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MinauBicTh MOP(OJIOTIYHUX 03HAK BereTATUBHUX OPraHiB BU/IIB PO/iB
Festuca L., Miscanthus Anderss. pu iIHTPOAYKUII B CTENOBY 30Hy YKPaiHH

3yoposcbka O. M.

Kpusopizvxuii 6omaniunuil cao Hayionanvnoi akademii nayk Ykpainu

zubrovska@ukr.net

Knrwouoei cnoea: Poaceae
Barnhart, ¢henonoeis,
Mopghonoeis nucmka, ce30HHUl
PO3BUMOK.

B yMmoBax mocCTiiHMX KJIIMATMYHUX aHOMAaJiil Ta IMIBUAKHX 3MiH
HaBKOJIMIITHBOTO CepeIoBUINa HEOOXiaHa PO3poOKa 3aXOMiB 13 yHepemKeHHS
1 HIBEJIFOBaHHS OJIM3BKUX 1 BIAJIAJICHUX 1X HACHIJKIB JUIsl O10pi3HOMAHITTS.
e Bukmukae HEOOXiIHICTh BUBUEHHS TepeOyloB PI3HOTO PIBHS PO3BUTKY
B a0OpUIeHHUX Ta IHTPOJAYKOBAaHMUX TpaB SHUCTHX OaraTOpiYHUKIB, SKi
3pOCTalOTh B KOJEKIsIX OOTaHIYHUX cafiB. Y CTarTi HaBeIEHO EKOJOro-
OiosoriuHi 0COONMMBOCTI PO3BUTKY BHJIIB poauH Poaceae Barnhart ta
MIHJIHUBICTE MOP(OIOTIYHUX O3HAK iX ACHUMUISLIHHMX OpraHiB B yMOBax
Kpusopizbkoro 6otaniuHoro canxy HAH VYkpainu (ctemnoBa 30Ha YKpainm).
Bceranosneno, mo Festuca cinerea 1 Miskantus sinensis, SIKi 3pOCTarOTh
Ha TEpUTOpii cady 3HAUYHUM yac, J00pe MPUCTOCOBYIOTHCS 10 IPYHTOBO-
KIIIMaTUYHUX YMOB pailOHy IHTPOAYKIii, MIPOXOASATh MOBHUN MKl PO3BUTKY
1 BiJI3HAYaIOTHCSI BUCOKOIO JIEKOPATHUBHICTIO. MiCKaHTYC XapaKTepu3yBaBCs
CepelHIM BECHSHUM BIJIPOCTAaHHIM 1 PO3TATHYTUMH (QeHodaszamu, TOAL
AK KOCTPHUI — pPaHHIM BECHSHUM BIAPOCTAHHSAM 31 IIBUJIKUMH TEMIaMH
PO3BUTKY. 3a KUTTEBOIO (HOPMOIO 00MIBA BUAM HIITBHOKYIIOBI TPaB‘SHUCTI
noJlikapriku, remikpuntogitu. JloBeaeHo, 1o pociauHu F. cinerea 3a OCTaHHI
15 poxiB JOCTOBIPHO HE 3MIHIIU PUTMH PO3BHUTKY, X0OUa IIBICTH MOYMHAIHN HA
15 110 panime, HiX B IPUPOIHUX apeanax Ykpainu. Y M. sinensis na 3540 ni6
301IBIIMBCS BeTeTallifHUK Tepion (32 paxyHOK BiJIHOCHO TEIUIOl OCEHi Ta
3uMn). [IOpiBHAHO 3 TOKAa3HMKAMU MPUPOAHUX MiICLIE3POCTaHb B YMOBax
iHTpORyKUil pociaunu M. sinensis popmyBanu B 1,5—1,7 pa3a KopoTIii maroHu,
TOJI SIK POCTOBI MapaMeTpu F. cinerea 3anuiianucs He3MiHHUMHU. 3’ SCOBaHO,
110 IOBrOTpHBaJia ocyxa y ceprti-sepecHi 2023 p. BIjMBajia Ha CKOPOYSHHS
3arajbHOi Iioni auctka Ha 11% y M. sinensis 1a 16% y F. cinerea BHac/IijoK
3MeHIIeHHS Horo mupuHu. OueBUAHO, OUTBII 3HAYHI 3MiHH B Mopdoorii
muctka F. cinerea cBiq4aTh PO 3IATHICTh BUAY Kpalle MPUCTOCOBYBATUCS 10
3MiHU CE30HHUX KIIIMaTHYHUX YMOB Yepe3 NposiB KcepoMOp(hHUX O3HAK.
Kniouosi cnosa: Poaceae Barnhart, enonoeis, mopgonocis aucmka,
CEe30HHUIL PO3GUMNOK.
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Morphological features of the variability of vegetative organs of species of the genera
Festuca L., Miscanthus Anderss. introduced into the steppe zone of Ukraine

Zubrovska O. M.

Kryvyi Rih Botanical Garden of the National Academy of Sciences of Ukraine

zubrovska@ukr.net

Key words: Poaceae Barnhart,
phenology, leaf morphology,
seasonal development.

Given the ongoing climate anomalies and rapid environmental changes, it
becomes crucial to develop strategies aimed at averting and mitigating their
immediate and long-term impacts on biodiversity. This highlights the need
to investigate the rearrangements occurring across diverse developmental
stages among native and introduced herbaceous perennials cultivated within
botanical garden collections. The article presents the ecological and biological
pecularities of the development of species of the family Poaceae Barnhart and
the morphological features of the variability of their assimilation organs in
the conditions of the Kryvyi Rih Botanical Garden of the National Academy
of Sciences of Ukraine (steppe zone of Ukraine). F. cinerea and M. sinensis
grow in the garden for a long time. It has been established that they adapt
well to the soil and climatic conditions of introduction, go through a full cycle
of development and are characterized by high decorativeness. M. sinensis
had an average spring regrowth and extended phenophases. F. cinerea had
an early spring regrowth and a rapid development rate. It has been proven
that F. cinerea plants have not reliably changed their development rhythms
over the past 15 years, although they began to bloom 15 days earlier than in
the natural habitats of Ukraine. Whereas the vegetation period in M. sinensis
increased by 35-40 days. Under the conditions of introduction, M. sinensis
plants formed 1.5-1.7 times shorter shoots compared to natural habitats, while
the growth parameters of F. cinerea remained unchanged. Prolonged drought
in August-September 2023 affected the reduction of the total leaf area by 11%
in M. sinensis and 16% in F. cinerea due to a reduction in its width. Obviously,
notable changes in the morphology of the leaf of F. cinerea indicate the ability
of the species to better adapt to seasonal climatic conditions at the expense of
the manifestation of xeromorphic features.

Key words: Poaceae Barnhart, phenology, leaf morphology, seasonal
development.

Beryn

3arposu, mMoB’sA3aHi 31 3MiHAMHM KJIiMary, TOrip-
HIEHHSM €KOJIOTIYHOI CHUTyamil i 3MeHIIeHHSIM 0io-
PI3HOMaHITTS B OCTaHHI POKH MEPEHTILIN 10 PO3PAILY
Mo0aTbHUX Ta BU3HAYAIOTH EKOJIOTIUHY Oe3IeKy
HABKOJHUINHBOTO cepenoBumia’?, JIuHaMika KiiMa-
THYHUX 3MiH B YKpaiHi 3HAYHOIO MipOIO ITOBTOPIOE
TaKy Ha I7700aJbHOMY PiBHI, a iX ICTOTHIIINI TIPOSB
(hikcyeThCs y CTETOBIH 30Hi, sika 3aiiMae 40% momti
KpaiHu 1 € HaHOIIBIT aHTPOIIOTEHHO TPaHCHOPMO-
BaHOIO’. 32 YMOB MIBUAKHX 3MiH KJIiMary, MOCTiii-
HUX KJIIMaTHYHAX aHOMAJIH, iX TPUBAJIOCTI 1 CHIN
BIUIMBY Ha JOBKULISA BiAOyBarOThCA (EHOTHITIUHI
3MiHH MOpdooriyHoi OyIOBH OpraHiB pOCIWH, iX
AQHATOMIYHOI CTPYKTYpH Ta OKpeMHX (pi3ionoriaHnx
mporecis!#, Xapakrep Takux mepedymaoB, 0COOINBO
y POCIHWH, SKI 3/1aTHI TEPEHOCUTH TOBTOTPUBAII
MOCYXH, TIOKH III0 MaJo JOCIIKEHUH Ha Ierpajo-
BaHUX 1 TEXHOTEHHO 3MiHEHUX TepuTopisx IlpaBo-
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oepexxnoro Cremy YkpaiHu, Xo4a aKTyaJlbHICTh 1X
BHUBYCHHS, Yy SIKOCTI MEXaHI3MIiB ajanTailii iHTpo-
IYIEHTIB JI0 PI3HUX YMOB BHUPOIIYBaHHS, ITiJIKpec-
aroethest y ctarTi 12 KonBeHitii 3 610pi3HOMaHITTS .
Pi3HOOI4HE mocimiJKeHHsT 610JI0T1] POCIUH Ha peri-
OHAILHOMY PIBHI JIO3BOJUTH PO3POOUTH HUISIXH
MiBUINEHHS PIBHS )KUTTEBOCTI POCIHH Ta MPOTHO-
3yBaTH PO3MIUPEHHS (ITOPI3SHOMAHITTS 3a paxyHOK
HOBHX IIBHJKO3POCTAIOYMX, JEKOPATHBHHX, TOJIE-
paHTHUX 710 a0I0TUYHUX YMHHHKIB BUJIB 1 KyJIbTH-
BapiB. 3a JJaHUMH JOCII/HKCHHSI CTaHy KBITHUKOBO-
JICKOpaTUBHUX HacakeHb M. Kpusuit Pir®, icuye
HU3Ka HETaTHBHUX MOMEHTIB M00 1X GopMyBaHHS
1 eQeKTHBHOTO BUKOpPUCTAaHHA. [loKpamuTH cTaH
TaKMX HACa/KEHb, HAa HAIly AYMKY, MOJKHA caMe 3a
paxyHOK IpeJIcTaBHUKIB ponuHu Poaceae Barnhart,
SIK1I BOJIOHIIOTH BHCOKOIO €KOJIOTIYHOK IIJIaCTHY-
HICTIO 1 MIJBUINEHOI CTIHKICTIO 70 MOCYIUIMBHX
YMOB 3pOCTaHHSI.
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3arajapbHOBIIOMO, 110 PIiCT JIUCTKIB JIOCUTH TTOBHO
XapakTepu3ye MOBEIiHKY 0araTopiyHHX PpOCIWH Y
TIEBHOMY CEPEIOBHIII i BitoOpakae GyHKITIOHYBaHHS
CHCTEMH POCIIMHHOTO OPraHi3My B IIIJIOMY, a HE HOTO
OKPEMHX ITiICUCTEM, Ta J03BOJISIE BU3HAYUTH OB’ sI-
3aHICTh PO3BHUTKY POCIMHH 3 YMOBaMH 3pPOCTaHHS .
OCKINIBKY TITOMIA JTUCTKA, iX PO3MIPH Y KOMILIEKCI 3
PO3BUTKOM HAJ3eMHUX BETETATUBHHMX 1 TEHEPaTHB-
HHUX OpPraHiB HAIISITHO XapaKTepH3ye CTAH POCIUHU
3a cTpecoBoi il OaraTb0X YWHHHKIB iX JIE€TalbHE
BUBUYCHHS J03BOJINTH HaM MONIMOUTH YSBICHHS TIPO
ajanTaiiiiHi peakuii pociamH-iHTpomyneHTiB. Came
TOMY METOI0 PO6OTH OylI0 IOCTIJUTH EKOJOro-
OionoriuHi 0COOIMBOCTI CE30HHOTO PO3BHUTKY BHUJIIB
ponuan Poaceae Ta MiHJHMBICTP MOPQOIOTIUHUX
O3HaK iX aCHMITAIIHHUX opraHiB B ymoBax KpuBo-
pizbkoro 6oraniuHoro caxy HAH VYkpainu (IIpaso-
oepexunit Crent Ykpainm).

Marepiaau Ta MeTOIH I0CTiIKEeHD

O0’exTaMu TOCIHIDKEHHS BUCTYnanu Miscanthus
sinensis Anderss. 1 Festuca cinerea Vill, ki mpoxo-
JITh IHTPOAYKIIIHHI JociipkeHHst y KpuBopizbkomy
6oraniunomy canxy HAH Vkpainn (KBC) monan
15 pokie (2004-2023 pp.). Exomoro-6ionoriuni
MMOKAa3HUKH POCIIHH 1 TEPMIHH MPOXOKEHHST (peHoI10-
riYHUX (a3 pocTy Ta pO3BUTKY BH3HAYAIH 3arajibHO-
npuitHATEME Metonamu®. DikcyBanu Gasu moyarky
BECHSHOTO BIJPOCTAHHS, IBITIHHS, IMOYATKY ILIOJ0-
HOIIICHHSI, 3aKiH4yeHHs Bereramii. JKutteBi dopmu
ormmcysanu 3a K. Payrkiepom®.

Juist aHaumizy KiTbKICHUX 3MiH y 000X JIOCITIKyBa-
HUX BHJIIB BIIOMPAITUCS JIUCTKH 3 CEPEIHBOI YaCTUHH
OZIHOpIYHOTO TaroHa y Tpu eranu: [1I nexana TpaBHs
(25.05.2023 p.), Il nexama mumas (25.07.2023 p.)
i Il mexama BepecHs (25.09.2023 p.). Mopdoio-
FiYHI TIOKa3HUKH HAJ3EMHHUX IaroHIB OMNKCYBaJU
3a C.M. 3uman 3i cmiBaBropamu'’. A IUIOILY JHCT-
KOBOT MOBEPXHI 37IaKiB BH3HAYAJIM PO3PaXyHKOBUM
meTomoM! 2 3a hopmyitoro:

S=keL*B,
ne k — nepesiguuit koedimient (0,686 mis MickaH-
Tycy kutaiicbkoro i 0,798 mnst xoctpuii); L ta B —
JIOBXKMHA Ta IWPHUHA JINCTKA, cM. KoedilieHT Bu10B-
YKEHOCTI JTIMCTKA BU3HAYAIIH SIK BIJIHOLICHHS JIOBXKUHH
JIUCTKOBOT ITACTHHKHM JI0 11 puHu'?,

CraructuaHy oOpOOKYy JaHUX 1 CTYIHB 3aJeXk-
HOCTI JIOCHI/DKYBaHHMX IapaMeTpiB  (KOPEISIIi0)
MIPOBOIMJIM METOJAMHU TapaMeTpUYHOI BapiariiHol
cratuctuku Ha 95% piBHi 3Hauymocti (P<0,05) 3a
0.0. €ropmuHUM', BUKOPUCTOBYIOUH TAKET MPO-
rpam Microsoft Office Excel.

Pesyabrarn

Kpuswuii Pir — onxe 3 HalOIIBIINX TPOMHUCIOBHX
MICT YKpaiHH, po3TalloBaHe y CTEIOBIi 30Hi. AHTpO-
MOTeHH] JaHAmapTi MicTa MaloTh 30i1HEHHH Oio-
TUYHUH KOMIIOHEHT, 3aCTapiiiii y CEHCi Cy4acHOro
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03€JICHEHHS, a POCIMHU B IUTYYHUX (hiToLeHO3aX
MIPUTHIYEHI 1 He BUSBIIAIOTH B MIOBHIM Mipi BIACTHBUX
iM mexopatuBHHX sKocTeit®. [IpupomHo-KiIiMaTHaHi
YMOBH XapaKTepU3yIOTHCSI HECTAUCIO BOJIOI'U Y OBITPi
1 TPYHTIi, aHOMaJIbHO BUCOKUMH JiTHIMH (10 +38°C)
i ociamHiMu (o +29°C y BepecHi) TemmneparypaMu
Ta HECTIMKUM CHITOBHUM ITOKPHBOM B3WUMKY. BIITKY
YacTO CITOCTEPITa0ThCS CYXOBil, a BSUMKY — BIJUIHTH,
1HOMI 3 TIABUIIIEHHSM TEMIIEPaTypH y CiUHI-ITFOTOMY
mo +5,5°C — +15,2°C (y 2020-2023 pp.). 3a ocranHi
30 pokiB Ha KpuBOpixki cepeaHbOpidyHa Temmepa-
Typa ToBiTps migBuIIMiacs Ha moHax 2,5°C i ckinamae
+8,7 — +11,5°C (y 2003-2023 pp.). Cyma aKTHBHHX
temnepatyp (Bume 3a +10°C) y cepelHbOMY CTaHO-
BuTh 3100°C. Piuna cyma omaziB y 2003-2023 poxax
KonuBanacsi B Mexax 200—560 mm'>'°.

3makoBi (Poaceae), a0o TOKOHOTOBI — OjTHA 3 HaM-
OLTBITNX POUH MMOKPUTOHACIHHUX POCIHH, IO CKJIa-
maerbcst 3 Omm3pko 12000 BHaiB 0ararolijgbOBOTO
BUKOpHCTaHHs, 340 3 SKUX 3pOCTaroTh i B Ykpaini'’.
Jns crenoBoi 30HM Ykpainu sk M. sinensis, Tak i
F. cinerea € inTponyLeHTaMu. X049a KOCTPULS CU3Y-
BaTa i 3ycTpidaeThcs B YKpaiHi, OfHAK apealt ii mormm-
PEHHsI OXOIUTIOE TIEPEBAKHO JIICOCTENOBY 30HY!'S!%,
a TIPUPOAHI MiCIIE3POCTaHHA MICKaHTYCy KHTaii-
chKoro — 3axigHa Adpuka, Ta Asis®. B ymoax KbC
JOoCHiKyBaHl Buan poauHu Poaceae 3a >KUTTEBOIO
(hOpMOIO — MIITEHOKYIIIOBI TPaB STHUCTI MOJIIKAPITIKU
3 aCUMUIIOIOYMMH aroHaMH HECYKYJIEHTHOTO THILY,
remikpunroditu. Toxi Sk 32 CTpOKaMu BiApOCTaHHS
M. sinensis — BeCHSIHO-JITHbO-OCIHHBO3EJICHAa POC-
JIMHA 13 CepeHIM BECHSIHHUM BiIPOCTAHHSAM 1 PO3TSAT-
HytuMH (peHO(Dazamu, a F. cinerea — 3uMOBO3€JICHA
POCIMHA PAaHHBOTO BECHSHOTO BIIPOCTAHHS 31 IIBUI-
KHMH TEMIIAMHU PO3BUTKY.

ITprucTocoByrOUHCh OO KIIMAaTHYHUX YMOB KOH-
KPEeTHOI TEepUTOPii, POCINHU CYTTEBO MIHSIOTH PUT-
MIKy TIPOIECIB POCTY 1 PO3BUTKY, TOMY OCOOIHBOCTI
peakiiii Ha KJIIMAaTHYHI 3MIHM y 3TaJlaHUX BHIIB
3Ha4HO Biapi3HAHca. Tak, pocnunu F cinerea B ymo-
Bax KbC mporsirom 2004-2023 pokiB TOCTOBIpHO HE
3MIHHITH TepMiHU (pa3 BereTarlii Ta TPUBAIICTh BeTe-
TaIlifHOTO MEePioy, BPaXOBYIOUH MIHUPOKY aMILTITYIY
KOJIMBAHHS JaT MOYATKy 1 KiHIS1 CE30HHOTO PO3BUTKY
(18-27 ni0). BecusiHe BimpocTaHHS BifOyBa€eThCs
B JIpYTiil TOJIOBUHI Oepe3Hs, a 3aBepIICHHS BereTa-
uii — y II-1II nexani nucromana (tadm. 1). LiBiTiHHS
mBuAKoIMHHEE (7—15 1i0), mopiiiiHe 1 mpunamae Ha
KiHeIlb TPaBHA, TUIOJIM BU3PIBAIOTh y JIPYTii MOJIO-
BHHI YEepBHSI.

Ha BinMiHY Biz OTIEpEIHHOTO BHTY, BECHSHE Bil-
pocTaHHs pociuH M. sinensis B IHTPOLYKLUIHHUX YMO-
BaX CIIOCTEPIraeThCsl Ha TIOYATKy KBITHS 3 PI3HHUIICIO
5-10 ni0, 3a1eXHO BiJ HACTaHHS CTAJUX ITO3UTHB-
HUX Temrepatyp (tadm. 1). 3aBepmieHHs BereTarii 3a
OCTaHHI I’ SITh POKiB BiOyBaeTbes y | nexanmi rpymHs,
toni sik y 2004-2006 pp. — Ha TOYATKY JIUCTOTIAMA.
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Tabmurs 1 — deHopo3BuTok BuAiB poauHu Poaceae Barnhart inTponykoBanux y KpruBopispkuit 00TaHIqYHHIHA

cag HAH VYkpainu
. IMouarox Ilouarok IMouarox 3akiHuyeHHs Hio
Poxu nocixxenns ..
BereTaiii IBIiTIHHA TJIOIOHOIIEHHSI Bererauii Bereramii
Festuca cinerea Vill.
2004-2009 18.03+11 17.05+3 22.06+£6 10.11+£28 238,2+33 .4
2010-2015 16.03+8 27.05+13 1.07+14 15.114+20 241,8+21,0
2019-2023 20.03+£21 22.05+8 30.06+8 3.12+13 261,8+38,3
Miskantus sinensis Anderss.
2004-2006 19.04+£5 7.08+7 10.09+8 1.11+£18 192,7+24.6
2007-2011 4.04+13 11.08+4 17.09+2 22.11+15 235,3+4,9
2019-2023 4.04+£14 5.08+16 12.09+16 13.12+4 251,3+15,6
57 _toC A 90 M B
24 .. 80 L 1
21 = — 70 A
b 5l S 60 A s A
13 BN 50 [ N /7 A\ FARY
2 d/{f \Q\%f :g N/ N ’
3
[ n—— ool AV, N4
1 nmm v v v vl vl IX X X Xl | - m v V VI VI VIHIX X X Xu
—=—2023 p. —a— BaraTopi4Hi gaHi

Puc. 1. Xapaxrepuctuka mMereoposoriyanx ymoB 2023 poky (3a mannmu mereocranuii KbC HAH Vkpainu m. Kpuswnii Pir):
A — cepe/IHpOMICSTYHA TeMITeparypa MoBiTps, b — cepeiHpOMICsYHA CyMa OITajiiB; OaraTopiyHi aHi HaBeIeHi 3 apXiBoM Moromu's.

3aBAsSKMA TaKUM 3MiHAM BeTeTaIliiHUN Tiepion 301Tb-
mryetbest Ha 35-40 mi6 1 mocsrae 251 mobwm. [locto-
BIpHO MiATBEPIKEHUX 3MiH PUTMIB PO3BHTKY TEHE-
partuBHOI cepr POCIHH IOTO BHUIYy HE BHSBICHO:
[BITIHHS TTOYMHAETLCS B TIEPIIIA TIOJOBUHI CEpITHS,
IJIOJIOHOIICHHS — Y IPYTiii TTOJIOBUHI BEPECHSI.

Hocmimkenass MOpGOCTPYKTYPHHX 3MIiH acHMi-
JIAMIHHAX OPTaHIB MPOTATOM CE30HHOTO OHTOTCHE-
TUYHOTO PO3BUTKY TpoBomwin y 2023 porti, SKui
BIIPI3HIBCS JOCUTH CKJIAJHUMH METCOPOJIOTITHUMHU
yMOBaMH BUpOITyBaHHS (puc. 1).

OCKUIBKH pocianHa 0araTOpigHOTO 3JaKy SIBIISE
c000I0 CKITaJIHYy CHUCTEMY TIarOHIB Pi3HUX TMOPSIIKIB,
SIKi BIIPI3HAIOTHCS MK COOOFO 32 BIKOM 1 CTyIIEHEM
c(opMOBaHOCTI, TO BUBYCHHS PO3BUTKY IMArOHIB Ta X
MOPQOJTOTIYHUX XapPaKTEPUCTUK € BAKITUBUM MTHTAH-
HaM iaTpoaykmiizl. OcHOBHI MOp(hOMETpUYHI Mmapa-
METpHU HaJ3eMHOI YaCTHHHU JOCIHI/PKYBAHUX BUJIIB B
ymoBax KbBC Oynu omiHeHi y mepiof iX iHTeHCHBHOI
BereTarlii (KiHeIs ceprs). M. sinensis — KOPEHEBHIII-
HAW TpaB‘SHUCTUH OaraTOpiYHWK, 3 MaroHaMW aHi-
30TPOMHOTO THITY, OMU3BKO 25% 3 SKUX € O3UMHMHU.
BereratuBHe BiZHOBIEHHS BHUAY CHUMIIOIialbHE, a
KYIIiHHSA TIAarOHIB TIOCTTeHepaTuBHE. BpyHBKH Bil-
HOBJICHHS (4—6 IIT.), po3TaIioBaHi Ha BKOPOYCHHUX
MDKBY3JIIX KOpeHeBHUIa 1 (OpMyrOTbCsl B KiHIT
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nmucTornana. PocnmHM MicKaHTycy Manyd HalOimbITi
pPOCTOBI TIapaMeTpaMHu Cepeln TOCHIDKYBaHUX 3J1a-
KiB (Tabm. 2). Bucora BereTaTMBHO-T€HEPATHBHOTO
MaroHy B cepemHboMy csaraia 150,8 cm Ta Mmaibxe
B 20 pa3iB TepeBHUIIyBajla IMOKa3HUKHA KOCTPHIIL.
B ymoBax inTpomykiii Ha maroHi M. sinensis ¢Gop-
MYETBCS 10 15 MiXKBY371b, KOTPi OLIsI OCHOBH TTaroHa
Iy’)ke KOPOTKi, a y mpediopainbHid Ta (ruopambHii
30HI BUJIOBKYIOTHCS.

F. cinerea — TpaB'suucTuii BivHO3eNIeHU Oararo-
PIYHUK, SIKAH BIJIHOCHUTBCS IO TPYIH BY3bKOIUCTHX
KOCTPHIIb DBpHUTaHCBKHX OCTPOBIB**®, HHM30BHIA
MIUTBHOKYIIOBUH 3mak®. Ha BimMmiHy Bim MickaH-
TyCiB, BETE€TaTHBHI TAroHW Yy JOCIIIKYBaHOTO
BHUIy OyXe KOPOTKi 3 BKOPOYCHUMH MIXKBY3JISIMHU,
a BHCOTY Kyllla B OCHOBHOMY (OpMY€ JIOBKHHA
JTUCTKIB. By3om kymiiHHS y pociauH F. cinerea 3Ha-
XOOUThCs OuTst moBepxHi TpyHTY (0,5—1 cM), OOKOBI
BEreTaTUBHI MAroHW MIUILHO MPHUJSITAIOTh OIUH JI0
OJTHOTO Ta POCTYTh MEPHEHIUKYISIPHO JI0 TPYHTOBOI
noBepxHi. B ymoBax KBC maronu F. cinerea MicTITh
4—5 MIKBY3IIb 1 CATAlOTh 3aBIOBKKH 110 8,0-9,0 cM Ta
Oomm3bpKo 3 MM y miameTpi (Taom. 2).

JIucTOK OMH 3 OCHOBHUX OpraHiB POCIWHH, IO
BUKOHY€E (GYHKIIT POTOCHHTE3Y, TpaHCITipallii, ra3o-
00MiHY i1 CTIpHsie HArpoMaHKeHHIO 6ioMacH. B ymoBax
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Tabnuus 2 — Mopdomorist BereTaTuBHO-TeéHEepaTUBHUX MTaroHiB BUAIB poauHu Poaceae Barnhart

. KinbkicTs JIOB:KHHA MiZKBY3J1b, CM S
JloB:xuHa Hiamerp JMCTKIB Ha ‘KIJ'I[)KICTL
MaroHa, cM credia, cM naromi, m. ITpediopanbna 30Ha | DaopasibHa 30Ha | MIKBY3JIb, IUT.
Miskantus sinensis Anderss.
150,8£3,30 |  0,5£0,02 | 152+0,54 | 11,0+0,67 | 62+054 | 1524054
Festuca cinerea Vill.
8,6£045 | 030,01 | 82+031 | 0,6+0,02 | 02+004 | 42031

Tabnuus 3 — MianuBicTe MOpQOIOriYHNX 03HAK JIMCTKA BUAIB poanHu Poaceae Barnhart
MIPOTSATOM CE30HHOTO PO3BUTKY B yMOBax KpuBopi3pkoro 6oTaniyHOro camy

ETan nocTimKenns JloB:xkuHA JIMCTKA Iupuna aucrka, | [lioma nzncnca, K
(3 yepelmkKom), cM cM cM B
Miskantus sinensis Anderss.
111 nexama TpaBHA 51,5+0,17 1,5+0,28 53,0+0,15 34,3
111 nexama mumHs 71,9+0,61%* 1,7+0,04 83,9+0,25* 42,3
111 mexana BepecHs 73,6+0,40* 1,5+0,61 75,7+0,47%* 49,1
Festuca cinerea Vill.
Il nexana TpaBHs 21,4+0,50 0,1+0,01 1,7£0,06 214,0
111 nexama mumHs 27,8+0,27* 0,13+0,01* 2,9+0,16* 214,0
111 nexana BepecHs 31,0+0,18%* 0,1+0,02* 2,5+0,17 310,0

[pumiTka: K, - Koe(imieHT BUIOBKEHOCTI JINCTKA (CIHIBBIAHOIIECHHS JOBXHIHU 0 IIUPHUHH JIHCTKA); * — po301KHOCTI
JIOCTOBIpHI BIZIHOCHO KOHTPOJIIO 3a t-kpurepiem Cthrogenra mpu p<0,05.

inTponykuii KbC y pocnun M. sinensis Bz mo4arky
BECHSHOTO BiJPOCTAaHHS OIUH 3a OJHUM PO3BHBa-
FOTBCS JTyKe KOPCTKI, 3€JIeHi, CTEOI0BI IMCTKH JiHIH-
Hoi a00 JaHUeTHO-JIIHIHHOT GopMH 3 TapanelbHIM
KHUJIKYBaHHSIM 1 SICKPaBO BUPaXEHOIO CEPEAHBOIO
KHIIKOIO. JIMCTKOPO3MILLIEHHSI Yeprose (CIipajbHe).
VY F. cinerea TUCTKHU CU30-3€JIEHOTO KOJIbOPY, BY3bKO-
JiHIMHI, KOPCTKi, WIKIpsICTi, 3arOCTPEHi Ha KiHLI.
JIMCTKOPO3MILLICHHS CYIIPOTHUBHE.

BigMiTiMO, 1110 MPOTSATOM CE30HHOTO OHTOTCHE-
TUYHOTO PO3BUTKY 3rajJjaHuX BUIB Oy/10Ba JIUCTKIB
3aJMIIanacs CTalolo, TOAlI SK POCTOBI HapamMeTpu
(momxWHa, MIMPHUHA 1 TUIOMIA JMCTOBOI IJIACTUHKH)
3MiHIOBasucs. Tak, MUpUHA JUCTKIB y M. sinensis
3a BereTauidHUi Nepiofg AOCTOBIPHO HE 3MiHIO-
Bajnacs (ITOKa3HUKW BapiroBaM B Mexax + 13%) i
csarana 1,5-1,7 cm. Tomi sk po3Mipu HOBXKHHU Ta
VIO JIMCTKA BIJ3HAYAIMCS OUIBII 3HAYHUMH 3Mi-
HaMU, PO IO CBiTYUTh KOE(DIilliEHT BHIOBKEHOCTI
nuctka (tadm. 3). V 111 mekami TuIHSA JOBKUHA JIHCT-
KOBOI IJIACTUHKM BHIY 30inblnyBanaca y 1,4 pasa,
a moma — y 1,6 pa3a BiJHOCHO BECHSHHX ITOKa3-
HUKiB. Hanpukinni BepecHs mupHHA JIMCTKA y poc-
TUH M. sinensis 3MeHIyBajacs 10 PiBHS BECHSHHX
[OKAa3HUKIB, a JOBKHMHA 3aJHUIIaNacs IMPAKTUIHO
HE3MIHHOIO, L0 NPHU3BEJIO 10 CKopouyeHHs Ha 11%
IUTOIL JINCTKOBOT IIOBEPXHi.

Ha Binminy Bin momepenuboro Buay y F. cinerea
BCl POCTOBI NMOKa3HUKHM JIUCTKA JTOCTOBIPHO peary-
BaJIM Ha 3MiHY KIIMAaTHYHHX YMOB IIPOTATOM Bere-
tanii (tadm. 3). IlopiBHSHO 3 BECHSHMMH IIOKa3-
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Hukamu y Il nmekami nmumHS JOBXKHHA 1 MIMpUHA
JucTKa BUay 30inbiryBanacs Ha 30%, a #oro ruroma
3pocna y 1,7 pasu. [Ipote y HalOLIbII TOCYIIUTUBHN
nepion (ceprieHb-BepeceHb) BiAOyBalocCs TPUTHI-
YEHHsI POCTOBUX TPOIECIB B aCHUMIIAIIHHUX Opra-
HaX KOCTpHLI: LIMpHHA CcKopouyBajacsi Ha 30%,
a JIOBXMHA HaBMakW 3pocrana Ha 12% BimHOCHO
MOTIEPEIHROTO  TIEePIoAy JTOCHIKeHb. SIK  Haci-
JOK y KOCTPHUI CH3yBaTOl JIMCTOK BHIOBKHUBCS
(roedimienT BumoBkeHOCTI JucTtka Ha 40% mnepe-
BHUIIy€ KOHTPOJIbHI PiBHIi), a TUIOIIA JIMCTOBOI Iac-
TUHKH 3MeHImnacs Ha 16%.

Jysl BU3HAUCHHS CUJIM BIUIMBY €KOJIOTTYHMX YMH-
HUKIB CEPEAOBHILA, B IKOMY ITPOXOIUTH PO3BUTOK POC-
nH, OyB NPOBEICHUI KOPENSTUBHUN aHaNi3 3aJex-
HOCTI MapaMeTpiB JIMCTKA BijJ TeMIepaTypu MOBITPs
Ta KinpKocTi onaziB. OTpuMaHi pe3ylbTaTH CBIIUMIIH
PO HASBHICTh MPAMOI KOPEJSAIIHHOI 3aJIeKHOCTI
MIX KIIMaTHYHUMH YMOBaMH Ta PO3MipaMH JIUCTKIB.
[Tpruomy, B OLIbIIIH Mipi Ha 3MiHY POCTOBUX ITOKa3-
HUKIB JINCTKa 000X BHIIIB POCIIMH MPOTATOM OHTOTE-
HETUYHOTO PO3BHUTKY BIUIMBAB HEAOCTATHIN piBEHb
3BOJIOJKCHHSI, @ CHJIa 3B’ 3Ky MilIHIIIaJa 3 4acoM, 110
MiATBEPIKYETHCS  KOPENSAIHHIME  KoeillieHTaMu
cepennboro piBHs Big r=+0,32 mo r=+0,57. Binwmi-
THUMO, 110 y POCIuH F. cinerea CTyNiHb CIIONYyYEHOCTI
POCTOBHUX TIApaMeTPiB i3 CyMOIO aTMOC(EpHUX Oma-
niB B ymoBax KbC Oy Bummii (r = +0,35 — +0,57),
HiX y M. sinensis (r = +0,32 — +0,48). HaromicTs,
TemreparypHuil Gakrop Maiike He BIJIMBAaB Ha PO3-
BUTOK JIUCTKA JTOCII/PKYBaHUX 37aKiB (r > +0,2).
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Oo0roBopenHst

deHooTiuHI peaxilii pociuH 4epe3 3MiHy KITi-
MaTy BXK€ 3apa3 BIUIMBAIOTh Ha MOJeNi Oiopi3HOMa-
HITTS Ta iX TpodiuHi B3aeMOIii, a TAKOXK Ha QYHKITI
€KOCHCTEM Y CBiTi. barato BUIiB poCiINH pearyroTh
Ha MIiJBUIIEHHS TEMIIepaTypy, 3MiHIOIOYH Jac (heHo-
JOTiYHUX (ha3 pPO3BUTKY Yy OiK paHHHOTO BECHSHOTO
BiJ[pOCTaHHS Ta TMI3HINIONO OCIHHBOTO 3aBEPIICHHS
PO3BUTKY, IO HPHU3BOMUTH JO 3arajbHOro 3017b-
IIIEHHST TPUBAJIOCTI BereTaiiiHoro nepiomy®. Sckpa-
BUM TIPHKJIAIOM IIOTO B IHTPOAYKIIHHHX yMOBax
KBC € pocnunau M. sinensis, y SKAX TIepioj BererTartii
30inpImBest Ha 35—40 ni6 mopiBasHO 3 2004-2009 pp.
Toni six F. cinerea 3a octaHHi 15 pokiB TOCTOBIpHO
He 3MiHWIA TepMiHu (peHodas i TpUBANICTh CE30H-
HOTO PO3BHUTKY. Lle Moxke cBimuuTh abo mpo HHU3b-
KHid piBeHb IIACTHYHOCTI BUIY, 200 K HaBMAaKH IIPO
BHCOKHH PiBEHb HOTO XKHUTTEBOCTI, IO MiATBEPIKY-
€ThCS IIMPOKHUM apeanoM PO3MOBCIOKEHHS™

B ekcrpemanbHHMX yMOBaxX BHPOIIYBaHHS Bil-
MOBiJIb POCIIHMH OXOIUTIOE KiJbKa TUIIB aTalTHBHUX
CTpaTerii, sKi, MepIoYeproBo, MOB’sA3aHi 3 MOJH-
(hikamisMi (OTOCHHTETHYHUX CTPYKTYp, IO pPEry-
JIIOIOTh BONHUU cTaryc i ¢iziomoriyni ¢yHKIii poc-
JIUH 3MEHIICHHSM ITPOBITHOCTI MPOUXiB, JTUCTKOBOL
MTOBEpPXHi, 30UIBIICHHSM CITiBBiIHOIICHHS! KOPIHB/
narin®>?, Apjanraiis poCiIMH 10 HOBHX IPYHTOBO-
KJIIMaTUYHUX YMOB TIPOSIBISIETHCS HE JIMIIE B MOP-
(homoriyHMX O3HAKax 1 (i3iONOTIYHUX peakIiix, a i
B OCOONHUBOCTSAX X po3BUTKY?’*. OmHe 3 HAKOLIbII
SICKPaBUX BiIOOpakeHb IKUTTEMISUIBHOCTI POCIHH-
HOTO OpraHi3My B 3MiHEHUX yMOBaX JOBKLLIS € IIPH-
PICT POCIIHH Y BHCOTY, IKMH 3aJISKUTH B/l CYKYITHOCTI
nporeciB 06miny*. OcHOBHI MopdomMeTpruHi mapa-
METpH JOCHIDKYBaHUX HAMH 0araTopiyHUX 3J1aKO-
BUX POCIIMH 3aJIeKaJH BiJl iX BUJOBUX 0COONMBOCTEN
Ta EKOJOTIYHUX YMHHHUKIB 3POCTAaHHS. 3ayBa)KHMO,
10 POCTOBI MMapaMeTpy NaroHiB F. cinerea Maino Bij-
PI3HSUIHCS BiJl MPUPOIHUX Miciie3pocTanb’, Tomi K
pociuau M. sinensis GopmyBanu Ha 20 cM KOPOTIIi
i Ha 20% MeHII B IiaMeTpi NaroH, HIX y 1HTPOAY-
KOBAaHHX POCIIHH 3 BOJIOTIIIOI JIiCOCTEnOBOT 30HH>1.
A B yMOBax TEIUIOTO i BOJOTOro KJIiMaTy HpUpPOA-
HUX U1 M. sinensis micuie3poctanb’**? BucoTta poc-
JIMH 3a3BH4Yal csarae 10 2,5 M. BecranoBnene, Bode-
BH/Ib, 3yMOBIICHO KCEpOQITH3AIli€I0 TKAHWH TaroHa
y THocynumBHX ymoBax IIpaBoOepeskHO-CTEernoBOro
[IpunHinpos's.

PicT MMCTKIB JOCUTH TIOBHO XapaKTepU3ye IOBe-
IIHKY 3JIaKiB y TI€BHOMY CEpEeIOBHII, BigOHMBae
(bYyHKIIIOHYBaHHS CHCTEMH POCIMHHOTO OpTaHi3My
B IIOMY 1 JTO3BOJISIE BU3HAYUTH IIOB’SI3aHICTh PO3-
BUTKY POCIIMHH 3 YMOBaMH 3poCTaHHs. B mocymnum-
BUX YMOBaX BHPOIIYyBaHHs Je(IIUT BOJOTH, HACAM-
niepe, MPU3BOIMTH /10 3MEHILICHHS KUTBKOCTI JINCTKIB
Ha POCJHHI, iX 1HIUBIIyaJIbHOTO pPO3MIpy Ta TpHUBa-
JIOCT1 KHTTS, AKI HAMpsAMY 3alie)kaTh BiJl Typropy,
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aCHMUTIOIOYOTO  3amacy  JIMCTKa, TeMIeparypu
HOBITPS 1 BOAHOTO MOTEHINaNy IpyHTY>***, PO3BUTOK
JUCTKIB 1 MaroHiB Ha MOP(OIOTIYHOMY PiBHI TaKOX
pearye Ha TeMIepaTypHHUI CTPeC — CIIOCTEPIraloThes
peaKIii ayKCHH3aJIS)KHOTO TIOIOBXKEHHS TIMOKOTHITIO
Ta yepemika’?S,

Hocmimpkeni HaM#u 0coOMMBOCTI MoOpdoreHe3y
JUCTKIB y M. sinensis i F. cinerea mpoTSITOM CE€30H-
HOTO OHTOTCHETHYHOTO PO3BUTKY CBiA4YaTh MpPO TE,
mo OymaoBa iX IJIMCTKIB 3alIMIIaiiacsi CTaJlOI0, TOII
SK POCTOBI napameTpH 3MIHIOBAJIUCST 3JIEKHO BiJT
(a3 posBuTKY Ta KIIMaTHYHEX yMOB. Binmirnmo,
[0 HABiTh y HAWCHPHATIMBILIMA JUIs POCTY i pos-
BUTKYy Tepion (cepeaHbpomo00Ba TemIieparypa IoBi-
Tpst +22,9°C 1 mocraTHiil piBeHb 3BOJIOKEHHS) 00H-
nBa Buan (opmysanmu y 1,3 (M. sinensis) i 1,5 paza
(F. cinerea) KopoTIIi 1 ByX4i JIMCTKH, MTOPIBHIHO 3
POCIIHHAMH 3 TIPUPOIHIX Miciie3poctanb'®?*. V mico-
CTeTOBi 30H1 YKpaiHi Uit pociiuH M. sinensis yMOBU
3pocTaHHs Habarato KOM(OPTHINI, Tak sIK OpPraHd
acUMIISILii y HUX pO3BHMBaIOThesA Ha 15% Oinbri 3a
po3MipaMu, BiTHOCHO HAIIUX MOKa3HUKIB®'

XapaxkTepHOI0 OCOOJMBICTIO PO3BUTKY IEKOpa-
THUBHUX 3J1aKiB B iHTpoayKiiHuX ymoBax KbC y Haii-
MOCYTUTUBIIIHNA TIepiof] (CepeIHhOMICSIIHA TeMITepa-
Typa TOBITpsI KOUBaacs B Mexax +22,8-23,9°C, a B
okpemi JHi csrana +29,2°C, Toxi Sk cyma orajiB He
nepeBuIryBaia 2,4 MM) OyJI0 BHIOBKEHHS JHCTOBOT
TUTACTUHKH Ta CKOPOYEHHS IUIOIII IMCTKOBOT OBEPXHi
Ha 111 16% nnsa M. sinensis 1 F. cinerea BiAIIOBIIHO,
M0 CTIPHUSIIO 3MEHIIIEHHIO TPaHCIipaIiitHoi HOBerHi
i, BOYEBH]Ib, € O3HAKOKO KCepoMOpdisaii ackmins-
LiHKX oprauiB. Taki mpucToCyBabHi MOpomoridmi
peaKIii JUCTKAa Yy KOCTPHIN, SK CTBEPUKYIOThH 1HIII
JTOCTITHUKU®, mopsia 3 BHAOCTICHU(IYHUM CKpY-
YyBaHHSIM JIUCTKa B TPYOKY, JO3BOJSIOTH POCIHHI
S€KOHOMHUTH BOAY Ta 3a0e3MedyroTh 11 BIDKUBAHHS Y
HECTIPUATINBHX KCepOPITHUX yMOBax JOBKULIL. Ha
3MiHYy POCTOBHX ITOKa3HWKIB JINCTKAa 000X BH/IB Ha
JTAHOMY eTalli Ce30HHOTO PO3BUTKY B OLIBIIIN Mipi
BIUTMBAaB HEIOCTATHI PiBEHb 3BOJIOXKEHHS, HA IIO
BKa3yIOTh DPO3paxoBaHI HaMHU KOpeNAIiiiHI Koedi-
IieHTH cepeaHboro piBHS Bim r=+0,42 mo r=+0,57.
3a3zHavyeHe J100pe Y3TOKYETHCS 3 JOCIHIIKEHHIMHU
V. De Micco®, koTpuii 10BiB, 1110 BOJIOTICTh MOBITPS
€ JIMITyFouuM (PaKTOPOM POCTY OaraTboX BHIIIB POC-
JMH y TOCYIIIMBUX YMOBAaxX 3pocTaHHs. Ha BiqMiny
BiJl CyMapHOI KiJIbKOCTI OMajiB, TeMIepaTypHHUN
(akTop, 3a HAIIMMU JTAHUMH, JIUIIE OITOCEPEAKOBAHO
BIUTUBAB HA MOP(OMETPHYHI TOKa3HUKH JIUCTKIB 3ra-
nMaHux BUAIB (r > +0,2).

BucHoBku

TakuM YWHOM, YCTAaHOBJIEHO, IO B YMOBax
MOCYIIJIMBOI CTENOBOI 30HUM YKpaiHU POCIUHU
M. sinensis ta F. cinerea mpoxoisATh BC1 €TaIK CE30H-
HOTO PUTMY PO3BUTKY. Kiimaruuni 3MiHM y Tep-
HIOTO BHUJLy TPHU3BENHU JI0 OiJIBII PAHHBOTO MOYATKY
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Bererarii (Ha 5-10 mi0) Ta momoBkeHHS ii mepiomy
(ma 3540 ni6), Tomi K y IPYroro PUTMH PO3BHUTKY
JOCTOBIPHO HE 3MIHIOIOTBHCS 3a OCTaHHI 15 poKiB.
3’scoBaHo, MmO B yMmoBax iHTpomykmii (Crem
VkpaiHn), TOpiBHSHO 3 JaHUMH B NPUPOIHUX ape-
ayax, poCTOBI MapaMeTpu NaroHiB F. cinerea 3amm-
IIAJINCS CTAJTMMU, TOI SIK pocTuHu M. sinensis Gpop-
MyBaimu B 1,5-1,7 pa3a xoporwi i Ha 20% MeHm
B JliaMeTpi MaroHu.

Bcranosneno mopdomnoriani ocobnmmBocTi Gopmy-
BaHHSI JIMCTKIB 32 BIUIMBY €KCTPEMAJBbHHUX KIIMaTH4-

11

HUX yMOB 2023 poxy. [loBeneHo, mo BoceHH (KiHElb
BepecHs1) B 000X JOCHTIPKyBaHUX BHIIIB BiIOyBa€ThCS
3MEHILIEHHS IO JINCTKOBOI IUIaCTHHKK Ha 11-16%,
MOPIBHSIHO 3 TIOKAa3HMKAMHU BIITKY. Bumocnenmgiu-
HICTh aJanTaliifHOrO MPUCTOCYBAaHHS ACKOPAaTUBHUX
37IaKiB BUSIBISUIACH y PIi3HIA IHTEHCHBHOCTI 301Th-
IIeHHsT 200 3MEHIIIeHHS JIHIMHNX TTapaMeTpiB achMi-
TAMIHHUX OpraHiB (HOBKWHH 1 MWpWHHU). BuseieHi
peaxtii criprsiIi peryIsIii TpaHcmiparii i 3a0e3medy-
BaJIM 3aXUCT POCIIUH 3a JIii HOCYXH, Ha BIUIMB KO BKa-
3YIOTh KOPEJIAMiiHI KOe]ili€eHTH CepeTHhOTO PiBHS.
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Storage of ash and slag waste causes a number of environmental problems,
including the transformation of natural geochemical cycles and the change
of the natural radioactive background due to the increased concentration of
heavy metals and radioactive isotopes in coal combustion products. Plants
can provide an effective approach for the analysis and monitoring of heavy
metals contamination. Additionally, vegetation plays a significant role in
the restoration and remediation of heavy metal-contaminated soils. The
application of plants in phytoremediation is a green and sustainable solution
for decontaminating polluted sites. Moreover, the key role in the restoration
of contaminated sites belongs to native species. Within the presented research,
the abilities of native dominant species to accumulate and tolerate heavy
metals in conditions of ash and slag dumps were investigated on a limited
number of samples. Primary analysis of the bioaccumulation of heavy metals
through the bioaccumulation coefficient showed that zinc has the highest
accumulation capacity in the studied species. The ability to bioaccumulate
the analyzed heavy metals decreases in the following order: Zn > Fe > Cu
> Mn > Cd > Ni > Pb. Indexing the biogeochemical activity of the tested
species showed higher levels of biochemical activity for Anthemis arvensis L.
than for Achillea millefolium L., however, these data need to be confirmed
by statistical analysis. Determination of the translocation index of elements
reflected the high mobility of zinc and cadmium with a high rate of transferring
to above-ground biomass, but the potential for accumulation requires scaling
up the experiment with the involvement of a larger number of samples and
performing statistical data processing. Due to their ability to accumulate heavy
metals in roots, plant species could be used for phytostabilization. Establishing
methods of biomonitoring and the development of green reclamation
technologies with native species application need further research with both
selected species and other local species. The presented research showed
primary results of bioindication and references for phytoremediation of heavy
metal contamination of the ash and slag dumps, which is relevant for other
similar environmental conditions.

Key words: pollutants, heavy metals, bioaccumulation indexes, vegetation of
technogenic ecotopes, phytoremediation.
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AKyMyJIsillisi Ba)KKUX METAJIIB TPAB’IHUMH POCIMHAMM
B YMOBAX 3POCTAHHSA HA 30/10LIAKOBIABAJIAX

Cemak Y. U., Munenbka M. M.
Tpuxkapnamcokuti HayionanvHuil yHieepcumem imeni Bacuns Cmeganuxa

uliana.semak@pnu.edu.ua

Knrouoei cnoea: nonromanmu,
BAJICKT Memaau, poCaAUHHICMb
MEXHO2EHHUX eKOMONI8, ITHOeKCU
bioaxymynayii, gpimopemediayis.

Hakonmdennst Ta 30epiraHHs — 30JOMDIAKOBIIBANIB  BHUKIMKAE  HHU3KY
EKOJIOTTYHUX MPOOJIeM, cepel SKUX TpaHchopMalliss MPUPOIHUX TEOXIMIYHUX
[OUKJIiB, 3MiHa TPUPOJHOTO PATIOAKTHBHOIO (OHY dYepe3 IiJABHIICHHS
KOHIICHTpAIli BaXXKHX METAJIB Ta PaJlioaKTHMBHUX 130TOMIB Yy MPOAYKTaX
CHAJIOBaHHS Byriunis. POCIMHHI OpraHi3aMH € BHCOKOIH(OPMATHBHHUMH
OloiHMKaTOpaMK 3a0pYITHEHHS BAXXKUMH MeTaiiaMu. KpiM Toro, pocIMHHICTD
BIJII'pa€e MPIOPITETHY POJb Y BIJHOBICHHI Ta PEKYJIBTUBAIll 3a0pyIHEHUX
BOXKUMH MeTajaMH TPYHTiB. BHKOpUCTaHHS pocimH y (itopemenmiarii €
MEPCIIEKTUBHUM, €KOJIOTIYHO CTIHKHMM PIIIICHHSM JIJIs BiTHOBJICHHS TEPUTOPIH,
10 3a3HaIH 3a0pyIHEHHS BAXKKUMHU MeTanaMmu. CIIiT 3a3HaYHTH, 110 KITI0Y0Ba
POJb y BiTHOBIICHHI TaKWX 3€MENb HAJCSKUTH CaMe MICIIEBUM aO0OpUTCHHUM
BAAaM. Y TPEACTaBICHOMY JOCIIKCHHI TOKa3aHO TIEPBUHHE JIOCIIIKECHHS
Ha 0OMEXeHIH KUTbKOCTI 3pa3KiB 37[aTHOCTI a0OPUTCHHHUX BHUJIB POCIHH IO
AKyMYJISIIIIT BaXKKHUX METAJTIB Ta CTIHKOCTI JIO HUX B yMOBaX 30JI0IIJIAKOBIIBAIB.
AHai3 HAaKONMMYCHHS BaXXKUX METAJB dYepe3 Koe(ilieHT OioaKyMyJisimii
[I0Ka3aB IO HAMBHINY aKyMYIIOIOUY 3IATHICTh Y IOCHIIKyBaHHX BHAAX
BHSIBIISIE IIMHK. 3/IaTHICTh aHATI30BaHUX BKKHX METAIB JIO 010aKyMYJIsIIii
3MEHIIYEThCS y TOPsIKY: Zn > Fe > Cu > Mn > Cd > Ni > Pb. Ilonepeans
OIIIHKA IHeKcaIlii 010reoXIMIYHOT aKTHBHOCTI TOCITI/KYBAaHUX BUJIIB ITOKa3aJia
JICIIIO BUIIII PiBHI 010XIMIYHOT aKTUBHOCTI Anthemis arvensis L., anix Achillea
millefolium L., nmpote 1 naHi MOTpPeOyIOTh MIATBEPHKCHHS CTaTUCTHYHUM
aHaJIi30M Bu3HaueHHS iHJCKCY TpaHCIIOKAIlil eJIEMEHTIB BiOOPa3HIIO BUCOKY
PYXJIIUBICTB IIMHKY Ta KaJIMIIO, III0 XapaKTEePU3y€ThCS BUCOKOIO IHTCHCHBHICTIO
Iepexofy IUX eJEeMEHTIB Yy Haa3eMHy Oiomacy. 3aBISIKM 3HaTHOCTI
HAaKOIIMYYBaTH BaXXKi METAld B KOPCHSX, JMOCIIIKYBaHI BHUAW POCIHH
MOYXHa BHKOPHCTOBYBaTH JiIsi (piTocTabumizalii, OHAK aHai3 MOTEHIATy
IO akymysimii morpeOye MmacmTaOyBaHHS EKCIIEPUMEHTY 13 3alydeHHIM
OUTBIIOT KIJTBKOCTI 3pa3KiB Ta MPOBEICHHS CTATUCTUIHOT 00poOKH nanux s
ITUPOKOTO BIPOBAKCHHS METOJIIB O10MOHITOPHUHTY Ta PO3BHTKY TEXHOJIOTIH
(biTOpeKyIBTHBAIIT 13 3aCTOCYBaHHSIM MICIIEBUX BUJIIB HEOOXIIHI MOAAIIBIIN
JIOCITI/DKEHHSI 1K 13 OOpaHWMU BHJIAMH, TakK 1 3 IHIIMMH MICIICBUMHU BHJIaMHU.
[IpencraBnene AOCTIKEHHS BiI0OpaXkae IEPBUHHI Pe3yJIbTaTh Ol0iHHKAIIIT
3 BHKOPHUCTAHHSM JBOX BHJIB a0OPUTCHHHOT (PJIOPH, a TAKOXK BHCBITIIOE
MEPCIICKTUBH  BUKOPHCTAHHS JIOCHI/DKYBAaHMX BHUAIB Yy (iTopeMesiarii
3a0pyIHEHUX BAKKUMHU METaJaMH TEPUTOPIT 30JI0IIIAKOBI BAITIB.

Knrouoei cnosa: nonomanmu, 8adicki memanu, poCIUHHICING MEXHOSEHHUX
exomonis, inoexcu oioakymynayii, gimopemediayis.

Introduction
Thermal power plants are sources of heavy metal

thermal energy production®®. Fly ash contains toxic
metals like Zn, Cd, Cr, Pb and Ni, which can cause
environmental threat”8. These toxic elements leach

contamination as during the process of coal combustion
a significant amount of various trace elements,
including heavy metals (such as Pb, Cu, Mn, Zn,
Ni, Cd etc.) released to the environment'?. It causes
numerous environmental problems — contamination
of heavy metals is one of the most pressing threats to
water and soil resources as well as human health®*>.
Storage of waste from coal combustion (ash and
slag) is another factor of environmental risk from
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out from the fly ash dumps and contaminate nearby
soil surfaces and groundwater’. Henceforth, heavy
metals from fly ash during leaching influence on
living organisms'®. Within the influence of the
Burshtyn TPP an increase in concentrations of mobile
forms of heavy metal compounds in the environment
was shown in previous researches®'®!'. In addition,
soil contamination with radionuclides is observed''.

ISSN 2410-0943



Vegetation as a first acceptor in food chains has a
key role in the accumulation of heavy metals'>!*. Due
to accumulation ability, plants are the most useful
organisms to evaluate metal contamination'*!>!6,
However heavy metal concentrations in plants differed
between species indicating their different strategies
for metal accumulation'®. Numerous research
dedicated to analyzing heavy metal accumulation
by herbaceous species'>!°. There are several studies
about the accumulation of heavy metals in fly ash
lagoons and fields around coal-fired power stations
which are contaminated with fly ash!”!8:1920,

The problem of heavy metal contamination
requires sustainable and effective solutions. One
of the environmentally friendly approaches is
the application of plants in phytoremediation®'*.
Phytoremediation is a green remediation strategy,
which is highly efficient for the decontamination of
heavy metal-pollutions®**. Comparing the potential
environmental influence of phytoremediation with
other treatment technologies, such as chemical and
engineering treatments, phytoremediation impresses
as the sustainable alternative®>. Nevertheless, there
are critical challenges against the potential of
phytoremediation prevail: the lengthy time required
and what should be done with the metal-including
plant material®* Despite this limitation, environmental
benefits prevail: it enhances biodiversity, helps protect
soil, diverse sources of energy and has aesthetic
benefits*.

Native dominant plant species are considered
keys to the restoration and remediation of heavy
metal contaminated soils*>?. Local native plants
used for the remediation were better adapted to the
soil properties, toxicity level and environmental
conditions of the contaminated site?”-*%. The dominant
plant species found on contaminated sites show clear
tolerance and accumulation traits for heavy metals.
They have a defence mechanism against high levels
of heavy metals through a prolonged process of
natural selection, resulting in their ability to withstand
these conditions”. Phytoremediation proposes could
be fit as herbaceous perennials as well as woody
species®, but as herbaceous species are pioneers and
appear first, they could be more efficient than shrubs
or trees. Herbaceous species usually adapt faster to
adverse conditions because of their life cycles?®. The
main demands for phytoremediation species are well-
developed roots, large biomass and tolerance to the
high metal concentrations'?, which are inherent for
herbaceous vegetation. Beneficial of spontaneous
vegetation for phytoremediation purposes in examples
of mine sites were shown in several researches?*".

Plants are particularly useful for analysis and
monitoring heavy metals due to their stationary nature,
making them ideal in sifu bioindicators — plants can
provide a cost-effective long-term approach for
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monitoring metal pollution'>'®!?. At the same time,
vegetation covers could be used for reclamation of
heavy metals contaminated sites?*?%%, For establishing
methods of biomonitoring and development of
green reclamation technologies, investigation of
the abilities to accumulate and tolerate against trace
metals plant species is needed. Due to the high level
of pollution of ash and slag dumps, the investigation
of heavy metals concentration in plants and their
ability to decontaminate the pollutants is especially
important in the context of sustainable development
of the region.

Therefore, the aim of this study is: (1) to measure
metal contents in the native dominant plants; (2) to
evaluate the migration potentials of these native
dominant plants; (3) to estimate species abilities to
remediation and their prospects for phytoremediation
in the research area. Despite that the study contains
limited data, the research results can provide valuable
information about native species bioindication ability
and their relevance for remediation of heavy metal-
contaminated soil in the ash and slag dumps and other
similar environmental conditions.

Materials and methods

The study area is the ash and slag dump site Ne3
of Burshtyn Thermal Power Plant. Burshtyn TPP
annually produces more than 20 thousand tons of
solid residues of fuel combustion products. The
overall storage facility of ash and slag dump site Ne 3
is 24,674 million m?, currently filled for 98.5 % of its
capacity.

Soil sampling was carried out in July 2021 at
previously determined points. The sampling approach
was random; generally, there were 9 test plots. The soil
samples were collected from the top layer (0—20 cm)
of the soil profile after removing the surface cover.
One kilo of soil samples from each point was collected
and then stored in plastic bags until chemical analysis.

Two of the most common on the study site
herbaceous plants (Achillea millefolium L. and
Anthemis cotula L.) were selected for testing of metal
accumulation abilities. Plant samples were collected
in the area of the soil sampling point and a total of
30 plant samples. Herbaceous plant samples were
divided into roots and shoots and washed gently to
remove soil particles adhered to the plants. After
washing, plant samples were air-dried at room
temperature for two weeks. Mixed samples of dried
plants (separately above and below ground biomass)
and leaves were 100 gr each. In total, there were
9 samples of each species.

Samples of plants, soil were subjected to
an anatomic absorption  spectrometer  with
spectrophotometer AAS-3 to be analyzed for metals
like Cd, Zn, Ni, Fe, Mn, Cu and Pb*'. The instrument
setting and operational conditions were done in
accordance with the manufacturers’ specifications
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and according to the Ukranian national analyzing
standards®>,

Based on the results of the concentration of heavy
metals, the average mean and the standard error of
the mean (M+m), minimum (Min) and maximum
(Max) of values and the coefficient of variation
(CV, %) were calculated.

Since metals exist in different solid-phase forms
that can vary greatly in terms of their bioavailability,
the determination of total soil metal content is not
a good measure'®. A more useful tool to quantify
contamination and potential environmental and
human health risks is the assessment of bioavailability.
The bioaccumulation factor (BAF) determines the
efficiency of the plant accumulating heavy metals
from soil and calculated BAF as the ratio between
metal concentrations in root to metal concentration in

soil outside the root zone?'**:
BAF:Cplant / Csoil
C_—heavy metal concentration in plant tissue, mg/

plant
kg dry weight.
C,,, — heavy concentration in soil, mg/kg dry weight.
For the quantitative expression of the general ability
of a plant species to the concentration of heavy metals,
the biogeochemical index of activity (BIA) of the
species was used, which is the total value obtained from

the composition of the BAF of individual metals®:
BIA_ =Y BAF.

species

For herbaceous plants we detect the translocation

factor (TF) which is calculated to evaluate the ability

of plants to translocate heavy metals from roots to
shoots?!-:

TF=C

plant shoot
slanishoots heavy metal concentration in plant shoots,

mg/kg dry weight.

plant root

lanfsroots — heavy metal concentration in plant roots,
mg/kg dry weight.

Plant species with both bioconcentration factor
(BCF) and translocation factor (TF) greater than one can
potentially be used for heavy metal phytoextraction and/
or phytostabilization?'**. Plant species with TF > 1 are
regarded as good phytotranslocators'®. This implies that
these species effectively accumulated and transferred
heavy metals from the soil to the above ground parts'®.
Plants with translocation and bioaccumulation values
less than one are excluders and are not suitable for
extracting heavy metals from soils®.

Results

Evaluation of analyzed samples of herbaceous
plants reflects the concentration tendency: the highest
concentration was detected for Fe, Mn and Zn, the
lowest one was for Cd. The concentration of mobile
forms of heavy metals in herbaceous plants is shown
in Table 1.

Achillea millefolium accumulated metals in the
following order: Fe > Mn > Zn > Cu > Ni > Pb >
Cd. Maximum accumulated ones were Fe and Mn —
549,02 mg/kg and 58,9 mg/kg respectively, minimum
accumulated element was Cd — 0,34 mg/kg.

Anthemis arvensis accumulated metals in the same
order, but with differences of concentration of Ni and
Pb: Fe > Mn > Zn > Cu > Pb > Ni > Cd. Anthemis
arvensis to compare with 4. millefolium accumulated
less Ni than Pb. In A. arvensis maximum accumulated
ones were Fe and Mn — 529,67 mg/kg and 46,7 mg/kg
respectively. The minimum accumulated element was
Cd - 0,49 mg/kg. In general, A. arvensis accumulated
higher concentrations of Cu, Zn, Pb, Cd than A.
millefolium.

The ability to accumulate high concentrations of
metals into plants aboveground biomass was estimated

Table 1 — Heavy metals concentration in 9 samples of herbaceous plants

Achillea millefolium
Heavy metal
Cu Zn Pb Ni Cd Mn Fe
549,02 £
M+m 7,71+£0,45 | 19,36£1,74 | 2,37+0,19 | 3,04+0,34 | 0,34 +0,06 | 58,88 +27.,8 268.9
Max 9,9 28,6 3,6 5,5 0,7 279,5 2544
Min 6,2 12,3 1,5 1,8 0,2 17,1 93
CV, % 17,43% 27,05% 24,82% 33,46% 56,43% 141,77% 146,98%
Anthemis arvensis
Heavy metal
Cu Zn Pb Ni Cd Mn Fe
2,83 + 2,89 + 0,49 + 46,66 = 529,67 =
M=+m 9,56 £0,77 | 28,78 =3,31 0.18 0.64 0,08 571 211.82
Max 13,5 51,3 4,1 6,4 0,9 67 1556
Min 6,6 16,9 2,3 1,1 0,2 15,8 77,8
CV, % 24.25% 34,51% 19,09% 66,23% 51,59% 36,75% 119,97%
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Bioaccumulation factor of tested plants
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Figure 1. Bioaccumulation factor of tested plants (calculated based on 9 samples

of each species and 9 samples of soil)

using the bioaccumulation factor and translocation
factor. We calculated the bioaccumulation ability of
selected species using the bioaccumulation factor
(BAF). Among analyzed plant species, the average
value of BAFs of the heavy metals is decreased in
the order of: Zn > Fe > Cu > Mn > Cd > Ni > Pb. The
highest accumulative ability shows Zn, the lowest —
Pb (Fig. 1).

Different species have different potential for heavy
metal accumulation. Estimating of species metals
accumulation was based on their biogeochemical
index of activity (BIA) — a higher BIA coefficient
of accumulation was detected for Anthemis arvensis
(27,606), when Achillea millefolium biogeochemical
index of activity was 26,910.

Translocation factor (TF) as the ratio between
underground and aboveground heavy metal
concentration in plant biomass was detected too
(Table 2).

The translocation factor for Achillea millefolium
growing on the study site was found in the order of
Zn> Cd>Pb> Cu > Ni> Mn > Fe. The highest value
of TF in plants was for Zn with an average value of
1,516, and the lowest one was for Fe with an average
value of 0,115.

The translocation factor for Anthemis arvensis
growing on the study site was found in the order of
Zn> Cd>Pb> Cu> Mn > Ni > Fe. The highest value
of TF in plants was for Zn with an average value of
1,609, and the lowest one was for Fe with an average
value of 0,082.

In the present study TF of all elements lower than
one, except Zn in two samples and Cd in one sample.
This finding indicates low mobility of Cu, Pb, Ni, Mn
and Fe from the roots to the shoots and immobilization
of heavy metals in roots.

Acta Biologica Ukrainica. Ne 1 (2024)

Table 2 — Translocation factor of selected plants
(calculated based on 9 samples of each species
and 9 samples of soil)

Heavy Achillea millefolium Anthemis arvensis
metal
Cu 0,782 0,685
Zn 1,516* 1,609*
Pb 0,768 0,917
Ni 0,757 0,318
Cd 0,909 1,944%*
Mn 0,211 0,635
Fe 0,115 0,082
M+m 0,722 +0,18 0,884 +£ 0,25
Max 0,115 0,082
Min 1,516 1,944

Comment: * — exceeding of TF above 1

Discussion

Based on our results there was a tendency with
the highest concentration of Fe, Mn and Zn in all
tested species. Both herbaceous species concentrate
high amounts of Mn, Fe and Zn, the lowest was
the concentration of Cd. The same trend for metal
concentration in naturally growing plants on fly ash
dump sites was presented in the results of Pandey
et al. 2016 — a high concentration of Zn and Mn
was found in Cynodon dactylon growing on fly ash
dump sites. According to several studies®’® Zn is an
element with intensive accumulation. Zn inhibits the
Cd uptake due to its competitive behaviour with Cd,
because both metals are transported by a common
carrier at the root plasma membrane, which has more
affinity for Zn than Cd®. In an example of Trifolium
pratense® were observed accumulation of Cu: copper
increases when accumulation of Zn decreases — its
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explained as an adaptation to metals contamination®.
Research of heavy metals accumulation in Artemisia
absinthium, Melilotus officinalis and Hippophae
rhamnoides growing on ash and slag dump reflects
that the highest bioaccumulation factor was for Zn'!.

Previousresearch ofmetal accumulationinAchillea
millefolium®** showed that the species has an ability
to Pb accumulation®, especially in inflorescence. Our
research shows low Pb concentration, but the results
confirm the low ability to Cd concentration®’*.
Moreover, there is a seasonic dynamic of heavy metal
concentration: in herbaceous species (for example of
Chelidonium majus), increasing Zn concentration in
aboveground biomass during flowering was shown
with the highest concentration in root still*!.

To evaluate the ability of plants to translocate
heavy metals from roots to shoots we detected a
translocation factor (TF)?*. The translocation
factor above 1 means that these species effectively
accumulated and transferred heavy metals from the
soil to the above-ground parts'®. TF > 1 for such
elements like Zn and Cd were shown in the study of
metal accumulation on fly ash lagoon's- it explains
that transferring Zn to the aerial part is beneficial for
the survival of the plant, because it’s an important
micronutrient¥, but Cd is a nonessential toxic
metal. Yoon et al. 2006 showed that Pb and Cu, Zn
concentrations were greater in the roots than the
shoots — in this case, TF of these elements was below
142, A higher translocation of heavy metals in aerial
parts could be a reason for the easy transfer of these
pollutants to the food chain'’. As the index of TF
reflects the transfer and redistribution of heavy metals
among different parts of plants', the TF is below 1,
indicating that metals are mainly accumulated in the
roots and are rarely transported to the shoots. In our
research, metal concentrations for most elements
were higher in roots versus in shoots for both species.
Higher concentration in roots explained that roots are

the preferential metal storage organs'**. Lower metal
concentrations in the shoots than those in the roots
indicate that the species could be metal excluders'.

Conclusions

Analysis of bioaccumulation of metals through
bioaccumulation coefficients showed that zinc had the
highest accumulation capacity in the studied species,
and lead had the lowest. The ability to bioaccumulate
the analyzed heavy metals decreases in the order: Zn
> Fe > Cu > Mn > Cd > Ni > Pb. The study of the
biogeochemical activity of the tested species reflected
a higher level of biochemical activity for Anthemis
arvensis. Determination of the translocation index
of elements reflected the low mobility of Cu, Pb, Ni,
Mn and Fe from roots to shoots and evidenced the
accumulation of heavy metals in the roots. Zn and
Cd were found to be mobile elements with a high
rate of transfer to above-ground biomass. Based on
the translocation factor, we can conclude that none
of the herbaceous species showed themselves as
hyperaccumulators. Due to the ability to accumulate
heavy metals in roots, plant species are promising for
phytostabilization. However, the presented results are
incomplete and require scaling with the involvement
of a larger number of cells and statistical analysis.

Consequently, plants on technogenic ecotopes
like ash and slag dumps could provide effective
analysis and monitoring of heavy metals pollution.
Further analysis of the natural vegetation of ash and
slag dumps regarding the accumulation of heavy
metals will determine their accumulative capacity
and tolerance against pollutants and, therefore,
their prospects for the use of these plant species in
phytoremediation.
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BUMOI'U IO O®OPMJIEHHS CTATEM YV 3BIPHUKY HAYKOBHUX ITPALLD
«ACTA BIOLOGICA UKRAINICA»

TUIIA CTATEA

— ,Z[OCJ'IiZ[HI/ILILKa CTaTTAa
— orji1aoBa CTarTAa

— KOpOTKC HOBi,Z[OMJ'IeHHSI

PEKOMEHJALI IO O®OPMJIEHHS CTPYKTYPHUX EJJEMEHTIB

JocaifHNNbKA CTATTS

3a CTPYKTYpOIO JOCIIAHMIbKA CTATTs Mae€ BiINOBiZaTH MiKHapogHoMmy cranaapry IMRAD rta mictutu
Taki 000B’sI3KOBI eneMeHTH: Berym, Matepianu ta metonu, Pe3ymsratn, O6roBopenns, Bucunosku, Jlitepa-
Typa. OOCSIT OCHOBHOI'O TEKCTY JIOCIIHUIBKOT cTaTTi Bix 11 10 60 THCSY 3HAKIB 3 mpoOijamu (aHOTallisl, CITH-
COK BUKOPUCTAHUX JIKepell, TabIuIi Ta MiIHUCH JO PUCYHKIB HE BpaxoByloThcs). biOmiorpadiunuii cimcok 3a
o0csirom He Mae nepesuiryBatu 80 mKepel.

Hazea cmammi. SlxoMora KOpOTIIIa, aje JOCTATHs IS PO3YMIHHS 3MiCTy pOOOTH, CKOPOYCHHS - TLTHKU
3aranpHONpUiHTI. CiiJy yHUKaTH 0E€33MICTOBHUX CIIB TAKUX SIK «BUBUYCHHSI», «IOCIIIKCHHS», «CIOCTEpe-
JKEHHS», TOIIO. SIKIO HAETHCS PO CIIOMYKY, GI0MOTI4HUI BHJI, TOIIO — BKAXITh iX B Ha3Bi, AKIIO PO Kpamy
9M PErioH — Tex. Y MepeKiaji 3aroloBKiB CTaTeil aHIIACHKOI0 HE TIOBUHHO OyTH JKOIHUX TPAHCIITEpALii,
OKpIM HeNepeKyIaJHNX Ha3B BIACHUX IMEH, IPUIa/iB Ta IHIINX 00 €KTIB, 110 MAIOTh BJIACHI HAa3BU; TAKOXK HE
BUKOPUCTOBYEThHCS HETIEpeKyIaJHHi clieHT. L{e cTocyeThCs TaKoK aHOTaIliH 1 KIIFOYOBUX CITiB.

Anomayian. Crpykryposana 3a cranaaprom IMRAD, nepenae cTpykTypy CTaTTi, JONMOBHIOE HA3BY, SKO-
MOTa CTHCJIA, 3aBEpIICHa, oe3 a6peBlaTyp, JITEPATYPHUX TOCH/IAHE Ta LTIOCTpaLiiHuX Matepianis. OOcsr
yKpaiHChKO1 Ta aHmIifchko1 aHoTarii — 1800-2000 3HakiB (3 mpoOizamMu) KoJKHA.

Knrwowuoei cnosa. He oBTOPIOIOTH CJIOBA 13 HAa3BH, JIOTIOBHIOIOTH Ta JICTANI3yIOTh Ha3By POOOTH; KiJIbKIiCTh
KIIFOYOBUX CJIiB 200 CJIOBOCHOIYYEHD - 5-0.

Bcmyn BucBiTiioe Cy4acHMid CTaH, Ta aKTyaJbHICTh npoGHeMI/I MOKa3ye MICIe AOCTI/KCHHS] B KOHTEKCT1
BigoMoOro. BusHauae BaxiauBicTh Hp06neMH HOBU3HY JOCII/UKCHHS, HAYKOBY «IIPOTAIMHY», SKY 3aKpHBA€
MpeJICTaBJICHE AOCI/DKCHHS. Y BCTYII CJIiJi BU3HAYUTHA METy ab0 poOoui rirnore3u (He Oiibliie TPhOX TinoTe3
Ha OJIHY CTaTTI0). Betym citif posnovaru i3 3arajibHOi IpoOIeMH Ta MEPEHTH A0 By3bKOT TEMH MPECTaBICHIH
B pobotH. B ocranHbOMYy maparpagi KOpoTKO OIHCATH IO CaMe TPEICTABICHO B POOOT, alle He OBTOPIOBATH
aHOTALIO.

Mamepian ma memodu MaroTh 3a0€3MEUUTH BiAITBOPIOBAHICTh EKCIIEPUMEHTY Ta MICTUTH METOAHM J1abo-
PaTOPHOTO eKCIIEPUMEHTY a00 MOBOBOIO MOCII/DKCHHS; 00CAI BUKOPUCTAHMX JUIS aHATI3y JaHHX (PO3Mip
BUOIpKHM); ONKMC BUKOPHCTAHUX CTATUCTUYHHUX MPOLEAYP OOPOOKHM IaHMX i3 3a3HAUCHHSAM CIELiali30BaHUX
IIPOTrpaM B SIKUX BUKOHAHO aHaii3. Llell po3ain mMae ckiafaTuch 3 ABOX IIAPO3ALUIIB, NEPIINH 3 SIKUX ONUCYE
310panuii Marepian abo MPOBEACHUI EKCIIEPUMEHT, T/ K APYruid — MeTonu aHaiizy. [lepen Bubopom cra-
TUCTUYHOI MPOLEIYPH aHaNi3y JaHUX PEKOMEHJOBAHO MEepeBipATH BUOIPKH Ha MiANOPSAKOBAHICTD iX 3aKOHY
HOPMaJIbHOTO PO3MOALITY.

ABTOpH 3000B's13aH1 JOTPUMYBATHCHh ETHIHUX HOPM ITpH poOOTI 3 TBAPUHAMH BiAOBIAHO 10 €Bpomneiichkol
KOHBEHIIIT PO 3aXHUCT XpeOSTHUX TBAPUH, 1[0 BUKOPUCTOBYIOTHCS JUISL TOCTIIHUIBKIX a00 1HIINX HAyKOBHX
uine#t Bix 18.03.1986 p. (https://zakon.rada.gov.ua/laws/show/994 137). PeieH3eHTH 3BepTaTuMyTh yBary Ha
JOTPUMAHHS aBTOPAMHU STHYHUX HOPM MU [OBOUKCHHI 3 TBAPHHAMH, HEIOTPUMAHHS TAKHX HOPM MOXe OyTH
MiZCTaBOO JJIS1 BIAXUJICHHS PYKOIIUCY.

Pesynsmamu npencTaBsOTh JMIIE ONMUC Ta aHaji3 BJIACHUX MarepiajiB, HE 3MillaHi 3 JUCKYCI€I0, HE
MICTSTB MOCHIIAHb Ha JliTepaTypy. ONHUCYIOTECS JIHIIE OCHOBHI pesynbratd (a He Bee o Oy1o 3pobieHo),
SIKI BIJTOBIZAIOTH METi JOCIIDKCHHS a00 MiATBEPIIKYIOTE/BIAXMIAIOTE pobody rinotesy(u). JlomycKaeTses
BUKOPHUCTaHHS HE XPOHOJIOTIUHOI0, a JIOTIYHOTO onucy. Pe3ynpraru ciin UmocTpyBaTy MiHIMaabHO HEOOXin-
HUMHU 3BE/IEHUMU JJAHUMHU (BI/IXiI[Hi naHi abo HpOMi)KHi PO3paxyHKH MOXYTh OyTH B IOJaTKOBUX MaTepiaiax).
Iepen dpopmyBaHHsIM LTFOCTPALIHHIX MaTepialliB NOTPIOHO TOYHO BUBHAYMTH, Ha SIKE 3 IOCTABICHMX y pOOOTI
IHTaHk a0 rinoTe3 BIAMOBIAATHMYTh Ta UM iHIIA Tabmuus abo pucyHok. Hamaiorhest mame Ti imocTpaltii,
10 0e3MmocepeHhO BUCBITIIOIOTH CYTh poOoTH. Tabnuil He TOBUHHI AyOIFOBaTH BXKE HABEICHI B TEKCTI JaHI.
Tabnuii MOXKyTb OyTH TaKoX BI/IKOpI/ICTaHi JUISL CHHTE3Y HE TIJBKH YHCIOBUX, aJie i niTepaTypHHx JTAaHUX.

Ob2060penna He NOBTOPIOE PE3Y/IBTATIB, MOPIBHIOE Ta OOrOBOPIOE OTPUMAHI BIACHI JaHHI 3 JITEpaTyp-
HuMi. OOroBopeHHs Ma€ OyTH CTHCIMM, MAKCHMAIBHO TOBOXUTH HPABHILHICTE TOUKH 30py aBTOpa, y3araib-
HIOIOUH PE3yJIbTaTy BIACHUX JOCIIUKEHb Ta IaH1 IHIIUX aBTOPIB LOAO0 HiATBEPAKEHH Ti€l UM 1HIIOT HAYKOBOI
rinore3u. [Topsiaok BUKIIaIcHHSI OOTOBOPSHHS Ma€ WTH BijJl OKpEMOTo J10 3arajibHoro. OOroBopeHHs Ma€e Biji-
MOBiJIaTH METi 200 BUCYHYTHM HayKOBUM TilOTe3aM, sIKi OKpecieHi y Beryrmi, a TakoK He MiCTUTH BUCHOBKIB,
a JIMILE MiJBOANUTH IO HUX.
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Bucnogku ctucio xapakrepusyioTh OCHOBHI Pe3y/IbTaTH OIKMCAHI B PYKOMHKCI, 6€3 Hymepallii B 10BLIbHIi
¢opmi. BoHn He MICTATH TEKCTOBHMX MOBTOPEHb, BUKIAJCHUX y MONEpeIHIX po3ainax podoru. Hanpukinmi
LbOTO PO3IULY CJIiJ{ BU3HAYUTH [I€PCHEKTUBHU OAAIBLINX OCIIIKEHb.

Iloosaxu (3a OaxkaHHSIM). ABTOP MOXKE BHCIJIOBUTH IMOJSKY JOMOMDKHOMY IEPCOHANY, CTyACHTaM, CBOIM
KojIera, BCIM THM, XTO JIONIOMAraB npu 300pi MOIbOBHX 200 EKCHIEPUMEHTATbHUX JaHHX, HAJaBaB KOPHCHI
Topaji, TOILIO, ajie He NPHiiMaB aKTHBHOI Y4acTi y MArOTOBLI PYKOMUCY. ¥ HBOMY PO3JIiI TAKOK HaAa€ThCs
iHpOpMalIis Ipo JuKepesa MIATPUMKU IPOBEICHOIO A0CIIPKCHHS.

Brecok aemopie (3a 6GaxxanHsiM). HajaeTbest onmc BHECKY KOXKHOI'O CITIBABTOPA Y CTATTIO.

OnisiioBa crarTs
Orsg0Ba cTaTTs MOBHHHA MaTH 00CST OCHOBHOTO TeKeTy Bif 11 mo 60 Twcsa 3HaKiB 3 mpobimamu (aHOTa-

1isl, CIMCOK BUKOPHCTAHMUX JDKEPEJI, TaOJHIll Ta MiIICH JI0 PUCYHKIB HE BpaxoByloThCs ). bibmiorpadiunnit
CIHMCOK He Mae nepeBuiryBaru 150 mxepedn, ane it He Moxe Oyt Menuie 60. Pykonuc Mae MiCTUTH Taki CTpyK-
TYpHI €JIeMEHTH: BCTYI 3 OKPECIEHHSIM IPOOJIeMH Ta OMMCOM OCTaHHIX MOJiN/MOCIiPKEeHb, 0 BU3HAYAE
aKTyaJIbHICTh T4 MeTY HaBEACHOTO OIVISATY; CTUCHTI iH()OpMATHBHO MOB’si3aHi Mixk c00010 po3aijm i3 3aro-
JIOBKaMH, 10 MArOTh MPEJACTABISTH OCMHCICHUI aBTOPOM(aMH) CHHTE3 JIITEpaTypu Ta BIACHUX ifiel; KpH-
TUYHUH aHaii3 omyONiKOBaHUX paHille Mpalb 3a LI€I0 TEMAaTHKOIO, 13 BU3HAYCHHSIM HE BUpIIIEHUX mpoliieM
Ta MUTaHb; BUCHOBKH 3 IIPOBEICHOIO ONISAY 1 MepCcneKTHBH MOJAJIbIINX AocailxKeHb. OnsgoBa CTaTTs
Ma€ MICTUTH TeKCTOBi 60KCH, PUCYHKH 260 TaO/IMUi 3 METOK0 BHK/IA/ICHHS OCHOBHHX KOHLCHIIH a00 ineit
po60T1/1 OIVISILy TEMaTUYHUX JIOCIIIKeHb, AeTali3alii miJaxoaiB Ta MeTouK. AHoTamii YKPAiHCHKOIO Ta aHT-
JMCHKOI0 MOBAaMH CTPYKTYpPOBaHi Ta BiAMOBINAIOTH 3MiCTy pykomucy, oocsirom 1800-2000 3HaKiB KO)KHA.

Kopotke noBiiomsieHHst
VY BUIIISAI KOPOTKOTO TOBIIOMIICHHSI MOXe OyTH OIyOIiKOBaHO IepIi reorpa(bqui 3HAXIJKU BUJIIB; OIHC

OpHTiHAJIBEHOI METOIMKH, 1110 HE MJIaHY€ETHCS A0 NaTEHTYBaHH:; KOHCTATAllis BaXKJIMBUX, BUHATKOBHUX, HEOYi-
KyBaHUX BUIAJIKIB €KCIIEPUMEHTAIBHUX OCIIIKEHb.

KopoTke noBiJOMIIEHHS HECTPYKTYpOBaHE Ha PO3/1IHN, aJIe MA€E MICTUTH OCHOBHI €JIEMEHTH JI0CJI1IJHUIBKOT
crarti (Beryn, Marepianu Ta metoau, Pezynsrarn, O6roBopenns, BucuoBkn). O0csIr 0CHOBHOTO TEKCTY /10
10 TrCs4 3HaKIB 3 po0OinaMu (aHOTALlisl, CIMCOK BUKOPUCTAHUX JKEPEII, TAOJIHIII Ta MiIMUCH 10 PUCYHKIB HE
BanOBYIOTBCSI) Metozosorist Mae OyTH KOPOTKOIO, aJie J0CTATHBOIO [Isl BIATBOPCHHS. AHOTALIIS TOIA€ThCA
JIAIIE aHTITHCHKOI0 MOBOIO o0csaroM 1800-2000 3HakiB, CTPYKTypOBaHa Ta BiIIIOBIAA€ 3MiCTY MTOBITOMIICHHS.
Kitro4oBi ciioBa - aHIITIHCHKO0 MOBOIO, KIJIBKICTIO 5-6 CJ1iB @00 CJIOBOCIIONYYCHb. LIFOCTpaliifHuii MaTepial
y KUIBKOCTI He O1JIbIIe TPHOX €JIEMEHTIB (TaOauIb, PUCYHKIB, TEKCTOBUX OOKCiB). bibmiorpadiunuii cimcok
He Oinpire 20 miTeparypHHX pKepen. Y OIHOMY HOMepi myOuaikyeThesl He OLIbIIE TPHOX KOPOTKHX
NOBiIOMJICHbD.

3arajabHi pexoMeHaaNil 10 cTaTeil
Buxutan marepiany pykomnucy mae OyTH TOCITiZOBHUM, JIOTIYHO 3aBEpIICHNM, 13 YITKUMHU (HOPMYITIOBaH-

HSMH, [0 BUKJITIOYAIOTH TOBIHE TIIyMaueHHs a00 HEMpaBWILHE PO3YMIHHS iH(OpMAIlil; MOBa TEKCTY Mae
BiZIMOBiIaTH niTepaTypHHM HOpMaM, OyTH Hpoq)ecif/'IHOIo 1 JTJakOHIYHOI0. ABTOp 3000B’s13aHUI 320€3MEUUTH
BHCOKHI HAyKOBHii PIBCHb BUKIIAICHOTO MaTEpiay, IOBHOTY i CHCTEMHICTh BUCBIT/ICHHS ITHTAHHS, 10CTOBIp-
HICTb PE3YJILTATIB i JaHMX, 1O HABOAATHCS, PABHIIBHICTH LMTYBAHH Ta [IOCH/IAH Ha JITEPATypHi JuKepena.
bibmiorpadiuHi mOCHIaHHS HABOMSITHCS MOBOIO OPHTIHAITY.

OP®OPMJIEHHS PYKOIIUCY

st pykonucy BUKOPUCTOBYeThCs popmar A4 3 monsimu 1o 2 cM 3 ycix 6okiB. HymepytoTbest cTropiHku
Ta PSAIKH (71 TTOJICTIICHHSI TIPoIiecy perieH3yBanHs). BukoprucroByeThes mpudT Times New Roman, 14 m,
IOy TOPHUH iHTepBaJI MiXK pAIKaMH. 3aroyloBOK CTaTTi Ta CTPYKTYPHI €JIEMEHTH PYKOIUCY PO3MILYIOThCS
110 LCHTPY, HAMIBKUPHIM, YCi PSIKOBI.

[lepen 3aromoBKoM y JIiBOMY KyTi po3minryerses Y/IK.

[Ticiist 3aroj0BKy y HaCTYIHUK PAJKax, 10 LEHTPY:

— 116 aBropa(iB);

— YCTaHOBa;

— ajipeca yCcTaHOBH (TIOIITOBUH 1HJIEKC, BYJIHIISL, MICTO, KpaiHa);

— EJIEKTPOHHA ajipeca aBTopa;

—anoramii 1800 3HaKiB;

— KJIFOUYOBI clioBa (Kypcueom).

[Ticnst aHoTaLiH 3 KIIIOYOBUMH CIIOBaMH 3 a03aIly BUKIAIAETHCSI OCHOBHUI TEKCT CTATTI
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SIKIIO CTATTSI MOJAETHCS YKPATHCHKOK MOBOIO, ITEPIIOI0 PO3MIINIY€ThCS YKPATHOMOBHA aHOTAITIS 3 KITIO-
YOBUMH CIIOBaMU. J[pyroro aHOTAIli€l0 € aHTIIOMOBHA aHOTAIlis, IIepPe]T IKOK BKa3y€eThCs Ha3Ba CTATTi, MpPi3-
BHUIIA Ta IHIIIaJIK aBTOPIB, TOBHA ajjpeca Ta Ha3Ba yCTaHOBU. HanpukiHill aHOTAIlI] KITFOUOBI CJIOBA aHIIIiM-
CBHKOIO MOBOIO.

SIKIIO CTATTS MOJAETHCS AHIICHLKOI0 MOBOIO, TICPIIIOI0 HAJIAETHCS AHITIOMOBHA aHOTAIIS 3 KIIFOUOBHMHU
cioBamu. J[pyroro aHOTAIlisl YKpaiHCHKOIO MOBOIO 3 KIIFOYOBUMH CIIOBAMH, TEPEN SKOK BKa3yeThbCs Ha3Ba
CTaTTi, IPI3BHIIA Ta iHII[iaJIN aBTOPIB, TOBHA aJpeca Ta Ha3Ba yCTaHOBH.

AHOTaIIii, KIFOYOBi CIIOBa, OCHOBHHM TEKCT CTaTTi, MEPEeNiK JIiTepaTypHUX HKEepell MOBOIO OpHTIHAIY
BUPIBHIOIOTHCS 110 IIMPHHI.

IIpu odopmJieHHI CTATTI He MPUITYCKAETHCS:

— TJIKPECITIOBATH 3aTOJIOBKH, IiMTUCH 1 HAJIIHCH;
— TePEHOCHUTH CIIOBA B TEKCTI CTaTTi,;

— BUKOPHUCTOBYBATH BUHOCKH.

BUMOI'H JIO UTIOCTPAIIIHHUX MATEPIAJIIB

Pucynku marote OyTH OpHUTiHAJBHUMH, MIANMACAHUMHU Ta MOCIIJOBHO MPOHYMEPOBAHUMH apaOChKHUMHU
uudpamu: Puc. 1, Puc. 2. Homep pucyHka Ta mianuc po3TalioBylOThCs 0e3M0CepeHbO i pUcyHKOM. Limto-
cTparlii MaroTh OyTH ITiITOTOBaHI Ta MacmITabOBaHi Tak, MO0 po3Mipu OYKB TEKCTY Ha UTIOCTpAIlisX HE mepe-
BHUIIIYBaJId pO3Mip OYKB OCHOBHOI'O TEKCTY CTaTTi Oinbil HixX Ha 50%.

Tabnuyi MOBUHHI MaTH Ha3By Ta OyTH MOCIIIOBHO MPOHYMEpoBaHi apadcbkuMu nudpamu: Tadmmus 1,
TaGnurs 2. Homep Ta Ha3Ba TaOIUIl PO3TAIIOBYIOTHCS 0E3II0CEPEIHBO HAJT TAOTUIISIMH.,

Texcmoegi 6okcu TipyU3HAYCH] TSI TOSICHCHHS] OCHOBHUX TIOHSITH, KOHIICTIIIH ab0 i/1eif poOOTH, OTIIATy TeMa-
TUYHHAX JIOCHI/KEHb, JAeTali3allii maxomiB Ta METOANK. bOokcH TTOBHHHI MaTh KOPOTKY Ha3By (He Oinbie 8
cI1iB) Ta OyTH IOCIJOBHO MPOHYMepoBaHi apadcbkumMu udpamu: boke 1, Boke 2. Homep Ta Ha3Ba TEKCTOBOTO
OOKCY PO3TaIllOBYIOThCS 0€3MOCEPEIHBO HaJl HUM. BOKCH MOXKYTh MICTUTH HEBEIMYKI PUCYHKH Ta TaONHIIi,
10 MO3HAYAIOThCs pUMChKUMU Tdpamu (Hanpukian Puc. I, Puc. II; Tabmuusg 1, Tabmums 11). Hymepartis
JTepaTypH HACKpi3HA 3 ypaxXyBaHHSIM TeKCTy Ta OokciB. OOcsr TekcTy He Oinbmie 300 ciiB Ha OOKC.

Bci intocmpayiiini mamepianu (pucyHku, TaOnuii, TEKCTOBI OOKCH) PO3MILIYIOTBCS B TEKCTI PYKOIHCY
MCJISE ePIOTO iX 3ra{yBaHHs.

JimepamypHi 0xicepena mociimoOBHO HyMEPYIOThCS apaOChKUMHU IU(PPaMU B TIOPSIAKY OB B TEKCT1 CTATTi
1 3a3HAUAIOTBCSl BEPXHIM PETiCTPOM, BKA3yIOUM NMOPSAKOBHI HOMEp JUKepena (HalpHKIaL «...3a 3arajbHo-
NPUIHHATEME METOAUKAMU®~. ..» a0o «...3a [BanoBUM®...»). [lepemnik JiTepaTypHUX JHKEpEs MOBOIO OPHTiHAITY
MOJA€THCA B MOPSAKY TX HyMepallii micisi OCHOBHOTO TEKCTY CTaTTi 3 mif3aroioBkoM: «Jlitepatypa». Crincok
siteparypu o(pOPMITFOETHCS BIiMTOBITHO O MIKHAPOJTHOTO CTHIII0O AMEPHKAHCHKOTO XiMIYHOTO TOBapHCTBA
(ACS STYLE) pexomennoBanoro Hakxazom MOH VYkpainu Ne40 Big 12.01.2017. Onuc 6ibmiorpadigaoro
CTHJIIO HaBEJICHO B METOJMYHHMX PEKOMEHAalisX YKpaiHchbkoi 6i0mioreuHoi acomianii (boxenko, O.; Kops,
10.; ®enopens, M. Miscnapooni npasuna yumysants ma NOCUNAHHS 8 HAYKOBUX pOOOMAX: MeMOOUUHI peKo-
menoayii; Ykpaincpka 0i0mioreuna acoriaris: Kuis, 2016.). 3BepTraeMo Barny yBary, 0 y BiATIOBIIHOCTI 10
ACS cruro 6i6miorpadivHi mocuiIaHHS MarOTh HaBOAUTHCH i3 3a3HadeHHAM DOI. [Ipu odopmienni 6i0mi-
orpagii peKOMEHIOBaHO BHKOpUCTOBYBaTH OiOsiorpadiuni menemkepu, taki sk Mendeley (https:/www.
mendeley.com), EndNote, Toio.

Pykonucu Ta cynpoBigHi JOKYMeHTH NpHiiMae peaakuiiiHa KoJierii B eJeKTPOHHOMY BMIVISLII
(emextponHa momra: editor@biology.journalsofznu.zp.ua)

Ilepenik 000B’A3KOBUX IOKYMEHTIB:

1) Pykonuc, mo Bxmouae YK, Ha3By pykomucy, [1Ib aBropa/iB, Ha3By yCTaHOBH, CJICKTPOHHY aapecy
aBTOpA BiINOBIIAJTFHOTO 32 KOPECITOHISHITIT0, aHOTaIlii (YKpaiHChKY Ta aHIIIHCHKY), OCHOBHHIA TEKCT POOOTH
3 UTIOCTpaliftHUMK MaTepianaMu, MOJSIKH (3a HeoOXigHocTi), 6i0miorpadito (y gopmari doc, docx) Haacuna-
€ThCSI CJICKTPOHHOO MOIITOr. Ha3ga ¢aiiia moBUHHA MICTUTH TPAHCTITEPOBAHE MPI3BUIIE MEPILIOTO aBTOpa:
(mpuknan Ha3Bu ¢aiiny: [vanov_manuscript. doc, docx);

2) Monomizkui MaTepiajiu (3a OaKaHHSAM aBTOPA) 3 JOAATKOBUMH TAOIUISIMH, pUCYHKaMH, CXEMaMH, TOIIIO
(mpuknax Ha3Bu Qaiiny: Ivanov_suppl.pdf) ms my6mikamnii eeKTpOHHOTO BapiaHTy pa3oM i3 CTarTero.

3) JIuer Ha iM’s TOJIOBHOTO pejiakTopa (pukiaj Ha3eu ¢arny: Ivanov_letter.doc, docx) 3 Takoto iH(pOp-
MaIli€ro:
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— BigoMocTi Mpo aBTOPA BiOBIJATHFHOTO 33 KOPECIIOH ICHITI O, ITI0 MiCTUTH TaKy iH(opMaIlito: mpi3BuIIe,
iM’s1, IO OaThKOBI (IIOBHICTIO); Miclle poOOTH a00 HAaBYAHHS, €IIEKTPOHHA ajpeca JUIs JIMCTYBaHHS; HOMEpP
MOOLUTBHOTO Telie(OHY;

— JeKJapauii aBTopa 1po Take:

— BiH € aBTOPOM (CITiBaBTOPOM) PYKOIIHCY;

— Tpi3BHIIA BCIX CIIBaBTOPIB HABEACHI B PYKOIUCI, 1 )KOAHA 0co0a, SKa HE € CIIBaBTOPOM, O HUX HE
BiJIHECEHA;

— yCi CHiBaBTOPW O3HAHOMMIINCS 3 OCTAaTOYHHMM BapiaHTOM HAyKOBOi poOOTH Ta JaJid CBOIO 3TOAy Ha ii
myOITiKaIio;

— aBTOPCHKI MpaBa bOT0 PYKOMHUCY HE NepeiaHi 1HIIOMY BHIABIIIO;

— 1e# pykomnuc He OyB paHile onyOIiKoBaHUH 1 He Oy/e omyOniKoBaHU y Oyb-SKOMY 1HIIOMY BU/IaHHI;

— BIH HE MOPYIIUB TpaBa IHTEJIEKTYaIbHOT BIACHOCTI IHIINUX 0Ci0.

— BimomocTi mpo TpLOX MOTEeHIiHHUX peleH3eHTIB (Mpi3BUIE, Miclle POOOTH, €NeKTPOHHA TOIITa,
KOHTaKTHUH HOMep Tese(hoHy) sSIKi MaroTh OyTH 3 1HIIOI YCTAaHOBH HIX Ti€l /I MPaLO0Th aBTOPH, IO MOJaN
poOOTY Ta MaroTh 3aJI0BOJILHATH BUMOTH MiANYHKTY 6 myHKTY 6 [Topsinky dopmyBanns [lepeniky HayKoBHX
(haxoBUX BHUIAHb YKpaiHH, a caMe 3IHCHIOBATH JOCIIHKEHHS 3a CIEIiaTbHICTIO 1 MAaTH 32 OCTaHHI TPU POKHU
HE MeHIIle O/IHi€l myOriKaIlii y BUJaHHsIX, BKIFOUYeHHX 10 [lepermiky, a00 3aKopJOHHUX BUIAHHSIX, BKIFOUSHIX
1o Web of Science Core Collection ta/abo Scopus. 3 MeTOI0 YHUKHEHHS KOHQUIIKTY iHTEpEeCiB aBTOpH, 3a
Oa)XaHHSM, MOXYTh HAJaBUTH NPi3BUIA He0AKAHUX PEleH3eHTIB, [0 BPAaXOBYETHCS PEIKOJETIEI0 MPH
BHOOPI PEIeH3EHTIB. SIKIIO CTATTIO TOA€ OMH i3 WICHIB PEAKOJIETIi, TO CIIICOK MOTCHIIHUX PEICH3CHTIB
MTOBUHEH BKITIOYATH MOHalMeHTIIIe 4-X (axiBIis.

— BinomocTti npo HaykoBuii HampsiM, 3a SKHM IIOAA€THCS PYKONHUC BiAMNOBIAHO 10 HaBEIEHOTO
BUIIE TICPEITIKY.

Ajpeca Ta KOHTAKTHI JaHi:

Penakuis sxypHany «Acta Biologica Ukrainicay,

ByIl. JKykoBchKoro, 66, kopr. 11, ayn. 308, 3amopixxks, Ykpaina, 69600
Tenedon: +38 066 53 57 687

Enexrponna momra: editor@biology.journalsofznu.zp.ua
Odiniiinmii caiiT: www.journalsofznu.zp.ua/index.php/biology
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