE OCHAIEHA CHCTEMaMHU IICHTPasi3o-
BAHOTO BOJONOCTAYaHHS Ta BOJOBIJBEJCHHS, MELIKAHI JOMOTOCIOAApCTB
BUKOPHUCTOBYIOTh HEOUHIIICHI IM1/136MHI BOJM HEB1JIOMOT SIKOCTI, HE PO3YMIIOYHU
MOXJIUBUX HACIIJKIB JUI BJIACHOTO 3J0POB’S, a TOMY, OIIHKA PU3UKY IS
30pOB’S JIIOAWHHU, OCOOJIMBO JUTSAYOTO HACEJICHHS, BHACTIIOK CHOKHBAaHHS
MUTHOI BOJH, 3a0pyJHEHOT BAXKKMMHU METallaMH, € IUTAHHSIM TOCUTh TOCTPUM
Ta aKTyaJbHUM [1].

Cepell MIMPOKOTO CHEKTPY 3a0pydHIOBadiB TPYHTOBUX BOJ, CEPHO3HY
CTypOOBaHICTh BUKJIMKAE 320pYIHEHHS BA)KKUMHU METalaMu, OUTBIIICTD 3 SIKHX
€ TOKCUYHHUMHU TSI 3/10pOB’ sl JIFOJMHHU, 0COOIMBO MPH MEPEBUILIEHH] KOHIIEHTpa-
L IX HOPMATHBIB Ta HAKOMMMYEHH] MPOTSATOM TPUBAJIOTO Yacy. 3aji30 i Mapra-
HEIllb € HAWOUIBII PO3MOBCIOMKCHUMHU BOKKUMHU METajaMH, SIKi MOXKYTh BIUIH-
BaTW Ha JIIOAUHY HaBiTh MPU HU3BKUX KOHLEHTpaulisx. [IlepeBuiieHHs BMicTy
3aJli3a 1 MapraHifro y NUTHIN BOJI MOXke OyTH IOB’sI3aHO 13 TaKMMH HeOe3meu-
HUMHU SIBUIIAMHU K XBopoOu [lapkiHcoHa, XaHTIHITOHA, AJbIIreiMepa, cepiie-
BO-CYIMHHI 3aXBOPIOBaHHSI, FIIepKeparo3, yKPOBUH Aia0eT, 3MiHM MirMeHTallii,
3aXBOPIOBaHHS HUPOK, MEYiHKHU, PECIiPaTOPHUX Ta HEBPOJIOTTYHUX PO3TAiB [2,
3]. HaiiGinpm BayKJIMBUM 3a0pyIHIOBaYEeM BOIM € MapraHellb, BMICT SIKOTO Y
MUTHINA BOJI MOKe BUKJIMKATH HEWPOTOKCHYHICTB, & PO3Jaad HUTyHKOBO-KHIII-
KOBOTO TpakTy i AucdyHKIii 6ararbox opraHiB MOXKYTh BAHUKATH YepPe3 CIIOKH-
BaHHs BOJAM 3 MiIBMINEHUMH KIIBKOCTAMU 3aii3a [4].

AHaJi3 ocTaHHIX mociimxeHb i myomikamiii. Hapasi, ominka skocTi
MUTHOI BOJIM JPKEPEJT HEIEHTPaJIi30BaHOTO BOJIOTIOCTaYaHHsI Ta ii BIUIMB Ha 3/10-
POB’sl HaceJIeHHsI ONHUCaHi y 0araTboX Hpalsx yKpaiHchkux [5-9] Ta 3apy0ixk-
HUX y4eHHX OaraTbox KpaiH cBity, 30kpema: [uaii [10], banrnanem [11], Ipany
[12], [Makucrany [13], Kenii [14], PymyHii [15] Tomo. OnHak, OLIHII PU3KHKY
JUISL 3/10pOB’Sl TUTSYOTO HACENICHHS, 1[0 MEIIKAaE y MeKaX CUIbCHKHX CeliTed-
HUX TEPUTOPi Ta € HAMOULIBII BPa3IMBOIO KAaTEropiero 10 Aii 3a0pyIHIOIOUUX
PEYOBHH, SIKi MOXKYTh HAJIXOJMTH i3 IUTHOIO BOJIOO 1 MPOIYKTaMH XapuyBaHHS,
MpUIiIEHO, HAa Hamly AYMKY, HEAOCTaTHhO yBaru [16], 30kpema i y Mexkax
JKutomupcebkiit oonacti [17].

®opmyawBaHHA el crarTi. OTXKE, METO JIOCII/PKEHHS € OIlIHKA
PHU3UKY JAJIsl 30pPOB’sl JUTSYOTO HACEICHHS, MOB’S3aHOT0 i3 BIUIMBOM 3ailiza
1 MapraHifo, o HaJIXOIATh i3 MUTHOK BOAOK. Pe3ynbratu naHOTrO 0CIIi-
JDKEHHS MOXKYTh OyTH BUKOPHCTaHI yciMa 3alliKaBJIeHHUMH 0CO0aMu ISl 3aI1o-
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OiraHHs TMOTCHIIMHUM PU3MKAM JUIS 3JI0POB’Sl TUTSYOTO HACEJICHHS CLIbCHKOL
MICIIEBOCTI.

Marepiaau i MmeToau KocaimkeHHs. [{0CIiPKEHHS IPOXOIUIN Y MEXKAX
JKuromupcebkoi 06acTi, Ha TEpUTOPIT CLIBCHKUX HACEIEHUX MyHKTiB bepandyis-
ceKoro, XKuromupcrkoro, Kopoctencrkoro ta HoBorpan-BoiauHCcbKoT0 paiioHiB.
3pa3ku BoaM BiAOMPaH 13 KOJIO/M31B Ta CBEPUIOBHH, SIKi pO3TallIOBaHi Ha TepH-
TOpIi 3aKJaiB JOUIKIIBHOI Ta MIKUIBHOT OCBITH. 3aranom Oyio BigiOpaHo 114
3pa3KiB MUTHOI BOAM. AHAJTITHYHI JOCIIPKEHHS BOJIM HA BMICT 3aJli3a Ta Map-
TaHIIo 3AIHCHIOBaNM y cepTUdikoBaHili BumiproBanbHiit nadoparopii [Tomick-
KOTO HAI[lOHAJIBHOTO YHIBEPCUTETY 3a 3arajibHONPUHHITUMHU METOIUKAMHU.

Jlnst o1iHKM HEOE3MEeKH 3/0POB’I0 AUTSIYOr0 HACEICHHS Pi3HUX BIKOBUX
rpyn BUKOPUCTOBYBaJIM MeTOAUKY omiHku puszuky US EPA [18]. [is ominku
MOXKJIMBHX HEKAHIIEPOTCHHUX PU3UKIB IS 370POB’ s JIFOJIMHUA BUKOPUCTOBYIOTh
nokazHuku nodosoro HanxomkeHHs (EDI) Ta koedinient nebesnexu (HQ).

CepenHbo1000By 103y HAJIXOIKCHHS XIMIYHOI PEYOBHHHU MPOTSITOM
JKUTTS JIFOMUHY Pa30M 3 TUTHOIO BOJIOK0 PO3paxoByBaiu 3a (hopMyIioro 1:

EDI=C x IR / BW, (1)

ne EDI — cepeanbono00Ba 1032 HaIXOMKCHHST XIMIYHOT PEUOBHHU MPOTATOM
KHUTTS, MI/KT X 100a; C — KOHIICHTpAIlisl PEYOBUHH Y TIUTHIN Boi, Mr/am?; IR —
BEJIMYMHA CIOXKUBAaHHA Boau; BW — Maca Tina JIroquau, Kr.

PU3HK MOXITUBOTO PO3BUTKY HEKAHIIEPOT€HHHMX ¢(EKTIB OIIHIOBAIN 32
nmokazHukamu koedimieHTtiB HeOesneku (HQ), skuil € BiAHOMIEHHSM cepen-
HBOJI000BOI JT03U XIMIYHOT PEeYOBHMHU [0 ii Oe3redHoro (peepeHTHOT0) PiBHS
BIUIHBY, Ta PO3PAXOBYETHCS 32 HOPMYIIOH0 2:

HQ=EDI/RfD, 2)
ne EDI — cepennpomo0oBa 1032 HAAXOMHKEHHS XIMIYHOI PEYOBHUHU TPOTITOM
XKUTTs, MI/KT X 100a; RfD — nmoporora (pedepenTra) 103a, MI/Kr X 00a.

3Ha4eHHs (paKTOPiB EKCTIO3MIIIT, 1[0 PEKOMEH0BAHO SIK CTaHAAPTHI, TPH-
AMaJuCh BIMOBITHO JaHOT METOMUKH (Tadmmis 1).

Tabnuys 1. CtannaptHi pakTopu exkcno3uii [18]

BepcTBu HaceseHHsI
®axTopH ekcno3uuii HemosasTa, | itu, Bikom | IligniTkn, Hopoc.ii,
BikoM Bin 2 BiKOM Bij1 BikoM Bil
10 2-X poKiB | 10 6 pokiB | 6 10 16 pokis | 16 10 18 pokis
CHO)KI/IBaHH;I MTUTHOI BOIH, 0,08 0.85 2 25
IM*/ o0y
Maca Tina, Kr 10 15 50 70
IMoporoga (pedepentHa) no3a, 03
MI/KT X 100a (3a11i30) ’
[Toporosa (pedepentHa) no3a, 0.14
MI/KT X 100a (MapraHers) >
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PesyabraTn gociinxeHb. Y pe3yibrari JOCITIKEHHS OyJI0 BCTaHOB-
JICHO, LIO CepelHiil BMICT 3aii3a 3araJibHOro y MUTHIN BOAI, sika BigiOpaHa y
3aKiazax ocBiTH Ha Teputopii Kutomupebkoi obnacti konmuBascs Big 1,0 1o
2,8 mMr/am?, BiICOTOK MO0 i3 MEepEeBUIIEHHSIM HOTO BMICTY BapitoBas Big 41 10
53,3 %. CepenHiii BMICT Maprasiio 3HaXOJUBCS Y MEXKaxX HOPMATHUBY, MPOTE
MMOOIMHOKI BUIAKU TEPEBHUIICHHS HOTO0 KOHIEeHTpauii 3adikcoBaHo y JKuro-
mupcbkomy, Kopoctencbkomy Ta HoBorpaa-BonnHcekoMy paiioHax.

CepenHiil BMIiCT 3aiiza 3arajbHOTO y MUTHIN BOII 3aKiajiB ocBiTH bep-
JIMYiBCHKOTO PAiiOHy CTaHOBHUTH 2,8 MI/IM?, 1110 TIEPEBHIIlyBaB HOPMATHB MaiiKe
y 3 pa3u. MakcumasnbH#i ioro BMICT Ha piBHi 10,6 Mr/am® 3adikcoBaHO y 1maxr-
HOMY KOJIOAS31 3arajbHOOCBITHBOI mIKonmH cena Mama I’ sturipka. 3aramom
Maibxe y 43 % BiniOpaHuX 3pa3KiB BUSIBICHO MEPEBHIICHHs BMicTy 3aiiza. Cto-
COBHO Maprasiiio, TO B >KOJTHOMY 13 BUIa/IKiB HE YCTaHOBJICHO TIEPEBHUILICHHS HOP-
MaTHBYy, a oro cepe/Hiil BMicT 3adikcoBaHo Ha piBHi 0,1 mr/am® (pucyHok 1).

N.

PoBHEHCERR walon
oBnacts

41

9.4
0,
Pomio 15
v MNovahrad-Volinsky
ralon

Huea

ralogiToMiD
429
Zhytomyr_Region
i sl
— rerum Rﬂd_ichw
[ e Bonan Lisproos

Esti, CGIAR.LISGS: Esn, MIRE. Garmin, FAQ, NOWA, USGS

Puc. 1. Cepenniii BMicT 3aJ1i3a 3arajJibHOro Ta Mapraiuio y nuTHiii Boai 3akyiaaiB ocBitu
KutomMupchKoi 061acTi, Mr/amM® Ta BiTcoTok mpoo i3 mepeBUIIeHHSIM HOPMATHBY, Yo

CepenHsi KOHIIEHTpaIlis 3aji3a 3arajbHOr0 Yy NHUTHIA BOJI 3aKjajiB
OCBITH, IO PO3TalIOBaHI Ha TepuUTOpii KUTOMUPCHKOTO pailoHy CTaHOBHB
2,2 mMr/aM®, a MakCUMalIbHHUN HOro BMIcT Ha piBHI 9,8 mr/am® 3adikcoBano y
cBepAoBUHI BepTokuiBehbkoi 3araibHOOCBITHBOI 1Ko, [lepeBunieHHs npod
BOJIU i3 HATHOPMATUBHUM BMICTOM 3aji3a ctaHoBuIO 53 %. CepemHiit BMIiCT
Maprasifio yCTaHOBJIeHO Ha piBHi 0,2 mr/am?, mpote y 9 % BixiOpaHux 3pa3kiB
OyJs10 3a(hiKCOBAHO MEPEBUILCHHS HOPMATHBY, & MAaKCUMaJIbHUN HOr0 BMICT Ha
piBHi 1,61 Mr/mm?, 1o nepeswuiiye HopMatuB y 3,2 pasu, BUSBICHO Y CBEPIIO-
BuHI CaaKiBChKOI 3arajIbHOOCBITHBOI IITKOJIH.
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Y nuTHI BOJII 3aKJIaliB OCBITH CUIBCHKHX HACEIICHUX MYHKTIB, PO3TalllO-
BaHMX Ha TepuTopii KopocTeHchkoro pailoHy BMICT 3aj1i3a 3arajJbHOTO BCTAHOB-
JIeHO Ha piBHi | Mr/mm?®, 110 BifmnoBinae HopMaruBy. 3aranom y 35 % BigiOpanux
3pa3KiB BUSBJICHO TIEPEBUIICHHS BMICTY 3alli3a, a MAaKCUMAJIbHUN HOTO BMICT
OyB 3a¢ikCOBaHUN y CIJTLCHKOMY BOJIOTOHI, 110 3a0e3redye BOAO ITHATIIib-
CHKHUil MOMIKINBHUI HABUATBHUH 3aKIajl HA PiBHI 5,5 Mr/aM?. BmicT MapraHiio
y CepeIHLOMY He MEPEBHUIIYBAB 03BOJICHUI HOPMATHB i cTaHoBUB 0,16 mr/am>.
[NepeBuinenns BMicTy MapraHmoo 3adikcoBano y 12 % BinmiOpanux mpo0, a
HaOIIbIa HOTo KOHIIEHTpais Ha piBHi 0,84 Mr/mM® BUsSBIIEHA Y CBEPTOBHHI
JIONIKLUTEHOTO HABYATBHOTO 3aKJIaJy CUTLCHKOTO HACETICHOTO MyHKTY PanoBens.

Bwicr 3amiza 3aranpHOro Ha Tepuropii HoBorpaa-BommHcskoro paiiony
y cepenHboMy 3adikcoBaHo Ha piBHI 1,5 mr/am’. MakcuMaabHUN BMICT 3aitiza
Ha piBHi 10,6 MI/aM® BUSIBICHO y CBEPIUIOBHHI Xapuo0I0Ky 3araibHOOCBITHBOT
ikosu cena Hecosionb. V 1ijioMy K TIEPEBHUIIICHHS BMICTY 3aj1i3a BCTAHOBJICHO
y 41 % BiniOpanux 3pa3kiB. CepemHiil BMICT MapraHilio He IePEeBUIIY€E HOpMa-
TUB 1 cTanoBuTh 0,36 Mr/am?, mpore y 19 % npob 3adhikcoBaHO MEPEBUIICHHS
HOro HOPMaTUBHOTO BMICTY. A MakCHMaJIbHUI BMICT Ha piBHi 1,95 mr/aM?, 1o
MEPEBUILye HOPMAaTuB Maike y 4 pas3u, BUSBICHO Yy NMUTHIM BOJI BOJOTOHY
HoBorpan-BonuHcbkoi riMHasii.

Ha ocHOBI OTprMaHUX JaHUX MO0 BMICTY y BOJI 3aji3a Ta MapraHilto
Oynu po3paxoBaHi BETUIHHH CEPETHROT000BHX 103 HAMXOMKEHHS 3aji3a 1 Map-
TaHIfo (TadauI 2).

Tabnuya 2. Pe3yJbTaT OLIHKH MEPOPATHHOI0 HATXOKEeHHSI 3a/1i3a | Mapraniio
3 IUTHOXO BOJIOKO /IS IUTSYOI0 Haces1eHHs1 ZKuToMupcbKoi od1acti

Paiionn 3anizo 3arajbHe Maprauneun
Jiru, .]'Ili-[Tllzcll-/l Jlopoc.i, Jiru, Migaitkn, | opoci,
BiKkOM BiKOM’ BiKkoM Bi1 | Bikom Bi1 | Bikom Bi1 | BikoM Bijx
Bia 2 10 Bil 6 10 16 no 18 2106 6 10 16 16 1o 18
6 pokiB 1 6np0£i3 POKiB POKiB POKiB PoKiB
BepmuuiBchkmii 0,16 0,11 0,1 0,006 0,004 0,003
JKuromupeekuii | 0,12 0,09 0,08 0,01 0,008 0,007
Kopoctencpkuii | 0,06 0,04 0,04 0,009 0,006 0,006
BHOBOFPaﬂ: 0,09 0,06 0,05 0,02 0,01 0,02
OJTMHCHKU I

Orinka pu3UKy TS 300POB’ S TIONWHU BHACIITOK 3a0pyIHEHHS ITUTHOT BOIH
3aJ1i30M Ta MapraHIeM IPOXOrSIa 3 BUKOPHUCTAHHIM Koe(]imieHTy HeOe3ITeKH.
BenuunHa pusuKy JIsl TUTSUOTO HACEICHHST BHACIIIOK TIOCTIHHOTO CITOKHBAHHS
BOJIM, HABITh 13 BMICTOM 3aJ1i3a, IO € OLTBITHUM 32 HOPMATHB, HE TICPEBHUIIYE ONIH-
HHUIIIO, 1110 CBTYMTH PO 3HEBAXKIIMBO MAINH PIBEHb PUHKY. YCTaHOBIICHO TAKOK,
110 BEIMYMHA PU3UKY € OO0 IS MITSH, HK YIS TJTITKIB (PUCYHOK 2).
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VY BenM4MHI CyMapHOTO PU3UKY JAJIS 370pOB’sI AiTEH epiie mMicle 3aiiMae
3aJ1i30 3arajbHe, BEIMUMHA BHECEHHS SIKOTO Bapitoe y Mexax 12-28 %. Haii-
MEHIIIOI0 YacTKOI0 BHECEHHSI XapaKTepU3yeThCsl Mapranels: Bia 2 % y bepau-
yiBcbkoMy 10 10 —y HoBorpan-BonuHcskoMy paiioHi.

BucHoBku. 3a cepenHbOro BMICTYy 3ajli3a Ta MapraHiio, BeJIMYUHA
PHU3UKY JUIS AiTell He MepeBullyBaa |, o CBIIYUTH MPO 3HEBAXKIUBO MaJIHi
piBeHb pu3uky. HaiiOinbma cymapHa BeTMYMHA PU3UKY BiJl KOMOIHOBaHOTO
BIUTMBY 3a0pyIHIOBaUiB CIIOCTEpiranach s Aitei 6-12 pokis, HaiiMeHIIa — 1715t
HeMOBIIAT. Hali0inbmmii BHECOK y CyMapHHUN PH3HUK poOuTh 3am1i30 (12-28 %),
a HaliMeHImii — Maprasens (2-10 %). YV mepcrnekTHBi MoJanbInX JOCTiIKEHb
CIiJ] 3A1MCHUTH OIIHKY PU3MKY AJISl 3A0POB’S TUTAYOTO HACETICHHS BiJl HaJIX0-
JOKCHHS HITPATIB 13 TUTHOIO BOJIOHO.

RISK ASSESSMENT OF DRINKING WATER POLLUTION
IN EDUCATIONAL INSTITUTIONS
OF RURAL SETTLEMENTS OF ZHYTOMYR REGION
FORTHE HEALTH OF CHILDREN

Romanchuk L. D. — Doctor of Agricultural Sciences,
Valerko R.A. — Candidate of Agricultural Sciences,
Herasymchuk L.O. — Candidate of Agricultural Sciences,
Zhytomyr Polytechnic State University

The article examines the quality of drinking water obtained from sources of non-
centralized water supply in Zhytomyr region, with an emphasis on the content of iron
and manganese, which, with prolonged exposure even in low concentrations, can have a
harmful effect on health, including the development of neurological and cardiovascular
diseases.

The aim of the study was to assess the health risk to children from drinking water
with an increased content of iron and manganese. 114 samples of drinking water taken
from wells and boreholes in preschool and school institutions of Berdychiv, Zhytomyr,
Korosten and Novohrad-Volyn districts were analyzed. The US EPA methodology was
used to assess the risk, calculating the average daily dose of chemical substances (EDI)
and the hazard coefficient (HQ).

The results of the study showed that the average iron content in drinking water
ranged from 1.0 to 2.8 mg/dm?. The maximum concentration of iron (10.6 mg/dm?) was
recorded in the mine well of the school in the village of Mala Pyatihirka. Manganese on
average met the standards, but individual exceedances were found in 9-19% of samples,
in particular, the maximum content (1.95 mg/dm?®) was found in the Novograd-Volyn
gymnasium.

The analysis of the risk to the health of the child population showed that the risk
value for children, even with increased iron and manganese content, did not exceed the
permissible values (HQ < 1), which indicates a low level of danger. In the total risk, iron
takes first place (contribution 12-28 %), while the share of manganese did not exceed
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10 %. The highest risk value was characteristic of children aged 612, the lowest — for
infants.

It was noted that the level of risk due to iron and manganese contamination
is low. However, it is proposed to expand the study to include an assessment of the
risk from nitrate consumption, which is also potentially dangerous for the health of
the child population. The results obtained can be used to develop measures to improve
the environmental safety of water supply and minimize risks to public health in rural
communities.

Keywords: drinking water, risk, total iron, manganese, environmental safety.
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The article is devoted to the study of spatial patterns of the formation of drinking
water quality within the Odesa urban system. The analysis was carried out taking into
account the interaction of natural, anthropogenic and technogenic factors that affect the
state of the water supply system, pump stations and water intake sources. It was found
that the key factors of water quality deterioration are local sources of pollution, such as
unauthorized discharges, deterioration of communications, proximity to sources of salt
water, high level of urbanization, etc. The study focuses on the territorial differentiation
of water quality, in particular the level of technical condition of water supply networks
and hydrological features of the area. The aim of the article is to determine the quality of
drinking water in water supply system and pump stations of the city of Odessa, as well
as to model the spatial distribution of the main macrocomponents in water and its toxic
pollution on the territory of the urban system of the city. For this purpose, the content
of the main chemical elements in drinking water sampled at control points located
throughout the city was determined. The samples were examined using portable testers
with ion-selective electrodes. An experimental study was also conducted to determine
the general toxicity of drinking water using the method of dividing water samples into
toxicity classes based on the experiment with onion (Allium Cepa L.). The obtained
data were interpreted using the ArcGIS program and spatial models of the patterns of
formation of drinking water quality within the Odessa urban system were created. It
was established that the content of the main macrocomponents in the drinking water of
Odessa does not exceed the maximum permissible concentrations (MPC) established by
the Ukrainian (State Sanitary Norms and Rules 2.2.4-171-10) standard for the quality of
surface water intended for drinking needs. It was established that the general toxicity of
drinking water in the city is mainly of medium and high levels. The obtained data have
applied value for the formation of strategies for sustainable water use, optimization of
water supply systems and minimization of environmental risks for the population of
Odessa.

Keywords: urban system, water quality, GIS-technologies, general toxicity,
spatial distribution, macrocomponents.
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Statement of the task. The aim of an article is to study and to analyze
the spatial heterogeneity of distribution of main macrocomponents in drinking
water of Odesa and to determine the level of its toxic pollution using GIS
technologies.

Analysis of recent research and publications. In present almost all
large cities experience water shortages. Water consumption here is 10 times
higher than in rural areas, in addition, water in cities is of worse quality, and
sometimes does not meet sanitary standards, due to the lack of appropriate
technologies, equipment and funds. Water is a fundamental natural resource that
sustains life, ecosystems and human society. Thus, the study of the qualitative
composition and toxic pollution of drinking water in the water supply systems
of large cities is an important issue for the sustainable development of urbanized
systems (Pichura et al., 2020). Article 4 of the Law of Ukraine "On Ensuring
Sanitary and Epidemic Welfare of the Population" states that citizens have the
right to drinking water that is safe for health and life.

According to article 7 of the Law of Ukraine "On drinking water and
drinking water supply", the state guarantees the protection of the rights of
consumers in the field of drinking water and drinking water supply by providing
every person with drinking water of normative quality within the limits of
scientifically based norms of drinking water supply depending on the district and
living conditions and by implementing measures of organizational, scientific-
technical, sanitary-epidemiological, environmental, economic and legal nature
regarding the improvement of the quality of drinking water, the development
of drinking water supply, the protection of sources and drinking water supply
systems (Pichura et al., 2023).

Odesa is one of the major consumers of water resources in Ukraine.
Here the drinking water comes from city's centralized water supply system. Its
length from the source — the Dniester River, to the city is 350 km. The river
flows through the territories of Ukraine and Moldova, where there are many
large industrial and economic enterprises that discharge large quantities of
wastewater into the river. Pump stations — is the water pumps, which are located
in all districts of the city, and where people can take drinking water free of
charge, is also play a significant role in the city's drinking water supply. There
are 16 pumping stations in Odesa, and they have different aquifers — from
120 to 350 meters. All pumps are maintained by the utility company, according
to the calculations of which, an average of 45,000 Odesa residents use the
services of pumping stations every day. Water consumption on one pump
is 18-20 m® per day (Kutishchev et al., 2021).

In recent years, relevant bodies register a non-compliance of the quality
of drinking water of the Dniester River with the requirements of the State
Standard of Ukraine 4808:2007 "Sources of centralized drinking water supply.
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Hygienic and ecological requirements for water quality and sampling rules"
as for the source of drinking water supply (according to bacteriological and
chemical indicators), mainly because of the discharges of wastewater upstream
the water intake. Total mineralization, hardness, and chloride content increased.
Bacteriological indicators in the area of the water intake, exceeds the permissible
values by ten times. These changes are especially acute in winter, when the river
is covered with ice, and in summer due to intense evaporation processes and low
water level, which reduces its ability to self-clean (Pichura et al., 2018).

Water purification and water preparation of Dniester water for its further use
for drinking purposes is carried out at the "Dniester" water station, built in 1873
in the village Bilyaivka which is 33 km from Odesa. The average daily drinking
water supply today is about 700.000 m*/day. Drinking water is supplied to Odesa
(75 %) and to about 50 settlements of the region, including the cities Pivdennyi,
Bilhorod-Dnistrovskyi, Illichivsk, Bilyaivka, and Ovidiopil. The number of
water consumers is over a million people. The main consumers of water are the
households (69 %), state enterprises (15.9 %), private enterprises (15.1 %).

The "Dniester" station carries out lighting, decolorization and disinfection
of water. After that the water flows through water pipes to the city. The distribution
network of the city (1,293 km long) consists of 45 % of cast iron pipes, 26 %
of steel pipes, and 29 % plastic pipes. The main number of water pipes with a
significantly exceeded service life. The accident rate on the pipelines is extrimly
high, this leads to water losses, interruptions in normal water supply to consumers,
an increase in labor costs associated with repair and reconstruction works, and
most importantly, contributes to the worsening of the epidemic situation in the
city. The long-term transportation of water through main water pipes and the
unsatisfactory technical condition of the distribution network creates favorable
conditions for the development and accumulation of microflora, the formation of
biological fouling and sediments which lead to the increasing of general toxicity
of water. This is also facilitated by the presence of organic substances and biogenic
elements in water, that are the substrate for microflora (Fatma et al., 2018).

As a result of the vital activity and death of microorganisms, the quality
of drinking water deteriorates: unpleasant odor appears, turbidity and color are
increasing and sanitary and biological indicators are decreasing. According to all
stated above the control under the quality of drinking water is the major question
of the sustainable development of the society which has a great influence on
health of the population (Pichura et al., 2022).

Materials and methods. To study the content of the main macro-
components present in the water, samples were taken at control points located
throughout the city (Figure 1). Samples were taken both from the centralized
water supply system (6 control points) and from the pump stations used by the
population for drinking needs (16 control points).
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Fig. 1. Control points of water sampling

The hardness of water is one of the most important quality indicators,
it negatively affects human health and has a detrimental effect on pipelines,
leading to the formation of scale (Boiko et al., 2018). This indicator depends
on the presence of soluble and sparingly soluble mineral salts, mainly calcium
(Ca*") and magnesium (Mg?").

The water sampling was carried out in February 2024. Analysis of
samples of Odesa drinking water was conducted using Horiba LAQUAtwin
portable testers with ion-selective electrodes. Within the study the following
parameters were measured: cations (Na“, K*, Ca*), nitrogen compound (NO,),
salt (NaCl), electro conductivity (Cond), pH and hardness of water. Resulting
the tests performed, cartographic material of spatial heterogeneity of studied
elements' distribution in water was designed (Breus et al., 2022). The maximum
permissible concentrations of studied elements in drinking water according to
State sanitary and chemical standards are presented in Table 1.
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Table 1. Sanitary and chemical indicators of safety and quality

of drinking water (MPC)

Standards for drinking water according to State Sanitary
Name of indicator Norms and Rules 2.2.4-171-10
Water supply system Pump stations
Na*, mg/dm’ <200 <200
K*, mg/dm’ 2-20 2-20
Ca*, mg/dm’ <130 25-175
NO,, mg/dm? <50 <10
NaCl, g/dm’ 0.1-0.6 0.1-0.6
Cond, puS/cm <800 <1500
pH 6.5-8.5 6.5-8.5

The measurement of water hardness has different standards; the
correspondence of units is presented in Table 2.

Table 2. Correspondence of water hardness units

Hardness, mg-eq/dm? Calcium hardness, mg [Ca*'] Haﬁgﬁess’ Haﬁg;‘fss’
1 20.04 2.8 5
2 40.08 5.6 10
4 80.16 11.2 20
6 120.24 16.8 30
8 160.32 22.4 40

The division of water on types according to German degrees of hardness
is presented in Table 3.

Table 3. Typification of drinking water according its hardness

Water type Hardness, °dH
Soft 0-3.37
Moderately hard 3.38-6.74
Hard 6.75-10.11
Very hard >10.12

Todeterminethe general toxicity ofthesamplesofdrinking water, agenerally
accepted test method on onion (A4//ium Cepa L.) was used (Fiskesjo, 2023).
For this purpose, bulbs of different sizes (n=200) were kept in a dry place in
transparent glass containers (0.5 dm*) under temperature stimulation (20 £2.5 °C)
and natural light until the leaves grew, during 14 days. Bulbs with leaves 3 +0.5 cm
long were selected from them to form three experimental groups depending
on size (d=40, 50, 60 cm). Bulbs (n=30) of each group were grown in water
sampled from each test point (Tkachuk et al., 2022). Bottled purified water
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"Morshinska" was used as a control. Directly before biotesting, leaves that had
grown were cut to the base of the bulbs, as well as individual dry roots, young
roots did not appear on the onions during leaf germination.

Germination period was 144 hours (6 days). The data collected on the
fourth day was considered for the experiment; further period was not taken
into account, as starting from the fifth day the length of roots and leaves and
their quantity of the studied onions started to level off in almost all variants of
the experiment. The length and number of roots and leaves of each bulb were
measured every 24 hours. Data were entered into a table for further processing
using software ArcGIS Pro (Breus et al., 2023).

During the study phytotoxic effect of solutions was calculated according to

an effect of the water on the growth ability of roots and leaves (Calvelo et al., 2010):
PE , =((L,—L)x100%)/L, @)

where PE | — phytotoxic effect of solutions on roots and leaves respectively;

L, — the average value of the indicator in test variant;

L, — the average value of the indicator in control variant.

According to the obtained data, the average value of the toxicity index for
each variant of tested water was calculated according to the formula:

TI=(PE +PE, +PE,)/n, 2)
where TI — toxicity index for each variant of water,
PE .. — phytotoxic effect calculated for each test function (Ilength, number),

(1.2,0) ) i
n — number of test responses involved for the water variant.

Based on obtained data resulting map with levels of toxic pollution of
drinking water and its distribution throughout the city was built. The level of
contamination of drinking water with toxicants is classified into 5 levels, which
are presented in Table 4.

Table 4. Classification of the level of toxicity of drinking water

Water class Value
Low toxicity 0-20.0
Weak toxicity 20.1 —40.0
Average toxicity 40.1 - 60.0
High toxicity 60.1 —80.0
Maximum toxicity 80.1- 100

Built-in ArcGIS Pro software tools were used for mapping and geostatistical
processing of the data obtained during the experiment. For the prediction of spatial
distribution of the main macrocompanents in sampled water Kernel Interpolation
with Barriers was used, this is a predictor that allows supplying feature barriers.
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The distance between two locations is defined as the shortest sequence of straight
lines that connect the two locations but do not cross a barrier. To build the resulting
map of toxic pollution the deterministic interpolator “Radial Basis Function” with
multiquadric kernel function was used (Skok et al., 2023).

Result and discussion. Conducted research of selected samples of
drinking water in Odesa showed compliance of the water with sanitary and
chemical indicators of safety and quality of drinking water, i.e. maximum
permissible concentrations of elements for almost all studied indicators. The
results of the tests are presented in Table 5.

Table 5. Indicators of drinking water quality in Odesa

Point Na*, mg/ K* mg/ |NO,, mg/ Ca?, Hardness, pH Cond, | NaCl,
dm? dm? m? mg/dm® | mg-eq/dm? puS/em | g/dm?
Pump stations
1 110 4 24 41 2 7.6 | 1020 0.5
2 170 5 24 50 2 6.5 | 1200 0.6
3 25 4 15 100 5 7.5 520 0.3
4 70 3 14 12 1 7.5 440 0.2
5 130 4 22 25 1 7.5 810 0.4
6 24 2 9 21 1 6.4 290 0.2
7 76 3 14 12 1 7.6 475 0.2
8 91 3 16 24 1 6.7 540 0.3
9 98 3 17 21 1 6.8 630 0.3
10 100 3 18 27 1 7.0 650 0.3
11 110 3 17 16 1 6.6 635 0.3
12 150 4 22 47 2 7.4 985 0.5
13 200 5 22 23 1 7.8 1080 0.5
14 150 4 21 18 1 7.5 860 0.5
15 180 5 24 120 6 7.5 | 1400 0.7
16 75 4 15 50 2 6.5 520 0.3
Water supply system
1 23 4 14 89 4 7.7 550 0.3
2 27 4 15 91 5 6.9 520 0.3
3 30 4 15 110 5 7.5 520 0.3
4 39 4 14 96 5 7,6 540 0.3
5 23 4 15 99 5 7.5 530 0.4
6 25 4 15 100 5 6.3 550 0.3
Control 25 2 12 37 2 7.1 212 0.1

Analyzing the table with data on the quality of drinking water, it is clear
that according to the indicators Na* and K* there is no excess of the maximum
permissible concentration in accordance with the State Sanitary Norms and
Rules 2.2.4-171-10. Figure 2 presents the spatial models of distribution of these
two macroelements within the territory of Odesa.
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On the other hand, according to the indicator of the nitrate content in the
water sampled from the pump stations, there is a two-fold excess of the maximum
permissible concentrations at almost all sampling points. Most recent studies
shows that when analyzing water for nitrates, their level is often higher in water
from wells. This explained by the fact that nitrates enter the aquifer with the runoff
of fertilizers from agricultural lands, and water that comes from wells directly
from natural sources is not additionally purified, like water in the city's water
supply system. The content of nitrates in the water sampled from water supply
system is within the permissible limits which apply for drinking needs water.

K*, mgidm'

Fig. 2. Spatial models of Na* and K* distribution in drinking water, mg/l

The calcium content in the city's water supply system does not exceed the
MPC. The limit concentration of this element according to norms and rules is set
at the level of 130 mg/dm?. But its content in water is significantly high, which
is explained by calcium deposits on the inner walls of the pipes, which depends
on exceeding of the service life of most of the city's water supply system.

In the samples of water taken from pump stations, there was an excess of
the established norms in only two variants, these pumps are located on Starokinny
Market and on Lymanska Street, the last one is located in close proximity to
two estuaries, Kuyalnytskyi and Khadzhibeyskyi, this leads to the possibility of
estuary water get into the aquifer from which pumping station taking the water.
The spatial distribution of NO," and Ca*" are presented on Figure 3.

The calcium content in water directly affects its hardness. According the
tables of correspondence of different units of water hardness and of classification
of drinking water according its hardness most of water samples taken from pump
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stations are assigned to "soft" and "moderately hard" type of water, and only two
samples showed “very hard” type of water.

NO,, mgidm'
24

J

I T T T T T T T TKm ; T T T T T T T 1Km
0 ars 78 15 0 s k-] 15

Fig. 3. Spatial models of NO,” and Ca** distribution in drinking water, mg/l

Analyzing the table with data on water hardness it is clear that all samples
of water taken from supply system has “very hard” type. The reasons of this are
an old system of water supply and poor equipment of water purification. The
spatial models of the water hardness and characteristics of water pH within the
territory of the city is presented on Figure 4.

Hardness, “an

B - very hard

B - hard

= - moderately hard
B

- soft

Fig. 4. Spatial model of hardness of drinking water in Odesa, dH
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Water best meets the body's needs and blood pH. Blood pH norms shows
that its value should range from 7.35 to 7.45, ideally the acidity of the water
consumed by a person every day should be the same. As it can be seeing from
the model the pH of the sampled water varies from 6.4 to 7.8. This result is
within the standards established for drinking water. That is, all the water that
was selected for analysis is neutral according to this indicator.

Electrical conductivity (EC) is a measurement of water's ability to conduct
electricity, because dissolved salts and other inorganic chemicals conduct
electricity, conductivity increases with increasing salinity. That is why these two
parameters are depending on each other. According to the standards for drinking
water (State Sanitary Norms and Rules 2.2.4-171-10), the water sampled both
from water supply system and pump stations corresponds to the maximum
permissible concentrations in drinking water. Models of spatial distribution of
salt content in water and its conductivity are presented on Figure 5.

Cond, psfem
1200

|

MNaCl, giam
0.7

J

Fig. 5. Spatial models of Conductivity, pS/cm (a) and Salt content, mg/1 (b)

Analyzing models on Figure 5 the dependence between these two
parameters is visually followed. Two points of water sampling from pump station
has an increased concentration of salt and as a result the increased conductivity.
In first case the reason of higher content of salt depends on close location of
pump station to estuaries, the same as in variant with calcium content. In second
case the higher level of NaCl depends on the depth of the aquifer because this
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pump station has the deepest well in Odesa. Considering this fact and taking to
account the geology of groundwater in the South of Ukraine it is concluded that
the water for this pump station is going from Black Sea artesian basin. In the
vertical section of this basin, the upper horizons of groundwater up to a depth of
100-300 m are fresh, and the deeper horizons have brackish or salt water.

The general toxicity of water sampled in the water supply system and
pumping stations of Odesa was conducted on the basis of the method based on
the growth properties of onion roots and leaves in water samples. The obtained
results of the experiments are presented in Table 6.

Table 6. The results of toxicological testing of drinking water

Average roots Roots quantity, n Average leaves Leaves quantity, n
Point | length, cm (96 hr) (96 hr) length, cm (96 hr) (96 hr) TI
d=40 | d=50 | d=60 | d=40 | d=50 | d=60 | d=40 | d=50 | d=60 | d=40 | d=50 | d=60
Pump stations
1 2,4 2,9 0,5 12 2 1 2,1 - - 7 - - 68
2 32 43 5,0 30 11 20 8,0 - 2,5 6 - 3 10
3 4,3 2,2 - 30 3 - - - - - - - 79
4 4,5 3,8 4,8 10 2 4 4,1 - - 6 - - 48
5 4,5 - 4,1 5 - 25 - - - - - - 74
6 2,5 2,6 2,2 21 10 18 4,0 - - 5 - - 51
7 4,5 - 22 5 - 1 0,5 - - 1 - - 83
8 53 1,6 1,6 1 4 2 - - - - - - 83
9 5,9 5,0 0,9 1 8 3 5,3 - - 7 - - 50
10 2,3 6,2 33 1 30 13 4,6 - - 5 - - 43
11 4,3 - - 17 - - 9,0 - - 7 - - 63
12 6,1 3,5 - 30 14 - 6,7 - - 9 - - 46
13 4,5 - - 11 - - 2,9 - - 5 - - 72
14 5,5 4,6 1,6 16 16 4 73 - 3,7 3 - 7 |25
15 4.3 - - 10 - - 2.5 - - 6 - - 69
16 2,5 6,5 3,5 1 30 15 5 - - 6 - - 35
Water supply system
1 6,1 - 4,0 30 - 15 0,4 - - 2 - - 63
2 4,7 4,1 1,0 30 30 1 - 0.7 - - 1 - 65
3 5,0 3,6 1,3 18 30 2 5,3 - - 9 - - 43
4 2,8 2,7 4,1 4 5 8 1,0 - - 2 - - 70
5 - 5,0 59 - 30 30 - - - - - - 60
6 4.3 - - 10 - - 2.5 - - 4 - - 74
Contr. | 4.9 4.5 4.2 30 30 24 5.0 1.0 3.0 6 2 3 -

During the onion germination experiment, in all variants of the selected
water samples, a regularity of suppressed growth of the root system in larger
bulbs was observed. In variants with bulbs of a diameter 50 and 60 millimeters
a complete absence of leaves was observed, with the exception of some variants
of the test.
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As a resulting of the experiment, development of the root system during
germination was conditionally divided into three groups: well-developed,
poorly developed and underdeveloped. Examples of formed roots are presented
in Figure 6. To calculate the toxicity index the number and average length of
roots and leaves were taken into account, the third group was not counted.

a) b) 0

Fig. 6. Examples of the development of root system: a — well-developed;
b — poorly developed; ¢ — underdeveloped

The spatial model of the distribution of toxic pollution of drinking water
in Odessa was built on the basis of the calculated toxicity index. The results are
presented on Figure 7.

Toxicity

- maximum
- high

- average

- weak

= low

Wl ||

Fig. 7. Spatial distribution of toxic pollution of drinking water

The analysis of the obtained model shows that on the most cities’ territory
drinking water from the water supply system and pump stations belongs to the
high and average class of toxic pollution.
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Conclusions. As a result of spatial modeling of the formation of the
drinking water quality in Odesa it was determined that the indicators of the
content of the main macroelements in water which is going from water supply
system are within the range of maximum permissible concentrations. Only the
calcium content can cause concern, because without timely renewal of the pipes
of the city's water supply system, in the future this indicator may significantly
exceed regulatory standards.

The NO, concentration in waters supplied by pumping stations of the city
is within 15-24 mg/dm’ while the permissible concentration of nitrate in ground
waters for drinking purposes according the Ukrainian standard State Sanitary
Norms and Rules 2.2.4-171-10 is on the level of 10 mg/dm’.

In terms of electrical conductivity and mineralization, the water that was
taken from the pumping stations in most cases does not exceed the established
limit values — 1500 puS/cm and 0.6 g/, respectively. The worst according to
these indicators was the water sampled from the pump located on the border of
two estuaries (1400 uS/cm and 0.7 g/1). Water from the city water supply system
according to these two indicators was within the range of 520-550 uS/cm and
0.3 — 0.4 g/dm’®, which is the average value of the standards for drinking water
(800 uS/cm and 0.1 — 0.6 g/dm? respectively).

The last stage of the research was to determine the level of general water
toxicity in the city. Analyzing the obtained data, it was concluded that the water
sampled in most of the studied area has a toxicity index from 40 to 60, which
corresponds to average toxic pollution. Also, a significant area of the city has
this indicator at the level of 60-80, which is a high level of toxic pollution.

MPOCTOPOBI 3AKOHOMIPHOCTI ®OPMYBAHHA
AKOCTI MUTHOI BOAU B MEXKAX YPBOCUCTEMU
MICTA O ECA

bpeyc /1. C. — k.c.-e.H., Ooyenm kagedpu ekonoii ma cmanio2o po3eumxy
imeni npoghecopa FO.B. Iununenxa,
Xepconcokutl OeparcasHuil azpapHo-eKoHOMIMHULL YHIgGepcumem
breusd87@gmail.com

CraTTs NpUCBsYEHA JOCIIPKEHHIO IPOCTOPOBUX 3aKOHOMIpHOCTEH (opmy-
BaHHs SIKOCTI MUTHOI BOJYM B MeXax ypOaHizoBaHoi cuctemu Mmicta Oneca. AHami3
MIPOBOAMBCSA 3 YPaxyBaHHSIM B3a€MOJii MPUPOAHUX, AHTPOIIOTCHHUX Ta TEXHOICH-
HUX YUHHUKIB, IO BIUIMBAIOTh HA CTAaH BOIOIMPOBITHOI Mepexki, OIOBETHUX KOMII-
JIEKCIB Ta JKEpel Bono3a60py BusiBieHo, mo KiI040BHMHI (’paKTopaMI/I HOFlpLHeHH}I
SIKOCTI BOJIM € JIOKaJIbHI JpKepelia 3a0pyIHEeHHs, TaKi sIK HECaHKIIIOHOBAaHI CKUIH,
3HONICHICTh KOMYHIKalliil, OJM3bKICTh J0 JUKEpeJ COJICHOT BOAM, BUCOKHH pPiBEHb
ypOanizanii Ta iHme. J{ocmiJUKeHHS aKLIEHTYe yBary Ha TEpUTOpialbHIH aude-
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peHiianii SKoCTi BOAM, 30KpeMa PiBHS TEXHIYHOI'O CTaHy BOJIOIPOBIIHHX MEPEX
Ta TiIPOJOTIYHUX OCOOIMBOCTEH MicleBOCTi. MeTOI CTaTTi € BU3SHAYCHHS SIKOCTI
MUTHOI BOIM B CUCTEMax BOAOIIOCTaYaHHs Ta HACOCHUX cTaHIii M. OzecH, a TaKkoxX
MOJICTIOBaHHS MPOCTOPOBOTO PO3IMOALITY OCHOBHHX MaKPOKOMITOHEHTIB XiMI4HOTO
CKJIaly BOIM Ta ii TOKCHYHOTO 3a0pyaHeHHs Ha TepuTopii ypdocucremu micta. s
BOTO OYJIO0 NPOBEJICHO BHU3HAYCHHS BMICTY OCHOBHHMX XIMIYHHX €JIEMEHTIB Y MUT-
Hi{ BOJI, BiiOpaHiii Ha KOHTPOJBHUX IyHKTaX, PO3TAIIOBAHUX TI0 BCHOMY MICTY.
3pa3Ku AOCIiPKYBaIH 32 JOMOMOTOI0 MOPTATHBHHUX TECTEPIB 3 10HOCEICKTHBHIUMH
enexTponamu. Takox Oyio0 IMPOBEJCHO EKCIIEPUMEHTAJIbHE JOCITIKCHHS 3 BU3HA-
YeHHS 3arajJbHOT TOKCHYHOCTI MATHOT BOIX 32 METOAHMKOIO PO3MOIITY MPOO BOAHM HA
KJIaCH TOKCHYHOCTI Ha OCHOBI gociiny 3 nubymnerto (Allium Cepa L.). OTpumani nai
Oynu iHTEepIpPETOBaHI 3 BUKOpUCTaHHIM rporpaMu ArcGIS Ta cTBOpeHO nMpocTopoBi
MoJiei 3aKOHOMIpHOCTeH (hopMyBaHHs SIKOCTI MUTHOI BOAM B Mexax ypOocucre-
Mu Onecu. BeraHoBieHoO, 110 BMICT OCHOBHUX MaKpOKOMIIOHEHTIB y NMHTHIW BOi
M. Oziecu He INepeBHIly€e TpaHNYHO AomycTuMux KoHuentpanii (1K), BcTtaHOB-
neHux ykpaincpkuM (JleprxaBHi caHiTapHi HOpMH i mpaBuia 2.2.4-171-10) cran-
JIapTOM SIKOCTi ITIOBEPXHEBUX BOJI, IPU3HAYCHUX JUJIsl MUTHUX 1TOTped. BeranosneHo,
110 3arajibHa TOKCHYHICTh MUTHOT BOJIM Ha TEPUTOPIT MiCTa MEPEBaXKHO CEPETHBOTO
Ta BUCOKOTO piBHIB. OfepkaHi JaHl MaloTh NPUKIAAHE 3HAYSHHS st GOopMyBaHHS
cTpareriii cTajgoro BOJOKOPUCTYBAHHS, ONTUMI3allii CHCTEM BOJONIOCTaYaHHS Ta Mi-
HiMi3aIlil eKOJOTIYHUX PU3UKIB It HaceneHHs Omec.

Kitrouosi croBa: ypoocuctema, sikicts Boau, [ IC-TexHOMOTIi, 3araspHa TOKCHY-
HICTB, IPOCTOPOBUH PO3IOILI, MAKPOKOMITOHEHTH.
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