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YV cmammi y3azansheno Hogimui dani wjo0o akmyanibHOCH Ma Cy4acHo2o cmaty 00CioxceHs (hepmeHnmayii Xapuosux Kpyn Maxkpo-
Miyemamu. YV ybomy HapamugHomy 02140i CUCMeMamu308ano pesyivmamu gepmenmayii 6060s8ux (coegi 606U, couesuys, K6acois),
3epHOBUX (puc, NUeHUYs, SUMIHD, 08ec, COP2o, KVKYPYO3a) ma ncesdo3epHosux (Kinoa), 30ilichenoi icmisHumu i JiKapcobKuMu 6uoami
makpomiyemis: Ganoderma lucidum, Grifola spp., Hericium spp., Lentinula edodes, Irpex lacteus, Pleurotus ostreatus. ITiokpecieno
DOb MAKpOMiyemig sk OIOMexHON02IMHO20 THCMPYMEHMA, wo 00360156 MOOUQIKY8amu Xapuosi Kpynu, nioguiuyeamu ix 6iodocnyn-
Hicmb ma 30azavyeamu ix Kopucrumu dioaxmunumu cnoaykamu. Ocobausa ysaea npudinena anaiizy 3Min y XimiuHomy ckaaoi gpepmen-
MOBAHUX NPOOYKIMIB, BKIIOUHO 3i 30LIbILEHHAM 8MICIIY AMIHOKUCIOM, DION02IUHO AKMUBHUX Nenmudie, hepmeHmie ma aHmMuoKCUOaHN-
Hux cnonyk. Obzogopero nomenyilini nepesazu pepmenmayii maxpomiyemamu 08 NOKPAUEHHS NONCUBHOI YIHHOCIIE MA CMAKOBUX
AKoCcmell Kpyn, a maxkoxc nos'a3ami 3 yum nomenyitini pusuxu. Okpemo po3enaHymo mexHonozii pepvenmayii 3 BUKOPUCTNAHHAM MAKPO-
Miyemie ma HageoeHo CMuciull aHaiz meepooQasroi ma nudunHoi pepmenmayii, ixnix nepesaz, 0OMedxiCeHb, YMO8 NPOBEOCHHs U nep-
CNeKMUBHUX [HHOBAYI 0715 NIOBUYEHHS. eeKMUBHOCHI] MA NPOMUCTOB0I MACUMADOBAHOCIE NPOYeCis.

Haeseoeni pesynomamu cgiouams npo nepcneKmusHicmy 3acnocy8ants MaKpomiyemis 011 cmeoperHs (OYHKYIOHATbHUX XAPYOBUX
NPOOYKMi6 i HyMpuyesmuKie, AKi 8i0n06I0ANbs NPUHYUNAM THHOBAYILIHOCTI, CIMAN020 PO3GUMKY Md CYYACHUX MPeHOi8 300p06020
xapuyeauua. Cmamms y3a2a1bHI0€ HOBIMHI OaHi 000 DIOMeEXHON0IYHO20 NOMEHYIATY MAKpOMiyemis i Mookce cry2ysamu SK meope-
TMUYHOIO MA MeMOOON0IUHOI0 OCHOBOK 01 NOOATLULUX eKCTIEPUMEHMATBHUX OOCTIONCeHb Ma NIOTPYHMAM O PO3POOIEHHS HOBUX
HANPAMIG IXHb020 NPAKMUYHO20 3ACMOCYBAHHA Y XAPYOGUX MEXHONOISX.

Kniouosi cnosa: pepmenmayis, 3eprosi kpynu, 60006i Kyiomypu, Makpomiyemu, OI0CUHMemMuyHa akmuHICb.

Bakhlukov Dmytro, Lytvynenko Yulia, Krupodorova Tetiana. Fermentation of Cereals and Legumes by Macromycetes:
State of the Art and Current Research Trends

The article summarizes the latest data on the relevance and current state of research on cereal fermentation by macromycetes.
This narrative review systematizes the results of fermentation of legumes (soybeans, lentils, beans), cereals (rice, wheat, barley, oats,
sorghum, maize), and pseudocereals (quinoa) carried out by edible and medicinal species of macromycetes: Ganoderma lucidum,
Grifola spp., Hericium spp., Lentinula edodes, Irpex lacteus, Pleurotus ostreatus. The role of macromycetes as a biotechnological
tool that enables the modification of cereals, enhances their bioavailability, and enriches them with beneficial bioactive compounds
is emphasized. Particular attention is paid to the analysis of changes in the chemical composition of fermented products, including
the increase in amino acids, bioactive peptides, enzymes, and antioxidant compounds. The potential advantages of cereal fermentation
by macromycetes for improving nutritional value and sensory properties, as well as the associated potential risks, are discussed.

Fermentation technologies using macromycetes are considered separately, with a concise analysis of solid-state and submerged
fermentation, their benefits, limitations, process conditions, and promising innovations for improving efficiency and industrial scalability.
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The presented results highlight the prospects of applying macromycetes for the development of functional foods and nutraceuticals that
align with the principles of innovation, sustainability, and modern healthy nutrition trends. The article generalizes the latest data
on the biotechnological potential of macromycetes and may serve both as a theoretical and methodological foundation for further
experimental research and as a basis for developing new directions of their practical application in food technologies.

Key words: fermentation, cereals, legumes, macromycetes, biosynthetic activity.

Bertyn. 30epexeHHs 300pOB’S Ta i IBUIIICHHS 3aXUCHUX
CHJI OpTaHi3My € OTHIMH 3 KJIFOYOBHX IPOOJIEM JIFOICTBA, L0
3IMINAIOTECS AKTYyIBHUMH 3aBKAu. [IpoTsrom ocraHHIX
TPBOX JECATHIITH CIIOCIO KUTTS Ta Xap4OBi 3BUYKH JTFONCH
KapIuHAIBHO 3MiHwMIHCs. [l 3MiHN Oynu 3yMOBJICHI Tpolie-
camu ypOaHizarii Ta TpaHC(POPMAIII€FO CITOKHBYNX HACTPOIB,
110 MIPU3BEJIO JJO MACOBOTO 3POCTAHHS BKMBAHHS CHHTECTHY-
HUX XapyOBHX MPOIYKTIB 1, SIK HACHITOK, 3pOCTAHHS MOIIHU-
PEHOCTI 3aXBOpIOBaHb, ITOB’SI3aHUX 31 CIHOCOOOM IKHTTSI.
ExoHoMiuHI, comiaibHI Ta €KOJIOTIYHI TIpodieMn B YKpaiHi
HETaTHBHO BIUINBAIOTH HA SIKICTh Ta CTPYKTYPY XapuyBaHHSL.
Oco0nmBO TOCTPO 111 IpOOIEMa TPOSIBISETHCS CHOTO/IHI,
BPaxOBYIOYH I[TOBHOMACINTA0HY BIMHY 3 TOCTIHHHIMHU CHT-
HaJlaMH TIOBITPSIHOI TPUBOTH, OOMOAPIyBaHHAMH Ta PaKeT-
HuMH 00cTpinamu. [lopsiy i3 M, CTpiMKe 3pOCTaHHS Yuca
JIIONEH, IO TOTPUMYIOTBCSI BEFAHCHKOTO CIIOCO0Y *KHUTTA [ 1],
Ta TIJBUIIEHHS O0I3HAHOCTI HACENCHHS MIONO 3J0POBOTO
Xap4dyBaHHS [2] OpIEHTYIOTH yBary CIIOXKHBadiB Ha (pyHKIIi-
OHaJIbHI MTPOYKTH XapuyBaHHS Ta HaIloi.

CyvacHi TeHIeHUii PO3BUTKY XapyoBOi ITPOMHCIIO-
BOCTI Ta HAyKOBI JOCII/KEHHS AEMOHCTPYIOTH 3HAUHHN
iHTEpeC 710 CTBOPEHHS IPOIYKTIB, sIKI BXOIATH Yy LIOJCH-
HUU paIlioH JIOIUHY Ta BIUTMBAIOTH Ha OlOXiIMiYHI peak-
uii # ¢izionoriuni ¢yHkuii opranismy [3]. ¥ 2024 poui
00CsST CBITOBOTO PHUHKY (PEPMEHTOBAHUX INPOAYKTIB CTa-
HoBuB 247,11 mupa non. CIIIA. 3a nporrHo3amu, BiH 3po-
cte 3 258,97 mupa non. CHIA y 2025 pomi g0 mpuOIu3HO
394,91 mupn noxn. CIIIA y 2034 porti, o BignoBigae cepe-
HeopiuHoMmy Temrry 3poctanHsi (CAGR) 4,80% y mepion
2025-2034 pokiB [4]. Y 3B’s13Ky 3 IINM OCTaHHIMH POKaMH
CIIOCTEpIraeThesl TeHICHIIIS 3pOCTAHHS JOCIHIIKEHb, CIIPs-
MOBaHMX Ha CTBOPEHHSI HOBUX MPOIYKTIB i3 BHCOKOIO Xap-
YOBOIO Ta OIOJOTIYHOIO IIHHICTIO, 3AATHHUX ITiBHUIYBaTH
(hYHKIIOHATIBHI PecypCcH OpraHi3My, HOTO Mparne3IaTHICTh,
SIKICTB YKHTTS Ta CTIHKICTH 0 (paKTOPiB 30BHINTHHOTO Cepe-
JIOBHUINA. XapaKTEPUCTHKN TaKUX IPOAYKTIB MOXYTb Bil-
pi3HSATHCS, @ HA3BH, IO 1X 3aCTOCOBYIOTH y Pi3HMX KpaiHax
((pyHKIIIOHANBHI MPOAYKTH Xap4yBaHHS, MMPOIXYKTH CIICITi-
JIBHOTO a00 JIIETUYHOTO MPU3HAYEHHS TOIIO), HE BIUIUBA-
I0Th Ha X 3HAYEHHS Ta POJIb.

OnHi€I0 3 MEPCIEKTUBHUX CTPATETi CTBOPEHHS TaKMX
MPOAYKTIB € (hepMeHTaliss 3a YyJacTI0 MIKpPOOPTaHI3MiB,
30KpeMa OaKTepisiMH, APLKIHKAMU Ta MIKPOMIIIETaMH, IO
JIeTalbHO y3arajlbHeHO B YHMCIEHHUX omsiaax [5; 6; 7; §;
9]. MakpomiuerH, 3aBIsSKH BUCOKOMY (pepMEHTATHBHOMY
MTOTEHITialy Ta 3JaTHOCTI CHHTE3yBaTH I[iHHI METa0OIiTH,
PO3IVISIIAIOTECS SIK TMIEPCHEKTUBHUN 00’ €KT Ul CTBOPEHHS
IHHOBAIIITHUX XapYOBUX MPOIYKTIB 13 ITi IBUIICHOO ITOKUB-
HOIO Ta (PYHKITIOHAIEHOKO IIHHICTIO 1 HyTpHIeBTHKIB [10].
Bonnouac Hapasi Opakye CHCTEMaTH30BaHUX JAHHUX MO0
mporeciB pepMeHTarii 3 iXx BUKOPUCTAHHSM, III0 00yMOB-
JIIO€ aKTYallbHICTh MPOBEACHOTO JOCTIHKCHHS Ta HEOOXiI-
HICTh y3araJbHECHHS CY9acHUX 3HAHb y i Tamysi.

TakuM YMHOM, METOI JIOCIIJUKEHHS € IIPOBEIICHHS
KOMITJIEKCHOTO aHaJi3y Cy4acHOTO CTaHy HAayKOBHX JOCIHi-
JUKEHBb 1 TEXHOJIOTIYHHUX pillleHb, TIOB’s3aHUX i3 (epMeH-
Tali€lo 3epHOO000BHUX XapyOBUX KPYII 332 YyYACTIO MAKpO-
MIIIETIB, @ TAaKOX OIliHKA TEPCHEKTUB BIPOBA/DKEHHS LIUX
MiAXOMIB y XapyoBy MPOMHUCIIOBICTh 3 ypaxyBaHHSIM Oe3-
MIEYHOCTI, €PEKTUBHOCTI Ta IHHOBALIHHOTO TIOTCHIIIATY.

MertopoJiorist Ta migxia Ao 300py i anaaisy indgop-
Mauniiinux xepen. IlpeacraBneHuil omisii € HapaTuB-
HUM 1 0a3yeThCs Ha SIKICHOMY aHalli3i KEepel 3 OIHKOO
X BiIMOBITHOCTI TEMATHIIl JOCTiKEHHS. [H)OopMamiiHui
MOIIYK 3MIMCHIOBABCS y MPOBIIHUX MIKHAPOTHHUX HAay-
komerpnyHuXx 6azax (Scopus, Web of Science, PubMed,
ScienceDirect, SpringerLink, MDPI) ta narenTHux pecyp-
cax (Espacenet, WIPO Patentscope) mpotsirom pisHUX
POKiB, i3 (hoKycoM Ha ocTaHHI 15 POKIB A OTPUMAHHS
aKTyaibHOI iH(opMarIii.

Jlo ananizy 3airyyanucs peleH30BaHi CTaTTi, MAaTEHTH
Ta HAYKOBI OIVIAIH, SIKI O€3110CEPETHBO CTOCYIOThCS 3aCTO-
CyBaHHS MaKpOMIIICTIB y TEXHOJOTisAX (pepMmeHTarii xap-
YOBHX IMPOAYKTIB a00 CTBOPECHHS (YHKIIOHAJIBHUX iHTpe-
JieHTiB. BHKOPUCTOBYBAINCS pEIeBaHTHI KIFOYOBI CIOBA,
30KpeMa: MaKkpoMileTd, TBepaodaszHa hepMeHTarlis, 3aHy-
peHa QepMeHTalis, XapuoBi MPOAYKTH, (PyHKIIOHAIBHI
iHTpenieHTH, (epPMEHTATUBHHUN ITOTEHINial, Oi0aKTHBHI
CIOJYKH, O€3MEUYHICTh XapYOBHX TPOIYKTIB, OMICS-TEXHO-
JIOTi1, TEHEeTHYHA iHXKCHEPIsl, aBTOMAaTH3a1lis 010IPOIIECiB.

Omsin  choKycoBaHMH Ha y3araJbHEHHI CydYacHUX
JAaHUX I0JI0 MpoIieciB GpepMeHTallil XapuoBHUX KpyIl. Xap-
4YOBi KpymH Kiacu(]iKOBaHO BiIIOBITHO O iXHBOTO MpH-
3HAYEHHS K KpYyIU a00 CHPOBUHY Ul iX BUPOOHMIITBA,
13 moiioM 3a 6oTaHIYHUMU Tpynamu: 0000Bi (coeBi 600w,
COYCBHIIS, KBACOJA), 3€pHOBI (pHIC, IMIICHHUI, SUMIHB,
OBEC, cOpro, KyKypya3a) Ta ICceBIo3epHOBi (KiHoa). Taka
kiacuikaris 3a0e3mevaye CHCTeMaTH3AaIlii0 JaHUX MO0 1X
(hepMeHTaIii MaKpOMilIEeTaMH.

IMomryk 1 Bimbip mKepern oOMEKEHO TeMaTHKor dep-
MEHTaMil Xap4oBUX KPYIl MAKPOMILIETAMU Ta HE OXOILIIOE
JOCIIDKCHHS, TPUCBSIYCHI (epMEHTAIlli 1HIMNX OpraHid-
HUX CyOCTpaTiB.

Pe3yabraTu Ta 00roBopeHHs. Y 1[bOMY pO3/iIi HOAHO
OIVISIJT CYYacHMX JIOCII/DKEHb Moo (epMeHTarii Xapuo-
BUX KpPyIl MakpOMilleTaMH Ta IXHBOTO BIUIMBY Ha (YHKIIi-
OHAaJIbHI BIIACTHBOCTI TPOAYKTiB. IlpemcramieHi pe3yib-
TaTH OXOILTIOIOTH OI0JOTiYHI OCOONMBOCTI MaKpOMIIIETIB,
TEXHOJIOTIYHI MiAX0omu 10 gepMeHTalii, pepMeHTaTHBHUI
MOTEHI[iaJl KOHKPETHHUX BHJIIB, @ TAKOXK KJIIOUOBI pOOIeMHU
Ta MEPCHEKTUBH PO3BUTKY L€l ramysi.

bionoziuni ocoonueocmi maxpomiyemie y Konmek-
cmi ghepmenmauyii. MaxpomineTn — I1i¢ BUII T'pUOH, IO
YTBOPIOIOTH MOMITHI Benmuki (>1 cm) 1uromoBi Tina (cmo-
pokapmu abo Kaprodopu), BUAUMI HEO30POEHHM OKOM.
L{i cTpyKTypH CKJIQAQIOTHCS 3 PO3TATYKEHUX CENTOBaHUX
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rip. TakCOHOMIYHO MaKpOMIIETH MEPEeBaKHO HAlEKaTh
mo mignaperBa Dikarya, 3okpema mo BimmgimiB Ascomycota
Ta Basidiomycota, pazom HamiuayioTs monan 30 000 BumiB
[11]. Hdesixi mpencTaBHUKHA HaJeKaTb IO TPYIH, paHimie
BimoMoi sk Zygomycota. 3HauHa YacTHHA MaKpOMIIIETiB
€ TIOTCHIIIHHUM JDKEpEeTIOM pi3HOMAHITHUX TIEPBHHHUX
Ta BTOPHHHUX 010JT0T19HO aKTUBHUX METa0OMITiB, BKIIFOYHO
3 TIONicaxapuIaMu, OiTKaMi, aMiHOKHCIOTaMH, KHPHUMHI
KUCJIOTaMH, JICKTUHIB, TEPIICHOIAaMH, ()eHOITEHUMH CIOJTY-
KaMH, HYKJICTHOBUMH KHCIIOTaMH, HYKJICO3UJAMH, MENTH-
nmamu, crepoinamu Tomo [ 12]. Li crromyku MO)kHA BUIUTATH
AK 13 MIIENifo, TaK i 3 TUIOJJOBHX T TPUOIB 200 i3 KyIbTY-
PaJBHOTO CEepeIOBHUIIA.

B ormsaai Csoni Cys (X. Sun) Ta cmiBasrt. [13] y3arais-
HEHO MaHi moo moHax 270 IpUpoAHUX CTIONYK, CHHTE30-
BaHWX IMPEICTaBHUKAMH |7 pOAMH MaKpOMIIIETIB Y Tepion
2017-2023 pp., i3 HaBeneHHSIM iXHIX CTPYKTyp, Oioiorid-
HOI aKTHBHOCTI Ta BiMTOBITHUX MOJEKYIIPHUX MEXaHI3MiB
nii. PisHOMaHITHI 010JOTIYHO aKTHBHI PEYOBHHHA MaKpOMi-
1eTiB 00YMOBIIOIOTh 3HAYHWNA TEPArleBTHYHHUNA TTOTEHITiaT
3 IMUPOKUM crekTpoM mii (3aramoM 130 pizHuX Gionorig-
HUX aKTHBHOCTEH), cepel] IKNX 0COOIHMBE 3HAYCHHS MArOTh
IMyHOMOJZYJIOBaJIbHA, ~ IPOTUIYXJIMHHA, AaHTHBIPYCHA,
aHTHOaKTepianbHa, aHTHOKCHIaHTHA, TEMaTONPOTEKTOPHA,
rinoxoJjecTepuHeMivHa Ta Timortikemiuna fmii. Le Biakpu-
Ba€ MIMPOKI MEPCIIEKTUBH IS MPAKTUYHOTO 3aCTOCYBAHHS
MaKpOMIIIETIB ¥ Cy4JacHii Oi0TeXHOJOTil, Xap4oBiii Ipo-
MHCIIOBOCTI, MEANIINHI, (hapMakoIIorii Ta GpyHTOTEepartii.

3pocraroui iHBECTHIi B XapuyoBy IPOMHCIOBICTH
i BUPOOHHWITBO TIPOAYKTIiB Ha OCHOBI TPHOIB CTHUMYIIIO-
I0TB IIOIHT 1 CHPHSIOTH PO3IIMPEHHIO pHHKY. [1apanensHo
3 IUM, i3 TiIBUIICHHSAM 00i3HAHOCTI CIIOKUBAYiB TIPO 370-
poBuii criocid KUTTH, aieTH, OaraTi Ha OiTKH, HAOYIH 3HAY-
HOI TTOITYJISIPHOCTI.

MaxpoMmineT#n XapaKTepU3YIOTBCS BHCOKHM (epMeH-
TaTHBHAM TOTCHIIaJIOM, IO 3YMOBIIOE iXHIO 3[aTHICTh
e(heKTUBHO PO3IICTUTIOBATH IUPOKUI CHEKTP TOIMEPHUX
cyOcTpariB Xap4oBOTO TOXOKCHHS. BOHM CHHTE3yIOTH
YHUCIICHHI TinpomiTiaHi ¢pepmentn [14], 30kpema aminasmy,
MIpOTeasH, MEeN0a3H, Ja3y Ta iHII OiokaTamizaTopH, sSKi
3a20e3MeuyroTh IePEeTBOPECHHS BYTJIEBOIIB, OLTTKIB, TIEITIOI03-
HUX Ta JIMiIHAX KOMIOHEHTIB Ha OLTBII TOCTYTHI i QyHK-
I[IOHAJBHO aKTHBHI (hopMu. 3aBOIKU IIHOMY (hepMeHTaIlis
32 yJacTIO MaKPOMIIIETiB TIOKPAIIy€ TIOKUBHY Ta CEHCOPHY
IIHHICTH XapYOBUX MPOIYKTiB.

Jlo criekTpy MeTaboIiTiB BTOPHHHOTO PSY, 10 MAroTh
3HAYHy XapyoBy Ta (papMakKoJOTiYHY IiHHICTH, HaJIe)KaTh
ToJTicaxapuan, TEPIICHOBI Ta (PEHONBHI CIIONYKH, CTEPO-
imHI mepwBaTH, ajmKaloind Ta iHII OlONOTIYHO AKTHBHI
MOJICKYITH, SIKi TPOSBISIOTh AHTHOKCHIAHTHI, IMyHOMO-
JTYJTIOBaJIbHI, TIPOTHU3aNalbHI i aHTUMIKPOOHI BIACTHBOCTI
[15]. ¥V mporeci hepmenTartii 11i MeTabOIITH MOXKYThH HaKO-
MTUIyBATUCS Y «XapdoBiif marpuili» abo mommdikysarn ii
XIMIYHUH CKITaj, MiIBUIIYIOUN (DYHKIIOHATBHI BIIACTHBO-
CTi TOTOBOTO TPOAYKTY. TakuM YMHOM, MaKpOMIIIETH PO3-
TISIAlOTRCS HE JIHIIE SK OiOKaTami3aTopH IIepeTBOPEHHS
NOKMBHUX PEUOBHH, a W K JDKEPENO CHONYK, 3AaTHHX
HaJaBaTH (EpPMEHTOBAHUM XapYOBHM IIPOLYKTaM JOAAT-
KOBIi PO TAKTHYHI Ta TEPANIEBTUYHI e(DEeKTH.

Texnonocii ghepmenmauii 3 6UKOPUCMAHHAM MAKPO-
Mmiyemig. Y CydyaCHUX TeXHOJIOTisIX (pepMmeHTamii 3 BHKO-
PHCTaHHSIM MAaKpOMILIETIB 3aCTOCOBYIOTH J[Ba OCHOBHI
MiAXOmu: TBepaodasHa Ta TIHOWHHA (EepMEHTAIlis, SKi
XapaKTepH3yIOThCS CHeNU(pIYHIMU YMOBAaMH NPOBEICHHS,
TEXHOJIOTIYHUMH OCOOJIMBOCTSIMU Ta BJIACHUMH IIepeBa-
ramu i ooMexxeHHsmu [15].

Teepnodaszua dhepmentamis (Solid State Fermentation,
SSF) 6a3yerbcst Ha BUpOLyBaHHI rpubiB Ha TBEPAMUX CyO-
cTparax i3 HU3bKMM BMICTOM BOJIOTH, IO IMITYIOTh NpH-
POZIHI YMOBH IXHBOT'O PO3BHUTKY. SIK CHpOBHMHA NEpPEBaKHO
BUKOPUCTOBYIOTh 3€pHOBI Ta arpolnpoOMHCIOBI BIJIXOAU —
37IAKOBi BUCIBKH, JTYIIITHHHS 0000BUX KYJIBTYp, THPCY, CTE-
Ona KyKypyA3W Ta IHIII JIITHOLGNIOJIO3HI Marepiaym, Mo
3a0e3reuye eKOHOMIUHY JIOLUIBHICTD 1 €KOJIOTIYHY MpUBa-
OnuBicTh mporecy. [lepeBaraMu bOro METO/Y € MPOCTOTA
TEXHOJIOTIYHOI CXeMH, BUCOKA KOHIICHTPALIisl ITbOBHX MTPO-
JIYKTiB 1 MiHIMaJbHI BUMOTH JIO0 CTEPHIBHOCTI. BogHouac
JI0 00OMEeXeHb HaJeXaTh CKJIAJHICTh KOHTPOJIO BOJIOTOCTI
Ta TeMIlepaTypH, HEpPiBHOMIPHICTh PO3BHUTKY MIIENii0, a
TaK0X 00MEKEHI MOXKIIMBOCTI MacIITa0yBaHHS IPOLICCY.

I'muOunna ¢epmentanis (Submerged Fermentation,
SmF)  nepenbauae  KynbTUBYBaHHS ~ MakKpOMILIETIB
Y PIIAKHX NOKUBHHUX CEPEIOBUINAX 13 TIOCTIHHOIO aepariiero
Ta INEepeMillyBaHHSAM, W0 3a0e3redye piBHOMIPHUI po3-
TMO/II TIOKUBHUX PEYOBMH Ta KOHTPOIb KIIIOYOBHX Mapa-
METpiB Imponecy — Temneparypu, pH, KoHumeHTpauii po3-
YMHEHOTO KHCHIO, a00 ITPOBOIUTHCS 332 CTAaTUYHHX YMOB.
Takuii miaxiz 103BOJISIE TOCSTaTH BUCOKOT IMTPOYKTHBHOCTI
Ta IHTEHCHBHOTO HAaKOMHWYEHHsS (epMeHTIB 1 010aKTUBHUX
METaboJIITIB, & TAKOXK CIIPOIILY€E BHIUICHHS HITBOBHX MPO-
JYKTIB 13 KyJIbTypanbHOI piguHu. Bognouac SmF motpe-
Oye CKIamHIMIOro oOJaJHAaHHS, CYBOpPOi CTEPHIBHOCTI
Ta BHUIIMX CHEPreTUYHHUX BUTPAT MOPIBHIHO 3 TBEpAOoQa3-
HOIO (pepMEHTALIIEFO.

[MopiBusinpuuii ananiz SSF 1 SmF nokasye, mo Buoip
METOJy 3aJIKUTh BiJ THIY MakKpoMilleTa, XapakTepy
LJIBOBOTO MPOTYKTY Ta EKOHOMIYHUX YMOB BUPOOHHUIITBA.

CyuacHi iHHOBauii y cdepl (epMeHTaLiHHUX TEXHO-
JIOTii, 30KpeMa 3acTOCyBaHHs OiopeakTopiB 31 criemiaii-
30BaHUMH MIlIaJIKaAMH, JaTYNKAMH Ta CHUCTEMaMH aBTO-
MaTHYHOT'O PETyNIOBAaHHS, a TaKoX IHTerpauis mudgpoBUX
TEXHOJIOTil MOHITOPHHTY, AO3BOJISIOTH ITiJIBHIIYBAaTH CTa-
OibHICTB NIpOLIECY, e(PEKTUBHO KepyBaTH 010CHHTETUYHOIO
AKTHBHICTIO TPHOIB Ta aJlaNnTyBaTH YMOBH KyJIbTHBYBaHHS
Jo poMucioBux macmradiB [11; 16; 17]. Lle BigkpuBae
MEPCIIEKTHBH CTBOPEHHS CTAHJIAPTH30BAHUX, BHCOKOIPO-
JYKTUBHUX Ta EKOHOMIYHO €()EKTUBHUX TEXHOJOTIH OTpH-
MaHHS Xap4OBHX IHIPEIi€HTIB 1 (PYHKIIOHAIBHUAX MPOIYK-
TiB 13 BUKOPHCTaHHSIM MaKpOMIIIETIB.

Buou maxpomiyemis i ix diomexnonoziunuii nomen-
uyian ona gepmenmayii 3epHoO0OOBUX XaAPUOBUX KDYN.
®depmMeHTalls 13 3aJyYCHHSIM MaKpOMIIETIB € KOHTpO-
JHOBAaHUM (DEPMEHTAaTUBHUM IIPOLECOM TpaHchopmarii
OpraHiuyHOI CHPOBHWHH, IIiJ] Yac SKOTO CKJIaJHI Ta BaXKO
NepeTpaBIIOBaHi CIIOIYKH II€PETBOPIOIOTHCS Ha XapyoBi
KOMIIOHCHTH 3 MiJBHIICHOK Oi00CTYIHICTIO, OHOYACHO
3MEHIIYIOYM BMICT aHTUHYTPI€HTIB. 3 Hi€l NpuYuHu dep-
MEHTOBaHI NMpPOOIOTHYHI CO€BI MPOMYKTH, Taki SIK Mico,
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TeMmIe, TaMapi abo HaTTO, MiCTATh HU3BKHH PIBEHb aHTHHY-
TpieHTIB. BiTkoBi pepMeHTOBaHI COEBI MPOMYKTH, 30KpeMa
TEMIIe, MicO Ta HaTTO, SIKi TPaIUIIIIHO Oy OCHOBOTO KyXHi
(deomampHOI SMOHIT, choTOAHI HAOYBAIOTH MIMPOKOI ITOITY-
JIIPHOCTI B IHIMIKAX KpaiHax.

Jlo TIepCHeKTHBHUX BHIIB MaKPOMIIIETIB, 3aTy9eHUX
1o depMenTartii 6000BUX KYIBTYp, HAJICKUTH [rpex lacteus
(Fr.) Fr. Lleit Bux mokasye 3HAYHUN TTOTEHITIAN Y TIEPETBO-
PEHHI TTAPOCTKIB COEBUX 000IB: BCTAHOBJICHO ITiIBUIICHHS
AHTHOKCHJAHTHOI aKTHBHOCTI y 2-8 pa3iB, 3pOoCTaHHA
BMICTY (D)EHONBHUX CIONYK y 4-5 pa3iB Ta (1aBOHOImIB
y 8-9 paszis [18]. Kpim Toro, 3adikcoBaHO 30iIbIIICHHS KOH-
LIEHTpAIli] BUTbHUX aMiHOKHCIIOT Ta 3-TIIIOKaHiB y (hepMeH-
TOBaHUX MapocTkax [19].

Cepen icTiBHEX 0a3WmiOMINIETIB BapTO BiA3HAYUTH
Pleurotus ostreatus (Jacq.) P. Kumm., edexTuBHICTH
SIKOTO TIPOIEMOHCTpPOBaHa y TBepAodasHiii ¢epMmeHTartii
coueBmIi. 3a manmmu AHnpea Acencio-Ipay (A. Asensio-
Grau) Ta cmiBaBT. [20], mpoBeneHa (epMeHTaIis ITiIBHU-
rye BMICT Oinka (Ha 23%), pe3sucTeHTHOTO KpOXMauTio (Ha
9,8%) 1 momienonis (i3 2,1 mo 3,2 Mr exBiBaJIEHTY Tayo-
Boi kucnotu/r). [licns mMonmenrfoBaHHS in vitro Oymo Takox
3a(ikcoBaHO 3pOCTAaHHS YaCTKH TIEpETPaBICHOTO OiKa Ha
17%, 3HMKEHHS Tigpomidy kpoxmamio (24% mpotu 34%)
Ta 30impmmenHs nomidenonis (i3 3,1 mo 7,73 mr/T).

Buxopucranus Pleurotus ostreatus TakoX y TIpoLe-
cax TBepmodaszHoi (epMeHTarii MmoKa3amso BHCOKY eQek-
THUBHICTh y TIOKPAI[CHHI Xap4oBOTO MPOQIII0 COYEBHUIL
Ta Oinmoi kiHOA. 30KpeMa, CIIOCTepiraiocs IiIBUIICHHS
3arajgbHOTO BMicTy Oinka Ha 20-25 % y OGimpmmocti 3pas-
KiB (32 BHHSATKOM COUYEBHYHOTO OOpOITHA), TPH IIHOMY
YacTKa PO3UMHHOTO OiNKa 3ajHInanacs BiIHOCHO CTaOUThb-
HOMO [21]. OgHOYACHO BiA3HAYANIOCS MTOCTYTIOBE 3HIDKCHHS
BMICTY (piTHHOBOT KUCIIOTH, IpHYIOMY IieH ehekT OyB OLIbIT
BHPaKCHUM y OOPOIIHI MOPIBHSIHO 3 HACIHHAM. ABTOKIIA-
BYBaHHS CyOCTpaTiB CIPHSJIO BHBITBHEHHIO MOTi(EeHO-
JIB 1 MIIBUIICHHIO aHTHOKCHIAHTHOI akTHBHOCTI (ABTS,
DPPH, FRAP), omnak y xofi ¢epMeHTaIlii 1Ii MOKa3HUKH
3HIKYBaHCsA. Taki pe3ynsraTé (popMyrOTh HayKOBE ITif-
TPYHTS AU CTBOPEHHS IHTPENi€HTIB Ha OCHOBI COYCBHII
Ta KiHOa 31 3HWKEHUM BMICTOM aHTHHYTPIEHTIB 1 TOJATKO-
BHUM 30aradeHHsIM O1TKOBOIO TPHOHOIO 010Macoro.

®depMeHTAIlisl KBacoNi 3BHYAHOI, KBacoli YOPHOI
Ta BiBca Minerniem Pleurotus ostreatus mpopeMoHCTpyBaia
CYTTEBE TIiIBUIICHHS iXHBOI XapdoBOi Ta Oi0NOTIYHOT IIiH-
HOCTi. 30KpeMa, aHTHOKCHIAHTHA aKTHUBHICTH 3pociia Ha
39,5% y xBacoui 3Bn4aiiHii Ta Ha 225% y BiBCi, a 3aranb-
HUH BMicT momideHomiB y 0600ax KBacomi 301LTBITHBCS
yTpudi. Takox 3adikcoBaHO 3HAYHUIN MPHPICT 3aCBOIOBA-
HOCTI OinkiB (3 39,99 no 48,13% y "opHiii kBacomi, 3 44,06
1m0 69,01% y kBacomi 3BmuaiHiil Ta 3 63,25 mo 70,01%
y BiBCi) 1 3HIKEHHS BMICTY AyOWIBHHX pedoBhH (3 65,21
no 22,07 mr y 4opHilt kBacoi, 3 35,54 no 23,37 Mr y xBa-
coJi 3BHUAitHii Ta 3 55,67 mo 28,11 mr y BiBci) [22].

INopsin i3 3a3Ha4YeHUMH BUJAMH, IEPCIICKTHBHHMH
y ¢epmenTarnii 6000BUX KyIBTYp BHABWINCS # iHII 0Oa3m-
nieBi rpubu. 30kpeMa, coeBi 600, PepMEHTOBaHI MilleTieEM
Ganoderma lucidum (Curtis) P. Karst., mictiumu i30¢ma-
BOHOBHH arllikOH 3 aHTHAHTIOTeHHOI0 aKTUBHICTIO [23].

B inmomy mocmimkerHi Oymo oTpuMaHo (epMeHTOBaHI
coeBi 000m 3a yuactio G. lucidum, Hericium erinaceus
(Bull.) Pers. Ta H. ramosum (Bull.) Letell., sxi xapaxre-
pr3yBajmics 30aradeHIM BMICTOM TOMi()eHONIB i BHpaxke-
HOIO aHTHOKCHIAHTHOIO Jiero [24]. Takok BCTaHOBJICHO,
mo wminenit G. lucidum 3abesmeuye mBHAIMN TEpedir
(epmenTarii mopiBasHO 3 H. erinaceus Ta H. ramosum.
3aranpHUN BMICT (DCHONBHUX CIIONYK y HedepMeHToBa-
HUX CO€BHX 000ax Ta y 0o00ax, (pepMeHTOBaHWX BiIIO-
Bimao minemem G. lucidum, H. erinaceus 1 H. ramosum,
cranoBuB 1,547 + 0,068; 2,304 + 0,035; 2,074 + 0,066 Ta
2,160 £ 0,014 wmr/r cyxoro mopomky. IlokasHukn paau-
Kan-iormiHabHOl  akTuBHOCTI (DPPH) mms thx camux
3pa3kiB  JopiBHIOBaiM  BimmoBimHo 1,847 + 0,073;
4,246 + 0,010; 2,246 + 0,061 i 2,367 + 0,173 MKMOIB TpO-
JIOKca/T cyxoro nmopomiky. KpiM Toro, cepen 28 mocimimpkeHnx
BUIiB 0a3u/TieBUX ITprOiB, HAWBUIINI PiBEHB TiqPOTi3y IIIIIe-
HUYHOI KITKOBHHU (63%) — SIK CKIaJHOTO cyOCTpary ams
Komxi (Koji, TpaaumiiiHOro MpomyKTy a3iaTChKoi KyXHi) —
Oymo 3adixcoBano y Flammulina velutipes (Curtis) P. Karst.
32 YMOB CTaTHYHOTO POCTY Y TIOBEPXHEBIN KyIbTypi [25].
Psn  nmocmimkeHs TpHCBSIUCHO (epMeHTamii prHcy,
30kpema pisHOBUAY Riceberry (Oryza sativa L.), nns min-
BUIIICHHS H0T0 XapdoBOi Ta PYHKIIOHAIBEHOI IHHOCTI [26;
27]. TlpopomryBaHHS Ta TOAajbina (hepMEHTAIis ITHOTO
pizHOBHIY puCy MinenieM Pleurotus ostreatus CUpPUSIOTH
3pOCTaHHIO BMICTy Y-amiHOMacistHOI kuciotd (GABA)
Ta (-IJIIOKaHy, a TaKOXK MOKPAIITyIOTh MPeOiOTHIHI BIACTH-
BOCTI IOPIBHIHO 3 HEMPOPOIICHUM 3epHOM. TaKi MPOITyKTH
PO3TIAAAIOTECS SIK MIEPCIICKTHBHI XapUuoBi IHTPEIIEHTH IS
MITPUMKH 30pOB’S TPAaBHOI CHCTEMH, 30KpeMa y Jonei
JITHBOTO BIKY.
JonatkoBo  BCTAQHOBIEGHO, [IO  IPOPOLIYBaHHS
Ta QepMmeHTaris pucy Mminenmiem P. ostreatus mimBumIy-
1ote BMmictT GABA, anrTomia”iB Ta IHIINX Ol0aKTHBHHX
CHONYK; TIPH [EOMY MaKcHMaslbHa KoHIeHTpamis GABA
(38,58 £ 0,29 mr/100 1) Oyma 3adikcoBaHa y IPOPOIICHOMY
puci, GepMEHTOBAaHOMY 1M BHIOM TpHOiB [27].
®depMeHTaIlisl PUCOBOTO OOPOITHA 3 BUKOPHUCTAHHSAM
minemirto Trametes versicolor (L.) Lloyd crumymroBana
YTBOPEHHS O10aKTHBHHX CIIONYK i3 BHPaKEHOI IMyHO-
MOJYITIOIOY0I0 aKTHBHICTIO: aKTHBAIIEI0 IMYHHHUX KITITHH
Ta TIJBAIMICHHAM CEKpeIlil mpo- ¥ MpoTH3analbHUX IUTO-
kimiB [28]. BomgHi Ta TBepai (pakiii Milemio iHAyKyBaIn
CHIIbHY CKCIIpecifo akTuBaliifHoro Mapkepa CD69 Ha mim-
(ommTax i MOHOITUTAX, TOMI K (PEPMEHTOBAHUI CyOCTpar
MaB TIOMIpHUH €(eKT, a BUXITHUHA CyOCTpaT 3ajHIIaBCs
HeakTUBHIM. O0nBi Ppakuii hepmMeHTOBaHOTO CyOCTpaTy
CIIPHSUT  JT0303aJIC)KHOMY 3POCTaHHIO IMPOAYKLIii Mpo-
ta npotm3anansaux (IL-2, IL-6, IL-1ra, IL-10), mpoTusipy-
canx (IFN-y, MIP-1a) muTokiHiB, a Takox G-CSF Ta IL-8§,
TOZI SIK MilleTiif BUKJIMKAB MEHIII BUPAKEHY BiIOBI/b.
Minenitt Hericium erinaceus, BUPOIICHUH Ha CyMiIIi
YEpBOHOTO Ta O1I0TO )KaCMHHOBOTO PHCY METOIOM TBEPIO-
(azHoi (epMmenTartii, MPOsSBUB aHTHOAKTEpialbHI BIACTH-
BOCTI 3aBISIKM HasIBHOCTI B MNOGiMpHINA (paKiii moxigHIX
JKHPHUX KHUCIIOT (30KpeMa HOHAHOBOI KHCJIOTH Ta CTHIIO-
BOTO edipy JIHOIEBOI KUCIOTH), aKTHBHUX TIPOTH Proteus
mirabilis (MIC = 250 mxr/mi) [29]. Bogrouac aHTHTIpOITi-
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(hepaTHBHA aKTHBHICTH 100 KMiTHH muiiky Matku (Hela)
Oyma Hu3pKot0 (IC50 > 100 Mkr/mim). OTpuMaHi pe3yasTaT
BKAa3ylOTh Ha MEPCIEKTHBHICTh BUKOPUCTAHHS (pEpPMEHTO-
BaHOTO prucy 3 H. erinaceus sk jkeperna MpUpOJHUX aHTH-
OaxTepiaTbHUX 1HTPEIIEHTIB.

Teepmodazna  ¢depMeHTamis  MIICHUI  MilETieEM
Grifola frondosa (Dicks.) Gray, G. gargal (Singer) Ta
G. sordulenta (Mont.) Singer 103BOJIsI€ OTPUMATH OOPOIITHO
3 ICTOTHO TIIiJIBUIIEHOI0 AHTHOKCHIAHTHOIO AKTUBHICTIO
[30]. Biorpancdopmariisi CympoOBOKYETHCS 3POCTAHHAM
BMICTy ()HOIBHUX CIIOIYK Ta 3HAYHUM TOCHICHHSAM PaIH-
KaJ-3HCIIKO/DKYBAIGHO 3MaTHOCTI ¥ BiHOBHOI aKTHB-
HOCTI TIOPIBHSHO 31 3BUYAafHUM MIIIEHUYHUM OOpOITHOM.
3o0kpema, y OOpOIIHI, OTPUMAaHOMY 3 BHKOPHCTAaHHIM
G. frondosa, BMiCT aHTHOKCHAAHTIB nocsaraB 193,67 mr/r
y TepepaxyHKy Ha eKBIBaJCHT acKOpOIHOBOI KHCIIOTH.
OTtpuMaHi J1aHi CBiITYaTh MPO IOIITBHICTH 3aCTOCYBaHHS
IIFOTO MIAXOMY AJISI BUPOOHHWIITBA XapUYOBUX NPOAYKTIB i3
MOKPAIIEHUMH (yHKIIOHATEHIMH BIACTHBOCTAMH.

Ioni6HO 10 3a3HAYEHNX BUAIB, Minlemii Schizophyllum
commune Fr., BUpOLIEHMH Ha BOCBMH BHJAX Xapyo-
BHX 3JIaKiB (COpro, KyKypynasa, sSUMiHb, MMIICHUIS, BiBeC,
JKacMHHOBHUH puc, puc Mun Poo ta Riceberry), Takox
JIEMOHCTpPY€E 3HAYHHUNA MMOTEHITiaN IS TiABHIICHHS (PyHK-
[IOHANBHOI IiHHOCTI TpoxykTiB [31]. HalBummii BMicT
tdhenompHEX cronyk (8,56 + 1,09 mr EI'K/r cyxoi pedo-
BUHU) OyB OTpMMaHW Ha TMIICHWI, a MaKCHMajbHa
nponykiis ¢uaBonoimis (577,35 + 29,93 mxr EIK/r
CyX0i PEYOBHMHH) — Ha SUMEHi, JI¢ TaKOX 3adikCOBaHO
HAWBUIly aHTHOKCHIAHTHY aKTHUBHICTH MertomoM FRAP
(IC,, = 2,14 + 0,23 mr cyxoi peuoBuHW/MI). bimbmricTs
36PHOBUX MICHIsI §8-ACHHOTO KyJIBTHBYBAHHS JEMOHCTpY-
Bana 3Ha4Hy aktusHicTh DPPH (IC = 3,83-5,80 mr cyxoi
pedoBHHM/MI), Tomi K HaiBumy ABTS-akTHBHICTH crio-
crepiramm y mmennni Ta Bisei (IC,) = 2,38-3,27 mr cyxoi
pEIOBHHM/MIT). AHTHOKCHIAHTHI BIACTHBOCTI KOpPEIIO-
BaJIN 3 HAKOMMUYCHHAM (DEHOIBHUX Ta (PIaBOHOIAHUX CIIO-
JyK, IO MiAKPECITIOE TIOTSHINAaI MITeITifo S. commune st
3aCTOCYBaHHS Y BUPOOHUIITBI 3€pHOBHUX MPOAYKTIB i3 M-
BUIIICHOIO O10JOTIYHOIO I[IHHICTIO Ta (QYHKITIOHATHLHIMH
BIIACTHBOCTSIMHU.

3Bakarodd Ha HABEICHI PE3yNbTaTH, CIif 3a3HAYUTH,
0 JaHWM HampsM po3BHBaBcsA emizogmuHo. [IpoTte 3a
OCTaHHI POKH CTBOPEHHS (PEPMEHTOBAHUX Xap4UOBHX IIPO-
IyKTiB MiMeJieM rpuOiB CTaN0 Cy4acHOIO Ta HaI3BHYAIHO
aKTyaJIbHOIO TEMOIO Ul CTapTamiB, 30kpeMa: Mycorena
(www.mycorena.com; I'erebopr, IlBemis, 2017), Millow
(www.millow.co; Tere6opr, [lIBemis, 2020), Bosque Foods
(panime Kinoko Labs, www.bosquefoods.com; Heio-Hopk,
CIIA, 2020), Sincarne (www.sincarne.com; CaHHiBeHT,
CIIIA, 2021) Ta MycoplantEnergy (www.project4990265.
tilda.ws, JKamkiB, Ykpaina, 2022).

V Ttabmmmi | y3araqbHEHO OCHOBHI IEpEeBard Ta MOX-
JUBI PU3UKHU 3aCTOCYBaHHS MaKpOMIIETIB y (epMeHTartil
XapUOBHUX KPYIT HA OCHOBI Cy9aCHUX HAyKOBUX JaHUX [32;
33; 34, 35; 36].

IepcnekTHBH PO3BUTKY Ta KJIKOYO0Bi mpodiemu pep-
MeHTaIii 3epHOBHUX i 0000BMX MakpoMineTamMu. Y IruHa-
MIYHO PO3BHHEHIH Taimy3i HyTpimionorii (yHKIiOHAIbHI
XapuoBi MPOXYKTH CPOPMYBAd BarOMHUN CETMEHT PHHKY
[37] Ta HaykoBUX HOCTiKEeHb. BUKOprCcTaHHS MaKkpoMmiIie-
TiB y pepmenTamii 3epHOBHX i 0000BUX KyIBTYp BiAKpHU-
Ba€ TMOTCHIIHHIA HAIPSIM PO3BUTKY Xap4OBOi Oi0TEXHOIO-
rii, ajpke (epMEHTOBaHI MPOAYKTH HE JHUIIE 30aradyioTh
pamioH, a ¥ CTalOTh MEBHOKO JIAHKOIO Ha NDIAXY Mpodi-
JAKTHKW 3aXBOPIOBAaHb Ta MiATPUMAaHHS 310poB’s. Ha Bin-
MiHY BiJ TpaAWIifHUX METOAIB 00OpOOKH, epMeHTallis 3a
Y9acTI0O MaKpOMIIIETiB MPU3BOAUTH HE TPOCTO IO TMOKpa-
IICHHS CMaKy YW TPUBAJIOCTI 30epiranus, a 10 Oioximid-
Hoi Tpanchopmarii xapuoBux kpyn. [lin miero dpepmenTin
TPUOHOTO TTOXOKCHHS CKIIAIHI MOTIMEPH KPOXMaltto, Oil-
KiB 1 KIIITKOBHHA PO3IICTUTIOIOTHCS Ha JIETKOAOCTYITHI CTIO-
JYKH, 10 3HAYHO IiIBUIIYE {XHIO 3aCBOIOBaHICTh. OIHO-
YaCHO YTBOPIOIOTHCSA Oi0aKTHBHI MeTabomiTH ([-TioKaHwH,
OpTaHiYHi KUCIIOTH, TMPUPOTHI aHTHOKCHIAHTH, BiTaMiHH
rpynH B Ta iHMIi CIIOMyKW) 3 TepaleBTHUIHUMHE BIIACTHBOC-
TSIMH, 30KpeMa IMYHOMOJIYTIOBAIGHOIO Ta MPOTH3ANallb-
HoTO miero [38].

IaTerparmis cydacHnX O10TEXHONOTIH 3 OMIicCs-1miaxo-
mamu (TEHOMiKa, TPaHCKPHUIITOMiKa, TPOTEOMiKa, MeTa-
00JIOMiKa) CTBOPIOE TEPEIYMOBH ISl PO3POOKH IITaMiB
3 MPOTHO30BAHMMH BIIACTHBOCTSIMH Ta ONTHUMI3arii ¢ep-

Tabmurs 1

IlepeBaru Ta noTeHUiiiHi pU3MKU BUKOPHUCTAHHA MaKpoMilleTiB y (pepMeHTALl XapuOBUX KPyH

IlepeBaru

HoTenuiiini puznku

[TixBumenHs xapuoBoi MIHHOCTI (3pOCTaHHS BMICTY OijKa,
BiTamiHiB, GABA, aHTHOKCH/IAHTIB).

MikpoOHa Ta XiMi4Ha KOHTaMiHAI[isl CHDOBHHH (Xap4OBHUX KPYII).

3HWKEHHSI BMICTY aHTUHYTpPi€HTIB ((iTaTiB, TaHiHIB, iHri0ITOPIB
mpoteas)

Y TBOpEeHHs TOKCHYHHUX MeTabomiTiB. ICHye pU3MK CHHTE3Y
HeOakaHNX a00 MOTEHIIIHO TOKCHYHHX CIONYK, SIKi HOTPeOyIOTh
KOHTPOJIIO O€3EeYHOCTI.

YTBOpeHH: 010aKTHBHUX METa0OITIB (MOMicaXxapumaiB, (GEHOIIB,
(epMEHTIB 3 IMyHOMOIY/TFOBAILHIMHU T4 aHTHOKCHIAHTHUMH
BJIACTHBOCTSIMN).

OpranonentiyHi 3MiHN. DepMeHTALlisT MOXKE 3MIHIOBATH
CMaK, 3amax, KoJjip, 10 He 3aBX/IH BiANOBIIa€ BIOJOOAHHM
CIIO)KHBAYIB.

[Mokparenns 30epiranus (GepMeHTOBaHI KPyu MalOTh
Kpalry MikpoOioJIOTi4Hy CTa0iIbHICTh 3aBASKY BUPOOHUIITBY
MIPOTUMIKPOOHNX METa0OIITiB).

HemnpasuibHa inenTudikaris. BukopucranHs HEBIpHOTO BUIY
rpuda yepe3 IMOMIIKOBY 11eHTH]IKAIIiI0, III0 MOXKE IIPU3BECTH 10
HeOa)KaHUX pe3ynbTaTiB GpepmenTanii abo yTBOPEHHsT TOKCHYHNX

CIIOJNYK.

EneproedexTuBHiCTb, OCKIIBKH HpoLiecH GepMeHTarii rpudamu
3a3BHYail BUMArarTh MEHIIIE CHEPrii Ta peCypciB MOPiBHIHO
3 TpaJULiIHHUMHU METOIaMH BUPOOHHIITBA XapUOBUX MPOAYKTIB.

Perynsropni 6ap’epu — O1IbIIICTh MAKPOMILIETIB SIK IHTPEIIEHTH
MOTPEOYIOTh Bi/IMOBITHOCTI HOPMaM XapuoBOi OC3IMEUHOCTI;
[IUTAHHS MapKyBaHHsI, I03BOJIIB, TOLIO.
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MeHTamiiHuX mporecis. L{i iHCTpyMeHTH CIIPUSAIOTH BCTa-
HOBJIICHHIO KJTFOYOBHX META0ONIYHHUX IUISAXiB, KEPYBAHHIO
CHHTE30M KOPHCHHX METaOOITIB 1 MiIBUIIEHHIO e(heKTHB-
HOCTI OGioTpancdopmartii cupoBuHH [9].

HesBaxkatounn Ha 3HAYHUIN TOTEHINan, (epMEeHTAIis
3epHOBHX 1 000OBHX i3 3acTOCYyBaHHSM MaKpPOMIIIETIB
CTUKAETHCS 3 HHU3KOIO CYTTEBUX BUKIWKIB. HalOimpmr
KPUTHYHUM € MacInTaOyBaHHS MPOIIECiB BiJ JabopaTop-
HUX 1 IMJIOTHAX YCTaHOBOK JI0 TIPOMHUCIIOBHX OiopeakTo-
piB. Lle BuMarae cTalinpHOCTI TapaMeTpiB GpepMeHTarii
(pH, temmeparypa, aepailis, BOJOTICTH), 30epe’KeHHS
MPOIYKTUBHOCTI Ta TEHETHYHOI CTaOULTHHOCTI IITaMiB,
a TakokX 3ale3neyeHHs HE3MIHHOI SKOCTI KIHIIEBOTO
npoaykty [36]. HomatkoBi 6ap’epu MOXYTh CTAaHOBHUTH
3HaYHI KamiTalbHI BUTpPATH Ta HEOOXITHICTH YIpOBa-
JDKCHHS JJOPOTOBAPTICHUX aBTOMATH30BAHUX CHUCTEM
KOHTPOJIO i afanTarito BUpOOHNYHX JiHIN 10 BiATIOBIA-
HUX Oiomporiecis.

Crin BpaxoByBaTH, IO PO3BUTOK Ta YCIIIITHE BIIPOBa-
JOKEHHSI O1OTIPOIECiB HOBOTO ITOKONIHHS Oe3MoCcepeHbo
3aNIeKUTH BiJl iHTErpalii KIacHIHuX (pepMeHTaIiifHIX TeX-
HOJIOTIH 13 Cy4yaCHHMH, 30KpeMa 3 CHCTEMaMH II(pPOBOTO
MOHITOPHHTY, IHTEJIEKTyaJbHHMH aJITOPUTMaMH Ta aBTO-
MAaTH30BaHHMH CHCTEMaMH KEpyBaHHs. 3arpoBaKCHHS
IHTETpaIlifHIX MEXaHI3MiB 3yMOBHUTH CYTTEBE ITiABUIIICHHS
e(eKTHUBHOCTI, IO CTaHe YHHHUKOM 3pPOCTAHHS iHBEC-
TUIIITHOT TIPUBAOIMBOCTI OIOTEXHONOTIYHUX PO3POOOK
1 CTUMYITFIOBaTHME TIPOIIECH iX MOMAIBIIIO] KOMEepITiai3alii.
Taxum 9uHOM, 30iNBIICHHS IHBECTHIIM € KaTalli3aTopoM
U po3poOKH Ta MacmTaOyBaHHS iHHOBAIliHHUX Oiompo-

IIeCiB, 1110, CBOEIO YEPror0, BiTKPHBAE MOKIHBOCTI IS
CTBOPEHHSI HOBHX CTapTalliB.

BucHoBKkH. AHami3 HAyKOBHX JJaHUX IIATBEPIKYE,
O MaKpPOMIIETH MAalOTh 3HAYHWHA Oi0TEeXHOJOTIYHUI
TTOTEHITial 3aBASKH 30aTHOCTI CHHTE3YBATH IITHUPOKHI
cniekTp OioakTHBHUX crionyk. [lompu Te, 1m0 3acTOCyBaHHSA
MaKpOMIIeTiB s (epMeHTallii XapuyoBHX KPYI Hapasi
3aJIMIIAETHCS HENOCTATHBO JOCHIUKCHNM, Iel HampsM
JEMOHCTPY€ BUCOKY NMEPCHEKTHBHICTh y CTBOPEHHI HOBUX
(DYHKIIOHATTFHUX XapYOBUX MPOAYKTIB, OPIEHTOBAaHUX Ha
TTOKPAIICHHS SKOCTI XapuyBaHHS, MIATPUMAHHS 3I0POB’S
Ta 3HIKCHHS PU3HKY PO3BHUTKY 3aXBOPIOBAHb.

Cepen [MOCTiDKCHWX BHIIB HAHOINBII BHBYCHUM
i mommupeHuM € Pleurotus ostreatus (IMBa 3BHYATHA).
HasBHi pe3ynpraTu 3aCBiIgyIOTh €(PeKTHBHICTh ()epMEHTA-
1ii pi3HUX BHIIB 3€PHOBUX i 000OBHUX KYIBTYD i3 3aTydeH-
HSIM MaKpOMIIIETIB, IO TO3BOJISIE CYTTEBO iIBUIINTH iXHIO
TTOKUBHY, 010JIOT1UHY Ta (QYHKI[IOHAIBHY IIHHICTb.

TexHOOTI1, 0 3a7Ty9Yar0Th MaKPOMIIIETH, BiTKPHBAIOTh
HOBI MOYKJIMBOCTI JUTSI PO3BUTKY Xap4yoBOI MMPOMICIOBOCTI
Ta HYTPULEBTUKH, JIO3BOJSAIOUM OTPUMYBATH IPOLYKTH
3 TIJBHIICHOI TOXUBHOIO, OIONOTIYHOIO Ta (YHKIT-
OHaJBHOIO IiHHICTIO. [lomampmmii PO3BUTOK IIHOTO
HaTIpsMY TIOB’SI3aHHH 3 IHTETPAaIi€l0 CydacHHX O10TEXHO-
JOTIYHUX pilleHb, aBTOMATH30BAHMX CHUCTEM KepyBaHHS
Ta OMICS-IMAXOMIB, IO 3a0€3IEYNTh MOKJIMBICTH MAcCII-
TaOyBaHHS BHpOOHMITBA. Lle BM3HAaYae MaKpOMIIETH SK
TIePCIICKTUBHAN 1HCTPYMEHT y (OpMyBaHHI iHHOBAIIHHIX
TEXHOJIOTiH Xap4oBOi MPOMHUCIIOBOCTI Ta HYTPHIIEBTHKH
MaiOyTHBOTO.
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YV ecmammi nasedeno pesyrvmamu docniodxcenns enaugy eepbiyudy Paynoan na nazpomadocenns biomacu ma ymeopenus
UOHI6 aMOHII0 KAIMuHamu azomogikcysanvhux oaxmepii Azotobacter chroococcum BKM B-1272 ma Azotobacter sp. A2. Yym-
nueicme daxmepitl 00 0ii 2epbiyudy 00CaI0AHCYBAIU OUCKO-OUDYIIUHUM MEMOOOM, BUKOPUCIOBYIOUU NANEPOBI OUCKU, NPOCOUEH]
PI3HUMU KOHYenmpayismu npenapamy. 3 memoro dociioxcenus enaugy Payndany na naepomadxcenna biomacu azomogixcy-
sanvHi baxkmepii gupowysanu 8 cepedosuwyi Ewioi ynpooosoc 2—3 0io6 3a memnepamypu 28 °C ma aepobuux ymos. Iepbiyuo
0odasanu 6 Konyenmpayiax 8 ma/n (pexomenoosana 0osa) ma 16 mn/r. Biomacy ma konyenmpayiio oHI8 AMOHII0 GUMIDIOSAU
GomoenexmpoxonopumempuyHum Memooom 3a 00sedxicuny xeuni 390 nm ma 640 wm 6ionosiono. Bemawnosneno, wo Paynoan 3a
PEKOMEHO08AHOT 00 BUKOPUCMAHHS MA 808IYI Guwill 0031 IH2I0Y8A8 picm ma ymeopeHHs UOHI8 AMOHII0 MIKPOOP2AHI3MAMU-0i-
azompogamu 3a 1a60pamopuux ymos. Buecenns y cepedoguuje KyrbmugyganHs dakmepiiu Payndany cnpuyununio 3HudiceHHs
HA2POMAONCeHH DioMacu 000Ma WMaMamu a3omoqikcysanrvhux obaxmepii y 1ozapudmiyniu ¢paszi pocmy. SHudicenns diomacu,
MOXCIUBO, 8i00YBAECMbCA BHACIOOK NPUCYMHOCTI 8 2epOiyudi, Kpim 0ilouoi peuosuHnuy, iHepmHux KOMNOHeHmMi8, KOHCEPB8AHMIE
Mowo, NPU3HAYeHUx 015 NIOGUWEeHHs e(heKmusHocmi npenapamy, cmadilbHOCmi, NOO0BHCEHHS MepMiny 30epicants moujo.
Ilonepedne kynomugysants azomo@ikcysanvHux 6akmepii y cepedosuwyi 3 Paynoanom y pexomen0osanii 003i podoums ix uym-
JueumMu 00 0ii 2epoiyudy i 3yMOBNIOE 3HUNCEHHS MIKPOOHOI OioMacu NOPIBHAHO 3 6UXIOHUMU KYTbmypamu. Bionosienns ammoc-
epro20 azomy 00 amiaxy 8LIbHONUCUBYUUMYU A30MOPIKCYBATbHUMU bakmepiamu pody Azotobacter npueniuyganocs eepoiyudom
3a1eXHCHO 8i0 11020 KOHYeHmpayii y cepedoguwi ma cencubinizayii mikpoopeanizmis. IlIpodemoncmposarno, ujo HeoOHopasoge
3acmocysanna Paynoany cencubinizye mikpoopeanismu 00 0ii eepbiyudy, ujo 3peutmoro He2amugHo NO3HAYAEMbCA He ulile
Ha Hazpomaoddcenni biomacu, are Ui Ha npoyeci diazompoii. Haconoweno na eaxciugocmi 003068a1020 ma 00IPYHMOBAHO20
3acmocysanhs 2eepoiyudie Ha 0CHo8I 2nighocamy 3a0ia YHUKHEHHS He2AMUBHO20 BNIAUBY HA MIKDOOP2ANIZMU TPYHNLY, o bepymb
yuacme y Kpy2oobiey Himpozemy.

Kniouosi cnosa: 2epoiyuou, enihocam, Paynoan, azomodghixcysanvhi mikpoopeanizmu, Azotobacter, diazompois.

Zvir Galyna, Rizun Hanna. Effect of the herbicide Roundup on nitrogen-fixing bacteria of the genus Azotobacter

The article presents the results of a study on the effect of the herbicide Roundup on biomass accumulation and ammonium ion
formation by nitrogen-fixing bacteria Azotobacter chroococcum VKM B-1272 and Azotobacter sp. A2. The sensitivity of the bacteria
to the herbicide was assessed by the disc diffusion method using paper discs impregnated with different concentrations
of the preparation. To investigate the effect of Roundup on biomass accumulation, nitrogen-fixing bacteria were cultivated in Ashby
medium for 2-3 days at 28 °C under aerobic conditions. The herbicide was added at concentrations of 8 mL/L (recommended
dose) and 16 mL/L. Biomass and ammonium ion concentrations were measured using a photoelectric colorimeter at wavelengths
of 390 nm and 640 nm, respectively. The results showed that Roundup, at both the recommended and double doses, inhibited
the growth and ammonium ion production by diazotrophic microorganisms under laboratory conditions. The addition of Roundup
to the cultivation medium reduced biomass accumulation by both strains of nitrogen-fixing bacteria during the logarithmic growth
phase. This reduction may be attributed not only to the active ingredient, but also to the presence of inert components, preservatives,
and other additives in the herbicide formulation, designed to enhance efficacy, stability, and shelf life. Preliminary cultivation
of nitrogen-fixing bacteria in medium containing Roundup at the recommended dose increased their sensitivity to the herbicide,
resulting in lower microbial biomass compared with the original cultures. The reduction of atmospheric nitrogen to ammonia by free-
living nitrogen-fixing bacteria of the genus Azotobacter was inhibited by the herbicide depending on its concentration in the medium
and the sensitisation of microorganisms. The findings demonstrated that repeated application of Roundup sensitizes microorganisms
to its action, ultimately exerting a negative impact not only on biomass accumulation but also on the process of diazotrophy. These
results emphasize the importance of the rational and controlled use of glyphosate-based herbicides to minimize adverse effects on
soil microorganisms involved in the nitrogen cycle.

Key words: herbicides, glyphosate, Roundup, nitrogen-fixing microorganisms, Azotobacter, diazotrophy.
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Beryn. Ilectunumm € epeKTHBHAM Ta EKOHOMIYHUM
crocoOoM TMIABUINEHHS SKOCTI Ta KITBKOCTI BpOXKAro.
Bonn 3a0e3medyoTh IpoJoBONEYY Oe3MeKy KpaiH B yMO-
BaX TMOCTIHHO 3pOCTar0d0i KiJIbKOCTI HACEJICHHS Ha HaIii
ToTaHeTi. 3a OomiHKamMu (axiBIliB, TPETHHY CLTECHKOTOCIIO-
JTAPCHKOi TPOYKIIii y CBiTI OTPUMYIOTH 3aBISKH 3aCTOCY-
BaHHIO 3ac00iB 3aXHCTy POCIHH. IX BHKOPHCTOBYIOTH ISt
PI3HUX BHIIB KYIBTYp 3 METOIO 3HHUIICHHS, BiIJISIKYBaHHSI
Ta KOHTPOJIIO YUCETBHOCTI MIKiTHUKIB (TPU3YyHIB, KOMax),
3HIDKCHHS 3a0yp’ sHeHOCTi TouiB. bes 3acTocyBaHH mecTu-
IIU/TiB BTPATH IUIOAIB, OBOUIB Ta 3€PHOBHX BiJl IITKiTHHKIB,
(iTomarorewis i Oyp stHiB csramm 6 Bix 30 % mo 100 % [1].
YV KBITHHKapCTBiI Ta JaHAMA(THOMY AW3alHI ITECTHIIUIN
BUKOPHCTOBYIOTH 3 METOIO KOHTPOJIO YHCENBHOCTI IIKif-
JMBHX KOMaX, 10 MOMIKOXKYIOTh KBITH 1 JIMCTSI, 3HUIICHHS
KITIIIB, SKi CTaHOBIATH 3arpo3y UIS POCIHH, 0COOIHUBO
B YMOBax TEIUINIb, a TaKOXK U MPO(DITaKTHKH Ta JiKy-
BaHHS TPHOKOBHX 3aXBOPIOBaHb, TaKMX K (PiToPTOpO3,
OopormrHuCTa poca, cipa it KopeHeBa THHIIb, TapIia TOIIO.
TepOimman 3aCTOCOBYIOTH TaKOX IS 3HUIIEHHS HebaxaHo1
POCTMHHOCTI Ha y30194sX, TPOTyapax Ta iHIIHX TePUTOPITX
HECUTCHKOTOCTIONAPCHKOTO MTPU3HAYCHHS.

Koxxna kpaiHa caMOCTIfHO BHW3HA4Yae IEpemiK Ipe-
mapariB, O3BOJICHUX IO 3aCTOCYBAaHHSA, a TAaKOX CITHCOK
XIMIYHUX pPEYOBHH, 3a00pOHEHUX s BUKOPHCTAHHS Ha
CLTBCHKOTOCTIONAPCHKUX  YTiamsax. JlepkaBHy peecTpa-
Iif0 TTIECTUIHUIB 1 arpoxiMikaTiB 3miiicHIoe MiHicTepcTBO
3aXUCTy MOBKULISA Ta MPHPOAHUX pecypciB YKpaiHw, 1o
peaitizye aep>kaBHY MOJITHKY Y cepi OXOPOHU HaBKOJIHIII-
HBOTO IIPUPOJHOTO CEPENIOBHUINA, B MOPSIKY Ta po3Mipax,
BcTaHoBiIeHnX KabGinetom MiHicTpiB VYkpainu, Ha -
CTaBi MO3WUTHBHUX pE3yJbTaTiB BHUMpPOOyBaHB Ta MaTepi-
aiiB gociikeHs. [lepemik mecTHIHAIB Ta arpoxXiMiKaTiB,
JTO3BOJICHUX IO BUKOPHUCTaHHS B YKpaiHi, MOOyTOBaHM Ha
OCHOBI IHTEPAaKTHBHOI Bepcii AepP:KaBHOTO PEECTPY IECTH-
IIU/TiB Ta arpoximikaris [2]. M0ro OHOBITIOIOTE ABTOMATHYHO
3aJIe)KHO BiJl TIOTOYHOI IaTH HA OCHOBI IaHUX TIPO PeecTpa-
mito mpemapariB. CtanoM Ha depBeHb 2024 poKy, y IIbOMY
nepeniky moHax 1000 repOinmmiB, oOcATH 3acTOCYBaHHS
SKUX TPOJOBXKYIOTh 3pOCTaTH B YKpaiHi, He3BaKalodun Ha
BiliHy. 3a JMaHWMH KEpiBHHKA arpoXiMigHOTO HAIpsSMKY
ta 6perny DEFENDA LNZ Group Cepris Bopucosa, 3a
nepine miBpigus 2024 poky oOcsAru mpomaxy repOilumiB
3pOCITH TPAKTHYHO B yCiX BHPOOHUWKIB. L[poMy cripmsmm
Taki YMHHUKH, SK IIiHa, KOTpa MopiBHAHO 3 2023 pokom
CTayia JOCTYITHIIIOIO JJIs arpapiiB, a TakoXX HEOOXiTHICTH
00po0oK, Oe3 SIKNX HEMOYIINBE OTPUMAaHHS 3aIlJIAHOBAaHOTO
BpoXkato [3].

3acTocyBaHHS TepOINUAIB Y CITHCHBKOMY TOCIIONAPCTBI
3YMOBJICHE HacaMIepel BHCOKOI0 3a0yp’sSHEHICTIO IOCi-
BiB. BuKOpHCTaHHSI MOXUBHUX pPEYOBHH Oyp’sHAMH 3a
BiJICYTHOCTI 3aX0J[iB OOPOTHOHM 3 HUMH 3HAYHO MEPEBHUIIYE
MOXXJIMBICTh 3aCBO€HHS iX KyJIbTYPHHMH pociuHamu. Ha
TUTOIAX 13 BHCOKOIO 3a0yp’ THEHICTIO TOTiPITy€EThCS SIKICTh
MIPOBENICHHS TIEPETIOCIBHOTO 00pOOITKY, CiBOH Ta JOTIIATY
3a MMOCiBaMH i 9ac BeTeTallii, o MPU3YIHHSE PIiCT 1 po3-
BUTOK POCIHH, TIOTipIIye YMOBH (POpMyBaHHS PETIPOIyK-
TUBHUX OPTaHiB, YHACTIIOK YOTO BiIOYBa€ThCS 3HIKECHHS
YpOXKaHOCTI Ta SKOCTI MpoAyKIii [4, 5].

VY mepemniky A03BONICHUX 10 BUKOPHCTAaHHS B YKpaiHi
repOitmzaiB npudmmsno 10 % — mpenaparu, Aif049010 pedo-
BHHOIO sKuX € mridocar (N-hochoHOMETHIIFHE TOXiTHE
aMiHOKHCHOTH Tminuny (I 71i-@oc-at) (puc. 1).

(@) 0
H ||
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Puc. 1. CrpykrypHa ¢popmyJa riaidgocary
(C,H,NO,P) [6]

3 ximiuHOro nomsiy ridocar — ciaadka opraHiyHa Kuc-
nora. Y npenaparax ripocar (C,HNO,P) npencrasnennit
Y BUIJISIAIL COJIeH — KaJlieBOT, €TaHOIaMIHHOT, TUMETHIIaMiH-
HOi, aMOHIMHOI YM 130IPOIIAMIHHOT), 3aBISIKH YOMY BiH
HaOyBa€ BHCOKOI PO3YMHHOCTI y BOJI 1 CTa€ XiMIiYHO CTa-
OlnbHUM [6].

Imigpocar — Hecneundiunuii  dochopopraniunuii
NECTUIH]], SIKMHA HIMPOKO 3aCTOCOBYIOTH B CUIBCHKOMY
rOCIOJapCTBI MPOTU OAraTopivHUX Ta OAHOPIUHHUX Oyp's-
HIB, @ TAKOX y JICIBHUIITBI, NPUCATUOHUX rOCIIOJapCTBAX
Ta MIChKUX paiioHaX. BiH € BaKJIMBHUM KOMIIOHEHTOM
HECEJIeKTUBHHUX Ta IICISICXOJJOBUX TepOilUIiB, sSKi BHKO-
PHUCTOBYIOTb JJIsl 3aXUCTY CLIBCHKOTOCHOAAPCHKUX KYIBTYP
BiJl TpaB, OJJHOPIYHUX HIMPOKOJIUCTUX Oyp'siHIB, A€PEBHOI
pocaurHOCTi Tomio [4]. Imidocar — emuHmii repOirma,
SIKHA [Il€e Ha S-eHOMipYyBUIIMKAMAT-3-(hocharcuHTasy
(5-enolpyruvylshikimate-3-phosphate  synthase  (EPSP
synthase, EPSPS). Lleit ¢pepMeHT KaTamizye CHHTE3 XOPH3-
Mary — POCIMHHOIO TOMNEPEIHHKa TPhOX apOMaTHYHUX
aMIHOKHCIIOT ((eHinanaHiny, TUPO3HMHY, TpUNTO(haHY),
a TakoXX HU3KU IHIIMX BAXIMBHUX JUIS POCIUHU CIIONYK,
30KpeMa CallilMI0OBOI KUCIOTH Ta AESKUX ayKanoinis [7].
IuridyBanns pepmenty EPSPS rmiidocarom npuszBoauts 10
3HW)KEHHS! IHTEHCHBHOCTI 010CHHTE3y BTOPUHHHUX MeTado-
JITIB Ta CTPYKTYPHUX O1JIKIB, 110 OOYMOBJIFOE HOPYIIICHHS
O1/IKOBOr0 OOMiHY B KJIITHHAX POCIHUH. YHACIIJIOK I1bOTO
BiZIOyBa€ThCsl TMPHUTHIYEHHS YTBOPEHHS XJopodiny, M0
3yMOBJIIOE MOPYLICHHS! (POTOCHHTE3Yy 1 MONAJIbIIY 3aru-
0esb pociuH. DiTOTOKCHYHA JTisl TepOILKIY TPOSIBISIETHCS
B IIOCTYIIOBOMY B’sIHEHHI 00po0iieHNX Oyp’siHiB, HOOYpiHHI
HaJ[3EMHHX OPraHiB 1 BIIMUPaHHI MMi[3€MHOI YaCTHHU POC-
JIVHH.

Coui nitihocaTy BUKOPHCTOBYIOTh TaKOXK SIK JIECUKaHTH
3 METOIO TPUCKOPEHHST JOCTUTAHHSI KYJIBTYPH 1 TOJIETIEHHS
30MpaHHs BPOXAK, OCKUIBKA BOHU YHHSTH CUCTEMHY JIit0
Ha POCJIMHY — K Ha HAJ[3EMHY, TaK i Ha KOPEHEeBY YaCTHHH,
MIPUILBU/ILIYIOYH TIPUPOHUIA IIPOLEC 03PiBaHHs 3epHa [8,
9]. Tomy repbiumam Ha ocHOBI ridocary € Halnommpe-
HIIIUMHU NecTUIIaMy y cBiti. KomepuiiiHi npoxykTH, mo
MICTSITh TihocaT, Pi3HATHCS 33 CKJIAI0M 1 IPOIAOTHCS il
YHUCJIIEHHUMH TOPrOBUMHU Ha3Bamu y Oinbin Hix 130 kpai-
Hax cBity [10]. Haiinonyssipuinmumu B Ykpaiui € Paynnar,
Vparan, [midosit, Topuamgo, Oraman, Hamanm. Ili npe-
napard 3a3Buuail MICTATh J00aBKH, IHEPTHI IHTPEI€HTH
Ta noBepxHeBo-akTHBHI peuoBuHu (ITAP). Hampukian,
KpIM OCHOBHOI Jil0uoi pedoBHHH, N0 ckiiaay Paynmamy
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BXOIATH COpOIHOBa KHCJIOTa, HATPi Cymbdar, amoHii
cynbar, Kamiid TigpOKCHI, METHIIpONiIoH, i300yTaH,
3-itomo-2-mpomiHinOyTmkapoamar [ 11].

Imidocar BBaXkarOTh OE3MEUHIMINM 32 iHII TepOINUAM,
poTe Horo HaaMipHE BUKOPHCTAHHS Ma€ XPOHIYHUH BIUTHB
Ha HABKOJIMIIHE CEpelOBMIIE. MIOTO BHCOKA PO3YMHHICTH
Y TiApoiTFHIX pO3YNHHNUKAX, OCOOIMBO Y BOJII, Ta BUCOKA
MOOITBHICT TPU3BOAATE 0 BUMHUBAHHSA IITi(OCaTy B IPYHT,
IO CTIPHYMHIOE 3a0pyAHEHHS IPYHTOBHX BOJ Ta HAKOIIH-
YeHHs WOTo B TKaHWHAX POCIWH. HaciimkoMm € 3HIKEHHS
BpPOKaWHOCTI, HA3BbKA AKICTH CLTBCHKOTOCTIONAPCHKOL TIPO-
IYKIii, TOTipIIeHHS POIIOYOCTI IPYHTY, 3a0pyIHEHHS BOIH
Ta BUHUKHEHHS 3arpO3H JKUTTIO JIFOIUHY Ta TBapHH [4].

Herpanarist tmidocary y Bofi, BOZTHHX 0caiaxX Ta IPyHTI
00yMOBJICHa TOJIOBHO HOTO PYyHHYBaHHSM MiKpOOpPTaHi3-
Mawm# [7, 12]. OcHoBHHI IUIAX AeTpajalii rridocary moms-
rae B po3meruieHHi C-N-3B's13Ky 3 yTBOpEHHSIM TIEPBUHHOTO
MeTaboniTy — aminoMmeTmiochoroBoi kuciaota (AMDK),
sIKa 3TOJIOM PO3KIIAJA€ThCSI MIKPOOpTaHi3MaMH 10 BYTJIe-
KHCJIOTO Ta3y Ta IHIIMX MPOCTHX HEOPTaHIYHUX CIIONYK.
AMOK, 5Ky 4acTO BUSBJISIOTH B 0CAJJOBUX, IOBEPXHEBUX
Ta TPYHTOBHX BOJaX, CIIPUYMHIOE BTOPUHHE 3a0pyIHEHHS
HaBKOJIMITHHOTO ceperoBuma [13].

Imidocar Moke 3MiHIOBaTH CTPYKTYypy Ta OioioridHi
BJIACTHBOCTI IPYHTY, BITHBATH Ha MIKpOOHE Pi3HOMAHITT,
OJTHAaK HOTO BIUIMB HA TPYHTOBHU MiKpOOiOM 3aJIUIIA€THCS
cynepewnnBuM. [HriOyBanus EPSPS mmigocatom mopytrye
CHHTE3 OCHOBHHUX BTOPHHHHX MeTaOOMITIB i OITKIB y poc-
JIUH, B TaKOXX MPUTHIYYE KIIOUOBI CHEPreTHYHI MeTabo-
JYHI MUIXA Y KITHHAX TPYHTOBUX MiKpOOpraHi3miB [7].
Bararopiuni mocmimkeHHs BIDIHBY Timipocary Ha ITONSX
KaHAJICBKUX TIpepii y CiBO3MIiHI TIICHHI — TONbOBHUHA
TOpOX — KaHOJIA — TIIICHHUNS HE BUSBHWIM CYTTE€BUX 3MiH
MIKpOOHHX BIIACTHBOCTEH TpyHTY [14]. Vazquez et al. mpo-
JEMOHCTPYBAJIM THMYACOBUI CTUMYIOBAJIbHUH eekT Ha
HarpoMa/DKCHHST 0ioMach TPYHTOBHX TPHOIB Ta HETaTHB-
HUH BIUMB TmidocaTry Ha IXHE BUAOBE PI3SHOMAHITTS Ha
CLTBCHKOTOCTIONAPCHKIX YTIMAAX Y pa3i BHECEHHS B IPYHT
MOABIMHUX 703 TepOinumy abo TpUBAIOTO (TIOBTOPHOTO)
3acTtocyBaHHA TIidocary [15]. 3acTocyBaHHS TOABIMHUX
103 Triocary CIPHYUHIOE 3HIDKCHHS YHCENFHOCTI aKTH-
HOOAKTepiif TPYHTY Ta 3pOCTAaHHS KUTBKOCTI eyOakTepii
Ta MIKpOMIIIETIB, PiCT Ta PO3MHOKEHHS SKHX 3aJICKaTh
BiJl IPOMYKOBAHUX aKTHHOOAKTEPiIMHU aHTHOIOTHKIB [16].
InepTHi KOMOHEeHTH, 106aBKH, [TAP npemapariB Ha 0cHOBI
mTiocaTy MOXKYTh KOMIICHCYBAaTH TOKCHYHHUI BIIMB JifO-
40i peYOBHHH, CTUMYJITIOIOUH PICT MIKPOOPTaHi3MiB Ta TpH-
cKoproroun nerpanarito rmidocary [11, 17]. Ipemapartu
mTiocaTy MOXYTh TPUTHITYBaTH KIFOUOBI CHEPreTHUHI
MeTaOoNIvHI NUIAXH y KITHHAX TPYHTOBUX MiKpOOpPTaHi3-
MiB, Y TOMY 9HCIi poOOTY HITPOTEHa3HOTO KOMITIEKCY a30-
To(iKCyBaTFHUX MIKPOOPTaHI3MiB, 3aBISKN SKAM BigOyBa-
€Tbes (iKCYyBaHHS aTMOC(HEPHOTO HITPOTCHY.

Meta nocHiKeHHS — OCHIIWTH BIDIHB TepOinuIy
Paynman Ha HarpomapkeHHsS 0i0MacH Ta YTBOPCHHS HOHIB
aMOHII0 KIITHHAMH a30TO(IKCYBaTbHUX OakTepiii pomy
Azotobacter 3a TabOpaTOPHUX YMOB.

Marepian ta Meronu. O0’€KTOM NOCTIIKCHHS Oymnmn
azorodikcyBanbHi 0akTepii Azotobacter chroococcum BKM

B-1272, sxi 36epiratoThcs B KOJNEKIIi KYJIBTYp MiKpoopra-
Hi3MiB Kadeapu mikpobOiomorii JIpBiBChKOTO HamioHab-
HOTO yHiBepcuTeTy iMeHi [Bama ®paHka, a TakOK IITaM
Azotobacter sp. A2, BUAINCHHUN i3 TPYHTY, 3a0pyIHEHOTO
necTunruAaMu. bakrepii BUOULIIN 3 TPYHTY, BiZiOpaHOTO
3 BepxHBOro mapy (0—15 cM) mobnmsy ckiamy MeCTHIH-
IiB Ta MiHepalbHHX M0OpuB Ha Tepuropii [lycromuTis-
CBKOTO paifoHy JIbBiBCEKOi 00NIACTi, BUCIBAOYH 3pa3Kd Ha
cepenoBumie Em6i [18]. Komowii mikpooprani3miB, sKi
BUpOCIH Ha cepemoBuimli Embi, mepeciBaim Ha IIiJbHE
SNIEKTUBHE cepenoBulle st Azotobacter chroococcum
Takoro ckmamy (r/m): mmokoza — 20,0; KHPO, — 0,8;
CaCO, —-20,0; FeCl,x6H,0 —0,1; Na,MoO,x2H,0 - 0,005;
arap — 20,0; Boga auctminsoBaHa — 1 7. Ilicmsa oTpumanHs
YUCTUX KYNBTYp TPOBOAWIH MOP(OIOTIYHY ineHTH(ika-
IO Ta IOCITiIKyBadl O10XIMi4HI BIACTHBOCTI OaKTepiid
3 METOI0 IiATBEPKEHHS IXHBOI MPUHAICKHOCTI 0 POLY
Azotobacter.

Ha enextuBHOMY 11151 A. chroococcum cepenoBHIIi 6ak-
Tepil pOCIM y BUINISII CIIM3UCTHX, KPYIIIMX, MATOBUX KOJIO-
Hill miamerpom 5-10 MM, GiIOTO M MOJOYHOTO KOIBOPY,
3 BHITYKIUM TIpodiieM, MacISHUCTOI YU IacTONOAiO-
HOIO KOHCHCTeHIier. bakrepii ['pam-HeraTuBHi, aepoOHi,
HECTIOPOTBIpHI, OBANBHOI YM KYISACTOI (OPMH, pPO3MipoM
1,5-2 MKM, OTOYEHi Karcyinoro, pyxuuBi. KmituHH po3-
TalloBaHi MOOAWHIN 4u mapamu (puc. 2). OntumansHa
temneparypa pocty +25...+30 °C. fx mxepeno kapOoHY
BHUKOPHCTOBYIOTB [IIIOKO3Y, CaXxapo3y, MaHit, minepuH. bak-
Tepii KaTamxa3o- Ta OKCHIA30TO3UTHBHI. 3araioM BHIIUICHO
5 mrTamiB, OnuH 3 AKUX (Azotobacter sp. A2) BHKOPHUCTAHO
JUTSL IOJJIBIIHX JTOCIIJDKEHB.

Puc. 2. AzorodikcyBasbni 6akTepii, BUaineHi 3 rpyHTy
Ha eJICKTHBHOMY JuIsl Azotobacter chroococcum
cepenoBuli (cBiTiioBa mikpockomnisi, * 1000)

3 METOI BU3HAYCHHS YYTJIMBOCTI OakTepiii pomy
Azotobacter no nii PayHnamy BHKOPHCTOBYBAJIM METO[
mudysii B arapu3oBaHE CEpElOBHIINE 3 BHKOPHUCTAHHIM
MarepoBHX JIMCKIB, SIKI HACUYYBAIM PI3HUMH KOHLIEHTpa-
uisimu repOinuay. PosruiaBiieHe JKMBHJIBHE CepelOBHUINE
(M'sico-nenTonnuii arap, MIIA) po3nuBaiu B cTepuibHI
variku [leTpi, HaHOCHIIM JIBI-TPH Kparuli cycrneHsii 0akre-
piif, SIKI pO3THpaN CTEPUIBHUM IINATeNIeM MO IOBEPXHI
cepenoBuia (mociB ra3oHoM). [IMCKH, HACUYCHI PI3HUMHU
KOHIIEHTpalissMu repOitmay (8 mi/in — pekoMeHJoBaHa
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BUPOOHHUKOM J1033; MOJBiitHA M03a — 16 MII/II; MOOBHHHA
mo3a — 4 mi/i), moMimanu Ha Jamky 3 MITA 3a momomo-
rofo mpodaaMOOBaHOTO MmiHIETa. Yammkyd KyIBTHBYBaIN
B TepMmocTari 3a temmeparypu 28 °C ympomosxk 48 roxa. 3a
JliaMeTpOM 30HHU 3aTPUMKH POCTY TOCIIIKYBaHUX KyIBTYP
HAaBKOJIO TUCKIB OITIHIOBAJIN iXHIO Yy TIUBICTH 10 PayHmamy.
Y poboti BUKOpHCTOBYBaNM Tpenapar ¢ipmMu MoHCaHTO,
ki MicTuTh 360 1/71 TTidocary.

3 METOI0 TOCTiKeHHS BIUTMBY PayHmary Ha pict Oak-
tepiit A. chroococcum BKM B-1272 ta Azotobacter sp.
A2 KyneTypu BUpPOIIyBaJiu B TpoOipkax o0'emom 20 M
y cepemoBumi Emo6i (ryctuna 3aciBy — 0,05 1/m) ympo-
nmoBx 2-3 nmi6 3a Temmepatypu 28 °C Ta acpoOHUX yMOB,
BHOCSUM PayHnam y koHIeHTpamisx 8§ ta 16 mi/x cepeno-
sumia. Kortpomnem Oyno cepenosumie Emoi 6e3 repoinumy.
Biomacy BuMiproBamu 3a MYTHICTIO PO3BEICHOI CYyCIICH-
311 KIITHH (QOTOMETPHYHIM METOIOM 3 BHKOPHCTAHHIM
thoroenexrpoxomopumerpa KOK-3 (A = 390 am) y kroBeTi
3 ONTUYHAM IIIJISIXOM 3 MM 1 pOo3paxoByBaii 3a (hOpMYIIOI0:
C (r/n) = E,, xn /'K, ne Ey — E€KCTUHKIUS 3a JOBXAHU
xButi 390 HM; n — po3BeneHHs, pa3iB; K — koedimieHT nmepe-
paxyHKy, OTpUMaHHH 32 KalTiOpyBaJbHOIO KPHBOIO 3aJICiK-
HOCTI €KCTHHKIII BiJ cyXoi Macu KMTHUH (Wit A. chroo-
coccum BKM B-1272 K = 0,77+0,08, nns Azotobacter
sp. A2 K = 0,79+0,09). Konnentparito HOHIB aMOHiI0
BUMIPIOBANI  (POTOCTIEKTPOKOTIOPUMETPUIHIM  METOIOM
(A =640 um) [18].

Yei mocmimkeHHs BUKOHYBAIH Y TPpbox moBTopax. Cra-
TUCTHYHY 00pOOKY pe3yiIbTaTiB MPOBOIIIIH 32 TOTIOMOTOIO0
mporpam Microsoft Excel 2003, Origin Pro 7,0. Bupaxoy-
BaJIM OCHOBHI CTaTUCTHYHI TIOKAa3HUKH 3a Oe3mocepeHIMH
JAaHUMU (cepenHe apudmeTndne — M; cTaHmapTHa TOXHOKa
CepeaHbOTo apU(YMETHIHOTO — m).

Pe3yabraTu mocaimkennsi. HiTporen € )XUTTEBO Baxk-
JIMBOIO CIIOJNYKOIO JUIS POCTY Ta PO3BHTKY JKHBHX Opra-
HI3MIB, TIpOTE dYepe3 HWOTo iHEpTHWH TOTPIHHUIN 3B'S30K
arMoc(epHUil a30T HEe MOXKe Oe3mocepeqHbO 3aCBOIOBA-
tucs pocnuHamu. [Tpnbmmsno 80% N mepeTBoproeThes
y (hopmu, IpUIATHI TS 3aCBOEHHS POCIUHAMH (COMi amo-
HIIO Ta HITPATH), 3aBIIKN 0i0TOTigHIN (ikcarii a30Ty a3o-

TO(IKCYBAIFHIMH MIKPOOpPTaHi3MaMH, IO HaJIeXKaTh JI0
pizHEX TakcoHOMIUHUX Tpyn [19]. 3acTocyBanHs 3ac0o0iB
3axXHUCTy pociuH (TepOinuaiB, QyHTIHIIB, IHCCKTHINIIB)
MOYKE BIUTMBATH HA PI3HOMAHITHICTh Ta aKTHBHICTh MIKPOO-
HUX yTPYTIOBaHb i Ha KPYTOOOIT HITPOTEHY B IIPHPOJI 3ara-
soM. ToMy Ba)KITHBO CYyBOPO TOTPHMYBATHCS PEKOMEH/IAITiit
BHPOOHMKA 010 JO3yBAHHS IHX MPETIapaTiB.

3acTocyBaHHS TUCKO-TU(Y3IHHOTO METOMY MOKa3alo,
mo repOimma Paymmanm y pexoMeHIOBaHIM KOHICHTpamii
(8 mu/) HEe BIUIMBAB Ha PICT My3eHHOI KyIbTypH a30TO-
¢dikcyBanpbHUX OakTepiid. 3a BIBIYI BHUIIOI KOHIICHTpa-
mii yHacmimox mudysii B arap Paymmamy croctepiraim
He3HayHe iHTIOyBaHHS pPOCTy Oakrepiii A. chroococcum
BKM B-1272, nipo 1m0 cBig4nuTh YTBOPEHHS CTEPUIBHUX
30H HABKOJIO IHIMKATOPHHUX JWCKIB, JiaMETpP SKHX CTaHO-
BuB 8—11 mm (puc. 3).

Bakrepii Azotobacter sp. A2, BumineHi i3 3a0pymgHe-
HOTO TIECTHUIIAMH TPYHTY, Oynmn OifbII UyTIHBHMH [0
nii mocmimkyBaHOTO TepOirumy. 3a peKOMEHIOBAaHOI /10
BUKOPHCTAHHS MTO3HM TepOilna yHAcTHimoK mudysii B arap
iHTiIOYyBaB picT OakTepiii — AiaMeTp 30HH 3aTPUMKH POCTY
cTaHoBUB 12—15 MM. 30iIbIICHAS KOHIICHTpAIIii TepOiTuITy
BaBidi (16 MIi/T) 3yMOBIIOBaIO 301IBIICHHS TiaMEeTPy CTe-
puibHOi 30HH M0 17-18 MM (puc. 4). M'sco-nentoHHMI
arap € 0araTiM >KMBWJIBHHM CEPEIOBHUIIEM, SIKE MICTHTBH
JoKepena KapOOHY, HITPOTEHY, BITaMiHIB, aMiHOKHCIIOT,
TOMY TI0SIBa CTEPHIIBHNX 30H HaBKOJIO JIUCKIB AEMOHCTPYE
MPSIMY TOKCHYHICTH 1 JIOKaNbHUH eekT repOinumy BiArmo-
BiJTHO /10 HOTO KOHIICHTpAIIii.

MikpoOHHIl 1IEHO3 TPYHTY MEPIITNM KOHTAKTYE 3 TyKO-
pIAHAMHU A7 DOBKULIA pEYOBHHAMH (KCEHOOIOTHKAMM).
AanTyro9nck 10 HOBUX YMOB iCHYBaHHS, MiKpOOPTaHi3MHU
(OpPMYIOTH CTIHKICTB 10 HUX a00 3MIHIOIOTH CBOI (hiziomo-
TiYHI BIACTUBOCTI, IO MOYKE TTO3HAYUTHCH HA POMIOYOCTI
TpyHTY 3araioM. OcCOOMMBO UyTIAMBOIO OO [ii TOKCHY-
HUX CHONYK € JorapudmidHa ¢asza pocTy, B SIKiil KIITHHH
aKTUBHO MINIATBCS, CHHTE3YIOTH OiNKM, HYKJICTHOBI KHC-
JIOTH, KOMITOHEHTH KIITHHHOI CTIHKHU. Y BHITAIKY a30TO(iK-
CyBaJIbHUX OaKTepii HaBiTH HEBEJIHKI JO3W KCEHOOIOTHKIB
MOXYTb CIIPHYMHUTH 3HAYHE YIOBUIBHEHHS POCTY W 3HH-

Puc. 3. Uyrnusicts 0akTepiii Azotobacter chroococcum BKM B-1272 no nii repoinuay Paynaan
(A -8 ma/a; b—16 ma/a)
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JKCHHS TIOKa3HUKIB Oiomacu. Buecenns Paynmamy y cepe-
nosumne EmiGi mpusBeno M0 3HIKECHHS HAarpoMaKEHHS
Oiomacn oboma mTamMaM¥u a30TO(IKCYyBaTbHHX OaKTepii
y norapudMivHii pa3zi pocty (puc. 5).

Yopomopx mepmioi T00M KYJIBTHBYBAaHHS 3HAYCHHS
O6iomacu B KOHTpodi Oyno Oimpmmm y 1,4 pasy mis A.
chroococcum BKM B-1272 Ta B 1,1 pasy mns Azotobacter
sp. A2 TOpPiBHAHO 3 BIATIOBITHUM TIOKa3HUKOM 32 BILIUBY
repOinuay y peKoMEeHIOBaHId 031. 3a BHECEHHS y cepe-
nosuiie Em6i moxsiiiHoi KoHIeHTpamii Paynnamy crocre-
piramm 3HIKEHHS 0ioMach a30TOQiKCyBalbHUX OakTepiit
y 4,2 pazy ms A. chroococcum BKM B-1272 ta 'y 2,5 pazy

s Azotobacter sp. A2 crtocoBHO KoHTpomo. Ha mpyry
o0y pocTy Ha (OHI 3pocTaHHA OioMacH y cepeIoBHILi O3
repOinuay BUABICHO MPUTHIYCHHS POCTY 000X IITaMiB a30-
TopikcyBampHIX OaKTepilt 3a Aii peKOMEHI0BAHOT Ta BIBIUi
BHIIOI n03u PayHnamny. 3HMKeHHs 0i0MacH, MOXKIINBO, Bifl-
OyBa€eThCs BHACIIIOK MPUCYTHOCTI B repOinui Kpim rmido-
cary (sKuit 6akTepii MOKYTh BUKOPHCTOBYBATH SIK JDKEPEIIO
KkapOoHy, HiTporeHy, (ocdopy) IHEpTHHX KOMIIOHEHTIB,
ITAP Ttomro, mpu3HaYeHUK AJIS MiABUIICHHS €()EKTHBHOCTI
TIperapary, CTabiIbHOCTI, TOAOBKEHHS TEPMiHY 30epiraHHs
tomto. [lo ckiaxy Payrmarmy BXomsaTs 1300yTaH, METHIIITIPO-
Ji0H, copOiHOBa KUCIIOTa, HATPIl Cyab(aT, aMOHIH CyIb-

Puc. 4. Yyrnusictb Azotobacter sp. A2 no aii repoinuay Paynnan 3a pi3HuX KoHUeHTpauiii
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Puc. 5. HarpomamkenHns 6iomacu azorodikcyBajsHUMHU OakTepisiMu Azotobacter chroococcum BKM B-1272 (A)
Ta Azotobacter sp. A2 (b) 3a BnauBy Paynnany (K — kontpoas; PII — pekomenioBana no3a; 2P/l — noasiiina mo3a)
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(hat, xamii rigpoxcnn, 3-Homo-2-mpomiHIIOyTHIIKapOamar,
10, MOXKJIIBO, POOUTH Tpenapar TOKCHIHIIITNM TTOPiBHSIHO
3 fioro Jifouoro pedoBHHOIO — Timiocarom. CyTTeBe 3HU-
JKeHHS OioMacu OakTepiii BUSBICHO Y pa3i 301IbIIeHHS KOH-
HeHTparii repoimuay B 2 pa3u, TOOTO y pasi MepeBHIICHHS
pexomennoBaHoi mo3u (y 8,7 pasy mnsa A. chroococcum
BKM B-1272 ta B 7,6 pasy mist Azotobacter sp. A2).

VY CiTbCHKOTOCTIONAPCHKi TMPAKTHUIIl OHOPAa30BE BHE-
CeHHsI TepOiru Iy He 3a0e31edye TOBHOTO 3HUIICHHS Oyp -
HiB, TOMy 3 METOI0 KOHTPOJIIO 3a0yp’sSHEHOCTI TMOCIBHUX
TUTONI Ta TIIBUIICHHS BPOXAWHOCTI 3aCTOCOBYIOTH ITOB-
TOpHI 0OpPOOKHM HINSHOK (TIPOTH TaK 3BaHOI IPyroi XBHIIL
cxoxmiB). BpaxoByrounm 3maTHICTH TiihocaTy aKyMylTOBa-
THCS B TPYHTI Ta HOTO TpHUBaJMiA TIepio]] HaliBpo3mamy (Bif
20 mo 100 mgHIB), M JOCTIIMIA HarpoMapKeHHsS OioMacH
a30TO(IKCYBAFHUMH OaKTEPisIMH, TTOTICPEIHBO BUPOIIE-
HUMH Y cepeoBHIi 3 PayHmanoM y pekoMeHI0BaHii 1031,
3a BIDIUBY TepOinuay (puc. 5).

[omepenHe KyabTHBYBaHHS a30TO(IKCYBaIbHHUX Oak-
Tepii y cepenoBumii 3 PayHmamoM poOHUTH iX UyTIMBUMH
(cencnb6inmizoBaHUMH) 10 TepOiuay 1 3yMOBIIOE 3HHU-
JKeHHA MIKpoOHOi Oiomacn y cepemoBumii Embi mopis-
HSHO 3 BUXITHUMH KylbTypaMu. Bupormieni y cepemo-
Bumni 3 Paynmamom 3a KoHIeHTpamii 8 mur/m OakTepii A.
chroococcum BKM B-1272 nakonmdyBaju yIpoaoBXK Hep-
moi 1o6m B 1,8 pasy mMeHme 6iomacu MOpiBHAHO 3 My3ei-

1,2

HOIO KyNbTyporo. Y BUTIAnKy Oakrepiit Azotobacter sp. A2,
TTOTIePETHHO BIPOIICHUX Y CEPEOBHUIII 3 TepOirumaom, Oio-
Maca 3Hm3miIacs B 1,4 pa3y mopiBHSIHO 3 KoHTpoieM. Jloma-
BaHHS B CEPENOBHINE KyIbTUBYBaHHS PayHmamy B KOH-
meHTparii 8 ta 16 MJI/m mpHU3BENO 0 3HIKCHHS OioMacH
MOPIBHSAHO 3 BUXITHUMH KyibsTypamu: B 1,8 Ta 3,0 pasm
st A. chroococcum BKM B-1272, B 1,4 Ta 2,2 pa3y — s
Azotobacter sp. A2 BiIIOBiTHO.

VYnpomorx apyroi mobu crocTepiraiu 3pocTaHHs 0io-
Macu 000X KyJlbTyp, poTe ceHcuOimi3oBani 1o Paynmamy
azoTtodikcyBanbHi OakTepii HarpoMaKyBailu OioMacw
MEHIIIe TOPiBHAHO 3 KoHTponeM (4. chroococcum BKM
B-1272 — B 1,2 pasy, Azotobacter sp. A2 — B 1,4 pazy). 3a
nii 8 Ta 16 M/ Payrnamy 6iomaca 000X ceHCHO1ITI30BaHUX
KYJBTYp 3HIDKYBaJIacs MOPIBHIHO 3 KOHTpojieM: y 2,5 Ta 4,0
pasu st A. chroococcum BKM B-1272, 8 2,1 ta 3,4 pazu —
st Azotobacter sp. BinmoBinHO. MOXHA TIPUITYCTHUTH, IO
ToTIepeHe KyABTUBYBAHHS OakTepiit 3a miil repOirumy mif-
BUIIY€E iXHIO YyTIHMBICT JO Iperapary, BOJHOYAC CIPHs-
09 (pOpPMYBaHHIO afaNTaIlifHUX MEXaHI3MIB UM aKTHBY-
BaHHIO ()EPMEHTHHX CHCTEM 3a YMOB NeQiIUTy IKeper
HITPOTEHY.

Bakrepii pomy Azotobacter € BiINTBPHOXXMBYYHUMH Iia-
30Tpoamu, 3naTHUMH (ikcyBaTH atMmochepHuii a30T. Bonn
MAaroTh KOMITIEKC (pepMeHTiB, HEOOXiTHUX IS TIPOLIECy Jlia-
30Tpodii: deppenokcuHu, TimporeHasw, HiTporeHasu. [Jmi-
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Puc. 5. Bniiue Paynnany Ha HarpomamkenHs 6iomacu 6akrtepismu Azotobacter chroococcum BKM B-1272 (A)
Ta Azotobacter sp. A2 (B), nonepeaHbo BUpoIIeHUMH Y cepeaoBuili 3 repoinuaom (K1 — KOHTpoab;
K2 — kyabTypa, cencudiaizoBana 10 Paynnamy; P/l — pekomenaoBana no3a; 2P/l — mongiiina 103a)
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(docar He YMHUTH TPSAMOI TOKCHYHOI i Ha HITpOTeHa3HHUNA
KOMIUIEKC, OCKUTBKH HE € CIeIU(IYHUM IHTiIOITOpOM IHX
6inkiB. [IpoTe BiH MOXe TisITH OTIOCEPETKOBAHO — MTOPYIITY-
BaTH METa0ONi3M KITITHH, OJOKYIOYH IMIWKAMATHUH MIIAX,
OCKITBKH  5-€HOMNMipyBUTIIMKIMAT-3-(hocaTchHTasza 4yT-
muBa 10 mii Tmidocary. Ha mpukmani cuMOiOTHYHHIX a30TO-
(ikcyBabHUX MiKpoOpTaHi3miB Bradyrhizobium japonicum
MTOKa3aHo, IO Tmidocar 3HMKYBaB KITBKICTh OyTE0090K Ha
KOPEHSX cOi Ta BMICT y HUX JlerreMorooiny [20].
BinHoBneHHs aTMOC(EpHOTO a30Ty A0 amiaKy BiTbHO-
KUBYIUMH  a30TO(IKCYBalbHUMH  OakKTepissMH  POIy
Azotobacter TpUTHIIYBaloOCs TEpOIIMIOM 3aJeKHO BiX
HOTO KOHIIGHTpAIlil ¥ CepeloBHUIi, (a3su pOCTy KyIBTYpPH
Ta ceHcuOimi3amnii MikpoopraHizMiB (puc. 6).
A3zoTodikcyBanpHUI moTeHIian OakTepiit Azotobacter
sp. A2, BUAIIEHHX 13 3a0pyIHEHOTO MECTHIIHAAMHI TPYHTY,
BHSIBHBCS JICIIO BUIINM SIK Y BUX1THOI, TaK i B CEHCHO1ITI30-
BaHoOi 710 PayHmarmy KynmeTypu OpiBHIHO 3 A. chroococcum
BKM B-1272 — BugineHni 3 rpyHTy 0axtepii Azotobacter sp.
A2 minx gac pocty y cepenoBuii Embi HarpoMamKyBaw
B 1,3 pasy BuIIi KOHIEHTpAIlii HOHIB aMOHIIO TTOPiBHSHO
3 My3eiHOI0 KynsTyporo. Ilomepenne BupouryBaHHS Oak-
Tepit y cepemoBumii 3 PayHmamom 3yMOBWIIO 3HMKEHHS
KOHIIGHTpAIlii HOHIB aMOHIiI0 Mia dYac JorapupMidHOL
¢azu pocty o6ox mramis. 3a mii Payamany y koHIeHTpa-
mii 8 Ta 16 Mn/n cencubinizoBaHi 6akrepii 4. chroococcum

50
45

BKM B-1272 yrtBoproBanu Bigmosinao B 1,2 Ta 1,6 pasy
MEHIIIe OHIB aMOHII0 CTOCOBHO KOHTpoit0. CeHcnoimizo-
BaHi Oaxrepii Azotobacter sp. A2 ynpomoBx mepiroi 1oou
YTBOPIOBaJH B 2,7 Ta 4,3 pa3zy MeHIIe HOHIB aMOHIO TTOPiB-
HSHO 3 KOHTpOJIEM 3a BIUIMBY PayHnamy y pekomeHIoBa-
Hill Ta BIBiYi BHIIIM KOHIEHTpamii BiamoBigHo. OTprMaHi
pe3ynbTaTy JI03BOJISIIOTH IPUITYCTUTH, IO MpOIEC ia-
30Tpodii y BOTO mTaMy € OLTBII YYTIUBUM 10 Aii Tepoi-
LUy TOPIBHSHO 3 My3€HHOIO KYJIBTYpPOIO.

Ha nmpyry noOy koHIIEHTpamis HOHIB aMOHIIO 3HIDKY-
Bajlacs MOPIBHAHO 3 TEPIIOK J000I0 i B KOHTPOII, 1 3a
BIUTHBY TepOinunay. [IpuymHOI0 1IHOTO MOXE OyTH iHTIOY-
BaHHS HITPOT€HA3W YTBOPEHHMH Y Iporeci aiazoTpodii
oHaMH aMOHit0. PayHam 3yMOBIIOBaB /10303aIe)KHE 3HU-
JKCHHS KOHIIEHTpAIlii HOHIB aMOHIIO Y CEpeIOBHUIII POCTY
Oaktepiii. CencuOimizoBani Oakrepii A. chroococcum
BKM B-1272 yrBoproBanu B 3,4 Ta 4,2 pa3y MeHIIIe HOHIB
aMOHIIO 3a BIUTUBY PayH7amy y peKoMeHI0BaHIl Ta BABIUi
BHIIiH KOHIEHTpamii. [IOpiBHIHO 3 BUXiTHOIO KYJIBTYpPOIO
111 MOKa3HUKHU OyJIU HIDKYUMH B 5,3 Ta 6,7 pa3y BiAIOBIIHO.
Bakrepii Azotobacter sp. A2 Ha npyry mo0y yTBOPIOBaH
B 2,8 Ta 4,1 pa3y MeHIe HOHIB aMOHiI0 3a BIUIUBY PayH-
Jary y KoHreHTparii 8 ta 16 mur/n Bianosigao. [TopiBHAHO
3 HECCHCHOLTI30BaHOIO KYIBTYPOIO IIi MOKa3HUKU Oyl
HxIuMHE B 3,1 Ta 4,7 pasy. HitporeHasa € nyxe 9y TIHBUM
(hepMEHTHIM KOMIIJIEKCOM, AKTHUBHICTH SIKOTO 3aJI€KHTh
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Puc. 6. Bniius Payniany Ha yrBopeHHs iioHiB amoHilo 6akTepisimu Azotobacter chroococcum BKM B-1272 (A)
Ta Azotobacter sp. A2 (b), nonepeanno BupoueHumu y cepenosuini 3 repoinuaom (K1 — kourposn; K2 — kyabrypa,
ceHcuodisizoBana Paynaanom; PII — pexomennoBana no3a; 2P/ — noasiiina n103a)
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BiJl KOHIIEHTPAIIlii MOJIEKYISIPHOTO KUCHIO, 3B’ I3aHUX (POpM
HITpOTEeHYy (HITparTiB, HITPHUTIB, HOHIB aMOHIiI0), MeTa-
JB-aHTATOHICTIB, SKi BUTICHAIOTH MOINiOmeH abo depym
3 aKTHBHOTO LICHTPY, OPraHIYHUX CIONYK Tomo. Po3unu-
HUKH, eMyasratopu, crabimizatopu, [1AP, ski BXOIATE 110
CKJIa/ly TIECTUIU/IIB 1 TIEPeNiK SKAX BUPOOHWKH 3a3BUYAM
HE 3a3HAYaloTh Ha CTHKETIi, MOXYTh HETaTHBHO BILIH-
BaTH Ha DICT Ta MeTabOJi3M a30TO]iKCyBaTbHUX OakTe-
piii, 3yMOBJIOIOUN JCHATYpAIlif0 O1MKiB, TOPYIICHHAS TPO-
HUKHOCTI ¥ MITICHOCTI KIITHHHUX MEMOpaH, TPAaHCIIOPTY
eJeKTpOHiB, OokyBanHA FeMo-kodakTopa. Brums rep6i-
MUY 3aJIeKUTh BiJ KyIbTYpH HiazoTpoda, KOHIIEHTpaIii
rridocary, KpaTHOCTI HOTO BHECEHHS Ta IHITUX YHHHUKIB.

BucHoBku. Y poOOTi TpPOAEMOHCTPOBAHO UYTIH-
BICTh BIUTPHOKHBYYHX a30T(IKCYyBaTbHUX OakTepii A.
chroococcum BKM B-1272 Ta Azotobacter sp. A2 no mii
repbinnay Payrpamy, sSKkAif IIHPOKO BHKOPHUCTOBYIOTH
y CLIBCHKOTOCTIONAPCHKii TpakTumi. BcranoBieHo, 1o

HaBITHh PEKOMEHIOBaHI BHPOOHHWKOM 03U ITHOTO IIpera-
pary 3matHi iHTiIOyBaTH picT Ta YTBOPEHHS HOHIB amo-
HII0 MiKpoopraHizMaMH-Aia30TpodaMu 3a ITabOpaTOpPHUX
yMOB. BpaxoByroun 3maTHICTE ToTiocaTy aKyMyTIOBAaTHCS
YacTHHKAMH TPYHTY Ta TPWUBAIHN TEpiof HaIiBPO3MaLdYy,
MH TIPOAEMOHCTPYBAIN HACTIIKA JJIS a30TO(IKCYBATBHUX
OaxTepiii 301TbIIeHHS KOHIIEHTpallii PayHmamy Ta iforo mos-
TOPHOTO BHECEHHS B IPYHT 33Ul JOCSTHEHHS Oa)KaHOTO
repbinuaaOoTO edexty. HeomHopasoBe 3acToCyBaHHS Tep-
Oimay poOWUTH MIKPOOPTaHI3MH TiIBUIICHO YyTIUBUMHU
o mii Tmidocary, Mo 3pemTol0 HETraTHBHO ITO3HAYAETHCS
HE TITPKK Ha HarpoMa/pKeHHI OiomacH, ajie ¥ Ha mporeci
niazorpocii. Tomy pe3ymbraTh, IpeAcTaBIeHi y it poOoTi,
BKa3yIOTh Ha BAKIMBICTH TO30BAHOTO Ta OOTPYHTOBAHOTO
3aCTOCYBaHHS TepOINMIIiB Ha OCHOBI TIidocary Ta mep-
CIIEKTHBHICTH ITOJAJBIIOr0 BHBYCHHS iXHHOTO BIUIMBY HA
MIKpOOPTaHi3MHU TPYHTY, IO OepyTh y4acTh Y KPyroooiry
HITPOTEHY Y IPUPOIi.
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Memoio docrioocenns 6yno suguents npubepexcuux ncamogimuux ayk y saniagi piuku Bopcxkna 6 mescax Iemvmancokoeo nayio-
HANbHO20 NPUpoOH02o napky. Lli yepynosanis aeiaioms cobolo Hesenuki 3a niowero, ae 8UcoKo Mo3aiuHi OLAHKY, AKI GUPISHAIOMbCA
SHAYHUM (PLOPUCTIUYHUM OA2AMCMBOM, PISHOMAHIMMAM MIKOOIomuU ma enmomopaynu. Y medxcax 00ciioxncysanux mepumopitl GU3Ha-
YeHO MO3AiUHY CIPYKMYpy mpasocmoio ma eapiayii npooykmugrocmi cupoi pimomacu (1,3-3,2 ke/m?), o gionogioae 30-70 y/2a cina.
Bidcymuicmb 20cnodapcoko2o UKOPUCIANHSA CRPUAE HAKORUYEHHIO RIOCIUIKY, (OPMYSaAHHIO NIOPOCMY abOpUeHHUX ma iHea3iuHux
0ePeBHO-4aA2aPHUKOBUX BUOLE | 3yMOGTIOE NOMEeHYiUHI cyKyecitini sminu. Hatlbinoue grnopucmuyne pisHOMAHIMmM UAENIEHO HA MOHKO-
HO2080-2i2aHMCOKOMIMAUYeUX IYKaX, AKi 30epieailonb 6epmuKanbHy CIMpyKmypy mpasocmoio, mooi Ak Ha 6ibi RPOOYKMUSHUX Yepy-
NOBAHHSAX, 30KPEMA WOPCIMKOOCOKOBUX, 3A2AbHA KINbKICIb 6UQI8 3MEHULYEMbCS, NPOME 3pOCIAE YACIKA NIOPOCIY 0ePeBHUX POCIUH.

Mixobioma ncamohimuux iyk Xapakmepusyemcs 6UCOKOI0 NPeOCmABeHiCMI0 MIKDOMIYenie, NepesajicHo 00TieamHux napazumie
BULYUX POCTUH (DOPOWHUCIOPOCAHUX ma ipdcacmux epubie), acoyitiosanux i3 mpas aHucmoro pociunnicmio. Ceped canpompogHux
i eeMibiompohHux MIKpOMiYemie uucenbHo nepeaxicamsy nepumeyioioni cymuacmi epuou, adanmosami 00 Kcepogimuux ymos oio-
monig. OKpemy uucenviy epyny cepeo canpompoqhie cmanosisAms KONpogineHi cymuacmi epudl, o po3eusaromvcs Ha nocaioi OUKUx
meapun (3aiiyie ma Opionux epusynie). Makpomiyemu npedcmasieni NepesastcHo 2yMycosuMil canpompopamu 3 Yucia azapukoionux
2pubis, Wo ceIOUUMb NPO MeHU CRPUAMIUG] YMOBU O IX PO3GUIMKY HA NCAMODIMHUX TYKAX.

Enmomonoeiuni 0ocniodcenna sagixcysanu 138 eudie komax iz 86 pooun ma 7 padie. Enmomokomniexcu Xapakmepusyronmsbcs 0omi-
Hy8aHHAM (imoghacis, ceped aAxux Hauyucenvriwumu € npeocmaswuxu Hemiptera, Orthoptera ma Coleoptera. 3uauny uacmky cxia-
oaroms enmomogpazu (MypyHu, COHEUKa, XUxci KIonu) ma 3anunto8ayi, BKI0UHO 3 OUKUMU OOHCONAMU, OHCMETAMU A OeHHUMU Meme-
JUKAMU, WO HOPMYE UIMKO 8UPANCEHY MPODIUHY CPYKIMYPOSAHICING eHMOMOpayHU ma 6i000pa*ca€e BUCOKY eKON0IUHY MO3ATUHICD
Yyepynoeams.

Ompumani pe3ynvmamu nioKpeciioms 6axiciugy poib HPUOEPeHCHUX Ncamogimnux ykie pivku Bopckna sk ocepedkis 30epe-
dcenns oiopisHomanimms. [lIOMpumMants cmany yux exocucmem nompeoye yinecnpsamosanux 3axo0ie 0XOpoHu ma pe2ynayii cyKye-
cilinux npoyecie, wo cnpusimume 36epedcenio npUpoOHUX KOMAIEKCi8 ma nioguwjennio pekpeayiinoi npueadausocmi I emvmancokozo
HAYIOHATLHO20 NPUPOOHO20 NAPKY.

Kniouosi cnosa: npupycnosi exocucmemu, ncamogimui 6iomonu, ¢nopa, gayua, mikobioma, cmpykmypa mpagsocmoro, 0XopoHa
npupoou, I'emvmancokuil HayionansHutl npupoonuil napk, Cymcvka obaacme.

Lytvynenko Yulia, Panchenko Serhiy, Govorun Oleksandr. Psammophilous meadows in the riparian zone
of the Vorskla River

The study aimed to investigate riparian psammophilous meadows in the floodplain of the Vorskla River within the Hetmanskyi
National Nature Park. These communities are small in area but highly heterogeneous, characterized by significant floristic richness,
diverse mycobiota, and entomofauna. Within the study sites, a mosaic structure of the herb layer and variations in the productivity
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of fresh phytomass (1.3-3.2 kg/m? corresponding to 30-70 c/ha of hay) were observed. The absence of economic use promotes litter
accumulation, the development of juvenile native and invasive woody-shrub species, and potential successional changes. The highest
Sloristic diversity was found in Poa pratensis—Agrostisgiganthea meadows, which retain the vertical structure of the herb layer, whereas
in more productive communities, such as Carex hirta-dominated ones, the total number of species decreases but the proportion of woody
seedlings increases.

The mycobiota of the psammophilous meadows is characterized by a high prevalence of micromycetes, mainly obligate parasites
of higher plants (powdery and rust fungi) associated with herbaceous vegetation. Among saprotrophic and hemibiotrophic micromycetes,
perithecioid ascomycetes predominate, adapted to the xerophytic conditions of the habitats. Coprophilous ascomycetes developing on
the feces of wild animals (hares and small rodents) constitute a separate numerical group among saprotrophs. Macromycetes are mainly
represented by humicolous saprotrophic agaricoid fungi, indicating less favorable conditions for their development in psammophilous
meadows.

Entomological studies recorded 138 insect species from 86 families and 7 orders. Insect communities are dominated by phytophagous
species, with Hemiptera, Orthoptera, and Coleoptera being the most numerous. Entomophagous species (weevils, ladybirds, predatory
bugs) and pollinators, including wild bees, bumblebees, and diurnal butterflies, comprise a significant proportion, resulting in a clearly
structured trophic organization of the entomofauna that reflects the high ecological heterogeneity of the communities.

The obtained results highlight the important role of the riparian psammophilous meadows of the Vorskla River as refugia for
biodiversity conservation. Maintaining these ecosystems requires targeted conservation measures and the regulation of successional
processes, which will contribute to the preservation of natural complexes and enhance the recreational value of the Hetmanskyi National
Nature Park.

Key words: riparian ecosystems, psammophilous habitats, flora, fauna, mycobiota, herb layer structure, nature conservation,

Hetmanskyi National Nature Park, Sumy Oblast.

Beryn. Piuka Bopckia B Mexkax [eTbMaHCBKOTO Harli-
OHaJbHOrO mpupomHoro mnapky (OXTUpcbKHH paiioH,
CyMchKa 0011acTh) BUPI3HIETHCSI BUCOKUM pPEKpEalliiHIM
IMOTEHI[I1aJIOM, 0COOJIMBO HIXKUE 3a Teuicro Bij ¢. KimmMen-
TOBE, Y BiJJaJICHHI BiJ 30H OOWOBHX il pOCIHCHKO-yKpa-
{HCBKOT BiliHM. BUKOpHCTaHHS pekpeaniifHoOro moTeHiany
PIYKH € BaKJIMBOI CKIIAJ0BOIO JisTIBHOCTI MPUPOIHO-3a-
moBigHOT yctaHoBu [1]. BomHouac akTuBHE pekpeariiiiHe
BUKOPUCTAHHSI MOXKE CIIPHYMHSATH TpaHC(hOpMAIiio TpH-
POIHUX KOMILJIEKCIB, OCOOIMBO y NPHOEPEKHUX 30HAX,
30KpeMa Ha IcaMO(iTHUX JIyKaX HPUPYCIOBOI YaCTUHU
3aIuIaBy.

3rifHo 3 eKoJIOro-(hiTOLEHOTHYHOIO KiacHupikarieo
pociuHHOCTI YKpainu [2], ncamodiTHa POCINHHICTD BiJl-
HOCHUTBCS J10 Tphox kiaciB: Koelerio-Corynephoretea
canescentis Klika in Klika & Novak 1941, Festucetea
vaginatae So6 ex Vicherek 1972 Tta Helichryso-
Crucianelletea maritimae Géhu et al. in Sissingh 1974.
BinmnosinHo 10 HarioHaneHOTO KaTaiory 0i0TomiB YKpaiHu
[3], ui yrpynoBanus BiitoueHi f0 tumy T1 Cyxi Tpas’sHi
6ioronm miatumy T1.1 Tlcamodithi Tpas’stHi OGioTornu
ta noxusitorbest Ha T1.1.1 Ilcamodithi Tpas’siHi GioTomnm
Ha kucsmx cyocrparax i T1.1.12 TlcamoditHi Tpa’siHi 6io-
TOIHM Ha HEWTpaJbHUX cyOcTparax.

[IcamodiTHI JIyKH 3pOCTaIOTh Ha JIETKHUX c1a003a1epHO-
BaHMX IPyHTaX, BiJ3HAYAIOTHCS MOPIBHSIHO HU3BKOIO IPO-
JMYKTUBHICTIO, BPa3JMBi 10 BKOPIHCHHS 1HBa31MHUX BUJIIB
Ta 3arajgoM He3aJ0BIIbHO BiAHOBIIOIOTHCA [4; 5]. Ilcamo-
(iTHA POCIMHHICTD BiJIIrpa€e Ba)IIMBY POJIb SIK MPUPOJHUIN
3aKpIIUIIOBaY PYXJIMBHX MICKIB 1 BOJHOYAC MA€ €CTETUYHY
iHHICTB [6; 7]. OKpiM IIBOTO, BOHA MOXKE CIIYT'yBaTH JDKe-
pesioM 0OMEKEHOro 300py JIKapChbKUX POCINH, 30Kpema
uMuHy tickoBoro (Helichrysum arenarium (L.) Moench),
¢ianku TpukonipHoi (Viola tricolor L.), 3Bipo0oto 3BUUAii-
Horo (Hypericum perforatum L.), deOpelro 3BHYAIHOTO
(Thymus serpyllum L.) Ta in. [8]. Y nepion iHTEHCHBHOTO
PO3BUTKY CUIBCHKOTO TOCIIOAAPCTBA MOLIMPEHHIO M1CaMO-
(ITHOT POCIMHHOCTI MEBHOIO MIPOIO CIIPHsUIA JiSUIBHICTH

JIFOIMHM, SIKa TIPU3BOJMIIA JI0 BUpYOyBaHHS JIiCiB Ta BHIIa-
CaHHsl XyJOoOHM, IO, CBOEIO YEPror0, 3yMOBJIIOBAJIO OIO-
JeHHs mickiB. [Ipore BIpogoBkK OCTaHHIX JIBOX AECATHIITH
y €Bpomi o ncaMogpiTHUX YrpyHOBaHb Pi3KO CKOPOUY-
10ThCsl [9]. 3HUKHEHHS TaKUX yrpyloBaHb 3yMOBIIOETHCA
HHU3KOI0 YMHHUKIB: 3a0yJ0BOIO0 MiCLIE3pOCTaHb, BUTONTY-
BaHHSM, BHJI00yBaHHSM ITiCKY Ta IHIIUMH (OpMaMu peKpe-
arfiitHoro HaBaHTaxxeHHs. Kpim Toro, mo/iOHi 1IeH03H Bpas-
JIMBI 10 3MiH IHTEHCUBHOCTI HiTpUiKalii IPyHTIB, a TAKOX
JI0 3apOCTaHHsI HACTYITHUMH B PSIIy CYKLECIl THIIaMU poc-
JUHHOCTI [5; 6]. 3 oy Ha 1e, icaMo(iTHI yrpyrnoBaHHS
nepeOyBaroTh Mg oxopoHowo OcenumHoi JUpeKTHBH
€Bpocorosy [10]. 3okpema, 10 mepeniky 00’ €KTiB OXOPOHH
BiZIHECEHO IMiOHEPHI caModiTHI eHo3u. Takok BOHH 0X0-
pousitorbest Jlogatkom 1 1o Pesomonii Ne4 bepHcbkoi koH-
BeHIi [11].

Cran BHMBYEHHsI OiOpi3HOMaHITTS ncamoQiTHuUX Oio-
TomiB YKpaiHW 3ajumaeTbesi QparMeHTapHAM. IcHyroui
nmyOmiKarii MnepeBayKHO BHCBITIIOIOTH JIOCHTIDKEHHSI POC-
JIMHHOTO MOKPHBY HIl[AaHUX YIPYNOBaHb OKPEMHUX perio-
HiB [liBHiuHOTO [Ipruopromop’s [12; 13; 14], Jlicocreny
[8; 15; 16] ta ITomices [4; 5; 17; 18]. Boanouac BimomocTi
mono ¢aynu [19-22] Ta mikobiotn [23-26] nux yrpymo-
BaHb 3aJMIIAIOTHCS JOCUTH OOMEXEHHMH, a KOMIUIEKCHI
OLIIHKY O10pi3HOMAHITTS MPAKTHYHO BijcyTHI. OKpiM TOTO,
Y HasBHUX JIOCJII/DKCHHSIX MCaMO(ITHUX JIYK IETallbHI TaH1
II0JI0 BEPTHKAJIBHOI CTPYKTYpH TPABOCTOIO Ta PO3IOALTY
HaJ[3eMHOT CHpOBOI (hiTOMacH INpeacTaBieHi BKpail oOMe-
JKCHO a00 BIJICYTHI, 10 3HAYHO YCKIIAJHIOE BCEOIUHY CKO-
JIOT1YHY XapaKTEPUCTHKY Ta OLIHKY IPOAYKTUBHOCTI KX
yIpynoBaHb.

Cran BHMBYEHHsI OiOpi3HOMaHITTS ncamoQiTHUX Oio-
TomiB YKpaiHM 3anumaeTbcs QparmeHTapHuM. HasBHi
nmyOmiKarii 37e0UIbIIOro MPHUCBSYEHI JTOCIIKEHHIO pOC-
JIMHHOTO MOKPHBY Hil[AaHUX YIPYNOBaHb OKPEMHUX perio-
HiB [liBHiuHOTO IIpMuopuomop’s [12—14], Jlicocremy [8;
15; 16] ta Ilomiccs [4; 5; 17; 18]. HaromicTh BimoMOCTI
npo Qayny [19-22], rpubu [23-27] ta naumaiitnuku [28;
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29] 3anumaroThCs OOMEKEHHMH, a KOMITICKCHI OIlIHKH
0i0pi3HOMAHITTS MpaKTHYHO BincyTHi. Kpim Toro, y 6inb-
II0CTi poOIT BiACYTHI JeTanbHI JaHi MO0 BEPTHKAIBHOL
CTPYKTYpH TPaBOCTOIO Ta PO3IONLTY HaI3eMHOi CHPOBOL
(hiTomacH, MO YCKIaJHIOE BCEOIYHY EKOJIOTIYHY XapaKTe-
PHUCTHKY Ta OIIHKY MPOIXYKTHBHOCTI ICAMO(ITHUX yTPyTIO-
BaHb.

Takwii cTaH 3HAHB YCKIAIHIOE PO3POOKY e(hEeKTHBHIIX
3aX0/liB 3 OXOPOHH Ta YIPaBIiHHA TICaMOPITHUMH 0i0TO-
mamu, sKi 1epeOyBaloTh IiJ 3arpo30i0 aHTPOMOTCHHUX
Ta TpUPOTHUX (akTopiB. TakuM YWHOM, MOKHA KOHCTa-
TyBaTH, [0 KOHTHHEHTAJbHI IICaMO]ITHI yTpyHmOBaHHSI
VYkpaiau, 3 omIAy Ha IXHIO 3HauHy (DparMeHTOBaHICTh
i BIZIHOCHO HEBENWKI IUIOINIi, MOTPEOYIOTh ITOJAIIBIIOTO
KOMITJIEKCHOTO BUBYEHHSL. L{e 103BONTUTE OTpHMATH HiTICHY
KapTUHY Oi10pi3HOMAHITTS Ta BU3HAYUTH TIPIOPHUTETH IS
OXOPOHH 1 30€peIKEHHS IINX YIPYTIOBAHb.

MeTto10 po60TH OyII0 OIIHUTH 010PiI3HOMAHITTS BHIITIX
CYIMHHHX POCIHH, KOMax Ta Tpr0iB Ha TcaMO(iTHHX JTyKaxX
MIPUPYCIIOBOI YacTHHHU P. Bopckia, ski He MarOTh BUANMHUX
O3HaK peKpeariifHoi aurpecii. 3aBgaHHAME poOOTH OyiH:
peecTpallis MOTOYHOTO CTaHy McaMO(iTHHUX JIYK, 30KpeMa
OLlIHKa BHJOBOTO 0ararcTBa BUIIMX CYJWHHHX pPOCIHH,
KOMax Ta TpHuOiB; BU3HAYCHHS MPOXYKTUBHOCTI Ha[3eMHOL
(hiTomacwu; UTFOCTpaIlis BEpTHKAIBHOI CTPYKTYpH TpaBOCTa-
HiB.

MeTtoauka Ta wMmarepianu aociaizxkeHb. [lompoBi
JIOCTIKeHHS TIpoBeeHi 26—27 mumast 2025 poKy Ha IiIsH-
Kax MpHUPYCIOBOI YaCTUHU 3amjiaBu p. Bopckiu B Mexax
I'eTbMaHCHKOTO HAIIIOHATFHOTO IPUPOIHOTO TMapKy. O6cTe-
JKeHI TepUTOPii HaJekaTh 0 30HH CTAaIliOHAPHOI peKpeartii
MapKy.

O1iHKy BHJOBOTO 0araTcTBa BHIINX CYIUHHHUX POCIUH
3MiHCHEHO Ha OCHOBI CTaHIAPTHHUX Te00OTaHIYHHX OITH-
CiB, 3aKJIaJIEHUX Ha OONIKOBHMX JUISHKaX 1uromero 6—10 m2.
LirrocTpartiro BepTUKaIBHOI CTPYKTYPH TPABOCTOIO TTPOBO-
I IUIsIXoM QoTorpadyBaHHs Ha (OHI MacmITaOHOTO
ekpana. Jlns BW3HAueHHS TPOAYKTUBHOCTI IyK BimOu-
panu CHOMUKK CHpOi (iToMacH Ha MUITHKaX PO3MipoM
0,25 x 0,25 M y TpHUKpaTHIii TOBTOPHOCTI Ha THX CaMHUX
IUTSTHKAX, Ae 3aiicHioBanocs ¢ororpadyBanss. s mooy-
IoBH TpadikiB BEePTUKAIBHOI CTPYKTYpH 3BaKyBaHH:I
CHOIIMKIB BHKOHYBAJH 3a iHTepBajlaMH BHCOTH 10 10 cwm,
0 BiAMOBimamo MacmTaly expaHa. 3arajoM 00CTEKEHO
YOTUPH OOJTIKOBI TUISHKH 3 Bi3yalbHO Pi3HOIO BEPTHKAIb-
HOIO CTPYKTYypoio TpaBocTor. JlocmimkeHi mcamodiTHi
JyKH, MO BiIHOCATHCS 3a HarionamsHuM KaTaysoroM 6io-
tomiB Ykpainu (2018) mo tumy T1.1.2 TIcamodiTHi TpaB’ stHi
OioTorm Ha HelTpanpHUX cyOcTpaTax [3]. Cepen HEX OyImo
3aKJIaJIeHO TI0 TPH TUITHKH: 1) Ha TOKOHOTOBO-MITIHUIICBii
JyIi 3 TOMiHYBaHHSIM TOHKOHOTA JygHOTO (Poa pratensis
L.) ta miTnmumi rviraaTcekoi (Agrostis gigantea Roth);
2) yrpymoBaHHi 3 JOMiHYBaHHSAM OCOKH moOpcTKoi (Carex
hirta L.); 3) y 3apocTsaxX MIITBHSHKY JiKapchKoi (Saponaria
officinalis L.).

30ip ¥ ompalfoBaHHS 3pa3KiB TpHUOIB 3MiHCHIOBAINCS
BIJITIOBIZTHO IO 3arajbHONPUIHATHAX Y MIKOJIOTii METOINK
[30]. OckinpKky KOJEKITIOHYBaHHS Ta MIATOTOBKA MiKOJO-
TIYHOTO MaTepiary s TOAaiIbIIoro JCTIOHYBAaHHS 1 TpH-

Bajoro 30epiraHHs B repOapiix Mae crenu(iky 3ajJeKHO
BiZ 0i0JOTIYHUX 0COONMBOCTEH, KOHCUCTEHIIT Ta OymoBH
TUTOIOBHUX TiJI, MOP(OIIOTii CIIOPOHOIICHb TOIIO, METOIH
300py Ta MOIHOBOTO OTIPAIFOBAHHS 3pa3KiB Uit hiToTpod-
HUX MIKPOMIIETIB 1 MaKpOMIIIETIB JCIIO Bigpi3HAIOTHCS.
3pasku QIiTOTpOHUX MIKPOMINETiB 30Mpand Ha >KUBUX
POCITMHAX-TOCTIOAAPSX Pa3oM i3 YaCTHHOIO OpTaHiB poc-
JHH. Y MONBFOBUX YMOBaX iX MOMIIAIH B IANIEPOBI MAKETH
Ta BUCYIITYBaJH Yy OOTaHIYHOMY TIpeci MiX JHCTaMH BOJO-
roeMHOTO Tarepy. I1momoBi Tia MakpoMiIeTiB 30upam
1 BUCYIIyBallM y BIIKPUTHX IManepoBHX Makerax. JpiOHi
Ta CepeHi IUIOIOBI TijIa BUCYIIYBAHM IIUTHMH, a 0COOIHBO
KPYITHi Ta MacHWBHI — pO3pi3aii HOXKEM B3IIOBXK Ha JIBi a00
Oinpire yacTuH. i1 JOKYMEHTYBaHHS T JOAATKOBOTO aHa-
T3y BHUKOPUCTOBYBaNX IH(pPoBi (ororpadii cBIXXUX II0-
JTOBHX TiJl Y TIPHPOII.

BusnadenHs rpubiB NMPOBOAWIM Ha CBIXKO3iOpaHOMY
Ta repbapu3oBaHOMy Marepiani. MikpomopdomerpraHi
O3HAKH JOCITIKYBaId METOIOM CBITIOBOi MIKPOCKOMII,
MpenapaTi TOTYBaIH CTAHAAPTHO, Y AWCTHIILOBAHIN BOII.
Po3mipn MiKpOCTPYKTYp BH3HaUaIH Ha OCHOBI BHITaJIKOBO
BimiOpanux ex3eMrursipiB: 20 mist crop i KoHimiH Ta 10 mus
THITNX MIKPOCTPYKTYP.

J11s1 BUBYCHHS PI3HOMAHITTS Ta CTPYKTYPH yIpyIIOBaHb
KOMax 3aCTOCOBYBAaJNH JIBa CTaHIAPTHI METOIU BimbOopy
MaTepiay: JIOB CAauKOM Ta METOJl KOCIHHS €HTOMOJIOTIY-
HHUM cadkoM. JIOB cayKkoM BHKOPHCTOBYBAJIH JJIS BiJJIOBY
OKpPEeMHX EK3EeMIULIPIB KOMax, fKi aKTHBHO TIepecyBa-
IOTBCS B TPaBOCTOI ab0 Ha KBiTKax. Bimdip 3milicHroBamm
HITSIXOM HUTECHIPSMOBAHOTO 3aXOIICHHS KOMaX y TIPHPOJI-
HUX MiKp00i0TOMaxX, MO0 T03BOJISIIO 3a(hiKCyBaTH BUOBHMA
cknag earoModaynu. OcoOnuBy yBary MPpUAIUISIN Tpea-
craBHnkaMm 3ammmoBadiB  (Lepidoptera, Hymenoptera)
Ta ¢itodaram. KociHHS MpoOBOAMIN CTAaHAAPTHUM EHTO-
MOJIOTIYHUM CadKoM i3 niamerpom oboma 40 cm. TpaBocrTiit
MPOYiCYBaIH cepisMH 3 25 MOMaxiB, IMicIs YOTO 310paHwmid
MaTepian mepersinany ta QikcyBamu. Takuit MeTox 1n03-
BOJISIB KUTBKICHO OXapaKTepU3yBaTH yrpylnoBaHHS KOMax,
OB’ SI3aHUX 13 POCIWHHUM IIOKPHUBOM, 30KpeMa TMpe.-
craBHuKIiB Coleoptera, Hemiptera, Orthoptera Ta iHmmIX
TakcoHiB. 3i0paHUX KOMaxX BH3HAYaIH 3 BUKOPHUCTAHHIM
BU3HAYHUKIB Ta TMOPIBHIHHAM i3 KOJNCKIIITHIMH MaTepia-
mamiu [31; 32; 33]. [l moambIioro aHaizy BpaxoBYBall
KUTBKICHI Ta AKICHI MMOKa3HUKH €HTOMO(MayHH, IO T03BO-
TS0 OIIHUTH ii BUAOBHU CKIIAJ, PI3HOMAHITTS Ta €KOJIO-
Ti9HI 0COOMMBOCTI HAa AOCTIIKYBaHUX AUISHKAX IICaMO-
¢biTHUX TyK.

Jns 3abe3neueHHs €IHOCTI Ta KOPEKTHOCTI TaKCOHO-
MI9HOTO O(OPMIICHHS YCiX pe3yJabTaTiB JATHHCHKI Ha3BH
Ta CKOPOYCHHS aBTOPIB BUJIB BHIINX CYIMHHHX POCIHH
i Tpu0iB, a TaKOXX JIATHHCHKI Ha3BM TaKCOHIB KOMaX HaBe-
JICHO BiIOBITHO J0 TI00AIhHOI iHPOPMAIIitHOT cCHcTeMHI
3 G6iopizHomanitTs GBIF (2025) [34].

PesyabraTH gociigkeHb. Y pe3ynbTari OOTaHITHHX
JOCTiKeHb Ha icaModiTHIX stykax JliBobepexHoro Jlico-
crerry Ykpaiau Oyino oxapaKTepH30BaHO TPU THIIOBI yTpy-
MOBAHHS: TOHKOHOTOBO-TIraHTCHKOMITIIMIIEBE, IIOPCTKO-
OCOKOBE Ta 3apOCTi MUJIBHSIHKH JKapChKoi. [ KOKHOTO
YIpYNOBaHHS BU3HAYCHO BHCOTY TPAaBOCTOIO, MPOCKTHBHE
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TTOKPUTTS i SPyCiB, BUAOBHUI CKIIa Ta PO3MOILT Ha[3eM-
HOI CHPOBOI (hiTOMACH TIO BEPTHKAIEHOMY TIPOQIITIO.

Ha TOHKOHOTOBO-TIraHTCHKOMITIHMIIEBIH JIYIIi BHCOTa
TpaBoCTOIO csirana 6mu3pko 1 M. Ilix’sipyc TpaB 3aBBHITKH
moHax 30 cM MaB NMPOEKTHBHE MOKPUTTS Omm3bko 5—10%
1 CKmamaBcsi 3 TOOAMHOKHMX pociuH Poa pratensis,
Cichorium intybus L., Phleum pratense L. Ta in. pyruii
i’ Apyc, 3aBBUIIKA 10 30 cM, XapaKTepu3yBaBCs MPOCK-
TUBHUM TOKpHUTTSIM 30—40% 1 OyB chopmoBaHmii mepe-
BaXHO IJIMCTKAMH 3JaKiB Ta pi3HOTpaB’sM. HaiiGinbmie
npoekTtuBHE MOKPHUTTS (40-50%) Bi3HAYEHE Yy HIXKHBOTO,
TPETHOTO T SIPyCy, 3aBBUIIKK 10 15 cM. Bin ckimanmaBcs
3 HEBUCOKMX POCIHH i MPHUKOPEHEBHUX PO3eTOK Potentilla
impolita Willd., Hieracium pilosella L. Ta in. 3arambHe
MIPOEKTUBHE TIOKPUTTS TPABOCTOIO OYII0 BiTHOCHO HEBHCO-
KNM 1 cTaHoBmio omm3pko 80-85%. SIpyc mepTBOro omany
BHpPOKEHUH C1a00, HOTO TOBIIMHA HE TIEPEBHIIyBaja
3-5 cM. 3aranbHe BUAOBE PI3HOMAHITTS CKIagano 45 BUIB,
cepen SKUX BiA3Ha4eHO ApiOHMH minpicT Acer negundo L.
ta Ulmus minor Mill. YrpymoBaHHS XapaKTepH3yBalOCs
MO3al4HICTIO, Y MeKaX SKOI BHIULAINCS TapIenu, chop-
MoBaHi Hieracium pilosella, 3makamMu Ta OIHOPIIHUME
BHaMH. BinbIie moJoBMHU Ham3eMHOi (iToMacu 3ocepe-
JUKyBasocst y HIKHboMY sipyci (0—10 cm). 3arambHa cupa
¢itomaca cranosmia 1,3 xr/m?.

[lopcTkoocokoBa JIykKa XapaKTepU3yBaslacs —IIib-
HUM TPaBOCTOEM 13 3arajlbHUM MPOEKTUBHUM MOKPHUTTSIM
85-90%. Bucora oxpemux pocnuH csrana 1,2 M, yTBope-
HUH HUMH BEPXHIA MiA SIpyC MaB NMPOEKTHUBHE MTOKPUTTS
6mm3pko 10-15%. Hpyruii mig’spyc ¢popMyBanm poCIMHA
3aBBuIIKA 40-50 cM i3 CymMapHUM NMPOEKTUBHUM ITOKPHUT-
M 70 60%; came BiH OyB OCHOBHHMM Yy CTPYKTYypi Tpa-
BocTOI0. HmkHIN min’ spyc 3aBBummkn 10 20 cM MaB TIpo-
exTnBHE TOKpUTTs 15-20%. SIpyc meprBOro omamy OyB
JIOBOJTi TIOTY>KHUM 1 csraB 70 10 cm 3aBToBmIKY. Ha minmsai
criocTepiraBcs ApiOHMKA Ta cepemHiid miapict Quercus
robur L., Pyrus communis L., Acer tataricum L., Ulmus
minor Ta Prunus spinosa L. BumoBe pi3sHOMaHITTS BUSBU-
JIOCSI JITIO HIDKYAM TTOPIBHSIHO 3 TONIEPEIHBOO TIITHKOIO
it craroBmiTo 30 BUIIIB BUIINX CYIMHHUX pociiH. OCHOBHA
gacTka Qiromacu Oyna 3ocepemkena Ha BUCOTI 0-30 cwm,
TIPH IIHOMY HE CIIOCTEPIraiocs pi3Koro 3MEHIIEeHHS ii KiTb-
KOCTi 3HM3Y Bropy mo npo¢inro. 3aranpHa cupa iromaca
cranoBmia 2,4 xr/m>2.

VY 3apoctax Saponaria officinalis Gyno 3apeecTpoBaHO
36 BUAIB BUIINX CyAWHHUX POCIHH. 3arajibHa BUCOTA Tpa-
BOCTOIO csrana 1,4 M, TIpH IIbOMY TIOOAMHOKI POCIHHH
Rumex thyrsiflorus Fingerh. ¢hopmyBanu BepxHiit mmig’ spyc
13 IPOEKTUBHUM IOKPHUTTIM Onu3bko 5%. Hpyruit min’s-
pyc, ne momiHyBada S. officinalis, BUPI3HABCS BHCOTOIO
6mm3pKo 60 CM Ta MPOEKTUBHHUM ITOKPUTTSIM IIIOHAHMEHIIIE
50%. Tperiif mix’sipyc Ckiajanyd pOCIMHHU 3aBBHIIKH 0
20 cM i3 mpoeKTHBHUM MOKPHUTTSIM 10 40%. 3arambHe
MIPOEKTUBHE TIOKPUTTS TPaBOCTOIO cTaHOBWIO 90-95%.
VY BepTHKaTFHOMY TPOQiTi WITKO BHOKPEMITIOBABCS SPYC
Ha Brucoti 10-30 cMm, ne Oymna 30cepekeHa OCHOBHA YacTKa
cupoi (iTomacH, MpeacTaBlIeHa 3A€OLTBIIOTO JUCTIM JOMi-
HaHTa. 3araipHa cupa ¢iTomMaca gocsrana 3,2 Kr/m?2.

['pubwm sk HEeBix €MHI KOMIIOHEHTH MTPUPOAHUX O10TIEHO-

3iB OepyTh Y9acTh Y NECTPYKIIil OpTraHIYHUX PEIITOK, Pery-
TSI poCTy ¥ PO3BUTKY POCHHH, (hOpPMYyBaHHI CTPYKTYpPH
Ta IWHAMIKH yTPyHoOBaHb. SIKIO0 MaKpOMIIIETH HacamIie-
pen 3a0e3medyroTh PO3KIaAaHHs CTIMKHX JITHIH-IIETI0N03-
HUX CIIONYK 1 (DYHKIIOHYBaHHS IiICTHIKH, TO MIKpOMi-
[IETH, 30KpeMa (iTONaTOTeHN, MOXYTh ICTOTHO BITJTHBATH
Ha ¢opMmyBaHHA (ITOIEHO3IB, MPUTHIYYIOYH PO3BHTOK
OKpEMHUX BHIB 1 3MiHIOIOBATH CITiBBiTHOIICHHS KOMIIO-
HEHTIB POCIMHHOTO MTOKPUBY. Y CydacHii MiKomorii cuHe-
KOJIOTIYHUH MiAXifd, MO pO3TILAae TPUOHI yTrpyHOBaHHS
(MIKOTICHO3M) SIK HEBiZI'€MHI CTPYKTYpPHI Ta (QYHKIIIOHATBHI
eJIEMEHTH TPYHTOBUX 1 Ha3eMHUX OioreHo3iB [35; 36; 37],
3aCTOCOBYETHCSA Aealli mupIIe. Y MbOMY KOHTEKCTI TOCITi-
JOKEHHS BHIOBOI PI3HOMAHITHOCTI, €KOJIOTIYHOT CTPYKTYPH
Ta TIPUYPOIEHOCTI TPHOIB 70 MEBHUX OI0TOTMIB € HEOOXi-
HUM CKJIQJTHUKOM KOMITJICKCHUX OIIIHOK 0i0pi3HOMaHITTS.

Ha oOcTexeHnx minsgHKax IcaMopiTHUX JIyK 3apEeCTpPo-
BaHO 29 BHIB rpudiB, mo Hamexars 10 20 poxis, 15 pomun
ta 8 mopsaakiB [38]. Cepex HuX cymdyacti (Ascomycota)
mpenacraiueni 17 Bumamm 3 12 pomiB, a 0Oasmmiesi
(Basidiomycota) — 12 Bumamu 3 § poziB. HaltOimbIry gacTKy
cranoBmiM nopsinku Pucciniales (7 Bunis), Helotiales (6),
Agaricales (5), Pleosporales (4) Ta Mycosphaerellales (3),
TOZI K 1HII MTOPSAIKH OyIH MpeacTaBieHi 1—2 BUIaMH.

3a  eKoNOTO-TPO(IYHOI HAJNESKHICTIO IIepEeBaKaIIH
OioTpodu Ta camporpodu. I'pyma OGioTpodiB BrITIOUaTa
13 BumiB oOMiraTHUX Mapa3wTiB BHIIMX POCIHH, CaIpo-
Tpodu — 12 BuAIB, 0 HANEKATH 10 TepOOTPOdiB, KOIIPO-
Tpo(iB Ta TyMycoBuX canpoTpodiB. s 9OTHPHOX BUIB
Bi3HaueHO remibioTpodHMit THI >kuWBICHHA. Po3momin
rpubiB MK yrpymoBaHHAMH OyB HEpIiBHOMIpHHM: Ha
TOHKOHOTOBO-TITAHTCHKOMITIIMIIEBIH Jymi BUSBIEHO 18
BHIIB, Ha IIOPCTKOOCOKOBiH — 13, a B 3apocTsix Saponaria
officinalis — mmme 3. Ile cBiTUUTH PO BiAMIHHOCTI MiKO-
JIOTIYHOTO CKJIaay 3aJIeKHO BiJl THITy yIpYyNOBaHHS, BUIO-
BOI CTPYKTYypH POCIHH-)KUBUTEIIB Ta OCOOIMBOCTEH Tpa-
BOCTOIO.

Y IJIydyHHX yTpyNOBAaHHSIX TOMITHY YacTKy CKJaja-
FOTh MIKPOMIIIETH, 37eOLTBIIIOTO acoIlifioBaHi 3 TpaB’sSHU-
CTHMH pociuHaMu. HafOimpIn mommpeHnMHu cepell HUX
€ oOmiraTHi Mapa3uTH, OB’ sI3aHi 3 JIYIHOIO POCITHHHICTIO,
30kpema OopommamcTopocsHi (Helotiales, Erysiphaceae)
Ta ipxkacti rpudu (Pucciniales). Ha mocmimkeHnx MiIsTHKaX
BiJI3HAUCHO TOUIMPEHHS TAaKUX BHUIW: Blumeria graminis
(DC.) Speer Ha Poa pratensis Ta Phleum pratense, Erysiphe
trifoliorum (Wallr.) U. Braun wa Trifolium pratense L.,
Melampsora euphorbiae (Ficinus & C. Schub.) Castagne Ha
Euphorbia sp., Phragmidium potentillae (Pers.) P. Karst. Ha
Potentilla impolita, Puccinia oreoselini (F. Strauss) Fuckel
Ha Peucedanum oreoselinum (L.) Moench ta Uromyces
trifolii-repentis (Castagne) Liro na Trifolium repens L.

IIcamoditHi TpaB’siHI G10TOIM TAKOXK CIIPHUSIOTH TTOIITH-
peHHo reMifioTpodHIX (ino- Ta TepOodiTPHIX CyMIacTHX
TprOiB 3aBISKN HU3BKIH BOJOTOCTI Ta pO3pPiHKEHOMY Tpa-
BOCTOIO. 3a CIPHUATINBAX YMOB IIi MIKPOMIIIETH MOXYTb
MacoBO PO3BHBATHCS, CHPUUUHSAIOUN IUISIMUACTOCTI Ta Bif-
MHUpaHHS JUCTKIB. 31aTHICTH 10 remibioTpodii Ta mmupoka
cyOcTpaTHa TPUYPOUCHICTh 3a0E3MEUyIOTh MOIIHPEHHS
JIOKYJI0ACKOMIIIEeTiB y ncamogiTHHX (iTorieHo3ax [23; 25].
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Puc. 1. BeprukajibHa CTPYKTypa TPAaBOCTOI0 HA JOCTITKYBAHUX AITAHKAX JYK: A — TOHKOHOTOBO-
riranTcbKoMiTiInIeBoi; b — mopcrkoocokoBoi, B — 3apocTeii MUIbHAHKH JIKapebKoi (Saponaria officinalis L.).

Y Hammx OOCTEeKEHHSX BHSABICHO JIMINE JABAa BUAM POAY  YOTHPH BHIU MikpoMiueTiB: Gymmnosporangium sabinae
Septoria: S. stenactidis Vill. na Stenactis annua (L.) Nees  (Dicks.) G. Winter ta Mycosphaerella pyri (Auersw.)
Ta S. scabiosicola Desm. va Knautia arvensis (L.) Coult. Boerema na muctkax Pyrus communis, Rhytisma punctatum

Ha nepeBnux pocnmHax, mo ¢opmytors apioumit  (Pers.) Fr. na muctkax Acer tataricum i Sawadaea bicornis
1 cepenHii miapicT B 00cTeKeHUX yrpynoBaHHsX, Bussieno  (Wallr) Homma va Acer negundo L.
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3aramoMm QitorpodHi MiKpoMimeTH BimmiueHi Ha 18
BHJAaX CYOWHHUX pocimH i3 10 pomwH, cepem SKWX Haii-
Oimpme mpezncTaBieHi Asteraceae, Poaceae, Rosaceae
ta Fabaceae.

OxpeMy yBary mpuBepTae rpyra KompopirbHUX MiKpo-
MIIETiB, IO KOJOHI3YIOTh EKCKPEMEHTH, MepeBakHO
TPaBOiAHWX TBapwH. JOCHiIKeHI NUISHKH JTyK HUHI HE
BHKOPUCTOBYIOTCSI JIUISI BUIACY XyTOOH, TOMY OCHOBHHM
cyOcTpaTtoM Al PO3BUTKY KOMPO(DiTBHUX TpHOIB BUCTY-
Mmae TOCTIN TUKUX TBapWH, Hacamrepen 3aimiB (Lepus
europaeus Pallas) Ta apibnmx TpmsyHiB. Ha TOHKOHOTO-
BO-TITAHTCHKOMITIIMIIEBIi Ta MIOPCTKOOCOKOBIH JyKax
310paHO YHCICHHI KOMPOMH 3aHIliB, Ha SKUX METOIAOM
BOJIOTOi KaMEpH BHSBICHO CiM BUIIB CyMYacTHX TpHOiB
i3 9mcia TMipeHo- Ta JIOKYJIOacKoMimeTiB: Botryotrichum
murorum (Corda) X. Wei Wang & Samson, Coniochaeta
leucoplaca (Sacc.) Cain, Delitschia marchalii Berl. &
Voglino, Preussia dubia (S.I. Ahmed & Cain) Kruys,
Sordaria fimicola (Roberge ex Desm.) Ces. & De Not.,
Sporormiella intermedia (Auersw.) S.I. Ahmed & Cain ex
Kobayasi Tta S. minima (Auersw.) S.I. Ahmed & Cain. Yci
BUABJICHI BUIU € 3BUUAHUMU [T Yipainu [39; 40] i wacto
TPAIUIIIOTECA y TicaModiTHuX Oiotomax. Kompodimpanx
JVICKOMIIIETIB HE BUSBICHO, IO Y3TO/DKYETHCSA 3 HAIIUMHU
morepeHiMu maHuMu [27]. Pamimre Mu Big3Hawgamu, 1o
EKOJIOTiYHI YMOBH apeHHUX TEPUTOPIH € CTIPHSATIUBIIIIMHA
JUTS PO3BUTKY MEPUTEIIOITHAX ackoMiteTiB [27]; iX momu-
peHHS y IcaMO(iTHHUX YTPYITOBAHHAX TAKOXK IMiATBEPKEHE
iHmmMu  pocmigaukaMu [23; 25]. ImoBipHO, cymuacTi
rpubM i3 3aMKHEHUMH acKOMaMH (ITipeHOMIIIETH, JOKYIIO-
ACKOMIIIETH), 3aBIJKH 3aXHUIIEHOMY CIIOPOBOMY amapary,
MEHIII 9yTIHBI 0 HECTIPUATINBUAX EKOJOTIYHUX YMHHUKIB
TMIITAaHUX apeH, o i 3abe3nedye iX MOmMpeHHs.

Maxpowminer# 00cTeKeHIX IcaMO(iTHUX JIyIHUX LTSI
HOK ['etpmancrikoro HIIIT mpencraBneni nrictbMa BHIAME
3 IATH POAIB Ta YOTHPHOX POMUH TOpPsAnKy Agaricales.
e mepeBa)kKHO TPEACTABHUKH TYMYCOBHX CampoTpodis,
cepex SIKUX JOBOJIi 3BHUAHUMU € Agaricus campestris L.,
Lycoperdon pratense Pers. Ta Marasmius oreades (Bolton)
Fr. Cepen repbotpodir 3adixcoBano Marasmius limosus
Quél.

BaxnmuBuM KOMITOHEHTOM O0i10pi3HOMAHITTS TICaMOQiT-
HUX TyK € eHtomodayHa. EHTOMONOTIUHI mOCIHTIIKEHHS
MIPUPYCIIOBOi YacTHHU p. Bopckia mokaszanm BHCOKE pi3-
HOMAHITTS KOMax, II0 BiIoOpa)kae eKOJIOTIYHY MO3aTdHICTh
Ta 3HAYHY NPHUPOJOOXOPOHHY IIHHICTH HaHWUX OI1OTOMIB.
3araiom Oyio 3apeectpoBano 138 BuIiB KOMax, 10 Hale-
Katb 110 86 pomuH i 7 psniB. HaituncenpHime npeacrapieHi
psmn Hymenoptera, Hemiptera, Orthoptera, Coleoptera
ta Lepidoptera, mo ¢GopMyIOTh OCHOBY €HTOMOKOMITIICKCIB
rcaMo(iTHUX JTyK.

Metox KOCIHHS /I03BOJINB BCTAHOBHTH TI€PEBa’KaHHS
y (hayHi KOMax, TICHO TOB’S3aHHX i3 TpaB’STHHCTOIO POC-
JUHHICTIO. Y 3pa3kaxX IOMIHYBalH pi3HI Tpymu ¢itoda-

TiB, 30KpeMa: KJIONHU-IMTHUKH — Eurydema oleracea
Linnaeus, 1758 ta Dolycoris baccarum Linnaeus, 1758;
npsmokpwiti  —  Chorthippus — parallelus — Zetterstedt,

1821 i Tettigonia viridissima Linnaeus, 1758; tBepmo-
kpuri — Galeruca tanaceti Linnaeus, 1758 ta Phyllotreta

vittula Redtenbacher, 1849. BusBneHo Takox 3HAUHY KiJb-
KicTe eHToMo(ariB: coneuka — Coccinella septempunctata
Linnaeus, 1758, Propylea quatuordecimpunctata Linnaeus,
1758, Harmonia axyridis Pallas, 1773; typyuu — Harpalus
rufipes DeGeer, 1774; xwxi kmonu — Picromerus bidens
Linnaeus, 1758. Ile BimoOpaxae TpodiuHy CTPyKTypOBa-
HICTh €HTOMOKOMILIEKCIB TICAMO(ITHAX TYK.

JloB caukoM BUSBUBCS €(PEKTUBHUM METOIOM IS OOTIIKY
samtroBaviB. Cepel HUX Bi3HAYCHO 3HAYHY TIpE/ICTaBIIe-
HICTh TUKUX OIDKIN — Andrena spp., Halictus spp.; Ixme-
7B — Bombus terrestris Linnaeus, 1758, Bombus lapidarius
Linnaeus, 1758; a Takox NEHHUX METENUKiB — Pieris rapae
Linnaeus, 1758, Vanessa cardui Linnaeus, 1758, Aglais
urticae Linnaeus, 1758, Maniola jurtina Linnaeus, 1758.
IXHs akTHBHICTB Oyna 0cOONMBO BHCOKOIO HA TUIAHKAX 13
PO3BHHEHUM KBITKOBHM ITOKPHBOM, IO MiATBEPIDKYE POIIb
ncaMo(iTHUX YK SK BaKJIMBHUX OCEPEIKiB IiITPUMaHHS
TIOITYJISIIIH 3aIITIOBAYiB.

AHami3 CTPYKTypH CHTOMOKOMIUIEKCIB ITOKa3aB, IO
HaAMOLIBITy YacTKy BHIOBOTO OararcTBa CTAaHOBIATH (iTo-
tharu (10 57%), mani — eaTomModaru Ta 3anmroBadi. Perio-
HAJBHO PiIKICHUX BUIIB Ta BUIB, 3aHECEHNX 10 YepBoHOT
KHUTH YKpaiHH, Y XOJi AOCIIKEHb HE BUSBICHO.

Bucnosku. IIpubepexni myku y 3ammasi p. Bopckia
B Mexkax ['erbmancbkoro HIIIT siBnsitoTe coO010 HEBENMKI
3a IUIOLIEIO JUISHKH, JOBOJI MO3aidHi 3a THIOJOTIYHUM
CKJIQJIOM, sIKI B Hall 4ac HE BUKOPHCTOBYIOTHCS 3 TOCIIO-
JTAPCHKOI0 METOI0 HABITh y TOCIOAApChKiit 30HI. [Ipomyx-
TUBHICTH CHPOI (hiTOMACH Ha JOCITIHKEHUX HAMH JTUTSTHKAX
ckiana omuseko 1,3, 2,4 ta 3,2 kr/m2. e Bignosigae 30—70
1/ra cina. He BuxopucTanHs 1i€i hiToMacw MpU3BOAUTE J10
YTBOPEHHS JOCTATHBO MOTYKHOI MiJACTHIIKH, 3MiHY MIiKpO-
KirimMary. Takox CycCiZIcTBO 3 IPUPOIHUMH JlicaMu Ta Oepe-
TO3aXMCHUMH HACAKCHHSIMH CIIPHUSE TOSBI MiIPOCTy abo-
PUTEeHHHX Ta iHBa3iffHUX JepeB. HakommueHHs MiqCTHIKI
Ta HASABHICTH MIIPOCTY JIEPEB Ta YarapHUKIB € MEepeayMo-
BaMH IOAIBINNX CyKIeciiiHuX 3MiH. [TosiBa Takoro ajBeH-
TUBHOTO BHAY SK Saponaria officinalis CyTT€BO 3MIHIOE
BEPTUKAJIBHY CTPYKTYpYy, HpHTAMaHHY yrPYHOBaHHAM
3 TOMiHYBaHHSM 3J1aKOTONIOHUX TpaB. HaifOinbmne BumoBe
PI3HOMAHITTS 3apeecTPOBAaHO caMe Ha TOHKOHOTOBO-Ti-
TaHTCHKOMITIUIICBIH JIYIIi, KA XapaKTePU3y€eThCS HAHIDK-
YOI0 MPOAYKTUBHICTIO, ajleé XapaKTepHOK UL JIYK BEPTH-
KaJIbHOIO CTPYKTYpor. Ha OibIl BHCOKOIPOIYKTHBHUX
JyKax, I HAKOTINIYEThCS OLTBIIE MiACTHIIKH, SIK Y HAIIIOMY
BUIIQJIKy Ha IIOPCTKOOCOKOBIHM, 3MEHIIYEThCS 3arajbHe
BHJIOBE PI3HOMAHITTS, ajie 3pOCTa€ KiNbKiCTh BUJIB ITi[I-
POCTy JiepeB Ta YarapHHKiB.

BaxMBOIO CKIIaJ0BOIO EKOJIOTIYHOI CTPYKTYpH LIUX
YTPYIIOBaHb € TPHOH, PI3HOMAHITTS sSIKE BigoOpaxae 3aKo-
HOMIPHOCTI B3a€MOJIiil 3 TpaB’STHUCTOIO Ta JEPEBHOIO POC-
muHHICTIO. Cepell BUABICHHX BHIIB TPHOIB TEPEBAKHY
YaCcTKy CTaHOBJIATH MIKPOMILIETH, 3A€0LIBIIOr0 o0iraTHi
Mapa3uTH BHUIUX POCIUH (OOPOIITHUCTOPOCSHI Ta ipKacTi
rpudu), MO acoIliifoBaHi 3 TpaB’SHUCTUMH POCIHHAMU.
Cepen canporpodiB i remibioTpodiB TOMIHYIOTH IepHTe-
ioimHI ackoMileTH (MpeHO- Ta JIOKYITOACKOMILIETH), IS
SKUX 3aMKHEHI IJIOIOBI Tijla 3a0e3MeuyroTh 3aXWCT CIIO-
poBoro amapary, a kcepoditHi ymoBH mcamodiTHUX Oio-
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TOIIIB CHPHUATINBI TS PO3BUTKY Ta PO3MOBCIOKEHHS. Ha
JEpPEeBHHUX POCIMHAX MPEICTABIICHI JIHIIE TOOIUHOKI BHIN
MikpowmireriB. Jluki TBapuHH (3aifmi Ta ApiOHI TpU3yHH),
II0 MEIIKAalOTh, XapUyIOThCs Ta MEPECYBAOThCSA 0 JOCIi-
JDKCHUX JUISTHKAX, 3aJIMIIAI0YH TOCIIM, COPUAIOTH MOIIH-
PEHHIO Yy LUX YIPYHOBAHHAX KONMPO(ITBHHX CyMYacTHUX
rprbiB. MakpoMilleTH TPaIUISIFOTBECSA PIIKO 1 MEpeBakHO
TIpeACTaBICHI BUAAMH arapukoiTHUX TPHOIB 3 UKCIIa TyMYy-
COBHX CanpoTpodiB, MO CBITYATH PO MEHII CIPHUITINBI
YMOBH TICAaMOQITHHAX YK TS iX pO3BUTKY. Po3momin BumiB
MDX YTpyTIOBaHHSIMH HEPIBHOMIPHHUH 1 3aJI€KHUTDH BiJI THITY
YTPYIOBaHHS, CTPYKTYPH TPAaBOCTOIO Ta MPHUCYTHOCTI ITiJI-
pOCTy IepeB 1 YarapHHUKIB.

Entomodayna mcamodiTHHX IyKiB TPHUPYCIOBOI
4acTHHU p. Bopckiia Big3HAYa€ThCS BHCOKHM BHIOBHM
pizHOMaHITTSIM. OCHOBHY YaCTHHY CKJIaJafoTh ¢iTodary,
a TaKOXX TPEICTaBICH] YNCICHHI €eHTOMO(ArH Ta 3aInIIo-
Badi, cepell SKUX 3HAYHY POJb BiITparoTh AWKI OIKOIH,
JUKMEI Ta JIGHHI METEeNHKH. Taka CTPYKTypa CBITYUTH
PO BaXIJIMBY POIB IUX JYKIiB SK OCEpEenKiB iCHYBaHHA
KOMax, TICHO TIOB’sI3aHUX i3 TpaB’THUCTOIO POCIUHHICTIO,

i 3a6e3neuye cTabUTBHICTh MOMYISIIIN Pi3HUX TPODITHUX
rpym. 3arajoM CIOCTEpeKyBaHE BHIOBE Pi3HOMAHITTA
JIEMOHCTpPY€e H00pe 30amaHcoBaHy CTPYKTYpy EHTOMO-
KOMIUIEKCIB.

EdextnBHa OXOpoHa MCaMO(ITHUX POCTUHHUX YTPY-
[IOBaHb NPHUPYCIOBOI HacTUHU pP. Bopckna copustume
30epeXeHHIO Ta INIBUIICHHIO peKpeariifHoi mpuBadIu-
BOCTI [€TBMaHCHKOTO HAI[iOHAIBEHOTO MPHUPOTHOTO TApKy
3a yMOBH OpraHi3aiii MOTOKY Bi/IBiTyBadiB, 3a IOTpedH, Ha
00MEXEHUX TUITHKAX TPOBOIUTH PETYIAIIHI 3aX0AN IS
KOHTPOJIIO CYKIIECIHHHX TIPOIECIB 1 MIATPAMAHHS ITOTOY-
HOTO pPiBHS 010pi3HOMAHITTS.

Hocniooicenns suxonano 8 pamkax npoexkmy «3bepe-
JHCeH s ma 8I0mMeopeHHs cmenie i ougepcuixayis euko-
pucmanns gimomacu 01 eHepeemuuHux yinemwy, wo
peanizyemvca IO «Mepexca exocmanyini Vkpainuy 3a
epanmosoi niompumxu €sponeticokoeo Corsy uepes I po-
Maocoky opeanizayito «Llenmp exonoziunux iHiyiamue
Exoodiay ma uecvky eymanimapny opeanizayio «Jloouna
6 0i0i» (People in Need Ukraine).
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IIpobrema 3a6pyOnents B00HUX eKOCUCTEM, 30KPeMA AHMPONOLEHHUMY NOTIOMAHMAMU MA KCEHODIOMUKAMU, € OOHIEI0 3 HALIAKNTY-
anvHiwux y cyuachomy pubruymei. Ocobiusy 3azpo3sy 0ns 300p0e's 2idpodioHmie CMAHOEAMb GMOPUHHI MemMaOOTImu MIKDOMIYenis,
8i00MI K MIKOMOKCUHU, AKI MOJICYNb ROMPANIsmu y 6000UMu uepe3 KOHMAamiHosani kopmu ma inui Odxcepena. Li cnonyku 30amui
HAKONUYYBAMUCS 8 OP2AHI3MI PUO Ma SUKTUKAMU CYMMEG] NopyulenHs ix izionoeiunux ma 6ioximiynux yuxyil. Bemanosnerno, ujo
OOHI€I0 3 HAUBIILWL YYMAUBUX 0O MOKCUYHO20 BNIUBY CUCMeEM € JINiOHULl 0OMIH, AKULl 8i0iepac K1i0u08y poib 8 eHepeo3abesneyenHi
ma cmpykmypHitl opeanizayii Kiimum. Y 36'a3Ky 3 yum, 00CHI0NCeHHs 6NIUEY MIKOMOKCUHIE HA JINIOHULl npogine ma npoyecu nepe-
KUCHO20 OKUCHEHHS TINidi6 y pub € 8adCIUeUM 3a80AHHIM OJsl PO3YMIHHS MEXAHI3MIE MOKCUKO3Y Ma PO3POOKU 3aX00I8 I3 3axucmy
300085 BOOHUX OP2AHI3MIB.

Memoro danoi pobomu 6y10 00cidNCeHHs 3MIH AINIOHO20 NPOPINK Ma IHMEHCUBHOCME NPOYECi8 NePeKUCHO20 OKUCHEHHS NInidig
¥ MKAHUHAX KOPONo8ux pud, wo 3asHaiu eniugy mikomokcury T2. Memoou docnioxcenns. Excnepumenm nposoounu npomszom 14
0i6, BUKOPUCTNOBYIOYU YOMUPU 2PYNU PUO: KOHMPOIbHY (6€3 MOKCUHY) ma mpu eKCepUMeHMAibHi 3 PIHUMU KOHYEeHMPayiamu MiKo-
mokcuny T2 y 600i (1,0 mxe/n, 2,0 mxe/n ma 5,0 mxe/n). s Gioximivnux ananizie 6iobupanu npoou mkanun nedinKku ma Oiiux ckenemnux
m’a3i6. Busnauanu emicm 3azanvhux ainidie ma ix ¢ppaxyiu (mpueniyepuou, gocghoniniou, xonecmepun). lnmencusnicms [1OJI oyinto-
8anu 3a pigHeM MaNoH08020 dianvoecidy (MIJA) ma emicmom dienosux Ko t0eamis. JJo0amkoso ananizyeanyu akmusHicmy gepmer-
mi8 aHMUOKCUOAHMHOO 3AXUCTY (CYREPOKCUOOUCMYMA3A, KAMANA3d, 21yMmAamioHnepokcuoasa) ma Kinuoo2o epmennty 1inioHo2o
00MIHY — 1inasu.

Pesynomamu. Jlocrioxcennsa nokazanu, wo eniug mikomoxcury T2 cnpuuunae 3Hayni nopyueHHs 1iniono2o memaoonizmy, AKi Maiu
sUpadicerull 00303aedcHull xapakmep. Bemanosieno docmogiphe 30inbien s Micmy 3a2aibHux 1inioie ma ix mpueniyepuoroi gpparkyii
Y MKAHUHAX NEYIHKU Y 8CIX eKCnepUMeHMATbHUX epynasx, ujo €8I04UMb NPO PO3BUMOK JHCUpo6oi ducmpoii. OoHouacHo cnocmepicanocs
inmencusne spocmanna pisns M/JA ma dicnosux Ko 10eamis, ocoonueo y neuinyi, wo exasye na nocunenns npoyecie IOJI i macose
NOWKOOJNCEHHS KIIMUHHUX MeMOpaH. Peakyis anHmuoKcuoanmmol cucmemu mMana 080QasHutl Xapakmep: npu HU3bKill KOHYeHmpayii
TMOKCUHY GKMUBHICIb (hepMeHmie 3p0cmaid Ak KOMREHCAmopHa peakyis, mooi K npu 8UCOKUX 003aX 8I03HAUANOCA ii NPUCHIYEHHS, WO
BKA3YBANIO HA BUCHAMCEHHS 3aXUCHUX MexaHizmis. Kpim moeo, 6y10 3agikcosano cymmese 3HUNCEHHA AKMUBHOCTI TiNA3U, U0 NOACHIOE
MEXAHI3M HAKONUYEHHs Mpueniyepuois y mKaHuHax.

Bucnosku. Ompumani pesyrvmamu niomeeposxicyiomns, wo Mikomokcur T2 € nomyscnum inOykmopom OKCUOAmusHo20 cmpecy
ma npuzeooums 00 2MUOOKUX NOpyuieHsb JinioHo2o oOMiHy y Koponosux pud. Li dani € sadciugumu Ons OYIiHKU eKOLOSIYHUX PU3u-
Ki8, NOB'A3aHUX 13 30PYOHEHHAM BOOHUX Pecypcis, ma MAaronb NPAKMuiHe 3HaueHHs 01 po3poOKU cmpamezii 3axucnmy 2iopodionmis
Y aKeaxyomypi.

Kniouosi cnosa: xopon, emopunni memabonimu mikpomiyemis, T2-moxcun, 1inionuii 00MiH, nepeKuche OKUCHeHHs 1iniois, okcuod-
MUGHULL cmpec, NOTIOMAHMY, CKIA0 Ninidie, 1inasa.
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Lukash Oleksandr, Tkachuk Nataliia, Yanchenko Viktor. Influence of secondary metabolites of micromycetes on
the lipid profile of curly fish

The problem of pollution of aquatic ecosystems, in particular by anthropogenic pollutants and xenobiotics, is one of the most urgent
in modern fish farming. A particular threat to the health of aquatic organisms is posed by secondary metabolites of micromycetes, known
as mycotoxins, which can enter water bodies through contaminated feed and other sources. These compounds are able to accumulate
in the body of fish and cause significant disruptions in their physiological and biochemical functions. It has been established that one
of the most sensitive systems to toxic effects is lipid metabolism, which plays a key role in energy supply and structural organization
of cells. In this regard, the study of the influence of mycotoxins on the lipid profile and lipid peroxidation processes in fish is an important
task for understanding the mechanisms of toxicosis and developing measures to protect the health of aquatic organisms.

The aim of this work was to study the effect of mycotoxin T2 on key indicators of lipid metabolism, the intensity of lipid peroxidation
(LPO) and the state of antioxidant protection in carp (Cyprinus carpio L.). Research methods. The experiment was conducted for 14
days, using four groups of fish: a control group (without toxin) and three experimental groups with different concentrations of mycotoxin
T2 in water (1.0 ug/l, 2.0 ug/l and 5.0 ug/l). Samples of liver and white skeletal muscle tissues were taken for biochemical analyses.
The content of total lipids and their fractions (triglycerides, phospholipids, cholesterol) was determined. The intensity of LPO was
assessed by the level of malondialdehyde (MDA) and the content of diene conjugates. Additionally, the activity of antioxidant defense
enzymes (superoxide dismutase, catalase, glutathione peroxidase) and the key enzyme of lipid metabolism — lipase were analyzed.

Results. Studies have shown that the effect of mycotoxin T2 causes significant disorders of lipid metabolism, which had a pronounced
dose-dependent nature. A significant increase in the content of total lipids and their triglyceride fraction in liver tissues was established
in all experimental groups, which indicates the development of fatty dystrophy. At the same time, an intensive increase in the level of MDA
and diene conjugates was observed, especially in the liver, which indicates an increase in lipid peroxidation processes and massive
damage to cell membranes. The reaction of the antioxidant system had a two-phase nature: at low concentrations of the toxin, the activity
of enzymes increased as a compensatory reaction, while at high doses its inhibition was noted, which indicated the depletion of protective
mechanisms. In addition, a significant decrease in lipase activity was recorded, which explains the mechanism of triglyceride accumulation

in tissues.

Conclusions. The results obtained confirm that mycotoxin T2 is a powerful inducer of oxidative stress and leads to profound
disturbances in lipid metabolism in cyprinid fish. These data are important for assessing the environmental risks associated with water
pollution and have practical significance for developing strategies for protecting aquatic organisms in aquaculture.

Key words: carp, secondary metabolites of micromycetes, T2-toxin, lipid metabolism, lipid peroxidation, oxidative stress, pollutants,

lipid composition, lipase.

Beryn. IlpoGmema 3a0pygHEHHS  HaBKOJIHWIITHBOTO
CepelOBHUINA, 3YMOBICHA aHTPOIIOTEHHOIO IisUTBHICTIO,
€ OIHI€I0 3 HalaKTyanpHIMUX ToOampHUX 3arpo3 [1; 2].
BonHi exocucteMu, 30KpeMa Ti, MO BHKOPHUCTOBYIOTHCS
JUTS pO3BE/ICHHS PHO, MOCTIHHO 3a3HAIOTH BILTMBY pi3HOMA-
HITHUX TTOJTFOTAHTIB, 1[0 TMPU3BOIUTH 0 MOPYIICHHS (i3i-
OJIOT1YHHUX Ta 010XIMIYHHX IPOIIECiB y TiIpoOioHTIB [3; 4].

OnanMy 3 HeOE3MMeUHNX KOHTaMiHAHTIB, IO TOTPAIlIs-
IOTh Y BOJOIMH, € KCEHOOIOTHKH Ta BTOPHMHHI METAa0ONITH
MIKPOMIIIETIB, 30KpeMa MiKOTOKCHHH, SKi MOXXYTb HaKOIH-
YqyBaTUCA B OpraHi3Mi pu0 depe3 KOHTaMiHOBaHI KOpMH abo
BOZY [5; 6]. BukopucTaHHS POCIMHHOI CHPOBHHHU y KOPMax
JUIsL aKBAaKyJIBTYPHHUX TBapHH 3Ha4HO 3pocio. BomHouac
[e MiJBUIIAIO PHU3WK KOHTaMiHAIi (3a0pymHEHHS) KOp-
MiB MIKOTOKCHHAMH, SIKi TPOAYKYIOTBCS MiKpOMIIIETaMH,
30KpemMa pony Aspergillus, Fusarium ta Penicillium. 3rigHo
3 MI00aJBHUM JTOCTIDKEHHSM, TpoBeneHnM y 2025 porii,
HAMOUTHII TIONMMMPEHUMH KOHTAMiHAHTAMH B KOpMax JIs
pub e pymonizuan, nesokcuHiBanenon (JJOH), seapaneHoH
(ZEN) Ta admnarokcun Bl (AFB1). MikoTokcMHN Maibke
TIOBCIOIHO TIPHCYTHI B KOMOIHOBaHMX KopMaX, 1 moHax 90%
3pa3kiB 3a0pyaHeHI MpPUHAWMHI OJHUM MIiKOTOKCHHOM,
OCKUTBKH POCTHMHHI IHTPENiEHTH BCE YACTIllle BHUKOPHCTO-
BYIOTbCSl Y KOpMax U AKBaKyJIbTYpHHX TBAPUH, i BOHU
CXWIIBHI 70 3a0pyIHEHHS MIKOTOKCHHAMH, OCKUTBKH MIKO-
TOKCHTCHHI TPHUOW BPa’KarOTh CUIHCHKOTOCIIONAPCHKI KYITb-
TYpH K y TOIi, Tak i mig dac 30epiranas [7]. Leit Bmms
3YMOBITIOE KacKkaJl 1maro(izioNoriyHnX 3MiH, 10 BioOpaka-
IOTBCS Ha CTaHi BOYKIIMBUX META0OJIIUHIX CHCTEM OPraHi3My.

Jlimigauii OOMIH € OJHWUM 3 HaWOUIBII YYTIMBHX IO
TOKCHYHOTO BIUHABY [8; 9]. Jlimiam He mnwie BUKOHYIOTH

(hyHKIIiF0 OCHOBHOTO €HEPTeTUIHOTO PE3EPRY, alle i € KITto-
YOBHMH KOMIIOHEHTAMH KIIITHHHHX MeMOpaH, 3abe3medy-
109M TXHIO CTPYKTYypHY WiJICHICTH Ta (DyHKIIOHATBHICTH
[10]. OgHrM 3 OCHOBHHIX HACTI/IKIB TOKCHYHOTO YPaXKCHHS
€ TIOCWJICHHS MPOIECIB TEPEeKUCHOTO OKHMCHEHHS JIilTi-
niB (ITOJI), mo mpu3BOOUTE 0 pyHHYBaHHS O10JOTIYHHX
MeMOpaH, TeHeparlii BUTbHUX paJnKajiB Ta pO3BUTKY OKCH-
nmaruBHOTO ctpecy [11; 12]. 3gaTHicTh TinpoOioHTIB TPOTH-
CTOSITH LIbOMY ITPOLIECY 3aJICKHUTh BiJ CTaHy IXHBOI aHTH-
okcuaanTHoi cuctemu [13; 14].

He3paxkaroun Ha 3HaYHHIA 0OCAT TOCTIIKCHB, TIPUCBSI-
YEHHUX BIUTMBY OKPEMHUX KCEHOOIOTHKIB Ha OpraHi3M puo,
MUTAaHHA KOMIUIEKCHOTO BHBYEHHS 3MiH JIIITHOTO MPO-
(hiro, IHTEHCHBHOCTI TIEPEKHUCHOTO OKHUCHEHHS Ta MisUThb-
HOCTi (pepMEeHTIB JimigHOTO OOMIHY TIif /Ji€f0 BTOPHHHUX
MeTa0OITIB MIKPOMIIIETIB 3AJIAIIAETHCS aKTyaTbHUM [15;
16]. BuBueHHS IUX MPOLECIB € KPUTHYHO BAKIUBUM IS
PO3YMIHHS MEXaHI3MIB aJanTaii Ta ypaXeHHsS KOPOIOBHUX
pub B yMOBax Cy4acHOIO aHTPOIIOTCHHOTO HABAHTAXKCHHS,
a TaKOX U PO3POOKH METOIB 3aXHCTY iX 3M0POB'S y pHO-
HUIITBI.

Mertoro naHoi pobOTH € MOCHiKEHHS 3MiH JIIiTHOTO
podiI0 Ta IHTEHCUBHOCTI MPOIECiB TIEPEKUCHOTO OKHC-
HEHHS JIMiJiB y TKaHHHAX KOPOIIOBUX PHO, IO 3a3HAIH
BIUTMBY MiKOTOKCHHY T2.

Marepianun Ta mMeToau. JoCTmiKeHHS BIUIMBY MiKO-
TOKCHHY ITPOBEICHO Ha IBOpiukax kopona (Cyprinus carpio
L.), supomennx y BAT «YepHniriBpudrocm» 3 2023 mo
2024 p. 'igpoxiMigHIHA peKUM CTaBKiB, 3 IKHIX BigOupaacs
puba, Ta ekcriepruMeHTanbHI yMOBH y 200-ITiTpOBUX aKBapi-
yMax He BIIXWISUTUCS BiJl pHOOBOTHO-010JIOTIYHUX Ta Tif-
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poximiyamx HOpM. Po3mip pH cranosuB 7,30+0,27; BMicT
KHCHIO — 5,6+0,4 Mr/mmM°, Temmeparypa BOIH BiamoBimana
npupoxaHiii. Maca pubn konmBanacs y mexax 200-300 p.
Jis mpoBeeHHS eKCIepUMEHTY Oylio B3ATO 3 pi3HI KOH-
HeHTparii MikoTokcuay T2. BukopucroByBamm cTaHmapr-
Hui 3pa3ok T-2 Tokcmay TRILOGY (mot 231205-24145),
mo 05.2025, ymoBu 30epiraHHs 3TigHO ITacIopTy HA CTaH-
Japt npu temmepatypi He sumie 8°C. J[is MpoBeICHHS eKC-
MepUMEHTy OyII0 COpPMOBAHO HOTHPH TPYNH PHO: OTHA
KOHTpoJTbHA (0€3 T0maBaHHs MIKOTOKCHHY ) Ta TPH €KCIIepH-
MEHTaIbHi, IKUM y BOY BIIPOAOBX 14 mi0 momaBamm Miko-
TokcnH T2 y pizHEX KoHIEHTparisx: 1,0 mxr/m, 2,0 MKT/a
ta 5,0 mxr/m. Koxkna rpyma ckianamacs 3 5 pu6. Pub yrpu-
MyBaJil 32 OJHAKOBHX yMOB. [licis 3aKkiHYCHHS eKCIepH-
MEHTY pHOy BIWITydaJld Ta MPOBOJMIIN €BTAHA31I0 METOIOM
JIEKAITiTaIlii 3riHO 3 eTHYHUMHU TPUHIIIIAMH TIOBO/KEHHS
3 tBapuHamu [17]. s anani3y BigOupamm mpoOn TKaHUH
MEYIHKNA Ta CKEJIETHUX M s13iB. BMicT 3araimbHUX IIMIIB
y TKaHHHAX pHO BU3HAYAIIN 3aTralbHONPUIHATHM €KCTpaK-
[ifHO-BarOBUM METOMOM. PO3mineHHs NimigiB Ha OKpemi
¢dpaxmii (Tpurminepuan, (ocdominian, XoIecTeprH) mpo-
BOIIITM METOJIOM TOHKOIIAPOBOi XpomaTtorpadii Ha rurac-
tuHax Silicagel. Ipomecu TIOJI orminroBamm 3a piBHEM
BMICTy KIHIICBHX TNPOAYKTIB — MAIOHOBOTO JiajIbJeTiTy
(MJIA), sxuif BU3HAYAIIN 32 PEAKIIi€io 3 Tio0apOiTypoBOIO
kuciotoro (TBK), sx mokasano B poborax [11, 12]. IaTen-
cuBHicTh [1OJI TakoX OIIIHIOBATH 32 BMICTOM NPOMIKHUX
MPOMYKTIB — Ji€HOBHX KOH fOraTiB. /IS OLIHKH CTaHy
AHTHOKCHJIAHTHOTO 3aXUCTy BUMIpPIOBAIH aKTUBHICTH (ep-
MeHTiB: cynepokcumauemyTasu (CO/l), xaramasu (KAT)
Ta Timytarionnepokcuaasu (I'Tl) 3a 3aranpHOIMPUIHHATHMEI
CHEKTPOPOTOMETPUIHIMHI METOAAMHU. BU3HauCHHS aKTHB-
HOCTI TJIyTaTiOHPETyKTa3W 3acHOBAaHE Ha BHUMipIOBaHHI
mBuakocti okucineHas NADPH, peectpyBamm crekrpo-
(hOTOMETPUYHO MO 3MEHIICHHIO ONTHYHOI TYCTHHH IIpU
nowxkuHi XBri 340 HM [18]. AKTHUBHICTh KaTajga3u BU3HA-
YaJd 3TiIHO METOIUIHUX pexoMeHaalii [19]. Busnauenus
axtuBHOCTi COJ] 3niticaroBanu 3rigHo [20] y Momudikamii
[21].

AKTHBHICTD JTia3u BU3HAYAIN CIEKTPO(HOTOMETPHY-
HUM MeTofoM. Bwmict 3arampHOTO 0iKa B TOMOTEHaTax
TKaHUH, HEOOX1THUH AJIS pO3paxyHKy MUTOMOI aKTHBHOCTI
(hepmenTiB, Bu3Hauanu Metronom Jloypi [22].

OtpuMaHi pe3yasTaTH OOpOOISIM CTaTHCTUYHO 3a
moromororo mporpamu Statistica 10.0 (StatSoft, CIIIA).
Jlnst TOpIBHSHHS CEpeNHIX 3HAa4YEeHb EKCICPUMEHTAIBHUX
i KOHTPOJBHOI TPYH BHKOPHCTOBYBAIN ONHO(AKTOPHIIA

JTUCTIPCIMHUH aHali3 3 TOMAJIBIINM 3aCTOCYBAHHIM KpH-
Tepito CrpiomeHTa. BimgMIHHOCTI BBaXKanu CTaTHCTUYHO
3HagymuMu mipu p < 0,05.

PesyabraTu. OTprMaHi pe3ynsTaTH CBiT4aTh Mpo BUpa-
KCHUH TOKCHYHUH BIUIMB MIKOTOKCHHY T2 Ha OiloXiMidHi
MTOKa3HUKH KOPOTIOBUX pHO. 3MIHM Mald 0303aJCKHIH
XapakTep i HalOIIBII IHTEHCUBHO TPOSBIIUTUCS Y TIEHiHIT,
IO MiATBEPXKYE 1 POITB K TOJOBHOTO JAETOKCHKAIIITHOTO
oprany. Ik BumHO 3 Tabnutii 1, y mmgocinaux puod crocre-
piranocs JOCTOBipHE 3pOCTaHHS BMICTY 3arajbHUX JIITIIB
y TIEUiHIII Y BCIX eKCIIEpUMEHTANBHUX Tpymax. [Ipn Mmakcn-
MaJbHIN KOHIIEHTpaIii TOKCHHY (5,0 MKT/JT) 1eif moKa3HuK
30inpmmBCs Maibke Ha 60 % mopiBHSHO 3 KOHTpoieM. Lli
3MiHH CYTIPOBOIKYBAJIHCS 3HAYHUM, JT0303aJICKHIAM 301JTh-
IICHHSIM YaCTKU TPHINIILEPHIIB Ta XOJIecTepuHy. BoxHouac,
gacTka (pochomimiaiB y MediHIl, Mo € KPUTHIHO BaXKITH-
BHMH JJIS IUTICHOCTI KIITHHHUX MEMOpaH, Maja TeH/ICH-
Iif0 10 3HIDKEHHS. Y M’A30Biif TKaHWHI 3MiHH Oyl MEHII
BUP@KECHUMH, IPOTE TAKOX BIJ3HAYANIOCS CTATHCTUYHO
3HaYyIIe 3pOCTaHHSA BMICTY 3arallbHUX JIMITIB y Tpymax,
o iepeOyBanu 3a KoHIeHTparii 2,0 MKr/i Ta 5,0 MKr/m.

Take HakomWUEHHS JIMiAIB y TIEYiHI CBIAYUTH IIPO
mopymieHHs 11 QyHKIIOHANIBEHOTO cTaHy. Lle Moxke OyTH
OB’ SI3aHO 3 1HTIOYBaHHSAM CHHTE3Y JIIMTOMPOTETHIB, 110 Bif-
MTOBITAIOTh 32 TPAHCTIOPT JKUPIB 3 ICUiHKH B 1HIII TKAaHWHH,
a00 31 3MiHOIO aKTUBHOCTI KITFOYOBUX (PEPMEHTIB JIiITiTHOTO
oOMiHYy.

Pesymnprarn, HaBeneHi y Tabmuti 2, miATBEPIKYIOTh, IO
MIKOTOKCHH T2 € MOTY)KHUM iHIYKTOPOM OKCHIaTHBHOTO
ctpecy. Bmict MJIA Ta ieHOBHX KOH IOTaTiB y TICUiHIII prO
3pOCTaB MPOIOPITiITHO 301TBIIICHHIO KOHIIEHTPAIil TOKCHHY,
mo CBimunTh mpo mocwmiaeHHs mporeciB [IOJI i macose
TTOIITKO/KCHHS 010T0TiYHIX MeMOpaH. Y M's3aX iHTEHCHB-
aicTh [10OJI Takox 3pocTana, Xo4a i MEHIIT BHPa)KEHO.

Bwmict MIAA y medinIi, mo € MapkepoM KiHIIEBHX
npoxykriB T1OJI, y rpymi 3 HaBUIIOIO KOHIICHTPAIIi€IO
TOKCHHY 3piC Y MTOHAJ /1Ba 3 TIOJIOBHHOIO Pa3H IMOPIBHSHO
3 KOHTpoJIeM. Y M'si3aX TaKOXK CIIOCTEpiraixocs CyTTEBE
3poctanHs piBHSI MJIA, X04a it MeHmn Bupaxene. e cBiz-
YUTHh NP0 IHTEHCHBHE PYyWHYBaHHS KIITHHHUX MEMOpaH
ITiJT BIUTMBOM TOKCHHY. PiBeHB Mi€HOBUX KOH IOTaTiB, SKi
€ mpomikanmu poxykramu [1OJI, 3pocTas mpomopiiiiiHo
IO KOHIIGHTpaIlii TOKCUHY SIK y TIEUiHIli, TaK i B M's3ax.
e miaTBepmKyE, IO IPOIEC OKMCHEHHS T iB TOYNHA-
€ThCS HA PAHHIX CTAifAX 1 MOCHIIOETHCS 31 3POCTAHHAM
TOKCAYHOTO HaBaHTaXKEeHHS. Y MEUiHIl IXHIN BMICT 301JTb-
ITUBCS O1TBIT HiX YIBidi.

Tabmuus 1
Moxa3Huku JinigHoro npoginro B TkaHMHAX Kopona 3a gii mikortokcuny T2 (M+m, n=5)
Konuenrpauisa T2, Mxr/n
Iloka3nuk Tkanuna 0.0 1.0 2.0 5.0

Saraneri i, % IMeuinka 10,2+ 0,5 11,5+ 0,5% 13,8 +0,6* 16,1 £0,7*
’ M’s13u 2,8+ 0,1 2,9+0,1 3,1+0,2% 33+0,2%

Tpurninepuau, % Tleuinka 44,5+ 1,8 46,2 +2,1 54,5 +2,5% 56,1 £2,9%
docdominian, % [Meuinka 31,1 +1,5 328+14 30,5+ 1,3* 28,9 +1,2%
XonecrepuH, % Tleuinka 17,4+0,9 18,5+ 1,0 21,3+ 1,1% 22,5+ 1,2%

Ipumimxa: 0ocmogipnicmu piznuyb nopisuano 3 konmponem: * p < 0,05
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Tabmuisa 2

Ioxa3nuku nepekucHoro okucHenHs Jainigis (IIOJI), aHTHOKCHAAHTHOTO 3aXMCTY Ta AKTHBHOCTI JIinazu

B TKaHMHAaX kopona (M+m, n=5)

Hokasmuk Txanmma Konuenrpauis T2, Mxr/n
0,0 1,0 2,0 5,0
MI[A, HMOJIb/MT Ileuinka 1,85 + 0,12 2,40 + 0,15* 3,80 + 0,21* 5,10 =+ 0,25*
Oinka M'si3u 0,90 + 0,06 1,15 +0,08* 1,50 £ 0,10* 1,85+0,11%
Jlierosi ko' orars [euinka 0,250 + 0,01 0,315+ 0,018* 0,450 + 0,024* 0,580 + 0,029*
M'si3u 0,120 £ 0,01 0,145 + 0,009* 0,180 +£0,011* 0,215+0,013*
CO/l, On/mr Oinka Ileuinka 1,55 +0,09 1,80 £ 0,11% 1,70 £ 0,10 1,40 £ 0,08%*
KAT, Mléli\SII(ij';B/XB'MF Meuinxa 320+0.15 3,85 +£0,18* 3,40+0,16 2,90 +0,14*
1L, mioms/xe-mr Meuinka 2,10+ 0,10 2,55+ 0,12* 2,30+ 0,11 1,95 + 0,09
AKTHUBHICTD Hinagn, ITeuinka 0,65 + 0,03 0,55 + 0,03* 0,40 + 0,02* 0,25 + 0,01 *
On/mr Ginka M’si3u 0,40 £ 0,02 0,35 +0,02* 0,28 +0,01* 0,20 +0,01*
Ipumimxka: [Jocmosipricme pisHuys nopieuano 3 konmpoaem: * p < 0,05

CynepokcumaucMyTa3a — y TEUiHI aKTUBHICTH I[HOTO
KITFOUOBOTO aHTHOKCHIAHTHOTO (hepPMEHTY CIIOYaTKy 3pocTaia
B YMOBaX HU3BKOTO CTPECY, AEMOHCTPYIOUH aJallTHBHY PEakK-
1iro opradizMy. OfHaK y TpyTax 3 BACOKAIMH KOHIIEHT PaIlisiMH
TokcuHy akTuBHICTE COJl moBepTanacs 1o 6a30BOTO piBHI,
10 BKa3ye Ha BUCHAXCHHS 3aXHCHOi CHCTEMH. AKTHBHICTH
KaTanasy B TEYiHIl IEMOHCTPYBaJa CXOXKY JBO(A3HY JUHA-
MIKY: CITOYaTKy CIIOCTEpiraaocsi He3Ha9He 3pOCTaHHS, a TIOTIM
npurHideHHs. Lle maTBepmkye, o mpu HaaMipHOMY TOKCHY-
HOMY HaBaHTA)XCHHI 3/IaTHICTh OPraHi3My HEHTpaizyBaTH
BUTBHI paiKaIy 3HAYHO 3MEHIIyeThcs. AKTUBHICTE [T, 110
Biflirpa€e BaXKJIMBY POJIb y 3aXHCTI BiJf IEPEKUCIB, TAKOXK ITiIBU-
IIyBajacsi B yMOBaX MOMipHOTO cTpecy. OmHak Mpy moaab-
IIOMY 3POCTaHHI KOHIIEHTpAIlil TOKCHHY ii aKTHBHICTh 3HU-
JKyBaJIacs, IO BKa3ye Ha JETPAJIAIlii0 3aXUCHUX MEXaHi3MiB.
Byrno BUSABIIEHO 3HaYHE, 10303AJIKHE 3HIDKEHHSI aKTUBHOCTI
JIIa3M SK y TeYiHIl, TaK i B M’s13aX proO. Y IpyTi 3 HAWBHIIOI0
KOHIICHTPAIII€I0 TOKCHHY aKTHBHICTH (DEPMEHTY 3HHU3HIIACS
OLTBII HIK yIBiUi TIOPIBHSAHO 3 KOHTposeM. Lle miaTeepmxkye,
10 MiKOTOKCHH T2 Ge3rmocepeiHbo BIDIMBAE HA METa0OIiuHi
TIPOLIECH, YTTOBLIFHIOIOUH PO3IIETIICHHS JIITi/TiB.

TakuM YHMHOM, peaxilii aHTHOKCHIAHTHOI CHUCTEMH
Mana aBodaszHuil xapakrtep. [Ipm HU3BKIM KOHIEHTpArii
tokcuny 1,0 mxr/n aktuBHicTs CO/l, KAT Ta I'Tl y mewinmi
3pocTaia, o BigoOpakae aIanTHBHY BiIOBIIh OPraHi3My
Ha moMipHHU# ctpec. OgHAK TPH BUCOKHUX KOHIICHTPALISX
(2,0 mxr/m, 5,0 MKI/1T) aKTUBHICTh WX (PEPMEHTIB JTOCTO-
BIPHO 3HIKYBAJIAcsl, 110 BKa3y€ Ha BUCHAYKCHHS 3aXHUCHUX
MeXaHi3MiB i He3aTHICTh OPTaHi3My €(eKTHBHO POTUCTO-
SITH 3pOCTAI0YOMY OKCHIATHBHOMY HaBaHTAKEHHIO.

OTpuMaHi HaMH pE3yIbTaTH Y3TO/UKYIOTBCS 3 JAaHUMHU
IHIIMX JOCHIIKEHb, SKI TaKOK BII3HAYAIOTh HEraTHB-
HUH BIUIMB MIKOTOKCHHIB Ha JiHigHUN oOMiH y pub [23].
3o0Kkpema, JOCTIHKeHHS Ha TiIOpUIHOMY TPpyIIepi MoKa3aly,
1o aduarokcnH Bl mopymrye Mmeta®orizM JimifiB Ta Cpu-
YUHSAE X HAKONMWYEHHS y TEdiHIl, IO NPHU3BOAUTH 10
JIiAHOTO AMcOalaHCy Ta OKHCIIOBAIBHOTO cTpecy [24].

Tako BCTAHOBIEHO, IO IEsKi MIKOTOKCHHH, 30KpeMa
(hyMOHI3MHN Yy KOMOiHAIIi] 3 I€30KCHHIBaJICHOIOM, MOXKYTh
YMHUTH CUHEPTETUYHUH €(EKT, MOCIIIIOI0UN NaTOIOT i YHIH
BIUTMB Ha OpraHi3m puo [25].

BaxmmBuM TiATBEpHKEHHAM TOPYIISHHS  JIITTHOTO
MeTadoITi3My € 3MiHH B aKTHBHOCTI Jtinasu (Tadi. 2). Y Beix
eKCTIEpUMEHTANIFHUX TPYIax CIOCTEepiranocs IOCTOBIpHE
JI0303aJISKHE 3HIDKCHHS aKTUBHOCTI I[HOTO (DEPMEHTY SK
y TIeUiHII, TaK 1 B M’s13aX. L{e 6e3mocepeaHpo MosCHIOE HaKo-
MUYSHHS TPUIIINEPHIIB Y TKaHIMHAX, OCKUIBKH JIiras3a Bif-
TOBifIa€ 3a iX Tigpodi3. BpaxoByroun BHUABIEHI MOPYIICHHS
JIMIHOTO TPO(MITI0, aKTyalbHUM HArpsIMOM JIOCTIKEHb
€ po3po0Ka cTpaTerii A1 TIOM'AKIIeHHS HeTaTHBHUX HACTI-
KiB BIUTUBY MIKOTOKCHHIB. OIHUM i3 €(EKTUBHUX MiIXOIIB
€ BUKOPHUCTAHHS KOPMOBHX J00aBOK-aICOPOCHTIB, 30KpemMa
MIKOTOKCHHOBHX 3B'si3yBadiB (MTBs). [ocmimkeHHs moka-
3aJIH, 110 BUKOPUCTaHHS TaKUX JOOABOK CIIPHUSIE 3B'SI3yBAHHIO
TOKCHHIB Y IITYHKOBO-KHIIIKOBOMY TPAaKTi PHO, 3MEHIITYIOUHN
ix 010OCTYNHICTH Ta MiHIMI3yIOYH HETaTUBHUI BILTHB [26].
3acTocyBaHHS, HAPUKIIAI, [EONITY SK JOOABKU 0 KOPMY
TiNamii HiTBCHKOI, CIIPUSUIO TIOKPAIIEHHIO aKTHBHOCTI aHTHU-
OKCH/IAaHTHUX (DEpPMEHTIB Ta 3araJbHOTO 30pOB’ s puod [25].
OTpumMaHi pe3yabTaTé € BXIUBAMU JUTS OLIHKH €KOJIOTid-
HUX PU3HWKIB, TIOB'SI3aHUX 13 3a0pyIHEHHSIM BOIJHUX pecyp-
CiB, Ta MaIOTh PAKTUIHE 3HAYCHHS VIS PO3POOKH CTpaTerii
3axXHCTY TiIPOOIOHTIB y aKBaKYIBTYPi.

BucHoBkH. AHami3 OTpUMAHUX AaHUX JO3BOJISE 3PO-
OWTH BHCHOBOK, III0 BTOPHHHI METaOOIITH MIKPOMIIIETIB,
30KpeMa MIKOTOKCHH T2, MaroTh BHpPaKEHUI HETaTUBHUI
BIUIMB Ha JiMiTHUN oOMiH KopomoBux puO. Lleii BrumB
MIPOSIBIIIETHCS Uepe3 iHTeHCH(IKaIio MpomeciB mepeKuc-
HOTO OKHMCHEHHS JIIMIIB, BUCHAXXCHHS aHTHOKCHIAHTHOTO
3aXUCTy Ta 1HTIOyBaHHS aKTHBHOCTI KIFOYOBUX (hepMeH-
TiB JimigHOTo 00MiHY. OTpUMaHi pe3ynbTaTd MiAKpecIo-
FOTh HEOOX1AHICTH MOJAIBIIOTO BUBYECHHS MEXaHI3MIB il
TIOJIFOTAHTIB 1 € BAYKIIMBUMH JIJIs1 PO3POOKH 3aXO0iB 13 3aXH-
CTY 37I0pPOB’S T1IPOOIOHTIB Y pHOHUIITBI.
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YV cmammi nasedeno pesyibmamu KOMIIEKCHOI OYiHKU CMAHY NPOMUCIOUX NONVAAYIL mpbox 6udie pud poounu Oxyunesi
(cyoaxa seuuaiinoeo Sander lucioperca (Linnaeus, 1758), oxyna 3euuaiinoeo Perca fluviatilis Linnaeus, 1758 ma tiopoca 36uuaiinoeo
Gymnocephalus cernua (Linnaeus, 1758)) 3a mamepianamu i3 J{Hinpo6cbkoeo 6000cX08uwa HA OCHOBI OAHUX NPOMUCTOBUX | KOHMPOTb-
HUX 1088, DI0N02IUHO20 AHAIZY OCOOUH MA CIMAMUCMUKY 8U108Y 3a ocmanHi 10 pokis.

Axmyanvhicmb pobomu 3yMo8ieHa 3MiHOW0 2i0pOeKON02IUHUX YO8 Md CKOPOYEHHAM NA0Wi puboeocnooapcbkux 6000um Yxpaitu
VHACTIOOK noGHOMACWMAOHOT 6itiHu, KA 6dice cnpuyunuia empamy Kaxoscvkozo 600ocxosuiya ma oomedicents pubaibemea y npug-
POHmMOBUX pezionax, y bacetini Yoprozo ma Azo6cvko2o mopis. Ha ghoni yux nodiil /[ninposcwke 6000cxosume Habyeae CmpameidHo2o
pub020Cn00apcbKo20 3HAYEHHS.

Memoou docnidsxcenns exarouanu KoHmponvhi ma npomuciosi nosu y 2024-2025 pp. Ha mpvox Oinankax /JHinposcvkoeo 6000-
cxosuwia, 6iono2iuHuLl aHAi3 pubd, BUSHAYEHHS BIKOBOI CIPYKMYPU, Koepiyienmis 620008aHOCMI, YUCETLHOCT YbOLONIMOK, d MAKOXC
awnaniz 6azamopiynux ixmionociunux oanux. Pospaxosano xoegiyienmu npupooroi cmepmuocmi pub, npomuciose 3yCcunis, 6enuyuHu
NPOMUCI08020 3aNACY MA NOMEHYILIHI 06Ca2U DONYCIMUMO20 BULOBY.

IIpoananizoeano cyuachy OUHAMIKY YUCEIbHOCHE MA 6IKOGOI CIMPYKMYpU NONYISAYIN OKYHEGUX 8UOI6 pub, BUSHAUEHO JIHINIHO-60206]
NOKA3HUKU [ NP06edeH0 OYiHKY (izionoeiunoeo cmany pubd. Ha niocmasi 6usHauenux 6ion02iunux i RpOMUCIOBUX NAPAMEMPI8 CNPOSHO-
308aH0 0Ocs2u donycmumoeo eunogy Ha 2026 pix: ons cyoaxa — 47,5 m; oxkyna — 67,5 m; ons tiopaca — 0,11 m. Bussiero noxanwvhi npo-
A6u myzopociocmi y pu6 i3 Camapcvkoi 3amoxu, ujo 00IpyHMOoBYe HeOOXIOHICIb A0ANMUBHO20 YRPABIIHHA pUOATbCMBOM HA AK8AMOPIT
3amoKu.

Kniouosi cnosa: Jlninpoecovie 6000cxoguiye, npomMuciosi puodu, cyoax, OKyHb, Uopoic, pubHuLl npomucel, npocro3, biomeriopayis.

Marenkov Oleh, Nesterenko Oleh, Borovyk Ivan, Gamolin Andriy. Assessment of commercial stocks and forecast
of catches of fish of the family Percidae of the Dniprovske Reservoir for 2026

The article presents the results of a comprehensive assessment of the state of commercial populations of three species of fish
of the family Percidae (pikeperch Sander lucioperca (Linnaeus, 1758), European perch Perca fluviatilis Linnaeus, 1758, and ruff
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Gymnocephalus cernua (Linnaeus, 1758)) of the Dniprovske Reservoir based on data from commercial and control catches, biological
analysis of individuals, and catch statistics over the last 10 years.

The relevance of the work is due to the change in hydroecological conditions and the reduction in the area of fish reservoirs in
Ukraine as a result of the full-scale war, which has already caused the loss of the Kakhovske Reservoir and restrictions on fishing in
front-line regions, as well as in the basin of the Black and Azov Seas. Against the background of these events, the Dniprovske Reservoir
is gaining strategic fishery importance.

The research methods included control and commercial catches in 2024-2025 in three areas of the Dniprovske reservoir, biological
analysis of fish, determination of age structure, fattening coefficients, number of yearlings, as well as analysis of multi-year ichthyological
data. Coefficients of natural fish mortality, fishing effort, sizes of commercial stocks and potential volumes of allowable catch were
calculated.

The current dynamics of the number and age structure of populations of Percidae fish species were analyzed, linear-weight indicators
were determined, and the physiological state of the fish was assessed. Based on the determined biological and industrial parameters,
the volumes of allowable catch for 2026 were forecasted: for pikeperch — 47.5 t, European perch — 67.5 t, for ruffe — 0.11 t. Local
manifestations of stiffness in fish from the Samara Bay were identified, which substantiates the need for adaptive fisheries management

in the water area of the bay.

Key words: Dniprovske reservoir, commercial fish, pikeperch, European perch, ruffe, fishery, forecast, biomelioration.

Beryn. BomocxoBuma kackamy [IHimpa € KIFO4OBHMH
pubOroCIIOapChKUMH  BOIOMMaMu  YKpaiHu, 1e 3ilic-
HIOETBCSI TIPOMHCIIOBE pubanbeTBo. Pubm pommHmM OKy-
HEBUX — 30KpeMa cCymak 3Buuaitnuii Sander lucioperca
(Linnaeus, 1758), oxyHb 3BuuaitHuii Perca fluviatilis
Linnaeus, 1758 Tta Hopx 3Buuaitnmii Gymnocephalus
cernua (Linnaeus, 1758) — mocigaroTh BaXJIMBE MicCIe
y ckiazi ixriodayHu nux BomocxoBuil. Cynak TpaguIliifHO
BBQ)KAETHCS I[IHHUM TPOMHCIOBUM BHJIOM puO JIHINIpoB-
CBKUX BOIOCXOBUII [ 1], TOMI K OKYHB 1 HOpK MEHII I[iHHI
Ha pUHKY pUOHOT IIPOAYKITii.

3a OCTaHHE MAECATWIITTS IMPOMHUCIOBUI BHJIOB pUOM
y BHYTPIIITHIX BoIoiMaxX YKpaiHH iCTOTHO 3alie)kKaB BiJl yio-
BiB Y THITPOBCHKHX BojocxoBumax. [l{opigao Ha BHYTpimI-
HiX BOZHHUX 00’€KTax BIWITy4anw OIMm3pKo 16-21 THC. TOHH
pubdu, 3 axux 10 70% mnpurmagano Ha BEIHKI BOJOCXOBHIIA
Huimpa [2].

[Iporsirom ocTaHHIX pOKIB I YacTka 3pocia:
y 2023 pori Maibke yBeCh MPOMUCIOBHI BHJIOB IPHUIIAB
caMe Ha JHINPOBCHKI BOJAOCXOBHIA YEpE3 BTPATy KOHTP-
OJIF0 Ha/l MOPCHKUM PHOAILCTBOM Y 3B’SI3KY 3 OKYIIAIi€l0
A30BcBKOTO MOpS Ta 6710KyBaHHSAM YOpHOTO MO

3a manumu [lep’KaBHOTO areHTCTBA YKPATHU 3 PO3BUTKY
Medtioparii, puOHOTO TOCMONApCTBa Ta MPOAOBOIBUHMX ITPO-
rpam y 2023 p. B Ykpaini Burydeno 11,19 tuc. T BomHHX
6iopecypcis, mo Ha 11% Ourbine, Hix y 2022 p., ane yrpudi
MEHIIIC 3a BIIMOBIAHMNA TOKAa3HUK JIOBOEHHOTO IMeEpioxy
(6mmm3pko 30,5 trc. T 1o 2022 p.) [3]. I3 HEX Ha Kackaj BOJO-
cxoBui JHinpa mpunano moHan 85% BKa3aHOTO 00CsTY:
Kpemenuynpke Bomocxosuie nano 4941 tounny (44% Big
3arajgpHOTO ynoBy), Kam’sHcbke (Himpom3ep:KHHCBKE) —
2493 1 (22%), Aninposcrbke (3anmopizbke) — 729 1, KuiBchke —
714 T, Kaniscpke — 675 1. [l mopiBHSHHSA, YIoBY Ha J{HiCTpi
3 mumanoM ckitamm 1034 1, y ynai — 125 T, Tomi six y Kaxos-
CHKOMY BOJIOCXOBHIIII ITiCIIST Horo pylHYBaHHSA — 0 T.

KaxoBchke BOZOCXOBHIIE 10 pyHHAMIT TeX Mao 3Ha4HI
00CSITH BUJIOBY — B CEpeTHOMY 2—3 THC. TOHH Ha PiK OCTaH-
HiM yacoM. 3okpema y 2020 pori B KaxoBcbKOMy BOIOCXO-
B Oymno BuirydeHo 10 2,8 tuc. T, a y 2021 p. — Onu3pko
2,2 Tc. T pudn, mo craHoBmIO 7—8% BiJ 3arambHOyKpaiH-
CBKOTO BHJIOBY BOIHUX OiopecypciB. [licist migpuBy rpedmi
y gepBHi 2023 p. KaxoBchke BomocxoBuie (pakTHIHO BTpa-
YeHE Pa3oM i3 HOTO BOJHUMH Oiopecypcamm.

[ToBHOMacmTabHa BilfHA CHJIBHO BIUIMHYJIA HA MPO-
MHCeNl. Y TPUPPOHTOBHX 0ONACTIX pUOATBCTBO OyITo
oOMexeHe, a YaCTHHA BOJIOWM CTaJM HEAOCTYNHHMH. SIK
HaCIiAoK, y 2022 poti 3aradbHUA BUJIOB Y AHIIPOBCHKUX
BOJIOCXOBHII[AX Pi3KO BIIaB — HAIIPUKIAL, Y JIHITpOBCHKOMY
BOJOCXOBHINI BiH cTaHOBWB ymmie 140 ToHH, TOOTO Yy
8 pasziB menme, HiK y 2021 pomi [4]. JliMiTH BUIOBY
Oaratbox BumiB y 2022 pomi Oynn BUKOPHCTaHI JHINE Ha
2-5%, 1m0 BKa3ye Ha (GaKTHUHY 3yMHUHKY TPOMHUCITY TIiJT 4ac
akTUBHEX OoifoBux miii. [Ipote y 2023 porti, mompu BTpary
KaxoBCHKOTO BOJOCXOBHIIA, IPOMHCEN Ha PEIITI KacKaLy
JAaCTKOBO BiTHOBUBCS.

TaknM 9MHOM, AWHAMIKa IPOMHCIOBOTO BHIIOBY pHO
y Kackaii JlHinmpa 3a OCTaHHE AECATHIITTS XapaKTepH3y-
€ThCS TIOCTYTIOBUM 3pocTaHHsAM y 2010-X pokax, pi3Kum
npoBasioM y 2022 p. Ta 9acTKOBOIO KoMmeHcariero y 2023 p.

BpaxoByroun HaBeleHI HEBHpIIICHI MUTAaHHS, METOIO
POOOTH CTAJIO TPOBECTH KOMITJIEKCHUH aHaIIi3 ANHAMIKH TIPO-
MHCIIOBOTO BIWJIOBY OKYHEBHUX BU/IB pHO y JHITPOBCHKOMY
BOJIOCXOBHIII Ha TPHUKJIAMl CylaKa 3BUYAHHOTO, OKYHS 3BH-
YalfHOTO Ta Hop)ka 3BMYANHOTO, BCTAHOBUTH OCHOBHI TEH-
JICHIIIT CTaHy TOMYJAMi WX BUTIB Ta OKPECIUTH PaIlio-
HaITbHI IIUTIXH IX IPOMHUCIIOBOTO BUKOPUCTaHHA Yy 2026 porii.
JIoCSITHEHHST TOCTaBIEHOI METH Iepe0avyano MPOBEACHHS
MTOJTBOBHX 1 JTAOOPATOPHUX IXTIONOTIYHHUX JOCIIKEHbB, y3a-
TaTbHEHHSA [AHWUX JITEepaTypd Ta 3BITIB i3 IPOMHCIOBOTO
BUJIOBY pHO, a TaKOK (POpMyITIOBaHHS pPEeKOMEHAALIN 110710
OIIAITMBOTO MPOMHUCIIOBOTO BHJIOBY OKYHEBHX BHIIIB pHO.

Marepiaau i MeTonu qocaigxenb. Binbip ixriomoriu-
HUX Tpo0 MPOBOMMIN TPOTATOM BErETaliiHOTO IEpioxy
2024-2025 pp., i 9ac HayKOBO-AOCITiTHIX KOHTPOIBHHX,
IIPOMUCIIOBUX 1 MaJbKOBUX JIOBIB y JIHITPOBCHKOMY BOJIO-
CXOBHIIII Ha TPHOX MIISAHKAX, SKi BIPI3HINCH MiXK COOOI0
3a TiJPOCKOIOTIYHUM CTAaHOM 1 PIBHEM aHTPOIIOTCHHOTO
HaBaHTAKCHHS: [EHTpaJbHa JUISTHKA y Mexax M. J{Hinpo,
HIDKHS TUITHKAa BOMOCXOBHINA mmoOmm3y c. BilickkoBe Ta
c. Muxinecpke-Ha-Jlninpi, Ta B Camapcekiii 3arori
B paiioni ¢. OmuHKiBKa Ta ¢. HoBoceniBka (puc. 1). Takox
BHKOPHCTOBYBAJIM OaratopidHi 0a3u iXTIONOTIYHUX JaHUX
JIHITPOBCHKOTO HAIIOHATBFHOTO YHIBEpCUTETY iMeHi Omnecs
T'onuapa 3a 2014-2024 pp.

O0’€KTOM HAYKOBHX JOCHIDKEHb OYIIA TPHU BUIH OKY-
HEBUX pUO: Cylak 3BUYANHUA, OKyHb 3BUYaHUHN Ta HOpK
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3BuUaitauid. Biomoriuamit aHami3 pu® TPOBOAMIHM BiIIIO-
BIJTHO /10 KJIACHYHHX IXTIOJOTIYHUX METOmIB [5, 6]. Y pubd
BU3HAYaIM CTaTh, BiK, CTAHAAPTHY Ta aOCOJIIOTHY TOBKHHY
Tija, iHAWBIIyadbHY Macy, Koe(]ili€eHT BTOZOBAaHOCTI 3a
OyneroHOM. Bik prb Bm3Hauanm 3a siyckoro [6]. Momoap
OKYHEBHUX PHO BIUTOBNIOBANHM y TPETid NeKami JATHSI —
TIepIIiif AeKasi cepIiHs Ha MITKOBOAHUX JIJITHKaX BOIOCXO-
BUIIA. 3HAPSUIAM JIOBY OyJia MaJIbKOBA TKaHKA Ta MAJIbKOBA
BOJIOKyTIIa 3aBHOBXKKH 10 M i3 KpokoMm Biuka 4 MM. YBech
YIIOB MalbKiB pHUO MiAmaBalii SKICHOMY 1 KUTBKICHOMY
aHaiizy. 3a BiIHOCHY YMCENBHICTh MOJIOMAI pHUO MpHiAMaIH
KiJTBKICTB 1OTOTITOK Ha 100 M? 1t011i 06710BY [5].

VYci poOOTH BHKOHYBAalM BIAMOBIMHO JO0 TIPaBHI
OioeTwky, i3 moTpuMaHHsAM €Bporeiicbkoi KonBerii
«[lpo rymanHe craBJeHHA 10 JIADOPAaTOPHUX TBApPHHY,
«3arajgpbHUX TIPUHIWIIB EKCIIEPUMEHTIB Ha TBapHHAX»
Ta BiAnoBigHO 10 «I1ooXkeHHs PO BUKOPHUCTAHHS TBApHH
B OloMennyHnX excriepuMenTtax» [7, 8, 9]. Ludposi nani
00pOOISITH 32 JOTIOMOTOI0 TTAKETIB MPUKIATHUX MPOTpaM
Microsoft Excel 2024 (Microsoft Corp., 2024) Ta Statistica
6.0 (StatSoft Inc., 2001).

PesyabraTu Ta ix o6roBopenss. OdimiiiHa CTaTUCTHKA
MIPOMICIY Y BHYTPIIIHIX BOAAX HaifuacTiime myOIiKyeThCst
B arperoBaHoOMy BHIVIALI — 33 OCHOBHUMH IPOMHCIIOBUMHU

& 1,87% m 0,41%

# (,85%
W 5,26%.
B 435% - §52,08%
B 0,02%
B 35,17%.
JIHIMPOBCEKe BOIOCXOBHINE
8 21.56%

B 19,84%

¥ 28 53%

s 2.59%
m a s
1,32% § 2295%
KaHiBchKe BOIOCXOBHIIE
@ 2,67% N 2,00% g g 2704
o5 AN nag a0k

B 5,13%

B 0,63%.

B 4415%

Kam'aHChKe BOJOCXOBHIIE

" m 3,18%

rpymamu pu6. Cymak 3BU9aifHIH TpaauiiiHO HAJICKUTH 110
MIHHUX XWKHUX BHIIB, 1 HOTO BHJIOB KOHTPOIIOBABCS IiMi-
TaMH, TOMi K OKYHB 1 Hopk 10 2022 poKy MOTPATUISIH 10
Kareropil “iHmmiA npiOHWA gacTuk”. 3a maHnumu Jlepxas-
HOTO areHTCTBA YKpaiHW 3 PO3BUTKY Melioparlii, puOHOTO
rocrogapcTBa Ta npomoBoipuux y 2023 pomi B Ykpaini
BHUJIOBJICHO 528 T cymaka Ta 336 T OKyHS (IS TOPIBHSHHS:
Kapacs cpibmsictoro — 3112 1, mama — 2162 T, mITKH —
2148 1). Taki obcsaTr OMU3BKI 10 TOBOEHHUX CEPEeTHBOPIU-
HUX 3Ha4€Hb, X0Ya 1 € JIEII0 HIKINMH: Hanpukiaz, y Kpe-
MEHYYIIPKOMY BOAOCXOBHIII MpoTsiroM 2022 poKy BHIOB
cynaka craHoBuB 139 T, okyHs — 96 T.

Tpeba 3a3HAaUNTH, 0 HOPK 3BUYAHUI HE HABOAUTHCS
OKpEMO y CTaTHUCTHUIII BWJIOBY — HOTO TPOMHCIIOBE 3Ha-
YeHHs JOCHTh HM3bKe. OpK TpammseTbcs y 3HAPSIIAX
JIOBY SK TIPWJIOB 10 “iHIIOTO MpiOHOTO YacTHKy 1 HOro
piuHi BIIOBH CTaOimbHO HU3BKI. OCHOBHHMH aKIEHT IIpoO-
MUCITy pOOUTHCS Ha CylaKy SK Ha TOBapHiil puoi.

3a manumu Yrpasrminas [lepKaBHOTO areHTCTBA 3 PO3-
BHUTKY MeJioparii, ppOHOTO TOCTOfapcTBa Ta MPOJOBOIB-
yux mporpam y JHimpomneTpoBerkiid obmacti y 2024 porri
HaMEHIMA 00CAT BWJIOBY OKYHEBHX pHO BiA3HAYEHO
y AuinpoBcekomy Bomocxosumii — 29 817,6 T (4,35% Big
3araJbHOTO BUIIOBY YCiX BUMIIB puod) (puc. 2).

B 645%
B 64.94%
W 6,37%

2 1,10%
S 0,69%
m 0,67%

S 19,70%

KpeMeHUyIbKe BOJOCXOBHIIE

= 0,10%
4,07% B 15,60%
W 4,57%
® 4,08%
S 1141%
| 3.36%
S 1681%
KniBcbke BOIOCKOBHINE
S Kopomosi Snenesi
[ | Timosi EB Oxynesi
[MXcenommpozi 8 Comosi
Nocenemmesi MM ryxozi

Puc. 2. BigcoTkoBe cniBBiqHOIEeHHs1 poauH pud 3a 0ioMaco0 NPOMUCIOBHUX YJI0BIB
JninpoBcbkux BopocxoBuu B 2024 poui, %
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Haui #imyts Kuiscbke — 90 690,0 T (15,60% Bin 3aras-
HOTO BIJIOBY ycix BuaiB), Karisceke — 110 367,7 T(21,56%)
ta Kam’ssHCBKe BomocxoButna — 201 397,4 1 (8,13%). Haii-
OIIBLIMMH TIOKa3HUKaMH BHJIOBY XapaKTepu3yBajoch Kpe-
MEHYYIIbKE BOJOCXOBHUIIE — 0OCSTH BHIOBY OKYHEBHX PHO
csaraynu 362 608, 5 T (6,45% Bif 3aragbHOTO BHIIOBY).

Cynak 3Buvaiinuii Sander lucioperca (Linnaeus,
1758). IIpotsarom 2016-2021 pp. BeIMINHHA BHIIOBY ITHOTO
BUY KOHMBaiuCh y Mexkax Bif 13,0 Ty 2016 pomi o 15,96 T
y 2023 pori; iforo mpommuciioBe ocBoeHH: csirano 70—76%
Bix BcTaHoBieHoro miMity [10]. ¥V 2022 pomi gepe3 dax-
TUYHY BiJICYTHICTb TIPOMHCITY 3 BOOCXOBHINA OYyII0 BHITY-
yeHo nuimre 459 Kr cymaka, mo ctaHoBmio Omm3bko 1,8 %
BiJl BCTAaHOBIIEHOTO JiMiTy. ¥ 2023 poti BUJIOB Cyaka Csr-
HyB 15,96 T, 2y 2024 12,98 T.

BikoBwuii psig cymaka B KOHTpONbHUX yaoBax 2025 poky
HapaxoByBaB 14 kmaciB (3—16-piukn). Anpo mpommcioBoi
nomyrnsii ckimaganocs 3 4-9-piuanx ocodbun (83,12%).
Yactka pub cTapmmx BIKOBHX TPYH B OCHOBHOMY TIpe-
craBieHa |1-16-piuanmu ocodmnHamu i ckmamana 1,02%.
Kpusa BapiariifHoro psmgy Maibke He 3MiHHMIAcs y TOpiB-
HSHHI 13 MHHYJIIM POKOM, MaJjia TiK Ha 6-pigHIX 0COOMHAX.
Jaimi y MeHmii KiTbKOCTI WAYTh 7-piuKul Ta crocTepira-
€THCS TIOCTYTIOBUH CIIa/l KPUBU3HU BXKE 3 8-pitoK.

Ha nouatky mita 2025 poxy koedilli€eHTH Bro0BaHOCTI
3a OyIETOHOM y TIPOMHUCIOBUX BHOIpKaX Cyqaka CBiTUIHIN
PO 3aI0BITEHUH (i310IOTIYHNH CTaH MOMYJIAMIi. Y camIliB
npu noxuHi 34,56 + 0,42 cm Ta maci 635,21 £ 31,13 1
Koe(imieHT BromoBaHOCTI CTaHOBHB 1,54, TOMi K y caMHIIb
nipu mopxwHiI 36,32+0,73 cM Ta Maci 843,23+42.47 r—1,76.
OO0u/1Ba MOKa3HUKH NEPEBUIIYIOTH THIIOBY JUTS BUILY HOPMY
(1,2—-1,5) 1 BKa3yrOTh Ha JOCTaTHIO Tpo(iuHy 3abe3mede-
HICTh, CIPHUATINBI €KOJOTIYHI YMOBH y BOIOIMI Ta HasB-
HICTh KOPMOBOi 0a31, He0OXiAHOT IS TOBHOILIHHOTO POCTY
Ta BIATBOPEHHS Cy/laKa.

VmoB Ha 100 ciTKOmIO KOHTPOIBHOTO TIOPSIKY
y JIHImpOBCEKOMY BOJOCXOBWIII CKJIaB: Yy JIMIHI
2024 poxy — 618,22 ex3. (670,4 xr), ymitky 2023 poxy —
623,18 ex3. (652,6 xr), HaBecHi 2021 poky — 534,2 exs.
(438,0 xr), Bocenn 2021 poky — 521,8 ex3. (408,6 k1),
ymitky 2020 poky — 468 ex3. (4914 xr), y 2019 pomi —
473 ex3. (516,2 xr) [11]. ¥V 2025 porii criocTepiraeTses cra-
OlTEHO BHICOKHMI PiBeHB YJIOBIB cyfaka y IHIMpoBCEKOMY
BOJOCXOBHIII Ha piBHI 630 ex3eMIuIpiB (OIM3BK0 685 KT)
Ha 100 citkomi6. OCHOBY yIOBY, SIK 1 y TIOTIEpEIHI POKH,
(hopMyIOTh TeHepaIlii, sIKi BUIOBIIOIOTECS CITKAMH 3 Kpo-
koM Biuka 40-50 MM (0 64% 3a Macoro Ta YHCETBHICTIO).
IMotenmiitae 30epexeHHs cTabITPHUX YMOB BOJHOTO Cepe-
JIOBHIIA 320€3MeYUTh IIOJaJbIIC BiJTHOBICHHS MPOMHCIIO-
BOTO CTaJia Ta MiATPUMKY CTAJIOTO BUJIOBY.

YV Camapchkiif 3arori, ae g0 Kinig 2025 poky mie Hay-
KOBO-0i0JIOTiuHE OOTPYHTYBaHHS IMOJO BUKOPHUCTAHHS
JIpiOHOBIYKOBUX CITOK, HA CITKH 3 KpokoM Biuka 30-32 MM
npunangae O6nm3pko 25% 3aranbHOTO YIIOBY Cydaka, IIo
TIOB’S13aHO 13 TYTOPOCTICTIO OCOOWH, sSIKa BHKJIMKAaHA Hera-
THUBHUMH T1IPOCKOJIOTIYHUMH YMOBAaMHM 3aTOKH Ta MOCH-
JICHUM aHTPOIIOTCHHUM HAaBAaHTA)KCHHSM Ha BOAHY €KOCH-
CTeMy BOJIOWMH — IIe TTOTPiOHO BpaxOBYBaTH MPH BEICHHI
MIPOMHUCITY Ha Iill TUTAHI BogocxoBuiia y 2026 porii.

3amac cymaka Ha 2026 pix 3a0e3medyeTscsl TEHEpari-
ssma 2019, 2020 ta 2021 poKiB — YHCENBHICTH I[HOTOII-
TOK Yy JTaHi pOKH CTaHOBHWIA BiamosimHo 1,87 ex3./100 Mm%,
2,26 ex3./100 m* Ta 2,18 ex3./100 M>. TakuM YHHOM, BPaxo-
Byroun KoedimieHT mpupomHoi cMeptHOcTi (0,23), Koediri-
ent BuioBy (0,21), OIiHKY MMOKa3HUKA TPOM3YCHILIA, 3amac
cynaka y JIHIMPOBCHKOMY BOIOCXOBHINI MOXKHA OIIHUTH
y 190 1. PexomeHmoBaHM JTIMIT BUIIOBY cynaka y 2026 porti
HE TIOBUHCH NIepeBUIILyBaTH 47,5 T.

VY JIHIIpOBCEKOMY BOIOCXOBHIII 30€piracTbcs momip-
HUM HETaTWBHUI aHTPOIIOTCHHHWH THUCK Ha TMOITYIIAIIIO
Cymaka, TIIOB’SI3aHMN TIepemyciM i3 IisUTbHICTIO pHda-
JIOK-TIro0ouTeniB. He3Baxaroun Ha BCTAHOBJIEH] 3aKOHOIaBY1
00OMEKEHHSI IIO0 MiHIMaJIbHO IOIYCTUMHUX PO3MIpIB IS
BHJIOBY, YV TIPAKTHIII JIFOOMTEIHCHKOTO pHUOATBCTBA (iKCy-
€ThCS BIJIIYYCHHS OCOOWH, sIKi IIe HE AOCATIH MPOMHCIO-
BHX ab0 cTaTeBO3pinmux po3MmipiB. Takuii MPHUIOB 3HAYHO
3HIKYE UYHCENBHICTh TeHepamid, sKi MO O yBIHTH 1O
CKJIaly BiATBOPIOBAHO! YaCTWHHU TIOMYJALIl y HaWOMIKT
POKH, i TIOpyIITy€e TPUPOTHY BIKOBY CTPYKTYpY CTaja.

3 MeToro cTabimizarlii Ta HapouryBaHHS MPOAYKTUBHOCTI
MO CyAaka JOIUTBHO BIPOBAPKYBATH KOMILICKCHI
OiomernmiopaTuBHI 3aX0H, 30KpeMa CTBOPEHHS 3aXHIICHUX
JIUISTHOK JI7Is1 HEPECTY, PETYINIOBAHHS IIPOMHCIIOBOTO HaBaH-
Ta)XCHHS y TIKOBI ce30HHU. BomHOYac BayKIIMBO 3a0€31eUnTH
peryisipHe 3apHOJICHHS BOJOWMH MalbKOM a00 MOJOIIIO
Cy[laKa, BUPOIICHOIO y KOHTPOJILOBAaHUX YMOBAX, 3 ypaxy-
BaHHSIM TEHETWYHOI BiAMOBITHOCTI Ta O10NOTIYHOI cyMic-
HOCTI 3 JIOKQJTBHOIO TTOTYJIISIIIET0.

3anpoBa/UKeHHS TaKWX 3aXOMiB TO3BOJWUTH HE IIHIIE
MIATPAMYBATH YHCENBHICTh MOMYJAMil Ha HaJCKHOMY
piBHI, a ¥ cpUATHME MiABHIICHHIO i CTIHKOCTI 10 30B-
HIITHIX YAHHUKIB: KIIMATHYHAX KOJIWBAHbB, TiPOIOTIIHIX
3MiH Ta TPO(IIHOT KOHKYPEHIIii 3 iHITUMH BUIAMH.

Hop:x seuuaiinnii Gymnocephalus cernua (Linnaeus,
1758). IlpencraBHUK pOOUHM OKYHEBMX, THUIIOBHM JOH-
HUH MEIIKaHeIb PidoK, 03ep i BOXOCXOBHUI YKpaiHu. Bua
ITIPOKO PO3MOBCIODKEHIH y JIHITPOBCEKOMY BOIOCXO-
BHIIIi, BiJia€ TepeBary TIMOOKUM JISITHKAM 13 MYIHACTHM
a0o mimaanM THOM. JKUBHTHCS TIepeBaXHO JOHHUMU Oe3-
XpeOeTHUMH Ta JIMYMHKAMU KOMaX, HEPEeCTUThCS HABECHI,
BIIKJIaMalodl iKpy Ha TBepamid cyOctpar. Y OioreHo3i
BiZlirpae BaXXJIHMBY PONb AK 00’ €KT JKUBICHHS IS XIDKUX
pubd (cymaka, WIyKH). Xoda TIPOMHUCIOBOTO 3HAYCHHS
Hop>k Maibke He Mae BiH BIUIMBAE Ha CTPYKTYpY ixTioda-
YHH BOJOMM, 30KpeMa depe3 TOiTaHHs iKPH 1HITNX BUIIB
Y HEpEeCTOBHIA MIEPiOT.

[IpommcnoBe 3HAUCHHS HOpKa HU3BKE, OCKUTBKHA HOTO
po3mMipu He mepeBumIyloTh 10-15 cMm, a maca 3a3BHuait
20-50 1, macoBoro monuty He Mae. CTaTUCTUYHO BHIIOB
Hop>ka OKpEeMO paHillle BpaXxOBYBaBcCs, a BU OyB BKIFOUe-
HUH 110 TpyTH “iHINa apidHa puda’.

B ynoBax pubamox Ha BYIOYKOBI 3HAPAIAS TPAIUIi-
IOTBCSL OCOOMHM BikoM 3—4 poku. 3BHUAiiHa JOBKHHOIO
8-12 cm, macoro 12-25 .

Y 2023 pomi y JIHIIPOBCEKOMY BOJOCXOBHIII
B PE3yNIbTaTi MPOMHUCIIOBOTO pHUOATBCTBAa BHITy4eHO 20 KT.
B 2024 porri BUIIOB IPOMHUCIIOBOIO CTATHCTHKOIO HE 3adik-
coaHo. [Iporxo3 BunoBy Hopxka y 2026 pomi — 0,11 T.
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Oxynb 3Bnvaiinuii Perca fluviatilis (Linnaeus, 1758).
OnyH 13 HAMMOMIMPEHILITMX XFXKUX BUIB ITPICHOBOHOT 1XTi-
otayHn YKpaiHM, THITOBHI MENIKaHelb 03ep, PiYOK, BOIO-
cxoBHIl 1 3aruiaB. Y JIHIPOBCHKOMY BOJOCXOBHIII OKYHB
TPAIUIIETHCS YCIONH, IEPEBAXKHO Y ITPUOEPEKHIH 30Hi, 3aTO-
Kax Ta cepel 3apocTeld BUINOi BOAHOI POCIMHHOCTI. Bum
BiJlirpae Ba)KJIMBY €KOJIOTTYHY 1 TPO(DIUHY POJIb, PETYIIOI0YH
YHCEIhHICTh MOJIOAI IHIIUX PHO Ta APiOHUX Oe3XpeOeTHHUX.
VY puborocrnogapcbkoMy achekTi OKyHb Ma€ MOCTIHHE Mpo-
MHCJIOBE 3HAYCHHSI.

Cranom Ha 2025 pik nomysmis oKyHs y J{HImpoBChKOMY
BOJIOCXOBHILII Ma€ JIOCHTh CTaOlIbHY BIKOBY Ta pPO3Mip-
HO-BaroBy CTPYKTYpPH i, depe3 iHanepeHTHICTh 10 Hepe-
CTOBOTO CyOCTpary, BHCOKI PENpOAYKTHBHI TOKa3HHKH,
TOMY IOCTI{HO TOIIOBHIOE CBOIO YHCEJIBHICTh. Y MHHYII
POKH IIOPIYHI YIIOBH OKYHSI OYJIM HHXKYMMHU 1 CTIMKO TprMa-
nicst Ha piBHi 10—12 7. Y mpoMuciioBoMy cTajii OKyHs 1oMi-
HYI0Th 0c00nHN 4—10-piunoro Biky (84,3%). ¥ 2023 poui
3 JIHIIPOBCHKOTO BOJOCXOBHIIA BHIY4YEHO 16,7 T OKYyHS.
Y 2024 porri Takox BHIy4YeHO 16,7 T.

Y JIHIOpPOBCHKOMY  BOJOCXOBHII[  BHJIOB  OKYHS
Ha 100 ciTKOmIO KOHTPOJBHOTO TMOPSAKY CKJIAJaB:
y 2024 poui — 250 k1, y 2023 pomi — 248 k1, y 2021 pomi —
232 xr, y 2020 poui — 210 xr, y 2019 poui — 215 kr.

CepeHi MOKa3HUKH TPOMHUCIOBOI JOBKWHHU OKYHS CTa-
HOBJIATE: camili — 22,78 £ 0,55 cm, camku — 24,43 £ 0,78 cM.
CepemHi MOKa3HUKU Macu ocobuH: camii— 178,42+ 15,167,
caMku — 267,65 + 23,56 1, — 110 MPAKTHYHO TPUMAETHCS
Ha piBHI IIOKa3HMKIB MUHYJIUX poKiB. Y CamapchKiii 3aroi
JHIIPOBCHKOTO BOJOCXOBHINA B OKYHS CIIOCTEPITa€THCS
BiJicTaBaHHs y pocTi Ha 8,5-10,3%.

BikoBuif psii MPOMHUCIOBHUX YIOBIB JITHIX JTOCIIIKCHB
2025 poky npencrasienuii 14 kimacamu (Bijg 2-pidHUX 0CO-
6un — 0,35%, no 14-piuanx ocodbun — 0,03%). Cepenniit
BiK OKYHSI, Ha IKOMY 0a3y€eThCs IPOMUCEI, CKIa1aB 5 POKiB.

OcnoBy mpomuciaoBoro 3amacy 2026 poky ckna-
oyTh ocobmran reHepamii 2021 Ta 2022 pokiB — YUCeNb-
HICTh LBOTOJITOK Yy 1IIi POKHM CKJajgajia BiANOBITHO
12,16 ex3./100 m? ta 10,57 ex3./100 m? mo BKasye Ha
JIOCTaTHE TIPUPOJIHE ITOTTOBHEHHST OKYHST MOJIOJIIIO.

OcHoBHMIT BUJIOB OKyHs1 y 2025 polii puIaaae Ha CiTku
3 KpokoM Biuka a=40 mm (49,6% 3a uncenbHicTIO Ta 45,3%

3a 6iomacoro). ¥ CaMapchKiit 3aTOI OKyHb OCBOIOETHCS CiT-
KaMH 3 KPOKOM Biuka a=30-36 MM, OCKUTbKH JOBEICHO, 110
B 3aTOL BIIMIYA€THCSI TYTOPOCIICTh OKYHSI, SIKa BUKJIMKaHa
BILUTUBOM aHTPOIIOT€HHNUX YNHHUKIB, T4 HAsSIBHE HAyKOBO-0i-
oJorigHOTO OOTpyHTYBaHHS «HaykoBo-Oiomoridne oOTpyH-
TYBaHHS CIICIIaJIbHOTO BUKOPHCTAHHS BOIHHUX OiopecypciB
Ha CamapchbKiii 3arorti [IHIMPOBCHKOTO BOJJOCXOBHIIAY.

Takum umHom, Ha 2026 pik cdopmMoBaHMIA HOCTAT-
HIill 3amac OKyHS A HOTO CTabiIbHOTO MPOMUCIY. 3amac
OKyHs y JIHIIPOBCHKOMY BOJIOCXOBHIII OIIHIOETHCS Y 270 T.
3 oy Ha KoedinieHT npupoanoi cmeptHocti (0,22), mpo-
THO30BaHMH JIONYCTUMHIA BHIOB OKyHs y 2026 potii Moxe
CTaHOBHUTH 67,5 T.

BucHoBku

1. OkyHeBi BUM pr0 3aJTUIIAIOTHCS BAXKJIUBOIO YaCTH-
HOIO TIPOMHCIIOBOI ixTiodayHu y JIHIMIPOBCHKOMY BOJO-
CXOBHIIIi, TIONPY 3MEHIICHHS 00CATIB MPOMUICITY B YMOBaX
BiliHU.

2. Cynak 3BHYaHMH JEMOHCTpYE CTaOUIbHY BIKOBY
Ta PO3MIPHY CTPYKTYPY MOMYJIAIIT Ta BUCOKI KOC(IIIEHTH
BrO/IOBAHOCTI. 3amac cymaka oriHeHo y 190 T, a pexomeHmo0-
BaHMH JiMiT BUIOBY Ha 2026 pik — 47,5 T.

3. OkyHb 3BUYAMHUWII yTBOpIOE CTabIIbHY 1 CTIilKy
TIOTYJIAIIIO, IO MOPIYHO TTOMTOBHIOETHCS 3aBASKH BUCOKUM
PETPOIYKTHBHAM MOKIIMBOCTSIM. 3aI1ac OKYHsI OLlIHIOETHCS
y 270 T, nomyctumuii BuioB Ha 2026 pik — 67,5 T.

4. Mopsx 3BHuaiinmii Mae APyropsiiHE IPOMICIIOBE 3Ha-
uenns. Moro momynsmis cTainbHa, oqHAK 0GCSTH BUJIOBY
3aITUIIAIOTHCSI HU3BKUMHU, TTPOTHO3 Ha 2026 pik — 110 k.

5. YV Camapcekiii 3aromi BifMideHa TYropocCIicTh
Cylaka Ta OKYHs, IO 3YMOBJICHO HE3aJ0BUILHUM TiApO-
€KOJIOTIYHUM CTAaHOM [UISHKH BOJIOCXOBHIIA Ta BHCO-
KM AaHTPOTIOTEHHHM THCKOM Ha BOIHY EKOCHCTEMY.
Ile oOrpyHTOBY€ 3acTOCYBaHHS APiOHOBIYKOBHX CIiTOK
y MeXax peryjJb0oBaHOTO MPOMHMCIY 32 YMOB MOCTIHHOTO
HayKOBOTO CYIIPOBO/LY.

6. 3aramom Ha 2026 pik cPopMOBaHO TOCTATHI TPO-
MHCJIOBI 3aIacH SIK Cy/aka, Tak 1 OKyHs, sIKi MOXYTb 3a0e3-
MevyyBaTy TOMipHE MTPOMHUCIIOBE HAaBAHTAXKCHHS 32 YMOBHU
JIOTPUMAaHHs HayKOBO OOTPYHTOBAHMX JIIMITIB Ta BIAMOBI-
JATBHOTO TiIXOMy 10 prOaIbCTBA.
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3mina Knimamy ma 3poCmanHA AHMPONO2EHHO20 HABAHMANCEHH HA O0BKILIA CHPUAIOMb NOWUPEHHIO HeDe3neuHUx MOKCUHIs,
30KpeMa MIKOMOKCUHIB, WO CIMAHOGISIMb 3a2po3y 05l 600HUX eKocucmem ma akeaxyismypu. Agaamoxcun Bl (ADB1) € 0onum i3 nati-
NOWUPEHIWUX MIKOMOKCUHIB, W0 KOHMAMIHYIONb KOpMU, I 1020 6NIUE HA 2I0p0odioHmu nompebye 0emaibvHo20 eugyuents. Memorto docii-
Ooicenns Oyno euguenns enaugy agnamoxcuny Bl na axmusnicmy epmenmis y2nesoonoeo oominy y kapacs ssuuatinozo (Carassius
carassius L.) ak 6ioximiunoeo mapkepa 0ns OYiHKU MOKCUYHOCMI 800HO20 cepedosuiyd. JlocniodcenHs npogoounocs Ha 080PIuKax
Kapacs 38uyatinozo, axux ympumyeanu ¢ 200-nimposux axeapiymax. Excnepumenmansna epyna puo niooasanacs eniugy AOBI y kou-
yenmpayii 1,0 mxe/n. Akmusnicmo K1ouosux pepmennis 8y2ne800H020 00MiHy — 2n10Kko30-6-ghocgpamoeziopozenasu (I-6-@AT), nakma-
moeziopoeenasu (JIAI), izoyumpamoeziopoeenasu (ILII') ma eniokoszo-6-gpocpamasu (I'-6-Dazu) — eusnauanacs 6 newinyi, 20108HOMy
MO3Ky ma 6inux m’s3ax. [Jo0amkoso ananizysanucs Konyenmpayii 2noko3u ma 2niko2eny 6 yux mxaHuHax.

Pesynomamu noxazanu, wo enaus ADBI cnpuyunug snauni sminu 6 memaboniunux npoyecax. Cnocmepizanocst docmosipte niogu-
wjenns pigHs emokosu 6 nevinyi (na 110%) ma m’azax (ha 89%), wo cynpo6ooAuCy8an0Ca BUCHANCEHHAM 3ANACIB 2NIKO2EHY (3HUIICEHHS
na 53% ma 52% sionogiono). L{i sminu ciouams npo po3eumox cmpecosoi cinepenikeMii ma MobOiNiz3ayilo enepeemuunux pe3epeie
013 npomudii mokcuny. AkmugHicmo ghepmenmie maxoore 3as3unana sHaunux smin. Axmusnicmo JIII" 0ocmosipro 3pocia 6 ycix docii-
oacysanux opeanax (na 90% e neuinyi, 79% 6 m’s13ax ma 55% 6 mo3ky), modi ax axmuenicmo ILJ[I" cymmeso 3nusunacs (na 53%
6 neuinyi, 44% 6 mosxy ma 50% 6 m’s13ax). Lle 6xazye na nepexio opeanizmy 3 aepodHo20 Ha AHAEPOOHULL UWISX eHEP2EMUUHO20 OOMIHY,
UMOBIPHO, BHACTIOOK MIMOXOHOPIAIbHO20 NOWIK0OJceHHs. Boonouac, axmusnicme I-6-@/I 3pocia 6 neuinyi ma m’szax (ma 105%
ma 64%), wo € ceiovennam akmusayii nenmosogocammnozo wsaxy ona cunmesy HAJJ®H, 1eooxionoeo ons ahmuokCUOaHmMHO20 3aXu-
cmy ma demoKcuxayii.

Bucnosku niomeeposcytoms, wo 3MiHu 8 aKMUBHOCHI (hepmeHmie 8y2ne600H020 00MIHYy Ma KOHYEHMpPAyii 2noKo3u i 2niKo2eHy
€ uymausumu OIOXIMIYHUMU THOUKAMOPAMU MOKCUYHO20 6naugy aguamoxcury Bl. Li noxasnuxku mooxcyms ciyeyeamu HaoiiHuMu
ma iHghopmamusHuMU Mapkepamu 01 MOHIMOPUHEY Ma OYIHKY PIGHS MOKCUYHOCE 600HO20 Cepedosuyd, Wo € KPUMUUHO BAMCTUGUM
07151 OXOPOHU HABKOTUIUHBO2O Ceped0sUd Ma 3a0e3nedents AKoCmi npOOyKYii akeaxKynbnmypu.

Kniouosi cnosa: agnamoxcun Bl, kapacy 38uuaiinuii, 6yeneso0Hull 00MiH, dioMmapkepu, MOKCUYHICMb, 800He cepedosuuye, OYiHKa
MOKCUYHOCTI, (hepmeHmu.

Matiushko Sergii, Liubchykov Ruslan. Carbohydrate metabolism enzyme activity in Crucian carp (Carassius
carassius) under aflatoxicosis as a biomarker for aquatic environment toxicity assessment

Climate change and the increasing anthropogenic load on the environment contribute to the spread of hazardous toxins,
particularly mycotoxins, which pose a threat to aquatic ecosystems and aquaculture. Aflatoxin Bl (AFBI) is one of the most
common mycotoxins contaminating feed, and its effect on aquatic organisms requires detailed study. The aim of the study was to
investigate the effect of aflatoxin Bl on the activity of carbohydrate metabolism enzymes in crucian carp (Carassius carassius L.),
using this as a biochemical marker to assess the toxicity of the aquatic environment. The study was conducted on 2-year-old crucian
carp kept in 200-liter aquariums. The experimental group of fish was exposed to AFV1 at a concentration of 1.0 ug/L. The activity
of key enzymes of carbohydrate metabolism — glucose-6-phosphate dehydrogenase (G-6-FDG), lactate dehydrogenase (LDH),
isocitrate dehydrogenase (ICDH) and glucose-6-phosphatase (G-6-Phase) — was determined in the liver, brain and white muscles.
Additionally, glucose and glycogen concentrations in these tissues were analyzed. The results showed that the effect of AFV1
caused significant changes in metabolic processes. A significant increase in glucose levels in the liver (by 110%) and muscles (by
89%) was observed, which was accompanied by depletion of glycogen stores (a decrease of 53% and 52%, respectively). These
changes indicate the development of stress hyperglycemia and the mobilization of energy reserves to counteract the toxin. Enzyme
activity also underwent significant changes. LDH activity significantly increased in all studied organs (by 90% in the liver, 79% in
the muscles and 55% in the brain), while ICDGH activity significantly decreased (by 53% in the liver, 44% in the brain and 50%
in the muscles). This indicates the transition of the organism from the aerobic to the anaerobic pathway of energy metabolism,
probably due to mitochondrial damage. At the same time, the activity of G-6-FDG increased in the liver and muscles (by 105%
and 64%), which is evidence of the activation of the pentose phosphate pathway for the synthesis of NADPH, which is necessary for
antioxidant protection and detoxification.
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The findings confirm that changes in the activity of carbohydrate metabolism enzymes and glucose and glycogen concentrations
are sensitive biochemical indicators of the toxic effects of aflatoxin Bl. These indicators can serve as reliable and informative markers
for monitoring and assessing the level of toxicity of the aquatic environment, which is critically important for environmental protection

and ensuring the quality of aquaculture products.

Key words: aflatoxin Bl, common crucian carp, carbohydrate metabolism, biomarkers, toxicity, aquatic environment, toxicity

assessment, enzymes.

Beryn. 3wmina ximiMary Ta 3a0pyJHEHHs JIOBKULIS
€ I00aIbHIMHU BHKJIMKAMH, IO MPU3BOASATH JI0 3HAYHOTO
MOIIMPEHHS TOKCHHIB, 30KpeMa MIKOTOKCHHIB, SIKi Hera-
THUBHO BIUIMBAIOTh HA JKMBI OPraHi3MH Ta EKOCHCTEMH
3arajoM. 3a MPOrHO3aMHM, OTEIUTIHHS KJIIMAaTy CIIPHATHME
30UIBIICHHIO KOHTaMiHalii KyKypy/I3H Ta IHIIUX CLIBCHKO-
TOCIOJIAPChKUX KYJBTYp aduarokcuHoM Bl, mo craButh
iz 3arpo3y xap4oBy Oesmeky [1]. Lle, cBoero yeproro, npu-
3BOJUTH JIO 3POCTAHHS PIBHS MIKOTOKCHHIB y KOpMax JUist
AKBaKyJbTYpH, 110 OyJ0 MiITBEP/DKEHO Y pe3yJbTari Io-
OaNbHMX JOCTIKEHD [2].

3a0pyIHEeHHsI BOJHOTO CEpPeIOBHUINA, 30KpeMa KOPMaMH,
KOHTaMIHOBaHUMH MIKOTOKCHHAMH, CHPUYUHSIE 3HAYHI
3MiHM B oprasi3Mi pu0. Taki 3MiHM MOXYTb TPOSIBISITHCS
y BHIUSIJI aaNTHBHUX peakmid OpraHiaMy, BKIJIIOYAIOYH
3MIHU B TOKa3HHWKax KpoBi [3; 4], a TakoX BIUIMBaTH Ha
IXTIOJIOTIYHI TIOKA3HUKHU KOpomoBux pud [5]. JocmimkeHHs
MOKa3yIOTh, 110 MIKOTOKCHHH MOXYTbh HaKOIINYyBaTHCS
B M’si3aX puO, IO CTAaHOBUTH 3arpo3y HE JIMIIE JUIS BOA-
HUX OpraHi3MmiB, ajie i 1JIsl JTFOANHH, sIKa CIIOXKHBAE 1X Y DKy
[6]. TokcHHU, TOTPAIUISAIOYH B OPTaHi3M pHO, BUKIHKAIOTH
JIeTpaJallito JmiaiB [ 7] Ta MOXKYTh IPU3BOIUTH JI0 3HAYHUX
MeTaOONMIYHUX aJanTaiiii, sKi € TPeIMETOM BHUBUYCHHS
cy4acHoi Giororii [8].

Adnaroxcun Bl (ADB1) € oganm i3 HalinommpeHimmx
Ta HAWTOKCHYHIMINX MIKOTOKCHHIB, SIKUM MOXe Oioaky-
MyIoBarucs B opraismi pu6 [9]. B A®BI1 Ha BogHuX
MEIIKaHIIB MPOSIBISIETbCSA Y 3MiHI (i310JIOTIUHOTO CTaHy,
1110 BKJIIOYAE MOTIPIIEHHS POCTY, MOPYIIECHHS IMyHHOT Bij-
MOBiJl Ta aHTHOKCHIaHTHOTO crarycy [10]. ByrneBomuuii
OOMiH € OTHMM 3 HaH4YyTIMBIIIMX 1HIUKATOPIB (i3ionoriu-
HOTO cTaHy pUO, OCKUIBKH (DepMEHTH, II0 OepyTh ydacThb
y HBOMY, IIBHJKO pearyloTb Ha crpecosi ¢axropu. lle
pobuTh X MOTeHUiMHMMM O10XIMIYHMMHM MapKepamu JUIs
OIIIHKH PiBHS TOKCHYHOCTI BOJHOTO CEPEIOBHIIIA.

[lorpy 3Ha4Hy KiJIBKICTH JOCIIKEHb, HNPUCBIYCHUX
BIuMBY aduarokcuny Bl Ha puO, OinpmiicTs 3 HUX 30cCe-
PEDKEeHI Ha TIPOMHCIIOBO BaKJIMBUX BUJIAX, TOJI SIK Kapach
3BUYAHMI K MOJEIbHUI 00’ €KT 3aJIMIIAE€THCS HEL0CTaT-
HBO BHMBYEHMM. HenmocrarHbO MaHMX 100 OiOXIMIYHUX
MEXaHI3MIB ajanTarii boro BHAY 10 il MIKOTOKCHHIB,
30KpeMa BIUIMBY Ha ByIJieBoiHMI 0OMiH. Taka nporamina
y 3HaHHSAX OOMEXYye MOXKJIMBOCTI BHKOPHUCTAHHS Kapacs
SK 1HIUKATOPHOTO BHUJY JUISl OLIIHKY TOKCHYHOCTI BOJHOTO
CepeIOBUINA Ta 3HUKYE e(DEKTUBHICTH PO3POOKH €KOJIOT1Y-
HUX CTpaTerii y cepi puOHMITBA Ta aKBaKyJIBTYPH.

Meroto Hamoi poOOTH € BHBUCHHS BIUIMBY aduia-
TokcuHy Bl Ha akTuBHICTH (DEPMEHTIB BYIJIEBOJHOTO
00MiHY y Kapacsi 3BU4aiHOTO sIK 010XiMIYHOTO MapKepa Juist
OIIIHKH PiBHS TOKCHYHOCTI BOJHOTO CEPEIOBHIIIA.

Marepiaan Tta metomm. J[OCHi/KCHHS BIUIMBY MIKO-
TOKCHHY OyJIO0 TPOBEIEHO Ha JBOpiYKax Kapacs 3BHYai-

noro (Carassius carassius L.), Bupomenux y BAT «Yep-
HiriBpuOrocn» y nepiox 3 2024 no 2025 pp. Exciepument
npoBogui B 200-miTpoBux akBapiymax. [igpoxiMiuHi
MOKa3HUKH BOJIM, 10 BUKOPUCTOBYBAJIACS ISl yTPUMAaHHS
pubH, BignoBinanu puboBoaHO-OioNOriYHMM HOpMam: pH
7,30 £ 0,27; BMICT pO3YMHEHOTO KHCHIO 5,6 £ 0,4 mr/mm3.
Temneparypa BOAM BIANOBiAada NPUPOAHUM YMOBaM.
Maca pubu cranosuia 200-300 .

Jlist TIpoBe/ieHHST SKCIIEPUMEHTY OyJI0 CTBOPEHO JIBi
rpynu pud: KOHTpONBHY Ta jpociiaHy. Jocmigniid rpymi
nomaBanu  admarokcuH Bl (A®B1) y koHmeHtpamii
1,0 Mxr/m.

Jlocmi/pKeHHsT TTPOBOIMIJIM  Ha JBOPIYHUX Kapacsix
spuuaitnux  (Carassius carassius L.), yTpuMyBaHUX
y 200-;miTpoBuX akBapiymax. Y JOCHIIHIM Tpymi KoXKHa
BuOipka cxiamana 20 ocobuH. Pub 3a3maBanm nii adua-
TokcuHy Bl y xonnentpanii 1,0 Mxr/n. ¥V meuinni, MO3Ky
Ta OLIMX M’s3aX BH3HAYaJIM AKTHUBHICTH KIIOYOBUX (ep-
MEHTIB BYIJIEBOJHOTO OOMIHY: IIIOK030-6-ocdarneria-
porenasu (G-6-FDG), naxrarnerinporenasu (LDH), i30-
murparzaeriaporeHasn  (ICDH),  nmoko3o0-6-¢pocdarazn
(G-6-Phase).

AKTHBHICTh (DEPMEHTIB BYIJICBOJHOIO OOMiHY BH3Ha-
YaJi B HACTYITHUX OpraHax: TOJIOBHOMY MO3KY, OLIHX M’si-
3ax Ta mnedviHmi. s boro roTyBajii rOMOTeHaT TKaHWH Ha
0,25 M caxaposi y crhiBBigHorieHHi 1:10. Snpa, MiTOX0OH-
JIpii Ta MIKPOCOMH BUJALISUTM 3TiTHO 13 3aralbHONPHIAHS-
TUMH Metoaukamu [11; 12], 3 ypaxyBaHHSIM 0cOONMMBOCTEH
¢pakiionyBaHHs roMoreHariB TkanuH puo [13] JlonaTkoBo
MITOXOH/Ipii OYMIIANKM UEHTPUYTYBaHHSIM Yy Tpaai€HTI
mingbHOCTI caxapo3u (0,32-1,2 M) y ropu3oHTaibHOMY
potopi pu 75000 g ipotsirom 60 xBrnH npu +4°C.

AKTHUBHICTh TIEOK030-0-(hocdaraerinporenasu (I'-6-
O, KO 1.1.1.49) BusHayamu CHEKTPOPOTOMETPUIHO
npu gowkuHi xBuiai 340 HM (Biochemica Information,
1975). AxtuBHicTh Bupaxkanu B MKMoiab NADP/Mr Oinka
3a XB. AKTHBHICTb i3ommtparaerigporenazn (LI, Kd
1.1.1.41) Bu3Hawamu B MITOXOHJpiaybHIA (pakuii romo-
reHariB, Bupaxatoun ii B Mkmoib HAJIPH na 1 mr Oinka
3a 1 xB [11]. AktuBHicTh nakraraerinporesasu (JIAT, Ko
1.1.1.27) Bu3Hauamu CHEKTPO(POTOMETPUYHO 3a 3MIHOIO
onTU4HOI mTbHOCTI okucieHHss NADH mpu 340 am [12].
AKTHBHICTh BHpaxaiau B MKkMoib NADH/mr Oinka 3a xs.
AKTHBHICTb ITI0K030-60-(ocdaraszu (I'-6-Paza, KP.3.1.3.9)
BHU3HAYaIM B HAJ0CAIOBIH ()paKiii roMOTeHaTiB, BUpaKa-
104M ii B MKMOJIb Heopraniunoro gocgopy (Pi) 3a 1 xB Ha
1 wmr Ginka [12].

Bwmict Oinka y depmeHTaTMBHMX Tpenaparax BHU3Ha-
ganmu meronoMm Jloypi ta iH. [14]. KoHneHrpariroo Diro-
KO3M Ta DIIIKOreHy BU3HAYaJIH IIFOKOOKCHIA3HUM METOIOM
3TiIHO 3 THCTPYKIi€o 10 JabopatopHoro Habopy AT "Pea-
rent" (Ykpaina). CrariuctiuHy 0OpoOKy JaHUX MPOBOAMIN
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3a gomomoroio Microsoft Excel. JlocToBipHiCTh pi3HUII
MDX cepeqHiMH apu()METHIHIMH BEIUMIHMHAMHI BH3HAYAIIHI
3a moroMororo t-kpurepiro CtpromenTa. BimMinHOCTI BBa-
JKaJlM CTaTUCTHYHO JocToBipHUMH Tipu P < 0,05. TBapun
YTPUMYBadl Ta JACKAiTyBaJX BIiAMOBIAHO 1O ETHYHHUX
TIPUHITUTIIB TOBOKEHHS [ 15]

PesyabraTn. Brums admarokcuny Bl ma merabomizm
Kapacs 3BUYaifHOTO CTIPUYMHIB 3HAYHI 3MiHH B aKTHBHOCTI
KITIOYOBUX (PEPMEHTIB BYTJICBOAHOTO OOMIiHY, a TaKOX
Y KOHIICHTpaIlii TIIFOKO3H Ta mikoreny. OTpuMaHi JaHi mia-
TBEPIDKYIOTH TilIOTE3y MPO Te, IO i ITOKa3HHKH MOXKYTb
CITyTyBaTH 010XIMIYHIMH MapKepamMH TOKCHYHOTO BIIJIHBY.
Sk mokazano B Tabnwmi 1, BB admatokcuay Bl B KOH-
meHTparii 1,0 MKT/1 mpu3BiB 10 3HAYHUX 3MiH y 3amacax
TJTIKOTEHY Ta PiBHI TIFOKO3W B TKaHWHAX Kapacs 3BUYAii-
HOTO.

Croctepiranocss 3HagyHe 30LUTBIICHHS KOHIICHTPAI]
TI0KO3M sK y medinmi (Ha 110%), Tak 1 B M's13ax (Ha 89%).
Le € THIIOBOO peaxItiero opraxizMy pud Ha cTpec, BiJOMOIO
SK cTpecoBa Timepriikemis. Taka MOOiTi3aIlis TITFOKO3U
€ 3aXFCHUM MEXaHi3MOM, 10 3a0e31euye KIITHHHU JOAaTKO-
BOIO CHEPTIE0 TSt 00POTHON 3 TOKCHYHIM BIUTHBOM.

KonrenTpariist mrikoreHy B IEUiHIII Ta M'13aX, HABIIAKH,
noctoBipHO 3HM3MWIAcA (Ha 53% Ta 52% Biamosimno). Lle
CBIIYUTBH PO IHTEHCUBHHUH TTIIKOTEHOJI3 — TIPOIIEC PO3TATy
TJTIKOTeHY, HEOOXITHUN ISl IIBHIKOTO TTOTIOBHEHHS MYITY
ToKo3H. 111 3MiHH BKa3yIOTh Ha Te, 1[0 OPTaHi3M aKTHBHO
BHKOPHCTOBYE CBOT CHEPTETHYHI pe3epBH ISl KOMITCHCAITi1
HETaTHBHOI JTii TOKCHHY.

B Tabmumi 2 mpencrapieHi AaHi MPO 3MiHU B aKTHB-
HOCTI KJTFOYOBHUX (DEPMEHTIB, IO PETYIIOIOTH BYTJIICBOIHUHI
oOMiH.

AxtuBHicTh [-6-O/I' mocToBipHO 3pocia B TEUiHII
(ma 105%) Ta 6inmmx M's3ax (Ha 64%), TOMI K y TOJOBHOMY
MO3Ky 3MiHH Oynn HEe3HaYHHMH. Take 3pOCTaHHS BKa3ye
Ha aKTHBAIiI0 MEHTO30(0oc(aTHOTO NUIAXY, SIKHH TeHEepye
HAI®H. HAJI®H, cBoeto deproio, € KOPaKTOpOM st
AHTHOKCHJIAHTHUX (EPMEHTIB, IO JONOMAaraloTh Opra-
HI3My 3HEMIKO/DKYBATH TOKCHYHI CITOMYKH. 30UThIICHHS
aKTUBHOCTI TIOK030-6-pocharaerinporenaszu (I'-6-DAT)
y TIEYiHIlI Ta M’53aX € BaYKJIMBOIO aIallTUBHOIO PEaKIIi€lo.
e cBimunTh Mpo mocuIIeHHs MeHT030(0oCc(haTHOTO MUISIXY,
sk HeoOximanit ms cuatesy HAJIOH. HAJI®H, cBoero
Yeprorw, € KIYOBHM KOMIIOHCHTOM aHTHOKCHIAHTHUX
CHCTEM, IO 3aXWIIAlOTh KIITHHU BiJl OKHCHOTO CTpPECY,
CIIPHYMHEHOTO TOKCHMHAMH. Lle y3roipKyerbcs 3 JaHWUMH,
0 TOKCHYHHUI BIUIMB TepOINMIIB Ta IHIINX IMTOBEpXHE-
BO-aKTHBHUX PEYOBHH TAKOXX BUKIIMKAE 3MIHH Y aKTHBHOCTI
(hepMeHTIB eHepreTHIHOTO MeTabomi3mMy y koporma [16].

AxtusHicTs JI[AI' 3HauHO TimBUIIMIACA Y BCIX JOCIHI-
JUKyBaHHX opraHax: B medinmi (Ha 90%), m'a3ax (Ha 79%)
Ta TONOBHOMY MO3KY (Ha 55%). Lle cBimumTh mpo mocu-
JIeHHA aHaepoOHOTO Tmikomi3dy. Takwil mepexin Ha aHae-
POOHMIA IIIAX OTPUMAHHS €Heprii Moyke OyTH BUKITHKaHUI
TTOPYIICHHSAM MITOXOHJPIATBHOTO TUXAHHS IIiJI BIDTHBOM
ADBI.

Crioctepiraiocss TOCTOBIpHE 3HMKEHHS aKTUBHOCTI
IIAT y Beix opranax (Ha 53% B meuinmi, 44% B TOIOBHOMY
MO3Ky Ta Maiixke 50% B M's13ax). Lle € mpsaMuM CBiTIeHHIM
npurHiveHHs KTy Kpebca Ta, sk HAciIoK, aepoOHOTO
eHepreTHYHoro OOMiHy. 3HauHe 3pOCTaHHS AKTHBHOCTI
nakraraerinporenasu (JIAI') Ta 3HWKEHHS aKTUBHOCTI 130-
nutpatnerigporenasu (ILJI') B ycix opraHax Bkaszye Ha
3MiHy NUISXiB €HepreTHYHoro oominy. Oprasi3m mepexo-

Tabmuus 1
BMmicT III0K031 Ta MIiKOreHy B TKAHUHAX Kapacs 3BUYAiiHOTo 32 adu1aTOKCHKO3Y,
MKMOJIB/T cipoi Macu (M = m, n=5)
Ioxa3unk Opran KonTtpoab A®DBI1 (1,0 mxr/n)
T'mroko3a Ileuinka 1,21 £0,11 2,54 £0,23*
bini m's13u 0,98 + 0,09 1,85+0,17*
Tnikoren Ileuinka 11,5+0,9 5,4+0,5*%
Bini m's13u 8,7+0,8 4,1+04%*
Hpumimra: * — P<0,05 y nopieusanni 3 KoHmponem
Tabmu 2

3MiHM AKTUBHOCTI KJIIO4OBHX (pepMEHTIB, 1110 Pery/1I0I0Th BYINIEBOAHUI 00MiH Kapacs 3BHYaliHOTO
3a auiatokcuko3y (M + m, n=5)

DepmeHT Opran Kourtpoun ADB1 (1,0 mxr/mi)
I'-6-®/I" (mxmonb NADP/Mr Ginka/xB) Tleuinka 0,22 £ 0,02 0,45 +0,04*
TonmoBHUI MO30K 0,18 £0,02 0,19 +£0,02
Bini m's13u 0,11 +£0,01 0,18 +0,02*
JIAT (mxmons NADH/Mr Ginka/xB) IMeuinka 1,51 £0,14 2,87 +0,26*
Bini m's3u 2,75 £0,25 4,92 +0,44%*
TomoBHUIT MO30K 0,98 £ 0,09 1,52 £0,14%*
AT (mxmons HAZIPH/Mr Ginka/xB) [Teuinka 0,74 £0,07 0,35+0,03*
TonmoBHUI MO30K 0,55 +£0,05 0,31 +0,03*
Bini M's3u 0,42 £ 0,04 0,22 +0,02*
I'-6-daza (Mxmoib Pi/Mr Ginka/xB) Tleuinka 0,15+0,01 0,28 £0,02*
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TUTH 3 aepoOHoro (11Kt Kpebea) Ha aHaepoOHMI (TITIKOTI3)
NUIAX OTpuMaHHs eHeprii. Lleft MexaHi3Mm momomarae Kiti-
THHaM BIDKHBATH B YMOBAaX CTPECY, KON MITOXOHJpiaJlbHE
JTUXaHHS IpUTHIYeHe. Taki aganTHBHI 3MiHU y O10XIMITHIX
MMOKAa3HUKAX TiApOOIOHTIB y BIAMOBINE HAa TOKCHYHY IO
IHIIAX PEYOBHH € Mo0pe BuBUEeHUM sBuiieM [17; 18; 19],
IO TIATBEPDKYE ONEpKaHi HaMHU pe3yiabTaTd i aduia-
ToKcuHy B1.

AxtusHicTs I'-6Da3u B neyinmi 30iapmmuiacsa Ha 87%,
0 TMiATBEpP/KY€E MaHi Mpo 3HIKCHHS TiikoreHy. llocu-
nera pobota I'-6-Da3nm 3a6e3medye HaaXOMKESHHS TITIOKO3T
B KPOB JIJIS TIATPUMAHHS BUCOKOTO PiBHS CHEPTii B yMOBaxX
TOKCHYHOTO cTpecy. CrocTepexyBaHa CTpecoBa Tileprili-
KeMisi (30UTBIIICHHS PiBHA TIIOKO3HM) Ta BHCHA)KEHHS 3aria-
CiB TWIIKOTEHY B TICUiHIII Ta M'si3aX € MPSMOIO BiIIOBI IO
Ha TOKCWYHHWHA cTpec. AKTHBaIif TITIOK030-6-hocdarazn
(I'-6-®a3a), KII090BOTO (PEPMEHTY, IO BUBITBHSE TITFOKO3Y
B KPOB, MITBEpIKye el mpomec. [lomiGHI MeTabomivHi
3MiHM Oynr 3adikcoBaHi B IHIIAX JOCTIHKCHHAX. 30KpeMa,
Oy710 TToKa3aHo, 1Mo Ji€THYHUH aduarokcnH Bl HeratnBHO
BIUTMBAE Ha PicT Ta MeTab0JIi3M, a TAKOXK IITICHICTh TKAaHIH
Yy MOIIOJIOTO MOPCBKOTO Jsma (Sparus aurata), MO CBif-
YUTH PO CXOXKI MEXaHi3MH TOKCHYHOTO BILTUBY Ha OOMiHHI
mporiecH y pi3HuxX BuAiB puod [20].

AdnarokcuH Bl HanexuTh 10 HAWTOKCHYHIIIAX MiKO-
TOKCHHIB, SIKi yTBOPIOIOTHCS Tpubamu poxy Aspergillus
mig gac 30epiraHHs Ta TPaHCIOPTYBAHHS 3€PHOBUX KYIIb-
TYp 1 MOXYTh 3a0pyAHIOBAaTH KOPMH ISl aKBaKyJIBTypH.
TloTpamisiHHs LBOrO TOKCHHY Y BOJHE CEpENOBUIIE Hall-
yacTimie BilOyBa€eThCs depe3 BUKOPUCTAHHS KOHTaMiHOBa-
HUX KOPMIB Ta 3MHBH i3 CLITBCHKOTOCIIOAAPCHKUX YTi/b, 110
CTaHOBUTH CEpHO3HY ekojorigHy mpobmemy [21]. Hassmi
JOCTIDKCHHS CBiI9aTh, 110 HABITh HHU3BKI KOHIIEHTpAIIil
a¢matokcnHy Bl 3maTHI BHKJIMKATH iCTOTHI TOPYIICHHS
MeTa0omi3My, BKJIFOYAIOYM TIPOLECH POCTY, OLIKOBOTO
Ta JimgHOTO OOMiHY, a TakoK (YHKIIOHATBHHWHA CTaH

medinku y pu6 [22; 23]. OTpuMaHi HaMH pe3yIIbTaTH M-
TBEPIUKYIOTH, 0 ADBI1 cpuunnse BupakeHi OloxiMigHi
3MiHH B OpTaHi3Mi Kapacs 3BHYAITHOTO, 30KpeMa y CHCTEeMi
BYITIEBOAHOTO OOMiHY. Lle mo3Boisie po3rmsamatd HOTo sk
OJIMH 13 KJIIOYOBMX TOKCHYHHX YMHHHUKIB, 110 MOXKE 00OMe-
KYBaTH PHOOTPOAYKTHBHICT 1 CTAHOBUTH TOTCHIIHHY
3arpo3y s Xap4oBoi oe3mekn [21; 23].

TaxuM 9rHOM, BUSIBIICHI 3MiHM B aKTUBHOCTI ()epMeH-
tiB (JIAL, IOAT, T-6-®AI°) Ta KoHIEHTparlii MeTabomiTiB
(TTIOKO3a, TIIKOTEH) y Kapacs 3BUYAiHOTO € He JIHUIIE ITif-
TBEP/UKEHHAM 3arajbHUX 3aKOHOMIpHOCTEH Ol0XiMIidHHX
ajanTarii riZpoOiOHTIB IO TOKCHYHOTO CTpeCy, aje i Imif-
KPECIIOI0Th YYTINBICTh CaMe BYIJICBOAHOTO OOMiHY /10 il
atmatokcuny Bl. Lle poduts iX edektuBHIMH Ta iHPOP-
MaTHBHUMH OiOXIMIYHUMH MapKepamH Ui MOHITOPHHTY
€KOJIOTIYHOTO CTaHy BOAHOTO CEPEAOBHIIA.

Bucnosku. I[IpoBeneni mocmikeHHS BKa3ylOTh Ha Te,
mo BIUIMB aduatokcuHy Bl mpu3BoauTh 10 CHCTEMHHUX
MeTaOONMIYHNX TIOPYIICHh Yy Kapacs 3BHYAHHOTO. 3MiHH
B aktuBHOCTI JIAT Ta IL/II" meMOHCTPYIOTH MEPEKITIOUCHHS
OpraHi3My 3 aepoOHOTO Ha aHACPOOHWH NIISIX OTPUMAHHS
€Heprii, Tl sIK MiABUIIEeHHS akTHBHOCTI [-6-D/II € iH1H-
KaTOpOM AaKTHBAIlii 3aXUCHUX MEXaHi3MiB IETOKCHKAIIiI.
3MiHa KOHIICHTpAIIii TITFOKO3H Ta TITIKOTEHY TaKOX ITiITBEp-
JUKYE TIeH cTpecoBrii cTaH. TakuM YHHOM, aKTHBHICTB (ep-
MEHTIB BYTJICBOJAHOTO OOMIHY Ta BMICT TIIIKOTEHY MOXYTh
CIIyTYyBaTH HaIIHHUMHA Ta YyTIMBHMH O10XIMIYHUMH Map-
KepaMH JJI1 MOHITOPHHTY Ta OI[IHKH TOKCHYHOCTI BOTHOTO
cepenoBumia, 30kpema admarokcnaoM Bl. Admatoxcun
Bl cmixg posmmsimatn He nwimie sK JTaOOpaTOpHY MOIENTb
TOKCHYHOTO BIUIHBY, aje 1 SK peaJbHUI eKOIOTIYHUN YHH-
HUK, JDKepesa SKOTO TMOB’s3aHi 3 arpapHOI0 MisUTBHICTIO
Ta aKBaKyIbTypoOIO. YpaxyBaHHS NDIAXiB HOTO HamIXo-
JUKEHHS y BOJOWMHE € HEOOX1THUM TS OITIHKH €KOJOTIIHIX
PHU3UKIB i pO3pOOKH 3aXOiB i3 3aM00IraHHs 3a0pyTHEHHIO
BOJIHOTO CEPEOBHIIA.
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Y emammi npedcmasieno kpumuunutl cunmes ma aHaTMUYHUL 027180 CY4ACHO20 A2POEKOTOIUHO20 CIMAHY CLIbCbKO2OCNO0APCHKUX
3emens Kumomupcokoi obnacmi na ocHosi oiyiinux cmamucmuynux Oanux. 3emenvruil ond Kumomupcokoi obracmi cmanosums
2982,7 muc. ea, Oe cinbcbkozocnodapcvki y2ioos saumaroms 1510,1 muc. ea, 3 axux va piino npunadae matixce 74,0 %. Ha mepu-
mopii Kumomupcokoi odnacmi nepegasicaioms 0epHOB0-NiO30IUCIE NiaKT Ma CYRIWAHT TPYHMU, d MAKONC HA NOHUMCEHUX OLIAHKAX
penvegy 3ycmpiuaromovcs mopg ano-bonomui ipyumu. Jani ipyHmu XapaxmepusyromsCcs HU3bKUM 6MICIOM 2YMYCY, CIAOKOI0 cpyKmy-
PO Ma 8UCOKOIO KUCIOMHICIIO, W0 POOUMb IX 0COOIUBO 8PAZIUBUMU 00 0e2PAOAYIIHUX NPOYeCis, 30KpemMa 800HOI ma 8impoeoi eposil,
VWLTbHEHHS, 3aKUCTeHHS, d MAKOdC 00 GNIUGY pAdioaKmueroeo 3abpyonenns snaciiook agapii na YAEC. Inmencusne suxopucmanns
IPYHMOB02O NOKPUBY 00NAC 3yMOGTIOE AKMUBi3ayilo 0eepadayitinux npoyeci, NOpywenHs cmpykmypu [pyHny ma empamu pooio-
yocmi. Ilozipuwents cmany [pyHmogozo nokpusy JKumomupcokoi obnacmi niomeepodicyemucs pe3yibmamamu azpoximiynux oocme-
acens. Tax, cepednbossadicenuli NOKasHux emicmy eymycy 6 tpynmi cmanosums 2,03%, wo 6 1,6 pazie menwe nopieusno 3 cepeonim
3uauenHam no Vpaini. 3abesneuenicmo tpynmie JKumomupcoroi obnacmi oCHOBHUMU NOHCUSHUMU eleMeHMAMU, HeoOXiOHUMU O
pocmy ma po3eumxy pociun — kauiem (78 me/ke) i azomom (86 me/ke) — 3anumaemvcs Ha HeOOCMAMHbOMY DiGHI, a OM GMICIT PYXOMUX
cnonyk gocgopy (114 me/ke) sionosioae docmamuvomy pighio. AHaniz enecenHss 000PU8 y CilbCbKO20CNOOAPCLKUX NIONPUEMCINGAX
JKumomupcokoi obnacmi y nopisHsmHti 3 nonepeoHim pOKOM C8I0UUNb Npo nepesazy OpeaHiuHux 000pus Hao minepanorumu (y 6,3 pasu).
OcHogHUMU 3aC00aMU 3aXUCY CLILCOKO20CNOOAPCHKUX KYbIYP 6 pecioni € 2epbiyuou (73,1 %) ma gyneiyuou i baxmepuyuou (20,8%).
IIpome make inmencusHe 3aCMocy8anHsa OAHUX PeUOBUH NOMPeOye NOCMILIHO20 nepe2iady ma adanmayii cmpamezii 3aXucmy pociuH
3 YPAXYBAHHAM eKOL02IYHUX PUUKIB, 3 MEMOI0 MIHIMI3ayii He2amueHo20 8NIUBY HA TPYHMOBULL NOKPUS. A8mopu cmammi nponoHyioms
BNPOBAONHCEHHS KOMNIEKCHO20 Ni0X00Y 00 30epedcents ma PayioHaIbHO20 BUKOPUCHIAHHS TPYHINOB020 HOKPUBY, WO KIIOUAE A2POXi-
MIYHI, aZPOMEXHIUHL, NPOMUEPO3iliHi, YNPAGIIHCHKI MA eKONOIYHO-eKOHOMIYHI 3aX00U, CNPAMOBAHI HA 8IOHOBNEHHS POOIOYOCHIL [PYHIMIG
i 3a0e3nevents Cmano20 3eM1eKoPUCHY8aHHSL.

Kniouosi cnosa: rpynmosuii nokpus, cilbCbko20cnooapcobKi 3emii, 3eMenbHi pecypcu, deepadayis IpYHmMie, azpoXiMiuHull cma,
0XOpPOHA 3eMellb, PaYiOHATbHE BUKOPUCTIAHHS.

Melnyk-Shamrai Viktoriia, Shamrai Volodymyr. Agroecological state of agricultural lands in Zhytomyr region:
an analytical review and optimization directions

This article presents a critical synthesis and analytical review of the current agroecological state of agricultural lands in
the Zhytomyr region based on official statistical. The land fund of Zhytomyr region amounts to 2982.7 thousand hectares, with
agricultural lands occupying 1510.1 thousand hectares, of which arable land accounts for almost 74.0 %. Sod-podzolic sandy
and loamy-sandy soils prevail in Zhytomyr region, while peat-bog soils are found in lower relief areas. These soils are characterized
by low humus content, weak structure, and high acidity, making them particularly vulnerable to degradation processes such as
water and wind erosion, compaction, acidification, and the impact of radioactive contamination from the Chornobyl disaster.
The intensive use of the region's soil cover leads to the activation of degradation processes, disruption of soil structure, and loss
of fertility. The deterioration of the soil cover in Zhytomyr region is confirmed by agrochemical survey results. The weighted average
humus content in the soil is 2.03 %, which is 1.6 times lower compared to the average value for Ukraine. The availability of essential
plant nutrients—potassium (78 mg/kg) and nitrogen (86 mg/kg) — in Zhytomyr oblast soils remains insufficient, while the content
of mobile phosphorus compounds (114 mg/kg) is at a sufficient level. An analysis of fertilizer application in agricultural enterprises
of Zhytomyr region compared to the previous year shows a 6.3-fold prevalence of organic fertilizers over mineral ones. The main
means of crop protection in the region are herbicides (73.1 %) and fungicides and bactericides (20.8 %). However, such intensive
use of these substances requires continuous review and adaptation of plant protection strategies, considering ecological risks to
minimize negative impacts on the soil cover. The authors propose implementing a comprehensive approach to the preservation
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and rational use of soil cover, which includes agrochemical, agrotechnical, anti-erosion, management, and ecological-economic
measures aimed at restoring soil fertility and ensuring sustainable land use.
Key words: soil cover, agricultural lands, land resources, soil degradation, agrochemical status, land protection, rational use.

Beryn. 3eMenbHI peCcypcH € OCHOBOIO JUIs ICHYBaHHS
Ta PO3BUTKY CYCIiNLCTBA. |pyHTOBHiI MOKPHUB, SIK 0a30-
BUIl KOMIIOHEHT 3€MENIbHUX PECYpCIB, € JDKEPEIOM OTpH-
MaHHSI TPOJIOBOJIbCTBA, CHUPOBHHHM Ta EHEPrii, CTBOPIOE
HEOOXIIHI YMOBHU ISl JKUTTS JIIOMUHH Ta MATPUMY€E 30e-
pexeHHs OlosoriyHoro pisHoMaHiTTs. ChOrOJHI MUTAHHS
pallioOHANLHOTO BUKOPUCTAHHS Ta OXOPOHH 3eMejb Haly-
Ba€ BCE OUIBIIOI aKTYalbHOCTI, a/KEC € KIIIOYOBHM elie-
MEHTOM, 1110 3a0e3redye CcTabiIbHICTh CKOCUCTEM, MPOIO0-
BOJIBYY Oe3MeKy Ta CTAIMH PO3BUTOK. [ pyHTOBHI MOKPUB
VYkpainu € pizHomaHiTHUM (40 THmiB 1 6mu3bko 800 rpyH-
TOBUX BWJIIB) Ta HEOJHOPIAHUM, AOCHThH IIHUPOKE TOIIH-
PCHHSI MalOTh MaJIONPOMYKTUBHI, TEXHOTCHHO 3a0py/IHEHI
Ta aerpagoBasi rpyHta (1o 1015 mua ra) [1; 2].

BuBueHHIO arpoXiMi4HOrO CTaHy I'PYHTOBOTO TOKPUBY
Ta paIioHAJbHOTO BUKOPUCTAHHS 3€Mellb IPUCBIYCHO
JIOCHUTB 0araro myOJTiKaIlii, sKi MarOTh BaXKJINBE TCOPETHYHE
Ta MpakTH4YHe 3HaueHHs. Tak, y po0oTi [3] mpoaHasizoBaHo
arpoximiuHe OOCTEXKEHHs IPYHTIB 3a OCTaHHI 15 pokiB
Ta BUSIBIICHO TIPUYMHU iX HE3aJ0BUILHOTO cTaHy. Y myoii-
Kalisix [4-6] 3nificHeHO OLIHKY PO3BUTKY JerpajalliiiHux
MPOIIECIB Y IPyHTaX YKpaiHH Ta 3alPOIOHOBAHO PsJI 3aXO0-
JIB II0JI0 OXOPOHHM Ta BIATBOpPEHHS iX pozarodocti. Jocii-
JUKEHHSIM TEMaTHKH TOTIPUICHHS SKICHOTO CTaHy IPYHTO-
BOTO MTOKPUBY Ta PO3BUTKY IPOIIECIB €pO3iHHOI Aerpagamii
IPYHTIB B Cy4aCHMX YMOBaX HEBHU3HAYCHOCTI MPHCBIYCHO
nyOumikaiiii 6aratbox HaykoBLiB [7-13]. B JKutomupchbkiid
o0JacTi MMTaHHIO BUBYEHHIO CTaHY IPYHTIB, IX POAIOYOCTI,
BIUIMBY CUIbCHKOTOCIIOJAPCHKOI AISJIBHOCTI Ha OallaHc
MOKMBHHUX PEYOBUH B IPYHTI, IPUYUH Ta HACIIJKIB Jerpa-
Jalfil, BHCCCHHS IMECTHUIM/IIB, MIHEpPaJbHHUX Ta OpraHid-
HUX JIOOpHMB NpH/IiJIeHa 3HAa4YHA yBara, IO TPECTaBICHO
B poboTax ociiHukiB [14-24].

KpiM BHMBUEHHSI CTaHy IPYHTIB, HE MEHII Ba)KIIMBUM
3aBIaHHsIM € 1X OXOpOHa Ta pallioHaJbHE BUKOPHUCTAHHSI,
sKe HallpaBlieHe Ha 30€pPEXEHHsI Ta BiJHOBICHHS POJIIO-
4OCTI, 3amo0iraHHs JAerpajalliiHuM mporecaM 1 3abes-
MEYCHHS CTaJoro (yHKIIIOHYBaHHS 3eMEJIbHUX PECypCiB
y IIOBIOCTPOKOBii mepcnektuBi. Tak, y crarti [26] po3-
DISAI0THCS IIUISIXH BUPIICHHS TPOOJIeMHU epo3ii IPYHTIB,
sIKi 0a3yI0ThCsI HA EKOCHCTEMHOMY MIAXO/I 3 aKIIEHTOM Ha
BUKOPUCTAHHS arpoJIiCiBHUIITBA SIK IMHAMIYHOTO Ta EKOJIO-
riYHO OOTPYHTOBAHOTO METOJY CTAJIOTO YIPABIIHHS MPH-
pomHUMH pecypcamu. Y myOmikarmisx [27-30] posrisga-
I0Th acleKTH (YHKI[IOHYBaHHS Ta TEPCIEKTUBU PO3BUTKY
CHCTEMU MOHITOPUHIY 3eMelb 1 IPYHTIB B YKpaiHH Jyisi
3a0e3ICUCHHST OXOPOHU Ta PAIliOHAIBHOIO BUKOPHCTAHHS
y cdepi ympaiiHHS 3eMeNBHUMH pecypcamu. B pobo-
Ttax [31-33] BHOKPEMIIOETHCS BAXKIMBE 3HAYCHHSA 3EM-
JICYCTPOIO SIK KOMIUIEKCHOTO MEXaHi3My [UIsl YIpPaBJIiHHS
3eMeJIbHUMHU PecypcamMH B YMOBAX €KOJIOTi3allii 3eMIIeKo-
puctyBanHs. i 1ociiDkeHHS € 0CHOBOO JUIsl pO3POOIICHHS
HAyKOBO OOIPYHTOBAaHUX PEKOMCHIAIIIH 11010 ITiABUIICHHS
e(PeKTUBHOCTI 3eMJICKOPUCTYBaHHs Ta 3a0e3MEeUeHHs MPO-
JIOBOJIBYO]T OE3IEKH.

OpHaK, HE3BXAKO4YM HA HASBHICTh 3HAYHOTO MAaCUBY
JAaHUX B OQINIHHMX JDKepenax Ta OKpPeMHX HayKOBHX
myOiKaIisX, CIocTepiraeTbes AeilUT KOMIUIEKCHUX aHa-
JITUYHUX POOIT, sIKi O IHTErpyBaIH 11i pO3pi3HEH] BiIOMOCTI
B €JIMHY cHcTeMy. BijicyTHii 1iylicHUiT aHai3, 1110 MoB's3ye
cneuudiuHy CTPYKTypy 3emiieKopucTyBaHHs JKutommup-
MMHK 3 T YHIKQJIbHUMH TIPYHTOBO-KJIIMAaTHYHUMH YMO-
BaMH, arpOXiMiYHUMH IMOKa3HHUKAMHU Ta MPOCTOPOBO aude-
peHIIHOBAaHUMH JAerpafamiiaumu npomecamu. Came 11t
MporajiHa 1 BU3HAYA€ aKTYaJIbHICTh JITAHOTO JIOCIIIKEHHS.

Marepiann Ta Metoau. MeTo0 CTaTTi € TPOBE/ICHHS
KOMIIJICKCHOTO aHAJIITHYHOTO OMIISIIy Cy4acHOT'O arpoeKo-
JIOTIYHOTO CTaHy CLIbCBKOTOCHOAAPChKUX 3emelnb JKuTo-
MHUPCHKOT 00J1aCT] IUIIXOM KPUTHYHOTO CHHTE3Y Ta IHTEp-
npetanii HasBHUX OQIIHHUX AaHUX Ui ieHTHdiKanii
KITIOUOBHX MPOOJIEM Ta po3p0oOKH HAYKOBO OOTPYHTOBAHMX,
perioHanbHO-crienMpIuHIX HANpsIMiB ONTHMI3aIl 3emiie-
KOPHUCTYBaHHS.

HaykoBa HOBH3HQ OTPHUMAaHHUX pE3YJbTaTiB IOJISTae
y TOMY, 1[0 BIEpIlle Ha OCHOBI KPUTHYHOIO CHHTE3Y PO3-
PI3HEHUX OQILIHHUX AAHUX 3IHCHEHO KOMIUIEKCHY OLIHKY
arpoeKoJIOriyHOro cTaHy 3emelb JKUTOMHPCHKOi 00MNacTi.
Ha ocHOBI y3aranbHeHOI OILIHKH EKOJOTIYHUX MpodiIeM
3eMJICKOPUCTYBaHHS C(HOPMYIILOBAHO TPAKTUYHI PEKO-
MeHJallii, ajanToBaHi O perioHAILHUX OCOOIMBOCTEH.
Pesynbratu 10CiiDKEHHST MOXKYTh OyTH BUKOPHCTaHI Opra-
HaM{ MICIIEBOTO CaMOBPS/IyBaHHsI, arponpOMHCIOBUMHU
MIAMPUEMCTBAMH Ta (EPMEPCHKUMHU TOCIOAAPCTBAMU ISt
PO3pOOJICHHSI HAYKOBO OOIPYHTOBAaHHX IMPOrpaM parfio-
HAJIbHOTO BHKOPHUCTAHHS Ta OXOPOHHU 3€Mellb, 10 CIPHsI-
THUME BiJTHOBJICHHIO 1X POIIOYOCTI i 3a0€3ICUCHHIO CTAJI0r0
PO3BUTKY pETiOHY.

JlocmipKeHHsT POBOIMITHCS IIUISIXOM 30upaHHs iHhOop-
MaIfii 3 CTATHCTHYHUX MIOPIYHUKIB MO0 3EMEJIbHUX
peCypciB Ta IPYHTIB, EKOJOTIYHUX MACIOPTIB 001acTi,
perioHalbHUX JIOMOBI/Iei PO CTaH HABKOJMIIHLOTO Cepe-
JIOBUINA, ONpAIIOBaHHS JITEPAaTypHHUX JDKEpes, IHTep-
HET-PECypCiB Ta PO3POOKHU MPOIMO3HUIIIH 010 30ePSIKCHHS
Ta BIHOBJICHHS IPYHTOBOT'O IMOKPHBY B CYy4aCHHUX YMOBAX.
B xomi ociipKeHHsI MM BUKOPHUCTOBYBAJIM METOM aHAIIRY,
cucTeMaTH3allil, HOPIBHSHHS Ta y3arajJbHEHHS.

Pesyabratu pociimkenn. 3emensHuil (o JKurto-
mupcbkoi obmacti cranom Ha 01.01.2024 p. craHOBUTH
2982,7 Ttuc. ra [34; 35] Ta Mae CTpPOKATHHA PO3MOILT
3eMeNb 3a IUTbOBUM Mpu3HadeHHsAM (puc. 1). OcHOBHY
YacTKy 3€MeNbHOro ()OHAY CTAHOBISITH CUIBCHKOTOCIIO-
mapeeki 3emuti 41,7 % (1244,3 tuc. ra), 3emi Jiicoroc-
MOJIaPCHKOTO MpHU3HAueHHs € Ha 196,2 THC. Ta MEHIIMMHU
MOPIBHSHO 3 CLIBCHKOTOCIOAAPCHKUMU. Ilmorna 3emMenb
MPUPOJIOOXOPOHHOTO Ta BOAHOTO (DOHIY CTAHOBHUTH
20,1 ta 10,9 THc. ra BiAmoBiaHO, a 3arajbHa IJIOIIE 3€MEITh
03]I0POBUOTO Ta PEKPEaIiifHOro MPH3HAUCHHSI HE MEepeBH-
mrye 0,3 tuc. ra (0,01 %).

OCKJIbKY OCHOBHA Maca 3eMeJb JKUToMupchKoi o0acTi
BUKOPUCTOBYETBCSI JUIsl CLIBCHKOTOCHOMAPCHKUX MOTPEO,
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Bzemmi cimbcEROTOCMIONAPCEROTO
[pYSHEICHHE

DOzemni NpHpPOIHO-3arIoBiIHOTO Ta HIMOTO
MPUPOIOOXOPOHHOTO MPUZHATEHHT
Dzemni 0300pOEIOro MPHIHIIEHH
Dzemni perpeartiiiHoro mpHzHAIEHHT
Dzemni micorocnonapceEOro MPHIHAEHHT

B zemni sogHoro doumy

Dismi zemmi

Puc. 1. Po3noain 3emens 3a ijiboBUM npu3HayeHHsIM B ZKurtomupcebkiii odsacti,% [34]

caMe IIe CTa€ OJHI€I0 3 0a30BUX MPUYMH BUHUKHEHHS €KO-
JIOTIYHUX MPOOIEM IPYHTOBOTO MTOKPUBY PETiOHY.
3aranpHa IUIONIA 3€MeNb, SIKa BHKOPHCTOBYETHCS TTiJT
CUIBCBKOTOCTIONAPCHKI yriaas cranoButs 1510,1 tue. ra,
mo cranoBuTh noHazn 50,0 % 3emenbHOTO (oHAY OONACTI
[34; 35]. AnHaxni3 po3noaily CiIbCbKOrOCIOAAPCHKUX YTi/b
3a BUKOPUCTaHHSM (pHcC. 2) cBiunTh, 1o maibke 74,0 %
yTiab npunajaac Ha piuto. Taknii BUCOKHI aHTPOITOTeHHUN
THCK Ha IPYHTH CIIPHYMHSIE PyHHYBaHHS HOTO CTPYKTYpH,
3HIW)KEHHSI BMICTY T'YMYCy, BUHMKHEHHS €po3ii Ta 3acTo-
CyBaHHS XIMIYHUX MeiiopaHTiB. {711 MOPIBHSHHS YacTKa
0araTopiyHMX Haca/UKEHb Ta MEpeJioriB, SIKi CHPUSIOTH
BIJTHOBJICHHIO TPYHTY, HAKOITMUCHHIO TYMYCYy Ta MiHIMi3y-
I0Th epo3ito cTaHoBUTh Juure 1,5 % Tta 4,1 % BixnosiaHo.
[Tnoma CciTbCHKOTOCTIONAPCHKHUX YTi/b, SIKI 3alHATI Mij
CIHOXKaTI Ta macoBuIia cTaHoBUTH 311,9 Tuc. ra (20,6 %)
Ta 32 MPABHJIBHOTO I'OCIIOJAPCHKOTO BUKOPUCTAHHS MOXKE
CTIpHUATH 30€pEKEHHIO 010JI0TIYHOTO PiI3HOMAHITTS, ByIJIe-
[IEBOMY OaJIaHCy Ta 3MEHIIICHHIO epo3il 3aBIIKU MOCTIHHIN
pocmuHHOCTI. OTOXK, MOXKHA BiIMITHTH, 1[0 TAKHHA PO3MO-
JIUT CLUTBCHKOTOCTIONAPCHKHUX YTilb BEAC 0 HepalioHalb-
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HOTO 3eMJICKOPHCTYBaHHS B JKUTOMHUpCHKii obnacti, 1o
MJBUIIYE JIETPaJalliio IPYHTIB, BTpATy POAIOYOCTI Ta EKO-
JIOT1YHY HECTaOUIBHICTD arposiaHagTis.

CTpyKkTypa IpPYHTOBOIO TOKpOBY JKHTOMHPCBHKOT
00JIacTi 3yMOBJICHA TCOJIOTIYHOK OYIOBOK YKpPaiHCHKOTO
KPHUCTAJIIYHOTO IINUTA, 3/1€01IBIIOr0 piBHUHHUM pesibeoM
MICIIEBOCTI, 0COOMMBOCTSAMH (POPMYBaHHS JIbOJOBHKOBHX
Ta BOJIHO-JILOJIOBUKOBUX BIJIKJIA/IiB IiBJCHHO-IIOIBCHKOTO
Ta JIHIMPOBCHKOTO MEPIOJIB 3JIE/ICHIHb W BiAKIAaMH YeT-
BEPTHHHOIO TIEPiOJly TIIOB’S3aHOTO 3 aHTPOIIOTEHHOIO
JisuTbHICTIO. bin3bke 3aisiraHHsl KPUCTATIYHHUX TOPIJ JI0
TTOBEPXHI 3eMJII 3yMOBJIIOE€ PO3BUTOK IPOIECIB 3a00I09y-
BaHHS, SIKI YIOBUIBHIOIOTH I'PyHTOYTBOpeHHs Ha [lomicci.
Y pesynabrari B HHU3MHAX (QOPMYIOTbCS TOP(’ SHUKH
Ta TOpd’sIHO-0070THI TpyHTH. Ha migBHmIeHnX AijsHKaX
MICIIEBOCTI, @ TAKOXK Ha TEPUTOPISX 13 MOTYKHUM IIAPOM
JHOJOBUKOBUX BIJIKIIAMIB, BiIOyBaeThCs (popMyBaHHS 1ep-
HOBO-II{/I30JIUCTUX MIIIAHUX 1 CYMIIIAHUX IPYHTIB (pHC.
3) [36]. HunimHii cTaH I'PyHTIB CLIBCHKOTOCHOAAPCHKUX
YTib € JJOCUTh MPOOIIEMAaTHYHNM, 110 3yMOBJICHHUI TTOIIH-
PCHHSIM HACTYNHHX SIBHII: epo3ii, 3MEHIICHHS BMICTY

Kareropil ciTbchKOI0CIOAAPCEKHX YT

Hpimia  Oneperord  EciHoxari

macoBHMa [ GaraTopivHi HacaTKeHHA

Puc. 2. Poznogia 3eMel1b CilbCbKOrocnoAapcbKoro Npu3HaveHHs 3a yrigasmn B ZKuromupcenkiii o0nacri [34; 35]
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Teasno-cipi onlasanen fpyrmi
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Puc. 3. Kapra rpynriB JKurtomupcskoi obaacti [36]

TYMYCY, 3aCOJICHHSIM, 3aKHUCIICHHSIM, YIIUIHEHHSIM Ta BHeE-
CCHHSIM MEIIIOpaHTIB.

Y JKuroMupchKiii o0nacTi 3a XapakTepoM ITOIIUPEHHS
OCHOBHHUX €K30T€HHUX T'€OJIOTIYHHX MPOLECIB MPOCTEKY-
€TBCS UiTKEe po3MekyBaHHsI Mk Ilomicesim 1 Jlicocternom.
Lle 3yMOBIIEHO CyKYNHICTIO (DaKTOPIiB: Te0JIOT1YHOI0 Oy10-
BOIO TEPUTOPIii, 0COOIMBOCTAMH TPYHTOYTBOPEHHS, PO3IIO-
JIJIoM arMoc(epHUX ONaJiiB 1 piBHEM 3BOJIOKEHHS 3€MEJIb,
MpoLecaMH OCaJKOHAKOIIMYCHHS, IMOWHOIO Ta o0csiraMu
IPYHTOBUX BOj, crienn@ikoio QopMyBaHHS W pO3MOILTY
PIYKOBOTO CTOKY, @ TAKOXK HAsIBHICTIO JIICOBUX CKOCHCTEM.

Tak, 15t TIBHIYHKUX pETioHIB 001aCTi XapaKTepHe MiATo-
TUICHHS, 1110 TIOB’SI3aHO 3 PIBHUHHOIO TEPUTOPIEIO TA XapaK-
TEpPHUM CTOSIHHSIM IPyHTOBHX Boa. KpiM TorO, B paiioni
migaaTTs CrnoBedancbko-OBpynbkoro kpsbky B Kopocren-
CBbKOMY paiOHi, BiMIYCHO JOCUTH IHTCHCHUBHI NPOSBH
BOJTHOI epo3ii, epogoBaHi 3emii 3aiimMarote 13 THc. ra. Ha
teputopii Ilomicbkoi YyacTHHU OONIACTI, JIe TEPEBAXKAIOTh
mia"i Ta Cymimadi IPyHTH (KOJNUWIIHIA MaiuHchkuid
palioH) JOCUTH IHTEHCHMBHO BiJMIY€HO MPOSBU BITPOBOI
eposii. [us JlicocrenoBoi wactuHu oOmacti (bepandis-
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ITicrs BITpOBOI epozil

CBKHI palioH) XapaKTEepHOIO € TUIOLIMHHA epo3is (puc. 4).
Takox BapTO BIAMITUTH, IO 63 THC. T'a CLITBCHKOTOCIIOAAP-
CBKHX YT1JIb PO3TAIIOBAHO Ha CXWIIAX, 3 IKUX 66 % 3aiima-
F0Th TOJIOT1 cxwy, Maike 30 % cxunu KpyTu3HOHO 3—5°
ta 14 % cxwmm kpyTH3HOIo rnonax 7°. Ha teputopii JKnto-
MHUPCBKOi 00J7acTi BiIMi4eHO 6,65 THC. ra JAerpajoBaHUX,
19,9 Tuc. ra MazonpoayKTUBHUX Ta 29,95 TUC. ra TeXHO-
TeHHO 3a0py/IHEeHNX 3eMenb [34].

Jerpanmamiss 3eMellb TakoX CIPUYMHCHA HACIIJ-
kamu aBapii Ha YopHoOunbcekiit AEC. 3a pesysnbraramn
JOCIIKeHB [37] BCTAHOBJICHO, IO YacTKa PiuT 3a0pym-
uwenoi 'Cs 3i mrinbHicTiO monan 37 kBk/M? CTaHOBUTH
103,0 Trc. ra Bif ii 3arajpHOT IUIOIII, 3 SIKOT 3a0pyIHEHO Bij
37 no 185 kbx/M? — 97,2 Tuc. ra i Bix 185 1o 555 xbx/M? —
5,8 Tc. ra. Y niamaszoHi paaioakTHBHOTO 3a0pY/THEHHSI CLiTb-
CBKOTOCIOAPChKUX yTrifb *°St Bix 0,74 no 5,55 kbk/m? 3Ha-
XOJMTHCSI OCHOBHA YacTHHA TEPUTOPii 00JacTi 3 IUIONIEIO
729,0 Trc. Ta. Y 3B’S3KY 3 IMM Ha IUX TEPUTOPISX 0OMEKY-
BAJIOCSI BEJICHHS CLIIbCHKOTOCIIOAAPCHKOTO BHUKOPHCTAHHS
a00 BBOAWJIACS pCIVIAMCHTAIliSI BUKOPHCTAHHS 3EMEJb
3 TIOAAJbIIUM 3IIHCHCHHSIM PaIiOCKOJIOTIYHOTO aHali3y
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Tlicns BOgHOI eposii

Puc. 4. [1noma eposiiino-nede3neunux rpyuris 3ouu Houices [34]
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OTpUMaHOI MpoAyKLii. B cydacHUX ymMOBax Ba)<IIMBY POJIb
B HAKOTMIMYCHHI TPOAYKII€I0 paJioHyKIiTiB Bifirpae rpyH-
TOBO-TIONIMHATLHUN KOMIUTEKC. [PyHTH 3 BUCOKOIO 3/aTHi-
CTIO IOTJIMHAHHS (YOPHO3EMH, Cipi JTICOBI) 1 BAXXKUM TPaHy-
JIOMETPUIHNAM CKJIAZIOM 3B’ 3YIOTh PaIiOHYKIII TN MIITHIIIIE,
HiX OiTHI 32 OpPraHigHOIO0 PEIOBHHOIO, JIETKI KUCHI TPYHTH
(epHOBO-TII30JIUCTI CyMIlIaHi i MimaHi), Mo BIUIMBAE HA
IHTCHCHUBHICTh TIEPEXOAy PaXiOHYKIIIIB 3 ITPYHTY B pOC-
JIMHH.

[oripmieHHs cTaHy IPYHTOBOTO TOKPHUBY ITiATBEPIKY-
€TBCS pe3yIbTATAMU arPOXiMITHUX OOCTEKEeHb. Pe3ynmsraTn
BUBYEHHS POIIOYOCTI IPYHTY 32 BMICTOM r'ymycy B JKuto-

MHUpPCBKiI oOmacti (puc. 5) cBim4aTh, IO CepeaHbO3BA-
JKeHUH TIOKa3HWK cTaHOBUTH 2,03 %, Tomi K cepemHe o
VYkpaini € BUIMM 1 cTaHOBHUTH Maibke 3,2 %. OTxe mis
o0macTi XapakTepHHH HH3BKHH pPiBEHb POIIOYOCTI TPYH-
TiB, IO TIOB’S3aHO 3 TPUPOTHIUMH OCOOJIMBOCTSIMH PETi-
OHY, 3HAUYHOI0 YAaCTKOIO MIIMIaHUX 1 CyMIIIaHUX TPYHTIB,
Ta IHTEHCUBHUM CIJIbCHKOTOCIIOAAPCHKHM BUKOPHCTAHHSM.

IIpoanamizoBano nmami [35], momo BMicTy B TpPYyHTI
OCHOBHHUX €JIEMEHTIB, HEOOXiTHHX /IS POCTy Ta pO3-
BUTKY POCIHH: a30Ty, ¢ocdopy Ta kamio. CepeaHpo3Ba-
JKCHUH TTOKAa3HWK BMICTY a30TY, IO JIETKO TigpOIi3y€eThCs
B IPYHTI CTAaHOBUTH 86 MI/KT (puc. 6), o 3a Kiracudika-

O myxe Hmzpkmii < 1,1
O gmsepxmii 1,1 -2.0

B cepemmiii 2,1-3,0

B muasumennii 3,1-4,0

Puc. 5. Po3noaia miiomn o6cTeskeHUX CilbChbKOroCnoAapchKUX Yriab 3a BMicToM rymycy,% [35]

uiero TropiHnM-KOHOHOBOIO MOXHA BiIHECTH JI0 HH3BKOTO
piBHS 320€3MEUEHOCTI a30TOM TPYHTY, IO OOMEKYE IMPO-
JMYKTUBHICTh CUTBCHKOTOCIIONAPCHKUX KYJIBTYp Ta BHMa-
rae BHECEHHS a30THHX J00puB. [lJis MOPIBHSHHS cepen-
HBO3BKCHHI TIOKA3HUK TI0 TePUTOPii YKpaiHU CTAHOBUTH
110,3 MI/KT, 110 TAKOK € HEAOCTATHLO BUCOKUM.
CepeTHb03BaXKCHUH MOKA3HUK BMICTY PYXOMUX CITOJTYK
¢docdopy (puc. 7) ta xauito (puc. 8) y rpyHrax JKutomup-

1.9% 0.2%

cbKoI oOmacti craHoBiATL 114 Mr/kr ta 78 Mr/kr Bigmo-
BizHO. HeoOXimHO BiIMITHTH, 1110 BMICT pocdopy B IpyHTI
€ JIOCTaTHIM 1 HaBITh BHIIMM, HK ITOPIBHSHO 13 CepeIHIM
MOKA3HUKOM I10 KpaiHi. BMICT KaJilo B IpyHTaxX € HU3bKHM,
IO CBIYMTH MPO HOTO NedilnT, TOAI SIK CepeaHii mokas-
HUK 110 YKpaiHi cTaHoBUTH 94-117 Mr/kr.

OTKe, JIs1 HOPMAJIBHOTO POCTY Ta PO3BUTKY POCIHMH
B JKnTomupcekiit obnacti HeoOXiTHO 3aCTOCOBYBATH KOMIT-

[ 1y:Ke HH3BKHH < 100
OnuzekHA 101,0-150,0
E cepenniii 151.0-200.0
B nipumeHHH > 200

Puc. 6. Po3noain nuiom o6creskeHUX CijibCbKOrOCNOAAPChKUX YIidb 32 BMiCTOM a30Ty,
110 JIETKO rigpoJiidyerbes, % [35]
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Iyske HU3BKHIT < 20
B Huzpkuii 21-40

A cepemmiit 41-80

A misumennii 81-120
O pucoxuii 121-180

> [ nyxe Brcokmii > 180

Puc. 8. Po3noain miiom 00cTeskeHUX CilIbChbKOroCnoAapcbLKUX Yrilb 3a BMICTOM PYXOMHX CHOJYK KaJil,% [35]

JICKCHUM TiAXiA 1mo70 30aJaHCyBaHHS BMICTY a30Ty-(oc-
(opy-Kajif0o NUISIXOM BHECEHHS OpraHiYHUX Ta MiHe-
paJIbHUX JOOPHB, JTOTPUMAHHS CIBO3MIHHM Ta ONTUMI3AIlil
KHCJIOTHOCTI I'PYHTIB.

AHaui3 3acToCyBaHHS JOOPUB IIiJi ypOXKal CiTbCHKO-
TOCIOAAPChKUX KyIbTyp 2023 poKy MO MiAMPUEMCTBAX
obmacTi (puc. 9) CBiTYKTH, IO MIEPEBaKae BHECCHHs Opra-
HIYHUX JIOOPUB Ha/l MiHEpAIbHUMH Y 6,3 pasu.

Beboro B 2023 pomi mim ypoxkail Oyno BHECCHO
324601 T opraHiyHMX AOOpPHB Ta XapaKTepPH3yBaJIHCS
HACTYITHUM PO3IIOJIOM: THi ¢/T TBapuH (67,5 %), mociin
nruui (3,8 %), Topd (0,01%) Ta iHm opraniuHi qoOpHBa
(28,7 %). BuBueHHs BHECCHHsI MiHEpAJIbLHUX JTOOPHB i
ypoKail CBim4UuTS, 1110 oHaa 68,0 % Oy/no BHECCHHX a30T-
HUX JI00pHB, a YyacTKa BHECEHHsI KaliiiHuX Ta GocopHux
He nepesuiryBana 16,0 %.

[Tin ypoxaii CiIbCbKOroCIoAapchbKuX KyabTyp B XKuro-
MUpCBHKiK 00macti mpotsirom 2023 poky Oya0 BHECEHO
855082 xr nmectuuuais (y airouii pedoBuHi) (puc. 10), mo
B 1,2 pa3u Oinbiie nopiBHsHO 3 2022 pokoM. AHaui3 3aCTo-
CyBaHHS IICCTUIUIIB ICMOHCTPYE MIepeBary repOilu/IiB HaJl
IHIIIUMU, IO CBIAYUTH PO HAMPABJICHICTH TOCIIONAPCTB HA

060poThOy 3 Oyp’stHamu. YacTka BUKOPUCTAHHS (DYHTIIU/IiB
i GaKTepHUIMIIB € TOCUTh 3HaUHOK — 20,8 %, 1Ic BKa3ye Ha
MOUIMPEHICTh XBOPOO B perioni. 30ajaHCyBaHHS 3aCTOCY-
BaHHSI ICCTHUIU/IIB i3 BAKOPUCTAHHSAM O10JOTTYHIX METO/IIB
3aXHCTY, CIBO3MIH 1 arpOTEeXHIYHUX HPHUHOMIB JOTIOMOXKE
3HU3UTH XIMIYHE HaBaHTAKCHHS HAa €KOCHUCTEMH Ta 3MEH-
LIATH PUKKH JUIS 3710POB’ sl HACEJICHHS.

BaxnuBuMHu HampsMaMu MiABUIIEHHS e(eKTHBHOCTI
BUKOPUCTaHHS Ta 30€peKEHHS I'PyHTOBOTO IIOKPUBY € HEO0-
X1JTHICTB 3aCTOCYBaHHS KOMIUICKCHOTO MiAXOMY:

1. Po3BUTOK arpoxXiMi4YHHX Ta arpOTEXHIYHUX 3aXO[IB
JUIsl 30€peXKEHHST POAFOYOCTI IPYHTIB HIJISIXOM:

— PO3BUTKY BUPOOHMITBA Ta BHECEHHS OpraHIYHUX
JIOOpUB: BUKOPUCTAHHS BiJIXO/1iB TBAPUHHUIITBA Ha (hepmax
bepauuiBcbkoro ta AHAPYIIIBCHKOTO paiOHIB ISl OTPH-
MaHHsI KOMIIOCTIB Ta Oiorymycy;

— LIMPIIOTO 3aCTOCYBAaHHS CHAEPATBHUX KYIbTYp (Tip-
yus, Qarenis, JIONMWH) — HaNPHUKIAA, Y TOCIOJapcTBax
OJ1eBCHKOTO palioHy, e MillaHi I'PyHTH HOTPEeOYIOTh IOJIiI-
LICHHSI CTPYKTYPHU Ta HAKOITMUESHHS OPraHiqHOI MacH;

— BIIPOBA/DKEHHS  IPYHTO3aXMCHHUX  TEXHOJOTIH:
y PagoMuiibcekoMy paiioHi BXKe BUIIPOOOBYIOTHCSI CHC-
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Puc. 9. 3acTocyBaHHs1 MiHepaJIbLHUX i OPra”HiYHUX J00PHUB Ml ypoKaii CiJIbCHKOrocnoAapcbKUX KyJabTyp
2023 poky y mianpueMcTBax 1no paiionax [38]

@ yHrimuan Ta GaKTepHITIIIT
BlrepOimmn

B iHCeK T T4 aKAPILIILIIT
BperyiaTopi pocTy pocIHH

D= 33C00H 3aXIICTy POCIHH

Puc. 10. 3acTocyBaHHsI necTHIUAIB MijJ yPoKail CLILCHKOTOCIOAAPCHKHUX KYJBLTYP y 2023 poui no mixnpuemcrsax
Kuromupcebkoi odaacti [38]

TEMH MIHIMAJIEHOTO OOpOOITKY, M0 3MCHIIYIOTh PH3UK
epo3ii Ha cXuiiax;

— BIOCKOHaJICHHs Memioparii: Ha [lomicci HeoOXimHa
MOJIEpHI3allisl CTApHUX OCYyIIyBalbHUX cucTeM (OBPYLBKHUH,
Jlyruucekuit paiionn), a Ha miBaHI oonacti (PyXuHCHKHH,
[NoninpHAHCHKUNA PaiOHM) aKTyallbHE CTBOPEHHS CYYaCHUX
3pOIIYBaJIbHUX MEPEXK ISl OOPOTHOU 3 JIITHIMH MTOCYXaMHU;

— onTHMi3amii CiBO3MIH — HANPHUKIAA, y IOE€THAHHI
KapTOIUTi Ta )KHUTa 3 0000BUMH KYIBTypaMH (JTFOTIFH, TOPOX )
JU1sl 30aradueHHs IPYHTY a30TOM;

— CTBOpPEHHS PETiOHANBHOI CHCTEMH arpoXiMi9HOTO
CepBiCy U1 KOHTPOJIO 32 KHCJIOTHICTIO IPYHTIB (HAIpH-
KJ1aJi, y MiBHIYHUX paiioHax obnacti 10 60% rpyHTIB MaloTh
ITiIBUIIEHY KUCIIOTHICTb, IO MTOTPeOy€ BalTHyBaHH);

2. Po3po0Oka Ta BIIPOBaKEHHS KOMILICKCY POTHEPO3i-
WHAX 3aXO/iB:

— BIJIHOBIICHHS CHUCTeMH JicocMyr — y KopoctumriB-
CbKOMY Ta MalMHCBKOMY pailOHax CIIOCTEePIiraeTbesi 3HHU-
JKEHHS iXHBOI €(EKTHBHOCTI Yepe3 BUPYOyBaHHs Ta CTa-
PIHHS IEpPEBOCTaHIB;

— CTBOPEHHsI TPaB’sSHUX CMYT Ta 3aJy)KCHHS CXUJIO-
BHX 3€MEIIb, HAPUKIIAL y MiBACHHIN dacTuHi Kutomup-
CBKOTO paiioHy, A€ epo3iifHi MPOIecH 0COOINBO IHTCH-
CHBHI;

— KOHCepBallis MaJONPOAYKTHBHUX MILIaAHUX 3eMEb
Ha OJIeBIIMHI IUITXOM BHCIBY OaratopiuHnux TpaB (THMO-
(hifBKa, KOHIOIIINHA).

3. CTBOpEHHS yNpaBIIiHCHKUX Ta CKOHOMIYHHUX Ba)e-
JiB:

— PO3rOpPTaHHS PErioHaJbHOI CHCTEMU MOHITOPUHIY
IPYHTIB, IO BpaxoByBaTuMe mpobiaemMu aerymidikarmii (y
3BSTeNbCHKOMY paifoHi BMICT I'yMycCy B OKPEMHUX I'PyHTax
3HH3UBCSA 10 1,5-2%);

— PEKyJbTHBALis 3eMellb, MOPYLUICHUX BHI00YTKOM
Oypmrruny (OusieBchknid, OBpynbkuii paioHM) uepe3
BHCAJIKy COCHH, Oepe3W Ta 3acTOCyBaHHs (iTopeMeia-
HIHHUX KyaeTyp (BepOa, TOmois);

— 3ampoBaHKCHHS MICIICBUX MOTAIIii s dpepmepis,
IO 3aCTOCOBYIOTh HYJIBOBHI OOpOOITOK YM BHPOIIYIOTH
CHUIIepaTH;
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— TiATpPUMKa HAYKOBHX TOCIIKEHB Ta MIPOCBITHUIIBKA
poboTa momo 30epekeHHS TPYHTIB Ta IX PalliOHATHHOTO
BUKOPHCTAHHS.

Peaxizarisi KOMIUIEKCHOTO ITiIXOMY, IO TOEAHYE BHUIIE
3a3Ha4YeHi 3aXOMH, 1a€ 3MOTY HE JIMIIE 3ar00irTH MoIaib-
I nerpajamii pyHTiB, a i TOCTYNOBO BiTHOBHUTH iX PO-
TYyKTUBHICTh Ta 0a3yeThcs Ha KOOPAWHAINI IepKaBHHUX
OpraHiB BIIaJH, HAYKOBHX yCTAHOB Ta CLIHCHKOTOCIOIAp-
CBKHUX TiATPHEMCTB.

BucHoBku. Y pe3ynbTari TOCHIIKEHHS BCTaHOBICHO,
IO MTEPIIOTIPUYMHOIO IPUCKOPEHOT nerymidikarii Ta mocu-
JeHHA epo3iifHux mporeciB B JKutommpchkiit obmacTi
€ HaJIBHCOKa po3opaHicTio (74%) Ta mpupoHa Bpa3inBiCTh
JIOMIHYIOUHX JIEPHOBO-ITIA30JMCTHX IPYHTIB, [0 BU3HAYAE
arpoeKoJIOTiuHy HECTalOlIbHICTh TPYHTOBOTO MOKPHUBY. Jlis
CLTBCHKOTOCTIOAAPCHKUX TPYHTIB JKUTOMHPCHKOI 0oOmacTi

CIIOCTEpIraeThecs AucOaNaHC y BMICTI MTOKUBHUX €IEMEH-
TiB. Tak, Ha (OHI aKTHBHOTO BHECEHHS a30THUX JOOPHB
9acTo ITHOPYEThCA Ne(DIIUT Kalilo Ta IHIINX BaXKIUBUX
Makpo- ¥ MikpoenemeHTiB. Lle mpu3BOIUTH 10 3HIDKEHHS
e(heKTUBHOCTI JKMBICHHS POCJIHH, BTPaT BPOXKAWHOCTI
Ta HepaIioHaIbHOTO BUKOPHCTAHH iIHBECTHIIIN ¥ T0OpHBa,
a TaKoX CTBOPIOE JTOJATKOBI eKoyoriuHi pu3uku. [Ipomecn
nerpanarii rpyHTiB y JKHTOMUpPCHKiN 007acTi MaloTh Mpo-
CTOpOBO An(EpeHIIiHOBaHNI XapaKTep, IO YHEMOXKIIHB-
JIIO€ 3aCTOCYBAaHHS €IMHUX ITiaxoziB. HeoOximHe 3acTocy-
BaHHS KOMIUIEKCHUX TIPOTPaM Ta 3aXOMiB, AKi CIIPSIMOBaHi
Ha BHpIMIEHHS KOHKPETHUX TPoOiIeM: 60poThOy 3 BOTHOIO
eposieto Ha CrioBedaHCchko-OBPYIIBEKOMY KPSIKi, TIPOTHIIO
eIl Ha MBHIYHUX MIIMIAHUX 3eMIITX Ta MiHIMIi3aIliio
PamioNOTiYHNX PU3HUKIB y paifoHax, IO MOCTPaXKIANN Bif
YopHOOMITBCEKOT KaTacTpohu.
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V cyuacniu axsaxynomypi inmeHcugHe 6UKOPUCIAHHS POCIUHHUX [HZPEOIEHMI8 Y Kopmax O pubd iCMomuo nidguwye pusuk ix
KOHMamiHayii mikomoxcunamu. L{i emopunti memabonimu MiKpockoniuHux epubie Cmarosnsimy cepiosty 3azpo3y 0s 300pos s 2i0po-
OIOHMIB, OCKINLKU MOCYMb HAKONUYYBAMUCA Y KOPMOGIL 0A31 Ma HAOX0Oumu 8 op2amisv pub Hagime y Husbkux konyenmpayisx. Ceped
WUPOKO2O CNEKMpPa MIKOMOKCUHIB 0co01U8Y Hebe3neKy cmaHnosums agramoxcut Bl (A@BI) — ooun i3 Hatibinbu MOKCUUHUX Ma NOwiU-
PEHUX KOHMAMIHAHMIG, KU B6ANCAEMBCS NOMYICHUM 2eNAMOMOKCUHOM, Kanyepozenom i imynodenpecanmon. Hozo nebesnexa ons
PUDHUYLKUX 20CNO0APCME NONALAE Y 30AMHOCIE NOPYULYBAMU Memabonizm, iHOYKy8amu OKUCTIOBATbHULL CIPeC Md 3HAYHO 3HUNHCYBAMU
NPOOYKMUBHICIb AKBAK)IbMYPU.

V nposedenomy docniodicenni ecmanosieno, wo agramokcun Bl iHOYKYe IHMeHCUBHI npoyecu NepeKucHo20 OKUCHEHHS 1inioie
i CnpuduHAE OKUCTIOBATbHUL cmpec Y MKaHunax kapacs 3suyatinozo (Carassius carassius (Linnaeus, 1758)). Le nposagianocs y cma-
MUCIUYHO 3HAYYUOMY NiOBUWeHHI PIBHA MAL0H0B8020 dianvoecidy (MIIA) ma dienosux koH toeamis y 6cix 00CII0HCeHUX MKAHUHAX eKC-
nepumMenmanbHoi epyni nopisHaHo 3 Konmponem. Haubinvw eupadxiceni sminu cnocmepieancs y neyinyi, ujo niomeepoxcye ii kio4osy
POTb K Opeany-miuieni Ons mokcuunoi 0ii aghramoxcury. Boonouac y 6i0nosiosb na nioguujene HagaHmadcents akmueHux Qopm KUCHIO
6i00Y6anaACs KOMNEHCAMOPHA aKMUeayis Qepmenmie anmuoKCUOanmno2o 3axucmy. 3o0kpema, 0y10 3a(hikcosano 3HauHe 3pOCmanHs
axkmueHocmi cynepoxcuooucmymasu (COI]), kamanasu (KAT) ma enymamionnepoxcuoasu (I'TI), wo ceiouums npo mobinizayito npu-
POOHUX 3AXUCHUX MEXAHI3MI8 OpeaHizmy puo.

Ompumani pesyromamu 008005my, wo agramoxcur Bl nagime y HU3LKUX KOHYEHMPAYIAX YUHUMb BUPANHCEHUT MOKCUUHULL
8NIUB HA PUO, NOPYILYIOUU OKUCTIOBATbHO-8IOHOBHT NPOYect, 3MIHIOIYU DIOXIMIYHUL 20Me0cma3 i NPOBOKYIOUL PO3BUMOK OKUCIO-
8anbrozo cmpecy. Lle niomeepoicye HeodXiOHiCHb KOMNIEKCHO20 MOHIMOPUHSY CIMARY PUb Y CUCEMAX aK8aKYAbMYPU, d MaAKOX#C
enposaddicents, npogirakmuynux cmpameziti. OOHUM i3 HAUOITLW NEPCNEKMUBHUX HANPSIMIE € 3ACIMOCYBAHHS KOPMOBUX 000d-
80K-a0CcopOeHmie ma aHMUOKCUOAHIMHUX NPEnapamis, 30amHux 3HUNCYBAMU 0i000CHMYNHICHb ApIaAMOKCUHY | HeUmpanizyeamu
11020 HeeamugHull enaug. Taxum yuHOM, pe3yibmamu 00CHI0NCeHHs He quule NoAUOMy PO3YMiHHA Mexanizmie 0ii ADBI na
opeaHizm puo, ane i Maroms NPAKMUYHe 3HAYeHHA Ol NIOBUUeHHS eKOL02IYHOI ma Xapyoeoi be3neKku y cyyacHux pubozocnooap-
CHKUX CUCTEMAX.

Kniouosi cnosa: agpnamoxcun Bl, akéaxynomypa, kapace 36utaiinull, OKUCTIOBAIbHULL CIPEC, NePeKUCHe OKUCHEHHS JInioie, anmu-
OKCUOAHMHI (hepmermu, ManoHO8ULl Olanb0e2io, OIEHO8I KOH toeamu, OIOXIMIuHI MapKepu, MIKOMOKCUHU Y KOPMAX.

Symonova Nataliia, Mekhed Olha. Influence of aflatoxin Bl on the intensity of lipid peroxidation in curb tissues

In modern aquaculture, the intensive use of plant ingredients in fish feeds increases the risk of their contamination with mycotoxins.
Among these compounds, aflatoxin Bl (AFBI), which is a potent toxicant and is known for its ability to cause oxidative stress, is
of particular concern. In view of this, the aim of our work was to investigate the effect of AFBI on lipid peroxidation processes
and the state of antioxidant protection in the tissues of common crucian carp (Carassius carassius (Linnaeus, 1758)), an important
commercial fish.

The experiment lasted 14 days and was conducted on crucian carp pairs kept in 200-liter aquariums. The fish were divided into
two groups: control (without the addition of AFB1) and experimental, which was daily supplemented with AFB1 at a concentration
of 1.0 ug/L. After the experiment, biochemical analysis of liver, gill, brain and skeletal muscle tissues was performed. The intensity
of lipid peroxidation processes was assessed by the level of end products — malondialdehyde (MDA) and intermediate products —diene
conjugates. In addition, the activity of key enzymes of antioxidant defense was measured: superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GP).

The results obtained showed that the effect of aflatoxin Bl caused significant oxidative stress in the body of crucian carp. In all
studied tissues of the experimental group, a statistically significant increase in the level of MDA and diene conjugates was recorded
compared to the control group. The most pronounced changes were observed in the liver, which confirms its role as the main target organ
for this toxin. At the same time, in response to the increased level of oxidative stress, compensatory activation of antioxidant defense
enzymes occurred in the fish body, which is manifested in a significant increase in the activity of SOD, CAT and GP.
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These data indicate that aflatoxin B1, even at low concentrations, has a pronounced toxic effect, disrupting redox processes in
the fish body. The results of our study are an important confirmation of the need to develop and implement effective strategies to minimize
the negative consequences of aflatoxicosis in aquaculture, which includes the use of feed additives-adsorbents.

Key words: aflatoxin Bl, oxidative stress, lipid peroxidation, antioxidant enzymes, common crucian carp, aquaculture, biochemical

markers.

Betyn. B ocranHi pokn cBiTOBa aKBaKy/bTypa IIBUIKO
PO3BHBAETHCS, 10 CYNPOBOKYETHCS 1HTECHCHU(IKALIEIO
BHPOOHHIITBA Ta 3aCTOCYBaHHIM HOBHX TeXHOJIOTIH. Pery-
JISIpHE BUKOPUCTAHHS POCIMHHOI CHPOBHHHU Y KOpMax ISt
pHUO CYNPOBOIKYETHCS 3pOCTAHHAM PH3HKY iX KOHTaMiHa-
i1 MIKOTOKCHHaMH — BTOPHHHUMH METa00IiTaMH MiKpOMi-
LIETIB, III0 MOXKYTh MICTHTHCA Y Takiii cupoBuHi [1]. OnxHrM
i3 HalfHeOe3neyHImuX ISl TiApoOioHTIB € aduaTokcuH Bl,
110 YTBOPIOETHCS LIBUICBUMU TprOaMu pony Aspergillus [2].

BB MIiKOTOKCHHIB Ha 3I0pOB'S pUO € MpeaMeToM
nociikenb [3; 4]. TokcuvHa s UX CIIONYK TOB’si3aHa
31 3MaTHICTIO CHIPHYMHATH OKHCIIOBAJIBHUM CTpec, II0
€ ONHIEI0 3 TOJIOBHUX NPUYMH PO3BHUTKY MNATOJOTIYHUX
mporeciB B opradismi [5]. [lepekrcHe OKMCHEHHS JIIITiB
(ITOJI) € omHi€rO 3 KIIOYOBHX JAHOK B MATOTCHE31 TOKCHY-
HOTO YPa)KeHHSI, 1110 TPU3BOJUTH JI0 PyHHYBaHHS 01070T14-
HUX MeMOpaH Ta NopyueHHs (GYHKIIOHYBaHHS KIITHH [6;
7]. Axrusnicts [10J] y TkaHuHaX pud 3a€XNTH BiA PALY
YHHHUKIB, BKJIFOYA0YH BUJ pUO, iX (hi3ionoriyHuil cTaH, a
TaKOX BUJI, 03y Ta TPUBAIICTH il TOKCHKaHTa [8].

Hespaxkaroun Ha 3HAYHY KUTBKICTH JOCHIIKCHB, MPH-
CBSIYCHUX TOKCHMYHOMY BIUIMBY MIKOTOKCHHIB, 3ajIHIIa-
€THCS 0araro HEBUBUCHUX NMHUTAHb I10JI0 MEXaHI3MiB IXHBOT
nii Ha OloxiMiuHi mpouecu B opraizmi pub. OcoOnmBo
aKTyaJbHUM € JIOCIIJDKEHHs BIUIMBY Ha BOJHI OpraHi3Mu
adnaroxkcuny B1, skuii BHU3HAHO OJJHUM 3 HaOLIBII HEOE3-
MICYHUX KOHTaMiHAHTIB. J{eTajabHI MeXaHi3MH MOPYIICHHS
MIPOIIECIB IEPEKUCHOTO OKMCHEHHS JIITIAIB Y PI3HUX TKaHU-
Hax Kapacsl 3BUYaifHOTO, SIKMH € Ba)KJIMBOIO IPOMHCIIOBOIO
pubot0, MOTPEOYIOTH MOATBIIIONO BUBYCHHS.

Mertoto pobOTH € BUBUCHHS BIUIMBY aduatokcuny Bl
Ha TPOIECH TEPEeKUCHOTO OKMCHEHHS JIIIIB Y TKaHMHAX
Kapacsi 3BUYaiiHOrO Ta OILiHKa IHTEHCHBHOCTI CIIPUYMHE-
HOTO HUM OKHCITIOBAJIIEHOTO CTPECY.

Marepiaian Ta MeTonu. J{OCTiKCHHS IPOBOIMIN Ha
JBOpiYKax kapacsi 3Buuaitnoro (Carassius carassius (Lin-
naeus, 1758)) , 110 Oyau BUPOILEHI B yMOBaX aKBaKyJIbTypH.
Excriepument tpuBas 14 1i6 y 200-miTpoBHX aKBapiymax.
Pu6 yrpumyBanm 3a craHIapTHUX PHOOBOAHO-O0I0IOTIY-
HUX Ta TIIPOXIMIYHUX HOPM, a came: pH 7,30+0,27, Bmict
kucHIO 5,6+0,4 Mr/mM® Ta Temrepartypa, Mo BiAMOBiIana
npupoaHiid. Maca pubu cranosuia 200-300 r.

JocunimpkeHHsT BUKOHAHO y (opMari IJIOTHOTO eKcIie-
PUMEHTY, B SIKOMY JI0 KOXXHOI IpyIH OyJI0 BKJIIOYEHO I10 5
ocobun: konTpoabHa rpyna (KI') — 6e3 nopaBanHs adua-
TokcuHy Bl; excnepumentansna rpyma (EI) — —saxum
LIOJICHHO J0JaBaju y Boay adumarokcuH Bl y KoHueH-
tpauii 1,0 Mkr/a. BukopucroByBanu craHgapTHUH 3pa3ok
T-2 toxeuny TRILOGY (stor 231205-24145), o 05.2025,
YMOBH 30epiraHHs 3riJHO MaCIOPTy Ha CTAHAAPT IPH TEM-
nepatypi He Buiie 8°C.

[licnst 3akiHYEHHS eKCIEepUMEHTy puOy miagaBanu
eBTaHa3il METOJIOM JIeKamiTalil 3riJIH0 3 ETHYHUMH TPHH-

[IUTIAMU TIOBOJKEHHS 3 TBapuHamu [9]. [lis anamnizy BinoOu-
payiu 3pa3Ky TKaHWH TEYiHKH, 3510ep, MO3KY Ta CKEJIETHHX
M'sI31B.

[HTEeHCHBHICTB POLIECIB MEPEKUCHOTO OKMCHEHHS JIilTi-
niB (ITOJI) omiHioBayM 3a piBHEM MaJIOHOBOTO JliajibJie-
riny (MJIA) — sKx KIHIEBOTO MpOJYKTY, Ta Ji€HOBHX
KOHIOTaTiB — SIK MPOMDKHOTO mpoxnykry [7]. OninroBann
AKTMBHICT KIJIIOYOBUX aHTHOKCHAAHTHUX (EpPMEHTIB:
cynepokcumaucmyTtasu (COJ), xaranazu (KAT) Ta miyra-
tionnepokcuasu (I'TT). BuznadeHHst akTHBHOCTI IIyTaTi-
OHPEAYKTa3M 3aCHOBAHE Ha BUMIPIOBaHHI HIBUKOCTI OKHC-
nenHst NADPH, peectpyBanu crieKTpo(h)OTOMETPUYHO MO
3MEHIICHHIO ONITHYHOI T'yCTHHU NPH AOBXKHHI XBHII 340 HM
[10]. AkTHBHICTb KaTana3u BU3HAYAIH 3T1THO METOAUUHUX
pexomennariii [11]. Busnauennst aktuBHOCTI COJl 3miii-
cHroBai 3rifgHo [12] y momudikanii [13]. s po3paxyHky
MUTOMOI aKTUBHOCTI (DEPMEHTIB BH3HAYaJIM BMICT 3arajb-
HOTo OiJIKa B rOMOTeHaTax TKaHUH 3a METOIoM [ 14].

— Otpumani J1aHi 00poOIIsIIN 32 JOIOMOTOI0 TPOTPaMH
Statistica 10.0 (StatSoft, CIIA). [lns mopiBHAHHS Tpyn
BUKOPUCTOBYBAJIN OAHO(AKTOPHUH JUCHepCiiHuU aHawi3
Ta kputepiii CrhroneHTa. BimMIHHOCTI BBaXKaJld CTaTHUC-
TUYHO 3HaYyuMH ripu p < 0,05.

Pesyabratu. OTpuMaHi pe3ynsraTn JAEMOHCTPYIOTb,
1o BruuB adrarokcuny Bl (ADB1) y nocmimpkyBaHii KoH-
nenTpanii 1,0 MK/ Ha opraHi3sm Kapacst 3BH4aiiHOTO CIIpH-
YHHSIE PO3BUTOK BHPAKEHOTO OKUCIIOBAIILHOTO cTpecy. Lle
MiATBEPUKYETHCS 3HAYHHUM ITiIBUIIICHHSIM PIBHS IPOIYKTIiB
nepexrcHoro okucHenns Jyininis (ITOJI), 30kpema Mmaio-
HoBOTO miampaerimy (MJIA) Ta nieHOBHX KOHIOTariB, a
TAKOK KOMIICHCATOPHOIO aKTHBAII€I0 KIIOYOBHX (hepMeH-
TiB aHTHOKCHJIAHTHOTO 3aXHCTY y JOCHI/PKCHUX TKaHMHAX
puo (Tabmus 1).

Sk BuaHO 3 Tabmuni 1, BrumB aduarokcuny Bl mpussis
JI0 3HAQYHOTO 3pOCTaHHS PIBHS MPOIYKTIB IEPEKHCHOTO
okucHeHHs JininiB (MZIA Ta ieHOBHX KOH’IOTariB) y BCiX
JIOCII/DKCHUX TKaHWHAX EKCHEPHUMEHTAIBHOI IPYIH MOPiB-
HSHO 3 KOHTpoJieM. Hal0ib11 BUpaskeHi 3MiHH criocTepira-
JIMCS Y TI€YiHII, 1110 € OCHOBHUM OPIaHOM JICTOKCHKAIIil, 7Ie
piBerbs MJIA 3pic 6inbur HiX y 2 pa3H, a Ji€HOBUX KOH I0-
raTiB — TAaKoX OLITbIIe HIX y 2 pa3H.

AHami3 aKTUBHOCTI aHTHOKCHJIAHTHUX (EpPMEHTIB
MOKa3aB, 110 B YCIX JOCHIPKCHHX TKaHWUHAX CIIOCTepira-
Jocst iX 3Ha4YHE 3pOCTAHHS, 10 € KOMIIEHCATOPHOIO BiJIIO-
BIUTIO OpraHi3My Ha ITiIBUIIEHUH PIBEHb OKUCIIOBAJIBHOTO
crpecy (Tabmuns 2).

OTpuMaHi pe3ynbTaTd JeMOHCTPYIOTh, IO BIUIUB
adnarokcuny Bl (A®BI1) y nmocmiukyBaHiii KOHIEHTpa-
il 1,0 MKr/a Ha opraHi3M Kapacs 3BUYaifHOTO CHPUYHHSIE
PO3BHTOK BHPa)KCHOTO OKHCIIOBaJbHOTO cTpecy. Lle min-
TBEP/KYETHCSl 3HAYHUM ITiIBUIIEHHSM DIBHS TPOIYKTIB
nepekrcHoro okucHenns Jyinini (ITOJI), 30kpema Mmaio-
HOBOTO miampaeriny (MJIA) Ta JieHOBUX KOHIOTaTiB, a
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Tabmms 1

Bnuius aduiatoxkcuny Bl Ha moka3HMKHU NMEePEeKHCHOT0 OKMCHEHHS JiMiiB
Yy TKAaHMHAX Kapacs 3su4aiinoro (M £ m, n=5)

TrkaHuHa Ioka3uuk KonrtposbHa rpyna ExcnepuMeHTaj bHa rpyna

Ileuinka MJIA, MKMOJIB/KT 52+0,3 12,8 £0,8*
Jlienosi kon’toratu, D232 um/T 0,25 +£0,02 0,55 +0,04*

3s16pa MJIA, MKMOJTB/KT 34+£0,2 7,1 £0,5%
Jlienosi kou’toratu, D232 um/r 0,18 +0,01 0,39 +£0,03*

Mosok MJIA, MKMOJIB/KT 2,8+0,1 42 +0,3*
Jienosi kon’toratu, D232 um/r 0,15+0,01 0,21 +0,02*

CxeneTHi M’s131 MJIA, MKMOJIB/KT 2,1+0,2 3,5+0,2%
Jienosi kon’toratu, D232 um/r 0,10£0,01 0,16 £0,01*

* Pisnuysi € Cmamucmuino 3Hayyujoio NopisHsaHo 3 Konmpoavhoto epynoio (p < 0,05).

Tabmuusg 2

AKTHBHICTh aHTHOKCHIAHTHHUX (DEPMEHTIB Y TKAHHHAX Kapacs 3BH4YaiiHOro
nig BiinBoM aguiarokcuny Bl (M = m, n=5)

TkaHuHa [Toxaznuk Konrposnbhna rpyna ExcniepumenTtaibna rpyna

Tleuinka CO/l, On/mr Oinka 2,8+0,2 45+0,4%*
KAT, mmons H202/xB*Mr Oiika 1,5+0,1 2,6 +0,2*

T'TI, umMob/XB*Mr Ginka 45+3 68 £ 5%
3s16pa CO/1, On/mr Oinka 1,8+0,1 2,8 +£0,2%
KAT, mmons H202/xB*Mr Oinka 0,9+0,1 1,3+0,1%*

I'TI, aMoub/XB*Mr OiKa 30+£2 45 + 3%
Mo3zok CO/1, On/mr Oinka 1,2+0,1 1,8 +£0,1*
KAT, mmons H202/x8*Mr Oinka 0,6 +0,1 0,9+0,1%

I'TI, amoss/XB*Mr Oinka 2242 30 £ 2%
CkeneTHi M’s131 CO/l, On/mr Oinka 0,9+0,1 1,2+0,1%
KAT, mmons H202/xB*Mr Ginka 0,4+0,1 0,6 +0,1*

T'T1, uMosb/XB*MT OljiKa 15+1 20 + 2%

* PisHuys € cmamucmuyHo 3Ha4ywoio NopieHAHO 3 KOHMpobHoto epynoio (p < 0,05).

TAKO)K KOMITEHCATOPHOIO aKTHBAII€I0 KIIOYOBHX (hepMEH-
TIB aHTHOKCHJAHTHOTO 3aXHCTy Y MOCIHIJKCHUX TKAHH-
Hax pu6. AxtuBHicTh COJl, KAT Ta I'Tl y meuinmi 3pocia
B cepenapoMy B 1,5-1,8 pasm. Lle cBimunth mpo mobimiza-
IiF0 3aXMCHUX CHCTEeM JUTS HeHTpai3allii BUIbHUX paanKa-
JiB Ta 3MEHIICHHS TOKCUYHOTO BIUIMBY aduiaTrokcuy Bl.

i pe3ymbTaTé MATBEPIIKYIOTH TIMOTE3y PO TE, IO
admarokcuH Bl crnpuumHS€E pPO3BUTOK OKHCIIOBAIBHOTO
CTpecy, a MOro TOKCHYHMH €QEKT MpOsBISEThCS Uepe3
MOPYIICHHS JIITIAHOTO MeTaboi3My Ta aKTHUBAIliIO 3aXHUC-
HUX MEXaHi3MiB B OpTaHi3Mi pUOH.

Lli pe3ymbrard y3roJpKylOThCS 3 BHCHOBKAaMH IHIIUX
JOCHTIDKEHb, IO MiJAKPECIIOITh  3arajlbHOCHCTEMHUH
BIUTMB MIKOTOKCHHIB Ha BOAHI opraHizmu [16]. 3okxpema,
JOCTIDKCHHS Ha TIOpUIHOMY TpyTIepi MoKa3allu, 10 BILIHB
adnarokcuny Bl nmpu3BoanuTh 10 MOpPYIIEHHS METa00II3My
JMiiB Ta IX HAKOIMYSHHS Y TIEUiHIIi, 110 € IIPSMIM HaCIiI-
KOM TOPYIICHHS KIITHHHHAX TPOILECIB i PO3BUTKY OKHC-
moBabHOTO crpecy [17]. OTpuMaHi HaMH JaHi MiATBEp-
JUKYIOTh, IO TIEYiHKa, K OCHOBHHMH OpraH AETOKCHKAILIi,
HaWOIBII Yy TJIMBA 0 BIUIMBY TOKCHHIB, IO MPOSBIAETHCS
HalliHTeHCUBHIIMMH 3MiHamu mToka3HukiB [1OJ] y it Tka-
HUHI.

Kpim Toro, BUsIBIICH] MOPYIICHHS MiATBEPIKYIOTh, IO
MIKOTOKCHHH, BKIIOYHO 3 ADB1, MOXYTh YHHATH CHHEPTE-

TUYHAN ePEKT, TOCIUTIOI0YN TaTOIOTIYHIH BIDIHB HA OpTa-
Hi3M puO TIPH OTHOYACHIHM MPUCYTHOCTI B CEpPeOBHUII abo
xopwmi [18]. Ile ocobnmBo akTyaabHO, OCKITEKH B peaTbHUX
YMOBaX aKBaKyJIbTypH YacTO CIIOCTEPITaeThcs KOMOIHO-
BaHa KOHTaMIiHaIlis KOPMiB IEKiJTbKOMa BUIAMHU MiKOTOKCH-
HiB [19; 20].

BpaxoByroun BUSBICHI MOPYIICHHS, BAXKIIHMBAM HAIPSI-
MOM JIOCITI/DKEHb € PO3pO0Ka CTpAaTeriil s MOM'AKIICHHS
HETaTHMBHUX HACNIOKIB BIUIMBY MIKOTOKCHHIB. Harmri
pe3yNbTaTH, MO BKA3yIOTh Ha IHTCHCHBHUI OKHCIIOBAIIb-
HUHI cTpec, MITBEPIKYIOTh, IO OJHUM i3 €(PEKTHBHUX
MiIXOMIB € BUKOPHCTAaHHS KOPMOBHX H00aBOK-acopOeH-
TiB. JloCHipkeHHS MMOKa3alH, IO TaKi J0O0aBKH CHPHUSIIOTH
3B'SI3YBaHHIO TOKCHHIB Yy MIIYHKOBO-KHIIKOBOMY TpPAaKTi
pub, 3MEHIITYI0UH 1X 010OCTYIHICTh Ta MiHIMI3yIOUH HETa-
TUBHUI BIUTHB Ha OpraHi3m [4].

BucnoBku. B adnaroxcuny Bl y kxoHmeHTparmii
1,0 MKT/7T Ha OpraHi3M Kapacs 3BUYaiHOTO CITPUYHHSE PO3-
BHUTOK BHPa)XEHOTO OKHCITIOBAJIBHOTO CTPECY, IO IMiATBEp-
JUKYETBCS 3HAYHUM 3POCTAHHSM PiBHS IMPOAYKTIB ITEPEKHC-
HOTO OKHMCHEHHs JimmiaiB (MJIA Ta Hi€HOBHUX KOH IOTaTiB)
y IOCHIDKEHUX TKaHWHaX pub. Haitbimpm dyTimBoio 10
TOKCHYHOTO BIUTMBY adiarokcuHy Bl BusBHIIacs rediHka,
JIe CTIOCTepirajqucs HaWiHTCHCHUBHIII 3MiHMA TOKAa3HHUKIB
[TOJI. Ile cBimuuTH TPO TE, IO MEJiHKa € OCHOBHUM Opra-
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HOM-MILIEHHIO JUISl IBOTO TOKCHHY, IO Y3TOKY€EThCS 3 il
porutio B MeTaboumi3Mi Ta meTokcukarii. s kommencartii
OKHCITIOBAIGHOTO CTPECy B OpraHi3Mi puO BimOyBaeThCS
aKTHBalisg QepMeHTIB aHTHOKcHAaHTHOTO 3axucty (CO/,
KAT, I'Tl) y Bcix mocmimpkeHnX TKaHUHAX. Lle € 3aXncHor0
peaxIti€ero OpraHi3My, CHpPSMOBAHOIO Ha HEUTpai3alliro
BUTPHUX paauKaliB Ta 3MCHIICHHS PYHHIBHOTO BIUIMBY
TokcuHy. OTpUMaHi pe3yabTaTH MiATBEPIKYIOTh aKTyallb-

HICTh TONANBIINX JOCITIHKEHb IS pO3pOoOKH edeKTHB-
HUX CTpaTerii MiHiMizamii HeraTMBHMUX HACTiAKiB ada-
TOKCHKO3Y B YMOBaX akBakKynbTypru. OOMEXEeHHSM pOOOTH
€ HEBENWKHUU po3Mip BHOIPKH, IO XapaKTEpHO IJIS IJIOT-
HUX JOCHIDKEHb. Y TOJaNbIINX eKCIEPUMEHTAX AOLITEHO
30IIBIIUTH KITBKICTh OCOOWH y Tpymax IS ITiJBUIICHHS
CTaTUCTUYHOI HATIHOCTI Ta pPENpe3eHTaTHBHOCTI Pe3yib-
TarTiB.
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Y pobomi npedcmasnero pesynvmamu komMniekcHo2o 00caiodcerHs enausy gipycy mosaixu coi (BMC) na bioximiuni nokasnuxu poc-
JUH €Ol YKPAaiHCbKOT cenekyii. AKmyanbHicms memu 3yMOGILeHa CYMMEBUMU GMPAMAamMil 8PONCAL0 Yiel KYIbmypu 6HACTIOOK THeKyil, ujo
Mmodnce caeamu 50-70%, a makooc Hedocmammim pignem 3Hanb NPo OIOXIMIUHI MeXaHizM POPMYBAHHA 3AXUCHUX PEaKYill Y POCIUH-XA-
3ai8. Po3skpumms yux Mexanizmie Mae Kiuo8e 3HaueHHs O celekyii ma niosuujenns iMynimemy coi npomu ipycis.

006 ’ckmom docnidocenns oyau 300pogi ma ingikosani BMC pocrunu copmis ‘Aepopa’, ‘Apiaona’, ‘Bacunvikiécwvra’,

3mina’, ‘Eepidixa’, ‘Cepenada’, ‘Csaiigo’, ‘Odecumxa’, ‘Taspia’, ‘@ewnikc’. Oyinioganu emicm 3aeaibHo2o OLIKA, PO3UUH-

Crnoboxancekmid HaykoBuit BicHuk. Cepist: [Ipupopnuyi Hayku, Bumyck 2, 2025

70



HUX YYKpis, (hnaeonoiois, xaopoginie a i b, kapomunoioie, a maxoxc akmusHicmev HeUmpaibHOI npomeasu ma iHeidimopa
MPUNCUHY.

Ompumani pesyiomamu 3aceiouuny, wo eipyCHa IHpeKyis cnPUYUHIE KOMNAEKCHI 3MIHU Memadonismy: 3HUNCEHHS. 6MICmY OLIKA
ma Xa0poqhinie, wo 6i006PANCAE NPUSHIYEHHS HOMOCUHMEMUYHOT AKMUBHOCME, NOPSO i3 NIOGUWECHHIM DIGHS POZYUHHUX YYKDI6
¥ uacmunu copmis. Boonouac eusieneno menoenyito 00 HaKonuyenHs (raeoHoioie i eapiabenvHi 3MiHu Y eMicmi KapomuHoiois, ujo
Modice c8I0uUmU NPo aKmuBayio aHMUOKCUOAHMHUX MA A0ANMUSHUX MeXAHI3MI8 Y 810n06idb Ha cmpec. Xapakmep peakyiil 6I10pi3HABCA
Mmiowe copmamu: deski (‘Bacunvkiscoka’, ‘Denikc’) npodemoncmpysany Oinbui Upadicere 3pOCHAHHA 3aXUCHUX Memabonimig, mooi Ak
inwi (‘Eepioika’, ‘Odecumxa’) eussuiu Oinbuly 8pasusicme.

Taxum uunom, pesynomamu 00600amv, ujo BMC icmomuo mpancgopmye 6inkosuil, 6yene6o0nutl ma nicMeHmuuil 0OMIHY Y POCIUH
oI, a copmogi GIOMIHHOCMI Peakyill 6KA3YI0Mb HA NePCNeKMUGHICIb BUKOPUCIAHHS OKDEMUX 2eHOMUNIG Y celleKyil Ha CMitKicmb 00
gipycux x60pod. Ompumari 0aui € 8axNCIUBUMY O 2IUOUI020 POZYMIHHS OIOXIMIYHUX MEXAHI3MIE CIILIKOCMI ma po3poOKu npakmuy-
HUX 3aX00i6 3aXUchy nocieie coi.

Kniouosi cnosa: cos, sipyc mosaixu coi; npomeit; ineibimop mpuncuny; npomeasu, OiOXIMIuHI NOKASHUKI, CIIUKICHb POCUH.

Fanin Yaroslav, Molodchenkova Olha, Mishchenko Lidiia, Dunich Alina, Mishchenko Ivan, Dashchenko Anna,
Sichkar Viacheslav, Lavrova Halyna. Biochemical indicators of common soybean plants infected with soybean mosaic
virus

This study presents the results of a comprehensive analysis of the impact of soybean mosaic virus (SMV) infection on the biochemical
parameters of soybean plants of Ukrainian breeding. The relevance of the research is determined by the considerable yield losses caused
by SMV, which can reach 50-70%, as well as by the insufficient knowledge of the biochemical mechanisms underlying the host-pathogen
interactions. Elucidating these mechanisms is crucial for the development of breeding strategies aimed at increasing soybean resistance
to viral diseases.

The objects of the study were healthy and SMV-infected plants of soybean cultivars ‘Avrora’, ‘Ariadna’, ‘Vasylkivska’, ‘Zmina’,
‘Evridika’, ‘Serenada’, ‘Syayvo’, ‘Odesytka’, ‘Tavriya’, and ‘Fenix’. The evaluation included total protein content, soluble sugars,
Sflavonoids, chlorophyll a and b, carotenoids, as well as the activity of neutral protease and trypsin inhibitor.

The results showed that viral infection induced complex metabolic changes: a significant reduction in protein and chlorophyll
content, reflecting the suppression of photosynthetic activity, accompanied by an increase in soluble sugars in some cultivars. At the same
time, a tendency towards flavonoid accumulation and variable changes in carotenoid content were observed, indicating the activation
of antioxidant and adaptive mechanisms in response to stress. The nature of responses differed among cultivars: some (‘Vasylkivska’,
‘Fenix’) demonstrated more pronounced accumulation of protective metabolites, while others (‘Evridika’, ‘Odesytka’) exhibited higher
susceptibility.

Thus, the findings demonstrate that SMV significantly alters protein, carbohydrate, and pigment metabolism in soybean plants, with
cultivar-specific responses highlighting the potential of certain genotypes for breeding resistant varieties. These data provide important
insights into the biochemical mechanisms of resistance and can be applied in the development of practical strategies for crop protection.

Key words: Glycine max L., soybean mosaic virus; protein, trypsin inhibitor, proteases; biochemical indicators; plant resistance.

Beryn. Hecripus Bl YMHHUKY HaBKOJIHMIITHBEOTO CEepe-
JTOBHIIA € OMHUMHU 3 HAHBKIHUBIMIMX (DaKTOPIB, IO BILIH-
BaIOTh Ha YPOJKAaHHICTH Ta AKICTh 3epHa OOOOBUX KYIBTYD,
30kpema coi (Glycine max L). Y 3B'A3Ky 3 UM 3actocy-
BaHHS Pi3HUX arpOTEXHIYHUX, CEICKI[IMHUX Ta O010TEXHO-
JIOTIYHUX TIXOIB O MiIBUIICHHS CTIHKOCTI POCIHH IO
CTpECiB pI3HOI NMPUPOAM € OAHUM i3 KIIIOYOBHX 3aBIaHb
arpapHOi HayKHu.

Piske 3HMKEHHS ypOXKAWMHOCTI OOOOBUX KYIBTYp
y HECHPUSATINBI POKH TIOB’s3aHE HE JIMIIE 3 JIEI0 EKOJIOo-
TIYHUX (AKTOPiB, a W 31 3pOCTaHHSAM MOUIMPEHOCTI Bipy-
CHUX IH(EKIIi}, 0 PO3BHBAIOTECS Ha (DOHI MOCITAOICHHS
IMYHHOT aKTHBHOCTI POCIIMHHOTO OpraHisMy. BcTanosieHo,
1110 He30aIaHCOBAHE )KUBIICHHS, Pi3Ki KOJIMBAHHS ITOTOAHUX
YMOB, a TAaKOXX HU3BKHH PIBEHb XIMIYHOTO 3aXUCTY ITOCIIA-
OJIIOIOTH IMYHITET POCIUH 1 CIIPUSIOTH MTOMIMPEHHIO Bipyc-
HUX XBOpoO [1].

31aTHICTh POCIIMH YUHUTH OIIp HECHPHUSTINBUM yMO-
BaM CEpE/IOBHINA, 30€piraloun >KUTTE3ATHICTh, 3HAYHOIO
MIpOIO 3aJIC)KUTH BiJl aKTHBHOCTI 3aXHCHUX 1 IPHUCTOCY-
BaJIbHUX MEXaHi3MiB [2]. AnanrtamiiHa 30aTHICTh Ta CTiH-
KICTh POCIHMH 3yMOBJEHI T'€HETHYHHUMHU OCOOIMBOCTSIMHU
i peamizyloThCsl y MpoOLEci OHTOreHe3y. 3HauHy pOoJib
y IIbOMY BiirpatoTh Oi0XIMIUHI CHCTEMH 3aXHCTY, 30KpeMa
IHAYKIisS CHHTE3y CTPECOBHX OLNKiB, 3MiHH B poOOTI dep-

MEHTATUBHHUX CHCTEM, ITiJBUIICHHS pPIiBHS (HiTOTOPMOHIB
CTpecy, aKTHBAIlis CUTHAJIBHUX IIUIAXIB TOIIO.

CKIIaIOBUMH OCHOBHHX UWHHHKIB, SKi JIMITYIOTh
peaiizamio TPOAYKTUBHOCTI 000OBHX KYIBTYp, 30KpeMa
coi, € BipycHi xBopoOu. Bimomo, 1o cost cxuibpHa 10 ypa-
JKeHHsI 0aratbMa BipycaMH, TaKMMH SIK Bipyc Mo3aiku coi
(BMC, soybean mosaic virus), Bipyc MoO3aiku JIOLEPHH
(BMJI, alfalfa mosaic virus), Bipyc >k0BTO{ MO3aiKu KBacoIi
(BXKMK, bean yellow mosaic virus) ta in. [3-5]. Haii6inem
wkogouuHHUM i coi € BMC. 3HmkeHHs Bpoxaro Ipu
ypaxernHni BMC ckiagae Big 8 mo 50-70% [6,7].

JocnimkerHs OiOXIMIYHUX peakIiii pOCIHH 32 YMOB
iH(IKyBaHHS BipycaMu, BKa3yIOTh Ha BaXKJIHBY POJb OiJ-
KOBOTO OOMiHY B 3a0e3redeHHi ¢itocTiiikocTi. [Tokazano,
0 cepell THITOBHUX BiIOBINCH pOCIUH Ha BIpyCHY iH(EK-
Iif0 € 3MiHa BMICTY OUIKIB (CTPYKTYpHUX 1 (pepMEeHTaTUBHO
AKTHBHUX), 3pOCTaHHS aKTUBHOCTI JIGKTHHIB, 30€peXeHHS
aKTUBHOCTI MPOTeiHA3 Ha PiBHI KOHTPOJBHUX (3TOPOBHX)
pociuH Tomo [8, 9]. ¥V BianoBinp Ha BipycHY iH(EKIif0
B POCIIHHAX IHAYKyeThCs cuHTe3 PR-0inkiB [10].

Jlo TOTeHIitHO aKTHUBHUX KOMIIOHEHTIB IMYHITETY
POCIIMH HaJIe)KaTh TaKOK IHTIOITOpH mpoTeas3. Xoda Il
PEYOBHHH BIiITparOTh 3aXUCHY POJb, HAAMIipHA IX Killb-
KICTh Y Xap4OBHX IPOAYKTAaX MOXE 3HM)KYBATH ITOKHBHY
LIHHICTh, OCKUIBKM TIOPYIIye HOpMallbHE IEPETPaBICHHS
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OinkiB. [lo iHTIOiTOpiB mpoTea3 Hamexarb IHTIOITOPH
TPUIICHHY Ta XIMOTPHUIICHHY — IPUPOIHI 3aXMCHI CIIOTYKH,
TIpUTaMaHHI COEBUM 000aM, 10 3a0e3MedyroTh 3aXUCT Bif
IIKiTHAKIB (ITaxiB, TPU3YHIB) i MIKPOOPTaHi3MiB. Y CHpUX
600ax coi HasiBHI /JIBa OCHOBHI iHTiOiTOpH MpoTeas: iHTi0i-
top Kynurna Ta iari6irop baymana—bipka, mpudomy ocTaH-
Hilf € OUTBII CTIMKIM 0 [ii TeMIIepaTypH, JIyTiB Ta KHCIIOT.
VY 3aragpHOMY BMICTi CHpOi CcOi I1i iHTiIOITOpH CTaHOBIATH
npudnuzHo 1,4% 1 0,6% BiamoBixHO.

Bipycwu, Taki sk BMC, BUKITHKarOTh KOMITDIEKCHI 0i0Xi-
MiYHI BIATYKH POCITIHH-Xa341B, 30KpeMa iHAYKIIIF0 3aXUCHUX
peaxitiii, 3MiHy B piBHI IpoTea3 Ta MPOTea3HUX iHTiOITOPIB.
[IpoteasHni iHridiTopm, BKIOUHO 3 iHTiOITOpOoM Baymana—
Bipka, MOXXyTh BimirpaBaT TMOABIHHY 3aXHCHY pPOIb: K
YacTHHHU O1IKOBO-pE3epBHOI CHCTEMH HACIHHS, TaK 1 K
CIIEMEHTH TPOTEKTOPHUX MEXaHi3MiB, OCOOIMBO iMYyHHOI
peaxmii-Biaryky [11].

OnHUM 13 MEXaHI3MiB, Yepes sIKi Bipyc MOXKe 3MiHIOBaTH
MIPOTea3Hy aKTUBHICTb, € aKTHBHICTH BipycHOTO Oinka 6K 1.
Hanpukian, min gac iHdexmii Bipyc Mo3aiku pimu (turnip
mosaic virus, TuMV), 6imox 6K1 mpurHidye aKTHBHICTb
POCIMHHHX TIPOTEa3, IMI0 MOXKE CIPUSATH HAKOMMYECHHIO
BipyCHHX OiNKiB Ta cHCTeMHiH iHQektii. OTxe BipycHi
Oinkn (Hanmpukiran 6K 1) MOXKyThk IPUTHITYBaTH aKTUBHICTD
POCITHMHHHX TIPOTEa3, IO J03BOIISIE BipyCy OOINTH 3aXHCHI
MexaHi3Mu xa3siHa. [Iporeas3Hi iHTiOiTOpH COi, 0COOIMBO
iaTi6iTOop baymena—bipka, MaroTh MOTEHIIia SK KOMIIOHEHT
AHTHUBIPYCHOI BIiAMOBiMi, 3aBISKH 3MAaTHOCTI IHIIIIOBATH
iHTep(EPOHOBI CUTHABHI IIISIXH — X04 Hapasi mer edext
MIPOIEMOHCTPOBAHO HE OE3MMOCepeHhO y €Oi, a B IHIMINX
cuctemax [12].

Meta po6oTi. MeToI0 TaHOTO TOCIiKEHHS OYJI0 OIli-
HUTH BIUTUB BipycHOI iH(dekmii Ha 6i0XiMigHI IPOTEKTOPHI
peaxiiii B poCIHAX COi.

Marepiann ta metomu. J{OCITiIKEHHS TPOBOIMIHCS
Ha JIUCTKAaX 2-X BEPXHIX SPYCiB POCIWH cOi 3BHUYANHIN
(Glycine max L.) copriB ‘ABpopa’, ‘Apiagna’, ‘Bacwib-
kiBcbka’, ‘3mina’, ‘EBpimika’, ‘Cepenana’, ‘CaiiBo’, ‘Ome-
curka’, ‘TaBpis’, ‘DeHiKc’ — BCl COPTH IMOXOKEHHS CETIeK-
i CeneKiitHo-TeHeTHIHOTO 1HCTUTYTY — HarlioHaapHOTO
LEeHTPy HaciHHe3HaBcTBa Ta coprtoBuBueHHS (CIT —
HIIHC), y ¢a3i nBiTiHEA. Yci MONBOBI AOCTITN 3aKIIaIalH
3TiIHO 3 3aTaTbHONPUIHHATAMEI MeTOANKaMu 3a [ 13].

InenTudikamiro BipyciB 3IiiCHIOBaIH 3a IOMOMOTOIO
IMyHO(EpMEHTHOTO aHai3y (TIONBIHHUI CEHIBIY-BapiaHT)
i3 BUKOPHCTAaHHAM KOMEpPLiHHUX TecT-cucteM 10 BMC Bin
xommanii Loewe (HimMeuarna) 3rigHO pekoMeHaIiii Bupoo-
HUKA, Y TPHOX TMOBTOPHOCTAX. Jlo aHami3zy Oynn BKIFOUYCHI
TaKOK KOHTPOJIi: TO3UTUBHMH Ta HETaTUBHMH, IO SBIISIOTH
c000F0 3pa3K JIMCTKIB POCIUH COI, IO MIiCTATh IIyKaHHUHA
BipyC Ta 3pa3Kku 3IOPOBUX POCIWH, BIAMOBIAHO. Pe3ymsraTn
(depMeHTaTHBHOI peakmii peecTpyBaimm Ha pizepi Termo
Labsystems Opsis MR (CILIA) mpu goBxuHi xBuii 405 HM.
3pa3oK, ONTHYHA TYCTHHA SIKOTO MEPEBHIIyBaJla 3HAUYCHHS
HETaTUBHOTO KOHTPOJIIO IIOHAHMEHIIEe y TpW pas3H, BBa-
JKaBCs 32 MO3UTHBHUI.

BwicT Oinka Bu3Hauamm metogoM K’enprans 3 BUKOpHC-
TaHHSIM aHaizatopa 6inka/azoty Kjeltec Auto 1030. 3arans-
HUH BMICT (pITaBOHOIIIB BU3HAYAIH 32 METOIUKOIO [ 14].

AKTHBHICTP HEHTpaJIbHOI TPOTEa3W BH3HAYAIHA 3a
JIOTIOMOT010 peakTrBa DoJiHa 3a MPUPOCTOM B HAJ0CAIO0-
Bilf pianHI MponyKTiB Timpomisy 2%-kaseiny (pH 6,0), mo
HE OCIJafoTh TPU OJaBaHHI 5% TPUXIIOPOITOBA KHCIOTH
(TXO). AKTHUBHICTD €H3UMIB BHpa)kaJl B HaHOKaTalaX Ha
1 xr mioiTFHO BUCYIIIEHOT Mach MPOPOCTKiB. 3a 1 HaHOKa-
TaJ MPUHMANH KiJTBKICTh €H3UMY, 1[0 KaTalli3ye yTBOPEHHS
1 Hanomons THpo3uHy 3a 1 ¢ inkyOarmii [15]. AKTHBHICTH
iHTI0ITOPIB TPOTCONMTUYHAX (EPMEHTIB BHU3HAYAIH 3a
3MEHIIIEHHSIM IIBUAKOCTI TiIPONi3y CHHTETHYHOTO CyO-
ctpaty BAITA (N-o-6en3oin-dl-aprinin-4-miTpoaHimin)
EH3UMOM B TIpHUCyTHOCTI iHTiOiTOpa [16]. IHTIGiTOpHY
AKTHBHICTh BHPAXaJM B IpaMax IHAKTUBOBAHOTO CH3UMY
Ha | kT modimizoBaHoro Marepiamy. Konmenrparito 6inka
B €KCTpaKTax BH3Ha4anmu 3a meromoM Jloypi [17]. BuzHa-
YEeHHS! BMICTY I[yKpiB HPOBOJWIN AHTPOHOBHM METOIOM
[18]. Bwmict xiopodiniB a, b Ta KapOTHHOINIB BU3HAYAIN
CHEKTPO(POTOMETPUIHIM METOIOM 3a 3aTrIbHONPUITHATOIO
meTtoaukoro [19].

ExcnepumenTanpHi JIOCIIJDKEHHS TIPOBOIVITI
Y TPUKpaTHii 610JIOTiYHIH TOBTOPHOCTI [T KOKHOTO COPTY
Ta y TPUKPATHIl aHATITUIHIA TOBTOPHOCTI.

JlaHi oIpanboByBaI METOIOM BapialiifHOI CTATUCTHKH
3 BUKOPUCTAHHAM MporpaMHoro 3abe3nedeHns LibreOffice
Calc (GNU Lesser General Public License). Jlns orinku
JIOCTOBIPHOCTI PI3HHUIb MK BapiaHTaMH 3aCTOCOBYBAJH
mapHuit t-rect CThioneHTa. Pe3ynmpraTé BBaXKalll CTaTHC-
TUYHO 3HAYYIIUMHU TIpH piBHI HMoBipHOCTI p < 0,05.

Pesynbratn i o0OroBopeHHsi. 3TigZHO TPOEKTY
Ne 2023.03/0244 «MexaHi3MH CTIHKOCTI E€KOHOMIYHO
BAXJIMBHUX KYJIBTYp A0 BIpYCHHX XBOpPOO 32 yMOB BOEH-
HOTO CTaHy 1 TI00albHOTO TOTCINTIHHS» KOHKYPCY
«IlepemoBa Hayka B YKpaiHi» 3a JAPYTHM e€TamoM — OyB
MPOBEACHUI CKPHUHIHT COPTIB Ha HasABHICTH OioXimid-
HHX 1 MOJIEKYJISIPHUX MapKepiB TeHETUIHOI CTIHKOCTI 110
OHUPKYITIOIYNX 130JATiB BipyciB. 3a UM eTaroMm OyIo
MPOBEACHO 0O0CTEXEeHHS MociBiB coi y 2025 pomi B ymo-
Bax OmechKoi 00acTi 3aCBITYMIN HAIBHICTH CUMIITOMIB
BipycHOI iH(eKIIii, ki € THIOBUMH A ypakeHHs BMC,
a camMe MO3aikW Ha JUCTKax Ta aedopMarii JTUCTKOBUX
MIacTUHOK (puc. 1).

Pesyneratn  imyHOodepmentHoro anamizy (IDPA) mia-
TBEPIMIIH, III0 POCIUHY IiticHO iH}ixoBani BMC (pwuc. 2).

HactymauM etamom nocmimkeHHsS Oylno BHBUYCHHS
BMicTy Oinmka y nmuctkax iHpixoBannx BMC pocimH coi.
Pesynprarn mokasamny, mo y ¢a3i IBITIHAA B THCTKaX 1HOI-
KOBaHMX POCIIHH BMicT Oinka 3HMKyBaBcs Ha 10,8% (y Bin-
HOCHHX OJMHHIIAX) MOPIBHSHO 31 3OPOBUMH POCITHHAMH
(puc. 3). B cepenapoMy BMICT OiNka y 3TOPOBUX POCIHH
cranoBuB 16,40%, Toxi sk y indikoBanux — 14,79%. Ilpo-
BEJCHMH MapHUH t-TeCT TOKa3aB, IO 3HIKEHHs Oylo cTa-
TUCTHYHO 3HATyIuM (t = 3,46, p=0,007). Lle cBiqunTs, 110
BipycHa iH(QEKI[is IPU3BOIUIA IO TOMITHOTO 3MEHIIICHHS
JAHOTO TlapameTpa y OLIBIIOCTI COPTIB, MO MOXe OyTH
HACIIIIKOM TOPYIICHHS METaOONIYHUX TMPOIEeCiB 1 3HU-
JKeHHS (i310JIOTIYHOI aKTUBHOCTI TKAaHWH, IIO Y3TOIKY-
FOTHCS 3 TaHUMH, HaBEJCHUMHU B JIiTeparypi [20, 21].

HactymauM etamom nocmimkeHHs Oylno BHBUYCHHSA
BMICTY XJI0podiny a Ta b, pO3YMHHUX IYKPIB i (h1aBoHOI-
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Cosa

CenexiiifHo-reHeTHIHUH IHCTHTYT

3

Puc. 1. Pocaunn coi copty coi BacuiabkiBebka: 1 — ingikoBani BMC; 2,3 — 310poBi
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OnTtuuna ryctuna npu 405 um

Puc. 2. Bmict anturenisB BMC y aucTkax pocjiMH coi pi3HHX COPTIB i3 cuMnToMaMu M0O3aiku
Ta aedopmaunii 3a pesyabraramu [PA

JiB y uctkax iHdikoBanux BMC pociun coi. Takox Oyio
BUSIBJICHO 3HAYHE 3MEHIICHHS BMICTYy Xjopodiny a (Ha
69,1%). Y 310poBHX POCIIHMH CEPEHii BMICT XJI0podiTy a
cranoBuB 97,06 mr/100 1, Toni sk y iH(pIKOBaHUX — JIHIIE
39,67 mr/100 T (puc. 4-5). Bmict xsopodiny b Takox 3MeH-
muBcst Ha 65,0%, npu cepeTHbOMY 3HAYEHHI y 3I0POBUX
pociuH 70,26 Mr/100 1, a y xBopux — 42,56 mr/100 r. IIpo-
BEJICHI JIOCII/DKEHHSI TIoKa3aiy, o y (a3l UBITIHHSA BMICT
KapOTHUHOINIB y BipyCiH(IKOBaHMX POCIHMH 3HH)KYBaBCS Ha
30,7% (puc. 6). CepeaHiii BMIiCT KapOTHHOIIB Y JHCTKAX
30pPOBHX POCIUH cTaHoBUB 126,5 mr/100 1, Toxi 5K y iH}i-
koBaHuX — 96,8 Mr/100 1.

Croboxancekuid HaykoBuii BicHuk. Cepist: [Ipupoxnmyi Hayku, Bumyck 2, 2025

BaxnuBy ponb B aganTamiiiHMX Tpolecax pocivH 3a
Ji1 HECIPUSITIIMBUX YMHHUKIB Pi3HOT MPHUPOIH BiirparoTh
mykpu Ta ¢uaBoHoiau [1,22]. OTpuMmaHi pe3yabTaTH moKa-
3aJIM, M0 YpaXEeHHs BIPYCHOIO 1H(EKIIEI0 CyIPOBOIKYBa-
JI0Csl 3HIDKEHHSIM BMICTy IyKpiB Ha 7,8%, a BMicTy ¢uiaBo-
HoiniB — Ha 3,1% y cepeHbOMY TOPIBHSHO 31 3[0POBUMH
pociuHamu (Tabi. 1).

OnHak, Ha BIJMIHY BiJ TONEpPEIHIX Ppe3YIbTaTiB,
32 IMMH TIOKa3HMKaMH CIIOCTepirajgacsi BapiaTHBHICTB:
y JIeSIKMX COPTIB BMICT IyKpiB 1 ()1aBOHOINIB OyB BUIIUM
y 1H(IKOBaHUX POCIUH, HIK Y KOHTPOJBHUX. Bimomo, 110
3HW)KEHHSI BIJITOKY aCHMUIATIB i3 XJIOPOIUIACTIB 1 JINCTKA
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Puc. 3. Bniius BMC Ha BMmicT 0ijika B JIMCTKaX POCJHH €Oi Pi3HUX cOpTiB, %o

W 3p0posi M IHbiKoBaHI

Puc. 4. Bnoius BipycHoi iHdekuii Ha BMicT XJI0pogiy ¢ B JIMCTKaX POCJIHH coi pi3HuX copTiB, Mr/100 r
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Puc. 5. BnoinB BipycHoi indekuii Ha BMicT Xy1opodinay b B IMCTKaX pocjanH coi pi3Hux coptis, Mr/100 r
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Puc. 6. Bniius BipycHoi iHgexuii Ha BMicT KapOTHHOIAIB B JIMCTKaX POCJINH coi pi3HUX copTiB, Mr/100 r

B IJIOMYy MOXE IPH3BOIUTH JO HAKOIHMYEHHS IyKpiB
y (OTOCHHTE3yrOUHMX OpraHax. Takuil Mporec, 3 OJHOTO
0OKy, 3/IaTHUI MPUTHIYYBaTH (OTOCHHTE3 32 MEXaHi3MOM
3BOPOTHOT'O 3B’SI3KY, ajie 3 IHIIOTO — MOXKE MaTH 3aXHCHE
(nmpotekTopHe) 3Ha4eHHs [23].

CepenHi 3HAYeHHS aKTUBHOCTI 1HTIOITOpa TpPUIICHHY
B JIMCTKax coi cknanu 1,215 + 0,34 mr/r y 310poBHX pOCIHH
ta 0,93 £+ 0,22 mr/r y ingikoBanux BMC. Ilapuuii t-tect
(t = 0,323; p = 0,754) noka3aB BiJICyTHICTh CTaTHCTUYHO
3HaUyIIO] Pi3HUI MK I'pYIIaMH, 10 CBIAYUTH PO BUCOKY
BapiaOesbHICTh peakiii pi3HUX TEHOTHIB Ha BIPYCHY
iHgekIito (puc. 7).

3 HayKOBOI JITEpaTypH BiJIOMO, IO AKTHBHICThH IHTI-
OiTOpiB MpOTEa3 y pOCIMHAX MOXE SIK 3POCTaTH, TaK
1 3HIKYBaTHCS B 3aJISKHOCTI BiJl THITy MaroreHa, iHTEH-
CHBHOCTI 1H(EKLIHHOTO MPOLECy Ta TEHETUYHUX OCOOIH-
BocTel copty [24]. st 6060BuUX, 30KpeMa coi, iHTri0ITOpH
TPUIICHHY BiJirpatoTh posib y (hopMyBaHHI HecrienupiaHoi
PE3UCTEHTHOCTI, 3MEHIIYIOUH JIeTpajaliito OLIKIB pOCINHH
mij giero nporeas naroreHy. OTpuMani AaHi MiTBEPIKY-

I0Th, 1110 B YMOBaxX BipyCHOTO Ypa)KEHHS y YaCTUHH COPTIB
(manpuknan, ‘3mina’, ‘EBpigika’) akTUBHICTH 1HTIOITOpIB
HaBITb 3pOCTAE, 1110 MOXKE OyTH eJIEMEHTOM a1alTHBHOI Bifl-
MOBIJIi, TOI K B iHINKX (HaMpHKIamd, ‘ApiagHa’, ‘ABpopa’)
CIIOCTEPIraeThCs 3HIKCHHS (pUC. 7).

VY nopanbmuX JOCHIDKEHHSX Oylno MpoaHalli3oBaHO
AKTHBHICTh HEHTPaJIbHOI MPOTEA3N y JIMCTKAX POCIHH COi.
OTpuMaHi pe3ysbTaTh MoKa3aJu, 0 aKTHBHICTh HEHTpasb-
HOi mpoTeaszu Oyna 3HAYHO BUINOI Y BipyCiH(IKOBaHMX
pociuH — Ha 79,9% mnopiBHSHO 31 310POBUMH. 30KpeMa,
cepesHs aKTUBHICTh HEHTPaJIbHOT IPOTEa3n y JIMCTKAX 3/10-
poBux pociut cranoBmia 330,0 HKaT/Kr, TOI SIK y iH(IKO-
BaHUX — 593,78 HKaT/KT.

AHaJOriuHi 3MIHH CITOCTEPITaucs 1 MPH PO3PaXyHKY
MUTOMOI aKTHBHOCTI HEHTpalbHOI mporea3u. Y 310po-
BHUX POCJHMH CEpeAHIi MOKa3HMK cTaHOBHMB 1495,7 Hka-
T/T OinKa, Toxl 5K y iH¢pikoBaHux — 2411,14 uxar/r Oinka
(Tadm. 2). Takum umHOM, Tpu iH(IKyBaHHI aKTHBHICTh
MUTOMOT aKTUBHOCTI HEUTPaAIbHOI MPOTEa3u 3pocTajia Ha
61,2%.

Tabmuus 1

Bnuius BipycHoi indekuii Ha BMicT ykpiB Ta ¢u1aBoHOIAIB, B THMCTKAX POoc/JHH coi (da3a uBiTinHMg).

Copt Bwmict nykpis,% Bwmict duiaBonoinis, mr/r
3noposi IndixoBani 3noposi IndikoBani

ABpopa 6,62+0,37 6,20+0,05 2,19+0,01 1,45+0,05
ApianHa 7,45+0,35 6,80+0,27 1,44+0,03 2,00+0,02
BacwuibkiBebka 8,41+0,22 7,62+0,05 1,36+0,03 1,51+0,02
3MiHa 8,61+0,28 8,61+0,34 1,51+0,02 1,76+0,05
EBpinika 7,51+£0,04 8,11+0,34 1,66+0,02 1,53+0,03
Cepenana 8,21+0,18 7,40+0,03 1,47+0,03 1,30+0,01
CsiiBo 7,37+£0,37 7,92+0,51 1,56+0,01 1,27+0,03
Opecutka 9,12+0,26 8,18+0,14 1,86+0,04 1,85+0,03
TaBpist 12,49+0,05 9,96+0,18 1,63+0,02 1,54+0,02
deHike 8,52+0,05 7,40+0,11 1,55+0,03 1,57+0,01
Cepenne 8,43 +0,51 7,82+0,32 1,62+0,07 1,57+0,07
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4 3,34

Puc. 7. Bnius BipycHoi indexuii Ha akTUBHICTD IHTiGiTOPY TPUICHHY B JTHCTKAX POCJIHMH €Oi pi3HUX COPTiB, MI/T

Takum uymHOM, BipycHa iH(EKIis TPU3BOAMIA IO
JIOCTOBIPHOTO ITiIBUIIEHHS aKTUBHOCTI HEHUTpaIbHOI TIpo-
Teas3! y BCIX JOCHIIKEHUX COPTIB COi: cepenHe 3HAYCHHS
JUTSA 30pOBHX pocinH cTaHoBmI0 330,01 H-KaT/KT, TOmI K
i iHpikoBaHUX — 593,78 H-KaT/KT (t = -6,17, p < 0,001).
Po3paxoBaHunii MOKa3HUK MUTOMO{ aKTUBHOCTI HEUTPaib-
HOI TIpOTea3n JeMOHCTPYBAB YiTKE 3pOCTAHHS MPH iHPEKIIi1
(1495,7 mpotu 2411,14 mxar/r Ginka; t = -4,79, p < 0,001).
Le cBiAYUTH PO aKTHBAIIIIO MPOTEOTITHYHIX MPOIIECIB K
onHi€i 3 OIO0XIMIYHHX MPOTEKTOPHUX pPEaKlili pPOCINH Ha
BipyCHE ypaXKeHHS.

Pesynmeratét nOCIHiHKEHHS CIIBBIAHOIIEHHS AKTUBHOCTI
HEUTpaIbHOI MPOTeasy 0 aKTUBHOCTI iHTi0iTOpa TPHUIICHHY
MTOKA3aJTl CyTTEBI BIIMIHHOCTI MIXK 3IOPOBUMH Ta iH(IKOBa-
HUMM T€HOTHUIIAMH COl. Y CepelHbOMY L€l NOKa3HUK y 3710-
pOBUX pOCIHH cTaHOBUB 721,9, Tomi sK y iH(IKOBaHHX —
996,7. Xoua cepenHi 3HaYeHHS IEMOHCTPYIOTh TeHCHILIO JI0
3pocTaHHs micis iH(eKIii, MpoBeIeHIMA TapHIiA t-TeCT IoKa-
3aB, IO PI3HAILI CTaTUCTHYHO HesHauyma (t = 0,80, p=0,45).
Le cBimunTh PO HASBHICTH BICOKOI BapiaOeTbHOCTI peaKiiit
Cepell COPTiB, IO Y3TOKYETHCS 3 JITEpaTypHUMH JTaHFMH,
SIKI BKa3yIOTh Ha TeHOTHUIT-CIICIM(ITHIN XapakTep O6i0XiMid-
HUX peaKLiii-BiATYKy pociuH Ha BipycHi iHdekii [25].

AHai3 iIHANBiTyaTbHAX COPTIB TIOKA3aB HACTYITHI 3aKO-
HoMmipHOCTI. Tak, y coptiB ‘ABpopa’, ‘ApiagHa’, ‘Bacwib-
kiBcbka’, ‘3wmina’, ‘Cepenama’, ‘TaBpis’ Ta ‘Denikc’
CTIIOCTEepirasiocsi 3HAaYyHE IiABUIICHHS CITiBBiIHOIICHHS
AKTHBHOCTI HEWTPaJIBHOI MPOTEa3n/akKTUBHOCTI iHTiIOITOpa
Tpuncuny 3a iH¢pikyBanHd BMC. Haiibinemmii mpupict
criBBiAHOIIEHHS 3a(ikcoBaHO y cOpTiB ‘BacmmbkiBchka’
(3 343,6 no 2495,2) ta ‘®enikc’ (3 172,8 no 1703,7), mo
CBIIYUTH TPO pi3Kke TOCWICHHS MPOTEa3HOI aKTHBHOCTI
BimHOCHO iHTi0iTOpPIB (pHC.8). Lle Mmoxe BkazyBaT Ha pop-
MyBaHHS 3aXHCHOi peakKmii-BIATYKy NUIIXOM MOOimi3armii
MIPOTEOTITHIHUX (PEPMEHTIB."

Hatomictes y copriB ‘EBpimika’ Ta ‘OmecuTka’ crio-
CTepiranocs 3HIKEHHS CIIBBIIHOIIEHHS Mmicis iH(eKmii
(3 2358,4 no 444.,3 ta 3 1178,9 no 787,8 BianoBiaHO), 110

MOXXE€ CBIYUTH MPO MPUTHIYCHHS MPOTEa3HOI aKTUBHOCTI
Bipycom. Ilomibni MmexaHi3Mu omwmcani ams Oimka 6Kl
BipyCy MO3aiké pimu, SKAH OJOKye aKTHBHICTH POCIHH-
HUX TpOTea3 IS MOJETTIeHHS peruTiKanii Bipycy. 3 iHIIIOTO
00Ky, € aHi Mpo Te, Mo iHribiTopH MpoTea3 OepyTh yJacTb
y (opMyBaHHI CTIHKOCTI NESKHX POCIMH SK e OyIo,
HAIpUKIA], TOKa3aHo Ui iHTi0ITOpa acmapariHoOBOi IMpo-
Teasu StAPI5 y pocinHax KapTOIUTi Ta HOTO y9acTi y pery-
JATII1 3aXUCHUX TeHIB MPOTH Y-Bipycy KapToruti [24].

TakuM YMHOM, MIABMINEHHS CIIIBBIIHOIIEHHS AaKTHB-
HOCTI HEWTpaNbHOI TPOTEa3w/aKTHBHOCTI iHTiOiTOpa
TPHUIICHHY y BiINOBiAs HA BipyCHY iH(EKIIiI0 MOKHA PO3-
TISIaTH K MOYJIMBUH 1HIUKATOP CTIHKOCTI POCIWH COi,
TOZI SIK HOTO 3HIKEHHSI MOXKE CBIIUHMTH IPO CIIPUHHATIN-
BICTh 10 TaTOTeHy. Bimomo, mo mpoTreasu 3 pi3HUX POIHH
OepyTh ydacTh Maibke Ha KOXHOMY €Talli CTaHOBJICHHS
IMyHITETY POCHIHH, TIOYMHAIOYU 31 3yCTpidi 3 MATOTCHOM
B aIloIIacTi Ta 3aKiHUYIO4H iX y4acTio B SAR (cucremHii
HaOyTi# crifikocTi) [25].

IlepcnekTUBH MOAAJBIIMX AOCTIIZKeHb. Y TOHAh-
MHUX JOCIIHKEHHAX JOMIJIBHO BCTAHOBUTH B3a€MO3B’I30K
MK BUSBICHUMH 3aKOHOMIPHOCTAMH 3MiH Oi0XiMI9HHX
MOKA3HHUKIB y JIMCTKaX POCIHMH Ta YPOXKAHHICTIO Pi3HUX
COPTIB COi, @ TaKOX iX CTIMKICTIO O BIPyCHHUX XBOpPOO.
Ha ocHOBiI oTpuMaHHX pe3yabTaTiB IIIAHYETHCS PO3pPOOKa
METOIMYHUX PEKOMEHAALIN II0J0 MPOQiTakTHKH (ITOBI-
PYCHHX 3aXBOPIOBAHb 3 ypaxyBaHHIM CIICIIU(IKN arpoKIIi-
MaTUYHAX YMOB BHPOIIYBaHHS B YKpaiHi.

Kpim TOTO, pesymbraTé JOCTIIKEHb CIYTyBaTHMYTh
OCHOBOIO JUTSI T0OOPY COPTIB COI 3 TOCMOAAPCHKO-IIIHHIMHA
O3HAKAMHU Ta KOMIUIEKCHOIO CTIHKICTIO — SIK JI0 HECIPHUSAT-
JUBUX KITIMaTHYHUX YMOB, TaK 1 O BIpyCHHX iH(EKIii.
Taki copT PEeKOMEHAOBAHO YIS BIIPOBAKCHHS y CEJEK-
LifHy IPaKTHUKY Ta MOJAJIbIIEe BUKOPUCTAHHS B CIIIBCHKOMY
TOCIIOAPCTBI.

BucHoBKH. YpakeHHS POCIHH COi BipycOM MO3aiKh
coi (BMC) cynpoBOmKy€eTbCS TOPYIICHHAM poOOTH (hoTO-
CHHTETUYHOTO amapary, 3HIDKEHHSIM BMICTy XJIOpOQimiB
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Tabmmr 2

AKTHBHICTH HEHTPaJIBLHOI MPOTEa3u B JIUCTKAX 310POBHUX i ypaxkeHux BMC pociannax coi.

Copt AKTHBHICTh HeHTpPaIbHOT Bwmicr 0inka, IInToMa aKTUBHIiCTH
nporeasu I/t HelTpaJbHOI NpoTeasu,
H-KaT/KT cyxoi Macu HKAaT/ I OiJIKa
310pOBI POCITHHU
ABpopa 212,51+£21,3 0,2586+0,003 821,77+128.,0
ApianHa 464,41+34,4 0,2192+0,004 2118,66+238,1
BacunbkiBcbka 312,66+29,3 0,2145+0,009 1499,58+145,9
3MiHa 189,82+12,3 0,2192+0,011 865,97+102,9
EBpinika 471,67+30,2 0,2350+0,009 2007,11+£211,8
CepeHazia 325,254+26,9 0,1892+0,012 1719,08+122,0
CsiiiBo 329,01+£27,2 0,2003+0,005 1642,59+118,9
Opnecutka 400,83+32,1 0,232640,003 1723,26+95,9
Taspis 327,81+28,5 0,2160+0,004 1517,64+127,0
DeHike 266,16+31,3 0,2555+0,006 1041,72+132,9
Cepenne 330,01+30,0 0,224+0,007 1495,7+142,6
IndikoBani pocnuHn
ABpopa 713,00+32,3 0,3174+0,011 2246,38+129,3
Apianna 669,94+34,5 0,2887+0,012 2320,54+94,4
BacuibkiBcbka 698,65+28,9 0,2067+0,014 3380,02+89,4
3MiHa 533,51+36,2 0,2127+0,009 2508,28+145,3
EBpinika 559,88+38,2 0,2604-+0,008 2150,08+165,3
CepeHaza 557,48+39,2 0,1895+0,008 2940,85+156,9
CsiiBo 698,65+25,6 0,3437+0,013 2032,73+167,3
Onecutka 472,70£21,5 0,1878+0,017 2517,04+121,1
Taspist 539,95+24,9 0,2490+0,016 2168.47+102,3
Denike 494,07+28,5 0,2594+0,019 1846,99+112,2
Cepenne 593,78+28,9 0,252+0,017 2411,1+143,9
3000,0
2500,0
2000,0
1500,0
1000,0
500,0 i
0,0 e mll
Aspopa | ApiagHa B;i:::'( 3miHa |EBpigika CezzHa Caniso Opf:m TaBpia | ®eHikc
m3p0posi | 198,6 | 120,9 | 343,6 | 193,7 | 2358,4 | 1251,0 | 889,2 | 11789 | 512,2 | 172,8
W IndikosaHi| 938,2 | 286,3 | 24952 | 306,66 | 444,3 | 1506,7 | 862,5 | 787,8 | 6352 | 1703,7

Puc. 8. CniBBifHOIIEHHSI AKTUBHOCTI HEHTPAJIBLHOI IPOTEa3H 10 AKTUBHOCTI iHTri0iTOpa TPUIICHHY y 310POBHX
Ta indikoBannx BMC pocimHax coi pi3HHX cOpTiB

Ta OiJKa B JINCTKAaX, a TaKOK 3HAYHIMH 3MIHAMH y BMICT1
(hmaBoHOIIB Ta po3UMHHUX IyKpiB. e cBiqunTh TIpO TITH-
Ooky mepeOymoBy MeTaboIi3My ITiJ] BIUTHBOM iH(EKIIii.

JlocnmipKeHHsT TTOKa3ali, M0 MK COpTaMH iCHYIOTH
CYTTEBI BIIMIHHOCTI y peakmii Ha iH(eKIifo. Y HU3KH
coptiB (‘BacmipkiBepka’, ‘@eHiKe’) BUSBICHO IiABHIICHE
CHIBBITHOIIEHHSI AaKTHBHOCTI HEUTpanbHOI MpoTeasn 10
iHTI0ITOpPa TPHUTICHHY, IO MOXKE PO3TISAATHCS SK O3HAaKa
TOTEHIIIHOT cTiifkocTi. Haromicte y coptiB ‘EBpimika’
Tta ‘Omecutka’ 1ei TMOKA3HHUK 3HIDKYBABCS, IO CBITYHTH
PO BUIIlY YYTIUBICTH IO BipyCHOT iH(EKIIii.

BaxnnBOIO TPAKTHYHOIO IIHHICTIO € BHSABICHHS
COpPTIB 3 OINBII CTIHKMMH O3HAKaMHU 0iOXiMIYHOI Bif-

MOBIJIi, IO JT03BOJISIE BUKOPUCTOBYBATH iX K JDKEpesia
JUTSL CeNIeKIIiT Ta afganTamii BApOOHHUIITBA 710 YMOB TIOIIH-
peHHs BipycHUX xBopoO. OTpumaHi pe3yrbTatu MiI-
TBEPIDKYIOTh HEOOXINHICTh ypaxyBaHHS OiOXiMIYHHX
MapKepiB (BMicT XJIOpodiniB, (pIaBOHOINIB, aKTHBHICTH
mporeas Ta iHTIOITOPiB) mpW BigOOpi COPTIB, 3MATHUX
3abe3meyyBaTi CTablIBHY BPOKAWHICTE y CTPECOBUX
YMOBaX.

Poboma eukonana 3a ¢hinancosoi niompumxu HDIY.
Ipoexm Ne 2023.03/0244 «Mexanizmu cmitikocmi exo-
HOMIYHO 8AJCIUBUX KYILIYP OO0 BIPYCHUX XBOPOO 34 YMOG
B0EHHO20 CMAHy i 2100aNIbHO20 NOMENIIHHAY KOHKYPCY
«llepedosa nayka 6 Yrpaini».
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benokonv Kapina, Ilipocosa Ipuna, Manvosanuit Mupocnas, /icucupein Ipuna. Hopmamueno-npaeosa 6aza
PecionHanbH020 MORIMOPUN2Y 006KINIA 6 YKPaini: 6UKIUKY MA WAAXU 600CKOHATIEHHA ) NOBOEHHUTL nepioo

YV emammi npoananizoéarno cyuacHuii cmax HOPMAMUBHO-NPABOBO20 3aDe3NeUeHHs. CINBOPEHHs PeLiOHATbHUX YeHMPI8 MOHImo-
PUHEY O08KINIAL 8 PAMKAX PO30YO08U 0epacasHoi cucmemu MOHImopuney 008Kinia 8 Vrpaini. Posensanymo xkiouo8i noioxcents Hogux
3AKOHOOABUUX AKMIG, WO PENAMEHMYIOMb CMBOPEHHS PELIOHATbHUX YEHMPI8 MOHIMOPUHRY, (YYHKYIOHYBAHHS IHPOPMAYIIHUX CUCTEM,
nopsidoK 300py ma GUKOPUCHIAHHS eKOL02IUHOT iH(opmayil. BuzHaueno ocHOGHI HeOONIKU 3aKOH00AsHOl 6a3u. HeYimKicmb y 6U3HA-
YeHHI NOBHOBAJICEHb MA BIONOBIOAILHOCHI OP2AHIE, BIOCYMHICIb MEXAHIZMIE (DIHAHCYBAHHSA, CHIAHOAPMIE MA MeMOOUK MOHIMOPUHSY,
YIMKUX 8UMO2 00 MEXHIUHO20 3a0e3neyeHHs, YimKux Kpumepiie oyinku e(heKmusHoOCmi cucmemy MOHIMOPUH2Y, 00MelceHUtl dOCHyn
epomadcwbrocni 00 iHghopmayii, Hedocmamusa iHmepayia 3 MINCHAPOOHUMU CUCIEMAMU, KAOPOBULl Mda MexHiyHuil 207100 (cheyianicmu,
npocpamue, mexHiyne ma pecypcHe 3a0e3neueHHs pecioHanbHUX YeHmpie MOHIMopuH2y 008KiNIA). 3anponoHo8ano Hanpamu y0OCKo-
HANeHHs HOPMAMUBHO-NPABOBOT 0a3U (DYHKYIOHYBAHHS Pe2iOHANbHUX YeHmPI8 MOHIMOPUH2Y D0BKINIS Ol e(heKMUBHO20 eKON02IUH020
YNPagNiHHA: YimKa I€papXis ma po3nooil NOGHOBAJICEHb, GUSHAUECHHS KOHKPEMHUX 3a60aHb Ma chepu I0N0BIOAILHOCHI KOJICHO20
Op2amy; USHAUEHHs. CManux ogcepen QiHancysants; 0006'A30K NYONIKY8aHHS Pe3yIbmMamie MOHIMOPUHY, HAYIOHATbHI CIMAHOapmu
mMa MemoOuKy MOHIMOPUHRY, AKI 8I0N0SI0AMUMYMb MIJNCHADOOHUM BUMO2AM MA 3a0e3nedams 00CMOGIPHICMY | NOPIGHAHHICb OAHUX,
€OUHI NPOMOKOIU 0OMIHY IHOPMAYIEID 3 THUWUMU THOOPMAYITIHUMY CUCTEMAMY, CYMICHICIb Ma onepamusHicmy nepedadi ingopmayii;
CMAaHOApPMU308ani MexHiyHi eumMocu 00 0ONAOHAHHA Ma Memoodié 8UMIPIOBAHHSA, CUCeMA NOKA3HUKIG O/ pe2ylApHOi OYiHKU egek-
MUBHOCME MOHIMOPUHZY; HAOIP NPOMOKONIE, YNPAGIIHCOKUX PillieHb, SKI 3anyCKalombCs NPy HACMAHHI NeGHUX YMO8 AD0 NepesuieHHi

DiBHIG — 0I5t 3aNPOBAONCEHHS HA Pe2IOHATbHOMY PIGHI.

Kniouosi cnosa: monimopure 008Kz, pecionanbHi yeHmpi, eKoro2iuna iIHpopmayis, YnpagiinHsi, NOBOEHHE GIOHOBNEHHS, 3AKOHO-

oaeua basa.

Introduction. One of the key components of the state's
environmental and socio-economic security system is
the system for monitoring, accounting for, and controlling
the state of the natural environment and its natural resource
potential. Amidst growing global threats caused by climate
change, the increased probability of natural phenomena or
disasters (such as floods and droughts), a growing scarcity
of natural resources, the pollution of habitats for humans,
animals, and plants, and the comprehensive and continu-
ously progressing informatization of humanity, the issues
of making optimal and prompt decisions in the field of envi-
ronmental protection are gaining significant importance.

The basis for the creation and existence of the state
environmental monitoring system is Article 50 of the Con-
stitution of Ukraine, which guarantees everyone the right
to free access to information about the state of the envi-
ronment, as well as the right to disseminate it. The Law
of Ukraine «On Environmental Protection» [1] provides
for the creation of a state environmental monitoring system
and for conducting observations of the state of the envi-
ronment and its pollution levels. The performance of these
functions is assigned to the Ministry of Environmental Pro-
tection and Natural Resources of Ukraine and other central
executive bodies that are subjects of the state environmen-
tal monitoring system, as well as enterprises, institutions,
and organizations whose activities lead or may lead to
a deterioration of the state of the environment.

The main principles for the functioning of the state envi-
ronmental monitoring system are defined in the Resolution
of the Cabinet of Ministers of Ukraine dated 30.03.1998
No. 391 «On the Approval of the Regulation on the State
Environmental Monitoring System» [2]. According to it,
the state environmental monitoring system is a system for
observing, collecting, processing, transmitting, storing,
and analyzing information about the state of the environ-
ment, forecasting its changes, and developing scientifical-
ly-based recommendations for making decisions on pre-
venting negative changes to the environment and complying
with environmental safety requirements. The said Regula-

tion defines the procedure for the creation and functioning
of the state environmental monitoring system in Ukraine,
and assigns environmental objects to each of the monitoring
subjects at the level of the state system's subsystems.

Currently, the state environmental monitoring system
includes the following subsystems: monitoring in the field
of atmospheric air protection; state water monitoring; land
monitoring (land and soil monitoring); forest monitoring;
monitoring of the plant world; monitoring of the animal
world; background environmental monitoring (in territories
of the nature reserve fund); monitoring of waste genera-
tion, storage, and disposal sites; monitoring of the impact
of genetically modified organisms on the environment;
monitoring of the impact of physical factors (temperature,
noise, vibration, ionizing and non-ionizing radiation); back-
ground environmental monitoring in territories of the nature
reserve fund [3].

Materials and methods. The purpose of the study was
to analyze the current state of the regulatory framework for
creating regional environmental monitoring centers as part
of the development of the state environmental monitoring
system in Ukraine. It also aimed to review the key provisions
of new legislative acts that regulate the creation of regional
environmental monitoring centers, the functioning of infor-
mation systems, and the procedure for collecting and using
environmental information. Additionally, the study sought
to identify the main shortcomings of the legislative basis
and propose directions for its improvement for effective
environmental management.

In the course of the research, we used methods of search-
ing, analysis, systematization, and generalization of the reg-
ulatory framework concerning the functioning of the envi-
ronmental monitoring system in Ukraine.

The study was carried out under cooperation agreement
No. 41-s of April 24, 2024, between Zaporizhzhia National
University and the Department of Environmental Protec-
tion of the Zaporizhzhia Regional State Administration. It
was also conducted as part of the work of the commission
on state monitoring in the field of atmospheric air protec-
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tion and air quality management in the Zaporizhzhia zone
(Order No. 467 of August 24, 2023).

Results and Discussion. Environmental monitoring is
a fundamental element of environmental policy that ensures
the validity of management decisions in environmental
protection. In the context of Ukraine’s post-war recovery,
the creation of a modern, effective, and integrated monitor-
ing system that meets both national needs and international
obligations becomes of particular importance [4].

Environmental monitoring is regarded as a system
of observations of the state of the environment and its com-
ponents, changes, and forecasts of situation development,
as well as the study and analysis of dynamics occurring
within it.

At present, the state environmental monitoring system
focuses not only on observation and data preservation but
also on modelling changes in component quality and fore-
casting situations — that is, on the active use of accumulated
data volumes [5].

In general, the environmental monitoring system can be
represented in a hierarchical information pyramid: «data—
information—knowledge—wisdom». Each level of the pyra-
mid adds specific properties to the previous one. At the base
is the data level; the next level-information-adds context;
knowledge is the level of «howy, i.e., the mechanism for
using the obtained data; finally, wisdom complements
the pyramid with the level of «wheny, i.e., under what con-
ditions the information will be used.

At the legislative level, the concept and organisational
structure of the state environmental monitoring system are
regulated by a number of relevant normative and legal acts.
The key ones include:

1. Law of Ukraine No. 2973-1X of March 20, 2023
«On Amendments to Certain Legislative Acts of Ukraine
Regarding the State System of Environmental Monitoring,
Information on the State of the Environment (Environmen-
tal Information), and Information Support for Environmen-
tal Management» [6], which amends certain legislative acts
concerning the state system of environmental monitoring
and information support for environmental management.
This Law shall enter into force six months after the cancel-
lation or termination of martial law introduced by the Pres-
idential Decree of February 24, 2022, No. 64/2022 «On
the Introduction of Martial Law in Ukraine».

2. Resolution of the Cabinet of Ministers of Ukraine
dated June 13, 2024, No. 684 approves the Procedure for
the Implementation of State Environmental Monitoring [7].

3. Resolution of the Cabinet of Ministers of Ukraine
of July 12, 2024, No. 815 «On information interaction
between automated information systems of state author-
ities and the nationwide environmental automated infor-
mation and an analytical system for ensuring management
decision-making and access to environmental information
and its network» [8], which regulates the procedure for
information exchange.

4. Order of the Ministry of Environmental Protection
and Natural Resources of Ukraine dated December 23,
2024, No. 1720 [9], which approves the Procedure for
Establishing Regional Environmental Monitoring Centres.

Conceptually, the task of data collection and ensuring
the functioning of the observation network is entrusted to
regional environmental monitoring centres.

5. The Order of the Ministry of Environmental Protec-
tion and Natural Resources of Ukraine No. 230 of Febru-
ary 6, 2025 [10], which approves the model regulation on
regional environmental monitoring centres. This document
defines the basic principles of their activities, functions,
structure, and subordination.

Key aspects of Order No. 230 include the establishment
of regional environmental monitoring centres to systemati-
cally monitor, analyse, and assess the environmental condi-
tions in the regions of Ukraine. These centres are designed
to detect negative environmental changes promptly and to
facilitate informed management decisions. Among their
main functions are the collection and processing of environ-
mental data, laboratory research, database creation, analyti-
cal reporting, and providing information to state authorities
and local self-government bodies.

The centres can be established as separate legal entities
or as structural subdivisions of existing institutions. They
are subordinate to the Ministry of Environmental Protec-
tion and Natural Resources of Ukraine, or to the relevant
regional state administrations.

The approval of this provision is an important step in
building a national environmental monitoring system,
which will contribute to strengthening environmental con-
trol and ensuring ecological safety in Ukraine.

At the same time, the future of the Concept of the State
Targeted Environmental Program for Environmental Mon-
itoring, approved by the Resolution of the Cabinet of Min-
isters of Ukraine No. 610-r of July 7, 2023 [11], remains
uncertain. The Ministry of Environmental Protection
and Natural Resources was designated as the customer
of the Program, yet its development also depends on the ter-
mination or cancellation of martial law.

Despite progress and positive intentions, several key
shortcomings and missing elements can be identified in
all the above-mentioned documents, which may hinder
the effective functioning of the environmental monitoring
system. Despite progress and positive intentions, several
key shortcomings and missing elements in the above docu-
ments may hinder the effective functioning of the environ-
mental monitoring system [12]:

1. Lack of funding mechanisms: the documents do not
identify stable funding sources for monitoring, which may
lead to insufficient resources. It is noted that funding from
the state budget is possible only if explicitly allocated,
taking into account the peculiarities of post-war planning
and financing. The risk lies in inconsistent prioritisation
at the regional level.

2. Lack of monitoring standards and methodologies.
There are no unified monitoring standards and methodol-
ogies, which may result in data inconsistency and incom-
parability. There is also an absence of forecasting meth-
odologies and health/environmental impact assessment
techniques.

3. Lack of clear technical requirements. The documents
do not define specific standards and requirements used
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for air quality monitoring, which may affect the accuracy
and comparability of the data.

4. Lack of clear performance evaluation criteria: regula-
tory acts do not establish specific indicators and criteria for
assessing the effectiveness and efficiency of the environ-
mental monitoring system.

5. Limited public access to information. The law does
not ensure full and timely public access to environmental
information, which contradicts the principles of transpar-
ency and openness.

6. Insufficient integration with international systems. This
limits the ability to exchange data and experiences. For exam-
ple, a comprehensive air quality monitoring network operated
in the Donetsk region until 2022, but its data were not trans-
ferred to the European system due to a lack of verification.

Therefore, the pressing unresolved issues regarding
the functioning of the environmental monitoring system, as
shown in Table 1, remain relevant.

The unresolved issues concerning the financing
of the environmental monitoring system are presented in
Table 2.

Therefore, proposals for improving the regulatory
framework for the functioning of the environmental moni-
toring system in the post-war period are as follows:

1. Develop a clear hierarchy and distribution of powers
among the bodies responsible for environmental monitoring
to avoid conflicts and increase efficiency. This will ensure
that funding for environmental monitoring is mandatory.

2. Create a financial model with mandatory budgeting.
A targeted state program for environmental monitoring
should become this model.

3. Develop unified technical standards, observation
methodologies, and information exchange protocols that

will meet international requirements and ensure data
reliability and comparability. Unified information exchange
protocols are needed to integrate the national system into
international information networks.

4. Mandate the publication of monitoring data in open
access. Enshrine in law a provision for the mandatory
publication of monitoring results in open access and create
mechanisms to involve the public in the process of assessing
the state of the environment.

5. Develop a system of indicators to evaluate
monitoring effectiveness. A system of indicators
is needed that will allow for the timely detection
and elimination of shortcomings in the overall functioning
of the monitoring system.

6. Ensure the conduct of applied scientific research
to provide scientific support for the functioning
and improvement of the monitoring system.

Conclusions. The effective functioning of the envi-
ronmental monitoring system, especially at the regional
level during the post-war period, requires substantial
improvements to the regulatory framework and organisa-
tional mechanisms. To conduct state monitoring effectively
at the regional level and achieve its desired results, it is nec-
essary to develop legal acts that clearly regulate the hierar-
chy and delineation of powers between the bodies involved
in environmental monitoring. This will help avoid duplica-
tion of functions, reduce the risks of inter-agency conflicts,
and ensure guaranteed funding for monitoring activities.

Establishing a state target program as a financial model
will ensure mandatory budget allocation for monitoring
activities, increase their effectiveness, and ensure the con-
tinuity of information accumulation within the framework
of state monitoring.

Table 1

Unregulated Aspects of the Environmental Monitoring System and Official Position of the Ministry
of Environmental Protection (as of 2025)

Unregulated Issues

Position of the Ministry of Environmental
Protection

As of 2025

Requirements for the structure, software
and hardware complex, information security
levels, etc.

The structure of the regional environmental
monitoring center should be determined
individually, depending on the needs of each
specific regional environmental monitoring
center. They will be approved by separate Cabinet
of Ministers of Ukraine resolutions for each
subsystem.

The current legal
and regulatory acts (the
Procedure for Creation,
the Regulation) do not provide
for regulation by separate
Resolutions.

Requirements for the level of information
security and the software and hardware
complex against unauthorized access.

Information security requirements are
stipulated by other legislative and regulatory
acts, specifically the Resolution of the Cabinet
of Ministers of Ukraine No. 373 dated March
29, 2006, «On the Approval of the Rules for
Ensuring Information Security in Information,
Electronic Communication, and Information
and Communication Systems» (as amended).

The legal and regulatory act
that specifies information
security requirements is not
cited.

The need for standardized software to process
the data obtained, as well as corresponding
analytical, predictive, mathematical,
and statistical models, along with standardized
data exchange protocols, and so on.

Procedures for ensuring the technological
compatibility and information interaction
between the automated information system
(AIS) and the national environmental automated
information and analytical system (for supporting
management decision-making and providing access
to environmental information and its network) will
be approved by separate resolutions of the Cabinet
of Ministers of Ukraine (CMU) for each subsystem.

There are no separate legal
and regulatory acts for
the subsystems
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Table 2

Legal and Organisational Gaps in Funding Mechanisms for Regional Environmental Monitoring Centres

Unregulated Issues

Position of the Ministry of Environmental
Protection

As of 2025

A regional environmental monitoring
center can be established as
a communal enterprise, which
is subordinate, accountable,
and controlled by the relevant
regional council and, based on its
sectoral focus, is under the authority
of the environmental protection
department of the regional state
administration.

A regional environmental monitoring center is:
- a structural unit for environmental protection issues
of the regional state administration...

- or an enterprise, institution, or organization that falls
under the management of the Autonomous Republic
of Crimea, the regional council, or the territorial
community of the city of Kyiv...

Conducting environmental
monitoring, carrying out analysis,
and providing the necessary
technical support and maintenance
for automated monitoring systems
will require organizational
and financial support.

The Chairman of the regional, Kyiv,
and Sevastopol city councils approves
the organizational and logistical
support, staffing table, and the budget
of revenues and expenditures for
the maintenance of the regional
environmental monitoring center.

The clause states: «The work of the regional
monitoring center is funded by state budget funds
and other sources not prohibited by law».

Article 22 of the Law of Ukraine
«On Environmental Protection»
(in the wording of Law No. 2973)
stipulates:

«The financing of the state
environmental monitoring system
and its subsystems is carried out
using funds from the state and local
budgets, as well as other sources
not prohibited by law».

The work of regional environmental
monitoring centers should be
funded by regional (local) budget
funds, specifically from the regional
environmental protection fund
and other sources not prohibited by
law.

Overall, it was excluded in order to take into account
the remarks from the Ministry of Agrarian Policy
and Food, the StateGeoCadastre, the Ministry
of Finance, and the Association of District
and Regional Councils.

The issue of funding remains
unresolved.

A key area for improvement is the standardization
of the technical and methodological framework for mon-
itoring. The development of unified standards, methodol-
ogies, monitoring programs, and data exchange protocols,
aligned with international requirements, will ensure the reli-
ability of environmental information and the comparability
and compatibility of data from all entities of state environ-
mental monitoring. In turn, this data standardization will
facilitate the integration of the national system into interna-
tional information networks.

Furthermore, the improvement of the monitoring system
requires the development of indicators to assess its effective-
ness and the implementation of mechanisms for scientific
support. Applied research will enable the development of new
monitoring methods and technologies, identify problematic
aspects promptly, and adapt the system to new challenges.

The combination of these measures ensures the creation
of a holistic, transparent, and effective environmental mon-
itoring system that can support the country's environmental
recovery in the post-war period.
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eKocucmeM i3 Pi3HUM DIGHeM AHMPONO2EHHO20 HABAHMANCEHHS (VMOBHO-IPUPOOHA, AZPOEKOCUCIEMA, YPOAHI308aHA, MEXHOLEHHA), PO3Md-
wosanux y medxcax Bonuncokiti obnacmi. YmoHo-npupoona Oinsarka (Fomaniunuil 3akazHUuK 3a2a1bH00epICA8HO20 3HaueHHs « Bopommiey
nobnusy m. JIyyvk) xapaxmepusysanacsa HatBUWUMU 3HAYEHHAMU NOKAZHUKIB. YlcenbHicmb Me3opaynu cmanosuna 1212 ex3./m? kinvkicmo
makcorie — 14, indexc [lennona — 2,18, indexc dominysanna Cimncona (D) — 0,87. ¥V mexnocenniii 301i (npomuciosa mepumopis noonusy
TIpAT «L{ymanvy y cenuwi L[ymans) uucenvricms me3ogaynu 3Huxcysanacs 0o 528 exs./m? wo idobpasicac icmomme smeHwenHs Olomuy-
HO20 PIZHOMAHIMMSsL BHACTIOOK 0e2padayiliHux 3MiH IPYHMOB02o cepedosuuid. B azpoexocucmeni (cinbCbko2ocnodapcevki yeioos nobnusy
cena Tipka I[lononka) ma ypoanioeaniil 30Hi (3e1eHa cmyea yeHmpawHoi yacmunu M. JIyyvk) uucersnicmo gaynu cmanosuna 662 ma
734 ex3./m? a kinvkicms maxconie — 10 ma 9, 6i0nogiono. Inoexcu pisHoMarimms 3HudHCy8anuca 3a epadienmom nopywenns: H' smintosascs
6i0 2,18 (npupoona) oo 1,12 (mexrnocenna); D — 6i0 0,87 0o 0,53. Bussnero cunbry nosumuery Kopenayito misxc uucensHicnio besxpedent-
HUX i gmicmom opeaniunoi pevosunu (R? = 0,952), wo exasye Ha mpoiuny 3ymosienicms QopmysanHs yepynosans. ¥ cmadiibHux ymosax
oominyeanu Oribatida, Collembola i Lumbricidae, y mexnocenniti — Collembola (43 %) i Gamasina (31 %), wo exazye na dominysanns
TIACMUYHUX, WBUOKO PENPOOVKIMUBHUX (POPM i3 KOPOMKUM JHCUMMEBUM YUKIOM. YMOBHO-NPUPOOHY OLIAHKY XApaKkmepusyedid 6UCOKA
yacmxka canpompoduux gopm (cykynro nonad 70 %), mooi sk y mpancopmosanux exocucmemax 3p0Cmand 4acmka espUmonHux epyn,
30Kpema MIKpopazia i3 wupoKum exonoeiuHum oianazonom. Pesyromamu 00ciiodicenHs niomeeposcyioms GUCOKY UyMAUGIiCMb CHPYKIypU
Mme30¢hayHu 00 aHMPONo2eHHO20 npecy ma 0OIPYHMOBYIOMb OOYLTLHICIY i BUKOPUCTAHHA K HAOIIHO20 THOUKAMOPA 8 PAMKAX OIOMOHI-
MOopuH2y 0151 eKON02IYHOI OIAHOCIUKU TPYHINIB, U0 3A3HAIOMb MEXHO2EHHO20 BIIUBY PI3HOT IHIMEHCUBHOCHII.

Kniouosi cnosa: mesopayna, bioinduxayis, mpogiuna cmpykmypa, 6ioMoHIimopune, ekono2iuna 0idzHOCMuKd, IpyHM.

Buslenko Lesia, Tepliuk Vadym, Ivantsiv Volodymyr. Bioindicative Efficiency of Soil Invertebrates in Ecological
Systems with Different Levels of Anthropogenic Load

The article presents the results of a study on the bioindicative efficiency of soil invertebrates across four types of ecosystems with
varying degrees of anthropogenic pressure (quasi-natural, agroecosystem, urban, and technogenic) located within the Volyn region
(Ukraine). The quasi-natural site (Vorotniv tract near Lutsk) exhibited the highest ecological indicators: mesofauna density reached
1212 specimens/m? species richness comprised 14 taxa, the Shannon diversity index was 2.18, and the Simpson index (I — D) was
0.87. In the technogenic zone (industrial area near PJSC "Tsuman" in the village of Tsuman), the mesofauna density decreased to
528 individuals/m? indicating a significant reduction in biotic diversity as a result of soil environment degradation. In the agroecosystem
(agricultural lands near the village of Hirka Polonka) and urban site (a green zone in downtown Lutsk), mesofauna densities were 662
and 734 specimens/m? and species richness amounted to 10 and 9 taxa, respectively. Diversity indices declined along the disturbance
gradient: H' decreased from 2.18 to 1.12; D from 0.87 to 0.53. A strong positive correlation was found between mesofauna density
and soil organic matter content (R*> = 0.952), highlighting the trophic dependence of community structure. Under stable environmental
conditions, Oribatida, Collembola, and Lumbricidae were dominant, whereas in the technogenic site Collembola (43%) and Gamasina
(31%) prevailed, indicating the dominance of plastic, rapidly reproducing forms with short life cycles. The quasi-natural site was
characterized by a high proportion of saprotrophic forms (collectively over 70%), while in transformed ecosystems, the share of eurytopic
groups increased, particularly microphages with a broad ecological tolerance. The results confirm the high sensitivity of soil mesofauna
structure to anthropogenic stress and justify its application as a reliable indicator within the framework of biomonitoring for ecological
diagnostics of grounds experiencing technogenic impact of varying intensity.

Key words: mesofauna, bioindication, trophic structure, biomonitoring, ecological diagnostics, soil.
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Beryn. [pyHTOBI €KOCHCTEMH INBHIKO pearyioTh Ha
3MiHH a0iOTHYHHX 1 OIOTHYHUX YHWHHHUKIB, 3yMOBJICHI
AHTPOTIOTEHHUM BIUTMBOM. CTPYKTYpHi Ta (yHKIIOHATBHI
XapaKTePUCTUKNA TPYHTOBOI (ayHH, 30Kpema Oe3xpebdert-
HUX, MOXYTh 3MIHIOBAaTHCS IIiJ] BIUINBOM 3a0pyIHEHHS,
YIIUTFHEHHS, €pO3iHIX TPOIIECiB 1 AeTpaaii opraHigHol
pedoBuHU. ToMy CKiTaj i YUCENBHICTD TPYHTOBHX O€3Xpe-
OCTHUX PO3MIAMAIOTHCS K iH)OPMATHBHI TOKA3HUKU IS
OIIiHIOBAaHHS €KOJIOTIYHOTO CTaHy cepenosumia [12; 19].

[MigXomu 1m0 BUKOPHUCTaHHS OIOTH SIK iHIMKATOpa EKO-
JIOTIYHUX YMOB OyIT 3aKiajieHi me B MeXax TIPYHTOBOI
300Jorii cepenuuau XX cromitra. [lomampimi qociimKeHHS
JIOBEJIH, III0 TPYHTOBI O6e3XpeOeTHI — 30KpeMa IpeaCTaBHIKHI
Me30(ayH! — MalOTh BICOKY Uy TIHMBICTH 110 3MiH Y Tpodid-
Hill CTPYKTYpi, BOJIOTOCTI, XIMITHOMY CKJIaJIi CyOCTpary, 110
POOHTS iX 3pYYHUMH IS IHAWKAII] JIOKATBHUX €KOCHCTEM-
HuX 3MiH [2; 8]. Oco01mBO 11 CTOCYEThCS TEXHOTEHHO TPaH-
c(hOpMOBaHUX TEPUTOPIH 1 ypOaHI30BaHUX JTaHIMIA(TIB, 1€
KJIacH9Hi (hi3UKO-XIMITHI METOAN HE 3aBXKIH 3a0e3MeUyIOTh
KOMIUIEKCHE YSBIICHHS PO CTaH IPYHTIB.

Pesynprarn  BITYM3HSHUX EMITIPUYHUX  JOCTIKCHB
JEMOHCTPYIOTh CTa0lIbHY 3aleXKHICTh MK CTPYKTYpOIO
IPYHTOBHUX yrpyHOBaHb 1 CTYHNEHEM aHTPOIIOTCHHOTO
HaBaHTaXeHHS [3; §8]. HaifOimbImi 3MiHN CITOCTEPITaloThCs
B YHCEIILHOCTI Ta BUAOBOMY CKJIaJi OKPEMHUX Py €HTOMO-
0iif, omiroxet, i3omox Ta komemOoin. BomHowac pesynasrarn
0aratb0X IOCTIKCHb 3aJIUIIAIOTHCS (HparMEHTAPHUMU,
0 YCKJIAIHIOE (POPMYBAaHHS €IMHOI CHCTEMH KPHUTEpiiB
OloiHaMKarii ans pisHUX TUMIB JTaHamadris. MetoandHi
Martepianu, SKi BUKOPHUCTOBYIOTBCS y BHIIIH OCBITI, dop-
MYIOTh 3arajibHi YSBICHHS MPO MiIXOAW A0 OloiHTUKAarii
[1; 7], omHak He 3aBXJIHM OXOILIIOIOTH KITBKICHI acIeKTH
Ta THUMOJOTIYHY cHenudiky TIPyHTOBHX Oe3XpeOeTHHX
Y perioHasbHOMY KOHTEKCTI.

VY 3apyOikHIN mpakTHIli Oi0iHAWKAILS 32 y9acTio 0e3-
XpeOCTHUX TaBHO BHKOPHUCTOBYETBCS SK METOJ EKOJOTid-
HOI JIaTHOCTHKH TPYHTY B ypOaHI30BaHUX, MPOMHCIOBUX
Ta arpapHux 30Hax [13; 19]. VY3arampHeHHS HaHUX TIPO
TaKCOHOMIYHI TPymH OiOIHIUKATOPiB TO3BOJAE iICHTHI-
KyBaTy HaWOLTbII iHQOPMATHUBHI TPyNH UIA Iinel 6iomo-
HitopuHry [13, ¢. 833—-834]. JocmimKeHHS JeMOHCTPYIOTh
TICHHI 3B’ 130K MK BUIOBHUM CKJIAZIOM IPYHTOBHUX yTPyTIO-
BaHb 1 (DI3MKO-XIMIYHIMH XapaKTePUCTUKaMHU CyOCTpaTy,
30KpeMa KOHIICHTPAIiEI0 BaXKUX MeTamiB, pH, BMicToM
opraigHoi pedoBuHH Tomio [12; 21]. ¥V wmikHapomHUX
JOCTI/DKCHHAX OCOONMBY yBary MpPHUIIIEHO TaKOX BHKO-
pHUCTaHHIO OioMapKepiB — MOJNEKYIApHUX 1 (iziomorigHmx
IHAWKATOPIB BIUTMBY 3a0pynHioBauiB [12; 21], mo mo3Bossie
BUSIBUTH JETPafalliiiHi NMPOLECH IIe JO IMOSBH BHIMMHUX
3MiH y CTPYKTypi Oi0TH.

OpHak i B MDKHAPOIHOMY, 1 Y BITIM3HIHOMY KOHTEKCTI
3aIUIIAETECA HEJOCTATHBO JOCTIHKCHOIO €(PEeKTUBHICTD
OiloiHAMKaIlii B yMOBaxX TpPaai€HTHOTO aHTPOIIOTEHHOTO
HABaHTAXXCHHS, TOOTO 3a yYMOB IIIABHOI 3MIHH CTYTICHS
BIUIMBY B MEXax OIHOTO TeorpadigHoro periony. Bimcyr-
HICTh €IUHOTO TIXOAY IO KITBKICHOI OIIHKH iHIUKAaTOp-
HOTO 3HAYCHHS OKPEMUX TIPYI YCKIIAQJHIOE BIIPOBAIKECHHS
300iHMKAII] K CTAaHAAPTHOTO MOHITOPHHTOBOTO iHCTPY-
MEHTY B JIOKQJIBHAX €KOCHCTEMaX.

MerToro moCTiKeHHS € KUTbKiCHE OI[iHIOBaHHS iH(OP-
MaTHBHOCTI OCHOBHHX TAaKCOHOMIYHHX TpPYIl IPYHTOBHX
0e3xpeOeTHUX K Ol0IHIUKATOPIB CTaHy IPYHTIB 32 YMOB
BapiaTHBHOTO aHTPOIIOTCHHOTO BILINBY.

Marepianu i meronu. ITompoBi JOCTITKEHHS BHKO-
HyBalUCh 3 OepesHs mo nmucroman 2023 — 2024 pokiB Ha
teputopii BommHCBKOI 007acTi, B MeXax JIiCOCTENOBOI
MIPUPOHOT 30HH, , IO 3yMOBICHO CE30HHOIO aKTHBHICTIO
TpyHTOBUX Oe3xpebeTHHX. JINAHKHA MOCHIKECHHS pO3-
TAIIOBYBAJINCS Ha YOTHPHOX THIIOBUX JIAHAMA(THUX
KOMIUIEKCAX, IO BigpPi3HAIOTHCS IHTEHCHBHICTIO aHTpPO-
MIOTCHHOTO HABAHTAXXCHHS. ATPOCKOCHCTEMa OXOILIIO-
BaJla CLIBCHKOTOCTIOMAPCHKI yTimas moomu3y cema [ipka
ITomonka, e pikcyeThCs TpHUBaJe 3aCTOCYBaHHS MiHEPab-
HUX N0OpWB. YpOaHi30BaHa TEPUTOPis BKIIOUATA 3EJICHY
CMYTY B IEHTpanbHil gacTuHi MicTa Jlymbka, mo 3a3Hae
BHCOKOTO TEXHOTEHHOTO THCKY. YMOBHO-IIPHUPO/IHA JIISTHKA
po3TarroByBanack y boraniuHoMy 3aka3HUKY 3arabHOIEP-
JKaBHOTO 3Ha4eHHS «BopoTHIB», ske 30epiraec Mo3aidHy
CTPYKTYpy KOpPIHHHX AyOOBO-TpaboBHX JiciB. TexHOTeHHA
JUISHKA PO3TAaIlOBYBalach y 30HI BIUIMBY JIepeBOOOPOO-
HOTO TiampreMcTBa [[pHBaTHOTO aKI[iIOHEPHOTO TOBAPHUCTBA
«dymanmp» (IIpAT «Ilymanby») mobmu3y cenmma Llymans
BonuHchKo1 0051acTi, SIKe € IHKepeioM XpOHITHOTO 3a0pyI-
HEHHI IPYHTOBOTO CEpeJOBHIIIA BHACITIZOK TPHBAIIOL JTisITb-
HOCTI 3 mepepoOku aepeBuHH. [IpocTopoBe po3ranryBaHHs
00’€KTiB i MKITYHKTOBI BiICTaHI HaBEIEHO Ha KapTOCXeMi,
IO JO3BOJISIE OIIIHUTH PETiOHANBHY OXHOPITHICTH YMOB
i reorpagigay 0OTpYHTOBaHICTH BHOOPY MITSTHOK (pHcC. 1).
Bubip 3a3Ha4eHWX JOKATITETIiB 3yMOBIIOBABCS HEOOXis-
HICTIO 3[IiHICHEHHS IIECIIPIMOBAHOTO OiOMOHITOPHHTY
TPYHTOBOI Me30(hayHH 3 METOIO EKOJIOTIYHOI JiarHOCTHKHI
TPYHTIB Y MeXax OJHOTO MPHPOIHOTO periony. Takwif mis-
Xig 3a0e3medyBaB MOXKIIHBICTE TIPOCTOPOBOTO MTOPIBHSHHSI
CTaHy €KOCHCTeM 0e3 BIUTUBY KJIIMATHYHHUX a00 TeoXiMid-
HUX BiIMiHHOCTEH. BMicT opraHiqHOI pedyoBHHHU y TPYHTI
Bm3HavaBcs 3a JICTY 4287:2004 [4] mist KOKHOT TiTSTHKA
3a pe3ysbTaTaMy JabopaToOpHOTO aHaTi3y Mpoo.

Binbip rpyHTOBHMX TpOO TpOBOAWMBCA Y a3y MaKCH-
MaJBHOTO CE30HHOTO PO3BHUTKY (ayHn. CTaHAapTHI MOHO-
JiTH po3mipom 25%25 cM i mbuHOI0 10 cM Bimbupamucs
BpyuHy BimmosinmHo 10 Bumor JICTY ISO 10381-6:2004
[5] 3 inTepBanoM He MeHIIE 5 M MiX ToukamMu. Ha Kox-
Hill niasHni BigOupamm mo 10 MOHOIITIB, IO TO3BOJIIO
OXONHTH MIKPOT€TepPOTreHHICTh I'PYHTOBHX YMOB y MEXKax
3aganoi Tepuropii. 3i0panuii marepian ¢ixcysascst B 70%
€TaHOIi, MMiCI YOTO TPOBOIIMIIACS TaKCOHOMIUHa 00poOKa
B nmaboparopHux ymoBax. KibKicHI Ta SKiCHI MOKa3HHUKH
(hayHH yCepemHIOBAJHCh U KOXKHOI MIITHKH 3 TMOHalb-
MM PO3paxXyHKOM CepeNHiX 3HaYeHb Ta CTaHAapPTHUX Bifl-
XHJICHB.

InenTudikamito TPyHTOBHX Oe3XpeOeTHHX 3IifCHIO-
BaJIM /IO PiBHS poay abo BHUIY 3a JOTIOMOTOIO MiKpOCKOTa
XS-5520 LED MICRO med i3 BUKOpHCTaHHSIM TaKCOHO-
MIYHUX BU3HAYHHUKIB, aJTallTOBAHMX JO BiAMOBIIHUX TPYI:
st Collembola — 3a criemianizoBanuM 3BeieHHM [ 18], auis
Oribatida — 3a amracom i Bu3HagHHKOM [20], a TaKoXK Tpo-
¢dimpEIM TOMOM cepii «Dayna Yipainuw» [6]. Bubipkose
3iCTaBICHHS OKPEMHUX TaKCOHIB (utopH Ta (payHu 3milCHIO-

Crnoboxancekmid HaykoBuit BicHuk. Cepist: [Ipupopnuyi Hayku, Bumyck 2, 2025

88



r BiacraHi Mixk g0C

JlyupK = ceno lipka MonoHka: 11 KM

LymaHe — ceno lipka MonoHkKa: 50 km -

LlymaHb — BOTaHi4YHWIA 3aKasHWK «BoOpoTHiB»: 38 KM

Tipka MonoHka — BoTaHiuHKM 3aKa3HUK «BopoTHiB»: 20 km

Hyl\gaHLu

Jlyopk

Fai
{>BopoTHiB
Tipka IToJiorKa < ‘?/_\\

Puc. 1. I'eorpagiune po3TamyBaHHs A0CTi/IZKYBAHMX MYHKTIB i MiXKIyHKTOBI BifcTani
y meskax BosmHcebkoi o61acti

BAJIOCS HA OCHOBI CYYaCHHX JUKEPEI, IO IOEJHYIOTh MOP-
domoriuny ineHTHdikaio Ta (GITOIHAUKAIINHI ITiIXOAH
3 ypaxyBaHHSM PErioHajabHOTO npezacTaBHunTBa [1; 3; 7].

biomMeTpryHi MOKAa3HUKK BKJIFOYATIH YHCEIBHICTD, BijI-
HOCHE JIOMiHyBaHHS Ta Bu1oBHH ckuaz (S). st omiHku piz-
HOMaHITTSl BUKOPHUCTOBYBAJHCh Takoxk iHzekcu llleHHona
ta CHMIICOHA — y BUIIa/IKaX 3 JOCTATHHOIO TAKCOHOMIYHOIO
HAacHYEHICTIO. YCi pO3paxyHKH NPOBOIAMIMCH Y Tiepepa-
xyHKy Ha 1 M2 JlaboparopHa oOpoOka 0i0J0riyHOro Mare-
piaity, TaKCOHOMIYHa iJeHTH(]IKaIisl OpraHi3MiB 1 po3paxy-
HOK O101HJMKaI[IfHUX IOKAa3HUKIB 31 ICHIOBAJIMCH Ha 0a3i
naboparopii «DayHu i cucTeMaTuku 0e3XpedeTHUX TBApUH
Gioneno3is 3axigHoro Ilomices» Ta nmaboparopii «Ouiroxe-
Toorii» kadeapu 3oosorii dakynsrery biosorii Ta sico-
BOTO TOCIIOAapcTBa BONMHCHKOrO HAIIOHAIBHOTO YHIBEp-
curety imei Jleci Ykpainku.

CraructiuuHa 00poOKa TaHMX BUKOHYBAJaCh Y CEPEIO-
Buili PAST 4.03. [l nepeBipku JAOCTOBIPHOCTI pi3HHIB
BUKOPUCTOBYBaM nucriepciitnnii ananiz (ANOVA), a st
BCTAHOBJICHHSI B3a€MO3B’3KiB MK a0l0THYHUMH OKa3HH-
KaMH Ta CTPYKTYpOIO YIPYIOBaHb — KOPEJSLIHHUN aHaui3
3a koedinienrom Criipmena (p). CraTHCTHYHY 3HAYYIIICTh
BU3Hayana mexa p < 0,05.

Pe3yabraTu. YrpynoBaHHS IPYHTOBHX 0e3XpeOeTHHX,
c(opMOBaHi B MeKaX YOTHPHOX THIIIB €KOCUCTEM, BUSBUIN
YiTKy I'paJialiifo YHCEIbHOCTI Ta BUAOBOIO CKJIaJy BiAIO-
BIZIHO JIO CTYIIEHS aHTPOIIOI€HHOTO HaBaHTakeHHs. [Ipu-
pozHa JlicomapKoBa JUISTHKAa JEMOHCTpyBajia HaiOuibIl
CTaOUIBbHY CTPYKTYPY, TOAI SIK TEXHOTCHHA 30HA XapaKTepH-
3yBajlach CIPOILEHHSM (ayHH Ta 3HWKEHHSM ITOKa3HUKIB
pi3HOMaHITTA. ArpoekocuctemMa 1 ypOaHi30BaHE cepeo-
BUILE 3aliMaJIM IPOMI>KHE TToJIOKeHHs. OTpUMaHi KiJIbKiCcHI
XapaKTEePUCTUKU CUCTEMATH30BaHO B TaOMi 1.

3Ha4YeHHS 3arajibHOi YHCEIBHOCTI Me30(ayHu Bapiro-
Bayn Big 1212 ex3./M? Ha yMOBHO-TIPUPOJHIN JUISHII 110
528 ex3./M? y TeXHOTEHHIH 30Hi, 10 CBITYUTH IPO CHIIbHY
3aJICKHICTh (payHU BiJl CTaHy IPYHTOBOTO CCpEIOBHIIA.
Bucoka miisibHICTB Y J1icONIapKoBiii 30HI BKa3y€e Ha CIIPUSIT-
JIMBI TiAPOTEPMIYHI YMOBH, HasiBHICTh CTAOIIBHOTO Opra-
HIYHOTO Iapy Ta HU3BKHUI PIBEHb MEXaHIYHUX MOPYILIECHb.
HaBriakn, 3MEHIIEHHS YHCEJIBHOCTI B TEXHOTCHHIM 30HI
MOB’5I3aHE 3 BHCOKUM PIBHEM XIMIYHOTO HaBaHTa)KECHHS,
VIIUIBHEHHSIM TIPYHTY ¥ 3HW)KEHHSIM BMICTY OpraHidHOi
PEYOBHMHH, 110 OOMEXYE JOCTYIHY EKOJOTIYHY HIlly JUIs
OubmiocTi TakcoHiB [14; 17]. Bucoki moka3HUKY iHICKCIB
ennona (H' = 2,18) i Cumncona (D = 0,87) y npupoa-
Hill JUISHII TATBEPIDKYIOTH CKIIagHy TpoQiuHy Ta Hpo-
CTOPOBY CTPYKTYpPY CHUIBHOTH 3 PIBHOMIPHHM PO3IOJILIOM
YUCEILHOCTI MixK TakcoHamu. 3Hrmkenns H' 1o 1,121 D go
0,53 y TexHOreHHiil 30HI CBITYUTH MPO pi3Ke CIPOILEHHS
CTPYKTYPU YTPYIOBaHHS, 3POCTAHHS JIOMIHYBaHHS KiJlb-
KOX EBPUTOITHUX TPYII i BTPATy PErioHaIbHO XapaKTepHOTo
pizHoMmawiTTs [10; 15; 18]. VYpOanizoBana tepuropis (734
eK3./M? ) Ta arpoekocucrema (662 ek3./M? ) IeMOHCTPyBaIn
MPOMIKHI 3HAYEHHS, IO € HACNIIKOM 30epexkeHHs (par-
MEHTIB NPHUPOIHOI (ayHH nopsj i3 (HopMyBaHHSIM BTO-
PHHHUX, TOJIEPAHTHUX 10 MOpYyIIEeHb eneMeHTiB. Li mokas-
HUKHM 3aCBiUyIOTh, L0 IHTEHCHBHICTH aHTPONOI€HHOTO
npecy 6e3rnocepeHbo BIUIMBAE Ha CKIIaj, QyHKIIOHYBaHHS
Ta CTIMKICTh IPYHTOBHX 0101I€HO3IB.

CTpyKTypa IOMiHYBaHHS IPYHTOBHX 0e3XpeOeTHHX Ha
JIOCITI/DKCHHUX IUISTHKAX BUSBUJIA CYTTEBI BIIMIHHOCTI, IIIO
Y3TO/KYETBCSI 3 XapaKTepoM TpaHc(opmallii eKOCHCTEM.
CkJyiazl yrpyrnoBaHb 3MiHIOBAaBCSI HE JIMIIE 32 YHCENBHICTIO
Ta KIJIBKICTIO TAKCOHIB, a ¥ 3a CIIBBIAHOLIEHHSM J{OMi-
HYFOYHX Tpyl. AHaji3 BiIHOCHOI YHCEIHHOCTI HAWOUIBII
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Tabmurs 1

3arajpbHi XapaKTepUCTUKH IPYHTOBOI Me30(ayHH HA TOCTiTZKeHUX TiITHKAX

TMisizica (Tan i posTamyBans) YuceabHictb (ex3./ KiabkicTh Innexe Innexc
p Y M?) takconiB (S) | Iennona (H') | Cumucona (D)
BoraniuHuMii 3aKka3HUK 3aranbHOACPKABHOTO
3HaucHHs «BopoTHiB» 1212 14 2,18 0,87
(YMOBHO-NPUPOOHA)
CiIbCHKOTOCIIONAPCHKI YTiyis moOIu3y
c. I'ipka [lononka (aepoexocucmema) 662 10 1,79 0,75
3eneHa 30Ha LEHTPaIbHOT YacTUHU M. JIynbk
(ypoanizosana dinanka) 734 9 1,68 0,70
IIpomucnosa 30na mobnu3zy [pAT «lymaub»
(mexHoeeHHa OiNsIHKa) 528 7 1,12 0,53

MOLUIMPEHUX TAKCOHIB JJO3BOJIMB BUSBUTH TUITOBI JIJIsI KOXK-
HOTrO cepenoBHIa npoduli JTOMIHYyBaHHS, SIKi BigoOpa-
JKAIOTh CKOJIOTIYHY CTaOlIbHICTH 200, HABIAKH, CTYIIHb
MOPYILEHHsI IPYHTOBOI cUcTeMH. Y Tabiuui 2 IpeacTas-
JICHO BIHOCHY 4YHCENBHICTH (% Bif 3araJbHOrO CKJIAIY)
II'SITH OCHOBHUX Ipyn Me3ogayHH, 1o (HOpMYyIOTh SAPO
CTPYKTYpH yrpyIloBaHb Ha KOXHIH 13 JTOCIIKEHHX TEPUTO-
piit. [Toka3HMKM PO3paxoBaHO 3a JOMOMOror0 KoedilieHTa
JIOMIHYBaHHSI.

TakcoHOMIUHAa CTPYKTypa YrpyHOBaHb IDYHTOBHX
0e3xpeOeTHUX BiJ3HAa4yajach 3HAYHOIO BapiaTUBHICTIO
MIXK JOCII/DKCHUMHU AUITHKAMHM, 1110 3YMOBJICHO PIi3HOMO
IHTEHCHUBHICTIO aHTPOIIOI€HHOIO HaBaHTaXXEHHs. B ymoB-
HO-TIPUPOJIHIN EKOCHCTEMI IIepeBaXkald IPECTaBHUKU
psay Oribatida (28 %) Ta kiacy Collembola (26 %). Opida-
TUJIHI KL XapaKTepU3yloThCS HU3bKOIO TOJIEPAHTHICTIO
JI0 TIOPYLIEHHS IPYHTOBOI CTPYKTYPH Ta BHCOKOIO 3aJIeX-
HICTIO BiJ CTaOLIBHOIO TiJPOTEPMIYHOIO PEKHMY, IO
poOuUTH TX IHAUKATOPAMH €KOJIOTIYHOT cTabibHOCTI. EHTO-
MOOPIT X BKJIIOYAIOTH SIK Yy TJIMBI JI0 TOPYILIEHb (POPMH, TaK
1 IJTACTHYHI BUJU, IPOTE iXHSI BUCOKA YacTKa CBIAYMTH I1PO
HasIBHICTh YMOB, CIIPUATIMBHX UIsi IPYHTOBOI Me3odayHu
3 pI3HUMHM aIanTHBHUMU cTparerisimu. Ha arpoekocucrem-
HIl IUISHIN TOMIHYBaHHS 3MIIY€ThCS B OIK €HTOMOODIi
Collembola (33 %) ra xiimis Oribatida (30 %), 1o THIIOBO
JUISL CEPEIIOBHII] 13 PETYIAPHUM MEXaHIYHUM 0OPOOITKOM,
MOMIPHMM BMICTOM OpraHi4YHOi PEYOBMHHM Ta IIiJ[BHUILE-
HOIO (PIYKTyaIlier0 MIKPOKTIMATHYHUX MOKa3HHUKIB, SIKi
30epiratoTh CHPUSTINBI YMOBHU Ul YaCTUHH PEITyLIEHTHOT
Me3odaynu. YpOaHi3oBaHa TEPUTOPIs BUSBUIIA HAWOUIBIY
PIBHOMIPHICTb Y JIOMiHYBaHHI M)XK OCHOBHHMH IpyIIaMu —

opibaruanumu kiimamu (Oribatida — 27 %), entomMo0Opi-
smu (Collembola — 24 %) ta i3onoxamu (Porcellio — 20 %),
o BijgoOpakae (parMeHTOBAaHMH XapakTep CepeloBHIIA
3 MO3aiyHiCTIO MIKpOOIOTOIIIB, Jie 30epiraloThes JIOKaIbHi
ocepeiku (payH! 3 Pi3HUM CTYIIEHEM SKOJIOTIYHOT CTIHKOCTI
[13, c. 842]. Haiibinbi cripollieHe yrpynoBaHHs BUSIBICHO
B TEXHOT'CHHIH 30Hi, jie moHax 70 % yciei ¢paynu hopmyBaiu
nBa gominantu: entomo0Opii (Collembola — 43 %) i rama-
3081 kil (Gamasina — 31 %), 0 CBIYHUTH PO BUCOKUIMA
PIBEHB EKOJIOTIYHOTO CTPECY Ta NepEeBaKaHHS IIIACTHYHHX,
HIBUJIKO aJalTUBHUX (HOPM, 3JaTHUX 70 e(hEKTUBHOI KOJIO-
Hizauii HecTabuIbHUX cyOcTpariB [9, c. 62]. [lepeBakanHs
Collembola i Gamasina B TeXHOreHHiil 30HI BigoOpaxae
HE JIMIIE BUCOKMH aJanTHBHUI MMOTEHILIaN LUX TPy, ajue
i (QyHKUiOHAIBHE CHPOIIEHHS TIPYHTOBOI EKOCHCTEMH,
B sIKiil peayKTopHi, Tpodivni Ta 6i0TypOyIoui QyHKIIT KOH-
LEHTPYIOTHCS Y BY3bKOMY KOJII HECIICIiaji30BaHUX TaK-
COHIB 3 r-crparerieto po3BuTky [11, c. 4-5]. Ile 3meHIye
3[aTHICTh I'PYHTOBUX YIPYIOBaHb JIO pereHepanii micis
HOpyLIeHb 1 nociadaoe TpodiuHy IUTICHICTh 0i0LEHO3Y.
Taka cTpyKTypa JOMiHyBaHHs BKa3ye Ha 3MiHYy TPO(I4HOTO
npodiaro Ta 3MEHINEHHS KiJIbKOCTI €KOJIOTIYHO Crielializo-
BaHMX BUJIIB Y HANPSIMKY 3pOCTaHHS TEXHOTEHHOT'O IIPECYy.

3 MEeTOI0 OLIHKM BIUIMBY a0lOTMYHMX YMHHHUKIB Ha
CTPYKTYpHI mapamerpu Me3opayHn Oyjlo TpOBeIeHO
KOpeJALIHHNN aHai3 MK BMICTOM OpraHiqHOi pe4OBUHHU
B I'PYHTI Ta YMCEJBHICTIO IPyHTOBUX Oe3xpebeTHnX. Bera-
HOBJICHO YiTKY NO3UTHBHY 3QJISKHICTh M) [IUMHU OKa3HH-
KaMHM: 31 3pOCT@HHSM BMICTY OpraHiKu 3pocraia W Iiijib-
HicTh QayHu. JliHiliHa perpecis OnuCy€eThCs PIBHIHHIM y =
183,99x + 213,62, 3 BUCOKHM Koe(illi€EHTOM JeTepMiHamii

TaGmurs 2
BignocHa yHceJbHICTH OCHOBHUX IPYyIN IPYHTOBOI Me30(ayHH Ha TOCTIUKeHHX TIJITHKAX
3a koedinieHTOM TOMiHYBaHHSA
. . 3esieHa 30HA IIpomucaosa
Boraniunmii sakasunk Cinscpkorocnogapcenki yrigast LEHTPaJbHOL 30Ha n00/1U3
3arajibHO/Iep:KaABHOI0 . Y Y
Taxcon . no0au3y c. I'ipka Iosonka yactuHu M. Jlyusk | IIpAT «llymanby,
3HaveHHs1 «BopoTrHiB» .
(arpoexocucrema) (ypOanizoBana (TeXHOreHHA
(YMOBHO-IIPUPO/IHA) . .
JJISTHKA) NJISTHKA)
Lumbricidae 21 12 11 7
Collembola 26 33 24 43
Oribatida 28 30 27 14
Porcellio 17 9 20 5
Gamasina 8 16 18 31
100 100 100 100
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(R?=0,952) Ta craTHCTHYHO 3HAYYIINM PiBHEM JOCTOBIip-
Hocti (p = 0,023). e miaTBepmKye TicHUH (QyHKITIOHATB-
HUH 3B’I30K MK TPO(higHOIO 623010 TPYHTY Ta KiJIbKiCHOIO
CTPYKTYpPOIO Me30(hayHH.

Ha pucynky 2 300pakeHO cepenHi 3HaYeHHS YHCEIh-
HOCTI 0e3XpeOeTHUX TSI KOXKHOI 3 TOCIIIKEHUX JITITHOK
3aJIe)KHO BiJl BMICTYy OpPTaHI4HOI PEYOBHHH, 3 TOOYIOBOIO
niHii perpecii. Touku Mo3HAYEHO BiAIOBIAHUMH ITiATTACAMHI
JUIS Bi3yaJIbHOTO 3iCTaBJICHHS IPOCTOPOBOTO PO3TAIIy-
BaHHSI CIIOCTEPEIKEHb.

1300
y =183,99x + 213,62
1200
2 1100
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< 1000
=
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]
& 900
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&
o 800
©
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= 700
0
=
8
2 600
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500 x
400
1,00 1,50 2,00 2,50 3,00

Bisyampnuii anamiz rpadika miATBEpIKYyeE, IO Haii-
BHUIIY YHACENBHICTh (payHN CIOCTEpIraad Ha JiCOMapKOBiH
IUISHII, SKa XapakTepu3yBaiacs MaKCHUMaJbHHM BMic-
TOoM opraHiuHoi pedoBunHu (5,1 %). Bognowac HaitHmk4a
IIIJIBHICTh — y TeXHOTeHHiH 30Hi (1,4 % opranikn), mo
Y3TOIDKYETHCS 3 €KOJIOTIYHUM YSBICHHSM IIPO JIETPajallito
0ioIIeHO3y BHACIIZOK BHCHAKEHHS TYMYCHOTO TOPH3OHTY
[19, c. 8]. Arpoekocuctema it ypbaHiz0BaHA TEPUTOPISI TTPO-
JIEMOHCTPYBAJIM TIPOMIXKHI 3HAYCHHS 5K 32 OPTaHiKOI0, TaK
1 32 YMCEIBHICTIO, IO CBITYUTH PO TaCTKOBE 30CPECIKEHHS

JNiconapkoBa

X

X Arpoekocuctema

3,50 4,00 5,00

BmicT opraHiyHoi pe4yoBuHK, %

Puc. 2. 3ay1eskHicTh YMCeJBHOCTI IPYHTOBHUX 0e3XpefeTHUX Bi/l BiICOTKOBOr0 BMiCTY OpraHiuyHoi pe4oBUHHI
y IpyHTi

Tpodiunoi 6asm ¢ayran. OpraniyHa pedoBHHA Bimirpae
BH3HAYaIbHy PONb y (DOPMYBaHHI YHCEIBHOI CTPYKTYpH
IPYHTOBUX YIPYIOBaHb I MOXKE PO3IVISIATHCS SIK 4y TINBUIA
SKOJIOTIYHHHA TPeAUKTOp O10JO0TiYHOi aKTMBHOCTI IPYHTIB
[16,c. 115].

Pesynbraty MOCHIKEHHST BUSBWIIM MOCIIIOBHY TpaH-
chopmamio CTPYKTypH TPYHTOBUX YTPYIIOBaHb Oe3xpe-
OETHHX y3I0BX I'PaJIEHTa aHTPOIIOI€HHOTO HABAHTAXKEHHS
[17, c. 176]. UncenbHiCTh, BUAOBHHA CKJIAJ 1 IHAEKCH Pi3-
HOMAHITTSl BUSIBHJIM MaKCHMallbHI 3HA4Y€HHsS Ha YMOB-
HO-TIPUPOJHIA IUISHIN Ta MiHIMQJIBbHI — B TEXHOTCHHIN
30HI. JIOMiHYBaHHA OKpPEMHX EBPHTOIHUX TPYI 1 3HU-
JKeHHS PIBHOMIPHOCTI B TEXHOTCHHHX YMOBax IIiITBep-
JUKYIOTh CHpOINEHHS TPOQidHOI CTPYKTypHu O10ICHO3Y.
BusiBnena mo3uTHBHA 3aJ€KHICTh YUCEIBHOCTI Me30(ayH!
BiJl BMICTY OpPraHiqHOI PEUOBHHU CBIAUUTH PO KIFOYOBY
POIB TPOIYHNX PEeCypCiB y MiATPUMAaHHI EKOJIOTIYHOT CTa-
OinpHOCTI TPYHTIB. 3arajom, iHTerparis KiIbKiCHHX, Tak-
COHOMIYHHX Ta (YHKI[IOHATBHUX MapaMeTpiB 03BOJIIE
PO3TISAATH TPYHTOBY Me3odayHy AK e(heKTUBHHUNA iHANKa-
TOp €KOCHCTEMHHX 3MiH Y CEpeIOBHINAX 3 Pi3HUM piBHEM
AHTPOIIOI€HHOTO BILJIUBY.

BucHoBku. Pe3ympraté MOCHIIKEHHA CBigYaTh PO
TICHUH 3B’SI30K MK CTYIIEHEM aHTPOIIOIeHHOTO HaBaHTa-
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KCHHS Ta OlOIHIMKAIIMHUMH XapaKTePUCTUKAMH TPYH-
TOBUX Oe3XpeOeTHHX. YMOBHO-TIPUPOIHA TUISTHKA Xapak-
Tepu3yBaiacsi HaWBUIIMMH MOKA3HUKAMH: YHCEIbHICTbH
Me3odaynn carana 1212 ex3./m?, innekc [llennona — 2,18,
ingexc Cumrcona — 0,87. HaroMicTs y TeXHOTEHHIH 30HI
Il 3HAYEHHS 3HIKYBAJINCH BIAMOBITHO IO 528 ex3./m?,
1,12 Ta 0,53. BcTaHOBIIEHO TO3UTUBHY KOPETISIIIO YHCEIh-
HOCTI 0e3XpeOeTHHUX i3 BMICTOM OpraHiuHOI PEYOBHHH
(R? = 0,952), oo miakpecitroe KIFYoBy POiIb TPO(DIIHOTO
pecypcy y (opMyBaHHI IPYHTOBHX yrpymnoBaHb. CTpyk-
Typa JIOMiHYBaHHS CBIYMJIA PO 3MEHIICHHS YaCTKH CIie-
miamizoBanux takcoHiB (Lumbricidae, Porcellio, Oribatida)
Ta mepeBaxaHHs TojepanTHuUX ¢opm (Collembola,
Gamasina) 3a yMOB 3a0pyJHEHHS i HOPYIIEHHS IPyHTOBOTO
cepenoBumma. OTpuMaHi JaHi y3TOMKYIOTBCS 3 pe3yibTa-
TaMH 1HIIUX JOCITIHKEHB 1 MATBEPIKYIOTh €(PEKTHBHICTh
BUKOPUCTAHHS KOMIUICKCHUX 300JIOTTYHHX TTOKa3HHUKIB
SK YyTIUBUX IHIUKATOPIB EKOJOTIYHOTO CTaHy TIPYHTIB
PI3HOTO THITy 3eMJICKOPUCTYBAaHHA. Y TMONANBIINX TOCIi-
JOKEHHSIX JIOLUIBHO PO3IIMPHUTH CIEKTP MOHITOPHHTOBUX
JUTSTHOK, 3allyYUTH CE30HHY AMHAMIKY Ta OI[IHUTH YyTIH-
BiCcTh Me30(ayHH 0 IHTeTpOBaHUX (DaKTOPiB 3a0pyTHEHHS,
30KpeMa y MO€AHAHHI XiMiYHOTO, (hi3mgHOrO Ta Oiomoriv-
HOTO HAaBAHTAYKCHHSI.
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XOPOJIOI'IA I CTAH HEHONONYJISAIIN ASTRAGALUS DASYANTHUS PALL.
HA IMIBHIYHIA MEXI APEAJTY B YKPATHI

JloBromoJia Jivoamuiia IBaniBHa,
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Y emammi axmyanizosano npo6nemy nowwpenns i cmany yenononysayini Astragalus dasyanthus Pall. Ha nieniuniu meoxci apeany
6 Vpaini (bopucninecokuil pation Kuiscoroi obracmi). 06 'ekmom docniodcenns Oynu mpu nonyisyii acmpazany wepcmuchoKksinKko-
8020, U0 3POCMAOMb HA CXUNAX pizHoi excnosuyii. Memoro cmammi 6y10 eusuerHs nowupenns i cmany gimononynayii A. dasyanthus
Ha 00Cni0xcy8anili mepumopii. Y pobomi UKOPUCIAHO 3a2abHONPULIHAMI (HiMOYeHOMUYHI, NONYIAYIIUHI MA CMAMUCMUYHi Memoou
oocnidocenna. Bemanosneno, ujo 6 mexcax bopucninbuyunu 30cepeddtcero 7 nokanimemis (1yuHo-cmenogux 0inanox) A. dasyanthus 6ino-
wicmb i3 IKUX 30epe2ucs Tuuie 6 Mexcax npupooo-3anogionux 06 ekmie — Hayionanvhutl npupoonuti napk «binoosepcokuily — ypouuwye
«Lleprosuwey (c. Luoni, Lubniscoka OTT), bomaniunuil 3akaznux micyesozo 3Hauenns «Cmenosuny (c. Tawanv, Tawancoka OTT),
Komnaexcna nam smxa npupoou micyesoeo 3nauents «/Jninposo-Anenkosuii eany abo «3miesi anuy (c. Luoni, Luoniscoka OTT), Komn-
JIEKCHA NaM SmKa npupoou micyesoeo 3uavenns « Tpu opamuy (c. Cmoen aeu, Jisuukiscoka OTI) ma nosa ix mexcamu, 30kpema: ypo-
yue «Kypaue copnoy (c. Lubni, Luoniscoka OTT), okonuyi «Myseto napoouoi apximexkmypu ma nodymy Cepeonvoi HaoOninpanuunuy
(m. Iepescnas, Hepesciascora OTI) ma oxonuyi ¢. Cmosn seu mowo. IIposedene 00cioicenHs yucenbHoCmi 0CooUH Ha Mpbox MOHIMO-
puneosux oinsinkax (M/) zacsiouye, wo A. dasyanthus ghopmye mym aepeeayii 3i wiinvhicmio 6i0 47 0o 1588 ocobun na 1 2a. Ananis sikosux
CManie papumemnozo eudy demoHcmpye, wo yenononyaayii M/ Ne 1, Ne 3 maioms cmamyc HopmanbHux, eKon02iuno Cmitikux, i3 MaKcumy-
MAMU HA npe2eHepamueHill 2pyni (NpopoCcmKiL, 106eHIbHI, IManypHi ma eip2iHiIbHI 0coOUHY). Bonu xapaxmepusyomvcs KoHcmanmuicnio
¥ cknadi gimoyenosis. Lenononyrayiss MI] Ne 2 eussiie o3Haku HenoBHOUNEHHOCI 30KpemMa Gi0CYMHIcHb 0COOUH Npe2eHepamusHO20
OHMO2EHEMUUHO20 CIAHY, Hacamnepeo nPopocmKig. Bikosutl cnekmp 0anoi yenononyrayii xapaxkmepusyemvcs 0OMIHY8AHHAM 2eHepamug-
HUX 0CcOOUH. Bcmarnosnero, wo oKpim abiomuuHux YuHHUKIE Ha cmaH yenononynayiu A. dasyanthus necamugHo aniugaroms i GiomuyHi —
3aPOCMAHHS JIyYHO-CMENOBUX CXUTIB YALAPHUKAMU, OEPeBAMU Md YPANCEHHS 0OCODUH 03HAYEHO20 8UQY (DIMONAMOEHAMU.

Kniouosi cnosa: gnopa, Astragalus dasyanthus Pall., papumemnuil 610, yeHononynsyis, Xoponozis, 6ikoga cmpykmypa, npupooo-
OXOPOHHA MEPUMOPIA.

Dovhopola Liudmyla. Chorology and state of cenopopulations of Astragalus dasyanthus Pall. on the northern
border of their range in Ukraine

The article addresses the problem of distribution and the state of Astragalus dasyanthus Pall. cenopopulations at the northern limit
of its range in Ukraine (Boryspil district, Kyiv region). The object of the research was three populations of woolly-flowered milkvetch
growing on slopes of different exposure. The purpose of the study was to investigate the distribution and condition of A. dasyanthus
phytopopulations in the studied territory. Commonly accepted phytocoenotic, population, and statistical research methods were applied.

1t was established that within the Boryspil district there are 7 localities (meadow-steppe plots) of A. dasyanthus, most of which are
preserved only within nature-protected areas — the Biloozerskyi National Nature Park, «Tserkovyshchey tract (Tsibli village, Tsiblivska
OTG), the local botanical reserve «Stepovyiy (Tashan village, Tashanska OTG), the complex natural monument of local significance
«Dnipro-Yanenkovyi Valy or «Zmiyovi Valyy (Tsibli village, Tsiblivska OTG), the complex natural monument of local significance
«Try Bratyy (Stovpiagy village, Dyvychkivska OTG), as well as beyond them, in particular: «Kuryache Horloy tract (Tsibli village,
Tiblivska OTG), surroundings of the «Museum of Folk Architecture and Life of Middle Dnipro Region» (Pereiaslav, Pereiaslavska
OTG), and outskirts of Stovpiagy village, etc.

The conducted study of the number of individuals on three monitoring plots (MPs) shows that A. dasyanthus forms aggregations with
a density ranging from 47 to 1588 individuals per hectare. Analysis of the age states of this rare species demonstrates that cenopopulations
MP Ne I and MP Ne 3 have the status of normal, ecologically stable populations, with maxima in the pregenerative group (seedlings,
Jjuvenile, immature, and virginal individuals). They are characterized by constancy in the composition of phytocoenoses. Cenopopulation
MP Ne 2 shows signs of incompleteness, particularly the absence of individuals of the pregenerative ontogenetic state, primarily seedlings.
The age spectrum of this cenopopulation is characterized by the dominance of generative individuals. It was established that in addition
to abiotic factors, cenopopulations of A. dasyanthus are also negatively affected by biotic ones — overgrowth of meadow-steppe slopes
by shrubs and trees, as well as infection of individuals of this species by phytopathogens.

Key words: flora, Astragalus dasyanthus Pall., rare species, cenopopulations, protected area, Boryspil district.

Beryn. 30epexeHHs piAKICHAX 1 3HUKAIOUMX BUIIB pOC-  (ITOIICHO3IB, pyHHYBaHHA 1 TpaHC(HOPMALis SIKUX IIPH3BO-
JIMH Y IXHBOMY HPUPOIHOMY CEPEIOBHILI € OHHUM i3 KIIFO-  JATh JI0: MOPYLICHHS €KOJIOr0-IIEHOTHYHOTO OajlaHCy poc-
YOBHX 3aBIaHb OXOPOHU OiopizHOMaHITTA. OCOOMMBO aKTy-  JIMHHUX YTPYyIyBaHb, BUCHAKCHHS MPHUPOIHUX PECYpCiB
ANBHOIO Ha CHOTONMHI € MpobieMa 30epeKeHHS CTEMOBHUX  IIIHHUX BUJIB POCIUH; 30iTHEHHS (PiTOPI3HOMAHITTS; 3MCH-
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MIeHHS TEPUTOPIH, NIe 3pOCTAIOTH THITOBI CTETIOBI POCIHH;
MOSIBM HEBEIIMKUX, 130JbOBAaHHUX LEHOIOIYISIINA POCIUH,
AKi MaloTh TOPYIIECHY CTPYKTYpYy i HU3BKY 3IaTHICTH 10
BIDKMBAHHS TOIIO. 3a0€e3MEUCHHS X OXOPOHH MOXKIIFBE Ha
OCHOBI BCEOIYHOTO JIETATHHOTO BHUBUCHHS TeorpadigHOTrO
MIOIIMPEHHS, EKOJIOrO-IICHOTUYHHX YMOB MICIIE3pOCTaHb
1 Cy4acHOTO CTaHy MOITYJISIIN TOIIIO.

Cepen TakuxX CTENOBHX BHJIB POCIHH, IO MOTpely-
FOTH OXOPOHH Ha CBITOBOMY DiBHIi, MOXKHA BUAUTUTH acTpa-
Tay MIEPCTUCTOKBITKOBUH (Astragalus dasyanthus Pall.)
(puc. 1) — miHHA JiKapchbka POCIHHA, M0 HAIECKHUTH 10
pomnan Fabaceae. Ha choromHi mpupoaHi EHOMOMYMAIIIT
acTparajy 3HauHO CKOPOTHIIMCS YHACIIZOK IiHTCHCHBHOL
TUSUTBHOCTI JIIOMUHM, 30KpEeMa: PO3OPIOBAHHS CTEMOBHX
TUISHOK, TepacyBaHHS, 3aCa/pKEHHS CXWJIIB JIICOM, BHIIA-
JIIOBaHHA CYXOCTOIO, KOCIHHS TpaBH, BHIIACAHHS XyZOOH
Ta 30ip POCIHUH SIK JIKapChKOI CHPOBHHH TOMIO. A. dasyan-
thus BimHeceHo mo YepBOHOTO cmHCKy MiXHAPOTHOTO
Corozy Oxoporn [lpupomm (kareropis «ONMH3BKHHA [0
3arpo3iMBOTO CTaHy») [21; 25], €BporeiichKOro 4epBOHOTO

CIHUCKy (KaTeropis «Bpa3musuii») [20], UepBoHOT KHHTH
Ykpainu (kaTeropist «Bpa3nuBuii») [14], YepBoHOTO CIHICKY
pocma Bonrapii (kateropist «3HaXOMUTHCS 1T KPUTHIHOIO
3arpo3oro») [24] ra UepBonoi Kuuru Pecrryonikn Momnmosa
(xareropist «Bpa3muBHi») [22; 23] Tomo.

B Vkpaini A. dasyanthus mommpeHuii y JIicoCTENOBIN
30Hi, Ha TIIBHOYI CTeMYy, 3piaKka Ha #oro miBaHi Ta B Kpumy.
Bin 3pocTae Ha OCTEMHEHUX 1 KaM STHUCTUX CXHJIaX, CEpes
CTETIOBUX YarapHHKIB, Ha y3TiCCAX 1 TalsgBHHAX OalpadHmX
niciB (puc. 2) [14].

Ha cporozHi BiToMOCTI ITpo XOpOJIOTito i AeMorpadiaHy
CTPYKTYpY HCHOTOMYIALi A. dasyanthus B Ykpaini MoXHa
3HaiiTH B mparx I. Tomuapenka [3; 4], B. MenpauKa 3i
cmiBasrt. [8], B. Mup3u [9], B. Minapuenko, I. Tumaenko
[10], I. MMapniko3m 3i cmiBaBT. [11], I. Illamapenko [16],
B. IlleBunka 3i cmiBaBt. [17], O. Ilepbakosoi, I. bapmak
[18] Ta in.

Ha mocmimkyBariii TepuTOpii BiOMOCTI MPO MOIIH-
peHHS BUAY € (hparMeHTApHUMH, BOHH BUCBITICHI Tepe-
BaXHO B KOHcrekTax ¢urop [2; 12; 15], a daxosi momyns-

Puc. 1. 3aranbuuii Burnan Astragalus dasyanthus. MJ{ Ne 1 — My3eii HapoaHoi apXiTeKTypu Ta no0yTy
Cepennboi HapgninpsiHmunn

Puc. 2. Kapra nomupenns A. dasyanthus B Ykpaiui [14]
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iffHI pO3BIAKHM y3araji HEe MPOBOAWIHCA. Y 3B’SI3Ky i3
MM METOI0 OPHTIHAIBFHOTO JOCITIKEHHS OyT0 BUBUCHHS
TIOIUPEHHS 1 cTany ¢itonomysimii 4. dasyanthus Ha TiB-
HIYHIA MeXi apeany B YKpaiHi.

[liBHiuna mexa moumpeHHs A. dasyanthus B YKpaiHi
30CEepPEeIKYETRCS TIEPEBAXHO B BOPHUCIIITBCHKOMY palioHi,
SIKAH 3HAXOAWUThCS Ha cxoxi KuiBcekoi obmacti JliBobepesk-
HOi Ykpainu. Jlo ckiamy TepuTopii JOCTiIKEHHS BXOAATH:
Bopucmineceka, IlepesicmaBcpka Ta SITOTHHCHKA MICHKI,
Boponskiscrka, ['ipebka, JliBmakiBehka, 3omodiBehKa, [Ipu-
crommygHa, CTyaeHnKiBChKa, Tamanceka, [luOmiBcbka Ciirb-
CBKi TepHUTOpiabHI rpoMaau. JlocimKyBaHa TEpUTOpis po3-
tammoBaHa B JIiBoOepexHO-/IHITPOBCEKOMY T€000TaHITHOMY
okpy3i [3] Ta JliBoOepesxkHO-/[HITPOBCHKIN TiCOCTETIOBIN
(izuko-reorpadivHiii TMPOBIHIIT B MeXax MiBHIYHO-CXiI-
HOTO CXWIy YKpaiHCBKOTO KpHUCTamigHOro immura JlHi-
mpoBcbKo-Jlonenpkoi 3anmamuan. Penped Bopucminbmman
PIBHUHHHH i3 3araJbHUM IIOXIJIOM 10 JONWHHU JHimpa. Ti
TEpUTOpi€r0 TPOTiKatoTh piuku TpyOixk, Cymiit, MneH, [kBa
TOIIIO, SIKi € TiBUMU TipuTokamu p. xinpo. Cepemnns Temrre-
parypa ciuns — -6,5 °C, murmas — +20,1 °C, omazis 61m3pK0
500-600 MM Ha pik [10]. PocnmHHWMIA TOKPUB peTioHy TpaH-
copmoBanmii yHactinok modynosu I'EC va JlHinpi Ta cTBO-
perni KaniBcpkoro Ta KHiBChKOTO BOTOCXOBHIII.

Marepiann Ta MeTOAM IOCTiTKeHb. Y Tepion i3
2023 mo 2025 pp. Oynm mpoBeneHi OpUTIHATBHI MOIBOBI
JOCTI/KCHHS JTyYHO-CTEMOBHUX IITHOK BOpHCIITBECHKOTO
paiioHy (JHIeHb-cepmeHb BKIIOYHO). OO’eKkT mocimi-
JUKEHHS — Tpu momyisimii A. dasyanthus, o 3pOCTaioTh
Ha cXWjax pi3HOi ekcrmo3utii. JocmimKkeHHs TpOBOAMIH
MapIIpyTHUM, CTAIllOHAPHUM 1 KaMepaTbHUMH METOIaMHU.
VY mporieci reo60TaHIIHOTO OMUCY 00’ €KTIB KOPUCTYBAIHCS
3araibHONPHHHATAMHA MeTonukamu [1; 6]. Tlomymsrmiiiai
JMOCTI/DKCHHS TIPOBOMMJIM HA TPaHCEKTaX, sKi CKiaja-
mcst i3 10 mpo6GHuX Maiimanunkis posmipom 1 M2, BikoBy
CTPYKTYpy HEHOTIOMYJAIi BHU3HAYAIN 3TiAHO 3 METOIH-

sFlepescnas’

T
Mys3ei;HapoaHol
apxIiTeKTypu Ta nobyry...

e

-,

P

koo T. PabotHoBa [1; 6]. XapakTepHCTHKY BIKOBHX CTaHiB
A. dasyanthus 3nivicHroBamm 3a Mop(dooriero Haa3eMHOI
yacTUHU pocnua [18], Buminsatoun 4 BiKoBi Tpymu: 10Be-
HIiTBHI (j), iMMaTypHi (im), BipriibHi (V), TeHepaTuBHi (g).
[HIeKC BIAHOBIIEHHS — BU3HAYAJIN SIK BITHOIIEHHS KIJIBKOCTI
TIPETeHEePaTUBHIX OCOOMH 10 reHepatuBHUX [1]. Homen-
Knatrypa TakcoHiB HaBomuThes 3a World Flora Online Plant
List [21].

OxpiM MaTepianiB OPUTIHATBHHUX JOCHTIHKEHb, HAMHU
BUKOPHCTOBYBAJICS HaHI 3 OHiaiH-pecypcu iNaturalist
[22], Ukr.BIN [23].

Pe3yabraTu gociimkenHs. bimpmicTs mice3pocTaHb
A. dasyanthus y bBopucminscbkoMy paitoni KwuiBcekoi
oOmacTi 30eperics JUIIE B MeKax IPHUPOIO-3aIlOBif-
HUX 00’€KTiB, 30kpema: HarmioHampHUI TpUpOmHUil mapk
(HIIT) «bimoosepcekuity — ypouniie «llepkoBurie»
(c. Hmbmi, [ubmiBcbka OTT) — onuH 13 HAWOUIHIINX MaCH-
BiB [19]; Boraniunmii 3aka3HUK MictieBoro 3HaueHHs «Cre-
noBuit» (c. Tamanp, Tamanceka OTL) [11; 13; 18; 22;
23]; KomrurekcHa mam’siTka MIPUPOAH MICIIEBOTO 3HAYCHHS
«JIainpoBo-HenkoBwii Bam» abo «3mieBi Bamm» (c. Lnbmi,
[uo6miBceka OTT) [6; 11; 13; 18]; KomrekcHa mam’aTka
pupoan MictieBoro 3HaueHHs « Tpu Opatn» (c. CToBI sTH,
Hisuakisceka OTI) Tomro [7; 13; 22]. Ha Bopucminsmuai
TIOMYJIAII] BUAY MPEACTaBICHI W 1032 MEXaMU MPHPOIO-
OXOpOHHHX 00’€KTiB, 30KkpeMa: ypouuie «Kypsdae ropio»
(c. Oubmi, Hubmisceka OTT) [7; 13; 22], oxommti «My3ero
HaponHoi apxiTekTypu Ta modyty Cepenuapoi HagmHinpsH-
mEm» (M. [epescnas, [lepescrasceka OTT) [7; 13; 18]
Ta ooyt ¢. CtoBm siru oo [7; 13].

Tomynsmitianii MOHITOPHHT A. dasyanthus IPOBOIUBCS Ha
Jy9IHO-CTEMOBHX JUISTHKaX (cxminax) boprucminbepkoro paifory
KuiBcbkoi obmacti y mepion i3 2023 mo 2025 pp., 30kpema:
ypounta «Kypsue copnoy (M1 Ne 2) ta «I{eprosuwer» (M
Ne 3) Ta oo «Mysero HapooHoi apximexmypu ma nooyny
Cepeonvoi Haooninpanuunuy (MJ] Ne 1) (puc. 3).

BockpeceHcbke

Mana,.z
LET =N

BiHWHUi

Jleubkn

Puc. 3. Micue3Haxoa:xeHHs] MOHITOPMHIOBUX JMIAHOK Astragalus dasyanthus na tepuropii Bopucninbcbkoro
paiiony KuiBcbkoi odnacrti: Ml Ne 1 — Myzeii napoonoi apximexkmypu ma nooymy Cepeonvoi Haooninpanwunu;
M/ Ne 2 — ypouumie «Kypaue zopno»; MJ Ne 3 — ypouniue «I[epkosuuye»
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M Ne 1. posramoBana mobmusy Myzew HapooHoi

apximexmypu ma nooymy Cepeonvoi Haodouinpsauuunu
B M. IlepescnaBi bopucminschkoro paiiony, KwuiBcbkoi
obmacTi. BoHa 3HaXOmUTBCA y MeEXKax CXWITy IiBHIYHOL
i miBHIYHO-3aXimHOI eKcmo3Wmii. Ii TUIoma CTAHOBHUTH
6mm3pko 2 ra. IIpoexTHBHE MOKPUTTS TpaBocTol — 95%.
Hominanramu Buctynatots Elymus repens (L.) Gould,
Thinopyrum intermedium (Host) Barkworth & D.R.Dewey
(20%). CniBmominanTamu € Festuca valesiaca Schleich. ex
Gaudin, Koeleria pyramidata (Lam.) P. Beauv. (10%). [Ipo-
€KTHUBHE TIOKPUTTS A. dasyanthus micusiMu cTaHOBUTB <5%.
Cepen BHIIB pi3HOTpaB’s BiIMiueHa BaroMma 4dactka Salvia
nutans L. Tpas’ssHU IOKPUB CKIanaloThk: Adonis vernalis
L, Aspilia foliacea Baker, Chamaecytisus austriacus
(L.) Link, Eryngium planum L., Euphorbia cyparissias L.,
Falcaria vulgaris Bernh, Galium verum L., Gypsophila
paniculata Wien, Helictotrichon pubescens (Huds.) Schult.
& Schult.f., Lathyrus pratensis L., Melilotus officinalis (L.)
Pall., Plantago lanceolata L., Thymus pannonicus All.,
Veronica chamaedrys L., V. spicata L. Tomo. Ha mocui-
JUKyBaHIM MOHITOPHHTOBIN MINISHIN TIpEeNCTaBlIeHa HAYH-
CeNbHIITa neHonomy st A. dasyanthus BopucTiTbCHKOTO
paifoHy, mo HapaxoBye Omm3pko 2678 ocobun. LlinbHiCTR
momyysii y cepegapomy 0,13 ocobmu Ha Im? (125-150
ocobun Ha 100 m?) (Tabm. 1). Jlana Teputopist 3a3Ha€ aHTPO-
MOTEHHOTO HABAaHTAXXEHHS Y BHIVIAJI CTBOPEHHS JIIOIbMHU
HECAHKIIIOHOBAHOIO CTUXIIHOIO CMITTE3BaIHNIIIA.

M Ne 2. Vpouuwe «Kypsue copno» po3raiioBaHe
B oxomuisix c. Llubmi Bopucminecekoro paitony Kuis-
cpKoi oOmacTi. BoHo 3HaXomMTRCS Ha HaA3aIUIaBHIN Tepaci
p. Huimpo (KaniBceke Bomocxoswmiie). [Tmoma mormymns-
uii A. dasyanthus — 0,5 ra. IIpoekTUBHE TOKPHUTTS Tpa-
BocTo10 — 90%. JloMiHaHTaMM BUCTYNAIOTh Elymus repens
(25%), cuiBnominantamu — Brachypodium pinnatum (L.)
P. Beauv. (20 %). IIpoextuBHe mokputrtst A. dasyanthus
craHoBuTh MeHIe 1%. Jlo ckiamy TpaB’sSHOTO TOKPUBY
BXOISITh TaKoX Agrimonia eupatoria Michx., Amygdalus
nana Krylov, Anemone nemorosa (L.) Holub, Artemisia
marschalliana Spreng., Aspilia foliacea, Betonica officinalis
L., Briza media L., Centaurea scabiosa L., Chamaecytisus
austriacus, Clinopodium vulgare L., Dactylis glomerata L.,
Eryngium planum, Euphorbia angulata Jang., Filipendula
vulgaris Moench, Fragaria viridis Weston, F. vesca L.,
Fritillaria ruthenica Wikstr., Galium verum, Genista tinc-
torial L., Hypericum perforatum L., Knautia arvensis (L.)
Coult., Koeleria glauca (Spreng.) DC., Leucanthemum
vulgare Lam., Linaria vulgaris L., Medicago falcata L.,
Poa angustifolia L., Pontechium maculatum (L.) Bohle &
Hilger, Prunella grandiflora (L.) Turra, Prunus fruticosa
Miyoshi, Salvia pratensis L., S. nutans L., S. nemorosa L.,
Stipa  borysthenica Klokov ex Prokudin, Taraxacum
officinale F. H. Wigg, Thalictrum simplex L., Thesium
linophyllon L., Trifolium montanum L., T. medium L.,
T minus L., Veronica spicata, Vicia cracca L., Vincetoxicum
hirundinaria Medik., Viola hirta L., Viscaria vulgaris
Bernh. tomo. Ha TepuTopii ypoumina meHOMOMymAIist A.
dasyanthus HedncIIeHHa, HapaXxOBYETbCsA OMM3BKO 95 oco-
omn. HlineHicTs momymsmii y cepenapomy 0,02 ocoOuHH
Ha 1 M2 (15-20 ocobun Ha 100 M?) (Ta6m. 1). UucenbHicTh

ocobuH A. dasyanthus Ha naHiii MOHITOPHHTOBIHM MiNAHII
CTPIMKO 3HIKYETHCS X049a BOHA 1 PO3TAIIOBAaHA BiIAICHO
BiJl HACEJICHHUX ITyHKTiB. AHTPOIIOTCHHE HaBaHTAXKCHHS Ha
OioTom acTparaiy BiICYTHE i TOMY CTaH HOTO IIEHOIIOIY-
Tl BU3HAYA€THCS MEPEBAKHO MPUPOIHIUMHU YMHHUKAMH.
IcToTHHMIT HETaTWBHUII BIUTUB HA CTaH Ta JAWHAMIKY IEHO-
OIS A. dasyanthus Mae 3apOCTaHHS JTyYHO-CTETIO-
BUX CXWJIIB YarapHUKaMH, AEPEBaMH Ta YPAKECHHsI 0COOMH
03HAUEHOTO BTy IIKIJTHHKAMH.

M Ne 3. Vpouuwe «Ljuprosuwe» (c. Luoni, L{ubnis-
coka OTI) — OiIHKA CTETIOBOi POCIMHHOCTI, sIKa BXOTUTH
1o cxiany HamionansHOTro mpupomHoTro mapky «bimoosep-
CBKUI» 1 NIPEe3eHTOBaHA SAPOM. YPOUHINE 3HAXOMUTHCS Ha
Ha/I3aIUIaBHIA Tepaci piuku J{HIIpo, 3 KPYyTHMH CXHIaMH,
o JocsraioTh BucoTd m0 120 merpi. LleHOmOmysiis
A. dasyanthus nokamizoBaHa B CHCTeMi 0aJlOK, IO Xapak-
TEPHU3YIOThCA IMiBICHHO-CXiTHOIO €KCIO3HIIEI0 i HAXHUIOM
B miamaszoni Bim 60° mo 50°. ¥V TpaBoCTOi i3 TPOEKTHB-
HUM TOKpUTTAM 85-90% nominye Elymus repens (20%),
Thinopyrum intermedium (20%). CniBnominanTamu € Fes-
tuca valesiaca (10%), Stipa capillata L., Stipa borysthenica
(10%), Koeleria pyramidata.

Cepen BUAIB pI3HOTpaB’s BIIMIYEHO 3HAYHY Yy4acTh
Salvia pratensis (2%) i Galium verum (1%). o ckmamy
TpaB’sTHOTO MOKPHBY TaKOX BXOISTH Agropyron cristatum
(L.) Gaertn., Berteroa incana (L.) DC., Cytisus austriacus,
Eryngium planum, Euphorbia angulata, Falcaria vulgaris,
Gypsophila paniculata, Ranunculus acris L., Stellaria
graminea L., S. media (L.) Vill., Thymus pannonicus,
Verbascum densiflorum Bertol., Veronica chamaedrys, V.
spicata tomro. [lomymnstist A. dasyanthus B ypouni «Llep-
KOBHIIE» € ONHIEIO 13 HAWOLIBII YHCENBHINX HA TEpH-
Topii bopucminbcekoro paitony KuiBcbkoi obmacTi, B Hilt
HapaxoByeThCs OMm3pKo 1588 ocobuH. I3 HUX reHepaTHB-
HUX — 988 ocobuH, BiprineHuX — 304, iMmMarypHUX — 202,
toBeHUTbHUX — 94. IlineHicTh momymsanii cranoButs 0,16
oco0un Ha 1 M2, Micugmu — 10 94 ocobun Ha 100 M? (Tad.
1). Jlana TepuTOpis MiIIATaE PEKUMY ITOBHOTO 3aIlOBi-
JTaHHS, OJTHAK aHTPOIIOTCHHHH BIIJIMB HA HEl 3/IIICHIOETHCSL.
[{opivuHO, 3 HACTAaHHAM BECHH, HA MOHITOPHUHTOBIH JiISHIII
BiZIOyBa€ThCS BUITAJIIOBAHHS CYXOTO TPABOCTOIO 33 PaXyHOK
ICHYIOUOTO IBUHTapa nopyd. Takox HEraTHBHHUI BIUIUB Ha
LEHOTIOIYJISALII acTparasy CIPHYMHSAE (372 HA KBaAPOIH-
KJIax MO raro0ax sipy, 0 MPU3BOAWTH A0 BUTONTYBAaHHS
PapHUTETHOTO BHITY.

Bucnosku. Leronomymsmii MJ[ Ne 1, Ne 3 matots cra-
TyC HOPMaJBHUX, CKOJIOTIYHO CTIMKHX, i3 MAKCHMyMaMH Ha
MIpereHepaTHBHINA TPyIIi (MPOPOCTKH, FOBEHLUIBHI, IMaTypHIi
Ta BIpriHiIBHI 0coOWHM). BoHM XapakTeph3yrOThCS KOH-
CTaHTHICTIO y cKiami ¢iromeHosis. Llenomonymsmis M/I
Ne 2 BusiBIIsie O3HAKM HETTOBHOWICHHOCTI 30KpeMa BiCYT-
HICTB OCOOMH MPETEHEPATHBHOTO OHTOTEHETHYHOTO CTaHY,
HacamIiepe]] IpopoCTKiB. BikoBuil cekTp maHOI IIEHOTMO-
MyJSil XapaKTepu3yeThCs TOMIHYBaHHSIM T€HEPATHBHUX
0co6uH. MMOBIpHO, 1ie MOB’S13aHO 3 MOPYIICHHAM HACiH-
HEBOTO TIOHOBJICHHS, HU3bKOIO >KUTTE3/IATHICTIO HACIHHA,
Ypa)XXeHHSM HOTO €HTOMOIIKITHIKAMH Ta (iTOMaTOTeHAMH,
a TAaKOXX KOHKYPEHTHUM BHUTICHEHHSIM YarapHHKOBOIO POC-
JIMHHICTIO.
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Tabmums 1
BikoBa cTpykTypa neHoONnomyJisiii acTparajy mepcTUTOKBITKOBOrO (Astragalus dasyanthus Pall.) na Tepuropii
Bopucniascbkoro paiiony KuiBcbkoi o0acTi

CneKTpH OHTOreHeTHYHHUX CTAHIB g
3 § - A. dasyanthus o
g " = s Z =
e = s 8 = = ~ 5
: 2 22| | & 5 = 5 2 -
SE = =2 € | & g 2 : 2 5

£ = s < 3, 4 < z E & > E o0 s e

EE s = 2 = 2 s s £ =)
e .= = 2 S = 5 [ g = = &
== S iE| 2 | = = 2 8 s g
= g =2 g 2 =
= o= 5 2 = =)
= = el 5 = = = = = g
2 S5 S| o | E || E| o |
= CH AT - I - S L - T A -
S ) ) ) =

1. Orxonuyi Myseio 2,0 2678 | 0,13 105 3,90 151 5,64 920 | 34,35 | 1502 | 56,09 | 0,78

HapooHoi
apximekmypu
ma nobymy Cepeonvoi
Haooninpanwunu
2. VYpounte «Kypsue 0,5 95 0,02 - - 10 10,53 30 54,55 55 57,89 | 0,73
2opnoy
3. VYpounie 1,0 1588 | 0,16 94 5,92 202 | 12,72 | 304 | 19,14 | 988 | 62,22 | 0,61
«Leprosuwe»

I3 METOI0 MOHITOPUHTY MOAANBIIOT JUHAMIKMA PO3BUTKY  HOBJICHHS L[LOTO PIJKICHOTO BH/IY, B [IOAAJBIIOMY CJIiJ{ [IPO-
O3HAYECHUX LCHOMOMYIISIIN Ta JJIsl CTBOPSHHSI I ONTHMIi3a-  JIOBXYBATH IXHE CUCTEMATHYHE JIOCII/HKEHHS 1 CTBOPUTH Ha
il Ji€BUX CTpaTerii, cupsMoBaHUX Ha 30epeskeHHA i Bim-  MJ[ Ne 1 Ta Ne 2 BoraniuHmMif 3aKa3HUK MiCIIEBOTO 3HAYCHHS.
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@ makooic po3pooKy nioxo0ie ujod0 UKOPUCMAHHA HyMisMamuynoi 2eoepaghii 6 ocsimuvomy npoyeci. Ocobaugy yeazy npudineno 0211y
MmoHem Kpain €epasii, Iligniunoi ma Iliedennoi Amepuxu, Ascmpanii, Oxeanii ma Agppuku, Ha aKux npedcmasneni 6uou pociux i med-
DUH, WO € CUMBOTAMU NPUPOOHO20 OAAMCIMEA PeioHi6 Mma iHOUKAMOPAMY eKONO2IYHO20 CIAHY 00BKIIIA. ABMOpU HA OCHOBI 61ACHUX
docnidicens ananizyiome ecmemuyHull, NI3HAGANLHULL MA UXOGHULL ACNEKMU BUKOPUCIAHHS HYMIZMAMUYHO20 MAMePiany y Haguaib-
nomy npoyeci. Hazonoutyemoca, wjo memamuyni KoNeKyii MoHem MOXICYmMy C1y2ysamu eheKmusHum OUOaKxmuyHum 3acobom 014 inme-
epayii eeoepahiuHux, GION0IUHUX MA eKONOIUHUX 3HAHL, CIMUMYTIIO8AMU iHmepec 00 30epedcerHs OIOPI3HOMAHIMMS Ma 6UX08Y8aAMU
6i0n0gidanbHe CMagiieHHs 00 NPUPOOHUX pecypcie. Memoouka onpayioseants oKpemux MoHenm ma ix memMamuyHux cepit Modce K-
Yamu 8UHAUEHH NOOAHUX 00 €KMi8 a0 NPeOCMABHUKI8 OP2AHIUHO20 CIMY, KOMNIEKCHULL ONUC 300DAXCEHUX NPUPOOHUX TAHOUADMIE
i NOACHEHHs YMOB IXHbO20 YIMBOPEHHS, 4 MAKONC CKAAOAHHA HYMIsMamuuHo-ceoepapiunux xkapm. [Ipedcmasneni agmopamu maoauyi
ma LoCmpamueHi mamepianu 003601810Mb 0P2AHIZY6amMU NOPIGHATbHO-2e0epapiunull ananis, Gopmysamu exonociuni yaeients Ha
OCHOBI HAOYHO20 CHPULIHAMMA MA PO3GUSANY KPUMUYHE MUCTENHS YUHI. 3a3HAYeNO, Wo 6Nposadicens Hymisuamuunoi ceoepaii
8 OCGIMHIO NPAKMUKY € OOYLTLHUM, OCKITbKU 60HO CHPUSE HOPMYBAHHIO AHATIMUUHO20 MUCTEHHSA, 302ANbHOKYILIMYPHOT 00i3Hanocmi,
€KON02IUHOT KYIbNYpU Ma eKON0IYHO OPIEHMOBAHO20 C8IMO02IAdY 3000Y6aUis 0CaIimil.

Kniouosi cnosa: nymizmamuuna ceoepaghis, monemu kpain €epasii, [lisniunoi ma Ilisoennoi Amepuxu, Appuxu, Ascmpanii ma Oxe-
aHii, eKonoziuna Kynemypd, oceimmiii npoyec.

Bayteryakov Oleh, Mysko Volodymyr, Mysko Tetiana. The formation of biogeographical knowledge by means
of numismatic geography: educational and pedagogic potential of coins of the world

The article considers numismatic geography as an innovative direction in geographical science, which combines the study
of the territorial specificity of coin production with the analysis of natural objects depicted on coins. The importance of ecological culture
as a key component of sustainable development of society is substantiated and the potential of coins with images of flora and fauna
for the formation of environmental awareness of schoolchildren and university students is emphasized. The purpose of the article is
to identify the educational and pedagogic potential of the coins of the world for the formation of biogeographical knowledge, and to
develop the approaches as for the application of numismatic geography in the educational process. Particular attention is paid to
the review of coins of the countries of Eurasia, North and South America, Australia, Oceania and Africa, which present species of plants
and animals that are symbols of the natural wealth of the regions and indicators of the ecological state of the environment. Based on their
own research, the authors analyze the aesthetic, cognitive and educational aspects of the use of numismatic material in the educational
process. It is emphasized that thematic coin collections can serve as an effective didactic tool for integrating geographical, biological
and environmental knowledge, stimulating interest in preserving biodiversity and fostering a responsible attitude towards natural
resources. The methodology for the study of some coins and their thematic series may include an identification of the presented
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objects or representatives of the organic world, a comprehensive description of the depicted natural landscapes and an explanation
of the conditions of their formation, as well as a compilation of numismatic and geographical maps. The tables and illustrative materials
presented by the authors allow organizing a comparative geographical analysis, forming ecological ideas based on visual perception,
and developing students' critical thinking. It is noted that the introduction of numismatic geography into educational practice is
appropriate, since it contributes to the formation of analytical thinking, general cultural awareness, environmental culture, ecological

culture and an environmentally oriented worldview of students.

Key words: numismatic geography, coins of Eurasia, North and South America, Africa, Australia and Oceania, ecological culture,

educational process.

Beryn. ¥V cyuacHux ymoBax mIoOallbHOI €KOJOTid-
HOI KpW3M HaA3BHYAMHO BAKJIMBUM 3aBIAHHSM OCBITH
€ (hopMyBaHHS EKOJOTIYHOI KYJIBTYPH Ta BiAITOBIIaIHHOTO
CTaBJIEHHsI JI0 HABKOJMIIHBOTO CepefoBHINA. TpaauiiiHi
METOJHM EKOJIOTIYHOTO BHXOBAaHHS 4YacTO HE BPaXOBYIOTh
MDKIACIUILTIHAPHINA TiAXia Ta moTpedy B HOBUX (opMax
MotuBalii yuHiB. OqHiM 3 e()eKTHBHHX CHOCOOIB ITiIBH-
IIEHHs Mi3HABaJbHOI aKTHBHOCTI YYHIB € 3aCTOCYBaHHS
B OCBITHBOMY ITpOIIE€Ci HANpAIIOBaHb HYMI3MAaTHYHOI I'eo-
rpadii, sKka JTOCHIPKY€E MPOCTOPOBI OCOOIMBOCTI BUITYCKY
TPOIIOBHUX OMUHHMI 1 BUSBISIE Ta iHTEpHIpeTye reorpadiu-
HUHU 3MICT iXHbOTO mu3aiiHy [l; 2]. Hywmismarudna reo-
rpadist, SIK MOEJHAHHS EKOJIOTO-IIPUPOJHUYOTO Ta iCTOPH-
Ko-reorpadigHOro aHalizy MOHET KpaiH CBiTY, Ma€ 3HAUHUHA
OCBITHIY 1 BUXOBHHH MoTeHIlian. MoHeTH, mo BigoOpaka-
FOTh TpUPOIHi JaHAmadTH, Gropy i dhayHy, TPUPOIOOXO-
POHHI 00’€KTH, MOXKYTh CTaTH ¢(DEeKTUBHUM 3aCO00M PO3-
BUTKY EKOJIOTiYHOi KyJIbTypH. IX 3alydeHHs B OCBiTHiif
TIpoIIeC CIPHSIE HE JINIIE Mi3HABAILHOMY iHTEpecy, a i (op-
MYyBaHHIO €MOIIHO-I[IHHICHOTO CTaBJICHHS JI0 TOBKIIIIA.

HymismatruHa reorpadis, sK iHHOBAIiWHUN HampsM
MDKIUCIUIUTIHAPDHUX ~ JOCHTI/DKCHb, BOJOMI€ 3HAYHUM
MTOTCHITIAJIOM Yy KOHTEKCTi (hOpMyBaHHS IUTICHOTO YSB-
JIeHHs TIpo ekosioro-reorpadiuni npomecw. Ii 3acTocypanus
B OCBITHBOMY CEpEJIOBHUINI CIpHs€ MONIMOICHHIO 3HAaHb
3M00yBaviB OCBITH PO IPOCTOPOBY OPraHi3aIlil0 TPUPOI-
HUX 1 CYyCIUTBHUX SIBHII, BOMHOYAC aKTHBI3YIOUH MIKIIPEI-
METHI 3B’s13KH. AHaJI3 3MICTy Ta Bi3yaJIbHOTO 0()OPMIICHHS
METaJIeBUX TPOIIOBHX 3HAKIB JIO3BOJISIE TOEIHYBAaTH I'€O-
rpadivyHi 3HAHHS 3 ICTOPHYHUMU, KYJIBTYPHIUMHA Ta EKOJIO-
TYHUMH KOHTEKCTaMH, IO PO3LIMPIOE HABYAIBHUI IPO-
CTip 32 MEXIi TPaJAUIITHIX METOAMK BHKIIATaHHS.

3amydeHHsT MOHET SK JUJIAKTHYHOTO IHCTPYMEHTY
IIEPETBOPIOE OCBITHINM TpoOIeC HA OLIBII 1HTCPAKTUBHUMA
1 MOCHITHUIBKANA, MOTHUBYIOYHM YYHIB JIO CaMOCTIHHOTO
aHaJi3y CUMBOJIKH, 300paxkeHb (Giopu, GpayHu, IPUPOITHUX
nmaHamadTiB Ta iHMMX 00’ €KTiB, BIATBOPEHUX Y AW3alHI
BaMOT. Y Takuii cnocid GpopMyIOThCsl HE JIMIIE MTPEAMETHI
KOMITETCHTHOCTI 3 reorpadii, a i 3araabHOKYIBTYpHA 00i-
3HAHICTb, €KOJIOTIYHE MHUCIICHHS Ta BiJIIOBIJAIIbHE CTaB-
JICHHS JIO JIOBKIJLISA.

Marepiajn Ta MeTOAU AOCJIiIKeHHHA. 3aCTOCYBAHHS
3ac00iB Hymi3MaTHYHOI reorpadii morpedye BiAMOBITHOL
Meroaukd. OCTaHHIM 9acoM [bOMY NHTAHHIO OyJo TpH-
CBSYCHO HHU3KY myOmikamii. Tak, TEOpeTWYHI NHUTAHHS
OoHicTHYHOI Teorpadii i METOAMKY 3aCTOCYBaHHS OAHKHOT
CBITY B IIKUJTBHOMY Kypci reorpadii BUCBITICHO B MOHOTpa-
¢ii O.3. baiirepsikosa [1]. OCHOBHI HalPsIMKK AOCIIKEHb
OOHICTHYHO-HYMi3MaTHYHOI Teorpadii  po3mIIIAIOTHCS
y my6mikarii O.3. Baiirepsikosa i B.3. Muceka [2]. [Tigxomau

JI0 popMyBaHHS KapTorpadigHOi KyIbTypH YYHIB 3aco0aMu
HyMi3MaTH4HOI Teorpadii B MmMKULTBEHOMY Kypci reorpadii
mictateest y crarti O.3. Baiirepsxosa [3]. Ilntanns Bino-
OpaskeHHST Ol1OpI3HOMaHITTS YKpaiHM 3acobamu HyMizMma-
THUYHOI reorpadii nmogano y myOnikauii O.3. baiitepsikosa
i B.3. Muceka [4].

B aBTOpCHKUX JOCHIPKECHHSX MPEACTaBICHO METOANYHI
MiIXOM 10 BUKOPHCTAHHS IPOMIOBUX 3HAKIB Y MIKUIEHOMY
Kypci reorpadii 1l BUBYCHHST OKPEMHUX MaTepUKiB abo iX
perioHiB, 30kpema €Bpasii, Appuxu, IliBnennoi i [liBHiu-
HOi Amepuku, ABcrpanii Ta Oxeanii. MoHeTn posrisia-
IOTBCS SIK HAOYHUH Ta iHPOpMAIIfHAN pecypc, IO CIpHse
MDKIIPEIMETHIN 1HTerpariii Ta ¢OpMyBaHHIO IIPOCTOPOBOTO
MmucieHHs y4HiB. Hampuknan, B myOnikanii B.3. Mucbka
i T.O. MuCBKO PO3IISNAETHCSI BUKOPUCTAHHS CyYacHUX
MOHET KpaiH €Bpomnu [5]. MeTonuka 3acTOCyBaHHS MOHET
kpain OkeaHii y HaBUaJIBHIM AiSUTBHOCTI PO30MpaeTHCS
B Marepianax B.3. Muceka, T.O. Muceko i O.3. baiiteps-
KoBa [6].

3acToCyBaHHS TPOLIOBUX 3HAKIB MOXIHMBO 1 JOPEUHO
JUIE BUBYCHHS pPI3HUX HABYAIBHUX JAWMCHMILIIH. Tak,
A. VoHr BHCBIT/IIOE BHKOPHCTAHHS GAHKHOT i MOHET JUIs
HaBuaHHA QoTorpadii ta muctentsy [10]; .M. Tumincbka
po3IIIioae poib MOHET y HNOCHiIKeHHI (onbkiopy [8];
HaBITh € MyOJiKallii 3 METOAWKH 3aCTOCYBaHHS TPOIIOBUX
3HAKIB JJIs BUBYCHHS MOBH [9] ToIII0.

Memoio cmammi € OOTPYHTYBAaHHS OCBITHBOTO
Ta BMXOBHOTO ITIOTEHIIaJly MOHET KpaiH CBITY SIK 3aco0y
(dhopmyBaHHs OioreorpadiqHUX 3HAHB 1 CKOJOTIYHOI KYIIb-
TYpPH, @ TakOX pO3pOOKa IIXOMAIB IIOAO0 BUKOPHUCTAHHS
HYMI3MaTH4IHOI reorpadii B OCBITHROMY MPOIIECi.

Pesynbratn pociaigxenns. Criuparoduch Ha pe3yllb-
TaTn BIACHUX JIOCHTI/DKEHb, IPHCBIYCHHUX 3aJTyYCHHIO
00IrOBMX MOHET Yy HaBYAJIBHY [iSUTBHICTH, aBTOPH IIPO-
MOHYIOTh Y HAayKOBOMY OOIry BHKOPHCTOBYBATH ITOHSTTS
«HyMi3MaTidHa reorpadis». Llelt TepMiH IpOIOHYEThCS K
MMO3HAYCHHS OKPEMOT0 HalpsMy B reorpadivHiil Hay1li, 110
aHaIizye OCOOMMBOCTI KapOyBaHHsS MOHET y PI3HHX Iep-
JKaBax CBITy Ta BHBYA€ MU3aiiH Ta reorpadivHi eIeMCHTH,
BimoOpaxkeHi B iXHOMY oQopMieHHI. Takuil migxim Bif-
KPHMBAE HOBI MOXJIMBOCTI /IS TIEAArOTiB, 30KpPEMa BUUTEIIB
reorpadii, 610JI0Tii, eKOJIOTil, a TAKOXK KEPIBHUKIB I'YPTKiB
3aKJIaJiB IMO3alIKUIBHOI OCBITH. MOHETH MOXYTh CTaTu
e(heKTUBHUM Bi3yalbHUM iHCTPYMEHTOM, SIKHH ypi3HOMa-
HITHIOE OCBITHIH MPOIIEC Ta CIIPHSIE TIHOIIOMY 3aCBOEHHIO
Marepialy mija 9ac 3aHsATh i TypTKOBOI podoti [1; 2].

Hywmismatrana reorpadis 3maTHa cCiyryBaTH edek-
TUBHUM 3ac000M (hOpMyBaHHsI CKOJIOTIYHOI CBiZIOMO-
CTI Ta TOIIMPEHHS TNPHPONOOXOPOHHMX iIel cepex piz-
HUX Kareropiii HaceneHHsA. [POIIOBI 3HAKW, IO MICTSTH
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300pakeHHS 00’€KTiB JKUBOi TPHUPOIN, CHMBOIIB OXO-
POHU IOBKiIIA a00 YHIKAIbHUX MPUPOAHUX JTaHIMIAQTIB,
MOXYTh BUKOHYBATH pPOJb Bi3yaJlbHUX 3ac00iB HaBYaHHS,
AKi BKa3yloTh TPO HEOOXiTHICTH 30epeskeHHs OiopizHOMA-
HITTA Ta TPUPOIHHUX pecypciB. Uepe3 MOHETH MOXKIIUBO
ITIOCTPYBAaTH TIPEICTaBHUKIB (ropu 1 (ayHu, sKi mepedy-
BAfOTb I11J] 3arP0O3010 3HUKHEHHS, THM CAMHM CTHMYJIIOI0YH
iHTepec 0 MpoOIeM 3aXUCTy JAOBKIJUIA. 3aBISKH TPOCTOTI
CIIPUAHATTS, MOHETH MOYKHA YCIIIIHO BHKOPHCTOBYBAaTH
JUTS €KOJIOTIYHOT MTPOCBITH B 3aKJIaaX 3araibHOI CepeaHbOT
OCBITH Ta cepes MUPOKoro 3arainy [6]. Pobora 3 MoHeTamuy,
3a3BUYaif, MOKE BHUCTYIIATH OJHHM 3 €TaIliB y PO3BHUTKY
eKOJIOTIYHOI CBimOMOCTi JfonuHU. HymismarudaHi mocimi-
JDKCHHSI TAI0Th MOXKJIMBICTH Kparie 3pO3yMiTH CTaBICHHS
pi3HUX KpaiH Ta KyIbTyp A0 BiZoOpakeHHsS MPHUPOAHN Ha
BJIACHUX MOHETaX.

PosristHeMo ocobnmBOCTI 300pakeHHs GropH i dayHH
Ha MOHETax Pi3HUX PETiOHIB CBITY, [0 BU3HAYAIOTH iXHIH
OCBITHIH TTOTEHIIIAT.

@Dnopa i payna na monemax €spaszii. 3a kapOyBaHHIM
MOHET, KpaiHi €BpONM YMOBHO MOXKHA ITOJUIATH Ha JBi
rpynd: Kpainu €Bpo30HH Ta KpaiHu mo3a ii mexkamu. Cepen
KpaiH €Bpo30oHHU Qropa i (ayHa HalfKkpaiie mpencTaBicHa
Ha MoHeTax Himeuunnu, ABctpii, Aumoppu Ta Kimpy (1o 3
i Gimbrre MoHeT). 30KpeMa, Ha MOHETaX 300pa)KeHi THIIOBI
pocnHA ANBIIHCEKUX Tip: TUPIHY, €IENbBENC 1 IpIMya
anpIiiiceka (ABCTpis), TiKa Ay0a i3 JKOMYIIMHE i CTHITI30-
BaHmi open (Himewuwna), mipeHeiicbka cepHa i Tpud-sr-
HATHHUK (AHZOppa), Mydorn eBponeiicski (Kimp), mebemi,
AKi JIETATh HaZ TYHAPOIO i siromu Mopornku (DiHsHmIisN)
Ta iHIII.

Jlo BBeIeHHS €BpO, Ha YCiX MOHeTax XopBarii MiCTH-
JUCH TIPECTaBHUKH (PIIopH 1 payHu i€l OaaKaHChKOi Kpa-
ian. Ha croromHim il 1eHs OpraHigyHIHA CBIT KpaiHu Mpe-
CTaBIICHUH JIWINE HAa OXHIKM MOHETI — HOMIHaJIOM | €BpO
(KyHUTI).

YV HU3I AepikaB, MO He BXOIATH 0 CKIaTy €BpPO30HH,
CIIOCTEPIraeThCs 3aliKaBICHICTE Y BHUKOPHUCTaHHI 00pa-
3iB MpENCTaBHUKIB TBAPHHHOTO Ta POCIMHHOTO CBITY Ha
HAIlOHATEHUX MOHETax. [cIaHmis € sCKpaBUM MPUKIIAIOM
TaKOTO TIIXOMy: Ha BCiX I MOHeTax, 0e3 BHHATKY, 300pa-
JKEHO TIPEICTABHUKIB MICIEBOi (hayHH, 30KpeMa TPiCKY,
MOIiBY, KpabiB, nenb]iHiB Ta pudy MmiHATOP, TAKOXK BiIOMY
K prbda-ropooOers.

[Mig gac omparroBanas Temu «lIpupomHi 30HU €Bpa-
3ii» y 7 xmaci, BanTens reorpadii Moke eh)eKTHBHO BHKO-
pHUCTaTH Bi3yallbHI MaTrepiaid, IO MICTATh 300pakeHHS
MIPEJCTaBHUKIB iCTIaHACHKOI (uiopu i (payHH Ha MOHETaX,
JTOTIOBHEHI IXHIMH peanbHIMHU (poTorpadisiMu, sk 3aciod mmst
aKTHUBI3aIlil HABYAJIHHOTO Tporiecy (puc. 1).

Ha ycix cemn mBeHIapchKuX MOHETaX 300pakeHi pizHi
CTHIII30BaHI POCIWHHI BIiHKH-OPHAMEHTH (BHHOTpaTHA
703a, TyOOBI TUIKH i3 KONYISIMH, TiTKa aidbIiHCHKOI TPO-
STHIM a00 POIOJCHIPOHY, TiJIKa eenbBeiica).

Vei cydacHi monetn Benmkoi Bpuranii, sxi BBiHmIMH
B 00ir y 2024 pori, mpukpameHi 300paKeHHIMH TIpe-
CTaBHUKIB (opu # (ayHH, IO CHMBOII3YIOTh MPUPOIHY
CHAJIIMHY KOPONIBCTBA. Takuil An3aifH CTaB MOXKIHMBHM
3aBIaKHM iHimiatuBi Kopoms Yapmesa III, skuit Bimommid
CBO€I0 0araTopigyHOI0 MiATPUMKOIO 30epeKeHHS JOBKIMIIA
Ta OiOpi3HOMAHITTA. 30KpeMa Ha HHX 300pa’keHo: JicoBa
abo ropixoBa conpka (1 menHi), pyna Oinka (2 menHi), 1yoo-
BHH JIUCT K CHMBOJ Oaratoro OiOpi3HOMaHITTS OpHTaH-
CBKHX JICIB 1 JaBHIX MOHApXiYHUX TpaauIiliil (5 TeHciB),
HaOipImuil y cBiTi Tryxap, mo memkae y [ormanmii
it 3apa3 mepeOyBae miJ KpUTHIHOIO 3arpo3oro (10 men-
CiB), TyNWK aTnaHTHIHHUHN, Maibke 10 % cBiToBOT momyss-
1T SIKOTO THI3AATHCS Ha y30epexoki Bemnkoi bpuranii; Bua
3aHeceHo 10 YepBoHoro crimcky (20 MeHCIB), aTTaHTHIHIH
JI0COCh, KU € MPIOPUTETHUM BHIOM AJISI OXOPOHH Yepes3
3HIKCHHS TOIYJISIIIIA BHACTIOK 3a0pyIHEHHS PidOK, 3HHU-
IIICHHS CEPEeIOBHIA ICHYBaHHS Ta HAIMIPHOTO PHOAITECTBA
(50 menciB), OMKOIH, IO CUMBOII3YIOTH TToHAA 250 BUiB
OIUKIN y KpaiHi, AKi BiIiTparoTh KIFOYOBY POJIb Y 3alFICHHI
pocmuH (1 ¢yHT), a Tako)K HAIiOHANBHI KBITH: TPOSHIA
Amnrmii, Hapmuc Yemsca, gopromoiox I[lloTnmanmii, koHIO-
mmHa [liBHigHOT [pmanaii (MoHeTa HOMiHANIOM 2 (DyHTH).

Bapro BigzHaumTH i mpukiaa YTOPIIUHM, 1€ Maibke
nooBHHA (ONH3bKO0 44 %) yciX MOHET MICTHTB 300pa)KEeHHS
MIpeICTaBHUKIB MicIieBoi ¢mopu Ta (ayHu. Ha pesepcax
(3BopoTHHIA OiK MOHETH) CyYaCHHX TPOIIOBHX OIWHUIID
i€l KpaiHM MOYKHa TOOAYNTH, 30KpEMa, YTOPCHKUH Kpo-
KyC, ipuC, BeNMHUKy OlITy 9aruro, a TAaKoK OTHOTO 3 PiIKICHUX
TIPEICTaBHUKIB XIKUX NTaXiB — COKoIa OanmabaHa.

[Mig gac omparroBanas Temu «lIpupomHi 30HU €Bpa-
3ii» y mMKUTBHOMY Kypci reorpadii «Marepukn i OKeaHm
(7 xmac), MOUWITPHUM € BUKOPHUCTaHHA Yy3arajbHIOIYOi
TaOIHII, 10 TTO/Ia€ BIIOMOCTI PO 300pakeHHs MPEICTaB-

ATAAHNTHYHA

Tpicka Moiisa

ATAAHTHYHA

l'liuarop.
puba-ropobens

Puc. 1. Opraniunmii cBit Ha MoHeTax Icaanaii
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HUKIB (mopn Ta (hayHH HAa MOHETaX OKPEMHX a3iiChKHUX
KpaiH SIK IPHUKJIa B3a€MO3B 3Ky PUPOITHOTO CEPEIOBHIIA
3 KyABTypHUMH CHMBOJIaMH (Taom. 1).

@Dnopa i payna na monemax Ilieniunoi i Iliedennoi
Amepuxu. Cepen xpain [liBHIYHOT AMEpHKH YyIOBHM
3ac000M HaBYaHHS MOXYTH CIYTYBaTH OOIrOBi MOHETH
CIIA wominamoMm 25 meHTIB (Tak 3BaHI KBOTEpH) TeMa-
TraHOI cepii «IIpexpacHa AMepuKkay, sKi TPEICTaBISIOTh
ITIPOKOMY 3araiy HaltioHanpHI TapKu Ta 3aloBigHI TepH-
Topii (puc. 2).

Ha ©Oararpox MoHeTax 1i€i cepii MicTAThCS 300pa-
JKCHHSI BU3HAYHHUX TIPHPOIHUX 00 €KTIB KpaiHW, a TaKOXK
npenacTaBHUKA Qruopu 1 ¢ayHm. 3okpema, Ha KBOTEpax
€ 300pakeHHs, AKi pemnpe3eHTYIOTh HarlioHanbHI Tapkd
CIIA: €nmoycroncekuii (mrat Baoitminr), Xot-Crpinre
(mrar Apxansac), Jlenami (mrtar Amnsicka), ['aBai-Bonkeii-
woc (urrar T'asai), Mocemircekuit (mrrar Kamidopwis),

I'petiT-beiicin (mrrar Heana), ['pann-Kansiton (mrat Api-
30Ha), Akazis (mratr Men), ['peitr-beiicia (mrar HeBana),
I'mefimrep (mrar MonTana), Onimmik (moTat BammHrToH)
Ta iHmi (puc. 2).

Metomuka onparioBaHas MoHeT cepii «IIpexpacHa
AwMeprKkay) MOXKe BKITIOYaTH BU3HAYCHHS MOAAHUX 00 €KTIB
a00 TIPeICTaBHUKIB OPTaHiTHOTO CBiTY, KOMITICKCHUHN OTTHC
300pakeHUX TPUPOTHUX JIAHAMA(TIB i TOSCHEHHS YMOB
TXHBOTO YTBOPEHHS, a TAKOXK CKJIQJIAHHSA HyMi3MaTH4HO-Te-
orpadigyHIX KapT.

VYV xpainax [liBmeHHOT AMepWKH 300pakeHHS Tpea-
CTaBHUKIB (mopu Ta (ayHM HaiBHpas3HilIe MpencTaBicHi
Ha MoHeTax ApreHTuHH, [ asau, Komym6ii, [lepy, Ypyrsaro
Ta DONKIEHACEKUX OCTPOBIB. Y BHUMAnKy Benecyenn erne-
MEHTH OPTaHIYHOTO CBITYy IHTErpOBaHI B JEpXKaBHY CHM-
BOJIIKY: ZIBI MOHETH MICTATh 300pa)KCHHS HAIllOHAJIHHOTO
rep0a, 10 OCHOBHUX CKJIQJI0BUX SKOTO HAJIEKATh CHIIl )KUTa

Tabmnmg 1

300paskeHHsI pOCJIMH i TBADUH HA MOHETaX KpaiH A3ii

Kpaina Hominan MmoHeTH 300pa:keHHs1 POCJIUH | TBAPUH
I'py3is 2 teTpu [TaBuu
Typeuunna 1 kypym IIpomickn
€mMeH 20 pianiB JlpakoHOBE nepeBo
OAE 25 ¢incis T"azens
Baxpeiin 5 ¢incis ®dinikoBa MagbMa
10 ¢inciB DiHiKoBa manbpma
Tunis 50 maiica KsiTu noroca
1 pymist Kgitu nortoca
2 pymii KBitr 10TOCA
S pymiid Kgitu noroca
Banrmagem 25 maiic Tonosa Turpa
Manpaiscpka 1 napi Kpona xoxocoBoi najibsMu
pecryOuika 5 napi Mauni Tynui (Gonito)
50 napi TonoBacta Mopchka uepernaxa
2 pyoii Mymuist THXOOKEaHCHEKOTO MOJIOCKa XapoHist TPHTOH
Kurait 1 3510 Kgitka opxinei
5 13510 KBiTKa J10TOCA 3 JINCTKOM
1 roaHp KBiTka XpruzanTeMu
[liBgeHHa 50 BOH Crebi10 pucy
Kopest 500 Bon MaHBKYPCHKUI XKYPABENb Y HOJIBOTI
Snonis 1 ena T'inouka BUIIHI 3 TUCTAM
50 en KBiTKa XpHU3aHTEMH 3 JIUCTSIM
100 en KBitu cakypu (SMOHCHKOI BUIIIHI) 13 JTHCTSIM
KH/P 1 4on Kgitka pogonenapona Ilninnenbaxa
5 4oH KBiTka mioHa 1epeBOBHIHOTO
10 yon KBiTka a3amii
50 yoH KBiTKa KiMUeHipii (CopT-riopuy 6eroHii tnOyIMHHOT)
1 BoHa Kgitka kimipcesii (copT-ribpum opxiznei)
TupoHesis 50 pymiit IBostra Ha rini
100 pymiit [TansMoBuit kakagy
200 pymiit Baniiicekuii mmak
500 pymiit I'inouka xxacMUHY
Cxignnit Tumop 1 cenraBo Mynus npomucioBoro Moocka Hayrimyca
5 CEHTaBO Pucosi crebma
10 cenTaBo [TiBeHnn
50 ceHnTaBo I'imka kaBoBOTO AEpeBa

Ckradeno 3a Konekyismu mowem ma ovicepenom [7]
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Puc. 2. HanionanbHi napku i 3anoBigHi tepurtopii Ha kBoTepax CIIIA

Ta AWKWAH KiHb. Bapro 3a3HaumTH, IO Cy4acHi TpoIIoBi
3Haku [laparBaro He MICTATH MOMIOHWX MOTHUBIB, TOMI SK
y MOHeTax, BUIymeHnx y mnepiox 1990-1993 pokis, Taki
300pakeHHs OyIIN MTPUCYTHI.

PocnuHHMIA CBIT APreHTHHHN BioOpa)XXeHO Ha MOHETax
y HaJI3BUYaiiHO OpHTiHAIBHUIL crioci0. Ha aBepcax (JinmpoBa
CTOpOHA MOHETH) 1 peBepcax (3BOPOTHHH OiK MOHETH) yCiX
HOMiHaJIB 300pakeHO JiepeBa Ta iXHi KBITKH, cepes SIKuX —
JKaKapaHjaa, ceiida po3KilIHa, appasH Ta MPOCOITUC Kallb-
JIeHisl. 3 TOYKH 30py HaBYAJIBHOTO ITPOIIECY, Mi3HABATLHUM
€ TOW (haKT, MO JEPEBO MPOCOIHUC KaIbICHIS € CHICMIYHIM
JUIsl CyOTpOMIYHHUX TEPUTOPIH APreHTHHHU Ta BHECEHE JI0
YepBOHOTO CHHCKY BHJIIB, 1110 1epedyBaloTh IIiJ] 3arpo3010
3HUKHEHHS, BIAMOBIMHO N0 Kiacudikamii MiKHapOZHOTO
coro3y oxoponu npupoau (MCOIT).

Momnern Komym0ii 1eMOHCTPYIOTH BUHSTKOBE Pi3HOMa-
HITTS opraHiyHoro cBity. Cepern 300pakeHnX 00’ €KTiB Ha
TPOIIOBUX 3HAKaX: aHIMCHKUI (OYKOBHWIT) BeIMiJIb, pocC-
JMHA QpaiiiIexoH, YepBOHUH apa, CKIIsTHA )kaba Ta rojioBacta
MopchKa uepernaxa. OcoOnHuBiCTIO KpalHH € TIOAAHHS BUJIIB
JIBOMa MOBaMH — ICITaHCHKOIO Ta JaTHHCHKOT0. Hampukitaz,
Ha MoHeTi HoMmiHasioM 200 rieco 300paeHo YepBOHOTO apa
i3 migmucamn Guacamaya Bandera (icmancbkoro) Ta Ara
macao (JaTHHCBHKOIO). AHANIOTIYHY yBary /0 NpeICTaBHU-
KiB JIMKOi NIPUPOIM BUSIBISIE W HyMi3MaTHKa YpyrBaro: Ha
YOTHPHOX MOHETaxX Ili€i KpaiHW 300pa’keHO EHJEMIYHHX
TBapuH Ypyraaio Ta I[liBnennoi Ameprkn — Oponenocts (1
neco), karribapy (2 meco), crpayca Hanay (5 meco) Ta mymy
(10 meco).

Opraniuanit cBit DONKICHICHKHX OCTPOBIB TIpE/-
CTaBJICHUH Y HyMi3MaTHIll HaJA3BUYAHHO IIUPOKO i pi3HO-
MaHITHO. Yci CIM Cy4acHHX MOHET Ii€l TepuTopii MIiCTITh
300pakeHHs XapaKTepHHUX MMPEACTABHUKIB MicleBoi (ayHn

CyOaHTapKTUYHOI 30HM, 30KpeMa: IMiHTBIHIB-IIKINEPiB,
MarejulaHCBKHX Kaprapok, 4YOpHOOpPOBHX aib0aTpocCiB,
MOpPCBKHX JIEBiB, OBELb mopoan PomHi-Mapmi, a Takox
BuMmepiioro me y XIX cTomiTTi (ONKIEHACHKOr0 BOBKA
(npencraiennii Ha MoHeTi HoMiHaNoM 50 menciB). Okpim
TOTO, HaBiTh Ha MOHETI HOMiHamoM | QyHT 300pakeHO
BIBIIO — BXKJIMBHUH 300JIOTIYHUI CHMBOJI, IO BXOAWTH 110
cKiagy oginiiHoro repda @oNKIEHACEKUX OCTPOBIB.

Dnopa i payna na monemax Agppuxu. AGpruKaHChKUH
KOHTHHEHT BUPI3HAETHCS XapaKTEPHOIO, YACTO YHIKAIBEHOIO
6i0TOT0, 110 3HANILIO CBOE BUPAXKEHHS B HYMI3MaTHYHUX
TpaauLisx O0ararbox aQprKaHCHKHX JIepXkKaB — yepe3 300pa-
JKEHHSI TIPE/ICTaBHUKIB (ropy Ta (hayHN Ha HAIIOHAJIBHUX
MoHetax (puc. 3).

HamionanbHi BamoTH aQpUKaHCHKUX KpaiH dYacTo
JIEMOHCTPYIOTh PIIKICHMX 1 3HAKOBHX IPEICTABHHKIB
(ayHu, O CHMBOJNI3YIOTH NPUPOAHE 0OaraTcTBO KOHTH-
HeHTy. Jlo Takux 300pakeHb HaJIeXaTh, 30KpeMa, ahpruKaH-
CBKHIH CIIOH, Tenap/, xkupada, JIeB, ropuiia Ta HOCOpIr — TBa-
PHHH, III0 PENPE3EHTYIOTh €KOCHCTEMH CaBaH, TPOIIYHUX
JICIB 1 MOCYNIIMBHUX PETiOHIB. 3HaUHA YacTWHA [UX BUIIB
BKJIIOUEHA J10 Tepeltiky MikHapoaHoi YepBoHOi KHUTH, a
ixHe 30epekeHHs] nepeOyBae IiJ KOHTPOJIeM SIK TII00alb-
HUX TPUPOIOOXOPOHHUX CTPYKTYp, 30KpeMa MixHapoa-
Horo coto3y oxoponu npupoan (MCOII), Tak 1 HU3KK HaIi-
OHAJIBHUX areHTCTB, cepen skux Kenya Wildlife Service
(KWS), South African National Parks (SANParks), Uganda
Wildlife Authority (UWA), Zimbabwe Parks and Wildlife
Management Authority (ZimParks), Tanzania National
Parks Authority (TANAPA), Administracdo Nacional das
Areas de Conservagio (ANAC) Ta i (puc. 3).

OxpiM 300pa’keHb TBApWH, HA MOHETaxX Oararbox adpu-
KaHCBKUX JIepKaB IPEACTaBIICHI yHIKaIbHI BUAM (IIOPH,
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Puc. 3. lIpeacraBuuku ¢uiopu i payHu Ha MoHeTaX KpaiH AGpukw,
1o nepedyBaTs nig Mizkanapoaunow (MCOII) Ta HaioHATHHOIO 0XOPOHOIO

30Kpema 0a00ab, celIenpchka maabMa Ta €0EHOBE AEPEBO.
i pocnuHM He JHIIE BTUTIOIOTH XapaKTEepPHI PUCH TPH-
pomHOTO cepenoBumia Adpuku, ame i MarOTh BaXIIUBE
3HAYEHHS I COLIAIIbHO-EKOHOMIYHOIO KUTTS MICIIEBOTO
HacesieHHs. Y psii kpaiH, Takux Ak Ceitmensebki OcTpoBH,
Komopcrki OctpoBu, borcBana, Tan3anis Ta Manarackap,
HAI[iOHABHI TPOIIOBI OMWHUIN MiCTATH 300pakKeHHS CHIIe-
MIYHHX BUMIB, IO TPAIUIAIOTHCS BUKIIOYHO HA TEPUTOPIi
LUX JIePKaB.

@Dnopa i ayna na monemax Aecmpanii ma Oke-
anii. 3HauHe pi3HOMaHITTA (opu # ¢ayHH mpencTas-
JICHO HA CYYacCHHX MOHETax Jep:kKaB PerioHy «ABCTpaiis
ta OxeaHis», 30kpema ABcTpaiii, Banyary, ®imxi, [lanmya
Hogoi I'Binei, HoBoi 3emanzii, TyBamy Ta pamgy iHmNX
KpaiH. ABCTpaNiiicbki MOHETH ITIOCTPYIOTh XapaKTEPHUX
€H/IEMiKiB: KapJHKOBY IEPOXBOCTY JIETIOTY, IUIAIIOHOCHY
SIIIPKY, €XUIHY, BEIHUKOTO JIPOXBOCTA, KAYKOHICA Ta KEH-
rypy. Y BaHyaTy BUKOPHCTOBYIOTBCSA 300pakeHHS 4epPEBO-
HOTOTO MOITIOCKA XapoHii, KOKOCOBOTO Kpaba, Oyms0 siMcy
Ta ca/pKaHIliB KokocoBoi manmsmu. Y [amya Hogiii ['Binei Ha
MOHETaX 300pakKeHO TaKUX TBAPHUH, IK METEIHK PaiChKUI
NTaxXoKpwi, puba-ieB, CBHHOHOCA deperaxa, IIIsIMUC-
THH KyCKyC, MaJIM{ Ka3yap i HOBOTBIHEHCHKUH KPOKOIII.
VY Hogiif 3emanzii NOMMPEHUMH CHMBOJIAMH € CpPiOIsAcTa
MaTrIopoTh, KOBXai (6000Ba pociamHa), TaTTEpis, KiBi Ta Oina
garmst Kotyky, y TyBamy — Mymuist mambica Xiparpu, 9epBo-
HUH XBOCTOKOJI, TATPOBA aKyia, Kpad i3 4epBOHUMH OYNMA,
neTIo4ya prbda, BOCBMHHIT Ta MOPChKa depernaxa.

Momnetu @imxi, SK 3 TUIHOBOTO (aBepcCy), TaK i 3 3BO-
potHOTO (peBepcy) 00Ky, MIiCTATh 300pa)KeHHS XapaKTep-
HUX TpeACTaBHUKIB MicueBoi ¢ayHu. Cepen Hux — puba
CTPOKAaTHHl JIHC, JIeTIo4a JIMCHIlA, SCKpaBO-3a0apBIICHUHA
mamyra, puOa-HamoieoH, ¢imKifChKa cMyracTta iryaHa
Ta carcas (puc. 4) [6].

®ropa 1 dayna periony Acrpanii Ta OxeaHii € yHi-
KaJIbHOIO Yepe3 BUCOKUH PiBEHb CHIIEMI3MY, KU ChopMy-
BaBCS BHACIIIOK TPUBAJIOI 130111 KOHTHHEHTY Ta OCTpPO-
BiB. Cepen HaifBIIOMININX TPEACTABHUKIB TBapHHHOTO
CBITY — KEHTypY, KoaJla, Ka9Ko3b00, €XHIHA Ta Ka3yap, sSKi
3yCTPIYaIOTHCS JIUIIE B IIbOMY PETiOHi.

PocamHHMIA CBIT TakoX BHPI3HAETHCS PiOKICHUMH
BHJIaMH, TAaKUMHU SIK €BKAJINTH, Kaypi, cpibiscTa maro-
pOTh, 1[0 MAIOTh Ba)KJIMBE 3HAYCHHS U MICLEBUX €KO-
CHCTEM.

IIpuponna yHIKaTBHICTE pETiOHy BigoOpakeHa Ha
MoHeTax Ascrpamii, Homoi 3emanmii, ®imki, Camoa,
Tysamy, ®enepatuBaux IlltatiB MikpoHesii Ta iHINX
kpain Oxeanii, SKi aKTHBHO BUKOPHCTOBYIOTH 300pakeHH
MicIeBoi GIopH i payHu s MOMyISIPU3aIlii CBO€T IPUPOI-
HOI CITaIINHH.

BukopuctaHHS 300pakeHb CHAEMIYHUX MPEICTaB-
HUKIB (iopu 1 (hayHH Ha MOHETax BiAirpae BaXJIUBY
pOJIb HE JHUIIe y BHpPaXEHHI HaIliOHAJbHOI camoOyT-
HOCTI, ane i y momymnspusanii 6ioreorpadiyHuX 3HAHB.
Taki cHUMBONH CHOPHUSIOTH MiJBUIICHHIO 0013HAHOCTI
mono TeorpadigHOrO TMOMHUPEHHS Ta MPHUPOTHOTO
CepeloBHIIa ICHYBAaHHS PiAKICHUX BHUJIB, OJHOYACHO
(hopMyIouH E€KOJOTiYHY CBiZOMICTBH Ta MiJKPECIIOI0YH
HEOOXiAHICTh iIXHBOTO 30epeKEeHHS B yMOBaX Cy4acHUX
€KOCHCTEM.

BucnoBku. Hywmismatuuna reorpadis BHCTyIae
BaroMHM I1HCTpyMEHTOM y ¢opMyBaHHI Oioreorpadid-
HOi O0I3HAHOCTI Ta EKOJOTIYHOTO CBITOTIALY MiTEH.
3aBAskd 300pakKeHHSM, IO MICTATHCA Ha TPOIIOBUX
3HAKax, 3MIMCHIOETHCS TMOMyIApU3aIis 3HAHb NPO pif-
KicHI Ta eHaeMiuHi BuaAH (iopu U (ayHH, a TaKOX MPO
YHIKaJIBbHI TpHUPOAHi JaHamapTu. Y Oararbox KpaiHax
CBITY MOHETH BUKOPHCTOBYIOTHCS SIK Bi3yalbHHU 3acid
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Puc. 4. TBapunHuii cBiT Ha MoHeTax ABcTpaJii Ta Oxeanii

aKIICHTYBAaHHS yBaru Ha mpobOieMax 30epekeHHs Oio-
PI3HOMAaHITTSI, OXOPOHU JOBKIJUISI TA CIIPUSIHHSI CTAJIOMY
PO3BUTKY. 30KpeMa, HalllOHATbHI BAIOTH a)pUKAHCHKUX
KpaiH HepiJKo MICTATh 300pa)KeHHsI TBApHH, IO IMepe-
OyBaroTh ITi/I 3aTPO30I0 3HUKHEHHS, aKICHTYIOUH TaKUM
YUHOM Ha HEOOXiJHOCTI IX OXOPOHM Ta BUBUEHHS B KOH-
TekcTi 6ioreorpadii. L{i BUay BUCTYAIOTh YOCOOJICHHSIM
JIUKOT IPpUPOJIH ahPUKAHCHKOTO KOHTHHEHTY, a IXHE Bi3y-
aJbHE NPEACTABICHHS Ha MOHETAX CIIPHSE IIiABUIICHHIO
00i3HaHOCTI 1110/10 TPo0JIeM OpaKOHLEPCTBA, Jerpanarii
MPUPOHUX CEPEIOBUIN ICHYBaHHsS Ta HEOOXIMHOCTI 1X
30epeKeHHSI.

Asctpanis ta kpainn OkeaHil Tako)X aKTUBHO BHKO-
PHCTOBYIOTH HYMI3MaTHKY Ul MOIYIspH3amii cBoei yHi-
KaJbHOT (hayHH, 300paXKyr0uM Ha MOHETaX KEHIypYy, Koy,
raTTepiro, mraxa Kary, Kaako13600a Ta €XHHYy, 10 IiaKpec-
JIFO€ BaXITUBICTH 30€peKeHHS MiCIIEBOi EKOCHCTEMH.

Bukopucranus HymizmarndHoi reorpadii B OCBIT-
HBOMY IIpOIIEC Mae 3HAYHUI PO3BHBAIBHUIA MMOTEHIIIA,
IO JI03BOJISE TIOEAHATH HABYAJIBHUH HpOIEC i3 MpaKTH-
HHUM JIOCJI/DKEHHSM MOHET. 3aBIsKH IIbOMY YYHI MOXYThb
HE JIMIIC O3HAHOMHTHCS 3 TPOIIOBIMH OJMHHULSIMH Pi3HUX
KpaiH, ane i mpoaHai3yBaT IXHii 3MiCT, 1110 CIIPUsIE PO3-
BUTKY aHAJIITHYHOTO Ta JIOTIYHOTO MHUCIICHHSI.

Hymismaruuna reorpadisi Bigirpae BaJIUBY pOJIb
y hopMyBaHHI €KOJIOTTYHOT KYJIBTYPH, a/1Ke MOHETH 300pa-
JKAIOTh YHIKaJIbHI BUIM (IiopH i ayHH pI3HUX PErioHIB.
Taki 300pakeHHsI 3HAUOMIIATH YUYHIB 13 O10pPI3HOMAHITTAM
IUIAaHETH Ta PUBEPTAIOTh yBary 0 BHIIB, 0 HOTPEOYIOTh
OXOpPOHHU. AHAJI3yIOUM MOHETH, LIKOJSIPI YCBIJIOMIIIOIOThH
aKTyallbHI €KOJIOTIUHI MpolieMu Ta HeOoOXiAHICTh 30epe-
JKEHHST IPUPOIHKX pecypciB. OTxke, HyMi3MaTHKa CTa€e He
JHLIE JUKEPEeJIIOM NMPUPOAHUYUX Ta iICTOPUYHHMX 3HAHb, a
i epeKTUBHUM 3aCO00M EKOJIOTIYHOTO BUXOBAHHSI.
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Cmamms npucssyena oyinyi mpancnopmuoi docmynnocmi pationnux yeumpie Cymcokoi obnacmi 3 6UKOPUCIAHHAM Memooie
meopii epagis. Tpancnopmua mepedica 6yna npedcmagiena y 6ueisioi 36aiceH020 HeOPIEHMOBAH020 2paghd, GIOCIAHI MIdC YeHmMpPamu
BUMIDHOBANIUCA NO HAUKOPOIMUIUX A8MOMOOLTbHUX Mapuipymax. K 06'exm dociooceHHs BUOPAHO 1 'amb ONOPHUX NYHKMIE — PAIOHHUX
yenmpig peziony: Cymu, Pomnu, Konomon, Oxmupxa ma locmka. B ananisi 0yno 3acmoco8ano Hadip monoiociynux noKasHuKis,
BKIIOUAIOUU CYMY O0BHCUH HAUKOPOMWMUX WLNAXI8 (ADCONOMHUL iHOEKC O0CMYNHOCMI), eKCYeHMPUUHICMb (MAKCUMATbHA HAUKOPOmMuA
8I0CMans), a maxodic 6iOHoCcHI indexcu baserawia i Bowamna, wo Hopmyoms abCONOMHI 3HAYEHHS | 0036015101Mb HOPIGHIOBATU 831U
6 MeCax OOHIET Mepedici ma GUABISMU «YeHMPAnbHiy 1 nepugepiuni nosuyii. Jo0amroeo y3azaibHeHo cepeoHi 3HaUeHHs IHOeKCI8 0
mepexci 8 yinomy, wo dae 3mo2y oxapaxmepusyeamu ii inmeeposanicms. Po3paxynku 30iCHeHO i3 3aCMOCY8AHHAM NPOSPAMHOR0 cepe-
oosuwa Python ma 6ioniomex ona ananisy epagis i macugie oanux NetworkX ma NumPy, ujo 3abe3neuye 6i0meoprosanicns npoyeoyp.

Pesynomamu demoncmpyroms uimky ougpepenyiayiro pigrs docmynnocmi ceped n'samu npoananizosanux yenmpis. Cymu ma Pomnu
3aUMame HAUCRPUAMIUBIIT NO3UYIT, WO XAPAKMEPUZVIOMbCA MEHWIOI0 CYMOIO HAUKOPOMWMUX 8I0CMAaHell ma MeHUUMU 3HAYeHHAMU
eKCYEeHMPUUHOCTI, WO BKA3YE HA iX BIOHOCHY YeHMPATbHICMb Y pecioHanbHill Mepedici. Konomon 3atimac npomisicHy no3uyiio, mooi sax
Oxmupxa ma [Llocmxa demoncmpyioms 6uwi 3HAYEHHs, eKCYEHMPUYHOCTIE MA HUNCUT 3HAYEHHS. YeHMPATbHOCMI, Wo 8i000padicac ix
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Oinvuw nepucpepiiiny pons. Ha pigni mepedici inOexcu noKasyoms NOMIDHY 36 I3HICHb, RPUYOMY OOCHIYRHICHIb 31eXHCUNb 810 HPOCHOPO-
801 KoHizypayii ma siocmaneti Migxe HaceneHUMU NYHKMAMU.

Hocrioacenns niokpeciioc nomenyian epagho-meopemuyHux nioxo0ie 01 aHanizy pecionarbhux mpancnopmuux cmpykmyp. Ompu-
Mani pe3yiemamu MoXCyms Cy2y8ami 0CHOBOI0 01t BOOCKOHANEHHS MPAHCROPIMHOT NOTIMUKY, ONMUMI3AYIi MIICPAUOHHUX CROLYYeHb
ma eusHaueHHs npiopumemis ineecmuyiu 6 ingpacmpyxmypy Cymcoroi ooracmi.

Kniouosi cnosa: mpancnopmua docmynuicms, meopia epagis, indexc Basenawia, indexc Bowama, excyenmpucumem, Cymcoka
obnacmo, peioHanbHa MPAHCHOPMHA Mepedcd.

Kornus Anatolii, Kornus Olesia, Danylchenko Olena, Korol Olena, Lutsenko Serhii. Transport Accessibility
of Administrative Centres in Sumy Oblast: A Spatial-Geographical Approach

The article focuses on the assessment of transport accessibility of district centres in Sumy region using graph theory methods.
The transport network was represented as a weighted undirected graph, with distances between centres measured along the shortest road
routes. Five key locations were selected as the subject of the study — regional centers in the region: Sumy, Romny, Konotop, Okhtyrka,
and Shostka. The analysis applied a set of topological metrics, including the sum of shortest path lengths (absolute accessibility index),
eccentricity (maximum shortest distance), as well as relative indices of Bavelas and Beauchamp, which normalize absolute values
and allow comparing nodes within a single network and identifying “central” and peripheral positions. Additionally, the average values
of the indices for the network as a whole are generalized, which makes it possible to characterize its integration. The calculations were
performed using the Python software environment and libraries for graph and data array analysis NetworkX and NumPy, which ensures
the reproducibility of the procedures.

The results demonstrate a clear differentiation in the level of accessibility among the five analysed centres. Sumy and Romny show
the most favourable positions, characterised by lower sums of shortest path lengths and smaller eccentricity values, which indicates
their relative centrality in the regional network. Konotop occupies an intermediate position, while Okhtyrka and Shostka display
higher eccentricity and lower centrality values, reflecting their more peripheral roles. At the network level, the indices reveal moderate

connectivity, with accessibility influenced by spatial configuration and inter-settlement distances.
The study highlights the potential of graph-theoretical approaches for analysing regional transport structures. The findings may
serve as a basis for improving transport policy, optimising inter-district connections, and prioritising infrastructure investments in Sumy

region.

Key words: transport accessibility, graph theory, Bavelas index, Beauchamp index, eccentricity, Sumy region, regional transport

network.

Beryn. Cymcbka 001acTh, po3TallioBaHa Ha MiBHIYHOMY
cxoni YKpaiHH, Mae CKIIaJHy TPAHCIIOPTHY CTPYKTYPY, LIO
copMyBaacs Il BINIMBOM sIK IPUPOAHUX (akTopiB (piu-
KOBa MEpeXka, JICOCTCIOBUIA TaHAmA]T), TAK 1 ICTOPUIHOTO
PO3BUTKY HACeJeHUX IMyHKTIB. B yMoBax aamiHicTpaTuB-
HO-TEpUTOpiaNbHOI peopmu, sika nepedoadac yKpynHeHHs
rpomaj i 3MiHy MIAXOMIB O IPOCTOPOBOIO IUIAHYBAaHHS,
OLIIHKA TPAHCIIOPTHOT JOCTYIHOCTI CTAa€ BOKJIMBUM IHCTPY-
MEHTOM JIJIsl IPUAHSITTS YIIPABIIHCHKUX PillIeHb.

AKTyaJIbHICTh JTOCJIJDKEHHS TPaHCIIOPTHOI JOCTYII-
HocTi CyMchKoi 00acTi TakoX 3yMOBIIEHAa HEOOXITHICTIO
OLIIHKH TIPOCTOPOBOT CIPaBEITUBOCTI B PO3IOJILITI pECypCiB
Ta mocayr. HepiBHOMIpHA JOCTYITHICTh MOXKE CIPUYUHUTH
€KOHOMIYHY CTarHalfilo OKPeMHUX TEPHUTOPIH, 3HWKEHHS
MOOIUTLHOCTI HACEJICHHSI Ta COLIAJIbHY I30JISLII0 MallkiX
HAceJIeHUX MYHKTIB. AHali3 TPaHCIOPTHOI Mepexi 3a
JIOTIOMOT'0I0 METOJIIB Teopii rpadis J03BONIsIE 00 €KTUBHO
OLIIHUTH CUTYallil0, BUSBUTH cliaOKi micus B iHOPaCTpyK-
Typi Ta chopMyBaTH IPOIO3HUIIT 1010 iT ONTHMI3ALI].

AHali3 mnomepeaHix JgocailikeHb i myOGJaikamii.
VY BITUM3HSIHOMY HAayKOBOMY IHCKYpCl TOHSTTS «TpaH-
CIIOPTHOI JOCTYNHOCTI» Ma€ KilbKa TpPakTyBaHb. Tak,
C. Ilyrau i C. HoBocan po3misigaroTh HOro SIK 1HAMKATOP
HPOCTOPOBUX MOMKJIMBOCTEH CYCIHIJILCTBA, BKA3yIOUH, IIO
OLIbII aJIEKBATHUM MOXKE OYTH TEPMiH «TPAaHCIIOPTHA JIHC-
kpuMinauis» [1]. Y podorax A. Ma3syposoi ta I1. Bipuenko
TPaHCIOPTHA JMCKPUMIHALLISI BU3HAYAETHCS SIK IIPOCTOPOBE
O0OMEXEHHSI TPAHCIIOPTHUX IMOCIYT, IO 3HIKYE MOOLIb-
HICTh HACEJICHHS Ta KOHKYPEHTOCIPOMOXKHICTh TEPUTOPIii
[2]. TIpoTe B HamIOMYy JOCIHIPKEHHI BUKOPUCTAHO TEPMIiH
«TPaHCIIOPTHA JIOCTYITHICTH», OCKUIBKM YyBary 3ocepe-

JUKEHO Ha KIUIBKICHIH OIHII CTPYKTypH TpPaHCIOPTHOI
Mepexi 3acobamMu TpadoBOro aHamizy, TOAI SK MOHSATTS
«TPAHCIIOPTHA TUCKPUMIHALISD) areNioe MepenyciM 0
COLIIANIbHO-EKOHOMIYHHX ACTICKTIB.

[TpoGnemaruili TpaHCHOPTHOT IOCTYITHOCTI IIPUCBSYEHO
HU3KY POOIT yKpalHChKHMX BueHHX. Ha jokanpHOMY piBHI
el miaxia 3actocoBaHo y gocmimkeHHsx C. AniciMoBoi
Ta iH., K1 OL[IHWJIN JOCTYIHICTh PeKpealiiHiuX TePUTOPIi
y3nomk piuku CiBepcekuii Jlonernp [3]. Cxoxi miaxomau
Bukopuctas O. BaiitepsikoB i3 B. Boponosor, mooymy-
BaBILM rpadu aBTOMOOLIEHOT Mepexi 3anopi3bKkol obacTi
[4], a FO. Bapchkwuii Ta iH. JOCTIAWIN YaCOBY MOCTYIHICTh
paiioniB micta Jlynpka [5]. O. [[3t00MHCHKa Ta iH. MOKa3aiu
BIUIMB TPaHCMIOPTHOI 1H(PACTPYKTYpH Ha pekpeaniiHuii
posBuTok Bomuwi [6], Toai sik O. 3arypchKuii akieHTyBaB
Ha IHCTHUTYI[IMHUX acleKTax TPAHCIIOPTHOI JOCTYIHOCTI,
30KpeMa y CUIbChbKHX TepUTOpisix [7].

Oxpemuii HarpsiM CTAaHOBJISATh PUKJIATHI TOCITIIKCHHS.
0. Jleiibeprok 3acToCyBajia FCONPOCTOPOBHI aHAII3 ISt
BU3HAYEHHSI 30H JIOCTYITHOCTI MEIMYHUX TOCIYT Y paMKax
mearuHoi pepopmu [8]. O. Mariituuk o0rpyHTyBaB bararo-
BUMIPHHMH TIJXiJ IO MOHSTTS TPAHCIOPTHOI AOCTYIHOCTI
Ta PO3pOOMB METOIUKY OIIHKU €(DEeKTHBHOCTI TPAHCIOPT-
Hol Mepexi [9]. IIpocTopoBi 0COOIMBOCTI TPAHCHOPTHOL
JIOCTYITHOCTI Ha piBHI perioHis anamizysanu HO. CiibdeHKO
ta iH. [10], A. Kopnyc [11].

VY HH3LI JOCHIPKeHb 3aCTOCOBAHO reoiHdopmaltiiini
texuosorii. Tak, M. Tomainyk po3misgae 3acTOCYBaHHsI
I'C nnst OuWiHKM TPaHCHOPTHOI JIOCTYMHOCTI B KOHTEK-
cTi QopmyBaHHS 00'€qHAHMX TEPUTOPIAJBHUX IpoMall
B Ykpaini [12]; B. Tpersik i B. Jlenertok noOyayBanu i30-
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XPOHH TYPUCTHYHHUX MapIIpyTiB Ha ocHOBI OpenStreetMap
[13]; II. Ynb Ta iH. MPONOHYIOTH METOIMKY MOJICITIOBAHHS
TPAHCIIOPTHOI JOCTYITHOCTI TEPHUTOPiii 3a OTIOMOTOIO
MOOYIOBH 130XpOH i3 BHKOPHCTAHHSIM BIIKPUTHX MaHUX
OpenStreetMap, I'lC GRASS GIS ta CKBJ[ PostgreSQL
[14]. TI. SroBchkmit i O. MaTiifuuK y3aradbHHUIHN TTAXOIH
JIO OLIHKK TPAHCIOPTHOI JOCTYITHOCTI, 3alIpOMOHYBABIITH
KOHIIETIIIIO 1HTETPaTbHOTO TTOKAa3HUKA ISl PETiOHATBHOTO
piBH: [15].

He3paxkaroun Ha TIeBHY KITBKICTH POOIT, IPUCBIICHUX
TPAHCIIOPTHIA JOCTYHmHOCTI B Ykpaini, Cymchka 00macTh
3QITUIIAETHCS MAJOMOCIIKEHOI0, 1[0 W 3yMOBHIIO BHOIp
TEeMH JaHoi poOoTH.

Marepian Ta MeTonu. AHaji3 TPaHCIIOPTHOI MEpexi
TIPOBOAMBCS 3 BUKOPUCTAHHSAM METOIIB Teopii rpadis, sKa
BH3HAUYAE TOMOJOTIYHY TPAHCIIOPTHY MOCTYIHICTh. Bimmo-
BiJTHO, TPAHCIIOPTHA Meperka Oylia 3MOJICIbOBaHA Y BUITIS/II
HEOPIEHTOBAHOTO 3BAKEHOTO Tpada, A€ BY3IIH TpEICTaB-
JSUTA pafoHHI TIEHTPH, a pedpa BiANOBigaIN 3B'sI3KaM MiXk
HuMA. [lig 9ac OIIHKH TpPaHCIIOPTHOI JOCTYITHOCTI Bpa-
XOBYBAJIOCh HE JIMIIE KiNBKICTH i CITiBBiITHOUICHHS pedp
rpady, ame i ix Bara (BiACTaHb MK BepmmHamu). [Ipu
IIbOMY, BiZICTaHb MK HACCIIEHUMH ITyHKTaMH (BepIINHAMH
rpady) BUMIipIOBaTach B YMOBHHX KiTOMETpax (yM. KM),
10 BPAXOBYIOTh YMOBH HEPECYBAHHS, TaKi SK IIBHJIKICTb,
gac 1 koM¢popTHICTE pyXy. Lli yMOBH 3ayiexxath BiJ KaTero-
pii aBTOMOOITEHOTO MIISIXY — KITBKOCTI CMYT JUISL PYyXY, iX
muprHU Ta oOmamTyBaHHs. Lle, Ik cBiguaTe pe3ymbraTn
aHauizy [4], nae ORI TOYHUN pe3ynbTart. [t Bu3HaueHHS
BiJICTaHI B YM. KM 3aCTOCOBYBAaJIHCH BiAMOBiIHI Koeirti-
€HTH Ha SIKi TIOMHOXXYBaJach peasibHa BiAcTaHb. Tak, Ui
JIOPIT HAIIOHATHFHOTO 3HAYEHHS 3aCTOCOBYBaBCA Koedirli-
enr 1,0, ams perioHansHEX qopir — 1,1, s TepuTopiais-
HUX nopir — 1,2, mis obmacHux mopir — 1,4, mia paiion-
Hux — 1,5. Ha3Bani koe(illi€HTH, 3 HEBSINKAMHU 3MiHAMH,
Oymu 3amo3mdeHi HaMu 3 poooTH [4].

Jns BU3HAUeHHS HAWKOPOTIIMX MNUIAXIB MDK ycima
mapamMu MicT Oymo cOpMOBAHO MATPHUIFO HAWKOPOTIINX
BiZCTaHEH, ImCIAs YOro OOYMCIIEHO aOCOMIOTHI 1HAEKCH
JIOCTYTIHOCTi, a TaKoX 3HaueHHS iHJekciB bapenama
Ta bomama s kokHOTO MicTa. [[ms XapaKTepHUCTHKH
3araixbHOI JOCTYITHOCTI Mepexi OyiTo J0TaTKOBO BU3HAYECHO
CepeHe 3HAYCHHS KOKHOTO 3 1H/ICKCIB.

Ianexc bBapemama po3paBaHO SK BIAHOIICHHS CyMH
BCiX aOCONIOTHWX IHAEKCIB MTOCTYIHOCTI A0 aOCooT-
HOTO IHAEKCY JOCTYIMHOCTI KOHKPETHOi BEpIIMHHU Tpady.
Y pobori [4] ans po3paxyHKy iHAekcy baBemamta Bi 3acTo-
coBaHO (hopMmyITy: N

c .S
5 (),
ne: Si—abCoMIOTHHN 1HAEKC JOCTYIHOCTI ISl BEPIIMHN
i, N — KUTBKICTB BepIIUH y rpadi.

s dpopmyna OGiibIIe TAXOMIUTH IS OMIHKA pEabHUX
TPAHCIIOPTHUX MEPEK, OCKLIBKM BPAaXOBY€ 3arajbHy KOH-
¢irypamito Mepexi, IO Jla€ 3MOTy Kpalle aHai3yBarH ii
TOTIOJIOTIYHY CTPYKTypy. BoHa BpaxoBye «BiIHOCHICTB»
JIOCTYITHOCTI KO>KHOT BEPIIMHM JI0 PELITH MEpEeXi i aKkieH-
Ty€ yBary Ha IIOpPiBHSHHI KOHKPETHOTO By3Jla MEPEKElo
B IILIOMY.

Bi =

Sxmo iagexc baBenama OIiHIOE BY30II 3 TOYKH 30py
HOro abCONMIOTHOI TOCTYITHOCTI Y TOPIBHSHHI 3 IHITUMH
By3JIlaMH, TO iHIeKc bormama, BimoMmii TakoX SK iHIEKC
Bigema, omiHIOE BiTHOCHY JOCTYIHICTH (HACKIIBKH €(eK-
THUBHO BY30JI TIOB’ SI3aHUH i3 PEIIITOI0 MEPEXKi), BpPaXOBYIOUH
3araibHy KUTBKICTB BY3JiB y Mepexi. Lle mo3Bomse BHKO-
PHUCTOBYBATH HOTO AJIS IOPIBHAHHS MIX PI3HUMHU TpadaMu.
UuMm MmeHmme 3HaueHHs Si (Cyma BifcTaneil) (cymu BimcrTa-
HEell MK By3JIaMH), TUM OiNbIe 3HAUYCHHS 1HACKCY Ri, 110
BKa3ye Ha OIUTBINI IEHTpaNbHE TOJOKEHHS By3na. [HIEKC
Bomrama po3paxoByscs 3a ¢opmyioro [4]:

n—
Ri=—— 2,
Si

ne Ri — ianexc bomrama i BepmuHU I, N — KIIBKICT
BepmnH y rpadi, Si — aOCOMOTHUI 1HAEKC TOCTYITHOCTI
BEpPIIMHY {, IO JOPIBHIOE CyMi HAaHKOpPOTIIMX BiJCTaHEH
BiJl BEPIIMHHU [ IO BCIX iHIIUX BEPIIUH rpady.

By3ox 3 BummM iHmekcoM bormama BBaskaeThest OLIbII
[EHTPAIBHUM, TOMY IO BiH Ma€ BHIIY ¢(EKTUBHICTH BiJ-
HOCHO BCi€l Mepexi (By30J Ma€ BiIHOCHO MEHIIY CyMYy
BiICTaHEH JO IHMIUX BY3JTiB, TOOTO BiH PO3TAIIOBAHHMA
«BWT1THO» B TOMOJIOTIT Mepexi). By3on 3 HIK4MM iHOEK-
com bomama posramosanuii Ha iepudepii abo Mae MeHITy
TPAHCIIOPTHY JOCTYITHICTh /O IHIIMX BY3JiB (BYy30J Mae
BEJIMKY CyMY BiJICTaHEH /0 HIIUX, IO POOUTH HOTO MEHII
IEHTPAIILHAM).

Po3paxyHkM 1HAEKCIB TpaHCIOPTHOI JOCTYITHOCTI
Ta HIIMX MOKa3HWKIB BUKOHAHO y cepenosuili Python i3
BUKOpucTaHHIM 0i0mioTek Networkx i NumPy.

BukiageHHns: 0cHOBHOTO marepiaJy. J[1s 3araibHOroO
TOTIOJIOTIYHOTO ~ AHAJi3y aBTOMOOUIBHOI TpPAaHCIIOPTHOI
JIOCTYITHOCTI paioHHUX IeHTpiB CyMchbkoi obmacti mooy-
JIOBaHO Tpad IXHBOTO TPAHCIIOPTHO-TEeOrpadiyHOro IMOJO0-
JKeHHSI, 10 BijoOpa)kae B3a€MHE pO3TAIyBaHHS aJMiHi-
CTPaTMBHMX LEHTPIB Ta iXxHE cycigcTo. 3 mumas 2020 p.
Ha TEpUTOPii PperioHy CTBOPEHO 5 aJIMiHICTPAaTHBHUX paiio-
HiB, 3amicTb 18, mo icHyBamm panime. Binrak meHTpH
IIUX palOHIB yTBOPHWIIM BEPIIMHM BigmoBigHOTO Tpady.
Sk yxe 3a3Haganocs B po3auti «Marepiai i METOIIY, Iij
9ac OLIHKH TPAHCHOPTHOI JOCTYITHOCTI BPaXxOBYBaJIOCh HE
JMIIe KUTBKICTB 1 CHiBBigHOMIEHHST peOp rpady, ame i ix
Bara, y sIKOCTi SIKOi B35ITO BiJICTaHb MK BEPIIMHAMH.

Criouatky Oyno pO3paxoBaHO 1HICKC aOCONOTHOI
JIOCTYITHOCTI BepIIMHM Tpady, y TaHOMY BUIAIKY LIEHTPY
aJIMIHICTPAaTHBHOTO paioHy, III0 XapaKTepHU3ye cymy pedep
rpada (IUIsIXiB) 10 BCiX iHIINX palflOHHMX IIEHTPIiB 00IACTI.
3a UM IHJEKCOM HaMKpalie IMOJOKEHHS MaloTh HEHTPH
3 HalMEHIIMM TOKa3HWKOM. SIK CBiyaTh pO3paxyHKH,
3a KUIBKICTIO peOp HaliMeHIIMH aOCOIIOTHUH IHAEKC —
4 mae obmacuuit neHTp — CymH, iHIEKC — 7 BCTaHOBJIICHO
y IllocTku, 3Ha4eHHST aOCOMOTHOTO 1HJIEKCY TOCTYMHOCTI
IHIIUX paliOHHUX LEHTPiB o0nacTi, 30kpema Pomen i Kono-
ToTa JOPiBHIOE 5, a OXTHPKH — 6.

OpnHak, pe3yabTaTd PO3paxyHKy LBOTO TTOKa3HMKa 32
BIZICTAaHHIO, IO BPAaXOBY€ YMOBH II€PECYBaHHs, BIAPI3HI-
10Thesl. Halikpaine, ToOTO IeHTpanbHe, TOJIoKEHHs 30epi-
raetbest 3a Cymamu 3 cymoro Bijgcraneit 510,1 ym. km, naii
3 mokazHUKaMH Bix 524,8 i 593,3 ym. KM po3TanryBaiucs
Pomun i Konorom, a Haiiripire nonoxenus mae ue [lloctka
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(753,8 ym. km), a OxTrpka (812 ym. km). [HmmmMu cnoBamu,
MOXXEMO TO0AaYWTH TIEBHY PI3HHUINIO Yy pe3ylbraTtax Mixk
pO3paxyHKaMH 3a KiTbKicTIO pedep Tpada i 3a BigcTaHHIO
(Tabm. 1).

JUis OWiHKH TPaHCHOPTHOI MOCTYITHOCTI TaKOX PO3-
paxoBano gucio KeHira i MOka3HWK MaKCHMaJbHOI TpaH-
CHopTHO{ BimmameHOCTi (EKCIEHTPUYHOCTI PaiOHHOTO
neHTpy — BepmmHHU rpady). Yncmo Kenira (abo paniyc
rpacda) — e HaliMeHIa 3 eKCIICHTPUIHOCTEH YCiX BEpIINH
rpada, IHIIAMH CIIOBaMH, I1¢ HaliMEHIITa KITbKICTh BEpIIHH,
gepes sKi MPOXOAITH BCi pedpa rpacda. LlenTpansHumu BBa-
JKAFOTHCS [IEHTPH 3 HAHMEHIIMMHA MOKa3HUKAMH. 3a KiJlb-
kictio pebp gucmo Kenira mms Cym ckmamae 1 i i Beix
IHIIIX palIIeHTPiB 00IACTI OMHAKOBE i JOPIBHIOE 2.

ExcrieHTpHYHICTD [T KOKHOTO PaOHHOTO IIEHTPY — I1e
HaWIOBIIN UIAX BiJ HHOTO J0 1HIIOTO IeHTpy. Haiimenti
3HAYEHHS BKa3yIOTh HA IEHTpANbHI BY3IH, TOOTO Ti, SKi
po3TamoBaHi HaWOMIKYe IO BCIX IHMHUX. Y pO3paxyHKY
IFOTO TIOKa3HUKA 32 BiACTAaHHIO MOXKHAa MOOAYUTH TIEBHY
mudepenmiamito, Poman MaroTe Halimenmre gucio Kenira
(175,2 xm) — 11e 0o3Hayae, MO 3 YCiX PaOHHWUX IIEHTPIB
BOHHM HaWOMIK4i A0 HaWBIMTANCHINIOTO Bifl HUX LEHTPY
(ToOTO, BOHM MArOTh HAMKpaIly TPAaHCTIOPTHY JOCTYITHICTh
y Mexax mepexi). Cymu (199,1 kM) Takoxk MaroTh Bin-
HOCHO HeBenmke unciio Kenira, mo odikyBaHO, 3BayKaroqm
Ha iX poIb, K aJAMIHICTPATHBHOTO MEHTPy obnacTi. Kono-
tor, Oxtupka Ta IllocTka MarOTh 3HAYHO BUIII 3HAYCHHS
(275-282 kM), 1110 CBiTYUTH MPO TXHIO OUTBITY TPAHCTIOPTHY
BiJITAJICHICTh Y PerioHaIbHOMY MacITaoi.

AOW OIIHWTH KOMITAKTHICTh HAIIOTO Tpada palloOHHUX
LIEHTPIB PO3PaxXOBaHO CEPEIHIO BiICTAHb BiJl JaHOTO By3Ja
JI0 BCiX IHMHUX. 3a pe3yabTaTaMd PO3PaxyHKIB, CEpEIHs
BIJICTAaHP MK yciMa mapaMH pafOHHUX IEHTpPIiB y Tpadi
CTaHOBUTH 159,7 kM. J{7151 KOXKHOTO OKPEMOTO By3JIa ITOKas3-
aukn HactymHi: Cymu — 127,53 xM, Poman — 131,20 &M,
Oxtupka — 203,00 kM, Konorom — 148,33 xm i HlocTka —
188,45 kM (Tabm. 1)

[Tokxa3HUKOM TPAHCHIOPTHOI JOCTYITHOCTI, IO BPAXOBY€
iepapXiYHUH CTYIiHb HACEJICHHUX ITyHKTIB, € IXHS JOCTYI-
HICTH JI0 aIMIHICTPAaTUBHOTO HIEHTPY TEPUTOPIi, ¥ HAIIOMY
BHIIAJIKY — 10 00JacHOTO IIEeHTPY. Taka JOCTYITHICTh 3a0e3-
TIeYy€e HACEIEHHS MOMIIUBICTIO OTPHMAaHHS JONATKOBHX
MEIWYHHUX, OCBITHIX, COIIaJbHUAX, TMOOYTOBUX Ta IHIINX
mocryT. s patitieHTpiB CyMCBhKOi 00JacTi JOCTYIHICTB
00ITacHOTO TICHTPY KoMHMBaeThes Bix 78,9 mo 199,1 ym. k.

Po3max 11p0r0 IOKa3HMKA OLIBINE HIX y 2,5 pa3u MOsSCHIO-
€THCS 3HAYHOIO TUIOMICIO 00JIacTi i po3TanryBaHHAM o0ac-
HOTO TIEHTpi 1 paiilienTpiB Ommxde no ii mepudepii. Haii-
Kpalia IOCTYIHICTh OOJacCHOTO IEHTPY CIOCTEepPIraeThCs
y Oxtupku (78,9 yM. KM), TIPOMIXKHI 3HAUEHHS TaHOTO
moka3HuKa MatoTh Poman (103 ym. kM) Ta Kororom (129,1
yM. KM), HaiiBinnaneHimoro BusBiseTbes M. [lloctka (199,1
yM. kM). Sk 6agmmo, 3a OUTBIIICTIO AOCOMOTHUX TIOKA3HU-
KiB aBTOMOOUTBHOT TPaHCIIOPTHOI HOCTYMHOCTI CyMCBKOT
obmacTi migupytots Cymu i Pomun. Tipie momoxeHHs Mae
Konorom i Haiiripme — [lloctka Ta OxTHpKAa.

SAx BugnOo 3 dopmynu (1), ingexc basemama po3paxo-
BYETHCS AK BIJHOIICHHS CYMH BCiX aOCONIOTHHX iH/EK-
CiB JIOCTYIHOCTI 10 aOCONIOTHOTO iHJAEKCY JOCTYITHOCTI
KOHKPETHOTO palflOHHOTO IIEHTPY. Y HampocTimiit popmi
el I1HAEKC OIHIOE, HACKIIBKH KOPOTKI HAWKOPOTIIi
[UISIXY MK OHUM PalIIEHTPOM i ycima iHIIMMH B TpaH-
cropTHI Mepexi. Haifbinmpime 3HaYeHHS HIHOTO ITOKAa3-
HHAKAa CBIIYUTH TPO Kpalle TPaHCIOPTHO-TeorpadidHe
MTOJIOKEHHS MyHKTY. OTpUMaHi 3Ha4YeHHS 1HICKCY (Taod.
1) moKka3yroTh, HACKIIBKH KOKEH PaMICHTp «OTU3BKHUII»
no Bcix iHmumX. Ymm Bummii iHgexc basemama, THM
OLTBII «IICHTPATBHOIOY» € BEpIINHA y Tpadi 3 TOUKH 30py
noctynHOCTi. CepeHe 3HAYCHHS IOTO 1HACKCY IS PO3-
TISHYTOTO Tpada CTAHOBHUTH 5.16, IO CBITYHUTH PO 3ara-
JIOM CEpEeHIO TOCTYIHICTh BEPIINH Y MEKax ITi€i Mepexi.
HaiiBumi 3Ha9eHHA ITh0T0 TTOKa3HNKA MatoTh Cymu (5.97)
ta Konorom (5.87), o Bka3ye Ha IXHE IICHTpaJIbHE PO3Ta-
ITyBaHHS B CTPYKTYpi rpada Ta BiTHOCHO HU3bKI CyMapHi
BifcTaHi qo iHmMX Mict. Halamxkunii innexkc basemamma
croctepiraetecs y loctku (4.04) ta Oxtupku (4.13),
IO CBiAYWTH MPO iXHIO BiIJAJCHICTH Bif IHIIUX paioH-
HUX IICHTPIB.

Bignocunii innexc bormama sBise co0010 BiHOIIIEHHS
3araibHO{ KITBKOCTI IYHKTIB TPAHCIIOPTHOI MEpeki [0
a0COITIOTHOTO 1HJEKCY MOCTYITHOCTI TMEBHOTO MYHKTY, OITi-
HIOIOYH BiTHOCHY «IIEHTPATBbHICTH By3J1a B KOHTEKCTI BCi€T
Mepexi. Bin, Ha BinMiHy Bix inaekcy basemamra, mo3Bomse
31CTaBUTH TPOTSHKHICTH TPAHCTIOPTHHUX IMUISXIB Bl TAaHOTO
IMyHKTY HE 3 IPOTSDKHICTIO, @ 3 HACHYEHICTIO TPAHCIIOPTHOT
Mepexi. Pazom 3 TuMm, Ha BiaMiHy Bix umcna Kenira, sike
MOKa3ye HaWBiINaTICHINTy BiJCTaHb Bl OAHOTO By3Ja IO
iHmmIoro, ingekc bormaMa BpaxoBye BCIO MEPEKy 3arajoMm.
Kpartie TpaHCIIOPTHE MOJOKEHHS ITyHKTY BH3HAYAETHCS 32
OUTBIIIMM TIOKa3HUKOM IIHOTO 1HACKCY.

Tabmuus 1
IToxa3HUKHN TPAHCHOPTHOI OCTYNHOCTI paiiloHHUX HeHTpiB CymMcbKoi o0macTi
Excuenr- Cepennst
Paiionni Inaexce a6¢oII0THOI TPAHCIIOPTHOL S — BilcTaHb LenTpajabHicTh By3ia Innexc
LEeHTPH JOCTYIHOCTI (YM. KM) [2 M. KM) By3J/1a (inpexc bapesama) Bomama
M- (YM. KM)
Konoton 5933 282,0 148,33 5.87 0.0067
Oxrupka 812 282,0 203,00 4.13 0.0049
PomHK 5248 175,2 131,20 5.80 0.0076
Cymn 510,1 199,1 127,53 597 0.0078
lIocTka 753,8 275,9 188,45 4.04 0.0053
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Cepenne 3HaueHHs iHmekcy bomawma, mo xapakrepu-
3ye e(peKTUBHICTD JOCATHEHHS IHIIUX BEPIINH 3 KOXKHOTO
MicTa, [t Harmoro Tpada cranoButs 0.0068. Haiiuni 3Ha-
ueHHA iHaekcy MatoTh Cymu (0.0078) ta Konotom (0.0077),
o iIme pa3 MATBEpPKye iXHIO BIAHOCHO BHCOKY TpaH-
CIIOPTHY OCTYTHICTh. HalfHIDKYi 3HaYEeHHS IIHOTO ITOKAa3-
HuKa crioctepiratotecs y [octkm (0.0053) ta OxTHpKH
(0.0054), 1o cBigUMTH MPO IXHIO IEpUPEPIHHICTD y CTPYK-
Typi TPaHCTIOPTHOT MEPEXKi.

BucHoBku. OtpuMaHi pe3ynbTaTé CBiT4aTh PO
MOMIpHY TPAHCIIOPTHY [OCTYIHICTh PAHOHHHUX IIEHTPIB
Cymcpkoi obmacti. 3Ha4eHHs BH3HAUEHWX y POOOTI po3-
PaxyHKOBHX ITOKa3HHUKIB HE € HAJTO BUCOKUMH, II0 BKa3ye
Ha MOXKITMBI TPYIHOIII B JIOTICTHIII M)XK MicTaMH, ajie il He
KPUTHYIHO HHU3BKI, IO TiATBEPKYETHCS TOCTaTHIM PiBHEM
3B’SI3HOCTI. SIKIIO IOPIBHIOBATH 1X 3 TPAHCIIOPTHOIO Mepe-
JKEF0 METAITOJIICiB YM PO3BHHEHUX €BPONCHCHKHUX PETiOHIB,
TO TIi 3HaueHHs HU3bKi. OJHAK, SKIIO B3STH IO yBarH, IO
CymMchka 00macTs — 11e iepudepiifHnit perioH i3 cepeIHBOI0
TYCTOTOIO JIOPIT, TaKi 3HAYCHHS MOXXHA BBAXKATH I0CTaTHBO
THUITOBHMH.

Innexcu bBasemamra ta Bomama H03BONMIN OILIHUTH
PiBEHB 3B’I3HOCTI Ta e()eKTUBHICTH TPAHCTIOPTHOI JOCTYTI-
HOCTI MDK ITSThMa pailoHHUMH meHTpaMu CyMcbKoi
obmacti. CepenHe 3HaueHHs iHAeKkcy baBemama s pos-
TISTHYTOI Mepeki CTaHOBUTH 5,16, 10 BKa3ye HA IOMipHHUI
PIiBEHB TOCTYIHOCTI BEpIINH y Mekax rpada. OcKinbka e
MTOKAa3HUK XapaKTePH3y€ B3a€MHY HOCSKHICTH MICT, HOTO
3HAYEeHHS MO)KHA TIOPIBHSITH 3 aHAJOTIYHUMH JOCIiKEH-
HSMH TPAHCIIOPTHUX MEPEX IHMIMX PErioHiB. Y pO3BHHE-
HUX JOPOKHIX CHCTEMaxX, TaKWX SK IIEHTPaJIbHI pETioHH
€BPOTICHCHKAX KpaiH, 3HaUYeHHs iHJeKcy bapemnama 3a3Bu-
4yail 3HaXOmAThCS B Mexkax 8-12 [16], a iHKOIHM ¥ TIepeBH-
MIYIOTh iX, IO CBIAYHMTH MPO 3HAYHO KpAILy TPAHCIOPTHY
inTerpamnito. Jlnsg mepudepiitHux paioHiB, 30KpeMa Cillb-
CBKUX TEpHUTOpill YKpaiHu, mel MOKa3HWK € 3HAYHO HIIK-

9UM 1 9aCTO KOJIMBAETHCSA B Mexkax 4-6. OTxe, oTpuMaHe
HaM{ 3HA4YeHHs BKaszye, IO aHATI30BaHA MEpexa Mae
CEpEeIHIO TOCTYIHICTh — BOHA HE € HA/TO IIUTEHOIO, TIPOTE
i HE JNEeMOHCTPY€ KPUTUYHHX TPOOIEM i3 JOCATHEHHSIM
KOKHOT'O PailOHHOTO LIEHTDY.

Cepenne 3Ha4eHHS iHIEKCYy bomama, mo xapakrepusye
e(heKTUBHICTD JOCATHEHHS HIIX BEpIIHH rpada 3 KOKHOTO
MicTa, craHoBUTH 0.0068. Brcoki 3HaueHHS IHOTO iHAEKCY
3a3BMYail XapakTepHi JUIA TYCTUX TPAHCIOPTHHX MEpPEex,
HATPUKITA], Y MICPKHAX arIOMEpalisx Ta perioHax 3 BHCO-
KOO TIITBHICTIO OpIT, BOHH MOXyTh gocsrati 0.01-0.02
i Oimpme. Y OimpmocTi mepudepifHUX Ta CITBCHKUX
PETiOHIB e TMOKa3HUK, SK TPAaBHIO, HIDKINH, OCKITBKU
MIDKMICBKI 3B’SI3KH 9acTO 3IHCHIOIOTHCS Yepe3 0OMeKeHy
KUTBKicTh MapmpyTiB. 3HadeHHs 0.0068 mis TpancmopTHOL
Mepexi patoHHuX eHTpiB CyMCBhKO1 001acTi CBITIUTH IIPO
il TOMipHUH piBeHB 3B’ S3HOCTI, KM € THTIOBUM JUIS pPeri-
OHATFHUX MEPEXK, [0 He MAIOTh BEITUKOI KiTBKOCTI allbTep-
HAaTUBHMX TPAHCIIOPTHUX IIUISAXIB.

3aranpHUi aHaJi3 000X 1HAEKCIB IEMOHCTPYE, IO TPaH-
CIIOPTHA Mepeka JOCIiIKYyBaHOTO pETioHy 3abe3redye
JIOCTaTHIH piBEHb JOCTYIMHOCTI MiXK palOHHUMH IIEHTPaMH,
OHAK BOHA HE € ONTHMAJBHOIO 3 TOYKH 30py MiHiMizamii
TPaAHCIIOPTHUX BUTpAT. BUCOKi 3HaUeHHS iHACKCIB y MicTax
Cymn, Poman Ta KoHOTOTT CBiAYaTh Mpo IXHIO IIEHTPAIbHY
pOTb y perioHambHIM TpPaHCHOPTHIN cHcTeMi, TOmi SIK
[ocTka Ta OXTHpKa MalOTh HIKY1 3HAYCHHS, 10 ITiATBEP-
JUKye TXHIO TIepudepiitHicTs. Lle Moxke Bka3yBaTu Ha HE00-
XIHICTh YJOCKOHAJCHHS TPAHCIIOPTHOI 1H(QPACTPYKTypH
JUTS THABHINCHHS PIiBHA 3B’ S3HOCTI Ta TOKPAIICHHS JIOTiC-
TUYHAX MOXJIHBOCTEH y perioHi. OXHNAM i3 MOTEHIIHHUX
HATPSAMIB YAOCKOHAJICHHS MOXE OyTH PO3BHTOK albTep-
HATWBHUX MapHIPYTiB MK MiCTaMH, SIKi MarOTh HaWHIDKI
MTOKAa3HUKH 1HEKCIB, IO CIIPUATHME OiIBII PIBHOMipHOMY
PO3TONLTY TPAHCTIOPTHHUX TTOTOKIB 1 3MEHIIICHHIO 3aJI€KHO-
CTi B/l OCHOBHHX JIOPIT.
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Y emammi posensoaromocs moscnueocmi 3acmocyganus eeoingpopmayitinux cucmem (I'IC) y po3eumky exonoeiunoeo nypusmy
3 AKYEHMOoM Ha Mpu 83AEMONOB A3AHT HANPAMU: eKOL02IUHY OYIHKY MepUumopitl, KapmozpagyeanHs mypucmuyHux Mapuipymie i popmy-
BAHHA eKoI02iYHOI c8idomocmi 6 ocsimHbomy cepedosuwyi. Ha npuknadi cyyacnux npoepammux npooykmie — ArcGIS Pro, QGIS, Google
Earth, Google Earth Pro, Google My Maps — npodemoncmpogano ix poiv y cmeopenni kapmocxem, nodyoosi bazamowiaposux 6as
Oanux, opeanizayii NoIbOBUX 00CTIONCEHb MA MOHIMOPUHEY CINAHY HABKOTUWHBOO CEPEOOBULY.

Oxpemy ysazy npudineno sacmocysannio I'lC'y npoyeci exonoziunoi oyinku npupoOHux mepumopiti ma mypucmuyHux 06’ ckmis.
3as0sKu MOXHCIUBOCMAM AHANIZY NPOCHIOPOBUX OGHUX MONCHA BIOCIENCYBAMY AHMPONO2EHHE HABAHMAICEHHS, KOHMPOIIBAMU BUKO-
PUCIMAHHA NPUPOOHUX TIKYBATLHUX PeCypcig I nianyeamu cmpamezii cmanozo po3gumky pexpeayitinux 3ou. Ilokaszawo, wo kapmo-
2paciune 8i000paANCEHHA MYPUCTNUUHUX MAPWPYMIE 3a0e3neyye 3pyuHicmb Y NIAHYBAHHI NOOOPOXCel, a MAKOHC BUCHIYNAE Oi€BUM
IHCmMpyMenmoM Oisl nidGuwenHs mypucmuynoi npueadiusocmi pezionis. Ipuriadu no6yoosu exomapuipymis y mevxicax Ilymuginbcokoeo
MypUCmuuH020 Kiacmepa i kapmozpagyyeanns baceiny piuku Bopciau niomeepoocyroms npakmuuny swauywicme sukopucmanns I'1C
V mypucmuyHitl cgepi.

Boowouac cmamms axyenmye yéazy Ha oceimuboMy nomeyiani 2eoingopmayitinux mexronoziii. Ixne suxopucmanus y nHasuan-
HOMY Npoyeci CHpUsie HaOYMmio NPAKMUYHUX HABUYOK y CHIYOeHMmi8, (POPMYBAHHIO eKONOIUHOI KYIbIMypU Ma YCEIOOMIEHHIO 8aAMHCIU-
80Cmi 30epexceHHs nPUpoOHo20 cepedoguuyd. B ymosax 6oerHHoz0 uacy ma oomexcenoeo docmyny 0o Husku mepumopiti I'IC eucmynae
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ehexmugHuM 3ac000M OnA 8i00ANEH020 KAPMOPAPYBAHHA, Op2aHi3ayii BIpMYaTbHUX MaApwpymis i doctioHuybKux npoekmis. Takum
yunom, enposadacenns I'IC y chepy exomypusmy 0036015€ NOEOHAMU HAYKOBO OOIPYHMOBAHY €KOLOIUHY OYIHKY, NPOCMOPOBO-KAD-
MOSPaQiunUil AHANI3 I HABYATLHO-BUXOBHY (DYHKYIIO, WO pObUMb yell iIHcmpymMermapii Hao36udatino akmyaibHum OJisl 3a0e3neUeHHs.
CMAn020 po3GUMKY mypusmy 6 Ykpaini.

Kniouosi cnosa: exomypusm, I'IC-mexnonoeii, ArcGis Pro, QGis, Google Earth, Google Earth Pro, ArcGIS Field Maps, ocgimnus
OLSLIbHICHb.

Korol Olena, Kornus Anatolii, Kornus Olesia, Danylchenko Olena, Lutsenko Serhii. GIS for Ecotourism:
Environmental Assessment, Mapping, and Education

The article discusses the possibilities of applying geographic information systems (GIS) in the development of ecological tourism
with a focus on three interrelated areas: ecological assessment of territories, mapping of tourist routes, and the formation of ecological
awareness in the educational environment. Using the example of modern software products — ArcGIS Pro, QGIS, Google Earth, Google
Earth Pro, Google My Maps — their role in creating maps, building multi-layered databases, organizing field research, and monitoring
the state of the environment is demonstrated.

Special attention is paid to the use of GIS in the process of environmental assessment of natural areas and tourist sites. Thanks to
the capabilities of spatial data analysis, it is possible to track anthropogenic load, control the use of natural healing resources, and plan
strategies for the sustainable development of recreational areas. It has been shown that the cartographic representation of tourist routes
facilitates travel planning and is also an effective tool for increasing the tourist attractiveness of regions.

Examples of eco-routes within the Putivl tourist cluster and mapping of the Vorskla River basin confirm the practical significance
of using GIS in the tourism sector:

At the same time, the article focuses on the educational potential of geoinformation technologies. Their use in the educational process
contributes to the acquisition of practical skills by students, the formation of an ecological culture, and an awareness of the importance
of preserving the natural environment. In wartime conditions and with limited access to a number of territories, GIS is an effective tool
for remote mapping, organizing virtual routes, and research projects. Thus, the introduction of GIS into the field of ecotourism allows for
the combination of scientifically based environmental assessment, spatial and cartographic analysis, and educational functions, making

this tool extremely relevant for ensuring the sustainable development of tourism in Ukraine.
Key words: ecotourism, GIS technologies, ArcGIS Pro, QGIS, Google Earth, Google Earth Pro, Google My Maps, educational

activities.

Beryn. [lutaHHAM JOCHIIPKEHHS €KOTYPH3MY 3aco-
6amu I'IC-TrexHomoriii npuinena ysara 0ararbox aBTOPIB.
Tak, 3acToCyBaHHIO Te€OIH(POPMALIHHUX CHCTEM Y IIIaHy-
BaHHI EKOJIOTIYHOTO TYPHU3MYy MPUCBSYCHI TOCIiIKCHHS
Kopoms O. [I. i Kpaceko, A. b. [6]; ocodmuBoCTSIM 3acTO-
cyBaHHS iH(OPMALIHHIX TEXHOJOTIH B TypU3Mi, TO3UTHUB-
HUM Ta HETaTUBHUM MOMEHTaM, SIKi BHHHKAIOTh IiJ 9ac
BIPTYaJIbHUX EKCKYpCiii Ta HagMIpHOMY BHKOPHCTaHHIO
iHpOpPMALIHHIX TEXHOJOTIH MPHUCBSYCHI TOCIIIKCHHS
Tabencokoi O. 1. [8]; BuKOpHCTaHHIO reoiH(OpPMAIITHIX
TEXHOJIOTI# B OpraHi3aiii eKOJIOTiYHOTO TypU3MYy IPUCBSI-
yeni poborn Conbka C. I1. [8]; mpoxykram I'IC-rexHnomorii
JUTS TABHUINCHHS TYPUCTHYHOI TPUBAOIUBOCTI JECTHHAIIIT
npucBsiueHo pocmimkeHHs B. b. Jlemetiok [5]; Kocernko
0. O. TpuCcBATHB CBOE OCIIPKCHHS 3aCTOCYBAaHHIO
Cy4YacHHUX TeoiH(pOPMALiHHIX TEXHOIOTIH y PO3BUTKY EKO-
JorigHOrO Typm3my [4]. Aje cepel IMX MOCITIKCHb HE
MPUIUIEHO JOCTAaTHBOI YBarW OmIsAy TeoiH(opMamiiHuX
TEXHOJIOTIH Ta IX BiIMOBIIHOMY 3aCTOCYBaHHIO JJs (hop-
MYBaHHSI HABUYOK €KOTYpPHU3MY.

Mertoro crarti € anam3 I'IC-rexHonorii, mo 3acro-
COBYIOTBCSI B €KOTYPH3Mi, 30KpeMa Julsl KapTorpadyBaHHs
Ta MOHITOPHHTY TEPHUTOpIiH, a TAKOXK BHU3HAYCHHS IXHHOTO
MOTEHINaTy y (OpPMyBaHHI €KOJOTIYHOI  CBiIOMOCTI
Ta NMPAKTUYHUX HABUYOK KOPHUCTYBAUiB.

Marepiauu i metoan. Y $opMyBaHHI HABUYOK EKOTY-
pm3My 3acobamu ['IC-texHooriii Oya0 3aCTOCOBAHO Psift
METO/IiB, OCHOBHI 3 HUX: aHaji3, CHHTE3 Ta Kaprorpadid-
HUil. B nociimkeHHI MPOBOMUTHCS aHANi3 3aco0iB — reo-
iH(pOpMaLiHHUX TEXHOJIOTIH, 32 JOIIOMOTOI0 SKHX IOCITi-
JUKY€TbCS TPUPOJHUN TPOCTIp, OO’€KTH IPUPOTHOTO
1 aHTPOIIOTEHHOTO TOXO/UKEHHS, a TaKOK IPOBOAUTHCS

aHaJI3 TPAAUIIMHUX IPUHINIIB EKOTYpPH3MY Uepe3 IPU3My
3actocyBaHHs [1C-texHomoriid tomo. CHHTE3 — METO[,
MIPOTHJIC)KHUI aHalli3y, 32 JIOMOMOTOIO0 SIKOTO JOCIIKY-
€THCS SIBULIE B IIIIOMY Ha OCHOBI y3araJbHEHHS CIIOpiHE-
HUX €JIeMEHTIB Ta iX 00’€IHaHHS (HAIPUKIAJ, Ha OCHOBI
TypUCTHIHHX 00’€KTiB Ta 00’€KTiB iHYPACTPYKTYpH OIli-
HIOETBHCS TYPUCTHYHUIT ITOTEHIIIA)l PETioHy). 3aCTOCYBaHHS
KapTorpaivHOro MeToIy I03BOJISIE 332 JOMOMOIOI0 KapT
HA0YHO 300pa3uTH (PAKTOPH i OCOOIMBOCTI PO3MINICHHS
TyPUCTUYIHHX 00’ €KTIB Ta MPOKIIATaHHS MapIIPYTiB.

B Ham wac mepenik TYpHCTHYHUX O0’€KTiB HE € CTa-
M. YKpaiHa Mae Oarary iCTOpHYHY CHAALIMHY, a TaKOX
BOJIOJIi€ YHIKAaJTHbHUMH MPUPOAHUMHU PECYpPCaMHu, sIKi 1 cTa-
HOBIISITH OCHOBY eKoJiorigHoro Typusmy [1-3]. B ymoBax
K€ TIEPMAHEHTHOI €KOHOMIYHOT KPU3H PO3BUTOK EKOJIOT14-
HOTO TypH3My YKpaiHU MOXe MOCIPUSATH ii BIAPOKEHHIO,
3a0e3neynBINN HOBI poboui Micis. Exorypusm — Bua
TYpHU3My, IO XapaKTePHUH JJIsI MICLHEBOCTEH SIKI MOXYTb
OyTH pO3TamIOBaHI Ha TEPHUTOPISX PIZHUX HAI[IOHATBHUX
Ta MPHUPOIHUX MApKiB, 3aMOBIIHNX 30H, € TependadeHo
0OME)KEHHsI BIUTUBY Ha TEPHUTOPIIO, a TaKOXK 3a0OpOHEHI
BUN PO3BAKAJIBHOTO BIATIOYMHKY, [0 MOXYTh BIUIMHYTH
Ha SKOJIOTi0 JaHoi TepuTopii [9]. s po3BUTKY eKoJIorid-
HOTO Typu3My ToTpiOHa meBHa iH(opMmamiiiHa 6a3a, ska 6
BiOMBaIa PO3MIIICHHS OKPEeMHX TYPUCTHYHHX 00 €KTIB.
Jliist cTBOpeHHsI Takol 0a3u MOXKYTh OyTH BUKOPUCTaHI reo-
iH(opManiiiHi TexHOINOTII [7].

3a BU3HA4YEeHHAM MDKHApOJHA acoUialisl eKOTypU3MY
(TIES), exoTypu3M — Iie BiIIOBiJaIbHA ITOTOPOXK IO TPH-
POIHUX TEPUTOPIH, SKa 3aXMINAE JOBKULIS Ta MOKPALILYE
1106po0yT micueBux rpomax [10]. TIES chopmysmoBana 10
MIPHUHIUIIIB eKOTypu3My (puc. ).

Croboxancekuid HaykoBuii BicHuk. Cepist: [Ipupoxnmyi Hayku, Bumyck 2, 2025 17




— nam'siTaTy Mpo BPasJMBICTh 3eMili;

— 3aJIMIIATH TUIBKK CITiaH, 3a0upary 3 coboro Tibku dororpadii;

—| [i3HABATH CBIT, Y SIKUI IOTPAINMB: KYIETYpy HapoiB, Teorpadiro;

= [IaHYBaTH MICIICBUX MEIIKAHIIIB;

— HE KyIyBaT# BHPOOH, 10 MiAJa0Th HeOe3memni JOBKIIS;

™ 3aBX/JU XOJJUTH TIIBKH NPOTONTAHUMU CTCIKKAMMU,

— HIATPUMYBATH ITPOTPAMH 3aXUCTy TOBKULIS,

IpuHUIUNHT eKOTYPUZMY
|

u J€ MOKJIMBO, BUKOPHUCTOBYBAaTU METOAN 36epiraHH;1 ,HOBKi.HJ'ISI;

HiATpUMYBaTH (IIaTPOHYBATH) OpraHi3allii, 0 CHPHUSIOTH 3aXHCTY
TIPUPOIH;

MOJOPOXKYBATH 3 GipMaMH, IO MIATPUMYIOTh IIPHHITHITH eKOTYPH3MY.

Puc. 1. [IpuHumMnu ekoTypusmMy

3 1MX MO3MIIH EKOJOTTYHUH TYpHU3M MOXKHA BBa)KaTH
TOJIOBHOIO KOHIICTITYaJIbHOIO 1/I€€I0 CTAJIOr0  PO3BHUTKY
typuctudnoi inaycrpii y XXI cropivui.

basyrounch Ha NPUHLUIIAX EKOTYpHU3MY 13 3aCTOCYBaH-
HaM 3ac00iB ['IC-TexHOI0Tri#, BAHUKAE MOXKJIMBICTh AKTHB-
HOT OpraHi3ailii eKoJIOrYHHX TYPIB, 1110 I03BOJISITH IIEpeci-
HOMY CHOXKUBa4y (SIK TO €KCKYPCOBO/LY, 200 3K TYpUCTUYHIN
(bipmi) akTHBHO TX BUKOPHCTOBYBaTH. B OCBITHIN AisuIbHO-
cti Bukopuctanus ['IC-texHosoriii crpuse GhopMyBaHHIO
HaBUYOK EKOTYPU3MY.

B sikocti T'IC cepenoBuia aist GopMyBaHHS HABUYOK
EKOTYPHU3MY MOXYTh BUCTYIIATH I'e0iH(OPMAITiiiHI CHCTEMH
pi3Horo Tumy i HampasieHHs. Lle MOxyTh OyTH: AEeMOH-
crpauiiini I'IC, onmnaitn I'IC pecypcu, crinbaukose I'IC
nporpamue 3abesnedyennsi, BiuibHI ['1C-nonaTku 1 xomep-
uinni I'IC cucremu.

3ayBakumo, 1o ['IC kinacudikyroTh 3a pi3HUMU KpH-
TepisMu: (YHKIIOHAIBHICTh, MACIITadOM 3aCTOCYBaHHS
Ta JIOCTYIHICTIO.

OyHKIIOHATIBHI MOXIIUBOCTI CBiTOBOrO Hamoauus ['IC
nyxe mupoki. Cepell criekTpy reoiH(pOpMaIliHUX CHCTEM
ICHYIOTh: 0e3KoIITOBHI 1 KomepiiHi ['IC, onnaitH-pecypceu,
cTibHUKOBI 1 MoOUTBHI Bepcil ['IC. Cepen komepiiiiHuX
I'IC inoxmi mpononytothest Bapiantu jpoctyny no ['IC 3a
3HW)KEHUMH LIHAMHU a00 Y BUIVISLII CIeliajbHUX JIIEH30-
BaHUX NPOIO3ULIII (HaBYAIbHI JIIIEH3IT).

Po3misiHeMO CBITOBI IPOMO3HMILii OHIANHH pecypciB, sKi
JO3BOJISIIOTH MPAIFOBATH 3 TeorpadiyHUMHU JaHUMH 0O€3
BCTAHOBJICHHSI CTUJIBHUKOBOTO 3a0e3leueHHs. A Takox
JIOTIOMArarTh TOCIIPKYBaTH reorpadivHi siBUILA, CTBOPIO-
BaTU MPOEKTH Ta BIJAKPUBATH HOBI ACIEKTH CBITY HAaBKOJO
Hac (puc. 2).

Binb HOTYy>KHUM reoIpoCTOPOBUM 3aCO00M € CTIIIbHU-
xoBe I'IC-nporpamue 3a6e3neueHns. Moro BCTaHOBIIOIOTH
Ha JIOKaJIbHI KOMIT'FOTepH 0€3 MOCTIHOIO IiIKIIUCHHS
no Inrepuery. [Tonynsipui crinbaukoBi ['IC-niporpam npen-
CTaBJICHI Ha puc. 3.

OOuparoun CTUILHUKOBE MporpaMHe reoingopmariiine
3abe3neueHHs Tpeba raM’siTaTy Mpo BiJMOBIIHICTE anapar-
HOT CKJIaJIOBOi KOMIT IOTEPA.

PesyabraTtu. Ananiz ['IC-nipoayKTiB 1aB MOXIIUBICTH
BusHauntuca 3 IIC-TexHOMOrisIMH Uil HAWIOro JOCIIi-
JUKEeHHS 11010 (hOpMyBaHHs HaBHUYOK ekoTypusmy. Cepen
I'IC-rexHonoriit 00paHi HaCTYITHI 3acO0H:

— KomepiiiHi npoaykru ArcGis Bing kommanii ESRI;

— BUIbHHUE nporpamuuii 3aci6 QGis;

— Google Earth; Google Earth Pro;

— Google My maps.

Came Ha iX OCHOBI € MOMJIMBICTH IPOJEMOHCTPYBATH
OCHOBHI pe3ynbTaTd — (pOpMyBaHHS HABUUOK €KOTYPU3MY
B ocBiTHIil misuibHOCTI. Tak Google Earth i My maps
HIMPOKO BUKOPUCTOBYIOTH JUJIsl Bidyauizalil po3TaiyBaHHs
00’€eKTIB 1 NPOKJIAJIAHHST MAPILIPYTIB, K Lie 3pOOJICHO ISt
TYPUCTHYHUX MapupyTiB 1o M. [Tyrusis (puc. 4).

[Ipuknan npoknaganus ekomapuipyty [lyTUBIbIIMHOIO
3acobamu rporpamu Google Earth Pro 300paxeHo Ha puc. 5.

Cnix npuainuta yBary (OpPMYBaHHIO €KOJOTIYHOT
CBIJIOMOCTI CTYy/IEHTIB 3aBJsiku BukopuctanHio ['1C-rex-
HOJIOT1#, HA0yTTI NPAaKTUYHUX HABUYOK €KOTYPHUCTUYHOT
MOBEJIHKH, OLIHKU cTyneHTamu kopucHocti ['IC-TexHo-
JOTif mix 4ac 3700yTTS €KOTYPHUCTUYHHMX HABHUYOK Iij
9yac JOCIIIHOT MisJIbHOCTI Ta BUKOHAHHI HAYKOBOTO IPO-
EKTY.

Harpukiiay, BUKOHaHHSI HABYAJIBHOTO TPOEKTY TEPe-
Oadae CTBOpEHHs OpoIypH, Ha BHYTPILIHIA CTOPOHI SIKOi
300paxkeHa KapTa, a Ha 3BOPOTI MOXe OyTH pO3TalIOBaHHI
CIIMCOK TYPUCTMYHUX BU3HAYHUX MaM'SITOK 3 MPUMITKAMHU
CKOJIOTTYHOro Xapakrepy. Takox JomaeTbes iH(OpMAILis,
110 JIOTIOMOYXKE TYpPHCTaM 3HAaWTH HAHONIMK4y 3alli3HUYHY
CTaHIIiO JI0 KOKHOT TYPUCTHYHOT am'siTKH (puc. 6).

[TpuknagoM 1HIIOTO MPOEKTY MOXKE OyTH IPOKIIAIaHHS
PIUKOBOrO MapuIpyTy Ta ii MPUTOKH, a TAaKOK HAHECEHHs
TOYOK — JUJISTHOK, IO JI@MOHCTPYIOTh €KOJIOTIYHHH CTaH
piuku (puc. 7) (Ha npuknaai p. Bopckin).
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Google Earth

* Hajae JOCTYI JI0 IHTepakTUBHUX 3D-KapT Ta aepo3HiMKiB. Bu Mmoxere
JOCIIPKYBaTH Pi3Hi 00’€KTH, Ai3HABATUCS PO TeorpadidHi 0COOINBOCTI PI3HUX
pETiOHIB i BUKOPUCTOBYBATH HOTO JJIsl CTBOPEHHS IIPE3EHTAIIIN Ta IPOEKTIB

ArcGIS Online

 oHJalH-cepsic Bix Esri, sSKkuii Hagae MOMKIIMBICTH CTBOPEHHS 1 peIaryBaHHS KapT,
aHaJIi3y Te0/laHuUX Ta CIUILHOT POOOTH 3 IHIIUMHU KOPUCTYBaYaMu

OpenStreetMap (OSM)

* BUIBHO JOCTYITHA Ta PearoBaHa CIITBLHOTOIO Mara CBiTy. Bu MoskeTe penaryBaru
reonani Ha OSM Ta BUKOPHCTOBYBATH Ti y CBOIX MPOEKTAX

QGIS Cloud

* XMapHU CepBic st CTBOPEHHS Ta OIMyONIIKYBaHHs KapT, cTBopeHux B QGIS
(reorpadivna iHpopmariiiHa cucTeMa 3 BIIKPUTUM BHXIIHUM KOJIOM)

Mapbox

* JI03BOJISIE CTBOPIOBATH Ta BOYIOBYBaTH IHTEPAKTHBHI KapTH y BeO-caifTi Ta
JIOAATKH, BUKOPUCTOBYETHCS JUIS HANALITyBaHHS KapT Ta JOAABAHHS CBOIX CaiTiB

CARTO

* 1e riardopma I aHam3y Ta Bizyarnizauii reorpadivaux nanux. Bu moxere
CTBOPIOBATH IHTEPAKTHBHI KAPTH Ta MPOBOAMUTH aHAJII3 TEOJJAaHUX B PEIKUMI
peanbHOTro Yacy

Puc. 2. Onaaiin I'lC-pecypeu

Esri ArcGIS Desktop

* e onHe 3 HaifmommpeHimmx critbHHKOBHX ['IC-mporpam, sike Hagae IIMPOKi
MOXJIMBOCTI JUISl CTBOPEHHS, pelaryBaHHs, aHalidy Ta Bi3yanizalii reofaHuXx.
Brurogae ArcMap Ta ArcGIS Pro mist pisHEX reoaHaliTHIHUX 3aBIaHb

QGIS

» BitbHO poctynHa [IC-nporpama 3 BIIKPUTHM BHXIZHHM KOJIOM, sKa Halae
LIIMPOKUH (yHKIIOHAN Juist poOOTH 3 reofaHuMu. BoHa minTpumye pizHi Gpopmu
JTAaHHUX 1 Ma€ aKTHBHY CITUILHOTY KOPHCTYBaYiB

GRASS GIS

* BUIBHO JOCTYIIHA IpOrpaMa 3 BIIKPUTHM BHXIZHHM KOJOM, IO CIELiami3yeThCs
Ha aHai3i reorpagiyHUX JaHUX Ta HAJA€ IHCTPYMEHTH Ul POOOTH 3 Te0laHUuMU
Ha BHCOKOMY piBHi

Maplnfo Professional

» xomepuiitne ['IC-mporpamHe 3a0e3rneyeHHs, sIKe CIIELIali3ye€ThCsl HA aHami3l 1
Bi3yanizanii reogaHux. BoHO IIHPOKO BUKOPUCTOBYEThCA B Taly3i Oi3Hecy Ta Mae
MOTY)KHI aHATITHYHI IHCTPYMEHTH

Global Mapper

» xomepuiitne ['IC-mporpamHe 3a0e3redeHHs, SKE HAJAE IHCTPYMEHTH JUIst
CTBOPEHHS Ta aHANi3y reorpadiyHuX JaHUX. BOHO Takoxx minTpumye Oarato
pi3HuX (hopMaTiB JaHUX

Manifold

* KOMepLiiiHe mporpamHe 3a0e3MeueHHs, sSKe HaJae LIHMPOKUH (YHKLIOHAT JUIst
aHANI3y Ta OOpOOKM TCONaHHMX, a TAKOXK IIATPUMYe OOYHCICHHS Ha OCHOBI
napajiensHoi 00poOKu

AutoCAD Map 3D

* I'lC-posmupenss 111 AutoCAD, ske 103BOJIsA€ IHTEIpyBaTH reoJaHi B IIPOEKTAX
CAD i BUKOPHCTOBYBATH X ISl CTBOPECHHS I'€O/IaHUX KapT Ta aHaNI3y

Puc. 3. Crinbaukosi I'lC
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Map of the VorsklaRiver

L

PN

Puinit No. 2 - (KNmentovo village, "Lokomtiy” recreation center)

A\, ot o 3 - (atter the confiuence of the Okhtyrka River) and Poine fo. & - (the village of Kizemin, nesr the border with the Poltava region)

@ Foint No. 1 - (surmoundings of the village of Veelyka Pisarivia), Point Ho. 4 - (the village of Zhursvne, after the confiuence of the Krynychna River

topo map

Puc. 7. Kaptu, crBopeHi 3acobamu QGis: TOUKOBi — TiITHKH, 110 IEMOHCTPYIOTH €KOJOTiYHUI CTAH PiUuKH;
JiHiiHi — p. Bopckia Ta ii nputokun

[Topanuii BuIe aHami3 HaWOUIBII e()EKTHBHUX T'€OiH-
(dopmManiiiHux 3aco0iB Ta HaBeleHI NPHUKIAAW, MiJKpec-
JIIOIOTh MOXKJIMBICTH (POPMYBaHHS HaBHUOK EKOTYPH3MY
B ocBiTHIN aisuibHOCTI. ['IC-TexHOMOri, @ TakoX MOpiB-
HSIHHSL 1X OCBITHIX MOXJIMBOCTEH 3 TpaJuLiHHUMH METO-
JlaM{ HaBYaHHS, BKa3ye€ Ha HEOOXIJHICTh BIPOBAJKECHHS
I'IC-rexHOMOri#l B €KOTYpUCTUYHOMY HaBUaHHI. Buxopu-
cranHs ['IC-TexHOJOTIH [03BOJIIE 3POOUTH CKOTYPHU3M

OuIbII e(DeKTUBHUM, CTIHKHM Ta OC3MEUHUM, a TAaKOK Gop-
MyBaTH y TYpPHCTIB Ta MICI[EBOI'O HACCJICHHS CKOJOTIUHY
CBIJIOMICTb.

Cepesl HaBHUYOK EKOTYpU3MY, IO PO3BHBAIOTHCS 32
noromororo ['IC-texHonoTiH, MOYXHA BHIUIMTH HACTYIHI
(puc. 8):

BucnoBku. BripoBaukenns ['IC-texHomnoriii B mpouec
(hopMyBaHHS CKOTYPUCTUYHHUX HABHYOK IIi4acC OCBITHBOI

IIpocTopoBe MUCIEHHS:

* PosyMiHHS ~ 3B'I3KIB MK

reorpadiTHIM
0COOJIMBOCTSIMU Ta EKOJIOTIYHIMY POLIECAMHU.

TTOJIOKCHHAM, MIPpUPOAHUMHA

Po6ora 3 kaprorpadiuHIMU JaHUMH:

YIIpaBIiHHS.

* BMiHHS uMTaTH, aHaNi3yBaTH Ta BUKOPHUCTOBYBAaTH KapTH I IUIAHYBAaHHSA Ta

Exosoriuga ¢BioMicTh:

BUKOPUCTAHHS IIPUPOJHUX PECYPCiB.

* Po3yMiHHS BIUIMBY JIIOACHKOI AISUIBHOCTI Ha JOBKULIS Ta HEOOXIAHOCTI CTAJIOro

Hagiraris Ta opieHTyBaHHS:

HaBiramii Ha MiCIIEBOCTI.

* Buxopucranus GPS-mpuctpoiB Ta MoOuThHMX momaTkiB Ha ocHoOBi I'IC mms

Vrpaeiinus indopmartiero:

MapIIPyTH.

* 360ip, 00poOKka Ta aHami3 MJaHUX IPO EKOCHCTEMH, TYPUCTHYHI OO0'€KTH Ta

KomyHikaris Ta criBrpars:

YOPABIIHHS TYPUCTUYHOIO ASUTHHICTIO.

e CninbHa poboTa 3 IHIIMMH yYaCHHKAMH €KOTYpHU3MY JUls IUIaHYBaHHS Ta

[Mpuknann Bukopucranus ['IC y ¢popmyBaHHI HABUYOK EKOTYPH3MY:

TYPUCTHYHOT JTiSITBHOCTI.

* CTBOpeHHS IHTEpaKTUBHHUX KapT TYPHUCTHYHHX MapUIpyTiB 3 iH(opMaliero Impo
00'eKTH TIPUPOJTH, MICIIS TSI BITIOYMHKY, OOMEKCHHS Ta TIPABUJIA MIOBEIIIHKH.

* Po3poOka MOOUTPHHX MOJATKIB UIsl HABIramii Mo €KOTYPHCTHYHUX MaplIpyTax, 3
iH(OpPMAITEI0 PO POCIUHH, TBAPUH, TCOJIOTTYHI 00'€KTH.

* IIpoBeneHHsI OHJIANH-KYPCIB Ta TPEHIHTIB 3 EKOTYpH3MYy, 3 BHKOpHcTaHHAM [1C-
IHCTPYMEHTIB JUIsl aHANI3y Ta Bizyani3awii JaHuX.

* CTBOpEHHsI CHCTEM MOHITOPDUHTY CTaHYy €KOCHCTEM Ta BiACTE)KEHHS BIUIMBY

Puc. 8. HaBuuku, mo ¢popmyroTbes i po3BuBaioThes 3a 10nomMororw I'C-texHoJ10rii B eK0JI0TYHOMY TypHu3Mi
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JSUTBHOCTI Ha CHOTOMHI € TOMYIISIPHAM HAIPSMKOM, TTOYH-
Hatoun 3 Covid-19, a Taxkox 3amumaeTbes 3aTpeOyBaHUM
BIIPOJIOBK BifICBKOBOTO BTOPTHEHHS, KOJIM OLTBIITICTh TEPH-
TOpiHl € HEIOCTYITHUMH TS BiJBiTyBaHHS.

3aBaskn ['IC-TEXHONOTISIM € MOXKIJIMBICTH 3IHCHIO-
BaTH MOHITOPUHT PEKpPEaIiifHO-TypUCTHIHUX TEPUTOPIiH,
peamizoByBaTH pPEBi3iffHI 3aXOAW MIOJ0 BUKOPUCTAHHS
MPUPOJHUX JIKyBaIBHUX PECYpPCiB, a TaKOXX KOHTPOIIO-

BaTH aHTPOIIOTCHHE HABAHTA)KEHHS HABKOJIO IIMX 00’€K-
TiB 1 TEpUTOPIH.

Buxopucranus ['IC-TexHOMOTIH 103BONSAE 3pOOUTH
eKOTypH3M OLThII e(eKTHBHHUM, CTIHKUM Ta Oe3NedHnM,
a TakoX (hOpMyBaTH y TYPUCTIB Ta MiCIIEBOTO HACEICHHS
EKOJIOTIYHY CBiIOMICTb.

i 3acobm MOXyTh OyTH pEeKOMEHIOBaHI I BUKJIaa-
4iB Ta BUMATEINIB reorpadii.

Jliteparypa:

1. Menxonsia I'. A. BrpoBapkennst I'IC-rexHomori#t y Typuctuuniii cepi // IIpodaeMu Ta nepcrekTHBH PO3BUTKY
cy4yacHoi Hayku: Marepiamun MikHap. Hayk.-nipakT. koH(D. (M. PiBre, 10 TpaBHs 2019 p.). Pisre: HYBI'TI, 2019. C.400.
URL: https://tourlib.net/statti ukr/melkonyan.htm (mara 3Beprenns 20.08.2025).

2. Exorypmsm — Crexxkn ta Mmanu. URL: https:/stezhky.org/stezhky/stalyj-turyzm/ekoturyzm/ (nara 3BepHeHHs
20.08.2025).

3. Exorypusm B YkpaiHi: rapMOHist 3 IprpoIoro Ta 1ikasi mapmpyTh — relax URL: https://relax.com.ua/uk/what-to-do/
outdoors/ekoturizm-v-ukrayini-garmoniya-z-prirodoyu-ta-tsikavi-marshruti/ (nara 3sepuennst 20.08.2025).

4. Kocenxo 1O. FO. 3acTocyBanHs cydacHHX reoiH(OpMaLifHIX TEXHOJIOTIH Y PO3BUTKY EKOJIOTIYHOTO TypHu3My. Hay-
Ko8ull 8iCHUK XepcoHCbKo20 depacasrozo yrigepcumenty. 2018. Bum. 9. C. 233-238.

5. Lepetiuk V. B. The GIS technologies' products for increasing the tourist attractiveness of the destination (on the
example of Chernigiv region). Geodesy, Cartography and Aerial Photography. 2020. Vol. 92. P. 55-67. DOI: https://doi.
org/10.23939/istcgcap2020.92.055

6. HoBikoBa A. OcobnuBocti Bukopuctanus I'IC-rexHomorii y mpomueci HaBu4aHHS (axiBIiB TYpPUCTHYHOI Taiysi.
Buwa oceima Yipainu. 2025. Ne 1. DOI: https://doi.org/10.32782/NPU-VOU.2025.1(96).05.

7. Conpko C.II. BuxopuctanHA TreoiH(pOpPMAIifHUX TEXHOJOTIH B OpraHizamii eKOJOTiyHOTO TypusMy (Ha TpH-
kiaai 00’exriB 130 Yepkacwkoi obiacti). Teopis, npakmuxka ma iHHO8AYil pO36UMKY MypUCMUYHOL ma 20melbHo-pec-
mopannoi inoycmpii: Mamepianu Misxchapoonoi nayrkoso-npaxmuunoi kongepenyii (28-29 tpasus 2015 p.). Ymanb:
Bun.-nonirp.uentp «Bizasi», 2015. C.127-132. URL: https://www.udau.edu.ua/assets/files/zbirniki/papers/sonko/GiS-v-
ekologichnomu-turizmi.pdf (nara 3Bepuennst 20.08.2025).

8. Tabercpka O.I. OcobmmBocTi 3acTocyBaHHA IH(MOPMALIWHUX TEXHONOTIH B TypusMi. [umerexm XXI. 2025.
Ne 1. C. 35-42. URL: http://www.intellect21.nuft.org.ua/journal/2025/2025 1/8.pdf (mara 3Bepuenns 20.08.2025).

9. Illo Take exorypu3Mm 1 womy BiH BaxksmBuii? URL: https://waytravel.com.ua/shho-take-ekoturyzm-i-chomu-vin-
vazhlyvyj.html (nara 3Bepuennst 20.08.2025).

10. TIES Overview. URL: https://ecotourism.org/ties-overview/ (nara 3sepaenns 20.08.2025).

11. Top6osuos I. M., Kopuyc A. O., Tynux C. B., ®ypcee O. B.. TpanumiiiHi Ta HOBI OJHOAEHHI €KCKYpCIHHI
MapmpyTH (Typu) B Mexax [lyTHBIBCBKOrO TYpUCTUYHOTO Kiactepa. Yemeepmi CyMcbKi HAyKO8i 2eo2paghiumi yumants:
30ipHHK MaTepianiB Beeykpaincekoi HaykoBoi koH(pepeH il (Cymu, 11-13 xostasa 2019 p.). Cymu. 2019. C. 41-49. URL:
https://repository.sspu.edu.ua/handle/123456789/7876

References:

1. Melkonian, H. A. (2019). Vprovadzhennia HIS-tekhnolohii u turystychnii sferi [Implementation of GIS technolo-
gies in the tourism sector]. Problemy ta perspektyvy rozvytku suchasnoi nauky: Materialy Mizhnar. nauk.-prakt. konf. (m.
Rivne, 10 travnia 2019 r.). Rivne: NUVHP, 2019. S. 400. URL: https://tourlib.net/statti ukr/melkonyan.htm (accessed:
20.08.2025) [in Ukrainian].

2. Ekoturyzm — Stezhky ta mapy (2025). [Ecotourism — Trails and maps]. URL: https://stezhky.org/stezhky/stalyj-tu-
ryzm/ekoturyzm/ (accessed: 20.08.2025) [in Ukrainian].

3. Ekoturyzm v Ukraini: harmoniia z pryrodoiu ta tsikavi marshruty — relax (2025). [Ecotourism in Ukraine: harmony
with nature and interesting routes — relax]. URL: https://relax.com.ua/uk/what-to-do/outdoors/ekoturizm-v-ukrayini-gar-
moniya-z-prirodoyu-ta-tsikavi-marshruti/ (accessed: 20.08.2025) [in Ukrainian].

4. Kosenko, Yu. Tu. (2018). Zastosuvannia suchasnykh heoinformatsiinykh tekhnolohii u rozvytku ekolohichnoho tury-
zmu [Application of modern geoinformation technologies in the development of ecological tourism]. Naukovyi visnyk
Khersonskoho derzhavnoho universytetu. Seria Geographichni nauky — Scientific Bulletin of Kherson State University.
Series «Geographical Sciences». URL: https://ekhsuir.kspu.edu/server/api/core/bitstreams/dd6fc725-£539-417b-8de7-
ad934cd16e0b/content (accessed: 20.08.2025) [in Ukrainian].

5. Lepetiuk, V.B. (2020). The GIS technologies' products for increasing the tourist attractiveness of the destination
(on the example of Chernigiv region). Geodesy, Cartography and Aerial Photography. Vol. 92. P. 55-67. DOI: https://doi.
org/10.23939/istcgcap2020.92.055

6. Novikova, A. Osoblyvosti vykorystannia HIS-tekhnolohii u protsesi navchannia fakhivtsiv turystychnoi haluzi [Fea-
tures of the use of GIS technologies in the process of training specialists in the tourism industry]. Vyscha osvita Ukrainy —
Higher Education of Ukraine. DOI: https://doi.org/10.32782/NPU-VOU.2025.1(96).05 [in Ukrainian].

7. Sonko, S.P. Vykorystannia heoinformatsiinykh tekhnolohii v orhanizatsii ekolohichnoho turyzmu (na prykladi obiek-
tiv PZF Cherkaskoi oblasti) [The use of geographic information technologies in the organization of ecological tourism (on
the example of protected areas of Cherkasy region)]. Teoriia, praktyka ta innovatsii rozvytku turystychnoi ta hotelno-resto-
rannoi industrii: Materialy Mizhnarodnoi naukovo-praktychnoi konferentsii (28-29 travnia 2015 r.). Uman: Vyd.-polihraf.

Crnoboxancekmid HaykoBuit BicHuk. Cepist: [Ipupopnuyi Hayku, Bumyck 2, 2025

122



tsentr “Vizavi”, 2015, pp. 127-132. URL: https://www.udau.edu.ua/assets/files/zbirniki/papers/sonko/GiS-v-ekologich-
nomu-turizmi.pdf (accessed: 20.08.2025) [in Ukrainian].

8. Tabenska, O.1. (2025). Osoblyvosti zastosuvannia informatsiinykh tekhnolohii v turyzmi. [Peculiarities of the use
of information technology in tourism]. Intelekt XXI — Intellect XXI. Ne 1. URL: http://www.intellect21.nuft.org.ua/jour-
nal/2025/2025 1/8.pdf (accessed: 20.08.2025) [in Ukrainian].

9. Shcho take ekoturyzm i chomu vin vazhlyvyi? (2025). [What is ecotourism and why is it important?]. URL: https://
waytravel.com.ua/shho-take-ekoturyzm-i-chomu-vin-vazhlyvyj.html (accessed: 20.08.2025) [in Ukrainian].

10. TIES Overview (2025). URL: https://ecotourism.org/ties-overview/ (accessed: 20.08.2025).

11. Horbovtsov, H. M., Kornus, A. O., Tupyk, S. V., Fursieiev, O. V. (2019). Tradytsiini ta novi odnodnenni
ekskursiini marshruty (tury) v mezhakh Putyvlskoho turystychnoho klastera [Traditional and New One-Day Excursion
Routes (Tours) within the Putyvl Tourism Cluster]. Chetverti Sumski naukovi heohrafichni chytannia: zbirnyk materialiv
Vseukrainskoi naukovoi konferentsii (Sumy, 11-13 zhovtnia 2019 r.). pp. 41-49. URL: https://repository.sspu.edu.ua/han-
dle/123456789/7876 [in Ukrainian].

Jlara mepmroro HaIXOKEHHS PyKOIUCY 10 BUAaHHA: 26.08.2025
Jlata mpuiHATOTO 0 IPYyKy PYKOMHCY Iicis pereH3yBanHs: 26.09.2025
Jara my6mikarii: 31.10.2025

Croboxancekuid HaykoBuii BicHuk. Cepist: [Ipupoxnmyi Hayku, Bumyck 2, 2025 123




VK 911.3:330.34(477.54)
DOI https://doi.org/10.32782/naturalspu/2025.2.16v

CYCHLIbHO-TEOTPA®IYHUI AHAJI3 EKOHOMIYHUX TPAHC®OPMAIIIA
XAPKIBCHKOI OBJACTI B YMOBAX BIMHHU

Maasipenko KoctsinTun OJiekcaHapoBuy,

3100yBay TpeThoro piBHs Buioi ocBit OHII «I'eorpadis»
XapKiBChbKOTO Hal[lOHAJIBHOTO yHiBepcuTery iMeHi B.H. Kapasina
ORCID ID: https://orcid.org/0009-0008-1306-7702

Cerina Karepuna IOpiiBua,

JIOKTOp reorpadiuHux Hayk, npodecop,

npodecop Kadeapu corianbHO-eKOHOMIYHOT reorpadii i periono3HaBctsa imeHi Kocrsaruna Hemirs,
XapKiBChbKOTO HaI[lOHAJIBHOTO YHiBepcutety iMeni B.H. Kapasina

ORCID ID: https://orcid.org/0000-0002-1122-8460

Jocnioocents: eKOHOMINHUX MPAHCPHOPMAayitl, CAPULUHEHUX NOGHOMAcumadHum emoperennam Pociticvkoi @edepayii ¢ Yrpainy,
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024CeHHA eKOHOMIYHUX mpancghopmayiti Xapkiecvkoi obnacmi, AKa cmana RpUGpOHmMosUM peionom, Habysac 0codnuBol akmyaibHOCHi,
8paxosyioull 6¢i HOBi yMosu ma dunnuku. Memoio yici cmammi € 8uagienHs 0cobnugocmeli eKOHOMIUHUX hepemeopenb 8 XapKiscuKill
obnacmi 6npo00sIc POKi6 NOBHOMACUMAOHOI GIlIHY HA 3acadax CycniibHoi eeozpaii.

Y cmammi oxapakmepuzosano cmpyxkmypy exonomixu Xapkiscvkoi obnacmi ma ii micye 6 3a2anbHOHAUIOHATLHOMY SUMIDI 00
NOYAMKY NOBHOMACUWIMAOHOI iliHU, OKpecieHo 3MiHu 6 ekonomiyi nicia 2022 poky, docniodceHo OuHAMIKy OisHec-penoKayii, mpat-
chopmayito KIOUOBUX eKOHOMIUHUX CeKMOpi8 md iXHI0 CMILKICHb, NPO8EOeH0 NOPIGHANbHUL AHATI3 NOOAMKOBUX HAOXOONCEeHb 3d
2023-2025 poxu 011 8u3HAUEHHA Micls pe2ioHy 8 HAYIOHANLHOMY 8UMIDI Ma BUABTEHHA 3pYUIeHb Y CIMPYKMYPI eKOHOMIKU, chopmynbo-
8AHO KNI0U08I HANPAMU MA PEKOMEHOAYii 0N CMano2o 8iOH08NIeHHA, NPOAHANI308AHO OCHOBHI NOLOXMCEHHA Ma Npiopumemu peionanb-
HOI npoepamu 6i06y0osu ma possumxy Xapxiecoroi oonacmi. Exonomixa Xapkiscokoi obnacmi nepedxcuia enuboky mpancgopmayiro.
3asosiku pesucmenmuocmi Kuouoeux cexmopis, 3okpema IT ma 060pOHHO-RPOMUCTOBOMY KOMNIEKCY, d MAKONC (DICKATbHIL JICUMME3-
oamHocmi, niomeepodICceHill NOKASHUKAMYU NOOAMKOBUX HAOX00JiceHb, XapKisujuHa ympumye 00Cmantbo UCOKI NO3UYIi ceped THuUX
pecionig Vxpainu. Boonouac npocmoposa nonapusayisi 8 pe2ioni noCUnUIAcs, cmeopusiiy 2iubOKULl po3pus Misic 8i0HOCHO CADITbHUM
MICOKUM YeHmpom ma npughpormosoro nepugepieio.

Kniouosi cnosa: pezionanohuti po3gumox, coyianbHo-eKOHOMIUHUL PO3BUMOK, eKOHOMIYHI nepemsopents, XapKiscoka obrachib,
Ykpaiua, cycninoro-eeoepaiunuii nioxio.

Maliarenko Kostiantyn, Sehida Kateryna. Human-geographical features of economic transformations in the Kharkiv
region

The study of economic transformations caused by the full-scale invasion of the Russian Federation into Ukraine is crucial for
understanding not only the extent of destruction but also the patterns of adaptation and recovery. Until 2022, Kharkiv Region held a key
position in Ukraine's economy, serving as an important growth hub that combined a powerful industrial potential with the dynamic
development of the tertiary sector and a strong scientific and educational complex. The study of economic transformations in Kharkiv
Region, which has become a frontline region, is of particular relevance given all the new conditions and factors that have emerged.
The purpose of this article is to identify the features of economic transformations in Kharkiv Region during the years of the full-scale
war, based on the principles of human geography. The article describes the structure of Kharkiv Region's economy and its place in
the national context before the full-scale war; outlines the changes in the economy after 2022, and examines the dynamics of business
relocation, the transformation of key economic sectors, and their resilience. It also provides a comparative analysis of tax revenues
Sfor 2023-2025 to determine the region's position nationally and identify shifis in its economic structure. The article formulates key
directions and recommendations for sustainable recovery and analyzes the main provisions and priorities of the regional program for
the reconstruction and development of Kharkiv Region. The economy of Kharkiv Region has undergone a profound transformation.
Thanks to the resilience of key sectors, particularly the IT and defense industries, as well as fiscal viability confirmed by tax revenue
indicators, Kharkiv Region has turned into a "pole of resilience." At the same time, spatial polarization in the region has intensified,
creating a deep divide between the relatively stable urban center and the frontline periphery.

Key words: regional development, socio-economic development, economic transformations, Kharkiv Region, Ukraine, human
geographical approach.

Beryn. ExoHoMiuHMI PO3BHTOK pPErioHIB TpaJWIiHHO  CTOPOBIH Oprasizallii, HaCeJEHHI Ta TOCIOAAPCTBI perio-
€ OIHHMM 3 KJIIOYOBHX OO0 €KTIB CycHiIbHO-reorpadiuaunx  HiB [6, 8]. Jlocmi/ukeHHS eKOHOMIYHHX TpaHc(opMmaii,
JIOCII/DKeHb. BiH po3misimaeTbest sk CKIagHWK, 0aratoa-  CHPUYMHEHMX MOBHOMACHITAaOHMUM BTOpPrHEHHsM Pociii-
CIEKTHHH 1 OararopiBHEBHIl mpoliec SKICHUX 3MiH y npo-  cbkoi MDeneparii B YkpaiHy, € BaKIMBUM TSI PO3YMIiHHS
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HE IUIIe MacmTaliB pyHHYBaHb, a W 3aKOHOMIPHOCTEH
ajanTarii Ta BiTHOBJICHHS. Y IIbOMY KOHTEKCTI XapKiBChKa
00IacTh € yHIKaJbHUM 00’ €KTOM JJIsi HAyKOBOTO aHAIi3y.
Jo 2022 poky perioH mocifaB OfHE 3 KIFOYOBHX MICITh
B CKOHOMIII VYKpaiHW, BHCTYIAIOUM BaXXIIMBUM IIOJIO-
COM 3pOCTaHHsI, 10 MOEAHYBAB IMOTYKHUN MPOMUCIOBUN
MTOTEHITIAT 13 JMHAMIYHAM PO3BUTKOM TPETHHHOTO CEKTOPY
Ta HayKOBO-OCBITHIM KOMIUTEKCOM. TOXK, TOCITiKEHHS €KO-
HOMIYHHX TpaHc(hopMmariid XapKiBcbkoi 00IacTi, Ska craixa
pU(POHTOBHUM PETiOHOM, HaOyBa€e OCOONMBOI aKTyaJIhHO-
CTi, BpaXOBYIOYH BCi Ti HOBI YMOBHU Ta YHHHHUKH, SIKi YTBO-
pummcs.

Marepiaan Ta MeToaH. AHaJi3 eKOHOMIYHHUX MIEPETBO-
peHb B YkpaiHi, 30kpemMa y XapKiBChKill 0071acTi, BUMarae
HOBOTO METOZIOJIOTIYHOTO TiJIXOAY, IIO BPaxoBye BILUINB
BoeHHOTO cTaHy. CycminbpHO-reorpadidHa HayKa BHBYAE
HEPIiBHOMIPHICT PETiIOHAIBHOTO PO3BHTKY Ta MPOCTO-
poBy momnspu3aiito [8], 6azyBanacs Ha CTaOITPHUX YMOBaxX
1 TOCTYIHOCTI IMUPOKOTO CIeKTpa O(DillifHIX CTaTUCTHY-
HUX JaHnX. Hacnigkw moBHOMAacmTaOHOrO BTOPTHEHHS
Pocii B VkpaiHy MOKOpiHHO 3MIHWIN YMOBH I IIPOBeE-
JICHHS JTOCIDKEHB, a/pKe MaHi o(imiiHOl CTaTUCTUKA s
aHaJIi3y MMOTOYHOI COIiaIbHO-€KOHOMIYHOI CHTYAIlil cTain
HEJOCTYITHUMH, III0 BUMArae IepeoCMHUCICHHS MIAXOIB 0
OIIIHKH PETi0HAIFHOTO PO3BHUTKY Ta MOIIYKY HOBUX 1HCTPY-
MEHTIB, 3MYIIy€ TOCITITHUKIB MEPEXOAUTH BiI TpaaHIliii-
HHUX METOJIIB 10 aJIFTEPHAaTUBHHUX, SKi IPYHTYIOTHCSI Ha OTIe-
paTUBHUX, X0U 1 arperoBaHMX, JaHUX, TAKUX SK (PicKaIbHI
MMOKAa3HUKH TOIIO. [laHi, 0 BUKOPUCTOBYBAIIUCS B POOOTI,
Oymu oTpruMaHi 3 OQImIHHUX 3BITIB MICIEBHX Ta JEpKaB-
HUX OpTaHiB Biagw, y ToMy gucii — [Iporpam Ta Crpare-
riii po3BuTKy periony [10, 14], amamiTHaauX MIathopm
(3oxpema, Opendatabot [4]), iHTepaKTHBHOI TOHATKOBOL
KapTu Ykpainu [9], indopmarii i3 myOmikariit y mpodinis-
Hux 3MI Tomo.

Mertoro 11i€l cTarTi € BHUABIEHHS OCOOIMBOCTENH €EKO-
HOMIYHHX TIEPETBOPEHD B XapKiBCHKiil 001aCTi BIPOIOBK
POKIB TIOBHOMACIITaOHOI BiHM Ha 3acafax CyCIUTBHOT
reorpadii. i1t mocsTHEHHS TOCTaBICHOI METH OyIIi BU3HA-
YeHI JOCTITHWIBKI 3aBIAaHHS: OXapaKTepU3yBaTH CTPYK-
Typy eKOHOMiKH XapKiBCchKoi 00macTi Ta ii Micie B 3araib-
HOHAI[IOHAJTFHOMY BHMIpi JI0 TIOYaTKy ITOBHOMAcCIITaOHOI
BIfHM; OKpECIHUTH 3MIHH B ekoHoMilli micis 2022 poxky,
JMOCTINTH AWHAMIKy Oi3Hec-penokarii, Tpanchopmariro
KITIOUOBHX CKOHOMIYHHX CEKTOPIB Ta IXHIO CTIMKICTB; Mpo-
BECTH TIOPIBHSUIBHUN aHaJIi3 MOJATKOBMX HAJXODKEHb 3a
2023-2025 poku st BU3HAYCHHS MICI PETiIOHY B HaIli-
OHAJFHOMY BHMIpi Ta BHSBJICHHS 3pYIICHb Y CTPYKTYpi
EKOHOMIKH; c(pOpMYITFOBATH KITFOYOBI HATIPSIMHU Ta PEKOMEH-
JIAIlii U CTaJoTO BiIHOBIICHHS, TIPOAaHATI3yBaTH OCHOBHI
TIOJIOKEHHS Ta TIPIOPUTETH PErioHANBHOI MpOrpaMu BiI0y-
JTIOBH Ta PO3BUTKY XapKiBCHKOI 00MACTI.

Pesynprarn. Jlo modYaTKy MOBHOMACIITAOHOTO BTOP-
THeHHs1 XapKiBChbka 00JacTh IMMOCigana OgHE 3 KIFOYOBHX
MiCITb B eKoHOMII Ykpainu. 3a manumu 2021 poky, Baio-
Buii perioHampHui TponaykT (BPII) obmacti cranoBuB
319,796 wminpiioHa TPUBEHB, IO IO3BONMIO 1 3alHATH
TPETEe MicIle cepell PeTioHIB KpaiHH, TMOCTYIAIOUNCh JIHIIE
Kwuesy Ta J{HinpomerpoBcrKiii obmacti, a 1o 2014 poky —

me it Jlonenpkiit odmacti [2]. Lls mo3wmis minkpecioBaia
cTaTyc XapKiBIIMHHM K OJHOTO 3 TIPOBITHHUX ITPOMHCIIOBHX,
arpapHUX Ta HAyKOBHX IIEHTPIB 1 3TiHO 3 OQIIIfHNME CTa-
TUCTHYHUMH TaHUMH, TipoTsirom 2004-2021 pokiB wacTka
XapkiBcpKoi obmacti y 3aranpHOMy BBII kpaiam crano-
Bua Big 5,6% (2012, 2013 pp.) mo 6,5% (2009, 2016 pp.)
[2]. ¥ 2021 pori wacTka XapKiBcbKoi 007acTi y 3araTbHOMY
BBII kpainu cranosuina Bix 5,9% [2]. [Toka3HuK BamoBOTO
PETIOHATBFHOTO TPOMYKTY y PO3PaxyHKy Ha OHTHY OCOO0y
B XapkiBcbkiit oomacti y 2021 pomi cranoBus 122 227 rpH,
BiJIMIOBiTHO, 0OJIACTh 3aliMalia MIOCTE MicIIe 1 MOCTyTanacs
mume M. Kuis, [lonraBeekiit, rinponerpoBebkiit, Kuis-
CBKilf, 3armopi3pKiit odmacTam [2]. Y cTpyKTypi eKOHOMIKH
XapkiBcpKoi obmacti 38% mpumnanae Ha mociayrH, 24% —
Ha mpomucioBicTs, 13% — Ha Toprismo, 12% — Ha ciib-
ChKe TocrofapcTso, 11% — Ha TpancnopT Ta 3B's130K [14].
Li exoHOMIYHI TIOKa3HUKH CIYTYIOTH Ba)KJIHBOIO TOYKOIO
BIJUTIKY JUT TIOMAJIBIIOTO aHATI3y BIUTMBY BOEHHUX il Ha
E€KOHOMIYHY CTPYKTYpYy Ta MalOyTHIl TIOTCHIial pETioHY.
[Iporuo3u Ha 2021 pik mepexdadany MOTANBITHA PO3BHU-
TOK, 3 0a30BUM CIICHApieM, 110 OYiKYBaB iHIEKC MTPOMHCIIO-
BO1 mpoxyKIIii Ha piBHI 98,9%, Ta MITHOBUM CIICHAPIEM, IO
nepenbayas 3poctanss g0 101,3% [10].

Exonomika XapkiBChKOi 0ONAcCTi XapakTepHh3yBaiacs
Oararoray3eBUM IIPOMHUCIOBHM KOMILIEKCOM, JI¢ TIPOBITHY
OB BimirpaBanyd MamIMHOOYAYyBaHHS, MaIWBHO-EHEpre-
TUYHA, XIMiKO-(hapMaIleBTHIHA Ta XapuoBa MMPOMHCIOBICTh
[14]. ¥V cTpykTypi mepepoOHOT TTIPOMHUCIOBOCTI TIOHAT JBi
TPETHHU OOCSTIB peasi3oBaHOI MPOAYKINI MpUIanatd Ha
BUPOOHHIITBO XapIOBHX MPoAyKTiB (40%) Ta MammmHOOy/Ty-
BauHA (11,6%), BUpOOHNIITBO KOKCY Ta MPOAYKTIB Ha(TO-
nepepoOiIeH s, H0OyBHA TPOMUCIOBICTE 1 PO3POOICHHS
kap’epiB [14]. BaxxnuBy poss B €KOHOMIII peTioHY Biirpa-
BaB arpoINpOMHUCIOBUN KOMIUIEKC. 3a IUIOMICI0 CUTBCHKO-
TOCTIOAPCHKUX YTiab (2,4 MiNbIiOHA TEKTapiB, MO CKIaIae
76,7% 3aranpHOI TepuTopii oOmacti) XapkiBIIMHA MOCI-
Jlama TpeTe Micie B YkpaiHi. POCIHMHHUIITBO CTaHOBMIIO
84,1% BanmoBoro BHpOOHUIITBA CITFCHKOTO TOCIIOIAPCTBA,
a TBapuHHHALTBO — 15,9% [10, 14, 15, 16]. OcobmuBoro
pHUCOI0 TOBOEHHOTO Tpodimo XapkiBman OyB ii iHTe-
JMEKTyalbHUH Ta iHHOBaIiifHni motenmian. J{o 2022 poky
B MicTi Oymo posramoBano 80 3aKiafiB BHIIOI OCBITH, a
3araibHa KiJBKICTh CTYACHTIB B oOmacTi ctaHoBmma 123
208 ocib, o podwmo 1i apyroro micist Knesa 3a M moxas-
aukoM [ 10, 14]. Kpim Toro, Ha XapKiBITHHI aKTHBHO PO3BHU-
BaBcs [T-cekrop, sskuit HamiayBaB moHayn 50 Tucsd daxis-
1iB y monaxa 500 xommanisx [1], 0 € TOTY>KHUM pecypcoM
Ta TEPeIyMOBOIO U1 TIOCTIHAYCTPiabHOTO pPO3BUTKY.
Moro MoGinbHicTh i He3anexHicTh Bix (isudnoi iHppa-
CTPYKTYPH 3TOIOM BHSBHIINCS KIFOYOBUMH YHHHHKaMHU
CTIMKOCTI perioHy B yMOBaX BilfHHU.

[NoBHOMacmTabHe BrOprHEeHHS Pociiicrkoi Deneparii
3aBIaNI0 KOJIOCATFHUX 30MTKIB €KOHOMII Ta iHPpPaCTPyK-
Typi XapkiBcbkoi obnacti. bimspko 61% tepuTopii obmacti
3a3HaJIO BIUTUBY OOMOBHX Iiif, III0 MPHU3BENO IO 3HAYHUX
pyliHYBaHb Ta TpSIMHX EKOHOMIYHHX BTpar. llocriitHi
0oOCTpiM TMBITBHOI Ta BHPOOHHWYOI iH(PACTPYKTYpH
CTaJIM KIIFOYOBHUM (HaKTOPOM, IO 3yMOBITIOE IPH3YTHHEHHS
TSUTBHOCTI TIATIPUEMCTB Ta BiATIK HaceleHHS. BoceHu

Croboxancekuid HaykoBuii BicHuk. Cepist: [Ipupoxnmyi Hayku, Bumyck 2, 2025 125



2022 poky 36poitai Cunu YKpaiHu 3MiHCHAIN YCIIITHIHA
KOHTPHACTYTI, SIKU CTaB OMHHUM i3 HAWOUTBII 3HATYIINX
ofil y BO€HHIH icTopii perioHy. Y #oro pe3ymprari Oymo
Bm3BoseHO ToHAA 400 HAcEeeHNX IMYHKTIB Ta BiTHOBICHO
KOHTPOJb HaJl THCSYaMH KBaJPAaTHUX KIJIOMETPIB TEPUTO-
pii. 30kpema, yKpaiHCBKi CHUTM 3BUTBHHIIM TaKi MicCTa, SIK
I3tom Ta Kym'sHCBK, a Tako)K BUHILIA 710 JepKaBHOTO KOP-
JOHY B paifoni Bouanceka Ta piuku Ockin [12]. BuzBo-
JICHHS TEPUTOPIN BIAKPUIIO MIIAX A0 IXHHOTO BiTHOBJICHHS,
ajie BOIHOYAC BUSBMIIO KOJOCAIBbHI MacIITabn pyiHHyBaHb,
3aBIaHWX BIWHOIO, 30KpeMa 3HHIICHI 0araTrormoBepXoBi
OyAWHKH, IIKOJH, MOCTH Ta CITaJicHa BiliChKOBa TEXHiKa,
MiHyBaHHS Tepurtopii Tomo [14, 16]. IloBHOMacmTabHE
BTOPTHEHHS 3aBJAJ0 KOJOCATBHUX 30WTKIB EKOHOMIII
Ta iHPpacTpyKTypi XapKiBChKOi 00MacTi. 3a JaHUMHU TIPO-
KypaTypH, cTaHOM Ha KiHers 2022 poky Oyio MOBHICTIO
abo yacTkoBO 3pyWHOBaHO 14,5 THCAY 00'€KTiB, 3 SKUX
8701 — sxurnoswii poux (3291 GaratoxBapTupHuUii Ta 5410
npuBaTHUX OyamHKiB) [5]. Kpim Toro, Oymm 3pyitHOBaHi
abo momkomKkeHi 356 3aknaniB KynsTypu Ta 268 3akiajiiB
OXOpOHH 310pOB's [5]. ATaky Ha eHEPTeTHIHY iHPPACTPYK-
Typy CTallil IIECTIPSIMOBAHOIO CTPATETI€I0, CIIPSIMOBAHOIO
Ha pyHHYBaHHS IMBUIBHUX Ta BUPOOHWYMX MOTY>KHOCTEH
HaTiepeIoHI omamoBaigbHOro ce3ony [14]. i ymapu He
JIUIIIE CTIPUYMHSIN TYMaHITapHI HACTIAKA, a W TiApUBaIn
E€KOHOMIYHY NisIThbHICTB, IIOPYITYIOYH JOTICTUYHI JaHITIOTH
Ta OOMEXyro4H poOoTy migmpueMcTB. [lomaTKoBi CBin-
YEeHHS [IbOMY — aTaK{ Ha KIIF0OY0B1 KOMEpIiHHI 00'€KTH, Taki
sk TepMmiHan «HoBoi momtiy Ta qpykapHs «PakTop-apyK»,
IO MPU3BEJIO /10 JIOICHKUX JKEPTB Ta 3HAUYHHUX MaTepi-
anpHUX BTpar [3]. bausekicTe o miHIl GpoHTY, MOCTiiHI
oOCTpinm, 3HAYHI pyWHYBaHHS, 3HHUIICHHSA 1HPPACTPYK-
TypH, CHEPTETHIHUHA Te(ilUT Ta MOIIKOKEHHS BUPOOHMU-
YUX MOTYKHOCTEH € OCHOBHHMH MEPEIIKOIaMH sl Bifl-
HOBIICHHS €KOHOMIKH, TIOBEPHEHHS O13HECY TOIIIO.
Junamika pernokarii miAMpHeMCTB 3 XapKiBIIHHA
XapaKTePU3YETHCS JBOMA OCHOBHUMU (pazamu. Ha mouarky
MTOBHOMACIITA0OHOTO BTOPTHEHHS CITIOCTEPITaBCS MacOBHH
BinTIK Oi3HEcCy. 3a CIOBaMH MpeICTAaBHUKA MICIIEBOT BIIaIH,
10 90% miampueMcTs Oynm ab0 3a4MHEHI, 200 PeTOKOBaHi
y 2022 pomi [3, 15]. 3a nanmmu Opendatabot, 3a gepkas-
HOIO TIPOTPAMOIO PEJoKallii 001acTh MOKHHYIO moHa 250
migmpueMcTB [4]. L k cTaTHCTHKA CBIMYHTH, IO JIMIIE
y 2024 pori 863 xapKiBChKi KOMITaHI1 3MIHIIN peTioH [4].
Haiibinpima KiUTBKiCTh mianpueMCTB Tepeixana mo JIpBiB-
cekoi (21.3%), 3akapmarcekoi (13.7%) Ta IBano-®pan-
kiBcpkoi (12.1%) oOmacteii, mo imOCTpye Tepepo3noziI
EeKOHOMIYHUX TomociB. [lepemimienHs Oi3HECY TOCHITIOE
SeKOHOMIYHMH TIOTEHIliaNl 3axiHUX pETIOHIB, BOJHOYAC
TIEPETBOPIOIOYN XapKIiBIIMHY 3 €KOHOMIYHOTO «sIpay Ha
«HamiBnepudepito». Boxgaouac, 3adikcoBaHo i 3BOpOTHUIA
TTOTIK: BiJ] MOYaTKy BTOPTHEHHS Ha TEPUTOPif0 XapKiBCHKOT
o0macTi pemokyBanocs 42 MiANPUEMCTBA, TOI SIK BHIXaO
39 [4]. U cymepedHicTh y JaHWX BKa3ye Ha CKIAIHICTh
Ta OGaratorpaHHicTh mporecy. [Jani mpo 39-42 migmpuem-
CTBa, HMOBIPHO, CTOCYIOTBCS JIUIIE THX, XTO CKOPHUCTABCS
o(dimiifHOIO TPOTpaMOr0, TOAI SK 3arajJbHHUN BiATIK OyB
3HayHo OuThIIMM. BoaHodac, micieBa Biajga 3a3Hadae, 110
3 2022 poKy croCTepiraeTbes MO3UTHUBHA, X0 1 TOBLIBHA,

JTUHAMiKa TIOBEPHEHHS Ta BIIKPHUTTS MigmpueMcTB [3, 15].
e cBimunTs mpo mepexin Bif (a3u MoKy, 0 XapaKTepH-
3yBaJIacsi MacoOBOIO BTeUEIO Oi3HECY, 0 (a3n amamnTarii, 1e
CIIOCTEPIraeThCsl MOCTYIIOBE MOBEPHEHHS MIIOBOI aKTHB-
HOCTI Ta BiTHOBIICHHS, TIOTIPH OE3TEKOB1 PH3UKH.

IT-cexTop XapKiBITUHHE BUSBUBCS ONHUM i3 HaHOiIbII
CTIMKMX 0 BUKJIMKIB BifiHH. MOTO JKMTTE3MaTHICTH 00y-
MOBIICHA THM, IO BiH HE 3aJEXUTHh Bix (i3udHOi iHO-
pacTpykTypu, a 0a3yeTbcsi Ha MOOLTBHOCTI ITFOICHKOTO
kamitamy [16]. 3a maamvun XapkiBebkoro IT-kmacrepa, o
24 mrotoro B MicTi mpamroBano moHan 50 Tucsd (axiBiiB
y moraz 500 xommanisx [1]. Ha mogaTtky BTOprHeHHS MicTO
TOKUHYIO 61m3bK0 87% IT-(haxiBiiB, ogHAK 3aBISKH MOXK-
JMBOCTI BinganeHoi poOoTH Oi3HEC-aKTUBHICTh HE TIPHITH-
munacs [1, 15]. Kinekicte IT-xommaniit B XapkoBi HaBiTH
3pocna: 3 510 y 2021 pomi mo 600 y 2023 pomi [4]. Xoua
JuIIe TpeTuHa (axiBmiB Qi3ndHO mepedyBae B MiCTi, iHIITI
TIPAIIOIOTh BiANCHO, CIUTAYyIOYN MOHATKU 0 OIOMKETy
XapkiBcpkoro periony [1] YV 2022 pori 3aramsHuA 00csAT
TTOJJATKOBHUX HAIXO/KeHb Bix [T-ramysi B o6macTi cTaHOBHB
2,498 minbspaa rpuBeHs [1]. YV 2023 pomi yacTKa €JHHOTO
noxatky Bix IT-cexropy cranosmma 50,7% y 3aragbHOMY
00cs31 CIUTaTH €IMHOTO TIOAATKY MiCTa, IO € HaWOLIbITM
TTOKa3HUKOM CEpeJl IHIIMX TEeXHOJOTIYHMX XabiB YKpaiHu
[1]. i mani miaTBepmKyioTh, Mo IT-cekTop mepexuB He
MPOCTO aJarnTalliio, a 3MiHy TapaJuTMH, IEPETBOPHBIIUCH
Ha KPUTHYHO BaKIUBHN «(DiHAHCOBHIA JTOHOPY» UIS MicIie-
BOTO OIOIKETY. Horo CTIMKICTB, 10 0Oa3yeThcs HA JCIICH-
Tpamizamii Ta MOOITBHOCTI, JEMOHCTPYE, IO EKOHOMiKa
3HaHb MOXKE €(EKTHBHO (DYHKIIIOHYBaTH B YMOBAX MPSIMO1
BilICEKOBOT 3arpo3u.

Tpanutiitae ManTHOOYTyBaHHS, SKE 10 BIHH MIEPEKH-
BaJIO TEBHI TPYOHOII, 3iTKHYJIOCS 3 HOBUMH BHUKIHKAMHU.
Tamy3p ckopodyBasia BUpoOHUIITBO TipoTsirom 2022 poxy, a
OCHOBHHMH IEPETIKO/IAMH 3aJTUIIAINCS TPOOIEMH 3 TOCTY-
TTOM JI0 eNIEKTPOeHeprii Ta Opak podbouoi crmm. OqHaK, BiliHA
CTaJla KaTaji3aTopoM JUIs TepPeopicHTAallii YacTHHH IHOTO
cextopy. OOGOpPOHHO-TIPOMHUCIIOBHI KOMIUIEKC, TPEICTaB-
JICHUH, 30KpeMa, IiAIpHEMCTBAMH, IO BUPOOISIIOTH Opo-
HETEXHIKY Ta PaKeTHO-KOCMIYHI CHCTEMH, OTPUMaB HOBE
KUTTA. S0 1o 2022 poxy HHA3Ka 3aBOJIB MAJIH TIPOOIIEMH
3 (iHAHCYBaHHAM, TO B YMOBaX BiifHM IXHili IOTEHITIa CTaB
KPUTHUYHO BayKJIMBUM, 1[0 AEMOHCTPYE 3aTHICTD Taly3i He
JIUIIE BIOKABATH, a i JMHAMIYHO pO3BUBATHUCS, TIEPEOPicH-
TOBYIOYHCH Ha TIOTpedH BilicbkoBoro wacy [11, 14, 16]. Taxk,
TIOTIPY 3araybHe MaiHA YaCTHHA TPAIHIIIHHOT TPOMHUCIIO-
BOCTI, BiTOyBCS MEPEXi/I 10 HOBOTO CETMEHTY, 110 3abe3Ire-
qye i KUTTE3MATHICTH Ta CTPATETiTHE 3HAYCHHS.

BruB BilfHM Ha arpoOMPOMHCIIOBHI KOMIUIIEKC € Haii-
O1UTBII TOBrOCTPOKOBHUM Ta (Di3MIHO BiTIyTHUM. 32 TaHIMH
JOCTIDKeHHS, 30MTKHU Bifl BTpAT IPYHTIB Ta 3a0pymTHEHHS
B XapKiBChKiH 00MacTi CTaHOBIATH Maibke 37 MiTbsp-
niB rpuseHb [14]. Bboiiosi xii Topkmymmcs 61% Tteputo-
pii obmacti [16]. besmocepenHbo BHOYXW ITOTIKOIVITI
4,2 THCsdi TeKTapiB OPHUX 3€MElTb, a e 28,2 THCAYi TeKTa-
piB MOXXyTH OyTH MOTEHIIiitHO 3a0pyaHeHi [14]. KitowoBum
CTpUMYIOYNM (DaKTOPOM [UTS BITHOBICHHS € 3a0pyIHCHHS
TepuTOpii MiHAMH Ta HEpPO3ipBaHUMH OO€TPUTIACAMH.
Heo0Oxigro posminysatu 189,225 Trcsd rekTapiB CilTbChKO-
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rocrogapchkux yrigp [13]. Temmm po3miHyBaHHS 3aiu-
MIAfOTHCS TTOBUTBHUMHE: CTAHOM Ha CEPIIEHh PO3MiHOBAHO
mme 3842,43 rexrapa, M0 BKa3ye Ha MacIITaOHICTh MPo-
Onmemu Ta i moBroTpuBanmit xapakrep [13]. Ha Biqminy Bix
IT-cexTopy, 10 amanTyBaBCcs A0 BifmaieHoi poOoTH, arpo-
MIPOMHUCIIOBHH KOMITJICKC KPHUTHYHO 3aJICKHUTH Bif (i3wmd-
HOTO JIOCTYITY /10 3eMJIi. TaKuM YWHOM, pyHHYBaHHS B IIii
rajys3i € He MPOCTO THMYACOBUMH BTPATaMH, a 3arpO30I0
JUTS MaOyTHBOI TPOAYKTHBHOCTI Ta MPOIOBOIHIOI Oe3-
HIEKH.

Hespaxkaroun Ha pyiHYBaHHSA, XapKiBChbKa 00JacTb
JIEMOHCTPY€ €KOHOMIYHY CTIHKICTB [7], sika He MOxe OyTH
NOSICHEHA TPAAULIHHAMH JTOBOEHHUMH ITOKa3HUKAMH.
B ymoBax 0OMEXEHOCTi CTaTUCTHYHHX JAHWUX, CIPUIHHE-
HOI BOEHHUM CTaHOM, JaHI PO TOAATKOBI HAIXOIKCHHS
CTaJM KJIFOYOBUM AallbTCPHATHUBHUM I1HANKATOPOM EKOHO-
MIYHOT XKATTE3MATHOCTI. AHAaII3 IMOJATKOBAX HAIXOIKEHD
JIEMOHCTPY€E TIO3UIIiF0 XapKiBChKOI 001acTi B 3araJibHOHA-
[IOHAJTHPHOMY MacITadi. 3a TaHUMH, KyMYIIATHBHI HaIXO-
JUKEHHS 10 MICIIeBOTO Oro/KeTy XapKiBIIMHHA CTaHOM Ha
01.08.2025 poxy ckmamu moHan 11,4 mupa rpH, mo cra-
BUTH ii Ha TPETE MicIie cepen perioHiB-iaepis micis Kuea
(momax 32 mupx rpH) Ta JIHIMpOmeTpoBCHKOI oOmacTi
(monan 13,2 mpx rpu) [9]. LLlomo HaxxomKeHB 10 TEpKaB-
HOTO OIO/KETY, XapKiBCbKa 007acTh MOCIIae APyTe MicIle,
noctynarounch ume Knery. KyMynsaTuBHI HaIXOIKEHHS
Bix periony ctanom Ha 01.08.2025 poxy cTaHOBIATH IOHA]
128,7 mapx rpH, Toni sk y Kuepa 1eil moka3sHUK TepeBH-
mrye 410 mupa tpH [9]. JHinpornerpoBchka 06macTh moci-
JIa€ TPETE MICIle 3 TOKa3HUKOM ToHa 86,2 Mipa TpH. [9].
i maHi miaTBEpIKYIOTH, IO MTOTIPH BiHCHKOBI 11ii Ta 3HAYHI
eKOHOMIYHI BTpaTH, XapKiBcbka 001acTh 30epirae cBiif cTa-
TyC SK OJIMH i3 KITFOYOBHUX (DiHAHCOBUX TOHOPIB IS Iep-
JKaBHOTO OIOKeTy YKpaiHH, a TAaKOXK Ma€ CTabiIbHO BHCO-
KW piBeHb HAJXOMKEHB 10 MIiCIIEBUX OFO/KETIB.

[opiBHSHHS ~CTPYKTYpH TIOJAaTKOBUX HaJXOIKCHb
y XapkiBchKiii obmacti 3a cidenp 2023 — mmmens 2025
JIEMOHCTPY€ NHHAMIKy EKOHOMIYHOi amamTallii perioHy
B yMmoBax BiitHm. VY ciuni 2023 poxy 3arampHHA 00CST
MIOJIaTKOBHX HAJXO/DKCHb CTAHOBHMB IOHaM 2,57 Minbsipia
rpuBeHb. [IpoBinHe Micie mocigana kareropis «Jlep:xaBHe
YOpaBIiHHSA W 000poHa; O0OOB'A3KOBE COIiajdbHE CTPaxy-
BaHH:» 3 00carom 616,8 MiTH rpH, mo cTaHoBHIO 24% Bix
3aranbHOi cymu. Ha mpyromy micti 6yna «IlepepoOna mpo-
MHCIIOBICTEY, 10 3a0e3neunna 524,7 miH rpH (20,4% Bix
3araibHUX HaaXomKeHb) [9]. Y mumni 2023 poky 3aranbHUi
00csT HAAXOKEHB 3pic 10 Maiike 2,99 Minmbsipaa rpuBEHb.
BinOynocs 3MileHHsT akIeHTiB: Ha TepIe MicIie BHUTIIIA
«ITepepoOHa MPOMHCIIOBICTEY, BHECOK SKO{ 3HAYHO 3piC 110
844,4 mutn TpH (28,3% Bix 3arasnpHOTO 00CsATY). HUska mpo-
MUCIIOBHX ITiIIPHEMCTB, TIEPEBAXHO y MicTi XapKiB, Mpo-
JTIOBXYIOTh BiflirpaBaTH KIFOUOBY POIIb B EKOHOMIII PETiOHY
[10]. Ha npyre wmicre omyctmiacs kareropis «Jlep>kaBHe
YOpaBIiHHSA W 000pOoHa; OOOB'A3KOBE COIiajdbHE CTPaxy-
BaHH: 3 00csarom 451,6 mua rpH (15,1%), X04a ii abcomtoT-
HUH BHECOK TPOXH 3MEHIHBCA. Y ciuni 2024 poxy 3araib-
HUH 00CST HAJXOMKEHh CTAHOBHB TOHAA 2,58 Mimbsapma
rpuBeHb [9, 15]. CTpykTypa HaIXOmKEHb MPOTOBXKIIIA
TpanchopmyBatucs, 30kpema «llepepobHa mpoMmCITO-

BiCTBY IIe OibIIe 3MIITHHUIIA CBOE JIiJEPCTBO, CIUIATHBIIH
758,0 mitH TpH, mo ckiano 29,3% Bix 3aranpHOI cymu. Ha
IpyTe Micie BUHAMNIIA Tamy3b «OnToBa Ta po3apidHa TOp-
TiBIIS; PEMOHT aBTOTPAHCIIOPTHUX 3aCO0IB i MOTOIIMKIIIBY
3 06csrom 489,8 Mt TpH (18,9%), BUTiCHUBIIM 3 11i€] TO3H-
1ii gepskaBHUH cektop. Kareropis «Jlep>kaBHe yrpaBIiHHS
it 00opoHa; 00OB'A3KOBE COIliaTbHE CTPAXyBaHHD» OITyCTH-
Jacs Ha m'ate Micre i3 BHeckoM y 137,4 mutH rpH (5,3%).
Tpetro mo3wumito 3aiiHsAB cekTop «lH(popmaris Ta Telexo-
MyHiKamii», crmarusom 253,9 mua rpH (9,8%) [9]. Cra-
HOM Ha nuneHb 2024 poxy, 3araJbHHAN 00CST TOAATKOBUX
HAJXOKEHb 3pic mo 2,88 Minmbspaa rpuBeHb. B mumHi
2024 poky mepepoOHa MPOMUCIOBICTH 30eperia Jinep-
CTBO, CIIIATUBIIHN 855,1 MITH rpH, 110 CTaHOBUTH 29,7% Bix
3arampHOiI cyMH. Ha apyromy MicIi 3aidmimiiacsi OITOBa
Ta po3zpidHa Toprisis 3 BHeCKOM 517,9 muH rpH (18%), a
Ha TpeTboMy — cepa iHpopmarii Ta TeTeKOMyHIKaIlil, siKa
30iTpmIIIa cBiif BHecOK 10 287,4 muH rpH (10%). YacTka
JIEp’KaBHOTO YTIPaBIiHHA W 000OpoHHW cTabimi3yBamacs Ha
piBai 4,9%. Lli nami miATBEpPUKYIOTH CTiiiKe 3pOCTAaHHS
epepoOHOT MPOMUCIIOBOCTI Ta TOPTIBIIi, SIKi CTAaIIN KITIOYO-
BHMU PYIIIHHAMYA CHJIAMH €KOHOMIKH perioHy [9]. ¥V ciuni
2025 poky 3arajbHAN 00CAT TOIATKOBUX HAIXOMKCHD CKIIaB
2,95 minbgpna TpuBeHs 33, M0 € HAHBUIIUM ITOKa3HIKOM
cepell MpoaHai30BaHUX cigHeBHX mepioniB. CTpykTypa
HaJXO[DKEHB MPOJOBKYE I IKPECIIOBATH KIIFOYOBI TPEHIH.
«ITepepoOHa MPOMUCIIOBICTEY 30eperia CBOE JOMIHyBaHHS
3 BHECKOM y 928,6 muH rpH (31,5%), 110 € 3HaYHUM 3pOc-
TaHHAM. «OTTOBa Ta PO3APiOHA TOPTIBIM) TAKOXK IEMOH-
CTpye cTabimbHICTh, crutatuBmy 588,1 muH TpH (19,9%).
Tpetro mo3utito 36eperia ramy3p «[Hpopmarris Ta Temeko-
MyHikamii» i3 257,4 mnH rpH (8,7%). Bapro BinzHaunTw,
o Kareropis «JlepkaBHe ympaBimiHHS i 000pOHa» 3HOBY
3pocna, craruBmm 167,2 miH TpH (5,7%) [9]. Le cBin-
YHUTH TPO 3MIIHEHHS MO3HIIH TepepoOHOT TPOMHCIOBOCTI
SIK OCHOBHOTO (hiHAaHCOBOTO JIOHOpa perioHy. CTaHoM Ha
munens 2025 poky 3aradbHHNA OOCST TTONATKOBHX HAIXO-
JUKEHB TOCST HOBOTO MKy — 3,74 Minbspaa rpuBeHb [9].
«ITepepoOHa TIPOMUCIIOBICTEY» IPONOBKYE JEMOHCTpPY-
BaTH Bpakarode 3pOCTaHHs, 1i BHECOK ckiaB 1,41 Mimbsapaa
TpUBEHb, IO CTAaHOBUTH 37,8% Bim 3arampHOi cymu. Lle
HalfBHUIA YacTKa 3a BECh aHajJi30BaHUI mepion. «OmroBa
Ta po3apiOHa TOPTIBIISD» TaKOXK 301NBIIIIIA CBilf BHECOK /10
610,2 mmu rpH (16,3%), 36epiratoun apyre micie. Coepa
«Ia(opmamis Ta TENEKOMYHIKAaIlil» CIUTaTiiia MaibKe
300 muH TpH (8%), 0 CBIAYUTH MpO {i CTAOUTBHY 3HAUY-
IIicTh I eKoHOMikH. YacTka HaIXomKeHb Bia «/lepxas-
HOTO yTIpaBIiHHA I 00OpoHW» cTabimi3yBanacs Ha piBHI
4,7% [9].

Amnamni3 TONaTKOBUX HAIXOUKEHb 3a OCTaHHI JBa
3 TIOJIOBHHOIO POKH IEMOHCTPYE JiTKi TEHACHIIIT aganTamii
Ta BiTHOBJICHHS CKOHOMIKH XapKiBChKOi 001acTi B yMOBax
BiliHM [7]. He3Bakaroum Ha IOCTIHHI 3arpo3W, 3arajbHi
MTOJIATKOBI HAJXOKECHHS AEMOHCTPYIOTh CTAa0IIBbHY ITO3H-
TUBHY JAWHAMIKY, IO CBIMYHUTH MPO aganTarlito Oi3Hecy 10
HOBHX yMOB. CHiocTepiraeTscsi pO3BUTOK MEePepoOHOi po-
MHCIIOBOCTI, SIKa 3TiTHO 3 JAaHUMH, € TOJIOBHOIO PYIIiHHOIO
CHJIOIO €KOHOMiKH. [i 4acTka B 3araibHMX HaJXOJKEHHAX
3pocna 3 20,4% y ciuni 2023 poxy mo maitke 38% y mumHi
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2025 poky, a cymMa HaIXOKeHb 30UTBIIHIACS Maiike
BTpHYi, IO MOXKe OyTH TIOB'SI3aHO 31 3pOCTAHHAM JIepiKaB-
HUX 000pPOHHHX 3aMOBJIeHb. ONITOBa Ta pO3/ApiOHA TOPTIBIA
MTOCTIHHO TIOCiZIa€ OIHE 3 TPOBIIHUX MiCIlb, IO BKa3ye Ha
BiTHOBJICHHSI BHYTPIITHHOTO MOIHUTY Ta YKUTTEIISUTBHOCTI
Micta. CekTop iHPOPMAIITHUX TEXHOIOTIH, TOMPH peo-
KaIlifo YacTHHH (haxiBIIiB, 30epirae CBOIO BaKIHMBICTh, IO
MIKPECTIOE HOTo CTIMKICTh Ta 3MAaTHICTh (PYHKITIOHYBaTH
Bimmanero. Ha mouatky 2023 poky meprkaBHE YIIPaBIiHHS
1 000poHa 3aiiMalIo TepIe Miclie 3a BHECKOM JI0 OIOIDKETY,
0, HMOBIpHO, BioOpakaio MoOii3allifo pecypciB y Bif-
MTOBi/Ib HA BTOPTHEHHS. 3rooM HOTro JacTKa 3HAYHO 3HU-
3miacs, TOAl K TepepoOHa MPOMHCIOBICTh Ta TOPTIBIIA
TTOYaNTi IOMIHYBAaTH, 10 MOXKE CBITYUTH TIPO TIEPEXiT Big
€KOHOMIKH, KEpOBaHOI KPW30BHM pearyBaHHSAM, /10 PHH-
KOBO-OPi€HTOBAHOI €KOHOMIKH, J€ TOJOBHY POJb Bimirpae
TIpUBaTHHUH Oi3HEC.

Crpareriyae TUTaHYBaHHS B TaKMX YMOBAax BHMarae
TIEPEXOY BiT MOZIEN «3POCTAHHSD 10 MOJEIi «YTIPABIiHHS
KpU3010» Ta «BITHOBJICHHM». lIporpama eKOHOMIYHOTO
1 comiambHOTO PO3BUTKY XapKiBChKOi 00macti Ha 2025 pik
[14] po3pobieHa «BHUXOOSYM 3 peallbHUX MOXKIUBOCTEH
OTOIDKETY» Ta HATOJIOIIy€ Ha HEMOKIHUBOCTI «IIOBHOIIIH-
HOTO TiApaxyHKy BCiX 30HTKIiB» 110 3aKiHUYECHHS BOECHHOTO
CTaHy, MO CBITYATH MPO PEATICTUIHWH MiAXig IO TUIa-
HyBaHHS B YMOBaxX BHCOKOI HeBHM3HaueHOCTi. [Iporpama
(OKyCyeThCSI Ha TEPIIOYEPTOBHX 3aBHAHHAK: PO3MIHY-
BaHHI CUTHCHKOTOCIIOAAPCHKUX 3€MEIb, BiTHOBICHHI KpH-
THYHOI 1H(PACTPYKTYpH, 3aIydeHHI MiKHAPOTHOI JOTO-
MOTH Ta crabimi3amii (iHaAHCOBOTO CTaHy KOMYHAJIBHUX
miampueMcTs [14].

BucnoBku. Exoromika XapKiBChKOT 007acTi Iepekmia
mIHOOKY TpaHC(HOPMAIliI0 BHACTIZOK MOBHOMACIITAOHOTO

BTOpPTHEHHS. PerioH mepecTaB OyTH TOJIOCOM PO3BHTKY
B KJIACHYHOMY PO3yMiHHI, 5K 11e Oymo mo 2022 poky. [Tos-
HOMacITabHa BiffHA CIOPHYMHMIA JETPajaIliio PETioHY,
3pyHHYBaBIIN 3HAYHYy YaCTHHY HOTO iH(pacTpyKTyp-
HOTO, TIPOMHCIIOBOTO Ta arponpOMHCIOBOTO ITOTEHIIAIY,
IO MiATBEPIKYEThCS NAHUMH TIPO 3pyWHOBaHI 00'€KTH
Ta MUTBSIPIHUMHE 30UTKaMH. 3a3HadeHa ACCTPYKIIiS CITiBic-
HyBaJla 3 KpeaTHBHOIO aJamnTaIli€lo eKoHoMikH. Tpaaumilina
TIPOMHUCIIOBICTB, IO TIepeKMBaja TPYAHOII B MUPHHUH dac,
3HAWIIIAa HOBY JKUTTE3ATHICTh 3aBISKH IepeopieHTaIii Ha
000pOHHO-TIPOMHCIOBHI KOMITIEKC, a THy4Ikui [T-cextop
MIPOIEMOHCTPYBAB Ha/I3BHYANHY CTIHKICTb, 30€pIrTIN CBOIO
aKTUBHICTB Ta (pickambHy 0a3y, mompH BiATIK (axisiis. Tox,
3aBISKN PE3UCTEHTHOCTI KITFOYOBUX CEKTOPiB, 30kpeMa [T
Ta 000POHHO-TTPOMICIIOBOMY KOMILIEKCY, & TAKOXK (iCKaIb-
Hill JKUTTE3AATHOCTI, MATBEPDKEHII MTOKa3HUKAaMH TTOZaT-
KOBHX HAJXOMKEHb, XapKiBIIMHA YTPUMY€ JIOCTATHBO
BHCOKIi TIO3HUIIIT CepeI IHIMMX perioHiB Yikpainu. MaitOyTHe
EeKOHOMIYHE TO3WIIIOHYBaHHA XAapKIBIIMHU 3alie)KaTHMe
Bin ii 3MaTHOCTI TIEPETBOPUTH BHUKIUKHA HAa MOYKIHBOCTI.
KitouoBuM moTeHItianoM € 30epekeHuil HayKOBO-OCBIT-
Hill TIOTEHIIiaN, KUl MOXKE CTaTH OCHOBOIO IIJISI PO3BHTKY
IHHOBAIIITHUX HayKOBUX KiacTepiB. BomHowac mpocTtoposa
TONISIPU3allisi B PETiOHI MOCWIHIIACS, CTBOPHBIIH TIIHOO-
KW pO3pHUB MK BITHOCHO CTaOLTBHUM MiCHKHM IICHTPOM
Ta IpUPPOHTOBOIO Tepudepiero. [Togampr HayKoBi TOCTi-
JOKEHHS OyIyTh CIIPSIMOBAHI Ha BCTAHOBJICHHS BHYTPIIITHBO
perioHaThbHUX BIIMIHHOCTEH Yy PO3BUTKY, MOIITYKY CTPYK-
TYypHO-IWHAMIYHUX OCOOIHMBOCTEH B pO3pi3i TepUTOpPiab-
HUX TpoMaja XapKiBIIMHH, PO3pOOKY CTpaTeriii CcTamoro
BiTHOBJICHHS T IHTETPAIIif0 HOBUX METOONOTIYHHX ITiIXO0-
JIB JI7IS1 OIIIHKY PO3BUTKY PETiOHIB B YMOBaX HEBH3HAYCHO-
CTi Ta MOCTIHUX 3MiH.
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CTAJIMM AKTUBHUI TYPU3M B MEXKAX CBUJOBEIIBKOI'O MACHUBY:
IHOPACTPYKTYPHI 3AXO/IU, BE3IIEKOBI PILIEHHS TA EKOJIOT'O-I'EOT'PA®IYHI
INPIOPUTETH
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Coyio-ekon020-2e02paiui MOMCIUBOCHIT PO3BUMKY AKMUBHO20 MYPUSMY € KIIOYOBUM HANPAMKOM 01 nepexooy 8i0 mpaou-
Yitlno2o MAco8o2o Mmypusmy 00 cmanozo ma 8ionogioanrvuoeo. Lletl nioxio ne auuie MiHiMizye wkoody 008KiLNI0, a Ui Nepemseoploe
NPUPOOHi pecypcu Ha 0CHOBY Ol YHIKATbHUX MYPUCTHUYHUX NPOOYKIMIG. [[1 00CAHeHHs 20108HUX 3A60aAHb BUKOPUCTHAHO KOMN-
JIEKC 83AE€MO OONOBHIOBAHUX MEMOOIB: ANANI3 HAYKOBOI Aimepamypu ma HOPMAmueHux odxcepei — O MmeopemuyHo2o 00IpyHmy-
BAHHS PO3GUMKY AKMUBHO20 MYPUIMY HA 3ACadax CMAiocmi, 2eoepadiunuil onucoguii memoo — 0l GUABIEHHA NPUPOOHO-pe-
KpeayiuHux pecypcie mepumopii, ixHb020 BUKOPUCMAHHI Y Op2aHi3ayii pi3HO8UOI8 aKMUEHO20 MYPUIMY; NOPIBHAIbHUL AHANI3
i cucmemamu3sayis — npu po3pooyi npono3uyii ma kiacu@ixayii. Bukopucmarno maxosc memoo cnocmepencenHs.

Cmamms npucesyena exono20-2e02paQiynum achekmam po3eUmKy piznosudie axmuenozo mypusmy ¢ mecax Ceudoseyn-
k020 macugy Yrpaincokux Kapnam. O61pynmosano, wjo ekoio2iuna ckiadosa 0036015€ pO3GUSAMU WUPOKULL CHEKMP AKMUBHO20
mypusmy, SKutl € MeHul WKIOIUGUM 0N Q0BKLLIA, AHINC 8UOU 20CNOOAPCHKOT JisfbHOCHI, OVOIBHUYMBO cenumebHoi ma Huloi
iHpacmpykmypu 0113 PYHKYIOHYBAHHA 2IPCOKOTUNCHUX KYPOPMi8 moujo. 3anponoHo6ano epyni opmamie akmueHo-mypucmuy-
HUX 3aX0018, WO € YACMUHAMU MAHOPIBOK, N0X00i8, NOOOPON*Cel, eKcneduyil, 8i0n08iOHO 00 PO3YMIHHA Oeiniyii akmueHo20
mypusmy.

IIpocmediceno, wo yuigikosana mooenb po3eumKy Qopmamie akmueHo20 Mypusmy nepeddavac maxi cKiaoosi ik HanpsIMKu,
Gopmu peanizayii, ce3onHicmb, iHGPACMPYKMYPHI MA 0PeAHI3AYIIHI YMOBU, OUIKYEAHI eeKmu.

3anpononosano cmpameziuni pexomenoayii, maxi ax pospoora memamuunoi npoepamu « Ceudoseysb — niame@opma po3eumxy
axkmueHo2o mypusmy». Buseneno npobnemu 3abe3nevenns besnexu mypucmis. bes cmeopenns ymog docmyny, desnexu, Hagieayii
ma MIHIMABHO20 cepsicy, HCOOHA cmpamezis NONYIAPU3aYii HO8UX 8udie mypusmy He Oyode e(hekmusHow0 AK 3 COYIANbHO-EKOHO-
MiuHoi, max i 3 ekonoeiunoi mouox 30py. IIpononoganuii nakem 3axo0ie 6aA3yembCca Ha NPUHYUNAX CINALOCT, 30epedceHHs npu-
Dpoou ma be3nexu mypucmie, wo y nioCymMKy 003601unms 00CASHYMU OALAHCY MINC PEKPeayiliHUM 8UKOPUCTAHHAM | 30epedceHHAM
eipcokux ranowagmis Kapnam.

Kniouosi cnosa: Ceudoseyvkuii macus, akmugnuii mypusm, 2ipcoki mepumopii, mypucmuuna ingppacmpyxmypa, besneka
mypucmie.

Romaniv Pavlo. Sustainable active tourism within the Svydovetsky massif: infrastructure measures, security
solutions and ecological-geographical priorities

The socio-ecological-geographical possibilities of active tourism development are a key direction for the transition from
traditional mass tourism to sustainable and responsible tourism. This approach not only minimizes environmental damage, but
also turns natural resources into the basis for unique tourist products. To achieve the main tasks, a set of mutually complementary
methods was used: analysis of scientific literature and regulatory sources — for theoretical substantiation of the development
of active tourism on the basis of sustainability; geographical descriptive method — for identifying natural and recreational
resources of the territory, their use in organizing types of active tourism; comparative analysis and systematization — when
developing proposals and classifications. The observation method was also used.

The article is devoted to the ecological and geographical aspects of the development of types of active tourism within
the Svydovets massif of the Ukrainian Carpathians. It is substantiated that the ecological component allows developing a wide
range of active tourism, which is less harmful to the environment than types of economic activity, construction of residential
and other infrastructure for the functioning of ski resorts, etc. Groups of formats of active tourism activities are proposed, which
are parts of journeys, hikes, trips, expeditions, in accordance with the understanding of the definition of active tourism.

It was observed that a unified model for the development of active tourism formats provides for such components as directions,
forms of implementation, seasonality, infrastructure and organizational conditions, expected effects.

Strategic recommendations are proposed, such as the development of the thematic program «Svydovets — a platform for
the development of active tourismy. Problems of ensuring the safety of tourists are identified. Without creating conditions for
access, safety, navigation and minimum service, no strategy for the popularization of new types of tourism will be effective
from both a socio-economic and an environmental point of view. The proposed package of measures is based on the principles
of sustainability, nature conservation and tourist safety, which will ultimately allow achieving a balance between recreational
use and preservation of the mountain landscapes of the Carpathians.

Key words: Svydovets massif, active tourism, mountainous areas, tourist infrastructure, tourist safety.
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Beryn. AxTvBHMI TypH3M BUKOPHCTOBYE TakK 3BaHY
«EKOJIOT1YHY HIIIy» TEPHUTOPIi K CBOIO OCHOBY. L{e o3Havae,
0 TYPUCTUYHA MisTIBHICTH OPi€HTOBaHA HA CHOKWBAHHS
HE TIPUPOTHUX PECypCiB, a BpakeHb BiJ YHIKAIBHUX EKO-
cucrem, JaHmmadTiB Ta OiopizHOMaHITTS. OCHOBHI MOX-
JUBOCTI BUHUKAIOTH 31 30epekeHHsT 010pi3HOMAHITTS, YHi-
KaJIBHUX TIPUPOTHUX PECYPCIB Ta SBHII. Y 1[bOMY KOHTEKCTI
BaKJIMBO 3alpOIIOHYBAaTH HOBI TEPCIEKTHBHI HAIPSIMU
AKTHBHOTO TypU3MY BiIIOBIIHO 0 PECYpCHOTO TIOTEHITiaTy
perioHy, po3poOUTH PEeKOMEHAAIll 00 PO3BUTKY TYpPHC-
TUYHOI iHQPACTPYKTYpH Ta 3a0e3MeueHHs Oe3MeKH TypHC-
TiB y CBUiOBeIbkOMY MacuBi YkpaiHchkux Kaprar.

Marepiaqm Ta Metomu. Y Tmporeci IOCTIHKSHHS
(hyHKIIIOHATy PO3BHUTKY PI3HOBHIIB AaKTHBHOTO TYpHU3MY
B MekaxX CBHIOBII OylI0 BUKOPHCTAHO KOMIDIEKC B3a€EMO-
JIOTIOBHIOBAHNX METO/IB:

— aHaji3 HayKOBOi JIiTepaTypu Ta HOPMATHBHHX JKe-
pern — Uil TEOPETHYHOTO OOIPYHTYBAHHS PO3BUTKY AKTHB-
HOTO TypHU3My Ta HOTO Pi3HOBHIIIB Ha 3aCa/ax CTAIOCTI;

— reorpadiyHAN OMMCOBUA METON — I BHSBICHHS
MIPUPOAHO-PEKPEAIITHIX PEeCcypciB TEPUTOPii, IX BHKOpPH-
CTaHHA y OpraHi3allii pi3sHOBHIIB aKTUBHOTO TypU3MY;

— TOPIBHAJIBHHUNA aHAII3 1 CHCTEMAaTH3allis — MPH PO3-
poO11i mpomo3wniiii Ta kKiacupikariii.

Buxopucrano Ttakoxx Meron croctepexenHs. Ilpo-
BE/ICHHS CIIOCTEPE)XCHb 3a AKTHBHUMH TYPUCTHYHUMHU
TpyTIaMH T 9ac Pi3HUX BUIB aKTUBHOCTEH, HATIPUKIA],
MiJ 9ac TOXOMiB: TIPCHKUX, BEIOCHIICTHUX MOTOPOXKEH;
TIpCHKO-IMKHUX TypiB Tomo. CrocTepexeHHS TPOBO-
IAThCs peryisipHo 3 2010 poxy y 3MMOBHIA Ta JNiTHIH Tepi-
oM 3 (iKCyBaHHAM 3MiH y iHPPACTPYKTypi, TYPHUCTHIHUX
MTOTOKAX, EKOJIOTIYHIN cBimoMocTi TypucTiB. Lle mo3Bomiio
OTpHUMAaTH iH(QOpPMAIIiIO TTPO OpTaHi3aIlilo MOJOPOKEH, B3a-
€MOJIIf0 YYaCHUKIB TPYII, CTYIIHb OS3MEeKH Ta iHIII aCTIeKTH
AKTHBHOTO TYPH3MY.

Pesyabratn  gociimkenHsa. IIpoGrematnka pos-
BUTKY aKTHBHOTO TYPH3MY B TipCHKHX paiiOHax YKpaiHu

Ta €BPOIH 3HAXOIUTHCS Ha TIEPETHHI iHTEPECiB HAyKOBIIIB,
YpAIiB, MDKHAPOAHUX OpTaHizaliif, Oi3HECY Ta MiCIIEeBHX
rpoman [6; 7].

AHai3 3BeACHHUX JaHHUX JI03BOJSE CTBEPIUKYBATH, IO
CBHUIOBEIIFKNAN MAacHB Ma€ BHCOKHI CTYIiHBb NMPHIATHOCTI
JUTSL OpraHi3amii pi3HOMaHITHHX (OpPM aKTHBHOTO TypHU3MY.
Haii0inpin cripusaTIMBUME € TIPHPOIHO-PENbe(HI Ta KiliMa-
TUYHI YAHHUKH, 5SKi 3a0€311eIyI0Th YMOBH /IS IUITOPITHOTO
BHUKOPHUCTAaHHS TEPUTOPIi: y JMITHIA Tepiox — MIIoXiTHoTo,
BEJIOCHUIICTHOTO, €KOJIOTTYHOIO TYpPH3MY, B3HMKY — JIHXK-
HOTO, CKITYpHHTOBOTO, CHITOCTYITHOTO. HasiBHICTh yHIKAIh-
HUX TPUPOTHUX 00’ €KTIB (JHOTOBUKOBI 03epa, TOJOHUHH,
BHCOKOTIpHI XpeOTH) TOETHYEThCS 13 30€pPEeKEHUM ETHO-
KyJIBTYPHHM CEepeOBHIIEM, IO BiKPUBA€E NEPCHEKTHBU
PO3BUTKY HIMIEBUX BUIB TYpHU3My — €THO-, arpo-, OTo-
Ta mpuromHumnbkoro [1; 2]. V tabmumi 1 momano xapaxk-
TEPUCTHKY OCHOBHHX pI3HOBHIIB aKTHBHOTO TypH3MY
B Mexax CBUIIBIIA.

Binrak, mpomoHyeMO pO3DIAHYTH Tpymnu (opmariB
AKTUBHO-TYPHCTHYHUX 3aXOHiB, IO € YaCTHHAMH MaH-
ZIPiBOK, TIOXOAIB, MOJAOPOKEH, EKCIISTUIIIH, BiIIOBITHO 10
po3yminHA aediHimii akTuBHOTO Typm3my [3, C. 12].

Exonorigno-opienToBani popmarn.

Bucoxuii mpupomooxopoHHH ToTeHmian CBHIOBIA,
HASBHICTH 3aKa3HUKIB, 03€p, JHOAOBHKOBUX KOTIIB, ajb-
MACHKUX YK, PIIKICHUX BAIIB GIopH Ta (ayHu T03BOIIE
CTBOPIOBATH MapIIPyTH CKOTYpU3MY, IO MAaTHMYyTh MiHi-
MaJbHUH BIUTUB Ha JOBKULTA. Lle MoxyTh OyTH:

— mimoxigHi crexkn 3 QR-xomamm Ta iH(pommMTaMN
(6oraHiuHi, Te0NOTIUHI, TaHAIA(THI MAPIIPYTH);

— doto-typu (wildlife photography) 3 ¢doxycom Ha
CIIOCTEPEIKEHHS 38 TBAPUHAMH 1 ITaXaMu;

— MapmpyTH i3 3aJy4eHHSIM TiAiB-0i0n0TiB, 30KpeMa
JUISL CTYACHTCHKHX TPYIL.

VY mepcrekTHBi JOITHHO CTBOPUTH CKOJIOTIYHUH IEHTP
3 ekcmosutiero ¢uopw, ¢ayru, reomorii CBUAOBIN, e
TYPUCTH MO O OTPHMATH KOPOTKHH IHCTPYKTaX, OTJIS-

Tabmuus 1
OCHOBHi BU/IY AaKTUBHOI0 TYpu3My B CBHI0BelIbKOMY MacHBi Ta iX XapaKTepucTHKA [CKIIajeH0 aBTOPOM|
Buj typusmy Ce30oHHicTh IMoTouHuii piBeHb OcHoBHI paiionu InppacTpykrypHe
PO3BUTKY peasizauii 3a0e3neyeHHs
[MimoxigHuii Becna—ocinb Bucoxuit Scins, brvsanns, YacTkoBO MapKOBaHi MapIIpyTH,

AnmuHenb, mojI.
Jlparo6par

CTOSIHKH (JIUK1)

T'ipchrommkHuIA 3uma Bucokuii (JJ0KanbHO) Hparo6pat, binsaums Tpacu, migifOMHUKH, TIPOKATH,
roreni
Benocunenunit Jlito—ocinp Cepenuiit Yerp-YopHa, Jlomyxoso, Tumuacosi MapmipyTu, 6e3
Ksacu CTalioHapHoi 0a3u
JIvoxunii (TypoBnit) 3uma Huspkuit Xpebtu Cror, YHrapsicka IadpacTpykrypa BincyTHS
Kinnwmii Becna—ocinp Huspkuit IIpuBatHi cagubu Hepossunena, mooguHoOKi
B Yopwiii Tuci, KBacax MIPOTO3UIIIT
Exotypusm Jlito—ocinp DparmeHTapHUI AnmyHenbKui BincyTtHs HaBiramis, Hemae
3aKa3HHK, 03epO €KOIICHTPIB
Bopoxecbka
Tpeitnpauninr / ¢ppipaiin | BecHa—ocinb / Husbkuii bnusnung, J{parodpar HeopraunizoBauuii, 6e3
3MMa IHppaCTPyKTypH
Crieneotypusm Linopiuno Jysxe HU3bKHii MiBnivni cxunu MacuBy | OG'ekTH HE TOCHIKEHI, BIACYTHE
(TI0OIMHOKI TIeYepH) o0JIaIITyBaHHS
EtHOTYpH3M Jlito—ocinp JlokanpHwmii Slcing, borman, YopHa | 3anexuThb Bif iHILIATHB rpOMa,

Tuca, JlomyxoBo HE CUCTEMAaTH30BaHMI
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HYTH BHCTaBKY, B3ITH y4acTb B €KOOCBITHIX MalcTep-Kia-
cax.

ETHOKYNBTYpHI MapuipyTy.

CBUIOBENb € YAaCTHHOIO TYHYJIbCHKOTO KYJIBTYPHOTO
apeaiy, TOMy IEpCIIEKTUBHUM € E€THOTYpH3M 5K (opma
AKTHBHOTO TI3HABAIBHOTO JO3BULIA. WmeThes He po
MIACHBHE CITIOXKMBAHHS KYJBTypH, & CaMe aKTUBHY Y4acTh
Y TpaAMIifHIX 3aX0Hax:

— mimi abo KiHHI TypW 3 HOYIBICIO Y TYIYIBCHKUX
Xarax;

— y4acTb y MaiicTep-Kilacax 3 BHIOTOBJICHHS CHPIB,
JIepeB’ THOTO TIOCYLy, TKAaHUH;

— eKcHeIMUil Ha INOJOHWHH, /¢ NPOBOAUTHCS BHIIAC
Xynoowu;

— TIpCchbKi MaHAPIBKH i3 CYIpPOBOAOM HOCIIB TpauIIii
(cmiB, nerenan, MiceBUi QOIBKIIOP);

— PpeKOHCTpYKmIii O0OpsSIOBHX CBAT (HAmp.,
Kymana, «po3maneHHst BaTpH» TOLIO).

Lle mae MOXXJIMBICTH BKIFOYHTH I'POMAIN B TYPUCTHY-
HUH TIporiec 0e3 KalliTaloBKIAACHb, Yepe3 PO3IIHPEHHS
podi riga, rocrogaps, eKCKypcoBo/ia TOIIIO.

ExcTpemansHi Ta c€30HHI (hOpMaTH.

Juis hi3nyHO MATOTOBIEHUX TYPHCTIB MOLITHHO TIPO-
MOHYBAaTH EKCTPHM-MapIIpyTH, OCOOIHBO y 3HMOBHI
1 MDKCE30HHHH TIepio/IH, KOJIH 3BUYAHI ITOXOAX IS Maco-
BOTO TYpHCTa YCKJIaTHEeHI. MOXKIHBI Pi3HOBUAM:

— CHITOCTYITHHH TypH3M — SIK Oe3ledHa ajbTepHaTHBA
JIMDKHUM TI0XO0ZIaM;

— CKITYpIHT — CXOIDKEHHS 31 CKiTypamu Ha brimsawmIIIo,
Crir, YHTapsCKY;

— aNBIiHICTCHKI 300pH HAa IPHUPOTHOMY PETBE]I 3 BUKO-
PHCTaHHAM IPUPOIHUX BHCTYIIB (3a3BUYail B TEIUTHH
TIepiozT POKY);

— TIpCBKHMH TpeinpaHiHT — oprafizamis o}imiiHuX
TPEHITOBHUX 3Marafp (JIiTO-0CiHB);

— XalmaifHiHT — HaTATYBaHHS KaHATIB MK BepPITHHAMHA
(3 moTpuMaHHSAM OE3MEKH 1 TIMITYBaHb).

IBana

i dopmarn mpuabmrorote Monoab, 3MI, crmoncopis
Ta MOXYTh aKTHBHO IPOCYBaTH PEriOH y CIIOPTUBHOMY
(aKTHBHOMY) TYPH3MI.

VYHipikoBaHA MOIENb PO3BUTKY (OPMATIB aKTHBHOTO
Typu3My iependadae HarpsIMKH, (OpMHE peaizallii, ce30H-
HICTB, IHPPACTPYKTypHI Ta OpraHi3amiiiHi YMOBH, a TaKOX
O4iKyBaHi ePeKTH (TaOIUI 2).

TonoBHMMH cTpaTeriyHUMK PEKOMEHIAIISIMU BBaXKa-
€MO TaKi.

1. Po3pobutn temarmyny mporpamy «CBHIOBEIH —
iatpopMa po3BUTKY aKTHBHOTO TYPU3MY», IO MICTUTUME
TIepeTIiK T03BOJCHUX AKTHBHOCTEH, MapIIPYTiB, €KO30HY-
BaHHS, KapTH, JIOTICTHKY TOLIO.

2. TlpoBecTn iHBEHTApW3aIlil0 MOTEHIIHHUX UISHOK
JUTS HOBUX MapmipyTiB i3 GPS-nipuB’s13x010, MapKyBaHHSM,
OTIMCOM TIPUPOTHIX 1 pU3UK-(PAKTOPIB.

3. IaTerpyBaTé HOBI BUAU TypH3MY Y MICIIEBI TpOMaIn
Yyepe3 HaBYaHHA TilliB, TPAHTOBI MPOTPAMU JIJIsl BIACHUKIB
caano, MUTOTHI CTapTary.

4. 3abe3meunTy OPUINIHE OPOPMIICHHS MapIIpyTiB,
0COONMBO y 30HAX MPHPOIOOXOPOHHOTO (hOHIY, 3 TOTO-
JOKEHHSIM PEKUMIB.

5. 3ampoBaauTH CHCTEMY HOOpOBITBHOI cepTHdiKaril
MapIIpyTiB 3a KPUTEPIsIMA OE3MEKH, PHUPOJOOXOPOHHOCTI
Ta JIOCTYITHOCTI.

6. 3aTy9nTH JOHOPCHKi Ta MDXXKHAPOIHI TIPOEKTH, OPi€H-
TOBaHI Ha CTANNH PO3BUTOK TipPCHKUX PETiOHIB, 11 (piHaH-
cyBaHHS craproBux BHTpar (30kpema — EU4Youth, GIZ,
WWE, USAID).

PoznmpenHs cruekTpy BHIIB aKTHBHOTO TYPHU3MY, SKIIO
BOHO Oyzie TIPOBOAMTHCS paIliOHANBHO, 3 OTIOPOIO Ha Hay-
KOBE OOTPYHTYBaHHSA, MICIICBHH JOCBIIl Ta EKOJOTIYHY
JOLITBHICTh, O3BOJHUTH TepeTBOPUTH CBUIOBEIBKHI
MacuB Ha OaraTonpo]ibHUNA MEHTP IUIOPIYHOTO aKTHB-
HOTO TYpHU3MY, YHUKAIOUN TPOOJIEMY CE30HHOCTI Ta 3MEH-
IIYIOYX PU3UKH HaIMipPHOT KOHIIEHTPAIIil TypHUCTiB y 0OMe-
JKEHUX JIoKarisx [4; 5].

Tabmwmig 2

ITepciekTHBHI HANPSAMU PO3BUTKY HOBUX BH/iB aKTHBHOI0 Typu3My Ha CBHI0BelIbKOMY MaCHBI

[ckageno aBTopoMm]

Hanpsam typusmy dopma peaJizanii Ce3on Heo0xinni ymosn OuikyBaHuii epekt
Exotypusm ExomapmpyTu, CTexKKHY, Becha- Mapxkysanss, 6ioiado, OcsiTta, BUXOBaHHS,

¢doro-cadapi OCiHb TiZx, MiHIMQJIBHUI BIUTHB HPHPOIOOXOPOHHA CBIiIOMICTh

Ekomoriuni ekcriequiiii Bioekcneauiii, Jlito Basu, iHCTpYyKTOPH, HayxoBuii, ocBiTHIH edekT

CTYAEHTCBKI TypHU JI03BOJU

Ta MPaKTHKN

ETHO-excnienuuiitanit i Typu Jlitro-ocinp | JlokaneHi mapTHepH, KyxHs, | EkoHOMIYHA BHTOZIa rpoMaiaM

TypHU3M 3 [IPOKUBAHHAM IHTErparist 3 MiCIIeBUMH
y rpomMaziax

CHITOCTYNHUIA TYpU3M 3UMOBI IOXO/IH 31 3uma IIpokar criopskeHHs, 31MOBE 3aBaHTAKEHHS

CHITOCTYIaMH IHCTPYKTOPH, pATYBaJIbHE MIXKCE30HHSI MaCOBOTO TYPU3MY
HOKPUTTS
CkitypiHr CXOJKEHHS 31 CKITypamu 3uma MapuipyTa, TaBHHHA [Ipodeciitnuii Typusm,
Oe3meka, riau IPHBAOJICHHS CHOPTCMEHIB
XaiinalHiar MiXBEepIIMHHI TPOCH Jlito Cepruoikanis, 6e3mneka, PR edexT, BUIOBHIIHICTE
(decrusai
lipcekuii Tpeinpaninr 3maranHs 3 Tpeinpany | Jlito-ocinb MapipyTu, CIOHCOpPH, Macosi nofii, TypuCTHIHUH
MEJICYIPOBIiT IMITYJTBC
Kinnnit typusm MapuipyTu 3 Tabopamu, Becna- | [Ipokar xoHeii, Bka3iBHUKH, | JlOCTYIHUI CiMEHHMI Ta TUTSIUH

IHCTPYKTOPH OCiHb TiHi{ MapmpyTiB TypHU3M
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OOTpyHTYBaHHS 3aXO/IiB MO0 TIOKPAIICHHS TYPHCTHY-
HOi iH(ppacTpyKTypHu Ta 3a0e3reueHHs] Oe3MEeKH TYypHUCTIB
y CBUIOBETIEKOMY MACHBI.

Po3BuTOoK akTHBHOTO Typm3My Ha TepuTopii CBHIO-
BEIBKOTO MACHBY, 32 YMOB 30epe)eHHsI IPHUPOTHOTO cepe-
JTOBHIIA Ta 3a0e3MeUeHAS KOM(POPTY IJIsl TyPUCTIB, HEMOXK-
nuBHit 6e3 AKiCHOT TypHUCTHUHOT iH(ppacTpyKTypH. Maerses
He Jume mpo (Gi3muHy AOCTYHHICTH TepuTopii um 0a30Bi
3pyYHOCTI, alle i TPO CTBOPEHHS YMOB, SKi TapaHTYIOTh
(hizuuHy, iHpOPMAIIiifHY, EKOIOTIYHY Ta COIialbHy Oe3IeKy
BigBimyBauiB. Hapasi Typuctmuna indpactpykrypa Csu-
JIOBIII XapaKTEePH3YEThCS HEPIBHOMIPHICTIO, XaOTHYHUM
PO3BHUTKOM, BiJICYTHICTIO TUTAHYBAHHS Ta HU3BKUM piBHEM
IHCTUTYIIWHOT T ATPUMKH.

1. CyuacHe iHQpaCTPYKTypHE TIOJIE: TIPOOIECMH.

AmnHami3 (pakTHIHOTO CTaHy iH(QPACTPYKTYpPH B MeKaxX
MAaCHBY 3aCBiTUYyE:

— BIJICYTHICTB €IMHOI KOHIICTIIi] TPOCTOPOBOTO IIAHY-
BaHHSI TiPCHKOi TEPUTOPII;

— He30aJaHCOBaHWH PO3BUTOK — KOHICHTpamist y 1-2
30Hax ([{parobpar, fIcins), Maiike TOBHA BiICYTHICTH iH(}-
pPacTpyKTypH y paiioHI MIBHIYHHX Ta MiBICHHO-3aX1THUX
BiZIPOTiB;

— BiACYTHICTh OaraTo(yHKITIOHATHHUAX MPHUTYIKIB 200
CTaIrioHapHUX 0a3 y BUCOKOTIpP i;

— nmedinmuT MapKOBaHHX MapIIPYTiB, KapTorpadidgxHoi
Ta HaBirariitHoi iHpopmariii;

— HHU3BKUI pPIBEHb CHUCTEMH YIPABIIHHSA OE3IEKOIO:
PATYBaNbHI yHKTH, aBapiiHUI 3B 30K, IHCTPYKTaX, CTpa-
XyBaHHS;

— BIJCYTHICTh IHTETPOBaHOI MEpEek i TPAHCIOPTHOTO
JOCTYTTy (30KpeMa rpOMaJIChKOTO TPAHCTIOPTY Ta €KOJIOTid-
HOTO TpaHcdepy);

— HEJOCTaTHE KOMYHIKaIlifHe TOKpHUTTS (MOOiThHA
Mepexa, IHTEpPHEeT), OCOONMBO Ha IMIBHIYHUX Ta 3aXiTHUX
CXHJIaX MaCHBY.

Crpareriqai TPUHITUIH PO3BUTKY iHOPACTPYKTYPH.

Po3bynoBa Typuctuunoi iH(pacTpykTypu Ha CBHIO-
BEIIKOMY MAacCHBI Ma€ IPYHTYBATHCS Ha TAKUX NPHHIUIIAX:

— NPUHOMI 30EpekeHHS NPHPOIHOTO CepeIOBHIIA
(3aboponHa OymiBHHIITBA B UyTIMBHAX EKOTOMAaX, €KOJOTid-
HUH ayauT ycix 00’ €KTiB);

— (yHKIiOHATbHA 30HAJBHICTE — PO3MEKYBAHHS 30H
AaKTUBHOTO PEKpearliifHoro BUKOPUCTAaHHS, Oy(epHUX His-
HOK 1 3aITOBiTHIX TEPHUTOPIH;

— MEpEeKeBICTh — TO€THAHHS 00’€KTiB iH(pacTpyK-
TypH B €INHY CHCTEMY 3 MapUIpyTaMH, cepBicamu, iHpop-
MyBaHHSIM;

— IIJThOBA OpI€HTAIlisl — CTBOPEHHS OO0 €KTiB 3 ypa-
XyBaHHAM CHEeNH(}IiKH aKTHBHOTO TypH3My (a HE TPOCTO
«KOMEPIIIHHOTO TYPU3MY»);

— Ce30HHA AJaNTHBHICTE — Tepen0adeHHsS BHUKOPH-
CTaHHA IHPPACTPYKTYPH 5K Y JITHIH, TaK i B 3SMMOBHIA TIepi-
141178

3. TlpiopureTHi 3axomam iH(PACTPYKTYPHOTO IIOKpa-
IICHHSL.

Ha ocnoBi anamizy motpe0 Ta TMOTEHIATy TepUTOpii
HPONIOHYETHCS KOMIUICKC MTEPIIOYSPrOBUX 3aX0/iB, 3rPyIIO-
BaHUX Yy (YHKIIIOHATHbHI OJIOKH:

I. TToxpamenss i3mgHOI JOCTYTHOCTI Ta 6a30Boi iH(]-
PacTpyKTypH.

1. PeMoHT i MomepHi3alist TipcbKHX i I3HUX JOPIT 10
OCHOBHUX MapmipyTiB (fcins — JIparobpar — AnmmHers,
JlonmyxoBo — mononuHa Kpacha).

2. CTBOpeHHS OQIIiITHUX TYPUCTHIHUX CTOSHOK i Ta00-
piB 3 OioTyanmeTamu, Miclb JJIs pO3BENCHHS Oararts, 30u-
paHHAM CMITTSI.

3. ByniBHHUIITBO KiTBKOX CTAaIliOHAPHUX BHCOKOTIPHHUX
nputynkiB (shelter-type) Ha MapmipyTax BHCOKOI CKJal-
rocti (brmsant, Crir, xpeder [aca).

II. Posropranus iHdopMmariiiiHo-HaBiramiiHoi iHdpa-
CTPYKTYpHU

1. MapxkoBani mapmpytn 3 QR-xomamu, GPS-kapramun
Ta BKa3iBHUKaAMH Ha OCHOBI Cy4acHOI €BPONEWCHKOi CHC-
TEMH MapKyBaHHSI.

2. BcranoBnenHs iH(popMamiifHUX TaHeIeH y KITHo4do-
BUX TOYKAX AOCTYITy: TIpaBHiIa TOBEIIHKH, KOAECKC TYPHCTa,
KapTa MiCIIeBOCTi.

3. Po3poOka i mommpeHHS MOOILTHHOTO 3aCTOCYHKY
«ActiveSvidovets» I TypuCTIB i3 MapIIpyTamu, METeo,
curHaoM SOS, CTIMCKOM TIPHUTYJNKIB Ta CEPBICiB.

II1. Be3neka Ta psATyBaIbHA MiATPUMKA.

1. Oprani3amnis TOCTIHO TiFOYNX TYHKTIB TipCHKOTO
mopsATYHKY v Scini, J[parobpari Ta ce30HHHX — Ha TIONO-
HUHI AnmmHens a00 bimsaum.

2. 3abe3mnedeHHsT MOOITFHOTO MOKPUTTS Ha OCHOBHHX
MapIipyTax OUITXOM BCTaHOBICHHS mifacimoBadiB GSM/
Starlink y mpurtynkax.

3. BrpoBamkeHHS CHCTEMH IHCTPYKTaXy Ta CTpaxy-
BaHHS JUIA TPYI TYPHUCTIB, y TiM YHUCII 3 TOTIOMOTOIO Mic-
LIEBUX TIIiB.

IV. Exonoriuna indpacTpykrypa.

1. 3ampoBamkeHHS KOHTCHHEPHHUX IIYHKTIB 300py
CMITTA Ta CE30HHOTO BHBO3Y 3a MapmpyTtoM Scins — pa-
roopar.

2. CTBOpeHHS EKOJOTiYHOi CTaHIll CIOCTEPEKCHHS
Ha 0a3i ANMMHCHKOTO 3aKa3HUKa (MOHITOPHHI HaBaHTa-
YKCHHS, IPOCBITHHUIITBO).

3. TIpoBeneHHST €KONMOTIYHOTO 30HYBaHHS CBHUIOBEIIb-
KOTO MacuBy JUIsl peTIaMeHTaIlil 3a0y/10BH Ta 10Ty CTUMOTO
HaBaHTAKCHHSL.

Jns omiHkM e(peKTUBHOCTI 3a3HAYCHHUX 3aXOJiB
JOLITBHO X y3arampHUTH (Tabmwms 3). 3a3Ha4MMoO, IO
MIPIOPUTETHICT OLliHEHa HAa OCHOBI TEPMIHOBOCTI, MMOTEH-
IIfHOTO BIUTMBY Ta MacmTaly OXOTIICHHS.

4. [HcTUTYIIIHI TTepeaAyMOBH peai3arii.

Jlns BIpoBapKEHHS 3aIPOIIOHOBAHHUX 3aXO[iB HEOO-
X1DHO:

— 3a0e3MeunTH MiKCEKTOpanbHy KoopaumHario ([ep-
xiticareHTcTBo, oprann OMC, JICHC, Hammominis, T'O
Ta TYPUCTHYHI OTIEPaTOpN);

— CTBOPHUTH TOCTiHY Pany 3 ympaBimiHHS TypH3MOM
y CBUIOBETIEKOMY PETiOHi;

— po3pobutH  (iHAHCOBO-IHBECTHIIIHY TpOTrpamy,
BKITIOYHO 3 MKHAPOIHUMHE MIPOEKTaMH (IHCTPYMEHTH Peri-
oHambHOTO po3BUTKY, EBRD, GIZ, Carpathian Convention);

— 1HIIiFOBaTH MIIOTHE BIIPOBAKEHHS 3€JICHOTO CEPTH-

¢ikaTy IS HOBOT IHPPACTPYKTYpH.
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Tabmmis 3

IIponoHoBaHi 3ax01u 3 PO3BUTKY iHPPACTPYKTYpH Ta He3MeKU AKTHBHOTO TYPH3MY
Ha CBHI0BelIbKOMY MACHBI [CK/IaJeHO aBTOPOM]|

Ne 3axin Kareropis OuikyBaHuii epext HpiopureTHicTn*
1 PeMOHT TripchKuX Topir diznuna [TonermeHHs JOCTYIY, pO3BAaHTAKEHHS Bucoxka
iHpPaCTPYKTypa MapIIpyTiB
2 Oo6mnamTyBaHHs1 TabOpiB Komdopt Jleramizarist Typu3My, 3MEHIIICHHS Bucoka
Ta CTOSTHOK IIKOZU TIPUPO]
3 ByniBHULITBO BUCOKOTIPHUX besnexa, Hiwtir [TopATyHOK y Heroay, HO4iBIs Oe3 Bucoka
TIPUTYIIKIB IITIKOZTY JTOBKIJUTEO
4 MapKyBaHHS MapLIpyTiB, Tudopmarris OpieHTyBaHHS, 3MCHIIICHHS BUIIA KB Bucoxa
GPS-nasiramis 3a0TyKaHHS
5 [ndopmnaneni Ta ctenan Ocsita Haguanns Typucris, popmyBaHHA Cepenns
€KOJIOT1YHOI KYJIBTYpH
6 MobinpHHH 3aCTOCYHOK Hudposi pimenHs Linomo6oBa HaBiraris, miaBHIICHHS Cepenns
«ActiveSvidovets» Oe3nekn
7 | CTBOpEHHSI MyHKTIB PATYHKY besneka 3HIKCHHS CMEPTHOCTI/TpaBMaTH3My Bucoka
8 Po3sumpenns MOOLTBHOTO Komynikarrii 3B'130K y pa3i HaJ3BUYAHHUX CUTYaIlil Bucoxa
nokputts (Starlink, GSM)
9 [HCTpYKTaX)K, CTpaXyBaHHA Opranizanis 3MEHIIEHHS BiMOBIaTbHOCTI Ha Cepenns
oprasizaropa
10 Cucrema cMiTT€30MpaHHs Exomoris 3MEHIICHHS 3aCMIUCHHS, €CTETUYHE Bucoka
Ta CE30HHOTO BUBO3Y TIOKPAIICHHS
11 Exo-craHIist MOHITOpUHTY KonTpons O1iHKa HaBaHTaKCHHS, MOHITOPHUHT Cepenns
(Hamp. 61 03. Bopokechka) 010piI3HOMAHITTS
12 IIpoBeneHHs eKOIOTIIHOTO IInanyBanus Perynsmis 3a0ynoBu, 3aXUCT TPHPOTHUX Bucoka
30HYBaHH: saep

Po30ynoBa cywacHoi, exonorigno 6e3meqnoi Ta (yHK-
[IOHAJIFHO OPIEHTOBAHOI TYPUCTHYHOI 1H(PaCTPyKTypH
Ha CBUIOBEIIBKOMY MAacCHBI € KPUTHYHUM (DaKTOpOM IUIs
MOJAJIBIIONO PO3BHUTKY AaKTHBHOTO Typu3My. bes3 cTBO-
PEHHS YMOB JOCTYITy, OS3MeKH, HaBiramii Ta MiHIMaTbHOTO
CepBicy, JXOIHA CTpaTeris TOMyJIsApH3alii HOBUX BHJIB
Typusmy He Oyne edektuBHO. IIpomoHOBaHWIT makeT
3axoliB 0a3yeTbcs Ha MPHHIUIAX CTATOCTi, 30epeKCHHS
MIPUPOAN Ta OE3MEKH TYPHCTIB, M0 y MICYMKY H03BOIUTH
JOCATHYTH OallaHCy MK peKpeamifHuM BUKOPHCTAHHIM
1 30epekeHHAM TipchKkuXx JaHamadris Kaprmar.

BucnoBku. Y xomi JOCHIIKEHHS BCTAaHOBIIEHO, IO
e(eKTHBHA OpraHi3allis aKTHBHOTO TypH3My y Mexax CBH-
JIOBEIIBKOTO MACHBY HEMOXKJIMBAa 0e3 IIiIecIpsiMOBAHOTO
MTOKpAIIeHHS iHPPacTPYKTYpHOI Ta 6€31MeKOBOT CKIIaI0BHX.
OcHOBHI Mpo6JIeMH — 1€ BiICYTHICTh HPUTYIKIB Y BHCO-
Korip’i, HEpO3BMHEHA CHCTEMa MapKyBaHHS MapIIpyTiB,

JIeIUT PATYBATBHIX CITYkKO, ctabke MOOITbHE TTOKPHTTS,
HECAHKI[IOHOBaHE CMITTEYTBOPEHHS Ta E€KOJOTIYHO IIKif-
JIMBE BUKOPHCTAHHS TEPUTOPIi CTUXIHHIMH TYPUCTaMHU.

3anporoHOBaHO KOMIUIEKC 3aXOMiB, 3TPYIOBAHHUX
y YOTHpPH KJIIOUOBI OJOKHM: TOKpaImeHHs (i3HIHOTO
JIOCTYIy, BIPOBaUKEHHS iH(OpManiiHO-HaBITAlIHHOT
iHpacCTPyKTypH, TiABUIICHHS PiBHS OE3MEKH Ta PO3TOp-
TaHHS CKOJNOTIYHHX cepBiciB. KokeH 3axim omiHeHo 3a
MPIOPUTETHICTIO Ta OYiKyBaHUM €(EeKTOM, IO JO03BOJISIE
BU3HAYUTH HAWOINBII JOIMITHHI iHBECTHIIINHI Ta yIpas-
JHCHKI KPOKH.

Taxum arHOM, POPMYBaHHS iHTETPOBAHOI iH(paCTPyK-
TYpU aKTHBHOTO TYPHU3My Ma€ CHHPATHUCS Ha NPHHIUIN
€KOJIOTIYHOI 30a7aHCOBaHOCTI, CE30HHOI aJanTHBHOCTI,
TEPUTOPIaIEHOI PIBHOMIPHOCTI Ta (PYHKIIIOHATHHOTO 30HY-
BaHHS, IO 3a0€3MEYNTH CTIHKUI PO3BUTOK TypH3My 0e3
IIKOJH TSI IPHPOTHOTO CEPEeIOBHIIA.
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YV ecmammi posensanymo npobnemy noeipuienns cmany 600HUX pecypCie nio NIUBOM AHMPONOLEHHO20 YUHHUKA, 30Kpema 3a0pyo-
HEHHsL HeOYUWeHUMU CITYHUMU B00AMU, NPOOYKIMAMU CibCbKO2OCNOOAPCHKOL QisIbHOCHI (000pU6a, opeaiyni 8ioxoou, necmuyuou
mowyo), 30iCHeHHA HAOMIDHOI pe2yasayii CMOKY Ma PO30PHBAHHS NPUOEPENCHUX 30H, IX MeXaHiuHe 3a0pYOHeHHs, o 8 C60I0 uepey
CnpuduHsIE 0e2padayiio 600HUX 00 €Kmis, MIHy 2I0POL0SIUHO20 PEXCUMY MA SHUNCEHHS PIBHS 600U, 4 NOOEKYOU npu3eo00ums 0o nepe-
cuxauna 8000um. Pozenanymo eniue Heopeaniunux 3a0pyOHUKIE HA HCUMMEOIILHICHb JHCUBUX OP2AHIZMIE MA (DYHKYIOHYBAHHA B00-
HUX eKocucmem. Buoxpemieno cnonyku, nepesuwjens emicniy SKUX Hauuacmiuie cCnocmepicacmvcs 6 00’ ckmax nio niueoM axkmue-
Hoi azpaproi disnvHocmi a0ounu. IIpedcmagieno pesynbmamu KOMNIEKCHO20 2iOpOXiMIUHO20 aHanizy 800HUX 00 ckmis M. Oxmupka
(p. Oxmupxa, p. ['vcunka, ozepa bine, Yuxanose ma Ienamenxoge). Cmarnom na cb0200Hi exono2iunuii cman 600HuX 06 exmie Oxmup-
wunu nepedysac y 00Cumy KpUmuyHoOMy CIMAHI, Nepesutyeris 3a 2i0poXiMIuHUMU NOKAZHUKAMU 3A(IKCOBAHO Matidice 8 YCIX 00CHiONHce-
HUX 00 exmax (kpim p. I'ycunxa). Ha nawy OymKy, 0CHOBHOI0 Mipoio makuti Cmarn 00CIiONHCEHUX 6000UM 00YMOBIEHUL AHMPONOSEHHUM
HABAHMANCEHHSM: CIMOKU MA 6UKUOU 3 NPUBATNHUX MA KOMYHATBHUX 20CROOAPCE, d MAKOJIC OISIbHICMb NPOMUCIOBUX NIONPUEMCNS.
3a pesyromamamu 2iOpoxXiMiuHO20 AHARI3Y HAMU O)I10 CIMAHOBLEHO NepesuLeHHs 0esKUX NOKA3HUKIB, a came. Himpamig 6 4-x i3 7—mu
spaskie y dianazoni 2—6,9 I'JIK; tionie amonito y S—mu 3 7-mu npobax 6 dianazoni 1,1-8,5 I'JIK, a makooic nomipui nepesuujerts 0ony-
cmumoz2o emicmy ocgamie, ryopudis, tionie epymy, X10pudie ma cyibgamie y 0eskux npodax. Beaxcacmo 0oyiibHUM nposedeHHs.
MOHIMOPUH2Y 800HUX 00 €KMig 3 Memoro (ikcayii 3MiH iX CMAaHy, a MAKod’C 3aNPo8aAdNCeHHs. 8IONOBIOHUX 3aX00i8 Y pa3i NocipuieHHs
cumyayii, OCKibKu 610 eK0102IUHO20 CIAHY BOOHUX 00 €KMI6 HANPAMY 3ATeHCUNb 300P08 s Mma d0OPOOYM HACENEHHs. Pe2iOHY.

Kniouosi cnosa: ziopoximiunuii cknao, MOHImMopuHe 600HUX 00 €Kmig, NosepxHesi NPUPOOHI 800U Ma 03epa, XiMiuHe 3a0pyOHeHHs,
800Hi 00 "exmu m. Oxmupka (piuku Oxmupka, Iycunka, osepa Bine, Yuxanoese, lenamenxose).

Vakal Yuliia, Matsak Stanislav, Bezborodova Yelyzaveta. Hydrochemical composition of surface waters of Okhtyrka city

The article considers the problem of deterioration of water resources under the influence of anthropogenic factors, in particular,
pollution by untreated wastewater, agricultural products (fertilizers, organic waste, pesticides, etc.), excessive regulation of runoff
and plowing of coastal zones, their mechanical pollution, which in turn causes degradation of water bodies, changes in the hydrological
regime and lowering of water levels, and in some places leads to drying up of water bodies. The impact of inorganic pollutants on the vital
activity of living organisms and the functioning of aquatic ecosystems is considered. Compounds are identified, the excess content of which
is most often observed in objects under the influence of active human agricultural activity. The results of a comprehensive hydrochemical
analysis of water bodies in the city of Okhtyrka (Okhtyrka River, Gustinka River, Bile, Chykalove, and Ignatenkove Lakes) are presented.
As of today, the ecological state of water bodies in the Okhtyrka region is in a rather critical state, with excess hydrochemical indicators
recorded in almost all studied objects (except for the Gustinka River). In our opinion, this state of the studied water bodies is mainly due to
anthropogenic load. effluents and emissions from private and communal farms, as well as the activities of industrial enterprises. According
to the results of the hydrochemical analysis, we found an excess of some indicators, namely: nitrates in 4 out of 7 samples in the range
of 2-6.9 MPC, ammonium ions in 5 out of 7 samples in the range of 1.1-8.5 MPC, as well as moderate excesses of the permissible content
of phosphates, fluorides, iron ions, chlorides and sulfates in some samples. We consider it advisable to conduct monitoring of water bodies
in order to record changes in their condition, as well as to introduce appropriate measures in case of deterioration of the situation, since
the health and well-being of the population of the region directly depend on the ecological condition of water bodies.

Key words: hydrochemical composition, monitoring of water bodies, surface natural waters and lakes, chemical pollution, water
bodies of Okhtyrka city (the Okhtyrka and Husynka rivers, the Bile, Chykalove, and Ihnatenkove lakes).

Crnoboxancekmid HaykoBuit BicHuk. Cepist: [Ipupopnuyi Hayku, Bumyck 2, 2025

136



Beryn. Cepen TpiopUTETHHX EKOJIOTIYHHAX 3aBAaHb
CHOTOJICHHS B)KJIMBE MicCIIe 3aliMae OXOpOHa, pallioOHaIbHE
Ta e(eKTHBHE BUKOPHCTAHHS MPHUPOIHUX PECYpCiB, mepe-
IyciM BOIHHX, 30KpeMa IOKpAIIeHHS IX EKOJOTidHOTO
CTaHy Ta MiHIMi3aIlis BIUIMBY Ha HAX aHTPOTIOTCHHUX YHH-
HUKIB.

3pocTaHHS aHTPONOTEHHOTO BIUIMBY, 30KpeMa Tiapo-
TexXHIYHe OyIiBHUIITBO, 3a0pYIHEHHS CTIYHHUMH BOIAMHU
Ta CLIbCHKOTOCTIOMAPCHKIMHA — XiMiKaTaMH, CIHPHYAHSE
JIETpasaIifo BOXHUX OO0 €KTiB, 3MiHy TiIPONOTIYHOTO
PEeKUMY Ta 3HWKEHHS PIBHS BOIH, IO MOACKYIN IPH3BO-
TTUTH 710 TIepeCUXaHHs BoJoNM [1].

B wMexax MICT 3 pO3BHHYTOIO TIPOMHUCIIOBICTIO,
AKI € 3HAaYHNMH CIOKHBAYaMH BOIM Ta JOKEPEIOM
TOCITOAPCHKO-TTIOOYTOBUX CTOKIB, CKIANAETHCS HAMOLIBIT
HanpyXeHa CHUTYyaIlisl, TOMY IO BinOyBa€ThCs JOCUTH 3HA-
YHE Ta IHTCHCHBHE HaBaHTaXCHHS Ha BOIHI pecypcu [2].

OKpiM THITOBHX IDKEpelT AaHTPOMOTCHHOTO HaBaHTa-
JKCHHS, PYWHIBHUH BIUIMB Ha BOIMHI pecypcd B YKpaiHi
YMHUTH BilfHA, 30KpeMa BHACIIIOK 3HHIIECHHS YH TTOIIKO-
JUKEHHS 1HPPaCTPYKTypH, MACOBOTO TTOTPAIUISTHHS Y BOIHI
pecypcu 3a0pyAHIOIOYHNX PEIOBHH ITiJT Yac BUOYXiB i pOOOTH
BaXXKOi TeXHIKH [3].

3a0pyaHEHHS BONHUX PECYPCiB PI3HUMH XiMIYHUMH
CTIOJTyKaMH HECE BaroMi pU3HWKH IS PI3HUX JKUBUX Opra-
HI3MIB Ta eKocHcTeM B ioMy. Cepen mommpeHnx 3adpy-
HUKIB, IO TPHU3BOIATH 1O CHJIBHMX HETAaTUBHHUX 3MiH
B EKOCHCTEMaX € HapTONPOIYKTH, BaXKKi METaJH, CiJb-
CBKOTOCTIOIApPCHKi TOOpHBA, TIECTUITHIN, IPOMHCIIOBI BifI-
XOIIM TOIIO. B KOHTEKCTI MpUpOIHIX 00’ €KTIB, MO 3a0pyI-
HIOIOTBCSI BHACHIZOK AaKTUBHOI CITBCHKOTOCIIONAPCHKOL
JUSUTBHOCTI, TOIUTFHO OKPEMO BHIUTATH HAHOINBII ITOIIH-
peHi HeopraHiuHi 3a0pyaHUKH (HITpaTH, QocdaTtn ToII0),
OCKITBKH OIJBIIICTh I[MX PEYOBHHHU € KIiHIIEBUM ETAIlOM
MIEPETBOPCHHSAM PI3HUX OPTAHIYHUX CTIONYK Y TOBKULTI [4].
BomHouac BOHU € KIIIOUOBUMH ISl )KUBJICHHS PI3HUX Opra-
Hi3MIB, 30KpeMa POCIIHH, a BiATaK X HecTada Yu HaUTHIIIOK
BeJIe IO CEpHO3HUX MOPYIIECHb y (PYHKI[IOHYBaHHI €KOCHC-
TeM [5; 6].

Hwmxue GinbIn netaabHO pO3MITHYTO ACSKi HEOpTaHiIHi
3a0pyIHUKH, TICPEBUIICHHS 3a SKAMH HafdJacTime Cro-
CTEpITalOThCS Y PEeTiOHax 3 aKTUBHOIO CLTHCHKOTOCIIONAp-
CBKOIO JTiSTBHICTIO.

Hitporen (a30T) y DOBKIIT iCHY€ B TPbOX OCHOBHHUX
HeopraniuHux (opmax: Hon amonito NH," (amomiinmii
a3ot), "itput NO,” (HiTpuTHEH a30T), HiTpatn NO,” (HiT-
partHuif a30T). BogHowuac BapTO 3a3HAYUTH, IO CEpel] HaBe-
JIeHnx (opM HITPUTH € HeCTaOLTBHUMH Ta OBOJI JIETKO
MEPEXOIATh y HIiTpaT abo HOHM aMOHIIO B XO/i OKHCHO—
BiTHOBHHUX TPOIIECIB Y TOBKIJIII.

Himpamu € nommpeHnMy 3a0pyIHIOBadaMH SIK TOBEPX-
HEBWX, TaK 1 MiJ3eMHNX BOA. BOHM MOXYTb JIETKO TOTpa-
IUTATH B TPYHTOBUH pPO3YMH Ta MOBEPXHEBI BOAM 3i CTO-
KiB CUTBCHKOTO TOCIIOJAPCTBA, MPUBATHUX OYyIWHKIB 200
31 CKHJIJaMH TIPOMHCIIOBOI BOJOOYMCTKHM, 3a4acTy B KOH-
[EHTPAIIiSIX, IO MEPEeBHIIYIOTh IOMYCTUMI MEKi BMICTY
NO,” y npuponnux 06’exrax. Take 3a0pyaHeHHs poOHTH
BIZIMOBITHO TIMTHI JPKepena BOAM HETPHAATHUMH JUIS
BUKOPUCTAHHS 3a MPU3HAYCHHSIM. TakoK BOHO CHPUYMHSIE

aKTUBHY €BTPO(IKAIlil0 TTOBEPXHEBUX BOIONM, OCKIIBKH
Hitporen HanexuTh 10 OiOTEHHHX EJIEMEHTIB, OCOOIMBO
B TETITy MOPY POKY, SIKa B CBOIO UepTry CHPHUYHHSE CTPIMKE
CKOpPOYEHHS KITBKOCTEH PO3YMHEHOTO KHCHIO y BOIONMI,
BTpaTy OiOpI3HOMAHITTA Ta TOPYIICHHS EKOJOTIYHOTO
GanaHCy, 110 MOKE TaKOX 3aBIATH CYTTEBOT IIIKOIN PHOHIM
TOCTIOIapCTBAaM Ta BOJHHUM 00’ €KTaM peKpeartii.

VY BuUmanmky TPYHTOBOTO PO3YMHY HAUTHIIOK HITPATiB
MOX€ MPU3BECTH 10 iX HAAMIPHOTO HAKONMYEHHSA y POC-
JUHAX, M0 MOXE CIPUYWHUTH OTPYEHHS OPraHi3MiB, IIO
BKHMBAaTAMYTh BiIIOBITHY POCIUHHY TPOIYKIIIIO.

XpoHiUHE OTpY€HHS HITpaTaMd MOXE BUHHUKHYTH,
SIKIIIO TIPOTSITOM TPHUBAJIOTO Yacy BXKMBAaTH BOAY Ta OBOYI,
3a0pyaHeHi HiTpaTaMu. BOHO MpOSBIsE€ThCS y HU3I HeTa-
TUBHUX e()eKTiB Ha OpraHi3M JIOIUHH, 30KpeMa METTeMOT-
moOiHeMil, ska Bee 10 3MEHIIIEHHS BMIiCTy KHCHIO B KPOBI,
a BIATaK JO TOTIPIICHHS CaMOIIOYYTTS, 3allaMOpPOYCHHS,
BTPATH CBiJOMOCTI Ta HaBiTh JICTANFHUX BHUIIAJKIB, Y pasi
MOTPAIUISTHHS HITPaTiB B OpraHi3M y KPHUTUYHO BHCOKHX
KimpKocTsX. OcoOIMBO Bpa3MUBUMH IO il HITPATIB € MiTH,
a TaKOXX JIITHI JIFONH, SKi MalOTh 3aXBOPIOBAHHS JUXaIbHOL
Ta CepreBO-CyINHHOI cucTeMu. Taka Jis HITpPaTiB OCHOB-
HOIO Mipor0 00yMOBIIEHA IX YaCTKOBUM IIEPETBOPEHHSIM Ha
HITPUTH B OPTaHi3Mi JIOIWHH, SIKi BIACHE 1 CIIPHUNHSIOTH
ommcani edexru [5; 7; 8].

OCHOBHUMH JDKepelaMu 3a0pyTHEHHS BOJOUM LOHAMU
AMOHII0 € HEOYHIICHI TMOOYTOBI CTOKH TPHBATHUX JIOMO-
TOCTIOIapPCTB, CTOKH TBAPWHHHUIIBKUX 00’ €KTIB Ta CUTHCHKO-
TOCTIOAAPCHKi CTOKH 3 HA/TUIITKOM aMOHIHHUX JOOPHB.

AMOHIHUH HITPOTEH € BaXXJIUBUM €JICMEHTOM [
POCTY pOCIMH, IPOTE HOro HaJJUIIOK YAHUTH TOKCUYHHUH
BIUIUB Ha KOPEHEBY CHCTEMY, JICTA Ta IPOLECH POCTY,
3aJIeKHO BiJl BULy POCIHH Ta iX CTIHKOCTI.

[MigBumeni KoHIEHTpamii HOHYy aMOHII0 HEraTHBHO
BIUTMBAIOTh Ha pPUO, MPUTHIYYIOYH 3B’S3yBaHHS KHCHIO
TeMOTJIO0IHOM, CHPHYMHSIIOUN CYJIOMH Ta YPaKCHHS CpH-
tporuTiB, IIHC i 3s6poBoro emitemito. IlepeBumieHns
JIONTYCTUMHUX HOPM CBITYHUTH MPO aKTHBHE 3a0pyJHEHHS
BOJHUX 00’ €KTIB.

B oprani3mi HOHH aMOHII0 MOXKYTh IMMOPYIITUTHA METa00-
JTi3M, poOOTY TOPMOHIB Ta KHCIOTHO—OCHOBHHUH OanaHc, a
TaKOK MOXYTh TIEPETBOPIOBATHCH HA TOKCHYHI a30 CHIOIYKH
[9].

@nyop MOXe IIETKO TPOHUKATH B OPTaHi3MH Iomeit
1 TBApWH Yepe3 CIOKUBAaHHS BOIM, 3a0pyIHEHOI HOTO CIIo-
JTyKaMH. B TOMIpHMX KUIBKOCTAX BaXJIMBHH IJISI 3aXHUCTY
KicTOK Ta 3y0iB. BogHOUac HOTO HAUTMIIIOK BUKIIMKAE TaKi
HeOe3IeuHi IS TIONMHH 3aXBOPIOBaHHS, K (DIIF00PO3 3y0iB
i ckenera. Moro Benmka KibKiCTb TaKoxK MIPHU3BOIUTH 0
3B’3yBaHHS HOHIB MarHifo Ta KajbIif0 B OpPTaHi3Mi, IO
CIpUsi€ BIIKITAJCHHIO HOTO y HUpPKAX, JIETEHSIX Ta M s3aX
Onyop € CTIHKUM KOMIIOHEHTOM TIPHpOAHUX Box. [loTpa-
wistHESA DIyopy y piukd BiIOyBaeThCS MEPEBaKHO 3 IPYH-
TOBHMH BOJIAMH, TOMY B TICpiOJ IIOBEHI HOTO BMICT 3HIXKY-
eThes. KoHIIEHTparist y pigHIX BOJax 3aJICKUTh TaKOXK Bij
3apeTyIbOBaHOCTI PIYHOTO CTOKY [8; 9].

@Docghamu TO-pi3HOMY BIUTUBAIOTH Ha OpraHi3m. Tomy
mo caMm (ochop BXOAWTH A0 CKIANy BCiX TKaHWH, Oepe
y9acTh y OOMiHI PEYOBHH, HEOOXITHUH A HOPMaJIbHOT
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poOoTH cepIist, MO3KY, M sI3iB i HEpPBOBOI CHCTEMH. 3aXBO-
pIOBaHHS KiCTOK MOXXYTh BUHHUKHYTH 4epe3 HecTady (oc-
¢dopy B opranizmi. Hagmipae crioxxuBanHs pochopy Moxe
MIPU3BECTH O MiIBUIICHHS piBHA Qochopy B KpOBi, IO
TpHU3Be/ie 10 BUHUKHEHHS CEYOKaM STHOI XBOPOOW TOIIO.
Kpim Toro, docdarn mopyuryroTe KHCIOTHO—ITYKHUH
OamaHc 3aXMCHOTO IIApy KIITHH 1 MOXYTh BHKINKATH
3axBoproBaHHA mKipu [10; 11; 12].

Konnenrparii xzopudie ma cynvgpamie y moBepxHe-
BUX BOAAX IIJISATAalOTh IIOMITHIM CE30HHUM KOJIMBaHHSM,
10 KOPETIOETHCS 31 3MIHOI0 MiHepai3amii Bomu. 3araiom
TeBHUH (POHOBUI BMICT JaHWX CITONYK MPHUCYTHIH Maibxke
y BCiX BOmo#Max, MpoTe iX BKpail BEIHKi KUTBKOCTi, 0CO-
OJIMBO B MUTHHX BOJIAX, MOKYTh CTAHOBHUTH IIEBHY 3arpo3y
37I0pOB’I0  JIIOAWMHH, 30KpeMa  IIUTYHKOBO—KHIIKOBOMY
TPaKTy.

Baoicxi memanu, MO NOTPAIUIAIOTH 13 aHTPOIIOTCHHUX
JoKepen 3a0pyaHEeHHS, IOMITHO BIUIMBAlOTh HA BOIHI CHC-
temu. lle BimOWBaeThCS y MIABHINCHHI X BMICTY y BOII,
JOHHUX BiJKIAJEHHAX Ta 0i0Ti, MO TMPHU3BOIAUTH 10 3HU-
JKEHHS TPOXYKTHBHOCTI BOJIHUX EKOCHUCTEM i 1O IOTEH-
ifHOI 3arpo3w IS JONCTBAa. HakomWdeHHS B opraHi3mi
JIOMMHA BKKUX METAIliB, 30KpeMa KaaMifo, CBUHITIO, Mi/li,
3aliza MOJKe CIIPHYMHHUTH CHJIBHY TOKCHYHY Jif0 Ha opra-
Hi3M, 30KpeMa TPHU3BECTH IO MOPYIICHb CHY a00 BHKIH-
KaTH HOTO BiJICYTHICTH, CIIPOBOKYBAaTH HEPBOBI PO3JAJH,
TIPU3BECTH A0 OHKOJOTIYHHX 3aXBOproBaHb [12; 13].

[TincymoBytouH, 3a3HA4MMO, IO INEPEBUINCHHS IIepe-
BaXHOI OIMBIIOCTI TigPOXIMIYHUX ITOKa3HHUKIB (30Kpema
BMICTY HEOPTaHIYHUX PEUOBWH) MPHU3BOAUTH JO CYTTEBUX
MOPYIICHb V¥ POOOTI €KOCHCTEM Ta CTAaBHUTh i 3arpo3y
3IOPOB’Sl Ta KUTTS KUBUX OPTaHi3MiB, IO BIacHe U 00y-
MOBITIO€ HEOOXITHICTh PEryIsIpHOTO MOHITOPHHTY TigpOXi-
MIYHHX ITOKa3HHUKIB Y IPUPOTHIX 00’ €KTaX.

OzHaueHi BHUIIE TPoOIeMH HE OMUHYIH 1 HAIIIOTO perTi-
ony. [Ipobiema 3a0pynHEHHS TPUPOIHUX BOJ TICHO TIOB’ -
3aHa 3 IPo0IIeMOI0 3a0€31e9YeHOCTI TPICHOI0 BOJIOI0, TOMY
CTIOCTEPEKEHHIO Ta KOHTPOITIO 32 piBHEM 3a0pyIHEHHS BOI-
HUX 00’ €KTIB Ma€ MPUAIIATHCS 0coOnmBa yBara. 30Kpema,
3a pe3yNbTaTaMy MONEePEHIX JOCHIKEHb IeSKUX BOIHUX
00’extiB CyMchKoi o6iacti Oymo HeomHOpa3oBo 3adikco-
BaHO IIEPEBUIICHHS BMICTYy HEOPTAaHIYHUX 3a0pyIHUKIB
(mitpariB, ¢ocdariB, ¢ryopumiB, HWOHY aMOHIIO TOIIO)
Yy TIOBEpXHEBHX Ta MiI3eMHUX Bomax [14; 15].

3rigHo 3 TigporpadidHEM Ta BOJOTOCIIOTAPCHKUM
paiionyBanHsIM, Teputopis CyMchKOi 00NacTi HaJleKHUTh
1o Gaceitny piukm [Hinmpo. Y Mexax obmacti meit 6aceitn
TIOAITIsIEThCA Ha J1Ba cyOOaceitan: npudamnsno 53 % tepurto-
pii obmacTi 3HaXOmUTHCA y cyObaceiini cepeqaporo JHinpa
(me mpotikarote piuku Ilcen, Oxrupka, Bopomas, Bop-
CKJIa Ta pO3MiIIeHi o3epa, 30kpeMa 03. IrHaTeHKoBe), a 47
% —y cy60aceiini piuku [lecna [16].

Micto OxTupKa, K IPOMHUCIOBHH Ta HACEICHUH IEHTP
CymMcrKoi 06macTi Ykpaiau, Mae psii BOTHUX 00’ €KTIB, CTaH
SIKUX TIOTpedye TOCTIHHOTO MOHITOPHHTY Ta aHamizy. Lle
00yMOBJICHO, 30KpeMa, HasBHICTIO HadTorazoBHI00yBHOI
TIPOMFCIIOBOCTI B PETiOHI Ta iHIIMX BETHKHUX MPOMHICIOBUAX
00’€KTiB, IO CTBOPIOE TOTEHINIIHI PU3UKH 3a0pyIHEHHS
MiI3eMHUX Ta MMOBEPXHEBUX BOJ Pi3HOMAHITHUMH XiMid-

HUMH PEYOBMHAMM, II0 MOXKEC HETAaTWBHO BIUIMBATH Ha
AKICTb BOTHHUX PECYPCIB.

3a JaHUMH EKOJOTIYHOTO MACTIOPTY B OCTaHHI POKH
301IBIIUBCS 00’ €M CKUIaHHS 3a0pYTHEHUX 3BOPOTHHX BOJ
y rigpororiuni 06’ ekt M. Oxtupka [16].

3a pe3ympraTaMH OCTaHHIX JochimkeHb 2024 poky
Oy7I0 BCTaHOBIEHO, MO cTaH p. OXTHpPKA JOCUTHh KPUTHY-
HUH — (iKCyeThCS OOMUTIHHS, 3MEHIIICHHS BOTHOCTI PiUKH,
TIEPEBUIICHHS JIOMYCTHMHUX HOPM PO30paHOCTI OaceifHy,
3MIMIEHHS OKPEMHX HMPUPOAHUX YTBOPIB pycna (1o 20%)
BHACIIIOK JiSTIBHOCTI JIFOAWHH, 110 TPU3BOIUTH IO ITi/IBU-
IICHHS BPA3JIMBOCTI BOJOHMH IO aHTPOIIOTEHHOTO BIIJIUBY
[17].

OxpiM  XIMI9HOTO 3a0pymAHEHHS, CIOCTEPIracThCs
¢disnune 3a0pyaHEHHS pycia pidku. HakommdeHHS TBep-
JINX TOOYTOBUX BiZXOiB, OyAiBETHHOTO CMITTSI Ta POCIHH-
HUX 3QJINIIKIB TPU3BOANUTH 10 3MEHIIEHHS IPOTOYHOCTI,
3aMyJICHHS Ta 3MIHHU TiAPONOTiyHOTO pekumy. OcoOmmBo
HETaTUBHUK BIUIMB MAalOTh TiAPOTEXHIUHI CIIOPYAH, TaKi
K 1aMOW, SKi CHPUYHHSIOTH 3aCTi BOIM Ta TOTipIICHHS
ii sxocTi [18; 19].

Biomoriune 3a0pyaHEeHHS MPOSBISAETHCS Y eBTpodikamii
BOJIOMMH, III0 XapaKTEePU3y€eThCS IHTCHCUBHUM PO3BHTKOM
BomopocTeit Ta iHmuX Tigpoditi. Lle sBuime 3ymoBieHe
HaJMIpHIM HAJXOIKCHHSIM OIOTCHHHUX €JIEMEHTIB, TaKUX
AK a30T 1 pocdop, 3 CLTHCHKOTOCTIOAAPCHKIX YTiIh Ta KOMY-
HaJbHUX CTOKIB [10].

BonmHowac KiTBKiCTh KOMIUIEKCHUX aKTyaJbHUX IOCHTi-
JUKEHB TIAPOXIMITHOTO CKIIQAy BOAHUX 00’€KTiB M. OXTH-
pKa HEIOCTaTHA, IO CTBOPIOE iH(POPMAIIIHHI IPOTaTNHI
Ta YCKIJIAJHIOE TPUIHATTS OOTPYHTOBAHHX PIIICHb MIONO
OXOPOHH Ta PaliOHATBHOTO BUKOPHCTAHHS BOJHHUX PECyp-
ciB.

TakuM 9UHOM, MOCTIKCHHS TiAPOXIMIYHOTO CKIIATy
BOIHUX 00’€kTiB M. OXTHpKa € aKTyaJbHUM, Pe3yIbTaTH
SKOTO MAaTHUMYTh 3HAUEHHS IS 3a0€3ME€UCHHS EKOJIOTIUHO1
0e3TeKn perioHy, OXOPOHU 3/I0pOB’S HACENICHHS Ta parlio-
HAJIbHOTO BUKOPHCTAHHS BOAHUX PECYPCIB B YMOBAxX Cydac-
HUX EKOJIOTIYHHUX BUKIIHKIB.

Meta gocJifKeHHsI — KOMIUICKCHHH aHai3 TiApoxi-
MIYHOTO CKJIaTy BOTHUX 00’€KTiB MicTa OXTHpKa 3 BU3HA-
YeHHAM SKICHUX Ta KUTBKICHHX TTOKa3HHUKIB XiMIi9HOTO
CKJIaTy BOJIH, OIIIHKOIO EKOJIOTIYHOTO CTaHy BOIHUX pecyp-
CiB Ta BCTAHOBICHHSAM CTYICHsS iX BIAMOBIAHOCTI caHi-
TapHO-TITI€HIYHUM Ta EKOJIOTIYHUM HOpPMaTHBaM.

Marepiann Ta MeToau. BpaxoByiouu, 1o pe3yasTaTh
ofiepKaHI B XOAI BUMIpIOBaHb TiIPOXIMIYHHX TOKa3HU-
KiB Oe3mocepenHbo 3alexarh Bi OOpaHUX METONHK, iX
mig0ip 3MiHCHIOBABCS BPaXOBYIOWH CITiBBITHOIICHHS TOY-
HOCTI, IBU/IKOCTI Ta ONTHMAaJIHHOCTI IPOBEICHHS aHAI3Y.
Bci BukopmcTaHi METOAWKH € CTaHIAPTHUMH Ta MAaloTh
JOCTAaTHIO TOYHICTh, AJISI TOCATHEHHS MOCTAaBJICHOI METH
[20].

Binbip 3pa3kiB mpupomHOi TOBEPXHEBOI BOAM IS
JTAHOTO JIOCIHIHKEHHS 3IIMCHEHO 3 BEPXHBOTO IIapy BOIH
(mo 0,5 m). ITicns BimOopy, st 30epeXeHHS CKIIaay 3pa3KiB
BOIIH, iX OYyII0 OXOJOMKEHO 10 Temneparypu 2—4 °C. Axai3
TiPOXiIMIYHHUX MTOKAa3HHUKIB MPOBEIECHO B HAMKOPOTIII Tep-
MiHH TicIs BigOOpY, MPiOpUTET Yy BU3HAUCHHI OylI0 HATaHO
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MOKa3HWKaM, 0 HaWIIBUAIIE 3a3HAIOTh 3MiH (TMTOKa3HUK
pH, BmicT HiTpuTiB i T.1.) [21].

Jlis BUMIpIOBaHHS TiIPOXIMIYHAX MOKa3HUKIB y Bifi-
OpaHmX MpoOax BUKOPUCTAHO HACTYITHI METOIM:

— Ilpsma moTeHmiOMETpiss — BMICT HOHIB aMOHIO,
(ryopumiB, XJIOpHUIIB, HITpaTiB, a TakoK 3Ha4eHHS pH
MOKA3HUKA.

— AromHa abcopOrist — BMicT HoHiB Kympymy.

— Komopumertpist — BMicT opTodocdariB Ta HITPUTIB.

— TypOigmmerpist — BMiCT CyabQariBs.

Pesyabratu. [ns pocmimkeHHs Oyno oOpaHO iy
HU3KY BOJOWM Ha TepuTopii M. OXTHpKa Ta B HOTO OKOIH-
X. AHami3 TiIPOXIMIYHUX ITTOKa3HUKIB OyJ0 3IiHCHEHO
B 3pa3Kax BOJM 3 HAaHOITBIINX BOMOMM JaHOI MiCIIEBOCTI
JUTSL OTPUMAaHHS KOMITJIEKCHOTO YSIBIICHHS PO CTaH ITOBEPX-
HEBUX MPHUPOTHHX BoA y M. Oxtupka. Cepen oOpaHuX st
BUBYCHHS 00’ €KTIB HACTYITHI BOIOWMHU:

— p. Oxtupka — nputoka p. Bopckiia, Haiibinpma piuka
MicTa, TOBKHMHA CKJanae Onm3pko 28 kM (BimiOpaHo mpobu
Nel-3: mTy4nuii cTaBOK Ha TOYATKy PIUKH, Ha CEpemuHi
piuky — B paifoHi IIEHTPaIFHOTO MapKy MicTa, Ha KiHIEeBii
TUISHIT pIYKA — Ha 3aX1IHIH OKONHUII MicTa);

— o3epo IrnarenkoBe (mpoda Ned) — Benmmka Bomoiitma
Ha TIBIECHHO—3aXiIHIA OKOJHUII MicTa, IO 3a3HA€ CYTTeE-
BOTO aHTPOMOTEHHOTO BILIMBY, 30KpPEMa Yepe3 CTOKHU 3 PO-
MUCJIOBHX 00’ €KTIB;

— o3epo bime (mpoba Ne5) — poswmimene B 3aximHiid
YaCcTHHI MiCTa, 3a3HA€ BIUIMBY BiJI MPHIICIIAX JOMOTOCTIO-
JIapCTB;

— o3epo Ynkanose (mmpoda Ne6) — 3HaXOTUTHCS B ICH-
Tpi MicTa, IIITBHO OTOYEHE MPUBATHUMH JIOMOTOCIONap-
CTBaMH;

— p. 'ycunka — mputoka p. Bopckina, moBxuHa OIH3BKO
20 KM, YacTKOBO TPOTiKa€ Ha IBHIYHIA OKOJHIN MicTa
(poGa Ne7).

Ha pucynky | mogano BinnmoBigHy KapTocxeMy Bindopy
mpoo.

JlocmimKeHHsT TpOBeIeHe B TEpiof Ipyroi TOIOBHHH
KoBTHS 2024 poxky. Ilin gac HBOTO BimiOpaHo 7 mpoO Bomu

[4

03 IrHaTenxoBe,

Google Earth

3 BKa3aHMUX BUINE 00 €KTIB IS KUIBKICHOTO JIOCIIDKEHHS
3Ha4YEeHb 32 HHU3KOKI TIAPOXIMIYHMX ITOKAa3HWKIB: OCHOBHI
HeopraHiuHi cronykud HitporeHy (BMICT HITpaTiB, HITPHTIB,
HOHIB aMOHi0), BMicT ryopuniB, oprodocdaris, cyibda-
TiB, XJIOpUiB, pH MOKa3HUK, a TakoX BMICT HoHIB Depymy
ta Kympymy. Pesynbraru BiImoBiTHIX BHMipIOBaHb TIOIAHO
HIDK4Je B Tadmmmi 1.

3 tabnumi | 6adnmo, 10 BOJHEBHU IOKa3HUK B YCIX
JOCTTKEHNX 3pa3Kax mepeOyBae B [iama3oHi, o BimoBi-
Jae ciabkomyxHoMy cepenosuly. [l{omo ocHOBHIX HEOp-
TaHIYHUX CTONYK HiTporeHy cuTyarlist HacTyIHa:

— TIEPEBHIICHH JOITyCTHMOTO BMICTY HITPHTIB B JKOJ-
Hiif 3 Ipo0 He (ikcyBamoch, BOHN OynH BUSBJICHI JIAIIC
B MaJIUX KIJIBKOCTSX;

— KUITBKiCTh HITpaTiB Oyna mepeBuIeHa B 4—x i3 7-Mu
3pa3KiB, a caMe B ycix npodax 3 p. OxTupka Ta 03. [rHaren-
KOBe, TIEPEBHIICHHAS B Aiana3oHi 2—6,9 ['JIK;

— 3adikcoBaHi HaAMIpHI KITFKOCTI HOHIB aMOHIIO ¥ 5—
TH 3 7-Mu npobax B miamazowi 1,1-8,5 TIK, HaitBumi 3Ha-
4eHHd y 03. [rHaTeHKoBe Ta 03. bine.

[IpoanamizyBaBImI HaBeleHI MdaHi, OaduMO CyTTEBE
3a0pyaHEeHHS BOmoWM M. OXTHpKa HEOPTaHiYHHUMH CIIO-
mykamu HiTporeHy, momnpu BiCYTHICTh HITPHTIB, 3HAYHUI
BMICT HOHIB aMOHIIO Ta HITpaTiB y 6aratbox 00’ €KTax CBif-
YHUTH PO AOBTOTPHUBAJIE 3a0pyAHEHH, IO TPOIOBKYETHCS.

Taxox B X071 aHaTi3y 3a(iKCOBaHO 3HAYHHIA BMICT XJI0-
puI— Ta Cynb(paT—aHioOHIB Y IEKIJIBKOX 03epax:

— xmopumgn — B 3—X 3 7-Mm mpobax B Mexax
1,1-1,3 TAK (Bci mocmimkeHi o3epa);

— cympatd — B 2-X 3 7-MH mpodax B KITBKOCTI
1,8 TJIK (o3epa Ywnkamnose Ta bine).

CTOCOBHO IHIMIMX JOCTIKYBAaHUX TiAPOXIMITHIX
MTOKAa3HUKIB OyI10 3aiKCOBaHO TOMipHi TIEPEBUIICHHS Jes-
KHX 3 HAX y KUTBKOX TIpo0ax:

— BMicT ¢uyopumiB — y 2-X 3
(mo 1,3 TJIK);

— BMicT HoHIB Pepymy — y 2-Xx 3 7-Mu mpobax
(1,3-1,9 T'ZIK);

— BMicT pocdatiB — y 11 3 7-mu ipo6 (7o 1,7 I1IK);

7-mm  mpobax

Puc. 1. Kaprocxema To4ok Bindopy 3pa3kiB Boau y M. OxTupka
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Tabmur 1

IMoxa3HuKH rixpoxiMiuHoro ckjaay 3paskis 3 Bogoiim M. OxTupka

Onununni Ne [1poou
Mokasmui | “Jpiny | 1 2 3 4 sp 6 7 TIK[18] (vr/)
NH4 M/ 1,43 2,90 372 I 45 R 2,6
cr wr/n 69,1 108,1 1380 3978 4316 4682 1559 350
F- M/ 1,18 1,22 1,04 1,56 0,61 0,59 0,72 1,2
NO:- mr/n <01 <0, 0,11 0,11 <01 <01 0,23 33
NOs v [ 0: Bl o 36,7 40,1 45
SO M/ 2434 3248 3322 281,7  890,1 9151 1521 500
PO wr/n 0,27 1,97 2,04 5,89 0,25 1,28 0,46 35
Fe wr/n 0,13 0,24 0,40 0,56 0,13 0,13 0,10 0,3
Cu /i 0,5 <0,5 <0,5 <0,5 <0,5 <0,5 <0,5 1
pH - 8,40 8,09 7,80 8,14 7,45 732 7,24 -

Tpumimxka: nomapanyesum Korbopom 6 maonuyi 6udileHo 3nayents, wo cmanosisimo 1-2 IJIK, uepeonum — mi, wo nepesuyyoms

TJIK 6invwt Hiowe 6 2 paszu.

— BMicT HoHiB Kynpymy — He OyJ10 epeBHIIEHO B KO-
Hill 3 mpo0o.

OTxe, 3a pe3ynbraTaMi KOMIUIEKCHOTO TiJpOXiMIi4HOTO
aHajizy BoIHHMX 00’ekTiB M. OxTHpka Oyino 3adikcoBaHO
TIePEBHIICHHS HU3KHU ITOKA3HUKIB.

SIKI110 TOPIBHATH OZiepKaH1 HAMU PE3yIbTaTH, 3 JAaHUMHU
TIOTIepeIHIX JIOCHI/PKeHb TiIPOXIMIYHOTO CKJIaay MOBEpX-
HEBHX BOJ Ha TepuTopii M. OXTHpKa, 30KkpemMa p. OXTHpKa,
CIIOCTEPIraeMo CyTTEBE TOTIPIICHHS EKOJIOTIYHOI CUTYaIlii.
HasiBHe omipHe 3pocTaHHS BMICTY Y BOAI XIMIYHUX pedo-
BUH, 1110 3HAaYHO BIUIMBAIOTH HAa PiBEHb MiHepaJi3alii Bojo-
iimu (cynbdarn, XJIOpUIH), a TAKOXK 3HAYHI TIEPEBUIICHHS
I'JIK 3a B7micTOM y BOji JIesikux Heopraniunux ¢popm Hitpo-
reHy (MOHM aMoOHil0, HiTpar-ioHn) [22; 23].

O3HaueHa HEraTWBHA JIWHAMIKa 3MiH TiAPOXiMI9HOTO
CKJIaJ1y TTOBEPXHEBUX BOJI JAHOTO PETiIOHY 3yMOBIIIOE HEOO-
XITHICTh ITPOBEJCHHS MOAAIBIIAX JOCII/DKEHb 3 METOI0
KOHTPOJIIO T 3a1100iraHHIO MOAIBIIOMY TIOTIPIIEHHIO eKO-
JIOT1YHOT CUTYall.

BucHoBku. B X011 BUBYCHHS T1IPOXIMIYHOTO CKIATY
MTOBEPXHEBUX NMPUPOAHUX BoJ M. OXTHUpKa, MU AIHIUIN

BHCHOBKY, III0 Maixe BCl gociimkeHi 00’ exktu (p.OxTu-
pka, o3epa bine, Unkanose Ta [IrTHaTeHKOBE) 3HAXOMSITHCS
B HE3aJOBUILHOMY CTaHi 3a iX TiJpOXiMIYHUMH ITOKa3-
HUKamu. Ha Hamy QyMKy, OCHOBHOIO MipOIO TaKUi CTaH
JMOCTIPKEHUX BOJIONM OOYMOBJICHUH aHTPOIOTCHHUM
HABAHTA)XKCHHSIM: CTOKHU Ta BUKUIH 3 IPUBATHUX Ta KOMY-
HAJBHUX TOCIOIAPCTB, & TAKOXK MisNTbHICTH TPOMHUCIOBUX
MiIIPUEMCTB. AHTPOMOTCHHUN XapaKTep 3a0pyIHCHHS
BOJIOWM TIiATBEPIKYETHCS TMOKA3HUKAMHU OJICPKaHUMHU
IpH JOCHiPKeHHI Boau 3 p. ['ycuHKka (mepeBUINEHb 3a
JKOJTHUM 3 BHMIPIOBAHUX MOKA3HHUKIB HE BUSIBJICHO), IS
piuKa 3HAXOJUTHCS HA OKOJHUIIX MICTa Ta BiJancHa BiJ
IIiTbHOT 3a0yJOBH 1 MPOMHCIOBUX 00 €KTIB, a BIATaK
3a3Ha€ MCHINOTO BILTUBY BiJl IIOACHKOI AisuTbHOCTI. BBa-
JKAEMO JIOUJIEHUM MOHITOPHHT JAHUX BOJAONHM y MaiiOyT-
HBOMY 3 METOI0 (pikcarii 3MiH B IX €KOJIOT1YHOMY CTaHi,
a TaKOX 3alpOBAKCHHS BIAMOBITHUX 3aXOIiB y pasi
noripmeHHst cutyanii. 1li 00’ekTH € OgHUMHU 3 KIIFOYO-
BHX BOJHUX PECypPCIB IaHOTO perioHy. BinmoBigHO Bif iX
CTaHy HampsMy 3alie)KUTh 3I0pPOB’st Ta 10OpoOyT Hace-
JICHHSI.
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Tlodano kopomxy xapaxmepucmuxy pyooHOCHOCII AHOPIIBCHK020 PO3CUNHO20 POOOBULLA MUMAHOBUX PYO, SKe POIMILEHe 8 MENCAX
Kopcyno-Hosomupzopodcvkozo naymony Ineynvcvkoeo mezabnoky Yipaincvkoeo wuma. Ipodykmusnumu ioxiadami pooosuuyd
€ aNM-HUNCHLOATLOCHKI ANIOBIANBHO-0eNI08IANbHI YIMBOPEHH s, AKI npedcmaeieni NiyaHuMy KAoTiHUCMumMu 8I0K1A0aMU ma nepegio-
KIAOeHUMY KAOTTHAMU, YACTKOB0 YemeepmuHHULl antosill (8 niHiuKill YacmuHi) i, iH0Oi, Y30epedCcHO-MOPCHbKI NICKU BEPXHBO20 ANbDY.
Huoichboxpeiioosi konmunenmanvii 6i0K1a0u BUNOGHIOIONb MEKMOHIYHO-EPO3IHI NATe000IUHY 8 KOPI GUBTMPIOSAHHS KDUCIANTUHUX
nopio gynoamenmy. 3a OanuMu XIMIUHO0 AHANI3Y LTbMEHIMY 0CIONCEHO TAMEPATbHULL PO3NOOLL Yb020 MIHEPATy 3 PISHUM GMICIOM
oxcudis (Ti0,, FeO, Fe,0, FeO/Fe,0, V,0, PO, Cr,0,) y nuicuvoxpeiidosux konmunenmanohux sioxiadax Andpiiecoko2o podo-
suya. 3’1c08aHo, Wo XiMiuHULL CKIA0 I NPOCMOPOBULL PO3NOOLL CepeOHbOe0 BMICMY LIbMEHIMY 3 PISHUM MICHOM OKCUOI8 00YMO6e-
HULL 0COOTUBOCMAMU MIHEPATOYMBOPEHHS 8 KDUCTNATIUHUX HOPOOaxX (YYHOAMEHNY, 2iNepeeHHUMIU NePemBOPEeHHAMU MIHEPALY 8 PIZHUX
30HAX KOPU BUBIMPIOBAHHA Ma mpanchopmayieio minepary npu cedumenmozenesi i diaeenesi ocadis. Ha ocnogi ananizy pesyniomamie
XiMiYHO20 aHANI3Y NbMeHImY UABNEHO, WO CMYNiHb 3MiHeHocmi inbmeHimy Anopiigcokozo pooosuwya € Hesnaunui. Cnid 3asnavumu,
Wo cmyninb 3MiHeHOCmi LIbMeHimy 6 niyanux giokIadax dewjo Gitbwil, anixc y nepesiokiadenux kaoiinax. Lle obymosneno oinvut
[HMEHCUBHOIO | MPUBATION MPAHCHOPMAYIEIO LTbMEHIMY 8 NI AHUX YMBOPEHHSX Y NOPIGHSHHI 3 NepegioKIadeHUMU KAoTiHamu. 3aeanom
¥ HudicHboKpelidosux sioknadax emicm Ti0, 6 inomenimi —44,71-56,21 %, emicm Cr,0,— 0,017-0,027; sionowenns FeO/Fe,0,~ 1,11-
4,15. Le ceiouums npo me, wjo LibMeHim y HUHCHbOKPEUOOBUX BIOKIA0AX CAO0 3MIHeHUll I MA€ 6UCOKY AKICmb. JJocniodceno Hanpam
i cuny KopenayitHux 36 3Ki6 Midc OKcuoamu 8 inibMeHimi. 3 Ac08aHO, Wo 8 itbMeHimi 3 nianux i0K1A0i8 i nepesiokIA0eHUX KaoNiHig
Haagnutl 0beprenuti cutbhull Kopenayitinuil 36 'asox misc emicmom FeQ i Fe,0,; P,0:i V,0.

Kniouosi cnosa: Anopiiscoke podosuwye, eeonoziuna 6y008a, pyOOHOCHICMb, HUNCHbOKPEUOO08i KOHMUHEHMANbHI GIOKIAOU, ibMe-
Him, XIMIYHUIL CKILAO, CMYNIHb 3MIHEHOCI, KOPENAYIUHI 36 S3KU.

Kovalchuk Myron, Kroshko Yuliia. Ilmenite from the lower cretaceous continental deposits of the Andriyivsky placer
deposit of titanium ores

A brief description of the ore-bearing capacity of the Andriyivksky placer deposit of titanium ores, which is located within the Korsun-
Novomyrhorod pluton of the Ingul megablock of the Ukrainian Shield, is given. The productive deposits of the Andriyivksky deposit are
Aptian-Lower Albian alluvial-deluvial formations, which are represented by kaolinite sandy and redeposited kaolins, partly Quaternary
alluvial sands (in the northern part) and, sometimes, coastal-marine sands of the Upper Albian. Lower Cretaceous continental deposits
lie in a tectonic-erosional paleovalley in the weathering crust of crystalline basement rocks. According to the chemical analysis
of ilmenite, the lateral distribution of this mineral with different oxide contents (TiOz, FeO, Fe0, FeO/FeZOj, V.0, PO, Cr203)
in the Lower Cretaceous continental deposits of the Andriyivksky deposit was investigated. It has been established that the chemical
composition and spatial distribution of the average content of ilmenite with different oxide contents is determined by the peculiarities
of mineral formation in crystalline rocks of the basement, hypergenic transformations of the mineral in different zones of the weathering
crust, and the transformation of the mineral during sedimentogenesis and diagenesis of sediments. Based on the analysis of the results
of chemical analysis of ilmenite, it was found that the degree of alteration of ilmenite in the Andriyivsky deposit is insignificant. It
should be noted that the degree of alteration of ilmenite in sand deposits is slightly higher than in redeposited kaolins. This is due to
the more intense and prolonged transformation of ilmenite in sand formations compared to redeposited kaolins. In general, in Lower
Cretaceous deposits, the TiO, content in ilmenite is 44.71-56.21%; the Cr203 content is 0.017-0.027; the FeO/F 6203 ratiois 1.11-4.15.
This indicates that ilmenite in Lower Cretaceous deposits is slightly altered and of high quality. The direction and strength of correlation
relationships between oxides in ilmenite were investigated. It was found that in ilmenite from sand deposits and redeposited kaolins, there
is a strong inverse correlation between the content of FeO and Fe,0,; P,O; and V,0..

Key words: Andriyivsky deposit, geological structure, ore bearing capacity, Lower Cretaceous continental deposits, ilmenite,
chemical composition, degree of alteration, correlations.
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Beryn. Tutan HanmeXuTh A0 CTPATETiYHOI MiHEPaTBHOI
CHPOBHHH 1 € OCHOBOIO €KOHOMIYHOTO 3pOCTaHHS Ta 000-
poHo3maTHOCTI nepxasu [1]. Ykpaina Boiomie 3HAYHUMHU
3armacaMy TUTAaHOBUX Py, AKi 30CEpeKeHi B KPHCTaTid-
HUX Topofax (yHIaMEHTY, KOpi BUBITPIOBaHHS 1 pi3HOBI-
KOBHX 1 pi3HOTEHETHYHHX po3cumax [1, 2]. 3nauni 3amacu
TUTAHOBUX Py ITOB’s3aHi 3 Ta0po-aHOPTO3UTOBOIO PpopMa-
i€I0 KpUCTaTiuHUX Topix gyrmamenty [2, 3, 5]. ['abpo-a-
HOpTO3UTOBa (hopMamis YKpaiHCHKOTO IIHTa, 30KpeMa
B Mexxax KopcyHnb-HoBOMHPropoachkoro miIyToHy, MiCTHTB
pOIOBHINA i PyaONposiBH (GocdaTHO-TUTAHOBUX pyn (arma-
TUT-1JTBMEHITOBHX, allaTUT-THTAHOMArHETUT-1TbMEHITOBUX
Ta impMeHiTOBUX) [3, 5]. Ha croromuimHiii geHB po3po-
OTSIOTHCS JIHIIE PO3CUITHI pooBuia. Kopa BUBITprOBaHHS
y pasi BKIIOUEHHS ii 1O TMPOAYKTHUBHHUX BiTKIAIiB, PO3-
poOISIEThCA YACTKOBO CYIMYTHBO 3 KOHTHHECHETAIbHUMH
po3cunamu. 3acTOCYBaHHS TUTaHY B Pi3HUX Taly3sX IIPO-
MUCIIOBOCTI BH3HAYAETHCS WOTO SIKICHIMH XapaKTEePHCTH-
KaMH, SKi € ITOXiTHOI0 XiMiYHOTO CKJIaay TOJIOBHOTO HOCIS
TUTaHy — UTBMEHITY. LTBMEHIT B KpHCTANiYHUX MOPOIax
(byHIOaMeHTy, SK TPaBWIO BHCOKOI SKOCTI 1 Maibke He
3MmiHeHui. TpaHcdopmallis XiMI9HOTO CKIIAIy iTBMEHITY
TIOYMHAETHCSA B EK30T€HHUX YMOBAaX BHACIIIOK YOTO MiHe-
paJ 3a3Ha€ 3MiH i BTpavae IKiCHI TOKa3HUKHU. Jl0CiKeHHS
3aNIe)KHOCTI SKOCTI MITMEHTHOTO IBOOKHCY THTAHY Bif
PEYOBHHHOTO CKJIAAY ITBMEHITY MPOBOIIIIOCS Ha BIIOMHX
ponosummax Kopocrencskoro i Kopcyns-HoBomupropon-
CBHKOTO TUTYyTOHIB Ha MOYaTKy 80-X pOKiB MHHYJIOTO CTOIITTS
1 TIPOTOBKYETHCSI aBTOPAMHM ITyONiKaIlii 3 BUKOPUCTaAHHIM
I'IC-texnomoriit [4, 5]. Taki HOCTiKEHHS € BaYKITMBUMH,
OCKITBKH JIO3BOJIAIOTH 3°SICYBaTH MPOCTOPOBE MOITHPEHHS
UTBMEHITY 3 pPIi3HUM BMICTOM OKCHIB Ta Pi3HOTO CTY-
TIEHIO 3MIHEHOCTI B JOCTIKyBaHiil popMaIliitHii oxuHUII
Ta TPOTHO3YBATH SIKICHI XapaKTePUCTUKNA MiHEepary IIIOMN]
nerynamii. CaMe BHCBITICHHIO PE3YIIBTATIB JIOCIHIHKEHHS
ITBMEHITY 3 KOHTHHEHTAJIBHUX YTBOPEHB ANTy-HWKHBOTO
anp0y AHIPITBCBKOTO PO3CHITHOTO POJOBHIINA THTAHOBUX
PYI MIPUCBSIYCHA 11 CTATTS.

Marepiaan Ta MeTOAM T0CTiTKeHHS. MeTonnKo-Me-
TOMOJIOTIYHOI0 OCHOBOIO JIOCHI/DKEHHS CTaJlld HAyKOBi
HaTIpAITIOBaHHS aBTOPIB 31 CTPYKTYPHO-JITOIOTIYHOTO
MOJICITIOBAHHS Pi3HOBIKOBUX 1 PI3HOTEHETUYHUX PO3CHITIB
TUTAHO-NIIMPKOHIEBHUX MiHepaniB Kopcyns-HoBomupropon-
cpKoro Ta KopocTeHCHKOTO TUTYTOHIB Ta MiHEpaJorii po3-
CUITHAX MiHEpaliB. MeTOINKO-METOOIOTIYHOI0 OCHOBOIO
JOCTI/DKCHHST CTalll HAIPAIIOBaHHS aBTOPIB OO0 PYyHO-
HOCHOCTI AHZpiiBChKOTO pomoBuia [6—8] Ta nmarepaib-
HOTO TIOMIMPEHHS UTBMEHITY 3 PI3HAM BMICTOM OKCHIIB
y Mexax Tpocrsaumbkoro [4], ABpaMiBChKOTO 1 3aXiTHOTO
[8] pomoBumn THTaHOBHX pyA. IS TpOBEICHHS IOCII-
JUKEHb BUKOPHCTAaHO (PaKTUYHI JaHi, AKi MICTATBCS y 3BiTaX
BHPOOHWYMX opraHizariii. Ha ocHOBI y3aranpHeHH:, aHa-
i3y ¥ iHTepmpeTamnii MaTrepialliB BUpOOHNYMX 3BITIB Oyna
CTBOpCHA IThOBa aTpHOyTHBHA 0a3a JaHWX, SKa MiCTHUThH
KOOPJAMHATH, OMHC, PE3YIbTAaTH OMPOOYBAHHS CBEPATOBHH
Ta XiMig9HOTO aHami3y impMeHiTy. Kaprorpadiuni ta rpa-
¢iyni MOOYIOBY TIPOBECHO B MPOTpaMHOMY 3a0e3eueHHI
Golden Software Strater, Golden Software Surfer, sxi mann
MOYKJIUBICTB OCTIIUTH OCOOIMBOCTI MTPOCTOPOBOTO MOIITH-

PCHHS LIBMEHITY 3 Pi3HAM BMICTOM OKCHIIB Ta Pi3HUM CTY-
TIEHEM 3MIHEHOCTI.

Merta cTaTTi — IPEICTaBUTH PE3YABTATH TOCIiHKCHHS
JaTepaIbHOTO MOMIMPEHHS 1TBMEHITY Pi3HOTO CTYICHS 3Mi-
HEHOCTI Ta 3 Pi3HUM BMICTOM OKCHIIB y KOHTHHEHTAIbHIX
BiKJIaaX anTy-HIDKHBOTO anb0y AHAPIiBCHKOTO POIO-
BUIIA.

AHaJi3 mnomepegHix AOCTiMKeHb. Y MeXax IIiB-
JICHHO-3aX1AHO0T YacTUHH HOBOMHPTOpPOACHKOTO MAacCHBY
Kopcyns-HoBomMupropoacbkoro  MmiyToHy  IeoJjOTH-BH-
POOHMYHUKHM BHUOKPEMHUIN HHU3KY TEPCHEKTUBHHUX MiJIs-
HOK cepen skux — AmnnpiiBcbka [3]. PymoHocHicTh i€l
IUISHKA 3yMOBJICHA PYIOHOCHICTIO KPHUCTAIIYHHUX ITOPiT
(yHIaMeHTy 1 JIOKalli30BaHa B KOPi BUBITPIOBAHHS, HIK-
HBOKPEWIOBUX KOHTHHEHTAIBHHX, Y30€pEeXKHO-MOPCHKUX
Ta YETBEPTHHHUX aTIOBialbHUX Bifkmamax [8]. 3okpema,
[liBgenHo-YKpaiHChKa TeOJOTigHa €KCHEeTUIis I KepiB-
aunrBoM M.C. @emopenko y 1969-1970 pp. 3miticaHmna
3araibHi TIOIIYKH UTBMEHITOBHX PO3CHIIIB Y BiAKIamax
HIDKHBOT Kpeiiam B Mexax JleGemmHo-bamakmiiichkol
maneononwHu [8]. YV pesymeraTi MOUTYyKOBHX poOIT Oyna
BUSIBJICHA AHIpPIiBChKA MUISTHKA PO3CHITIB YETBEPTHHHOTO
Biky. Y 1971-1973 pp. poboramu IliBnerHo-Ykpaincbkoi
reoyiorigHoi excrnenumii min kepiBamiTBoM B.I. Ckopo-
0ad y Mexxax AHIPIiBCEKOI MUISHKH BHOKPEMIICHO TIOJIS
JUIS TIOCTaHOBKH ITOITYKOBO-OIiIHOYHKX pobiT [8]. IIpo-
maroM 1974-1976 pp. IliBoneHHO-YKpalHCBEKa TEOJOTidHA
eKCTIeUIIs 3aiiicHmIa i kepiBHUITBOM B.I. CropoOad,
B.I. Kapma3zeHko mOITyKOBO-OIIIHOUHI poOOTH Ha AHApI-
iBepkiit mimstaIi [8]. Y pesyabsraTi mONIykoBUX poOiT yacT-
KOBO JIOCITI/PKEHO PEIOBUHHHUH CKIIAZ i 30araqyBaHiCTh Py
Amnppiicskoro poscumy. 2016 poxy FO.B. Kpomrko mocii-
JIAIIA 1TBMEHITOHOCHICTD KOPH BUBITPIOBAHHS 1 MPOIYKTiB
il po3MHBY Ta TEpeBiAKIAJACHHS B MEKaX BEPXHBOI Tase-
oreuii JleObenmH-banakmifichKol IaneomonuHu, TOOYIy-
Bajia TU(PPOBI CTPYKTYPHO-TITOJOTIUHI MOZIETI arT-HIK-
HBOAITBOCBKHX 1 CEpPEeIHbOCONECHOBUX KOHTHHEHTAIBHUX
poscurmiB impMeHITY B Mexax KopcyHs-HoBomupropon-
CBKOTO TITYTOHY, 30KpeMa i AHAPiiBCHKOTO po3cutry [6—7].
VYV 2023 p. 10.B. Kpomko i M.C. KoBanpayk 10CITiauIn
CTPYKTYpHI 1 pPEYOBHHHI OCOOIMBOCTI HH3KH POIOBHII
TUTAaHOBUX Py Y KOPi BUBITPIOBaHHSA i KpeHIa-4eTBePTHH-
HuX Bimkiamax Hoommpropozacekoro i Kanizpkoro macu-
BiB, 30KpeMa i AHIpPiIBCHKOTO pomoBwa [8].

Pe3yabraTtH fmocaimkeHHsi. AHIpIiBCbKE pPO3CHITHE
POZIOBHINIE TUTAHOBUX PY/ PO3TAIIOBAaHE Y MEKaX JOJNHH
piuku Bermmka Buck Ta ii cxmmiB Ha Tepuropii HoBommp-
ropoznceKoro paitony KipoBorpaacekoi obmacti (Mixk Hace-
JeHUMU TTyHKTamu [BaHiBKa, TpostHiB, AHIpiiBKa, JlikapiB)
[8]. V reomoriuniif OymoBi AiMSHKH OepyTh ydacTh (3HHU3Y
Bropy): KpUCTaJliuHi mopoau (pyHIaMeHTy (TpaHiTH para-
KiBi, TaOpaTopuTH, MOHIIOHITH), iXHS KOpa BUBITPIOBaHHS,
KOHTHHCHTAJbHI Ta y30epeHO-MOpPCHKI BiIKIamu HIK-
HBOI Kpeiin, BIAKIIAAN MTAIeOTeHOBOI, HEOTEHOBOI CHCTEM,
YeTBEPTHUHHI alfOBiabHI BIIKIAIN JOIWHU pidku Bemmka
Bucs. OCcHOBHMMH THTaHOBMICHHMH TIOPOJIaMH € Jabpa-
JIOPUTH, SKi TOMMPEHI B MIBICHHIM YaCTWHI POTOBHUIIA.
TyT Takok HasBHE HEBEIWKOTO PO3MIpY TiIO MOHIIOHITIB.
Ha miBHOUI pomoBHIa KPUCTAIYHI TIOPOIH TIPENCTABICHI
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pamakiBiIOMOMIOHUMH TpaHiTaMH, cepen SKuX Jadpa-
JOPUTH W MOHIIOHITH YTBOPIOIOTH HEBENWKI 1307h0BaHI
JTUISTHKH.

Ha moponax kpucTamigaoro ¢yHIaMEHTy 3ajsarae ixas
KOpa BHBITPIOBaHHA. Y MEXKaxX POJOBHIINA TOBIIMHA KOPU
BuBiTproBaHHsA 0,2—32,0 M; Ha TOPOIaX OCHOBHOTO CKIIAIY —
1o 20 M [8]. Ha 6impmriit yacTHHI pOIOBHINA IPUCYTHS KOpa
BUBITPIOBAHHS KHCJIHX TOPiJ, sSKa MPAaKTUIHO € Oe3pya-
Ho10. Kopa BUBITpIOBaHHS CKJIQIA€THCSI 3 TPHOX 30H, CEpeN
SKHX BEPXHS — KaOJIiHITOBA 3HAYHO PO3MUTA (TOBIIMHA ITi€T
30HM 10 4,0 M). CepenHiif BMiCT MiHepaliB y KOpi BUBITpIO-
BaHHs POJIOBHUING, Kr/M’: imbMeHITY 15,95-61,5; tmpkomy
0,03-3,11 (cepenne 0,52); pyrnry 0,01-0,1 (cepemue 0,03)
[8]. Opeonu momMpeHHsI MiABUAIIIEHOTO BMICTY MiHEpaliB
TIPOCTOPOBO HE 30iraroThCs.

IIpoxykTrBHAa TOBImA AHAPIIBCHKOTO PO3CHITY TpPE-
CTaBJICHA B OCHOBHOMY aJIIOBIabHO-/ICNIOBIATEHUMHA
BIZIKJIQIaMH alTy-HIDKHBOTO ab0y, 9aCTKOBO YETBEPTHH-
HUM aJIIOBIEM i, B OKPEMHX BHITAJKaX, — y30epeKHO-MOp-
CBPKAMH BiJKJIaJJaMH BEpXHBOTO anh0y. OCHOBHHIT pymHo-
HOCHHH TIOTEHINiaJl 30CEpPeHKEHO B HIHKHBOKPEHIOBUX
KOHTWHEHTAJIPHUX YTBOPEHHSX, SKi BHIIOBHIOIOTH IaBHI
TEKTOHIYHO-€PO3ilHI MaJCoNONMHA B KOpPi BUBITPIOBAHHSI
KPUCTATIYHUX TOPix GpyHIaMeHTy. [ KOHTHHEHTAIbHUX
BiKJIAJIiB aNTy-HIDKHBOTO ab0y KOpa BUBITPIOBaHHS Oyia
MOCTAa49aIbHIKOM TEPUTCHHOTO MaTepiaiy i TNIOTHKOM.

KonTnHeHTambHI BiIKIaIN HIDKHBOI KPEHIN TOMIHUPEHi
Ha TIepeTHHI JonuHU piukn Bemmka Buck i Jlebeqmn-ba-
JAKTIHCHKOI Maneonenpecii, 10 skoi BOHU npuypodeHi. Ha
OKpEeMHUX iJITHKaX HIDKHBOKPEWUIOBI BIAKIAAM PO3MHUTI
BHACIIZIOK (hOpMyBaHHS CydacHOI JOMWHH piuku Bemmka
Buce. KoHTHHEHTaNBHI BIAKIIAAN TPEICTaBICH] CBITIO-Ci-
pPUMH TCKaMH KBapIOBUMH KAOJIHUCTUMH 1 KaoNiHAMH
TIePEeBiIKITaICHIMH.

TopmHa mepeBinkmageHux kaomidiB 0,6-23.6 M (B
cepennasomy 4,85 m) [8]. Cepenniit BMicT MiHepais, Kr/m>:
impmeHiTy 4,0-165,4 (cepenuae 46,65), mupkony 0,05-2.5
(cepenne 1,47), pytuny 0,01-1,5 (cepenne 0,07) [8]. IIps-
MU TOMipHHUHA KOPETAIIHHNN 3B’ 130K iCHY€E MK CepeaHiM
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BMicTOM ibMeHITY 1 1upkony (+0,30) Ta cepeaHiM Bmic-
TOM TIHpKOHY 1 pyTmmy (+0,48); mpsamuii craOkuit — Mix
CepemHiM BMICTOM 1IbMEHITY 1 pyTuiy (+0,24) [8].

ToBmmHa anT-HIKHBOATBOCHEKIX MICKIB
1,2-23,8 ™M (cepenne 8,41 m) [8]. [lepeBaxkarounii po3mip
3epeH mimanux Binknanis 0,3 MM, a BaXXKHX MiHEpaliB —
0,12-0,8 mm. Cepe/Hiii BMIiCT pO3CHITHUX MiHEpaiB, KI/M>:
impMeHiTy 2,85-83,58 (cepenne 3HaueHHS 22,57 M), mHp-
xoHy 0,03—11,96 (cepenne 0,47), pytmmy 0,01-4,8 (cepemne
0,14) [8].

MaxkcuManbHAN BMICT 1TBMEHITY B KOHTHHEHTAJIBHIX
Binkmagax craHoBuTh 182,7 kr/m>. Opeoin MOMMpPEHHS
MiABUIEHOTO BMICTY MiHEpaliB MPOCTOPOBO He 30ira-
1oTeCs. y)ke crmaOKi mpsiMi KOpEIAIiifHi 3B’ SI3KM ICHYIOTh
MiX BMICTOM 1UTbMeHITY 1 upkoHy (+0,12) Ta BMiCTOM ITHp-
KoHY 1 pyTmiy (+0,1); KopesmiiHuii 3B’ 130K Mi>K BMICTOM
UTBMEHITY 1 pyTHITy BiICyTHIH [8].

3araioM po3MONiN IMTBMEHITY B TICKaX KAOJTIHHUCTHX
1 TIepeBiIKIAIEHNX KaoNliHAX anTy-HIKHBOTO anmsl0y 3a
marepautio HepiBHOMipHUE (puc. 1). Jlingaku migBuie-
HOTO CEpEemHBOTO BMICT ITBMEHITY B HHKHBOKPEHIOBHX
KOHTHHEHTAJIBHUX YTBOPEHHSIX PO3MEKOBaHI y MPOCTOpi
(muB. puc. 1). Cmig 3a3Ha4NTH, MO TUTSHKA MiIBUIICHOTO
CepeIHBOTO BMICTY IJTBMEHITY Y TTICKaX KaOTIHUCTHX 1 TIepe-
BiIKJIaICHUX KAOJiHAX MPOCTOPOBO HE 30iraroThes. Y Bep-
TUKAJTHHOMY TIEPETHHI CBEPUIOBHH PO3MOALT BMICTY iTbMe-
HITY TaKOXK HeoqHOpinHMiA (prc. 2). HasgBHi Big ogHOTO 110
TPHOX PiBHIB 30aradeHHs IiCKy KaONiHHUCTOTO LTBMEHITOM
(muB. puc. 2).

VY36epekHO-MOPCHKi BiIKIIaIH BEPXHBOTO alib0y TOIIH-
peHi 371e0LTBIIoTo Yy CXimHil i MBICHHO-CXiMHIN YacTHHI
po3cHITy, e BOHH 3aJISTaloTh Oe3MmocepeIHk0 Ha KOpi BUBI-
TPIOBaHHSA, Ha PEIITi YaCTUHHU PO3CHUITY BOHH 30eperinCs
Bil PO3MHUBY y BHUINISAAI HEBEIHKHUX IUISTHOK HETPaBHIIb-
Hoi opmu. Ipexcraieni y30epeKHO-MOPCHKI BiIKITAIH
MTiCKaM¥ IIayKOHIT-KBapPIIOBUMH, CIFOAUCTIMH, CJIa00 TIH-
HUCTHMH, 3eJeHO-cipuMu. ToBmuHa Bimkiamis 0,5-20 w,
BMICT imbMeHiTy 20—60 kr/M® i jmIe B OKpeMHX Mpobax
carae 92,4 xr/m’.
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Puc. 1. I3orincu cepeanboro BMicTy (Kr/m’) ilibMeHiTY B nepeBiakiIaeHux kaosinax (a) i kaojginucrux mickax (0)
anTy-HUKHBOTO AJIL0Y

Croboxancekuid HaykoBuii BicHuk. Cepist: [Ipupoxnmyi Hayku, Bumyck 2, 2025 145




BuicT inbmenity,  BMICT pyTMny,

Ceepan. 3175 ) ki3 BMmiCT LMPKOHY,
Krfm3
oram
| O I e

0.06

23 5 =
B2 S s

ToBwuHa
FnubuHa onpobysanHs

BwicT pytun,
BMICT InbMeHT, ki3

BMiCT UMpKOH,
krim®

krim3

Ceepan. 3561

2
2 8
Toeumma o 3 £
nu6una o

1 .06

° 12 .03

10 1

" 13

1.3

25

(I mm

»n
>

N

b3
o
N

w
-}

Q

@
I

@
@

w
g

©
&
IS

w
&

@
9

@
&
IS

@
@

IS
3

2

&
9
kS

»
w

Puc. 2. Po3noaist BMicTy (Kr/mM?) iIbMeHITY, pyTHJIY i HIMPKOHY B MIIAHUX BiIKJIaAaX aNTy-HHKHLOIO0 aJIh0y
Y BepTHKAJLHOMY NepeTHHi CBepAIOBHH: a — cBepAsioBuHa Ne 3175; 6 — cBepasioBuHa Ne 3561

OmiromeHoBi BiIKJIau XapKiBChKOT CBITH MAlOTh BKpai
oOMeXKeHe MOLIMPEHHS Yy BUIVISAI OKPEMHUX HENPaBUIbHUX
OUISHOK Ha TIBOHI W Ha cXOmi AHAPIIBCHKOTO PO3CHILY.
[IpencraBneni BOHM MPAKTUYHO OC3PYyAHUMH MiCKaMH
KBapLOBUMH Ta DJIAYKOHIT-KBAPIIOBUMHU TOBIIMHOK [0
14 m.

MioreHOB1 BiIKJIaAW TOJITABCHKOI CBITH 30eperimcs
JIUIIE Y BUDIATI OKPEMHUX HEBENHWKHX JUISHOK 1 MpeacTaB-
nieH1 Oe3pyTHIMHU KBapIIOBUMH ITiCKaMH TOBIIUHOIO 3—8 M.
MioneH-ITiONeHoBI  BiIKJIaTu MaroTh BKpaik oOMexeHe
MOIIUPEHHS Y BUIIAAI OKPEMHX MAaJIOTO PO3MIpy Aifis-
HOK Ta MpPEICTaBJICHI MPAKTHUYHO OC3PYIHUMHU IJIMHAMU
YepBOHO-0ypOTO, TEMHO-CIpOTO, 3€JICHOTO 3a0apBICHHS,
OITPHUMH, 1HOAI  micKyBaTHMH. CepenHbOILTIONEeHO-
Bi-HIKHBLOYETBEPTHUHHI BIIKJIATU MalOTh BKpail 0OMexeHe
MOIIUPEHHS] Ha MiBAHI Ta TPEICTaBICHI Oe3pyIHUMH
MICKaMH LENISTHO-4YePBOHMMH Ta TIIMHAMH.

UeTBepTHHHI BiIKIaId MOIMIHUPEHI CYyIIIBHAM YOXJIOM
Ha BCili Tuiomli pomoBuina. Ha BOmoaiMbHUX AUITHKaX BOHH
MIPEJCTaBICHI CYINIMHKaMH, TOBIIMHOIO 10 20 M. Y Mexax
ponoBwuina, B MoiauHiI piuku Bemmka Buck, ae piuka pos-
MHBAa€ BEPXHBOKPEWUIOBI (BEPXHBOATHOCHKI) y30epex-
HO-MOPCBKI Ta HWXHBOKPEWUIOBi (anT-HIKHBbOATHOCHKI)
KOHTHHEHTAJbHI BiIKJIa1, TPUCYTHI Cy4acHI YeTBEPTUHHI
po3cunu iTbMeHiTy. He3HauHi MPUTOKH piuKH PO3MUBAIOTH
KOpY BHUBITPIOBaHHS KPHCTATIUYHUX MOPiax (yHIAMEHTY.
Pozcun (mosxuna 1o 4,0 xM; mupura 0,3-0,6 kM) ckia-
JIEHUH aTIOBIaTbHUMH ITICKAMH  CePEIHBO-BEITMKO3EPHH-
ctum, cipumu [8]. ToBmHA MicKiB 5—8 M, iHOAI 10 25 M.
ToBmuHa MPOXYKTUBHOTO TuTacTa 2,7 M. BMicT inmpmeriTy
30-61 kr/m® (cepenne 47 xr/v?) [8].

Jis 3°sicyBaHHA SKOCTI ITBMEHITY 1 IPOCTOPOBOTO HOTO
MOMIMPEHHS 3 PI3HUM BMICTOM OKCHJIiB, HAMH BHUKOPH-
CTaHO KOOPJAMHATH CBEP/UIOBUH Ta Pe3yJbTaTd XiMIYHOTO
aHaiizy ineMeHity. Pesynasratn kaprorpadigHoro Moaemro-
BaHHS TOIIMPEHHS CEPEIHBOTO BMICTY UIBMEHITY B MEXax

IUISHKH BimOopy i#oro mpo0 [uis XiMIYHOTO aHAizy
Ta JAaTepajJbHOTO TOMMPEHHS IIBMEHITY 3 Pi3HHM BMicC-
tom okeunis (TiO,, FeO, FeO,, FeO/Fe O,, V,0O,, P,O,,
Cr,0,) mpencrasneno Ha pucyHky 3. JlinaHKy nommpeHHs
L1bMeHiTy 31 3Ha4HUM BMicToM Fe,0, He3HaqHHM BMiCTOM
FeO i naiimenmmm Bignomennsm FeO/Fe,O, npocToposo
30iratotecs (IuB. puc. 3, 6, 2, 0). MeHII BUPA3HO 3 IUMHU
opeoaMu 30iraeThCs MPUCYTHICTD y BIAKIAAAX 1IBMEHITY
3 iemo 36inbmennmM BmictoM Ti0,.

Bwmict okcunis (%) B iTbMEHITI 3 TepeBiAKIaICHIX Kao-
JHIB aNTy-HWKHBOrO anb0y Takuid : TiO, — 44,71-51,38;
FeO — 31,05-31,86; Fe,O, — 10,02-11,58; FeO/Fe,O, —
2,68-3,17; V,0,-0,13-0,16; P,O, — 0,067-0,10; Cr,0O, —
0,023-0,027.

Bwmict oxcuaiB (%) B iTbMEHITI 3 HH)KHBOKPEHIOBUX
KOHTUHCHTAIBHUX IIIaHUX Bigknaaxie Takuii : TiO,
45,83-56,2; FeO — 24,2-35,75; Fe O, — 8,53-21,78; FeO/
Fe, O, — 1,11-4,15; V,0,-0,11-0,17; P,O, — 0,073-0,10;
Cr,0,-0,017-0,027.

Crig 3a3Ha9NTH, IO XIMIYHHH CKIIa UTBMEHITY 3 Pi3HIX
JITOTHITIB TOPiJ KOHTWHCHTAJIHHUX YTBOPEHH AaITy-HIK-
HBOTO a0y Maibke noxiOHumit. HesHauHi BiAMiHHOCTI TIpH-
cytni y Bmicti TiO,, FeO, Fe, O, Ta cniginnomenni FeO/
FeZO3. V mepeBiakiIaeHuX KaoJliHaX MICTUTHCS Maike He
3MIHEHMI €K30reHHUMHM IPOIeCaMH 1JIbMEHIT Ha 110 BKa-
sye umict TiO,, FeO, Fe O, Ta cniBsinnomenus FeO/Fe, 0O,
outerite 3a 1. Y mimaHmxX BigK/Iagax MICTATHCS MaiKe
HE3MiHEHHH 1 He3HAuyHO 3MiHEHHH inbMeHiT. Ha He3HauHy
3MiHYy UTBMEHITY BKa3ye€ 301IbIICHHS B YaCTHHI JOCIHiKe-
nux 3epen Bmicty TiO,, Fe,O, Ta smenmenns smicty FeO
1 3MEHIIEHHS CITIBBIIHOIIEHHS FeO/FezO3 mo 1,11. Ile
HMOBIPHO OOYMOBJICHO OiNBII TPHUBAIUM IepeOyBaHHIM
MiHepaTy B CeTUMEHTAI[IITHOMY MPOIieci, O1TBIIOI0 JabHi-
CTIO MEPEHECEHHs Bif HKepesia MOCTayaHHs y MOpIBHAHHI
3 UIBMEHITOM 13 TIepeBiIKIaAeHUX KaomiHiB. OmHAK 11e He
3HAYHO MOTIPIIyeE SKICHI XapaKTePUCTUKU 1IEMEHITY.
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JocnimKkeHHs HaNpsIMy 1 CHJTH KOPETSIIIHAX 3B’ SI3KiB
MK OKCHJAMH B 1TBMEHITI 3 NEPEBiIKIaICHIX KaONiHiB
1 TMCKiB KQOMIHUCTHUX MPEJCTABICHO B TaOMUIIX 1 1 2 Bif-
TOBITHO.

B inbMeHiTI 3 TepeBinkIaieHNIX KaOiHIB MPSIMAN CHITb-
HUH KOPENAIIHNAN 3B’S30K HAasBHUH MK BMiCTOM TiO2
i Fe,0,, TiO, i Cr,0,, Fe,0, i Cr,0,; obepnennii cuibHuiH
38’130k HasBHuH Mik TiO,1 FeO, Fe O, i FeO, P,0,i V,0,,
P,0,iCr,0,.

B inpMeHITI 3 MiCKiB KaOMIHUCTUX TPSMHHA CHIBHHNA
KOPEITATIHAH 3B’ 130K HASBHUHN MK BMICTOM VZOSi CrZOS;
oOepHeHWH CHIBHME 3B’130K HasBHUA Mik Fe,O, i FeO,
P,O;i V,0,. Anaini3 HanpsAMy i CHJIM KOPENAiHHAX 3B 13-
KiB MI>K OKCHJIaMH B IJIBMEHITI 3 TICKiB KAOJTIHUCTHX 1 Kao-
JIHIB TEpeBiIKIaIeHNX TTOKa3aB, 0 B MEPEBiTKIaICHIX
KaoJliHaX KOPENALidHI 3B’SI3KH MK OKCHIAMH XIMIYHHUX
CIIEMEHTIB HE3aJISKHO BiJl HAMpPSAMYy OUTBIN CHIIBHI, aHIK
Y UTBMEHITI 3 MICKiB KaomiHUCTHX. L{e Bka3zye Ha Te, 110 111b-
MEHIT 3 TIEPEeBiIKIAICHUX KAONiHIB MEHII 3MiHECHHUH, aHikK
UJIBMEHIT 3 IMIaHuX BiAKIaIiB.

Bwmict okcnais (%) B UIBMEHITI 3 YETBEPTHHHUX aJIO-
BiaJIbHUX TICKiB, SKi YaCTKOBO 3aly4eHi N0 MPOAYKTHB-
Hux, takui @ TiO, — 53,34-53,39; FeO — 34,23-34,45;
Fe,0,-8,17-8,67;FeO/Fe,0,-3,94-3,95;V,0,-0,19-0,21;
P,0O, - 0,048-0,061; Cr,0, — 0,039-0,063. Ximiunuii ana-
i3 IIBMEHITY BKa3y€e Ha Te II0 BiH Maike He 3a3HaB 3MiH
B €K30I€HHHUX YMOBaX.

BucnoBku. KoHTHHEHTaNbHI BIiAKITaINW amnTy-HIK-
HbOTO anb0y TpencTaBleHI alToBialbHUMHU 1 JENOBi-
ATBPHUMH BiOKIAZaMH, SKi 3 PO3MHBOM 3aiATaloTh Ha
KOpi BUBITPIOBAHHS KPHUCTANIYHUX TOpin (yHIaMEHTYy
B MeXaX TEeKTOHIUHO-epo3iifHoi maneononuuau. Kopa
BHBITPIOBAaHHS OyITa JHKEPEIOM LTBMEHITY 1 TUTOTHKOM ISt
KOHTHHEHTAJIbHUX YTBOpeHb. KOHTHHEHTANIBHI BiIKIaAM
MIpeICTaBICHI MEPEBiAKIAICHIMHA KAaONMiHAMH 1 MiCKaMH

KAOJNIHUCTHUMH. BMicT iTbMEHITY B KOHTHHEHTAIBHUX
Bigkmanax go 182,7xr/m>.

VYV mepeBigKIaAneHnX KaoJiHaX BMICT UTBMEHITY OilTb-
W, aHDK Y THITAHUX YTBOPEHHAX. 30KpeMa, CEpeHiil BMIiCT
iTBMEHITY B TepeBinkmagennx kaomnax 4,0—-165,4 kr/M’, a
B ITiCKaxX KaoMiHUCTUX — 2,85-83,58 kr/M’. JliNgHKM ITigBH-
IIIEHOTO CEPEeTHBOTO BMICTY UTBMEHITY Y MiCKaX KAONIHICTHX
1 TIepeBIAKIAICHNX KaoJiHaX TPOCTOPOBO HE 30iraroThes.
YV BepTHKAIFHOMY TIEPETHHI CBEPUTOBHH HASBHI BiJ OHOTO
JIO TPbOX PiBHIB 30aradeHHs MTiCKY KaOJiHICTOTO LTEMEHITOM.

XiMIYHAN CKJTaJ 1TBMEHITY, TMPOCTOPOBHHA PO3IIOILT
HOTO CepelHBOTO BMICTY Ta MiHEpalxy 3 PI3HUM BMICTOM
OKCHJIB Y KOHTHHEHTAJIBFHHX BIIKJIAJaX anTy-HUKHBOTIO
anp0y OOYMOBIEHI XIMIYHHM CKJIaIOM 1TBMEHITY 3 KOpH
BUBITPIOBaHHSA, OTO MOITHPEHHSM B €JIOBI1, (hartiambHuMI
YMOBaMH 0Ca/I0HarpoOMaJPKeHHS Ta IIePETBOPCHHIMH MiHe-
pajy MpOTSATOM CEIMMEHTOTCHE3Y.

AHami3 XIMIYHOTO CKJIIaay iTbMEHITY 3 TIepeBimKia-
JICHUX KaONiHIB Ta IICKIB KAONIHUCTUX BKa3y€ Ha IEIIO0
OiMpIIy 3MIHEHICTH IMTBMEHITY 3 IMIOIAHWX yTBOpeHb. Ha
Ile BKa3ye TaKOX BiIHOIICHHS FeO/FeZO3 B 1JIBMEHITI
Ta HampsM 1 CHJIa KOPENAIIHHUX 3B’S3KiB MK BMICTOM
B HhOMY OKCHiB. CHla KOPENAIifHNX 3B’ A3KiB MiXK BMicC-
TOM OKCHIIB B IJBMEHITI 3 IMIMAHUX BIOKIaIiB ciradma
TTOPIBHSHO 3 CHJIOI0 KOPEIAIIHHUX 3B’SA3KIB MK BMICTOM
OKCHJIIB B LTBMEHITI 3 IEPEBIAKIAICHAX KAOJIHIB.

3arayioM B UTBMEHITI 3 HIDKHBOKPEHIOBHX BIIKITAIiB
BMmicT TiO, —44,71-56,21 %; Bmict Cr,0, - 0,017-0,027 %;
Bigromenns FeO/Fe,0, — 1,11-4,15. Ile cBimunuts 1Mpo Te,
0 TBMEHIT Y HIKHBOKPEHIOBHX BifKiIamax ciabo 3mi-
HEHUH 1 Mae BUCOKY SIKiCTh. JIUISHKM TOIIMpEHHS inmbMe-
HiTy 3i 3Ha4HUM BMicToM Fe,O, HesnadnuM BmicTom FeO
i maiimenmmm Bignomennsam FeO/Fe,O, npoctoposo 36i-
TarOTHCA. 3arajioM 0 IHX AUITHOK MPUYPOYCHHN 1TBMEHIT
3 JIemI0 30UIBIIIEHUM BMICTOM TiOz.

Tabmums 1
Hanpsawm i cuia kopeasiniiHux 3B’A3KiB MizK OKCHIAMH B JIbMEHITi
3 mepeBiAK/IaJeHUX KAOJiHIB aNTy-HH:KHBOT0 aJIL0y

TiO, FeO Fe,0, V.0, PO, Cr,0,
TiO, X -0,91 +0,99 +0,02 -0,38 +0,91
FeO -0,91 X -0,87 +0,38 -0,03 -0,66
Fe O +0,99 -0,87 +0,10 -0,45 +0,94
V., 0 +0,02 +0,38 +0,10 X -0,93 +0,42
PO, -0,38 -0,03 -0,45 -0,93 X -0,72
Cr,0, +0,91 -0,66 +0,94 +0,42 -0,72 X

Ta6murs 2
HanpsawM i cuia kopensuiiHux 3B’A3KiB Mizk OKCHAAMH B JIbMeHITI
3 MiCKiB KAOJIHHCTHX ANTY-HHKHBOTO aJIb0Y

TiO, FeO Fe,0, V.0, PO, Cr,0,
TiO, X -0,55 +0,38 0,00 -0,11 +0,17
FeO -0,55 X -0,90 +0,42 -0,34 +0,39
Fe.0, +0,38 -0,90 -0,28 +0,24 -0,37
V.0 0,00 +0,42 0,28 X -0,74 +0,72
P.O -0,11 -0,34 +0,24 -0,74 X -0,46
Cr,0, +0,17 +0,39 -0,37 +0,72 -0,46 X
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OtpuMaHi pe3ymbTaTH Jald MOXIIMBICTH TOCIHIIUTH
MIPOCTOPOBE TIOMIMPEHHS CEPEIHBOTO BMICTY ITBMEHITY
B PI3HUX ITOTHIIAX TOPIM; 3’SCYyBaTH OCOONHMBOCTI pO3-
MOZITy HOTO BMICTY y BEpTHKAJIFHOMY TIEPETHHI CBEpI-
JIOBHWH; BCTAHOBHUTH XIMIYHHH CKJal, AKICTb UTBMEHITY
Ta HampsM 1 CHIIYy KOPEJAMiHHUX 3B’S3KIB MK BMICTOM
OKCHJIIB B ITBMEHITI 3 TIEPEBIAKIAICHAX KAOJIHIB 1 MiCKiB
KaOJIIHACTUX Ta HIKHBOKPEHIOBHX KOHTHHEHTAJIBHUX BiJl-
KJIaJIiB 3arajioM; 3’sICyBaTH JIaTepaibHe TTOMHUPEHHS 1TbMe-
HITY 3 pi3HAM BMICTOM OKCHIB Ta CTyIICHEM 3MIHEHOCTI;
BHOKPEMHUTH B MEXaxX NOIIMPEHHS alT-HIKHBOATBOCHKIX
KOHTHHEHTANBHUX BiTKIAIIB AUITHKY 3 OUTBIN 3MiHCHUM
1TBMEHITOM.

BpaxoByrounm  He3HauyHy  3MiHEHICTb  IJTBMEHITY
3 aNT-HWKHBOAJBOCHKMX KOHTHHEHTAJbHUX BIJIKJIAIIB,
OTpUMaHI Pe3yNbTaTh JO3BOJSIOTH 3pOOUTH HPHITYIICHHS
IIO/I0 SKICHOTO 1 KiNBbKICHOTO CKIAAy ITBMEHITY 3 KOpH
BHBITPIOBAHHSA 1 KPUCTANIYHHX TTOPif (pyHIAMEHTY.

3Bakarouu Ha MPOCTOPOBY ONM3BKICTH 3 AHPIiBCEKAM
ponosutieM JlikapiBcbKoro pomoBHma (GpochaTHO-THTAaHO-
BHX Py Ta MOMIOHICT IX TEHE3UCY i TeoNoTiaH0] OyHIOBH,
METONIMKA JOCIIHKEHB 1 OTpUMaHi pe3yIbTaTH MOXKYTh Oy TH
BUKOPHCTaHI TPH aHAJOTiYHUX JOCHTI[HKEHHSIX B MeEKax
JlikapiBCEKOTO POOBHIIA Ta 3aCTOCOBYBATHUCS UIS TTOPiB-
HSHHS SKICHUX 1 KUTPKICHUX XapaKTePUCTUK PEIOBHHHOTO
CKJIa[ly iTBMCHITY.
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Cmamms npucseavena ananizy nepcnekmus ma mexHono2iuHux pusuxie Oiokoneepcii Mynosux 8ioxk1adie 3aneddaHux meriopamus-
HUX cucmem YKpainu y opeano-minepanvhi doopusa. Posensinymo naykogi nioxoou 00 KOMRIEKCHOT Xapakmepucmuxu cyocmpanty uepes
mpucmynexesy €papxito 00CHONCeHb. QI3UKO-XIMIUHY, A2POXIMIYHY Ma MIKpoOIono2iuny oyiHky cuposunu. Ilpoananizosano midxc-
HAPOOHI 00CTIONCEHHS eeKMUGHOCHI OIOKOHBEPCIi OpeaHiuHUX 8I0X00I8, GKIOUAOYY POOOMU 3 MePMOPLIbHUMY OAKMEPIATbHUMU
kynomypamu Bacillus thermoamylovorans (67% pedykyii opeaniunoi pewosunu 3a 10 0i6 npu 60°C), eiopomepmanshoi kapoouizayii
3 guIyYeHHam azomy 3 eioknadie (6-8% cyxoi pewosunu), bazamocmyneneux anaepooHux cucmem (nioguujenns npooykyii memary
Ha 10-30%) ma meepoogasroi pepmenmayii 3 pusocpeprnumu 6axmepiamu Burkholderia cenocepacia. Cucmemamusosano pe3yiob-
mamu nobosuUx SUNPoOYeans OGIOKOHEEPMOBAHUX 00OPUS Y JIeHMUNbHO-KYKYPYO3sHiu pomayii (nidguwjenns MIKpooHoi biomacu gye-
neyio Ha 126%, asomy na 49%, snuocenns esomoyii CO: na 25%). Ilpedcmasneno kowyenmyanvhy mexHonoeiuny cxemy oioghepmen-
mayii 3 KOHMPONLOSaHUMY napamempamu: eonocicmo 50-60%, mennepamypa 50-65°C, pH 6,5-8,0, onmumanvhe cniggionouerns C:N
25-30:1, guxopucmanHs cenexkyiiosanux wmamie mepmMoQineHux MIKpOOP2AHizMIe ma KOHMPOIb08aHoi aepayii. Busnauero aepoexo-
JI02IYHI nepesazi MmexHon02ii: 6i0H06IeHHA (YHKYIOHATbHOCINT METIOPAMUBHUX CUCHIEM, 3AMIUjeHH MIHEPATbHUX 000PUS, NOKPAUjeHH
CIMPYKMYpU IPYHNIB, NPOIOH208AHY Oi10 NOHCUBHUX PEYOBUH MA 3HUNMCEHHSA pu3uKie esmpoixayii. [Iposedeno cucmemny knacughiayiro
TMEXHONO2TUHUX PUBUKIG 3a TNPLOMA KAME2oPisMU. MIKpoOIono2iuni (namoeenna KoHmaminayis, Henosua 6iokoneepcis), Ximiuni (bioa-
KYMYZSYIs. 8ANCKUX MEMAie, 6Mpamu NOJNCUGHUX PEYOBUH) Ma MEeXHIUHI (HecmabiibHICMb NPoYecy, eHepeemuiHi UmMmpamu, ce30HHd
sapiabenvricms cuposunlL). 3anponoHOBaAHo iHMe2poBary cucmemy ynpasiinus pusuxamu na ocnosi npunyunie HACCP 3 asmomamu-
308AHUMU CUCTEMAMY MOHINOPUHRY MA NPEBEHMUBHUM KOHMPOLeM KPUMUYHUX NAPAMEMPIE.

Kniouosi cnosa: bioxoneepcis, mynosi 8i0xk1aou, opeaHo-minepanbhi 000pusa, MeriopamugHi Cucmemil, MexHoN02iuHI pUsUKU, eKo-
JN02iuHa be3nexa.

Lehenchuk Roman, Tsyhanenko-Dziubenko Illia, Skyba Halyna, Kapets Nadiia. Prospects and technological risks
of the bioconversion process of organo-mineral fertilizers from sludge deposits of neglected reclamation systems

The article analyzes prospects and technological risks of bioconversion of sludge deposits from neglected reclamation systems
of Ukraine into organo-mineral fertilizers. Scientific approaches to comprehensive substrate characterization through three-level research
hierarchy are considered: physico-chemical, agrochemical and microbiological assessment of raw materials. International studies on
organic waste bioconversion efficiency are analyzed, including works with thermophilic bacterial cultures Bacillus thermoamylovorans
(67% organic matter reduction in 10 days at 60°C), hydrothermal carbonization with nitrogen extraction from deposits (6-8% dry
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matter), multi-stage anaerobic systems (10-30% methane production increase) and solid-phase fermentation with rhizosphere bacteria
Burkholderia cenocepacia. Results of field trials of bioconverted fertilizers in lentil-corn rotation are systematized (126% increase in soil
microbial carbon biomass, 49% nitrogen increase, 25% CO: evolution reduction). A conceptual technological scheme of biofermentation
with controlled parameters is presented: humidity 50-60%, temperature 50-65°C, pH 6.5-8.0, optimal C:N ratio 25-30:1, use
of selected thermophilic microorganism strains and controlled aeration. Agroecological advantages of the technology are identified:
restoration of reclamation systems functionality, mineral fertilizer substitution, soil structure improvement, prolonged nutrient action
and eutrophication risk reduction. Systematic classification of technological risks by three categories is conducted: microbiological
(pathogenic contamination, incomplete bioconversion), chemical (heavy metals bioaccumulation, nutrient losses) and technical (process
instability, energy costs, seasonal raw material variability). An integrated risk management system based on HACCP principles with
automated monitoring systems and preventive control of critical parameters is proposed. The review demonstrates high potential
of sludge bioconversion technology for sustainable agricultural development while requiring comprehensive risk management strategies

for successful commercialization.

Key words: bioconversion, sludge deposits, organo-mineral fertilizers, reclamation systems, technological risks, environmental

safety.

Beryn. CyvacHuii arpaphuii cekrop Ykpainu nepe0y-
Ba€ B yMOBax IOCTIMHOIO MOUIYKY 1HHOBAIIHUX PIllICHB,
SIKi J03BOJIMIIA O OIHOYACHO IMIABHIIUTH €()EKTUBHICTH
BUPOOHUIITBA Ta 3MEHILIUTH €KOJIOTTYHHIA TUCK Ha TOBKIJLJISL.
OnHI€ 3 TOCTPHUX MPOOJIEM 3aIHMIIAETHCS HAKOIMHYCHHS
3HAUHHUX OOCSTiB MYJOBUX BIAKIAIIB y 3aHE0aHUX MeJIi-
OpaTHBHUX CHCTEMax, IIO BTPATHJIM CBOIO (DYHKIIIOHAJb-
HICTB Yepe3 OaraTopiuHy BiJICYTHICTh HAJIEKHOTO JOTVISILY
Ta o0ciyroByBaHHs. L{i BigK/Ia gy MICTATh BEJIUKY KiJIbKICTh
OpraHiyHOl peuOBHHH Ta MiHEPAJIbHUX KOMIIOHEHTIB, [IPOTE
B IXHBOMY CKJIaJll MOXKYTh OyTH NMPUCYTHI i TOKCHYHI eJie-
MEHTH, BKJIFOUYAIOYH BaKKI METaJIHM Ta MMATOTCHHI MIKpOOp-
raHizmu. TakuM YMHOM, BOHH BUCTYIAIOTh SIK €KOJIOTIYHOI0
3arpo3010, TaK 1 MOTEHLIIHO I[IHHUM pecypcoM. Po3pobOka
TEXHOJIOT1H 1X Oe31euHOT epepoOKH 3 YTBOPEHHSIM J100pHB
€ CTpaTeriuHO BaXKJIMBUM 3aBJIAHHSM JJISl arpOeKOHOMIKH
KpaiHu.

HaykoBa HOBM3HA JIaHOTO JIOCJIJDKEHHS —IOJIsIrae
y KOMIUIEKCHOMY IT1JIX0/1i 1O O10KOHBEpCii MyJIOBHX BiKJIa-
B 3 ypaxyBaHHSIM TPbOX KJIFOUOBHX CKJIAJIOBUX: JI€TAIbHOT
XapaKTePUCTUKA CHUPOBHHM, ONTHUMI3AIlil TEXHOIOTIYHUX
napameTpiB MPOIECy Ta CUCTEMHOI'0 YIIPaBIiHHS TEXHOJIO-
riyHuMU pusrkamu. Ha BiMiHy Biji OUIBIIOCTI ICHYIOUMX
poOiT, e 6GI0KOHBEPCIS PO3IIAAAETHCS MIEPEBAYKHO 3 TOUKU
30py NEPEeTBOPEHHSI OPraHiuyHOI PEUOBHHH, y JaHiid podoTi
3aCTOCOBAHO IHTErpaIlifo 3HaHb 3 O10TEXHOJIOTI, arpoximii,
€KOJIOTIi Ta iFKeHepii Oiomnporecis. Lle 103BONIMIO He JTHIIe
CTBOPUTH e(EKTHBHY TEXHOJIOTIUHY CXeMy, ajie i mepej-
0aunTH 3aX0/H, SIKi 3a0e3MeuyoTh CTabiIbHY SKICTh 1 0e3-
NEYHICTh KIHIIEBOTO MPOJYKTY IIPU MPOMHUCIOBOMY MacIil-
TaOyBaHHI.

BripoBapkeHHst  TexHouorii  OIOKOHBEpCil MyJIOBUX
BIZIKJIAJIIB Y BHPOOHUIITBO OpraHO-MiHEpajbHUX JIOOPUB
3[aTHEe BUPINIUTH OJpa3y KijbKa aKTyaJbHUX MPOOJIEM.
[To-nepiue, 1e yTrITizalis HAKOMTUYEHUX SKOJIOTTYHO HeOe3-
MCYHKUX BIJXOIB, IO JI03BOJUTH BIAHOBUTH (YHKIIIOHY-
BaHHS MEJIIOPATUBHUX CHUCTEM Ta 3MEHIINTH 3a0pyIHEHHS
BOJIHUX ekocucTeM. [lo-apyre, 3aMillleHHsT YaCTHHH MiHe-
palibHUX TOOPUB OpraHo-MiHEpaJbHUMH aHAJIOTAMHU JaCTh
MOXXJIMBICTh 3HU3UTH COOIBapTICTh arpapHol MpoayKIii
Ta 3MEHIINTH 3aJIKHICTH YKpaiHH Bij IMIIOPTY J0OpHB,
10 0COOJIMBO aKTyaJIbHO B YMOBaX HECTa0OIbHOT KOH FOHK-
TYpH CBITOBHX pHUHKIB. [lo-TpeTe, pO3BUTOK JIOKAJIBLHOTO
BUPOOHMIITBA CTBOPUTH HOBI pOO0YI MiCILisl B CLIBCBKI Mic-
[IEBOCTI Ta CTUMYJIIOBATUME PO3BUTOK 3€JICHOI EKOHOMIKH.

Metor0 poOOTH € BU3HAYEHHS IMEPCIEKTHUB BIIPOBaA-
JUKEHHSI TEXHOJIOTil OiOKOHBEpCii MYJIOBUX BIiAKIAIiB
3aHeI0aHNX METIOpPaTHBHUX CUCTEM Y BUPOOHHIITBO Opra-
HO-MiHEpAJIbHUX JOOpUB 3 ypaxyBaHHSM €KOJOTIYHHUX,
ArpOHOMIYHHMX Ta €KOHOMIYHHX AacCIIeKTiB, a TaKOX 1JICH-
TU(IKALis H aHa i3 TEXHOJOTIYHUX PHU3MKIB, IO MOXYTb
BUHMKATH ITiJ1 4ac peanizamii 1poro mnporecy. JlocsrueHHs
MeTH nependayae BHUKOHAHHS KOMIUIGKCHHMX 3aBJaHb:
JIOCITIJDKEHHST CKIIaJly Ta BIACTUBOCTEH MYJIOBUX BIJIKJIAIIB,
PO3po0Ka ONTUMAIILHOI TEXHOJIOTIYHOT CXeMH Oi0KOHBEp-
cii, oriHka e()eKTUBHOCTI Ta OE3MEYHOCTI KIHIIEBOIO IPO-
JIYKTY, @ TAKOX CTBOPEHHS CUCTEMH YIIPaBIIHHS PU3HUKAMH.

Marepiaim  Ta MeTomMm gociimkeHHs. Jloci-
JUKeHHs1 0a3yBaJiocsi Ha aHalli3i HayKOBOI JiTeparypu
B Oasax manux Scopus, Web of Science ta PubMed 3a
2018-2025 poku. Ilomyk TpOBOAWBCSA 3a KIOYOBUMHU
cnoBamu «bioconversion», «sludge deposits», «organic
fertilizersy. BinOupamucs nyOmikamii 3 ekcnepruMeHTab-
HUMH JaHUMHU 1po e(heKTHBHICTH O10KOHBEpCii Ta TEXHO-
JIOTIYHI TapaMeTpu mpoueciB. Pesymbrarn cucremarusy-
BQJIMCSI Ul BU3HAYCHHSI ONTHUMAaJbHUX PEKUMIB POOOTH
010TEXHOJIOTIYHUX CUCTEM.

Jliist po3poOKK KOHIIENITYa IbHOT TEXHOJIOTTUHOI CXeMHU
BUKOPUCTOBYBABCSI CUCTEMHUI MIJIXiJ 10 aHamizy Gionpo-
neciB. Kiacudikaiisi TEXHOJOTTYHMX PHU3UKIB TPOBOJH-
Jlacsi 3a KaTreropisiMu: MiKpoOioJIoTiuHi, XIMI4HI Ta TEXHIYHI
3arpo3u 3 OLIHKOIO iX MOTEHIIHHOro BIUIMBY. AHai3 nep-
CIIEKTHB BIPOBA/DKCHHSI BPaxOBYBaB EKOJIOIIUHI, arpo-
HOMIYHI Ta €KOHOMIYHI aCHeKTH TeXHOJIOril OioKoHBepCii
MYJIOBUX BiZKJIQJIiB.

Amnauni3 nonepennix gociaigxkennb. [Ipodnemarnka 6io-
KOHBEpCIii OpraHiuHUX BIIXOAIB y I0OpUBA aKTHBHO JOCIi-
JUKY€EThCSI MIDKHAPOJIHOKO HAYKOBOIO CITIJIBHOTOIO IIPOTATOM
OCTaHHIX JJBOX JIECSATUIITh, 1110 00YMOBIIEHO 3pOCTAIOYMMHU
EKOJIOTTYHMMH BHKIIMKAMHU Ta MOTPEOOI0 y CTAIOMY Cijlb-
CHKOTOCHO/IAPCHKOMY BHPOOHHUITBI. [HTEHCHMBHI aepoOHi
npouecy OI0KOHBEpCii JEMOHCTPYIOTh BHCOKY e(eKTHB-
HICTh TpaHC(OPMAIIT OPraHiYHOT PEUOBHHH 3 JTOCATHECHHIM
67% penykuii 3a 10 1i06 npu BUKOpUCTaHHI TEPMODIIBHUX
OakrepiaibHUX KyJIbTyp Bacillus thermoamylovorans 3a
KoHTposiboBaHOi Temmeparypu 60°C [1]. T'igporepmanbha
KapOOHi3allis, po3podiicHa MOJIbCHKUMHU OCIIIHUKAMH,
3abe3neuye e(eKTHBHE BHJIYYCHHS a30Ty 3 MYJOBUX Bil-
KJIaJ(iB 3 BMICTOM 6-8% CyX0l pEYOBHHU IIPH OJHOYACHOMY
30epeKeHH] KPUTUYHO BOXKIMBUX (OCHOPHUX Ta a30THUX
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CHONyK BiAmoBigHO 10 BUMOT Jupexrtusu €C mpo godpusa
[2]. BararoctymeneBi aHaepoOHI CHCTEMH 3 ONTHMI3AIlIEI0
pH, Temmeparypu Ta yacy yTpuMaHHS AEMOHCTPYIOTH ITij-
BUINEHHS Tpoaykii metany Ha 10-30%, mpu mipomy Tep-
ModimpHI ymoBH (50-55°C) 3a6e3meuyroTh NPUCKOPEHHHA
TiAPOITi3 TIOPIBHAHO 3 ME30(ITEHUME CUCTeMaMH [3].

Po3BuTOoK TexHOMNOTIH OioKOHBepCii OpraHIYHHX Bif-
XOIiB 0a3yeThCsl HAa MPUHINTNAX OUPKYISAPHOI eKOHOMIKH,
0 3HAUIIIO BiMOOpa’KeHHS Yy CTBOPEHHI 0i00CHOBAaHMX
JNOOpHB SIK MPAKTUYHOTO IAXOMAY IO 3aMKHYTOTO LHUKITY
BupoOHuITBa [2]. JocmimkeHHS e()eKTUBHOCTI pi3HUX
CcyOCTpariB MOKa3yloTh, MO BHKOPHUCTAHHS 307 BYTULIA
SK KO-KOMIIOCTYIOYOTO MaTepiary Ui MYJIOBHX BiJKIIaIiB
[1] moemHyeTbCs 3 OMTHMMI3AIEIO TTapaMeTpiB aHaepoo-
HOTO 30pO/KYBaHHA U MAKCHMAaJbHOTO BHXOMy Oiorasy
[3]. OcobmuBHit iHTEpec MPEACTaBISIOTh TEXHOOTIT TBEp-
nmodaszHoi ¢epMmeHTarii arpoBiIXofiB, 30KpemMa 3acTOCy-
BaHHs pu3ochepuux Oaxtepiii Burkholderia cenocepacia
JUTS CTBOpEHHS OioopraHigHUX H00pwB [4], 0 TOMOBHIO-
€ThCS METOHOJIOTIEI0 TIOBEPXHI BIATYKY UIS ONTHMi3amii
yMoB (epmeHTamii oBoueBnx BiaxoniB [5]. IlepcrexkTus-
HUM HampsMOM € TaKoX po3poOka piakmx 0iomoO0pwB Ha
OCHOBI TIPOMHUCIIOBHUX (pepMEHTAIITHUX (PUTBTPATIB 3 BUKO-
pucranusaMm Bacillus cereus [6], epeKTUBHICTh AKHUX IIiJI-
TBEPDKYETHCS TIOJILOBUMH JJOCIIKEHHSIMHA 3aCTOCYBaHHS
010BYTLIIIIA B TO€THAHHI 3 01000pUBaMH Y CHCTEMAax BUPO-
IIyBaHHS 0000BUX KyAbTYp [7].

CucTeMHHAN MAXIT O €KOJIOTIYHOI Oe3mekm O10KOH-
Bepcii moTpedye KOMIIEKCHOTO MOHITOPHHTY 3a0pyIHCHHS
BOXKMMH METaJlaMH B OpTaHIYHUX JOOpHBax 3 ypaxyBaH-
HSM TEMIIOpadbHUX TeHIEHIMIH [§] Ta 3abe3medeHHs Oe3-
TIEYHOTO PiBHSA MIKPOOPTaHi3MiB y TPOAYKTAX JJIS CHCTEM
rpyHT-pociuHa [9]. InHOBaIiHI MeToaM cTabimi3alii Bax-
KHX METaJiB 4epe3 OI0KOHBEPCit0 3 BUKOPUCTAHHIM JIMUH-
HOK MyX Ta JeTpajalifo aHTHOIOTHKIB Mi/ 9ac KOMIIOCTY-
BaHHS [10] y3romKyrOTECS 3 €BPOMCHCHKIMHA CTPATETisIMH
PO3BHUTKY Oiora3oBux TexHoJOTiH [11]. YkpaiHChKi HayKOBi
JOCTIDKEHHS (OPMYIOTh TOTYKHY TEOPETHYHY 0a3y st
PO3pOOKHK HAINIOHATBFHUX TEXHOJOTiH 0i0KOHBEpCii, BKITIO-
YaroyM MPOTHO3YBAHHS T1IPOCKOIIOTITHOTO CTaHy PIYKOBHX
cucreM [12], koMIuIekcHUI 0101iOMETpUYHUN aHATi3 CBi-
TOBHX TEHIICHINIH Y MTOCIIIKEHHIX JOHHUX Bimkianis [13]
Ta PO3pOOKY IHHOBAIIfHUX IiIXOIB IO CTAJOr0 BHKOPH-
CTaHHS MPUPONHUX pecypciB Ykpaini [ 14]. OcobnmBe 3Ha-
YeHHS MalOTh JOCIIKCHHS MPOCTOPOBOi amdepeHtiiarii
BaXKKMX METaJIiB B ypOaHi30BaHUX TigpoekocucTemax [15],
OiomMapkepiB CTIMKOCTI MaKpOQiTiB IO TOKCHYHHIX CTPECO-
piB BifiCBKOBOTO TOXOMKEeHHS [16], 1HTErpanbHOI OIIHKH
e(heKTUBHOCTI yTpaBIiHHSA BOJHUMH PECypcaMH Ui CTa-
JIOTO PO3BUTKY [ 17], €KONOTIYHOTO BITUBY BIHCHKOBHUX Iiit
Ha T1IpOMepeIxy 3 po3poOKoro cTpareriii BigHoBIeHHS [ 18],
3aCTOCYBaHHS 0araTOBUMIpPHUX CTATUCTUIHUX METOMIB JIJIs
aHaITi3y KIiMaTHIHuX 3MiH [ 19] Ta inenTndikarii antpormo-
TeHHUX JETePMIHAHT AeTpafamii TiAPOXiMiYHUX TOKa3HHU-
KiB BogHUX 00'ekxTiB [20].

Texnomorii TBeproda3Hoi GpepMeHTallii 3 BUKOPUCTAH-
HIM pm3ochepHHX OaKTepi-CTUMYISATOPIB POCTy pOC-
JIUH BHUSABJSIOTh BHHATKOBHH TOTEHIIAN st O10KOHBEPCil
ceIMMEHTHMX BiaknamaiB. Jlocmimkenus 3 Burkholderia

cenocepacia, TiITBEPIKEHI IOBHOTCHOMHUM CEKBEHY-
BaHHAM 7157 KOIyrOYHMX TIIOCHTIJOBHOCTEH, ONTHMi30Ba-
HUX [UIS MOOiTi3alil MOXKUBHUX PEYOBHH, JIEMOHCTPYIOTH
3HAYHE MIiABUINEHHS BMICTYy a30Ty Ta TOKpAIIECHHS CXO-
JKOCTI HACiHHA KyKypym3u [4]. CraTHcTHYHA ONTHUMIi3aIlis
METOJZIOM IIOBEPXHI BIATYKY 3 IIEHTPAJIbHUM KOMIIO3UT-
HUM JM3aiiHOM JOCSITA€ ONTHUMAJIBHUX YMOB (hepMeHTamii
npotsrom 11-17 ni6 3 5-15 mur 6ioakTuBaTopa [5], Tomi sk
D-onTrManbHI METOAX 3MIMTAHOTO H3aifHy 3a0e31eqyIoTh
orpumanas (1,59 + 0,01) - 108 KYO/mx 3a onTuManbHAX
YMOB 3 KOMITICKCHAMH METa0O0IiTHIMHA TIPO]iITMH, BKITIO-
Yaro4n [3-anmaHin-L-Ti3uH, aHCepHH Ta KOPUCHI TSl POCIIHH
cronyku [6]. ITompoBi BUIPOOYBaHHS Oi0KOHBEPTOBAHUX
JIOOpUB y CHCTEMax JICHTWJIBHO-KYKYPYA3sHOI poTaii
JIEMOHCTPYIOTh IiIBUIIICHHS MiKpOOHOT 0i0OMAacH BYTIIEITIO
Ha 126% Ta azory Ha 49% mpH OAHOYACHOMY 3HWDKCHHI
esomonii COz Ha 25% [7].

KoMrurekcHi TpOTOKOIH OIIIHKY PU3UKIB aJpeCcyiOTh TPU
KPUTHYHI KaTeropii KOHTaMiHaii B pomecax OiokoHBepcii
OpTraHIYHHX BiIXOMiB. AHAII3 BA)KKIX METATIB y 74 KoMmep-
ifHIX OpTaHIYHWX MOOpWBaX BHABHB KOHIICHTpAIliifHI
nmianmazonu As (1,55-36,95 wmr/kr), Cd (0,15-7,49 wmr/kr)
ta Pb (1,43-78,05 Mr/kr), mpu bOMY MaTeMaTHIHI MOAETI
BCTAaHOBJTIOIOTh MaKCHMAaJbHI OE3MEeYHi Mepionu 3acToCy-
BaHHS 20-50 pOKIiB 3aleXHO BiJ KOHIICHTpALill METaliB
[8]. IIpoTokomu ympaBiiHHS MaTOTeHAMH BUMAararoTh TeM-
nepaTypHO-9acoBUX koMOiHamid >50°C mpotarom 10+ mib
a60 >60°C npotsarom 5+ mid s epeKTHBHOI iHAKTUBAII{
Salmonella spp., E. coli O157:H7 Ta iHIMX KpUTHIHUX
MATOTCHIB BiATIOBIAHO IO peryismii €Bporeiickkoi Komi-
cii [9]. IaTerpoBani migxoan 6iOKOHBEpCii, IO BKIIOYAIOTH
45-neHHy OIOKOHBEpPCiI0 JWYMHKAMH MyX Yy TO€IHaHHI
3 aepOOHMM KOMIIOCTYBAHHSIM, JIEMOHCTPYIOTh ITOCHIICHY
iMMOOLTI3aIif0 BaXKKMX METANiB Yepe3 KOMIICKCOYTBO-
PEHHS 3 TYMIHOBMMH KHCIIOTaMHU IPH OJHOYACHIN Jerpa-
JIAIli1 TeTPAIMKIIIHIB Ta XIHOJOHIB 32 KiHETHKOIO MEPIIOro
mopsiaky [10]. ExoHOMIYHA >KHUTTE3MATHICT MiATBEPIKY-
€ThCS ABCTPINCHPKAMHU Ta HIMEIBKUMH ITiIMPUEMCTBAMH,
o pocsraroth €180,000 ancToro mpudyTKy Bif mepepoOKu
100,000 ToHH BiaxoAiB mopiyHO 3 37% eHepreTHIHNM Bif-
HOBJICHHsIM [11].

AHami3 MDKHaApOTHUX HAyKOBUX JOCTIKCHb IIif-
TBEP/UKYE BUCOKY TEXHOJOTIUHY 3pUTICTh IporeciB 0io-
KOHBepCii OpraHiYHAX BiIXOIIB y HOOpHBa 3 HOBENEHOIO
edexkTuBHICTIO TpaHC(hOpMalii OpraHiYHOT PEUYOBHHHU ([0
67% penykii 3a 10 mi0) Ta 3HAYHUMH arpOEKOIOTIIHUMH
mepeBaraMi, BKITIOYAIOYM ITiIBUIIEHHS MiKpOOHOi 0Oio-
Macu IpyHTy Ha 126% Ta 3HmxeHHs emicii CO: Ha 25%.
Bonmxowac kputnmyHEIMH (hakTOpamMH YCIIITHOI KOMepIia-
Ji3arii TeXHOIOril € 3a0e3MeYeHHsT MiKpoOioIoTidHO1 Oe3-
KU Yepe3 KOHTPOIBOBaHI TEMITEPaTyPHO-YaCOBI PEKUMH
(=50°C mpotsarom 10+ 1i0) Ta ynpaBTiHHS KOHIICHTPAITisIMH
BO)KKHX METAJIB Y MEXax PETyIITOPHUX BUMOT, 1[0 Pa3oM
3 eKOHOMIYHOI0 JKuTTe3maTHicTio (1o €180,000 umcroro
npubyTky Ha 100,000 ToHH BimxomiB) (opMmMye HayKOBe
OOTpYHTYBaHHS [T PO3POOKH BITIM3HAHOI TEXHOIOTIi Oio-
KOHBEpCii MyJTOBUX BIIKJIAIiB METIOPATUBHUX CHCTEM.

Pesyabratu gocaimxkenns. CydacHi BHUKIUKH CTa-
JIOTO PO3BUTKY arpapHOrO CEKTOpY aKTyali3yloTbh
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HEOOXITHICTh pO3pOOKM IHHOBAMIMHUX MiAXOAIB [0
yTuIi3amii opraHiYHUX BiIXOAIB i3 OIXHOYACHUM 3abe3-
MEYEHHSIM CITBCHKOTO TOCIOIApPCTBA EKOJOTidHO 0e3-
MeYHUMHU noOpuBaMu. 3aHenOaHI MeNmiopaTWBHI CHC-
TeMH YKpaiHu aKyMyJTIOBalld 3HA4YHI OOCITH MyIy, IO
MIPEACTABIAIOTE COO0I0 MOTEHIIITHO MIHHUHA pecype st
BHPOOHUIITBA OpraHO-MiHEPAaIbHUX ITOOPUB METOIOM
6ioxoHBepcii. Po3poOka HaykKOBHX OCHOB IIHOTO MPOIIECY
moTpedye KOMITJIESKCHOTO aHalli3y XapaKTepUCTHK BUXIiM-
HOI CHPOBUHH, ONITUMIi3aIlii TEXHONOTIYHUX MapaMeTpiB,
OI[IHKH TEePCMEKTHB BIPOBAKCHHSA Ta imeHTH(IKAIii
TEXHOJIOTIYHUX PU3HKIB.

MertomosoriuHa OCHOBa JOCITI/DKEHHS OaszyeThCcs Ha
CHUCTEMHOMY IIiIXOMi MO aHali3y 0i0TeXHOJIOTIYHOTO TpPO-
IIeCy, 10 BKITIOYAE MTOCIIIOBHI €Taly Bijl XapaKTEPHUCTHKHI
cyOcTpaTy 10 OIIIHKH TEXHOJOTIYHHX PH3UKIB TOTOBOL
TexHoorii. [IpencraBneHa KoHIIETITyalbHA MOAETH iHTE-
rpye GyHIaMEHTAIbHI IPUHIAN 010TEXHOIOT11, arpoximii
Ta eKOJIOTIYHOI O€3MeKH ISl CTBOPEHHS HAYKOBO OOTPYHTO-
BaHOI TEXHOJOTIi TepepOOKH MYIOBHX BiTKIaIiB.

EdexTuBHICTS 010TEXHOJOTITHOTO MPOIECY KPUTHIHO
3aJICKUTH BiJl KOMIUICKCHOI XapaKTEePHCTHKU BHXIiTHOTO
cyOcTpary, 0 BH3HAYa€ CTPATETiI0 TEXHOJOTIYHOTO TPO-
IIeCy Ta MPOTHO3YE SAKiCHI TapaMeTPH KiHIIEBOTO MPOIYKTY
(puc. 1). CucTeMHU# MAXIA A0 aHATI3Y MYJTOBUX BiJIKIIa/IiB
0a3yeTbcsl Ha TPUCTYICHEBIN iepapXii JOCTIIKEHb, KOXKCH
piBeHB SKOi BHOCHUTH CIICIIU(ITHUI BHECOK Y (popMyBaHHS
TEXHOJIOTIYHUX PIllICHb.

@i3uKo-XiMidHA XapaKTEepHUCTHKa cyOcTpary dopmye
(yHIaMeHTaIbHY OCHOBY ISl TIPOCKTYBaHHS OiopeakTop-
HHUX CHCTEM Ta ONTHMIi3allii MacoOOMIHHHX IIPOIIECIB.
I'panymomeTpryHmiA CKIIaa BiIKJIaIiB ICTEPMIHY€E CTPYK-
TypHO-MEXaHiuHI BIIACTHBOCTI CyOCTpaTy, 1mo Oe3mocepen-
HBO KOPEIIOE 3 e(heKTHUBHICTIO KHCHEBOTO MacOMepeHOCYy
Ta TiAPONUHAMIYHIMH XapaKTEPUCTHKaMH 0i0peakTOpHOI
cucteMu. JlociKeHHS TOKa3yIOTh, IO ONTHMaJIbHE CITiB-
BITHOIIICHHS Pi3HUX (pakKiliii 3a0e31nedye CTBOPCHHS CTili-
KOl TIOPUCTOI CTPYKTYpH, HEOOXITHOI A TiATpUMaHHSI
aepoOHUX YMOB 0i10KOHBEpCii.

XimiuHwia cknap,

Mawpoenementu (N, P, K,
Ca, Mg, S),
MikpoenemenTu (Fe, Mn,
Zn, Cu, B, Mo), Baxxi
meTtanu (Pb, Cd, Cr, Ni,
Hg), Tokcuuui cnonyku.

Bonno-¢i3nuyHi BmacTHBOCTI cyOCTpary, XapakTepH-
30BaHl IMOKAa3HMKAMM BOJIOTOCTI Ta IIIILHOCTI, BH3HAYa-
FOTH PEOJIOTIUHI XapaKTepUCTUKHA 0iOMacH Ta CHePTreTHYIHI
3aTpaTé Ha TEpeMIlTyBaHHSA. EIEKTpoXiMiuHI TapameTpu
(pH Ta enexTpompoBiIHICT) Bi0OpakatOTh I0HHUHA CKITa/1
cepenoBuIma Ta HWoro OypepHy €MHICTh, IO KPUTHIHO
BIUTMBAa€ Ha METAOOJIIYHY aKTHBHICTH MIKPOOHHX KOHCOp-
[iyMiB Ta CTaOUTBHICT 0i10XIMIYHHX TIPOIIECIB.

ArpoximiuHa I[iHHICTP MYJOBHX BiJKIQJiB BU3HAYa-
€Thcs OaTaHCOM MakKpo- Ta MIKpOEIEeMEHTIB, o GopMye
TOTEHIIIHY e(QeKTUBHICT, MailOyTHBOTO moOpuBa. Cmis-
BIJIHOIIEHHS OCHOBHUX OioreHHnx eneMmeHTiB (N:P:K)
y TO€AHAaHHI 3 KOMIUIEKCOM MiKPOEIEMEHTIB CTBOPIOE
MepeyMOBH [UISl OTPUMAaHHS KOMIDIEKCHHX JOOPHB Ipo-
JIOHTOBaHOI nii. BogHOUac MPHCYTHICTH BaKKUX METAIiB
Ta KCeHOO10THKIB TOTPEOy€E NeTaThHOTO TOKCHKOIOTITHOTO
aHaIizy JUIs 3a0e3MedeHHs eKOJIOTi9HOI Oe3MMeKn KiHIIeBOTO
MIPOIYKTY.

Mikpobionoriuamii  mpodine cyOcTpary BimoOpaxae
#oro OioNOTiYHMI TOTEHIial Ta BU3HAYAE CTpaTerito Oio-
ayrMmeHTanii mporecy. [Ipuponai MiKpoOHI yrpyToBaHHS
MYJIOBUX BIIKJIAIIB XapaKTePU3YIOTHCS BHCOKOIO 0Oiopis-
HOMAHITHICTIO, II[0 CTBOPIOE CIIPHUATINBI YMOBH Uist (op-
MyBaHHS CTaOimbHUX OiOIEHO3IB y mpolieci 6iokoHBepCii.
OpHak TOTEHIIHHA TPUCYTHICTh TMAaTOTeHHUX MiKpoopra-
HI3MIB aKTyallizye HEOOXiTHICTH pO3pOOKH e(PEKTHBHHUX
MeTO/iB Oi0TOTiYHOI caHiTallii cydcTpary.

Po3pobxa TexnomoriuHoi cxeMu 6i0KOHBepcii Oa3yeThes
Ha TPUHIAIIAX KOHTPOJIHOBAHOI OiodepMeHTarii 3 ympas-
JIHHSM KJIFOYOBUMH TEXHOJIOTIYHHMH IapaMeTpaMH JUis
JIOCATHEHHST MAKCUMAIIFHOI €(PEKTHBHOCTI MPOIIECY Ta KO-
cTi iponykTy (puc. 2). TexHomorigHa apXiTeKTypa Iporecy
IHTETpy€e CydacHi JOCATHEHHS Oi0TEXHOIJIOTIi Ta iHKeHe-
pii OiomporieciB AN CTBOPEHHS €KOHOMIYHO €(PEeKTHBHOI
Ta EKOJIOTIYHO OE31eUHOT TeXHOJIOTI1.

ETan migroToBKM CHPOBHHH IPEICTABISE€ KPUTHYHO
BXIUBY a3y TEXHOJIOTIYHOTO TPOIeCy, IO BH3HAYAE
e(hexTHUBHICTh TOmaNbIUX OioTpaHcdopmariiii. ['omore-
Hi3amis cyOcTpaTy Ta CTBOPEHHS ONTHUMAaJIbHOI CTPYK-

Mikpo6ionoriuHa
XapaKTepuCTUKa

3aranbHa KinbKicTb
MiKpoOpraHiamis,
MaTorenwa Mikpodnopa,
MepmMmeHTaTMBHa
aKTUBHICTb.

®i3nKO-XiMiuHKM
aHanis

[paHynoMeTpU4HMiA
cknag, BonoricTe i
winsHicTs, pH i
eNeKTPONpPOoBIAHICT,
BmicT opraniynol
DEe4OBUHM.

Puc. 1. TpuctyneneBa iepapxisi Aoc/1il>keHb MYJIOBHX BiIK/1aiB MeTiopaTHBHUX KaHAJTIB (P0o3po0/1eHO aBTOPaMH)
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Puc. 2. Texnosnoriuna cxema 6ioepmenTanii My10BUX Bigk/aaaisB
y opraHo-minepajabHi 100puBa (po3po0d/ieHo aBTOpaMu)

TYpPHO-MEXaHI4HOI MaTpulll 3a0e3NeduyloTh PiBHOMIPHUH
PO3IOAIT MMOXXUBHUX PEUOBHH Ta €(EKTUBHUN MacOOOMIH
y OiopeakTopHiii cucTeMi. PeryimroBaHHs BOJIOTOCTI JI0 Zia-
na3oHy 50-60% cTBOprOE ONTHMAaNIbHI YMOBH JUIsl aepOOHOT
Gilonmerpanamii 3 MiHiMiI3ali€l0 pU3MKIB aHaepoOHOT dep-
MeHTalii Ta yTBOPeHHs HeOakKaHNX METa0OMITIB.

Lenrpansauii mpouec OiodepmenTanii peanizyeTbest
yepe3 KOHTPOJIbOBAaHE KYJIBTUBYBAHHS MIKPOOHHX KOHCOP-
[iyMiB B yMOBaX ONTHMI30BaHHX TEXHOJIOTIYHHX Mapame-
TpiB. Crpareris 6ioayrMeHTalii nepeadayac BUKOPUCTAHHS
CEJICKI[IfOBaHNX MITaMiB MIKPOOPIaHi3MiB 3 BHCOKOIO
JIECTPYKTHBHOIO aKTHUBHICTIO Ta JOBEJCHOIO OC3MEUYHICTIO.
Cucrema aepauii 3a0e3neuye miITpUMaHHS KOHIEHTpalii
PO3YMHEHOr0 KHCHIO Ha PiBHI, JOCTaTHROMY JUIsI OBHOI
MiHepaii3anii OpraHiYHHX CHOJIYK Ta 3armoOiraHHs yTBO-
PEHHIO aHAaepOOHUX 30H.

Temneparypuuil pexuMm OilodepMmeHTanii B agiana-
30H1 50-65°C onTHMi3ye KiHETHKY OlOXIMIUYHHMX peakiii
Ta 3abe3neuye eEeKTUBHY caHiTalir cyocTpary. Tepmo-
(UTBHI yMOBH CHPUSIIOTH NMPUCKOPEHIN NEeCTpyKIii 1emro-
JIO30JIITHIHOBOTO KOMILJIEKCY Ta eiiMiHamii HaToreHHHX
MIKpOOpraHi3MiB, BKJIIOYaloun BereTaTuBHi opmu OakTe-
piif, Bipycu Ta sins rensminTiB. Kontposns pH y myxHOMY
niarasoni (6,5-8,0) migTpUMye ONTUMAIbHI YMOBH JUIS
KUTTENSUTBHOCT]  LETIONONIITHYHUX Ta MPOTEONITHYHUX
MIKpOOpraHi3MiB.

®daza nmo3piBaHHSA Ta crabinizamii XapakTepu3yeThbcs
TpaHc(opMalielo NPOAYKTIB NepBHHHOI Oiomerpana-
il y crabiibHI T'yMyCOIOAIOHI CIIOIYKH 3 TPOJIOHIOBa-
HUMH arpoOHOMIYHHUMHM BJIACTUBOCTSMH. KoOHTpoiboBaHe
3HW)KEHHSI TEMIIepaTypu Ta JIOCATHEHHS ONTHMAJILHOTO
cruiBBigHomeHHss C:N (25-30:1) iHAMKYIOTH 3aBEpILCHHS
akTHBHOI (ha3u OiokoHBepcii Ta (hopMyBaHHS arpOHOMIYHO
edexTuBHOrO NpoAyKTy. [Iporiecn rymidikamnii 3ad0e3mneuy-
I0Th CTBOPEHHSI CTaOLIBHUX OpraHO-MiHEPAJILHUX KOMII-
JIEKCIB 3 ITi/IBUIIEHOI0 COPOIIIHOI0 EMHICTIO Ta KaTiOHO00-
MIHHUMH BJIACTHBOCTSIMH.

TexHomnoriuHe 3aBepLICHHS NPOIECY BKIOYAE TPaHy-
JIOBaHHsS OioMacH Jyis NMOKpameHHs (hi3MKO-MeXaHIYHUX

BJIACTHBOCTEH J10OpMBa Ta 3a0e3NeyeHHs] HOro TexXHOIOo-
riYHOCTI NMpu BHeceHHi. KoHTposboBaHe neriaparyBaHHs
3HW)KY€ aKTHBHICTB BOAM JI0 PiBHS, IO 3amodirae Mikpo-
010JIOTIYHOMY TICYBaHHIO NPOJYKTY IIiJ 4yac 30epiraHHs
Ta TPAHCIOPTYBaHHSI.

KomriekcHa omiHKa NMEpCHEeKTUB BIPOBADKCHHS TEX-
HoJorii OiOKOHBepcCii BHUSBIISIE CHCTEMHI CHHEPIreTHYHI
e(ekTH, MO BUXOIATH 332 MEXI MPOCTOI yTHIII3aIli Bif-
XOJIB Ta CTBOPIOIOTH NEPEAYMOBH JUIsl CTAJIOTO PO3BHUTKY
arpapHux Tepuropiii (puc. 3). IHTerpamisi exoJOriyHuX,
arpoOHOMIYHHMX Ta €KOHOMIYHHX IIepeBar (OpMye MyJIbTH-
TUTIKATUBHUHN e(DeKT, 1110 3HAYHO IIEPEBHUIILYE CyMy OKPEMHUX
KOMITOHEHTIB.

Exonoriuna e(eKTHBHICTb TEXHOJIOTII peaizyeThbes
yepe3 TpaHC(HOPMAIi0 CKOJIOTIYHOTO HaBaHTAKCHHS
Yy peCypcHUIl OTEHIIIAM, IO BiAIOBIIa€ MPUHIIAIIAM ITUP-
KyJIIpHOI eKOHOMIKH. BioKOHBepcisi MyJOBHX BiAKJIaiB
JIKBIIy€ HAKONIMYEHI OpraHiyHi 3a0pyIHEHHs METiOpaTHuB-
HUX CHCTEM, BIJIHOBJIIOIOYM 1X (PyHKIIOHAIbHY €(EeKTHB-
HICTB Ta EKOCHCTEMHI cepBicH. Perenepartisi MeniopaTuBHOT
iH(ppacTpyKTypH 3a0e31edye BiTHOBICHHS T'iJPOJIOTiYHOTO
PEKUMY TEPHUTOPIi, 110 0COOIMBO aKTyaJIbHO B YMOBaX KJIi-
MATHYHHX 3MiH Ta IeQIIUTy BOIHUX PECypCIB.

3aMilieHHsT MiHepalIbHUX 100pUB 010KOHBEPTOBAHUMH
aHaJIOraM¥ 3HMKY€ aHTPOIIOTeHHE HABAaHTAXXEHHS Ha arpo-
EKOCHCTEeMH Ta 3MEHIIYE PHU3UKH eBTpOdiKalii BOAHUX
00'extiB. Oprano-miHepanbHi JOOpHBa XapaKTepU3yIOThCs
IIPOJIOHTOBAHOIO JII€I0 Ta MiHIMAJIbHUMHU BTPAaTaMH TTOKHB-
HUX PEUYOBHMH uepe3 iHQUIBTpalLilo Ta MMOBEPXHEBUH CTIK,
IO TiIBUNIYE EKOJIOTIYHY OE3IeKy arpOTEeXHOJOT 1.

ATpOHOMIUHI IIepeBaru TEXHOJIOT1i 0a3y0ThCs Ha KOMII-
JIEKCHOMY BIUINBI O10KOHBEPTOBAHUX JIOOPUB Ha POIIOYICTh
I'PYHTIB Ta NMpPOJAYKTHBHICTH arpoleHo3iB. BHeceHHs cTa-
0171130BaHOT OpraHiyHOI PEYOBMHM MOKpAIIy€ arperarHy
CTPYKTYpY IPYHTY, Ii/IBUIILy€ HOTO BOIOYTPUMYIOUY 371aT-
HICTB Ta aepallito KopeHeBoi 30H1. DopMyBaHHs OpraHo-Mi-
HepaJIbHUX KOMIUIEKCIB 301IbIITy€ KaTIOHOOOMIHHY EMHICTB
I'PYHTY Ta IIOKpAIIy€ JOCTYIHICTh IIO)KMBHUX PEUOBHH VIS
pociuH.
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ArpoHOMIYHI
nepcrexTUBM
(36inblueHHnA)

YTuUnisauis
opraHiyHuX Bigxopfis
YTunizauia opradiydmx

Bigxomis 3sMeHLWwYe
EeKONOoriyHe HaBaHTaXeHHA.

IMnopTo3amilLeHHA
no6pus
IMnopTozamMiwenus gobpus

CMNPHAE EKOHOMIYHIA
Heznew kpainum.

ExonoriyHi ExoHOMIYHI
nepcnexkTMBU NepcnekTUBK
CKopoueHHA Hu3bka
BUKOpPHUCTaHHA CDGiBapTiCTb
MiHepaanH}{ CUPOBHUHH
AOGPHB Husbka cobisapTicTe
Lo CUPOBWHU 3abe3nedye
Cropo4eHHA ArpoHOMIYHI .
KOHKYPEHTOCNPOMOXHICTE
BUKOPUCTaHHA NepcrnekTUBY rpOIyKUii
MiHepanbHUX 40BpUE (3meHwerHnA) PoAyKulL

cnpuaAc 36epexeHHIo
MPUPOLHMX pECYPCIB.

Puc. 3. Arpoekooriuni Ta eKOHOMIiYHI MepCcNeKTHBU BIPOBAkeHHs 0i0KOHBepcil MyJIOBUX BilkaaaiB
(po3podJieHo aBTOpamMHu)

[IpomonroBana misi OlOKOHBepTOBaHWX J0OpWB 3a0e3-
TIEIy€ETHCSl TTOCTYIIOBUM BUBUIGHEHHSIM TIOKMBHUX pEYO-
BUH Yy pe3yibTari MiKpoOioJIoriyHOl AeCTpyKIil OpraHiuHuX
KOMIUIEKCIB, IO CHHXPOHI3YETHCS 3 TOTpeOaMH POCIUH
y pi3Hi (a3m Bererauii. Lle 3HWKYe pU3NKH ITEPETHOIOBAHHS
KyJIBTYp Ta MiHIMI3y€ BTpaTH €JIeMEHTIB JKMBJICHHS 3 arpoe-
KOCHCTEMH.

ExoHOMIYHA €()EKTUBHICTD MPOEKTY (POPMYETHCS HYepe3
HU3bKY cO0IBapTiCTh BHUXIJJHOI CHPOBHHH Ta BHCOKY JIOJIaHY
BapTICTh KIHIIEBOTO TPOAYKTY. MyJoBi BifKIaaM MeITio-
pPaTHBHHX CHCTEM IIPAKTHYHO OE3KOIITOBHI Ta OIHOYACHO
TIPEJICTaBIISIOTH TIPOOJIeMy, BUPIIICHHS SIKOT Ma€ JI0IaTKOBY
eKOHOMIYHY WiHHICTb. CTBOPEHHS JIOKAIBHUX BHPOOHUIITB
0iOKOHBEPTOBAaHMX JIOOPHUB TeHEpye HOBI pobodi Micis
B CUJIbCBKIH MICIIEBOCTI Ta CHPHSIE COMIATbHO-EKOHOMITHOMY
PO3BHUTKY TEPHUTOPIH.

IMmopro3amineHHst MiHepaTbHUX JOOPUB ITiIBHIITY€ TIPO-
JIOBOJTBUY O€3IIeKy KpaiHH Ta 3HIDKYE 3aJIeKHICTh arpapHOTo
CEKTOpY BiJl KOH'TOHKTYpPH CBITOBHX pHHKIB. Jlokamizamis
BUPOOHHIITBA TIOOPHB 3HMKYE JIOTICTHYHI BUTpATH Ta 3a0e3-
TIevy€ OIepaTHBHY JOCTaBKY MPOJYKIIii CIIOKHBAYaM.

Inentudikarist Ta ONiHKA TEXHOJOTIYHUX PH3UKIB 0i0-
KOHBEpCii € KPUTHYHO BaKJIMBOIO JUIST PO3POOKH Hamii-
HOI Ta Oe3meyHoi TEXHOJOTiI MPOMHUCIOBOTO MacITady
(puc. 4). CucteMHHIl aHANI3 TOTEHIIIHHAX 3arpo3 JI03BOJISE
PO3POOHUTH KOMIUIEKCHY CTPATErilo YIpaBIiHHA PH3NKaMH
3 TIPEBEHTHBHOIO OPIEHTALIIEIO0.

MikpoOioJIOTiYHI PU3HUKH MPEICTABIISIIOTH HAWOLTBII KPH-
THYHY KaTeropiro 3arpo3 4epes3 ix Oe3nocepesHiil BIUIMB Ha
Oe3medHicTh mporecy Ta sKicTh npoxykiii. Kontaminamis
MIAaTOTeHHNMH MIKpPOOpraHizMaMH Moke TpaHchopMyBaTh
KOPHCHHH TIPOIYKT y JpKepeno OionoriuHoi HeOesmeku. Ctpa-
Teriss MIKpOOIOJIOTTYHOTO KOHTPONIO 0a3yeThesl HAa TPHHIIN-
nax HACCP (Hazard Analysis and Critical Control Points)

3 ieHTH(IKAI€I0 KPUTHIHUX KOHTPOJIILHUX TOYOK Ta BCTa-
HOBJICHHSIM KPUTHYHHUX MEX JUTS KIIFOYOBHX ITapaMeTpiB.

Tepmiuna canitamiss cyoctpary B aiamasoni 50-65°C
3a0e3reduye eNiMiHAII0 BereTarMBHUX ()OPM IaTOTeHiB,
OIHaK TOTpeOye MOMATKOBUX 3aXOJiB JUIs iHAKTHBAIIii CIO-
poBux opm Oakxrepiii. KonTponsoBana aepariist 3arobirae
CTBOPEHHIO aHAEPOOHMX 30H, 1110 MOIIIM O CIIPHSATH PO3BUTKY
MAaTOreHHUX aHAepOOHMX MIKpPOOPraHi3MiB, BKIIIOYAIOUH
30y/THUKIB OOTYJTi3My Ta ra30BOi raHTPEHH.

HerioBHa OiokoHBepcisi opraHiuHHX CyOCTpaTiB MoXe
MIPU3BOJUTH JI0 HAKONMYECHHS (DITOTOKCHYHMX —CITONYK,
BKJIIOYAIOYM OPTaHiuHI KHCJIOTH, aMiak Ta iHII MeTaboiTn
HENoBHOT AecTpyKuii. MOHITOpHHT OiOXIMIYHMX MapKepiB
3aBepIICHHs IIpOIeCy, BKJIO4arodn criBBigHomeHHsT C:N,
pH Ta KOHIIEHTpAIlil0 aMiaqHOTO a30Ty, J03BOJISIE 00'€EKTHBHO
OLIIHUTH CTYIIIHB 3PUJIOCTI MIPOITYKTY.

XiMiuHI PH3UKH TOB'S3aHi 3 MOTEHIIHHOI KOHIICHTpA-
Li€I0 TOKCHYHUX CIIOJIYK Yy TIpolieci O10KOHBepCii Ta MOXITH-
BUMH XIMIYHHUMH TpaHC(HOPMAISIME BUXIHUX 3a0pyIHIO-
BaviB. bioakymysrsIis BaKKMX METaliB y MIKpoOHii Giomaci
MOKE TIPH3BOAWTH 0 iX KOHIEHTPYBAHHS Y KIHIIEBOMY
npoxykri. Crpareris JeTOKCHKallii BKIIOYa€ MOMEPETHIO
00poOKy cyOCcTpaTy METOAaMH XIMIYHOTO OCa/LKEHHSI, Oioc-
opOrrii ado ¢itopememiarii.

Brpary NOKMBHUX PEYOBHH 4Yepe3 BOJIATHITI3AIIIO a30T-
HUX CIIONYK, NEHITpuQiKaliio abo BUMHBAHHS 3HIKYIOTH
arpOHOMIYHY IIIHHICTb MPOYKTY Ta MOTiPIIYIOTh €KOHOMIYHI
TOKa3HUKH Tporiecy. OnTrMizaliis TEXHOJOTIYHHUX TTapamMe-
TpiB, BKJIIOYAIOYM CHUCTEMy aeparlii, BOIHMI pexum Ta pH,
MiHIMI3y€e [i BTpaTH Ta 3a0e3ledye MaKcHMallbHe 30epe-
JKEHHS1 €JIEMEHTIB )KUBJICHHSI.

TexHIUHI PU3NKH OXOIUTIOIOTH ACHEKTH TEXHOJOTTYHOT
HAJIIHOCTI Ta MacmTaboBaHOCTI mporiecy. HecTaOlbHICTh
610JIOTIYHOTO ITpoIecy MOXKE TPHU3BOAUTH A0 3HAYHUX

Crnoboxancekmid HaykoBuit BicHuk. Cepist: [Ipupopnuyi Hayku, Bumyck 2, 2025

156



Brparta

. = o YTBOpEHHA MOXWUBHUX
MIKpOﬁIOﬂOFNHI -
TOKCHHIB pe4yoBUH
PU3UKH
BukopucTaHHa OnTumisauia

PossuTok naToreHis

MoHiTopuHr
BioximMiuHWX NOKasHUKIB

CﬂeLll-‘Ide‘{H WX WTaMmis

@f ,\/,,JQ 9,
@ &\' g \@

C

napameTpis npouecy

R\ X

XiMiuHi pusnkn

HakonuuyeHHsa BamKux
METane

Puc. 4. Knacudikauist rexHosoriyHux pusukiB 0iokoHBepcii
Ta METOJHU iX NPEBEHTHBHOIO YCyHeHHsI (P0O3P00JeHO aBTOPAMM)

KOJIMBAaHb SIKOCTI MPOIYKIIT Ta eKOHOMIYHUX BTpat. Brpo-
Ba/DKEHHSI aBTOMAaTH30BaHUX CHCTEM KOHTPOJIIO 3 BHKO-
PHCTaHHSIM Cy4aCHHX CEHCOPHHUX TEXHOJIOTIH 3abe3mneuye
peasn-TaiiM MOHITOPMHI KPUTHYHHUX MapaMeTpiB Ta orepa-
THUBHY KOPEKIIi}0 TEXHOJOTTYHOTO PEKUMY.

EnepreruuHi BUTpaTW Ha aepaiiio, MepeMillyBaHHs
Ta TEPMOCTaTyBaHHS MOXYTb CTAHOBHTH 3HA4YHY YacCTKY
ornepariifinux Butpar. Crparerisi eHepreTHuHOI ONTUMi3a-
il BKJIIOYAE PEKyIepariio Teria OioJIoriYHUX TPOIECiB,
BUKOPHCTAHHS BiTHOBIIOBAJILHUX JKEPEI CHEPTii Ta BIIPO-
BaJKEHHsI eHeproe()eKTUBHUX TEXHOJIOTIH.

Ce3onHa BapiabenbHICTh IOCTYITHOCTI CHPOBHHU CTBO-
pIO€ pU3MKH JUlsi Oe3MepepBHOCTI BUPOOHHYOIO IPOLIECY.
JuBepcudikailisi Jukepen MyJIOBUX BiAKIAIB, CTBOPECHHS
OydepHux 3amaciB Ta po3poOKa TEXHOJOTIH KOHCepBaii
cyOcTpary 3a0e3neuyoTh CTadlIbHICTh CHPOBHHHOT Oa3u.

IHTerpoBana cucreMa yIpaBlliHHSI pU3HKaMU 0a3yeThest
Ha TIPUHIMIAX TPEBEHTUBHOIO KOHTPOJIIO 3 MYIBTHPIB-
HEBOIO apXiTeKTyporo Oe3meku. IIOCTIHHUA MOHITOPHUHT
0i0JIOrYHKX, XIMIYHHX Ta (DI3MYHUX APAMETPIB MPOLIECY
3a0e3reuye paHHE BUSIBJICHHS BIIXWICHb Ta OIEpaTHBHE
NPUHHSTTS KOperyBaibHUX 3axoiB. CTannapTu3aiis onepa-
LIMHUX TPOLEAYp Ta CUCTEMaTH4Ha MiJArOTOBKA MepPCOHAITY
MIHIMI3YIOTh PU3UKH, [TOB'SI3aHI 3 JIIOICHKUM (haKTOPOM.

CucteMHHMH aHaji3 TEpCHEeKTHB Ta PU3UKIB O10KOH-
Bepcil MyJIOBUX BIJIKJIAIiB 3aHEA0aHUX MEIOPaTHBHUX
CHUCTEM JICMOHCTPYE BHCOKHH IMOTEHINA I[i€i TEXHOIOTil
JUIsl CTAJIOTO PO3BUTKY arpapHoro cexropy. KomruiekcHuii
MIJIX1]T 10 XapaKTePUCTHKU CYOCTpary, ONTHMI3alil TeXHO-
JIOTIYHUX MapaMeTpiB Ta YHPaBIiHHS PHU3UKAMH CTBOPIOE
HAayKOBE MIJIIPYHTS Uil PO3POOKH MPOMHUCIIOBO MacCIlTa-
OoBaHO TeXHOJIOTIi BHPOOHHMLTBA OpPraHO-MiHEPaJIbHUX
JIOOpUB.

CuHepreTnuHi e(eKTH BIPOBAKEHHS TEXHOJIOTII, 110
MOEHYIOTh €KOJIOTIYHI, arPOHOMIYHI Ta €KOHOMIUHI Tiepe-
Baru, GOpMYyIOTh MEPEAyMOBH JUIsl CTBOPEHHS €KOHOMIUYHO
e(heKTUBHHX Ta EKOJIOTTYHO Oe3neyHux BUpOOHUITR. [Ipe-
BEHTHUBHA CTpATETisl YNPaBIiHHS TEXHOJIOTIYHHUMHU PH3H-
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KamH 3a0e3reuye HaJiiHICTh mHpolecy Ta Oe3ledHICTh
MPOIYKIIiT, 1110 € KPUTHYHO BaXKJIMBHUM JIJIsI KOMEpIiami3arii
TEXHOJIOTII.

[Mopanpui gociipKeH s OyIyTh 30Cepe/KEeH] Ha ONTH-
Mi3allii MiKpOOHHX KOHCOPIIYMIB [UIst crielu(iYHUX THITIB
MYJIOBHX BIJIKJIaJ(iB, po3poOLli eHeproe(h)eKTUBHUX TEXHO-
JIOTTYHMX PillIeHb Ta CTBOPEHHI aJalITHBHUX CUCTEM YIIPaB-
JIiHHs OlorporiecamMu JJisl pi3HUX KIIMaTHYHUX YMOB.

BucnoBku. MyJsioBi Biakiagu 3aHeaOaHUX Meliopa-
TUBHHX CHUCTEM € TIEPCIIEKTUBHOI CHPOBUHOIO JUIsi BUPOO-
HUILITBA OPraHO-MiHEPAIbHUX JOOPUB 3aBISKH BHCOKOMY
BMICTY OpraHiuHOi PEYOBMHM Ta KOMIUIEKCY O10T€HHHUX
enementis (N, P, K Ta mikpoenemenTis). Ix yrumizaris
JIO3BOJISIE OJTHOYACHO BHPILIYBAaTH €KOJOTIYHY MpoOiIemMy
HaKONWYEHHS BIJIXO/IIB 1 CTBOPIOBATH LIIHHUH arpoHOMid-
HUU IPONYKT.

[TpoBezeHi 1ociikeHHs 3apyOKHIX aBTOPIB MiATBEp-
JUKYIOTB, 1110 TepModiibHI yMoBH (50-65°C), onTumarnbHa
BoJioricth (50-60%), koutpons pH (6,5-8,0) Ta piBHOMIp-
HUI po3MoAia cyOcTpary 3a0e3MnedyroTh IHTEHCUBHY MiHe-
pastizaiifo OpraHiuyHoi pe4yoBUHHU, €(DEKTHBHY CaHiTapHY
00po0OKy Ta (hopMyBaHHs CTAOLIBHUX OPraHO-MiHEPATbHUX
KOMILJIEKCIB 3 POJIOHTOBAHOIO JTIEF0.

BripoBapkeHHst 010KOHBEpPCIi CrIpHsie 3aMIILIEHHIO MiHe-
palibHUX JOOPHB, 3HIKCHHIO PU3HUKY eBTpodiKarlii BOJHUX
00’€KTIB, BIJIHOBJICHHIO TiJPOJIOTIYHOIO PEXKUMY Meniopa-
TUBHHX CHUCTEM, ITOKPAILEHHIO CTPYKTYPHU Ta BOJOYTPUMY-
10401 3/1aTHOCTI IPYHTIB, @ TAKOXK 3a0e3Iledye MOCTyIIOBe
BUBUIBHEHHS MMOKMBHUX PEYOBUH BIANOBITHO JI0 NOTpPeO
POCIIHH.

TexHoorisi Mae BHCOKY E€KOHOMIYHY IpHUBaOJIUBICTH
4yepe3 0e3KOIITOBHY a00 HU3BKOBAPTICHY CHPOBHHY, MOX-
JIMBICTh CTBOPEHHS JIOKAIBHUX BUPOOHMITB, 3HHKCHHS
3aJIeKHOCTI BiJl IMIIOPTY J00pHB Ta (JOPMYBaHHS JIOAAHOT
Baprocrti. Ile 3abe3neuye 3pocTaHHs MPUOYTKOBOCTI arpo-
BUPOOHHIITBA Ta PO3BUTOK CLIBCHKUX TEPUTOPIH.

Cepenl OCHOBHHX PH3HKIB — MIKpPOOIOJIOTIYHA KOH-
TaMiHaI[isl, HAKONUYEHHS BaKKUX METaliB, YTBOPEHHS
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(ITOTOKCHYHUX CIIONYK, CHEPTETHIHI BUTPATH Ta CE30HHA Iomamemi pobotn MaioTh OyTH CIIpsIMOBaHI Ha BIIO-
HEPIBHOMIPHICTh HAJIXO/DKEHHS CHPOBHHH. PEKOMEHZO-  CKOHAJIICHHS MiKpOOHWX KOHCOPIIYMIB JJIS CTICIU(IIHUX
BaHo BmpoBamKyBatd HACCP, aBTOMaTH30BaHi CHCTEMH  THITIB MYJIOBHX BiJIKJIaliB, PO3POOKY aTallTHBHIUX TEXHOIIO-
MOHITOPHHTY Ta €HEproc(eKTHBHI TEXHOJNOTIl, a TakoX  Tii MmiJ pi3HI KIIMaTHYHI YMOBH Ta iHTETPAIiIO0 IIPOIECIB
CTBOpIOBaTH OydepHi 3amacu cyOcTpary. OiokoHBepcii y cTpaTerii MUPKYIAPHOI EKOHOMIKH.
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