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MPOTHO3YBAHHS ITOKA3ZHUKIB KHCHEBOI'O PEXKUMY P. IYHAMN

Merta. BusHaueHHs THHAMIKH KHCHEBOTO peKUMY piuku [lyHail Ta CTBOPEHHS MOJIEIi TPOTHO3yBaHHS KH-
cHeBoro pexxumy JlyHaro Ha OCHOBI aHami3y OioximiuHoro crioskuBanHs kucHio (BCK) ta mporiecis peaepaiiii, 1o
BpPaxoBYIOTh 0araTo()akTOPHUM BILUTUB €KOJIOTIYHUX, TiPOJIOTIYHUX Ta aHTPOTOTCHHUX YHHHHUKIB.

Metomu. CTaTHCTHYHI, 3aCTOCOBaHO MaTeMaTHuHy Mojens Ctpitepa-Denrica.

PesyabTaT. Ha mincraBi aHamizy 0araTOpidyHHX JaHHWX JCP)KAaBHOTO MOHITOPHHTY BOIHHX PECYpCiB .
yHait 3a nokasankamu posurnenoro kucHio (PK) ta 6ioximiunoro crioxkusanus kucHio (BCKs) 3a mepiox 2004—
2023 pokiB BH3HAYCHO 3arajibHE IMOKPAMICHHS KHCHEBOT'O PEKUMY: BCl IIOCTH CIIOCTEPEKECHHS NEMOHCTPYIOTH
crabinpHe 3poctanHs piBHA PK, oco6mmBo micis 2020 poky, o MOKe CBITYHTH PO 3MEHIIECHHS OPTaHigHOTO
3a0pyaueHns. Ce30HHUE aHalIi3 MOKa3as, 110 B XOJIOAHUI nepion piBerb PK 3pocrae, Toxi SIK y TEIUIHiA mepios
CIIOCTEPITaeThCsA HOT0 3HKEHHS Yepe3 MiIBHIEHHS 0ioioriaHol akTuBHOCTI. Mozens CrpiTepa-denrica miarse-
pawmina 3aaTHicTh mporuodyBaru auHaMiky PK 1 BCKs 3 IpHitHATHOIO TOYHICTIO, X04a B JIEsIKi POKH CIIOCTEPITalnch
PO301KHOCTI Yyepe3 KOPOTKOCTPOKOBI KOJMBAHHS OPTaHITHOTO HAaBAHTAKCHHS.

BucnoBku. IlinTBepmxeHo edekTHBHICTh BUKOpucTaHHs Mojeli Crpitepa-denrica sl NPOrHO3yBaHHS
KHCHEBHX TMOKa3HUKIB p. JlyHal. J[aHi MPOrHO3y MOXYTh OyTH BUKOPHUCTAHI JIUISl OLIHKKM €KOJIOTIYHOTO CTaHy pi-
YKH, TUITAHYBAHHS 3aX0/IiB i3 MOKPAIICHHS SKOCTI BOJU Ta YIPAaBIiHHSA BOJHUMHU pecypcamu. Po3po0iieHi pexome-
HJALIi JO3BOJIATH MiHIMI3yBaTH PU3UKH KHCHEBOTO JE(IIUTY Ta COPUATHMYTH 30€PEIKCHHIO €KOJIOTIYHOT PiBHO-
Baru Oaceiiny p. [lyHaii.

KJIFOUOBI CJIOBA: xucnesuti pescum, [ynai, Oioximiume CHOJCUBAHHS KUCHIO, peaepayis, MoOelb
Cmpimepa-Dennca, monimopumne 600u

SAx nuryBaTu: besconnwmii B. JI., Tperbsikos O. B., Hekoc A. H., Hicros €. B. IIporno3yBaHHs IOKa3HHUKIB KHC-
HeBOro pexumy p. HdyHait. Jloouna ma ooexinis. Ilpobremu neoexonoecii. 2024, Bum. 42. C. 6-23. DOI:
https://doi.org/10.26565/1992-4224-2024-42-01

In cites: Bezsonnyi, V. L., Tretyakov, O. V., Nekos, A. N., & Chistov, Ye. V. (2024). Prediction of oxygen regime
indicators in Danube river. Man and Environment. Issues of Neoecology, (42), 6-23.
https://doi.org/10.26565/1992-4224-2024-42-01 (in Ukrainian)
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PiukoBi exocucTeMu € HaJA3BUYAWHO Ba-
JKIIMBAMH €JIEMEHTaMH TIPUPOJHOTO Cepelio-
BUIIIA, aJKe BOHH 3a0€31eUyI0Th O610I0T19HE Pi-
3HOMAHITTA, € JDKEepPeJIoM MpicHOi BOIH, a Ta-
KOX BIAIrparOTh BYKJIMBY POJIb Y IIPOIEcax ca-
MoouuieHHs Boau. OHieo 3 HaHOLIBIINX Ta
HaBaXJIMBIMIKMX PiuOK €Bpom € piuka [yHaid,
sKa MPOTiKae uepe3 ACKiIbKa KpaiH Ta 3a0e3re-
4Yye BOJHHMH PecypcaMi 3HauHy YacTHHY Ha-
CEJICHHS, a TAaKOXX € OCHOBOIO JJISl YMCIIEHHHX
€KOHOMIYHMX Ta €KOJIOT1UYHUX mporieciB. OHaK
IHTCHCHBHHMI aHTPOIOTEHHUH BILIUB, 30KpeMa
4yepe3 MPOMHUCIOBE, CUTECHKOTOCTIOAAPChKE Ta
no0yToBe 3a0pyAHEHHS, CTBOPIOE 3HAUHE HaBa-
HTaXCHHS Ha eKocucTeMmy piukd. OmHuUM i3
KJIIOUOBHMX ACHEKTiB, 1[0 BU3HAYAE SIKICTb BOA-
HOT'O Cepe/IOBHIIA Ta 37I0POB'SI BOAHUX €KOCHC-
TEM, € KICHEBUI PEKUM PIUKH.

KucueBuii pexxuM pidykoBUX BOJ € TIOKa-
3HUKOM, IO BiIOOpaXkae MpOIECH OKHUCICHHS
OpraHiyHUX PEYOBHH, OiOXIMiYHE CIIOXH-
BaHHS KMCHIO BOJJHUMH OpPTaHi3MaMH, a TaKOXK
MPOLIECH peaeparlii, KoM KHCeHb HaIXOIUTh Y
BoAy 3 atmocepu. KoHueHTpaiisi po3unHe-
HOTO KUCHIO y BOJIi € JXUTTEBO BaXXJINBUM (ha-
KTOPOM JUIsl TATPUMKH €KOJIOTIYHOi PiBHO-
Bard Ta >KUTTEIISIBHOCTI BOJHUX OPraHi3MiB,
ajpKe Horo HecTaya MOXKe MIPU3BECTH JI0 JIerpa-
Jarlii eKoCUCTeMH Ta 3arubeni 6i0Tu. 3 orsiay
Ha IIe, MOHITOPUHT Ta MPOTHO3YBaHHS KHCHE-
BOTO PEKUMY PIUKOBHX BOJ € HAaJ3BUYAIHO
BKJITMBUM 3aBJIaHHSM JIJIs1 3a0€31eUeHHs eKO-
JIOTiYHOI CTIHKOCTI pivKy Ta ii panioHaIbHOTO
BUKOPHCTAHHS.

[TporHo3yBaHHS KHCHEBOTO PEXKHUMY Pid-
KOBUX €KOCHCTEM € BaYXIINBUM HAIPSMKOM TiI-
POEKOJIOTIYHUX JOCII[KeHb, OCKIJTbKH KOHIICH-
Tpalliss PO3YMHEHOTO KUCHIO Yy BOJI 3HAYHOIO
MipOI0 BU3HAUAE CTAaH €KOCHCTEMH Ta PiBEHb ii
3a0pynHeHHa. KuceHb y Boai BHKOPHCTOBY-
€ThCS Ha OKUCJICHHSI OPTaHIYHUX PEYOBHH, IO
HAJIXOJSITh BHACTIIOK aHTPOIIOTEHHOT JTisSUTBHO-
CTi Ta TPHUPOIHUX TMPOIECIB. [HTEHCHBHICTH
[IUX TIPOIIECIB 3aJICKHUTD Bif psiny (akTopis, Ta-
KHX SIK TeMIlepaTypa BOJIM, HASBHICTh OiOTeH-
HUX PEYOBHH, MIBUJIKICTh TEUii, a TAKOXK BMICT
OopraHiuHux pedoBuH. Yepes 11e BUBUECHHS (ak-
TOpIB, 110 BIUIMBAIOTh HA KMCHEBUU PEXKHM, i
po3poOKa Mozeneit i HOro MPOrHO3yBaHHS €
NPEAMETOM JIOCIiIKEHb 0araTb0X BUCHHX.

Cepen iCHyOUHMX MOJEIEH MPOTHO3Y-
BaHHsI KHCHEBOTO PEXKUMY 0COOJIMBE MicCIe 3aii-
Mae kimacuuHa Mmozenb Crpitepa-®@enmca,

Bcemyn

po3pobiieHa 'y 1925 pomi. Llst Mmonens 6a3yeThest
Ha MPUITYIICHH], 10 PO3Maj] OPTaHIYHUX PEeUO-
BHH, 5IKi TOTPEOYIOTh KUCHIO JIJIs1 OKUCIICHHS, Ta
Ipoliecu peaepallii € OCHOBHUMHU (pakTopamu,
SIKI BU3HAYAIOTh 3MiHYy KOHIIEHTpAIii KHCHIO y
Boxi. Mogens Crpitepa-Denrica € 0CHOBOIO 0a-
raThbOX CYYaCHHUX IiJIXOZIB JO OIIHKH SIKOCTI
BOJIM, OCKIJIbKM BOHA JIO3BOJISIE MTPOTHO3YBATH,
SIK 3MIHIOETHCSI KOHIIEHTPAIIiSl PO3YHHEHOT'0 KH-
CHIO Ha TIEBHUX IIISHKAX PIUYKH 3QJICKHO Bi
YMOB, III0 CTBOPIOIOTHCS HA BXiAHOMY ITYHKTI.

HyHaii, sk apyra 3a JOBXKHWHOIO pidKa B
€Bporri, Mae HaA3BUYAHO BaXKIIUBE EKOJIOTi-
YHe Ta eKOHOMiYHe 3HauyeHHs. li KHUCHeBHil pe-
KHUM € KJIIOYOBUM 1HIUKATOPOM €KOJIOTIYHOIO
CTaHy, SIKWH BIUIMBa€e Ha OlOPI3HOMAHITTA, SK-
iCTh BOJAM Ta 3arajbHUN OanaHC €KOCHCTEMH.
[IporHo3yBaHHsI TMOKa3HMKIB KHUCHEBOTO pe-
YKUMY € CKIIQJJHUM 3aBJIaHHSM, 10 TOTpedye iH-
Terparii TiAPOJOTIYHNX, KIIMATUYHUX Ta aH-
TPOTIOTeHHUX YMHHUKIB. Y CydacHid HayKOBii
JiTepaTypi 3HaYHA yBara MPHUIUISIETHCS BUKO-
PUCTAaHHIO MaTEeMaTUYHUX MoJeleil, MeToxiB
MAIIUHHOTO HABYaHHS Ta JaHWUX JUCTaHIIH-
HOTO 30HAYBaHHS JUIS aHaNi3y Ta MPOTHO3Y-
BaHHS 3MiH y KICHEBOMY PEKUMI.

KucHeBwmii pexkuM BH3HAYA€THCSI B3a€EMO-
Jer0 (Qi3uKO-XIMIYHHX Ta O10JIOrTUHUX TPOIIe-
CiB, 1110 BIUIMBAIOTh Ha PiBEHb PO3YMHEHOTO KH-
cHIO y BoAi. ['onoBHnME (pakTopamu € Temre-
paTypa BOJAHM, IIBHIKICTh TEYil, KOHIICHTpAIIis
OpraHiuHUX PeYOBHH, (POTOCUHTETUYHA aKTHB-
HICTH BOJIOPOCTEH 1 aHTpOIOTEeHHE 3a0pya-
HeHHs [1].

3HaYHWI BHECOK y BUBUEHHS KHCHEBOTO
peXuMy 3poOWIM KiIacw4dHi poOOTH, MPHUCBS-
YeHI MOJICJIFOBAHHIO PO3UMHEHOT'O KHCHIO, 30K-
pema pieasHHS CTpitepa-®Denrca [2], sike Bpa-
XOBY€ TPOLECH CIIOKMBaHHS KHUCHIO IiJ Yac
OKHCJICHHSl OpraHiYHUX PEYOBUH Ta WOro mMo-
[TOBHEHHSI BHACIIIIOK peaepaii.

Cy4acHi JOCIIDKEHHS HaroJomyTh Ha
BaXXJIMBOCTI BpaxyBaHHA 3MiH KJIIiMaTy, 30K-
peMa MiJBUINCHHST TEMIIEPATYPH, SKE BIUINBAE
Ha 31aTHICTh BOAH yTPUMYBaTH KuceHsb [3]. Ta-
KOXX 3BEpPTa€ThCs yBara Ha IiJIBUILEHHS €BTPO-
¢ikanii, crpuYMHEHOi HAAXOMKEHHAM (oc-
¢dopy Ta azoty 3i cTiuHUX BOJ [4].

[Iporno3yBaHHs MOKa3HUKIB KHCHEBOTO
pexxuMy 0a3yeTbesi HA BUKOPHCTAaHHI MOJeNei
PI3HOTO PiBHS CKJIAAHOCTI. Tpamuiliiiai mare-
MatruHi mMozeni (Hamp., QUAL2K) no3Bons-
I0Tb  MOJETIOBaTH  NPOCTOPOBO-YACOBHM
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PO3MOINT KUCHIO Y BOJI, BPaXOBYIOUH (i3HUKO-
ximiuHi napamerpu [5]. OpHak iX 3aCTOCYBaHHS
noTpedye 3HAYHUX OOCHTIB TAHUX Ta TOYHOTO
kaniopyBanas. OcTaHHIM 9acoM HaOYIH TOITY-
JSIPHOCTI MiAXOAH, IO BUKOPUCTOBYIOTH HEH-
pPOHHI Mepeki, METOI OIOPHHUX BEKTOPIB
(SVM) ta ancamOneBi METOOH AJSI IPOTHO3Y-
BaHHsI KHCHEBOTO PEXXHMY Ha OCHOBI BEITUKHX
o0csriB nanux (Big Data) [6]. Taki metonu no-
3BOJISIIOTH BUSIBJISITH HEJIIHIIHI 3a1€KHOCTI MDK
3MiHHEMHA. TeXHONOoTii CyIyTHHKOBOTO MOHI-
TOPUHTY HAJAIOTh BEJIMKI MACHBH JAHHUX IIOJIO
TEMIIEpaTypy TOBEPXHI BOAM, KOHIICHTpAIii
xJopodidy Ta iHIIUX 3MIHHUX, 0 BUKOPHCTO-
BYIOTBCSl Y MoJientoBaHHi [7]. Hanmpuknan, Mo-
nens MIKE 11 ycminmHO 3aCTOCOBYETHCS IS
MPOTHO3YBAaHHS SKICHUX TIOKa3HHWKIB BOJIH,
BKIIIOYHO 3 KHCHEBUM PEKHUMOM, BPaXOBYIOUH
JIUHAMIKy BOJHOT'O TIOTOKY [8].

Piuka [lynaii mpoxomuts depe3 10 kpain
1 Mae CKIaAHy €KOJOTIYHy CTPYKTYpY, MIO
YCKJIQJHIOE TIPOTHO3YBAaHHS KHUCHEBOTO pe-
JKUMY. 3T1THO 3 JOCITIHKEHHSIMH, KUCHEBUIT Oa-
JIAHC Y Pivlli 3aJIeKUTh BiJ 0aratbox (hakTopis.
VY JiTHIA TEpioj] CIOCTEPIraeThCs 3HUKCHHS
KHCHIO Yepe3 MiJABUILCHHS Temmeparypu [9].
[IpoMuciioBi Ta CiTBCHKOTOCIIONAPCHKI CTOKH
3HAYHO 3MIHIOIOTh SIKICHI XapaKTepUCTHUKU
Boju [10]. PeryJsiiist BOAHOIO MOTOKY 3a JOI0-
MOTO0I0 TaM0 Ta KaHaiB BIUIMBAE Ha MIBUIKICTh
peaepauii [11]. CywacHi Moameni mHpoOrHosy-
BaHHs Jus p. Jynai, taki sk SWAT (Soil and
Water Assessment Tool) Ta Momerni, mo iHTer-
PYIOTh 1aHi JUCTaHLIHHOTO 30HAyBaHHs, TOKa-
3YIOTh BUCOKY €(peKTHBHICTh Y BHUSBICHHI JJOB-
TOCTPOKOBUX TeHACHIIH [12].

Piuka Jlynaii, 1pyra 3a 10BXUHOIO B €B-
POIIi, BiJlirpae KIFOYOBY POJIb Y BOIHUX €KOCHC-
TEeMax Ta SKOHOMIlli Oarathox KpaiH. MoOHiITO-
PHHT Ta IPOrHO3YBaHHS KUCHEBOT'O PEXXUMY L€l
PIUKM € KPUTUYHO BaKJIMBUMH Ui 3a0e3rie-
YeHHs €KOJIOTTYHOI CTa0IBHOCTI Ta IKOCTI BOM-
HUX pecypciB. [IporHO3yBaHHS KHUCHEBOTO pe-
xKuMy pidku JlyHail 06a3zyeTbcsi Ha KOMILIEKC-
HOMY aHai3i TiIPOJIOTIYHMX, XIMIYHUX Ta 0io-
soriuaux mapamerpiB. CydacHi JOCIHIIHKEHHS
BUKOPHUCTOBYIOTH T'€0iH(OpPMAaIliiiHi TEXHOJIOTii
JUIL MOJEJIOBaHHA Ta TPOTHO3YBAaHHS SIKOCTI
BoJIM. 30KpeMa, BaceHko Ta iH. 3acTocyBan Me-
ToJ X0JbTa Il KOPOTKOCTPOKOBOTO IPOTHO3Y-
BaHHS 3MiH SKOCTi BOIM, BKJIIOYAIOUM IIOKa3-
HUKH PO3YMHEHOTO KHCHIO, y JnenbTi JlyHaro
[13]. AurpororeHHe HaBaHTaXEHHS, 30KpeMa
CKUJIM CTIYHUX BOJ Ta IIPOMHUCIIOBA TisUTBHICTD,
CYTTEBO BIUIMBAIOTh HA KUCHEBUH PEXUM PIUKH.

~8~

Crineni Jynaiiceki Hocnimkenns 4 (JDS4) su-
SIBUJIM HAasIBHICTh TIOHAT S80 3a0pyTHIOIOUHX pe-
YOBHMH y Bojax JlyHaro, 110 MOXK€ NPU3BOAUTH
110 3HWKCHHS PIBHS PO3UMHEHOT0 KMCHIO Ta I10-
TipIIeHHs1 ekonoriuHoro crany [14]. MixHapo-
IHa KoMicis 13 3axucty piuku HyHait (ICPDR)
KOOPIMHY€ 3YCWUIS 3 MOHITOPUHIY Ta YIpaB-
JHHS BOAHUMH pecypcamu Oaceiiny JlyHaro. Pe-
amizaniga CrineHoro [lnany ynpaBiiHHA piuko-
BuM OaceiftHoM JlyHar0 crpsmMoBaHa Ha JIOCAT-
HeHHS "moOporo" eKOJIOTIYHOTO CTaHy BOJ,
BKJIIOYAIOYM OMNTHMI3alil0 KHCHEBOTO PEXHUMY
[15]. He3Baxxarouu Ha 3Ha4YHI 3yCHIUIS, TPOTHO-
3yBaHHS KMCHEBOTO pexumy piuku JlyHai cTu-
KAETHCSI 3 BUKIIMKAMH, TIOB'SI3aHUMH 3 KOMITICK-
CHICTIO €KOCHUCTEMH Ta BIUIMBOM 3MiH KIIiMaTy.
[onaneuri nocnimxeHHs HeoOXiqHi AT BAOCKO-
HaJICHHS MOJIEJICH POTHO3YBaHHS Ta PO3pPOOKH
e(eKTUBHUX 3aXO0/1iB 3 YIIPABIIHHS SIKICTIO BOJIH.

BrwB rigponoridHuX MporieciB Ha KHc-
HEBUH pexuM piuku JlyHail € IpeaMeToM Yuc-
JICHHUX JIOCJIIDKeHb. Bapiartii piBHs BOaM, IBU-
JIKOCTI Tedil Ta TeMmeparypy Boau Oe3mocepe-
HBO BIUIMBAIOTh Ha KiJIBKICTh PO3YMHEHOTO KH-
curo (PK) [16]. ¥ po6ori [17] nmoka3zaHo, 1o ce-
30HHI 3MiHU CTOKY Ta TEPMIUHHNA PEKUM PIUKH
CIPUYMHSIOTh TWKIIYHI KonmmBaHHSA PK, 30k-
pemMa y JIiTHi MiCsiIli, KOJM BUCOKi TeMIlepaTypH
Ta HA3bKa MIBHJIKICTh TeUil 3MEHIIYIOTh HOTO pi-
BeHb. KpiM TOrO, T7100anbHI 3MiHM KIIiMaTy
CHPHAIOTH MiJBULICHHIO YaCTOTH E€KCTpeMallb-
HUX SIBUIII, TAKHX SIK TIOBEHI Ta MOCYXH.

Bonna 6iota, 30kpema (piTOIDIAHKTOH Ta
MakpoQiTH, BiIIrpae KIIFOYOBY POJIb y PETYIIALIL
KHCHEBOTO PEKUMY pidoK. DOTOCHHTETUYHA Ji-
SUTBHICTh BOJHMUX POCIIMH CIIpHsE 30arayeHHIO
BOJIM KUCHEM, TOJI SIK IPOLIECH AUXAaHHS Ta PO3-
KJIaJJaHHS! OpraHIYHOI PEUYOBMHHU MOXYTb HPH3-
BOJIUTH JI0 Horo aedinury. Hanpukiaz, y goci-
JokeHHi [ 18] moka3aHo, 110 B JITHIHN 1epion y Jie-
7671 JlyHato croctepiratoThes 3HauHi 1000Bi KO-
nuBaHHs PK uepe3 aktuBHY (DOTOCHHTETHYHY
JISUTBHICTD (DITOTUIAHKTOHY BJICHD Ta IMOCHIICHE
JTMXaHHSA BHOYi. 30UThIIIEHHSI €BTpOdiKaIli € 11e
OJTHAM BayKJIMBHM YMHHUKOM. BHacIiziok aHTpo-
MOTEHHOTO BIUTHBY, TAKOTO SIK CKHJIU CLITBCHKO-
TOCIOJIAPCHKHUX CTOKIB, piuka OTpUMY€E Ha UL
KOBI NO>KMBHI PEYOBHHHM, L0 CHOPUYHUHSE "LBi-
TiHHs Boau". lle sBUIIE CynpoBOIKYEThCS 30i-
JBLICHHSIM K1TBKOCTI OpraHiuHOl peUOBHHH, SIKa
i1 9ac po3KJIaJaHHs MPU3BOIUTD 10 3HWKEHHS
PIBHS KHCHIO Y BOJII.

Y pobGori [19] nponoHyeTbcst HOBUN Me-
TOJI OLIIHKU €KOJIOTTYHOT'O CTaHy PiY0OK, B TOMY
yucai 1 33  KMCHEBUMM  ITOKa3HHUKaMH,
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3aCHOBaHMIA Ha KOHIIEMIIii eHTPOITii, SIKa BUKOPH-
CTOBYETBCSI JIJISl KUTbKICHOT OIIIHKU CTYIICHS He-
BH3HAYEHOCTI a0 Xaocy B ekocucremi. Bucoka
SHTPOTIiSI MOXKE CBIIUUTH IIPO JETPaaallifo eKo-
CHCTEMH, TOJIi SIK HU3bKa — PO CTaOlIBHICTh Ta
BITOPSIKOBAHICTh. ABTOPH PO3POOHIIA  ajTo-
PUTM, SIKMI J03BOJIsIE BU3HAUYUTH EHTPOIIIIO CHC-
TEMH Ta, BIAIOBIIHO, T €KOJOTIYHMH CTaH.

Agstopu [20] nocmimKyOTh METOAN OIli-
HKH €KOJIOTIYHOTO CTaHy BOAHHX 00 €KTiB, Oa-
3YIOYHCh HA BUKOPUCTAHHI KUCHEBHUX ITOKA3HU-
KiB. OCHOBHOIO METOIO € OOTPYHTYBaHHS IO~
JBHOCTI 3aCTOCYBaHHS Oi0XiMIYHOTO CIIOXH-
BaHHSI KHCHIO 1 PO3YMHEHOI'0 KHCHIO SIK 1HTEr-
pabHUX 1HAMKATOPIB €KOJIOTIYHOTO CTaHy I10-
BEPXHEBHX BO/I.

Ormsin mitepatypu CBiTYUTH, IO JTOCII-
JOKEHHS KHCHEBOTO pexxuMy piuku [lyHaii € Oa-
raTorpaHHOI0 1 HaJ3BUYaiHO BaXKJIIMBOIO ce-
poro, siKa MOTpedye MKIUCIUILTIHAPHOTO M-
X0Iy. AKTYaJbHICTh TE€MHU TOCIIIPKEHHS 3yMO-
BJICHA HEOOXIMHICTIO PO3pOOKM €PEKTUBHUX
METOAIB HPOTHO3YBaHHS KHCHEBOTO PEXUMY
piuku J[yHaii 3 METOIO OI[IHUTH MOYIABI 3MIiHH

y SIKOCT1 BOAM Ta CHPOTHO3YBAaTH PEaKIio BOJ-
HOI EKOCHCTeMH Ha pi3Hi (HakTOpH BIUIHBY.
[IporHo3yBaHHsSI KHMCHEBOTO PEKUMY € TaKOX
BaYKJIMBHUM IS 3aMI00ITAHHS MOYKJIMBAM €KOJIO-
TYHUM KpHU3aM, 30KpeMa yepe3 OTeHLiHHi Te-
pioau neinuTy KUCHIO, SIKi MOKYTh BHHUKATH
BHACJI/IOK HaIXOKEHHS OpraHiYHUX 3a0pya-
HeHb a00 3MiHU KJIIMaTHYHUX YMOB. TakuM uu-
HOM, 111 poO0Ta cripsIMOBaHa Ha BUPILIICHHS aK-
TyallbHOI HAayKOBOI Ta MPaKTHYHOI mpobiemu,
II0B’513aHOI 3 MIPOTHO3YBaHHAM KHCHEBOTO pe-
xuMy piuku [yHaii. PesynapraTi gocmimkeHHs
MOXXYTh OyTH BHUKOPHCTaHI €KOJIOTIYHHUMH Ta
BOJIOTOCTIONAPCHKUMH YCTaHOBaMH AJIsl IOKpa-
HICHHS MOHITOPUHTY CTaHy BOAHUX PECYpCiB Ta
yIpaBIIiHHSI HAMHU.

Merta nocnimpKkeHHsI — BA3HAYCHHS JUHA-
MIKH KHCHEBOTO peXXuMy piuku JlyHaii Ta cTBO-
PEHHS MOJEeNi MPOrHO3yBaHHS KHCHEBOI'O pe-
KuMy piuku JyHait Ha OCHOBI aHai3y 010XiMi-
yHoro crnokuanHs kucHw (BCK) ta mporuecis
peaepalrii BoJIH, 1110 BPaXxoBYIOTh 0aratogakTo-
PHHI BIUIMB €KOJIOTIYHMX, TiAPOJIOTIYHHUX Ta
AHTPOIIOTEHHNUX YHHHUKIB.

006’ ckmu ma memoou 00CAi0IHCeHHA

BuxinHumu 1aHuMu Ui JOCHIKEHHS €
YacTUHa Ha0OpY JIaHHX JEePIKaBHOT'O MOHITOPH-
HTY TIOBEPXHEBUX BOJI, IO MICTUTH MEPBUHHY
iH(opMaIlito (JaHi CIIOCTEPEKEHB) EPKABHOTO
MOHITOPHHI'Y TIOBEpXHEBUX BOA AJs p. [lyHaii B
Mexax Ykpainu. JlepKBOAAreHTCTBO NPOBO-
JIUTH JIep>KaBHUH MOHITOPUHT BOJ| BiJIIOBiTHO
1o Iopsinky 3miiCHEHHS! AE€P>KaBHOI'O MOHITO-
PHUHTY BOJI, 3aTBEp’KEHOT0 TTocTaHoBOI0 Kabi-
Hety MinictpiB Ykpainu Bixm 19.09.2018 Ne
758, sKMM BH3HAYEHO TIEPENTiK MyHKTIiB MOHITO-
PUHTY, BiIIOBiATHPHUX BHKOHABIIIB, IOKa3-
HUKH Ta MePi0ANYHICTh BUMIPIOBAHb.

Jlist nocmikeHHST BUKOPHUCTAHO JIaHi 0a-
raTOpiYHUX CHOCTEPEKEHb YOTUPHOX MOHITO-
PUHTOBUX TIOCTIB (pHC. 1):

1) Post_ID 27269, p. lynaii, 163 kM, M.
Peni, xopmon 3 PymyHi€lo, KoOopAMHATH
45.467233; 28.229450

2) Post ID 27270, p. Aynaii, 94 kM, M.
I3main, nutHUIA Boo3abip MicTa, KOOPAWHATH
45.338508; 28.814842

3) Post ID 27271, p. AyHnaii, 48 kM, M.
Kimist, mutHMii B/3, xoopmuHatu 45.435156;
29.264058

4) Post ID 27272, p. Hynaii, 20 kM, M.
BusikoBe, nuTHHi B/3, KoopauHaT 45.401556;
29.571814

Jani npencrapneHi B po3pi3i MOCTiB MO-
HITOpUHTY 1 Jat BinOopy mpo0. st ominku Te-
HJICHINH 3MIHM KHCHEBHMX ITOKAa3HHUKIB, a came
BCKs ta pozunnenoro kucHio (PK) crany ana-
Ti3yBaJIMCS JTaHI 0araTopivHUX CIIOCTEPEKEHb 3
2004 no 2023 pp. B tabumui 1 mpencrarneHi
BHXIiJHI JaHi, OTPUMaHi IIISXOM YCepeIHEHHS
3a pokamu iHQopmamii 3 Habopy maHWX, IO
OTIPHJIIOTHIOIOTECST  JIep)kKaBHUM ~ areHTCTBOM
BOJIHUX pecypciB YKpaiHu.

s mporHo3yBaHHsS JAWHAMIKM KHCHE-
BHUX TMOKa3HMKIB 3acTOCOBaHO Mozenb Crpi-
Tepa-Denrica, sKa € KIACUIHOIO TIAPOXIMIYHOIO
MOJIEJIITIO, 1110 OTIUCYE MPOLECH CAMOOYHUILIEHHS
BOJHUX 00'€KTiB (piYOK, 03€p) BHACIIIOK pO3-
Majy OpPraHiYHUX PEUYOBUH 1 HACHMYCHHS BOJU
KHCHEM. BoHa BUKOPHCTOBYETBCS JUISL OI[IHKH
SIKOCTI BOJAM Ta BIUIMBY 3a0pyAHEHb Ha BO-
noviMu. OCHOBHI MPOILIECH, K OMHUCYE I MO-
JIeJTb, BKITFOYAIOTh!

— Posman opraniuHux pedowH (OioXiMiuHe
CHOXMBaHHS KUCHIO) — B PiUKy MOTparyis-
I0Th OpPraHivHi peYOBHHU (BiJ[X0JN), SIKi BU-
KOPHCTOBYIOTBCSl MIKpOOpraHi3MaMH IS
ixHpOrO Metabomnizmy. Y mpoueci boro mMe-
Ta00J1i3My MIKPOOPIaHi3MH CIIOKHUBaIOTh
kucenb; bCK BH3Hauae KiIbKICTh KHCHIO,
HEOOXIHOTO 11 HOBHOTO OKHCIICHHS
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Puc. 1 — Cxema po3TanryBaHHs IOCTiB KOHTpOO akocTi Boan. (Kapra: QGIS, OpenStreetMap)

Fig. 1 — Location of water quality monitoring stations. (Map: QGIS, OpenStreetMap)

Tabnauus 1
Cepennbopiyni 3Ha4eHHss BCKs Ta po34nHEeHOr0 KHCHIO 32 MYHKTAMHM MOHITOPMHTY
Table 1
Annual average values of BODs and dissolved oxygen by monitoring points

MOH}:Il"g;;HFy n.1 Peni .2 I3main .3 Kinist 1. 4 Buiakose
Poku BCKs PK BCKs PK BCKs PK BCKs PK
2004 2,38 8,53 2,23 8,08 4,90 7,30 4,18 8,45
2005 3,00 6,69 1,83 7,01 3,80 7,55 1,70 7,80
2006 3,66 8,19 2,17 7,12 4,60 7,50 2,34 8,34
2007 2,63 7,11 2,86 7,27 3,09 6,47 2,47 7,00
2008 2,64 7,20 2,46 8,58 3,35 7,33 2,90 7,30
2009 3,23 8,60 3,31 8,09 4,55 7,30 3,34 8,41
2010 3,20 7,47 2,60 7,44 1,85 6,50 3,02 7,47
2011 2,96 8,73 3,90 8,34 2,60 8,35 2,39 8,34
2012 2,14 8,44 3,00 8,31 2,20 7,97 2,23 8,20
2013 3,15 8,39 2,70 7,82 1,93 8,53 1,37 8,24
2014 0,82 6,50 1,50 7,48 2,33 7,62 0,95 7,75
2015 1,40 8,44 2,43 8,34 1,23 8,73 1,09 8,16
2016 2,07 8,54 3,20 8,34 2,40 8,50 1,56 8,59
2017 2,66 8,36 3,09 8,57 1,25 8,05 1,73 9,10
2018 2,73 8,09 3,86 8,20 1,62 8,18 1,61 7,24
2019 3,05 7,47 2,60 7,67 2,07 7,90 1,55 7,67
2020 2,49 9,59 2,22 9,76 2,60 8,51 2,33 8,50
2021 1,79 9,57 2,48 9,88 2,26 9,54 2,31 9,69
2022 2,53 9,96 2,41 10,05 2,40 10,16 2,43 10,26
2023 2,78 9,43 2,46 10,15 2,64 9,44 2,60 9,56
Cepenne 2,56 8,27 2,66 8,33 2,68 8,07 2,20 8,30

~ 10 ~
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OpraHiYHUX PEUOBHH, IO MICTITHCS Y BOJII.
BCK 3MeHIyeThest 3 4acoM y Mipy po3Kiia-
JTAaHHS OPTaHIKH.

— Hacwaenns Bogu po3unnennM kucHem (PK)
— OJJHOYACHO 3 IPOLIECOM PO3Iasy OpraHiKu
BiZIOyBA€THCS TIPOLIEC BIAHOBIEHHS KUCHIO Y
Boni. Kucenp mudynmye 3 armochepu y
BOJY, KOMIICHCYIOUH HOTO BTPAaTH 4epe3 Me-
TaboOI3M  MIKpPOOpPTraHi3MiB;  IIBHAKICTH
IIbOT'0 TIPOLIECY 3aJICIKUTH BiJ XapaKTEPUCTHK
BOJIHOTO 00'ekTa (TeMriepaTypu, TypOyJIeHT-
HOCTI) 1 KOHIIEHTpAllii pO3YMHEHOTO KUCHIO.

MareMaTHyHO MOIENb OIMHUCYyE Wi JBa

MIPOIIECH 32 JIONIOMOTOI0 CUCTEMU JAr(epeHITiii-

HUX piBHAHb. OCHOBHI PiBHSIHHS MOJIENI MarOTh

BUTJTISIL

1. 3mina BCK 3 gacom:

dL
_kd * L

dt
ne: L — xonnenTpanis bCK y Bomi;
ke — xoedimieHT po3mamy opraHiku.
2. 3MiHa PO3UYNHEHOTO KHUCHIO 3 YacOM:

daD

dtzkd*L—ka*D

ne: D — nedinut xucHIO (pi3HUIS MiX
HACHYCHOIO KOHIICHTPAIIIEI0 KHCHIO Ta (haKTH-
HOIO);

Ka — koedimieHT HACHYEHHS KHCHEM
(peaepatii).

VY pe3ynbTati MX MPOIECIB KOHIICHTPA-
Iis1 PO3YUHEHOTO KUCHIO Y BOJIi CTIOYATKY 3HH-
KYETHCS Uepe3 po3Majl OPraHiku, a MOTIM MOC-
TYTOBO BiJTHOBIIIOETHCS 3aBASIKH TUQY3il KH-
cHIO 3 aTMoc(hepu. MoJielnb 103BOJIsIE PO3paxy-
BaTH, K 3MIHIOETHCS KOHIICHTPAIlisl KUCHIO Ta
OpTraHiYHUX PEUOBHH Ha IEBHIil BiJICTaHI BHU3
3a TeUi€ro Bif mxepena 3a0pyaHeHHs, 110 € KO-
PHUCHHM JIJIs OL[IHKU €KOJIOTIYHOTO CTaHy PiuoOK.
OcHoBHa cyTh Mojieni Ctpitepa-Derica — 11e
OanmaHc MK pO3MaZioM OpPraHIYHUX DPEYOBUH,
SIKi CIIO)KMBAIOTh KMCEHb, T BIIHOBJICHHSIM KH-
CHIO y BOJII yepe3 ioro audysito 3 arMochepH,
[0 JO3BOJISE OLIHIOBATH, SIK 3MIHIOETHCS SIK-
ICTh BOAM Yy MPOILECI MPHPOJHOTO CaMOOYH-
mennsa. Jns pospaxynky 3a mogmemto Crpi-
tepa-dennca moTpiOHO BUpimMTUH AUeEpeH-
LiiiHI piBHAHHS, IO ONMCYIOTh 3MiHM 0i0XiMiu-
Horo cnoxuBanHs kucHIO (BCK) Ta nediuuty
kucHio (D) B3I0BX piuKH.

OcHOBHI 3MiHHI Ta TapaMeTpH:

1) Lo — movaTkoBa KOHIIGHTpAIlis opra-
Hivyanx pedoBuH (BIIK) y myHKTI ckuy, Mr/m.

2) Do — mouatkoBuii 1edillUT KUCHIO Y
MYHKTI CKUAY, MI/1.

3) ka — KoedimieHT po3namy opraHiaHIX
pedoBHH, 1/1c¢HD.

4) ka — xoediuienT peaeparii (HacH-
YCHHSI KUCHEM), 1//1eHb.

5) t — uac, 1m0 BigNOBiAa€ MEBHIH Bijc-
TaHl BHU3 3a TEYI€r0, THI.

6) V. — mBHAKICTH TeUii BOIH, KM/ICHb.

7) Cs — KOHIIEHTpaIlisl PO3YHHEHOTO KH-
CHIO B HACUYEHOMY CTaHi, MT/JI (3a3Buuaii Ou-
3bK0 8-10 MI/JT 3aJI€KHO BiJl TEMIIEPATypH).

Mogens Crpitepa-denrnca BHKOPUCTO-
BY€E JIBa OCHOBHI PiBHSHHSI:

1. Posnax opraniuanx peuosuH (bCK):

L(t) = Ly * e kart
ne L(t) — KoHUeHTpallisl OpraHiYHUX PEUOBHH
(BCK) uepes uac (t).
2. NehiuuT KUCHIO:

_ (ka* Lo) ¢ (e7kart — gmkart)
(ka - kd)
+ Do * e Fa*t
ne: D(t) — nmedinut kucHio yepes yac (t).

[lepmmnii wieHn BimoOpaskae BHECOK PO3-
najay OpraHiku y AeiluT KUCHIO, a APYTHid —
3MEHIIEeHHs 1T0YaTKOBOTo nedinury yepes pe-
aepartito.

OcCKiJIbKM B pO3paxyHKax 4acTo IiiKaBa
BIJICTaHb, Ha SIKIf 3MIHIOETHCS JE(IIUT KUCHIO,
3B'130K M vacoM (t) i BigcranHio (x) BcTa-
HOBJIIOETHCS Yepe3 MIBHIKICTh Tedil:

t = x/v
Jle: X — BiJICTaHb BiJl TOUYKH CKUIY, KM;
V — HMIBUAKICTH Te4il BOJAU, KM/IE€Hb.

KoHueHTpalirto po3YMHEHOTO0 KHUCHIO
C(t) moxHa 3HaiiTH uepe3 AeDIIUT KHCHIO
D(t):

D(t)

C(t) = Cs— D(B)
ne: C(t) — KOHIIEHTpAIlisl pO3YUHEHOTO KH-
cHIo uepe3 gac ( t ).
Cs — KOHIICHTpAllis KUCHIO B HACHYCHOMY
CTaHi.

Pezynomamu ma 062060penns

Piuka /lyHaii € 1pyroto 3a JOBKHHOIO pid-
Koo €Bponwu micist Bonru, nmpocTararounch Ha
2857 kM Big BUTOKIB y HiMeuuwHi f0 Tupna B
Yopuomy mopi. bepe mouarok y IlIBaprsanbmi

~11~

(YopHuii J1ic), A€ YTBOPIOETHCS BiJl 3MUTTS PiHOK
Bpurax i bper. [lporikaroun uepe3 10 xpail,
BTROUaroun HiMeuuuny, ABctpiro, ClioBaqunHy,
VYropuuay, Xopsarito, Cepbito, PymyHiro,
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Bonrapiro, MonioBy Ta YkpaiHy, piuka OXOIUTIOE
YUCIICHHI MPUPOIHI Ta aHTPOIIOTCHHI JIAHIIA-
¢Tu. 3aranpHa 1TomIa OaceiiHy CTaHOBHUTH OJIH-
36K0 817 000 km?. [lyHaii Biirpae KIr040By POIIb
SK Ba)KJIMBa TPAHCIIOPTHA apTepis, IKEPENo BO-
JONOCTa4aHHs, 30Ha pubanbCTBa, a TAKOXK SIK pe-
TiOH 3 YHIKaJIbHOO Oiopi3HOMaHITHICTIO. baceitn
PIYKHM BKITIOYA€ PI3HOMAHITHI €KOCHCTEMH — Bif
JICOBHX Ta CTEIIOBUX MACHUBIB JI0 3a00I0YECHUX 1
3alJIaBHUX TEPUTOpiH, sIKi 3a0e3MedyroTh Mpo-
JKUBaHHS YUCIICHHUX BUiB (priopu Ta dhaynu, Oa-
raro 3 SKUX € PiIKiICHUMHU a00 3HHMKarouuMu. [i-
JpOJIOTiYHUI peskuM JlyHaro XapaKTepU3yeThCs
3HAYHOIO CE30HHOI0 MIHJIMBICTIO, 3 BECHSAHUMH
MOBEHSMH, 110 OOYMOBJICHI TaHCHHSM CHII'Y B
Anprax, Kapmarax Ta iHIINX TipCEKHUX PerioHax.
BriTky piBens Bogu y JlyHai miaTpuMy€eThCs Tie-
PEBAYKHO 32 PaxyHOK JIOIIOBUX OTAJiB, TOMI K
BOCEHH 1 B3UMKY pPiBE€Hb BOIU 3HIKYETHCS, IO
BIUIMBAE HAa KOHLIEHTPALIiI0 PO3UMHEHOTO KUCHIO,
ocobnmBo y HU30B sX. [loOmu3y rupma Jlynaro
pO3TaIlIOBaHWN BENWKAN JENBTOBUN DETioH,
SIKA € BaYKJIMBOKO €KOJIOTTYHOKO 30HOK0. Jlenkra
3aiimMae oy Omu3bpko 4 152 kM? 1 XxapakrepH-
3y€THCSI BUCOKOIO TIPOIYKTUBHICTIO, Oararum 0Oi-
OpI3HOMAHITTSM 1 3HAYHOIO SKOJIOT1YHOO IiHHI-
CTIO. 3aB/ISIKM TIPUPOIHKM ITPOLIECaM OUHIICHHS,
JICNIbTa JToTIoMarae 30epiraru skictb Boau B Hop-
HOMY MOpi, TIpOT€ TiJUIAEThCS 3arpo3aM 4epes
AHTPOIIOICHHUN BIUIUB.

Kmimar 6aceiiny p. [lyHaii BapitoeTbes Bif
MOMIPHO MOPCBHKOTO Ha 3aXOJi 10 KOHTUHEHTA-
JTBHOTO Ha cxomi. Ll pi3sHOMaHITHICTH BIUIMBA€E
Ha PEKUM OIaJiB, TEMIIEPATYpy Ta TiAPOIOTiy-
HUI OanaHc piuky. 3axifHa yacTuHa OaceiiHy 3a-
3BHYAM M€ BOJIOTHI KJIIMAT 3 YaCTUMH JIOIIAMH,
TOAI SIK CXiJJHa YacTWHA (30KpeMa HWXKHS Tedis)
BIJI3HAYAETHCS MEHILIOK KUIBKICTIO OMAaiiB 1 MHo-
MIpHUMH TeMIIepaTypHUMH KoiuBaHHsMU. Ce-
30HHA 3MiHA KJIIMaTHYHUX YMOB CHPHUYHUHSE KO-
JIMBaHHS PiBHS BOOM Ta KOHLEHTpALil po3unHe-
HOTO KHCHIO, 110 € OJJHAM 3 OCHOBHHX MTOKa3HH-
KiB €KOJIOT1YHOTO CTaHy PiUKH.

Piuka JlyHaii, uepe3 BHCOKHH piBeHb aH-
TPONIOT€HHOTO BIUTUBY, IMiJIA€THCS PI3HOMAHIT-
HUM EKOJIOTIYHMM 3arpo3am, 30Kpema 3a0pya-
HEHHIO TIPOMUCIIOBUMH, CIIbCHKOTOCHONAPCH-
KAMH Ta T00yToBUMH Biaxogamu. [Ipomuciosi
CTOKH, SIKI MICTSITh TOKCHYHI METaJIH, Ha)TOITPO-
JIYKTH Ta 1HIII IIKI/UIMBI PEYOBHHH, 1110 HEraTH-
BHO BIUIMBAIOTh Ha O10pPI3HOMAHITTS 1 310pPOB’S
BOJIHUX €KocucTeM. Bukopucranns mpoOpuB Ta
MECTUIIU/IIB MPU3BOAUTL 10 €BTpodiKallii, 1o
CIPHSIE PO3BUTKY BOIOPOCTEH 1 3HMKEHHIO Pi-
BHSI KHCHIO, 0COOJTUBO B 3aCTIMHUX JIUISTHKAX Pi-
uyky. KaHamizamiiiHi CTOKH — HaBITh IICIIS O4YHU-
[ICHHS, 3QJIMIIKOBI JOMIIIKA TMOTPAILIAIOTH Y
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PiUKy, MOTipIIyI04H ii AKicTh. Yepes BUCOKHii pi-
BeHb 3a0pyAHEHHS B HIDKHIM Teuil [{yHato croc-
TEPIraroTLCs MPOOJIEMH 3 SIKICTIO BOJH, IO Hera-
THBHO II03HAYA€THCS HA KUCHEBOMY PEXHMI Ta
morpedye BIPOBAIKEHHS MOHITOPHHIOBHX Ta
perymaTopHUX 3axoniB. baceitn piuku [lyHaii €
CEepEIOBUILEM 1CHYBaHHS AJISI YUCICHHUX BHUIIB
puO, BOMOTIAaBHUX NTAXiB, 36MHOBOAHMX Ta Oa-
rarbox iHmuX BUAiB. Cepell YHIKaIbHUX BH/IIB
— OCeTpoBi, fAKi MOTPEOYIOTH CcHenUu(piYHNUX
YMOB KHCHEBOTO PEKUMY Ta SKOCTI BOIU. 3Ha-
YHY pPOib Y 30€pekKCHHI MPUPOTHOTO CTaHy Oa-
CEifHy BiAIrparoTh MPUPOIOOXOPOHHI TEPUTOPIi,
Taki sk JyHaiicekuit 6iocepHuii 3amoBiTHIK B
Vkpaini Ta iHOI pe3epBaTH, pPO3TAIIOBaHI
B310BX Teuil. IIpore, BIIMB aHTPOIIOTEHHUX
(hakTopiB, 3MiH KIIIMaTy Ta peryIIOBaHHS pyclia
pIYKM HEraTWBHO BIUIMBAIOTh Ha 30eperKeHHS
Oiopi3ZHOMaHITTSL.

AHamni3 IuHaMIKU TOKa3HMKIB Oiosoriy-
Horo criokuBaHHA kucHIO (BCKs) Ta po3unne-
Horo kucHio (PK) y Boai piuku JlyHaii 3a mepion
32004 no 2023 poky IEMOHCTpPYE 3aranbHy TCH-
JICHIIIIO JIO TIOKPAILEHHS SIKOCTI BOIU. Pe3yib-
TaTh BUMIPIOBaHb, MPOBEJICHI Y YOTUPHOX TOY-
Kax Bigoopy npod — Peni, [3main, Kinis ta Bu-
JIKOBE, TIOKa3ylOTh CTAOLIBHICTh Ta MO3UTHBHY
IMHaMIKy y piBHsX kucHIO Ta BCKS, mo cBin-
YUTh PO 3MEHIICHHS OPraHiYHOro 3a0py-
HEHHS BOJTH.

Pisenp kucaro (PK) y Bcix Toukax cmo-
CTEPEKEHHS JIEMOHCTPYE 3arajlbHy TEHACHLIIO
no 3poctanHs. OcoOnMBO BHpa)keHE MiJBH-
meHHst croctepiraeteess 3 2020 poky, micis
SIKOTO PiBEHb KHCHIO 3aJUIIAETHCS CTAOIBHO
BHUCOKHMM a00 HaBiTh IIPOJOBKYE 3pocTaTu. Ha-
MpuKIaz, y Toukax [3main i BunkoBe xucHesi
MOKa3HUKHU JOCATIIN MIKOBUX 3Ha4YeHb y 2022-
2023 poxkax, mepeBHIIy04r No3HauKy 10 mr/m,
10 MOXKE BKa3yBaTW Ha MOKPAIIEHHS SKOCTI
BOJM a00 3MEHIICHHS OPraHivyHOro 3a0pyi-
HEHHS B LIUX paliOHax.

3 inmoro 6oky, nokaszuuk bCKs 3anmuma-
€TbCS BIJJHOCHO CTAOUIBHMM MPOTSIOM YChOIO
Mepiofly CIIOCTEPEKEHHS, 3 HE3HAUYHOIO TEH/IEH-
miero 0 3HmwkeHHs1. BCKs — 1ie moka3Huk, 1o
BiJI0Opaka€ KUIbKICTh KHUCHIO, HEOOXITHY IS
010XiMIYHOTO OKHCJICHHSI OPTaHIYHIX PEYOBHH Y
Bogi. Takum unHOM, 3HIKeHHs piBHSA BCKs cBi-
JUUTH TPO 3MEHIICHHS KiTBKOCTI OpraHiuyHHX
3a0pyIHEHb y BOJI, OCKUIbKA MEHIIE KHCHIO
CIIOJKMBAETHCS HA MPOLIECH PO3KIIATaHHS.

JeranpHuil aHami3 KOXKHOTO MyHKTY BiJI-
0opy TpoO JO3BOIISIE IOMITUTH crielu(ivHi 0cOo-
OJIMBOCTI JMHAMIKH IIOKa3HUKIB Y PI3HUX YacTH-
Hax piuku ynail. ¥ mynkri Peni, mo 3Haxo-
IUTHCS Ha KOPIOHi 3 PymyHi€to, piBeHb KHUCHIO
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3aJIMIIABCS  CTAOUTHHO BUCOKHUM  IPOTSATOM
YCBOTO TIEPioy, 3 AESTKUM ITiABHUIICHHSIM ITICIIS
2020 poky. ITokazuuku BCKs TyT crabimizyBa-
JIICS HA HU3HKOMY PiBHI, IIT0 MOYKE CBITYHUTH TIPO
MiHIMaJIbHE OpraHigyHe 3a0pyJHEHHS B IHOMY
periowni (puc. 2).

Y mynkri [3main (puc.3), ne po3ramosa-
HUW TIMTHUH BOJ03a0ip MicTa, piBEeHh KHCHIO
Takox 3pic micast 2020 poky i JOCST MiKOBUX
3HadeHb y 2022-2023 pokax. [lokasank BCKs
JIEMOHCTPY€E HE3HAuHI KOJMBAHHS, 3aJIMIIAIO-

12

10

MrO/mm3
(o))

YHCh Ha BiTHOCHO HU3BKOMY PiBHi, IO TaKOX
BKa3y€ Ha HU3bKUI PiBEHb OPraHiqHOTO 3a0py-
THEHHS y Wil aingani piuku. Y myHkTi Kimig
(puc.4), mo posramoBaHa Ha 48 KM BiJ THpIa,
PiBEHb KHCHIO TIPOTATOM YCHOTO MEpioay 3aiu-
maBcsl cTabutbHUM, omHak micis 2020 poky
criocTepiraeTscst 3poctanfs. 3HaueHHS bCKs
TYT OyJI0 BUCOKMM Ha MOYATKy Mepiony, mpoTe
3 4acoM 3HM3HJIIOCS 1 cTabiTizyBanocs, o CBif-
YUTHh TPO 3MEHIIEHHA OpraHigHOro 3abpya-
HEHHSL.

2004 2006 2008 2010 2012

—&— BCKS5 PK  ceeeeeeee

JIuneitnas (bCKS5)

2014 2016 2018 2020 2022 2024

Poknu

JIuneitnas (PK)

Puc. 2 — JIunamika Ta ninii Tperny nokasaukiBs BCKs i pozumaeHoro kucHro st .1 Peni
Fig. 2 — Dynamics and trend lines of BOD5 and dissolved oxygen for p. 1 Reni

12

10

mrO/om3

2004 2006 2008 2010 2012

2014 2016 2018 2020 2022 2024

Poku

—&— BCK5 PK  ceeeeeees Jluneiinas (BCKS) Jluneitnas (PK)

Puc. 3 — [lunamika ta niHii Tpery nokasaukiB bCKs 1 po3unnenoro kucHro s 1.2 [3main
Fig. 3 — Dynamics and trend lines of BODS5 and dissolved oxygen indicators for p. 2 Izmail
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0
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Poxu
—&— bCK5 PK  eeeeeeees Jluneitnas (BCKS) JIuneitnas (PK)
Puc. 4 — JTunamika Ta ninii Tpeany nokasaukiB BCKs i pozunaeHoro kucHro mys .3 Kimis
Fig. 4 — Dynamics and trend lines of BODS5 and dissolved oxygen indicators for p. 3 Kiliya
12
2 10
X
2
S 8
6
2004 2007 2010 2013 2016 2019 2022
Poku
—&— bCKS5 PK  ceeeeeees JInneitnas (BCKS) Jluneitnas (PK)
Puc. 5 — Jlunamika Ta ninii Tpeany nokasaukie BCKs i po3unaeHoro KrcHIO 1y 1. 4 Bunkose
Fig. 5 — Dynamics and trend lines of BODs and dissolved oxygen indicators for p. 4 Vylkove
[lynkr Bunkose (puc.5), mo 3Haxo- HU3BKOMY PiBHI MOXYTb BKa3yBaTdl Ha 3Me€H-
JUThbest Ha 20 KM BiJI THpNa Piukd, TAKOX Jie- [IEHHS OPTaHIYHOTO 3a0pYAHEHHS, IO TO3UTH-
MOHCTPY€ 3HA4HE 3POCTAHHS PIBHS KHCHIO 3 BHO BIUIMBa€ Ha €KOCUCTEMY PIyKH Ta ii 31aT-
2020 poky, OOcCsTalO4YM MIKOBHX 3HAa4YeHb Y HICTb IO CAMOOYHUIIICHHSI.
2022 poui. [Tokazauku BCKs TyT 3anumaroTses 3MiHM TeMIIepaTypH BIIMBalOTh Ha KOH-
Ha HU3BKOMY PiBHI, 1[0 CBiJYUTh PO HU3BKHUI neHrtparito kucHio Ta piBerb BCKs. ¥V xonon-
PiBEeHb OpPraHi4HOro 3a0pyIHEHHS y Ll yac- HUI Ce30H (3MMOBO-BECHSIHMHU IEPioj) HUKYA
TUHI piuku yHai. TeMIIepaTypa CHpUs€ BUILIA PO3YUHHOCTI KH-
TakuM 4YHHOM, JUHAMIiKa TOKa3HUKIB CHIO Y BOJIi Ta 3HWXXY€E OI0JIOTIYHY aKTUBHICTh
BCKS5 Tta kucHio y Boji piuku JlyHait 3a nepion MIKPOOPTaHi3MiB, III0 3MEHIIYE CIIOKMBAHHS
32004 o 2023 poky CBiAYMTH PO MOCTYIOBE KHCHIO JUISl PO3KJIaIaHHsI OPraHiYHUX PEYOBUH.
MTOKpaIeHHs skocTi Boau. [1iBUIICeHHS KOHTIE- Y Ternwmii ce30H (JIITHINA TEpioj) BHINA TeMIIe-
HTpamii kucHi0O Ta craoimizamis BCKS Ha patypa CTUMYJIO€  OIlOJIOTiYHI  TIPOIIECH,
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3011bLIYE MOTPeOy B KUCHI Ta 3HUKYE HOTO PO-
3YMHHICTh, O TiaBuiye nokasHuk BCKS i
3HIDKY€E PIBEHBb KUCHIO.

Tomy mpoBeeHMiT aHAITI3 CIOCTEPEKEHD
3a TeIMM (KBITEHb-)KOBTEHb) Ta XOJIOIHUM
(mucroman — Oepe3eHnb) ce30HaMHU. AHAJI3 ce-
3oHHUX 3MiH noka3aukiB BCKs ta PK y Bogi pi-
yky JlyHail Ha OCHOBI JaHUX AJISI XOJOAHOTO i
TEIUIOTO CE30HIB IEMOHCTPYE MOMITHI TCH]ICH-
ITii, 10 JO3BOJIAIOTH 3POOWTH BHUCHOBKH IIPO
MUHAMIKY SKOCTI BOJIU B Pi3HI TOPH POKY.

Y XxonomHWH Ce30H (3MMOBHM Tepion)
3HA4YCHHS KUCHIO € 3HAYHO BUILIMMU ITOPIBHIHO
3 TeIIUM ce30HOM. CepeHi 3HaueHHS KUCHIO Y
BCiX MYHKTax IMepeBuInyoTs 10 mMr/n y xomnoa-
HUH TIepiof], o MOoXKe OyTH 3yMOBIEHO 3HH-
JKEHHSAM O10JIOT1YHOI aKTHBHOCTI Ta MEHILIOIO
HIBUJKICTIO PO3KIIIaHHsI OPTaHIYHUX PEUOBUH
NpY HIDKYUX Temreparypax. Hanpuknan, y my-
HKTax PeHi ta [3main (puc.6 ta puc.7) cepenHiii
noka3Huk PK y XonogHuil ce3oH CTaHOBUTH
11,02 Ta 10,69 mr/n BiAMOBIIHO, TOI SIK y TEM-
JIUH Ce30H 11l 3HAYECHHS 3HIKYIOTHCS 110 8,27 Ta

50

MrO/om3

8,22 Mr/n. 3HMKEHHS OKA3HUKA KUCHIO B TEIl-
T ce30H MOKe OYTH MOB'sI3aHE 3 aKTHBHILITHM
CIIO)KMBAHHAM KHCHIO MIKpPOOpraHi3MaMu B
mporieci po3KIadaHHs OpraHIYHUX pPEUOBHH,
sIK€ TIPUCKOPIOETHCA 3a MiABUIICHHS TeMIlepa-
TypH.

3nauenHs bCKs Takox 3MiHIOIOTBCS 3a-
JISKHO BiJl CE30HY, X04a 15 AWHAMiKa MEHII BH-
pakeHa TOPIBHSHO 3 KUCHEM. Y TEIUIMH CEe30H
cepenni nokasauku BCKs € memo BummMu B
yCiX IMyHKTaX, IO BKa3zye Ha Oiipiry 0iomori-
YHY aKTHBHICTb, 5IKa MOTpeOye Oiblle KHUCHIO
JUTSI OKMCHEHHSI OpraHiuHuX 3a0pynHenb. Ha-
npukian, cepenHiid mokasauk bCKs y myHKTI
Peni cranoBuTh 2,81 MI/71 'y X0JOJHHI CE30H Ta
2,56 MI/1'y TN Ce30H, 1110 CBITYUTSH PO IO0-
MipHE 3pOCTaHHS 0i0NOTIYHOTO HaBaHTaKEHHS
B TEIUTy MOpPY POKy. Y myHKTI [3main 1ie cmiB-
BIJTHOIIICHHSI 11Ie OLIbII TOMiTHE — 2,53 MI/ay
XOJIOJHUH ce30H Ta 2,71 MT/1 y TeTni.

[Tynkr PeHi — B 000X ce30Hax crioctepira-
€THCS CTAOUTbHO BHCOKHMH PiBEHb KUCHIO (pHC.
6). Y xomoauuit ce30H BiH nepeuiiye 11 mr/i,

- //\/”\\R/\/\,,_.
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Fig. 6 — Dynamics in the cold and warm seasons of BODs (a) and dissolved oxygen (b) for p. 1 Reni
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Fig. 7 — Dynamics in the cold and warm seasons of BOD5 (a) and dissolved oxygen (b) for p. 2 Izmail

TOJI SIK y TETUTUH CE30H 3HMXKYETHCS, 3aliIla-
IOYNCh HAa CEpeNHbOMY piBHI OnMu3bko 8,27
mr/i1. [Tokasuuk BCKs nmemio Buimil y xomoi-
HUHN Tepioj, 10 MOKe OYTH HACIiIKOM 3HH-
JKeHHs1 010JI0T1YHOT aKTUBHOCTI Yepe3 HIK4i Te-
MIIepaTypHu.

ITynxT [3main (puc.7) — 3Ha4eHHS KUCHIO
TAaKOXX € 3HaYHO BHIIMMHU Yy XOJIOIHHUI CE30H
(cepenniit moka3Huk 10,69 Mr/i) MOPIBHSAHO 3
termuM (8,22 wmr/m). BCKs y Ternmii mepiox
Jiento miaBumeHuit (2,71 mr/n npotu 2,53 Mr/n
Y XOJIOJHHIA), 1110 CBIJYUTH PO aKTUBHIILIE CIIO-
’KMBaHHS KHCHIO Ha PO3KJIAJaHHS OpraHiKH B
TEIUIHH TIEPioz,.

VY mynkri Kinig (puc. 8) B Terumii nepioxn
CIIOCTEpITAETCSl BIJIHOCHO BHCOKHI piBEHb
BCKs (2,68 wmr/m), 1mo Mo)ke BKa3yBaTH Ha

~16 ~

MMiBUIIEHY OIOJIOTIYHY aKTHUBHICTh Y TEILTY
Mopy poKy. PiBeHb KHCHIO TYT TakOX 3HIKY-
€THCS B TEIUTHI Ce30H (cepenHii moka3Huk 8,07
mr/i potu 11,02 Mr/n y XonoaHui), 1o Biamo-
Bila€ 3aKOHOMIPHOCTSIM aKTHBHOTO pO3KJa-
JIAHHSI OPTaHIYHUX PEUYOBHH.

[TyaxT Bunkose (puc.9.) — 3Ha4eHHS KH-
CHIO 3QJIMIIAETHCS BUCOKUM Y XOJIOAHUHN CE30H
(10,77 mr/n) Ta 3HIKYETHCs A0 8,30 MI/ay Te-
IUTHH CE30H, IO € THIIOBUM JUISI IMi€1 ITyHKTKH.
BCKs y Temnwmii mepiox nemo Hmxuuil (2,20
MI/J), OJHAK Pi3HUISI MK CE30HAMH TYT €
MEHIIl BUPKEHOIO.

JaHi IeMOHCTPYIOTb, IO Y XOJIOTHHH ce-
30H PiBEHb KHUCHIO B YCiX MMyHKTKax 3HAYHO BU-
LI, 110 HOSICHIOETHCS 3MEHIIIEHHSIM 010JTOTIIHOI
aKTUBHOCTI Ta, BiAMOBITHO, MEHIIIOIO TIOTPEOOO0
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Fig. 8 — Dynamics in the cold and warm seasons of BODs (a) and dissolved oxygen (b) for p. 3 Kiliya

y KUCHI JJIi OKHCHEHHSI OPTaHIYHUX PEYOBHUH.
VY termunii ce30H BiIOYBA€THCS 3HWKEHHS KOH-
LEHTpaLii KUCHIO Ta JIesKe MiJBUILEHHS MOKa3-
Huka BCKS, 1m0 € pe3ynpraToM nmocuieHoi 6io-
JIOTIYHOI aKTHBHOCTI IMPH MiJABMILIEHHI TEMIIe-
patypu Boau. Lle cBimunTh Ipo Te, 1o eKocuc-
TeMa piuku JlyHaii 3a3Ha€ CE30HHUX 3MIH y Oi-
OJIOTIYHOMY HaBaHTa)XKCHHI Ta 3/1aTHOCTI 0 ca-
MOOYMIIEHHSI, 10 € BaXITUBUM aCIEKTOM ISt
MOHITOPHHTY SIKOCTi BOAM Ta TUIaHYBaHHsI 3aX0-
JIiB 3 TMOKPAIICHHS CTaHy PIYKH.

IIpu 3acrocyBanni mozem Crpitepa-
®enrca Oynu po3paxoBaHi koedimieHTH k4 Ta
k, wa ocHoBi 3HaueHp koHMeHTpanii bCK i ku-
cHio. B sxocti mouaTkoBUX 3HauYeHb OyiH
npuiiasTi konnentpauii BCKs ta pozunneHoro
KACHIO A TyHKTY M. PeHi, B pesynbTarti

~17 ~

PO3paxyHKY OTPUMAHO 3HAYEHHS JUIS Koedilri-
€HTIB Ul TPHOX AUIAHOK p. [ynaii: Peni — I3-
main, I3smain — Kimis, Kimis — Bunkose. Sk mmo-
YaTKOBUM IMYHKT JUIS BUXIJTHUX 3HAUCHb, «HY-
JILOBHMX» 3Ha4YeHb € 1.1 Peni (Tadi. 2).

Ha puc. 10 — 12 nmonmaHo po3paxoBani Ha
ocHOBI mporHo3Hoi Mmogeni Crpitepa-Denrnca
3HaueHHs Juist BCKS Ta po3unHeHoro KMCHIO 3a
MIyHKTaMH CIIOCTEPEXEHb, 110 HAyTh micis Peni
— Izmain, Kinis, Bunkose.

s 1.2 I3smain (puc. 10) mokasamo, 1o
nporuno3ni 3HaueHHs BCKs Ta PK (mo3naveHi
MYHKTUPHUMH JTHISIMH) 37e011bII0r0  CITijTy-
10Th 32 (PaKTUYHUMHU JIJAHUMH, TIPOTE CIIOCTEPi-
TarThCs MEBHI PO301KHOCTI Y Pi3HI POKH, 30K-
pema, y niepiog 3 2004 mo 2010 poxu Moueib
JOCUTH TOYHO BioOpaskae 3Miny piBHiB BCKS,
OJTHAK Y JIesIKi POKH IPOTHO3HE 3HAYCHHS TPOXU

2024
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Fig. 9 — Dynamics in the cold and warm seasons of BODs (a) and dissolved oxygen (b) for p. 4 Vylkove

Taoauns 2
Po3paxoBani koediuienTn Kd aepauii Ta peaepaunii ka
Table 2
Calculated coefficients of aeration kq and reaeration ka

Hinsinka BonoToky | Bincrann kg, k,
Peni — [3main 48,01 -0,048271712 -0,071922868
I3main — Kinig 36,78 -0,01231745 -0,581070682
Kinis — Bunkose 24,38 0,489593871 2,184982103

~ 18 ~
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Fig. 10 — Predicted values of BODs and dissolved oxygen for p. 2 Izmail

Bute 3a (haktuuHe. Lle Moxke CBIAUNTH PO He-
JIOCKOHAJIe BpaxyBaHHS IIBUAKOCTI PO3KIa-
JIaHHS OpraHiky B Mojeni. J{yis mokasHUKIB po-
3YHHEHOTO KUCHIO MOJIC/Ih TAKOXK TMIOKA3Ye MPH-
WHATHWIA pIBEHb BIAMOBIAHOCTI (haKTUIHAM
3HaYeHH:M, X04a Tricis 2020 poKy IpOoTrHO3HUHA
PiBEHb KHCHIO TPOXU 3aHIDKEHHH TOPIBHSHO 3
(aKTHYHUM, MO0 MOXKE CBIIYUTH TPO IIiJIBH-
IICHHS peabHOI IIBUAKOCTI peaeparlii abo 3HU-
JKEHHS 3a0pyIHEHHS B LIeH Mepio.

Y nynkri Kimist (puc.11) cnocrepira-
€ThCS CXOXKa TEHJICHINiSI, TPOTHO3HI 3HAYCHHS

4 w

BCK5s 31e06imbI10r0 BilMOBiNat0Th (paKTHIHUM,
xoua y geski poku (Hampukian, 2015-2017)
CIIOCTEPITaloThbcs BiUYTHI PO3ODKHOCTI, IO
MOXe OYyTH IOB’s13aHO 3 KOPOTKOCTPOKOBHMU
3MiHAMH B OPTaHIYHOMY HaBaHTAXEHHI, SIKi MO-
JIeTb He BpaxoBye. [IpOrHo3 KMCHIO TaKOX Ha-
OMKaeThes 10 GaKTUYHUX 3HAUYEHbB, X04a Y Je-
siki iepioan (ocobmuBo y 2018-2020 pokax) Mo-
JIeNTb HENOOMIHIOE (DaKTUIHUN PiBeHb KHUCHIO,
1110 MOKE OYTH IOB'13aHO 3 0COOJIUBOCTSMU Ti-
JPOJAMHAMIKH PIYKH Ha IIbOMY BiJIPi3Ky.

9 Al \ ()\Q\/\/\/./ 0%

0
2002 2004 2006 2008 2010

—®— BCK5 PK

BCK5(ITporuos)

2014 2016 2018 2020 2022 2024

Poxu
PK (Ilporuos)

Puc. 11 — [Iporuo3ni 3HaueHHs nokazHukiB BCKs i pozurHeHOr0 KucHo i . 3 Kinmis

Fig. 11 — Predicted values of BODs and dissolved oxygen for p. 3 Kiliya
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s mynkry Bunkose (puc.12) nporaosna
MOJICITh TAKOXK TIOKA3y€ 3arajioM MPUHHSITHY BiJl-
TIOBITHICTH (PAKTHIHUM JaHUM, TIPOTE pO301KHO-
cti B mporHo3ax bCKS5 Ta KucHro moMiTHII, Ipo-
rH03 bCKSs 3aHmkeHuit y Kijlbka pOKiB, 30KpeMa y
nepiomn 2015-2018 Ta 2021-2023, mo Moxe

12
«» 10
2 g
S
s 6
4 Q
2
0
2004 2006 2008 2010 2012
—®— BCK5 PK

2014

BCKS5(ITporuo3)

CBITYMTH TIPO JTOJATKOBI JKEpesia OPraHiYHOro
3a0pyIHEHH, HEe BpaxoBaHi B moxemni. [Iporxos
kucHiO micnst 2020 poxy HemoomiHioe haKTHUHI
MOKa3HUKH, 1110 MOXe OyTH 3yMOBIICHO 3pOCTaH-
HSIM IIIBUIIKOCTI peaepartii abo 3HmKEHHSIM 010710~
TYHOTO CTIO’KMBaHHS KUCHIO.

vmﬁv,_awH‘vwv/v T
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Puc. 12 — IIporuo3ni 3HauenHs nokasaukiB BCKs i pozunaeHoro kucHo s 11. 4 Buiikose

Fig. 12 — Predicted values of BODs and dissolved oxygen for p. 4 Vylkove

Monens Crpitepa-denrca 3arajioM rmoxa-
3y€ MPUHAHATHY TOYHICTh Y MPOTHO3YBaHHI PiB-
HiB BCKS Ta KucHIO B MyHKTaxX CIIOCTEPEKEHHS,
X04Ya ICHYIOTb OKpeMi PO301KHOCTI, SKi MOXYTh
OyTH TIOB’sI3aHi 31 3MiHAMH B OpTaHIYHOMY HaBa-
HT)KEHHI, SKI MOJIC/Ib HE 3B TOYHO BPaxo-
BYE€, BIUTUBOM TiJJPOJJTHAMIYHHAX YMOB, SIKi 3Mi-
HIOIOTBCSI 3aJIEXKHO BiJl PIYKOBUX BI/IPi3KiB, MO-
JKJIIMBUMH 3MIiHAMH B IIBHJIKOCTI peaeparlii, 1110

MOB'3aHO 3 KIIIMAaTHYHUMH Ta EKOJOTTYHUMH
yMoBam#, 30kpema micis 2020 poky. Moxens €
KOPHCHOIO TSI 3arajlbHOTO MPOTHO3YBaHHSI KUC-
HEeBOro OanaHCy y BOZHUX 00'€KTax, MpOTe JUIs
I ABHINEHHS 11 TOYHOCTI MOXHA BpaxyBaTH JI0-
JIATKOBI (haKTOPH, TaKi K KOPOTKOUACHI 3MiHH Y
3a0pyJIHEHHI, TIiAPOJUHAMIYHI  0COOJIMBOCTI
KOHKPETHHX MUISHOK PiYKH, a TaKOXX CE30HHI
3MIiHH B IIBUJIKOCTI peaepariii.

Bucnoexu

bararopiuHuii MOHITOPUHT BU3HAYUB CTa-
OLThHE ITiIBUIIICHHS PiBHS KUCHIO B piuti JlyHai,
oco0muBo micist 2020 poky, 110 CBITYHUTH PO Tie-
BHE [TOKPAIIICHHS SIKOCTI BOJIM T 3HIKEHHS Opra-
HiyHoTO 3a0pynHeHHs. [lokazHuku BCKs Takox
JEMOHCTPYIOTh TIO3UTHBHY JWHAMIKY — TEHJICH-
IO JI0 3HIDKEHHSI, 1110 BKa3y€e Ha 3MEHIIICHHS Op-
TaHIYHOTO HABAHTAKEHHSI.

BcraHoBneHO 3Ha4HI CE30HHI KOJIMBAHHS
koHreHTpaiii kucHio Ta BCKs. Y 3uMoBo-BecHsI-
HHUH Tepiof CIOCTEpIraroThCs MiIBHUIIEH] piBHI
KUCHIO 4epe3 3HIDKEeHY O10JIOriuHy aKTHBHICTb
MIKpOOpPIraHi3MiB, TOZ SIK y JIITHIN Mepiof] CIIOKH-
BaHHsI KHCHIO 3pOCTa€, 3yMOBMIOIOUM HOTO 3HH-
seHHs1. Llelt acTieKT € BaXIIMBUM ISl OLIIHKH pid-
KOBOI 3/IaTHOCTI 10 CAMOOYMIIIEHHS Ta JJIsl pO3pO-
OKM peKOMEH ALl 111010 BOIOKOPHCTYBaHHSI.

3acrocyBanHs Mopxeni Crpitepa-Penrca
JI03BOJIMJIO TIPOBECTU TIPOTHO3 KOHLICHTPAILLii K-
CHIO Ha PI3HUX JJISIHKaxX pidku. Mojiens 3araioM
HiITBEpI/Ia BIINOBIIHICTS (DAKTUYHUM JIaHUM
MOHITOPHHTY, X04a B OKpEeMi POKH CrocTepira-
JIMCH PO3OIKHOCTI, SIKI MOXKYTh OyTH CIIPUYWHEH]
KOPOTKOYaCHUMHM 3MiHAMH OPraHigHOrO 3a0py/I-
HEHHS Ta MICIEBMMH TiPOAMHAMIYHUMH YMO-
BaMHU.

Ha ocHOBI pe3ynbrariB J0OCTiKEHHSI pO3-
poOIeHO peKOMEeH ATl IIIO/IO i IBUIIICHHS edek-
THUBHOCTI MOHITOPUHIY Ta YNPAaBIiHHS SIKICTIO
BoAW. BuKkopucTaHHs NPOrHO3HUX AHUX J03BO-
JIsl€ BU3HAYUTH 30HU TOTEHLIMHOTO KHCHEBOTO
neinuTy, ONTHUMI3yBaTH 3aXOIU 3 OUMILECHHS Ta
3a0€3MeYnTH parioHaIbHe BUKOPUCTAHHS BOIHUX

pecypciB.

Kongnixm inmepecie

ABTOpH 3asBJISIOTh, IO KOHQIIIKTY iHTEpECiB 010 MyOIiKalil soro pykonuc y Hemae. Kpim
TOT0, aBTOPH IOBHICTIO JTOTPUMYBAJIUCh ETUUYHUX HOPM, BKJIIOYAIOUH ILIariaT, ¢anbcudikario JaHuX

Ta MOABIMHY ITyOJTiKaIlifo.

~20 ~
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Bionogionicms npockmy

JocnipkeHHs: BAKOHaHE B MEXax HayKOBO-IocHiaHoi pobotu Ne 5®/32-2022 «Bukonauns 3a-
BJaHb MEPCIEKTHBHOTO IIaHy PO3BUTKY HAYKOBOTO HampsaMy «MaremMaTu4Hi HayKd Ta NPUPOJHHYL
HayKn» XapKiBCbKOTO HallioHABHOTO YHiBepcuTeTy iMeni B. H. Kapasinay.
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PREDICTION OF OXYGEN REGIME INDICATORS IN THE DANUBE RIVER

Purpose. To identify the dynamics of the oxygen regime of the Danube River and to develop a model for
forecasting the oxygen regime of the Danube based on the analysis of biochemical oxygen demand (BOD) and
reaeration processes, taking into account the multifactorial influence of ecological, hydrological, and anthropo-
genic factors.

Methods. Statistical, the Streeter-Phelps mathematical model was applied.

Results. The study used long-term data from the state monitoring of water resources of the Danube River
on indicators of dissolved oxygen (DO) and biochemical oxygen demand (BODS). The research showed an overall
improvement in the oxygen regime of the Danube River during the period 2004-2023. All observation points
demonstrated a stable increase in DO levels, especially after 2020, which may indicate a reduction in organic
pollution. Seasonal analysis revealed that DO levels increase in the cold period and decrease in the warm period
due to heightened biological activity. The Streeter-Phelps model confirmed its ability to predict the dynamics of
DO and BODS5 with acceptable accuracy, although discrepancies were observed in some years due to short-term
fluctuations in organic loading.

Conclusions. The results of the study confirmed the effectiveness of using the Streeter-Phelps model to
forecast the oxygen indicators of the Danube River. The forecast data can be used to assess the ecological state of
the river, plan measures to improve water quality, and manage water resources. The developed recommendations
will help minimize the risks of oxygen deficiency and support the preservation of ecological balance in the Danube
River basin.

KEYWORDS: oxygen regime, Danube, biochemical oxygen demand, reaeration, Streeter-Phelps model,
water monitoring
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BILJIMB BYIIBHUIITBA HA JIAHJIIA®THU JICOCTEINIOBOI 30HU YKPATHA

Meta. Anani3 BBy OyIiBHUIITBA IIBHIKO-MOHTOBAaHWX OyNiBeNb 3 pi3HUMH KapKacaMH Ha JKHBi Ta
IHepTHI KOMIIOHEHTH JIaHAMAPTY B YMOBax 3aXiqHOI YaCTHHH JIICOCTETIOBOI 30HU YKpaiHH.

Metoan. CucteMHUII aHami3, IHKEHEPHI BHIITYKYBaHHS, MOPIBHSIBHO-TEOTpadiqHAN METOH, y3araib-
HEHHS, CTATUCTHYHHHA METOX.

PesyasTaT. Ha migcraBi 3BiTIB 3 JOCHKCHHS iHXCHEPHO-CKOJIOTIYHUX Ta IHXKCHEPHO-TEOJOTIIHUX
YMOB Oy/IiBeJIbHUX MaiiIaHYUKIB, 1[0 PO3TAIIOBaHI B 3aXiHi YaCTHHI JIICOCTEIIOBOI 30HK YKpaiHu, MpoaHai-
30BaHO TpaHcopMarlii TaHaAIaGTHUX KOMIOHSHTIB 111 BIUIMBOM OYIiBHUITBA IIBUIKO-MOHTOBAHUX OYyiBEIb,
a caMe Ha JIOCJI/KeHHI MOpYLISHHs 3aB’sI3KiB MK KMBUMH Ta IHEPTHUMH KOMIOHEHTaMH JaHTIA(Ty: 3MiHi
MOPQOJIOTIUHOT CTPYKTYpH IPYHTOBOTO TIOKPUBY, JIerpaaalii pOCIMHHOTO TIOKPUBY Ta 3MiHI BOJHOrO OanaHcy,
o Oe3mnocepenHbO BIUIMBAIOTh HAa (DYHKI[IOHYBAaHHS JIAHAMA(TIB, Ta TAKOX MOXKE CIyTyBaTH OCHOBOIO IS
BIIPOBA/DKCHHS T'€OCKOJIOTIUYHUX 3aXOiB, CIPSIMOBAHMX Ha 3HW)KCHHS HETaTMBHOIO BIUIMBY ypOaHizaiii Ha
nmaaamadTHI CTPYKTypH Jicoctemny. Lle T03BOMUTH MiATPUMYBATH €KOJOTIYHY CTIMKICTB i BiITHOBIIOBATH IPHUPO-
JTHI BIACTHBOCTI IPYHTIB Ta 0i0IEHO3IB Y MeXKaX JOCIIIKyBaHUX TEPUTOPIH.

BucHoBKH. BU3HaueHO Ba)KIMBICTH BpaxyBaHHs €KOJIOTTYHHX OCOONMBOCTEH JIICOCTEIIOBO 30HU Ta He-
0OXiTHICTD aTaITHBHUX 3aXOJiB, IOJJ0 OXOPOHH 1 BiTHOBIICHHS YOPHO3EMHHX IPYHTIB B YMOBaX iIHTEHCUBHOTO
OyIiBHHIITBA.

KJIIOYOBI CJOBA: npupoono-mepumopianehuii KOMNLEKC, AAHOUApmMHe OO0CHIONCeHHs, IPYHM,
UWBUOKO-MOHMOBAHA 0Y0i6ns, OY0iGeIbHO-MOHMANCHA poboma

SIx muryBaTu: Conbko C. I1., 3enenuyk 1. J[. Brutue OyaiBHUITBA Ha JAaHAIIA(TH JIICOCTEIIOBOT 30HU Y KpalHH.
JIoouna ma oosxinns. [lpobremu neoexonoeii. 2024. Bun. 42. C.24-34. DOI: https://doi.org/10.26565/1992-
4224-2024-42-02

In cites: Sonko, S. P. & Zelenchuk, 1. D. (2024). Impact of construction on landscapes of the forest-step zone of
Ukraine. Man and Environment. Issues of Neoecology, (42), 24-34. https://doi.org/10.26565/1992-4224-2024-42-02
(in Ukrainian)

Bcmyn

3 JaBHIX 4YaciB JIIOJM YCBIIOMIIIOBAJIU B ymoBax cydacHoi ypOani3zawii Ta HeB-
PI3HOMAHITHICTh TEPUTOPIATBHUX KOMILICKCIB, MUHHOTO PO3IIMpPEHHs 1HPACTPYKTYpH, Oymi-
MOMIYa04H TXHI IPUPOIHI 0COOIUBOCTI, pecy- BHHUIITBO HaOyBae BaroMoro 3Ha4eHHs y Qop-
pCH Ta YMOBH IS BEACHHS TOCIIogapcTBa. Tak MyBaHHI Ta TpaHchopmarii nanmgmadTis. [lix
(GhopMyBaJIMCh EMITIPUYHI YSIBJICHHS PO IPH- BILUIMBOM JIFOACHKOI [iSUIBHOCTI BiOyBa€ThCs
poaui TeputopianbHi kKommiekcu (IITK), sxi 3HAYHE MOPYIICHHS JaHAapTHOI PiIBHOBArH,
3rOJIOM JISITIM B OCHOBY HAyKOBHUX ITOHATH 30KpeMa 4epe3 MOTYKHY ypOaHizallito, MpoMH-
reorpadii Ta manmmadTo3HaBcTsa. Jlanmairad- ciioBe OYAIBHMIITBO Ta 1HPPACTPYKTYPHI Ipoe-
TO3HABCTBO pO3IJIAAac JaHamadr sSK HUTICHY KTU. B pe3ysbraTi 3HauHUX 3MiH 3a3HAIOTh TaKi
CHCTEMY, Ji¢ BCi KOMIIOHEHTH JiTocdepa, at- MIPUPOJTHI KOMITOHEHTH JIaH(adTy, SIK IPYHTH,
Mmocgepa, rizpocdepa, 6iota — B3aEMOIIIOTH TIIPONIOTIYHUN pEeXUM  Ta  (YHKIIOHYBaHHS
y CKJIaJli IEBHUX MPUPOJHUX KOMIUIEKCIB. 010reo1eHo3iB.
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3HayHnil BIUMB Oy/IiBENbHI TEXHOJOTIi
YUHATH HA KUBI Ta 1HEPTHI KOMITOHCHTH JIaH/I-
madTiB B JlicocTermoRiit 30H1 Ykpainu, ska KpiM
BHCOKO{ CITECBKOTOCTIOAAPCHKOI OCBOEHOCTI €
TaKOX IyXXe ypOaHi30BaHOIO TEPUTOPIEI0. A,
OTXe, Ti€l0, HA fKIA BiIOyBaeThcs MacmTabHe
OyIIBHHIITBO. YCBIIOMIIEHHS IOTO (AKTy €
0COOJIMBO aKTyaJbHUM B YMOBAaX BOEHHHX [ii,
AKi TPOBOJUTH arpeCHBHUM MIBHIYHUU CYCif.
Sk, B skuil 3aci0 1 3 SKOI TOCHOAAPCHKOIO
CTPSIMOBAHICTIO JIOLITBHO BHKOPUCTOBYBATH
II0 TEPUTOPItO HAMAMI, 1, 0COOIMBO, MICIIS 3aBe-
pleHHs BiiiHH? 30KpeMa, € AyMKH, 1010 Maii-
OyTHBOT ne3ypOanizaiii Ykpainu [1], ciigyBan-
HS SIKid pO30CepeqNTh HAaCeJeHHS MO JOBOJI
BEJHKIN 32 IUIOMICI0 TEPUTOPIii, CyTTEBO 3HU3H-
BIIM THUM CaMHM DPHU3UK BPaXCHHS JIOACH Yy
BeMIMKUKA MicTtax. Pasom 3 TuMm, JlicocTemosa
30Ha 3AIMIIAETHCS TOTYKHUM BHPOOHHKOM
CLITBCHKOTOCTIONIAPCHKOT  TPOAYKITii, TepemyciMm
4yepe3 HasBHICTh HAMPOIOTININX YOPHO3EMHHUX
IpyHTiB [2, 3]. AnekBaTHa OIlIHKA TPIOPHUTETIB
TMOJABIIOr0  rOCMOAAPCHKOrO  BUKOPHCTAHHS
TepnTopu VYkpaiHu y TiCISIBOEHHHH 4ac BKe
CBOTOJTHI Ma€ BHCOKY AKTYaJIbHICTb 1 € OJJTHUAM 3
3aB/IaHb HAIIOl CTATTI.

Biarak, 4opHO3eMHI IPYHTH 3 BHCOKHM
BMICTOM OpraHIYHUX PEUYOBHH MOYKHA BBAXKATH
YVHIKQJIbHUMHU HE JIMIIE JIJIS JICOCTENOBOI 30HH,
a W g Bciel YkpaiHH, OCKUTBKM BOHH (SIK
«I13epKaio» JaHAmAPTY) TiATPUMYIOTh BUCOKY
€KOIIOTIYHY CTa0UIbHICTh TEPUTOPI, BUKOHYIO-
YM THM CaMHM 1 BOKJIHBY OiocdepHy (QYHKIIIFO.
ByniBenbHi poOOTH B IIili 30HI YacTO CYIIPOBO-
JDKYIOTBCS| 3HAUHUMH TIOPYIIEHHSMU TPYHTOBO-
ro ipodiTo (BUHMaHHSAM POJIOYMX IPYHTIB HA
3HaYHI TIMOMHHW), 3HHUIIEHHSM POCIMHHOTO
MOKPHUBY Ta 3MIHOIO BOJIOTOCTI IpyHTY. JloBe-
JICHO, IO MacoBe OY/IBHHUIITBO BUKIIMKAE Jie-
rpajiaiito IPyHTIB 4epe3 3MiHU y TXHil CTpyK-
TYpi, YIIUTBHEHHS, BTPaTH BOAOIPOHUKHOCTI Ta
3MeHIIIeHHs Oiopi3HoMaHiTTsA. lle crnpuunnse
MOPYIIEHHS IPYHTOBOTO MPOMIII0 Ta 3HUKECHHS
NPOAYKTUBHOCTI JaHAmA(dTiB, II0 BUMarae

3aCTOCYBaHHS aJalTOBAHUX 3aXOIB JUIA MiHi-
Mi3arlil HeraTuBHUX HacijkiB [4]. Came Tomy B
po0OTI BHKOHAHO KOMIUIGKCHHH aHali3, SK
OyaiBeNbHI TIPOLIECH BIUTMBAIOTh HA JKWBI Ta
IHEpTHI KOMITOHEHTH JIaHAMA(TY, aKIEHTYIOUH
yBary Ha IMOpYIIeHHI 3aB’A3KiB MK JaHImadT-
HAMH KOMITIOHEHTaMH, 30KpeMa, B JIICOCTEIIOBIH
30HI YKpaiHu.

JlocmipkeHHsT 3yMOBIICHE HEOOXiTHICTIO
AKIECHTYBaHHS yBard Ha MOXKIIMBOCTSIX IIBHJ-
KOT peJioKallii MPOMHCIOBHX MiANPUEMCTB OO
HOBUX TEPUTOPid 3 MiHIMAJIBLHUM BIUIMBOM Ha
HaBKOJHUIIHE cepenoBuuie. Lle MoxknmBo 3aBas-
KA BIPOBKCHHIO Cy4YacHHX OyZiBeIbHUX
TEXHOJIOTiH, 30KpeMa 3BEICHHIO IIBUJKO-
MOHTOBaHUX IPOMHUCIOBUX i BUPOOHWYHX Oy-
JIBEIb 13 BUCOKUM CTYTIEHEM 3aBOJICHKOI TOTO-
BHOCTI Ha OCHOBI MeTaneBux a0o 3ami300€ToH-
HUX KapkaciB. (DiHaHCYBaHHS IiCISIBOEHHOTO
OyAIBHUIITBA, SKE 3HAYHOIO MIpOIO 3aJICXKHTh
BiJl MXKHApOJIHUX 1HBECTHIIIH, BUCYBA€E TPIOPH-
TETHI BUMOTU JIO0 JOTPUMAHHS CKOJOTTUHHUX
cranmapTiB. lle mepenbauae KOHTPOJIb BUKO-
HaHHS OyIiBenbHO-MOHTaXHUX pobiT (BMP)
BIJITIOBITHO JI0 MDDKHAPOJIHUX HOPM, CHPSMOBa-
HUX Ha MIiHIMI3alil0 JAerpajalii IpyHTOBOIO
NOKpUBY, 30epeskeHHs1 Oi0pi3HOMAaHITTS Ta pa-
[[iOHaJIbHE BUKOPUCTAHHSI IPUPOTHHUX PECYPCIB.

Takum 4YMHOM, BiJJHOBIICHHSI TPOMHCIIO-
BOi 1H(PACTPYKTYpH 3a JIONOMOTOI0 CyYaCHUX
TEXHOJIOT1 Ma€e BPaxOBYBAaTH €KOJIOTiYHI PU3H-
Ku, 3a0e3redyloud TrapMOHIHE MO€THAHHS
E€KOHOMIUHHX MOTPeO 13 30epekeHHIM TIPUPO/I-
HOTO CEpEeJOBWIIIA, B TOMY YHCII BCeOIUHOI
OLiHKH BIUIMBY Ha KOMIIOHCHTH JIAHAIADTY.

Mera NpOAHAI3yBaTH 1 TIOPIBHATH
BIUIMB OyJIIBHUIITBA INBUIKO-MOHTOBaHHX OYy-
nigens (ILIMB) 3 pi3HuMH KapkacaMu Ha KHBI
Ta IHEPTHI KOMITOHEHTH JIaHIIad)Ty B yMOBax
3axiiHOl YaCTHHU JIICOCTEIIOBOT 30HU Y KpaiHH.

[Ipeamer moCiiKEHHS — BIUTUB Ha TIOBI-
TpsiHE, BOJIHE CEPEIOBUIIE, IPYHTH Ta Pelbed B
nepion Oyniaunrea [IIMB B ymoBax micocre-
II0BOI 30HMU.

Teopin ma memoou

OnHHUM 13 OCHOBHHUX HaIpsIMIB Cy94acHUX
JIOCITIKeHb TeorpadiB Ta JaHAmaQTO3HABINB €
BUBYCHHS B3a€MHOI'O 3B'SI3KY Ta B3a€EMOOOYMOB-
JIEHOCTI NPUPOJHUX TeorpadiuHuX KOMIIOHEH-
TiB, II0 € CKJIAJOBUMHU TeorpadiuHoi 000JI0HKH
Hamoi maHeTH. [cTopuyuHo 111 KoHuenwist Haly-
Jla KOHKpeTW3alil y JBOX OCHOBHHX MiIXOJax,
110 MPHUBENH JI0 (bopMyBaHHs[ YAIBJICHb IO TeOr-
padiuHy OOONOHKY SIK WiTiCHUI TPUPO/THHH
00’€KT Ta MpPO MNPUPOJHUM TepUTOpiaTbHUI
KOMIUIEKC, a00 reorpadidHuii KOMIUICKC, SIK
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HOro CTPYKTYpHHMIT KOMITOHEHT [5].
[Ipobnemaruka nocmimkeHHs JaHamad-
TIB cTajia MPEAMETOM 3HAYHOI KUTBKOCTI HAYKO-
BUX TIpallb 5K YKPAiHCBKHUX TaK 1 €BPOIEHCHKUX
reorpadiB i manmmadrozHasuis. [Ipote, nume
HEBEJIMKA YacTKa X JOCIiKEHb 30Cepe/KeHa
Ha BIUIMBI OyJIIBHHUIITBA Ha KOMIIOHEHTH JIaH]I-
madTy Ta mopyIleHHi iX B3aemonuii. Jlo BueHHX,
SIKI JTOCITI/KYIOTh BIUTMB OY/IiBHHIITBA HA JIAH]I-
madTHI KOMIIOHEHTH, TAKOX CJiI BIIHOCHTH
naHamadTO3HABIIB, 10 BUBYAIOTH aHTPOIIOTCH-
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Hi Ta ypOaHi3oBaHi JaHAMA(TH, 30KpeMa acIeK-
TH TpaHchopMarlii iXHIX CTPYKTYpHHX elleMEH-
TIiB TiJT BIUTMBOM ypOaHizarlii Ta iHppacTpyKTyp-
HUX 3MiH. Tak, cepen HAWOUTHIT 3HAYUMHUX JOC-
JDKEHb MOJKHA BiAMITHTH HOpoOoK [6], 1momo
NUTaHb TPOTHO3YBAaHHS PO3BUTKY AHTPOIIOTEH-
HUX JagmmadTiB B YKpaiHi Ta (opmyBaHHS
LEHTPIB, HOBUX HANPSIMiB PO3BUTKY Ta 3HAUCHHS
AHTPOIIOr€HHOTO JIaHAA(TO3HABCTBA Y TMPOCK-
TyBaHHI JJaHIAa(TIB Maiil0y THBOTO.

[lepHa wacTuHa MaHMIAQTO3HABIIB 30CE-
peanna CBOIO yBary Ha MUTAHHSX MIATPUMKH
EKOJIOT1YHOI PiBHOBAaru ypOaHi30BaHUX 1 aHTpPO-
MOTeHHHX JaHAmadTIiB Ta Ha mpoldsiemi 30epe-
JKEHHs1 010TH B MICTaxX, MPOBOSYH PI3HOMaHITHI
TIOTJIMOJICHI JIOCITIIPKEHHS aHTPOIIOTCHHHX JIaH/I-
madriB [7, 8]. BuzHaueHHs BIUIMBY Ha KOMIIO-
HEeHTH JaHmmadTy mix yac OyJIBHUITBA Ta €KC-
TUTyaTallil BITPOCHEPTETUIHNX YCTAaHOBOK 3 PO3-
POOTIEHHM 3aXOiB IO TX 3MEHIIEHH] IPeCTaB-
seHi B po6oTi [9]. OcranHiMH pokamu po3roda-
JHCh POOOTH 3 AOCTIHKEHHS IIKIITIBOTO BILIH-
By Cy4aCHHX TEXHOJIOTIH y OyIiBHUIITBI Ha iHEp-
THI KOMIIOHeHTH Janmmadty [4], oninka BIUTMBY
3D-npykoBaHoro OyJIBHUIITBA Ha JIaHMIIAPTHI
komroHeHTH [10].

IHO3eMHI BYEHI JOCIIIKYIOTh BIUTUB Ha
IpYHTH, MaciuTabu MOpyHIeHHs (i3UKO-XiMid-
HHX BJIACTHBOCTEH IPYHTY Ta TPHBAIICTh iX Bij-
HOBJICHHS, [0 CHpHYMHEHE OyIIBHUIITBOM iH-
KeHepHuX TpyOomnposinHux mMepex [11]. V Ku-
Tai BUKOHAaHE TPYHTOBHE BUBYEHHS IpoOiieMa-
THKU BIUIMBY OY/iBHHIITBA BEIUKHX iH(pacTpy-
KTYPHHX TIPOCKTIB Ha TaKi KOMIIOHEHTH, SIK KJIi-
Mar, IPYHTHU Ta 010Ta BUCOKOTIPHUX 1 PIBHUHHUX
maramadTie [12]. Axami3z 3minu JgaHgmadTy,
CIPUYMHEHUX MAacITabHUM OyAiBHUIITBOM Ta
po3poctannsM mict [13]. OuiHka BIUMBY pO3BH-
TKy ypOanizawii Ha nangmadr i qokisust B Cio-
BayurHi [14]. Brume ypOaHizariii Ha poCITHHHHIA
HIOKPHB Ta BOJHE Cepe/IOBHIIE B M. Masimi, mrar
®ropuna, CILIA [15].

IcTopiss nmanmmadro3HaBcTBa BKazye Ha
BaKJIMBICTh KOMIUICKCHOIO MiAXOAy IO JOCHi-
JOKEHHSI B3a€EMOJIIT TIPUPOJTHUX 1 aHTPOIIOTEHHUX
YMHHKKIB, 10 (GopMyIOTh 1 TpaHChHOPMYIOTH
naHamadTya. BumaTHi  TOCHIIHUKH, 30KpeMa
Kapn Pittep, posrmsaaany jgaHamadr SK €QuHy
CHCTEMY, B SIKI TIPUPOIHI KOMIIOHEHTH TiCHO
TIOB’s13aHi Ta B3aEMOIOTH y mipoctopi [16]. Cy-
YacHI JOCHI/PKEHHs JIOMOBHIOIOTH LI0 KOHIIEM-
0, BPaxOBYIOUH 3pOCTalO¥e aHTPOIOTECHHE
HABAaHTAKCHHS Ta iHTEHCHBHICTH OyIiBHUIITBA,
II0 CTBOPIOE HOBI BHUKIMKU Uil 30€pEeKEHHS
T€0EKOJIOTIYHOTO OajaHcy.

JlanmuadTo3HaBCTBO CHOTOJHI — LE PO3-
Iin ¢izuuHoi reorpadii, a TepMiH «wiaHImAad™»
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reorpa@y BUKOPUCTOBYIOTH JUISI BHU3HAYCHHS
TIPUPOIHKX TepuTopiaTbHuX KoMmIutekciB (I1TK)
Oymp-sikoro panry. Hapasi ymeBHeHO MO)KHA
CKa3aTu, MO JIAHAMAPT — JOCUTH MMONTHPECHHI
IHTEepHAIIOHAIEHAN TEPMIiH, SIKHUHM 9acTo 3yCTpi-
YaeThCsl y chemianbHii miteparypi. Came ciI0BO
«ragmmadT» (HiM. Landschaft) — miMermpkoro
MOXOJKeHHS, 1110 o3Hadae Land — 3emus, - schaft
— B3a€MO3B’ 30K, B3a€MO3AJICIKHICTH [17].

TeopeTnunuM MiAIPyHTSIM wi€l  cTaTTI
CIIyTYBaJIM Tpalli BiIOMUX reorpadiB Ta JaHJ-
madrosnaBuiB [17 — 20], gocmimkeHHS aHTPO-
noreHHux Janamadris [21] Ta aHami3 cTyneHo
AHTPOTIOT€HHOT'O HABAHTA)KEHHS Ha JaHmmadT B
nporeci po30yIOBH IHAYCTpiaJbHUX TApKiB
VYkpainn [22]. Baromoro (yHIaMeHTaIBHOIO
0a3010 JOCTI/DKEHHSI € JOpOOOK YKpaiHCHKOro
mpodecopa K. L. I'eperayka B ramysi reomopdo-
Jorii 1 JaHAmadTO3HABCTBA, @ came HOoro JaH.-
madrozHaBumii miaxig. CyTHICTD IIBOTO MiAXOIY
HoJisTaia B TOMY, IO — «He MOJCHA 30epeemu
nesHull U0 HCUBOI NPUPOOU YU 0O EKM HEAHCUBOT
npupoou, SKWO He OXOPOHIMU 6Ce NPUPOOHE
ooeximiay [23]. OcobaMBO BaXKIMBHM HOCTI-
JDKEHHSIM, 10 CTAaHOBUTh TEOPETHYHY OCHOBY
JaHOI CTaTTi € JAOCHIDKCHHA JaHAa(THUX
KOMIIOHEHTIB Ta HAcTynHa iX Kiacugikamis i
CTpyKTypyBaHHs [4, 24]. YV nmociimpkeHHi onupa-
€MOCH Ta aHAJIi3yEMO BIUTUBIB OYiBEJIbHOI TaTy-
31 SIK Ha JJaHAIadTH B IJIOMY Tak 1 Ha KOMIIO-
HEHTH JaHAmadTy 30KpeMa, CIUPAOYHCh Ha
METOIMKHA 3 OLUHKMA BIUIMBIB Ha HOBKUUIA HA
OCHOBI OIIIHKM Bpa3NMBOCTI JaHAMA(DTIB Ta ix
KOMITOHEHTIB [25]. Crimparounch Ha pe3ysbTaTH
BUIIIEHABEICHNX JIOCHIKEHb, B POOOTI 3ampoBa-
JokeHo TepMiH «OIiHKA BIUTMBY Ha KOMITOHEHTH
nmanmmadTy», SKUA T03BOJISE CTPYKTYPYBATH Ta
y3araJbHUTH BIUIMB Oy/iBENHHOI MiSUTHOCTI Ha
JKHMBI Ta IHEPTHI CKJIAJIOBI JIAaH ATy .

OkpiM TOTO, Y BIATIOBITHOCTI JI0 TOJIOBHOL
METH CTaTTi, JIOBOJI KOPHCHOI TEOPETUYHOIO
OCHOBOIO JUISi HAC CTajM HOBITHI IyOuiKarii
3apyODKHUX aBTOPIB, CIIeIiai3allis sIKUX — JJ0C-
JIDKEHHS BIUIMBIB Ha JaHMIAGTA BiIHOBIIHO
no xoureri European Landscape Convention
(ELC) [26].

B po6oti BUKOPHCTOBYBAINCH 3arajbHO-
HAYKOBI METOIMU JIOCHI/DKEHHS: aHai3, CHHTE3,
IHKEHEpHI BHIIYKYBaHHS, MOPIBHIIBHO-Te0rpa-
GiuHnit MeTox, y3aralbHEHHs, CTATUCTUYHUN
Meroz, Tomo. [HhopManiiHuMu mKepenamMu Juis
JIOCITI/KSHHSI BUCTYIIMJIA 3BITH 3 JIOCHIPKSHHS
IH)KEHEPHO-CKOJIOTIYHUX Ta 1HXEHEPHO-TE€0JIO-
TIYHUX YMOB OYAiBEILHHX MaWJIaHYUKIB, IO
po3TamoBaHi B 3axiiHiM YacTHHI JiCOCTENOBOL
30HM YKpaiHH, MaTepialli HayKOBUX MyOJiKarin
Ta MIEPIOINIHUX BHJIAHb.
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Pezynomamu

CyuacHi Oy/iBenbHI TEXHOIOT1, HABITH 3a
YMOB JIOTPHMAaHHS BHCOKMX EKOJOTIYHMX CTaH-
JapTiB CYNPOBOIKYIOTHCS, XO4 1 HE 3HAYHUMU
aje, Bce-TaKy 3MiHAMH HaTypaITbHUX KOMIIOHEH-
TiB JaHmmadTy 1 naHmmAPTHUX KOMILIEKCIB,
JHTOr€HHOI OCHOBH, TOBITPSIHUX Mac, BOJHUX
Mac, TpyHTiB, 6iotH, Tomo [4]. ByaisenbHa mis-
JBHICTH HA OII/I30JIEHUX YOpPHO3EMax IMoTpedye
0cOONMBOI  EKOJOTIYHOI yBaru dYepe3 JOBOJI
Bpa3NuBi (M1 30BHINTHIX BIDIMBIB) MEXaHIUHI
BIaCTHBOCTI mmX IpyHTiB. s 3abe3nedeHHs
HE0OXiTHOT Hecy4oi 3AaTHOCTI OCHOBH MOTPiOHO
BUKOHATH 3aMIlLIEHHsI 4acTo Ty)Ke 3HaYHUX 00-
CSTIB TaKWX IPYHTIB Marepialiamu 3 KpalluMy
MEXaHIYHUMH XapaktepucTukamu. Llei mporuec
NPU3BOJIUTE 10 TOPYIIEHHS MPUPOAHOI CTPYK-
Typu JTaHamadTy, 610JOTTIHOTO PI3HOMAHITTS Ta
TIEBHUX 3MiH Y BOJHOMY OasiaHci.

3 omsiay Ha TpuBali OOMOBI Aii Ha CXOJI
Ta TiBIHI YKpaiHW, CIPUYWHEHI POCIHCHKOIO
arpecieto, rmocraja HarajibHa TOTpeda y TepMi-
HOBIM peNoKalii MpOMHUCIOBUX MiIAIPHEMCTB Ta
BUPOOHMYMX MOTY’KHOCTIiB. IX BiHOBIEHHS €
BU3HAYAJIbHUM YMHHUKOM AJIs cTaburizanii exo-
HOMIKH Ta 3a0e3MeyYeHHsl )KUTTEAISUTLHOCTI Kpai-
HHA. Y 3B’S3Ky 3 UM Y OE3IEeYHIIIMX perioHax
VYKkpaiHu, 30KkpeMa B Mekax 3axiJHOI YaCTHHH
JlicocTertoBoi 30HM, peani3yrOThCS MacIITaOHi
MPOSKTH OYIIBHHUIITBA BEIMKUX IIPOMHCIIOBHX Ta
BUPOOHMYMX 00 €KTIB HAa HOBOBIJBEJCHUX 3eMe-
JBHUX JUITHKaX. 32 TaHUMH IHTEPaKTUBHOI Kap-
TH IpyHTIB YKpainu [3], rpyHTH 3axiaHOl YyacTu-
Hu JlicocTenoBoi 30HM YKpaiHW IpelcTaBicH]
JIBOMa 30HAILHIMH TUTIAMH: Cipi JIICOBI Ta Yop-
HO3eMH (BUITYT'YBaHi, OITi/I30JIeHi 1 TumoBsi). TyT
MePeBaXKaOTh TIIMOOKI CePeTHBO-TYMYCHI HOp-
HO3EMH 31 3HAYHOK KUTBKICTIO KPOTOBHH B iX
npodimi [27].

HayxoBe mociimkeHHs BIUTUBY OyIiBeib-
HHUX TPOLECIB HA KOMIIOHEHTH JaHAWA(Ty BU-
Marae BHUKOPHCTAHHSI CHUCTEMHOTO MiAXONy, IS
aHai3y TMOPYIIEHWX 3aB’S3KIB MDK iHEPTHUMH
Ta JKUBUMH KoMIOHeHTamu. CaMe ToMy B IaHO-
My JTOCI/PKESHHI BUKOPUCTAHO IiJIXOH METOJIO0-
JIOTii 711 BU3HAYCHHS TTPHUHITUIIIB 1 ITOCTIiTOBHO-
CTi aHami3y, OHTONIOTii JUIi OCMHWCIICHHS
00’€KTUBHUX BJIACTUBOCTEH NaHAMAPTHUX CHC-
TEM Ta THOCEOJIOTii ISl BUBYEHHS MEXaHi3MiB
ITi3HAHHS mporieciB Tpancdopmartii ITTK [28].

JlanamadT cKIamaeThes 3 KOMIIOHCHTIB,
KOXEH 13 SKHX € «IPEACTABHUKOM) OKPEMHX
reoctep, 0 BXOIATh y reorpadiday 0O0IOHKY.
Taki KOMIOHEHTH OTPHMAII HA3BY IPUPOAHI
reorpadiuHi KOMIIOHEHTH JO SKUX HPUHHATO
BIZTHOCHTH: 3€MHY KOpY, Timpocdepy, HOBITpsHI
Macu atMocdepH, 6i0Ty Ta rpyHTH. JlagmmadTo-
3naBuIls A. B. [I’siTkoBa, AO1IEHT XEpCOHCHKOTO
JIep)KaBHOTO  YHIBEPCUTETY 3a3Ha4ae, M0 [0
OCHOBHHX TPHPOIHIX KOMIIOHEHTIB CiJ| BiIHO-
CHTH — 3¢éMHY KOpY, OBITpS, POCIMHHUI Ta TBa-
PYHHHUI CBIT, TOBEpXHEBi 1 MiJA3eMHI BOAM, a
TaKOX IPYHT SIK OKpEME OpraHo-MiHepaJbHe
Tiso. B reorpadii mpuiiHsaTo KiacudikyBaTH Taki
NPUPOJIHI KOMIIOHEHTH, SIK OCHOBHI KOMIIOHEH-
TH, ajJe KOMIIOHEHTHHH CKJIaJ JaHJmagTiB
BKJIFOUa€ B cede Im1e 1 crienrdivyHi KOMIIOHEHTH,
TaKi sIK — KJIiMar Ta penbed. Tunosa cxema KOM-
MOHEHTHOTO CKJIaAy JIaHTmapTy 3 PO3MOILIOM
Ha OCHOBHI Ta crierudiyai KoMroHeHTH (puc. 1.)
[24 ]. Icuye Takox Oinbin HaHAMAa(TOSHABYMIA
PO3MOIN KOMIIOHEHTIB JaHamadTy 3a ix Ju-
HaMIYHUMH BIIACTHUBOCTSIMH, a came — JIaH-
magTO3HABI TMOAUISIOTh KOMIIOHEHTH JIaH/-
mradTy Ha TPU TPYIH 3 YpaxyBaHHSM iX QyHK-
il B MeXax reocucTeMu. Briepiie KoHIenio
TaKOT'0 PO3MOLTY 3aIPOIIOHYBaB JIATBIHCHKHIA

CKIAJLOBI

JIAHJIIADTY I 1
\ 4
| OCHOBHI KOMIIOHEHTH | | CHELI®IMHI KOMIIOHEHT
: |
v v v B v v v v v
= - b ] - ] ~A =
2 3 %8 z || || & g <
= || 28 S 2|l §]| & z &
SR E2|[=|&]| 8] 2 2|2

Puc. 1 — KommonenTHHH ckiia] JaHmmadTy
Fig. 1 — Component composition of the landscape
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reorpad, mpodecop A. A. Kpaykiic, sxuit
kinacu(ikyBaB KOMIIOHEHTH JaHAWapTy sIK
inepmui, MOOIIbHI Ta aAKmMueHi, 3aJCKHO BIiT
iXHBOI poITi B CTPYKTYpi ¥ IWHAMII T€0CUCTe-
mu. Cepen yKpaiHCBKHX YydYeHHX-reorpadis
NapagurMH 1€papXivHOrO PO3MOALTY KOMIIO-
HEHTIB JaHAma(Ty TOTPUMYETHCS, JaHmad-
tTo3HaBulsl A. B. [I’saTkoBa y cBoiil mpami Ta
nocmimkennsx [24 ] (Piatkova & Roskos,
2020), a Takox mpogecop YMaHCHKOTO HaIfio-
HapHOTO yHiBepcuTery caniBaunra C. IL
Conpko. Ilix i#oro KepiBHHULITBOM acmHipaHT
3emenuyk I. JI. po3poOuB ¢yHKITIOHATHHY
CXEeMy 1€papXiqHOTO PO3IMOMALTY KOMIIOHEHTIB
nammadTy 3 ypaxyBaHHIM 1X (yHKILIN B Teo-
cuctemi (puc. 2). [loniOHa iepapxiyHa KjacH-
¢iKkaris He JIHIIe y3aralbHIOE XapaKTePUCTHKH
maHAmaPTHAX KOMIIOHEHTIB, alleé i CTBOPIOE
OCHOBY JUTSl TTOJAAJIBIINX MIDKIMCIUIUTIHAPHUX

JOCTDKEeHb y Tamy3i ekosorii, reorpadii Ta
JaHqagpTO3HABCTBA.

AHaI3yI0OuM TOJaHy CXEeMYy PO3MOILTY
KOMTIOHEHTIB JaHmmadTy (puc. 2) crae 3po3y-
MLJIO, IO cepel Mepeltiky JaHTaPTHUX KOM-
MOHEHTIB HaMEHII JOCIiIKEHUMH Ta BHBYE-
HUM{ 3QJMIIAIOTBCS  1HEPTHI KOMIIOHEHTHU
nanamadty. CpOrofHi HayKa BOJOJIIE AOCTaT-
HBOIO KIJIBKICTIO MaTepialiB CTOCOBHO MOOLIb-
HUX Ta aKTUBHUX KOMITOHEHTIB NaHImadry,
MIPOTE IHEPTHI KOMIIOHEHTH, J0 SIKUX HaJICKaTh
IPYHTH, T€0JIOTiYHA OCHOBA Ta pesibed, Bce e
OTpeOyI0Th CHCTEMHUX JOCIIKEHb, OCOOIH-
BO B YacTWHI BIUIMBY OYAiBHHUIITBA HA TPYHTH,
Ta penbed. [loTpibHO BpaxyBaTu Te, IO B Mic-
ISIX TIPOMHCIIOBOI 3a0yIOBH TMOCTYIIOBO YTBO-
PIOIOTBCS TEXHOTeHHI JIaHAMA(TH, KOTpi ycra-
JIKOBYIOTh BiJl JaHMMIA(TIB JHUIIE TEOIOTIUHY
OCHOBY 1 MOKJIUBO OCHOBHI PHCH PeIIbEDY.

KOMITIOHEHTH
JAHIIIADTY
v
; — :
THEPTHI ) MOBIIBHI < AKTHBHI
E 2 2 . -
= : ‘| a =] =4
2 B3 S foe p 3
= I = & o

Puc. 2 — ®yHKIiOHAIBHA CXEMY PO3IO/ILTYy KOMIOHEHTIB nanamadry [4 ]
Fig. 2 — Functional diagram of the distribution of landscape components [4]

B mpomeci OyniBenpHOI AiSNTBHOCTI K
MPaBWJIO BiOYBA€EThCSA MOCTYNOBa TpaHChOp-
Marlisi Me3openbedy (TUlaHyBaHHS MaiaHy4u-
KiB OymiBHHMIITBA Ta T i3HUX aBTOIUIAXIB
yepe3 3pi3yBaHHs HEpiBHOCTEH penbedy Un
3aCUIIaHHAM SIPIB), 3 4YaCOM CTBOPIOETHCS CBIH
MiKpOKJIiMaT (depe3 BIIMB OeToHY 4M achanib-
Ty). Ilicna 3aBepmennss BMP Tta BukonanHs
po0IT 3 OJIATOYCTPOIO TEPHUTOPIi, HA IITYYHO
BUCAQ/DKEHUX Ta30HaX BUHHUKAE TaK 3BaHUHN
KYJIETYPHUI TOpH30HT abo ypOo3emMu 3 aHTpoO-
MOTCHHUM TE€HE3HCOM.

Oco0IMBO Bpa3IMBUMHU JIO TAKHX BTPY-
yaHb € jaHamadTu 3axigHoi wactuHU Jlico-
CTeny, J¢ TOUIMPEH] OIMiI30JIeHI YOPHO3EMH 3
BUCOKHM BMicTOM rymycy (puc. 3). Y mmx
perioHax, yepe3 HeCTaOIbHII BOJHUN PEXUM
Ta CXWJIBHICTh I'PYHTIB JI0 YILIJIbHEHHS (HU3BKI
MEXaHI4HI BJIACTUBOCTI TPYHTIB), BHIIYYEHHS
POCIMHHOTO MOKPUBY NPHU3BOJUTH 10 AKTHBI-
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3amii epo3iltHUX TpOoIEeCiB, POPMYBaHHSI OCH-
miB 1 gerpanaiii cxuaiB. Ha okpemux aiisHkax
i3 BHUCOKHM CTYIEHEM VINIJIbHEHHsS IPYHTY
MOKIMBe 3a0oiouyBaHHA. Lle sBuIIE 3ymOB-
JIeHEe IHTEHCHUBHOIO iHQIUIbTpalli€lo B yMoBax
CIadKoTo JIpeHaXXy y BEpXHIX TOpPU3OHTAaX.
Taki 3MiHM He JMIIe PYHHYIOTH HPUPOAHY
piBHOBary, a ¥ MpU3BOJATH OO CTIHKOIro IO-
PYUICHHS 3aB’sI3KiB MK 1HEPTHUMH Ta JKUBH-
MU KOMIIOHEHTaMH JaH IagTiB.

[loganuii iHXEHEPHO-TEONOTTYHUNA PO3-
pi3, 110 MPUTAMAaHHUEA IS JTaHAmAadTiB 3axij-
HO1 wactuaH JlicocTemoBoi 30HM YKpaiHu [e-
MOHCTPY€E HAasBHICTh MOTY>KHOTO IIapy TYIOIl-
JACTHYHOTO YOpHO3eMy 3aBToBmIKH 1,1+1,3 M.
Taxwii TeoNOTIYHNAN CKIIaJ] MPUTaMaHHUH aJTto-
BiJIbHO-CYTJIMHUCTUM 1 PiBHUHHO-TJIMHUCTHM
¢dopmarisiM piBHMHHHMX JaHAMAdTIB JicocTe-
nmoBoi 30HM YKpaiHu [5]. Anamizyioun Buiie
TIPEICTaBIICHI IHKCHEPHO-TEOJIOTIUHI YMOBH Ta
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YMOBH! NO3HAYEHHSA
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Puc. 3 — [HkeHepHO-T€0JIOrYHUI PO3pi3 TUIIOBOTO OY/IBEILHOTO MalIaHYHUKY
(ms ymoB 3axinHoi yactuuu JlicoctenoBoi 30 Ykpaiau) [29 ]

Fig. 3 — Engineering-geological section of a typical construction site
(for the conditions of the western part of the Forest-steppe zone of Ukraine) [29]

KEPYIOUHCh TTOKa3HUKAMH 1HXCHEPHO-T€0JIOTI4-
HOi KOJIOHKH (Ta0i. 1.), MOXKHa CTBEPIKYBaTH,
110 MIPUPOIHOI0 OCHOBOIO /ISl 3aKiafgaHHs ¢y-
H/IAMEHTIB y I[bOMY pETiOHI BHUCTYNalOTh He-
npocagHi  IpyHTH  (IHXKEHEPHO-TeONOTIYHHUN
enement IT'E-3) — Jjerka nuiyBaTta Tyroruiac-
TUYHA IMHA. BoHOUAc 4opHO3€eMu, Yepes CBOi
HE3aJI0BUIbHI  (pI3UKO-MEXaHIUHI BJIACTHBOCTI,
HE MOXYTh 3a0€3MeUUTH HAIEKHY CTIHKy OC-
HOBY miJ (yHAaMeHTU. Y 3B’S3KY 3 IIUM, IIi[
yac BHUKOHAHHS 3EMIITHUX POOIT HEOOXiJHe
MOBHE BHIAJICHHS POJIOYOrO 1Iapy IPYHTY (4o-
pHO3eMiB) Ha mmoOmHy 1,5-1,8 M 11 CTBO-
PEHHS OCHOBHM, NIPHUIATHOI ISl CHPHUNAHATTS
OyniBenpHUX HaBaHTaxeHb [30 ].

BukoHyeMo OLIiHKY BIUTMBY OyliBHULITBA
HIBMIKO-MOHTOBaHUX OyxiBens (IIIMB) Ha
JKUBI Ta IHEPTHI KOMITIOHEHTH JaHmmadry, a
TaKOX BUKOHYEMO IOPIBHSUIBHUNA aHAIII3 BIUIH-
BiB Bijl Oy/iBHUIITBA TaKUX OYIiBeNb 3 MeTaie-
BUMH 1 3aimi300eToHHMMHU Kapkacamu. [[IMB —
1ie 30ipH1 OyAiBIi, SIKi CKIaAat0THCS 3 HECYYOTro
KapKacy 1 OropoKyBaJlbHUX KOHCTPYKLIMH.
IIMB 3BoxsiThCSt 3 YHI(QIKOBAaHMX METAIECBHX
a00 OETOHHHMX CAaMOHECYYHX KOHCTPYKIIH, a
TaKOX TX KOMOIHaII.

J171st BUKOHAHHS OIIHKU BIUIMBY BHKOPH-
CTOBYIOTBCS JlaHI 1HXXKCHEPHO-T€OJIOTIYHUX BH-
IIYKYBaHb Ta KOHCTPYKTHUBHI PO3paxyHKH, 30K-

peMa o0 pO3MipiB Ta THIIB (PYyHIAMEHTIB
Uil 3a3HadeHux OyniBenb. OTKe, SIK yXe 3a-
3HAYaJIOCh BHWIIE, YOPHO3EMH HE MOXYTh 3a-
0e3NeunTH HaJeXHy CTIHKY OCHOBY mmij (yH-
JaMEHTH, Y 3B’SI3Ky 3 UM, HEoOXinHe 1X BHii-
MaHHS Ha HOBHY IJIMOMHY 3aJIiTaHHA X OO
OCHOBU IIPUJATHOI CIIPUMMATH HABAHTAKCHHS.
Jlyis BUMiMaHHS Ta TIEPEMIILIEHHS IPYHTY BUKO-
PHUCTOBYETBCS CliellialIbHa TEXHIKa, [0 THIY —
IryCeHHYHMH a00 KOJIICHUI eKCKaBaTop Ta aBTo-
camockunu tumy «MAN» — 06’em ky3oBa 26
Ky0.M, BaHTaxoOMmigiHoMHIcTh 40 T. Po3paxyHku
[TOKa3aJi, 10 CITiBBITHOIICHHST 00’€My BHITY-
YEHOT0 IPYHTY JIO IUIONI OYJiBIi CTAaHOBHUTH
1,98 m® na 1 m? (1,98ky6.M/1kB.M). J{71s1 BUpOO-
HUYOI YU CKJIQJICBKOI OYyZiBIl CepeHix po3Mmi-
piB, a came miomero 3000 M? HEOOXITHO BHITY-
guTH 0JM3bK0 5940 M® TpyHTY.

B pesynbrari poboTH crierianbHOI Ta aB-
TOMOOUTLHOT TEXHIKM Ha OyaiBeJIbHOMY Maija-
HYMKY, BKIIFOUAQIOYH il MAaHEBPYBaHHS 1 MepeMmi-
LICHHS, Ha TPYHTOBHH IIOKPHUB 3iHCHIOETHCS
3HaYHUI MexaHiuHMH Ta (izmuHuii BwmB. Lle
TIPOSIBIISIETHCSL Yy 3MiHI CTPYKTYpPH IPYHTY, HOTO
VIIUJIBHEHHI Ta BTpari NPHPOIHOI TOPHCTOC-
ti.I'padiuna iHTepnperanis po3paxyHKiB Mpea-
CTaBJieHa y BUIJIsl aiarpam (puc. 4) JeMOHCT-
pY€E CTYIiHb YIIUIGHEHHSI IPYHTY IIiji BIUTHBOM
nepeMilleHHs TeXHIKH. Po3paxyHKH BIJIMBY TeX-

~29 ~
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Taoauus 1

IH)KeHepHO-Te0JI0riYHA KOJIOHKA Ta HOPMATHBHI MOKA3HHUKH BJIACTUBOCTEIl IPYHTIB
JOOCTiTKYBAHOL TUISTHKI

[32]
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Puc. 4 — Po3paxyHKoBa Jliarpama yuiiibHEeHHsI IPYHTY Bil MaHEBpYBaHHS Ta NepEeMillIeHHs
BaHTa>XHUX CaMOCKI/I,Z[iB
Fig. 4 — Calculation diagram of soil compaction from maneuvering and moving dump trucks

HIKM Ha IPYHT MIPOBOAMIN 3 YPaXyBaHHSIM BIIac-
TUBOCTEH YOPHO3EMIB OITI30JICHUX Ta YOp-
HO3EMIB HETrTIMOOKUX JICOCTEIIOBUX HA JIECOBUX
rpyHTax. J{7s 1bOr0 BUKOPHCTAIH aBTOCAMOC-
kg MAN criopsipkeHoro Macoro 62,5 T, mmpH-
HOIO Komic 385 MM Ta MBHAKICTIO pyXy 25
kM/ronl. B pe3ynbTari po3paxyHKiB JIOBEICHO,

~30~

0 YOPHO3EMH OI30JICHI 3a3HAIOTH OLIBII
HETraTUBHOTO BILUIUBY BiJl PyXy aBTOCAMOCKH/IIB.
Sk yxxe Oyno 3a3Ha4eHO BHILIE, I Yac
MEXaHIYHUX BIUIMBIB 3MiHIOETHCS, BTPAYAETHCS
POCJIMHHUI TIOKPHB 1 TBepAa (paxilisi IPYHTY.
Btpara pociIMHHOTO TOKpPHBY, SIK OCHOBHOI
yacTUHHM O101IeHO3y, HOpyIIye (YHKIIOHAIbHI
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3B’S3KM MK KOMIIOHEHTaMH JaHAmadTy, 10
MPU3BONTE 10 3MiH y (DYHKITIOHYBaHHI T€OCH-
cTeM, pyHHyBaHHA OiOJIOTIYHOi piBHOBarw Ta
MOPYIIEHHI EKOJIOTIYHOI CTIMKOCTI JaHamad-
TiB. Hadrmmomn Ttpancdopmarii manmmadris
CIIOCTEPITaloThCSA B JIOKATBHHX MacIiTadax
(OyniBenbHI MalJaHYMKH Ta TPIJIETIT M0 HUX

TEPUTOPIi), OJJHAK HACTITKHA MOXYTh HOIIAPIO-
BaTHCA Yepe3 MPOIECH CTOKY, Mirparii HaHOCIB
Ta BOJHC IIEPEMIMIEHHS XIMIYHUX EJIEMEHTIB.
Came TOMy, 3MiHa TeOXIMIYHOTO CKJamy Ta
BTpaTH OioMacH € KpUTHIHUMH YHHHUKAMH, 110
MOXXYTh BIUIMBaTH Ha CTaOUNBHICTD JaHAmad-
TIB JTICOCTEIIOBOI 30HH Y KpaiHH.

Bucnoexu

3nilicHeHUI KOMIUIEKCHUN aHali3 BILTH-
By OyIiBeIBHOI JisSUTBHOCTI Ha JKHBI Ta 1HEPTHI
KOMIIOHCHTH JaHImadTiB JiCOCTENOBOI 30HU
Ykpainu, 30KkpemMa Ha CTPYKTYpHI BIIaCTUBOCTI
OMIA30JICHUX YOPHO3EMIB, POCIUHHUN TTOKPUB
Ta BOJHMI OaylaHC MOBIB, IO JOCHIIKEHHS €
BAYKJIMBUM ]IS OLIIHKYU €KOJIOTIYHUX HACIIOKIB
ypOaHizalii Ta po3poOKH 3aXOiB, CIIPSIMOBa-
HUX Ha 3aXHCT 1 30epeKeHHS LIHHUX MPUPOJI-
HUX KOMIUICKCIB.

CTBOpEHHSI TeXHIYHOTO OJIOKY 1 Tieper-
BOPCHHA HATypaJbHUX KOMIIOHEHTIB 1 KOM-
TUIEKCIB TPU3BOIATH 10 (OpMyBaHHS MIPOMIC-
noBux mammadTis. X Tumu GopmyroTs i Bu-
3HAYAIOTh XapaKTep JTaHAMaGTHOT CTPYKTYpH.

['muOuna 3MiHU JAaHAMAPTY JIHOIAHOO
011 yac BukoHaHHs BMP 3a1exuTh nepeBakHO
Bil BUIY Ta QopMmu OyAiBeNbHOI MisITBHOCTI.
Jns mpukiagy — MOpPYUIGHHS TpaBiTamiiHOi
piBHOBaru IpyHTiB, MOXe OyTH BUKJIMKaHE 5K
OpSMOK0, TaK 1 HENPSAMOI0 TOCIOAAPCHKOI0
JIEI0 TIPY 3I1MCHEHH] 3eMJITHUX pOOIT. A auis
MICBKUX TEPHTOPii OUIbII XapakTepHEe BUPIB-
HIOBaHHS pesibedy (IITYYHE 3aMOBHEHHS IPYH-
TOM HEBEJIHWKHX JIOJIMH, spiB, OalloK Ta iH.,
aKyMYJIALIs «KYJIBTYPHOTO Iapy»), aje CTBO-
protoThes 1 crienudiuni HacumHi Gopmu (0-
pOXKHI Hacun®, rpedii Ta iH.), BCE dYacTile

IIPAKTUKYETHCSI CTBOPEHHS INITYYHUX HaMMB-
HUX.

B Oyap sxoMmy Bumaaky OyAiBHUITBO
IMB cympoBOmIKY€THCS, X04 1 HE 3HAYHUMHU
ajie, BCe-TaKd 3MiHAMH HATypaJbHHUX KOMIIO-
HEHTIB JaHAmadry i manamadTHAX KOMIUICK-
CiB, JIITOTEHHOT OCHOBH, MOBITPSHUX Mac, BO/I-
HUX Mac, IPyHTiB, 0i0TH. A came, y CTPYKTYpy
HATYpaJIbHUX JIAHAMAQTIB BBOJUTHCS TEXHIU-
HUI OJOK, MpencTaBIcHUN acalbTOBUM Ta
IHIIAM TIOKPUTTSIM, OYAIBISIMH PI3HOTO TMPHU3-
HAYCHHS, IMiJI3EMHUMH KOMYHIKAI[isIMH, TOIIO.
biora Haa3BUYaWHO YyTIUBA J0 JOACHKOI il 1
migaanacs HaWCHIBHINIOMY IEPETBOPEHHIO.
Bbarato O6ioleHo3iB 3a3HalOTH TeEepeOyIOBH,
HIII TOBHICTIO 3aMillleHi MITyYHHUMHU CITiBTO-
BapUCTBAMHU.

[lincymoByroun HaBeneHe, MOXKHA CTBE-
pAKyBaTH, CydacHa TEXHOJOTisl OyAiBHUIITBA
IIIMB, a came 6ynaiBuunTeo 11IMb 3 onuHKO-
BaHUX METAJOKAapKaciB MaKCHMAaJIbHOI 3aBOJ-
CHKOI TOTOBHOCTI € €KOJIOTIYHO O€3MEeYHHM Ta
NPUPOIOOPIEHTOBAHUM. BHKOpHCTaHHS JaHOI
TEXHOJIOTi] OyAiBHUIITBA — JO3BOJIUTH IIBUJ-
KHUMH TeMIIaMH BifOyayBaTH 3pyWHOBaHI Biii-
HOI0 TIPOMHCIIOBI, BHPOOHHMYI Ta CKJIAJCBKi
OyniBii 3 MiHIMAJLHUM BIUIMBOM Ha HAaBKO-
JIMIIHE TPUPOIHE CEPEAOBUILE.

Kondghnixm inmepecie

ABTOpY 3asBIAIOTH, MO KOHQIIKTY iHTEpeCiB 1040 MyOuikamii mporo pykomnucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO TOTPUMYBAJIMCh €TUYHMUX HOPM, BKIIIOYAIOUH IUIAriat, Gpanscudikamito J1aHIX

Ta TOJBIHHY MyOITiKaIlito.
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IMPACT OF CONSTRUCTION ON LANDSCAPES OF THE FOREST-STEP ZONE
OF UKRAINE

Purpose. Analysis of the impact of the construction of quickly assembled buildings with
different frames on living and inert landscape components in the conditions of the Western part of the
forest-steppe zone of Ukraine.

Methods. System analysis, engineering surveys, comparative geographical method,
generalization, statistical method.

Results. Based on reports on the study of engineering-ecological and engineering-geological
conditions of construction sites located in the Western part of the forest-steppe zone of Ukraine, the
transformation of landscape components under the influence of the construction of quickly assembled
buildings was analyzed, namely, the study of the violation of ties between living and inert landscape
components: changes in the morphological structure of the soil cover, degradation of plant cover and
changes in the water balance, which directly affect the functioning of landscapes, and can also serve as
the basis for the implementation of geoecological measures aimed at reducing the negative impact of
urbanization on the landscape structures of the forest-steppe. This will allow maintaining ecological
sustainability and restoring the natural properties of soils and biocenoses within the studied territories.

Conclusions. The importance of taking into account the ecological features of the forest-
steppe zone and the need for adaptive measures to protect and restore black soil soils in conditions of
intensive construction have been determined.

KEYWORDS: natural territorial complex, landscape, soil, prefabricated building,
construction and assembly work
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Mera. Pe3ynbpTaTti BOpOBaKSHHS HOBHX IIXO/IB JI0 peai3alii MOHITOPHHTY 3a IMOKa3HUKAaMH €KOJIOTi-
YHOTO CTaHy BOJ 03€PHUX €KOCHCTeM Ha mpukiani [IpuryHalChKuX 03ep i3 BUKOPHUCTAHHAM CYyYacHHX €KCIIpecC
METOIB BH3HAUCHHS OKPEMHX EKOJIOTIYHHX IapaMeTpiB Ta CYITyTHHUKOBOI iH(popMarii ANCTAaHIIHHOTO 30HIY-
BaHHS BOAHUX 00 €KTIB.
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Metoan. JlabopaTopHiii aHami3 BH3HA4YeHHS KOHIEHTpamii xmopodiry-a 3rigao 3 ACTY 7.1. 4.02-90
«Boga. Metoanka crieKTpo(h0TOMETPIYHOTO BU3HAYECHHS XJIOPO( Ty 0, IIOIEOB1 BUMipIOBaHHS IIPO30POCTi BOIU
13 BUKOPHCTaHHAM CTaHAapTHOTO McKy Cekki, KOHIeHTpaLiil XJIopodindy-a, 3aratbHO] 3BaKeHOI peYOBHHH, TI0-
Ka3HMKa CIEKTPaIBHOTO OCIA0JICHHS CBITJIA i3 BUKOPUCTAHHSAM HMOPTaTUBHOTO TIMEPCIIEKTPAIHLHOTO PagioMeTpy
WISP-3. O6pobnerns mporecopom C2X-COMPLEX mrardopmu Sentinel Application Platform cymyTHHKOBHX
3riMKiB SENTINEL-2 MSI L1C 3aBanTakeHux 3 6paysepy Copernicus.

PesyabTaTu. Baitky 2023 poky 3xiticieHo 2 ekcnienuuiiiHi Buizau Ha [IpuayHaiiceki ozepa Karyn, Snmyr-
Kyrypunyii, Kuraii, Kotnadbyx. BecTanoBieHo, 1110 pe3ysbTaTi ClioCTepEKeHb 3a MOKa3HUKaMHU SKOCTI BOAM (KOH-
HEHTPALIIMU XJI0podisy-a, 3arajibHOI 3BaKEHOT PEYOBHHH, TOKa3HHUKA CIIEKTPAILHOTO OCJIabIeHHs CBITIa) OTpH-
MaHi 3a JIONIOMOT'0I0 TinepcrekTpaisHoro pagiomerpy WISP-3 nobpe y3romxyroTses sk Mk co0o0l0, Tak i 3 aa-
HUMH JIAOOPaTOPHOTO aHaNi3y KOHICHTpaLii XJIopodiny-a i BuMipaMu mpo3opocti Boan. OLMiHEHO MOXKIIHBICTh
BukopucTaHHs cymyTHuKoBHX 3HIMKIB SENTINEL 2 MSI, 00pobnenux i3 3acTocyBaHHSAM mporecopa C2X-
COMPLEX mnardopmu Sentinel Application Platform (SNAP 9.0.0), mi1st orpruMaHHS oriepaTHBHOI iH(popMarii
IIOZ0 MPOCTOPOBO-YaCOBOI MIHIIMBOCTI KOHIIEHTpaLil XJIopodisy-a Ta 3arajapHOI 3BakeHol1 peuyoBuHH B [Ipumy-
HaMCBhKUX 03epax. BcTaHOBIIEHA HASBHICTD JOCTaTHRO TICHOTO KOPEILIHHOTO 3B’ 3Ky (KoedimieHT AeTepMiHarii
0,9 1 BuIIe) Mi>k BUMIpSTHIMHY 1 BU3HAYEHUMH 13 CYITyTHUKOBHX 3HIMKIB 3HAUEHHSAMH ITMX TTOKa3HUKIB. 3a TaHUMHU
JIOCTI/KeHb BUKOHAHUX Y JumHI 2023 poKy BCTaHOBIIEHO, 0 KOHIEHTpAIil xiopodiny-a y 2023 pori Oynu Bu-
muMH HiK Ha ogatky XXI cromitra (y 2001 p.) y BCix o3epax, 0 € OYiKyBaHHUM HACJIIKOM IIOIOBHEHHS 03€p
BEJIMKUMHU 00’eMamHu JyHaiicbKol Bo B nepioMy miBpiuui 2023 poky miclisi MOCYIUIMBUX MONEPEIHIX POKIB.
Hait0ispini 301bIeHHS KOHIICHTpAIliH criocTepiraiucs y o3epi Kormadyx.

BucnoBku. BcraHoBieHO, 1110 /11 MOHITOPUHTY €KOJIOT yHOTrO cTaHy [IpuayHaiicbkux 03ep, 30KpeMa ore-
PaATHBHOI OIIIHKH MPOCTOPOBO-YACOBOT MIHJIMBOCTI TAKHX MOKA3HUKIB SKOCTI BOJ SIK KOHIICHTpAIIT XJI0podity-a,
3arajbHOI 3Ba)KEHOT pEHYOBHMHH, CTYNEHS IIPO30POCTi BOJ, MOXKYTh OYTH YCIIIIHO BUKOPHCTaHi 00poOIieHi i3 3a-
crocyBanHsAM npouecopa C2X-COMPLEX cymytHuxoBi 3HiMku SENTINEL-2 MSI 3 npocTopoBoro po3aisibHO0
3patHicTIO 20-60 M Ha mikcens. Pagiomerp WISP-3 Mosxe OyTH BUKOPHUCTaHHMN ISt €KCTIPEC BU3HAYECHHS ITOKa3-
HUKIB sIKOCTI BoH Ha [IpumyHalicChKUX 03epaX MpH OpraHi3alii eKOJIOTIYHOTO MOHITOPHHTY i3 3aJy9ICHHSIM CYIIy-
THUKOBOI iHpOpMAIlii, 30KpeMa, 3 MeTOIO 1 Bepudikarii 3a JAHUMH MMOTFOBHUX CIIOCTEPEKCHB.

KJIFOYOBI CJIOBA: IIpudynaiicvki o3epa, eKoro2iuHuil CmaH, MOHIMOPpUHe, OUCAHYIIHUL, CYRYMHU-
KOBUL MOHIMOPUHE, KAIOPYBAHHS
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HUX eKocucteM. Jlioouna ma ooskinns. Ilpobnemu meoexonoecii. 2024. Bun. 42. C. 35-50. DOI:
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Bcmyn

[IpuayHaiickki 03epa po3TamIoBaHi Ha Ji- TiAPOTEXHIYHI CIIOPYIHU ISl PETYIIOBaHHS BO-
BoMy Oepesi Kimilicbkoro pykasa piuku JyHait n000MiHy 1 mpomycKy pubu. I'igponoriunmii pe-
Ha nursgHd Big M.Peni mo m.Kinii. Haitoinsmmmu JKUM 03€p BiJIMIOBi/a€ peXKUMY BOJOCXOBHIIA i
3 Hux € Karymn, Smmyr 3 Kyrypayem, Katnadyx i € peryjboBaHMM. HeBenunki cTenoBi piukH, sKi
Kuraii. IlpugyHaiiceki 03epa MarOTh BeIHYE3- BII4Ial0Th B 03€pa, MATOBO/HI 1 € IEPECOXITUMH
HUM PUPOIHKUN OTEHINAT ISl COLIaIbHO-EKO- Olnbly yacTuHy poky. Tomy piuka JlyHaii € oc-
HOMIYHOTO PO3BUTKY MiBaHs OeCchKol 001acTi. HOBHHM JDKEPEJIOM BOJOOOMIHY 1 BOJOOHOB-
Bonu € pkepenoM rocnoaapchbko-oOyToBOTO JICHHS 03€p.
BOJIOTIOCTAYaHHS TIPHJICTIINX HACENCHUX MyHK- PexxuM po0OTH BOJOCXOBHII BU3HAYA-
TiB, CUIBCHKOIOCIOAAPCHKOI0 BOJOIOCTAYaHHS €ThCs (hazaMu BOAHOTO pexxumy p.JlyHai. V ne-
JUTSI 3pOIITYBAHOTO 3eMJICPOOCTBA, KPYITHUM pPH- PioJ BECHSIHOT'O BOAOIIILISA, KOJIM PiBHI BOJIU B
60roCcTIoapChKIM KOMITIIEKCOM. pivlli BUIII 3a piBHI BOJM B 03epax, IUIIO3H B

Ha TenepimHiit uac Bci 03epa BioKpeM- KaHaJNaxX BiUUHSIOTBHCS 1 BOJONMH HAIOBHIO-
neHi Big piuku [ynait namOamu oOBayBaHHS 1 I0THCS IyHalChKOIO Bogoto. Ha mepion miTHBOT
3’€IHYIOTBCSL 3 HEI0 NPUPOJHUMH HPOTOKAMH MeXEeH1 ILUTI03H 3aKpUBAIOTHCSA 1 BOJa BUTpava-
YM IITYYHUMHU KaHaJlaMH, Ha SKUX T00yAOBaHi €THCSI Ha 3a0€3MeYCHHS PiI3HUX BUIIIB BOJOKO-
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pHCTYBaHHS 1 BUNIApoBYBaHHs. Bocenu, gkimo
piBHI Boau B p. JyHaii HIKYI 32 piBHI BOAH B
03epax, 3AIHCHIOITHCA CKUIN BOJH 3 BOJOCXO-
B B piuky. [licis 1ip0ro nuro3u 3HOBY 3aKpH-
BalOThCS HA 3UMOBHIA Tiepion [1, 2].

3 cepeaunu 90-X pOKiB MHUHYJIOTO CTO-
JITTS, 4Yepe3 CYTTEBE 3arajibHE 3MEHIICHHS
TUTOIII 3POIITYBaHHUX 3€MEIb, BiIOYJIOCh 3MCH-
IICHHS B JICCSITKH pa3iB 3a00piB BOM 3 03€p Ha
3poiryBaHHs. 1[e 3HaYHO MOTIPIINIO €KOJIOTIY-
HUHW CTaH 1 AKICTh BOJ 03€p, TOJOBHUM UHHOM,
yepe3 3HaYHEe 3MEHIIIEHHS BOJJOOHOBJICHHS 1 BO-
mooOMiHy y BomocxoBuax. lloripmenns sko-
CTi BOJ TIONIATAa€, HacamIiepen, y IIiIBUIICHHI
MiHepaizallii BOAH B 03epax OO BEIWYHH, SKi
NEPEBUILYIOTh BUMOTH [0 SIKOCTI IMHUTHOI Ta
spomyBanbHOi Boau (1,0-1,5 r/am®), a Takoxk y
MOCHJICHHI eBTpodiKallii BoJ 03ep, 10 MPU3BO-
JIUTh 710 PO3BUTKY «IBITIHHSI» CHHbO-3CJICHUX
BOJIOPOCTEH 1 3MEHILIEHHS TPO30POCTi BOIHU A0
0,2-0,3 m.

3HayHe MOTIPIICHHS AKOCTI BOJIU B 03€-
pax BinOyBaeThcs B JITHBO-OCIHHIHM mepioa B
POKH KPUTUYHOTO 3HWKCHHS PiBHS BOJH B HUX
(mo piBust MmepTBOro 00’emy (PMO) i HmKue),
KOJIM HU3bKI piBHI Boaw B piumi [yHai, abo 3a-
MyJIEHHS TiIBITHUX KaHaliB (BKIFOYHO 3 YTBO-
peHHsIM 6apiB Ha BXOJIi 10 HUX), HE JI03BOJISIOTH
MIOIIOBHUTH X JyHalCBKOIO BOJIOIO 1O HOpMa-
neHOTO Tianeproro piBHsA (HIIP). Taka curya-
1ist cxmanacs y 2022 porri, Koiu 4epes3 mocyxy i
HU3bKI piBHI Boau B p.JlyHaii, BIICYTHICTh BecC-
HSTHOTO BOJIOTIIJUIS, HAITOBHEHHSI 03€p IyHaNCh-
KOIO BOJIOIO OYJI0O HEMOXIIMBUM 3 JIFOTOTO TO
rpyJeHb. B pesynbrari piBHI BoaM B 03epax
3HU3WINCH JI0 KPUTHYHKX [TO3HAYOK, 1 HA IoYa-
TKy TpyaHs gopisHioBam 0,24 m BC — B 03epi
Kuraii, 1,01 m BC — B 03.Katnadyx, 1,92 m bC
—B o3.Karyn i 1,44 m BC - B 03.5nmyr-Kyryp-
ny#. Lle mpu ToMy, 110 BIITKY, IPOTATOM ABOX
MICSIIIB 3/11iICHIOBAJIACh IPUMYCOBA MITYYHA TTi-
JKa4yKa TyHalcbKOl BOAM HACOCHUMHU CTaHLI-
sMu B o3epa Kuraii (6musbko 300 M%/106) i Ka-
T1abyx (61m3bK0 600 M3/1006).

OCHOBHUM JKepesioM BOA00OMiHY 1 BO-
noonosieHHs [IpuayHaiicbkux o3ep, ke 3a Ie-
BHUX YMOB JIa€ MOXIJIUBICTb PETYIIOBATH iX Ti-
JIPOJIOTTYHUN PEKUM 1 €KOJIOTIYHUH CTaH, €
p-Aynaii. B po6orax [3, 4], Ha miicTaBi pe3yib-
TaTiB YHCENLHUX eKCHepuMeHTiB 3 1-D mo-
Jesuto eBTpodikariii, Oyyio mokasaHo, 10 Haii-
OUIBII HEOE3NEYHUM UII E€KOCHCTEM BOJIIOW-
MHUIII € iX OOMUTIHHSA B MaJIOBOJIHI POKH, KOJIH
yepe3 HU3bKI piBHI p.J/lyHail He Bi1aeThCs Haro-
BHUTH Bojoimu no0 HIIP. [Taginus piBHS BoaM
B JIITHIN MEPiOJ POKY CYNPOBOIKY€ETHCS 3MEH-
HICHHSM BMICTY MiHEpaJbHUX (HOpM OiOTeHHUX

~37~

PEYOBHH Ta 3pOCTaHHAM KOHIEHTPALI, SIK JKH-
BOi, TaK i KOCHOi Opra”igHOi pedoBuHH. T0OTO
3amac MiHepambHUX opM O10TeHHUX eJIeMeH-
TIB y BOJIOWMI TPaHC(HOPMYIOTBCS Yy 3aItacu op-
ra"igHoi pedoBuHM. [Ipn npomy Hebe3meka mo-
JATa€ B TOMY, IO I OpraHiyHa pedyoBHHA, BHA-
CIIIOK TPAaBITAIIfHOTO OCA/KEHHS, ETIOHY-
€ThC B JOHHUX Bixiazax 1 Ha Ii OloXiMiyHeE
PO3KIJIaaHHS BUTPAYAETHCS KUCEHB, SIKUH Mic-
TUThCA Y Bogi. [Ipu HecnipusTiimBoMy 30iry 00-
CTaBUH CIIOXXUBAHHsI KUCHIO Ha OioXiMivuHE po-
3KJIaJaHH Li€l OpraHiuHOi peUOBHHU MOKE Tie-
PEBUILUTH HOTO HAAXOMKEHHS 32 PaxyHOK o-
TOCHHTE3Y Ta Ta3000MiHY 3 aTMOC(eporo Mpo-
TSTOM JIOCUTH TPHUBAJIOTO Yacy, 110 IPU3BEE 10
PO3BUTKY TIiMOKCi1 B MPUIOHHNX MIAPax BOJH.

KonmenTpariist opranigyHoi pe4oBUHH, IO
YTBOPIOETHCS B 03€pax y JiTHIH Iepiof] poKy, 3a-
JISKUTH TAaKOXK BiJl KOHIIEHTpaIlii O10TeHHUX pe-
YOBWH y Bojax piuku JlyHail y BECHSHI MicCsIi,
KOJIM Ma€ Micle X HaJXO/DKCHHS Y BOJIOHMY Y
BENUKNX oOcsirax. Bucokuii BMicT 0ioreHHHX
peYoBHH y Bojiax p.JlyHall B mepio HalOBHEHHSI
BOJIOMMHUIIIA TATHE 32 COOOK0 PaHHE IBITIHHSA (i-
TOTUIAHKTOHY 1 TOCUJICHHS iKY Horo Giomacu Ha
MOYaTKY JIiTa, KOJIM OioMaca 300IUIaHKTOHY IIe
HE JIOCSTJIa THX 3HAYE€Hb, 1100 CTPUMYBATH 3pPO-
CTaHHA (BITOIUIAHKTOHY.

[IpoGiema mocuieHHs eBTpodikailii BoJ
[MpunyHaiicbkux 03ep 0OroBOPIOBATACH TAKOX
B poborax [5-7].

3anexHicTe exonoriyHoro crany Ilpumy-
HaHCBKHX 03€p BiJl METEOPOJIOTTYHHX YMOB POKY,
BOITHOCTI piuku JlyHal, MpoITycKHOT 3aTHOCTI TTi-
JIBITHAX KaHAJIB, BH3HAYAE HEOOXiTHICTh peati-
3arii peryJsipHOr0 MOHITOPUHTY 3a i1HAWKATO-
pamMu #oro moripiieHHs. TakuMH MOKa3HUKaMU
MOXKYTh OyTH, 30KpeMa, 3HaYHE 301IbIICHHS KOH-
LEHTpalliil Xj10podiny-a, 3arajbHOi 3BaKEHOI pe-
YOBHHH, 3MEHIIICHHS TIPO30POCTI BO/I.

B ymoBax nedinuty KOmTiB i 00MeKeHb
Ha pealtizalliio peryJsipHOro €KOJOTiYHOTO MO-
HITOPHHTY BOJHHX 00’€KTiB YKpaiHu uepes
BiliHy 3 pociiicbkolo Qeneparieto, HalOUIbII
MEPCHEKTUBHUM 1 €KOHOMIYHO BHIIPAaBIAHUM
IUIsS. KOHTPOJIIO €KOJIOTTYHOTO CTaHy 03€p € BU-
KOPHCTaHHS JaHUX CYITyTHUKOBOT'O AUCTAHIII -
HOro 30H1yBaHHs 3emui [8, 9]. Lieii Hanpsim yc-
MIIIHO PO3BUBAETHCS, 30KpEMa, JOCIiAHUIb-
KOO TPYIOI0 CIIOCTEPEkEHb 3a 3eMIIeIO B Y Hi-
Bepcuteti Cripninra (Bemukobpuranis, [lot-
nanpis) [10-13]. OneparusHoi ciyx6a O6cep-
Batopii o3ep Benukobpuranii (UK Lakes Ob-
servatory-UKLO) nanmae inpopmaiiito mpo sik-
ictb Bogu 1uis monax 900 Bogoiim BenukoOpu-
TaHii 3a IOMOMOTOI0 CYITyTHUKOBHX CHOCTEpe-
keHb [14]. Cnyx6a Ha-
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pasi BUKOPHCTOBYE AaHi cymyTHHKiB Coperni-
cus Sentinel-2A/B €Bporneiicbkoro KOCMIYHOTO
areHTCTBA JUI OTPUMAHHS IIOTHXKHEBUX arpe-
TOBaHHX OIIIHOK KOHIIEHTpaIii xiopodity-a y
(bITOTUIAHKTOHI 3 pO3ALIBHOIO 3aTHICTIO TIKCe-
niB 20 M. Jlaai 0OpoOIAIOTECS 32 JOTIOMOT OO
IHHOBAIIIITHOTO JIAHITFOKKa 00pOOKH, KM OyB
PO3pO0IIEHHIA MPOTArOM KiJIbKOX POKIB IOCHi-
JoKeHb B YHiBepcuteti Cripninra. JlaHmoxok
00pOOKH BUKOPUCTOBYE HaiCydacHIIIUI Tif-
Xig st atMocepHOi KOPEKIii CyImyTHUKOBUX
JaHWUX 1 MOEAHYE HOTO 3 HAOOPOM aJIrOPUTMIB
JUTSI OTIIHKH XJIOpoQiTy-a, SKi peaizyroThCs 3a-
JIEXKHO BiJl OITHYHUX XapPaKTEPUCTHUK 03€pa, 1110
3HAXOJUTKCS Mix crocTepexeHHsM [15 — 17].
B 2023 pori, B pamMkax OpHTaHCHKO-yKpaiH-
CBHKOI TPaHTOBOI IPOTPaMH 3 JIOCITHKEHb Ta 1HHO-
Bariii TWINNING, OmecbkuM Jep>KaBHAM €KO-
JIOTIYHAM YHIBEPCHUTETOM CITUTHHO 3 YHIBepcuTe-

ToM CTipiiHra BUKOHYBABCSI CIIUTBHUNA JTOCITi THU-
upkuit mpoekT CORNELIA «Capacity Building in
Earth observation for national water quality
assessment / Po30y1oBa MoTeHIiaTy B ramys3i CIo-
CTepeKeHHS 3a 3eMJICIO 00 HAIIOHAIBHOI OITi-
HKHM SIKOCTI BOIM», CIIPSMOBAaHMI Ha 3ampoBa-
JUKEHHSI CYITyTHUKOBHX METOMIB AWCTaHI[IHOTO
MOHITOPHHTY SIKOCTi BOAU B BoZIOiMax Ykpainu. B
MeXxax pOro NpoekTy [IpumyHaiicbki 03epa BUKO-
PHCTOBYBAJIMCH SIK ICTOTHHMI MOJIITOH JJIsl BiAIpa-
LFOBaHHS METO/IMK, SIKi BIIPOBA/DKYIOThCS [18].

Mera — HafaTu pe3yNbTaTd BIPOBAIKEHHSI
HOBHX ITJTXO/IiB JIO peati3arlii MOHITOPHHTY 3a O~
Ka3HMKaMH €KOJIOT1YHOTO CTaHy BOJ 03ePHHX €KO-
crcreM Ha nipukiazi [IpuayHaiicekix o3ep i3 BU-
KOPHCTaHHSAM Cy4acHHX EKCIIPeC METOZIB BH3Ha-
YEeHHS OKPEMUX €KOJIOTiYHIX TTApaMeTpiB Ta CYITy-
THHUKOBOI iH(pOpMAIIil AUCTAHITIMHOTO 30H TyBaHH
BOIHHX 00’ €KTIB.

Memoou i mamepianu

B nocnimkenHi BUKOPUCTAHO JIaHi 00
KOHIIEHTpaIliil xiopodiny-a, 3aranbHOI (opra-
HIYHO{ 1 HEOpraHiyHOi) 3Ba)KEHOI PEHYOBHHU
(Total Suspended Matter - TSM), noka3Huka
crniekTpaibHoOro ocnabnenns ceitia (Kd) otpu-
MaHi 3a JIOTIOMOTO0 TIOPTaTUBHOTO TilepCIeK-
tpanbHoro pamiomerpy WISP-3 [19, 20], skwuit
3aCTOCOBYBABCSI JUIsl JIUCTAHIIHHOTO CKaHy-
BaHHs TIOBEPXHI BOJIU 3 TIaB3aco0y Ta Oepera.

WISP-3 MicTuTh TpH rinepcreKkTpaibHi
pamioMeTpH, SKi BUMIPIOIOTh BiIITOBITHO HU3Xi-
JTHE BUIPOMIHIOBAHHS, BUCXiJHE BUIIPOMIHFO-
BaHHS 1 AM(y3HY HU3XiHY pajiaiio. 3a curHa-
JIOM LUX TPbOX PafiOMETPiB BU3HAYAETHCS KO-
e(imieHT BiIOUTTS (KKOIip») BOMU.

WISP-3 po3pobiieHo criemianbHO AJist
CIEKTPOCKOMI] BiTOUTTS MPHUPOIHUX BOJOUM.
CrieKTpocKoIisi BiIOUTTS TIOB’SI3ye BUIPOMi-
HIOBaHHS, BiIOMTE 00’ €KTOM, 3 HOr0 MaTepiajib-
HUM CKJIaJIOM. 3aBIaHHs IPH PO3pOoOIIi aJIrOpH-
TMIB BiIOUTTS MOJISIra€ B TOMY, 1100 3B’s3aTH
BJIACTHUBOCTI MOTJIMHAHHS Ta PO3CIFOBAHHS CBi-
TJa PEYOBHH, K1 PUCYTHI y BOAOIMI (HampH-
KJIaJl, MIrMEeHTH QiTOIIAHKTOHY, 3BaXKEH1 pedo-
BUHHM), 3 IXHIM BIUIMBOM Ha KOJIp BOJAH 3a pi3-
HUX KOHIIEHTpaliil KoxHOi peyoBHHH. Kpim
TOTO, TOJIOBHUM iHTEpEC AJsl BU3HAUEHHS IPO-
HUKHEHHS COHS'YHOTO CBITJIa y TOBILLY BOAM, SIKE
CTHMYJIIOE BOIHUH (POTOCUHTE3, CTAHOBUTDH Ma-
coBe ocyiabJieHHs CBiTJIa KOMOIHOBaHUMH PEYO-
BUHAMHU. AJITOPUTMH, SKi BHKOPHCTOBYIOTHCS
JUTsL OTPUMAaHHS KOHIIEHTPAI[IH I[UX PESUOBHUH 13
BUMIpsiHOTO KoedimieHTa BinOUTTs, BOYIOBaHI
B WISP-3 3a 3aMOBYYyBaHHSM 1 BBa)KalOThCS
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MIPUIATHUMH JJI HU3KU THUIIIB BOJ - BiJ TOMi-
PHO 10 TyXe KaJlaMyTHHX.

Binpmicte  BOyJOBaHMX  alNTOPUTMIB
WISP-3 nariiyieni Ha meBHI 00J1aCTi B CHEKTpi
BIIOWTTS, SIKI BIAMIOBINAIOTEH Jiarma3oHaM JOB-
JKUH XBHJIb, JIC BIJIIIOBIIHA pEUOBHHA MA€E BEJIH-
KHUH BIIMB Ha KIJIBKICTEH BIZOMTOTO CBITIIA, TOMI1
SIK 1HIII pEYOBHHU HE MAIOTh BEJIMKOTO BILTUBY
Ha CHeKTp BiIOUTTSA. ONTHYHI CUTHAIHM BUTATY-
IOTBCS 3 PI3HHUIb MK IIMMHU CIEKTPaIbHUMU
cMyramu a0o 3 BiZJTHOLIIEHb CMYT JIO0 €TaJOHHUX
cmyr. Ui anroputmu, K MpaBUIlo, HAIlJIEHI Ha
OJJHY-4OTUPU CMYTH OJHOYACHO ISl BHPi-
IIEHHS 3BOPOTHOT MPOOIIEMH.

3 METOI0 NEepeBipKH TOCTOBIPHOCTI Ja-
HUX 11010 KOHIIEHTpaIlii xJopodiny-a, oTpuma-
HHUX 13 BHUKOPHCTaHHSM TillEPCIEKTPAIBLHOTO
paxiomerpy WISP-3, mapaiienibHO BUKOHYBaBCS
3a0ip mpo0 BOM 1 iX Ta0OpaTOpHUIA aHATI3 ISt
BH3HAYEHHS KOHIIEHTpaIli XJIopodiny-a craH-
JapTHUM MeTtojoM BiamnosigHo go ACTY 7.1.
4.02-90 «Boga. Metoauka crekTpodoToMeT-
pUYHOTrO BU3HAUeHHs xyopodiny o» [21], a Ta-
KO>X MIOJIbOBI BUMIPIOBAHHS PO30POCTi BOAM i3
BHUKOPHUCTAHHSIM CTaHAAPTHOTO TUCKY CeKki.

Ha npuaynaiiceki o3epa Karyn, Snmyr-
Kyrypnyii, Kuraii, KotnaGyx Buitky 2023 poky
3aiicHeHo 2 exkcrienuiiiai Buizam: 19-20 nu-
HsA 1 25-26 nunas. Bigbip npo0 Ha KOHIICHTpa-
1it0 XJ0podisa-a i Mpo30picTh BOAU 3 YOBHA, 3
OJTHOYACHUM BHMIPIOBAHHSM TapaMeTpiB SIKO-
CTI BOAU 13 BUKOPHCTAHHSM TilE€PCIEKTPaIb-
Horo pagiomerpy WISP-3, BUKOHYBaBCsI TIIbKH
Ha o3epax Ammyr-Kyrypnyi 1 Kuraid.
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3aranpHe ySBICHHS IIPO CTaHIII1, HA IKUX
BHUKOHYBaBcs Bi0ip mpob Ha IIpmmyHaiicbkix
03epax, MOJKHa CKJIacTH 3 puc. 1.

Jns omiHKM MOXKIJIMBOCTEH opraHizamii
JMUCTAHIIHHOTO MOHITOPUHTY SKOCTI BOMIH
IIpunyHaiicbKux 03€p BUKOPUCTOBYBAIKCH CY-
myTHHUKOBI 3HIMKH SENTINEL-2 MSI L1C, Ha
OCHOBI OOpOOKHM SIKUX OynM OTpUMaHi MOJIs
MPOCTOPOBOTO PO3MOAITY KOHIEHTpALiid XJo-
podiny-a Ta 3arajapbHOi 3BaXKCHOI PCUOBHHH
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TSM (Total Suspended Matter). bararocmekrpa-
TeHUN omrmuHME mpriax MSI (MultiSpectral
Instrument) cymytanka SENTINEL-2 3nificHroe
BHMIpIOBaHHSA B 13 CIIEKTpaTbHUX Mialla30Hax 3
MIPOCTOPOBOIO PO3AUTEHOIO 3maTHICTIO 10-60 M
Ha mikcenb. MSI mpaitoe acuBHO, 30Mparodn
COHsSYHE CBITIIO BimOmTe Binm 3emui. CrekTpa-
JIbHE PO3AUICHHS KOXKHOTO Aiana3oHy Ha OKpeMmi
JIOBYKUHU XBUJIb BUKOHYETHCSI CMyTOBUMU (PiJTh-
TpaMH, BCTAHOBJICHUMH 3BEpPXY JAETEKTOPIB.
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Puc. 1 — Konuentpauii xj0podiny-a, Mr-M, BU3HaueHi iHCTPYMEHTaILHUM METO/IOM i3 3acTocyBaHHAM WISP-3
(3HaueHHS B CHHIX MPSMOKYTHHKAX MPABOPYY BiJf TOUKH CIIOCTEPEKEHHS) Ta CTAHAAPTHUM
mab0opaTOPHUM METOIOM (3HAUYEHHS YOPHUMH IH(pamMu JTiBOPYH BiJl TOYKH CIIOCTEPEIKEHHS):

a) 19-20 mumas 2023 p.; 6) 25-26 aumas 2023 p.

Fig. 1 — Chlorophyll-a concentrations, mg-m-3, determined by the instrumental method using WISP-3
(values in blue rectangles to the right of the observation point) and standard laboratory method
(values in black numbers to the left of the observation point): a) July 19-20, 2023; 6) July 25-26, 2023
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CynyTHUKOBI 300pakKeHHS 3aBaHTAXY-
BaJINCh 3 Opaysepy Copernicus
(https://browser.dataspace.copernicus.eu).
Kputepismu Bimbopy 3HIMKIB OynH HasBHICTH
BHUMIPIOBaHb KOHIIEHTpAIIiH XJI0podity-a Ta 3a-
raJbHOI 3BAKEHOI PEYOBHMHU Y JCHB MPOIBOTY
cymyTHHKA (1 I€HB MICIs MPOIBOTY) Ta BIACYT-
HICTh XMapHOCTI HaJl MyHKTaMH CHOCTEPEKEHb.

BiniOpani 3HIMKH 0OpOOIISLITUCS TpOIIe-
copom C2RCC (Case 2 Regional CoastColour)
miatdopmu  Sentinel Application Platform
(SNAP 9.0.0), sxuii mae 3Mory OTpHUMYBaTu
KOHIIEHTpaIlii xjJopodiny-a Ta 3araabHOi 3Ba-
JKEHOT PEYOBUHHM B IIOBEPXHEBOMY IIIAPi BOAHUX
00'eKTiB.

C2RCC - ue nporiecop aist atMocepHoi
KOpEKIlii Ta OTPUMAaHHS METOJIOM HaBYaHHS
HEHPOHHHUX MEpeX IT'ATH OCHOBHHX 0i00MTHY-
HUX KOMIIOHEHTIB ITOTJIMHAHHS Ta PO3CIIOBaHHS
CBiTJIa YaCTHMHKAMH y BOJAHOMY CEpEIOBHIILI:
MOTJIMHAHHS JICTPUTOM, dKOBTOIO0 PEUOBHHOIO Ta
MirMEHTaMH (iTOIUIAHKTOHY; PO3CIIOBaHHS «0i-
JMMU YaCTHUHKAMI Ta « THIIOBUM 0CaIoM». AJI-
roputMiuHi ocHoBu C2RCC Oymu 3aknaaeHi
Schiller H., Doerffer R [22], sixi Bnepie Ha-
BUYMJIM IUTY4YHI HEHpoHHI Mepexi. Hamami me-
pexi Oymu peamizoBani B mporecopi Case-2

Regional mys BHYTpIIIHIX BOA, MEPETBOPHB-
much Ha nporiecop C2RCC [23]. Ocranust po3-
poOka 1pOro anroput™my, Tak 3BaHa C2X-
COMPLEX (C2XC), 3acTtocoByeTbcs IS
O1ITBII KAMaMyTHUX NPUOEPEKHUX Ta BHYTPIlI-
HiX Bo1 [24] 1BoHa Oysia BAKOpPUCTaHA y LIbOMY
JOCITIDKEHH.

3 MeTor0 301IBLICHHSI TOYHOCTI Pe3yilb-
TaTiB y MPOIIECOPi 3aJaBANCS pealIbHI ITapame-
TPH BOAHOTO CEPEIOBUINA: COJIOHICTh Ta TEMITe-
patypa; atMmoc(hepHi mapamMeTpH: TUCK Ta BMICT
030HY,- Oy 3ajuiieHi 3a ymoBuaHHsIM. OTpH-
MaHI 3 BHUKOpUCTaHHSIM anroputmy C2X-
COMPLEX «koHmenTparii xmopodity-a Ta
TSM Opadmcst 3 po3paxyHKOBOTO pacTpy B TOU-
Kax CIOCTepEeKEHb NUISIXOM HAKJIAJaHHS Ha
pacTp TOYOK 3 KOOpPJIUHATAMH ITOJILOBHX BUMi-
PIOBaHb Ta EKCIIOPTY PO3PaXyHKOBUX BEITMUUH
y TeKCTOBUH (opmar.

o ananizy 3aigy4ainuch HasBHi CyIyTHHU-
koBi 3HiMKH S2B_MSIL1C_20230719T090559
_NO0509 R050 T35TPL i  S2A MSILIC
_20230721T085601_N0509_R007_T35TPL
orpumani 19 ta 21.07.2023 p. Ha xanp, 3HIMOK
S2B_MSIL1C_20230726T085559_NO0509_RO
07 _T35TPL 32 26.07.2023 p. Oy10 HEMOKIHBO
BUKOPUCTOBYBAaTH 4Yepe3 IIUIbHY XMapHiCTh
HaJ[ aKBaTOPI€r OLIBIIOCTI 03ep.

Pesynromamu

BusHaueHi i3 BHKOPHUCTaHHSM CTaHIAPT-
HOTO aHali3y BiJliOpaHux mpoO B JIabOpaTOpHUX
YMOBaxX 1 TilNepPCHEKTPaIbHOTO PaJiOMETpPy
WISP-3 konnenTpartii xiopodiny-a Ha [Ipumy-
HalChKHX O3epax nokasasi Ha puc. 1. /s Bu3Ha-
YEHHS BIIMOBITHOCTI IUX IaHUX, OTPUMAaHUX Pi3-
HUMHU MeToziamu, OyB 1moOyioBaHui rpadik, 1mo-
Ka3aHuii Ha puc. 2. BuiHo, 10 pe3ysbTaTé BUMi-
proBanb pagiomerpom WISP-3 B misomy no0pe
Y3TOKYIOTBCS 3 JIAHUMH JTa0OPaTOPHUX aHAITi-
3iB, aje MpPW 3HAYEHHSIX KOHLEHTpaLii XJ0po-
imy-a Ginbmx 3a 40 mr-m WISP-3 nounnac 3a-
BUILYBAaTH peajibHi 3HAYCHHs, BU3HAYEHH] J1a00-
paTopHO, XOua KOpPEJISLifHA 3alIeXKHICTh MDK
HUMH 30epiraeThes. B nmiamasoHi 3HaueHb Bix 15
110 100 Mr-M 3B’ 130K Mi>K 3HAYCHHSIMU KOHIICHT-
pauii xsopodinay-a BUSHAUCHUMH Ja00paTOpHO i
13 BUKopHucTaHHAM panxiomerpy WISP-3 mae mi-
HIMHUM XapakTep.
B niepion mocimipxeHb HaHO1IbII KOHIIE-
HTpawii xnopodiny-a, ski nepesuuryBaan 100
Mr-m3, crioctepiranuck B 03epi Katabyx i B mis-
HiuHIi yacTuHi 03epa Kuraii, HaiimeHmi — Bix 16

~40 ~

110 26 mr-m™ — B 03epi Karysn Ta niBaenHii yac-
THHI 03epa Snmyr.

Bumipsnai y mumnHI 2023 poKy KOHIIEHT-
parii xj0pogiay-a MOPiBHIOBAIUCH 3 PE3yJIbTa-
TaMH BHMIipIOBaHb, BUKOHAHHUX Ha [IpunayHaii-
chkux o3epax Biitky 2001 p. [6]. 3 Tabuuii BU-
JTHO, IO KOHIeHTpamii xiopodiny-a y 2023
poi Bumie Hix y 2001 p. y Bcix o3epax. Haii6i-
JbIe 301TBIIeHHS! KOHIIEHTpaIlii (B 9 pa3iB) Bi-
noynocs y o3epi Kormabyx. Cryminb ioro tpo-
¢HOCTI 30iMBIIMIAch 31 cTaTycy €BTPO(HOTrO
(11-30 mr-m®) 1o rineprpoduoro (>150 mr-m3)
[25].

3ayBaxumo, 110 xo4a B 2001 pori KoHIe-
HTpaii xnopodiny-a B 03epi Katnadyx Oy 3Ha-
YHO MEHIINMH HiX B o3epi Kuraii, ane 3a cBia-
4yeHHsM [6] oTocHHTEeTHYHA aKTUBHICTH (iTOII-
JaHKTOHY Oynia B 2-3 pasu BUILOIO, HIK B 1HIINX
o3epax. TooTo o3epo Karnabyx mano HaiOibII
BUCOKHH TPO(IUHHI CTATyC Cepesl iHIIHUX.

OTxe 3a JaHUMH BUMIpIB XJIOpodiny-a
CTaHIAPTHUM J1Ta0OPaTOPHUM METOAOM, y JIH-
mHi 2023 poky o3epa Karyi i Sy BiHOCSATE-
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Tabauus
Bumicr xnopodiny-a (B mr-m?) y Boai Ilpuaynaiicbkux ozep Baitky 2001 i 2023 pokis
Table
Chlorophyll-a content (in mg-m) in the water of the Danube lakes in the summer of 2001 and 2023
Iepion Jito 2001 p. gunedb 2023 p.

Bopoiima cepeaHe aianasoH 3MiH cepeaHe mianasoH 3MiH
Karyn 11,23 7,21+15.41 21,69 18,03 + 25,90
Snnyr 12,84 2,28 +22.97 23,37 16,72 + 39,73
Kyrypnyi 12,26 2,91 + 27,90 44,29 19,63 + 80,85
Kotnabyx 17,60 6,20 + 25,70 158,51 142,56 ~ 177,69
Kuraii 69,00 46,60 ~ 95,61 85,44 56,13 + 136,37
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Puc. 2 — KopensuiiiHa 3a1eXHiCTh MiK KOHIEHTPALiaMU XJI0podiay-a (B MIr-M">) BUSHAUEHUMH B Pe3yJILTATI
3aCTOCYBaHHs TinepcrnekrpanbHoro pagiomerpy WISP-3 (Chla-WISP3)
Ta B 1abopaTopHux ymosax (Chla-LAB). Tyt i y nonansiomy, R? — koediuieHT netepminanii

Fig. 2 — Correlation dependence between the concentrations of chlorophyll-a (in mg-m) determined as a result
of using the hyperspectral radiometer WISP-3 (Chla-WISP3) and in laboratory conditions (Chla-LAB). Here and
in the following, R? is the coefficient of determination

cs1 32 TpoiYHUM cTaTycoM 1o eBTpoduux, Ky-
TYpIyld - JI0 €BIOJITPOPHUX, TMOJITPOPHHX,
Kuraii — no nonitpoduux, a Kornadyx — no ri-
NEePTPOPHHUX.

Busnaueni i3 3actocyBanusm WISP-3
KOHIIEHTpAIIi{ 3arajbHOI 3Ba)KCHOT PEYOBHHU B
BOJIax 03ep MoKa3aHi Ha puc. 3. Bonu nobpe ko-
PEITIOIOTh 3 BUMIPSIHOKO B X011 TIOJIBOBUX JOCIi-
JOKSHB IIPO30PICTIO BOJ (pHC. 4), IO € IIIKOM
OUiKyBaHUM, OCKUIBKH CaMe KOHIIEHTpAIlis Y

~4]1 ~

BOJIi 3Ba)KEHOT pEYOBHHHU (MiHEpaIbHOI Ta Op-
raHIYHOrO MOXO/KEHHS) BU3HAYA€ KOSQIIIEHT
ocialyieHHs Y BOJIi COHSYHOI paaianii Ta Joka-
JBbHY Mpo30picTs BojA. Haiibinbii koHUIEHTpa-
mii 3aBUCI B mepiog EKCHETUIHHMX JO0CIi-
JOKeHb criocTepiraiuchk B o3epi KatiaOyx, a
HaiiMeHi — B o3epi SAnmyr

3arajbHa KOHIIEHTPALliS 3BaKEHUX PEUO-
BUH CKJIQJIA€ThCA 3 YAaCTOK SIK MiHEPalIbHOTO,
TaK i OpraHivHOTO 1MoXoKeHHs. KoHIleHTparis
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Puc. 3 — KoHnenTpauii 3araipHoi 3BakeH0i pedoBUHU (Mr-M°) BU3HAYEHI i3 3aCTOCYBAHHAM TilepCIEeKT-
pamsHOTO pagiomerpy WISP-3: a) 19-20 mumas 2023 p.; 6) 25-26 mumas 2023 p.

Fig. 3 — Concentrations of total suspended matter (mg-m) were determined using the WISP-3 hyperspec-
tral radiometer: a) July 19-20, 2023; 6) July 25-26, 2023.

xJIopo(isy-a € onocepeIKOBAaHUM OKa3HUKOM
Oiomacu (iTOIUIAHKTOHY Y BOJI, SIKHI BXOJIHUTh
JI0 CKJIay 3Ba)KEHOI OpPraHivHOi pedOBUHH. Y
pasi Majoro BMiCTy MiHEpaJbHOI 3aBHCI Y BOJ,
3pocTaHHsA KOHLEHTpauii xnopodiny-a (6io-
MacH (iTOIUIAaHKTOHY) OyJie IPU3BOJMUTH JIO Bi-
JIIOB1THOTO 301/IbIIICHHS 3arajibHOT KOHIICHTpa-
il 3BaskeHUX pedoBuH. HaBmaku, y pasi 3Hau-
HOT'O BMICTY Y BOJIi MiHEpalIbHOI 3aBUCI Ta JIET-
pUTY, SIKI HAJIXOAATH J0 BOJHOI TOBII Pa3oM 3
OOKOBHM CTOKOM 3 BOJ0300pY 200 B pe3ybTaTi
BITPO-XBHJILOBOTO CKaJaMy4yyBaHHS JIOHHHUX
BIJIKJIa/IiB, 3B’ 30K MK KOHIICHTPALII€0 XJIOPO-

~42 ~

¢iny-a i 3araJibHOI0 KOHLEHTPALIIEI0 3BAKEHUX
PEUOBHH He OyZie MPOCTEXYBATUCH.

3B’S130K MDXK KOHIeHTpaiiero TSM Ta
KOHIIEHTpali€ew xiopodiny-a y Bonax [pumy-
HaWCBHKUX 03€p, BU3HAYCHOIO JIAOOPATOPHO 1 13
3acrocyBaHHsAM paugiomerpy WISP-3, mokasa-
HUH Ha puc. 5. 3 PUCYHKY BHIHO, IO 301JIb-
LICHHS! KOHIIEHTpalii XxJjopodiny-a cynpoBo-
JDKY€ETHCS 30UTbILIEHHAM 3arajibHOi KOHIIEHTpa-
il 3BayKeHUX pe4oBHUH. Lle cBiAumnTh 1po Te, 1o
y Bojiax o3ep y BUMIipsHil BenuuuHi TSM ne-
peBakaB (DITOIIAHKTOH. Y pa3i BUKOPUCTAHHS
JaHMX 00 KOHIIEHTpaLii XJopodiny-a BUu3Ha-
YEeHUX J1abOpaToOpHO, 3B’ 30K MK HHMH 1 3ara-



ISSN 1992-4224 Jlropuna Ta nokimns. [Ipobaemu neoexonorii. 2024. Bumyck 42

0,8 — Y= -0.479 In(X) = 2.0466
R!= 0,87
= 1 -
=
- 0,6
3
0.4
0.2 - °

0= [ty — T T
0 10 20 30 40 50 60
TSM, g m*

Puc. 4 — Kopensuiiina 3anexHicTh Mi KOHIEHTPALIAMH 3araibHOT 38axeHo0i pedoBunr (TSM, mr-m%) Busnaue-
HHMHU B PE3YJIbTATI 3aCTOCYBaHHs TinepcnekTpaibHoro pagiomerpy WISP-3 Ta BUMIpsIHOO B IOJILOBUX YMOBaxX
npo3opicTio Box (Zd, m)

Fig. 4 — Correlation between concentrations of total suspended matter (TSM, mg-m3) determined as a result
of the use of the WISP-3 hyperspectral radiometer and water transparency measured in field conditions (Zd, m)
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Puc. 5 — KopensuiiiHa 3a/eXHiCTh MiX KOHIEHTPALISIMH 3araibHOT 38akeH0i peuounu (TSM, mr-m)
BU3HAYCHUMH B PE3yJIbTaTi 3aCTOCYBaHHs TilepcrekTpansHoro pagiomerpy WISP-3 Ta koHUIeHTpauismMu
xjopodiny-a (B Mr-m%) Bu3HaueHuMu B 1aboparopuux ymosax (Chla-LAB) (a) i sumipsauvmu WISP-3 (6)

Fig. 5 — Correlation between concentrations of total suspended matter (TSM, mg-m) determined using
the WISP-3 hyperspectral radiometer and chlorophyll-a concentrations (in mg-m-) determined
in laboratory conditions (Chla-LAB) (a) and measured WISP-3 (6)

~43 ~
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Puc. 6 — Konuenrpauii xnopodiny-a (B Mr-M~) BU3HaueHi i3 3aCTOCYBaHHAM PO3PaXyHKOBOIO IIPOLIECOPA
C2RCC (SNAP) 3a 3nimkamu SENTINEL-2 Bix 19.07.2023 p. (a) ta 21.07.2023 p. (6)

Fig. 6 — Chlorophyll-a concentrations (in mg-m-3) were determined using the C2RCC calculation processor
(SNAP) based on SENTINEL-2 images from 07.19.2023 (a) and 07.21.2023 (6)
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Puc. 7 — Konnenrpauii 3aransHoi 3BaxkeHoi pedoBrHU (TSM), B Mr-M™, BU3HAY€Hi i3 3aCTOCYBaHHSM PO3paxyH-
koBoro nporecopa C2RCC (SNAP) 3a snimkamu SENTINEL-2 Bix 19.07.2023 p. (a) Ta 21.07.2023 p. (6)

Fig. 7 — Concentrations of total suspended matter (TSM), in mg-m3, determined using the C2RCC calculation
processor (SNAP) based on SENTINEL-2 images from 07.19.2023 (a) and 07.21.2023 (6)

JBHOIO KOHIIEHTPALIIEIO 3BAKEHUX PEYOBHH Ma€ Kopernsmiiiai 3B’S3kM MK 3HAYSHHSIMU
HEJTIHIMHUN eKCIIOHEHIIa b XapakTep. s XJIOpOodisiy-a, BU3HAUCHUMH B PE3YJIBTATI I10JIHO
3HaYCHb XJIOPO(iNy-a BU3HAYEHHX i3 BHUKOPHC- BUX JIOCHIKeHb Ha o3epax Snmyr, Kyrypny#,
tanasiM WISP-3 3 yoBna B 03epax Anmyr-Kyryp- Kuraii i po3paxoBaHUMU 32 CYITyTHUKOBHM 3HIM
ny#, Kuraii 38’5130k 3 TSM niHIHHUIA. koM Big 21.07.2023 poky, mokasaHi Ha puc. 8.
OpHa 3 TOJIOBHUX 33729 POOOTH ToJIsTaIa By 3B'13Ky MiXK 3HAUSHHSIMU KOHIICHTPALIiH XJ10-
B OI[IHI[ MOKJIMBOCTI BUKOPHCTAHHS CYITyTHHKO- podiny-a BU3HAYEHUMU JIAOOPATOPHO 1 po3paxo-
Bux 3HIMKIB SENTINEL 2 MSI mnst orpumanss BaHWUMH 32 CYITy THUKOBUM 3HIMKOM OiJ1b111 OJIM3b-
orepaTUBHOI iH(OpMaIIii 111010 TPOCTOPOBO-Ya- KHH JI0 CTYIICHEBOI (DYHKIIii, 8 MIXK 3HAYCHHSIMH
COBOT MIiHJIMBOCTI TaKMX TIOKAa3HHKIB SKOCTi BOJI BUMIpSHUMH 13 3acTocyBaHHsM WISP-3 i Bu3na-
[punynalicbkux o3ep SK KOHIIEHTpamii XJI0po- YEHUMH 13 CYMYTHHKOBOI'O 3HIMKY — Ma€ JIiHil-
(iny-a Ta 3aranpHOI 3BaykeHoi peuoBuHU. Ha puc. HUH xapaxrep. [Ipy iboMy ci1ij BpaxoByBaTH, 1110
6, 7 mokazaHi 0OpoOJIeHI CyITyTHUKOBI 3HIMKH 3 JIAHWX I0JI0 KOHIIEHTpaIlii xjopodiry-a BU3HA-
KOHIIEHTpaLisMu Xiopodinay-a i TSM 3a indop- YeHHX J1a0OpaTopHO, SIKi Opanuch Ui THOpiB-
MaLli€lo, OTPUMAHOIO NPH MPOJIbOTI CYITyTHHUKIB HSHHSI 31 3HAUCHHSIMH BU3HAYCHHMH 13 CYITyTHH-
19.07 ta 21.07.2023 p. KOBOI'0 3HIMKY, OyJ10 Oisibiiie (13) Hixk BUMIpIO-

~ 44 ~
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Puc. 8 — Kopensuiiina 3anexHicTh Mi KOHIEHTpaLisMU XJ10poiiy-a (B MIr-M %) BUSHAYEHUMH B J1aGOPATOPHUX
ymoBax (Chla-LAB) (a) i BuMipssHUMH i3 3aCTOCYBaHHSIM TinepcrnekrpansHoro pamiomerpy WISP-3 (6) 19-
20.07.2023 p. 3i 3HaUCHHSIMH BU3HAYCHUMHE B MyHKTaX CIIOCTEPEXEHb 13 CymyTHHKOBOTO 3HIMKY (Chla-Satellite)
3pobenoro 21.07.2023 p.

Fig. 8 — Correlation between the concentrations of chlorophyll-a (in mg-m) determined in laboratory conditions
(Chla-LAB) (a) and measured using the WISP-3 hyperspectral radiometer (6) on July 19-20, 2023
with the values determined in observation points from the satellite image (Chla-Satellite) taken on 07.21.2023
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Puc. 9 — Kopensiiiina 3aexHicTh MiX KOHIIEHTpaLisMu XJ10podiny-a, B Mr-M~, (a) i 3arajbHOT 3BaXKeHOi
pedosunn TSM, mr-m3, (6) BU3HAUEHNMHU B PE3YJILTATI 3aCTOCYBAHHS TIIEPCIIEKTPAILHOTO pagiomeTpy WISP-3
1 3HAYCHHSIMU BU3HAYEHNMHU 13 HAHOIMKIHMX 32 4aCOM CyIyTHHUKOBHX 3HIMKIB
(Bigmosinno, Chla-Satellite i TSM-Satellite)

Fig. 9 — Correlation between the concentrations of chlorophyll-a, in mg-m, (a) and total suspended matter TSM,
mg-m3, (6) determined as a result of using the WISP-3 hyperspectral radiometer and the values determined from
the nearest satellite images (respectively, Chla-Satellite and TSM-Satellite)

BaHb 13 BuKkopucTanasasm WISP-3 (10) i Boru oxo-
TUTIOBAJIM OLTBIIMIA Aiana3oH. 3ayBasKMMO, IO TI0-
PIBHSHHS 3HAUeHb KOHIIEHTpAIli XJopodimy-a
BUMIpSTHHX 3 4OBHA i3 3actocyBaHHsM WISP-3 i
PO3paxOBaHUX 3a HASBHUMH CYIyTHHKOBHMH

~ 45 ~

3HIMKaM{ B HaWOJKYI JHi, KOJW TPOBOIMITUCE
BuMipH (TooTo 19.07 must ozep Smmyr-Kyrypmyit
i 21.07 nns o3epa Kurait), nano cxomHi pesyib-
Taty puc. 9a.
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Ha Bigminy Bix xmopodiny-a, IpUAHITHY
JUTSL TIOAAJIBIIOrO aHANI3y JIIHIHHY KOpEeIAIiiHy
3aJIeKHICT MK 3Ha4eHHsIMU TSM BH3HaUCHUME
13 Bukopuctanasam WISP-3 i po3paxoBanuMu 3a

CYIyTHHKOBUMH 3HIMKaMH, BIAIOCh OTPUMATU
THIIE Y pa3i BUKOPUCTAHHS 3HIMKIB 3a JHI Hail-
OmDKi 10 Yacy mpoBeneHHs BuMipiB (puc. 9 0).

Bucnoerxu

B pesymbTaTi q0CIHiKeHD, TPOBEICHUX Y
mmrmHl 2023 poxy Ha [lpmayHalichkux o3epax
BCTAaHOBJICHO, IO JJIsl MOHITOPHUHTY X €KOJIOT14-
HOTO CTaHy, 30KpeMa OIepaTHBHOI OLIHKH ITPOC-
TOPOBO-YaCOBOi MIHJINBOCTI TaKUX ITOKa3HHUKIB
SKOCTI BOJI SIK KOHIIEHTparlii xiopodiry-a, 3ara-
JIHHOI 3BaYKEHOI PEYOBHHH, CTYIEHS TPO30POCTI
BOJ, MOXYTb OyTH YCTIIIIHO BUKOPUCTaHi 00po0-
7eHi i3 3acrocyBaHHsM Tporecopa C2X-
COMPLEX cynytaukoBi 3niMkrn SENTINEL-2
MSI 3 mpocTopoBoro po3aiNbHOIO 3aaTHICTIO 20-
60 M Ha miKcenb.

BceraHoBiieHa HasABHICTH JOCTATHBO TiC-
HOTO KOPEJSIIIHHOTO 3B’s13Ky (KoeillieHT aerep-
minamii 0,9 1 BuIIIe) Mi>k BUMIPSTHUMH 1 BU3HAUE-
HIMH 13 CYITyTHUKOBHUX 3HIMKiB 3HAUEHHSIMH KOH-
HeHTparlii xyiopodily-a Ta 3arajgbHOI 3Ba)KEHOI
opranigaoi pedoBunu (TSM). TicHOTa KOpems-
IIFHOTO 3B’ 53Ky 3HAYHO ITiIBUIILY€THCS Y Pasi 3a-
CTOCYBaHHS JTaHWUX CYITyTHUKOBHX 3HIMKIB 1 pe-
3yJIbTaTIB CIIOCTEPEKECHb BUKOHAHNX B OJIMH JICHD
— JIeHb NIPOXO/PKEHHS CYITyTHHKA HAJT BOZIOHMOIO.

PesynmbraTn cnocrepexeHb 3a IMOKa3HHU-
KaMH SIKOCTI BOJTH, OTPHMaHi 3a JIOTIOMOTOFO Tirle-
pcriekTpanbHoro pagiomerpy WISP-3, nobpe y3-

TOJDKYIOThCSl MK co0ot0 (xstopodin-a — TSM), a
TaKOoX 3 JAHUMH JJaDOPaTOPHOT0 aHaJli3y KOHIIE-
HTparii xIopodiy-a, BUMIpIB MPO30POCTi BOIH.
Omxe pamiomerp WISP-3 moxe OyTr BUKOpHCTa-
HUH I eKCIPEC BU3HAYCHHS IMOKA3HHUKIB SIKOCTI
Bozu Ha [ IpumyHaifichKIX 03epax mpu opraHizartii
€KOJIOTIYHOTO MOHITOPHHTY 13 3aJTy4eHHSIM CYIIy-
THUKOBOI 1H(OpMallii, 30Kpema, 3 MeTOIo ii Bepu-
(hikarlii 3a JaHMMU MTOJILOBUX CIIOCTEPEKEHb.

3a TaHUMU JOCHIDKEHh BUKOHAHUX Y JIH-
nHi 2023 poKy BCTaHOBIICHO, IO KOHIIEHTpAIIil
xJopoginy-a y 2023 poui Oynu BUIIMMHA HiX Ha
nouatky XXI cromitrs (y 2001 p.) y BCix o3epax.
Le € ouikyBaHMM HacHiIKOM TIOTIOBHEHHSI 03€p
BEJIUKMMU 00’€MaMM JTyHAMChKOi BOAW B TIEp-
oMy miBpigdi 2023 poKy IicIs TOCYILUTABUX TO-
niepenHix pokiB. HaiiOinbire 301TbIIeHHsT KOHIIe-
HTpamii (B 9 pasiB) BinOynocs y o3epi Kotmadyx.

3agaya noJaIbLIMX JOCIIHKEHb OJISrae y
HAKOTIMYeHH] MAaCHBIB Y3TO/KEHUX JTAHHUX, OTPH-
MaHHX 3 00pPOOJICHNX CYIyTHHKOBUX 3HIMKIB Ta
32 JTAHUMHU CIOCTEPEXEHb, IUIS IMiATBEPIKCHHS
Ta KOPEryBaHHS OTPUMAaHUX KaliOpyBalbHHX 3a-
JIGKHOCTEH 1 BUKOPUCTAHHS X y TIPaKTHIII peati-
3allii OIepaTHBHOTO MOHITOPUHTY.

ITooaxku
e mocmimkerns otpumaio marpuMky Big Research England, on behalf of UK Research and

Innovation (UKRI) [Project #11147]" (This work was supported by the Research England, on behalf of
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MODERN APPROACHES TO MONITORING THE ECOLOGICAL CONDITION
OF LAKE ECOSYSTEM WATERS

Purpose. Presentation of the results of the implementation of new approaches to monitoring indicators of
the ecological state of water in lake ecosystems using the example of the Danube lakes with the use of modern
express methods of determining individual ecological parameters and satellite information of the water bodies'
water bodies.

Methods. Laboratory analysis of determining the concentration of chlorophyll-a according to DSTU 7.1.
4.02-90 "Water. Methodology for spectrophotometric determination of chlorophyll a", field measurements of wa-
ter transparency with a standard Secchi disc, concentrations of chlorophyll-a, total suspended matter, spectral at-
tenuation index using a portable hyperspectral radiometer WISP-3.
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Results. In the summer of 2023, 2 expeditions were carried out to the Danube lakes Kahul, Yalpug-
Kugurlui, Kytai, Kotlabukh. It was established that the results of observations of water quality indicators (chloro-
phyll-a concentration, total suspended matter, spectral light attenuation index), obtained with the WISP-3 hyper-
spectral radiometer, are in good agreement with each other and with the data of laboratory analysis of the meas-
urement of chlorophyll-a concentration and water transparency. The possibility of using SENTINEL 2 MSI satel-
lite images, processed using the C2X-COMPLEX Sentinel Application Platform (SNAP 9.0.0) to obtain opera-
tional information on the spatio-temporal variability of chlorophyll-a and the total suspended matter concentration
in the Danube lakes was evaluated. It was established that there is a sufficiently good correlation (determination
coefficient 0.9 and higher) between the measured and determined values of these indicators from satellite images.
According to research in July 2023, it was established that the concentrations of chlorophyll-a in 2023 were higher
than at the beginning of the 21st century (in 2001) in all lakes, which is an expected consequence of the replenish-
ment of the lakes from large volumes of Danube water in the first half of 2023 after previous dry years. The greatest
increase in concentrations occurred in Lake Kotlabukh.

Conclusions. It has been established that the SENTINEL-2 MSI satellite images processed with the C2X-
COMPLEX processor can be successfully used for the ecological state monitoring of the Danube lakes, in partic-
ular, the operational assessment of the spatio-temporal variability of such water quality indicators as the concen-
tration of chlorophyll-a, total suspended matter and degree water transparency with a spatial resolution of 20-60
m per pixel. The WISP-3 radiometer can be used for operational determination of water quality indicators in the
Danube lakes during the environmental monitoring organization with the involvement of satellite information, in
particular for the purpose of its verification based on field observation data.

KEY WORDS: Danube lakes, ecological condition, monitoring, remote, satellite monitoring, calibration
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KOHUEIT-OCHOBA NOIIYKY TA EKOAIATHOCTHUKHU PU3UK-30H BOJO350PIB

Meta. CTBOpUTH Ta OOTPYHTYBaTH KOHIICIIIHY OCHOBY HOBOTO TIIXOAY O €KOJOTIYHOI JiarHOCTHKH
AHTPOIIOTEHHOTO 3a0pyTHEHHS IPYHTIB (3€MeIb) «PU3UK-KPUTHIHHUX 30H» SKOJIOTIYHOI B3a€EMOIi IPYHTY i BOAU
Ha BOJ0300pax, fK CIIOCO0Y ONTHUMI3aIlii CHCTEMH 1HTETPOBAHOTO €KOJOTI9HOTO YIPABIIHHS, 3aXHCTY TIPHPOII
Ta MiBUIICHHS eKOJIOTIYHOI Oe3MeKH TEPUTOPIid B YKpaiHi.

Metoan. CucteMHHMI aHaji3, TMOPIBHAJIBHUI aHaNi3-CHMHTE3 3 aKLUEHTOM Ha (QOpMyBaHHs
LJIECTIPSIMOBaHOI MPOCTOPOBOI BHOIPKH 13 BUKOPHCTAHHSIM IOBHICTIO PO3NOALICHOTO Ta HAIiBPO3MOIIIEHOTO
MOJICTIOBaHHs B KIHIEBOMY QJITOPUTMIi; €KCTPANOJIALis Ta aJlalTHBHUH TpaHcdep MpoleaypHO-aHAlITHIHAX
MiAXO0/IB BHOOPY MIarHOCTHYHOT MEPEXKi; METOIU KOHIICTIIIHHOTO KOHCTPYIOBaHHS Ta Bi3yaJbHOT permpe3eHTalli.

PesynbTaT. Ha miacraBi cuctemuoro aHamizy myOmikamiin Google Scholar, Scopus, Web of Science,
Springer, a TakoX BITYM3HSHHX JDKEpENl 3a HAMNPSAMKAMH OI[HIOBaHHs 3a0pyAHCHHS IPYHTIB 1 BOA 3
BU3HAUCHHSM Ypas3JIMBUX (4yTIMBHX) TEPUTOPIi Ta rapsunx Toyok «hot SPotsy, mpiopUTETHHX 30H yIpaBIiHHS
(APMA) Ta xputmuaux 30H (CSA) mpencTaBiICHO aNbTEPHATHBHY KOHICIIIIHY OCHOBY MIiIXOXy IO
IHTErpoBaHOI EKOJIOTIYHOI JIarHOCTHKH 3a0pyAHEHHS I'PyHTOBOTO TOKPHBY, MOBEPXHEBUX Ta MiJ3EMHHX BOJ,
AKIiH TIepeaye aBTOMATH30BaHMI IIPOTPaMHMN TONIYK TIAPOJNOTIYHO YYTIAMBUX PHU3UK-30H EKOJOT1YHOT
KOHTAaKTHOI B3a€MOJIiT I'PYHTY 1 BOJH, 11O BasKJIMBO JJISI €KOJOTIYHOTO YNPABIIHHS Ta BIJHOBJICHHS €KOCHCTEM.
MexaHi3M MPOCTOPOBOIO aBTOMATHU30BAaHOI'O MOIIYKY IMX 30H OPI€HTOBaHMW Ha HailypasnuBimi (TigpoJIoridyHO
YyTINBI 30HH Ta TEPUTOPii), 6 KOHTAKTHA B3AEMOJis IPYHTY i BOAM B YMOBax 3a0pyTHEHHS IPYHTY, MOXKE
CTBOPIOBATH PHM3UKU JIsl €KOCHCTEMH Ta TIPOMAICHKOTO 3JIOPOB'S, MOYMHAIOYM BiJl MaciTady OKpeMux
TEPUTOPIaIbHUX TPOMAJ.

BucHoBku. binbina yBara 0 TiIpoJIOTi4HO YyTIMBHX 30H Ta MPOLECIB B3a€MO/IIT IPYHTY 1 BOJM B yMOBax
3a0pyIHEHHSI JO3BOJIMTH KOHTPOJIIOBATH Ta 3MEHIIYBAaTH MIKCEPEJOBUINHUNA TpaHChep 3a0pyaHIOBAILHUX
PEUOBHH. 3ampolOHOBAHWN KOHIICTIT B NPAKTHYHOMY AacIieKTi BIANOBiae LM OAaCCHHOBOTO YIPAaBIIHHA i
MOKITUKAHUH ITiIBUIIUTH €KOJIOTIYHY €(EeKTHBHICTh 3€MEIFHOI Ta BOJHOI €KOJIOTIYHOI MOJITHKHA SK 0COOIHBO
B)KJIMBUX €JIEMEHTIB YIIPABITIHHS €KOJIOTIYHOIO OE3IIEKOI0 EKOCHCTEM.

KJIIOYOBI CJIOBA: asmomamusosanuii npoepamuuti noutyx, MOHIMOPUHS, 2IOPONOSINHO YYMAU8d
30HaA, JiA2HOCMUKA IPYHMY, Mpancgep 3a6pyOHeHHs, 8IOHOBIEHHS eKOCUCTeMU

SIx nmuryBatu: Muxkuneir M. T. KoHiienT-ocHOBa MONIYKY Ta €KOAIArHOCTHKH PU3UK-30H BO0300piB. Jlioduna
ma ooekinna. [lpobnemu neoexonoaii. 2024. Bun. 42. C. 51-69. DOI: https://doi.org/10.26565/1992-4224-2024-
42-04

In cites: Mykytsei, M. T. (2024). Conceptual basis for the search and eco-diagnostics of risk zones in
watersheds. Man and Environment. Issues of Neoecology, (42), 51-69. https://doi.org/10.26565/1992-4224-2024-
42-04 (in Ukrainian)

Bemyn

Judysiline 3a0pysHEHHS € TOJOBHHM JDKepena MOXYTh TeHepyBaTh SK 3BHUYANHI
(bakTOpOM MOTipUICHHS SIKOCTI BOJAX Ta Jerpa- 3a0pyaHIoBavi (HampuKiaa, MOXKUBHI PEYOBH-
Jarii TimpoekocucTeM y 0araThoxX KpaiHax HH, OcCaa), TaK 1 TOKCHYHI 3a0pyaHIOBayi
ceiry [1-3]. llIBuakuii po3BUTOK ypOaHi3aiiii, (Hampuknan, necTuuan, HadTonpoaykrn). Lli
iHAycTpiamizamii Ta CUIbCHKOTO TOCIOAapCTBa, 3a0pyqHIOBavi 3a3BMYail  yTBOPIOIOTHCA B
a TaKOXX BIWHU TPHUCKOPIOIOTH IIeH MPOIEC Ta pI3HUX YacOBHX pamKax, 00’emax, KoMOiHa-
301y I0Th Horo macitabu [4,5]. HeroukoBsi IisIX 1 KOHIIEHTpaIisx [6].

© Muxuneit M. T., 2024
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0.
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IlepeBipka  mpumatHOCTI  JlMpekTHBH
€sporreiicekoro [lapmamenty i Pagu 2000/60/€C
Bix 23 sxoBTHS 2000 poKy TpO BCTaHOBIICHHS
pamok 3axoniB CIiBTOBapHCTBa B ray3i BOAHOI
NOJIITUKK BUSBWJIA, LIO TPYAHOLII min dYac il
BIPOBAPKCHHSI, YaCTKOBO MOB'SI3aHI 3 BIUIMBOM
Ha CTaH BooOWM nu(y3iiHOTo 3a0pyTHEHHs, 10
HAJIXOJIUTh 13 HABKOJMILIHLOTO cepenoBuina [7].
Ionpasku 1o 3akoHy npo uucty Bogy B CILLA,
110 Oy BHeceHi 1me B 1987 p., Takok 0COOUBO
crocyBanmucsi 3a0pyJHEHHS 3  HETOYKOBHX
mrepen (NPS), sk Ha KpUTHYHINA TNpUYMHI
TIOTIPIICHHS SIKOCTI BOAWM. OCKUIBKH CLTBCBHKE
rocromapcTBo (POCIMHHMIITBO) B YKpaiHi 3aiiMae
HaW3HAYHINTY YacTHHY JaHmmadTty cepen kpaiH
CBiTY, ICHy€ OCOONMBE 3aHEMOKOEHHS IIOJ0
HACITI/IKIB BiJ MOTEHIIHOTO XiMIYHOTO 3a0pyn-
HEHHsI [IIUPOKUM CTIEKTpoM TiecTrruaiB, 33P ta
IHIIINX CTIOMYK.

[lpakTruni iHCTpyMeHTH 3a0e3meyeHHs
SAKOCTI BOIHM, 30KpEMa TOYHE MOJICIFOBAHHS
mudysiitHoro 3abpymHeHHS CTaroTh (pyHIaMeH-
TaJbHUM PILICHHSM Ta MiABUIIYIOTh €(EKTUB-
HICTH YTIpaBJIiHHS NPIOPUTETHUMH TUISTHKAMU HA
BOJ0300pax. Uepes3 mMpocTOpOBO-9aCOBY JTa0iTh-
HicTh Au(y3HOrO 3a0pyTHEHHS, BHU3HAYCHHS
MIPIOPUTETHUX 30H YIPABIIHHS CLTHCHKHM TOC-
nomapctBom  (APMA)[8], abo kputHuHHX
mwkepen (CSA)[9], crae KIFOYOBMM 3aBIAHHIM
JUIsl epEeKTHBHOTO 3aXHUCTy BOoJ0300piB. CSA —

Le 30HM MEPEeTHHY MDK TiJPOJNOTIYHO YYTIH-
BUMH TEPHUTOPISAMH 3 BHCOKHUM ITOTCHITIAIOM
ctBopenHs croky (HSA), 1 3a0pynHeHnmun
TepuTopisiMa  BomoAutiB. ImeHtudikamis CSA
JI03BOJISIE CKOHIIEHTPYBATH PECYpCH IS 3HH-
JKEHHsI 3a0pyAHEHHS, JOCATTH MaKCUMAIBHOTO
edexry 3 miniManbHIMHE 3aTpaTamu[10,11].

AKIIEHT TOCTaBICHO Ha CTBOPEHHS Ta
OOTpYHTYBaHHS OCHOBH HOBOTO  KOHIICTT-
migxony (pilieHHs) Ui MPOCTOPOBOTO TMOLIYKY
Ta €KOJIOTIYHOI JIarHOCTHKU MPIOPUTETHUX 30H
Ha BoAO30Opax B  YKpaiHi, B cHcTeMi
OLIHIOBaHHS PH3UKIB TpaHchepy XiMIYHOrO
3a0pyIJHEHHA dYepe3 MeXaHi3MH TIPYHTOBO-
BomHUX B3aeMofii. [lepmroueproBa yBara 1o
MIPIOPUTETHUX 32 PUZUKOM JIISTHOK, MOYKE CTaTh
OJTHIEI0 3 HANMIEBIMIMX CTpaTerii i IIiJaBH-
IICHHS] PiBHS EKOJIOTIYHOI OE3MeKH MPHPOIHO-
TEPUTOPIaJIbHUX KOMIUIEKCIB Ta EKOCHCTEM
BOMI0300piB, 3a0e3MeyeHHs] 3I0pOB'Sl  IPYHTY,
TiIPOEKOCUCTEMHOT OE3MeKH Ta BiJHOBJICHHS
npuponu B YKpaiHi 3 ypaxyBaHHSM MiXKHApPO-
HUX TPOMO3uIii Ta pekoMmeHparii. [linTeepa-
KEHHSIM ISl IIbOTO € HEUIO/IABHS T0SIBA TaKWX
HOJIITHK, SIK «Pernament €Bponetickkoro [apna-
MeHTy Ta Pamu 11070 BiIHOBICHHS TIPHPOIN»
(COM/2022/304 ¢inan), Ta HOBOI MPOIMO3MIIT
EC, momo 3akoHy MpO MOHITOPHHT 1 CTIHKICTh
rpy#riB [12].

Teopia ma memoou 00cnidiicenns

B Vkpaini Ha T IHCTUTYIIIIHOI HeCTpo-
MOYKHOCTI Ta YHCJIEHHUX HEJIONIKIB B OpraHizarii
3MIIIICHEHHS] CHCTEMHOTO MOHITOPHHTY TIPYHTIB
[13], amamiTiymi maHi IS HAAIMHHX OI[IHOK
pU3MKYy B YyTIMBUX 30HaX EKOCHCTEM Ta
B0710300piB, aHaoriB APMA ta CSA ¢axrtuuno
BIJICYTHI, a oprasizaiiisi Ta 3a-IycK €QeKTHBHOI
IHTETPOBAaHOI CHUCTEMH MOHITOPUHTY JOBKIJIS
notpedye TPHBAJIOTO Yacy JUIs HarparfoBaHHSI

JocBily 1 wnuteoBOi mepeOymoBu. OmHak
MPOCTOpOBa  ileHTU(IKAIS TaKMX 30H B
penpe3eHTaTUBHOMY  Maciitadi €  BKpai

HEOOXiJTHOFO 1 HEBIKJIAJHOW s eeKTUBHOI
NPUPOIOOXOPOHHOT  POOOTH, 3MEHIIIeHHS
PH3UKIB Ta HACHTIJIKIB BIUTUBY aHTPOIIOTCHHOTO
XIMIYHOTO 3a0pYIHEHHS.

Exonoriyauii MOHITOPHUHT 3a0pyTHEHHS
IPYHTIB (3eMenb), 10 Ha pasi (akThyHO He
BUKOHYeThCsl [13] Ta morpebye CTpyKTypHOI
peopranizaiii MoxXe pPO3BHBAaTHCh 3 OLIBIIAM
AKIIEHTOM Ha 3B'SI3KH MK CKJITHUKaMHU €KOCHUC-
TeMd, (OpPMYBaHHS pHU3HMKIB I€PEHECEHHS
3a0pyIHEHHs Ha EKOCHCTEMHHX Ta JaHJmadT-
HUX PIBHSAX. YIOCKOHAJICHI IMAXOMN Ta aHai-
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THYHI TIPOLEAYPH MOXYTb CTBOPIOBATHCH HA
OCHOBI Cy4YacHHX J1a0OpaTOpHO-aHAITUYHUX Ta
MOJIbOBUX TIPAKTUK, HATPUKIIAJ, BUKOPHUCTAHHS
NPHUHIMIIB «3EJIeHOI aHANTHYHOI XiMil» Ta
HaOMWKEHHST aHAJMITUYHUX TPOIEAyp A0 CYTi
TIPOIIECIB, IO BiIOYBAIOTHCS B TOBKLILII.

J7st cTBOpEHHS! OCHOBU KOHIIETIT MiAXOJLY
HIONEPEeTHBO MIPOBE/ICHO JTEPaTYpHHUN OIS 32
TaKUM OCHOBHMM HAIPSMKOM: TiJpPOJIOTIYHO-
yyTIuBl Ta 3a0pyJHEHI PU3HMK-30HH, METOAU
inenTudikamii. 3aICHEHO TOIIYK Ta aHaji3
HAyKOBHX CTaTed, II0 IiHIEKcoBaHi y Oazax
myOmikamii Google Scholar, Scopus, Web of
Science Ta iH. Ilicms cTBOpeHHsI TmepeniKy
HaMpeIeBaHTHIIIMX MaTepialiB, A/ IIBUIKOTO
LIMPOKOMACIITA0HOTO  TOIIYKY BHKOPHCTaHO
iHctpyment Connected Papers (puc.1) B pizHUX
HaJAIITYBaHHAX, CIOYaTKy 3a BBemeHHsAM DOI
BUOpAHUX CTaTeH, a MOTIM TaKOXK 32 KIIOUOBUMU
CJIOBAaMHM Ta aBTOpaMH y 3HAHIICHUX Ta MepeBi-
pennx Marepianax. [Hctpyment Connected
Papers rpadiunHo Bizyamizye 3Bif IMOB'S3aHUX
cTaTell, YNOPSIKOBAaHMX 3a TOAIOHICTIO, IO
3HAYHO ToJierirye poooty. [ToOymoBani rpadu
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Targeting the critical source areas of
phosphorus based on hydrological
sensitive area delineation to control
nonpoint source pollution in watersheds
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Puc. 1 — IIpuknan Biyanizauii pe3ysbTaTy CUCTEMAaTHYHOTO MOUIYKY JIITEPaTypH 3 BUKOPUCTAHHIM
moirykoBoro incTpyMmenTy «Connected Papersy» 3a TECKPUIITOPOM «2IOpOL02IUHO UYmMAUsi mepumopii ma
KpUmuyHi 300U 3a0pyOHEeHHs»

Fig. 1 — An example of visualisation of the result of a systematic literature search using the Connected
Papers search tool using the descriptor «hydrologically sensitive areas and critical pollution zones»

JIO3BOJIA MOOAYUTH SIK HAMOLIbLI BiZIOMI TaK 1
HOBI MaTepiajiy, Ta BUOpATH JJIS MOJANIBIIOIO
OTIPAIOBAaHHS Ti, IO BiAMOBIIAIOTH IILITI.

Jlo mepeniky JEeCKpPHUIITOPIB Ta CIIOBEC-
HUX KOHCTPYKIIH BBIMIUIM Taki (hopMyIiro-
BaHHS: «2i0pON02IYHO Uymaugi mepumopii ma
KpUMUYHi  30HU  3a0pYOHEHHAY, «Augysiiine
(Hemoukose) 3a0pYOHEHHS)»; «PUUKU NepeHe-
CeHMsL 3a0PYOHIOBATIHUX PEUOBUHY, NPOCOPO-
6a idenmu@ixayis 2iOpoL02IUHO-YYMAUBUX 30H
6000300pi8; MOHIMOPUHE 8 «2aAPAYUX MOYKAXY
JaHowagmy, diaeHocmuxa npoyecis mpaucge-
py 3a6pyonens. llepenik KIOYOBUX KOHCTPYK-
[iif BUKOPHCTaHO ISl TOIIYKYy Ta Bigbopy
MarepialiB B HAyKOBO-METPHYHMX 0azax B
«py4HOMY pexkuMi». KoHuenuiiiHe KOHCTpY-

IOBaHHS KOHLIENT TMiAXOAy TPOBEICHO 13
OOTPYHTYBaHHSIM TaKWX KpUTEpiiB: 1) yini; 2)
macwma6b, 3) cmpykmypu ma Habopu OaHux,
4) memoou ma imcmpymenmu, 5) o6rpynmy-
BAHHS ANCOPUMMY.

3acTOCOBaHO METOAW  IMOPIBHSUIBHOTO
aHaJ3y-CHHTE3y Ta TOPIBHSUIGHUX OIlHOK,
EKCTPATOJISLIi MPOIETYPHO-aHATITUYHUX TIiJI-
XOIiB Ta pilleHb, MO JO3BOJMJIO 3alpoIio-
HYBaTH BapiaHT aBTOMATH30BAHOTO TPOIECY
(opMyBaHHsI IIUJICCIPSIMOBAHOI  MTPOCTOPOBOT
BUOIPKH TiJPOJIOTIYHO YYTJIMBHUX Ta IIOTEH-
IHO ypa3NMBHX J0 3a0py[HEHHS 30H Ha
B0J10300pax HW3BKUX mMopsnkiB. KoHiemiiiine
KOHCTPYIOBaHHSI BCHOTO MEXaHi3My JIOTIOBHEHO
Bi3yaJIbHOIO PENPE3CHTALIIETO.

Pezynomamu ma 062060penns

T'ioponoziuno-uymnuei ma 3aopyoneni
pusuk-30nu. TepMiH «TIAPOJIOTIYHO YYTIMBA
30Ha» (HSA) BHKOpPHCTOBYEThCS Uil TO3HA-
YeHHsS TEpPHUTOpidi Ha BOJOALT, OCOOIMBO
CXWJIBHUX JI0 YTBOPEHHSI CTOKY, sIKi MOTECHIIHHO
CIPUHHATIMBI 10 TIEPEHECEHHS 3a0pyIHIOIOUUX
pedoBuH 710 ToBepxHeBUX Bojoiim [14]. Ixus
imenTudikaris (MONIYK) € BaXKIIMBUM acleKTOM
JUTSL 30€peKeHHsI SIKOCTI BOJM B OaceifHaX Mastux
BOJOTOKIB, fIKi B CBOIO 4Yepry BH3HAYAIOTh
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XIMIYHUE CTaH  PIYOK Ta BOJOMM BHIIHX
nopsiakiB. HSA 3pmatHi akymysroBaTH 3HAYHY
YaCTUHY TIOBEPXHEBHX CTOKIB, M0 MOXeE
TIPU3BECTH JIO MMiIBUILICHHS PU3KKY 3a0pyTHEHHS
BOJIHUX pecypciB, OCOONMBO B paiioHax 3
BHCOKOIO 1HTEHCHBHICTIO CLIBCHKOIOCIIOAAPCH-
kux npaktuk [15]. TlomepemHi moCiipKEHHS
TOKa3aJId, IO KOHIIEHTPAIIif0 3a0pyTHIOBaYiB Yy
piuKax MOXKHA 3HAUYHO 3HU3UTH CaMe 3a PaXxyHOK
301JIBLICHHS] YacTKH MPHUPOAHOTO POCIMHHOTO
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nokpuBy y mexxax HSA. BoHm Takox Kiacu-
GIKYIOTBCS SIK «Tapsidi TOYKW» IJIsl TiApOJIoriv-
HOI aKTHBHOCTI B TOPU30HTAILHOMY HAIpsSMKY
[16]. TurerpoBammii mmimXix [0 BH3HAYEHHS
KPUTHYHUX JDKeper 3a0pyAHEeHHS TSl KOHTPOITIO
HETOYKOBUX JpKepes 3a0pyAHEHHs Y BOAOIIax
OyB pamiie 3anpornoHoBaHuii [17], Ta iHTErpye
tonorpadiuanii  ingekc  Ipyaty  (STI) i3
IHCTPYMEHTOM OIIHKH IpyHTY Ta Boau (Soil and
Water Assessment Tool) SWAT nans BusHa-
yenns CSA s ocamy, asory 1a docdopy B
JpiOHOMY MPOCTOPOBOMY MacIiTadi, IO MOXKeE
OyTH KOPHUCHMM TIPH BIIPOBAKEHHI HAWKpPAIIIX
MPaKTHK YTPABIIHHSA JJIsI KOHTPOIIO 3a0pya-
HeHHs Bin audys3Hux mkepera. Thomas LA, Ta
iH. [18] must mokpamienns ineHrudikamii HSA ta
TogHOTO po3MexyBanHs CSA mudy3aoro 3a0py-
JHEHHS 32 [UIBOBUMH  3aXOfaMH  IIOJI0
MOM'SIKILICHHS HACITIIKIB po3po0min inmekc HSA
Ha ocHoBi ['IC, skmii BukopuctoBye LIDAR
(Light Detection and Ranging), iudpoBy monens
penbedy (DEM), STI ta BpaxoBye riaposoriute
OOMEKEHHSI CYXOITyTHOTO CTOKY 4Yepe3 TOIo-
rpadiuyHy TepemKoay Bifl TOTJHMHAYIB TMOTOKY.
Haykosui niepeBipsimu iHmexkc HSA 3a momomo-
TOI0 BHMIpPIOBaHb OB 1 MIBUIKOIO IMOTOKY, Ta
BU3HAYAIM CKOHOMIYHO C(EKTUBHI Micls Yy
BU3HaueHNX HSA, mns sSKux MOXyTh 3aCTOCO-
BYBaTUCh 3aXOAW INOJO TOM'SKIICHHsS Iudy3-
HOTO 3a0pY/AHEHHSI B ITiIOJILOBOMY MacIITaoi.
Just inertudikanii HSA BaxmiBuM mapa-
METPOM € BH3HAYEHHSI IIPOCTOPOBOTO PO3IOILITY
¢daktiyHOoro  KoedillieHTa  BOJOIPOHUKHOCTI
rpyHTiB (Ksat), sxuii Xxapakrepusye pyx BOAU B
IpyHTi, iH(LIBTpAIlif0 BOAM Ta TMOTEHIIHHE
TiepeHeceHHsT 3a0pY/AHIOBAYiB Y BOJHI PECYpCH.
I'pyna Buennx CIHIA y 2024 poui [19] pospo-
OWmia MiaXix 0 TONIYKOBOTO MOJIEIIOBAHHS Y
¢izmaHo oOrpyHTOBaHINM cTpykTypi SWAT st
JIOCTI/DKEHHSI  BIUTUBY —TPOCTOPOBO  PO3MO/Ii-
JIEHUX crocTepexxyBaHux Ksat Ha KOMIIOHEHTH
MICIIEBOTO BOJHOrO OajaHCy 3a JOINOMOTOIO
TPBOX CLIEHAPITB PO3MUTBHOT 3AaTHOCTI IIH(PPOBOT
MOJEJl BHUCOTH. AHam3 HEBU3HAYEHOCTEN
TI0Ka3aB, 110 CriocTepeKyBaHi GopcyBanus Ksat
Ta po3aiutbHa  37atHicTh  DEM  3HauHO
BIUIMBAIOTh HA TPOTHO3W OIYHOTO IIOTOKY,
MOTOKY TIPYHTOBHX BOJ Ta NEPKOJLIIHOTO
MOTOKY. 30Kpema, crocTepexxyBaHuil Ksat mae
OUTBII  3HAYHWMM  BIUIMB Ha  TPOTHO3HY
BIICBHEHICTh MOJIENI, HIK pO3JiIbHA 3/IaTHICTH
DEM. OcranHiM YacoM pO3BUTOK ITIOOAIBHOL
0azu janux Juist Ksat Ta mupoke BUKOPUCTAHHS
METO/IIB MAIIMHHOIO HaBYaHHSA 3a0e3nedrin
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3PYYHICTB T TIPOCTOPOBOI eKcTparoisimii Ksat
y BenukoMy maciuradi [19,20].

B VYkpaini cucrema moIIyKy Ta yrmpa-
BIIHHS PH3WKOBAHUMH (YPa3IUBUMH) TEPUTO-
pissIMA € y BY3bKOMY aCHeKTI YaCTHHOIO
3000B’s13aHp LIONO iMIUIeMeHTauii JupekTisu
Pamm Big 12 rpymas 1991 poky mono 3axucTy
BOXl Bim 3a0pymHEHHS HITpataMd 3 CLIBCh-
korocriomapcbkux pkepen (91/676/EC) [21].
OnmHak Ha TPUKIaAl MOHITOPHHTY HITPaTHOTO
3a0pyaHEHHA MIKHAPOIHUH TOCBi/I TTOKA3YeE, 10
TPYAHOIII Y BIPOBaKEHHI EKOJIOTTYHOI ITOJIi-
tikd EC 11070 Takoro KOHTPOMIO TOB’Si3aHi 3
BIZICYTHICTIO €IMHOTO CTaHIAPTHOTO KPHUTEPIO
JUTSL TIO3HAYCHHsT Bpa3nuBux 30H [22,23]. Kinbka
JOCTIDKEHb MTOKA3yIOTh, IO MOTaHO OKPEeCIIeHi
Bpa3J¥BI 30HH CEPHO3HO CTaBWJIM IIiJI 3arpo3y
e(eKTUBHICTh TPOTpaM [iil MO0 3MEHIICHHS
3a0pyaHeHHs1 HiTpatamu [24-27], ToMy Haroso-
IICHO Ha MOTpeOi MiJBUIIUTHA TOYHICTH TO3HA-
YEeHHS Bpa3IMBUX 30H, MO0 MAaKCHMi3yBaTh
edexTuBHICTH IUX TIpOrpam [23].

B Vkpaini Meroauka BH3HA4YEHHS 30H,
Bpa3NMBHUX [0 HITPaTiB BXe po3podiieHa i
3aTBepmkeHa  (Haka3 ~ MIHIOBKULIS B
15.04.2021 Ne 244). OHak mipoOJIeMOro € Te, 1110
iH(opMallis I BAKOHAHHS METOJIUKH TIOBUHHA
OyTH BHCOKOi SIKOCTI Ta 3 JIOCTaTHIM pPiBHEM
toyHocti. Ha 1medi MOMEHT icHyro4ya Mepexa
MOHITOPHHTY TIOBEPXHEBHX BOJ Yy CBOil Oe3re-
PEPBHOCTI Ta IPOCTOPOBOMY OXOIUICHHI IIIe He €
JIOCTaTHBOIO JUISL  3aCTOCYBAaHHS PO3POOIICHOT
METOJIKH, 2 MOHITOPHHT ITiJI3eMHMX BOJI B3araji
He 3miticHioeThest [28]. Kpim Toro merommka
OHOOIYHA, 1 Opi€HTOBaHA HAa BHUKOPUCTAHHS
JTAHUX MOHITOPUHTY BOJ BiJl YCiX Cy0’€KTiB st
BU3HAUCHHS YPa3IMBHX 30H JI0 HAKOIWYCHHS
HITpaTiB HIK4Ye Bin MacuBy. BoHa He opieH-
TYETbCS. HA J]aHI MOHITOPHHTY Ta JiarHOCTHKH
IPYHTIB (3eMellb) BOJ0300piB, HE mependadae
TAKOXK 3aJyYeHHS aBTOMATH30BaHUX Mojemnen
nouryky 3 BukopuctaHHsMm ['1C, mry4soro
IHTENeKTyY, TeocTaTucTUKH. Lle Moke mpr3BecTH
JI0 CYTTEBOI HEBH3HAYEHOCTI Uil e(DEKTUBHOTO
EKOJIOTTYHOTO YNPaBIiHHA TU(Y3IHHUMH JKe-
penamu Ta Teputopismu. Hatomicts y Ilmanax
yrpaBniaHs  pidkoBumu  OaceitHamu  (ITYPB)
3alPONIOHOBAHO BCIO TEPUTOPIiI0 YKpaiHN BU3HA-
YUTH SIK 30HY, Bpa3jMBY JO HITpariB, 1m0 M
BiZIOOpaXkae MOTOYHY JyKE€ OOMEKEHY ITOCTYII-
HicTh HeoOXigHoi iH(popMamil A1 BU3HAYECHHS
mx 30H. Taxkmil miaxig Xxoda 1 BBaKacTbCs
OJTHUM 3 MPUUHSATHUX 3TiAHO 3 JIMPEKTHBOIO,
OMHAK B YKpaiHi BIH MOXE HE JIO3BOJHUTU
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3MICHIOBaTH €(EKTUBHE YIIPABIIHHS CIIPaBi
ypa3IMBUMH JI0 HITPATHOTO 3a0pyIHEHHS 30Ha-
MU Ta BOJHIMH MaCHUBaMH, sIKi He OyJIM CBO€YAC-
HO HAJISKHO 1eHTH(IKOBaHI Ta OKPECIICHI.

IIlo cTocyeThCcs TECTHUNMMIB, CTIHKHX
opra"iyaux 3a0pyantoBauiB (CO3) Ta iHmMX
YHCIIEHHUX TOKCUYHHUX XIMIYHUX CIIONYK, TO JUIS
HUX HE 3aBKIU ICHYIOTh OKpeMi Mporeaypu
BU3HAUCHHS YPA3JIMBHX 30H 4Yepe3 CKIIaJHOLI],
MOB’s13aH1 13 3HAYHUM PI3HOMAHITTSAM BUJIB Ta
XIMIYHHUX KJIaciB, KO)KE€H 3 SKHX Ma€ CBOI
BJIACTUBOCTI IIIOJO TOKCHYHOCTI, CTIHKOCTI B
HABKOJIMIIIHLOMY CEPEAOBHI Ta MEXaHI3MIB
normmpeHas. B YkpaiHi BOpoBauKEHHST TakKux
notpeOyBaTHMe HAIPAIFOBAHHS JIETATBHUX MPO-
HeJyp AiarHOCTHKH, MOHITOPUHTY Ta aHawizy, a
TaKOX CTBOPEHHA CHENU(IUHHUX MiIXOIB YIS
KOXKHOTO THITY 3a0pyIHIOBaYa.

Koncmpyrosannsa KOHUenm-nioxooy.
Obrpynmysanms yinei. 3BaXxaroud Ha Te, 10 Po3-
OanaHCcOBaHWI PO3BUTOK PI3HUX BHUIIB 3eMIle-
KOPHCTYBaHHS ~ PI3KO ¥ TMpsSMO BIUIMBAaE Ha
MOTEHIlANT CTajoro (DYHKIIFOBAHHS TPHUPOTHUX
KOMIUIEKCIB, SKAMH 3aiHATI KOHKPETHI TEePUTO-
pii, 1 sIKi BOJHOYAC CTPYKTYPHO TPHHAJIEKHI JIO
KOTPOTOCh 13 YHCIEHHHX  BOAO300pIB Di3HUX
MOPSIIKiB, MaOyTHI TJTaHW YIPAaBIiHHSA Ta TIOJi-
THKA 3eMIIEKOPUCTYBAHHS IOI0 HABKOJIMIITHHOTO
CEepEe/IOBUIIIA TTOBUHHI BPAaXOBYBAaTH BaXKIIUBICTh
€KOCHUCTEMHOT0 JIaHIIIapTHOrO TUIaHYBaHHS 32
BOJIONIUTHHUM (0aceHOBMM) TIPUHITUTIOM.

BaxmiBo 3a3HaunTH, mo Mik [Ipormosn-
mieto EC miomo MoHiTopuHTY Ta CTIiHKOCTI
IpyHTIB, Ta IIpono3utieto pernamenty €Bpomneii-
ceroro [lapnamenty Ta Panu mono BiqHOBIEHHS
npupoan» [29] icHye Oarato cuHeprii, mpo 1o
HAroJIoIIeHO B JOKyMeHTI. OJIHIEI0 3 TOJIOBHUX
mijIed OCTaHHBOI, € BH3HAYEHHS HAHOUIBII
NPUJATHAX TEPUTOPIH B MEXKax JepiKaBu IS
3aXOJIiB 3 BIIHOBJICHHS Pi3HUX THITIB CEPEIOBHIIL
icuyBanHs. [lpormmcani diTki KpuTepii Ta
3aBIaHHS JUIA BiJHOBJICHHS PI3HUX THIIIB
EKOCHCTEM Ha TEpHUTOpil JepikaB: Ha3eMHHX,
NpHOEPEKHUX Ta MPICHOBOJTHUX, & TAKOK MiCh-
KX, CLUIBCBKOIOCIIOAAPCHKHUX, JICOBHX  Ta
iHmmx. KpiM  1poro  okpemoro  crarrero
niepei0adeHo BITHOBIICHHSI MPUPOHOTO 3B'SI3KY
PIYOK 1 MprUpoAHMX (PYHKIIH 3a11aB.

IMrieMeHTaLis IMX TIOJOXKEHb Ta 3aKO-
HofaBuKx iHiiate EC B YkpaiHi 3a0e3neunTh
BUMOT'Y BIIHOBJICHHSI T4 €KOCHCTEMHOI ONTHMi-
3alii 3HAYHOI YaCTWHU JIErpajoBaHuX i 3a0pyn-
HeHuX JaHamadrie. Hampukiag 3a gaHuMu
Hepxcraty, mioma OpHHX 3eMellb y Tepiof

~B5 ~

20152020 pp. 3pocia Ha 216 THcra i
cTaHOBUTH 32,8 MiH ra. BomHowac po3paxyHKu
HAYKOBIIIB CBiM4aTh, W0 B YKpaiHi Jyist
3a0e3MeueHHs] HAyKOBO OOTPYHTOBaHHMX HOPM
CTIOKMBAHHS TPOAYKTIB HEOOXiTHO MaTH B
00pobiTky 17,7 MiH ra, a 3 ypaxyBaHHAM
eKCIIOPTHUX TIPOTIO3HIII Y TPOJOBOIBCTBI —
22,6 mua ra[30]. Kpim 115010, Ha HalliOHATBHOMY
piBHi BiamoBigHo 10 Posnopsmkenns KMY Bin
19 ciuyas 2022 p. Ne 70-p«Ilpo cxBaneHHs
Konmermrii 3aramsHOAEP KaBHOL ITLTBOBOI
MpOrpaMy BUKOPUCTAHHS Ta OXOPOHU 3EMEITb»
BU3HAYCHO, L0 «HaJMipHE PO3LIMPEHHS IUIOLIi
PpiiLTi 33 paXyHOK CXHIJIOBHX 3€MeIb IPHU3BENO 10
MOPYIIIEHHST E€KOJIOTIYHO 30aJlaHCOBAHOTO CITiB-
BIJIHOIICHHSI 3€MEJBHUX YTilb: PULI, MPHPOI-
HUX KOPMOBHUX YTilb, JICIB Ta BOIOWM, IO
HEraTWBHO TIO3HAYMIIOCS HA CTIMKOCTI arpoiian-
madTiB 1 COPUYMHWIO 3HAYHY TEXHOTCHHY
ypakeHicTh exochepu. JJo Toro s, BiIMOBIIHO
JI0 IIOTO JIOKyMEHTa «IIPOTHO3HHUM MTOKa3HUKOM
PO3B’sI3aHHS 3a3HAUCHOI MPOOJIEMH € 3HIDKCHHS
piBHSL po3opaHOCTi TepuTopii kpainu n0 44%
IUISIXOM BIUTy4YEHHS! HEPHIATHHUX TS PO30OPIO-
BaHHA (JIeTpagoBaHMX, MAJIONPOIYKTUBHHX Ta
TEXHOTCHHO 3a0pyJHEHUX) 3eMeJb 3 IHTCHCHUB-
HOTO OOpOOITKY, TUIOIIA SIKHMX, 32 €KCIePTHUMHU
OIliHKamH, TepeBuiye 6,5 muH rekrapis [30].
OTxe, BIJHOBJICHHIO Ta OXOPOHI MiJUISTAI0Th Ti
OKpECIIeHI 30HH Ta TEpUTOpil, B MeXaX SKHX
ICHYIOTh HEOE3IIEKH EKOJIOTIYHOTO XapakTepy,
110 3arPOKYIOTh il CTIIKOMY Ta 30aJlaHCOBAaHOMY
(dyHkiiroBanH0. B 11h0My TIpolieci Ha miepiie
MicIle MO)Ke BHUWTH THMTAHHS BiJHOBIICHHS Ta
PO3IIMPEHHSI TUIONI CEpelOBHI iCHYBaHHS Ha
BOJ10300pax HHM3bKUX TMOPSIKIB, sIKI HalyacTilie
B yMOBax YKpaiHU 3a3HaIOTh OYEBUJHOI JIerpa-
Jarii i BIDIMBOM IHTEHCHBHOTO PO30pPIOBAHHS
BIPUTYIN 10 BOAOTOKY [31]. [ns imentudikamii
WX 30H TIOBWHHA TMPAIIOBATH MLILOBA MIporpaMa
JIarHOCTUKH Ta MEXaHi3M MOHITOPHHIY IPYHTIB
(3emenb), camMe B KOHTEKCTI OLIIHIOBaHHS PU3HKIB
Uit ekocucteM. HattedekTuBHim 3axoau 3
BIJIHOBJICHHSI MOXKYTh BKJIFOUAaTH 3HAYHE PO3IIIH-
PEHHS NPHOEPEKHUX CMYT MajMX BOAOTOKIB Ta
KaHaiB 3 MOBEPHEHHSM CTIHKOTO POCIMHHOTO
MOKPUBY Ta O0’€JHAHHS iX B CYIUIBHI €Ko-
Mepexi.

Omxe, KOMIUICKCHICTh BIPOBAHKCHHS
CYYacHHWX TMIOJITHK B JIOBKULIEBIH cdepi s
VYkpainy, nonsrae y ToMmy, 0 OAHIEI0 3 IPSIMUX
Lisield TpOBEeJeHHS MOHITOPUHTY Ta JiarHOCTHKU
CTaHy IPYHTIB (3e€Mellb) MOXE CTaTH OOIPYH-
TOBaHUH BiZOIp AUILTHOK, SKi € KPUTHIYHIUMH 200
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HAWOUIBII YPa3IMBUMH 332 HOTO pe3yJIbTaTaMy,
MiUIIraTUMYTh BiTHOBJICHHIO, TIOCUJICHOMY 3a-
XHCTy, 4Oro Joci He Oyno BopoBakeHo. Lle
JIO3BOJIMTB 3 OHOTO OOKY 3HIDKYBAaTH PU3HKH,
TIOB’sI3aH1 3 TPAHCIIOPTOM Ta MIrpariero 3a0pya-
HIOBaYiB 3 CUILCBKOTOCHOAAPCHKUX Ta IHIIUX
TepHUTOpiil y BOJHI MackBH, ocoonuBo B CSA Ta
HSA, a 3 1pyroro cripusITMMe BUKOHAHHIO IILICH
MIIBHUIIEHHS CTIMKOCTI Ta 370pOB'Sl TPYHTIB,
BiJIHOBJICHHSI €KOCUCTEMHUX (YHKINA TPHPOA-
HUX OCEIIUIII TaM JIe IIe TIOTPiOHO.

3aranoM CTBOpPEHHsI Ta OOIPYHTYBaHHS
KOHIENT MiXOMy MOBHUHHE CIIPUSTH PO3BUTKY
HAayKOBO-TEOPETUYHOTO Ta  TEXHIKO-METOM0-
JIOTIYHOTO MIATPYHTS €KOJIOTIYHOI AiarHOCTHKA
Ta MOHITOPUHTY 3a0pyAHEHHs IPYHTOBOTO
MOKpUBY B YKpaiHi y €IMHOMY KOMIDIEKCI
SKOCHCTEMHHMX KOHTAKTHUX B3a€EMOJIN «IpyHT-
BOZa», M€ MiJKPECIIOEThCS He3aMiHHa pPOIb
KOHTAaKTHUX 30H €KOJIOTTYHOI B3a€MOJIT IPYHTY 1
BOOM JUISL BIJHOBICHHS IX SIKOCTi, VIOCKO-
HaJIeHHS CHCTEMH IHTEIPOBAaHOTO YIPaBIiHHS
3a0pyJHEHUMH  TEpUTOpiIMH B  YKpaiHi.
Hanpuknan, y moemHaHHI i3 Bke 3alylIieHUM
MEXaHI3MOM  HAalpallOBaHHS  BITYM3HIHOTO
JIOCBily 3 IMILIeMeHTallii 3akoHojaBcTBa €C B
YaCTUHI MOHITOPHHTY BOJA 1€ TOBHHHO JOTIO-
MOITH BHOKPEMHTH 4YacTKy BIUIMBY Ju(y-
3iliHOTO 3a0pyMHEHHS XIMIYHHMH CIIOJyKaMHu
Pi3HMX KJIaCIB BiJl arporocroaapchbKoi Jisiib-
HOCTI YHM IHIIMX BHUIIB MisUIGHOCTI, sIKa JOCI
3QIMIIAETECS He Biomoro. Lle BogHOWac moxe
JIO3BOJIMTH Kach(ikyBaTH KpUTHYHI (Ypa3iuBi)
30HH, CEJIEKTHBHO BIIPOBA/DKYBATH HPHPOIO-
OXOPOHHI 3aXOQM /Uil HUX, IIiIBUIIyBaTH
e(heKTUBHICTh BOJHOI Ta 3€MEJIbHOI CKOJIOTIUHOT
MOJIITUKY. B iHIIOMY acrieKTi 1ie BpemTi crpusi-
TUME TO0OY/OBI BIACHUX €(EKTUBHHX YIpaB-
JHHCBKUX 1HCTPYMEHTIB BiJTHOBJICHHS IMPUPO-
HHUX KOMIDIEKCIB Ta €KOCUCTEM Pi3HUX PiBHIB Ha
CyIlli, 10 TIOBUHHO CTaTH MPIOPUTETHOIO LIJLTIO
€KOJIOTTYHOTO YNpaBIiHHA 3€MJISIMA B HaIlid
JICp)KaBl ChOTOJTHI.

TakuMm YMHOM, ITBOBUM 3aBIaHHSM JUIS
CTBOPEHHSI OCHOBHM HOBOTO KOHLENT-TIAXOAY €
CTBOPEHHSI MEXaHI3My OTpPHMaHHS JaHUX TIPO
npiopuTeTHi (TiIPOIOTIUYHO Yy TINBI) PH3UK-30HA
Ha BO0300pax, iX MPOCTOPOBE BU3HAYEHHS Y
pEeeBaHTHOMY MacIuTadi Ta NPOBEACHHS KOMII-
JIEKCHOT €KOJIOTIUHOI JIIarHOCTUKH 3 Bepudika-
Ii€l0 PU3UKIB B iXHIX Mexax. JliarHocTHka, sIK
crienrQiko-1IiIboBa orneparlisi BU3HAYECHHS TOY-
HOTO CKJIaJly Ta KOHIEHTpaIli 3a0py/HEeHb Ha
KOHKPETHIN TUITHIT 3 OXHOTO OOKY, a 3 IPyroro
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— BU3HAYEHHSI TIOTEHIliaTy MTPOIIECiB Iiepeaadi
3a0pyIHEHHST B MEXKax TiAPOJIOriYHO YyTIMBOI
TepuTOpil i3 3aCTOCYBaHHSIM Cy4YacHHX aHali-
THYHUX MPOLENyp Ta JaOOPaTOPHUX MPAKTUK
MOXKE CTaTh HaIIHAM 1HCTPYMEHTOM KOpPHTY-
BaHHS MPAKTUK 3eMJICKOPUCTYBaHHAB B YKpaiHi
Ha piBHI TEPUTOPIATGHUX TPOMad, aaMiHiCTpa-
THUBHUX PailOHIB, YXBaJICHHS PIlIEHb MIOJ0 KOH-
cepBallii 3eMeJlb, OPUPOIHCHHS Ta 3aro0iraHHs
3a0pyIHEHHIO.

Bubip macuwmaby. BuMiproBaHHS HaBaH-
TaKCHHA 3a0pyIHIOIOUMX PEYOBHH MOYKHA
MPOBOJMUTH Ha BOAOIIIAX OyIb-SKOrO PO3Mipy,
anie BiIHECEHHS IMX HABAaHTa)KeHb IO KOHKPET-
HUX JDKepen abo KaTeropii JoKepen crae
CKIaJHIIIAM JUIsl BENMKUAX BOmo300piB [6].
Bubip macmraby mms momemoBaHHS Iudy-
3iHHOTO 3a0pyIHEHHS Ha BOJ0300pax € 0co0-
JUBO BAKITUBUM €TAIllOM, OCKIJIBKM MAcCIITaOH
BU3HAYAIOTh TOYHICTH IPOTHO3Y Ta €(EKTUB-
HICTh YNOPaBIIHCBKUX cTpaTerid. Macmrad
BOZI0300PIiB HU3BKHUX TOPSIIKIB TO3BOIIE e(heK-
THBHO BUKOPHCTOBYBAaTH MOJIEN JUIsl BUSIBJICHHS
JOKAIGHUX JpKepen 3abpyaHenHs. JleranmbHi
MOJIeTi  JO3BOJISIIOTH BPaxOBYBaTH Bci JIpiOHI
ACTeKTH JIaHAmaQTy, 0 MOXe OyTH BayKITUBUM
JUISL pO3POOKH MICIICBHX 3aXOJIiB i3 30eperKeHHs
BOJTHUX pecypciB. OCKUIBKH I1i BOZ0300pH 4acTo
3a3HAIOTh CHJILHOTO BILTHBY JIFOACHKOT IsTEHOC-
Ti (HanpHKJIa1, 3eMIICKOPUCTYBaHHsI, Oy liBHHIIT-
BO), MOJIEJIFOBaHHS TAKMX MPOLECIB BAXKIIUBE IS
IUIAaHYBaHHS 3aXOiB 3 OYMILEHHS BOIM abo
BITHOBJICHHSI ekocucTeM [32].

Hani mpo OaceliHM BOJOTOKIB TaKHUX
MaciiTaliB HalJacTilIe BiJICYTHI, a caMi BOIOTO-
KW HE BHECEHI JI0 BOJHOTO Kajaactpy. AJe, came
iXHSl poJib BM3HAUHA y (POPMYBaHHI SIKOCTi BOAH
BENIMKUX PpIK Ta CHOpUHHATTI audy3idHOrO
3a0pyaHeHHs [33]. ToMy IUIBOBI JTOCHIPKSHHS
JUTSl BCTAHOBJICHHSI TIEPBUHHOTO TIEPEITIKY TaKUX
30H € BOKIIUBUM KPOKOM, SIKHI MOYKE TIPHU3BECTH
IO TMOAAIBIIOr0 KaliOpyBaHHS IPOCTOPOBUX
MoOZeNe 1 HalamTyBaHHS iX HAa CHUCTEMHHI
aBTOMAaTH30BaHUI  KOMIT FOTEPHUI HOLIYK
TaKMX 30H Y HOTpiOHOMYy Macmradi. Okpec-
JIeHHS MEX TaKuX 30H BiIMOBIIHO N0 i€papxid-
HOTO XapakTepy B3a€MO3B’sI3Ky MK BOJ030ip-
HUMH OaceiHaMH Pi3HUX TOPAAKIB, iIeHTU(]I-
Kallisl JTOMIHYIOYHMX aHTPOIIOI€HHUX YHHHHKIB,
SKI «BIJTHECTH» Ty YW IHIIY 30HY JIO KaTeropii
MOTEHIIHHOT ~ PU3UK-KPUTUYHOI YH  PU3MK-
KPUTHYHOI TiJ] BIUTMBOM 3a0py/IHEHHS, TOBHHHO
CTaTH TiJICTABOIO JUISI YITKOTO YIPABIiHHS MU
30HaMH, 30UIBILICHHS TEPUTOPId  3alHATHX
TIPUPOIHUMH eKocucTeMamu. OTxe, MacITad
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Puc. 2 — Mopgens popMyBaHHS PU3HKIB B cucTeMi iHTepdelicHOI B3aeMoaii «IpyHT-BO/Ia» Ha PiBHI BO10300pYy.
ApnanroBano Ha ocHoBi MatepianiB HANSEN, Birgita, Ta in (2010) [38]

Fig. 2 - Model of risk formation in the soil-water interaction system at the catchment level.
Adapted from HANSEN, Birgita, et al (2010) [38]

B0JI0300piB MaJIMX BOJOTOKIB Ta CTPYMKIB MOXKE
MIJIBUIIATA PENPE3CHTATUBHICTh MOJICITIOBAHHS
3BaKAIOUM HA MOXIIMBICTH OUTBII TOYHOTO Ta
SIKICHOTO BM3HAUCHHS aTpuOyTiB, sIKi HEOOXimHi
JUTSL BIJICIIZIKOBYBAHHS BRKJIMIBUX ITOKAa3HUKIB Ta
nporiecis [34].

Cmpyxmypu ma Habopu Oanux. Ha
NpOLIECH TEPEHECEHHSI B MeXKax BOA0300pYy B
HampsIMKy TMpuOepe:KHOi 30HM 10 KIHIEBOI'O
HaJXO/KEHHS y TIOBEPXHEBHUH BOAOTIK, abo
HaJIXO/DKEHHsST B TIPYHTOBI BOJM BIUIMBAIOTh
YMOBH BOJI030ipHOTO OaceiiHy: 3eMiIeKopuc-
TYBaHHsI, KJIIMaT, IPyHTH, T€OJIOTIsl (JTITOJIOTs) 1
Miclle BOJIOTOKY B JIpEHaKHIH Mepexi Ta iH
(puc.2). Pucynok 2 Bi3zyamizye B 3arajibHOMY
BUTIISII TpadiuHy Monenb (DyHKIIOBaHHS BO-
J0300py, SIKa CKIIQJAEThCS 3 TOJIOBHHUX aTpH-
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OyTiB Ta MO3HAYAE B3aEMO3B’S3KH MK HHMHU.
Li 3B’S13KM BIacHe YTBOPIOIOTH HAIiiHY OCHO-
By Ui YKIaJaHHS CHCTEMH TOJIOBHUX
JICCKPUNITOPIB €KOJIOTIYHOTO PU3HKY Ta aTpH-
OyTuku MonemoBaHHs. L{s Mozens He Mae Ha
METi MPOJEMOHCTYBATH BHYEPIHUH MeEperiK
aTpuOyTIB €KOCHCTEMHU, SIKi YMHSATH BIUIMB Ha
NpoLIeCH TepeHeceHHs 3a0pynHeHb. [oioBHA
i b — mMoKaszaTu, M0 PHU3UK TpaHchepy
AHTPOIIOTEHHUX 3a0pyAHIOBAa4iB B CHUCTEMIi
B3a€EMOJIIT «IPYHT — BOJa», TMOTEHIANl SKOTO
BU3HAYAETHCS YHCICHHUMH HAa0OpaMH Xapak-
TEPUCTHK B MEXaxX BOJI0300pY, 0 MEBHOT MeXi
Mo>ke OyTH ToTanieHuH SK Ha PiBHI HA3eMHOTO
3B’SI3Ky IMiJ] BIUIMBOM EKOCUCTEMHHUX YHH-
HUKIB, TaK 1 Ha PiBHI T1POJIOTTYHUX MPOILIECIB,
TOOTO TICISl TOTPAIUISTHHS 3a0pyTHIOBAYIB Y
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BONOTIK. lluMM YMHHUKaMM €, HaIpUKIAL,
npuponHa ((hoHOBa) SAKICTH BOIW, ACHUMLIS-
[ifHa CHOPOMOXHICTH Ta OydepHa €MHICTh
BOJHOI eKocucremu, OydepHiCTh camoro
IPyHTY  INOJO  BIUIMBY  3a0pyIHIOIOYUX
peuoBun [35-37] Ta moTeHmianm aerpagarii
XIMIYHUX CIONYK B IPyHTax MWiA BIUIMBOM
(hi3uKO-XiMIYHUX Ta O10XIMIYHUX TPOIIECCIB.

Cryninp 3a0e3neueHHss OUMHU (DYHKIIi-
SAMH BHU3HAYAE€THCS HASBHICTIO MPUPOTHHUX
eKocucTeMHUX Oy(epiB y CHiBBiTHOMICHHI 3
JOKepeJlaMd ~ aHTPOTIOTeHHOI  nmecTalimizarii
JOBKIJUII B MEXXaX YMOBHOI TEPHUTOPIaTbHOI
omuawmi [39].

[oxwmn (mamiHHS BIAMITOK) € TigXapax-
TEPUCTUKOIO BOMO30ipHOTO OaceifHy, sika Mae
HaWOUTBIIMI BIUIMB Ha OUTBINICTE (QYHKINH i
camMa To co0i 3aNeXUTh BiJl YMOB KOXXHOTO
BoJ030ipHOrO0 Oaceitny [38]. Hein’emuum
KpUTEpieM  TUIAaHYBaHHS Ta  YHPaBIiHHS
BOJIOZJIaMHU 1 3a0€3MEUYCHHS 3I0POBOTO €KOJIO-
rivHoro (QyHKUIOHYBaHHS JaHAmMAadTiB y
BOJIOJIIIAX TAKOX € PO3YMIHHS B3a€MO3B’S3KiB
MK MOJICIISIMU 3eMJICKOPHUCTYBAHHS Ta SIKiCTIO
BOIW, 0COOIHMBO B JaHAMIA(QTHOMY acmekTi
[40]. Tomy mOTpPiOHO PO3IJIAAATH TOTOKU SIK
CKIIQJIHI EKOCHUCTEMH, SIKi MIiIOTh y Ppi3HHX
MPOCTOPOBHX  MacmTabax Ta  YacoBiit
nuHamini. YacoBuil BHMIip BKIFOYAE€ CE30HHI
3MiHH, JOBTOCTPOKOBY 3MiHy KIIMaTy Ta
4acoBYy 3aTPUMKY IESKHX BIUIMBIB Ha SIKICTh
BOJIM B PE3YyJbTaTi 3MiH 3€MJIEKOPUCTYBaHHS.
TakuM 4YMHOM, BHM3HA4YEHHS BiJINOBITHOTO
MPOCTOPOBOTO MacmTady Ta 4YacoBoi mepio-
JUYHOCTI MalTh BUpIIaTbHE 3HAYCHHS IS
PO3YMIHHS BIUTUBY 3€MIICKOPHCTYBAaHHS Ha
SKICTh BOJIU, OCKUIBKH Pi3HI ITapaMeTpH SKOCTI
BOJM BiIOOpaXXaroTh Pi3HI BIUIMBH B PI3HHUX
maciirabax [41].

CTBOpEeHHsI TaKOi CHCTeMU B YKpaiHi 3a
OpUHOMIIAME ~ (QYHKUIIOBAaHHA  NPHUPOJHHUX
E€KOCHCTEM TaKOXX MOXE 3aCTOCOBYBATH
MigXoau MOAiOHI IO THUX IO BUKOPHCTOBYE
Mozaens SWAT, mo cTBopeHa A MpOrHo-
3yBaHHS JOBIOCTPOKOBOT'O BIUIMBY Ha BOAY Ta
il sKicTb y BOOANAX 13 Pi3HUMH IPyHTaMH,
3eMJICKOPHCTYBAaHHSIM Ta YympasiiHHAM. Lle
HaMiBpO3MO/AiJICHa MOJIENb PIYKOBOTO OaceiHy
HerepepBHa y Yaci, 3aCHOBaHA Ha Hpolecax. li
0yJ10 3aCTOCOBAHO ISl PO3YMIHHS BTPAT OCaIy
Ta HABAaHTXEGHHS TOXHWBHUX PEYOBHH Y
BOJIOJIJIAX Y BChOMY CBiTi. Mojenb po3fiyse
MiBOMOMIIN, 3’€IHAHI MEPEXKEH IOTOKIB.
TlotiMm Mozeip TOOUIETECS Ha  OJWHHII
rigponoriunoi peakuii (HRU), siki € yHikanb-
HUMHM KOMOIHAWisIMUA Di3HHUX THUIIB 3€MJIEKO-
pHUCTYBaHHS, IPYHTIB 1 CXWJIB TOBEpXHi. Y
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MeXax KOXHOro OaceliHy TepuTopii 3
MONIOHMMH MOAEISIMUA  3€MJIEKOPUCTYBaHHS,
TANIAMH ~ TPYHTIB 1 CXHJaMH TIOBEpXHI
00’ennyroThest B oqay HRU. Monens Bumarae
KUTBKOX HaOOpIB NaHMX, sIKa OXOIUIIOE KapTy
3eMJICKOPUCTYBaHHS, KapTy IPYHTY, KapTy
BHCOT, OMNaju, TeMIeparypy, BOJIOTICTh, MOTIK
i BXigHI gaHi mpo skicte Boau. Lli mani
HEOOXiZHI JUIA TaKkuX MpPOIECiB AK Kamiopy-
BaHHs Ta MepeBipku Mozelni [42].

Ilpoyedypu ma incmpymenmu. InenTtu-
¢ikaris Ta BAOKpEMJICHHS Yy TJIMBUX (PU3UKO-
BHX) IIJSHOK HAa OCHOBI IMPOCTOPOBO-YACOBHUX
JaHUX JIarHOCTHUKHA Ta MOHITOPHHTY CTaHy
3a0pyqHEHHS  TPYHTIB 3  BpaxyBaHHSAM
NPOLIECIB  BHJIYTOBYBaHHS YH IUIOIIMHHOTO
3MHBY B MeXaX BOA030ipHUMX naHAmAaQTiB i
€KOCHCTEM, Ta JaHNX MOHITOPHHTY SIKOCTI BOJ
Moke OyTH HampanpOoBaHa Yy  BHIJISIII
CTCLiaNi30BaHNX AaHANITUYHUX TPOLEAYp Ta
nporpaM i3 BHUKOPUCTAaHHSIM 1HCTPYMEHTIB
KOMIT'IoTepHOTO  MojaemoBanusa, [IC Ta
MAIIUHHOTO HAaBYaHHS 13 3aCTOCYBaHHSIM
HelipoMepexk. 30Kkpema, BiIoMO 0araTo pi3HUX
METOJIB JUIsi O€3MOCePeHHOr0 BH3HAUCHHS
Ksat y monpoBux Ta 1abopaTopHUX yMOBax, a
TAaKOXXK HEMpsiIMi METOIW: TemoTpaHCQepHi
¢ynakuii (PTF), mTy4yni HeWpoHHI Mepexi
(ANN), Momeni OMOPHHUX BEKTOPHHUX MAIIUH
(SVM) Ta rigponoriuHe MopemtoBaHHS. Bci
Meronu oOIiHKM Ksat dwacto maroTh pi3HI
pe3yNbTaTH dYepe3 BIIMIHHOCTI B METOJax
BUMIPIOBaHHS 1 po3paxyHKy. Hanpukmnan, Tinm
IPYHTIB i1 penbed MicneBocTi (yMOBH HaBKO-
JWIIHBOTO  CEPEAOBHUINA) MOXYTh 3HAYHO
BIZIPI3HATHCA Ha HEBENHKil TepuTopii 1
BIUIMBATH Ha TPOJYKTHBHICTH OOJaJHAaHHS,
1110 TIPU3BOJUTH JI0 BapiaTMBHUX OLiHOK Ksat.
Busnauenns Ksat B 1ojb0BUX yMOBaxX 4acTo €
JOPOTHM, TPYAOMICTKHM 1 TPOMI3AKHM, TOMY
Ksat dwacto OWIHIOIOTE 3a  JIONIOMOTOIO
CIIBBIJIHOLIEHDb 3 1HINUMH OUJIBII JIETKO CIIOC-
TEpeXKyBaHUMH BIIACTHBOCTSMH IPYHTY abo
nauamadTy [18].

Hdnst Ykpainu, B yMOBax BiICYTHOCTI
TOYHMX Ta  BepU(]IKOBaHMX  TEPBUHHHUX
MOJLOBUX JIAHUX JUIS JIOKATBHUX TEPHTOPIH, SKi
MOTPiOHI Il CTBOPEHHSI HAJIMHUX MOIIYKOBHX
MOZIeNel 3 BUKOPUCTAHHSM IITYYHOTO iHTEJIEKTY
Ta MAIMHHOIO HABYaHHSA, 1 A€, KPIM I[hOro,
macmTabHa TOJIbOBA JIIATHOCTUKA MOYKE HECTHU
3HayHEe (PIHAHCOBE HABAHTAYKECHHS, HAa MEPILIOMY
eTari BiJIIOBIHO JIO TPHUHIIUITIB IIPOCTOPOBOTO
aHajizy MOKe OyTH 3alpOIOHOBAHO BHIUIHTH
MOTEHIIHHO YyTJIUBI 30HM 3a JIONOMOTOIO
JOCTYNHMX 0a3 AaHMX, L0 BKIIOYAIOTH iH(DOP-
Marfiro mpo penbed, TiapodizuyuHi XapakTepuc-
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THKH TPYHTIB Ta 3eMJIEKOPHCTYBAaHHS Ha BOJO-
300pax. BiTuM3HSAHOIO anbTEpHATHBOIO JIO TJIO-
OanpHUX 0a3, Harpukia Takux sk SoilKsatDB,
SWIG [43,44] moxe cratu amanTaiis —0asu
nannx «BractuBocTi rpyHTiB Yipainn»[45]. s
0aza cTBOpeHa J1a00OpaTOPIEd TeOeKOPI3UKU
imeHi akamemika HAAH B. B. Mensenesa B
ckrami HHI[ «JHCTHTYT TpyHTO3HaBCTBA Ta
arpoximii iMeni O. H. CokonoBchkoro», BoHa
MICTHTB iH(QOPMALLIIO PO KOPHCHI JJIs1 MOJEIIO-
BaHHS BJACTHBOCTI, Taki SIK IPEHOBAHICTDH
IPYHTIB, BOIHHUH PEXHUM, CTIHKICTh IPYHTIB 1O
3a0pyIHeHHs 1 Mirpauii 3a0pyIHIoBayiB, iHAEKCH
(hi3MYHOTO CTaHy IpPYHTY, Ta iH, IO MOXYTh
OyTH 3aCTOCOBaHI TIiJT Yac CTBOPEHHS MOITYKOBO-
AHATITUYHUX MOJENeld IPYHTOBOI TiAPOEKONIOTil
3 I0CTaTHHOIO HAJIMHICTIO.

Jns  yTOYHEHHS JaHUX  JIOKAIBHUX
TIITHOK Ta TEpUTOpiii Moke OyTH HeoOXigHa
JOAAaTKOBA TpsiMa BepU]iKallis, HarpUKiIa,
IUIIXOM BUKOHAHHS TIOJHOBHX BUMIpIOBaHb. B
IIOMY TIPOIECI 3aMiCTh BHUKOPHCTAHHS CKJIAM-
HAX ab00 JOpOrMX METOAIB  BWU3HAYCHHS
riapoi3MIHUX MapaMeTpiB, MOXKHA 3aCTOCOBY-
BaTd OUIBII TpocTi W JOCTYMHI METOJH,
HAIPUKJIaJ], TIPOCTI TECTH HAa BOJOIPOHUKHICTH
rpyHTiB. LI Meroau nO3BOJSIIOTH OTPUMATH
0a30Bi JaHi i1 MOHITOPUHTY 3 MiHIMAJIbHUMU

BurpaTamu [46]. Buxopucranas mepMiaMeTpiB,
HUTETPOMETPIB, Ta JII3UMETPIB, MOKE IPOCTHM
Ta e(eKkTHBHUM 32 OOMEXKEHHX PpEeCypCiB.
[HCTpYMEHTH TaKOro THITY JOTIOMOXKYTH BUMIpSI-
TH abo BepugikyBaTH KOe(DII[iEHT HACHUYCHHS
rpyHTy Ksat, B OTpiOHMX 30Hax, IO BaKIMBO
JUTsl IPOTHO3YBAHHS PyXy 3a0pyIHIOBAdiB 4yepe3
IPYHT. 3a JIOTIOMOT'OI0 TaKUX MPHCTPOIB MOXKHA
JIETKO BU3HAYATH IIBUIKICTh MPOHUKHEHHS BOJH
Yyepe3 IPYHT, IO BAXKIMBO IS MOJEIIOBAHHS
pyXy 3a0pyIQHIOIOUMX PpEUOBHH, a TaKOX
OLIHATY BOJHUI OaJlaHC Ta  BUBEIECHHA
3a0pyIHIOIOYMX PEYOBHH Yy BOJOHOCHI Iapu
[47-49].

Jnst cTBOpeHHS KOHLENT-TAXOAY pO3-
[JSIIAEMO  IBOCTOPOHHE BUKOPHCTAHHS JAHHX,
30KpeMa JaHWX JIarHOCTHUKH 3a0pyJHEHHS
IPYHTIB BKIIIOYAIOYM JaHI TIPO TOBEHIHKY
3a0py[HIOBa4iB B IPYHTaX TiJ{ BIUIMBOM
YUHHUKIB CEPElOBHUINA, T JTAHUX MOHITOPHUHTY
BoJ (puc.3). AHaNITHYHI POLEAYPH OTPUMAHHS
JIAHUX, TPOLEAYPH OIIHIOBAHHS PH3UKIB Ta
IIporpamMa MOHITOPUHIOBUX JIOCIIDKEHb MOBHH-
Hi CHPHSTH MiJBUINEHHIO TOYHOCTI IUX JIAHHMX,
SK 1l TIOKa3aHO Ha PHCYHKY 3. JIBOCTOpOHHI
JlaHI TIOBUHHI JIOTIOMOITH TOYHO OKPECIIUTH
Ypa3nuBy 30HY, a00 PH3UK-30HY €KOJIOTiIHOTO
iHTepdeiicy, mis  sAxkoi  TmependavaTHMETHCS
MOJABIIE SKOJIOTIUHE YIIPABIIIHHS Ta KOHTPOJIb.

|

MOHITOPUHT

E

Aani:
C; (m2/dne’) < NPP
C; (malom’) > NPP
C: (Maldn’) < LOD
Eygpepna emmic, ?
mparceepy 3P ?

Puc. 3 - Bizyamizarisi IBOCTOPOHHBOTO HMPOIEYPHO-aHATITHIHOTO ITi X0y TPOCTOPOBOTO MOITYKY Ta
imeHTrdikarii ypa3nuBHuX (IyTINBHX) PU3UK-30H B MEXaxX BOJ0300pPiB (PHCYHOK aBTOPA).

Fig. 3 - Visualization of a two-pronged procedural and analytical approach to spatial search and identification of
vulnerable (sensitive) risk zones within watersheds
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BukopuctanHs aHATTHYHUX HPOLERYp Ul
imenTudikamuii 3a0pyJHEHHS IPYHTY Ta AiarHoC-
THKHA TIOTEHIially TPOILECIB BHJIYrOBYBaHHS B
IPYHTOBI BOJIM a00 TTOBEPXHEBOTO BHHECEHHS Y
BOJOTOKH JO3BOJISITH IIATBEPIKYBAaTH MOSIBY
THX CaMHX XIMIYHHMX CHOIYK y MacHBax
TIOBEPXHEBUX Ta IMiJ3eMHUX BOJ, IiBHIIyBaTH
eeKTUBHICTh YIPABIIHHA SKICTIO BOAW Ta
3MEHIYBaTH BIUIMB  JU(DY3IHHUX  JDKepen
3aCTOCYBAaHHAM CIICLiali30BaHUX TMPUPOIO0XO-
POHHUX 1HKCHEPHUX MIPAKTHK.

B cucremi pO3BUTKY  €KOJOTIYHOTO
MOHITOPUHTY 3a0pyJHEHHS TpPYHTIB (3eMelb)
MIrOTOBKA HOBHUX IAXONIB  HEBIIKIAZHO
MOTpiOHA TS TIarHOCTUKY TPIOPUTETHHUX KIIaciB
3a0py/HIOBAYiB, HANPHUKIIAJA, TaKUX SK CTiHKi
Oprafiyai 3a0pyAHIOBadi, MO0 B IiJBUINEHIN
KUTBKOCTI HaJIXOJSTh B IPYHT HA PiBHI JepKaB B
3AJISKHOCTI BiJl THIOCTIEIU(IUYHUX TPUPOJHO-
PECYPCHHUX Ta TOCTIOIAPCHKO-EKOHOMIUYHHIX YMOB
3eMJIEKOPHCTYBaHHS 1 MacmTady TOCTIONapCh-
KOT'O HaBaHTa)KEHHS Ha TPYHTH (3eMITi).

Obtpynmyeanusi  aneopummy. Mogeni
takoro tumy Ak SWAT ™MoxyTs Oytu
3aCTOCOBaHI IMiJi KOHKPETHI YMOBH 1 CIEIH-
(biKo-1IITBbOBI 3aBJaHHs., 30KpeMa s MOLIYKY
T1IPOJIOTIYHO-YYTIIMBUX 30H Ta KPUTHYHHX
30H XiMiYHOrO 3a0pyQHEHHS, MPOCTOPOBE
CIIBIAIHHS SKUX CTAHOBHUTH 0COOJIMBY HeOE3-
neKy Juiss A0oBKUUIS. OTpUMaHHS HOBU3HU
MPOTO3UIIi] Tepen0adacTbCs 3aBISKH OITHMI-
3alii aIrOpUTMY, SIKHH I03BOJUTH BUSBIATH
Ta Kiacu(iKyBaTH TiAPOJIOTIYHO YYTIHBI 30HU
3 KPUTUYHUM 3a0pyAHEHHSAM 3a PI3HOBUAAMHU
TAaKOro 3a0pyIHEHHS, BHUKOPHUCTOBYIOUH HE
JIOpOri  IHCTPYMEHTH  IUJILOBOi  IOJBOBOI
JIarHOCTUKHM Tigpodi3MuHUX MNapameTpiB, Y
NOEAHAHHI 3 AHATITUYHUMH IPAKTUKAMHU
ineHTudikamii 3a0pyIHIOIOYUX PEUYOBHH, SIKi B
VYkpaini Ha0yBaTUMyTh Bce OLTBIIOTO PO3BUT-
Ky. Crolu MOXHa BiJIHECTH KUTbKIiCHI aHaJi3u
3a TPIOPUTE30BAaHUMHU MEpETiKaMH XiMi4HUX
PEUOBHH, YH IILOBHH (CKPHUHIHT 32 MPHITY-
IICHHAM) Ta HEUTHOBUU CKPHHIHT 3a0pyIHIO-
BAJIbHUX PEUOBHMH, a TAaKOX IIarHOCTHKY Ta
OIIIHIOBAHHS IPOIIECiB TpaHchepy 3a0pyaHEHb
MIX CepEeIOBUIIIEM B3aEMO/IIT «IPYHTY 1 BOAM».

Sk MamvHHe HaBYaHHS Tak 1 MeXaHi-
CTUYHE MOJEJIOBAHHS JO03BOJISIIOTH ABTOMATH-
3yBaTH Ta HANAIITYBATH &ITOPHTMHU  JUIS
OTpUMaHHS TOYHMX JaHuMx npo HSA 3
MOTEHIIMHUM PU3UKOM XIMIYHOTO 3a0pyaHEH-
HS, JUIA TMOJAJIbIIOI IHCTPYMEHTAIbHO-J1adopa-
TOPHOI Ta TIOJNBOBOI MIAaTHOCTHKH, SK IPOIECY
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Bepudikamii pr3WKIB y 3HaiimeHiit 30Hi. Take
MOZICTIOBAHHsS ~ 3a3BMYaii  BUKOHYIOTBCS 32
JBOETAIHOIO Tporenypoto: 1) moOyzoBa Ta
KaJiOpyBaHHS MOJIEN, /€ BHUKOPHCTOBYETHCS
MAMHOKAHA HAasBHUX ITaHWX, 2) BaTimaIlis, e
JIOZIATKOBI JIaHi BUKOPHCTOBYIOTHCS JUTS IIifI-
TBEpKCHHS  Ta/ab0  yTOYHEHHA  MOJETI.
3Bakaroun Ha Iie, CTPYKTYPHI eTanu MeXa-Hi3My
ABTOMATH30BAHOTO TIOIIYKYy pH3UK-30H Ha
BONO30OpPaX  MOXEMO O0’€mHaTH y  JBa
B3a€EMO3AJICKHI ~ KOHCEKBEHTHI  aJlTOPUTMH
(pucd). Ilepumii anropur™iunmii nuisax (puc.4,
Onoku 1-5) moBUHEH NepeAdadnTH CTBOPEHHS
HamiiHOT Ta BHCOKOTOYHOI pedepeHc-Mepexi
ab0 IHIUMH  CJIOBAaMH  KaliOpyBaIbHOI
MPOCTOPOBO 1H(OPMAIIIHHOT CTPYKTYpU [aHUX,
SIKY CKIIaJaTUMyTh IECKPHUIITOPH, aTPHOYTH 1
3B'SI3KM MiXK HIMH.

Hpyruii  (3aKkIrOuHMi) — ANTOPUTMIYHUHA
DX BUKOPHCTAE 110 pedepeHc-CTPyKTypy s
ABTOMAaTH30BAHOI'O IIPOCTOPOBO-YACOBOT'O
MOIIYKY «HOTEHUIMHUX PU3UK-KPUTUYHHX 30H»
(ITPK3) musixoM HaJalITOBAHOTO BHCOKOTOY-
HOTO IPOrPaMHOrO CKaHyBaHHSI TEPUTODIi Y
OaceiftHOBOMY (BOZI030ipHOMY) MacIITabi BifIo-
BIJIHO JI0 33J]aHMX MapaMeTpiB ILOro MaciiTady.
Takuii aJropuT™M KOHLEMIIHHO TOMIOHUN 10
TOTO, IO TPEACTABICHWN Ha KOHLEHIINHIN
Jiarpami KOHTHHYYMY TIEpPEHECEHHs 3a0py/a-
HIOBauiB, afganroBaHiii 3 Haygarth ta in., 2005, i
ne HSA ta CSA Oynu amanroBani 3 Agnew et al.
[18]. BimminnicTh TmOJNSTAE Yy  CIPOIICHHI
ATOPUTMY TIOIIYKY Juisi ToTped VYkpainu, B
YMOBAaX BiJICYyTHOCTI IIMPOKOMACIITAOHUX BEpPH-
(bikoBaHMX JaHWUX TIPO KOHIIEHTpalii pi3HOMa-
HITHUX 3a0pyIHIOIOYMX PEYOBUH Y IPYHTAX, SIKi
3a3BMYail TIOBHHHI HAJXOAWUTH 3 PETYISPHOI
CIIOCTEPEXKHOI MEpeXi, 1 IMIDIEMEHTYIOThCS B
npoIieC TPOCTOPOBOTO HAKIAJaHHS KPUTHIHUX
30H 3a0pyJHEHHS Ta TiIPOJIOTTYHO-aKTHBHUX
30H.

ABTOpCbKa MPONO3ULIs HallieHa Ha
OlTbII JeTalbHE OTPUMAaHHS KOMIUICKCHHX
JAHUX B MEXaxX CTBOPECHHS MI0YaTKOBOI MEpExi
MOTEHIIHHNX pu3UK-KpuTHyHuX 30H (ITPK3)
Ha BOJ0300pax, yHIKAIHHUX 3a HabopaMu Ta
KOH(}IrypalisiMi TiapaMeTpiB, IO BiJIOBiJae
MiIXOAy JUIA  TOBHICTIO  PO3IMOJIJICHOTrO
MO/JIEJIIOBAaHHSI.

i nani OyayTh BUKOPUCTAaHI JJisi Haja-
LITYBaHHS MPOLELyp HaBYaHHI, KaliOpyBaHHS
JUIsS HAJIAIITYBaHHS aBTOMAaTH30BAHOTO TOLIY-
Ky 3 (OpMyBaHHSM IiJbOBOI BHUOIPKH TaKHX
30H B moAabiioMy. Posib GyHKIIT aHaTi3y
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1. lepewHHWIA nepenik Tunie
MOTEHLIAHWX PUSUK-KPUTMUHWNX 30H
E Mexax BoAao3bipHMx BaceiHie piuok

v

2. ExonoriyHa giarHocTuka
3abpygHeHHA B MeXax NOTeHUIRHNX
PUSMNK-KPUTUUHWUX 20H BOA036ipHUX
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A 4

3. NpoueaypHe nigTBEpMKEHHA
HaRBHOCTI puanKy, igeHTuMikayia
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BuxigHi
(nepewvHHI) gaHi

Banigoeani
aHaniTYHi npoueaypw

i

CrangapTuzoeaHa
npoueaypa OLiHIOBaHHA
pU3nKy

PUSMK-KPUTUUHOT 30HK

v

4. PopmyeaHHA nNepeniky
NigTEEPMKEHNX PUMK-
KPUTUYHKUX 30H

6. BuzHauenHsa atpubyTie Ta
ronoBHMX AeCKpUNTOpIE
€©KOCUCTEMHOrO PU3NKY B
MEXaX KPUTUYHWUX 30H

Bogozbopie
h 4

h 4

5. MNpoeegexHa
KOMMIEKCHUX cneuuvdiko-
LiTbOBUX EKOMOTIYHNX
OOCNIMKEHB B MEXaX PU3MK-
KPUTUYHUX 30H

7. CTBOpeHHA
NOLYKOBOT Mogeni
Ha OCHOBI HEpOMEpEX,
MaLUMHHE HABUYaHHA
KanibpyeaHHA

Y

CknagaHHA Ta 2aTEepoKEHHSA
CTaHZAApPTHOI fiar HOCTUUHOT
aHaniTMyHoI npoueaypy onsa

8. AeTomMaTnzoBaHe
CTaHAapTU30BaHe CKaHyBaHHA
Ha 6azi I'C 3a aTpubyTMEHMMK

03HaKamu ANA NOLYKY
NOTEHUIAHUX PUSNK-KPUTNYHUX
30H B Mexax eogosbopie

: sepudikauii

) £

9.

PUSNK-KPUTUHYHWUX 30H

BuseneHHsA
NOTEHLIAHNX

\ 4

10.
(noneboea Ta NnabopaTopHO-IHCTPYMEHTaNnbHA

Mpouec eepudikayi

OiarHoCTUKa)

«PakTUUHWIA BNSIME NISTEEPIKEHO,
CTaTYC «PU3NK-KPUTUYHA 30Ha»

«PaKTMUHWIA BNAVE He NI4TEEPLKEHO,
cTaTyc «noTeHyiiHa PK3»

A

Y

EkonoriyHe ynpaeniHHa: pemegiauis,
BiAHOBNEHHA NPUPOAHUX EKOCUCUCTEM

EkonoriuHe ynpaeniHHa
(HalKkpaLi exonoriyHi AOCTYMHI NPaKTUKK)

Puc. 4 — Konuenr-ocHOBa MiJX0y €KOJIOTIYHOT IiarHOCTHKHU IPYHTIB BOA0300piB
y MeXaX HOTEeHIIHHUX pU3UK-KpUTHIHUX 30H ([TPK3)

Fig. 4 —Conceptual basis of the approach to ecological diagnostics of watershed soils
within potential risk-critical zones (PRCZ)

HakmagaHHs (OBepJeliHy) Mae€ 3aMiHU-TH
npotec npsMoi moskoBoi Bepudikarii in-situ,
y TOYaTKOBO BHU3HAYEHUX PUHUK-KPUTHUIHUX
30Hax, X04a pi3Hi nporpaMHi (GyHKIIii TOBHHHI
Oyru mepemdauyeHi I IIUPOKUX  IIUICH.-
IIpouenypa cknamanus nepeniky II3PK, sk
NEepUIoro  KPOKYy  3alyCcKy aBTOMAaTHYHOI
MOLTYKOBOI Oreparlii Takux 30H MOXe OyTH
yHipiKOBaHA 1 TMOBHHHA CTBOPIOBATHCH 32
MIPUHLUIIOM: «MiHIMaJIbHA KUTBKICTB
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XapaKTepu3ye€  MaKCHMalbHy  TI'eHEepalbHY
cykynHicte». Ilpu MiHIMaJIBHIH KiJIBKOCTI
ITPK3 moBuHEH 3a0e3medyBaTUCh MAKCUMAah-
HUI MOKa3HUK OXOIUICHHS OKPEMHUX YHIKalb-
HUX 30H JUIS IJIOr0 BOJ0300py. YHIKaIbHICTh
MOKE BU3HAUATHCS CTPOKATICTIO JaHmmadt-
HUX YMOB Ta XapakTepy 3eMIIEKOPUCTYBaHHS
HANPUKIIA] B MeEXax BOA030ipHOrO OaceiiHy
HAUBUIIOTO MOPSAKY.

[Ipouec Bcranommenus [1PK3 Tta ixHix
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IPOCTOPOBO-TEPUTOPIATIBHUX MEX IOBHUHEH
Oa3yBaTHCh Ha i€papXidyHiii CTPYKTypi Ta
iepapxigHiii  B3aeMomii pIUKOBUX OaceitHiB
pi3HKX TOpsAKiB. BingnoBimHO 3 ypaxyBaHHSAM
uporo mnependadaerses, mo koutypu [13PK ta
reorpadiyHi  MeXi  BOMO30IpHUX  ILIOI
BOJIOTOKIB HAWHMKYOTO MOPSAAKY, HaldacTile
OynyTh CHIiBMAaNaTH a SKICHI Ta KiIbKICHI
XapakTepUCTUKU CTaHy IPYHTy Ta BOIU B
CepeAMHi LWX 30H BiAIrpaBaTUMYyTh pOJb
TOJIOBHUX MPEIUKTOPIB XIMIYHOTO CTaHy Ta
PHU3HKY AJIS TIAPOJOTIYHIX KOMIUIEKCIB BUILIUX
1EpapXiYHUX PiBHIB.

Hactynaum kpokom € mpouenypa
miaTBep/pKeHHs (Bepudikarii), mo 3abesme-
YyeThCs IHCTPYMEHTAaJIbHO-IA00PATOPHOIO
creruQiko-miIbOBOIO TIarHOCTHKOIO 3
BUIIPOOYBaHHSM 3pa3KiB IPYHTY, TOBEPXHEBHUX
BOJI Ta OCaJy 3a THIIOM: «JllarHOCTHKA CTaHiB»
(piBHI ~ 3a0pymHEHHSI) Ta  «JIiarHOCTHKA
nporieciBy (Tpancdep 3a0pynHenHs). [lepmr 3a
BCE CIiJ 30CcepenuTHCsl Ha (QyHIaMEHTaTbHIX
Ta cnenuiYHUX TOKAa3HUKaX Ta MapaMeTpax
AKOCTI TPYHTIB Ta BOJ, SIKi B 3arajlbHOMY
BUTJIAAI  3/aTHI YITKO  XapaKTepHu3yBaTH
(GYHKLIOHANBHI TPUPOJIHI TPOLECH B MEXKax
BOZ10300pY 3 ypaxyBaHHSM HOI'O CTPYKTYpHU Ta
0COONIMBOCTEH, J€ OCOONMBY VyBary CIif
3BEpHYTH Ha TrifponenoTpaHcdepHi (QyHKIIT
(IITD).

Touku MoIBOBOI JIarHOCTHKH B MeEXax
ITPK3 noBuHHI OyTH BU3HAYEHI TAKUM YHHOM,
mo0 3po3yMiTH B3aEMOJIII0 MIX BIACTH-
BOCTSMH Ta (YHKIISIMA Ta BCTaHOBHUTH iX
pO3MONi B HampsMKYy Bij mepudepii Bomo-
300py (BomominbHOI JiHIT) 10 mpubOepexHOl
€KOCHCTEMH, TOOTO 3a HANpsIMKOM MepeHe-
CCHHSI PEYOBHUH B IPYHTI.

Hapemrri omiHtoBaHHs Ta Kiacudikariist
PU3MKY 3a IHTEHCHBHICTIO Ta XapakTepoM
NOUIMPEHHS B MeXKaX TiAPOJOriyHO-4yTIMBOT
ITPK3 nHa ocHoOBi 3i0panux THocnenudiyHux
XapaKTepUCTUK 1 aHAITUYHUX JaHWUX IHCTPY-
MEHTaIbHO-1a00pPaTOPHOI A1arHOCTHKH MOXKE
CTaTW KIHLIEBHM €TarioM AJsl Pe3yJIbTYI0YOoro
MiATBEp/DKEHHS Ta  ieHTHdiKamii  pU3uK-
kputnuHoi 30au (PK3), mo Oyne BitoueHa 10
noOyJOBU KayliOpyBaJbHOI CTPYKTYpH abo
IHIIIMMH CJIOBaMU pedepeHC-Mepexi.

BiamnoBigHo 10 KOHCTPYKTHBHOI JIOTIKH
KOHIICNITY HAYKOBHW TEPMIH «HnOmMeHYilHa
pusuk-kpumuuna 30na» ([IPK3) eusnawamu-
Memvcsi  AK  NPOCMOPOGO-MEPUMOPIANbHUL
KOMNAEKC  HUJCY020  IEPAPXIYHO20  PIBHS,
QdynryionanvHo nionopsiOKo8anui 8000360py
(bacetiny) 6uwj020 nopsoOKy, WO NOHAYAE
2I0pON02IUHO  wymaugy OUISAHKY MIiCyesocmi

~ 062~

(30HY), AKa 3a c0iMU GUXIOHUMU XapaKme-
pucmuxamu (Oeckpunmopamu)  8ionogioac
BUCOKOMY NOMEHYIUHOMY PUSUKY NePEeHEeCEeHHs.
XiMIUHO20 3a0pyOHeHHs, ale O AKOi 3d
pe3yibmamamut 8epughikayitinoi nepegipku He
O0yn0  niOMEEpOICEHO  BUCOKO20  CHYNEHS.
peanizoganux Hebe3nexk noe a3amux 3 piGHAMU
ma macuimabamu aKxmuuHo2o 3a0pyOHeHHs.
Tepmin  «pusuk-kpumuuna 30Ha» (PK3) ye
8i0N06i0HO nonepedHvbo eécmanoeiena 1IPK3,
o sikoi' 6 npoyeci pe3yromyruoi sepuixayii
Oyn0  niOmMeepoNCceHO  BUCOKULL  CMYNiHb
peanizoeanux Hebesnex ma nPAMuX 3a2po3 0
00BKINIA N0 A3AHUX 3 PIGHAMU MA MACUi-
mabamu haxmuurHo2o 3a0pyOHeHHs.

Jusg xoxHOT OKpeMoi MiATBepIKeHOI
PK3 3rimHO CTBOpEHOTO Ta 3aTBEPIKEHOTO
[IEPBUHHOTO TIEPENliKy B MeEXaxX PIYKOBOTO
OaceiiHy, mepen0adacTbCs MPOBEACHHS OLTBII
IPYHTOBHHX  (KOMIUIEKCHHUX)  CHEIU]IKO-
LUIBOBUX  €KOJIOTIYHUX  JOCHIDKEHb  Ta
JUArHOCTMKH 3 BUKOPHCTaHHSIM IHCTPYMCH-
TaJIbHO-JIA00PAaTOPHHUX Ta TOJILOBHX METOIIB.
Lle octaHHS JaHKa MEPIIOTO AITOPUTMIYHOTO
HUISXY, PE3YIbTATOM SIKOi € HaJlaHHS HAyKOBO-
TEXHIYHUX IH(POBUX aHANITUYHUX TAHHUX AJIS
MaTeMaTHYHOTO MOJCJIIOBaHHS Ta IEPEBIpKU
3aKOHOMIPHOCTEH.

Hactymauii  anropuTmiuHuE — TUIAX
(6moxu 6-10 Ha puc. 4) € CTBOpeHHs criemia-
Ji30BaHOI TIporpamMH Ta BIAMOBIAHOI TpoIIe-
OypH aBTOMAaTH30BaHOIO OHJIAMH-CKaHyBaHHS
Ha ©Oa3i I'IC. HaBuanns Ta xaniOpyBaHHS
CHUCTEMH MOX€ BiJOYBaTHCh i3 BHKOPHCTaH-
Hsam MoxxiuBocredt 11, Hamani 3acrocyBaHHs
miei mporpamMu B pamkKax (DyHKIIFOBaHHS
CUCTEMH €KOJIOTIYHOTO MOHITOPUHTY OyJie
CIIpsSIMOBaHE Ha aBTOMATH30BaHWI MPOCTOPO-
B momyk Ta kKaptyBaHHs [IPK3 B mexax
BOJI0300piB. [isi  1mporo mependadacThes
BHKOPHCTOBYBATH MOJENI 3 IHIIUMHU PiBHAMHU
IIPOCTOPOBOTO  PO3IO/LITY: HAIiBPO3MOIiIeH]
a00 Hepo3MOoAUICHI MOJelNi, 3 IXHBOK ajall-
TaIli€r0 IO TaHUX KaaiOpyBaHHSI.

Ilepenikn  BusBnenux [IPK3  3a
pe3yabTaTaMu aBTOMaTH30BaHOTO MPOrPaMHO-
ro CKaHyBaHHSI B Meax OaceliHy MOXYTh
CTaTd OCHOBOIO ISl CKJIaJaHHSA IUIaHy
IHCTPYMEHTAIBHO-1a00PaTOPHOI J1arHOCTHKH,
T00TO «Bepudikamii in Situ». Take migTBep-
JDKEHHSI MOYKe OYyTH 3aCTOCOBaHe JUIsl MPSMOT
OIIIHKM pealli3oBaHUX HeOe3leKk Ta 3arpo3
OB’ s13aHUX 3 (PAKTUYHUMH PIBHAMH T4 MACIII-
TabamMu 3a0pyAHEHHS TPYHTOBOTO MOKPUBY
(3emenp), sk e OyJI0 rnepeadaueHo Ha eTari
CTBOPEHHS KaniOpyBaJbHOI pedepeHc-mepexi
nanux. OTpumaHi JaHi  MOXyTb OyTH
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BHKOPHCTaHI TaKOXX JUIsI Bajifarlii i MmMoBTOp-
HOTO KaJliOpyBaHHSI ITONITYKOBOI MOJIEI.
BripoBapkeHHS TaKO1 CHCTEMH TIOBHHHO
nmependayuTH MOXKIIMBICTE 11 TIEPiOAUIHOTO
OHOBJICHHSI Ta YIOCKOHAJICHHS  IUIIXOM
MiABULICHHS TOYHOCTI TaHUX MPO PU3KKHU Ta iX
aTpuOyTHBHI O3HakM Ha MicueBocTi. Lle
JIO3BOJIUTH Yepe3 BU3HAYCHUH MPOMIXKOK Yacy,
HaNpHUKIaJ Ha KiHEb BUKOHAHHS TEPioay
peamizanii ymoBHOI  (pidHOI/KinbKa piuHOT)

3aTBEPHKEHOT  MOHITOPHHTOBOI  IIPOTpaMH
MPOBOJIUTA TOBTOPHY TPOILEAYPY pPa3oBOTO
CKaHyBaHHsI, pPE3yJbTAaTOM SIKOI MOXE CTaTH
HE TITBKA BimOOpaKeHHS OHOBJICHHX ITPOCTO-
POBHX MEX 3a0pyJIHEHHS paHille BH3HAUYCHUX
PK3, a #i inenTudikaris HoBux ITPK3 B Mexax
Oaceiiny, qHu BUSIBJICHHS SMIICHTPIB
MOTEHIIHHOTO po3pocTanHs PK3, mo BakianBo
JUIL CBOEYACHOTO EKOJIOTIYHOTO YMPaBIiHHS,
a00 MOHITOPUHTY HOTO €()eKTUBHOCTI.

Bucnoexu ma pekomenoauii ona nooanvuioi pooomu

[IpeacraBneHa KOHIENT-OCHOBA ajro-
putMy (migxoxy) (pyHKIIFOBaHHS €KOJOTIYHOI
JIarHOCTHKH Ta MOHITOPHUHTY 3a0pyAHEHHS
IPYHTIB Tependadac aBTOMAaTH30BaHUHA TIPO-
TpaMHUN TONIYK TiIPOJOTIYHO YYTIWBHUX
I1PK3 B Mexax iHIINX YHUCIEHHUX BOI0300DiB
HU3BKUX TOPSAAKIB, IUISIXOM 3aCTOCYBaHHS
KOMOIHOBaHOTO TIAXOMy, 30KpeMa BUKOpPH-
CTaHHSIM TOBHICTIO PO3IMOJiIEHOTO MOJEINIO-
BaHHS  JJIi  CTBOPEHHSA  KaliOpyBajbHOI
CTPYKTYypu (Mepexi), Ta HaIiBpO3MOIiIEHOTO
MOJICITIOBAHHSI 3 BUKOPUCTAHHSM KalliOpyBab-
HOi CTPYKTYpH Ha eTami MOUIyKYy HOBHX 30H.
Ilefi miaxig cHOpsAIMOBaHWUN Ha IOEIHAHHS
TOYHOCTI 1 JETAIBHOCTI 3  OUIBIIAMU
00YHCITIOBATIBHUMHU MOJKIJIMBOCTSIMH, @ TaKOX
MOJJIUBICTIO TIOCTIHHOTO yIOCKOHAJICHHS Ha
OCHOBI JaHHWX TIOJNBOBOI Bepudikamii, 10
nependavacTbcs Ha KIiHIIEBOMY €Talli alro-
pUTMY. AJNTOPUTM CHPSMOBAaHUM Ha JOCAT-
HEHHA B YKpaiHi 30aJlaHCOBaHOTO PiBHS PO3-
BUTKY TNPHPOJHHUX Ta AHTPOIOTEHHMX JIaH/-
mraTiB, MUITXOM CKEPYBaHHS OCHOBHHX CHII 1
3aco0iB Ha Ti Tepuropil 1 HAUISIHKH, SIKi €
NPIOPUTETHUMH Uil YNPABIiHHA, 1 MOXYTh
HaJaTH HAWOLIBIIMKA eQEeKT michas BiJHOB-
nenns. Lle Moke OyTH CBO€piTHHI HAYKOBO-
OOIpYHTOBaHWI MEXaHi3M 3aIyCKy TMpolecy
BIJTHOBJIGHHSI TPUPOJHUX EKOCHUCTEM, IO
0COOJIMBO aKTyaJbHO 1 BaXIUBO Ha T
HasIBHOTO KaTacTpodiuHoro aucOanmancy Ta
posopanocti. [TPK3 ta PK3 sk mpocTtopoBo-
TEPUTOPiaTbHI KOMIUIEKCH — II€ BpPa3lIUBI Yn
3aHAATO MiJAATJIMBI Ta YyTJIMBI JO aHTPOIIO-
TeHHOT'0 BIUIMBY €KOCHCTEMH 4YH JaHIa(TH,
MEXI SIKHX OKPECIIOIOTBHCS Ha OCHOBI JTaHMX

Ipo TMOTEHIiad pPi3HOMAaHITHUX HECTHPHIT-
JUBUX TIPOIIECIiB, TAKUX SK MeXaHiuHa, (Pi3ud-
Ha, OionoriuyHa aerpajamis TIPyHTy, XiMidHe
3a0pyqHEeHHS Ta HOro TepeHeceHHS Yy BOJHI
MacHMBH, a TAaKOX CYNyTHI pPHU3UKA IS
BilJAIEHUX  E€KOCHCTEM, OiOpI3HOMAHITTA,
KIIIMaTYy, JIFOJICTBA TOIIO.

Jns mepeBipkd epeKTUBHOCTI Ta ONTH-
Mi3alii 3amnporoHOBaHOI OCHOBHU KOHIICIIT-
IiIX0/y, B MOJANBIIOMY, TIepell BUIIPoOyBaH-
HSIM  peanbHOi  MOJewNi, mepeadadacThes
3aCTOCYBaHHSl JICKUIbKa [HWKJIB Omepamii
nporoTuiiyBaHHs. CTBOpPEHHS  TOIEpEIHIX
NpPOTOTUIIB  abo  Mozenei, ski  34aTHi
BUKOPUCTATH TPEACTABICHY aJTOPUTMIYHY
CTPYKTYpy 3  METOW  TepeBipkm i
e()eKTUBHOCTI, JOUITHHOCTI Ta 3JaTHOCTI MO
ajanraiii B yMOBax peajbHOI0 BHKOPHUCTaHHS
MOXeE€ JIOTIOMOI'TH BH3HAYHUTH, SKi METOIU
300py, OOpOOKM Ta aHamily JaHuX OYIyTh
HaWOIMbII e(pEKTUBHUMH I KOHKPETHHX
YMOB MOHITOPUHTY, SIKi TEXHOJIOTrii abo
IHCTpYMEHTH  HaWkpamle MiAidayTs  aus
30upaHHs JaHuX Ta IXHBOro oOpobnenHs. Lle
JacTh 3MOTY 3aOMQJUTH PEcypcH B JUIs
BIIPOBA/DKCHHS  IAXOMYy B  IEPCIEKTHUBI.
[IpoToTHNN TaKoX MOXYTh MEPEBIpATHCS Ha
3/IATHICTh THTETpyBaTUCS 3 THIIUMH
ICHYIOUMMH  cuUcTeMamMu  300py  JaHuX,
HAaIpHKJIIA]], 3 MEpeKaMHi MOHITOPHHTY BOJIHUX
pecypciB,  TOTOAHMMH  CTaHUisIMH  abo
CaTeJiTHUMH JaHUMH. B pesynbraTi MOXKYTh
OyTH BUSBIEHI TOYHIIII AJITOPUTMH MOHI-
TOpUHTY, #AKi 3a0e3meyarb Kpaii, OiIbII
e(eKTHBHI Ta €KOHOMIUHI CHCTEMH IJIs1 300py
i aHai3y eKOJOTTYHHUX JaHHX.

Konghnikm inmepecie

ABTOp 3asBisi€, M0 KOHQIIKTY iHTEpeciB MO0 MyOmiKallii IbOro pyKOMHCY HEMae.
KpiM Toro, aBTOp NOBHICTIO JOTPUMYBaBCS €THYHUX HOPM, BKJIIOYAIOYM IJIariar,

danbcudikariito JaHUX Ta MOJABIHHY MyOiKalio.
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CONCEPTUAL BASIS FOR THE SEARCH AND ECO-DIAGNOSTICS OF RISK ZONES
IN WATERSHEDS

Purpose. To develop and substantiate the conceptual basis of a new approach for ecological diagnostics
of anthropogenic soil (land) pollution in “risk-critical zones” of ecological soil-water interactions within
watersheds. This approach aims to optimize the integrated ecological management system, enhance nature
protection, and improve environmental safety in Ukraine.

Methods. System analysis, comparative analysis-synthesis and evaluation to form a targeted spatial
sampling; extrapolation and adaptive transfer of procedural-analytical approaches for diagnostic network
selection; methods of conceptual design and visual representation.

Results. Based on a systematic analysis of publications from Google Scholar, Scopus, Web of Science,
Springer, as well as domestic sources in the areas of soil and water pollution assessment with the identification
of vulnerable (sensitive) territories and hot spots, priority management areas (APMA) and critical areas (CSA),
an alternative conceptual basis for an approach to integrated environmental diagnostics of soil, surface and
groundwater pollution is presented, which is preceded by an automated program search for hydrologically
sensitive risk zones of ecological contact interaction of soil and water, which is important for ecological
management and ecosystem restoration. The mechanism of spatial automated search of these zones is focused on
the most vulnerable (hydrologically sensitive zones and territories), where the contact interaction of soil and
water under conditions of soil pollution can create risks for the ecosystem and public health, starting from the
scale of individual territorial communities.

Conclusions. Greater attention to hydrologically sensitive areas and soil-water interaction processes
under conditions of pollution will allow controlling and reducing inter-environmental transfer of pollutants. The
proposed concept in practical terms meets the goals of basin management and is designed to increase the
environmental efficiency of land and water environmental policies as particularly important elements of
managing the ecological safety of ecosystems.

KEYWORDS: automated program-driven search, monitoring, hydrologically sensitive zone, soil
diagnostics, pollution transfer, ecosystem restoration
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OIIHKA EKOJIOI'O-MEJIIOPATUBHOI'O CTAHY IPYHTY TA NOTEHIIIHHAX
PU3UKIB ITPU 3ACTOCYBAHHI PI3HUX BHUAIB ITOJINBY JEKOPATUBHUX POCJIMH

Meta. OwiHKa €KOJIOr0-MeNliOpaTUBHOrO CTaHy IPYHTY 1 MMOBIPDHUX PU3UKIB IPH 3aCTOCYBaHHI Pi3HUX
BU/IiB 3pOILEHHS: TPAAULIIHOTO JOIYBaHHS Ta IiJIPYHTOBOI'O KPANeiIbHOTO 3POLICHHS.

Metoan. [TopoBi, nabopaTopHi aHAIITHYHI, METOANKA XaKaHCOHA

PesyabTaTh. [IpoananizoBaHo AiarHOCTHYHI IPYHTOBI MOKA3HUKH, 1110 XapaKTEPU3YIOTh IPYHTOBO-AErpa-
JlallifHi MPOIeCH Ta CTYIMIHb IX PO3BUTKY Ha JOCHTIJHUX TUISHKAaX Ta30Hy 1 Tyl, 3 3aCTOCYBaHHSM JOIYyBaHHS Ta
HiIPYHTOBOTO KparesibHoro 3pomeHHs. 1l{ono craHy rpyHTY BH3HaueHO: O0M/ABA TUIH 3pOLICHHS (KpaleibHe i
JOIOBE) MO3UTHBHO BIUTMBAIOTH Ha IIUIBHICTH IPYHTY; OpraHidHa PEYOBHHA B IPYHTI LIBUJIIC PO3KIANAETHCS,
HDK YTBOPIOETHCS; HANIIBHIIIA Jerpagalisi OpraHiKH CHOCTepIiraeThesl IMiJ Ta30HOM 3 KPaIleIbHAM 3POLICHHSM,
II0 CBIAYMTH MPO HECTadyy JOCTYITHOTO UL POCIIHH a30TY; a30T € OCHOBHHM JIIMITYIOUUM (aKTOPOM AJIS POCTY
POCIHH IpH 000X BHAAX 3pOLICHHS. TaKoK BU3HAYCHO L0 HEOOXITHO PEryJipHO BHOCUTHU a30THI NOOpUBA Iij
ra3oH, 0cOOJMBO Ha MOYATKy BereTawil; miJ Tyl JOCTaTHRO HEBEIMKHX J03 a30THUX NOOPUB HAaBECHI; VI yCy-
HEHHs IeiuuTy Mili 1 IMHKY NOTPIOHI KOMIUIEKCHI MIKpO10OpUBa MpoJioHTroBaHo  Jii. Takox HeoOXiJHO KOHT-
POJIIOBATH SKICTh BOJM YISl 3pPOLICHHS, 11100 YHUKHYTH 3a0py/AHEHHS IPYHTY. PiBeHb 3a0py/JHEHHS IPYHTY BaxK-
KMMH METaJlaMU HU3bKUIL.

BucnoBku. O0u1Ba TUIX 3POILIEHHS MaOTh SIK O3UTHBHI, TaK i HEraTUBHI CTOPOHU. J1J1sl OTpUMaHHS ON-
TUMaJIBHUX Pe3YJIbTaTiB HEOOXiJHO PEryJIIPHO POBOJIUTH aHaIli3 IPYHTY Ta BHOCUTH HeoOXiaHi noopuBa. Ocob-
JIMBY yBary CIIiJi IPUAUIATH SKOCTI BOJM JJIS 3pOLICHHS. [CHY€e HEBEIMKUI PU3MK 301IBIICHHS €KOJIOTIYHOTO PH-
3UKY 3 YaCOM.

KJIFOUOBI CJIOBA: nidipynmose kpanenvhe 3pouterts, 00Uy 8amnis, iHOeKc eKoI02IUH020 PU-
3UKY, 0IA2HOCMUYHUL NOKAZHUK, [DYHM, MIKPOCIeMEHMHUL CMamyc, MiKpoOiono2iuHuil NOKA3HUK

Sx nuryBatu: ['omono6osa O. O., Makcumenko H. B., besconnuii B. JI. Oinka ekoJIoro-MenopaTHBHOTO CTaHy
IPYHTY Ta MOTCHIIHUX PU3UKIB MPU 3aCTOCYBAHHI Pi3HUX BHIIB MOJHBY ACKOPATUBHHUX POCIUH. JIr0ouHa ma
ooexinst. Ilpobremu neoexonoeii. 2024. Bumn. 42. C. 70-82. DOI: https://doi.org/10.26565/1992-4224-2024-42-05

In cites: Gololobova, O. O., Maksymenko, N. V., & Bezsonnyi, V. L. (2024). Assessment of the ecological and
ameliorative condition of the soil and potential risks when using different types of irrigation of decorative plants.
Man and Environment. Issues of Neoecology, (42), 70-82. https://doi.org/10.26565/1992-4224-2024-42-05 (in
Ukrainian)

Bemyn
BaxmBuM CKIIaHUKOM CTalIOTo 3eMiie- BUPIILIEHHS KIJIBKOX KIIIOYOBUX 3aBIaHb, 30K-
KOPUCTYBaHHS € peaizalfisi CHCTEMH 3aXOJIiB, pema, 30epeKeHHS 1 TIPUMHOXKEHHSI TIPOJTyKTHU-
IO MiABULIYIOTH POIMIOYICTh IPYHTIB. CuHCTe- BHHX, €KOJIOT1YHHX 1 comianbHUX (PyHKILIH Ipy-
MHE YIpPaBJIiHHS MOTEHI1aJIOM POAIOYOCTI IPy- HTIB HAa HEOOMEKEHO TPHUBAILY IMEPCHEKTHBY 1
HTOBUX pecypciB YKpaiHH CHpSIMOBAaHO Ha CIPSIMOBaHHSI Cy4aCHOT'O TIPOIECY IPYHTOYTBO-
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PEHHSI 32 TPAIUIIITHIM BEKTOPOM PO3BUTKY [1].
CucteMHUI MiAXilT CTaBUTh BUCOKI BUMOTA
I0JI0 €HEProe(EeKTUBHOCTI, €KOJOTiYHOI 0e3-
MEKU Ta EKOHOMIYHOT OOIPYHTOBAHOCTI TEXHO-
JIOTii BUPOIIYBaHHS KyIbTYp [2].

CyuacHu# CTaH IPyHTOBOTO MOKPHUBY Kpa-
1HM BUKITMKA€E cepilo3Hy CTypOOBaHICTh yHacTi-
JIOK HIMPOKOTO TOIIMPEHHS JAerpajamiiHux
mporeciB. HalOiapmn xapakTepHUMH ¥ ITOTITH-
PEHMMU THIaMU Jerpafalii IpyHTiB B YKpaini
€ nerymidikallis, SMEHIIIEHHS BMICTY PyXOMHX
MO’KUBHUX eleMeHTiB (43 % 3aranpHOT o),
nepeyIibHeHHs, 3HecTpykTypeHHs (39 %),
3aruMBaHHs U KipkoyTBopeHHS (38 %), BogHa
eposis (17 %), migTorureHHs, 3a00JI0YyBaHHS
(14 %), 3abpyauenns pagionykmigamu (11 %),
BiTpoBa epo3is (11 %), 3a0pynHEHHST BaKKHUMU
MeTaJlaMH, ECTHIUIAMH Ta iHITUMHU TOKCHKa-
aramu (8-10 %) Tomo [3, 4, 5].

OTxe, OJHIEI 3 HAWBaXJIMBIIIUX YMOB
30epexeHHs Oiochepu € 3MIHCHEHHS CUCTEMHU
3aX0/IiB, M0 3a0€3MeUyIOTh PalliOHaIFHE BUKO-
pHUCTaHHA ¥ BiATBOPEHHS POAIOYOCTI IPYHTIB.
HaykxoBum konekruBom aBropie HHII «IucTH-
Tyt IpyHTO3HaBCTBA Ta arpoximii imeni O. H.
CoxkosoBcrkoT0» po3podiena Ilporpama Buko-
pPHUCTaHHS Ta OXOPOHHU 3€MeJb, METOI0 SKOi €

peami3artis aep>kaBHOI OJITHKH Y KpaiHH 010
3a0€3MeUeHHS CTAJIOT0 PO3BUTKY 3€MIIEKOPHUC-
TyBaHHS, CTBOPEHHS €KOJOTI4HO-O€3MeYHnX
YMOB TPOXHMBAHHS HACENIeHHS I BIpoOBa-
JUKEHHST TOCTIONAPCHKOI isITBHOCTI, OXOpOHA
3eMeIb BiJl BACHAXKEHHS, JIeTpajailii Ta 3a0py/-
HEHHS, BiATBOPEHHS Ta MiJBUILEHHS POIIOYO-
CTi IPYHTIB, 30epexxeHHs (YHKIIiil TPYHTOBOTO
MTOKPHBY, JaHIMIA(QTHOTO Ta 610JOTIYHOTO Pi3-
HOMAHITTA 3 ypaxyBaHHsAM 3MiH KiiMaTy. Y
IIporpami mependaueHO BKUTH KOMILIEKC 3aX0-
IIiB 3 ONTHMI3aIlii CTPYKTYPH 3€MEIbHHUX YTilb,
3 TpoTUEepo3iiiHo1 opraHizamii arpomanamad-
TiB, €KOJIOTIYHO O€3IEYHOr0 3aCTOCYBaHHS JI0-
OpuB, OiompemapaTiB i MeNiOpaHTiB, BiITBO-
PEHHS POIIOYOCTI i OXOPOHH IPYHTIB Ha 3pOIIIy-
BaJIbHUX 1 OCYIICHUX 3EMJIIX, BJOCKOHAJICHHIO
iHopMaIifHOro Ta HOPMATHBHO-METOINY-
HOTO 3a0e3MedYeHHs 3 BUKOPHCTAHHIM Cydac-
HUX JnocsrHeHb y ['1C-TexHomnorisx ta B MeTo-
JlaX BUKOPUCTAHHS IAMCTAHI[IMHUX 30HIYBaHb
[6]. MeTomosoriuHO0 OCHOBOKO peatisaliii cTa-
JIOTO 3CMJICKOPHCTYBAaHHA, 3YIIMHCHHA ACTrpa-
JIAIlil IPyHTOBOT'O MIOKPHUBY MIOBUHEH CTaTH CKO-
JOTIYHAN MiAXiM, CIPSIMOBaHUI Ha MiHIMi3a-
[iI0 PU3HUKY Aerpajalii arponasamadTiB Ta iX
OCHOBHOI CKJIaJIOBOi — IPYHTiB [7].

Memoouxka, 00’ekmu ma memoou 00C1i0IHCeHHA

JlocmimKeHHsT JiarHOCTHYHUX TOKa3HU-
KiB IPYHTY MIPH 3aCTOCYBaHHI Pi3HUX BUJIIB I0-
JUBY MTPOBOJIMUIIOCH HA TOCTITHAX TUTSTHKAX i1
Haca/pkeHHsMU Ty1 3axignoi 'Brabant' (Thuja
occidentalis 'Brabant’), mix mury4Hum Ta mpupo-
JTHUM T'a30HOM, sIKi pO3TallloBaHi y MeXax Hay-
KOBO-EKCIIEPUMEHTAIBHOT (PYHKLIIOHAIEHOT 30HH
Hennaponoriunoro napky Jlep:xaBHoro 0ioTex-
HOJIOTIYHOTO YHIBEPCHUTETY.

3a arporpyHTOBHM pailOHyBaHHSIM IDYHTH
JneHponapky JlepkaBHOTO 010TEXHOIOTIHHOTO
VHIBEPCHUTETY BiTHOCATBCS JI0 XapKiBcbko-Uy-
ryiBCBKOTO arporpyHTOBOTO paioHy (IpyH-
TOBO-EKOJIOTiYHA NpoBiHLisA 8.6.0"), sKa Xapak-
TEPHU3YETHCS PIBHUHHUM PENIbe()OM 3 MiHIMATIb-
HOI0 KIJIBKICTIO KCEpOMOP(HO-pOIOBAHUX
IPYHTIB. Y IPYHTOBOMY ITOKpPHUBI NOLIMPEHI Tie-
PEBaKHO YOPHO3EMH THITOBI BaXKKO-CYTIIHHKO-
BOTO TPaHYJIOMETPUYHOTO CKJIaJy, 3amac ry-
Mmycy cknanae 500-550 1/ra. 'TK V-VII ckna-
mae 1,00-1,10, I'TK VIII-IX - 0,81-0,90,
omamu XI-III — 170-180 mm [5, 11, 12]. Bouo-
TiCTh IPYHTY BU3HAYAIN Ta YTPUMYBaJIH Ha Pi-
BHi 80 % Bin ['TIB 3a monomMororw TeH3i0MeTpy
YKpaiHCHKOTO BUPOOHUITTBAa Aquatec Moenb TS,
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sKi 3a0€3MeuUyl0Th TOYHICTH Ta JIOCTOBIPHICTH
MOKA3HUKIB BOJIOTOCTI IPYHTY, & TAaKOX yIpaB-
JHHS PEXKUMOM IIOJIUBY.

Pesysbraty moCipKeHHS 332 TONEpeHl
POKH, sIKi OXOILTIOIOTH Tiepion 2019-2021 pp.,
BHCBITJIEHI B IMyOJiKaIlisfX, Y SAKHUX aBTOPAMHU
MIpeICTaBJIeHI TEXHOJIOTIYHI TIepeBaru IiIpyH-
TOBOrO KparnenabHoro 3porrenns ([1K3) mix ne-
KOPaTHBHI JIepeBHI HACA/KEHHS Ta JEKOPATHB-
HUH 371aKOBUH T'a30H, MTPpOaHai30BaHi JiarHOC-
TUYHI TPYHTOBI TIOKA3HUKH, SIKi 3MIHIOIOTHCS
il BIUIMBOM OOPaHOTO PEXUMY 3POIICHHS,
IpoBeJieHa OallbHA OIliHKA €KOJIOr0-MelliopaTH-
BHOTO CTaHy IPYHTY JOCHIJHUX JISTHOK B yMO-
Bax MiATPYHTOBOTO KPareIsHOTo 3pomeHHs (8, 9,
10]. pencrasneHo pe3yabTaTH HAYKOBHX JIOCITi-
okeHs etary 2023 poky «MOHITOPUHT eKOJIoriy-
HUX (YHKIIH IPYHTIB CeIbOUITHIX JIaHIadTIB
B YMOBAaX Di3HHUX PEKUMIB 3POIICHHS» B MeXax
pukoHanus [TH/] HAAH 01 «ParioHansHe BUKO-
pUCTaHHSI 1 CTaJie YIIPaBIiHHS IPYHTOBUMH PECY-
pcamu, 30epeKeHHST POAOYOCTI Ta 3/I0POB’ S IPY-
HTIB, 3aXHCT iX BiJI Ierpagarii.

Mema — oOIlIHKa €KOJIOTO-MENiOpPaTHB-
HOTO CTaHy TIPYHTY IOCHIIHHUX IUJITHOK Ta
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MOTEHIIHHUX PU3WKIB MPH 3aCTOCYBaHHI Pi3-
HUX BUJIB 3pOIICHHSA: TPAIUIIIHOTO [OIIY-
BaHHS Ta MiJAIPYHTOBOTO KpPAaINeIbHOTO 3pO-
HICHHS.

MeTomooriyaa CKIIagoBa JOCIIIKEHHS
noJisArajia y BA3HAYCHHI IPYHTOBHX J1arHOCTHY-
HUX TIOKa3HUKIB, SKE MPOBOJWIH BiJIOBITHO
3araJbHONPUHHATHX Metoawk [13, 14, 15, 16,
17], Mikpo6iooTiyHi TOKa3HUKHM BH3HAYAIHCH
srigo JICTY ISO 10381-6:2015 [18,19].

BusHaueHHS TpPYHTOBHX TIIOKa3HHKIB
MIPOBOAMIIOCE Yy JabopaTopii IHCTpyMEHTab-
HUX METOJIB JIOCJI/DKeHb IpyHTIB HarioHans-
HOTO HAyKOBOI'O IEHTPY «IHCTHUTYT IpyHTO-
3HaBcTBa Ta arpoximii imeni O.H. Coko0BCh-
KOT'O», OIlIHKA — 3TiJTHO PEKOMEHIAIISM I0JI0
OOCTEKEHHSI EKOJIOTO-MEIOPATHBHOTO CTaHy
3eMeIb B yMOBaX KPaIuTHHHOTO 3potreHHs [20].

[Toka3HUK iHAEKCY EKOJIOTIYHOTO PUBHKY
pO3paxoBaHO 3a METOAUKOIO XakaHcoHa [21].

Pezynomamu 00cnioxcenHa ma 062060peHH

Ouninka MVIBHOCTI ITPYHTY NPH BHKO-
PUCTAHHI JOIIYBAHHS Ta MiAIPYHTOBOIO
KPaIUIMHHOTO 3poiueHHs. [IlinpHICTE TPYHTY
€ OJTHUM 13 BU3HAYaJIbHUX IMTOKA3HUKIB arpodi-
3UYHMX BJIACTUBOCTEH IPYHTY 1 BBAXKAETHCSA OII-
TAMAJNBHOIO 3a 3HadeHHS y mexax 1,00-1,30
r/cm®. BusHa4eHHs MILTBHOCTI TPYHTY 110 Bapi-
aHTax JOCJiy MPOBOJUIIOCS 3TiJIHO PEKOMEH-
narisiv [20] mepen mo4aTkoM MOJIMBHOTO Tepi-
0]y, pe3yJIbTaTH MpeacTaBicHi y Tabmui 1. Pe-
3yJILTaTU TOKA3HHUKIB PIBHOBAKHOI IIITBHOCTI

IlinbHicTh IPYHTY N0 BapiaHTax gocjixy, r/cMm

IPYHTY BKa3ylOThb Ha iXHE ONTUMAJIbHE 3Ha-
YEeHHSI 110 BapiaHTaX JOCTiTy 3 BUKOPHUCTAHHIM
MiAIPYHTOBOTO KpanenbHoro 3pomreHHs ([1K3),
JOUIYBaHHS, Ta JJIsl KOHTPOJIBLHOTO BapiaHTy, A€
’KOJIHOTO BHJy 3pOIICHHS HIKOJU HE 3aCTOCO-
ByBasock. lllineHicTh rpyHTY (Tabn.1) mpu 3a-
crocyBanHi [1K3 razony i Tyi cranosuts 1,11,
1,12 r/cm® Bignosigno, npu gomtyBanui — 1,19
r/cm®. BasbHa OIiHKa [[HOT0 BaKIMBOTO TiarHO-
CTUYHOI'0 IIOKa3HMKa MAaKCHUMAJIbHO CIIPUAT-
JvBA.

Taoauna 1
3

Table 1

Soil density by experimental variants, g/cm?

Bapiaurt

IlisibHiCTH IPYHTY
3

r/em

bamu

Cepenne [20]

1,16

1,12

ITK3 razony

1,14

1,16

1,20

1,11

1,11

ITK3 1yi

1,12

1,12

1,16

1,18

1,22

JouryBaHHs

1,17

1,19

1,17

1,23

Konrpons (nmpupogunit

1,19

ra3oH 0e3 3pOIICHHS)

1,21

1,21

1,20

OniHka ekoJIOriYHOro CTaHy IPYHTY 32
MiKkpoOGioJioriYHuMH nokasHuKamu. [ pyHTOBI
MiKpOOpraHi3mMu 3a0e3neuyroTh cTiike (QyHKIIi-
OHYBaHH$ 010reoXiMiYHMX IUKIIB Y IPyHTi. Mi-
KpOOpraHizMaM HaJIe)KUTh TMPOBITHA POIH Y
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TpaHcopMallii Ta reoxXiMivHINA Mirparii nepe-
B&KHOI KITBKOCTI XIMIYHHUX €JIEMEHTIB, OCKi-
JapKd ToHax 70 eJeMeHTiB NMepiogu4HOl CHC-
TEMH 3a3HAIOTh MiKpOOi0JIOri4YHOTO BILTUBY [7].
Mikpooprati3aMi MOXYTh ITO3UTUBHO BILIH-
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BaTH HAa PO3KJIANaHHS OPTraHiYHUX PEUOBHH 1
POCTMHHHX 3aJUINKIB, MiIBUIIYBAaTH I POC-
JIMH JOCTYIHICTh Pocdopy, MapraHiio, IUHKY,
Mizgi, OioyoriuHy a3oTdikcamito, MOCHIIOBATH
3pOCTaHHS POCIIMH 32 PaXyHOK MPOIYKYBaHHS
TOPMOHIB POCTY, 3aXHUCTY BiJl KODEHEBUX MaTO-
TCHIB, MiJBUIICHHS BHUKOPUCTAHHS MOKUBHUX
PEYOBHH, CIPHUATH Oioferpaaarlii MecTUIIHUIIB i
3a0pyaHroBaviB. B To# ke wac Mikpobionori-
YHa CIUILHOTA TIOCTIHHO afanTy€eThcs 10 YMOB
HABKOJIMITHHOTO CEPEIOBHUINA 1 TOMY € UyTIIH-
BUM TTOKa3HUKOM SIKOCTi IpyHTY [22]. Bumoswuii
CKJIaJ MIKpOOHOTO LIEHO3Y Pa3oM 3 (Pi3UUHUMH,

(hi3UKO-XIMIYHAMHE 1 arpOXiMIYHHMH JiarHOC-
THYHUMH TTOKa3HUKAaMH — BXXIIMBHI TTOKa3HHUK
SIKOCT1 IpyHTY. [1iJ1 BIUIMBOM 3pOIIEeHHS 3MiHIO-
€THCS BUJIOBUH CKJIaJl, YUCEIBbHICTh Ta (DYHKIIi-
OHaJIbHA AaKTUBHICTh TPYHTOBOI MiKPOQIOpPH.
3a onTHManbHUX YMOB (DYHKIIOHYBaHHS MiK-
poOoLIeHO3Y 111 3MiHM MalOTh aJaTUBHUH Xapa-
KTep 1 CIIPHUAIOTH 30€pEKEHHIO CTIHKOCTI arpo-
nangmadTis [7].

Pesynbratn pocnmimkeHHS 3paskiB Ipy-
HTY 32 MiKpOOiOJOTIYHUMH TOKa3HUKaMH, SKi
BinmiOpaHi Ha modatky Bererarii 2023 p., npen-
CTaBlieHi y Tabmumi 2.

Taoéauns 2
JiarHocTH4Hi Mikpo0ios1oriuni MOKa3HUKHU IPYHTY 32 Pi3HUX peKNUMIB 3pOIIeHHS
Table 2
Diagnostic microbiological indicators of soil under different irrigation regimes
Mikpooprasizmu,
110 32CBOIOIOTH a30T, AKTHHO- Coutn Ouirorpodn, | Estpodn
. man. KYO /rc. 1. Mmineru, PUOH, p > P ’
BapianTu - - . THC. MUIH. MUJIH.
1- M1HCpaJIbHUU *
oprati P KYO/ro.r. KYOfr c.r. | KYOfre.r. |KYO/re.r.
THUH | peporo | Gakrepil
IK3 Tys 7,70 9,71 6,87 2,84 34,75 38,50 17,76
I1K3 razon 10,26 | 18,65 10,62 8,03 26,43 27,18 29,17
JomuryBaHHS 10,63 | 13,88 8,99 4,89 31,16 15,77 24,82
KonTpouns (npu-
pOAHMI ra3oH 13,75 24,55 14,73 9,82 73,55 38,37 39,03
0e3 MoJNBY)

PesynbpTat BKa3yrOTh, IO KiIBKICTH Mi-
KpOOPTraHi3MiB, sIKi 3aCBOIOIOTH OpTaHi4yHi ¢o-
pMHU a30Ty At mapy rpyaty 0—25 cwm, i1 BIm-
BOM IIiJTPYHTOBOTO KPAIEIbHOTO 3POIICHHS
smermmiaacs 3 13,75 go 10,26 maa KYO/r na
razoni Ta o 7,70 mutn KYO/r B rpyHTI 1ix Ty-
savu. [Ipu 3acTocyBaHHI JIONIYBaHHS KiJIbKICTh
i€l TPy MIKpOOPTaHi3MiB TEX 3MEHIIIIACS 1
cxmanana 10,63 KYO/r. 3rigao ominku [23]
CTyNeHb 30aradeHHs IPYHTIB MiKpOOpraHi3-
Mamu 0e3 3pOILIeHHS AY)X€ BHUCOKA, MPH 3pO-
HIEHH] — BICOKa Ta JIy>KE BUCOKA.

KinmpkicTh MIKpOOpraHi3MiB, sIKi KyJIbTH-
ByIOTbcsl Ha KAA, BUsBUIIach BHIIE HAa KOHT-
pomi: 24,55 mma KYO/r npotn 18,62 miH
KYO/r (IIK3 rason), 13,88 KYO/r (momry-
BanHs), 9,71 KYO/r (IIK3 Tyi). Bapiaut 6e3
3pOLICHHSI Ma€ Ay)Xe BHCOKHH piBeHb 30ara-
YEeHHsI IPYHTY 3a KiJIbKICTIO MIKpOOpraHi3MmiB,
[I0 aCHMUTIOIOTH a30T MIHEPaJIbHHUX CIIONYK,
BapiaHTH 3 AouryBaHHsM, 3 [1K3 razony, 3 [1K3
Tyl — cepeaHpo-30araueHu.
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CrpsiMOBaHICTh MPOLIECIB MiHEpaizamii
— CHHTE3y OPraHiuyHOi PEYOBHHH € KIIOUOBHM
KpUTEpIEM B OIIIHIII 3aX0/[iB, OPIEHTOBAaHUX Ha
BiITBOPEHHS POJIOYOCTI IPYHTIB, a TAKOXK ar-
POIPUHOMIB, 3aCTOCYBaHHS SIKHX MOXE IMpPH3-
BECTH 70 Jerpajamii IpyHTOBOi POJIFOYOCTi.
O1iHka  CHPSIMOBAaHOCTI  MIKpOOIOJIOTIYHMX
MPOLIECIB Y TPYHTI JI03BOJISE 3POOUTH OlijIbII
rJIMOOKMI aHai3 3MiH y CTPYKTYpi IPYHTOBO-
010THYHOTO KOMIUIEKCY, SIKi B1I0YBaIOThCS BHA-
CJIiIOK aHTPOIIOTEHHOr0 HaBaHTaXeHHs. Cripsi-
MOBaHICTb MIKpOOiOJIOTIYHUX MPOLECIB BU3HA-
YaroTh 32 JIOTIOMOTO0 Koe(illieHTy MiHepatiza-
mi Ta iMMmoOuUTI3alii, AKHA [Ja€ MOKJIMBICTH
OXapakTepu3yBaTH HANPYKEHICTh MiHepai3a-
IHHUX MPOILIECiB, IHACKCY MeA0TPOGHOCTI, IO
XapakTepu3ye CTYIiHb OCBOEHHS OpPraHidHOI
PEUOBHHU IPYHTY MIKpOQIIOpOIO, THIEKCY OJi-
TOTPOQHOCTI, MO XapaKTePU3y€e CTYIIHb OJIro-
TpodHOCTI MIKPOOHHUX 1IEHO3IB IPYHTY [24, 25].
PesynbTatu po3paxyHKy JiarHOCTHYHHX TMOKa-
3HUKIB HaIPaBJIEHOCTI MIKPOO1OJIOTIYHUX TPO-
LIECIB IpecTaBieHi B Ta0II. 3.
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Tabauns 3.
IHnTeHCcHBHICTB i cIpAMOBaHicTh MIKPO0iOJIOTiYHUX NMPOLECiB 32 KOMILIEKCOM
PO3pPaxXyHKOBHX MOKA3HUKIB
Table 3
Intensity and direction of microbiological processes by a set of calculated indicators
BapianT Ouirorpoduocti | Minepamizanii MTOPT* CBIT**, %
K3 Tys 2,17 1,26 13,80 60,36
1K3 rason 0,93 1,82 15,90 54,93
JlontyBanHs 0,64 1,31 18,76 47,56
KonTtpons
(mpupomHuUiA 0,98 1,79 21,45 100,00
rasoH Ge3 TIOJIKBY)

MTOPI — Ioka3Huk MikpoOHOI TpaHC(OpPMAIii OpPraHidHOI PEYOBHHH IPYHTY.

CBIT** — cymapHuii 0i0JIOTIYHAN TOKA3HUK.

OnTumarnsHe 3HaUYeHHS Koe(ilieHTy Mi-
Hepamizalii Ta iMMoOiTi3alii BBaKaeThCs On-
3BKHM JI0 OJMHUII. Y KOHTPOJIHHOMY BapiaHTi
Ta Ha BapiaHTi 3 MATPYHTOBHM KpPAIUTMHHAM
3pPOLICHHSM BU3HAYEHO, IO MPOLECH CHHTE3Y
OpraHiyHOi PEYOBMHHM MOCTYMAIOTHCSA IPOIC-
cam Ti JAeCTpyKIlii, 30KpeMa Ha KOHTPOJIi 3a3Ha-
YeHMI MOKa3HMK cKianae 1,79, Ha BapiaHTax 3
MiATPYHTOBUM KpPAIUIMHHUM 3POLICHHSIM TYyi —
1,26, razony 1,82, 3 BUKOPUCTaHHSIM JOIILY-
BaHH# 1,31. HaliO11bI11 HOBLIBHIIII TPOLIECH JC-
CTpyKuUis Ha BapianTtax 3 [IK3 Tyl Ta gomysan-
HSIM, IO CBIMYUTH MPO OUIBITY CIIPSIMOBAHICTh
MiKpOO10JIOTIYHHUX TIPOIIECIB Y Oik 30epekeHHs
3araciB OpraHiuHOi peuOBHHH Ha BHIIIE3a3HAYE-
HUX BapiaHTax. HalOimbm iHTEeHCHBHOI TpaHC-
¢dopMartii opraHidyHOT pEYOBHUHH 3a3HA€E TPYHT
mig razoHoM 3 IIK3, mo Bkasye Ha nedinut B
TPYHTI IOCTYITHUX JUIsl POCIIUH (opM a3oTy.

3a pe3ynbTaTaMy pO3paxyHKy iHIEKC OJli-
roTpoHOCTI Uit KOHTPOJILHOTO BapiaHTy CKIa-
nae 0,98, mpu MmiAIPYHTOBY KPaIrIMHHOMY 3pO-
mieHHi razony — 0,93, tyi — 2,17, nouryBaHHi —
0,64. ToOT0, MoKa3HKUK ONIroTpoHOCTI Mae 3Ha-
YEHHS MEHIII 33 OIMHHMIIIO JUIsl BApIaHTIB 3 JIOIILY-
BaHHsM, [1K3 ra3oHy, KOHTpOJIO, IO CBITYHTH
NpO JIOCTATHIO 3a0€3MeYeHICTh IPYHTY AOCTYI-
HUMH TIO)KUBHUMH PEUOBHHAMHU HA LIUX BapiaH-
tax. [Ipu Bukopuctansi I1K3 onirorpodnicts pu-
30c(epHOro TPYHTY 30UIBIIYETHCS OUTBILE HIXK Y
JIBa pa3y B IOPiBHSHHS 3 KOHTPOJIEM.

Koedimieatr MTOPI — noka3HHK MiKpo-
0Ho1 TpaHcdopMmallii opraHiyHOT peHOBUHH IPY-
HTY, 3HAY€HHS SIKOTO Ha KOHTPOJII MakcHUMa-
JIbHE, BKa3ye, 110 HaWOLIBII MOBLIBHIIIE HPO-
1eC MECTPYKIi BiAOYyBa€ThCA Ha KOHTPOJIL.
Haiisume 3nauenns ChbI1 — cymapHuuii Giomnori-
YHHWA TIOKa3HWK — BHU3HAYEHO Ui KOHT-

poneHOTO BapiaHTy. HaiOinmbm mpurHideHHM
BiIHOCHO KOHTpOItO (Ha 52,44 %) BUABHUBCS Mi-
KpOOHWH [IeHO3 TPYHTY Ha BapiaHTi 3 IOIIyBaH-
HaM (Taom. 3).

Ouinka cTaTycy HOKHBHOTO PEKHMY
IPYHTY NPH BHUKOPHMCTAHHi JOLIyBaHHS Ta
NiAIPYHTOBOI0 KPANJIHHHOIO 3poieHHs. Pe-
3yJBTaTH TOCHTIKEHHS IPYHTOBHX MOKA3HHUKIB,
SIK1 XapaKTepU3yIOTh MIO)KUBHUH PEKUM IPYHTY
npeacTaBieHi B Tabnumi 4. Bmict miHepab-
HOTO a30Ty 3TiJHO YTpYMOBaHHIO IPYHTIB 3a
MM TOKa3HUKOM [23] cepenHiii Sk Ha BapiaH-
tax 3 [1IK3 rasony Ta Tyi, Tak i Ha IPUPOTHOMY
ra3oHi (koHTpomi) — 17,87 mr/kr, 17,68 Mr/kr Ta
17,19 mr/kr BinmoBigao. Ha BapiaHTi 3 BUKOpH-
CTaHHSM JIOIIyBaHHS IeH IMOKa3HWUK HaWTip-
i, BiH ckianae 11,96 Mr/kr i 3rimHo yrpyro-
BaHHIO PiBeHb 320€3MeUeHOCTI HI3bKUH.

Cran ¢ocharHoro pexxumy Ja00puil st
ra3oHy, [0 3pOIIY€EThCS MATPYHTOBE, 32 YIPy-
MyBaHHSM BiH BiJIHOCHTHCS O MiJBHUIIEHOTO,
HaOIMKYETHCSL IO BUCOKOTO 1 ckiagae 147,99
MT/KT IpyHTY. Ha BapiaHTi 3-I1i IIpyHTOBUM 3pO-
HICHHSM TYi CTyNeHb 3a0e3MeYeHOCTi pPyXo-
Mumu  popmamu (docdopy ayxe BHCOKA —
236,73 Mr/kr, mpu BUKOPUCTAHHI JONIYBaHHS
piBeHb pyxomoro ¢ocpopy — BHCOKIH, BiH
cknanae 182,06 mr/kr rpynty. Pesynbratu cBi-
JT4aTh M0 JOCTIKYBaHUN I'PYHT Ha KOHTPOJIb-
HOMY BapiaHTi Ma€ IiIBUIICHUH BMICT JJOCTYTI-
HOrO (pocdopy, Horo BMICT ckiamae 132,25
MI/KT IpyHTY (T2l 4).

Pienp 3abe3rneueHOCTi pyXOoMHMH (HOp-
MaMH KaJIit0 Ha KOHTpoi — migpuiinenui (111,46
Mmr/kr), Ha Bapiantax 3 [1K3 — myxe BUCOKHIL:
180,75 mr/kr Ha 3poinyBaHoMy Ta3oHi, 316,31
mr/kr nipu T1K3 mijg Ty, Ha BapiaHTi 3 J0IyBaH-
HsAM — BUcokwid (120,5 mr/kr) (tadi1. 4).
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Taonuus 4
BanbHa oniHka 1iarHOCTHYHNX MOKA3HUKIB MOKUBHOIO PEXKUMY IPYHTY
NPH 3aCTOCYBAaHHI Pi3HUX PeKMMIB 3pOLIEHHSs], MI/KI IPYHTY, map rpyary 0-25 cm [20]
Table 4
Scoring of diagnostic indicators of the soil nutrient regime under different irrigation regimes,
mg/kg of soil, soil layer 0-25 cm [20]

. . Bwmict
Bapiaut Buicr P20s Ban Buicr K20 Ban MiHepaJbHOT 0 ban
a3oTy

Tazon MIK3 147,99 0 180,75 0 17,87 2

Tyi TIK3 236,73 0 316,31 0 17,68 2

Jomysants 182,06 120,5 11,96 5

Kontpois

(mprpozuiii 132,25 2 111,46 2 17,19 2

ra3oH 0e3

TIOJIUBY )

Ouninka MiKpoeJleMeHTHOro cTaTycy [HKY, BUCOKHH BMICT CIIOJIYK KaJIilO TEPEIIKO-
IPYHTY mo BapiaHTax xociaimy. Mikpoeneme- JDKa€e HaJIXOKSHHIO OOpY Ta MapraHIo, TOMY
HTU SIK KOPaKTOpH (EPMEHTIB BiJirparoTh Bax- BEJIUKE 3HAYCHHS s 3a0€3MeueHHs] TOBHOIIH-
JIMBY POJIb, TOMY BMICT MIKPOEJIEMEHTIB Y TpYH- HOT'O MiKpOEJIEMEHTHOTO KUBJICHHSI POCIIUH Ma€e
TaxX TIOBHHEH OyTH TakuM, 00 IMMiJTpUMyBaTH 30a1aHCOBaHE MaKPOCIEMEHTHE KUBIICHHsI [22].
HOpMaJbHE (DYHKIIOHYBaHHS eKkococTemu. Ha- Bwuict pyxomux hopMm MiKpoeTIeMeHTIB 10 Bapi-
JIMIIKOBUIA BMICT B IPyHTI cmoiyk ¢ochopy aHTax JOCHIiay TpeACTaBIcHUN B TabmuIIi 5.
MIPUTHIYYE TIOTJMHAHHS POCIMHAMH Mili Ta

Tadauusga 5
MixkpoeneMeHTHHUI cTATyC IPYHTY [0 BapiaHTax AocJixy
Table 5
Micronutrient status of soil by experimental variants
BapianTt Co Cu Fe Mn Zn
[1K3 razony 0,53 0,19 1,30 7,05 0,87
K3 1yi 0,32 0,14 2,39 8,42 0,92
JouryBaHas 0,06 0,22 1,47 6,69 0,46
KonTpons (mpupoaauit
ra3oH 0e3 MMOJIUBY) 0,13 0,24 1,41 6,18 0,63

Orinky 3a0e3MeUeHOCTI IPYHTY PyXO- MIKpPOEJIEMEHTAMHU XapaKTePU3YEThCS SK:

mumu popmamu Mn, Cu, Co, Zn nposoauinu 3a —3a Mn — cepeHiii;

JIOTIOMOTO0 Tpajiallii 3a0e3ne4eHoCTi IPYHTIB —3a Cu — Jy)e HU3bKUIA;

pyxomMuMHu hopMaMH MiKpOEJIEMEHTIB, eKCTpa- —3a Co, Zn — Iy’Ke BUCOKHIA.

TrOBaHMX alleTaTHO-aMOHIHHUM Oy(depHuM po3- IIpu BHKOPHCTAHHI [ONIYBAHHS PE3yIib-
unnom (pH 4,8) [23]. [pyHT KOHTPOJILHOTO Ba- TaTH TaKi:

piaHTy 3a cTyneHeM 3a0e31e4eHOCTi MiKpoee- —32 Mn — HU3BKWHIA;

MEHTaMH XapaKTepU3YEThCS SIK:
—Iy’K€ BUCOKUH — 3a Zn;
—cepenHiii —3a Co;

—3a Co, CU — ny»e HU3bKUH;
—3a Zn — BUCOKHH.
Po3nozin pyxomoro kobansTy Mae Hepi-

—HH3BbKHHI — 32 Mn; BHOMIpHHMI XapakTep, BiH KOJIUBA€TbCA B Me-
—3a Cu — 1y>e HU3bKHUH. xax 0,06-0,53 mr/kr. Bmict x0o0anpTy moHan
Pesynbrarti BKa3yroTh, IO IPYHT HA Ba- 0,15 MI/KT TpYHTYy € JOCTaTHIM Il HOPMAJb-
piaHTax 3 MAIPYHTOBAM KpPAIEIbHUM 3POLIEH- HOT'O PO3BUTKY pociiH [22]. BmicT mizi Oiibin
HSM Ta30HY 1 Tyi 3a CTymeHeM 3a0e3MMeueHOCTi piBHOMIpHHH, BiH KonuBaeThes y Mexax 0,14—
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0,24, mpu IbOMY ONITUMATEHUM BMiCTOM 3a0€3-
MEYEHOCT] PyXOMOIO (POPMOIO LIBOTO EIIEMEHTY
BBakaeThea 0,5 Mr/kr i Bumie (10 3 MI/KT Ipy-
HTY). OnTUManbHUM BMiCTOM pYXOMHUX (opMm
MapTraHIlio BBAKAETHCS Mialla30H KOHIICHTPAIIii
10,0-100,0 mr/kr rpynty ans 3 pH > 6. Hesu-
cokuit BMicT Zn (< 1 Mr/kr) € goBoui s [22].
Pe3ynpraTn BU3HAUCHHS pyXOMUX (OPM IIHHKY
BiMOOpaKaloTh IO 30HATBHY OCOOJIHBICTD,
HOro BMICT TeX HIKYE ONTUMAIBHOTO, SIKiH
3HaXOAHUThCS B Mexkax 1,0-23,0 Mr/kr rpyHTy.
3amizo y KMBJICHHI POCIHH HE 3aBXKIU
PO3TIIAAIOTh SIK MIKpOEJIEMEHT, alie 3a abco-
JIOTHAM 3HAYCHHSM BMICTY LIbOTO E€JIEMEHTY,
KU BU3HAYAIOTh €KCTparyBaHHIM aMOHIIHO-
areTaTHAM OyQepHUM pO3YHHOM, HOTO Aope-
YHO BIJIHOCUTH caMe J0 MiKpoeleMeHTiB [22].
Bwmict pyxomux ¢opM 3ariza mo BapiaHTax J10-
cimimy 3HaxomuThes B Mexax 1,30-2,39, mio €
npuTaMaHHuM Ut IpyHTIB Jlicoctemy, ne BiH
nepedyBae B Mexax Big 1,00 mo 3,00 mr/kr.
EdextuBHUMEU arponpuiioMaMyd  ONTHUMI3aLii
MIiKpOEJIEMEHTHOTO CTaTycy TPYHTY € 3aCTOCY-
BaHHS KOMILICKCHUX MIKPOAOOPUB IPOJIOHTO-
BaHOI JIii, OCOONMBICTIO SKHUX € TIOCTYTIOBE BH-
BUTPHEHHSI €CCEHI[IAIbHUX MIKPOEIEMEHTIB B
IPYHTOBHI PO3YHH, a TAKOK BUKOPUCTAHHS Mi-
KpoJOOpHB y XenaTHid (Gopmi 3 MiJBUIICHUM

3aCBOEHHAM MIKPOEJIEMEHTIB pocauHamu [6].

3HavYeHHS AiarHOCTUYHHUX MOKA3HUKIB
KATiOHHO-aHIOHHOTO CKJaly BOJHOI BUTH-
JKKHM TPYHTY NIPH 3aCTOCYBAaHHIi Pi3HUX BHIIB
3pouienHsi. CTaH MIarHOCTHMYHUX ITOKA3HUKIB
KaTiOHHO-aHIOHHOTO CKJIaJAy BOJHOI BUTSKKH
IPYHTYy TpH 3acCTOCYBaHHI Pi3HMX BapiaHTiB
3poIIeHHs Ta iX OaNbHa OIiHKA MPEICTaBIeH] y
Tabauwi 6.

CrymneHb 3acofieHHs TPYHTY 3a BigHO-
menuaM Ca/Na mae 3HaueHHs Oinblie 3a 2,5 gk
JUTS 3pOITYBAIbHUX BapiaHTiB, Tak i IS TIPH-
poaHoro ra3ony 0e3 3pomenHs. CTaH IpyHTY 3a
I[iM TTOKa3HUKOM OIIIHIOEThCS K no0puit. [1pu
bOMY IIeH A1arHOCTUYHUHN MMOKAa3HUK JJEMOHCT-
PY€ BHCOKi 3Ha4YEHHS Ha KOHTPOJILHOMY Bapia-
HTi, Ha BapiaHTaX 3pOILIEHHS iICHY€ 3arpo3a 3a-
COJICHHS TPYHTY, 30KpeMa, BiJHOLICHHSIM
Ca/Na 3umkyersest 10 4,40 Tpu 3acTOCYBaHHI
JouryBaHas 10 3,60 mpu miArpyHTOBOMY Kpari-
JMHHOMY 3pOIICHHI Ta30HY.

BropuHHY CONOHIFOBATICTH IPYHTIB OIIi-
HIOBAJIU 3a BigcorkoBuM BMicToMm Na‘*+K* Bix
CYMHU TIOTJIMHYTHX JIy)KHHX KaTioHiB. 3a UM
ITOKa3HUKOM CTaH HEe3aJ0BUIHHUMA IS YCiX Ba-
piaHTIB 31 3pOMIEHHIM, UI KOHTPOJIBHOI JiJs-
HKH BijgcoTKoBHii B7MicT Na™+K* cknanae 4 % i
BIJIMTOBiIa€ 3a7J0BUThHOMY CTaHYy.

Tadanus 6.

CraH AiarHOCTUYHUX NMOKA3HMKIB KATIOHHO-AHIOHHOI'0 CKJIA/y BOJHOI BUTSKKH IPYHTY
NPH 32CTOCYBAHHI Pi3HUX BapiaHTIiB 3poLIeHHS

Table 6.

The state of diagnostic indicators of cationic and anionic composition of soil water extract
when applied under different irrigation options

H Boane Ca/Na Na +hC
Bapiant DF_BoAne E— % BiJ CyMU NOTJIMHYTHX KATIOHIB
Bax Baa
Baa
I'aszon 7,87 3,60 20,90
I1K3 2 0 10
T"a3oH Ty 8.01 8.00 18.46
Y 2 0 10
Pl BaHHS 8.05 4.80 14,63
o 2 0 10
KonTpons
(npuponHuii razoxn 1‘? ﬂ(,)@ Q,E())_O
0e3 nonusy)

TakuM YMHOM, CTaH JIarHOCTHYHHX I10-
Ka3HUKIB KaTiOHHO-aHIOHHOTO CKJIaAy BOJHOI
BUTSDKKU IPYHTY IIPH 3aCTOCYBaHHI Pi3HUX Ba-
piaHTiB 3pOIIeHHs MOTPe0y€e KOHTPOIIO SKOCTI
3pOLIYBaIBHUX BOJ JJIsl 3POLICHHS 32 arpOHO-
MIYHHMH 1 EKOJIOTIYHUMU KpHuTepismu [26, 27].
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BMicT BaxKkMX MeTaJiB Mo BapiaHTax
aociixy. Baxki Metany 3MiHIOIOTE LTy HU3KY
MOKa3HHKIB IPYHTY, 30KpeMa 3HIXKYI0Th pH, 1i-
JBUIYIOTh PYyXOMICTh OpPTraHiYHOI PEYOBWHH,
KaJbI[if0 MarHiro 3MEHIIYIOTh BMICT PyXOMHX
dopm dochopy, kamito, iuHKY i Mini. B rpyH-
Tax, 3a0pyIHEHUX BaKKHUMHU MeTanamu, y 2,0—
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2,7 pa3u 3MEHIIYEThCS BMICT pyxomoro oc-
dopy, y 1,4 pa3u pyxomoro kaiito, y 3,1 pasu —
PYXOMOT0 IIMHKY, 110 3,6 pa3iB — pyxoMoi Mifi.
Jo TpyHTIB, TEXHOTEHHO 3a0pyJHEHUX BaX-
KHMHU METaJlaMH, BiTHOCSATh IPYHTH, SIKi 3a Cy-
MapHUM ITOKa3HUKOM 3a0pyTHEHHS IPYHTY Ba-
JKKMMHU METajiaMu ZC BiMOBiAa0Th HeOe3mney-
Hill Ta HAQA3BUYAWHO HEOE3MEUHINM KaTeropisim.
CymapHHil OKa3HUK 3a0pyIHEHHS IPYHTY Ba-
KKUMH MeTanamMu Zc — cyma Koeilli€eHTiB

MIEpPEeBUILEHHS KOHIIEHTPAIliil METalliB Y TPYHTI
HaJ iX (D)OHOBUM BMICTOM — Jyiss HeOe3MeUHii
KaTeropii IpyHTIB 3HAXOAUTHCS B MEXKaxX MOHAJ
32—-128 BKIIIOYHO, /IS HAA3BUYANHO HEOE3meu-
HOI Kareropii — nmonan 128 [22].

3HavueHHs] KOoe]ilieHTIB KOHLEHTpAaIii
BaKKHX METAJIIB Ta CyMapHUH ITOKa3HUK 3a0py-
THEHHS Z¢ TI0 BapiaHTax MOCIiAy y mapi IPYHTY
0-30 cMm npencrasneni y Tabmui 7.

Taoauus 7
Exo0,10r0-TOKCHMKOJIOTIYHUI CTaH IPYHTY 1O BapiaHTax q0CJixy
Table 7
Ecological and toxicological state of the soil according to the experimental variants
. KoedinieHTH KOHIeHTpaLiil BaXKKHX MeTaAJiB Zc | baan
BapianT -
Cd Co Cr | Cu Fe Mn Ni Pb Zn

[IK3 rasony | 2,2 26 |17/ 05| 04 | 05| 02 | 34 | 23 |83] O
TIK3 Tyi 1,5 16 | 20| 04| 07 | 06 | 06 | 16 | 24 |52] O
JlouryBanns | 1,2 03 | 18] 06 | 05 | 04 | 03 | 15 | 12 |26| O
KOHTpOIIH 1,4 07 | 16|07 | 04 | 04| 04 | 12 | 17 |28] O

CymapHuil MOKa3HUK 3a0pyJHEHHS Z¢ 1O
BCIX BapiaHTax 3HaYHO HIKYE 3HaUeHHS 16, 1m0
CBITYHTBH TIPO BiACYTHICTH 3a0pyIHEHHS IPYHTY
BOXKHMHU METaJIaMHU.

IHgexc pu3MKy eKOJOriyHoro 3adpyn-
HeHHs (Rl) BH3HauaeThcs K cymMa TOTEHITiH-
HOT'O PHU3MKY Bii KO)KHOTO METajly B IPYHTI, 3
BpaxyBaHHJIM HOro KOHLEHTpALil 1 TOKCHYHO-
cti. s KOXKHOrO MeTany po3paxoBYETHCS
Horo TMOTeHUiNHMN pu3uK Ei, SKWH, Yy CBOIO
Yepry, 3aJIS)KUTh BiJl TOKCHYHOCTI Ta KOHIICHT-
parii MeTanxy B IpyHTi, a TAaKOX BiJi HOTo (hOHO-
BUX 3HAUYCHb, MOTIM PO3PaXOBYETHCS CyMapHHIA
iHgekc pusuky. [loTeHIiiHNI pU3HK po3paxo-
BYETBCS SIK IOOYTOK KoeillieHTa KOHIEHTpaIlii

BIJINIOBITHOTO BaKKOTO METaTy Ha Horo koedi-
[I€HT TOKCUYHOCTI, 2 CyMapHAN PU3WK BHU3HA-
YaBCs SIK CyMa IUX JTOOYTKIB.

Jns BHSBIECHHS TEHACHIII 3MIHM BCIH-
YUHH 1HAEKCY PU3HKY EKOJOTIYHOTO 3a0py-
HeHHs mopiBHAHO 3 2020 pokoM, Ha OCHOBI
OTPUMAaHMX PEe3yJIbTaTiB KOe(]ilieHTIB KOHIEH-
Tpamii Bakkux metaris 2020 ta 2023 p. (Tab.
7) po3paxoBaHO Koe(illi€eHTH MOTEHIIIIHOTO
PU3MKY JUIS KOXKHOTO eJieMeHTy (Taduuis 8).
J11st 1bOr0 BUKOPUCTOBYBAIUCH 3HAUCHHS KOE-
(iLieHTIB TOKCUYHOCTI BIJMOBIIHO /10 XaKaH-
cona [19] (Cd=30,Co=5Cr=2,Cu=5, Fe
=1,Mn=1,Ni=5Pb=52Zn=1).

Tabauus 8
Po3paxyHOK iH}IeKcy PU3UKRY €KO0JIOTIYHOr0 3aﬁpy}1HeHHﬂ BaKKHUMH MeETaJIaMHUu
Table 8
Calculation of the risk index of environmental pollution by heavy metals
Pik BapianT Cu Fe Mn Ni Co | Pb Cr Zn | Cd P(“F: r)K
2020 | TIK3 Tyi 0,45 | 2,07 | 13,95 0,7 01| 305|132| 068]| 3,6 25,92
2020 | IIK3 razony 12| 286 | 892 0,7[055|1145| 0,98 0,7 24 29,76
2020 | Kontpoib 13| 0,86 5,8 6,5]065|1305| 08| 017 ] 18 30,93
2023 | TIK3 1yi 2 0,7 0,6 3 8 8 4 24| 45 73,7
2023 | TIK3 razony 2,5 0,4 0,5 1] 13 17| 34 23| 66 106,1
2023 | KoHTtpoiib 3,5 0,4 0,4 2| 35 6| 32 17| 42 62,7
2023 | JlouryBaHHS 6 0,3 18 3| 25 2| 06 15| 36 53,7
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Puc. — JIlnnaMika moKa3HHUKA IHACKCY PU3UKY €KOJIOTIYHOTO 3a0pyIHEHHS
Fig. — Dynamics of the environmental pollution risk index

PesynbraTy cBi4aTh, 0 CyMapHUIi TIOKa-
3HHK EKOJIOTTYHOTO PH3UKY /IS BCIX BapiaHTIB
JIOCTI/DKEHHSI € HWKYMM 33 TPaHHYHE 3HAYCHHS
150 [19], sike BiAOBIIa€ HU3bKOMY PIBHIO €KOJIO-
TIYHOTO PU3HKY, AJle CIIOCTEPIracThesl IeBHA JTH-
HaMiKa 32 pOKaMH CIIOCTEPEKEHb (pucC. ).

Busnaueno, mo y 2020 pomi iHAEKC pu-
3uky (RI) muist BapiaHTa 3 MiArpyHTOBUM KparIHH-
HUM 3pOIIEHHSIM Tyi cTaHOBHUB 25,92, 1m0 CBif-
YHTH PO HU3BKUH PIBEHb EKOJIOTIYHOTO PH3HKY,
y 2023 pori RI 3pic no 73,7, mo Binobpaxae mo-
MITHE 3pOCTaHHS PU3UKY 1 MOXKe OYTH TIOB’I3aHO
3 HAKOITMYECHHSIM Ba)KKUX METaJIB y IPYHTI 4epe3
BHKOPHCTAaHHS [IbOTO BHIY 3POIICHHS MPOTSTOM
TpuBaioro nepiony. ¥ 2020 poui iHAEKC PU3UKY
I1K3 razony craHoBuB 29,76, 10 TaKOX BKa3ye
Ha HU3bKHH PiBEHb PU3HUKY, TIOIOHUI /10 pe3yiib-
TatiB i Tyi, mpote y 2023 poui Rl mns razony
3HayYHO 3pic 70 106,1, 1110 € CyTTEBUM ITiIBUIIICH-
HSIM 1 MOYKE CBIJJUUTH PO HAKOTIMYECHHS BaYKKUX
METaJiB y IPYHTI MiJl BIUIMBOM CIIENU(IKU 3p0-
mieHHst. Y 2020 poti iHISKC PU3MKY /11 KOHTPO-
JIbHOrO BapiaHta ctaHoBuB 30,93, 1m0 € nemio

BUIIIMM 3HAYECHHIM, HiXK y BapianTax 3 [IK3, ane
BCE 16 B MeXKaxX HU3BKOTo pH3uKy, y 2023 pori
RI Takox 3pic 10 62,7, 1110 BKa3ye Ha IIEBHE HAKO-
MIMYCHHS BAKKUX METANIB, X0ua I1eH PiBEHb 3aJTH-
HIAETHCS MPUMHATHUM 1 3HAUHO HWKYUM, HIK Y
BapianTi 3 [1K3 mis rasony. [lys BapianTta 3 jo-
nryBaHHsM y 2023 porli iHIeKC pU3HKY CTAHOBUB
53,7. Lle 3HaueHHS € TOMIPHHUM 1 HIDKYMM 32 TI0-
Ka3HUKH U KOHTPOJIFHOTO BapiaHTa Ta BapiaH-
TiB 3 11IK3 y 2023 poti, i MOXe CBITIUTH TIPO
MEHIINH BIUTMB Ha HAKOIIMYEHHS BAXKKHX MeTa-
JB TOPIBHSIHO 3 MiAIPYHTOBHM KpPaIUIMHHAM
3POIICHHSM.

¥ BapianTax 3 [1K3 (six st Tyi, Tak i aus
ra3oHy) BilOyIIOCH 3HAYHE 3POCTaHHS 1HIEKCY
pusuky Rl 3 2020 g0 2023 poky, 1110 BKa3ye Ha
MO’KJIMBE HAKOITMUECHHS 3a0pyJHIOBAYIB y TPYHTI
BHACITIJIOK TPUBAJIOTO 3aCTOCYBAHHS I[bOTO THITY
3pomieHHs. KOHTponbHMI BapiaHT Ta BapiaHT 3
JorryBanHsIM y 2023 potli IeMOHCTPYIOTh Bi/IHO-
CHO HWKXYMH PIBEHb €KOJIOTIYHOTO PU3HKY, IO
MOXe OyTH 00YMOBJICHO BiJICYTHICTIO IHTCHCHB-
HOTO 3pOIICHHS Ha IIUX BapiaHTax.

Bucnoexu

BcraHoBneHO, M0 MOKa3HUKK PIBHOBAX-
HOT HILTBHOCTI IPYHTY CTaOiIbHO CHPHUSITIIMBI SIK
NpH BUKOPUCTaHHI MiAIPYHTOBOI'O KpareibHOro
3pOIIEHHS], TaK i pH JomnTyBanHi. OIiHKa eKoJI0-
TIYHOT'O CTaHY TPYHTY 32 MiKpOO10JIOTiHHIMH TI0-
Ka3HUKaMH [10Ka3ajia, 10 Ha BapiaHTax 3 MAIpy-
HTOBUM KPAIUTMHHUM 3POIICHHSM Ta JIOIIyBaH-
HSIM TIPOIIECH CHHTE3y OpPTaHiYHOI pEUOBHHU T10-
CTYMalThes mpouecaMm i gectpykuii. HalOinbim
MOBUIBHIIII MpOLIECH NECTPYKLIi Ha BapiaHTax 3
ITK3 Tyi ta 3 norryBanssM. HaiiOuibin iHTeHCHB-
HOT TpaHcopMallil OpraHivHOT peYOBHHH 3a3HAE
IpyHT mij razonoM 3 [1K3, mo Bkasye Ha gedinut
B IPYHTI JOCTYITHUX I POCTIMH (OPM a30Ty.
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OriHKa cTaTyCy MOXHUBHOTO PEXUAMY IPY-
HTY IIPY BUKOPUCTaHHI JOLIyBaHHS Ta MiAIPYH-
TOBOT'0 KPAIJIMHHOTO 3POIICHHS BKa3ye, 110 a30T
TP 32CTOCYBaHHI I[UX arpONPHAOMIB € eleMeH-
TOM IIEPIIIOTO MiHIMYMY, CaMe HecTaua MiHepallb-
HOTO a30Ty MNOpYLIye HaBaxWBim ¢yHKOil i
PO3BUTOK pociuH. HeoOXiHUM € BHECEHHS a30T-
HUX J00PUB ITiJ1 ra30H Ha MPOT#3i BChOTO MEPioLy
Bererarii 3 MPOBEICHHIM CE30HHOT KOPEKLii 103
BHECEHHsI Biji OUIBII BHCOKHMX B NEpIIiH IMOJO-
BIHHI BereTallii 10 OuIbll HU3bKUX y apyrii. [Tin
Tyi HEOOX1THO BHECEHHSI HEBEJIMKUX JI03 A30THUX
JI0OpUB B BECHSAHHH NEPi0]l aKTUBHOT'O POCTY PO-
CIIUH.
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BuzHaueHHST MIKpPOETIEMEHTHOTO CTaTyCy
IPYHTY BKa3ye, [0 BMICT MiKpOEJIeMEHTiB 3HAXO-
JMTHCS B Jialla3oHi 3HAYEHb, XapaKTEepHUX s
rpyHTiB JlicocTenoBoi 30HH, SIKUM MpUTAMaHHUH
JedinuT MHKY Ta Mifi, A7 JTKBigaii sSIKoTo He-
00XiTHO 3acTOCYBaHHSI KOMIUIEKCHHX MiKpOJI00-
PHB TIPOJIOHTOBAHOI /i, @ TAKO)K BUKOPHCTAHHS
MIKpOIOOpHB y XenaTHii GopMi 3 MiABUIIEHIM
3aCBOEHHSIM MIKpPOEIIEMEHTIB POCITHHAMH.

CraH [larHOCTMYHUX IIOKA3HUKIB KaTi-
OHHO-aHIOHHOTO CKJIa/Ty BOJHOI BUTSDKKH IPYHTY
MPU 3aCTOCYBaHHI PI3HUX BapiaHTIB 3POIICHHS

roTpedye KOHTPOJIFO SIKOCTI BOJT TSI 3POIICHHS 32
arpOHOMIYHAMH 1 €KOJIOTTYHIUMH KPHTEPIIMH.

CymapHuii OKa3HHK 3a0pyHEHHS Zc 10
BCIX BapiaHTaX 3HAXOAWUThCA B Mexkax 2,6-8,8
(<16), mo cBiqUMTH TPO BIACYTHICTH 3a0py/I-
HCHHS IPYHTY BOKKUMH METaJIaMU.

CyMapHUii TIOKa3HUK EKOJIOTIYHOTO PH-
3WKy ISl BApIaHTIB 31 3POMICHHSIM € HIDKYNAM 32
rpannyHe 3Ha4eHHs (<150), 1m0 BianoBigae HA3b-
KOMY PIBHIO €KOJIOTTYHOTO PH3HKY, aJie CoCTepi-
raeThCs IEBHA AUHAMIKA HOTO T IBUIIICHHS 32 PO-
KaMH CIIOCTEPEKEHb.

Konghnixm inmepecie

ABTOpH 3asBISIOTH, IO KOHQIIIKTY 1HTEpECiB 100 MyOikamii 1boro pykonucy Hemae. Kpim
TOTO0, aBTOPH TOBHICTIO TIOTPUMYBABCSI €ETHYHAX HOPM, BKITFOUAIOYH IIJIariat, pambcudikariito JaHux Ta
NoJBiiiHY myOiKarito.
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ASSESSMENT OF THE ECOLOGICAL AND AMELIORATIVE CONDITION
OF THE SOIL AND POTENTIAL RISKS WHEN USING DIFFERENT TYPES
OF IRRIGATION OF DECORATIVE PLANTS

Purpose. Assessment of the ecological and reclamation state of the soil and the probable risks when using
different types of irrigation: traditional sprinkling and subsurface drip irrigation.

Methods. Field, laboratory analytical, Hakanson's method

Results. Diagnostic soil indicators characterizing soil degradation processes and the degree of their devel-
opment were analyzed in the experimental plots of lawn and thuja, using sprinkling and subsurface drip irrigation.
Regarding the state of the soil, it was determined: Both types of irrigation (drip and rain) have a positive effect on
soil density; organic matter in the soil decomposes faster than it is formed; the fastest degradation of organic matter
is observed under the lawn with drip irrigation, which indicates a lack of nitrogen available to plants; nitrogen is
the main limiting factor for plant growth with both types of irrigation. It is also determined that it is necessary to
regularly apply nitrogen fertilizers to the lawn, especially at the beginning of the growing season; small doses of
nitrogen fertilizers in the spring are sufficient for thuja; complex microfertilizers of prolonged action are required
to eliminate copper and zinc deficiencies. It is also necessary to monitor the quality of irrigation water to avoid
soil contamination. The level of soil contamination with heavy metals is low.

Conclusions. Both types of irrigation have both positive and negative sides. To obtain optimal results, it is
necessary to regularly conduct soil analysis and apply the necessary fertilizers. Particular attention should be paid
to the quality of irrigation water. There is a small risk of increasing environmental risk over time.

KEYWORDS: subsoil drip irrigation, sprinkling, soil, diagnostic indicator, microelement status, micro-
biological indicator, environmental risk index
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IAPAMETPHU TA EKOJIOTTYHI HACJIIIKU KATACTPO®IYHUX MOXKEXK B YKPAIHI:
MOJIEJIIOBAHHS, KIVIBKICHI OHIHKHA

Kiimariuni yMoBH Ta akTHBi3arist 00HOBUX Jiif Ha cxomi Ykpainu y 2024 p. (cepIieHb i BepeceHb) IPH3BEIH 10
TOPIHHS BENTMKHX 32 IUIOMICIO MACHBIB JIiCIB 1 TPaB’ IHUCTHX MOKPHUBIB, IO MOTPEOy€ OIIHII HACIIIKIB.

Metonu. CrcteMHUI aHami3, 6araTopakTOpHUIT aHAJI3, MATEMAaTHIHE MOJCIIOBAHHS.

Meta. OO4nCIEeHHS! OCHOBHUX ITAPAMETPIB MOXKEK B EKOCHCTEMaX YKpaiHH, [0 MaJIH MICIIE BITITKY-BOCEHH
2024 p., Ta OIiHKA iXHIX SKOJOTIYHMX HACIIKIB.

Pe3yabraTu. O04HCIICHO TONOBHI CHEPTETHYHI MTapaMeTPH JTiCOBHUX i TPaB'sSHUX MOXKEK, BUKINKAHIX JIiT-
HBOIO CIIEKOIO 1 BifichkOBUMH AisiMU B Ykpaiui B 2024 p. HanpukiHiii ceprHs — Ha o4aTKy BepecHs ropis dakTu-
YHO Bech cXifl Ykpainu. Beboro B Yipaini nomym’siM Oyio oxoruieHo 6iu3bko 43 tuc. ra. 3ropino 6mu3pko 500 Kt
nepeuHu Ta 350 kT TpaBu. Bukunum numy, caxi, OKCHIIB a30Ty B pa3u NepeBHILyBad (JOHOBI 3HAYEHHS Mac IUX
pedoBHH. [HXKeKIis MojliapoMaTHYHKUX BYIJICBOJHIB MepeBuilyBana (GoHOBI 3HaYeHHs y 570, MikpouacTiHOK PM
2.5 —y 14 pa3iB, NOTYXHICTh aKyCTUUHOT0 BHUITpOoMiHIOBaHHs — y 30 pasiB. Bukunu CO, SOx He niepeBHUIlyBaIu
JIEKITBKOX JTECATKIB BiICOTKIB. [I0MMPEHHIO MOXKEK Yy EKOCUCTEMaX, KPiM BIIICEKOBHX i, CIIPHsIIa BUCOKA TEM-
nepaTypa HOBITpPS, BiICYTHICTH JIOIIIB Ta BITEP.

BucnoBku. Po3paxyHku Ta MaTeMaTHYHE MOJIEJIIOBAHHS MOKa3aJlH, [0 HACIIIKM TOPIHHS JIICOBUX MacHBiB

1 TpaB’THUCTUX TOKPHUBIB B YKpaiHi B 2024 p. Oymu karacTpodigaumu. OOTpyHTOBAaHO, IO OLTBIIICTh TOXKEK BU-
KIIMKaHi BIHCPKOBUMH HisiIMH Ha TepuTopii YKpainu. ExonoriuHa cutyais CyTT€BO YCKIaIHUIACS i Ai€F0 THIIO-
BO1 Oypi, mo Hapxiiinura 3 Kaszaxcrany ta Cepennpoi A3ii. KopoTkowacHi Ta TpuBaili €KOIOTIYHI HACTIIKH TyXkKe
3HaYHI.

KJIFOUOBI CJIOBA: nicosa nooicedica, 2opinHs mpagu, ekocucmemd, eHepeemuduil napamemp, iHdicex-
Yis, NPOOYKM 20PIHHA, XIMIYHULL eleMeHM, eKONO2IUHT HACTIOKU

Ax nuryBatu: Yopaorop JI. @., Hekoc A. H., Tirenko I'. B., Yoprorop JI. JI. [TapameTpu Ta eKOIOTiYHI HACTIAKH
KaracTpo(iYHUX MMOXKEX B YKpaiHi: MOJIENIOBaHHS, KiJIbKICHI OWIHKU. JIloduna ma doexinnsa. [Ipobremu neoexono-
eii. 2024. Bun. 42. C. 83-94. DOI: https://doi.org/10.26565/1992-4224-2024-42-06

In cites: Chernogor, L. F., Nekos, A. N., Titenko, G. V., & Chornohor, L. L. (2024). Parameters and environmental
consequences of catastrophic fires in Ukraine: modeling, quantitative estimates. Man and Environment. Issues of
Neoecology, (42), 83-94. https://doi.org/10.26565/1992-4224-2024-42-06 (In Ukrainian)

Bcemyn
[loxexxam B exocucTeMax TpaauLiiHO LIMM TIOKEKOHEOe3MEeUHUI sl eKocucTeM. Y
npuainseTbes: Benuka ysara [1-22]. Koxnoro 2024 p. ui Micsani cTanu ocobiaMBo Hebe3mey-
POKY ceplieHb-BepeceHb B YKpaiHi € HalO1J1b Humu. st nporo Oyiio Aekiibka mpuduH. [1o-
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nepie, Jito 2024 p. cTano HaOUIBII CHIEKOT-
HUM 32 BCIO iICTOPIO CIIOCTEpEk)eHb. TyT CBOIO
POTb 3irpanu SK TIo0ajJbHE MOTEIDIHHS, TakK 1
BIUB sBuma Enp-Hineio. Temmeparypa mosi-
Tps B JCHHWH dac B Ykpaini csrama 35°C, a
MBHUAKICTH BITpY 35 km/Tox. Ilo-apyre, momiB y
CepIHi-BEepecH] MpakTH4HO He Oymo. PiBeHb
OMajiB HE MEPEeBHUILYBAB TPETHHU BiJl HOPMH.
®dopmMyBanucs 3HaYHI 32 MJIOLICI0 CYXOCTOI 3
TpaBH, YarapHukis tomo. [lo-Tpere, akTuBi3a-
1ist 00MOBUX 1M Ha cxomi YKpaiHu pu3Bena 10
0e3mepepBHOTO TOPIHHS BENMKUX 32 IUIOIICIO
MAacHBIB JICiB 1 TpaB’THUCTHX MOKPHBiB. 3a Ja-
HUMH CYIYTHHKOBHX CHOCTEpEXeHb (pecypc
FIRMS), ropiB ¢axtndHo Bechb cxif YKpaiHu

(puc. 1).

o@p'.

Ha xiHemp cepmHS — IOYaTOK BEpECHS
TIJTBKHM TUTOMIA JIICOBHUX MOXeX y JlOHempKil 1
XapkiBchKiit obmactax csrama 1520 ra. Tpasa
Ha miomi 100-500 m? ropina omgHowacHo B 90
3aiimanHsAX. Hampukman, gepes obcrpin Pych-
koi JIo30Boi 3aropinacs TpaBa Ha o 2 ra. B-
YETBEPTHX, TaCIHHS HMOXKEXK JyKe YCKIIaTHEHO
abo Oyi0 HEMOXKIIUBUM B pe3ysbTaTi 00HoBUX
Oil 1 ixHiX HachigkiB (MiHyBaHb, IMiJpHBiB
tomio). 3a nanumu JJCHC 3a 8 micsmis 2024 p.
3adikcoBaHo 38 THC. MOXKEXK y ekocucteMax. Lle
BJIBiYi OLTBIIIE, HiXk 32 TOM e yac y 2023 p. bes-
MpeLeIeHTHUME OyH 3HAUYCHHS 1HACKCY TOXKe-
JKHOT HeOe3nekH, skuit caras 50000.

[pukras TopiHHESA JiCIB Y BIIITKY — BOCEHHU B
2924 p. B YKpaiHi okasaHi Ha puc. 2.

Puc. 1. — Jlicosi noxxexi B XapkiBchkiid o0macti 9 BepecHst (;miBopy4) Ta 15 Bepecus 2024 p (mpaBopyu).
YepBOHUM KOJIHOPOM MMOKa3aHO ocepeaku moxkesxk [http:/surl.li/ecuxra]

Fig. 1. — Forest fires in Kharkiv region on September 9(left) and September 15, 2024 (right).
Fires are shown in red [http://surl.li/ecuxra]

Puc. 2. — Topinns miciB B YkpaiHi B cepnni — BepecHi 2024 p. [http://surl.li/gatchz]

Fig. 2. — Forest fires in Ukraine in August — September 2024 [http://surl.li/gatchz]



ISSN 1992-4224 Jlropuna ta nokiwis. [Ipobnemu neoekonorii. 2024. Bumyck 42

Mera poOoTH — OOYHMCIICHHS OCHOBHHX
napaMeTpiB MOXKEXK B EKOCHCTeMaxX YKpaiHw,

10 MaJIA MicIle BIiTKy-BoceHu 2024 p., Ta orii-
HKA IXHIX €KOJIOTTYHUX HACIIIKIB.

Mamepianu ma 3acoou

JIs KIIbKICHUX OILIIHOK EKOJIOTIYHUX Ha-
CIIAKIB IHTEHCUBHHX IOXEXK B €KOCHCTEMAaxX
YkpaiHu BUKOPHCTOBYBAIACS METOONOTIS, pO-
3pobOieHa aBropamu [4 — 6]. Oxpemi 1udpoBi
JlaHi Ipo NOXKEeXi Ta IXHi CBITIIMHY 3aM103U4yBa-
mcd 3 cucteMH Internet.

Sk 1 B momepeaHix Hammx poboTax, ro-
JIOBHUM ITapaMeTpaMH €KOCHCTEM, ITI0 TTOCTpa-
JKIAIU B TOXKEXK, OyZIeMO BBaXKATH ILIONLY S,

MIPOHIeHy BOTHEM, Macy 3rOpiJIX MarepiajiB
m, IATOMY Macy TOPIOYHMX MarepiaiiB L, MH-
TOMY €HEpril0 TOpiHHS ¢, Yac BUTOpaHHA T,
LIBUJIKICTh TIepeMillieHHs1 (PPOHTY TOpiHHA (32
BiJICYTHOCTI BiTpy) v [4 — 6]. IIpu ropiHHi Jico-
BHMX MAcCHBIB y cepennboMy = 10 kr/m%, g = 20
MJx, Tt =2.5-10° ¢, v= 3 m/c. ITig yac ropinHs
tpasu p = 1 kr/M?, g = 20 M]JIx/kr, © = 200 c,
v=15 cm/c [4-6].

Pe3ynomamu oduucieny enepzemuinux napamempie 20pinH

Topinns nicy. TopiHHS BETMKUX JTICOBUX
MacHUBiB Ha CXOAl YKpaiHU crocTepiraiocs Ha
Mexi ceprHs-BepecHs 2024 p. Iloxexa BUHH-
kna Ha JloneuunHi. [opis Hamionansamii mpu-
pomawmii mapk "Ceari ropu”. [loTiM moxkexa me-
pekuHynacs Ha XapKiBCbKy oOmacth. Borons
MpoHmIoB onty Oinst 5 trc. ra. [loxexa mpo-
JIOBXKyBanacsi Onmm3pko 5 mi0 (BmpomoBk At =
5-10° ¢). 3a ganumu JJCHC Tinbku 3a mepmimii
TWKJCHb BEpecHs1 Ha XapKiBIIUHI BHSBICHO
498 3aropsib, y 23 BUMaIKax TOPLUIH JIiCH, B 1H-
IMX — Tpaea. 3a 1ed yac B YKpaiHi BUPYBajo
oinmpire 30 THC. TOXKEX B €KOCHCTEMAX.

TopiHHS BEMTUKUX MACHBIB JIICOBUX MacH-
BiB CYIIPOBOKYEThCS BUUICHHAM Teria (eHe-
prii ropiHHs £ TOTYXHICTIO P), TeHepalli€lo Te-
TUIOBOTO BUITPOMIHIOBAHHS 3 TYCTHHOIO IIOTOKY
17, motyxHicTio Pr Ta eHeprieto Er, a Takox
aKyCTHYHOI'O BHIIPOMIHIOBAaHHA 3 TyCTHHOIO
notoky I1,, moryxHictio P, Ta eHepriero E,.

st eHeprii Ta NOTY>XKHOCTI TOPiHHS Ma-
€MO HACTYIIHI CITiBBiIHOIICHHS [4 — 6]:

E =mg=pSq, P =qdm/dt = Sqdp/dt

(1)
ne dm/dt Ta du/dt — yacoBi oXiHi BiJ MacH Ta
IMUTOMOI MacH MPOIYKTiB TOPIHHSL.

JI7is TYCTUHH TIOTOKY TEIJIOBOTO BHITPO-
MiHIOBaHHS 3a Temneparypu ropinas 7' = 1000
K maemo

Iy = oT* = 56.76 kBT/M?,
ne 6 = 5.67-10°® Br-m 2K* — crana Credana—
Bonsumana. Tyt Bpaxosano, mo I* >> To*, ne
7o = 300 K. Toni

P =T1,S, E, =P.At. 2)
I[J'IH aKyCTUYHOI'O BI/IHPOMiHIOBaHHSI
Pa:nap’ Ea:naE’ (3)

ne M. = 3-107 — koedinieHT nepeTBOPEHHs Te-
IIOBOT €HEprii B aKyCTHYHY CHEPT1IO0.

Pesynbrartu migpaxyHKiB OCHOBHHX CHE-
PreTHYHHX apamMeTpiB TOPiHHS JTICOBUX €KOCH-
cteMm 3a criBBigHomenasaM (1)—(3) HaBeneHo y
Tabm. 1.

Taonauuns 1
OCHOBHi eHepreTH4Hi NapamMeTpH JicOBUX NMOkKeXK (XapaKkTepHMii yac BuropssHust — 2500 c)
Table 1
Main energy parameters of forest fires (typical burnout time is 2500 s)

[Troma noxkexi, ra 100 200 300 500 1000 1500 2000 5000
Maca 3ropisiux Marepiais, KT 10 20 30 50 100 150 200 500
Ewnepris ropinss, [1J1x 0,2 0,4 0,6 1 2 3 4 10
[oryxHicTs ropinus, I'Bt 80 160 240 400 800 1200 1600 4000
Enepris Tennosoro 28,5 57 855 | 142,5 | 285 428 570 | 1425
BUIIpoMiHIOBaHHs, I1Jxk
Totysxcaicts, Temosoro 57 114 171 285 570 855 | 1140 | 2850
BUIIPOMiHIOBaHHS, [ BT
EHepl‘lH. aKyCTHYHOTO 0.6 12 1.8 3 6 9 12 30
BUIIPOMiHIOBaHHS, TJDx
ToryxHicTs akycTuHOro 024 | 048 | 0,72 1,2 2,4 3,6 4.8 12
BUIIPOMIHIOBaHHs, [ BT

~ 85~
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3 Tabn. 1 Mo)XHA BU3ZHAYUTH, 1110 31 301J1b-
IICHHSM IUIONI JiicoBoro MacuBy Bing 100 mo
5000 ra maca 3ropinoi nepeBHHA 301IBITYETHCS
Bix 10 mo 500 xT. Ilpn npoMy eHeprist Ta cepe-
JIHSI TIOTY>KHICTD TOPiHHS 3pOCTald BiAMOBIIHO
Bix 0,1 mo 5 I1/Ix i Big 40 mo 2000 'Bt. Enepris
Ta MOTYXHICTh TEIUIOBOTO BUIPOMIHIOBAHHS
301IbIIY€E€THCS BiANOBIAHO Bix 6,8 mo 204 I1/x
1 Bix 13,6 no 680 I'Bt. 3HauHnMU € BEIHYUHHA
aKyCTHYHOI €Heprii Ta MOTYy>KHOCTI, SIKI cATanm
BiamoBigHO 3HaueHb Big 60 qo 3000 T/Ix 1 Bix
120 1o 6000 MBT.

Jam mopiBHAEMO, MK cO00I0 TYCTHHHU
noToKy eHeprii ropians IT = pug = 80 kB1/m?, Te-
IUIOBOTO BUIIPOMiHIOBaHHs 56,7 KBT/M? 1 akyc-
THYHOro BunpominioBanus 0,24 kBr/m2. Jlo-

JIaMo, 10 TYCTHHA TIOTOKY COHSIYHOTO BUIIPOMi-
HIOBaHHS Ha TIOBEPXHI 3eMJIi HA IHPOTaX YKpa-
HM ckanae 6musbko 0,6 KBT/M2. Lle o3Hauae, -
COBI MTOXKEXKI CYTTEBO BIUTMBAIOTH HA EKOCHCTEMH.

Topinnsa mpaeu. 3a 8 micsuis 2024 p. B
VYkpaini 3ropisio Oinbiie 35 Trc. ra TpaBu. 3BU-
YaifHO, MUTOMA €HEePTis TOPIHHS MPUOIU3HO y 5
pa3iB MEHIIE AJis TPaBW, HIXK JIs JCPCBUHHU.
KpiMm TOro, muroma maca TpaBU Ha TOPSAOK
MEHIIIE TUTOMOT MacH JIEPEBUHHU. AJle uepes3 Be-
JIUKI TUTOII TpaBH, MPOUIEHOI BOTHEM, BILINB
TOPiHHS TPaBH Ha EKOCUCTEMHU € CYTTEBHM.

Pesynbrati po3paxyHKiB OCHOBHUX CHE-
PreTUYHHX TTapaMeTpPiB TOPIHHS TPaBH B YKpa-
iHi B 2024 p. 3a CIHiBBIIHOMICHHIM, MOAIOHUM
10 (1)—(3), naBeaeno y taom. 2.

Taonuns 2
OcCHOBHi eHepreTH4Hi NapaMeTpu TPaB’IHUX MOMKEXK
(xapakTepHuii yac Buropsinas — 200 c)
Table 2
Main energy parameters of grass fires
(typical burnout time is 200 s)
IToria moxesxi, ra 0,1 0,2 0,3 0,5 1 2 3 5 10
Maca 3ropijinx Marepiaiis, T 1 2 3 5 10 20 30 50 100
Enepris ropinns, TJx 0,02 0,04 0,06 0,1 0,2 0,4 0,6 1 2
IoryxHicTs Topinus, Bt 0,1 0,2 0,3 0,5 1 2 3 5 10
Enepris Temuiosoro 46 | 92 | 138 | 23 46 92 | 138 | 230 | 460
BUIIPOMIHIOBaHHs, [Tk
ToTyHICT5 TennoBoro 23 46 69 | 115 | 230 | 460 | 690 | 1150 | 2300
BUIIPOMIHIOBaHHs, MBT
Enepris akycridroro 006 | 02 | 018 | 03 | 06 | 12 | 18 3 6
BUIIPOMIHIOBaHHs, [Tk
HOTyncglch aKyCTHUYHOTO 0.3 0.6 0.9 15 3 6 9 15 30
BUIIPOMIHIOBaHHs, MBT

I3 Tab. 2. BUAHO, 110 32 CYMapHOI IJIOMII
OJTHOYACHUX TpaB’sIHUX NOxexk ~10 ra mis ro-
pPiHHA TpaBH Ha eKOcHUCTeMH Oylla 3HAYHOIO.
[Ipu npomy, 3a cro ai6 (~107 ¢) B armocdepy 10
imkektoBaHo 2 T/Ix Temnua 3a cepenHbOi MOTy-
xHocTi 10 I'BT, TermnoBoro BUNpOMiHIOBaHHS 3
enepriero 460 ['J[x moTyxHicTIO OMU3BKO 2,3

I'Bt Ta aKyCcTHYHOTO BHIPOMIHIOBAaHHS 3 €HEp-
riero 6 I['/Ix 3a motykHOCTI 30 MBT.

Bceporo 3a 8 micamiB 2024 p. TpaB’sHi 11o-
Kexi nmpovnum mronty 35 tuc. ra. [lpu npomy
sropisio 350 KT pociamHHOCTI, Buaimmiocs 6,4
I Ix teruia Ta 19,2 T/Ix akycTruuHOi eHeprii.

Pe3zynomamu o6uucnens inyiceKmosanux ¢ ammocgepy npooykmie 2opinHs

Topinns nicy. Pesynasrati o0uuciieHb 1H-
JKEKTOBaHHUX B aTMOC(epy OCHOBHHUX ITPOIYKTiB
TOpiHHS HaBeJeHO y Ta0u. 3. J1o OCHOBHUX Ipo-
JIYKTIB TOPIHHS BIJJTHECEHO JHM, BYTJICKHUCITHIA
ra3, YaJIHUH ra3, caxy, ByIJIeBOIHI, OKCHIH CY-
nb(ary, OKCHIIU a30Ty, & TAKOXK MiKpOYaCTHHKH
po3Mipom MeHIe 2,5 mikpoHa (PM 2.,5) i momi-
apomarnyHi ByrieBonHi (ITAB).

I3 Tabmn. 3 MmoxxHA OaunTH, IO TIPH 3POC-
TaHHI 1o JicoBoi noxexxi Bix ~ 100 mo 5000

~ 86 ~

ra maca qumy 3pocrae Bix 0,4 mo 20 kT, maca
CO;, —Big 22,6 1o 1130 k1, maca CO — Big 1 go
50 k1, maca C — Big 30 T 10 1,5 kT, Maca ByIIe-
BonHiB — Big 0,4 mo 20 KT, Maca OKCUIIB CYib-
¢ary — Big 10 go 500 T, Mmaca oKcuAiB a30Ty —
Bix 30 10 1500 1, Maca MikpodacTuHOK — Biz 0,1
1o 5 xr1maca [TAB —Big 0,2 1o 10 T.

TakuM YHHOM, BUKUIM TPOIYKTIB TO-
PIHHS JTICOBUX MacHBiB OyiH Ty’kKe 3HATHIMH.
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Tabanus 3
Maca iHkeKTOBaHUX B aTMOc(epy NPOAYKTIB ropiHHS JicOBHX MacUBiB
Table 3
Mass of forest combustion products injected into the atmosphere

ITnoma moskexi, ra 100 200 300 500 1000 1500 2000 5000
Maca aumy, KT 0,4 0,8 1,2 2 4 6 8 20
Maca CO; , kT 22,6 45,2 67,8 113 226 339 452 1130
Maca CO, kt 1 2 3 5 10 15 20 50
Maca C, kT 30 60 90 150 300 450 600 1500
Maca BYIJICBO/IHIB,KT 0,4 0,8 1,2 2 4 6 8 20
Maca SOx, T 10 20 30 50 100 150 200 500
Maca NOx, T 30 60 90 150 300 450 600 1500
Maca MiKpO9acTHHOK
PM 2.5, Kkt 0,1 0,2 0,3 0,5 1 1,5 2 5
MacaIIAB, T 0,2 0,4 0,6 1 2 3 4 10

Topinnsa mpasu. Pesynbraty OLIHKHA Mac
1H)KEKTOBAaHHUX B aTMOCQepy MPOAYKTiB TOPIHHS
TpaB’sTHUX MAaCHBiB HaBeJCHO y Ta0m. 4.

I3 miel Tabnuili BUAHO, MO B pe3yabTaTi
OJTHOYACHOTO TOPiHHS TpaBW Ha ot Big 0,3
1o 10 ra Bukuau qumy csiraroth Big 0,04 10 4 T,

CO; —B1x 2,26 10 226 T, CO — Bix 0,1 1o 10 T,
C —Bin 3 mo 300 kr, BynieBonHiB — Big 0,04 1o
4 1, SO4 — Bix 1 1o 100 kr, NOx— Bix 3 g0 300
KT, MikpodactuHOK — Bif 10 mo 1000 xr i [TAB
—Bi7 0,02 10 2 K.

Taonunsa 4
Maca iHxkeKTOBaHUX B aTMOC(epy NPOAYKTIB rOpiHHA TPaB’AHUCTUX OKPHUBIB
Table 4
Mass of grassland combustion products injected into the atmosphere

IInoma moxexi, ra 0,1 0,2 0,3 0,5 1 2 3 5 10
Maca aumy, T 0,04 0,08 0,12 0,2 0,4 0,8 0,12 2 4
Maca COz, T 2,26 | 4,52 6,78 11,3 22,6 | 45,2 67,8 113 226
Maca CO, T 0,1 0,2 0,3 0,5 1 2 3 5 10
Maca C, xr 3 6 9 15 30 60 90 150 300
Maca BYIIeBOJHIB, T 0,04 0,08 0,12 0,2 0,4 0,8 0,12 2 4
Maca SOy, KT 1 2 3 5 10 20 30 50 100
Maca NOy, Kkr 3 6 9 15 30 60 90 150 300
Maca MIKposaCTHHOK 10 | 20 | 30 | 50 | 100 | 200 | 300 | 500 | 1000
PM 2.5, xr
Maca ITAB, kr 0,02 0,04 0,06 0,1 0,2 0,4 0,6 1 2

3a cymapnoi mwiomi S = 35000 ra i Mmacu
sropiioi TpaBu 350 KT Maju MiCIle HACTYIIHI
MacH BHUKHIIB: IuMy — 14 KT, BYIJIEKHCIIOTO
ra3y — 791 kt, yagnoro rasy — 35 kT, caxi — 1,05
KT, ByDJIEBOJIHIB — 14 KT, OKCHIB Cynbdary —

0,35 xt, okcuaiB azoty — 1,05 KT, Mikpo4acTH-
HOK —3,5krTallAB-7 T

i mani cBigUaTh, 10 BUKUIU IPOMYKTIB
TOpiHHS TpaB’STHUCTUX MOKPHBIB 32 MHUHYMI 8
MicsiB 2024 p. Oynu 3HAYHUMH.

Pe3ynomamu oduucaeny iH)iceKmosanux 6 ammochepy XimivHux einemenmis

ITix yac MoXkKeXK y MPUPOTHUX EKOCHCTE-
Max MalOTh MiCIle BUKHUIM, IIEPIII 3a BCE, HACTY-
nHuXx xiMiyaux eixementis: N, K, Ca, Fe, Zn, Cr,
i Br. Jlemo MeHIn BUKHMIM TaKWX €IEMEHTIB:
Mn, Pb, Sr, Se Ta in.

Topinnus nicy. Pesynsratm 0o04MCIICHB
(Tabn. 5). BU3HAYaKOTh, MO0 HAWOLIBITY Macy
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MAaloTh BUKUIM a30Ty. [Ipu 30UIbIIEHH IO
Jicy, npoiinaeHoi Boraem, Big 100 mo 5000 ra
maca N 3pocrae Bix 0,5 10 25 xt. B T0i1 %€ uac
maca K — numre Big 7 mo 350 kxr, maca Ca — Bif
6 1o 300 kr, maca Fe — Bix 2 10 50 k1, maca Zn
—8ix 0,5 mo 25 kr, maca Cr — Big 0,4 1o 20 kri
maca Br ta Mn — Big 0,15 10 7,5 k.
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Taoauusa 5
Maca iH:KeKTOBaHUX XiMiYHHX eJIeMEeHTIB IPH JiCOBHX MOMkKeKAX
Table S
Mass of injected chemical elements in forest fires

[Troma noxexi, ra 100 200 300 500 1000 1500 2000 5000
Maca N, k1 0,5 1 1,5 2,5 5 7,5 10 25
Maca K, xr 7 14 21 35 70 105 140 150
Maca Ca, xr 6 12 18 30 60 90 120 300
Maca Fe, xr 2 4 6 10 20 30 40 50
Maca Zn, xr 0,5 1 1,5 2,5 5 7,5 10 25
Maca Cr, xr 0,4 0,8 1,2 2 4 6 8 20
Maca Br, xr 0,15 0,30 0,45 0,75 1,5 2,25 3 75
Maca Mn, kxr 0,15 0,30 0,45 0,75 1,5 2,25 3 75
Maca Pb, kr 0,06 0,12 0,18 0,30 0,60 0,90 1,2 3
Maca Rb, kxr 0,04 0,08 0,12 0,20 0,40 0,60 0,80 2
Maca Sr, kr 0,03 0,06 0,09 0,15 0,30 0,45 0,60 1,5
Maca Se, xr 0,03 0,06 0,09 0,15 0,30 0,45 0,60 1,5

Topinna mpasu. OO4UWCIEeHI 3HAYCHHS
Mac XiMIYHHX €IeMEeHTIB HaBeJeHOo y Tao. 6. [3
Taba. 6 BU3HAYCHO, 110 TPH 30UTBIIECHHI MJIOII]

Cr — 0,04 no 4 mr, a maca Br ta Mn — Bix 0,005
1o 1,5 mr. Maca BUKHIB 1HIIKX €IEMEHTIB € 1€
MEHIIIOO.

ofgHouacHoro ropinHs Tpaeu Big 0,1 mo 10 ra
Mmaca BukuaiB N 3pocrae Big 50 mo 5000 r. Bu-
KUIA BCIX IHIIMX €JIEMEHTIB € 3HAa4HO MEH-
mumu. Maca K sminroersces aunie Big 0,7 1o 70
mr, maca Ca — Big 0,6 no 60 mr, maca Fe — Bifg
0,2 mo 20 mr, maca Zn — Bix 0,05 1o 5 mr, maca

3a mromi B 35000 ra cymapHi BUKWAH
Oynu mocuTh 3HaYHUMHU, a came N — 17,5 k1, K
— 245 xr, Ca— 210 k1, Fe — 70 k1, Zn — 1,75 kT,
Cr — 1,4 xr, Br Ta Mn — 0,5 xr. Maca iHKeKTo-
BaHUX B arMOC(epy iHIINX XiMiYHIX €JIeMEHTIB
ITIOMITHO MEHIIIC.

Taoauus 6
Maca iHkeKTOBaHUX XIMiYHHX eJIeMEHTIB IPH TPAB’SIHUX MOMKEHKAX
Table 6
Mass of injected chemical elements during grass fires

IInoma moxexi, ra 0,1 0,2 0,3 0,5 1 2 3 5 10
10Maca N, kr 50 100 150 250 500 1000 1500 2000 5000
Maca K, mr 0,7 1,4 2,1 3,5 7 14 21 35 70
Maca Ca, Mr 0,6 1,2 1,8 3 6 12 18 30 60
Maca Fe, Mr 0,2 0,4 0,6 1 2 4 6 10 20
Maca Zn, Mmr 0,05 0,10 0,15 0,25 0,5 1 1,5 2,5 5
Maca Cr, Mr 0,04 0,08 0,12 0,20 0,40 0,80 1,2 2 4
Maca Br, Mr 0,015 | 0,030 | 0,045 | 0,075 0,15 0,30 0,45 0,75 1,5
Maca Mn, mr 0,015 | 0,030 | 0,045 | 0,075 0,15 0,30 0,45 0,75 1,5
Maca Pb, mr 0,006 | 0,012 | 0,018 | 0,030 0,06 0,12 0,18 0,30 0,60
Maca Rb, Mr 0,004 | 0,008 | 0,012 | 0,020 0,04 0,08 0,12 0,20 0,40
Maca Sr, Mr 0,003 | 0,006 | 0,009 | 0,015 0,03 0,06 0,09 0,15 0,30
Maca Se, Mr 0,003 | 0,006 | 0,009 | 0,015 0,03 0,06 0,09 0,15 0,30

0o62060pennsa. Exonoziuni nacnioku

Enepeemuxa npoyecis. Exonoeiuni nac-
nioku. T1i yac TOpiHHS JiCiB 1 TpaB BUALISIIOCS
npubmausHo 16 [1/[x Temna. /s nopiBHSHHS —
BCE HACEJICHHS YKpaiHU CIIOXKHUBAE 3a 100y OJ1u-
3pK0 16 [T/ ycix BuaiB eneprii. ['ycTuna mo-
TOKY TEIUIOBOTO BHITPOMIHIOBAHHS IIif] Yac ro-
PIHHA JICOBUX MacHBiB i TpaB’SHUCTUX MTOKPH-
BiB OyI10 BifnoBigHO ~57 Ta ~23 kB1/M2. Takoro

3HAUEHHS JIOCTATHHO JIJIsI TIOMIMPEHHS (GPOHTY
TOpiHHS HaBiTh 3a BijcyTHOCTI BiTpy. Hass-
HICTH BITPY 3HAYHO NPHUILBUALTYBaIA PyX Gpo-
HTY TOPiHHA.

CymapHa eHeprisi akyCTHYHOTO BHITPOMI-
HIOBAaHHS BHACIIZIOK MOXEX HaOKauacs 0
40 TIx 3a hoHOBOTO 3HAUEHHS L€l eHeprii Ha
teputopii Ykpainun 35 T/[x. Lle o3zmagae, mo

~ 88 ~
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EHEprisi aKyCTUYHOTO BHIIPOMIHIOBAHHS Tiepe-
BUNIWIA (OHOBI 3HAYCHHS NPUOIU3HO Ha
140%. IloTyXHiCTh aKyCTUYHOTO BHIIPOMIiHIO-
BaHHS y 30 pa3iB mepeBuiyBaja (OHOBE 3Ha-
4yeHHs. BaxxnuBo, mo Oinbla yacTHHA eHeprii
aKyCTUYHOTO BUIIPOMIHIOBaHHS MpHHLLIACS Ha
iH(hpa3ByKOBHI1 Aiama3oH. KonuBaHHS BOTO Mi-
ama3oHy ByXaMH JIIOJMHU HE CHPUIMAIOTHCA,
aJjie HEraTWBHO BIUIMBAIOTh Ha il CaMOIOYyTTS
JIIOJIVHH, 11 HEPBOBY CHCTEMY, BUKJIIMKAIOUU HE-
oOTpyHTOBaHE BIAYYTTA TPHUBOTH, IIaHIKH,
CTpaxy TOIIO.

Buxuou npooykmie eopinua. Exonoziumi
Hacnioku. Pe3ynpraTti OpIBHSIHHS TOJIOBHHX Ta-
paMeTpiB TOpiHHS JICOBUX MAacHBiB 1 TpaB’sTHHC-
THX TIOKPHUBIB, 10 IPU3BOIATH /IO 3HAYHUX EKO-
JIOTIYHUX HACHIKIB, 3 ((OHOBHM 3HAYEHHSM IINX
napamMeTpiB HaBeIEHO y Taol. 7.

I3 Tabin. 7 BUIHO, IO BUKUAM UMY TIEpe-
BTN (DOHOBI 3HAYEHHS Maiike BIIECTEpO,
BUKHIA Ca)Ki — OLIBII HIXK BYETBEPO, BHUKUAN

OKCHJIIB a30Ty — Maiixke B 1,5 pa3u, BUIPOMiHFO-
BaHHsI aKyCTHYHOI eHeprii — maitxke B 1,4 pasu.

BinHocHe 301bILIEHHS BUKUIB YaJHOTO
ra3y, BYIJIEBOIIB, OKCUJIIB, CyIb(ary CKIanajio
JecCsITKH BiAcoTkiB. HaiOimpmmm Oyno 3poc-
TaHHS MacH MiKpo4acTHHOK PM 2.5 (mpubnu-
3H0 y 14 pa3ziB) i ocobmuBo macu [IAB (y 570
pasiB). [yxe He3HaYHUMU OyNU BUKHIU ByIJIe-
kucioro razy (onmsbko 0,03%).

3 eKoJIOTIYHOI Ta MEAMYHOI TOYOK 30pY
HaWOUTBII HEOE3NEeUHUMH Oyl BUKUOHN UMY
Ta Caxi, M0 MICTHIN MikpodacTUHKU PM 2,5,
ta Bukuau [TAB. BaxnmBo, mo MikpodacTu-
HKH, 1[0 YTBOPWIIKCS IIiJ] Yac TIOXKEXK, IMiTHIMA-
IOThCS 3 IOTOKaMU HArpiTOro MOBITPs Bropy Ha
COTHI METpIiB, MEPEMIIIlye€ThCSI BITPOM Ha Bifc-
TaHi BiJl COTEHB JI0 TUCSIY KUTOMETPIB 1 ICHYIOTh
B arMocdepi BIOPOMOBXK IEKITBKOX MiCSIIiB.
3MEHIICHHSI KOHIICHTpAIlil MIKPOYaCTHHOK BiJI-
OyBa€eThCs 3a paxyHOK OMAJiB, SIKUX TaK HE BH-
cTayaio B ceprHi — BepecHi 2024 p.

Taoauusa 7

IMapaMeTpu eKoJIOTIYHUX HACJHIAKIB rOPiHHSA JicOBUX MAaCHUBIB i
TpPaB’SIHUCTUX NOKPUBIB B YKpaiHi B 2024 p.

Table 7

Parameters of environmental consequences of forest and
grassland burning in Ukraine in 2024

doHOBe 3HAYECHHS Buxuau npu Buxuau npu BignocHe 30111b-
IMapameTp N Lo L
HaJ YKpaiHOIO TOPiHHI JIicy TOpiHHI TpaBU meHds, %

Maca aumy, KT 6 20 14 567
Maca CO,, Mt 2760 0,113 0,79 0,03
Maca CO, kr 600 50 35 14,2
Maca C, xt 0,6 1,5 1,05 425
Maca ByTJIeBOJIIB, KT 6000 20 14 0,57
Maca SOy, KT 3 0,5 0,35 28,3
Maca NOy, KT 2.4 2.5 1,05 1483
Maca MikpoyacTHHOK PM 2.5, kT 0,6 5 3,5 1417
Maca I[1AB, T 0,03 10 7 5,7-10*
Axyctuuna erepris, T/Dx 35 30 19,2 140,6
AKyCTHYHA OTYXHICTh, [ BT 0,4 12 0,03 3-10°

Sk BiIOMO, MIKpOYACTHHKH JIUMY Ta
caxi 3 po3MmipoM MeHIIe 2,5 MIKpoHa 3JaTHi
NPUBOJMTHU 10 HU3KH 3aXBOPIOBaHb JUXaJILHOI
cuctemu Ta cepid. 3a qaunmu BOO3 mopoky
yepes MiJBUILEHO! KOHLEHTpalii TaKKuX 4acTH-
HOK Yy CBIiTi jo1aTkoBO Homupae oinbiie 0,1 MitH
JIOACH.

Sk yke BKa3zyBajocCs, HA MEXi CepITHs-
BepecHs 2024 p., ropiB pakTHUHO BeCh cXia YK-
painu. [Ipu iboMy Maca MiKpOYaCTHHOK CKJiajia
He MeHIe 2 KT. 3a o 4+10* kM? Ta TOBITMHA
arMocgepHoro mapy 3 Mikpoyactuakamu 100 m

~ 890 ~

0e3 BpaxyBaHHS Jii BITPY MaEMO CEpelIHIO KOH-
LEeHTpaIlifo ux 9actuHok 50 mr/m>. Lle B 5 Tuc.
Pa3iB MEPEBHIIY€ TPAHUYHO JOMYCTUMY KOHIIE-
arpauiro (0,01 mr/m®). 3a paxyHOK BiTpy IuI0mIA
3anmuiIeHHs 30inpmmtacs 1o 2-10° km?, a koHIe-
HTpAIlisl YaCTUHOK 3MEHIIMIacs 10 1mr/m>.
OOroBOpHMO €KOJIOTTYHI HACIIKHU 1HKe-
ki [TAB. J{o [TAB Hasexars Croyyku, 1o mi-
CTATH iBa a00 OLJIbIIIE KOHIEHCOBAHUX OESH30JIb-
HUX KUIBI B MOJICKYJ 3 MOJICKYJIIPHOIO Ma-
coro 128-276. Imxexuis kanneporeHHux [TAB,
Oenzona, dopMmanpierina, ¢eHoma Ta BaKKHX
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METAJIiB MPU3BOIUTH 10 OHKOJIOTIYHUX 3aXBO-
pIoBaHb, MyTareHHOI Ta TEPUTeHHOI 1ii Ha 6io-
JoriyHi 00’ €KTH Ta JIOAWHY, 30KpeMa. 3a Ja-
anvu BOO3, imxkekris [TAB npu3BomuTs 10
30ibmeHHs Ha ~10% OHKOJIOTIYHUX 3aXBOPIO-
BaHb 1 MyXJIMHU MO3KY B MonuHu. Haragaemo,
mo Bukuau [1AB mig gac moxex B Ykpaifi y
570 pa3iB nepeBUNTIN (POHOBI 3HAYCHHSI.

Ikigmuea mis cnonyk SOy 1 NOy 3ara-
JTBHO Bimoma. I1ig 9ac moex IXHsI KOHIICHTpa-
Iisl CyTTEBO 30imbIIyBanacsa. TuM made me Bij-
HocuThest 0 BUkUaAiB C ta CO.

Exonociuni nacnioku eopinns nicie. To-
piHHS BENHMKHX JIICOBHX MAaCHBIB MPHU3BOIHUTH
JI0 TIOPYIICHHS JIICOBUX 1 MPWJICTIUX JI0 JIiCIB
exocucteM. [Ipy bOMY CYTTEBO CKOPOUYETHCS
0lOpI3HOMAHITTS, 3MEHIYETHCS YNCENBHICTh
MpeCTaBHUKIB (uiopu Ta PpayHH, B TOMY YHCIHI,
10 HaJIeKaTh 10 UepBOHOT KHUTH. 3aruoesb Ji-
CiB MPU3BOIUTH A0 3HUKHEHHS MalldX PIidoK 1
03ep, 70 OOMUTIHHS OiIBIINX PiYOK i 03ep, A0
MOPYIICHHS BOIHOTO OanaHcy B Iiyiomy. [leski
HAaCEJIeHI TYHKTH MOXYTh 3aJIMIIUTHCA 0e3
BOJIY, SIKY BOHHM CIIOKMBAIOTh 3 KOJOAA3iB. Bo-
JOWMU 3a0PyIHIOIOTHCS TTOTIEJIOM 1 CaXkKer0.

Jo 1boro HeoOXiTHO TOAATH PUBHUKH KO-
JIOTIYHUX HeOe3MeK I HAaCeIIeHHs, BTpaTu Oy-
JliBeNb 1 MaifHa, HEOOX1AHICTh €BaKyallil I1i]] yac
JCOBUX TIOXKEXK, BTPATH 37I0POB’Sl Ta CMEPT-
HICTB JIIOIEH.

[1ix gac ropiHHS JiCOBHX MAacCHBIB CTpa-
JKTal0Th Ha TMOUHY 10 50 cM TpyHTH Ta Bce,
IO B HUX 3HAXOJUTHCS, THHYTh KOPHUCHI IPyH-
TOBI MIKpPOOpraHi3MH, 30UIBIITYETHCS HMOBIp-
HICTB epo3ii TPYHTY, MOXKE TIOMITHO 3HMXKYBa-
THUCH POJIIOYICTh IPYHTY.

Exonociuni nacnioku eopinna mpas’siHu-
cmux noxkpusie. Ha neprunii momsig iHTEHCHB-
HICTh TOPIHHS TPaBH 3HAYHO MEHIIE iHTEHCHB-
HocTi TopiHHs JiciB. ToMmy i1 exomoriuHi Hac-
J/IKM IOBUHHI OyTH 3HAYHO MEHIIMMHU. AJle 1€
He 30BciM Tak. [1iJ yac TopiHHS TpaB’sHUX Ma-

CHUBIB THHYTH 0arato Komax, iXHi JIYHHKH, Ky-
KOJIKH, OO0Xi KOPIBKHM, >KYXKENHWI, IOIIOBI
yepB’SIKU Ta iH. BaXmBo, 1o rmepepaxosai Oi-
OOpraHi3MH TPUHAMAIOTh y4acTh B YTBOPEHHI
rpyHTiB. [l yac moxex CHamoeThCs COIi Bax-
KHX €JIEMEHTIB, III0 OCLIN Ha JIUCTSAX, TYMYCHHUH
map 1pyHTy. [moarodicTs 3emili 3MEHITYIOThCA
Ha TepMiH Oinmbiie ceMu pokiB. [licast moxkex
301JHIOEThCS BUIOBHUI CKJIaJ] TYTOBOI POCIIWH-
HOCTI Ta TBAPHHHOTO CBiTy. TepuTopis, 1o 3Bi-
JbHUJACS Bl  IOXEXKI,  3aXOINIFOETHCS
Oyp’stHamu. KpiMm kopucHoi Mikpodmopu, Ko-
Max 1 iHmmx JpiOHMX 61000°€KTiB, THHYTH
TKakd, MTaxu, kalbu, TUTa3yHu, APiOHI CCaBIli.
[Tix "yac moxkex 3ropae oprasika, 1o 3adesre-
Yy€ MyXKiCTh IPYHTY, HOTO BOJIOTOEMHICTb, 311~
THICTh YTPUMYBAaTH €JEMEHTH MiHEPaIbHOTO
KHUBJICHHS, BHIIAPOBYIOTbCS a30THCTI PEO-
BuHH. [licis TpaB’sHUX MOXKEXK 3HIKYETHCS PO-
JIIOYiCTh TPYHTY, MACHIIOETHCS HOTO €pOo3is.

Binx 3ropaHHs TpaBu CTpaxaaroTh Kyl
Ta aepeBa. BaxinBo, 1110 pa3oM 3 TPaBoOIO MOXKe
3ropaTd TOKCUYHE MOOYTOBE CMITTS, 3aJIMIIKH
mobpuB 1 smoximikariB. [Ipu mpoMy yTBOpIO-
IOThCSI JIETKI TOKCHYHI OpraHiyHi Ta Heoprasi-
YHI CIIOJIYKH.

Exonoriuna cutyarist pi3ko TOTipiryBa-
Jacsi 4epe3 HasBHICTh BEJIUKOI KiJTbKOCTI TIPOITY-
kTi BUOyXiB. Came 11i BUOyXH I BUKIIMKAIN Ma-
crITaHi TpaB’sTHI MTOXKEXKI.

3 29 BepecHs 2024 p. Ha JAeKiIbKa THIB
EKOJIOTIYHA CUTYallis Pi3KO MOTipIIuiacs BHa-
CJIJIOK MHJIOBOT Oypi, 1110 Hpuiiiia B YKpainy 3
Kazaxcrany ta Y30ekucrany. [Ipu ipomy B cxi-
JIHIT yacTHHI YKpaTHU KOHIICHTpAIlis TUITY B aT-
mocdepi 36impmmnacs Big 0,03 mr/m® o 5
mr/m. TIposopicte armocdepy Ipu HbOMY 3a
nuTOMOro Koedirienra ekcrunkiii 3102 mM¥/kr,
ToBIIMHU aTtMocdepHoro mapy 1000 M 3MeH-
mmiacs B 5 — 5,5 pasis. [Ipogykru ropinss pa-
30M 3 TIMJIOM IIPU3BEJH A0 BKpail Hebe3meuHoi
CHUTYaIIil JUTsl EKOCUCTEM 1 JIFOJIHU 30KpEMa.

Bucnoeku

TopiHHS JTiCOBHX MacHBiB 1 TpaB’SHHUCTHX
MIOKPHBIB B YKpaiHi Ha Mexi JiTo - ociHb 2024 p.
Oyno karactpodiynnmu. Haiibinpime mnocrpaxk-
JIaJv TIOBITPSL, TPYHTH, (iopa Ta dayHa B CXiHii
YaCTHHI Kpainu. Bukumy mumy, caxi, OKCHIIB
a30Ty B pa3u MepeBHIyBaii (JOHOBI 3HAYECHHS Mac
X pedoBHH. 30Kkpema, imkekiis [IAB nepesu-
nrysana GoHOBI 3HaueHHs y 570, MIKpOYaCTUHOK
PM 2,5 —y 14 pa3iB, NOTY>XHICTh aKyCTUYHOTO BH-
npoMiHrOBaHHS — y 30 pasiB.

~90 ~

OOrpyHTOBAHO, 110 OLTBIIIICTE TIOXKEXK OyITH
BHUKJIMKaHi BiliCEKOBIMH JIiSIMH Ha TEpUTOPIi YKpa-
fHu. TlommpeHHI0 MOXEX Y eKOCHCTeMax, KpiM
BIMICBKOBHX JIilA, CIIPHsiIa BACOKA TEMIIEPAaTypa Io-
BITSL, BIICYTHICTb JIOIIIIB Ta BITEP.

KoporkoyacHi Ta TpuBaji €KOJIOTiYHI Hac-
JiKK OyJH Ty»e 3HaYHUMU. MaciuTaOHi MoxKexi,
BUKJIMKaHI BIHCHKOBUMH JIISIMH, KBATi()iKyIOTBCS
SIK EKOLIHJL.
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Kongpnixm inmepecie

ABTOpH 3asgBISIOTH, MO KOHMIIKTY iHTEpEecCiB om0 MyOmikallii mporo pykomucy Hemae. Kpim

TOT0, aBTOPH MOBHICTIO IOTPUMYBAJIMCh CTUYHUX HOPM, BKJTIOUAIOYH ILIaTiaT, (hajabcudikalliro JaHuxX Ta
MOBIHHY MyOITiKaIIifo.
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PARAMETERS AND ENVIRONMENTAL CONSEQUENCES
OF CATASTROPHIC FIRES IN UKRAINE: MODELING,
QUANTITATIVE ESTIMATES

Climatic conditions and the intensification of hostilities in the east of Ukraine in 2024 (August and Sep-
tember) led to the burning of large areas of forests and grasslands. A quantitative assessment of their consequences
is necessary.

Methods. System analysis, multifactorial analysis, mathematical modeling.

Purpose. Calculation of the main parameters of fires in the ecosystems of Ukraine, which took place in the
summer-autumn of 2024, and assessment of their ecological consequences.

The results. The main energy parameters of forest and grass fires caused by the summer heat and military
operations in Ukraine in 2024 were calculated. In late August - early September, virtually the entire east of Ukraine
was burning. A total of about 43,000 hectares were engulfed in flames in Ukraine. About 500 kt of wood and 350
kt of grass burned. Emissions of smoke, soot, and nitrogen oxides exceeded the background values of the masses
of these substances many times over. The injection of polyaromatic hydrocarbons exceeded the background values
by 570, PM 2.5 microparticles by 14 times, and the power of acoustic radiation by 30 times. CO, SOx emissions
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did not exceed several tens of percent. The spread of fires in ecosystems, in addition to military operations, was
facilitated by high air temperature, lack of rain and wind.

Conclusions. Calculations and mathematical modeling showed that the consequences of the burning of
forests and grasslands in Ukraine in 2024 were catastrophic. It is substantiated that most of the fires were caused
by military actions on the territory of Ukraine. The ecological situation became significantly more complicated
under the influence of a dust storm that came from Kazakhstan and Central Asia. The short-term and long-term
environmental consequences are very significant.

KEYWORDS: forest fire, grass burning, ecosystem, energy parameter, injection, combustion product,
chemical element, environmental consequences
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GREEN INNOVATIONS IN URBAN LANDSCAPE:
OPPORTUNITIES TO USE SLOVAKIA'S EXPERIENCE

Purpose. To analyze the results of an internship at the Slovak Agricultural University in Nitra, which
was aimed at studying the possibility of introducing green industrial innovations into urban landscapes under the
project of the International Visegrad Fund "Green Innovations in Urban Landscape Ecology".

Results. The experience of creating an interactive living laboratory of green innovations "RelmaGlne
Living Lab" was studied and the possibilities of implementing this methodology in Kharkiv were analyzed. The
scenarios of transformation of open space into a sustainable multifunctional city park are investigated. The pro-
ject on the use of green and blue infrastructure elements in the construction of the Nivy bus station in Bratislava
is analyzed and the availability of green infrastructure elements in Slovak cities is assessed.

Conclusion. In order to implement green innovations in Ukraine, which are widely represented in Slo-
vakia, it is necessary to modernize the training of specialists through new teaching models, as well as the intro-
duction of the principles of sustainable development in the educational procesS.

KEYWORDS: green infrastructure, innovation, urban landscape, project, visegrad fund, sustainable
development, educational process
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Introduction

The scientific direction of studying the tific studies to develop the project, the results

Concept of Green Infrastructure in Kharkiv
began to be implemented after the implementa-
tion of the International Visegrad Fund project
“GAP - Green and Blue Infrastructure in Post-
Soviet Cities: Learning from the Legacy and
Linking to the V4 Experience”, in which the
authors of this article participated. Karazin
University has carried out a number of scien-

of which were presented at conferences and
published. The works are mainly devoted to
theoretical foundations of the green infrastruc-
ture concept [1 — 6], analyzing the current situ-
ation in the cities of Ukraine and Europe with
the provision of green infrastructure to the
population [6 — 12], as well as assessment of
individual green infrastructure components and
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their environmental quality [13 — 25]. At the
same time, there is a need to change the current
state of affairs for the better.

The Faculty of Horticulture and Land-
scape Engineering at the Slovak Agricultural
University in Nitra is a European leader in this
field. The study of methodologies and experi-
ence in implementing new green infrastructure
projects is the main prerequisite for developing
a program for the post-war restoration of urban
landscapes in Kharkiv (Ukraine). To do this, it
is necessary to train specialists who are famil-

iar with the methods and techniques of forming
green space in urban landscapes. That is why
we have implemented an educational and sci-
entific internship project. The main purpose of
the article is to analyze the results of an intern-
ship at the Slovak Agricultural University in
Nitra, which was aimed at studying the possi-
bility of introducing green industrial innova-
tions into urban landscapes under the project of
the International Visegrad Fund "Green Inno-
vations in Urban Landscape Ecology".

Results and discussion

The study of the experience of studying,
modeling and practical implementation of the
green infrastructure concept at the Slovak Agri-
cultural University in Nitra can be divided into
3 components:

1. Acquaintance with the structure,
specifics and best practices of the faculties,
institute and university as a whole;

2. Learning - science — practice.

Let's take a closer look at each internship
site and consider the possibilities of using their
experience to develop green innovations in
Ukraine.

1. Acquaintance with the structure,
specifics and best practices of the faculties,
institute and university as a whole

1.1. Institute of Landscape Architecture. At
the Faculty of Horticulture and Landscape
Engineering, the territories adjacent to the
building are widely used to practice gardening
and agricultural skills. I inspected the experi-
mental sites that are actively used in research

on horticulture and landscape management
(Fig. 1).

"RelmaGlne Living Lab". According
to the internship program, | got acquainted
with the experience of creating an interactive
living laboratory of green innovations
“RelmaGlne Living Lab” (Fig. 2). It was cre-
ated and operates with the support of Norwe-
gian grants to innovate the landscape and gar-
den architecture curriculum through new learn-
ing models based on the principles of “project-
based research,” “co-design,” and “evidence-
based design.”

1.2. Visit to the Envirocentrum. Educa-
tion and awareness raising in the field of cli-
mate change and extreme weather events is the
main mission of the new Envirocentrum,
which was opened on April 19, 2024, at the
Faculty of Horticulture and Landscape Engi-
neering (FZKI) of the Slovak University of
Agriculture.

Fig. 1 — Experimental plots around the building of the Institute of Landscape Architecture
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Fig. 2 — Interactive living laboratory of green innovations “ReimaGine Living Lab”
by the RelmaGIne project with the support of Norwegian grants

The main theme of the Envirocentrum is adap-
tation to climate change, which causes weather
extremes such as droughts and floods. It serves
not only students of the faculty and university,
but also high school and elementary school
students who conduct experimental excursions
here. It is also open to the professional public.
They can learn about the functions and impact
of water on the environment through various
models and demonstrations. For example, they
will learn how a river channel changes over
time or how a flood wave is formed. The Envi-
rocentrum conducts meteorological observa-
tions and experiments on the rate of rainwater
infiltration through different types of soil, with
different vegetation cover, etc. (Fig. 3.).

The excursion to Envirocentrum in-
spired me to implement similar ecological
models for the educational process in my
country.

1.3. Visiting to the AgroBioTech
Research Center SUA in Nitra. The AgroBi-
oTech Research Center SUA in Nitra was es-
tablished within the project “Creation of the
research  center  AgroBioTech” ITMS
26220220180. This university research center
was realized with the support of EU funds

~07 ~

from the Operational Program: Research and
Development.

The AgroBioTech Research Centre
(ABT RC) of the Slovak University of Agri-
culture in Nitrais a university-wide, special-
ized facility which performs concentrated in-
novative research in the relevant fields aimed
at conducting new methods and procedures in
research, especially within applied research,
with the express goal of transferring its results
into practice.

The ABT RC is equipped with state-of-
the-art research infrastructure, thereby ena-
bling the centre toconduct research atthe
highest level, applicable in practice, and con-
sistent with the core needs of the priorities
of agrobiology, the processing technology of
agricultural products and the agri-food indus-
try, biotechnology, genetic technologies,
agroecology, bioenergetics, and bioeconomy.

Prof. Miroslava Kacaniova introduced
the work of the laboratories and showed me
how they conduct the experiments (Fig. 4):

e Laboratory of Genetic Analysis

e Laboratory of Microscopic Analysis

« Laboratory of Spectroscopic Analysis

« Laboratory of Cell biology and cytogenetics.
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Fig. 4 — The AgroBioTech Research Center SUA in Nitra

1.4. Botanical Garden. Botanical
Garden, which | regularly visited throughout
my internship, is the place to study biological
diversity, conduct research and educational
work at the university. This gave me the
opportunity to observe flora in different
weather conditions and get acquainted with the
work of pollinating insects, in particular
Macroglosum lapidopters.

The Botanical Garden of the Slovak
Agricultural University in Nitra is a model of a
natural space oraganization that combines
educational, scientific and recreational func-

~08 ~

tions. The garden space is designed taking into
account the principles of landscape
architecture aimed at preserving biodiversity,
supporting ecosystem services and ensuring
comfort for visitors. Not only university
students, but also all visitors have the
opportunity to increase their knowledge about
nature, since all areas have information stands
(Fig. 5).

Key elements of space organization

Thematic sectors — The garden is divided
into several thematic zones, each of which
represents a separate group of plants or ecosystem.
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Fig. 5 — Information support for visiting the Botanical Garden

For example, there are sectors with local
flora, as well as with exotic plants, which
introduce visitors to the richness of the plant
world. Such a division not only facilitates
navigation, but also creates conditions for
educational activities (Fig. 6).

Water elements — The garden has a small
reservoir, which serves both to aesthetically
improve the space and to maintain biodiversity.
Water elements also create a favorable
microclimate, humidifying the air and adding
coolness on hot days (Fig. 7).

Path and navigation systems — The paths
are located in such a way that visitors can freely
move between different sectors without
disturbing the natural landscape. The navigation
system includes information stands and signs that
help navigate the garden and learn more about
each plant zone.

Educational and research areas — An
educational trail with eighteen plant models. The
nature trail presents innovative appro-aches to
the design and care of herbaceous communities
to the public, taking into account climate change.
Information stands are placed for those who

donot come on the excursion, but wish to explore
the nature trail without a guide. In some parts of
the garden, there are well-equipped areas for
conducting scientific research and practical
classes for students. Experiments on plant
acclima-tization, research of soil and climatic
conditions are carried out here, enabling students
to gain practical experience (Fig. 8).

Recreational areas — Cozy places with
comfortable benches, gazebos and obser-vation
decks have been created for visitors to relax.
These areas allow you to enjoy the views of the
garden and create pleasant environment for
relaxation. A logical extension of the recreational
area of the Botanical Garden is an aviary for
ungulates, which can be observed (Fig. 9).

The garden maintains an ecological
balance through sustainable plant care
methods. A rainwater harvesting system
provides irrigation during dry periods, and
organic fertilizers and compost contribute to
the natural nutrition of the soil. In addition, the
garden widely wuses local plants, which
minimizes the need for water and fertilizers.

"~ Fig. 6 — Thematic sectors
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Fig. 7 — Water elements

Fig. 9 — Recreation area

The university's Botanical Garden plays
an important role in environmental education,
offering students and researchers conditions
for practical training. It is a platform for
studying flora, ecological processes, as well as
for raising public awareness of the importance
of preserving biodiversity.

2. Education - Science - Practice

This internship area is dedicated to
studying the experience of scientific research
and practical work carried out by the institute,
its employees, graduates and partners
landscape architects. In addition, during these
activities, an information bank was formed on
the forms, methods and means of organizing
green infrastructure in the urban landscape.

2.1. Visiting lecture to the resort of
Sliac¢. An excursion to the Slia¢ resort led by
Prof. Ing. Viera Paganova, PhD, for master's and
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postgraduate students allowed them to get ac-
quainted with the natural conditions of the resort
and methods of maintaining them.

The Slia¢ resort in Slovakia is a unique
example of combining the natural environment
with medical infrastructure, emphasizing the
importance of preserving natural landscapes
for maintaining human health. Located in a
picturesque valley between the cities of Zvolen
and Banska Bystrica, Sla¢ is known for its
mineral springs and favorable climate.

Key natural features
Mineral springs — The resort is famous for
its healing springs, in particular, carbonic waters
with temperatures of about 33°C. These springs
contain a unique composition of minerals, which
makes them especially useful in treatment of
cardiovascular diseases. The landscape design
around the springs preserves its natural
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appearance and creates an atmosphere of
tranquility (Fig. 10).

- Forest landscapes — The resort is sur-
rounded by mixed forests rich in coniferous
and deciduous tree species, which form a
natural barrier, protecting the area from noise
and pollution. These forests create optimal
conditions for recreation, providing clean air
and shade for walks even on hot days (Fig. 11).

- Garden and park infrastructure — The
landscape design of the resort includes various
walking routes, gazebos and recreation areas,
which are inscribed in the natural relief.

Architectural and landscape solutions

—  Functional zones — The resort is divid-
ed into zones for active recreation and quiet
walks. Landscape architects have made the

most of the natural relief, creating routes with
panoramic views. This contributes to health
improvement both through physical activity
and through aesthetic pleasure.

- Greening and landscape art — Landscape
elements, such as flower arrange-ments, sculptures
and water bodies, are located in such a way as to
harmoniously complement the natural landscapes.
At the same time, the principles of sustainable
landscaping minimizing interference with the
ecosystem and ensuring the durability of the
landscape, are observed here.

- Eco-educational routes — The resort offers
educational routes where visitors can get
acquainted with the ecological features of local
ecosystems and microclimate. This is an impor-
tant aspect that increases the environmental

Fig. 11 — Forest and garden landscapes of the Slia¢ resort
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awareness of vacationers and contributes to the
preservation of nature.

Slia¢ is an example of preserving the nat-
ural environment in conditions of developed
recreational infrastructure.  The  resort's
landscape solutions reflect a modern approach
to nature management, which contributes to
environmental protection and also creates
favorable conditions for recreation and
treatment.

2.2. Seminar "The Right Tree in the
Right Place". Participation in the seminar, held
on October 17 by Ing. Marcel Racek, PhD. as

part of the activities of the public organization
Association of Garden Design and Landscap-
ing (www.szkt.sk) under the leadership of Ing.
Maria Bihunova, PhD, provided a lot of infor-
mation regarding green infrastructure. The
seminar discussed issues of urban green infra-
structure, in particular projects aimed at im-
proving the quality of life in cities through
greening (Fig. 12). The seminar covered issues
of landscape architecture, organization of hor-
ticultural exhibitions, quality control of trees,
and consideration of potential risks when
transporting plant material.

Fig. 12 — Seminar "Spravny strom na spravne miesto"

The second part of the seminar —
practical — was held in the park area of Nitra.
The park is an excellent example of modern
green space that harmoniously combines the
natural environment with cultural and social
functions. Located near the historic center, it
serves as an important place of recreation for
residents and guests of the city, as well as a
platform for cultural events and educational
programs (Fig. 13).

Key characteristics of the park:
— Diversity of plant associations — the
park has created several botanical zones, where
local and foreign plant species are presented.

Thanks to this, the park contributes to the
maintenance of local biodiversity, and provides
visitors with the opportunity to get acquainted
with the diversity of flora that enriches the
ecosystem of the urban environment.

— Water elements — the park has natural
and artificial reservoirs, which not only add
aesthetics, but also provide the necessary mi-
croclimate, reducing the temperature in sum-
mer These water bodies also serve as important
ecosystems for waterfowl, insects and other
species, which enriches the ecological envi-
ronment.

Fig. 13 — Practical lesson in the park
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— Infrastructure for recreation and edu-
cation — there are walking paths, bicycle routes,
playgrounds and recreation areas for different
age groups.

— Green architecture — the park is
equipped with elements of green architecture,
such as environmentally friendly benches, solar
lighting, as well as garbage cans for waste sort-
ing. This contributes to the environmental edu-
cation of visitors and is an example of a sustain-
able approach to the development of urban in-
frastructure.

Thus, the park in Nitra is an example of
how a modern approach to landscape architec-
ture and ecological planning can create sustain-
able urban spaces that contribute to an improved
quality of life. Water features and green infra-
structure make this park an exemplary place that
supports biodiversity and promotes environ-
mental awareness among the population.

2.3. Excursion to Bratislava

The educational excursion to Bratislava
led by Ing. Maria Bihunova, PhD and Doc. Ing
arch Roberta St&pankova, PhD for students and

postgraduates was aimed at demonstrating eco-
logical solutions in the urban landscape, in par-
ticular the bowl park, the ecological roof of the
"Nivy" bus station, the arrangement of green
roofs in business districts and the "Smart City"
concept.

The first location was a city park orga-
nized according to the principle of an inverted
pyramid. It is located below the level of the
surrounding urban space. It looks like a bowl,
on the flat bottom of which there are green
spaces, ponds, paths and places for sports train-
ing. The park is surrounded by green slopes and
stairs along the perimeter, adapted for seating of
vacationers. The park serves as a place for re-
laxation, walks with children and sports. In
addition, it creates a comfortable microclimate
in the urban environment (Fig. 14).

According to the previous internship
program, we investigated the ecological roof of
the bus station "Nivy" in Bratislava - an
innovative example of using green roofs to
integrate ecological infrastructure into the urban
environment. Located in a new district of
Bratislava, this roof combines recreational,
ecological and energy-saving functions (Fig. 15).

Fig. 14 — Park Jama
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Fig. 15 — Ecological roof of the Nivy bus station in Bratislava
Key features of an ecological roof

— Biodiversity and greenery — the roof is
covered with a variety of plants, including
native species, which provide habitat for in-
sects and birds. Thanks to this, the roof sup-
ports local biodiversity, even in urban condi-
tions. Greening also creates a natural barrier
that absorbs noise and dust, improving air
quality.

— Water management the roof is
equipped with a rainwater collection system,
which prevents excessive water from entering
the city sewer system. The water is used to
irrigate the green areas, and some of it evapo-
rates, cooling the air and reducing the tempera-
ture on the roof. This helps reduce the urban
heat island effect.

— Energy conservation — green areas on
the roof help reduce the cost of air condition-
ing the building. Vegetation provides thermal
insulation, which is an important factor in re-
ducing energy consumption. It also increases
the comfort of station visitors and helps reduce
the carbon footprint.

— Recreational area for city residents — the
roof is designed to be attractive to visitors:
there are pedestrian paths, places to relax, as
well as small corners with observation decks.
This creates a unique space where residents
can enjoy a green environment right in the city
center, which contributes to improving the
quality of life.

The ecological roof of the Nivy bus sta-
tion is an excellent example of how green in-
novations can be effectively integrated into the
transport infrastructure. It contributes to the
maintenance of urban biodiversity, improves
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air quality, and reduces the heat load on the
city. In addition to the environmental benefits,
this project increases the environmental
awareness of the population and popularizes
the idea of sustainable development, offering
residents and visitors access to green space
even in densely built-up areas.

During the excursion to Bratislava, we vis-
ited a new district of the city built according to
the Smart City concept. The main ecological
component of the district has become under-
ground parking lots, the roofs of which are green
zones of the inter-building space (Fig. 16).

From the engineering point of view, the
arrangement of this territory requires signifi-
cant efforts of architects and landscape archi-
tects, since:

— Itis necessary to create a smart system
for draining excess rainwater;

— To equip a smart system for drip irriga-
tion of vegetation;

— To select plant material, namely the
composition of the grass cover, which is able
to withstand significant anthropogenic load, to
be natural for this territory;

— To select and plant a tree stand with re-
strictions for the root system, due to the pres-
ence of underground parking;

— To equip a playground using environ-
mentally friendly materials, taking into account
drainage and avoiding the possibility of injury
to children.

An expert Ing Jana Adamkova, PhD spoke
about all these design features
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Fig. 16 — Smart city

2.4. Presentations from Slovak and Czech
landscape architects. Meetings with profession-
als - practitioners, who presented their projects
on urban greening in Slovakia and blue-green
infrastructure in Vienna (Austria).

The presentation by the University of
Nitra graduate Ing. Julia Straiidkovd, who
works at RUDBECKIA, describes key aspects
of landscape architecture in urban spaces in
Slovakia, including work with private, re-
served and public areas (Fig. 17). It covers
different types of locations: from private gar-

dens and corporate sites to public parks,
squares, playgrounds and historical areas.
Key elements and stages of design:

— Community participation — the speaker
emphasizes the importance of a participatory
process in urban environment management,
involving the community through surveys and
public discussions. This makes it possible to
collect feedback from residents, take into ac-
count their needs and wishes to create a com-
fortable urban environment.

Vakerve eFidg Kooy e
B e
Dcraredey

Ve treTa e o dakoce

LOMALIEAY PROGRAM
Drresse
potiscenas 3 pocrwtoe Soyvesiow
Drabehid shirea
Testimt mbadniione

VERLAVA Sit2 s
VEiDevs  Watrh vechris cbilamieints

PaBlause (ueek

cpa oon —— .

Fig. 17 — At a meeting with Ing. Jalia Stranikova

~ 105~



ISSN 1992-4224 Jlroguna ta goskius. ITpobaemu Heoekosorii. 2024, Bunyck 42

— Design requirements — The projects en-
compass an integrated approach to urbanism,
architecture and modular green infrastructure
elements. In particular, it includes the provi-
sion of recreation areas, playgrounds and
sports grounds, as well as prioritizing envi-
ronmental elements such as modo-green infra-
structure for water management.

— Preparatory work and surveys — Signifi-
cant attention is paid to geodetic, hydrogeolog-
ical and dendrological surveys to accurately
analyze the soils, groundwater and tree condi-
tions in the project area. Important steps in-
clude data collection, pollution assessment,
and determining safe conditions for green in-
frastructure development.

— Detailing of zones and concepts — Pro-
jects include the development of graphic con-
cepts for zones for various purposes: play-
grounds, sports areas, recreation areas, and
places for social events and meetings. These
zones are designed for different age groups,
including the needs of people with limited
mobility.

— Reconstruction of historical sites — Spe-
cial attention is paid to the restoration of his-
torical sites while preserving cultural heritage.
Each site is offered a different concept, such as
creating symbolic alleys or installing architec-
tural elements reminiscent of the city's history.

The work of the RUDBECKIA design
bureau, which was represented by the speaker,
demonstrates a systematic approach to creating
an environmentally friendly and comfortable
urban environment. The use of modern meth-
ods of assessment and community involvement
creates the basis for the development of func-
tional and environmentally oriented urban
spaces that promote social connections and
maintain biodiversity.

Presentation “The Blue-Green Trans-
formation of Vienna” by Ing. Petr Forchtgott
from the Czech Association of Landscape Ar-
chitects, demonstrates an innovative approach
to the development of the urban environment,
in particular by integrating green and blue
(water) components into the urban landscape
(Fig. 18).

IKEA Ciry Stare

Fig. 18 — Lecture by Ing. Petr Forchtgott (Czech Association of Landscape Architects)

Key components of the transformation:

— Blue-Green Infrastructure — Vienna is
actively implementing solutions that combine
greenery with water management, creating
adaptive spaces that help reduce the effects of
climate change, such as rising temperatures
and frequent flooding.

— Parks and green spaces system — The
presentation highlights wvarious parks (e.g.
Helmut-Zilk-Park, Rudolf-Bednar-Park) that
serve as recreational areas and function as
ecological corridors. These areas support bio-
diversity and create conditions for efficient
cooling of the city.

— Innovative architectural solutions — Par-
ticular attention is paid to facilities that com-
bine business and sustainability, such as the
IKEA City Store with a green roof that simul-
taneously serves to reduce energy consumption
and improve air quality. Such projects contrib-
ute to the greening of urban areas and infra-
structure.

— Restoration of water bodies — The pro-
ject includes measures to preserve and clean up
water bodies such as Donauinsel. This not only
supports the recreational function of the water
bodies, but also improves the state of local
ecosystems.
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— Sustainable urban spaces — Districts such
as Seestadt Aspern are being developed as
examples of “city-within-a-city” where the
principle of ecological balance is paramount.
Such projects take into account accessibility,
sustainability, climate change adaptability, and
the integration of public spaces for social in-
teraction.

Vienna's Blue-Green Transformation pro-
ject is an exemplary example of an integrated
approach to creating a sustainable urban envi-
ronment where technology and nature-based
solutions contribute to a better quality of life.
This presentation can serve as an inspiration for
other cities seeking to combine environmental
and social goals to shape a sustainable future.

Conclusions

The internship in Nitra was an extremely
useful experience for deepening my
knowledge in the field of environmental
science and landscape architecture. The pro-
gram was carefully designed and allowed me

to get acquainted with modern European
approaches to environmental monitoring,
organization of urban green infrastructure
and the use of landscape architecture to im-
prove the quality of life in urban areas.
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3EJIEHI IHHOBAIIII B MICBKOMY JIAHIIIA®TI:
MOXKJINBOCTI BUKOPUCTAHHA JOCBIAY CJIOBAYYUHUA

Meta. AHani3 pe3ysbTariB cTaxXyBaHHs B CJOBallbKOMY arpapHoMy yHiBepcuteTi B HiTpi mio
CHpsSIMOBaHE Ha BHUBUEHHS MOXKJIMBOCTI BIPOBAPKEHHS 3€JIEHHX i1HAYCTpiaJbHHUX iHHOBaWiid B ypOo-
nanmmadTH 3a mpoekToM MikHapoaHoro Bumierpancekoro ¢poHay «3eneHi iHHOBaIlii B €KOJIOTIT Mi-
CBKOTO JaHAmadTy».

Pe3yabTaTu. BuBUEHO JOCBiA CTBOPEHHS 1HTEPAKTHBHOI XHBOI J1abOpaTOpii 3eJeHUX 1HHOBA-
it "RelmaGlne Living Lab" Ta mpoaHaii3oBaHO MOXKJIMBOCTI BTIJICHHS IIi€i METOIUKHA M. XapKOBI.
JocnimpkeHo creHapii Tpanchopmaiiii BiIKPUTOTO NMPOCTOPY B CTauii OaratoyHKIIIOHATBHHUNA MiCh-
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kuii mapk. [IpoaHanizoBaHO MPOEKT 3 BUKOPUCTAHHS €JICMEHTIB 3€JICHOI Ta OJIaKUTHOI iHQPacTPyKTy-
pu TIpH criopyKeHHi1 aBToBoK3amy Nivy B bpatucnasi Ta 3po6ieHO OMiHKY AOCTYITHOCTI €JIEMEHTIB
3eseHol IHQPaCTPYKTYPH B CIIOBAIlbKHX MiCTaXx.

BucnoBku. [lyis BTiicHHS B YKpaiHi 3eJeHUX IHHOBAIIIH, 0 MUPOKO npeacTasieHi B CioBay-
YUHI HEOOXiTHO MOAEPHI3YBaTH MiATOTOBKY (haXiBIIB Yepe3 HOBI MOJIENi BUKIaJaHH:, a TAKOX BIIPO-
BaJDKEHHS TIPUHITUIIIB CTAJIOT0 PO3BUTKY B OCBITHIN TIpOIIEC.

KJIFOUYOBI CJIOBA: 3enena ingppacmpykmypa, innosayii, ypbonranowagpm, npoekm, Buues-
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ENVIRONMENTAL THREATS AND RISKS TO PROTECTED AREAS
IN THE CONTEXT OF WAR (CASE STUDY OF MOLOCHNYI LYMAN)

Purpose. The study of the ecological state of Molochnyi Lyman, which is a state-level reserve,
part of the Pryazovskyi National Nature Park, and a wetland of international importance protected under
the Ramsar Convention.

Methods. System analysis, remote sensing data were used, specifically satellite images from
Landsat 5, Landsat 8, Sentinel-2, and the software tool Google Earth Engine.

Results. The biodiversity of Molochnyi Lyman is characterized and the impact of the salinity
level on its biodiversity is analyzed. Natural and anthropogenic factors affecting the ecological state of
Molochnyi Lyman are examined. Special attention is paid to the analysis of the conditions ensuring
water exchange with the Sea of Azov and the consequences of its absence for the biodiversity of the
water body. The state and dynamics of commercial fish catches in the Sea of Azov (Zaporizhzhia region)
and the factors influencing the state of fish resources are analyzed. The impact of the war on the eco-
logical situation in Molochnyi Lyman is assessed, and ways and possibilities to overcome the crisis
ecological consequences of the occupation of the territory at the stage of post-war recovery are identi-
fied.

Conclusions. The main ecological problems of Molochnyi Lyman are identified: increased salin-
ity, reduced water surface area and biodiversity, as well as siltation of the channels connecting the lagoon
with the Sea of Azov. It is proven that the preservation of the lagoon requires stable water exchange and
optimal salinity levels, which will ensure favorable conditions for fish spawning and migration, as well
as maintain high ecosystem productivity. With the onset of the war, the situation has become more
complicated, with additional environmental challenges arising due to inaction, which will require further
efforts to restore the biodiversity of Molochnyi Lyman and the Sea of Azov in the future.

KEY WORDS: Molochnyi Lyman, Sea of Azov, biodiversity, ecological situation, water salinity,
water exchange, fish resources
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Introduction

Molochnyi Lyman is a coastal estuary in
southeastern Ukraine, on the coast of the Sea of
Azov. Its role and significance are multifaceted;
it is a nature reserve of national importance, part
of the Pryazovskyi National Natural Park
(NNP), and a wetland of international im-
portance protected under the Ramsar Conven-
tion. The estuary has significant ecological im-
portance as it is home to many species of fish,
birds, and other animals. It is part of the Azov-
Black Sea migratory route used by numerous
bird species during migration. The estuary is
also part of the Pryazovskyi National Natural
Park, which contributes to the conservation of
natural ecosystems and biodiversity in the re-
gion. At the same time, the estuary has eco-
nomic significance, as it is an important re-
source for fishing, where commercial fishing of
species such as shad, bream, pike-perch, and

others is conducted. Additionally, Molochnyi
Lyman attracts tourists with its natural beauty
and recreational opportunities. Unfortunately,
there are a number of ecological problems with
Molochnyi Lyman that have been attempted to
be resolved over the years. With the onset of the
war and the occupation of that part of Za-
porizhzhia region where the Pryazovskyi NNP
is located, these problems have been com-
pounded by those created by the occupiers as a
result of their activities in the protected area, as
well as their inaction regarding its protection
and development. The aforementioned reasons
define the relevance of researching the condi-
tion of Molochnyi Lyman in retrospect, includ-
ing the consequences of the occupation of the
territory, which already today have catastrophic
significance.

Objects and Research Methods

During the research process, both general
scientific methods (analysis and synthesis, in-
duction and deduction, analytical grouping) and
specialized methods (abstraction, modeling,
etc.) were utilized for studying phenomena and

processes. Additionally, remote sensing data
were used, specifically satellite images from
Landsat 5, Landsat 8, Sentinel-2, and the soft-
ware tool Google Earth Engine. The object of
the study is Molochnyi Lyman.

Results and Discussion

Molochnyi Lyman is located in Northern
Pryazovia. Its upper part is fed by the Mo-
lochna, Taschenak, and Dzhekelnya rivers, and
its lower part is connected to the Sea of Azov,
with its shores shaped by aggradation and pro-
gradation processes. The area of Molochnyi
Lyman is 2200 hectares [1, 2].

Until the 15th century, Molochnyi Lyman
was a bay of the Sea of Azov, meaning it was in
an open state. It was closed from the end of the
15th century until World War 1l [3]. After the be-
ginning of World War II, military actions led to
the destruction of the embankment, and the estu-
ary became semi-open. The channel width was
400 meters, which facilitated the formation of the
Stepanivka mouth. By the 1960s, siltation began,
raising the issue of closing this channel and con-
structing a new one with locks. However, while
construction was underway, there were changes
in the hydrochemical and hydroecological
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indicators of the water body [2]. The construc-
tion of the new channel did not solve the siltation
issue and, due to a poorly chosen site for con-
struction, even accelerated the process of shell
deposit accumulation. The semi-open state of
Molochnyi Lyman lasted until 1972, and it has
been in a semi-closed state to the present day
(due to temporary connections and closures) [3].
Throughout this century, problems have arisen
due to the reduction in the water surface area and
depth, accompanied by an increase in the water
body's salinity.

Starting in 2003, the water surface area be-
gan to decrease due to low precipitation, river
flow, and channel siltation. Under closed estuary
conditions, the salinity in some areas can reach
even 104 g/dm?. In an open state, the estuary's
water salinity reaches up to 25 g/dm?, and under
isolated conditions, the salinity fluctuates be-
tween 70-90 g/dm*. Between 2005-2014, the
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area of Molochnyi Lyman decreased by 7.716
thousand hectares. For optimal functioning, it is
necessary for up to 100 million cubic meters of
water to flow into the estuary annually [2]. How-
ever, the most ecologically stable state of the wa-
ter body is observed in a semi-open state, which
is when biodiversity is at its broadest. To support
such a stable state, the use of dredging ships and
various types of pulp pipelines is optimal. The
deposits extracted could be processed into sand
or shell [3]. In 2011, the channel to the sea was
cleared, and water exchange was restored, but af-
ter 1.5 months, the channel silted up again. The
salinity of the water increased, creating favorable
conditions only for marine species of fish, but un-
acceptable for freshwater species. In July 2012, a
project was developed for an artificial channel to
connect the estuary with the sea. The water level
began to rise, and salinity decreased [4]. But from
the second half of 2014, the channel was cleared
again, allowing for water inflow [2].

In 2015, studies showed that the salinity of
the water varied: the minimum near the mouth of
the channel (15 %o), over 30 %o in most parts of
the estuary, and over 50 %o in the east. The water
surface area of Molochnyi Lyman with stable
connection to the Sea of Azov is 20,000 hectares,
and 12-15 thousand hectares without connection
to the sea. In 2020, Molochnyi Lyman was al-
most filled with water to optimal levels. Due to
the strong current in the channel, shad and
atherina entered the estuary for spawning. In the
southern part of the estuary, rootmouth jellyfish
and aurelia, which are brought by the sea, were
encountered. After clearing the shell deposits in
2019, various species of fish returned in 2020, in-
cluding the important commercial species —shad.
In the future, it is necessary for the channel to be
stable and to allow the passage of seawater into
the estuary to maintain a salinity of at least 17-19
%o, for effective spawning grounds and migra-
tory processes [4].

However, the recent absence of clearing
this connection directly affects the hydrological
and hydrochemical state of Molochnyi Lyman
and the hydrobionts of this water body. Changes
in the hydrochemical composition of the estuary
affect the quantity of biota and their species di-
versity. The hydrology of the water body is influ-
enced by a number of abiotic factors, as well as,
as mentioned earlier, the Molochna River and the
connectivity with the Sea of Azov. The estuary is
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isolated from the Sea of Azov by sandy-shell de-
posits. The length of the estuary is 36 kilometers,
and its width varies from 4 to 9 km. The maxi-
mum depth of the estuary reaches 3 meters under
conditions of stable connection with the Sea of
Azov. The minimum depth of 1.5 meters is ob-
served when separated from the sea and at high
evaporation levels. Over the past years, Mo-
lochnyi Lyman, due to isolation from the sea, has
lost approximately 75% of its total volume, sig-
nificantly affecting the water-salt balance. The
most drained areas are located along the left
bank, as well as in the upper and lower parts of
the estuary, particularly between the villages of
Hirsivka and Mordvynivka, along the spit, in the
area of Oleksandrivska bay and Lake Molochnyi,
due to the position of the bottom. In the 1950s,
the channel had a width of over 400 m and a
depth of more than 3.5 m. In the 1970s, the width
was up to 20 meters, and the depth up to 2.5 me-
ters, while in 2014, after dredging with a clam-
shell excavator, its width was no more than 20 m,
and the depth was 2.5 m. The shallows of the
coastal zone prevent seawater from entering the
channel, and it only fills during strong storms.
Also, in this zone, sand and shell deposits ac-
tively move along the shore. Water exchange de-
pends on flood and ebb currents, which are
caused by wind, in the case that the water level
in the sea and the estuary is the same. Strong east-
ern and southern winds cause water surges, while
northern and western winds cause ebbs. The
large amplitude of these fluctuations is due to the
fact that the near-mouth part of the water area is
far from the nodal line of the sea and is located
on its western part. These processes are most pro-
nounced from January to April and November.
The height of the surge affects the current speed
in the transition zone from the sea to the estuary.
Under the conditions of constructing a channel
over 400 meters in 1943 and smaller channels in
the 1970s, the water level in Molochnyi Lyman
reached the water level of the Sea of Azov. To
achieve the same water level in the estuary and
the sea, it takes 3 months considering all influ-
encing factors for clearing the connection that
connects the estuary and the sea. It should also be
considered that to reduce the level of salinity, it
is necessary to enlarge the connecting channel
with the sea to remove excess salts and make the
estuary suitable for the migration, spawning, and
fattening of hydrobionts [1].
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The climate is moderately continental. In
winter, the climate is influenced by the Siberian
anticyclone, and in summer, by the Azores anti-
cyclone. The weather conditions themselves are
affected by the circulation of air masses [4].
From 1969 to 2011, there was an increase in the
sum of positive temperatures, over 15 degrees
Celsius, which directly affects the evaporation
of water in Molochnyi Lyman. In addition to
temperature, the hydrology of the estuary is also
influenced by the flow of the Molochna River.
However, the flow and tributaries are regulated.
The hydrology of Molochnyi Lyman is also af-
fected by an anthropogenic component, such as
an artificially created connection, which is
silted with shell-sand deposits [2].

In the open state, when it is connected to
the sea, bioproductivity is high, water salinity
ranges from 17-25 g/l, and the diversity and num-
ber of hydrobionts are significant. In the closed
state, when the estuary is separated from the sea,
salinity increases to 30-90 g/l, which negatively
affects the hydrobionts and reduces the produc-
tivity of the water body. In this case, biodiversity
decreases, water salinity changes, fish productiv-
ity decreases, the risk of fish kills increases, and
the diversity of the ornithofauna decreases [5,6].

The ecological connection between the
sea and the estuary allows the mixing of waters
with different salinities. Common consequences
of disrupting this connection include the loss of
natural habitats, increased turbidity, the influx of
nutrients, changes in the dynamics of the estuary
and its connections, and loss of biodiversity.
Through conservation measures to maintain the
connection between the estuary and the sea and
to support ecological balance, it is possible to
save wetlands from degradation and to maintain
a stable and optimal level of salinity [7]. Addi-
tionally, estuaries may be threatened by the in-
flux of biogenic substances, which can occur due
to excessive anthropogenic impact (wastewater
rich in organics) [8]. In light of this, it is neces-
sary to review the situation with regulated rivers
that supply Molochnyi Lyman with fresh waters.

It is also necessary to consider the con-
cepts of ecohydrology, which propose integrated
management of estuarine ecosystems through an
understanding of the interconnections between
physicochemical features, ecological niches, and
community desires. This approach includes ana-
lyzing natural processes and anthropogenic
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impacts with the goal of sustainable management
of water resources and ecosystem conservation.
The core principles include regulating hydrolog-
ical processes, supporting ecological functioning
through interactions in ecosystems, considering
feedback loops between biological and physico-
chemical systems, as well as the impact of human
activities on these processes. The proposed solu-
tions involve the use of comprehensive manage-
ment measures, including control of water re-
sources and hydraulic infrastructure, to restore
the ecosystem and ensure sustainable develop-
ment [9-12].

Characteristics of the biodiversity of Mo-
lochnyi Lyman.

Ichthyofauna. Molochnyi Lyman plays a
crucial role in the spawning and fattening of ich-
thyofauna. This water body supports the natural
reproduction of commercially important fish
species such as Liza haematocheilus and Platich-
thys luscus. It is also conducive to the spawning
of other fish species such as Neogobius melanos-
tomus, Neogobius fluviatilis, and Zosterisessor
ophiocephalus. In terms of the impact of hydro-
chemical indicators on ichthyofauna, there are
species changes in biodiversity, while quantita-
tive indicators remain stable. Due to hydroeco-
logical changes in Molochnyi Lyman, there is a
decrease in the population of Percarina
demidoffii, Esox luceus, Acipenseridae, Neogo-
bius eurycephalus, Trachurus ponticus, Scardin-
ius erythrophthalmus, Alosa maeotica, Mullus
ponticus, Pegusa lascaris, Neogobius ratan,
Syngnathus nigrolineatus, Neogobius syrman,
and Carassius gibelio. The reduction in water
level, increase in land area, and increased salinity
of the water body reduce the species diversity of
ichthyofauna [5,6]. Molochnyi Lyman is an im-
portant zone for spawning (of shad and flounder)
and a site for the fattening (of gobies, sea roach,
shad, Black Sea mullets, syngnaths). The year
2002 was one of the most critical in terms of sa-
linity and water levels, impacting the aquatic in-
habitants. There was also a negative impact on
the surrounding avifauna due to the merging of
islands with the mainland. Species like the nee-
dlefish, spiny dogfish, and marbled goby were
under the threat of extinction, while the rest of
the species were in a critically depressed state
[13]. In 2018, siltation occurred again, prevent-
ing water from the Sea of Azov from entering the
estuary, which increased the salinity of the water
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to over 60 %o. In 2019, the channel was restored,
allowing water from the Sea of Azov to flow into
Molochnyi Lyman again.In 2021, gobies, shads,
and mullets began to spawn. In 2021, the salinity
of the estuary reached 42.5%o in the north and
47.7%o in the middle, making it an ultra-saline
water body, as the salinity exceeded 40%o. The
pH values fluctuated between 8.2 and 8.6. How-
ever, the aeration conditions were well suited for
those ichthyofauna species that prefer medium to
high oxygen levels, as it contained 5.8-7.9 mg/I
of oxygen at temperatures of 21.8-22 degrees
Celsius [4].

In Molochnyi Lyman, according to re-
searchers, there are 8 fish species listed in the
Bern Convention, 2 species in the IUCN Red
List, and 1 species in the Red Book of Ukraine.
In the southern part of the estuary, the presence
of Azov shemaya was noted; however, excessive
silting already in 2002 disrupted its migratory
paths. Ichthyofauna listed in conservation lists
and observed in Molochnyi Lyman include:
Azov shemaya (Red Book of Ukraine); Common
carp and Snakehead goby (IUCN); Azov
shemaya, Common sabrefish, Southern spiny
stickleback, Potbellied seahorse, Syrman goby,
Sand goby, Snakehead goby, and Blunt-snouted
clingfish (Bern Convention). Among all the wa-
ter bodies in the northwestern zone of the Sea of
Azov, Molochnyi Lyman has the least diversity
of fish species. Studies have shown the detri-
mental effect of increased water salinity on rare
fish species. Specifically, the level of salinity,
i.e., mineral substances, affects the ichthyofauna
under protective status as a limiting factor. This,
in turn, requires immediate response to the cur-
rent situation around Molochnyi Lyman to pre-
vent the loss of natural spawning, migration, and
fattening areas for diadromous and semi-diadro-
mous fish. Moreover, this is caused not only by
silting of the channel but also by the regulation
of the Molochna River [14].

Coastal fish species that predominated in
observations in 2021 included Proterorhinus
semilunaris, Atherina boyeri pontica, Mugil
soiuy, Neogobius fluviatilis, and Zosterisessor
ophiocephalus. Also encountered was the cteno-
phore Mnemiopsis. Regarding an interesting
commercial object from the goby family, in
2020, species such as Proterorhinus semilunaris,
Zosterisessor ophiocephalus, and Neogobius flu-
viatilis were observed. Since Zosterisessor
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ophiocephalus spends all its life stages in the es-
tuary, this species is the most common for com-
mercial fishing at present, and its biomass is the
largest. The connection of the sea with the estu-
ary will ensure the development of populations
of each of the mentioned species from the goby
family. The preservation of Molochnyi Lyman is
also important because it is a crucial water body
for such an acclimatized commercial species as
shad [4]. The best salinity levels for fish diversity
are close to 25 g/dm?. Under such conditions, op-
timal development of ichthyofauna is possible.
The estuary's ecosystem suffers from an unsuc-
cessful anthropogenic hydrological regime,
which necessitates the restoration of the connec-
tion between the estuary and the sea to maintain
this unique area with rare species of biota [13].

Zooplankton and zoobenthos. Zooplank-
ton is represented by the genera Acartia, Arte-
mia, Canuella, and Brachionus. Also present in
Molochnyi Lyman were Oscillatoria, Prorocen-
trum, Peridinium, Coscinodiscus, Thalassiosira,
Nitzschia. Molochnyi Lyman is a very important
site for the spawning of commercial fish species,
particularly shad. As for the animals represented
in the plankton, the majority are members of ul-
tra-saline ecological groups. The most common
are Acartia tonsa and Acartia clausi. Canuella
perplexa and Brachionus quadridentatus were
also found in large numbers. Dominant species
that thrive in ultra-saline waters include Artemia
salina and Artemia calina, which have a wide
range of salinity tolerance — euryhaline. In the
pelagic zone, gastropods, foraminifera, and pol-
ychaetes were encountered. The zoobenthos is
largely represented by Chironomus salinarius,
Gammaridae, and Cerastoderma. The biomass of
the zoobenthos was low [4].

Invertebrate animals of Molochnyi Lyman
are of particular interest for study due to the con-
stant changes in the connection with the Sea of
Azov, as the ecological state of the water body
frequently changes [15]. There are about 88 spe-
cies of benthic invertebrates. Approximately 50
species of mollusks and 30 species of crustaceans
have been studied. The center of the estuary is
the saltiest, while the northern and southern parts
are less saline. Salinity correlates with biomass,
which is higher in the southern and northern parts
of the estuary, with the largest share accounted
for by mollusks. When the estuary is separated
from the sea, there is an increase in water salinity,
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a decrease in species diversity, and a drop in bi-
omass [13]. In 2019, 75 taxa of zoobenthos were
recorded in the Sea of Azov, Molochnyi, and Ut-
lyuk estuaries. However, in Molochnyi Lyman,
only 2 species were present because the amount
of water was extremely low and there was an in-
crease in salinity levels. Therefore, residents of
very saline waters, Chironomus plumosus and
Artemia salina, were found there. The salinity of
the water that year reached 60-120%o. Molochnyi
Lyman was characterized by high indicators of
abundance and biomass, but due to the increased
salinity of the water, these indicators suffered
significant reductions [16, 17].

Ornithofauna. Molochnyi Lyman is a
unique area for stopovers, wintering, and settle-
ment of birds, which is why it is classified as a
wetland and is protected. 15 bird species are
listed by the IUCN, 259 species are protected un-
der the Bern Convention, 147 species under the
Bonn Convention, 96 species are protected by
the Agreement on the Conservation of African-
Eurasian Migratory Waterbirds, 41 species are
under CITES protection, and 44 species are pro-
tected by the Red Book of Ukraine. This pro-
tected area is home to about 20,000 individuals
of wetland birds [5,6]. Over the last century, 269
diverse species have been identified at Mo-
lochnyi Lyman, 57 of which are listed in the Red
Book of Ukraine. Birds are attracted to this area
by the food base and favorable nesting condi-
tions. Hydrological changes affecting Molochnyi
Lyman significantly impact bird nesting. In par-
ticular, a large number of terns, gulls, and cormo-
rants have lost nesting sites as the Long and
Horseshoe islands have disappeared. The de-
crease in freshwater inflow increases salinity,
which hinders the normal existence of these spe-
cies. Increased areas of dry land and disappear-
ing stretches in the northern part of the estuary
(which belongs to the wetlands) affect the reduc-
tion of areas where gray geese, herons, ducks,
foxes, terns, and passerines can nest. The disap-
pearance of salt marshes on the coast leads to the
loss of natural habitats for red-listed species (Re-
curvirostra avosetta, Haematopus ostralegus,
Himantopus himantopus, Charadrius alexan-
drinus, Glareola pratincola). For these reasons,
the number of birds in the area protected by the
Ramsar Convention has decreased. The number
of bird species in the Wetlands of International
Importance has halved from 1998 to 2012.
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Meanwhile, the reproduction rates of birds in this
protected area have decreased to levels ranging
from 0 to 30%. The cause of this phenomenon is
precisely the reduction in water levels. The quan-
tity and species diversity have decreased due to
high salinity and the lack of a food base. During
the nesting period, Molochnyi Lyman does not
meet the criteria of the Ramsar List. In the post-
nesting period, the number of birds meets the cri-
teria of the Ramsar Convention, but there is a
change in their taxonomic groups. Molochnyi
Lyman is losing its Ramsar criteria [5, 6]. Addi-
tionally, there are ornithological sites within the
Pryazovskyi National Nature Park, mostly near
or within Molochnyi Lyman (Mordvynivka De-
pression, Stepanivka Spit, the delta of the Mo-
lochna River). There are also entomological sites
close to Molochnyi Lyman on the right bank of
the estuary and on Stepanivka Spit [18].

Flora. The flora of the studied region con-
sists of Holarctic and European-Mediterranean
species. The hydrophyton includes elements of
coastal-aquatic and aquatic cenoses. The study
area contains a large number of representatives
from the families Magnoliopsida and Liliopsida,
which include subendemic species unique to this
area. The islands of the studied territory feature
confinative subendemics, more characteristic of
the Pryazovia region. This also highlights the
uniqueness of this region and the necessity for
further conservation and maintenance efforts.
The sea receded from Pryazovia in the Miocene
epoch, and since then, it has been a place for flora
development. The region of southern Ukraine,
between the Dnieper riverbed and Molochnyi
Lyman, was a site for the development of terres-
trial flora during the Quaternary period. This fact
confirms the presence of localized South Black
Sea steppe endemism. In the Holocene, species
from the Pontic center spread to the studied terri-
tory, including Galatella villosa. The flora of the
area belongs to the feather grass-tussock grass
zone. On the islands of Molochnyi Lyman, there
are fragments of Ammophiletea and Cakiletea
maritimae associations, which constitute so-
called littoral vegetation. In the area of Mo-
lochnyi Lyman, unique species such as Aspara-
gus pallasii and Tamarix gracilis, which are
unigue to Ukraine and the world, have been
found. Species such as Astragalus borysthenicus
and Asparagus pallasii are found only on the is-
lands of the studied area. Species of the genera
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Stipa and Tamarix are dominants and subdomi-
nants of the studied region and are also consid-
ered rare phytocoenoses. The studied region re-
quires special protection due to the presence of
littoral endemics, halophytes, and coastal-
aquatic vegetation (Astrodaucus littoralis, Cen-
taurea odessana) [19]. In the second half of the
20th century, studies of the algal flora in Mo-
lochnyi Lyman identified 63 species in the phy-
toplankton and 100 species in the phytobenthos
[20, 21]. The phytoplankton is represented by Di-
noflagellates, Diatomaceous algae, Cyanobacte-
ria, and Green algae. The coast is characterized
by the presence of Cladophora, while in the
deeper part of the estuary, Thalassiosira,
Nitzschia, Prorocentrum, Peridinium, Coscino-
discus, and Oscillatoria are encountered. The
largest portion of the algae consisted of species
such as Cyclotella sp., Nitzschia tenuirostris,
Campylodiscus sp., Nitzschia punctata [4].

As noted above, the presence of a connec-
tion between Molochnyi Lyman and the Sea of
Azov, and consequently the level of water salin-
ity in the estuary, is the most influential factor af-
fecting biodiversity in the estuary. Therefore,
let's analyze the impact of salinity on the state of
fish resources in the estuary in more detail.

Literature analysis shows that over its his-
tory, four main stages (states of connection) of
Molochnyi Lyman with the Sea of Azov can be
distinguished:

1) Open estuary (until the 15th century),
when it was a bay of the Sea of Azov and the sa-
linity level of the water corresponded to the level
of seawater [22];

2) Closed estuary (from the end of the 15th
century to 1943), when it was a salt lake and the
water salinity level ranged from 25%o in 1929 to
60%o and more in 1939;

3) Semi-open estuary (from 1943 to
1972), when there was a possibility of water ex-
change with the Sea of Azov through a wide
channel (for some time — two), hence the water
salinity level was 14.0 - 22.6%o) [22];

4) Semi-closed estuary (from 1972 to
2019), when water exchange with the Sea of
Azov occurred through one artificial channel,
which periodically silted up with sand, the water
salinity level fluctuated from 34.2 to 96%o.

Throughout this time, rivers flowed into
Molochnyi Lyman, primarily the Molochna
River, but its flow level gradually decreased.
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According to research results [23], at the
beginning of the 20th century, the sandy-shell
spit between Molochnyi Lyman and the Sea of
Azov was eroded, and more freshwater from the
sea entered the estuary. This occurred in 19009,
1929, 1931-1932, and 1940. However, each time
the channel existed for no more than a year, it
was again filled with sandy-shell deposits, and
Molochnyi Lyman became closed again.

In 1943, during World War II, German
troops deliberately blew up the spit, creating a
channel that was deep enough, and further
eroded during autumn storms and spring — it did
not silt up. From that moment, for a certain pe-
riod, the estuary again became a semi-open wa-
ter body.

In the mid-20th century, according to
N.O. Alexeyev, the main methods of water ex-
change for Molochnyi Lyman were: the inflow
of sea water through one (two) channels, evap-
oration from the water surface (depending on
temperature), stormwater runoff into the water
area from its shores, wind-driven and seiche
flows, and the inflow of fresh water (rivers Mo-
lochna (formerly Sutin), Taschenak, Dzhek-
elnya and their tributaries) [22].

During this period, sea water entered
through the main channel, up to 400 meters
wide, and also through a second flow — the so-
called "Stepanivske mouth," which ensured the
influx and circulation of sufficient water to
maintain a lower salinity level. This continued
until 1965 when the processes of shallowing of
the first mouth and silting of the second intensi-
fied. Unfortunately, over time, it turned out that
the decision to create a new channel instead of
deepening the existing one was mistaken. Ini-
tially, in 1972, Molochnyi Lyman again became
closed during the construction period. However,
the new channel did not solve the problem, as
the chosen location proved to be unsuitable; it
quickly filled with sandy-shell deposits and re-
quired periodic dredging, which continued until
2003. In the following years, dredging and
clearing were conducted sporadically, thus ac-
celerating the processes of shallowing of Mo-
lochnyi Lyman, reducing its area, and increas-
ing the water salinity level.

The main sources of freshwater supply
were and remain rivers, the characteristics of
which are presented in Table 1.
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Table 1
Characteristics of the rivers flowing into Molochnyi Lyman
Name of the river Length Watershed area, Number Total length
of the river, km km? of tributaries | of tributaries, km
Molochna 197,0 3450,0 80 178,0
Taschenak 62,2 467,8 3 36,0
Dzhekelnya 34,8 228.,0 - -

But, today, these steppe rivers have al-
most lost their significance as a source of fresh
water replenishment for the estuary due to shal-
lowing and regulated surface runoft: numerous
ponds and reservoirs have been created along
their channels and floodplains. According to
[2], over the years, the level of surface runoff
has fluctuated between 13.87 - 154.96 million
m?, averaging 53.46+5.45 million m?.

The period from 1972 to 2019 was the
most challenging for the biodiversity of the es-
tuary, as due to the instability of water ex-
change, fluctuations in water levels, there were
periodic dryings of shallow areas, and the water
receded hundreds of meters from the shore, con-
sequently — as a result - the level of salinity also
fluctuated. During this period, differences in the
hydrochemical and hydrological state of the up-
per, middle, and lower parts of the estuary,
which had existed up to that time, virtually dis-
appeared, making the water body's ecosystem
unstable in terms of dynamics and species com-
position.

From 2001 to 2013, Molochnyi Lyman
periodically became closed (in 2001, 2002,
2006, 2007, 2008). For example, in 2001, the
shad that entered Molochnyi Lyman for spawn-
ing due to the silting of the channel could not
return to the sea and died in tons in the estuary.
Instead of deepening the channel, a new channel
project was developed in the Pryazovia area.

As a result, from 2003 to 2013, the water
areca of Molochnyi Lyman decreased from
21,269 hectares in 2003 to 14,229 hectares in
2013. Accordingly, the salinity of the estuary
increased from 30.0%0 in 2003 to 82.5%0 —
104%o in 2013.

These negative changes led to a signifi-
cant reduction in the species richness of fish
several times. Thus, according to field research
by Demchenko V., in 2012 only 4 fish species
were registered — mullet, shad (Liza haemato-
cheilus), Black Sea flounder (Platichthys
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flesus), grass snakehead goby (Zosterisessor
ophiocephalus), and Black Sea silverside
(Atherina pontica).

Another critical situation occurred in the
summer of 2017, when about 17,000 individu-
als of shad, weighing from 0.5 to 3 kg each, died
in Molochnyi Lyman.

Therefore, from the beginning of 2018 to
December 2019, comprehensive work was carried
out to clear the connecting channel and restore the
semi-open state of Molochnyi Lyman, which led
to a decrease in the water salinity level and created
conditions for the recovery of population numbers
of the main commercial fish of the Azov Sea.

Unfortunately, periodic silting of the
channel between Molochnyi Lyman and the Sea
of Azov poses a significant threat to the biodi-
versity of both the estuary and the sea.

The state of fish resources in the Sea of
Azov significantly depends on providing condi-
tions for the spawning and fattening of fish in
Molochnyi Lyman. We have conducted studies
on the situation regarding the commercial fish-
ing of fish resources in the Sea of Azov.

First and foremost, this concerned fish
such as shad. An analysis of shad catch in the
Sea of Azov was conducted for the years 2010
—2021. In 2022 — 2023, with the onset of the
war, fishing activities in the Sea of Azov ceased
due to the occupation of the territory (Fig. 1).

As we can see, from 2010 to 2013, both
the catch volumes and the corresponding limits
were decreasing, and in 2014 — 2015, the catch
level reached catastrophically low values. A
gradual improvement in the situation occurred
during 2020 — 2021. Let us explain the reasons
for these changes.

The decrease in shad catch by 2014 oc-
curred due to the gradual silting of the channel
between the sea and the estuary and the compli-
cation of fish spawning. In 2014 - 2015, the
channel was partially cleared, and Molochnyi
Lyman was reconnected with the Sea of Azov.
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Fig. 1 — Shad catch in the Sea of Azov from 2010 to 2021
Constructed based on data from analytical source [24].

This led to certain positive results, in-
cluding a rise in water levels and an increase in
the estuary's water area. Accordingly, this al-
lowed a slight increase in catch volumes from
39.07 tons in 2015 to 110.08 and 105.55 tons in
the following years, respectively. In 2018, the
situation deteriorated again, resulting in the
catch volume in the Sea of Azov dropping to
catastrophically low levels — 16.637 tons. For
comparison, in 2010, the shad catch amounted
to 3642 tons per year.

The analysis of fish catch data in the Sea
of Azov after the channel deepening in 2018 —

Quantity, tons

2019 significantly increased the shad catch to
182.658 tons per year in 2021. Unfortunately,
this figure is much lower than the 2010 indica-
tors but significantly better than the situation in
2018. Therefore, there was every reason to ex-
pect further improvement in the coming years.
However, the start of the war in 2022 made its
adjustments, as the mentioned area came under
occupation.

We also conducted an analysis of the
catch volumes of the main commercial fish in
the Zaporizhzhia region during 2015 — 2021

(Fig. 2).
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Fig. 2 — Catch volumes of the main commercial fish in the Sea of Azov in the Zaporizhzhia region
Constructed based on data from the State Statistics Service of Ukraine [25].
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As we can see, from 2015 to 2021, there
are negative trends - fish catch volumes are de-
creasing. The exceptions were the catch volumes
of flounder (turbot) and shad after the channel
deepening in 2018-2019, which significantly in-
creased in the subsequent years of 2020 — 2021.
Therefore, there were all possibilities to expect
an improvement in the situation further since a
decision was made regarding the periodic (sys-
tematic) dredging of the channel between Mo-
lochnyi Lyman and the Sea of Azov.

Currently, there are several threats exist-
ing for Molochnyi Lyman. Firstly, there is the
increase in the salinity of the Sea of Azov. If
there is a constant (sufficient) connection be-
tween the sea and the estuary, it is possible to
reduce the salinity of the water in Molochnyi
Lyman. If the salinity level in the sea increases
— the degree of salinity reduction in the estuary
becomes significantly lower. From 1997 to
2003, the salinity level of the Sea of Azov fluc-
tuated slightly and was 10.27%o, from 2003 to
2006 — it somewhat decreased to an average of
9.72%o. From 2007 to 2012, there was a quite
sharp increase in salinity to 13%. (average value
— 10.64%0). In 2020, the salinity was already
14.5%o (in some areas of the sea it exceeded
15%0). Thus, as we can see, the salinity of the
Sea of Azov is approaching the level of the
Black Sea, where it is 17-18%o. It should also be
considered that in some areas of the sea it is
higher than the average value. Thus, in the west-
ern part of the Sea of Azov — it is 14%o, and in
the Utlyuk estuary - 16-17%o. The main reason
for the increase in the salinity of the Sea of Azov
is the decrease in the inflow of fresh water with
a simultaneous increase in the inflow of more
saline water from the Black Sea. Currently,
through the Kerch Strait, there has already
formed a fairly constant current of saltier water
from the Black to the Azov Sea. There is also a
continuous decrease in the flow of the Don and
Kuban rivers, which respectively brought 70
and 30% of fresh water to the sea. Today, this
amount is even less. This happened due to the
regulation of runoff (Tsimlyansk Reservoir) and
an increase in water intake primarily from the
Don River. In the Sea of Azov, the amount of
fresh water has decreased on average by 9 km?
annually. The daily productivity of runoff in the
summer is critical because agricultural produc-
ers use water for irrigation of fields. Water
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consumption in the Rostov region is also in-
creasing annually (on average 0.5 million m? of
water per day).

Since the start of the war, the situation
has become even more complicated, as from
2023 Russia has been diverting an additional
300,000 cubic meters of water per day from the
Don River for the needs of the DPR and Mariu-
pol. Before the war, water supply was carried
out through the North Donetsk — Donbas canal,
which became shallow as a result of the destruc-
tion of the dam of the Oskil Reservoir in the
Kharkiv region.

According to experts [26], the partial fill-
ing of the Kalchyk River with slag has reduced
the inflow of fresh water into the Sea of Azov
by almost three times.

Such changes in the salinity level of the
Sea of Azov differently affect the living condi-
tions of various fish. For example, the increase
in the salinity of the Sea of Azov has improved
the spawning conditions for the Azov turbot and
shad. However, a necessary condition for the
spawning of these fish species is not only the
salinity level of the sea but primarily the exist-
ence of a connection and water exchange be-
tween Molochnyi Lyman and the Sea of Azov.
Shad enters Molochnyi Lyman for spawning, so
the water salinity level there must be suitable for
this. Especially since the amount of fresh water
that reaches there through the Molochna River
in recent years is insignificant in terms of its im-
pact on reducing water salinity.

The opposite situation is with the Azov
goby, for which a significant natural problem is
the increase in water salinity in the Sea of Azov
to 15%o, since the critical salinity value, above
which conditions for the spawning of the main
commercial species of goby — round goby, be-
come unfavorable — is 13%o. The analysis con-
ducted above showed that a critical situation
with spawning had already occurred in 2020,
which is why the State Fisheries Agency was
forced to completely abandon all types of spring
fishing for gobies in the Azov basin [27, 28].

Our analysis showed that over the last 10
years there has been a gradual decrease in the
catch volume of Azov goby, which is a result of
its decreasing population in the Sea of Azov.
There is reason to believe that the increasing sa-
linity of the water in the sea also has a negative
impact on this.
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In addition to the increase in the salinity of
the Sea of Azov, additional environmental threats
to Molochnyi Lyman have arisen since the start of
the war due to the entry of contaminated water
into it through the Molochna River and from the
Sea of Azov.

Today, in temporarily occupied Mariupol
near the Kalchyk River, the invaders have cre-
ated a landfill. As a result — there have been nu-
merous cases of dead dolphins and fish washing
up on the shores of the Sea of Azov. In turn, con-
taminated seawater further enters the estuary.

The Molochna River in occupied Melito-
pol, Zaporizhzhia region, is also on the verge of an
ecological disaster. The river periodically be-
comes silted, turns white, is covered with white
foam, and acquires a sharp unpleasant odor. Ex-
perts believe that the most likely cause of this pol-
lution is sewage leaks, which are not promptly
prevented and remedied, resulting in sewage en-
tering the river.

Before the war, problems with the entry
of municipal wastewater existed, but previously
municipal services regularly maintained the
river, and law enforcement held those responsi-
ble for pollution accountable. In 2021, the river
began to be cleared, but these works were not
completed before the occupation.

The situation with wastewater in another
occupied city of Zaporizhzhia region — Tokmak,
is complicated. Due to periodic problems with
electricity and fuel supply, sewage enters the
Molochna River. Even under normal operation
of treatment facilities, discharges of inade-
quately treated return water occur in the cities
of Tokmak and Melitopol, significantly worsen-
ing the ecological state of the Molochna River
and consequently - the estuary.

Furthermore, today the Molochna River
continues to shallow and become overgrown
with reeds, but the occupying authorities are not
taking any measures to save it.

There is every reason to expect negative
impacts from the military training ground that
the occupiers set up near Molochnyi Lyman in
the territory of the Radivonivka forest. There-
fore, this issue, in our opinion, requires addi-
tional attention. Thus, all this together acceler-
ates the onset of an ecological disaster for Mo-
lochnyi Lyman.

With the onset of the war and the occupa-
tion of parts of the Zaporizhzhia region (Prya-
zovskyi National Park — completely), due to the
inability to conduct field research in the Mo-
lochnyi Lyman area, we used remote sensing
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(RS) tools to assess the consequences of the oc-
cupation for the estuary. First and foremost, the
status of the connection between Molochnyi
Lyman and the Sea of Azov, as its absence had
already led to catastrophic ecological conse-
quences.

An analysis of satellite images of the
channel connecting Molochnyi Lyman with the
Sea of Azov was conducted. Using the software
product Google Earth Engine, images of the ter-
ritory for 2013, 2015, 2017, 2019, 2021, and
2023, as well as from January to May 2024,
were obtained. Images up to 2015 were created
based on data from the Landsat 8 satellite, while
from 2015, images with higher resolution from
Sentinel-2 were used.

In Fig. 3, the location of the channel
where the dynamics of changes caused by natu-
ral silting with shell deposits and clearing with
special equipment were studied is marked with
a green dot.

After determining the observation point,
an averaged image for the year 2013 was ob-
tained (Fig. 4). According to it, the level of silt-
ing with sandy-shell deposits was extremely
high, which hindered the inflow of sea water
into Molochnyi Lyman. The situation in 2013
was critical, and the state of this connection sig-
nificantly affected the aquatic organisms.

However, by 2014, clearing works had
been conducted, resulting in an increased width of
the channel by 2015, as confirmed by images from
that year. The situation improved, spawning and
fattening began to occur more effectively, and the
productivity of biomass accordingly increased
(Fig. 5).

In 2017, the situation deteriorated again,
with silting of the estuary-sea connection occur-
ring (Fig. 6). The process of silting with shell
deposits occurred rapidly, again affecting the
biodiversity of the protected natural area.

Satellite images from 2019 to 2021 show
that the channel became much wider as it was
cleared of silt in 2018 - 2019 (Fig. 7 and 8). As
a result, in 2020, many species of fish returned
to Molochnyi Lyman, with an increase in popu-
lation numbers and species diversity. Addition-
ally, commercial fish species also returned due
to the favorable hydrological and hydrochemi-
cal conditions of Molochnyi Lyman.

However, the images from 2023 and the
first half of 2024 (Fig. 8 and 9) show silting of
the channel, which is a negative factor for the
biodiversity of the estuary. The situation re-
quires immediate resolution, as it will affect the
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Fig. 3 - Research site: the channel connecting Molochnyi Lyman with the Sea of Azov
The data obtained using the Google Earth Engine software
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Fig. 4 - Landsat 8 satellite image of the studied area from 2013
Images of the area obtained using the Google Earth Engine software

spawning, fattening, and migration of the ichthy-
ofauna, as well as the ornithofauna of the wetlands
in the near future. The silting situation is cyclical,
and for the optimal functioning of Molochnyi
Lyman and the maintenance of an ecologically
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balanced state, it is necessary to constantly clear
the channel or create special structures. This will
prevent re-silting, ensure free water exchange be-
tween the estuary and the sea, maintain high bio-
mass productivity, and preserve biodiversity.



ISSN 1992-4224 Jlronuna Ta qokimis. [Ipodmemu Heoekonorii. 2024. Bumyck 42

L2 YAt i) Meh s Caton

Fig. 5 - Landsat 8 satellite image of the studied area from 2015
Images of the area obtained using the Google Earth Engine software

Fig. 6 - Sentinel-2 satellite image of the studied area from 2017
Images of the area obtained using the Google Earth Engine software
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Fig. 7 - Sentinel-2 satellite image of the studied area from 2019
Images of the area obtained using the Google Earth Engine software

Fig. 8 - Sentinel-2 satellite image of the studied area from 2021
Images of the area obtained using the Google Earth Engine software
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Fig. 9 - Sentinel-2 satellite image of the studied area from 2023
Images of the area obtained using the Google Earth Engine software

Fig. 10 - Sentinel-2 satellite image of the studied area from 2024
Images of the area obtained using the Google Earth Engine software

Additionally, a study of the water surface the water surface area of Molochnyi Lyman sig-
area was conducted for the years 2013, 2015, nificantly decreased at the head and on the right
2017, 2019, 2021, and 2023 using the Google side (Fig. 10). This reduction was caused by the
Earth Engine software, utilizing satellite images absence of water inflow from the Sea of Azov,
from Landsat 5, Landsat 8, Sentinel-2. In 2013, which led to a significant increase in water
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salinity. The strictly protected zone at the head of
the estuary, where the water receded, was severely
affected. This place is important for nesting a large
number of birds due to the wetlands. Thus, the or-
nithofauna also suffered negative impacts due to
the changing conditions in Molochnyi Lyman. In
2015, the water surface area significantly in-
creased, and the areas where water had receded in
2013 were refilled (Fig. 11).

This created favorable conditions for the
settlement of wetland birds along the coast. Ac-
cording to the images from 2017 and 2019, water
began to recede again at the head and the lower
reaches of the estuary due to the silting of the
channel (Fig. 12 and 13).

The wetlands at the head of the estuary,
which are protected by the Ramsar Convention,
suffered adverse effects, negatively affecting
bird populations. There is also a trend that when
there is no water inflow to the estuary, dry land
appears at the head, lower reaches, and also on
the right side of the estuary.

However, after the channel clearing work
conducted, in 2020 the water refilled almost the
entire territory of the estuary (Fig. 14). Accord-
ing to the 2021 images, the water surface area
significantly increased, creating favorable condi-
tions for the effective functioning of both adja-
cent terrestrial ecosystems and aquatic ones in
particular. However, according to the 2023 im-
ages of Molochnyi Lyman, the silting situation is
repetitive. Because of this, the water surface area
is consistently decreasing (Fig. 15).

Although clearing works were conducted
on the channel in 2019, the accumulation of
sandy-shell deposits occurs very quickly, which
leads to a reduction in the inflow of sea water. As
a result, the water surface area decreases, leading
to the drying up of the headwaters, lower reaches,
and the right side of the estuary. It is precisely in
these areas where the largest number of wetland
birds are found, raising concerns about the preser-
vation of their populations and the overall ecolog-
ical state of the estuary.

Fig. 11 - Water surface area of Molochnyi Lyman in 2013
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2
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Fig. 12 - Water surface area of Molochnyi Lyman in 2015
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2
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Fig. 13 - Water surface area of Molochnyi Lyman in 2017
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2
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Fig. 14 - Water surface area of Molochnyi Lyman in 2019
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2
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Fig. 15 - Water surface area of Molochnyi Lyman in 2021
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2
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Fig. 16 - Water surface area of Molochnyi Lyman in 2023
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2

Conclusions

Molochnyi Lyman is a significant pro-
tected area under the Ramsar Convention. The
importance of this ecosystem lies in its unique-
ness and biodiversity richness. However, due to
the reduced inflow of sea water, the estuary is at
risk of degradation. The main ecological chal-
lenges include increased salinity, reduced water
surface area and biodiversity, and the silting of
channels connecting the estuary to the Sea of Azov.
Preserving the estuary requires stable water ex-
change and optimal salinity levels, which will en-
sure favorable conditions for the spawning and mi-
gration of fish, as well as maintaining high ecosys-
tem productivity. To ensure a stable ecological state
of Molochnyi Lyman, comprehensive water re-
source management measures are necessary, in-
cluding regular channel clearing and maintaining
an optimal hydrological regime. This will help pre-
serve unique species of flora and fauna and ensure
the sustainable development of this protected area.

Due to the accumulation of shell depos-
its, silting occurs in the channel connecting Mo-
lochnyi Lyman with the Sea of Azov. This neg-
atively affects the aquatic and adjacent
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terrestrial ecosystems, particularly the orni-
thofauna, as areas used by birds for nesting and
meeting their trophic needs disappear. In-
creased water salinity, turning the estuary into
an ultra-haline environment, also negatively im-
pacts aquatic organisms.

The reduction in the water surface area at
the head, lower reaches, and the right side of the
estuary leads to the drying of these areas, which
are the most favorable places for the nesting of
wetland birds. Moreover, the silting of the chan-
nel disrupts the processes of spawning, migra-
tion, and fattening of various fish species, in-
cluding commercial species. The tendency for
rapid silting of the channel even after clearing
indicates that simple clearing work is insuffi-
cient.

Therefore, it is necessary to develop more
effective clearing methods or structures that
would slow down the silting process in the long
term. More frequent and effective clearing is
critically important for preserving this protected
area, which holds extraordinary importance ac-
cording to the Ramsar Convention.
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EKOJIOTTYHI 3AI'PO3H4 I PU3UKH IS IIPHPOJOOXOPOHHUX
TEPUTOPIM B YMOBAX BIMHU (HA TPUKJIAAI MOJIOYHOTI'O JINMAHY)

Merta. JlocmiKeHHS €KOIOTIYHOTO CTaHy MOJIOUHOTO JIUMaHY, SIKHii € 3aKa3HHUKOM 3araJlbHOICPKaBHOTO
3Ha4YeHHs, YaCTUHOIO [Ipra3oBCHKOT0 HalliOHAIBHOTO PUPOIHOTO MapKa, BOJHO-00JOTHUM YTiUIIM MDKHAPO/I-
HOTO 3HAYEHHS, 10 OXOPOHAETHCS 3TiHO PaMcapchkoi KOHBEHITIT.

Metoan nocaimxenns. CucTeMHUIl aHaji3, BAKOPUCTOBAHO JaHi JTUCTaHLIHHOTO 30HIYyBaHHS, 30KpemMa
cynyTHHKOBI 3HiIMKH Landsat 5, Landsat 8, Sentinel-2, a Takox nporpamunii inctpyment Google Earth Engine.

PesynbTaT. Hagana xapakTepuctuka 010pi3HOMaHITT MOJIOYHOTO JUMaHy Ta MPOaHaTi30BaHUN BIUIHB
PIBHS COJIOHOCTI BOJOWMH Ha cTaH ii OiopizHOMaHiTTA. [IpoaHanizoBaHi MPUPOIHI Ta aHTPONMOTESHHI YUHHUKH
BIUIMBY Ha €KOJIOTiYHHH cTaH Mosognoro mumany. Oco0irBa yBara npuaijicHa aHalli3y YMOB 3a0e3MedeHHs BO-
JI0OOMiHY 3 A30BCBKUM MOPEM Ta HACJIIKiB HOTO BIICYTHOCTI s Oi0pi3HOMaHITTS Boxoimu. [IpoBeneHuit ana-
JIi3 CTaHy Ta JUHAMIKH MTPOMHUCIIOBOTO BHUJIOBY pHOHM Y A30BChbKOMY MOpi (3amopi3bka 00JacTh) Ta (aKkTopiB, MO0
BITUBAIOTh HAa CTaH pHOHUX pecypciB. OIIHCHHI BIUIMB BIHHU Ha €KOJIOTIYHY CHTYaIlil0 Yy MOJIOYHOMY JIMMaHi
Ta BU3HAYCHI IUITXH T4 MOKJIMBOCTI ITOIOJIAHHS KPU30BUX CKOJOTIYHMX HACIHIIKIB OKYIAIlil TepUTOpPii Ha eTarmi
MOBOEHHOTO BiJIHOBJICHHS.

BucHoBku. Bu3HaueHi 0OCHOBHI €koJOriyHi poOsieMr MOJIOYHOTO JIMMaHy: MiJIBUIIEHHS COJIOHOCTI, 3Me-
HILIEHHS TUIONII BOJHOTO J3epKajia Ta 010pi3HOMAHITTS, a TaKoXK 3aMyJICHHS] KaHaNiB, 110 3’ €IHYIOTh JHUMaH i3
A3zoBcrkuM MopeM. JloBeeHO, 110 30epeKeHHs JTMMaHy BUMArae ctabijIbHOro BOAOOOMIHY Ta ONTUMAIILHOTO Pi-
BHSI COJIOHOCTI, 110 3a0€3MeYNTh CIPHUSTINBI YMOBH [UIsl HEPECTY Ta Mirparii puo, a TakoX MiITPUMaHHS BUCOKOT
MPOJYKTUBHOCTI €KOCHCTEMH. 3 MOYATKOM BIHHU CUTYallisl YCKJIQJHUJIACh, BUHUKIIM JI0JIATKOBI €KOJIOTIYHI BU-
KIIMKU BHACHTIOK O€3isUTFHOCTI, MO Y MOJANBIIOMY Oyae MoTpeOyBaTH JOJATKOBUX 3YCHIIb JJIS BiIHOBIICHHS
OiopizHOMaHITTS MOJIOYHOTO JTMMaHa i A30BCHKOTO MOPSI.

KJIFOYOBI CJIOBA: Monounuii numan, Azoecvke mope, OIOPI3HOMAHIMMS, eKONI02IYHA CUmyayis, co-
JIOHICMb 800U, 800000MiH, pUOHI pecypcu
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EKOJIOT'TYHA BE3IEKA IPYHTIB B YMOBAX IHTEHCUBHOI'O
CIVIBCBKOT'OCIIOAAPCBKOI'O 3EMJIEKOPUCTYBAHHA

s cranoro GpyHKIIOHYBaHHS arpOEKOCHCTEM Ta CTIMKOT0 3a0e3MeYeHHs HACEICHHS IPOJOBOJIBCTBOM aK-
TyaJlbHHUM € 3aBAaHHs 3a0e3MeUeHHs eKOJIOTTYHOT Oe3IIeKH IPYHTIB B YMOBaX BUKOPUCTAaHHS IHTEHCUBHHUX TEXHO-
JIOTi{ BUPOIILyBaHHS CLIBCHKOTOCTIONAPCHKHUX KYJIBTYP.

Meta. Bu3HauuTH BIUIMB IHTEHCUBHOTO BUPOIIYBaHHS OJNIMHUX KYJIBTYp Ha arpoXiMiuHi MMOKa3HUKHU Ta
€KOJIOTIYHI TOKa3HUKH YOPHO3EMHHUX IPYHTIB B yMOBaXx JIICOCTENOBOI 30HM YKpaiHH

Metoaun. 10516081, 1a00paTOPHO-AHATITHYHI, METO AaTOMHO-a0COPOMIHHOT crieKTpodhOoTOMETpil, CTaTHC-
TUYHUH.

Pe3yabraTu. BusHaueHO BIUIMB IHTEHCUBHOTO BUPOIILYBaHHSI OJIIHHUX KYJIBTYP Ha CE30HHY AMHAMIKY BMi-
cty 6iorennux emementiB (N, P, K) y 4opHO3eMHHX IpyHTax (Ha IpUKIai YOPHO3EMIB TUIIOBUX). BcTaHOBIEHO
CYTTEBE 3HW)KEHHS BMICTY pyxomux (opm asory, pocdopy Ta Kajito B HOpHO3EMaX TUIIOBHX 33 IHTEHCHBHOTO
BUPOILIYBaHHS OJIIHNX KyJIbTYp (COHSIIHUKY Ta O3MMOTO PilaKy) MOPiBHIHO 3 03UMOI0 NIeHuIero. BinzHnaueHo,
10 3a OLTBIIOrO PiBHS MPUPOIHOTO 3BOJIOKCHHS IHTEHCHUBHICTH BUHOCY OIOTCHHHX €JIEMEHTIB 3pOCTAa€E SIK IS
ONHMUX KYJBTYP, TaK i AT 03UMOT NIIEHUIII. BCTaHOBIEHO CyTTEBE 301MBIICHHS KOHIIEHTPAIIH PyXOoMUX GopM
Zn, Pb, Cu ta Cd B 4opHO3eMHHX TPYHTaX MPH BUPOIILYBAHHs ONIHHUX KYJIBTYp y TOPIBHSAHHI 3 iX (DOHOBUMH
KOHIICHTPAIISIMH Ii T IPUPOTHIUMH JTyKaMH Ta MacoBHIaMu. [Ipy HaCHYeHHI CIBO3MIHH O3MMUM PIillaKOM B IPYHTI
6inbme HakonuuyoThes Cd Ta Cu, pu nepeBaxaHHi COHAMHUKY — Pb Ta Zn. B yMoBax GiIbIIOro 3BOJIOKEHHS
KOHIICHTpAIil pyXOMHUX (OPM BCIiX JOCTIKYBAaHMX METAIB y IPYHTI 30LIbIIyIOThCS. HabmmkeHHs cepeHixX 3a
nepion crioctepexeHHs KonteHTpaiiit Cd 10 HOpMAaTHBHOTO 3HAYEHHS CBITYHTH PO MOXJIMBY HeOE3MeKy HaKo-
NMYEHHS Ta 3a0py/JHEHHSI IPYHTIB ITOJIbOBUX CIBO3MIH IIUM METAJIOM.

BucHoBku. BupouryBanHs ONiHHUX KyJIbTyp 3 BUKOPHUCTAHHSM IHTCHCHBHUX TEXHOJIOTiH CTBOPIOE 3a-
rpo3y MOTIPIICHHS CTaHy IPYHTIB 3 JBOX ACICKTIB: 3MEHIIICHHS 0iOT€HHUX €JIEMEHTIB B IPYHTI Ta IIiIBHIICHHS
PH3HKY 3a0pyAHCHHS ITPYHTIB BAXKUMH MeTatamu, ocobinso Cd.

KJIFOUYOBI CJIOBA: exonociuna besnexa, 4opHo3eMHUll IPYHM, OI02EHHUL eleMeHM, 8ANCKULL Memai,
A2POXIMIYHULL NOKASHUK, THMEHCUBHA TNEXHONIORIA, CITbCLKO2OCNOO0APChKe 3eMAEKOPUCHIYBAHHSA, COHAWMHUK, DINaK

Ax muryBaTu: Hexoc A. H., Xpinko O. 1., Boorosa O. O. Exonoriyna 6e3neka rpyHTiB B yMOBax iHTEHCHBHOTO
CUIBCBKOTOCIIOIAPCHKOTO 3eMIIEKOPUCTYBAHHS. JIroouna ma dosxinas. IIpobremu neoexonocii. 2024. Bum. 42. C.
137-146. DOI: https://doi.org/10.26565/1992-4224-2024-42-09
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intensive agricultural land use. Man and Environment. Issues of Neoecology, (42), 137-146.
https://doi.org/10.26565/1992-4224-2024-42-09 (In Ukrainian)

© Hekoc A. H., Xpinko O. 1., boiorora O. O. 2024
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0.

~ 137 ~



https://doi.org/10.26565/1992-4224-2024-42-09
mailto:alnekos999@gmail.com
https://orcid.org/0000-0003-1852-0234
mailto:elenahripko@karazin.ua
https://orcid.org/0000-0001-8303-7105
mailto:Olena.Bolotova@glasgow.ac.uk
https://orcid.org/0000-0003-4354-4748
https://doi.org/10.26565/1992-4224-2024-42-09
https://doi.org/10.26565/1992-4224-2024-42-09
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

ISSN 1992-4224 Jlioauua Ta goBKiuis. ITpobaemu Heoekosnorii. 2024. Bunyck 42

PocnuHHMITBO € TPOBITHOIO TaTy33I0
CLIBCBKOTO TOCIOJApCTBA YKpaiHH, Ha SIKY
npunanae oau3bko 72 % CiTbChbKOTOCHOAAPCH-
Koi nmpoaykuii [1]. BipoBakeHHs! pUHKOBHX Bi-
JHOCHH Y cdepi CiIbChKOrOCTIONapChKOTO 3eM-
JICKOPUCTYBaHHS CIPHSIIO MiABUILICHHIO POJIY-
KTUBHOCTI BUPOOHMYHX TPOLECIB, B TOMY YHCIIi
3a paxyHOK 3aCTOCYBaHHS IHTEHCUBHUX TEXHO-
JIOTI BUPOIIYBAaHHS CLITBCHKOTOCIIONAPCHKAX
kynbTyp. Lli TexHozorii mepenbavaroTe BHe-
CEHHS BUCOKHX J[03 MiHEpaJIbHHUX JOOPUB Ta Xi-
MIYHHX 3aCO0IB 3aXHCTy POCIWH s 3a0e3re-
YeHHS BUCOKMX TIOKa3HUKIB BPOKaHOCTI.

3akoHoM Ykpainu «lIpo oxopony 3e-
MeJIb)» 3a3HAYCHO, 110 OTHAM 3 OCHOBHUX IIPHH-
IUITIB JICP’KaBHOI MOJIITHKY Y chepi 0XOpoHH 3e-
MeJlb € «IIPIOPUTET BUMOT €KOJIOT1YHOT Oe3meKn
Yy BUKOPUCTaHHI 3eMJII SIK TPOCTOPOBOT0 Oasucy,
MIPUPOIHOTO PECYPCY 1 OCHOBHOTO 3ac00y BUPO-
OnunrBay [2]. Lei npuHIMIT BIPOBAIKYE y HA-
I[IOHAJIbHE 3aKOHOAABCTBO oiaHy 3 Llined cra-
JIOTO PO3BUTKY, siKi Oynu mpuitHsaTi OpraHiza-
riero O6’emnannx Hamiit y 2015 porii sik yHiBEp-
CaJIbHUI 3aKJIMK 10 A1l 1010 OA0IaHHs OiqHO-
CTi, 3aXHCTy IJIAHETH Ta 3a0e3MeUYeHHS MUPY Ta
mporBiTaHHs ais Beix monei mo 2030 poky:
ik 12 «BignosiganbHe CIIOKUBaHHS Ta BUPOO-
HUITBO» [3]. 3MicTOM Ii€l il € JOCATHCHHS
€KOHOMIYHOT'O 3POCTaHHS Ta CTAJIOr0 PO3BHTKY
NpU OIHOYACHOMY 3MEHIIICHHI €KOJIOTTYHMX Ha-
CIIJIKIB MisTIbHOCTI. BUBUEHHS BIUIMBY BHPOO-
HUYHMX TEXHOJOTIH Ha MPOJYKTHBHICTH CLIbCh-
KOTO TOCIIOJIAPCTBa, MPOJIOBOJILYY O€3MeKy Ta
€KOJIOTIYHY CTIHKICTh, @ TaKOX BCTAHOBJICHHS
OaJylaHCy MiX UMM CKJIaJJOBUMHU BOAYAETHCS Ba-
HIMBUM. [IpHKIa oM TaKoro HarpsMKy JOCIi-
JDKeHb MOXe OyTr pobora [4].

€ BenMKa KUTBKICTh JIOCIIKEHb BIUIUBY
IHTEHCUBHHX TEXHOJIOT1i BUKOPUCTAHHS CLITECh-
KOTOCTIOIAPCHKUX 3€MEIb Ha Pi3HI BIACTUBOCTI
IPYHTIB, BUKOHaHUX B pi3HUX KpaiHax. Lli mocmi-
JOKEHHSI TIPUCBSYCHI, HAIPUKIaJ, MpodieMam
BUBUCHHS (I3UKO-XIMIYHUX Ta arpoxXiMidHMX
BJIACTUBOCTEHN I'PYHTIB CLIBCHKOTOCIIOAAPCHKOTO
BUKOPHUCTAHHS, B TOMY YHCIIi, B TIOPIiBHSHHI 3
BJIACTUBOCTSIMU IPYHTIB 1HIIHX THITIB 3eMJIEKO-
puctyBanHs [5, 6, 7], 6anaHcy OioreHHUX eneme-
HTIiB B TPYHTI TIPH BHPOIIYBaHHI Pi3HUX BHUIIB
CUTbCHKOTOCIOIAPChKUX KyJIbTYD [8, 9, 10, 11],

Bcemyn

npoOemi 3a0pyAHEHHS IPYHTIB Ta CUTLCHKOTOC-
MOJapCchbKol MPOAYKIIl BaKKUMU MeTanamu [9,
12, 13], mirpauii Ba)XKUX METaniB 3 IPyHTY OO
CLIBCBKOTOCTIONAPChKUX KynabTyp [14, 15, 16,
17], BIUIMBY MiBUIIEHUX KOHIIEHTPAIIiH BaKKUX
METaliB B IPYHTI Ha BPOXKalWHICTh KyJbTYp, SIK-
iCTb POCIMHHOI Ta TBAPUHHOI MPOIYKIIii Ta 310-
por’s mmoauum [18, 19].

Exomnoriuny 6e3nexy rpyHTiB OyaeMo po-
3MUIAATH B IBOX ACIMEKTax: Ho-Tiepiie — 30epe-
YKeHHsI OalaHcy O10TeHHHX eJIEMEHTIB SIK OCHOBH
CTIMKOI TPOIYKTHBHOCTI CLIBCHKOTOCIIONAPCH-
KHX 3€MeNb Ta CTajoro (pyHKI[iOHyBaHHS IPyH-
TOBOI €KOCHUCTEMHM, MO Apyre — 3a0pyTHEHHS
IPYHTIB BAXKKAMH METaJaMHt, TOKCUYHA Jisl STKUX
BIUTMBAE SIK HA BPOXAWHICTh KYJBTYD, TaK i Ha
0e3MeyHICTh BUPOLICHOI CIIbCHKOTOCTIONAPCH-
KOT IPOJTYKIIi.

OTtpumMaHHs OUIBIIOT KUTBKOCTI 0101pOTy-
KIIii 3 OJIMHMIII TUIOIII Ta BHJIYYCHHS 3 BPOXKAEM
3HAYHOI KUIBKOCTI XIMIYHHX €JICMEHTIB BUMAarae
MOCTIHHOTO KOHTPOJIO OajiaHcy, Mmepil 3a Bee,
OloreHHNX eleMeHTiB B IpyHTaX. [Ipu mpomy,
HEOOXITHUM € BpaxyBaHHS IPYyHTOBHX BIIaCTH-
BOCTEH, 0COOIMBOCTEN 3aCTOCOBYBaHUX arpoTe-
XHOJIOTIH 1 CydacHUX KIIIMAaTU9IHUX 3MiH, sKi Ta-
KOJXX BIUIMBAIOTh HA JOCTYIHICTH MaKpOeJIeMEH-
TIB Ui JKUBJIEHHS pociuH. Ontumizaiis pe-
KHUMY KUBIICHHSI CUIBCBKOTOCIIOAAPCHKUX POC-
JMH CTIpHSi€ 3MEHIICHHIO HETaTHBHOTO BILUIUBY
EKCTpEeMaITbHUX METEOPOJIOTIYHMX YMOB Ha ix
PO3BUTOK.

3 iHIIOro OOKY, BHECEHHSI BHCOKHX J103
MiHepalbHUX JOOPUB Ta IHTCHCHBHE 3aCTOCY-
BaHHS 3aC001B 3aXUCTy POCIIMH BUMArae rmocTii-
HOTO KOHTPOJIO €KOJIOTIYHOTO CTaHy IPYHTIB,
IepIl 332 BCe — KOHLEHTpALii BaXXKKHX METaJIiB.
ToMy oIliHKa arpoeKoJI0TiYHOTO CTaHy IPYHTIB B
IpoIieci iIHTEHCUBHOTO BUPOIIYBAHHS CLITbCHKO-
TOCIOJAPCHKUX KYJBTYp, TMOCTIMHUI MOHITO-
PHHT BMICTYy OCHOBHHX Ba)KKHX METAJIIB Y IPYHTI
Ta CUIbCHKOTOCTIONAPCHKIH MPOIYKIIT € aKTyallb-
HUM 3aBJIaHHSM.

Merta: BU3HAUMTH BIUIMB iHTEHCHBHOTO
BHPOIIYBaHHS OJIMHMX KyJIbTYp Ha arpoXiMidHi
MMOKa3HHUKH (BMICT OioreHHux enemMeHtiB — N, P,
K) Ta exooriyHi mokasHukH (KOHIICHTPALIFO Ba-
KKHUX MeTaltiB — Zn, Pb, Cu ta Cd) yopHO3eMHMX
IPYHTIB B YMOBaXx JIiCOCTEIIOBOI 30HU Y KpaiHHU.

006°ekm ma memoou 00C/1i0rceHns

JocniKkeHHsT BUKOHYBalIOCh IPOTATOM
2021-2022 p.p. va nonsix TOB «Arpodipma
Pock» PoxutHsiHCEKOTO paiiony KuiBcbkoi 006-
nacti [20]. Tepuropis rocmogapcTBa piBHAHHA.
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JlociipkyBaHi 1Mot pO3TAIIOBaHi Ha BOJAOAUTh-
HOMYy 1pocTtopi pigok Pock ta Canuxa. [pyHT f10-
CJIiTHUX TIOJIITOHIB MPEJCTABICHUI YOPHO3EMOM
THUIIOBUM CJ1a003MUTHM MaJIOTyMyCHUM CEPe/I-
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HBOCYTJIMHKOBUM Ha KapOoHaTHOMy Jieci. VY
2010 pouii Ha ToCHiAKYBaHUX HOJISIX OyIO Opra-
Hi30BaHO 2 TIOJIbOBI CIBO3MIiHU 3 Pi3HOIO HACHUE-
HICTh OJIIHHUMHU KyJIBTYpaMHy: B TEPIIii CiBO-
3MiHI B CTpYKTYypi nociBaux miom 10 30% 3aii-
Mae 03UMUi pinax i 10 15% CoHsIIHUK, y ApyTii
ciBo3miHi — 10 35% consimHuK Ta 10 15% o31-
MUH piTax.

[HTeHCMBHA TEXHOJIOTiS BHPOILIYBAHHS
ONIHMUX KYJBTYp y TOCIIOAPCTBI BKIIIOYAE 3a-
CTOCYBaHHsI  PI3HOMAHITHUX arpoOTEXHIYHUX
NpUIOMiB 00pOOITKY IPYHTY SIK Tiepes] CiBOOrO,
TaK i MPOTATOM BereTalii KyJIbTyp, BHECSHHS Mi-
HepaJibHUX TOOpHB, 3aCTOCYBaHHS 3ac00iB 00-
POTHOU 3i MIKITHUKAMH Ta XBOPOOAMH POCIIHH.
TexHomnoris BUPOIIYBaHHS PillaKy 03UMOTO Ti-
CJISl O3UMHX KOJIOCOBUX KYJBTYP CKIQIA€ThCA i3
JICKyBaHHs Ha 6-8 cM Bifpa3y Iicisi 30MpaHHs
noriepeqHrKa. 3a 2-4 TIXHI 10 CiBOM KyIbTypH
MIPOBOJSTH OpaHKY Ha TMUOWHY 22-25 cM, Bij-
pa3y BHPIBHIOIOTH 1 VIIIIBHIOIOTE IPYHT. B ociH-
Hill IepioJ TIpH MOSIBi CXOIiB Ta yTBOPEHHI po3e-
TKA JTIMCTKIB KOXKHI TPH JHI CIOCTEPITraroTh 3a
TIOSIBOTO IIK1THUKIB (TIPUXOBAaHOXOOOTHHUK KaITy-
CTSIHUH 1 TAJIBIIMK PITAKOBHH), 32 HEOOXiTHOCTI
3aCTOCOBYIOTh 1HCEKTUIIMIW. B OCiHHIN mepion
CIIOCTEPITraloTh 3a MPOSBOM XBOpOO i, 32 HEOO-
X1JTHOCTI, IPOBOASITH (PYHTIUAHUEN 0OPOOITOK.

Cucrema ynoOpeHHsI piMaKy O3UMOTO
CKJIaIa€THCS 13 OCHOBHOTO BHECEHHSI MiHEpaslb-
HUX JIOOPHWB B OCIHHIM mepio mix opanky. Cepe-
JIHI HOpMH JOOpUB CKJIaJatoTh (B MepepaxyHKy
Ha Jlifo4y pedoBuHy): a3oT 20-30 kr/ra, dhochop
40-60 xr/ra, xamiit 90-120 xr/ra, cipka 30-40
Kr/ra. B BecHsHUWI Tepioj] Ha MOYATKY BiIpOC-
TaHHS O3MMOTO pilaKy Mo Mep3JIoTajJoMy Ipy-
HTY BHOCSTB 50-60 Kr/ra a30oTy, yepe3 2-3 THXHi
nmo3a azory ckmamae 30-35 kr/ra, MOEOHYIOTH
BHECEHHS a30Ty 3 Mikpogoopuamu: 6opom 0,3-
0,5 kr/ra, momi6aenom 0,2 kr/ra. OgHOYaCHO KO-
HTPOJIIOIOTH MPOSIBU XBOPOO Ta MOSIBY LIKiIHH-
KiB: 32 HEOOXIZHOCTI I Yac pocTy credia 3a-
CTOCOBYIOTh 1HCEKTHUIIMIU 1 (PYHTIIMIN B OaKO-
BUX cymimax. [1iJ] yac mBITiHHS Ta YTBOpPEHHS
CTPYHKIiB KOHTPOIIOIOTH IMPOSIBU XBOp0O. [HOMI
3aCTOCOBYIOTh Kpa€eBi MPOQITaKTUYHI 1HCEKTHU-
muaHI 00poOiTkK mpoTu wKigHuKiB. Te came
MPOBOJATS 1 ITij1 4ac JO3piBaHHA CTPYUKiB.

COHSIIHYK Y CIBO3MiHI BUPOLILYIOTH HiCTIS
KyKYpyZI3d Ha 3€pHO Ta KOJIOCOBUX KYJBTYD.
OO00B’S13KOBUM 3aX00M € TUCKYBaHHS Ha pi3HY
rubuny. Yepes 2-3 TKHI IPOBOAUTHCS Opa

HKa. B BecHsHMI HepIOIL TPOBOJIATh 3aKPUTTA
BOJIOTH, TEPEATNOCIBHY KleLTI/IBaHIIO 1 ciBOy.
Cucrema yoOpeHHS CKIIAIa€ThCS i3 OCHOBHOTO
BHeceHHS (GocPopHHX 1 KamiHMX TOOpWB TIif
OpaHKy. Y BECHSHHIA Mepio Mmpu ciBOi 3acTOCO-
BYIOTh BHECEHHS MiHEpaJbHUX IOOPHB a30Ty i
thochopy. [HOAI IPOBOAATH MMiHKUBICHHS Kap-
Oamio-amiauHoro cymimio KAC-32.

JlocIiDKeHHS TIPOBOIIOCH TIPOTSTOM Be-
rerartiitanx nepiozis 2021 ta 2022 pokiB, sKi BiJl-
PI3HSIIMCH 332 KUIBKICTIO aTMOC()EpHHX OTaIiB.
Cymapna xinbkicts onaziB y 2021 poui ckiana
637 mm, y 2022 poui — 813 MM (cepeaHbopiuHa
KUIBKICTh OMaiB I JOCIIDKYBaHOI TEpUTOPIi
3a TJaHUMH BUTOLIEepKiBChKOT METEOCTAHIIIT CTaHO-
BUTH 670 MM).O0’€KT JOCITIPKEHHS - YOPHO3EMHI
IPYHTH JIICOCTENOBOI 30HM YKpaiHu B yMOBaXx iH-
TEHCHBHOT'O 3¢ MJIEKOPUCTYBAHHSI.

3pa3ku IpyHTY BiIOMpaIucs 3TiAHO 3 BH-
moramu JICTY 4287-2004 Ta ACTY ISO 10381-
4-2005 y mexxax ofHi€i mpoOHOI MUISHKA TLIO-
mero 100 M METOI0M KOHBEPTY 3 (POPMYBaHHAM
OJTHOTO CEepeIHBOro 3pas3ka. |'mmbuHa BimOOpy
IpyHTOBHX 3pa3kiB 0-20 cM. 3pa3ku IpyHTY Bif-
Ompai HaBeCHi 1 BOCEHH.

BwicT jierkoriipoizoBaHoro a3oTy B Ipy-
HTI Bu3HadaBcs MetoaoM Kopudinma (ACTY
7863:2015), pyxomux ¢opm dochopy i kamiro —
3a UnprkoBUM ()ICTY 4115-2002).

Bwicr nerxormpomsoBaHoro a3oTy Ta py-
XOMHUX q)opM dhochopy 1 ka0 BU3HAYAIM JBIYI
3a BereTalliio KyJIbTyp - HAaBECHI 1 BOCCHU IiCIIs
ix 30upaHHsA. 3a KOHTPOJIb Opajiy BMICT JOCIHi-
JOKYBaHUX OIOT€HHMX EJIEMEHTIB IIifi O3UMOI0
TIIEHULIETO.

Konuenrpanii pyxomux ¢gopm Pb, Cd, Zn
ta Cu BU3HAYaIMCS METOAOM AaTOMHO-a0CcOpO-
LiHHOI CTIeKTPOpOTOMETPI1.

OwuiHka CTymeHs HAKOIMYEHHS Ba)KKUX
METaJIIB y TPYHTI POBOJIUIIACS IIUIIXOM po3pa-
XyHKY koedinienty HakormmueHHs (Kq): K = C;
/ Cgi, nie C; — KOHIIEHTPAIIiA 1-TO BaYKKOT'O METaITy
y IpyHTI Ty omiHIMEU KynbTypamu, Cgi — do-
HOBa KOHIICHTpAITisI I[bOTO METAy Y IPYHTI i
JyKaMH Ta IMACOBHUIIAMH, PO3TAIIOBAHIMH Y Me-
»ax rocIroJIapcTBa.

OwuiHKa EKOJOTiYHOIO PHU3UKY 3a0pyn-
HEHHS! TPYHTIB BaXKUMH METajlaMd MPOBOIU-
Jach BiIHOCHO HOPMAaTHBIB T'PAHUYHO JOMYCTH-
MHUX KOHIIEHTpauiidi HeOe3NeYyHHX PEYOBHH Y
IPYHTax, 3aTBEPPKEHUX MOocTaHOBOI0O KMV Bin
15.12.2021 p. Ne 1325.

Pezynomamu ma 062060penns

Oco0nuBoCTi Ce30HHOI AUHAMIKH 3a-
naciB MOKMBHUX PEYOBHH B IPYHTi NNPH BHU-
POLIYBaHHI oJiiiHUX KyJbTYp. B pesynbrari

IIPOBEJICHOTO JTOCIiPKEHHSI BCTAHOBIIEHI 0CO0-
JINBOCTI CE30HHOI IMHAMIKH 3a11aciB MOKUBHUX
PEYOBHH B IPYHTI IpW BUPOIIYBaHHI OJIMHUX
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KYJIBTYP B IOPiBHAHHI 3 KOHTPOJIBHOIO KYJbTY-
POIO — 03UMOIO TILICHHLIETO.

OTpumani 3a pe3yjibTaTaMd JIOCTi-
mxeras y 2021 pori gani (puc. 1) moka3ymoTs,
0 OJIHHI KyJBTYpPH 3HAYHO OLbIIEe BUHOCATH
JIETKO-Tipomi3oBadi (GopMH a30Ty 3 TPYHTY,
HDK O3MMa IIIIEHUIISI. 3a BereTarliitHuil mepion
i O3MMHMH PIilaKkoM KUIBKICTh IMi€i dhopMu
a30Ty B OpHOMY miapi rpyHTy B 2021 pori 3me-
nutaca Ha 23,9 %. Ilig COHSIIHMKOM KiJIb-
KiCTh JIETKO-TiAPOTI30BAaHOTO a30Ty B IPYHTI
BOCEHH TaKOX 3MeHIwiacs Ha 36,6 % y nopi-
BHSIHHI 3 HOr'0 BMICTOM HaBecHi. TakuM 4HHOM,
HE3Ba)KalO4YH Ha BHUCOKI 031 BHECEHUX MiHepa-
apHuX 100puB (N60, P80, K80) BiamiuaeTbes
3HAYHUI BHHOC PYXOMOT'O a30Ty OJIiIHHUMU KYy-
JIBTYpaMH Ta 3MEHILEHHS HOTO0 3amaciB B IPYHTI
miciist 30UpaHHs KyJlIbTyp. 3MEHIICHHS! KiJIbKO-
CTi eIEMEHTIB JKUBJICHHSA, OCOOJIMBO a30Ty, [0
JIETKO TiAPOII3YETHCS, B OPHOMY a1 IPYHTY 3i
30UTBIIIEHHSIM YACTKU COHSIITHUKY B CIBO3MiHAX
OyJ7I0 BCTaHOBJICHO ¥ B IHIMUX JOCIIIKCHHSX,
Hanpukian Dehtiarova, Z., 2023 [8].

BwMmict pyxomoro ¢ocdopy B IpyHTI B
OCIHHIH TIepio/1 MOPIBHSHO 3 HOTO BMICTOM HaBe-
CHi OLTBIIOI0 MipOIO 3HIKYETHCS TPH BUPOILLY-
BaHHI COHALIHUKY: 3MeHIIeHHs ckiano 10,8 %.

KinpkicTe pyxoMoro Kajito B IpDYHTI Ta-
KOXX CYTTE€BO 3MEHINYETHCS Hepel 30MpaHHsIM
BpOXKAO: M O3WUMHM PIMaKoOM JIemio OibIe,
HDK T constmankoM (Ha 2,4 mr/100 ri 1,3
mr/100 r rpyHTy BignosinHo). [Ipu nmpomy 3a-
[TacH PYXOMOTO KaJIifo MPOTATOM BeTreTarii 03u-
Mo{ MIIEHHII] TPAKTHYHO HE 3MIHIOIOTHCS 1 3Ha-
XOoAsThesl B Mexkax 12,5-12,2 mr/100 r rpyHTY
(Ha movaTKy Ta y KiHIIi Bereraii BiJIOBiAHO).

[Iposeneni y 2021 porii AOCIiIKESHHS CBi-
JUaTh Mpo JIOCUTH 3HaYHE 3HIKEHHS 3a11aciB py-
xoMuX (opM azoTy, docdopy i Kajito B IpyHTI
i1 ONIIHHKAM KyJIBTYpaMH TpH 3HAYHIN Hacuue-
HOCTi HIMH TMOJIBOBHX CiBO3MiH.

BrnuiuB 3B0J10KeHHSI HA 3aMACH MOKH-
BHHUX PeYOBHH B IPYHTi NpH BHPOIIYBaHHI
odilinumx KyJasTyp. IlpoBeneni mocimimkeHHS
MIOKa3aJIy, 10 BUSBJIEHI 3a pe3yJIbTaTaMy CIOC-
TepexkeHb y 2021 pori 0coOIMBOCTI 3HIDKEHHS
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JlerxorigpomizoBanuii a3ot Pyxomi ¢popmu dhochopy Pyxomi opmu kaito

B [Tmenuns o3uMa (KOHTPOJIb) 16,8 15,6 14,1 14,4 12,5 12,2
B COHSIIHUAK 18,3 11,6 13 11,6 11,5 10,2
Pinak o3umuii 13,4 10,2 10,5 8,8 11 8,6

Puc. 1 — Ce3oHHa TMHaMiKa OXUBHUX PEUYOBHMH B OPHOMY LIapi IPYHTY IiJ] OJIiIHHUMH KyJIbTYpaMH
B TIOPiBHSHHI 3 KOHTPOJIEM (03MMOIO MIIEHHUIEI0) 3a 1aHuMu 2021 poky

Fig. 1 — Seasonal dynamics of nutrients in the arable soil layer under oilseed crops
compared to the control (winter wheat) according to 2021 data

3araciB pyXOMHX IO)KMBHUX PEUOBHH B IPYHTI
30epiratotbest y 2022 poui mpu BHPOLIYBaHHI
SK COHSIIHHKY, TaKk i o3uMoro pinaky. [lpu
OMY 1HTEHCHBHICTH BUHOCY PYXOMHUX (hopm
MOXXUBHUX pedoBHH y 2022 poui Oynia BUILOIO,
11O TOB’SI3YETHCS 3 OLIBIIOI0 KITBKICTIO aTMOC-
(dhepHHX oOMamiB Ta OIIBIIOK 3BOJIOKEHICTIO
IPYHTY, OCOOJUBO B MEPioJ] BereTamii KyJIbTyp.

CTBOpEHHSI ONTUMAIBHOTO BOJIHOIO PEKUMY
IPYHTY crpusi€e 30UIBLICHHIO KUIBKOCTI PyXO-
Mux (hopM azorty i ¢pocdopy B IpyHTI IpH ciBOI
ONIHMX KYJIBTYp Ta 3HAYHO OiJILIIUM BUHOCOM
iX 3 ypO’KaEM OCHOBHOI Ta TOOIYHOT MPOTYKITIi.
Oco0MMBO BHCOKI BTpAaTH 3amaciB PyXxoMoro
(dochopy B IpyHTI BigMIYatOThCS MTPU BUPOIILY-
BaHHI COHAMHUKY -33,1 % (Tabmn. 1). 3amacu

~ 140 ~
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Tabnuus 1
BrpaTn no:xuBHIX Pe4OBHH 3a BereTauiiinuii ce3oH (y %) mig oailiHuMu KyJabTypamu
Ta 03MMOI0 MIIIEHHIIEI0 B YMOBAX Pi3HOro 3BoJ10:keHH (32 anumu 2021 p. Ta 2022 p.)
Table 1
Nutrient losses during the growing season (in %) under oilseeds and winter wheat
under different moisture conditions (according to 2021 and 2022 data)

KyabTypa JlerkoriapoJizoBanuii a30T | Pyxomi dopmu dpochopy | Pyxomi popmu kaio

2021 2022 2021 2022 2021 2022

CoHSIITHIK -36,6 -27,8 -10,8 -33,1 -11,3 -32,1

Pimak -23,9 -29,9 -16,2 -30,6 -21,8 -30,6

03UMUH

Oznma -7,1 -10,6 +2,1 -6,9 -2,4 -10,2

MIIICHUIISA

(KOHTPOJIB)

PYXOMOTO a30Ty B IPYHTI MiJi COHSIIHUKOM
3MEHIIYIOThCs Ha 27,8 % 3a BereTalliiiHuii ce-
30H, pyXoMoro kaiito — Ha 32,1 % 3a Bererariiii-
HUM ce30H. BIIM3bKUMHU 3HAYECHHSIMU XapaKTe-
PHU3YETHCS 3MEHIIICHHS 3alaciB pyxoMux (Gopm
MOXKUBHHUX PEYOBHH Yy IPYHTI M/l 03UMHUM pina-
KOoM: a3oTy — Ha 29,9 %, docdopy — Ha 30,6 %,
kaiiro — Ha 30,6 %. [Ipu oMy BTpaTH 3amacis
pyxomMux (hopM MOKUBHAX PEYOBHH Y TPYHTI ITiJ
03MMOIO IIICHULICIO € 3HAYHO MEHILIMMU: a30Ty
—10,6 %, docdopy — 6,9 %, xamniro — 10,2 %.
Joc/izKeHHs1 MOKA3HUKIB KOHLEHTPA-
uii pyxomux ¢opm Baxkkux meraais (BM). 3a-
OpyZIHEHHS IPYHTIB B&XKKUMH METAJIaMH € OHUM

i3 pakTOpiB, 10 BU3HAYAIOTH SIK MPOAYKTUBHICTH
CUTbCBKOTOCTIONIAPCHKUX KYJBTYpP, TakK i SKICTh
CLTBCBKOTOCIIONAPCHKOI MPOAyKIlii. Sk Bimomo,
TOKCHYHHUN BIUIMB BXKHX METAIB HA POCIHHH
BU3HAYAETHCS BMICTOM iX PYXOMHX (OPM.

BusHaueHo  KOHILIEHTpamii  pPyXOMHX
(hopM BaXKKHMX METaJiB, 110 MAIOTh IIKIJTUBHN
BIUIMB Ha oprasi3m jroaunu: Pb, Cd, Zn (1 knac
HeOe3nekn) Ta Cu (2 ki1ac HeOe3neKn) B IPYHTI
MTOJIbOBUX CiBO3MiH, a TaK0X (DOHOBI KOHIIEHT-
parii X MeTaiB i TPUPOJHUMH JIyKaMH Ta
nacoBuiiamu. Pesynpratn BU3HaueHHA (POHO-
BHX KOHIIEHTPALi pyxoMHX (popM BasKKUX Me-
TaliB y IpyHTax HaBeJeHi B Ta0I. 2.

Tabnauus 2
Pe3yabTaTH 1a00paTOpHUX A0CTiIKeHb GPOHOBUX KOHUeHTpauiil BM
y rpyHTi (mix npupoaHuMu Jykamu Ta nacopumamu) (2021 - 2022 p.p.)
Table 2
Results of laboratory studies of background concentrations of HM
in soil (under natural meadows and pastures) (2021 - 2022)
DoHoBa KoHUeHTpauis BM y rpyHri, Mr/kr
Tokasuik 2021 p. 2022 p. CepenHi 3HaUCHHS TAK, mr/kr

Zn 0,05 0,05 0,05 23,0

Cu 0,008 0,012 0,01 03,0

Pb 0,50 0,74 0,62 6,0

Cd 0,24 0,30 0,27 0,7

* 3HaueHHs HaBeJeHi 3rifHo 3 «HopMaTHBY IrpaHUTIHO TOMyCTUMUX KOHI[EHTpaNiil HeOe3NeTHNX PEYOBHH Y IPYHTaX,
a TaKoXX TIePeIiK TaKMX PeYOBHHY, 3aTBepkeHnX [loctanoBoro Kabinery MinicTpiB Ykpainu 15 rpyans 2021 poxy Ne 1325
* The values are given in accordance with the "Standards for maximum permissible concentrations of hazardous
substances in soils, as well as the list of such substances", approved by the Resolution of the Cabinet of Ministers of Ukraine
of December 15, 2021 No. 1325

Bcranoeneno, mo (hoHOBI KOHIEHTpaIIii
BOKKUX METANIB B IPYHTI € 3HAYHO HIDKYUM 32
HOPMATHBH T'PaHUYHO JOITYCTUMOT KOHIICHTpAIIi1.
Hinxyoro 3a HOpMaTHBHE 3HAUCHHS, aJle MEHIIOO
MIpOIO B MOPIBHSHHI 3 IHIIMMH MeTajiaMH, € (o-
Hosa koHtieHTpaitis Cd (venma 3a ['JIK y 2,6 pazu).

st OLiHKM CTyTeHsT HAKOIWYEHHS BaXK-
KHX METaJIiB y TPYHTI MOJIBOBUX CIBO3MiH PO3

paxoBaHo koedimienTn HakormueHHs (Ke). Pe-
3ynbTatd (Tad.3) CBiUaTh MPO 3HAYHE HAKOIIU-
YEHHS BXKMX METAIIB y IPYHTI MPH 3aCTOCY-
BaHHI IHTEHCHBHHMX TEXHOJOTIM BHUPOLIYBaHHS
OJiHHUX KynbTyp. Haiibinbiui 3HaueHHst Koediri-
€HTY HaKomm4IeHHs BcTaHoByeHi g1t Cu — 100 Ta
it Zn — 6insa 15. HalimeHIe 3pocTae KOHIICHT-
pauist Cd y nopiBHsIHHI 3 (YOHOBUMH 3HAYEHHSIMH

~ 141~
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Tadoaunsa 3

Koedinientn Hakonuyenns (Kei) pyxomux ¢gopm BM B rpyHTi
NPH BUPOIYBAHHI OJIiiHUX KyJbTYp

Table 3

Accumulation coefficients (Aci) of mobile forms of HM in soil
when growing oil crops

ITepuia ciBo3mina Jpyra ciBozmina
Baskki MeTaan (mepeBakaHHs 03MMOTO PilaKy) (mepeBaxaHHs COHSIIHHUKY)
2021 p. 2022 p. cepeHe 2021 p. 2022 p. cepenHe
Zn 12,00 17,20 14,60 12,6 17,40 15,00
Cu 117,50 101,67 108,00 98,75 94,17 96,00
Pb 3,62 3,15 3,34 5,34 4,07 4,58
Cd 1,96 2,50 2,26 1,75 2,27 2,04

—y 2,15 pa3zu. Ane, BpaxoByIOUH TTOPIBHSHO BU-
COKi 3HaueHHS ()OHOBUX KOHIICHTpAIIii ITbOTO Me-
Tay, pe3yJbTaTOM TaKOrO HAKONWYEHHS € Ha-
ommkenHst koHIeHTparii Cd B rpyHTax MoJbO-
BUX CIBO3MIH JI0 HOPMATHBHUX 3HAYEHb: B CEPE]I-
Hpomy — 0,55-0,61 mr/kr.

30UTBIICHHS KOHIICHTPAIIi] BaKKUX Me-
TaJiB y IPYHTax puLIl y HOPiBHSAHHI 3 IpyHTaMH
i OaraTopiuHUMHU TpaBaMH Ta OaraTopiuHUMHU
Haca/PKeHHsIMU OyJTd OTpUMaHi ¥ B 1HIIUX J0C-
JKEHHSX, TPOBeZicHnX B yMoBax [IpaBoGepe-
xHoro Jlicocreny Ykpainu, Hanpukian [21].

BinMiHHOCTI KOHIIEHTpAIii JOCITIIKY-
BaHMX BXKUX METAJIB y TPYHTI i pi3HUMHA
CiBO3MiHaMU BHSIBHUTHCS HE3HAYHUMHU (TaOII. 4).
[Ipu GimbIoMy HacW4YeHHI CiBO3MIHH O3WMHM
pimakom (Tiepira ciBo3miHa) B IpyHTI Jemo Oi-
npme HakonmuytoTees Cd (0,61 Mr/kr mpotu
0,55 wr/kr y apyri#t ciBo3mini) Ta Cu (1,08
mr/kr npotu 0,96 Mr/kr y apyriii ciBo3MmiHi).
[Mpu OGinbimiii yacTii y CiBO3MiHI COHSIIHUKY
(mpyra ciBo3MiHa) jgemio Oinblie HaKOMHYY-
erbest Pb (2,84 mr/kr npotu 2,07 Mr/kr y nep-
mriid ciBo3mini) ta Zn (0,75 mr/kr nportu 0,73
MI/KT y TIepIIIii CiBO3MiHi).
Tadauusg 4

Cepenni 3a nepioa cnocrepe:keHb KOHUeHTpauii pyxomux ¢gopm BM B opHomy miapi rpyHTy
(2021- 2022 p.p.)

Table 4

Average concentrations of mobile forms of PM in the arable soil layer for the observation period
(2021-2022)

Baxxki | Hopma- @DoHOBA KOHIIEHTpAllif Y Ilepuma ciBo3mina Jpyra ciBo3mina
Metaau | TuB LK, | rpyHTi nig npupoaHumMu (mepeBaxcaHHs (nepeBa:kaHHA
MI/KT JIYKaMH Ta NaCOBMILIAMH 03HMOI0 pinaky) COHSIIITHUKY)
cepenHe, | y BITHOCHHMX | CepenmHe, | Y BIIHOCHHX OJH- | CEpeIHE, y BIJTHOCHUX
MI/KT OIMHULISX MI/KT HUIIX MI/KT OJIMHULIAX
JI0 HOpMaTUBY JI0 HOpMaTUBY JI0 HOpMaTuBY
Zn 23,0 0,05 0,002 0,73 0,032 0,75 0,033
Cu 3,0 0,01 0,003 1,08 0,360 0,96 0,320
Pb 6,0 0,62 0,103 2,07 0,345 2,84 0,473
Cd 0,7 0,27 0,386 0,61 0,871 0,55 0,786

BniuB 3B0J103KeHHSI HA KOHIEHTpAauil
BAKKMX MeTaJiB y rpyHTi. OkpeMuM etanom
BUKOHYBAJIUCS JOCII/HKEHHS BIUIMBY MIHJIMBO-
CT1 KUTBKOCTI OIa/IiB IMPOTATOM IIEPIOIy CIOCTE-
pexxens (2021-2022 p.p.) Ha TOKa3HUKH KOHIIE-
HTpaIlil BAYKKHX METAJIIB y IPYHTaX B YMOBaX iH-
TEHCUBHOTO 3€MJIEKOPUCTYBaHHS.

AHami3 oTpUMaHHUX pe3yNbTaTiB (Tadu. 3)
CBITYHTH, 1[0 B YMOBAaX BETETAIIHOTO MEpioIry

~138 ~

2022 poky npu OibIIOMY 3BOJIOKEHHI KOHIIEH-
TpaLis pyXoMuX (OpPM BaXKKHX METaJIiB y IPYHTI
30UIBIIY€ETHCS] TIOPIBHSIHO 31 3HAUYSHHSMH OUTBII
cyxoro 2021 poky. Ll 3aKOHOMIpHICTh TpOCTE-
KYETHCS JJISl BCIX BXXKHX MeTallaX, 10 BUBYA-
nmcsi. Ajie HaBiTh B yMOBAaXx OLTBIIOT 3BOJIOKEHO-
cTi KoHIeHTpariii Zn, Pb ta Cu Oy/u 3Ha4HO HU-
KUMMH 32 HOPMATHBHUX 3Ha4eHb (Zn

0,03*T/IK, Cu — 0,32*TJIK, Pb — 0,47*TJIK).
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Bukirouennsim € Cd, KoHUIeHTparii sIKOro BU-
SBWIINCH HAOMKEHUMH 10 HOPMaTHBHOTO 3HA-
YeHHS [IPY TIepeBakaHHi y CiBO3MiHI COHSIIHUKY
(0,97*T' IK) Ta HE3HAYHO IIEPEBHUILUIN HOpMa-
TUB TIPU TIEpPEBaKaHHI y CIBO3MiHI O3MMOTO Pi-
naky (1,07*T'1K).

JloBouti HU3BKI KOHIIEHTpAIIii y IpYHTI py-
xomux (hopMm Zn Tta Cu J0O3BOJISIIOTH TOBOPUTH
PO HUX HE SIK PO 3a0pyAHIOBAYIB, a SK PO Mi-
KpOeJIeMEHTH, HeOOXiTHI pociIHaM IS 3a0e3-
MeYeHHs TpoleciB MeTabolizMy Ta peastizamii
MOTEHLiay pocTy. SIK BiZOMO, IpyHTH 3 BMic-
ToM Zn < 1 mr/kr, Cu < 0,5 MI/KT BBaXKarOThCs
HU3BbKO 3a0€3MCUCHUMH MU MiKpoeJeMeH-
tamu. OTpUMaHi y JOCTIJPKEHI JaHHI CBiAYaTh
npo Ay’Ke HU3bKY 3a0e3MeUeHICTh IPYHTIB TOC-
MOAAPCTBA IIWHKOM, IO € XapaKTepHUM st Oi-
TBIIOT YACTHHH CLITBCHKOTOCTIONAPCHKHUX 3eMETTh

VYkpainu. 3a pesynsratamu X Typy (2011-2015
P.p.) arpOXiMIYHOTO OOCTEIKCHHS 3eMEITb CilIbCh-
KOT'OCIIOIapPCHKOTO IIPU3HAYEHHS Y KpaiHu, IIPo-
BEJICHOTO [HCTHTYTOM OXOpOHH IPYHTIB YKpa-
TaM [22], ny*e HU3BKUIl Ta HU3bKHUI CTYTIHb 3a-
Oe3rmeyeHocTi pyXOMHMH — croiyKamu — Zn
(menmre 0,8 MI/Kr TpPyHTY) B BCTAHOBJICHMI Ha
90% Big obctexxenux (18,7 miH. ra) mwiom. Ha-
BiTh 3HauHe, B 12-17 pasiB, HaKoMM4eHHS Zn y
TPYHTI IIpH 3aCTOCYBaHH] IHTEHCUBHHUX TEXHOJIO-
Tii BUPOILILYBaHHS OJMIMHUX KYJIBTYp HE KOMIICH-
Cy€ HecTadi IbOTO MIKpOEJIEeMEHTY B IPYHTaX,
sIKI HE 3a3HAIOTh TAKOT'O aHTPOIIOTCHHOT'O HaBa-
HTaXeHHs (MiJ NPUPOJHUMH JIyKaMH Ta Maco-
BUI[AMH). 3a0e3MeUeHICTh IPYHTIB MOJIBOBUX Ci-
BO3MIH TOCIOAApPCTBA MIJII0 MOKpAIUiach B
pe3ynbTaTi 3acTOCYBaHHSI 1HTEHCHBHHX TEXHO-
JIOT'i# Ta € OJIM3BKOIO JI0 ONTUMAIILHOT'O PIBHSL.

Bucnoexu

BcTaHoBNEHO CyTTEBE 3HM)KEHHS 3aIaciB
BOXJIMBUX TMOKUBHUX EJIEMEHTIB — a30Ty, (oc-
¢opy Ta ka0 — B YOPHO3EMHHUX IPyHTaX MU iH-
TEHCHBHOMY BHPOIILYBaHHI OJIITHUX KYJIBTYp (co-
HSITHUKY Ta 03UMOTO PINaKy) B IOPiBHSIHHI 3 O3H-
Moro mienunero. Haiibipiue 3HU31UBCS BMICT JIer-
KOT1JPOJTI30BAaHOTO a30TY B rpyHTi ITiJT COHSIITHU-
KOM: BUHOC OB Maiike y 5 pasiB BULIMM 3a BTPATH
JITKOT/IPOITI30BAHOTO a30Ty NPH BHPOLILYBAHHI
03MMOi MILIEHHULI.

B ymoBax OiibI10ro 3BOJIOKEHHSI iIHTEHCH-
BHICTb BUHOCY OIOT€HHHMX €JIEMEHTIB 3pOCTaE SIK
JUTSL OJIIMHUX KYJIBTYP, TaK 1 Il 03UMOT ITIICHHUII].
Haiibiibiiie 3pocTaHHs] BUHOCY BCTAHOBJICHE IS
BOJIOPO3YMHHOTO (ochopy: Ml COHSITHUKOM —
BTpHYi, a MiJl O3UMUM PINAKOM Maibke BABIi Yy
Oib11 Bostoromy 2022 potii B TOPiBHSHHI 3 OLTBII
nocynumeuM 2021 poxom. Buxoc 3 rpyHTY Boj10-
pozunHHEX (popM azoty, dochopy Ta Kamito B
YMOBax OLUIBIIOrO 3BOJIOXKEHHSI 3piC TAKOX 1 ITiJT
03MMOIO MILIEHHULIEIO, ajie 32 ADCOIOTHUMH OKa-
3HMKaMu OyB y 2,6-4,8 pa3iB MEHIINM, HIXK IIiT
OJIHHUMH KYJIBTYpPaMH.

IHTEeHCHBHI ~ TEXHOJIOTii  BHPOILYBaHHS
OJIHHMX KYJIBTYp CIPUYMHHIM CYTTE€BE 301Ib-
IIEHHS KOHLEHTpaLiid pyXxoMHux (OpM BaKKHX
meraniB (Zn, Pb, Cu, Cd) B 4opHO3eMHHX TpYH-

Tax y MOpIBHAHHI 3 X (JOHOBUMHU KOHLICHTpAIli-
simi. HaiiOinpire 3pocin cepeHi KOHIEHTparii
Cu Tta Zn, menioro Miporo — Pb ta Cd. Benuuuna
3pOCTaHHsI KOHIICHTpaLlil BaXKKUX METAJIB Y IPY-
HTI TIONILOBHX CIBO3MIH 3aJIeXKalll BiJ IepeBa-
YKaHHS KOHKPETHOI OiiHO1 KynbTypu. [Ipu Oiirs-
[IOMy HAaCHYEeHHI CIBO3MIHHM O3MMHUM pIillakOM B
rpyHTi Hakormmmaysanrch Cd Ta Cu. [Tpu Oinpmii
YacTIli y CIBO3MiHI COHAIITHUKY HAKOITUYYBAIUChH
Pb ta Zn. B ymoBax OLIBIIIOT0 3BOJIOYKEHHS KOH-
neHTpartii pyxomux ¢opm Bcix BM y 1pyHTI 30i-
JBIITYIOThCs. HaliOuibIine 301IbIIHINCh KOHIICHT-
pauii Pb mix constiaukom ta Cd i 03uMuM pi-
nakoM. Kontenrpariii Cd Habmm3mmmcs 10 HopMma-
THUBHMX 3HAYCHb, a KOHIICHTpAIIIl IHIIMX BRKKUX
METaJIiB 3HAYHO HIDKYE 32 HOPMATHUB, IO JI03BOJISE
3pOOKMTH BUCHOBOK TIPO BIJICYTHICTH €KOJIOTTYHOTO
PHBHKY 3a6pyz[HeHH;1 1pyHTiB Zn, Pb Ta Cu npu Bu-
KOpI/ICTaHHl IHTCHCUBHUX TEXHOJIOTil BHPOIITY-
BaHHS OJIIHHHUX KYJBTYp Ta MOXJIMBY HeOe3IeKy
HaKOIMYEHHS Ta 3a0pyaHeHHs 1pyHTiB Cd 32 yMOBH
TOJAJTBIION0 BUKOPHUCTAHHS IIMX TEXHOJIOTIH.

BpaxoByroun, 1m0 koHueHTparii Zn B
IPYHTI OJILOBUX CiBO3MiH BiJIIOBIIAIOTH HU3BKIH
Horo 3a0e3MeyeHoCTi UM MIKpPOEIeMEHTOM, He-
00X1IHO B)KMBATH JOJATKOBHX 3aXOIB JIJIs OIITH-
Mi3alii MIKpOEIEMEHTHOTO KHUBJIEHHS CLIBCHKO-
TOCIIOIAPCHKUX KYJIBTYP.

Kongnixm inmepecie

ABTOpH 3asBISIOTH, 10 KOHQUIIKTY 1HTEPECIB 10/10 MyOIIiKaIii boro pykonucy Hemae. Kpim
TOTO, aBTOPH TOBHICTIO JIOTPUMYBAJIMCh €TUYHUX HOPM, BKJIFOUYAIOUH TUIATIAT, (pabch]iKaiito TaHuX

Ta HOJBIHHY MyOTiKaIlio.
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ENVIRONMENTAL SAFETY OF SOILS IN CONDITIONS OF INTENSIVE
AGRICULTURAL LAND USE

For the sustainable functioning of agroecosystems and sustainable food supply of the population, the task
of ensuring the ecological safety of soils in the conditions of using intensive technologies for growing agricultural
crops is relevant.

Purpose.To determine the impact of intensive cultivation of oil crops on agrochemical indicators and
environmental indicators of chernozem soils in the conditions of the forest-steppe zone of Ukraine

Methods. Field, laboratory-analytical, atomic absorption spectrophotometry method, statistical.

Results. The impact of intensive cultivation of oil crops on the seasonal dynamics of the content of biogenic
elements (N, P, K) in chernozem soils (using the example of typical chernozems) was determined. A significant
decrease in the content of mobile forms of nitrogen, phosphorus and potassium in chernozems typical of intensive
cultivation of oil crops (sunflower and winter rapeseed) compared to winter wheat was established. It is noted that
at higher levels of natural moisture, the intensity of nutrient removal increases for both oilseed crops and winter
wheat. A significant increase in the concentrations of mobile forms of Zn, Pb, Cu and Cd in chernozem soils when
growing oilseed crops was established in comparison with their background concentrations under natural meadows
and pastures. When the crop rotation is saturated with winter rapeseed, Cd and Cu accumulate more in the soil,
and when sunflower predominates, Pb and Zn. Under conditions of higher moisture, the concentrations of mobile
forms of all studied metals in the soil increase. The approach of the average Cd concentrations over the observation
period to the normative value indicates a possible danger of accumulation and contamination of soils of field crop
rotations with this metal.

Conclusions. Growing oilseed crops using intensive technologies poses a threat of soil deterioration from
two aspects: a decrease in biogenic elements in the soil and an increase in the risk of soil contamination with heavy
metals, especially Cd.

KEYWORDS: ecological safety, chernozem soil, soil nutrients, heavy metal, agrochemical indicator,
intensive technology, agricultural land use, sunflower, rapeseed
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3MIHU Y CHEHIAJIBAII__Ii CIJIBCBKOI'O T'OCITOJAPCTBA
YEPKACBKOI OBJIACTI 3A 10 POKIB

BupoOHHYa TUIONOTIS CITBCHKOTO TOCIOAAPCTBA € YM HECHAWTABHININM HAMPSIMKOM TeorpadidyHuxX T0c-
JIDKEHb CUIbCHKOTO TOCIOAAPCTBa, siKuii e kopinHsM y XIX cromirrs. [Ipore, magiHHs HOro momyJssipHOCTI y
OCTaHHI AECATWIITTS. MU MOB’SI3y€MO 3 Ha/I3BUYAHHO CKJIQJHOIO Ta MPaleBUTPATHOIO METOANKOIO, sIKa mependa-
yae 00poOKy BEIMKMX MacHBiB JaHUX. Haa3Bu4aiiHO aKTyaJlbHUMH € OLIHKM €KOJOTIYHOTO BIUIMBY Ha JIaH/IIa-
(hTH TIEBHUX CHOIYYCHb Tady3el. AKTyallbHUMH CHOTOIHI € TaKOX OI[IHKK €KOJOTi9HHX MOCIHYT, SKi 37ifCHIO-
I0ThCSI arPOEKOCUCTEMAMMU.

Meta. OOrpyHTYBaHHS €KOJIOTTYHO TOJICPAHTHOI criewniaizaiii ¢pepMepchKixX rocroaapcTs 3 MO3MLIH ar-
poekocucTeMHOI quHaMiku 3a 10 pokis (2014-2024), nputamManHOi yMOBaM i pecypcam YepkachKkoi 001acTi.

Metoaun. [TonpoBi, kapTorpadiyti, CTaTUCTHYHI, CHCTEMHHH aHaIi3.

PesyabraT. BupineHHS BUpOOHMYMX THUIIIB TOCHOAAPCTB B JMHAMILI Ha TepuTopii Yepkacbkoi obsacti
(2014-2024 poku) m03BONISIE HAOIM3UTUCH JO OLIHOK E€KOJOTIYHHX MOCIYr. 30KpeMa, BimMideHe 3pOCTaHHSI
Maibke BIIecTepo KiTBKOCTI rocmogapctB y 2024 pori nopiBasHO 3 2014 pokoM 103BOIIsIE KOHCTATyBaTH TEHIIE-
HITIIO 710 3MCHIIEHHS IUIONII OKPEeMOro (pepMepChbKOro rocroiapcTsa, M0 B IJIOMY CBIXYHTH NPO «BIHCAHHSD)
3eMJICKOPHCTYBaHHS y HAasgsBHY CTPYKTYpYy JaHamadTiB. [IpoTe, criofiBaHHSA Ha MATPUMKY peasbHOTO 0i0pi3HO-
MaHITTS arpoeKOCHCHEM, 10 POPMYIOThCs y UepKkachKiid 00JacTi, e TPUBAINH 9ac 3aIHIIaTUMYThCSI MApPHUMHU.
Cepen BHAUIEHNX THIIIB CLIBCHKOTO TOCIIOApCTBA MEPEBAXKAIOTH MOHOKYJIbTYpHI. HareBHe, mix BIUIMBOM 3aKo-
HIB PUHKOBOi €KOHOMIKH (hepMepn HaMararoTbCsi OTPUMATH MaKCHUMalIbHUH NPUOYTOK Bij 3emili. 3anporoHoBa-
HO OKpEeMi 3aX0/I1 TI0/I0JIaHHS 3a3HaYeHUX MPOTHPIYb

BucHoBku. B yMOBax Ha/lIHTEHCHBHOT'O CIJIbCHKOTO TOCIIOAPCTBA TOJIOBHI TEOPETHYHI MiAXOAN TUIIOJO-
rii CiJIbCHKOTO TOCIOAaPCTBA MOXKYTh 3arpaTd HOBUMH OUTBLI SICKpAaBUMHU OapBaMu. MOMXIIMBUM LIUISIXOM «BIIH-
CaHHs» creuiaizalii ciJJbCbKOro rocloapcTBa B HasIBHI MPHUPOAHI JaHAIIA(TH Ta €KOCHCTEMHU MOXe OyTH 3
OJTHOTO OOKY 3MEHIICHHS PO3Mipy OJHOTO IOCIIONAPCTBa , & 3 1HIIOrO0 OOKY YPi3HOMaHITHEHHSI €KOCHCTEMHHUX
BITHOCHH Yepe3 MilaHy ciBOy 3epHOCyMiteit (3 6000BUMM), 301TBIIICHAS YaCTKU CiIHOYKATEH Ta MACOBHIII.

KJIFOYOBI CJIOBA: gupobnuuuti mun, ciibcvke 20cnooapcmeo, azpoekocucmemd, azpoianouagpm

SAx nuryBatu: 3o3yna I. O. 3minn y cneniamizanii ciibChKOTo rocrogapcTsa Yepkacekoi obmacti 3a 10 pokis.
Jloouna ma oosxinns. Ipobremu neoexonozii. 2024. Bum. 42. C. 147-160 DOI: https://doi.org/10.26565/1992-
4224-2024-42-10

In cites: Zozulia, 1.0. (2024). Changes in the agriculture specialization Cherkasy region over 10 years. Man and
Environment. Issues of Neoecology, (42), 147- 160. https://doi.org/10.26565/1992-4224-2024-42-10 (in Ukrainian)

Bemyn
IIpobGnema, Ha PO3B’s3aHHS SIKOI CIIPSIMO- pillieHb MO0 PO3BUTKY IICBHOI Creliasi3arlii.
BaHe JIOCII/DKEHHSI Ma€ BUCOKHU PIBEHb aKmyd- Le B cBOIO 4epry NPHBOJWTH JIO BIPOBAKEHHS
JIbHOCMI, OCKUIbKH Opak y3araJlbHEHHX JaHUX TaKUX CHCTEM CIUIBCHKOTO TOCIOAAPCTBA, SIKi €
PO BUPOOHUKIB CLITLCHKOTOCTIOAPCHKOT TIPOJTY- BOPOXKUMH MICIIEBUM €KOCHUCTEMaM 1 B KiHIIEBO-
KIii Ha piBHI aJMIHICTPAaTUBHOI O0NACTI IIyXke My MiJICYMKY PYHHYIOTB iX, B TOH ke 4ac Npu3-
YacTO NPHU3BOJUTH J0 YXBAICHHS HEKOPEKTHHX BOJISTYM JIO KaTacTpo(iyHOrO 3HUKEHHSI IPOIYK-
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THUBHOCTI 3eMellb. 3aralbHOBU3HAHO, IO TPOIY-
KTUBHICTh CLTBCHKOTO T'OCIIOJIAPCTBA MA€ 3pOC-
TaTH, MO0 BIOpPATUCS 3 3POCTAIOYUM TOIMUTOM
Ha MPOJIOBOJILCTBO 3 OOKY 3pOCTar0dOro Hace-
TieHHs1 Ha (DOHI BiIHOCHO HErHYYKOI IJIOLI OPHOT
3emuti. [Ipu 11bOMy BH3HAETHCH, MO Cy4acHi iH-
TEHCHBHI CLIIbCHKOTOCITONAPCHKI TEXHOJIOTI, SIKi
OyJIM OCHOBHUM JIXKEPEJIOM ITiIBUIIICHHS TPOAY-
KTUBHOCTI B OCTaHHI JCCATWIITTS, HE CIPUSIOTH
EKOJIOTIUHIN CTIHKOCTI CLTBCHKOTO TOCIIONApPCT-
Ba. KpiM TOro, OCKUTBGKH JIOAW CTHKAIOTHCS 3i
3POCTAHHSIM HACEJICHHS, 30UIBIICHHSM TOMUTY
Ha TPOMYKTH XapdyBaHHS, 3MIHOIO KJIiMaTy Ta
TII00AJI3aIlEr0 CLTHCHKOTOCTIONAPCHKUX PHHKIB,
CUTBCBKOTOCHOAPChKI  JMaHAmAPTH  3a3HAIOTh
OesnpenieieHTHUX TpaHcopmanin. Tomy akTy-
ATBHUM € 3aBJaHHS MiJBUILCHHS MPOIYKTUBHO-
CTi CLIBCHKOTO TOCHOAAPCTBA O€3 IIKOMN JUIS
MOTOKY LIHHUX €KOCHCTEMHHX TociyT [1].

OTKe, TOJI0BHA MeTa JOCHIKEHHSI — 00-
IPYHTYBaHHS €KOJIOT1YHO TOJIEPAHTHOI CIieliaTi-
3aIii (hepMepChKUX TOCHOAAPCTB 3 MO3UINN ar-
POCKOCUCTEMHOI JMHAaMIKH, TIPUTAMAHHOI yMO-
BaM 1 pecypcam 001acri.

JloBeZieHHsT HEBUIIAIKOBOCTI 1 HaBITh €BO-
JIFOIIAHOT 3aKOHOMIPHOCTI TEBHUX IO€IHAHD
rajmysei cremiasnizaii CiThbChbKOTO TOCIIOAapCTBA
B MEXaxX KOHKPETHHX arpoekocucteM (opmye
HOBH3HY HAYKOBOTO JIOCIiPKEHHSI.

dopMyBaHHS METH JIOCIIJKECHHS BUXO-
JIATh 3 YSABICHHSI TIPO T€, 1110 B YMOBAX OYJIb SKO1
NPUPOIHOI 30HH (30KpeMa JiCOCTEOBOI 30HU
VYkpainu) B mporieci Hoocheporenesy Gopmy-
IOTBCSl TICHO aJIalTOBaHi JI0 MPHUPOTHOTO cepe-
JIOBHIIIA arpOEKOCHUCTEMH, a KOHKPETHO, iCHY€E
BIIMTOBIJIHICTh BUPOOHHUUOI CIIeIiaTi3allii CliIbCh-
KOI'0 FOCMOJIAPCTBA Ta PECYPCIB MPUPOHUX SKO-
CHCTEM.

JlocimipKeHHsT BMMAara€ BUPILICHHsS Ha-
CTYIHUX HAYKOBHX 3aB/IaHb.

- JIOCHi/KEHHS MPOCTOPOBO-4acoBOi JH-
HAMIKHA arpoeKOCHCTeM, sIKi (DOPMYIOThCS Ha
TepuTOpii YepkachKoi 00JacTi;

- po3poOka reoiHhopMAaIliifHOT MOJIETi BH-
POOHHYMX THUMIB CUTBCHKOTO TOCHOAApPCTBA 3
METOIO JTOCHIKEHHS 3MiH, IO CTAINCS B CIIELi-
arizauii pepmepcbkux rocnogapets 3a 10 pokis;

- TIPOBEIEHHS CLIBCHKOTOCTIONAPCHKOTO
parionyBaHHA Yepkacbkoi 00macTi 3 METOI0
BCTAHOBJICHHSI JMHAMIKH Ta MIPOCTOPOBHUX 3aKO-
HOMIPHOCTEIl PO3BUTKY arpoeKOCHCTEM, B TOMY
YUCIII 1 TiJT BIUTMBOM 3MiH KJTIiMary.

Bracue, Ha cydacHOMy eTari aBTOp 3aBe-
PILIYyE AOCHiIKEHHS arpoeKOCHCTEM Ha HHU30BO-
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My TIPOCTOPOBOMY PiBHI — PiBHI (hepMepchKOro
rocrogapcTBa. KitouoBoto mpoOniemMoro TyT €
KOHTPACT MDK JABOMa IOTJISIIAMU Ha B3aEMOIIIO
MDX CUTECHKOTOCTIONAPCHKAM BHPOOHHIITBOM Ta
EKOJIOTTYHUMH TIporiecaMu. 3 0THOro OOKY, KOH-
KypeHTHe 0a4eHHS CUILCHKOIOCIIOAAaPCHKOrO
BHUPOOHMIITBA, K€ JOMIHYBaJlO B CUTHCHKOTOC-
MOAAPCHKIil MPaKTHUIIl B iHIYCTPialbHUX KpaiHax,
MATPUMYE MAXIN, SIKHMHA PEryIIIoE CePeIAOBHIIEC
TaKUM YHMHOM, 100 3a0e3Me4YuTH YMOBH BHPO-
IIyBaHHS ISl [UTHOBOI TPYNH KyJIBTYp ONTHMI-
30BaHO, TOMI SIK JUISl KOHKYPYIOUMX BHIIB (Ha-
MIpUKITaz, «Oyp'siHIBY 1 «IIKITHUKIBY) Il YMOBH
HaBMHCHO TIOTIPIIYIOTECS. 3apa3 el Miaxia
CTaBUTHCS T CYMHIB, OCKUJIbKM BiH ITHOpY€
J00pe BiZIOMi B3a€MOJIII MiXK BHJIaMH, a TaKOX
HU3KY TIPOLIECIB, SKi CIIPHIOTH KOPOTKOCTPOKO-
Bilf Ta JIOBrOCTPOKOBIH MPOTYKTUBHOCTI CLITBCH-
Koro rocrozapctaa [2].

AnbpTepHaTHBHA TOYKA 30pY IPHITYCKaE,
10 TPOAYKTHUBHICTH Y JIOBTOCTPOKOBIH TIepCIIeK-
THBI OUIblIe TMOB’s3aHA 3 OOCITYrOBYBaHHSM
KOHKPETHHX (PYHKIIIH €KOCHCTEMH, a HE KiJIbKiC-
TIO BUIB 5K Takux. Kpim Toro, arpoGiopizHOMa-
HITTSA, HMOBIPHO, MOKPAIIUTh (PYHKI[IOHYBaHHS
arpoOEKOCHCTEMH, KOJIW € CYKYITHOCTI BHJIIB,
NPUCYTHICTD SIKMX TPU3BOIHUTH 10 YHIKATBHHX
a00 J0MaTKOBUX BIUIMBIB Ha (DyHKI[IOHYBaHHS
exocucremu [3].

Lli xoHTpacTHi edeKkTn BKa3ylOTh Ha He-
OJIHO3HAYHMI 3B'SI30K MK TNPOIYKTHBHICTIO Ta
arpoOiOPi3HOMAHITTSIM, OCKUIBKH 30epe)KeHHS
HECUTbCHKOTOCIIOIAPCHKUX BHJIIB BBOJUTH KOM-
IIPOMIC MiX MTOCHIJICHHSIM IIPSIMOi KOHKYPEHITi 3
BUJIAMH CLIBCHKOTOCIIOAAPCHKUX KYJIBTYp (3a
3eMJII0, CBITJIO, TIOKMBHI PEYOBWHH, BOJIOTY i
T.J.) 1 TIOCWJIEHHS MIATPUMKH, SIKY 11l BUAW Ha-
Jal0Th (PYyHKIISIM arpoeKocHcTeMH (HanpHKIIa,
TaKWX SIK IepepoOKa MOKUBHUX PEYOBHH, 010110-
TYHUA KOHTPOJIb IIKIIHUKIB, 3aIMICHHS TOIIO),
SIKI CIIPUSIIOTH TPOAYKTUBHOCTI CLIBCHKOTOCIIO-
JAPCHKHX KYJBTYP.

Posrnsimaersest pons 30epeskeHHs arpooi-
OPI3HOMAHITTS sIK 3aci® migBuIIeHHS OydepHOi
3[IATHOCTI arpOEKOCHUCTEMH. biopi3HOMaHITTS
PO3IIISANAEThCSL K TIEBHE IMOETHAHHS OKPEMHX
rajysei CUIbCHKOIO rOCIOJapcTBa B MEXKaxX KOH-
KpETHOT0 (hepMepCHKOro rocroiapcTaa.

VY IpaxTulli CBITOBOTO CLTHCHKOTO TOCIIO-
JIapCTBa JIOBOJII YacTOKO € BHINA 3arajbHa Ipo-
IOYKTUBHICTH OUIBLI Pi3HOM@HITHUX €KOCHCTEM 3
OLIBIIOI0 KUIBKICTIO BUAIB 200 OLIBLIMM IeHe-
TUYHUM PI3HOMAHITTSAM yCEPEIVHI BUIIB ITOPIB-
HsHO 3 Ol pocTMu cucteMami. Lle He HoBa
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imest [4]. Tilman D. i #ioro koneru 3a10KyMeHTY-
BaJIU 11¢ HAWOLIBII IETANBHO 1S (HECLITBCHKOTO-
CIIOMAPCHKIX) EKOCHCTEM TIpepiil, Je, Hampu-
KJam, OUITHKA 3 16 BUmaMu BHpOOIsuH B 2,7
pasu Oinble 6ioMacH, HiXK MOHOKYIBTYpH [5]. B
SKOCTI TPUKIAAY CUIbCHKOTOCIONAPCHKUX CHC-
tem, Bullock et al. [6] cTBopumu Garari Ta Gimmi
Ha BHAM CIHOXaTi; 4yepe3 BiCIM POKiB OaraTmii
nyku nanu Ha 43% Oublie ciHa, HiK Tons 3 Oin-
HEMH Brami. | meit edexT OyB JOCATHYTHI HE
MPOCTO 3aBISKH yAOOPIOBATEHIM edeKTaM OilTb-
1101 KUTBKOCTI 6000BHX KYyJIBTYp Ha OLTBII Pi3HO-
MaHITHUX TOIsIX. L[5 3aKOHOMIpHICTh € B HLITOMY
BIPHOIO /TSt JIyKiB 10 Oarathox Kpainax [7]. Cy-
Milli cOpTiB siamMeHto B [lombimi 3aranom mepeBu-
IIyBJIM CEPEITHIO BPOXKAMHICTH COPTIB y YMCTHX
HacapkeHHsX [8]. TTimBUIIEHHS] MPOXYKTHBHOCTI
TaKOX TIOB'sI3aHe 3 OUIBIION CTaOLIBHICTIO BPO-
kato; TilbMaH Ta iH. TIOKa3yHOTh, 110 JUITHKH 3
BHCOKHM piBHeM pizHOMaHiTHOCTI Oy Ha 70%
OLTBII CTAOITPHUMH Hi’K MOHOKYJIBTYPH.

Mipa crabinpHOCTI TinmbMaHa — BimHO-
IICHHSI CEPETHBOI 3arabHOI 010MAacH JUISIHKH JI0
CTaH/ApPTHOTO BIIXWJICHHA 3a 4ac — IIe JIMIIe
omHa 3 Bepciit cTabLIBHOCTI, 1 €KOJIOTH JaBHO
OOTOBOPIOIOTH 3B’S130K MK CKJIAHICTIO 1 Pi3HH-
MU TTOKa3HUKaMU CTaOUILHOCTI B €KOCHUCTEMAX i
Xap4yoBHX JaHIorax [9].

Y chpoieHoMy TOCHOAApCTBi (epmepu
MOBUHHI 3a3/1aJIeTiib BUPILINTH, 5IKi COPTH KYJIb-
TYp BOHH OyAyTb BHUPOIIYBaTH B OyAb-siKiil cu-
Tyarfii. 3aJieXHO Bix Takux (DaKTOpiB, SIK YMOBH
BUPOIIYBaHHS Ta PHHKY, [Ie CTBOPIOE MOTCHIIIAT
SIK JUTI BUCOKMX BPO’KaiB TaK i HEBIadi, IO Bi-
JOOpaXKaeThCsl Y BENHKIA PIvHIN PI3HHUIN BpO-
KAHHOCTI.

ExcriepuMeHTaIbHI JOCITIIKSHHS Ta IIH-
POKOMACIITa0HI TOJhOBI BHIIPOOYBaHHS IOKa-
3aimy, MO OlOpI3HOMAHITTA CUIHCHKOIO TOCHO-
JapCcTBa MOXKE 3MEHIIYBATH JHCIEPCito, CIpHs-
I0YM TaKUM YHHOM IIbOMY KOHKPETHOMY THUITY
CTaOLTBHOCTI BPOXKAHOCTI.

Memoouka oocnioicennsn

Tonognum  06°ckmom  docriodicenus €
arpoeKocHCTeMH sKi (OopMyIOTbCS B arpo-
nanamadTax Yepkacbkoi 001acTi.

Ymosu nposedenns docniodcenus oKpe-
CITFOIOTH SIK IPUPOJIHI TaHAmAapTH 00JIacTi, TaK
1 Ti arpomangmadTH, I0 CPOPMOBaHI B TPO-
1eci CLIbCHKOTOCIONAPCHKOT0 BUKOPHCTAHHS
3emenb. HalakTHBHIIIMMHU 3€MIIEKOPHCTYBa-
gamMu € (epmepcbki rocrnogapctBa. Came Ha
TXHIX 3eMEJIbHUX AUISHKAX 3aBISKH IATPUMIII
MIEBHOTO THUIY CLJIBCHKOTO roCromapcTsa (cre-
miamizarii) copmosani (abo me hopMyroThCs)
€KOCHCTEMHI BIJITHOCHUHH.

Metonnka IpoBeIEHHS JTOCTIHKEHb JEeTaTbHO
BUKJIAJICHa Yy LIJIOMY TMEPeTiKy aBTOPCHKUX
nyOuikalii, fKi € pe3yJbTaToM CIifyBaHHS
HAYKOBUM TPAJUISIM, SKI CKJIAIHCh Y HAYKO-
Bil IIKOJII ¥YMaHCHKOTO HaI[lOHAJLHOTO YHIiBE-
peutery camiBaunTia [10 — 14] sixoro 3a wmieto

TEMAaTUKOK OXOIUTIOIOTh YacOBUH Tepiof] mo-
nan 30 pokis [15, 16, 17].

OCHOBY TOJIOBHOTO MacHBY JaHUX IS
MOJIEIIIOBAaHHS ~€KOCHCTEMHHUX BIIHOCHH Y
(bepMepchkux — rocnojapctBax — UepkachKoi
obnacTi ckiaau BiakpuTi [ukepena [18, 19].

BaxauBo BiA3HAYUTH, M0 JTOCIIHKEHHS
MPOBEJCHO B JUHAMII 1O YChOMY MAacHBY
thepmepcrkux rocniogapetB y 2014 ta y 2024
poui. Yci mani Oynu mpoaHalizoBaHi Ta y
MOJJANIBIIIOMY CIPYTOBaHI y BiJMOBIAHI THIH
CLITBCHKOTOCTIOAPCHKUX MiANPUEMCTB. Behoro
Ha TepuTopii Yepkackkoi obmacti y 2014 pori
npamoBaiio 375 ¢epMepCchbKUX TOCIOAAPCTB a
y 2024 poui 1808. VY 2014 poui Oynu BuaineHi
9 TOJOBHHUX THIIIB CLIBCHKOTO TOCIIOAAPCTBA 3
39 migrumamu. Y 2024 pomi chopMoBaHO
11roNoBHUX THIIB CIILCHKOTO TOCIOIAPCTBA 3
75 miaTunamuy.

Pezynomamu

Uu He rOJOBHUM MPUITYLICHHSIM Haoi
METOMOJIOTI] A YSBJIECHHS MO Te, 10 0iopi3HO-
MaHITTSl — TOJIOBHA 3aIl0pyKa €KOJIOTIYHOI CTa-
JocTi arpoekocucteM. Hampuknan, B poboti
[20] HaBonsTECs mani mo B bpasmnii 10-20 ra
arpoJicorocrnogapcbKoro caxy MpUHOCUTH YH-
ctuii mpudyTok, mopiBasHAMHN 3 1000 ra maco-
BHIIA BEJIMKOI poraToi Xyao0u, Ha JOJATOK IO
CUIBCHKOI 3aMHATOCTI I JKIHOK.
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Altieri M. A.[21] naBoauTh 1udpH, sKi
MOKa3yloTh, 1o B JlaTuHCHKIH AMepHuii Bpo-
XKaMHICTh 3MIIIAHUX IIOCIBIB IEPEBAXKAE 3BU-
yaitHi MOHOKYJIbTYpHI Ha 20%-60%. 30kpema,
y Mekculi oAuH TekTap 3acakKyloTh Tpalu-
LiAHOIO0 CYyMIIIIIIO KYKypyI3u, 000iB i kabad-
kiB. Taka cymimr mae CTUTBKH X %Ki, CKIJIBKH
1,73 ra, 3acisiHi MOHOKYJBTYPOIO KYKYPYI3H.
Kpim toro, nomikynbTypa KyKypya3a-Kkadadok-
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KBacoJII MOXXE BHPOOJIATH 10 4 T/Ta HazeMHOL
¢diTomMacu poCiHH, SIKy MOXHa TIOBEPHYTH B
TPYHT MOPIBHSHO 3 2 T T'a 3 MOHOKYJBTYPH KY-
KypYI3H.

[TonibHi pe3ynbraTn OynM BUSIBICHI B
cUcTeMax BHPOOHHITBA MPOAYKTIB XapuyBaH-
Hs1, 30kpema B Kurai. B pobori [22] cTBepmky-
€THCS, 10 «OJHA TPETHHA BCiel momy oopoo-
JIOBaHO!1 3eMJIi BUKOPUCTOBYETbCS AJsl Oara-
TOPA30BHX KyJbTYp 1 IIOJIOBUHA 3arajbHOTO
BpOJKAI0 3epHAa BHPOOIIIETHCS MPU OaraTopaso-
BOMY T0CiBi». Byio 3po0iieHo netanpHuil aHa-
73 OCTiPKEHHS BIUIMBY CITBCHKOTOCIIOAAP-
CBKOTO OIOpIZHOMAHITTS Ta JAOCHTIIKEHO IesKi
3 OCHOBHMX MexaHi3MmiB. Ilmenwnns mokasana
301IbIIeHHS] BpoXkalHOCTI Ha 74% y MimiaHo-
My NOCiBi 3 KyKypyZa3oro Ta Ha 53% y mima-
HOMYy 3 coero. [lomiOHO 1O TOCHIIEHOTO Ky-
IICHHS, SIKE CIIOCTEPIraeThCs y CTIMKHX J0
XBOp0O 0COOWH Ha IO 3MiIlIaHi COPTH OJTHOTO
BUJy, aBTOPH TIPHITUCYIOTh JESIKHM 3 BPOXKaii-
HUX CYMIIIICH BUJIB TaK 3BaHE KOHKYPEHTHE
BIIHOBJIEHHS, 3 HAJ3€MHHMM Ta IA3EMHUMU
edexramu. 30kpeMa, abiOTHYHHUHA CTpeC MOJKHA
3MEHIIUTH 32 JIOTIOMOTOI0 MPOMIKHUX KYJIb-
Typ. Hampuknaza, B apaxici (ocHOBHa odiiiHa
Kynbprypa B Kutal) mommpenuit 3amizonediu-
THHH XJIOPO3, OCOOJIMBO SIKIIO HOTO BUPOIIY-
BaTH SIK MOHOKYJIBTYPY.

[Tpu mociBax KyKypyZa3H XJIOPO3 € MEHII
CEPMO3HUM 1 3aJIeKUTH BiJl TICHOTO 3MiIlTyBaH-
HSl KYKYPYJI3H Ta KOPEHEBOI CHCTEMH apaxicy.
Apaxic i KyKypy/3a MalTh pi3Hi CHCTEMH II0-
TJIMHAHHS 371133, 1 € Taka rifnoresa: eQeKTHBHA
cUcTeMa TIOTJIMHAHHS 3aii3a KyKypylI30l0 MO-
Oimizye 3amizo y Gopmi, sIKy apaxic MOXe BH-
KOPHCTOBYBAaTH Kpallle.

[loniOHi pe3ynbTaTé cHocCTepiramucs y
3B's13Ky 3 moriuHaHHsIM (ocdopy (P) kykypy-
J13010, BHUPOIIECHOK B CyMilI 3 KBacoJeio.
BBaxaetscs, mo 606u podnsats P 6inbm goc-
TYIHUM JUTsS KyKypyJi3u. KpiMm Toro mpomixsi
KyJbTYPH 3MEHIIYIOTh HAKOIUYEHHS HITpaTIB
y IPYHTi, JO3BOJIIIOYM BHOCHUTH MEHILI JIO3H
azory.

3 HaBeJCHUX MPHKIIAIAIB MOXKHA 3pOOUTH
BHUCHOBOK NP0 0COOJIMBY poiib 0000BHUX KYJIb-
Typ y MATpUMLI OiOpi3HOMAHITTS, a, OTXKe,
dbopMyBaHHs CTIHKUX arpoekocucreM. Kpim
TOTO B YMOBAX 3MiH KIIIMATy, SIKHi ITOCTYIIOBO
Terutimae, 30inpmmTH OydepHicTh MOCiBiB 10
MMOCYXHW HaWiIMOBIpHIIIE 3MOXYTh Pi3HOMAHITHI
3EpHOCYMIIII pa3oM 3 0000BUMHU KyIbTypaMH.
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Tak, BiOMO, 10 TPYHTH B MEXaxX KOX-
HO1 TPUPOTHOI 30HU BUPIZHSIOTHCS 3HAYHOIO
pi3HOMaHITHICTIO. 30KpeMa, B YepkachbKiii 00-
nacTi BUALIAEThCS ToHam 700 pizHOBHIIB. 3a
Takoi YMOBHU MpoOjeMa ajanTallii CilbChbKOTrO
rOCHOJAapCTBa 0 KOHKPETHHX JaHAIMAPTHUX
yMOB OyJe 3alHIIaTUCh aKTYaJIBHOIO 3aBXKIU.
AJe y BUNIaAKy KOJIM TaKa aJamTailis BUSBUTH-
Cs HEBJAJIOW, TO BiNOYIEThCS IOCTYIOBA 1
HEIOMITHa EKCIIaHCisl Takoro >K HEBJAJIOro
Ha0Opy rajxy3ed 1Mo BiTHOMIEHHIO O MPUPO-
HUX €KOCHCTEM KOHKpeTHOi Teputopii. Haiiro-
JIOBHIIIMM 1 HaiHEOE3NeUHIUM HaCHiJKOM
LBOTO HPOLECY € MOCTYIIOBE 3HIKEHHS KiJib-
KOCTi TyMycy y IpyHTi. ['ymycy, sikuit 6iocde-
pa HakomuuyBaja BIIPOJOBXK COTEHb POKiB
[17].

Ycim Bimomi kinacuuHi poboTn Mukomu
Baginosa, Aunpis KpacHosa, Bacuns okyua-
€Ba, B SIKUX HAYKOBO IOBOAUTHCSA, L0 MIPUPOA-
Ha POMAIOYICTH IPYHTY Oe3mocepeqHbo 3aje-
XKHUTh BijI po3Mipy 3eMili sika 00pOOISIEThCS Yy
KOHKPETHOMY  CEJISIHCBKOMY  T'OCHOAApCTBI.
Takuit po3Mmip moBuHEeH OyB cKiagaTh He Oi-
Jbmie 5 rexrapiB. 3aMe 3a Takoi yMOBH CeJlsi-
HUH (i oro poawHa) OyiM B 3MO31 HE JIMIIIE
3abe3neuuTy cebe MPOoAyKTaMu XapuyBaHHS, a
W miaTpUMyBaTH MO3UTUBHUN OanaHC MPUPOI-
HOi POMIOYOCTI IPyHTIB. 30KpeMa, MoBa e
PO TaKui miAdip ramysei criemiamizanii cemns-
HCBKOTO TOCIIO/IAPCTBA, AKUH OyB MaKkCHMallb-
HO «BIUCaHWi» y npuneriuid nanamadt. [pn
IbOMY JIOCBiJ] BEICHHSI CUTLCHKOTO TOCTIOAapC-
TBa CTaBaB THM O€3I[IHHUM KalliTaJoM, SKHI
CIaJIKOEMHO TIepe/IaBaBCs 3 MOKOJIHHA y IO-
KomiHHs [24]. 3a cy4acHOIO TEpMIiHOJIOTiED
(hopmyBanack Taka co0i MITy4HA arpoeKOCHC-
TeMa, B SKid NPUPOJHUNA 1 aHTPONOTCHHHHA
KOMIIOHEHTH BXOJWJIM OJMH 3 OJHUM Y Mak-
CHUMaJIbHY TapMOHIIO.

@dopMmyBaHHS PaliOHIB CIIBCHKOTOCIIO-
JapChKO1 crieriasizarii BiIOyBaETHCS
00’€KTHBHO 3a YJaCTIO OKPEeMHX Taly3ei poc-
JMHHULTBA 1 TBAPUHHUIITBA, SIKi PO3BHUBAIOTH-
Cs Ha CaMOMY HH30BOMY DIBHI CEJITHCHKOT'O
(mizcobHOrO) TocmogapcTBa. B cydacHuX ymo-
Bax fAK 3a PO3MIPOM TakK 1 3a E€KOHOMiIYHOIO
cneuu@iko Taki TrocrnojapcTBa HaHOIIBII
HaOMKeH1 N0 (epMepchKHX TOCIOJIApCTB.
BaxauBUM 111 YCBIIOMIIEHHSI €KOJIOTTYHOIO
3MICTYy PO3Mipy (epMEepCHKOrO TOCIONapCTBa
€ TICHa KOPENIis OKPEMHX TaKCOHOMIYHHUX
OJIMHHMIIb arpojiaHAmadTy Ta arpOEKOCUCTEMH,
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sKi Oe3mocepeTHhO OB’ S3aHl 3 TMPHUPOTHIUMH
nanamadTamu [15].

Omxe, neBHUI Habip Taxy3eldl B Mexax
(hepMepChKOTO TOCTIONApCTBa, a, BiTaK, 1 CIIe-
mudika 3eMICKOpUCTYBaHHA (TepenyciM 3a
PO3MIpPOM IUIOIII YTifb) MAIOTh TIAMOOKHN KO-
JIOT1YHHH 3MICT.

Hakanb, yMOBH PHHKOBOI €KOHOMIKH Ta
aKTHUBI3allisl pUHKY 3eMJIi B OCTaHHI POKH HE
3aNUIIAIOTH (pepMepy IHIIOTO BHOOpY HIXK i1H-
TCHCUBHO «BHKA4yBaTH» 3 3eMJIi MaKCHMallb-
HUI MpUOYTOK pa3oM 3 0araToCOTPiYHHUMH 3a-
macamMu oprasigyHoi pedoBuHHU. [Ipo me cBin-
YaTh HE JIMIIE MAaKCHMAJILHO CIPOIIEHI cyJac-
Hi ciBo3MiHM (5-TibHI), a W iX HacHUUYCHHS,
NpeCTaBIeHE HANOJIOBUHY TPYHTOBUCHAXKIIH-
BUMHU IIPOCAIHUMH KyJibTypamu. [Ipu mpomy
HaWBUIINN piBEHBb KamiTamizallii CbOTOJHI Ma-
I0Th arpOXOJIJINHTH, B SIKUX 3a3HAuYCHI HETaTH-
BHI TEHJICHIII1 CIIOCTEPITalOThCS Y TIraHTCHKHX
MacuTadax.

HaiicyTTeBimor 0co0NIMBICTIO HAIIOTO
METOAUYHOTO MIIXOAY € Te, IO B CyYacHUX
YMOBax 3aHaATO 301IHEHOI JepKaBHOI CIIThCh-
KOTOCTIOJIAPChKOI CTaTUCTUKU ii Opak MOXHA
KOMIICHCYBaTH 3 3arajbHOBIIOMHX KOMEpIIiii-
HuX 0a3 JaHuX. 30KpemMa, 3araTbHOBIIOMUMH i
MOMYJIIPHUMH € HacTymHi 0a3m maHux: [18,
19]. B Hux xoxHe (epMepcbke rocnoaapcTBO
VYkpainu (1o o6sacTsax 1 paioHax) HaJae IMpo
cebe cTHCy aje akTyalbHy iH(pOpMaIlio mpo
Ti TaIy3i 1 BUIM MPOIYKIIii, HA IKUX BOHO CIIe-
miamidyerscs. HalOinmbm 00’€KTUBHOIO  IIFO
iHpopMallil0 MH BB2)XaEMO TOMY, II0 BOHA
Ma€e MapKeToyoriuny mery. ToOTo kKoxeH de-
pMEp MAaKCUMAaJbHO 3alliKaBICHHH Y TOMY,
11100 30yTH CBOIO TIPOYKIIIFO.

Jlxepen npocToporoi iHpopMaltii (KOpAoHH
rOCHOJapCTB) Ha OOpaHOMY MaciTabli 3HAWTH HE
B/IAJIOCs. 3BEJICHHS K JIAHUX KaJacTPOBOi KapTh
(https://kadastr.live/#9.95/48.5969/29.8936) no
MEX OKPEMOI'0 TOCIIOapCTBa SBIISIIO 3aHAITO
TPYAOMICTKY NpOLENYpY, BUKOHAHHS SIKOi 3a-
HHsm0 6 myxe TpuBanuii yac. Kpim toro mani
KajacTpoBoi kaptu natoBaHi 2022 pokom, a
HaMm noTpiOHi Oynu nani 3a 2024 pik.

Came ToMy OYJI0 yXBaJICHO PIIICHHS BH-
KOPHCTATH METOJUYHUHN IMIiXiJ MPOCTOPOBOI
omrtuMizamii  (monironn BopoHoro), skuit
NpEACTaBICHUH y AOoAaTKax Maibke ycix cy-
JacHUX reoingopmamiianx cuctem. Came 1iei
METOA JlaB HaM 3MOTYy BHKOPHCTOBYBATH
OTpUMaHy KapTorpadiuyHy MOAENIb B SKOCTI
JTOCJTI THATIBKOTO 1HCTPYMEHTA. AJDKE B MEKax
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TIPUPOTHOI 30HM, Ta HABITH aAMiHICTPATHBHOTO
palioHy KOH]IrypaIiero OKpeMoro rocroaapc-
TBa MOXHA 3HEXTYBAaTH, OCKUJIBKHM METOJ Kap-
TOTPaMH JTa€ MOXJIMBICTH TTOPIBHIOBATH CIICIIi-
aTi3aLilo OKPEMHX FOCTIOAaPCTB.

OcHOBY (pOpMYBaHHS TOJIOBHUX THIIIB y
2014 porri ckiano 3epHOBE TOCIIOIAPCTBO, BH-
POLIYBaHHS TEXHIYHUX ONIHHHUX KyJIbTYp Ta
M’SICO-MOJIOUHE CcKOTapcTBO. Ha ¢dopmyBaHHS
MIATUITB HAaWO1NIbIe BIUIMHYJIH CBUHApPCTBO,
MOJIOYHO-M SICHE CKOTapCcTBO OYPSIKiBHUIITBO
Ta iHOII raiy3i, Taki K BIBYapCTBO, NTaXiBHU-
LITBO, CaJ1BHHUIITBO.

Ha mepmmit 3a 3HaYeHHAM BHPOOHWYIWIH
HampsIMOK ~ «POCITMHHHUIBKI  TOCIIOJIAPCTBaY
npurnagae 193 rocmojmapcTBa 3 HACTYHMHUMHU
TUIIAMU:

1) 3epHOBe TOCTOAAPCTBO (3EPHOBI KOJO-
COBI, 3epHOOO0OBI Ta KyKypy/13a);

2) 3epHOBE TOCIONApCTBO (BUPOIIYBaHHS
KyKypPy3H);

3) BuporyBaHHs TEXHIYHUX KYJIBTYD;

4) 3epHOBE rOCIIOIAPCTBO Ta CaiBHUIITBO.

BiamoBigHO 10 OCHOBHHX BHPOOHUYHX
TUMIB (GOPMYIOTHCS MiTHITU B OEAHAHHI:

1a) 3 TeXHIYHUMHU (COs1, COHSIIITHHK, PiMaK);

10) 3 TEXHIYHUMU OJIIHHUMH KYJIbTYPaMU;

1B) 3 TeXHIYHUMH (COHSIITHUK, COs);

Ir) 3 TeXHIYHUMHU (COS, IYYKPOBHIA OypsIK);

11) 3 TeXHIYHIMH (CO5);

I5k) 3 TEeXHIYHMMH KyJNbTypamH, KapToOI-
JSIPCTBOM Ta OBOUYiBHHUIITBOM;

13) 3 TeXHIYHUMH KyJIbTYypaMd B Pi3HUX
CTOJTy4EHHSIX;

1e) 3 OBOYIBHUIITBOM;

1€). 3 TexHIYHUMH (ITyKPOBHU OYPSIK);

2a) 3 TEXHIYHUMH OJIINHUMH KYJIbTYPaMH;

20) 3 IyKpOBHM OYypsIKOM;

2B) 3 TEXHIYHUMH KYJIbTYpamMH B PI3HUX
CTIOJTyYEHHSIX;

3a); 30) TeXHIYHUX ONIIHUX KYJIBTYP 3 COEIO;

3B) BUPOLIYBaHHS COi;

3r) coi 3 BUPOIIyBaHHIM KapTOILIi Ta OBOYIB;

Haii0inbpm «ctpokatuit» 6-i tun «3ep-
HOBE I'OCHOJAPCTBO, BUPOIIYBAaHHA TEXHIYHUX
KyJBTYp Ta TBapUHHUIITBO» X 3 OJUHAJIIS-
ThMa OKPEMHMH HampsiMamu, sKi (QopMyroTh
BiMOBiAHI miaTumu. Taky «CTPOKATICTh» MH
MOSICHIOEMO TIEBHUM TNPAarHEHHSM KEPiBHUIITBA
BIJIMOBIAHUX TOCIOAAPCTB 110 camo3ade3Ie-
YEeHHS, OCKUIBKU 32 HasBHOCTI PO3raiy’KeHOTO
TBapUHHMLTBA TyX€ BAXKO AOCIITH €KOHOMi-
9HOI e(DEKTUBHOCTI Y PO3BUTKY KOXKHOI 3 H0T0
miArary3e.
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Puc. 1 — BigmexxyBaHHS TEPUTOPIH OKPEMHUX TOCMOAAPCTB METOAOM OOYI0BH HOIiroHiB Boponoro
(Mexi rocriojapcTB MO3HAYEH] ITyHKTUPHUMHU JIHISIMH)

Fig. 1 — Delimitation of the territories of individual farms by the method of constructing VVoronoi polygons
(the boundaries of farms are marked with dotted lines)

TBapUHHHIIBKI TOCMOAAPCTBA Y «UHUCTO-
MY» BHUIJIAI MPEACTaBJICHI Jiniie nraxodadpu-
KaMU.

IIpocropora mudepeniiialis GpepMepch-
KHMX TOCIOJApPCTB 3 IIEBHOK CIEIlialli3aliero
tepuropieto Yepkacbkoi 007acTi  J03BOJISE
BCTAHOBMTH IEBHI B3a€MO3AJICXKHOCTI MPUPOJI-
HOI Ta TOCHOJApChKOI CKIamoBOi. 30Kpema,
3HaYHa YacTKa (pepMepChbKHX rOCIONAPCTB, 110
CIeUiani3yloThCsl Ha BUPOIIYBaHHI 3epHa HPO-
CTOPOBO TSDKI€ JIO PIBHUHHUX JNUISHOK PEIbE-
¢y y uenTtpanbHiii yactuHi obnacti. ['ocro-
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JapCTBa, MO MPAIOITh MOOIM3Yy 00JaCHOTO
LIEHTPa MalOTh CIIEI[iali3allii0 Ha TUX TaTy3sX,
IPOJYKIlisl SIKMX IIBUIKO TICYEThCS, & TOMY,
srigao mojeni W.TroHeHa BHMarae MIBHIKOT
peamizamii (NTaxiBHUITBO, OBOYIBHHUIITBO Bij-
KPUTOTO Ta 3aKPUTOTO TIPYHTY, MOJIOYHE Ta
MOJIOYHO-M’SICHE CKOTapcTBO). [IpoTte y 3axin-
HUX palloHaX OO0JACTi CIOCTEepIraeThcs MEBHA
aBTOHOMI3allis, CIIpIMOBaHa Ha camo3abe3Ie-
YCHHS IIISIXOM PO3BUTKY PO3JIOTOT0 MEpemiKy
rajgy3ei pOCTMHHHUIITBA 1 TBAPUHHMIITBA B Pi3-
HUX CIIOJTy4eHHSX (puc. 2).
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Y 2024 poui cdopmoBano 11 ronoBHUX
THITIB CUTECHKOTO TOCTIONAPCTRA 3 75 MiATHIaMH
(puc.3). Ho Buminenux y 2014 pori mogaiuchk
TaKi BUpPOOHMYi TUIH CLTLCHKOTO TOCMOIAPCTRA:

- 3epHOBE TOCIONAPCTBO (3€PHOBI KOJIO-
COBI, 3epHO000O0BI Ta KYKypyZ3a) B TIOETHAHHI 3
TEXHIYHUMU OJIIHHUMH T2 KOPMOBHUMH;

- 3epHOBE TOCIMOAAPCTBO B TIOEJHAHHI 3
TEXHIYHAMH OJIHHAMH, KOPMOBUMH Ta OBOYIB-
HUILITBOM;

- BupoiiyBaHHsS TEXHIYHUX Ta KOPMOBUX
KyJIBTYp;

- 3epHOBE TOCIOAAPCTBO TEXHIUHI, KOp-
MOBI Ta Ca liBHUIITBO;

-3epHOBE TOCTONAPCTBO TEXHIYHI, KOPMO-
Bi Ta OBOYIBHHUIITBO;

-CaiBHHIITBO Ta SAT1IHUIITBO;

-3epHOBE TOCTIOIAPCTBO TEXHIYHI, KOPMO-
Bi, CaIIBHUIITBO Ta OBOYIBHUIITBO;

-OBOYIBHHUIITBO;

-['pnbGiBHUIITBO;

-3epHOBE TOCIIOJAPCTBO B IOEJHAHHI 3
TEeXHIYHUMH, OBOYIBHWIITBOM, Ta TBapWHHU-

LITBOM;

-3epHOBE TOCIOAAPCTBO, BHUPOIITYBAHHS
TEeXHIYHMX Ta KOPMOBHX  KYyJBTYp, OBOYIB-
HUIITBO, OaratornpodiabHe TBAPUHHHIITBO,

-OBOYIBHHUIITBO, IUIOIBHUIITBO TBapHH-
HHIITBO, MOJIOYHO-M’SICHE CKOTAapCTBO Ta CBH-
HapcTBO;

-CBHHapCTBO;

-PubHe rocrnonapctso;

-CKOTapcTBO;

-KpomniBHuITBO;

-3epHOBE TOCIOAAPCTBO, TEXHIYHI,
MOBI Ta IHTEIPOBAHHIA 3aXUCT POCIIHH;

-3epHOBE TOCHONAPCTBO, TEXHIUHI,
MOBI, BAHTKOTICPEBE3CHHS;

-3epHOBE TOCIOAAPCTBO, TEXHIYHI,
MOBI, HAYKOBI ITOCITyTH;

-CBUMHapCTBO Ta MepepoOka Horo
JTYKITIL.

-Ca/liBHHIITBO T2 PO3CaIHUIITBO;

-HaciHHMLITBO MONTBOBUX KYJIBTYD;

-JlicoBe po3caHHIITBO;

-3epHOBE TOCIIOJAPCTBO, BHPOIIYBAHHS
TEXHIYHUX Ta KOPMOBHX KYJIBTYpP 3 MOJIOYHO-
M’SICHUM CKOTapCTBOM Ta KOHSIPCTBOM,;

-3epHOBE TOCIIOJAPCTBO, BHUPOIIYBaHHS
TEXHIYHUX Ta KOPMOBHX KYJIBTYp 3 MOJOYHO-
M’SICHUM CKOTapCTBOM,;

-3epHOBE TOCIIOAAPCTBO, BUPOLIYBaHHA
TEXHIYHUX Ta KOPMOBHUX KYJIBTYp 3 MOJIOYHO-
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KOp-

KOp-

po-
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M’SICHIM CKOTapCTBOM, CBHHApPCTBOM Ta KOHSp-
CTBOM;

-3epHOBE TOCIIOIAPCTBO, BUPOIIYBAHHS
TEXHIYHUX Ta KOPMOBUX KYIJBTYp, CaliBHUIITBO
Ta TBApUHHHIITBO;

-3epHOBE TOCIIOJAPCTBO B TOEJHAHHI 3
TEXHIYHAMH OJTIMHUMH, KOPMOBHMH Ta OKLTb-
HULITBOM;

-3epHOBE TOCIIOJAPCTBO B TOEJHAHHI 3
TEXHIYHUMH OJTIHHAMH, KOPMOBHMH Ta PHOHUM
TOCTIO/TAPCTBOM;

-3epHOBE TOCIIOJAPCTBO B TOEJHAHHI 3
TEXHIYHUMH OJNIHHAMH, KOPMOBUMH Ta CBHHAp-
CTBOM;

-3epHOBE TOCIIOJAPCTBO B TOEJHAHHI 3
TEXHIYHIUMH, KOPMOBHMH Ta TBAPHUHHHIITBOM;

-3epHOBE TOCIIOIAPCTBO B TOEJHAHHI 3
TEXHIYHUMH, OBOYIBHUIITBOM, CaJiBHHUIITBOM Ta
TBAPUHHHUIITBOM,;

Buznaueno. mo 3a 10 pokiB KiTbKIiCTh e-
PMEPCHKUX TOCTIONIAPCTB 3pOCIia Maike BIIIeCTe-
PO, IO TOB’s3aHe, MO-TIEPILE, 3 AKTHUBI3AIIE0
BIPOBAKEHHsI 3eMeNIbHOT pehOpMH i, TTO-/IpYTeE,
3 TIOCHJICHHSIM TEHJICHIIIT «BITMCAHHS» arpoeKo-
CHCTEM Yy MPUPOAHI JaHAmadTH, Mpo IIo MHca-
JIOCh BHIIIE.

JuHamika 3MiH BHPOOHHMYOI THIIOJIOTIT
CLITBCBKOTO TOcTiofapcTBa 3a 10 pokiB mokasaHa
Ha puc.4.

Takum unHOM, 10 BuaLteHux y 2014 porti
BUPOOHHYHX THUMIB JTOAAINACH Ti, SKi € OUIBII
BY3bKOCIICI[Iali30BAHUMH ~ HAa  ILIO/IBHHIITRI,
OBOYIBHHIITBI, OKPEMHX TaTy3sX TBapUHHHIITBA
(prOHHIITBO, KPOJIBHHUIITBO, KOHSPCTBO), Tiepe-
poOii  mpoaykilii, oOCITyroByBaHHI (100pHBa,
HACIHHHUIITBO, PO3CAIHUIITBO, PEMOHT C/T TEXHi-
kn) [11].

[Ipote cyTTeBO 3MiHUBCS CKias i KOH(i-
rypailisi CUTLCHKOTOCTIONAPChKHUX paiioniB. Maii-
ke 0e3 3MiH 3ajuIIuiIachk creriamzaris 1. [pu-
OHinpogcvro-Yepkacvkoeo palioHy 1HTEHCHUBHO-
T'O MPUMICBKOTO THUITY TocriofapcTa (y pOCiIHH-
HUIITBI HA: 36PHOBOMY T'OCTIOJIAPCTBI, KOPMOBH-
POOHMIITBI, OBOYiBHHUITBI BiIKPUTOTO 1 3aKPHUTO-
ro IPyHTy, CaJiBHULTBI; y TBapHUHHHULITBI Ha:
MOJIOYHO-M SICHOMY CKOTapCTBi, CBHHApPCTBI -,
NITaXiBHUIITBI).

Takox maibke He 3MiauBcs V. [lisdenno-
3axionui Jlicocmenosuii (y CKIaai TepUTOPIH
TanbHIBCHKOr0o, YMaHCHKOrO Ta XPHCTUHIBCH-
KOTO aJIMiHICTPaTUBHUX paiiOHIB) 3 BHCOKO iHTe-
HCHBHUM 30HAJIBHUM CLTECHKHM TOCTIOJIAPCTBOM
POCITMHHHUIIBKO-TBAPHHHHUIIEKOTO
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Puc. 3 — CinbChKOrocmoapchbki paiion, 1o popmyrothes y Uepkacekiit obmnacti y 2024 p.

Fig. 3 — Agricultural districts to be formed in Cherkasy region in 2024
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TUMY 31 CHemiai3ai€elo y POCIMHHULTBI Ha:
3epHOBOMY TOCIIOJAPCTBI Ta BHPOIYBaHHI
TEeXHIYHUX (TIEPEBKHO ONIHHUX) KYIBTYD; Y
TBapUHHUIITBI HAa IHTEHCHBHOMY CKOTapCTBI
MOJIOYHO-MSICHOTO Ta M SICO-MOJIOYHOTO Ha-
MIPSIMKIB Ta CBUHAPCTBI.

3ate  xopmoum Il.  Ilenmpanvho-
Jlicocme-nogozo Ta 111 Iigoenno-
Jlicocmenogozo 3HIBENMIOBAUCH CaMe 3aBISKU
«aperidpy»  miBHiYHOT  Mexi  [ligdenno-
Jlicocmenogozo paiiony Ha miBHi4. Bnache, 1i

JIBa palioHM CHOTOAHI yTBOpWIU oawH [. [lig-
OenHo-Llenmpanvruuii (puc.4), y cuemiamizartii
SIKOTO yce OuibIlie MPOTIAAaroThCs TaKi MMoCy-
XOCTIHKI KyJbTYpH K Mpoco Ta copro. Kpim
TOTO yC€ YacTiIlle cepel] TalTy3eil TBapHHHUIIT-
Ba 3yCTpIida€eThcs BIBYAPCTBO, sIKE paHimie Oy-
70 OLIBII MPUTAMaHHUM IS TOCMOAPCTB CY-
X0 CTEMOBOI 30HU. Y POCIMHHHLTBI X 3HAYHO
301IBIIMINCE IUIONI COi, KA MOKJIMKAHA IEI0
HIBEJIIOBATU BIUIMB BUCOKHX TeMIieparyp, 30e-
pirarouu y rpyHTi 3amacu Boisiort i azoty [10].

Bucnoeku

Ilin arpoekocUCTeMOd MHU pPO3yMIEMO
YaCcTHHY TNPUPOTHUX JIAHIIMIA(TIB, AKa 3aIy-
YeHa JI0 arpapHoro BUPOOHUITBA. Taka arpoe-
KOCHCTEMa TOEAHYE y cO0l PHUCH TPHUPOTHUX
ekocrucTeM (y AacmeKTi Maco-CHEPreTHIHOIO
00MiHy) Ta TOTO KJIaCy aHTPOIIOTCHHHUX JIaHI-
madTiB, KU GOPMy€eTbCS B CITBCHKIHM MicIe-
BOCTi. BupoOHMUMI THIT CLITECHKOTO TOCTIONAp-
CTBa y MEPIIOMY HaOJIMKEHHI MOXe OyTH aco-
1iHOBaHMI 3 arPOEKOCUCTEMOIO

[IpocTopoBa mudepentiaiiis GpepMepch-
KHAX TOCIOJAPCTB 3 TEBHOIO CIEHiaNi3amielo
Teputopieto  YUepkachkoi 00NacTi J103BOIISIE
BCTaHOBHTH TEBHI B3a€MO3aJIEKHOCTI MIPUPOJI-
HOI Ta TOCIOJAPCHKOI CKJIaJ0BOi. 30Kpema,
3HAYHA YacTKa epMepCbKHUX rOCIoJapCTB, M0
CIIEIiaNi3yIOThCS Ha BUPOIIYBaHHI 3epHA TpO-
CTOPOBO TSDKI€ JIO PIBHUHHUX JNUISTHOK PEIbeE-
¢y y ueHTpanbpHii yactuHi obmacti. ['ocmo-
JApCTBa, M0 TPAIOITh MOOIM3y 00JACHOTO
[EHTpa MAIOTh CIEIalli3alio Ha TUX TalTy3sX,
IIPOJYKIis SIKMX IIBUIKO ITICYEThCS, a TOMY,
srigHo mojeni W.TioHeHa BHMarae MIBHIKOT
peatizaiiii (ITaxiBHUITBO, OBOYIBHHUIITBO Bij-

KPUTOTO Ta 3aKPUTOTO IPYHTY, MOJIOYHE Ta
MOJIOYHO-M SICHE CKOTapcTBO). lIpoTte y 3axin-
HUX palloHaX O0JIaCTi CIIOCTEpIraeThCs TMEeBHA
aBTOHOMI3allis, CIpsSMOBaHa Ha camo3adesIe-
YEHHs [ISIXOM PO3BHUTKY PO3JIOTOTO IMEPEINiKy
rary3eil pOCTMHHHIITBA 1 TBAPUHHMIITBA B Pi3-
HUX CHOJTYyYCHHSX.

3a mepiox 3 2014 no 2024 pix Bigmiva-
€TBCSI TCHICHLIS «apeidy» MexX CIITbCHKOTOC-
MOJIAPCHKUX PAOHIB Ha MIBHIY 3 TUIIOBOIO JJIs
JICOCTENOBO1 30HU CIEliami3ali€lo i mocTymno-
BOTO 3rOPTaHHS IiJ] BILTABOM MOTEIUTIHHS KJTi-
MaTy BHPOIIYBaHHS IIyKPOBOTO OypsiKa, TIIIe-
HHUIII, piMaKy.

MOXIJIMBUM HUISXOM «BIHCAHHS» CIIe-
1iamizaiii CUTbChKOTr0 IOCIIOapCTBa B HAsBHI
NPUPOJHI JaHAMA(TH Ta E€KOCHCTEMH MOXKE
OyTH 3 OJHOTO OOKY 3MEHIIEHHS PO3Mipy Of-
HOTO TrocronapcTsa (0 BXKe IOCTYNOBO Bif-
Oyrock 3a ocranHi 10 pokiB), a 3 iHIIOTO OOKY
YPi3HOMaHITHEHHS €KOCHCTEMHHX BiJIHOCHH
yepe3 MimaHy ciBOy 3epHocymimiel (3 6000-
BHMH), 301IBIICHHS YaCTKH CiHOXKaTed Ta Ta-
COBHIIL.

Kondghnixm inmepecie

Pesynbratu qocimipkeHHs] BAKOPHCTaHI IIPH po3poOili TpaHTOBOTO NPpoeKTy MiHICTepCcTBa OCBi-
TH 1 HayKu Ykpainu «[ eoiHdopmaliiiiHe MOJIEIIOBaHHS TUTIOJIOTIT CITbCHKOTO rocroaapeTsa Yepkach-
K0T 00J1acTi 3 METO0 PO3POOKH CTIMKUX JI0 3MiH KIiMaTy arpoexocuctem» (2022).

ABTOp 3asBIISIE, 110 KOHQIIIKTY iHTEpECiB MO0 MyOIIiKallii soro pykonucy Hemae. Kpim Toro,
aBTOp TOBHICTIO JIOTPUMYBAaBCSl €THYHHX HOPM, BKIIIOUYAIOYM IuiariaT, Qaibcu@ikaiiro AaHuxX Ta

MOJIBIMHY ITyOITiKAaIlito.

Cnucox suxopucmanoi 1imepamypu

1. Qinghua Liu, Xiao Sun, Wenbin Wu, Zhenhuan Liu, Guangji Fang, Peng Yang, Agroecosystem services: A

review of concepts, indicators, assessment methods and future research perspectives, Ecological Indicators.
2022. Vol. 142, DOI: https://doi.org/10.1016/j.ecolind.2022.109218.

Herzon 1., Birge T., Allen B., et al. Time to look for evidence: results-based approach to biodiversity conser-
vation on farmland in Europe. Land Use Policy. 2018. Vol. 71. P. 347-54.
DOl:https://doi.org/10.1016/j.landusepol.2017.12.011

Tscharntke, T., Klein, A.M., Steffan-Dewenter, 1., Thies, C. Landscape perspectives on agricultural intensifi-
cation and biodiversity — ecosystem service management. Ecology Letters. 2015. Vol. 8. P. 857-874. DOI:
https://doi.org/10.1111/j.1461-0248.2005.00782.x

~ 157 ~


https://doi.org/10.1016/j.ecolind.2022.109218
https://doi.org/10.1016/j.landusepol.2017.12.011
https://doi.org/10.1111/j.1461-0248.2005.00782.x

ISSN 1992-4224 Jlroguna Ta goskimuis. ITpobaemu Heoekosorii. 2024, Bunyck 42

4. lsbell F., Adler P.R., Eisenhauer N., Fornara D., Kimmel K., Kremen C., Letourneau D.K., Liebman M., Pol-
ley H. W., Quijas S., Scherer-Lorenzen M. Benefits of increasing plant diversity in sustainable agroecosys-
tems. Journal of Ecology. 2017. Vol. 105. P. 871-879. DOI: https://doi.org/10.1111/1365-2745.12789

5. Tilman D., Reich P. Knops, J. Biodiversity and ecosystem stability in a decade-long grassland experi-
ment. Nature. 2006. VVol. 441. P. 629-632. DOI: https://doi.org/10.1038/nature04742

6. Bullock, J.M., Pywell, R.F., Walker, K.J. Long-term enhancement of agricultural production by restoration of
biodiversity. J. Appl. Ecol. 2007. Vol. 44. P. 6-12. DOI: https://doi.org/10.1111/j.1365-2664.2006.01252.x

7. Yu Li, Shikui Dong, Shiliang Liu, Xukun Su, Xuexia Wang, Yong Zhang, Zhenzhen Zhao, Xiaoxia Gao,
Shuai Li, Lin Tang, Relationships between plant diversity and biomass production of alpine grasslands are
dependent on the spatial scale and the dimension of biodiversity, Ecological Engineering. 2019. Vol. 127, P.
375-382, DOI: https://doi.org/10.1016/j.ecoleng.2018.12.015.

8. McAlvay, A.C., DiPaola, A., D’Andrea, A.C., Ruelle, M.L., Mosulishvili, M., Halstead P. , Power A. G.
Cereal species mixtures: an ancient practice with potential for climate resilience. A review. Agron. Sustain.
Dev. 2022. Vol. 42, 100. DOI: https://doi.org/10.1007/s13593-022-00832-1

9. Arese Lucini F., Morone F., Tomassone M.S., Makse H.A. Diversity increases the stability of ecosystems.
PLoS One. 2020 Apr 24;Vol.15. N 4.:0228692. DOI: https://doi.org/10.1371/journal.pone.0228692

10. Conrko C. I1., 303y 1. O. ExonorivuHo 30a1aHCcOBaHI arpOSKOCHCTEMH — 3aTl0pyKa CTaJIoro PO3BUTKY. Jloouna
ma dogkimis. [Ipobnemu neoexonozii. 2024. Bun. 41. C. 57-69. DOI: https://doi.org/10.26565/1992-4224-2024-41-
04

11. Conbko C.II., 303yma 1.O. Cimscprorocnonmapcske paiionyBaHHs Uepkachkoi oOsacti: 3MiHH 3a 10 pokiB.
Ipupooa i cycninbcmeo: eukiuku i nocmyn: Matepiajd MiKHAp. HayK. KOH}. mpucBsdeHoi 80-piudro reor-
padiunoro ¢dakymerery UHY im. FO. ®@enpkoBuua. M. Yepnibmi, 11-13 xoBt. 2024 p. Yepnismi, 2024.
C.179-182. URL: https://geo.chnu.edu.ua/media/aOgnbnib/conferenc_material 80.pdf

12. Connko B. I1., Makcumenko H. B., Bacunenko O. B., I'yperkuit I. M., Hlusa [1. B., 303yms 1. 1. Kornenmis
arpoeKOCHCTEM SIK TCOPETHYHA OCHOBA €KOJIOTIYHO TOJCPAHTHOIO MPUPOJOKOPUCTYBaHHS. JIromuHa Ta 10-
Bkiusi. [IpoGnemu Heoekomorii. 2022. Bum. 37. C. 71-81. DOI: https://doi.org/10.26565/1992-4224- 2022-
37-07)

13.Sonko, S., Maksymenko, N., Shiyan, D., Cherkashyna, N., Zozulia, I. Impact of Climate Change on Energy
Relations in Agroecosystems. Proceedings of the 5th International Scientific Congress Society of Ambient
Intelligence - ISC SAI; ISBN 978-989-758-600-2, SciTePress, 2022. P. 5-13. DOL:
https://doi.org/10.5220/0011340400003350

14. Zozulia 1., Sonko S. Modern approaches to monitoring the environmental impact of agriculture on agroland-
scapes (on the example of farms in the Cherkasy region). Akmyanoni npobremu popmanvroi i neghopmanvrol
ocgimu 3 MOHIMoOpuHey 008Kl ma 3anogionoi cnpasu: 30. te3 pomnosiaeir [II Mixuaponnoi IarepHer-
koHpeperii (M. Xapki, 26 kBiTHA 2024 poky). XapkiB: XHY imeni B. H. Kapasina, 2024. C. 75-78. _URL.:
https://ekhnuir.karazin.ua/handle/123456789/18638

15. Conbko, C. I1., Cozinos, O. O. Arpoekocucrema . Exonociuna enyukionedia: ¥ 3m. A.B.Tomnctoyxos (To-
noBHuit penakrop) ta in. K..TOB «llentp exosoriunoi oceitu Ta indopmariiiy, 2006.T.1. C.14. URL:
http://lib.udau.edu.ua/handle/123456789/437

16. Conbko C.I1. BupoOHHYa THITOJIOTIS CITLCHKOTO rocnoaapcTBa XapKiBchkoi 00acTi: TPUALSATH POKIB MOTO-
my. Yaconuc coyianvho-exonomiunoi 2eoepapii. 2015. Bum. 19 (2). C. 30-39. https://doi.org/10.26565/2076-
1333-2015-19-05

17. Conbko, C. I1., Makcumenko H. B. IIpocTopoBi i 4acoBi MeXaHi3MH aHTPOIIOI€HHOI €KCIaHCii arpoJiaHi-
madry. Bicnux Xapkiecbkoeo nayionanvho2o yrieepcumemy imeni B. H. Kapasina. Cepisn «Exonozisy, 2014,
N 1054, C.13-22. URL: https://periodicals.karazin.ua/ecology/article/view/799

18. BeceykpaiHchKuii JOBITHUK TI0 cinbcbkoMy Toctiomapetry.2024. URL: https://kolosok.info/

19. ®epmepcenki rocnogapersa Yipainu. 2024. URL: https://tripoli.land/ua/farmers

20. Tamburini G, Bommarco R, Wanger TC, Kremen C, van der Heijden M, Liebman M, Hallin S. Agricultural
diversification promotes multiple ecosystem services without compromising yield. Science Advances. 2020.
Vol 6, N 45/ DOI: https://doi.org/10.1126/sciadv.abal71l

21. Altieri M. A., Nicholls C.1., Gonzalez de Molina M. & Rojas A.S. Landscape Agroecology: Methodologies
and Applications for the Design of Sustainable Agroecosystems. Land . 2024, Vol. 13. N 11. P. 1746.
DOI: https://doi.org/10.3390/land13111746

22.Zhan, W., Jia, N., Wang, J., Shi, W., Du, L., Sun, Y.,... & Cao, W. C. Large-scale comparative analyses of
tick genomes elucidate their genetic diversity and vector capacities. Cell. 2020. VVol. 182 N 5. P. 1328-1340.
DOI: https://doi.org/10.1016/j.cell.2020.07.023

23. 3BiT 3 po3po0KH perioHanbHOI cxemu ekomepeski Uepkacbkoi obmacti, 2014. URL: http://eco.ck.ua

24. Conbko C.II., I'omyOkina O.M. Koormeparis Bix YasHOBa 10 CbOTOICHHS. Acnexmu cmadiibHO20 pO36UMKY
eKOHOMIKU 8 YyMoeax punkoeux gionocun. U.2.. matepiamu VI Mixnap. Hayk.-pakt. koH}., 17-18 TpaBHA
2012 p. Ymanb: Bunasenp «CounHchkuidy, 2012, C.102-104.

Crarrs Haziiuia 1o penakuii 27.09.2024
CrarTs pekoMeH0BaHa J1o ApyKy 17.11.2024

~ 158 ~


https://doi.org/10.1111/1365-2745.12789
https://doi.org/10.1038/nature04742
https://doi.org/10.1111/j.1365-2664.2006.01252.x
https://doi.org/10.1016/j.ecoleng.2018.12.015
https://doi.org/10.1007/s13593-022-00832-1
https://doi.org/10.1371/journal.pone.0228692
https://doi.org/10.26565/1992-4224-2024-41-04
https://doi.org/10.26565/1992-4224-2024-41-04
https://geo.chnu.edu.ua/media/a0qnbnib/conferenc_material_80.pdf
https://doi.org/10.26565/1992-4224-%202022-37-07
https://doi.org/10.26565/1992-4224-%202022-37-07
https://doi.org/10.5220/0011340400003350
%20https:/ekhnuir.karazin.ua/handle/123456789/18638
%20https:/ekhnuir.karazin.ua/handle/123456789/18638
http://lib.udau.edu.ua/handle/123456789/437
https://doi.org/10.26565/2076-1333-2015-19-05
https://doi.org/10.26565/2076-1333-2015-19-05
https://periodicals.karazin.ua/ecology/article/view/799
https://kolosok.info/
https://tripoli.land/ua/farmers
doi:%20https://doi.org/10.1126/sciadv.aba171
https://doi.org/10.3390/land13111746
https://doi.org/10.1016/j.cell.2020.07.023
http://eco.ck.ua/

ISSN 1992-4224 Jlroguna Ta goskimuis. ITpobaemu Heoekosorii. 2024, Bunyck 42

I.0.ZOZULIA
PhD Student of the Department of Ecology and Life Safety
e-mail: ivanovlldfnz@ukr.net ORCID ID: https://orcid.org/0009-0007-6024-5498

Uman National University of Horticulture,
1, Instytutska str., Uman, 20305, Ukraine

CHANGES IN THE AGRICULTURE SPECIALIZATION CHERKASY REGION OVER 10 YEARS.

Production typology of agriculture is the most recent direction of geographical research in agriculture,
which has its roots in the 19th century. However, the decline in its popularity in recent decades is associated with
an extremely complex and labor-intensive method that involves the processing of large data sets. Assessments of
the ecological impact on landscapes of certain combinations of industries are extremely relevant. Assessments of
environmental services provided by agro-ecosystems are also relevant today.

Purpose. Justification of ecologically tolerant specialization of farms from the standpoint of agro-
ecosystem dynamics inherent in the conditions and resources of the region.

Methods. Field, cartographic, statistical, system analysis.

Results. The allocation of production types of farms in dynamics in the territory of Cherkasy region
(2014-2024 years) allows to get closer to the evaluation of environmental services. In particular, the noted in-
crease of almost sixfold in the number of farms in 2024 compared to 2014 allows us to state a tendency to de-
crease the area of an individual farm, which generally indicates the "incorporation” of land use into the existing
structure of landscapes. However, hopes for real biodiversity support by the agro-ecosystems being formed in the
Cherkasy region will remain futile for a long time to come. Among the selected types of agriculture, monocul-
tures prevail. Probably, under the influence of the laws of the market economy, farmers try to get the maximum
profit from the land. Separate measures to overcome these contradictions are proposed

Conclusions. In the conditions of ultra-intensive agriculture, the main theoretical approaches of the ty-
pology of agriculture can play with new, brighter colors. A possible way of "incorporating™ the specialization of
agriculture into existing natural landscapes and ecosystems can be, on the one hand, the reduction of the size of
one farm, and on the other hand, the diversification of ecosystem relations through mixed sowing of grain mix-
tures (with legumes), increasing the share of hay and pastures.

KEYWORDS: production type, agriculture, agroecosystem, agrolandscape
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CTAXKYBAHHS MOJIOJJUX BUEHUX B OCBITHIX YCTAHOBAX IIBEIIII

[TigTpuMKa MOJOIMX HAYKOBIIB JIep)KaBaMH-TIapTHEpaAMH YKpaiHU Mij JYac BifHU Ta MO 11 3aKiHYCHHIO €
KJIFOYEM JIO BiJIHOBJICHHS Ta BiJJ0y10BU Halol AepskaBu. [IpoekTy, siki HAIlJIeH] Ha B3aEMOJIII0 MiX MOJIOJMMH Ta
JIOCBiTUCHUMH HAYKOBIISIMH JIAFOTh 3MOTY CTBOPHTH CHHEPTETHUHY IIiT0, SIKa € PYIIIEM JI0 CTBOPCHHS HOBUX i/1eH.
Y4acTh B OCBITHIX MPOEKTAaX 3all0pyKa OTPUMaHHS HOBOTO aocmny, (opMyBaHHsS HOBHX KOMIETEHTHOCTEH, SIKi
JIO3BOJISIFOTH BCEOIYHO OXOILTIOBATH 00paHy MpOoOIEeMaTHKY Y JOCHTIPKEHHSX, ITYKATH HOBI HECTAHIAPTHI i IXOIH
JI0 BUBYEHHSI Ta BUpILIEHHs poOuieM. AcripaHTn KadeJpHu eKOJIOTIYHOr0 MOHITOPHHTY Ta 3aIlOBiJHOT CIIpaBH Ha
MOYaTKy HOBOTO HABYAILHOTO POKY B3SUIM YYaCTh OJpa3y y IBOX mpoekraX. [lepmmmcraB llIBenpkuii mpoeKkT
«KowmmerentHicHa gomomora st Ykpainu — Competence Aid For Ukraine (CAFU)y, sikuii npoXoauB y 1Ba
eTamny - TUCTAHIIITHO Ta OYHO 3 HaBYaNbHUM BUI3oM y llBerito. [0 MPOEKTY MOMYUYMINCH AOICHTKA Kadenpu
Amnacracis Kienn ta acniipantka Anina I'peuko. J{pyrum mpoektom ctaB CAPABLE (Common Academic Practices
and Abilities in Learning for Research) mporpamu SI Baltic Sea Neighbourhood, sixuii Takox mpoxoauB B aBa
erand. Y4acTh B IbOMY IpoekTi Opanu acmipantu [Tonina [Tonomapenko, Bamgum INonono6or ta €sren TepTuiish-
Kknil. Bukiiagadi HaBYaaIbHO-HAYKOBOTO IHCTHTYTY €KOJIOTIl TaKOXK JONYYHIIUCH 10 000X YACTHH IBOTO MPOEKTY.
Cepen 3anmyueHux BUKIaadiB: nmpodecop Auapiii Adacos, nornentka ['anna TiTenko, nonenTka Ceitinana bypue-
HKO Ta Bukiagauka AnHa Kor.

KJIIOYOBI CJOBA: mixcrhapoonuii npockm, Lllgeyis, cmasicysanns, cmaiuii po3eumox, 0OMiH 00Cai-
oom, CAFU, CAPABLE, nosoecnne 6i0Ho61eHHA
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IIpoexTwn, HaIliIeH] Ha MATPUMKY YKpaiH-
CBKHX MOJIOAMX HAYKOBIiB, MAalOTh HA/J3BH-
YaifHO BO)KJIMBE 3HAUCHHS JJIsl MOy THHOTO 10-
BOEHHOTO BiTHOBIIEHHs Kpainu. Ilicis macira-
OHUX pyHHYBaHb i BTpaT, CIPUIHHEHUX BiITHOIO,
VYkpaina notpedye He TUTbKH (Pi3HIHOI peKOHC-
TPYKii, ane i iHTeIeKTyaIbHOI Ta TEXHOJOT Y-
HOi 0asu g criiikoro po3BuTKy. llimrpumka
MOJIOIUX TOCIIIHHKIB Y Pi3HUX HAYKOBUX TalTy-
351X — II¢ IHBECTHIIisl B MaliOyTHE YKpaiHu, ska
JTOTIOMO>KE TIPUCKOPHTH TIPOIECH BiAHOBIICHHS,
3MIIMHATH HAIIOHALHY CKOHOMIKY Ta IIiJBH-
HIUTH MDKHAPOAHHWH CTaTyc KpaiHH B HayKo-
BOMY CITiBTOBAPHUCTBI.

Hanannus MoxxsmuBocTeN 7151 YKpaiHChKUX
HAyKOBINIB Yepe3 CTUICHMIi, TPaHTH, CTaXYy-
BaHHS Ta MapTHEPCHKI MpOrpaMu 3 yHiBepCcHTeE-
TaMH ¥ JOCHIAHWUIBPKUMH IIEHTPAMH IHIITHX
KpaiH Ja€ MOXIIMBICTH 30€perTH Ta PO3BHBATH
HAYKOBHIA TIOTEHIIIAJ, HABITh 3a CKJIQJIHUX YMOB.

Kpim TOT0, TaKi IPOEKTH CHPHUAIOTH 1HTE-
rpamii yKpaiHChKMX HAayKOBIIB Y CBITOBY Hay-
KOBY CITUIBHOTY, III0 MA€ CTPATETriyHe 3HAYCHHS
Uit MaliOyTHROTO YKpaiHU. Y4YacTh y MiXKHapO-
JTHIX HAayKOBWX IHII[IaTWBaX, OOMiH JOCBIIOM i
JIOCTYTI IO Cy4aCHUX JOCIIAHUIBKUX IIaT(opm
PO3UIHPIOIOTE MPOQeCiiiHi TOPH30HTH YKPaATHCh-
KHX (haxiBIliB Ta COPHUSIOTH MOSBI HOBUX CITiJIb-
HUX JIOCITKEHB 1 pO3pOOOK.

3 4 yepBHs 10 25 uyepBHI 2024 poky m0
y4yacTi y OHIIAiH-Kypcy Ta cepii ceMiHapiB
«Sustainable development and decision making»
npoekty «KomrmereHTHicHa goromora Jyist YKpa-
inu — Competence Aid For Ukraine (CAFU)»
JIOETHATIACS. JIONIEHTKa Kadeapu eKOJIOTiYHOrO
MOHITOPHHTY Ta 3allOBiHOI crpaBu AHacma-
cist Knew pazom 3 acipanTkoro Kadeapu Aninoio
Ipeuxo. .

GO ODe

Leit npoexr ¢inancyerses 1lIBencrkum
iHcTHTYTOM. KiTIo40BOIO METOI0 MPOEKTY «KoM-
MIETEHTHICHA JlomoMora Jyisi  YKpaiHm —
Competence Aid For Ukraine (CAFU)» € Ha-
JTAHHS YKPATHCBKii CTYICHTCHKIM Ta aKaeMidHii
MOJIOZ] KOMIIETEHIIIH, SIKi JOIMOBHATL IXHE HAB-
YaHHS, CTBOPSTH MOMIIMBOCTI KOMIDIEKCHOTO
BIUIMBY HA MICISIBOECHHE BiIHOBIEHHS YKpaiHM,
sIKi OyIyTh BITIOBIAaTH CTaHIApTaM €BPOICHCh-
koro Corosy Ta Llinsm cranoro po3surky OOH.
Cepen yJacHUKIB KOHCOPIIiyMYy ITapTHEPIB MPO€-
kty: Folkuniversitetet, YmcamsChbKuii YHIBEpCH-
ter (LBemist), Sustainability  InnoCenter
Ekonomisk forening (LIBerwist), XapkiBcbkuii Ha-
nioHanmbHUH yHiBepcuteT imeHi B. H. Kapasina.

B pamkax oHmaiiH cecii ceMiHapy Ta BOp-
KIon#u OyJM TMpPUCBSYEHI BCEOIYHOMY BHCBIT-
JIEHHIO IHUTaHb IijeH, €KOHOMIYHHX, COLIaIb-
HHUX Ta €KOJIOTIYHHUX IOJIOKEHb CTaJOro PO3BU-
TKy [1], ompaifoBaHHsS TPaKTUYHUX KEWCIB 3
MPUIHATTS YIPaBIIHCHKUX PillleHb B KOHTEKCTI
[IParHeHb JOCSTHEHHS LJIEH CTaloro PO3BUTKY
tomo. OpraHi3oBaHi iHTEpaKTUBHI AUCKYCii, po-
0oTa B rpymax HaJ BHKOHAHHSM 3aBJaHb Ta
JKBaBe CITUIKYBaHHS Cepell YIaCHHUKIB IMPOEKTY —
€ BisuTiBKOIO ceMiHapiB npoekty CAFU, mo
JIaT peasibHy MOXKITMBICTh PO3BHHYTH iCHYFOU1
a00 Ha0yTH HOBi KOMITETEHTHOCTI IPUIHSITTS Pi-
LIEHb HAa OCHOBI JOKTPHHH CTaJlOrO PO3BUTKY
(puc. 1).

[TigcyMKOBHUM 3aX0J10M OHJIAMH-YaCTUHHU
MPOEKTY CTajJa IiJArOTOBKA Ta IPE3EHTALlis
MIPOEKTIB-TIPOIIO3UIIIH 1100 BTIICHHS MPUHITH-
MiB CTaJOro PO3BHTKY B MPOIECi MOBOEHHOT
BinOys0BH YKpaiHu, SIKMH AaB 3MOTY Y4acHH-
KaM OLIHUTH MOXXJIMBOCTI MPAaKTUYHOTO BUKO-
pUCTaHHS OTPUMAaHUX 3HaHb Ta BMiHb. Jl0 oOI1i-
HKHU YJICHAMH Xypi OyJI0 MpeacTaBiIeHO

Challenges and Solutions '» Monitaring and
Evaluation

Puc. 1 — Yyacts B oHnaita gactuni mpoekty CAFU [2]
Fig. 1 - Participation in the online part of the CAFU project [2]
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5 TPyMOBHX MPOEKTIB, HAIIIGHUX HA J10-
CATHEHHS YHIKAJIILHOTO KOMIUTIEKCY OOpaHMX IIi-
JIe CTaIOTo PO3BHUTKY, SIKI HA TYMKY YYaCHUKIB
rpyn OyayTh HaOLIBII aKTyaJTbHUMH Ta Mepc-
MEKTUBHUMHU JUTSI 33]I0BOJICHHS MOTPeO yKpaiH-
CBKOT'O CYCITIIBCTBA 3211718 BigOymoBu. OKpeMo
CIIiJ BiI3HAYMTH, IIO 3AyYEHICTh A0 MPOEKTY
CAFU y4acHukiB, AKi MarOTh pi3HUH (ax Ta
CcITelTiajizaiiio, BiK, JOCBII, CIIPHSUIA T THOMY
0oOMiHYy AyMOK Ta HaJlarOJUKCHHIO CTIHKHX
3B’SI3KiB MK HUMH, IO JO3BOJHIO CHOpMy-
BaTH Pi3HOIUIAHOBI Ta KPEaTUBHI 17e1 MPOEKTIB.

3a pesynbTaTaMy MPOXOHKEHHs OHJIAH
gactuau npoekty CAFU nmonentka Anacmacis
Kuew ta acnipantka Azina [ peuko oTpuManu

Gwedah
Ieatitutn

CERTIFICATE OF COM'IEYION

This Conbicute i g

cepTudIKaTH YyIaCHUKIB Ha 45 akaIeMidHUX T'O-
JIVH, SIKi 3aCBIIYYIOTh OMIaHyBaHHS HOBHX KOM-
METEeHTHOCTE! y ray3i IulaHyBaHHS IPOEKTIB Y
cepi cTanoro po3BUTKy (puc.2).

[Ticns 3aBepiieHHs OHJANWH YacCTUHH Ce-
cii 3a mpoektom CAFU 3a pesynbraTramu Ha-
OpaHux mmiJ yac ceMiHapiB OajJiB MpoOBeacHE
ONUTYBaHHsI YYaCHUKIB 1070 OakaHHS Ta MO-
JKJIMBOCTI y4acTi B o)JiaifH 4aCTHHI, AKa Ipea-
cTaBisu1a 00010 HaBualbHUM Bi3uT B llIBerito
B paMKax MpoeKTy. AcmipanTtka Aunina I peuxo
pa3oM 3 MpeACTaBHUKAMH COITIOJIOTIYHOTO da-
kyabpTery, ®I'TPT Ta HHI «Kapazincekwii iH-
CTUTYT MDKHAPOJHUX BiJHOCHH Ta TypUCTHY-
HOTO 0i3HEeCy» BUOOpOIa y4acTb B oaitH qa-
CTHHI MPOEKTY cepell 25 YIaCHHUKIB.

Ewectah
Ieatitaty

CSlYIFICA?l OF COMPL!NON

¥ Wi Sasttsatid Ty
1% Uhkindeet

peres
» Miwkiv N ‘-vﬂ AT

Puc. 2 — Ceprudikaru 3a yuacts B oHsaiit yactusi npoekty CAFU [3]
Fig. 2 - Certificates for participation in the online part of the CAFU project [3]

B pamMkax OCBITHBOTO Bi3HUTY, SIKWH Bifl-
OyBcs 3 28 xoBTHs 1m0 1 nucronana 2024 poky
YYaCHHKH TPOEKTY Malld HU3KY OCBITHIX i1 Ky-
ApTypHEX 3ax0/1iB (puc. 3). ITix yac ocBiTHBOI
YaCTUHM NPOEKTY OYB iHTEHCHBHHUH KypC JIEK-
i1, PUCBSYEHUX CTAJIOMY PO3BUTKY, YIIpaB-
JHHIO TIPOEKTaMH Ta (POPMYBaHHIO KITFOYOBHX
KomreTeHnil. B pamkax jiekuiid BinOynoch 3Ha-
HOMCTBO 3 cucTeMoro ocBitd B IIIBewii Ta ok-
pemo — 3 cucremoro Learning in Work; Bu3na-
YHUTHU CIIJIBHI Ta BIAMiHHI PUCH 3 B OCBITHBOMY
MPOIIEC] Ta 3aCTOCYBaHHI IHHOBAIIMHUX IT1J1X0-
IiB y HaBuaHHi cryaeHTiB y [lIBemnii Ta YkpaiHi.
BaxnBoro CkJ1a10BOI0 HABYAHHS CTAIN TPEHi-
HTH MTPOBiTHOTO (haxXiBI[d MPOEKTHOTO MEHEK-
MeHTy Aui Pammai 31 CTBOpeHHS BIIACHHX
npoekTiB. OKpeMuid OJIOK JIeKIild OyB MPHCBS-
yenuit goceigy LIBenii y chepi moBomkeHHS 3
Bigxonamu. B Mexax HaBYaIBHOTO BI3HUTY y4a-
CHUKH BiJIBiIaJy TIPOBITHI OCBITHI Ta iHHOBa-
ifiHi ycTaHOBM Ta oOpraHizamii B MicTax
Vamcana ta CTOKroIbM. YYacHHUKH BiABIIaIA
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iHHOBaLiitHUI KOpIyc YTCanbCKOro yHiBEpCH-
TETY Ta JOIYYHJIMCH 10 y4dacTi B (hopymi 3i cTa-
JIOTO PO3BHTKY, IMiJI YaC SKOTO OOTOBOPHIIH KITIO-
Y4OBI1 aCIIEKTH ITIOBODKEHHS 3 BlIxonaMu. Binsi-
nmyBaHHs Jsiekniid B Ilapky 3eneHux iHHOBamin
VYiITyHa cTano po3MHKO HABYAILHOTO BI3UTY,
aJDKe TaM B IPYKHIN atMocepi BHBUYCHI KeHch
3 IHHOBAILIl Y €KOJIOT1YHIA Ta CLIBCHKOTrOCIIO-
napeekiit  cdepi. Iig gac moizaku 10 CTOKro-
JIbMY YYaCHHUKH JIONYYHIIUCH 0 JIEKIIT 3a Mpoe-
kroM «CrokronbM. KopomiBcbkuil Mopcbkuit
MOPT» JIe MaJI 3MOT'Y O3HAHOMHTHCS 3 IPHHLH-
MaMH peBiTai3ailii TepUTOpii Ta CTBOPEHHS EKO-
JIOT1YHOTO MiCHEKOTO ITPOCTOPY, III0 JOTIOMOXKE Y
BiZTHOBJICHH] YKpaiHU Micis BifHU.

B pamkax KyJbTYpHHX 3aXOiB ydac-
HUKH BijBiganu My3ed CakceH, 03HaHOMUIIKACH
31 CTApOBUHHMMHU criopyAamu Ycaiau Ta CTOk-
roJbMYy, Ta MaJIH 3MOTy He()OpMaJIbHO MOCIILI-
KyBaTHCh PO CBOI HAYKOBI 1HTEpEeCH, OaueHHs
Maii0yTHROro YKpaiHu sSIK MiX cOOOI0 Tak i 3
OpTraHi3aToOpaMH MPOEKTY.
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a) CrninsHe (oto yuacHukiB ipoekty CAFU  0) Jlekuis B [Tapky 3eneHux B) F olkuniversitetet
iHHOBaIlil YnTyHa

Puc. 3 — Yyacts B HaBuanpHOMY Bi3uTi 1o nipoekty CAFU [4]
Fig. 3 - Participation in the CAFU study visit [4]

IMpoektr CAPABLE (Common Academic Ha nepmromy etari ygacTi B mpO€KTi yua-
Practices and Abilities in Learning for CHMKH Bi/IBiali Cepilo 3 YOTMPHOX HaBYallb-
Research) — mporpamu  SI  Baltic  Sea HuX ceminapi. Ceminapu Oyiu IIpHCBSYEHi
Neighbourhood crnpsmoBanwmit _Ha  HaJaHHI [IHPOKOMY KOJIy IHTaHb, 30KpPEMa, BHCBIT-
3HaHp, HaBHYOK Ta MOXJIMBOCTI JUIA Halaro- JICHHIO TEM 3 PO3BUTKY aKaJEeMIYHOro MUChbMa
JDKCHHsI KOHTAKTIB acipaHTaMm, sKi 3aXHUIIal0Th st PhD-CTy/IeHTiB, OTlaHyBAHHIO METO/IB /10-

CBOI UcepTallii B YHIBEpCUTETaX, 110 BXOISATh
1o mepexi BUP (banriliceka yHiBepcuTeTChKA
mporpama), i 30Cepe/KyIOThCS Ha TeMax CTa-
JIOTO PO3BUTKY. YYaCHUKH 3aX0/[iB IIbOTO MTPOE-
KTy OTPUMYIOTh MEHTOPCBHKY MiJITPUMKY Ta
3BOPOTHHI 3B’SI30K IIOJIO CBOIX JUCEpTAIliid, a
TaKOX TPEHIHIU 3 aKaJIEMIYHOTO PO3BUTKY, 30-
Kpema 3 aKaJeMIYHOrO IMHChMa, IiJIIOTOBKU
Npe3eHTalid, PO3BUTKY KPUTUYHOTO MHC-

CIIi/[UKEHHb, Ba)KIIMBOCTI BIPOBAKEHHS CTa-
pTaIiB Ta iIHHOBAI¥ Y X0/ MiArOTOBKH HAYKO-
BHX CTaTe /10 myOmiKalii, MOXKIIMBOCTEH Ta 00-
MEXEHb Y BUKOPUCTAHHI IITyYHOTO iHTEIEKTY
B MIATOTOBLI TEKCTiB, Tomo (puc.4). Boro-
JVHHI OHJIalfH-CEMIHapH BAAJO KOMOiHyBaslu
€JIEMEHTH TEOPETUYHUX JIEKUiHd 3 AMCKYCii-
HUMH aKTUBHOCTSIMH Ta TIPAKTHYHHMH 3aBJIaH-

JICHHSI, PO3pO0KH HAYKOBUX apTyMEHTIB TOIIIO. HAMH, IO aJI0 SMOTY y4acHHkaM HE TUIBKY i~
3 12 BepecHs 1o 24 xoBTHs 2024 poxy 3HATUCS TPO MPUHOMHU TOKPAIICHHS HABHYOK
1o npoexty CAPABLE noeananucs acmipantu HaITMCaHHS HAYKOBUX POOIT Ta iX mpe3eHTarii,
Kaeapu eKOJIOTIYHOr0 MOHITOPHUHTY Ta 3aro- a i, 10 € 0COONHMBO LiHHUM, OTPUMATH MEPCO-
BinHOI cnpaBu [lonina Ilonomapenko, Baoum HaJIbHI MIOpaJIu K Hallkpallle IPE3eHTyBaTU pe-
Tononobos Ta €geen Tepmuywvkuil. 3yJbTATH CBOIX BIIACHUX JOCHI/KEHb.

Puc. 4 — Ceminapu Ta KOMOiHOBaHi BUCTYIH ydacHHKiB KoH(pepenuii npoekty CAPABLE
Fig. 4 - Seminars and combined online presentations of CAPABLE project participants
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Ha npyromy ertami mpoekTy acmipaHTH
Ionina Ilonomapenxo 1a €seen Tepmuyvkuil
NPUIHSIIN yYacTh y YOTUPUIEHHIH KOH(epeHmii
«CAPABLE PhD student conference» B
YrmncaabcbKOMy YHIBEpCHUTETI, 0 TpruBana 3 11
no 14 mucromana 2024 poky. Y xozi KoH(pepeH-
11i1, KOXKEH 3 YYaCHUKIB BUCTYIIHB 3 JOTOBIIIIO-
MIPE3CHTAITIEI0 CBOIX MOCIIKEHb Ta OTPHMAaB
3BOPOTHUH 3B’S130K BiJl IPOBITHUX EKCIIEPTIB Ta
KOJICT-aCIlipaHTiB Y CBOIH rairy3i 00 aKTyallb

HOCTI TEMH JTOCTIIIPKEHHS, 2 TAKOX HABIMYOK aKa-
JIEMITHOTO ITChMa. Takok, mporpaMa KoHdepe-
HIIiT BKJTFOYAJIa MOKJIMBICTh BiJIBiIyBaHHS BOPK-
IIOMIB 13 JU3aiH-MHCIICHHS, IPAKTUYHUX CECii
3 MATOTOBKH HAYKOBUX Mpe3eHTaIliil ta my0i-
Kalliif, BOPKILOIY 3 MOLIYKY MiXAWCUUILTIHAP-
HUX 3B’SI3KIB HAYKOBHX JIOCIIiKEHb, HehopMa-
JIBHI 3aX0/M 3 HETBOPKIHTY 13 MICIIEBUMH acTi-
paHTaMH Ta MOCTITHUKAMH. 3a pe3yibTaTaMH
YYaCHUKH OTpUMaJH cepTudikatu (puc.S).

Certificate of Attendance

IEVGEN TERTYTSKY]

Puc. 5 — Ceprudikar 3a ygacts B ipoekti CAPABLE
Fig. 5 - Certificate for CAPABLE project participation

Bukiangaui HaBU4aJIbHO-HAYKOBOI'O 1HCTH-
TYTY €KOJIOTii TaKOX JIOTYYHIIUCH IO 000X yac-
TuH npoekty CAPABLE. 24 xoBtHs 2024 poky
NPOBEACHO OHJIaiH-ceMiHap Ha TeMy «Cucrem-
HUH aHaJi3 3ajyisl CTAIOTO PO3BUTKY», CITIKe-
pamu sikoro Oyiu mpodecop kadeapu eKoyorii
Ta MEHEIKMEHTY JOBKULISA Auacose Audpiu bo-
pucosut, TMPEKTOpPKa HaBYaIbHO-HAyKOBOT'O 1H-
ctutyTy exonorii Timenxo I'anna Banepiisua,
BUKJIa/Iauka Kadeapr eKoJorii Ta MEHEPKMEHTY
noBkist Kom Auna Ipucopiena [S]. Y npyrii
YaCTHHI MPOEKTY, a CaMe — YOTUPUICHHIN KOH-
¢epentii «KCAPABLE PhD student conference»

B VIICaIbChKOMY YHIBEPCHTETI B3SUTH y4YacTh
JUPEKTOPKA HaBYAJIbHO-HAYKOBOTO 1HCTUTYTY
exouiorii Timenxo I'anna Banepiisna Ta NOlECH-
TKa Kaeapu eKoJorigHOro MOHITOPHHTY Ta 3a-
noBiiHOI cnipaBu bypuenxo Ceimnana Bonoou-
mupisna. Ilin yac koHpepeHIlii BUKIaaadi mpo-
BEJIM PEICH3yBaHHS HAYKOBUX JOCIIKCHb ac-
i paHTIB-yYaCHUKIB, HA/IAJH CBOT peKOMEHaIlii
I10/10 MiATOTOBKHM HAYKOBHX IyOJIiKaIliii Ta mpe-
3EHTAIlliif, a TAaKOX Pa3oM 3 OpraHizaropamu Ta
HAYKOBISIMH 3 PI3HUX KpaiH TPOBEIH BOPKIIOI
3 MDKIUCIMIUTIHAPHUX 3B’SI3KiB HAYKOBHX JI0C-
JIJKSHb acIipaHTIB.
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INTERNSHIPS FOR YOUNG SCIENTISTS AT EDUCATIONAL INSTITUTIONS
IN SWEDEN

The support of young scientists by Ukraine's partner countries during and after the war is key to the restoration
and reconstruction of our country. Projects aimed at interaction between young and experienced scientists allow
for a synergistic effect that drives the creation of new ideas. Participation in educational projects is the key to
gaining new experience, developing new competencies that allow you to comprehensively cover the selected
research topics, and look for new non-standard approaches to studying and solving problems. At the beginning of
the new academic year, PhD students of the Department of Environmental Monitoring and Protected Areas
Management took part in two projects at once. The first project was the Swedish project ‘Competence Aid For
Ukraine (CAFU)’, which took place in two stages - remotely and in person with a study tour to Sweden. Associate
Professor Anastasiia Klieshch and PhD student Alina Hrechko joined the project. The second project was
CAPABLE (Common Academic Practices and Abilities in Learning for Research) of the SI Baltic Sea
Neighbourhood programme, which also took place in two stages. Postgraduate students Polina Ponomarenko,
Vadym Gololobov, and levgen Tertytskyi took part in this project. Teachers of the Karazin Institute of
Environmental Sciences also joined both parts of this project. Among the faculty members involved were Professor
Andrii Achasov, Associate Professor Ganna Titenko, Associate Professor Svitlana Burchenko, and Lecturer Anna
Kot.

KEYWORDS: international project, Sweden, internships, sustainable development, experience exchange,
CAFU, CAPABLE, post-war recovery
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HaykoBe BHIaHHS HaBUYaJIbHO-HAYKOBOTO I1HCTHUTYTY €KOJOTilI XapKiBChbKOTO HAIIOHAIBHOTO YHIBEPCUTETY
«JIromuna Ta noBkims. [Ipobiemu Heoekomorii» € HAyKOBHM JKypHAJoOM, sIKWil BKItoueHO a0 [lepeniky daxoBux
sugans BAK ( B), me myOGmiKyrOThCSI OCHOBHI pe3yNbTaTH AUCEPTALiHAX poOiT Ha 3100YTTS HAYKOBOTO CTYIICHS
JIOKTOpa 1 KaHAKuAaTa reorpadiqyHuX HayK.

Jo myOmikamii mpHiAMarOTBCS CTaTTi, SIKI HammcaHi YKpaiHCBKOIO a0o0 aHTIIHCHKOI MOBaMH 3TiTHO 3a
MPaBUJIAMU JIJIsI aBTOPIB 1 OTPUMAITH MTO3UTHBHI PEKOMEH/IAIIT PEI[CH3CHTIB.

ITPABUJIA U151 ABTOPIB

Enextponna Bepcis opopmisersess y ¢opmari Microsoft Word, mpudt Times New Roman, posmip 11,
MikpsakoBuit iHTepBan 1,0, Bei momst mo 2,5 cM. JKupanMm mpudToM BUAUISIOTECS MiA3ar0JIOBKH y CTATTi; KYPCHB
JIOIYCKA€ThCS JINIIE Y BUHATKOBUX BHUIAIKAX.

Imroctparnii, BrIrogaroun rpadikd i cxemu, MalOTh OyTH pO3MilIeHi Oe3mocepeHrO0 B TEKCTi. [mroctpamii
MOAAIOThCS YOpHO-OuMMH. CKpi3b, J€ MOMIHMBO, JOLUIBHIIIE BHKOPUCTOBYBaTu rpadiku, a He Tadbmuui. Yci
pucyHkH migmucysatu sk Puc. 1 — Ha3Ba pucynky (po3wmip 10). Tabmumi takox opopmiratu 10 posmipom. CioBo
Tadanus 1 (xupHUM, PaBOPYY), HA HACTYITHOMY PSJIKY Ha3Ba TaOJMILI — >KUPHUM, 10 IeHTpy, po3mip 10. HazBu
PUCYHKIB Ta Ta0JIUIb HATAI0THCS TAKOK aHIJIIICHKOIO.

OpieHTallisl CTOPiHOK — KHIDKKOBA. BupiBHIOBaHHS — 1o mmpuHi. A63am — 1,0 cm.

s crareit Heobxinno Bkasatu YK (UDC) (miBopyu, posmip 11), ininiaau Ta mpisBuime aBropa (po3mip
11, >KHpHUM, TIPOIIMCHUMH, TIO LIEHTPY), HAYKOBHIl CTYIiHb Ta 3BaHH: (po3mip 11), Ha HACTYMHOMY PSAOKY BKa3aTH
nocajay, Ha HacTymHOMY - Bkazatu e-mail Ta ORCID ID. Ha HacTymHOMY pSIIKY BKa3aTH MOBHY Ha3By yCTaHOBH
(po3mip 11, kypcuB) Ta ii MoBHa aapeca

Ha3sBa cratTi (CKUpHUMU IPOIMCHUMHU, TI0 LIEHTPY, 11 po3mip)

Hani nogatu anortaniro (He menire 1800 3HakiB) Ta ki04oBi cioBa (5-6) MoBoro crarTi: po3mip 10, inTepBan
1,0. Iy ekcriepuMEeHTAIbHUX CTAaTeH MOJaTH CTPYKTYpOBaHE pe3toMe, Jie Mae OyTH BKa3aHi cioBa: Merta. MeToau.
Pe3yabraT. BucHoBKH.

CratTi JpyKYIOThCSl YKPaiHCHKOIO Ta aHTJICHKOI0 MOBaMH.

TekcT eKclepUMEHTAIbHOI CTAaTTi NMOBMHEH CKIAJATHCA 3 HACTYNHHX po3fimiB: «Berym», «Merogukay
(«O6’exktit  Ta MeTomM MOCHIMKEHH»), «PesympraTmy, «OOroBOpeHHS» (MOXIMBHH 00 €IHAHHN PO3IiN
«Pe3ynbraT Ta 00TOBOpEHHN»), « BUCHOBKMY, «CITMCOK BUKOPHUCTAHO] JIITEPATYPW.

Po3znin «BeTym» NOBUHEH MICTUTH NOCTaHOBKY ITPOOJIEMH Y 3arajlbHOMY BHUIJISAL Ta 11 3B’30K 3 BaXKJIMBUMHU
HAyYKOBUMH a00 TPaKTHYHAMHU 3aBIAHHSAME, KOPOTKHH aHaJi3 OCTaHHIX MOCHiKeHb 1 IyOJNiKamid, y SKuX
po3IoYaTo pilleHHs AaHOi MPOoOJeMHU, BUAIICHHS KOHKPETHUX HEBUPIIICHHX MUTaHb, SKUM IPHUCBSYEHA CTaTTS,
(hopMyITIOBaHHSA METH POOOTH.

Po3nin  «MeTtoankay TIOBHHEH MICTHTH BiIOMOCTI 1po 00’ekT (00’€KTH) JOCIHIJKECHHS, YMOBH
€KCIIEPUMEHTIB, aHAJTITUYHI METOAH, IPUIAAN Ta PEaKTUBH.

VY posnpinmi «Pe3ynbTaTé JOCITIIKEHB» HAJAIOTHCS OTPUMaHi pe3ysbTaTh Ta IMOBHHHO BiIOOpaXkyBaTh
3aKOHOMIPHOCTI, 5IKi BUTIKAalOTh 3 OTpHUMaHUX JaHuX. OTpuMaHy iHQOpMAIit0 HEOOXiTHO MOPIBHATH 3 HASBHUMH
JITEepaTypHUMH JaHUMHU Ta MOKA3aTH ii HOBU3HY.

Y po3mimi «BuUCHOBKM» HaJgaeThCs y3arajJbHEHHS Ta IHTEpIpETalis pe3yNbTaTiB, aHalli3 HPUIHHHO-
HACIIZIKOBUX 3B’SI3KIB MK BUSBJICHUMH e(eKTaMu, i MOBHHHO 3aBEPIIyBATHUCh BIAMOBIAII0 HA MHUTAHHSI, SKE
MOCTaBJIEHO Y BCTYTII.

[MocunanHs Ha JpKepena y TeKCTi MOJA0ThCs Y MPSIMOKYTHHUX Jy)KKax 3 BKa3yBaHHSM HOMepa 3a MOPSIKOM
TMOCHJIAHHS.

CnHcoK BUKOPHCTAHOI JIiTepaTypu o608 s13k0B0 odopmisierses 3a JICTY 8302:2015, no 60% marote Oytr
JoKepera, mo omyOuikoBaHi 3a ocranti 5 pokiB, URL — me € (po3mip 10, mixpsiakoswuii intepsan 1,0). Kinskicts
MOCHJIaHb Ma€ OyTH He MeHIe 15.

UYepes 2 iHTepBaIM TaKoX IOJATH MpI3BHUINE, HAYKOBHIl CTYNiHb Ta HayKOBE 3BaHHsA, mocany, e-mail Ta
ORCID ID, opranizarito, ii mOBHY ajpecy, Ha3By CTaTTi, PO3IIMPEHY aHOTAIII0 Ta KJIFOYOBI CIIOBA aHIIIIHCHKOI0 (He
mennre 1800 3uakiB, po3mip 10, Miskpsakosuii inrepsan 1,0). AHoTallis moBrHHA OyTH MoOya0BaHa K pedepar y
pedepaTHBHUX >KypHaJlax Ta BiIpakaTH CyTb ESKCIIEPUMEHTIB, OCHOBHI pe3yjibTaTu Ta iX iHTepmperauito. s
eKCIIepUMEHTAJIbHIX CTaTeil 1MomaTH CTPYKTYpoBaHi pe3fome Je Mae Oyt Bkasaui ciosa: Purpose. Methods.
Result. Conclusion.; Ta ximouoBi ciosa (5-6).

Ioxaru Takox References, 3a crangaprom APA (nipi3Buine, iHimiany, Ha3Ba - aHIIHCHKOK, HAIPUKIHIN Y
nyxkax (In Ukrainian) ta Retrieved from ago DOI).

Anpeca penakmii: HaBUIBHO-HAyKOBUH IHCTHUTYT ekosorii, 4 moBepx, k. 473a, XapkiBcbKHil HalliOHAJILHHUH
yHiBepcureT iMmeHi B. H. Kapasina, Maiinan CBo6onu, 6, XapkiB, Ykpaina, 61022

texn. 057 / 707-56-36, 057 /707-53-86 mo06. 068-612-40-69  e-mail: ecology.journal@karazin.ua

Caiit xypuaiy: http://periodicals.karazin.ua/humanenviron/about
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JIIOJJUHA TA JJOBKULJIA. ITIPOBJIEMU HEOEKOJIOTI'I
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