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®131010ro-610XIMIYHI NTAPAMETPU
OPrAHI3MY PUB 3A YMOB YJOCKOHAJIEHHA
MIAPOLWLEHHA B PELLUPKYNALUIAHNX CUCTEMAX
B YMOBAX NMIBAHA YKPATHU

Tonuaposa O.B. — k. c.-2. H., Doyenm,
Xepcorcokuil 0epoicasHull azpapHo-eKOHOMIYHUL YHIgepcumen,
anelsatori@gmail.com

31ifCHEHO KOMIUIEKCHE JOCII/DKEHHS 3arajbHOTO (DYHKIIOHAJIBHOTO CTaTyCy
opraHizMy pr0 3a YMOB IiPOIIEHHs B 0aceiHaX perUpKyIIIiHHOI MOAYIBHOI CHCTEMHU
(PAC). IIpoanainizoBaHi TEXHOJIOTI4HI aCIEKTH B CXeMI I IPOIIEHHS T1IpoOiOHTIB 3 BEK-
TOPOM BUPOOHMIITBA MPOAYKIII aKBaKyJIbTypH, MaKCUMaJbHO HAONMKEHOT 10 Mozei
«opraHiuHO». HaykoBo-eKCIIepUMEHTaIbHUM IUIIXOM OOIPYHTOBAaHO BHKOPHCTaHHS
MIPUPOJHNUX CTUMYJSATOPIB MeTaOONIYHMX MPOLECIB Ta aJaNTaliifHO-KOMIIEHCATOp-
HUX MEXaHi3MiB 3 METOIO MiIBUIICHHS PiBHSI PE3UCTEHTHOCTI OPraHi3My TiIpoOioHTiB.
3nilficHeHa KOMIUIEKCHA OIiHKa MIOA0 €(eKTHBHOCTI BIPOBAIKEHHS €BPOIEHCHKIX
IHHOBAIITHUX €JIEMEHTIB B YKPaiHChKY aKBaKyJIbTypy. PO3IISTHYTO Ta MpeacTaBiIeHO
JI0 OOTOBOPEHHSI PaIliOHAILHOCTI YIOCKOHAJICHHSI Ta «TEXHIYHOTO Tepe3aBaHTaKEHHS
puborocrnonapchbkoi raysi» B KOHTEKCTI pOPMYBaHHS CTPATETiYHOTO IUIaHy PO3BHUTKY
rajly3i y BiINOBIZHOCTI /10 BUMOT Ta IOTPeO CHOKMBAYiB, Cy4acHOTO PUHKY TIpalli Ta
PECYPCHOTO MOTEHIII ATy Taly3i B IILIIOMY.

Pesynprarn oTpEMaHUX JOCIHTIIKEHB BiTOOPaKaroTh Ta HATAIOTh 3MOTY OLIHUTH
MOTEHITiall PO3BUTKY Taly3i B IJIOMY 32 YMOB 3alIPOIIOHOBAHUX TEXHOJIOTIYHHX eJie-
MEHTIB ONTUMI3aIlil BUPOOHMIITBA MPOAYKIlT akBakyasTypu. [Ipe3eHroBano iHpopma-
LiHAI MacHB 1010 CYYaCHOT'O CTaHy Ta TEHAEHLIH PO3BUTKY TEXHOJIOTIH B aKBaKyJIb-
TYpi 3 OISy IHHOBALIHHKX PIlIeHb Ta MOJIEpHi3alii OKpeMUX TEXHOIOTIYHHUX JIAHOK B
aKBaKyJIBTYpi IIPH MiAPOIICHHI Tipo0ioHTIB. BpaxoBaHO TeHACHIIIT pO3BUTKY OpTaHid-
HOI mpoayKii (“exonoriyHo-0e3mednoi’”) akBaKyabTYPH, a TAKOXK MHUTAHHS MIOAO JI0-
TPUMaHHS €BPOIEHCHKUX CTAaHIAPTIB oo “bien-étre”, “animal welfare”. 3xailicHeHo
KOMITJIGKCHHUI aHaili3 BUBYCHHS BIUIMBY IPHUPOAHUX KOMIIOHEHTIB Ha (pyHKIiOHAIEHUN
CTaTyC OpraHi3My TiJIpoOiOHTIB 3 aKIICHTOM Ta MIO3UTHBHY JIit0 Ha nepedir (i3ionoro-0i-
OXiIMIYHUX, MOP(HODYHKIIOHATBHNX TPOLECIB.

KitrouoBi cioBa: penupKyismiiiHi akBakyiasrypansHi cuctemu (PAC), rinpo6ion-
TH, CTUMYJIATOPH METa00Ii3MYy, TEXHOJIIOTIYHUN YMHHUK, (hi3i010r0-610XiMiUHI Ta TicTO-
JIOT1YHI TapaMeTpH.

IocranoBka npo6jemu. OMHAM i3 TOJIOBHHUX aKIIEHTIB TIPH PO3POOKax
IporpaM PO3BUTKY Ta BIAHOBIIEHHS PECYPCHOTO IMOTEHINaTy BOIHHX PECypCiB
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3aBKAn OyoyTh TEXHOJOTIYHI aclieKTH. BpaxoByiouu, 10 Talny3b aKBaKyJIbTYpH
HarpsMY OB’ s13aHa 3 )KUBUMH 00’ €KTaMH, €KOCUCTEMOIO SIK CEepelOBUIIA X IpH-
POIHOTO iCHYBaHHS, MO’KHA BiAMITUTH MPOBiAHI YMHHHUKU BIUIMBY Ha €(EeKTUB-
HICTh BEJICHHS Tay3i. YMOBHO HOAUISIFOYM TX Ha a0lOTHYHI Ta OI0THYHI, 3aBXKIU
BPaXOBYETHCS, IO MEPIIi HIKOIM HE MOXYTH CHiBiCHYBaTH 0€3 KOPEIATUBHOTO
3B’s13KY, 1 HaBmaku [1, 2]. [apMoHizalig BCiX mapamMeTpiB HaJa€ MOKIUBICTh
c(hopMyBarTH IUTICHY JKUBY €KOCHUCTEMY 3i CTAIUMH MOKA3HUKAMH Ta TICBHUMH
TpoQIYHUMH BiJHOCHHAMHU B TIPHUPOAHHMX aKBaTOpisix. B KOHTEKCTI pelupKyis-
LIHUX CUCTEM, BIIMITUMO, 110 00’ €KTH KYJIBTHBYBaHHS BXKE 3HAXOASATHCS B IIEB-
HUX YMOBaxX, CTBOPCHUX Y BIAMOBIAHOCTI J0 iX aganTarliiiHO-KOMIICHCATOPHUX
MOXITUBOCTEH Ta BiJIOBIIHO 0107I0TTYHO-TOCIONAPCHKUX OCOOIMBOCTEH.

IHHOBaIifiHI TEXHONOTrII, MparHeHHsS a0 ONTUMI3allii TEeXHOJOTIYHUX
ACIMEKTiB BUPOIYBaHHs TiAPOOIOHTIB B MAKCHMAIBbHO KOPOTKOYACHUH TEpPMiH
00yMOBIIOIOTH HEOOXIIHICTh PO3POOKH, MOIIYKY MOCTIHHOTO YIOCKOHAJICHHS
eTariB MiAPOLICHHS, SIIEMEHTIB pallioHy, BpPaXOBYIOUYH TEPiojl OHTOTeHe3y TiJl-
poGionTiB. [IpomoBonkda Ta CiIbChKOTOCHONAPCHKa OpraHizamis 00’€THaHUX
Haniii (PAO) crinbHO 3 acouiaiisMu npeacTaBHUKIB €C MPOTIroM OCTaHHIX
POKIB pealizyloTh MPOTrpaMu Ta MPOEKTH 3 BEKTOPOM Ha €KOJIOTiuHy Oe3med-
HICTh MPOAYKILIi aKBaKyJIbTypH, 3MEHIIEHHSIM PHU3HKIB BIUIMBY TE€XHOT€HHHUX
HaBaHTaXeHb. B HayKOBO-MpakTHYHIA jiTepaTypi (axiBUsAMH Bce Oinble
poOHTHCS Haromoc Ha 30UTbIIEHHI 00’€MiB CHOKHMBAaHHS PUOM B YKpaiHi 3a
paxyHOK BJIACHOTO BUPOOHMIITBA, BIPOBA/KYIOUM IHTCHCHBHI TEXHOJIOTII B
rany3i. BukopucToBylouM CydacHi MigXoAW y BHUPOOHWITBI HOBHX I1HHOBa-
UiHUX TEXHOJIOTiH, BIPOBAKYIOYH €JIeMEHTH MOJAEpHi3alii BKe iCHyIUHX
TEXHOJIOTiH, LIJIKOM peanbHO 3a0e3MeYnTH 3pOCTaHHA 00’€MiB BHPOOHUIITBA
MPOAYKIIii aKBaKyIBTYpPH B JIEKiJibKa pa3iB. be3yMOBHO, OHUM i3 BaXKIIUBUM
ACIeKTiB € rapMOHi3allisl HaJe:KHOI HOPMATHBHO-IPaBOBOI 0a3u, CTaHIApTIB
LIOI0 KOXKHOTO €Tamy KyJbTUBYBaHHS, BUPOOHHIITBA, MEPEPOOKU MPOMYKIIii
akBakynbTypu [3]. Jluiie 3a Takux yMOB cTa€ MOXKIIMBUM 3HAYHO IiJBUIIATH
e(eKTUBHICTh BEIECHHsI PHOOTOCIONAPCHKOI ramy3i B LIIOMY Ta peani3yBaTH
nporpaMmy €BpoiHTerpaii yKpaiHChbKoi akBaKyIbTYpH.

[lpr upoMy BaXJIMBHM MHUTAaHHAM € BpaxyBaHHs (izionoro-0ioxiMiy-
HUX 0COONMBOCTEH OpraHi3My KOXXHOTO 00’€KTa B aKBaKyJIbTypi. TeXHOMOTIUHI
ACTEeKTH MOXKYTb 320€3MEeUUTH 3HAYHE TOMIMIIeHHS €EeKTUBHOCTI ONTHMi3alii
Mpollecy BUPOIIYBaHHS Ta PO3BEIEHHS TipOOiOHTIB 32 YMOB PO3IIISAY IEpII
3a BCe OpraHiamy puO SK KOMIUIEKCHY (YHKIIOHANbHY CHCTEMY 3 BiIIOBij-
HUMH JIaHKaMH 3a0e3ledeHHsl )KUTTe3aaTHoCTi. BrnacHe dizionoro-6ioximiuni
MpOIIeCH 32 BiJNOBIAHUMH MapaMeTpaMy Ta PiBHEM TOJEPAHTHOCTI € OMHUMU
13 IPOBIIHMX YWHHHKIB (pOpMYBaHHS TOMEOCTaTHYHOI pPiBHOBAaru B OpraHi3mi
rizpo6ionTiB. ToMy piBeHb IIIACTHYHOCTI MEBHOTO BUAY TiAPOOIOHTIB 3aBXKAN
3a0e3medye piBeHb afanTaiii 0 adioTHYHUX Ta O10TMYHMX YMHHUKIB,
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B akBakynbsTypi BUKOpDHUCTaHHS Pi3HHX O10JIOTIYHO aKTHBHUX PEYOBHH,
KOpMOCYyMilllel, HeTpaAuLiHHIX KOPMiB € albTepHATHBOIO TOPMOHAILHUM Ta
ximMiuHuM nipenapatam [4]. OCKUIbKM BaKJIMBUM Ta aKTyaJbHUM 3aBXKIU € 1
OyJie BIAMOBIHICTH SIKICHUM MTapaMeTpaM rOTOBOT MPOAYKILii, IKa HATXOIUTh JI0
cnoxuBaviB. [TuTaHHs pamioHaJILHOT TOMIBII, MiATOIBIIL TiAPOOIOHTIB 3aBXKIU
3aiiMae ofHe 3 MEePIIMX MIClb B aKBAKYJIbTYPl B KOHTEKCTI ONTUMI3alii TEXHO-
JIOTIYHUX TpoIeciB. 3a OyIb-IKMX YMOB B OpraHizmi pu0 nepe0ir ¢izionoro-
010XIMIYHUX TPOIECIB BiJOYBAEThCS IUITXOM HEHPOTYMOPAaIbHOI PEryssilii.
[Ipu npoMy cucTeMH OpraHiB, HPOLECH HAa PI3HUX MaKpoO- Ta MIKpOPIBHIX
OymyThb BimoOpaskaTu pe3yNbTaT BILIMBY TEXHOIOTIYHUX YHHHHKIB, Ha AKi opra-
Hi3M pub Oyne pednekcysaru [1, 5]. OTxke, akTyalbHOCTI SIK B HAYKOBOMY, TaK
i TIPaKTMYHOMY KOHTEKCTi HaOyBalOTh MUTAHHS KOMIUIEKCHOTO IOCIIiIKEHHS
LIO/I0 BIUIMBY TEXHOJIOT1YHMX YMHHUKIB Ha QYHKIIOHAJIEHHI CTaTyC OpTaHi3My
rizpo6ioHTIB 3a YMOB iX MiAPOIIEHHS B CUCTEMaX 0aceiHOBOTO THUILY 3 pelup-
KYJSIIHHOI HUPKYIIAILIELO.

AHaJi3 ocTaHHIX A0cTimKeHb i myGaikaniii. OnisaoBi podboTH BigoOpa-
JKaroTh BCE HaliuacTile NO3UTHBHUN e()eKT BIUIMBY Ha (i3i0I0TiYHI TapaMeTpu
pub HeTpamuIiHHUX KOPMiB, IEBHUX KOMIIOHEHTIB MPUPOTHOTO MOXOIKEHHS.
BuBuennst (¢i3i00ro-010XiMiyHUX TMPOLECIB amanTtaiii Ha (QOHI akiimMaru3a-
1ii TigpoOiOHTIB Ma€ BEJMKE 3HAYEHHsS JAJISl PO3YMIiHHS MPOLECIB caMopery-
JSIIT Opraxi3My rifgpo0ioHTIB, MOTO B3aEMOIi 3 HABKOJUIIIHIM CEPEIOBHIIEM
ITiJ] BILTMBOM O10TMYHUX Ta a0iOTMYHMX YMHHUKIB [1, 4, 6]. PiBenb amanrairi-
WHUX MOXIIMBOCTEH OpraHi3My TiApOOIOHTIB MPH BHUKOPUCTAHHI HOBUX JUIS
OpraHi3My YHHHHUKIB € OaratopiBHEBUM (i310J0r0-0i0XiMIYHUM MPOLECOM.
[Ipu boMy BiOYyBa€ThCS B3a€EMOJIIS TOCTATHHO Pi3HUX CKJIAJIOBHUX, & KOXKHUHI
MOJaNbIIUi Mepexil Ha HOBUH piBeHb afamnTamii nepeadadae QyHKIIOHATIBHY
PYXJHUBICTD YCIX MONMEpeqHiX CKIanoBHX. SIKIIO BisyanbHO (axiBelmb MOXKe
BiZIMiYaTH 32 YMOB BIIPOB/IXKCHHS TEXHOJIOTIYHOTO YHHHUKA B MPOLEC MiAPO-
LICHHS pUO MiJBUIICHHS a00 3HW)KCHHS MAacH Tija TiIpOOIOHTIB, MIBUAKOCTI
PO3BHTKY, MPOIYKTUBHOCTI, TO BCEPEOHHI OpraHi3My BCIM TpaHCQOopMalism
MepeAyIoTh CKIaaHl MPoLecH, siKi (OPMYIOTh MOCTiOBHY CHCTEMY BiAIOBii
Ha JiI0 IEBHUX YHHHHUKIB.

[epebir mporeciB ¢izionoriyHoi ananranii nepeadadae komieke hizio-
J0r0o-0i0XIMIYHMX MEXaHi3MiB MPUCTOCYBaHHS OpraHi3Mmy, MpU IIbOMY HOTO
TpaHcopMallisi BiZOyBaeThCs IMOCHIJOBHO SK 3JIaroJpkeHa €IWHA CHCTEMA.
BrponoBxk 1poro mpormecy OTpPUMaHHS BHCOKHX MapaMeTpiB PO3BUTKY pHO
3aJIeKUTh BiJ (i3i0J0T1YHHX, IXTIONOTTUYHHX, TAPOOIONOTIYHNX Ta THIIUX KPH-
TepiiB. bararopiyHMMYU TOCITIKCHHSIMH MPAKTUYHO JTOBEJCHO, 110 ICHYBaHHS Y
BOJTHOMY CEPEJIOBHILII Ti[pOOIOHTIB Ta OTPUMAHHS BiJi HUX 010JIOTO-EKOJIOT1Y-
HUX MOKa3HUKIB B OHTOTEHE31 MOYKHA KOPEryBaTH YMHHHMKAMHU TOJIBI, T'ipO-
XIMIYHOTO PEXHMY, CEJIEKIIHHO-TIIEMIHHOK poOoTOr0 TOmIO [5, 7, 8]. CyuacHi
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JOCTIIKEeHHS] MEPEeKOHIMBO CBiIYaTh MPO Te, IO NPUPOJHI KOMIIOHEHTH Y
CKJIaJi KOpMOCYMilllel CHOpHUSIOTh MO3UTHBHUM TpaHcdopMmamisM B opraHizmi
riIpoOiOHTIB 3 KOPEISTHBHUM 3B’S3KOM MapaMeTpiB MPOAYKTHBHOCTI Ta Kijlb-
KICHUX, SKICHHX XapaKTEPUCTUK TOTOBOI MPOAYKIIii aKBaKyJIBTypH.

HayxoBi 1opoOku aBTOpiB BigoOpakaloTh pe3ynbTaTH eKCIIePUMEHTalb-
HUX JIOCHIJKCHb MO0 Jii CHMHEPri3My KOHIIGHTpAIlii Oi0JIOriYHO aKTUBHUX
pEYOBUH Ta MOP(POMETPHYHHX IMOKA3HHKIB, CTAaHy TKaHWUH, CUCTEM OpraHiB,
0i0XiMIUHUX MapaMeTpiB B OpraHi3Mi TigpoOioHTiB Tomo. [I[pHuoMy YHMHHUKH
MOXYTbh OyTH pi3HOI mpuponu Ta noxomxkerHus [1, 9, 10]. Okpim nepeniueHux
BHUIIE, JOIUILHO JIOJIaTH TEXHOTCHHE HABAaHTAXKCHHSI, CTPEC, CKOJIOTr0-0i0J10-
TiYHY HEBiAMOBIAHICTH YMOBaM BOAHOI €KOCHCTEMH iCHYBaHHS TiIpOOiOHTIB,
TCHEeTUYHY HEBIJIMOBIIHICTh, IXTIONATOJIOTIYHI Ta 1HIINI MPOIECU. ABTOPH Biji-
Mi4alOTh BaXKJIMBICTh JTOTPHUMAHHS 3arajJbHONPUIHATHX €BPOMEHCHKUX PEKO-
MeHJalii Ta BUMOT TpPH OpraHi3alii eKCIepUMEHTAIBHOI YaCTHHU POOOTH.
OCKiNbKH MOTEHIIMHNI YMHHHUK BIUIMBY CTPECy € OHI€I0 3 YMOB HEBIiMOBi-
HOCT1 BUMOTram J1o0po0yTy (Onaromoiryddsi) 00’ €KTy NOCIiIKeHb M0A0 “bien-
étre”, “animal welfare” [11]. Tomy akTyaJbHUM € MUTaHHS B JAHOMY KOHTEKCTI
IIOI0 PEKOMEHJAIlil aBTOpaM BpaxOBYBaTW IMPHU KOXKHIM HAyKOBO-JIOCIIIHIN
po0OTi OKpEeCIIeH] acIeKTH.

B niTeparypHux mKepenax aBTOPH BiIMi4alOTh MO3UTHUBHY IHHAMIKY
BUKOPHUCTaHHS (iTompenapariB, MiKpOBOJOPOCTEH, MPUPOAHUX KOPMIB, TPO-
IYKTIB — BIJIXOJIiB CITUPTOBOI MPOMHUCIOBOCTI (HampuKiaa, 3epHOBOI Oapau) B
akBakynpTypi. OTpUMaHHI pe3ybTaTH HayKOBO-AOCHiJHOT pOOOTH AEMOHCTPY-
I0Th TeMIaTONPOTEKTOPHY, IMyHOMOIEITIOIOUY, aKTUBYIOUY METa00MiYHI IPOoLecH
nii. [To3uTHBHI pe3yabraTi BUKOPUCTaHHS (iToMpenapariB y CKJIaai KOPMOBUX
CyMIIIIeH /Ui TiIPOOIOHTIB B TOMY YHMCII BioOpaskeH1 y pe3ysbraTax aHalizy
cKJIaxy KpoBi y pu6 [12—16]. 3aranbHOBIZOMHM € PO3yMiHHS KOPEISLil IPOIyK-
TUBHOCTI Ta apaMeTPiB TOMEOCTaTUIHOI PIBHOBArH B OpraHi3Mi, 30KkpeMa 0io-
XiMigyHOTO Ta MOp(hodyHKIIOHATBHOTO CKIaay KpoBi. ToMy OiNbIIicTh AOCITI-
JUKCHb BHUBYCHHSI €()EKTUBHOCTI MEBHOTO Mpernapary, peuoBUH abo 100aBOK
nependayaoTh KOMIUIEKCHI €KCIIEpUMEHTH 3 MOHITOPHHTOM HIBHIKOCTI PO3-
BUTKY, TapaMeTPiB CKJIaay KpPOBi, FiCTOJIOTIYHOI OLIIHKH 0OpaHuX 010J0TTYHUX
npemnapariB. be3yMOBHO MOTCHINMHNN BIUIMB CTPEC-YUHHUKIB 3aBXKIU CIPHUS-
TUMe MOO1Ti3alil BHYTPILIHIX CHJI OpraHi3My TiIpoOiOHTIB 3 METOIO OAOIAHHS
JIAHOTO CTaHy Ta MEpexXij B ONTHMAaJbHE CEPEIOBHINE 31 CTAOUTI3AIE TOME-
OCTaTH4YHOI piBHOBard. SIK mpaBWiio, BUKOPUCTAHHS aJanTOreHiB abo CTUMY-
JSTOPiB METa0ONIYHHX, IMyHOJIOTIYHUX MPOLECIB B OpraHi3Mi TipoOiOHTIB €
OJIHUM 13 MIO3UTHBHHUX cITOco0iB [17-19].

[lincymoBytoum, Cifi BIAMITUTH, IO OyAb-sKa MOCTAHOBKA CKCIICpPH-
MEHTY, CHOCTEpEKEHHS 3 METOI0 HAyKOBO-AOCIIJHHX OOIPYHTYBaHb, MalOTh
OyTH cBO€YacHUMH Ta 00O0B’3KOBO BceOluHMMH. HaykoBo-ekcriepruMeHTalbHi
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JOOCHIKEHHS BITYM3HSIHHUX Ta 1HO3EMHHUX aBTOPIB IEMOHCTPYIOTH Barome 3Ha-
YeHHsl aHamizy 0ioXiMi4HMX, (i3i0NOTIYHMX MpOLECiB 32 YMOB BIUIMBY a0io-
TUYHUX Ta OIOTUYHMX YMHHUKIB. [[JIsl TOCATHEHHS METH y BiJIIOBIIHOCTI JI0
TEMaTHKH poboTH Oyno copmoBaHo rpymu ekcriepuMmenty (KoHTpombHa Ta
ExcniepumenTtanbha). B koxHil rpymi 06’ €KTOM TOCIiIKEHHS OyB yKpaiHChKHN
nyckaruit kopon (Cyprinus carpio Linnaeus, 1758) no 40 ek3eMIUIAPIB B KOXK-
Hiil [20]. MoaynbHa cucTteMa 0aceHOBOTO THITY 3 PEIMPKYJISIIEI BOIOOOITY
Ta BIAMOBIAHUMH CeKUisMU (QinbTpanii Oyna BIpoBalKeHA y CXeMY MiJpo-
LICHHS PUOOIOCaIKOBOTO MaTepially 3 METOK HACTYITHOTO 3apUOJICHHS aKBaTO-
Ppi¥i pe3UCTEHTHOT MOJIOTIO. 3a/1a4i MaJTU TaKy PEAaKI[it0: KOMILJICKCHO OI[IHUTH
3alpPOMOHOBaHMU CHOCIO MigPOIIEHHS KOpOoMa B MOMIKYIBTYpi ISl 3apHOJIeHHS
aKBaTopiil pe3UCTEeHTHOIO MONIOA 0. B naHiit poOOTi mpeacTaBieHi pe3ynbsTaTu
mono kopona (Cyprinus carpio Linnaeus, 1758). BusHauutu pe3ucTeHTHICTh
OpraHi3mMy MOJIOI Kopora JI0 Jii a0ioTHYHHUX Ta OI0THYHUX YMHHUKIB, JOCITi-
OUTH T1IpOXiMIUHUI cTaH Ta (¢izionoro-6ioximiuHi mapamerpu. JlomoBHWUIN
pe3yJIbTaTH aHaIi30M TiCTONOTIYHMX MperapaTiB Mpy KaMepaibHii 00pooii 3a
JIOTIOMOT'O0 aBTOPCHKOTO 003 iHaHHsI Ta opuriHanbHuX Metonuk Kosis M. C.
1010 pOOOTH 3 TKAHUHAMH T1IPOOIOHTIB TBAPUHHOTO MOXOJIKCHHSI.
JlocrimpkeHHs TipOoXiMIYHOTO CTaHy BOIHOTO CEPEIOBUIIA 311HCHIOBAITU
LUISIXOM CHUCTEMaTHYHOTO BifOOpy MpoO BHPOAOBK BErETAIiHOTO MEpiomny.
Amnaui3 npo6 BOAW BUKOHYBABCS Y BIATOBIAHOCTI 10 3aralbHONIPUHHATHX METO-
K Ha 0a3i HAyKOBO-AOCHiAHUX Jlaboparopiil: «[lepcrnekTrBr akBaKylnbTypH»,
«D131010T0-010XIMIUHI TOCHIIOKEHHSN», «EKOIOriYHMA 1 XIMIYHMM aHaji3 Ta
MoHiTopunr Boam» XJIAEY Ta mo micus, A€ 3amiaHOBaHO 3axij 3apHOJIeHHS
(craBoBuii (oHA XeEpCOHCHKOTO BHUPOOHWYO-EKCIIEPUMEHTAILHOTO 3aBOAY
4acTHKOBUX pub). Excripec-MeTonoM BU3HAYaIU OCHOBHI IMOKA3HUKHU TiIPOXi-
Mii, KOPHCTYIOUHCh OKCUMETPOM, pH-MeTpoM, KOHIYKTOMETPOM, (hoTOMETpOM
Palintest 7100. B 6acefinax PAC xoH1eHTpalis BUTbHUX 10HIB BoaHIO (pH) Tpu-
MaJach BIIPOIOBXK AOCHIPKEHb B CEPEHBOMY Ha PiBHI 7,2; BMICT KHCHIO OPiB-
HIOBaB 5,4 MI/JI IpU CEpeAHiX TeMIepaTypHUX 3HadeHHsX Bix 22,1 mo 24 °C;
MmiHepamiizauis — 360 mr/nm’; HiTputi Ta HiTparu — 0,08 Ta 1,1 BigmoBimHO.
OCHOBHMM YMHHUKOM BHCTYIIaB TEXHOJOTIYHHH KOpPMOBHI (pakTop 3 noxa-
BaHHAM y KOpMOBY cymit Spirulina (25 %) + Nermetia illucens (25 %). Kpim
Toro, y cuctemi PAC 0Oy10 3ampoBasKeHO JOAATKOBY 0i0JIOTiUHY (hiIBTPALlito 3
BHUKOPHCTAaHHSAM POCIHH AEKOPAaTUBHOTO BUKOPUCTAHHS Ta arpoKyJIbTyp, TAKOX
BIIPOBAJIMIIN €JIEMEHTH aJIbTEPHATUBHOTO JKepelia eHeprii y BUMNIAAI COHSIYHOT
Mikponaseni Ta 6iopeakropa (po3poOIeHOro paHilie y CIiBaBTOPCTBI), 1€ Kyib-
TUBYBaJIM MiKpOBOAOPOCTi [21]. BCi KOMIOHEHTH /1St MiATO/TIB1 KYJIBTHBYBAIU
B yMOBax JiabopaTopii BogHux OiopecypciB Ta akBakyasTypu XAAEY cymicHO
3 MpaKTU4HOIO 0a3010 puOoBiATBOprOBaNbHUX 3aBofiB IliBaHa VYkpainu. Bci
MaHImyssIii 3 00’€KTOM HayKOBO-EKCIEPHUMEHTAILHOTO JOCIHIKEHHS TIPOBO-
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UK 3 JOTPUMAaHHSM TpaBUl «CBPONEHCHKOT KOHBEHIIIT 3aXHUCTy XpeOeTHUX
TBapUH, SIKi BAKOPUCTOBYIOTHCS [UIsI €KCIIEPUMEHTAIBHUX Ta 1HIIUX HAyKOBUX
uinei» (CtpacOypr, 1986). Pesynsratu gociimkeHHss 00poOICHO 3a JTOTIOMO-
TOI0 CTaTUCTUYHOTO mporpamuoro meroxy Past 3 (UK, 2017), mpencrasneHi
Yy BHUIVISAI CEpelHBOr0 apU(QMETHYHOrO 3HA4YCHHS, CTAHJAPTHOTO 3HAYCHHS
(x£SE). IIpu ananizi pe3yabrariB 3Hau€HHS BiIMIHHOCTEH MK BUOIpKaMu OLli-
HIOBQJIM 3a JIONIOMOTOI0 OAHO(AKTOpHOro aucnepciinoro aHamizy (ANOVA),
BiIMIHHOCTI BBaXayiucs goctoBipHumu mpu P < 0,05.

Pe3ynbrarn gocaimxkensb. KomruiekcHa omiHka 3aranbHOrO (pyHKIIiO-
HaJILHOTO CTaTyCy OpraHi3My KOpolia 32 YMOB BIUIMBY TEXHOJIOTIYHUX YHHHH-
KiB ymockoHaneHoi PAC Hazana MOKJIMBICTh BCTAHOBUTH KOPEJITUBHI 3B’ SI3KU
3a IOCHiKyBaHMMHU mapaMeTpamu. OTXke, € MiJCTaBU LIOA0 KOPESITHBHOTO
3B’s13Ky MacH Tina xopoma (Cyprinus carpio Linnaeus, 1758) B oHTOreHe3i Ta
3arajibHOr0 BMICTY KpeaTuHiHy (PHCYHOK 1).

VY rpymi, ¢ BUKOPUCTOBYBAJIM JOJATKOBO TEXHOJIOTIYHHI (KOPMOBHHA)
YMHHUK Opy TigpomeHHi kopona (Cyprinus carpio Linnaeus, 1758), 3Ha4eHHs
KpeaTHHiHY B KPOBi IIEPEBHIIYBAIN TOKA3HUK B KOHTPOJBHIH rpymi. Buxonsun
3 OTPUMAaHUX pPe3yJIbTaTiB, MOYKHA BiI3HAUYUTH OLIBII aKTUBHI OOMiHHI ITPOIIECH,
30KpeMa, Y M’s130Biii TKaHWHI KOpoIa 3 eKCIIepUMEHTaNbHOI Tpyny. Biacue, mo
MiATBEPKY€ETHCSI BUIIMMU 3HAUYCHHSMH MacH Tilla TIpU KOHTPOJBHUX 3BaXKy-
BaHHAX TiAPOOIOHTIB (pUCYHKH 2, 3).

Buxonsiuu 3 KOMIUIEKCHOTO JOCIiIKeHHS MOPPO(DYHKITIOHATBHHUX TTapa-
MeTpiB Ta OioXiMiYyHOTO ckiaay KpoBi kopoma (Cyprinus carpio Linnaeus,
1758) B oHTOreHe3i B rpymi €KCIEPHUMEHTY, MOXXKHA BiAMITUTH, 110 MeTabo-
JiYHA aKTUBHICTH B OpraHi3Mi pu0 3 eKCIepUMEHTANbHOI Ipynu Oyna BHUILOL,

3

=
04 ¥ =1,247In(x) - 3,846

R*=0,939

0,3
0,2
0,1

0

27,5 28 28,5 29 29,5 30 30,5 31 31,5 32 3 Mr

Puc. 1. KoedinieHT anpoxcumanii Ta jorapugmivnuii 38’130k cepeaHbOI MacH Tija (Mr)
Ta BMicTy KpeaTuHiHy (MI/au) y M’sa30Biii TkanuHi kopona (Cyprinus carpio Linnaeus,
1758) 3a ymoB BUKOpUCTaHHS criocody miaroaisJi y 6aceiinosiii cuctemi PAC
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Puc. 2. AHani3 mBUAKOCTI PO3BHTKY B OHTOI€He3i kopona
(Cyprinus carpio Linnaeus, 1758) nepen 3apudiaennsim, x£SE, n=40
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Puc. 3. Ananiz mBuakocti po3Butky kopona (Cyprinus carpio Linnaeus, 1758)
nicJist 3apudiennsi, xxSE, n=40

HIXK Y KOpOIIa B KOHTPOJIBHIHM rpy1i. 3arajibHa KiTbKiCTh EPUTPOITUTIB BIpOT1IHO
MIepeBHIyBaJia 3HaYeHHA B KOHTpodi Ha 7,8 % (P<0.05). BignoBixHo BuIIi 3Ha-
yeHHsI Oynu 3adikcoBaHi i 3a KoHIEHTpamnieo remornodiny (P<0.05 %). Mikpo-
KOPITYCKYJISIPHI 1HIEKCH SPUTPOIHTIB Malld KOPEIAIMHUNA 3B 30K 3 MOpdo-
dysakmionanpHUME: iHIekcH MCV (cepenmHboro 06’eMy eputporutis), MCH
(cepemHbOTO BMICTY TEMOITIO0IHY B epuTpomnuTi), a Takok MCHC (cepemunoi
KOHIICHTpAIIl TeMOTIIO0IHY B €pUTPOIMTAapHIA Maci). Pi3i010r0-010XiMITHO €
OOTPYHTOBAHUM, III0 y TIEUIiHIT pHO 332 paXyHOK TIIFOKOTCHOII3Y IMOYMHAIOTHCS
TIPOTIECH TPOAYKITii TITFOKO3H B PE3YJIETaTi pO3IIETUICHHS BKE HAKOTTMIEHOTO TITi-
KoreHy. | 0JIOBHIMHY CITO’KMBaYaMH TITFOKO3U B OPTaHi3Mi € (DOPMEHi eJIeMEHTH —
EPUTPOIIUTH, MO3KOBHI IIap HUPOK, JKUPOBA TKAHWHA, & TAKOXK CKEJIETHI M’ 531
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rizpo6ionTiB. KoHueHTpanii mioko3u B KpoBi KOpoma 3 eKCIepHUMEHTaIbHOT
rpynu 3a (aKkTHYHUM 3HAYCHHSM IE€PEBUIIYBaja 3HAUYEHHS B KOHTPOJBHIH
rpymi Ha 4,8 %. LlinkoM 3p03yMiso, 1110 TIIFOK03a € CBOEPITHUM JICTIO Y TICUiHIl
puO Ta M’s130Bii TKaHMHI y popMi mTikoreHy. ToMy aHasli3 BKa3aHUX MapaMeTpiB
€ BaXJTUBUM Ta HAJIA€ YSIBJICHHS HE JIMIIIE PO nepedir MeTaboIiuHIX MPoLECiB
B OpTraHi3mi kopora.

AHani3 mBuAKOCTI po3BUTKY Kopomna (Cyprinus carpio Linnaeus, 1758) 3a
YMOB BHKOPHCTaHHs crocoOy MiIpoIleHHs NMPOJeMOHCTPYBaB BHIII 3HAUYCHHS
CepeHbOI MacH TiJia, CEPEeIHHOI000BOTO MPUPOCTY Ta BiJICOTKA 30EPEIKEHOCTI
(Buxony), HiX B KOHTpOJIBHIN Tpymni. Ha ¢oHi okpecieHoi MO3UTUBHOI JHHA-
MIKH KOC(II[IEHT BrOJIOBAHOCTI TIEPEBUIIYBaB 3HAUCHHS B KOHTpOJi Ha 2,3 %.

[Micnst 3milicHeHHst 3apuOneHHs Mosoao kopona (Cyprinus carpio
Linnaeus, 1758) cTaBiB BIpoJ0BX BEreTaIlitHOTO NIePiony 3/1MCHIOBAIM MOHI-
TOPHHT 32 PO3BUTKOM PHUO SIK 3 KOHTPOJIBHOI, TaK i EKCIIEPUMEHTAIILHOT TPYIIH.
Kpim Toro, pesynsrat Bigbopy M’s130BOI YacTWHH Ui O10XiMIYHOTO aHai3y
MPOAEMOHCTPYBAJIM BUILI 3HAUCHHS €KCIIEPUMEHTAIILHOI IpyIU. J[0MOBHIOIOTH
OTpHUMaHi pe3yNbTarTi i ricTONOTIuHI 3pa3KH, MPEACTaBIEH] B 1aHii poOoTi (pucy-
HOK 4). 32 yMOB BUKOPHCTAHHS KOPMOBOTO YHHHHKA CyMapHa KUIbKICTb CTPOMAaJIb-
HOTO KOMIIOHEHTY M’sI30BOT TKAHHHH KOpoIa OHToreHe31 kopona (Cyprinus carpio
Linnaeus, 1758) Morke 3Ha4HO BapiloBaTh Ta O€3yMOBHO, 3JICKUTH BiJ BUAOCIIE-
igHOCTI. BTiM, HANpUKIHI KOperye npouecaMu piBeHb METa0OMIYHNX peaKiii
B oprani3mi. [Ipu migporienHi kKopora BAKOPUCTaHHS IOAATKOBO MiATOMAIBII CIIpHsie
TpaHcdopmaltisiM MOp(OIOTIYHOT KAPTHHU TEHaTOIUTIB,

’Kuposa xiiTuHa (3piii aAUIIONKUTH) OTOYEHA HANTOHILIUM, JIelb IOMIT-
HUM [IapOM CIIOJIyYHOI TKAHUHH 3 BY3bKHM HPOIIAPKOM, 110 YTBOPIOETHCS Y
M’5130BiH TkaHuHI. CymMapHa KiTbKiCTh CTPOMaJIbHOTO KOMIIOHEHTa B M’ SI30Bil
TkanuHi kopona (Cyprinus carpio Linnaeus, 1758) cTaHOBMIAa Yy CEPEIHBROMY
Bix 10 mo 15 %.

Otxe, 0a3yro4nch Ha OTPUMAaHUX pE3yIbTaTaX KOMILIEKCHOI HayKo-
BO-JIOCJIITHOI POOOTH, BiAMITUMO, 0 J0AaTKOBa miaroxiBns Cyprinus carpio
(Linnaeus, 1758) nepen 3apubnennsm y OaceitHoBux cucremax PAC mpupon-
HUMHU KOMIIOHCHTAMH CIpUsIa aKTHBAIlli METa0OIIYHUX MPOIECiB B iX opra-
Hi3Mi B TOPiBHAHHI 3 pUOOI0 KOHTPOJIBHOI TPYITH.

BucnoBku Ta npono3uuii. PizionorivHo € 00IpyHTOBAHO, IO HEHPOTY-
MopaJibHa peryisiis §i3ionoro-6i0XiMiuHUX MPOLECIB peati3yeThes 3a JOM0-
MOTOIO CKJIaJHUX Pi3HOPIBHEBHX MEXaHI3MiB, YYaCHUKAMU TaKUX MPOLECIB €
pi3Hi (epMEeHTH, TOPMOHH, SIKi BUCTYNAIOTh iHTi0iTOpaMu abo akTHBaTOpamu
neBHoro mponecy. [IpupoaHi KOMIIOHEHTH KOPMOBOi CyMilIi, SIKi JJOAaTKOBO
BBOJIMJIM JI0 3arajibHOTO PaIliOHy KOpOoIa BilirpaBaiu pojb JuKepena eHeprii Ta
aKTHBALlil peCypCcHOTO MOTEHIialy B opraHizmi pubu. Tum camum BOYZOBYIO-
YHCh B JIAHKU MPOIIECIB Pi3HUX OOMIHIB aKTHBi3yBallH, TOJIMIIYyBaJIN apame-
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Puc. 4. CTpykTypa MapriHaibHoI 30HU apeHXiMu nedinku kopona (Cyprinus carpio
Linnaeus, 1758) excniepuMeHTaJbHOI IPYNH (@): 1a — IIIIKOTeHOBMICHI renaToluTH; AKUPOBHIi
NPOLIAPOK Y YePBOHiif M’sI30Biii TKaHNHI CIIMHHOI YaCTHHHU TYJIy0a Kopona (b): no3noBKHii
3pi3: 1b — M’s130Be BOJIOKHO; 2b — eH1oMisiii 3 sknpoBoro TkaHNHOI. Kopuryrouuii gpiasTp
«K3M 2,5X», X90. I'ematoxenitin Bromepa, gyxcestin Xapra (y monudixauii)

Tpu po3BUTKY B oHTOreHesi. Kopon (Cyprinus carpio Linnaeus, 1758), saxuit
OyB B eKCIIEpUMEHTANIbHIN TPYTIi Ta T0JJATKOBO OTPUMYBaB KOPMOBY CyMiIll, OyB
OLITBIIT aKTHBHHUM, MaB KpaIuii ekctep’ epHuid Mpodiiak Ta mapaMeTpH IMIBHUIKO-
CTi PO3BUTKY B OHTOTEHE31, Hi>K prda B KOHTPONBHiH rpymi. besymoBHO Ha (oHi
MTO3UTHBHOI JMHAMIKH IOIIIEHUM Oyzie B3STH 32 METy Ha MailOyTHE 3AIHCHUTH
€KOHOMIYHY OIIIHKY €()eKTHBHOCTI, 0a3yI0unCh Ha OTPUMAaHUX pe3yabTaTax Ta
BUXIIHUX JAaHUX.
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PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS
OF THE FISH ORGANISM UNDER CONDITIONS
OF IMPROVED GROWTH IN RECIRCULATION SYSTEMS
UNDER THE INFLUENCE OF SOUTHERN UKRAINE

Honcharova O.V. — Candidate of Agricultural Sciences, Associate Professor,
Kherson State Agrarian and Economic University,
anelsatori@gmail.com

A comprehensive study of the general functional status of the fish organism under
conditions of growth in recirculation modular system (RAS) tanks was carried out. The
technological aspects in the hydrobiont breeding scheme with the production vector
of aquaculture products, as close as possible to the “organic” model, were analyzed.
The use of natural stimulators of metabolic processes and adaptive-compensatory
mechanisms in order to increase the level of resistance of the organism of hydrobionts
has been scientifically and experimentally substantiated. A comprehensive assessment
of the effectiveness of the introduction of European innovative elements into Ukrainian
aquaculture was carried out. The rationality of the improvement and “technical reboot of
the fishing industry” in the context of the formation of a strategic plan for the development
of the industry in accordance with the requirements and needs of consumers, the modern
labor market and the resource potential of the industry as a whole is considered and
presented for discussion.

The results of the obtained studies reflect and make it possible to assess the
development potential of the industry as a whole under the conditions of the proposed
technological elements of optimizing the production of aquaculture products. An
information array is presented on the current state and trends in the development of
technologies in aquaculture with a review of innovative solutions and modernization
of certain technological links in aquaculture in the cultivation of hydrobionts. Trends
in the development of organic (“environmentally safe”) aquaculture products are taken
into account, as well as the issue of compliance with European standards regarding
“bien-étre”, “animal welfare”. A comprehensive analysis of the study of the influence of
natural components on the functional status of the organism of hydrobionts was carried
out, with an emphasis on the positive effect on the course of physiological-biochemical,
morpho-functional processes.

Keywords: recirculating aquaculture system (RAS), hydrobionts, metabolic
stimulators, technological factor, physiological, biochemical and histological parameters.
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AKBaKyJsTypa — CUIBCHKOTOCIIONIAPChKA AiSIBHICTD, SIKA 3a3HA€ 3HAYHOTO PO3-
BUTKY 3aBJISK{ BUKOPUCTAHHIO IIEPEIOBUX TEXHOJIOT1H Y BUPOIILyBaHHI PUOH, MOJIIOCKIB
Ta PakoNoNiOHHX. AHANITUYHHI OIS CHPAMOBAHHN HA BHKOPHUCTaHHS IIPOIPaMHHX
mpoxaykTiB AutoCAD Ta SolidWorks mist MmogentoBaHHS iHIyCTpialbHUX PHOHUIIBKUX
rocriogapctB. AutoCAD — e notyxHuil iHCTpyMeHT it cTBopeHHs 2D- ta 3D-mo-
JieTieid, sSIKUii 3a0e3reuye TOYHICTh Ta MWIBUAKICTH IpoekTyBanHs. SolidWorks no3Boisie
TIpaIoBaTy 3 6ararbMa THITaAMH MOJIeJIe 1 3a0e3nedye IHUPOKI MOXKIIMBOCTI ISl pOOOTH
31 ckimaHUMU popMamu. Bukopucranns nporpamuux maketis AutoCAD ta SolidWorks
JIO3BOJISIE CTBOPIOBATH BipTyallbHI MOJEINi aKBaKyJIbTYpHHX 00’€KTiB, BPAXOBYIOUH iX
TEOMETPiIo, CTPYKTYpy Ta BHYTPIIIHIN po3MOALi. 3aCTOCYBaHHS MPOrpaMHOTo 3a0e3me-
YeHHs i Yyac MojemoBaHHs RAS-cucreM, 103B0s1€ e()eKTHBHO MPOCKTYBATH 1 Bi3ya-
Ji3yBaTH OCHOBHI CKJIaJI0Bl yCTAaHOBOK 3aMKHYTOT'O BOJIOIIOCTAauaHHs1: OJIOK MOHITOPHH-
Ty KOHTPOJIIO Ta CUT'HAJi3allii, MOyt OacelHiB, BOAONOgaqy, MEXaHIuHy Ta Oi0JIoriuHy
¢upTpanito, okcureHanito, Y@®-crepuiizarito, iHII iHXEHEpH] pillIeHHs] BPaxOBYIOUN
€KOHOMIYHI TTOKa3HUKH POOOTH 00JIaqHAHHS.

3apmaku MoxauBocTsM AutoCAD Tta SolidWorks, ¢axiBusm 3 BogHux Giope-
CYpCiB Ta aKBaKyJIbTYPH MO)KHA BPaxoBYBaTH reorpadiuHi 0COOIMBOCTI, KIIMaTHYHI
YMOBH, peJibe(d) MICIIEBOCTI, @ TaKOX PO3MiLIeHHs! 1H(PacTPyKTypH Uil OnTUMi3anii
BUPOOHMYMX MPOIIECiB Ta 3a0€3MeYCHHS EKOJIOTIYHOT OE3MEKH.

JocnimkeHHs BKIIIoYae aHai3 (DyHKIIOHATY MPOTPaMHUX MAaKETiB UL CTBO-
PEHHS IeTaJIi30BaHUX MOJEJIeH rOCIIOAapCTB aKBaKyJIbTyPH 3 YpaxyBaHHAM (hakTopiB,
AK1 BIUTMBAIOTh HA MPOXYKTUBHICTH Ta CTIHKICTh cUCcTeM. BHKOpUCTAaHHS X POTpam
JI03BOJIsIE aBTOMATH3YBATH MTPOLIECH MTPOSKTYBaHHS, CIIPHUSE 3HIKEHHIO BUTPAT 4acy Ta
pecypciB Ha po3poOKy IPOEKTIB, a TAKOXK IiBUIIYE TOYHICTh Ta SAKICTh PE3YJBTATIB
MOJICTTIOBAHHS.

19



Boowi 6iopecypcu ma akeakynomypa, 1(15) /2024

OTxe, BUKOpUCTaHHs TiporpamHoro 3ade3nedeHnss AutoCAD ta SolidWorks y
MOJIEITIOBaHHI PEIUPKY/ISLIHHAX aKBAKYJIBTYPHHX CHCTEM € BaXIIMBHM IHCTPYMEHTOM
Juisl 3a0e3reueH s e()eKTUBHOIO Ta IHHOBANIHOTO PO3BUTKY AKBaKyJIBTYPHOI JIisUIb-
HOCTI, CIPHUSIOUN TOKPAIIEHHIO YIPAaBIiHHSA pecypcaMi Ta 30UIBIICHHIO BUPOOHHYIOL
MTOTYXHOCTI.

Kiro4oBi cioBa: MoJIeIFOBaHHsI, aKBaKyJIbTYpa, aBTOMAaTH30BaHE [TPOCKTYBaHHS,
TEXHOJIOTIYHHH NPOLEC, IHKEHEPHE PIllIeHHs, NporpaMHe 3a0e3eYeHHsL.

MocTranoBka mnpodiaemu. BukopucTaHHS cUCTEM aBTOMATH30BAHOTO
npoekryBanHs (CAIIP), rakux sik AutoCAD i SolidWorks, y ranysi puOHuUIITBA
Ta 1HIYCTpiallbHOI aKBaKyJIbTypH PO3IISAAETBCS SK: MPOEKTyBaHHS iHQpa-
CTPYKTYPH IOCIIOJAPCTB; MOJCIIOBAHHS OKPEMHUX TiAPOTEXHIYHUX THKEHEPHUX
cniopya Ta obnagHanHs. CHCTEMH CHPUSIOTh BU3HAYEHHIO ONTHUMAJbHUX PO3-
MipiB Ta KOH(DIrypauii sl palioHaTbHOTO BUKOPUCTAHHS IJIOIII Ta MPOCTOPY.
Taxox 3a gonomororo CAIIP mMoxHa CTBOpPIOBAaTH IIJIaHU MEPEXK, BKITIOYAIOUU
CHUCTEMH BOJOIOCTAa4YaHHs, BOJIOBI/IBEICHHS, OYMIICHHS BOJM, IIO JOIIOMAarae
3a0e31eunTd ePeKTUBHY pOOOTY BCIi€l peLIMPKYIISIIIIHHOT aKBACHCTEMHU.

B ninomy, Bukopuctanns CAITP moxe nokpamuty e(heKTHBHICTh Ta KOH-
TPOJb y cepi aKBaKyJIbTYPH, CIIPHSIIOYH 30UIBIICHHIO BUPOOHMIITBA Ta 3HU-
’KEHHIO pU3UKIB Ha eTarax MpOCKTyBaHHS Ta MOJIEITIOBaHHS.

MeTta po6oTu mosnsrac B aHali3i BUKOPHCTaHHS MPUKIIAIHOTO MIPOTpaM-
Horo 3a6e3neueHns AutoCAD i SolidWorks ist mpoekTyBaHHS Ta MOZICTIOBAHHS
TEXHOJIOTTYHHX TPOIECIB PUOHUIIBKUX TOCHIONAPCTB iHYCTPiaIbHOTO THITY.

AHaJi3 ocTaHHIX HoCHiIKeHb i myduikamiii. Y mocrifiHoMy mporeci
PO3BHUTKY TEXHOJIOT1H BiITBOPEHHS Ta BUPOLIYBaHHS I'iIPpOOiOHTIB BHHUKAIOTh
MUTAaHHS aKTyaJbHOCTI BHKOPUCTaHHsS HaHONbIIl €(pEeKTHUBHUX CHUCTEM aBTO-
MaTHU30BaHOTO MPOEKTYBAHHS JJIsl 1IH)KEHEPHHUX pillleHb raiy3i akBaKylIbTypH
[6, 9]. OnTEMi3alLis MPOIECiB TEXHOJOTIYHOI KapTH aKBaKyJIETYPH B YMOBaxX
eKoJIOriuHOi TpaHcdopMallil HaIlJIeHa Ha BpaXyBaHHS alalTalliiHUX MOYKJIMBO-
CTelt caMoro opraHi3aMy riipoOIOHTIB, TX aJanTallito i HOB1 a00 yI0CKOHAIEH]
TEXHOJIOTIi Ha MiAPHEMCTRI [5, 8].

BaxnuBuM € BIpOBa/KEHHS IHTETpOBaHHUX iHQOPMALIHUX TEXHOJIOTIH
Ha BCiX eTamax CTBOPEHHs Ta eKCIUTyaramii rocriopapcTsa [2]. Haiibinbmn mpo-
IPECHUBHOIO Ta IEPCIIEKTUBHOIO YMOBOIO YIOCKOHAICHHS ITPOLIECY MTPOCKTYBAHHS
€ CTBOpPEHHS 1 BIPOBAKEHHS B MPAKTHKY CHCTEM aBTOMATH30BAHOIO MPOEKTY-
BaHHs 1 po3paxyHky. CAIIP — joriuHo 1MoB’si3aHa CYKYIHICTh MpOrpam, Mo J103-
BOJISIE OTPHMYBATH Ha €Talll €CKi3HOTO MPOEKTYBAaHHS €JIEMEHTIB TOCMOAAPCTBa
ix oOmik, crpykrypy, napamerpu. CAIIP 3a0e3neuyroTs He TUTBKH BUKOHAHHS
KpecIsIpChbKOi JOKYMEHTallil, aie i JaloTh MOXIHBICTh aBTOMATH3allii MpoeK-
THO-KOHCTPYKTOPCHKUX 1 TEXHOJIOTTYHHUX POOIT, BAKOPUCTAHHS 0i0II0TEK THIIO-
BHUX €JIEMEHTIB, 010110TeK MaTepiaiB, TEXHOJOTYHOTO OCHAIICHHS 1 T. 1. [1].
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Kommonentu CAIIP BkiodaroTh B ceOe HACTYITHI BUIM 3a0€3TICUCHHS:
MaTeMaTu4He, JIHrBICTHYHE, TEXHIYHE, iH(popMalliiiHe, mporpaMHe, METOIHYHE,
opranizamiitae [7]. Cranmapt €CK/] BiTHOCHO KOHCTPYKTOPCHKOI JTOKYMEHTAa-
uii (K1) i crangapt €CI1J] BiqHOCHO nporpamuoi nokymenraiii (I1J1) mist Tex-
HIYHMX KOMIUIEKCIB 1 CHCTEM HE3aJIeXKHO Bijl IXHHOTO MPU3HAYCHHS U 00JIacTi
3aCTOCYBaHHs periaMeHTye 5 ctaaiid po3poOku [11]: TexHiUHE 3aBIaHHs, €CKi3-
HUH MPOEKT, TEXHIYHUHA MPOEKT, poO0OUHIi IPOEKT, BIPOBAIKEHHSI.

[lig yac mmaHyBaHHsS aKBaKyJIBTYPHHUX KOMIUIEKCIB «IIiJl KJIFOY» BHUKO-
PUCTOBYIOTh CHUCTEMM aBTOMAarH30BaHOro IpoekTyBaHHI AutoCAD Ta
SolidWorks.

IHpoepamnuii xomnaexc AutoCAD — HaiiBimoMimia cucTeMa KOMII IO-
TepHOi 1HKEeHEepHOI Tpadiky, MOTYKHHUH MaKeT sl aBTOMaTu3alii po3poOKH,
BHUKOHAHHS MPOEKTHO-KOHCTPYKTOPCHKHX pillleHb. Po3po0ieHni KOMIaHi€o
«Autodesk» (CHIA) ta nanexuts 10 kiacy CAD mporpam (Computer Aided
Design), npu3zHadyeHUX B OCHOBHOMY JIsl pO3pOOKH KOHCTPYKTHUBHOI JTOKYMEH-
Tallii: KpeclieHb, cXxeM, Mojiesiei 00’ ekriB. [epina Bepcis mporpamu Oyna BUITY-
meHa y rpyasi 1982 p. Haszea mporpamu AutoCAD ytBopeHa Bin Automated
Computer Aided Drafting and Design [3, 4].

[IporpamMa MmMIMPOKO BUKOPUCTOBYETHCSA Y OYIOiBHHLTBI, apxXiTeKTypi,
MaIIMHOOY/IYBaHHI Ta IPOCKTYBaHHI aKBaKyJIBTYPHUX CHCTEM.

Agropu [10, 13] BUAUIAIOTE OCHOBHI MOXKJIMBOCTI CUCTEMH aBTOMATHU30-
BaHOTO MpoekTyBaHHsA AutoCAD:

— odopMIIIOBaTH KPECJICHHA Ta 3iiiicHIoBaTH 2D-MoJetoBaHHs,
3D-MoaemoBaHHS;

— Ha OCHOBI 00’€MHOT MOJIEJIi aBTOMAaTUYHO OTPUMYBATH ILIOCKI 300pa-
JKEHHS 11 TpoeKiii;

— KOJIEKTHBHA po0OTa HaJl MPOEKTOM 3a JOMOMOT0I0 JIOKaJIbHUX KOMIT 10~
TepHUX Mepex Ta Internet;

— OOMiH IaHMMH MiX IIPOEKTaMH;

— 3a 1onoMororo BOynoBaHoi B cucteMy AutoCAD MoBH porpaMyBaHHS
AutoLISP po3poOka Oyap-IKHX TOAATKIB AJIsl pO3B’sI3aHHS KOHKPETHHUX MPOECK-
THHX 3a/1a4.

Icnyroth pi3Hi Bepcii AutoCAD, opieHTOBaHiI Ha aBTOMaTH3alil0 MPO-
eKTYBaHHS B pi3HHUX ramyssx, 3okpema: AutoCAD MEP, AutoCAD Electrical,
AutoCAD Map 3D, AutoCAD Civil 3D, AutoCAD Architecture, AutoCAD LT,
AutoCAD Mechanical.

ABTopH [2, 3] mij] uac TOCIIKSHHS OCHOBHUX 0COONMMBOCTEH iHTEpeiicy
AutoCAD Bu3HauWIK: MapajesibHy 00pOOKY JEKITBKOX MPOIECIB CePeIOBUIA
npoektyBanHs ofgHouacHo, AutoCAD Design Center (omaBaHHS KOMITOHEH-
TiB 3 PI3HUX NPOEKTIB y MOTOYHUH MPOEKT), aBTOMAaTHYHE HAHECEHHS PO3MIpiB
IU1s1 BUOpaHOTO 00’ €KTY, 32 3MIHOIO reoMeTpii 00’ €KTy Micisl HOTo pefaryBaHHs
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ABTOMaTHYHO 3MIiHIOIOTBCSI 1 MOTO PO3MipH, NPUB’sI3Ka/aBTOBICTEKYBaHHS —
MPOSKTYBAHHS 1 pearyBaHHs 0e3 HeoOXiIHOCTI BUKOHYBATH JIOTIOMIKHI TeOMe-
TpUYHI OOYAOBH, AMHAMIUHE 3aBAHTAXKCHHS OKPEMHUX YaCTHH MPOEKTY 1 30B-
HIIIHIX MOCUJIaHb B MPOIECi pOOOTH, 3MiHA MaclITaly Mojeleii B pealbHOMY
Yaci, akTHBHI po0OOoYi TUIOLIMHU Yy BUOBUX €KpaHaxX, MEHEIDKEp BIACTHBOCTEH
00’€KTiB, CTBOpEHHs JaOnaTkiB Ha MOBi AutoLISP, po3mupeHi MOXJIHBOCTI
JUTsS. BUBEICHHSI TPOEKTIB Ha APYK, MOMJIMBICTh aBTOMAaTHYHOTO T€HEPYBaHHS
Web-ctopinok y popmari HTML.

OTxe, BUKOPUCTaHHS MpOorpamMHoro 3adesnedeHHs: AutoCAD no3Bonse
MOJIETIIOBATH OCHOBHI €IeMEHTH PEIMPKYISLIHHAX aKBaKYJIbTypPHHX CHUCTEM 3
BIIPOBAKEHHSM Yy MPOLIEC BiATBOPEHHSI Ta BUPOLIYBaHHS Tip00OiOHTIB.

SolidWorks — nporpamuuii komruiekc CAIIP, 110 BUKOPUCTOBY€ETBCS IS
aBTOMATH3aLlii KOHCTPYKTOPCHKOI Ta TEXHOJOTIYHOI MiJrOTOBKH 1HIYCTpiaib-
HUX PUOHUIIBKUX TOCIOAAPCTB. 3a0e31euye NPOSKTYBaHHI BUPOOIB OYIIb-sSKOTO
CTYHEHs CKJIaTHOCTI Ta nmpu3HaueHHs. [IpeacraBieHuil 10 BHKOPUCTAHHS KOM-
naniero-po3podHrkoM «Dassault Systemes SE» (®panuist) y 1995 poui [12,
15]. Cucrema SolidWorks crana nepmoro CAIIP, o nminTpumye TBepIOTiIbHE
MOJISJTIOBAaHHS IS omepalliiiHoro cepenosuiina Microsoft Windows, Hanarouu
KOPHCTYBauy MakCUMaJIbHY €(eKTUBHICTb i 3pyYHICTb Y BUKOPUCTaHHI [2].

[Iporpamuuii komIuiekc Bkitodae 0Oa3oBi koH(irypariii SolidWorks
Standard, SolidWorks Professional, SolidWorks Premium, a Takox pi3Hi
npukianHi moxmyni: SolidWorks Enterprise PDM, SolidWorks Simulation
Professional, SolidWorks Simulation Premium, SolidWorks Flow Simulation,
SolidWorks Composer, SolidWorks Inspection, SolidWorks Plastics [10].

OcCHOBY MpOrpaMHOTO MPOAYKTY CKJanae: KOHCTPYKTOPChKA Ta TeX-
HOJIOTiYHA MiArOTOBKA, YMpPaBJIiHHSA JaHUMH 1 TpolecaMH. 3acTOCYBaHHS
SolidWorks BigkpuBae mMpOKi MOXIMBOCTI AJisi iHTeHcH(ikamii mpouecy
pPO3pOOKH EJIEKTPOHHHUX KpPEeClIeHb i Mojeled, 3a0e3lneuye BUCOKY SKICTh
mig 4ac BUKOHaHHS, miaTpumye ¢opmatu posmupenHs DWG, STEP, DXF,
SLDPRT, ACIS, DXF, 3niiicHioe ekcropT-iMrnopt aanux i3 pizaumu CAD/
CAM/CAE cucremamu [12].

3a ganumu [3, 7], no mepear nporpaMHoro npoaykry SolidWorks Hane-
JKUTB: cTBOpeHHs 3D-Moneneli pisHuX 00’€KTiB; pegaryBaHHs Ta 3MiHa iCHY-
I0YUX MOJIETICH; MPOEKTYBaHHS TEXHIYHOTO KPECJIEeHHs; CTBOPEHHS €CKi3iB Ta
NPUMITHBIB, MOJENIOBAaHHA TEXHOJOTIYHMX IMPOILECIB; Mepedaya TeoMeTpii
BUPOOIB y PO3paxyHKOBI makeTu; yTwiith oOMmiHy 3 AutoCAD; Bi3yamizaris
MOZIeTIi Ta peanicTHuHe 300pakeHHs; HasIBHICTh TOKYMEHTAIlil Ta crienudikarii,
eKOJIOTi4Ha eKCIIepTH3a MPOEKTy: TeXHOOTii SustainabilityXpress.

3 METOH TPOEKTyBaHHS PUOHHMUBKUX TOCHOAAPCTB I1HIYCTPiaJbHOTO
TUIY B LJIOMYy BUKOPUCTOBYIOTH JBi 0CHOBHI Bepcii — SolidWorks Standard Ta
SolidWorks Professional [14].
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SolidWorks Standard — mnporpamMHUIl KOMIUIEKC, SKUN 3a0e3nedye
riopujiHe mapaMeTpUYHe MOJICIIOBAHHS: TBEPOTIILHE MOJICIIIOBAHHS, MOJIEC-
JIIOBaHHS MOBEPXOHb, KAPKAaCHE MOJICITIOBAHHS Ta X KOMOiHaIlii 0e3 00MeKeHHS
CTYIEHs CKIanHOCTi. 3a normoMoroto TexHonorii Instant3D BigOyBaeThcs npsiMe
penaryBaHHsl TeoMeTpii BUpOOy. BUKOPUCTOBYIOTh JUIsl CKJIaJIaHHS IUIAHIB Ta
CXeM PUOHHUIBKUX TOCIHOAAPCTB [ € HEOOXiTHICTh PO3POONATH 1 BUITyCKaTH
KpECSIPChKY, TEKCTOBY JOKYMEHTaIlito, crienudikarii [ 12].

Excriepraumu  cuctemamu SolidWorks Standard e [2, 3]: SketchXpert
(anarmi3 KOH(QIIKTIB B €cKi3aX, MOIIYK ONTUMalbHOTO pimenHs); FeatureXpert,
FilletXpert, DraftXpert (onTumizariisi mopsaky moOymoBu momeni); DimXpert
(aBTOMaTM30BaHa MPOCTAHOBKA PO3MIpiB i JomycKiB y 3D-Mozeni, KpecueHHsx,
MOXKJIMBICTh POOOTH 3 IMIIOPTOBAaHOIO reoMeTpieto). [lapameTpriHa TEXHONOTIs
JIa€ 3MOT'Y IIBHUJIKO OTPUMYBATH MOJIENI THIIOBHX CJICMEHTIB Ha OCHOBI OJTHOTO
CIIPOEKTOBAHOTO MPOTOTHITY. YKCiIeHHI cepBicHI QYHKIII MPOrpaMHOro MmakeTy
MiHIMI3YIOTh CKJIaJHICTh MPOEKTYBaHHS Ta OOCIYTOBYBAaHHS PEIUPKYIALIHIX
aKBaKyJIBTYpHHX crucTeM. [Iporpama 103BoJIsie CTBOPIOBATH CKIIAIHI TEOMETPUYH1
(dopMu, TofaBaTH Ta 3MiHIOBAaTH PO3MIpH, 3aCTOCOBYBATH Pi3HI MaTepiaiv Ta TeK-
CTYpH JI0 MOJIEIi, @ TAKOXK PElaryBary ix y Oy/Jb-sKUi yac y mpoiieci poooTu.

TpaHcuswis gaHux nporpamHoro 3abesmedeHHs SolidWorks BinOyBa-
erbesi HelitpanbHuMH popmaramu (STEP AP203/AP214, Parasolid, ACIS,
IGES, VDAFS, STL, VRML) Ta npssmumu tpancistopamu (Pro/ENGINEER,
NX, Solid Edge, Inventor, CATIA Graphics).

SolidWorks — Professional Bkmodae  (QyHKI[IOHAJIbHI  MOMJIMBOCTI
SolidWorks Standard, a Takox [3]:

— 6i6miorexu BupoOiB (SolidWorks Toolbox): 3a cranmapramu [SO, ANSI,
BSI, DIN, JIS, CISC, PEM®, SKF®, Torrington®, Truarc®, Unistrut®. Toolbox
pizHux Bepciit Solidworks HecymicHuit 1 mig yac BcranoBneHHs Solidworks €
MOXKJIMBICTH OHOBJICHHS 200 BCTaHOBIIEHHS HOBOI Bepcii Toolbox;

— IHTEepaKTUBHA JOKYMEHTAIIis;

— po3mi3HaBaHHS 1 MapaMeTpu3allisl IMIIOPTOBAHOT reOMETPii: TEXHOMOT1]
Feature Works;

— aBTOMAaTW4Ha MEepeBipKa i KOPUTYBaHHS MOJEJIeH/KpecieHb Ha BiIO-
BiZIHICTh cTaHIapTaM mianpueMcTsa: Texnomnorii Design Checker;

— nopiBHsAHHS A0KyMeHTIB SolidWorks: neraiti, 30ipku, KpECICHHS: TEX-
noxorii SolidWorks Utilities;

— mnanyBanHs 3aBaanb (Task Scheduler): HanmamrTyBaHHS 3aBOaHb JUIS
BUKOHAHHS 32 PO3KJIAZIOM.

OcHogHi BiaMinHOCTI SolidWorks Big AutoCAD mnonsraroTs y ToMy, 110
AutoCAD xparte miaxonuTs Uit 2D-KpeciieHb 1 HemapaMeTpUIHOTO POEKTY-
BaHHs, To/i K SolidWorks Haiikparie migxoauts yist 3D-nipoexTyBaHHs i Tapa-
MeTpUYHOTO MpoekTyBaHHA. AutoCAD Oinbmn rHyukwid sk aus 2D, tak 1 s
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3D CAD, rtoni sik Solidworks kpaiue migxoauTs A5 crienianizoBaHoro 3D-peH-
nepunra [10].

3aranoMm, SolidWorks — 11 mOTy>XKHUIT iHCTPYMEHT AJIsi MPOEKTYBaHHS
Ta MOJICIOBAHHS Pi3HUX 00’€KTiB. 3 HOro JOMOMOIOK MOXHa CTBOPHOBATH
CKJIaJHI TPUBUMIPHI MOJEJi, TeHepyBaTH TEXHIYHY JOKYMEHTAII0 Ta MPOBO-
JIUTH aHaJi3 Ta ONTHMI3AIliF0 CTBOPEHUX 00’ EKTIB.

3 omsay Ha 3aralibHi XapaKTepHCTHKH CUCTEM aBTOMAaTH30BaHOTO MpO-
eKTYBaHHS BapTO MOPIBHIATH OCHOBHI (yHKMIi mix yac poOOTH 3 BHUIlE OmMHca-
HUM software product. Pe3ynbraru mopiBHSHHS MPEACTaBIEHO B Ta0muIi 1.

Tabnuysa 1. NopiBussibHa xapaktepuctuka CAITP AutoCAD Ta

SolidWorks
i Haspa CAIIP
OKa3HUK -
AutoCAD SolidWorks
bibmiorexn Bincyrhi HasiBHi
Moga nporpaMyBaHHs AutoLISP, Visual Basic, C++ C++
Crenndixauis 3a poriomoroto onii «ABTo- CuHXpOHi3a1is 3
MaTH4HA crenudikais) MOJIEIITIO
3D-MozentoBaHHs Bibmioreka TBepAMX Til Cropenn TBCPIOTLIb
HHX 00 €KTIB
[Tapamerpusaris Hassna HasiBna
CTBOpEHHSI PO3rOPTOK MMOBEPXHI He moxna Moxna
HanamryBanHs inTepgeiicy MozkHa MosxHa
Jlorika iHTepdeiicy Jloriuauit Jloriuanit
dopmar KpecieHHs DWEF, DWG, DXF STEP, IGES, ACIS
IMIIOpT AaHuX 3 TOTOBHX Tax Tax
PDF-nokymenTiB
36epexeHHs] KpecIeHHs y popMaTi Tax Tax
PDF
CHuHXpOHi3alLis mapaMeTpiB Tax Tax
3 Excel-rabmumsavu
JloonpartoBaHHs MaKeTiB B abTep- Hi Tax
HaTHBHUX software
BuxopucTanHs O€3KOITOBHUX . .
JIeMo-BepCiil Tak, BupogoBx 7 1i6 Tak, BponoBx 7 1i0
JocTymHi MOBH: bararomoBHa bararomoBHa
OHOBJIEHHS / BIOCKOHAJIEHHS Tlocriitao TTocriitao
Iarepdeiic Jloriuauit Jloriuanit
KonBeprauist TpUBUMIPHOTO Kpec- .
. - Hi Tax
JICHHS B TBOBUMIipHE (i HABIIAKH)
Tinrpunia Geilg;)uclgl.owm npoGHof Tax, Bupozmosx 30 1i6 Tax, Brponosx 30 1i6

Licepeno: pospodneno asmopamu

3 panux Tabnuui 1 BUAHO, IO MiJ Yac MPOEKTYBaHHS aKBaKyJIBTYPHUX
cuctem aouiibHo BukopuctoByBatd CAIIP AutoCAD a6o SolidWorks. Bubip
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MIPOTPaMHOTO MPOAYKTY 3aJEeKHUTh BiJf MaOyTHIX KOHCTPYKTOPCHKHX DillleHb
Ta MOTY>KHOCTI MEPCOHATILHUX KOMII IOTEPIB.

BucnoBku. BuxopucranHs mnporpamMHux mnpoaykTiB AutoCAD Ta
SolidWorks B akBakynbsTypi BUSBISETHCS TyKe KOPUCHUM Ta MEPCIEKTUBHUM 3
MO3UIIIT MiZBUILEHHS ¢()eKTUBHOCTI, TOYHOCTI Ta iHHOBaliiHOCTI. Ha mincrasi
MIPOBEICHOTO aHaJi3y MOXHA 3pOOUTH KiJIbKa BayKINBUX BUCHOBKIB:

— Buxopuctanas AutoCAD ta SolidWorks no3sossie aBTOMarusyBatu
MPOLECH TPOEKTYBAHHS aKBaKyJIbTypHHX KOMIUIEKCIB, IO 3MEHIIYE Yac Ta
BUTPATH PECYpCiB HA pO3pOOKY MPOEKTIB;

— MpOrpaMHi MPOAYKTH HAJAIOTh IIUPOKI MOXIJIMBOCTI JUIS CTBOPEHHS
neramizoBannx 2D- ta 3D-moneneill, mo A03BOJSiE BPaxOBYyBaTH HaWMEHIII
JeTaji Ta mapaMeTpy aKBaKyJIbTYPHHX CUCTEM;

— BHKOPHCTaHHsSI MPOTrPaMHOTO 3a0e3MEUYEeHHS O3BOJISE aHalli3yBaTH
pi3HI BapiaHTH PO3TallyBaHHS Ta KOH]Irypamii iHAyCTpialbHUX PHOHHLIBKUX
rOCIOAAPCTB ISl ONTUMI3alii IXHBOro (PYyHKI[IOHYBaHHS Ta €(peKTUBHOCTI;

— MozemoBanHs 3 BukopuctanHisM AutoCAD rta SolidWorks mno3mo-
Jisie BpaXOBYBaTH €KOJIOT1UHI PU3HMKH Ta BIUIUB Ha MPUPOTHE CEpEelOBHIIE, 10
CTIpUSI€ MiIBUIIEHHIO CTIHKOCTI Ta Oe3MeKH aKBaKyIbTYPHUX CUCTEM.

OTxe, BHUKOpUCTAaHHS THporpamHoro 3abesmeueHHs AutoCAD Ta
SolidWorks € ki1t040BUM 1715 TIOAABIIOTO PO3BUTKY Ta BIAOCKOHAJICHHS JTisih-
HOCTI 3 BIATBOPCHHS Ta BUPOIIYBaHHS TiJpO0iOHTIB, JO3BOJISIFOYM IMiBUIIATH
il e(heKTHBHICTH, CTIMKICTB Ta CTAJICTb.

MODELLING OF TECHNOLOGICAL PROCESSES
IN AQUACULTURE USING COMPUTER-AIDED DESIGN
AND CALCULATION SYSTEMS

!Grynevych N.E. — Doctor of Veterinary Sciences,
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Aquaculture is an agricultural activity that is undergoing significant development
due to the use of advanced technologies in the cultivation of fish, shellfish and
crustaceans. This analytical review focuses on the use of AutoCAD and SolidWorks

25



Boowi 6iopecypcu ma akeakynomypa, 1(15) /2024

software for modelling industrial fish farms. AutoCAD is a powerful tool for creating
2D and 3D models that ensures accuracy and speed of design. SolidWorks allows you to
work with many types of models and provides extensive capabilities for working with
complex shapes. The use of AutoCAD and SolidWorks software packages allows you
to create virtual models of aquaculture facilities, taking into account their geometry,
structure and internal distribution. The use of software in the modelling of RAS systems
allows to effectively design and visualize the main components of closed water supply
systems: monitoring, control and alarm units, pool modules, water supply, mechanical
and biological filtration, oxygenation, UV sterilization, and other engineering solutions,
taking into account the economic performance of the equipment.

Thanks to the capabilities of AutoCAD and SolidWorks, aquatic bioresources
and aquaculture specialists can take into account geographical features, climatic
conditions, terrain, and infrastructure location to optimize production processes and
ensure environmental safety.

The study includes an analysis of the functionality of software packages for
creating detailed models of aquaculture farms, taking into account factors that affect the
productivity and sustainability of the systems. The use of these software programs allows
automating design processes, reduces time and resources spent on project development,
and improves the accuracy and quality of modelling results.

Therefore, the use of AutoCAD and SolidWorks software in the modelling
of recirculating aquaculture systems is an important tool for ensuring efficient and
innovative development of aquaculture activities, contributing to improved resource
management and increased production capacity.

Keywords: modelling, aquaculture, computer-aided design, technological
process, engineering solution, software.
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Choosing the right place to build a bivalve hatchery is the most important factor
when deciding to start construction. A number of authors certainly paid attention to this
factor when discussing and calculating before the construction of such enterprises.

Several factors may have contributed to inappropriate site location, including the
absence of one or more components of vital infrastructure, such as land that should be
available at a reasonable cost. Local availability of electricity of the required capacity,
access to fresh water, skilled labor, and good communication.

Other wishes of an individual or a company building an enterprise must often be
taken into account.

The most profitable is the construction of the hatchery on the site adjacent to the
existing operation for the cultivation of bivalve molluscs. In such cases, the incubator
becomes an additional element to the already existing operation.

Another important factor is that an individual or company may own or have
rights to a particular location, and this happens to be the only location where a hatchery
can conveniently be built. More often than not, it may not be possible to build a hatchery
in an ideal location, but certain criteria must be met or the hatchery will most likely be
doomed to failure.

Construction planning should begin with the definition of legal issues. It is
necessary to determine whether government regulations allow the construction of a
hatchery for bivalve molluscs on the required site. This can be done quickly by making
inquiries to local, state, provincial or federal authorities. If regulations do not allow
the construction of an incubator on the desired site, it is necessary to decide whether
it is better to find another place where construction is allowed, or to try to change the
existing state regulations to such that it will allow construction on the desired site.

It is likely that a number of permits and licenses will need to be obtained in
order to ensure compliance with local building codes, as well as national and local
environmental regulations. These procedures are carried out before any construction.

This can be a long, expensive and time-consuming process. A particularly difficult
condition can be the assessment of the incubator’s potential impact on the environment. It
is this assessment that most often affects obtaining a permit to start the construction phase.

Keywords: bivalve hatchery, state regulations, seawater quality, hatchery design,
larval culture, juvenile culture, economic considerations.

Introduction. Selecting the proper site for a bivalve hatchery is the most
important consideration when deciding to build a hatchery, yet it is a factor that
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has often been overlooked when some hatcheries were built. Several factors
may have contributed to the inappropriate location of a facility including the
lack of one or more of the components of the essential infrastructure, e.g. land
availability at reasonable cost, the local availability of electricity and freshwater,
a qualified labour force, or good communications. A further consideration has
often been that an individual or company may have wished to build a hatchery
at a site adjacent to an existing bivalve grow out operation. In such cases the
hatchery became an add-on feature to an existing operation. Yet, another factor
is that an individual or company may own or have rights to a particular location
and it proves to be the only place where a hatchery could conveniently be built.
While it is true that it may be impossible to build a hatchery at an ideal location,
nevertheless certain criteria must be met or a hatchery will likely be doomed
to failure.

The first consideration is to determine if government regulations permit
construction of a bivalve hatchery at the desired site. This can be done quickly by
making enquiries of local, state, provincial or federal authorities. If regulations
do not permit construction of a hatchery at the desired site one must decide if it is
preferable to find another location where construction is permitted, or attempt to
change existing government regulations to allow construction at the desired site.

It is likely that a number of permits and licenses will be required to ensure
compliance with local building codes and national and local environmental
regulations before any construction is allowed. This can be a lengthy, costly and
time consuming process and may require an assessment of the potential impact
of the hatchery on the local environment before permission is either granted or
not granted to begin the construction phase.

Seawater quality. Before committing to what is considered to be a
suitable location for a hatchery it is of paramount importance to ensure that good
quality seawater exists year-round at the prospective site. This point cannot be
overemphasized. If a good seawater source is not available, it will be difficult, if
not impossible, to develop an efficient and profitable hatchery operation. For this
reason, every effort should be made to obtain as much information as possible
about the quality of the seawater throughout the year at a potential site — or sites.
Information is required not only for surface waters but also for the entire water
column, since thermoclines may develop or upwelling may occur periodically. If
previous oceanographic surveys have been undertaken in the area, copies of the
data should be examined. If such surveys have not been undertaken, one should
be prepared to undertake a detailed sampling of the waters at the proposed site
for at least a year.

Environmental parameters of seawater that need to be examined will
depend in part on geographic location and the intended species for culture.
Bivalve larvae as well as juveniles and adults have strict physiological
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requirements, such as water temperature, salinity and oxygen levels and these
must be maintained in a hatchery operation. Water temperatures are higher in
the tropics than in temperate regions and indigenous bivalves are well adapted
to tolerate these conditions.

But in a hatchery situation temperature must not be allowed to drop
too low or larval and juvenile survival and growth will be adversely affected.
In temperate areas water temperatures must not be allowed to exceed upper
or lower lethal levels to larvae and juveniles. Salinity can vary widely and
tolerance to these fluctuations differs among bivalve species. Some require
high oceanic levels of salinity while euryhaline (estuarine and brackish water)
species exhibit much wider tolerance. Periods of heavy rainfall may not
only cause periods of low salinity, but heavy associated runoff can increase
quantities of silt and other materials which may lead to problems in a hatchery.
Dense concentrations (blooms) of some marine algal and bacteria species may
release toxic substances that may cause reductions in both the survival and
growth of bivalve larvae or juveniles, or mass mortalities in extreme cases.
As much data as possible on these parameters should be collected prior to
deciding on the adequacy of a site for a bivalve hatchery. Remedial measures
to improve inadequate quality seawater can be extremely costly and may
adversely effect the profitability of a venture.

Locations possibly influenced by effluents discharged from industrial
plants should be avoided. The lethal and sublethal effects of many industrial
pollutants are not completely understood, nor are the additive effects they
may exert when several industries are discharging a range of potentially toxic
wastes in nearby waters. Effects of such effluents can be extremely damaging to
bivalve larvae. For example, an anti-fouling ingredient added to marine paints,
tributyltin (TBT), has been found to be highly lethal to bivalve larvae even at
concentrations of a few parts per billion. Drawing a seawater supply from the
vicinity of marinas and commercial docks needs to be avoided. If feasible it is
advisable to undertake bioassay studies using bivalve embryos to help determine
the quality of the water at the potential hatchery site. The presence of deleterious
materials may be transitory or seasonal in nature, so sampling for bioassays
should be carried out over a period of at least a year and be done preferably on
a weekly basis.

Agricultural — forestry included — and domestic sources of pollution
should also be avoided. It has recently been shown that runoff from some
cultivated lands can carry concentrations of pesticides at levels deleterious to
the growth and survival of bivalve larvae. Domestic pollution may not only
contain pollutants that are toxic to bivalve larvae but the high organic content
can cause depletion of oxygen levels and increased levels of bacteria that could
also lead to reduced growth and mortalities of larvae.
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Another consideration when deciding upon the location of a bivalve
hatchery is whether “civilization” will soon encroach on the site. Urbanization
with its ancillary problems is one of the main concerns in bivalve culture. If the
site will soon be encompassed by urbanization, then every effort must be made
to ensure that sources of potential pollution will be kept to a minimum. This will
require working closely with planners and developers.

Siting the hatchery. The hatchery should be located close to the ocean so
that the distance required to pump water is kept to a minimum. This negates the
necessity of having to maintain great lengths of pipe. It should also be located
as close to sea level as possible to avoid problems of pumping water any great
vertical distance. If fluctuations in surface seawater temperature and salinity occur
regularly, the intakes for the pipes will need to be located at depth (up to 20 m
below the surface) to maintain more constant water temperature and salinity.
Depending on the nature of the geological strata, it may be possible to drill wells
close to the shore to access seawater aquifers. A water source of this nature will
be at a more constant temperature year-round and will already be pre-filtered by
percolation through the strata. It may, however, require oxygenating before use. It
is always wise to consult with a suitably qualified engineer when making decisions
on the best methodology and technology to procure the water supply.

Sufficient area needs to be available at the site to accommodate the
hatchery and ancillary buildings and also to allow for any future expansion. The
need for adequate surveillance should also be considered.

Other considerations that need to be kept in mind for a site include an
adequate supply of electrical power, a source of freshwater and a skilled labour
force to operate the hatchery. Good communications should exist so that required
materials and supplies can be acquired quickly and larvae and seed can be
quickly shipped to their various destinations. The proximity of institutions such
as universities, government laboratories and libraries should also be considered
since such resources can be of great assistance in operations and in helping
towards solutions to problems that may arise.

It is a worthwhile preliminary to prepare a check list of parameters that
must be met, or at least reviewed, when considering a site for a bivalve hatchery
and work through the list to ensure the site meets as many of the requirements
as possible.

Hatchery design considerations. There is no rigid design for a bivalve
hatchery. The layout of hatcheries varies from site to site, with species
produced, geographic location, funds available, the target production species
and personal preferences (Figure 1). Some hatcheries are small and supply
seed for their own bivalve on-growing culture operations. Others are large
and may only produce seed for sale, or they may produce seed for their own
operations and also an excess to sell to other growers. Hatcheries may or may
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not include a nursery component and some may only produce mature larvae
for shipment elsewhere while others may grow and supply seed varying in size
from 1 to 12 mm shell length. Much depends upon the nature, requirements
and the level of sophistication of the grow out operations that collectively
make the customer base.

‘-:
| ST e —

Fig. 1. A selection of photographs of hatcheries depicting the variability in size and
sophistication of construction that exists around the world. Clockwise from top left:
Tinamenor S.A. (Pesues, Spain), Turpiolito hatchery (Gulf of Cariaco, Venezuela),
Bermuda Biological Station’s scallop hatchery based on insulated cargo containers
and the SMS oyster hatchery (Point Pleasant, Nova Scotia, Canada)

Many hatcheries were built with little advance planning or forethought
for possible future development. A hatchery was built to produce a required
quantity of seed and when the initial objective was achieved a decision was
made to expand and add extra capacity. The resulting facility is often neither
efficient nor worker friendly. Other hatcheries were built to produce seed of a
single species but other species are produced now and the resulting hatchery is
somewhat inefficient in its new role.

Considerable time will be saved and many frustrations avoided if a
hatchery is carefully planned before construction begins. Several considerations
must be remembered when designing a hatchery and two are of great importance.
Firstly, the hatchery operation must be worker friendly and efficient to make the
operation as profitable as possible, and secondly, the need for future expansion
must be kept in mind.
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There are two basic parts to a bivalve hatchery, the salt water system and
the physical plant.

Seawater system. The need for a supply of high-quality seawater was
previously discussed. It is important to ensure that the seawater source and
system to pump and treat it is located conveniently close to the hatchery and
optimum use made of it to keep capital and operating costs to a minimum.

The hatchery should be located as close to sea level as possible to
avoid lifting water. Intakes for the seawater should be as short as possible and
conveniently located so they can be serviced and maintained with minimum
effort. Intakes for the salt water should be located at depth to avoid fluctuations
in temperature and salinity and also to reduce the number of organisms and
amount of detritus that will enter the system. In temperate areas, intakes should
be located below any thermocline that occurs in summer to reduce temperature
variability. In areas where periods of heavy rain occur, the intakes should be
deep enough to avoid sudden fluctuations in salinity and heavy siltation that
may occur with the rains. Intakes at depth avoid major plankton blooms, some
of which may be harmful to bivalve larvae and also greatly diminishes the
number of fouling organisms entering the system. Fouling organisms can settle
in pipes and greatly reduce water flow into the hatchery. Many of the above
sources of variability can be avoided by accessing seawater from drilled wells.
This possibility should be investigated before any other solution is considered.

Size of pumps and the diameter of the pipes required will depend on the
scale of the operation and the volumes of seawater required to meet all aspects
of production. Pumps are available through commercial outlets and the type
and size of pump required can be determined after discussions with dealers.
It is important to ensure that surfaces that come into contact with the seawater
are nontoxic. Most plastics, cast iron and certain grades of stainless steel are
suitable. Pumps that contain mild steel or brass components should be avoided.

Seawater pumped directly from the ocean is first passed through sand
filters that filter out most particulate material greater than 20-40 um in size
(Figure 2). A well-maintained sand filter will remove the major portion of
detritus and organisms from the water that may interfere with bivalve larvae.
It also eliminates many of the fouling organisms that could settle and grow
in pipes in the hatchery. They not only can cause problems with water flow
but when they die, they can produce anaerobic conditions that can be toxic
to bivalve larvae. They may also harbour and eliminate bacteria that can be
deleterious to larvae. Sand filters are commercially available and are the same or
similar to those used to filter water in swimming pools. A series of two or more
such filters are generally installed and they are regularly back-flushed to avoid
clogging of the filter media. Other types of filters may be used depending on
personal preference and cost considerations. Self-cleaning, rotating drum filters
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Fig. 2. A diagram of the various stages of seawater treatment for hatchery usage
from the intake pipes (IL) to the points at which water is used in the different aspects
of the operation (1 to 5). Key: P — seawater pumps; SF — sand filters (photograph C)

or alternatively self-cleaning drum filters (photograph A); ST — to storage tanks
(if required); CF — cartridge filters of 20 pm and 10 pm; CU — seawater chilling unit

(if required); HU — seawater heating unit (if required — photograph B); FF — final filtration
(5 pm and 1 or 2 pm — photograph D); UV — ultraviolet light disinfecting units
(if required)

offer an alternative to remove larger particulate material and large surface area
cartridge or bag filters are available and are extremely effective in removing
smaller sized particulates.

Another method to obtain seawater for a hatchery is to pump it from
seawater wells. This has become the preferred method for hatcheries to obtain
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their water supply in recent years. A well is dug or drilled close to the hatchery
and is deep enough to provide a sufficient supply of seawater for the hatchery.
Water from such wells is of high quality and generally has a constant temperature
and salinity.

It has already been filtered through sedimentary or porous rock, contains
little detritus and few, if any, fouling organisms. Water abstracted in this way
requires little if any further filtration. Constructing seawater wells can be
expensive initially but the high capital cost is offset by reduced operating costs.

A guideto typical usages (treatment levels vary from hatchery to hatchery):

1 — Unheated, sand-filtered water for broodstock and larger juveniles (if
water requires to be heated, then 3).

2 —Chilled seawater filtered to 10 um for spawning broodstock or for large-
scale algal culture of hardy species. Chilled (or ambient temperature) seawater
is often mixed with heated seawater to provide intermediate temperatures for a
variety of purposes.

3 — Heated seawater filtered to 10 um for conditioning and spawning
broodstock and for growing larger spat. Some hatcheries have a separate heating
system for either unfiltered or sand-filtered seawater for broodstock conditioning.

4 — Chilled water filtered to 1 um and either UV-disinfected or not for
algal culture.

5 — Heated water filtered to 1 um and either UV-disinfected or not for
larval culture.

After filtration, all or part of the seawater may be pumped to a storage
tank that may be made of either concrete or fiberglass. Use of a storage tank
may be a matter of preference and many hatcheries do not have them. They are
useful when water can only be obtained at a particular time, e.g., at high tide.
Sometimes this method is used in areas where electrical power is unreliable to
ensure a supply of seawater is always available. Sufficient water is pumped into
the storage tank so it can supply the hatchery until the tank can be refilled. The
tank is located at height so that the effect of gravity maintains a sufficient water
flow through the hatchery. In other hatcheries, the salt water system is a flow-
through system and water is pumped continuously through the hatchery for use
where it is needed and then is discharged to waste. Recently, many hatcheries
have installed recirculating or partial recirculating systems to reduce operating
costs. This is particularly true if seawater is in short supply or if it has been
heated or chilled. Recirculated water may be passed over biologically activated
filters to remove metabolic wastes of the animals and held before it is reused. If
the water has been heated or chilled it may be passed through heat exchangers to
partially heat or chill incoming water and thus reduce energy costs.

All piping must be non-toxic, usually PVC (polyvinylchloride) schedule
40 or 80, although ABS or polyethylene pipes and fittings are also sometimes
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used as alternatives. The diameter of the pipes depends on water demand. In
most hatcheries the main distribution lines within the hatchery are 50 mm
diameter or less although the main intake pipes may be up to 15 cm diameter.
The piping should be well supported and high enough off the ground so that it
is out of the way but readily accessible for cleaning. Valves and outlets should
be conveniently located. If the water is sufficiently filtered there should be little
need to clean the lines frequently. Cleaning may be required periodically; hence,
it is important to have clean-out ports or screw unions located conveniently
so that the lines can be easily cleaned in situ or quickly dismantled for more
thorough cleaning.

In most hatcheries in temperate areas there needs to be the capability to
heat and sometimes to chill part of the seawater supply. There are commercial
units available for this purpose and discussions and calculations on required
capacity with dealers will ensure that an adequate supply at the required
temperatures is available. Again, it is essential to ensure that surfaces of such
units coming in contact with the seawater are non-toxic to bivalve larvae. Most
commercially available heat exchange units utilize titanium as the heat transfer
surface and this material is preferred by most hatcheries.

Hatchery managers may wish to sterilize (or more correctly, disinfect)
all or part of the seawater before use, particularly if disease problems arise.
Seawater can be sterilized with either UV (ultra-violet) light or ozone.
Commercial units are available and simple calculations will determine the size of
unit that is required. Commercial units are normally rated for their performance
in sterilizing freshwater. In seawater situations where organic loadings and
turbidity caused by colloidal materials are frequently higher than for freshwater,
it is recommended that such units are used at half (or less) of the recommended
flow rate for satisfactory performance. If UV-light sterilization is used, the water
must be filtered to about 1 um prior to sterilization since UV-light is readily
absorbed by particles in the water reducing the efficiency of the unit. Filtration
can easily be incorporated into a UV unit and many available units have both
filters and the UV lamps combined.

Government regulations may exist in some areas that control the discharge
of effluent from a hatchery. Before constructing a hatchery, government
regulations controlling discharge of effluents should be reviewed and if they
exist they must be followed. Large floor drains sunk into the floors of wet
areas are essential and should be located conveniently throughout the hatchery.
Periodically large volumes of water must be discharged, e.g. when emptying
tanks, and the drains must be able to handle such discharges.

Some hatcheries may wish to breed exotic species or strains or races of
a species that do not occur locally. Depending on government regulations, this
may entail installation of a quarantine facility to ensure that pests, parasites and
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diseases are not introduced with the exotic species or larvae accidentally escape
into the natural environment. This will require a separate drainage system in the
area of the hatchery designated for quarantine that empties into special holding
tanks where the effluent can be sterilized with a strong hypochlorite solution.
The sterilized water is then treated with thiosulphate to neutralize any residual
chlorine before it is discharged back into the environment. Quarantine facilities
may require a separate room to hold, condition and spawn adults. Drains from
this room will also empty into the quarantine treatment tanks.

The physical plant. Careful thought should be given to hatchery design
to permit convenient and efficient operations. The hatchery should be adaptable
so that changes can be made readily without involving major rebuilding. In
some hatcheries, tanks have been constructed of concrete and changes cannot
be made easily. It is much better to have plastic or fiberglass tanks so they can
be easily moved or changed if needed. Floors should be of concrete and have
sufficient drains. All surfaces should be covered with a durable, mildew resistant
finish to facilitate cleaning. Floor standing cabinets and storage units made from
wood should be mounted on concrete plinths to prevent them being damaged
by immersion in seawater. Where this is not possible, wood surfaces need to be
painted with a good quality epoxy resin.

Ahatchery has several areas that are all inter-related. For convenience they
have been divided into algal culture, broodstock conditioning and spawning,
larval rearing, juvenile culture and service areas (Figure 3).

Algal culture facility. The success of a bivalve hatchery depends on the
production of algae. Large quantities of high-quality algae must be available when
needed. It is a most important part of any hatchery and considerable thought should
be given to providing a sufficient and efficient working area for this purpose AC —
(Figure 3). Since algae are used in all phases of production, the facility should
be located centrally and conveniently. Space required for algal culture depends
partly on levels of production, methods of culture and whether algae will be raised
entirely inside the hatchery with artificial illumination, or if it will be raised outside
under natural light, or a combination of the two. A well ventilated greenhouse is
required if algae is grown in natural light and this structure needs to be placed so
as to obtain the maximum amount of sunlight. Shading may be need to protect
younger, less dense cultures from strong sunlight.

A small room is required to maintain stock (also known as master)
cultures of algae (TR). Dimensions vary but it can be as small as 2 x 3 m. The
room should be insulated and the temperature kept cool. Shelving is needed
with fluorescent lights at the back to provide the light source. An air supply is
also required. Test tubes with algal slants and small flasks with stock culture
that are monospecific and axenic are kept in this room often in a refrigerated,
illuminated incubator.
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Fig. 3. A generalized floor plan for a purpose-built bivalve hatchery
(see the following text for explanation)

The next phase of culture uses stock cultures from the cool room and
grows them in 4 1 flasks and 20 | carboys against a bank of fluorescent lamps
(SCR). This can be part of the main algal culture area or a small room off it. The
space required depends on the number of species and amount of algae being
produced. This area requires an air and carbon dioxide supply and needs to be
kept at 15 to 18 °C. Another adjacent small room (AR) houses an autoclave (a),
which is used to heat sterilize medium for the small cultures.

The size of the main algal culture area depends on the number of species
being cultured and the amount of algae required. This area can occupy a
substantial part of the hatchery. If most of the algae is raised inside the hatchery
by the batch culture method then there must be sufficient space for a series of
tanks that can measure up to 3—4 m in diameter and 2 m in depth. If the bag or
tall cylinder culture methods are used the amount of floor area required can be
reduced. Ballasts for fluorescent lamps used to illuminate cultures need to be
of the “cool running” type or isolated in a separate area from which the heat
they generate can be dissipated. This area should ideally be maintained at 15 to
20 °C.

In many hatcheries, considerable portions of the algae, if not all, are
raised in greenhouses. These can be stand-alone structures or attached to one
side of the hatchery — preferably the south side in the Northern Hemisphere and
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northern side in the Southern Hemisphere, so as to receive as much sunlight
as possible. The size of the greenhouse depends on the method of culture and
quantities of algae that need to be produced.

Sufficient electrical power must be available for artificial lighting when
natural sunlight is inadequate. Compressed air and carbon dioxide supplies are
essential. There should be adequate ventilation or installed air-conditioning to
maintain temperatures at or below 20 °C on days when bright sunlight heats
the facility. A generator will be required in areas where the electricity supply is
unreliable and may be off for several hours or more at a time. Although survival
of the algal cultures is not at risk in the absence of light for an hour or two,
cultures need to be aerated. Diatoms will settle to the bottom of cultures without
aeration and cultures may collapse.

Broodstock holding and spawning area. Space is required to hold and
condition broodstock (BC). The amount of space needed depends in part on the
number of species being held and whether some or most of the conditioning
will be undertaken in the open environment rather than in the hatchery. Heated
or chilled seawater may be required for this aspect of operation at certain times
of the year. The ability to isolate tanks so that photoperiod can be adjusted is
desirable since it has been shown that varying periods of light and dark can
affect gonadal maturation.

Space is required for spawning trays but this can be part of the larval
rearing area since the space is not require continuously. Spawning trays or
dishes can be stored when not in use.

Larval culture area. Another major part of the hatchery is occupied by
the larval rearing facility (LC) and dimensions of this area depend on the scale
of production. The space is occupied with tanks, the number needed depending
on production levels and the techniques used to rear larvae. On the Pacific
coast of North America, the tendency has been to raise larvae at low densities

of 2-3 per ml in large tanks that measure 3—4 m in diameter, 4—5 m in height

and hold 40000 to 50000 1. In other hatcheries larvae are raised in smaller tanks
of up to 5000 1 in volume at higher larval densities. A manager must decide on
required production to meet market demand and the methodology that will be
used to rear larvae when planning this part of the hatchery.

Larval rearing tanks are generally made of fiberglass or of a suitable
plastic and should be thoroughly leached prior to use. Regardless of the size of
tanks used, there should be large sunken floor drains to handle large volumes
of water when the tanks are drained. A preparation area in the larvae culture
room (P) is required for washing, grading, counting and measuring larvae and
for accommodating the equipment used for these purposes. This area requires
cupboards and shelves for the storage of equipment when not in use.
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Juvenile culture area. Once mature larvae have set (settled and begun
metamorphosis) they are moved to tanks in the juvenile culture room (JC) for
culture until they are of sufficient size to transfer to nursery systems, which may
be part of the hatchery or at another location. This is generally when the juveniles
(known as spat) exceed 2 mm shell length. The size and types of tanks in terms of
volume and surface area used for this purpose vary according to species.

Mature larvae are set in the hatchery or in outside (sometimes remote)
facilities. When this procedure occurs within the hatchery it is generally done in
the larval culture area, frequently directly in the larval tanks. Space for additional
tanks may be required specifically for this process. Spat (early juveniles) are
subsequently transferred to tanks systems in a separate area specifically for
juvenile culture (JC). The size and types of tanks in terms of volume and surface
area used for this purpose vary according to species. They may be upwellers,
downwellers or tray systems of varying configuration and the juveniles are
grown in these until they exceed 2 mm shell length. To grow spat to a larger
size within the hatchery on cultured food is uneconomic since food requirement
increases exponentially with size. If the nursery system is located outside the
hatchery, sufficient space must be allotted for this operation.

Other space requirements. Hatcheries dealing with broodstock from
outside the immediate region or with exotic species may, as already mentioned,
be required to quarantine stock and rear the progeny in isolation. Such hatcheries
will include a quarantine room (QR) for this purpose, the effluent from which is
discharged into treatment tanks (ET).

Other rooms include a dry laboratory (DL), office (O) and bathroom
(BR). The dry laboratory is where algal transfers can be made (if no specific
space is allocated elsewhere), chemicals weighed and mixed, microscopes kept
for examining cultures, records maintained and for the storage of scientific
equipment,

Static machinery such as the main pumps, sand filters and pre-filters (to
remove particles down to 10 pm), seawater heating/chilling units, furnaces,
the air ventilation system, air blowers/compressors, a standby generator
for emergency power supply, together with electrical panels and control
equipment, are housed in a soundproof machinery room (MR). Duplication
of essential equipment is preferred in the event of electrical or mechanical
failure. Compressed air is required in all phases of culture and carbon dioxide
is required for algal culture. In many hatcheries the seawater intake pumps and
sand filters are located in a separate pump house close to the point of intake
and the final filtration of seawater may take place at the point of use rather
than at a central, fine filtration unit.

Since storage is always an issue in a hatchery, it is useful to have a
large general-purpose area (GPA) that can be used for storing materials and

42



Boowi 6iopecypcu ma akeakynemypa, 1(15) /2024

equipment, packing seed and as a workshop. Most of the working areas should
be fitted with benches and sinks (s).

It is preferred that the various parts of the hatchery can be isolated in the
event of a disease outbreak.

Economic considerations. A bivalve hatchery is a business and like any
other business it must be run efficiently and it must be economically viable.
Government subsidies or grants may help offset costs particularly during initial
stages of operation, but eventually the hatchery must stand on its own and be
profitable. The economics of building and operating a bivalve hatchery will
vary from business to business, from area to area and country to country but
eventually all must turn a profit.

Hatcheries are expensive operations. Considerable capital is required to
build a hatchery and finance operations. The owner must have sufficient working
capital to carry on operations until income is generated. Before deciding to build
a hatchery, one needs to carefully examine all facets of building and operating
a hatchery and determine at what level a hatchery will be economically viable.
Many costs need to be considered including purchase of the site, construction of
the hatchery, installation of the seawater system, equipment needed for all phases
of production, maintenance, supplies and utility overheads, loan repayments
and the need for a trained staff.

Profitability can vary greatly with other factors including geographic
area, the scale of the operation and whether it is part of a fully integrated bivalve
culture operation.

In temperate areas a major operating cost is heating (and chilling)
seawater, but this cost is generally avoided in tropical areas. This may influence
location of a hatchery in temperate areas to sites where warm seawater exists at
least for part of the year to help reduce heating costs.

Some hatcheries are small family operated ventures that only produce
sufficient seed for their own culture needs. Such hatcheries are generally
operated for only a few months a year, production is limited, and costs are much
lower than for other larger hatcheries.

Large hatcheries may be part of a fully integrated bivalve culture operation
or they may be in business only to supply seed. Where a hatchery is part of an
integrated culture operation, the hatchery may be operated to simply break even
and show no profit or may even operate at a small loss. Profits for the company
are made in other phases of the culture operation. Where the hatchery exists
only to produce seed to sell to other growers, a profit must be made solely on
the hatchery operation. This emphasizes the fact that before building a hatchery
one must make an accurate assessment of the market for whatever seed will be
produced and not only the quantity of seed that can be sold but also the price
people are willing to pay for seed.
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Another consideration in operating a bivalve hatchery is that a critical
level of production must be maintained to permit profitability. A hatchery cannot
exist by simply producing a few thousand juveniles each year. The cost to do so
is too high. In fact, the costs associated with producing a few thousand juveniles
are almost the same as producing several million — economies of scale apply.
A manager must determine the critical level of production that needs to be
attained to make the operation profitable and this again points to the necessity
of knowing the extent and value of the market for the product.

Accurate records of costs, production and sales must be kept to assess
whether the hatchery is being profitably run.

BUBIP MICUA, AU3ANH TA EKOHOMIYHI
MIPKYBAHHA A1 CTBOPEHHA IHKYBATOPA
ABOCTYJIKOBUX MOJIIOCKIB

Onighipenko B.B. — k.6em.n., Ooyenm,
Pymma O.B. — acucmenm,
Xepcorcokuil OepoicasHuil azpapHo-eKOHOMIYHUIL YHIGEpCUmem

Bubip npaBuibHOTO Micis Ut OyliBHAITBA iHKY0aTOpa IBOCTYIKOBHX MOJIIOCKIB
€ HaWOLIBII BOXITUBAM (DaKTOPOM TIPH TMPUHHATTI PIIICHHS MO IMOYaTOK OyNiBHUIITBA.
Ha meit ¢axrop HeoqMiHHO 3BepTaiM yBary HH3Ka aBTOPiB IMpH OOTOBOpPEHHI Ta
po3paxyHKax mepen OyIiBHUIITBOM MOMIOHUX MTiIPUEMCTB.

Kinbka ¢akTopiB MOIIM CHPUSTH HEHAJEKHOMY PpO3TAlIyBaHHIO 00’ €KTa,
BKITIOYAIOYM BIJICYTHICTh OJHOTO a00 JCKUIBKOX KOMIIOHCHTIB JKATTEBO BaXKITUBOL
iHpPACTPYKTypH, HAIPHKIA, 3eMJi sIKa Mae OyTH JAOCTYITHOIO 32 PO3YMHOIO IIIHOIO.
MicneBa OOCTYNHICTh ENEKTPOCHEPTii HEOOXiTHWX IOTYKHOCTEH, JOCTYIHICTH IO
mpicHOi BomH, KBaJIiikoBaHa poOOYa CHIa, a TAKOXK XOPOILIHHi 3B SI30K.

Yacto maroTh OyTH BpaxoBaHi 1 iHIII mobakanHs (Hi3udaHOT 0coOn abo KoMMaHii,
110 Oyaye miAMPUEMCTBO.

Haii6inpin BurimHUM € OyAiBHUITBO iHKyOaropa Ha IUISHIN, IO NPUMHUKAE
JI0 ICHYIOHOi orepariii 3 BUpPOIIyBaHHS JBOCTYJIKOBHX MOJIOCKIB. B Takux Bumaakax
iHKyOaTopiit cTae TOJaTKOBUM €IICMEHTOM JIO BXKE iICHYIOYO1 Omepartii.

[HmuM BaknuBEM (akTopoM € Te, mo ¢i3udHa ocoda abo KOMITaHisS MOXKe
BOJIONITH 200 MaTu TpaBa Ha KOHKPETHE Miclle, i 1€ BHUSBISETLCS €IWHUM MICIEM,
Jie 1HKyOaTopii Moke 3pydHO OymyBarucsi. YacTiiie 3a Bce MOKe OyTH HEMOXKIIUBO
noOyayBaTn iHKyOaropa B 1I€albHOMY MIiCIli, NMPOTE OOOB’SI3KOBO IOBHHHI OyTH
JIOTpUMaHi TeBHI KpuTepii abo iHKyOarTopili, mBHAIIE 3a Bce, OyAe NMpHpPEUEHUH Ha
MpOBaJ.

[TnanyBanHst Oy[iBHMITBA MMOBHHHO MMOYMHATHUCH 3 BU3HAYCHHS FOPUANYHUX
MoMeHTiB. HeoOXiTHO BHU3HAUMUTH, UM yPSAIOBI HOPMATHBHI JOKYMEHTH JI03BOJISIOTH
noOy/ayBaTH 1HKYOaTOpiii TBOCTYJIKOBUX MOJIOCKIB Ha MOTpiOHIN aiisHui. [le MoxHa
3pOOUTH MIBUJAKO, 3pOOMBINK 3alUTH O MICICBHUX, JCPKABHUX, MPOBIHIIHHUX a00
(denepanbHUX OpraHiB BIagu. SIKIIO HOPMATHUBHI aKTH HE TO3BOJSIOTH OYIiBHHUIITBO
iHKybaropa Ha Oa)kaHif MUISHIN, MOTPIOHO BUPIIIUTH, YU Kpallle 3HAWTH iHIIE MicIIe,
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Jie OyIiBHULITBO JI03BOJIEHO, 200 3p0OUTH CIIpoOy 3MIHUTH iCHYIOUI JIep>KaBHI HOPMH Ha
Ta TaKi, 0 J03BOJATH OYAIBHHUIITBO HA MOTPIOHIN AUISHIII.

[imxoMm iMOBipHO, IO HU3KY JO3BOJIB Ta JilEH3il Oyme HeoOXiqHO OTpUMATH,
U TOTO TI00 3a0e3MEeYUTH BiMMOBITHICTh MICHEBUM OyIiBEIEHUM HOpPMaM, a TaKOXK
HaI[iOHABHUM 1 MICIIEBIM €KOJIOTigHI HopMaTuBaM. Lli nmporenypu 3niiCHIOIOTE Tiepe
Oyab-KUM OYIIBHUIITBOM.

Ile Moxe OyTu TpuBaJMif, noporuii i TpyaomicTkuii nponec. OcoOarBo
Ba)KKOIO YMOBOIO MOXe OyTH OIliHKa IIOTEHIIHHOTO BIUIMB iHKyOaTopa Ha HaBKOJIUIITHE
cepenoBuie. Came I OLlIHKA YacTillle 32 BCE BIUIMBAE HA OTPUMAHHS JIO3BONY JUIS
[IOYaTKy eTaIry OyIiBHHUIITBA.

KittouoBi cioBa: iHKyOaTop IBOCTYIKOBHX MONIOCKIB, JEp>KaBHI IOCTaHOBH,
SKICTh MOPCHKOI BOIM, JAW3aifH iHKyOaropa, KyJabTypa JHYMHOK, KYyJIbTypa MOJOMII,
€KOHOMIYHI MipKYBaHHSI.
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Ukrainian water bodies are an important resource for the fisheries industry, which
provides both the domestic market and exports. Use of the water bodies bioproductive
potential is of great importance for the country’s economy, ecology and food security.
Current trends in fisheries development require new approaches to optimize the use
of the water bodies bioproductive potential, including the introduction of innovative
technologies, resource management and preservation of ecological balance.

Crucian carps play an important role in shaping the biological resources of
water bodies, particularly in Odesa region. This region is characterized by a significant
diversity of water bodies, including rivers, lakes, estuaries and reservoirs, each of which
has its own unique ecological balance. Understanding the role of crucian carps in these
ecosystems is key to effective management of biological resources and maintaining
ecological balance.

The relevance of the study is determined by the need to conserve and restore the
biodiversity of water bodies in Odesa region, improve the ecological status of aquatic
ecosystems, and ensure sustainable development of the fishery. Crucian carps, due to
their role in ecosystems, can be an effective tool in achieving these goals.

The purpose of the article is to reveal the role of crucian carps in the formation
of water bodies biological resources in Odesa region and to determine their impact on
environmental sustainability and fisheries in the region.

The object of the study is crucian carps that live in the Odesa region’s water
bodies. This includes species such as silver crucian carp, common crucian carp, and
others.

The subject of the study is the impact of crucian carps on the formation of water
bodies biological resources, including their role in maintaining biodiversity, regulating
the number of aquatic plants and algae, as well as their impact on the overall productivity
and ecological stability of water bodies.

The water bodies of Odesa region are rich in crucian carps, making the region
one of the key areas for their commercial fishing. The use of modern technologies and
methods allows for efficient fishing without significant impact on the ecosystem.
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The ability of crucian carps to control the number of aquatic plants and algae,
as well as their economic value, make them an important component of freshwater
ecosystems. Further research should be aimed at better understanding their ecological
role and developing strategies for the sustainable management of their populations.

Keywords: crucian carp, biological resources, water bodies, Odesa region,
ecological role, fisheries, trophic network, ecosystem, bioproductivity, ecological
balance.

Problem statement. Crucian carps (Carassius spp.) are an integral part
of freshwater ecosystems. They play an important role in the biodiversity and
functioning of these ecosystems, affecting their productivity and ecological bal-
ance. In Odesa region, as in other regions of Ukraine, water bodies play an
important economic and environmental role. Therefore, understanding the role
of crucian carps in these reservoirs is extremely important for the effective man-
agement of their resources [1, 2].

Many water bodies in the Odesa region are experiencing a decline in bio-
diversity due to anthropogenic impacts, including pollution, river regulation,
and overfishing. Crucian carps can contribute to the restoration of biodiversity
due to their adaptive abilities and role in trophic networks. In addition, aquatic
ecosystems in the region suffer from eutrophication, which is caused by exces-
sive accumulation of nutrients in the water. This leads to excessive growth of
algae and other plants that can reduce water quality and cause fish kills. Crucian
carps, due to their ability to consume algae and other aquatic plants, can help
reduce these negative effects. There is a limited amount of research examining
the ecological role of crucian carps in the water bodies of Odesa region [1, 3].
This makes it difficult to develop effective management strategies for their pop-
ulations and water resources in general.

Analysis of recent research and publications. Crucian carps (Carassius
spp.) are important inhabitants of freshwater bodies and play a significant role
in the formation of biological resources. Studying their role in the water bodies
biocenoses in Odesa region is of great importance for the effective management
of fish resources and maintaining ecological balance. A significant number of
scientific publications are devoted to the study of this topic in the scientific
literature. Among the latter are [6, 8].

Crucian carps are of great ecological and economic importance for the
Odesa region’s water bodies. They not only contribute to the maintenance of
biodiversity, but are also a valuable resource for fisheries. Recent studies con-
firm the high adaptive capacity of crucian carp and their ability to survive in
different environmental conditions, which makes them an important target for
further scientific research and management decisions.

Objective. The objective of this study is to reveal the role of crucian
carps in the formation of water bodies biological resources in the Odesa region
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and to determine their impact on the ecological sustainability and fisheries of
the region.

Research results. Crucian carp (Carassius) belong to the carp family
(Cyprinidae) and are important freshwater fish that live in various types of water
bodies, including lakes, rivers, ponds, and reservoirs. The main species found
in the water bodies of the Odesa region are common crucian carp (Carassius
carassius) and silver crucian carp (Carassius gibelio).

The common crucian carp (Carassius carassius) has a tall, flattened body
with many scales. The color varies from bronze to golden, reaches a length of
up to 50 cm and a weight of up to 3 kg. Its peculiarity is high endurance to low
oxygen content in water.

Silver crucian carp (Carassius gibelio) has a body that is silverier than
that of common crucian carp and is slightly elongated. It is up to 40 cm long
and weighs up to 2 kg. Its feature is high adaptability to different environmental
conditions.

Crucian carps prefer stagnant or slowly flowing waters with rich vegeta-
tion. They can live in low-oxygen waters, which makes them very resistant to
unfavorable environmental conditions. They are omnivorous, their diet is based
on aquatic plants and algae, invertebrates (insect larvae, crustaceans, worms),
and organic residues.

Crucian carp spawn in May-June, when the water temperature reaches
16—18 °C. They choose spawning grounds in the coastal zone with rich vegeta-
tion [4, 5].

Crucian carps play an important role in the water bodies trophic network,
namely in regulating populations of aquatic plants and algae and in feeding
predators. Crucian carps consume large quantities of vegetation, which helps con-
trol its growth and maintain ecological balance, and they are also important food
for predatory fish, birds and other animals, contributing to ecosystem stability.

Due to their endurance, omnivorousness and high adaptability, they are
important components of aquatic ecosystems. Crucian carps play a key role in
maintaining the water bodies biological productivity and ecological balance.
Understanding their ecological role and characteristics is important for effective
management of water resources and fisheries, particularly in regions such as
Odesa region [6, 7].

Crucian carps, in particular common crucian carp (Carassius caras-
sius) and silver crucian carp (Carassius gibelio), are important commercially
harvested species in Ukraine. They are popular due to their high productivity,
adaptability to different environmental conditions, and significant economic
potential.

The main species for commercial fishing are common crucian carp
(Carassius carassius) (mainly found in natural water bodies, including lakes and
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rivers) and silver crucian carp (Carassius gibelio) (widely distributed in ponds,
reservoirs and artificial reservoirs, where it often dominates other species).

Catch methods include: netting — the use of various netting gear, such
as seines, pond nets, and vent traps; fishing — the use of fishing rods with bait,
especially in reservoirs with low intensity of commercial fishing; trapping — the
use of special structures that are located in places of massive fish aggregation.

Active fishing occurs in the spring during the spawning season, when fish
gather in coastal areas, and intensive fishing in the fall during the seasonal drop
in water temperature, when fish prepare for wintering.

Crucian carps are an important component of the freshwater fish fauna
of Ukraine. They have high fishery value and play a significant role in the bio-
cenoses of water bodies. The analysis of crucian carp catches for the period from
2020 to 2023 allows us to assess the state of their populations, the impact of var-
ious factors on fishing activities, and the effectiveness of fisheries management
measures.

Analysis of fish catches is an important indicator of the fishery resources
state and the efficiency of fishing activities. Changes in catch volumes can indi-
cate environmental changes, changes in fish populations, and the impact of fish-
ing practices.

Catch volumes of crucian carps in Ukraine for 2019-2023 range from
8700 tons in 2019 to 3000 tons in 2022 (Fig. 1)

Thus, from 2019 to 2021, the volume of crucian carps catches decreased
gradually, but a significant decrease occurred in 2022, when the catch volume
decreased by 57.14 % compared to the previous year. In 2023, there was a slight
increase of 13.33 %.
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Fig. 1. Dynamics of crucian carps catches in Ukraine for the period 20192023
(according to the State Fisheries Agency of Ukraine)
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Possible reasons for the decline in catches include environmental factors,
namely: climate change, water pollution, and the reduction of natural habitats
can significantly affect crucian carps populations; fishing pressure, i.e. over-
fishing, insufficient control over fisheries can lead to populations depletion; and
economic and social factors — possible changes in the economy of the fishing
industry, social factors, and government policy on fishing can affect catches.

Thus, the catch of crucian carps in Ukraine decreased significantly
between 2019 and 2023, with a particularly sharp decline in 2022. In 2023,
there was a slight recovery in catch volumes, but the overall downward trend is
still relevant.

Considering the volumes of crucian carps catches in the Odesa region in
20192023, a significant decrease in catches should also be noted (Fig. 2).

As can be seen from Fig. 2, from 2019 to 2023, the catch of crucian carps
in the Odesa region decreased from 3100 tons to 1100 tons, which is a signifi-
cant reduction (by more than 64 %).

Possible reasons for the decline in catches include the same reasons as
for catches throughout Ukraine, i.e. environmental factors, fishing pressure, and
economic and social factors.

Consequently, the catch of crucian carps in Ukraine has significantly
decreased over the period 2019-2023. To stabilize and restore crucian carps
populations, measures need to be taken, in particular by improving the water
bodies ecological condition, implementing sustainable fishing practices, and
strengthening control over catches.

Odesa region is one of the most important regions for commercial crucian
carps production in Ukraine. This period is marked by changes in the fisheries
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Fig. 2. Dynamics of crucian carps catches in Odesa region for the period 2019-2023
(according to the State Fisheries Agency of Ukraine)
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sector that have affected the volume of catches and the state of crucian carps
populations.

Preliminary data for 2024 show a stabilization. This is due to efforts
aimed at balancing the catch and preserving crucian carps populations.

In the period from 2020 to 2024, the catch of crucian carps in Odesa
region showed a tendency to stabilize after a fluctuations period. Effective man-
agement of fishery resources, introduction of modern fishing methods and mea-
sures to preserve ecological balance contributed to maintaining a high level of
productivity in the fishing sector. Odesa region continues to play a key role in
Ukraine’s fisheries, demonstrating a successful combination of economic and
environmental approaches.

Conclusions. Crucian carps play an important role in maintaining the
biodiversity of water bodies in Odesa region. They ensure the stability of the
ecosystem by promoting a balance between different species of aquatic organ-
isms. Due to their ability to adapt, crucian carps can exist in different conditions,
making them key species for maintaining ecosystem balance.

Crucian carps are natural regulators of the number of aquatic plants and
algae. They consume a significant amount of phytoplankton and macrophytes,
which helps to control their excessive growth. This, in turn, helps to prevent
eutrophication of water bodies, improve water quality and create favorable con-
ditions for other fish species.

Crucian carps contribute to the ecological stability of water bodies through
their influence on the structure of trophic networks. They help to maintain a bal-
ance between different trophic levels, which increases the overall productivity
of water bodies. As a result, water bodies become more resilient to external
impacts such as climate change and anthropogenic pressure.

Crucian carps have a significant economic potential for the fishery of
Odesa region. They are a valuable resource for industrial and recreational fish-
ing. Due to their high reproductive capacity and rapid growth, crucian carps
can provide stable catches and maintain the economic stability of the region’s
fisheries.

To effectively manage crucian carps populations and optimize the use of
their bioproductive potential, it is necessary to:

— conduct regular monitoring of the crucian carps populations status and
the ecological conditions of water bodies;

—ensure scientifically based regulation of crucian carps catch to prevent
their excessive depletion;

—develop and implement programs for the restoration and maintenance of
crucian carps populations, in particular by stocking water bodies with young fish;

— implement measures to improve the ecological condition of water bodies,
including reducing anthropogenic pollution and preventing eutrophication, etc.
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Thus, crucian carps play a key role in shaping the biological resources
of Odesa region’s water bodies. Their ecological and economic importance
emphasizes the need for an integrated approach to managing their populations
and maintaining the health of the region’s aquatic ecosystems.

PONb KAPACEBUX PUB Y DOPMYBAHHI
BIONOrNYHUX PECYPCIB BOAOWM:
HA NPUKNAAI OOECbKOI OBJIACTI

Bypzaz M.1. — k. 6ion. H., Doyenm
Bypzaz O.A. — k. ceoep. ., doyenm
Ooecvkuil HayionanvHull yHisepcumem imeni 1.1, Meunuxoea
marynaburhaz@gmail.com, alexburgaz84@gmail.com

Bomoiimu  YkpaiHu € BaXJIMBHM pecypcoM sl pUOHOTO TOCIOAapCTBa,
ske 3a0esredye sK BHYTPIIIHIA PHHOK, TaK 1 €KCIOPT MpOAyKii. BukopumcraHHS
010MPOMYKIIIHOTO TTOTEHIliaTy BOAOWM Ma€ BENHWKE 3HAYCHHS U1 CKOHOMIKH KpaiHH,
eKoJiorii Ta 3abe3medeHHs MPOAOBONBRIOI Oesmeku. CydacHi TEHICHINI PO3BUTKY
PpUOHOTO TOCIOmapcTBa MOTPEOYIOTh HOBUX MIAXOMIB J0 ONTHMI3allii BUKOPHUCTAHHSI
010MPOMYKINIHOTO MOTEHINATY BOJOWM, IO BKIFOYAE BIPOBADKCHHS i1HHOBALIMHIX
TEXHOJIOTIH, YIPaBIiHHS pecypcaMy Ta 30epeKEeHHs eKOJIOTIYHOI piBHOBAry.

Kapacesi pubu BigirparoTs BaXKIHBY pOib y GOpMyBaHHI O10JIOTIYHHAX pecypciB
BomoiiM, 30kpeMa B Opmecekiii oOmacti. Lleft perioH XapaKTepH3yeThCS 3HAYHIM
PI3HOMAHITTSAM BOJOWM, IO BKITIOYAIOTH PiUKH, 03€pa, JUMaHU Ta BOJOCXOBHIIA, KOXKHA
3 IKMX Ma€ CBill yHIKaJIbHUH eKkoJIoriyHuii 6ananc. Po3ymiHHs poii kapaceBux pub y nux
€KOCHCTEMAX € KIIFOUOBUM JUIsl €()EeKTUBHOTO YIPABIiHHS 0i0JOTTYHUMH pecypcaMu Ta
MiATPUMAaHHS €KOJIOTiYHOI PIBHOBArH.

AKTyaJbHICT IOCHIIPKCHHS BU3HAYA€THCS HEOOXIOHICTIO 30EpeKeHHS Ta
BiTHOBJICHHS 010pi3HOMAaHITTS BoIoM Onechkoi 00IaCTi, HOMIMIIIEHHSM EKOJIIOTIYHOTO
CTaHy BOJIHUX €KOCHUCTEM Ta 3a0€3MeUEHHIM CTIHKOTO PO3BUTKY PUOHOTO rOCTIONapCTRA.
KapaceBi puOu, 3aBIsSKU CBOiMl POl B eKOCHCTEMaxX, MOXYTb OyTH e(eKTHBHUM
IHCTPYMEHTOM Y JIOCATHEHHI [IUX LiTeH.

Merto1o cTarTi € pO3KpPHUTTS POJi KapaceBHX pud y (GopMyBaHHI 0i0IOTIYHMX
pecypciB BogoimM Onecbkoi oOnmacTi Ta BH3HAYEHHS iXHBOTO BIUIMBY Ha EKOJOTIYHY
CTIHMKIiCTh Ta puOHE TOCTIONAPCTBO PETiOHY.

O0’€eKTOM TOCITIKEHHSI € KapaceBi puOH, 10 MEMIKAIOTh Y Bomoimax OmechKoi
o0mnacrTi.

[IpeameTom noCTiKEHHS € BIUTMB KapaceBUX pu0 Ha popMyBaHHs 010JIOTIHHUX
pecypciB BOIOIM, BKIIIOYAIOYM X POJIb y MIATpUMI OiOpi3HOMAHITTS, peryiIroBaHHI
YHCENBHOCTI BOAHUX POCIMH Ta BONOPOCTEH, a TaKoX IX BIUIMB Ha 3arajbHy
MIPOAYKTUBHICTh Ta EKONOTIYHY CTa0IBHICTh BOIOWM.

Bogotimu Onecbkoi 06macTi 6arati Ha KapaceBUX puo, 0 pOOUTH PETiOH OTHUM
3 KJIOUOBHX JUIsl iX MPOMMCIIOBOTO BHMJIOBY. BHKOpHCTaHHSI CydacHHUX TEXHOJIOTIH Ta
METOIiB J103BOJIsIE €(DEKTUBHO 31HICHIOBATH BUJIOB 0€3 3HAUHOT'O BIUIUBY HAa EKOCHCTEMY.

31aTHICTh KapaceBHX PHO KOHTPOJIOBATH YHCENBHICTh BOISHHUX POCIWH Ta
BOJIOPOCTEH, a TaKOXX EKOHOMIYHA IIHHICTH POOJATH iX Ba’KIMBUM KOMIIOHEHTOM
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MPICHOBOAHUX ekocucTeM. [lomanpii JOCTIMKEHHS MOBUHHI OYTH CHOpsIMOBaHI Ha
mmbnie po3yMiHHS IXHBOI EKOJOTIYHOi poiyli Ta po3poOKy cTpareriii i CTaioro
YIPaBIiHHS IXHIMHU MTOITYIIALISIMH.

KirouoBi cmoBa: kapach, Oiojoridni pecypcu, Bomoiimu, Omecbka 001acTh,
eKOJIOTiYHa  ponlb, pHOHE TOCHOAapcTBO, TpodiuHa Mepexa, EKOCHCTeMa,
010MpPOAYKTHUBHICTB, EKOJIOTIUHA PIBHOBAra.
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OCOBJINBOCTI XXUBJIEHHA MPOMUCJIOBOIO CTAAA
TOBCTOJIOBUKIB AHINMPOBCbKOIO JINMMAHY
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VY crarTi HaBeIEHO PE3yNbTaTH JOCIHIKEHb OCOOIMBOCTEH JKMBIECHHS MPO-
MHCJIOBOIO CTaJIa POCIHMHOIAHUX IUTaHKTO(dAriB B yMoBax JIHIMPOBCHKOTO JIMMaHy.
Mertoro mocimipkeHb OylnO BCTAaHOBIICHHSI PiBHS 3a0€3MEYCHOCTI KOPMOBOIO 0a3010
IUTAaHKTO(ariB 3a MOKa3HMKAMH BrOIOBAHOCTI 1 iIHAEKCY HAIIOBHEHHS KHUIIICYHHUKIB 3 OT-
JSIly Ha MPOMYKLIHHI MOXJIMBOCTI JIHINpOBChKOTO JTMMaHy. BeTanoBieHi iniexcH Ha-
MOBHEHHS KUIIICYHUKIB O1JIOT0 TOBCTOJIOOMKA MPOTITOM BEreTaliiHOTO Hepiofy Oyiu
Ha BHCOKOMY piBHi. B uepBHi iHJekc HAaNOBHEHHs KUIICYHMKA CTaHOBMB 264,5 %/ .
B numHi iHIeKC HAMOBHEHHS KUIIICYHHUKIB 3HAYHO 301TIBIIUBCS 1 CKIAIaB B CEPEIHBOMY
435 9/, IHTeHCUBHICTb XMBIIEHHA OLTMX TOBCTOJIOOMKIB y ceprHi Oyna HalBHIIA —
580 0/000. [Toka3HUKM CTPOKATOTO TOBCTOIOOWKA 32 iHAEKCOM HANIOBHEHHS KUIICYHUKA
1 BrOZIOBAHOCTI Ha BCIX PIBHSIX 3Ha4YHO HIKY1. Pe3ynsraTroM 11boro Moxke OyTH Horo Bu-
MYUIEHHH PaIioH B SIKOMY HPHUCYTHIl MPAaKTHYHO OJMH (PITOIUIAHKTOH 1 BUKJIIOYEHHIA
3 paiioHy 00’€KT Horo 0i0MOTIYHOTO BIIOJO0AHHS — 300IUIaHKTOH. Ha mouarky Bere-
TaIifHOTO IEPioNy MPOCTEKYBaNach TCHICHINS IMiABHUINCHHS iHACKCY HAIOBHEHOCTI
ITYHKOBO-KHIIIKOBOTO TPAKTY, @ MOTIM ITOCTYIIOBE 3MEHIIeHHs. HallBUITl NOKa3HUKH
CTAaHOBMIIM y CeprHi pocsratouu 423 %/ . Halimenmi mokasHUKHM iHeKCiB Oynn y Be-
pechi, cknanaroun 87 %/ . TToKa3HUKM KOJMBAHHS BrOJOBAHOCTI CKJIaNajy Mo Giomy
TOoBCTONOOMKY Bix 0,65 10 3,3, mo crpokaTomy ToBcTONI00UKY Bif 0,38 mo 2,3.

OTtpumaHi pe3yiabTaTd MOXYTh OyTH BHKOpPHCTaHHI Npu (OpMYBaHHI cTpare-
ril iHTpOAYKIii prOOMIOCAaTKOBOTO Marepially POCIMHOINHUX BHIIB pud B JIHIMpOB-
CbKO-By3bKy ecTyapHy cucTeMy.

KitrouoBi crioBa: pocnuHOiTHI BUaw prb, XapakTep KUBICHHS pHO, pHOOIIPOITyK-
TUBHICTb, J|HIIPOBCHKUIA TMMaH, KOPMOBI T'1IPOOIOHTH.

HocTranoBka npodaemu. CydacHuil cTaH puOHMX 3amaciB BHYTPIIIHIX
BOJIOWM YKpaiHH, HEBIIMHHO CKOpouyeThes. Ha choromHi piBeHb iMIIOPTO3aMi-
IICHHSA MPOIYKIlil aKBaKyIBTYPH 1 IPOMHCIOBOTO BHJIOBY Jocsr Oinbre 75%,
10 € KPUTHYHUM TIOKa3HUKOM ITPOAOBOJIBIOI Oe3Mekn YKpalHu Ta CTaBUTh Mif
3arpo3y KOHKYPEHTOCHPOMOXKHICTh BITUM3HAHMX BHpoOHUWKIB [1]. Tpusami
JOCIIPKEHHST 0ararboX BYEHHX JIO3BOJSIOTH CTBEPIKYBAaTH, IO BiAOyrmocs
KatacTpodiuHe 3MEeHIIEeHHS PHOHUX 3aIaciB MPOMHUCIOBUX BUAIB pHUO y BOJO-
CXOBHIIAX 1 MPUPOJHUX BOAOMMaX YkpaiHu. 3abe3reueHHs HaceleHHs pHOHOIO
MIPOAYKITIEIO 33 PaxyHOK palioHaIbHOI eKCIUTyaTallii akBaTopid B MO€THAHHI
3 TMACOBHIIHUM PHOHHUIITBOM SIBIISIETHCS HA CHOTOJHI OJHUM 3 €(EKTHBHHUX
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HaNpsIMKiB y BUPILIEHH] icHy040i mpoOiemu. B yMoBax, 1o cKiIanucs, ONTH-
MaJbHUM IIUISIXOM TTOJIOJaHHS AaHoi MPOOJeMH € PEKOHCTPYKIsl ixTiodayHn
BOJIOVMM IIUISIXOM BCEJICHHS B HUX JKUTTECTIHKOTO pUOOIIOCAAKOBOTO Marepiary
KOpOMOBHX BUiB pub [2—4]. Bucoki MOKa3HWKHU peabHO OTPUMATH 32 PaxyHOK
THTPOAYKLIT pOCTMHOIIHUX BUIIB pUO, sIKi B yMOBaxX TPaHC(OPMOBAHOTO CTOKY
JHinpa mpoTAroM poKiB JE€MOHCTPYIOTh BHCOKI IMOKa3HHKH B IPOMHCIOBUX
yaoBax [5]. YV 1poMy 3B’S3Ky BKJIMBHM € BUBYCHHS CydacHHX OiOJOTIYHHUX
MMOKAa3HUKIB POCIMHOINHUX BUAIB pub B ymMoBax JHimpoBcbko-by3bKoi ectyap-
HO1 CUCTEMH.

AHaji3 ocTaHHIX mocaimkeHb i myOsikamiii. Baacmimok 3miHE i
Hanpyr# Qi3udHuX PaKkTopiB ecTyapHi CUCTEMH HaXOIATHCS B «IMITYJIbCHO-CTa-
OLTEHOMY» CTaHi, XapaKTepHOMY I10 MPOAYKTUBHOCTI JJIsl PI3HUX 1 MPOMIKHHX
crafiii cykueciit [6]. Kpim Toro, ectyapii akyMyInol0Th Gi0T€HHi eJIeMeHTH, SIKi
MPUXOAATH 3 BOJAMHU PIYOK 3 BEIIMKUX TEPUTOPIN BOI0300py. 3aBISKH 1ILOMY
eCTyapHi CHCTEMH Ha0araro NPOAYKTHBHIII, Hi) MOpPCHKi 1 TPiCHOBOAHI.
B cepemnboMy 3a pik B ecTyapisx yTBoproerhesi 1500 r/M? cyxoi opraHiuHOi
peuoBuHH, Ha meabdu — 360 T/M?, a B BIIKPUTHUX OKEAHIYHHUX BOAAX JIMIIE
125 r/m?%. SBnsirounch pailoHaM¥u HaWOLIBLIOT MPOAYKTUBHOCTI 1 KOHIIGHTpAIIii
KUTTS, €CTyapii BAKOHYIOTB JIBi Ba)KJIMB1 €KOJIOT1UH1 (DYHKII1: CITy>KaTh MiCTaMu
Haryjly MOPChKUX 1 TPICHOBOAHHUX PHO, 0e3XpeOeTHUX — BAXIIUBUX 00’ €KTIB
MIPOMHMCITY, BOJOMIIOTH BUCOKHM CaMOOYMCHUM MOTEHIIATIOM, SIKUA TPOSIBIS-
€TBbCSl B IHTEHCHBHiH NepepoOli MpOMHCIOBO-KOMYHANBHUX 3a0pyaHeHs [7].
Crin BpaxoByBaru Te, 110 J{HINPOBCEKO-BY3bKY €CTyapHy CHCTEMY Ha3MBalOTh
takox JHinpoBcbko-By3pkum mumanoM. ToOTo «immany» B 6aceitnax YopHoro
i A30BCHKHX MOpIB 3 JJaBHIX-JIJaB€H BH3HAYAIOTh CaMi Pi3Hi TUIH MPUMOP-
CBKUX BOZOHM, SIK €cTyapii KpylHHUX, CEpelHiX i MaluX PidoK, TaK i JaryHwu,
«chimi ectyapii» 1 HaBiTh MPICHOBOJHI 3aljIaBHI BOJOWMH B JIeJbTax 1 HU3M-
Hax kpynHux pivok [8]. [Tonusss uinpa (Bix rpedni Kaxoscbkoi [EC no JlHi-
NpOBChKO-By3bKOro NIMMaHy) siBisie cO00K0 BeNHKy TepuTopito (6ist 500 km?) i
BKJIro4ae 185 km? Boguoi moBepxHi Ta 303 kM? 3amIaBHUX 3eMenb. TyT MOHAN
150 Bomoiim (03ep, TMMaHIB, CTAPHUILH TOIO) 3araabHOIO mioreo 72,3 km2 Bei
BOHH CITILTBHO 3 PO3Tajly’KEHOIO PYCIIOBOIO MEPEKEIO CKIIANAIOTh €ANHY TiapaB-
JYHO 3B’s13aHy BOIHY cucTeMy. Pi3HOMaHITTs 610TOMiB Yy BOOOHMAX 1 BOJOTOKaxX
pi3HOrO THITy OOYMOBMJIM TYT OaraTtuii BUIOBUH ckiiaa (uiopu i ¢ayHu, BeTUKe
PI3HOMAHITTS i BUCOKY MPOMYKTUBHICTD YIPYyNOBaHb POCIHUH 1 TBapHH [9].

[ponykuiiiHuil pe’KUM JIUMaHy B Pi3HI POKH 1 TEPIOAN POKY Ma€ IIyiKe
mHpoKi koiuBaHHs. JocmimkeHHs gpitocToky y noHu3ssi JuHinpa mokaszanu, mo
BEJIMYMHA HOTO 3aJICKUTH SIK Bij1 00’ €MiB MOMYCKiB 3 KaxOBCHKOT0 BOJIOCXOBHIIIA,
TakK 1 Bij iX po3nofiny B pi3Hi ce30uu poky [10]. B 1997 p. B yMoBax 3pocTaHHs
momyckiB Big 4,1 kM BecHOIo 70 8,8 kM® BoceHH (PIiTOCTOK 3a BereTarliiiHui
nepion cknagas 27,93 tuc. T, a B 2002 p. B yMOBaxX MOCTYIOBOTO 3HIKEHHS
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00’€eMiB MOMycCKiB BiJ 6,3 kM® BeCHOIO 710 3,9 kM® BoceHH (DiITOCTOK MEPEBHIILY-
BaB 45,5 Tuc. T. 301IbIIEHHS BOAHOTO CTOKY Bijl BECHU IO OCEHI CIIPHLIO PiBHO-
MIPHOMY PO3MOALTY (PITOCTOKY MPOTSITrOM BEreTalliifHOTO MEPioay, a 3HUKEHHS
CTOKY 3 BECHH JI0 OCEHi CIPUSIIO MAacOBOMY PO3BHUTKY KPYIHHX JiaTOMOBHX
BOJIOPOCTEH 1 CTBOPEHHIO MakcUMallbHOTO (iTocToKy BecHOrO (42,11 TuC. T 3
3aranbHuX 45,5 Trc. T). OcTaHHI AOCHIIKEHHS PiBHS PO3BUTKY (DITOTUIAHKTOHY
CBiYaTh MPO 3HAYHI 3allack OPraHivYHOl PEYOBWHH y BUINIAII (DiTOIIAHKTOHY,
sKa 3HAYHUM YMHOM HE BUKOPHCTOBYETHCS 3a BiICYTHOCTI HEOOXiTHOT KiJIbKO-
CTi e(peKTUBHUX CIIOKUBAYIB Y BUINISAI IJITAHKTOHOITHUX BUIIB pub [11-15].

OnmHuM 3 BaXJIMBUX MNPOAYLEHTIB OpraHiuHoi pedoBwHH y JIHImpoB-
cpKo-By3bKkili rupnoBiii cuctemi € Makpoditn. OcoOIMBOTO 3Ha4eHHS BOHHU
HaOyBalOTh Ha JITOPAJIBHUX JAUISHKaX J[HIMPOBChKOro, By3bpKoro nuMaHiB Ta
Ha 3amaBHEX cucremax JlHinpa Ta IliBnennoro byry. Pi3Hi 3a BumoBUM cKia-
JIOM YTPYIyBaHHS BUIIUX BOAHUX POCIHH BiAIrpaloTh BAXKJIMBY POJIb B IIpOLIEci
(dopMmyBaHHS cepenoBHIIa icHyBaHHA ixTiodayHu. B yTBopeHHx ditomeHo3ax
BiOYBAE€THCS HAKOIMYEHHS Ba)KKOPO3UMHHUX OPraHiYHHUX CIIONYK, IO CYyT-
TEBO BIUTUBAE HA XIMIYHUI PEXKUM Ta SKiCTh BoAH. [IpoTe Hal0iLIbII BaXKITMBHM
BBa)KAa€ThCA Te, IO JIITOPaJbHI Ta 3amiaBHi (itoneHo3n [HinpoBchKo-By3bkoi
€CTyapHOI CHCTEMH CIIYTYIOTh MICLSIMH MEIIKAHHS Ta BiATBOpEHHS (BiTOdiNb-
HO1 ixTiodayHu. B Toli ke yac Makpo(iTh € OJHUM 3 BHJIIB KOPMOBOTO PECYpCy
IUTst oKpeMux BUiB pu0. [lopsia 3 UM HEOOXiAHO BIIMITUTH, IO CEpPE MPeJ-
CTaBHHKIB TYBOJHOI iXTio()ayHU THUIIOBUX CIIOKUBAYiB BUIIOI BOJHOI POCIIHH-
HocTi y JIHinpoBcbko-By3bKil THPIIOBiK cucTeMi MpakTHUHO He icHye. [Ipore
HasBHICTh BUTbHOI TPOQiuHOI Hilli BUSBISE BiAMOBIIHUHA IHTEpEC BCEJICHHS
TUIMIOBOTO MakpodiTodara — OIOro amypa, 1o 3IIHCHIOETECA B OOMEKEHHUX
o0csirax, TOYMHAIOYH 3 IIECTHIECATHX POKIB MUHYJIOTO CTOJITTSL.

BinnmoBigiHUMU HayKOBMMH JOCIIKCHHSMH BCTaHOBIIEHO, 1m0 y JIHi-
MPOBChKOMY Ta by3pkoMy TMMaHax 30Ha MUIMH, 3 ypaXyBaHHSM JUISHOK, SIKi
miJiBepHEH1 3a00104yBaHHI0, ocsrae 24,1 Tuc. ra, o Bignoinae 27 % 3araiib-
Hoi Ttomi BomoliMu. be3 ypaxyBaHHs 3aIIaBHUX yrpyllyBaHb MiIMHH 3aiima-
10Th momty 23,1 tuc. ra, abo 22 % axsaropii [16]. CTyniHb 3apocTaHHA MiIMH
1 akBaropii JMMaHy KOJIMBA€THCS B 3HAUHMX MeEXax. 3arajibHa IUIOIa 3apo-
CTel pa3oM 3 3amIaBHUMU (OOJOTHUMH) YIpyIyBaHHSMH CTAaHOBUTH OJU3BKO
3,5 trc. ra, a 0e3 3amIaBHHUX IIISHOK — OiuIg 2,5 THC. Tra. 3arajbHi 3amacu
MOBITPSIHO-CYXO0i (hiTOMAcH y JMMaHi CTAaHOBUTH Ois 35 THC. T, B TOMY YHCII
MPOAYKIliss OOJIOTHOT POCIMHHOCTI JAOPIBHIOE 16 THC. T, MOBITPSIHO-BOIHOI —
15 tuc. T 1 3anypenoi — 4 tuc. T [17].

VY chopmoBaHuX yMOBax TpuBaioi TpaHchopmaii JHinpoBcbko-by3bka
€CTyapHa CHCTEMa BiJTHOCUTHCS 10 BUCOKOIIPOIYKTUBHUX BOJOWM, Ma€ 3HAYHI
Ha/IJTMIIKOBI Macy OpraHi4HOI PEYOBMHH i BUCOKHMIT Oi0MPOAYKUIIHHMIA MOTEeH-
1iaja 3a piBHEM PO3BUTKY KOPMOBOI 0a3H, sika HE BUKOPHCTOBYIOThCS B IMOBHIH

58



Boowi 6iopecypcu ma akeakynemypa, 1(15) /2024

Mipi 3a BiICYTHOCTI JOCTaTHBOI KiJIBKOCTi €(peKTUBHUX CIIOXKHBaviB. B skocTi
3ax0[y SIKMH CyTTEBHM YHHOM MOXKE CTPUMATH TIpoliec eBTpodikarii mpu 30116-
LICHHI MPOMHUCIIOBOTO BHIIyUeHHS pUOHOI MPOAYKLIl MPOMOHYETHCS MIOpiYHA
iHTpOAyKLis OioMenioparopiB — OLIOTO i CTPOKATOTO TOBCTOJOOWKIB, OiIOro
amypy, KOpora y BiAITOBITHOCTI 10 BU3HAYCHHS PiBHS 3aMaciB KOPMOBHX TiIpoO-
010HTIB 13 3aCTOCYBaHHSIM pecypcosdepiratouoi TexHounorii [18].

I[MocTanoBka 3aBaaHHs. [XTiONOTIUHI TOCTIKSHHS 0a3yBaJIUCS HA KOH-
TPOJILHUX Ta MPOMHUCIOBHUX JIOBax mpoTsiroM 2020-2021 pp., B mporweci sSKux
OyJI0 TIPOBEICHO 3BAXKYBaHHS Ta OCHOBHI OioyioriuHi BuMiproBaHHs [19]. Jlns
oTpuMaHHA iH(opMamii 3 BiKOBOT CTPYKTypH MPOMHUCIIOBHX CTal ixTioayHu
JOCHIKYBaHOT aKBaTopii BUKOPUCTOBYBAJKMCA METONM, sIKI HagaHi y BiAIo-
BigHuX Metonukax [19, 20]. JliHiiiHI MOKa3HUKU PI3HOBIKOBHUX TPyl pUO Mpo-
BOJMJIM 32 OIIOMOTOIO CIielianbHol MipHOT Aommiku [21]. Xapakrep »KUBIEHHS
BU3HAYaJIH 32 BiAMOBIAHUMYU MeToauKamu [22, 23]. Binbip marepiany Ha BU3HA-
YEeHHS ’KUBJICHHS POCIMHOIIHAX BUIIIB PO BUBYAIIOCS 3TiJHO 3arajJbHOBU3HA-
HUX METOIMYHHUX PO3POOOK. 3 METOIO BUBUEHHS KUBJICHHS pHO 3aCTOCOBYBAIN
BaroBUI METOJI i METOJ] IHJICKCIB SIKi € HAMO1IBII TOCKOHAIMMHU METOIaMH U~
poBoi 00poOku MatepianiB. DiKcyBaHHS KHIICYHHUKIB TPOBOIUIOCH Y PO3UUHI
dopmaininy (4-10 %). Marepian oOpoOJISIN KiIbKICHO-MAaCOBUM CIIOCOOOM,
LUISIXOM 1HIWBIAYyaJbHOTO MEperIsiay TpaBHEBUX TPakTiB. OJHOYACHO BU3HA-
Yaiy KHUPHICTh, KOMip 1Xi, CTyMiHb HANOBHEHHS KHUILIEYHHKIB. BrogoBaHicTh
Bu3Havyany 3a OynpToH. 3araibHi iHASKCH HAIIOBHEHHS KUIeuyHUKIB 3a [1lopu-
rinuM A. A. [24]. Becs ixTionoriyauii Marepian oOpoOsSBCs Ha BU3HAYCHHS
KHUBJICHHST pHO 3a JOMOMOTOI0 MIiKpOCKOIa, Tepe3iB (TOpCiiHi, eNeKTpHUdHi,
3BHYaiiHi). Bumoueny Bin dopmaniny puly poskiananu Ha QiabTpyBadbHHN
Tarmip, MPOBOAMIM BiAMOBIIHI IPOMIpH SIKi 32aHOCHITU B iXTiOJOTTUYHHIA )KypHAJL.
[Micnsa 3BakyBaHHA L1701 pUOHM BHIIYYaldH NUTYHKOBO-KHIIKOBUI TpakKT, 3Ba-
JKyBaJlX HOro okpemo. Jlami Buiy4aau BMICT KHILIEUYHHKA, SKHW 3Ba)KyBajH Ha
tepe3ax. [lotiM MaTepian po3misiaiy Il MiKPOCKOIIOM JIsi BU3HAYCHHS KiJib-
KOCTI 1 BUJIOBOI IMTPUHAJIC)KHOCTI KOPMOBHUX oprani3miB [25—30]. [HTeHCUBHICTH
JKUBJICHHSI XapaKTepU3yBaJlM 3a iHIEKCaMU HATIOBHEHHS [IUTYHKOBO-KHIITKOBUX
TPAaKTiB.

Bukiaaa ocHOBHOro marepiany aociaigkeHHs. JlochmimKeHHS CKiany
KHILIEYHUKIB TIPOMHUCIIOBOTO CTajia O1IMX TOBCTONOOUKIB (Hypophthalmichthys
molitrix) NpoTATOM BereTauiiHoro nepioay mokazaiu, mo QiTOIUTaHKTOH Y KHB-
JIeHH1 61710r0 TOBCTONOOMKA HABECHI 3yCTPIYa€ThCsS B OCHOBHOMY 3a PaxyHOK
MIKpPOCKOITIYHUX TMPEJCTaBHUKIB CUHBO-3€JICHUX BONOpOCTE Aphanizomenon
flos-aquae, Microcystis aeruginosa, Nostoc, Oscilatoria lacustris. Cepen
3eJICHUX BOIOPOCTEH 3a paXyHOK iHTEHCHBHOTO PO3BHUTKY Y KOPMOBIii 0a3i B
KHILIEYHUKY OLIOTO TOBCTOJIOOMKA YacTo 3yCcTpivaroTbes Pediastrum Boryanum,
Pediastrum duplex. Y depBHi B Xap4oBiii TPyl MepeBaKHEe 3HAYECHHSI MaJH
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seneHi (Chlorophyta) i cunbo-3eneni (Cyanobacteria) BOZOPOCTI, 4aCTOTA SKUX
cknamana BigmoBigHo 27,4 1 66,5 %. Ingekc HaAMOBHEHHS KUIICYHHKIB O1710T0
TOBCTOJIOOMKA CTAHOBMIIM B cepeiHboMy 264,5 %/ . B numHi B epios; MacoBoro
PO3BUTKY CHHBO-3€JICHHX BOIOPOCTEH Y BOIOWMI B XapyoBiil rpy/mili cHHbO-3e-
JieHi BotopocTi 3akiMany 1o 95,8 %/ . TIpH 11IbOMY iHJIEKC HATIOBHEHHS KHUIEY-
HUKIB 3Ha4YHO 30UIBIIMBCA i CKIaiaB B cepeanbomy 435 /. IHTEeHCHBHICTH
JKUBJICHHS O1JIMX TOBCTOJIOOMKIB y cepITHi Oyna HaiBHIa — iHAEKC HAIOBHEHHS
KMIIIEYHHUKIB JIOPiBHIOBaAB B cepeanbomy 580 %/ (pucyHok 1).

[HmeKCH HAMOBHEHHS NUTYHKOBO-KHIIKOBOTO TPAKTy BiIPi3HINCH Y
CTPOKATOTO HIKYUMH MOKa3HUKaMu. OCHOBY JKMBIIEHHsI O1710T0 TOBCTOJIOOHKA
ckiIagany (iToIuIaHKTOH 1 AeTpUT. BomopocTi B KHIIEYHUKAX OyiW MpeacTaB-
sieHi 75 BumamMu. 3eNeHi BOIOPOCTI 3yCTPiUaIMCh MPOTIrOM BChOTO BEreTalli-
HHOTO Tepionmy, cepen sSKUX HahOimbIml dacTto 3yctpivanuck Chlamidomonas
sp., Pandorina morum, Phacotus coccifer, Scenedesmus quadricauda, S. acum-
inatum, S. denticulatus, Qocystis borgei, Pediastrum duplex, Ankistrodesmus
angustus Ta iH., O BUKIMKAHO X BUCOKAM BHJIOBHM DPi3HOMAHITTSM B (iTo-
TUTAHKTOHI JJAaHOT aKBaTOPii.

Cepen nmiaToMOBHX mepeBaxanu Stephanodiscus hantzschii, Melo-
sira granulate, M. binderana, Navicula cryptocephala, Cymatopleura solea,
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Puc. 1. 3aranbHuii iHIeKC HAIOBHEHHS KUIIIEYHUKIB 3aJ1€3KHO Bi/Jl BrooBaHOCTi
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Amphora ovalis 1 1. Cepesi CHHbO-3€JICHUX B JKUBIICHI 3yCTpIUaNInCh HAHO1IbII
PO3MOBCIOMKEH] Y BOJIOWMI TipeficTaBHUKY Microcystis aeruginosa, Oscillato-
ria sp., Anabaena flos-aquae. Cepen 300IIaHKTOHHUX YTPYIyBaHb HaiyacTimie
B KHBJIEHI OLJIOTO TOBCTOIO00MKA 3ycTpivanuck Rotatoria (11 Bunis), Cladoc-
era (4) 1 Copepoda (2). leTpuT 3ycTpiyaBcs MPOTATOM BChOTO BETETAIIITHOTO
nepioay. B 1iioMy mpoTSATroM BereTariiiHoro nepiogy iHJASKCH HAlOBHEHHS
KMIIEYHUKIB KOJIMBAJIMCA Ha CepeHboMy piBHi Bia 145 1o 580 /. Hanpukinui
BETeTaIIfHOTO Mepioly y KUBJICHI B 3HAYHIN KITBKOCTI YacTillIe 3yCTPidaeThes
Microcystis aeruginosa, cepel 3eJIeHUX B >KUBJICHHI JOMiHyBanu Pediastrum
Boryanum, Pediastrum duplex, Trochiscia granulata, Qocystis verucosa,
Scenedesmus quadricauda, Ancistrodesmus pseudomirabilis var. spiralis,
Scenedesmus bijugatus, Scenedesmus acuminatus. HaliGinpry 4actky cepen
JIIaTOMOBUX BOAOPOCTeil B moxwuBi 3aiimanu Diatoma balfouriana, Cyclotella
glomerata. 300NIaHKTOH B OCHOBHOMY MPHCYTHIM 3a paxyHOK KOJIOBEp-
TOK 1 BECJIOHOTWX pakonoaiOnux (Brachionus calyciflorus, Cyclops Mull,
Acanthocyclops).

CxJiaj] J)KMBJICHHS CTPOKAaTOrO TOBCTOJIOOHMKA MPOTSATOM BETETAIIMHOTO
Nepiofy Bipi3HABCS BiJ] )KUBJICHHS OLJIOTO TOBCTOJOOMKA TUM, IIIO CEpel] Xap-
YOBHUX TiIPOOIOHTIB B JKMBJICHHI MepeBaxkai KpynHi GopMH (DiTOIUIAHKTOHY
(Chlorophyta — Pediastrum Boryanum, Pediastrum duplex, Trochiscia granu-
lata, Scenedesmus acuminatus, Scenedesmus quadricauda, Bacillariophyta —
Diatoma balfouriana, Cyclotella glomerata) i 6inb11a KiTbKiCTh 300TUIAHKTOHY.
B >kHBIIEHI CTPOKATOTO TOBCTOJIOOWKA 300TUIAHKTOHI OpTaHi3Mu OyJIH IPeICcTaB-
JICHHI B OCHOBHOMY KOJIOBEPTKaMH i BeCJIOHOTHMH paxononionumu (Keratella
cochlearis, K. Texta, Brachionus quadridentatus, Conochilus sp., Bosmina lon-
girostris, Chydorus sphaericus, Daphnia sp., Diaphanosoma sp., Cyclops sp.
YacTka AeTpHUTY Y Pi3HHUX BIKOBHX TPYH Bif3Hadanacs 0e3 CyTTEBHX PI3HHIB i
koymBaiacs Bix 21,3-51,1 % 3aranpHOi Macu. AHaJI3yIOUM CHEKTp KUBJICHHS
CTPOKATOr0 TOBCTOJNOOWKA, CHOCTEPIraeThcs MOAIOHICTE Y BHOOPI KOPMOBHX
00’€KTiB, sika 00yMOBJICHa TOMiHYBaHHSIM B JKHBJICHHI KPYITHUX KITITHH BOJO-
POCTEH, 1110 MOB’S13aHO i3 MOP(OJIOTIYHO OYJ0BOIO 310POBOTO arapary.

Ha nouvaTky BereTramiifHOro mepiogy MpoCTeKyBajach TEHICHIIIS ITiIBHU-
IICHHS 1HJICKCY HATIOBHEHOCTI NMUTYHKOBO-KHIIKOBOTO TPAKTY, @ MOTIM MOCTY-
MOBe 3MCHIICHHs. HalBUII TMOKa3HUKW CTAHOBWIIM Yy CEpITHI, JOCSATAIOYH
423 %/ - Halimenuni nokasHukM iHjekcis Oymu y BepecHi, cknagaroun 87 /.
[Ipu po3TuHi Takoi puOH KUPHICTH CTaHOBHJIA 5 OaliB, KUIIEYHUK OyB MOBHI-
CTIO 3aJIUTUH KUPOM, a TIepioAOM HAHOLIbII iHTEHCUBHOTO KUBJICHHS MOXKHA
BuunT VI-VIII micsami. B ninoMy BU3HaueH] iHACKCH HAlTOBHEHHS IIUTYHKO-
BO-KHIIIKOBOTO TPaKTy Ha BIJIHOCHO BHCOKOMY PiBHI, II[0 BKa3ye Ha 3a0e3reue-
HICTHb prOM KOpMOM. AJie TOKa3HHKH CTPOKATOTO TOBCTOJIOOMKAa Ha BCIX piB-
HSX 3HAYHO HWK4i. Pe3yiapraroM mporo Moxke OyTH HOTO BUMYIICHHWH pPallioH,
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B SIKOMY MPUCYTHIM NPaKTHYHO OAWH (HITOTUIAHKTOH 1 BUKIJIIOUEHH 3 palioHy
00’ekT Horo GionoriyHOTO BIOMOOAHHS — 300TUIAaHKTOH. [IpoTsirom Bererari-
HHOTO TIepiofy BroJoOBaHICTh sIK OL10TO, TaK i CTPOKATOTO TOBCTOJIOOWKIB HE
MaJia IUPOKKUX KOJIMBAaHb, IOKA3HUKH KOJIMBAaHHSI CKJIaaJu 1o O1710My TOBCTO-
nobuxky Bin 0,65 1o 3,3, a mo crpokaroMmy ToBcTONOOMKY — Bif 0,38 10 2,3.

BucHoBku i nmpono3unii. Po3nisHyBIIN 0COOMMBOCTI JKUBIIEHHS MPO-
MHCJIOBOTO CTajia OUIOro i CTPOKATOrO TOBCTOJIOOMKIB, BCTAHOBJICHO BHCOKHUH
piBeHb 3a0€3Me4eHOCTI KOPMOBUMH Ti1IpOOiOHTaMHU 3a MOKa3HWKaMH 3arajib-
HOTO i1HICKCY HAITOBHCHHS KUIIICYHUKIB 1 TOKa3HHUKIB BrOJIOBAHOCTI, 110 € CBiJI-
YEHHSIM TOTY>KHOTO OiOMponyKIiHHOTO MOTeHiany JIHIMpOBCHKOTO JHMaHY,
SIKUH 3MaTHUN 3a0€3MeUUTH 301IbIICHHS POMHUCIOBOTO BUOOYTKY TOBapHHUX
TOBTOJIOOWKIB 32 YMOBH 30UIBIICHHS IOPIYHOT IHTPOAYKIIIi prOOMOCaKOBOTO
Marepiaiy 3 puOOBiATBOPIOBAILHHX 3aBOMIB YKpaiHH.

NUTRITIONAL FEATURES OF THE COMMERCIAL SILVER
CARP STOCKIN THE DNIPRO ESTUARY

Kutishchev P.S. — Candidate of Biological Science, Associate Professor,
Dyachenko V.V. — graduate student,
Kherson State Agrarian and Economic University,
kutishev_p@ukr.net; diachenkoviktoriia4@gmail.com

The article presents the results of research on the feeding characteristics
of an industrial herd of herbivorous planktophages in the conditions of the Dnieper
estuary. The aim of the research was to establish the level of supply of the feed base of
planktophages based on the indicators of fatness and the intestinal filling index, taking
into account the production possibilities of the Dnieper estuary. The established indices
of intestinal filling of white carp during the growing season were at a high level. In June,
the intestinal filling index was 264,5 /. In July, the intestinal filling index increased
significantly and averaged 435 %/ . The feeding intensity of white carp in August was
the highest — 580 %/ . Indicators of variegated carp according to the index of intestinal
filling and fatness at all levels are significantly lower. The result of this can be its
forced diet, in which there is almost one phytoplankton and the object of its biological
preference — zooplankton — is excluded from the diet. At the beginning of the growing
season, there was a tendency to increase the index of fullness of the gastrointestinal tract,
followed by a gradual decrease. The highest indicators were in August reaching 423 %/ .
The lowest indices were in September, amounting to 87 %/ . The indicators of variation
in fatness ranged from 0,65 to 3,3 for white carp, for variegated carp from 0,38 to 2,3.
The obtained results can be used in the formation of a strategy for the introduction of
fish planting material of herbivorous fish species into the Dnipro-Buh estuary system.

Keywords: herbivorous fish species, the nature of fish nutrition, fish productivity,
the Dnipro-Buh estuary system, food hydrobionts, phytoplankton, zooplankton, detritus,
macrophytes
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JocnimkeHHs Ta OLiHKa CTaHy TEPUTOPIi MPUPOTHO-3aMOBIAHOTO (hOoHAY YKpa-
THHA (SK OUISHOK CYXOIOINY, TaK i BOZHOTO MPOCTOPY) MAIOTh OCOOJIHBY MPHUPOIO0XO-
POHHY, HayKOBYy, €CTETHYHY Ta peKpeamiiHy I[IHHICTh 3aBXIAN OylIH aKTyaJlbHUMH B
KOHTEKCTi 30epekeHHs] MPUPOAHOI Pi3HOMaHITHOCTI. OCHOBHOIO METOIO0 CTBOPEHHS
HauioHanpHUX MPUPOJHMX MapKiB 1 € came Il BUOM IiSUIBHOCTI, SIKi B HOJAJIBIIOMY
JIO3BOJIATH ITOBHOI[IHHO PO3BUBATHCS BCIM BHIaM (IiopH Ta (ayHH, sSKi aJaliTOBaHi 10
MIEBHUX KJIIMAaTHYHUX YMOB [1].

B naniit craTTi HaBe#eHI AaHI HAyKOBUX JOCTIKCHb Ta iX aHANi3, sKi CTOCY-
FOTBCS CyJaCHHX MPOOJIeM pallioHaIbHOTO BUKOPHCTAHHS BOJHO-00IOTHHX yTias Hrx-
HBOJHICTPOBCHKOTO HAaIlIOHAJILHOTO MPHUPOJHOTO MAPKY, SIKMI 3HAXOAUTHCS Ha TEPUTOPIi
Onecbkoi obnacti. Exkonoriyna ekcriepTusa aHaizy Cy4acHOTO CTaHy BOIHO-OOJOTHUX
yriab tepuTopii HuwkabonHicTpoBebkoro HITI nokasasa, 1o neBHi aHTPOIIOTEHH] YHH-
HUKHM HETaTUBHO BIUIMBAIOTh Ha CTaH sikocTi Bojoimumy gaHoro HIIII, Tomy mo mpo-
TSATOM POKiB IOCIIPKEHB Oyio 3adikcoBano miaBumiennit BMict HXP (Hebe3neynnx xi-
MIYHHX PeYOBHUH), ki nepesumryBanu [ JIK ckunis y piuky JHicTep, a BOHA € OCHOBHIM
JUKEPENIOM BO03a0e3MeUeHHS TTapKy Ta MPHIIETITNX MICT 1 cenuil. TakoX HeCaHKITiOHO-
BaHi peKpealliiiHi 30HM MacOBOTO BiJIIOYMHKY, Bunacanusi BPX (Bemukoi poraroi xymo-
01), CTUXIHHI CMITTE3BAJIMIIIE 110 OEPEeroBii JIiHIT TepUTOPil BOAHO-00IOTHHX YTi/Ib TEX
TIOTIPIIMIIN SIKICTH BooiMH. Ha 0CHOBI OTprMaHMX JaHHUX 3pO0JICHO BUCHOBOK, IO B
BomoiiMax BonmHO-00moTHUX yTrias HIIIT HikHBEOIHICTPOBCHKHUI BiAOYBaIOTHCS MPOIIE-
CHl HalpaBJICHI Ha MigBUINEHHs eBTpudikarlii BogoitmMu, To0To 30aradeHHs 010TeHHUMHA
€JIEMEHTAaMH, 10 CYNPOBOMKYETHCSI 3HUIICHHSIM HMPOAYKTHBHOCTI BOIOWMH Ha JIaHil
TepuTopii. SIKicTh BO¥ 32 BUIOBHM CKJIaJIOM MakpOoQiTiB BITHOCUTHCS IO ME30Canpoo-
Hoi 30uu 3a0pynHenns (11 Ta I1I kiacy), ToOToO ii sKicTh € 100pa Ta MicLsIMH 3aJ0BiIbHA,
TOMY izt moctiiHo MoHiTopuTH ['JIK Hebe3neyHnx pedoBHH BOIHO-00JOTHUX YTi/b.

KirouoBi crnoBa: BomHO-00MOTHI yrimns, ¢ayHa, BOTOWMH, PiUKH, 3aIlIaBH,
AHTPOTIOTEHHI YMHHUKY 3a0pynHeHHs, HamioHamsHuiA IpuponHuil Mapk, SKiCTh BOAH.

AKTyanabHicTh npodeMu. MOHITOPHHT Ta OIliHKA SKOCTi TOBEPXHEBUX
BOJI 3aBXW Oyna i 3aJIMIIAEThCA aKTyaJIbHOIO HE JIUIIE ISl €KOJIOTiB-HAyKOB-
1iB, a i ans HaceneHHs. [Ipobiema sIKiCHOTO cTaHy BOAHHX PECYPCiB BUMArae
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MOCTIHHOT yBard 70 JaHO1 CUTYyallii TOMy, 1110 aHTPOIIOTeHH1 YMHHUKH MOCTiHHO
HEraTUBHO BIUIMBAKOTH HA JIaHi 00’€KTH 1 TUM caMuM (IIPU HEPaLliOHAILHOMY
CBOEMY TOCIIOJIaPIOBAHHI) OTIPIIYIOTh 1IEH Ba)KJIMBHI TOKA3HUK.

B cydacHux ymMoBax, Ha MPEBENHKHH Kalb, HE 3aBXKIU € MOXIHUBICTH
MPOBOAUTH KOMILJIEKCHI HAyKOBi JOCHIPKEHHS, IKi MOTPeOYyIOTh CIeLiaNicTiB
3 JaHoro mpoQiio, 3HAUHUX MarepialbHUX BUTpAT, 1aOOpaTOpHOTO YCTATKY-
BaHH 1 ClIeLiadbHOTO O0JIaJIHaHHA. B TakoMy BUIAJIKy € MOXKITHBICTh 3aCTOCY-
BaHHS MeTOiB Oi0iHAMKALii, SKUH OTpUMaB OCTaHHIM YacOM IINPOKE BU3HAHHS
Ta PO3MOBCIOMKECHHS. BOHI pOCIIMHY, 3aJICKHO BiJl CBOET 01010 4HOT 0CcO0MH-
BOCTi, Mopdosorii Ta aHaTOMIYHHX MOKa3HHUKIB, MOXYTh OyTH OioiHIUKarTo-
paMu CTaHy BOJIOWM Ta CIIyTyBaTH MPEIMETOM INT00ALHOTO MOHITOPHHTY BOJ-
HUX 00’€KTiB [4].

HayxkoBi gocmimkeHHs, sIKi MpoOBOAWIHCSA Ha TepuTopii HuxHbOIHI-
CTPOBCHKOTO HAIIOHAJIFHOTO IPUPOJHOTO apKy, BKIIOUAIN B ce0e POBEICHHS
aHaJizy JOCHiKeHb BUKOPUCTAaHHs BOTHO-OOJOTHHUX YIigbh Ta BU3HAYCHHS X
CY4YacHOTO CTaHy IiJl IIEF0 aHTPOIOTEHHHUX (PAKTOPiB. [0JIOBHOIO METOIO JaHUX
JOCTiIKeHb OyJ0 BH3HAUYEHHS 3arajbHUX NMPUPOJHHUX MpOLEciB 3a0e3neueHHs
CIIOCTEPEIKEHHS 32 3MIHOK €KOCHUCTEMH JaHOI TEPUTOPIii, MPOBEIACHHS EKOJIO-
TYHOTO MPOTHO3YBAaHHS, MOHITOPUHTY BOZOHMH Ta CIIOCTEPEKEHHS 32 PIOPOI0
Ta (ayHoro [2].

Iocranoska 3aBaanHs. [[poBecTH €KOIOTTYHUN MOHITOPUHT BOIHO-00JIOT-
nux yrigs HITT HruxHBOAHICTPOBCHKUI, TOCTIAUTH CyYacHUN KUTbKICHUNA CKIIaj
ta [JIK 3a0pynHIo0uMX PEeYOBHH B BOJIOWMI, MPOAHANI3YBaTH JpKepesia aHTPOIIo-
T€HHOTO BIUIMBY Ha CTaH p. J[HicTep Ta 03HAHOMHTHCS 3 MIEPIIONPHYMHAMU TIOTip-
LIEHHS BOAHOTO PEXXKUMY Ha TepUTOPii JaHoro BogHo-00motHOTO yrifgns HITIT.

AHaJi3 ocTaHHIX AocimKeHb i myQumikaniii. 3a pesyabraTamu aHasizy
JTEepaTypHUX JDKEpeN HAyKOBHX JOCIIIKEHb CTOCOBHO EKOJIOTIYHOTO CTaHy
BOJHHMX PECYpCiB BiIOMO, IO 10 MIEBHOTO Yacy Halla KpaiHa po3BUBaiacs Ha
OCHOBI IHTEHCHBHOTO ITiIXOly IO BUKOPUCTAHHS BIACHOTO MPUPOTHOTO Pecyp-
CHOTO TOTEHIialy Ta AJsl OTPUMaHHS €KOHOMIYHMX NMPHOYTKIB 3a paAsHCBKi
Yacu 0CcOOIMBO HE MiKITyBaJIacs MPO SIKICTh KOMITOHEHTIB TOBKIILIS.

AHTpOMOTeHHUM YHHHUKOM TYyT OyJO Te, IO BeJMKa KiNbKiCTh Oyia
BUJIOBY PHOM, IO iHOAI CIPHYMHSAIO YAaCTKOBOMY 3MEHILIECHHIO, a MICLSMH 1
3HUKHEHHIO NIEBHUX i1 BUaiB, a00 10 3MeHIIEeHHS 11 YhuceIbHOCTI. TakoX 1HTEH-
CHUBHHMII BHJIOB pUOM Ta BUKOPUCTAHHS MPHPOAHOTO PECYPCHOTO MOTEHIIaTy
BiIOWJIOCS 1 Ha TIOKa3HMKAaX BUKOPHCTAaHHS BOJHHMX PECypCiB ycix cdepax
TOCIIOIapIOBaHHSI, @ TAKOXK HESIKICHUN cTaH BomoMu. [1ik Kpu3H B nepexiqHuit
nepiof] mo3Havasrcs i Ha 3MEHILIEeHH] 3a00py 1 BUKOPHUCTaHHS BOAHUX PECYPCiB
B Oaceiini piuku JHicTep.

Tak, 3a dakramu pocmikenb y 2005 pori 3 piuku Oyio 3abpaHo
700 mMiH METpiB KyOiYHHMX BOIM, IIO CTaHOBHTH 5 % BiA 3arajJbHOTO 300pYy
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BOJM B YKpaiHi BiAMOBiTHO, 1 3a0ip 00’ €My BUKOPUCTAHHS CBIXKOi BOAM 3 PIUKU
Huicrep mo 2004 poxy cyTTeBo 3MeHIIyBaBcs. A 'y 2005 meit moka3HUK cKilaiaB
530 muH KyOiyHMX MeTpiB. Take SIBUIIIE HAYKOBII TOSCHIOBAIM TUM, 110 HIILIO
3HauYHE CKOPOYCHHS BUPOOHUUYMX MOTPeOd y BOAOTOCIONAPCHKOMY HMPOMHCIIO-
BOMY CEKTOpi MapajieibHO 3HAYHUM 3MEHILICHHSM BUTpPaT BOAHUX PECYpCiB
CIIOCTEpIranaocs i Ha BHKOPUCTAHHS IS CUTLCHKOTO TOCIOAApCTBA, TOMY IO
KpaIjIMHHE 3pOIIYBaHHs BKe epeadauano eKOHOMIIO pO3XOAY BOIH.

CTOCOBHO TOJOBHMX KOMIIOHEHTIB BOJOTOCIIOJAPCHKOTO KOMILIEKCY
piuku JIHicTep HayKOBII BH3HAYalOTh, II0 BOHA 3a0e3Meuye BOAOMOCTAuYaHHS
MICT, HAaceJIEHUX MYHKTIB, MiJIPUEMCTB MPOMHUCIOBHX 00’ €KTIB, CIILCHKOTO
rocrofapcTBa Ta 0OBOJHEHHS TUX PErioHiB, SKi Ha MiBAHI YKpaiHU € MOCYIIIH-
BUMHU. Takok BUKOPHCTOBYIOTHCS BOAM JJHICTPOBCHKOTO BOAOMOCTaYaHHS B Tij-
pOEHepreTHlll Ta Ui BeAeHHsI pUOHOT0 FOCHOAapCTBa i peKpealrii.

AHa3yI0YH BEJIMKY KIJBKICTh JIiTEpaTypHHUX DKEpeld CTOCOBHO TOC-
MOJIAPCHKOI CTPYKTYPH BOIIOTOCIIONAPCHKOTO BUKOPUCTAHHS B OaceiHi piuku
Huicrep 3 nepiomy 1980 mo 2000 poku, akIEHT CJi CTABUTH HA TEHACHIIISIX Ta
3aKOHOMIPHOCTSX 3aCTOCYBaHHsI BOJM B BEJIHMKIiH KIIBKOCTI Ha Pi3HI BOAOTOCIIO-
Japchki motpedu [3].

3HauHOTO MOTIPIIEHHS HOPM SKOCTI BOAH piuku [HicTep B Leit yac mocs-
IJIO TaKOTO PiBHS (SIK CBiT4aTh HAYKOBIII), IO MPU TEHACHIIIT Ierpajanii BOAHUX
€KOCHUCTEM i/ie 3HWKEHHsI POAYKTHBHOCTI JaHoi Bogoiimu. [Ipu npomy morip-
LIyBaBCsl SIKICHUH CTaH BOXHOIO CEPElOBHINA 3MEHLIYBAJIACS PO3MHOKEHHS
pub6 Ta payHu B naHiil yactuHi piuku mooiausy micra Onecu, a TaKoXK 3HUIKCHHS
BUJIOBY pUOU, SIKa paHille BiANOBiJana MOKa3HUKaM SKOCTI BUCOKOTO piBHs. Lle
MIPU3BOIUIIO 1[I0 TOTO, IO BEJIMKA YacTUHA puOM Oyia TUHYJA BiJ 3a0pyaHe-
Horo cepenosuiia [4, 5]. Came B 1eii 4ac i OyB BEJIMKUH MiK CIajaxy XoJiepy Ta
KHIIKOBOI nann4ykd. CTBOPIOBAIMCH MICI IJIsi KAPAHTHHY, a TAKOXK JHBHIIHCS
3a BU3HAYCHHSIM SIKOCTI pUOHOI MPOAYKLii, TOMY IO 4Yepe3 3a0pyAHEHHS BOA-
HO-0070THUX yriab cnioctepiranu niapumieHHs [JIC y Bogotimax. B meit nepion
3HAYHOTO 3a0pynHEeHHs Oaceliny piuku J[HicTpa Oyiio 3a0pyIHEHHS IPOMKCIIO-
BocTi mianpueMctBa Ta 00’ ektamu JKKI. Byno 3adikcoBaHo 0co0auBoO morip-
LICHHS Y BOJHOMY cepenoBully OaceiiHy p. JHicTep consiMu aMoHito, HadTo-
MPONYKTaMU Ta BaKKAMH MeTajlaMH. [OJOBHOIO NPUYHMHOIO 3a0pyIHEHHS
MMOBEPXHEBUX CTOKIB BOJ JIHICTPOBCHKOTO Oaceliny Oyiu:

— 3 OYHMCHHX CIOPYJ HAIXOIWIN CKHIM HEJAOCTaTHHO OYMIIEHUX KOMY-
HaJBbHUX MOOYTOBO-IIPOMHUCIIOBHX CTIYHUX BOJI Ta YEPE3 CUCTEMY MiCHKOI KaHa-
ni3alii BOHA NOTPAIUIsUIK y Oe3mocepeHio caMmy piuky JlHictep.

— 10 BOAM pivuky J{HiCTep MOTPAIUIsUTH 3 TOBEPXHEBUMH CTOKAMH XiMiYHi
PEYOBHHH BiJl CIIBCHKOTOCTIONAPCHKUX YIinb (MiHEpajbHI AOOpHUBA, SKUMH
00pOONISAIN PHUIIETTY 10 BOJOWMH CITBCHKOTOCIIONAPCHKY TEPUTOPI0) TaKOK
MOTPAIUISIIA [0 CKJIAAY TaHOT BOAHOI TEPUTOPIi;
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— MapajeibHO 3 UM CIIOCTepiranucs eposii npudepexHoi TepuTopii Ha
B0J103a0ipHiii tomi, ToOTO BimOyBanacs Taka cobi abpasist 6eperoBoi JiHii.

MeToau mpoBedeHHS MOCTKeHHsl. BifmoBigHO BUMOr 70 CKIamy i
BJIACTUBOCTEH BOJM BOAOWM Y ITyHKTaX IMUTHOTO 1 CAaHITApHOTO BOAOKOPHCTYBAHHS
BMICT PO3YMHEHOTO KUCHIO B P00, BiiOpaHoi 10 12 romuH JiHs, He TOBUHEH Oy TH
MEHILHM 32 4 Mr/nm° y Oyb-sSIKuii Iepiofl pOKY; LISl BOMOIM puOOroCoaapchbkoro
MpU3HAUYSHHS KOHLIEHTPALis PO3YMHEHOT0 Y BOJ1 KUCHIO HE IOBHHHA OyTH HIKYA
4 mr/nM? y 3uMOBHIA Tiepion (TIpy Jb0A0CTaBI) 1 6 Mr/aM® — y niTHii [6].

CTOCOBHO BH3HAYEHHS KHCHIO 3 TEPUTOPiil TOBEPXHEBUX BOJ METOIMKOIO
BKJIIOUEHO B MPOTPaMH CHOCTEPEKEHb 3 METOIO OLIHKK YMOB iCHYBaHHS TiIpo-
OiOHTIB, Y TOMY 4HCHi pUO, a TaKOX SK HENpsMa XapaKTepPUCTHUKA OLIHKH SKO-
CTi TIOBEPXHEBHMX BOJ 1 PETYJIIOBAHHS IMPOLIECY OYMIIEHHS CTOKIB. BMicT KuCHIO
€ CYTTEBUM sl aepOOHOI0 JUXaHHS 1 € IHAUKATOpPOM 010JI0TIYHOI aKTHBHOCTI Y
BOmO¥MMI [7].

Y HOpMaTHBHUX J0KyMeHTax (Hanpukiaa [ISO 5667-2) HaBeleHO 3araibHi
BUMOTH Ta PEKOMEH/Iallii, SIKi CJTil BUKOPUCTOBYBATH ISl OTPUMAHHS penpe3eHTa-
tuBHEX 10 nipo0. Pi3Hi BuaM BomoiiM (BOMHUX 00’ €KTIB) 3yMOBIIIOIOTH JIESIKI 0CO-
OnuBOCTI BiIOOpPY POO B KOXKHOMY BUIMAAKY. Po3misiHemo ocHOBHI 3 HuX. [IpoOu
3 pIYOK Ta BOJHMX TMOTOKIB BiJOMPAIOTH JIJIsl BU3HAYCHHS SKOCTI BOIU B OaceiiHi
PIUKH, TPUIATHOCTI BOIH Ul XapuOBOTO BUKOPUCTAHHS, 3POILIECHHS, AJIsI BOIO-
TIOKO XyZ00U, pUOOPO3BEACHHSI, KyITaHHS 1 BOIHOTO CIIOPTY, BCTAHOBJICHHS JKEPET
3a0pyaHeHHs [9].

Crnig 3a3HaumTH, IO SKICTH BOAW Y BOAOMMax (K B 03epax, Tak U y piu-
KaX) HOCHTbh IMKIIYHUN XapakTep, MPUUOMY CIHOCTEPIracThCs 1000Ba i Ce30HHA
IUKJTIYHICTb. 3 Ii€1 MPUYMHY MOICHHI IPOOH CJIiJT BiIOUPATH B OMH 1 TOM JKe 4ac
nobu (Harpukia, o 12:00), a TpUBaTiCTh CE30HHUX JOCITIPKESHb TIOBUHHA Oy TH HE
MeHIIIe | poKy, BKIIOUAOuH TOCTIIKEHHS cepiil mpo0, BiiOpaHuX MPOTITOM KOXK-
HOI TIopu poky. Lle 0coOIMBO BaXITUBO JUISI BU3HAYCHHS SIKOCTI BOJIU B PiUKax, 10
MarOTh Pi3KO BiZIMiHHI PEKUMHU — MEKEHb 1 MaBOJOK. PiBeHb 3a0pynHEeHHs BOAM i
KJIac SIKOCTI (3aJI)KHO BiJl MOKa3HMKA PO3YMHHOTO KUCHIO) HAaBEJICHO B Tabmuili 1.

Tabauys 1. PiBeHb 3a0pyIHeHHS BOIM i KJ1ac AKOCTI
(3a/1€5KHO BiJ MOKA3HUKA PO3YMHHOI0 KMCHIO Y BOJ0IiMIi)

PiBenn 3a06pyaHeHHs Po3unHHMii KUCEHb

BOJIM i KJ1aC SIKOCTi Jito, mr/am? 3uma, Mr/am’ % HacHYeHHsI

Jysxe ancri, | 9 14-13 95

Yuceri, 11 8 12-11 80

[TomipHo 3a6pynHeHi, 111 7-6 10-9 70

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

BpynHi, V 32 5-1 30

Hyxe 6pynHi, VI 0 0 0
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Jlis BU3HAuYCHHS BIUIMBY MICISl CKWJAHHs CTIYHHUX BOJA 1 BOJ TPUTOK,
poOu BiZIOMPAIOTH BHIIE 32 TEYIEHO 1 TOUIIl, JIc BIIOY/IOCS MOBHE 3MIIlIaHHS BOJI.
Cunig Maty Ha yBasi, 110 3a0pYAHEHHS MOXYTb OyTH HEPIBHOMIPHO HOIIUPEHi 10
MOTOKY PiYKH, TOMY 3a3BHYail MpoOH BiIOMPAIOTH B MICLSIX MaKCHMAIIBHO OypX-
JMBOI Tedil, e moToku Ko0pe mepeminnyrotses [10, 11]. [TpoGoBindipHuKY moMi-
LIAI0Th BHU3 32 TEUI€I0 TIOTOKY, PO3TALIOBYIOYH HA MOTPIOHIHM TITHOHHI.

PesynbTaTn pocaigkeHb Ta ix o0roBopeHHsi. OCHOBOIO ISt JOCSAT-
HEHHS CTIMKOro 30a71aHCOBAaHOTO PO3BUTKY OyIb-sIKOI TEPUTOPIi € He TUIbKU
HasBHICTh TIEBHOI KUTBKOCTI BOIHHMX PECypciB, ajie ¥ iXHs BiAMOBiAHA SIKICTb.
[IpoGnema 3a0e3neueHHs BOJHUMHU PecypcaMu B YKpaiHi € 0COOIMBO TOCTPOIO,
OCKIJIbKH 3a 3aracaMu BOIH, IO (POPMYIOTbCS Ha TEPUTOPii KpaiHu U € ToCTyTI-
HUMH 7151 BAKOPUCTAHHS, JepiKaBa € OJHI€I0 3 HaliMeHII 3a0e3MeyeHnx Kpain
€Bponu. MiHiMalbHUI piBeHb Boo3abe3nedeHocti, BusHaueHnit OOH, craHo-
BUTH 1,7 THC. M® Ha pik Ha 1 monuny. B YkpaiHi 1ieii moka3HUK CTAHOBUTD JIUIIIE
1,0 tic. m*. ToMy 0COONMHMBO TOCTPUM TIOCTAE MTUTAHHS SIKOCTI BOXHHX 00’ €KTIB
B Halliid KpaiHi, SIke 3aJeKUTh BiJl aHTPOIIOTEHHOTO (PaKTOPY Ta YaCTKOBO BiJ
MPUPOAHUX-KITIMATUYHAX OCOOTMBOCTEN MiCIIEBOCTI.

Pi3H0OiuHe BMBYECHHS MPOOIEM NPUPOIOKOPUCTYBAHHS OCOOIMBO aKTy-
aJbHE JIJIsI pETiOHIB 3 BUCOKHM CTYIIEHEM TOCIIOapChbKOTO OCBOEHHS IPUPOTHUX
PeCYpCIB, BEJIMKOI TPUBANICTIO (JEKLIBKA CTOJITH) iX IHTGHCUBHOI €KCILTyara-
nii. Came 10 Takux palioHIB BiTHOCHUThCS Oaceitn J{HicTpa. [[HicTep posraiio-
BaHMI Ha I'yCTO3acelIeHIi TepUTOpii 3 BUCOKUM MPOMHUCIOBUM MOTEHIianoM (Y
BEpXHill YacTHHi OaceliHy) Ta iIHTEHCHBHUM PO3BUTKOM CLIBCBKOTO TOCIIOAp-
cTBa (y cepenHill Ta HUKHINM YacTUHAX OaceliHy). 3HAuHI KOJIMBAaHHS BOIHOTO
CTOKY, 3JMBOBHUH TiAPONOTIYHUN PEXKHM, BUCOKa IHTCHCHUBHICTH BOJOKOPHC-
TYBaHHSI Ta CKHJ IPOMHCIOBUX, TOCMOAAPCHKO-MOOYTOBUX Ta CLIBCHKOTOCIIO-
JIapChbKUX CTIYHUX BOJ CTBOPIOIOTH y OaceiiHi [IHicTpa HecTabinbHY TiIpOeKo-
noriuny cutyailito. L{e 3yMOBIIO€ HEOOXIAHICTh KOMILIEKCHOTO JOCIiIKEHHS
rizpoximiuHoro crany 6aceiny JHictpa.

Ha croromsi rooBHOIO GOpMOIO y3arajlbHEHHS MOHITOPUHTY pe3yJbTa-
TiB HAyKOBHX JOCIIPKEHb MPH CIIOCTEPEKEHHI1 32 SKICHUM Ta KiJIbKICHUM CTa-
HOM BOJIHHX PECYpCiB JaHOTO MPUPOJHOTO MapKy € aKTh mepeBipku Jlepxas-
HOT €KOJIOT1YHOI iHCcTeKIii OnechKol 00IacTi, TOCHIHKeHHS. HAyKOBOTO BiIUILTY
napky Ta Jlitonuc napky, SIKuii BeAeThCsl BiANOBiAHO nporpamu JliTomucy npu-
ponu 1uist 3anoBigHuKiB HamioHaneHUX HITIT Yipainu.

[Ipu nocnimkeHHsX OylnO BCTAHOBICHO, IO TEPUTOPiS BOTHO-OOIOTHHX
yTifib, a 30KpeMa IUTaBHi — SBISIOTH COOO0 TaKi TUISTHKH, SIKi KUBJISITHCS BOJIOTOIO
BiJI TyCTOI MEpexXi pyclIOBUX BOJOTOKIB. OCHOBHUM €JIEeMEHTOM Ha JIaHil TepUTO-
pii ang nanamadTHOT TUPIIOBOT AUTHKY € MMOHU33s piuky J{HicTep (4K 3aruiaBHi
o3epa). Buxoasun 3 yHIKaJIbHOCTI TEPUTOPIi MO CBOEMY OiOPI3HOMAHITTIO, LIO
30epircst B OTOUSHH1 MPOMHCIOBO-OCBOEHUX paiioHiB Oneninny, nensra JHicTpa,
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Jie po3TanoBaHo HmxHBOIHICTPOBCHKMIT HALlIOHAIBHUIN MPUPOAHUI TIAPK, SBIS-
€THCS IPUPOIHUM 0araTcTBOM CBITOBOTO HaaOaHHS (PUCYHOK 1).
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Puc. 1. 3onyBanns HIIII HuxHboaHICTPOBCHKUI
(po3TamyBaHHs BoAHO-000THUX yrias HIIII Ta nputoku p. nicrep)

OTxe, po3NISIIAI0YH Miclle3HaXOMKEeHHS [IHICTPOBCHKOTO JTMMaHy, KyIH
BXOJIATh MEPEIiK BOTHUX OOJOTHHMX YTiJb MDKHAPOMHOTO 3Ha4YeHHs OmechKol
o0JacTi 3arajpHOI0 TIONEer0 HIKHBOJHICTPOBCHKOTO HAIIOHABHOTO MIPHPOJI-
Horo mapky 21,5 ra, mo oxormitoe Aensry JHinpa piuku J[HICTep Takox pa3om
3 UM 11 3aI1aBHi 03epa pykaBu J{HICTpOBChKUI TUMaH. TakoK CIOIU BXOIATh
cMaparmoBi Mepexi, sIKi CKJIQIal0ThCsl B OCHOBHOMY 3 Ti€l YaCTHHU TEpUTOPIi,
sIka YTBOPIOE 3arajibHy ii YaCTUHY Ta CKJIAJa€ 0COOIMBUIA MPUPOIOOXOPOHHUH
KOMIUIEKC TPU3HAYEHUH U JOBTOCTPOKOBOTO JKUTTSl Pi3HOMAaHITHOTO BHIY
¢utopu Ta dayHH, a TAaKOXK JJIs 30€PEIKEHHSI IX OCHOBHUX MICI[b PO3MHOKEHHSI
Ta BIJIHOBJIEHHS.

TonosHoO pocnuHo0 ¢rnopn HamionansHOTO PUPOIHOTO TTIapKy Hiuk-
HBOJIHICTPOBCHKHI Ha TEPUTOPil BOJHO-OOJIOTHUX YTi/lb € OUYEPET Ta POCIHHU
3aIUIaBHOTO JICY, SIKUHM MIATPUMYE YCi PI3HOBUAM POCIUHHOTO Ta TBAPHHHOTO
CBITY, III0 MOXYTh IepeOyBaTH il 3arpo30l0 3HUKHEHHS 3 JAHOI TEPUTOPIi.
Jocnimankn HIKHBOAHICTPOBCHKOTO HAIIOHATBHOTO TPUPOJHOTO TIAPKY PO3-
pOOJISIOTh HAYKOBO OOIPYHTOBAHI 3aX0/IM Pa3oM 3 KOMIUIEKCAMH IHIOA0 MiHIMi-
3allii BINIMBY aHTPONIOT€HHUX (PaKTOPiB Ha pallioHaTbHE BUKOPUCTAHHS KOPHC-
HUX BJIACTUBOCTEH BOIHO-00JIOTHHUX YTi/b.

CTocoBHO 3anoBiqHOT 30HH HarioHaibHOTO MPUPOTHOTO TapKy BiIOMO,
110 J10 Hel BXOATh TUIOBI JTaH 11ad T BOAHO-00JOTHUX YTi/b TaKi SIK: HU3WHHI
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Oonota 0e3 Jica, 3amiaBy, Jic 3a00J0YCHUHN ,BEITUKI JIISTHKU 3 IOMIHYIOUUMU
JepEBHOBOJAHOT MOPOIM Ta KOJIOBOAHOI POCIMHHOCTI, YarapHHUKiB. OCHOBHa
YacTuHa TepuTopii BogHo-0omoTHuX yriap HIII, a Takox mpuiuMaHHi IO
IUIABHIB CKJIAIAl0Th TaKi AUISHKH, IO JKUBJISTHCS BOJOTOIO BiJl I'yCTOI Mepexi
PYCIOBHX BOJOTOKIB. YCIO OCHOBHY 4YacTHUHY TepuTopii HmkHBOAHICTPOB-
cpkoro HarioHansHOTO MPUPOMHOTO MAapKy OKPECIoe pycio piuku JIHicTep,
sIKa XapaKTePU3Y€EThCS 3HAYHOIO 3BHBHCTOIO Ta BEJIMKOI KUIBKICTIO BUTHHIB,
piunia, MeaHIpiB. 3roqoM Ha TEPUTOPIi NaHOT PIUKH Y 3aJUILIEHOMY OCHOBHUM
IIOTOKOM PIYMINa YTBOPIOEThCS crapulli. [lil 4ac MOBEHI 3 MAaBOIKOBHUX BOJ
3HAYHOIO YaCTHHOIO MIOTIOBHIOIOTHCS PIYKK Ha MiBAHI YKpaiHH HE BUHATKOM € i
piuka JlHicTep Ta MPUTOKH PYKaBiB, SIKI MIiCJISl BEIUKOI KUTBKOCTI HAKOITUUEHHS
BOJM YTBOPIOIOTH OJHY 3arajbHy YaCTHHY BOIHOTO CEPEIOBHUIIIA.

lonoBHOIO pUCOIO BOXOWMH TEPUTOPIi B MaiiOyTHHOMY € TIPHUTYIIKOM Ta
MPOCTOPOM ISl KHTTS 1 pO3MHOXKEHHS Ounbil sik 1500 BUAIB MpencTaBHUKIB
POCIIMHHO-TBAPUHHOTO CBiTYy. Yepe3 MOCTiiHe MOTIOBHEHHS BOJOWM MTOTIOBHIO-
€TBCS 1 KUTBKICTD PI3HOBHIIB PUOM HA JaHil TEPUTOPIi TOMy BEJHKa KUTbKICTh
JISIIIIB, OKYHIB, KApaciB, TOBCTOJI001B, COMIB PO3MHOXKYIOTHCS CAM€ B IIMX 3aIljia-
Bax HmxupomHicTpoBcrkoro HIIIT Ha TepuTopii BogHO OonoTHUX yrigs. o
BOJHO-OOJIOTHUX YTib AaHOI TEPUTOPIl TaKOXK HaNEXaTh HA/A3aIlUIaBHI Tepacu
piuku J{HicTpa Ta camoro J[HICTPOBCHKOTO JIUMaHY.

BioTonHe pi3HOMaHITTS Ha JaHii TEPUTOPIi 3yMOBIIOE 0ararcTBO pocC-
JMHHOTO CBITY BOAHOTO CEpeAoBHINA. SKIIO XapaKTepu3yBaTh POCIUHHHN
CBIT BomHOOONOTHUX yTiAb Aanoro HIIII, To cmix cka3aTu, 10 MacHBH JCPEB-
HUX POCIIMH PO3TalIOBaHi came Ha NMPHUPYCIWBUX Bajax piuku [Hicrep, piuku
TypyHuyk Ta piuku [muboxkuii TypyHUYK, SKi B3ZOBXK MiBHiYHOTO Oepera JIHi-
CTPOBCHKOTO TUMaHy POCTYTh KOPIHHSAM Y BOAHO-OOJOTHUX 3arljiaBax.

[Tpu npoBezeHi gociaKeHHs OyJI0 BCTAHOBIIEHO, [0 HETATUBHUM BILTH-
BOM Ha BOZIHY ekocucteMy Humxuponanictposcskoro HIIII € antponorenHi daxk-
TOPH Ha JaHild TEpPUTOPIi, IKi CTBOPIOIOTH MPOLIECH 3a0pYIHEHHS Ta YaCTKOBOI
Jierpajaiii BOMHOOOJOTHUX YTifb. X0YEThCS BiJI3HAYHTH, 11O YEpe3 Te, 10 Y
MUHYJIOMY CTOpiu4i mpoBoauiocs OyaiBHUITBO [lybGacapchkoro BOJAOCXOBHIIA
ta JuicrpoBcrkoi 'EC, To B Leit nepion Oyno Bia3Ha4eHa 3MiHA MPHUPOIHOTO
peXUMY MaBOAKOBHX BoJ. [lapanensHO 3MiHIOBaBCS BOAHWE pexuM. Uepes
CTPIMKi TMAaBOJKOBI TOTOKH TIIIOB IHTEHCUBHHHA TPOMKCEN BHUJIOBIIOBAHHS
pubH Ta IHTPOMYKIist HOBUX BHIIB PHO 3 UMM 3p0OCIIO OPaKOHBEPCTBO Ha NaHIH
TEPUTOPIi.

Yei 1i nporecu npu3BeH JI0 TOro, mo ONMu3bKicTh OnechKoi MPOMHUCIIO-
BO-MICHKOI aryioMeparliii i 3Ha4Ha JTOCTYIHICTh JI0 BOXHOOOJOTHUX YTilb HaHOT
TepUTOpii crpusiii (GOPMYBAaHHIO HEOpPraHi30BaHWUM IiISTHKaM pekpeauii Ta
BiJIMOYMHKOM, 1110 MIPU3BEJIH J0 3aCMIUYCHHS 3HAYHOI 4YacTUHU TepuTopii Harrio-
HAJBHOTO MPUPOAHOTO TAPKY.
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o cTocyeThcs XapaKTEpUCTHKH piduku JIHiCTEp, TO MOXKHA CKa3aTu, 10
cama piuka y BepXHiil yacTHHI B MexaX yKpaiHChbkux Kapmar — me TumoBsa rip-
ChKa piuKa, Ka Ma€ By3bKy Ta INIMOOKY JIOJHHY, a TIOTIM e aX 10 XOTHHCHKOT
BUCOYMHH, JIaNi 10 CBOEMY PyCIy B MOHM331 piuka BUXoAuTh Ha [IpudopHo-
MOpPCBbKY HU30BHHY. BeepenuHi Teuii piuku JHicTpa € MPUTOKH, SIKi BIAAalOTh
nuie 3 JgiBoro 6oky: 36pyy, Ctpuna, Cmotpuy, 3omnora Jluna ta Ceper. Paiion
smutTs TypyHuyka 3 JIHicTpoM 3aHeceHi 1o Mi>kHapoaHOTo niepelniky Pamcap-
CBKOT KOHBEHLIii CTOCOBHO 3aXHCTy BOJHO-0OJOTHUX yTifb. Ha miil Teputopii
BOJTHO-0OJIOTHUX YTi/Ib JOCIIHUKAMHU 3aPEECTPOBAHO BEJIMKA KUIBKICTh PHOU
MiJ] Yac HePECTY.

Bonu JlHicTpa 3acTOCOBYIOTH JUIsl BOAONOCTAYaHHS BEJIMKOI KIIBKOCTI
HACEJICHUX ITyHKTIiB, a TaKOK BUKOPUCTOBYIOTH AJISl 3POILEHHS B Pi3HUX Cillb-
CBKOTOCTIOAAPChKUX Ta NOOYTOBHX LIIsIX. Y BepxHiit yactuHi J{HicTpa, e BOHA
Oepe MmovyaroK, piuKy BUKOPUCTOBYIOTH SIK JicOCIUIaB. Ha neBHilt Teputopii KoH-
LEHTpalis HA3KH 3a0pyIHIOI0YHX PEYOBHH BHILA TPAHUYHO JOIMYCTHUMHUX KOH-
uentpauniid. Lle moB’s3ano 3 TuM, oo Ha JIHICTpi po3TamoBaHi Taki MicTa, SIK
MorumniB-Iloginscekuii, Ammine, Kam’siaka, ly6acapu, bennepu Ta psin iHIImx
MICT, SIKi HEJOOPOCOBICHO BEIyTh CBOIO TOCIMOAAPCHKY MisTIBHICTH 1 OYHMCHI
CIOPYAH PO3TAIIOBYIOTHh Ha MPHOEPEKHiil 11 TepuTopii, iIHOMI CKUAAIOYN CTOKH
moOyTOBHX BiZIXO/IB BOJHUX CaMe B JIaHY PIUKY.

CykynHicTh TeBHOI rpynu BojopocTel (amproduopa), ski >KUBYTh Ha
noBepxHi J{HicTpa Ha AaHWII MOMEHT Haliuye 75 BUAiB BogopocTel, 3 Hux 50 %
CTaHOBIATH NiamaHTOBI 40 % 3elieHi Ta iHII CHHBO-3eJIeHI BojopocTi. Ha mpo-
TA31 YChOTO BETeTAIIHOTO TEePiofy OCHOBY (DITOIUIAHKTOHY CTBOPIOIOTH Jlia-
MaHTOBI Ta CHJILHO-3€JIeHI BoopocTi. JluHamika itomiankToHy OGe3nocepen-
HBO 3aJISKUTH BiJl KIIIMaTHYHUX YMOB CE30HHUX XapaKTEPUCTHK Ta CKIAJHOTO
KOMIUIEKCY TiJpOXiMIYHHX 1 TipOreonoriyaux yMoB Bogoimu. [Ipotarom ycix
YOTHUPHOX CE30HIB JIOCIIPKYBaHHs OyJI0 BCTAHOBJIIEHO J1aMaHTOBY IPYILY BOJO-
pocreit Ha J{HiCTpi 13 3arajbHOI0 YHCENBHICTIO (iHTOMIaHKTOHIB moHag 50 %
Oysia yacTKa caMe 3eJieHUX Bojopocted. BiiTky /laHa BuI0Ba pi3HOMAaHITHICTb
BOJIOpOCTEN 3MeHIIIyBanacsa Ha 5 %.

Bocenu piBeHb po3BUTKY MacH (HiTOIUIaHKTOHY B piuli JHicTep 3amuma-
€TBCSI IOCTaTHHO BUCOKUM BHU3 TI0O Tedii piuku JJHicTep B Mipy BifmaneHHs Bil
AHTPOIIOTEHHUX JKEPe 3a0pyIHEHHS, @ TAKOXK Mipy BiJ HAAXOIKEHHS 10 HHOTO
npuTtoku piuku Crapuit muman. KinbkicHuH Ta sSIKiCHUH ckial (iTOTUIaHKTOHY
30arauyBaBcsi, 00 PO3BUBAaBCA NMPUPOAHUM HUISIXOM. Ha HUIIXy po3BUTKY MpH-
POIHUM LUIIXOM yTBOPIOBANACH BEJIMKA KUTBKICTh OPraHiqYHOT peUOBHHU, TOMY
JKUBa OioMaca JaHoro (hiTOIUTAHKTOHY B MailOyTHBOMY CTaHOBHIJIACS 1XKEo s
BEJIMKOT KUIBKOCTI Buj puO. [1aBOiKOBI BOIM 3HAYHO BIUIMBAIOTh HA PO3BUTOK
BUIOBOTO cKiaay anbroduopu piuku JHicTep, sika mif 4ac BENUKOI KUIBKOCTI
BOJIOWMH TPaHCIIOPTY€E 3HAYHY KUIBKICTh 3aBUCIMX pedyoBUH. Micis Bizbopy
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3pa3kiB Boau 3 BomHO-00moTHHX yriap HIIIT HukHbOMHICTPOBCHKUHE MOOIU3Y
¢. Masiku HaBeIeHO Ha PUCYHKY 2.

Puc. 2. Micus Bindopy 3pa3kiB Boau 3 BOAHO-00JI0THHX YTib
HIIII Hu:kHbOAHICTPOBCHKU

Sk mokazanu OCHIDKEHHS, TO IiJl Yac 3aMyTHEHHS BOJIU KUIBKICTh
BH[IB QiTOINIAHKTOHY 3MEHITYBajach Npuonu3Ho 10 10 %, 1 mepeBaxkanu aia-
MaHTOBI. [1i7 yac 3MiHM 3 JIiTa HA OCIHb BUJIOBA PI3HOMAHITHICTH BOJOPOCTEH
IUTAaHKTOHY Ha cTBOpi Oinst Anictpa 10 30 BHAiB, 10 TOB’A3aHO 3 MOHUKCH-
HSIM TEMIIEpaTypH BOJIW. XapaKTepHUM SIBUIIEM JJIsl 3HAYHOT YACTHHH PidKU
JlHicTep € MOBEHI Ta MABOJIKOBI BOJIM, SKi IiJl 4ac MaBOAKIB (POPMYIOThH JI0
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50 % piukoBOro CTOKY. IHIII BiACOTKHU Iie OYAyTh CTOKH 3 MPHUPOAHO TOCIIO-
JIaPCHKUX KOMIUICKCIB.

3a AaHMMU TIPOBEICHHMX MociimpkeHb HaykoBismu HIIIT HwxHbOMHI-
CTPOBCHKHI OYyJI0 CTAaHOBJIEHO, IO Ha TEPUTOPIi pu BigOOpi mpod BoaM Taki
MOKa3HUKH 11 SIKOCTI, SIK pO3uMHHUHN KuceHb, BCK, HiTpaTH Ta HITPUTH mepe-
Baxkayn 3HaueHHs HopMmarusiB [JIK. [ani nocnimkens HaBeneHi B Tadmuii 1.
PerymnroBaHHS SIKOCTI Ta TiAPOJIOTIYHOTO peXUMY piuku JlHicTep citig KOHTpo-
JIIOBATH IIOCE30HHO, TOMY IO Yepe3 BTPpyUYaHHS MEBHUX aHTPOIOTCHHUX (aK-
TOPIB JIesIKi TOKAa3HUKH MOTiPUIYIOTHCA.

Exonoriunuii ctan BogHuX 00’ €KTiB Oaceiiny piuku JHicTep 1 mo cboroa-
HIIIHIN IEHB € aKTYaJIBHOIO MTPOOJIEMOIO 3 TOYKH 30y CKOJIOTIYHOTO CTaHy TOMY
110 HepallioHaJIbHE 3aCTOCYBaHHS BOIIU B OyIb-sIKiil cpepi JIIOACHKOT AisTbHOCTI
MOJKE MPHU3BECTU JO HEraTUBHUX HACHIJKIB B JIAHOMY PEriOHI CTOCOBHO BOJI-
HOro cepenoBuiia. [1ocTiiHUI MOHITOPUHT CY4acHOI €KOJIOTIYHOI CHTYaIlii Ta
cTaHy OaceitHOBOI TepuTopii piuku J[HiCTep a TakoK opraHizailisi BiAIIOBIIHO
YIpaBIliHHs OXOPOHH Ta 3aCTOCYBaHHS BOAHUX PECypCiB Jla€ 3MOTY HaM OKpec-
JIUTH KOJIO OUTBII aKTyaJbHIIIUX MPOOIEeM sIKi caMe ChbOTOIHI IMiJUISIral0Th ITiJ|
PO3IIsIAHHS AJIs1 HAIIO1 BIaay mo0 B MOAAJBIIOMY YHEOE3MEeUnTH KaTacTpo-
(ivHU BIUTMB aHTPOIIOTEHHOTO XapaKTepy Ha cTaH piuku [Hicrep.

OnHUM i3 TOJIOBHUX TPIOPUTETIB BEJCHHS ACP>KaBHOI BOAHOI MOJITHKU
Ta TOJIOBHOIO METOI0, sIKe O CIIPHUSIIO BiAHOBIEHHIO 1 CTBOPEHHIO CTAJIOTO (PyHK-
IOHYBaHHS PIYKOBUX EKOJIOTIYHUX CHCTEM Oya0 O eKOJOoTiuHe 0310pOBJICHHS
piukoBUX OacelHiB.

Tabnuys 1. KoHueHTpamii pe4oBHH y cTBOpax Bogo3adopis JnicTpa
(B onmHMusX KpaTtHocTi BixnoBinnux I'/IK), 2021 p.

Micue nouarky Bindopy npod Ta KiHueBe IpH cocTepesKeHHi
11:’(';2;‘;“;" 3a axicTio Bogu (p. Jnicrep, Bono3adip)
BIACTHBOCTE! HOpl.VlaTI/IB a5 M. Hosuii Po3aii, A ¢. Masiku
(He OlsIbIIIE) JIbBiBCbKA 00/1aCTH Onecbka 00s1acTh
aBuCIT
pZHOB;HH 20 58/52 12,6/12.5
Po3unnenwmii
O eorn >4 7,6/8,8 9,9/9,1
Xck 15 12,3/10,3 13,4/12,5
Bek 3 2,6/2,4 34/3,1
Cynbdaru 100 45,6 /39,6 49,6 /47,2
Xiopuau 300 47,3/57,0 34,2/28,0
c’gx%f:fﬁ 0,39 0,36/0,38 0,24 /0,19
Hirpatu 9,0 2,65/1,25 9,8/9,5
Hitpuru 0,02 0,028 /0,021 0,027 /0,03
docharu 0,17 0,14/0,16 0,09 /0,02
3ami30 3ar. 0,1 0,36/0,32 0,1/0,09
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BucnHoBku. /[ Teputopii BOAHO-00IOTHOTO OCHOBHUM (PaKTOPOM TpH-
POAHUX 3MiH € JUHAMiKa BOJHOTO PEKUMY. SHH)KEHHSI PiYKOBOTO CTOKY MIPU3BO-
JUTh JI0 3aMYJICHHS, 130JIA1[i1 BOJIOWM BiJl BOJIOTOKIB, 1110 CIPUSE IX OOMITIHHIO
[12]. [Ticnst TakuX IPOIIECiB BiIOYBAETHCS 3HAUHE 301IBIIIEHHS ILJIOI, 3aHHATHX
0010THOIO pocuHHICTIO. OCTaHHI AeCATUPIYYS L€ CTAIO0 IOMITHO Ha MPUKIai
JYYHUX YIPYIIOBaHb, IO 3’ SIBUJINCS Ha TEPUTOPIi mopsiy 3 nepeiznom Masku—
[Namanka, 1e oyepeT iHTEHCHBHO 3aiiMa€ IUIOL, SIKi 3aiHSATI JIy9HOIO POCIUH-
HicTro0. Taki aHTPOMOTeHHI 3MiHH PO3IIUPEHHS IO OYEPETSIHUX 3apOCTiB Ta
301IBLICHHS] YMCEIBHOCTI POCIMHHOCTI YT 32 XapaKTepoM € KatacTpodiu-
HUMH Ta Hece 3a cO00r0 HeTaTHBHI HACIIIKH.

OcHOBHUMH (haKTOpaMU aHTPOMIOTEHHUX KaTacTpo(iuHUX 3MiH € OyaiB-
HUITBO TiIPOCIOPY/, CTABKOBUX CUCTEM, KaHAIB, IO TPU3BOAUTH JI0 3HIKEHHS
3arajJibHOr0 OOBOJHEHHS IUIAaBHIB y PE3yNbTaTi 3aperyliOBaHHS BOAOTOKIB i
3MEHILEHHS CTOKY piku. HeraTmBHO Taki mpolecy BIUIMHYIM i HA YUCENBHICTh
JYTOBHX yTpynoBaHb, 90 % TepuTopii sIKMX 32 OCTaHHI AECATUPIYYS MepecTann
icHyBaru, yepe3 OymiBHUUTBO Tpacu Masiku — [lananka B cy4acHOMY BHIVISLII,
HuictpoBcbkoi [EC, puOorunigHUX CTaBKiB, a TakoX yepe3 OyIiBHHLITBO Y
2005 p. 4OoBHOBOI 0a3M 3 INITYYHUMH KaHAJIaMH, JOPOTaMH, KOTEKaMU Ois
c. Masiku, sike DOKOPIHHO 3MiHWJIO 3aIlIaBHI JIyKH, Ha MicCIi sSIKux Oyno 30y-
JIOBaHO O3HauyeHy Oa3y. HaykoBo-texHiuna paga HIIIT HuxHEOTHICTPOBCHKUI
HaJiaJla MPOEKT 1HIIIOTO MapIIPyTy MepepoOKH B MOKPAIEHOMY BapiaHTi peKOH-
CTpyYKUii, sIKi He OyITyTh MOTIPIIyBaTH CTaH BOJHO-OOJIOTHUX YTilb.

CyuacHa X Tpaca B CBOEMY HOBOMY (opmaTi — Ii¢ Maibke CyliabHa
JIOPOXHsI Tpaca-mamba, sika OJOKye HOpMaJbHUN BOJOOOMIH y MiBHIYHIN
yacTuHi J{HICTpOBCHKOTO JIMMaHy, BHACTIJOK YOTO 3aIlUIaBHI JIyKH BOJHO-00I0T-
Horo yrigas HIIIT HuwkHboOHICTPOBCHKHIA 3aMYIIOIOTBCS Ta 3apOCTalOTh O4e-
perom. Cepea MOCHiAOBHUX 3MiH HaHOLIbII 3HAYYIIMMHU Ha TEPUTOPIi yrias €
BUMAIIOBaHHSI Ta (eHiCeKIialbHi 3MiHU.

OTxe, Ha OCHOBI MPOBEJACHUX JOCIIKCHh MOKHA 3pOOUTH BUCHOBKH,
o OaceifH p. [IHicTep po3TamoBaHuii Ha TyCTO3aceeHill TepUTOPil 3 BUCOKUM
MIPOMHUCIIOBIM HOTEHLIAJIOM Ta IHTEHCUBHUM PO3BUTKOM CIJIbCHKOTO TOCIIOAAP-
cTBa (y CepenHill Ta HUWKHINM YacTUHAX OaceliHy). 3HAuHI KOJIMBaHHS BOJHOTO
CTOKY, TiIpOJIOTIYHUI pEeXHUM, BHCOKA 1HTEHCHBHICTh BOAOKOPHUCTYBaHHS Ta
CKUJI CTIYHUX BOJ CTBOPIOIOTH y OaceliHi J{HicTpa HecTabiibHY TiAPOEKONIOTIHHY
CHUTYyalilo BoAHO-00510THUX YTine Teputopii HITIT HukHBbOIHICTPOBCHKHIA.
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ANALYSIS OF THE ASSESSMENT OF THE QUALITATIVE
ECOLOGICAL STATE OF WETLANDS OF THE LOWER
DNIESTER NATIONAL NATURE PARK

Almashova V.S. — Candidate of Agricultural Sciences, Associate Professor,
Kherson State Agrarian and Economic University,
vikadianal 981@gmail.com

Research and assessment of the state of the territory of the nature reserve fund of
Ukraine (both land and water areas) with special environmental, scientific, aesthetic and
recreational value have always been relevant in the context of conservation of natural
diversity. The main purpose of the creation of National Nature Parks (NNP) is precisely
these activities, which will allow the full development of all species of flora and fauna
adapted to certain climatic conditions [1].

This article presents the data of scientific research and their analysis concerning
the current problems of rational use of wetlands 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,
unauthorized 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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AKICTb MUTHOI BOAW 3 BIOBETIB
TA CUCTEMU LEHTPAJII3OBAHOIO
BOAOMOCTAYAHHA MICTA OAECA

Bbpeyc /I.C. — k.c.-2.H., Ooyenm kagheOpu eKono2ii ma cmanozo po3euUmxy
imeni npogpecopa FO.B. ITununenka,
Xepcorncvkuii 0epoicasHuii azpapHo-eKOHOMIYHULL YHIBepcumen,
breusd87@gmail.com

Boxa e npyrum 3a BaXJIMBICTIO KOMIOHEHTOM, HEOOXIJHUM JUIS JKUTTA JIIOAWHH.
VY cuctemi hakTopis, 110 HOPMYIOThH 3)10p013 s JTIOMMHH, TUTHIN BOMI HAJICKUTH MTPOBI-
Ha poub. 3a 1aHuMu BeecBiTHBOT opraﬂlgauu OXOPOHH 3110pOB ’s1, 25 % HaceleHHs Ma-
I0Th PU3HMK OTPHMATH 3aXBOPIOBAHHSI, TIOB’sI3aHi 3 BXXUBAHHAM HESIKICHOT MMTHOT BOJIH.
BaxnuBicTh OTpUMaHHS SKICHOT MUTHOI BOAW JUISl HACENICHHS YKpaiHM IiITBEp/DKEHA
gacoM, 1 3apa3, B yMOBaX IIOBHOMAcCIITa0HOI BilfHH, IIe 3aJIMIIAE€THCS OMHIEIO 3 TOIOB-
HUX TpobieMm [lepxkaBHOi cmyxOn YkpaiHu 3 THUTaHb O€3MeKH Xap4OBUX IPOIYKTIiB
Ta 3aXHCTY CIIOXKHMBauiB. Y CTarTi pO3MISANAIOTHCS IMHUTAHHS SKOCTI MHUTHOI BOAM, IO
MOCTAYAEThCS Yepe3 OFOBETU Ta CHCTEMY IICHTPaIi30BAHOTO BOJOMOCTAYaHHS B MICTI
Opeca. IIpoanasnizoBaHo pe3yibTaTH JOCIIKEHb BOAM 3 PI3HUX JKEPE, BKIIIOUAIOYH
OFOBETHI KOMIUIEKCH Ta LICHTPANIi30BaHy CUCTEMY BOIOIOCTayaHHs. BUBYEHO OCHOBHI
cpi3m<o XiMiUHI TIOKa3HUKH, Taki K pH, )I(OpCTKiCTL BMICT HaniIO KalIito, KaJbIIilo,
HlTpaTlB Ta 1HIINX 3a6py;[H}oBaqlB OuiHeHO BiANOBIIHICTH SKOCTI BOAW CaHITapHO-Ti-
ri€HIYHUM HOpMaM i crauzapram. Takosxk JIOCTIJDKEHO BIUTUB Pi3HUX (DAKTOPIB, TAKHX,
SAK Ce3OHH1 3M1HI/I, TCXHI'{HI/II/I CTaH BOﬂOHpOBl[{HHX MEPEK Ta JHKEPEJ BOAOIIOCTAYaHH,
Ha SIKICTb MUTHOT BO/IW. BUsiBIIeHO 0CHOBHI po0JIeMH Ta 3aIpOITOHOBAHO PEKOMEH A
11010 TOJIINIIEHHS SIKOCTI IIMTHOT BOJM [UIsl MEIIKaHIiB Micta Oneca. J{is BU3Ha4eHHA
SIKOCT1 TUTHOI BoAH OYyII0 MPOBENEHO OI[iHKY BMiCTY OCHOBHHX XIMiYHHX €JIEMEHTIB y
BOIi, BiiOpaHiii Ha KOHTPOIPHUX TOYKAX, III0 PO3TAIIOBAHI TEPUTOPI€I0 MicTa. 3pa3Ku
JIOCIJDKYBAJIH 32 JJONIOMOTOI0 IIOPTATHBHUX TECTEPIB 3 I0HOCEICKTUBHUMH EJIEKTPO/Ia-
MU. BcTaHoBII€HO, 10 BMICT OCHOBHUX MaKpOKOMITOHEHTIB Y IUTHIiH Boai M. Onecu He
NepeBHILye rpaHndHo Aonyctumux koHnenrpauii (I1K), BctaHoBieHnX yKpaiHCBKHM
([epxaBHi canitapHi npaBuia i Hopmu 2.2.4-171-10) crangapToM SKOCTI OBEPXHEBUX
BOII, MPU3HAYCHUX I MUTHI oTpeOu. [IpoBeneHi moCmiKeHHS MOKa3all HaraabHy
moTpeOy B OHOBJIEHHI Ta BJOCKOHAJICHHI CHCTEM BOAONOCTAYaHHS Ta BOJOOYMIICHHSA
Mmicra.

Pesynbratu pochikeHHsT MaroTh BaXKJIMBE 3HAYEHHS JUIsl 3a0€3IeyYeHHs 3110-
poB’st HaceneHHst Micta Ozieca Ta MOXKYTh CTaTH OCHOBOIO JUIsi pO3POOKH CTparerii i
3axXO0JliB OO MOMIIMIICHHS SKOCTI IMUTHOI BOJY B PETIOHI.

Kitrouosi croa: ypbocuctema, sikicts Boau, [ IC-TexHOMOTIi, 3araqpHa TOKCHY-
HICTh, IPOCTOPOBHH PO3IOILI, MAKPOKOMITOHEHTH.

IMocTranoBka 3aBaaHHs. METOIO CTaTTi € BU3HAYCHHS SKOCTI IMHTHOI
BOJIM B OIOBETAX Ta Y CHCTEMI IIEHTPAII30BAHOTO BOAOIIOCTadaHHs MicTa Opeca.
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AHaJi3 ocTaHHiX Aociaizkenb i myoJikamii. 3apa3 maibke BCi BEJIHKI
MicTa BimuyBaroTh aedinmuT Bogu. CroxuBaHHSA Boau B HUX y 10 pasiB Buie,
HIX Y CUTBCBKIH MICIIEBOCTI, KpPIM TOTO, BOJIa B MiCTaX TipIIOi SKOCTI, a 1HOA1
1 He BIATIOBIZAa€ CaHITAPHUM HOpPMaM 4epe3 BiICYTHICTh BIAMOBITHUX TEXHO-
Joriii, obmasHaHHA Ta KOWTIiB. Boga € OCHOBHUM MPUPOAHNUM PECYPCOM, SIKUI
MIATPUMYE )KATTS, EKOCUCTEMH Ta JIFOACHKE CYCHIbCTBO. TakuM 9MHOM, TOCIi-
TDKEHHS AKICHOTO CKJIa/Ty Ta TOKCHYHOTO 3a0pyIHEHHS TUTHOT BOJIM Y CUCTEMax
BOJIOTIOCTAUaHHS BEIMKHX MICT € BaXJIMBUM MUTAHHIM JJISl CTAJIOTO PO3BHUTKY
ypbanizoBanux cucteMm [1]. Crarrero 15 3akony Ykpainu «IIpo cucremy rpo-
MaJICHKOTO 3/I0OPOB’1» BH3HAYEHO, 1[0 TPOMASTHI MAIOTh MPaBO Ha MUTHY BOLY,
Oe3IeUHY )T 3I0POB’ ST TA YKUTTS.

Bianosimao mo crarti 7 3akony Ykpainu «lIpo muTHY BOAy Ta NMUTHE
BOZIOTIOCTauaHHs» JiepKaBa rapaHTye 3aXKCT MPaB CIIOKUBaYiB y cepi TUTHOT
BOJIM Ta MUTHOTO BOJIOTIOCTAUYaHHS MIITXOM 3a0€3MeUeHHsI KOKHOT JTFOMUHY TTHT-
HOIO BOJIOI0 HOPMATHBHOI AKOCTI B M€XaX HAyKOBO OOTPYHTOBAHHX HOPM IIHT-
HOTO BOJIOTIOCTa4YaHHS 3aJIeKHO BiJl pailoHy Ta YMOB MPOXKUBAHHS Ta IUIIXOM
3MIMCHEHHS 3aXOIliB OPTaHi3aIlifHOTO, HAyKOBO-TEXHIYHOTO, CaHITAPHO-CITiIe-
MIOJIOTIYHOTO, €KOJIOTIYHOTO, €KOHOMIYHOTO Ta IPAaBOBOTO XapaKTepy IIOI0
TIOJITIIIEHHS SIKOCTI MUTHOI BOAX, PO3BUTKY IMUTHOTO BOAOMOCTAYaHHS, 3aXUCTY
JDKepell 1 CHCTeM ITUTHOTO BOJOTIOCTadaHHs [2].

Opneca € oqHUM 13 HAMOIIBIINX CIIOKMBAUiB BOIHUX PECYPCIiB B YKpaiHi.
IIutHa BOja TYT HAAXOAWTH 3 MICHKOI IIEHTPAIi30BaHOI CHCTEMH BOIOIIOCTA-
yanHs. Moro mpoTsKHICT Bix BUTOKY — piuku Jmictep 10 Micta — 350 k.
Piuka mpotikae mo Teputopii Ykpainu Ta MonmoBu, A€ po3TamoBaHO Oararo
BEJIMKUX MPOMHCIIOBHX 1 TOCTIOAAPCHKUX MIANPHEMCTB, Ki CKHIAIOTh y PIUKy
BEJIMKY KIJIBKICTh CTIYHHX BOA. 3HA4YHY POJIb y MUTHOMY BOJOTIOCTayaHHI MicTa
BiIIrparoTh TaKOXK OIOBETH, SIKI pO3TAIIOBAHI ¥ BCiX palioHax MicTa, i Je JIomu
MOXYTh OE3KOIITOBHO B3ATH MUTHY Boay. B Omeci 16 6roBeTiB, 1 BOHM MalOTh
pizHI BogoHOCHI Tropru3oHTH — Bif 120 mo 350 meTpiB. Yci HacocH 0OCITyTOBYyE
KOMYyHaJIbHE TAPHUEMCTBO, 32 TiApaXyHKaMH{ SKOTO IIOAHS MOCIyramu OroBe-
TiB KOPHCTYIOTBCA B cepenHboMy 45 THc. omecuTiB. Butpara Boau Ha omHOMY
oOroBeTi cranoBuTh 18-20 M* Ha 100y [3].

[IpoTsirom ocTaHHIX POKiB BiAIOBIIHI OPTaHU PEECTPYIOTH HEBIIOBII-
HICTh fKOCTi muTHOI Boau p. Juictep Bumoram JICTY 4808:2007 «/xepena
[IEHTPaTI30BaHOTO MTUTHOTO BOMOIIOCTadaHHs. [ iri€HIYHI Ta €KOJIOTiYHI BUMOTH
IIOJI0 SIKOCTI BOJM 1 MIpaBWJIa BHOWMpPAHHSY IIOAO JDKEpesia MTUTHOTO BOIOTIO-
cTayaHH4 (3a 0AaKTEPiONIOTIYHIMH Ta XIMIYHUMH ITOKAa3HUKaMH), B OCHOBHOMY
yepe3 CKHIM CTIYHUX BOJ BHUINE Bopo3abopy. IligBummmiacs 3arambHa MiHe-
pasizariisi, TBEpIICTh 1 BMICT XJIOpHAiB. bakTepionoriuHi MOKa3HUKHU B pailoHi
BOZ103a00PY, MMEPEBUIYIOTh JOMYyCTHMI 3Ha4YE€HHS B ACCATKH pa3iB. OcolnuBo
TOCTPO Ii 3MIHU MPOSBISIOTHCS B3UMKY, KOJHM PidKa BKPHBAETHCS JHOAOM, a
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TaKOXX BIITKY 4Yepe3 iHTCeHCHBHI MMPOLECH BUIIAPOBYBAaHHS Ta HU3BKUH piBEHb
BOJIH, 1[0 3HIXKYE 11 3AaTHICTh O CAMOOUHUIICHHS [4].

Bonoouniienas Ta BOAOMIATOTOBKA JHICTPOBCHKOI BOAW ISt MOAAIb-
1I0T0 11 BUKOPUCTAHHS B MUTHUX IUISX 31HCHIOETHCS HA BOJOIPOBIIHIN CTaH-
uii «/{xicrep», mobymoBaniii y 1873 poui B cemi binsiBka, 1o 3HaXoAuThCs 32
33 kM Bix Onecu. CepeHbO1000BUI 3ammac MUTHOT BOIU ChOTOMIHI CTAHOBUTH
6mm3pk0 700000 M3/1006y. ITutHa Boma moctauaethes y Omecy (75 %) Ta 611u3bK0
50 HaceneHUX MyHKTIB 00nacTi, B Tomy uucii micta [liBnennnit, binropoa-/Hi-
cTpoBchkuii, YopHOMOpChK, binsiieka, OBigionosns. KinbKicTh CIIOXKHBAYIB BOU
CTAHOBUTH MOHAJ MUILMOH 0¢10. OCHOBHUMM CIOKMBA4YaMU BOIU € HACEJIEHHS
(69 %), nepxasui nignpuemctsa (15,9 %), npuBarHi mignpuemctsa (15,1 %).

Craniis «JlHicTep» BHKOHYE OCBITJIICHHsS, 3HEOapBIICHHS Ta 3HeE3apa-
skeHHst Boau. [licis 1iporo Boza Tede 1o BOJONPOBOIaX 10 Micta. Posmominbua
Mepexka Micta (HoBxuHOI0 1293 kM) Ha 45 % cKIlafaeThes 3 YaByHHUX TPYO, Ha
26 % i3 cTasieBux i Ha 29 % i3 mnacTukoBuX Tpy0. OCHOBHA KIIBKICTh BOJIOTIPO-
BOJIiB 31 3HAYHO MTEPEBUIICHIM TEPMiHOM Ci1y:kOu. Han3BrnualiHO BUCOKa aBapiii-
HICTh Ha TPYOOIPOBOIAX MPU3BOAUTE JI0 BTPAT BOIH, IEPe0OiB Y HOPMaTBLHOMY
BOJIOTIOCTAYaHHI CIIOKUBAYiB, 30UIbIIEHHS BUTpAaT Tpali Ha PEeMOHTHO-Bij-
HOBJIIOBaJIbHI pOOOTH, a TOJOBHE, CHPUSE MOTIPIICHHIO eMileMiuHOi CUTYyaii
B MicTi. TpuBase TpaHCIIOPTYBaHHS BOAHM MaricTpajJbHUMHU BOAOTIPOBOIAMH Ta
HE33I0BUIbHUM TEXHIYHUI CTaH PO3MOAITEHOT MEPEXKi CTBOPIOIOTH CIIPUSATINBI
YMOBH AJISl PO3BUTKY Ta HAKOIIMYECHHS MiKpOGUIOpH, YTBOPEHHS O10JIOTIHHUX
3a0pyIHEHB Ta BiIKJIAICHb, [0 IPU3BOAUTS JIO MiJBUIICHHS 3arajJbHOi TOKCHY-
HocTi Boau. L{boMy Takok cripusie HassBHICTB y BOA1 OpraHiYHUX PEYOBHH i 0i0-
TCHHUX EJIEMEHTIB, sIKi € cyOcTparoM st mikpoduiopu [5].

BHacniiok XHUTTEMISUIBHOCTI Ta 3aruOeni MIKpOOpraHi3MiB MOTipIIy-
€TBbCSl AKICTh MUTHOI BOAM: 3’ABJSIETHCSI HEMPHEMHHU 3amax, MiABHIIYETHCS
KaJaMyTHICTh 1 KOJIbOPOBICTh, 3HIKYIOTHCS CaHITAPHO-010JIOTiYHI MTOKa3HHUKH.
BinnoBigHO 0 BCHOTO BUILEBUKIIAJACHOTO KOHTPOJIb 3a SKICTHO MUTHOI BOAM €
HaBaXXITMBIIIMM MUTAHHSIM CTaJIOTO PO3BUTKY CYCITLIBCTBA, SIKE MA€ BEIUKUN
BILTWB Ha 3[I0OPOB’Sl HACEJICHHS [6].

Buknaa ocHoBHOro marepiany gociigkenHsi. J{1s BUBUECHHS BMICTY
OCHOBHHMX MaKpOKOMITOHEHTIB y BOJIi BiIOMpasv MpoOr B KOHTPOJIBHUX TOUKAX,
pO3TalIOBaHUX 0 BChoMY MicTy (pucyHOK 1). [TpoOu BigOupanu sik 3 cuctemMu
LHEHTPai30BaHOTO BONOMOCTa4aHHs (6 KOHTPOIBHUX TOYOK), TaK i 3 OIOBETIB,
[0 BUKOPUCTOBYIOTBhCS HACEJICHHSIM Il MUTHUX MOTped (16 KOHTPONBHUX
TOUOK).

Bin6ip nmpo6 Boau mposomuBcs y motomy 2024 poky. AHamizu mpo6
nuTHOI Boau Micta Onmeca MPOBOAMINCH NMOPTaTUBHUMH TecTepamu Horiba
LAQUAtwin 3 i0OHOCENCKTHBHHMH €JIEKTPOAaMHU. Y paMKax JOCIiIKEHHS
BUMIprOBaJIMCs HacTynHi mapamerpu: kationu (Na*, K*, Ca?"), cnonyku azorty
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Puc. 1. KonTpoabHi Touky Bindopy npod Boau

(NO,), coni (NaCl), enexrponposignicts (Cond), pH i sxopctkicTs Bou. 3a
pe3yabpraTamMu IPOBEICHUX BUIPOOYBaHb C(hopMOBaHO KapTorpadiunuii Mare-
pian po3moainy JOCTiIKyBaHUX €JIeMEHTIB y Bofi [7]. [panuuno gomyctumi
KOHIICHTPAIIIi JJOCIIPKyBaHUX €JIEMEHTIB Y IUTHIN BOJI 3rinHO 3 Jlep:kaBHUMU
CaHITapHO-XIMIYHUMHU HOPMaMH HaBeJleHi B Tabmili 1.

JKopcTkicTh BoAM € OAHUM 13 HAWBAXKIIUBIIINX IMOKA3HUKIB SKOCTI, BOHA
HETaTUBHO BIUTUBAE€ HAa 37I0POB’S JIOMWHM, & TAKO)XK Ma€ HETaTHMBHHUU BILIUB
Ha TpyOONpPOBOMH, IO MPHU3BOAMUTE J0 yTBOpeHHs Hakumy [8]. Lleit moka3Huk
3aJIC)KHUThH BiJl HASBHOCTI PO3UYMHHUX 1 BAXXKKOPO3YMHHUX MIHEPATBHHUX COJICH,
TOJIOBHMM 4YMHOM Kaubiito (Ca?") i marnito (Mg?"). BumiproBaHHs KOPCTKOCTI
BOJIM Ma€ Pi3Hi CTAHJAPTH; BiAMOBIAHICT OJJUHUIIb MTPECTABIICHA B TAOIUII 2.
[Tomin Bomu Ha THNU 32 HIMEIILKMMHU CTYICHSIMH YKOPCTKOCTI MPEACTABICHO B
TabmuI 3.
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Tabauya 1. CaniTapHO-XiMiYHI TOKAa3HUKHU Oe3MeKH
Ta sikocTi nuTHOI Boau (1K)

CTtaHaapT NUTHOI BoAM 3rigHo 3 Jlep:KaBHUMH caHiTap-
Hassa moKasHuKa HUMU II'paBI/lJIaMPl i Hopmamu 2.2.4-171-10

Roonoc T Eroncrn
Na*, mr/nm? <200 <200
K*, mr/am? 2-20 2-20
Ca*, mr/om? <130 25-75

NO,, mr/am’ <50 <10

NacCl, r/am3 0,1-0,6 0,1-0,6
Cond, pS/cm <800 <1500
pH 6,5-8,5 6,5-8,5

Tabnuys 2. BinnoBigHicTh OMMHUIB KOPCTKOCTI BOAU

HopCTKICT, Mr-eKB/Iv® Kam,uicna[ :lj(gRTTKiCTI), Mr )Kopg;;clich, )Kopocgi_clich,
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

Tabnuya 3. Tunizauis TMTHOT BOAH 32 KOPCTKICTIO

Tun Boau Kopcerkicrs, °dH
M’sxa 0-3,37
ITomipHO *opcTKa 3,38-6,74
KopcTka 6,75-10,11
Jlyxe sxopcTka >10,12

[IpoBeaeHi pocmimpkeHHs BiAiOpanux mpod muTHOI Bogu micta Opeca
MMOKa3aJld BiMMTOBITHICT, BOMW CaHITAPHO-XIMIYHUM TTOKa3HHUKaM OE3TeKd Ta
SIKOCTI TUTHOT BOJTM, TOOTO TPAHUYHO JOMYCTHMHM KOHIICHTPAIisIM €JIEMEHTIB
MPAaKTHYHO 32 BCiMa JTOCITIHKYBaHUMH NTOKa3HUKaMH. Pe3ynbrarn BUnmpoOyBaHb
MpeacTaBiieHi B Ta0nui 4.

AHanizyroun TaOIHIo 3 JAHUMH MPO SKICTh MUTHOI BOAM, BUIHO, IO
3a mokasHukamu Na® ta K mepeBmmenns [JIK BimmoBigHo mo JICanlliH
2.2.4-171-10 BiacyTHE.

HaroMicTb 3a TOKa3HHUKOM BMICTY HITpATiB y BOJi, BifiOpaHiil 3 KioBeTax
MiCTa, Maike y BCiX MicIIAX BiIOOPY CIIOCTEPITaeThCs ABOPA30BE MEPEBUILIEHHS
I'/IK. Ocrtanni KochiKeHHS MMOKa3yloTh, IO MPH aHaIi3i BOIW Ha HITpPaTH ix
piBEHB YacTO BHUIIHMK Yy BOAI 31 CBEPUIOBHH. Lle MOsCHIOETBCSA THM, IO HITpPaTH
MOTPAIUISIOTH Y BOAOHOCHHH TOPU30HT 31 CTOKOM JI0OPUB 13 CUITbCHKOTOCIIOnap-
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Tabnuys 4. Tloka3HAKHA SIKOCTi MATHOT Bogu MicTa Oneca

Tplg?ll;{a Na*, \ K, NO,, ! Ca?, | Hardness, pH Cond, | NaCl,
TouKa Mr/am mr/am® | mr/am* | mr/ov® | Mr-exs/am? puS/em | r/om?
brosetn
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
ILlenTpanizoBaHe BOJONOCTAYAHHS
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
KonTpons 25 2 12 37 2 7,1 212 0.1

CBKHUX YTifIb, @ BOJIA, SIKA HAJXOAUTH 31 CBEPIUIOBHH OE3MOCEPEAHBO 3 MPUPOLI-
HUX JIKepell, JOAaTKOBO He OYMIIYETHCS, K BOAA Y MICBKiH cHcTeMi BOAOIO-
craganHs [9)]. BmicT HiTpariB y Bozi, BimiOpaHiil 3 cucTeMu BOZONOCTaYaHHS,
3HAXOJUTHCS B MEXKax JOMYCTUMHUX HOPM JI0 BOAM JAJISl MUTHUX MOTPEO.

Bwmict kanbirito y cuctemi BomomnocradanHs micta He nepesuiniye [JIK.
['pannyHa KOHIIEHTpALisl BOTO €IeMEHTa 3TiJHO MPaBUJI i HOPM BCTAHOBIICHA
Ha piBHi 130 mr/am®. Ase Hioro BMICT y BOJI MiJBHINCHHM, 110 MOSICHIOETHCS
BiJKJIaJCHHSM KaJbLiI0 HA BHYTPIIHIX CTIHKAaX TPYyO, 110 3aJIeXKUTh BiJ Mepe-
BHUIIIEHHS TEPMiHY CITyKOHM OLTBIIOCTI CHCTEM BOAONOCTaYaHHs MicTa.

Y mpobax Boau, BiniOpaHWX 3 OIOBETIB, MEPEBUINEHHS BCTAHOBJICHUX
HOPM BUSIBJICHO JIMIIIE HA IBOX CTaHLIsAX, 111 OroBeTH 3HaxonsuThca Ha CTapoKiH-
HOMY PHHKY Ta Ha Bynuli JInMaHChKild, 0OCTaHHS pO3TallloBaHa B Oe31MocepeaHii
OnMU3bKOCTI BiX ABOX MUMaHiB KysnbHuKa Ta XamKknOeichKoro, e MPU3BOIUTh
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JI0 MOKJIMBOCTI MOTPAIUISIHHS BOJM JMUMaHYy Y BOJIOHOCHUW TOPU3OHT, 3 SIKOTO
HACOCHA CTaHIIisl 3a0upae BOLY.

Bwmict kanbIito y Boai Oe3nocepeHbo BILIMBAE Ha ii ®OpcTKicTh [10].
BinnoBigHo 10 TaOMMIG BiJIOBIMHOCTI Pi3HUX OJMHUILL YKOPCTKOCTI BOIU Ta
kiacugikamii MMTHOT BOAX 3a >KOPCTKICTIO OUMBIIICTh P00 BoAM, BimiOpaHUX
y OroBeTax, BIIHECEHO JI0 «M’SIKOD» Ta «IOMIPHO YKOPCTKOD» BOAM, 1 JIMIIE JBI
MPOOU MOKA3AIH «JTyKE )KOPCTKUI TUI BOJIU.

AHamni3yro4uu TaOIUI0 3 JAHUMU TIPO KOPCTKICTh BOIHU, BHJIHO, IO BCI
mpoOu BOAM, BiiOpaHi 3 CHCTEMHU BOJOIOCTAaYaHHS, MAIOTh THII «JIyKe KOP-
ctkay. [IpuumMHM BOTO — 3acTapiiia CHCTEMa BOJONOCTAYaHHS Ta HESKICHE
0o0JIagHAHHS BOJOOUYHILIEHHS.

Bona Hatikpare Binnosinae norpedam opranizmy ta pH kposi. Hopma pH
KPOBI MMOKa3ye, 10 WOT0 3HaUCHHS Mae KoymBarucs Bia 7,35 no 7,45, B imeani kuc-
JIOTHICTh BOJIH, SIKY JIFOJIMHA IIIO/HSI BXXUBAE, MIOBUHHA OyTH OiHaKoBow [11]. Ak
BUJIHO 3 OTPUMAaHUX JAaHuX, pH BifiOpaHOi BOIU 3HAXOAUTHLCS B MeXax Bif 6,4 10
7,8. Lleii pe3ysabTar BiANOBiIa€ HOPMaM, BCTAHOBJICHUM JUIsi TUTHOT Boau. ToOTO
BCs BOJIA, sika OyJia BiiOpaHa /sl aHauli3y, HeHTpaJibHa 32 1M MOKa3HUKOM.

Enexrponposignicts (EC) € BUMiproBaHHSM 31aTHOCTI BOIY TPOBOIUTH
CJICKTPUKY, OCKIJIBKU PO3YMHEHI COJIi Ta 1HIII HEOPTaHiYHiI XiMiYHI PEUOBUHU
MPOBOAATE €NEKTPUKY, POBITHICTH 3pocTae 31 301IbIIEHHSM COJIOHOCTI [12].
Tomy 1i Ba mapameTpu 3ajiexarh OJMH Bia ofHOro. BinmoBimHo J0 cTaHmap-
TiB uTHOI Boau ([lepaBHi caHiTapHi npaBuna i Hopmu 2.2.4-171-10) Boga,
BifiOpaHa K 3 CHCTEMH LIEHTPaJIi30BAHOTO BOIOMOCTAa4YaHHsI, TaK i 3 OIOBETIB,
BIJIMIOBi/Ia€ TPAHUYHO JOMYCTUMHUM KOHIICHTPAI[iSIM Y TIUTHIN BOJII.

JIBi TouKM BinOopy mpod BoaM 3 OIOBETIB MAOTH ITiIBUILIEHY KOHIIEHTpA-
IO COJIi 1, IK HACIIZOK, MiABUIICHY eNEeKTPONPOBIAHICTE. Y MEePIIOMY BUMAAKY
NPUYHMHA MiABUIICHOTO BMICTY COJIi 3aJIeKUTh Bil ONM3BKOTO PO3TAIIyBaHHS
HACOCHOI CTaHIIi 10 JIMMaHiB, K 1 y BapiaHTi 3 BMICTOM KaJblilo0. ¥ Jpyromy
Bunajky Buiuii piseab NaCl 3anexuth BiJ NIMOMHA BOJOHOCHOTO TOPU30HTY,
OCKIJIbKH IS HACOCHA CTaHIlis Mae HauruOIy ceepanoBuny B Oxeci. Bpaxo-
BYIOUH IIeii (hakT Ta BPaxOBYIOUM I'eOJIOTiI0 MiJ3eMHUX BOJ HIiBIHSA YKpaiHW,
MOYKHa 3pOOUTH BHUCHOBOK, III0 BOJA JUIS JaHOI HACOCHOI CTaHIlI HaJXOIUTh
3 YOPHOMOPCHKOTO apTe31aHCHKOTO OaceiiHy. Y BepTHUKAIBHOMY PO3pi3i I[OTO
OaceiiHy BepxHi TOpPU30HTH mig3eMHHUX Boxa 10 mmbuau 100-300 M mpicHi, a
rIMOIII — COJIOHYBaTi 200 COJIOHI.

BucHoBku. Y pe3ynbrari IpoBEACHUX JOCIIIKEHb SIKOCTI MUTHOI BOAH
Mmicta OJecH BCTAHOBJIEHO, IO MOKA3HUKU BMIiCTy OCHOBHUX MaKpOCICMEH-
TiB Y BOJI, SIKA HAJIXOJUTh 13 CUCTEMH BOJIOIIOCTAYaHHS, 3HAXOIATHCS B MEkKax
TPaHUYHO JIOMyCTUMUX KOHIEHTpAIlili. BUKITMKaTH 3aHETIOKOEHHST MOXKE JIMIIIE
BMICT KaJIbIlil0, a/Ke 0€3 CBOEYAaCHOTO OHOBJICHHS TPYO BOJOIPOBOIY MicTa B
MaliOyTHEOMY 1I€H MOKa3HUK MOXKE 3HAYHO MEePEBUIIyBaTH HOPMATHBHI.
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KonmenTpariis NO3‘ y BOIi 3 OIOBETIB 3HAXOUTHCS B Mexkax 1524 mr/am?,
a JIONMyCTUMa KOHIIEHTpAIlis HITPaTiB y MiZ3eMHUX BOJIAX TOCIIOAAPCHKO-TIUT-
Horo mpwusHaueHHs BiAmoBigHo no [JCaunlliH VYkpainu 2.2.4-171-10 3Hax0-
JUTHCS Ha piBHI 10 Mr/mve.

3a NoKa3HUKaMHU €JIEKTPOMPOBITHOCTI Ta MiHepai3allii Boja, BijgiopaHa
3 OIOBETIB, y OUIBIIOCTI BUMAJKIB HE MEPEBHILYE BCTAHOBICHUX TPAaHUYHUX
3HaueHb — 1500 uS/cm Tta 0,6 r/n BimnoBigHo. Haiiripmoro 3a UMy moxa3zHu-
KaMU BUSIBUJIACS BOJIa, BiiOpaHa 3 KIOBETY, 10 PO3TAIIIOBAHMIA Ha MEXIi TBOX
numaniB (1400 pS/cm ta 0,7 r/1m). Bona 3 neHTpanizoBaHol CHUCTEMHU BOJO-
MOCTa4YaHHs 3a [IMMHU JIBOMA MOKa3HWKaMu Oyna B Mexax 520-550 pS/cm Ta
0,3-0,4 t/nM°, MO € cepenHiM 3HAUYEHHSIM HOPMATHBIB JUIS THUTHOI BOIH
(800 uS/cm Ta 0,1-0,6 r/nm® BiAMOBIAHO).

THE QUALITY OF DRINKING WATER FROM PUMP
STATIONS AND THE WATER SUPPLY SYSTEM OF ODESA

Breus D.S. — PhD in agriculture, Associate Professor at the Department
of Ecology and Sustainable Development named by prof. Yu.V. Pylypenko,
Kherson State Agrarian and Economic University,
breusd87@gmail.com

Water is the second most important component necessary for human life. In the
system of factors that form human health, drinking water has a leading role. According
to the World Health Organization, 25 % of the population is at risk of getting diseases
related to the consumption of poor-quality drinking water. The importance of obtaining
high-quality drinking water for the population of Ukraine has been confirmed by time,
and now, during a full-scale war, it remains one of the main problems of the State
Service of Ukraine of Food Safety and Consumer Protection. The article examines the
issue of the quality of drinking water supplied through pump stations and the centralized
water supply system in Odesa. The results of water research taken from various sources,
including pump stations and a water supply system, were analyzed. The main physical
and chemical indicators, such as pH, hardness, sodium, potassium, calcium, nitrate and
other pollutants, were studied. Compliance of water quality with sanitary and hygienic
norms and standards was assessed. The influence of various factors, such as seasonal
changes, the technical condition of water supply networks and water supply sources, on
the quality of drinking water was also investigated. The main problems were identified
and recommendations were made to improve the quality of drinking water for the
citizens of Odesa. For the determination of drinking water quality the content of the main
chemical elements in the drinking water, sampled on control points located throughout
the city was carried out. The samples were studied using portable testers with ion-
selective electrodes. It was determined that the content of the main macrocomponents in
the drinking water of Odesa does not exceed the maximum permissible concentrations
(MPC) established by Ukrainian (State Sanitary Rules and Norms 2.2.4-171-10) quality
standard of surface water intended for drinking needs. It was established that general
toxicity of drinking water within the territory of the city is primarily on average and high
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levels. The conducted studies have shown an urgent need for updating and improving
the city’s water supply and water treatment systems.

The results of the study are important for ensuring the health of the citizens of

Odesa and can become the basis for the development of strategies and measures to
improve the quality of drinking water in the region.

Keywords: urban system, pump stations, city water supply system, water quality,

macro components.
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JocimKeH s BIDTUBY POCIHCHKOI arpecii Ha eKOJIOTIYHUI CTaH BOIHUX 00’ €KTiB
Ha HiBIHI YKpalHU € HaJ3BUYAHO aKTyaJbHUM 4epe3 Horo robaibHi Ta 6araToriaHo-
Bi Haciiiku. B yMoBax 3arocTpeHHs Halpy»XeHOCTi KOH(IIKTY HOCHIIIOETHCS 3aHETIO-
KO€HHS IIIOJI0 €KOJIOTIYHUX HACHIJKIB BICHKOBOI aKTUBHOCTI, TAKHX SIK 3a0pyJHEHHS
BiJl OO€TPHUIIACiB, PO3THB HA(PTH Ta MOMIKOPKEHHS KPUTHYHO BAXIIUBUX 00’ €KTIB 1H)-
PacTpyKTypH, cepell IKHX MOYKHA BHIUIATH BOJAOOYHCHI CIOpyAn. Y NaHiil cTaTTi mpo-
JEMOHCTPOBAHO aKTyaJbHICTh Ta BAXKIHMBICTh MPUAICHHIO YBaru JOCITIHKEHHS MacIl-
TabiB Aerpananii JOBKULIA Ta ii HACTIAKIB U HACEIEHHS, EKOCUCTEM Ta PeriOHaIbHOT
CTabLIBHOCTI.

O06’ekT nocmikeHHs — BozHi 00’ exty [liBaHs Ykpainu.

[Ipenmer mociimkeHHs — 3arajJbHAN OIS BIUTHBY OOHOBUX /il Ha BOIHI 00’ €K-
tu [liBoHsa Ykpaind.

ITig wac mpoBeneHHs OOCTiKeHHS OyI0 BUKOPUCTAHO HACTYIIHI METOIHU: KpHU-
THYHOTO aHaJIi3y, OPIBHAHHSI, CHCTEMATH3allii HAyKOBOT JIiTepaTypH IpH ii OriIsi, cTa-
TUCTUYHUU.

Pesynerarn mociipkeHHST OKpECIeHol TEMH CBiuarh, 1o 001oBi Aii nmpu3Benn
JI0 PYHHYBaHHS 1 3HAYHOTO VIIKOKCHHS 1HQPACTPYKTYpH, sIKa BiIOBigaa 3a BOJIO-
BiJJBEZICHHS Ta BofgonocTradanHs. L{e cTano mpuuuHOIO 3HaYHOTO 3a0pyAHEHHS BOJHUX
exocucteM IliBmHsa Ykpainn HeOe3NeUHNMH XIMIYHUMH PEYOBUHAMH Ta BaKKHMH Me-
TaJIAMH.

YopHe Ta A30BCbKE MOpsI, pO3TAIlIOBaH1 Y 1IbOMY PETiOHi, CTai 00’ €KTOM YHC-
JICHHUX aTak, M0 MPU3BEIIO JI0 3HAYHOI IKOJJM MOPCHKUM eKocucTeMaM. BilicbkoBi il
mo0NIK3y MOPTiB, MPOMHUCIOBUX MiAMPHEMCTB Ta KOPAOIIB CYyTTEBO MOTIPIIAIA CTaH
BOJHUX 00’€KTIB.

Haii6inpimr MacmTabHOIO TEXHOTEHHOIO KaTacTpodoro crano minpus rpedmi Ka-
XOBCBKOI riipoeniekTpocranuii y uepBHi 2023 poky. HaciizkoMm 1poro craso 3aToruieH-
Hs1 OOIIMPHUX TEPUTOPIH Ta CUIIbHE 3a0pYIHEHHS BOIHHUX 00’ €KTIB, 1110 Y CBOIO Yepry,
MaJIo HEraTUBHUH BIIMB HA TPUPOJIHI pe3epBarTy, JIiCOBI MACHBH Ta NPU3BEIIO JI0 KEPTB
cepell IMBUIBHOTO HaceIeHHs.

BaxnrBoro 4acTHHOIO BiAHOBIICHHS BOTHHX OO0 €KTIB € 3JIaro[pkeHa CIiBIpa-
s pi3HUX cy0’€KTiB, TaKUX SK TPOMAJCHKI OpraHi3amii, OpraHy BIaau Ta MDKHAPOIHI
oprauizauii. Takox, He0OXiTHO IPOBECTH peGOPMH B €KOJOTIYHOMY 3aKOHOAABCTBI Ta
oprasizauiiiHiii cdepi, 3MIHCHUTH BIIHOBICHHS BOAHOI iH(PACTPYKTYpH Ta BIIPOBAIH-
TH MEXaHI3MH ISl OUMILEHHS 3HaYHO TOIIKO/DKEHNX BOAHUX eKocucTeM. [IpoBeneHHs
e()EeKTHBHOTO CKOJIOTIYHOTO MOHITOPHHTY Ta 3aTy9YeHHS IHO3EMHUX IHBECTHI[IH TAaKOX €
KITFOYOBHMH aCTIEKTaMH BiTHOBIICHHS CTAJIOCTi BOTHUX 00’ ekTiB IliBmHSA YKpaidu.
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[epcriekTHBY MOJANBIINX HAYKOBHX AOCIHIIKEHb 3 O3HAUCHOT TEMATUKH MOJIs-
raloTh y JCTaJLHOMY aHajli31 BIUIMBY OOHOBHX Jiif HA €KOJIOTIYHMH CTaH KOHKPETHHX
BoAHMX 00 exTiB [1iBnHSA Yipainu, siKi 3a3HaIN HAHOUTBIINX 3a0pyIHEHb TA PyHHYBaHb.

Kitrouosi crnoBa: Bomni 00’ektH, [liBneHs YkpaiHu, eKOJOTiYHMIA CTaH, BiliHa,
CTaJHil PO3BUTOK, HOBOEHHE BiTHOBJICHHSL.

ITocTanoBka npoOsemMu. B ymMoBax chOToJIeHHSI, KOJIM TPHUBAE MOBHO-
MacmTabHa BiitHa Pocii mpotn Ykpainm, Bce OiMbIIOT0 3HAYCHHS B KOHTEKCTI
HaIlioHAIbHOI Oe3mekn HaOyBae eKoJOoTiYHa Oe3Ieka Ha Pi3HUX TePUTOPiallb-
HUX PIiBHAX. 3 OIVISAY Ha Te, IO SKOJIOTIYHA CKJIaI0Ba BILTUBAE 1 HA €KOHOMIiU-
HUW TIOTEHIIIaJ, 1 Ha SKICTh JKUTTS HACCJIICHHSI PI3HUX TEPUTOPIi — i1 BUBUCHHS €
JIOCUTPH aKTyaJbHUM Ta TEPCIIEKTHBHIIM.

VY GinpmmocTi perioHis, 30kpeMa IliBmus Ta Cxomy Ykpainu, HEMOXKITHBO
TTOBHOIO MIpOIO OIIHWTH BIUIMB BifHM Ha MPUPOIHI, 30KpeMa i BOIHI €KO-
CHCTEMHU 13 111101 HU3KH 00’ €eKTUBHUX NpwunH. [lo-meprme, aeski TepuTopii €
0CO0IMBO HEOES3MEUHNMH, Yepe3 10, 10 HUX HEMae JOCTYIy KBali(ikoBaHUX
(haxiBIiB 1S 310py HeoOXiMHOT iHGOpMAITii TPO CTaH HABKOJIUIITHHOTO CEPEIO-
Buma. [lo-npyre, Ha T HU3ITI OKYTOBAHKX Ta TUTHKH IO 3BUTBHEHUX TEPUTO-
piif BIICYTHS JOCTATHS KUTBKICTh HEOOXITHUX JaHUX, 00 K BOHHU TUTBKH ITOYH-
HAIOTh 30MPaTHCh Ta y3aralbHIOBATHCh.

BiiiceKkoBi 1ii TPU3BOMATE 0 3a0pyaIHEHHS BCiX KOMIIOHCHTIB MTPHUPOITHOT
€KOCUCTEMH, HE BUKJIIOUCHHSM Y ITbOMY KOHTEKCTI € i BomHI pecypcu IliBaas
VYkpainu. 3 orsiay Ha Te, o Hapasi, y 3B’ s3KY 3 BiifHOO, BOAHI peCypCH IIbOTO
perioHy HalOiTbIe 3a0pyIHIOIOTECS OTPYWHUMH PEUOBHHAMH, XiMiKaTaMH Ta
Ha(TOIO — 110 MPU3BOAUTH 10 3aTU0EIT BOTHUX OiopecypciB Ta 3HAYHOTO TOTip-
MIEHHS CKOJIOTIYHOTO CTaHy BOMHUX 00’€KTiB, iX BHUBUCHHS HaOyBae memaii
OLTBIITIOT aKTYaTBLHOCTI Ta MOTPeOy€e HAraIbHOTO BUPITIICHHS.

AmHaJi3 ocTaHHix JocaiKeHs i myoaikamiii. Yipomosx 2022—-2023 pokis
BEKTOP JIOCITIIKESHB ITI0/I0 BIUTUBY BIfHU Ha EKOCHCTEMY Y HAHOLTBIIT HeOe3MeTHIX
perioHax Ykpainw, B ToMy urcii i [TiBaHS, Y HayKOBO-OTIIIIOBHX TPAIIX MalOTh
OUTBIIICTD BITYM3HIHUX HAYKOBIIB. 3a Iel Jac, Bmke Oyno 34iiCHEHO KOMITICK-
CHUI aHaJTi3 HOTO BIUIMBY Ta HOTO HACHIIKIB Ha HAHOMMKII NECATHIITTS Ha BCl
KOMITOHEHTH TIPUPOIHOTO CEPEIOBHINA: TTOBITPSIHUN OaceiH; 3eMeIbHI peCcypcH;
BOIIHI 00’ €KTH; 00’ €KTH IPUPOITHO-3aMOBiAHOTO (hoHmy Ta Jicw [1-2].

3o0kpema, Iijla HU3Ka MPOBENCHUX HAYKOBHX IOCIIIKEHb BimoOpakae
iH(dopMmaIiro, sKa CBITIUTH MPO TOTIPIICHHS CTAaHy HABKOJIWITHHOTO CEPEIo-
Buma Ha [liBmHI YKpaiHu BHACHIIOK BOEHHUX MiH. 3HAYHI pyHHYBaHHS TiIpo-
TEXHIYHUX CIIOPYI Ta BUCOKHH PiBEHH MUJTITAPU3aIlii OKPEMHUX TEPUTOPii TIpH-
3BEJH JI0 TMOTPAIIISHHS y BOAHI €KOCHCTEMH 3HAYHOI KUTBKOCTI 3a0pYIHIOIOUHX
Ta HeOE3MEUHNX TSI )KUBHX OpTaHi3MiB pedoBHH [4, 9].

TpuBarounii 30poitHUIT KOHQUTIKT Ta HOTO BIUITMB HA CKOJOTIYHHHA CTaH
BOJHHUX OO’EKTIB PErioHy CTaB NMPHUYMHOIO IHITHUX EKOJIOTIYHHUX KaracTpod,
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30KpeMa: MOTipLICHHS CTaHy NPUOEPEKHNUX TEPUTOPiil; BTpaTa BEIHUKOI KiTbKO-
cTi OI0OpiI3HOMAHITTS; 3a0pyAHEHHS BOJHO-OOJIOTHUX YTi/ib; 3MiHa T'iJIPOJIOTiy-
HOTO PEKUMY OLTBIIOCTI BOMHUX 00’ €KTIB 3 BTpaToro 0ioTomis [6].

o Toro %, HM3Ka HAYKOBUX JOCIHIPKEHb MICTUTh PE3yJbTaTH, sIKi CBiJ-
4are Mpo Te, 0 3a0pyAHEeHHs BOAHUX 00’ekTiB Ha [liBaHi Ykpainu, B mepury
yepry, Ma€e 3HauHi Hacmigku Jis HaceneHHs [10, 13]. IlinBuiienuii piBeHb
HeOe3MeuyHNX PEeYyOBHH Y BOJHOMY CEPEIOBHUII, 30KpEMa, BaKKUX METAJIB Ta
MECTHLUAIB MOXKE HETaTUBHO BIUIMHYTH Ha SKICTh IMUTHOI BOIYU Ta CTAaTH MPH-
YHHOIO LITOT HU3KHU CIIAaxy 3aXBOPIOBaHb, OCOOIMBO L€ CTOCYETHCS TEPHUTO-
piii, siKi HaKOIbIIEe TOCTPaXKIANHY Bil BOEHHHX JTiH.

Henocrarhiii piBeHb HOPMaTHBHO-IIPaBOBOTO PETYITIOBaHHS Ta YIpaB-
JHHS BOAHHUMH pECypcaMH, a TaKOX BiJCYTHICTb AOCTYIY AO BOAHUX 00’€K-
TiB, SKI 3HAXOJATHCS HAa OKYIOBaHMUX TEPUTOPIAX LIe OUIbINE YCKIAIHIOE iX
exosioriyHuil ctaH. Tako, BiZICYTHICTh HaJIeKHOTO PIBHS KOOpAMHAII Mix
YKpalHCHKOIO BIIAJ0I0 Ta MIKHAPOIHUMH OpraHi3allisiMU YCKJIaJHIOE HaJlaHHS
JOTIOMOTH TOCTPKAAINM TEPUTOPIATBHUM TPOMagaM OO0 TOM’ SKIIEHHS
€KOJIOT1YHUX HACJIJIKIB BiiHU [12].

MocTranoBka 3aBaaHHsl. Hamatu 3arajbpHy XapaKTEPUCTHKY BILIMBY
OolioBuX Aiif Ha BoaHi exkocuctemu [1iBaHs YipaiHu Ta 3alpOIIOHYBATH 3aX0IU
LI0ZI0 MOM’SIKIIEHHS Ta BITHOBJIEHHS 1X €KOJIOT1YHOTO CTaHy.

Marepiaau i MmeTonu mociimkeHHs. [HhopMaIliiiHOIO OCHOBOKO JOCITi-
JDKEHb CTaJIM HAyKOBI HAITPaIIOBaHHS BITYM3HSIHUX HAYKOBIIIB CTOCOBHO BILUIUBY
BilfHM Ha BOJIHI €KOCHCTeMHU YKpaiHu B 1inomy, ITiBIHSI — 30KpeMa.

[Tig yac HamucanHsi poOOTH OylI0 BUKOPHCTAHO HACTYITHI METOIU: KpH-
TUYHOTO aHaNi3y, CHHTE3Y, IOPiBHAHHS, CTATUCTUYHUH.

PesyabraTn gocaimkenn. Boga sik nmpupoaHuil pecypc € oqHUM 3 Ipo-
BiJTHMX MOKA3HUKIB, 3a IKUM OLIIHIOIOTh CTAJIUH PO3BUTOK OYIb-SKOi TEpUTOPII.
Sxmo kK, B MeKax KpaiHM HeMae JO0CTaTHBOI KIIBKOCTI BOIXHUX PECypciB pi3-
HOTO TMOXO/KEHHSI, TO 1 COIliaJIbHO-€KOHOMIYHUN PO3BUTOK YIOBIIBHIOETHCS,
BiJINIOBIJTHO — 3HMXKYETHCS AKICTh KHUTTS HACCIICHHSL.

TpuBatoua moBHOMacmTaOHa BiliHa, gKa movajiacs y moTomy 2022 poky,
HETaTHBHO BIUIMBAE€ HA HABKOJIMWIIHE CEPEIOBHINE, Y TOMY YHCIi i Ha BOAHI
EKOCUCTEMH.

3a3HaunMO, 1110 MPOTSITOM YCHOTO TIepioAy BeleHHS OOHOBHX /il HA TEPH-
Topii miBAHA YKpaiHu, 4ac Bifl yacy BiI0yBaJoCh BiAKIIIOUEHHS €IeKTpOeHepTii
Ha 00’€KTax, sIKi 3AIMCHIOITh CKUAAaHHS CTIYHUX BOA, OYyJIO 3pyHHOBAHO LTy
HU3KY 00’€KTiB KpUTHYHOI 1HQPACTPYKTYpH SKi 3AIMCHIOIOTH BOJOBIBEICHHS
Ta BOJOIOCTAYaHHS, BOJHI €KOCHCTEMU 3a0pYIHIOBAINCH BEIMKOI KiIBKICTIO
HeOe3MeuyHNX XiMiYHUX pedoBHH. Tak, y OLIBIIOCTI MICT Ta HACENICHHUX ITyHKTIiB
MIBJICHHOT YaCTHHU YKpaiHU, YHACIIIIOK CBOTO MICIIE3HAXOPKEHHS Y 30H1 00H0-
BUX ]I, 32 BECh Yac BiliHU Oe3J1i4 pa3iB OyJI0 MOIIKOHPKEHO KPUTUYHI JI BOJI-
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HOT'O TOCIIOIAPCTBa 00’ €KTH, BHACIIZAOK YOT0O OyJIO CTBOPEHO MEPEAYMOBH s
HIBHJKOTO aBapiiHOTO 3a0pyJHEHHS BOAHUX €KOCHUCTEM, 1[0 3HAYHO BILTHHYJIO
Ha SKICTh MUTHOI BOAU B perioHi [11].

CitiJl HaroJIOCUTH HA TOMY, 1[0 B MEKax MiBIHs YKpaiHU 3HAXOAUThHCS
BeJIMKa KiNbKiCTh OOENPUNIACiB, SIKi BUIUISAIOTH HEOE3MeYH1 PeYOBUHH, SKi Y
MOJATbIIOMY IPOHUKAIOTH Y TPYHTOBHI MOKPHB i B MOAAIBLIIOMY — YHHSTH
3HAYHWUW HETaTMBHUMW BIUIMB Ha IMiJ3€MHI Ta MOBEpXHEBI Boau. BHacigok
BHKOPUCTAHHS Pi3HOI 30p0i, Y BOJHI 00’ €KTH XepCOHChKOT, MHUKOIaIBChKOT
Ta Onechkoi obOiacTel MOTparuisie 3HaYHa KUIbKICTh BaXKKUX METAJIB, TeK-
COTCHY, TPHHITPOTOJIYOJy Ta 1HIIMX HEOE3MEYHUX ISl KUTTS HACCICHHS
PEYOBUH.

YIpomoBxK ychOro nepiony NOBHOMACIITaOHOT BiliHYM, 3HAYHUX HEraTHB-
HUX BIUIMBIB Ha MiBAHI YKpainu 3a3Hanu YopHe Ta A30BChKE MOPS. Y3J0BXK
y30epexb HHUX BOIHMX 00’€KTiB Oarato pasiB Oyjo0 arakoBaHO LHBUIBHY iH()-
pacTpyKTypy, MPOMUCIIOBI MIiANMPUEMCTBA Ta KOpaOIi, MO TEX 3aBAaI0 3HAYHOT
IIKOJIU BOJHUM €KocHucTemaM [8].

[IpocTopoBo, y Mexax mMiBAHA YKpaiHH, B TPUOEPEKHHUX YaCTHHAX
YopHOro MOpsi 3HAXOAUTHCS TOCUTh 3HAUHA KUIBKICTh BOAHOYAC 1 BAXKIIUBUX 1
HeOe3MeyHnx y BUMaAKy 00CTPiIiB Ta pyHHYBaHb 00’ €KTiB, TAKUX SIK 3BAJIMIIA,
HadTo0a3u, MAMPHEMCTBA, OYMCHI COpPyAH Ta mopTH. Jlo moBHOMacTabHUX
pyiHHYBaHb 3a mepiol BiiHH, sSIKi HEraTHBHO BIUTMHYJIM Ha BOJHI €KOCHCTEMH
B MeKax MiBOHS YKpaiHW CiiJl BIAHECTH: TpUBaJli OOCTPIIM MOPCHKUX MOPTIB
MuxonaeBa Ta O4akoBa, MOCTiHHI OOCTPiIM Ta MOBHE 3HULICHHS MOCTA, SIKUH
3HAXOJMBCSA B MeXkax J[HICTPOBCHKOTO JIMMaHy Ta OOCTPLIM OYUCHHUX CHOPYII.
3a3HaucH] pyHHYBaHHS Ta OOCTPUIH CTaJIX MPUYUHOK 3HAYHOTO 3a0pYyIHEHHS
BOJHUX €KOCHUCTEM Ta BTPATH BEIIMKOI KUIBKOCTI O10pi3HOMaHITTSI.

Jlo pyiiHyBaHb BOJHMX 00’€KTiB Ha MiBIHI YKpaiHH, SKUX 3aBlana Bili-
CBKOBa arpecis, ciIiji BiJHeCTH HaMacIITaOHIIy TEXHOTeHHY KaracTpody, ska
cranack 6 uepBHs 2023 poky — migpuB rpediai KaxoBchKkoi rigpoenekTpocTan-
uii. Came Bifg MaciuTabiB pyiHYBaHHs BOTO 00’ €KTY, OHOYACHO TOCTPaXkKIaa
Iina HU3Ka obnactel, 30KpeMa HaHOUIbIINA HEraTUBHUN BIUIMB BiNOyBCS Ha
TEPUTOPIAX XePCOHCHhKOI, MuKoaiBCchkoi, JIHIMpONeTpoBChKOT Ta 3amopi3bKoi
obmacreii. [ligpue namOuW 3aBAaB IIKOAU HE JIMINE BOAHUM 00’€KTaM, a i MaB
3HAUHWH HETaTWBHUH BIUIMB HAa iHII CKJIaJOBi, 30KpeMa: 3a3HaIN PyHHYBaHb
6mm3bko 150 THC. ra IPUPOJOOXOPOHHUX TEPHUTOPIH, SIKi ManM 3arajabHOEBPO-
nefchKe 3HaUeHHs; Oysio 3HuIeHo 403 THC. ra MUCIIMBCHKHX YTiJb Ta 64 THC. ra
Jicy; 6mmu3bpko 100 ThCsY Nrofel mocTpakJalu BiJ MOBEHi; mocTpaxaano 0es-
74 00°€KTiB iHQPACTPYKTYpH, KYJIBTYpHOI CHAAIIMHU Ta MOMEMIKaHb TpoMa-
nsH. 110 TexHOTeHHY KaTacTpo(dy Ba)KKO MEPEOIIHUTH, OCKUTLKY 30UTKH, SKHX
3a3HaB MiBJCHb YKpaiHH Ta €KOJIOTi4HI HACTIJKU BHSBISIFOTHCS Ta MiPaxoBy-
FOTBCS IO ChOrOAHi [3].
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[Migpus rpedni Kaxoscrkoi ['EC 3aBaaB mkonu i BOOTHUM 00’ €KTaM y peri-
OHi. 30KpeMa, Horo HACHiKOM CTaJIO MOTPaIUIsiHHSA Y AenbTy JHinpa Ta YopHe
Mope Onu3bko 15 Miipa M> TpicHOT BOAH, IO CTANO MPHYHUHOIO HE JIUIIE YnMa-
JI0TO 3alpiCHEHHS MOPSI, a i MOPYIIEHHSIM HOTO IPUPOJHOT eKocucTeMu. Takox
YHUCJICHHI HAYKOBI CIIOCTEPEKESHHS Ta JOCIIPKSHHSI CB114aTh PO Te, 110 BOIHI
00’€KTH, y perioHi BHACIIIOK 03Ha4eHOi KaTacTpo(u 3a3HAIN 3HAYHUX OakTe-
pioJIOTiYHMX, Ta XiMIUYHUX 3a0pyaHEHH, 30KpeMa, HalOibIIi iX IpOsSBH CIIO-
CTEpIraroThcs Ha YOPHOMOPChKOMY y30epesxoki. [1ig uac TpuBaw4oi JeKinbka
IHIB TIOBEHI «3 BOJOIO» OYyJI0 NIEpPEHECEHO BENUKY KUIBKICTh 3a0pYIHIOIOUUX
PEUYOBHH, 30KpeMa PElITOK MEPTBHX TBapWH, MaJHMBHO-MACTHJIBHUX Marepia-
JiB, PEITKH BiAXOMIB 3 KaHaJi3aliMHUX MEpexK, OOENpUIacu Ta MiHH — SIKi Y
noxaneioMy norpanmiu y Yopue mope [5].

Taka 3HayHa KiMbKiCTh 3a0pyAHIOBaYiB MpH3BeNia HE JIUIIE 10 TOTip-
LICHHSA €KOJIOTIYHOTO CTaHy MOPCHKOI €KOCHUCTEMH, aje i 3Ha4HO BIUIMHYINA
Ha iX OlOpI3HOMAHITTS, 10 Yy MOJAIBIIOMY MOXKE CTAaTH 3arpo300 JJIs MPO-
noBosbuoi Oe3neku Ykpainu, ockinbku mns [liBgHs VYipaiHu g0 modaTky
MmoBHOMAacIITabHO! BiffHM TpuIlafana HaWOiNplIa YacTKa BUJIOBY BOJHHUX
Oiopecypcis.

Bitums3nsani HaykoBLi, (iHaHCOBi opranizauii Ta MiKHapomHi (oHH,
cranoM Ha 11 xoBtHs 2023 poky Hajganu ouiHKY (piHAHCOBUM 30WUTKaM BOJI-
Horo (¢oHIy YKpainu, siki ckianu 81,7 Mapy rpuBeHs. Lle CBIAUUTE PO TOCUTH
MaciuTaOHi pyiHyBaHHS Ta 3a0pyJHEHHS BOOHUX 00’ €KTIB Ha MiBAHI YKpaiHH,
CIpUYMHEHI aKTUBHUMHU OoiioBuMMHK AisiMmu. Bomni pecypcu IliBaas Ykpainu
BiJIIrpalOTh BOJHOYAC JeKijdbka (DYHKIIIH, 30KpeMa: 3pOIICHHS CilIbCHKOTOCIIO-
JAPCHKHUX YTiJb PETiOHY Ta 3a0e3MeUCHHS IMiJIPUEMCTB BOJIOK; 3a0e3MeueHHS
MIPOJOBOJIKIOI OE3MEKN HACEJICHHS YKpaiHH; € JDKePeJIOM MUTHOI Ta caHiTap-
HO-TIri€HIYHOT BOAM. 3 OISy HAa BaXKJIMBY POJIb BOAHUX 00 €KTIB y HAPOAHO-
rOCIOAPCHKOMY KOMILUIEKCI PETiOHY, IX MOBOEHHE BiJIHOBJICHHS € JOCUTh BaXK-
JUBUM Ta aKTyalbHUM [3, 5].

BaxIMBUMH acrieKToM y MICISBOEHHOMY BiIHOBJICHHI BOIHHX 00’€KTiB
[liBgHst YKpainu € B3aeMHa cIiBOpans TpoOMaCbKOCTi, OPTaHiB BIaAM, YKpaiH-
CBKUX Ta MDXXHAPOTHUX (DIHAHCOBUX Ta €KOJOTIYHUX OpraHizailiii. ¥ KOHTEKCTI
3a0e3MeUYeHHS EKOIOTIYHOT Oe3MeKH BOAHUX €KOCHCTEM PErioHYy B JOBIOCTPO-
KOBIii IepCIIeKTUBI HeoOXiHE BUPIIICHHs HACTYITHUX 3aBAaHb [7, 14]:

—pedopMyBaHHs Ta 3MILHEHHS 3aKOHOJABYOi Ta OpraHizaliifHOI CKia-
JIOBHX TIPUPOJAOOXOPOHHOI JisSUTBHOCTI Ha BOJHUX 00’ €KTax, iXHS ajanTariis 10
YMOB MOCTKOH(IIKTY;

— aBTOMATH3allisl, BUKOPHUCTAHHS OJIOKYEHH-TEXHOJOTIH, pPO3IIUpPEHHS
Ta BIJHOBJCHHS €KOJOTIYHOTO MOHITOPUHTY BOJHHX EKOCHCTEM, OCOOJIHUBO
e aKTyallbHO € Juis TepuTopiid [liBaHsa Ykpainu, 1e Hapa3i TpUBAIOTh aKTUBHI
00110BI Aii Ta U1 OKyIIOBaHUX TEPUTOPIH;
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— BiJTHOBJICHHSI KPUTHYHO-BAXKJIUBOI BOJHOI 1HPPACTPYKTYypH, sika Oyna
3pyHHOBaHa MiJ 4ac BeJeHHs O0MOBHX Jil;

— BiJTHOBJICHHSI Ta MOJZICpHI3allis CUCTEM BOJIOBIJIBEJCHHS Ta BOJOIOCTA-
YaHHS 32 MIPUHIHUIIAMH PalioHaIbLHOTO BOJOKOPHCTYBAHHS;

— OHOBJICHHSI OUMCHUX CIIOPYI HA TPOMHUCIIOBHX IMIATIPHEMCTBAX Ta «Ipa-
BUJIbHE» BUKOPUCTAaHHs MiHEPaJIbHUX JOOPHB Ha CUTLCHKOTOCTIOAAPCHKHX YTijI-
JSIX, 30KpeMa 3aCTOCYBaHHS OPraHiuHUX 100PHUB;

— CTBOpEHHsI akTHWBHOI iH(opMmaniiHOi KaMmnaHii Ta po3poOKa 3aXoxiB
3a]Uisl 3allydeHHS 1IHO3EMHHUX KOIITIB y BiJIHOBJIEHHS Ta PO30YyJOBY BOIHHUX
00’ekriB IliBaHst Ykpainy;

— po3po0Kka MEXaHi3MiB Ta 3aXO/IiB III0JI0 OYMILEHHS BOIHUX 00’ €KTIB, SIKi
3a3HaJIM HalOUIBIIOT0 HETaTUBHOTO BIUIMBY ITiJ] Yac BilHM;

— opienTauist He nuure [liBaHs, ane i Bciel YkpaiHu Ha Kypc «€BpOIEH-
CBhKO1 3€JICHOT MOJIITUKWY, OJTHIEIO 31 CKIIAZIOBUX SKOTO € CTaJie BUKOPUCTAHHS Ta
€KOJIOTIYHa CTaOlIbHICTh BOAHUX €KOCHCTEM;

— MOHITOPHHT 3a CTAaHOM BOJIHHX 0iopecypciB, Ha AIJISTHKaX BOAHUX €KO-
CHUCTEM, sIKi 3a3HaJIM HalOUIBIIOTO BIUIUBY BiliHH.

BucnoBku. TakuM 4MHOM, aHalli3 BIUIMBY TOBHOMAcCIITaOHOI BiifHH Ha
BoaHi 00’ extu [1iBnHS Ykpainu mokasas, 110 BOHH IepeOyBarOTh B HETaTHBHOMY,
He cTabUIbHOMY €KOJIOTIYHOMY CTaHi, a JesIKi 3 HUX — HaBiTh Y KPUTUYHOMY.
V 3B’513Ky 3 IXHBOIO BaXKJIUBOIO POJIIIO Y HAPOJHOTOCIIONAPCHKOMY KOMILIEKCH,
MOKpAaIleHHS IXHHOTO €KOJIOTIYHOTO CTaHy Ta IXHE BiJHOBJICHHS € BAXKIMBHUMU
3aBJaHHIMH, K MOTPEOYIOTh JIETAIBHUX HAYKOBHUX JOCIIKCHb Ta CHUIBHUX
3yCHJIb TPOMAJICBKOCTI, HAyKOBIIIB, YPsAy, BITYM3HSHUX Ta MIKHAPOJHHUX Opra-
Hizaniit. JIumre 3a Takux ymMoB BceOiuHOI KOHcominanii Oyae BinOyBaruch edek-
TUBHE BiJJHOBJICHHSI PECYPCHOTO MOTEHIiaTy €KOCHCTEMH.

ENVIRONMENTAL STATE OF WATER BODIES
IN SOUTHERN UKRAINE UNDER THE INFLUENCE
OF RUSSIAN AGGRESSION

Honcharova O.V. — Candidate of Agricultural Sciences PhD, Associate Professor,
Melnyshenko S.H. — postgraduate student,
Kherson State Agrarian and Economic University,
anelsatori@gmail.com, sofiya.melnichenko.98@gmail.com

The study of the impact of Russian aggression on the ecological state of
water bodies in the south of Ukraine is extremely relevant because of its global and
multifaceted consequences. As the conflict escalates, there is growing concern about the
environmental consequences of military activity, such as munitions pollution, oil spills,
and damage to critical infrastructure, including water treatment facilities. This article
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demonstrates the relevance and importance of paying attention to the study of the scale
of environmental degradation and its consequences for the population, ecosystems and
regional stability.

The object of the research is the water bodies of the South of Ukraine.

The subject of the study is a general overview of the impact of hostilities on
water bodies in Southern Ukraine.

During the research, the following methods were used: critical analysis,
comparison, systematization of scientific literature during its review, statistical.

The results of the research on this topic show that the hostilities led to the
destruction and significant damage of the infrastructure that was responsible for water
drainage and water supply. This became the cause of significant pollution of the water
ecosystems of the South of Ukraine with dangerous chemicals and heavy metals.

The Black Sea and the Sea of Azov, located in this region, have become the
object of numerous attacks, resulting in significant damage to marine ecosystems.
Military actions near ports, industrial enterprises and ships significantly worsened the
condition of water bodies.

The biggest man-made disaster was the explosion of the Kakhovka hydroelectric
power station dam in June 2023. The consequence of this was the flooding of vast areas
and heavy pollution of water bodies, which in turn had a negative impact on nature
reserves, forest areas and led to casualties among the civilian population.

An important part of the restoration of water bodies is the coordinated
cooperation of various actors, such as public organizations, authorities and international
organizations. Also, it is necessary to carry out reforms in the environmental legislation
and the organizational sphere, carry out restoration of water infrastructure and implement
mechanisms for cleaning significantly damaged water ecosystems. Conducting effective
environmental monitoring and attracting foreign investments are also key aspects of
restoring the sustainability of water bodies in Southern Ukraine.

Prospects for further scientific research on this topic are a detailed analysis of
the impact of hostilities on the ecological state of specific water bodies in the South of
Ukraine, which have experienced the greatest pollution and destruction.

Keywords: water objects; South of Ukraine; ecological condition; war; continuous
development; post-war reconstruction.
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BMJIB BINHN HA CTAH AKBATOPIi IHIMPOBCbKO-
BY3bKOI ECTYAPHOI CUCTEMU TA YOPHOIO MOPA

IMiuypa B.I. — 0. c.-2. 1., npogpecop
ITompaexa JI.O. — 0. e. H., npoghecop
’Bazincokui 0.C. — HaUanbHUK eKONO2TYHOL IHCneKyil
! Xepconcwvkuil 0eporcasnuil azpapro-eKoHOMIYHULL YHIeepcumen,
’Exonoziuna incnexyis Hosokaxoecwkoi eilicbko6oi aominicmpayii
pichuravitalii@gmail.com, potravkalarisa@gmail.com

ExornoriuHi HacmiJKi TEPUTOPiN BeAEHHS BOEHHUX J[iH 3HHXKYIOTH PIBEHb €KOJIO-
riuHoi Ge3nekn YkpaiHu, Hacamrepes, y Mpu(poOHTOBUX perioHax, paioHax 00HOBHX
Iiit Ta okymoBaHuX TepuTopiid. Cutyanist y JHinpoBceko-By3bKiil ekcTyapHii cucTemi
3Ha4HO yckiamamnacs micis 06/06/2023 poky, komu Oymno 3uaumeHo nam0y KaxoBcbkoi
rizpoenexkrpocTanuii. B pesynbrari minpuBy nqamMOu BinOysocs rnepeMillieHHs] 3HAaYHUX
00csIriB MotoTaHTiB Yepe3 JIHinpoBchko-by3bkuii miuMan 10 akBaropii YopHoro mops,
OCYyIICHHS i TpaHC(hOpMAIlis aKBaTOPii BOXOCXOBHUIIA. METOIO TOCIIKEHHS OyI0 BCTa-
HOBJICHHS NTPOCTOPOBO-YAaCOBUX 3aKOHOMIpHOCTEH y (hOpMyBaHHI SIKOCTI HOBEpXHe-
BuX Box 3a 2021-2023 poku Ta BH3HAYEHHS BIUTUBY POCIHCBKOI 30poiiHOi arpecii Ha
¢ynkuionyBanHs akBatopii JJHimpoBcEKo-By3pK01 ecTyapHOi cucTeMu Ta 3a0pyaHEHHS
Yopuoro Mopsi. JocaiKeHHs IPOBEACHO 3a T1IPOJIOTIYHUMH, O10JOTTYHUMH 1 (i3HKO-
XIMIYHAMH 1HAMKATOpaM, KOXKEH 3 SKUX Ja€ YHIKaJbHE YSBIICHHS PO CTaH SIKOCTI
BOIU Ta (YHKIIOHYBaHHS akBaropii. BcTaHOBICHO HETaTUBHI HACIHIIKU BOEHHUX i,
siki mpu3Benn y 2023 pomi go pyiHarnii KaxoBcbkoi 7amMOu, OCyIIEHHS BOJOCXOBUIIA,
BHHECEHHs IMOJIOTAaHTIB KoHIeHTpamieto 1,1-51,8 I[JIK Tta 3a0bpynHeHHS BOOHHX pe-
cypciB Ha 6800 km? akBaropii ecTyapHoi crctemu Ta Yoproro mops. Iloriprwmmcs y
1,42—1,82 pa3u ce30HHI XapaKTepUCTHKH TiIPOJIOriyHOT0 pexumMy JIHimpoBchko-by3b-
Koi ecTyapHoi cuctemu. L{e mpu3Beno 10 3acTO0 BOTHUX Mac, 30aradeHHs 010TeHHUMU
pEYOBMHAMH BOAHUX JpKepen y 2,1 pasa, miBUIIEHHS IUTBHOCTI PO3MOALTY BOIOPOC-
Teil Ta 30UIbIIeHHST KOHIICHTpaIii XJopodiny y 2,9 pasu, mporpecyBaHHIO eBTpodikamii
Ta MOTiPIICHHS IMOBEPIICHUI BOA 10 MOMITPO(GHOTO CTaHy, HOTipIIeHHS (i3UKO-XiMid-
HUX BiacTuBocTeil Bomu 110 4,0 pasiB. 3a Qi3UKO-XiMI9YHUMH BIACTUBOCTSAMH OJH3BKO
70,2 % axBaTopii XapaKTepu3yIOThCsl 3HAYHUM PIBHEM MOPYIICHHS CTIHKOCTI T1IpOEKOCHC-
TEMH Ta SKOJIOTIYHOTO perpecy. OTpuMaHi pe3yabTaTh € BaXIMBUM JJOKa30M HACIIIIKIB
EKOIMAY POCIHCHKUM 30pOHHNM arpecopoM MpoTH YKpaiHu.

Kitro4oBi ciioBa: BIutuB BiiiHH, SIKiCTh Boau, KaxoBchKe BoocxoBuine, J{HIPOB-
cpKo-By3bka ecTyapHa cuctema, pidka J{Himpo, Oi0miTiCHICTh, KApTYBaHHS, AUCTAHIIIH-
HE 30HIYBaHHS 3eMJTi.

ITocTanoBka nmpoodaemMu. SIKiCTh BOIU € OCHOBOIO OC3MEKH Ta CTIHKOCTI
BOIHHMX PECYpPCiB, MICTUTh MOKA3HUKHU 30POB’ST BOMHUX eKocucTeM. IIpicHO-
BOIHI JDKEpEIa SBIISIOTHCS TOJIOBHOIO YMOBOIO ICHYBaHHS JTIOACHKUX CIUTHHOT,
TiapoOiOHTIB Ta MPOIOBOIEUOT Oe3nekn nepskaBu. LIBuaKe 3poCTaHHS YHCEITh-
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HOCTI HaCeJIeHHs1, OCHIICHHsI ypOaHi3amii Ha Bog0300pax pidoK Ta eKCTEHCHBHA
rocrofapchka AisUTbHICTh, CTad OCHOBHUMH NPUYMHAMHU Jerpaiauii i TpaH-
chopmarii Bogaux 00’exTiB. OAHIEO 13 HAHOLIBIINX TPAHCKOPAOHHUX PIYOK
€sporu € JIHinpo, mwiora daceiny skoi craHoBuTh 511 Tre. km? (57,3 % mporti
3HAXOAMTHCS Y MeXax Ykpainm). bacelin piuku oxoruiroe nmonaza 48 % tepuro-
pii Ykpainu, akymymnroe Onuzpko 80 % i1 BoqHHX pecypciB, sKi 3a0e3MeuyroTh
MPOIOBOJIBYI Ta MUTHI oTpedu Oinbine 70 % HacenenHs Ykpainu. Ha tepuro-
pii Gaceliny /{Hinpa 30cepeaKeHo BeNrKi MPOMHUCIIOBI KoMIuiekeH (moHax 60 %
BITYM3HSHOTO TMPOMHCIOBOTO BHPOOHHIITBA), CIILCBKOTOCHOAAPCHKI yTimfs
(arporenHa TpaHcQopMallisi B MeaxX yKpaiHChKOi yacTWHH OaceiHy CKIaaae
oinbiie 70 %), HalHOUTIBII MiChKI aroMepanii kpaiau [1-3].

JecTpykuis ekonoridHoi cutyanii y 6aceiini J{Hinpa nos’si3aHa 3 BUpyOy-
BaHHSM JIICiB, «X1Mi3ali€l0» CUTLCHKOTO FOCIOAAPCTBA, CTBOPEHHAM Ta (PyHKIII-
OHYBaHHSIM KacKaJly JHIPOBCHKUX BOJIOCXOBUII, CKHAHHIM 3HAYHUX O0CATIB
3a0pynHeHHX BoA Toio [4—6]. Ha chorozHi ekonoriyaa cuTyaris yCKJIaJHUIacs
BOEHHOIO POCiiicbKoI0 arpecieto. boloBi fii MaroTh 3a HaCHiAKH KaracTpodiuHi
BTpaTH HAaBKOJHIIHBOTO CEPENOBHIIA, 1[0 BUPAKAIOTHCS 3HUILEHHSM MPUPOJ-
HUX JaHamagdTiB, BUAOBOrO ckiaxy ¢GuopH i ¢ayHu, 3a0pyIHEHHSM BOIHHUX
JoKepera, 3HUILEHHSIM POII0YOro 1apy IPYHTY.

ExornoriuHi Hac/IiIKu TEPUTOPii BeACHH BOEHHHX il 3HIKYIOTh PiBEHb
eKoJoriuHoi Oe3meku YkpaiHu, HacaMIiiepes, y IpUppOHTOBUX perioHax, paiio-
Hax 00MOBHX [Iili Ta OKymoBaHUX Teputopii. Curtyanis y JJHinpoBchKko-by3bkiit
eKCTyapHill cucteMi 3HauHO ycknagauiacs micis 06/06/2023 poky, konu OyIno
3aumeHo namOy Kaxoscbkoi 'EC [7-11]. B pesynbrari miapuBy namOu Bia-
Oynocs mepeMillieHHs! 3HaYHUX 00CSTiB MOMIOTAHTIB uepe3 [IHinpoBchko-by3b-
KHH TUMaH 10 akBaropii YopHOTO MOps, OCYLIEHHS 1 TpaHCOpMallis akBaTopii
BojocxoBuuia. IlinpuB gaMOK cTaB MPUYMHOIO TEXHOTEHHOI KaTacTpodu, sKa
Ma€ eKOJOrIYHI, €KOHOMIYHI Ta COLIaJbHI Hachiakd. 3rigHo 3 ganumu OOH,
30uTKM YKpaiHH Bij MigpuBy namOu ctaHoBisATh noHay 18,0 mupa mon. CHIA.
CTOCOBHO BIUTUBY HACIiJKIB MiAPUBY JAaMOU HAa HABKOJMIIHE CEPEIOBUILE
BapTO 3a3HAYUTH, LIO OOCITH EKOJIOTIYHMX BTPAT, IO BHPAKAIOTHCS IOTIp-
LICHHSM TiJpOJIOTIUYHMX, 010JIOTIYHUX Ta (Pi3HUKO-XIMIYHHX YMOB, MOCHIICHHSIM
eBTpo(iKaifHUX TPOLECIB Ta MPOSBAMU E€KOJIOTIYHHX MpobieM y JHimpos-
cpKo-By3bKili ecTyapHiii cucteMi Ta akBatopii YopHOTO MOpsI, JO3BOJISIOTH BijI-
HECTH BYMHEHI JIi1 10 PIBHS SKOIUY.

AHaJi3 ocTaHHIX AoCTiTKeHb i mydumikaniid. Ha choronHi ykpaiHChKOO
Ta MDKHAPOJHOK CIHUILHOTOK aKTHBHO OOTOBOPIOETHCSI MUTAHHS JOIILHOCTI
BiIOy/IOBM TaMOU TiJIPOCIIEKTPOCTAHIIT Ta 3aroBHEHHsT KaXxOBCHKOIO BOJOCXO-
Buina [7—-11]. Cnig BigMiTHTH, IO €KOJOTIYHHUNA CTaH Yy Tepiod (yHKLIOHYBaHHS
aKBaTopii BOMOCXOBUINA 32 TIOKa3HUKAMH SIKOCTI MOBEPXHEBHUX BOJ XapaKTepPH3Yy-
BaBCsl HE3aJOBITLHUM CTaHOM, aJle BOJOCXOBHILE Maji0 BayKJIMBE TOCIOIAPCHKE
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Ta COIIaJIbHO-CKOHOMIYHE 3HAYCHHSI JJ1s1 BOMO-Ae(iluTHUX perioHiB 30Hu Cremy
VYkpainu [6, 12]. 30kpema, BOIHI CKHIM BOJIOCXOBUINA J0 MOHM33s J[Hinpa Mamu
BXJIMBE 3HAYEHHS y 3a0€3MeUeHHI eKOJIOTIYHO HEOOXiTHOTO CTOKY Ta BOJHOCTI
($yHKIIOHYBaHHS ecTyapHOI ccTeMu. Y CBOIO uepry, JHinpoBcbko-bBy3bka ecty-
apHa CUCTeMa € BOKIMBUM BOJHUM OCEPEIKOM CTAJIOrO IPUPOIHOTO iCHYBaHHS
BogHO1 ¢mopu 1 ¢ayHu, mxepenoM 3abe3ledeHHsT BOTHUMH pecypcamu pubo-
rOCTOJAPCHKUX, MIUTHUX, KYJIBTYPHO-TIOOYTOBHX Ta PEeKpealiiHiX MoTped Hace-
nensst [13, 14]. Y upoMy KOHTEKCTI ecTyapHa CHCTeMa CTala Yy TIUBUM 1HAWKA-
TOPOM BIUTUBY HACIIJIKIB POCIHCHKOI 30pOHHOI arpecii, 1o MposBISIOTHCS Yepes
JIerpajamio Ta TpaHc(hOPMAIlil0 TPUPOJHOTO CepeloBHIa. ToMy, Y MPHHHATI
PIllIEHH] MIOA0 JOIUILHOCTI MOBOEHHOT BiOyI0BH KaXOBCHKOTrO BOJOCXOBHIIIA,
HEeoOXiZIHO BpaxyBaTy 3MiHU (yHKLIOHYBaHHS aKBaTOpii Ta SIKOCTI IIOBEPXHEBUX
BoJ JIHINpOBCHKO-By3bKO1 €cTyapHOi CHCTEMU.

[ocTtanoBka 3aBnaHHsA. BCTaHOBUTH MPOCTOPOBO-YACOBI 3aKOHOMIp-
HOCTI (hOpMYBaHHS SKOCTI MOBEpXHEBUX BOJ 32 2021-2023 poku Ta BU3HAUCHHS
BIUIMBY POCichbKOi 30poiHOI arpecii Ha (QyHKUiOHYyBaHHs akBaTopii JHimpoB-
cbKo-By3bKoi ecTyapHOi cuctemu Ta 3a0pyaHeHHs YopHOTO MODAL.

Marepianu Ta MmeToau aocairkeHb. CxeMa i MaTepianu 1ocaigxeHb.
Cxema J0cCHiKEeHHS IPOCTOPOBO-YaCcOBHX 3aKOHOMIpHOCTEH (hOpMYBaHHS SIKOCTi
MOBEpXHEBUX BOJ Ta Mirpalis NomoTaHTiB y JHimpoBcbKko-bBy3bKill ectyapHiit
cucremi Ta akBaropii YopHOro Mops BKIIOYa€ YOTHPHU JIOTTYHO-TIOCIiIOBHUX
O110KH (pUCYHOK 1).

| Axparopia JIninpesceko-Byinkoi ecryapuoi cucremn i Hopnoro mops |

¥

2021 — poBocuanil nepioa GopyMyBEAHHA AKOCTI NOBEPYHCBHYX B

= GCALGEEHHN HR0CT] IOBSPXHERHY B0 41 PLIPKHEOTaHHSH T3 (i eo-XIMIM AT IORTIHHEIME HE OCHOR
acusndipysanny cyuyrnnrosnx snivkis Sentinel-2 L2A: Maximum Peak-Height Index (MPHI), Chl-a,
thocary (Plosphates), kaasyriicrs (Turbidity), sageni pesowain (Total Suspemded Solids)

!

2022 — pocnanil nepioa, TnMYacesa oKy i goperos vicra Xepoon | aacrann Xepooscensol ofoacti

- MOCAVTECHHA AKGCTI MOBCPXHCEHN BOJ 30 MAPOHIOIOriHIMH TA g uike-XiMISHEME NOKIIHHEAMHE HE OCHOR
Actndpyeaneg  CyIyTHREORHX miskin Sentinel-2 L2A: Maximum Peak-Height Index (MPHI), Chl-a,
thoctuara (Phosphates), kuasyricts ( Turbadity), saspen pesornen (Total Suspended Solids)

!

2023 — pocnanil nepioa, pyilnyesanns gavin Kaxvescskol riapoeier rpocrannii

- J0CHUGKSHHS MIPALT nomomanmie 3 Kixoscesoro BOJoCKOBMIIA 30 MKBATOMI YopHoro MOops Ml oCHoBi
Actndipyrani cyiyrHikorux simkie Sentinel-3 OLCT LITB: Maximum Chlorophyll Index (MS1);

- JOCTLTACHIA AROCTI MOBCPXHCENY BOJ 3 MPGGIOTSTTHIGH T i iEe-XIMIMIHMN TOKTIHHKAME HE OCHOR
Actmdpyeaneg  CymyTHRROBHX amiskin Sentinel-2 L2A: Maximum Peak-Height Index (MPHI), Chl-a,
thoctary (Phosphates), kuasyruicrs (Turbidity), saepen pesonnan (Tolal Suspended Solids)

!

2021-2023 = ouninka mivn sRocri nosepapenns soa v Aninposceko-byiskiin ecryapuiin cncresi sa
Giocvoriammsn v Gisnso-xisvianman nokammeasmn

Puc. 1. CTpyKTYpHO-/10Ti4HA METOI0JIOTIYHA CXeMa JOCTi/IZKeHHS

107



Boowi 6iopecypcu ma akeakynomypa, 1(15) /2024

Jnst anani3 crany noBepxHeBux Bof 3a 2021-2023 poku BUKopHcTaHo (ak-
TUYHI JaHi TOJbOBUX HATYpPHHUX CIIOCTEPEXKEHb 1 ompuittonHeHi nani JlepxaHoi
exostoriuHoi iHcnekuii [lisaennoro okpyry (JEIITO) Ykpainu. xepenom akty-
ANBHUX CYIyTHUKOBUX 3HIMKIB JJIs1 AeIH(PYBaHHS Ta PO3PaxyHKY HEOOX1THUX
IHJCKCIB € MaHi kocMmiuHuX amapariB Sentinel 2 L2A, Sentinel-3 OLCI L1B i3
caiitry Copernicus Browser.

XapakeTpUCTHKHU TepuTOPii 1ocaimkenns. /[ninposcrko-by3bka ecty-
apHa CUCTeMa — 1€ TilepeKoCcHcTeMa, sika CKIIaaeThes 3 JIHImpoBchKko-By3bkol
TUPJIOBOT 00MaCTi, 10 TATHETHCS Bija gambOu KaxoBchkoi ripoenekTpocTaHilil
(TEC) i rupna p. I[liBnennunit byr no KinOypHcekoi npotokw, sika 3’enHye JHi-
NpOBCHKO-by3bKuii mruMaH 3 HopHUM MOpeM i BKITIOUa€e 00’ €IHaHI MPUMOPCHKi
paiionn aBox pivok (uinpa i [liBnennoro byry). [Ipumopcekuii paiion [Hi-
npa CKIaJaeThCsl 3 MPUTUPIIOBOI Ta TUPJIOBOI (#enbTa) AinsHOK. [Ipurupnosa
IinsHKa posramoBana Mix rpedneto Kaxoscbkoi EC Ta M. Xepcon. ['mpiosa
ninsaka J{Hinpa siBisie co00r0 pO3BHHEHY AEJBTY, sIKa JUIMThCS HAa BENHMKI Ta
Majl pykaBa, YMCIEHHI MPOTOKH 1 3aiiaBHI o3epa. AKBaTOpisS JOCIiIKEHb
(pucynok 2) ckmana 810 km?, 3arajgbHOI0 TOBKHHOIO 150,8 KM.

[Monus3s JlHimpa BKIIOYA€E BOIHI MO3aiYHO-HEOMHOPIMHI JUISTHKH
PYCI0BOI Ta JAENBTO-03E€PHOI CcHCTEM Bij 3pyhHOBaHOI namOu KaxoBChKOi
TiIPOENEKTPOCTAHIIIT 10 THPJIA PIUKH, POTSHKHICTIO OK3bKO 94,4 kM. 3aranbHa
mIota Boj0360py nouusss Juinpa cknagae 492 km2, Tigposoriuumii, 6iomoriu-
Hul Ta (izuko-xiMiuHMI ctaH noHu33s Juinpa go 06/06/2023 poky 3anexan
Big pexumy poborn Kaxoscrkoi ['EC 1 momyckiB Bomu uepes ii rpedmro. Ha
CBOTOIHI cTaH MOoHU33s [Hinpa 3anexarb BiJ pexxuMy poOoTH J[HIMpOBCHKOT
I'EC na Biagcrani 230 kM Bropy mo tedii BijJ 3pylHOBaHOi gamMOu KaxoBchkoi
I'EC. Mo3zaiyna HEOTHOPIOHICTh MOHM335l PIYKH XapaKTepU3YebCs TPbOMa
IUITHKAMH aKBaTopii, siki 00yMoBIeHi pi3HUMH hakTopaMu (JOpMYBaHHS SKOCTI
MOBEPXHEBUX BO/I.

[epma ninsiaka, Big namOu KaxoBChKOT TiipoeneKTpocTaHIlii 10 AHTO-
HIBCHKOI 3aJII3HUYHOTO MOCTY, MPOTSDKHICTIO 48,7 KM, XapaKTepUu3yeThCs Hajl-
XOJPKEHHSM MOBEPXHEBHUX BOJ 3 BOAOCXOBHUIA, BITHOCHO AOOPHMH yMOBaMU
(hOopMyBaHHS TiIPOJOTIYHOTO PEXKHUMY Ta SKOCTI MOBEPXHEBUX BOII, SKi HAOJIH-
JKeHi 10 POHOBUX 30HAJBHUX XapaKTEPHUK MOHMU33s J{Hinpa.

JHpyra ninsHka, Bii AHTOHIBCBKOTO 3aJi3HUYHOTO MOCTY JIO NOYATKY
JeNnbToBO1 cucTeMu [IHinpa, mpoTspkHICTIO 19,6 KM, XapaKTepU3yEThCs TOCHIIe-
HUM HETaTMBHUM BIUIMBOM BHCOKO MiHEpali30BaHUX IMOBEPXHEBUX BOJ MPaBOi
MPUTOKHU piuKH [Hrynens Ta HaIXOKEHHSAM HEOUHUILEHUX MOBEPXHEBUX CTOKIB
MicTta XepcoH. 3a0pyaHeHHsI MOBEPXHEBHUX BOJ piuku [Hrynens BinOyBa€eThes B
pe3ynbTaTi CKUAIB PYITHUKOBUX BOJ Ta MPOMHUCIOBHX CTIYHUX Bol KpHBOpi3b-
KUM Ta [HTyJenbKkuM ripHud0-30aradyBaibHUME KOMOiHATaMu, 10 00YMOBITIOE
HAIXO/DKEHHS CyXO0ro 3anuiiky Big 2150 qo 3900 Mr/am3, B TOMy 4HCITi XJIOpH-
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OoaxuHa - 150.8 km

I w T v TwTl w T n 1 I I
23,4 xm 21,0 mm 12,0 ma J8.1 um 19,6 um 8.7 km

Puc. 2. AxkBaropis JIHinpoBcsko-By3bKkoi ecTyapHoi cucremu

AxBaropisi IMonm3ss [Inimpa — nomxkmHa pycna 94,4 xm: I — Big mam6u KaxoBcbkol
riIpoeNIeKTpOCTaHIli 10 AHTOHIBCBKOTO 3aJi3HUYHOTO MOCTY, B MeXaxX THpia piuku [Hrynens;
II — Bix AHTOHIBCBKOTO 3aJII3HHYHOTO MOCTY JIO [TOYATKy JEJIBTOBOI cucTteMH JIHimpa, B Mexax
Micra Xepcow; I1I — Bix mowarky nensroBoi cucTeMu piuku 1o rupia JHinpa.

Juinposcbko-By3bkuii uman — nomxuna 56,4 km: 1V — Cxignmif paiion; V — Llenrpansauit
paiton; VI — 3axinuuit palion

niB (CI) y mexax 425-1365 mr/am’, cynbdaris (SO,”) — 670-842 mr/mm® [15].
30KkpeMa, NOCWICHNH HEraTUBHUHN BIUIMB Ha PiuKy JIHINPO BUMHSIOTH MOBEpPX-
HEBIi CTOKH MicTa XepCOH, ITOBEPXHEB] BOMH Wi€T JUISHKY aKBaTOpii, BiAMOBIIHO
JI0 HOPM TIPHIIATHOCTI BOJ ISl pHOOTOCTIONAPCHKOTO MPU3HAYEHHSI, BiIMTOBiAa-
I0Th KJlacaM «OpynHa» — «ayke OpynHa». OCHOBHUM HOJNIOTAHTOM, IO CIIPH-
YUHSIE TIOTIPIICHHS SIKOCTI JHIPOBCHKOI BOMIU, € 3HAUHE MEPEBUIIECHHS BMICTY
Ha(TOIIPOAYKTIB, SIKi MOTPAIUISIOTH Y IPUMIiCBKY aKBaTOPIiO PIUKH i3 MICBKUMU
HEOUYHIICHUMH CTIYHUMHU BOJAMHU.

TpeTs ningHKa, Bij| MOYATKy AENIBTOBOI CHCTEMH piuku 10 rupina J{Hinpa,
MIPOTSDKHICTIO 26,1 KM, XapaKTepu3y€eThCs HAAXOMKEHHIM KaHATI3aI[IiHIX CTO-
kiB micTa XepcoH Ta (hOpMyBaHHSM 3aCTIHHUX O3EPHHUX BOJ| i3 HU3BKOIO ab0
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CEPeIHBOI MPOTOUHICTIO Y AenbTi J[Hinpa. Micbki OYUCHI CHIOPYIH 13 3araiib-
HOIO TUIOIIer0 85,2 Ta MalTh OYMCHY MOTYXHICTh y 45—50 THC. M? CTOKIB 3a
no0y. 3aranbpHa JTOBKHMHA MEPEkKi BOMOBIABENECHHS CTaHOBUTH 297 kM. OuuncHi
criopynu Micra mooymnoBaHo y 1975 poili, BOHM MarTh JBOCTYIIEHEBY CXeMY
OYHIIICHHS CTOKIB: MEXaHIYHA OYHCTKA — PEIIiTKH, MiCKOJIOBKH 1 MEpBUHHI BijI-
CTIMHUKH, SKI yTPUMYIOTh BaXXKi 3a0pyJHEHH:I 1 OUMIYIOTh KaHalli3aliifHi BOIH
Ha 35-40 %; GionoriuHa OYMCTKA — OYMINEHHS CTIYHOI BOAM 0i0OpraHi3MaMH,
JKUTTETISUTBHICTD SKUX MiTPUMYETHCS MOIAUCI0 KUCHIO (a8POTEHKH), IO J103-
BOJISIE 3IIMCHUTH OYMCTKY BOX 10 piBHSA 90 % i Oinbime [16].

VY nepiox 2016-2021 pp. cepenHe 3HaYEHHsSI OKPEMUX MOKAa3HHKIB Tif-
POXIMIYHUX BIACTHBOCTEH KaHAII3alIMHUX CKHUJIB, SKi HAaIXOIATh Oe3moce-
penHbO 10 akBaTopii p. BipproBurHA 1 mepepo3noAiisaoThes 10 piuok Komrosa
ta JIHIpo, Y BIANOBIAHOCTI 10 KPUTEPiiB pHOOTOCHONAPCHKOTO BUKOPHUCTAHHS,
XapaKTepu3yBaJiocsl TEPEBHIICHHSIM TPaHUYHO JOMYCTHUMHUX KOHLEHTpAIii
(TZIK), 30kpema: BMICT 3aBUCIIMX peuoBUH — B 4,2 pa3u, gocdaris — y 3,6 pasu;
cyxoro 3amumky — y 1,3 pasu; cynbgarie — y 1,7 pasu; xmopunis — y 1,2 pasy;
HaTpito-+Kajiro — y 2,6 pa3u; a30Ty aMoHiiHoro — y 3,8 pa3u; HahTONPOMYKTIB — Yy
2,0 pasu. Takuii piBeHb 3a0pyHEHHSI HETAaTHMBHO BIUTMBAB Ha (DYHKIIOHYyBaHHS
rigpoexocucremu nonusss Juinpa. Hacammepen, HeByacHa oumcTka Oioyoriv-
HUX CTaBiB CIPUYMHSIA CKUIU 3HAYHUX 00CATIB 3a0pYyIHEHOTO MYJTy, 1[0 CTAJIO
NpUYHHOO moTparuisiHas y JJHinpo 400 TOHH MOBEPXHEBO-aKTUBHHUX PEUOBHH,
OKHCIB a30Ty, cipku, hocdopy, HapTonpoaykris oo [2, 3, 16].

Jenvra [lHinpa € qpyroro 3a BEMUYHHOO B YKpaiHi, micist nenbtu yHaro.
[i mnoma cranoBuTs Gnu3bKko 350 KM, BKIIIOUAa€E MPOTOKH, 3allIaBHi o3epa if
03eplsd, 3aBOAM, 3a00J0UYEHI AUISIHKH, PYKaBH, MPUTOKH Ta YaCTHHY HEBEJIH-
KUX HaHOCHHUX OCTPOBIB y camMoMy JuMaHi. CBOIMH pO3MipaMu BUAUISETHCS
Benukuii [TotboMKiHCEKHH OcTpiB. [HIN Benuki octpoBu: bakaiicekkuii, bino-
rpynuii, bopiosuii, Benukwuii, Benukuii Cokonun, ["ancekuii, 3a6u4, Kapan-
tuHHuH, Kpyrmuk, Tomoka. OcHOBHI pykaBu aenbTH: PBau (cygHOIUIAaBHHIMA
pykaB), Konka, Komosa, Crapwuii Jxinpo, [lepe6iiina, Yaiika, Kanasa, Hosa
Konka, Cepenunka, JIutBunka, Ceunsuka, Kopabena. Jlensra /[Hinpa BXonuTh
IO TIOHM335 PIUKH, BOJM SIKOI BIaJIal0Th B J{HINPOBChKO-By3bKuil TuMaH.

JHinpoBceKo-By3bkuii TMMaH — BIIKPUTUH OJiroragiHHUNA JTHMaH MiB-
HiuHO{ YacTUHH YOPHOTrO MOpS, 3HAXOAUTHCS Y Mexax XepcoHChbkoi i Muko-
naiBchKoi obOmacteit Ykpainu. Jluman € MiNKOBOAHMM, HOTO CepeHs MTUOUHA
cranoBuTh 3,5-4,0 M, makcumanbHa 12,0 M. 3 HopHuM MopeM JIUMaH 3’ €IHYy-
€TBCSI TPOTOKOIO UPUHOIO 3,6 KM (Mixk OvakiBcbkUM MUCOM Ta KiHOypHCBKOIO
kocoro). [liBneHne y30epexxs Mae HU3bKI, MilllaHi Oepery; mBHIUHE — 31e01J1b-
moro, BUcoki (o 20—35 M) oOpuBHCTI Oeperu, CKIAACHI 3 ITMHUCTO-TIIIIAHUX
Mopiz, Ha OKPEeMHUX AUISHKAaX 3yCTPiYaroThCs MII[aHO-MYNUIEBi KOocu. J{HO Oinst
Kic mimane, Ha IMUOUHI BKPUTE CYTITIMHUCTO-MIaHUMH Mynamu. [loBepxHeBuit
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CTIK y TMMaH ckiagaerbest Ha 94,3 % 3i croky uinpa, Ha 5,7 % 3i cToky [lis-
neHHoro byry. Tepuropisi OCHIKEHb TUMaHy TMOAUISETHCS HA TPU YaCTUHMU:
ninstaky 1V — Cxinawuii paiion, V — Llentpansauii paiion, VI — 3axignuii paiioH.
CxiaHuii palioH TUMaHy 3HAXOAMTHCS 0E3MOCEPENHBO ITiJ] BIUIMBOM CTOKY JHi-
npa. HIBuakicTe Tewill y bOMY paiioHi Ma€ IMepeBa)KHO CE30HHHI XapakrTep,
OCKIJIbKM 0e3M0CepeHbO 3aJIeXKHUTh Bil BUTpaT Hipa BOpOAOBK poky. LleH-
TpaJbHUN PaliOH TMMaHy 3HAXOAUTHCS ITiJ] BILTABOM PiYKOBUX T4 MOPCHKHX BOJI.
JinsHka nepeOyBae y 30HI TpaHcdopmailii piukoBHX BOX Y COJIOHYBaTi. BomaHi
MacH po3ILIapOBaHi MO BEPTHKAJi, IO CHOBILIBHIOE MPOIIEC iX MepeMillyBaHHs
Ta y JKapKi Mepioau Mpu3BOAUTH 10 (GOPMYBaHHS aHAEpPOOHUX 30H. 3aXigHHN
paiioH 3HaXOIUTHCS MiJ] IEPEBaKHUM BIUTMBOM MOPCHKHX BoJ. CepenHsi cono-
HICTh BOAM TUMaHy ckianae 3,6 %o. 30kpema, y CxigHOMY paiiOHi Bapiro€ Bix
1,0 o 3,3 %o, LlenTpamsaomy — 1,0—6,0 %o, 3axiganomy — 1,0—11,0 %o.
Metoau npocaigkenHs. JlocmipkeHHsT TpO(IiYHOTO CTaHy MOBEPXHEBHX
BOJ y akBatopii JIHIMpOBChKO-By3bKo1 ecTyapHOi cHCTeMH 3IIHCHEHO Ha OCHOBI
PO3paxyHKy IHTEHCHUBHOCTI HACHUYCHHS IUIABAIOYMX BOJOPOCTEH MIrMEHTOM
xmopodiny (Chl-a, mxr/am?®) 3a Maximum Peak-Height Index (MPHI) [17]:

MPHI=B5-B4- W} —Chl-a=2223.18MPHI+24.03, (1)

ne B4, B5 i B8 — cmyru Binbourtsa, a AB4 = 665 um, ABS = 705 um i
AB8 = 842 HM — leHTpaIbHI TOBKWHYU XBUJII BIAMOBILAHUX cMyT Sentinel-2.
L2A. 3nauennss MPHI 3minroerscs Bix —1.0 mo 1.0. 3HadyeHHsS BuIE
MPHI = 0,004 inentucdikye nasBHicTh Chl-a y BOHOpPOCTSX TOBEPXHEBOTO
HIapy akBaTopii.
Bwmict pocdaris (MrP/am?*) pozpaxoBaHo Ha OCHOBI BCTAHOBIICHOI 3aJICK-
HOCTI (JIOCITIIPKCHHS aBTOPIB):

P=0.0102Chl-a”" ", 12=0.984. @)

KamamyTricTs moBepxueBux Box (Turb, NTU) Bu3Hauanacs 3a popmy-
noro [18]:

Turb=194.79 (B5* () ) +0.9061, 3)

ne B4, BS i B8 — cmyru Binoutts Sentinel-2 L2A.
3asucii peuoBunu (Total Suspended Solids — TSS, mr/mm?®) po3paxoBaHo Ha
OCHOBI BCTaHOBJICHOT 3aJIe)HOCTI [19]:

TSS=3.4216Turb, r*=0.987. 4)

SIKicTh TOBEPXHEBUX BOJ BU3HAYAIOCA 3a KJIaCU(IKALI€I0 TPEICTABICHOIO
y Tabmui 1 [19, 20].

Ho I xmacy HanexaTb BOAM, Ha sIKi HAHMEHIIE BIUIMBAE aHTPOIOIEHHE
HaBaHTAXEHHs. 3HAUEHHA iX TiAPOXIMIYHUX 1 T1IpoOiONOriYHUX MOKA3HHUKIB
OJM3bKi 10 IPUPOAHMX 3Ha4eHb AaHoro perioHy. s Box Il kmacy xapakrepHi
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MeBHI 3MiHU TIOPIBHSHO 3 MPUPOIHUMH, OFHAK IIi 3MiHM HE MOPYIIYIOTh €KOJIO-
riunoi piaoBaru. o Il knacy Hanexars BoaH, sIKi mepeOyBaroTh il 3HAYHUM
AQHTPOIIOTCHHUM BILTUBOM, PiBEHb SIKOTO ONM3BKUN A0 MEXi CTIKOCTI eKocHC-
Tem. Bonu [V-V kiaciB — 1ie BoAH 3 TOPYIIEHUMH €KOJIOTTUHUMH NTapaMeTpamH,
X SKOJIOTIYHHI CTaH OIIHIOETHCS K eKoJIoriuHmii perpec [21].

I'pannuHO-mOMyCTUMI KOHIEHTpalii pedyoBWH y axBaropii JHimpos-
cbKk0-by3bKOi €cTyapHOI CHCTEMH BH3HAYaJIMCS 3a HAMOLIbII KOPCTKUMH 3HAa-
YEeHHSAMH AilounX B YKpaiHi Ta €Bponeiicbkkomy Col03i HOpMaTUBaMu SKOCTI
BOJIU MTOBEPXHEBUX BOAHUX 00 €KTIB IUIsl MUTHUX MOTPEO, KYIETYPHO-TIOOYTO-
BOTO Ta peKpealliiiHoro, puoorocroaapchbKoro npuHaueHHs [22].

[NepemirieHHs1 KOHLIEHTpPALIK MOMIOTAHTIB y akBaTopii YOpHOTO MOPSI MicIst

py#Hauii nam6u KaxoBcbkoi 'EC pospaxoBano Ha ocHoBi Maximum Chlorophyll
Index (MSI) [23]:
709 — 681 5
754 — 68 1] ’ (5)
ne B10, B11 i B12 — cmyru Bigouttsa, a AB10 = 681 um, AB11 = 709 uMm i
AB12 = 754 HM — UeHTpanbHI JOBKHHMA XBWJII BIINOBiMHUX cMyr Sentinel-3
OLCIL1B.

[ToOynoBa rpadikiB Ta Kpoc-KopemsauiiHuii ananis 3niicaeno y MS Excel
2016. O6poOky 300pakeHb, KapTorpadyBaHHs Ta IPOCTOPOBO-YACOBHI aHAII3
mpoBoAwiIH 3a gonomoroo ArcGis 10.6.

PesyabraTn gocaigkens. ®opmyBanHs akocTi Boany 2018-2021 poui.
BaxnuBumu iHIMKaTopaM CTaHy SIKOCTI MOBEPXHEBHX BOJ € X rimpobionorid-
HUi Ta (i3UKO-XIMIYHUH CTaH, 3MiHA SIKMX BiOyBa€ThCS B PE3YJbTaTi BIUIUBY
Oararpox (akropiB. Cepen HUX CiJ BU3HAYUTH: PiBeHb BOAM 1 IIBUIKICTH
CTOKY y piulli, MIPUPOAHO-KIIMAaTHYHI YMOBH, IHTEHCHBHICTh T'OCIONAPCHKOT
JUSUTBHOCTI JIIONWHY, BIUIMB BOEHHUX Jiil Tomo. Bukopucranus OiomoriyHHX
i (i3uKo-XiMIYHUX METOAIB mependayae BU3HAUEHHS a0IOTHYHMX YHMHHHKIB:
aKTHBHICTh PO3BUTKY BOJOPOCTEH Ta IHTEHCUBHICTH HAKOIMUYEHHS XJI0po(dimy,
TEMIIepaTypH, MPO30POCTi 1 KalaMyTHOCTI BOIH, KOHLEHTPALlii 3aBUCINX PEyuo-
BHH, I0HHOTO CKJIay, MiHepastizallii, KOHIEHTpaLii 610reHHUX eJ1eMEeHTIB, opra-
HIYHOI PEYOBMHH, PO3YMHEHOT'O Y BOAI KUCHIO, PI3HOMaHITHUX TOKCHHIB, BOA-
HEBOT'0 MoKa3HukKa (pH) Tomo.

VY 10BoeHHHH Tepiof, SIKICTh MOBEpXHEBUX BoX [IHINpoBchbKo-By3bkoi
ecTyapHoi cucTeMHd (hopMyBanacsl BILIMBOM T'OCHOAAPCHKOI AiSIBHOCTI Ta KIIi-
MaTUYHUX YMOB. 3a0pYOHIOIOYI PEUOBHHM CHCTEMAaTHYHO MepeMilllyBaucs
JI0 TIOHM335 PIYKHM Ta JUMaHy BOAaMHU cepeqHbol 1 HIkHBOI Tewii Hninpa. Lle
3yMOBIIIOBAJIO aKyMYyJIsillito i mepeBuiieHHs 3HadeHb [ JIK pedoBHH-TONIOTaH-
TiB. OfHI€IO 13 OCHOBHUX NpOOJieM MOTipIIeHHs SKOCTi Boau p. [JHimpo crana
3a0y10Ba BOJJOOXOPOHHUX CaHITAPHUX 30H. TaKkoxkK CIiI BiA3HAYUTH, 11O I1i 30HU
Oaceliny [lHimpa TakoX IIMPOKO BUKOPUCTOBYBAIUCS y CITBCHKOMY TOCIIOAap-

MCI = B11 — [BlO + (B12 — B10) x
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ctBi. JludysHe 3a0pydHEHHS NPUPOIHUX JDKEPEN MOBEPXHEBO-EPO3IMHUMU
CTOKaMH Ta KaHaJi3alliiiHUM BOAAMH Y TEILT 1 JKapKi Mepiogu Oyau MpHYUHOIO
MacoBOT'O IIBITIHHSI BOJOPOCTEW, BUKIMKAIO iHTEHCHBHY €BTpOQiKallito, 3HH-
JKEHHSI BMICTY KHCHIO Y BOJI, 3HAYHOTO TOTipIIeHHs Pi3HKO-XIMiYHOTO Ta TPO-
¢ivuHOTO CTaHy aKBaropii, 301IbLICHHS BUMAAKIB MaCOBOTO 3aMOpPY pUOU.

VY ce30H BecHSIHOT OBEHI AHINPOBCHKA BOJA XapaKTePU3YEThCs IEPEBH-
IICHHSM HOPMATHBIB SIKOCT1 BOJM 332 BMiCTOM OPraHIYHUX CIHOIYK, MapraHIlio,
MOKa3HUKAMH KOJILOPY Ta MYTHOCTI, XIMIYHOTO Ta O10JIOTIYHOTO CIIOXKHUBaHHS
KHCHIO, 1110 BHKJIMKA€ JTOJIATKOBI HAJXOJPKECHHS PEUOBMH y BEPXHIiU 1 cepen-
Hill Tewii mputokamu JlHinpa, sIKi MPOTIKAIOTh OOJOTHCTHUMH MiCIIEBOCTAMH
(p. Ilpum’site, TerepiB, IpmiHb) i KUBIATHCS BOIAMH, OaraTMMHU Ha OpPTraHiKy
(p. JecHa), MmapraHenp Ta iHII criofayku. JlonaTkoBe HETaTUBHE HABAHTAXKCHHSI
Ha TigpoMepexy Hinpa 3MiHCHIOITE «rapsdi» TOYKH, a00 JOKaJIbHI IKepena
3a0pyIHEHHs, cepel SIKKX JIIAUPYIoue Miclle 3aiMatoTh CKUAN OYUCHHX CIIOPYI
BEJIMKHUX MICT. 32 OCTaHHE JECATHIIITTS BMICT OI0r€HHUX PEUYOBUH y CTOKAX, 110
MOTPAIUISIOTH HA OYMCHI CIOPY/IH, TiABUIINBCS Y NECATKH pasiB.

OxpiM 3MiHM (i3HKO-XIMIYHOTO pexumy, y p. JHinmpo BinOyBaeTbcs
MiKpoOiosioriuHe Ta BipycHe 3a0py/IHEHHS IOBEPXHEBUX BOJI, ITPO IO CB1TYMIIO
HIOPIYHE 3aKPUTTS IUISDKIB Yy JIiTHIN ce30H. [lle oHa npuyrHa NOripuieHHS KO-
cTi Boau — abpaszist Oeperis, ska BiIOyBa€TbCS B Pe3yNbTaTi aHTPOIIOTCHHOTO
BIUIMBY Ta IIiJ] BILTABOM NPUPOAHUX (hakTopiB. BinbiicTh JHIMPOBCHKUX Oepe-
riB pyHHYIOTbCS 4Yepe3 He3aKOHHI 3a0y/I0BH BOZOOXOPOHHOI CaHiTApHOI 30HH.
Bennkoro npo6rneMoro 3aiIaeThes NOTipIeHHs T1pooriaHoro pexxumy Hi-
mpa B Pe3yJIbTari CTBOPEHHS IISCTH BOAOCXOBHIII, 1[0 HE JIO3BOJISE PIvlli iCHY-
BaTH MMOBHOILIIHHO, BiJIIIOBITHO MIPUPOTHUX YMOB.

AHTpONIOTeHHE TOPYIIEHHSI PUPOTHOTO CTaHy BOJO300py Ta MeEpeTBO-
PEHHSI pycIlioBOi cucTeMH pidke JHIIpo 00yMOBHIIO TOUT TiAPOIOTIYHOTO PSILY
Ha Tpu niepioau: [ nepiox (1818—1935 pp.) — hopMyBaHHS IPUPOIHUX YMOB CTOKY
JI0 CTBOPEHHSI Kackay THINpoBchKuX Bogocxosuir, 11 nepiox (1936-1977 pp.) —
nepios CTBOPEHHS Kackaly BOIOCXOBHIL, aHTPOIIOTEHHOI TpaHC(opMallii CTOKY
Ta CTaHOBJIEHHS HOBUX Tiiponoriuaux ymoB; 111 nepion (1978-2022 pp.) — dyHK-
[IOHYBaHHS Kackaly BOAOCXOBHIII, AHTPOIIOTeHHO-KJIIMaTHIHO 00yMOBIIeHE (Op-
MYBaHHSI CTOKY Ta cTa0ili3alis HOBUX TiJpOJOTiYHUX yMOB. Ilicis 3HUILEHHS
nambu Kaxocwrkoro Bomocxosuiia (06/06/2023 p.) cnoctepiraeTbesi MOYaTOK
YeTBEePTHi Iepio]l MOy TiApoNorivyHoro psny [2, 3, 24].

VY I nepion ¢popMyBaHHs BOIHOTO PEXXUMY B HIDKHIH Teuii piuku JHinpo
cepefHbOpiuHe 3HaUueHHs CTOKy ckiano 1704 m*/c, y II mepiox — 1530 m¥/c, y
IIT nepiox — 1344 m*/c. 3umkenns ctoky y I1I mepiomi 06yMOBITIOBATIOCS 3MEH-
IICHHAM CYMHU arMocgepHux onaniB Ha 40 %, miABUIICHHIM CEPEeIHbOPIYHOT
TeMIIepaTypH y uei nepiof Ha 2,5 °C, npUIIBUALICHHSIM eBarloTpaHcipaii Ha
20 %. Jns 3abe3medeHHs] HaJeKHOTO PiBHS BONOOOMiHY Ta €KOJIOTIYHO CTa-
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OlIbHOTO CTOKY y moHu331 JlHimpa, HEOOXiAHO Oysio0 3a0€3MEUUTH TOIMYCKU
3 KaxoBCBKOTO BOMOCXOBHINA Y JITHHO-OCIHHIN mepion Ha piBHi 1350 mM3/c y
IMIYJTbCHOMY PEKHMI JABiui Ha J0Oy. AJlle Ce30HHE 3HAUY€HHsI CTOKY B OCTaHHIi
poxku csraio nuiie 340 mo 640 m3/c (mute 25,2—47,4 % Bix He0OXiTHOTO €KOIO-
TYHOTO CTOKY), [0 HETAaTUBHO BIUTUHYJIO Ha BOAHUHN OasaHC, CTajao NIPUYUHOIO
KPUTUYHOTO 3HIKEHHS €HEePTii TIposoridHoro QpyHKIiOHYBaHHS MOHMU33s [IHi-
mpa [2, 3, 24]. 3arocTpeHHs nUX MpoOiaeM BigOyBaoCs B YMOBAX ITiJCHIICHHS
AHTPOIIOTEHHOTO THCKY Ha eKocHcTeMy OaceiiHa p. [IHimpo, mo BIUIMBAJIO Ha
ctaH akBaropii JIHimpoBchko-by3pKkoMy JHMaHY.

3a pesynbraramu AemudpyBaHHs CyIyTHUKOBHX 3HIMKiB Sentinel 2 L2A
(pucyHOK 3) BCTaHOBJIEHO 3aKOHOMIPHOCTI MPOCTOPOBOTO (POPMYBaHHS SKOCTI
MOBEpXHEBHUX BoJ JHINpOBCHbKO-BY3bKOi ecTyapHOI CHCTEMH 3a JIMTICHb-)KOB-
teHb 2021 p. BusHadeno, mo Ha auisHI Bijg KaxoBChKOTO BOIOCXOBHINA JI0

o1i0r2021

Puc. 3. CtaH sikocTi Boau 3a rinpodiosoriyanmu Ta ¢izuko-xiMiYyHUMH MOKa3HUKAMH
y AuinpoBcbko-By3bkiii ecryapHhiii cucremi, 2021 pik:
a — LIJIBHICTh BOJOPOCTEN Ta KaJaMyTHICTh BOJIH, O — iIHTEHCHBHICTh LIBITIHHSI BOJOPOCTEH
Ta KOHLEHTPALlis 3BKCHUX PEYOBUH
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MPOTOKH JIUMaHY, SIKICTh BOJM Ma€ 3Ha4YHY Au(epeHIiaiio BiAMOBITHO 0 pi3-
HuX notpel. Lle 3yMOBIEHO MOCHIIEHUM aHTPONIOI€HHUM HABaHTaXKEHHSIM, 10
CTaJIO PUYMHOIO 3MiHU MPUPOIHOTO CTaHY, BUKJIMKAJIO TUCOAIaHC HITICHOCTI,
MOCWJIHIIO JECTPYKLIIO MPOIeCcy CaMOperyJsiii, CAMOOYHIICHHS Ta CaMOBiJ-
HOBJICHHS €CTyapHOI CUCTEMH.

Bonu nensroBoi cucrtemu J{Hinpa xapakrepusyBaucs cepeqHIiM 1 HU3b-
KAM PIBHEM IMPOTOYHICTIO Ta 3aCTOI0 BOIM y 3aINIaBHHUX 03€pax, IO 3HAYHO
noripumio i BractuBocTi. KamaMyTHICTE € IHAMKATOPOM MiKpOOioloTi4HOTO
3a0pynHeHHs BoAu. 3HaueHHs kamamyTHocTi (Turbidity, Turb) moBepxneBux
Box cranoBmwio 1,29-1,86 [/IK, mio 3acBimuye HasBHICTh Y BOAHMX JIKEpEIax
3Ba)KEHUX TOHKOAMCIIEPCHUX OPraHIYHUX 1 HEOPTraHiYHHUX JOMIILIOK, YTBOPEHHS
Myny (iTo- i 300TIIAHKTOHOM, 1[0 HaJla€ BOA1 YKOBTO-3€JIEHOT0 KOJILOPY, HEIIPH-
€MHOTO 3amaxy. Y JeNbTOBid CHCTeMi piuKH (IKCYe€ThCS BHUCOKA MIUIBHICTH
3apOCTaHHs aKBaTOPii 3alUIaBHUX 03€p BOIOPOCTSIMH, IHTEHCHBHE 1X I[BITIHHS,
3HAUYHHUH PiBeHb KaJaMyTHOCTI 1 aKyMYJISILi1 3BaKEHUX PEUOBHUH.

CepenHe 3HaueHHs KaJaMyTHOCTI TIOBEpXHEBHX BOJ Yy 3aIlIaB-
HUX O3epax BOPOJOBXK NuMHA-KOBTHA 2021 poxy BapitoBano Bix 13,5 mo
26,9NTU-3,75-7,39TJIK, MakcuMalbHe 3HaYeHHS CTaHOBUIIO0 52,5—74,1 NTU—
14,58-20,58 TJIK. Konnentpaiis 3aBuciux peuoBuH (Total Suspended Solids,
TSS) 3mintoBanacs Big 46,2 no 92,0 mr/mm® — 1,85-3,68 TJIK, makcumanbHi
3HaYeHHs BapitoBaiu y Mexkax 180,0-253,5 mr/nm® — 7,20-10,14 TJIK. B cBoro
4epry, CrocTepiranocs 3Ha4Hui piBeHb akymynsuii gocdaris (PO,>), y mexax
0,12-0,19 mMrP/am?® — 0,60-0,95 TJIK, i3 KpUTHYHMM MiABUIIEHHSIM iX KOHIIEHTpaA-
wii Ha piBHi 0,38-0,45 mr/am® — 1,90-2,25 TJIK. Bucokuii piBeHb BMicTy hocdaris
€ IPUYMHOIO BUCOKOI IIUTLHOCTI 3apOCTaHHS Ta IHTEHCUBHOTO PO3BUTKY BOJIOPOC-
Tell y aKBaTOpisAX 3alUIAaBHUX 03€p. 3apOCTaHHs 03ep IiaHOOaKTepisMu GopMye
HIUTBHUHN IIap OPraHivHOT PEYOBHHH, 110 BUCTYIIAE MEPEIIKOJOI0 ISl COHSYHOTO
CBiTJIa y BOJAHY TOBILY, € MPUYMHOIO MiABHIICHHS PI3KOTO CIIOKUBAHHS PO3-
YMHEHOTO KHCHIO Y TIPOLECi IeCTPYyKUii Ta BHIUIEHHS TOKCUYHUX DPEYOBHH,
BUHUKAE KHCHEBUM JIe(DIiUT y BOJI, 3 MOJAIBIITNM MOPOM PUOH Ta JeTrpaalliero
CepeloBHILA ICHYBaHHS TiIPOOIOHTIB. Y pe3yabTaTiB BiAMUpaHHsS BOAOPOCTEH
BiZOYBAE€THCSl HAKOMTMUEHHS BiAMEPIIOi OPraHiyHOi pEYOBUHU y JJOHHHX BiJKiIa-
JlaX, CIIOCTEPIracThCs 3aMyJeHHsI BOAONM, AONATKOBAa aKyMYJIALisi OpraHivyHOi
PEYOBUHH, CipKH, BiIOyBa€eThcs (OPMYBaHHS aHAEPOOHOTO IIapy.

BaxxnuBuM 010J0TIYHUM MapaMeTpoM, 3 TOYKH 30py MOHITOPUHTY
AKOCTI BOAM Ta yNPaBIiHHS BOAHMUMH PeCypcaMu, € KOHIEHTpAlis XJIOpo-
¢iny (Chl-a,) axa € iHOAUKATOPOM HASIBHOCTI BOXOPOCTEH, aKTHBHOCTI iX
¢doTocuHTE3y Ta GOPMYBaHHS BEJIUYUHU 0iOMAacu y BOJHOMY CEPEIOBUIII.
OCKUIBKH PiCT BOZOPOCTEN 4acTO 0OMEXKYETHCS HASIBHICTIO TIOXKHUBHUX PEUO-
BHH, BUCOKI KOHIIEHTpalii xmopodily yacto € pe3ynbTaToM 3a0pyaHEHHS
MOBEPXHEBHUX BOJ KOMYHAJIBHHMH Ta TOCIOIAaPCHKO-€PO3IHHUMHU CTOKAMH,
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abpasiero OeperiB. Cepenne 3naueHns BmictT Chl-a y BomopocTsax BIPOIOBK
aumHsA-x0BTHS 2021 poky cranoBmino 40,9-67,8 mMkr/mM?, i3 ocepeaxkamu
MaKkcUMalbHOI 11 KoHLeHTpauii Ha piBHi 143,7-192,0 mxr/nm?. Lle xapakre-
pHU3YBaJO KPUTHYHO BUCOKY €BTpO(iKalito BOJOWM Ha PiBHI MOJITPOGHOTO
i rinepTpodHOTO CTaHY.

BiamoBigHo 70 rigpoOioNoriYHOrO CTaHy Ta PiBHS (Hi3HMKO-XIMIYHHUX
MMOKAa3HUKIB TIOBEPXHEBI BOAM akBaTopii JIHINpOBCHKO-By3bKOTO NHMMaHy Y
JIMITHI-)KOBTHI XapaKTepu3yBaiucs eBTpodHUM 1 momitppuuM craHoMm. Ilo
BCiil Turomli akBatopii tuMany Oyino 3agikcoBaHO MO3ai4HO-HEOIHOPiAHI Mpo-
LEeCH CHCTEeMAaTHYHOI aKyMyJISiLii 1 3Ha4YHEe TEPEBHUIICHHS TOMIOTAHTIB Y BOII.
30inbLIeHHsT 00CATY MOJIOTAHTIB CHOCTEPIrajocs y HampsIMKY MepeMillleHHs
BOJIHUX Mac Bij 3axigHoro no CximHOro paiioHy JuMaHy i BUHOCY 10 Yop-
HOTO MOps. 3HaYHA YaCTHHA PEYOBUH aKyMYJIOBAIACS Y MPHOCPEIKHUX MIJIKO-
Boasx. [lik akymyrnsnii momoTaHTiB Ta GopMyBaHHS 3Ha4HOI Oiomacu (iTo-
IUTAHKTOHY 13 BHCOKOIO KoHueHTpanieo Chl-a Oyno 3adikcoBaHo Ha MOYaTKy
BepecHst 2021 poky (cynyTHuKOBUH 3HIMOK Bix 06/09/2021 p.). Konnenrpartis
Chl-a y 3aximHomy paiioHi JuMaHy BapitoBana y mexax 2,5-140,4 mkr/mm’,
cepelHe 3HA4YeHHs ckianano 65,9 mr/am’. Y lleHTpaibHOMY paiioHI JIMMaHy
6iomaca Bomopocteit mana BmicT Chl-a — 82,1 mkr/am?, i3 Bapiartieto Big 51,6
10 110,9 mxr/am®. ¥V cBoro uepry, cepente 3nauenns Chl-a y 3axigHoMy paitoni
ckmano 58,7 Mkr/amM?, i3 Bapiamiero y Mexax 36,6-79,8 mxr/am®. MiniManbHe
3naueHHsa Chl-a dikcyBanocs Ha MoYaTKy JHCTONANy — el mepiof XapakTepH-
3y€ThCS 3HIKEHHSIM TEMIIEPaTypy IPOrpiBy BOAHUX Mac, 3aBEpIICHHSIM aKTHB-
HOI BereTallii BOJOPOCTEH, BiIMUPAHHSIM BOJOPOCTEH Ta 3MEHIIICHHSM IIiJIb-
HOCTI IlianoOaKkTepiil Ha MOBEpXHi akBaTopii TMMaHy. Y 1ieil nepiox (cTaHoM Ha
10/11/2021p) xonuentpanis Chl-a y akBaropii JJHinpoBcbko-Bby3bpKoro TuMany
BapiroBaia Bif 12,8 10 36,4 Mkr/mm>.

[linpHICTH pO3BUTKY Bomopoctel 1 koHueHTpalis Chl-a 3amexuts Bix
HasBHOCTI PO 43*y BOJI. 3HAYEHHS PO43* CUHXPOHHO 3MIHIOBAJIOCS BiJIIIOBITHO
konuentpanii Chl-a, 30kpema, foro BMicT ctanom Ha 06/09/2021 pik y Cxia-
HoMy paitoni numany ckias 0,18 mrP/mm?® (0,90 TJIK), i3 Bapiarieto Bix 0,03
o 0,35 mrP/am® — 0,15-1,75 TAK. ¥V LleHTpanbHOMY paiioHI aKyMyIsiis
PO, nopismiobana 0,22 mrP/nm* (1,1 TIK), y mexax 0,16-0,28 mrP/am*® —
0,80-1,4 TIK. Bignosigno y 3aximHoMy paioHi akBaTOpii KOHIIEHTpAIlis
PO, cranosuna 0,17 mrP/mm’ (0,85 IJIK), y mexax 0,14-0,22 mrP/mm’® —
0,70-1,1 mrP/nw’. Cranom wa 10/11/2021 p. xonnentpauis PO, y Bomax
nuMany BapiroBana Bix 0,09 mo 0,15 mrP/nm® — 0,45-0,75 TJIK.

MakcumansHa kanamyTHicTh (Turb) i KOHIEHTpalisi 3aBUCIAX PEYOBUH
(TSS) cnocrepiranacs y nunHi-BepecHi 2021 poky. V Terumii nepios 3HaUSHHS
Turb BapitoBano y mexax 1,2—40,0 NTU —0,34-11,43 ['JIK. B cBoro uepry, koH-
nenrparis TSS 3mintoBanacs Big 4,1 1o 136,9 mr/om® — 0,16-5,48 TJIK.
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Otpumani pesyabraru sikocti Bogu y 2021 p. BimoOpaxkaioTh (OHOBUH
piBEHb KOHLIEHTpAlii pedyoBHH 3a TiAPOOIONOTIYHMMHU Ta (i3UKO-XIMIYHUMH
MOKa3HUKaMH y akBaTopii J{HimpoBcbko-by3bKoi ecTyapHOi CHCTEMU y TOBOEH-
HUi epiof. PiBeHb akyMysiii peqyoBHH 3aJ1€KaB BiJ] TOCMOAAPCHKOT JisNTHOCTI
Ta KIIIMaTHYHUX yMOB. ToMy, BeMunHa iX KoHIeHTpauii y 2021 p. BHKOpHUCTaHO
sK (h)OHOBE 3HAYCHHS Y JOCIIIPKEHHSIX BILUTMBY BOEHHMX Jill HA BOJHI 00’ €KTH,
3MiHH y SKOCTi IOBEPXHEBUX BOJ| Ta MOPYILEHHS €KOJOT1YHOI piBHOBAark QyHK-
uionyBaHHs JHinpoBcbKo-By3bKoi ectyapHoi cuctemu y mepion 20222023 pp.

®opmyBaHHs AKocTi Boau y 2022 poni. 3 Mo4yaTKOM BOEHHOTO BTOp-
THEHHS pociiicbkoro arpecopa 24.02.2022 poky Ta THMYacOBOi okynaiii Xep-
COHCBKOT 00J1acTi, MOHM33s piuku JIHIMPO aKTUBHO BUKOPHUCTOBYBAJIOCS JIJIS
BOEHHOI JIOTICTHKH OKYyNaliiHUX BiCBK, IEPEMILIICHHS! TEXHIKH Ta 030pOEHHS.
V weit yac criocrepiranacsi akTHBHA BOEHHA JIOT1CTHKA, 3aXOTUICHHS T1IpOTeX-
HIYHHMX CIIOPYJ, HECAHKIIIOHOBaHI CITyCKH BOJA 3 KaXOBCHKOTO BOJOCXOBHMIIA,
HENPaBOMIpHUHN BO03a0ip Ta MEPEKH] BEIUKUX 00’€MIB TOBEPXHEBUX BOJ
JI0 TUMYacOBO OKYIIOBAHOTO JIiBOOEpexkiKsi XepCcOHChKOI 1 3amopi3bkoi obnac-
Tell 3 MOAANBIIUM TepeHanpaBieHHsIM 10 ABTroHoMHOI PecyOmiku Kpum. 1li
Iii cTajqd MPUYMHOKO MOPYLIEHHS TiAPOJOTiYHOro Ta 0i0Noro-TiApOXiMiYHOTO
pexxumy Hikxaboro [ninpa, Big HWKHBOTO 0’€dy 10 rupna piuku ta JHinpos-
cbko-by3bkoro nmumany. 3a nanumu Jlep:xkaBHOT €KOJIOTIUHOT IHCTIEKINT YKpaiHu
HempaBoMipHHiA 3a0ip MOBepXHEBUX BOX 3 KaXOBCHKOTO BOAOCXOBHINA Yepe3
rizporexHiuny cucreMy Kaxoscbkoro i [liBHiuHO-KprMchKOTO MarictpanibHuX
KaHaliB cArHyB 50 M%/c, 110 OIiHIOETHCS BTparamu y obcsi3i 860,0 Tuc. mom.
CIIIA Ha 100y. 30Kpema, JOAaTKOBI IEPIOUYHI CKUIU BOAU y MOHMU33s JHinpa
2022-2023 pp. (pucyHok 4) Oynu NPUYMHOIO 3HAYHUX KOJWBAHb PiBHS BOIH Y
KaxoBchkoMy BOIOCXOBHIII.

Bin mouatky BOeHHUX Jili 70  JAeokymamii  micta  XepcoH
(24/02-11/10/2022 p.) dikcyBanucs mepiogy HECAHKIIIOHOBAHOTO CKUAY BOIU
3 KaxoBchkoro Bomocxopumia: 3 01/04 mo 25/06/2022 poxy. Hacninkamu ctano
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Puc. 4. {unamika piBus Boau (WL) y akBaropii Huxuboro /{ninpa y nepioa Bix nouarky
Bilinu 24.02.2022 p. g0 pyiinauii namou Kaxoscskoi EC 06.06.2023 p.
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LUUKJIIYHE TiABUINEHHS PiBHSA BOJM, IMIYJIBbCHI MPOMHMBKHU MOHU33s [lHinpa i
Juinposcbko-by3pkoro numany. PiBeHb Boau y moHHU331 piuku [Hinpo csras
1,46-1,62 M, 3a HOpMaTuBHUX Moka3HKKiB WLy 2018-2021 pp. Ha piBni 0,57 M.
[Momycku BoaM 3HMKYBaIU CE30HHO-(POHOBI KOHIIEHTpAILIil TOJIOTAHTIB Y aKBa-
TOpiAX piuky i aumany, 30kpema, Bmicty PO, — 0.10£0.01 mrP/am’, Chl-a —
27.0£5.0 mxr/mam?, Turb — 11.0£9.5 NTU, TSS — 37.5+32.6 mr/am® (pucyHok 5).

3 numHs 10 Apyry nekaay sepecus 2022 poky Oyio GpikcoBaHO CHHXPOHHE
3HWKEHHS piBHA Boau y KaxoBchkoMy BomocxoBHIi 1 monm33i Jninpa. Le Gyno
3YMOBJICHO OJIOKYBaHHSIM CKHJIIB BOJH JIO TOHM33S PIYKH 1 3HUKCHHSM PIBHS
BomH y pycai 3 1,21 10 0,19 M, 1o cTano HaciigKoM HEMPaBOMipHOTO MepeHa-
MpaBJIeHHS BOAM MaricTpajJbHUMH KaHaJaMHu 0 JIBOOEPEKHOI YaCTHHU Xep-
COHCBKOT 00nacti Ta ABToHOMHOI PecnyOmiku Kpum. ToMy 3MeHIIeHHsT MBI

-
13062022

i

07082022

Puc. 5. Ctan sikocTi Boau 3a rigpo0iosoriunumu ta ¢isuko-xiMiyHUMH MOKa3HUKAMH
y JHinpoBcbko-By3bKiii ecTyapHiii cucremi, 2022 pik:
a — IIUTBHICTh BOJOPOCTEH Ta KaJaMyTHICTh BOJIM, O — IHTEHCHBHICTB IIBITiHHS BOIOPOCTEH
Ta KOHIICHTPAIIisl 3Ba)KEHHX PEYOBUH
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KOCTi Teuil 1 3acTiii OBEPXHEBUX BOJA CIIPHYMHMIIO 3HAYHE TiIBUILEHHS PiBHS
noiroTaHTiB y JIHinpoBceKo-By3bKkili ecTyapHiil cuctemi y Terumii mepion. Crio-
crepiranacs Bucoka koHuenTpauis PO,>y nensi piuku Bin 0,18 10 0,22 MrP/mm’
i3 pexopauuM 30inbuenHamM PO,y 3anmaBuux osepax no 0,44-0,45 mrP/om® —
2,20-2,25 TAK. Cepenne 3naduenns axymynsuii PO,y pisHMX yacTMHAX akBa-
TOpii TuMany Bapiroaio Bix 0,16 mo 0,25 MrP/mm?® i3 ocepenkamu MaKCUMAaTBHOT
koHIeHTparii PO 43* B Mexax 0,33-0,37 mrP/mm® — 1,65-1,85 TJIK. Lle 3ymoBHIIO
MPUCKOPEHHH PICT HiaHOOAKTepiid, 301IbLIeHHS iX Oi0MacH Ta MiABUIIEHHS BMIiCTY
Chl-a y Bomax nenwru J{uinpa Big 65,6 1o 83,5 Mxr/am? i3 ocepeakamu MakcH-
MaJbHOI KOHIIeHTpaii Ha piBHi 215,0-222,0 mxr/nm’. Bmict Chl-a y akBaropii
JuinpoBceko-by3bkoro niuMany 3miHoBaBcs Bix 49,1 o 99,2 Mkr/am?, Makcu-
MaJsibHa KOHIleHTpallis ctanoswmwia 144,0—-168,0 Mkr/am>.

3a Qizuko-ximiuHnMy mokasHukamu Turb 1 TSS exornoriuxa curtyaris
y aKkBaTopisix OyJia 3HAYHO TiPIIO0, IO MOB’S3aHO 3 BOEHHOI BOJHO-JIOTICTHY-
HOIO aKTHUBHICTb OKYMAIliMHUX BIMCHK B pe3yJbTaTi SIKOi BifOyBanacs pydHaris
Oeperooi JiHii, Audy3He 3a0pynHeHHs] BOOHMX pKepen Ha aurstHoi I akBaro-
pii piuku J{Hinpo (Bin AHTOHIBCBKOTO 3aJi3HHYHOTO MOCTY IO MOYATKY AEIb-
TOBOi cuctemu). Ha midd minstHmi 3HaueHHs Turb y numnuHi-cepriHi BapitoBaio
Bix 15,0-18,0 NTU nmo 71,7-86,3 NTU — 4,3-24,7 I'/IK. Konnenrparis TSS
sMiHroBanacs Big 51,3-61,6 mr/om® go 243,3-295,3 mr/am® — 2,05-11,81 TIOK.
[lepeHoc Tewi€ro MONIOTAHTIB Ta MiIBUIICHHS iX KOHIICHTpAIIi] CIIOCTEePIrainucs
y neneri JHinpa, 3axigaomy i LlenTpansHoMy paiioHi TuMaHy.

3 11/09/2022 mo 04/10/2022 p. BigOya0Cs HAKOMTUUEHHS BOAU Y BOIOCXO-
Bui 3 16,0 10 16,5 M i3 HeBeNMMKUMH TOycKaMH 10 nonu33st J{ninpa. Le npu-
3BeJIO0 10 He3HAYHOTo 301IbLICHHS Tedii Ta epeHeCceHHs 3a0pYIHIOI0YHX peyuo-
BUH JIO aKBaTOpii JTuMaHy. AJie 1iux 00’ €MiB BOJM HE BUCTAYMIIO JJIsI IPOMHUBKH
PYCIJIOBOI Ta JIeNIbTOBOI crucTeMu piuku JHinpo. KoHueHTpauis 3a0pyaHIOI0UnX
PCUOBHH 3aJIMIIIANIACS BUILOK BIIHOCHO iX (poHOBOTrO piBHs 2021 poKy.

[lix wac BigcTymy Ta mepequcioKamii OKyNaliiHWX BIHCHK 3 Tpa-
BoOepexoksi XepcoHChkoi obnacti Ta Ha miBumid Oeper [uimpa, 3 04/10 mo
30/10/2022 p., BoporoM Oyiio 3[iHCHEHO 3HaYHE PO3BAHTAXKCHHS BOJM aKBa-
TOpil A0 MaricTpallbHUX KaHaJiB JiBOOEPEX K Ta MiATPUMYBaBCsl HEOOX1THUH
piBEHb BOAM y MOHMU331 piuku. PiBeHb BOAN Y BOAOCXOBUIIII CTPIMKO 3HU3HUBCSA 3
16,51 10 15,30 M, a 06’eM TIepeKH Iy BOIM CKJIaB Oinbime 2,6 KM,

AKTHBHa BOEHHA JIOTiCTHKa BOPOTa Ta HEIPaBOMipHUH BO103a01p 3HAYHUX
00’eMIB BOJl MaricTpajibHHUMH KaHaJIaMH, 3HAYHO BIUIMHYJIM Ha TiAPOJIOTIYHUHN
PEKUM pIUKH, IO MOTIPIIHIO 01070TiYHI 1 (Pi3HKO-XIMiYHI BIACTUBOCTI BOAH
nonu3sst Juinpa. [licast 3BibHEHHsS! YKpaiHCHKUM BIHCHKaMU MPaBOOEPEHIKS
XepcoHuuHw, sike Bigdymocs 11.10.2022 poky, okynaniiiHi Biicbka 3aJIMLIAIH
mij] cBOIM KOHTpoJeM namOy KaxoBChKOT TMiIpOeIeKTPOCTaHIIIT Ta 3A1CHIOBAN
MOJIAJIbIIE HECAHKIIIOHOBaHE HAKOTIMYCHHS, 3a01p Ta MOMYCKH BOIIU 13 BOIIOCXO-

120



Boowi 6iopecypcu ma akeakynemypa, 1(15) /2024

Bumia. Lli mpouecu 3ailiCHIOBAIUCS 3 METOIO KOHTPOJIO T1APOIOTIYHOTO PEKUMY
B YACTHHI MPUIIBHIIIEHHS Tedii y MoHM331 JHinpa i nmepemKopKaHHs Ipo-
CYBaHHIO Biiicbk 30poiHUX cuil YKpaiHU Ha JiBoOepexoks. 30KkpeMa, y mepiof
31/10-04/11/2022 p. arpecopoM OyJi0 3HIMICHEHO HE3HAYHE HAKOTMYCHHS
BOJIM Y BOJOCXOBHIII 13 MomaibiuM ii ckumoM y nepiox 05/11-13/11/2022 p.
Le 3yMOBHJIO MiJHSTTS PiBHA BOAW Y MOHU331 PiUKH, IPUBEJIO OO 301IbIIEHHS
J3epKajia aKBaropii i cTano MPUYMHOIO NPUIIBUILICHHS TeUii AJ1s1 yCKIaIHeHHS
(dopcyBaHHSI pIYKM YKpaiHCHKUMH Bilicbkamu. IIporec perymspHOro CKumy
BoaM criocTepirascs no kiHug 2022 poky. I3 cepeannu nucromaga 1o Ipyroi
nexaau rpyaHs 2022 poky BOpPOrom Oyjio HAKONMMYECHO BOLY Y BOIOCXOBHIIIL,
3HauHi i1 00’eMu Oyino TMepenpaBieHO MariCTpalbHUMH KaHATaMHU A0 THM4Ya-
COBO OKYIIOBaHHX TEPUTOPid. Y mepiof] po3BaHTaXXEHHS I'IPOTEXHIYHOIO Mepe-
JKEI0 TIOBEPXHEBUX BOJ, 3a(iKCOBAHO PEKOPIHE 3HMKEHHS PiBHSA Bonu y Kaxos-
chKoMy BogocxoBuiii 3 16,07 1o 14,03 M ta BTparu 6inbiie 4,5 kv®. Kpurnanunit
MiHIMyM piBHA Boau Oyino 3adikcoBano 02/02/2023 p. V nepion 3uMoBOI aKy-
MYJISIT BOJM Ta BECHSHOI MOBEHI POCIHCHKUM arpecopoM IieCipsiMOBaHO
OyJ10 3MiMCHEHO PEKOPIHE IMiJBUIICHHS PiBHSA BOAM Yy BOMOCXOBHIII Ha PiBHI
17,50 M, 110 IEPEBUIIMIIO CEPEIHBO-0araTopiuHy HOpMy Ha 1,5 MeTpu Ta 301J1b-
IIHJI0 HOpMY 00’ eMy Boau y Bogocxosuiii 3 18,2 mo 21,5 km?. Ile 3acBiguye mpo
YiTKe TJIaHyBaHHs, pO3POOKY Ta peali3alliio 3aX0/iB 10 HABMHUCHOMY BUMHEHHI
TexHOreHHOoi katactpopu 06/06/2023 poky. O 2:50 3704MHHUMHU BiHCHKOBUMHU
¢dbopmyBanHsMU pd Oyno minipeano 1amMOy KaxoBCchbKoi TiIpoeseKTpOoCTaHIii.
®opmyBaHHs AKocTi Boau y 2023 poui. 3HUIEHHS AaMOH MTPHU3BETIO
JI0 KaTracTpO(iYHUX CKOJIOTIYHMX Ta COLIaJbHO-CKOHOMIYHMX Haclijkis. Ha
MOMEHT 3HHUIICHHS J1aMOM piBEHb BOJU Y BOJOCXOBHWIII CKianaB 17,26 M, 1ie
6mm3bko 20,93 km? Bogu. Cranom Ha 8:00 9 yepBHS piBEHb BOIH Y BOIAOCXO-
BHIIN 3HU3UBCS Ha BiaMiTKy 11,74 M, BTparu Boau ckiaiam O0au3bpko 12,0 kM.
Cranom Ha 12:00 11 uepBHs piBeHb BoAM cTaHOBUB 9,17 M, BTpaTtu CKiaiu
17,53 xm* abo 83,76 % Bomu. Ilnoma 3aroruieHHs: TepuToOpiil y mouussi JHi-
npa craHoBuwiaa 600 KM?, MiJHATTS BOAM HA PIi3HUX MPUPYCIOBHX IISTHKAX
piuku 3adikcoBanuii Ha piBHi 5,61-6,81 M. Karactpoda npussena mo 3arubdeni
Jrofel, riapoOioHTiB, HazemMHoi (uiopH i ¢ayHu, abpasii OeperiB, 3HUILEHHS
OCHOBHOTO TIPICHOTO JDKepesa 3pOIIEHHS CiIbCHbKOTOCHOAAPCHKUX 3eMelb
wiomero 6inpime 800 THC. ra, MOTIpIIeHHs CTaHy Boxo3a0e3NeyeHHs] Hacee-
HUX MYHKTIB Ta 1HIIMX HETaTUBHHUX HACHiAKiB. Jlo 30HM HaA3BUYaHHOI CHUTY-
amii morpanuin 180 HaceleHUX MYHKTIB, y SKUX MpokuBaio noHaza 900 Twuc.
nrofei. B pesynbrarti moBepXHEBUX BOAHO-€PO3iHHHUX 3MHBiB, abpasii OeperiB
BigOynocs audys3He 3a0pyaHeHHs MoHM33s JIHiMpa Ta mepeMilleHHs] BOTHUMU
MIOTOKaMH BEJIUKUX 00’€MIB MOMIOTAHTIB /10 JIHINpOBCHKO-By3bkoro mumany
ta YopHoro mops. 3a pe3ynsraTamu AemM(pyBaHHS CYyyTHUKOBUX 3HIMKIB
Sentinel-2 L2A, cranom Ha 08/06/2023 poky, y BOAZHUX Macax JenbTd [JHinpa
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i muMaHy (iKcyBaiMCs BHCOKI KOHIICHTpaIlii OlonoriuHux ta (¢hi3uko-ximid-
HUX PEYOBUH, SIKI 3HAYHO TEPEBUINYBaIX 1X (OHOBI 3HaueHHS. MakcuMaib-
Huii BMmicTt PO 43* csraB 0,214-0,232 mMrP/nm? i Gitbinie, 110 MEPEBHIITYBATIO HOTO
¢oHoBe 3HaueHHs B 1,4-3,1 pasu. Crocrepiranocsi 30UIbIICHHS] KOHIEHTpaLil
Chl-a, 3nauenns csrano piBasg 77,5-86,85 Mxr/am® i Oisbiie, 110 BiAMOBIIAI0
noJiTpoHOMY CTaHy TepeMillleHHX BOAHMX Mac. KanmamyTHicTh BOOM CKia-
nana 33,9-50,7 NTU, mo nepeBuiiyyBaio ¢poHOBE 3Ha4YeHHs y 3,5-8,7 pasm.
MakcumansHa koHneHTpariiss TSS BapitoBana Big 116,0 g0 173,5 mr/am®, mio
Bigmosinano 4,64-6,94 IJIK i Ginbime. Akymyssnis i nepenoc xmopuais (Cl)
cnoctepirases Ha piBHi 35004200 mr/am’ — 17,5-21,0 TIK, cynbdaris (SO,?)
y Mexax 1420-1700 mr/nm® — 14,2-17,0 TK, cyxwuit 3anumok (DR) cknas
8000—-8700 mr/mm® — 8,0-8,7 TJIK i Oinbmie. Pi3ke migBuiieHHsT 6i0XiMi4HOTO
CHOXHMBaHHs KUCHIO 3a 5 16 (BOD,) no 90,0-103,5 mrO,/nm’ —45,0-51,8 I[JIK
1 30UIbIICHHS KOHIIGHTpaIlii XiMiyHOro crnoxuBanHs kucHio (COD) no
370,0-425,6 MFOZ/ILM3 — 18,5-21,3 I'/IK 3ymoBuIN pi3kuii AeilUT KUCHIO, 10
OYEBHIHO MTPU3BEIIO JI0 3aru0elti BEJIMKOI KUTLKOCTI T1iIpOOiOHTIB.

VY pesynbrari po3paxynky Maximum Chlorophyll Index (MSI) y Bin-
MOBIIHOCTI 10 laHuX CymyTHHKOBUX 3HIMKIB Sentinel-3 OLCI L1B BcTanos-
JIeHo, o 10 26 yepBHs 2023 poky (pUCYHOK 6) 3a0pyaHEH] MPiICHOBOIHI CTOKH
Oynu niepemileHi y akparopieto HopHoro Mopst Hrkde rupia p. nicrep, mioma
3a0pyHEHHST BOAHUX pecypciB cstraia omussko 6800 kM2, B 1ieii yac [7] y mpube-
pexHilt MOpchKil akBaropii Micta Onecu Oyino 3aghiKCOBAHO 3HIKEHHS COJIOHOCTI
MOpPCHKHX BOA Y 2,62 pasu (3 11,0 /v 1o 4.2 r/nm3), miABHIEHHS KOHIIEHTpAIii
OiOTEeHHHUX PEYOBHH, BMICTY (iTOIUIAHKTOHY, IEPEBHUIICHHS IPaYnHOl IOMYCTHU-
moi konteHtparii (IJIK): migi y 895 pasu (IIK = 0,02 mxrCu/am®), uuHKY Yy
44,8 pazu (1K = 1,0 mxrZn/nm?), mumn’siky y 3,02 pasu ([IK = 0,6 MxrAs/nm?),
HadronpoxaykriB y 2,0 pasu (IIK = 0,05 mMkr/mm?).

VY BiIMOBIAHOCTI J0 MPOBEACHUX HAaMM PO3PAaXyHKIB BCTAHOBJICHO, IO
MakcumanibHe 3HaueHHs MSI y akBatopii UopHoro mops ckiamo 0,030. Lle
Bianosinano konuentpauii Chl-a 6musexo 91,0 Mxr/am®, PO, — 0,24 mMrP/nm’
(1,2 TAK), Turb — 26,0 NTU (7.4 TJK), TSS — 83,4 mr/am* (3,3 TJIK), DR —
9220 mr/nm® (9,2 TAK), CI — 4260 mr/am’® (14,2 TJIK), SO,? - 1770 mr/nm®
(17,7 TJIK), BOD, — 110 mrO,/am’ (55,0 I/IK), COD — 451 mrO,/mam* (22,6 TIK).
3nauenns [JIK pedoBuH po3paxoBaHO i puborocmnofaapcbkux norped. Mak-
CUMaJIbHE 3HaYeHHsI KOHIIEHTpaLiil momoTanTiB npuiiHaTo 3a 100 % i Ha OCHOBI
CITIBBITHOIIICHHSI PO3PAaXOBAaHO IUIONUII aKBAaTOPid i3 pi3HUM piBHEM 3a0pyi-
HEHHS MOPCBhKUX BOI. JlnepeHitiallis KOHIIEHTPAIIi MOJIOTAHTIB pO3paxoBaHa
BiJTHOCHO YaCTKH 3arajbHOi Iutomli 3a0pynHeHHs akBatopii YopHoro mops —
6800 km?, y Tomy umcii: 29,3 % axBatopii xapakrepusyBaiacs 0—10 % koHIeH-
Tpaii nomtorantis; 31,8 % o BogHOTro n3epkaia akymyatoBamu 20-30 %
3a0pyIHIOIOUNX pedoBUH; 22,9 % akBaTopii Maiu 3HaYHUN PiBEHb KOHIEHTPALii
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Puc. 6. Po3noscromzkeHHs 3a0pyAHeHHX NPiCHOBOAHMX Mac y akBarTopii YopHoro mops,
nepion 3 10.06 mo 26.06.2023 p.

3040 % nonroranti; 16,0 % TepuTopii MadM BUCOKHUIl piBEHh KOHIIEHTpAIii
>40 % 3a0pyIHIOIOYMX PEYOBHH. Taka CHUTyalis MpU3BeJa 0 Pi3KOTro MOTip-
IICHHS] YMOB ICHYBaHHSI MOPCBKHX Tipo0ioHTiB. byno 3adikcoBano 150 odi-
HiHHUX BUTIAAKIB MOpYy Aenb(iHiB y akBaropii HopHOTO MOpsI.

3HUIEHAsT AaMOM TiApOENeKTPOCTaHIil Ta ocymeHHS KaxoBCHKOTo
BOJIOCXOBHIIA TIPU3BEJIO J0 BTpaT BakiauBoro mis [liBaas Ykpainu ocepenky
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HITYYHOI aKyMyJsii mpicHuX Bonx muiomiero 2155 km? Lle 0o0ymoBHIO 30ib-
nreHHs Ha 230 KM TOBXHHHU HEOOX1THOT MPOMHBKH pycia J[Hinpa y HuxkHI Tedii,
110 notpeOye 30UIbIICHHS 00’ €MIB 1 YaCTOTH MIKOBUX CKUIIB BOIH 13 JIHIITPOB-
CBKOTO BOJIOCXOBHINA, SIK 3HAXOAMTHCS BHILE OCyIIeHOT0 KaxoBCHKOTO BOIO-
cxoBHIIa i Mae miorry akBaropii 410 km?. MakcuManbHi CE30HHI KOJHBAHHS
piBHs Boau y moHu331 [Hinpa BimHOCHO 3Ha4eHb 2018-2021 pokiB 3MEHIIHITHCS
y 1,42—1,82 pa3u. BigcyTHiCTh HEOOX1IHUX €KOJOTIYHO MIHIMAJIBHHUX CKHUIIB
MpuY3BeJa OO0 MOTIPUICHHS BOAHOTO OallaHCy, 3aperylioBaHHA Ta (GOpPMYyBaHHS
3acTifiHuX 30H y JIHinpoBchKo-By3pkiit ectyapniii cucremi. Lle cramo mpuum-
HOIO Pi3KOTO MOTIPUICHHS T1Ipo0ioNoridHuX Ta Pi3uKo-XiMIYHUX BIACTHBOCTEH
MOBEPXHEBHX BOJ (PUCYHKH 7, 8).

3rigHo 3 manumu JlepxaHoi exonoriyHoi iHcmekuii [liBaeHHOro OKpyry
YkpaiHu, BCTAaHOBJICHO 3aKOHOMIPHOCTI 3MiHM PO3YMHEHOT0 y Bomi kucHio (DO,
mrO,/mm®) y mepion 08.06-15.11.2023 poky (pucyHok 9) y nonussi Jluinpa (mpo6u
Ne 2-4) 1 npasiii 1i npuroui p. Iarynens (mpoba Ne 1).

i'q

3111012023

a o
Puc. 7. llliabHicTh po3noainy BoopocTeii Ta KaJIaMyTHICTH BOOU B aKBATOPil
JninpoBcbko-By3bKkoi ectyapHoi cuctemu, 2023 pik
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VY nepun i 3HUIIEHHS namOu KaxoBCHKOI TipOeNeKTpOCTaHIlii Bij-
Oynocsi nepeHeceHHs! 3a0pyAHEHNX BOJHHUX Mac, IO BUKJIMKAJIO 3aTOTUICHHS
npuOepeKHUX TEPUTOPIil 1 XapaKTepU3yBaIOCs PI3KHUM 3HIKECHHSIM PO3UHHE-
Horo KucHwo. Jns puborocrnogapchbkux MoTped 3HadeHHst KoHUeHTpauii DO
B niepion 08—15/06 csrano kputuyHOro piBHA y p. IHrymeus (mpoba Ne 1) —
4,8—2,5 mrO_/nv’ (0,80—0,42 IJIK). V nonussi [uinpa, y mMexax AHTOHiB-
CBKOTO 3aji3HMYHOTrO MocTy (mpoba Ne 2), sHauenns DO 3um3miocs 3 6,9 oo
5,8 MrO,/nv’ (1,15—0,97 TAK). V nepion noctynosoro Biaxoay soau 15-25/06
y akBaropii piuku Iurynens smict DO BapitoBa B Mexax 3,7—2,2 mrO, /oM’
(0,62—0,37 ['IK), y piuni Juinpo — in 6,3 g0 5,3 mrO, /v’ (1,05—0,88 I[J1K).
Cranom Ha 18 uyepBHs 2023 poky croctepiraaocs 30€peKeHHS PEKOPIHO
BHUCOKOTO DIBHA KOHIEHTpAILii MOMIOTAHTIB y Boxax moHu33s [uimpa. Ha
nmimsakax akBaropii [-11I, y HampsMky Big aamOu A0 THpia piukd, 3HAUYCHHS
Chl-a BapitoBamu Big 53,3-128,0 mxr/am’ no 42,0-77,60 mxr/nm’; PO,* — Bin
0,20-0,34 wmrP/am* (1,0-1,7 TAK) mo 0,16-0,25 wmrP/am* (0,80-1,25 TK);
Turb — Big 22,1-54,0; NTU (6,3-15,4 T/IK) mo 16,5-28,3 NTU (4,7-8,1 [AK);
TSS — Bix 75,6-184,8 mr/am? (3,0-7,4 TTIK) no 56,5-96,8 mr/am® (2,3-3,9 TTIK).
3 KiHIs yepBHS A0 movatky aunHs 2023 poky y nmoHus3i J{Hinpa BigOymnocs 3HU-
JKCHHS KOHIICHTpAIlil 3a0py/IHIOI0UHX PEUYOBUH Y OKPEMUX PYCIIOBUX JAUISHKAX Y
1,4-3,1 pa3u. lle 3yMOBJICHO NIEPEHECEHHSIM Ta aKyMYJISIIEI0 MOJIOTAHTIB Y
Juinporchko-by3bkuii muman ta YopHe Mope.

[Micns Bigxomy Boaw, o mouarky ceprmHs 2023 poky croctepiranocs
30eperkeHHS HU3bKOT KOHLIEHTpAlil PO3YMHEHOTO KHUCHIO 13 MOCTYIIOBUM HOTO
30inbmenHayM, y piuni Iaryneus 3 2,5 no 5,3 mrO,/mv’ (0,42—0,88 T'JIK), y
piumi [Juinpo, y mexxax M. Xepcon (mpoba Ne 3) — 4,3—5,8 (0,72—0,97 TJIK),
y Mexax AensTH piuku (mpoda Ne 4) — 5,3—6,0 (0,88—1,0 ['IK). 3nauenns
Chl-a 3mintoBanucs y mexax — 46,6-67,2 mxr/am’; PO, — 0,15-0,19 mrP/nm’
(0,75-0.95 TJIK); Turb — 10,5-17,3 NTU (3,0-4,9 [IK); TSS — 35,9-59,2 mr/nm’
(1,44-2,37 TJAK). Y Bomax /IHinpoBchKo-By3pKOTO JIMMaHy BiIHOCHO (POHOBHX
3HaueHb 2021 pOKy, CHOCTEpIraiuch HEBUCOKI 3HAUCHHS aKyMYyJIsLlii 3a0pyaHI0-
10uMX pedoBuH, 30kpema: Chl-a —27,8-69,8 mxr/am’; PO,> — 0,10-0,20 mrP/om’
(0,50-1,0 TAK); Turb — 3,5-18,6 NTU (1,0-5,3TIK); TSS — 12,0-63,6 mr/om’
(0,48-2,54 TAK).

Ce30HHO-MaKkCHMaNbHUH piBeHb KoHIEHTpauii DO y npobax 3 i 4 dikcy-
BaBcs y mepion 05-25 cepnusa — y mMexax 6,9—7,3 mrO/nv’ (1,15—1,22 TJIK).
Lle Oyn0 3yMOBIIEHO HaIXOILKEHHAM aTMOC(EPHHX OTajliB Ta HE3HAYHOIO IPOMUB-
KOIO akBaropii moHm33st J{Hinpa. 3okpema, y HWKHIH yacTuHi pycna p. [Hrynens
crocTepirascst 3B0poTHIil mpouec 3HmkeHHs Bmicty DO — 5,3—3,73 mrO /nv’
(0,88—0,62 I'/TIK), mo Oyno CIPUUYUHEHO aKyMYJIALI€I0 OPraHIYHUX PEYOBUH
Ta CE30HHOI0 aKTUBHICTIO LBITIHHA LiaHOOakTepid. B meit mepion ¢ikcysa-
nocst 30epekeHHs 3HaUHMX KOHIEHTpaliil momoTanTiB Ha piBHi 1,1-5,5 [JIK y
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MMOBEPXHEBHX BOZAX pycia Ta JenbTi JHinpa, moganeiie iX BUHECEHHS TEUi€l0
piYKH 10 aKBaTOpii TMMaHy Ta akymyssiuii Ha piBHi 1,9-9,7 TIK.

Bucokuii piBeHb TeMIlepaTypu MOBITPs, 3aperyJlOBaHHs CTOKY, CHCTe-
MaTHYHA aKyMYyJIsIisi 3a0pyIHIOIOUUX PEYOBUH, MOCHICHUN PO3BUTOK (HiTOII-
JAaHKTOHY CTaji MPUYMHOI0 eBTpodiKamii Ta HEraTUBHUX EKOJIIOTIYHUX YMOB
MTOHM335 PIYKH JI0 TPETHOI JIeKaau BepecHs. 3a 11e nepion y 80% mnpob Boau crio-
crepirascs aediuuT pozunHeHOro KucHio Ha piBHi 0,97—0,80 TIK. 3okpema, y
Bojax pycia piuku Juinpo Ha [ 1 Il ginsgHkax akBatopii (ikcyBanucsi HETUIIOBO
BHCOKa KOHIICHTPALlisl 3a0pYIHIOIOUMX PEUOBHH HA PiBHI NOMITPOGHOTrO CTaHy:
Chl-a — 54,9-78,7 mxr/am’; PO,* — 0,17-0,22 mrP/mm* (0,85-1.10 TK); Turb —
14,6-25,5NTU (4,17-7,30 ['IK); TSS — 50,0-87,3 mr/nm* (2,00-3,50 [IK). Mak-
CHMAaJTbHUI BMICT 3a0pYJHIOIOUMX PEUOBHH Y BOJAAX JIMMaHY Y HaMpPSAMKY «CXiji-
HUH—IIEHTPaJbHUH—3axXiIHAK» paiiOHM aKBaTopii 3MiHIOBAaBCS Ha piBHI
«4,3-9,0 ITTIK—3,0-6,4 TTIK—2,2-4.,6 TJIK».

CraHnoM Ha 25 BepeCHs CIOCTEPIranoch MiKOBE MiABUILICHHS KOHIICHTpa-
mii DO o 8,7 MFOZ/Z[M3 a6o 1,45 I'IK. [Tpuuunoto Oyiu ckuau Boau i3 JIHIIpoB-
CBKOTO BOJIOCXOBHIIIA Ta MTOTYXKHA IPOMHUBKA PYCJIOBOi CHCTEMH IOHU335 PIUKU
Huinpo. 3a pesynpratamu Aemu(ppyBaHHS CYTyTHUKOBOTO 3HIMKY CTaHOM Ha
26 BepecHs 2023 poKy CIIOCTepiraBcsi 3SHAYHUH BUKUJT 3a0PY/THIOIOYHX PEUOBUH
1o akBaropii CximHoro paiioHy nuMaHny Ha piBHi 5,0—-10,4 TIK i Ginbme. Y neit
nepio] KOHLEHTpalis 3a0pyIHIOIOYMX PEYOBHH y Bojax pycia JlHinpa 3HH3a-
nacs Ha 4047 %.

Ce30HHE OCIHHE 3HWKEHHA NPU3EMHHUX TEMIIEpaTyp Ta 3MEHILIECHHS
IHTEHCHBHOCTI TIPOTPiBY BOAM 3 APYroi JIeKaad >KOBTHS 3yMOBWIIM TOCTY-
MOBE TIPUTHIYEHHS Ta 3YNHHKY Ha IOYATOK JIUCTONAga HETaTWBHUX TiIpo-
OionoriuHuX 1 (hi3MKO-XIMIYHMX TPOLECIB Y BOJax, IO BIUIMHYIIO Ha MiABHU-
LICHHS! KOHLEHTpAIii pO3YMHEHOTO KUCHIO y BCiX mpobax Bomu — A0 6,8—
7,6 mrO,/am’ (1,13—1,27 IIK). 3 11 no 31 xoBTHsA 2023 poKy KOHIEHTpaLlis
3a0pyIHIOIOYMX PeYOBHH Y TIoHU331 [lHinpa 3uu3miack. Ha 11 I ginsHkax akpa-
TOpiii BMiCT pedoBHH (ikcyBabcs Ha piBHi: Chl-a — 25,2-34,8 mxr/am’; PO, —
0,10-0,12 mrP/nm* (0,50-0,60 I'JIK); Turb — 3,3—14,1 NTU (0,94-4,04 I'JIK);
TSS — 11,3-48,3 wmr/am® (0,45-1,93 TJK). ¥V Bomax AeasTOBOT CHCTEMH
piuku (minsaka 1) crmocrepiranocst 3HMKEHHS! KOHIEHTPALil MOMIOTAHTIB Y
2,2-2.4 pasu. [loxiOHe ce30HHE 3HIDKEHHS PIBHS MOJIIOTaHTIB (iKcyBajocs
y akBatopii JHinpoBchko-By3pkoro nmmany, 3okpema y CXimHOMY perioHi
(minstaka 1V) —y 2,0-2,7 pasu, UentpansHomy (minsaka V) —y 1,9-3,0 pasmy,
3axigaomy (ninsHka VI) —y 2,2-3,8 pasu.

3miHa sikocTi moBepxHeBux Box 3a 2021-2023 pp. Pociiickka 30poiina
arpecisi, BOEHHI Jii 1 3HUINEHHS KaXxOBCHKOrO BOJOCXOBHINA MOPYIIMIHA TiJpO-
noriuHi, OiomoriuHi i ¢izuko-ximiuni npouecu JHinmpoBcbko-by3bKoi ecTyapHOi
cucTeMH. 3MEHIIMIACS IBUIKOCTI Tedii, BiIOYIIOCs 3HIKEHHSI PiBHS BOJH, TIOTip-
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IIIMBCSl BOAHWU OanaHCy, BiIOYBCs 3aCTiii 1 MIJBUINEHHS MPOTPIBYy BOIH, BiOY-
Jlacsl BUCOKA aKyMYJIAIIisl 3a0py/IHIOIOUUX PEUOBHH, 3HAYHO TIEPEBUIIIMINCS PIBHI
TPaHUYHO JOMYCTUMHUX KOHLIEHTpaliil y MOBEpXHEBHUX BOAAX 3a pubdorocrmonap-
CHKHMH, MIUTHUMH, KyITBTYPHO-NOOYTOBHMH Ta peKpeauitHUMH HOPMaTHBaMH.
30kpema, y xKapKi Mepiogn POKy BiOyBaeThbCs 301UIBIICHHS 00’ €MIB BUKOPHC-
TaHHSAM BOJHUX PECypCiB, HaJXOKEHHS IUQY3HOro 3a0pyIHEHHS, MOBEPX-
HEBO-CPO31MHUX 1 KaHAI3alliIlHUX CTOKIB, MPHUIIBUIIICHHS 010JI0r0-XiMIYHUX
MpOIIECiB y akBaropisix. Tomy, JIMIIEHb-BEPECEHb SBISIETHCSA HAMOLIBII 1HIM-
KaTUBHUM TIEpPIOZIOM BCTAHOBJIEHHS MPOCTOPOBO-YaCOBHX 3aKOHOMipPHOCTEH
3MiHH BJIACTHUBOCTEH Ta EKOJOTIYHUX XapaKTePUCTUK CTaHY SIKOCTI MOBEPXHE-
BUX BOJ.

B pe3synbTari BOEHHOTO BIUIMBY CIIOCTEPIranocsl MIOpiYyHE MOTipIICHHS
T1IPOJIOTIYHOTO PEXHUMY Ta MOCTYIIOBE HACHUYEHHSI O10T€HHUMHU PEYOBHHAMH Y
1,4—2,1 pa3u noBepxHeBux BoA (pucyHok 10a) y monnssi Huinpa (ginsHku 1
i II). Le y 2022-2023pp. 3yMOBWIIO MiABHLICHHS MIUILHOCTI PO3MOIiTY BOIO-
pocreii 1 koHeHTpauii xnopodiny y 1,5—2,9 pasu (pucynok 106), o npuBesno
JI0 TIOTIpIIEHHS MPOAYKTHBHOCTI 1 3HAYHOTO TiAPOOIONIOTIYHOTO 3a0pyIHEHHS
aKBaTopii piuKH Ta MOTIpIIEHHS TPO(QIYHOTO CTaTyCcy 3 «Me30TpO(HOro» A0
«TOMITPOQHOTOY, KIIaCy BOIH 3 «UHCTI» MEpelInoB a0 kiacy «OpynHi». Kana-
MYTHICTb piukoBOi Boau (pucyHok 106) i BmicT Total Suspended Solids (pucy-
Hok 10 ) mipBummucs y 4,0 pasu.

V 3annmaBHEX 03epax AenbTy piuku (ninsHka [11) cranom Ha 2022 pik, mopis-
HsHO 13 2021 pokoM, BifOynocs miaeuiieHHs koHuentpamii Chl-a y 1,3 pasmu.
3aniaBHi 03epa CTBOPIOIOTH €IMHY BOIHY CUCTeMy y AenbTi Juinpa. Ix Tpodiu-
HUH CTaTyC MepeBaKHO 3aJICKUTH BiJl TiIPOJIOTIYHOTO 3B’ SI3KY 3 OCHOBHUM pPyC-
JIOM piYKH, SIKMI BIPOJOBXK POKY (HOpMYE TiIpoXiMiduHUH 1 TigpoOionoriyHuii
pexxumu. [lepBuHHA 1 BTOpUHHA MPOAYKIIS COPUSE IHTEHCHBHOMY 3pOCTaHHIO
JOHHUX BIJKJIaiB Ta MPUCKOPEHHIO eBTpodikamii. ¥ 3B’s3Ky 3 IuM, 00’ eMH
CTOKIB BOJAY BIUIMBAIOTh Ha OallaHC MOKMBHHUX PEUOBHH y 03€pax, MPUCKOPIO-
1041 a00 HABMAKW CTPUMYIOYH PiBeHb ceauMeHTauii. O0’€MH CTOKIB 1 MaBoA-
KIB CIPUSIOTH €BaKyallii TOHHUX BiJKJIaJIcHb, CTBOPIOIOYH TTO3UTUBHUN €KOJIO-
riuani edext ouuineHHs Bomoim. lleit TumuacoBuii eekT crocTepiraBcs y
2023 poui, y MOMeHT pyiiHauii jamOu KaxoBcbKkoi rizpoenekrpocTaHilii, BOIHI
MacH CIPUYMHWIN NPOMHUBKY 3allJIaBHUX 03€p, BUHECEHHS TEUi€l0 MOJIOTaH-
TiB Ta OiomMacu Bojopoctel 10 JHinmpoBchko-by3bkoro nmumany, nam g0 Yop-
Horo Mops. KonueHTpariist 6iooriyHux Ta Qi3uKo-XiMiYHHX PEYOBHH Yy BOJAAaX
3arIaBHUX 03ep 3HU3mINCs Ha 34,6—-55,6 %.

Bonu piuku [Juinpo Ha 93,5 % BU3HAYAIOTh XapaKTep MPUYUHHO-HA-
CJIiJKOBUX 3B’5I3KiB T1APOJIOTIYHUX, 010J0TTYHHX Ta (i3UKO-XIMIUHUX MPOLIECIB
JuinpoBcreKko-By3bkoi ectyapHoi cuctemu. ToMy HacigKoM pociiicbkoi 30poii-
HOI arpecii crana aerpajailis BOAHUX pecypciB umany. 30kpema, y CximHoMy
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paiioni numany (ninsHka V) dikcyBanocs migBUIEHHS CEPeIHbO-CE30HHOT
konnentpanii Chl-a — na 42,0 %, PO 43’ —mna 21,4 %, Turb — ua 97,8 %, TSS —
Ha 78,7 %; LleHTpaipHOMY paiioHi (IiIsiHKa V) BMICT HONIOTAHTIB 301IBIITUBCS
Chl-a — na 6,5 %, PO,> —na 5,6 %, Turb — na 6,7 %, TSS — na 6,7 %; y 3axin-
HOMY paifoHi (minsHka VI) momaTkoBa akyMmydisimis 3a0pyAHIOIOMHX PEYOBHUH
Oysia He3Ha4HOO, BapitoBana B Mexax 0,5-1,2 %. 3MeHIIeHHs! IHTeHCUBHOCTI
KOHIICHTpAIlii MOMOTAaHTIB Big CXimHOro 1o 3axiHOr0 palioHIB 3YMOBJICHO
MOCTYIIOBUM PO30aBJICHHSIM PEYOBUH Y BOIHOMY IIapi JTHUMaHY.

3a rigpobiosnoriyHoto xapaktepuctukoro Bmicty Chl-a, 6nuspko 15,7 %
akBaropii JIHinpoBceko-By3pKkoi ecTyapHOi cHCTEMHU BTpaTHIH CE30HHO-(O-
HOBi 3HaueHHs. Lle mpu3Beno 10 mporpecyBaHHs eBTPO(diKAIHUX MPOLECIB
Ha 94,8 % muromi akBaTopii ecTyapHOI CUCTEMH, 1 MOTIPHIEHHS SKOCTi BOIU
10 noniTpodHoro crany. 3a piBHeM Oiorennoro 3adpyanenHs PO,>, akparopis
BTpaTWIa OCEPEAKH i3 «JJOCHTh YMCTOI0» BOJOI0, HATOMICTh 30UTHIIUIUCS TUIOII
13 «moMipHO 3a0pymHEeHo» 1 «OpyaHO» Bomoro Ha 15,3 % (77,2—92,5 %).
30inbLICHHS] KOHLEHTpalii HEOpraHiYHUX Ta OPTraHiYHUX TOHKOJMCIIEPCHUX
4yacToK 3aBUCIUX pedoBHH (TSS), akTUBHMI PO3BUTOK IUIAHKTOHHHUX OpraHi3-
MiB BIUIMHYJIH Ha OPTraHOJIENTUYHI BIACTUBOCTI BOIU Ta 3yMOBHIIN, 3MEHIICHHS
MPO30pOoCTi BogHOTO Miapy Ha 28,0 % o akBaropii (42,2—70,2 %) Ta norip-
LICHHS BOAM [0 PiBHS «IIOMIpHO 3a0pyAHEeHa» 1 «OpyaHa». 3HaYHE MOTipLIICHHS
EKOJIOTIYHOTO CcTaHy JIHIMPOBCHKO-By3bKO1 €cTyapHOI CHCTEMHU aKTyali3ye
HEOOX1THICTh MOCTIHHOTO MOHITOPUHTY SIKOCTi TOBEPXHEBHUX BOJ, IPOBEICHHS
aHaJsizy yMOB iCHYBaHHS TiApOOIOHTIB, MOIIYKY BUPINIEHHS BOAOIOCTaYaHHS
SKICHOIO BOJIOIO HACEJICHHS CENTeOHUX TEPUTOPIM.

BucnoBku. [loBHoMaciiTabHe pocilicbke BTOPIHEHHS IIPHUBENIO 10 TEX-
HOT'CHHUX KaTacTpod Ta 3HUILEHHS OCEPEAKiB MPUPOIHIX EKOCUCTEM Ha MiBIHI
Vkpainu, 110 BUKIMKaIo NoripieHHs GyHkUuionyBaHHs [IHinpoBchKo-By3bkoi
€CTyapHOI CHCTEMH Ta BIUIMHYJIO Ha akBaropito Yopraoro mops. ¥V 2022 pomi
NMOHU33sL piuku JIHIMPO aKTUBHO BUKOPHUCTOBYBAJIOCS OKYMAI[IMHUMH Biii-
ChbKaMH JIJIsl BOEHHOT JIOTICTUKM BOpPOTa, MEPEMILIICHHS! TEXHIKK Ta 030pOEHHS.
30KkpemMa, 3axXOIUICHHSI arpecopoM TiAPOTEXHIYHUX CIIOpYHA, HECaHKI[IOHOBaHi
ckuau 3 KaXoBCHKOTO BOJOCXOBHINA, HECAHKIIIOHOBAaHUI BOJ03a0ip Ta mepe-
KHJl BEJIMKKX 00’€MIB MOBEPXHEBUX BOJ JIO TUMYACOBO OKYIIOBAHOTO JIiBOOE-
pexoks XepcoHChKOI 1 3amopi3bkoi o01acTeli Ta ABTOHOMHOI PecmyOmiku Kpum
MPU3BEJH 10 MOPYLICHHS T1IPOJIOTiYHOTO, G10MIOriYHOrO Ta (i3UKO-XiMIYHOTO
pexxuMy ectyapHoi cuctemu. CHUTyallisi 3HaYHO YCKJIaJHMJIACS 3HUIIECHHIM
06/06/2023 poxy nam6u KaxoBChKOT TipOeIeKTPOCTaHIIi1, 1[0 CTaJI0 MacITad-
HOIO TEXHOT€HHOI KaTacTpoQoro, 10 MPUBENa O HETaTUBHUX CKOJIOTIYHUX Ta
couianbHO-eKOHOMIUHMX HachiakiB. DikcyBanocs mepeneceHHs 10 YopHoro
MOps BEIUKHUX OOCSTiB 010JOTIUHMX Ta (I3UKO-XIMIYHHX PEYOBHH. 3a OKpe-
MHUMH iHIMKAaTOpaMH IEPEBULICHHS X KOHIEHTpamii y BOAHUX Macax csraia
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1,1 no 51,8 I/IK, 110 cTano npuunHOK 3a0pyIHEHHS MPICHOBOIHUMU CTOKAMHU
akBatopii YopHoro mops 10 rupina p. Juictep i Hmwkde. [Lnoma 3a0pynHeHHsS
BOJIHUX pecypciB csrana onu3bko 6800 kM?, y Tomy umucii, 6musbko 40 % akBa-
TOPil MOPsI MaJIM 3HAYHHUI Ta BUCOKUH PiBEHb KOHLEHTpALii MOJIOTAHTIB. 3HU-
LIeHHS JaMOM Ta ocylleHHS KaXOBCBKOTO BOAOCXOBHINA MPH3BENO IO BTpatr
BaknuBoro [uisi liBaHs YkpaiHu ocepeaky IITY4YHOI akyMysisiiii IpiCHHX BOJ
wionieto 2155 kmM? 1 MOripIIeHHs] CE30HHUX XapaKTEPUCTUK TiAPOJIOTIYHOTO
pexxumy JIHinpoBcbko-by3bkoi ectyapHoi cuctemu y 1,42—1,82 pasu. B cBoro
4epry, e 3yMOBUIJIO HACHYCHHS O10TeHHIMH eJIeMEHTaMu BoJl piuku y 2,1 pasu,
MPUBEJIO JIO IMiJBUIICHHS LIUIBHOCTI PO3MOIITY BOAOPOCTEH 1 KOHICHTpAIlil
xyopodiny y 2,9 pa3u, BUKIMKAIO MOTIPIIEHHS MPO30POCTi Ta 30LIbIICHHS
3aBUCIIMX pedoBUH Yy 4,0 pa3u. 3a BOEHHUI Mepiof] IUIoIIa Jerpajailii akBaro-
pii AninpoBcbko-by3bkoi ectyapHoi cuctemu 30inpmmnacs va 15,7-28,0 %.
Y 2023 pori 94,8 % akBaropii y BiAMOBIAHOCTI J0 TiIpOOIONOTIUHUX XapaK-
TEPUCTHK BIAMOBigalla MOMITPOGHOMY CTaHy, 3a (Pi3UKO-XIMIYHHMH BIIACTH-
BOCTSIMH KaJaMyTHOCTi 1 3aBUCIMMH pedoBHHaMu Onmm3bko 70,2 % aksaropii
XapakTepu3yBaJiCsl 3HAYHUM PiBHEM MOPYLIEHHS CTiHKOCTI TiAPOEKOCHUCTEMH i
eKoJIoriuHOTro perpecy. OTpuUMaHi pe3yabTaTH € BaXKIMBUM JIOKa30M HACHIJIKIB
eKOLHy, CIIPHYMHEHOTO POCIHCHKUM 30pOHHHMM arpecopoM HpOTH YKpaiHH.
30KkpeMa, JOCTIKEHHS € BaXIMBOIO iH(OpMaLi€o st PO3POOKH 3aXOmiB i
BITPOBAPKEHHS TEXHOJIOT1HM MOBOEHHOTO BiJTHOBJICHHS €KOJIOTIYHO CTaHy BOI-
HUX JDKEpeN Ta 3a0e3MeueHHs X 30HAIBHOT 0i0IUTiCHOT piBHOBArH.

IMPACT OF THE WAR ON THE STATE OF THE DNIPRO-
BUH ESTUARY SYSTEM AND THE BLACK SEA

IPichura V.I. — Doctor of Agriculture, Professor,
IPotravka L.O. — Doctor of Economics, Professor,
’Bahinskyi O.S. — Head of the Environmental Inspectorate
'Kherson State Agrarian and Economic University,
’Environmental Inspectorate of the Nova Kakhovka City Military Administration,
pichuravitalii@gmail.com, potravkalarisa@gmail.com

The environmental consequences for the territories of hostilities reduce the
ecological level of security of Ukraine, first of all, in the frontline regions, areas of
hostilities and occupied territories. The situation in the Dnipro-Buh estuary system
became significantly more complicated after 06/06/2023, when the dam of the Kakhovka
hydroelectric power plant was destroyed. As a result of the detonation of the dam,
significant volumes of pollutants were transferred through the Dniepro-Buh estuary to the
waters of the Black Sea, drying up and transforming the water area of the reservoir. The
purpose of the article was to establish spatio-temporal patterns in the formation of surface
water quality during 2021-2023 and to determine the impact of Russian armed aggression
on the functioning of the water area of the Dniepro-Buh estuary system and pollution of
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the Black Sea. The research was carried out according to hydrological, biological and
physical-chemical indicators, each of which gives a unique insight into the state of water
quality and the functioning of the water area. The negative consequences of military
actions, which led in 2023 to the destruction of the Kakhovka Dam, the drying up of
the reservoir, the discharge of pollutants with a concentration of 1.1-51.8 MPC and the
pollution of water resources on 6,800 km? of the water area of the estuary system and the
Black Sea, were established. The seasonal characteristics of the hydrological regime of the
Dniepro-Buh estuary system worsened by 1.42—1.82 times. This led to the stagnation of
water masses, the enrichment of water sources with biogenic substances by 2.1 times, an
increase in the density of the distribution of algae and an increase in the concentration of
chlorophyll by 2.9 times, the progression of eutrophication and the deterioration of mature
waters to a polytrophic state, the deterioration of the physical and chemical properties of
water up to 4.0 times. According to the physical-chemical properties, about 70.2% of the
water area is characterized by a significant level of disturbance of hydroecosystem stability
and ecological regression. The obtained results are an important proof of the consequences
of ecocide by the Russian armed aggressor against Ukraine.

Keywords: impact of war, water quality, Kakhovka Reservoir, Dnipro-Buh
estuary system, Dnipro River, biointegrity, mapping, Remote Sensing
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JyHail ABIS€THCS BaXUIMBOIO BOTHOIO apTepiero He TUTbkM 10 eBpomeHchKux
KpaiH, aje ¥ miBaHs YKpaiHu, sKa )KHBUTH 03€pa, MOIMOBHIOE 3alacH I'PyHTOBUX BOJ,
a TaKO)X BUKOPUCTOBYETHCS JJIsl 3POLICHHS, CY[JHOIUIABCTBA, PEKPEALiitHuX IiIei, K
JUKEpeINlo eHeprii, MMTHOTO BOJOKOPUCTYBaHHA. JloBxkWHa yKpaiHCcbkoi minstHkm Jly-
Hato — 170 kM, 3 gkux 54 kM npumagae Ha ocHoBHe pivmmie, 110 kv — Ha Kimificeke
rupno, Ta 6 kM — Ha KaHa’i [IpopBa, skuil 3’enHye THpIO i3 YopHEM MopeMm. SIKicTh
Box JlyHaro opMmyeThes SIK Ha TepuTopii YKpaiHu, Tak i 3a i1 MexaMu; 3aJIeXKHUTh 5K
BiJl MPUPOIHMX, TaK 1 aHTPOIIOTeHHUX YMHHUKIB. [0OCTPO CTOITH cuTyallis 3abe3neueH-
Hs MiBAEHHOTO periony OJiechbkoi 00acTi SIKICHOI MUTHOO BOZIOI0. B ocHOBHOMY Ju1st
MIUTTS. BUKOPUCTOBYEThCS BOJa piuky JlyHaro, iHKOJIM NMpUBI3HA BOAA, iHKOIM 3 ITiJ-
3eMHUX JDKEpelI, ajie 3amacH i1 Jyxe 0OOMEKeHi Ta MaroTh IiIBUIICHY MiHEpaTi3amifo.
B po0oTi po3misimaeTbesl AKiCTh BOAM U TOCHOAAPCHKO-ITIUTHUX TOTPed B MicIi BO-
no3abopy p. Hynait — m. Kimist 3a 2016-2022 poxu. OtiHKa SKOCTi BOA MPOBOAMIACS
3a JICTY 4808:2007 3a cepenHiMH Ta HANTIPIIUMH 3HAYCHHAMHU. METOMKA OXOILIIOE
80 moka3HUKIB i y BIANOBITHOCTI 3 CaHITApPHUM 3aKOHOJABCTBOM IOJUISIETHCS HAa CIM
okpemux rpyn (650kiB). SIKiCTh BOAM PiUKH BBaXKAETHCS NPUAATHOIO JUISi BAKOPHCTAH-
Hs, KIIO0 BOHA HAJEXKUTH 10 1—3 KiaciB SKOCTI 3a TirieHiYHIMA HOpMaTuBaMu. B manii
poOorTi arami3 mpoBoAXBCS 32 23 MOKa3HUKAMU, SIKi BXOASTH y TPH TPYIH, TOMY OI[IHKA
BBAXKAETHCSI OPIEHTOBHOIO: | Tpyma — opraHojenTH4HI MOKa3HUKH (KOJIBOPOBICTh, Ka-
aamyTHicTh); Il rpyna — 3arajibHO-caHITapHI NOKa3HUKH (CyXHid 3aJMIIOK (MiHepalri-
3ailis), CyabGary, XJIOPUIU, MarHii, JIyKHICTh, BOMHEBHIA MTOKA3HUK, a30T aMOHIHHUIA,
a30T HITPUTHUMH, a30T HiTpaTHUH, Pocop docdariB, pounHEHNI KUCEHb, OKHCHICTH
nepmanranaria (KMnO,), oxuchicts 6ixpomarna (XCK), BCK; (GioximMiune crioyknBaH-
Hs KuCHIO 3a 5 11i0)); VII rpyma — TOKCHKOJIOTi9HI MOKa3HUKH (3aJ1i30 3arajibHe, Mapra-
Herp, xpoM (VI), muHK, HaPTONPOAYKTH, CHHTETHYHI IOBEPXHEBO-aKTHBHI PEUOBUHH
(CITIAP), dpenomnu netki).

Byno Bu3HaYeHO, 110 3a CepeHIMH 3HAYCHHSMHU SKICTh Box JyHaro B Micii
B0J103a00pY XapaKTepU3Y€ETHCS K «I00pay, YMCTa 3 YXUIIOM JI0 KJlacy «BiAMIHHOD»,
OyXe 4ucToi. 3a HaWTipIIMMU TOKAa3HUKaMH BOJa OIL[IHIOBAJAch SK «3aI0BiIbHAY,
cimabko 3a0pymHEHa 3 YXHIIOM J0 Kiacy «moopoi». Boxy p. [dyHail HeoOXimHO mOO-
YUIIYBaTH B OCHOBHOMY 3a pEYOBHHAMH a30THOI rpymnu Ta Gocdopy. CToCOBHO Bif-
noBigHOCTI (iziooriunii moBHoumiHHOCTI Bo 3a CaunlliH 2.2.4-171-10 3naune nepe-

137



Boowi 6iopecypcu ma akeakynomypa, 1(15) /2024

BHUIIIEHHS CIIOCTEPIrajioch Jiniie 3a BMicroM Harpito (37,3% Bij 3arajibHOi KUIBKOCTI
CIOCTEPEKEHB).

KinrowoBi cnoBa: nuTHA Bojia, OPraHOIENTHYHI OKA3HUKH, TOKCHYHI PEYOBHHH,
3araJlbHO-CaHITapHI MOKa3HUKH, OJOKOBI iHAEKCH, SIKICTh BOJ.

IHocranoBa npodiemu Ta ii 3B’A30K i3 BaKJIMBUMH HAYKOBHMH Ta
NPaKTHYHHUMM 3aBJIaHHAMHM. KoMyHanbHE rocrnonapcTBo, sike 3abesreuye
BOJIOIO IIUTHOI SIKOCTi HACEJICHHSI TA IPOMHCIIOBICTD, € OHUM 3 OCHOBHHX CIIO-
JKUBa4iB BOJAHUX PECYPCIB i B TOW JKe€ Yac OJJHHM 3 TIOTEHIIHHNX 3a0pyIHIOBAYiB
MIPUPOJHKX BOJI, 00 3AIMCHIOE BOAOBIIBEICHHS CTIYHHX 1 O1JIBIIOCTI iHIIIMX 3BO-
POTHMX BOJ HaceJIEHUX MYHKTIB y BoaHi 00’ ekTH. LleHTpanizoBane Bogonocra-
YaHHS MOJIsrae y 3a00pi BoIu 3 BOIHUX 00 €KTIB — JPKEPEN BOAONOCTAYaHH,
00poOKH 11 Bi/IMOBITHO BUMOTaM HOPMATHBIB SIKOCTI IMUTHOI BOJY i TIOAAYi BOJTU
CHOXKMBayaM — HACEJICHHIO, IIPOMHCIIOBUM MIANPHEMCTBAM Ta iHIIUM YCTaHO-
BaM [1]. LlenTpanizoBaHe MUTHE BOLOMOCTAYaHHS Ma€ MPIOPUTETHICTH Hepen
IHIIUMH BHIIAMH CIIELIaJIbHOTO BOXOKOPHUCTYBaHHS. OCOOIUBO IrOCTPO CTOITh
MUTaHHS 3a0€e3MeYeHHs SIKICHOIO MMTHOIO BOZIOIO HACENeHH HiBIHS YKpaiHu, a
came miBaHA Onechkoi obmacri. [lin3emMHi Boau B Mexax paioHy OCIiIKEHHS
MalOTh HE3Ha4Hi 3almacu i XapaKTepHU3YIOThCS IiBHINEHOI0 MiHepasi3alli€ro.
B ocHOBHOMY U1 IMTTSI BUKOPHCTOBY€ETHCS IPUBO3HA BOAA Ta TOJIOBHE JIXKe-
perno BoJonocTadyaHHs — BoAa piuku JyHail.

AHaJi3 ocTaHHIX J0ocaizKeHb i myOmikamiii. Mayo my0mikariii BHXonuTh
Ha TEMY OI[IHKHU SKOCTi BOJ| Pi9OK B MicIsix Boo3abopy. Came TyT BU3HAYAETHCS
CTYHiHb OYMCTKH, BUJ TEXHIYHOTO 00IaJHAHHS Ta SIKICTh BOJ, SIKa MOTPAILIIE B
BOJONPOBiAHY Mepexy. OCHOBHUM JOKYMEHTOM, SIKHH Ki1acu(ikye moBepXHEBi
BOJIM SIK JIKEpeJia MUTHOro BoxonoctayaHHs, sBiserbes JJCTY4808:2007 [2].
B ocHoBHOMY, BCi HayKOBi Mpalli IPUCBIYECHI SKOCTI BOAOMPOBITHUX BOJ, SIKi
Br3Ha4aroThes 32 CanlliHow [ 3, 4]. barato aBTopiB XapakTepu3yrOTh SKiCTh BOJ
3a EKOJIOTIYHOIO OIIHKOIO Ta XIMIYHMMH TIOKa3HHKaMu [5—9]. B meskux pobo-
Tax, Hanpukiax [ 10], HagaeThes omiHka skocTi Bof p. [liBnenHuii byr B mexax
nuTHUX Bomo3abopis 3a JJCTY 4808:2007 (ririeHiuHi Ta €KOJOTI4HI KpUTEPii),
ajie Takux poOiT JyKe MaJlo B MeXax JOCIiKYBaHOTO BOTHOTO 00’ €KTY.

@opMyBaHHS Iijel CTATTi Ta METOAHU AOCTITzKeHH . SIKiCTh BOIH, IO
MOAAETHCA 0 OCENb MEPEXKEI0 LEHTPAII30BaHOIO BOXOMOCTAYaHHs, Ha >KaJlb,
HE 3aBXIH BiJIOBiZa€ HOPMAaTUBHUM BHMOTaM SIKOCTi MUTHOI Boau. Lle Moxe
OyTH 1OB’s3aHO 3 HAAMIPHUM 3a0pYIHEHHSM BOIM JKepela BOAONOCTadyaHHs,
TEXHIYHUM 3HOCOM YCTaTKyBaHHs BOIOIIATOTOBKM Ta BOAOTIHHOI MEpexi, aBa-
pisiMU TOIIIO.

Merto10 1aHOi pOOOTH SBIAETHCA OLHKA SKOCTI BOJ AJISl IMTHOTO BOJO-
MmocTav4aHHs B Micii Bogo3abopy p. HyHait — M. Kimist 32 2016-2022 poku (3a
CepeqHIMH Ta HaWTIpIIMMH 3HAYSHHSMH); XapaKTEPHCTHUKA BiAMOBIAHOCTI
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roka3HuKaM (hi3i0JIOTiYHOI MOBHOIIHHOCTI MiHEPaJILHOTO cKamy. OIiHKa KO-
CTI BOJI BU3HAYA€EThCH 3a ririeHiuHuMu kputepismu 3a JICTY 4808:2007 [2].

Knacudikaris skocti Box 3a JICTY 4808:2007 oxoruttoe 80 MOKa3HHUKIB,
SIKI 3aCTOCOBYIOTh ISl OI[IHFOBAHHSI SIKOCTI MUTHOI BOIY 3TiJTHO 3 CaHITapHUM
3aKOHOJJABCTBOM 1 Ma€ CiM okpeMux rpyi (OnokiB). SIKicTh BOAM BBaXKAETHCS
MPUIATHOIO Ui BUKOPUCTAHHS, SIKIIO BOHA HAJISKUTH 10 1-3 Ki1aciB AKOCTI 3a
riri€eHiYHUMHA HOPMaTHBaMH.

[pyHTOBHE OLIHIOBAHHS SKOCTI BOAM B TOBEPXHEBUX JDKEpEax IUT-
HOTO BOJIONIOCTAYaHHS 3a BEIMUMHAMU TPYMOBUX 1HIIEKCIB BUKOHYIOTH 32 TPO-
LEeIypor0, IO CKIAIAa€ThCs 3 TPhOX MOCHIJOBHUX €TAalliB: eTal IrpyIyBaHHS i
00OpOOJISTHHS BUXIJHUX JaHUX TITi€HIYHUX Ta €KOJOTIYHUX IMOKA3HUKIB SKOCTI
BOJM; €Tall BU3HAYaHHS KJACiB SKOCTI BOAM JiKepesia BOAOIOCTAavYaHHS; eTarl
y3arajJibHCHHsI OILIHIOBAHHS SIKOCTI BOJH 1 MOTO/PKEHHS X 3 TEXHOJIOTTYHUMU
npuiioMaMH KOHJMIIIOHYBaHHS MOBEPXHEBHX 1 MiI3eMHHUX BOJ 3aJIe)KHO BiX
(i3uKo-XiMi4HOT Ta MiKpOOi0IOTIYHOT MPUPOAH 3a0pYIHIOBAIBHHUX JTOMIIIOK.

B naniii po0oti aHami3 mpoBOOUBCS 3a 23 MOKa3HUKAMH JIMIIE TPHOX
IpyIl, TOMY OILIiHKa BBaKAETHCS OPi€EHTOBHOIO:

1) I rpyna — opraHoienTr4Hi NOKa3HUKHU: KOJILOPOBICTh, KAIAMYTHICTB;

2) 1l rpyna — 3aranbHO-CaHiTapHI MOKA3HUKUA XIMIYHOTO CKIIaAy BOAM:
CyXHH 3aJHIIoK (MiHepasizanisi), cynbdaru, XJIOpUIan, MarHii, TyKHiCTh, BOJI-
HEBUH MOKAa3HUK, a30T aMOHIWHU, a30T HITPUTHUH, a30T HiTpaTHHIA, Pochop
(ocdaris, pozunHEHUH KUCEHb, OKUCHICTL nepmanranatia (KMnO,), okmc-
nicth Gixpomarna (XCK), BCK;

3) VII rpyma — TOKCHKOJIOTIYHI MOKAa3HUKH XIMIYHOTO CKJIAJy BOJIM:
3aji30 3aranbHe, MapraHenb, xpoM (VI), IMHK, HAQTONPOAYKTH, CUHTETUYHI
noBepxHeBo-akTuBHI peyoBuHM (CITAP), penonu nerki.

[HTerpanbHUil iHAEKC 00YUCITIOETHCS 32 (HOPMYIIOH0:

[ _ L+l +lvy , )
IHTEerp 3
ne -1, — BennYMHM IPYNIOBHX IHIEKCIB, BUPAKEHUX y KJacax; 3 — KUIbKICTh
IPYIIOBHX 1HJEKCIB.

PesynbTaTn gocaimkennb. Bin Butoky mo rupna [dyHaii npoTikae Tepu-
topieto 10 nepxa: Himeuunnn, Asctpii, CinoBadunHu, YropuiuHu, XOpBarii,
Cep0ii, Bonrapii, Pymynii, Mongosu ta Ykpainu. Takox Oaceitn Jlynaio oxo-
IUTIO€ YacTUHM Teputopii Itanii, Cnosenii, bocHii # ['epuerosunn, AnGanii,
Maxkenonii, [Tonbmii, [leetinapii ta Yexii [11]. loBknHa piuku B MexKax FHPIIO-
Boi yactuau Ozeckkoi odnacti — 175 kM 3 Bono30ipHOI0 mwiomero — 752,4 km?.

VYkpaincekoro aistakoro JyHaro po3ramoBani micta Pewi (19,5 tuc. xure-
niB), Iamain (73 tuc.), Kinis (20,8 tuc.), Bunkose (8,6 Tuc.), a Takox cena [3ma-
inbcbkoro paiiony Ozpecbkoi obnacTi. Beil i Benuki MicTa Ta MaJieHbKi CeluIa
B3/IOBX pyciia BHOCSTD CBiil BKJIaJl B CTaH SIKOCTi BOJ| PiUKH.

139



Boowi 6iopecypcu ma akeakynomypa, 1(15) /2024

Bynu oOumcneni maHi sIKOCTI Boj 3a opraHoientuuyHuMu (Omok I),
3arajibHO — caHiTapHUMH XiMiuHuMH (070K II) Ta Tokcukomoriunumu (610K VII)
MOKa3HUKaMH XiMi4HOTO ckiany Bon p. JyHnait — m. Kinist. B sikocTi npukmany
pO3paxyHKiB HaBeleHO oOuucieHHs BuXigHOi iH(opmanii mo Oxoky II 3a

2020 pik (Tabmmns 1).

Tabnuysa 1. O04ncaeHHs Bean4uH ingexcy (I, ) npu nemoBHOMY
oniHoBaHHi sikocTi BoA p. yHaii — m. Kinis, 2020 pix

Emni . . O0unciIeHHs cepeHbo-
. Ml'llpl/l‘lHl 3HAYECHHA NMOKAa3HUKIB
Mokazuuku | OnuHULi CKUTANY | BUIMOBLTHIX iM KIACIE apu(MeTHYHHUX 3HAYEHDb
cKJIaay BOAM | BHMipy ny ﬂiocﬁio " i BU3HauaHHA KJIaciB
A i migkaaciB skocTi BoaM
11. 3aranpHO-caHiTapHI XiMiUHI TOKA3HUKH
. 306,83-1; 318,53-1; 275,7-1; _ _
H‘i{ﬂ’féfﬂj{f’; g | 285:64-1:243,82-1,361,52-1; 257,671 Z }_(2:’{1012’
: iﬂ)p A 245,39-1; 226,95-1; 277,57-1; 272,97-1; [(1)’]
jusan 313,68-1
81,1-2; 69,1-2; 64,3-2; 64,3-1; 42,7-2; S04 =12
Cynbgaru mr/ov® | 128,5-3; 81,7-2; 62,3-2; 40,7-2; 86,3-2; < :2’0 [(2)]’
65,6-2; 78,8-2 K
24,8-1; 35,5-2; 26,6-1; 35,5-2; 35,5-2; $16. n=12
Xnopunu Mmr/am? 35,5-2;26,6-1; 26,6-1; 26,6-1; 26,6-1; =1 3’3 [1(2)’]
26,6-1; 26,6-1 i
18,23-2; 15,19-2; 18,23-2; 24,3-2; S04 =12
Maruii mr/nm® | 18,23-2; 18,2-2; 21,3-2; 15,2-2; 12,2-2; p =2’0 [(2)]’
18,2-2; 12,2-2; 18,2-2 K
N .| 8,17-2;8,13-2; 8,08-2; 8,19-2; 7,9-2; _ _
Bomwesuit | Opunni |7 9757557 96.2: 8,33 7.97-2; 6.86- =25, n=12,
MOKa3HUK pH . x=2,08 [(2)]
2; 8,15-2
0,21-2; 0,5-3; 0,07-1; 0-1; 0-1; _ _
" (‘)ﬁﬁfm M/ 0.15-2: 0-1; 0,003-1; 0,5-3: 0-1: )_;2:12%’3“[23)’]
0,43-3; 0,4-3 >
0-1; 0,02-3; 0,1-4; 0,02-3; 0,04-3; _ _
3ot | /e | 0,05-3; 0,02-3; 0,05-3; 0,03°3; 0,02°3; izzgg,ang),]
P 0,02-3; 0,02-3 ,
Asor i | 12745 2,6-45 4,1-4; 3-4:4,1-4; 9,07-4; ¥=48, n=12,
HiTpaTHHit x 1,3-4; 1,08-4; 2,34-4;4.81-4; 3,39-4; 4-4 % =4 [(4)]
0,22-4; 0,22-4; 0,34-4; 0,06-1; 0,17-3; _ _
d?z‘é‘c’bq;‘;f; r/me | 0,15-3; 0,37-4: 0.24-4: 0.36-4: 0.28-4; 5:3‘35’8“[313{]
0,29-4; 0,29-4 >
S—— 11,7-1; 12-1; 10,5-1; 10,3-1; 9,6-1; 8,7- S—15. n=12
mr/am> 1; 6,7-3;7,7-2; 8,5-1; 8,04-1; 10,1-1; Z=1 2’5 [(1)]
KHCEHb 10.6-1 x=1,
g;‘“g;;‘;‘; /g 4-1; 12-2; 56-4; 10-2; 13,9-2; 11-2; =24, n=12,
(g(CK) A 27,5-2; 34-3; 21-2; 44 1; 11 2 6-1 X =2, 0 [(2)]
ECK /e 2,2-2; 1-1; 1,2-1; 1,2-1; 4-3; 3,3-3; 3,6~ ¥=24,n=12
5 A 3;1,7-2;2,4-2; 2- 2, 2,2-2;1,8-2 x=2,0[(2)]
1I. 3aranpHo-caHiTapHi Ix _ =288;n=144;x =2,0 [(2)].
XIMI4HI TOKa3HUKH X p: =34;n=12;x=2,83 [3(2)].

IMpumiTka: HaMiBXUPHUM MIPH(TOM BUIICHI MAKCHMAaJIbHI TOKA3HUKHU SKOCTI BOJ.
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Bynu pospaxosani Gmokosi (I, I, I

yp) Ta IHTETpanbHi (3a popmyioro 1)

MMOKa3HUKM 3a BECh MEPioj H0oCTiKeHHs. Ha iX 0CHOBI ckiajeHi Tabnuini y3a-
raJbHEHOTO 1HTETPANBHOTO 1HIEKCY U cepeiHiX (Talbmuis 2) Ta HaUTipIux
(Tabmuug 3) 3Ha4YEHB.
3a interpanbHuM iHaekcoM (I inTerp. cep.) (cepenHi MOKa3HUKHU) BoOZA
p. JyHait Hanexana TUTBKH 10 2 KJIacy SIKOCTI 1 Oyna Haiikparoro y 2017 porti
3 migknacom 1-2. BoHa xapakTepu3yBasiach sIK MepexijHa 3a SKICTIO BiJ «Bij-
MIiHHOD», Ty’Ke YHCTOI 0 KJacy «1o0poi», unctoi. Y 2020-2022 pp. BinOynock
MOTIPLIEHHS BOAW PIYKH A0 «I00POi», YUCTOT MPUHHATHOI SIKOCTI (2 migkiac).

Tabnuys 2. CepeaHi 3HaYeHHSA Y3araJbHeHOI0 iHTErpajbHOIO0 iHAeKCY
sikocti Boau p. Jdynaii — m. Kinis 3a 20162022 pp.

OuiHka sikocTi BoaM (cepeaHi 3HAYeHHS)
Pix nigkaac
3HAYEHHSA . XapakTepHCcTHKA
SIKOCTi
2016 191 21 «Jlo0pa», uncTa BOAa 3 yXHIOM 10 KIIACy «Bi/IMiH-
HOI», Iy’Ke YUCTOT
Bona, nepexinHa 3a SKiCTIO BiJ| «BIIMIHHOD», TyikKe
Linrerp. 2017 L7 1-2 YUCTOT JI0 «100pOi», YUCTOT
cep.
2018 1.92 21 «JloGpa», 4ucTa BOJA 3 YXUIIOM 10 KIacy
«BIMIHHOI», Ty’K€ YHCTOI
2019 1.88 21 «JloGpa», uncTa BOJA 3 YXHIIOM [0 KIACY «BiIMiH-
HOI», Iy’Ke YHCTOT
2020 2,13 2 «JloOpay, 4rcTa Boga MPUUHATHOI SIKOCTI
2021 2,07 2 «/lobpay, uncra Bofa MPUHHATHOI IKOCTI
2022 2,02 2 «Jlobpay», ynucta Bofa MPUHHITHOI SKOCTI
linTerp. cep. 1.95 21 «dobpay, uucta Bozia 3 YXUIIOM JI0 KiIacy
2016-2022pp. ’ «BIIMIHHOI», y’Ke YHUCTOT

Tabnuys 3. Haiiripii 3HaYeHHS y3araJbHEHOT0 iHTErpajbHOro iHAeKCY
sikocTi Boau p. Aynaii — m. Kinis 3a 20162022 pp.

2016-2022 pp.

Ouinka sikocTi Boau (Hairipuri 3HaYeHH)
Pix migKaac
3HAYEHHS . XapakTepucTHKa
SIKOCTI
2016 2,17 2 «JloOpay, uncTta Bojia NPUHHATHOL SIKOCTI
2017 2 2 «JloOpa», uncTa Boga NPUHHATHOI SIKOCTI
Tinrerp. | 2018 2 2 «Jlobpay, uncra Boa NPUHHATHOL SIKOCTI
HL. ; _
2019 231 203) «3aoBiNbHAY, CITA0KO 3a6pyz£HeHa BOJIA 3 yXH
JIOM JI0 KJIACy «J100poi», 4ncToi
2020 272 23 Bona, nepexizsa 3a sIKicTIo Bix «100poi», 4HCTo]
JI0 «3aT0BUIBHOI», c1abKo 3a0pyIHEHOT
2021 253 23 Bona, TIepeXiIHa 32 SIKICTIO Bif «100poi», HHCTOT
JI0 «33/I0BUIBHOT», c11a0K0 3a0pyHEHOT
2022 2,65 23 Boza, nepexiza 3a SKiCTIO Bij{ «06poi», 4HCTO]
JI0 «33JJ0BUIBHOD, CI1abKo 3a0pyIHEHOT
I inTerp. Hr. 234 203) «3an0BinbHAY, cnadko 3a0pyaHEeHa BO/A 3 YXU-

JIOM JI0 KJIACy «J100poi», 4yncToi
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3a iHTerpajbHUM iHAEKCOM (Lirerpo) (HaHTipIIi MOKa3HUKK) BOAA Halle-
skana 1o 2 ta 3 kiaciB sikocti. HaiiOinbin yuctoro BoHa Oyna y 20162018 pp.
1 XapakTepusyBajach 2 MiJKIaCOM — «a00pa», YUCTa MPUHHATHOI SIKOCTI.
VY 2020-2022 pp. sSKicTh BOJAM MOTIpIIMIACE A0 MiAKIAcy 2-3 1 oliHIOBajach K
MepexiHa Bij «100poi», YUCTOI A0 «3aI0BLIBHOT», CIA0KO 3a0pyIHEHO.

3a peuoBHMHAMHU, SIKi IEPEBHILYBAIH 3 KJIac SKOCTI BOJ, OyiH MoOyAoBaHi
rpadiky TITBKH 32 Ti POKH, B K1 CIIOCTEPIrajych I EPEeBUIICHHS.

Ha pucynky 1 HaBemeHuil rpadik 3MiHM a30Ty HITPUTHOTO 3a
2016-2022 pp., ockinbku Oynm 3aikcoBaHI MEpPEeBUIIEHHS 3-TO KJIacy SKOCTi
BOJl MIPOTSTOM BCHOTO Tepioay mociikenHs. Hopmarus 3 knacy (BepXHBOI
Mexi) sikocTi Bog gopiaioe 0,05 mr/mve.

Taxkox 3a Bci poku, okpim 2019 poky (moka3HuK OyB y HOpMi), OyB TIOOY-
JOBaHMIA Tpadik 3MiHU a30Ty HITPATHOTO (PUCYHOK 2).

Sx BumHO 3 Tpadiky, HaWTripile 3Ha4YeHHS BiAMIYaJIOCh Yy JIOTOMY
2019 poxky (0,345 mr/am?), ase miciast HbOTO TeH TOKA3HUK 3HAXOIUBCS B JIOMTY-
crumux Mexax (<0,05 mr/am?), 3a BukimoueHHsM kBiTHs (0,073 mr/am?). B yci

Konuenrpanis,
mr/am3

N
—2016 - <2017
—-—=2018 eeees 2019
— - 2020 - = 2021
——2022 HOPMATHB 3 KJIacy SIKOCTi BOIH

Puc. 1. T'padik 3minu azoty HiTpuTHOro 32 2016-2022 poxn

KonrenTpariis,
mr/am3
—_
o

0
O&Qgﬁ" gx&b & @\‘&O qS’&o Qqﬁt" ~t~®$¢ Q&o 25‘&0 e&&o &é{p *\&&
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2016
- <2017
-== 2018

Puc. 2. Tpadik 3minn azoty HiTpaTHoro 3a 2016-2022 poxu p. ynaii — m. Kinis
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iHIIT POKHU 3HaYeHHs KomuBauch Bix 0,009 1o 0,1 mr/am>. TlepeBurieHHs HOP-
MaTHBYy CIOCTEpiranoch: mpotsirom Bchoro 2016 poky (0,053-0,1 mr/am?); y
ciuni (0,073 mr/am?®), tpasui (0,059 mr/am?®), mumai (0,058 Mr/om®) Ta rpyaHi
(0,05 m/am*) 2017 poky; y cepmri 2018 poky (0,119 mr/am®); y 6Gepesni
2020 poxky; y ciuni Ta oBTHI 2021 poky (0,07 Tta 0,1Mr/am® BiamoBigHO); y
OepesHi, ceprHi Ta BepecHi 2022 poky (0,012 mr/am?, 0,07mr/am?, 0,09 mr/am?
BIiJIMIOB1JTHO).

3a Bech Mepiof CIOCTEPeKEeHHS KOHIEHTpAIil mapaMeTpy 3HaXOOIThCs
BHIIEe MeXi 3 kmacy sxocti Bomu (1 mr/am®). 3akOHOMIPHOCTI Y BHYTPILITHBO
piuHii 3MiHI TOKA3HUKA HE CIIOCTEPIraeThCsl.

Haiibineme 3uadeHHs docdopy docdari (pucyHok 3) Oyno B civHi
2022 poxky (0,9 mr/am?®) npu HOpMaTuBi BepxHbOi Mexi 3 kiacy — 0,2 mr/am’.
Takok BHCOKI TIOKa3HUKH Oynu y moTomy Ta JunHi 2021 poky 1 1opiBHIOBaIN
0,49 Ta 0,53 mr/am?®, BianoBigHO. MOXHA CIOCTEPIraTH CE30HHHMM Xia 3MiHH
dbocdopy docdarie y Bomi piuku JlyHail: 3MEHIICHHS TNOKa3HHKA y BECiH-
HBO-JIITHHI TIEPi0]T i 301IBIICHHS B JIITHLO-OCIHHIH, 1110 MOXKe OyTH OB’ S3aHO 3
PO3BHUTKOM Ta BiIMUPaHHIM BOJHOT POCIUHHOCTI.

3a BmicTOM cynb(daTiB MEpEeBUILCHHS HOPMAaTUBHOTO 3HAUCHHS BEpX-
HbOT Mexi 3 kimacy (250 mr/mam®) crioctepiranocs nuiire y BepecHi 2019 poky ta
nopiBHIOBaso 253,92 mr/om® (pucyHok 4). IIpoTsarom iHIIOTO MPOMIXKY 4acy
KOHIIEHTpAIlii Oy 3HAYHO HMUKY1 Ta KOJTHUBAIUCH Bif 3,4 10 37,4 mr/am>.

Ximiune cniokuBaHHs kucHIO (XCK) — mokasHHK BMICTY OpraHidHHX
PEUYOBHH Yy BOJI, SIKHH BUPaKa€eTbCs B MUJIirpaMax KUCHIO, IO MIlIOB Ha OKHUC-
JICHHS! OpPTaHiYHUX PEYOBUH B JITPi BOAU.

Tineku y 2019 ta 2020 pokax ¢ikcyBanoch NepeBHIICHHS HOPMAaTHBHOTO
3HaueHHs, 10 BianmoBigae 3 kmacy skocti Boau (40 mr/am?®). ¥V 2019 pori Bia-
OyBasioch 301UIbIICHHS MMOKa3HKUKA: Bix 2 mMr/aM® y OepesHi no 52,63 mr/om’y
cepmHi. 3a siHieto Tperay y 2019 pori Bmict XCK 30imbinyerbes, a B 2020 porti,

Konnenrparis,
mr/om3
== ==)

-==2018 eeeees 2019
—_— 2020 - =2021
——2022 HOPMATHB 3 KJ1acy SKOCTI BOJH

Puc. 3. T'padik 3minu dochopy pocdaris 3a 20182022 poxu
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MOKa3HKK 3 KJIacy SIKOCTi BOAU

Puc. 4. Tpadik 3minu cyandaris 3a 2019 pik

HaBMakH, 3HWKYETbCs. B 2020 poui HalOinbIIe 3HAYSHHS CIIOCTEPIralioch B
OepesHi Ta JOPiBHIOBAIO 56 Mr/mm> (PUCYHOK 5).

Ha pucynky 6 mokazaHo, mo 3MiHu koHueHrtpamii CITAP 3a 2019 Ta
2020 pp. cxoxi, apke 30UTBIICHHS] BMICTY MapameTpy Hae ONkde J0 KiHIs
POKy Ta mepeBullye HopMaruB 3 kiacy skocti Boau (0,25 mr/am?®) y mucro-
masi: BiamosigHo — 0,33 mr/am® y 2019 p. Ta 0,26 mr/mm B 2020 p. YV uepsHi
2019 poky € pi3kwuii 3piCT KOHIIEHTpAIlil, sika jgopiBHIOE 0,16 Mr/am?, ane 3Haxo-
JUTHCS B JIOMTYCTUMHX MEXax.

3HaueHHsT BOAHEBOIO MOKA3HWKA Ma€ 3HAXOMUTHCHL B Mekax Big 6,1 1o
8,5 B omuuuix pH. B 2021 poii Oyiio mepeBUIlieHHS IUMX 3HAYEHb Y CEPITHI
(8,63), a B 2022 pomi — y 6epesHi (8,6) (pucyHok 7).

3a CanlliH 2.2.4-171-10 sKicThb MUTHOI BOJH, KA € HAHKPAIIOH IS
CIIOYKUBAHHS JIFOJMHOIO, TOBUHHA BIJMOBIgATH (hi310JOTIYHHI TTOBHOI[IHHOCTI.
¥V tabnuui 4 npuBeieHi MOKa3HUKH (Hi310J0T9HOT TOBHOIIIHHOCTI BOJ p. JyHai.

3arasibHa )KOPCTKICTh IEpEBHIIyBaIa HOPMY TUTLKK oinH pa3 y 2019 porri.

[Toka3HUKHN 3arajbHOI JIY’)KHOCTI Ta KaJNBIII0 B MEPioJ] CIOCTEPEIKEHHS
Oynu y MeKax HOPMaTUBHHUX 3HAYCHb.

Konnenrpartisi,
mr/am3
)

...... 2019 — <2020
HOpPMATHB 3 KJIACY SIKOCTi BOOU ~ ******* Jluneiinas (2019)
=+ = Jluneitnas (2020)

Puc. 5. I'padik nepeBumennst XCK 3a 2019 ta 2020 poxu
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Konmenrpariis,
Mr/nom3
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- =2021 -—e=—2022 HOpMAaTHB 3 Kjlacy sIKOCTi BOJH

Puc. 7. T'pagik nepeBuiieHHs BOAHeBOro nokasuuka pH 3a 2021 ta 2022 poku

Tabnuys 4. Jliana3zon noka3Hukis izionoriunoi moBHomiHHOCTI
MiHepaJbHOI0 CKJIaAy MUTHOI BoaM p. lyHai

Nos/n Haﬁmeﬂysafmﬂ Ounﬂ_nui Hiana3on pakruunux | lianazon Hopma-
MOKA3HUKIB BUMIipY 3HAYEHD THBHHUX 3HAYEHD
1 3arasibHa KOPCTKICTh MMOJIB/ IM> 3,0-8,01 1,5-7,0
2 3arajpHa JIy)KHICTb MMOJIB/ M 0,97-3,7 0,5-6,5
3 Kanpmiit mr/om? 40-75 25-75
4 Marsiit mr/am? 6,1,-60,751 10-50
5 Harpiii mr/ oM’ 15-29,91 2-20
6 Cyxuii 3aJIHII0K mr/ o 196,19 |-520,591 200-500

Konnenrtpauis MarHito Oy;ia MeHIIIe HOpMHU OJHH pa3 —y JumHi 2021 poky
(6,1 Mr/nm?), a mepeBUIIICHHS CIIOCTEPIragock OIuH pa3 — y BepecHi 2019 poky
(60,75 mr/om?).

KonmenTpamii Harpito 3a Bech Mepiof JOCTIKCHHS TEPEBHIIYBaTU
BEPXHIO MEXY HOpPMAaTHBHHUX 3HaueHb 19 pasziB y 2020-2022 pokax. B ixmi
POKH BiATIOBiAa7IH HOPMI.

CyxWii 3aJTMILIOK JIMIIE OUH pa3 OyB HUXKUYE HUYKHBOT MEXKi HOPMaTHBHUX
3HaueHb y aumnii 2022 poky (196,19 mr/am?), a epeBUIIICHHS CIIOCTEPIraaoch
Tinbku y BepecHi 2019 poky (520,59 mr/am?).
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BucHOBKY 3 71aHOT0 A0C/IiAKEHHS Ta MePCNeKTHBU MOAAJIBIIOI0 Po3-
BUTKY B IboMYy Hanpsami. Bona piuku [lynait — m. Kinis BUKOPHCTOBYETBCS K
JDKEPENIo TUTHOTO BOZOIOCTAYaHHS 1 Ma€ BEJMKE 3HAYEHHS SK JUIS 3A0POB’S
JIOAVHM, TaK 1 JJI1 BUKOPUCTAHHS B 1HIMX IIISX. AHAJI3 SIKOCTI BOJ IPOBO-
nuBcs 3a 20162022 poku. 3a pe3yasraTaMu poOOTH MOKHA 3pOOUTH HACTYITHI
BHCHOBKHU:

1. 3a iHTErpanbHIM iHJIEKCOM (CepeaHi 3HaYeHHA) KICTh Bonu p. yHait —
M. Kimisg 3a mepiog 2016-2022 poku BiZHOCHUTBCS A0 2-TO KJIACy 3 ITiJIKJIa-
coM 2(1) i xapakTepHu3y€eThCA SK «100pay, YucTa 3 YXUIOM JI0 KJIacy «BIIMiH-
HO1», TyKe 9rCTOol. SIKiCTh BOJM 3MIHIOBAJIACK SIK TIEPEXiTHA 32 SIKICTIO BiJl «BiJl-
MIHHOI», Ty’K€ YHCTOI J0 «I00poi», unuctoi (2 kiac, 1-2 migkiac) 1o «1o00poiy,
YHCTOI MPUIHATHOT SIKOCTI (2 KIiac, 2 miaKIac).

2. lloripmieHHs SIKOCTI BOX BinOyBaloCh 3a paxyHOK 3MEHIIEHHS KiJlb-
KOCT1 AOCTIPKYBaHUX PEYOBHUH OJOKY TOKCHUKOJIOTIUHHX MOKA3HMKIB Ta 301J1b-
IIeHHS KOHIIEHTpAIliil MOKa3HUKIB 3arajbHO-caHiTapHOro 050Ky (pH, pedoBuH
a30THOI rpymy, hochopy docdaris).

3. 3a mepiox 2016-2022 pp. cepenane 3HaYEHHS 1HTETPATHLHOTO 1HIEKCY
(HaripmIi moKa3HUKM) SKOCTi BoA p. yHait — m. Kinist nopisaroBano 2,34 i Boga
XapaKTepu3yBalach K «3aJ0BUTbHAY», CIA0K0O 3a0pyaHEHA 3 YXWIOM JI0 KJacy
«100poi», uncToi (2 kiac, 2(3) miaknac). Halikpaina skicTh BOJ CriocTepiraiach
y 2016-2018 poxkax («1o0pay, yrcta MPUHHATHOI SKOCTI), HAHO1IBII 3a0pyHE-
HOto Oyna y 2020-2022 poxkax (mepeximgHa 3a SKICTIO BiJ «I00pOi», YHCTOI 10
«3a7I0BUTBHO1», CITA0KO 3a0pYIHEHO1).

4. 3a (¢i310JI0TIYHOO MOBHOLIHHICTIO AKICTh BOI piuku JlyHai He Biamo-
BiJjaJia HOPMaTHBHUM 3HauSHHSIM 3a BMicToM MarHito (3,4 %), varpito (37,3 %),
cyxuM 3ayunikoM (3,5 %) ta 3arambHOI0 KOPCTKiCTIO (4 %).

5. Jlist moKpareHHsT SKOCTi BOJ| MUTHOTO BOIONOCTadaHHS HE0OXiITHO
MIPOBOIUTH KOMILUIEKC 3aXO/iB, sIKi HaZaHi B AoaaTky B [2], momo oOpobasHHS
BOJIM 3aJIEXKHO BiJ] KJacy ii AKOCTi B MicIii Bogo3abopy. B HamoMmy Bunaaky e
CTOCYETBCS JOOUUIIICHHS PEUOBHH, SIKI HAJIEKATH IO 2 Ta 3 KJIacy SAKOCTI XiMid-
HOTO CKJIa[ly 3arajbHO-CaHITAPHUX Ta OPTaHOJIENTHYHHUX ITOKA3HUKIB.

6. Takox Tpeba 3MEHIINTH MOTPAIUITHHS PEYOBHMH a30THOI TPymH Ta
bocdopy 3 MPUIETITUX CLITLCHKOTOCTIONAPCHKUX TEPUTOPIi Ta CTIYHUX BOJI, IO
OB’ SI3aHO 31 3HOIICHHAM a00 BiJICYTHICTIO KaHAMI3AIIHHUX CUCTEM.
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ASSESSMENT OF THE WATER QUALITY
OF THE DANUBE RIVER FOR ECONOMIC
AND DRINKING WATER USE

Romanchuk M.E. — Candidate of Geographical Sciences, Associate Professor,
Veslohuzova Z.H. — student of the 1st year of the master s degree,
Odesa State Environmental University,
mromanchuk67@gmail.com , zlata01200108@gmail.com

The Danube is an important water artery not only of 10 European countries, but
also of the south of Ukraine, which feeds lakes, replenishes groundwater reserves and
is also used for irrigation, shipping, recreational purposes, as a source of energy and
drinking water use. The length of the Ukrainian section of the Danube is 170 km, of
which 54 km is on the main river, 110 km on the Kilii estuary and 6 km on the Prorva
channel, which connects the estuary with the Black Sea. The quality of the Danube
waters is formed both on the territory of Ukraine and outside its borders, depends on
both natural and anthropogenic factors. The situation of providing the southern region
of Odesa region with high-quality drinking water is acute. Water from the Danube River
is mainly used for drinking, sometimes imported water, sometimes from underground
sources, but its reserves are very limited and have high mineralization. The work
considers the quality of water for economic and drinking needs in the place of water
intake of the Danube River — the city of Kilia for the years 2016-2022. Water quality
was assessed according to DSTU 4808:2007 according to average and worst values. The
methodology covers 80 indicators and is divided into seven separate groups (blocks) in
accordance with sanitary legislation. The quality of river water is considered suitable for
use if it belongs to 1-3 quality classes according to hygienic standards. In this work, the
analysis was carried out on 23 indicators, which are included in three groups, therefore
the assessment is considered indicative: group I — organoleptic indicators (color,
turbidity); II group — general sanitary indicators (dry residue (mineralization), sulfates,
chlorides, magnesium, alkalinity, hydrogen indicator, ammonium nitrogen, nitrite
nitrogen, nitrate nitrogen, phosphorus phosphates, dissolved oxygen, permanganate
oxidation (KMnO,), dichromate oxidation (HCK ), BSK.); group VII — toxicological
indicators (total iron, manganese, chromium (VI), zinc, petroleum products, synthetic
surface-active substances (SPAR), volatile phenols).

It was determined that, according to the average values, the quality of the
Danube water at the point of water intake is characterized as “good”, clean with a bias
towards the class “excellent”, very clean. According to the worst indicators, the water
was rated as “satisfactory”, slightly polluted with a bias towards the “good” class. The
water of the Danube River needs to be further purified mainly for substances of the
nitrogen group and phosphorus. Regarding compliance with the physiological quality
of water according to SanPiN 2.2.4-171-10, a significant excess was observed only for
the sodium content (37.3 % of the total number of observations).

Keywords: drinking water, organoleptic indicators, toxic substances, general
sanitary indicators, block indices, water quality.
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OYHKUIOHAJIbHI 3MIHU POCJIVH
CERATOPHYLLUM DEMERSUM 3A Bli TPOTUNY
B MOAEJIbHOMY EKCNEPUMEHTI

Xpomux H.O. — k. 6. 1., c. . c.,
Hlapamox T.C. — k. 6. 1., Ooyenm,
€cinosa H.b. — k. 6. 1., doyenm,
Jninposcokuil nayionanvuuil yuigepcumem imeri Oneca [onuapa,
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TpuBami mMacmTabHI BOEHHI Iii Ha TepuTopii YKpalHW MPU3BOAATH A0 pyHHAmii
1 gerpamarii BOQHUX €KOCHCTEM, SIKi 4acTO € KIHIICBHMMH MOIIMHAYaMH Pi3HOMAaHITHHX
3a0pyHIOBAYIB, Y TOMY YHCJIi BUHOYXOBHX pe4oBHH. HeoOXiIHICTh BiJHOBJICHHS BOIHUX
EKOCHCTEM JHKTYE IMOITYK C(PEKTUBHHUX Ta €KOJIOTIYHO OE3MEYHHMX CHOCOOIB emiMiHarii
BHOYXOBHX PEUOBHH, 30KpeMa TPOTHITY. 3aceIeHHs MakpoQiTiB, 30aTHUX J0 ICTOKCHKAILIi
TPOTHUITY, MO’KE CTaTH IIUITXOM IO BITHOBJICHHS 3a0pyIHEHNX BOAOIM depes3 mporecH Oi-
OJIOTIYHOTO OYHIIEHHS. Y JaHiil poOoTi 3a XapakTepoM 3MiH (POTOCHHTETHIHOTO arapary
Ta aKTMBHOCTI T1yTaTioH-S-Tpancdepasu (GST) oriHeHO alanTHBHUIA TTIOTEHIia MOIIU-
peHol pociunu Kyiupy 3anypesoro (Ceratophyllum demersum L.) 1o BILTUBY TPOTHITY B
KOHIIEHTpALisX 25 Mr/i i 50 Mr/n y MoziembHUX yMOBax 3a0pyAHEHHS BOJIOWMH.

BcranoBneHO 10303alekHI 3MIHU BMICTy XJopodiny a, xiopodiny b, ix cymap-
HOTO BMICTY, a TAKOXX CITiBBITHOIIEHHS MIrMeHTIB y pociuH C. demersum 3a Oil TPOTH-
Jy. AKTHBaIsS TporeciB 610CHHTE3y CTOCyBajach 000X (POTOCHHTETUYHUX MITMEHTIB,
oflHaK OumbIIO Miporo xiopodiny b. CymapHuii BMICT XJopodiniB 3a aii HU3BKOT 1
BUCOKOT KOHLIEHTpALlill TPOTHJIY MaB JiBa MAaKCUMYMHU: Ha 4eTBepTy (BiamnoigHo, 13 %
i 33 % Bume KOHTpOIIO) Ta Ha 72-y (46 % 1 31 % BuIEe KOHTPOIIO) TOAWHH EKCIEPH-
MeHTy. 3a 11ii 000X KOHIeHTpaLii TpoTuiry pociuan C. demersum BUSBUIN 30aTHICTD
JI0 THYYKOI PeTYIIAIii BMICTY 1 CIIiBBiTHOIICHHS IITMEHTIB, IO BKa3y€e Ha MOKIIUBICTH
amanTanii GOTOCHHTETHYHOTO arapary pOCIHH JI0 BIUIMBY TOKCHKAaHTA.

3MiHM aKTUBHOCTI DiyTarioH-S-TpaHcdepasu y pociun C. demersum 3a il
TPOTHITy OYyJIM 10303aJIeKHUMH, a TX JMHAMiKa Maja JiBa MAaKCUMYMU: Ha JIpyTy TOJu-
Hy (5 % 1 47 % BuIle KOHTPOIIIO, BiIMOBITHO 32 HU3BKOI i BUCOKOI KOHIICHTpAILiil) Ta
Ha 24-y ronuny (17 % Buie KOHTpOMIO) 3a BUCOKOI 1 Ha 72-y roauuy (26 % BuiIe
KOHTPOJIIO) 32 HU3bKOT KOHIIEHTpaIlii Tpotmiy. AkrtuBanis GST 3a BIUIMBY TPOTHITY, IO
CYIIPOBOKYBaJIaCh 3pOCTAHHSIM YMICTy HITPHTIB y BOTHOMY CEPEIOBHIINI, pPO3I[iHEHA
SK WMOBIpHA y4acTh ()e€pMEHTY B JIETOKCHKALii TPOTHIIy LUIIXOM HOro KOH’roramii 3
DIyTaTioHOM. 3arajioM OTpUMaHi JaHi BKa3ylOTh Ha C(EKTHBHY PETYISIII0 1 3aXUCT
(DOTOCHUHTETHYHOTO MPOLIECY Ta aKTHBALII0 (DEPMEHTAaTUBHOI AETOKCHKAIIl TPOTHITY Y
pocmuHax C. demersum, O CBIMYUTH MPO IX MOTCHIIHHY MPUIATHICTH 10 OYUIICHHS 1
BiTHOBJICHHSI BOOHHUX €KOCHCTEM, 3a0pyIHEHIX BHOYXOBIMH PEIOBHHAMH.

KitrouoBi cioBa: kymmp 3aHypeHui, TpoTuia (2,4,6-TpHHITpOTOIYON), 3a0pyI-
HEHHS BOTHUX €KOCHCTEM, JETOKCHKAIIis, 010JIOTTYHE OUHMIIICHHS.
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MocTranoBka mpoosaemu. OHUM i3 YHCETHLHUX HETAaTUBHUX CKOJIOTiY-
HUX HACJiJKiB MacIITaOHUX BOEHHUX /i, IO TPUBAIOTh HA TEPUTOPii YKpaiHu,
€ 3a0pyTHEHHS BOJHOTO CepeIOBUIIa BHOYXOBUMH PEUOBHHAMH Ta MIPOAYKTaAMHU
ix mepeTBopeHHs. BUKOpHCTOBYBaHMIA y OUTBIIOCTI TOPOXOBUX CyMiIlIeH Tpo-
T (2,4,6-TpUHITPOTONYON) Ta HOro moxinmHi 2,4-AMHITPOTONYONd, 2,6-IUHi-
TPOTONIyONl W iHIII MOTPAIUISIIOTh Y TOBITPS, TPYHT, IOBEPXHEBI Ta MiA3eMHI
Boau. Po3unHAIOUKCE Y BOII, BKa3aHl HITPOAPOMATHUYHI CIOJIYKH CTBOPIOIOTH
TOKCHYHE CEPEIOBUILE ISl T1APOOIOHTIB, TOMY BaXKJIMBO BCTAHOBUTH ajarTa-
LiHHI MOYJIMBOCTI BOJHMUX OpPraHi3MiB i BUSBUTU CEPell HUX TaKi, 10 37aTHI
0 OlOJOTIYHOIO 3HENIKOMKEHHS TOKCHKAHTIB 1 OYMINEHHS Ta BIIHOBIIEHHS
3a0pyIHEHUX BOIOIM.

AHaJi3 ocTaHHIX J0CTiIKeHb i myomikamiii. Bojni exocucremu € myxe
Ypa3iIMBHMHU JI0 BIUIUBY BOEHHHUX Jii, SIKi MOXKYTh IPU3BECTH J0 X Jlerpaaarii.
Hanpuknaz, yepe3 3HHUIICHHS! POCIHCHKUMH Bilicbkamu Tpebiti OcKibcbKOTO
BOJOCXOBHIIA Y XapKiBchKiii 00macti (6epesens 2022 p.) BigOy1och NpaKTHYHO
MOBHE OOMUTIHHS BOJOWMHU, pyHHAIlisi EKOCUCTEMH BOJOCXOBHIIA, 3HUINCHHS
LIHHUX BUJIB pu0 Ta iHIoi BoxHoi 6iotu [1]. Kpim Toro, 3actocyBanHs BUOY-
XOBHX PEYOBHH Ma€ MPOJIOHTOBaHI HACIIAKM Ha BOAHI PECYpCH, cepen SIKHX
OCHOBHHMMH € 320pyJHEHHS Ba)KKMHU METaIaMH Ta a30TOBMiCHUMH CIIOTyKaMHU
[2], 30KpeMa TPOTHJIOM 1 MPOYKTaMu Horo TpaHchopMariii.

VY kpaiHax i3 MacmTaOHUM MPOMUCIOBUM BHUPOOHHUIITBOM Ta MEpepoo-
Kot0 Oo€enpunaciB MpoBeIeH] YHCENbH1 10 CITiHKEHHS BILTUBY 2,4,6-TpUHITPOTO-
JIyoJly Ha 010Ty 1 BUSIBJICHO, 1110 BiITHOCHO BHCOKA PO3YMHHICTh Y BOJII B MEXKax
70—120 mr/n [3] npoBoKye 0ro MOrIMHAHHS BOIHUMH OpTaHi3MaMu, 30KpeMa,
Y HEBEJIMKUX KITBKOCTSX BiH MOXKE HAKOMMYYBaTHCS B pubax i pociuHax [4].
HagiTh y HU3bKHX KOHLEHTpauisx (MeHme 10 Mr/m) TpOTHiI BUSBIISIE TOKCHYHY
Ta MyTareHHy Jil0 Ha Pi3Hi OpraHi3Mu, Bif MikpoOiB no mrogunu [5]. [Torpa-
MUBIIK y BOIHE CEpEeNOBHIIE, TPOTHI 3AaTCH O Mirpaiii mo Xap4oBuX JaH-
IOrax, 10 CTAHOBUTH 3HAYHY 3arpo3y IJisi €eKOCHCTEMH B LJIOMY 1 310pOB’s
CHOKMBAYiB MOPENPONYKTiB 30kpeMa [6]. [IposiBu TokcuyHOI Aii TpOTHIY Ha
JIOACHKUH OpraHi3M BKJIIOYAIOTh BHUCHUITAHHS, TOKCMYHHI TETaTHT, JepMAaTHT,
[iaHo3, YXaHHA, Kallelb, NepuepruyHii HEBPHT, KaTapakTy, Oilb y M’s3ax,
arIaCTUYHy aHEeMIIo Ta ypakKeHHs HUPOK [4].

BriposioBx ocTaHHIX JECATHIIITH AOCTITHUKAMHU 3 PI3HUX KpaiH 3HAYHA
yBara Oyna mpuiiieHa npobiaeMi OYHIICHHS 3a0pyJHEHUX BUOYXOBHMHU PEUO-
BUHAMHU TEPUTOPIH i MOLIYKYy €KOHOMIYHUX TEXHOJIOT1 iX BiHOBJIEHHS, cepen
AKHX (iTOpeMeniamis po3rsaganach K BaXKJIUBa CTPATETisl BIIHOBICHHS IPYHTY
i Boau [7, 8]. Y pe3ynbrari AOCHIKSHb Oyiia BCTAHOBJICHA 3IaTHICTh OpraHi3-
MiB Pi3HUX TAKCOHOMIYHUX TPYH 10 G10JIOTiYHOTO PO3MICTUICHHSI MOJIEKYJ TPO-
Ty a0o0 X akymynsilii, 1o 3a0e3neuye 3HeIIKOKEHHs TOKCUKanTa. Hanpu-
KJaj1, epeKTUBHICTD Jerpaalii Tpotuity Oakrepismu Pseudomonas aeruginosa

152



Boowi 6iopecypcu ma akeakynemypa, 1(15) /2024

craHoBuia 46—59 % 3HWKeHHs HWoro BMicTy micis 48 roguH ekcro3uiii [9].
[Toka3zaHO BHCOKY 3/IaTHICTh CHHBO-3€JICHOI BOmOpOCTi Spirulina platensis
aacopOyBatu 2,4,6-TpUHITPOTONYOI, ONTHHAKYHN On3bko 87 % Horo BMicTy
3 3a0pynHeHoi Bomu npotaroM 15 nHiB [10]. Y HalIux MonepeaHix JT0CiIKeH-
HSIX YCTAHOBJICHO 3JIaTHICTh MPICHOBOAHOT BONOPOCTi Rhizoclonium sp. o 3HH-
JKCHHSI KUTBKOCTI TpOTWIY Ha 66,4 % Bix moyarkoBoi koHueHTpamii 100 mr/n
npotsrom 48 roanH nepeOyBaHHs y 3a0pyAHEHIH TPOTHUIIOM MOJENBHIN BOIOWMI
[11]. Cepen BUIIMX BOIHUX POCIIMH, 3aHypEHA POCIMHA BOAOIIEPHUIIS KOJIOCUCTA
(Myriophyllum spicatum) € HalOUIbII MEPCIEKTUBHUM BHUIIOM, SIKUIl TOKa3aB
e(heKTUBHE MOTIMHAHHS TpoTUay [12].

Kymmmp 3anypenuii (Ceratophyllum demersum L.) € MOBCIOAHO MOIINpe-
HUM Y BOJOWMaXx MIBHIYHOI MiBKYJIl POCIMHHUM BHIIOM, IIIO XapaKTepU3YEThCS
HEBUMOTJIMBICTIO 10 OCBITJICHHS Ta KOHKypeHTo3aaTHicTio. Kymmp 3anypennit
4acTO BUKOPUCTOBYIOTh SIK T€CT-00’€KT JijIs Ol0oiHIUKAIll, 30KpeMa Y BUIAIKY
3a0pyaHeHHs BomoiiM MikpoenemenTami [13]. C. demersum BBaKa€ThCS THUIIO-
BUM TIPEJCTaBHUKOM 3aHYPEHUX MakpodiTiB y BojoiiMax YkpaiHu, 3a0pymaHe-
HUX TPOMUCIOBUMU cTOKamH [14]. 3 ypaxyBaHHSM 3a3Ha4€HUX BIACTUBOCTEH,
MU MPUMYCTHIN MOXKIIMBICTh ICHYBaHHS B POCJIMH KyIIUPY 3aHYPEHOTO edek-
TUBHUX MEXaHI3MIB JICTOKCUKAIIIi JUIs 3HEIIKO/KESHHS TPOTUIY Ta OYHMINEHHS
BOJIONM, 1110 BU3HAYAE JIONUIBHICTH MPOBEACHHS TOCIIPKESHHS.

@opmymoBaHHA Hijeil crarti. Meroro Hamoi po6otu Oyi0 BCTaHOB-
JICHHSI XapaKTepy 3MiH ()OTOCHHTETUYHOTO arapary Ta IpoueciB hepMeHTaTHBHOT
JETOKCHKAIIIT 32 y4acTi MIyTaTioH-S-TpaHcdepasu y pocinuHax KyHIupy 3aHype-
HOTO BHACIIIIOK il TPOTHITY B MOJCTILHOMY 3a0pYAHEHOMY BOTHOMY CEPEIOBHILII.

Marepiaau i mMeroaum AocjigxkeHHsl. ExcrepuMeHTH NpOBOAWIM B
xoBTHI 2023 poky B 1aboparopisix H/II 6ionorii J{HinpoBchKOro HalliOHATBHOTO
yuiBepcutety imeHi Onecs [onuapa. TecT-06’ekToMm ciyryBanu Hagani HBK
«AkBapiym» pociuHu Kymupy 3anypenoro (Ceratophyllum demersum L.),
sIKI BUTPUMYBAJIUCH Y BiJCTOSIHIN BOAOMPOBIIHIM BOHAI B akBapiymMax YIpo-
noex 10 ni6 mepen mpociigamu. 3a0pyIHEHHS BOAHOTO CEPEIOBUIIA MOJICITIO-
BaJIM JOJABaHHSM TPOTHIY (B KiHIIEBHX KOHLEHTpamiax 25 mr/m i 50 mr/a) B
aKBapiyMu.

Tpotun (2,4,6-TpUHITPOTONYOI) BUTOTOBISUTA B aHATITUYHUX KiIBKOC-
TAX 3TIHO 3 ONMUCAHUM METojoM [15] i miATBEpIKyBad HOTO 1IEHTHYHICTh
METOZIOM ra30Boi XxpoMatorpadii — Mac-CrieKTpoOMETpii.

Bwict xnmopodiny a (Chla) i xmopoginy b (Chlb) Ta cymapHy KiTbKiCTB
nirMeHTiB y pocinuHax C. demersum BU3HAYAIH CIEKTPO(DOTOMETPUIHUM METO-
oM [16], BuMipiolo4M ONTHYHY TYCTHHY (QiIBTPOBAHUX EKCTPAKTIB POCIHH
(2 r cupoi Macu Ha 25 M1 96 % eTaHONY) IpH JOBXKUHAX XBHIIb 649 HM 1 665 HM.
Pesynbrati BHpaxoByBasd 3a BIAMOBIAHUME (OpMyJaaMu, BMICT (HOTOCHHTE-
TUYHUX MMITMEHTIB BUPAKaJU B MI/T CHPOTO POCJIIMHHOTO Marepiay.
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AkTuBHICTH D1yTaTioH-S-TpaHcdepasun (GST) y pocnuHax BU3HAYaIH
cnekrpodoroMeTpuaHUM MeToaoM [17] mpu 340 HM 3a 3MiHOIO ONTHYHOI Tyc-
THHU PEakIifiHOl CyMilll, sika MICTHJIa POCIIMHHUE €KCTPaKT y Kaik-pocdar-
HoMy Oydepi, pH 8,0, BimHoBnenuii rmyrartion (GSH) ta 2,4-muniTpoxiop-
oenzon (DNCB) sk cybcrpar. @epmentaruBry aktuBHiCTh GST BUpakanu B
MKM DNCB, nepeTBopeHOro 3a OJIHy CEKyHAY, Ha TpaM CHpOi Macu POCIUH
(MKKart/T).

KoHnenrpauito HITpUTIB (MI/) y MOIEIEHOMY BOXHOMY CEPEIOBHIII
BUMIPIOBaJIH 32 IOTIOMOTOI0 HA0OPY eKCIIPec-TeCTiB I IIBUAKOTO BU3HAYCHHS
axocti Bogu TESTLAB (JBL, Himeuunna).

VYei ananizu mpoBomwin mioHakiMeHmie Tpudi. OOpoOKy pesysbTariB
JOCTIKeHHS 3MIMCHIOBATM 32 JOMOMOTOI0 CTAaTHCTHYHOTO IPOrPaMHOTO
3abe3mneueHHs Statistica 7.1 StatSoft, BukopuctoByroun ANOVA st aHamizy
BCiX JIaHMX; Pe3yJbTaTh OyJIH MPeACTaBIIeHI K CepeTHe 3HaYCHHSI £+ CTaHIapTHE
BimxmieHHs (X = SD). BinMinHoCTI BBaXkanucs gocroipaumu mnpu p < 0,05.

Pe3ynbTaTn gocainskennb. 3a Aii TpOTHITY B KOHIIEHTpAIii 25 Mr/1 cymap-
HUH yMmicT xnopoginiB y pocnunax C. demersum 3poctaB no 12,9 % Buiue
KOHTPOJIIO Ha YETBEPTY TOJMHY EKCIIEPUMEHTY, Micisl YOro MOKa3HUK 3HIKY-
BaBcs 110 95,0 % Bijg KOHTPOJIIO HA IOCTY TOJIWHY, OJHAK HaJalli 3pOCTaB, 1 3a
72 ronvuHH NEepeBUIyBaB KOHTPOJIbHUHN piBeHb Ha 45,6 % (pucyHOK 1).

31 gii Tpotmiy B KoHUEHTpauii 50 Mr/n (pUCYHOK 2) CyMapHHWH ymicT
XJIOPOQUTIB Y POCIUHAX KYIIUPY 3aHYPEHOTO HAa YETBEPTY TOAMHY Nepedisib-
IryBaB KOHTpOJb Ha 33,2 %, 3HMKEHHS MMOKa3HUKa 3aikcoBaHO Ha 24 roauHy,
MIiCJIs YOTO BiH 3pOCTaB, MepeBUIIMBIIM KOHTponb Ha 30,7 % Ha 72 romuHy
EKCIIEPHMEHTY.

0,9
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0,7 I
0,6
0,5 < I I . =
04
0,3
0,2
S0l kRl Rl
0
4 6 24 72

KoHTponb 2

BmicT xnopoodiny, mr/r

TepmiH eKcnosuuii, roanHM

Chla mChlb mChla+Chlb

Puc. 1. BmicT xJjopodiay B pocaunax C. demersum 3a Jiii TpOTHIY
B KOHLIEHTpauii 25 Mr/a
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KoHTtponb 2

TepMiH ekcno3uuii, roanHn

Chla ®Chlb mcChla+Chlb

Puc. 2. Bmict xa0pogiay B pociaunax C. demersum 3a iii TpOTHIY
B KOHIIeHTpauii 50 mr/n

CuiBeignomenns: Chla / Chlb y pocnuHax Kymupy 3aHypeHOTO BIPO-
JIOBX €KCIIEPUMEHTY TaKOX 3MIHIOBAJOCh YIPOJOBXK Aii TpoTuiny. Ha mowarky
EKCIIEpUMEHTY 332 000X KOHLEHTpaliid TPOTHIY OUIbIINI BHECOK Y 3pOCTAaHHS
cyMapHoOro BMmicTy mirMeHTiB pobuB Chla. OqHak Hazmami 3a HU3BKOi KOHIICH-
Tpauii TpoTuity OinbInoro 6yna wactka Chlb, ax 10 72-1 roqMHM €KCIIEPUMEHTY,
KoJu 3a¢ikcoBaHo 3HauHe 3pocTtanHs yacTku Chla. 3a BIUIMBY BHCOKOT KOHIIEH-
Tpauii TpoTrity yactka Chla 3MeHITyBasach miciis Ipyroi TOAMHY 1 3aIMMIaiach
HU3BKOIO /IO KiHIISI €KCTIEPUMEHTY, 33 BUKJIIOUEHHSM IIOCTOI TOIUHH.

OTtxe, 3a aii TpoTwily B 000X KOHIIEHTpawisax y pociuHax C. demersum
BigOyBajachk akTUBalig IpoLeciB 010CHHTE3Y XJI0podiy, sika Majia J0303aJIexK-
HUI xapakTtep i crocyBaiach 000X (OTOCHHTETHUYHUX MIrMEHTIB, OfHAK Oilb-
100 Mipoto xsopodiny b. OueBuaHO, MOI0OHA 3aKOHOMIPHICTH BKa3y€e Ha KOM-
MEHCATOPHI MeXaHi3MHU IS MIATPUMKH pPiBHS (GOTOCHMHTE3Y 32 Aii TOKCUKAHTA,
ockineku Chlb Binirpae 1onoMi>kHy poiib Y POTOCHHTETHYHOMY MPOLECI.

Bwmict x10podiny Ta cTaH IIACTHIHUX MIrMEHTIB € OMHUMH 3 HAHOLIbII
iH(pOpPMATHBHUX MOKA3HUKIB IS OLIHKH (D1310JI0T1YHOTO CTaHy BOAHUX POCIIHH,
OCKIJIbKY BH3HAYAIOTh X CTAOUTBHICTb, KUTTE3AATHICTD 1 MPOIYKTUBHICTS [18].
Bwmict mirMeHTiB Ta iX CIiBBIIHONIEHHS B POCIMHAX BEJIMYMHA HEMOCTiHHA i
Bapilo€ 3aJIeKHO BiJ BIUIMBY YMHHHKIB. CTymiHb MiHIMBOCTI (DOTOCHHTETHY-
HOTO anapary 3aJeXHTh BiJ TEHETHYHHX OCOOIUBOCTEH POCIMH, BHXiZHOTO
CKJIaJy Ta BMICTY MIrMEHTIB, a TaKOXX PEryIsTOPHUX MEXaHi3MiB IX CHHTE3Y
[19]. 3miHy SIKiICHUX Ta KiINBKICHMX MOKAa3HHKIB MIrMEHTHOTO KOMILJICKCY POC-
JIMH 32 Pi3HUX YMOB CEpENOBHIIA PO3IIAAAIOTE K OAWH 13 MOXKJIMBHX HIISAXiB
ajanrauii. Pesynasratu ekcriepuMeHTy BKa3yroTh, 10 32 Jii 000X KOHIEHTpaLii
TPOTHILY Y MonenbHil Bogoimi pocnuau C. demersum BUSBWIN 3[aTHICTb 10
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THYYKOI PETYISil BMICTY 1 CIiBBITHOIIEHHS MIrMEHTIB, 10 BKa3y€e Ha MOXKJIH-
BicTh afanTauii (POTOCHHTETUYHOTO anapaTy pOCIHH J0 BIUIMBY TOKCHKAHTA.

3pocTaHHs aKTHUBHOCTI TimyTaTioH-S-TpaHcdepasu (GST) y pocimnax
C. demersum crioctepirajgoch yxe Ha Ipyry TOOUHY eKCIIEpUMEHTY 3a J1ii 000X
KOHIEHTpaLil TPOTHITY (PUCYHOK 3).

3a HU3BKOI KOHIIEHTpamii TPOTHiy Ha Apyry roauny aktusaiis GST y
pociun C. demersum Oyna HE3HAUHOIO, HaJalli aKTHBHICTh (epMEHTy MOCTy-
MOBO 3HIKYBaJIach 10 68,7 % Bix KOHTPOJIO Ha 24 TOIMHY, MICIsS 4OTr0o 3pO-
crana Ha 26,1 % BuIlle KOHTPOJIO Ha 72 TOIMHY E€KCIIEPUMEHTY. 3a JIii BUCOKOT
KOHIeHTpalii TpoTuiny akTuBHiCT GST Ha Ipyry ronuHy nepeBUIyBaja KOH-
Tpousb Ha 46,5 %, namni 3HmKyBanack 10 62,8 % Bix KOHTPOIIO HA HIOCTY TOAMHY,
micist yoro 3poctana 1o 17,0 % Buie KOHTPOIIO B TiepioA Bif 24 10 72 ToauHU
EKCIIEPHMEHTY.

Junamika no3o3anexxuux 3mid aktuBHocTi GST y pocnun C. demersum
3a JIii TPOTHITY Majia MaKCUMYMH Ha JIpyTy TOAUHY eKCIIEPUMEHTY 3a 000X KOH-
LEHTpaIlid TpOTWIy Ta Ha 24 i 72 TOAWHM, BiJOBIHO, 32 BUCOKOI i HU3BKOT
koHeHnTpauii. To0To, B Mepii roluHu KOHTAKTy POCIHH 3 TPOTHIIOM Big0y-
nach iHaykiis aktuBHOCTi GST, mani cnocrepiraiock iHriOyBaHHS aKTHBHOCTI
(epMeHTY TOKCUKAHTOM, JUIS MOJONAaHHS SIKOTO POCIMHU KYLIHpPY, HMOBIpHO,
3aiicHIWIN 1epeOynoBU (PEPMEHTATUBHOTO 3aXUCTY, BIAHOBWIIM 1 ITiIBUIIIN
aktuBHicTh GST.

[MoxiOHe mocuieHHs excrpecii TeHiB JBOX 130(hopM TIIyTaTiOH-S-TpaHC-
(epazu micns 24 roauH eKcIo3uii 10 TpoTuity, BusiieHe [20] y riIponoHHHX

1
3
I I
s I
I I |
2 4 6 24 72

KoHTponb

AKTMBHICTb GST, MKKaT/r
o » )
o (9] = (6, N [0,

TepMmiH ekcnosuuii, roanHn

25 mr/n M50 mr/n

Puc. 3. lnnaMika akTHBHOCTI ri1yTaTioH-S-TpaHcdepas3u B pociaunax C. demersum
3a Jil TpoTHIIY B MOJe/bHil 3a0pynHeHiii Bonoiimi
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cajpkaHIiB Tonodi (Populus trichocarpa), cTano miacTaBoro AJis MPUITYIICHHS,
mo came Kol torauist 2,4,6-tpuniTporonyoiy 3 GSH, siky karamisye riyrtari-
oH-S-TpaHc(depasa, MPU3BOIUTH J0O IHAKTUBAIIT TPOTUIY i MOXKE OyTH MUISIXOM
HOTo pO3KJIaJaHHs BcepearHi pociuHHuX kinituH. Ha ydacts GST y nerokcu-
Kallii TpOTHITy BKa3ye TaKOX YTBOPEHHS 2-TIyTaTioHiN-4,6-IHHITPOTONYOITy Ta
IHIIMX KOH IOTaTIB Iy TaTioOHy, BUSBJICHE Y pociuHax Arabidopsis thaliana [21].

3pocTaHHs KiIBKOCTI HITPUTIB Y BOAOIMI BIIPOIOBK €KCIIO3MIIIi POCITHH
C. demersum 1o TpOTHITy cTaHOBWIO 2,8 Ta 4,4 pasu, BIAMOBIIHO 3a HU3BKOI Ta
BUCOKOI KOHIIEHTpAIiif TOKCUKaHTa (Tadnuus 1).

Tabnuys 1. 3MinM BMicTy HITPUTIB y 3a0pyAHeHill TpOTHIOM
MoaeJLHil Bomoimi

Tepwin exenosumii Bwmict HiTpuTiB, Mr/n
25 Mr/J TPOTUIY 50 mr/a Tporuy

KonTposb 0,025 + 0,001 0,025 + 0,001

2 TOAuHU 0,028 + 0,001 0,030 + 0,001

4 ronuHU 0,040 + 0,001 0,059 + 0,002

6 roauH 0,049 £+ 0,002 0,068 + 0,002
24 roguHN 0,058 + 0,002 0,085 + 0,003
72 roguHU 0,069 + 0,002 0,110+ 0,003

3pocTaHHs BMICTy HITPUTIB MOXe OyTH HACIHIIZIKOM YTBOPEHHS B KIIITH-
HaX POCJIMH KyIIUPY KOH IOTaTiB TIIyTaTiOHy 3 TPOTHJIOM ILUIIXOM 3aMiILleHHS
HITPOTPYN Yy MOJeKyni 2,4,6-TpUHITPOTONYONY 1 TOAANBIIOr0 BUAAIECHHS
HiTporpyn y cepemoBume. OTpuMaHi AaHi ONOCEPEAKOBAHO MiATBEPIKYIOTH
MOXIIUBICTh J€TOKCUKALIl TPOTHITY B POCIMHAX KyIIHPY 3aHYPEHOTO 3a y4acTi
DIyTaTioH-S-TpaHcgepasu. 3aranaoM, pe3ylbTaTd eKCIIEPUMEHTY CBia4arh mpo
MOXIIUBICTb 3acToCcyBaHHs pociuH C. demersum Ui E€TOKCHKALil TPOTHILY
Ta OUYMILEHHS i BiIHOBJICHHS BOIHUX EKOCHCTEM, 3a0pYIHEHUX BHUOYXOBHUMHU
PEYOBHHAMH.

BucHoBku. B ymoBax 3a0pynHenHs: Bogoiimu 2,4,6-TpHHITPOTOIYOIOM
y KOHIEHTpalifax 25 mr/m i 50 mMr/a gociipkeHo BiMOBiAHI peakiii pociuH
KyIIUPY 3aHYPEHOTO Ha BIIMB TOKCHKaHTa. BCTaHOBIEHO 10303aJIeKHI 3MIHU
BMmicty Chla, Chlb, ix cymapHOro BMicTY, 8 TAKOXX CIIiBBiTHOIIEHHS (JOTOCHHTE-
TUYHUX IIrMEeHTIB. 3a Aii 000X KoHIeHTpauid Tpotuiy pociunu C. demersum
OyJIH 371aTHI /10 THYYKOI PETYJIALii BMICTY 1 CIiBBiIHOIIIEHHS ITIrMEHTIB, 10 BKa-
3y€ Ha MOMJIUBICTH ajanTtauii GOTOCHHTETUYHOTO anapary pPOCIUH A0 BIUIUBY
TOKCHKAHTA.

Hunamika nozo3anexxHux 3MiH aktuBHOCTI GST y pocnun C. demersum
CBiAYMTH, IO aKTHUBALisl (EPMEHTY B MEpIli TOAWHH KOHTAKTY 3 TPOTHIIOM
CYIPOBOIXYBAJIOCH OJOKYBAaHHSM aKTUBHOCTI 3a MOAAJBINOL Jii TOKCHKAHTA,
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JUTS TIOAOJIAHHS SIKOTO POCIMHH KyIIUpy, WMOBIpHO, 3AificHWIN TiepeOynoBu
(hepMEHTAaTUBHOTO 3aXKCTYy, BiIHOBWIM 1 miaBunwim aktuBHicTh GST. 3HauHa
aktuBalis GST Ta HaKOMMUEHHS HITPATiB Y BOAOWMI BIIPOJOBK €KCIIEPUMEHTY
PO3LiHEH] K JOKa31 MMOBIPHOI y4acTi ()epMEHTY B IETOKCHKALIil TPOTHITY.

Pe3ynbraTti MOIENBEHOTO EKCTIEPUMEHTY BKa3YIOTh Ha 3[aTHICTh KyIIUPY
3aHYPEHOTO0 70 €(PEKTUBHOI PEryIALlii HIrMEHTHOTO anaparty i 3axucty pOoTOCHH-
TETHYHOTO IPOIIeCy 3a Iil TPOTHITY, a TAKOXK J0 aKTUBAlii MexaHi3MiB (epMeH-
TaTUBHOI JIETOKCHUKAIIil, 110 CBIIYUTH MPO MpuAaTHicTh pociuH C. demersum
JI0 OYMIICHHS 1 BIIHOBJIECHHS BOJHHX €KOCHUCTEM, 3a0pyIHEHHX BHOYXOBUMH
PEYOBUHAMH.

FUNCTIONAL CHANGES OF CERATOPHYLLUM
DEMERSUM PLANTS DUETO TNT ACTION
IN A MODEL EXPERIMENT

Khromykh N.O. — PhD in Biology, Senior Researcher,
Sharamok T.S. — PhD in Biology, Associate Professor,
Yesipova N.B. — PhD in Biology, Associate Professor,
Oles Honchar National University,
Khromykh2012@gmail.com

Prolonged large-scale hostilities on the territory of Ukraine lead to the destruction
and degradation of water ecosystems, which are often the ultimate absorbers of various
pollutants, including explosives. The need to restore water ecosystems dictates the
search for effective and environmentally safe ways to eliminate explosive substances, in
particular TNT. Inhabiting with macrophytes capable of TNT detoxification can be a way
to restore polluted water bodies through biological treatment processes. In this work, the
adaptive potential of the common plant rigid hornwort (Ceratophyllum demersum L.)
to the influence of TNT in model conditions of water pollution in concentrations of
25 mg/L and 50 mg/L was evaluated based on the nature of changes in the photosynthetic
apparatus and the activity of glutathione-S-transferase (GST).

Dose-dependent changes in the content of chlorophyll a, chlorophyll b, their
total content, as well as the ratio of pigments in C. demersum plants under the action
of TNT were established. The activation of biosynthesis processes concerned both
photosynthetic pigments, but to a greater extent chlorophyll b. The total content of
chlorophylls under the influence of low and high TNT concentrations had two maxima:
on the 4th (respectively, 13 % and 33 % above the control) and on the 72nd (46 %
and 31 % above the control) hours of the experiment. Under the influence of both
TNT concentrations, C. demersum plants showed the ability to flexibly regulate the
content and ratio of photosynthetic pigments, which indicates the possibility of the plant
photosynthetic apparatus adaptation to the effect of the toxicant.

Changes in glutathione-S-transferase activity in C. demersum plants under TNT
influence were dose-dependent, and their dynamics had two maxima: at the 2nd hour
(5 % and 47 % higher than the control, respectively, at low and high concentrations),
and at the 24th hour (17 % above the control) at a high and at the 72nd hour (26 %
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above the control) at a low TNT concentration. The GST activation under the influence
of TNT, which was accompanied by an increase in the nitrites content in the aqueous
medium, is regarded as the probable participation of the enzyme in the detoxification of
TNT by its conjugation with glutathione. In general, the obtained data indicate flexible
regulation and protection of the photosynthetic process and activation of the enzymatic
detoxification of TNT in C. demersum plants, which indicates their potential suitability
for cleaning and restoring aquatic ecosystems contaminated by explosives.

Keywords: rigid hornwort, TNT (2,4,6-trinitrotoluene), pollution of aquatic
ecosystems, detoxification, biological purification.
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VY crarTi eKkcnepruMeHTaIbHO JOCHTIPKEHO Ta 00TPYHTOBAHO OCOOIMBOCTI pOCTY
Ta PO3BUTKY TIONBIIaHY NPH TiAPONOHHOMY BHpouryBaHHI B DWC-mMonynsix B ymoBax
TUTIBKOBOI TETUIHI 4 CBITIIOBOI 30HH YKpaiHU.

Buronka TionpnaHiB — 1€ HUTECTIPIMOBAaHUNA KOMILJIEKC arpo3axofiB, TOJIOBHA
MeTa SKOTO JOCATTH UBITIHHS Y BU3HAY€HHH MPOMIXKOK dacy. [Ipu 4omy TexHoJoris
BUTOHKH TIOJIBIIaHIB BUKOPUCTOBYETHCS HE JIMILE JI0 )KIHOYOTO JIHS, a i 10 HOBOPIYHUX
Ta iHmmX cBAT. Ilicns Gepe3HeBOi BUTOHKM MOXKHA BHCAIUTH LUOYJIMHN HA TPSIKY Y
3BHYHI TEPMiHH, a OT MICJsI CIYHEBOI BUTOHKH POOHTH I HEHOIUIEHO. SIKICTH OTpH-
MaHOi IPOAYKIii B OCHOBHOMY 3aJISKUTh Bi JBOX BAXKIMBHUX (PaKTOPiB: TCHETUIHUX
0CcOoOIMBOCTE Ta TEXHOJIOT1T BUPOIITyBaHHS.

VY npuponi TIONbIIaHKM 3alBITAIOTH JIMIIE MPOMIIOBIIN MEPioA 3UMOBOTO OXO-
JIOJKEeHHsI. 3HIDKEHA TeMIIepaTypa CIIpusie YTBOPEHHIO B LUOYIUHU (i3i0NOriYHO aK-
TUBHHMX PEYOBHH, IO BIUTMBAIOTH Ha BECh MONAIBIINI MPOILEC PO3BUTKY Ta LBITIHHS.
Heo0xiHOI0 YMOBOIO BUTOHKH TIOJIBIIAHIB € BIUIUB Ha [IUOYIMHY 3HIKEHIMH TeMIIepa-
Typamu IpoTAroM 16—22 THXHIB 3aJI€KHO Bifl COPTY.

['onOBHUM YMHHHUKOM OTPUMAaHHS MOCTIMHUX CTaOUTBHUX 3pi3iB Pi3HUX COP-
TiB TIOJIBIIAHY € TEXHOJIOTis BUTOHKH Ta METOJ BHPOLIYBaHHs. BUKOpUCTaHHS pi3HO-
CHEKTPAIBHOrO BUIIPOMiHIOBaHHS (hiToMarpuub npu BupouryBaHHi B DWC-monymnsix
€ JTIOCHUTH TIEPCIIEKTUBHOIO TEXHOJIOTIEIO Y MOPIBHAHHI 3 KJIACHYHUM 3aCTOCYBAaHHSIM
¢yurinuais. [IpoBigHa posas HaJIEKUTh YEPBOHOMY Ta CHHBOMY CIICKTPY, YepTryBaHHS
BiJICOTKOBOTO CITiBBiTHOIICHHS SKUX B Pi3HI €Taly PO3BUTKY TIOJBIIAHY YEPBOHOTO
CBiTJIa 37aTHE MiABUIIUTH CTIMKICTh POCIHH IO YpakeHHS HUOYINH KOMIUIEKCHOIO
rpubHOI0 iH(pekuiero. JOMiHyBaHHS y CHEKTPaJIbHOMY CKIIaAl CHHBOI CKJIaIOBOI
MOX€ BUKJIMKATH CTUMYJIOBATH PICT JIKCTS, IHTIOyBaTH BUTATYBaHHS CcTeONa, 3HUXKY-
BaTH KUIBKICTh NMPOAMXIB 32 JIEB’ ITUTPAAyCHOIO TEXHOJIOTIEI0 TI0Ka3aB MO3UTHBHI Ta
HEraTWBHI MOMEHTH KOXHOTO 3 HUX. [Ipu cTtaructudHiii 00poOIIi pe3yispTaTiB 10CITi-
JKCHb, BCTAHOBJICHO JIOCTOBIPHUH BIUIUB CIEKTPY Ha CTIHKICTh ITUOYIHH TIOJIBIIAHY
JI0 TpUOHUX TH(EKITiH.

Coptu, BupouieHni B DWC-monynsix Ha nepuioMy BapiaHTi AOCIHiAY 3i CIIBBiAHO-
HIeHHsAM cuHe cBiTio — 30 % Ta yepBoHe — 70 % Ta npyromy BapiaHTi — cuHe — 20, uep-
BOHE — 65, iH(ppauepBone — 10 Ta ynsrpadioneroBe — 5 % MaroTh HaHOLTBIINIT BiZCOTOK
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CTIMKOCTI HUOYJIMH 10 ypa)KeHHs] KOMILIEKCHOIO IPUOHOI0 1H(EKIIE y NOPIBHSAHHI 3
00poOKOrO (PYHTIIMIOM Ta 33 MPUPOAHBOTO OCBITICHHS.

KirouoBi croBa: TIONbIIaH, BHTOHKA Ha 3pi3, IEB’STUPaJyCcHAa TEXHOJNOTIS,
DWC-monyns, pisHOCTIEKTpalbHi (PiTOMaTPHUIN, JUCTIEPCIHHUN aHaTi3.

IMocTanoBka mpodiaemMu. Y BUPOOHUIITBI KBITKOBOT POMYKIIiT BaXKITUBE
Micie 3aliMae mpolec LIOPiYHOI BUTOHKH JIE€KOPAaTUBHUX POCIMH Yy 3aXHIIe-
HOMY TPYHTI 10 TIeBHHX TepMiHiB. OmHa 3 HaWOLIBII MOMYISIPHUX KYIBTYP
BUTOHIB — TIONbIIAaHU. BOHM MalOTh BHCOKY NPUBAOJIUBICTH, IIUPOKY I'aMMy
3a0apBiIeHHs 1 MPUCKOPEHUH TeMIT PO3BUTKY. Bimomo, 1o SKicTh nepeBaskHO
BH3HAUYAETHCSl JBOMA BaKIMBUMH (AKTOpaMH: COPTOBHMH OCOOIMBOCTSIMHU
(To0TO reHeTMYHMMH) Ta YMOBaMH BHPOLIyBaHHA. | xo4a TIOJBIIAaHM 4YacTO
BHPOIIYIOTh IIPH IPUPOTHOMY OCBITIEHHI, BCE K TAKH IPU HECTadi CBIiTIIa KBITH
Ta JIMCTS MalOTh Oisle 3a0apBJIeHHS, 10 BIUIMBAE Ha SKICTh 3pi3aHHS 1 3HUKYE
TOBapHY BapTicTb. BeraHoBieHo, mo ocBiTieHicTs 900 1K Mae MiHIMaIbHUN
«TIOPOTOBUI» PiBEHb, IPU SKOMY 3alBiTalOTh yci pocnund, npu 800 ik nuly-
JMHH TIEPIIOTo po30opy (HaWOLIbIINi niaMeTp HUOYJTUHH Mae CTAaHOBHUTH HE
MeHIe 4 cMm) He IBITYTh [ 1, c. 384]. HaBiTh B yMOBaX COHSYHOTO JTHS B JIIOTOMY
TIOJIBITAHAM HEOOXiIHO IMPOJOBXKUTH CBITJIOBHU JE€Hb Ha 3—5 TONWH, iHAKIIe
mucts Oyne cinabo 3abapsiene. Ha monry B oquH MeTp KBaapaTHUI MOTPiOHO
3abe3reunTty noceivyBaHHS B 40—-60 BT, a cymapHa TOBKHMHA CBITJIIOBOTO JIHSA,
IpY 1IbOMY IOBUHHA CTaHOBUTHU He MeH1ie 10-12 rox [2, c. 41].

HalimomynsipHIimmMMy TEXHOJIOTIAMH HHUHI y BITYM3HSAHUX TETUTMIHHUX
roCHofapcTBax — I’ ATUrPagyCHa Ta JIeB’ITUrpasycHa TeXHOJIOrT BUTOHKH. Lli
TEXHOJIOTIi 3aCTOCOBYIOTH SIK IIPH IPYHTOBOMY, TaK i pU TiAPONOHHOMY CIIO-
cobax BUPOILYBaHHS TIONbIaHy. ['iIpOoNOHHA BUTOHKA — 1€ BiIHOCHO HOBUH
croci® BUTOHKY MUOYIHH TIONBIIAHY JJIsl OTPUMaHHS KBIiTiB Ha 3pi3 [3, ¢. 354].

3 yacoM 11eii crocid BUTOHKH PO3BUHYBCS Y IHTEHCHBHHI CITOCIO ITpOMUC-
JIOBO1 BUTOHKH ITUOYITMH TIONBITaHIB JIsl OTPUMaHHs KBiTiB Ha 3pi3. Y Hinepnan-
JlaX BUTOHKA O1JTbIIIE TIOJIOBUHU BCiX MUOYIUH TIONBIIAHIB Ha 3pi3 3MIHCHIOETHCS
i3 3aCTOCYBaHHIM TiAPOIOHHOTO crocoOy. Lle MosSCHIOETECS HASBHICTIO PALY
nepesar y uiei Texsosnorii. SKimo po3misaaTu mpolec 3arajioM, To 1Ii nepeBaru
JIAI0Th 3MOTY 3MEHIIIUTH BUTPaTH BUPOOHUITBA [4, c. 366].

AHaJi3 ocTaHHIX HocaiTKeHb i myOaikanii. B octanHi poku Bce 6ib-
LIOTr0 MOLIMPEHHS B SIKOCTI OCHOBHOTO JKEpesia OCBITJIEHHA B 3aXUILIEHOMY
IpyHTI HaOyBarOTh CBITIIOMIOAHI JaMid. BOHM MaroTh Iy HU3KY IIepeBar y
MOPIBHSAHHI 3 1HIIMMU JpKEpellaMH OCBITIeHHA. B meprry depry — 1ie HU3bKe
€HEeProCIOXUBaHHs, JOBIOBIUHICTh, WIBHIKA OKYNHICTH Ta EKOJOTIYHICTh
[5, c. 388]. KpiM 11p0oT0, By3BKOCHEKTPAIBHE CBITIIO 3MIHIOE iIHTEHCHUBHICTh Ta
CIPSIMOBAHICTh METaOOJIYHUX NPOLECIB, MOXKE BHUKIIMKAaTH EKCIPECII0 IeB-
HUX TeHETUYHHUX O3HAK Ta CHHTE3 IEBHHUX JXKUTTEBO HEOOXiAHUX PEUOBHH, LI0
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BIUIMBAIOTh Ha TeHEPAaTHBHI OPTaHu POCIHUH [6, c. 247]. OcoOIMBO BasKINBUM €
CHEKTpaJIbHUIA CKJIaJl CBITIa U Peryislii (POTOCHHTE3Y Ta MOB’A3aHUX 3 HUM
NUISX1B aKTHBYBaHHS aJanTalliiHOro MOTeHIany pociu [7, c. 6885]. Bigomo,
[0 YUM MEHINA JIOBKWHA XBWJII, TUM Ounbina 1l eHepretuyHa mais. [IpoBimHy
ponb GpoToMopdoreHesi poCcIrH BiAirpae CBITIO YEPBOHOTO Ta CHHBOTO CIEK-
TpY [8, ¢. 32]. UepBone cBiTio (600—650 HM) cripuiiMaeThes yepe3 GpoToperern-
TopH — hitoxpomu, a cue (400-470 HM) — uepe3 kpunroxpomu. [lepeBaskanns
YEepBOHOTO CBIiT/Ja 34aTHE CTUMYJIOBAaTH CHHTE3 XJIOPOQily Ta KApOTHHOIAIB Y
JIMCTi, aKTUBYBATH PoOOTY (PEPMEHTIB BYIJIEIIEBOTO Ta a30THOTO METabO0IIi3MY.
JloMiHyBaHHS y CIIEKTPAJILHOMY CKJIaJli CHHBOI CKJIaJOBOI MOXKE BUKJIMKATH
CTHMYJIIOBATH PICT JINCTA, 1HTIOyBaTH BUTATYBaHHS cTeOna, 3HWKYBATH Kijlb-
KicTh iponuxiB [9, c. 472].

Kpim Toro, BcTaHOBIIEHO, IO BY3bKOCIEKTpaJbHE CBITIO TOB’S3aHE 3
aktuBaliero COR-reHiB, sixi 0epyTh y4acTs y GOpPMYBaHHI 3aXMCHUX PEaKIii.
[Mokazano, mo kpunroxpom 1 (CRY 1), kpuntoxpom 2 (CRY 2) ta doTtoTpomin
y psy POCIIHH MO3UTHBHO BIUIMBAIOTh HA CUCTEMHY Ha0yTy CTIMKICTh 10 30y/-
Huka Pseudomonas syringae pv. tomato Ta 3a0e31MeuyIoTh CTilKiCTh 10 Turnip
crinkle virus [10, c¢. 1101]. Islam S. Z i3 cniBaBTOpamMu, BUBYAIOUH JIiF0 CBITIA
Pi3HOI TOBKUHM XBWUJII HA PO3BHTOK Ipuba Botrytis cinerea Ha MUCTi POCIHH,
BCTaHOBHIIH, 110 YKOBTE CBITIO (max 590 HM) Ta YyepBoHE cBiTIIO (max 650 HM)
CYTT€EBO NpUTHIYYyBanu GpopMyBaHHs iHPEeKIIHHUX Ti¢ 3 anpecopiis rpuoda, a 1e
B CBOIO 4epry OyJi0 HACIiJKOM CBITJIOIHAYKOBaHOI CTIHKOCTI POCIMHHU-TOCIIO-
nmaps [11, c. 1025].

Binomo, 1110 Ha TrOJIBIIaHAX Mapa3uTye 0au3bko 60 BUAIB 30y THUKIB rpuod-
HUX, OaKTepiallbHUX Ta BIPYCHHX XBOPOO, SIKi BpaxaroTh uOyanau [12, c. 50].
s mpuayieHHs po3BUTKY 1H(EKIiT ITMPOKO BUKOPUCTOBYIOTh XiMiuHi Mpemna-
pary, sKi CIPUYHHIOIOTH J0IaTKOBE HaBaHTA)XKEHHS Ha MOBKiIA. OUH 13 TAKKX
npenapariB MIMPOKOTO CHEKTPY Aii — JO3BOJIICHHUH AJIsl BAKOPUCTAHHS B YKpaiHi
¢yurinua Xopyc. Onnak, 3rigHo 3 nanumu Henryks, uepBone ganbae (730 HM)
Ta ynerpadionieToBe cBiTiIO (360 HM) TaKOXK CIIPUSIFOTh HEWTpaTi3allii maToreHiB
[13, c. 41]. Tomy 3acToCcyBaHHSI AOCBIUyBaHHS BY3bKOCIEKTPAILHUM CBITIIOM
MIPY TiIPONOHHOMY CI0c0o0i BUPOIIYBaHHS TIOJIBIIAHY MOKHA 3aCTOCOBYBATH SIK
€KOJIOTI4HO Oe3mneuHuii crnocio 6oporsou 3 iHdekiierw [14, ¢. 71].

dopmysaBaHHS 1ijeil crarTi. Mera poOOTH — BUBYCHHS JIiT TIOETHAHHS
BY3bKOCIIEKTPAILHOTO CBiTIa (DITOMATPHLIL PI3HOTO TUITY 3 IPUPOAHUM OCBITIICH-
HSIM Ha PiCT, PO3BUTOK Ta CTIMKICTh 10 Ypa)KeHHS iHPEKLisIMUA POCIIMH TIONbIIaHIB
MPY BUTOHLI B YMOBAX IUTIBKOBUX TEIUIULE 4 CBITIOBOI 30HH YKpaiHU.

Marepiaau i MmeToau nocaimkenHs. J10CaiKeHHS TPOBOIUIN Y HAYKO-
Bili maboparopii «[ iApONOHHOrO BUPOIIYBaHHS OBOYIB B KYNOJBHIN TETUTUII
Kadenpu 3aranbHoro 3emiepodctsa LIeHTpanbHOYKpaiHCHKOTO HAI[IOHAIEHOTO
TEXHIYHOTO YHiBepcuteTy npotsirom 2022-2023 pokis.
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O06’extoM nocmimkenHs: Oyao BuOpano 3 coptu tumy Tpiymd, Match,
Strong Gold, Royal Virgin. Buronky npoBoguiu B yMoBax IUTiIBKOBOI TETUTHUIIL
3a CTAaHIAPTHOIO JEB’SITUTPaAyCHOIO TEXHOJIOTIEI: MOCAAKa Ta TOYaTOK 0XO-
nomxeHHs: — 23-25 ciunsa 2022 p., 3pi3 — 1-6 Gepe3ns 2022 p. I[loBropHicTh
Jociny — Tproxpa3oBa. [ mocaakyu BUKOPUCTOBYBaIN HUOynuHK 1 po3bopy
(po3mip mocaakoBoro marepiany 12+), ski po3minryBanu mo 21 MmT. y KOXKHIN
noBTopHOCTI HAa DWC-M0/y11i 3 BTOpHHHOTO TUIACTHKY 3 po3MipaMu 36X 16X7 cm
(mmOuHa mapy MOKMBHOTO PO3YMHY 6 €M), sIKi MOTIM PO3MIIIYBaTd B TiApo-
MOHHIM YCTaHOBII cTenaxHoro tumy [15, ¢. 165]. Pociaunu BupoiyBamu B
HaITIBKOHTPOJIbOBAHUX YMOBaX: JI0 MPHUPOAHOTO OCBITIIEHHSI JOIaBAJIN YEPBOHE
(630—660 uM™), cune (440460 uMm), iHPpauepBone (730 HM) Ta yneTpadione-
toBe (360 HM) cBiTI0. B siKOCTI AKepesia cBiT/Ia BUKOPHCTOBYBAIM CBITJIONIOAHI
¢iTomarpuni, ocHaieHi apaiiBepom BiamosigHoro ceitiia COB LED (50 Br,
220 v). Ix posmimyBanu Ha BucotTi 60 cM BiJl BEpXHBOTO Kpalo AITUKIB, IIillb-
HICTh MOTOKY (oToHIB — 180 MkMobs/M*cek. CxeMa Jociiay nepemdadaia Taki
BapiaHTu: | — cBiTogionHi ¢itomarpuii i3 CHiBBITHONIEHHSIM CHEKTPAILHOTO
ckinany cune cBitio 30 %, gepBone — 70 %; Il — cune cBiTio 20 %, yepBoHe —
65 %, indppaueprore — 10 %, yasrpadionerore — 5 %; 11 — BupouryBanHs npu
MPUPOIHOMY OCBITIIEHHI 3 MEPEANOCaAKOBOI0 00pOOKOI0 THOYIMH (BYyHTIHIO0M
Xopyc y konuentpanii 0,05 %, ekcrozuuist 30 xBuiauH, 00poOka MUOYIHH 32
2 gHi o BUcangky; [V — BHpOIIyBaHHS POCIHH 33 MPUPOAHBOTO OCBITICHHS
(xonTponp). CBiTioBuii nepiox Bapianrtax I i Il 3 ypaxyBaHHAM HOCBidyBaHHS
CTaHOBUB 16 rox.

Ouiaky MOpQONOTiYHUX Ta OIOMETPHYHHMX MapaMeTpiB MPOBOAWIH Y
3 ¢dasu posButky pocnmH: 1) posropranHs nepiioro auctka (13.02.2022),
2) movarok OytoHizamii (19.02.2022) ta 3) 3abapmienns Oyrony (3 01 mo
06.03.2022). ¥ tperiit azi npoBoauiiu 30UpaHHs TOTOBOT KBITKOBOT MPOAYKIIii.
[epmi 3amipu Oynu 3pobieHi uepe3 14 nHIB micis MOYaTKy A0CBIYyBaHHS.

Jliis mifpaxyHKy KUTBKOCTI KIIITHH Y Me30(iIi JIMCTa Ha OJMHUIIIO TUTOLITI
BUTOTOBIISUTM IPYKUTTEBI MOTIEPEYHi 3pi3H B CEpeHIN YaCcTHHI JIUCTa, (iKCyBann
B DIILEPUHI Ta PO3MIIIyBaJId Ha MPEAMETHOMY CKJi. BuroroBneni mpemaparu
(ororpadysaim mijg crepeomikpockoriom Konus Crystal 7x—45x Stereo (Itais)
31 30utbIeHHsM % 10 Bigeokamepoto Sigeta CAM MC-35. Ha dotorpadisx Bumi-
JISUTH JTUTTHKY Me30()UTy JIMCTA BIJIOMOT TUIOIII B 4—5 MOBTOPHOCTSIX JUIS KOXKHOTO
BapiaHTy 1 MiIpaxoByBaJM KUTBKICTh KIITHH y HUX, TOTIM TIepepaxoByBaIM Ha
OAVMHHMIIIO TUIONII 3pi3y BiINOBiAHO A0 macmTaly ¢orto. s mimgpaxyHKy Kiib-
KOCTI MPOIUXIB BiJUIISUTH €IiJiepMic 000X CTOPIH JIUCTA 1 0OPOOIISUIN TaKUM Ke
ciocoboM. IlommpeHicTh MIKIUIMBUX OPraHi3MiB BH3HAYal M IIUIIXOM Iiapa-
XyHKY XBOPHX Ta 3JJOPOBHX POCIHH Y BHOipIi 3a hopmyioro [16, c. 24].

[HTEeHCHUBHICTH XBOPOOH, 200 CTYIIHb YpaXKeHHs HUOYJIHH TIONbIIAHY OIli-
HIOBAJIM 3a CIIELaJIbHOIO IIKAJIO Ta BHpaxanu y Oanax. BukopucroByBann
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6-6asbHy mikany, ne 0 — BiICYTHICTh ypakeHHs; 1 6an — ypaxkeno Bix 1 1o 5 %
noBepxHi; 2 —Bix 6 10 25 %; 3 —Bix 26 mo 50 %; 4 —Bin 51 0o 75 %; 5 — nonaz
76 % [17,c. 51].

Craructnyny 0OpoOKYy OTpHMAaHHX JAaHUX HMPOBOIWIN 3 BUKOPUCTAHHSIM
nporpam Excel 2016. BuzHauanu cepenHi 3Ha4YeHHS JOCHTIHKYBaHUX MTOKa3HH-
KiB (X), cranaapTHi HOMIIKU cepeanboro (+SEM) Ta HaliMeHILy iCTOTHY pi3-
HUIIO 1IpH 95 %-My piBHI HMOBIpHOCTI () 0s*SEM). BimMinHOCTI MiX BapiaH-
TaMU BBaXXaJIU JIOCTOBIPHUMH IMTPH P os [18, c. 43].

Pe3ynbTarn nocaigxkens. Halikpaini OioMeTpryHiI OKa3HUKH PO3BUTKY
JIUCTOBOTO arapary BiJ3HAYCHI HA POCIMHAX, OCBITJICHHUX CBITJIONIOHUMHU JIaM-
namu. Bike y (asi po3ropraHHs Mepiioro JUCTKa JUCTSA pociuH BapianTis I 1 11
Oymu Ha 17,5-22,6 % Oinpmmmu, HiX y KoHTpodi 1 5,2-9.8 %, npoTtu pocnu-
HamH, 00pobneHnmu QyHrinuaom Xopyc (auB. Tabnuio 1). [Ipu npomy mocro-
BipHUX BigMiHHOCTel Mixk Bapiantamu | Ta Il BusiBiieno He Oysno. Ha yac 360py
TOTOBOI MPOAYKILIii POCIMHU y BapiaHTi | 3a KpyNMHICTIO JIMCTA BHIIEPEIKaIN
Tionbnanu y BapianTi Il va 13,6 %, a y koutpouni — Ha 32,2 %. Binznaueno, mo y
pocnuH [ ta Il BapiaHTiB HacTym BCix TpbOX (ha3 po3BUTKY BigOyBaBcs Ha 6 JHIB
paHilie, HiXK Y KOHTpO:Ii Ta Ha 4—5 1HIB paHiue, mopiBHsHO 3 BapianToMm I11.

Tak, y koHTpoii ¢a3a dapbosanoro Oyrony Hactana 06.03.22, a B [ Ta
II BapianTax — 01.03.22. [1pu upoMy y BCiX BapiaHTax AOCHTiAYy KiIbKICTh TIOJNb-
MaHiB, 10 KBITHYTh, ckiiajgo 98—100 %.

[pu npupomHOMY OCBIT/IEHHI y TiepuIiid ¢azi Mi>K KOHTPOJIBHUMH POCIH-
Hamu Ta BapianToM 11 BigMiHHOCTEH 32 KUTBKICTIO KIIITUH B Me30(LJI JIUCTA HA OJTH-
HHIIIO TUIOII BUSIBIICHO HE OyJ10, B CEPeIHbOMY BOHO CTaHOBWJIO 425+1 miT./mm?
Ki1iTAH. Y TionbnadiB y BapianTax I Ta Il kaiTuH y me3o¢ini mucta Oyao moMiTHO
MEHIIIe — B cepeHboMy 356448 miT./MM?, TOOTO BOHH Oy/H AEI0 OiIbIIHMH,
HDK y pocnuH 0e3 AOCBITKM. MeHIa KiTbKICTh KIITHH y Me30(iil mepioro
mucta y ¢asi ioro posropranHs y Bapiantax | ta Il Bkazye Ha OuIbIN iHTEH-
CHBHI NpOILIECH POCTY Ta PO3TATYBaHHS y TKaHMHAX IIOTO OpraHy Ta, WMo-
BIpHO, BU3HAUAE BUIIEPEIKAIOYl TEMITH PO3BUTKY IOPIBHSHO 3 BapiaHTamu 0e3

Tabnuys 1. BioMeTpn4Hi NOKA3HUKY TIOJIbNAHIB THIY TPiymM,
BHPOILIEHHX 32 Pi3HUX CBITJIOBUX peKUMIB

. . . KiabkicTs npoauxis Ha
. KinbkicTh KIiTHH Me30- . .
Bapiaut JloB:KMHA JIACTKA, CM din, nrr./Mm? abakciaabHOMYy Goui
JOCITiLy > JIMCTKA, IIT./MM?

1 ¢pa3a 2¢a3a | 3¢pa3a | 1da3a |2 paza |3 da3a |1 da3a |2 pa3a|3 da3a
I 16,840,9 | 24,8+0,7 | 30,0+0,5 | 348+44 | 338+39 | 290+32 | 5849 | 45+4 | 3243
11 16,1+1,3 | 23,4+1,5 | 26,4+1,8 | 364+52 [ 337429 | 313449 | 81£11 | 49+6 | 4143
111 15,3+0,6 | 23,4+0,6 |25,6+0,1 | 428+53 [ 340427 | 319439 | 7749 | 4845 | 47+2

IV (xoH-
TPOJIB)

13,7£0,3 | 20,4+1,7 | 22,7£3,3 | 423+£50 [ 360+30 | 328+45 | 82+7 | 52+4 | 4443
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nocBiTKU. OIHAK 1O KIHIM TOCIITy BIIMIHHOCTI Maiike HiBearoBanucs. Kinb-
KIiCTh KIIITHH Y Me30(iIi IepIoro jJucta konusanacs Big 290+32 (Bapianrt 1) no
328445 (KOHTPOIIB), TaK SIK JIUCTS POCIIMH y BCiX BapiaHTax JOCBiTY 3aBEPIIIIN
PO3BUTOK, MPH [[LOMY Y POCIIHH, IO JTOCBIYYBaJIKCS, BOHU OyJIU OUTBIITUMHU, HI3K
y koHTpodi 1 BapianTi III. JlocBiuyBaHHS HE BILTMHYJIO HA KUIBKICTh IPOIUXIB
Ha abakciagpHOMY Ooti nucta [19, c. 8]. BoHo 3MeHmIyBanocs B Mipy po3Ts-
ryBaHHA JicTa i 10 (a3u 3abapBiieHHs OyTOHY y BapianTi I, e cuHe CBIiTIO
cranoBmiIo 30 %, KUTbKICTh IPOAMXIB HA a0aKcianbHOMY OOIIi JHcTa OyI0 MiHi-
MaJIbHUM Yy TIOpIBHSHHI 3 iHIIMMH BapianTamu, 3243 mrt./MMm%, y BapianTi II
(cuHiii komip craHoBHB 25 %) — 41£3 wr./mM?%, y BapianTi [11 — 4742 mt./mMm?,
y KoHTpouti — 4443 mt./Mm?. CriocTepekyBaHe 3HIKSHHS KiJIbKOCTI MPOIMXIiB
3MEHIIIYBaJO MPOBIJHICTh MPOAMXIB Ta TPAHCHIpPAIlil0, 0 B KiHIICBOMY Iij-
CYMKY CITPHSUIO MIATPUMIII ONITUMaIBHOTO BOAHOTO Oanancy pociuH [20, c. 50].

Byno BHSBIECHO BIUIMB Di3HMX PEKHMIB BUCBITJCHHS Ha OOMiHHI Ta
pocToBi mporecu. Tak, B yMOBaX OCBITJIICHOCTI BY3bKO CIEKTPaIbHUM CBITJIOM
CBITJIOAIOMHUX MaTPHULb TIONbIIaHu y BapianTax | Ta Il iHTeHCHMBHO BUTpayanu
3aracHi peYOBUMHHM LUOYJIWH, Maca SKHX JO KiHIM JOCHiny Oyjia BiAMOBIIHO
Ha 5,3 Ta 2,9 T MeHIIe, HiXK Ha KOHTPOJIBHUX BapiaHTax. Bucoka IBUAKICTH
BUTpPaYaHHS 3allaCHUX PEUYOBHH CIPHIIA IHTEHCHBHOMY 3POCTaHHIO HaJ[3eMHO1
YaCTUHH TIOJIbIIaHIB — 110 (a3u 300py rOTOBOI MPOAYKIIiT Maca iX reHepaTuBHUX
naroHiB y Bapiantax I ra Il Oyna Ha 9,4 Ta 7,7 1, a TOBXHMHA TarOHY POCIIMH Ha
24,8 Ta 11,0 cM Ounblie, HiXK HA KOHTPOJIBHHUX BapiaHTax (IUB. TAOMHIO 2).
[Ipu npoMy reHepaTWBHI MaroHW He Oy BUTATHYTI 1 HE 3TMHAINCS, Maid
LIipHe npsMocTosiue ctedno. ByTonu pociuH y Bapiantax 1 ta 2 Oynu moMiTHO
OlTBIIMMHY, HIK y KOHTpOJi Ta BapiaHTi 3. Bonu Oynu 3abapBiieHi cTaHOM Ha
1 Gepesns, Toal K y TIONbIaHIB Ha 4 Ta 3 BapiaHTax y 1ei yac OyToHu Oymu
3eneHi, a y 50 % pociiuH 3HaXOAWIIKCS BCEpEANHI OCTaHHBOTO JICTKA. ToBap-
HUI BUJ POCIHMHY Y TAKHX BUMAJAKaX MpuAOany Juiie yepes 6 JHiB.

Tabnuysa 2. Mopgoaoriuyni noka3HNKHU TIOJLNAHIB BapiaHTIB p0ocainy
y ¢a3y 30upaHHsI rOTOBOI MPOAYKIIil

Bapii}HT Tara 3pizy Maca, r JloB:xxuHa Bucora
b1 (1TVh) 101 0% uMOyJIMHU credaa, r crebaa, cM GyTony, cMm
1 01.03 20,4+1,3 29,5+1,8 42,0+0,6 5,3+0,1
11 01.03 22,8+0,5 27,8+1,2 38,1+1,7 5,1+£0,3
11 05.03 24,5+0,3 21,9+3,4 32,3+2,1 4,7+0,1
IV (xoHTpOINB) 06.03 25,7+1,1 20,1+0,4 27,2+2,1 4,4+0,3

OnHak iHTCHCHBHI OOMIHHI MPOIIECH MPU3BEIN 10 3HIDKECHHS IMYHITETY

HUOYITMH — MAKCUMAJTBHY B TOCITi i TOIIHPEHICTh YPaKCHHS [HOYITHH KOMITIIEK-
CHOIO TprOHOIO iH(EKII€I0 BiJ3HaUa N y pociuH y BapianTax 1 ta2 — 78,31 %
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ta 75,36 %, BiANOBIHO, HA KOHTPOJBHUX BapiaHTax BEJIMYMHA IHOTO MOKa3-
HUKa popiBHIoBana 42,21 % y BapianTi 3 (mepeanocaaxoBa oOpoOka QyHrim-
oM Xopyc) — 46,66 % (pucyHok 1).

BaxnuBo BiJI3HAYUTH, 1110 TIPU IBOMY CTYITIIHb YPaXXCHHS [IUOYJIUH Oyra
HEBUCOKA, aJie TeHJICHIIIS MPOCTEXKYBAIACS Ta K — y BapiaHTax 3 J0CBiUyBaH-
M — uuie (0,92 6an — y I BapianTi Ta 0,79 6ana y II), 3 nepennocagkoro
00pobkoto dyHrrinuaom Xopyc) 0,48 ta Ha koHTpOIi — Hrkue 0,42 Ganu.

Ha Tni perenbHOro NOTpMMaHHS TEXHOJIOTil BUTOHKM Ta 33J0BIJIBHOTO
¢iTocanitapHoro QoHy B TEIUIMII HAa HAa3€MHUX OpraHax TIOJbIIaHIB BiJI3Ha-
YaJiv JIMIIE MOOJAMHOKE YpaXXeHHs rpudbamu poay Rhizoctonia.

B ocTaHHi poku MeTa MPOMHUCIIOBOI BUTOHKH TIOJBIIAHIB — OTPUMaHHS
TIBKH SKICHOTO 3pi3Y, IPH [EOMY HUOYJINHH, SIKi BUTPATHIIH [TOKUBHI PEYOBUHH
1 HAKOMHWYMIIU 1H(EKLio, K MpaBujo, YTUIizyoTh [21, c¢. 1035; 22, c. 551].
VY pa3i 3HWKEHHS Macu NUOYJIUH MICIs BUTOHKU HE HAJICKHUTH JO 3HAYHUX
MOKA3HUKIB 3 METOI0 OIIIHKH €(PEKTHBHOCTI TEXHOJIOTTYHOTO TPOIIECY.

BucHOBKHM Ta mepcneKTHBH NMOJAJBIIOIO PO3BUTKY. BukopucraHHs
BY3bKOTO CIIEKTPY (POTOCUHTETUYHO aKTHBHOI pajiialiii yisl T0JaTKOBOTO OCBIT-
JICHHSI TIOJIBITAHIB MMO3UTHBHO BIUIMBAE HA O10METPUYHI apaMeTpu pociuH. Jo
(a3u 300py TOTOBOT IPOAYKIiT TIOJILIIAHU Y BapiaHTaX 3 BUKOPUCTAHHSM BY3bKO
CHEKTPaJIbHUX CBITJIOJIOAHUX JIAMIT BUTIEPEKAIH Y PO3BUTKY POCIHMHU Y Bapi-
aHTi 3 IPUPOAHUM OCBITJICHHSM: JHCTS Oyno OinbmmM Ha 17-32 %, noexuHa
TeHEPAaTUBHOI MaroHy pocivH — Ha 15-20 cM Oinblie, HiXK Ha KOHTPOJBHUX
BapiaHTax. [Ipy IbOMy BOHHM HE BUTATYBAJHCS Ta HE 3THHAIUCS, MAJIW MIITHUN
KBiTKOHOC. ByTOHUM Oynu momiTHO OinbmmMu 1 3abapeienumu 10 01.03.2022,
MOPIBHSIHO 13 3eJIeHUMHU OyTOHAMH KOHTPOJILHUX POCIIWH, SIKi HaOyBaju TOBap-
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HOTO BUIIISAY JIMIIE Yepe3 6 THIB. 3a pe3ynbTaTaMH OLIIHKH FOTOBOI MPOLYKIii
BiJJ3HAYEHO JIMIIIE TOOANHOKE iH(piKyBaHHs TeHepaTUBHUX NAroHiB POCIIHH, MiX
BapiaHTaMu JOCIiAYy JOCTOBIPHUX BiJIMIHHOCTEW He BusBieHO. Opranizaifis
CBITJIOKYJIETYPH BUTOHKH TIOJbIIAHIB 3 BUKOPUCTAHHSM CBITJIOMIONIB MPUCKO-
pHIia PicT Ta PO3BUTOK POCIMH y TEIUIMII Ta JO3BOJMJIA IUBUALIE OTPUMATH
KBITKOBY ITPOIYKIIit0 BUCOKOI sikocTi [19, ¢. 33].

THE INFLUENCE OF THETYPE OF PHYTOMATRIX
ON TULIP DISEASE RESISTANCE WHEN GROWN
IN DWC MODULES

Kovalov M.M. — PhD of Agriculture,
Central Ukrainian National Technical University,
nicolaskov80@gmail.com

The article experimentally investigates and substantiates the peculiarities of
tulip growth and development during hydroponic cultivation in DWC modules in the
conditions of a film greenhouse of the 4th light zone of Ukraine.

Distillation of tulips is a purposeful complex of agricultural activities, the
main goal of which is to achieve flowering in a certain period of time. Moreover, the
technology of distilling tulips is used not only for Women’s Day, but also for New Year’s
and other holidays. After the March rooting, you can plant the bulbs in the garden at the
usual time, but after the January rooting, it is impractical to do this. The quality of the
obtained products mainly depends on two important factors: genetic characteristics and
cultivation technology.

In nature, tulips bloom only after the winter cooling period. The reduced
temperature contributes to the formation of physiologically active substances in the
bulbs, which affect the entire further process of development and flowering. A necessary
condition for the extraction of tulips is exposure of the bulb to low temperatures for
16-22 weeks, depending on the variety.

The main factor in obtaining constant, stable sections of different varieties of
tulips is the distillation technology and the growing method. The use of multi-spectral
radiation of phyto-matrices when growing in DWC modules is a rather promising
technology compared to the classical application of fungicides. The leading role belongs
to the red and blue spectrum, the alternation of the percentage ratio of which in different
stages of the development of a red-light tulip can increase the resistance of plants to the
damage of bulbs by a complex fungal infection. Dominance in the spectral composition
of the blue component can stimulate the growth of leaves, inhibit the elongation of the
stem, reduce the number of stomata according to the nine-degree technology showed the
positive and negative aspects of each of them. Statistical processing of research results
revealed a reliable influence of the spectrum on the resistance of tulip bulbs to fungal
infections.

Varieties grown in DWC modules on the first version of the experiment with
the ratio of blue light — 30 % and red — 70 % and the second version — blue — 20 %,
red — 65 %, infrared — 10 % and ultraviolet — 5 % have the highest percentage of bulb
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resistance to damage by complex by fungal infection in comparison with fudicide
treatment and under natural lighting.

Keywords: tulip, distillation on a slice, nine-degree technology, DWC module,

multispectral phyto-matrices, dispersion analysis.
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