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BMICT CIIOJIYK HITPOTEHY ¥ TPAHCKOPJOHHUX PIYKAX
PIBHEHCBKOI OBJIACTI

AHoTauig. Y cTaTTi IpoaHaIi30BaHO HAIXOKEHHS CIOIYK HITPOTCHY 0 TPAHCKOPIOHHUX
piuok PiBHeHchKkol oOmacti (Ha mpukiani p. Crup, Topunb Ta JIbBa) BHACHIIOK CKHUIAHHS
HEJI0CTaTHbO OYMIIEHUX BOJ BOJOKOPHUCTYBadaMH. PO3IIISIHYTO 0COOIMBOCTI BOIOKOPUCTYBAHHS
B 00J1acTi, 10 nependavae 3adip, BAKOPUCTAHHS Ta BiIBEICHHS BOJM Y OaceliHM OCHOBHUX PIiUOK.
Tak, y 2023 p. 3 pivok ['opunp ta CTHp, 110 MalOTh HAWOUIBIIY NMPOTSDKHICTH B obmacti, Oyio
3abpano BiamosimgHo 42,769 Ta 66,14 M M i BimBemeno Hazanm 29,165 (3 HUX 3a0pyIHEHHX
3BOpOTHHUX BOI 2,850 murH M®) Ta 22,324 (3 HUX 3a0pyAHCHHX 3BOPOTHHX BOA 2,677 MIH M)
3aranom B 00JacTi micisi 3a00py Ta BUKOPUCTaHHS BOAHUX pecypciB 13,6% 3BOPOTHOIO CKHIY
CTaHOBJISITh HEJIOCTATHHO OUMILICHI Ta HEOUHIIEH] BOJIU, 10 CKIIY SIKMX BXOJSTH 3a0py/IHIOBAJIbHI
pedoBuHU. 86,4% CTaHOBIATH BOIY HOPMAaTHBHO OYMINECHI i HOPMAaTHBHO YHCTI 0€3 OYMCTKH.
BusiBneHo, 110 3 HEOPraHIYHUX CIOJIYK HITPOTeHYy HaiOIbIIe B IOBEpXHEBI BOAM HAIXOAWTH
HITpaTiB, a HaliMeHIIe — HITPUTIB. Ympomorx 2021-2023 pp. HaAXOMKEHHS IUX CIONYK 3i
CKHZAaMH{ 3BOPOTHUX BOJ 3MEHIIMIIOCS: aMoHiro 3 105,2 mo 74,2 1/p, HiTpuTiB — 3 29 mo 23,8 1/p,
HiTpariB — 3 1437,1 nmo 1157,6 1/p. BcraHOBIEHO B JOCHIPKYBaHMX piuKax MEPEBUIICHHS
HopMmaruBiB ['JIK i1t BogoiiM prborocnosapchKoro BOJAOKOPUCTYBAHHS 32 BMICTOM aMOHIIO Ta
HiTpuTiB. Tak, y p. JIeBa y nepion 3 2021 no 2023 p. criocrepiranocs nepesuinenns [JIK Bmicty
amoHiro B 1,4-1,7 paza; y p. Crup y 2023 p. Busineno nepesuiienss ['JIK nitputis B 1,4 pasa,
amoHiro — B 1,2 (2022 p.) ta 1,1 paza (2023 p.); y p. Topurb y 2023 p. 3adikcoBaHO IIepEeBHUIIICHHAS
amoHifo B 1,6 pa3a, HITpHTIB — y 2,4 pa3a. PO3mIstHyTO 00CATH CKHUIIB Y TOCTIKyBaHi TOBEPXHEBI
BOIU CIOAYK HiTporeHy 3a mepiox 2021-2023 pp. Haiibinemmii 00CSr 3a3HAYCHUX CIOIYK



ckuHyTo B p. JIbBa y 2021 p.: amowniro — 1,3 T, HiTpariB — 3,8 T. ¥ 2023 pomi 11i NOKa3HUKA
BignoBinHO craHoBwiM 0,5 Ta 3,8 T. Y p. Crup Halibinbme Oyno CKHHYTO CIOIYK HITPOTEHY y
2023 p.: amoHito — 0,2 T Ta HiTpatiB — 3,6 T. Y p. Topunb — y 2021 p.: amoHito — 3,3 T, HiTpaTy —
1,5 T, y 2023 p. ui moka3HUKH CTaHOBWIN BinmosigHO 2,0 Ta 0,3 T. HaBegeHo ocHOBHI mKepena
HAJIXOKCHHS aMOHIIO Ta HITPaTiB, a came: s baceiny p. Ctup — I[TAT «PadamiBcbkuii Kap’epy;
qutst 6aceiiny p. l'opunb — Octposbke KIT «Bomokanamy, [IpAT «IBano-JlonuHCchkHii crienkap’ epy;
st 6aceitny p. JIsBa — BII «Tomamroponcekuii kap’ep» ta BII «KieciBebkuii kap’ep» dimii
«OYID» AT «Ykp3amizHULsD).

Kuro4oBi ci1oBa: aMoHii, HITPUTH, HITpaTH, 00’ €M CKHIIIB 3BOPOTHUX BOJI, BOJOKOPHCTYBAYI,
TiIPOEKOCHCTEMH.

BCTVYII

PiBHeHCBKa 06nacTh Hamidye 151 o3epo, 12 Bomocxosui, 1546 craBkiB, ii TepuTopiero
npotikae 149 pidok noBkHHOK MOHaM 10 KM, YacTHHA SIKHMX TPOJOBXKYE CBI BOMOTIK
y Pecny6niky binopycs. Taka posramykeHa TigpoJIOTidHa ciTKa mependadae oCOONUBUI
KOHTPOJIb SIKOCTI BOJU PIUOK, SIKI T€UyTh Y CYCiJIHI KpaiHH, a TaKOX OIIIHIOBAHHS BILIHBY
oco0nuBocTeil IXHBOTO BUKOPUCTAHHSI Ha IMOTIPLICHHS €KOJOTIYHOro CTaHy. PiBHeHIIuHA
PIBHOMIPHO 3a0e3leYeHa TOBEPXHEBUMH BOJaMH (BOJXHUMH 00’ €KTaMH), SIKI YacTo
MiATAI0TECS 3MiHAM YHACHIZIOK (DYHKIIOHYBaHHS ¥ PO3BUTKY PI3HUX Taly3eil €KOHOMIKH
(TIPOMHCIIOBOCTI, CUTBCHKOTO, KUTIOBO-KOMYHAJILHOTO TOCTIoNapcTB Tomo). ChopMoBaHUA
TOCIO/IaPCHKUH KOMIUIEKC € BOJOEMHHM, a CKUAN HEOUHUIIEHUX 3BOPOTHUX BOJ MPU3BOIATH
JI0O HQJIMIPHOTO aHTPOIIOTCHHOTO HABAaHTAKCHHS Ta 3a0pyIHEHHs BOIHUX pecypciB. Jlo
HaWOIIBII NOIIUPEHOTO MeperliKy 3a0py/HIOBAILHUX PEYOBHH, IO MICTATHCS y 3BOPOTHHX
BOJIaX, BXOJSTh: OpraHiuHI Ta 3aBUCII PEYOBUHH, CHOJIYKH HITpOTEHY (aMOHil, HITpHTH,
HiTparn), cynbdaryu, xjaopuay, ¢ocdaru, depym Ta iH. Bigomo, 1m0 CHONYKH HITPOTEHY
BIJIITPAIOTh BAXKIIUBY POJIb JUIS BCIiX TiJJpOoOiOHTIB, IPOTE 32 YMOBH MTOCTIHHOTO HAJIXO/PKCHHS
TEXHOT€HHOTO HITPOTEHY BiJl AHTPOINOIeHHUX JDKEpen BigOyBaroThCs 3MIHM  iforo
pUPOJHOTO OanaHcy. HeraTMBHI HACTIJKY IIBUNICHUX KOHIICHTPAIIH CIOIYK HITPOTCHY
BiIUyTHI 17151 BCi€i rigpoekocucTeMu. /1o HUX MOXKHA BiIHECTH 301NIbIICHHS KOHLEHTpALil
amiaky y BOJIOHMi (YTBOPIOETHCS BHACIIJIOK IIEPETBOPEHHS aMOHII0) 0 TOKCHYHOTO PiBHS,
MIPUTHIYEHHS MBUAKOCTI POCTY BOAHOI POCIMHHOCTI, pubH, 3MiHM OioMacu Ta YUCETbHOCTI
¢iToriankToHy TOIIO [ 1-5].

JlociikeHHsT eKOJIOTTYHOTO CTaHy IOBEPXHEBHX BOJ PiBHEHIIMHM, C€30HHOT AMHAMIKH
BMICTY CITOJYK HITPOTE€HY y BOIHHX EKOCHCTEMaX, JHKepell IXHBOTO HaIXOMMKEHHS, IPoOIeM
MOPYIICHHS PiBHOBaru B CUCTEMi aMOHIH «> HITPUTH <> HITPATHU, a TaKOXK 30aJIaHCOBAHOT'O
BOJIOKOPHCTYBaHHS BUCBITIEHO B mpansx beaynkosoi O. O., bynnik 3. M., bacapa6wu I. B.,
Boszntok H. M., I'prok I. B., Cratauxka L. 1., Cyxononscekoi L. JI., Menbuuk B. ., Tonounxk L. JI.
Ta iH. [3, 5-13].

Merta nocizkeHHs — TPOaHali3yBaTH 0COOIMBOCTI HAIXOKEHHS CIIOYK HITPOTEHY 110
TPAHCKOPJIOHHHX PIY0oK PiBHEHCHKOI 00JIACTi BHACIIIOK CKUJIAHHS HEJOCTATHHO OYHMIICHHX
BOJ] BOJJOKOPHUCTYBadaMHU.

O0’€eXTOM JOCTIDKCHHS € Tpoliec 3a0pyIHEHHS BOIOKOPHCTYBaYaMU TPAHCKOPJIOHHHX
BOJHUX 00’ekTiB PiBHEHCHKOT 00JacTi CIOMyKaMH HITpOreHy (Ha mpukiani pidok Crup,
Tlopuns Ta JIbBa).

IIpeaMeT AOCHITKEHHS — MOKA3HUKU BMICTY CIOIYK HITPOTreHY (aMOHiH, HITpUTH,
HiTpatH) y kpatHocTi ['JIK Ta oOcsru iXHIX CKHJIIB BiJl aHTPOIIOTCHHUX JKEPEIL.



MATEPIAJIN TA METOAH

Jns mpoBeneHHS JAOCHIIKEHHS BMICTY CIONYK HITPOI€Hy B IIOBEPXHEBIM BOji
TPAHCKOPJAOHHHUX BOJHHMX 00’€KTiB PiBHEHIMHM MpoaHai3oBaHO JaHi JomoBiai mpo craH
HaBKOJIMIITHBOTO TNPHUPONHOTO cepenoBuina B PiBHeHchkilt oOmacti (2021-2023 pp.) Ta
pe3yNbTaTh JOCIIKEHHS J1a0opaTopii MOHITOPUHTY BOJ Ta IPyHTIB PerioHambHOro odicy
BOJHUX pecypciB y PiBHeHCBKiN oOmacti [14—16]. ¥V mporeci 1oCiiKeHHSI BUKOPUCTAHO
METO/IA CUCTEMHOTO aHaJli3y, HOPIBHSUIbHUH Ta rpadiqHuM.

Piuku T'opuns i Ctup Hanexars go Oaceiiny p. Ilpun’sTte Ta € ii mpaBuUMH IpUTOKaMH
nepmroro mopsaky. Piuka [opub Oepe mouarok Ha BHCOTI 345 M Haj piBHEM MOpS
B KpemeHenpkux ropax i3 jkepena, sike po3ramioBane B ¢. Bonurst TepHoninbsebkoi 06macTi.
3arajgpHa JOBKHMHA PiUKH CTAaHOBHTH 659 kM. Ii mpoTsxmicTs y PiBHeHCBHKiil obmacTi —
386 kM, gani npotikae Pecryouikoro binopyck. [opunb Mae oHas 15 BEIMKUX MPUTOK, 3 HUX
y Mexax obmacti: p. Ciyd, 3amuncbko, Bimis, Yers, Cry6enka (Crybaska) Ta bepexanka.
CriocTepe)xeHHS 3a CTaHOM BOXM B Pidlli MPOBOAMUTHCS PerioHanbHUM oQicoM BOAHUX
pecypciB y PiBHEHCBKII 001acTi B MyHKTI criocTepexeHHs ¢. Bucorbk CapHEHCHKOTO PaioHy
(mpuxoproHHuil myHKT i3 Pecmy6mikoro binopycs) i PiBHeHCBKMM 00IacCHUM IICHTPOM
3 rigpoMeTeopoorii y myHkKTi cMT OpikiB [14].

Piuka Ctup 6epe mouarox Hemoxamik pxepen Cepery Ta 3aximHoro Byry Ha teputopii
JIbBiBCBHKOI 0OMacTi. 3aranbpHa 11 JOBKHHA CTAaHOBUTH 494 kM. Ha TepuTopii Ykpainu npotikae
BonuHcekoto Ta PiBHeHCBKOIO oOnactsimu, a nmani — PecmyOmikoro Bimopych. ¥V mexax
PiBHeHCchKOI oOmacTi i mporspkHicTh — 208 kM. Ctup mae moHaa 10 BEIMKHX MPHUTOK.
[lomicsiuHMi KOHTPOJIb 32 CTAHOM IOBEPXHEBUX BOJ MPOBOAWTH BommHChKmiT 0OiacHHiA
LEHTP 3 T1IPOMETEOPOJIOTii Yy MyHKTI CHOCTEPEkKeHb O ¢. MaroHndi Ta PerioHanbHuit
odic BomHUX pecypciB y PiBHeHChKiil obOnacti y cMT 3apiyHe (IPUKOPIOHHUN MYHKT 13
Pecniy6iikoro Binopycs) [14].

Piuxka JIsBa Gepe mouatok B ¢. KapnmtiBka PokuTHiBCbKOTO paiioHy PiBHEHCHKOT 00macTi.
IIporikae 3 miBaHs oOiacTi Ha MiBHIY 1 Briajgae B p. Cteura B PecryOmini biopycsk. 3aranpHa
JOBXXKMHA BOJOTOKY — 172 KM, 3 sIKHX y Mexax PiBHeHcbkoi obOmacti — 111 kM. [lns piuku
XapaKTepHEe MPHPONHE 3a0pyNHCHHS OPraHiYHAMH CHONYKaMH Ta 3aJIi30M 3arajbHuM,
OCKIJIBKH JJIS1 TEPUTOPIT XapaKTepHi JCPHOBO-ITII30IMCT] IPYHTH, B 11I0B1aJJbHOMY TOPH30HTI
SKHX MICTHTBCS 3HauHa KiMbKicTh Fe. CroctepexxeHHS 3a CTAaHOM BOIM 3IIHCHIOETHCS
B c. [lepebponn (mpuxopnoHHU MyHKT i3 Pecmy6mikoro binopycs) Perionansuum odicom
BOJIHUX pecypciB y PiBHeHChKIN obnacTi [16].

PE3VJIBTATH

Jns QyHKIIOHYBaHHS Pi3HHX Taly3ed eKOHOMIKM B PiBHEHCBKil 0051acTi 31iHCHIOETCS
AKTHBHE BOJOKOPHCTYBAaHHS, IO Tependadae 3a0ip, BUKOPHCTAHHS Ta BiIBEACHHS BOIH
B OaceiiHn ocHOBHUX pidok. Tak, y 2023 p. 3 piuox 'opuns i Ctup, 10 MarOTh HAKOUIBITY
NPOTSHKHICTH B 001acTi, Oyito 3abpano BigmosiaHo 42,769 ta 66,14 miH M? 1 BizBeeHO Ha3a
29,165 (3 Hux 3a0pyaHEeHUX 3BOPOTHUX BOj 2,850 MutH M°) Ta 22,324 (3 HUX 3a0pyIHECHHUX
3BOPOTHHUX BOJ 2,677 M M?) (puc. 1) [14].
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3abpaHo BOM BukopucTato Boan BotosinseseHHs y
TOBEPXHEBi BOMIHI 06’ eKTH

Op. Crup Op. Fopunb

Puc. 1. 3a6ip, BuKkopucTanHs Ta BiiBeJleHHs BOAU B faceiiHax
pivok T'opuns i Ctup cranom na 2023 p., max m*

CKkJ1a/1 3BBOPOTHHX BOJT (POPMYETHCS 3 BOJIH, IO MA€E Pi3HI KATETOPii OUMIIICHHS: HOPMATHBHO
OYMIIIEH]1, HOPMATUBHO YHCTI 0€3 OYMCTKH, HEJOCTATHBO OY MILEHI Ta HEOUHIleHi (puc. 2).
Binprry yacTMHY CKHAy B TOBEpXHEBI BoaM PiBHeHmUHM — 86,4% — CTAHOBISATH BOIU
HOPMATHUBHO OYHMIIEHI Ta HOPMaTHBHO YUCTi 0e3 ouncTkH, 13,6% — HeqoCTaTHHO OYMIICHI
Ta HEOUYHUILEH].

60 0,838
B HEOUHIIEHI
40
'g B HeJ0CTATHRO OYHMIIIEH]
g 30 21,997
= HOPMAaTHBHO 4YHCTi Ge3
20 OYHCTKHU
HOPMATHBHO OYHMIICHI
10
25,93
0
1

Puc. 2. Po3noaisi ckuty 3BOPOTHUX BO/I 32 KATErOPisiMH OYHCTKH
y noBepxHeBi BoaHi 00’exkTH PiBHeHCHKOI 00acTi y 2023 p., maH m®

CKkrIaHHS HEOCTATHRO OYUIICHHX i HEOYHIIICHUX 3BOPOTHUX BOJI CTAE OJHIEIO 3 IPUINH
HAJIXOMKCHHS PI3HUX BHUJIB 3a0pyJHIOBAJIBHUX PEUOBHH y MOBEPXHEBI BoAM PiBHEeHIMHH,
cepell AKux i Heopramiuni cnomyku Hitporeny (NH,", NO,, NO; ). V nepiog 3 2021 no
2023 pik BigOyBa€eThCsl 3MEHIICHHS! HAJXOKEHHS IIUX CIIONYK 31 CKMJAaMH 3BOPOTHUX BO/I:
amoHito 3 105,2 o 74,2 1/p, HiTpuTiB —3 29,0 10 23,8, HiTpatie —3 1437,1 1o 1157,6 (Tadn. 1).
HaiiGinbIre y moBepxHEeBi BOAN HAAXOIUTh HITPaTiB, HAlIMEHINE — HITPUTIB.

Pesynwratrcnocrepexenb PerionanbHoroodicy BomHux pecypciBBobmactizanepion32021
1o 2023 pik cBiA4aTh Npo HASIBHICTH MiJBUIIICHOTO BMICTY aMOHIIO y TOCIiKYBaHHUX PidKax,
3HAUCHHS SIKOTO ITIePEBUIIYBAIH HOPMATUBU T'paHHYHO-HONMycTHMUX KoHneHTpamiid (I[/1K)
IUIst BOJOMM puborocrniogapcebkoro Bomokopuctysanus (IJ[Kpubrocn (NH,") = 0,5 mr/am?,
IIKpubrocn.(NO; ) = 40 wmr/am®, I'TKpubrocn. (NO, ) = 0,08 wmr/nm®), Tabm. 2.
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VY uuceNbHUKY BKa3aHi MiHIMaJbHI Ta MaKCHMaJlbHI 3HAYCHHSI BMICTY aMOHIIO, IO OyIH
3a(hikCOBaHi MPOTATOM POKY, Y 3HAMEHHHUKY — CEPEIHBOPIYHMI IOKa3HHUK, MI/IM>.

V noBepxHeBux Bonax p. CTUp y MYHKTI CIIOCTEPEKEHHSI CMT 3apidHe CepeaHbOPIYHMIA
MOKAa3HUK BMICTy amoHit0 3MiHroBaBcs Big 0,38 mo 0,62 mr/mm® iy 2022 ta 2023 pp.
nepesuntyBas [ JIK BiqnosigHo B 1,2 Ta 1,1 paza (tadm. 2). ¥V 2023 p., 3a nanuMu BomHCHKOTO
00JJaCHOTO TIEHTPY 3 TiJPOMETEOopOsorii, y MyHKTI Oinsg c¢. MaroHudl crocTepiraaocs
nepesuuienns [JIK Bmicty HiTpuris B 1,4 pasa.

Y p. lopunp MakcuMambHMH ITOKa3HMK BMICTYy aMOHII0 y IYHKTI CHOCTCPEKCHHS
¢. Buconpk OyB y 2022 pomi, mo B 3 pa3u nepesuiryBas [JIK. 3aramom cepemaHbopivHi
MOKa3HUKH HOTO BMICTY B IIbOMY ITYHKTI IiepeOyBaiy B Mekax HOpMH (Tabi. 2). 3a maHuMH
PiBHEHCBKOTO 00JACHOTO WEHTPY 3 TiAPOMETEOPONIOrii, y MYyHKTI CIIOCTEPEXEHHS, IO
61 cmT OpKiB, HIDKYE ckuAy 3 ouncHuX cropyn T30B «OJJEK» y 2023 p. 3adixcoBano
nepesunieHss [JIK Bmicty amoniro B 1,6 pasa, a HiTpuTiB —y 2,4 pasa.

[TpotsiroMm gocipKyBaHOTO Iepiony B p. JIbBa B IyHKTI CIIOCTEPEKESHHSI, IO PO3TAIOBAHHN
y ¢. [lepedponu CapHeHCHKOT0 pailoHy, CepeAHbOPIYHMIA BMICT aMOHit0 30imbiuuBcs Big 0,70
10 0,85 mr/mm® i mpoTsirom 3 pokis nepesumryBas [IK B 1,4—1,7 pasa (Tabm. 2).

OCHOBHHUH aHTPOTIOTCHHU BIUIMB HA IIOBEPXHEB1 BOJHI 00’ €KTH 3yMOBJICHUH JiSUTBHICTIO
HIAPUEMCTB-BOIOKOPHCTYBAYIB, IO CKHIAIOTH 3BOPOTHI BOOM 3 BHCOKHM BMICTOM
3a0pyAHIOBaIbHUX pedyoBUH. Y mepiog 3 2021 mo 2023 pik y nmoBepxHeBi Bogu p. Ctup
HalGLTbIIM CKu 3BopoTHHX BOf 31iticHuB ITAT «PadaniBeskuii kap’ep» — 1334,2 tuc. M3,
y sikomy obcsr amoHito ctanoBuB 0,1 T, HiTpariB — 3,5 1. 3aranom y 2023 porii B piuky Oyio
ckunyTo 0,2 T aMoHiro Ta 3,6 T HiTpartiB (Tadm. 3).

Cepen HalOUTBIIMX BOJOKOPUCTYBayiB p. lopuHb BuokpemmoroTh Octposbke KII
«Bomokanam (164,0-176,8 tuc. m®), Opxkisceke BYIKKD (81,9-93,0 Tuc. ). Bapro
3ayBaxuTH, mo y 2021 p. Oymo ckuHyTO amoHit0 — 3,3 T, a HiTpariB — 1,5 T, IpoTe BKe
y 2023 p. HaAXOMKEHHS IIMX MOKa3HUKIB 3MeHumiocs 1o 2,0 T ta 0,3 T.

Tabmms 1
Cxkum cnoJyk HiTporeny y noBepxsnesi BoaHi 00’ekTu PiBHeHCBHKOT 00/1acTi
B nepion 3 2021 mo 2023 pik, 1/pik [14-16]

CnoJsiyks HiTporeny 2021 p. 2022 p. 2023 p.
AMOHI# 105,2 81,1 74,2
Hitputu 29,0 26,0 23,8
Hitparu 1437,1 1177,4 1157,6
Tabnuusg 2

JluHamika BMiCTy aMOHII0 y BOi TPAHCKOPOHHUX BOJIHUX 00’ €KTIB
PiBHencbKoi obsacti 3a mepiox 3 2021 mo 2023 pik, mr/am?

TIVHKT CHOCTEDEACHE Bwmict amowniro, I'JIKpu6rocn. = 0,5 mr/am3
y P 2021 p. 2022 p. 2023 p.
C 48 3api 0,19 — 0,83 0,16 — 1,80 0,14 — 0,92
p- Crup, 48 xm, cMT 3apiune 03 ez s
p. Topuns, 67 kM, ¢. Bucorpk 0,14 — 1,05 0,15 — 1,50 0,16 — 1,01
CapHEHCBKOro paiioHy 0,46 0,50 0,47
p. JIeBa, 100 &M, c. [Tepebpomu 0,29 -1,03 045 — 1,61 0,54 — 1,47
CapHEHCBHKOTO paiioHy 0,70 0,80 0.85




Tabmug 3

Junamika o0csriB CrOJYyK HITPOreHy, o 0yJ1u CKMHYTI BOAOKOPUCTYBa4YaMu
y nepiona 3 2021 no 2023 pik Ha Tepuropii PiBHeHcbKoi 00acTi, T

Hazsa
BOJOKOPHCTYBaYa-
3a0py1HIOBaYa

2021 pix

2022 pix

2023 pix

00’eM cKHIaHHS
3BOPOTHHX BOJI,
THC. M3

oocsr, T

oocsr, T

NH4+

NO3

0O0’eM CKHUIaHHS

3BOPOTHHX BOI,
THC. M3
NH4+

NO3~

00’eM CKHIAHHS
3BOPOTHHX BOI,
THC. M3

oocsir, T

NH4+

NO3 ™

[ ]

w

=)}

(=]

=]

10

k=
Qlw
=

=

KII «1o6poby™»
cMT 3apiuHe

(o8]
&
[

0,1

36,1 0,1

0,1

36,9

0,1

0,1

[TAT «PadaniBcpruit
Kap’epy

1334,2

0,1

3,5

VYeboro

36,0

0,1

36,1 0,1

0,1

1371,1

0,2

3,6

p. l'opunb

Op:KiBChKe
BYKKI

93,0

1,1

0,2

84,6 0,6

0,1

81,9

0,7

0,1

OcTpo3bke
KIT «Bomoxanamny

164,0

1,9

166,3 1,1

176,8

1,3

POBKII BKT"
«PIBHEOBJIBO
JTIOKAHAJI»

(c. Omexcannpist
PiBHeHCHKHI
paiion)

12,0

1,0

HIT «ITignpuem
cTBO [lepkaBHol
KpPHUMiHaJIBHO-
BHMKOHABYO1L
ciryx0u Ykpainu
(Ne 96)»,

c. ['oponuiue
PiBHEHCHKU
paiion

35,0

0,3

0,2

324 | 0,1

0,1

BiticskoBa
yactuHa A2798

27,0

0,1

TOB «OJIEK»
Ykpainu

94,5 0,1

0,3

74,4

0,2

[IT canaropiii
«l"'opuHbBY

2,0

0,1

4,8

[IpAT «IBaHO-
JlonmuHChKUHi
crerKap’ep»

164,9 0,1

0,9

VYeboro

333,0

33

1,5

5479 2,0

1,5

337.9

2,0

0,3
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p. JIsBa

TIAT
«Tomamroponcekuit
1eOeHeBuii

3aBOI»

JIT K3 «BITA»
TIIT «COPICy»

BIT
«Tomamropoacekuit
Kap’ep» dimi 754,0 0,1 1,1 - - - 679.9 0,1 1,4
«IYTI» AT
«YKp3ai3HUIDY
BII «KueciBepkmii
Kap’epy» imii
«IYII» AT
«YKp3aIi3HUIDY
VYeboro 1504,0 1,3 3.8 48 0,1 1,7 | 1155,5 0,5 3,8

179,0 0,4 1,2 2,4 0,1 1,0 3.8 0,1 1,1

- - — | 456 - | o7 - - -

5710 | 08 | 1,5 - - 471,8 0,3 1,3

3HauHMI aHTPOIIOTEHHUH BIINB Ha p. JIbBa 3a1iicHIO0TH BI1 « Tomamroponcskuii kap’ ep» —
00’eM CKHIAHHS 3BOPOTHHX BOJ 3a TPH POKH 3MIiHIOBaBCS B Mexax 679,9-754,0 tuc. m?,
ta BIT «Kiecicbkuii kap’ep», 1e 1eil nokasuuk nepebysas y mexax 471,8-571,0 tuc. M>.
Haii6inpimmii o0csar croiyk HITporeHy Oyno CKHHYTO B piuky y 2021 p.: amoniro —1,3 T,
HiTpatiB — 3,8 T. ¥ 2023 p. ui moxa3Huku BiAnosigHo ctaHoBuwin 0,5 ta 3,8 T. OTxe,
HAIXOJKCHHST aMOHIFO 3MEHIITMIIOCS, HITPATH 3aJMIIWINCS B TaKid KUTbKOCTI, K 1y 2021 p.
(Tabn. 3) [14-16].

3rigHo 3 HaBeJeHWMH B TaOn. 3 gaHumu Bropomorxk 2021-2023 pp. HaiOinbime
AQHTPOIIOTCHHE HABAHTAKCHHS Ha OaceiHM MOCHiKYBaHMX PIUOK 3[iMCHIOBAIM Taki
BojokopuctyBaui: [TAT «Padaniscekuii kap’ep», Octposbke KII «Bomokanam», TIpAT
«IBano-/lonuHcbkuit cnenxap’epy, BupoOHudi mignpuemcrsa (BII) «Tomamroponcekuii
kap’ep» Ta «KieciBebkuid kap’ep» Qurii «IIYII» AT «Ykp3amizHULsy.

BUCHOBKHA

3a pe3ynbTaTaMu aHaJi3y BMICTY CIIOIYK HITPOTCHY B TOBEPXHEBIN BO/I TPAHCKOPIOHHUX
BOJIHUX 00’€kTiB PiIBHEHIIIMHU BCTAHOBJIEHO:

1. ITicst 3a60py Ta BUKOPUCTAHHS BOAHUX pecypciB 13,6% 3BOPOTHOTO CKULy CTAHOBIISATh
HEJIOCTAaTHLO OYMINEHI Ta HEOYHMIICHI BOIH, JIO CKJIAMy SKHUX BXOJAATH 3a0pyIHIOBaJIbHI
PEUOBUHHU PI3HOTO CKJIQAY Ta KOHLEHTpaLii.

2.3 HEeOpraHIYHHX CIOIYK HITPOTeHY HalO1IbIIe B TOBEPXHEBI BOJAM HAJIXOAUTh HITPATIB,
a HalfMeHI1e — HiTpuTiB. Yrpoaosxk 2021-2023 pp. 3MEHIIIIOCS HAIXOIKEHHS IIUX CIIOTYK 31
CKHJIAaMH 3BOPOTHHUX BOJ: aMoHit0 3 105,2 1o 74,2 1/p, HitpuTiB — 3 29 1o 23,8 1/p, HITpaTIiB —
31437,1 no 1157,6 1/p.

3. ¥V nocnipkyBaHuX pidukax 3adikcoBaHi rnepepuiieHHs HopMarusiB [JIK mist Bogonim
pubOTOCIONapCchbKOro BOJOKOPUCTYBAaHHS 32 BMICTOM aMOHito Ta HiTpuTiB. Tak, y p. JIbBa
ynepion32021mo 2023 pik crioctepiranocs nepesuieHns [ JIK Bmicty amonito B 1,4—1,7 pa3sa;
y p. Ctup y 2023 p. BusiBneno nepesuiens [JIK Bmicty HiTpuTiB B 1,4 pasa, amoHniro — B 1,2
(2022 p.) ta 1,1 paza (2023 p.); y p. [opunb y 2023 p. 3adikcoBaHO NEPEBUIICHHS BMICTY
amoHito B 1,6 pa3a, HiTpuTiB —y 2,4 pasa.
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4. 3a JOCHI/DKEHWH TIepioJl CIOCTEpIraiucsl Pi3HI OOCATH CKHIIB Yy JOCIIKYBaHI
MIOBEPXHEBI BOJM CHONYK HiTporeHy. HaiiOinbimit 06car 3a3Ha4eHUX CIIOIYK CKUHYTO B piuKy
JIpBa y 2021 p.: amoniro — 1,3 T, HiTpariB — 3,8 T. Y 2023 porii 11i MOKa3HUKHU BiIMOBIIHO
cranosuiu 0,5 ta 3,8 T. ¥ p. Crup Haii0inbiie Oyno ckunyTto y 2023 p.: amonito — 0,2 T Ta
HiTpariB — 3,6 T. Y p. [opunb — y 2021 pori: amonito — 3,3 T, HiTpary — 1,5 1, y 2023 p. i
MOKAa3HUKHU CTaHOBUIIX BiamosigHo 2,0 Ta 0,3 T.

5. OCHOBHUMH JKepeaMH HaJIXO/DKEHHSI aMOHIIO Ta HITPATiB € MiINMPHEMCTBA, a caMe:
quia Gaceiiny p. Ctup — [IAT «PadaniBebkuii kap’ep»; i 6aceiiny p. lopunb — OcTpo3bke
KIT «Bomokanamy», [IpAT «IBano-/lonuHChKUH crienikap’epy; s Oaceitny p. JIbpa — BII
«Tomamropoacekuii kap’ep» Ta BIT «KieciBebkuii kap’ ep» ¢pimii « L{YII» AT « Ykp3amizHULISD».

TakuM 9MHOM, TOBEPXHEBI BOIM TPAHCKOPJIOHHUX BOJHUX 00’ €KTiB PIBHEHITMHY 323HAIOTH
MOCTIMHOTO aHTPONOT€HHOIO HABAaHTAXKEHHA, IO MPU3BOIUTH 10 IXHBOTO 3a0pyAHEHHS
CIIOJyKaMHU HITporeHy. ToMy TOTpiOHO 3ampoBa/KyBaTH BOJOOIIAJUTHBI  TEXHOJIOTII,
30IACHIOBATH YIPaBIiHHSA BOJOKOPUCTYBAaHHSIM 13 HaJaHHAM MPIOPUTETY 30€pEeKEeHHIO
BOJHHX PECYPCIB JUIS MiATPUMAHHS €KOJIOTIYHOTO CTaHy TTOBEPXHEBUX BOJ TOIIIO.
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ABSTRACT

THE CONTENTS OF NITROGEN COMPOUNDS
IN THE TRANSCORDON RIVERS OF THE RIVNE REGION

We analyzed the levels of nitrogen compounds entering the cross-border rivers of the Rivne

region (on the example of the Styr, Horyn and Lva rivers). The main reason is the discharge of
insufficiently purified water by water users. The peculiarities of water use in the region were
considered, it includes the intake, use and drainage of water in the basins of the main rivers.
Thus, in 2023, 42.769 and 66.14 million m* were withdrawn from the Horyn and Styr rivers,
which have the longest length in the region, respectively, and 29.165 (of which 2.850 million m*
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of polluted return water) and 22.324 (of which 2.677 million m® of polluted return water) were
diverted back. In general, in the oblast after the extraction and use of water resources, 13.6% of the
return discharge is insufficiently purified and untreated water, which includes pollutants. 86.4%
of water is normatively purified and normatively clean without purification. It was found that of
the inorganic compounds of nitrogen, nitrates enter surface waters the most, and nitrites enter the
least. During 2021-2023, the supply of these compounds with return water discharges decreased:
ammonium from 1052 to 742 tons/year, nitrites from 29 to 23.8 tons/year, nitrates from 1437.1
to 1157.6 tons/year. Exceeding the standards of maximum permissible concentrations (MPC) for
ponds for fish farming water use by the content of ammonium and nitrites was established in
the investigated rivers. Thus, in the Lva River in the period from 2021 to 2023, there was in
1.4-1.7 times exceedance of the maximum permissible limit for ammonium; in the Styr River
in 2023 was found a 1.4-fold exceedance of the MPC for nitrites, ammonium in 1.2 (in 2022)
and in 1.1 times (in 2021); in the 2023 year, an excess of ammonium by 1.6 times and nitrite by
2.4 times was recorded in the Horyn River. The volumes of discharges of nitrogen compounds
into the studied surface waters for the period from 2021 to 2023 were considered. The largest
volume of these compounds was discharged into the Lva River in 2021: 1.3 tons of ammonium,
3.8 tons of nitrates. In 2023, these indicators were 0.5 and 3.8 tons, respectively. The most was
discharged into the Styr River in 2023: 0.2 tons of ammonium and 3.6 tons of nitrates in 2021,
3.3 tons of ammonium and 1.5 tons of nitrate entered the Horyn River, and in 2023, these figures
were 2.0 and 0.3 tons, respectively. We identified the main sources of ammonium and nitrates,
namely: for the Styr river basin, it is PJSC “Rafalivskyi karier”; for the Horyn river basin, it is the
Ostroh communal enterprise “Vodokanal”, PJSC “Ivano-Dolinsky special quarry”; for the basin
of the Lva River, it is the Tomashgorod quarry and the Klesiv quarry the branches of TsUP JSC
“Ukrzaliznytsia”.

Key words: ammonium, nitrites, nitrates, return water discharge volume, water users,
hydroecosystems.
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KOMILIEKCHA JI51 BETAIHY, TAYPUHY TA MIO-IHO3UTOJY
HA BIOXIMIYHI MOKA3HUKHU KPOBI KYPEM-HECYUYOK
3A TEIJIOBOTI'O CTPECY

AHoTanis. B yMoBax cy4acHOT0 TaxiBHHUIITBA TETUIOBHH CTPEC € OJTHHUM 13 TOJIOBHHX (haKTOpiB,
0 HEraTMBHO BIUIMBAIOTh HA IPOIYKTHBHICTb KypeH-Hecydok. IligBuIeHi Temmeparypu
MIPU3BOAATH J0 3MiH Y METaOOIIYHUX MPOIIECaX, IO MPOSBIIETHCA Yepe3 MOPYIICHHS 010X IMIYHAX
MTOKAa3HUKIB KPOBi, 30KpeMa aKTUBHOCTI €H3WMIB, DIiBHIB TPOTEIHIB, IIMiAiB i METaOOMITiB.
JInst 3HMKEHHSI HETaTHBHOTO BIUIMBY TEIUIOBOTO CTPECY Ha OPraHi3M NTaxiB MEPCIEKTUBHUMHU
€ KOpMOBI 100aBKH 3 aHTUCTPECOBHMH BIIACTUBOCTSIMH, SIK-OT OeTaiH, TaypHH i MiO-1HO3UTOI.
OTxe, METOI TOCIIKCHHS OYJI0 OLIHUTH BIUTUB T00ABOK OETaiHy, TaypUHY Ta MiO-IHO3HTOJIY Ha
010XiMIYHI TTOKa3HUKU KPOBI Kypei-HECyUOK, 10 IMiJJaf0ThCsI TEIUIOBOMY CTPECY, 1 BCTAHOBUTH
[OUITXH TIOTIEPeDKCHHS HOTO HEraTMBHOI Hii. Y JoCiiuKeHHI Oylo BUKOpHCTaHO 15 Kypei-
HECY4OK, pO3IUTeHNX Ha 2 Tpynu: 1-ma rpyna — koHTpoibHa (K, n = 7), 2-ra rpyma — gocmigHa
(M, n = 8), xypu sxoi oTpuMyBaiu OeTaiH y KibKocTi 0,5 /KT KOpMy, TaypHuH y KiTBKOCTI 5 T/KT
KOpMY Ta 2 I/KT Bifl CyX0l pedOBUHH KOPMY Mio-iHO3uTOIY. JlociiKkeHHs epeioadaio 1Ba eTamnm:
Ha IepILoMY, SIKUI TPUBAB CiM JIHIB, Kypel yTpumyBaiu 3a Temmeparypu 20 °C, siKy npuiimaiy 3a
TEepMOHEUTpAJIbHI YMOBH, a HA JPYrOMy — TEMIIEpaTypy MOBITPs y BiBapii miasumrysaimu 10 30 °C
Ha 6 TOIMH KO>KHOTO JTHS IpOoTsIroM TrxHs. [Ticist koxkHOTo etary BigOupany 3pa3ku KpoBi NTaxiB
JUTS TIONABIITNX TOCIIKeHb. Y pe3yibTaTi BCTAHOBIICHO, IO I1i JOOABKH CIPUSIOTH MiATPUMIIL
6i0XiMigHOT CTaOUIPHOCTI B yMOBax TEIUIOBOTO CTpECy, 30Kpema cTabimizamii mpoTeiHOBOTO
1 JliniHOrO OOMIHY, a TaKOK 3HIDKYIOTh 3arajbHe MeTa0oJiuHe HaBaHTAXKEHHsS Ha OpPraHi3M.
OnepkaHi pe3ynbraTd CBiYaTh PO JIOUUIBHICTE BHUKOPHCTaHHS OeTaiHy, TaypuHy Ta Mio-
1HO3UTOIY /71 PO ITAKTHKH CTPECOBUX TOPYLIEHb Y Kypei-HECyuOK y BUPOOHHYHMX YMOBaX.

Kuro4oBi ciioBa: TemoBwii cTpec, KypHu-HECydKkH, OeTalH, TaypHH, MiO-iHO3UTOI, O10XiMidHI
TTOKa3HUKH KPOBi, METa0OJIUHI IPOIIeCH, €H3UMAaTHYHA aKTUBHICTh, TPOTETHH, JITITHAH OOMIH.

BCTYII

Y cyuacHOMy NTaxiBHMLTBI BUPOOHMKH BCE YACTIIIE CTUKAIOTBHCA 3 MpoOIeMamH,
OB’ SI3aHUMU 31 3pOCTAaHHAM TEMIIEPaTyPH HABKOJIHMITHHOTO CEpeIOBUINA. TeIuIoBHHA cTpec
(TC), ciprunHEeHMH MiBUIEHUMH TEMIEPaTypaMu, € OJHUM i3 HAWBaXKIMBIIINX (AaKTOPIB,
10 HETaTHBHO BILIMBAIOTH Ha (Di310JIOTTYHUI CTaH 1 TPOTYKTHUBHICTB CIIIbCHKOTOCIIONAPCHKHIX
TBapHH, 30KpeMa Kypei-Hecydok [1, 2]. KomdopTHOIO 17151 Kypeii BBaXKaeThcsl TeMIeparypa
noBiTpst 19-22 °C, npuuomy 3a temmeparypu 21-22 °C BiIHOCHA BOJIOTICTh HE TOBHHHA
nepesuiyBatu 70%. HebGesneunoro temneparyporo, sika Bukiankae TC 3a 70% Bomorocti
BBaxkaeTbes 29 °C 1 Bumie [3]. YHacmigok TC y ntaxiB mopyuyroThcss METaOOIIYHI TPOIECH
B OpraHi3mi, 1110 IPOSABISIEThCA 3MiHAMU 010XIMIUHUX MOKA3HUKIB KPOBi, 0COOIMBO HA PiBHI
€H3UMIB, TIPOTEiHIB, JIMiMIB 1 MEeTa0oMITIB [4]. ¥ Takux yMoOBax OCOOJHBO aKTyaJbHUM
€ TIOIIYK e(EeKTUBHMUX PIlIeHb AJS 3HIDKEHHS HeratuBHoro BmiamBy TC, 30kpema uepes
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BHUKOPHUCTAHHS KOPMOBHX J100aBOK. /11t 60poThOM 3 HerarnBHUME Hacuigkamu TC y kopMax
IUTSL Kypeli-HeCy4OK BUKOPUCTOBYIOTh Pi3Hi T0OABKH, 10 MAIOTh AHTUCTPECOBHIA 1 3aXUCHUI
edexr [5]. [lo Takux HaNexKaTh OETaiH, TAYpHH Ta Mi0-1HO3UTOJI. beTaiH € J0HOPOM METHITBHUX
rpyM, MO TMOJIETIIye Hepedir MeTaOoMiYHHUX MPOLECIB 1 CIpusie MOKPALIeHHIO BOJHOTO
0oOMiHy B kiiTmHaX [6]. TaypuH, Ik aMiHOKHCIIOTA 3 aHTHOKCUJAHTHUMH BJIACTHBOCTSIMH,
JIoTIoMarae opraHiaMy HelTpani3yBaTu BiJIbHI paJKaliu, U0 yTBOPIOThCs B pasi TC, a mio-
1HO3UTOJI BUKOHY€E (DYHKIIIFO cTabimi3aropa KIITHHHAX MeMOpaH, MiIBUIIYIOUH iX CTIHKICTb
JI0 OKCHJIATUBHOTO HaBaHTakeHHs [7, §8]. 30kpema, BijoMO, IO IIi J00aBKH MO3UTHBHO
BIUIMBAIOTh Ha O10XiIMiYHI MOKa3HUKHU KpoBi nraxiB 3a ymMoB TC, crabimidyroun oOMiH iX
pedoBuH [6—8]. Toxk METOIO HAIIOTO JOCIiKEHHs OyJI0 OL[IHUTH BILUIMB 100aBOK OeTaiHy,
TaypHHY Ta MiO-IHO3UTOJTy Ha O10XIMiYHI ITOKA3HUKH KPOBI Kypel-HEeCYyJOoK, IO IMiTal0ThCS
TC, 1 BCTaHOBUTH IUJISIXM TONEPEIKEHHS HOTO HEeraTUBHOT Jii.

MATEPIAJIN TA METOAHN

VY nocmimkeHHi Oylno BHKOPUCTaHO 15 Kypel-HeCcy4ok, pO3MIJICHHMX Ha 2 TpyIH:
1-ma rpyna — koutponbHa (K, n=7), 2-ra rpyna — nocinigaa (I, n = 8), kypu sikoi oTpuMyBain
Oerain y kimbkocTi 0,5 T/Kr KOpMy, TaypHH Yy KUIBKOCTI 5 T/KT' KOpMy Ta 2 T/KT BiJ CyXol
PEUOBUHU KOPMY MiO-1HO3UTONY. JlOCHiUKEHHS MpOBEIM B yMOBaxX BiBapilo IHCTUTYTY
Oionorii TBapuHn HAAH, ne nrums nepeOyBajiia B MeTaleBUX KJIITKax 31 BCTAHOBJICHUMH
ABTOMATUYHUMH TOLTKAMH Ta TOMIBHUISIMH. [IpOTSIroM YChOro JMOCHIIKCHHS NTaxH
OTPUMYBAJIM TIOBHOPAIIIOHHWH KOMOIKOpPM, SIKAW BIAMOBIZaB yCIM BHMOTaM MO0 BMICTY
MOXMBHHUX PEYOBHH, BITAMIHIB Ta MIKPOEJIEMEHTIB, a TAKOXK MaJIM BUIBHUN TOCTYI A0 YUCTOT
BOJU. Y TIPUMIIIEHH] PETYTIOBAIN Ta KOHTPOJIFOBAIN TEMIIEPATypy, BOJIOTICTh 1 OCBITICHHS
3rimHo 3 BuUMoramu. JOCHi/pKeHHs mependadaio Ba eTanu: Ha NEpIIoMY, KUl TPHBaB
ciM JIHIB, Kypel yrpuMyBaiu 3a Temreparypu 20 °C, sKy npuidiMaiy 3a TepMOHEHTpasbHi
ymoBu (TH). Ha 7-my 1006y npoBoauiau Biadip 3pa3kiB KpoBi I MOAATIBIINAX O10XiMIYHHX
JociipkeHb. [lounHaroum 3 BOCHMOI JJOOM EKCIIEPHMEHTAIBHOTO IEPioy TEeMIIEpaTypy
noBiTps y BiBapii minBunryBanu A0 30 °C Ha 6 roauH koxkHoro aHs. Ha 14-Ty 100y nocmimkeHb
3HOBY TIPOBOJIVIIN BiI0Ip O10I0TIYHOTO MaTepiaily Miclis ONepeAHbOT IeKamiTallii nTaxis.

VYei mporneypu 3 TBapMHAMHU BHKOHYBAJIHM BiIIOBIIHO 0 MOJOKEHb C€BPOIMEHCHKOT
KOHBEHIIIT PO 3aXUCT XpeOETHUX TBAPHH, SKI BUKOPHCTOBYIOTHCS JIJISI €KCIICPUMEHTIB Ta
inmmx HaykoBux wineil (CrpacOypr, 2005), JdupextuBu Pagu €porn Ne 2010/63/€C Ta
3akony Ykpainu Ne 3447-1V «[Ipo 3aXHCT TBapHH BiJl dKOPCTOKOTO TTOBOJKECHHS 31 3MiHAMH
440-IX Bix 14.01.2020, 3rixHo 3 mpotokonoM Ne 115 Big 28.09.2022 poky 3acigaHHs KOMicCil
3 010€THKH HAyKOBUX JOCHiKeHb [HCTHTYTY Olonorii TBapun HAAH.

Y KpoBi OCITIIKYBaU BMICT 3arajibHOTO MPOTEiHY, a1b0yMiHY, 3arajibHOTO XOJIECTEPOILY,
TPUALMIITIIIIEPOITIB, CEYOBHHH, KPEATHHIHY, aKTHBHICTh JIy:)kHOI (ocdara3u, anaHiH- Ta
acniaptaraminorpancdepas — Ha OioxiMiuHoMy aHanizaropi Humalyzer 2000 (Himeuuuna).

CraTHCTHYHMN aHai3 MPOBEICHO, SIK omucaHo B [9]. [lani BUpaxeHi SIK cepenHe =+
CTaHIApPTHE BIAXWICHHsA. YCi [aHi aHami3yBadl 3a JONOMOIOI0 CTATHCTHYHOTO
nporpamMHoro 3a0esreveHHst Satistical0. CraTUCTHYHY 3HAUYNIICTh BH3HAYAIH 3a
JIOTIOMOTOI0 OJTHOCTOPOHHBOTO Aucriepciinoro ananizy (ANOVA). T-kputepiit CrbloneHra
BUKOPUCTOBYBABCS JUII BHBYCHHS BIAMIHHOCTEH MK 2 rpynamu. Pi3HHIIO BBakamu
CTaTUCTUYHO 3HAYYIIO0, AKIIOo p < 0,05.
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PE3VJIbTATH

B ymoBax TC mmst Kypei-HeCyuoK KPpUTHUHOIO € CTAa0IIbHICTh O10XIMIUHHUX MTOKA3HUKIB
KPOBI, sIKi BiJ0OpaxaroTh (hi310J0T1UHUI CTaH 1 piBEHb OKCHUAATHBHOTO CTpecy. BcTaHOBIICHO,
110 3a BIUTMBY BUCOKHUX TeMieparyp aktuBHicTs AJIT y cupoBaTiii KpoBi Kypel 3HIKY€EThCS
SIK Y KOHTPOIBHIH, Tak i B JochmimHii rpymi, Ha 50% i 56% Bimnosigao (p < 0,05 Ta
p < 0,001) mopiBHsSHO 3 HOpManbHUMH ymMoBamu (Tabm. 1). AxtuBHicTh AJIT y KkpoBi
€ BOKJINBUM ITOKa3HUKOM CTaHY ITEYiHKH, 1 11 3HIKCHHS i BIBoM TC CBiUUTH MPO MICBHE
NpUrHiueHHs 0OMiHHUX TporeciB y nedinni [10]. JlogaBanus no6aBok (6etainy, TaypuHy Ta
Mi0-1HO3UTOJTY) JOCTOBIPHO 3HAUYNIUX 3MiH akTUBHOCTI AJIT He BUKIIMKAIIO, III0 MOXKE OyTH
OB’ S13aHO 13 3aXHMCHOIO JIEI0 JJOOABOK, 110 CIPUSIOTH 30€PEIKEHHIO IITICHOCT] MEUiHKOBUX
KIITHH 1 3MCHINYIOTh PIiBEHb OKCHIATHBHOTO IIOIIKOKCHHS TKAaHWH, HE3BAKAIOUM HA
CTpecoBi ymoBH [6, 7].

Tabmuis 1
AKTHBHICTh €H3UMIB Y CHPOBATIIi KPOBi Kypeii-HeCy4oK B yMOBaX TeIJIOBOIO CTpecy
3a jii OeTainy, Taypuny Ta mio-inozuroay (M £ m)

IToxasHuku YmoBu K pi |
TH 11,1742.11 15,33,82
AJIT, omn TC 5.4+0,73% 6,52+1,07%%
TH 269+17 3164394
ACT, ontn TC 275411 240484
hyexas ocdparass, o TH 2594140 745+1 1244
yRH Tasd, o TC 85836%** 1168143

IHpumimrka: Tyt i gani * —p < 0,05; ** —p <0,01; *** — p < 0,001 — cTaTUCTUYHO TOCTOBIpHA PI3HULIL
nanux 3a terosoro crpecy (TC) mo nanux y repmoneitrpasibhiii 3oui (TH); * — p < 0,05; # — p <0,01;
## _p < 0,001 — cTaTUCTHYHO JOCTOBIpHA PI3HUIIS JAHUX JOCIiHOT rpymH ([I) 10 JaHUX KOHTPOJIBHOI
rpymu (K).

Amnaniz aktuBHOocTi ACT y KpoBi Kypei-Hecydok mokazaB, mo 3a TC cTaTHcTHYHO
JIOCTOBIPHUX 3MIH IIBOTO €H3UMY He croctepiranocs mono TH ymoB. Beenenns no6aBox
y mocainHii rpymi 3a TH ymoBax BrummHyimo Ha 3poctanss aktuBHOCTI ACT Ha 15% (p <0,05),
a3aTC —mna3umwkenns Ha 13% (p <0,01) mopiBHAHO 3 KOHTPOJIBLHUMH MTOKa3HUKAMH (TadI. 1).
Lle BKka3ye Ha Te, MO T00ABKH MAalOTh IIEBHUH CTHMYJIIOIOYHN BIUTMB Ha (DYHKIIOHYBaHHSI
MEYiHKY 32 HOpMaibHUX yMOB [10].

AKTHBHICTh NTy)KHOI (ocharasu, ska € MapkepoM MeTadONIYHOi AKTHBHOCTI, TaKOX
3a3Haja 3HAYHUX 3MiH Y CHPOBATIIi KPOBi KypeH. Y KOHTPOIBHIN Ipyi i aKTHBHICTH 3HU3UIIACH
y 3 pasu (p < 0,001) 3a TC, a B qocmiaHiii, HaBmaku, 3pocia B 1,6 pasa (p < 0,05) mopiBHIHO
3 TH (ta6mn. 1). JIyxna docdarasa € moxasHukoM odMiHy dochopy Ta KaJbLiio, 1 SHHKESHHS
il aKTUBHOCTI y KOHTpOINBHIH rpymi 3a TC Moxe BKasyBaTH Ha IOPYIICHHS MiHEPATbHOTO
obminy [11]. I3 BBeneHHAM 100aBOK y paiioH xapuyBaHHs nTaxis 3a TH yMoB y ix opranizmi
aKTHBHICTB JTyHOI (pocharazu 3HmKyeThCs Y 3,5 pasa (p < 0,01), a 3a ymoB TC — 3pocrae
B 1,4 pasa MopiBHSIHO 3 KOHTPOJIEM, IO MOXe OyTH OOyMOBIIEHO CTa0ii3yI0uNM BITHBOM
N00aBOK Ha CTPYKTYPY Ta (QYHKIIT KJIITHH Yy CTPECOBUX YMOBAX.

[lin wac AOCHIIKEHHS pPIBHSA 3arajbHOrO MpOTeiHy OyJ0 BCTaHOBJICHO, IO HOTO
KOHIeHTpalisi B 000x rpymax 3a TC smmxysamacs Ha 16% (p < 0,05) y KOHTpOJBHIi
rpymi Ta Ha 21% (p < 0,01) — y mocmiguiit. ITpu mpomy ansOymin 3meHmryBaBcs Ha 23%
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(p < 0,05) B mocmimnii rpymi nopiHsHO 3 TH (Tabm. 2). 3HWKEHHS X MMOKa3HUKIB BKa3ye
HA i IBUILICHEe BUKOPUCTAHHS IPOTETHIB OPraHi3MOM JUTS MIATPUMKHU EHEPTii Ta CTPYKTYPHUX
(hyHKIIII B yMOBax CTpeCy Ta, SIK HACIJIOK, BUCHAXEHHs ITuX pecypciB [12]. I3 monaTkoBUM
BBC/ICHHSIM y KOPM NTaxiB 100ABOK HE MPOCIIIKOBYBAIOCH CTATUCTHYHO JTOCTOBIPHHUX 3MiH
X BMICTY B CHPOBATIIi KPOBi KypeH.

Tabnus 2
BwmicT mpoTteiniB y cupoBarii KpoBi Kypeii-HeCcy4oK B yMOBaX TeIJIOBOT0 CTpecy
3a jii 6etainy, Taypuny Ta mio-inozurtonxy (M = m)

Hoxa3nuku YmoBu K il
3aranbHuii IpoTein, I/ TH 55,23%5,41 54,07+2,26
’ TC 46,6+2,6* 42,9442 5%

AnbOyMmiH, 1/7 TH 2342,75 26,7£2,26
’ TC 22,13+0,86 20,6+1,99*

3MiHH B JimigHOMYy OOMiHI, K TpeincTaBieHo B Tabmuii 3, 30KpemMa BMiCT
TPHAIIITIIIIEPOIIB, TIOKa3amu ixae 3poctaHas Ha 17% (p < 0,01) y KoHTpoBHIH Tpymi Ta
3HmkeHHs Ha 18% (p < 0,01) — y nmocmigniit 3a TC nopisusHo 3 TH. IlinBuineHHs piBHS
minigiB y kposi mija BiumBoM TC Rashidi Ta in. [13] mosicHHIIH THM, 110 BUCOKA TeMIIepaTypa
3HIKY€E CIIOKHBAHHS KOpMy 1 Opoinepu KOMIICHCYIOTh CBOIO TMOTpeOy B CHEpril HUIIXOM
JNOMI3y JIMiAIB OpraHi3My, IO CIHPUYHHSE IMIJIBUIICHHS PIBHSA TPUIIILEPOJIB Y KPOBI.
Benenns 100aBOK BIUIMHYJIO Ha 3HWKEHHS PIBHA IUX JIMiAIB K 32 HOpMalbHUX (Ha 7%,
p <0,01), Tak i 3a crpecoBux (Ha 37%, p < 0,001) ymMOB, 10 MOKEe BKAa3yBaTH Ha PETYITIOI0TY
POJIb 100aBOK Y JIMiAHOMY OOMiHI.

Ta0Omung 3
Jliniqnuii 00MiH y cupoBaTIli KPOBi Kypeii-HeCy40K B YMOBaX TeIJIOBOIO CTpecy
3a jii 6eTainy, TaypuHy Ta Mio-inozurtony (M = m)

Ioxa3snukn YMmoBH K pi |
TpuaruIrTinepoIu, MMOJIB/JT TH 6,96 + 0,23 6,49 +0,38#4
’ TC 8,41 £0,18** 5,31 &+ 0,03**###
3arajabHUI X0JIECTEPOI, MMOJIB/IT TH 3,9+0,14 2,88+ 0,134
’ TC 2,19 £ 0,09%* 3,63 £ 0,25%*##

PiBeHs 3aranpHOTO X0NIECTEpOITy y KPOBi Kypel TaKoK 3a3HaB 3MiH: y KOHTpOJbHii rpymi 3a TC
BiH 3HM3UBCs Ha 37% (p < 0,01), Toxi sIK y qocmiaHii rpymi 30iumsimBest Ha 31% (p < 0,01) mopiBHSIHO
3 TH. 3HrKeHHS piBHS X0JIECTEpOITy B CTPECOBHX YMOBAX MOXKE BKA3yBaTH Ha MiJBHUIICHY MOTpeOy
OpraHi3My y CTEepOIHHX TOPMOHAaX Tij] yac crpecy [14]. Bmict xonectepony B Tii TpyIii, SIKUM
y KOpM BBOMIH J100aBKH (Tpymna /1), 3HIKyBaBcs y cupoBarii kposi Kypeit 3a TH ymoB Ha 18%
(p<0,01), a3a ymoB TC —migsumryBascst 40% (p < 0,01) mOpiBHIHO 3 KOHTPOIEHUMU TOKa3HAKAMH,
I1I0 MOKE CBITYMTH PO TIO3UTUBHMIA e(heKT T00ABOK Ha BIHOBJICHHS HOTO PIBHSI.

[Momo metabosmiTiB (Tabn. 4), To piBeHb CEYOBHHH B 000X rpymnax 3HMXKyBaBcs 3a TC
B 1,8 ta 2,3 pasza (p < 0,001) BinmnoBinHO, 1110 BKa3y€e Ha MOXJIMBE TIOPYIICHHS MPOTETHOBOTO
MeTabomisMy 3a ymoB TC [14]. BeneHHss 100aBOK CHpHUSIO MiJBHINECHHIO PIiBHS IHOTO
MeTaboniTy B pocminHii rpymi 3a TH ymos (B 1,2 pasa, p < 0,01), mo Mmoxxe OyTH 03HAKOO
CTalLTI3yF04Y0ro ePEeKTy Ha a30TUCTHIH OOMIH.
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Tabmuus 4
Bwmict meTa6oJ1iTiB y cupoBaTiii KpoBi Kypeii-Hecy4oK B YMOBaX TeIJIOBOI0 cTpecy 3a
Aii OeTainy, Taypuny ta mio-inozurtoay (M £ m, n = 4)

MMoxa3zHukn YmoBu Kontpoan Hocaix
CeuOBIHA. MMONL/II TH 32+0,2 3,97 £ 0,2##
’ TC 1,75 £ 0,24%** 1,7 + 0,08%**
KpeatuHnin, MKMOJIB/JT TH 333 %2.9 54,43 +3,39
’ TC 58,6 + 6,36 70,6 £ 5,42%*#

Kpearunin 3a ymoB TC y muma3mi kpoBi JocnigHoil rpynu 3poctaB Ha 23% (p < 0,01)
MOPIBHSAHO 3 HOpMaldbHUMH yMmMoBamH i Ha 12% (p < 0,05) mopiBHSHO 3 KOHTpPOJIEM
(tabn. 4). KpeaTnHiH € KiHLUEBUM NPOAYKTOM METa0o0Ji3My NPOTEiHIB, 110 YTBOPIOETHCS
y M’s3axX YHACIiIOK po3maxy KpeaTHHY, a 3TOAOM BHBOTHUTHCS 3 OpraHi3My depe3 HUPKH.
PiBeHb KkpeaTHHIHY B KpOBI CIyrye MOKa3HHKOM (DPYHKIIOHYBAHHSI HHUPOK, OCKIJIBbKH IOro
KOHIICHTPAITiSl 3aJIe)KHUTh Bl MIBUAKOCTI (UIBTpamii yepe3 HUpKH [15], TOMy MigBUIICHHS
1oro piBHsI B KPOBI MOXKE BKa3yBaTH Ha MOPYIIEHHS (PYHKIIOHYBaHHS IUX OPTaHiB Kypeu.

BUCHOBKH

Otxe, pe3yasTaTH JOCIHIKEHHS TIOKa3ajd, IO BBEICHHS N00aBOK (OeTaiHy, TaypuHy Ta
Mi0-1HO3UTOITY) B pallioH Kypel-HeCyuoK MOKe O3UTUBHO BIIMBATH HA O10XIMIUHI TOKA3HUKH
IXHBOTO OpTaHi3My, 3MEHIIYFOYH HeraTUBHI HACIIIKH TEIJIOBOTO CTPECY Ha OOMIiHHI MPOIIECH,
110 MiATBEPDKYE IXHiM MOTEHLIal SIK 3aXUCHUX 100aBOK 32 TEILIOBOTO CTPECY.
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ABSTRACT

THE SYNERGISTIC IMPACT OF BETAINE, TAURINE,
AND MYO-INOSITOL ON THE BIOCHEMICAL BLOOD PROFILES
OF LAYING HENS UNDER HEAT STRESS CONDITIONS

In modern poultry farming, heat stress is one of the main factors negatively affecting the
productivity of laying hens. Elevated temperatures lead to changes in metabolic processes,
reflected in disruptions of blood biochemical indicators, specifically enzyme activities, protein,
lipid, and metabolite levels. Feed supplements with antistress properties, such as betaine, taurine,
and myo-inositol, hold promise for reducing the adverse effects of heat stress on poultry. Therefore,
the study aimed to evaluate the impact of betaine, taurine, and myo-inositol supplements on the
biochemical parameters of the blood of laying hens exposed to heat stress and to establish ways
to prevent its negative effects. In the study, 15 laying hens were used, divided into 2 groups:
1st group — control (C), 2nd group — experimental (E), whose hens received betaine in the amount
of 0.5 g/kg of feed, taurine in the amount of 5 g/kg of feed and 2 g/kg of myo-inositol from the dry
matter of the feed. The study included two stages: in the first, which lasted seven days, the chickens
were kept at a temperature of 20 °C, which was taken as thermoneutral conditions, and in the
second, the air temperature in the vivarium was raised to 30 °C for 6 hours every day for a week.
After each stage, blood samples of the birds were taken for further research. This study established
that these supplements help maintain biochemical stability under HS conditions, particularly by
stabilizing protein and lipid metabolism, improving oxidative defense markers, and reducing
overall metabolic stress on the body. The results indicate the feasibility of using betaine, taurine,
and myo-inositol to prevent stress-related disorders in laying hens under production conditions.

Key words: heat stress, laying hens, betaine, taurine, myo-inositol, biochemical indicators of
blood, metabolic processes, enzymatic activity, proteins, lipid metabolism.
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MECHANISM FOR DETECTING CONTAMINANTS
IN THE TRACK SENSORS

Abstract. Track sensors are created on the basis of track structures, which are obtained
as a result of ion implantation of thin dielectric and semiconductor films. The passage of ion
currents through such structures has specific features that are studied for a long time. The entry of
various types of impurities into the ion current changes the density of the current, which makes
it possible to detect the small concentrations of impurities. In this work the possible mechanism
of detection of foreign impurities in the environment using such sensor is considered. The effect
of the characteristics of foreign particles entering the flow, as well as the structural and geometric
features of the track, on the density of the “carriers flow” (CF), has been investigated. The measured
dependences of the CF density on the charge of model particles in the CF and foreign particles,
as well as on the defective structure of the track walls and its diameter, have made it possible to
propose a mechanism for identifying various contaminants in such a track system.

In the sensor, as a result of the interaction of a foreign particle with CF particles, an excited
region arises, the size of which depends on the nature of this interaction. The appearance of such
a region leads to the observed negative peak in the CF kinetics. The lifetime of such an excited
region determines the resolution of the sensor. This lifetime depends on the diameter of the track
and the defect structure of its walls. This implies the possibility of influencing the resolution of
the sensor. This parameter of the device can be influenced at all stages of its manufacture. When
creating a track structure, it is important to ensure a certain ion implantation mode. Accordingly,
it is necessary to select the track diameter. It is important to select the charge and geometric
characteristics of the particles in the CF.

Key words: track sensors, model particles, relaxation time of the carriers flow, sensor
resolution ability.

INTRODUCTION

The migration of particles in porous materials has been studied for a long time (see,
for example [1, 2]). It was established that migration and diffusion in porous materials are
characterized by specific laws, which differ from the peculiarities of corresponding processes
in solids. The latest [3—5] research showed that the interaction of migrating particles with
pore walls plays a decisive role in the mechanisms of nanoparticles passage in such materials.

Special conditions arise during migration and diffusion of charged particles in artificial
porous materials, so called track materials, which are created during ion implantation of thin
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films. When creating tracks by ion implantation, the inner surfaces of the tracks have a complex
defective structure [6] and a set of local centers that significantly affect the mechanism of
particles movement inside tracks. An important role in these processes is played by the charge
states of migrating particles and local centers on the track walls.

When creating a track biosensor, it is necessary to know the regularities of the passage of ion
streams through tracks, since the violation of these regularities indicates the presence of certain
impurities in the carrier stream. Optimal parameters of the track structure, on the basis of which
the biosensor is created, give the ohmic dependence of the ion current through the track.

The passage of ion flows through nanotracks is effectively studied by the computer
simulation method. This paper discusses a possible mechanism for detecting various types of
contaminants in track sensors. A computer experiment has shown that in the simplest case, a
track sensor allows the detection of foreign particles if at least one parameter (for example,
the charge) of the foreign particle differs from the corresponding parameter of the model
particle in the carrier flow [7]. A corresponding change in the kinetics of the “carrier flow”
(CF) is observed. In this work, we conducted a computer simulation study of the mechanism
for detecting a foreign particle in a flow of ionic liquid passing through a track sensor.

DISTURBING INFLUENCE OF A FOREIGN PARTICLE ON THE FLOW

The methodology described in [7] was used. The model particles in the ion flow had a
charge of +1. A foreign particle was introduced step by step with a charge of +2, +3 and +4. In
all cases, the change in the usual current kinetics (Fig. 1) was of the same type, similar to that
observed in the [7] (Fig. 2). However, the diameter of the well (At~1) increased in proportion
to the charge of the foreign particle (Fig. 3) and decrease with the diameter increasing (Fig. 4).

Based on the results of computer experiment obtained, the concept of sensor resolution
(SR) can be introduced. This characteristic of the device is determined by the lifetime of the
corresponding negative peak t ~ At. Since At ~ Z*, it is clear, that SR of the sensor decreases
with increasing foreign particle charge. In the work [9], a characteristic dependence of the
flux density on the diameter was established for fixed charges of model particles. As the track
diameter decreases, an area of sharp decrease in current density appears. In Fig. 5 this region
was investigated and it was found that the slope of the curve in this region is determined by
the charges of the model particles.
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Fig. 1. Usual kinetics of the clean flow of model particles
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Fig. 2. Characteristic kinetics of the flow of model particles when introducing
a foreign particle, see explanations in the text
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Fig. 3. Dependence of relaxation time t on the charge of a foreign particle
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Fig. 4. Dependence of relaxation time T on the track diameter
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Fig. 5. Dependence of the current density of model particles on the track diameter
in the region of a sharp drop in current

DISCUSSION AND CONCLUSION

The results obtained in this work and related works show that even in the simplest
track sensors (including biosensors), the quality of the device depends on a large number
of parameters of the track structure. Moreover, there are correlations between them, which
complicate the accounting of each parameter separately. Therefore, conducting experimental
research in the laboratory poses serious difficulties, which can be overcome by computer
modeling. But in this case, new problems arise that require new approaches. The use of
classical molecular dynamics makes it possible to obtain important information about the
features of various processes in track structures, in particular about the mechanisms of
migration and diffusion in such materials.
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AHOTALIS

MEXAHI3M JJId BUABJIEHHA 3ABPYITHIOIOYUX PEHOBUH
Y TPEKOBUX CEHCOPAX

TpekoBi ceHCOpH CTBOPIOIOTH Ha OCHOBI TPEKOBHX CTPYKTYD, SIKIi OTPUMYIOTH YHACHiJOK
10HHOT IMIIITAaHTAIlii TOHKHUX JieTCKTPUIHUX 1 HaIliBITPOBITHUKOBHX TUTiBOK. [[pOXO/KEeHHS 10HHUX
CTPYMIiB Yepe3 TaKi CTPYKTypH Ma€e 0COOIUBOCTI, SKi JABHO BUBYAIOTHCS. BXOKEHHS Pi3HUX BHUIIIB
JIOMIIIIOK B 10HHHH CTPYM 3MIHIOE TYCTHHY CTPYyMY, IIO Aa€ 3MOTY BHUSIBIISATH MaJli KOHIIEHTpAIIil
JOMIMIOK. Y 1iif poOOTi PO3MISTHYTO MOXIIMBHH MEXaHIi3M BHSIBICHHS CTOPOHHIX JIOMIIIOK Yy
CepeNloBHIIII 3a JIOIMOMOIOI0 TaKOro ceHcopa. JOCiUKEHO BIUIMB XapaKTEPUCTUK CTOPOHHIX
YaCTHHOK, 10 MOTPAIUISIOTh y TOTIK, @ TAKOX CTPYKTYPHO-T€OMETPUYHUX OCOOINBOCTEH TpEKy
Ha TyCTHHY «1noToKy HociiB» (ITH). Bumipsni 3amexnocti ryctuan [TH Bin 3apsay MomenbHUX
gacTrHOK y [IH Ta cTOpOHHIX YacTWHOK, a TakoX Bif Ae(eKTHOI CTPYKTYPH CTIHOK TPEKy Ta
il miamerpa jaiu 3MOTy 3alpOIOHYBaTH MeXaHi3M ifeHTudikalii pi3HOMAHITHUX 3a0pyJHEHb Y
TaKiil TPEKOBil cucTemi.

VY ceHcopi BHACIIIOK B3a€MOJ1iT CTOPOHHBOT YaCcTHHKH 13 yacTuHKaMmu [TH BuHMKae 30ymkena
o0nacTh, po3Mip AKOi 3aJeXHTh Bia xapakrepy wiel B3aemonii. ITosiBa Takoi 061acTi MpU3BOIUTH
JI0 CTIOCTEepEe)KyBAaHOTO HeraTWBHOTO TiKy KiHetwku [TH. Yac >kutTs Takoi 30ymxkeHoi oOmacTi
BH3HAUa€ PO3IUIBHY 37aTHICTH ceHcopa. Llelf Wac >XUTTA 3aleXUTh BiI aiamMeTpa TPEeKy Ta
nedekTHol cTpykTypH ii cTiHOK. Ile mepenbadae MOXKIMBICTh BIUIMBY Ha PO3IIIBHY 31aTHICTH
ceHcopa. Ha 1eit mapameTp mprcTporo MoKHA BIUIMBATH Ha BCIX eTarnax Horo BurotosieHHs. [1in
4ac CTBOPEHHS TPEKOBOI CTPYKTYPH BXKIMBO 3a0€3MEYUTH MEBHUHI PEXXUM 10HHOT IMIUTAHTALIT.
BigmoBimHO 0 1mBOro moTpiOHO migOMpaTé AiaMeTp TpeKy. BakimBo mimiOpatm 3apsm i
reOMETPUYHI XapaKTepUCTHKN yacTHHOK B [TH.

Kiro4uoBi cioBa: TpekoBi CEHCOpH, MOIENb YACTHHOK, Yac peiakcallii MOTOKY HOCIIB,
PO3/UTbHA 37aTHICTh CEHCOopa.
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IOHU KYIIPYMY (1) HIABUILYIOTh UUTOTOKCUYHUIA
BIIJIUB PEKOMBIHAHTHOI'O AJIb®A-CUHYKJIEIHY JIOJUHU
HA KJIITUHU APTKIKIB OGATAEA POLYMORPHA

AHoTtauis. Bigomo, mo B OiIKOBHX arperarax HEHpOHIB JIONEH, SIKi CTPaKAAOTh Ha XBOPOOY
[Mapkincona (XIT), MoXKHA BHSIBUTH MiJIBUILCHI PiBHI IEBHUX 10HIB METaJiB (SK-OT IMHK, 3aJ1i30 Ta
Kynpym). Bzaemonitoun 3 Oiikamu, 11i METajaM BIUIMBAIOTh HA BIACTUBOCTI OKPEMHUX JUITHOK MO3KY
Ta MPU3BOIITH IO HEHpOIEereHepaTuBHUX 3MiH. Ha chOrofHi icHye IMMpOKMI CIIEKTp Mojemei Juis
JOCTI/DKCHHS PI3HUX aCIeKTiB eTiomaroreHe3sy XII in vivo, ski 0a3yrOThCS HAa BUKOPHUCTAHHI PI3HUX
MOJIETIFHUX OpTaHi3MiB — BiJl ONMHOKIITHHHUX €yKapioTiB 10 mpumariB. Sk mryury momens XII B
Hamii poOoTi MM BHKOpPHUCTOBYBaH IpibKmki Ogataca polymorpha 3 KOHCTUTYTHBHOIO EKCIIPECIETO
pexoMOiHaHTHOTO Oika anb(a-CHHYKIICIHY JIFOIMHM, TOJIOBHOrO TOKcH4HOro unHHMka XI1. Metoto
poOoTH OyJo JOCIIUTH BIUIMB HAUTMIIKY 10HIB KylIpyMy B POCTOBOMY CEpENOBHILI Ha (hi3ioNorivHi
BJIACTUBOCTI KINTHH JpbKmKiB O. polymorpha 3 KOHCTHTYTHBHOIO EKCHPECI€I0 allb(ha-CHHYKICIHY.
[Tamu npiKDKIB BEpomIyBa B Oaratomy cepemoBumli YPS (1% JApDKMKOBHIA EKCTpAKT,
1% GakronenToH, 1% caxaposa), MinepansHOMYy cepeosuiti YNB (0,67% Yeast Nitrogen Base (Difco),
0,5% amoHito cynbdar, 2% caxapoza). 1 TBepIMX CEpPENOBHIL JOAABAM arap y KoHieHTparii 2%.
Temneparypa KyasTHBYBaHHs cTaHOBIIIA 37 °C, yMOBH aepalilii — nepemililyBaHHs Ha TEPMOCTATOBAaHOMY
opOitanpHOMY Irieiikepi (200 00/XB). Yci eKCrieprMEHTH OBTOPFOBATH IPHHANMHI Tpryi. CTaTUCTHYHUNA
aHaJTi3 POBOIIH 3a foroMororo T-tecty CreiofieHTa. Pesynbrary pesicTaBlieHi y BUIISI CepeiHiX
3HAYCHB 31 CTAHIAPTHIMH ITIOMIITKaMU. BpaxoBysamm 3HadeHHs 3a P < 0,05.

ITix gac gocmiykeHHsT OyJI0 BCTAHOBJIEHO, 10 30imblieHHs KoumeHrpaiii Cu?’ y pocToBoMy
cepemoButi 10 500 Ta 750 MxM CuCl, ciprauHsIIO MOMITHHN TOKCHYHUHA €(PEeKT Ha KIITHHA
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mozensHoromramy (NCY C495/SNCA-GF P),nopiBHiotoun3imramoMankorotuy (NCYC495pr).
Takosx Oyi10 3°s1COBaHO, 1110 B MOJIEIIBHOTO MITAMY JAPIK/IKIB 32 TAKUX YMOB KYJIBTUBYBaHH: PiBEHb
ADO, a came riporeHy nepokcumy, OyB HIKIAM, HiX Y IITaMy JHKOTO TUITY. IMOBIpHO, 3aBIsIKH
XEJIATOPHHUM BIIACTUBOCTSAM OiKa anb(a-CHHYKICTHY MO0 10HIB KYIIPyMYy Y9acTh IIbOTO METaITy
B iHimiamii OKCHIATHBHOTO CTpecy OOMeXyBajacs 1, SIK HACTIIOK, 3HMXKyBanacs MPOTYKIIis
A®DO. OckiNbKH TiIpOTeHy NEPOKCH] € OCHOBHUM CyOCTpPaTOM Karayiazu, (pepMeHTy CHUCTEeMH
AQHTHOKCHJIAHTHOT'O 3aXHCTY, OYJIO ITPOaHaIi30BaHO aKTHBHICTh IbOTO ()EPMEHTY Ha TJIi Ha UTUILKY
10HIB KyIIpyMy B pOCTOBOMY cepesioBuii. 3a kourentpariii Cu** 250 MkM akTHBHICTH KaTaiasu B
000X JOCITIKYBAaHUX IITaMiB IPIKIDKIB Oyira HalBUIIOT0, ogHAaK 3a 500 MKM BOHA 3HIDKYBajacs.
Taxwii epeKT MOJKHA TIOSICHUTH THM, 1110 32 BUCOKHMX KOHIIEHTPAIIIH KyTIPyM Ji€ K ACHATYPYIOTHA
areHT 1010 OiIKa Karajasu, MPU3BOASYH 110 i1 iHakTuBalii. Cii 3a3HaYUTH, 1110 HAUTHIIIOK 10HIB
Cu?" He BUKJIMKAB arperaiiii anb(a-CHHYKIeiHY, TPOTE IMTiIBUIIYBaB IUTOTOKCHYHUH ePEKT IIHOTr0
OisKa Ha KIIITHHHU MOJICJIBHOTO HITaMy.

Koaiouosi cioBa: anbda-cunykiein, xsopobda Ilapkincona (XII), kynpym, npikmpki Ogataea
polymorpha.

BCTYII

XBopoba Ilapkincona (XII) € moOmmMpeHHM MPOTPECYIOYMM HEHpoAereHepaTHBHIM
3aXBOPIOBAaHHSIM, sIKe Bpaxkae 1-3% HaceleHHS MOXWIOro Biky. [0 KIIHIYHHX CHMIITOMIB
XIT Hanexars TPEMOp y CHOKOi, pUTiAHICTh, OpaAnKiHe3is Ta MOCTypajabHa HECTAOUTBHICTS.
Opniero 3 Helipormaronorigaux o3Hak XII € 3MEHIIEHHS KUTBKOCTI JodaMiHepriiHUX
HEWpOHIB y 4YOpHIH cyOcraHmii MO3Ky, mo cropuuuHsie aedinut nodaminy. IHmoro
MATOJIOTIYHOK O3HAKOK € BHYTPINIHBOHCHPOHHI BKIIOYEHHS, SK-OT TuIbl JleBi Ta
Heliputu JleBi B 3amumkoBUX modaMiHepridHux HeHpoHax. OCHOBHMM KOMIIOHEHTOM
tizenpb JleBi € arperoBanuii anbda-cuHykiaein [1]. Anb(a-CHHYKIEIH — MpeCUHANTHYHAN
HEHpOHHMI OIJOK, SKUM TeHEeTWYHO Ta Helpomaromoriyno mos’s3anmii i3 XII [2]. Lle
HATUBHO PO3TOPHYTUH OLTOK, 3JaTHHI B3a€EMOIISATH 3 MeMOpaHaMH, MpHAMArOUn aibga-
cripaipHy KOoH(opMaIlifo. 3a MaTroJOoTiYHUX YMOB ajb(a-CHHYKICIH arperye B OJIroMepH
Ta (IOpWIIH, YTBOPIOIOYH TOKCHYHI aMUIOTIOTeHHI KOH(pOopMallii, 30aradeHi 0eTa-TuCTOBUMHU
CTPYKTypaMu. Binblll paHHI JOCTIIDKSHHS in Vitro JOBENH, 110 HAsBHICTh MUTIMOISPHUX
KOHIICHTPAIIH PI3HUX 10HIB METaJliB, cepell IKUX KYINPyM, CIpPHS€E YTBOPEHHIO YaCTKOBO
3TOPHYTHUX aMiJIOiTOTeHHUX KOH(OpMAIIii, siki 011k cxmiibHi 1o arperarii [3]. Kynpywm (Cu) —
JKUTTEBO BKJIMBHU METaJ, HEOOXIAHHUN I OaraThox OilonoriuHux mporecis. IlepeBakHa
OUIBIIICTB 3arallbHOTO KYIIPYMY B OpraHi3Mi 3J10pOBOi JIFOJAMHH TIOB’si3aHa 3 MPOCTETHYHUMHU
rpynamu (epMeHTiB abo 3B’s3aHa 3 Outkamu. ['omeocTas Kympymy CTPOrO PeryiIOeThCs
CKJIQIHOK0 CHCTEMOIO TPAHCIOPTEPIB 1 OiNKiB-TIanepoHiB. HaamuImok i TOKCHYHICTh IIBOTO
MeTaly, sKi OB’ s3aHi 3 TaTOreHEe30M IIEYiHKOBUX PO3JaiB, HEHPOJCTCHEPAaTHBHUX 3MIiH Ta
IHIIKMX 3aXBOPIOBaHb, MOXKYTb BUHUKATH B pa3i HOPYLICHHS TOMEOCTa3y KylpyMmy. 31aTHiCTh
IHIIIFOBATH OKKMCITFOBAIBHE IMOIIKO/PKCHHS HAYaCTIIle OB’ I3YI0Th 13 KYIPyM-i1HAYKOBaHOO
KJIITUHHOIO TOKCUYHICTIO [4].

Ha cporomui po3poOieHo mye BETUKHA apceHan MOJAENEH Uil BHBYCHHS Pi3HUX
actiekTiB eriomarorene3y XII in vivo 3 BUKOPHCTAHHAM pi3HUX MOJCIBHHUX OPTaHI3MiB —
BiJl OHOKJITHHHHUX €yKapioTiB a0 npumMariB [S]. Sk mryuny monmens XII B Hamniid poOoTi
MH BHKOPUCTOBYBaIH ApDLKMKI Ogataca polymorpha 3 KOHCTHTYTHBHOIO EKCIIPECi€I0
pekoMOiHAaHTHOTO Oinmka anb(a-cUHyKICiHy roguHu. Lleit momenmpHHMA mmTam  Oyio
CKOHCTpPYHOBaHO Ha oOcHOBI mTamy jaukoro tuimy NCYC 495 pr nuisxoMm BBeIEHHS
KaceTH EeKCIIpecii, ska CKIafgaeThes 3 mpomotopa rena MET25 Saccharomyces cerevisiae,
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KOJII04Oi TIOCTIIOBHOCTI anb(a-CHHYKIICTHY JIFOJAMHH, KOH FOTOBAHOI 3 T'€HOM 3€JIEHOTO
¢yopecuentHoro 6inka (GFP), tarepminatoparena CYCI S. cerevisiae. HasiBHICTb y KIIITHHAX
MOJISJILHOTO TITaMy XUMEpHOro Ouka anb(ha-CHHYKIETHY, KOH IOTOBAaHOTO 13 3€JICHUM
(yopecuenTHEM Oi1KOM, Oyna MiATBEpIKeHAa METONOM BecTepH-ONOTHHTY 3 aHTHTLIAaMH
J0 anb(a-CHHYKIICIHY. 3a JIOMOMOror (NUIyopecleHTHOI MIKpOCKoMii Oyiio Bi3yalli3oBaHO
LUTO30JIbHY JIOKAII3allil0 [bOr0 PeKOMOIHAHTOrO Oifika [6]. Y Hammx nomepenHix podorax
TaKoK OyJ0 CKOHCTPYHOBAaHO MOIETBHUH ITaM S. cerevisiage 3 BUKOPHCTAHHSAM i€l X
KaceTH eKcIpecii Ta OXapaKTepH30BaHO BIUIMB aib(ha-CHHYKJICIHY JIIONMHH Ha KIITHHU
MEeKapChKUX IPLKIKIB [7]. MeToro Hamoi poOboTH Oyio ITOCHITUTH BIUIMB HAJJIUIIKY 10HIB
KynpyMy Ha (hi3i0y10riuHi BIaCTUBOCTI MOAENBHOTO mTamMy ApixkaxkiB Ogataca polymorpha
3 KOHCTUTYTHBHOIO €KCTIPECI€I0 peKOMOIHAHTHOTO Oiika alib(a-CHHYKIICIHY JTFOTUHH.

MATEPIAJIN TA METOJAHN

[tamu, cepeoBuIa Ta MiKpoOi0JIOTIYHI METOAU
VY poboTi OyiaM BHKOPHCTAaHI INTAaMU TEPMOTOJIEPAHTHUX IPULKIKIB O. polymorpha,
repesiueHi B Tadmui 1.

Tabmuus 1
Haszsa mramy | Omnuc reHoTHIy
Ogataea polymorpha
NCYC 495 pr
(WT, mraM JUKOro THITY) leul-1 HpLEU2
NCYC 495/SNCA-GFP APH, Pyp0s — VEGFP3 — SNCA — Ty,

Mrtamu O. polymorpha BupouryBamu B G6araromy cepenosuili YPS (1% apixmxoBuit
excTpakt, 1% OakromenToH, 1% caxaposa), minepanpHOMY cepenoBui YNB (0,67% Yeast
Nitrogen Base (Difco), 0,5% amoniro cyibdar, 2% caxaposza). [yis TBEpAHX CEepeIOBUIL
nomaBany arap y KoHmeHtpamii 2%. Temmeparypa kyasTuByBaHHS ctaHoBmwia 37 °C,
YMOBH aepallii — nepemimnyBanHsa Ha meiikepi (200 06/xB). ONTHYHY TYCTHHY CyCHeH3il
KIITHH JPLKIDKIB, PO3BEACHOT B JICKiJbKa pa3iB, BU3HAUAIHM HA €JIEKTPO(POTOKOIOPUMETPI
K®K-3 3a pomxuuu xBwii 600 HM y 5 MM HpPOTH BOIU SIK KOHTpomo. DIyopecreHTHI
MikpodoTorpadii KIITHH JIPDKIKIB OTPHUMYBAIM 3a JIOMOMOTOK  (IYOPECIIEHTHOTO
Mikpockona Axio Imager Al (Carl Zeiss Micro Imaging, Jena, Germany) Ta mugpooi
¢dorokamepn Axi Cam MRm (Carl Zeiss Micro Imaging). ®otorpadii Oyiu 3pobieHi i3
600-xpatHUM 301MbIIeHHAM. OOpOOKY OTpuMaHuX (hoTorpadiii BUKOHYBAIH 3a JOTIOMOTOI0
KOMIT 1oTepHUX mporpam AxioVision 4.5 (Carl Zeiss Microlmaging) ta Adobe Photoshop
CS5 (Adobe Systems, Mountain View, CA). Jlns BUSBIEHHS MEPTBHX KJIITHH JPIKIKIB
METOZIOM  (MIYOPECIIEHTHOI MIKPOCKOITi BHKOPHUCTOBYBAIIM PO3YMH CTHIIIO Opomimgy
B KiHIeBill koHneHTpanii 1 mkr/mit. [lepen anamizom y 200 MK KyJAbTYpH KIITHH BHOCHIIH
1 Mk OapBHuKa. JIjis BH3HAYEHHS BMicTy akTHBHHX (opMm okcureHy (ADPO) B KHUBHUX
KIITHHAX APDKIKIB BimOupanu mo | MI KyasTypH 3 OonNTH4HOIO ryctuHoro ODgy = 5,0,
Jo sikol jomaBanu o 10 M 2,7-puxiiopoauriapodiyopecitiein aianerar (DCFH-DA) no
koxHOTO 3paska. Ilicas nomaBanHs DCFH-DA knituHM iHKYOyBanu BHOpoJoBX 30 XBHIUH
y TempsiBi 3a Temreparypu 37 °C. Iliciig 11bOro KJIITHHH JBIYi BiIMUBAIN JUCTHILOBAHOIO
BOJIOIO Ta PECYCIICHIOBYBAJIM B TUCTUIILOBAHIH BOJII 10 KiHIIEBOTO 00’ €My 1 MJI 1 POBOAMIH
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(iyopeciieHTHY Mikpockorito. dnyopecrneHTHI MikpodoTorpadii T0oCHiHKyBaHHX TaMiB
JIPDKIDKIB OTPUMYBAIH 3a JONOMOTOI0 (u1yopeciieHTHOro Mikpockona Axio Imager Al (Carl
Zeiss Micro Imaging, Jena, Germany) ta mudpoBoi ¢porokamepu Axi Cam MRm (Carl Zeiss
Micro Imaging). @ororpadii Oynu 3pobneni 31 600-kpaTHUM 301IbIICHHIM 3 TPUBATICTIO
excniosuii 50 Mc. AHani3yBaiu 2—3 1o 30py B cepenHboMy 1o 100 KIITHH Y KO)KHOMY
noni 3o0py. OLiHIOBaHHS KNITHH, y SIKUX € Hajmuimok ADO, 37ilicHIOBaIN 3a JOIOMOTO0
koMI1 roTepHoi iporpamu Gel-Pro Analyzer.

OTpuMaHHs OE3KIIITHHHUX €KCTPAKTIB

Jlis oTpuMaHHsS OS3KITITHHHUX €KCTPAKTIB BUKOPHUCTOBYBAJM CKJISIHI KyJIbKU BaruioTiHi.
Jlo KmiTHH, BIAMHUTHUX BiJi POCTOBOTO cepenoBuIna, AoxaBaiu 50 MM kanii-dpocdarHuit
oydep (pH 7,5) 3 1 MM PMSF (deninmerancynbdoridTopua — iHTIOITOP BaKyoIsSpHUX
npoTeas). Y miacTUKoBi MikporpoOipku tuny Ependorf nepenocuiu oTpumany CycreHsito,
TICJISE YOTO JOaBaIM CKIsTHI Kyinbku bamnotini (miamerp 0,45-0,5 MM) y KiJbKOCTI ¥4 Bij
00’eMy cycrieH3ii KIITHH 1 0X0JIO/DKYBaK, a00 3aMOpoXKyBaii 3a Temneparypu —20 °C st
TpuBasoro 36epiranss. [IpoTarom 15 XB KIITHHH pyHHYBaJM METOIOM CTPYIIyBaHHS Ha
BOpTeKci 3a Temneparypu +4 °C 3 0X0I0/PKEHHIM Ha JIbOJI uepes KoxHi 5 xB. Jlani romoreHizat
neHTpudyrysaiu nporsirom 20 xB y MikporeHTpudysi Ependorf 5417R 3 pagiycom poropa
8,25 cm, 3a mBuaKocTi 13 500 06/xB (rpm), BiiHOCHE LEHTpU(]YKHE TPUCKOPEHHS B LUX
yMmoBax craHoBuTh 16 800 g, 3a temmneparypu +4 °C, a 0 OTpUMaHOTO OE3KJIITHHHOTO
eKCTpaKy IpLKKIB JoAaBaiu nojatkoBy nopuito PMSF. Konnenrpauiro Oinka BU3HA4YaIn
meTozom Jloypi [8].

Busnauenns axmusnocmi kamanazu [9]

AxrtuBnicth Karanazuw (KOK 1.11.1.6) Bu3Hayamu 3a IHTCHCHBHICTIO 3a0apBIICHHS
Komruiekcy, yreopeHoro H,O, i3 comamu momniOnmeHy. 1 M1 peakuiiiHoi cymimmi cKiaaaBcs
3 0,05 M tpuc-HCI 6ydepy (pH 7.8), 0,03% pozunny H,O, Ta mocmimkyBaHoro 3paska
(Oe3kMTHHHUN eKCTPAKT APLKIKIB) 3 KIHIIEBOIO KOHIIEHTpaLiero Oinka 50 MKI/MIl y peakiiiHii
cymimi. Peaxmito 3ymuasin momaBanasM 0,5 mir 4%-1o po3uuHy MOINIOAATy aMOHIIO Micis
10 xB inkyOauii. BumiproBaHHS TIPOBOJMIN METOJOM CHEKTPO(GOTOMETPIT 3a JOBKHUHU XBHJI
A =410 aM. OnUHUII aKTHBHOCTI KaTaias3u Bupakaid B HMoib H,0, x xB! x mMr! Ginka.

Busnauenus emicmy xapooHinohix epyn 0inkie [9]

VY mporieci OKMCHIOBaJIbHOT Monmudikallii OUTKIB y pajuKaliaxX 3aJUIIKIB aliaTHIHUX
aMIHOKHUCIIOT YTBOPIOIOTBCSI aibJerigHi ¥ KeToHHI rpymu. OCTaHHI B3a€EMOJIIOTH
3 2, 4-muHiTpodeninrinpazuaom (JJHOI) 3 yrBopeHHSM 2,4-ITUHITPOPEHUITIIPA30HIB,
10 MAalOTh XapaKTePHHUH CIEKTP MOMIMHAHHS. AJBAErio— i KeTOMOXiIHI HEHTpaIbHOTO
xapakrepy peectpyBanu 3a 370 HM, a OCHOBHOTO Xapaktepy — 3a 430 Hm.

o 0,005 mu 3pa3kis qogasainu 1o 0,5 mi 0,85%-ro po3unny NaCl. Y xoHTposbHY TIpo0y
nmonasanmu 0,5 M 2 1 HCI, a B nocnigni — 0,5 Mt 0,1 M pozuuny 2,4-JIHOT, pozunHeHOTO
B 2 H HCI. [Ticns uporo /10 Beix 3paskiB gogaayiu 1o 0,5 M 10%-1 TprXI0po1TOBOI KHCIIOTH
(TXO) # inkyOyBanu mpotsiroM 1 rogwau 3a Temneparypu 37 °C. Ilicas iHKyOamii npoou
ueHtpudyrysaiu npotrsirom 10 xsumuH 3a 3000 00/xB, ocan mpomuBany Tpudi o 1 mi 5%-ro
TXO. lo ocany moxasanu 2,5 Mt 8 M po34rHy CEYOBHHH Ta 1HKYOYBAaJIU IIPOTITOM 5 XBHIIUH
Ha KUTUISYid BOJSHIN OaHi 10 TOBHOTO pO34YMHEHHS ocaay. EKCTHHKIIIIO 3pa3KiB BUMIPIOBAIN
3a gowxuHU XBWI 370 HM Ta 430 HM nipoTsirom 10 xBuiwH. OTpUMaHi pe3ysIbTaTH BUPaXalln
B MKMOJIb KapOOHUIBHHUX TPyl x MI™! OijKa.
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BipryanbHuii aHami3 aMiHOKACIOTHOT TIOCIIIOBHOCTI O1JTKIB

[Tomryk aMiHOKHCIOTHOI MOCHIIOBHOCTI amibda-cunykieiny (https://www.uniprot.org/
uniprotkb/P37840/entry#sequences) 3IHCHIOBAIIH Ha OHJIAIH pecypci
https://www.uniprot.org/. BipTyanbHe MozentoBaHHs B3aeMOJii alb(ha-CUHYKIEIHY 3 I0HAMU
Cu** 3mificHIOBaHM, TIOCITYTOBYIOUMCH BeOpecypcom MIB: Metal Ion-Binding site prediction
server (http://combio.life.nctu.edu.tw/MIB2/).

CraructudHa 00poOKa pe3ysbTaTiB

Yci ekciepuMeHTH MOBTOPIOBAIM TpUHANMHI Tpudi. CTaTUCTUYHUI aHAIIi3 IPOBOAMIIH 32
noromororo T-tecty CthrofieHTa. Pe3ynbraTs ipeicTaBiIeHI Yy BUINISAAI CEPEAHIX 3HAYCHB 31
CTaHIapPTHUMHU OMIIKaMu. BpaxoByBanu 3nauenns 3a P < 0,05.

PE3VYJIIBTATHU

Brmms ioni Cu®* Ha jKHUTTE3MaTHICTH MoAenbHUX mTaMiB Ogataea polymorpha, y sikux
reTePOJIOriYHO MPOAYKYETHCS alb(a-CHHYKIICTH JTFOIUHH

Bimomo, 1m0 10HM MeTaNiB MOXYTh I1HIIIFOBATH arperaiito OUIKIB B OJIrOMEepd Ta
BiJIirpaBaT MeBHY POJib y GOPMYBaHHI TOKCUYHUX CTPYKTYP alib(a-CUHYKIICIHY, OCHOBHOT'O
nartonoriyaoro 4ymHHUKa XII. BBakaeTbes, 1o 3B’s3yBaHHS 10HIB METANiB 3aIlyCKae
CTPYKTYpHI 3MiHM OijIKa B OiK OiIbII KOMIAKTHOTO CTaHy 4epe3 HeHTpaiizallito 3apsay, 1o
MIPU3BOAMTH J0 HOTO arperaiii Ta mporpecyBaHHs HelpoaereHepaTuBHUX nporecis [10].

Jns 3’scyBaHHS pOJi IOHIB KyHOpyMy B MOXJIMBOMY LHUTOTOKCHYHOMY €(EKTi
PEKOMOIHAHTHOTO alib(a-CHHYKIICIHY JFOMUHHM Ha KIIITHHH MOJCIIBHOTO IITaMy JPIXKIB
O. polymorpha 6yno 30iiCHEHO MOPIBHSUIIBHUM aHaTi3 MIBUIKOCTI POCTY KYJBTYpPH ILITaMy
JIUKOTO THITY Ta MOZEITLHOTO IITaMy (puc. 1). Byiio BcTaHOBIIEHO, 110 301JTBIIIEHHS KOHIIEHTPAITIT
Cu*" y cepeoBHILl KYJIETUBYBAHHSI YMHUThH OMITHUHN J0303aJICKHUAN TOKCHUHHIN PEeKT Ha
kiituan mramy NCYC 495/SNCA-GFP, ocobmuBo B koHIeHTpatisx 500 ta 750 MxM.

0 MmxM 250 MmxM
8 8
6 6
4 4
2 2
0 0
0 12 24 36 48 60 72 0 12 24 36 48 60 72
——NCYC 495/SNCA-GFP =—=NCYC 495 pr ——NCYC 495/SNCA-GFP =—=NCYC 495 pr
500 MxM 750 MkM
8 7
P 6
5
4 4
3
2 2
1
0 0
0 12 24 36 48 60 72 0 12 24 36 48 60 72
———NCYC 495/SNCA-GFP ===NCYC 495pr ——NCYC 495/SNCA-GFP =——=NCYC 495 pr

Puc. 1. Kineruku pocty mramy qukoro tuny (NCYC 495 pr) Ta MoeIbHOTO IITAMY
(NCYC 495/SNCA-GFP) apixnxkiB O. polymorpha Ha cepeaoBuInax 3 pisHUMHU
koHuenTpanismu CuCl,
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PicT xynbTypu MOAEITBHOTO MITaMy Ha CEPEeIOBHUIIII 3 BHCOKUMH KOHIICHTPAIISIMHA KYTIPYyM
(IT) xnopuay XapakTepu3yBaBcsi TPUBAIOLO JIar-($ha3oro, M0 CBIAYMIIO PO aJanTalliio KIIiTHH
JIPIKIDKIB IO HAJUTHMINKY 10HIB KynipyMmy. Ha BifiMiHYy BiJl KIIITHH IITaMy JTMKOTO THITY, KJIITHHU
MOZIEIBHOTO IITaMy MOYMHAIN JUTUTUCS HA 24-Ty TOAUHY 32 KOHLIEHTpalii i0HIB KynpyMmy
500 MKM, Toi SIK 32 KOHIIEHTpAIlii 10HIB I[bOr0 MeTary 750 MKM MO KIIITHH PO3ITOYNHABCS
Ha 48-My rofiuHy KyJlbTHUBYBaHHS. IMOBIpHO, 11€ OB’ 513aHO 3 THUM, 110 BUCOKI KOHIEHTpAIil
1OHIB KyNpyM IIJICHJIFOBAIA TOKCHYHHU edekT anbda-cuHykieiny Ha wkmthHH NCYC
495/SNCA-GFP.

[TigpaxyHOK BiJIcOTKa MEPTBUX KJIITHH B KyJIbTYpi BUSBUB, 110 32 KOHIIeHTparii 500 MkM
CuCl, y pocTOBOMY CEpeOBHII CIOCTepiraBcs HAHOUIbII BUPAKEHUNA HUTOTOKCUYHUI
edekt st 000X TOCHIPKYBAaHHUX IMTaMiB, TOMI K 3a kKoHIeHTpamii 250 MmxkM CuCl, Takoro
edekry He cniocrepiranocs (puc. 2). OCKiIbKY i1 4ac BUPOLLYBaHHS MOJIEIBHOTO IITaMy Ha
cepenosuiii 3 750 mxkM CuCl, nmpupict 6iomacu OyB JTy>Ke HE3HAUHHM, TakKa KyJIbTypa Oyna
BIJIyUYCHA 3 QHAJI3y 1 B OAAIBIINX JOCTIHKCHHIX HE BUKOPHCTOBYBAJIACS.

NCYC 495 pr NCYC 495/SNCA-GFP
100% o 100%
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=, :
0 250 500 0 250 500
m24 m48 m24 m48

Puc. 2. Bincorok MepTBHX KJIiTHH y KYJbTYPi IITAMY JUKOTO THILY
(NCYC 495 pr) ta mogeabnoro mramy (NCYC 495/SNCA-GFP) npixaxis
O. polymorpha, Ky1bTHBOBAaHUX HA MiHepaJbHUX cepeloBUIAX 0e3 101aBaHHS
Ta 3 nogaBanusam 250 i 500 mxM CuCl,

Ipumimrka: TyT i B HACTYITHHUX pucyHKax p > 0,95, P < 0,05, a — pi3uuipt gocrosipHa nopiBusino 3 NCYC
495 pr, BupomienuM Ha cepenosuii 6e3 CuCl, Ha 24-ty roguny, b — pi3HHULSL JOCTOBIpHA HOPIBHSHO 3
NCYC495 pr, Bupommennm Ha cepenosunii 6e3 CuCl, na 48-my roanHy, ¢ — pi3HAIS JOCTOBIpHA MOPIB-
Hs1HO 3 NCYC 495/SNCA-GFP, Bupotiennm Ha cepenosuiii 6e3 CuCl, Ha 24-ty roj, d — pi3HHIS 10CTO-
BipHa nopiBHSAHO 3 NCY C 495/SNCA-GFP, Bupomennm Ha cepenosuii 6e3 CuCl, Ha 48-my ronuy.

Bumict A®O Ta akTHBHICTh KaTaja3u B KiitmHax mTamiB O. polymorpha 3a ymoB
Hagumky Cu*" B KyIbTypagbHOMY CEepelOBHIIN

Panime B ekcriepuMeHTax in Vvitro Ta in vivo Oyno 3°sCOBAaHO, IO OKCHIATHBHHI CTpeC
y AodaMiHepriiHIX HEHPOHAX MO3KY MOXKE CIIPHSTH arperatlii ans(a-cuaykieiny. Kpim Toro,
HaJIeKcTIpecist a0 aHOMaTbHIH (OJIIMHT IHOTO O1J1Ka, 0COOIMBO HOTO MyTaHTHHX (h)OPM, TAKOXK
noB’s3aHi 31 30UTbmeHHsIM mpoayKiii ADPO [11]. Ockinbku KyImpyM HaJeKHUTh A0 KOTOPTH
MeTaJliB, acolilfoBaHMX 13 PO3BUTKOM OKCHAATHBHOTO CTPECY, HACTYITHUM 3aBJIaHHAM Hamloi
pob6otu OyIo TOCTIAUTH KyMYIATHBHIN e(heKT HA/UTHIIKY 10HIB IOTO METAJTy Ta HaAeKcrpecii
anb(a-cHHYKIeiHY Ha poaykiito ADO B KIITHHAX MOACIHFHOTO MITaMy IPLKIDKIB (puc. 3).
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30kpema, 0yi10 3’sicOBaHO, 1m0 Ha 48-My roauny pocty mramy NCYC 495/SNCA-GFP 3a
YMOB Ha/UIMIIKY 10HIB KyIpyMy (250 MKM) KiNBKICTh KIITHH, Y SIKUX AeTEeKTyeTbest ADO,
€ HIDKYOI0, HDK y mTaMy Aukoro tumy (puc. 3A). IMOBipHO, IIe 3yMOBJICHO XEJIAaTOPHUMHM
BIACTUBOCTAMHU Oinka anb(a-cHHYKIe{Hy MIOA0 10HIB KynpyMmy. Takum YHMHOM, MOXKHA
MIPUITYCTUTH, IO 3aBJSKH alb(ha-CHHYKIECIHY BYTPINIHBOKIITHHHA KOHIICHTpAIls 10HIB
[[LOTO0 METANTy € MEHILOI0, HiX y IITaMy JAUKOTO THITY, KYJBTHBOBAHOTO 32 THX CaMUX yYMOB,
0 1 € MPUYUHOIO HIDKIOTO piBHSI ADO y KIIITHHAX MOJICIHHOTO MITaMY.

Cnmig 3a3Ha4uTH, 1O B MOJENBHOIO INTaMy MakcuMajibHe HakonuyeHHs ADO
criocrepiraiocs Ha 48-My TOIUHY KyJIBTHBYBaHHsI 32 KOHIIEHTpaIlii 500 MkM 10HIB KynpyMmy
B POCTOBOMY CEpEAOBHI. MoXHa MPHUIyCTUTH, L0 TPUBAJEC BUPOILIYBAHHS MOJCIBHOIO
mrTaMy B yMoBaxX Hammmky kynpyM (11) xmopumy mpusBomuts g0 3poctanus piBas ADO
BHACJI{IOK BUCHA)KCHHS CANTIB 3B’A3yBaHHS 10HIB KyNIpyMy B anb(a-CUHYKIETHI.
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Puc. 3. DCFH-DA-aeteknia A®O (A) Ta akTuBHicTh KaTanasu (b) y kiaiTunax mwramy
auxoro tuny (NCYC 495 pr) ta mogeasnoro mramy (NCYC 495/SNCA-GFP) apixnxis
O. polymorpha Ha 24-ty, 48-My roquHy KyJ1bTHBYBAHHSI B MiHepaJbHOMY Cepel0BUINI
3 nopaBanusam 0, 250 ta 500 mxM CuCl,
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OckinbKM B KJIITHHaX IITaMmy JHKOTO THIYy Ta MOJCIBHOTO IITaMy APIKIKIB
crnioctepiranocs HakonuueHH ADO 3a yMOB Ky/IbTHBYBaHHS Ha CEPEAOBHII 3 HAIIHIIKOM
10HIB KynpyMy, OyJI0 MPOBEJCHO aHai3 aKTHBHOCTI KaTallasu, sk (epMeHTy, cyOcTpaTom
JUTSL SIKOTO € TiIPOreHy MEPOKCU, a MPOAYKTaMHU PEaKilii — BoJa Ta MOJCKYISIPHUN KHCEHb
[12]. Hamu Oyn0 BCTAHOBJICHO, IO aKTUBHICTh KaTalla3u € BUIIOK Y MOJCILHOTO IITaMy,
HDK y ITaMy TUKOro Tuiy. HaliBuina akTHBHICTh KaTaias3u croctepiraiacs Ha 48-My rofauny
upontyBanHss mrTamy NCYC 495/SNCA-GFP B ymoax Hammumky CuCl, (250 mxM)
B pocTtoBoMy cepenoBuili (puc. 3b). 3HMKEHHS piBHA aKTUBHOCTI Karaja3u B 000X LITaMiB
BijiOyBasocst Ha 24-Ty 1 48-My ronuHy 3a KoHneHTpaiii 500 MkM, 1o Moke OyTH CIPUIHHEHO
1HT10yI0YMM BILTUBOM 1OHIB KYIIpyMYy.

AHaii3 piBHA KapOOHUIBHUX TPYI OUIKIB OCHOBHOTO Ta HEHTPAJBHOTO XapakTepy
y KIITHHAX 3a yMoB Hajnumky CuCl,

OKHCITIOBAJIbHE TIONIKOJDKCHHST Ta MITOXOHJpiajdbHA TUCQPYHKIlIS CHPUSIOTH KacKamay
MOAIH, 0 MPU3BOAATH A0 AereHepauii nodaminepriiHux Heilponis [11]. OpHieo 3 Takux
nofiit € A®O-omocepeskoOBaHe OKWUCHEHHsS OIUIKIB, MO TMPHU3BOAWTH JO BTpaTH iXHIH
¢izionoriuHux (QyHkuii, HAOYTTS MNATOJOTIYHUX BIACTUBOCTEH, CHOBIIBHEHHS iXHBOL
Jierpasiallii Ta HaKOMMYCHHS BCepeIMHI HEHpOHa 3 IMONANBIIOK arperalieo Ta yTBOPSHHIM
omiromepiB 1 Tinenp JleBi. ToMy HacTymHUM HaIIUM 3aBAAHHSIM OyJo IIpoaHaNi3yBaTH,
YU TPU3BOIUTH 3pocTaHHs piBHI ADO Ha T HAJIMIIKY 10HIB KyNpymMy B CEpeIOBHII
KyJIbTUBYBAaHHS J0 MiJBUIICHHS BMICTy OKMCHEHUX OUIKIB Y KJIITUHAX MOJAENBHOTO LITaMy
Ta ITaMy JUKOTO THILY.

IIpoananizyBaBmid OTpUMaHi [aHi, MW BCTaHOBHJIM, LI0 B pa3i BUPOIIYBaHHS
JIOCITI/DKYBAHUX TITaMiB Ha CEpPEJOBUINI 3 HAJIUIIKOBUM BMICTOM KYNPyM XJIOPUIY
(2501 500 MxM) BMiCT KapOOHIIBHUX TPYH Y OLIKaX MOAENBHOTO MITaMy APiXkJIXKIB € BULUM
MOPIBHSTHO 31 ITAMOM JIMKOTO TUITY (pHC. 4).
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Puc. 4. BmicT kapOoHiIBHUX rpyn OUIKIB y 0e3KJIITHHHIX eKCTPAKTAX IITAMY JTHKOI0
Tuny (NCYC 495 pr) ta moaeasHoro mramy (NCYC 495/SNCA-GFP) npixaxis
O. polymorpha na 24-ty Ta 48-My roquHy KyJbTHBYBAHHSI B CepeI0BHIIIi
0e3 nogaBaHHA Ta 3 fogaBaHHaM 250 mxkM 1a 500 MM Cu?*

3pocTaHHS BMICTY KapOOHIJIBHHUX TPyl y OUTKaX MOJEIBHOTO IITaMy MOXKHA TOSICHHTH
M, 1o B KIiTHHaX NCYC 495/SNCA-GFP y Benukiii KUTbKOCTI HasBHUU Oiok anbda-
CUHYKJIETH, OaraTuii Ha MpoJIiH, JIi31H, apTiHiH 1 TPEOHIH, sKi 3a B3aemMozii 3 ADO yTBOPIOIOTH
JIOJIATKOB1 KapOOHIIbHI TPyIIH.
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BrutuB pi3HUX KOHIEHTpamil i0HIB Cu2+ Ha arperario anbha-cHHyKIeiHy

Binomo, 110 3a maTtoJoriyHuX yMOB OUIKM MOXKYTh YTBOPIOBATH oJliroMepu Ta (hiOpuiu,
(hopMyrOUH TOKCHYHI aMiJIOiJOTeHHI KOH(oOpMaIllii, ocodmuBo Oarari Ha OeTa-JIMCTOBI
CTpyKTypu. JlOCHiJUKeHHS in Vitro JOBENW, 10 HAsABHICTh KyIpyMy B MITIMOISIPHUX
KOHIICHTPAIIISIX CIIPUYHHSE YTBOPEHHS YaCTKOBO 3TOPHYTHX aMiNOINOTEHHUX KOH(pOpMAITii
OlyKa, sIKi € OB CXWJIBHUMU 10 arperarfii [13].

Metoz0oM (ayopecrieHTHOT MIKPOCKOMIT B KIITHHAX MOJEIBHOTO IITaMy JPiKIDKIB
O. polymorpha 06yn0 IOCHIIKEHO BIACTHBOCTI ajb(a-CHHYKIEIHY, KOH IOrOBaHOIo i3
3e7eHuM (hiryopecrieHTHHM OinkoM. Y Hamomy gociiukeHHI GFP ciyryBaB MITKOIO ISt
Bigyasizauii BHYTPILIHBOKIITHHHOT JIOKaJIi3alii JockKoro Oinka. byno 3’scoBaHo, 1110 10HU
KyIpyMy B MOIEJFHOTO IITaMy IPXK/DKIB HE BIUIMBAIOTH HA 3ATHICTH anb(da-cHHYKIETHY
JI0 arperaiiii, OCKiJIbKM YTBOPEHHsS BHAMMHUX arperariB IpOro Oilka HE CIOCTEepiraiocs
BITPOZIOBK yCHOTO TIEPioy BUPOILTYBAHHS KYIBTypH (puc. 5).

0 MM CuCl, 100 vxM CuCl,

250 MM CuCl, 350 MkM CuCl, 500 MEM CuCl, 750 MxM CuCl,

12 ron

72 ron

Puc. 5. ®ayopecuentni Mikpogotorpadii kiaitun moneabnoro mramy O. polymorpha
NCYC 495/SNCA-GFP, Bupo111€HOr0 B cepeoBHIILi 3 10IaBAHHAM Pi3HUX
koHueHTpaniii Cu®" Ha 12-Ty Ta 72-ry rOAMHY KYJIbTHBYBAaHHS

OnHi€er0 3 MOXIUBHX MPUYWH BiJCYTHOCTI Bi3yasli30BaHUX arperariB € Te, II0 iOHU
KyInpyMy MOXYTh BUKIMKATH OJIIFOMEpHU3allilo ajb(a-CUHYKIeiHy, 0e3 yTBOpeHHs (hiOpuin
1 BEJIMKHX OUIKOBHX arperatiB. Y JesSKUX TOCIHI/DKEHHSIX OyJ0 3’sCOBaHO, M0 alb(a-
CUHYKJIETHOBI OJIrOMEpH MaloTh OUIbII BHPaKEHUH IUTOTOKCHMYHUHI e(eKT MOPIBHSHO
3 BEJIMKMMH arperaramu poro Oinka [ 14]. Came ToMy, 3a HAaIllMM NPUITYIIEHHSIM, MOACTEHUH
mTaM € OUIBII Yy TJIMBUM JI0 MiJBUILEHUX KOHIIEHTPalliil KynpyMy B pOCTOBOMY CEPEIOBHIII
MTOPIBHSHO 31 IMITAMOM JFKOTO THITY, Y SIKOTO HE CHHTE3YEThCS JIIOICHKHN alb(a-CHHYKIICTH.

Iporuo3sysanus caiiTis 38°si3yBanHs Cu’' 3 alib(a-CHHYKIICTHOM JIFOMHH

VY Hammx MOTepeNHiX TOCHTIIKEHHIX OylIo OTPHIMAaHO OMOCEPEIKOBAHE ITiATBEPKCHHS
3parHocTi Haamumky CuCl, migcnmroBaTé HUTOTOKCHYHUN edekT anbda-cuHyKiIeiHy Ha
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KIIITHHA MOJICJIFHOTO TITaMy JIPKIDKIB 3aBISKH MMOTCHIIHHUM XEJIAaTOPHUM BIIACTHBOCTSIM
1[bOTO O1JIKa 10710 10HIB KynpyMy. 3 OIJIsiAy Ha 11e, OyJ10 MPOBEIEHO BipTyallbHE MOACTIOBAHHS
B3aemonii anbda-cuHykieiny 3 iomamu Cu?. 3a momomoror omjaiH-ruratgopmu MIB:
Metal Ion-Binding site prediction server (http://combio.life.nctu.edu.tw/MIB2/, puc. 6) 6yno
MPOTHO30BAHO MOTEHIiHHI caiTu 38’ s3yBanHs Cu® B Mosekyii anbha-CHHyKIeiHy.

B Binding Potential

8

L")

Puc. 6. Ilorenuiitui caiitu 38°s13yBannst Cu** B Mosiekyi aibda-cCHHYKJIEIHY.
Jlokanizauis caiitiB 38°sa3yBannst Cu?* B moJtinenTHaIHOMY JIAHII031 ajibda-CHHYKIIETHY

3okpema, Oyimo BusiBIIeHO 5 caiitiB 3B’s3yBanHs Cu** B C-KiHIEBiH AISIHIN ambda-
CHHYKJICTHY Ta 2 CaliTH 3B’S3yBaHHS B AUISHII HeaMminoinHoro xommnoHeHTa (NAC) 1poro
Oinka. BBaxkaerbcsi, 1o B3aemoxiss Mixk C-kiHneBuM jgoMeHoM 1 NAC-AuUIsHKOWO anbga-
CUHYKJIETHY BiJnoBigae 3a iHriOyBanHs ioro arperauii [ 15]. Ockinbku B 000X IUX JUISHKAX
BUSIBJICHO MOTCHIINHI CalTH 3B’s3yBaHHS KyNpyMYy, SIKHH HEHTpamizye 3apsia aMiHOKHUCIIOT,
IO BCTYMAIOTh i3 HUM Y B3a€EMOIII0, 1€ MOXE CIPHATH arperamii anbha-CuHyKIeiHy
i yTBOPEHHIO OJIITOMEPIiB 1 OUTBII CKJIAIHUX CTPYKTYp IIHOTO O1JIKa, MiJBHILYIOYH HOTO
TOKCUYHHIA BIUTUB HA KJIITHHU.

BUCHOBKMU

Onwuparounch Ha OTpUMaHi maHi, Oyno 3’scoBaHo, 1m0 30imbIneHHs KoHmeHTpamii Cu*
y CEpEeIOBHINI KYJIBTUBYBAHHS YHHUTH IOMITHHI TOKCHYHUHA €(pEKT HAa KIITHHH IITaMy
NCYC 495/SNCA-GFP nopiasiHo 31 mramoM NCYC 495 pr. HaiiGuneim BupaxeHud
LIUTOTOKCUYHUI edekT croctepiraBcs Ha cepenosuii 3 500 i 750 MmxM CuCl,, Toxi sk 3a
250 MxM CuCl, Takoro edekTy He Oyio. Y MOAETHHOTO MTamMy JAPIXKIKIB KiTbKICTh KJIITHH,
y skux gerektyBaiucs APO, Oyina HUKUYOIO 32 BIUIMBY BCiX JOCHIKYBaHMX KOHLIEHTpAaLii
10HIB KYIIpyMy TIOPIBHSIHO 31 ITAMOM JIMKOTO THITY. IMOBIpHO, I1€ TIOB’S13aHO 3 XEJIAaTOPHUMH
BIIACTUBOCTSIMH OiJKa alb(ha-CHHYKJIEIHY LIOAO0 iOHIB L[bOTO MeTaly. Y peKOMOIHAHTHOTO
mramy NCYC 495/SNCA-GFP, kynwruBoBanoro Ha cepemoBuii 3 CuCl, y xoHIeHTparii
250 MxM, aKTUBHICTh KaTaia3u Oysja HaliBUIIO0. PiBeHb aKTUBHOCTI LILOTO (PePMEHTY B 000X
IITaMiB 3MEHITYBaBcs 3a KOoHIeHTpalii 500 MkM, 1o Moke OyTH CIPUYMHEHO 1HTIOYFOUYUM
BIUIUBOM 10HIB KyTIpyMy, Ki € B HaauuiKy. Ciif 3a3HaUNTH, 110 HAJJTUIIOK 10HIB KYIpyMy
BILJIMBAB Ha 3pOCTaHHS PiBHS KapOOHUIbHUX rpyn y Oinkax mramy NCYC 495/SNCA-GFP
MOPIBHSHO 31 IITAMOM JUKOrO TUMy. lOHM KympyMy He BIUIMBAIM HA 3[aTHICTH alb(a-
CUHYKJICTHY 0 arperaiii, xoua in silico B CTpyKTypi anb(a-CHHYKICTHY OyJ0 BHUSBICHO
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MOTEHIIIHI caiiTh 3B’sI3yBaHHS 3 10HAMH I[LOTO METANy, 13 YOro MOXXHA MPHITYCTHUTH, 110
TaKa B3a€MOJIis MOXKE IMiJIBHIYBATH [IUTOTOKCHYHUN BILUIMB JIOACHKOTO anb(da-cuHyKIeTHY
Ha KJIITHHU MOJAEIbHOTO mTamy ApiKIKiB O. polymorpha NCYC 495/SNCA-GFP, ue
MPU3BOASIYM IO YTBOPEHHSI TOMITHHMX arperariB LbOro Oinka. 3aKOHOMIPHOCTI BILIMBY
10HIB KyNpyMy Ha IUTOTOKCHYHICTh T€TEPOJIOTIYHOTO alib(ha-CHHYKIICTHY JTHOMUHH OyIyTh
MPEAMETOM HAINIUX MMOJANBIINX J0CIIIKCHb.
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ABSTRACT

COPPER (II) IONS ENHANCE THE CYTOTOXIC EFFECT
OF RECOMBINANT HUMAN ALPHA-SYNUCLEIN
ON OGATAEA POLYMORPHA YEAST CELLS

Itis known that protein aggregates in the neurons of individuals suffering from Parkinson’s disease
(PD) contain elevated levels of certain metal ions, such as zinc, iron, and copper. By interacting with
proteins, these metals affect the properties of brain regions and lead to neurodegenerative changes.
Currently, a wide range of models is available for studying various aspects of PD pathogenesis in
vivo, utilizing different model organisms — from unicellular eukaryotes to primates. As an artificial
model of PD in our study, we used the yeast Ogataea polymorpha with constitutive expression of the
recombinant human alpha-synuclein protein, the main toxic factor in PD. The aim of the study was
to investigate the impact of excess copper ions in the growth medium on the physiological properties
of O. polymorpha cells with constitutive expression of alpha-synuclein. Yeast strains were grown on
YPS rich medium (1% yeast extract, 1% bactopeptone, 1% sucrose), YNB mineral medium (0.67%
yeast nitrogen base (Difco), 0.5% ammonium sulfate, and 2% sucrose). For solid media, agar was
added at a concentration of 2%. The culture temperature was 37°C and the aeration conditions were
shaking (200 rpm). All experiments were replicated at least three times. Statistical analysis was
performed using the Student’s t-test. Results are presented as means with standard errors. Values
with P<0.05 were considered.

During the study, it was established that increasing the concentration of Cu?* in the growth
medium to 500 and 750 uM CuCl: caused a significant toxic effect on the cells of the model strain
(NCYC 495/SNCA-GFP) compared to the wild-type strain (NCYC 495 pr). It was also found that,
under these cultivation conditions, the level of ROS, specifically hydrogen peroxide, was lower in
the model yeast strain than in the wild-type strain. This is likely due to the chelating properties of
the alpha-synuclein protein towards copper ions, which limited the involvement of this metal in
initiating oxidative stress and, consequently, reduced ROS production.

Since hydrogen peroxide is the primary substrate of catalase, an enzyme in the antioxidant
defense system, the activity of this enzyme was analyzed under excess copper ion conditions in
the growth medium. At a Cu** concentration of 250 uM, catalase activity in both studied yeast
strains was the highest, but it decreased at 500 uM. This effect can be explained by the fact that,
at high concentrations, copper acts as a denaturing agent for the catalase protein, leading to its
inactivation.

It should be noted that excess Cu?** ions did not cause alpha-synuclein aggregation but did
enhance the cytotoxic effect of this protein on the cells of the model strain.

Key words: alpha-synuclein, Parkinson’s disease (PD), copper, yeast Ogataea polymorpha.
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AKYCTHYHE 3ABPYJHEHHA ATMOC®EPHU HA BYJIMIAX
MICTA JIBBOBA TA BIIJIMB 3EJIEHUX HACAI’KEHb
HA PIBEHb IYMY, 3YMOBJIEHOT'O PYXOM
ABTOTPAHCIIOPTY

AHoTtanis. AKyCTUUHHMI HIyM — TOIIUpeHud BuI (izuuHoro 3albpyaHeHHs armocdepw,
SIKMIA TIOTIPIIY€E SIKICTh JOBKI/UIA B MicTax. MeToro poOotu Oyio 3’sCcyBaTH PiBEHb HIYMOBOIO
HaBaHTAKEHHsI Ha BYIUISIX M. JIbBOBa Ta BIJIMB 3€JICHUX HACAKEHb Ha MIOKa3HUKHU aKyCTHYHOTO
IIyMy, 3yMOBJIEHOTO PyXOM aBTOMOOUIBLHOTO Tpancnopty. Jist mociikens Budpamu 40 niasHOK:
30 nimstHOK ([1-/130) — Ha MpOCHEKTax i BYTUIIX MicTa 3 iHTCHCHBHUM TPAHCIOPTHUM PYXOM
i 10 mimsaox (A1-AS i B1-b5) — ma Tepuropii CKHUIIBCBRKOTO TapKy 1 MapKy imeHi [Bama
Buroscekoro, npuieriux a0 Byi1. Buroscekoro. Jimstaku Al i B1, A2 i B2, A3 1 B3, A4 1 b4,
A5 1 B5 Oynu posramioBani Ha Bigganmi, a came 10 m, 20 m, 50 M, 100 M i 200 M Bix npoizHOT
yactuan Bynmumi. Jinsaku J[1-/130 monimmmm Ha aBi rpynu: y rpyny | 00’emHamy AidsHKA 3
PIBHOMIPHHMM PYXOM aBTOTPAHCIOPTY, a B IPyITy 2 — JIUISHKH, PO3TAIIOBaHi MOOIN3Y IIepexpecTh
i MiCIIb CIIONTYYeHHS BOX ab0 TphoX Byauub. Cepell UIAHOK rpynH 1 BUALIMIM miarpymy g,
KA OXOILIIOBANA TUISHKH ByJIHIb, BAMOLUIEHUX OPYKiBKOIO, i miarpymy 1., — OUISHKA ByIHUb,
BKPHUTHUX ac(hanbTOOSTOHHOI CyMILIIIIO0. AHaIi3yBajll HEMOCTIHHUN IIyM, SIKAI OIIHIOBAIIM 3a
eKBIBJICHTHUM piBHEM 3BYKY (L., ABA). BuMiproBaHHs 31iHCHIOBAJIM BIPOAOBK POOOYMX
TTHIB TYDKHS 32 JornoMororo mymomipa Flus MT-901A, BUKOPHUCTOBYIOUM CTAaHIAPTHY METOIMKY.
PesynbraTi onpaiboByBajIl METOAAMH BapialliiHOI CTAaTHCTHKH.

VY mpormeci IOCTIKEHb BCTAHOBJICHO, IO 3HAYCHHS L, HA aHANI30BaHUX MAUISHKAX
JA1-J130 cranoButh y cepemabomy 73,30 = 5,21 nBA i mepeBuilye NMOKa3HUK, BH3HAYCHHUI
HOPMaTUBHUMH JJOKyMeHTaMH. EKBIBaJIeHTHHUII piBeHb 3BYKYy Ha JULIHKAX TPYNH 2 NEPEBHIILYE
3HAueHHs OKa3HKKa L ., Ha TUIsTHKax rpynu 1 Ha 5,46 nbA (p < 0,05). Ha Bynuisx, BUMOIIEHHX
OpYKIBKOIO, MOKA3HUK L ., BUSBISIE IUHAMIKY JIO TiBHIICHHS MOPIBHSIHO 3 TAKUM Ha BYJIHIISIX
3 acanbToOCTOHHUM TOKPUTTSAM. EKBiBaJeHTHHI piBeHb 3BYyKy B MapKax 3MEHIIYEThCS Ha
23,4-35,9% (p < 0,05-0,01) Ha mingakax, BigmamreHux Ha 50-200 M Bix mKepena myMmy, KM €
aBTOMOOUTEHIH pyX. OCKIIBKH 3MEHIICHHS ITyMOBOTO 3a0pyIHEHHS € OHIEI0 3 €KOCHCTEMHHUX
MOCIIYT, sIKi BAKOHYIOTh 3€JIeH] HAaCa/PKeHHS B MiCTaX, PO3IIMPEHHS PO3MIpPIB 3€JICHUX 30H MOJKHA
PCKOMEH/IYBaTH SIK MPHPOIHO-OPIEHTOBAHE PILICHHS ISl MOJIIMIICHHS SKOCTI HABKOJIHIITHBOIO
CepeIOBHIIA i eKOJIOTTYHOTO CTaHy arMoc(epH Ha TepUTOPil ypOOSKOCHCTEM.

KoaiouoBi cioBa: akycTH4HUH 11ym, 3a0pyIHEHHS artMoc(epH, aBTOMOOUTEHUI TPaHCIIOPT,
EKOCHCTEMHI IOCITYTH, 3eJIeHI HacaKeHHsI, ypOoeKkocucTema.
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BCTYII

[Mocunennss mponeciB ypOaHizalii, MIIABUIIEHHS TEXHIYHOI OCHAIEHOCTI MICHKOTO
TOCTIOAAPCTBA Ta PO3BUTOK PI3HUX BHUJIB TPAHCIOPTY CYIPOBOKYIOTHCS 30UIBIICHHSIM
HCCIPUSITIIMBOTO  BIUIMBY TEXHOTCHHOI [ISJIBHOCTI HA CEKOJIOTIYHHM CTaH JOBKULIA
B ypOoekocucremax. Cepeln €KOJOTIYHMX MPOOJIEeM, MOB’S3aHUX 13 TEXHOTCHE30M, 3HAYHY
yBary npuBepTae NryMoBe 3a0pyaHeHHs atMocdepH [1, 2]. AKyCTHUHMIA IIyM — 1€ CYKYITHICTh
HEOaXAHUX 3BYKiB TEXHOTCHHOTO Ta OI0T€HHOTO MOXOKCHHS, SIKi 3aBa)KAIOTh CIIPUIHATTIO
HOTPiOHMX 3BYKOBHX CUT'HANIB. OCHOBHIMH JPKEPEIAMH TEXHOTGHHOTO [ITyMY € aBTOMOOUIEHHUH,
HOBITPSIHUH 1 3aJII3HUYHUI BUAM TPAHCIIOPTY, OyAiBENIbHI POOOTH, TisUTBHICTE MPOMHCIOBUX
MiAPUEMCTB 1 KOMYHaIbHUX 00’ekTiB [3]. PiBeHb HIymMOBOTrO 3a0pyJHEHHS, 3yMOBIICHOTO
BIUTBOM aBTOTPAHCIIOPTY, 3aJICKUTh BiJ] TAKUX YNHHHUKIB, IK IHTCHCUBHICTh aBTOTPAHCIIOPTHOTO
HABAHTAKCHHS, MIBUAKICTH PyXy aBTOMOOUIIB, YHCEIBHICTH BENMKOBArOBHUX TPAHCIHOPTHUX
3ac00iB 1 MOTOLIMKIIIB, THII 1 TEKCTypa JOPOKHBOTO MOKPUTTA [1, 4, 5].

AKYCTHUHHMH IIyM BHSBIIS€ 3HAYHWN BIUIUB HA SKICTh JKUTTS 1 340POB’S MEIIKaHIIIB
TCPUTOPiH, PO3MIMICHUX MOOIM3Y MOPOKHBO-TPAHCHOPTHOI iH(PACTPYKTypH Ta IHIIKX
JDKEpeJT ITyMOBOTO 3a0pyAHEHHSI, MPUYOMY HACTIIKM BIUIMBY HABKOJHMIIHBOTO ITyMy Ha
3[I0POB’s JIFOJICH MOXKYTh OyTH Pi3HUMU: BiJl eMOIIHHKX 10 (i310JOTTYHHUX 1 ICHXOIOTTYHUX
[6-9]. Binomo, 110 1mIyM — CTpECOTCHHUH YHMHHUK, SIKMH BIUTMBAE HA TOPMOHAIBHUI OaiaHC
B OpraHi3Mi, CIpPHYUHSAE PO3APATYBAHHS, TPHUBOTY; TPHBAJC AKyCTHUYHC HABAHTAKCHHS
3yMOBJIIOE BiUYTTSI BTOMH, MOPYIICHHS CHY, MiIBUIICHHS apTepiaJbHOTO THUCKY, ACTIPECIO
Ta 3HW)KEHHS npare3naTHocTi [10—-12].

3HIKCHHS PiBHS IIyMY, 3yMOBJICHOTO aBTOTPAHCIIOPTHUM PyXOM, 3a0€3MeUy€eThCs PI3HUMHU
croco0amy, 30KpeMa BCTAHOBJICHHAM IIYMO3aXHCHHX CKPaHIB y3I0BK BHCOKOIIBHIKICHHX
TPAHCIOPTHUX MaricTpaneil, ski MpoXoasaTh MOB3 HUTIOBI paifonn [13]. Illym Bin mopir Ta
IHIMMX MICBKUX (DAKTOPIB MOXKHA 3MCHIIMTH IIUIIXOM MICBKOTO IUIAHYBAaHHS Ta KPAaIioro
MPOEKTYBAHHS IOPIT; OOMEKCHHS IIIBU/KOCT] TPAHCIIOPTHHX 3aC001B, 3MiHU TEKCTYPH IIOBEPXHI
HPOIK/PKOT YaCTHHU, OOMEXKEHHS PyXy BAaHTQ)KHHX TPAHCIIOPTHHUX 3aC00iB, BUKOPHUCTAHHS
3ac00iB KEpPyBaHHA JOPOKHIM PyXOM, SIKi PETYIIOIOTH IIOTIK TPAHCIOPTHHUX 3acO0iB AT
3MCHIIICHHS TaJbMyBaHHS Ta IMPUCKOPEHHA pyXy aBToMoOimiB [2, 13, 14]. Paszom i3 Tum
e(eKTUBHUM 3acO00M 3axXHCTY BiJl IIyMOBOTO 3a0pyIHEHHS € 3eJieHi Haca/ykeHHs [15, 16].
[linpHa cMyTa AEPEB 1 KYIIiB 3MCHIITY€ CIIPHUHHSTTS IIyMYy, (OPMYIOUH Bi3yanbHUH 1 (pizndHuHA
0ap’ep MiXk HOTO JHKEPEJIOM 1 JIFOIMHOI0, IONIMHAKYH Ta PO3CIIOIOUN 3BYKOBI XBHII, & TAKOXK
CTBOPIOIOYHN €(DEKT MACKYBAHHS aHTPOIIOTEHHOTO IITyMY MPUPOAHUMH 3ByKaMH.

JIbBiB HAJICKUTH IO TYCTOHACEIICHUX MICT YKpaTHH 3 IHTCHCUBHUM PYXOM aBTOMOOIIBHOTO
tpancropty [17-19]. OmHak piBeHb aKyCTHYHOTO 3a0pyAHEHHS MIChKOi arMocdepu Ta
3J1aTHICTh POCIMHHOCTI HA TEPUTOPIii MicTa 0CIA0IIOBATH aBTOTPAHCIIOPTHUI IITyM 3’ SICOBAHO
HEJIOCTaTHBOIO MipOIO.

Mertoro poboTu Oyio 3’sCyBaTH piBEHb IIYMOBOTO HABAHTAKCHHS Ha BYJIHISIX M. JIbBOBa
Ta BIUIMB 3CJICHUX HACAPKCHb HAa MOKA3HUKH aKyCTHYHOTO IIyMY, 3yMOBJICHOTO PyXOM
ABTOMOO1ILHOTO TPAHCTIOPTY.

MATEPIAJIN TA METOAHN

Hns nocmimkens BuOpamn 40 nimstHOK Ha Tepuropii M. JIpBoBa. 3 Hux 30 minsHOK
(JA1-/130)—HampocneKTax i By IHISX MicTa, sIKi 3a3HAI0Th AaBTOTPAHCIOPTHOTO HABAHTAXKCHHS,
1 10 mingstHOK Ha TepUTOPii IBOX MICBKHX MapKiB, MPHJICTINX 10 ByJ. Buroscekoro, a came
ninsHka A1-AS — Ha Teputopii CKHUITIBCBKOTO TMapKy, a AusHkH b1-B5 — Ha Tepuropii
napky iMeHi IBana Buroscekoro (tadim. 1). Jdinsaku Al i B1 Oynu po3ramosaHi Ha Bignami
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10 M Big nipoi3HOi yacTHHU ByI. BuroBchkoro, ninstakr A2 1 b2 — Ha Bigmani 20 M, TTSTHKA
A3 1 b3 — na Bigmam 50 m, ginsaku A4 1 b4 — na Bignani 100 M, a giasaka AS 1 B5 — Ha
Bijytaii 200 M BiJx pO13HOT YACTHHU BYJIHIII.

Hinsaku J11-J130 moainvnm Ha ABi Tpyniu: y rpyiy 1 00’ €THANH TUTSTHKH, SIK1 pO3TalloBaHi
MIXK TIEpeXpecTsMHU 1 XapaKTepU3YIOThCS BIJHOCHO PIBHOMIPHMM PYXOM aBTOTPaHCIIOPTY
(a1, a4, As, A8—J111, 20-/128), a B rpyiy 2 — TUISTHKH, pO3TaIIOBaHi TOOIU3Y NIEPEXPeCTh
1 MiCIlb CITOJYYCHHS JIBOX a00 TPhOX BYJHIIb Ta MIIIOXIIHUX TEPEXOJMIB i3 PETyIbOBaHUM
ciTogopamu pyxom tpancropry (J12, 13, 16, 17, 112119, /129, /130). dinsaku rpymnu 1
TOIUTMIIA Ha JIBI MATPYNH, a caMe Ha miarpymy lg, . ([UISHKM Ha BYJIMISX, BAMOIIEHUX
opyxiskoro: JI1, NS, J120, J22-J126) i migrpymy 1., ([iISHKA Ha BYJIMISX, BKPHTHX
ac¢aneroderonnoro cymimmo: J14, 8-/110, A21, 127, 128).

Tabmus 1
Koopaunatu To4oxk BUMipIOBaHHS IIYyMY
Jinsitnka Koopaunarn Po3ramyBanus
J1 49°50'31.8"N 24°01'37.0"E mpocrekT CBoboan
J12 49°50'08.8"N 24°01'55.8"E npocnekt [llepuenka
J3 49°50'40.4"N 24°01'35.0"E ByJ1. [opogonbka
J14 49°49'51.0"N 23°58'12.0"E Byn. ['opoforpka
J5 49°50'03.0"N 23°59'18.0"E ByJ1. [opogonbka
J16 49°50'12.0"N 24°00'05.8"E Byn. ['oponorpka
a7 49°49'15.0"N 23°58'10.2"E ByJ1. JIroOiHCBKa
J8 49°49'33.5"N 23°58'50.0"E By JIroOiHChKa
J9 49°49'30.4"N 23°57'18.7"E ByJl. PsimriBebka
J10 49°49'41.0"N 23°58'04.2"E ByJl. Burocbkoro
A11 49°48'56.6"N 23°58'23.5"E ByJ1. Buroscbkoro
J12 49°48'51.6"N 23°58'32.8"E ByJl. Burocbkoro
J13 49°4922.9"N 23°57'40.0"E By [Tarona
14 49°50'04.5"N 23°59"26.5"E Byi1. KynbrnapkiBchka
A15 49°48'45.5"N 23°59'02.5"E Byn1. KynbrapkiBcbka
16 49°48'17.3"N 23°58'52.3"E Byi1. KynbrapkiBchka
J17 49°48'07.3"N 24°01'05.3"E Byn. Crpuiicbka
J18 49°49'45.5"N 24°01'55.0"E Byin. Crpuiicbka
A19 49°49'35.2"N 24°02'01.4"E Byl IBana ®panka
J120 49°4928.0"N 24°02'00.3"E Byll. IBana dpaHka
J21 49°49'15.7"N 24°01'42.0"E Byi. IBana ®panka
J22 49°49'53.7"N 24°02'00.0"E Byl IBana dpaHka
J23 49°50'10.5"N 24°01'59.3"E ByJ1. Onekcanapa ®peapa
124 49°50'17.0"N 24°01'58.7"E Byn Kus3s Pomana
J25 49°50'16.2"N 24°02'28.4"E Byin. Ilexapchka
126 49°50'16.0"N 24°01'16.8"E Byn. Conmomii KpymensHUTIBKOT
J27 49°52'04.5"N 24°00'53.0"E By11. [Tix I'onockom
J28 49°51'07.5"N 24°01'26.5"E npocnekT B’sgecnaBa YopHoBoma
129 49°51'26.2"N 24°01'19.4"E npocnekT B’sueciaBa YopHoBona
130 49°50'09.5"N 24°04'05.6"E ByI. JIngakiBchKa
AS 49°48'55.2"N 23°58'13.3"E CKHWIIBCHKHH MapK
b5 49°48'56.5"N 23°58'39.5"E mapk iMeHi [Bana Buroscekoro




AHai3yBalM HEMOCTIHHWIA IIyM, SKAW OIIHIOBAIM 32 CKBIBAJICHTHUM DPIBHEM 3BYKY
(L 4ors» ABA). BumiproBanHsi 3ailicHIOBanM 3a jgomnomororo mymomipa Flus MT-901A
(KuTaif), BAKOPUCTOBYIOUH CTaHIApTHY MeTomuKy [20] 3a BiicyTHOCTI aTMOochepHHX omnajiiB
1 IBUAKOCTI BITpy MeHIIe 3a 5 M/c, Ha Biactani 0,5 M Bix ocoOwu, sika 37iiicHIOE 3aMipH,
iBucori 1,5 m Bin 3eMHoi moBepxHi. Ha ginsakax /11-J130 piBeHb ITyMy BUMipOBaJIX B poO0OYi
JIH1 THOKHS BIIPOAOBX TPhOX YacoBuX mepioais (9.00-10.00, 15.00-16.001 17.00—-18.00 roz.),
peecTpyrour ToKa3H Irymomipa kokHi 30 XB, 1 pe3yibTatd ycepeaHroBanu. Ha minsHkax
Al1-AS5 1 B1-b5 piBens mymy BumiptoBanu Bupogosx nepiogy (9.00-10.00 rox.); moxasu
yMoMipa peecTpyBasid KoxkHi 30 XB.

OTpumaHi pe3ynbTaTH ONPAIbOBYBalM, BHUKOPUCTOBYIOYM METOIU  BapiauidHOl
crarucTuku [21] 3a gonomororo nporpamu Microsoft Excel. ITix gac onpairoBanHs JaHUX
pe3yibTaTi BUMIpIOBaHb PiBHA myMy Ha AinsHkax A1-AS i B1-B5 nopiBHIoBaM 3 JaHUMH,
orpuMaHuMu Ha JaurssHkax /{11 1 /112 Ha Byn. BuroBcbkoro. Pe3ynbrat BUMIpIOBaHHS PiBHS
LIyMY Ha JUUISTHKAX TPYITU 2 MOPIBHIOBAIH 3 pe3yJIbTaTaMu, OTPUMAHUMU Ha AUSTHKAX IPYIH 1,
a pe3yJbTaTh, OTPUMAHI MiJl 4ac JOCHIDKEHb Ha IUIAHKAX MArpynu lg,. ., MOPiBHIOBAIIH
3 pesynbTaTaMM, OTPUMAHUMHM Ha JinsHKax miarpynu 1., Kpim Toro, pesynsraru
JOCITIJKEHHSI piBHA myMy Ha nitstakax J[1-/130 nopiBHIOBaNIM 3 HOPMaTHBHUM 3HAYCHHSIM,
SIKE CTAaHOBUTD 55 NBA 1JIs )UTIOBOI 30HU B JCHHU riepiof [22].

PE3VYJIBTATHU

Ha pucynky 1 mokaszaHi cepeiHi 3HaYCHHS IMOKA3HUKIB CKBIBAJICHTHOIO PIBHS 3BYKY
(L jes) Ha minsankax J[1-/130, Bubpanux Ha mpocrekrax i Bynuigx M. JIbBoBa. Sk BHIHO
3 OTPUMAaHUX PE3YJbTaTIB, OUIBIIICTE TOCHIPKYBAHUX JTUISTHOK XapaKTePU3y€EThCS BUCOKUM
pIBHEM aKyCTHYHOTO IIyMy. 30Kpema, 3Ha4eHHsI L ., Ha aHaJTi30BaHHUX AUITHKAX € B MEXKax
62,0-81,3 1bA, a cepeiHe 3HAYCHHS [IHOTO MOKA3HUKA CTAaHOBUTH 73,30 + 5,21 nbA (Tabu. 2).
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HocnigxyBaHi 4insaHkM Ha Bynuusax M. JlbBosa

Puc. 1. [loxka3HuKku eKBiBaJeHTHOTO PiBHSA 3BYKY (L 4., ) HA TOCTIAKYBAHUX TIISTHKAX
J1-/7130, BuOpanux Ha Byauusax M. JioBopa
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HaiiGumemmii piBeHb TIyMy BHSIBICHO TOONMM3Y I€PEXpecTb, MICIb CIHOJMYUYCHHS BYJUIb
1 peryIbOBaHUX IMIIOXiHHX MEPEXOiB. 30KpeMa, 3 IPOaHaTi30BaHUX Y IIbOMY JIOCITIDKEHHI TUTSTHOK,
Y BEpXHBOMY KBapTHIII 11010 3HaYeHb L ., po3ramoBaHi aistHke 116 (Byn. [oponorbka, moonmsy
CrioTy4eHHs 3 ByI1. UepHiBelpkoro), 117 (Byi. JIroOiHChKa, MOOIN3Y repexpects 3 Byl BUroBcbkoro),
J112 (By:1. Buroscekoro, o0imisy crioydeHss 3 Byil. CKHILTIBCBKOF0), 114 (Byi. KysbnapkiBcbka,
y Micii cronydeHHs1 3 Byl [opomorpkoro), J[15 (mobmm3y kinmblid BynHile KynbnapkiBchka —
Bonomumupa Benmkoro — Buroscbkoro), 18 (Byn. Crpuiicbka, moOiu3y nepexpects 3 Byil. [Bana
Opanka) i {19 (By:n. IBana Opanka, mobmisy crionydeHHs 3 Byi. Yiaca Camuyka). [Ipore Bucokuii
PIBEHB IITyMY BHSIBISIETHCS i HA OKPEMHX JIUISTHKAX 13 PIBHOMIPHAM JBOCTOPOHHIM TPaHCIIOPTHAM
pyxoM, 30kpema Ha aiisHkax JI4 (Bys. Topomonpka), JI11 (Bysn. Buroscekoro), 124 (Byn. Kuszs
Pomana) ta inmmx (puc. 1). Y 11boMy KOHTEKCTI MOTPIOHO 3a3HAYUTH, L0 HA PIBEHb aKyCTUYHOIO
IIyMy ICTOTHO BIUIMBAE CKJAJ TPAHCIOPTHOIO TOTOKY (30KpeMa, UMCENBHICTh BAHTAKHHX
ABTOMOOLITIB), @ TAKOXK THII 1 CTaH JIOPOXKHBOTO OKPHTTH [ 1, 4, 5].

JI1st meTanpHImoi XapaKTepHUCTHKH PIBHSI aKy CTHYHOTO 3a0pyIHEHHS ITOPiBHIOBAIIN PIBCHD
HIyMy Ha JISTHKAX, 3rPYHOBAaHHUX 33 XapaKTepPOM aBTOTPAHCIIOPTHOTO PyXy. Buspieno, 1o
Ha JUISHKaX Ipynu | ekBiBaJIeHTHHH piBeHb 3BYKy cTaHOBHUTH 62,0-79,0 n1bA, a cepenne
3Ha4eHHs L ., cTaHoBUTh 70,75 = 5,03 nbA (tabi. 2). Ha minsHkax rpynu 2 MOKa3HHK L .,
€ B Mmexax 69,40-81,30 nbA, a cepenne 3nauenns L., nocsarae 76,19 + 3,75 nbA (tabmn. 2).

3rifiHo 3 pe3yabTaTaMH JOCIiIKEHb, CKBIBAICHTHUH PiBEHb 3BYKY Ha AUISHKAX TPyHH 2
BIpPOT{/IHO MIEPEBUIILY € 3HAYCHHS TTOKa3HUKa L ., Ha qinsgHkax rpynu 1 Ha 5,46 nBA (p <0,05).
Taki pe3ynbTary y3roJpKyrThCs 3 JAaHUMH IIOJIO MiIBUIICHHS PIBHS aKyCTHYHOTO IIYyMY ITiJ]
Yac raJibMyBaHHS Ta MPUCKOPEHHS PyXy aBTOTPAHCIOPTHUX 3aco0iB [10, 12].

3 HayKOBUX JiKEpell BiJOMO, L0 THUIl JOPOKHBOTO TIOKPUTTS ICTOTHO BIJIMBAE HA PIBEHb
aKyCTUYHOTO 3a0pynHEHHs JOBKULIA [2, 14]. YV Hamiid poOOTi MPOBEACHO TOCIIHKEHHS PiBHS
aKyCTUYHOTO IIYMYy Ha JUISHKaX BYJIHIB 3 ac(haabTOBUM ITOKPUTTSAM 1 THX, IO BUMOIICHI
OpykiBKOIO. BusiBieHO, MO MOKa3HUK L, Ha BYJIHISIX, BKPUTHX OpPYKIBKOIO (IUISTHKH
niarpynu lg,, ), y cepennbomy Ha 4,37 nbA Oinbliui, HiK Ha ByIMUAX 3 ac(hajbTOBUM
TIOKPUTTAM (IUIAHKH Arpynu 1., ) (Tabm. 3). OTpumMani pe3yabTaTu CBiq4arh, 10 UIyMOBE
3a0pyJHEHHS 3arajoM BHUSBJISIE NUHAMIKY JIO 30UTBIICHHS HA BYJIHISIX 3 OpPYKIBKOBUM
MOKPHUTTSIM, SIKE XapaKTepHE ISl IEHTPAIbHOI YacTUHU M. JIbBOBA.

Tabnus 2
CrarucTuyHi napaMeTpH NOKa3HUKIB eKBiBaJ1eHTHOTO PiBHA 3BYKY (L ,,,..)
HA J0CJIIKYBaHUX aiAHKAaX M. JIbBOBa

JTocaikysani napaverpu Yei l}]ll:ggl(ﬂ, ﬂlﬂﬂl—[ll:ll rlféylm 1, I[IJISIHIIIQI/; rl[;yrm 2,
Cepenne apupmernyne, 1bA 73,30 70,75 76,21*
CraHIapTHE BiIXUJICHHS 5,21 5,03 3,75
Minimansae 3HaueHHs, 1bA 62,0 62,0 69,40
MakcumanbHe 3Ha4eHHS, TBA 81,30 79,0 81,30
Koedimient Bapiariii, % 7,10 7,11 4,92
Mepniana, nbA 73,55 72,40 75,85

Ql --> 69,40
Kgaprmi, nBA Q2 -->73,55
Q3 -->176,70
Cepenne reomerpudne, 1bA 73,12 70,58 76,13

* — BIPOTiZHICTh PI3HULI y 3HAYEHHSX TOKa3HUKa L, MK AiasHkaMu rpynu 1 1 rpymu 2 (p < 0,05).
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Tabmuns 3
IMoka3HukH eKBiBaJeHTHOIO PiBHA 3BYKY (L ,,.,) HAa TUISTHKAX BYJIHIb
3 Pi3HUM THIIOM JI0POKHBOT0 NOKPUTTA (M £ m, n =7)

Lo, HA AIIHKAX BYJIHIb L o, HA JIISITHKAX BYJIHIb,
3 ac¢aabT00eTOHHIM NOKPUTTAM, 1BA BHMOLICHHX OpyKiBKOIO, 1BA
67,87+5,39 72,24+2.97

[lopiBHSHHS OTPUMAHUX pE3YJIbTAaTiB 13 HOPMAaTUBHUM 3HAUCHHSAM pIiBHSI IIyMy
B HABKOJIMIITHBOMY cepetoBuI (55 1bA) [22] cBITYKTH, IO (PaKTHYHO HA BCIX JIOCITIHKYBAHHX
JUISTHKaX piBeHb IIyMy HEPEBHIITY€E JOIYCTUME 3HaUCHHA. 30KpeMa, piBeHb IIyMy Ha AIITHKAX
rpymu | mepeBHIye peKOMEHIOBaHN MOKa3HUK Ha 12,7-43,6%, a Ha AUISTHKAX TPYIH 2 — Ha
26,2-47,8%. BapTo 3ayBaxuTH, 1110 B 0araThbOX BUIMAAKAX MOOIU3Y AOCTIKYBaHUX JTISHOK
Ha TEPUTOPIi MicTa PO3TAIIOBaHI KUTIOBI i TPpOMaJIChKi OymiBii Ta criopynu. [lepeBuineHHs
PEKOMEH/IOBAaHUX MOKA3HUKIB PIBHA IIyMy IOTIpPIIye YMOBH CEPEIOBHIINA NPOKUBAHHS
HACEJICHHS, CIPUYMHSIE ITHCKOM(OPT 1 po3apaTyBaHHs, MOTIPIICHHS CTaHy 3I0POB’S
[8, 10-12]. Takoxx moTpiOHO BpaxoBYBaTH, IO aJamlTallis JIOJEH 10 aKyCTUYHOTO MIyMY
HEMOXKITHBa. TOMy aKTyalbHUM € 3IiHICHEHHS 3aXO0iB, CKepOBaHIX HA 3HIKCHHS IITyMOBOTO
3a0pyaHeHHs aTMOCc(epH, 30KpeMa, B TYCTOHACEIIEHUX MICTax, JI0 SKUX HaJeKUTh M. JIbBiB.

VY Hu3Mi mpank BCTAaHOBJIEHO 3/1aTHICTh POCIMHHOCTI 3MCHIITYBaTH PiBEHb aKyCTHIHOTO
IIyMy 3aBASKH (OPMYBaHHIO (hi3HUHOro Oap’epa Ha HUISAXY MOLIMPEHHS 3BYKOBHX XBMIIb
Bil Jokepena 1rymy [15, 16]. OmHak piBeHb OCHAOJNEHHS IMyMy 3a HAsBHOCTI 3€JICHHX
Haca/PKEHb JICTANBHO He 3’sICOBaHMHN. Y HaIliif poOOTi MPOBEICHO JOCTIKEHHS 3aJIeKHOCTI
MDK IIMPUHOIO CMYTH 3€IeHUX HACaPKEHb 1 ITOKa3HUKOM L, Ha JUITHKAX, BHOpaHHX
y MiCBKUX MapKax Ha TEPUTOPISX, CyMDKHUX i3 ByJl. BUTOBCBKOTO, 5IKa, SIK 3a3HAUCHO BUIIIEC,
XapaKTepU3yeThCs 3HAYHUM pPIBHEM MIyMy BHACIIZOK TPAHCIOPTHOTO HAaBaHTAKCHHSI.
OTtpumaHi pe3ynsTaTi OKa3aHi Ha pucyHKax 2 i 3.
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A0 A1 A2 A3 Ad A5
[insHkv npoBeAeHHs JoCnioXeHb

Puc. 2. BinHocHi 3HaYeHHS eKBiBaJeHTHOTO piBHA 3BYKY (L ,,,,) Ha JiIsITHKaX
CKHHIIIBCBHKOIO APKY 3aJIe5KHO BiJl Bingasi Bij qukepena mymy

[pumitku: 1) nmoznayenns AQ Bimnosimae 3HavyeHHIO L, Ha mimsani J11, sxe BBaxamm 100%:;
2) *, ** — BipOrifHICTh PI3HUII Y 3HAYCHHSIX TIOKa3HHUKA L ., MIXK JiITHKaMu A3—AS MOPiBHSIHO 3 AiJISTH-
ko0 A0 (* —p <0,05; ** —p <0,01).
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Puc. 3. BinnocHi 3HaueHHs1 eKBiBaJIeHTHOTO piBHS 3BYKY (L ,,,,) Ha JAiJIsIHKAX NapKy
imeni IBana Buroscbkoro 3aJieskHo BiJ BiaaaJi Big kepena mymy

IIpumitkn: 1) mo3nauenns b0 Bixnomimae 3xauennio L, Ha aiumtHmi 112, sxe BBakamu 100%;
2) * — BIpOTiAHICTP Pi3HUII y 3HAYCHHSX TOKa3HUKA L ,,,, MK IisHKaMu b3—b5 MOpiBHSAHO 3 TUITHKOO
B0 (p < 0,05).

Aexe.

PesymeraTn nociipKeHb CBiqUaTh, [0 3HAYCHHS TOKa3HUKA L ., B 000X MapKax MOCTYIIOBO
3MEHIIYEThCS 31 30UIBIICHHSIM BiJIami BiJ MPOi3HOI YacTHHHU BYJ. Buroscekoro (puc. 2, 3).
Ha Bigmani 50 m Bix jpkepena myMmy NOKasHUK L., Y CKHHJIIBCBKOMY MapKy Ta B HapKy
iMeHi IBana Buroscbkoro 3meHyerbes Ha 24,2% 1 23,4% BignosigHo (p < 0,05) nopiBHAHO
3 MIJSTHKAMH, BUOpaHUMH MTOOJH3Y MPOI3HOT YacTHHH BYJ. Burosckkoro, a Ha Bimmani 100 m
el MoKa3HUK 3MeHIyeThes Ha 35,9% (p <0,01)127,8% (p <0,05) BianosigHo. HaitOinpmmit
piBeHb MPUIVIYIICHHS TPAHCIIOPTHOTO IMYMY B 000X MapKax BHSBISETHCS Ha Bimrani 200 m
BiJl TPOi3HOT YaCTUHM BynuIl, a came: Ha 43,15% 1 32,7% (p < 0,05-0,01) Ha minsgHkax AS
i b5 BinnosinHo. Ha nminstai AS moka3Huk L, ctaHOBUTH 47,3+3,25 nBA i1 maibke mocsirae
3HAUEHHS, PEKOMECHJIOBAHOTO Jlep>KaBHUMHU CAHITApHUMU HOPMAMH JUIS MiCLlb BiAMOYMHKY
HaceneHHs (45 nbA) [23]. Ha minsaui bS5 mokasnwuk L, cTaHoBUTH 53,5+5,37 nbA.
Binpmmii piBeHb ocaabMeHHS MIyMy Ha AUISHKaX CKHIJIIBCHKOTO MAapKy MOXKHA MOSICHUTH
THM, 1110, Ha BiIMiHY BiJl apKy iMeHi IBaHa BUTOBCHKOTO, I1eH TApK MiCTUTh 3HAYHY KUTBKICTh
JarapHUKOBUX POCIUH [24]. YarapHUKOBI pOCIMHU MOITIHHAIOTH, PO3CIIOIOTH T BiIOUBAIOTH
3BYKOBI XBWJII HA HU3BKIHA BiJJIajii BiJ 36MHOI TMOBEPXHi, JIOMOBHIOWYHA €()EKT JASPEBHHUX
POCIIMH 1110710 3MEHIIEHHS aKyCTHYHOTO LIyMY.

3 OTpUMaHMX Pe3yJbTATiB BUILUIMBAE, IO BIAIITYBAaHHS MapKiB 1 CKBEPIiB, BUCA/IKYBaHHS
JIepeB 1 KyIiB B3AOBX MICBKHUX BYJIHUI[b 1 MPOCHEKTIB CIPHUSE 3MEHIICHHIO aKyCTHUHOTO
HaBaHTAKCHHS, CTBOPIOBAHOTO PyXOM aBTOMOOITEHOTO TPAHCIIOPTY. 3MEHIICHHS IITyMOBOTO
3a0pYTHEHHS € OJJHI€I0 3 EKOCUCTEMHHUX MOCIYT, SIKi BUKOHYIOTh 3€JICHI HACa/[’KEHHS B MiCTaXx.
OTXe, PO3MUPEHHS PO3MIPIB 3€JICHUX 30H MOXHA PO3DISJATH SIK MPUPOIHO-OPIEHTOBAHE
pillleHHS! A TOMIMIIEHHS SKOCTI HaBKOJIHUIIHBOTO CEPEJOBUINA W EKOJOTiYHOTO CTaHy
arMoc(hepH Ha TepUTOpii ypOOEKOCHCTEM.
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BUCHOBKHA

VY mpormeci AOCTIPKCHb BCTAHOBJICHO BHCOKHMN PIBEHb AaKyCTHYHOTO HABaHTaKCHHS,
3yMOBJICHOTO PyXOM aBTOTPAHCIOPTY, Ha BYNIHIAX M. JIbBoBa. 30Kpema, MifBUIIECHHI PiBeHb
IIyMy BUSIBJICHO Ha IUITHKAX ITOOIN3Y MEPEXPECTh Ta MiCIlb CIIOTYYCHHS ABOX 1 TPHOX BYIIHUIIb, 1€
CKBIBAJICHTHHUI PiBEHb 3BYKY MEPEBUIIYE MOKA3HUKH, XapaKTEePHI ISl TIJISTHOK 13 PIBHOMIPHUM
pyxom tpancnopty (p<0,05),1€ OinbiIimM 3a HOpMaTUBHE 3Ha4eHHS Ha 26,2—47,8%. Ha Bynuisix,
BUMOIIIEHNX OpYyKiBKOIO, TIOKA3HUK L, BUSBIISE TMHAMIKY JIO i IBUILICHHS TIOPIBHAHO 3 TAKAM
Ha BYJIMILSX, BKPUTHX ac(ajbTOBUM MOKPUTTSIM. EKBIBaJCHTHHIT piBeHb 3ByKY 3MEHIIY€ETHCS
Ha 23,4-35,9% (p < 0,05-0,01) Ha minsHKaxX MICBKHX MapkiB, BiaganeHux Ha 50200 M Big
JDKepena IIyMy, SIKUM € aBTOMOOIUTBHUM pyX. OCKUIBKH 3MEHIICHHS IIIyMOBOTO 3a0pyIXHCHHS
€ OZIHI€I0 3 EKOCHCTEMHUX ITOCIYT, IKi BUKOHYIOTb 3€JIeHI Haca/PKeHHsI, PO3IINPEHHS PO3MIpiB
3€JIEHUX 30H MO)KHA PEKOMCHYBATH SIK MPHUPOAHO-OPIEHTOBAHE PIIICHHS ISl MOJIMIICHHS
SIKOCTI HaBKOJIMIITHBOTO CEPEJIOBHINA i eKOJIOTTYHOTO CTaHy arMoc(hepH B ypOOeKOCHCTeMaXx.

VY mepcneKTHBi 3alIaHOBAHI TOCIIKCHHS, CKEpOBaHI Ha JICTAJIBHE 3°SICyBAHHS BIUIUBY
TUIY JIOPO)KHBOTO TMOJIOTHA HA PIBCHb aKyCTHYHOTO INyMYy Ta MiA0ip BHAIB POCIHWH, SKi
Halie(heKTUBHIIIIE 3MCHIIIYIOTh PIBEHb IITYMOBOTO 3a0pyIHCHHS aTtMochepu.
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ABSTRACT

ACOUSTIC POLLUTION OF THE ATMOSPHERE
ON THE STREETS OF THE CITY OF LVIV AND THE INFLUENCE
OF GREEN SPACES ON THE LEVEL OF NOISE CAUSED
BY VEHICULAR TRAFFIC

Acoustic noise is acommon type of physical air pollution that worsens the quality of the environment
in cities. The aim of this study was to determine the level of noise load on the streets of the city of Lviv
and the influence of green spaces on the indices of acoustic noise caused by motor transport. Forty
sites were selected for the study: 30 sites (S1-S30) were chosen on avenues and streets of the city with
intensive traffic and 10 sites (A1-AS5 and B1-B5) were on the territory of Sknilivsky Park and Ivan
Vyhovsky Park, respectively, neighboring Vyhovsky Street. Sites Al and B1, A2 and B2, A3 and B3,
A4 and B4, A5 and B5 were located at a distance of 10 m, 20 m, 50 m, 100 m and 200 m from the
roadway, respectively. Sites S1-S30 were divided into two groups: group-1 included sites with uniform
traffic, and group-2 included sites located near intersections and junctions of streets. Among the sites
of group-1, two subgroups were chosen, namely subgroup-1c covering sites on streets paved with
cobblestones, and subgroup-1la, which included sites on streets covered with asphalt concrete mix.
Non-constant noise was analyzed, assessed by the equivalent sound level (L, , dBA). Measurements
were made during working days of the week using a Flus MT-901A noise- meter according to the
standard technique. The results were processed using variation statistics methods.

Theresearch hasestablished thatthe L, value onthe analyzedsites S1-S30was 73.30+5.21dBA
and exceeded the value specified by regulatory documents. The equivalent sound level on sites
of group-2 exceeded the L,,, value on sites of group-1 by 5.46 dBA (p < 0.05). On streets paved
with cobblestones, the L, value showed an upward trend compared to that on streets with asphalt
concrete pavement. The equrvalent sound level in parks decreased by 23.4-35.9 % (p < 0.05-0.01)
on sites located 50-200 m from the noise source (vehicle traffic). Since the reduction of noise
pollution is one of the ecosystem services provided by green spaces in cities, the expansion of the
size of green zones can be recommended as a nature-oriented solution for improving the quality
of the environment and the ecological state of the atmosphere in the territory of urban ecosystems.

Key words: acoustic noise, air pollution, motor transport, ecosystem services, green spaces,
urban ecosystem.
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MEADOW PHYTOCOENOSES OF THE BYSTRYTSIA
TYSMENYTSKA FLOODPLAIN UNDER THE CONDITIONS
OF SECONDARY SUCCESSION

Abstract. The article analyzes the state of meadow phytocenoses of the Bystrytsia Tysmenytska
floodplain after pyrogenic load. Among the anthropogenic impacts in this area, pyrogenic changes
resulted from burning hayfields and pastures, and the need to destroy ruderal and adventitious
species. Such anthropogenic influence led to the formation of a secondary succession.

Biodiversity studies of the Bystrytsia Tysmenytska floodplain started in 2021 and continued
in 2022-2024. The route method was used to collect field data. The ecological and landscape
differentiation of the vegetation cover was studied using the environmental series method, based
on the establishment of ecological profiles. In the floodplain valley of the river, 3 ecological
profiles have been established. Higher plant determinants have been used to determine the names
of vascular species. Five plots were established in the zone of anthropogenic (pyrogenic) influence
to determine the species composition of the vegetation. The generally accepted methodology was
used for the geobotanical descriptions. The Brown-Blanke method was used for syntaxonomic
analysis. Plant abundance was determined using the Drude method.

Bystrytsia Tysmenytska belongs to the group of small rivers of the Dniester basin and is
characterized by large areas of floodplain meadows, originates in the eastern part of the Upper
Dniester Beskydy and has a length of 73 km. In the floodplain areas of the river, the most common
are meadow soils on alluvial deposits and sod-middle podzolic sandy and sandy loam, which
affect the development of phytobiota.

In the studied areas, representatives of the families Asteraceae and Rosaceae were most
often encountered, plants of the families Lamiaceae, Poaceae, Fabaceaewere less numerous,
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representatives of the families Caprifoliaceae, Apiaceae, Ranunculaceae, Equisetaceae,
Euphorbiaceae, Plantaginaceae rarely grew. Among the identified species, the following were
common and numerous in the study area: Achillea millefolium, Elymus repens, Cirsium arvense,
Equisetum arvense. Ranunculus acris, Vicia cracca, Daucus carota, Carduus nutans, Mentha
longifolia, which usually did not have a dominant role in phytocenoses, were much less common.
Separate fragments of Agrimonia eupatoria, Tanacetum vulgare L., Rubus caesius, Potentilla
anserina occurred.

The secondary succession of the meadow biocenosis in the floodplain of the Bystrytsia-
Tysmenytsia river, which was formed as a result of the pyrogenic load, is characterized by rapid
processes of phytobiota restoration, primarily by groups of medicinal plants.

Key words: floodplain, biodiversity, phytocoenosis, secondary succession, anthropogenic
load.

INTRODUCTION

Among the environmental factors actively affecting biogeocenoses, anthropogenic
pressure plays a leading role in modern conditions, transforming natural ecosystems and
reducing flora and fauna species richness. In recent decades, more and more attention has
been paid to the study of the problems of anthropogenic load on the small river floodplains.
This is due not only to the need to implement an overall environmental strategy for the use of
water resources, but also to the awareness of the role of small water bodies in the functioning
of medium and large rivers. Because of climate change, the problem of preserving small
rivers and their coastal areas has become a major issue worldwide [6].

Unique natural conditions and the type of phytobiota formation characterize river
floodplains. Floodplains indirectly determine the nature of the population's livelihoods in
riverside villages and cities, and their vegetation cover has ecosystem and habitat-forming
significance for the urbanized environment. However, at the same time, economic activity
has a reciprocal impact on the floodplain phytobiota and riverbed processes. Significant
anthropogenic impact on floodplain ecosystems leads to various disturbances in their
functioning. As a result, the typical floristic composition of the phytobiota is changing, the
transformation of the natural ecological and cenotic structure of vegetation is observed, and
its habitat-forming role is decreasing [2, 3].

It is well known that floodplains are formed in the process of erosion-accumulative activity
of rivers. It is one of the factors regulating the flow of high waters. They are covered with
a specific soil and vegetation cover, have their own biological resources, are an important
element of nature sensitive to natural hydroclimatic changes and to anthropogenic actions [4].

The floodplains are characterized by a rich phytocenotic diversity. Floodplain vegetation
performs a specific function, especially in areas of rivers within human settlements. First and
foremost, it secures river banks, which prevents (to a certain extent) erosion during floods,
improves air quality, reduces the destructive power of wind, and ensures the preservation of
the natural environment and biological diversity. It is also of great economic importance: as a
fodder base for livestock, as a source of medicinal and flowering plant species, as a habitat for
birds and animals, and in recent years it has been increasingly used for recreational purposes.
Thus, the functions of floodplain vegetation are very diverse, ranging from economic to
aesthetic, recreational, and resource conservation [1].

The main component of floodplain ecosystems is meadow vegetation, which includes a
significant species diversity. The meadow type of vegetation is the second most represented
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in the natural vegetation cover of Ukraine and occupies about 9 million hectares. In recent
years, the area under grass ecosystems has been increasing due to a decrease in arable land.
Therefore, it is likely that the area of floodplain meadows will also increase, primarily due to
the conversion of arable land in floodplains to natural areas [7].

Most small river floodplains are characterized by synanthropic influence. This leads
to qualitative and quantitative changes in the composition of vegetation, and loss of flora's
distinctive features. Among anthropogenic influences, pyrogenic changes are most often
detected. They are the result of burning hayfields and pastures, the need to destroy ruderal
and adventitious species.

Literature sources indicate that fires occur in the floodplains of many rivers. However,
in different regions, this is carried out starting with the winter and ending with the summer
season and every 1-4 years [3]. Regulated burning prevents the penetration and further growth
of ruderal species of Artemisietea vulgaris and Stellarietea media in meadow phytocoenoses.
In particular, such weeds as Cirsium arvense (L.) Scop., Onopordum acanthium L., Raphanus
raphanistrum L., Consolida regalis S. F. Gray, Solidago virgaurea L., Phalacroloma annuum
(L.) Dumort., Artemisia absintium L., A. vulgaris L., seedlings of trees and shrubs, etc. cannot
withstand fire. Frequent or late scorching leads to the replacement of groups of true and wet
meadows of the orders Arrhenethalia elatioris, Molinietalia with the stepped-beam cenoses
Galietalia veri (Molinio-Arrhenatheretea) and the grouping of the classes Artemisietea
vulgaris, Koelerio-Corynephoretea [5].

Another example of pyrogenic succession is the succession in agricultural fields after they
are no longer cultivated. Studies show that the succession dynamics and the emergence of
certain species are determined by the type of land use: meadow, pasture, fields of cultivated
plants. A study of the naturalness of species in abandoned meadows in Hungary showed that
the dominance of competitors in the vegetation cover of abandoned pastures and meadows
increased, while the dominance of ruderal species in meadows increased and decreased in
pastures. The presence of stress-resistant species in the vegetation cover decreased in meadows
and doubled in pastures. As for changes in the species diversity of abandoned cropland, several
studies have shown that overall species diversity increased during the succession period and at
the site scale studied, and then stabilized. In contrast to previous observations, early studies of
succession showed that species diversity was highest in the first year after cessation of use, and
then significantly decreased over the next 3 years of the study or had an overall downward trend,
nonlinear change, and did not have a clear trend as the succession progressed. The succession
of abandoned land was initially strongly influenced by the date of abandonment, the type of the
last crop grown before abandonment and its weediness, the previous history of the landscape,
groundwater availability, and organic carbon content [8—15].

Examples of combining the effects of agricultural use and fires were also investigated. In
the foothills of North Carolina, abandoned fields underwent secondary succession. Studies have
shown that in the first year after the land was abandoned, grasses and horsetails dominated the
land. In the second year, aster became the main plant in the fields. In the third year, bentgrass
became the dominant plant until it was replaced by young pines. Then the main trees in this area
were large trees, hardwoods. Periodic disturbances, fires every 5-7 years, helped to preserve
young pines and stop the complete dominance of deciduous trees [9-10].

Secondary succession plays an important role in preserving biodiversity and maintaining
the stability of ecosystems. Restoring natural communities after a disturbance helps provide
ecosystem services such as air and water purification, soil fertility support, and providing
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habitat for a variety of species. Biodiversity is a key element of ecosystem stability, as it
provides resilience to changes and stressors. Secondary succession helps restore lost
biodiversity and ensure the long-term sustainability of natural communities.

MATERIALS AND METHODS

Biodiversity studies of the Bystrytsia Tysmenytska river floodplain were initiated in 2021
and took place during 2022-2024. Field data was collected by the route method. Ecological
and landscape differentiation of the vegetation cover was studied by the method of ecological
series, which is based on the laying of ecological profiles. 3 ecological profiles were laid in
the floodplain valley of the river.

The names of vascular species were established according to the determinants of higher
plants. Geobotanical descriptions were performed according to the generally accepted
methodology. To determine the species composition of vegetation, 5 sites were laid in the
zone of anthropogenic (pyrogenic) influence. Syntaxonomic analysis was performed using
the Brown-Blanke method. The abundance of plants was determined by the Drude method.

RESULTS

Among the natural phytosystems of the southwestern part of the Lviv region, the
floodplains of small rivers are the least studied and practically not protected. They are marked
by peculiar natural-historical and ecological-landscape conditions, play a leading role in the
migration of organisms and the maintenance of biological and coenotic diversity, have an
important phyto-resource value. Over the past century, the floodplain vegetation of the region
has been significantly affected by drainage reclamation, groundwater abstraction, inefficient
use of natural resources, etc.

Bystrytsia Tysmenytska belongs to the group of small rivers of the Dniester basin and is
characterized by large areas of floodplain meadows. Bystrytsia Tysmenytska flows within the
Sambir and Drohobych districts of the Lviv region and is the right tributary of the Dniester
(the Black Sea basin). The river originates in the eastern part of the Upper Dniester Beskydy
and has a length of 73 km. The area of the water intake basin is 1160 km?, the floodplain is
100-300 m wide. The depth of the river is from 0.5 to 2.5 m, the river is winding 10—50 m wide.
It is mainly rain-fed, the water regime is unstable, and spring floods and rain floods are
common. Novoshitska HPP, 4 dams and several ponds were built on the river. The Bystrytsia
Tysmenytska river is used for technical needs, fishing, recreation.

In the floodplain areas of the study, the most common are meadow soils on alluvial
deposits, sod-middle podzolic sandy and sandy soils on water-glacial deposits. Meadow soils
are formed under grassy vegetation in conditions of constant flooding with groundwater, so
their profile is accumulative. These soils are dark gray, light loamy, powdery coarse, humous
to a depth of 50 cm. They occupy significant areas in the study zone. Sod-middle podzolic
sandy, sandy loam soils on water-glacial deposits are common in a large area of research.
They have a humus-eluvial horizon (20-25 cm), below which lies a structureless, yellowish-
gray sand (up to 25 cm). The illuvial horizon is composed of gray, grayish-yellow sand with
a thickness of up to 30-35 cm.

As aresult of the research, it was found that the plant groups of the Bystrytsia Tysmenytska
floodplain are dominated by species characterized by meso-hygrophytic plasticity.
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Heliophytes are present in equal proportions in all cenoflora in the range of 40-60%. In
the biomorphological structure, the predominance of hemicryptophytes is observed. Analysis
of cenoflora by type of life forms showed that herbaceous polycarpic plants are dominant.
The ratio of woody plants to herbaceous plants is 1:15. In the phytobiota of the floodplains,
meadow-bog, meadow-shrub, ruderal groups are common.

As a result of our observations, we investigated the secondary meadow floodplain
succession on the banks of the Bystrytsia Tysmenytska River.

In modern conditions, an invasive species — Heracleum sosnowskyi — has settled among
the widespread vegetation on the banks of the river and in its floodplains. In order to neutralize
this species and for safety reasons, residents of the village of Dolishnii Luzhok burned dead
wood in this area (autumn 2021). As a result, conditions were created on the river banks for
the formation of secondary succession. Over the past two or three years, meadow vegetation
has restored in the riverbank area, as well as shrubs and trees, and new species have appeared.
Among the species diversity, a significant number of herbaceous plants are observed. The
most common species are:

Family Rosaceae: Malus sylvestris, Pyrus pyraster, Prunus spinosa, Rubus caesius, Rosa
canina, Agrimonia eupatoria, Potentilla anserina.

Family Lamiaceae: Origanum vulgare, Mentha longifolia, Urtica dioica, Leonurus
cardiaca, Prunella vulgaris.

Family Asteraceae: Eupatorium cannabinum, Tanacetum vulgare, Cirsium arvense,
Cichorium intybus, Gnaphalium uliginosum, Achillea millefolium, Carduus nutans, Senecio
ovatus, Leontodon autumnalis.

Family Apiaceae: Heracleum sosnowskyi, Daucus carota, Aegopodium podagraria.

Family Poaceae: Avena fatua, Elymus repens, Agrostis capillaris.

Family Fabaceae: Trifolium pratense, Vicia cracca, Lathyrus pratensis.

Family Euphorbiaceae: Euphorbia cyparissias.

Family Equisetaceae: Equisetum arvense.

Family Plantaginaceae: Plantago major.

Family Ranunculaceae: Ranunculus acris.

Family Caprifoliaceae: Dipsacus fullonum.

In general, representatives of the families Asteraceae and Rosaceae are most often
represented in the study areas, among which there are both wooden and herbaceous forms.
Plants of the family Lamiaceae, Poaceae, Fabaceaeare are less numerous. Representatives
of the families Caprifoliaceae, Apiaceae, Ranunculaceae, Equisetaceae, Euphorbiaceae,
Plantaginaceae are rare.

76 species of plants belonging to 18 families were found in the study area.

Thus, the study area is characterized by a significant variety of floral forms and species,
which are represented in the vast majority of herbaceous plants, as well as shrub and tree species.

The species identified by us are characterized by different abundance of growth. Common
and numerous in the research area are: Achillea millefolium, Elymus repens, Cirsium arvense,
Equisetum arvense. Ranunculus acris, Vicia cracca, Daucus carota, Carduus nutans, Mentha
longifolia, which usually do not have a dominant role in phytocenoses , were much less
common. Separate fragments of Agrimonia eupatoria, Tanacetum vulgare L., Rubus caesius,
Potentilla anserina occur. Species grow sporadically on trial plots. In general, the resource
potential of these plants is low.

As aresult of studies, a significant uneven distribution of these species was recorded (see Table 1).
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Table 1
The abundance of the most common spacies of floodplain meadows
of Bystrytsia-Tysmenytska

Abundance
Species Area No.1 | Area No.2 | Area No. 3 | Area No. 4 | Area No. 5
Origanum vulgare Cop’ Cop? Cop' Cop? Cop*
Achillea millefolium Sol Sol Sp Sp Sp
Elymus repens Cop’® Cop® Sol Sol Sol
Cirsium arvense Sol Cop! Cop' Sp Sp
Agrimonia eupatoria Sp — — — —
Potentilla anserina Sp — — — Cop'
Gnaphalium uliginosum Sp Sp Sp Sp —
Ranunculus acris Sol — — — —
Rubus caesius — Sp — — —
Equisetum arvense — Cop! Cop! Cop! Sp
Vicia cracca — — Sp — —
Carduus nutans — — Sol — —
Daucus carota — — Sol — —
Mentha longifolia — — — Cop! Cop!
Trifolium pratense — — - Cop' Cop'
Tanacetum vulgare L. — — Sol — Sol

It was found that the dominant species in the selected areas due to pyrogenic impact is Origanum
vulgare L. It easily colonizes open areas, attracts bees and other pollinating insects, which contributes
to the restoration of vegetation cover, providing conditions for the development of other plant species.

Thus, the secondary succession of meadow biocenosis in the floodplain of the Bystrytsia-
Tysmenytska River showed signs of rapid recovery after the devastating impact.

CONCLUSIONS

Human economic activity significantly affects nature and landscape, destroying and
changing them, which leads to an increased anthropogenic load.

Anthropogenic successions play an important role in the dynamics of the meadow
vegetation of the Bystrytsia Tysmenytska river floodplain. The river floodplain of Bystrytsia
Tysmenytska after pyrogenic loading is characterized by the ability to recover quickly and
the peculiarity of the phytobiota formation. The study of the biocenotic features within the
floodplain areas will make it possible to monitor the meadows and establish the degree of
their conservation, species richness and diversity in the future.
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AHOTALIS

JYUYHI ®ITOLEHO3MU 3AIIJIABA BUCTPULI THCMEHHULBKOI
B YMOBAX BTOPUHHOI CYKIECII

VY cTarTi mpoaHaTi30BaHO CTaH JYYHHUX (iTOICHO3iB 3arutaBu bructpuili TucMeHUIIBKOT Tics
MiporeHHoro HapaHTaxxeHHs. CepeJl aHTPONOrEHHMX BIUIMBIB Ha JaHii TepUTOpIi MiporeHHi
3MiHM OyJIM pe3yJIbTaTOM BUITAJIIOBAHHS CIHOKOCIB 1 TACOBUILL, IIOTPE0OI0 3HUIEHHS PyAepaIbHAX
Ta aJBCHTUBHUX BHUiB. Takuif aHTPOTIOTEHHHUH BILUTHB 3yMOBUB (hOopMyBaHHS BTOPUHHOI CYKIIECii.

Jocmipkenns: 0iopi3HOMaHITTS 3amiaBu piukn bucrpuii TucMmeHHIpkoi Oynu 3arodarkoBaHi
y 2021 poui # mpoBommwmchk yrpomosx 2022-2024 pp. 30ip MONbOBHX JAHUX 3IIHCHIOBAIIN
MapHIIpyTHUM MeTooM. Exornoro-nanamad THy 1udepeHIiiamito poCIHHOTO TOKPHBY 10 CITi Ky BaIH
METOJIOM EKOJIOTIUHHX PSIIIB, 110 IPYHTYETHCS Ha 3aKJIaIili eKoJoriyHuX npodinis. Byno 3aknaneno
3 exornoriyHi npodini B 3aruiaBHIA g0aMHI piukd. Ha3Bu CyaMHHMX BUJIIB BCTaHOBIIOBAJIM 3a
BU3HAYHHKAMH BHIIUX POCIHH. [Iysi BU3HAUYSHHSI BUOBOTO CKJIaay POCIMHHOCTI, PICHOCTI BUIIB
OyJ10 3aK/IaJIeHO 5 MUISHOK Y 30HI aHTPONOTeHHOro (MipOreHHOro) BIUTMBY. [ eoOoTaHiuHI onucu
BUKOHYBAJIM 3a 3arajIbHONPUIHATOI0 METOANKOI. CHHTAKCOHOMIYHMI aHalli3 37iHCHIOBAIM 3a
MetonoMm bpayn-branke. PacHicTs pociyH BU3HAYaIM 32 METOIUKOIO Jlpyze.

buctpuns TucMeHHIlbKa HAJICKUTH A0 TPYNMU Manux pidok J[HicTpoBchkoro OaceiiHy i
XapaKTepU3YETHCSl 3HAYHUMH IUIOLIAMH 3aIUIaBHUX JIYK, Oepe CBiil Mo4yaTok y cXifHili 4acThHI
BepxupogHicTpoBCchKkHX beckumiB 1 Mae mpoTsDKHICTH 73 kM. Ha 3ammaBHHX TepUTOPIsSX
pIUKM HaWOUIBII TMOMIMPEHHMMH € TPYHTH Jy4HI Ha alllOBIaJIbHUX BIAKIagax 1 JEpHOBO-
CepeIHbOIIII30JIHCTI MTiIIaH1 Ta CyIIIaHi, sSIKi BIUTMBAIOTh Ha PO3BUTOK (iTOOIOTH.

Ha mocnmimkyBaHMX IUIONIaX HaWdYacTilie TPAIULUIMCS NPEICTaBHUKU POIUH Asteraceae Ta
Rosaceae, MeHII YHCENbHO INpPEACTaBICHI POCIMHU pPORMHM Lamiaceae, Poaceae, Fabaceae,
piako 3pocrany npenctaBHukH pomuH Caprifoliaceae, Apiaceae, Ranunculaceae, Equisetaceae,
Euphorbiaceae, Plantaginaceae. Cepen BU3Ha9eHUX BUIIB MOMMPESHUMH 1 YNCETEHIMH Ha TEPUTOPIT
nocimkenb Oymu: Achillea millefolium, Elymus repens, Cirsium arvense, Equisetum arvense. 3Ha4HO
pimme 3ycrpivamuice Ranunculus acris, Vicia cracca, Daucus carota, Carduus nutans, Mentha
longifolia, sxi 3a3Bu4ail y (QiTomeHO3aX HE MM IOMiHyI04Oi pomi. OkpeMuMH (parMeHTaMH
Tparsuucs Agrimonia eupatoria, Tanacetum vulgare L., Rubus caesius, Potentilla anserina.

OTixe, BTOPHHHA CyKIecCisl JiydHOro OioneHo3y B 3aruiaBi piuku buctpuns TucMenwuibka,
mo cdopMyBaacs BHACTIJOK MIPOrGHHOTO HABAHTAXKCHHS, XapaKTEPH3yeTbCS IIBUIKUMH
npolecamMy BiIHOBJICHHs (hiTOOIOTH, 30KpeMa YrpyIyBaHHSIMH JIIKAPCHKUX POCIIHH.

Koiouosi ciioBa: 3aruiaBa, 0i0pi3HOMaHITTS, (iTOLEHO3, BTOPHHHA CYKIIECisl, aHTPOIIOT€HHE
HaBaHTaKCHHSL.
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MMOMEPEIHI JAHI IPO TAKCOHOMIYHMIT CKJIAJ
BE3XPEBETHUX CTPYMKIB OJJOHUHHU PYHA
(YKPATHCBKI KAPITATH)

AnoTanis. HaBemeHo momepemHi pe3yapTaTH OOCTEKCHHS 0e3Xpe0eTHUX —JIEKUTBKOX
ctpymkiB [lomonnan Pyna (Vipainceki Kapmarm). JlocmimkeHHS NTaHUX CTPYMKIB MPOBENCHO
Briepie B 4epBHi 2024 p. B aHamni3i He BUPI3HIIM OKpeMO O10TOMIYHI yrpymnoBaHHs OCHTOCY i
nepuditony / emiditony. [yis BU3HAUCHHS ¥ aHAi3y BHIOBOTO OaraTcrBa Ta Pi3HOMAHITHOCTI
B 00paxyHOK BKJIIOYQJIM BCl TAaKCOHM Ha HalHMk4oMmy piBHI Bu3HaueHHs (HIT — naliHwkumii
ineHTH(iKoBaHMI TakcoH). [y monepeaHboi OLIHKK SKOCTI CepeJOBUILA BUKOPUCTAIIN 1HIEKCH
EPT (xinbkicte HIT Ephemeroptera, Plecoptera, Trichoptera) i PhFI (Phytophilous Fauna Index).

Buznadero 95 TakCOHIB Pi3HOTO CHCTEMAaTHYHOTO paHry i3 17 Takcorpyr. HaiO1mbIIo0 KiTbKiCTIO
HIT xapakrepusysamucsi Chironomidae (27). Besxpeberni MaroTh npedepeHiii 10 MEIIKaHHS Ha
BOJIHMX POCJIMHAX, /10 OIOTOMIB i3 TEYi€lo, CTPYMKIB, BIIMIU€HI TaKOK MOJiTomivyHI BuM. bararo
nipencrasieni npexacraBuukn pox. Orthocladiinae (Chironomidae). [nenrtudikartisi 3HaX0/DKEHHS B
JIOCTI/DKEHNX CTPyMKaxX UYepeBOHOTMX MONIOCKIB p. Marstoniopsis (Gastropoda, Pectinibranchia,
Bithyniidae) Takoxx morpebye momarkoBoro yrouHeHHs. lllmpoko mpencrapieni mmamHkw Diptera
(Limoniidae, Pediciidae, Psychodidae, Empididae, Athericidae, Thaumaleidae Tomro).
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TakcoHOMIYHA pi3HOMaHITHICTH OyJ1a IOCUTH BUCOKOIO, Ha OibIocTi cTanii inaekc [llennona
OyB BHIIMM 3a TpH, BOHA BH3Haudamach oOoma (hakTopamu: BEIMKOIO KUIBKICTIO TAKCOTPYI i
BiTHOCHO piBHOMipHUM po3noxaisioM KimbkocTi HIT y Takcorpymax. Posmomin HIT y crpymkax
OyB mocuth crenudiuauM. KrmactepHuid aHami3 mMoka3aB HHU3BKY IMOMIOHICTE TaKCOHOMIYHOTO
cKJIany 0e3XpeOeTHUX OOCTEIKCHUX CTAHITIMH.

SkicTh cepenoBHIa O1TbIIOCTI cTaHmii 3a iHaekcamu EPT i PhFI Mmo)xHa OI[IHUTH KaTeropieto
«aucra» (Il knac «aucti» Boan).

3a pesynprataMu OOCTEXEHHsS BHAIB, sKI IepeOyBaroTh IIiJ 3arpo30l0 3HUKHEHHS W
moTpeOyIOTh OXOPOHH, 3apeecTpoBaHo He Oymo. [Ipote BomHi 6e3xpederHi [lomonman Pyra mo
IIbOTO JOCJIIIPKEHHS NPAKTHYHO HE BUBYAINICH 1 g poOoTa IPyHTY€eThCS JIMIIE HA pazoBomy
Bl,Z[60p1 npo6 y depBHi 2024 p., poOUTH BHCHOBKH PO CTaH 610p13HOMaH1THOCTl Ta HasBHICTb
BU/IIB, sIKi TOTPEOYIOTh OXOPOHH, 3apaHoO, MOTPIOHO TMPOBE/ICHHST 10/IATKOBHX JIOCITiJPKEHb.

Koaouosi cioBa: ¢ayna BogHux 0e3xpeOeTHHX, CTPYMKH, ripchkuii Macus [lononuna PyHa,
VYkpainceki Kapraru.

BCTYII

Bonni 00’ extn Ykpaincbkux Kaprar, He3Bakaroun Ha 3Ha4HE 0araTcTBO i pi3HOMaHITHICTh
TBApUHHOIO CBITY, € cJa0KO BHUBUYEHUMH, OCOOJHMBO 1€ CTOCYETHCS BOJOTOKIB TipPCHKHX
nistHoK. CTpyMKH Ha TIOJIOHWHI PyHa He € BUHSTKOM, aHali3 HAyKOBOI JIITepaTypH IMOKa3as,
110 JIMILIE B OAHINA CTATTi HABEJEHO JOCIIIKEHHS IPYNOBOTO CKJIaay BOAHUX 0e3XpeOeTHUX
MakpoOeHTocy kepen moonu3y I[lomonmnu Piroi [1]. Illomo mocmikeHb OKpeMHX
rpyn 0e3xpe0eTHUX BOJIOTOKIB 1 BOJOWM ITOJIOHWH, CIiJ| BIAMITUTH BUBYCHHS IJIABYHIIIB
(Coleoptera, Dytiscidae) Ykpaincbkux Kapmar i 3akaprmarchkoi Hu30BUHY [2]. JocmimkeHHs
MakpobOe3xpebeTaux p. LIunot (sika npuiiMae Boau cTpyMkiB BoeBoaun, [Ipenyunuii i 3Bop)
noKasai, 1o y BepxHii Teuii lllunoty ocHOBHa OiomMaca Makpo3000E€HTOCY BH3HAYaIaCh
JUYMHKaMHU Komax 1 ramapugamu [3]. KinbkicTs BUAIB y KOkHIiN 3 poaun Ephemeroptera,
Plecoptera, Trichoptera konuBanacsi B Mexkax 6—8 BHIIB, IPUYOMY OCHOBY POJIb B Oiomaci
BiJlirpaBaJiv JINUMHKH BECHSHOK a00 BOJIOXOKPUIIBIIB (3a Janumu 2012 p.).

Haremnep Ha TepuTopii Kapmarchkux Tip MOCHITIOETHCS aHTPOIIOTCHHUH BIIUB, 30KpeMa
MOB’A3aHUN 13 PO3BUTKOM 00 €KTIB aJbTEPHATHBHOI €HEPreTUKU (BITPO-, COHSAYHA, Maji
TiAPOENEKTPOCTAaHINT). 32 WX YMOB HACEJCHHS CTPYMKIB ONMHSETHCS TiJ 3arpo30r0
1 moTpedye peTeNbHOr0 BUBYCHHS ISl 3a1100iraHHs MOYKJIMBUM BTpaTraM 0i0pi3HOMaHITHOCTI.

VY 1mboMy TIOBIJJOMJICHHI BUKJIAJICHO PE3yJAbTaTH MPOBEACHOrO Brepiie (hayHICTHYHOTO
JociipkeHHs 0e3Xxpe0eTHUX BOAOTOKIB ripchkoro Macupy llononuna Pyna. Ha monmonuHi,
JI0 30HHM JIiCY, MIPOTIiKae OIS JecaTKa APIOHUX CTPYMKIB, 3r0JIOM OUIBIIICTh 3 SIKUX BIIAIa€e
10 BogoToKy BoeBoaun (mpurtoka p. LLumor), MeHma Kiibkicte — 10 p. 3Bop 1 Ilpenyunnit
(Takox € mpurokamu p. IlIumor). [IeBHa yacTHHA CTPYMKIB Ha IMIOJIOHHHI BIITKY TIEpPECUXAIOTh,
MaloTh 3aCTil BOAM, JIULIE B JIicl BOHM HAOyBarOTh XapaKTEPUCTUKH MOCTIHHUX BOJOTOKIB.

MATEPIAJIN TA METOAHN

JocmimkeHnast 0e3Xpe0eTHUX JEesSKUX IUISTHOK CTPYMKIB Tipchkoro macuby [lonoHmnHa
Pyna mpoBogunu B yepBHi 2024 p. OOcTexeHO MUISHKA CTpyMKa Oe3 Ha3BU B Mexkax
c. JlumoBenp, CTPyMKiB, IO BHANAIOTH y P. 3BOpP, CTPYMKIB, IO BHANAIOTh Yy CTPYMOK
BoeBonun i [lpenyunuii (tabn. 1, y tabmumi h — mmbuna, t — Temneparypa). CtpymMok
BoeBoauH, sKuii TOYMHAETHCS Ha BUCOTaX Makxke 1400 M H.p.M. 1 Ma€ TOBKWHY Ha TIOJOHUHI
JI0 2 KM, CTPYMKH, SIKi € IpUTOKamMH p. 3Bop 1 [Ipenyynuii MeHIi, MOYuHAIOTCS HEAAJIEKO BiJl
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30HM Jlicy. CxeMy po3TalllyBaHHs CTaHIIii HaBeIeHo Ha puc. 1. [lluprHa BOJOTOKIB CTaHOBHIIA
Bix 0,2 1o 3,0 M, mubuHa Ha nepekarax — 10—15 cm, Ha muecoBux minsHKax — 3540 cm.
[TepeBaxxarounii T CyOCTpaTy — KaMiHHS PI3HOTO PO3MIpY, B HE3HAYHIN KIIBKOCTI — BallyHH,
MICOK, [JIMHA, ICTPHT.

A o
P e

~Jlunoseus

Puc. 1. Cxema po3raumiyBaHHs CTaHIi# Jociail:keHHs Oe3xpedeTHHX, YepBeHb 2024 p.

Tabmuis 1
XapakTepucTuka cTanmii Bifoopy npod Ta yMoBH MelIKaHHS 0e3XpedeTHUX
Ne | Crano | Boanuii 06’exkr Koopaunaru Bucora, h,m | t,°C Aominyroumii
M HpM cyocTpar
1.2 1.1 0,15 meb6iHp
J(_ZIprMOK, BHIIE C. ggoigézgl}g 630 15.0
1.3 1.2 HIOBCLE : 0,10 My
CtpyMoK, B Mexax | 48°46'31.0"N .
1.4 1.3 . Jnmosens 22°4510.0"E 640 0,3 13,0 KaMIHHS
48°4723.0"N .
1.1 2 Crpymok-pToka | 22°47'04.0"E 1240 0,15 5,0 KaM1HHS
peSe0p 48°4715.0'N
3 3 22047,42'.0,,}3 1254 0,15 | 5,0 KaMIHHS
Crpymok-iputoka | 48°47'33.0"N .
2 4.1 p. Boesonun 22°48'18.0"E 1375 0,15 | 5,0 KaMI1HHS
CrpymoK
’ 48°46'59.0"N
4 4.2  |mo Bmagaey 22°48'05.0"E 1241 0,15 | 5,0 rajbka
p. BoeBonun
Ctpymok-iputoka | 48°48'22.0"N .
5 5 p. Tpesyummii 22°5021.0"E 1150 0,1 11,0 KaMiHHS
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JocmipkeHHsT  BOAHMX — 0e3XpeOSTHHX  MPOBOJMIM 33  3arajbHONPUHHATHMH
riApo0iONOriYHUMHU MeTOoIuKaMHu [4], TakoX 3acTOCOBYBalM BinOip 3a Moau(DiKOBaHOIO
€BPONCHCHEKOD cXeMor Bigbopy mpod AQEM [5]. Ilpobu BigOupamu i3 3aHypeHHUX
TBEpIUX CyOCTpaTiB (3aHypeHa AEepeBUHA i KaMiHHS), pUXJIHMX AOHHHUX BiIKJIaJiB, BOJHHX
pociuH. be3xpeOeTHUX 13 TBepAUX CyOCTparTiB 1 BOXHUX POCIHH BIIOUpAH 3a TOTIOMOTOI0
3MHUBY Ta IIKpeOka, 0e3Xpe0eTHUX PUXJIMX JOHHMX BIAKIAAIB BiAOUpain 3a JOMOMOTOO
KopoOuaroro nMpoOoOBiI0IpHUKA, 3aCTOCOBYBaNM Takok Metox kick and sweep [6]. B anaiizi
HE BUPI3HIN OKpeMOo O10TOmiuHI yrpynoBaHHs OeHTocy i nepudirtony / emiditony. [Ipoou
(ikcyBamu cnupTo-HOpMATIHOBOIO CYMIMNIII0. Y PO3paxyHKy HE BpPaXOBYBalld HA3eMHUX
a00 HaBKOJIOBOJHMX 0e3XpeOeTHUX — TIIi, MypaxH, Jisuiedku Simuliidae, TMYMHKY Ha3eMHUX
kiomiB Gerridae, iMaro Myx, siKi BUITaJJKOBO MTOTPAITHIIN B TPOOH.

TakcoHOMIUHY PI3HOMaHITHICTh po3paxoByBayid 3a iHAekcoM llleHHOHa (SK KUTBKICTh
HIT y rpynax [7]), ki1acTepHHU# aHAa3 MPOBOIWIIM 3 BUKOPHCTAaHHM iHJeKcy XKakkapa. J{ist
BU3HAUYCHHS 1 aHali3y BUJIOBOrO OararcTBa Ta pi3HOMaHITHOCTI B 0OpaXxyHOK BKIIIOYAJIM BCi
TaKCOHM Ha HaifHmwk4oMy piBHI Bu3HadeHHs (HIT — HaliHM XYWl 11eHTH(IKOBAaHUIA TAKCOH).
3a nonomoroto inaekciB EPT (kinmbkicts HIT Ephemeroptera, Plecoptera, Trichoptera) i PhFI
(Phytophilous Fauna Index) mpoBeneHo NONIEPEHIO OIIHKY SIKOCTI CEpeIOBHUIIA ICHYBaHHS
0e3xpeOeTHHUX Yy AOCHIKEHUX BOIOTOKAX [8].

PE3YJIBTATHU

3aranbHuH criucok O0e3xpedeTHrX HapaxoByBaB 95 HIT, 3 Hux no Buy ineHTudikoBaHo 36.
Busnaueno 17 takconomiunux rpym: Chironomidae (27 HIT), Trichoptera (13), Oligochaeta
(12), Diptera (12), Ephemeroptera (9), Plecoptera (6), Coleoptera (5), Gastropoda (2 HIT),
OHUM TakcOHOM Oynu mpencrasneHi Amphipoda (Gammarus balcanicus Schaferna),
Hirudinea (Helobdella stagnalis (L.)), Bivalvia (apioni npencraBauku poa. Cycladidae),
a Takox 110 Buay He Bu3Hadanu Turbellaria, Nematoda, Ostracoda, Collembola, Lepidoptera,
Hydracarinae.

[leBHa KiNbKicTh Oe3XpeOeTHUX Mae mpedepeHIii 10 BOAHOT POCIUHHOCTI (HApUKIIal,
Beraea pullata (Curtis, 1834)). [IpencraBauku Trichoptera nmepeBaKHO TSKIFOTh J10 O10TOIIIB
13 Tedieto, CTpyMKiB (Plectrocnemia conspersa Curt. (Polycentropidae), Ecclisopteryx
guttulata Pictet (Drusinae), Rhyacophyla philopomodes McL. (Rhyacophilidae). Bigmiueni
noJtiTomiuHi BuH, 30kpema Nemurella pictetti (Klapalek).

bararo mnpencraBneni mnpencraBHUkH poxa. Orthocladiinae  (Chironomidae), BoHuM
XapaKTepU3yBaJMCs JyXKe pPI3HUMHU OKUTTEBUMHU mnpedepeniissmu. Tak, 3HaiimeHi
npenacraBHukn Epoicocladius ephemerae Kieffer (= flavens), 110 MEIIKArOTh 1] KPUIOBUMH
yoxnamu Ephemera vulgata L., Metriocnemus fuscipes (Mg.) MelKae TepeBaKHO
B IIpUOEPEkKKi, Y BOIOTOMY MOXY, Syndiamesa branickii Nowicki BijaroTh miepeBary came
ctpyMmkaMm. [Ipore neBHa KiIbKICTh €K3eMIUISPIB JIMYMHOK I[LOTO CiMelicTBa MOTpedye OiIbII
JIOKJIQJIHOT 1IeHTH(IKAITIT.

InenTudikamiss 3HAXOPKEHHS B JOCHIDKEHHX CTPYMKaX YEepEeBOHOTHMX MOJIOCKIB
p. Marstoniopsis (Gastropoda, Pectinibranchia, Bithyniidae) Takox morpedye J101aTKOBOTO
YTOYHEHHS.

Jlmannkn Diptera (6e3 Chironomidae) Oynmu mnpencrtaBieHi AeKiJIbKOMa POIWHAMH,
3okpema Limoniidae, Pediciidae, Psychodidae, Empididae, Athericidae, Thaumaleidae,
HalOiIbII 6araro Oynu mpencTaBiieHi Ha cT. 1.3 (y Mexkax cenuia).
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3aranpHa KutbkicTh HIT Ha cranmisx Oyna Big 10 (ct. 1.2, 3amynena ninsaka) no 49 HIT
(ct. 1.3), a KiNBKICTh Takcorpym cTaHoBuiaa 6—15. TakcoHOMIUHA pI3HOMAHITHICTH Oyna
JIOCUTh BUCOKOFO, Ha OUTbIIOCTI cTaHmii iHaeke lllenHona OyB BuimM 3a Tpu (puc. 2). [Ipu
LIbOMY BUPIBHEHHICTbh Oyla JOcuUTh BUCOKOIO 1 cranoBmia 0,8-0,9, To6T0 TakcoHOMiuHA
PI3HOMaHITHICTh BU3HAYAJIACh 000Ma (PaKTOpaMH: BEITHKOI KUIbKICTIO TAKCOTPYTI 1 BITHOCHO
piBHOMIpHHM po3nofitoM kinbkocti HIT y Takcorpymax.
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Puc. 2. Takconomiune dararcTBo (kisibkicts HIT i Takcorpyn) i pi3HoMaHiTHicTH
(innexc lennona, 6iT/HIT) Oe3xpedeTHUX HA JOCTiIKEHUX CTAHIIAX

UYacrororo TpamisiHas moHan 50% xapaktepusyBanocs 21 HIT, Haiibinem wacto
3yctpivanmck Nematoda sp., G. balcanicus, Plecoptera jw. (88%), a 45 HIT 3ycrpigamucs
JIMIIE Ha OJHIN cTaHIii, ToOTO MokHa BBaxaru po3nofin HIT mocuth cnerudivyauM.
KrnactepHuii anaimiz 1mokazaB HHU3bKY TOAIOHICTH TAKCOHOMIYHOTO CKJIamy Oe3XpeOeTHHX
oOCTe)keHNX CcTaHLii. 3 HaiHmxk4oro noaiOHicTio (13%) noriyHo BHOkpeMmuiacs cT. 1.2
(BiAMIHHUE BiJ IHIIMX CTaHIIIK cyOcTpar), HaitOinbia nomioHIcTh (44%) moenHana cT. 2 1 5,
SIK1, IPOTE, JIOKAJIi30BaHI HA TIEBHIN BiJICTAHI OJ{HA BiJ] O/THOI.

Bu3HayuTH SKIiCTh BOJHOTO CEpEIOBUINA 3 BHKOPUCTAHHSM KOMIAPATHBHOTO ITiJIXOTY
BomHoi paMKOBOT TUPEKTHBH HEMOXIIUBO, aJDKE PEPEPSHTHI XapaKTEPUCTUKU YIPYIOBaHb
BOIHUX Oe3XpeOeTHUX JUIsi CTPYMKIB TIOJIOHHMH HE BHU3Ha4YeHi. Tomy 3poOiieHo crpoOly
BHUKOPHUCTATH HAIBHUI MaTepias sl OI[IHKH SIKOCTI CEpEeIOBHINA 3 BUKOPUCTAHHSIM 1HICKCIB
EPT i PhFI. IatepnperyBatn oOuuciieHi OIOTHYHI 1HAEKCH CKIIAJHO, iX aHai3 JIHIIe Jae
OpIEHTOBHE BiJHOCHE YSBJIEHHS NPO SKICTh BOAHOTO CEpeNOBHIIA. 3HAUE€HHS O10THYHOTO
iHaekcy EPT Ha mociipkeHUX CTaHIISAX KOJWBAIMCH Y JOCUTh 3HAYHUX Mexax — Bij 1 1o
14. 3nauyenns inaexcy PhFI npakTuyHO Ha BCiX cTaHLisAX Oy/10 KOHCTAHTHHUM i1 JOPiBHIOBAJIO
8, 110 BU3HAYaJI0Cs MOAIOHOK KUTBKICTIO TAKCOTPYIT 1 HasBHICTIO Jekiibkox HIT nmuamHOK
Plecoptera. Bunsitok cranosunu ct. 1.2 1 1.3, e B nepuiomMmy BUMAJKY 33 3HAUHOI KUTBKOCTI
takcorpyn Binmideno suire oxguH HIT Plecoptera, y apyromy — HEBUCOKa KiJIbKICTh TAKCOTPYTT
1 BigcyTHicTh Plecoptera (puc. 3).

Taxkum ynHOM, Ha OIIBIIOCTI CTaHIlIK 3a mokasHukoM PhFI skicTh Boau MOXKHA OLIIHUTH
kareropiero «uncray (Il kmac «aucti» Boau). o 1poro x Kiacy 3a sKiCTIO BiiHeceHa cT. 1.2
(kareropis «JI0CTaTHLO YHCTI BOAM»). Haiiripini 3HaueHHs (cT. 1.3) BiAMiYeHI B HETHIIOBOMY
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JUTS CTPYMKIB 010TOITI — 3 TIepeBasKaHHSIM MYJIOBUX BiJIKJIaIiB, SIKICTh BOJIH OIIIHEHA KATETOPIEI0
«cnabko 3a0pyaHeHay, kiac 11, «3abpynneni» Boau. [Ipote ciix 3a3HaYMTH, 110 HEBUCOKI
3HAYCHHS 1HJCKCIB TOB’s3aHI HE CTIIbKK 3 SIKICTIO BOJIM, a HAacamIepell i3 XapakTepoMm
BOJIOTOKIB Ha IOJOHWHI, OloTomaMu. 3Ae0UIBIIOr0 1i CTPYMKH MalOTh HHU3bKI BUTPATH
BOJTH, TPAIUISIOTHCS TIEPIOJIMYHI 3aCTOi BOJHM, 1HOAI BOHU NEPECHUXAIOTh, 10 HE JIA€ 3MOTH
MiATPUMYBaTH BUCOKY Oiopi3HOMaHiTHICTh. CTpyMOK (CT. 1.4) mpoTikae HUKYE 32 BUCOTOIO
(640 H.p.M.), € IOCTIHHUM Ta 31 3HAYHO BHUIIMMH BHTPATAMHU BOJIH, BUCOKUM PI3HOMAHITTSIM
CyOCTpaTiB i TOMY XapaKTepPH3y€eThCsl HAMBUIIUME 3HAYCHHSIMH TAKCOHOMIYHOTO OararcTaa
1 010TMYHUX 1HIEKCIB.

PhFI

cr.1.l  ct. 12 c1.13 cT.2 cT. 3 cr.4.1 cr.42 cT. 5

Cranunii
‘ EEENEPT ——PhFI ‘

Puc. 3. 3nauenns 6iornunux ingexcis EPT ta PhFI

[lomo HasBHOCTI BUWJIB, SIKi NepeOyBarOTh IiJI 3arp030l0 3HUKHEHHS W TMOTPeOyIOTh
OXOpPOHH, TO 3a pe3ynbTaTaMM aHamizy myOmikauiii 1 6a3 manux (HaumionanbHa Mepexa
iHpopmarii 3 OiopisHOMaHITTS — https://ukrbin.com/, LlenTp naHWx OIOPI3HOMAHITTS
Vkpainu — http://dc.smnh.org/, UepBoHuii cnucok BUAIB, IO mepeOyBaloTh MiJ] 3arpo3010
3HUKHEHHs, M>KHapOIHOTO cOr03y 0XOopoHH npupoan — International Union for Conservation
of Nature’s Red List of Threatened Species, https://www.iucnredlist.org/, InTerpoBanuit
IHCTPYMEHT OIliHKH OiopizHoMaHITTS — IBAT, https://www.ibat-alliance.org/, Kimouosi paitonu
OiopiznomanitTs — https://wdkba. keybiodiversityareas.org/, mnargopma iNaturalist — https://
www.inaturalist.org/) BincyTHs iHpOpMAITis TIPO iX MPUCYTHICT y BOJOTOKAX IMTOJIOHWHH PyHa.
3a pe3ynpraTaMu HalIMX JOCIIPKCHb TAKOK iX HE Oylo 3apeecTpOBaHO, MPOTE MOBHICTIO
BUKITIOUATH 1X MPUCYTHICTh HE MOXKHA, BIJICYTHICTh MOKE OyTH TOB’si3aHa 3 HEIOCTaTHLOIO
BHUBYEHICTIO BOJIOTOKIB IIi€1 TEPUTOPIi.

BUCHOBKMH

be3xpebeTHi 00CTEKEHUX CTPYMKIB XapaKTEPH3YBAINCS JOCUTh BHCOKHM 0ararCTBOM
(95 HIT, 17 rpyn). Hait6insmoro kinbkicTio HIT xapakrepusyBanuck Chironomidae (27).
Kimpkicte HIT juist pi3HUX CTPYMKIiB Ha TIOJIOHHMHI KOJMBaNacs B Mexax Bij 23 mo 33, sk
HaWMEHII, TaK i HAWOUIBIII MOKAa3HUKU OaraTcTBa BiAMIYEHI JIJISI HUKYE PO3TAIIOBAHUX
BOJIOTOKIB.
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[TocTiiiHui cTpyMOK 0e3 Ha3BH, SKHW IepeTHHae c. JIMmoBenb, XapakTeph3yBaBCs
HaWBUIIKMMU MOKa3HUKAMH TAKCOHOMIUHOTO OararcTsa: 14 Takcorpyii i 49 BuiB, He3BaXKarouu
Ha aHTPOIOTeHHUH Mpec (HasiBHICTh MOOYTOBOTO CMITTS, BUIAC XylI00OU Ha Oeperax ToIIo).
Biporigno, Bu3HadaibHUM OyB BIUIMB BHCOTH (CTPYMOK pO3TAIlOBaHUKW B 30HI JIiCy)
1 HaOyTTS XapaKTEPUCTHK MOCTIHHOTO BOJIOTOKY, TAKOXK 301JBIIIEHHIO BHUJIOBOTO OararcTsa
CHpUsi€ 3pOCTaHHS PI3HOMAHITHOCTI CyOCTparTiB, sKi 3a0e3MeuyIoTh 301IbLIEHHS KiIBKOCTI
EKOJIOTTYHHUX HIIIL

Slkicth cepemoBumia Oinbiiocti craHiii 3a iHgekcamu EPT i1 PhFI moxna ominuth
kareropiero «unctay (I kimac «aucti» Boam).

3 omsity Ha Te 110 BogHi 6e3xpedeTHi [Tononnuu Pyna 10 1boro 10CHiKeHHS TPaKTUYHO
HE BHUBYAIINCH 1 1151 poOOTa IPYHTYETHCS JIUIIIE HA Pa30BOMY Bioopi mpol y depsHi 2024 p.,
pOOUTH BHCHOBOK MPO CTaH OiOpi3HOMAHITHOCTI Ta HAsBHICTh BHIIB, SIKi MOTPEOYIOTh
OXOpPOHH, 3apaHO, TOTPIOHO MPOBEACHHS JONATKOBUX JIOCIIIKCHb.

JIITEPATYPA

1. Insmeunuk B. 1., Koansayk H. €., KoBanpuyk A. A. [lonepenHi 1aHi 1o BUIOBOMY CKIaTy
6enrocy mxepen moomu3y Ilomonuan PiBHoi (Gaceitn piuku Yx). Hayk. gich. Yoiceopoo.
yu-my. Cep. bionoeia. 2006. Bumn. 19. C. 199-201.

2. Merenemxo O. FO. Hosi g Ykpaincekux Kapnar i 3akaprnarcbkoi HU30BUHU BUM I1J1a-
ByHLiB (Coleoptera.Dytiscidae). Hayk. 3an. [epac. [Ipupoo. mysero. JIpBiB, 2002. Ne 17.
C. 121-128.

3. Kpyxumina C. B., [Jlizenxo O. B., Bemuxononscekuii 1. M. Kopmosa 6aza Ta ocoGmu-
BOCTI KUBIICHHS CTPYMKOBO{, paiiyxHoi (operneil Ta Xapiyca Ha pi3HUX OioTomax pidku
umit 3akapnarcbkoro periony. Pubococn. nayka Yxpainu. 2016. Ne 4. C. 76-94. DOLI:
https://doi.org/10.15407/fsu2016.04.076.

4. MeTomu TiAPOEKOIOTTUHHX TOCIIIKEHb MOBEPXHEBUX Boj / 3a pex. B. /1. Pomanenka. Kuis :
Jloroc, 2006. 408 c.

5. AQEM consortium. Manual for the application of the AQEM method. A comprehensive
method to assess European streams using benthic macroinvertebrates, developed for the
purpose of the Water Framework Directive. Version 1.0. 2002.

6. Hering D., Moog O., Sandin L., Verdonschot P. Overview and application of the AQEM
assessment system. Hydrobiologia. 2004. Vol. 516. P. 1-20.

7. Lyashenko A.V., Protasov A.A. Use of the Indices of Macrozoobenthos Diversity as
Indicators of the State of Aquatic Ecosystems. Hydrobiol. J. 2003. Vol. 39, No. 2. P. 17-27.
DOI: 10.1615/HydrobJ.v39.i4.20/

8. AdanaceeB C. O., IOpummnens B. 1., Bonikos 10. M., Ycos O. €., Jlsmenko A. B. [Ipu-
KJIQJIHI TIpOTpaMu Jijisi 00poOKH TipodionoridyHux gaHuxX. Meroauunuii mociOHuk. Kuis,
2019. 28 c.

REFERENCES

1. Plyashechnyk, V.., Koval'chuk, N.Ye., & Koval’chuk, A.A. (2006). Poperedni dani
po vydovomu skladu bentosu dzherel poblyzu Polonyny Rivnoyi (baseyn richky Uzh)
[Preliminary data on the species composition of benthos of springs near Polonyna Rivna
(Uzh River basin)]. Nauk. visn. Uzhhorod. un-tu. Ser. Biolohiya. Issue 19. P. 199-201
[in Ukrainian].

2. Meteleshko, O.Yu. (2002). Novi dlya Ukrayins'kykh Karpat i Zakarpat-s'koyi nyzovyny
vydy plavuntsiv (Coleoptera. Dytiscidae) [New species of dipterans (Coleoptera.Dytiscidae)
for the Ukrainian Carpathians and Transcarpathian lowland]. Nauk. zap. Derzh. Pryrod.
muzeyu. L'viv. No. 17. P. 121-128 [in Ukrainian].

68



3. Kruzhylina, S.V., Didenko, O.V., & Velykopol's'kyy, LY. (2016). Kormova baza ta osoblyvosti
zhyvlennya strumkovoyi, rayduzhnoyi foreley ta khariusa na riznykh biotopakh richky Shypit
zakarpat-s'koho rehionu [Food base and peculiarities of feeding of brook and rainbow trout
and grayling in different biotopes of the Shipit River in the Transcarpathian region]. Rybohosp.
nauka Ukrayiny. No. 4. P. 76-94. DOI: https://doi.org/10.15407/fsu2016.04.076 [in Ukrainian].

4. Metody hidroekolohichnykh doslidzhen’poverkhnevykhvod(2006)/zared. V.D. Romanenka
[Methods of hydroecological studies of surface waters / edited by V.D. Romanenko]. Kyiv:
Lohos. 408 p. [in Ukrainian].

5. AQEM consortium. Manual for the application of the AQEM method. A comprehensive
method to assess European streams using benthic macroinvertebrates, developed for the
purpose of the Water Framework Directive. Version 1.0. (2002).

6. Hering, D., Moog, O., Sandin, L., & Verdonschot P. (2004). Overview and application of the
AQEM assessment system. Hydrobiologia. Vol. 516. P. 1-20.

7. Lyashenko, A.V., & Protasov, A.A. (2003). Use of the Indices of Macrozoobenthos Diversity
as Indicators of the State of Aquatic Ecosystems. Hydrobiol. J. Vol. 39, No. 2. P. 17-27.
DOI: 10.1615/HydrobJ.v39.i4.20.

8. Afanas'yev, S.O., Yuryshynets', V.I., Volikov, YU.M., Usov, O.Ye., & Lyashenko, A.V. (2019).
Prykladni prohramy dlya obrobky hidrobiolohichnykh danykh [Application programmes for
hydrobiological data processing]. Metodychnyy posibnyk. Kyiv. 28 p. [in Ukrainian].

ABSTRACT

PRELIMINARY DATA OF THE INVERTEBRATES TAXONOMICAL
COMPOSITION MOUNTAIN VALLEY OF RUNA STREAMS
(UKRAINIAN CARPATHIANS)

The preliminary results of the survey of several invertebrate streams of Polonyna Runa
(Ukrainian Carpathians) are presented. The study of these streams was conducted for the first time
in June 2024. The biotope groups of benthos and periphyton/epiphyton were not distinguished
separately in the analysis. When determining and analyzing species richness and diversity, all
taxa at the lowest level of definition were included in the calculation (LIT — the lowest identified
taxon). EPT (the number of LIT Ephemeroptera, Plecoptera, Trichoptera) and PhFI (Phytophilous
Fauna Index) indices were used for preliminary assessment of the environment quality.

95 LIT of different systematic ranks from 17 taxogroups were identified. The Chironomidae
was characterized largest number of LITs (27). Invertebrates have preferences for living on
aquatic plants, biotopes with currents, streams, polytopic species are also noted. There are many
LITs of Orthocladiinae (Chironomidae) ih the streams. The identification of Marstoniopsis
gastropods (Gastropoda, Pectinibranchia, Bithyniidae) in the studied streams also needs additional
clarification. Diptera larvae (Limoniidae, Pediciidae, Psychodidae, Empididae, Athericidae,
Thaumaleidae, etc.) are widely represented.

Taxonomic diversity was quite high, at most stations the Shannon index was higher than three,
it was determined by both factors: a large number of taxogroups and a relatively even distribution
of the number of LITs in taxogroups.

The distribution of LITs in streams was quite specific. Cluster analysis showed low similarity
of the taxonomic composition of the examined invertebrate at the studied sampling stations. The
quality of the environment of most stations according to the EPT and PhFI indices can be assessed
as “clean” category (class II “clean” waters).

According to the survey results, there were no registered species that are in danger of
disappearing and need protection. However, the aquatic invertebrates of Polonyna Runa were
practically not studied before this study, and this work is based only on a one-time sampling in
June 2024, it is too early to draw conclusions about the state of biodiversity and the presence of
species that need protection, additional studies are needed.

Key words: invertebrate aquatic fauna, streams, Polonyna Runa mountain massif, Ukrainian
Carpathians.
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BIIJIUB MIKPOJOBPUBA «ABATAP-2 OPI'AHIK»
HA MOP®OBIOJOTTYHI IOKA3ZHUKHU TA ITIPOAYKTUBHICTb
POCJIMH CALENDULA OFFICINALIS B YMOBAX
MEPEJIKAPIIATTS YKPATHH

Anotauis. Ksitkn Harimox nikapcekux (Calendula officinalis 1.) € TiHHOIO JIKapChKOIO
CHPOBUHOI0, Je(ILUTHICTh SKOI Ha CBITOBOMY Ta BITYM3HSHOMY PHUHKY HEBIIMHHO 3pOCTa€
3aBISKM 301IbIIEHUM TTOTpedaM (hapMaleBTUYHOT IPOMHUCIOBOCTI JIJIsi BUPOOHHIITBA JIIKYBAIbHUX
IpenapariB HaTypaJbHOTO TOXO/DKEHHs. KynbTHBYBaHHS POCIMH HOBOCHHTE30BAaHHX COPTIB
C. officinalis y cUpUSTIMBHX KIIMaTHYHHX 30HAX KpaiHH Ta MOEIHAHHI 3 TOKpPALICHUMH
TEXHOJIOTISIMH YMOXIIUBUTh OTPHMATH 30UTBIICHI OOCATH SKICHOI CHPOBHHH IIi€i JIiKapchKOi
POCIUHN.

Hocnimkeno ocobnmBocti 3poctanust pocnud C. officinalis copty bepesorinbka CoHsuHA
BITUM3HSIHOT CeJIEKIIT y I'PyHTOBO-KJIIMaTHuHMX yMoBax [lepenkaprarts 3a 3acToCcyBaHHS Pi3HUX
HOpM MikpoesneMenTHoro npenapary (MII) «ABarap 2 Opranik» i cnoco6iB 00poOKH HACIHHS Ta
BEreTYIOUHX POCIIHH.

Bcranosneno, mo 3actocyBanus MII mis nepeanociBHoi 00pooku Hacinus C. officinalis y
HopMi 50 1 100 Mi/T Ta JBOPA30BOTO MiPKUBICHHS POCIMH y (EHONOTIYHMX (a3ax CXOHIB Ta
Oyronizauii y Hopmi 50 ta 100 mi/ra cripusie 30UIbIICHHIO TPUBAJIOCTI BEre€TalliiHOTO Mepiony,
MOKPAIIY€E TOJBOBY CXOXKICTh HACIHHS Ta BIDKUBAHICTh POCJIMH, & TAKOK CIPHSE 301IbIICHHIO
IXHIX MOP(OMETPUYHHMX NOKA3HHKIB, MPOAYKTHBHOCTI W ypOXXaWHOCTI CylBiTh. 3’sCOBaHO,
BupoliyBanHs KynbtypH C. officinalis B ymoax [lepeakapnarts i3 3aCTOCYBaHHIM MIKpOg0oOpHBa
3a HOpM mepenmnociBHOl 00podku 50, 100 i 150 mur/T HaciHHS i 0OOPOOKH BETETYIOUHX POCIHH

70



3a HopM 50, 100 1 150 mu/ra € exkoHOMIYHO BHUTiHMM. HaliBUInuii yrcTHii mpuOyTOK JIiKapchKoi
pocimuHOI cupoBuHu C. officinalis Ta piBeHb PEHTA0EIBHOCTI CIIOCTEPITAaETHCS y cHocoOi i3
BHECEHHIM MIKpOIoOpHBa y TPU CTPOKU: HA CTaJii MepeanociBHOT 00poOKH HACIHHS (32 HOPMH
BuTpat npenapary 100 mir/T) i ABOpa30BOrO MO3aKOPEHEBOTO IMiHKUBJICHHSA y (a3ax CXOMIB Ta
OyTonizamii (3a Hopmu BuTpar 100 mu/ra). O0rpyHTOBaHO, 1m0 3actocyBanHs MII «ABatap-2
OpraHik» € OJHMM i3 pe3epBiB 30UIbIICHHS YHCTOrO MPHOYTKY Ta PiBHS pPEHTAOENBHOCTI Y
BUPOOHMLTBI cyxoi sikapcekoi cuposunu C. officinalis.

Katouosi cnoBa: Calendula officinalis L., MikpoeneMeHTHUH Ipenapar, MpoIyKTUBHICTb,
YpOXKaifHICTh, pCHTa0CTBHICTh, CKOHOMIUHA €(DeKTUBHICTD.

BCTYII

Keitku Harinok nikapebkux (Calendula officinalis L.) € IIHHOO JTIKAPCHKOIO CHPOBHHOIO
3aBJIIKHA 3HAYHOMY BMICTY O10JIOT1YHO aKTHBHUX PEYOBHH 13 ITUPOKUM CIIEKTPOM JIKYBaTbHHX
BIIACTMBOCTEH, IO 3aCTOCOBYIOThCS B Tepamii Ta MpoQimakThili Oararb0X 3aXBOPIOBaHb
[1-3]. B Ykpaiui C. officinalis BApONIYIOTh Y KYJIBTYPi, 37€01bIIOrO B MIBACHHUX PEriOHaX.
3Bakarouu Ha 3HA4YHY MOTPeOy B CUPOBHHI 1i€1 POCIIMHU, aKTyaJIbHOIO IPOOIEMOI0 € pO3po0Ka
3aXO0J1iB, 10 3a0e3reyarhb 301IbIICHHS 3aroTiBJIl CYIBITh KaJleHayau. ToMy BakJTMBO BUOpaTH
BHUCOKOBPOXKaMHUI COPT pPOCIMHM Ta MigiOpaTH HAMOUIBII e(pEeKTUBHI arpoTEXHOJOTI],
CIpPSIMOBAaHI Ha 3HIDKEHHsSI COOIBApTOCTI BHPOIIYBaHHS, ITiBUIICHHS YpPOXAHHOCTI Ta
sakocTi cupounu [4]. Hacinus copry C. officinalis bepe3orilipka COHSYHA, BHUBEIECHOTO
cenekiionepamu JlocmiaHol craniii gikapcbkux pociud IAIT HAAH, nouinbHO BHCIBaTH Ha
BEJIMKHX TUIOLIAX.

Jo uncna eQeKTHBHHX arpOTEeXHIYHUX 3aXOMiB MOXKHA BITHECTH 3aCTOCYBaHHS
OiostoriuHux mpenapatis (PeryasTopiB pocTy POCINH), MiKpOZOOPHB i HAHOYACTHHOK [5—9].

J1J1s1 CIpUSITIIMBOTO BILTMBY Ha PICT, PO3BUTOK i YPOXKAWHICTH POCIIMH PEKOMEHIOBaHI MaTi
KOHIICHTpAIil MiKpomoOpuB. 3a BHECEHHS MiKpOJOOpUB B OPTraHi3Mi pOCIHH aKTHUBYIOTHCS
MPOIIECH, IO CHPHSIOTH MIiJBHIICHHIO IMYHHOTO 3aXHCTy, CTPECOCTIMKOCTI 10 PI3HHUX
eKo(haKTOpiB, MOCHIIOETHCS (POTOCHHTE3, CHEPreTH4Huii oOMiH, auxanHs Ta iH. [10-13].
[ BEpOIIYBaHHS CUTBCHKOTOCHOAAPCHKUX KYIBTYpP IOCUTH S(PEKTUBHHM € EKOJOTIYHO
Oe3meunmii MikpoesnemenTHHH npemapar (MII) «ABarap-2 Oprasik», 10 CKIamy SIKOTO
BXOIATh 20 MIKpPO— Ta YABTPAMIKPOCIEMEHTIB y O10J0TriYHO AOCTYIHIN (HopMi CHONYK,
CHUHTE30BaHUX YHIKAJIILHUM METOJIOM HaHOoTexHoorii [14]. Anami3 BrummBy MII Ha picT
1 PO3BUTOK POCIHH, MOP(OOIOIOTriuHI MOKA3HUKKH Ta MPOAYKTHBHICTH pociauH Calendula
officinalis, KynTbTHBOBaHUX y TPYHTOBO-KJIIMaTHUYHUX yMOBax [lepenkapnarts, € akTyaabHUM.

MATEPIAJIN TA METOAH

Harigku mikapceki copty bepesorinbka coHsdHa BUpomlyBaiu 3a BHeceHHs MII
«Asarap-2 Opranik» y 2023 p. Ha IEPHOBO-TII30IMCTUX CEPETHBO CYTIIMHKOBHUX IPYyHTaX
3onu [lepenkapnarts YkpaiHu (HaBYaJIBHO-IOCTIIHA TisTHKA J[pOroOHIBKOTO Jep:KaBHOTO
MeIarorivHoOro yHiBEpCUTETY iMeHi IBana dpanka).

[TonmpoBHI AOCHIT 3aKJIaIaIH 32 TAKOK cXeMoro (Tadm. 1):
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Tabmums 1
Cxema 3aKkJjaJaHHs MOJIHOBOTO T0CJiAy

BapianTu gocainy
IlepeanociBHa HOPMH.i CTPOKH
. . M03aKOPEHEBOT0 Mi/[PKUBJIEHHSI POCIUH
Hasga BapianTa 00poOKa HaciHHS,
MIL/T y ¢asi cxoniB, | y ¢asi Oyronizamii,
mJ/ra mJ/ra
K — xoHTpOIB (03 B a 3
3aCTOCYBaHHS MiKpomoOprBa)
\'2! 50 - -
V2 100 — —
V3 200 - -
V4 50 50 —
V5 100 100 -
Vo6 200 200 —
V7 - 50 50
V8 — 100 100
V9 - 200 200
V10 50 50 50
Vil 100 100 100
V12 200 200 200

[epenmociBHy 00pOOKY HACIHHS 3iMCHIOBATIH [IUIIXOM 3aMOYYBaHHS Ha 8 TOIHH Iepe]
CiBOOIO HACiHHA KaJCHYIIH.

[Iporpama nocmimpkeHp nependadaia BUBYCHHS BIUTUBY HOPM 1 CTPOKIB 3aCTOCYBaHHS
MII Ha picT 1 pO3BHTOK POCIINH, HONBOBY CXOXICTh 1 BIOKHBAHICTh POCIHH, MOP(HOMETPHIHI
MTOKa3HUKU Ta POpMyBaHHS ypoKkaitHOCTI cyBiTh pociul C. officinalis copty bepesoripka
COHsIYHA, a TAKOXK HA TOKA3HUKH €KOHOMIYHOI e(hekTUBHOCTI. [IOBTOpEHICTh TpupaszoBa.

Oo6mixoBa mIomia AiasHKE cranoBwiaa 10 Mm% JlocmiKeHHsT BUKOHYBAIM BiAIIOBIIHO 10
METOJVKH MPOBEICHHS MOIbOBHUX JOCIIMIB 13 BUBYCHHSI OCHOBHHUX IPUHOMIB BUPOIIyBaHHS
CLITBCHKOTOCTIOAAPCHKUX KYIBTYP.

CraTuCTHYHUI aHaTi3 pe3yabTaTiB 3pO0JICHO 32 JIOMOMOTOI0 KOMII IOTEpHOI MPOTpaMu
HIPs (maiimenma ictotHa pi3Huist) Ta Microsoft Statistica 6.0, po30iKHOCTI Mixk BHOIpKaMu
BBayKaJIu 3Hauymmmu 3a p < 0,05.

PE3VJIBTATH

BaxmuBrMHU TOKa3HUKAMU, 110 BH3HAYAIOTH MPOMYKIIWHUN MPOIIEC K KYJIBTypPHHX, TaK
1 IIKapCHKUX POCIIHH € PIiCT, PO3BUTOK i (POPMYBAHHS MOKA3HHUKIB MPOTyKTUBHOCTI.

[1ix yac npoBeeHHs TOCIIKEHb 3’ sicoBaHo, 1m0 moBHi cxonu C. officinalis 3’ sBisroThCs
Ha 14-16-Ty noOy micns ciBOH, MpU IIbOMY 32 OCOOIMBO CIPHSTINBUX yMOB — Ha 10-12-
Ty 100y, a 3a MEHII CIPHUATIMBUX — Ha 12—-16-Ty noOy. Jlo Toro »* HOpPMH Ta CIIOCOOH
3actocyBaHHsg MII 3yMOBIIOIOTH BIUTUB Ha TPUBATICTH (DEHONOTIUHUX (ha3 pOCINH HATiIOK,
a TaKOX 1X PICT 1 pO3BUTOK.
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Bereraniiinuit niepion pocnun C. officinalis TpuBaB y mexax 93—111 mi6. [Tpu mpomy
HallMeHIIa TPUBAJICTh BererauiiHoro nepiogy (93 mobu) cmocrepirajgach y pociuH, AKi
3pOCTalld Ha KOHTPOJNBHIM IinstHII. Pocnuam, BUpolieHi 3a BHeceHHs MII, BupisHsucs
JIOBILIOID TPUBAIICTIO BereraniiiHoro mnepiogy (ua 3—18 7i0), mo 3yMOBHJIO MO3UTHUBHUN
BIUIMB Ha PICT 1 PO3BUTOK POCIHH, iX MOp(HOMETpHYHI MOKa3HUKHN W ypokaitHicTb. Baprto
3ayBa)KHTH, 110 HAWTpHUBaIiIUM BererauiiiHum mnepiogom (111 ni6) 3aramom i mepiogom
TpuBasoCTi 1BiTIHHA (61 1g00a) BIANOBIMHO BiJ3HAYAIWCS POCIMHH, BHUPOIICHI 3a
nepeAnociBHoi 00poOkK HaciHHA 3 po3paxyHKy 100 Mul/T Ta MO3aKOPEHEBOTO MiKUBICHHS
y (azax cxomiB Ta OyToHi3aii 3a Hopmu BuTpar MII mo 100 mi/ra.

IIpotecu pocty ¥ pO3BUTKY KyJIBTHBOBaHMX POCIINH, O€3yMOBHO, 3aj1eXaTh Bill popMyBaHHS
TYCTOTH CTOSHHS POCITHH. Y ITONBOBHX YMOBAX HE 3aBXKIF MOYKHA OTPUMATH TTOBHOIIIHHI CXOIH
BiJI CiBOM HACiHHSI 3 BUCOKOIO cXOXIcCTIO [15]. Hu3bka monboBa CX0XKiCTh POCIMH MOXE CBITYUTH
TIPO 3PIKEHHS i 0CITabIeHHS CXO/IiB. YHACIIJIOK IIbOTO 3HHKYETHCSI TIPOTYKTHBHICTD KYJIBTYPH.

Pesynbrari mpoBeAEHUX OCHIHKEHb CBiIYarh, MO IMONBOBA CXOXKICTh HACIHHS POCIUH
C. officinalis copty bepe3oTilibka COHSUHA CTaHOBHIIA B cepenHboMy Bin 73 mo 80%, a moromHi
yMOBH it 00po6Oka HacinHs MII BinuHynu Ha Hei. BusiBneHo, 110 BUIIYy TONBOBY CXOXKICTb MaJIH
POCIIMHY, HACIHHS SIKHX 3a3HaJO NepearnociBHoi 00podku MIT «Asarap-2 Opranik» 3a HOPMU
Butpar 50 i/t Ta 100 M/t (Bapiantu gocniny V1, V2, V4, V5, V10, V11). 3a pesysibraramu
MPOBEJICHHS Iepe/ociBHOI 00poOku HaciHHs MI T 3a Hopmu BuTpar 100 MII/T OTpUMaHO HAHBHIILY
MOJILOBY CXOXICTB (79-80%), 1110 Ha 8,2-9,6% Oinbliie MOPIBHAHO 3 KOHTPOJIBHUM BapiaHTOM.

[Tix wac Bererarlii 4acTka pOCIWH TMHE BHACIIJIOK BIUIMBY Pi3HHX YWHHHKIB, Y TOMY
YHCTi Bil ypaKeHHS XBOpoOaMHu ¥ MIKITHUKAMHU, Aii MEXaHIYHUX YIIKO/DKEHb TOIO. ToMmy
BaXKJTUBUM TTOKa3HUKOM, SIKHI JTOIIJILHO BU3HAYHTH, € BUKUBaHICTh POCIIMH, TOOTO KiJIbKICHE
BIJHOLIEHHSI POCIIMH, 110 30eperucsa B mepio] iX 300py Ha OJMHMLI IUIONII A0 POCIHH,
OTPUMaHUX y (a3l MOBHUX CXOJIB.

[IpoananizoBaHo, 110 MiJ] Yac BereTaliiHOro Nepiofy BuxkuBaHicTh pocnul C. officinalis
cranoBmia 81-92% i 3anmesxana BiJy HOpM Ta CIIOCO0iB 3aCTOCYBaHHS MiKpo0OpuBa (Tad. 2).
3okpema, 3a IepearnociBHOI 0OpoOKK HACiHHS 32 HOPMU BUTpaT Mikpogoopusa 100 mi/T Ta
M03aKOPEHEBOTO T/DKUBIICHHS Yy (a3ax cXomiB Ta OyToHi3amii 3a Hopmu BuTpar 100 mu/ra
(V11) BwxuBanicTe Oyna HaiiBumoo Ta Ha 13,6% OUIBIIOI TOPIBHSIHO 3 KOHTPOJBHOIO
ninsaKoro (81% BIDKMBAaHOCTI pOCTHH). Bapro Bim3HauwmTH, IO 3a BETETAIMHUI mepion
y [[bOMY BapiaHTi JOCIiy 3aruHyJI0 Juiiie 4 o1./M> POCIIUH, TOJ K Y KOHTPOIi — 9 o1./M2,

BucoKy BUKHBaHICTh MaJTH POCITUHY TAKOXK 1 B IHIIIMX BapiaHTax JIOCIiy, 30kpema V2, V5,
V10. He3nauHe mOKpaIieHHs BUKABAHOCTI POCIIHMH MOPIBHIHO 3 KOHTPOJIEM CIIOCTEPIraiy 3a
HOpMH 3acToCcyBaHHsI MikpomoopuBa 200 M (y BapianTax V3, V6, V9, V12), o cBiquuTh PO
HEIOLIBHICTh 3acTOCyBaHHs Takoi Hopmu MIT «ABatap-2 Opranik» mijJ] yac KyJIbTUBYBaHHS
C. officinalis copty bepe3sorinbka coHs'uHa B yMoBax [lepenkapmarrsi.

[Tig yac Bererauii Ha POCIWHM BIUTUBAIOTH Pi3HI CTpec-(PaKTOpH, IO MEBHUM YWHOM
BiJIOOpaXKaeThCsl Ha iX POCTIi, PO3BUTKY, & TAKOXK MPOAYKTUBHOCTI. 3a TaHUMH JTOCIiKCHb
[7; 10—13], 3aBasiku BHECEHHIO HAHOTIPETapariB 1 MIKpOJZOOPHB 1111 4ac BUPOIILYBaHHS POCIHH
MOYKHA JIOCSTTH TMOKPALICHHS iX CTPECOCTIMKOCTI 0 HECTIPUSITINBUX YMOB Ta IiIBUIICHHS
ypoxkaitHocri [15].

AHaJ113 BUBYCHHS BIUIMBY PI3HUX HOPM 1 CTPOKIB 3acTocyBaHHs MII 1aB 3MOry BCTAHOBUTH
MO3UTUBHUHN BIUIUB HA MOP(OMETPUYHI MOKA3HUKU W YPOKAHHICTh JTIKAPCHKOI CHPOBHHHU —
cyusith C. officinalis (Tabim. 3). 30kpema, y pOCIUH Pi3HUX BapiaHTIB AOCIITY CIIOCTEPIraan
3pOCTaHHs BUCOTH Ha 5,4—29,7% NOpPiBHSAHO 3 KOHTPOJIEM.
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Tabmung 2
IMosboBa cxX0KicTh HACIHHS Ta BUKMBaHicTh pociul Calendula officinalis
3aJ1e;KHO Bi/l HOPM i coco0iB 3acTocyBaHHsl MikponoOpuBa «ABarap-2 OpraHik»

2 . £ KiabkicTh pociuH Ha N
£ |Eg | 8 |2 S e ; g
4 = = < 8 . % > 2 - =
= | 258 |E8%%| .| sk s.s | E.| B
= | EES|S255| o8| g e | 82E. | E5%| ¢
= o= e o= RS &8 = | XL = e = = =
z | g2s°|2E5°) % | £S5 | 5552 28 2
‘3 g3 & 2 |l 25| E~ce = &
= = I 3 = g Z Fa 2 o
S =
8 = = n
K 66 48 73 48 39 81
Vi 66 50 76 4,1 50 44 88 8,7
V2 66 52 79 8,2 52 46 89 10,0
V3 66 49 74 1,4 49 41 84 3,7
V4 66 51 77 5,5 51 45 88 8,7
V5 66 53 80 9,6 53 48 91 12,4
A\ 66 49 74 1,4 49 41 84 3,7
V7 66 48 73 - 48 42 88 8,7
V8 66 48 74 1,4 48 42 88 8,7
%Y 66 47 71 - 47 39 83 2,5
V10 66 51 77 5,5 51 46 90 11,1
V11 66 53 80 9,6 53 49 92 13,6
V12 66 48 73 — 48 40 83 2,5

OCKUIBKH JTiKapChKoro cupoBuHOor0 pociud C. officinalis € CyuBiTTS, TO IXHS KUIBKICTh Ha
pPOCIUHI Ta JiaMeTp € BAKIMBUM ITOKA3HUKOM, IO OE3MOCEpEeIHRO BH3HAYAE yPOXKAHHICTH
CyXoi CHpOBHMHH Hariiok. BusHaueno, mo 3acrocyBanus MII 3a Bcix HOpM (50 M1, 100 mi
1200 M) 1 CTPOKIB BHECEHHSI CIIPHsIE OTPUMAHHIO OLTBIIOT KIJIBKOCTI CYIIBITB Ta X JiaMeTpy.
30Kkpema, HafOUTBITY KUTBKICTB CYIIBITh HA ONHIN pociuHi (20 ox1.) 3 miameTpoM 6,4 cM (TIpupicT
JI0 KOHTpoIto cTaHoBHUTH 33,3% Ta 30,6% BiAmoBigHO) (iKCyBalu B POCIHH, KYJIBTHBOBAHHUX
3a YMOB IIEpeIIOCiBHOI 00poOKU HaciHHs 3 HopMoro BuTpat MIT 100 MiI/T Ta m03akopeHeBOro
I{UKUBIICHHS. pOCIMH Y ¢azax cxoiB i OyToHizamii 3a HopMmu BuTpar mo 100 mi/ra. Bapro
BiZI3HAYUTH, 110 HAHOUTBITY KUTBKICTh CYIBITH Ha OfHIH pociuHi (19 ox., mpupicT 10 KOHTPOIIO
26,7%) Ta ix miamerp (6,1 cm, mpupictT 10 KoHTpomo 24,5%) Manmu pOCIMHH, BHPOIICHI
y BapianTi (V10) 3a 006poOku Hacinas MII 3 HOpMoro BuTpar 50 MI/T Ta MO3aKOPEHEBOTO
IT{/DKUBIICHHS POCIINH Y (ha3ax cxofiB i OyToHi3amii 3a Hopmu BUTpar 50 mi/ra.

3 METOI0 OTPUMAaHHS BHCOKOYPOXKAHHOT SIKICHOT MPOAYKIIii CLITbCHKOTOCIIONAPCHKUX KYIBTYP
JIe7Iaii JacTille 3aCTOCOBYIOTh HAHOMPEHApaTH i3 BMICTOM MiHEpalbHHUX EIEMEHTIB, Mi3epHi
KOHIICHTPAIII] SIKKX ITO3UTHBHO BILUTUBAIOTH HA MPOLIECH POCTY W PO3BUTKY 0araTbox KyJIbTYp,
IABUIYIOUH X CTIMKICTh A0 HECTPHUATIMBUX YMHHHUKIB 1 ypokaiHicTs [14]. 3acTocyBaHHs
HAHOCTIOYK JUIsl TEPEeNoCiBHOI OOpOOKH HACiHHS H OOpOOKM POCIMH I Yac BereTarii
CTIpHsIE€ TTOKPAIICHHIO SIKOCTI MOCIBHOTO Marepiaiy, MiABUIICHHIO HOTO 3aXUCTy 0 YPaXKCHHS
XBOPOOAMH, IO € MPOPIIAKTHYHUM 3aX0/I0M II0/10 (Pi310JIOTIUHOT Ienpecii, a TAKOK 3yMOBITIOE
3POCTAaHHS YPOXKaHHOCTI H OTpUMAaHHS eKoJIoTiuHO Oe3neunoi mpomykuii [11-13].
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Tabmung 3
Mopdomerpuuni nokazuuxku pociaun Calendula officinalis 3anexno
BiJl HOPM i crioco0iB 3acTocyBaHHs MikpogoOpuBa «ABarap-2 Opranik»

= z Lo 2o S | L 2 Z I
=2 | 2z | EY | 2EE= | 5% | EEE: P
=l S E z g 2 = 5 Z zZ g S'E == =
29 = = o = A8 ¢<E c = s S 2= g3
IR | A% =2 | 228 | FE | =HTEE -
R 2, + = = e + = Z 2 t =
K 37 — 15 - 49 —
V1 40 +8,1 16 +6,7 5.2 +6,1
V2 41 +10,8 17 +133 54 +10,2
V3 39 +5.4 15 - 5.1 +4,1
V4 44 +18,9 18 +20,0 5.8 +18,4
V5 46 1243 20 1333 6.2 26,5
V6 41 +10,8 16 +6,7 5,3 +8,2
V7 42 +13,5 17 +133 5,9 20,4
V8 43 +16,2 19 +26,7 6,1 +24.,5
V9 42 +13,5 16 +6,7 5,5 +12.3
V10 45 +21,6 19 26,7 6,1 +24,5
Vil 48 29,7 20 1333 64 30,6
Vi2 42 +8,1 17 +133 5.4 +10,2
HIPO5 1,3 0,9 0,2

ITpoananizoBano BIMB 3acTocyBaHHs MII Ha ypokaifHICTh pOCTIHH HAriIOK JiKapChKUX
(puc. 1). Bussneno, mo 3acrocyBanus MI1y Tpu cTpoku: 3a mepeanociBHOT 00pOOKU HACIHHS
B HOpMi 100 MJI/T Ta TBOPA30BOTO MO3aKOPEHEBOTO MiKUBICHHS Y (ha3ax cXo/iB i OyToHi3amii
3a HopMmH Horo Butpar mo 100 mu/ra (mocmigauii Bapiant V11) crpusuio (popMyBaHHEO
HaiiBuInoi ypoxaitnocti (11,0 m/ra), mo Ha 29,4% OinbIiie mOpiBHAHO 3 KOHTpoJeM (8,5 1/ra).
Bucoky ypokaiiHICTh CYIBITh OTPUMAHO 1 B IHIIMX BapiaHTax JIOCIidy, a caMe y BapiaHTi
(V10) i3 3acrocysanusim MII qns nepeanociBHoi 00poOKM HAaCiHHS 32 HOpMH BUTpat 50 Mi/T
Ta M03aKOPEHEBOTO MMi/PKUBJICHHS y (a3l cXoiiB 1 OyToHi3alii 3a HOpMU BUTpar 1o 50 mi/ra
Ha 20% Oinmpure mopiBHstHO 3 KoHTposieM (K) Ta BapianTi (V5) i3 3actocyBanHsiM MII
y JIBa CTPOKH: JIJISl TIEpEANOCiBHOI 00poOKH HaciHHs B HOopMi 100 MJI/T 1 TI03aKOPEHEBOTO
iDKUBIICHHS POCIUH Y (ha3i cxoxis 3a Hopmu BuTpar 100 min/ra Ha 23,5% OinbIne NOpiBHIHO
3 KOHTPOJIEM.

3actocyBanns MII 3a Hopmu BHecenHs 200 mir/T Ta 200 Mit/Ta € HaliMEHII TPOYKTHBHUM
cepel IHIIUX JOCIKYBaHHX BapiaHTIiB, IPHU I[bOMY NPHOABKa yPOXKAKO CYIIBITh 3HIKYBaIacs
Ha 7,1-11,8% mopiBHSAHO 3 KoHTponeM (puc. 1).

[lix wac TulaHyBaHHS BHPOIIYBaHHS OyAb-SIKUX KYJIBTYP, OCOOIMBO y BHUPOOHHYUX
YMOBaX, BOKJIMBHM MUTAHHSAM € OLlIHKAa €KOHOMIYHOI €()eKTUBHOCTI i OKYITHOCTI YPOXKAEM
3aCTOCOBAaHUX TEXHOJOTIYHHX 3axofiB. Came 3aBISKH I[bOMY MOKHA MTOBHOIIHHO OI[IHUTH
piBeHBb MPUOYTKOBOCTI BUOPAHKX TEXHOJIOTIH 3araioM i B MOAATIBIIOMY JaBaTH PEKOMEHAAITT
II0/I0 X BIPOBAKCHHS Y BUPOOHHUIITBO.
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K 8,5 85 000,0 63 160,0 21 840,0 34,6
\2! 9,2 92 000,0 63 200,0 28 800,0 45,5
V2 9.4 94 000,0 63 240,0 30 760,0 48,6
V3 9,1 91 000,0 63 320,0 27 680,0 43,7
V4 9,9 99 000,0 67 490,0 31510,0 46,7
\A 10,5 105 000,0 71 730,0 33270,0 46,9
V6 9.4 94 000,0 68 050,0 25950,0 38,1
V7 9,8 98 000,0 67 820,0 30 180,0 44,5
V8 10,0 100 000,0 67 980,0 32 020,0 47,1
V9 9,2 92 000,0 64 300,0 27 700,0 43,1
V10 10,2 102 000,0 71 900,0 30 100,0 41,9
Vil 11,0 110 000,0 72 140,0 37 860,0 52,5
V12 9.4 94 000,0 64 140,0 29 860,0 46,6
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ExoHOMIYHY e(eKTHBHICTh 3aCTOCOBaHUX CIOCOOIB T Yac BHUPOILYBAHHS POCIHH
C. officinalis o11iHIOBaJIN 32 TAKUMH IOKA3HUKAMU: YPOXKAWHICTD IPOAYKIIIT, IPUPICT yPOXKALO,
BapTICTh TMPOMYKIIil, BUPOOHWYI BUTPATH, YUCTHA TPUOYTOK 1 piBEHb PEHTA0EITHHOCTI.
BupoOHuui BuTpatu OOUMCIIOBANM, MiMIOpaBUIM TEXHOJOTIYHI 3aXOAM BHPOIILYBaHHS
kynetypu C. officinalis y nmocnifi 3 ypaxyBaHHSM ellieMeHTIB 3actocyBaHHs MII. BapricTb
cyxoi sikapcbkoi cupoBuHu C. officinalis 1 #ioro npuOaBKy Ha TPUOYTOK OOUMCIIOBAIH,
BUXOJISTYH 3 PHHKOBHX I1iH 2023 p.

[TpoBeneHi obuKcneHHs 3acBiaumiy, o BHeceHHs MII «ABarap-2 OpraHik» BIUIMHYIIO
Ha IMOKa3HUKHA €KOHOMIYHOT €(PeKTHBHOCTI KyJIbTHBYBaHHS pociuH C. officinalis (Tabn. 4).
30Kkpema, y KOHTPOJILHOMY BapiaHTi 1OCIiy BUpOOHHY1 BUTpaTH cTanoBuin 63 160,0 rpH/ra,
a 3a BukopucranHs MII Boru 3poctanu Ha 820,0-8740,0 rpH/ra yepe3 y 3B’S3Ky 3 BapTICTIO
MiKpOA0OpHUBa Ta JOAaTKOBUMH BUTpaTaMu Ha HOTO BHECEHH: 1 30ip ypoXKaro CyLBiTh.

3acrocyBanust MI1 y Tpu cTpoku: 3a niepearnociBHoi 00poOku HaciHHs B HOpMi 100 mut/T
Ta JIBOPA30BOTr0 IMO3aKOPEHEBOrO MiJHKUBIEHHS Yy (a3ax cxomiB 1 OyToHi3alil 3a HOpPMHU
BUTpat npenapary no 100 mi/ra (Bapiant V11) gamo 3Mory oTpuMaTH HaWBUIIMNA YHCTHI
npudyToK, mo cranoBuB 37 860,0 rpu/ra. Lleit mokaznuk OyB Ha 16 020 rpH/ra OLIBIIUM
II0/10 KOHTPOJTIO.

[MTokazHuky piBHS peHTa0EIBHOCTI CBIIYATh, 1110 BUpOLyBaHHs KynsTypu C. officinalis 13
3aCTOCYBaHHIM MiKpomoOpuBa «ABatap-2 OpraHik» y BCiX BapiaHTaX JOCHTIY € EKOHOMIYHO
BUT1IHUM (Tab. 4).

AHai3 eKOHOMIYHOT e()eKTUBHOCTI BHPOIIYBaHHS Jikapchkol KynbTypu C. officinalis
B ymoBax [lepemkapnarTs mokasas, 1o 3actocyBanHs MII «ABarap-2 OpraHik» € OIHUM
13 pe3epBiB 301IBIICHHS YUCTOTO MPUOYTKY Ta PiBHS PEHTA0CIBLHOCTI Y BUPOOHUIITBI CYXOT
nikapebkoi cupoBunu C. officinalis.

BUCHOBKMU

Omxe, Bukopuctanus MII «Aparap-2 OpraHik» y TEXHOJOTISX BHPOILYBaHHS
C. officinalis 3a nepennociBuoi o0poOku HaciHHs B HOopMmi 50—100 Mi/T Ta JBOpPa30BOrO
Mi/DKUBJICHHST pOCIMH Y (heHosoriuHuX (azax cxomiB 1 Oyronizamii y HOpMmi 50-100 mi/
ra crpusie 30UIbIIEHHIO TPUBAJIOCTI BEreTaliifHoro nepiojy, MOKpallye MOJIbOBY CXOXKICTh
HACIHHS 1 BIXKUBAHICTh POCIUH, TIIBUILYE MOP(HOMETPHYHI MTOKA3HUKH, & OTXKE, ITiIBUTILYE
ypokaiiHicTh cyuBiTh. HaiBumuii 4yuctuil npuOyTOK JKapChbKOi POCIMHHOI CHUPOBHHHU
C. officinalis Ta piBeHb peHTAOCIBHOCTI OTPUMAHO 13 3aCTOCYBAaHHIM MIKpOJIOOpHBA B TPH
CTPOKH: JJIsl MepeanociBHOT 0OpoOKM HaciHHA 3a HOpMHU BUTpaT mpenapary 100 mu/t Ta
JIBOPA30BOTO TT03aKOPEHEBOTO MMi/PKUBJICHHS Yy (Da3ax cxomiB 1 OyTOHI3aIll 32 HOPMU BHTpAT
o 100 mi/ra.

VY TepcneKTHBl IIAHYIOTHCS JOCHIHKCHHS aHTHOKCHJIAHTHOT aKTHBHOCTI EKCTPaKTIiB
cyusite C. officinalis 3aiexHO BiJg 3aCTOCYBaHHS PI3HUX HOPM 1 CHOCOOIB BHECEHHS
Mikporpernapary «Aparap-2 OpraHiky IiJ] 4ac KyJIbTHBYBaHHS POCIIHH.
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ABSTRACT

INFLUENCE OF MICROFERTILIZER “AVATAR-2 ORGANIC”
ON MORPHOBIOLOGY INDICATORS AND PRODUCTIVITY
OF CALENDULA OFFICINALIS PLANTS IN THE CONDITIONS
OF THE PRECARPATHIAN AREA OF UKRAINE

The flowers of medicinal marigold (Calendula officinalis L.) are a valuable medicinal raw
material, the scarcity of which in both global and domestic markets is steadily increasing due
to the increased demands of the pharmaceutical industry for the production of natural medicinal
products. Cultivating newly synthesized varieties of C. officinalis in favorable climatic zones
of the country, combined with improved technologies, will enable the production of increased
volumes of qualitative raw materials from this medicinal plant.

The research has shown the growth characteristics of the domestic selection variety
C. officinalis Berezotitska Soniachna under the soil and climatic conditions of the Precarpathian
area using various norms of the micronutrient preparation (MP) “Avatar 2 Organic” and methods
of seed and vegetative plant treatment.

We have found that the application of MP for pre-sowing seed treatment of C. officinalis at
rates of 50 and 100 ml/ton and double feeding plants during the phenological phases of germination
and budding at rates of 50 and 100 ml/ha contributes to the increase in the duration of the growing
season, improves the field germination of seeds and the survival rate of plants, as well as contributes
to the increase in their morphometric characteristics, productivity, and yield of inflorescences.

The exploration has established that the cultivation of C. officinalis in the conditions of the
Precarpathianareawiththeuse of micronutrientsatpre-sowing treatmentrates of50, 100,and 150 ml/ton
of seeds and the treatment of vegetative plants at rates of 50, 100, and 150 ml/ha is economically
advantageous. The highest net profit from medicinal plant raw materials of C. officinalis and the
level of profitability are observed with the method involving the application of micronutrients in
three terms: at the stage of pre-sowing seed treatment (at a preparation rate of 100 ml/ton) and with
double foliar feeding during the phases of germination and budding (at a rate of 100 ml/ha).

The study has substantiated that the application of MP “Avatar-2 Organic” is one of the
reserves for increasing net profit and the level of profitability in the production of dry medicinal
raw materials of C. officinalis.

Key words: Calendula officinalis L., microelement preparation, productivity, yield,
profitability, economic efficiency.
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AKICTbh IUTHOI BOJIM
HACEJEHUX MIYHKTIB CAMBIPCBKOI TT

AHoTtanis. SIkicTh TMTHHX BOX B YKpaiHi, OCOONMBO 3 JEIEHTPATi30BAHUX IPKEepel,
BUKJIMKA€ CEPHO3HY 3aHETIOKOEHICTh. HemocTaTHii KOHTPOIh 32 SKICTIO BOIU 3 1HIWBIIyaIbHUX
KPHUHUIB | CBEPIUIOBHH, AKi € OCHOBHHM JKEPEJIOM BOJONOCTAYaHHs Ul HACEJICHHS TIPChKUX
Ta MEepeiripcbKUX TEPUTOPIH, MPU3BOJAMTH N0 MiJBHIICHHS PU3UKY 3aXxBOproBaHb. CuTyariis
YCKJIATHIOETHCSI aHTPONIOTEHHUM HaBaHTA)KECHHSIM Ha BOIHI €KOCHCTEMH, OCOOJIHMBO B perioHax
i3 HadToBHIOOYTKOM 1 HadTONEpepoOKO0, IHTEHCHBHHM CUIBCHKHM TOCIOJApCTBOM Ta
HEeCTaOlTPHUMU TiAPOJIOTIYHUMH YMOBaMH.

CaM0ipcpKuii paiioH, K i 0araTo HIINX PETiOHIB YKpaiHW, 3a3HA€ BIUIMBY SIK IPUPOIHUX,
TaK 1 aHTPONOTeHHUX (haKTOPIB, SIKI BINIMBAIOTh HA SIKICTh BOAHUX pecypciB. Cepel OCHOBHHX
npoOsieM MOXKHA BHIIUIUTH cinLCLKorocno,uapCLKi KOMYHaJIbHI Ta HpOMI/ICJ'IOBi CTOKH, a TaKOX
3MUB Sa6pyIIHIOBaJ'H)HI/IX PEYOBHH 3 JIOPIT, TMPOMHCIIOBHX MalaH4YMKIB Ta 1HIINX TepI/ITOpIH iz
yac onajiB. BumuBanHs ,HO6pI/IB 1 TECTHIMIIB 3 TIOJIIB MiJT Yac JIOIiB IIPU3BOIUTH JIO ITiABUIICHHS
BMiCTy HiTpaTiB, (hocdaTiB Ta IHIINX IIKIAITMBUX PEYOBHH Y piuKax i o3epax.

Jerpanaris ekocucTeM i 3a0pyTHEHHS BCIiX HKEPEN BOAN POOIIATE 3aXUCT SKOCTI IMUTHOI BOAH
HaraJibHOIO npo6neM0}o o0 motpedye BI/IpIHIeHHSI Ha BCiX plBH}IX Biaau. Hamu 6yno MIPOBEJICHO
aHaJi3 SKOCTI 3pa3KiB MHUTHOI BOJM, B3STUX 13 KOJOJS3IB, IO 30CEpE/KEHI B HACEJICHUX
nynkrax Cambipcekoi TT. Lle c. Uepnuxis, c. PanmiBka, c. Kpyxuku ta M. HoBuii Kanunis.
Pesynbrary 1ociiukeHHs TIOKa3ally, 0 BCi 3pa3Ku mepedyBain B MeKaX HOPMHU 32 OPraHiuHUMHU
mapameTpamu (TIpo30picTh, 3amax i cMak). Pisers pH mocmimkyBanoi Bonu BapitoBaBcs Bin 6,0
10 7,3. MiHepasizaliist y THTHIH B0/ HaBecHi craHoBma Bif 323 mo 980 mr/am?. Bumict xmopu-
ioniB BapiroBaB Bix 28,4 10 63,9 mr/am’. Bmict docdariB y npoGax Bomau xoausases Big 0,035
10 0,073 mr/om®. Konnenrpariss NH," y npo6ax Boau BapitoBana Bix 0,9 1o 4,1 mr/aM?, y aestkux
micusix nepesunytoun ['JIK. Bmict HiTpHTIB y 3pa3kax Boau konrBascs B Mexkax 0,0056-0,082 mr/
v, KonueHTpatiist HiTpatiB y npo6ax Boau cranosuina Bin 11,3 no 18 mr/nm®. Teepaicts Boau
KoJTUBaacs B Mexax 5,9—8,2 MMoib/ekB. M. JlocaipKeHHs TToKa3ajio, o BMICT aHalli30BaHUX
MTOKA3HMKIB Y BCIX 3pa3Kax MATHOI BOAW OyB BHIIM BOCEHH MOPIBHIHO 3 OCIHHIMH 3HAYCHHIMH.

KurouoBi cioBa: Cam0bipchka TepuTOpialdbHA I'poMaja, KOJIONsA31, MUTHA BONA, XJIOPHIH,
(docdaru, amoHiit, HITPUTH, HITPATH, MiHEpaTi3allisl, TBEPIICTb.
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BCTYII

SIKiCTh MUTHOT BOAM 3 KOXKHHM POKOM 3HIKYETBCS UYEpe3 3pOCTaloue aHTPOIOTCHHE
HABAaHTAKCHHsS Ha HABKOJHIIHE CEPCHOBHIIE. 3HAYHA KUTBKICTH BOIHUX OO0’ €KTIB, IO
3a0e3MeuyroTh MOTPeOr HACEICHHS B IIMUTHIN BOJII, 3a3Haja Jerpajallii, eKoJIoriyHa CUTYyaIis
MOTIPIIYETHCS 3 POKY B PiK [4]. B oOkpeMux paiioHax i MicTax CUTYyallis KpUTHYHA, BIAXUICHHS
SIKOCT1 BOJIM BiJI 3arajibHO MPUUHATHX cTaHAapTiB cararoTh 70-80%. Hacenenns CaMOipehKoi
TEPUTOPIATBHOT TPOMAJM 3[cOUTBIIOT0 CHOXKHBAE KOJIOJSI3HY BOMY. BUIBLIICTH JpKEpes
JCIICHTPAII30BAHOTO BOJONOCTAaYaHHS XapaKTePU3YIOThCS HE3aJOBUIBHUM CaHITAPHUM
ctanoM [2, 3]. Huni B YkpaiHi BiICYyTHS KOMIUIGKCHA CHCTEMa MOHITOPUHTY SIKOCTI BOJIM
3 pI3HUX [DKEPEIT BOIOMOCTauaHHs. ToMy aHalli3 SIKOCTi KOJOIS3HOT BOIU B MEKaX HACCIICHUX
nyHkTiB CamGipcbkoro TT™ € mpiopuTeTHUM 3aBIaHHSM.

MATEPIAJIN TA METOJAHN

O06’exTamMu JOCTIPKCHHS CIYTYBaJIM KOJOMA31, SIKi 30CEpeKEH] Ha TepUTOPIi HACEIECHUX
MyHKTIB ¢. YepHuxiB, c. PamiBka, M. Hosuit Kanunis, c. Kpyxuku. 3pa3ku Bou BigOUpamucs
B OCIHHI{ Ta BECHAHUH nepioau. Micus Binoopy nmpoO BijoOpakeHO HA PUCYHKY 1.

01 npoba oK
92 npofia
03 npofa
04 npofia

Puc. 1. Micus Bin6opy npo0 Boau

Tabmuis 1
OpraHosenTHYHI NOKA3HUKHU JTOCTi/IZKYBAHOT BOIH
Iloka3nuk Becna
IIpoba 1 IIpo6a 2 IIpoda 3 IIpoda 4
[Tpo3opicTb, cM 37 30 39 50
IIpucmaxk 6onoTHU 6omoTHU METaTiYHIH KHCITyBaTHI
3amnax, 0amu 3 3 2 1
Ocinb
IToka3uuk [Ipooa 1 [Ipoba 2 IIpo6a 3 IIpoGa 4
IIpo3zopicTs, cM 32 28 37 40
[Tpucmaxk OostoTHHI OostoTHUI MeTaJiYHUN BIZICYTHIH
3amax, 6anu 2 4 1 1
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[Tix gac gocnipkeHHs OyJid BUKOPHUCTaHI i 3aCTOCOBaHI Taki Marepiaiu Ta metomu [12].
[Ipo3zopicTe BH3HA4amM 3a jgonomororo mpudra CHemna. [lpucmak i 3amax BHU3HAYaIM 3a
temneparyp 20 °C ta 60 °C. pH nocnimkyBaHoi B BU3HAYAIH 3a JIoTIoMOror pH-meTpa.
Minepanizaiiro Bu3HadaiM KoHaykromerpomM MP-513 Ulab. BwmicT XiopuiB i 3arajibHy
TBEPIICTh KpUHUYHOT BOJIM BU3HAY AN TUTPYBaJIbHUM MeT0/I0M. KOHIICHTpaIliro i0HIB aMOHIIO,
HITPHUTIB, HITPATIB Ta PocdariB BU3HAYATH (HOTOMETPHYHIM METOJIOM Ha CIIEKTPO(hOTOMETPi
C®-2000 3a eBHUX IOBXWH XBWIb BIAIIOBIIHO A0 BU3HAYEHUX METOINK.

PE3VYJIBTATH

3 METOI0 OIIHKH SKOCTI BOJIM JKEPEI JICIICHTPaIi30BaHOTO BOJIOTIOCTAYaHHS BU3HAYAIN
OpPTraHOJIENTHYHI Ta TiAPOXiMiuHI TOKa3HMKH. OJHAM i3 HOPMATUBHUX 3HAYCHHS, SIKUH
€ BU3HAYAJILHUM B OIlIHII SIKOCTI MUTHOI BOJIM, € OPTAHOJICIITUYHI IMOKa3HUKHU. Pe3ynmbraTti
JIOCITI/PKEHHSI BiToOpaskeHi B Ta0mui 1.

3a pesynbraramMy JOCHTIPKCHHS OpPTraHONCNTHYHUX ITOKA3HHMKIB 3pa3Kd IMUTHOI BOAU
BIJIMOBIIAIOTh HOPMATHUBHUX 3HA4YeHHSIM. Y (OHOBOMY BiIHOIICHHI HaWKpaml SKOCTI
MIPOCTEXKYIOThCS Y BOI, BifliOpaHoi 3 kpuHHLb cena Kpyxuku ta M. Houii Kanunis. [lemo
TipII OpraHOJICNTHYHI TApaMeTPH IPOCTEKYBAIIHMCS Y BOAI 3 KPHHUIH it YepHuxiB Ta PamiBka.

BaxuBuM MOKa3HUKOM, SIKUI HAasBHUI Y BOII Ta 0€3M0CepeIHhO BILTUBAE HA 3[I0POB’S
moneit, € pH [11]. Lleit moka3HUi MoXke KOJTMBATHCS B Mexkax 0,5—8,5. BixuieHHs BiT HOpMU
BILTUBAE HA SKICTh BOJU Ta POOUTH ii HEMPHUIATHOIO JI0 BUKOPUCTAHHS [4].

8 7 73 120
67 i 64 eI
6 61 61 6 1000
6 n -
m 800 66 07
B
4 ~1n 518
a £ 000 o 518
H s oo
2 400 n
m
0 :
Becha Ocisp Becia Ot
BIpodal BIIpoda2 EIIpoGa3 = IIpobad Wlpoa ] BMpof2 #Tlpofi3 # pod 4

Puc. 2. pH gocaimxyBanux npo6 Boau Puc. 3. Minepadnizauiss Boau, Mr/i

Iokasuuk pH ycix mocmimkyBaHHX 3pa3KiB BOAM MepeOyBaB y Mekax HOPMATHBHUX
3HaueHb. ONTHUMaJIbHE 3HAYCHHS MMOKA3HUKA U MPUPOJHOT BOIM KOJHMBAETHCS B MEXKAX
6,5-8,5. Konu cnocrepiraeTbest MiABUIIEHHS KUCIOTHO-IIYKHOTO [TOKAa3HUKA, 11€ 03HAYAE, 1110
BOJIa HeCEe HEOE3IEeKY IS 30POB’ ST JIIONMHH Ta CAMOIIOUYTTS, a 3HIDKCHNH PiBeHb MOKA3HUKA
CBIIUUTH Tpo ii BUCOKI KOpO3iiiHI BiacTUBOCTI [6]. 3Ha4eHHs MOKa3HUKA KOJMBAIUCS
B Mexax 6,0—7,3. HaliHmk4i 3Ha4CHHS [IHOTO IMOKa3HUKA TPOCTEKYBAIHMCS Y BOJIM KPUHUIII,
1110 30cepexeHa B ¢. PaniBka, a HaliBuIi — y BoAi B ¢. Kpykuku.

Minepaizamis JOCTiKyBaHNX 3pa3kiB Bogu repedyBaia B Mexax Bim 323 mr/am® 10
473 mr/nm® HaBecHi Ta Bim 515 mr/am® mo 980 Mr/am® Bocenu. 3pocTaHHs AOCTiKYBaHOTO
MOKa3HUKA BOCEHH MOKe OyTH OB’ sI3aHE 3 HAAMIPy MOCYILTMBUM Tepiogom [2].
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Puc. 4. BmicT xaopuiB y Bogi, mr/am®  Puc. 5. Bmict docdaris y Boai, mr/am?

Pesynmprarti MOCHiIKEHHS 3aCBIMYMIN, IO BMICT XJIOPHIIB Y 3pa3kax BOAU KOJHBABCS
B Mexax 28,4-42,6 mr/nm® HaBecHi Ta B Mexax 39,05-63,9 mr/nmm® Bocenn. HalimeHnioro
KOHIICHTPAIlisl XJIOPUIiB Oyla B MHTHIA BOII KONOMA3s, IO PO3TAIIoBaHWi y c. UepHuxis,
HaBeCHI. MakcuMaibHi 3Ha4eHHs OyJIM HasBHI y BOAI 3 KOJNOA35, IO PO3TAIIOBAHUI
y M. Kamris. BMicT XITopHIiB y BeixX 3pa3kax Bo[u repeOyBaB y MekaX HOPMAaTHBHIX 3HAUCHB.

Bwmicr ¢ocdari y qocmipkyBaHux 3pa3kax Boau KoiauBases B Mekax 0,035-0,07 mr/om?
HaBeCcHi. BoceHH mOCHmimKyBaHHU IMMOKa3HWK OyB JIEIIO BUIIUM Ta KOJHMBABCS B MEXKax

0,043-0,073 mr/mv®. Yei mocnmimpkyBaHi 3paskd BOAM IepeOyBaik B MeXax HOPMATHBHHX
3HAUYCHb.
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Bectia Ociy Becna Qcinb

Mmr/am?

#Tlpodal ®TIpoga2 *IIpoda3 = Tlpoda4 ®]Tpoa ®2Tpoda 3 Ipoda ™4 MpoGa

Puc. 6. Bmict ioniB amoniro, mr/mgmv3 Puc. 7. Bmict HiTpariB, mr/am?

Ha exomoriunmii craH BOIHMX OO0’€KTIB BIUIMBAC HASABHICTH OIOT€HHUX €JIEMEHTIB.
HasBHICTh X PEUOBHMH BH3HAYa€ CaHITAPHUN CTaH BOJM Ta BIUIMBAE HA IHTCHCHUBHICTh
010XIMIYHHX IIPOIECIB, MIO NPOTIKalOTh y BomHOMy 00’ekti [10, 13]. Ha mimBumenHs
KOHIICHTpaIlii O10reHHUX €JEMEHTIB, 30KpeMa CIIOJIyK HITPOTCHY, BIUIMBAIOTh KOMYHAIbHI
Ta OOYTOBI CTOKH, IO CKUIAIOTHCSA, a TAKO)K BUMHUBAHHS 3 BOJ030IpHMX IUION] 1 3MUBH 13
CLITBCHKOTOCTIONAPCHKUX YTifb, MOTPAIUISIHHS CTIYHUX BOJI TBAPUHHUIIBKUX KOMILIEKCIB [7].
Hamu mocimimkeHo BMICT CIIONYK aMOHIIO Ta HITPaTiB y 3pa3kax MHUTHOI Boau. Pesymbraru
JIOCIT JIKSHHS 3aCB1 Y HIIH, IO KOHIIEHTPAIisICIIONy KaMOHi Fo KoJtBanacs BMexax 0,9—4, 1 mr/am?
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HaiiBuimi koHIEHTpalii [bOro TOKa3HWKAa TPOCTEKYBAIUCS y BOII 3 KOJIOMA3S, IO
posramoBanuil y ¢. UepHuxis, 1 nonexyau nepesuiryBaia [JIK. [IpuuuHoo nepeBuIeHHs
HOPMATHUBHUX 3HAYCHb MOKe OyTH caMOBUIbHE CKHJIaHHSI KaHATI3aliiHUX CTOKIB. HaltHmKkdi
3HaueHHs — Yy Boji ¢. PaniBka. BoceHu 11i 3Haue€HHS NOKa3HUKa OyJIM Je10 BULIUMHU ITOPIBHSHO
3 BECHSIHUM TIEPiOJIOM.

KoHueHTpalisiHiTpaTiBy 10CIiIKyBaHUX 3pa3kax BoAu KonuBanacsBMexax 1 1,3—18mr/om?
HaBeCHI. BoceHu 3HaYeHHS MOKa3HUKa Oyi HUIMUMHK Ta cTanoBwan 10,1-16,1 mr/om’.

IIpomMiKHUM TIPOLYKTOM O10XIMIYHHX MEPETBOPEHb CIONYK HITPOTEHY € HITpuTH [9].
Pesyspraru gocimiKeHb 3aCBIUMIIH, 110 BMICT HITPHTIB y 3pa3kax BOJU KOJIUBABCS B MEXaxX
0,0056-0,082 mr/am® (puc. 8). 3HaucHHS MOKa3HUKA OYJIM HIXIAMH HABCCHI Ta JIEMIO
3pocCTali BOCeHHW. HaliMEeHIIMMHU KOHIIEHTpAIllii HITPUTIB OyiH y Boi i3 cinm YepHHXIB Ta
PaniBka.

0,1
0,082

0,08
0,06
0,04
0,02 0,0056 0,006 0:00830,0067 0,006 0,006 %01
0 | [
Becna Ocinb
B | TIpoba u 2 IIpoba 3 IIpoba 4 Tpoba

Puc. 8. KonneHnrpamisi HITpUTIB y J0CIKyBaAHUX 3pa3Kax, Mr/am3

HasiBHicTh y BoAi TigpokapOOHATiB, XJIOPUIIB, CYIb(}aTiB, CIONYK KaJbIiI0 Ta MarHito
BU3HAYAIOTH 3arajibHy TBEpHicTh Boau [8]. JlocmimkeHHS BCTAHOBHIIM, IO TBEPAICTH BOIH
KoJIuBajacs B Mexax 5,9-8,2 mmoib/ekB. 1M (puc. 9).

7,9 7.4 8,2 7.8 7,7
8 63 o 68
> 5,9
mz 6
=
q 4
X
(&)
L 2
=
0
Becna Ocinb

u ] [Ipoba ®2TIIpoba =3 IIpoba 4 IIpoba
Puc. 9. TeepaicThb 10CTiI3KYBAHOT KPUHUYHOT BOJIM MI-€KB. M’

OTpuMaHi pe3ysbTaTi MOKa3HUKA TBEPAOCTI JOCHIKYBaHUX BoJ y Mexax CamOipchKoi
TT" BKa3ylOTh Ha T€, 1110 Y BECHSIHUH TIEpioJ] B yCIX JOCITIKYBAaHUX 3pa3Kkax BOJM TBEPIICTh
Oyna geuio BMIIOIO MOPIBHSHO 3 OCIHHIM mepionoM. MiHimManbHi 3Ha4eHHs 3adikcoBaHi
y mpoOax BOIM 3 KOJOMAS3IB, sIKi 30cepemkeHi B c¢. PamiBka. MakcumalnbHI 3HAYCHHS
JIOCITIPKYBAHOTO TOKa3HHUKa Oy B KpMHWYHINM Bofi ¢. Kpyxkuku. Yci 3pa3ku NUTHOT BOIU
HaJIe)KaTh 0 KaTeropii TBEPIUX.
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BUCHOBKHA

OTxe, TOCIIKSHHS TI0Ka3aJl0, [0 BMICT aHaTi30BaHUX MTOKA3HHUKIB Y BCIX 3pa3Kax MUTHOT
BOJM OyB BHIIIMM BOCEHH MOPIBHSHO 3 OCIHHIMHU 3Ha4eHHsAMU. Halikpaiia skictb Boau Oyia
BUSIBJICHA B KPUHHUIAX cesla PamiBka. Jlemnio BuIi KOHIEHTpAIIil TOCiPKYBaHUX TTOKA3HUKIB
Maja Boja 3 KpuHHUIL cii YepHuxiB Ta Kpyxkuku, a takoxx M. Hopuii Kanuuis. 3aragom
KOHIICHTPAIIi] JOCIIIKYBaHUX CJIIEMEHTIB y BCiX mpobax Boxu Oynu B Mexax peepeHTHHX
3HAYCHb, 3@ BUHATKOM CIIOJIYK aMOHiI0, siKi ofekyau nepesuntysaiu IJIK.
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ABSTRACT

QUALITY OF DRINKING WATER IN POPULATED POINTS
OF SAMBIRSKA TERRITORIAL COMMUNITY

The quality of drinking water in Ukraine, especially from decentralized sources, is a serious
concern. Insufficient control over the quality of water from individual wells and boreholes, which
are the primary source of water supply for the population of mountainous and foothill areas,
leads to an increased risk of diseases. The situation is exacerbated by anthropogenic pressure on
aquatic ecosystems, particularly in regions with oil extraction and refining, intensive agriculture,
and unstable hydrological conditions.

The Sambir district, like many other regions of Ukraine, is influenced by both natural and
anthropogenic factors affecting the quality of water resources. The main problems include
agricultural, municipal, and industrial wastewater, as well as the wash-off of pollutants from roads,
industrial sites, and other areas during precipitation. The leaching of fertilizers and pesticides from
fields during rains leads to increased levels of nitrates, phosphates, and other harmful substances
in rivers and lakes.

Ecosystem degradation and the pollution of all water sources make the protection of drinking
water quality an urgent problem that needs to be addressed at all levels of government. We
analyzed the quality of drinking water samples taken from wells located in the settlements of
Sambir Territorial Community: Chernykhiv, Ralivka, Kruzhiky, and Novy Kalyniv. The results
of the study showed that all samples were within the norm for organic parameters (transparency,
odor, and taste). The pH level of the tested water varied from 6.0 to 7.3. Mineralization in drinking
water in spring ranged from 323 to 980 mg/dm?. The content of chloride ions varied from 28.4 to
63.9 mg/dm?. The content of phosphates in water samples ranged from 0.035 to 0.073 mg/dm?®.
The concentration of NH4" in water samples varied from 0.9 to 4.1 mg/dm?, exceeding the MPC
in some places. The content of nitrites in water samples ranged from 0.0056 to 0.082 mg/dm?*. The
concentration of nitrates in water samples was from 11.3 to 18 mg/dm?. The water hardness ranged
from 5.9 to 8.2 mmol/eq.dm?. The study showed that the content of the analyzed indicators in all
drinking water samples was higher in autumn compared to spring values.

Key words: Sambir Territorial Community, wells, drinking water, chlorides, phosphates,
ammonium, nitrites, nitrates, mineralization, hardness.
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