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MNEPCNEKTUBHI LWAAXW BUPILWWEHHA NPOBJIEMU
YY>XKOPIAHUX BUAIB IXTIO®AYHU B P. NIBAEHHUIA
BYI HA TEPUTOPII HMMN «<BY3bKUI TAPAO»
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CyvacHUH TOCIOapChbKUi PO3BUTOK JIIOICTBA Hapasi € JpKepesaoM HeOe3NeKn
HETaTHBHUX 3MiH Ta TpaHC(HOPMAIliil EKOCHCTEM y III00aTbHOMY BUMipY. OHUM 3 YMH-
HUKOM TaKHX 3MiH € Oiojoriuni igBasii. [Ipo6nema GionoriuHux iHBa3iif B HamI 4ac Ha-
Oya ToOanbHUX MacmTaOiB 1 11 BUPIIIEHHS € aKTyaJIbHUM 3aBIaHHAM (DaxiBIliB pi3HUX
rajmy3en.

[HBa3iiiHi 4y>KOPiAHI BUJH, SK POCIMHU TaK i TBAPWHM Ta 1HIII OpPraHi3MH, BH-
3HaHI OJIHIEIO 13 TOJIOBHUX MPSMUX 3arpo3 i MPUYXH M00ATBHUX 3MIH MPUPOIHNX EKO-
cucteM. BoHn mpu3BOASsTE 1O BUCHAXEHHS Maike yCIX TUIIB PECypeiB 1 € YHHHUKOM
6iomorignoro 3a0pynHeHHs. Hempsmmuii BIuMB Oi0JOTIYHMX iHBa3iil HE 3aBKIAH OYe-
BUJHUH. BiH € mpeMeToM YUCIeHHNX HAYKOBUX JIOCHIKEHbD, i PO3POOICHHS METO/IIB
HOTo BUSIBJICHHS Ta OI[IHIOBaHHS. MeTol0 11bOTo € ()OPMYyBaHHS YSIBIICHHS PO MacIlITa-
01 30MTKIB 1 BUPOOJICHHS YNIPaBJIiHCHKUX PillIeHb X 3ar00iraHHsl.

Merto10 cTarTi € MOIIyK MEepCreKTHBHUX HUISXIB BUPILIEHHS MPOOJIeMH iHBa-
3iifHuX BuAiB pub piuku [liBgeHHmit Byr B Mekax HamioHaIBFHOTO MPHPOIHOTO TAPKY
«by3bKuil rapmy.

O06’exT mocnmimpkeHHs — iHBa3iitHi Buan pud piuku [liBnennuii byr B Mmexax Ha-
IOHAJILHOTO TIPUPOIHOTO MapKy «By3bKuii rapa.

[IpeamMeT nOCIiIPKEHHS — MONTYK MOXKJIMBHUX IIUISIXIB CYTTEBOTO CKOPOYCHHS YH-
CeNbHOCTI 1HBa3iitHnX BUAIB pud piuku IliBnennuii Byr B Mexkax HamioHAIBHOTO MPH-
ponHoro napky «by3bKuil rapay.

3rigHO YMHHOTO 3aKOHOIABCTBA, HAIIOHAIBHI MPUPOIHI MAPKH € TIPHPOI00XO0-
POHHUMH, peKpeariiitHuMu, KyIbTYpPHO-OCBITHIMH, HAyKOBO-AOCTIIHUMH YCTAaHOBaAMH
3arajJbHOJICPIKABHOTO 3HAUeHHs. MeTor 1X CTBOpPEHHS € 30epeKeHHs, BIATBOPEHHS 1
e(eKTUBHE BUKOPUCTAHHS NPUPOAHUX KOMIUIEKCIB Ta 00’€KTIB, 1[0 MAIOTh OCOOJINBY
niHHiCTh. OHUM 3 TOJIOBHUX 3aB/aHb HALlIOHAIFHUX MPUPOJHUX MAPKIB € CTBOPEHHS
YMOB JJIsl PeKpealiiiHoi AisIbHOCTI B IPUPOAHUX YMOBAX, IIPOBE/ICHHS HAYKOBHX JO-
CIiDKEHb TIPUPOTHIX KOMIUIEKCIB Ta iX 3MiH, MPOBEICHHS €KOJOTi9HOi OCBITHHO-BH-
XOBHOT pOOOTH.

OnHiM 3 BHAIB peKpeaniiHol MisUIbHOCTI HAI[lOHAJBHOTO MPUPOJHOIO IapKy
«By3bKHil rap» € JTIOHTENbChKe Ta CIOPTHBHE PHOATbCTBO. MOro PO3BHTOK MOXKe
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CTaTd CYyTTEBMM YMHHHMKOM 3MEHIICHHS YHCEIBHOCTI iHBa3iitHux BuaiB pud I[liBaeH-
Horo Byry. lleit moctynansHuii po3BUTOK MOTpeOye po3pOOKH CremialnbHOI cTparterii
TEPUTOPIAILHOTO PO3BUTKY. [Ipu 1boMy i mam’sTaTH, o JFOOUTEIbChKE Ta CIIop-
THBHE pHOAJBbCTBO — MOTY)KHUI (DAKTOp BIUIMBY Ha MPUPOIHE CEPENOBHIIE Ta BOJHI
6iopecypcu. Came TOMy, iCHYy€ HEOOXITHICTh CYTPOBOKEHHS TAHOTO BUIY peKpeartiii-
HOT TiSUTBHOCTI MOCTIHHAM MOHITOPUHIOM €KOCHUCTEM, OCBITHBO-BUXOBHOK POOOTOIO 3
BiJIBl/lyBauaMy IapKy Ta MiCLIEBUM HACEJICHHSIM.

Komrieke BUIIe03HaYeHUX Ail JO3BOJIUTH 3HAYHO 3MEHIIUTH PU3UKH BiJl iHBa-
31iHUX BUJIIB pUO, BUXOBAaHHIO CBIJJOMOTO JOAHIMBOTO CTaBICHHS JI0 IPUPOJH, 10 11 Oi-
OJIOTIYHOTO 1 JTaHAMAPTHOTO Pi3HOMAHITTS, IMOJIMIIUTH SKICTh PEKPEaIliifHIX MOCTYT,
T ABUIUTH €KOHOMIYHY TTPUBAOIUBICTD PETIOHY.

Kurouosi cnosa: «by3bkuit ['apny, iHBa3iiiHI BUIU pUO, JIIOOUTETBCHKE PUOAITB-
CTBO, CIIOPTHBHE pHOAJILCTBO.

[ocTranoBka mpoosemu. IHTeHCH(IKaIisi CBITOBOTO TrOCIOAAPCTBA,
CTpiMKa m1o0ati3allisi CyCIiIbCTBA HA ChOTOHI € IMIOOAJbHUMH YMHHHKAMHU
MEPETBOPEHb MPUPOJHUX EKOCHCTeM. bioyoriuni iHBa3ii € OJHUM 3 OCHOBHHX
(hakTOpiB TaKUX NIEPETBOPEHb. 3a JaHUMH [ 1], HAa ChOTO/IHI y BEIMKHUX €BpoOIeH-
CBKHX pidKax Ta ix OaceliHax HapaxoByeThCst Onu3bko 60 iHBa3iHUX BUJIIB puUO.
Jocnimkennst [2] cBiguars, mo B 6aceiini piuku JJHinpo HapaxoByeThest 36 BUIIB
pHO, 110 MOXKYTh PO3NIIAAATHCS SIK dy)opiaHi. He BukiroueHHsM € i Gacetin [1iB-
nernoro byry. [pu 11poMy 3HauHa €KOJIOTIYHA IJIACTUYHICTD YYXKOPIAHUX BHUIIIB
MIPU3BOIUTH JI0 3HAYHUX 1, YaCTO, HEraTUBHUX TpaHchOpMallii TiPOSKOCUCTEM.

AHaJi3 ocTaHHIX mociaimxkeHb i myomikamiid. [IpoGiemi GiojoriuHux
1HBa3iil B HAYKOBIi JIiTEpaTypi MPUCBIYCHO 3HAYHA KUTBKICTh HAYKOBUX ITyOJTi-
kauii. Cepesl OCTaHHIX MOXKHA BUALIUTH |3, 4] Taka yBara MosiCHFOEThCS 11 IJ10-
OanpHUMM MaciiTabamu. [HBa3iiHI 4y>KOPIAHI BHIM BU3HAHI OJIHIEIO 13 I SITH
TOJIOBHUX NPSIMHUX 3arpo3 i pymiiHUX CHII MI0O0ATBHUX 3MiH NPUPOJHHUX €KO-
CHUCTEM, IO CHPUYHMHIOIOTh BUCHAXKCHHS Malike yCiX THUIIB PecypciB 1 € YMH-
HUKOM 010JI0TI9HOTO 3a0pynHeHHs [5]. BinnosigHo 10 [6], BCTAHOBJICHO TTOHA/
37 Tuc. BUIB YyKOPIIHUX OpraHi3miB, 10 OyJaH MepeMileHi ado i iHTpody-
KOBaHI B yci perionn Ta Oiomu 3emui. IlIBuakicts ix peecrpaiiii — ONMU3bKO
200 miopiuno. Jlis moHax 3,5 THUC. TAKCOHIB HAsBHI JIOCHIJKCHHS 3 JIOKa3aMHu
iXHBOTO HEraTHBHOTO BILIMBY, Ha MIJICTaBl YOTO iX KJIACH(IKYIOTH SIK iHBa31iHI
qy>xopiaHi Buay. YacTka iHBa3iiHUX cepesl UyKOPiJHUX BUJIIB BapilO€ 3a1eKHO
BiJl TAKCOHOMIUHUX TPyl OpraHi3miB: Bif 6 % yCiX 4y»XOpIAHUX POCIUH IO
22 % ycix uyxopimHux Oe3xpeOerHux. Halibinbine 3aJ0KyMEHTOBAaHUX HeEra-
TUBHHUX BIUIMBIB 1HBa31MHUX Yy>KOPIIHUX BUJIB 3apEECTPOBAHO B HA3EMHHUX
EKOCHCTEMaX, OJIM3bKO YBEPTi — Y BOAHHUX EKOCUCTEMax [7].

IMocTranoBka 3aBaanHs. 3aBIaHHAM AaHOI poOOTH € (HOPMYITIOBAHHS
NUISIXIB BUPIIICHHS MPOOJIEMHU 9yKOpiIHUX BHIB ixTiodayHu B piui [liBaeH-
Huit Byr B Mexkax Tepuropii HanioHansHOTo NpuponHoro nmapky (HIII) «by3b-
kuii [apay.
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PesyabTaTn gociainkenb. Binnosigao mo IlonokeHHs mpo HaIlioHATb-
Hu# npupoxgani napk «by3pkwmii ['apmy» (mami — [apk) [8], ocHOBHUME 3aBHaH-
HSIMH, 110 Ha HHOTO TOKJIAIAI0ThCS, €:

—30epekeHHs Ta BIATBOPEHHS [IHHUX TMPUPOJHUX Ta ICTOPUKO-KYIBTYp-
HUX KOMITJIEKCIB Ta MPUPOAHUX 00’ ekTiB Oaceiiny IlinenHoro byry;

— CTBOPEHHS YMOB JIJIsl OPTaHi30BaHOTO TYPHU3MY, BIIMOYMHKY Ta 1HIINX
BUJIIB peKpealiifHoi AisITbHOCTI B IPUPOAHUX YMOBAX 3 IOJAEPKAHHIM PEKUMY
OXOPOHH 3aIOBITHUX KOMIUIEKCIB Ta 00’ €KTIB;

—opranizaiisi Ta 31iHCHEHHS HAyKOBHX, HAyKOBO-JIOCIIIHUX PpOOIT,
pO3pOOJIeHHS Ta BNPOBAHKEHHS HAYKOBHX PEKOMEHMAIIN 3 MUTaHb OXOPOHU
(dayHH, BIJIHOBJICHHUS TOPYIICHUX EKOCHUCTEM, YIPaBIIHUS Ta €(EKTHBHOTO
BUKOPHUCTAHUSA MPUPOJHUX PECYPCIB, OpraHi3allii Ta MpoBeIeHNs] MOHITOPHHTY
nmaaAmadTHOTO Ta 610JIOTIYHOTO PI3HOMAHITTS,

— MMPOBEICHUSI €KOJIOTTYHOI OCBITHRO-BUXOBHOI poboTH [8].

ITapx y cBoiil nismpHOCTI KepyeTrbes Koncrutyniero Yipainu [9], 3ako-
Hamu YKpainu «11po oxopoHy HaBKOJUIITHHOTO MPUPOTHOTO cepemoButmay [10],
«IIpo nmpuponHo-3anoBigauit houyn Yrpainu» [11], «[Ipo UepBony kuury Yipa-
fam» [12], «Ilpo pocaunnnii cBit» [13], «IIpo TBapuHHMIA cBiT» [14], 3emensb-
HuM [15], Jlicoum [16] Ta Bonaum konexcamu Ykpainu [17], Mi>kHapOXHUMHU
JIOTOBOPAaMH, THIMMMHA HOPMATHBHO-IIPABOBHMHU akTamu, [IpoexTom opraniza-
uii Teputopii [lapky, 0XopoHH, BIATBOPEHHS Ta PEKpeallifHOTO BUKOPUCTAHHS
HOTO TIPUPOAHUX KOMIUIEKCIB Ta 00’ekTiB (mami — llpoekT opranizarmii tepu-
Topii), a Takok [lomoXkeHHAM PO HamioOHANBHUN TPUPOAHUN TapK «by3bKuit
Iapn» (mani — [HomoxxeHHs).

3a manumu [18], ixTiodayHna tepurtopii Oarara i pisHoMaHiTHa. [Topsin
3 pubamu, 10 MAIOTh IIUPOKE PO3MOBCIOPKEHHS, TAKUMH K TUTITKA (Rutilus
rutilus), Tapaast (R. r. heckeli), ronoBens (Leuciscus cephalus), com (Siluris
glaris), BepxoBonka (Alburnus alburnus), nsm (Abramis brama), TycTipka
(Blicca bjoerkna), nun (Tinca tinca), 6inuszna (4Aspius aspius), pudeus (Vimba
vimba), xopon (Cyprinus carpio), xapack cpiomscruii (C. auratus), uryka
(Esox lucius), ouuku kpyrsik (Gobius fluviatilis) ta nyuuk (Proterorhinus
marmoratus), cymak 3BudaHui (Lucioperca lucioperca), OKyHb 3BHYaAWHUN
(Perca fluviatilis) tomo, ixtiodayna I'paniTHO-cTernoBoro I[100yxxKs MiCTUTh
BETTUKY KUTBKICTh PIAKICHUX BHUIIB. YOTHPH 3 HUX 3aHECEHI 10 YepBOHOT KHUTH
VYkpainn. e mapena muinpoBcwka (Barbus barbus borysthenicus), snems 3Bu-
gaitnuit (Leuciscus leuciscus), Ouctpsaka pycwbka (Alburnoides rossicus),
Kapach 3Buuaiinuii (Carassius carassius). JIeB’sitb BUaiB pu0 BXOJSTH 10 peri-
OHAJIBHOTO CITHCKY 0XOpOHU MuKonaiBchkoi oomacti. Cepen HUX suiellb 3BUJaii-
Huii (Leuciscus leuciscus), 8’5136 (Leuciscus idus), cunents (Abramis ballerus),
uexoHst (Pelecus cultratus), Ouctpsaka pycbka (Alburnoides bipunctatus
rossicus), Tonenb 3BudaiHuil (Noemacheilus barbatulus), MUHBOK 3BHUYAWHUN
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(Lota lota), 6epiu (Lucioperca volgensis), iopxx-Hocap (Acerina acerina). Haii-
[iKaBiKUM 00’ €KTOM iXTiodayHu € HalOiIbIIa 3 THX, IO 3aJUIIHIINCS B CBITi,
MOITYJIALIS MAPEHU JTHINPOBCHKOT [18].

B 2019 pomi nuisxoM ONMUTYBaHHS pUOaNOK-aMaTopiB Ta MiCIIEBOTO
HaceJieHHs1 TepuTopii Muriiickkoro Ta bormaHiBcbKOro MpHUpPOI00XOPOHHUX
HaykoBo-nocnigaux Bigminens ([TH/JIB) Oyno orpumano iHpopmamito mpo
4yacTi BWJIOBU OKyHs COHSUHOTO (Lepomis gibbosus), xapacs cpiOiscToro
(Carassius auratus), amypy oinoro (Ctenopharyngodon idella), amypy 4opHOTO
(Mylopharyngodon piceus), uebauxy amypcwkoro (Pseudorasbora parva).

Awmyp Oinuii (Ctenopharyngodon idella) — OarpkiBiimaa CxinHa Asis.
B ymoBax VYkpainu Oinuii amyp HE HEPECTHTHCS, a HOro MalbOK 3aBO3SATh
3 Monnosu. B Ykpaini Ta, 30kpema, B perioni [lapky Manbox NOMIIIAIOTH Y
CTaBKH JUIsl BUPOLIYBaHHS, 3BiIKK prba rnorparuise B p. [linennuii byr. Bogna
POCIIMHHICTD € OCHOBHOO 1XKet0 11i€i pudu [25].

Awmyp wopnuit (Mylopharyngodon piceus) — y kinmi XX cropiuds
YCIILTHO aKJIiMaTu30BaHUi B YKpaiHi. € cTeHOparoM — >KUBUTHCS Maike
BUKJIFOYHO MOJIFOCKaMH, YEPENaIIKy KX JITKO PO3YaBIO€ MACUBHHMH TJIOT-
koBUMU 3yOamu. Jlopociia ocodrHa Moxe 3°icTi A0 1,5 KT MOJIOCKIB 3a JICHb.
Takok MOXe )KHBUTHCH PauKaMH Ta JIMYMHKAMH KOMax.

Kapace cpiomsictuii (Carassius auratus) — 3aBe3enuit 1o [liBHiuHOT AMme-
PHKH, B CTaBKOBI rocnogapctsa 3axignoi €sponwu, Tainanny, [naii. B Ykpaini
BiH MPEKPaCHO TPUKUBCS 1 CTaB MPOMHCIIOBOIO prOoto. Beeinnuii, xapayeTbest
BOJIOPOCTSIMU, KOJIOBEPTKAMHM, JIETPUTOM, HACIHHSIM Ta IHIIMMHU YacTUHAMH
BUIINX POCIIMH, IUVTAHKTOHHAMH PaKOIIOAiOHUMHU.

OxyHb coHstunuit (Lepomis gibbosus) — 0arbkiBuuna [lenrpanbha i [TiB-
HiuHa Amepuka. Ha mouatky 2000-x pp. L. gibbosus notparisie y JIHinpoBcbke
BOJIOCXOBHIIC BHACHIIOK HABMHUCHOTO BCEJICHHsS [25], a TOTIM pO3CENSIE€ThCS
Mo BCiX Bojmo¥imax Ykpainu. JKUBUTHCS 1KPOIO Ta MOJIO/UIIO IHIIUX BOJHUX
MEIIKaHIiB. L. gibbosus BiJI3HAYAETHCS 3HAYHOI TPOMIYHOK TUIACTHYUHICTIO.
V ckiani Woro xapuoBoi rpyakH BijzHadeHi 11 kopMOBHX KOMMOHEHTIB. Kpim
0e3xpebeTHHX 1 MOJIOAl pub, XIKaK y IPUPOTHUX BOJOHMAaxX aKTHBHO CIIOXKH-
Ba€ BOJISIHY POCJIMHHICTb.

Toscronobuk Oinuii (Hypophthalmichthys molitrix) — fioro 0aTbKiBIIHU-
HOMo BBakaeTbesi Kurail. B YipaiHnchki Bogoiimu Oynu 3acerneni B 60-X pokax
MUHYJIOTO CTONITTSA. MeTor Takoi OloioriuHoi IHTPOMYKIT Oyjia OYMCTKA
BOJIONM BiJl MiKpoBoopocTeii. TOBCTONO0 CIaBUTHCSI CBOEIO 3/IATHICTIO Xapuy-
Barucs QITOIIAHKTOHOM, TIPH LIbOMY BiH YHCTHTB BOAY i e(peKTUBHO 1030aBIise
ii BiJl Ha/UIMIIKY JACHAPHUTIB. XapuyrOThCS EPEBAXKHO JAPIOHUMH BOIOPOCTIMH
Ha M1UJIKOBOJUII.

UYebauok amypcbkuit (Pseudorasbora parva) — Buj Mae J1yKe BUCOKY €KO-
JIOT1YHY TUTACTHYHICTh, 3aTHUI MPUCTOCOBYBATUCH JI0 HECHPHUSTIMBHX YMOB
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icHyBanHs. TunoBuit 6entodar. JKuBUTHCS ACTPUTOM, IKpOIO PHUO, BOJHHMHU
pocnuHamu. Y BopoiiMax YKpaiHHU € IIKiJJIMBOIO PHOOIO Yepe3 Te, IO IIBUAKO
301IbLIYE CBOIO YHCEIBbHICTh Y BOIOWMAX, aKTHBHO 3HUILYE IKPY IHIINX BHUIIIB
pub Ta KOHKYPYE 3 MOJIOAIIO IPOMHCIIOBUX BUAIB PHO 32 KOPMOBY 0asy.

[lepcneKTMBHUM NIISIXOM BUPILICHHS MUTAHHS HETaTHBHOTO BILIMBY
1HBa3MBHOI 1XTiOQayHH € PO3BUTOK Ta CTUMYJIOBaHHS JIIOOMTEIBCHKOTO Ta
CIIOPTUBHOT'O PHOAIILCTBA.

3rigno 3 [18], copTuBHUIi 0B B Mexkax [lapky He opraHizoByBaBcs Ta
HE MPOBOAMBCS MOHAJ TPH ACCATHIITTA. [Ipu 1IbOMY iCHY€e HaraibHa TOTpeda
OHOBIICHHSI JAaHUX I1I0JI0 BUAOBOTO cKiany ixtiopaynu B Mexxax HIII «by3pkuit
lapa» oCKibKY TaKi TOCIiAKEHHS MPOBOIMIIKCH 11e Ha movyatky 1990-x pokiB.

Binmosigno mo [lpoekty opranizanii tepuropii Ilapky, yci BomoiiMu B
HOro Mexxax € BHYTPIIIHIMH PHUOOTOCIONAPCHKUMH BOAOMMAMH 3arajibHOTO
KOPHCTYBaHHSI, JIe JIIOOUTENbChKE Ta CIIOPTHBHE pUOaIbCTBO 3AIMCHIOETHCS O3
HaJIaHHS CIeIiaJIbHUX J03BOJIIB Ha MPABO 3IHCHEHHS JIFOOUTEIBCHKOTO 1 CIIOp-
TUBHOTO pHOANbCTBA Ta 03 3aKpIlJICHHS IUX BOTHHUX 00 €KTIB 38 OKPEMHMHU
ocobamu.

Cnig BiAMITUTH, IO B MeXaxX 00’€KTiB MPHPOTHO-3aMOBIAHOTO (QOHITY
CIIOPTHBHE Ta JIOOUTENbChbKE PHOATBCTBO YHHHOI HOPMAaTHBHO-IIPABOBOIO
0a3010 He peryimoroThes. B mexax Tepuropiit [lapky, ciopTuBHE Ta MH0OUTEND-
CbKe pUOANBCTBO 3IMCHIOETHCS BIIMOBIIHO 10 BUMOT llpoekTy opranizauii
TepuTopii Ta IlonoxkeHHs: po HaliOHANBEHUN pupoxHui napk «by3bkuit [apmy.

3rigno Ilpoekry opranizauii TepuTopii, TIOOUTENBCHKUN JOB pUOU 103-
BOJISIETBCS B JIITHIH TEpPioJ], Y CTPOKH BiJ] CKPECaHHsS KPUTH 1 J0 JIbOJOCTaBY
(3a BUHATKOM 3a00POHEHOT0 HEPECTOBOTO Mepiofy) 3 Oepera abo 3 YOBHA, BY/I-
KaM¥ BCIX BUJIB i3 3arajbHOIO KUIBKICTIO TaUKiB He OifIblle 1T’ ITH Ha pUOaKy,
Ta criHiHroM. 3a00pOoHSETHCS JIOB BUpe3yOa (Rutilus frisii), memai (Alburnus
chalcoides), pubust 3Buvaitnoro (Vimba vimba), mapenu (Barbus barbus
borysthenicus), ouctpsiaku (Alburnoides rossicus), s (Leuciscus leuciscus),
a TaKoXX 1HIIMX BUJIB, 3aHECEHUX 10 UepBOHOI KHUTH YKpaiHH.

CriopTuBHUI1 0B prubH B Mexkax [lapKy 3A1HCHIOETBCS 3 YCTAaHOBICHHAM
MEBHUX BUMOT 32 YMOBaMH IPOBEJCHHS CIIOPTHBHUX 3MaraHb abo KBajidika-
LIHHUX HOPMATHBIB BUKIIFOYHO 3a MIOTOJKSHHSM 3 ajMiHicTpariietro [Tapky.

VY 3uMmoBHi miepiof (Bif TbOAOCTAaBY A0 CKpECaHHs KPHUT'H) JTHOOUTEINb-
CBHKHI{ JIOB pUOU 103BOJISIETHCSI 3MMOBHMHU BYAKaMH 3 OJICIITHEIO BEPTUKAILHOTO
OnecHiHHS 3 raykoM He Oinbmie Ne 10, MOPMHUILIKOIO, HAKUBKOIO 1 KUBIIEBOIO
CHACTSIMU 13 3araJIbHOIO KIIBKICTIO FauKiB — HE OUIBIIE IT’ITH Ha PUOAJIKY.

B niepion HepecToBOi 3a00pOHU JIFOOUTENIEChKE pUOAILCTBO MOXKE OyTH
JI03BOJICHO anMmiHicTpaniero [lapky Ha creniaibHO BH3HAYCHHUX JUISHKAX
BOJIOWMM OJTHIEIO TIOIIJIABKOBOIO 200 JIOHHOIO BYIKOO 13 OJTHUM T'a4KOM i CITiHIiH-
rom 3 Oepera.
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Yci BHIIIEO3HAYCHI YMOBHU CTOCYIOTBCS 30H PEryJIbOBaHOT peKpeailii, cTa-
nioHapHOI pekpearii Ta rocrnoaapcbkoi 30Hu. B Mekax 3amoBigHux 30H [lapky
Ha pivwi [TliBnennuii Byr cioptruBHe Ta MoouTeNbChKe pudaIbeTBO 3a00pOHEHE.

[IpoexTom opraHizaiii TEpUTOpii BCTAHOBIECHI TaKOK MiHIMAaJIbHI pO3-
Mipu puO IO03BOJNEHHX JO BWIOBY pubankamu-modutensiMu B Mexxkax HIII
«by3bkuit 'apmy (Tabmuns 1).

3a3HaueHi JaHi, CTBOPIOIOTH TMEPEIYMOBU JJsl aKTUBHOTO PO3BUTKY
JOOUTENBCHKOTO Ta CIIOPTHBHOTO pubanbeTBa Ha Tepuropisx HIIII. 3 ogHoro
00Ky e cipusTUMe MokaaeHi Ha [lapk 3aBIaHHS 31 CTBOPEHHST YMOB JUIS Pi3-
HOMaHITHUX BUJIIB PEKPEALiMHOI TiSUIBHOCTI B MPUPOJHUX YMOBaxX 3 JIOJEP-
JKaHHSIM PEKUMY OXOPOHH 3aITOBITHUX KOMILJIEKCIB Ta 00’ €KTIB. 3 iHIIOTO OOKY,
PO3BHUTOK JIIOOUTEIHCHKOTO TA CIOPTUBHOTO PHOAILCTBA € IOCUTH €PEKTUBHIM
IHCTPYMEHTOM CKOPOYCHHS YMCENLHOCTI 1HBa3MBHUX BUAIB ixTiodayHu. Oco-
OJIMBO 11€ CTOCYEThCSI OKYHSI COHSIUHOTO (Lepomis gibbosus) Ta yebauka amyp-
cekoro (Pseudorasbora parva).

Tabnuya 1. MinimaabHi po3mipu puo i BogHuX 6e3XpedeTHHX, 103BOJIEHHX
10 BHiIoBY pudankamu-toouTeasiMu B mexkax HIIII «by3bkuii Fapa»

Buau pu6 Po3mip, cm
buuok (Gobius fluviatilis Ta Proterorhinus marmoratus) 11
binwuii amyp (Ctenopharyngodon idella) 40
Binusna (Aspius aspius) 30
Tonosens (Squalius cephalus) 24
Kapacs cpimscruii (Carassius auratus) 15
Kopon (Cyprinus carpio carpio) 25
Jlun (Zinca tinca) 20
JIsi (Abramis brama) 32
[igyct (Chondrostoma nasus) 25
[nitka (Rutilus rutilus) 18
Casan (Cyprinus carpio) 35
Cuneus (Abramis ballerus) 22
Cowm (Silurus glanis) 70
Cynaxk (Lucioperca lucioperca) 42
lyxka (Esox lucius) 35

HesBaxxaroun Ha 9acTi 3yCTpidi 3a3HAYCHUX BHIIIB Y BUJIOBAX PHOAIOK-a-
MaTopiB, COHIYHHUI OKYHB Ta 4¢0a90K aMyPChKHIA HE KOPUCTYIOTHCS 0COOTIMBOIO
TIOTIYIISIPHICTION 1, SIK TIPABUIIO, BiMIITyCKAIOTHCS prbdamkaMu. [[boMy CripHsitoTh
ix GioorigHi 0COOMMBOCTI, @ caMe HEBEJIMKI MaKCUMaTbHI po3MipH (o 10 cm).

Bupimennto npobnemu iHBazii (Lepomis gibbosus) ta (Pseudorasbora
parva) CUpusITAME CUCTEMHA Ta TIOCTiHA POo3’ICHIOBaJIbHA poOoTa cepern pruoda-
JIOK-aMaTopiB, MO0 HEOOXIMHOCTI BUIAJCHHS COHSYHOTO OKYHS Ta debadka

12



Boowi 6iopecypcu ma akeakynemypa, 2(14) /2023

amypchkoro 3 BonoiiM. EdekTuBHICTh MoAiOHMX 3aX0iB MOXe OyTH CYTTEBO
30iIbLICHA IPH OJHOYACHIM MPOCBITHULBKINA POOOTI 3 YUHIBCHKOIO MOJIOIIO:
MIPOBENICHHS 3yCTpivei 3 npariBHuKaMu [lapKy y mkonax, opraHizamis eKCKyp-
ciit mxonsipiB Tepuropisimu HIIL.

Indopmaniiina Ta eKOJOro-mpornaraHgucTChka podoTa 3 MiCHEBHUMHU
pubanKaMu-aMaToOpaMHu J1a€ MOXKJIMBICTh PAHHBOTO BHUSIBICHHS HOBHX 1HBa3iii-
HUX BHUJIB pub B ekocuctemax [linenuoro byry.

Opranizalisi CHOPTUBHOTO pHOANBCTBA TAKOXK € CYTTEBUM BaXKEIEM PO3-
BuTKy HIIIT «by3pkuii ['apmy» 3 ToYkM 30py HaJaHHS peKpealiiHUX MOCIYT.
[Ipu nbOMY, HENPSMHUM ILUIIXOM BHPIIIYETHhCS 3aBOaHHs 30€peKeHHs MIHHUX
MIPUPOIHUX KoMITIeKciB Oaceiiny [liBnennoro Byry.

[IpoBenennss pubanbChKUX (QecTHBAIIB Ta TYpHIPIB cepen puda-
JIOK-CIIOPTCMEHIB Ta IMIKOJSIPIB MO BWJIOBY NPEICTABHUKIB 1HBa3iiHOI iXTi-
odayHH, CyTTEBUM YHHOM BIUIMBATUME Ha CKOPOYCHHS 1HBa3IMHUX BUJIIB,
CTIPUATHME MOLIMPEHHIO EKOJIOT1YHUX 3HaHb Ta MOMYJISIpU3allii eKoJoroopieH-
TOBAHOTO BiJINOYMHKY T'POMAJIsH.

Beszanepeunum akToM € Te, 110 BEJACHHS MOAi0HOT AISUIbHOCTI TOBUHHO
CYNPOBOIXKYBATUCS] CHCTEMHHUM 1 BCEOIYHUM MOHITOpPHUHIOM ekocucteM [lapky
Ha yCiX eTanax AisuTbHOCTI — BiJ ii INTaHyBaHHS A0 PaKTUYHOT peatizalii mpoek-
TiB. JlocHipKeHHS peKkpealiiHuX pecypciB nepeadadae OUiHKY iHTEHCHBHOCTI
iX pekpealifHOro BUKOPUCTaHHS, a TOMY BaXJIMBO BPaxyBaTH 1 peKpeamiiHui
MOTEHIa] MPUPOJHUX cucTeM. Lle € Bkpail HEOOXiAHUM sl OOIPYHTYBaHHS
LUISIX1B OTPUMAaHHSI MaKCUMaIbHOTO e(DeKTY, TPH IKOMY He OyayTbh BiOyBaTHCS
HEraTUBHI 3MIHU CTaHy JTOBKIJIIS.

Bupimenns npobnemu uyxopigaux BuIiB ixtiopaynu [linennoro byry
B Mexkax HIII «By3bkuit ['apa» depe3 po3BHTOK CHOPTUBHOTO Ta JIIOOHTEIb-
CBKOTO pHOaNIbCTBA 10JATKOBO MaTHMME HU3KY CIIPHATIMBUX COLiaTbHO-EKOHO-
MIYHUX €(EeKTiB: JO3BOJIUTH PO3IMIUPUTH TIEPEIiK PeKpeariiftHuX MOCIyT, CTBO-
PUTH BUTiHI YMOBH €KOHOMIYHOTO PO3BUTKY periony poszramryBanHs HIIII,
CIIOHYKaTUME MMOKPAIIEHHIO €KOJIOTIYHOT CBIJIOMOCTI Ta 0013HAHOCTI IPOMa/IsiH,
HaMITHUTh IISIXM B3a€EMOBUTIAHUX (B ycixX acmekrax) BigHocud mixk HIIIT ta
KOpHCTYBauaMH MPUPOTHUX PECYPCIB.

BucnoBku. B Mexxax HarioHaapHOTO NpUpoaHoro napky «by3bkuii ['apmy
Ha OCHOBI iH(opMallil, OTPUMAHOTO BiJI MICIICBOTO HACEJICHHS BUSBICHO DS
1HBa3MBHHX BUJIB ixTio(hayHU: OKyHb COHSUHUH (Lepomis gibbosus), xapachk cpi-
omsicruii (Carassius auratus), amyp oinuii (Ctenopharyngodon idella), amyp 1op-
uuii (Mylopharyngodon piceus), uebadox amypcebkuii (Pseudorasbora parva).

BupimieHHI0O TITaHHS CKOPOYSHHS YMCENBHOCTI 1HBa3iHOI ixTioga-
YHH, Ha HaIly JAYMKY, CIPUSTUME PO3BUTOK CIIOPTUBHOTO Ta JHOOUTEIHCHKOTO
pubanbctBa Ha Teputopisx [lapky. Jauuii Bun mgisutbHOCTI Ha Teputopii HIIII
MOBHHEH CYNMPOBOKYBAaTHCS IIUPOKOIO Ta CHCTEMHOIO PpO3’SCHIOBAJIBHOIO
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poOOTO 3 MICIIEBUM HACEJCHHSM YyCiX BIKOBHX TPyI IIOJ0 HEOOXIAHOCTI
BUJAJICHHs 1HBa31MHUX BHUIIB 3 BOOHMX ekocucteM [lapky. besnepepsue cmiB-
POOITHUITBO 3 MiCLIEBHM HACEIICHHSM JacTh 3MOTY PAaHHBOTO BUSIBIICHHS HOBUX
1HBa31MHUX BUIB.

Po3BuTok criopTuBHOTO pudanbpeTBa (MPOBEACHHS puOaIbebKuX (ecTu-
BaJIiB, TYPHIPIB TOII0) TAKOX IHII[IFOBaTUME CKOPOYCHHS 1HBa31HO1 ixTiohayHu
Ta JOMOMOKE MPUBEPHYTH yBary A0 AaHoi mpoOieMH OiTbLI MIHWPOKUX BEPCTB
CYCHIIBCTBA.

CTUMYJTIOBaHHS CIIOPTUBHOTO Ta JTIOOUTEIHCHKOTO pUOaIbCTBa HA TEPH-
topisix HIIIT maTume HU3KY JOAAaTKOBUX COIIabHO-CKOHOMIYHUX HACHIJIKIB:
posmupenHst kona pekpeantiB Ha Tepuropii HIIIL, po3BUTKY eKoIOTidHOTO
TYpU3My B PErioHi, 3ajJy4eHHs J0JaTKOBUX KowTiB J1o [lapky, y KoMIuiekci 3
BEJICHHSIM IIPOCBITHUIILKOI AisIIbHOCT1, BUXOBAHHS CBIJIOMOTO J0aHIMBOTO CTAB-
JICHHS1 10 IPUPOIH, A0 ii G10JIOTIYHOrO 1 JTaHAMAPTHOTO Pi3HOMAHITTS, BIPO-
BaJDKEHHS 000B’SI3KOBOTO Ta OE3MEePEPBHOTO €KOJIOTIYHOT0, CKOHOMIYHOTO Ta
couianbHOro MOHiTOpUHTY Ha Teputopii HIIIT Ta periony 1oro po3rairyBaHHS.

PROMISING WAYS TO SOLVE THE PROBLEM
OF ICHTHYOFAUNA ALIEN SPECIES IN THE SOUTHERN
BUG RIVER ON THE TERRITORY OF THE NATIONAL
NATURAL PARK“BUZKYY GARD”

Burhaz M.1. — Candidate of Biological Sciences, Associate Professor,
Burhaz O.A. — Candidate of Geographical Sciences, Associate Professor,
Odesa State Environmental University,
marynaburhaz@gmail.com, alexburgaz84@gmail.com

The modern mankind economic development is currently a source of danger of
ecosystems negative changes and transformations on a global scale. Biological invasions
are one of the factors behind such changes. The problem of biological invasions has now
become a global one, and its solution is an urgent task for specialists in various fields.

Invasive alien species, both plants and animals and other organisms, are recognized
as one of the main direct threats and causes of global changes in natural ecosystems.
They lead to the depletion of almost all types of resources and are a factor of biological
pollution. The indirect impact of biological invasions is not always obvious. It is the
subject of numerous scientific studies, and methods for its detection and assessment are
being developed. The purpose of this is to form an idea of the damage scale and develop
management solutions to prevent it.

The purpose of the article is to find promising ways to solve the problem of
invasive fish species in the Southern Bug River within National Nature Park “Buzkyi
Gard”.

The object of the study is invasive fish species of the Southern Bug River within
the National Nature Park “Buzkyi Gard”.
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The subject of the study is the search for possible ways to significantly reduce the
number of invasive fish species in the Southern Bug River within the National Nature
Park “Buzkyi Gard”.

According to the current legislation, national nature parks are nature protection,
recreational, cultural, educational, scientific and research institutions of national
importance. The purpose of their creation is to preserve, restore and effectively use
natural complexes and objects of special value. One of the national nature parks main
tasks is to create conditions for recreational activities in natural conditions, conduct
scientific research of natural complexes and their changes, and conduct environmental
education and training.

One of the types of recreational activities of the National Nature Park “Buzkyi
Gard” is amateur and sport fishing. Its development can be a significant factor in reducing
the number of invasive fish species in the Southern Bug. This potential development
will require the elaboration of a special strategy for territorial development. It should be
remembered that recreational and sport fishing is a powerful factor of influence on the
natural environment and aquatic bioresources. That is why there is a need to accompany
this type of recreational activity with constant monitoring of ecosystems, educational
work with park visitors and local residents.

The complex of the above actions will significantly reduce the risks from invasive
fish species, foster a conscious careful attitude to nature, its biological and landscape
diversity, improve the quality of recreational services, and increase the economic
attractiveness of the region.

Key words: “Buzkyi Gard”, invasive fish species, recreational fishing, sport
fishing.
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PUBHULUTBO HA MAJINX BOAOCXOBULLAX NMIBAHA
YKPATHW: AHANI3 AUHAMIKU BUJ1OBY, MPOBJIEM
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Benuky wactiHy BogHOTO (hOHIY YKpaiHU CKIaIaloTh ITYYHI BOJHI 00’ €KTH, 30-
KpeMma MaJli BOIOCXOBHIILA PI3HOTO ILIILOBOrO MpH3HA4YEHHs. J|aHOTO THITY IITY4HI BOJ-
Hi 00’€KTH CTBOPEHI IIICCIPSIMOBAHOO JISUTbHICTIO JIFOMHU 3317151 3a0€3MCYCHHS 1[U101
HU3KH HapoJHOrocrnoAapchkux morped. [Ipore, y 3B’3Ky 31 CBOIMH NpOAYKIIHHUMHU
MOXXJIMBOCTSIMH, MaJli BOZIOCXOBHIIA MAIOTh 3HAYHMI prOOroCIIONapChKHUil MOTEHIIIAI.

VY 3B’S3Ky 3 TOCTYIIOBHM IIiABHIICHHAM TEMIIEPATYPH MPOTATOM OCTaHHIX Jie-
KUTBKOX JIECATKIB POKiB, Y MAJIMX BOIOCXOBHUIIAX, OCOOIMBO MiBACHHOI YaCTHHH YKpa-
THH, CIIOCTEPIraeThCst 30UTBIICHHS KIIBKOCTI INIAHKTOHHUX (POPMYBaHb, TOOTO IPUPOI-
HOI KOpMOBOT 0a3w, 110 e OIbIIE IiJIBUIYE TTOTEHIIa] JaHUX WITYYHUX BOJONM JUIst
BEJ/ICHHS EKOHOMIYHO BUTIJIHOTO pUOHHIITBA 32 paXyHOK IIPHPOIHOI KOPMOBOI 0a3u.

3 omrsAny Ha 1€, IOCIIDKEHHS TUHAMIKH BUJIOBY PUOW 3 MaJMX BOZOCXOBHII €
JIOBOJIi aKTyaJbHOIO TEMOI0, OCKITBKH JJO3BOJINTH BUSBUTH HAsBHI 3aralibHi TCHICHIIIT
Ta OKPECIUTH NMEPCIEKTUBH TOJANIBIIOT0 PO3BUTKY PUOHMIITBA HA MaJMX BOJOCXOBH-
max YkpaiHu.

MeTo10 cTarTi € AOCIHIKEHHS AMHAMIKY BUJIOBY PHOM Ha MaJHMX BOJOCXOBHIAX
VYkpainu.

OO0’ €T ITOCIIIKCHHAS — MaJTi BOJOCXOBHIA YKpATHH.

[Ipenmer mocmiKeHHS — aHalli3 TUHAMIKHA BHJIOBY pHOW HA MaJIUX BOJIOCXOBHU-
max YKpaiHu.

[Tix yac nociipkeHHs 0y/10 BAKOPHCTAHO HACTYITHI METOJM: CTATUCTHYHUHN, Ma-
TeMaTU4YHU, TpadiuHuUil, TOPIBHIHHS.

Amati3 CTaTHCTIYHUX MaTepialliB MOKa3aB, 1110 YIPOJOBK OCTAHHIX IT'SITH POKiB OyB
HE3HAYHWH CIaj y BHJIOBI pUOHM 3 MaJHX BONOCXOBHII SIK IO YKpaiHi B MLIOMY, TaK i IO
MBICHHOMY perioHi 30KkpeMa, mpote y 2020 pori mei moKa3HUK CTabimi3yBaBcs Ha PiBHI
2016 poxy. Taka TeHAEHIIIS € CBITYEHHAM TOTO, III0 MaJli BOJOCXOBHIIA B MEeXaxX YKpaiHn
MalOTh [EPCIEKTUBH JUIsl pUOHHMIITBA, TIPOTE BIJICYTHS JOCTATHS KUIBKICTh X HAYKOBHUX JI0-
CITiKEHB Ta e(DEKTUBHUX 3aXO/IB 3 OOKY JeprKaBH 33115l iX MOIMYIISIPH3ALLil rajIbMye TPOLeC
HapOIIEHHS BEJICHHS PUOHHUIITBA Y INTYYHNX BOJIOMMAxX AaHOTo TUITY. ToMy po3poOka 3axo-
IB Ha PI3HUX TEPUTOPIATBFHUX PIBHAX, sIKi OyITyTh CTUMYJIFOBATH BEICHHS PUOHHIITBA HA
MaJIMX BOZOCXOBHINAX 3HAYHO TTOKPAIIUTH PUOOTOCIIONAPCHKY raly3b YKpaiHH.

[epcnekTHBY MOANBIINX HAYKOBHUX JOCHIKCHD MOJSTAI0Th Y KOMIUICKCHOMY
JOCITIDKCHHI MPOAYKIIIHHIX MOYJIMBOCTEH MaJIMX BOJOCXOBHIIL, 30KpeMa IMiBIHs YKpa-
THH, @ TAKOXX PO3pOoOLI ePEeKTUBHUX PILLICHB JUIs BEJCHHS! pUOHHULITBA Y IIMX BOJOHMAaX.

Kiro4oBi cioBa: puOHHIITBO, MaJli BOZIOCXOBHIIA, O10MPOIYKIIHHNHN TOTEHIIa,
BHJIOB pHOM, KOPMOBa 0a3a.
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IHocTranoBka npodaeMu. Po3riisn Maarx BOJOCXOBHII MBIHS YKpPAiHU 3
TOYKH 30py pUOOTOCIIONAPCHKOT EKCITTyaTallii € TOCUTh aKTyaJIbHUM Ha ChbOTO/I-
HINTHIA neHb. He quBIsYmCch Ha Te, M0 JAHOTO TUITY IITYYHI BOAOWMHU MArOTh
JIeSIKI ITPOOJIeMH Ta OOMEKEHHs, 0 BIUIMBAIOTh Ha iX pUOOrOCHOAapChKUI
MOTEHI[ia)l — BOHU BCE K TaKW MOXKYTh OyTH BUKOPHCTaHI 7151 BEZICHHS pUOHOTO
rOCIOJapCcTBa.

['0oBHOIO MPUYMHOIO BHCOKOI aKTyaJIbHOCTI PHOOTOCTIOAAPCHKOI eKC-
TTyaTallii MaJInX BOAOCXOBHIII IBIAHS YKpAiHU € Te, 10 BEACHHS pUOHHUIITBA Ha
LIUX BOAOHMMAX JIOTIOMOXKE BUPIIIMTH Ofipa3y L1y HU3Ky npobiem. [To-mepie,
3a0e3MeunTH IPOIOBOIBIY OE3MeKy HaIIOi IepKaBH, 3a0€3MEUUBIIH TPH [IOMY
HACEJICHHSI BHCOKOSIKICHOIO PUOHOI MPOAYKIIIEK; BUPIMIUTH MPOOJIEMY Haj-
MIPHOTO BHJIOBY pUOH 3 MPUPOTHUX BOJHUX 00’ €KTIB.

[To-npyre, BeneHHs: pHOHUIITBA Ha MAJIMX BOJOCXOBHUIIIAX, 3HAYHO JIOTIO-
MOYKe 301TBIINTH 3araJIbHy KUTbKICTh BUPOIYBaHHSA prOH B YKpaiHi, 0 y Maii-
OyTHbOMY MOXKE€ MaTH MMO3UTHUBHHUM €KOHOMIUHUE edekr ms aepxkaBu. Ciif
CKazaTH Mpo Te, 10 PO3BUTOK PUOHMIITBA HA MAJIMX BOJIOCXOBHIIAX Y HAHOIIIK-
Yiii MEePCHEeKTHBI MOXKE CTaTH OJHIEI0 3 BAXKJIMBUX CKJIAJ0BUX PO3BUTKY PHO-
HOTO TOCTIOZIAPCTBA HA TEPUTOPil YKpaiHH.

AHami3 ocTaHHiX mocaimkeHb i myOaikamiii. [lima HHU3Ka HAyKOBHX
Mpanb CBIAYUTH MPO Te, MO0 B YyMOBaX CHOTOACHHS TOJIOBHUM MPUHITUTIOM
BEZICHHA PUOHMWIITBA Ha MaJMX BOJOCXOBHIIAX YKpAiHH € OAep)KaHHSI MaKCH-
MaJIbHOI KUTBKOCTI pUOOTIPOAYKIIi 32 paXyHOK MIHIMAJbHUX 3aTpaT Ha KOPMHU.
YV 1p0My KOHTEKCTI CJIiJT HATOJIOCUTH Ha TOMY, II0 caMme paIioHabHEe BEICHHS
pUOHHUIITBA HAa MaJIMX BOIOCXOBHINAX PI3HOTO IPH3HAUCHHs 3abe3meduye ix
e(eKTUBHY EKCIUTyaTallifo. ¥ CBOIO 4epry, pallioHajbHa PHOOTOCIoaapchka
eKCILTyaTallisi MaJIuX BOJIIOCXOBHII 0a3yEThCSl caMe Ha OCHOBI BUCOKOPO3BHHE-
HOI MPUPOTHOI KOPMOBOT 0a3u y JaHOMY THIII IITYYHUX BofonM [1-3].

[Tonepenni HayKOBi1 HAIpaIfOBaHHSA Ta CTATUCTUYHI JDKEpesia CBiadaTh
Mpo Te, mo Ha Teputopii Ykpainu Hamiuyerbcs 1047 Maiawx BOJOCXOBHIIL,
cymapHuM 00’emom 8,42 kM?. Y TepHTOPiaJbHOMY BiHOIICHHI MaJii BOIOCXO-
BHIIIA Pi3HOTO IIJTLOBOTO IPU3HAYEHHS PO3MIIIIEHI Ha TepuUTOpii YKpaiHu BKpait
HEPIBHOMIPHO, TOJIOBHUM YHHOM ITOB’SI3aHO 3 PiBHEM IIPHPOIHOT BOI03a0e31Te-
YEeHOCTI perioHiB YKpaiHu.

VY KimpKiCHOMY BHUMIpi, HaWOUIBINA KUIBKICTH MaJMX BOJOCXOBHII]
MIpUITaJa€ caMe Ha MiBAEeHb YKpaiHU, OCKUIBKH BiH, y TIOPIBHSHHI 3 1HIIUMHU
COIIATbHO-€KOHOMIYHUMHE perioHaMu YKpaiHu, 3a0e3nedeHuil MpUupOIHUMHU
BooOMaMu Haiimente [4-5].

3 oMy Ha Te, M0 MaJjli BOJOCXOBHINA MAIOTh BUCOKI MPOIYKITIHHI MOXK-
JIUBOCTI, BEACHHS pUOHUIITBA HAa IUX IITYYHUX BOJOWMAX € JOBOJI IEPCIEK-
THBHUM HAIPSIMKOM. 3 OISy Ha 1€, BUBYEHHS CYyYacCHOTO CTaHy PO3BHUTKY
PUOHUIITBA Ha MAJIMX BOJOCXOBHINAX YKpaiHM, a TAKOK TUHAMIKH BIJIOBY PHOU
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y aHOMY THUIIi BOAOHM € JIOBOJIi aKTyaJIbHUM 3aBIAHHAM, SIKE Y MalHOyTHHOMY
MOX€ MOKPAIIUTH €KOHOMIUHY e(heKTUBHICTH PHOHOTO TOCTIONapCcTBa YKpaiHu
Ta 3a0€3MeUUTH ITPOJOBOJIBKYY Oe3MeKy il HaceneHHs [6].

MocranoBka 3aBgaHHs. Po3misHyTH Mani BomocxoBuilla YKpaiHu 3
TOYKH 30py BEIEHHS B HUX PUOHUIITBA, 30KpeMa MpOoaHali3yBaTH AMHAMIKY
BUJIOBY pUOM y JaHUX BOJOMMAX, JOCIIJUTHU 3arajibHi TCHICHIT y pUOHUIITBI
Ha MaJIMX BOJOCXOBHILAX IMiBAHA YKpaiHH YIPOJOBX OCTaHHIX II'SITH POKIiB.
JocniuTy BasKIMBICTh MAJIMX BOAOCXOBHUIN YKPaiHU 3 TOUKH 30py pUOOToCIo-
JapChKOi eKCIuTyaraltii.

Marepianau i MeToau aoCHiIzKeHHS. Y TMpoleci MPOBEICHHS TOCITi-
JDKEHHS, OyJI0 BUKOPHCTAHO CTaTHCTHYHI Marepianu [lepkaBHOI ciny:xOu cTa-
TUCTUKU YKpaiHu. TeopeTHYHOI OCHOBOIO JIOCHIJKCHHS CTaJId TOINEPeIH]
HAayKOB1 HampaI[fOBaHHS I0JI0 OCOOJUBOCTEN (DYHKIIOHYBAaHHS MaJluX BOJO-
CXOBUII YKpaiHH, 30KpeMa ii TiBASHHOTO PErioHy.

3a 1omomMororo rpadiyHOro, CTaTUCTUYHOTO, MOPIBHSJIBHOTO Ta MaTeMa-
TUYHOTO METOJIB OyJ0 MPOBENEHO aHalli3 TUHAMIKA BHJIOBY pHOM Ha Malux
BOJIOCXOBHIIAX B I[JIOMY 10 YKpaiHi, a TaKOX B il MIBIEHHOMY PETiOHI 30KpeMa,
IO JTO3BOJIWJIO BUSIBUTH T€, 1[0 HE3BA)KAIOYM HA HETaTWBHY JAWHAMIKY BHJIOBY
puOH YIPOAOBK OCTaHHIX M’ATH POKIB, TAHOTO THITY IITY4YHI BOAOHUMH € Tiep-
CIICKTUBHUMH 00’ €KTaMHU JUIsl BEJICHHS PUOHUIITBA.

Pe3ynbTaTn gociimkenb. Y mporeci JOCHIDKEHHs OyJ0 mpoaHamizo-
BaHO CTAaTHCTHYHI MaTepianu JlepaBHOT cIykOM CTaTUCTHKH YKpaiHU MIOA0
JUHAMIKW BHJIOBY pUOM y MaluX BojocxoBuiax Yipainu 3 2016 mo 2020 pokn
(pucynoxk 1).

3 pucysky 1, Mu 6aunmo, mo y nepion 3 2016 mo 2020 poku BUIIOB prOH Y
MaJIMX BOJOCXOBHINAX YKpalHU Mae HecTaOuIbHI TeHaeH i y 2016 porii BHIOB
pubu cTaHOBUTH 3,5 THC. TOHH; 10 2018 poKy BiH 3HHXKYETBCS 110 2,9 THC. TOHH;

3,5
3,2 29 3.1 33

N W A

O0bcsir 3arajJibHOTO
BWJIOBY puoH, THC.
TOHH

2016 2017 2018 2019 2020
Poxn

Puc. 1. Ilnnamika BHJI10BY pUOH Y MAJIMX BOAOCXOBHIIAX YKpaiHu
32016 mo 2020 poxu

Pospobneno asmopom 3a [7-8]
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nounHarouu 3 2019 poky BUIIOB puOM y MajuX BOJOCXOBHIIAX MOYNHAE 30111b-
uryBatuch i yxe B 2020 pori cTaHOBHUTH 3,3 THC. TOHH.

Takum yuHOM, MPOAHATI30BaHI CTATUCTUYHI MaTepiayiv CBi4aTh Mpo Te,
110 32 OCTaHHI I1’ITh POKIB BUJIOB pUOM Ha MaJIMX BOJOCXOBHIIAX YKpaiHU Mae
HeCcTaOUIbHI TEHIEHIIIT, poTe Micist yumaiioro crany y 2018 potri, Bce x Taku
MOYHMHAE MOCTYIIOBO 301IbIIYBATHCh.

Cxoxy 13 3araJbHOyKpaTHCHKOI JMHAMIKO BUJIOBY pUOU, € JIMHAMIKA 1
B MIBJCHHOMY COIliaJIbHO-€KOHOMIYHOMY perioHi Ykpaiuu (pUCYHOK 2).

o,:; 0,8 0 0,8 08
0,6
0,4
0,2

0 __BN BN BB
2016 2017 2018 2019 2020
Poxu

OO0cHATr 3araJJbLHOro
BUJIOBY PUOM, THC. TOHH

Puc. 2. lunamika BUI0BY pHOH Yy MAJIMX BOAOCXOBHIIAX MiBIHA YKpaiHu
32015 no 2020 poxu

Pospobneno asmopom 3a [7-8]

Tak, BusBneHo, mo npotsarom 2016-2020 pokiB oOcsru BHIOBY puOH
Ha MaJIUX BOJOCXOBHINAX MIBAHS YKpaiHNM MarOTh HE3HAYHI HETaTWBHI KO-
BaHHA (PUCYHOK 2), ipoTe yxke y 2020 pori MmiIBHITYIOTECS A0 PIBHS BUJIOBY
2016 poxy.

Ha miBaens Ykpainu, cranom Ha 2020 pik, mpumnagae 124 manux Bogocxo-
BHIIIA, IIT0 CTAaHOBUTH 11,6 % Bij 3araibHOI KITLKOCT1 BOIOCXOBHII] HA TEPUTOPIT
VYkpaiau. Bimomi HayKoBi HampaImroBaHHS CBiIT4aTh MPO TeE, IO Majli BOJOCXO-
BHIIA MIBAHS YKpaiHU MalOTh HAMBHUIIKH PiBEHb PO3BUTKY IPHUPOIHOT KOPMOBOT
0a3u TOPIBHSIHO 3 MaJUMH BOJOCXOBHIIAMH IHIMUX COIaJThHO-CKOHOMIYHUX
perioniB Ykpainu. Takuii piBeHb PO3BUTKY MPUPOIHOI KOPMOBOI 0a3u Maynx
BOJIOCXOBHII TIBIHS YKpaiHU OB’ S3aHUM TEBHOIO MIpOIO 3 OiTBIIT BUCOKUMHU
TEMIIEPAaTYPHUMHU MOKAa3HUKAMH y TOPIBHSIHHI 3 IHIINMH PEeTiOHaMH YKpaiHw,
10 € TOCUTH CIIPUSATINBHUM JIJIsI PO3BUTKY TUIAHKTOHHHUX (DOPMYBaHb Y JaHOMY
T BogonMm [9—-10].

Crin 3a3HAYUTH, 10 YIIPOJOBK OCTAHHIX POKiB, MaJli BOJIOCXOBHIIA TIiB-
IHS YKpalHu CTaloTh e MPUBAOTUBIITUME 1T PUOOTOCIIONAPCHKOT €KCILTY-
aTarlii, 10 TOB’S3aHO 3 TIOOAIBPHUMH KIIMATHYHUMHU 3MiHaMH. Y 3B’S3Ky 3
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MOCTYMOBUM HOTEIUTIHHAM KJiMary, TeMIleparypa MoBIiTpsl Ha MiBIHI YKpaiHu
IIOCTYIOBO MiJABHIIYETHCS, TI0 MO3UTHBHO BIUIMBAE HA TPUBAJICTh BETETAIlili-
HOTO Tepioy Ta PO3BUTOK MPUPOAHOI KOPMOBOI 06a31 y MalluX BOJOCXOBHUILAX.

3 omisity Ha Te, 10 MaJjli BOJOCXOBHUINA MIBIHS YKpalHH MatOTh BUCOKHIA
MOTEHIIa 3 TOYKH 30py IX pHOOrocnomapchbkoi eKcIuryarallii, BUPOLIYBaHHS
pubu B HUX NOTPiOHO 30ubIIYBaTH. J[J1s1 1[LOTO, HEOOXITHO PO3POOUTH LLTY
HU3KY 3aXOJiB Ha BCIX TEPUTOPIaJbHHUX PIBHSIX: HAI[IOHAILHOMY, pEriOHalb-
HOMY Ta JIoKaJibHOMY. Lle MaioTh OyTH peryisiTUBHI, HOPMaTHBHO-IIPABOBI Ta
MIPUPOIOOXOPOHHI 3aX0u. PerynsTiBHI 3aX011 MOBUHHI MaTH Ha METI Ha BCIiX
TEPUTOPiabHUX PIBHSX 31HCHIOBATH PETrYIIOBaHHS pHOOT0CIOAapPCHKOT Tisib-
HOCTI Ha MaJjMX BOJOCXOBHIIAax. HopMaTHBHO-IPaBOBI 3aX0qu MarTh 0a3y-
BaTUCSl HA HOPMATHBHUX MOKa3HUKaX BHJIOBY PUOM 3 JTAaHOTO THITy BOJOWM Ta
MIPaBOBOMY PETYJIIOBAaHHIO MPOBEACHHIO PUOOTrOCIIONAPCHKUX 3aX0/IiB Y MalluX
BopocxoBumax [11].

PuOHUIITBO, HA MamuX BOJOCXOBHINAX IIBAHS YKpaiHUM Mae OyTH He
nvme eQekTUBHUM, ane i Oe3neyHuM 3 eKOJNOTiYHOT ToukHu 30py. EdexTuBHe
Ta eKOJIOTo-0e3neuHe pHOHHMLTBO Ha Majux Bogocxosumiax [liBgHs Ykpainn
norpedye TOTpUMaHHS PsiLy NPUHLMUIIIB, SIKI CIIPSIMOBaHI Ha 30epeKeHHS PH-
POAHOTO cepeoBuIIa Ta 3a0e3MeYeHHs CTIHKOTO PO3BUTKY PHOAILCHKOT raiy3i.
J1o TOIOBHUX TPUHITUITIB €KOJIOTr0-0€3MeYHOr0 BeICHHS PUOHUIITBA HA MAJIUX
BojocxoBuiiax IliBaHs Ykpainu ciijn BigHecTn HacTymHi [12—13]:

— palioHaJbHE BUKOPUCTAHHS MPUWICTIHX 3€MEIbHHUX AIISTHOK HaBKOJIO
MaJIuX BOJOCXOBHUIIL. [1i/1 UM MPUHITUIIOM 3a3BUYal PO3YMIIOTh T€, 10 3eMEIIbHI
JUISTHKY TI00JIM3Y MaJIMX BOJIOCXOBHII TOBUHHI OyTH 00J1a/IHaH] BC1€I0 HEOOX1/1-
HOIO JUIs Be/IeHHsI puOHHIITBA 1HPPACTPYKTYpOIO, 30KpeMa: Miclis Al pubaib-
CTBa, AOPIXKKH, MapKOBKU Tomlo. [Ipu mpomy Bes iH(ppacTpyKTypa MOOIH3Y
MaJIMX BOJOCXOBHII Ma€ OylyBaTHCh 3 ypaxyBaHHSM HOPM €KOJIOr0-0€3e4HOr0
MIPUPOIOKOPUCTYBAHHS 37151 TOTO, 00 YHUKHYTH 3a0pyAHEHb AHOTO THUILY
BOJIONM;

—3a0e3mnedeHHs 30epekeHHsT 010pi3HOMAHITTS MayuX BomocxoBuil. [1if
UM TPUHIMIIOM MAEThCS Ha yBa3i Te, 10 PHOHMIITBO HA IITYYHUX BOIOWMAx
Ma€ TMPOBOJUTHCH 3 YPaxyBaHHSM BCIX €KOJOTTYHMX HOPM Ta HE LIKOJUTH
010pi3HOMaHITTIO Majux BojocxoBull. ToOTO, puOHE CTaI0 MalIUX BOAOCXO-
BUIIl Ma€ MiATPUMYBATHCh Ha CTa0ITBHOMY DiBHI 3aJisi TOTO, 1100 YHUKHYTH
3 OJHI€T CTOPOHM — MEpEeHaCEICHHS ITYYHUX BOJONM, a 3 1HIIOI — BiAMHUpaHHS
rizpo6ioHTiB;

—3aCTOCYBaHHS Yy IMPOLECi BEJCHHS PUOHMIITBA €KOJIOTIYHO OC3MEYHUX
TexHoJIoTiH. Puborocmnonapchka JisIbHICTh HAa MaJTUX BOJIOCXOBHUIIAX TIOBUHHA
BECTHUCEH 3 JOIMOMOIOI0 O€3MEYHUX METO/IB Ta TEXHOJIOTIH, sKi 6 OJHOYACHO 1
3a0e3MedyBajii BUCOKY SIKICTh TOBapHOi puOH, 1 MiHIMI3yBaJld BIUIUB Ha BOTHY
EKOCHUCTEMY;
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—3a0e3MeueHHs] PaliOHaJbHOTO BUKOPUCTAHHS BOAHUX PECYpCiB.
OCKIIbKH €KOCHCTEMa MAJIOTO BOJJOCXOBHIIA € CEPEOBUIIIEM ICHYBaHHS puoH,
TO 11 palioHaNbHE BUKOPUCTAHHS 3 YPaxXyBaHHSM €KOJIOTIYHUX HOPM € JOCHUTH
B)KJIMBHM Ta aKTyaJIbHUM Yy MIPOIIEeCi BeICHHS PUOHHIITBA.

Tomy BuIICHaBeIEH] 3aX0AX IOI0 BEJCHHS PHOHHIITBA HA MAJIHUX BOJO-
CXOBUIIAX YKpaiHM J03BOJSATH HE JIMIIE HAJaroluTH EKOHOMiYHO-BHTiJIHE
BUPOIIYBaHHS TOBapHOI prOH, ajie i 3HaAYHO MOKPAIaTh EKOJIOTTUHUHN CTaH UX
LITYYHUX BOJOUM.

BucHoBku. Takum 4MHOM, Majii BOJOCXOBHIIA PI3HOTO I[1JILOBOTO MPH-
3HauCHHs HaOyJIH Ha TEPUTOPii YKpaiHH 3HAYHOTO MOUIMPEHHS. AHAIII3 CTaTHC-
TUYHUX MarepiajiiB JO3BOJHMB BUSBHUTH, IO 3arajbHa KiJbKICTb MalHUX BOJO-
CXOBHII HAa TepuTOPii YKpainu ckianae 1047 BOJOCXOBUII, HA MIiBICHb YKpaiHU
npurnajae 124 BogocxoBwila, mo cTaHoBUTh 11,6 % Bij iX 3arajabHOT KiTBKOCTI
o Ykpaiui.

AHauni3 IMHaMiKH BUJIOBY pUOHM IO MallMX BOJOCXOBHIIAX SIK YKpaiHH B
iJIOMY, TaK 1 1 MBJAEHHOTO PEerioHy 30KpeMa, MOoKa3aB, 10 32 OCTaHHI I1’STh
POKiB OyJIO0 MOMITHMM 3MEHIIECHHSI BUWIOBY pUOU 31 IITyYHHX BOAOMM JaHOTO
TUmy, npote yxxe y 2020 pori craja NOMITHOK cTaliii3allisi BUJIOBIB 0 PIBHS
2016 poxky. Taki TeHaeHIIIT cBiI4aTh PO Te€, IO Malli BOJOCXOBHUIIA YKpaiHU
JIIACHO MarOTh MOTEHIIIAJ [T BEJICHHS PUOHUIITBA.

Ha nanomy erarti coniaibHO-€KOHOMIYHOTO PO3BHUTKY YKpaiHH, BEICHHS
PUOHHUIITBA B MaJIUX BOJIOCXOBHIIAX HE HAOYJIO PO3MOBCIOMKEHHSI, 10 TIOB’sI-
3aHO TICBHOIO MIpOK 3 BIJICYTHICTIO JIOCTaTHHOI KIJBKOCTI HAyKOBUX JIOCIIi-
JOKEHb JaHUX BOJIOWM Ta BIJIICYTHICTIO €(DEeKTUBHHX Jep>KaBHUX 3aXOJiB, sKi O
CTHMYJTFOBAII PO3BUTOK PUOHMIITBA HA MaJIHUX BOJOCXOBHILAX.

VY mepcrekTuBi, HeoOXigHa po3poOKa AepPIKaBHHUX, PErYJIIOI0UNX Ta HOP-
MaTHBHO-TIPABOBUX MEXaHI3MIB BEJEHHS PUOOTOCIONAPCHKOT MisIIBHOCTI Ha
BCIX TEpUTOPiaJbHUX PIBHSAX — HALlIOHAJHHOMY, PETIOHAIBHOMY Ta JIOKAJb-
Homy. Lli 3axoam JOMOMOXKYTH MOKPAIIMTH CTaH BITUM3HSHOI prOOrocmonap-
CBhKOI raJty3i 3a paxXyHOK BEJICHHS pUOHMIITBA B MAJIUX BOJOCXOBHINAX YKpaiHU
Ta JOCATTH MaKCHMAJIbHOTO €KOHOMIYHOTO e()eKTy 3a paxyHOK MiHIMalabHUX
3aTpar.
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Most of Ukraine’s water resources are made up of artificial water bodies, including
small reservoirs for various purposes. This type of artificial water bodies was created by
purposeful human activity to meet a number of national economic needs. However, due
to their production capacity, small reservoirs have significant fishery potential.

Due to the gradual temperature rise over the past few decades, small reservoirs,
especially in the southern part of Ukraine, have seen an increase in the number of
planktonic formations, i.e. the natural food base, which further increases the potential of
these artificial reservoirs for economically viable fish farming using the natural food base.

Therefore, the study of the dynamics of fish catch from small reservoirs is a
rather relevant topic, as it will allow to identify existing general trends and outline the
prospects for further development of fish farming in small reservoirs of Ukraine.

The purpose of the article is to study the dynamics of fish catch in small reservoirs
of Ukraine.

The object of the study is small reservoirs of Ukraine.

The subject of the study is the analysis of the dynamics of fish catch in small
reservoirs of Ukraine.

The following methods were used in the study: statistical, mathematical,
graphical, and comparison.

An analysis of statistical data showed that over the past five years, there has been
a slight decline in fish catch from small reservoirs both in Ukraine as a whole and in the
southern region in particular, but in 2020 this indicator stabilized at the level of 2016. This
trend is evidence that small reservoirs within Ukraine have prospects for fish farming, but
the lack of sufficient scientific research and effective measures by the state to promote
them hinders the process of increasing fish farming in artificial reservoirs of this type.
Therefore, the development of measures at different territorial levels that will stimulate
fish farming in small reservoirs will significantly improve the fishery industry in Ukraine.

Prospects for further scientific research are a comprehensive study of the
productive capacities of small reservoirs, in particular in the south of Ukraine, as well as
the development of effective solutions for fish farming in these reservoirs.

Key words: fish farming, small reservoirs, bioproductive potential, fish catch,
food base.
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The article analyzes the available literary sources that highlight the issue of stud-
ying parasites and symbionts of crayfish in the reservoirs of Ukraine and Europe. Cray-
fish (of the genus Astacus) are an integral part of the Dnieper-Buzka estuary.

These are the only edible invertebrates in the freshwater reservoirs of the region.
High taste qualities put them in the category of delicacies and determine a stable de-
mand on the world market.

Until the middle of the 20th century, crayfish were a traditional object of fishing
in the reservoirs of Europe. It was concluded that high taste qualities put them in the
category of delicacies and determine a stable demand on the world market, but currently
many industrial areas have lost their importance due to a significant decrease in the
number of these hydrobionts for various reasons.

Crayfish are unstable species, and their numbers can change dramatically over
time. For this reason, studies aimed at identifying the factors that determine the dynam-
ics of the number of crayfish in reservoirs, especially under the influence of diseases of
various etiologies, are of great importance.

Scientifically based fishing is impossible without a preliminary study of ques-
tions about the size of crayfish stocks, the dynamics of its number, features of distribu-
tion, distribution among them parasites and symbionts of other aspects of its biology. In
this regard, studies of the ecological and morpho-physiological variability of crayfish
depending on living conditions, the level of parasitemia, as well as the density, number
and size-sex structure of the population are of considerable interest, the study of which
has received relatively little attention until now.

Knowledge of the regularities of these relationships will allow, on the basis of
relatively simple methods of morpho-physiological and parasitological indicators, to
quickly assess the state of the population exposed to any adverse conditions, in particu-
lar, intensive fishing.

Based on the study of literature data on the fauna of crayfish parasites and symbi-
onts, morpho-physiological variability and ecology of long-finned crayfish populations,
separate scientifically based bases of rational fishing for the region were proposed.

Key words: crayfish, population conditions, pathogens, crayfish symbionts, cray-
fish diseases, crayfish parasites, microsporidia, pathogen fungi, crayfish bacteria.
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Relevance of the task. Crayfish (from the genus Astacus) are an integral
part of the Dnieper-Bug estuary. These are the only food invertebrates in the
freshwater reservoirs of the region.

High palatability puts them in the category of delicates and determines
the stable demand in the agricultural market. Until the middle of the 20th cen-
tury, crayfish were traditional object of fishing in the waters of Europe.

At present, many industrial areas have lost their importance due to a sig-
nificant decrease in the number of these hydrobionts. In the lower reaches and
the Dnieper there are natural reserves that allow for the extraction of crayfish,
but the volume of catches over the years of catfish repeatedly removed.

V. D. Rumyantsev [3], who was engaged in the study of crayfish, noted
that they belong to non-stable species, and their number can change signifi-
cantly over time. The number of crayfish in the water is important.

The solution of this problem is the starting point for the development
of measures for the conservation and increase of crayfish stocks in the region,
while maintaining the number and population at a level sufficient for fishing.

Long-toed crayfish are valuable objects of fishing due to the exception-
ally high taste and nutritional value of meat, which contains up to 16 % protein,
0.5 % fat, all essential amino acids, as well as lipids, biologically active sub-
stances and trace elements [4].

The taste of the meat of the crayfish, which includes the long-clawed
crayfish, surpasses the taste of the meat of marine crustaceans (lobsters, crabs,
lobsters). The hard outer integuments of cancer have a significant amount of
calcium salts (46 % calcium carbonate, 1 % calcium phosphate) and can be used
for the preparation of fodder meal. Adding this flour to chicken feed increases
its egg production by 20 % [5].

In the areas of traditional fisheries: North-Western Europe, Belarus,
Ukraine — the production of crayfish in recent years has a downward trend,
which is caused by a decrease in stocks as a result and excessively intensive
exploitation. individual populations of crayfish, as well as the integrated
use of water bodies by industry and agriculture (water intake, discharge
of industrial effluents), which leads to their shallowing, pollution and
overgrowth. All this necessitated research on the biology of these inverte-
brates in regions where cancer had not been mined before, and its reserves
remained unused [6—8].

Conducting a scientifically based fishery is impossible without a pre-
liminary study of the size of long-clawed crayfish stocks, the dynamics of its
numbers and, the peculiarities of the distribution, distribution of parasites and
symbionts among them, another aspects of its biology.

Of great interest, in this regard, are the studies of the ecological and mor-
pho-physiological mortality of crayfish depending on the living conditions, the
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level of parasitism, as well as the size, number and size of the population. The
study of which has received comparatively little attention so far.

Knowledge of the laws of these relationships will allow, on the basis of
a relatively simple method of morpho-physiological and parasitological indica-
tors, to quickly assess the state of the population, which is exposed to the influ-
ence of any unfavorable conditions, in particular, intensive fishing.

Research analysis. River crayfish have long been a classic object of zoo-
logical researchers.

Huxley’s monograph [1] “Cancer. Introduction to the Study of Zoology”.
It contains data on the taxonomy, anatomy, physiology of crayfish, which have
not lost their importance at the present time. The taxonomy and classification
of crayfish was carried out by outstanding scientists Kassler, Shishkovich,
Skorikov.

Detailed studies of the state of crayfish populations as objects of indus-
trial use in the water bodies of Ukraine were carried out 30—40 years ago [32,
33, 35, 37], when crayfish were considered as a separate element of the raw
material base of the fishery. More modern, modern studies, since the industrial
use of crayfish was de facto carried out in the by-catch mode in fishing, relate
mainly to the problems of artificial reproduction and rearing of crayfish in aqua-
culture [32, 36].

The crustacean plague, which devastated many crustacean reservoirs at the
turn of the century, attracted the attention of many researchers both in Ukraine and
abroad [12, 13]. In recent years, the problem of the crustacean plague was dealt
with: Kamoe K., Karafazlieva R., Kovacheva N. P., Kozlov V. L.

The largest number of studies is devoted to the classification, biology,
and distribution of crayfish in various regions of the USSR and abroad. Of the
foreign ones, it should be noted the work of André “Crayfish of France”, which
contains a number of original data [15].

Statement of the task. We have made an attempt to analyze the available
literature on parasites and symbionts of freshwater crayfish in the waters of
Europe. The analysis is actually a retrospective, since scientific research in this
area is currently almost not carried out.

Based on the study of the literature data on the fauna of parasites and
symbionts of the crayfish, morphophysiological variability and ecology of long-
clawed crayfish populations, separate scientifically grounded bases of rational
fishing for the region were proposed.

To achieve this goal, the following tasks were set:

1. To conduct morphometric and morphophysiological from the popula-
tions of long-clawed crayfish in the Lower Dnieper region.

2. To carry out an analysis of parasitological studies of cancer in order to
determine the species composition of parasites and symbionts.
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3. To give proposals and recommendations for the safe development of
industrial stocks of crayfishing veterinary and sanitary terms.

Research results. Various diseases of crayfish, primarily fungal, cause
epizootics in them, undermining their reserves and leading to complete death.
The most dangerous disease of crayfish is the crustacean plague, which causes
enormous damage to their population and has completely destroyed crayfish in
a number of reservoirs in Western and Eastern Europe.

Crayfish plague entered the territory of Ukraine in the 80s of the nine-
teenth century (the mouth of the Danube), and in the early 90s, the death of
crayfish on the Dnieper, Neman was noted [18].

The second outbreak of plague was observed in the 20s of the last century.
In some reservoirs, this disease periodically occurs at the present time. Crayfish
plague has been repeatedly recorded in the reservoirs of Lithuania, Estonia, and
Latvia.

The plague of crayfish is mentioned by V. O. Mikha, Y. V. Kuchin,
I. A. Podyapolskaya, K. N. Budnikov, F. F. Tretyakov, A. V. Ivanov, Y. M. Zuck-
erzis, report on the spread of cancer plague in the reservoirs of Western and
Eastern Europe, describe the symptoms and course of the disease, precautions
related to the prevention of the disease.

The causative agent of crayfish plague is the fungus Aphanomyces astaci
Sohikora, 1903, which parasitizes the shell, joints of walking legs, and the ner-
vous system of cancer.

Sick crayfish move on characteristically straightened limbs, convulsively
twitching them, stand on outstretched legs and abdomen, fall on their sides, roll
over on their backs. Penetrating the nervous system, the fungus often grows
outward through the eye or other openings of the body. On the eyes and joints
of the limbs of the cancer patient, white growths of mycelium appear, visible to
the naked eye. About eight days after infection, the cancer dies.

However, despite the enormous damage caused by the plague to the cray-
fish population, the study of the causative agent of the disease and the develop-
ment of measures to combat it is still not given enough attention.

Another fungal disease common in many areas of Ukraine is rust-spotted
crayfish disease.

For the first time, the causative agent of this disease was isolated — the
fungus oidium astaci and the rusty-spotted disease in crayfish of water bodies
in Estonia was described in detail by scientists E. Gappich and B. Grimm [28].

Jarvekiilg notes that this disease has been registered in more than 75 %
of water bodies in Estonia (the extensiveness of infection ranged from 0.7 to
53.5 %) and indicates that the extensiveness of the invasion depends on the fre-
quency of cancer molts, and the highest infection begins after the transition of
crayfish to one or two molts per year [29, 30].
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Mazhilis A. A., Sestokas 1. A. register rusty-spot disease in water bodies
of Latvia; V. P. Koval, E. G. Boshko, A. S. Pashkevi¢iiité — in some reservoirs of
the Dnieper basin in Ukraine [7].

The causative agent of rusty-spotted disease is the fungi Oidium astaci
Happich, 1900; Septocylindrium eriochier, Menn et Pieplow, 1938; Ramularia
astaci Mann et Pieplow, 1938 —y broad-clawed crayfish and Cephalosporium
leptodaotyli, Menn, 1940, y long-clawed.

Fungal hyphae grow in the thickness of chitin, forming channels in it, and
permeate the muscles of the animal.

Externally, the disease manifests itself in the development of rounded,
brown or black spots (up to 3 cm) on the carapace, the upper side of the claws,
and on the abdomen, often colored red edges, In the center of the spot, chitin
softens, collapses and exposes muscles.

According to experts, rusty-spot disease rarely causes mass death of cray-
fish [17, 21], but A. D. Jarvekiilg [29, 30] notes the high pathogenicity of the
disease for crayfish in Estonian water bodies.

Due to its relatively slow spread, it does not cause rapid and mass death
of crayfish in water bodies, but weakens them, causes them serious functional
disorders, reduces fertility.

K. M. Budnikov and F. F. Tretyakov, G. K. Petrushevsky [8] describe in
detail the clinic of rusty-spotted disease. In addition to plague and rust-spot-
ted disease, cancers are often susceptible to diseases caused by microsporidia
Thelohania contejeeni Henneguy, 1892.

Microsporidia parasitize the skeletal muscles, heart muscle and ovary of
crayfish. The affected muscles and organs acquire a milky white color, due to
the fact that the ripe spores of the parasite strongly refract light. Hence, cancer
microsporidiosis is often called porcelain disease.

Microsporidiosis, a chronic disease of cancers with obvious signs of dis-
ease (white muscles), lives for a long time and sheds, but the disease is con-
stantly progressing and as a result leads to the death of cancers [9].

Porcelain crayfish disease was first diagnosed in Lithuania by I. A. Sesto-
kas [21], who reports that the average extensiveness of infection of crayfish with
microsporidia here was 0.28 %.

V. N. Voronin describes in detail the life cycle of the parasite, its patho-
genic effect on the host and the ways of infection with it.

According to V. N. Voronin [10], the extensiveness of invasion of river
crayfish by microsporidia in most reservoirs ranged from 0.35 to 2.75 %,
depending on the place and year of the study.

L. K. Grapmane, A. J. Brenze, L. D. Kairi, Z. Mazitis [ 15] register porce-
lain disease of crayfish in the water bodies of Latvia, and A. A. Mazhilis — in the
water bodies of Lithuania.
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Methods for diagnosing river crayfish diseases are indicated by
L. K. Grapmane and A. Y. Brenze [11].

In addition to the above-mentioned pathogens, a number of parasites and
symbionts belonging to systematic groups of invertebrates, the impact of which
on the host has not yet been sufficiently clarified or not clarified at all, have been
found in river crayfish of water bodies of Ukraine.

In the works of domestic authors, as well as in the world literature, there
is most information about the presence of four species of oligochaetes of the
family Branchiobdellidas in crayfish — Branchiobdella paraeita (Braun, 1805,
Henle, 1835); B. astaci (Odier, 1923); B. pentodoata (Whitman, 1882); B. hex-
odonta (Gruber, 1883).

Branchiobdella parasita lives on the shell, limbs, antennae and anten-
nules of crayfish, registered in the water bodies of Estonia, Lithuania, and the
western regions of Ukraine [12, 14].

A. Grigialio [12], J. Zuckerzio [19], A. A. Mazhilis [23, 24] register
Branchiobdella astaci in crayfish of Lithuanian water bodies, and according
to A. A. Mazhilis [25, 26], the infestation of crayfish with this oligochaete in
different water bodies ranges from 20 to 83 %.

Jarviekilg [28, 30, 31] reports on Branchiobdella astaci in crayfish of
water bodies of Estonia, Z. Mazitis, 1. Pekarevich, N. Sloka, L.. K. Grapmane
found this species in crayfish of lakes of Latvia. According to the latest authors,
the extensiveness of infection of river crayfish with Branchiobdella astaci was
54.9 and 73.0 % with an average infestation intensity of 0.9 to 2.6 per individual.

Branchiobdella astaci has a great pathogenic effect on the body of cray-
fish. Adult parasites feed on the host’s blood; Cocoons, fixed on the gill fila-
ments, cause suppuration of the latter, which often leads to the almost complete
destruction of the gills. Branchiobdella pentodona usually lives on the shell of
crayfish and its limbs, less often in the gill cavity, where it lays cocoons.

In Ukraine, Branchiobdella pentodona was found in crayfish of the Kak-
hovka reservoir and the Southern Bug [3, 7] with an extensiveness of invasion
of 75.2 and 46.6 %, respectively. A number of features in the morphological
structure of oligochaetes of this species have been noted, which distinguish
them from the descriptions available in the literature.

In addition to the species of the genus Branchiobdella, oligochaetes of
the family Aeroionomatidae were found in river crayfish of water bodies of
Ukraine, which were assigned to a new species of the genus Aeroionoma —
A. markewitschi Boscbko et Peechkewit, 1975 [3-7].

It has been established that these oligochaetes live in the gill cavity of
long-toed crayfish in huge numbers. The maximum number of parasites in one
crayfish in the Kakhovka reservoir reached 1241 ind. with an extensiveness of
infestation of 91.7 % [6, 7].
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The average number of oligochaetes of this species in different water
bodies of Ukraine ranged from 16.5 to 255 ind. [3-7].

The pathogenic effect of A. merkewitachi on the host organism has been
noted [7]. In the literature there is information about the detection of ciliates,
spore moths, trematodes, nematodes, rotifers, copepods, ticks, flyfish in crayfish.

In cancer larvae, A. merkewitachi covers the antennae, oral appendages,
ventral legs, abdomen, caudal fin, and even eyes. On an antenna 5 mm long in
one of the larvae, these authors counted 2396 specimens. ciliates.

The strong development of “fouling” with ciliates prevents crustaceans
from moving and feeding normally. The molting of crayfish takes place with this
disease with a lot of care. In the river crayfish of some water bodies of Ukraine,
round-ciliates of the genus Sothurnie, Ehrenberg, 1832 [4, 5] and representa-
tives of the genus Sothurnie were found Urceolariidas [7].

Spore moths Psorospermium haeckelli, Hilgendorf in crayfish have been
recorded in water bodies of Lithuania [20] and Ukraine [5].

According to A. A. Mazhilis, spore cells are found in the hindgut, anten-
nal glands, muscles, gills, gonads, hepatopancreas, cardiac sac and eye stalks.

In crayfish, trematodes of the genera Astacotrema, Minarorohipedium u
Meritreme have been found. These trematodes occur mostly in an encysted state
in the gonads, muscles, and connective tissue of the abdomen, cephalothorax,
and legs, as well as in the walls of the intestines, stomach, and heart.

The most common species is Astacotrema tuberoulatum (Zawedowsky).
There is no consensus on the pathogenic effects of aotacotreme on the host.

Trematodes belonging to the genus Maritrema micoll, 1907 were regis-
tered in river crayfish of water bodies of Ukraine [4, 5]. These trematodes are
found in the gill cavity of crayfish in an encysted state.

According to E. G. Boshko nf others [5], 80 % of the studied crayfish
of the Sula River (left tributary of the Dnieper) contained Maritrema metacer-
cariae in the gills and the average intensity of their invasion was 20.3 ind.

In the above literature, there is information about the presence of nema-
todes, rotifers, copepods and ticks localized in the gill cavity of crayfish. Nem-
atodes are found in the gill cavity of crayfish quite rarely (the extensiveness of
their invasion in different reservoirs ranged from 4 to 13.3 %).

Rotifers of the genus Lepedella (Borry de St. Vincent), 1826 were
recorded in crayfish of the Kakhovka reservoir [7], the rivers Sluch [4] and Sula
[5] (Dnieper basin). In the crayfish of the last two reservoirs, rotifers Dicrano-
phorus hauerianue, Wiszniewski, 1939 were found.

Copepods of the genus Nitocrella, Chappuls, 1924, which are ubiquitous
in the gills of crayfish of the Dnieper basin [3-5, 7]. In 100 % of the studied
crayfish, they were found in the Sula River [5]. The number of copepods in one
individual of crayfish ranged from 4 to 17 specimens.
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In some water bodies of Ukraine, parasitic hydrachnelles at the imaginal
stage of development, and those in the nymph stage were found in the gills of
crayfish [4].

According to the available literature data of domestic authors, sometimes
large colonies of bryozoans develop on crayfish, which are the cause of the
weakening and death of old crayfish that do not molt.

Conclusions. In conclusion, it should be noted that the establishment of
the species composition of parasites and symbionts of river crayfish of industrial
water bodies, in particular in Ukraine, makes a significant theoretical and prac-
tical sense. Of great interest should be studies on the study of life expectancy,
life cycle, seasonal and age dynamics of the number of branchiobdella and hair,
the role of individual species in the pathology of crayfish. Very rich in species
that belonged to different taxonomic groups. But there is almost no scientific
research in the field, with some exceptions [38].

Taking into account the ever-growing interest in the industrial extraction
of crayfish (in 2015 their fishing was resumed in the Kyiv reservoir, since 2017
in the Kremenchuk reservoir), a comprehensive study of the river crayfish as an
object of special use of aquatic bioresources is becoming relevant.

CTAH BUBYEHOCTI NMAPA3UTIB
TA CUMBIOHTIB PAKIB

Onighipenko B.B. — k.6em.n., Ooyenm,
Pymma O.B. — acucmenm,
Xepcorncoruii OepoicasHuil azpapHo-eKoHOMIYHUIL YHIGepcumen,
Ounigipenxo I1.B. — Flekkefjord VGS INAA Blue Nature Use
(Blue Nature Use Branch, Hopseczis, Flekkefjord)

VY crarTi 3pobieHo aHali3 JOCTYITHUX J'IlTepaTypHI/IX JOKepell, sIKi BUCBITIIIOIOTh
MUTAaHHS BUBYCHHSI MTAPA3UTIB Ta CUMOIOHTIB PIYKOBUX pakKiB y BopoMax YKpaiHH Ta
€Bpormn.

Paku (3 pony Astacus) € HEBiJ'€MHOIO YaCTHHOIO Z[HinpOBCLKO By3bkoro
ecryapito. Lle enuni xapqom 6e3xpe6eTH1 B IPICHOBOJTHUX BOZOHMAax per10Hy

Bucoki cmakoBi SIKOCTI CTaBiIsITH iX B pO3psA JA€TiKaTeciB 1 BH3HAYAIOTh
crabutpHui nonut Ha CBiToBOMY pHHKY. Jlo cepemunu 20 CTOMITTS PIYKOBI paku Oyiau
TPaIUIiTHAM 00’ €KTOM IIPOMUCITY B BOJOHMAaxX €BpOMH.

3po0IreHO BUCHOBOK, III0 BUCOKi CMaKOBI SIKOCTI CTaBIIATH iX B PO3PSA AeITiKaTeciB
1 BH3Ha4YalOTh CcTabimpbHUN monmuT Ha CBITOBOMY pHHKY, ajle B JaHUW dYac Oararo
IIPOMUCIIOBUX paf/'IOHiB BTPATIJIU CBOE 3HAYCHHS Yepe3 3HAYHE 3HMIKCHHS YHCEIBHOCTI
LUX r1J:[p0610HT13 3 p13an TPUYHH. Paku BiHOCATBCS 10 HECTAOUIBHUX BHIIB, 1 1X
YHCEJIFHICTD 3/1aTHA Pi3KO 3MIHIOBATHCS B Yaci.

3 [mbOro TMPHUBONY JOCITIKCHHS, CIIPSIMOBAHI Ha BUSBICHHS (aKTOpiB, IO
BH3HAYAIOTh JHHAMIKY YHCEIBHOCTI PaKiB y BOIoWMax, 0COOINBO i BIUIMBOM XBOPOO
PI3HOI €Ti0JI0TiT MAIOTh BOKITUBE 3HAUYSHHSI.
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BeneHHs: HayKoBO-0OI'DYHTOBAHOIO MPOMHUCITY HEMOXJIMBO 0€3 IIOIEepeaHbOro
BUBUCHHS TMTaHb IIPO BEJIMYHMHY 3allaciB JIOBrOIIAJOTO paky, JIUHaMimi Horo
YHCEIBHOCTI, 0COONMMBOCTEH MOMIMPEHHS, PO3MOBCIO/KEHHS CEPEe/l HUX ITapa3nTIiB Ta
CcUMOIOHTIB IHIIUX CTOPiH Horo OioJorii.

3HauHUl iHTepec, B 3B A3KY 3 IIUM, MPEACTABISIOTH JOCHTIHKEHHS eKOIOTI9HO1
Ta MOp(o-(i310I0riuHOT MIHIMBOCTI PaKiB B 3aJISKHOCTI BiZl yMOB MPOXKHBAHHS, PIBHS
Napa3UTOHOCIHCTBA, a TAKOXK LIILHOCTI, YUCEILHOCTI T2 PO3MIPHO-CTaTeBOI CTPYKTYPH
TIOTTYJTSAIT, MOCIHIPKEHHS SIKMX JI0 TEMEePIIHBOT0 4acy NPUAUIIOCS IOPIBHSIHO MaJlo
yBaru.

3HaHHS 3aKOHOMIPHOCTEHW ITMX 3B’S3KIB JIO3BOJIUTH, HAa OCHOBI ITOPIBHSHO
HECKIagHOI METOAMKH MOpQo-(i3ioNOTiYHNX Ta MAPA3UTONIOTIYHMAX 1HAWKATOPIB
ONEPAaTUBHO OI[HWUTH CTaH MOMYJISALil, IO MiJJAEThCS BIUIMBY OyAb — SIKUX
HECIPUSATIMBHUX YMOB, 30KPEMa, IHTEHCHBHOTO ITPOMHCITY.

Ha nigcraBi BUBUEHHS JIiTEpaTypHUX JaHUX 110 J10 (hayHH Mapa3nuTiB i CAMOIOHTIB
piukoBoro paka, Mop}o-(hizioaoriYHOT MiHIMBOCTI Ta €KOJIOTIT MOIMYJISIIH JIOBrOMAIO0ro
paky B OyiH 3alpONOHOBaHI OKpeMi HAyKOBO OOTPYHTOBaHI OCHOBH PaliOHAIBFHOTO
TIPOMHCITY JJISI PETiOHY.

Kuro4oBi cioBa: paku, cTaHy HOMYJIsILii, MAaTOreHH, CMMOIOHTH pakiB, XBOPOOU
paxiB, mapasuTu pakiB, MIKPOCIIOPH/Iil, MATOreHHI IpuOH, OakTepii pakis,
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JlocmipkeHHs Ta OLiHKa eKOJIOTiYHOI Oe3MeKH MUTHOTO BOJOIOCTaYaHHs Y Me-
JKaX CITBCHKUX CENITEOHUX TEPUTOPISAX € MEPIIOYSPTOBUM 3aBIAHHIM IJIS OpPTaHiB Mic-
IIEBOTO CaMOBPSAYBaHHSA, OCKIIBKH BiJ SKOCTI MUTHOI BOAM O€3MOCepeTHBO 3aICKHUTh
CTaH 3/I0pOB’S CLIBCHKOTO HACeIEeHHS. JOCTiKeHHS MPOXOAWIN y Mexax YepHsaXiB-
cbKol rpomaan KuromMupcbkoi 00macTi. 3pa3ku MUTHOT BOAM BiZIOMPAIIUCH 13 TPUBATHUX
1 TPOMaJICEKUX KOJIOZSI31B Ta CBEP/JIOBUH 1 aHAJII3yBaJIMCh 32 MOKa3HUKOM pH, BMicTOM
HITpariB, 3aii3a 3araJlbHOTO Ta >KOPCTKOCTI. OLIHKY PU3HMKY IJISl 370POB’Sl CLIBCHKOTO
HACENICHHS TPOMAaJIH Pi3HUX BIKOBHX TPYH 3MIHCHIOBAIN 332 MOIM(DIKOBAHOI METOIIH-
koo ominkn pm3uky USEPA.

Ha ocHOBI mpoBeieHuX J0CIiIKEHb BCTAHOBJIEHO, 110 Y 60 % BigiOpaHux 3pas-
KiB y cepeTHboMY 3a(hiKCOBaHO MEPEBHUIICHHS CEPEJHBOTO BMICTY HITpATIB, SIKE CTAHO-
BWIIO Bif 8,5 pasu y M. Uepnsxis 1o 1,5 pasu y c. CensiHinunaa. Haii0inpmn KpuTuaHOIO
CHUTYyaIlisl BUSIBUJIACH y Konoasizi cMT UepHsxis. Llikom Oe3nedHoro 1010 BMICTY HIT-
pariB Oyna Boja i3 JDKepel HeIeHTPali30BaHOTO BomoriocTadanHs cin ['anHominb, Kiri-
tume, KopocreniBka i Camu. Ilpn po3paxyHKy BETWYHHN HEKAHIIEPOTEHHOTO PU3UKY
OyJ710 BCTAHOBIIEHO KPUTUYHUHN PiBEHBb PU3HKY JUIA JiTel cMT UepHAXiB, OCKITBKH HOTO
BesinunHa craHoBwia 12,7. L{ikaBoro BUSBMIIACH CUTYAIlisl AJIs IUTSUOTO HACEIICHHS CLl
KopocreniBka Ta Cayu: He 3Ba)KalouH Ha Te, 1110 Cepe/HIH BMICT HITpaTiB y BOJIi CTaHO-
BuB 34,1 ta 37,2 Mr/am? BiIMOBITHO, IO Bi/IMOBiJa€ HOPMATHUBY, BEIMYNHA PU3UKY CTa-
nosmia 1,02 ams c. KopocreniBka ta 1,2 ans cema Canu. 3arajiom DOBEIEHO, IO Haii-
OUITBII Yy TIMBOIO KAaTETOPi€l0 HACENEHH 10 il HITpaTiB € AiTH BikoM Bix 0 10 6 poKiB,
OCKUTBKH PiBEHb PU3HUKY y IiTeH y cepeTHHOMY NMEpEeBHUINY€E PiIBEHb PU3HKY Y MiTITKIB
Ha 37 %. Cepen 10pOCIIOro HaCeNeHHS HAWOUTbII Yy TJIMBUMH JI0 BMICTY HITPATIB € JKiH-
KM, OCKIJIbKH BeJIMYMHA PU3UKY IS )KIHOK Y CepeTHbOMY BHIIA HIX Y YOJIOBIKIB Ha 5 %.

KnrowoBi cioBa: muTHa BOAA, JHKEpela HEIEHTPasi30BaHOTO BOJOMNOCTAYaHHS,
pH, HiTpaTH, 3211130 3arajgbHE, TBEPAICTh 3araibHa, OI[iHKA PU3UKY.

[HocranoBka npodiemMu B 3arajJibHOMY BUIVISIAL Ta il 3B’A30K i3 Bamk-
JIMBUMHU HAYKOBUMH 200 NPaKTUYHMMHU 3aBAaHHsIMH. Exonoriuna Oesmneka
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MTUTHOTO BOJOIIOCTAUYaHHS CIJIbCHKUX HACEICHUX MYHKTIB € HaJ3BUYaliHO BaXk-
JUBOO JUTsl 3a0€3MeUeHHsT 370pOB’sl 1 J0OpoOyTy MiciieBoro HacesieHHs. Lle
MOB’s13aHO 3 TUM, IO B CUJIbCbKIM MICIIEBOCTI, SIK MPABWJIO, BIICYTHI LEHTpa-
J30BaHl CUCTEMHU BOJAOMOCTAaYaHHS Ta BOJAOBIJABEICHHS. [CHYIOUI NpuBaTHI Ta
POMAJICHKI KOJIOJISA31, CBEPAJIOBUHHM Ta KalTaXi, IKHUMH KOPUCTYIOTHCSI CIIIbChKI
YKUTEINI, YaCTO MOTaHo 00NaHaH1 1 CIPUSIOTH NOTPATUISTHHIO PI3HUX ILKIJJIMBUX
JUTSL 3I0POB’ sl HACEJIEHHS PEYOBHUH.

ToMy, BaXKJIMBO TOCTIHHO MOHITOPUTH 1 OI[IHFOBATU SIKICTh MMUTHOI BOIH
Ta BXMBATH 3aXOIH IJIs 11 MOKpalleHHs y pa3i HeoOXigHOCTI, Mo Mae OyTu
OIHMM 13 TIPIOPUTETHHUX HAIPSIMIB YIPABIiHHS €KOJIOTIYHOIO OE3MEKOI0 Y CeK-
TOP1 MUTHOTO BOAOTIOCTAYaHHSI.

AHaJi3 ocTaHHIX Jocaimkensb i myomikamiid. [TutaHHsIM exonoOriuHOT
0e3MeKr MTUTHOTO BOJIOTIOCTaYaHHsI CITbChKUX HACEICHUX MTyHKTIB IPUCBSIYEHO
BEJIMKY KiTBKICTh JOCHI/DKEHb BITYM3HSHHUX Ta 3apyOiKHUX Y4eHUX. 30KpeMma,
MOJIeTTb OLIHKH PU3UKY JUIS 37J0POB’sI HACEJICHHS, MTOB’S13aHOTO 3 BIUIMBOM HiT-
patiB, 10 HAJXOASTH i3 MUTHOI BOJOK, BUKOPUCTOBYBAIM JOCITITHUKU [HiT
[1], Ipany [2], Kutato [3], Amepuxu [4], €Bponu [5], Ykpainu [6, 7], y ToMy
yucii i YKutomupcebkoi obnacti [8, 9]. YV pesynbrari Takux J0CIiPKEHb OYII0
BCTaHOBJICHO, 1110 HAWOUIBINI BETMYMHN PU3UKY BUSBICHO MPH MEPOPATHLHOMY
HaJIXOJKEHHI HITpaTIiB, HiXk nipu HamkipHomy [1]. JloBeneHo, mo HeMoBIsITa 1
JITH € HAOIBII Yy TIIMBOIO KaTEropicro HaceJIeHHs 10 il HITpaTiB, OCKUIBKU Y
OLTBIIOCTI BUMAAKIB BENWYMHA 1HACKCY HEOE3MEeKH Ul HUX He JIMIIC TepeBHU-
uryBana 1, a it carana KpUuTUYHUX 3HadeHsb [1, 2, 8, 9]. Takox Oyno BUSBICHO,
IO JOPOCIII KIHKH OyJIn O1TBII Yy TJIUBI A0 HITPATiB, HI)K YOJIOBIKH, aJie PI3HULIS
He Oyna 3Hauy1Ioo [3].

BunisieHHsl HeBHMpillleHMX paHille YacTHH 3arajbHoOI Mpolsiemu,
SIKMM MPHUCBSIYYETHCS 03HAYEeHA cTaTTs. ExonoriuHa 6e3meka MUTHOTO BOJIO-
MOCTauaHHS CIJIbCHKHUX CENITEOHUX TEPUTOPii HEe BTpadae CBOET aKTya bHOCTI,
OCKIJIbKM Bifl SIKOCTI MUTHOI BOAM O€3MOCEepeNHbO 3aJeKUTh CTaH 3II0POB’S
HaceleHHs. TaKuM YWHOM, OLiHKa PH3HMKY Uil 3I0POB’Sl CLIBCHKOTO Hace-
JICHHS BiJl CIOKMBAaHHS HeJTOOPOSKICHOT MUTHOI BOAM MOTpeOye Bce OLIBIIUX
JOCHIJKEHb.

JlociipkeHHsT IPOBOJIMIIMCS B paMKaxX HayKOBO-JOCHiAHOT TeMu «Exo-
JIOrO-CoLliabHA OIiHKA CTaHy CIIbCHKHUX CENiTeOHMX TEPUTOPi Y KOHTEKCTI
CTaJioro po3BUTKY» (nepxkaBHui peectpamiitnuii Ne: 0120U104233), pesyinsb-
TaTU SIKOTO MOXKYTh OyTH BUKOPUCTaHI NPEICTABHUKAMH CIJIbCHKHX, CEUIIIHUX
pax Ta 00’€AHAHUX TEPUTOPIaJbHUX TPOMal Ul MPUHHATTS YIPaBIIHCHKUX
piteHs y cdepi 3a0e3neueHHs eKOJIOrYHOT Oe3MeKH TUTHOTO BOJIOTIOCTaYaHHS.

DopMyIIOBAHHS 1iJIel cTaTTi (MOCTAHOBKA 3aBIAHHS). TaKuM YHHOM
METOIO € JOCHIKEHHS B3a€MO3B’SI3KY MK MOSIBOIO HEKAHIIEPOT'€HHHX TPOSIBIB
BHACJIIJIOK CIIOYKUBAHHSI TUTHOT BOJIM Ta OIlIHKA €KOJIOTIYHUX PU3UKIB JIJIsl HAace-
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neHHs1 YepHSXiBCbKOI TepUTOpiaibHOI TPOMagy HOBOTO YKpyHHeHoro JKurto-
MHUPCBKOTO paiioHy JKutoMupcehkoi oonacri.

Buxkiaa ocHOBHOTo MaTepiaJry A0CTiIzKeHHS 3 MOBHUM OOTPYHTYBAaH-
HSIM OTPHMAHHMX HAYKOBHX pe3yJbTaTiB. [[0CHiKEHHS TPOXOAMIN Y Ciilb-
CHKMX HacelleHHX MyHKTaX YepHSXiBCbKOI CEMMITHOT TpoMatu. 3pa3Ku MUTHOT
BOJIM BiJIOMpAJIH 13 JPKEPEI HEI[CHTPaIi30BaHOTO BOJIOIOCTAYaHHS — KOJIOJIS31B
Ta CBEPIUIOBUH y TAKMX HACEJCHUX MyHKTaXx: cMT YepHsxiB, c. AHJpiiBKa, c.
Bpaxenka, c. Bunu6op, c. I'annonine, c¢. Kmitumie, ¢. Kopocrenibka, ¢. Oue-
petsiaka, ¢. Canu, ¢. CensiHiuHa. J{OCiIKSHHS SKOCT1 TUTHOT BOJM 3/I1HCHIO-
BaJIM 3a TAKMMH [TOKa3HUKaMHU: piBeHb pH, BMICT HITpaTiB Ta 3a1i3a 3arajibHOro,
TBepAicTh. OTpUMaHi pe3yabTaTH MOPiBHIOBANIM 13 CTAHAAPTOM, 11O /i€ Ha TepH-
Topii Ykpaiau — J{CanlliH 2.2.4-171-10 «[irieHi4Hi BUMOTH A0 SIKOCTi BOJH,
MIPU3HAYEHOI A0 CIOKMBAaHHA JoauHo0» [10].

O1iHKy pHU3MKY JAJsl 300POB’Sl CUIBCHKOTO HACENICHHS TpOMal pi3HUX
BIKOBHX TpyI 3IiHCHIOBANM 32 MOAWU(DIKOBAHOIO METOJMKOIO OLIHKH PH3HUKY
USEPA [11]. JIns BCTaHOBJICHHS MOXKJIMBUX HEKAHIEPOTEHHUX PU3MKIB JIJIS
3JI0POB’sl JIFOMUHU BiJ MOCTIMHOTrO CIIOKMBAaHHS BOJM, IO MICTUTh HITparH,
BUKOPHCTOBYBAJIN CEPEAHBOI000BY 03y HAAXOIKEHHs HITPATIB A0 OpPTaHi3mMy
monuad (ADD) Ta koediuient Hebesnexu (HQ).

[MapameTpu, 3a SIKUMH MPOBOAMIIM OLIIHKY PH3MKY JJISI 340pOB’S Hace-
JICHHS PI3HUX KaTeropiii HaBeaeHo B TaOmuii 1.

Tabnuys 1. IlapameTpu, siki BHAKOPUCTOBYBAJH NMPH OWIHKH pu3uKYy [11]

I[Mapamerpu Hitn | Hignirkn | Yoaoiku | Kinku
IR — BenmmuMHA CIIOKUBAaHHS BOJIH, 1.0 1.7 24 23
X Ho6y-1 ) ) s s
BW — maca Tina JroquH#, KT 20 54 75 69

[MoriprieHHs SKOCTi MATHOT BOJIU 3 HEIICHTPATI30BaHUX JKEPEN Y Cillb-
CBKi MICLEBOCTI TIOB’sI3aHE 3 HHU3BKOIO EKOJIOTTYHOI KYJIBTYPOIO CeJISH,
IHTCHCUBHUM BEJICHHSIM CUIBCHKOTO TOCIOAAPCTBA, HEAOTPUMAHHSIM MICIICBUM
HACEJICHHSIM TIPaBWJI YTPUMAaHHSI TBApUH Ta BIICTaHEH MK roCrnofapcCbKUMHU
OyniBJISIMU 1 JPKEpeioM BoH. Binbliie Toro, BpaxoBYyIOUH Cy4acHH CTaH, CIpH-
YMHEHWI BiHCHKOBUM BTOPTHEHHSIM Ha TEPUTOPil0 YKpaiHW, iICHYye BUCOKHH
PHU3UK 3HUIIEHHS IPUBATHUX KOJIOISA31B Ta CBEP/IOBUH Y CIIIBCHKIN MICIIEBOCTI,
1110, 6€3yMOBHO, 3HU3UTH SIKICTh MUTHOT BOAM. TaKoX iCHYE pU3HK MOTPATUISIHHS
BICHKOBUX CHApS/IiB Y IUBLUIBHI Ta (PepMEPCHKi CXOBHUIIIA MiHEPAIEHUX JOOPUB
Ta 3ac00iB 3aXKCTy POCIHH, SIKi MOTPAILISITH Y IOBEPXHEBI Ta MiJ3eMHI BOAH 1
CTaHyTh HETPUAATHUMH I CHIOKHUBaHHA [12].

[MpoBeaenuii nabopaTopHuii aHaji3 mokasas, 1o y 80 % BimiOpaHux
3pasKiB y cepeHbOMY HE 3a(hiKCOBAHO HEBIAMOBIAHICTH CTaHy MUTHOI BOIU
piBHIO pH, skmii BapitoBaB y #oro HOpMaTMBHUX Mexax — 6,5-8,5 onuWHUIb
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pH. HeBenuke 3HmkeHHsI cepeHboro piBHs pH Oyno XxapakTepHUM Uit TUTHOT
Bonu cenuina YepHsxi Ta cena Kimituie, mo CBiIYUTh PO JACSIKE MiAKUCICHHS
BOIM (PUCYHOK 1).

CepepHe 3Ha4YeHHA

T
64T 6,3 7

ORNWRUIO N O

Puc. 1. Cepenniii piBens pH y nutHiii Boai YepusxiBcbkoi rpomaan

CepenHiil BMiCT HiTpariB y NUTHIH Boai YepHIXiBCbKOI TpOMaii BCTAaHOB-
JIeHO Ha piBHi 134 Mr/aM?, 1110 MepEBUIIy€e BCTAHOBICHUH HOPMATUB y 2,7 pasu.
VY po3pi3i OKpeMHX HaceleHUX MyHKTiB BMICT HiTpaTiB OyB Takum: y 60 % mocii-
JDKYBAaHHMX HACEJICHUX ITYHKTaX BUSIBJICHO TIEPEBUILICHHS CEPEIHBOTO BMICTY HIT-
pariB, siki craHOBHJIO Bix 8,5 pasu y M. Uepnsxis 1o 1,5 pasu y c. CensHumHa.
Haii0inbi KpUTHYHOIO cHTYyalisl BUSBHIAch y Koiona3i cMT Yephsixis. Llimkom
0e3MeYHor0 MIOA0 BMICTY HITpaTiB Oyia Boxa i3 JpKeped HEeLEHTPali30BaHOro
BogonocradanHs cin 'anHonins, Kinituie, Kopocreniska i Canu (pucyHOK 2).
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Puc. 2. Cepenniii BMicT HiTpaTiB y NUTHI BOJi [sKepes HeLEHTPATi30BAaHOTO
BojonocradyaHHs YepHsixiBcbKoi rpomManu, Mr/am’
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Cepenniil BMICT 3ai3a 3arajbHOTO y MUTHIN BOAI JKepes HEeleHTpati-
30BaHOTO BOAOTIOCTaYaHHS CUTbCHKHX HACEIICHHUX ITyHKTIB TPOMaJi B KOTHOMY
BUIIAJIKy HE MIEPEBUIIyBaB HOPMATHB, KUl BU3HAYCHO Ha piBHI | Mr/am? (pucy-
HOK 3).
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Puc. 3. Cepenniii BMicT 3aJ1i3a 3arajibHOro y nuTHiit Bogi YepHsixiBcbKoi rpomaau, Mr/am’

Cepenniii piBeHb MOKa3HUKY 3arajibHOT TBEPAOCTI Y pO3pi3i HaCeIeHUX
MYHKTIB BapiroBaB y Mexax Bin 2,85 y ¢. Kiitume 10 12,6 mmons/am? y ¢. Bpa-
xeHka. [lepeBHIIeHHs] HOPMATUBHOTO BMICTY TBEPJIOCTI 3arajibHOl, AKHHA IS
MUTHOI BOAM JDKEPEN HEIEeHTPasIi30BaHOTO BOAONOCTAYaHHS BCTAHOBIIEHO Ha
piBai 10 Mmmons/mm?, BecTaHoBieHo y ¢. AuapiiBka y 1,03 pasu, ¢. Bpaxkenka —
1,3, c. Ouepersanka — 1,01 pa3u (pucyHOK 4).

mmmm [1CanliH 2.2.4-171-10

CepefHE 3HaYeHHA

Puc. 4. 3aranpHa TBepAicTh Y NUTHIl BoAi AKepes1 HeLleHTPAIi30BAHOI0 BOIONOCTAYAHHS
YepHsXiBCHKOI rPOMa i, MMOJIb/IM?

HacTtymHum etanmom Hammx TOCHIKEeHb CTajla OI[iHKa PU3UKY IS 3710-
poB’s HaceneHHs UepHAXIBCHKOT rpoMai TIPU XPOHIYHOMY CHIOKMBAaHHI TTHT-
HOT BOJTH, 11O MICTHUTH HiTpaTu. Pusnk orintoBam st miteit (0—10 pokis), mima-
miTKiB (11-18 pokiB) Ta JOPOCINX YONOBIKIB 1 XKIHOK.
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Po3paxoBana BenuumHa cepenHboa000BOI 03U (ADD) HagxomxeHHS
HITpPaTiB 3 MUTHOIO BOJOIO JI0 OpraHi3Mmy AiTeH, MiITITKIB Ta JOPOCIOro Hace-
JICHHS! HACEJIEHUX ITyHKTiB UYepHsXiBCHKOT IPOMa/N KOJIUBAETHCS y MEkKax BiJ
20,3 — st niteit cmt. Yepnsixis, 10 0,2 — uist miUTiTKIB Ta Jopociux cena [aH-
HOTIJIb (PUCYHOK 5).

Yonosikn

Puc. 5. Cepenqnbono00oBa 1032 HaIXOIKEHHS HITPaTiB 10 OPraHizMy MeIIKAHIIB
YepHsxiBcbKOI TPOMaJH, MI' X KI/100y

30KkpeMa, BCTAHOBJICHO, L0 Y BCIX HACEIECHUX IyHKTaxX, A€ BUSBICHO
MEPEBUILIEHHS BMICTY HITpaTiB y MUTHIN BOJIi, BEJIMUMHA CEPEIHBOA000BOT 1031
Ha/IXO/DKEHHS HITPaTiB NepeBUILy€e pedepeHTy 103y, SIKa BCTAHOBJICHA Ha PiBHI
1,6 mr/kr Ha 100y.

VY pesynbTari po3paxyHKy BEIMYMHHM HEKaHLEPOTCHHOTO PHU3HKY OyIo
BCTaHOBJICHO KPUTHYHHMI PiBEHb PU3UKY AJsl AiTedl cMT YepHsxXiB, OCKUIBKU
Horo BenMuMHA cTaHoBMia 12,7, M0 MOXKE BUKIMKATH BUHUKHEHHSI XPOHIY-
HUX 3aXBOPIOBaHb. J{JIst MiJUTITKIB Ta AOPOCIOro HaceJeHHs: YepHsaxoBa piBeHb
PHU3HUKY XapaKTepU3YEThCS SIK BUCOKHH, LII0 MOYKE CIIPUYMHHUTH PU3UK PO3BUTKY
HECHpUATAUBUX e(eKTiB y OinpmocTi HaceneHHs. s ycix kareropid Hace-
JeHHs c. AHIpiiBKa piBeHb PU3UKY € BUCOKMH 1 Bapiroe y Mexax Bix 8,9 s
JiTei 1o 5,6 1S miUTTKIB (PUCYHOK 6).

s cena Bpaskenka BUCOKHUI PiBEHb PU3UKY OyB XapaKTepHUM JUIS IITEH,
OCKLJIbKM BCTAQHOBJICHUH Ha piBHI 6,2. Pemra HaceneHHs bpaxkeHkH mifnaaae mijg
KaTeropito CeperHbOro PU3MKY, 0 MOKE BUKJIMKATH ILIKIAJIMBI €(EKTH Y 0CO-
0J11MBO YyTIMBUX Ipynax HaceneHHs. Y ceni BumuOop s ycix kareropiii Hace-
JICHHsI BUSIBJICHO TaKOXK CepeliHil piBeHb pu3uKy. s cin ['annonine Ta Kiituie
€ XapaKTepHUM HHM3bKUH PiBEHb PU3HUKY, NIPU SKOMY HMMOBIPHICTh BUHUKHEHHS
KITMBUX e(DEKTIB TSt 30POB’ S JIFOJIUHY € Majo HMOBIPHOO (PUCYHOK 0).

LikaBoto BUSBWJIACH CHUTYallisl Ul AUTSYOro HaceneHHs cin Kopocre-
niBka ta Calu: He 3BaKalOuu Ha Te, 10 CEPEAHIN BMICT HITPATiB y BOAL CTa-
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Yonosiku

i

Puc. 6. Puzuk 1151 310poB’°sl MeIIKAHIIB TPOMAa/IN BiJl CTIOKMBAHHS MUTHOI BOAU

HoBuB 34,1 Ta 37,2 Mr/aM? BiAMOBIAHO, IO BiAMOBiIAa€ HOPMATHUBY, BEIHMUYMHA
pusuky cranoBuia 1,02 mst ¢. Kopocreniska ta 1,2 s cena Canu, o Xapak-
TEePHO IS CepeaHbOro piBHsI pu3uKy. OTKe, I AiTeH Takui piBEeHb BMICTY
HITpaTiB Moke OyTH HeOesrmedHuM. [Ipore, s IHIMUX KaTeropiii HaceIeHHS
BEeITMYIMHA PU3UKY Bapitoe y Mexax 0,6—0,7, Mo CBiTIUTE PO HU3LKUKA PiBEHB
PHUBHKY (PUCYHOK 6).

CepenHiit piBeHb pu3uKy OyB XapaKTepHUM I MEIIKaHIIB cit Odepe-
TssHKa Ta CeNsHINHA, [0 € OYCBUIHNM, OCKUTBKH CepeaHiil BMICT HITpaTiB y
MATHINA BOMI TOCTIPKYBaHUX HACEJICHUX ITyHKTIB TICPEBUIIYBAB BCTAHOBIICHUH
HOpMaTHUB (PUCYHOK 6).

3aramoM J0BeIeHO, 0 HAMOUTBIN Yy TIHBOIO KaTETOPIEI0 HACEIECHHS 10
nii ’HiTpaTiB € aiTH BikoM Bix 0 70 6 pOKiB, OCKITBEKH PIBEHb PU3UKY Y MITCH Y
cepeTHhOMY TIEPEBHIY€E PIBEHD PU3UKY Y MiUTITKIB Ha 37 %.

Cepen 1opoCIIOTo HAaceNIeHHS HAHOUTBIN Yy TIIMBUMH IO BMICTY HITpaTiB
€ KIHKH, OCKIJTbKH BEJIMYWHA PU3UKY I JKIHOK y CEpPeIHbOMY BHIIA HIXK Y
40JIOBIKiB Ha 5 %.

BucHoBKY 3 1aHOT0 A0C/IiAKEeHHS Ta MePCNeKTHBU MOAAJIBIIOI0 Po3-
BUTKY B IIbOMY HampsMi. TaknM 9rHOM, TOBENEHO, IO MATHA BOJAA JUKEPET
HEIIEHTPaTI30BaHOTO BOJOIIOCTAYAHHS CLTHCHKUX HACEICHUX MYHKTIB YUepHs-
XIBCBHKO1 TPOMAITH HE € IIIKOM OS3METHOI0 IS 3I0POB’ ST MICIIEBOTO HACEIICHHS.
[lepeBurieHHs BMICTY HITpaTiB Y BOMI MOXKE CITPHYNHATH BUHUKHEHHS XPOHiU-
HUX 3aXBOPIOBAHb CEpeJl AUTSIOTO HACENIEHHS, PU3NKHA PO3BUTKY HECTIPUATIN-
BHUX ¢()eKTiB y OUTBINOI YaCTHHHN HACEJICHHS Ta PO3BUTOK IIKiTMBUX €()EKTiB
y 0COOMBO YYTJIMBHX TPyIIax, a caMe: MiTeH, ®KIHOK Ta JIFOACH MOXIIOTO BIKY.
YV nepCreKTHBI MOAANBITHX OCITIIKCHD TIaHY€E€THCS OMIHUTH PiBHI PU3HKY JJIS
pI3HHX KaTeropiii HaceleHHs IHIMMX TepUTOpiaTbHUX TpoMan JKUTOMHUPCHKOI
obmacri.
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Research and assessment of the ecological safety of drinking water supply within
rural settlement areas is a priority task for local self-government bodies, since the health
of the rural population directly depends on the quality of drinking water. The research
took place within the Chernyakhiv community of the Zhytomyr region. Drinking water
samples were taken from private and public wells and boreholes and analyzed for pH,
nitrate content, total iron and hardness. The risk assessment for the health of the rural
population of the community of different age groups was carried out according to the
modified USEPA risk assessment method.

On the basis of the conducted research, it was established that in 60 % of the
selected samples, on average, an excess of the average nitrate content was recorded, which
ranged from 8.5 times in the city of Chernyakhiv to 1.5 times in the village of The peasantry
The most critical situation was in the well of Chernyakhiv. The water from the sources of
non-centralized water supply in the villages of Hannopil, Klitishche, Korostelivka and
Saly was quite safe in terms of nitrate content. When calculating the amount of non-
carcinogenic risk, a critical level of risk was established for children of Chernyakhiv, as its
value was 12.7. The situation for children in the villages of Korostelivka and Sala turned
out to be interesting: despite the fact that the average nitrate content in the water was 34.1
and 37.2 mg/dm?, respectively, which corresponds to the standard, the risk value was 1.02
for the village. Korostelivka and 1.2 for the village of Saly. In general, it has been proven
that the most sensitive category of the population to the effects of nitrates are children aged
0 to 6 years, since the risk level in children exceeds the risk level in teenagers by 37 % on
average. Among the adult population, women are the most sensitive to nitrates, as the risk
for women is on average 5 % higher than for men.

Keywords: drinking water, sources of non-centralized water supply, pH, nitrates,
total iron, total hardness, risk assessment.
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According to the Food and Agriculture Organisation of the United Nations (FAO),
more than 800 million people around the world were food insecure as of early 2020. The
COVID-19 pandemic has only worsened the state of food supply and food security in the
global world. The effects of climate change and Russia’s military invasion of Ukraine
became further challenges to global food security. This confirmed the imperfection and
vulnerability of agri-food chains.

However, food security is also a country’s ability to ensure access to quality
and healthy food for its population. Thus, according to the Rome Declaration on World
Food Security, each country must ensure the human right to adequate food and physical
access to it, regardless of climate challenges and weather fluctuations, the state and
dynamics of production development.

Therefore, when making appropriate decisions, it is necessary to take into account
factors such as an increasing global population, climate change affecting agricultural
production, inefficient food systems and the growing demand for healthy and safe food.

Since the discovery of nutrients, society has sought to provide advice on how to
avoid nutrient deficiencies and protect human health and well-being.

The results of scientific recommendations based on studies of the impact of
food on human health confirm the need to move to new consumption models and
change the content of the food basket, taking into account the impact of food chains
on the environment.

The article considers fish and fish products as a component of the consumer
basket of a new model of healthy, high-quality and safe food.

Global fish consumption dynamics show that the trend towards a healthy lifestyle
is gaining momentum, leading consumers to increasingly prefer fish and seafood. In
addition, fish is better absorbed by the body. Due to the high energy and biological value
of fish products, a number of issues related to food security can be addressed today.

Key words: food security, agri-food chains, fish and fish products, public health,
model of healthy, high-quality and safe food.

Introduction. Food is an integral part of our life. This is especially
important when one of the main tasks facing humanity is ensuring food security.
According to estimates of the Food and Agricultural Organization of the
United Nations (FAO), as of the beginning of the COVID-19 pandemic (the
beginning of 2020), according to various data, more than 800 million inhabit-
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ants of the planet suffered from insufficient food supply. The COVID-19 pan-
demic has only worsened the state of food security and, as a result, food secu-
rity in the global world. In 2020, a rapid increase in the scale of hunger was
observed, the consequences of which were a further increase in the number of
hungry people in the world in 2021. Consequences of climate change, russia’s
military invasion of the territory of Ukraine became the next challenges for food
security. The current situation has confirmed that agri-food chains are imperfect
and vulnerable.

2023 was not a year of improvement. Due to the disruption of food chains
at all stages (production, logistics, supply, transportation, etc.), pandemic restric-
tions, rising global food prices, low productivity of food systems in a number
of countries around the world, food supply to the global population has become
even worse, thereby intensifying the problems of hunger [1-4].

But food security is also the country’s ability to provide the population
with access to high-quality and useful food. Thus, according to the Rome Dec-
laration on World Food Security [5], every country must ensure the human right
to adequate food, physical access to it, regardless of climatic challenges and
weather fluctuations, the state and dynamics of production development.

Therefore, factors such as the increase in the global population, climate
change affecting the volume of agricultural production, the inefficiency of food
systems and the growing demand for healthy and safe food must be taken into
account when making relevant decisions.

The results of scientific recommendations made on the basis of research
on the impact of food products on human health confirm the need to switch to
new consumption models, change the contents of the food basket, taking into
account the impact of food chains on the environment.

The right to adequate and affordable food is a human right that most
countries today strive to ensure for their citizens. Moreover, for many countries,
food is a part of their culture and traditions, a link to their ancestors and their
roots. Therefore, it is simply impossible to overestimate the importance of food
for human life, health and well-being.

Materials and methods. The research was based on the learning of
global reports and statistical data of the Food and Agriculture Organization of
the United Nations, statistical data of the State Statistics Service of Ukraine,
State Customs Service of Ukraine, national and regional reports.

Results and discussion. Ever since nutrients such as vitamins were dis-
covered in the 1910s and 1950s, society has sought to provide advice on how
to avoid deficiencies and protect human health and well-being. Nutrient recom-
mendations were based on an assessment of the biochemical and physiological
role of nutrients and the needs of the human body. Such studies were conducted
by internationally recognized institutions, including: expert committees of the
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countries of Northern Europe (Iceland, Denmark, Finland, Norway, Sweden),
the Council on of Food and Nutrition of the National Academy of Sciences
of the United States of America (IOM), the British Committee on the Medical
Aspects of Food Policy, the World Health Organization (WHO). In recent years,
the Food Safety Authority of the European Commission (EFSA) has joined
these studies.

Recent studies (IOM, NASEM, EFSA reports) have been based on the
use of harmonized criteria established for 22 nutrients (EFSA) and 3 nutrients
(IOM/NASEM) for different age groups, from infants 6 months to older adults
70 years old (Figure 1).

Fluid and water balance Vitamin C
Energy Calcium

Fat and fatty acids Phosphorus
Carbohydrate Magnesium
Dietary fibre Sodium

Protein Potassium
Vitamin A Iron

Vitamin D Zinc

Vitamin E lodine

Vitamin K Selenium
Thiamin (vitamin B1) Copper
Riboflavin (vitamin B2) Chromium
Niacin (vitamin B3) Manganese
Pantothenic acid (vitamin B5) Molybdenum
Vitamin Bé Fluoride

Biotin (vitamin B7) Choline

Folate (vitamin B9) Antioxidants and
Vitamin B12 phytochemicals

Fig. 1. Essential nutrients for a healthy diet

Both excessive and insufficient energy intake in relation to energy needs
can lead to negative health consequences in the long term. An active lifestyle
is considered desirable for good health. Moreover, the level of activity that
corresponds to the population that leads an ordinary lifestyle with sedentary
work and some increase in the level of physical activity in free time was
considered the most acceptable.

Macronutrients are nutrients that are needed in relatively large amounts
to provide energy and support various body functions and overall health. These
include proteins, fats, carbohydrates, and fibre, which typically provide about
17, 37, 17, and 8 kJ/g, respectively. Macronutrients can to some extent replace

53



Boowi Giopecypcu ma akeakynomypa, 2(14) /2023

each other to meet the body’s energy needs. Thus, an increase in the proportion
of one macronutrient leads to the need to decrease the proportion of other
macronutrients.

Macronutrient ranges [6] are defined as intake ranges (expressed as a
percentage of total caloric intake) that are associated with a low risk of chronic
diseases and also provide adequate intake of essential nutrients. The ranges are
also based on sufficient energy intake and physical activity to maintain energy
balance. If a person consumes food below or above these ranges, there is a
potential for an increased risk of chronic disease, as well as an increased risk of
inadequate intake of essential nutrients.

In addition to the ratio of proteins, fats and carbohydrates, the importance
of the balance of their subcomponents (for example, unsaturated fatty acids,
fibre, amino acids) is obvious.

Partial replacement of saturated fatty acids with poly- and monounsaturated
fatty acids is an effective way to reduce cholesterol concentration. A decrease
in this indicator is also observed when replacing trans fatty acids with poly-
or monounsaturated fatty acids and reduces the risk of cardiovascular diseases
(Table 1).

Table 1. Recommended macronutrient intake ranges for adults

Total fat 2540 E%
Monounsaturated fat 10-20 E%
Polyunsaturated fat 5-10 E%
Saturated fat <10 E%
Tras fat As low as possible
Carbohydrates 45-60 E%
Dietary fiber >25-35 g/day
Added and free sugars <10 E%
Proteins 10-20 E%

The health effects of dietary carbohydrates depend on the type of
carbohydrates and the food source. Total carbohydrate intake in studies of
healthy eating patterns associated with reduced chronic disease risk is in the
range of 45-60 E%. The range of total carbohydrate intake depends on several
factors, such as the quality of dietary sources of carbohydrates and the amount
and quality of fatty acids in the diet.

Adequate consumption of dietary fibre reduces the risk of other chronic
diseases, such as gastrointestinal tract, cardiovascular, type 2 diabetes, and
contributes to reducing the risk of some types of cancer.

In addition, foods rich in fibre help maintain a healthy body weight.
Consuming adequate amounts of dietary fibre from a variety of foods is also
important for children.
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To achieve optimal consumption in a healthy diet, taking into account the
specifics and traditions of nutrition in individual countries, a reasonable range
of protein intake is 10-20 %. Such protein consumption should adequately meet
the needs of essential amino acids.

The optimal level of sodium intake (healthy nutrition) for adults has
been set at 1.5 g/day. If daily intake exceeds 2.3 g/day, it is recommended to
eliminate it (NASEM, 2019). Such a decrease will contribute to reducing the
risk of chronic diseases of the population as a whole.

Food security research in recent decades has shown that foods contribute
to overall health rather than simply providing the right amount of essential
nutrients. The effects of food on health extend the effects of known essential
nutrients, especially when it comes to chronic diseases.

In addition, it is important to note that the studies evaluated the impact
of food on the environment. It is noted with a “high degree of certainty”
that human activity has definitely caused global warming. Today, the global
surface temperature is 1.15 °C higher than in the pre-industrial period. Global
greenhouse gas emissions continue to rise due to unsustainable energy use, land
use and land-use change, lifestyles, and patterns of consumption and production
across regions, as well as between and within countries. Climate change is a
threat to human well-being and the health of the planet, livable conditions and a
sustainable future. Therefore, rapid and far-reaching transformations are needed
in all sectors and systems, including the food chain.

The development of recommendations for healthy and adequate
nutrition by leading experts was carried out on the basis of the integration of
environmental sustainability and public health. Certain groups of food products
have been identified, between which there are few contradictions in terms of
healthy and ecologically safe nutrition. These are grains, vegetables, fruits and
berries, nuts, red meat and fish, fats, oils, etc. Recommendations for fish and fish
products concerned increasing their consumption from sustainably managed
stocks. This will contribute both to the improvement of the state of health and to
the improvement of the impact on the environment (Table 2).

Fatty fish, nuts, seeds, vegetable oils, and spreads based on vegetable oils
high in unsaturated fats should largely replace butter, high-fat meats and meat
products.

Analysing the biochemical and physiological indicators of fish products,
it should be noted that they contain a large number of chemicals, among which
proteins, lipids (fats), water and some minerals are of primary importance.

These substances are the main material from which the tissues and organs
of fish are built. In addition to them, fish tissues contain substances that are
products of protein and lipid metabolism in the body, as well as other substances
that act as regulators of vital processes — vitamins, enzymes and hormones.
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Table 2. Scientific recommendations on the “fish and fish products”
food group for adults

Health effects
Health effects of of foods based Impact of
Food foods on chronic on nutritional consumed Recommendations
group | diseases not related adequacy and products on the [6]
" . . the effects .
o specific nutrients of specific environment
nutrients
Consuming 300-450 Fish and seafood It is recommended
grams per week Promote the from sustainably to consume 300—
(including at least formation of managed farms and | 450 grams per week
200 grams of oily 023 fatty acids wild stocks should | (ready or cooked),
- fish per Evee!()k and es,tsyential be prioritized, al}d of which at least .
Fih | reducshe | s suchas | rSUmpn o | 200 srams o s
: wlar o orotein, vitamin | SPEC g ' Yy hish.
disease, Alzheimer's D. vitamin B 12 environmental It is recommended to
disease, cognitive ’ and iodine impacts should be | consume fish from
decline and limited sustainably managed
premature mortality fish stocks

Carbohydrates (glycogen) are also present in small amounts. In addition, there
are substances that perform the role of dyes or pigments and determine the
various colours of individual tissues and organs of fish.

According to research, about 60 chemical elements have been found in
water bioresources. Among the most important: calcium (1.2—1.5 %), phosphorus
(0.6-0.8 %) and other elements, albeit in small quantities.

The molecular chemical composition shows the content of certain
chemical compounds in fish that have food, fodder or technical significance.
Information about the molecular chemical composition of fish makes it possible
to evaluate its nutritional benefits and make a choice about the most rational and
useful way of using it.

The data of numerous analyses indicate the presence of significant
differences in the chemical composition of fish of various species. In addition,
the chemical composition of fish of the same species is not constant and can
change depending on the age and sex of the fish, its place of residence and the
season (fishing season).

Content and distribution of individual substances in the fish body:

—nitrogen substances — 12-20 %;

—fat —2-30 %;

—water — 50-84 %;

—mineral substances — 2.0-4.5 %.

Meat is the main edible part of fish, which makes up half of the total body
weight on average.

The chemical composition of fish meat is characterized by the content
of water, lipids (fats), the total amount of all nitrogenous substances (proteins)
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and minerals. For a correct assessment of the nutritional benefits of fish meat,
data on the content of complete muscle proteins in it, that is, proteins that are
part of muscle fibres and proteins of connective tissue, non-protein nitrogenous
compounds of various types, are also important substances related to lipids,
as well as vitamins and certain physiologically important mineral elements
(potassium, phosphorus, iodine, cobalt, copper, etc.).

The water contained in fish meat is very important, as it participates in
biochemical reactions, as well as in physical and chemical processes that occur
in fish tissues during various technological processes (freezing, heat treatment,
salting, etc.).

In the composition of fish meat, nitrogenous substances are represented
mainly by proteins. Along with proteins, non-protein nitrogenous substances
belonging to different groups of organic compounds are present in fish tissues.

The ratio of the number of proteins and non-protein nitrogenous
substances in the total content of fish meat differs depending on the class —
bony or cartilaginous. Bony fish meat contains from 2.0 % to 3.6 % of nitrogen,
and most of it (from 80 % to 92 %) is in proteins (protein nitrogen), and the
remaining 8-20% is non-protein connections in cartilaginous fish, the total
amount of nitrogen in the meat is greater and reaches 3.5-4.0 % (sometimes
up to 5 %). But only 60-65 % of all nitrogen is accounted for by proteins, and
3540 % (sometimes up to 50 %) — by non-protein substances.

Various types of proteins, which are part of fish meat, have different
structures, physical-chemical and biological properties, but their elemental
composition does not differ much.

Non-protein nitrogenous substances include extractive compounds that
are intermediate products of the breakdown of proteins and amino acids. The
organoleptic characteristics of finished fish products depend on their quantity
and composition.

Lipids are water-insoluble substances that can dissolve only in organic
solvents. The main part of fat consists of monoglycerides, diglycerides,
triglycerides, which are derivatives of glycerol alcohol and fatty acids.

According to the fat content, fish are divided into 4 groups:

—lean — up to 2 % (cod, hake, whiting);

—medium-fat — 2—-8 % (sea bass, horse mackerel, catfish);

— fatty — 8—15 % (mackerel, sardine, sardinella);

—high fat — more than 15 % (herring, halibut, eel).

The composition of fatty acids contained in the fat of different types of
fish is not identical and differs greatly. The number of saturated acids in the fat
of the meat of various fish is from 17 to 30 %, and unsaturated — 70-83 % of the
total weight of all fatty acids. Sea fish fat contains the highest content of certain
important acids.
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Fish raw materials contain vitamins belonging to two groups:

— water-soluble (soluble in water);

— fat-soluble (soluble in organic solvents).

Vitamins are unevenly distributed in the body of fish. There are much
more of them in internal organs than in muscle tissue, especially fat-soluble
vitamins, including vitamins A, D, E. The highest content of these vitamins was
found in fish liver.

Fish raw materials contain a large group of very important water-
soluble vitamins such as: Bl (0.03-0.86 mg%), B2 (0.02-0.36 mg%),
B6 (0.10-0.80 mg%), RR (0.40-8.20 mg%), C (0.4-3.2 mg%).

Vitamins are biologically active substances that are important in the
normalization of metabolic processes. Combining with specific proteins,
vitamins form biocatalysts — enzymes. Being in tissues in rather small quantities,
vitamins contribute to the reaction of decomposition and synthesis of amino
acids, proteins, carbohydrates, and nucleic acids.

Fish is a rich source of minerals. Their content in muscle tissue is, as a
rule, stable and ranges from 1 % to 3 %. Mineral substances included in fish
raw materials include macro- (from tenths to hundredths of a percent) and
microelements (less than 0.01 %).

Macronutrients include sodium, potassium (90-100 mg%), calcium,
phosphorus (up to 700 mg%), magnesium (25-70 mg%). Microelements
include iron, copper, manganese, zinc, mercury, lead, cadmium and others.
Microelements are part of biologically active substances, such as enzymes,
vitamins, hormones.

The content of mineral elements in the muscle and other tissues of
fish depends on the composition and concentration of salt in the water
environment. The meat of sea fish contains much more mineral elements
than the meat of freshwater fish. Another difference between marine and
freshwater fish is the complete absence or small amount of iodine and
bromine in the meat of the latter.

Potassium, sodium, phosphorus, sulfur, chlorine, calcium, magnesium,
iron, zinc, copper, as a rule, are present in the meat of all types of fish, but with
different quantitative content.

Carbohydrates contained in small amounts in fish muscles in the form of
animal starch (glycogen) are a source of energy.

Fish tissues contain a large number of enzymes in small quantities, which
act as biological catalysts for the chemical transformation of substances in
protein, lipid and carbohydrate metabolism, which is the basis of life processes.
By their chemical nature, enzymes are proteins (simple and complex).

The nutritional value of fish, taking into account the entire list of nutrients
included in its composition, is extremely high. The value of fish products for
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high-quality and healthy nutrition is determined, first of all, by the presence
in its composition of a large number of complete proteins, as the basis of vital
amino acids, as well as lipids, vitamins, macro- and microelements.

Proteins have a high biological value for fish products.

The biological value of lipids is assessed by their fatty acid composition,
especially the content of polyunsaturated fatty acids, which play an important
role in regulating cardiovascular activity.

Nitrogenous substances present in fish meat play an important role in the
process of gastrointestinal digestion.

Vitamins present in fish are used by the human body as a regulator of
metabolic processes. Group A and B vitamins are especially important, as they
are almost absent in meat and vegetable foods.

Mineral substances are important for the condition of bones, nerves,
muscle and covering tissue of a person. Their insufficient content in food causes
serious metabolic disorders.

When transitioning to new models of high-quality and useful nutrition, when
evaluating the nutritional value of fish and fish products, it is also necessary to note
its high energy value (EV) [7]. The energy value is characterized by the total amount
of energy released during the biological oxidation of nutrients contained in 100 g.
product and is used to support the physiological functions of the body.

It is known that when burning 1 g of proteins 4.0 kcal (16.7 kJ) is released,
1 g of fats — 9 kcal (37.7 kJ), 1 g of absorbed carbohydrates — 3.75 kcal (15.7 kJ)
of energy. According to the principles of rational nutrition, the daily energy
requirement of an adult is 2800-3000 kcal. Of course, the amount of energy
needed for consumption depends on a person’s age, sex, physiology, condition,
place of residence, etc.

Depending on the energy value, fish and fish products are conventionally
divided into three groups, presented in Table 3.

Table 3. Classification of fish and fish products based on energy value

Name of group and
EC, kcal/100 g Product group

High in calories Fish: sea bass, saury, Atlantic fat herring, ivory, mackerel, tuna.
g > Fish products: Pacific herring, salmon, tuna, salted hamsa, sturgeon
200-300 and more . . .
caviar, cod liver, Atlantic mackerel, etc. [7]

Fish: catfish, abalone, pollock, halibut, halibut, carp, Pacific herring,
Medium caloric ) Atlantic mackerel
100-199 Fish products: pollock caviar; hot-smoked flounder, cold-smoked
Atlantic mackerel, dried sturgeon, etc.
Non-fish products of water fishing: squid meat [7]

Fish: Azov-Black Sea flounder, crucian carp, icefish, bream, spring

Low in calories, marble capelin, fragile Azov carp, pike perch, cod, etc.
30-90 Fish products: canned tuna, crabs and shrimps, etc.

Non-fishery products: seaweed, mussels, etc. [7]
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The energy value of fish and fish products varies depending on the method
of processing and depends on its composition, content and food additives.

Digestibility of food products is an important indicator that characterizes
the extent to which the product (its part or the product as a whole) is used by
the body. With mixed nutrition, the digestibility of various food substances is
accepted at the following levels: proteins — 84.5 %, fats — 94 %, carbohydrates —
95.5 %. For fish products, the rate of assimilation by the human body is 85-90 %
for proteins, 84-96 % for fats.

Such a high level of digestibility ensures the normal functioning of the
human body and determines the completeness of this product.

According to the materials of the Food and Agricultural Organization
of the United Nations (FAO, 2022), today the world consumes six times more
products from aquatic biological resources than almost 60 years ago. According
to observations conducted since 1961, the world consumption of fish products has
increased from 28 million tons to almost 176 million tons (2022) [8]. Moreover,
72 % of this volume was in Asia, where 60 % of the world’s population lived.
For comparison, in 1961, Asia consumed 48 % of the fish products available for
consumption. For Europe and the USA, this indicator decreased from 32 % and
9% to 10 % and 5 %, respectively, during the same period.

The increase in the consumption of products from aquatic bioresources
in Asian countries was the result of a number of factors. In 1993, Asia took
first place in the world in the production of products from aquatic biological
resources thanks to the development of aquaculture. In the same period,
significant economic development of the region, growth of population incomes,
increased migration of the rural population to urban agglomerations, access
to food products from aquatic bioresources took place. The reorientation of
the export market to the domestic market contributed to increasing access to
products from aquatic biological resources, expanding their range and increasing
consumption.

At the beginning of 1961, Japan, the USSR, China, the United States,
and Great Britain accounted for fifty percent of the total consumption of fish
products. In 2022, China, Indonesia, India, the USA and Japan (the countries
with the largest consumption) accounted for 60 % of the total consumption of
fish products, with China accounting for 37 %.

Since the 60s of the last century, the consumption of food products from
aquatic bioresources per capita in the world has been constantly increasing:
in the 60s — 9.9 kg; 1970s — 11.4 kg; in the 1980s — 12.5 kg; in the 1990s —
14.4 kg; in the 2000s — 17.0 kg; in the 2010s — 19.6 kg. And although in 2019
consumption reached a record level of 20.5 kg, the next three years saw a slight
decrease to 20.2 kg. The main reason for this was the COVID-19 pandemic and
its consequences.

60



Boowi 6iopecypcu ma akeakynemypa, 2(14) /2023

In the period 1961-2022, consumption of food products from aquatic
bioresources per capita increased in almost all countries except Japan, although
the dynamics of growth differed in different countries. In different countries,
not only different rates of growth of consumption of food products from aquatic
bioresources were noted, but also differences in the consumption of these products
per capita. This is explained by different physical availability of these products
and other types of food, differences in prices and income levels, different levels
of consciousness about nutrition, as well as different food traditions, etc.

In 2022, FAO estimated the consumption of food products from aquatic
bioresources per capita in 227 countries. In 133 of them, it did not reach the world
average level, and in 94 it exceeded this level. Moreover, the world average level
of consumption per capita was 20.2 kg. The average in low-income countries
was 5.4 kg, in lower-middle-income countries 15.2 kg, in upper-middle-income
countries 28.1 kg, and in high-income countries 26.5 kg.

The largest amount of food products from aquatic bioresources per capita
in 2022 was consumed in Asia — 24.5 kg, 23.1 kg was consumed in Oceania,
21.4 kg in Europe, 14.5 kg in North and South America, and 10.1 kg in Africa.

The fairly low consumption volumes in African countries are explained
by the high rates of population growth, which in most countries outpace the
rate of increase in the production of industrial fishing products, the small
scale of the aquaculture sector, which limits the opportunities for increasing
production in the near future, and the unsatisfactory state of transport and market
infrastructure. According to FAO forecasts, the consumption of fish products
per capita in Africa is expected to decrease in the next 10 years. Considering
the high prevalence of malnutrition and hunger, as well as the important role of
food products from aquatic biological resources as a source of proteins, this can
worsen the state of food security in the region [9].

Nutrition experts recommend one or two servings of fish per week, as it is
a valuable source of protein, vitamin D and iodine. Sea fish with a high content
of fats and omega-3 fatty acids is especially useful.

The demand for fish continues to increase, but ensuring a sustainable fish
supply is a challenge that requires an integrated approach. The development
of aquaculture and the consumption of local fish, together with strategies for
effective management of fish stocks, can help provide fish to the population,
preserve biodiversity and preserve the value of the oceans for future generations.

In most developed countries, they realized that the resource of the world’s
oceans is not limitless and that this fishery needs clear regulation and control.

In Ukraine, over the past five years, there has been a constant fluctuation
in the per capita consumption of fish products. And if before the pandemic it
was 11.1 kg/year, and in 2020 — 12.4 kg/year, today instead of the world average
consumption of 20.2 kg/year per person, we have only 9.9 kg/year, which is less
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even than in African countries. In addition, over the past 25 years, Ukraine has
reduced the extraction and production of its fish products by 56 times.

Unfortunately, the culture of fish consumption in Ukraine in the pre-war
period was still at the stage of formation. Ukrainians consumed both imported
fish and their own fish.

Among the TOP exporters of fish to Ukraine were Norway, Iceland and
the USA.

Virtually all fish imported to Ukraine were not subject to any duties,
except for the standard VAT for all imports, and there were no additional barriers
that could artificially increase the price of the product for the final consumer.

The situation with local Ukrainian products was more complicated, most
producers worked outside the legal field. Unfortunately, first the annexation
of Crimea (2014), then the COVID-19 pandemic and the full-scale military
invasion of russia in Ukraine added negative effects on the development of the
industry and the state of the consumer market.

Conclusion. The global dynamics of fish consumption indicates that the
trend of a healthy lifestyle is gaining momentum, as a result of which consumers
increasingly prefer fish and seafood. In addition, fish is better absorbed by the
body. Thanks to the high energy and biological value of fish products, a number
of issues related to food security can be solved today.

Global growth in fish consumption is driven by the development of aqua-
culture. Fish farming technologies have taken a step forward. According to
experts in the field of aquatic bioresources and aquaculture, by 2030, 70 % of all
fish will be grown on farms in closed water supply systems. And today, when the
world society is looking for possible ways to improve food security by changing
the content of the food basket, redistributing available food resources, and intro-
ducing new innovative technologies, aquaculture can meet the ever-growing
demand for fish and seafood, and the wild fish segment will become a premium,
rare commodity.

The added value of fish products comes from processing and processing
of fish. The main global trend, which is gradually becoming a standard, is to
make products as convenient as possible for the end consumer and save time,
minimising the effort required to prepare them.

In the future, these trends will determine the development of the Ukrainian
fish market. After all, solvent consumers are already willing to pay more today,
choosing a high-quality and practically ready-to-eat healthy product.
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BUKOPUCTAHHA PUBU TA PUBHOI MPOAYKLIT
3 METO}O 3ABE3MNEYEHHA NPOAOBOJ1bYOI BE3MEKU
TA NMEPEXOAY HA 36AJIAHCOBAHE
TA 31JO0POBE XAPYYBAHHA

Miwonesa O.A. — cmapwuti suxknaoay, excnepm 3 excnopmy ¢ €C,
Xepcorcokuil 0epoicasHuil azpapHo-eKOHOMIYHUL YHIGepcumen,
dyudyaeva.olga@gmail.com

3a oninkamu [IponoBonbuoi Ta cimbebkorocnonapeskoi opranizanii OOH (FAO),
ctaroM Ha odatok 2020 poky moHan 800 MUTBHOHIB KHUTENIB ITAHETH CTPAXKAAIH BiJl
HecTadi npogoBonscTBa. [lanmemis COVID-19 numne moripmmia cTaH MPOIOBOIBIOTO
3a0e3reueHHsT Ta TPOAOBONILIOT Oe3rekd B ToOdambHOMY CBiTi. HactynmHumu
BUKJIMKAaMH TJIOOANIbHINH TMPOIOBONBYIN Oe3Meli cTaiu HacHiiKM 3MIHM KIiMary Ta
BiliCbKOBE BTOpPrHEeHHsI pocii B Ykpainy. Lle miarBepausino HeloCKOHAIICTD 1 Bpa3JIuBICTh
arpoTpoOIOBOJIBINX JIAHIIIOTIB.

Aue mponoBonbya Oe3reka — e e M 37aTHICTh KpaiHn 3a0e3NeYnTH JT0CTYII
HAaCceJIeHHS 10 SKICHUX 1 KOPHCHUX TNPOAYKTIB XapdyBaHHA. Tak, BiAMOBITHO [0
Pumcbkoi ekinapaitii mpo BCECBITHIO MPOAOBONIBYY O€3IeKy, KoKHa KpaiHa IMOBHHHA
3a0e3MeunTH MpaBo JIIJMHU Ha JIOCTAaTHE XapuyBaHHs, (i3MYHHUII JOCTYN O HBOTO,
HE3aJISKHO BiJI KJIIMAaTWYHUX BUKJIMKIB 1 IOTOJAHUX KOJMBaHb, CTaHy Ta JUHAMIKH
PO3BHUTKY BUPOOHUIITBA.

ToMy mnpu TPUIHATTI BIAMOBITHUX pIMIEHP HEOOXiTHO BpPaxOBYBAaTH TakKi
(haxTopw, K 30UIBIICHAS HACEIICHHS IUIAHETH, 3MiHA KIIIMaTy, IO BIUTUBAE Ha OOCST
CUIBCHKOTOCTIOIAPCHKOTO BUPOOHHIITBA, HES()EKTHUBHICTH IPOIOBOIBIUX CHUCTEM 1
3pOCTArOYMH MOMHUT Ha 3[J0POBY Ta OE3MEUHY DKY.

3 Tux mip, SIK OyJNW BIAKPUTI MOXKMBHI PEYOBHHH, CYCIIJIBCTBO Hamaraiocs
Ha/IaTu TIOpaJu MIO/I0 TOTO, SIK YHUKHYTH JE(QIINTY TMOXUBHUX PEUOBHH 1 3aXUCTUTH
3II0POB’S Ta OIATOIIONYYYS JTFOACH.

Pe3zynbraTy HayKOBHX PEKOMEHAALIIH, CKIIaICHNX Ha OCHOBI JIOCIIIPKEHb BILIUBY
Xap4yoBUX IMPOJYKTIB Ha 3/I0pOB’S JIIOAMHHM, IMIATBEPKYIOTh HEOOXITHICTh MEPEeXory
JI0 HOBUX MOJIEJIEH CIIOXKMBAHHS, 3MIHU BMICTY HPOAYKTOBOI'O KOILIMKA 3 ypaxyBaHHIM
BIUIMBY XapuOBHUX JIAHIIIOTIB HA HABKOJIUIIIHE CEPEJOBUILIE.

VY crarti puba Ta puOHI MPOAYKTH PO3MIANAIOTHCS SIK CKIIAZ0Ba CIIOXKHBYOTO
KOIIMKA HOBOT MOJIEITI KOPHCHOTO, SIKICHOTO Ta O€3MEYHOr0 XapuyBaHHSI.

CBiToBa MWHAMiKa CIOXKHMBAaHHSA PUOHM CBIMYUTH TPO T€, IO TEHIACHIA [0
3I0POBOTO CIIOCOOY JKUTTS HaOUpae 00EPTiB, BHACIIIOK YOr0O CIIOKHBAYil BCE OLIBIIE
BiJ1atoTh mepesary puOi Ta Moperpoaykram. Kpim Toro, puba Kpaiie 3acBOIOE€THCS
OpraHi3aMoM. 3aBJSIKM BHCOKIH €HepreTuuHiii Ta OIONOriyHId IIHHOCTI PUOHUX
MIPOYKTIB CHOTO/IHI MOMKHA BHPIIIMTH HU3KY NUTaHb, TTOB’3aHKUX 13 3a0e3MeYeHHIM
TIPOJIOBOJIBYOT OE3IEeKH.

KitrouoBi cmoBa: mpomoBonbya Oesreka, arpompoAOBOIRIl JAHIIOTH, prda Ta
PpHUOHI TIPOIYKTH, 0OXOpPOHA 3I0POB’ S JIIOAICH, MOJIENIb KOPHCHOTO, SIKICHOTO Ta O€3IMEYHOTO
Xap4yBaHHSI.
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KOPMOBA BbA3A BUPOLLYBAJIbHUX
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IIpoBenenHi mocmimkeHHs Ha 0a3i BUPOIIyBaIbHUX CTaBiB XEPCOHCHKOTO BHU-
POOHUYO-EKCIIEPUMEHTAIILHOTO 3aBOJLy 110 PO3BEACHHIO MOJIOJ YaCTHKOBUX pUO BKa-
3yIOTh Ha HE TUIIOBY JJMHAMIKY PO3BUTKY KOMIIOHEHTIB IPUPOHOT KOpMOBOi 0a3u. Taki
acrekTH (GopMyIOTh HU3bKMI KOPMOBHH IMOTEHIIaN, SK HACIHIJOK CTBOPIOIOTH 3arpo-
3y JUIs 3a0€3MEeYCHHs] OTPUMAaHHS BHCOKOSKICHOIO PUOOIOCAJKOBOTO Marepiaiy s
iHTpOAYKii B MoHMU33s [[HIMpa, M0 € TOIOBHUM KPUTEPIEM IS aJanTaIliitHoro nepiomry
y HOBHMX yMOBaXx iCHyBaHHSI.

AHaui3 pe3ysbTariB piBHS PO3BUTKY KOPMOBHX PECYPCIB ITPOTSATOM BereTariiftHo-
TO Mepiojy CBIJUUTH NPO HU3bKI OioMacu (iTOIUIAHKTOHY IO CTaBaM y BECHSHO-JIITHIH
niepiog, Biamosiano 0,517 — 2,257 r/m* 14,14 — 14,43 r/M*. Bocenu BijzHaueHi HaMipHi
BenuuuHY Oibie 60 r/M® gocsraroun MakcUMallbHUX 3HadeHb 102,54 r/m?. Pesynbraru
MPAKTUYHHUX JOCIIJDKEHb JIeMOHCTPYIOTh, IO OIOMAacH 300IUIaHKTOHY BHPOLIYBAab-
HUX CTaBiB QyXe€ PI3HWINCH, Y BECHSIHHUN IEpiof iIHTCHCHBHOI BereTarlii 6iomacu 30-
OIUTAHKTOHY KOJMBAIUCH Bix 7,83 10 96,37 /M. HanpukiHii BereTaiiiHoro mepiomy
PiBEHb PO3BHUTKY 300ILIAHKTOHY MaB HallHIIK41 IIOKa3HUKU OioMac B IOPIBHSIHHI 3 Bec-
HSHO-JIITHIM TIepionom, 3Hu3uBIKCh 10 1,23-14,08 r/M®. Cepennboce3onHa Oiomaca
3000€HTOCY 3MiHIOBanacs B Mexax Bix 1,9 r/m? 1o 5,0 r/M? XapakTepu3yodu piBHOMIp-
Hy TWHaMiKy OCHTHYHUX OpPTaHi3MiB Ha BiJIMiHY BiJl TUTAHKTOHHUX, SIKi MaJld HETHUIIOBI
MTOKA3HUKH JUHAMIKHA 6i0Mac SK MPOTATOM BEreTaIliifHOTO MEepioay TakK i 1Mo cTaBaMm.

Pesynbraru mpoBeleHUX JOCHIDKEHb CBIiIYaTh MPO HEOOXITHICTH CTHMYITIO-
BAHH TPUPOJHOI KOPMOBOT 6asu 3a PaxXyHOK BHECEHHA y Hmbxonpouykmsm CTaBU
OpraHo- MlHepaJ‘ILHI/IX I[O6pI/IB Y BECHSAHO- JITHIN niepiof, 3MiHU cTparerii q)opMyBaHH;{
CKJIaJly TIOJIIKYJBTYPH Y BilIIOBITHOCTI 10 MPOAYKTUBHOCTI BUPOLIYBaJbHHUX CTaBiB 3a
piBHEM PO3BHUTKY KOPMOBHX TiIPOOIOHTIB.

OCHOBHUMH KOPMOBHMH 00’€KTaMH B PHOOTOCIIONAPCHKUX BHPOIIYBAIBHUX
CTaBax SIBJSIFOTHCSE Makpo(iTH, (DITOIUIAHKTOH, 300IIAHKTOH 1 3000eHTOC. BOHU € oc-
HOBHUMH KOPMOBHMHU 00’eKkTamMu ISl POCIMHOITHUX KOPOTIOBHX BuiB pub. XKutre-
CTIHKICTh JIMYMHOK 1 MOJIOJIINX BIKOBUX TPYIl BU3HAYAETHCA piBHEM OOMiHY PEYOBMH,
KUl BioOpaskae yMOBH MEIIKAaHHS 1 PiBeHb 3a0e3NeYCHHS KOPMOBOIO 6a3or puo.
[puponHa xopMoBa 6a3a CTaBIB € YACTHHOK KOPMOBUX PECYPCIB Ta MPECTaBIIsE CO-
0010 CYyKYITHICTH TiApOOiOHTIB, MPOAYKTIB iX po3mamy (IETPHUTY), AKi 3HAXOIATHCA Y
BOZIOIMI 1 BUKOPHCTOBYIOThCSI O€3110CepeIHbO B SIKOCTI X JUIsl riipo0ioHTiB. Bpaxoy-
104U OTPUMAaHHI Pe3yJbTaTH, BiIMIY€HO, 1110 OCHOBHOIO 33/1a4€I0 CIIeIiaIicTiB pudoroc-
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MOAPCHKUX MIIIPHUEMCTB € ONTHMAIBHO Ta HEBUCHAXKIIMBO BUKOPUCTOBYBATH KOPMOBI
POIIYBaHHS PI3HUX BHUJIIB PHO — MONIKYJIBTYPH, BUKOPUCTAHHS YIIIIHHEHUX MOCAIOK,
iHTeHCH(DIKAIIIITHUX 3aXO/iB.

Kitrouosi crioBa: Tigpo0ionoriaHuii pexumM, puOHNYI CTaBH, KOPOMOBi, prodoIo-
CaJIKOBHil Marepiall, KopMoBa 0aza CTaBiB.

IMocranoBka mpodiemu. XapdoBa 3a0€3MEUEHICTH MOJION KOPOIIOBHX
BUJIIB pHO y BUPOIIYBAIBLHIX CTaBaX B 3HAYHOMY CTYTICHI 3aJISKUTh BiJ| IKICHOTO
1 KIJIBKICHOTO CKJIa/Ty KOPMOBHX T'1IPOOIOHTIB, SIK1 YTBOPIOIOYH XapUOBHIA JIAHIIIOT
3a0e3MevyIoTh TpaHC(HOPMAIIII0 HEepTii Ha KOKHOMY TPO(hIYHOMY piBHI.

B cyuacHmx ymoBax XepCOHCHKHII BHPOOHUYO-CKCIIEPUMEHTATHLHUN
3aBOJI MO0 PO3BEACHHIO YACTUKOBHX PHO Mae€ pi3HI KaTeropii CTaBiB, B SKHX
CYMICHO BHPOUIYIOTHCS KOPOMOBI BuaM pub. 3a0e3ledeHHs BiJIHOBIICHHS
YHCENFHOCTI YaCTUKOBUX BUAIB pHO (Kopor, Oinuid amyp, OLIHid Ta CTpOKaTHi
TOBCTOJIOOMKH) 3IIHCHIOETHCS 3 METOI0 CTPUMYBaHHS eBTpodikarii, MomoB-
HEHHSI 3a1aciB BOAHUX 6i0pecypciB, 301IbIIEHHS TPOMUCITY 1 OTPIMAaHHS BUCO-
KOSIKICHOT pUOHOT POyKIIii B yMOBax TpaHc(HOPMOBAHOTO CTOKY J{Himpa.

XepCOHCHKUIT BUPOOHUYO-EKCIIEPUMEHTAILHUI 3aBOJ 110 PO3BEJICHHIO
MOJIOJII YaCTUKOBHUX PUO NMPHU3HAYCHUN U BHPOOHHUIITBA PHUOOIOCAJKOBOIO
Marepiajy poCIUHOIIHUX pHO 1 Kopora jist 3apubnenHst JJHinpoBcbKko-By3bkoi
ectyapHoi cuctemu. Po3ramoBannii Ha Mexi V 1 VI 30H puOHumTBa. 3aramsHa
CTaBOBA IUIOINA rocrofapcTsa ckianae 473,93 ra, 3 HUX BUPOIILYBAIBHOI IIIOMTI
424,3 ra. Cepen eKCIUTyaTOBaHHWX CTaBiB HAMOIIBIy TUIONLy MalOTh BHPOIIY-
BaJIbHI CTaBU 1-TO MOPSIKY, SKi CKIanatoTh 45,95 %, Ta BUpOIIyBajIbHI CTaBU
2-ro nopsiaky — 44,69 %. Ane KifgbKICTh 1 KaTeropisi CTaBiB B 3aJIEKHOCTI Bif
TUTAHOBUX TOTpe0 TocroiapcTBa MOXe 3MIHIOBATHCH. [OJOBHOIO 3aj1auero
TOCIIOAPCTBA SIBISIETHCSI OTPUMAHHS IIJIAHOBOI KUTBKOCTI BHCOKOSKICHOTO
prOOIIOCaIKOBOTO MaTepialy IMPU BUKOPUCTAHHI HAiBIHTEHCHBHOI TEXHOIOT11
BHPOIIYBaHHS, 32 paXyHOK IIPHPOTHOI KOPMOBOT 6a3u, BHECEHHS OPraHO-MiHe-
panbHUX 100pHB, O€3 3aCTOCYBAHHS T'OIIBII.

AHajmi3 ocTaHHiX XocaigkeHb i myOaikamiii. OctanHi JOCHTIHKESHHS
MIPUCBSIYEH] BU3HAUEHHIO PIBHS PO3BUTKY MPHUPOIHOI KOPMOBOi 0asu y cra-
Bax XepCOHCHKOTO BHPOOHUYO-EKCIIEPUMEHTAIHHOTO 3aBONY 3 PO3BENEHHS
MOJIOZI YacTUKOBUX puO mpoBeneHi y 2008—2012 pp. B po3spisi pokiB cepen-
HBOCE30HHHH piBeHb OlomMach (ITOIUIAHKTOHY B €KCIIEPUMEHTAIBHUX CTaBax
cxiamas 17,1-32,7 r/m3, 3oomnankrony Bix 0,78 mo 2,17 r/m?, Ta 3006eHTOCY —
0,07-2,85 /™3, o y 1iJIOMYy MOYKHA BBa)KaTH 3aJI0BUTLHIM ITPH BUPOIIYBaHHI
pUOOIIOCaIKOBOIO Marepiajly KOPOIOBUX BHUJIB pub 3a yMOB JAe(illUTy opra-
HO-MiHepanpHUX 100puB [1, 2].

Junamika OiomMac Xap4oBUX TiJPOOIOHTIB MPOTSATOM BETETAIIIHOTO
nepioxy BHUpOITyBaIbHUX cTaBiB XBE3 CBimUnWTH TpO OOCTaTHIH piBEHB
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3a0e3reueHHs prOOMOCaKOBOr0 Marepiany HpPUPOJHOK KOPMOBOKO 0a3oro,
piBeHb PO3BUTKY (iToIUIaHKTOHY ckiazaB Bix 18,1 mo 31,9 r/m?, 30ominank-
ToHy Bix 0,6 mo 2,1 r/m®, 3006eHTocy Big 0,9 1o 5,1 r/m? [3]. PiBeHb po3BUTKY
Oiomacu ¢itomnankrony npotsirom 2008—2010 pp. KonuBaBcs y pi3HUX cTaBax
Bix 9,0 mo 24,3 r/mM* nipu cepeHbOCE30HHOMY MOKa3HUKy 15,2—18,7 r/m>. Bio-
Maca 300TUTaHKTOHY Oyna y mexkax Big 1,0-34,8 r/m?, 3006entocy Big 0,01—
13,83 r/M?, cepenHbOCE30HHMI MOKA3HKUK BIAMOBIAHO ckiaaas 3,8-16,8 r/m® ta
0,12-2,09 r/™* [4, 5].

[TpuponHst kopMoBa 0a3a cTaBiB Ma€ MPSIMO MPONOPLIHHUKA BIUIMB Ha
MIPOIYKTUBHICTD BUPOIYBalIbHUX cTaBiB. Cepel KOMIOHEHTIB KOPMOBOi 0a3n
B)XXJIMBE 3HAYCHHsI BIJIIrPa€ 300IUIAHKTOH, MOTO BHJIOBHM CKJaJ, KiIBKICHI
Ta SAKICHI MOKAa3HUKHU. Y JOCII/PKyBAaHMX BUPOIIYBAJIBHUX CTaBaX pPUOTOCITY
«PynHUK®» BII3HAUEHO JOMiHYIOUE MOJIOKEHHS TJUIICTOBYCUX PAKOMOAIOHUX,
SIK1 TIepeBakKaJln SIK 32 YHMCENIBHICTIO TaK 1 3a Giomacoro, 0cOOIMBO Ha MMOYATKY
BereTamiiHoro mnepiofy. MiHiManbHI MOKa3HUKH OiOMac 300IUIAHKTOHY HeE
3MeHInyBaauch Hwkae 3,35 r/m®. Cepemnboce3oHHa HioMaca 300MUTAHKTOHY 33
BereTaiiHui ce30H ckmagana 9,14 /v [6]. OxHuM 3 Ti€BHUX 3aX0IiB CTUMYITIO-
BaHHS PO3BHUTKY MPUPOAHBOI KOPMOBOI 0a31 € BHECEHHSI OpraHO-MiHEepaTbHUX
I0OpUB, sIKi MepeayciM BILUIMBAIOTh Ha aBTOTPO(HUI KOMIIOHEHT — (ITOTIaHK-
TOH, 10 KOMITJIEKCHO ()OPMY€E YMOBH JJIsl aKTUBHOTO PO3BUTKY MPAKTHYHO BCIiX
KOMIIOHEHTIB TPO(IUYHOTO JaHLIOra IPUPOIHOI KOpMOBOi 6a3u puo [7].

MeTtonuka mpoBeaeHHs A0CTiNKeHb. BinOip rigpobionoriyHux mpod
BOJM 3[IHCHIOBABCSl BIIPOJIOBXK BererauiiHoro mnepiomy 2021-2022 pp. BuKo-
PUCTOBYIOUM 3arajbHONpuiiHATI MeToauku [8, 9]. IlpoOu diToraHKToHy
BiOupanuce B paiioHi JpKepena BOJONOCTAuYaHHS, BOAOCKHUIY, TPUOEPEKHOT
YaCTUHHM CTaBy 1 HEHTPaJIbHIi Horo yacTuHi 3 moBepxHi Boau (h — 0,5 M), mpodu
3JIMBAJIMCh B OJIHY €MKICTh 3 SIKOi BijiOMpaiiach iHTErpoBaHa mpoda 00’eMoM
1 n1m?, ikcaris MpoOBOAMIACH PO3UMHOM (OopMaIbeTiay. 3ryleHHs mpob mpo-
BOJIWJIA METOJIOM BIJICTOFOBaHHS Y TEMHOMY Miclli mpotsiroM 15-20 110 nuisixom
BiZic(h)OHIOBaHHSI CEPEHBOTO MIAPY BOIM, IICJISI YOTO OCTATOUYHO 3aMipIOBaIU
i mepenocunu y Menmuid nocyn [10]. BugoBuii ckiaj BU3HaYau 3a A0IOMO-
rol0 3arajbHONPUAHATHX Bu3HayHUKIB [11-20]. KamepanbHa oOpoOka mpod
MIPOBOAMIIACH 32 JIOTIOMOTOIO CBITJIOBOTO MIKPOCKOIA Ha JIYWJIBHIHM IIaCTHHI.
Biomaca Bu3Hauanack po3paxyHKOBO-00’€MHUM MeTOIOM [8§, 21].

Marepian A BUBUCHHS PO3BUTKY 300TUIAHKTOHY 3AiHCHIOBABCS HLIS-
XOM mpouipKyBanHs Boau (50 1) uepes citky [keni 3 niaMmeTpoMm BXiJIHOTO
kbl — 25 oM. [licis mporo BiniOpaHuii Marepian (ikcyBaBcs, a KaMepalibHa
00poOKka mpoO MPOBOIWIIACH 3a JOIMOMOIO OIHOKYJIsSpa Ha JIYMIIBHIN TUIac-
TuHi. biomaca Bu3Hayanach po3paxyHKOBO-00’€MHHM METOIOM 3a CEepeIHIMU
00’eMaMH 1 BCTAaHOBJICHHX 1HIMBITyalbHUX 0iOMAc 300TUIAHKTOHHHUX OpraHi3-
MiB B 3aJI€KHOCTI BiJl PO3MIpHUX XapaKTEPUCTHK 3 JITEpaTypHUX JpKepen [§,
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22]. SIkicHuii CKJaJ 300IUIAHKTOHY BH3HAYaBCS 32 JOMOMOTOK) CIEI[iaIbHUX
BU3HAYHHUKIB [23-28].

3000eHTOC BimOMpanu 3a AONOMOTOI0 CEpeAHbOI MOjeNi AHOoYepHava
[Terepcena 3 mometo 3axorienns 0,025 M2, OpraHi3Mu po30UpaIu Ha TAKCO-
HOMIYHI Ipyny 1 BU3HAYAIN BUAOBY NpUHAIEKHICTH [29, 30]. M skuit 6eHTOC
3Ba)KyBaJId Ha TopcioHHuX Tepe3ax BT-500.

Po0GoTr BUKOHYBaJIMCh B MEXKax HAYKOBO-JOCIIJHOT JEP:KOOKETHOL
TeMaThki «lHHOBamiliHa pecypcosdepiraiyua TEXHOJOTiS TOBAPHOTO PHUOHU-
[TBa SK CKJAJ0Ba MPOJOBOJILYOI OE3MeKH YKpaiHW», HOMEp JIEP:KaBHOI pee-
ctpanii 01210109533 (2021-2023 pp.); «Po3pobka i BpoBa)KeHHs iHHOBA-
IHUX METOJIB, TEXHOJIOTi BUPOOHHIITBA MPOAYKLii puOHUITBAY JlepxaBHU
peectpartiiiauii Homep: 0120U101914 (2023-2025).

Buxkiaa ocHoBHOTro Matepiajy. BayxiuBy posb B )KUTTI BOAOWM Bizirpa-
I0Th TaKi KOMIIOHEHTH 010TH 5K ()iTOIUIAHKTOH, 300TUIAaHKTOH 1 3000eHTOC. PO3-
BUTOK MPHUPOIHOT KOPMOBOT 0asu, 11 BUIOBUI CKJIaj, JMHAMIKA YHCEIBHOCTI 1
Oiomacw, 3IaTHICTh 3aJI0BOJIBHUTH YTBOPIOBAHOK OPTraHIYHOK PEYOBHHOI Xap-
YOBi OTPeOU KOHCYMEHTIB Ha KOXXHOMY TpO(iYHOMY piBHI — OCHOBHI YMOBH
OTPUMaHHSI BUCOKOSIKICHOTO pHOOIOCAIKOBOTO MaTepiany y CTaBOBUX PHOHHUX
rOCIO/IapCTBaX.

@DiTOMIAHKTOH BHUPOIIYBAJIBHUX CTaBiB XapaKTepU3yBaBCS 3HAYHUM
BUJOBUM 0araTrcTBOM, 3arajbHa KiUIbKICTh BUJIB BU3BHAUCHHUX MIPOTSATOM BereTa-
HiiHOTO Mepiony ckianana 246 npeacraBHUKIB. DITOMIAHKTOH y cTaBax sIBJIs-
€THCSI TICPBUHHOIO JIAHKOIO TPO(IYHOTO JIAHIIIOTA 1 SBISIETHCSI KOPMOM SIK ISt
300TUIAaHKTOHY TaK 1 ISl POCIMHOITHUX pHO. Y BUPOIIYBabHUX CTaBaX PO3BH-
TOK (PITOIUIAHKTOHY Jy’e CHEIU(pIYHUN 1 Ma€ MIUPOKI KOJIMBAHHS KITBKICHUX
1 AKICHUX TIOKa3HUKIB. BUIOBUI CKIIaJ| TNIAHKTOHHUX BOJIOPOCTEH HacaMIiepes]
3yMOBJICHHI KOMIUIEKCOM (aKTOpiB CEPeAOBHILA, IO MEPEBAKAIOTh Y JaHUN
Yyac B BOAOIMI — TeMIepaTypHUMHU yMOBaMH, iHTeHCH(]IiKaliHHUMHU 3aX0JaMH,
IHTCHCUBHICTIO pajianii, IMBUAKICTIO BOAOOOMIiHY, OIHOYACHOTO BHUPOILY-
BaHHS PI3HUX BUIIB PUO, BUKOPUCTAHHS YIIUIBHEHHX MMOCAI0K. AJie, PO3BUTOK
TUTAHKTOHHHUX BOJOPOCTEH CYTTEBHM YHMHOM 3aJE€XKHTh Bifl e(eKTUBHOCTI X
CHOKMBAHHA O1JIMM 1 CTPOKATUM TOBCTOJIOOMKOM. TakCOHOMIUHE Pi3HOMAHITTS
BOJIOPOCTEH CBITYMTH MPO HAHOUIBINY 4YacTKy mpeacraBHukiB Chlorophyta
MPOTATOM BCHOTO MEPiOAy AOCHIKEHb BiAMOBIIHO 10 TIepioAy BereTamiiHoro
ce3ony (Tabmuus 1).

BecHsiHMIA (BITOMIIAHKTOH XapaKTepU3yBaBCs OUIBIIOI YaCTKOIO B KiJib-
KICHOMY BIJIHOIICHHI TPEJICTaBHUKIB 3€JIEHUX BOJOPOCTEH, KOJUBAIOUHCH
o craBam Big 31 mo 50 %. Cepen MOMIHYHOUUX BHJIIB HAWOLIbIIE 3ycTpiva-
muck Pediastrum duplex Meyen, Scenedesmus ellipticus Corda, Scenedesmus
obtusus Meyen, Schroederia setigera (Schroder) Lemmermann, Pseudope-
diastrum boryanum (Turpin) E. Hegewald, Pandorina morum (O. F. Miiller)
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Bory, Oocystis lacustris Chodat, Oedogonium sp., Monoraphidium irregulare
(G. M. Smith) Komarkova-Legnerova.

Ha npyromy Mmicii KibKiCHY YacTKy 3aiiMaliil MPEACTAaBHUKH BiJILTY
cuHbo3enieHnx Bomopoctelt (Cyanobacteria), KOJIMBaWOYKUCh 1O CTaBaM Bijg 3
1o 11 %. Haiibinbme 3ycTpivanuch i Manu KuIbKicHe JOMiHyBaHHSI Anabaena
sphaerica Bornet & Flahault, Merismopedia convolute Brébisson ex Kiitzing,
Microcystis aeruginosa (Kiitzing) Kiitzing, Microcystis pulverea (H. C. Wood)
Forti, Planktothrix agardhii (Gomont) Anagnostidis & Komarek.

[iaromoBi Bomopocti (Bacillariophyta) mamu npyropsiiHe 3HAuCHHS
KOJIUBAIOUUCh 10 cTaBam Bix 1 10 3 %, okpiMm ctaBy Ne 5 jie 3a KUTbKiICHUMU
IMOKa3HUKaMH BOHH 3aiiMaJiu JoMinyroue Mictie — 17 %. Cepesi BUIOBOTO CKIIaay
3a KUIbKicTIO foMminyBanu Achnanthidium minutissimum (Kiitzing) Czarnecki,
Aulacoseira granulata (Ehrenberg) Simonsen, Melosira varians C. Agardh,
Navicula radiosa Kiitzing, Nitzschia intermedia Hantzsch.

JIiTHIH (DITOMIIAHKTOH XapaKTepH3yBaBCs IHTCHCHMBHUM PO3BUTKOM BCiX
BIJUIUTIB  BOJOpOCTed. JloMiHyroue 3HA4YeHHS CTAHOBWIIM 3€JicHI BOJOPOCTI
(Chlorophyta) cxknanaroun KinbkicHy 4actky Bin 28 10 50 %, Ha apyromy micri
BiJI3HAYCHHI J1ilaTOMOBI BojtopocTi (Bacillariophyta) konusarouuncs Bij 10 1o 52 %,
TpEeTE Miclie 3aiiMay MPeICTABHUKU CHHBO3eNIeHUX Bojiopocteit (Cyanobacteria)
CKJIaJIAF04YH TIPOTSTOM BETeTaIliFHOTO mepiony mo pisHuM craBaMm Bijg 10 10 20 %.
Cunig 3a3HaYMTH, IO B JIITHINA Tepio] y cTaBax iIHTEHCHBHO IOYMHAIOTH PO3BH-
BaTHCh €BIVICHOBI BopopocTi (Euglenozoa), KiNbKiCTh MpPEICTABHHUKIB JOCATANA
J10 25 BUIIB, 3aliMarO4YM KUTHKICHY YaCTKY CEpe/l IHIIMX BiJUILIIB BOIOPOCTEH Bij
5 o 10 %. Cepen BUIOBOTO Pi3HOMAHITTS €BIVICHOBUX BOJOPOCTEH HaiOiIbIIe
sycrpivanuck Euglena clara Skuja, Euglena granulata (G. A. Klebs) F. Schmitz,
Euglena korshikovii Gojdics, Euglena viridis (O. F. Miiller) Ehrenberg, Lepocin-
clis fusiformis (H. J. Carter) Lemmermann, Phacus caudata var. minor Drezepol-
ski, Trachelomonas volvocina (Ehrenberg) Ehrenberg.

B ocinHbOMYy (HiTOIIAHKTOHI 30UTBIIMIOCH 3HAYCHHS CHHBO3CICHUX
Bostopoctert (19-30 %) i 3enenux Bomopoctei (35-51 %). HaromicTh pizko
3MEHINNIACH TPUCYTHICTh JIaTOMOBHUX BOJOPOCTEH, KOMMBAHHS MO CTaBaM 3a
KibkicTIO ckianano Big 10 mo 15 %. EBrieHOBI BOIOPOCTI Majiu KOJIMBaHHS
Big 3 10 15 %. 3araiomM OIIHIOIOUHN KiJIbKICHE JIOMIHYBaHHS PI3HUX IPyI BOO-
pOCTEii 10 cTaBaM MPOTATOM BETETAIIIHOTO MePiojly BCTAHOBJICHO, IO JIOMi-
HyIOUE TIOJOXKEHHS HAJCKUTh 3eJiecHUM Bojopoctsm (Chlorophyta) — 91 %,
JIpyre MICIe HaJIOKHUTh JTIaTOMOBUM BojopoctsMm (Bacillariophyta) — 67 %,
Ha TPEThOMY MiCIli KUIBKICHY YacTKy 3aiiMaloTh CHHBO3ENICHI BOAOPOCTTI
(Cyanobacteria) — 34 %, B MEHIIIOMY CTYIICHI 3yCTpidajiCh €BIVICHOBI BOJIO-
pocti (Euglenozoa) — 25 %. Iami Binainu Bogopocrelt (Cryptophyta, Miozoa,
Ochrophyta, Charophyta) 3afimaiii MiHIMaJIbHY 9aCTKY 3a KUIbKICTIO KOJIHBAFO-
yuck Bijg 3 1o 14 %.
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OuiHo4H AUHAMIKY O6iomMac (iTOTIAaHKTOHY MPOTATOM BEreTaliifHOro
repiojy, HaHOUIBII MOKA3HUKHY BiJJ3HAUEHHI B OCIHHIHN mepiof (Ta0auLst 2).

Tabnuys 2. luaamika (piToNJaHKTOHY MPOTSIrOM BereTamiiiHoro mepiony

Cranuii Bin- | biomaca ¢iton- Tun Crpykrypa ( %)
Oopy npod JIAHKTOHY, I/M° (iTonIaHKTOHY i 6iomaca Bigainis
1 2 3 4
Becna (11-12.05.2021 p.)
Chlrophyta 54 % (0,482)
CraB Ne 4 0,899 Cyanobacteria 39 % (0,355)
Trmri 7 % (0,062)
Bacillariophyta 60 % (0,674)
CraB Ne 5 1,128 Chrlophyta 30 % (0,339)
Trmri 10 % (0,115)
o Cyanobacteria 85 % (1,244)
Cras Ne 9 1,467 Teomi 15 % (0.223)
Chlorophyta 58 % (0,300)
CraB Ne 10 0,517 Cyanobacteria 22 % (0,116)
Ji3iiel 20 % (0,101)
o Chlorophyta 87 % (1,967)
Cras Ne 11 2,257 T 13 % (0,290)
. Chlorophyta 67 % (0,548)
Cras Ne 16 03818 T 33 % (0.270)
Jlito (24.06.2021 p.)
. Chlorophyta 75 % (0,487)
Cras N2 0,649 T 25 % (0,162)
. Cyanobacteria 71 % (7,119)
Cras Ne 9 9,960 Tramri 29 % (2,841)
Euglenozoa 44 % (4,047)
Cras Ne 10 9,251 Chlorophyta 31 % (2,897)
THmi 25 % (2,307)
. Chlorophyta 64 % (9,253)
Cras Ne 11 14,430 [Hmi 36 % (5.175)
o Chlorophyta 77 % (0,612)
Cras Ne 12 0,797 T 23 % (0.185)
Bacillariophyta 44 % (0,741)
CraB Ne 15 1,680 Cyanobacteria 33 % (0,556)
Inumi 23 % (0,383)
Chlorophyta 39 % (1,625)
CraB Ne 16 4,140 Bacillariophyta 38 % (1,565)
THmi 23 % (0,953)
Ocinb (03.09.2021 p.)

. Cyanobacteria 61 % (38,476)
Cras Ne 1 63,227 T 39 % (24.751)
Chlorophyta 40 % (9,618)
CraB Ne 3 23,846 Cyanobacteria 27 % (6,444)
Trmi 33 % (7,784)
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[Iponowxenus Tadnuii 2

1 2 3 4

Bacillariophyta 35 % (6,968)

o Cyanobacteria 32 % (6,380)

Cras Ne 14 20,031 Euglenozoa 28 % (5,571)

THmmi 5% (1,112)
Chlorophyta 42 % (43,226)
CraB Ne 16 102,542 Cyanobacteria 30 % (30,597)
Trmmi 28 % (28,719)

VY craBi Ne 3 1 Ne 4 Gynu HaiMEHII TOKa3HUKH, CKJIAJIal0u BiJIIIOBIIHO
20,03-23,85 r/m*. Haiibinburi Oiomacu (IiTOIJIAHKTOHY BiJ3HA4eHi y CTaBi
Ne 16, cranosmstun 102,54 /M3, Taki BrCOKi 6iomacu 3abe3neuyBaanuch iHTEH-
CHUBHHMM PO3BUTKOM B LIeH Mepiof] 3eJIeHNX 1 CHHBO3EJICHUX BOJOPOCTEH, YacTKa
SKUX BiAMOBiAHO ckianana 30—42 %. OCHOBHUMH JIOMIHYIOUUMH BUJAMH, SIKi
(hopMyBau BUCOKI MMOKa3HUKHU, Oynu Aphanizomenon flosaquae Ralfs ex Bor-
net & Flahault, Microcystis aeruginosa (Kiitzing) Kiitzing, Merismopedia con-
volute Brébisson ex Kiitzing, Oscillatoria planctonica Woloszynska, Oscillato-
ria tenuis C. Agardh ex Gomont, Qocystis lacustris Chodat, Pandorina morum
(O.F. Miiller) Bory, Pediastrum duplex Meyen, Pseudopediastrum boryanum
(Turpin) E. Hegewald, Scenedesmus ellipticus Corda, Scenedesmus obtusus
Meyen. 3Bakaroun Ha BUCOKI 0ioMacy BOJOPOCTEH B OCiHHIN mepiox Ha oHi
IHTCHCUBHOTO PO3BUTKY BiAMOBITHUX (DITOIUIAHKTOHHHMX YrpyIyBaHb, iCHY€
npobiemMa 3HaYHOTO HEBUKOPHCTAHOTO KOPMOBOTO pecypcy Jisi BUPOLIYEMO
purbomocaakoBOro Marepiaiy, 10 MOke OyTH MOB’S13aHO 3 aHATOMIYHOIO Oy10-
BOIO 350pOBOI0 arapary TOBCTOJIOOUKIB B IIeH Mepioj 3 oMLy Ha TX BIALIIKY-
BaJbHI BJIACTMBOCTI 1 PO3MIPHUM PSIOM JOMIHYIOUMX BHJIB TJIAHKTOHHHUX
BOJIOPOCTEH, 5IKi €PEeKTUBHO HE BUKOPUCTOBYIOTHCS B )KUBJICHHI pUOOIIOCaIKO-
BUM MarepiajioM, 1110 BUMAra€e JI0JaTKOBHX JIOCIIJIKCHb 1 yTOYHCHb.

BecHsiamii (hiTOTUIaHKTOH 32 OioMacaMu 0 CTaBaM KOJIMBABCS B HE3HAY-
HoMy cryrneHi Big 0,81 1o 2,26 r/m°.

HatiGinbina yactka 3a 610Macoro B IIeH NIepiojl HAJICKHUTh 3eJICHUM BOJIO-
poctsm konuBarouuch Big 30 mo 87 %, npyropsiiHe 3HAYSHHS 3aBXKAU MaJH
CHUHBO-3€JICHI BOJIOPOCTI, CKJIaJarouu BiimoBijHO Bix 22 10 85 %. B oxpemux
BUIIAJIKaX JIOMIHYFOYE IMOJIOKEHHS 3aiiMalii J1aTOMOBI BOJIOPOCTI, JAOCATarOun
3a 6iomacoro 10 60 % (craB Ne 5).

Biomacu ¢iTomaaHKTOHY O CTaBaM B JIITHIH Mepiof Ty>Ke Pi3HUIHCE.
Haiimenmi koHueHTpanii GiTomIaHKTOHHUX yrpylnyBaHb BiIMiYeHI y CTaBax:
Ne 2 (0,5 r/m?), ctaB Ne 12 (0,797 v/m*) i ctaB Ne 15 (1,68 /M), 10 € BKpai
HU3BKHMH MOKa3HUKaMH I BUPOIIYBaHHS pUOONOCAIKOBOrO Marepiaiy i
BHMAarae JI0JaTKOBOI'O CTUMYIIOBaHHS PO3BUTKY BOJIOPOCTEH SIK KOPMOBOIO
00’€KTy 3a paxyHOK BHECEHHS OpraHo-MiHepajJbHHX A0OpuB. [HmII cTaBu
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XapaKTepU3yBaJUCh CEPEIHIMM 3HAUYCHHSIMH OioMacu (ITOIUIAHKTOHY Ha
piBHi 4,14-14,43 t/™°.

3arasioM OIIHIOIOYH IWHAMIKY PO3BUTKY (iTOIIAHKTOHY y BUPOIYBajlb-
HUX CTaBax IMPOTATOM BEreTaliiiHOro Mepiony, BECHSHO-TITHIH (ITOMIaHKTOH
3a OlomMacaMM He BiJMOBiJa€ HOPMATHBHUM 3HAUE€HHSM BUPOIYBaHHs PHOOIIO-
CaJIKOBOTO Marepiaity JUisl JaHOi KJIIMaTHYHOT 30HH MIBIAHS YKpaiHHU.

HaromicTh Bocenu 6iomacu (iTOINIAHKTOHY MarOTh HaAMIpHI BETUUMHH
oimpie 60 r/M° gocsAraoun MakcuMansHUX 3HadeHb 102,54 t/m® y crasi Ne 16,
110 3 OZIHOTO OOKY CBiAYMTBH MPO HU3BKY €(EKTUBHICTH BUKOPUCTAHHS KOPMO-
Boi 0a3M CIOKMBAaYaMHu, a 3 IPyroro OOKy BUHHKAE 3arpo3a MOTipIIeHHs eKOJI0-
FIYHOTO CTaHY 1 SIKOCTI BOJU IO MOXKE IMPU3BECTH JIO0 HETaTUBHUX HACIIKIB —
eBTpo(iKalii 1 3aMOPHUX SIBHII.

3HaueHHs 300IUIAaHKTOHY B TpaHcpopMallii eHeprii i 610THYHOMY KpyTro-
BOPOTI PEYOBHH, HIO BU3HAYAIOTh MPOJYKTUBHICTH BOJOHM, IIy’KE Barome.
[TnankToHHI 6e3XpebeTHi CKIalalTh OCHOBY NOYKUBU MOJIOA1 BCiX BHIIIB pUO, a
TAKOX SIBJISIOTHCS OCHOBOIO IMOKUBH PHO 300ILIAHKTOHO(AriB, MEPHI 300TIIaHK-
TOHi 0e3XpeOeTHI TBAPUHH JKUBJISITHCS OaKTEPisiIMU, JETPUTOM Ta BOJOPOCTIMH.
TakuM 4YMHOM, 300IJIAHKTOH Ji€ SIK TMPUPOAHUN OaxTepianbHui (QinbTp. Bin
MOMITHO BIUIMBAE HA YUCEIbHICTh (POTOCHHTE3YIOUMX BOJOPOCTEH (PITOMIaHK-
TOHY, PErYJII0I0UM KUCHEBUH PEXHUM. 300TUIAHKTOHI OpPraHi3Mu — 11¢ OCHOBHHI
30anaHCOBaHMH 3a MOKa3HUKAMHU BMICTy TIO)KUBHUX PEYOBUH, KOPM AJISI JTHYH-
HOK, MOJIOJIi Ta JOPOCIUX PUO — 300TIIAHKTOOHO(DATriB, TOMY iX 3HaYEHHS y CTa-
Bax JyK€ Barome 3 OIVISLy Ha OTPUMAaHHS BHCOKOSIKICHOTO PHOOIIOCaIKOBOIO
Marepiajy AJsl HACTYIHOI IHTPOAYKIIi y IPUPOIHI BOIOWMHU YKpaiHH.

BunoBuii ckiaa 300IUTaHKTOHY JOCHTIKYBAaHUX CTaBiB MPOTSITOM Bere-
TaIiHOTO Tepiony OyB Maii:Ke OJJHOPITHUM 1 HaJIidyBaB 28 MpeICTaBHUKIB Pi3-
HUX BiJIUIIB 300TUIAHKTOHY HE BPAaxOBYIOUM HayIUTiaidbHi GOpMHU 1 SIS 30011-
JaHKTOHY (Tabnuis 3).

Haii0inpme y ckiaai 300IUTAaHKTOHY OyidM MPUCYTHI KOJOBEPTKH —
12 BuAiB, 32 HUMHU JOMIHYIOUY ITOJIOXKEHHS 3aliMalii BECJIIOHOTI 1 paKyLIKOBi
paxononiOHi BignosigHo 10 i 5 ek3., HaliMeHIIe 3yCTPiYaIiCh MPEACTAaBHUKH
TJUISICTOBYCUX PAaKOMOAIOHUX — 2 eK3.

3ycTpidaemMicTh MPENCTaBHUKIB TJUISICTOBYCHX PAaKOMOAIOHUX TPOTATOM
cesony (Harpacticus Milne Edwards H., 1840, Diaptomus Westwood 1836,
Nauplius), Oyna BiiMiueHa y BCiX CTaBax B Pi3Hil KUTbKOCTI 1 0iomaci. Ha movarky
BEreTaliifHoro mepiofy B CTaBax Majii PO3BUTOK 13 MpeacTaBHUKIB Pi3HUX Bij-
JITIB 300ITaHKTOHY, HAWO1IbIIe BUIIIB OYJI0 BiIMIiY€HO B JITHIH niepion — 26 ek3.
Hampukinii BeretauiiHOTo mepiofly paKkyIlKoBi pakonoIiOHi BTpaTHIIN CBOE 3Ha-
YeHHsI, B MEHILIOMY CTYIIeHI 3yCTpidaIMCh BECJIOHOTT pakononioHi. Ha Bigminy
BiJ| IHIIUX MPEJCTaBHUKIB 300IJIAHKTOHY BiJ| IMOYATKY 0 KIHIIS BEreTaiiHOro
epioy KOJIOBEPTKH MaJli TeHACHIIIO 10 HAPOILyBaHHS IIPHCYTHOCTI.
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Tabnuys 3. BugoBuii cKjaj 300IUIAHKTOHY BUPOLIYBAJIbHUX CTAaBiB

Copepoda Becna Jlito Ocinb
Harpacticus Milne Edwards H., 1840 + + +
Diaptomus Westwood, 1836 + + +
Nauplius + + +
ROTIFERA
Lecane bulla (Gosse, 1851) + +
Brachionus leydigii Cohn, 1862 + +
Brachionus quadridentatus Hermann, 1783 + +
Brachionus urceus (Linnaeus, 1758) +
Mpytilina ventralis (Ehrenberg, 1830) + +
Philodina citrina Ehrenberg, 1832 + +
Synchaeta pectinata Ehrenberg 1832 + +
Polyarthra platyptera Ehrenberg, 1838 + + +
Keratella cochlearis (Gosse, 1851) + +
Asplanchna priodonta (Gosse, 1850) + + +
Resticula melandocus (Gosse, 1887) + +
Filinia longiseta (Ehrenberg, 1834) + + +
CLADOCERA
Polyphemus pediculus (Linnaeus, 1761) +
Eurycercus lamellatus (O.F. Miiller, 1776) + +
Bosmina longirostris (O.F. Miiller, 1776) + +
Bosmina coregoni P.E. Miiller, 1867 + +
Ceriodaphnia quadrangula (O.F.Miiller, 1785) + + +
Chydorus sphaericus (O.F. Miiller, 1776) + + +
Daphnia longispina (O.F. Miiller, 1776) + +
Moina macrocopa (Straus, 1820) + +
Moina brachiata (Jurine, 1820) +
Leydigia leydigi (Schodler, 1863) + +
OSTRACODA
Candona candida (O.F. Miiller, 1776) +
Notodromas monacha (O.F. Miiller, 1776) +
Cypridopsis vidua O.F. Miiller, 1776 +
Dolerocypris sinensis G.O. Sars, 1903 +
STt 300MTaHKTOHY +

Ha movarky BererariiifHoro mepiony y BHPOIIYBJIBHUX CTaBaX JIOMIiHY-
BaJIA BECJIOHOT1 PAKOTIO/TIOHI SIK 32 KUTbKICHUMH TaK i 32 MACOBUMH TIOKA3HUKAMHU.
Haii6inbury wactky craHoBunu Bosmina coregoni P. E. Miiller, 1867, Moina
macrocopa (Straus, 1820) i Daphnia longispina (O. F. Miiller, 1776), 3alimaroun
BiIOBiTHO 3a Giomacoro 60,6 %, 23,01 % i1 6,34 %. llpu oMy 3HaUHY YaCTKy
3a KUIbKICHUMH TOKa3HuKamu — 14,0 % 3aiiMany mpeicTaBHUKH KOJIOBEPTOK —
Polyarthra platyptera Ehrenberg, 1838, ane BHACITIIOK MIJIKUX PO3MipiB B Giomac
3aiimanu He3HayHy 9acTKy — 0,1 %, mpoTe iX MPUCYTHICTh Ma€ BaKITMBE 3HAYCHHS
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npy 3apuOJICHH] CTaBiB JMYMHKOIO KOPOIIOBUX, POTOBHI amapar sSKuX e He B
3MO31 3aXONHUTH KPYITHI POPMHU BECIOHOTHX 1 TIUISICTOBYCHX PAKOIMOIOHUX.

B niTHIi nepioJ iHTEHCUBHOTO PO3BHUTKY 300ILJIAHKTOHY (JIHMIIEHb — Yep-
BEHb) CIIOCTEPIraBCsl IHTCHCUBHHMI PO3BUTOK TUIISICTOBYCHX DPAKOMOAIOHUX,
KOJIOBEPTOK, BECIIOHOTHX PAaKOMOAIOHMX, HAyIUIiadbHUX (OPM TLISICTOBYCHX
paukiB, ajie HalOUIbIIIA YacTKa B OioMaci HajleKaia sulsIM 300TUIaHKTEPIB.

B mopiBHsIHHI 3 BECHSHO-JIITHIM TEPioJioM, HayIuTiaibHI GopMH 300T11-
JIAHKTOHY JOCATald CBOIX MaKCHMMaJbHUX MOKa3HUKIB 32 YHCENBHICTIO 1 0i0-
Macol0 B OCIHHIM Mepiof, CKJIaAaloun 4acTKy 3a MaCOBHMH IMOKAa3HUKAaMH Ha
piBHI 26,6 %, a 3a kinbkicTio — 58,2 %. KomoBepTku maiike MOBHICTIO 3HU-
KJIM B JIITHIW MEpPiojl, JOCATar4YM 32 Macor 15,6 % Bija 3arajibHOrO 300IUIAHK-
TOHY, BOCGHH iX yacTka ckopotmiacs 10 1 %. HaroMicTe BECIOHOTI pakoro-
JIOHI CKJIa/Iaii HalOUIbITY YacTKy 3a Oiomacor — 58,6 % 3a paxyHok Bosmina
longirostris (O. F. Miiller, 1776) — 31,9 %, Eurycercus lamellatus (O. F. Miiller,
1776) — 16,4 %, Chydorus sphaericus (O. F. Miiller, 1776) — 10,2 %. bio-
MacH 300TUIaHKTOHY BUPOILYBaJbHUX CTaBIB AYKE€ PI3HHINCH, Y BECHSHHN
repiojl IHNTEHCUBHOI BereTailii 0ioMacu 300IJIaHKTOHY KOJIMBAIKCH Bijx 7,83 10
96,37 r/m’. Taki BHCOKi OioMacu CHPUYUHEHHI MACOBUM PO3BHTKOM BECJIOHO-
rux pakonofaiouux — Bosmina coregoni P. E. Miiller, 1867, nocsiratoun y craBax
Biz 3,96 1o 41,07 r/m® Bix 3aranbroi Giomacu (Tadmuiis 4).

MakcumaiibHi OloMacH 300IUIAHKTOHY Biji3Ha4YeHi y craBi Ne 16, ne
Hapsiny 3 Bosmina coregoni P. E. Miiller, 1867 — 41,07 r/m®, Bucoki Giomacu
Manmu Moina macrocopa (Straus, 1820) — 16,18 r/™m°, Daphnia longispina
(O. F. Miiller, 1776) — 14,79 t/m*, Harpacticus Milne Edwards H., 1840 —
8,95 r/™M°, Diaptomus Westwood, 1836 — 1,59 t/m>.

[IpoTsrom IiTHROTO TIEPiOAY, MICHS 3apHOJICHHS CTaBiB JIMYMHKOIO KOPO-
MOBHX BUJIiB pUO, KOHIEHTPAIlisl 300IJIAHKTOHY 110 CTaBaM OyJa OijbIl BUPIB-
HSHOTO 1 KonuBamacs Bif 5,68 1o 72,51 r/m>, ane Bce 0HO Masia qyKe HETHIIOBO
BUCOKI TIOKa3HUKH, IO SBISIETHCS CBIAUEHHSAM BUCOKOIPOAYKTHBHHX YMOB
icHyBaHHs (T1APOIOTO-TiAPOXIMIYHHN PEXUM, TiIPOOIONOTIYHUI PEeKUM, Xap-
4yoBa 3a0e3Me4eHICTh), a 3 IHIIOr0 OOKY — HEJOCTaTHBOI KIIBKOCTI e(eKTHB-
HUX CIIO’KUBAYiB y BUIVIAI O1I0TO 1 CTPOKATOrO TOBCTOJIOOMKA, SIKi B PAHHBOMY
OHTOTEHE31 TIEPEBAYKHO CIIOKMBAIOTH (PITOMIAHKTOH 1 300ITAHKTOH.

B numHi cioctepiraeThes MoOMiTHE CKOPOUEHHS KOHIIGHTPALlii 300TIaHK-
TOHY Ha piBHI 13,62 /M3, 110 ACKPaBO JEMOHCTPYE MEPEXia Malabka Ha IHTEH-
CHBHE CIIO)KMBAaHHS 300TUIAHKTOHY, ajieé HEe 3BaYKaIOUM Ha I1e — OCTaTo4Hi 0io-
MacH 3aJIMIIAINCh HA BUCOKOMY piBHI. KoniBaHHs cepeHiX OioMac 1o ctaBam
KOJIMBAJKCh Bia 5,68 10 96,37 r/M?, CTAaHOBIISYM B CEPEHHOMY IO CTaBaM B
JiTHIHA nepion — 44,43 v/m°.

Hanpukinmi BeretauiiiHoro nepioay piBeHb PO3BUTKY 300IIJIAHKTOHY MaB
HaHMKY1 TOKa3HUKHU OioMac B IOPIBHSIHHI 3 BECHSHO-JTITHIM NIEPi0OM 3HIKY-
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founch 10 1,23-14,08 r/m?, o mpuramanHo 1 qaHoro mepioxy. Cimif BiaMi-
TUTH, IPAKTHYHO NOBHE BUKJIIOUYEHHS 31 CKJIaAy 300IIAHKTOHY MPEICTaBHUKIB
BECJIOHOTUX PAKOMOAIOHMX, SIKI MPOTATOM BECHSHO-JIITHBOTO MEpiomy CKia-
JlaJIi OCHOBY OioMacH, a BOCCHHU Ha 3aMiHy 1M IOMiHYIOYMMU OyJH TIIISICTOBYCI
paxomoioHi, CKiaaadn 10 5,85 /M.

Bunosuii ckiiaj 3000€HTOCY BHPOIIYBAIBHUX CTaBiB OyB JIOBOJII OJHOMA-
HITHUM 1 (OpMYBaBcs 32 paXyHOK B OCHOBHOMY JIMYMHOK JABOKPHIIMX KOMax —
XIPOHOMIJI, Ta MAJIOIIETHHKOBUX YepBiB-0JliroxeT. HasBHICTh y AeIKuX Mpodax
JMYMHOK BOAHUX JXKYKiB, 0a00OK Oyia CIIOpaJuyHOIO i CyTTEBOIO 3HA4YCHHS He
Mara.

Biomacu xapakrepusyBaimcs ayKe ONU3bKUMH, MaiKe OIHAKOBUMH
BeJIMYMHAMH. Y BCiX BHPOLIYBAJIBHHX CTaBax CIIOCTEPIranocs 3aKOHOMipHE
MOCTYIIOBE 3HMKEHHs OloMacH 3000€HTOCY BiJ TpaBHs Jio ceprHs. OcoOnuBo
BiJJUyTHO Li¢ TOPKHYJIOCS JIMYMHOK XIPOHOMIiJ] BHACHIJOK BHUJIBOTY iMariHajib-
HUX CTaJIiif KOMax Ta IHTCHCUBHOTO CIIOXHBAHHS iX KOPOTIOM.

3000eHTOC BUPOILIYBAIBHUX CTaBiB OyB NpeACTaBICHUN JMYWHKAMH
XIpOHOMiJI, OJIirOXeTaMH, JTHYMHKAMHU OAHOJACHOK Ta 0abok. CepeqHbOoCe30Ha
Oiomaca 3miHIOBaiacs B Mexax Bix 1,9 r/m? 10 5,0 r/m? (Tabmums 5).

MaxkcumalibHi TOKa3HUKH BiMIYaIKCS Y YePBHI MICSII, IO JTOCATAIOCS
3a paxyHOK MacoBoro po3Butky Chironomus plumosus (Linnaeus, 1758).

[Ipote Bxe Ha MOYATKY JIAITHSI, KOJIU IHTEHCUBHICTh CIIOYKUBAHHS 3000€H-
TOCY IIBOTOJIITKAMHU KOpPOIIa TIOYMHAE 3pOCTaTH, OioMaca pi3Ko 3MEHIIyBaiacs,
[0 YUHWIO BIAITOBIAHWUN BIUINB Ha KIIBKICHUN CKIa.

KonuBanust 6iomMacu B 1ie# mepiox ctaHoBwiio Bix 3,2 mo 7,8 /Mm%, ckia-
JIAl04H B CepeHbOMY 5,66 r/M%. B numHi Giomacu 3000€HTOCY CKiIaaanu Bix 2,5
10 6,0 T/M%, B cepemabomy 4,01 r/m>,

3MeHIIeHHs 6ioMac 3000€HTOCY BIIUyTHE B CEPITHI MiCsIIi, KOJIMBAIOYHCh
Ha piBHi 1,4-4,5 r/M?, a MiHIMaJbHI iX MOKa3HUKH BigMideHi y BepecHi Bix 0,7
10 2,4 v/m>.

[NopiBHIOIOYM TUHAMIKY PO3BHTKY 3000€HTOCY Y CTaBax MPOTITOM Bere-
TaIi{HOTO Tepiony, CIi/l BiI3HAYUTH PIBHOMIPHUH XapakTep KOHLEeHTpalii OeH-
TUYHUX OpPraHi3MiB Ha BiAMIHY BiJl IUIAHKTOHHMX, SKI MajJd HETHIIOBI MOKa3-
HUKU JMHAMIKH Ol0MAac sIK IPOTATOM BETeTaIliHOTO MIEPioly TaK i MO CTaBaMm.

BucnoBku. ®DiTOIUIAHKTOH BHPOIIYBAJIBHUX CTaBIB XapaKTepH3yBaBCs
3HAUHUM BHUJIOBHM 0araTcTBOM, 3arajibHa KiJIbKiCTh BHJIIB BU3HAYEHHUX MPOTS-
rOM BereTaliiHoOro nepiofy ckiaaaia 246 npencraBHUKIB. JJoMiHytoue mosmo-
JKeHHS PI3HUX TPYyN BOAOPOCTEH MO CTaBaM MPOTSITOM BEreTaliiHOro Mepiory
HAJICKUTH 3elieHuM Bogopoctsam (Chlorophyta) — 91 %, apyre micuie — aiato-
MOBHUM BogopocTsiM (Bacillariophyta) — 67 %, Ha TpeTboMy Miclli KUTbKICHY
YacTKy 3aliMarOTh CHHBO-3elIeHI Bojopoctti (Cyanobacteria) — 34 %, B MEH-
HIOMY CTYIEHI 3yCTpidainch eBIeHoBi Bopopocti (Euglenozoa) — 25 %. Inmi
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Tabnuys 5. lunamika oiomacu (r/m?®) 3006eHTOCY
Y BUPOIIYBAJbHHX CTABAX

Ne craBiB micani Cepennpo-
4yepBeHb JININEeHb ceprneHb BepeceHb CE30HHA
Ne 1 6,8 4,3 2,5 1,2 3,7
Ne 2 4,5 3,9 2,0 0,8 2,8
Ne 3 7,3 5,8 4,4 1,3 4,7
Ne 4 5,5 3,6 1,8 0,7 2,9
Ne 5 7,0 3,8 2,4 1,2 3,6
Ne 6 5,5 4,2 3,1 0,8 3.4
Ne 7 7,8 6,0 3,8 2,1 4,9
Ne 8 3,2 2,5 1,4 0,35 1,9
Ne 9 6,4 4,4 1,85 1,32 3,5
Ne 10 7,4 5,6 4,5 2,4 5,0
Ne 12 5,2 2,6 1,5 0,45 2,4
Ne 13 4,3 4,0 3.4 1,56 3.3
Ne 14 4,8 2,6 1,58 0,56 2,4
Ne 15 3,6 2,8 1,64 1,2 2,3

Bianimu Bogopocteit (Cryptophyta, Miozoa, Ochrophyta, Charophyta) 3aiimanu
MiHIMQJIBHY YacTKy 3a KUTBKICTIO KOMHBArOUnCh Bin 3 10 14 %. 3Baxkaroun Ha
BHCOKi 6ioMacH BOJIOPOCTEH B OCIHHIH mepioa Ha (OHI IHTEeHCHBHOTO PO3BHUTKY
BIIMOBIAHMX (DITOMJIAHKTOHHUX YTPYITyBaHb, ICHY€ MpobiIemMa 3Ha4HOTO HEBH-
KOPHUCTaHOTO KOPMOBOTO PECYpCY ISl BUPOIILYEMOTO PHOOIIOCAIKOBOTO MaTe-
piamy. Lle Moske OyTH TTOB’SI3aHO 3 AaHATOMIYHOIO OyIOBOIO 3I0POBOTO amapary
TOBCTOJIOOWKIB B TIEH mepion 3 OMIAYy Ha 1X BiAIIKYBaJIbHI BIACTHBOCTI 1
PO3MIpHUM PSAIOM JOMIHYIOUHX BHJIIB TUTAHKTOHHUX BOJIOPOCTEH, SKi edek-
THBHO HE BHKOPHCTOBYIOTHCS B KUBJICHHI pHOOTOCAIKOBOTO Marepiaiy, IIo
BHUIMArae JIOMaTKOBUX JOCIHIKEHB 1 YTOUYHEHb. BECHSHO-TIITHIA (DITOTUTAHKTOH
3a GioMacam¥ HE BiJIIIOBi/la€ HOPMAaTHBHUM 3HAYEHHSM BUPOIIYBaHHS pHOOIIO-
CaJKOBOTO MaTepiayly sl JaHOi KIIIMAaTUIHOI 30HU MiBAHSA YKpainu. Bocenu
6iomacH (iTOMIIAHKTOHY MaJid HaaMIpHI BeTuanHu Oinbine 60 r/M° mocsararoun
MakcuManbHuX 3HaueHb 102,54 60 r/m® y crasi Ne 16, 1110 3 oxHOTO OOKY CBijI-
YUTH PO HU3BKY €PEKTHBHICTh BUKOPUCTAHHS KOPMOBOI 0a3M CIIOKMBavyaMH 1
TpaHc(OpMAIIi€ro B iXTiOMacy, a 3 ApPyroro 60Ky BUHHUKAE 3arp03a MOTipIICHHS
€KOJIOTIYHOTO CTaHy 1 SIKOCTI BOJH IO MOXKE TIPU3BECTH 0 HETAaTUBHUX HACIII-
KiB — eBTpodiKarii i 3aMOpHUX ABHII. bioMacH 300MIaHKTOHY BUPOIITYBaTbHUX
CTaBiB JAy)X€ PI3HWIINCH, y BECHSHHUH Iepiof IHTEHCHBHOI BereTarii OiomMacu
300IITaHKTOHY KOJTMBAIKCH Bix 7,83 10 96,37 r/M>. TIpoTAroM JITHROTO MEpiomy,
micist 3apuOJeHHS CTaBiB JIMYMHKOIO KOPOMOBHMX BHJIB PHO, KOHIICHTpAIIis
300IUTAHKTOHY TI0 cTaBaM Oyia OibIN BUPIBHSHOIO 1 KoMWBajacs Bix 5,68 mo
72,51 t/M3, anme BCe OHO Maja Ay’Ke HETHUIIOBO BHMCOKI MOKAa3HUKH, IO SBIIS-
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€TBCSI CBITUEHHSM BHCOKONPOAYKTHBHUX YMOB iCHYBaHHS (T1pOJIOTO-TiAPOXi-
MIYHOTO PEXHMY, I'iIPOOIONIOTIHHOTO PEXKHUMY, XapyOBOKO 3a0€3MEUeHICTIO), a
3 iHIIOro 60Ky — HEJOCTaTHBOI KiJTBKOCTI €()EKTHMBHUX CIIOKUBAYIB Yy BHUIVISII
01JI0T0 1 CTPOKATOTO TOBCTOJIOOMKA, SIKI B PAHHBOMY OHTOTEHE31 MepeBaKHO
CHOXKMBAIOTh (DITOTUIAHKTOH 1 300IUIaHKTOH. HampukiHmi BereramiiiHOro
nepiofy piBeHb PO3BUTKY 300IJIAHKTOHY MaB HaWHWKYi MMOKAa3HUKU Oiomac B
MOPIBHSHHI 3 BECHSHO-JTITHIM TIEPi010M 3HIKYH0UUCh 10 1,23—14,08 r/m°.

3000eHTOC BHUPOIIYBAIGHUX CTaBiB Oyll0 NpeACTaBICHUH JIMYWHKAMH
XIpOHOMiJI, OJIirOXeTaMH, JTHYMHKAMHU OJAHOJACHOK Ta 0abok. CepeqHboCce30Ha
Oiomaca 3MiHIOBasacs B Mexkax Bif 1,9 r/m? 1o 5,0 r/m?. V BCix BUPOIIYyBaJbHUX
CTaBax CIIOCTEpIrajocsi 3aKOHOMIpHE MOCTYMOBE 3HIKEHHsI Oiomacu 3000eH-
TOCy BiJ 4yepBHS 10 BepecHs. OcoOnMBO BiAUYTHO 1€ TOPKHYJIOCS JTUYMHOK
XIpOHOMIJI BHACJIIJIOK BUJIBOTY IMariHaJIbHUX CTaJii KOMax Ta iIHTEHCHUBHOIO
CIOKMBaHHSA 1X KoporoM. [TopiBHIOIOUN JHUHAMIKY PO3BUTKY 3000€HTOCY y CTa-
Bax MMPOTATOM BEreTaliiHOro Mepiojy, CJIiJ| Bi/I3HAYUTH PIBHOMIPHUN XapaKTep
KOHIICHTpAIlli OCHTUYHUX OPraHi3MiB Ha BIJIMIHY BiJl IUIAHKTOHHHX, SIKi MaJld
HE THIIOBI TIOKa3HUKH JIUHAMIKK 0ioMac sSK MPOTSATOM BEreTaliiHOTO Mepiony
TakK i 10 CTaBaM.

NATURAL FEED BASE OF THE GROWING PONDS
OF THE KHERSON PRODUCTION AND EXPERIMENTAL
PLANT FOR BREEDING OF THE ORDINARY FISH

Kutishchev P.S. — Candidate of Biological Sciences, Associate Professor,
Honcharova O.V. — Candidate of Agricultural Sciences, Associate Professor,
Kherson State Agrarian And Economic University,
kutishev_p@ukr.net

Conducted research on the basis of the breeding ponds of the Kherson production
and experimental plant for breeding of the ordinary fish indicate atypical dynamics of
the development of the components of the natural feed base. Such aspects form a low
fodder potential, as a result of which they create a threat to ensure obtaining high-quality
fish planting material for introduction into the lower Dnipro, which is the main criterion
for the adaptation period in new living conditions.

Analysis of the results of the level of development of fodder resources during the
growing season indicates low biomass of phytoplankton in ponds in the spring-summer
period, respectively 0.517-2.257 g/m3, 4.14—14.43 g/m°. In autumn, excessive values
of more than 60 g/m* were noted, reaching maximum values 102.54 g/m?3. The results
of practical studies show that the biomass of zooplankton in breeding ponds varied
greatly, in the spring period of intensive vegetation, the biomass of zooplankton ranged
from 7.83 to 96.37 g/m’. At the end of the growing season, the level of zooplankton
development had the lowest biomass indicators compared to the spring-summer period,
decreasing to 1.23—14.08 g/m®. The average seasonal biomass of zoobenthos varied
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from 1.9 g/m? to 5.0 g/m?, characterizing the uniform dynamics of benthic organisms,
in contrast to planktonic ones, which had atypical indicators of biomass dynamics both
during the growing season and after ponds.

The results of the conducted research indicate the need to stimulate the natural
fodder base by adding organic-mineral fertilizers to low-productivity ponds in the spring-
summer period, changing the strategy of forming the composition of the polyculture
in accordance with the productivity of the breeding ponds according to the level of
development of fodder hydrobionts.

Macrophytes, phytoplankton, zooplankton and zoobenthos are the main feed
objects in fish breeding ponds. They are the main food objects for herbivorous carp
species of fish. The viability of larvae and younger age groups is determined by the level
of metabolism, which reflects the living conditions and the level of provisioning of the
food base of fish. The natural fodder base of ponds is a part of fodder resources and is a
collection of hydrobionts, products of their decay (detritus), which are in the reservoir
and are used directly as food for hydrobionts. Taking into account the obtained results,
it was noted that the main task of specialists of fish farming enterprises is to optimally
and tirelessly use feed resources with the aim of transforming them into a fodder base of
ponds by simultaneously growing different types of fish — polyculture, using compacted
plantings, intensification measures.

Key words: hydrobiological regime, fish ponds, carp, fish planting material,
natural fodder base of ponds.
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ImobanpHa mpobiaemMa MPUCYTHOCTI MIKPOIUIACTHKY B CBITOBOMY OKEaHi 3y-
MOBIIIOE MTOCHJICHHH 1HTEpeC N0 peakiii )KMBUX OpraHiaMiB Ha Woro airoo. [lompu
HIMPOKE IPEJCTABICHHS JJAHOTO MUTAHHS B JIITEPaTypi, peakuii MpiCHOBOAHUX Op-
TaHI3MIB JIMIIAIOTHECS MEHII JOCIIPKeHUMH TTOPIBHAHO 3 MOPCHKUMH. MeToro crari
Oymmo BiJICTE)KEHHS Ta aHANI3 IHTCHCHBHOCTI JAWXaHHS Ta 3MIHH Baru akBapiyMHUX
pub Poecilia reticulata (Peters, 1859), ax mposiB ¢i3i0N0TiuHNX peakmiil opraHizMy
Ha MPHUCYTHICTh MIKPOTUIACTUKY B BOAHOMY CEpeAOBHII. TPHUBATICTh EKCIEPUMEHTY
cranoBuiia 47 11i0, BIPOIOBXK SIKMX OyJIM BUOKPEMJICHI: KOHTPOJIBHUHN Mepioj yTpH-
MyBaHHS pHO — 3a BIJICYTHOCTI MIKPOIUTACTHKY B BOJHOMY CEpEIOBHIL; ajanTariii-
HUH TIepioj] — 32 BBEACHHSIM JI0 BOJHOTO CEPEOBHUINA YAaCTOK MIKPOIUTACTHKY B 1031
0,05 r/nm%; ekcTpeManbHi epioau 1 Ta 2 — 101aTKOBE BBEIECHHS YaCTOK MiKPOIUIACTH-
Ky B 1031 0,05 r/nm? mpu koskHOMY 3 HUX. [0IyBaHHS, 3Ba)KyBaHHS TA BU3HAYCHHS iH-
TEHCHBHOCTI JAMXaHHS pUO MPOBOAMIIH B JIA0OPATOPHUX YMOBAX 3 IOTPUMAHHSIM CTaH-
JApTiB yCiX mporeayp. Brpomorxk mepiogy eKCIepUMEHTY, IHTCHCHBHICTD JUXaHHS
pub Maia nomitHe HapocTanHst micyist 103u 0,1 T Ha 30 1M Bo/M, 3 MAKCHMAJIBHUM 3Ha-
yenHsm 0,24 MrO2/r/I1M3. [Micns 36inburenns qo3u g0 0,15 r Ha 30 1M Boau Oyrio Bij-
MIYEHO CTPiMKe TOHIKCHHS IHTEHCUBHOCTI JUXaHHS pr0, 3 MiHIMATHHIM 3HAYCHHSIM
0,01 MI‘OZ/F/I[M3. 3HIDKEHHS CepeHbOI Bard Ta BI)KMBAHOCTI TECT-00 €KTIB BigMi-
4aoch yNPOAOBXK JPYroro eKCTPEMalbHOTO Mepioay, M0 XapaKTepu3yBaBCsl TPUBa-
JIOKO JII€IO TIIBUIIEHOT 103U MIKPOIUIACTHKY B BOJHOMY CEpEOBHIII. [HTEHCHBHICTD
JIMXaHHS pUO MaJia MOCTYIOBE IMiJBUILICHHS B aJanTaliifHUi Ta eKcTpeMalbHUH Iie-
pioaM 3 HACTYITHUM PI3KHM CIIaJ0M HAMPUKIHII JPYroro eKCTpeMaabHOTO Iepioay.
3pobieHo mpumynieHHs, Mo 3adikcoBaHi 3MiHH (i310T0TIUHAX peakuiil P. reticulata €
CBiTYCHHSIM HETaTHBHOTO BIUTMBY YaCTOK MIKpPOIUIAaCTHKY Ha OpPTaHi3M pHO, sSKi mepe-
OyBarOTh y 3a0pyJHEHIH MIKPOIIJIACTUKOM BO/II.

Ki1r040Bi c110Ba: TeCT-00’€KTH, TECT-PEaKIIil, IHTCHCUBHICTh JIUXaHHsI pHO, Bara puo.

IMocTanoBka mpo6JaemMu. 3pOCTAIOUOI0 TIIO0ATHHOIO MPOOIEMOIO € TIPHU-
CYTHICTh MIKpOIUTACTHKY B MOPCHKHX Ta NPICHOBOJHUX eKkocucTemax. Hera-
THBI €KOJIOTIYHI HACIIJKU I[LOTO SIBHINA IOB’sI3aHi, MEpPeayciM, 31 3HAYHOIO
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010IOCTYMHICTIO MJIACTUKOBUX YaCTOK, IO BHKJIMKAE 3MiHM B 3arajJbHOMY
¢izionoriuHomMy craHi TigpoOioHTIB. VY JiTeparypi MOBIJOMIISETHCS MPO YHC-
JICHH1 BUNAAKK imeHTH(]iKalii MIKpOIJIaCTUKY B TKaHMHAX 1 OpraHax BOJHHUX
TBapHH, MOYMHAIOYH BiJ 300IJIAHKTOHY JIO CCaBIiB. He cTanu BUKITFOYCHHSIM 1
OpTraHi3MH Pi3HUX BUJIB pUO, X0Ua MUTAHHS € 3HAYHO IIUPIIC BUCBITICHUM IS
MOPCHKHX BUJIIB, HIXK IS TPICHOBOTHUX.

AHaJi3 ocTaHHIX JOCTiKeHb i myomikamii. J{ocmikKeHHs TU1aCTHKO-
BOTO 3a0pYJHEHHS BOIHUX EKOCHCTEM, SIK IIPABUIIO 30CEPEPKEHI Ha JKepenax,
TpaHcOpMAaLIisX Ta EKOJIOTTYHNX HACHTIJKaX JPiOHUX YACTUHOK IIACTUKY B Pi3-
HUX YacTHHAX CBITOBOIO OKeaHy. YacTOUKM TUIACTHKY PO3MIpOM MEHIIE 5 MM,
IO OTPUMaJM Ha3By «MIKPOIUIACTHK» 3yCTPIUalOThCs B IPYHTI, TPICHIH Ta
MOPCBKI# BOJIi, MI3¢MHKUX BOJAX Ta JOHHUX BiJKJIaJaX, HA IUISkKaX, Y BOTHO-
0OJIOTHUX YT1ISIX, y TIOBITPi Ta HaBiTh y NUTHIHN Boxi [1].

IcHye nBa OCHOBHHX MpOILECH, IO MPHU3BOISTH A0 MOSBH MiKpOILIac-
TUKY B BOJHOMY CEpEIOBHIIII: MEPBUHHI Ta BTopuHHI. [lepBuHHI mpouecH e
Oe3mocepeHe MOTPAIUISIHHS y BOJOWMH 1 MOPS JSIKMX (parMeHTiB MiKpo- i
HAHOYACTHHOK IJIACTHUKY, 1[0 BUKOPUCTOBYIOTHCS B CIIOKUBYMX TOBapax. Bonn
B 3HAUHUX KIJIbKOCTSIX HAJAXOMSATH JIO BOJOMM 31 CTiYHMMU Bofamu. Harmpukiaf,
IpaHyliy, 10 BXOASATH A0 CKJIaqy KOCMETHYHHX CKpaOiB, IPOMHUCIOBI CHHTE-
TUYHI a0pa3uBu TOMIO [2]. 3riHO 3 BIJOMUMHU JIOCIIIKCHHSIMHU, OCHOBHUI MeXxa-
Hi3M TreHepaii MiKpoIiacTika — e JeCTPYKIis OUTbIINX TUIACTUKOBUX Marepi-
aniB [3]. Hanpukinaza, mpaHHs CHHTETHYHOTO OAATY Ta TKAHWH MOXE BHIUIATH
MIKpOIUIACTHKOBI BOJIOKHA Y cTiuHi Boau. Lle Oyio 3’sicoBaHo npu MpoBeIeHH1
JOCHIJIKEHB, SIKEe BUSBHIIO, 1110 OJHA MojiecTepoBa (icoBa KypTKa MOXe BUi-
JISITH MIKPOBOJIOKHA Y KiTbKOCTI 10 1900 yacTuHOK 3a onHe npanHs [4]. Takuit
MIKPOIUIACTHK HE Mia€ThCsl KOHIICHTPYBAHHIO Ta BUAAJICHHIO 31 CTIYHHUX BOI.
Uepes ounCHI CIIOPYU BiH BUXOJUTH Y BEJIMKIHM KIIBKOCTI B HE3MIHHOMY CTaHi
Ta TOTpPAIUISIE 0 BOAHOTO cepenoBuina [2]. BropuHHe HaJIXOMKEHHS MIKpOII-
JACTUKY JI0 BOAONM IOB’sS3aHE 3 MOBEPXHEBHM CTOKOM, 30KpeMa uepe3 3MHUB
Gbapbu s pO3MITKH JIOpir, IpiOHUX (PparMeHTiB aBTOMOOUIBHHMX IIMH Ta
iHmoro 3mety [5]. KpiM Toro, BTOpUHHHN MIKpPOIUIACTHK Y BHIVISIII YACTHHOK 1
BOJIOKOH € PE3YyJIbTaTOM PyHHYBaHHS MAKPOCKOMIYHOTO IMJIACTHKOBOTO CMITT,
110 € MPUCYTHE MaiiXKe B yCiX YacTUHAX CBITOBOro okeany [1]. [lonoBuHa HasiB-
HOTO TUIACTHKY B BOJHOMY CEPEIOBHIIl 3a3HA€E Jerpajallii 1 po3KiIalaHHO ITiJ]
Ji€ro yapTpadioaeToBOr0 BUMIPOMIHIOBAHHS, a IpyTa MOJIOBHHA 3AJIMIIAETHCS B
cTalinpHIN QopMi MIACTHKY, IO HE PO3KIATAETHCS, a IEPETBOPIOIOTHCS caMe
Ha MIKpOIUTacTuK [6].

Yepes cBoi npiOHI po3mipH, MIKPOIUIACTUK 3JaTHI MPOKOBTYBATH Pi3Hi
BUJIM I IpOOIOHTIB, y TOMY YMCIIi 300TUIAHKTOH, Oe3XpeOeTHi, puOH, BOJAOIUIABHI
NITaXy Ta MOPCHKIi ccaBlli, a00 5K BiH aKTHBHO MITpy€e MO TPO(IYHUM JIAaHIIOTaM.
[Ipu moTpanJisiHHI 10 Opra”i3My MiKpOIUIACTHK MOXKE MOPYIIYyBAaTH MOAATBITY
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3[aTHICTh O XapuyBaHH:, MaTH MOAPA3HIOIOUNH BIUIMB HA KUIICYHUK, BUKIIH-
KaTH 3MiHYy (i310J0T19YHHEX mpouecis [7].

Bigomi pesynbrary, siKi J€MOHCTPYIOTh HETaTUBHHUM BIUIMB MiKpOILIAC-
THUKY Ha MOPChKUH 30011aHKTOH y [TiBHIYHO-CXifHiN yacTuHi ATnanTuku. Tak,
BUKOPHCTaHHS METO/IIB O10Bi3yaizanii JO3BOIWIIO 3aI0KYMEHTYBATH KOBTaHHS,
BUJIUJICHHS Ta NPUJIMITAHHS MIKPOIUIACTUKY JI0 IJIOTO PSTy 300IIAHKTOHY. 3a
JIOTIOMOTOI0  (PITyOPECLEHTHOI MIKPOCKOIMIi OyJ0 TMOMIYEeHO, IO TPUHAIISAThH
TaKCOHIB 300IUIAHKTOHY MaloTh 3[aTHICTh TOMIMHATH TPAaHYIH MOJICTUPOIY
po3mipom 1,7-30,6 MKM, NIpU [bOMY IOTJIMHAHHS 3aJICKUTh BiJl TAKCOHIB Ta
ix cranii po3Butky. [licist 3aKOBTYBaHHSI, KONETIOAN BUAUISIOTH (peKalbHi rpa-
HYJIH, 110 MICTSTh MIKporiacTuK. Takok Oysio moMideHo, 10 BILTHB MiKpoILiac-
TUKY po3mipoM 7,3 MKM Ha BecioHorux Centrepages typicus 3HAYHO 3HUKYE 1X
XapuyBaHHS BOJIOpOCTAMH [8].

Byno nomiveno, o HopBe3bkuii omap Nephrops norvegicus (Linnaeus,
1758) y mopi Knaiiza Takoxx 31aTeH 3aKOBTyBaTh Mikpormactuk. [Ipu mpomy
83 % o0cTe)eHUX TBAPHH y CBOIX IUTYHKAaX MiCTHIIM HUTKH MJIAacTUKyY. Y 62 %
JOCTIIKYBaHHUX TBApUH OyJM BHUSBJICHI IITBHO CIUTYTaHi KYJIbKU TJIACTUKOBUX
HUTOK y IUTYHKY [9].

Ille omHe nOCHiIKEHHS JHOKYMEHTYE MIKPOIUIACTHK Yy OpraHi3Max
10 BuziB pu6 (5 menariuHux Ta 5 NMpUAOHHUX). 30Kpema, Oylo JOCIHIIKEHO
504 pubwu 3 JIa-Manmy, y 36,5 % 3 SIKUX MJIaCTUK BUSBUBCS IPUCYTHIM Y ILTYH-
KOBO-KHUIIIKOBOMY TpakTi. Tak, 31 184 mocmiukeHnx 0coOuH, CepeiHs KiJIbKIiCTh
MIiKpOIUIACTHKY Ha puly craHoBmia 1,904+0,10 yactouok. 3ac000M CIIEKTPOCKO-
nii Bceoro Oyno imeHTHdikoBano 351 wacrouky miactuxy. [Ipu npomy, Haii-
OLIbII MOUIMPEHUMH BHUSIBHJIMCH YacTOUKH mosiaminy (35,6 %) Ta HamiBcHH-
TETHYHOTO LIENI0I03HOT0 MaTepiany Bicko3u (57,8 %). CyTTeBoi pi3HHLI MK
KUIBKICTIO TUIACTHKY, CIIOKUTOTO TeNariYyHMMH Ta JOHHUMH puOaMu HE MOMi-
yanock. ToOTo, JaHe JOCIKEHHs IEMOHCTPYE, 110 KOBTAHHS MiKPOIUTACTHKY
€ 3BUYaliHUM SIBUILEM Yy BiIHOCHO HEBEJHMKHX KUJIBKOCTAX CEpes pi3HUX BHIIB
puO, HE3aIeKHO BiJl cepeoBuIia icHyBanHs [10].

VY nizomy Tpeba BiJ3HAYUTH, IO KUIBKICTh JAOCIIKCHb OB’ SI3aHUX 3
npoOIeMOI0 BIUIMBY MIKpPOIJIACTUKY Ha MPICHOBOIHHUX TBapUH € 3HAYHO MEH-
1I0I0, TIOPiBHSHO 3 TBapHHAMH — MELIKAHLSIMH MOPCHKOTO Ta OKEaHIYHOTO
cepenosuia. [Ipore, Ti€l KITbKOCTI HAYKOBUX 3HAHb, SIKI IOCTYITHI HACHOTOIHI
€ JI0CTaTHBO, 11100 TOBOPUTH TIPO T€, IO BILIUB MIKPOIUIACTUKY Ma€ LU Psij
HEraTUBHUX (PI310JOTIYHUX HACHIJKIB JJis rifgpoOioHTiB. HaiBigomimi 3 HUX
MpEeACTaBICH] 3HIKEHHAM 3[]aTHOCTI 10 Xap4yBaHHs, BTPATOIO 3araciB eHeprii
Ta MOPYLICHHSIM PENpPOAYKTHBHOI (YyHKII, 110 0€3 CYyMHIBY MOXKe PO3LIiHIOBa-
THUCB SIK CTPECOBi (DAaKTOPH Ta MaTh PO3IIUPEHHS CIEKTPY JOCIiIKEHb.

dopmynoBaHHs mijieil crarTi. MeToro HammMX JOCIiKeHb OYyJI0 Bij-
CTE)KEHHS Ta aHaNi3 IHTEHCUBHOCTI AMXaHHS Ta 3MiHM BarW akBapiyMHHX pHO
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Poecilia reticulata (Peters, 1859), sk nposiB dizionoriunoi peakiii opranizmy
Ha MPHUCYTHICTh MIKPOIIACTUKY B BOJHOMY CEPEIOBHIIIL.

Marepianu i MeTonu nocaimkenHs. Tect-00’ektu — camok P, reticulata,
10 HE MaJI O3HAK HACTAaHHsI HEPECTOBOTO TEpioAy YTPUMYBAIM B aKBapiyMi
00’emom 30 am® 3a minbHOCTI ocaaku 1 ocoduna Ha 0,6 qM° Ta MPUMYCOBOT
aepaii Bomu. ocmig tpusas 47 ni6 — 3 15 cepnnst mo 01 >xoBTHS. Y mepiof
MEepUIMX OAWHAIIATH JHIB €KCIIEPUMEHTY MIKPOIUIACTUK y aKBapiyM HE BHO-
cunu. el nmepiox Oyno npuitHsTo 3a KOHTpOonbHUM. Ha 12 1o0y yrpuMyBaHHS
TeCT-00’€KTy 70 BOAM akBapiymy Oyino BBeneHo 0,05 r© MiKpOIUTacTUKY Ha
30 am® Bozmm. LIst KiNBKiCTh MIKPOIUTACTHKY B BOJI aKBapiyMy 3alIHIIaiach 10
5 BepecHs, O MpUAMaNock 3a aganTamidHui nepiog. CraHom Ha 6 BepecHs
no Boau ponanu me 0,05 T MIKpOIUTaCTUKY 1 TakKy K 103y BHec)n 18 BepecHsl.
CriocTepekeHHs Biji 6 BepeCHs JI0 | )KOBTHS CTAHOBIJIU €KCTPEMaJIbHUIA TepPio]
(pucyHok 1). ToOTO, BCHOTO 32 MEPioj eKCIIEPUMEHTY JI0 BOJIU aKBapiymy Oyiio
nonano 0,15 r ma 30 v

Kowtpormsmgi | Amanramitm EXCTpeMa:H ExcTpeMans i
nepion nepion nepion 1 nepiox 2

=000 r/ma? | + 0,05 r/ma3 + 005 riom3 + 0,05 r/om3

Puc. 1. CxeMa BHeCeHHsI MiKPOILUIACTHKY 10 AKBapiyMy 3 TecT-00’€KTaMHu

Pu6 rogysanu cyxum kopmom (Daphnia) 1 pa3 va 100y o 16 ron.+10 xB.
Hlopanky o 10 rox. £30 XB. MM BifcaKyBajdu puO 0 OKPEMHX €MKOCTEH
06’emom | aM?, sIKi 3aITOBHIOBAIM BOJIOIO 3 TOTO JK aKBapiyma J0 CaMOTO BEPXY
i TPOBOWIIM BHU3HAYEHHS IHTEHCHBHOCTI TUXaHHS pUO, SIK TECT-Mapamerp
BIUIMBY MIKpOIUTACTUKY Ha (i3ionoriyHi npouecu pud. BuszHaueHHs mpoBo-
JIUTH OKPEMO JIJIsi KOXKHOI 0COOMHM, TOOTO MOBTOPHICTh €KCIIEPUMEHTY CTa-
HOBHJIA N=5.

Jnisi BU3HAYCHHSI IHTEHCUBHOCTI JMXaHHS pPHUO, Y KOXKHIA €MKOCTI Ha
MOYaTKy EKCIIEPUMEHTY BUMIPIOBAINA BMICT PO3UMHEHOTO Y BOAl KHCHIO. [ToTim
€MKOCTI 3aKpUBaJIM TaK IIIJIBHO, 1100 KUCEHb 3 HUX HE BUXOMB 1 HE HAIXOIUB
3 TOBITpsl B Jaboparopii. Excrio3umist TpuBana e mMeHie 90 xpunuH. [Ticis
3aBEpILEHHS eKCIIO3HUIIIT EMKOCTI BiIKPHBAIIH 1 BUMIPIOBAIN BMICT PO3UNHEHOTO
B BOJIi KUCHIO TIOBTOPHO.

Bu3HaueHHS BMiCTY PO3YMHEHOTO y BOJI KHCHIO IPH MPOBEACHHI 0io-
TECTYBaHHS 32 IHTCHCHUBHICTIO AMXaHHS PUO TMPOBOIWIN 1HCTPYMEHTAIbHUM
METOJIOM 3a AonoMororo okcumeTpy Ezodo (TaiiBans), 1110 IPOMIIOB IepiKaBHY
arecrarito ta nosipky (cBigoutso [I1 « Ykpmerprecrcranaapt» Ne 36-1/689).
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Jlocniny 3 BU3HAYEHHS iHTEHCUBHOCTI AMXaHHS PUO MPOBOIWIIN IIPH CTa-
i remneparypi npumimenns (20+1,5 °C). O6’em Bonu (V) BU3HAYAIHM TIPUBE-
JICHHSIM JTO HOPMaJIbHUX YMOB 3 TouHicTIO 10 0,01 mm:
V,-273-P
° =273 +1) 760 (1)
ne: V,— 00’em npobu BojM, IM*; arMOChEPHUI THCK Y NPUMIILEHHI, 1€ TIPO-
BOJIUTHCS JOCHI, MM PT. CT.; ¢ — TEMIIEpaTypa HOBITPs IiJ| Yac MPOBEICHHS
nociiny, °C.
[Mlinnocnigny puly oOTHpanu (QiABTPYBAIBHUM MarepoM i 3Ba)KyBalH.
Mo pi3HMLI KOHIEHTpALii KHCHIO Ha MOYaTKy 1 B KiHII AOCIiAy (3 BpaxyBaHHIM
00’eMy €MKOCTi) BM3HaYaJll IHTCHCHBHICTh AuxaHHs pud [11], mo po3paxoBy-
BaJIA B MIJTIrpaMax CIIOKUTOTO HEH KUCHIO Ha | T Baru (cupoi), mpoTsirom 1 rox.:
(G —Co) 'V
= ()
m-t
ne: | — IHTEHCHBHICTD CIIOKMBAHHS KMCHIO (MXanHs pub), Mr/r/ron.; C, — BMicT
KHCHIO Ha TIOYaTKy eKCro3uiii, Mr/am?; C — BMICT KMCHIO MO 3aKiHYEHHIO €KC-
mo3wmitii, Mr/r/mm*; ¥V — 06’em Kombu, am°; m — Bara puOH, T; ¢ — TPUBAIICTh
€KCIIO3MIIIT, ToI.
CratuctuaHy 00poOKy Ta Bi3yai3allifo OTpUMaHUX JTaHHUX ITPOBOIIIIN 3
BHKOPHUCTAHHIM TIPHUKIIATHOTO IMPOTpaMHOTO makety Statistica 8.0 [12].
PesynbraTtn gocaimkenb. OIHAKOBI YMOBH YTPUMAHHS Ta TOMIBII prud
BITPOZIOBXK €KCIIEPUMEHTY CTaJH IIiJICTABOIO ISl TIOPIBHSIHHS X CEPeaHBOTO
TIPUPOCTY 3a TEPIOAM 3 Pi3HUM BMICTOM MIKPOITIACTHKY B BOJHOMY CEpEIO-
BHIII 1X TiepeOyBaHHs. Tak, 32 KOHTPOJIBHUH TIEpio, CepeaHs Bara ITiII0CIi -
HUX 0co0uH P. reticulata 3minuinacek 3 1,36+0,08 r 1o 1,41+0,08 r, T0OTO 301716-
mtack Ha 0,05 1, a6o 16,1 % Bix moyaTtkoBoi MacH (PUCYHOK 2).

I
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1,55
1,50
1,45
1,40

1,35

Bara pu, r

1,30
1,25

1,20

18 88888888 = Mean
4
W W N ©O o O T o ] [1Mean=5D

T Mean=*1,96"SD

23.08
24.08
25.08

rrrrr N N
nepioa cnocTepexerHb

Puc. 2. iunamika Baru P. reticulata B KOHTPOJIbHUI Mepiol eKciepUMEHTY
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YTpuMyBaHHS TeCT-00’€KTIB YIPOAOBK aJaNTalifHOTO Mepiony, 3 BMic-
TOM YaCTOK MIKPOIUIACTHKY B BOAi Ha piBHi 0,05 1/aM* Mo3HAYMIOCH HA 3MiHI
cepennboi Baru pud Big 1,41+0,07 v 1o 1,48+0,06 r. BignosinHo, Bara miio-
ciiiHUX 0coOuH 30umbmiack Ha 0,07 T, 0 CTAHOBWIIO NIPUPICT Oiomacu pud
Ha 4,9 % Bix iX moyaTKoBOi Baru 3a 1ed nepiox (pUCyHoOK 3).

165
1,60
1,55 1 [
1,50 ’ |
g _
2145 |
g Iy
1,40
1,35
1,30 :
= Mean
1,25 ] Mean+SD
5585888533888 T Mean+1,96"SD)
EREASss5H83S
nepian cnocTepeketb

Puc. 3. Iunamika Baru P. reticulata B anantauiiinuii mepioa ekcnepuMeHTy

[Ip1 mOBTOPHOMY BHECEHHI B BOJY YaCTOK MIKPOIIACTUKY B KiJIBKOCTI
0,05 r/aM*® cTtaHoM Ha 6 BepecHs, BIJIKOJIW MOYABCS MEPIINI SKCTpeMaTbHHI
nepio]; eKCIepUMEHTY, CepelHsl Bara puOM MpOJAOBXKYyBasa 3pocTarH. Tak, y
KUTBbKiICHOMY BUpakeHH1 BoHa 3MiHmnack 3 1,48+0,06 T no 1,53+0,05 . Biamo-
BiJIHO, Bara MiJJOCIITHIX OCOOMH 3a MEPIINA eKCTPeMaIbHUHN Tmepiof] 3011b-
mmiack Ha 0,05 1, mo cBigumio mpo npupict 6iomacu pud Ha 3.4 % Bix ix
[IOYaTKOBOI Baru 3a I1iei nepiox (pUCyHOK 4).

YOponoBx Apyroro eKCTpEeMajlIbHOTO TEPioy CepeiHs Bara TecT-00 ex-
TiB 3mMiHMnack Bix 1,53+0,05 r 1o 1,49+0,04 r/nm?. TyT BapTO 3a3HAYMTH, 10 32
JAHWI TIepio]] BiI0YI0Ch 3MEHIIICHHS YHCEIBbHOCTI TeCT-00 €KTIB 3 IT’ITH OCO-
OMH 10 TPBOX, uepe3 X cMepTHICcTb. [IpoTe, oTpuMaHi pe3ynbTaTi 3BaKyBaHHS
puO 1BOTO pa3y BUSBUIIM 3MEHILCHHS 1X Baru BIIEpIIE 3a BCIO TPUBAJIICTH CKCIIe-
pumenTy. Tak, cepenHs Bara miJIoCIiJHUX OCOOUH 3a IPyTruil eKCTpeMalbHUH
nepion 3MeHmmiack Ha 0,04 1, O CBiAYMIIO MPO 3HWKEHHA Oiomacu pud Ha
2,6 % Bij iX mOYaTKOBOI Baru 3a 1ei nepioj] (pUCYHOK 5).

Ha nouarky excriepumenty B nepuri 11 1i6 (3 15 ceprmas mo 25 cepmns),
IHTEHCUBHICTh TUXaHHS pUO y cepeanbomy craHoBmia 0,05+3- 102 MinimManbHi
3HA4YEHHS IHTEHCUBHOCTI AuxanHsa pud Oynu 0,01 mMrO,/r/am’, a MakcUMalbHi
0,13 mrO,/r/am’. Ockinbku B 1€k nepion puba He Majia BIUIMBY MiKPOILIACTHKY,
el nepioq po3msiAaBcs SIK KOHTPOJIBHHMH.
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Puc. 4. Ilnnamika Baru P. reticulata B nepimmii ekcTpeMajbHMii nepio] excrepuMeHTy
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Puc. 5. Junamika Baru P. reticulata B npyruii ekcTpemMaJibHUi nepion

Y HaCTymHWHA amanTaliiHuA Tepiof,

eKCIePUMEHTY

0 Bomu Oyno BHECEHO

0,05 r/mm® wmikpormactuky. To6to, Bchoro Ha 30 aMm® akBapiyMHOI BOAH
nmomamu 0,15 T mompiOHEHOTO MIKPOIIACTHKY. Y IIEH Tiepiof, IO TPWUBaB 3
26 cepmHS TI0 5 BepecHS cepedHs IHTCHCUBHICTh AUXAaHHS PUO CTaHOBHIIA
0,06+3-107 MFOz/F/Z[M3. MiHiManbHI 3HaYEHHS 1HTCHCUBHOCTI JAWXaHHSI PHO
Oynu Ha pisui 0,01 MrO_/r/am’, a MakcumansHi 0,11 MrO,/r/av’.
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VY HacTyImHHH Tepiofl, a came ApYTHid eKCTpeMaIbHUM, 10 BOAW aKBapiyMy
3HOBY JI0/1aBaTk Mikporutactuk. e Oymo aeiui mo 0,05 r/am>. 3okpema, 6 BepecHs
OyJ10 JIOJIaHO TaKy JI03y 1 3a mepiof BiJ 6 BepecHs A0 17 BepecHs CepeiHs Beu-
YMHA IHTEHCUBHOCTI AuxaHHs puO cranormwia 0,07+4-107 MFOZ/F/ILM3. MiHi-
MaJlbHi 3HAYEHHs IHTEHCUBHOCTI AuXaHHs pub Oyiau na piBHi 0,02 MrO,/r/mam’,
a makcumanbHi 0,24 mrO,/r/am’. Hactynna nosa Gyna Buecena 18 Bepecns Ta
B niepiox 3 18 BepecHst 10 01 KOBTHSI BepeCHsI CEpeIHS BEIMYMHA IHTCHCHUB-
HOCTI juxaHns pub cranosuna 0,06+£3-107 mrO, /r/avm’. MiHiManbHi 3HaYEHHS
IHTEHCUBHOCTI JuxaHHs pu0 Oymu Ha piBui 0,01 MrO/r/avM’, a MakcuManbHi
0,12 mrO_/r/am’.

VY wninomy, aHanmi3 IWHAMIKH 1HTEHCHBHOCTI AWXaHHS PHO JEMOHCTPYE
MOCTYTIOBE MiABUIICHHS B alalTAllifHAN Ta eKCTpEeMalIbHIH TIEpPion 3 HACTYTI-
HUM Pi3KUM CIIaJI0OM HANPHUKIHII €KCTPEMAILHOTO Mepioy (PUCYHOK 6).
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Puc. 6. Jlunamika inTencuBHocTi nuxanns P, reticulata 3a npucyTHocTi
B BOJli MiKpOIJ1aCTHUKY

VY cepeHbOMY, BETMYMHA IHTEHCUBHOCTI TUXaHHS pUO Ha KiHEIb eKCTpe-
MaJbHOTO Iepioay Maja piBHI MOMIOHI 1O THX, IO (iKCyBalINCh B aJaNTalliii-
HUH niepion. OYeBUIHO, IO 3POCTAaHHS KiUTBKICHOTO BHPaXXEeHHs JaHO1 (i3ioo-
TiYHOT peakIlii Oyio MOB’s3aHO 3 MPUCYTHICTIO B BOJHOMY CEPEOBHII YaCTOK
MIKPOILTACTHKY, 1[0 MOTJIM MOTPAIUTH J0 OpPraHi3My pHOH NP 3aKOBTYyBaHHI
KOopMYy, a0o Tporiecy (pinbTparii Boau Kpi3b 3si0poBuii anapar. OgHodacHo, Oyiro
3a)ikCOBaHO 3HM)KEHHS CEPEeHBOI Baru Ta BIYKUBAHOCTI T€CT-00’€KTIB YyIIPO-
JIOBXK JIPYTOr0 eKCTPEMaJIbHOTO Mepiofy, IO J03BOJISE 3pOOUTH TPHITYLICHHS
mpo (izionoriuHi 3MiHM B opraui3mi P reticulata BHACTiIOK HETaTHBHOTO
BIUIMBY YaCTOK MiKpPOILIACTHKY Ha OpraHi3M puo.
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BucHoBku. Y MozpenbHUX EKCIEPUMEHTaX 3 aKBapiyMHUMH pHOaMH
P, reticulata, sxwuii TpuBaB 47 1i0, TeCT-00’€KTH IMiIATUCh BIUIUBY MiKpOILJIac-
THKY B cyMapHiii 1031 0,15 r Ha 30 am?® Bozu. 301IbLICHHS KOHLICHTPAIIT YaCTOK
MIKpOIUIACTHKY B cepeanboMy koxkHi 10 ai6 Ha 0,05 1, mpu3BOaMiIo 10 3MiHK
TecT-peakuiii puo. [HTeHCHBHICTD AMXaHHS pUO MaJia MOMITHE HAPOCTAHHS MiCIs
no3u 0,1 r Ha 30 av® Boau, 3 MakcuMaJIbHUM 3HaueHHsaM 0,24 MFOz/F/I[M3. TTicna
36impients q103u 10 0,15 r Ha 30 1 Boaw Oyito BiMiUeHO CTPIMKE TIOHMKEHHS
IHTEHCHBHOCTI JUXaHHs puO, 3 MiHiMaibHuM 3HadeHHsaM 0,01 mrO,/r/av’. 3nu-
JKEHHSI CePEHbOI Bark Ta BUKUBAHOCTI TECT-00 €KTIB BiAMIYaIOCh YIPOIOBK
JPYTOTr0 eKCTPEMAILHOTO MEPiofy, 0 XapaKTepU3yBaBCs TPUBAJIOO JI€I0 Mif-
BHUIICHOT JI03M MIKPOIUIACTUKY B BOJAHOMY cepenoBuiii. L{ikom MMOBIpHO, 1110
3adikcoBani 3MmiHK (i3iogoriuHux peakuiit P. reticulata € CBIIYCHHSIM Hera-
TUBHOTO BIUIMBY YaCTOK MiKpPOILIACTHKY Ha OpTaHi3M puo, mo mnepedyBatoTh y
3a0pyIHEHII MIKPOIJIACTUKOM BO/I.

PHYSIOLOGICAL REACTIONS OF POECILIA
RETICULYATA TO THE PRESENCE OF MICROPLASTICS
INTHE AQUATIC ENVIRONMENT

Biedunkova 0.0. — Doctor of Biology, Professor,
Yakhniuk A.O. — graduate of the second level of higher education (master's degree),
National University of Water and Environmental Engineering,
o0.0.biedunkova@nuwm.edu.ua

The global problem of the content of microplastics in the world’s oceans leads
to increased interest in the reactions of living organisms to the effects of microplastics.
Despite the wide presentation of this issue in the literature, the reactions of freshwater
organisms remain less studied compared to marine ones. The purpose of the study
was to track and analyze the intensity of breathing and weight changes of aquarium
fish Poecilia reticulata (Peters, 1859), as a manifestation of the body’s physiological
reactions to the presence of microplastics in the aquatic environment. The duration of
the experiment was 47 days, during which the following were distinguished: a control
period of keeping fish — in the absence of microplastics in the aquatic environment;
adaptation period — after the introduction of microplastic particles in a dose of
0.05 g/dm? into the water environment; extreme periods 1 and 2 —additional introduction
of microplastic particles at a dose 0of 0.05 g/dm? for each of them. Feeding, weighing and
determining the intensity of respiration of fish were carried out in laboratory conditions
in compliance with the standards of all procedures. During the experimental period,
the intensity of respiration of fish had a noticeable increase after a dose of 0.1 g per
30 dm’ of water, with a maximum value of 0.24 mgO,/g/dm’. After increasing the dose
to 0.15 g per 30 dm?® of water, a sharp decrease in the intensity of fish respiration was
noted, with a minimum value of 0.01 mgO,/g/dm’. A decrease in the average weight
and survival of the test objects was observed during the second extreme period, which
was characterized by the long-term effect of an increased dose of microplastics in the
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aquatic environment. The intensity of fish respiration had a gradual increase during the
adaptation and extreme periods, followed by a sharp decline at the end of the second
extreme period. It is assumed that the recorded changes in the physiological reactions of
P, reticulata are evidence of the negative impact of microplastic particles on the body of
fish that are in microplastic-contaminated water.

10.

Key words: test objects, test reactions, fish respiration intensity, fish weight.
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®AYHA | TAKCOHOMIYHA XAPAKTEPUCTUKA HOBUX
ONA TAANYMUHU BUAIB KOJTOBEPTOK (ROTIFERA :
ROTATORIA) 3A MATEPIAJTAMU NIOABITA KO3APA

Isaneywv O.P. — x.6.1., Ooyenm,
JIvgiecokutl nayionanvuuil ynigepcumem imeni leana @panxa,
oleh_ivanets@ukr.net

VY nmocmimkennsax, nposeneanx y 1908-1912 pokax, JI. Kosap 3apeectpy-
BaB 38 HoBux mus amuuunau BuniB Rotatoria: N. cerberus, N. torulosa, N. copeus,
N. pachyura, P. decipiens, P. petromyxon, P. reinhardtii, E. najas, E. elongata, D. hoodi,
D. tigridia, E. biraphis, E. clastopis, E. brachionus, M. mucronata, M. bicarinata,
M. compressa, L. gissensis, M. cornuta, M. hamata, L. pygmea, L. oblonga, C. colurus,
T iernis, T. pusilla, D. tenuior, D. weberi, D. porcellus, T. mucronata, P. crystallina,
P intermedia, A. vaga, R. tardigrada, R. elongata, M. quadricornifera, D. macrostyla,
H. lata, H. tridens.

3apeecTpoBaHi BUAM HaIeKaTh J0 Tpbox pomiB (Ploima, Flosculariacea,
Bdelloida), necatu pomnun (Notommatidae, Epiphanidae, Mytilinidae, Euchlanidae,
Lepadellidae,  Trichocercidae,  Testudinellidae,  Floscularidaea,  Adinetidae,
Philodinidae) 1 21 pony (Notommata, Proales, Pleurotrocha, Eosphora, Diaschiza,
Encentrum, Epiphanes, Mytilina, Lecane, Monostyla, Lepadella, Colurella, Trichocerca,
Diurella, Testudinella, Ptygura, Adineta, Rotaria, Macrotrachela, Dissotrocha,
Habrotrocha).

Haii6inpin mpeacTaBieHui, 3 BpaxyBaHHSAM KiJIbKOCTI ponmuH, € psn Ploima
(7 ponuH), omHOIO pOAMHOIO TpeacTaBieHuil psan Flosculariacea. Psan Bdelloida napa-
XOBYE JIBi POITUHHL.

3 BpaxyBaHHSAM OCOOJIHMBOCTEH TAKCOHOMIYHOI CTPYKTypH OKPEMHX POIUH Y
CIICKTPI pOAiB HaiOLIbI Oarara poguna Notommatidae (6 ponis) i ponuna Philodinidae
(4 pomn). II’sitb poaun (Epiphanidae, Mytilinidae, Testudinellidae, Floscularidaea,
Adinetidae) mpencTaBiCHI IUIIE OTHUM pomoM. Y Tpbox pomuHax (Euchlanidae,
Lepadellidae, Trichocercidae) HapaxoBY€ThCS IO J[Ba POJIH.

Ponmnaa Notommatidae 00’ eqHye Takox IBi migponunu: Notommatinae (BKIIO-
qae 5 poniB) i Dicranophorinae (MicTuTh onuH pix). [IBi miapoauHu Mae TaKOXK POIMHA
Philodinidae: Philodininae (HapaxoBye Tpu poau) i Habrotrochinae (npencrasieHa of1-
HUM POJIOM).

Haii6inpin npe3enrabensHuid y crnekTpi BuaiB psan Ploima (Bxiouae 29 Bu-
niB). HatfimeHIn npe3eHTa0eNpHIMA 3 BpaXyBaHHM [IBOTO TIOKa3HUKa psn Flosculariacea
(BrurO9aE smie aBa Buan). Psan Bdelloida napaxoBye 7 BUIOBHUX TaKCOHIB.

KirouoBi crioBa: BOAHI €KOCHCTEMH, KOJMOBEPTKH, (payHa, ['anmnumna, Rotifera,
Rotatoria.

IMocTanoBka mpo6JjeMu. YTpymoOBaHHS KOJIOBEPTOK (Rotatoria) € Bax-
JIUBOIO JIAHKOIO y 3a0e3MeueHHl CaMOOUYHUIICHHS BOMOM. BoHM € HamitHuMU
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010JIOTIYHUMH 1HJUKATOPaMHU SIKOCTI BOJAM Ta BAarOMHUM KOMIIOHEHTOM pailio-
HIB Oaratbox Tipo0OioHTiB. Bogna PamkoBa Jlupextua €Bpomneiicbkoro [lap-
namenty 1 Pagu (EU Water Framework Directive 2000/60/EC), naromnomye
Ha (yHAaMEHTaJIbHIA POJIi BOTHUX OPTaHI3MIB y CHUCTEMI TiIPOEKOIIOTIHHOTO
MOHITOPHHTY. 3 BpaxyBaHHSM TaKOTO MiAX01y KOJOBEPTKH, SIK CKJIaA0Ba 3001I-
JIAHKTOHY, BUKOPUCTOBYIOTBCSI TIPY BH3HAYEHHI €KOJOTIYHOTO CTaHy BOIOWM
VYkpainu [1-3]. TIpote, icTOpUYHI aceKTH NOCIiIKEHb PerioHaJbHUX (ayH
Rotatoria BUBYEHI HeOCTaTHBO. Taki Marepiaiy € BasKIMBUMH JUIs BCTAHOB-
JICHHS! PETPOCIIEKTUBHHUX E€KOJOTTYHHUX XapaKTePUCTUK BOAONM y MUHYIOMY i
JAf0Th MOJKJIMBICTh MMPOTHO3YBAaTH MalOyTHI 3MiHH TiJPOEKOCHCTEM.

AHaJi3 ocTaHHIX HoCHiTKeHb i myomikamiii. /lociimpxkeHHs KOJOBEp-
TOK Ha TepeHax [ amuumHM 3amovaTKyBaB BHJATHUHM MOJBCHKUH TigpoOionor
A. Bexelicbkuii [4—8]. Y Hamr yac s rpyma 300IUIaHKTEPIB TAaKOXK MPUBEPTAE
yBary HayKOBIIiB.

AHaI3y€eThCsI CTaH YIpyNnoBaHb KOJIOBEPTOK TiIPOLEHO31B, IO PO3TAIIO-
BaHi y JIicOBUX JaHAmadTax, MpUBEPTAIOTh YBary KOJIOBEPTKH MaJMX BOJOWM
3aximHoro Jicocreny YKpaiHu, BUBYAIOTbCS OKpeMi ponu Rotatoria, akueHTY-
€ThCsI yBara Ha METOJMYHUX IiJIX0/[aX 070 POOOTH i3 KOJOBEPTKAMH Ta Ha iX
ajantauifHux MoxIMBoCTAX [9—13]. OcobnuBy yBary npuBepTae TAKCOHOMIs
i TpodiuHa XapaKTepUCTHKa NPEACTaBHUKIB poay Asplanchna, siKi 3HAYHOIO
Mipo10, BHACITIZIOK MaCOBOTO PO3BUTKY, BIUIMBAIOTH Ha TPOPOANHAMIKY BOIOWM
[14, 15]. YrpynoBaHHsS KOJOBEPTOK aHATI3YIOThCS B OKPEMHX BOAOMMAaXx, a
TaKOXK TPU KOMIUIEKCHOMY BHBYCHHI 300IUIAHKTOLIEHO31B BOAOWM [ ammumnn
Ta TPWIENNIMX TEPEHIB, BUBYAETHCS BIUIMB POCIMHHHX acolialiii Ha CTPYK-
Typy portaropioneHo3sis [16—19]. Oxnak, ictopuyHa npodaeMaTiKa J0CIiKEeHb
Rotatoria T'anuuunM 1 B CbOTOICHHI MTpeCTaBlIeHa HEAOCTATHBO.

®opmyaoBaHHs Uijield crarTi. MeToro poOOTH € peTpOCTIeKTUBHHI
aHaJli3 JIOCIIPKEeHb, KOTPI BUCBITIIIOKOTH ICTOPUYHI ACHEKTH CTAaHOBJICHHS 1
PO3BHUTKY (payHICTHKM B LAPUHI POTATOPIONIOTii, OI[iHKA 3HAYUMOCTI OKPEMHUX
TAKCOHIB y CIIEKTPi BUJIB, POAIB, POAMH Ta PAIB y BiIAaJIeHi YacoBi NepioaH,
KOMIIapaTWBHA XapaKTepUCTUKAa HOBUX Uil [aquuuHM TakcoHIB Rotatoria,
BIJITIOBIJIHO /IO YMHHOI HA TOW 4ac cUCTeMaTHkH, 3a marepiasiamu JI. Kosapa
novyatky XX cromitts. Taki AaHi € HaIIHHOIO OCHOBOIO JUIS IPOTHO3Y 3MiH Y
TiIPOEKOCUCTEMAaX, BOHH JIO3BOJISATh TAKOXK, 3 BpaXyBaHHSM OlOiHMKAI[IHHUX
XapaKTEPUCTUK YIPYIOBaHb KOJIOBEPTOK, CYYaCHUX JAHHUX 1 HOBITHIX METOIUY-
HUX IiIXOAIB MPOaHaIi3yBaTH €KOJIIOTIYHUI CTaH BONOWM y MUHYJIOMY. Takuii
KOMIUIEKCHHH MiAXiJ, II0 BPaXOBY€E iCTOPUYHUI acTieKT € HEBiJl’ €EMHOIO CKIIa10-
BOIO T1JIPOEKOJIOTIYHOTO MOHITOPHHTY 1 Ma€ 0COOIMBY aKTyallbHICTh 3 OTJISIAY
Ha Cy4acHI myOtiKallii 11010 300IUIaHKTOHY 3axoay Ykpainu [14—19].

Marepiaau Ta MeToau A0CHiTKeHHHA. JlOCHIDKEHHS TPYHTYEThCS
Ha anami3i poboru JI. Kozapa “Zur Rotatorienfauna der Torfmoorgewdsser,
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zugleich 1. Ergénzung zur Kenntnis dieser Fauna Galiziens”, sika Buiinuia y
cBiT 1914 poky Ha mmanbTax HAayKOBOro KypHany ‘“Zoologischer Anzeiger”
[20]. BpaxoByBaJiu, 110 TAaKCOH € BiZJOCOOJIIEHOIO TAKCOHOMIYHOIO TPYIIOI0 SKiH
MOYKHA TIPUCBOITH NEBHY KaTETOPil0, a MOHATTA TAKCOHY Ma€ OyTH OIMCAaHUM
i1 MIEBHOIO HAa3BOIO 1 HAJIGXKUTH 10 KOHKPETHUX opraHi3mis [21].

PesynbTarn pocaimxens. [lonsebkuii rigpodionor JI. Kozap gocmimky-
BaB YIPYyIMOBaHHS KOJIOBEPTOK TOPQ’sIHUX OOMIT MiBHIYHO-CXigHOI [ammuuHm.
Pesynbrat cBo€i poOoTH BiH omyOnikyBaB y crarTi “Zur Rotatorienfauna der
Torfmoorgewdsser, zugleich 1. Ergdnzung zur Kenntnis dieser Fauna Galiziens”,
sKa Buinia y cBiT 1914 poky y sxxypHani “Zoologischer Anzeiger”. ¥ uiii rpyH-
ToBHil nyb6ikauii JI. Ko3ap nonae y ninomy 114 TakCcOHIB KOJIOBEPTOK i, y TOMY
yucii, 38 BUJOBUX TaKCOHIB Rotatoria, siKi 1O IIbOTO Yacy He OyJin 3apeecTpo-
BaHi Ha TepeHax [‘annunHu (pucyHok 1).

Hogi s ['anuumHu KONOBEPTKH, sIKi Oyiu 3apeecTpoBaHi y Iei mepiof,
MPEJCTABIISAIOTE 0cOONMBUIN iHTepec. Hagamo meperik 1uX TaKCOHIB Bimo-
BIJHO O YMHHOI Ha TOH Yac CUCTEMATHKH.

1) Notommate cerberus Gosse.

2) - torulosa Duj,
3) - eopeus Ehrbg.
4) - pachyura Gosse.

o

) Proales decipiens Ehrbg.
6) Plewrotrocha petromyxon Ehrbg.
7) - reinhardiii Ehrbg,
8) Fosphora najas Ehrbg.
9) - elongata Ehrbg.

10) Diaschiza loodi Gosse.

11) - tegridia Gosse.
12) Encentru biraphis Gosse.
13) - clastopis Gosse.

14) Epiphanes brachionus Ehrhg.
15) Mytilina mueronata Ehrbg.
16) - becarinata Perty.
17) - compresse (xosse.
18) Lecane gissensis Hckstein.
19) Monostiyla cornuta Miiller.
20 - hamate Stokes,
21) Lepadelle pygmen Gosse.
29) - oblonga Ehrbg.
23) Colurella colurus Ehrbg.
24} Trichocerea ternis Gosse.

S i S B e

Puc. 1. ®parment nyouikauii JI. Ko3zapa “Zur Rotatorienfauna der Torfmoorgewisser,
zugleich 1. Ergiinzung zur Kenntnis dieser Fauna Galiziens” 3 nepesikom HOBUX
s Fanuunnn TakconiB Rotatoria [20)
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Hogi asa lnmyunm BUaU KoJ10BepTOK 32 Aocaimkenusimu JI. Kozapa [20]
Psn Ploima
Ponuna Notommatidae
igpoauna Notommatinae
Pin Notommata Ehrbg.
Notommata cerberus Gosse
Notommata torulosa Dujardin
Notommata copeus Ehrbg.
Notommata pachyura Gosse
Pin Proales Gosse
Proales decipiens Ehrb.
Pin Pleurotrocha Ehrbg.
Pleurotrocha petromyxon Ehrbg.
Pleurotrocha reinhardtii Ehrbg.
Pin Eosphora Ehrbg.
Eosphora najas Ehrbg.
Eosphora elongata Ehrbg.
Pin Diaschiza Gosse
Diaschiza hoodi Gosse
Diaschiza tigridia Gosse
Pin Encentrum Ehrbg.
Encentrum biraphis Gosse
Encentrum clastopis Gosse
Poauna Epiphanidae
Pin Epiphanes Ebrbg.
Epiphanes brachionus Ehrbg.
Ponuna Mytilinidae
Pin Mytilina Bory de St. Vincent
Mpytilina mucronata Miller
Mpytilina bicarinata Perty
Mpytilina compressa Gosse
Ponuna Euchlanidae
Pix Lecane Nitzsch.
Lecane gissensis Eckstein
Pin Monostyla Ehrbg.
Monostyla cornuta Miiller
Monostyla hamata Stokes
Ponuna Lepadellidae
Pin Lepadella Bory de St. Vincent
Lepadella pygmea Gosse
Lepadella oblonga Ehrbg.
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Pin Colurella Bory de St. Vincent
Colurella colurus Ehrbg.
Poauna Trichocercidae
Pin Trichocerca Lamarck
Trichocerca iernis Grosse
Trichocerca pusilla Jennings
Pin Diurella Bory de St. Vincent
Diurella tenuior Gosse.
Diurella weberi Jennings
Diurella porcellus Gosse
Ponuna Testudinellidae
Pin Testudinella Bory de St. Vincent
Testudinella mucronata Gosse
Pan Flosculariacea
Ponuna Floscularidae
Pin Ptygura Ehrbg
Ptygura crystallina Ehrbg.
Ptygura intermedia Davis
Psan Bdelloida
Poauna Adinetidae
Pin Adineta Hudson
Adineta vaga Davis
Poauna Philodinidae
Hinpoauna Philodininae
Pin Rotaria Scopoli
Rotaria tardigrada Ehrbg.
Rotaria elongata Weber
Pix Macrotrachela Milne
Macrotrachela quadricornifera Milne
Pin Dissotrocha Bryce
Dissotrocha macrostyla Ehrbg.
Hinponuna Habrotrochinae
Pin Habrotrocha Bryce
Habrotrocha lata Bryce
Habrotrocha tridens Milne
Cxapakrepusyemo, 3a matepianamu JI. Kozapa, TakcOHOMIYHY CTPYKTYpY
HOBHX sl [ann4nHu BUAIB KOJIOBEPTOK 3 BpaxyBaHHIM YMHHOI y Tel mepion
cuctemaruku (tadbmui 1) [20].
JI. Kozap 3apeectpyBaB 38 HoBux st [ammuman BUIIB Rotatoria,
AK1 HaJexarb 10 Tpbox poniB (Ploima, Flosculariacea, Bdelloida), necstu
ponun (Notommatidae, Epiphanidae, Mytilinidae, Euchlanidae, Lepadellidae,
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Tabnuys 1. TakcoHoMiuHa cTPYKTYpPa HOBUX 1Jis1 [aqumuuuu BuaiB
KOJI0BepPTOK 3a nociimxenusamu JI. Kozapa [20]

Psan Ponuna Hinponuna Pin Kl‘::;;il;Tb
Notommata 4
Proales 1
Notommatidae Notommatinae Pleurotrocha 2
Eosphora 2
Diaschiza 2
Dicranophorinae Encentrum 2
Epiphanidae Epiphanes 1
Mytilinidae Mytilina 3
Ploima Euchlanidae Lecane 1
Monostyla 2
Lepadellidae Lepadella 2
Colurella 1
Trichocercidae Trichocerca 2
Diurella 3
Testudinellidae Testudinella 1
Flosculariacea Floscularidaea Ptygura 2
Bdelloida Adinetidae Adineta 1
Philodinidae Philodininae Rotaria 2
Macrotrachela 1
Dissotrocha 1
Habrotrochinae Habrotrocha 2

Trichocercidae, Testudinellidae, Floscularidaea, Adinetidae, Philodinidae) i
21 pony (Notommata, Proales, Pleurotrocha, Eosphora, Diaschiza, Encentrum,
Epiphanes, Mytilina, Lecane, Monostyla, Lepadella, Colurella, Trichocerca,
Diurella, Testudinella, Ptygura, Adineta, Rotaria, Macrotrachela, Dissotrocha,
Habrotrocha).

Haii0inpm nmpeacTaBieHmid, 3 BpaxyBaHHsIM KUTBKOCTI pOAWH, € psia Ploima
(7 ponuH), OTHOIO POAMHOO IpenicTaBneHuit psin Flosculariacea. Pan Bdelloida
HapaxoBye JBi poauHU. IIpoaHamizyeMo 0COONMHMBOCTI TAKCOHOMIYHOI CTPYK-
TYPH OKPEMHUX POJIMH y CIEKTPi POiB. 3 BpaXyBaHHIM IHOTO MOKA3HUKA Haw-
Ol Oarati ponuna Notommatidae (6 poniB) i ponuna Philodinidae (4 ponn).
[Uste ponun (Epiphanidae, Mytilinidae, Testudinellidae, Floscularidaea,
Adinetidae) npecTaBieHi JUILE OJHUM POJIOM. Y TpboX poauHax (Euchlanidae,
Lepadellidae, Trichocercidae) HapaxoBYy€eThCs 110 JIBa POJIH.

Pomuna Notommatidae 00’enHye Takox JBi migponunu: Notommatinae
(Bxirouae S5 pomi) 1 Dicranophorinae (MictuTh ofuH pin). [IBi migponuHu
Mae Takok pomuHa Philodinidae: Philodininae (HapaxoBye Tpu poau) i
Habrotrochinae (npeacTaBiieHa OJTHAM POJIOM).
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Haii6inbin npe3eHTabenbHuil y criekTpi BUniB psin Ploima (BKItOuae
29 BuniB). HaiiMeH npe3eHTa0enbHAMN, 3 BpaXyBaHHSIM IIbOTO MOKAa3HUKA, PSIIT
Flosculariacea (Bxittouae muine nsa Buin). Pan Bdelloida napaxoBye 7 BUIOBUX
TaKCOHIB.

BHCHOBKH Ta NepCHeKTHBH BHKOPHCTAHHSI pe3yJbTaTiB J0CJTi-
mKenHsi. 3a Marepianamu gocmipkeHb JI. Koszapa, mpoBeneHnx Ha movarky
XX cromiTTsi, 3apeectpoBaHo 38 HoBuX Jutst [anuuunu BUuiB Rotatoria siki, Biji-
TMOBITHO JI0 YMHHOI y Ty IOPY CUCTEMATHUKH, HAJIEkKATh 10 TPHOX POIIB, ICCITH
ponuH Ta 21 pony. HaitOinbm npencraBneHnid, 3 BpaxyBaHHSM KITBKOCTI POJTUH,
€ psan Ploima (7 ponuH), OMHOIO POJUHOIO MIpeacTaBieHui psy Flosculariacea.
Psin Bdelloida napaxoBye J1Bi poiuHU.

3 BpaxyBaHHSIM TaKCOHOMIYHOI CTPYKTYPHU OKPEMHMX POJAWH Y CIIEKTPi
poiB HaiiOLIbII Oarari ponuna Notommatidae (6 ponis) i ponuna Philodinidae
(4 pomm). Il’sare pomun (Epiphanidae, Mytilinidae, Testudinellidae,
Floscularidaea, Adinetidae) npencrapiieHi JIMIe OJHUM POAOM. Y TPhOX POJIH-
Hax (Euchlanidae, Lepadellidae, Trichocercidae) HapaxoBY€eThCs 110 JIBa POJIU.

Haii6inbin npe3eHTabenbHuil y criekTpi BuuiB psin Ploima (BkItOuae
29 BuaiB). HaiimeHtn npe3eHTa0enbHNMN, 3 BpaXyBaHHM IIbOTO ITOKa3HHUKA, PSIIT
Flosculariacea (Bxittouae muine n8a Buiu). Pan Bdelloida napaxoBye 7 BUIOBUX
TaKCOHIB.

VYrpynoBaHHs KOJIOBEPTOK € YYTIUBHMHU JO BIUTUBIB OiOTHYHUX Ta ali-
otnuHUX (akTopiB cepepoBumia. OTpUMaHi pe3yJabTaTH € BAXIUBUMH IS
BCTAHOBJICHHSI PETPOCIIEKTUBHUX 3MiH Yy BOJOHMAax Ta MPOTHO3YBAaHHS CTaHY
TIIPOCKOCUCTEM Yy TEPCIEKTHBI 3 BUKOPUCTAHHSAM MeTOoay Oioinamkarii. Taki
MarepiajH € BaroMOI0 CKJIaJOBOIO TiIPOEKOJIOTIYHOTO MOHITOPUHTY, BCTAHOB-
JIeHHs1 TPOo(OTMHAMIYHNX XapaKTEPUCTHK TiAPOIEHO3IB Ta BU3HAYCHHS OCO-
OMMBOCTEH MPOAYKIIHHO-IECTPYKIIIHUX MPOIECIB TAPOCKOCUCTEM IIPOTATOM
TPHUBAJIMX MEPiOJIiB Yacy.

FAUNA AND TAXONOMIC CHARACTERISTICS
OF ROTIFERS (ROTIFERA : ROTATORIA) SPECIES NEW
TO GALICIA, ACCORDING TO THE MATERIALS
OF LUDWIG KOZAR

Ivanets O.R. — PhD in Biology, Associate Professor,
Ivan Franko National University of Lviv,
oleh_ivanets@ukr.net

In research conducted in 1908-1912, L. Kozar registered 38 new Rotatoria
species for Galicia: N. cerberus, N. torulosa, N. copeus, N. pachyura, P. decipiens,
P. petromyxon., P. reinhardtii, E. najas, E. elongata, D. hoodi, D. tigridia, E. biraphis,
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E. clastopis, E. brachionus, M. mucronata, M. bicarinata, M. compressa, L. gissensis,
M. cornuta, M. hamata, L. pygmea, L. oblonga, C. colurus, T. iernis, T. pusilla,
D. tenuior, D. weberi, D. porcellus, T. mucronata, P. crystallina, P. intermedia, A. vaga,
R. tardigrada, R. elongata, M. quadricornifera, D. macrostyla, H. lata, H. tridens.

The registered species belong to three genera (Ploima, Flosculariacea, Bdelloida),
ten families (Notommatidae, Epiphanidae, Mytilinidae, Euchlanidae, Lepadellidae,
Trichocercidae, Testudinellidae, Floscularidaea, Adinetidae, Philodinidae) and
21 genera (Notommata, Proales, Pleurotrocha, Eosphora, Diaschiza, Encentrum,
Epiphanes, Mytilina, Lecane, Monostyla, Lepadella, Colurella, Trichocerca, Diurella,
Testudinella, Ptygura, Adineta, Rotaria, Macrotrachela, Dissotrocha, Habrotrocha).

The most represented, taking into account the number of families, is the Ploima
order (7 families), the Flosculariacea order is represented by one family. The order
Bdelloida includes two families.

Taking into account the peculiarities of the taxonomic structure of individual
families, the Notommatidae family (6 genera) and the Philodinidae family (4 genera)
are the richest in the spectrum of genera. Five families (Epiphanidae, Mytilinidae,
Testudinellidae, Floscularidaea, Adinetidae) are represented by only one genus. Three
families (Euchlanidae, Lepadellidae, Trichocercidae) have two genera each.

The family Notommatidae also unites two subfamilies: Notommatinae (includes
5 genera) and Dicranophorinae (contains one genus). The Philodinidae family also
has two subfamilies: Philodininae (represented by three genera) and Habrotrochinae
(represented by one genus).

The most presentable in the spectrum of species is the Ploima order (includes
29 species). Taking into account this indicator, the Flosculariacea order is the least
presentable (includes only two species). The order Bdelloida includes 7 species taxa.

Key words: water ecosystems, rotifers, fauna, Galicia, Rotifera, Rotatoria.
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Scientific monitoring of mine activity in the context of indicators of ichthyofauna
populations, hydroecological regime and other components of the biocenosis, post-proj-
ect monitoring of the place of mine activity is an important and necessary measure to
ensure rational nature management.

In the course of the work, the generalized results of studies conducted in 2021
in the area of influence of the planned activity of the “Ternivska” mine were used. The
study of the hydrochemical regime was carried out according to generally accepted
methods Indicators were determined using the EZODO AZ-86031 hydrochemical de-
vice (Oximeter/pH-meter/conductometer/salt meter) and a set of express tests for rapid
determination of water quality TESTLAB (JBL, Germany, 2021). The hydrogen in-
dex (pH), dissolved gases, biogenic elements, hardness, water temperature, electrical
conductivity, general mineralization (salinity) were determined in the water. Indicators
of the chemical composition of water were compared with normative criteria of wa-
ter quality according to hygienic and ecological criteria (SSTU 4808:2007). Fish were
caught in September in littoral zone. The fishing tools were: an ichthyological net, a
siene 10 m long, fish fry traps. The entire fish catch was divided by species, their number
was counted, and the length was measured with an accuracy of 1 mm and the weight
of individuals was determined with an accuracy of 0.01 g. The relative abundance was
taken as the number of individuals per 100 m? of the catch area. Species belonging was
determined according to A.F. Koblytska. Statistical processing of the results was carried
out using the variational statistical method with STATISTICA 6.0. The reliability of the
obtained data was assessed using the Student’s t-test.

The water of the Saksagan River has been characterized by quite high
mineralization (2.53-2.73 g/l) for many years in a row. The ichthyocenosis of Saksa-
gan river was dominated by short-cycle species with a high range of adaptations to
transformed water bodies and characterized by the following indicators of the number
and biomass of fish — 87.54 specimens/100 m? and 126.33 g/100 m?. Among the studied
fish species, there are no endangered species listed in the Red Book of Ukraine. Under

110



Boowi 6iopecypcu ma akeakynemypa, 2(14) /2023

the existing conditions, the influence of the planned activities of the “Ternivska” mine
on the flora and fauna of the Saksagan River is ecologically acceptable.

The results of the research can be used in the development of the regulation of
hydrobiological monitoring of the water of the Saksagan River in the zone of influence
of the planned activity of the “Ternivska” mine, as well as any other water bodies used
in the production process of mining enterprises.

Key words: ichthyofauna, hydrochemistry, monitoring, mine, sewage.

Problem statement and analysis of last achievements and publica-
tions. The planned activity of JSC “KRYVBASZALIZRUDKOM?” consists in
the continuation of the extraction of rich iron ores at the field deposit of the
Ternivska mine in accordance with the Special Subsoil Use Permit No. 2556
dated 10.12.2001, Order of the State Geology and Subsoil Service of Ukraine
No. 410 dated 10.31.2018 — extension of the term of validity; dated 31.10.2018
No. 412 — making changes. The design capacity of the mine is 2,000 thousand
tons of rich ore. Cleaning works are carried out at the horizon of 1200 m and
above. The average iron content in the mine massif at the working horizons
is 55.77 %. Mine water is used for dust suppression in the underground
technological process of iron ore extraction. The territories of industrial sites of
mines of JSC “KRYVBASZALIZRUDKOM?” are equipped with storm sewer
systems and local wastewater treatment facilities.

The impact of the planned activity on the water environment of the
Saksagan River is caused, first of all, by the surface runoff from the Ternivska
mine site, which, after treatment at the enterprise’s local treatment facilities,
is discharged into the Saksagan River. In accordance with the legislation, the
quality of wastewater is monitored. In accordance with the requirements of the
legislation, monitoring of the quality of wastewater is provided. The collection
and treatment of wastewater from the territory of the planned operation of the
Ternivska mine improves the condition of the surface runoff that is formed in
the given area, localizes it from infiltration into the soil layer and underground
aquifers, and surface water bodies.

The “Ternivska” mine of JSC “Kryvbaszalizrudkom” has one discharge
(No. 1) of return water (rainwater and meltwater from the territory of the industrial
site) in the Saksagan River. Discharge of treated return water (rainwater and
meltwater from the industrial site) into the Saksagan River is carried out on the
basis of special water use permit No. 363/DP/49d-18 dated June 27, 2018.

To control the established standards of maximum permissible discharge
of pollutants that enter the water body together with return (rain and melt)
water, laboratory tests are carried out in accordance with the control procedure,
in accordance with the standards of maximum permissible discharges (MDS)
and the schedule of laboratory control of the quality of return (storm) water,
which is agreed annually by the Department of Ecology and Natural Resources
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of the Dnipropetrovsk Regional State Administration (Dnipropetrovsk RSA). In
addition, the enterprise carries out systematic control over the efficiency of the
treatment facilities, by comparing the actual and design parameters of the water
composition.

Monitoring of the influence of the planned activities of the “Ternivska”
mine on the population of ichthyofauna and other components of the Saksagan
River biocenosis is being carried out for the third time in 2021 year. Thus, in the
second half of the 2021 (in September), monitoring studies were carried out by
employees of the Scientific Research Laboratory of Hydrobiology, Ichthyology
and Radiobiology of the Scientific Research Institute of Biology of DNU, taking
into account the current state of the components of the environment, the direct
and indirect cumulative impact of existing objects.

Highlight of the earlier unresolved parts of the general problem.
Aim of the study. The activities of mining enterprises are associated with
environmental impact and, in some cases, require monitoring studies of the
impact of planned mining activities on environmental components. Under
anthropogenic influence, the natural regime of the river changes [1, 2]. This
includes: the impact of dams and dams, discharge of water, as well as water
withdrawal for technical needs. The highest flow of water in Saksagani reaches
240 m’/sec. Analyzing the data of the past years, the main pollutants coming
from permanent drinking fountains in the Saksagan River are the following:
chlorides — 624 mg/l, sulfates — 1015 mg/l, ammonium nitrogen — 0.56 mg/I,
nitrates — 1.4 mg/l, nitrites — 0.07 mg/l, petroleum products — 0.3 mg/l, iron —
14 mg/l, phenols — 0.001 mg/l, phosphates — 0.15 mg/l, suspended matter —
14 mg/1. The total mineralization of Saksagan River water is 2660 mg/I [3-5].

In this regard, the purpose of the research work was to study the
current indicators of the population of ichthyofauna and other components of
the Saksagan river biocenosis in the conditions of the planned activities of the
“Ternivska” mine, as well as the fulfillment of the environmental conditions
imposed on the economic entity including the implementation of post-project
monitoring, which are established by the conclusions of the environmental
impact assessment.

To achieve the goal, it was necessary to perform the following tasks:

—prepare and carry out an expedition trip to the Saksagan River during
September 2021;

—select the ichthyological material for research;

—measure the main accompanying hydrochemical (water temperature,
pH, electrical conductivity, total salinity) indicators.

Materials and methods. Hydrochemical and hydrobiological studies of
the Saksagan River were conducted in September 2021 during expeditionary
works.
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Methods of hydrochemical studies. The study of the hydrochemical
regime was carried out according to generally accepted methods [6].
Hydrobiological samples were taken in September 2021 at 3 sections of the
Saksagan River (stations), namely:

— 500 meters above the discharge of return (rain and melt) waters of the
“Ternivska” mine (point No. 1);

— at the place of release No. 1 of return (rain and melt) waters of the
“Ternivska” mine (point No. 2);

— 500 meters below the release of return (rain and melt) waters of the
“Ternivska” mine (point No. 3).

The hydrogen index (pH), dissolved gases, biogenic elements, hardness,
water temperature, electrical conductivity, general mineralization (salinity) were
determined in the water. Indicators of the chemical composition of water were
compared with normative criteria of water quality according to hygienic and
ecological criteria (DSTU 4808:2007). Indicators were determined using the
EZODO AZ-86031 hydrochemical device (Oximeter/pH-meter/conductometer/
salt meter) and a set of express tests for rapid determination of water quality
TESTLAB (JBL, Germany, 2021).

Methods of ichthyofauna studies. Fish were caught in September in littoral
zone. The fishing tools were: an ichthyological net, a siene 10 m long, fish fry traps.
The entire fish catch was divided by species, their number was counted, and the
length was measured with an accuracy of 1 mm and the weight of individuals was
determined with an accuracy of 0.01 g [7]. The relative abundance was taken as
the number of individuals per 100 m? of the catch area [7]. Species belonging was
determined using FishBase Database (https://www.fishbase.se/search.php).

Statistical processing of the results was carried out using the variational
statistical method. The reliability of the obtained data was assessed using the
Student’s t-test. The null hypothesis was rejected at p<0.05. All calculations
were performed using the Statistica 6.0 software package.

Study results and their discussion. Hydrochemical analysis. In
order to quickly assess the quality of water as a habitat for hydrobionts, a
field assessment of hydrochemical parameters was conducted using a certified
TESTLAB hydrochemical set (JBL, Germany, 2021).

This approach allows you to instantly determine the quality of water
during sampling and quickly determine the ecotoxicological state of the aquatic
environment. When testing the water, the following indicators were determined:
the content of ammonium (NH*"), nitrites (NO?), nitrates (NO?*), iron (Fe?"),
phosphates (PO,*). The results of the express assessment are shown in Table 1.

According to the results of the study, water at all investigated sampling
points met the physical and chemical parameters of State Standarts of Ukraine
DSTU 4808: 2007.
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Table 1. Results of the rapid assessment of the quality of the water
environment of the Saksagan River, in the area of influence
of “Ternivska” mine

Indicator Date of measurements 14.09.2021
Points Ne 1 Ne 2 Ne 3
NH,', mg/dm’ <0.05 <0.05 <0.05
NO,’, mg /dm’ <0.01 <0.025 <0.01
NO,, mg /dm? <0.5 1 <0.5
Fe*', mg /dm? <0.02 <0.02 <0.02
PO*, mg /dm’ <0.02 <0.02 <0.02

Note: point Ne 1 — 500 m above the discharge of return (rain and melt) water; point Ne 2 — place
of release of (rain and melt) water; point Ne3 — 500 m below the release of return (rain and melt)
water.

The results of the hydrochemical analysis allowed us to note that the
content of ammonium nitrogen (NH*") at all test points is <0.05 mg N/dm?,
which does not exceed the requirements for water quality and characterizes it
within the 1st quality class. Different forms of nitrogen can change into each
other during the nitrogen cycle.

The content of nitrites at all experimental points does not exceed the
maximum allowable concentrations and corresponds to the 2nd class of water
quality. The content of nitrates (NO?*) at all test points also does not exceed the
maximum permissible concentrations — from <0.5 mg/dm? to 1 mg/dm?, which
corresponds to the 3rd class of water quality.

Comparing the obtained results with summer indicators, the concentration
of nitrites and nitrates did not change.

The content of iron (Fe?") in the water at all test points was satisfactory
and characterizes it within the 1st quality class. The content of these compounds
may vary depending on the regional, climatic, landscape and hydrological
features of the zone of existence.

As for the content of phosphates, their content was kept at the level of
<0.02 mg/dm?, which corresponds to the standards of DSTU 4808:2007. In
autumn, this indicator slightly decreased compared to summer indicators, this is
due to seasonal climatic changes. Phosphorus compounds enter the water as a
result of intrareservoir processes, weathering and dissolution of rocks, exchange
with bottom sediments, and from anthropogenic sources.

Analyzing the data obtained from last year’s research [1], the content of
ammonium nitrogen (NH*") and the content of nitrites (NO?) at the experimental
points did not change. The content of nitrates (NO?*) also did not change
significantly, except for the point of release of (rain and melt) water, where a
slight increase of this indicator was observed. The iron content decreased three
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times at the point above the discharge of return (rain and melt) water. As for the
content of phosphates (PO,*>), its content is at the level of last year’s values and
did not exceed the normative indicators.

In accordance with the technical task, the following indicators were
determined using the hydrochemical device EZODO AZ-86031 (Oximeter/
pH-meter/conductometer/salt meter): temperature (t °C), hydrogen indicator
(pH), oxygen content, mineralization and electrical conductivity of water.

In water bodies, the temperature is the result of the simultaneous action
of solar radiation, heat exchange with the atmosphere, heat transfer by currents,
mixing of water masses and the arrival of heated water from an external
source. Temperature is one of the limiting factors affecting the composition and
properties of water. The average water temperature at the sampling points was
at the level of +18.6 °C to +18.9 °C.

Hydrogen indicator pH ranged within acceptable limits from 7.85 units to
7.91 units. The development and vital activity of aquatic organisms, the stability
of various forms of elements and its migration, and the form of existence of a
number of chemical compounds in water depend on the value of pH.

The amount of mineralization in different areas of the experimental
reservoir varied from 2530.0 mg/dm? at the point of release of return (rain and
melt) water to 2730.0 mg/dm? at the point above the release of return (rain and
melt) water.

The lowest indicator of electrical conductivity of water was at the points
of discharge of return (rain and melt) water and amounted to 529 uS, and the
highest at the place above the release of return (rain and melt) water — 550 uS
(Table 2).

Table 2. Hydrochemical parameters of Saksagan River water near
“Ternivska” mine, September 14, 2021

Oxygen | Oxygen . e -
Selection point pH | t°C | content, | content, Mmga/l&f::?on’ Condugtlwty,
mg/dm’ % g "
500 m above the
catchment of return 7.85 | 18.7 6.5 46.4 2730.0 550.0
(rain and melt) waters
Place of release of | 791 | 59| 79 50.0 2530.0 529.0
(rain and melt) water
500 m below the flow
of return (rain and 7.85 | 18.6 6.6 47.1 2720.0 541.0
melt) waters

Comparing the data with last research [1], it was found that the
mineralization of water increased by an average of 20.6 %, and the electrical
conductivity of water decreased by 14.05 %. Indicators of water mineralization
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and the content of main ions in water have a tendency to transform both under
the influence of anthropogenic load and as a result of the action of natural factors.
The electrical conductivity of water depends mainly on the concentration of
dissolved mineral salts and temperature.

The highest oxygen content in water was recorded at the point of discharge
of return (rain and melt) water and was 50 %, and the lowest indicator was at
the point above the discharge (rain and melt), which was 46.4 %. The content of
dissolved oxygen in water is subject to seasonal and daily fluctuations.

Comparing the obtained data with last year’s research, we observe an
increase in oxygen content in all experimental areas. The main sources of oxygen
entering water bodies are gas exchange with the atmosphere (atmospheric
aeration), photosynthesis, as well as rainwater and meltwater, which, as a
rule, are oversaturated with oxygen. Oxidative reactions are the main sources
of energy for most hydrobionts. The main consumption of dissolved oxygen
occurs in the process of respiration of hydrobionts and oxidation of organic
substances by microorganisms. The low content of dissolved oxygen affects the
entire complex of biochemical and ecological processes in the water body.

Ichthyofauna. Out of 75 common species of fish in the Dnipropetrovsk
region, the ichthyofauna of Kryvorizhzhy includes 37 species. Among them,
5 species of fish are included in the «Red Book of Ukraine»: burbot (Lota
lota L.), common dace (Leuciscus leuciscus L.), ide (Leuciscus idus L.), crucian
carp (Carassius carassius L.), percarina (Percarina demidoffii Nordmann).

Regulation of the flow of the Ingulets and Saksagan rivers affected the
formation of ichthyofauna, which led to changes in the faunal complexes and
trophic groups of fish: the changes were reflected in the species composition and
number of fish groups. Due to stocking, the ichthyofauna of the reservoir has
been enriched with introduced species: grass carp (Ctenopharyngodon idella
Valenciennes) and silver carp (Hypophthalmichthys molitrix Valenciennes),
which are mainly introduced for the purpose of biomelioration.

In recent years, the ichthyofauna of the region has been enriched due to
the spread of resident species. For example, through the Dnipro-Kryvyi Rih
canal and the Ingulets River to the Saksagan River, Black and Caspian Sea sprat
(Clupeonella delicatula Nordmann), black-striped pipefish (Syngnathus abas-
ter Risso), three-spined stickleback (Gasterosteus aculeatus L), round goby
(Neogobius melanostomus Pallas) and pumpkinseed (Lepomis gibbosus L.).

The 8 species of fish are of industrial and fishery importance: roach
(Rutilus rutilus L.), white bream (Blicca bjoerkna L.), freshwater bream (4bramis
brama L.), common carp (Cyprinus carpio L.), prussian carp (Carassius gibelio
Bloch), european perch (Perca fluviatilis L.), pike-perch (Zander lucioperca L.),
northern pike (Esox lucius L.), wels catfish (Silurus glanis L.), which are found
in different parts of the river.
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Within the studied stations, the modern species composition of fish
included 15 species of fish belonging to 6 families (Clupeidae— 1; Cyprinidae —7;
Percidae — 1, Cobitidae — 1; Centrarchidae — 1; Gobiidae — 4), which is 40.5 %
from the total species composition of fish of the Saksagan River for the entire
period of ichthyological research (starting from the 30s of the last century). In
the previous period of research (2020), 15 species were also recorded on the
river section, but according to the species composition in 2021, no catfish was
caught by fishing gear, instead, european perch was caught.

As in the previous year, the ichthyocenosis was dominated by short-
cycle species with a high range of adaptations to transformed water bodies — the
stone moroko, european bitterling, and bleak. In the previous research period
(2019-2020), the dominance of these species was also observed.

The number of the bleak reached 34.08 specimens/100 m? at a point 500 m
below the discharge of return (rain and melt) waters of the “Ternivska” mine
with the average number and biomass in the zone of influence of the mine —
22.55 specimens /100 m? and 45.48 g/100 m? respectively (Table 3).

In the multi-year aspect, the number of the bleak remained at a stable level.
The number of the stone moroko, fluctuates significantly, which is caused by the
cyclical phenomena of its reproduction: in 2006, it was 12.0 specimens/100 m?,
in 2018 — 392 specimens/100 m?, in 2019 — 49.39 specimens/100 m?, in 2020 —
32.65 specimens/100 m?, in 2021 — 24.88 specimens/100 m?.

Wide variation in fish abundance is also associated with sampling season,
level regime and water temperature. The tendency of the distribution and
numerical dominance of short-cycle species can be explained by the lack of
places for effective natural spawning and feeding for fry of other fish species,
which are more demanding to the conditions of natural reproduction, as well as
by the inflow of municipal and industrial wastewater, and other negative factors.

In September 2021, the section of the Saksagan River, which is under
the influence of the Ternivska mine, was characterized by the following
indicators of the number and biomass of fish — 87.54 specimens/100 m? and
126.33 g/100 m?, which is almost at the level of the indicators of 2020.

During the research period, fish that have a protective status and are listed
in the Red Book of the Dnipropetrovsk Region or the Red Book of Ukraine were
not found within the scope of the planned activities of the “Ternivska” mine.

Conclusion and perspectives of further development. Based on the
results of hydro-ecological monitoring studies conducted in the water area of
the Saksagan River in autumn of 2021 within the scope of the planned activities
of the “Ternivska” mine, the following generalizations can be made:

1. According to the hydrochemical composition, the water of the Saksagan
River has been characterized by quite high mineralization (2.53-2.73 g/1) for
many years in a row, which is caused by the complex influence of several
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factors: physical and geographical conditions of the location of the reservoir,
flow regulation (Makortivske, Kresivske, Saksagan reservoirs), periodic low
water.

2. The ichthyocenosis of Saksagan river was dominated by short-cycle
species with a high range of adaptations to transformed water bodies and
characterized by the following indicators of the number and biomass of fish —
87.54 specimens/100 m? and 126.33 g/100 m? respectively, which is almost at
the level of the indicators of 2020.

3. As in previous years, there are no protected territories (reserves,
nurseries and natural monuments), objects of the nature reserve fund, territories
of the Emerland network (Emerald network) in the area of influence of the
“Ternivska” mine. Among the studied fish species, there are no endangered
species listed in the Red Book of Ukraine.

4. Under the existing conditions, the influence of the planned activities of
the “Ternivska” mine on the flora and fauna of the Saksagan River is ecologically
acceptable.

The results of the research can be used in the development of the regulation
of hydrobiological monitoring of the water of the Saksagan River in the zone of
influence of the planned activity of the “Ternivska” mine, as well as any other
water bodies used in the production process of mining enterprises.
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3nifiCHEeHHSI HAayKOBOTO CYIPOBIJTY MiSTIBHOCTI INAXT B KOHTEKCTI IMOKAa3HHUKIB
TIOMYJISIIINA iXTiO(ayHH, TiAPOCKOIOTIYHOTO PEXIMY Ta IHIIHX CKIATOBUX O10IECHO3Y,
MTOCTIIPOEKTHOTO MOHITOPHHTY MICIS AisUTBHOCTI IIAXT € BAXJIMBUM Ta HEOOXiTHUM
3aX0Z0M AJIsI 320€3MeUeHHS PallioHaIbHOTO IPUPOJOKOPUCTYBAHHS.

VY xoni poOOTH BHKOPHCTOBYBAJIHCS y3arajbHEHI pe3yJbTaTh JOCIiKEHb, 110
nposouiics y 2021 p. B paiioHi BIUIMBY IUIAHOBOI JiSUIBHOCTI maxTH « TepHIBCbKa».
JlocmipKeH ST TIIPOXIMIYHOTO PEXHUMY IPOBOIMIN 3TiJHO 13 3arajJbHONPHHHITHMH
MeTonuKaMH. BU3HaYCHHS TOKa3HUKIB 3/1iHCHIOBAIIN 3 BUKOPHCTAHHIM TipOXiMI9HOTO
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npwiany EZODO AZ-86031 (Oxcumerp/pH-merp/koHaykTomerp/conemMip) Ta
Ha0Opy CKCIpec TEeCTIB Juisd INBUAKOTO BU3Ha4YeHHs sikocTi Bogu TESTLAB (JBL,
Himewunna, 2021). Y Boxi Bu3Ha4anu BoAHEBHI MokasHWMK (pH), po3umHeni rasm,
OiloTeHHI eJIeMeHTH, KOPCTKICTh, TeMIIEpaTypy BOIH, CIEKTPONPOBIIHICTh, 3aralbHY
MiHepami3amiro (comoHicTh). [loka3HUKM XIMIYHOTO CKJIagy BOOM IOPIBHIOBATH 3
HOPMaTUBHUMH KPUTEPISIMU SIKOCTI BOJH 3@ TTE€HIYHUMHE Ta EKOJIOTTYHIUMH KPUTEPIsIMU
(ACTY 4808:2007). HoiciipkeHHs1 iXTiopayHH NPOBOJMIM 3arajlbHONPUHHATUMU
ixtionoriunumu Metomamu. OcCOOWH BiIJIOBIIOBAIM y BEPECHI HAa MIIKOBOMISX.
3HapSAIIME JIOBY OYJH: IXTIONOTIYHUI CadoK, HEBiJ 3aBOOBXKKH 10 M, MaCTKU IS
MaJbKiB pud. YBech yIoB pu0 pO3MOIUTIIN 32 BUAAMH, ITiIPaX0OBYBAIN IXHIO KiTbKICTh
1 TIPOBOIMIIA BUMIpPIOBAaHHS MOBXHHHA 3 TOYHICTIO 70 | MM 1 BHMIpIOBaHHSA Macu
ocoduH 3 TounicTio 10 0,01 . 3a BiIHOCHY YMCEJIBHICTh MPUHMAH KUIBKICTh OCOOMH
Ha 100 M? ruromi o6noBy. BuaoBy HanmexHicTh Bu3Hauyamm 3a A. @. Kobmuipkoro.
CraructuuHy OOpOOKY pe3ysbTaTiB IPOBOMMIIM BapialliifHO-CTATHCTHYHHM METOIOM
i3 BuxopuctanusaM STATISTICA 6.0. JlocToBipHICTh OfepKaHUX JaHWUX OI[IHIOBAIIN 32
JOTIOMOTO0 t-KpuTepito CTHIONEHTA.

3a rigpoxiMiyHEM cKiagoM Boma p. CakcaraHb BKe 0araTo pOKiB TOCILIb
XapaKTePU3YEThCsS TOCHTh BHCOKOKO MiHepamisamiero (2,53-2,73 r/n). IxriodayHa
piuku Cakcaranb mpejcTaBieHa JOMIHyBaHHSIM KOPOTKOIMKJIOBUX BHUJIB 3 HIMPOKUM
CIEKTPOM TNPUCTOCYBaHb 1O TpaHC(HOPMOBAHUX BOIOWM, 1 XapakTepH3yBajach
YHCENBHICTIO Ta Giomacoro — 87,54 exzemuisipis/100 m? ta 126,33 1/100 M? BiAMOBIAHO.
Cepen nociipKeHUX BHUIIB pUO BIACYTHI 3HMKAaOUi Ta 3aHeceHi 10 UepBOHOI KHUTH
VYkpaiau Buau. 3a HaSBHUX YMOB BIUIMB TUIAHOBOI AisTBHICTI maxTH « TepHiBCbKa» Ha
(biopy Ta dayny piuku Cakcaranb € EKOJIOTIYHO JTOMYCTHMUM.

Pesynbraru jociijpkeHb MOXKYTh OyTH BHKOPHUCTaHI y pO3poOLi periaMeHTy
ripo0ioJIOTiYHOr0 MOHITOPHHTY BOaM piukn CakcaraHb y 30HI BIUIMBY IUIQHOBOI
misutbHOCTI Traxté  «TepHiBChKa», a TakoK Oyap SKHX IHIINX BOJOWM, IO
BHKOPHUCTOBYIOTHCS Y BUPOOHUYIOMY TIPOIIECi TipHIUO-I00yBHHX ITiIIIPUEMCTB.

Kitrouosi cnoBa: ixTioayHa, TiIpoximisi, MOHITOPHHT, IIIaXTa, CTIYHI BOJH.
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Bonuwuii cirig € mommpeHnM Ta Ai€BUM MTOKa3HUKOM OI[iIHIOBaHHS BOJHHX pe-
cypciB. KinbKicHa OI[iHKA 3€JCHOTO BOJHOTO CIIIIY € BaXKIIMBOKO IS OLIHKU BOJI-
HUX pecypciB Ha OaceiiHOBOMY PiBHI B yMOBaXx 3MiH KiliMaTy Ta Je(iluTy BOJIOTH.
CinbChKOTOCIIONaPChKE TOCMOJAPCTBO € OCHOBHOIO Taly3310 MPHPOJOKOPUCTYBAH-
HS, SIKC CYTTEBO BIUIMBAE€ HA BOIHO-0AIAHCOBY CTIMKICTh OAaceHHIB PIiYOK, OCKUTBKH €
BOJIOEMHMM, a 4acTKa BUKOPUCTAHHs BOJHOTO ciimy csrae 86 %. Tomy, B ymoBax
3MiH KJIMary 1 HECTIMKoro 3abe3redeHHs BOJOTOI0, HEOOXiTHHUM € YIOCKOHAJICHHS
CHCTEMH OI[IHIOBAHHsI, HAIIPABJICHOI HA pallioHaJbHE BUKOPUCTAHHS BOJIHUX PECYpCiB
y cuctemi 0aceifHOBOro NMPHPOIOKOPHCTYBAHHS, OXOPOHH JOBKULIS Ta HMOKPAIICHHS
SIKOCTI JKNTTe3a0e3MedeHHs] HaceaeHHsl. MeTolo AOCIiKeHHs OyJI0 POBEACHHS PO3-
PaxyHKy BOJHOTO CIIi/ly IIOJI0 BUPOIYBaHHS OCHOBHUX IOJbOBHX KYJBTYp Ta BH3HA-
YeHHs 00CATIB JOMAaTKOBOI aKyMyILAIil BOAHM AJIS 3a0e3MeUeHHs TiApo(yHKIiOHYBaH-
Ha Oaceiiny piuku Ciryd Ha Teputopii YKkpaiHu B yMOBax 3MiH KiiMary. JlocmimkeHas
I'PYHTYBQJIUCS Ha JIAHUX aHAIi3y KJIIMaTn4yHuX 3MiH 3a 1981-2022 pp., aemmbpyBaHHi
AKTyaJIbHUX CYIYTHHKOBHX 3HIMKIB KOCMI4HOTO amapary Sentinel 2 Ta cTaTUCTHUHHX
JIAHUX CTPYKTYPH CIBO3MIHM Ha arposiaamadTax Bogo30ipHOI TepUTOpii periony ao-
citipkeHb. CxeMa JIociikeHHst Boo30ipHOT TepuTopii piuku Ciryd Ta po3paxyHOK BOTHO-
TO CITily BUPOITYBaHHS CLIHCHKOTOCTIONAPCHKUX KYIBTYP BKIIOYAE IIICTh JIOTIYHHUX OJ0-
KiB OpraHizamii JOCIiKeHb: BHOKPEMIICHHS BOJOTOKIB Ta BU3HAYEHHA MEX BOI0301pHOL
TepUTOpIi, BU3HAYEHHS CTPYKTYpH 3eMejb OaceliHy piukH, JOCIIJDKeHHS 3MIiH KIIIMary,
PO3paxyHOK 0ajaHCy BOIOCIIOKHBAHHS Ta MPOCTOPOBO-YACOBOI JAU(EPEHINAIll BOIHOIO
CJTily BUPOIILyBaHHS OCHOBHHMX HNOJILOBHX KyNnbTyp Ha ocHoBI FAO Penman-Monteith
method, po3paxyHOK BopHO-0anaHCcOBOI cTilfkocTi Oaceiiny piukn Ciryu. Po3paxyHku
00cCsTiB BUTpAT BOAHOTO CIIAY 3MIHCHEHO UIA TEPiOfiB BEreTarii OCHOBHHX ITOJBO-
BHUX O3UMHX Ta ApHX KyasTyp 3a 2018-2021 pp.: 2018-2019 pp. — cepeaupo BoIO-
Ui PIK NepexoauTh y nocyuuuBuil pik; 2019-2020 pp. — NOCYIIIMBUI NIEPEXOAUTD
y cepennboBosioruii pik; 2020—2021 pp. — cepenHbOBOIOTHII IEPEXOIUTh Y BOJOTHIA
pik. BcTaHOBIEHO MPOCTOPOBO-YACOBI 3aKOHOMIPHOCTI (hOPMYBaHHsI BOJHOTO CIIiIy
Ta CITiBBITHONICHHI BUKOPHUCTAHHS 3€JICHOI T4 CHHBOI BOJM MPH BUPOIYBaHHI Pi3HUX
CLITBCHKOTOCTIONAPCHKIX KYIBTYp. 3arajbHUA 00’ €M BOTHOTO CIiy BHPOIILYBAaHHS IO-
JBOBUX KYIBTYp 3a BU3HAUCHOI ciBo3minu ckiamo: y 2018-2019 pp. — 1991 mua M,
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2019-2020 pp. — 2440 mu m*, 2020-2021 pp. — 2363 M M. 3aranbHuil 06’ €M HaIX0-
JOKEHHSI aTMOC(EpHHUX OITaiB 3a BEreTalllHUH 1epiof] B MeXKax arpoian/madriB BOJO-
30ipHOT TepuTopii piuku cranoBuiio: y 2018-2019 pp. — 3760 muH M?, 2019-2020 pp. —
4423 muu M, 20202021 pp. — 4839 muta M3, 3aransHuil 06’ €M JTOTATKOBOT aKyMYJISITs
3eJIeHo1 (JI0mI0BO1) BOAM 3a BEereTaliiHUKA mepiox 3 arpomanamadTiB 6aceiHy piukn
cximano: y 2018-2019 pp. — 1769 mun m* a6o 47,0% Bix HAAXOMKEHHS aTMOC(EPHUX
omajiB 3a Bererariinuii nepiox (Pv); 2019-2020 pp. — 1983 muu m> a6o 44,8% Bix Pv;
2020-2021 pp. — 2476 muu M a60o 51,2 % Big Pv. 3anpornonoBaHa cxema JI0CiHKeHb
Ta OTPUMAaHI PE3yNbTaTH € BAXIUBUMH IS KOPUT'YBaHHS Ta OOIPYHTYBAaHHS BOJO- Ta
pecypco30epiratounx arpoTeXHOIIOTIH i CiIBO3MIH 3aJI€KHO BiJl KIIIMAaTHYHUX 3MiH, IS
BH3HAUCHHS BOIHO-0AJIAHCOBOI CTIMKOCTI OacelHy piukd y BiAMOBITHOCTI 10 TIOKa3HU-
KiB JI0JIaTKOBOI aKyMYJIsILIii 3€JIEHOT BOJIH.

KitrouoBi ciioBa: KitiMar, BOJHUH CIliJl, CUIbChKE TOCIOIAPCTBO, MOJIBOBI KYJIb-
TypH, BOJOCIIOKHUBaHHs, OaceiH piuKku, MojeIoBaHHs, piuka Ciyd.

IMocranoBka mpodaemu. 3MiHM KIIMaTy € BaKIMBUM IIOOATbHUM
BUKJIMKOM JTIO[ICTBA, KWK MOTpedye MUKAMCUUILTIHAPHOTO MIAXOAYy y HOro
nogonanHi. KinimMaTHyHi 3MiHN TPOSBISIFOTECS B IHTEHCUBHOCTI Ta 4aCTOTI KITi-
MaTUYHUX aHOMaJIii, eKCTpeMalbHUX MOTOJHMX SIBUL HA Pi3HUX PIBHSX i€epap-
Xii y mpocTopi i yaci. 3a octanni 30 poKiB 3HAYHO 30UIBIIMIIACS YacTOTa Ta
IHTCHCUBHICTh HEOE3MEYHHUX MOTOAHUX SBUIL [1, 2], SIKi € MPUYMHOIO CYTTEBUX
S€KOHOMIYHOTO 30HMTKY [3], 3arpoXylTh ICHYBaHHIO OacelHOBHMX JaHamad-
THUX [4] 1 aKBaJILHUX eKOCUCTeM [5, 6], 30pOB 10 Ta )KUTTHO Jitoziel [7]. Tomy,
aKkTyaJbHOCTI HaOyBae 30ajaHCcOBaHE YIPABIiHHS MPUPOIHUMHU PECYpCaMH Y
po30y/IoBi KIIIMAaTHYHO OPIEHTOBAaHE TOCIOJaproBaHHs [8], po30ymoBa sKOTO
norpedye BUOOPY OCOOIUBOI MPOCTOPOBOI OUHMIN Oiocdepu. Y MbOMY KOH-
TEKCTI JUIsl BU3HAYCHHS TPOCTOPOBO-YACOBUX 3aKOHOMIpPHOCTEH opraHizaiii Ta
B32€MO3B’SI3KIB CTAOUTI3yrOUMX (MIPUPOIHE CEPEIOBUINE) Ta JeCTAOLII3YI0UNX
(aHTpOIIOTEHHE CEepPEeIOBHUIIEC) KOMIIOHCHTIB €KOCUCTEM O0paHO OacelH piuku
[9, 10]. 3okpema, Bu3HauanbHUM (akTopoM (opMyBaHHS Ta TiAPO(YHKIIOHY-
BaHHs OaceiiHiB € penbed MiCIEBOCTI Ta KITIMAaTHYHI XapaKTEePUCTUKU TEPUTOPIT
[11]. IlepeBuIieHHS KITLKOCTI HAJAXOKEHHSI aTMOC(EPHUX OTaJiB HAJ BEJIH-
YMHOIO BUNIAPOBYBaHHS Ta (inpTpauii BoAM y IPYHTI 0OyMOBIIOIOTH OajaHc
MOBEPXHEBOTO CTOKY BOJH 3 TEPUTOPIi BOA0300pPY Ta i1 aKyMyIsILii y pyCIOBUX
cuctemax [12, 13]. baceiin piuku — 11e MPOCTOPOBO-4acoBa BOJAHO-OaIaHCOBA
CTiliKa cucTema, y sKii BigOyBaeThcsl TpaHchopMallisi aTMOCHEpHUX ONaliB y
IHIII eJeMEeHTH BOJHOTO OasaHcy, 0 3a0e3mneuye BHYTPIIIHIO (YHKIIOHATb-
HO-IIJTICHY 3aMKHYTICTh MIirpanifHUX MOTOKIB OBEPXHEBOTO Ta BHYTPIIIHBO-
I'PYHTOBOTO CTOKY BoA [14].

AHaJi3 ocTaHHIX Aociimxenb i mydaikamiii. Ha OacelinHoBomy piBHI
3IIMCHIOETHCS HABaXKIUBIIIA (QYHKIIISI B3a€EMO3B’3KIB CKJIQIOBHUX (010THUHUX
1 a010THYHUX) EKOCHCTEM, MK SIKUMH 1CHYIOTh T€HETHYHI, iCTOpUYHI Ta QyHK-
iOHANBHI 3B’S3KH, BHpa)keHi Oe3repepBHUM OOMIHOM pEUOBHH, €HEprii Ta
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inpopmanii [15]. Came piukoBuii OaceiiH BUCTYMA€E B SKOCTI LIICHOI CHCTEMHU
3 YCTaHOBJICHHMH E€KOJIOTIYHUMH, COLIATbHUMH T2 EKOHOMIYHUMH 3B’SI3KAMU
[16]. Takox OaceiiH € MPUPOTHO-OPTaHI30BAHOKD TEPUTOPIATBLHO OJIUHUIICIO,
sika 3a0e3levye MOXKJIMBICTh YCTAHOBICHHS ICTHHHHX IPOCTOPOBO-4ACOBUX
3aKOHOMIPHOCTEH HACIiAKIB 1 CTYIIHb BIUIMBY JIFOICHKOT AISUTBHOCTI Ha Jlerpa-
Ja1io IpUpoIHuX exocucteM [17].

3akoHOMIpHOCTI (i3MUHOT opraHizauii (GyHKLIIOHYyBaHHS OaceiiHiB BU3HA-
YaroThCSl CTOKOM MOBEPXHEBHX BOJ| i CTOKOM TBEpPAOI PEYOBUHH, SIKi 3aJieKaTh
BiJl KITIMaTHYHHUX XapaKTEPUCTHK Ta aHTPOIIOTEHHUM HaBaHTaXEHHSIM Ha BOJIO-
30ip [18]. /o OCHOBHHMX aHTPOIOTEHHMX YHMHHHUKIB, SKI BH3HA4YalOTh PiBEHb
rizpodyHKIioHyBaHHsS OaceifHy piYKH, BiHOCSTH IMPOMHCIOBUHA KOMILIEKC
[19], cinbebke rocnomapetBo [20] Ta komyHaneHY Taiysb [21]. [IpoBiane i
HalMmoTyKHile 3a MaciTabaMu TPOSBIB MPUPOJOKOPUCTYBAHHS € CIUJIbCHKE
TOCIIOIaPCTBO, SIKe 3yMOBIIIOE€ MacIITaOHy arporeHHy Tpancdopmarito daceii-
HOBHX JaHAMAa(THUX CTPYKTYp 1 3HAUHE MiJBUILEHHS IPyHTOBO-EPO3iHHOI
Mirpaii BUCOKOTOKCHYHUX 1 O10reHHUX PEYOBUH, MOTIPUIYE eKOJIOTTYHHI CTaH
BOZI0300py Ta €pO3iiHO-PYCIOBUX CHUCTEM 3a MEXaMH NEPBUHHUX OCEPEAKiB
3a0pynHenHs [22, 23].

[IpobneMu cboropeHHs, 3yMOBIEHI Je(iIUTOM MPiCHOI BOIH, MOXKYTb
MOCHIIUTHUCS Y MalOyTHBOMY 110 TIPUYMHI 3pOCTaHHS MOTPEO y BOAHUX pECYp-
cax, oOMeXeHHI iX JOCTYMHOCTI Ta 3HWKEHI AKocTi. HaykoBIi cTBEpIKYIOTS,
o npoOlieMH JTOCTYIHOCTI BOJHHUX PECypciB OyIyTh MOIIMOIIOBATUCS, IO
3arpoXye MpOJOBOJIBYIN Oe3meli KpaiH CBITY Ta €KOJIOTIYHINA CTIMKOCTI MpH-
poxnoro cepenoBumia. CiTbChbKE TOCIOJAPCTBO € BONOEMHHM, HOTO 4YacTKa
y BOZHOMY ciigy csirae 86 % [24]. 3aHENOKOEHHS CUILCHKOIOCIOAAPChKUX
BUPOOHMKIB BUKJIMKAIOTh KIIIMATHYHI 3MIHH, SIKi IOCHJIFOIOTHCS 1X JisUTbHICTIO
[25]. Bokpema, TpuBanuii gedinuT onaniB Ha BoA030ipHill TepuTOpii cipryu-
HSIE METEOPOJIOTIUHY MOCYXYy [26], B MOJANBIIOMY TPOSIBISETHCS 3HIKESHHSIM
BOJIOTOCTI IPYHTY [27], 1110 TIOCHUIFOETHCS BUIIAPOBYBAHHSM CTOKY 1 TIOPYIILYE
CTaH eKOJIOTiYHOi cucTeMH OaceliHy piuku. Tomy, B ymMoBax 3MiH Kiimary i
HECTa0IILHOIO BOJIOTO 3a0€3MeUeHHs], BAXKIMBUM MUTAHHSAM € 3a0€3MeucHHs
30aJ1aHCOBAHOTO (PYHKIIIOHYBaHHSI BOJOTOCIOJAPChKOI Ta CLIBCHKOTOCIIONAP-
CBbKOI rany3eid, 0 BHPa)KaTUMETHCSl YAOCKOHAJICHHSM CHCTEMHU OL[IHFOBAHHS
Ta PaliOHATBHOTO BUKOPHCTAHHS HAsSBHUX BOJHHUX PECYPCIB Y 3eMJIepOOCTBi
SIK CKJIaZIOBOI IIUTICHOT CHCTEMH Y CTPYKTYpi 0aceliHOBOTO MPHPOAOKOPHUCTY-
BaHHS, OXOPOHH JIOBKIJIJIS Ta SIKOCTI )KUTTE3a0€3MEUCHHS HA OCHOBI CYyYacHHUX
METOJIOJIOT 1.

3abe3neueHHs 30a71aHCOBaHOTO BOJIOKOPUCTYBaHHS Ha arpoianamadrax
BOZ0301pHOI TepUTOPIi piuKK MOBHHHO IPYHTYBATHCS HA CIIBBIIHOLICHH] HAJl-
XOJDKCHHSI aTMOC(epHUX OMajiB Ta 00CATiB BOAHUX pecypciB [28, 29], HeoO-
X1IHUX ISl BUPOILYBaHHS ClIBCHKOTOCIIOAAPCHKUX KYJIBTYD, 3 BHOOPOM OITH-
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MaJIbHOT CTPYKTYpH ciBo3MiHU [30], 00rpyHTYBaHHS KJIIMAaTUYHO OPIEHTOBAHUX
Ta pecypco30epirarounx arpoTexHoaoriyHux 3axoaiB [31-33]. [lieBum iHCTPY-
MEHTOM 00’ €KTHMBHOI'O OLIHIOBAHHS OOCSTIB BOJOCIIOKMBAHHS T4 BU3HAYEHHS
piBHS aKyMyJsimii J0moBoi BoAM 3 arpojangmadTiB BOA030ipHOI TepUTOpii
piukn € po3paxyHok BoxHoro ciiny (WF) BupolyBaHHs OCHOBHHX IMOJILOBUX
KyJIbTyp ciBo3MiHU [34]. Boguuii citifi € IHCTPYMEHTOM, SIKUH JTa€ MOXKIIUBICTh
BCEOIYHO OL[IHUTH BiJHOLICHHS CHOXHMBaya a00 BUPOOHMKA 10 BUKOPUCTAHHS
MpicHOBOTHMX cucTeM [35]. Po3paxyHOK BOIHOTO ClTiy Ja€ 00’ €KTHBHY iH(OP-
MAIIiI0 11010 BUKOPUCTAHHS 00CATIB BOJM JIJISl Pi3HUX I[iJIeH TOCIOapIOBaHHS,
€ OCHOBOIO /ISl POPMYJTFOBaHHSI BUCHOBKIB MPO CTIHKICTh BOAHUX PECYPCiB, IX
PO3IMOJILI, 8 TAKOXK OIIHKY €KOJIOTIYHUX, COLlIaIbHUX T4 CKOHOMIYHHMX HACIIJI-
KiB Ha OaceliHoBoMYy piBHi [36, 37]. 3acToCyBaHHS iIHCTPYMEHTY BOAHOTO CIIiTY
Jla€ MOJKJIMBICTh: BU3HAUUTH PO3IOIIT BOAHUX PECYpCiB y MpocTopi Ta vaci
JUTSL IOTPeO MPOMUCIOBOCTI, CITBCHKOTO TOCTIONAPCTBA 1 KOMYHAIBHOTO TOCIIO-
JApCTBA; OL[IHUTH CTIHKICTh Ta €()EeKTUBHICTh BUKOPUCTAHHS BOAHUX PECYPCIB
y MexXax BoA030ipHOI TepUTOpii; OOTPYHTYBaTW CTpaTeriuHi HampsMH pO3-
BUTKY BOJHOTO Ta CIJIBCHKOI'O TOCIIOAAPCTBA HA Pi3HHUX PIBHAX 0aceHHOBOTO
YIpaBIiHHSL.

IMocTranoBka 3aBaaHHs. BCTaHOBUTH MPOCTOPOBO-YACOBI 3aKOHOMIp-
HocTi audepenmianii BOIHOTO CITily BUPOILIYBAaHHS OCHOBHHUX MOJIBOBUX KYJb-
Typ Ta 00csTiB 10JaTKOBOI akyMyJIsii TomoBoi Bonu y 6aceiini piuku Ciyd B
yMOBax 3MiH KJIiMaTy.

Marepiaau i metoau gocaigxensb. CxeMa i MaTepiajn qocaiTKeHb.
Cxema gochipkeHHs Bogo30ipHoi TepuTopii piuku Ciyd Ta po3paxyHOK BOTHOTO
CITily BUPOIIYBaHHS CLIbCHKOTOCTIOAAPCHKUX KYNBTYp BKJIIOYAE IHICTH JIOTi4-
HO-TIOCTTIJOBHUX OJIOKIB OpraHi3amii JoCIiKeHb (PUCYHOK 1).

Jlst BUnTiIEHHST BOJIOTOKIB, BU3HAYCHHS 1X MOPSIJIKIB 1 BCTAHOBIICHHS MEXK
B0J030ipHOT TepuTopii OaceliHy piuku Ciyu Oyna BHKopHcTaHa HuQpoBa
mozenb penbedy (LIMP) na ocHoBi ganmx SRTM-90 i3 mpocTOpoBOIO PO3-
ninbHOMO 3aaTHICTIO 90%60 M/miKcenb, sika Oylia npeacTaBiieHa Ha oQiuiiHOMY
caifti reostoriynoi ciyxou CLIA (https://earthexplorer.usgs.gov/). JlocmimkeHns
BUKOHAHO 3a jionomoroto mnporpamu ArcGIS Ha ocuoBi [IMP 3 BUKOpHCTaHHSM
YAOCKOHAJICHOTO aroput™My [9, 14] TiApoioridyHoro reoMojIeiioBaHHs poO0YOro
monysst Hydrologytools of Spatial Analyst Tools. J{ist mofiny piukoBoro 6aceiiny
Ha TPYIH, B B3aJIEKHOCTI BiJ] MOPSIKY TOJIOBHOTO Pyclia, BUKOPUCTAHO TiIXi]
Crpanepa-®inocodona [38].

Crpykrypa 3emenb Oaceiiny Ciyd po3paxoBaHa Ha OCHOBI JIaHUX
CYIyTHHKOBOTO 3HIMKY KocMiuHoro amapaty Sentinel 2 (po3aiibHa 34aTHICTH
10 m/mikcens) cranom Ha 15-16.10.2022 p. i3 3acTocyBaHHsM MeTony «land
use land cover (LULC)» of ArcGIS. IlpocTtopoBo-4acoBi 3aKOHOMIPHOCTI
3MiHHM KJIIMaTU4YHUX YMOB Ha BOJ030ipHIH TepuTOpii OaceliHy piuku y mepion
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1. Buainenss BoAOTOKIB Ta MeK BOA030ipHOI TepuTOpii piuku Ha ocHoBi Aanux SRTM-90 i3 3acTocyBaHHAM
pobodoro moay.is Hydrologytools of Spatial Analyst Tools

v

2. Bupinenus CTpyKTypH 3eMelib y Mexax Boo30ipHoro 6aceiiny meroznom «land use land cover (LULC)» na
OCHOBI JITaHMX CYITYTHHKOBOTO 3HIMKY KOCMiYHOTO amapaty Sentinel 2

'

3. Jlocni/pKeHHst 3MiH Ki1iMary (Temreparypa HoBiTpsi, arMOC()epHi Ona/in, BOIOTICTb MOBITPS, LIBUAKICTH
BITpY, €Ta/IOHa eBANOTPAHCIIpaLlis) Ha OCHOBI KIiMaTH4HUX Janux 1981-2022pp.

!

4. Po3paxyHok OaiaHcy BOIOCIIOXKHBAHHS 3€JI€HO]T (JJOI0BOT) BOAM NPH BHPOLILYBaHi arpoLeHO3IB Ha
OCHOBI JIOBiZIKOBHX T4 CTATHCTHYHUX JIaHHX YPOXKAHHOCTI OKPEMHX CLTbCHKOTOCTIONAPCHKHX KYIBTYD 3a
2011-2021pp.

5. Po3paxyHOK npocTOpOBO-4acoBoi ju(epeHiianii BOHOro ¢iiity BUPOIYBAHHS OCHOBHHX ITOJIOBHX
KyJibTyp Ha ocHoBi FAO Penman-Monteith method. OcHOBHI ITONBOBI KyJIbTYpPH: TIICHHULS 03UMA, JKHTO
031Me, SYMiHB SIPHIi, KYKypY/i3a Ha 3€PHO, COHSIIIHUK, PIlaK 03HMuUi

v

6. PospaxyHOK 00’ €My akyMyJIsiil BOJIOTM Ha arpoJiaamadrax micjis BUPOLLYBaHHs OCHOBHUX MOJIbOBHX
KYJIBTYp Ul BH3HAUCHHS BOHO-0anancoBoi criifkocTi Gaceiiny piuku Ciyu

Puc. 1. CTpyKTYpPHO-JIOTi4HA MeTOI0JIOTiYHA cXeMa J0CTiKeHHs] BO1030ipHOoi TepuTOpil
piuku Ciiy4 Ta po3paxyHKy BOAHOIO CJIily BUPOILYBAHHS
CiJIbCHKOTOCIOAAPCHKUX KYJIBTYP

1981-2022 pp. BcranosieHi Ha ocHOBI gJaHuX NASA POWER (https://power.
larc.nasa.gov/data-access-viewer/). st po3paxyHKYy eBaIllOTpaHCIipaIiiHux
nporeciB Bukopuctano moBiakoBi mani FAO (https://www.fao.org/3/X0490E/
x0490e00.htm#Contents)

KoedimienTn BogoCToXHBaHHSI OCHOBHUX IMOJIBOBHUX CLITLCHKOTOCTIONAP-
CHKHX KYJBTYp 32 PI3HUX YMOB MPHUPOTHOTO 3BOJIOKCHHSI B3ATi 13 CTATHCTHY-
HUX JIOBITHUKIB Ui THMOBUX (i3uko-reorpadiuanx ymos [lomiccs Ykpainu
(http://agro-business.com.ua/ahrarni-kultury/item/16506-systema-povnoho-
zabezpechennia-posiviv-volohoiu-za-umov-zroshennia.html), sxi Binmosima-
I0Th YMOBaM BHPOII[yBaHHS arpoleHo3iB y Mexxax OaceiiHy piuku Ciyy.

XapakTepucTuka TepuTopii gocaigxenb. Piuka Cinyu Gepe moyarox 3
HEBEJIMKOTO 03€pa, 110 KUBUTHCA MMiI36MHUMHU BOIaMH, PO3TAIIOBAHOTO B OaIIIi
i 1 kM Ha cxin cena YepBona Ciryd XMenpHHUIIBKOT 00macTi YKpaiHu Ha BHCOTI
320 M Hag piBHEM Mops (pucyHok 2). Piuka Cmyd Bmamae 3 mpaBoi MPUTOKHU
nmo piuku [opunb y mexax cenma JlroTuHChK PiBHEHCHKOI oOmacti. 3arambHa
JIOBXKHUHA pIUKU ckiagae 451 kM, 1uioma Bomo30ipHOTO OaceifHy CTaHOBUTH
13,83 tuc. kMm%, naginas pycia 183 m (pucyHok 26).

Bucotu penpedy y Mexax OaceilH piukd Bif ii BUTOKY J0 THpia 3Mi-
HIoeThes Big 376 M 1o 137 M (pucCyHOK 26), cepeaHiil yXuil BOAHOI TOBEPXHI
piBuuii, 0,4 %. Bepxus gacTuHa OaceifHy sBis€ cOO0I0 MiABUINEHY PIBHUHY,
pO3WICHOBAHY BpI3aHWMH PIYKOBUMH JONMHHAMH J0BXKHHOIO 50-100 M Ta
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TYCTOIO SIPOBO-0aJIKOBOIO Meperketo. CepeHs TyCTHHA PIYKOBOT MEPEeXi CKIIaae
0,39 km/kM?, y BepxHiii yacTuHi 6aceiiny Ciyd, TyCTHHA PIYKOBOT MEPEXKi csirae
0,7 xm/km?%. Mopdometpist 6aceliHy Mae BUTATHYTY 3 MiBIHs Ha MiBHIY (opmy,
noBxuHOI0 300 KM, 13 CepeHBOI0 Ta HAMOUTBILIO MIMPUHOIO BiIMOBIIHO 46 KM
ta 110 xm. TepuTopis Bomo300py pidKH po3TallioBaHa y ABOX reoMOP(OIOriuHIX
o0nacTsix, a caMme: BepXHs 1 cepelHsi YaCTUHU OaceiiHy 3HaxXo[sThcsl Ha Bonun-
cero-Tloninbchkii BUcoUMHI Ta 1i Bimporax, sika Mae Ha3By BomuHchKe momices;
HIDKHST 9acTHHA BOJ0300pYy 3HAXOOUTHCS y Mekax Benukoi piBHUHHM [lomices
(ITpun’sitcbke [omiccest).

Order of watercourses
1 —s
2 —5

—3 —¢

. vater

I forest
vegetation
agricultural land

[ cities

Order of watercourses
1 — 2
4
2 —s5
3 —6
DEM, m
EL)

0 25 50 100 Km 9 25 50 100 Km

YkpaiHa

T T T 1T T 1
0 125 250

Puc. 2. TIpocTopoBe po3MillleHHsI Ta XapaKTepucTHKa 0aceliny piuku Ciay4:
a — po3MilleHHs Ha TepuTopii YKpainu; 6 — CyIyTHUKOBHH 3HIMOK 3 KOCMIYHOTO arapary
Sentinel 2 cranom Ha 15-16.10.2022 p.; B — nudpoBa Mozienb penbedy Ta PO3MOAiT
rizpomMepexi B Mexax OaceifHy; T — CTpyKTypa 3eMeJIbHUX yTilb
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Pycno piuku 3BHBHCTE, MOJAEKYOH Ma€e KpyTi Oeperu 3 BHCOTaMHU Bij
2040 M mo 50 M, MicusiMu O6eperu MOMIpHO KpyTi, PialIe MOJIOTi 3 BUCOTaMU
5-15 m. JlonuHa csarae mmpunu 1,5-5,0 kM y HIDKHIN Tedil. 3amiaBa JBOCTO-
POHHSI, MOpPOCia JIYYHOK POCIMHHICTIO, MicIsMH 3a0ojoueHa. Jlicucricts
Oaceiiny cranoBuTh — 30,8 %, iHIIA POCIMHHICTD (JIyKH, peMi3u, TOJIe3aXHCHI
JICOCMYTH, POCIMHHICTh Ha spoBO-OankoBux 3emisix) — 10,7 %, 3abomoue-
Hicth — 13,0 %, Bomoiimu — 0,3 %, ciibchkorocnomapebki yriaas — 39,7 %,
HaceJieHl MyHKTH — 5,4 % (pUCYHOK 22).

Ha piuni Ciyu, y micti HoBorpaa-Bonuacskomy, noOyaoBaHe BOI0CX0-
BuIIe 3 00’ eMoM Boau 1,8 MitH M? (tto1mero 95,5 ra), sike BUKOPHUCTOBYEThCSI ISt
rOCIOIAPChKOL JISUTBHOCTI 1 KOMYHAJILHOTO TocrnonapcTBa. CrioxKMBaHHS BOJU
craHoBUTh 1,96 MiH M*/pik [39]. Piuka Ciy4 BUKOPHCTOBYETHCS SK JDKEPEIIO
rigpoeneprii (Mupomninscbka I'EC, Jlrobapceka I'EC, IleaunkiBcbka 'EC).
CraBku y Mexax Oaceiiny Ciryd MaroTh puborocrnojgapchbke npusHadeHHs. Pos-
MOJIJT CTOKY HPOTSTOM POKY HEpiBHOMIpHHWH, 3aJI€KUTh BiJl KiIIBKOCTI HAIXO-
JDKEHHS aTMOC(epHUX OmajliB Ta TEMIIEPaTypPHOTO PEeKUMY MOBiTps. binbira
YacTUHA CTOKY (DiKCyeThes Yy Mmepioll BeCHSHOI MoBeHi, y Mexxax 40—-80 % piuko-
BOTO CTOKY. Y JIITHIO MEXEHb PiuKa MepeBaXHO KUBUTHCS MiA36MHUMH BOAAMHU
[40]. Y niTHRO-OCIHHIN NIEPiOJ YaCTO CIIOCTEPIraroThes JOMIOBI maBoaku. Haii-
OLIbIIMIA 3amac BoaM y cHIry piBamid 102 MM, cepenHili — 47 M, 3a0e3nedeHuit
Ha 10 % — 86 mm, Ha 25 % — 65 mm. Cyma piuaux onaai it 50 % poxis
JIOCITI/PKEHb CTAHOBUTH 562 MM, 1t 75 % — 481 mm, i 95 % pokis — 401 M.
[IBuakicTe Tewil piuKd MPH MPOXOKEHHI MaKCUMaJbHUX BTpAaT BOIU JOCS-
rae 1,0-1,4 m/c, B MeXeHb cepeHi MBUAKOCTI ckianarTts 0,3-0,5 m/c. Mine-
pastizalisi MOBEpXHEBUX BOJ Y CEPEIHHOMY CTAHOBUTH: y BECHSHY IMOBIHb —
313 Mr/nm3; TITHRO-OCIHHIO MekeHb — 321 MI/nM3; 3uMOBY MexeHb — 349 mr/nm>,
3a KOMILJIEKCHOIO €KOJIOTiYHOI omiHkolo B mepion 2005-2021 pokiB, siKicTh
noBepxHeBux Box p. Ciyd y OUIBIIOCTI BHUIAJKIB BiIOOPY MpoO Boja BifHE-
ceno 1o 11 kimacy — cran «qo0puit», 3 HIEpEeBUILICHHSM BMICTY a30Ty HiTPaTHOTO,
nokaznuka BCK; (6i0XiMi4HOTO CIIOKUBAHHSA KMCHIO B IPOJIOBXK I’ ATH JIHIB) Ta
dhocdopy pocdaris [41], 110 CBIAUNTH PO MPUCYTHICTD y CKJIAJli BOAU JOCITi-
JOKYBAHOI piUuKK OIOTCHHUX €JIEMEHTIB aHTPOIOTEHHOTO TOXOKEHHSI.

Meton pospaxynky esanorpancmipauii kyasrypu (ET). IIpoctopo-
BO-yacoBa JudepeHiiiallis eBarnoTpaHCIipailii 3eJIeHOT Ta CHHLOI BOJIU Y TIEPio]]
BUPOILYBaHHS OCHOBHUX TIOJILOBHX CUTLCHKOTOCHOAAPCHKHUX KYJIBTYP pO3paxo-
BaHa Ha ocHOBI FAO Penman-Monteith method, sikuii rpyHTY€TBCS Ha 004HC-
JIEHH1 €TaNoHHOI eBanoTpancmipaii (£7)) Ta MOIANbIIOro pO3paxyHKy €Baro-
Tpancmipauii KynsTypu (E7)) 3 ypaxyBaHHAM KoedilienTy il ypoxkaiinocti (K ).

FAO Penman-Monteith method — eaunHuii craHgapTHUI MeTON IS
o6uncnennst £7) Ha OCHOBI METEOPOJIOTIYHUX JaHHX:
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900
0.408A(R, — G) +V 7573 U2 (€5 — €a)

A+y(1+ 0.34u,)

ne ET — eranoHHa eBaroTpaHcIipariss, Mm/g00y; R — uucra pamiariss Ha
noBepxHi nociBy, MJ[x/m? Ha 100y; G — HIJIBHICTH TEIIOBOTO MOTOKY IPYHTY,
M/lx/m* Ha 106y; T — Temreparypa noBiTpst Ha BUCOTi 2 M, °C; u, — IIBUJKICTh
BITPY Ha BUCOTI 2 M, M/C; e — TUCK Hacu4eHOI napu, kPa; e — dpakruanuit Tuck
napu, kPa; e — e — nedinur Tucky Hacuuenoi napu, kPa; A — Haxun KpuBoi
THcky mapu, kPa/°C; y — ncnxpomerpuuna koncranta, kPa/°C.

[Tokasnuk ET po3paxoBY€ThCs HA OCHOBI KJIIMAaTHYHHMX MapameTpiB,
BijoOparkae BUTIApOBYBAaHHS y IEBHOMY PETiOHI B KOHKPETHHI TTEPiof] POKY. ajie
HE BpPaxoBYy€ OCOOIMBOCTI BPOXKAIO Ta XapaKTEpUCTUKH IpyHTY. EBanoTpancii-
pauist KynsTypu (E£7)) BiIpi3HAETHCA Bl €TanoHoi eBanoTpancmipanii (E7) tum,
10 BKJTIOYAE aepOIMHAMIUHI BIACTHBOCTI CTIHKOCTI ypOXaro CiTbCHKOTOCIIO-
napchKux KynabTyp (K ). 3HadenHs K 3MIHIOETBCS B 3aJIEKHOCTI BiJl KOHKPET-
HUX XapaKTePUCTHUK KYJIBTYPH 1 JIHIIE TIEBHOIO MipOIO 3aJI€KUTh Bl KIIMary.

[Tokasnuk eBanorpancmipanii Kyasrypu (E7) po3paxoBYeThCs 3a
bhopmyoro:

(1

ET, =

ET =ET - K 2)
c o c

3HaueHHS eBarloTPaHCHpaLii Ky/IbTypH ET PO3PaxOBYEThCA 32 yMOBH
BUKJIFOYCHHSI TaKUX (DaKTOPiB: MIBHIKICTH POCTY POCIUH CLIBCHKOTOCTIONAp-
CBKUX KyJBTYp, IPYHTOBI BOIM Ta 3aCOJICHHS, I'yCTOTa BHCIBY HACiHHS, HasB-
HICTh LIKIAHUKIB Ta XBOPOO, 3a0yp’ THEHHS, POJIOYICTh IPYHTIB. Y KoedilieHT
K, {HTETPOBAHO 3HAYCHHA XaPAKTEPHCTHK TPAHCHIpalii MEBHOT KyIbTypH Ta
ycepeaHeHi e)eKTH BUapOBYBaHHS 3 IPYHTY.

PospaxyHok E7, CKIIafla€Thest 3 YOTUPLOX €TaIlliB, & CAME:

1. BusnaueHnst crafiii pocty neBHHX KyibTyp. [1ig 4ac po3BHTKY Kyib-
TYPH 3MIiHIOETBCS IPYHTOBUH MTOKPUB, BUCOTA KYJIBTYpH Ta ILUI0IIa JUCTs. Yepes
BiJIMIHHOCTi y BUMIAPOBYBAHHI Ha Pi3HUX CTAMisAX POCTY, 3HaUEHHs K sl TeB-
HOI KYJIBTYpH 3MiHIOBaTUMETBHCS MIPOTATOM BETeTaLiHOTO Nepioay, sSIKui, Bij-
noBiiHO 10 Metojuku FAO Penman-Monteith, po3aiisitoTh Ha 4oTHPU (eHO-
JIoriuHi CTaii posBUTKY (pucynok 3a): L, . — initial, L, — crop development,
L . —mid-season, L — late season. KojkHa KynbTypa Mae BiacHy TPHBaliCTh

mid ™ late R . R i R

OKpPEMOT0 BETeTalifHOTO eTay pOo3BUTKY BiAMOBIIHO 10 CTPOKIB CiBOM Ta peri-
OHY BHUPOILIYBaHHA. THUIIOBI TEPMiHU OKpEMHX ()CHOJOTTUHUX CTalill PO3BUTKY
pocnuH HaBezeHo y kepenax FAO (https://www.fao.org/3/X0490E/x0490e0b.
htm#TopOfPage). 3okpema, 11 onucy Ta MoOyJ0BU KprUBOi Koe]ilieHTiB ypo-
JKaro l'IOT.p16H1 TPH 3HAYEHHS ((pI/I.CyH.OK 36) K ): na moyatkoBiii craii &, )Y
CeperHi Ce30Hy (chmi )» HampuKiHIi ce30Hy (K an ).

VY tabnuui 1, BianmosizHo mo rpananii FAO, HaBeJeHO THIOBI 3HAUYCHHS
Koe(iLliEHTIB YPOXKaI0 JUIS PI3HUX CLIBCHKOTOCTIONAPCHKUX KYIBTYP, SIKi MalOTh
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Puc. 3. OcnoBHi (eHOIOTIUHI cTail PO3BUTKY POCAHH /Il pO3paxyHKy K :

a — ovikyBaHi THIOBI Jiana3zonu K¢ muis 4oTuphox crajiil pocty; 6 — y3arajbHeHa KpUBa
KoeiLi€HTIB yPOXKAIO IS i IXOLY 3 OJHOKYJIBTYPHUM KOedilieHTOM

OlnbIy YacTKy Yy CiBO3MiHI perioHy mociuimkenb. KoedimienTn, siki Hanexarb
IO OJHI€T TPYIU KYJBTYp, 3a3BUYAll CXOXKi, OCKIJIBKM BHCOTa POCIIHH, IJIOMIA
JIMCTSL, TOKPUTTS IPYHTY Ta YIPABIiHHS BOAHUMH PeCypcaMy MaiKe OIHAKOBI.
2. Kopurysanus BuOpanux KoeQilieHTiB K i 4aCTOTH 3BOJIOKEHHS
abo KJIIMaTHYHUX YMOB BIPOJIOBXK BETETallii pociuH. 3Ha4eHHs K Ha moYaTKo-
Bilf cTazii Ta cTaiii pO3BUTKY KyIbTYpHU 3aJIe)KaTh BiJ BIUIMBY CHJIM KOJIUBAaHb
YacTOTH 3BOJIOKCHHSI TEPUTOPil BHPOIILYBaHHS, TOMY CIiJl YTOUHIOBaTH 3Ha-
YeHHs KoedilieHTy K, - 3HaueHus K i K, .4 KOpUIYIOTECS BIJIMIOBIAHO 10
MOTOTHUX YMOB PETiOHY JOCTIKEHb 3a (PaKTHIYHUMHU JaHUMH CEPEAHBOTO 3Ha-
YEHHS LIBUIKOCTI BiTPY (1,, M/S) Ta BI/IHOCHOT BONIOTOCTI NOBITPst (RH , %) Ha
TEPUTOPIi BUPOLLYBaHHS MIEBHUX CIJIbCHKOTOCHOAAPCHKUX KYIBTYP.
Kopurysanust koeinieHTiB 3A1HCHIOETBCS 32 POPMYIIOIO:

h 0.3
ch(mid or end) = B¢_(mid or end)(Tab) + [0-04(u2 - 2) - 0-004’(RHmin - 45)] (g) (3)

e Kci(mid w0 end) (1) — SHAUCHHS JULSK Kc_mid i Kc_end B3a1i 3 Tabmuui 1; u,
cepesiHe 3HaYeHHs T000BOT IIBUAKOCTI BITPY Ha BUCOTI 2 M HaJl TPABOIO B IEPio[
CEPEIHBOTO Ta Mi3HBOTO CE30HY pocTy (M/C), mis 1 m/c < u, < 6 m/c; RH  —
cepe/iHE 3HAYeHHsI 1000BOT MiHIMaJIbHOT BiTHOCHOI BOJIOTOCTI ITPOTATOM Cepel-
HBOT Ta Mi3HBOI (asu pocty (%), wist 20% < RH = < 80%; h — cepenns Bucora
POCTIHMH y CepeIHbOMY Ta Mi3HbOMY ce30Hi (M) amst 0,1 M </ <10 m.

st crapii mi3HIX Ce30HIB KOPUTYBaHHS HE IPOBOIUTHCS, SIKIIIO K, i crary
< 0,45 (10610 Kcﬂd = Kcﬂ y (Tab)).

SIKio Hemae JaHuX M0N0 U, abo RHml,n, MOKHa BHUKOPHUCTOBYBATH
3arajipHy Kiacu@ikalilo JaHWX IIBHIKOCTI BITPY Ta BOJIOTOCTI, HaBeJCHY B
TabmLi 2.

3. [NoOynoBa kpuBOi KOe(DIlli€HTIB ypoXaro J03BOJISIE BU3HAUUTH 3HA-

uenHs K nuisa Oyab-skoro BereTamiiiHoro mnepiomy. Jlns onmcy ta moOynosu
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Tabnuya 1. Koediuientn okpemoi kyabTypu (K) i cepeansi MakcumMaibHa
BHCOTA POCJUHH VISl KYJIBTYP 0e3 cTpecy y cyOryMiqnomy KiaiMati
(RH,, =~ 45%, u,~ 2 m/c) 1Jisi BAKOPUCTAHHS
y FAO Penman-Monteith ET,

Konaypa | Mmoo [ g Tk,
[Tmenuns o3uma 1,0 0,40 1,15 0,25
JKurto o3ume 1,0 0,40 1,15 0,25
[Mmenuus sipa 1,0 0,30 1,15 0,25
Slaminb spuit 1,0 0,30 1,15 0,25
Kykypyn3za Ha 3epHO 2,0 0,30 1,20 0,35
COHSIIHUK 2,0 0,35 1,00 0,35
Pinak o3ummii 0,6 0,35 1,00 0,35

Tabruys 2. EMOipu4Hi OMiHKH MiCIYHUX IAHAX LIBUIKOCTI BiTPY (1,)
i THNOBHUX 3HaYenb RH . nopiBHsino 3 RH  1Jisi 3arajbHAX
KJIiMaTHYHUX Kiaacudikamnii

. Kaacudikanis
Cuaa BiTpy u, m/s K.]'Iil?’l)aTy RH ., % RH .. %
Light wind — nerkwuit <1,0 Arid — cyxuit 20 45
Light to moderate wind — Semi-arid — HartiB-
c1a0Kuit Ta moMipHUH 2.0 CyXuid 30 >3
Moderate to strong wind — 4.0 Sub-humid — nomipro 45 70
BiJl HOMiPHOTO JI0 CUJILHOTO ’ BOJIOTHI
Strong wind — crIbHHI >5,0 Humid — Bonornit 70 85
General global conditions — 20 Very humid — myxe 80 90
3aralibHi 100aIbHI YMOBH ’ BOJIOTUH

kpuBOi K moTpiOHi yviue Tpu 3HadeHHs K . Posximite mepiox Bereranii Ha
YOTHPH 3aralIbHI CTafii POCTy, AKi OMUCYIOTh (PEHOIOTIF0 a00 PO3BUTOK KYITb-
Typu (TI0YaTKOBA CTaisl, PO3BUTOK KYJIBTYpPH, CEPEINHA CE30HY Ta ITi3HSI CTaIis
CE30Hy), BU3HAYTE TPUBAIICTD CTAJIi POCTY Ta BU3HAYTE TPU 3HAYECHHSA K , sKi
BIJIIOB1AAIOTH Kc_im_, Kc_m,- K

4. O6uuncnenns ET, 3a popmynoro 2. ITicns orpumanns 3naqens K pos-
PaxOBY€ETLCs €BANOTPAHCIipalis KynsTypH (ET)), 3M1HCHIOETBCS IIUISIXOM MHO-
KCHHAM 3HaueHHs K Ha BiANOBiAHI 3Ha4eHHs ET.

Koegiuient K mns Oynp-AKOro mepiogy BereTallii MOXKHA OTPUMATH
3a YMOBHM, SKIIO TIPOTATOM IMOYATKOBOi Ta cepeqHboi (asu 3HaueHHA K €
MOCTIHHKUM 1 TOPIBHIOE 3HAYEHHIO K (hasu poCTy POCIHHH, KA MOCIIIKY-
erbest. [1in yac po3BUTKY KylbTypH Ta Mi3HBOI CTaIl Ce30HY, K 3MIHIOETLCS
JMIHIAHO MK 3HaYeHHAMH K¢ HaIPUKIHII MTonepeannoi cramii (K L )1 K Ha

c_prev
MOYaTKy HACTynHOi craxii (K ), Aka nopiBHOE Ky BUNAIKY Mi3HBOI
cTamii Ce30HY:
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M] (Kcnext - chrev) (4)

Iie [ — HOMEp JTHS TIPOTATOM BETeTaIliHOTO Tepiony, L — TPUBATICTh BeTeTallil-
HOrO nepiofy; K — koediuient ypoxaro Ha 100y i Lsmge — TPUBAJIICTh €TaITY, 0
O3S MAEThCS, Ti0; Y. (me) — CyMa TPHUBAJIOCTI BCIX MOTEPEIHIX €TalliB, i0.

O06poOKy KOCMIYHHMX 3HIMKIB, CTBOPECHHS KapToTpaM, MPOCTOPOBO-Ya-
COBUH, KOPEILIIIHHUI Ta perpeciiHuii aHaji3u MPOBOIMIN 3 BUKOPUCTAHHIM
JiTeH31iHoT0 TTporpaMHoro npoaykry ArcGis 10.6 Ta Microsoft Excel 2010.

Pe3ynbTraTn mociimkeHHsi Ta ix oO0roBopeHHs. JlocaimkeHHs1 3MiH
kiaimaty. OctanHi 40 pokiB XapaKTepU3yIOThCSA (POPMYBAHHIM HOBUX KiliMa-
TUYHUX YMOB 13 BUPQXXCHUM 3POCTAHHSIM TEMIIEPATYPHOTO PEKHMY 1 acCHH-
XPOHHOIO 3MiHOIO aTMOC(epHUX OIaiB, siKi 00yMOBIIOIOTH IE(IIIUT BOJIOTH,
3HIKCHHS PiBHS KPyTrooOITy pPedoBHH y eKocHUcTeMax Oaceitny piuku Cryd,
BUKOPHUCTAHHS KIIIMATUIHOCTINKOI CENEKITii Y POCTUHHHUIITBI Ta 3aCTOCYBaHHS
BOJIOT030epIiTafounx TEXHOJIOTIH 3eMJIepOOCTBA 3 METOI0 OTPUMAHHS CTaO1Tb-
HHUX ypokaiB Ta 30epeKeHHs TPyHTOBOI BOJOTH. KiliMaTH4HI YMOBH ITEBHOTO
POKy GopMyIOTH 00’€M BUKOPHUCTAHHS 3€JCHOTO BOJHOTO CIiAy, KW BU3HA-
YaeThCsl SIK CyMa 3elIeHOT BOJIU, 110 BUTIApyBaacs, Ta 3eJIeHOT BOIH, sika Oyia
CTIOXKUTA POCIHHOIO BIPOJOBK KHUTTEBOTO MUKITY. PiIBEHb CIIOXKWBAHHS POCIIHU-
HaMH Ta BHITAPOBYBAHHS 3€JICHOI BOIU 3aJIeXKaTh Bij KiITBKOCTI HAIXOMKEHHS
aTMocepHHUX OMaIiB, 3MIHH TEMIICpaTypH TOBITPS 1 MIBUIKOCTI BITPY BIPO-
JIOBK BETETAIIHOTO Mepioxy arporeHosy. ToMy, JOCHTiIKeHHS JUHAMIKH CTIO-
JKHBaHHS 3€JICHOT BOJM HA HE3POIIYBAHUX 3EMIISX, 3aHHITHX MiJi OCHOBHHUMHU
MTOJIbOBUMH KYJIBTYPaMH, 3TIHCHEHO IS POKIB 13 PI3HUM piBHEM BOJIOT03a0€3-
TeYeHHS y Mexax Oaceliny piukm Ciyd B mepiox 1981-2022 pp. Lleit mepion
CIIOCTEPEIKEHD XapPAKTEPU3Y€EThCS MIIBUIIICHHSIM CEPEHLOPIYHOT TEMITEpaTypr
moBiTps Bix 6,6 °C mo 8,5 °C (pucyHok 4a) 1 HecTaOITbHUM HAIXOMKCHHSIM
armMocepHuX omajiB 3i 30inpennas Bapiamii Big 11 % mo 16 % (pucynox 46),
0 00yMOBHIIO 3HIDKEHHS CEpeIHBOPIYHOTO 3HAYCHHS BOJIOTICTEH TOBITPS Bill
86 % mo 79 % (pucyHok 40) Ta MiABUINEHHS €TAJIOHHOI eBalloTpaHCITipaii Ha
0,3 MmM/m00y (puCyHOK 42).

3a pe3ynpraTaMu KOPEJAIIHHOTO aHaTi3y BIUTHBY OCHOBHHX KJIIMaTHY-
HHX TIOKa3HHKIB Ha 3MiHy 3HaYEHHS €TAJOHHOI eBanoTpancmipaiii (£7) BcTa-
HOBJIEHO, 110 TOJIOBHUM KJIIMAaTUYHUM KOMITOHEHTOM Jtudepenuianii £7) € Tem-
neparypa nopirps. Pisenb kopensuii cepennbopiunmnx 3nadens 1’1 E7) cknanae
0,79, cepemupomicsaamx cTaHOBHTH (0,95. Takok BHUSBICHO 3aKOHOMIiPHICTH
sminn RH 1 ET , st cepeHbOpIYHMX 3Ha4€Hb Kopesis piBHa — 0,35, a cepen-
HeoMmicsuHux — 0,91.

Po3paxyHOK cepenHbOpiuHOrO 3Ha4eHHs £7 Ha OCHOBI METEOPOJIOTiv-
HUX JIaHUX:

K = chrev

Lstage
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y = 0.0456x + 6.5458
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3

Puc. 4. KnimaTnyHi xapakrepucTuku Boao30ipHoi Tepuropii piuxu Coyy 3a nepion 1981—
2022 pp.: a— cepenapopiuna emmeparypa nositps (T), °C; 6 — cepeHbOpiYHA BOJIOTICTh MOBITPS
(RH), %; B — cyma armochepHux onais 3a pik (P), mm; r — etanonnoi esanorpancnipanii (ET ),

mm/day; 1 — cepenHboMicsuHe 3HadeHHs T 1

ET ; € — cepennbomicstane 3HaueHns P i RH;

XK — cepeiHbopiyHa MBUKICTE BiTpy (WS), M/C; 3 — cepenHboMicsiune 3HadeHHS WS
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0,0993T + 1,1725; r=0,79, r?

—0,0275RH + 4,1333; r=0,35, 12

—0,13-1073P 4+ 0,096T + 1,2721; r=0,79, v =0,63 ®)
—0,02972RH — 0,19826WS + 5,1863; r = 0,66, r? = 0,44

ET, =

Po3paxyHOK cepeHbOMICIYHOTO 3Ha4YeHHs £7) HAa OCHOBI METEOPOJIOTY-
HUX JTaHHX:

0,1462T + 0,8324; r=0,95, r>=0,90
5T = J—0,1289RH +12,318; r=091, r2 =083
°~10,02306P + 0,10557T + 0,03783; r =096, r2=0,92 (6)

k—0,00774RH — 2,27485WS + 12,5608; = 0,95, 2 =0,90

3a meronukoro FAO y po3paxyHKy 3HaueHb €TaJIOHHOI eBarlOTpaHCIipa-
uii (£7) yTOuHEHO €BanoTpaHCIipaito KyisTyp (£7)) Ta NPOBEIEHO MOAANbIIHE
PO3paxyHOK CITOKMBAHHS 3€JIEHOT BO/IM 32 OKPEMUMH BHIAMH KYJIBTYDP BIPOIOBK
JKUTTEBOT'O IIUKJTY T4 BCTAHOBJICHO BAYKJIMBICTh MTOKA3HUKA IIBUIKOCTI BiTpY (WS;
u,) Ta BiTHOCHOT BOJIOrocTi nositpst (RH). s Bono36ipHoi Tepuropii piuku Cry4
BCTaHOBJIEHO BUCOKY CTYIIiHb KOPEJIALil 1BOX(hakTopHOi Mozieni pospaxyHky E7
3aJ1eXKHO Bift RH 1 WS, HanpapieHo1 Ha PO3paxyHOK CEPEIHbOPIYHMX 3HaYeHb £7
PiBennb anpoxkcumartii mozeni ckianae 0,44, cepeaubomicsiune 3HaueHus (E70) —
0,90. 3arpornoHoBaHi perpeciiiHi MoJei € ONTUMAIBHUMHU IS PO3PAXYHKY MPO-
CTOpOBO-4acoBoi upepenuianii £7) B Mexkax Bogo30ipHoi Teputopii piuku Cry4
Ha OCHOBI Pi3HHUX BXiJJHUX KITIMaTHYHUX JaHHX.

Ce30HHI XapaKTEPUCTHKH KIIMAaTHYHKUX 3MiH (puc. 40, €, 3) € HeoOXia-
HUMH Ul BH3HAYEHHsS KoediuieHty ypoxaiinocti (K), po3paxyHKy eBaro-
Tpancmipanii Kynstypu (E7)) ta Bognoro crify (WF, m*/pik) IIpu BUpOILyBaHHI
OCHOBHHX CLTbCHKOTOCTIONIAPCHKUX KYJIBTYp y Mekax Oaceiny piuku Ciyd.

bananc BomocmoKMBaHHSI 3eJ1€HOI (I01I0BOI) BOAM INPH BHUPOIIY-
BaHi arponeHo3iB Ha OCHOBi JOBiIKOBMX Ta CTATUCTHYHHUX JAHUX YpPO-
JKAHOCTI OKPEMHX CiJIbCLKOTOCHOIAPCHLKHUX KYJIBTYP. Y CTPYKTYpi 3eMelib
VYkpainu Ha 2020 pik yacTKa ClIbChKOTOCIOIAPChKHUX 3eMellb cKiaaana 68,7 %
(41,4 mnH ra), y Tomy uucni: pisst 79,0 % (32,7 muH ra), nacosumia — 12,8 %
(5,3 mutH ra), cinoxari — 5,56 % (2,3 muH ra), 6araropiuHi HacajpkeHHs — 2,17 %
(0,9 miH ra), nepenoru — 0,47 % (0,2 miH ra). Y CTpyKTypi CUTLCHKOTOCIIOAAP-
ChKUX yrijb 53,4 % MOCIBHUX IUIOII 3alHATO 3€PHOBUMHU Ta 3¢pHOO000BUMU
KyJIBTYpaMH, B TOMY 9HCIi: mieHuns — 23,8 %, suminb — 9,0 %, Kykypynaza Ha
3epHO — 16,6 %. [1ig TeXHIYHUMHU KyJABTYpaMu 3aiHATO 33,5 % MOCIBHUX ILIOIL:
consimHuK — 22,4 % Ta pinak — 3,6 %. biuzbko 13,1 % MOCIBHUX IUIOI 3aHHSATI
THIIUMH KYJIBTYpaMHu.

BonocnoxkuBaHHS CLITBCHKOTOCTIONAPCHKUX KYJIBTYp 3alIeKUTh Bia 0io-
JIOTIYHUX OCOOIMBOCTEH POCIHH, YPOXKAHHOCTI, IPYHTOBO-KIIMATUYHUX Ta
opraHi3aliifHO-TeXHIYHIUX YMOB. KoeQillieHT BOIOCIIOKUBAHHS IMEPEBAXKHO

135



Boowi Giopecypcu ma akeakynomypa, 2(14) /2023

3aJIeKUTh BiJl IPYHTOBO-KJIIMaTHYHUX YMOB 30HH BUPOILYBaHHS arpolcHO3iB
Ta piBHS MIPUPOAHOTO BOJIOTO3a0e3MeueHHs y BereTauiiHui nepioa. 3okpema,
3aJIeKHO Bifl PiBHS 3BOJIOKEHHSI POKY, BOAOCIIOKUBAHHS POCIUH ATl popmy-
BaHHS OJHI€T TOHW TOBApHOI MpoxykKii y 30Hi [lomiccst cTaHOBUTB: ISt O3UMHX
3epHOBHX Bix 350450 M3/ y Bosori poku 10 500-550 M3/T y mocynumuBi pokwu,
ApOBUX 3epHOBHX Bix 375-435 m3/T no 500-530 M>/T, TEXHIYHUX KYNBTYp Bij
480-615 m*/T mo 685—720 m*/T (Tabnuus 3). TakuM YMHOM, Y TIOCYIUTHBI POKH
piBeHb BOJOCMOKHUBAHHS KYJIBTYp 3pocTtae y 1,2—1,3 pasu, mo o0yMOBIIOETHCS
MOCHJICHHSIM 1HTEHCHBHOCTI eBaloTpaHcHmipauiiHux mnpoueciB. Taki ymMoBH
XapaKTepHi i BUPOIIYBAaHHS OCHOBHHUX IIOJIOBUX KYJBTYp Ha BOJ030ipHiit
teputopii piuku Ciyu.

Tabnuys 3. KoedimieHTH BOTOCIOKUBAHHS OCHOBHHX
ciIbebKoOrocnonapcbKuxX KyJabTyp y 30Hi Ilomicess Ykpainn 3am1exxHo
Bi/I 3BOJIO:KEHHSI POKY, M>/T

Kyasrypa Bousoruii pik Cepenniii pik Hocyglii]cnsnﬁ
ITimenuns o3nma 350450 450-500 500-525
JKuro o3zume 400425 425-450 450-550
[Mmenuus sipa 400-435 435-465 465-500
Slaminb spuit 375-425 425-500 500-530
Kykypyn3za Ha 3epHO 265-335 335-375 375-395
CORSIMIHIK_ 480-615 615-685 685-720

Pimak o3ummit

VY 30ni JlicocTeny BOIOCIOKHBAHHS CLIBCHKOTOCIIONAPCHKUX KYIBTYD
Ha OJIMHUINO MPOAYKIii 30inbmryerses y 1,30—1,45 pasu, 30kpema: o3umi 3ep-
HoBi y 1,30-1,40 paswu, sipi 3epHoBi y 1,40—1,45 pasu, KyKypyasa Ha 3epHO Y
1,38-1,40 pasm, texniuni kynstypu y 1,30—1,40 pa3u. B cBoro uepry y 30Hi
Creny BOIOCIIOKMUBAHHS arpoueHo3iB 3011b1yeTbes y 2,0 pasu.

JloBinkoBi Koe(illieHTH BOIOCTIOKUBAHHS (M?/T) pOCIIMH, BU3HAYCHI BiJI-
MOBiTHO 10 YMOB BoJIoro3abesneueHHs poKy (M?/ra) i cTaTUCTHYHI JaHi yporxKaii-
HOcCTi (T/Ta) HaJarOTh MOXKJIMBOCTI pO3paxyBaTH OOCSTH CIIOKUBAHHS 3€JICHOT
BOJM JUIS BUPOILIYBAaHHS ClIBCHKOTOCIIONAPCHKUX KYIBTYpP y CiBO3MiHaxX peri-
oHy. Po3paxyHOK BOJOCIIOKMBaHHSI 3€JICHOT BOIH [Tl BUPOILYBaHHS OCHOBHHUX
MOJBOBUX KYJIBTYp y Mekax Oaceiny piuku Ciyd 3aiiicHeHo 3a gaHumHu Jep-
JKaBHOT ciyx0a cratuctuku Ykpainu (https://www.ukrstat.gov.ua/). {mst uporo
OyJio MPHUBEICHO A0 CEpelHBbOrO 3HAYCHHS YPOXKAHHICTH ClIbCHKOTOCIOAp-
CBKMX KyJAbTYp XMenbHUIBKOI Ta JKutomupcbkoi obnacteid, arponanamadru
SAKHX BXOIATH 1O Bomo30ipHOi Tepuropii piuku Ciyd. CTaTUcTU4HI AaHi ypo-
JKaHOCTI Ta CHOKUBAHHS 3€JIEHOI BOAW OCHOBHHUX TMOJIBOBHUX KYJBTYD B 3aJ1€XK-
HOCTI Bl KIIIMaTHYHHUX XapaKTEPUCTUK POKY MPEICTaBICHO y Tabmuwi 4.
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Tabauys 4. YpoxkalHicTh (T/Ta) Ta BOAOCIIOKUBAHHSI 3€JIEHOT BOIH
(M*/ra) OCHOBHMX MOJbOBHX KYJIBTYP Yy Mexkax Oaceifny piuku Ciayd
3a 2011-2021 pp.

Kyastypn

T e | A e | oo | Commmmn | S

2011 T/ra 3,245 2,533 1,9-2,9 6,6-7,8 1,8-2,0 1,5-2,2
m’/ra | 16362288 | 13031700 | 955-1445 | 2541-3007 | 1230-1413 | 1040-1554

2012 T/Ta 3,543 3,0-3,7 2,2-27 7,3-7,4 1,9-2,0 2,3-2,4
m’/ra | 1380-1720| 1196-1464 | 890-1121 | 2187-2229 | 1047-1091 |1282-1293

2013 T/Ta 3,242 2,7-3,3 2,0-2,7 7,9-8,9 2,2-23 2,5-2,8
m/ra | 1292-1672| 1080-1304 | 832-1108 | 23762664 | 1206-1255 | 13431551

2014 T/Ta 4,1-5,5 3,8-4,7 2,5-3,6 7,8-8,3 2,227 2,7-3,4
m3/ra | 1933-2627| 1750-2181 | 1082—-1586 | 27802939 | 1456-1775 | 17812217

2015 T/Ta 4,5-5,8 4,0-4,7 2,8-3,9 5,3-6,0 2,6-2,9 2,6-3,3
m’/ra |2309-2996 | 2060-2431 | 1420-1935 | 20562325 | 1793-2004 | 1800-2348

2016 T/Ta 4,7-5,8 3,949 2,8-4,8 7,3-7,8 2,6-3,2 1,9-2,9
m’/ra |2214-2736| 1810-2273 | 1240-2094 | 25842780 | 17162087 | 1261-1853

2017 T/Ta 4,3-6,2 3,5-5,3 2,8-5,7 6,6-7,8 2,4-3,1 3,0-3,2
M/ra |2052-2945| 1625-2454 | 1235-2501 | 2343-2773 | 1554-2015 | 1944-2093

2018 T/Ta 4,3-5,7 3,34.,5 2,5-4,4 9,2-9,9 2,5-3,2 2,7-3,3
m3/ra |2043-2684 | 1537-2093 | 1113-1945 | 3270-3511 | 1638-2054 | 17492171

2019 T/Ta 4,3-4,7 3,543 3,2-4,0 6,5-7,9 2,4-3,2 2,2-2,8
m’/ra |2215-2420| 1680-2065 | 16002000 | 2505-3045 | 16902250 | 1550-1970

2020 T/Ta 4,9-5,9 3,7-4,5 3,444 8,4-9,8 2,5-3,3 2,8-3,2
m/ra |2330-2805| 1670-2030 | 1480-1920 | 2940-3430 | 1625-2145 | 1820-2080

2021 T/Ta 5,0-6,4 4,1-4,7 3,6-5,2 8,2-11,2 2,8-3,8 3,0-3,6
m3/ra | 20002560 | 1720-1975 | 14902160 | 2450-3360 | 1540-2100 | 1650-1980

OnepykaHi pe3yabTaTH TO3BOJSIIOTE OKPECIUTH PIBEHb KOJWUBAHHS 3MiH
BUTpAT 3€JIeHOT BOAH Ha (DOPMYBaHHS MPOTYKTUBHOCTI OKPEMHUX CIJTHCHKOTOCTIO-
JMapChKUX KyNBTYp, BU3HAYNTH BUTPATH 3eleHOI Boan (M*/ra) Ha iHII rocmo-
JapchKi MOTpeOH Ta rimpodyHKIIOHyBaHHS BOI030ipHOT TepuTopii. BuzHaueHo
IHUKTIYHICTH TiABUIICHHS BOIOCIIOKHUBAHHS CLIBCHKOTOCIIONAPCHKUX KYIBTYP
(pucyHOK S5a) B 3aJIE)KHOCTI BiJl KIIIMAaTHYHAX YMOB TIEBHOTO POKY (PHCYHOK 4).

3HaueHHS BOJOCTIOKUBAHHS pPO3PAaXOBAaHO BIAMOBITHO O CITIBBiTHO-
IIEHHS HACHYCHOCTI CiBO3MIHM 3€PHOBHMH 1 TEXHIYHUMH KyJIbTYypaMH peri-
OHYy mociimkenb (65:35 %). 3 ypaxyBaHHSAM AMHAMIYHHUX 3MiH aTMOC(hEpHHUX
OTIQJIiB Ta MOCTIHHOTO TiABUIICHHS TEMIIEpaTypH MOBITPs 32 ocTanHi 11 pokis
HaHOUTHIIIMI OOCST CITOKWBAHHS 3€JICHOI BOIM HA BHPOIITYBAHHS OCHOBHHX
MTOJTEOBUX KYJIBTYP Y MeKax Bomo30ipHOI Teputopii piukm Ciyd 3adikcoBaHO
y 2019 pomi: Bix 2340 m*/ra mo 2850 m’/ra, a MiHiMajbHe 3HAUYEHHS 3aQiKco-
Baro y 2012, 2013 i 2021 poxkax, B Mexkax 1440-1590 m’/ra, 1475-1715 m’/ra
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Puc. 5. BaaaHc BOIOCIIO:KMBAHHS 3€JICHOI BOAH CLILCHKOr0CIOJAPCHKUMH KYJIbTYpPaMu
B Me:kax Oaceiiny piuku Ciyd:

a — cepeHbO3BaYKEHE 3HAYCHHsI KOe(illiEHTy BOTOCTIOKUBaHHs Ha | Ta (M%/ra); 6 — aKyMyJIsIList
3es1eHol Boam (M>/ra) Ha 3abe3redeHHs BOAHO-0AIaHCOBOI CTIMKOCTI OaceiiHy piuku

ta 1890-2330 m*/ra Bigmosiano. ¥ mocynutusi 2011, 2015 i 2019 pokwu, ski
XapakrepusyBaiucs AeilluToM HaIX0PKEHHS aTMOC(EPHHX OTaJIiB, aKyMYJIsi-
1ist 3eneHol Boau (M*/ra) Ha Boj030ipHOT TepuTopii BapitoBana Bif 1830 m’/ra
10 2545 m*/ra (pucyHok 56). Bomori poku: 2012, 2013 i 2021 pp., 1e# mokas-
HUK CTAaHOBHMTL B Mexax 4315-5875 m3/ra. BusHaueHO, IO YacTKa CIIOKH-
BaHHS arpolleH03aMy HAJXOIKCHHs JOIIOBOI BOAM y MOCYIUIMBI POKH Bapi-
toBajia y Mexax 38,4-60,5 %, cepenubo Bojori poku — 31,0-48,0 %, Bomori
poku — 19,7-34,0 %. 3aranbHuii 00’ €M CIIOKMBAHHS 3€JICHOT BOJIM HA arpoJiaH/i-
madrax OaceiHy piukd, y PO3PaxyHKY YaCTKH CUTbCHKOTOCIOJAPChKI YT
(39,7 % (549,05 trc. ta)) B epiox 2011-2021 pp. ckmas 1005-1565 muu Mm%, y
nocynumsi poku — 11101565 mmu M3, cepeaaboBomnori — 1015-1390 muma M3,
BoJtori poku — 790—1280 mutH M*. 3anporoHOBaHMH MiXid Ta Pe3ysbTaThu Po3-
paxyHKy BapTO BHKOPHCTOBYBATH Ui BU3HAYCHHS TEHJCHIIH CHOXWBaHHS
3eJIeHO1 BOJIM TIPU BUPOIIYBaHI OCHOBHHUX IOJILOBUX KYJBTYpP IEBHOTO PETiOHY
JIOCTIKEeHb. 3aNpOTIOHOBAHUH Mi/IX1/1 HE BpaxoBye Mepedir BereTaiiiHoro po3-
BUTKY POCIIMH Ta MPOCTOPOBO-YACOBI 3MiHU €BAMOTPAHCIIPAI[IHHUX TIPOIIECIB
BUPOIIYBaHHS KYJIbTYp Y MeXaX BOj030ipHOT TepuTopii. Tomy, neranizoBaHuit
PO3paxyHOK BOAHOTO CJiJly BapTO 3A1MCHIOBaTH HAa OCHOBI JaHWUX MPHUPOIAHOTO
BOJIOr03a0e3eueHHs Ta BOJAOCIIOKUBAHHS Y TIEPioJ] BeTeTallil pOCIUH 3 ypaxy-
BaHHSM €BaIllOTPAaHCIIpaIlifHUX MPOLIECIB.

Judepennianiss BOIHOro CJIixy NPHU BUPOIIYBAHHI OCHOBHHX MOJIOBUX
KYJbTYP Ta PO3PaxyHOK 00’ €My akyMyJIsIlii BOJIOTH B Mexkax Oaceiiny Curyd.
O3uMi KyJIBTYpH MarOTh 2 MEpio/ii aKTUBHOT BereTallii: ocinHii (45—50 1i0: KiHelh
BEPECHS — KiHelb JINCTONAa 1a) 1 BeCHsIHO-TiTHIH (75—100 ni0: kiHeupb OepesHs —
MOYATOK JIUIHS). MiXK IMMH NepiofilaMHi POCITUHU NIepeOyBatOTh Y CTaHi CIIOKOIO
a00 31uMoBoOro anabio3dy. [1oBHUI BereTaliiiHuil mepiof] MIIEHHII 03UMOi TPUBAE
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Big 180 no 215 ni6. Bererariiinuii nepion y sipOBUX 3€pHOBUX KYJIBTYp KOpPOT-
LM, HK B 03UMHUX: Y stuMeHto siporo — 80—105 ni6 (moyatok Oepe3Hs — KiHelb
4yepBHs1), mureHuwi spoi — 85—105 ni6 (mouarok Oepe3Hs — MOYATOK JIMIHA), a
KUIBKICTh €JICMEHTIB JKUBJICHHS, 1[0 BUTPAYa€ThCs HA (DOPMYBAHHS BPOXKALO,
y HHX Maibke omHakoBa. KopeHeBa cucTeMa SpuX 3€pHOBHX KYJBTYp cialiia,
nporiec KyiiHas ripmmi. L{i ocoGmuBocTi moTpiOHO BpaxoByBaTH Jyisi 3a0e€3-
MEYUTH TIOBHOILIIHHOTO >KUBJICHHSI POCIIMH YNPOIOBX Bererauii. Bereramiinuii
epios COHSIIHUKY B cepenHbomy TpuBae 100—120 nib (kiHenb KBiTHS, TOYaTOK
TpaBHsI — KiHEIlb CepITHsI, MOYaTOK BepecHs). Bererauiitnuii nepion pinaky o3u-
Moro (OCiHHIH 1 BeCHAHO-JITHIH) TpuBae 180-225 ni6 (KiHenb ceprHs — MOYaToK
nmrHst). TpuBaTicTh BereTauiiHoOro nepiofy KyKypy/a3u Ha 3epHo B 30Hi [lomicest
cxianae Big 150 1o 170 1i0 (KiHels KBITHsI 1 [IOYaTOK TPABHS — KiHEIlb CEpITHS 1
novatrok BepecHs). Li mepionn HeoOXiTHO BpaxoByBaTH sl yTOUHEHHS Koeilli-
€HTY ypOXKaWHOCTI (K ) Ta KOPEKTHOTO PO3PaxyHKy €BallOTPAHCIIpaIlii KyJIbTypu
(ET)) Ta Bonnoro ciiny (WF). Bucoki TeMneparypy NPUCKOPIOKOTH JI03piBaHHs
KyJIBTYpH 1 cKopouytoTh Ha 8,0-24,0 % TepMiH BereTamiifHOro nepiomy, IiIBH-
LIYIOTh €BAOTPAHCIIPAIiiHI MPOIECH Ta 3HUKYIOTh PIBEHb I'PAHTOBOI BOJIOTH.
VY BererauiiHui mepioj] BOIOr03a0e3MeueHHs CllIbChKOTOCHONAPCHKUX KYJIBTYP
Ha 60-70 % 3miiicHIOEThCs arMocdepruMu onanamu, Ha 3040 % — 3anacamu
BOJIOTH B IPYHTI. BimoBiIHY 3aKOHOMIpHICTB CJIiJ1 BpaXxOBYBaTH PH PO3PaXyHKY
BOJIHOTO CJIiJly, SIKMH CKJIQJIa€ThCSl 13 «3CJICHUX» Ta «CHUHIX» BOJHUX PECYpCIB,
TOOTO «JIOIIOBOI» Ta «IPYHTOBOI 200 MOBEPXHEBOD» BOIH, SIKI BHIAPOBYIOTHCS
ITij] Yac BUPOIIYBAaHHS CLILCHKOTOCIIONAPCHKUX KYIIBTYP.

BinmoBigHo no y3aranbHeHux naHux FAQO, TepMiHM OCHOBHHUX (EHO-
JIOTIYHMX CTalill PO3BUTKY POCIHH, SKI BIIZHOCSTHCS JIO MEPEiKy OCHOBHHUX
MOJILOBUX KYJBTYp Ta HaONM)KEHHX YMOB BUPOIYBaHHs Yy MeXax BOH030ipHOT
TepuTopii Cityd, CKIaJaroTh: Ui MIIEHUII 03UMO] 13 BereTaliiHuM IepiofoM
180 ni6, y Tomy umcmi L, . — 20 ni6, L, — 60 mi6, L . — 70 xi6, L — 30 xi6;
JKUTa 03UMOTO — JlaHi BiICYTHi; SpOBOI MILEHHMIII Ta SYMEHIO i3 BereTaliiHuM
nepiogom 120 1i6, B Tomy umci L. — 15 ni6, L o — 25 nio, L. =50 1i0, L.
30 mi0; KyKypy/3a Ha 3epHO 13 BereTamiiHuM rnepiogom 125 nid, y ToMmy umci
L., —20ni6, L, —35nxi6, L, —40 xi6, L — 30 ni0; consiunmka i3 Bererarti-
finum nepionom 130 xi6, y Tomy uueni L, . — 25 1i6, L, —35 ni6, L ., —45 ni6,
L.—25 Ii0; pinaky 03uMOro — jJaHi BincyTHi. HaBeneHi naHi He BiAmoBima-
I0Th TOYHIH XapaKTEePUCTHIII TEPMiHY BereTarii Ta eHOJIOTiYHNX (a3 PO3BUTKY
OCHOBHHX TIOJILOBHX KYJIBTYp AJISI TEPUTOPii AOCHIKeHb. ToMy, y Tabmumi 4
MPEACTABICHO TPUBAJIICTD eTamiB (PeHOIOTTYHOTO PO3BUTKY CIJIbCHKOTOCIIOAAP-
CBKUX KYJBTYP Ta CTPOKIB CiBOM BiJIOBIAHO A0 KIIMAaTHYHUX YMOB BOA030ip-
Hoi TepuTopii piuku Ciyy.

[3 migBUIIEHHSM TEMIIepaTypH MHOBITPS Ta HECTAOUILHUM HaJXOIKEH-
HAM arMoc(epHUX OmajiB B OCTaHHI POKH (OPMYIOTHCS HOBI KIIIMaTW4Hi
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YMOBH BHPOIIYBaHHS CUTLCHKOTOCIIOAAPCHKUX KYIBTYp Ta 00’ €MHU BOIOCIIOKH-
BaHHs. ToMy, TOCIIIJDKEHHS 1 pO3paxyHOK 00’€MiB BUTpPAT 3€JICHOI Ta CHHBOI
BOJIM 3[1HICHEHO Ha MPHKJIaAi HOBUX YMOB (pOpMyBaHHsI KJIiMarTy i3 pi3HUM piB-
HEM TPHUPOAHOTO 3BOJIOKEHHSI Ta €BallOTPAaHCHIpAIifHUX MPOIECiB, a camMe:
2019 pik — mocyuuIMBHiA pik i3 BUCOKUM piBHeM eBanoTpaHcmipanii (P =741 mm,
T=9,4°C,ET = 2,12 mm/n00y); 2020 pix — cepennboBosiorui pik (P = 595 mm,
T=9,3°C, ET = 2,09 mm/n00y); 2021pik — Bonoruii pik i3 HU3bKUM PiBHEM
esanotpancnipauii (P = 690 mm, T = 7,4°C, ET = 1,95 mm/106y).

Jlnst po3paxyHky 00’€MiB BOJHOTO ciijy Oyyno oOpaHO Iepioau Berera-
il OCHOBHHX MOJBOBHUX KyIbTYp B iepiox 2018-2021 pp. (tabnuus 5). O3umi
kyneTypu: 20182019 pp. — cepeaHBOBOJIOTUI MEPEXOMUTh Y MOCYIUTHBUI
pix; 2019-2020 pp. — MOCYHUIMBHU MEPEXOAUTh Y CEPEAHBOBOJIOTHH piK;
2020-2021 pp. — cepeqHbOBOJIOT U MEPEXOUTh Y BOJIOTUH PiK.

Ha pucyHky 6 mpeactaBieHO po3MoAi 3HaYeHb KIIIMAaTUYHUX XapakKTe-
pucTuK y BeretauiiiHi nepiogn 2018-2021 pp. 11 BU3HAYCHHS Ta KOPUT'YBaHHS
3HauUCHHs KOe(]iLi€HTy YpOKaHHOCTI KynbTypu (Kc) BIiANOBIAHO 1O METO-
mukn FAO Penman-Monteith ET (https://www.fao.org/3/X0490E/x0490e0b.
htm#TopOfPage) lo nmocnimKyBaHOTO Mepiogy BXOAATh TEPMIHM BereTaiii
OCHOBHFX MOJOBHX KyJIbTYp BHPOLIYBAHHS B Mexkax Oaceitny piuku Cryd.

I3 ypaxyBaHHSIM KITIMaTHYHUX XapaKTEPUCTUK PErioHy Ta yMOB IIEBHOTO
POKY BHPOLIYBaHHS CLIbCHKOTOCTIONAPCHKUX KYJIBTYP, BU3HAYCHO KOC]Ili€eHTH
ypoXxaiftHOCTi KyAbTyp (Kc) BIIMOBITHO 10 X BOAOCIOKUBAHHS Y TIEBHI (heHOII0-
riudi ¢ga3u po3BUTKY (Tabim. 6). 3anponoHoBaHi KOe(il[ieHTH BUKOPUCTAHO IS
PO3paxyHKiB 3HaYEHb €BANOTpaHcHipanii Kynsrypu (E7)) Ta pocTOpOBO-4aco-
BOTO MOJICJTFOBaHHS 00’ €MIB BOJHOTO CJIily, BA3HAUCHHS YACTKU CIIOKHMBaHHS
3eJeHO1 BOAM BIAIMOBIMHO 10 KIIMaTHMYHHMX XapaKTEPUCTHK MEBHOTO POKY Ta
TUTIOBOI CTPYKTYPH CiBO3MiHH B Mekax arpoianmmadTis Oaceiny piuku Ciyu.

Busnaueno, mo cepeaHiii 00’eM BOAHOTO CIify B Mepiof Bereraii
2018-2021 pp. Ha TepuTopii arponangmadTiB BOg030ipHOI TepuTopii (pHCy-
HOK 7) JUTs IIICHUIII 03UMOT BapiroBaB B Mexkax 3336-3525 m¥/ra, sxuta 03MMOoro —
3322-3528 m’/ra, sipoBHX srldMEHIO Ta miieHuI — 23602475 m*/ra, KyKypya3u Ha
3epHo — 3968-4634 wM/ra, consmanKka — 24962787 m*/ra, pimaky 03UMOro —
3435-3650 m’/ra. 3agikcoBaHO 30HAJIBbHI OCOOIMBOCTI MPOCTOPOBOTO PO3IO-
Iy 00’€My BUKOPHCTAHHSI BOIHM, SIKI XapaKTePH3YIOThbCs HOTO 301bIICHHIM
y BepXHill yacTuHi OaceiHy piukd y 3B’SI3KY 13 MiIBUILIEHUMHU €BaIlOTPAHCIII-
patiiiaumu mporiecamu Ha 5,0—17,0%. Taki npoiiec BUKIIMKAIOTh 3MEHIIICHHS
00’eMy akyMyJIsiii 3e71eHO01 BOIH IS MIATPUMKH T1IpodyHKIIOHYBaHHS BOJIO-
TOKIB BEPXHBOI'O JIaHKU piuku Ciyy.

B tabnuui 7 npeacTaBieHo po3paxyHKH AMHAMIKH BOJHOTO CIIiY BUPO-
IIyBaHHS OCHOBHHUX MOJBOBUX KYJIbTYyp B mepiomu Bererarii 2018-2021 pp.
BusHaueHo CHiBBiTHOIIEHHS! BUKOPUCTAHHS 3€JIEHOT BOAM Ha TPaHCHIpaLiio i
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6 2
Puc. 6. Po3noai 3Ha4eHb KIIMATHYHIX XapaKTePUCTUK Y BereTauiiini nepiogn 2018—
2021 pp. A9 BU3HAYEHHS TA KOPUT'YBAHHS 3HAYeHHS Koe(ilieHTy ypo:kalHOCTI KYJIBTYpH
(Kc) signosinno 10 meronuxku FAO Penman-Monteith ET :

a — LIBUJIKICTB BITpY, M/C; O — BOJIOTICTb MOBITpS, %; B — 3HAYCHHsI €TAJIOHHOI eBanoTpaHCHiparii,
MM/7100y; T — HA/IXOJDKEHHST aTMOC(EPHHX OMajiB y BUIVISI JOILY Ta CHITY, 1i0

BHUPOIILYBaHHS OCHOBHHUX MOJILOBUX KynbTyp (WUha, m*/ra; WUt, m*/ToHHy) Ta
eBanoparlii rpyHToBOi (cuHbo1) Bostoru (Eha, M*/ra; Et, v*/ToHHY). YacTka po3-
O[Ty 3€JICHOT BOJIU BapilO€ B 3aJICKHOCTI Bl KIIIMAaTUUYHUX YMOB, CiBO3MIHH,
TepMiHy BereTallii Ta ypokaliHOCTI KyJabTypH. 3HAYCHHS! BOJOCIIOKUBAHHS Ha
1 ra (WUha, M*/Ta) BpaxoBy€ CIIOKUBAHHS BOIU HA PO3BUTOK POCIUHU Ta TPaH-
cripariiro i3 MoBepXHI pocIMHHOCTI. 30Kpema, 3HaueHHst WUha 3anexuTh Bij
KITIMaTHYHUX YMOB POKY, YPOKaHHOCTI IeBHOT KynbTypH (AY, TOHH/Ta) Ta BOJO-
crnioxuBaHHs Ha 1 ToHHY nponykuii (WU, M*/ToHHY).

BinHocHO BucOKi 3Ha4ueHHs BogHOTO ciiny (WFha) Ha 1 ra 3adikcoBaHo
IIpY BUPOIIyBaHi KyKypya3u Ha 3epHo — Bia 4159 m/ra no 4203 m*/ra Ta o3u-
MHX KyJIbTyp, B TOMY YHCIIi: MIICHHI 03uMol — 3294-3628 m’/ra, sxuta 03u-
Moro—3335-3594 m3/ra, pimaky o3umoro —3325-3770 m*/ra. 3okpema, BiTHOCHO
HU3bKi 3Ha4YeHHS! WFha MaloTh KYJIbTYpH 13 KOPOTKHM TEPMIHOM BereTailii, B
TOMY YHCII: staMinb spuid — 2230-2530 m*/ra, consimuuk — 2500-2850 m*/ra.
BaxJmBOI0 XapaKTEPUCTHKOIO 3arajlbHOrO 00 €My CIIOKHBAaHHS 3€JICHOT BOAN
Ta PO3pPaxyHOK BEJIMYMHM €Baropallii IpyHTOBOI BOJIOTH € ypoXauHICTh (A4Y,
TOHH/Ta) Ta BogHMIA i (WUt) B 3a1€:KHOCTI BiJl KIIIMAaTUYHUX XapaKTePUCTUK
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Puc. 7. TIpocroposa qudepenuiauii BogHoro ciainy (WFha, v*/ra) BUpOUIyBaHHSI OCHOBHHX
NM0JILOBUX KYJBTYp B nepioau Bereranii 2018-2021 pp.:

a — 031Ma MIIeHHI, O — KUTO 03UMe; B — IPOBI SIUMIHB Ta MIICHULLT; T — KYKypya3a Ha 3epHO;
1 — COHSIIIIHUK; € — pillaK 03UMHIA

POKy BereTarlii arporeHosiB. Bucoxki 3HaueHHs WF't (hikCyrOTbCA y TEXHIYHHX
KyJIbTyp, B Mexax 864—1330 m*/ToHHy, HU3bKI 3Ha4deHHs WFt MalOTh KyKy-
pyasa Ha 3epHO Big 429 m*/TonHy n0 584 M*/TOHHY Ta suMiHb spuil — 572—
609 m*/ToHHy. ToMy, HACHUYCHICTh CIBO3MIHU TEXHIYHUMH KYJIbTypaMu 00yMOB-
moe 30ibIIeHHs 00’ eMiB BomHOTO ciify y 1,5-2,3 pasu Ta eBarmopailito IpyH-
TOBOI (cuHBOI) Bosoru y 1,3—4,0 pa3u. DikcyeTbes 3HAYHA YacTKa 00’ €My eBa-
nopariii TpyHToBOi (crHBO1) Bosoru (Et/WF't) mix mociBaM# XKHUTa 03UMOTO Ta
pinmaky ozumoro — Big 0,45 mo 0,53. Ile xapakrepusye BUCOKHI PiBEHb CIIOKH-
BaHHS 3€JICHOT BO/IN, HU3bKY ITPOYKTHBHICTH BUPOIIYBAHHS KYJIBTYp Ta BIACYT-
HICTB 1X arpoeKoJOTiYHOI JOIIBHOCTI TPH PO3POOIl ONTUMATBHUX MOAENeH
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Tabnuys 7. CepenHe 3HA4eHHs1 AUHAMIKH BOJHOIO CJIiy BUPOILYBAHHS
OCHOBHMX MOJIBOBHUX KYJIbTYp B nepiogu Bereramii 2018-2021 pp.

Bererauiiinuii nepios

KyabTypa T‘::}’[/ WFha, | WUha, | Eha, Vl‘;f/t ‘ng Et,w¥ | WUU | EY
M¥/ra | m¥ra | m¥ra Tonny | WFt | WFt
ra TOHHY | TOHHY

2018-2019| 4,5 3294 | 2318 976 732 515 217 0.70 0.30

ITmenuns

2019-2020| 5.4 3628 | 2568 | 1060 | 672 476 196 0.71 0.29
o3uma

2020-2021| 5.7 3354 | 2280 | 1074 | 588 400 188 0.68 0.32
2018-2019| 3,6 3335 1800 | 1535 | 926 500 426 0.54 0.46

Zl?fg;‘; 2019-2020| 3,9 | 3594 | 1700 | 1894 | 922 436 486 | 047 | 0.53
20202021 | 44 | 3347 | 1825 | 1522 | 761 415 346 | 055 | 045

] 2019 39 | 2230 | 1873 | 357 | 572 480 92 0.84 | 0.16
ﬂ:};“;;" 2020 41 | 2495 | 1850 | 645 | 609 451 157 | 074 | 026
2021 44 | 2530 | 1848 | 682 | 575 420 155 | 073 | 027

2019 72 | 4203 | 2775 | 1428 | 584 385 198 | 0.66 | 0.34

Iiygggﬁza 2020 91 | 4526 | 3185 | 1341 | 497 350 147 | 070 | 0.30
2021 97 | 4159 | 2905 | 1254 | 429 299 129 | 070 | 030

2019 2,8 2500 1970 530 893 704 189 0.79 0.21

COHSIIIHAK 2020 2,9 2570 1885 685 886 650 236 0.73 0.27

2021 3,3 2850 1820 | 1030 | 864 552 312 0.64 0.36
2018-2019| 2,5 3325 1760 | 1565 | 1330 704 626 0.53 0.47

Pimak

. 12019-2020| 3,0 3534 1950 | 1584 | 1178 650 528 0.55 0.45
o3uMuit

2020-2021| 3,3 3770 1815 | 1955 | 1142 550 592 0.48 0.52

BUKOPUCTAHHS I'PyHTOBOT (CHHBOT) BOJIOTH IS periony Aociimkens. [Ipencras-
JIeHI PO3paxyHKH IMOKa3yIOThb CIIiBBIJHOLIECHHs BUTpAT 3eseHoi (WUY/WFY) ta
cuHbO1 (E?/WFt) Bonu Aisl BUPOLLYBaHHS OKPEMHUX ITOJIOBUX KYJIBTYpP B MeXax
Oaceiiny piuku Ciryd.

ITpocroposa mudepentiartii Boguoro ciuiny (WFha, m*/ra, WF, m*/Bere-
Tallil0) BUPOIILy BaHHS arporieHo3iB y mepioam Bererarii 2018-2021 pp. Ta
BEJINUMHA aKyMYJIALIi 3eJIeHOT BOAM Ha arpojanamadTax po3paxoBaHa y Biamo-
BIIHOCTI IO CITiBBIIHOIIIEHHS HACHYEHOCTI CIBO3MIHAMH OCHOBHUX ITOJIOBUX
KyJABTYp B Mexkax OacedHy piuku Ciyd, 30Kpema: mieHuus o3uma — 24,3%,
XKHUTO 03uMe — 1,9%, stuminb sapuii — 7,5%, KyKypyasa Ha 3epHo — 31,3%, coHsm-
HUK — 24,8%, pinak o3umuii — 10,2%. Haiibinemni 3nauenns WEha (puc. 8)
3adikcoBaHo y BereTamiiHuii niepion Bix ceprast 2019 (mocynuimBoro) poky 1o
xoBTHst 2020 (cepeaHboBOIOroro) poky — Bix 3385 m*/ra 1o 3739 m*/ra. ¥ Bere-
TaniiHui nmepiox Bix ceprieHs 2018 (cepeqHpOBOIOTOT0) poKy A0 k0BTHs 2019
(mocyuMBoro) poky 3HaueHHs WFha BapitoBano B Mexax 3157-3508 m’/ra;
Bix ceprHs 2020 (cepenHbOBOIOTrOro) poky a0 koBTHS 2021 (Bojororo) poky
sHaueHHs WFha 3vintoBanocs Big 3329 m’/ra no 3621 M*/ra. 3aranbHuii 00’ eM
BoziHOTO ciigy (WF, m*/Bereraliito) BUPOILYBaHHS CiBO3MIiHH MOJBLOBUX KYIIb-
Typ cknano: y 2018-2019pp. — 1991 mun m*, 2019-2020 pp. — 2440 muan M,
20202021 pp. — 2363 muH M>.
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2018-2019

WFha/Pv
2020-2021

WFha/Pv

WFha [ 3200-3250 9 3300-3350 1 3400-3450 1 3500-3550 = 3600-3650 W > 3700
I < 3200 =9 3250-3300 13350-3400 [ 13450-3500 71 3550-3600 I8 3650-3700

Pv, mm [1580-600 7 620-640 I 660-680 MM 700-720 MM 740-760 MM 780-800

1< 580 [71600-620 M 640-660 MM 680-700 MM 720-740 M 760-780 WM > 800

WFha/Pv,% il 44.0-46.0 1 48.0-50.0 C152.0-54.0 5 56.0-58.0 M > 60.0

M <440 WW46.0-48.00°150.0-52.0754.0-56.0 B 58.0-60.0

Pv-WFha, mm/ha 8 220-240 [ 260-280 [ 300-320 5 340-360 H 380-400 Ml 420-440 W > 46(
. < 220 [ 240-260 71 280-300 71 320-340 W 360-380 M 400-420 WM 440-460

Puc. 8. Bananc cno;kMBaHHs 3eJ1eHOI BOAU OCHOBHUMM IOJIbOBMMH KYJIbTYPaMHU B nepioan
Bererauii 2018-2021 pp.:

WFha — BogHHH CITiJi BUPOILYBaHHS MOJILOBHX KYJIBTYD, M/ra; Pv — cyMa HaJIXO[PKCHHS
aTMOC(epHUX OMaiB 3a BereTaliitHui nepion, Mm; WFha/Pv — ClliBBITHOIICHHS CIIOKHBAHHS
JIOLIOBOI (3eJICHOT) BOAM Y BereTaliitHuii nepion, %; Pv-WFha — akymysisiiiist 3eJIeHOT BOIU
Ha arpojanamadTax Bogo30ipHoT TepuTopii, MM/ra
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Hanxomxenns armocdepHux omajis (Pv, mm) 3a BereTamiiHuii mepioj
2018-2019 pp. B Mexax arpoianamadTriB Bogo30ipHOT TepUTOpii piuKH Bapi-
10BajJo B Mexkax 556716 mm; y 2019-2020 pp. — Big 595 MM 10 744 mm; y
2020-2021 pp. — Bix 646—817 mM. 3aranbpHuil 00’ €M HaIXOMKEHHS atMochep-
HUX OMaJiB 3a BEreTallifHW{ IepioJ B Mexax arponaHamadris Bomo30ipHOT
TepuTopii piuku craHoBuB: y 2018-2019 pp. — 3760 mun M, 2019-2020 pp. —
4423 muH M?, 20202021 pp. — 4839 mutH M°.

Ha ocHoBi cniBBigHOmIEHHS naHux WFha 1 Pv BU3Ha4eHO MPOCTOPO-
BO-4aCOB1 3aKOHOMIPHOCTI 3MIiHHM YacKH CIOXMBaHHS aTMOC(EpPHHUX OIMajiB
CIBO3MIHOIO TIOJILOBHX KYJBTYP y POKH BereTaliil 3 pi3HUMH KIIMaTHYHHMHU
ymoBamu. 30kpema, y Bereramiiiauii niepioq 2018-2019 pp. (cepenHboBoIO-
I'Hif — MOCYIIJIMBHI) YacTKa CIIOKUBaHHS artMochepruux onanis (WFha/Pv,%)
cknana 45,2-61,5 %; y 2019-2020 pp. (mocynuinBmuii — cepeIHbOBOJIOTHIH) —
Bix 47,4 % 1o 61,6 %; y 2020-2021 pp. (cepeAHbOBOJIOTUI — BOJIOTHIT) — BiJ
41,4 % no 55,2 %. OnepskaHi pe3yabTaTH HAJalOTh MOMKJIMBOCTI 3A1HCHUTH
pO3paxyHKu 00’eMy akymyusilii jo1ioBoi (3esenoi) Bogu (Pv-WFha, mm) Ha
arponaamadrax JUis MiATPUMKH TiApodyHKIIOHYBaHHS BOJ030ipHOI Tepu-
Topii piuku Ciyu. Beranosneno, mo y Beretauiiinuii nepiog 2018-2019 pp.
AKyMYJIALIsl 3eJeHO1 BOAW MICIsi BUPOILYBaHHS OCHOBHHUX TOJBOBUX KYIBTYP
cximana 215-392 mm/ra; y 2019-2020 pp. — 229-389 mm/ra; y 2020-2021 pp. —
289-477 mMM/ra. 3araJibHUE 00’ €M aKyMyJIALlisl 3€JICHOT BOJIM 3a BereTaliiHui
nepiog 3 arpojaHmmadrTiB JIs 3a0e3neueHHs BOJHO-0aIaHCOBOT CTIMKOCTI
Oaceiiny piuku ckmano: y 20182019 pp. — 1769 mun m* a6o 47,0 % Bix HaaxO0-
JokeHHs atMochepHux onaais Pv, 2019-2020 pp. — 1983 mura m3 a6o 44,8 % Bin
Pv; 20202021 pp. — 2476 mua M* abo 51,2 % Big Pv.

Pesynbraté mpoBENEHOTO MOCTIHKEHHS! MAlOTh BHCOKY CLIBCHKOTOCIIO-
JIAPChKY Ta €KOJIOTIYHY I[IHHICTh, OCKIJIBKH JIO3BOJISIIOTh 3MIMCHUTH KOPUTY-
BaHHS Ta OOIPYHTYBaHHS pPeCypco30epiralroumx arpoTeXHOJIOTIH 1 CiBO3MIH
3aJIeKHO BiJl KJIIMaTHYHHUX 3MiH Ta Je(ilUTy BOJIOTH, 00’ €MIB MPOAYKTHBHOTO
BOJIOCTIO)KMBAHHS OKPEMOIO KYJIBTYPOIO, MOXIIMBOCTI aKyMyJsii JOIIOBOT
(3enmeHoi) BoaM Ta 30epeKeHHS IPYHTOBOI (CHHBOI) BOJOTH sl (POPMYyBaHHS
MOJIANIBIIIUX CHPHUSTIMBUX YMOB BEreTallil MOJbOBOI CiBO3MIHU. Y €KOJIOIiY-
HOMY CEHCI pe3ysibTaTH € BXKJIMBUMH ISl PO3PaxXyHKy 00’€MiB 30epe:KeHHs
Ta JIONATKOBOI aKyMyJIsillii BOJIOTHM, BU3HAUCHHS BOJIHO-OAJIaHCOBOI CTIMKOCTI
OaceliHy piuKH.

BucnoBku. Ha ocnosi anamizy nannx NASA POWER, FAO rta gemmud-
pYBaHHS KOCMIYHUX 3HIMKIB CyIyTHHKOBOTO anapary Sentinel 2 BCTaHOBJIEHO
MIPOCTOPOBO-YACOBI 3aKOHOMipHOCTI AudepeHianii BOJHOTO CIIiy BUPOILY-
BaHHS CLIbCHKOTOCIIONIAPCHKUX KYJIBTYp Ta (OpPMyBaHHS BOAHO-0aIaHCOBOT
ctitikocti Oaceitny piuku Ciyu B 30Hi [losicest Ykpainu 3a ymMoBax KjliMaTHU-
HUX 3MiH. Po3po0iieHo cepito KiiMaTHuHUX KapT Ta 0ajJaHCy CIIOKMBAHHS 3eJie-
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HO1 BOAM OCHOBHHMMH IOJILOBUMH KYJBTYPaMH B [IE€PiOJH BEreTalii, 1o Haaaio
MOXKJIMBOCTI TMPOBECTH JOCIIDKECHHS KIIIMATHYHUX 3MiH, (opMyBaHHS 00Cs-
TiB BOIHOTO CJIi/Iy B 3aJIEXKHOCTI BiJl CIBO3MIHHU Ta KJIIMaTUYHUX YMOB TEPiony
BereTallii, BCTAHOBUTH CITIBBIIHOIIICHHS CIIOXHBAHHS JIOIOBOI (3€JICHOT) BOJIU
Ta IPYHTOBOI (CHHBOI) BOJIOTM y BEereTaliiiHuil mepioa, po3paxyBaru 00’ emu
aKyMyJIALisl 3eJieH0l BOAW Ha arponanamadrax Bomo30ipHOi TepuTopil Asis
BCTAHOBJICHHSI BOJHO-0a1aHCOBOI cTilikocTi OaceiiHy piuku Ciyd. 3a pe3yiib-
TaTaMHl KOPEJSIIMHOrO aHaji3y BCTAHOBJICHO, IO TOJIOBHUM KJIIIMAaTHYHUM
KOMIIOHEHTOM Jiudepentianii eTanonHoi epanorpancmipauii (E7) € Temrepa-
Typa nositps (7). PiBenb kopensiii cepennbopiunux 3Havenb 7'i ET, cknanae
0,79, cepennpomicsiunux 0,95. O6’emMu BOIHOTO CIiy pO3paxoBaHO UIsl BEre-
TaliiHOTO TIEPioNy BUPOIIYBAHHS CIBO3MIHU OCHOBHHUX MOJHOBHX O3MUMHX 1
sapux Kyaeryp 3a 2018-2021 pp., 30kpema: 2018-2019 pp. — cepeqHbOBOIOT U
nepexoaAnTs y nocyunmBuid pik; 2019-2020 pp. — NoCcynuUIMBUI IEPEXOIUTH Y
cepenHboBoIorHi pik; 2020-2021 pp. — cepeTHHOBOIOTHI TEPEXOANUTH Y BOJIO-
ruit pik. CHiBBIJHOIICHHS HACHUYEHOCTI CIBO3MIH 32 POKU JOCHIKEHb CTaHO-
BUJIO: mieHUIrst o3uma — 24,3 %, xxuto ozume — 1,9 %, stuminb spuit — 7,5 %,
KyKypyna3a Ha 3epHo — 31,3 %, consiiiauk — 24,8 %, pinak o3umuii — 10,2 %.
Jist KynbTyp CiBO3MIHU pO3paxoBaHO 00’ €MHU BUKOPUCTaHHS BIpTyalbHOI BOAH
Ta CHiBBIIHOUICHHS BUKOPUCTAHHS 3€JIEHOI (I010BOT) i IPYyHTOBOI (CHHBOT)
BOIM. Brcoka HAacHYEHICTh CIBO3MIHM TEXHIYHUMHU KYJIbTypaMH OOYMOBIIIOE
301IbIICHHS] 00’€MiB BOJHOTO CJiJly Ha BHPOUIyBaHHS | TOHM MpOmyKHii y
1,5-2,3 pa3u Ta eBamnopailito rpyHToBoi (cuHboi) Bosioru y 1,3—4,0 pazu. Tomy,
BHCOKa HACHYEHICTh CIBO3MIHM UMM KYJIETYpaMHi 00YMOBIIOE€ HU3bKHI PiBEHb
iX arpoeKoJIOriYHOT JOIILHOCTI MO0 30ePeKESHHS 3€JICHOT BOJU Ta ONTHUMI-
3alii BUKOPHCTAHHS IPYHTOBOI (CHHBOT) BOJIOTH 3 METOIO 3a0e3IeueHHs CIIpH-
ATIIMBUX YMOB BOAHO-0alaHCOBOI CTIHKOCTI OaceliHy piuku. CHiBBIAHOILICHHS
BUKOPHCTAHHS «3€JICHOI : CHHBOI» BOIM Ul OCHOBHUX MOJBOBUX KYJIBTYp Ha
arponanamadrax Bono30ipHoi TepuTopii cknanae: mueHuns ozuma — 0,7 : 0,3;
s*uto o3ume — 0,52 : 0,48; pimak o3umuii — 0,52 : 0,48; suminb spuit — 0,77 :
0,23; kykypymaza Ha 3epHo — 0,69 : 0,31; constmauk — 0,72 : 0,28. Beranos-
JIEHO, 11O YacKa CIIOKMBAaHHS arMOc(epHHX OmajiB CiBO3MIHOIO IMOJHOBUX
KyJBTYp Y POKH BEreTaliil 3 pi3HUMH KIIMAaTHYHAMH YMOBaMH BapiloBajia y
2018-2019 pp. (cepeanboBosioruii — nocyuuiuBuii) Big 45,2 % no 61,5 %; y
2019-2020 pp. (mocyuutuBuii — cepeanboBooruii) — Big 47,4 % mo 61,6 %;
y 2020-2021 pp. (cepemuboBonoruii — Bojoruii) — Big 41,4 % no 55,2 %. Le
00yMOBHMIJIO HEOJHOPIJHICTh JOJATKOBOI aKyMYyJISsLIii 3eJIeHOT BOIW Y arposiaHj-
madrax Ha 3a0e3neueHHs BOJJHO-0aJIaHCOBOT CTIMKOCTI OaceliHy piuKHu Ha PiBHI:
y 2018-2019 pp. — 1769 muu m* a6o 47,0 % Bix HaIXOMKEHHS aTMOC(HEPHUX
omaznis (Pv), 2019-2020 pp. — 1983 mun m*abo 44,8 % Bin Pv; 2020-2021 pp. —
2476 mutn M a6o 51,2 % Big Pv. 3anpornoHoBaHa cxema J0CIIKEHb Ta OfIep-
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JKaHi pe3ylbTaTH € BaXIUBUMHU JUISI KOPUTYBaHHS Ta OOTPYHTYBAaHHSI pecyp-
co30epiraroumx arpoTEXHOJIOTIH Ta CIBO3MIH y BIJITIOBITHOCTI IO KJIIMAaTUYHUX
3MiH, BU3HAYECHHS BOJHO-0aJIaHCOBOT CTIHKOCTI OaceiHy piukH Yepe3 MOKa3HUK
JIOJIATKOBOT aKyMYJISIIIT 3€JICHOT BOJIH.

SPATIAL-TEMPORAL DIFFERENTIATION OF THE WATER
FOOTPRINT OF AGRICULTURAL CROP GROWING
INTHE SLUCH RIVER CATCHMENT AREA UNDE
RTHE CONDITIONS OF CLIMATE CHANGE

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

pichuravitalii@gmail.com, potravkalarisa@gmail.com

Water footprint is a common and efficient indicator in evaluating water
resources. Quantitative evaluation of green water footprint is important for
evaluating water resources at the basin level under conditions of climate change and
moisture deficit. Agriculture is a main sector of exploitation of natural resources
that has a considerable impact on water balance stability of river basins since it is water-
consuming, and the portion of water footprint use reaches 86%. Therefore, under
conditions of climate change and unstable moisture supply, it is necessary to enhance
the system of evaluation aimed at efficient use of water resources in the system of basin
exploitation of natural resources, environmental protection and improvement of life
maintenance quality. The purpose of the research was to calculate water footprint in
growing the basic field crops and establish the volumes of additional water accumulation
to provide the hydro-functioning of the Sluch river basin in the territory of Ukraine
under conditions of climate change. The research was based on the data of climate
change analysis in 1981-2022, decoding of the actual satellite imagery of the spacecraft
Landsat 2 and statistical data on crop rotation structure in the agrolandscapes of the
water catchment area in the research region. The scheme of the research of the water
catchment area of the Sluch river and calculation of water footprint in growing agricultural
crops involve six logical blocks of research organization: identifying water courses and
determining the boundaries of the water catchment area, establishing the land structure of
the river basin, examining climate change, calculating the balance of water use and spatio-
temporal differentiation of water footprint in growing the basic field crops on the basis of
the FAO Penman-Monteith method and calculating water balance stability of the Sluch
river basin. The volumes of water footprint were calculated for the vegetation periods
of the basic field winter and spring crops in 2018-2021: 2018-2019 — a semi-wet year
grows into a dry year; 2019-2020 — a dry year grows into a semi-wet year; 2020-2021 —
a semi-wet year grows into a wet year. Spatio-temporal regularities of the formation of
water footprint and the ratio of green and blue water use in growing different agricultural
crops were determined. The total volume of water footprint in growing the field crops of
a certain crop rotation equaled: in 2018-2019 — 1991 mIn m?, 2019-2020 — 2440 mln m?,
2020-2021 — 2363 mln m’. The total volume of precipitation in the vegetation period
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within the river water catchment area was: in 2018-2019 — 3760 mIn mm?, 2019-2020 —
4423 mln m?, 2020-2021— 4839 mln m?. The total volume of additional accumulation
of green (rain) water in the vegetation period in the agro-landscapes of the river basin
equaled: in 2018-2019 — 1769 mln m?, or 47.0 % of precipitation in the vegetation
period (Pv); 2019-2020 — 1983 mlIn m?, or 44.8 % of Pv; 2020-2021 — 2476 mIn m’,
or 51.2 % of Pv. The proposed research scheme and the obtained results are important
for adjusting and substantiating water- and resource-saving agrotechnologies and crop
rotations depending on climate change, for determining water balance stability of the
river basin in accordance with the indicators of additional accumulation of green water.

Key words: climate, water footprint, agriculture, field crops, water
consumption, river basin, modelling, the Sluch river.
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VY crarTi eKcnepruMeHTaIbHO JOCTIPKEHO Ta 00TPYHTOBAHO 0COOIMBOCTI pOCTY
Ta PO3BHUTKY TIOJBIIAaHY B IPYHTOBOMY CEPEIOBHIIII Ta TiAPOIIOHHIN CHCTEMI Tepioamd-
HOTO 3aTOTUICHHS B YMOBAX IUTIBKOBOI TEIUTHII 4 CBITIIOBOI 30HH YKpaiHU.

Buronka TionbmaHiB — 1€ HITECTIPIMOBAaHUNA KOMILJIEKC arpo3axofiB, TOJIOBHA
MeTa KOO JIOCAITH IBITIHHS Y BU3HAYCHUH MPOMIXKOK uacy. [Ipu 4omy TexHoJoris
BUTOHKH TIOJIbIIAHIB BUKOPHCTOBYETHCS HE JIHIIE 0 § Oepe3Hs, a i 10 HOBOPIUHMX Ta
TpaBHEBHX CBAT. [Ticis Gepe3HeBOi BUTOHKM MO)KHA BUCAIUTH [UOYIMHH HA TPSAKY Y
3BUYHI TEPMiHH, & OT ICHsI CIYHEBOI BUTOHKH POOWTH 1€ HEHOIIBEHO. SIKICTh OTpH-
MaHOi IPOAYKIii B OCHOBHOMY 3aJIS)KUTh BiJI JBOX BAKIUBHUX (PaKTOPiB: TCHETUIHUX
0COOIMBOCTEH Ta TEXHOJIOT1T BUPOIITyBaHHS.

Y npuponl TIONMbIIAHHW 3alBITAIOTH JIMIIE MPOHIIOBIIN IEPioZ 3UMOBOTO OXO-
JIOJKEHHsI. 3HIDKEHA TEeMIIepaTypa CIIpUsie yTBOPEHHIO B LUOYIUHM (i310I0riYHO aK-
TUBHHUX PEYOBHH, IO BIUTUBAIOTH Ha BECh MOJAIBIINI MPOLEC PO3BUTKY Ta IBITIHHS.
Heo0xijHO0 YMOBOIO BUTOHKH TIOJIBIIAHIB € BIUINB Ha IIUOYIMHY 3HIKEHIMH TeMIIepa-
Typamu POTATOM 16—22 THKHIB 3aJI€KHO Bifl COPTY.

['0OBHUM YMHHUKOM OTPHUMAaHHS MOCTIHHUX CTaOLTBHUX 3pi3iB PiI3HUX COPTIB
TIOJIBIIAHY, € TEXHOJIOTisI BUTOHKHM Ta METOJ| BUpOLLyBaHHs. [IOpiBHSIHHS IPYHTOBOTO
METO/Iy BUTOHKH TIOJIBITAHIB 3 T1IPONOHHMM 32 I1°SITH I'PaJlyCHOIO TEXHOJIOTIEI0 ITOKa3aB
TIO3UTHBHI Ta HETAaTUBHI MOMEHTH KO)KHOTO 3 HUX. [Ipn crarnctnyniit o0poOri pe3yisb-
TaTiB JIOCII/UKEHb, BCTAHOBJIICHO JIOCTOBIPHUI BIUIUB T€HOTHITY COPTY TIONBIIAHY, TEX-
HOJIOT11 BUTOHKH, B3a€MOIi1 (hakTOPiB Ha MIHJIMBICTh BUCOTH pocinH. COpTH, BUPOIIEHI
Ha TiJPOTIOHIII, MalOTh OIJIBIITy BUCOTY, HI’K BUPOIIEHI 3a IPYHTOBHUM METOIOM.

Coptu, BUPOIIEHI 32 T'iIPOIMIOHHUM METOIOM IepionuuHoro 3aromicHHs Flood &
Drain, Matotb OubIry Bucoty. [Ipy BUrOHII B IPYHTOBOMY CepeOBUIL MOXHA OTpHMa-
TH POCIIMHHU 3 MIIIHUM CTEOJIOM Ta BEJIMKOIO 38 PO3MIPOM KBITKOIO.

Copru: Matchmaker ta Big Smille, pekoMeHIy€eThCsI BUPOIIYBaTH TipOTIOHHIM
MeTonoM, a Queensland ta Fabio — rpyaroBum. Copt Belleville — yHiBepcanbHuii.

KirogoBi croBa: TrONMbIIaH, BUTOHKA, I’ SITUTPATyCHA TEXHOJOTiS, TiIpOMOHHA
texuojorist Flood & Drain, Bucota KBITKH, OyTOHI3aIlisl, AUCIICPCIAHII aHAITI3.
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IlocTanoBka npodiaemu. [IpomucioBe KBITHHKapCTBO — OfHA 3 TPHOYT-
KOBHX Tally3ei CIbCHKOTO rocroiapcTBa Ui 0aratbox Kpain cBity. B acopru-
MEHTI KBITKOBOI IPOIYKIIIT YETBEPTE MICIIE TIOCIIAI0Th IUOYIMHHI KYJIBTYPH. 3a
TIOTIMTOM 3pi3y TIONBIIAaHU 3aliMArOTh YETBEPTE MICIIE MICIsS TPOSHJ, XPU3aHTEM
Ta repbep [1, c. 28].

HaiinmomynspHIIMME TEXHOJOTISIMH HHUHI y BITYM3HSAHUX TETUTMIHHUX
TOCTIOMAPCTBAX — IT ATUTPATyCHA Ta TiIPOMOHHA TEXHOJOTIS BUTOHKH. [1im-
pOTIOHHA BHTOHKA — 1€ BITHOCHO HOBUU CIOCIO BUTOHKHU ITUOYJIWH TIONBIIAHY
JUIsE OTpMMaHHs KBITiB Ha 3pi3. Cam coboro 1ieit crocid He € HoBuM. [leprmi
CIpoOU TiPOIIOHHOTO BUPOIIYBaHHs Oy/IM MPOBEACHI B cepenuHi 18 cTomiTTs
y JOMAaITHIX YMOBaX y CKIISTHHX Ba3zaX, HalOBHEHWX BOAOI0. B 60-Tux pokam
MHHYJIOTO CTOJITTSI BIIepIe O0yi10 3po0JIeHO KiTbKa CITpo0 T1APOTIOHHOT BUTOHKU
TIOJIBIIAHIB Y BUPOOHUYMX yMoOBax [2, c. 15]. Jlume Ha npukinii 90-x pokis, y
Mipy BHPIIIEHHS HU3KW TEXHIYHUX MHUTaHb BHPOOHHUIITBA TiIPOMOHUNA METOJ
HaOyB MIMPOKOTO BUKOPHUCTAHHS y KpaiHax €BpoIH, a 3roI0M MOMIMPHUBCS 1 Ha
BeCh CBIT. ['iIponoHHa BUTOHKA B KOHTEeHHEpax, B IIIIOMY, aHAJIOT14YHA BUTOHII
B SIUKAX, 3aTIOBHEHUX IPyHTOM [3, . 49].

3 gacoM 11eii criociO BUTOHKH PO3BUHYBCS Y JIITUPYIOUH CIIOCiO MpoMucC-
JIOBOT BUTOHKH ITUOYITMH TIONBITaHIB /ISt OTPUMaHHS KBiTiB Ha 3pi3. Y Hinepnan-
JlaX BUTOHKA O1JTbIIIE TIOJIOBUHY BCIX UOYIUH TIONBIIaHIB Ha 3pi3 3/M1HCHIOETHCS
i3 3aCTOCYBaHHIM TiAPOMIOHHOTO crOco0y. 1le MOosSCHIETHCS HASBHICTIO PSAY
repeBar y Iiei TeXHOIOT1i. SIKIo po3msiaTi mporiec, 3arajaoM, TO I1i IepeBaru
JTAI0Th 3MOTY 3MEHIIINTH BUTPATH BUpOOHHUITBA [4, c. 366].

AHaJi3 ocTaHHiX gocaizkens i myomikaniii. [Ipu rizpornonHiit BUroHIi
TIONBITAaHIB BUKOPHCTOBYETHCA CIEUIaJbHUM TiIPONOHHUN KOHTEHHEp s
BUTOHKM (BHYTpIIIHINA KOHTEHHEp), SIKUIl BCTABISETHCS Y CTAHAAPTHUHN SIIHK
(40x60 cwm), 110 3a3BMYAll BUKOPUCTOBYETHCS JUIA IPYHTOBOI BUTOHKH ITHOYITHH.
3a IbOMy CTI0CO0Y BHKOPHCTOBYETHCS 3BUYAlHA CHCTEMa HAJMBY BOIH: ITHOY-
JIMHH «CaJHKAIOThy» y BHYTPIIIHIN KOHTEHHEp, SKUH MTOTIM HAIIOBHIOIOTH BOAOIO.
[ToTiM AIHK, 3 TOMIIIIEHNM Yy HbOMY BHYTPIIIHIM KOHTEHHEPOM, IEPEHOCSTH Y
MIPUMIILIEHHS U151 YKOpiHeHHH [5, ¢. 37]. [Ipu 3aMiHi MOXKMBHOTO pO34NHY, HE00-
X1THO CITIIKyBaTH 3a HOTO pIBHEM y BHYTPIIIHEOMY KOHTEIHEpI, 1€ BiH TOBUHEH
3anumIaTucs mocTikHuM. Jlanuii crocid BUKOPUCTOBYETHCS B 95 % BUMAIKiB
IIpH TiPOMOHHIN BUTOHII TIOJNBIIAHIB. Halwacrime y 1iif cucTeMi BUKOPHUCTO-
BYIOTbCsl KOHTeiHepH «band ®dacty», MeHIo010 Mipoto — « DiIeKci-KOHTEHHepnY.

JocnimkeHHs moKa3and, U0 MPU BUKOPUCTAHHI CHCTEMU MEPIOANIHOTO
3aTOIJICHHS Bara pOCIWH TPOXu 30umbmryeThes. [Ipu BukopucTanHi 1i€i cuc-
TEeMH BiIOYBA€ThCA MOCTIHHA MUPKYJISALIsT BOAM 3 PO3UNHEHUMH y HIiN TTOXKHB-
HUMU pedoBHHaMHU [6, c. 247]. Y 2005 pomi KibKa BEIMKUX TOCIOAAPCTB, 1110
3aiiMalOTHCSl BUTOHKOIO TIONBITaHIB, CTAJIM BUKOPUCTOBYBATH II0 CHCTEMY, SIKa
3a0e3redye BiIMIHHY HUPKYIIALIIO TOKUBHOTO PO3YHHY.
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OnHak Tpy IUPKYIIALIT BOAM Y CHCTEMI 3pOCTae HeOe3MeKa MOIIHMPEHHS
XBOPOO, y TOMY umcii rpuOHUX [7, ¢. 75]. Hebe3neka nommpeHHs XBOpoo 3HAYHO
3MEHIIYEThCS MPU BUKOPUCTAHHI 3BUYaifHa CUCTEMa HAJIUBY BOJM. 3aBISIKH LIl
cUcTeMi KOKEH KOHTEHHEp B 1HIMBIAyaJbHOMY MOPSIKY 3aIIOBHIOETHCS TTOYKHB-
HUM pO3uMHOM. [laToreHu, sIKII0 BOHU MPHUCYTHI Ha UUOYIMHAX Y TIEBHOMY KOH-
TeiHepi, He PO3HOCATHCS 0 BCiX IHIIMX KOHTeHHepax. B Oyab-sikuii riapornoHHii
CHCTEeMH KOHTEHHEPH BUKOPHCTOBYIOTHCSI 0araTropa3oBO, TOMY IICJISl KOXKHOTO
LUKy BUPOILILYBaHHS IX HEOOXiJHO peTeNbHO ounIarTy [8, c. 36].

IMocTranoBka 3aBaanHs. Mera poOOTH — PO3pOOKa ONTHMATBHOI TEX-
HOJIOTIi TiAPOTIOHHOTO BUPOLYBaHHS TIONBIIAHY B YMOBaX IUIIBKOBHX TEIUIHIb
4 cBiTIIOBOT 30HU YKpaiHu.

Marepiaau i MmeToau pocaimzkenHs. J10CiKEHHS TPOBOIUIN Y HAYKO-
Bili maboparopii «[ iApONOHHOr0 BUPOIIYBaHHS OBOYIB B KYNOJBHIH TETUTHII
kadeapu 3aranpHOro 3emiiepoOcTBa LleHTpambHOYKpPaiHCHKOTO HAIliOHAIb-
HOT'O TeXHIYHOTo yHiBepcuTery mpotsirom 2022-2023 pp. Jns mocnigy Oyino
BUOpaHo 6 copriB: Fabio 3 rpynu [lamyra; Scarlet Verona — Maxpogi cepe/Hi;
Queensland — Maxpogi panni; Matchmaker, Big Smile, Belleville — Tpiymd.
Ycro naprito uoynuH Oyito 3akymieHo B [omtanii. Cyxi uOynunu Oyiau mija-
JlaH1 TeII0Bii 00pOOIIi, 3TiHO 3 TEXHOJIOTIE0 I’ ITH IPayCcHOl BUTOHKHU. [10B-
TOPHICTB IOCIiAy TphoxkparHa [9, c. 20].

Bynu BUBYEHI KiJIbKICHI O3HAKH: BUCOTA KBITKOHOCA, BUCOTA KeJINXa, Jlia-
METp KBITKH, TOBIIMHA CTE0JIa, KUIBKICTh JIMCTS, JIOBKHWHA HIKHBOTO JIUCTKA,
KUIBKICTh JTHIB BiJl MMOSIBU CXOIB JI0 3HIMAaHHS TOBapHOI MPOIYKIIii; (heHOI0-
riYHi: Yac MOsIBM MPOpPOCTKa, OyToHizamii, 3a0apBieHHs OyTOHY, 30MpaHHS
TOBapHOI MPOAYKIii. 3a IMMH 03HAKaMHU BU3HAYAECTHCS MPUHAICKHICTH JI0 TIep-
uroro uu apyroro copty [10, c. 41]. Ouinky MoppobioMeTpUYHUX TTOKA3HUKIB
MPOBOAWIN B TpH (pa3u pPO3BUTKY POCIUHH:

1. PosropranHi epIoro JIMCTKA.

2. [TouaTok OyToHizamii.

3. 3abapsiienns OyTtona [11, c. 54]. B tperiii ¢a3i npoBoauiu 3pi3 roto-
Boi mpoaykuii [12, c. 47]. B nociizi BUKOPHCTOBYBAIKCS TiIPOMIOHHI CUCTEMHU
nmoOy/I0BaHi Ha NPUHIUII nepiogunyHoro 3aTorieHHs Flood & Drain.

Pe3ynbTarn pociaigkens. B pamkax mocrasieHoro gociigy Oyio mpo-
Be/IeHO N1BO(aKTOPHUN AHCIIEpCIHHUI aHalli3 MPO BIUIMB T€HOTHITY COPTY Ta
TEXHOJIOTI 00pOOITKY Ha mepepaxoBaHi BHILE KijabKicHI o3Haku [13, c. 91;
14, c. 63]. BcraHOBIIEHO JOCTOBIPHUH BIUIMB I'EHOTHUITY COPTY TIOJIBIIAHY, MICIIsI
00po0biTKy, B3aemoaii (pakTOpiB Ha MIHJIMBICTH BHCOTH POCIUH TIOJbIIAHY.
CopTtH, BUPOIIEHI Ha TiIPOMNOHII, MalOTh OUIBIY BHCOTY, HI’K BUPOILEHI 3a
I'PYHTOBUM METOJI0M (pUCYHOK 1).

Haii6inpimii BIJIMB Ha BUCOTY POCIMHU Mae T€HOTUI copty (45 %),
JIpyruM (hakTopoM 3a CHIIOI0 BIUIMBY € BHIaakoBa Bapiatist (30 %), Tperim —
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TeXHOJIOTist BUTOHKH (15 %). B3aemoist GpakTopiB cOpT — TEXHOIIOTISI BUTOHKU
BIUIMBa€ He3HauHO (5 %). HaliMeH1I010 BUCOTOO MPH TiAPONOHHOMY BUPOIILY-
BaHHI TIOJIbIIAHA XapakTepu3yeThes copT Fabio 34,4 oM, Halibinbimoro — Scarlet
Verona 49,5 cm. Copt Fabio 710cTOBipHO BiIpi3HSETHCS 38 BUCOTOIO BiJl COPTIiB
Scarlet Verona, Matchmaker, Big Smille, Belleville, Queensland. HIP , copr =
1,98; HIP , Texnonoris puronku = 0,94; HIP . B3aemonist hakTopiB copT/TEXHO-
noris Buronku = 3,21. Copt Belleville Mae ogHakoBy BUCOTY IIPpY BUPOLLYBaHH1
B IPYHTI Ta Ha rixponoHini (39,3 cm).

CopT TIONBITaHa/TeXHOJIOTisI BUPOITYBaHHS

5
44874 41443 463"

39,39,3
I I I il I I I

Matchmaker Big Smile Fabio Queensland  Scarlet Belleville

60

4

(=]

2

(=]

B [PyHTOBE BHPOILYBaHHSI B TigpondshiRdd

Puc. 1. Cepenni 3Ha4eHHs BIIUBY ()aKTOPiB HA BHCOTY POCJIUHHU, CM
Bucora kenmxa — BakIuBa 03HaKa 3 METOIO OIIHKH KBITKOBOT IMPOIYKITii.

byB BcTaHOBICHUI TOCTOBIPHUI BIUTHB TEXHOJIOT1i BATOHKU Ha BUCOTY KEIMXa
(pucyHoxK 2).

YacTku BIUTUBY (aKTOPiB HA BUCOTY KBITKH

N

= TeXHOJIOTisl BUTOHKH = BumnazakoBa Bapiarist
= Copr = B3aemonis pakropis AB

Puc. 2. YacTku BILIMBY GaKTOpiB Ha BUCOTY KBITKH, %

HariiGinbimuii BB Hajae Gakrop TexHosoris Buronku (72 %). Ha npy-
romy Micii — BunajikoBa Bapiaiiist (16 %), tperbomy — copt (10 %). ¥V copty
Matchmaker kBiTH 3 HalMEHIIIOK BHCOTOI Keinxa 4,9 cMm, HalOuIbIIA — y
copty Fabio 5,7 cm.
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3a rpagarisiMu B3aeMoii (pakToOpiB COPT / TEXHOJIOTIS BATOHKU BCTAHOB-
JICHO: TPY BUTOHIII THOJILIIAHIB 32 T'1IPOIIOHHAM METOI0M BUCOTA KBITKHU OijbIlie
coprtiB Matchmaker, Big Smille, Fabio, Queensland, Belleville. ¥ copty Scarlet
Verona — BUCOTa KBITKM BHILE NMPH BUPOIIYBaHHI B IPYHTOBOMY CEpEIOBHILI
(pucyHoxk 3).

Copr TIONbIIaHa/TEXHOIOT ST BUPOITYBAaHHS

5,7 5.6

6 5.1 5 52 5,5 53 5351 5399
5 4,6

4

3

2

1

0

Matchmaker Big Smile Fabio Queensland  Scarlet Belleville
. Verona,
B [pyHTOBE BUPOIIyBaHHSI B ['igponoHika

Puc. 3. CepenHi 3Ha4yeHHs1 BIUIUBY (aKTOPiB HA BUCOTY KBiTKH, CM

Copr-texuomnoris suronku HIP : copr = 0,15; TexHonoris BUrOHKH
= 0,69; copr/rexHojorisi Buronku = 0,24. BCTaHOBIEHO JOCTOBIPHUH BILIUB
COpTY Ha JiaMeTp KBITKH.

HaiiOinpiimii BIUIMB Ha JiaMeTp KBITKHM THOJIbIIAHA MPH BUTOHII HAJa€
daxrop copt — 82 %. Ha npyromy micIii TeXHOIOTisi BATOHKH — 12 %, TpeTboMy
BUTIAJIKOBA Bapialis — 5 %. Y copry Queensland HaiOLIbIIHI liaMeTp KBITKH —
4,9 cm, HaliMeHtmii — y copty Big Smille — 2,6 cM. 3a rpagaiiisiMu B3aeMoIii
(akTOpiB COPT/TEXHOJIOTIS BUTOHKA BCTAHOBJICHO, III0 IPH BUTOHII THOJIbIIA-
HIB 3a TIIPONOHHUM METOJIOM JIiaMeTp KBITKH OUTBIINI, HI’K ITPH BUPOITYBaHH]
y TpyHToBoMmy cepenosumii. HIP .0 copr = 0,15; texnonoris Buronku = 0,69;
copt/TexHosorist Buronku = 0,24,

[lim yac BUBUEHHS O3HAKW TOBIIMHA CTeO1a OyI0 BCTAHOBJICHO TOCTO-
BIpHHH BIUTUB Micllsi 0OpOOITKY Ha TOBIIMHY. HaliG1IbII CHUITbHII BIUTUB 3MiHY
TOBIIMHU CcTeOna (PUCYHOK 4) Hajae TEXHOJOTIs BUTOHKH — 77 %, npyrum
YIMHHAKOM 3a CHJIOIO BIUIMBY € BUTAAKOBa Bapiamis — 9 %. Ha tperromy micri
copT — 8 % Ta HalilMEeHIIIe COPT-TEXHOJIOTisl BUTOHKH — 6 %.

[Ipu BupoIIyBaHHI B IPyHTI TIOJIBIIAHA MAIOTh TOBIIMHY cTebna 1,04 cwm,
a TIpu BUPOITYBaHHI TigponoHanM MeToaoM — 0,78 cm. Cepen komOiHaIliT 03HAK
COPT-TEXHOJIOTISI BUTOHKM HallMEHIa TOBIIMHA cTebia y copry Big Smille,
10 BHPOIIY€ETHCS B TIAPOMOHHUX KOHTeHHepax — 0,71 cm, Hail0iibma y copTy
Fabio, Bupomennmu B rpyHToBOMY cepenoumii — 1,13 cm. Kombinaris ¢akro-
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YacTka BBy (DaKTOpiB Ha 3MiHY TOBIIWHH CTEOIa

[ Q

= TexXHOJOTis1 BUTOHKH = Copt

= BunajxoBa Bapiarist = CopT-TEXHOJIOTisSl BATOHKH
Puc. 4. YacTku BunBy (pakTopiB Ha TOBLIUHY cTedaa, %

piB Scarlet Verona B rpyaTroBomy cepenosuiii — 1,11 c¢m, Queensland B rpyHTO-
Bomy cepenoButii — 1,07 cMm, Belleville B rpyrToBoMy cepemopuiti — 1,04 cm
BIJIPI3HAOTHCSI MAKCUMAJIbHOIO BUCOTOIO (PUCYHOK 5).

CopT TIONBIIaHA/TEXHOJIOTis] BUPOLLY BaHHS
1,2 L13 1.07 L1

1

0,98 094 1.04

0.8 0,75 .71 0.75 0,82 0,85 0,86
0.6
04
0.2
0

Matchmaker Big Smile Fabio Queensland ~ Scarlet Belleville

B [pyHTOBE BUpOLIyBaHHs M Fiz[por[onY ona

Puc. 5. Cepenni 3HaueHHs1 BILTUBY ()AKTOPY COPT—TEXHOJIOTisi BATOHKH
HA TOBLIMHY cTedsa, cM

BcraHoBieHO OCTOBIpHUI BIUIMB T€HOTHITY COPTY, MiCIIsl BUPOLYBaHHS
Ta B3a€MOJI0 (GaKTOPiB HA KUTBKICTH JAHIB BiJl MOSBU CXO/IB 710 3HATTS TOBApHOI
nmponyKuii (pUCyHOK 6).

HaiiGinpmmii BIUIMB HA KiNBKICTh JIHIB Bijl TIOSBU CXOJIB JI0 30MpaHHS
ToBapHOi mpoaykuii mae reHoTun copty 83 %. Haiimenmoro KinbkicTio
IHIB BUPOLIYBaHHS Binpi3HseTbcst copT Queensland — 43 noOu, HaiiOinb-
oo — Matchmaker 65 1i0. 3a rpaganisivu B3aeMo/ii pakTopiB COPT — TEXHOIIO-
T'isl BATOHKU: BUPOIYBAaHHS y TPYHTI TPUBAJIIIE B CEPEIHHOMY 3a BapiaHTaMu
Ha 2-5 ni6, HiX Ha rigpomnoniui. ¥ copty Fabio npu BupomyBanHi B IpyHTO-
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CopT TIOJIBIIAHA/TEXHOJIOT1s BUPOILYBaHHS

80
g 8 54 55
60 51 4 4 45 4 51 48
40
0
Matchmaker Big Smile Fabio Queensland  Scarlet Belleville

Verona

M ['pynroBe BupoityBanHs M [igpornoHika

Puc. 6. Cepenni 3naueHHs BIVIMBY (GaKTOPiB COPT—TEXHOJIOTisI BUTOHKH HA KUJILKICTh JHIB
Bi/I MOSIBU €X0/1iB 10 30MpaHHs TOBAPHOI NPOAYKUii, 1002

BOMY CEPEIIOBHIIII TEPMiH OTPUMAaHHS TOTOBOT MPOAYKITii Ha 4 JOOM MEHIIIE, HiXkK
TIPH T1IPOTIOHHOMY BHUPOIIYBaHHI.

BucHOBKM Ta mepcneKTHBH MOAAJIBIIOIO PO3BUTKY. lIpn BuroHMII
TIONBITAHIB Ha 3pI3 BENUKE 3HAYEHHS Mae BucoTa pociauHd. [lpwm Oiipmriit
JIOBKUHI cTeba 3’ ABISAEThCA OUThIIe MOXKINBOCTEN (rropucTa i (GIOprUCTHY-
HUX pooiT [15, c. 33].

CopTH, BUPOIIIEHI 3a T1APOITOHHOIO TEXHOJIOTIEIO TIEPIOAMIHOTO 3aTOIIICHHS
Flood & Drain, matots Oinbiry Bucoty. [Ipy BHTOHII B TPYHTOBOMY CEpEIOBHIII
OTPUMYEMO POCITUHU 3 MIITHIM CTEOIOM Ta BEUKOIO 32 PO3MIPOM KBITKOIO.

Copr Matchmaker pekoMeHIy€eThCSI BUPOIIYBaTH TiAPOTIOHHUM METO-
JIOM, OCKUIBKH 32 TAKOTO METOTy CKOPOUIYETHCSI TEPMiH BUPOIILYBaHH: Ha 5 110,
MOYKHA OTpUMAaTH OUTBITY 32 pO3MipaMH KBITKY Ta JIOBIIE Ha 3 cM cTebII0.

VYV copry Big Smille pexoMeHayeThCS BUPOITYBAaTH TiAPOTIOHHAM METO-
JIOM, TIpH SIKOMY BHCOTa pOCIMHU Ha 4 cM OuiblIa, HDK TPH TPYHTOBOMY
BHPOITYBaHHI.

Copr Fabio mae HaiibiTbIITy BUCOTY KBITKH CepeJl yCiX MPeACTaBIeHUX B
nociifi coptiB — 5,7 M. Ipu BUTOHII B IpyHTOBOMY CEpEIOBHIII 3MEHIITY€THCS
TEepMiH Ofiep)KaHHS MPOAYKIIi Ha 4 mHI. A OT 3a TiIPOIIOHHOTO BHPOITYBaHHS
BHCOTA KBITKH Ha 2 CM BUIIA HIXK ITPH IPYHTOBOMY BHUPOIIYBaHHI.

Copt Queensland Biapi3HAETHCS HAUOITBIIOIO KITBKICTIO TUCTS — 4,6 IIT.
[Ipu rpyHTOBOMY BHpPOIIYBaHHI TepMiH Ha 4 OOM MEHIINH, HIXK TIPH BUTOHII
Ha TiaponoHimi. OgHaK BHCOTA KBITKK OLNbIIA HA 3 CAHTHUMETPHU Ha T1APOIO-
HiIll, HI’)K TIPY TPYHTOBOMY BHPOII[yBaHHI.

Copr Belleville — yniBepcanpuuii. Mae 0gHaKOBY BHCOTY POCIHHH SIK
MIpH TPYHTOBOMY BHPOIIYBaHHI, TaK i Py TiAponoHHOMY — 39,5 cM, B TOH ke
Yac TOBIIMHA cTebIa PY BUPOIIYBaHHI ITPH BUTOHII B IPyHTI Oibina Ha 0,2 cm.
I'imporoHHa TEXHOJOTIs BUTOHKH JI03BOJISIE HA 3 JHI paHille OTPUMaTH TOTOBY
MIPOYKITIFO.
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PRODUCTIVITY OF TULIP WHEN GROWN IN A SOIL
ENVIRONMENT AND HYDROPONIC SYSTEMS
OF PERIODIC FLOOD & DRAIN

Kovalov M.M. — PhD of Agriculture, Senior Lecturer at the Department of Geoponics,
Savchenko K.M. — student of higher education,
Yankovska Ya.lI. — student of higher education,
Central Ukrainian National Technical University,
Nicolaskov80@gmail.com

The article experimentally investigated and justified the peculiarities of tulip
growth and development in the soil environment and the hydroponic system of periodic
flooding in the conditions of the 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 until March 8, but also before the New
Year and May 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. A comparison of the soil
method of growing tulips with the hydroponic method using the five-degree technology
showed the positive and negative aspects of each of them. During the statistical
processing of the research results, a reliable influence of the genotype of the tulip
variety, extraction technology, interaction of factors on the variability of plant height
was established. Varieties grown using hydroponics have a higher height than those
grown using the soil method.

Varieties grown using the Flood & Drain hydroponic method are taller. When
distilled in a soil environment, you can get plants with a strong stem and a large-sized
flower.

Varieties: Matchmaker and Big Smille, it is recommended to grow hydroponically,
and Queensland and Fabio — soil. The Belleville variety is universal.

Key words: tulip, distillation, five-degree technology, Flood & Drain hydroponic
technology, flower height, budding, dispersion analysis.
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The development of cell and molecular biology is accelerating along with the de-
velopment of technology. Microvesicles are one of the focal points of ongoing research
in this area.

Extracellular vesicles (exosomes, microvesicles) are recently discovered partic-
ipants in intercellular communication, whose role has been proven in many physiolog-
ical and pathological conditions. These 100—-1000 nm membrane-surrounded particles
originating from a wide variety of cells play a role in communication between cells, in
the shrinkage of certain tumors, in the formation of metastases, in the formation of blood
vessels, and also play a primary role in the regeneration of tissues.

Exosomes were discovered nearly fifty years ago. Today, thanks to their versatile
use, they have become important elements of everyday science. Their main function is
to contribute to genetic variability. This happens primarily in the way that they are able
to transfer genetic material between different species and even between plants and ani-
mals. Experiments on the practical use of exosomes in tumor therapy, the treatment of
autoimmune diseases, or the cure of infectious diseases are still ongoing.

A large amount of microvesicles circulate in body fluids, which play an important
role in intercellular communication and in the detoxification and regeneration processes
of cells. Scientists are actively researching the role that exosomes may play in signaling
between cells; it is assumed that exosomes, being able to unite with distant cells and
empty their contents into them, are thus able to influence the processes taking place in
distant cells. Clarifying the exact role of exosomes may open many new possibilities in
the future, from their use as biomarkers to their use as therapeutic targets.

This study summarizes the most basic knowledge on the biological significance
of exosomes and microparticles.

Key words: exosomes, microvesicles, an autoimmune disease, biomarkers, cel-
lular and molecular biology.

Introduction. Research into exosomes goes back more than thirty years.
In their article [1], Théry et al briefly describe the historical background of exo-
somes research. The beginning is dated to 1981, when Tramsa et al.’s article on
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this topic was published [2]. Although the term exosome has been used before,
for example by Mishra and Tatum in 1973 [3], the 1981 definition refers to
microvesicles produced by cells of a cancer cell line and exhibiting 5’-nucle-
otidase activity. In 1987, Johnstone already uses the term for small membrane
vesicles that are produced and secreted into the intercellular space by eukaryotic
cells (reticulocyte culture) [4]. They arise from multivesicular endosomes, and
then merge with the plasma membrane and reach the extracellular space. This
development from the inside out is called “inward/reverse budding” by Yang
and tsai [5]. In 1989, Peters and Mayer demonstrated the fusion of late endo-
somes and the cell membrane in cytotoxic T cells [6]. In 1996, it was possible to
trace the formation of multivesicular endosomes in B cells transformed by the
Epstein-Barr virus, and then a more thorough study of exosomes began. Thanks
to this, the results were soon confirmed for dendritic cells as well.

Material and method. The purpose of my present work is to present
the biological significance of exosomes and microparticles. Since a significant
amount of material has been collected during more than 30 years of research,
I have chosen the review and processing of the literature as my method. In the
introduction, I presented a brief history of the research so far, and in the follow-
ing, I will review the nomenclature, biogenesis and composition of microvesi-
cles. Next, I will summarize the knowledge gathered so far about the functions
of exosomes, and then I will describe in more detail the results of the more
frequent areas of research (oncology, circulatory diseases, neurodegenerative
diseases, kidney diseases); finally, the relationship between common infections
and exosomes. I will summarize the latest results and test methods, and then the
future prospects; and in the summary [ summarize the biological significance of
exosomes and microparticles.

Literature results. The names of the particles are not yet completely uni-
form in the literature. The following division is based on Beyer and Pisetsky’s
2009 classification (taken from: Gy. Nagy and tsai’s presentation-10.28.2010)
[7] sizes (Table 1):

Table 1. Classification of microvesicles based on diameter size
(adapted from Nagy et al. [7])

Name Measurement range (diameter)
exosome 10-100 sqm
ectosome / microparticle 100-1000 sq m
apoptotic body 10004000 sq m

Knowing the above division, in cases where it is not specifically one
group or another, but microvesicles in general, I will use the names exosomes
and summary microvesicles in the following.
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Another possibility for categorization is the morphological classification
based on electron microscopy, which Yang and Tsai use in their article [5]. They
differentiate:

— cup-shaped and

—saucer-shaped exosomes.

Schorey et al. [8] categorize exosomes based on the mother cell rather than
the mechanism of production; for hemopoietic and non-hemopoietic origins.

Edit Buzas also deals with measurement and detection issues in her lec-
ture [9] and proposes the use of differential detergent lysis for the separation of
impurities caused by protein complexes.

Now let’s briefly review the biogenesis of exosomes! All eukaryotic cells
produce similar microvesicles [10]. Their formation usually takes place during cell
activation, although they are also continuously produced in certain cells (epithelial
cells, immature dendritic cells). They can originate in two ways [10] (Fig. 1).

Those between 30-100 nm (exosomes) are multivesicular bodies
branching from the endosome-lysosome pathway (Fig. 2) and leave the cell
by exocytosis (this pathway was first described by Pan and Johnstone in
reticulocytes in 1983).

Those between 100-1000 nm (microparticles/ectosomes) are created
by reverse splicing as a result of an activation signal or an increase in the
intracellular Ca ** concentration.

Although there are still areas to be described in the exploration of
biogenesis, primarily the mechanisms of the selection of substances entering
the vesicles.

In contrast to generation, the description of the composition and functions
of exosomes is quite detailed (see the ExoCarta topic later). Exosomes also
carry proteins, lipids and nucleic acids (Fig. 3).
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Fig. 1. The two ways of the formation of exosomes (Sources: a) van Niel et al,
b) Pap and tsai [10])
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Fig. 2. TEM image of multivesicular bodies (indicated by arrows) from a kidney
(Prepared by: Leileata Russo) (Source: Noerholm [25])
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Fig. 3. Structure and functional components of microvesicles (Source: Hugel et al.)

Proteins include:

—cytoskeletal and adhesion proteins (annexin, CD9, CDI11, CDI18,
lactadherin),

—apoptotic proteins (thioredoxin peroxidase 11, galectin),

— heat shock proteins (Hsp60, Hsp90),

— antigen-presenting proteins (MHC I, MHC II),

—enzymes (peroxidases, kinases, enolases).

It is important to note that, despite their endogenous origin, we typically
do not find ergastoplasmic, mitochondrial, or nuclear proteins among them. Atay
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and tsai in 2011 already approx. 300 exosomal proteins have been described that
play arole in regulating the microenvironment of the donor cell [11]. And Wang
and Tsai report a total of more than 1,000 such proteins in their article [12].

Lipids, the most important components are phosphatidylcholine,
phosphatidylserine and sphingomyelin. The important role of exosomal
sphingolipids in the development of Alzheimer’s disease was described this
year by Yuyama and tsai [13].

Among nucleic acids, mRNA and microsomal RNA (miRNA) occur.
These are collectively called exosomally delivered RNA (esRNA). miRNA is
a non-coding RNA with a length of 19-24 nucleotides that 3’binds to the end
of the mRNA in the target cell and inhibits the synthesis of proteins (so-called
post-transcriptional silence). This inhibitory effect affects about 30 % of the
protein-coding genes of human cells [14]. Tumor markers, viruses, and even
M. tuberculosis and T. gondii can be detected in the exosomes produced by
pathologically changed cells, depending on the nature of the change [8].
Exosomes thus play a role both in the cell-to-cell spread of infections (HIV) and
in the immune response.

As a result of their complex composition, many functions of exosomes
have been described, and the number of known functions is currently growing.
I describe them based on the classification of Buzas [9] and He and Hannon [14]:

Alternative protein secretion pathway

Since exosomes can be considered secret packages that contain substances
covered with a lipid layer, including proteins, they represent a different pathway
for protein secretion than traditional pathways. This pathway is also suitable for
removing dangerous molecules from the cell [9].

Intercellular communication

This area is of increased interest [ 1], because this intercellular communication
mechanism is significantly different from the traditional ones (when the cell
produces a protein that binds to the receptor of the neighboring cell and transmits
the information, or the transmembrane channels — gap junction — pass through
the information). The traditional substances of chemical message transmission
(neurotransmitters, hormones, etc.) enter the intercellular space on their own, while
microvesicles contain the substances in a “packaged” form [10]. This protects the
transmitters from intercellular degradation and “extends” the spatial functions of the
producing cell. Matko classifies the intercellular information flow as follows [15]:

direct cell-cell contacts:

—immunological synapse (15—40 nm intercellular gap),

—nanotube communication (50—100 micron intercellular distance),

indirect intercellular communication:

— cytokine network (auto- or paracrine regulation via receptors),

—microvesicles, microparicles, exosomes.
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In contrast to the traditional 1 receptor-1 signal molecule mechanism,
microvesicles are also capable of targeting molecular combinations (proteins,
nucleic acids, lipids) through their internal molecular content and materials
integrated into their membrane, triggering complex stimuli and the simultaneous
initiation of stimulatory or inhibitory cascades. Therefore, microvesicles have a
pleiotropic effect, i.e. vesicles from a given cell can interact with several cells,
i.e. common pathways for different functions [10].

Antigen presentation (and the related biodiagnostic marker role [9].

Raposo et al. started researching the topic in 1996 [16]. It was then
described that the antigen-presenting cells (they examined B-lymphoblasts, but
macrophages also have this ability) are rich in MHC-II type proteins, so-called
they contain a late endocytotic compartment and also secrete MHC-II proteins.
It was shown that the secreted MHC-II is packaged in exosomes and is excreted
from the cell, and that exosomes can also play a role in antigen presentation in
vivo. Their research continued in two directions. On the one hand, we managed
to learn a lot about the role of exosomes in tumor immunity, and on the other
hand, about their immunosuppressive effect. The two phenomena are partly
related to each other, because some tumor cells secrete exosomal substances that
weaken the immune system by inducing the inhibition or apoptosis of T-cells
(helper and killer) or myeloid suppression. The relationship between tumors and
exosomes is the broadest front of exosome research, so I will cover this topic
separately after explaining the functions.

Exosomes also play a role in the pathogenesis of autoimmune diseases
(e.g. theumatoid arthritis). This effect is partly the result of complement
components and activator molecules detectable on the surface of their membrane,
and partly the result of citrullinated and nuclear proteins detectable in exosomes.
The relationship between exosomes and autoimmune diseases was summarized
by Maria Szente-Pasztoi in her doctoral dissertation in 2009 [17].

Exosome research in pregnancy is also of an immunological nature [18],
and the Institute of Genetics, Cell and Immunobiology of the Semmelweis
University also conducts studies in this direction [10]. The essence of these
researches is that, although the fetus is a foreign substance in the mother’s body
from the point of view of maternal immunity, it does not trigger a rejection
reaction. Exosomes also play a role in communication between mother and fetus
[18]. Exosomes can be found in the serum of all pregnant women from the 28th to
the 30th day of pregnancy. week, but in those pregnancies that end in premature
birth, their activity is less pronounced, which proves that immunological factors
also play a role in premature birth.

Lasser et al also investigated breast milk exosomes and determined their role
in the development of the newborn’s immune system [ 19]. Exosomes from saliva,
blood and breast milk were first detected and proved to contain mRNA. It was
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proven that esSRNA remains functional even after being taken up by macrophages.
The uptake of breast milk exosomes is also possible under the acidic conditions of
the alimentary canal [20]. Thus, esRNA of maternal origin may play a role in the
development of the infant’s immune system. Redman and tsai (2011) suggested
that changes in not only the number but also the size of exosomes may play an
important role in the development of preeclampsia of pregnancy [21], through
their proinflammatory, antiangiogenic and procoagulant effects.

RNA transfer (new cell properties).

Many substances are transported in exosomes. So are nucleic acids.
Nucleic acids (mMRNA and miRNA) of exosomes are functional even after
entering the target cell (appearance of new proteins). Because of their importance,
the two exosomal RNAs were named exosomal shuttle RNA (esRNA) by Valadi
et al [22]. It appears, for example, that RNA transfer may also play a role in
chemotherapy resistance of tumors.

Transfer of infectious agents between cells [22].

Ever since Beatty et al. described and investigated the bacilli Calmette-
Guérin hiding in apparently healthy cells, the exosomal connection of the hiding
ability of infectious agents has been brought to light [23]. During immuno- and
fluorescence examination of living cells, the authors found Mycobacterium
components associated with the organelles of apparently healthy cells.
According to this, Mycobacterium are able to hide from the immune system by
merging with the lysosomal compartment of macrophages and thus presenting
themselves to the immune system as their own. Complementing this with the
known immunomodulatory effect of the bacterial cell wall, it becomes clear
how Mycobacterium can spread from the focus of infection with the help of
exosomes and infect the surrounding cells unnoticed. Later, other “hiding” ones
were also detected (e.g. the causes of slow virus type infections, such as prions
or HIV) (Fig. 4).

Fig. 4. Mechanism of HIV transfection via exosomes
(Source: Matké J. 2011.12.01)
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As a result of this line of research, the so-called “Trojan exosome”
hypothesis [24], which provides a new explanation for the spread of retroviruses.
Retroviruses from the receptor and the so-called He explains his infectivity
independent of the Env protein and his ability to “hide” from the otherwise
healthy immune system by the fact that retroviruses use the exosome biogenesis
and pathway already present in cells for both infection and hiding. The current
importance of the theory is given by its application in AIDS research [15] and
Figure 4: The HIV virus is ingested by the cells of the immune system and
reaches the surface of the (helper) T-cell as exosomes, and then fuses with its cell
membrane to enter the T-cell and destroy the helper cell. Oncogenic receptors
can also be transferred from one cell to another via similar pathways [9], which
can play a role in the formation and spread of tumors.

A more detailed description of some areas follows:

Tumors and exosomes

Mikkel Noerholm [25] lists the following known (marked with !) and
suspected (marked with ?) exosome functions in relation to tumors in his
November 2011 presentation (Fig. 5):

—endocrine signaling between adjacent tumor cells (?),

— autocrine signaling between distant tumor cells (?),

—stimulate tumor angioneogenesis and tumor stroma regenerative
processes(!),
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Fig. 5. Known and suspected exosomal functions related to tumors
(Source: Noerholm [25])
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—they affect anti-tumor immune processes (!),

—they play a role in the development of tumor cell chemoresistance (!).

Yang and Robbins (5) summarize the role of tumor cell-derived exosomes:

Antitumor effects

— Immunogenic effect — as a result of carried tumor antigens.

— Induction of tumor cell apoptosis — Bcl-2 and Bax genes trigger the
metabolic cascades that lead to tumor cell death.

— Neoplasmogenic role (Fig. 6).

Tumor cells produce exosomes, the composition of which is characteristic
of the cell that secretes them, and they play the following role in the progression
of the neoplasm [26]:

Immunosuppressive effect — inhibition of T cells, by influencing myeloid
cell differentiation and through their antigens;

Enhancement of tumor invasion and metastasis formation — with
angiogenic factors (tetraspanin);

Stroma-enhancing effect (on fibroblasts) — with metalloproteinases
antiapoptotic and oncogenic effect — with RNA and protein transport.

Development of chemoresistance.

Valadi and tsai [22] showed that RNA in exosomes remains functional
even after delivery. This may play a role in chemotherapy resistance of tumors.

Although the exact “result” of the processes has not yet been described,
it seems that the tumor stage and the patient’s immune status determine whether
the neoplasmogenic or the opposite processes dominate.

P

Fig. 6. Neoplasmogenic effects of tumor cell exosomes
(Source: Yang and Robbins [5])
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Regarding immunomodulation, Karlsson et al developed the so-called
tolerosome theory [27]. Tolerosomes are approx. Exosome-like vesicles with a
diameter of 40 nm, which carry MHC-II protein complexes. Intestinal epithelial
cells produce and secrete them into the intestinal lumen. After oral antigen
administration, they can also be detected in the plasma soon after. Based on their
structure, they are highly effective antigen presenters, so they play an important
role in tolerance to orally introduced antigens, i.e. in inhibiting intense immune
reactions against such antigens. Researchers assume that exosomes play a
similar role in the immunosuppressive effect of tumors.

Another mechanism of the anti-immune effect is the so-called Fas tumor-
counterattack theory from Andreola et al. [28]. The Fas (also known as FasL)
ligand is a type I transmembrane protein belonging to the tumor necrosis factor
(TNF) family. Its trimerized form acts most actively. By binding to its T-cell
receptor, it weakens the immune system through the apoptosis of the target cell
and helps the tumor to hide from the immune system and to progress. It reaches
the extracellular space in the form of an exosome. In particular, many active
aquired Fas ligands are expressed by certain types of tumors (e.g. melanoma,
breast cancer, colon cancer, esophageal cancer), as reported by O’Connell et al.
in their article [29]. It has also been shown that the degree of Fas expression
observed in ovarian, breast, liver and breast cancer as well as melanoma is
inversely proportional to a good prognosis (Fig. 7).

e *

Fig. 7. FasL expression in human melanoma cells detected by immunocytochemistry
(Source: Andreola et al [28])

In connection with the research results related to exosomes, new
directions for tumor therapy are being outlined. One direction is the idea of an
anti-cancer vaccine, which has already been raised by several research groups.
Results, considerations and issues related to this are described in Clayton and
Mason’s 2009 article [30]. Raposo and tsai [16] and then Zitvogel and tsai [31]
showed that exosomal markers from antigen-presenting cells, e.g. heat shock
protein number 70 (Hsp70) increases the migration and cytolytic activity of
natural killer T cells.
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The 2012 article by Hartmann et al also deals with the issue of tumor
vaccination [32]. One of the reasons for the low effectiveness of the traditional
vaccination method is that many non-cell surface antigens (exosomes) also play
an important role in the case of tumors, AIDS and other diseases. The adenovirus
vector transduction procedure proposed by the authors facilitates the presentation
of exosomal antigens. The experiment was carried out with tumor cells, but the
results seem to be applicable to viral and parasitic diseases, so research continues
in all directions: 7. gondii, M. bovis, S. pneumoniae [33], SARS and adenoviruses
[34] are also research areas, such as autoimmune arthritis and so-called late
hypersensitivity [35]. We can also be diagnostic and therapeutic helpers in many
other diseases (heart attack, arteriosclerosis). Their use in relation to infarction is
described in the article by Lai Ruenn Chai et al [36].

Another direction of research is aimed at the more specific use of existing
drugs with fewer side effects through the artificial production and modification
of microparticles (nanomedicine) [37], which, through its specificity, enhances
the effect of cytostatics (cytostatics “packaged” in exosomes can be delivered
to tumor cells in a targeted manner) and enables makes chemotherapy-resistant
cancer cells end their resistance. In this way, the dose of cytostatics (e.g.
cisplatin, doxorubicin, paclitaxel) can be reduced, thus reducing their systemic
toxicity. With the possibility of specific treatment, the basis of personalized
medicine (theranostics) was born. The essence of the trend is that it does not
use epidemiological data and statistics based on the examination of a large
number of patients, but rather examines the individual effect of the applicable
drugs in the given patient and selects the ideal therapy based on this. The use of
personalized medicine has already started in our country: on July 22, 2010, the
Hungarian Society of Personalized Medicine (www.mszmt.hu) was established.

After tumors, let’s move on to the topic of circulatory diseases [36].
Cardiovascular diseases are important targets for experimental stem cell
treatment. Although, in principle, the transplanted stem cells differentiate and
replace the damaged tissues. But they seem to reduce tissue damage and stimulate
regeneration through the secretions they produce. The authors investigate the
role of exosomes in the treatment of cardiovascular diseases (mainly myocardial
infarction). Mesenchymal stem cells secrete in two ways (paracrine secretion —
Fig. 8):

—traditional way: delivering soluble proteins to the extracellular space,
which exert their effect by binding to the receptors of the target cell;

—with exosomes: their “packaged” proteins and nucleic acids are much
more stable and protected; and they exert their effect not only on cell surface
receptors, but also by reaching the target cell. Due to their complex “inner
content”, they are also capable of complex effects. Parolini et al showed that
the exosome assembly activity and efficiency of cells depends on several
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Fig. 8. Paracrine mechanisms of mesenchymal stem cells
(http://www.futuremedicine.com/action/
showPopup?citid=citart1 &id=f1&doi=10.2217%2Frme.11.35 - status as of 02/09/2012)

microenvironmental conditions, including tissue pH value (20). The therapeutic
efficiency of stem cell secretions therefore correlates well with the fact already
described by Schrader in 1985 that ischemic heart cells are characterized by
acidic conditions (38). Exosomes are ideal candidates for therapeutic use. They
are mainly photogenic because, paradoxically, the artificial enhancement of
blood and oxygen supply to ischemic myocardial tissue leads to the exacerbation
of'ischemia-induced cell insults. Among exosomal proteins, the role of enzymes
is particularly important in this case, as they break down ischemic metabolic
products, thus correcting the cell-damaging cascade processes. The enthusiasm
caused by the positive results of the animal experiments was unfortunately
dampened by the fact that the stem cells often do not integrate into the heart
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muscle tissue or are not able to survive there. These problems can be solved
by subcellular exosomes, which are capable of exerting a complex local effect
without reactions occurring against the cells.

In addition to infarction, the role of exosomes in atherosclerosis, diabetes
or hypertension has been suggested. The white blood cell-endothelial adhesion
effect of microparticles is a key initial step in the development of atherosclerosis
[39]. An important new result is the 2011 discovery by Vickers et al. of the
relationship between the presence of HDL-miRNA complexes and familial
hypercholesterolemia [40].

The relationship between neurodegenerative diseases and exosomes
can be summarized as follows: I mentioned earlier that the role of exosomal
sphingolipids in the development of Alzheimer’s disease was described this
year by Yuyama and tsai [13]. Exosomes related to Alzheimer’s disease were
also investigated by Street and his research group [41]. They investigated
whether the cerebrospinal fluid also contains exosomes and, if so, the variability
of exosomal proteins related to individuals. With their method based on
ultracentrifugation, they managed to detect two characteristic exosome markers
(Flotillin-1 and TSG101), which was also confirmed by transmission electron
microscopy. Since the tests were carried out on a more concentrated sample than
the physiological one, the goal was to develop a method for analyzing samples
with a physiological concentration. Another goal is the development of detection
methods, because with the current ones it is not possible to extract exosomes
from biological fluids without contamination with non-exosomal proteins. One
of the hallmarks of Alzheimer’s disease is the extracellular accumulation of
tau protein. Its role is similarly neurodegradative as that of alpha-synuclein in
Parkinson’s disease or prions in Kreutzfeld-Jacobs disease. The presence and
accumulation of all three groups of substances indicates the presence and role of
exosomes in the development of neurodegenerative pathologies.

The relationship between kidney diseases and exosomes deserves attention
because the damage to the kidneys is often irreparable and the patient eventually
needs dialysis or a kidney transplant. Balkom et al. [42] investigated the exosomal
relationship between kidney physiology and diseases. They managed to show
that the absence or mutation of the Tamm-Horsfall protein (uromodulin), which
is also found in exosomes, can be the cause of kidney diseases. Unfortunately, the
diagnostic rapid test is still waiting to be developed, but encouraging initial steps
are reported in the differential diagnosis of kidney diseases (polycystic kidney,
Nieman-Pick disease, cystinosis, Gitelman and Bartter syndrome). Urinary-derived
exosomes can also be used to detect liver damage, as these are also associated with
secondary renal manifestations. They also play a role in diagnosing hypertension
and monitoring drug therapy, as well as comparing the effectiveness of drugs for
a given patient (personalized medicine).
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Finally, a few words about another topic: common upper respiratory
tract infections. Lasser and his research team, already mentioned in relation to
pregnancy [19], examined exosomes from nasal secretions in another experiment
[43]. They were the first to reveal the RNA content of the exosomes of this
secretion and its significance in the communication taking place in the nose, as
well as the role of esSRNA biomarker in upper respiratory diseases.

Based on the research so far, development continues at an ever-faster
pace, so in 2011 many new results were achieved. Let’s start with exosomal
RNA research! Kosaka and Ochiya summarized the knowledge gathered on
microRNA secretion [43]. MicroRNA is a biological fine-tuner, its deregulation
leads to diseases, including cancer. It can be found in the circulation of both
healthy and sick people, namely — since the circulation also contains RNase
enzyme — in microvesicles, apoptotic bodies or linked to nucleic acid-binding
proteins, this was demonstrated by Kwak et al. in 2011 (44). Because of
the intervention in gene regulation, it became the focus of research on the
development and diagnosis of cancer. In 1978, Stroun et al. described the in vitro
modifying effect of extracellular RNA on DNA synthesis, and the possibility of
this in vivo also arose [45]. The relationship between serum RNA, tumor mass
and therapeutic sensitivity was described by Wieczorek et al. in 1987 [46], and
Garzon et al. in 2010 that deregulation of miRNA leads to the development of
cancer and changes in normal tissues, thus the miRNA diagnostic came into
being, prognostic and therapeutic use in oncology [47]. The authors proved the
communication significance of secreted miRNA in the transfer of information
between cancer cells and with their microenvironment (Fig. 9).
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Fig. 9. The effect of miRNA secretion of healthy and pathological cells on the recipient cell
(Source: Kosaka and Ochiya [43])
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A new discovery (Lim and tsai, 2011) is that the intercellular transport of
miRNA can also take place via gap junctions [48]. The mechanism that selects
the miRNA entering the exosomes and binds it to proteins still needs to be
described and clarified, but there are many indications that the Ago2 protein
plays an important role in the process [49].

Hood et al (2011) describe that miRNA plays a role in melanoma’s ability
to break through the immune barrier of lymph nodes and metastasize to distant
organs through genetic modification of the target organ [50].

It has been known for nearly a decade that RNA transport takes place in
plants and nematodes as well, through transmembrane channels formed by SID-1
proteins; and also, that the membrane of human cells also contains proteins
similar to SID-1. From the report of Molnar et al. [S1], we can conclude that the
intercellular transport of RNA is characteristic of all multicellular organisms.

It was a real surprise, however, when Zhang and Tsai reported in 2011
that exogenous plant-derived miRNA was detected in animal tissues and serum
[52]. MIR168a from rice, which has a very strong regulatory effect, probably
entered the animal body through nutrition, since esRNA can withstand the
acidic pH of the alimentary canal, as Lasser et al. showed at about the same time
[19]. In addition, MIR168a has already been found in the serum of the healthy
Chinese population. In the examined sera, Zhang and tsai detected nearly 30
similar miRNAs. They also managed to prove that the materials of the exosomes
are taken up by the cells of the small intestine and passed on to the cells of the
body. Exogenous MIR168a inhibits hepatocyte LDL uptake, thereby increasing
serum LDL levels. The authors came to the conclusion that the exosomal RNAs
taken up with plant food — with their regulatory effects — are just as essential
nutrients as e.g. the vitamins. The article is the first report that there can be a
direct interaction between plant and human cells at the molecular level.

Gan and Gould research the process of development of retroviruses,
with particular reference to the HIV virus [53]. The relationship between viral
development and exosomes is being investigated. They found that neither the
HIV protease nor the lack of p6 glycosaminoglycan sequences characteristic
of the virus inhibits viral development, as previously assumed. However,
surprisingly, the virus’s own Gag-Pol protein has a developmental inhibitory
effect. The inhibitory signal for the development of HIV is therefore found in
the virus itself. Nabhan and tsai report [54] that some developing viruses take
advantage of the cell’s TSG101 protein and the endosomal sorting mechanism
(ESCRT) so that virus particles are transferred to exosomes instead of
physiological particles, thus spreading from cell to cell.

One of the latest immunological publications discusses the role of
exosomes in the development of atypical allergic rhinitis [55]. The pathological
role of CD8+ type T cells, which are activated by exosomes produced in mucosal
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cells and containing microbial substances indicative of previous infection, has
been confirmed.

In their article published this year, Choi and Tsai report on the protein
networks created by exosomes [56] and Figure 10. Exosomes have been shown
to possess a number of cluster-forming proteins that are similar to proteins in
other subcellular networks.

Extracellular vesicles Cell

Fig. 10. Network of exosomal proteins (left) and the cell covered by them (right)
(Source: choi et al. [56])

It was experimentally proven that the protein interactions in the cell have
an influence on the biogenesis of exosomes and the sorting of their proteins.

Of course, new discoveries are also due to new techniques. Let’s look at
some of them!

On April 7, 2011, Global Newswire reported on the new technology
developed by Caris Life Sciences [57]. The procedure is a so-called a blood-
based test that is based on the role of circulating microvesicles and is just as
effective in the diagnosis of colon, breast, lung and prostate cancer as other,
much more complicated procedures. The essence of the test is the “capture” of
circulating microvesicles with the help of specific antibodies, followed by the
analysis, examination, and classification of the captured vesicles (Fig. 11, 12)
[58]. The exact details of the technology are not known as they are under patent
protection.

The test fits perfectly into the toolset of Theranostics, a new trend that
uses nanodiagnostic and nanotherapeutic procedures primarily used in tumor
treatment [37].

The procedure allows for diagnostic, therapeutic and theranostic
conclusions based on the different miRNA profiles of microvesicle populations
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Fig. 12. The essence of the Carisome process
(Source: Caris Life Science [58])

detectable in the blood circulation. In this case, the researchers used the
biomarker function of exosomes.

The procedure is suitable for detecting certain cancers and some other
complex diseases. Its complexity is enhanced by the fact that it uses all three size
ranges of circulating microvesicles (exosomes — ectosomes — apoptotic bodies).

Almost two years before the appearance of the Carisome method,
NanoSight [59] reported on an instrument (Fig. 13) and a procedure that allows
for multifaceted analysis of nanoparticles (size, concentration, aggregation)
with one instrument.

The fast and direct procedure (Nanoparticle Tracking Analysis — NTA)
detects, measures and counts nanoparticles in a soluble state (Fig 14).
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Fig. 13. Nanosight’s instrument, the LM20, and its operation diagram
(Source: http://www.nanosight.com/technology/nanosights-technology —
2 02/09/2012 status)

Fig. 14. Video frame to illustrate NTA
(Source: http://www.nanosight.com/technology/nanosights-technology —
2 02/09/2012 status

The smallest detectable size is 10-20 nm, which can be detected even at a
concentration of 10 —10° particles/ml. The procedure is based on fluorescence,
which enables visual validation in a unique way: the movement of the particles,
reminiscent of Brownian motion, can be recorded on video and archived for
later use.

The advantage of the procedure is that it is cheap, fast, easy to use and
high-performance, the disadvantage is that it always requires a diluted sample
and, since it is a new procedure, the limits of its reliability range require further
testing. However, it is still used today for the additional validation of already
introduced measurement procedures, and the NTA can also be calibrated with
their help.
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A similar procedure, also based on Brownian motion, is Dynamic light
scattering (DLS) from Malvern [60]. With this, even particles smaller than 1 nm
can be detected. The procedure has already been calibrated and cooperates with
the ISO 13321 and 21 CFR Part 11 standards. The conventional 90° instrument
has been replaced by two types of Non Invasive Back Scatter: Zetasizer Nano S
and Nano ZS, which already operate at an angle of 173°.

Mikkel Noerholm, director responsible for European operations of
Exosome Diagnostics, also reported on his company’s latest research results
in the aforementioned November 2011 presentation [25]. Their technology
examines the RNA content of exosomes extracted from body fluids (they call
it exoRNA, but it is the same as the nucleic acid called esRNA by Valadi et
al.) [22]. The Exosome Biofluid Molecular Diagnostic Procedure developed
for this purpose is used to detect prostate cancer, glioblastoma multiforme and
malignant melanoma. The procedure was trademarked in 2008 by Harvard/
Massachusetts General Hospital.

Cataloging of the components of exosomes is currently underway, based
on published and unpublished results [61]. This catalog is ExoCarta (www.
exocarta.org). During the printing time of Mathivanan et al.’s article (61), so
much changed that 19.12.2011. Since version 3.2 is currently available and can
be downloaded, browsed and searched with more than fourteen thousand data.
The data are contained in five text files (Table 2):

Table 2. ExoCarta’s downloadable databases
(Source: http://exocarta.org/download - as of February 10, 2012)

ExoCarta Download - 3.2 (Release date: 19 December 2011)

Protein/mRNA data ExoCarta protein mRNA details 3.2.txt
miRNA data ExoCarta miRNA defails 3.2.txt

Lipid data ExoCarta lipid details 3.2.txt

Exosome study details ExoCarta experiment details 3.2.txt
Gene details ExoCarta gene details 3.2.txt

In addition to being a freely usable database, it also creates an opportunity
for a forum, through which researchers can jointly search for solutions to their
questions and share their results. The biological interaction database BioGRID
(can be used as a supplement to ExoCarta.

The challenges of the future

Research on exosomes is multidirectional. Biogenesis is being researched,
the components are being explored in more and more detail, and the role of
microvesicles is emerging in connection with more and more new diseases. In
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biogenesis, the mechanisms for the selection of substances entering the vesicles
still need to be clarified.

Based on the above results, one of the future possibilities of using
exosomes is vaccine production. With their application, it will be possible
to produce a vaccine that is cell-free, induces the immune system, and thus
prevents tumor cells from hiding from the defense system.

The future of secretory RNA research has three directions: on the one
hand, the complete typing of miRNA has begun, and on the other hand, the
detailed exploration of the secretion mechanism; and the third direction is the
description of the functions of secretory RNA and the examination of its precise
relationship with physiological and pathological conditions — goal: prevention,
diagnosis and treatment of diseases related to secretory RNA.

Micro- and nanovesicles that can be detected in the circulation play an
increasingly important role as disease markers, so more and more procedures
are being developed for their detection and measurement. These (electron
microscopy, flow cytometry, specific ligands or antibodies) were described
in his presentation by dr. Paul Harrison [62]. The procedures are currently
being refined and standardized, because they provide important diagnostic and
prognostic tools.

Summary. Exosomes were first described more than 30 years ago. The
biological role of these particles, produced in cells and then secreted, bounded
by a lipid membrane, seems to extend to almost all areas of the living world.
They have been described in plants, animals and humans. It has been shown
that different species and even biological countries (in taxonomy: regnum),
e.g. it is also possible to transfer exosomes between plants and animals. This
also increases the significant genetic variability created by mutations and
recombinations through the transfer of nucleic acids. The process is practically
an alternative path of evolution. It can also be seen as the “fast lane” that has
existed since the time of single-celled earth history, in addition to the traditionally
slow “evolution highway”. Just like on the evolutionary high street, positive
(resistance) and negative (apoptosis) changes can occur here as well. Changes
at the cellular level in higher organisms can result in disease or even healing.

Therefore, the importance of exosomes is increasing in several areas, e.g.
in cancer research, viral (e.g. HIV, HSV) or prion infections (Jacobs-Kreutzfeld)
or Alzheimer’s disease. These determine the main research directions, but of
course further investigations are also underway. The main practical research
areas are:

—isolation and characterization methods (detection, measurement,
analysis),

—normal physiological role of exosomes, communication between cells,

— infection processes (HIV, prions, Trypanosoma),
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—exosomal RNA (and tumors),

—use of exosomes as a therapeutic carrier (e.g. autoimmune vaccination).

In the three decades that have passed since their discovery, exosomes
have become an independent scientific subfield, whose practitioners are already
specializing and researching one area of expertise (detection, diagnostic use,
therapy). For years, multi-section conferences have been held to summarize
exosome research, and more and more research results reach the phase of
practical application.

BIOJNTIOTNYHE 3HAYEHHA EK30COM
| MIKPOYACTUHOK

Bomono I'eza Kanman, Ynisepcumem npuxnaonux Hayk Anowa Kooonani (Yeopwuna),
Bixmopin @panuy, Yoczopoocokuil Hayionanvhuil yHieepcumem (Yxpaina)

PazoM 3 pO3BUTKOM TEXHOJIOTIH NPHCKOPIOEThCS PO3BHTOK KIITHHHOI Ta
MOJIEKYISIPHOI Oioorii. MikKpOBE3HUKYIH € OAHUM i3 (POKYCIB MOTOYHUX JOCHTIHKEHB Y
i ramysi.

ITo3akmiTHHHI BE3UKYIH (€K30COMH, MIKPOBE3HKYJIH) € HEIIIOAABHO BIAKPUTHMH
yYaCHUKaMHU MDKKJIITHHHOT KOMYHIKaIliT, poJib IKHUX JI0Be/IeHa y 0ararbox (hizioaoriyHux
i maronoriyaux cranax. L{i oroueni memOpanoro yacTuaku po3mipom 100—1000 HM, 110
MTOXOAATH 13 IUPOKOTO CIIEKTPY KIITHH, BIIrPaloTh BXKIMBY POJIb Y CIUIKYBAaHHI MK
KIIITHHAMH, ¥ 3MCHIIICHHI TICBHUX ITyXJIMH, Y (OPMYyBaHHI METacTa3iB, y (GopMyBaHHI
KPOBOHOCHHUX CYIIMH, a TAKOX BiIrpalOTh OCHOBHY POJIb B pereHepartii TKaHuH.

Ex3ocomu Oynu BiAKpUTI Maibke m’staecsT pokiB Tomy. ChOromHi, 3aBIsKu
PI3HOOIYHOMY BHKOPHCTAHHIO, BOHHM CTalld BAXJIMBUMHU €JIIEMEHTAMHU TOBCSIKICHHOT
HayKu. IX OCHOBHA (yHKIIisl TIONATAaE B TOMY, 06 CIIPMSATH IeHETHYHil MiHIMBOCTI.
Lle BinOyBaeThcs Hacammepen 4epe3 Te, IO BOHM 3/aTHI IepeaaBaTd T'€HeTHYHHUH
Martepias MiXK pi3HIMHA BHIAMH 1 HABITh MK pOCIIMHAMH Ta TBapHHAMU. EXcIIepruMeHTH
3 TPAKTHYHOTO BHUKOPHCTAHHSI €K30COM B Tepamii MyXJIMH, JIIKyBaHHI ayTOIMyHHUX
3aXBOPIOBaHb a00 JIIKyBaHHI IHGEKIIHUX 3aXBOPIOBAHb BCE IIIE TPUBAIOTD.

VY piguHax opraHi3my HUPKYITIOE BEJINKA KITbKICTh MIKPOBE3HKYJ, SIK1 BiIIrPAtOTh
Ba)KJIMBY POJIb Y MDKKIIITHHHIN KOMYHIKallii Ta B IIpoliecax JeTOKCHKaIlii Ta pereHeparii
KITHH. BUeHi akTUBHO IOCHIPKYIOTH POJIb, SIKY MOXYTH BIJrpaBaTH €K30COMHU B
repeavyi CUTHAIIB MK KIIITHHAMY; TTepea0adacThes, M0 eK30COMH, OyIydr 3JaTHUMH
3’€HYBATUCS 3 BIANAJICHUMH KIITHHAMHU 1 BWJIMBAaTH B HUX CBill BMICT, THM CaMHM
3MaTHI BIUIMBATH HA IMPOIECH, MO BiIOYBAaIOTHCSA B HAJCKUX KIITHHAX. 3’SICYyBaHHS
TOYHOI POJIi €K30COM MOXKE BIIIKPUTH 0arato HOBUX MOMJIMBOCTEH Yy MallOyTHbOMY, Bijl
X BUKOPHUCTaHHS SIK O10MapKepiB 10 BUKOPUCTAHHS SIK TEPAIIEBTHYHHUX MillICHEH.

Jana crarTs miJCcyMOBY€ HalOCHOBHIIII JOCITIDKCHHS MIKPOBE3HMKYIT Ta IX
3HAYEHHS B KIITHHHIN 1 MOJIEKYISIpHii 6i0710Tii.

KitodoBi cioBa: eK30COMH, MIKPOBE3WKYJIH, ayTOIMyHHI 3aXBOPIOBAaHHS,
GiomMapkepH, KIIITHHHA Ta MOJICKYJISIPHOI 010J10Ti1.
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