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BIIJIMB BA’KKHUX METAJIIB HAayK, 00yeHm
HA OCHOBHI ®I310JIOT'TYHI J.A. AKOBEIIb, ranouoam c.-2.

MNPOLECH 3BEPHOBHUX TA HAayK, O0YeHm
3EPHOBOBOBUX KYJIBTYP BinnuybKkuti HQYioHANbHUT A2papHull
VHIgepcumem

Ilocmitine 3pocmanHs HaApoOOHAcCeNeHHs ma WEUOKULl PO36UMOK GUPOOHUYMSEA Npu3eenu
Hanpukinyi XX cmonimmsa cumyayiro 3i CmaHom HABKOIUWHbO20 cepedosuya 6 6a2amvox Kpainax
i pecionax ceimy 00 Mmedci eKono2iunoi kpusu. /[0 OCHOBHUX YUHHUKIE Oe2paldayii NpupooHo2o
cepedosuwa Hanexdcums ii 3a0pyOHeHHA PISHUMU NOIIOMAHMAamu, ceped AKUX OOHe 3 20JI08HUX
Micyb 3atimaloms 6adicki memanu. 3 02140y HA CKA3aHe CMAE 3PO3YMIION aKMYAlbHICHb
00CI0MHCEHb, NPUCEAUEHUX GNIIUBY BANCKUX MeMAaié Ha pocaunu. Huni éonu akmusno npogoosamucs
y bazamvox Kpainax ceimy.

Cmammio cnpsamMo8aHO HA GUBYEHHS BNIAUBY BANCKUX MEmAanié HA OCHOBHI (Di3i0N02IYHUX
npoyecis, ski giobysaromvcs y pocauni. Hasedeno pesynomamu 00CRiONCEHb 3 GUBUEHHS BNIUBY
BANCKUX MEMAI8 HA OCHOBHI (DI310/102IYHI NpoYecU 3epHOBUX MA 3ePHOO0DOBUX KYIbMYP.

3a pezynomamamu ananizy 008e0eHo, Wo HAKONUYYIOUUCH Y 8EIUKUX KLIbKOCMAX Y POCTUHAX,
BAJNCKI Memanu CHPUYUHSIOMb He2AMUBHUL 6NIUE HA pIcm, PO36UMOK mda [HWi Qi3ionoiuHi
npoyecu.

Bcmanoeneno, wo y npucymnocmi enuxux KOHyenmpayii yux enremenmie y 31aKoeux pociuH
cnocmepicaemvcs 3MEHWEeHHsT Uucomu cmeba, CKOPOYEHHS KINbKOCMI MINCEY3/i6, 3HUMCEHHS.
HakonuyenHs cupoi [ cyxoi Oiomacu, a maKoxc 3MEeHUuleHHs1 po3mipie cyysimv. OCHOBHUMU
NPUYUHAMU 3HUINCEHHS NPOOYKMUBHOCMI HAO3eMHOI Oiomacu y pOCIUH € He2amueHUuli GNniue
BAJNCKUX Memaiie Ha picm i po36UmoK pociun ma i iHmeHcusHicmos gomocunmesy. Oxpemi uou
2PYN POCIUH NPOABIAIOMb PIZHY 30AMHICMb 00 HAKONUYEHHS BANCKUX Memallis.

Pezynomamamu  énacnux Oocnioxcenb 8CMAHOGIEHO, WO Y NPUCYMHOCMI  BUCOKUX
KOHYEHMpayil 8anCKux Memaié CnoCmepieaiocCt 3HUNCEHHS TIHIUHUX PO3MIPI8 TUCMs NPAKIMUYHO
Y 8CIX 810168 POCIUH, 13 AKUMU NPOBOOUTUCS OOCTIONCEHHS.

Bce suwesuxnadene ceiouums npo pizHi acnexkmu Oii 8ANCKUX Memanié HA MemadoniuHi
npoyecu ma HCUMMEZOAMHICMb pOCIuH. Bouu enausaiomv Ha pi3Hi QYHKYIOHANbHI 2pynu
OI0ONI0CIYHO BANCIUBUX DPEUOBUH OPSAHIZMY, BUMICHAIOMb eCeHYIANbHI Memanu 3 Memalo8MICHUX
KOMNIEKCIB, @ MAKOIC 2eHePYIOMb AKMUBHI (hopMU KUCHIO, WO 4aACO NPU3800UMb 00 BUHUKHEHHS]
8 KIIIMUHAX OKUCHO20 8UOYXY 1 HA8imMb 3a2udeni poCciuH.

Knwuoei cnoea: pociauna, picm, po3sumox, 6adcKi Memanu, HAKONUYEHHs, 3a0pyOHeHMH,
KOHYEHMpayis, IpyHm.

Taéa. 2. Puc. 2. Jlim. 16.

ITocTanoBka mpo6aemMu. Bakki MeTanu Halle)kaTh 0 HaOUIbII HEOE3MEUHUX
XIMIYHHMX 3a0pyAHIOYMX pedyoBHMH. HagMipHe HaIXO0/PKEHHS METaliB B €KOCUCTEMU
B pe3yJIbTaTl AHTPONOTE€HHOTO MPECUHTY YacTO MPU3BOJUTH 10 HE3BOPOTHUX 3MIH Ta
MOPYILICHHS KUTTEBO BAKIMBUX (DYHKIN y OUIBIIOCTI KUBHUX OpraHi3miB. Baxkiugo,
1[0 BaYKKI METaJIM BIJHOCSTHCS MEPEBAXKHO /10 PO3CISTHUX XIMIYHUX €JIEMEHTIB, TOMY
3a0pyIHEHHS] HUMH 3a3HA€ IPYHTOBUI MOKPUB, Tiapocdepa 1 atmocdepa.

B 3B’sa3ky 3 1MM, Take MIABUINCHHS KOHIEHTpAIlli BaXXKHUX METaiB Yy
HABKOJIUIITHEOMY CEPEIOBHINI HOCHUTH TJI00anbHU XapakTep. Hagmumok metaniB y
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CEpellOBUILI, SK MPaBUIIO, TPU3BOAUTH 1O IXHHOTO IMIJBUIIEHOTO HAKOMUYEHHS
POCIIMHHUMHM OpraHi3MaMH, MpU LbOMY BEJIUYHMHA 1 XapaKTep MOTJIMHAHHS Y PI3HUX
BH/IIB POCIIMHU Ma€ CBOIO crierudiky [1].

[Ilopoky mianpuemMcTBa YKpaiHu B aTMoc(epy BUKHAAIOTh BEIUKY KIIBKICTh
TOKCUYHHUX Ta WIKIJJIMBUX PEUYOBHMH, Y TOMY YMCII Baxkux MeraniB. bimuspko 90 %
BOKKMX METaJliB, IO HAIXOIATh B HABKOJHUIIHE CEPEJOBUINE, aKyMYITIOIOTHCS
IPYHTaMH, SKI TOTIM MITPYIOTh B TPUPOJHI BOJAM, TOTJIMHAIOTHCA POCIUHAMH 1
MOCTYTMATh B XapyoBl JAHIIOTH. 3HAYHA KIIBKICTh IIKIAJUBUX IJIS YCIX KUBUX
OpraHi3MiB PEYOBHH, MOXXE 3aCBOIOBATHCS BUPOIIYBAaHUMH POCIWHAMHU 1 Jaii IO
JIAHITIOTaX JKUBJICHHS] HAJIXOJIUTHU JI0 OPTaHI3My JIFOJUHHU.

OCHOBHUMHU JIKEpellaMU HAJIXOJDKEHHS BaXKKUX METAlB Yy JOBKULIS €
rocroIapCchka MiSUTBHICTh JIIOJUHM. Jl0 TakuMxX HAIXO/KCHb HaJlleKaTh. BHCOKI
TEMIIEpaTypHI TIPOIECH 3 TMPOMHUCIOBHUMH BHKHIAMHU; CKUIAHHS CTIYHHUX BOJI;
BUHECEHHS BKKHUX METATIB 13 METATYPTrIMHUX MIIPUEMCTB BOAHUMU 1 TOBITPSIHUMU
MOTOKaMU; TIOCTII{HE BHECEHHS BUCOKHX J103 OpPraHIYHUX 1 MIHEpaJIbHUX JOOPUB,
MEeCTUITUAIB, K1 MICTSITh JOMIIIKA BaXXKUX METATIB [2].

Arpo@iTouieHo3H, sKI 3a0pyAHEHI BaXXKHMMH METalaMH OCOOJMBO HETaTUBHO
BIUIMBAIOTh HA €KOJOTIYHI (PYHKUIi IPYHTY, IO 3MIHIOE HOTO (PI3MYHI Ta XIMIYHI
BJIACTUBOCTI Ta MPUTHIYYE MIKpOOIOJOTIUHI MPOIECH, TOTIPIIYIOUYM THUM CaMHUM
pPOMIIOYICTh, IO 3YMOBIIIOE 3HIDKCHHS BPOXKAWHOCTI Ta SKOCTI MPOAYKIIT
pociauHHMIITBA [3].

3pocTatoue HAIXOJDKEHHS Y JOBKUUIA BaXKUX METaJiB MPU3BOJUTH [0
3a0pyIHEHHS TPYHTY, III0 € OCHOBHUM JIKE€PEJIOM HAJIXOJKEHHS HaJIUITKOBUX
KUTBKOCTEM BaXKHUX MeTaliB y pocivHd. KiiThHa y BIANOBIAL Ha 30YKYHOUMIA
BIUTUB BaXXKUX METAJIB, MEPII 3a BCE, BIAETHCA 0 anpoOOBaHUX 3a HOPMAaJIbHOI
KUTTEAISUIBHOCTI 3aco0iB. [lepBUHHA peakilisi HAa BIUIMB CTpPEcopa CIpsSIMOBaHa Ha
3amo0iraHHsl MOMIKOKEHHSM KJIITUH OpraHi3My, a TOMY € YHIBEpCAJIbHOIO, IO
MPOSBIISETHCS B MOOLMI3amii Hecmenu(PiuHUX 3aXMCHUX PEAKIlid, IO CTOATh «Ha
BapTl XUTTs» 1 OepyTh ydacTh y (GOpMyBaHHI aJalNTUBHUX pEaKUid POCIHH, IO
CIPUSIOTH IMIBUINEHHIO TX CTIHKOCTI 0 YMOB cepenoBuia [4].

Tomy, y 3B’s13Ky 13 30UIbLIEHHSIM 3a0pyJHEHHS HABKOJHUIIHBOTO MPHUPOIHBOTO
CEpellOBUIllA BAKKUMU MeETalaMH, JOCIHIIKEHHS BUBYEHHS IX BIUIMBY HAa OCHOBHI
¢1310JI0T1YH1 MIPOIECH POCIIMH € HAI3BUYANHO BAXXJIMBUMHU Ta aKTyaJIbHUMH.

AHaJi3 ocTaHHIX JochaiakeHb Ta myOJaikanii. BrumB Baxkux metanis (BM)
Ha (I310JIOTIYHI TPOIECH POCIUH JOCUTh AKTHUBHO JOCHIKYETHCS HAyKOBIISIMU
pI3HUX KpaiH. AHali3 HAyKOBUX POOIT CBIIUWTH, IO MPUTHIYEHHS POCTY POCIHUH €
HAWOUIBII 3arajlbHUM Ta XapaKTEPHUM IMPOSIBOM TOKCHUYHOCTI Ba)XKHUX METAJIB IS
POCIIMH, IO TMOB’S3aHO, B MEPIILy Yepry, 3 iX MPsSMOIO JI€I0 Ha MPOLIECH MOIUTY 1
pocTy KIiTUH [5].

3rifHO JOCIHIKEHb HAYKOBIIIB, XIMIYHI €JI€MEHTH, 0€3 SKUX HE 3aBEepUIYETHCS
KUTTEBUU IUKI POCIMHHUX OPTaHi3MiB, Ha3WMBAIOTh JKUTTEBO HEOOXigHUMU. Jleski
BaXKKI METAJIM € OCHOBHUMHU MikpoenemeHnTamu: kobansT (Co), mias (Cu), MomioaeH
(Mo), uuHK (Zn), uikeab (Ni), manran (Mn), 3amizo (Fe), OCKiibKM BOHHU B
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MIKPOKIJIBKOCTSIX HEOOXIJHI [JJIi POCTY 1 PO3BUTKY pociuH. Ili Meramm €
kodakTopamu 6aratb0x pepMeHTIB. [5].

Minp BXOJWTH JO0 CKJIAay IEPEHOCHUKIB EJIIEKTPOHIB MpuU (POTOCHHTE31 1
JTUXaHHI, BKJIOYaeTbess B JirHidikamito. [uak (Zn) €  kodakTopoM
CYNEPOKCUTUCMYTa3u 1 KapOoaHTiApa3u, Oepe ydacThb Yy pETryJIIOBaHHI a30THOTO
MeTabo0113My, MOALIL KJIITHH, 010CHHTE31 TOPMOHIB, BIIIrPa€ BaXKJIUBY POJIb Y CUHTE31
HYKJIETHOBUX KHUCHOT 1 OukiB. 3amizo (Fe) — mikpoenemMeHT 6arathox (hepMEHTHUX
cucteM. Manran (Mn) — Ba)JIMBUI KOMIIOHEHT NMPY OKHUCHO-BITHOBHHX IMpOIEcax Ta
dboTocuHTE31, aKE BiH aKTUBI3YE J110 Pi3HUX (DEpMEHTIB, a00 BXOJIUTH JI0 iX CKIIaTy
[5]. IIpoTe, miABUIIICHHS KOHIICHTPAIlli HAKOMYEHHS ITUX METAJIB y KIITUHAX MOXE
BUKJIMKATH 1X HETATUBHUM BIUIHB.

bionoriyna ¢yHKIS 1HIIMX BaKKMX METajiB MEHII BaXXJMBa I POCTY 1
PO3BUTKY POCIIMH, TOMY iX TOKCUYHA JIisl BUSIBJISETHCS IIPH BUCOKUX KOHIICHTPAITISIX.

HanxomxeHHs! BaKKMX METaJIiB y POCIMHM B1A0OYBa€ThCA yepe3 MOTJIMHAHHS iX
KOPEHEBOIO CHUCTEMOI0 3 TIpyHTy. YacTuHa MeTaliB 3B’A3yE€ThCA 3 OpraHIYHUM
MaTepiajioM IPYHTY 1 CTa€ HEJOCTYMHOIO JIJIsi pOCiuH. [HIIN 3anuiiatoTbecsl B 10HHIN
dbopMi 1 MOXYTh HAAXOAUTH B KOPEHEBY CHUCTEMY. [OHM BaXKHUX METAJlIB
MOTVIMHAIOTHCS KOPEHEBOIO CHUCTEMOIO 3a MeEXaHi3MaMu TMacuBHOI Judysii Ta
aKTUBHOTO TPAHCIIOPTY 3aJ€XKHO Bl KHUCIOTHOCTI TPYHTY, BMICTY B HBOMY
OpraHiYHMX pEYOBHMH, BallHa, MaKpo- 1 MIKPOCJIEMEHTIB, BOJIOTOEMHOCTI,
IpaHyJIOMETPUYHOTO cKiany [6].

VY pocnuHH1 OpraHi3MH HaJIXOJIUTU BaXKKI METAIM MOXYTh TaKOX 1 YEpe3 JIUCTKU
3 aepo30JISIMHU, IPUYOMY 3/aTHICTh JIMCTKIB MOTJIMHATHA BAXKKI METAIH 3aJICKUTh BiJ
iX aHaTOMIYHMX OcoOJMBOCTeH. PocmuHuM 3 OIBII  ONYIIEHHUMH JINCTKAMU
IHTEHCHUBHIIIIE BOUPAIOTh BA)KKI METaJH 13 3a0pyIHEHOT aTMOC(EPH.

OkpemMo TOTPIOHO BIAMITUTH BIUIUB BaXKKUX METaJIB Ha PICT JIUCTKA —
OCHOBHOTO, CIIeIialli30oBaHOTO opraHy (GorocuuTe3y. [linBuiieHHs KOHIIEHTpAIii BCiX
BUBYCHHX METAJIiB B OTOUYIOUOMY CEPEIOBHUII TPU3BOAUTH A0 3HAYHOTO 3MEHIIICHHS
IUIONII JINCTOBOI TUIACTUHKU, II0 € OAHIEI0 13 MPUYMH 3HIKCHHS 1HTEHCHBHOCTI
dotocunTe3y 1 Tpancmiparii. [lomiTHe 3HIKEHHS JNIHIMHUX PO3MIPIB JIUCTKIB B
MPUCYTHOCTI BUCOKHMX KOHIIEHTPAIll BaXXKUX METaNiB BUSBICHO MPAKTHUYHO Yy BCIX
BUJIIB POCJIMH, 3 SIKUMH IIPOBOIMIIMCH MOI10H1 TOCTIIKEHHS [5].

Y pociuH € kuibka (izioforiyHuX Oap’epiB, M0 OOMEXYIOTh HAaJIXOMKCHHS
BAXXKMX METaJiB y Haa3eMHl opraHnu. OCHOBHUMHU 3 AKUX € IJIa3MaThUyHa MeMOpaHa
Ta €HJoJepMa, BIJAMOBIIHO Ha KIITUMHHOMY 1 TKaHMHHOMY piBHAX. HaaxomkeHHs
BOXKUX METAIIB Yy IMUTOIUIa3My KIITHHU BIIOYBA€ThCS PI3HUMU TPAHCIOPTHUMHU
CHUCTEeMaMH, SIK1 JIOKaIi30BaH1 Ha TJIa3MaTU4YHIA MeMOpaHi [6].

[oHM BaXKKHUX METaliB, sIKi 3HAXOJATHCS Ha MOBEPXHI KIITUH a00 3HAXOATHCS B
CepeauHl KIITHH, MOXYTh B3a€EMOJIATH 3 HYKJICTHOBUMM KHCJIOTaMH, OlLIKamH,
noJiicaxapuiaMi Ta IHIIMMH CHOJYKamMH. Y 3B’A3Ky 3 I[HMM, BHUHHKAIOTH pI3HI
NopyIIeHHsI MeTaboi3My, K MPaBUIIO, HEBLAOMO, Kl 3 HUX € MEPBUHHUMHU, a SK1 €
HACJI1IKAMH MTOPYIICHHS 1HIIUX MPOLECIB.
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HeratuBHO BIUIMBAIOTh Ba)KKI METaldM 1 HA MITOTUYHY AKTHBHICTH KIIITHH,
BUKJIMKAIOYM CHOBUIBHEHHS 1HTEHCHUBHOCTI KJITMHHUX TOJIIIB, 3MEHILIECHHS
KUTBKOCTI KJIITHMH Ha BCiX (a3zax MiTO3y, 30UIbIIEHHS TpUBAIOCTI (a3 1 BChOTO
MITOTUYHOTO IIUKIY [6].

[TinBuIIEHHS KOHIIEHTpAIlll BAXKKHWX METAIIB TaKOXX MOXE BHUKJIMKATH B
MEPUCTEMAaTUYHUX KIITHHAX KOPEHIB Pi3HI LUTOTEHETHUYHI nopyimieHHs. [IposiBom
IIbOTO MOXKE OYyTH CHJIbHA CHipaji3aiisi XpoOMOCOM, HEPIBHOMIPHE PO3XOKCHHS
XpOMOCOM 10 TMOJIIOCIB KJIITHHH ab0 TMOBHA BIJACYTHICTh PO3XOUKEHHS, IOsIBa
TETPAIIOITHUX KITHH. Taki BaKKki MeTaau SK, KaaMid Ta HIKeJIb BHKJIUKAIOThH
MOIIKOJIKEHHS SIApA, MOPYIIYIOTh CHUHTE3 pI/I60HyKHe’1’HOBo'1' KHUCIIOTH Ta 1HT10yIOTh
aKTUBHICTH puboHyKiea3u. OKpiM psly HETATUBHUX BIUIMBIB, BA)KKI METAJIM YUHSITH
TAKOXX HETATUBHUN BIUIMB 1 HA PICT KIITHH PO3TATHEHHSM, IO TOB'S3aHO, 13
3HIDKCHHSIM €JIACTUYHOCTI KJIITHHHUX CTiHOK.

3MEHIIEHHS €MACTUYHOCTI KIITUHHUX CTIHOK Yy NMPUCYTHOCTI BaXKUX METaNiB
MOke OyTH 00YMOBJIEHO MOIIKOJIKEHHSIM CTPYKTYPH MIKPOTPYOOUOK 1 OPYIICHHSIM
BOJHOTO pEXHUMY KITHH. TakoX Ie Moxe OyTH TMOB’S3aHe 3 MOPYIICHHSIM
MPOHUKHOCTI MEMOpaH YHACHIJOK 301IbIICHHS KIIBKOCTI aKTUBHUX ()OPM KHCHIO 1
3pOCTaHHS NEPEKUCHOTO OKUCHEHH JIMIAIB [5].

[TinBuIeH1 103U 10HIB BOXKKHUX METAJIB BHKJIWKAIOTh Y POCIUH CIOBUIBHEHHS
pPOCTY KOpEeHEeBOi cucTeMu. Hacmikom Takoro siBHINA € Te, 10 KOPEH1 € MepIIuM
0ap’epoM Ha MUISAXY TPAHCHOPTY BAXKKUX METATIB 13 IPYHTY Y POCIMHU, TOMY CaMme
KOpeHi OepyTh Ha ce0e OCHOBHY (DYHKIIIIO aKyMyJISIIii 1 JE€TOKCHKalli. 3pocTatoua
KOHIICHTpAIlisl BAXXKUX METAIIB CIIPUUYUHSE 3MEHIIICHHS IOBKUHU TOJIOBHOTO KOPEHSI
1 KUIbKICTh OIYHMX KOPEHIB, BIAMHUPAIOTh KOPEHEBI BOJOCKH, 3HIKYEThCS Olomaca
kopeHiB [7]. Taki, JOCUTh CYTTEBI 3MIHU Y KOPEHEBIM CUCTEM1 POCIIMH MPU3BOAATH J10
3HIDKCHHSI TIOTJIMHAHHS TTO)KMBHUX PEYOBUH 1 BOJH, 110 HETATUBHO BiTOOpaX)aeThCs
Ha POCTI 1 PO3BUTKY BCI€i POCIMHH, a 32 BUCOKMX KOHIICHTpAIlll Ba)KKUX METaIB
POCIIMHA MOXE 1 3aTMHYTH.

BigpuricTiO DOCHIAHHMKIB BCTAaHOBJIEHO, IO HEraTMBHA Jis Ba)XKKUX METaliB
MPOSIBIISIETHCS TAKOK y MPUTHIYEHHI POCTY 1 HAJI3EMHO1 YaCTUHU POCIIHH, ajie ICIIO B
MEHII Mipi HI)K KOPEHEBOi CHCTEMHM, a TaKOX 3MEHIIYEThCS BHCOTa IMaroHa Ta
3HIMDKYETBCS IJI0IIA JIMCTKOBOI IJIACTUHKHU. BHCOKI KOHIIEHTpaIlil BaKKMX METaliB HE
TUTBKM TPUTHIYYIOTH PICT BEreTaTMBHUX OpraHiB POCIHMH, a W MPU3BOIATH 10
3MEHIIIEHHS PO3MIPIB CYIBITH 1 010MacH TUIOJIIB, 3HM)KEHHIO KUIBKOCTI HACIHHSA, a Y
JESKUX BUIAIKAaX POCIMHM B3arajlli MOXYTh BTPAaTUTHU 3JIaTHICTH J0 (OPMYBaHHS
reHepatuBHoi Macu [7]. OkpiM MpsSIMOTrO BIUIMBY BaXKKHUX METaNIB Ha KIITUHHUN
MO 1 PO3TSATHEHHS, PICT POCIWH MOXKE CIIOBUIBHIOBAaTUCh Y pe3yJbTaTi ix
OMOCEPEAKOBAHOT JIii, OB’ A3aHO1 31 3MIHOIO TOPMOHAJILHOTO OajlaHCy, MOPYIIEHHIM
(dhoTOCHHTE3Y, BOJHOTO PEKUMY, MIHEPAIBHOTO KUBJICHHS Ta JUXaHHS [7].

3riJHO apryMEeHTIB HayKOBIIIB, Ba)KKI METaJH 1HT10yIOTh poLec (OTOCUHTEZY —
MOPYIIYIOTh YIBTPACTPYKTYPY XJIOPOILIACTIB, TaIbMyIOYH CUHTE3 (DOTOCHHTETHUYHUX
MICMEHTIB 1 3MEHIIYIOTh (DOTOCMHTETUYHICTh MITMEHTIB. X04a Jisl BaXXKUX METaJiB
Ha TPOIECH JUXaHHS BHBUEHA HEJOCTATHHO, alie HAa CHOTOJHI BIAOMO, 110 BOHU
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3HIDKYIOTh TIOTJIMHAHHS KHCHIO KOPEHEBOIO CHCTEMOIO, 1HTIOYIOTh TpPaHCHOPT
€JICKTPOHIB 1 MPOTOHIB Yy MITOXOHJPISX, IO MPU3BOAUTH 10 IMOPYIICHHS POOOTH
€JIEKTPOHTPAHCIIOPTHOTO JIAHIIOTA.

MeTo10 J0CJiKeHHsI € BIUIMB BaXXKMX METajiB Ha OCHOBHI (hi310JI0T14HI
MPOIIECH 3€PHOBHUX Ta 3epHOOOOOBUX KYJIBTYD.

006’exTH Ta MeTOaM a0CTiIKeHb. Jlocmimkenns mpoBoamin B 2022-2023 pp.
Ha teputopii [1I1 «3ETO» Kmepuncobkoro paiiony Binauibkoi o6macti. Tepuropis
roCIoapcTBa BIAHOCUTHCA A0 [loMiTbChKOTO TIATO, 110 PO3TAIllOBaHE B MIBHIYHO-
cximnoMy (BiHHUIIBKOMY) arporpyHTOBOMY paioHi mpaBobepexHoro Jlicocrermy.
PaiioH B OCHOBHOMY XapaKTepU3YEThCS M’ SIKUM 1 BITHOCHO BOJIOTMM KJIIMAaTOM.

[pyHTOBO-KJIIMATUYHI ~YMOBM PETiOHYy  CIPHUATIAMBI I BHPOILYBaHHS
CLIbCHKOTOCIIONAPCHKUX  KyJIbTYyp. IPYHTOBHII IMOKPUB B MeEXax TIOCIOAAPCTBA
MPEACTABICHUA PI3HMUMHU TUHAMU TIPyHTIB. HallOutebln mommupeHi cepen HUX Cipi
JICOBI Ta TEMHO-CIp1 JICOBI.

3a pmaHMMHM  arpoxiMmiyHoro oocrexxeHHs (2020 p.) maHi  IpYHTH
XapaKTepU3yIOThCSl HACTYMIHUMH TIOKa3HUKAMU: MEXaHIYHUH CKIaJg — KPYIHO-
MUTYBaTO-CYTJIMHKOBUH, BMICT rymycy 3a Tropinum 1,8-2.4; pH (conwoBe) — 5,7-6,3;
TiIPOJIITUYHA KUCJIOTHICTE B OpHOMY Imapi, mr eks/100r rpynty — 1,3-2,5; cyma
BB1Opanux ocHoB — 9,2-10,7 mr exs/100r rpynTy; B™micT mr/100r rpynty: N — 7,3-8,5;
P,0s 16,6-18,3; K,O - 8,5-10,0.

[Tpu BiOOpP1 BapiaHTIB €KCIEPUMEHTY KOPUCTYBAIHUCS OLIIHOYHUMH TaOIUISIMU
MaKCHMaJbHO JIOMYCTUMHUX piBHIB BMICTYy BM y rpyHTax 1 pOCIMHHIA MPOIYKIi.
Bmict BM Bu3Hauanu y cepenHiit mpo0i, SIKy YTBOPIOBAJIM, 3aJIeKHO BiJ MacH
KopeHiB, 13 10-15 kopeHiB, BiaiOpaHux paHAOMHUM MeTojoM. [IpoOu moBITpsSHO
CYXOTO POCIMHHOTO Martepiaiay 030JtoBasv 3a Temneparypu 450°C, 1oTpuMyHOYHChH
TEXHOJIOT11 CTaFOBaHHSI 3 METOIO TIOTIePEIKEHHS BTPAT eleMeHTiB. OepxaHy 3011y
Micysl 3BaKyBaHHS po34MHsUM po3BeaeHor0 HNO;. BusHaueHHs MpoBOIWIH Y TPHOX
OBTOPHOCTSIX.

Jlucts peTenbHO MPOTHPAIA BOJOTUM (BIIBTPYBAJILHUM TANEpOM B MUY 1,
100 YHUKHYTH BUMHBAHHS €JEMEHTIB, MIBUIKO OOIMOJICKYBaIM JIUCTHIHOBAHOIO
Boot0. (30JICHHS POCIMHHOTO MaTepiady MPOBOIWIA 3a 3arajlbHONPUHHSATOO
METOAMKOI0. BMICT BakKKMX MeTaliB BHU3HAYaJId METOJOM aTOMHO-aOCOPOIIOHHOT
CHEeKTpOCKOmii. 3MiHM, IO B1IOYBAaIOTbCS Y POCIMHI MiA BIUIMBOM il BaXKKUX
METaJiB CTOCYIOThCS BCIX PIBHIB OpTaHi3allli pOCIUHHOTO OpTaHi3My. 3aJeKHO BiJ
MOCTABJICHUX 3aBAaHb HAIIUX JOCTIPKEHb IMPHU OIIHII METAJIOCTIHKOCTI POCIUH
BUKOPHCTOBYBAJIM Taki TPymu METOAiB: mMopdomerpuyHi, (i3i0JIOTi4HI, aHATOMO-
MOPQOJIOTIUHI, IIUTOJIOT14HI, O10XIMIYH1 Ta MOJIEKYJISIPHO-010JI0T14Hi.
CnocrepexeHHsi, OOJMIKM Ta BHUMIPIOBaHHS TPOBOJIWIN 3a 3arajlbHONPUHHATUMHU
METOaUKamHu [8&].

Buxnan ocHoBHoro marepiaay. Cnij 3a3HAYUTH, JESKI 3 BAXKKUX METaNliB
(BM) BaxiuBi JUIsl RKUTTEAISUIBHOCTI POCIAMH Yy HHU3BKHX KOHIEHTpALISX, ajie y
BUCOKHUX — TOKCHYHI (30KpeMa, IMHK, Miab, MomioaeH). € 1 BM, ski He OepyTh
y4acTb y METa0OMIYHMX Mpolecax 1 TOKCHYHI HaBITh Yy HU3bKUX KOHILIEHTPALISIX
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(HampuKIam, KaaMiid, CBUHEIb, PTYTh).

[Ipu 1bOMY 1HTEHCUBHICTh 3aTYYCHHSI BaKKMX METAIIB 3 TEXHOICHHUX JIKEPEI
y OioximMiuHHH KpyrooOir y cepenubomy y 100 pa3iB BHILA, HIXK 13 IPUPOIHUX
mxkepen. Ciia 3a3HauMTH, 1O 3a0pYJHEHHS MOBKUUIS BAXKKMUMHM METalaMu, SIKI €
BIIXOJIaMH TIPOMHCJIOBUX TIAMPUEMCTB, HOCUThH JIOKAJbHUNM XapakTep, TOMI SK
BHKH/IM, 1[0 BUHUKAIOTHh MPH CIATOBaHHI nanuBa (10 95% SK BHCOKOIUCIICPCHHUX
aepo30J1iB), MOMIMUPIOIOTHCS TOBCIOAHO [9].

Jlo unciia HaOUIbIII TOKCUYHUX BAXXKUX METAIIB BIJIHOCUTHCS KaJAMiH, IKUil OyB
BIJIKDUTUN SIK €JEMEHT, 10 NPUCYTHIA B MPUPOJAI B HUBBKUX KOHIEHTpAISX, B
1817 p. IlinBuilleHHS MHOro KIIBKOCTI B IPyHTaX OOYMOBJIEHO PI3HOMaHITHHUMHU
TEXHOT€HHUMH BIUIMBaMH (puc. 1).

TpaHcnopTHO- LMHKO-
NPOMMUCNOBI
Biaxoau

MigHo- Bakki CrnantoBaHHA
HiKenesi naabHOro
saBoay MmeTanu

3acTocyBaHHA
dochopHUMX CtiuHi BOgM

KaaMi€Bi 3aBoam

nobpus

Puc. 1. Ocrosni 0oxcepena Ha0X00HCeH s 8AHNCKUX MeMAi8

Jlo ix 4mWcnma BiTHOCATHCS MIANPUEMCTBA, SIKI BHUTOTOBJISIOTH  (hapow,
AHTUCENITUYHI PEUOBUHH, JIY>)KHI aKyMyJSITOPH, a TakoX Ti, MO 3A1HCHIOIOTH
BUILJIaBKY KOJHOPOBHX METajiB, MEpPepoOKy MiJHUX, CBUHIEBUX 1, OCOOJHMBO,
IIUHKOBHX PY/[, OCKUIBKU KaJIMI CYTTPOBOJIXKY€E LIMHK 1 € HOT'O aHTAarOHICTOM.

B ocranni poku mo Bciii TepuTopii YKpaiHH crocTepiraeTbcs mnepedyaoBa
IPYHTOBUX E€KOCHCTEM Yy OIK pErpecMBHOIO PO3BHUTKY MijJ BIUIMBOM 0aratbox
3a0pyHIOI0YNX (PAKTOPIB, OJTHUM 13 AKUX € BaXKK1 METaJIH.

VY HEeBENMKWX KOHIICHTPAIlISAX BaKKI METAJIM MOTPIOHI BCIM JKUBHM OpraHizMam,
OCKIJTbKH BXOJSTh B CKJaa (pepMeHTiB 1 OepyTh y4acTh y 6aratbox (piziojoridHuX
peakuisix 1 mporecax, siki B HUX MPOXOAATh. Bakki MeTamu MOXYyTb 3MIHIOBATH
BaJICHTHICTh 1 TOMY O€pyTh Y4acTh B OKHCHO-BIJIHOBHUX pEaKIlisX opraHi3mib. Sk i
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MIKpOEJIEMEHTH, BOHU MOXXYTh YTBOPIOBaTH CHOJYKH 3 mporeinamu. Takox, mpu
BUCOKHMX KOHIIGHTpAIIIX BaXXKMX METAJIB MOXYTh pPYHHYBaTucs HYKJIETHOBI
KHUCJIOTH, Pi3H1 OUIKHM, BITAMIHU Ta 1HII PEYOBUHH.

30BHIIIHIMHM O3HAKaMH MOPYIIECHHS 010XIMIYHUX 1 (1310JIOTTYHUX MPOLIECIB, SKi
IPOXOJATh Y POCIUHHUX OPTaHi3MIB — € CHOBUJIBHEHHS MPOLIECIB POCTY 1 PO3BUTKY,
BTpaTa CTIMKOCTI 10 XBOpOO, /10 MOCYXH, BTpaTa 3UMOCTIHKOCTI, TMOXOBTIHHS 1
B'sHeHHS JIUCTKIB [10].

Tomy, SKIIO KOHIIGHTpAIlisd BaXKKHX METalIB HEIOCTaTHSA, TO (Di3ioJorivHi
IIPOIECH TPHUTHIYYIOTHCS, a SKIIO KOHIICHTpAIlld ONTHMalbHa, TO (i310JIOTIUHI
MPOLIECU MPOXOASITh HAJIEKHUM YHHOM. | 11€ Bce BioOpaXkaeThesi HA MOP(OIOTivHO-
METPUYHHUX O3HAKaX POCIVH, B TOMY YHCII1 Ha POCTI Ta PO3BUTKY.

Haii6inpm 3araibHi MpOSIBM TOKCHYHOI i1 BaXKUX METajiB, B TOM YHCII 1
KaJMil0, Ha POCIMHU 1€ 1HTIOyBaHHA (OTOCHUHTE3Y, MOPYUIEHHS TPAHCIOPTY
ACUMUJISIHTIB, 3MIHM BOJHOTO 1 TOPMOHAJIBHOIO CTaTyCiB, @ TaKOX MIHEPAJIbHOIO
KUBJICHHS (pHC. 2).

doTocuHTE3 T—— /’l [nxaHHA

Cd

L MiHepanbHe
BoaHuM pexunm SKUBJIEHHSA
diITOropMoHH BTOpPUHHMI meTabonizam

Puc. 2. Toxcuuna 0is kaomito Ha 0OCHOBHI QI310]102IUHI NPOYECU 8 POCIUHAX

B iX mOpuUCYTHOCTI BiAMIYAJMCh 3MIHM B YJIBTPACTPYKTYpPl XJIOPOILIACTIB,
0locuHTE31 (POTOCMHTETUYHUX (EPMEHTIB, KIIBKOCTI XJIOPOQLIYy, MIACTOXIHOHY 1
KapoTHUHOIIB, a Takok JAediuT CO,, BUKIMKAHOTO 3aKPUTTAM MPOJUX1B. SHMKEHHS
BMICTY (DOTOCHMHTETHYHHUX IMITMEHTIB IPH 11 KaaMil0 B OUIBIIINA Mipl IPOSBISIOCH
JUISL CyMapHOTO BMICTY XJopodiniB, ocobiuBo xjgopodily @, B TOPIBHAHHI 3
KapoTUHOiIamu [6].

BBaxkaeTbcs, 10 111 3MIHM € HACHIJAKOM TaJlbMyBaHHsI O10CHMHTE3y XJopodury i
foro nerpanaiiero. BigMiueHO TakoX BIUTMB KaJIMi0 Ha CBITOBY (pa3y (oTocuHTE3y,
3a paxyHOK TMOPYLIEHHS TPaHCHOPTY €JEKTPOHIB, MEPEBAXKHO IIOB’A3aHOTO 3
dotocucremoro I, mo oOyMOBIEHO 3MIHOIO CTPYKTYPU THJIAKOITHUX MeMOpaH,
MOPYIIEHHSM O10CHHTE3y IUIACTOXIHOHY 1 3HUKEHHSIM aKTHBHOCTI (PepeqOKCHH
HAJ1®+-okcunopenykrasu, kBaHTOBOi epextuBHOCTI doTtocuctemu Il 1 mBuaKoCTI
€JIEKTPOHHOTO TpaHCcHopTy. HeratuBHa fisi 1mporo metany Ha GOTOCUHTE3 € TOBOJII
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BUJIOCTICIM(IYHOIO Ta B 3HAYHIA MIpl BHU3HAYAETHCS MOr0 KOHIIEHTPALI€l0 B
IPYHTOBOMY po3uuHi [6].

Kaamili mpuBOauTh A0 3MIH IMXaHHS POCIWH, TPAHCHIpaIli 1 BOAHOTO PEKUMY.
BcTaHOBIIEHO 3HM>KEHHS TOTJIMHAHHS KUCHIO KOPEHSIMH Ta 130Jb0BAHUMHU KIITUHAMU
TIOTIOHY B HOro mnpucyTHOCTI. [loBiIOMISIOCHE TakoX TIpo  30UIBIICHHS
IHTEHCUBHOCTI JUXaHHS 0OpH JAii KaaMil0 Ha POCIAMHM SUYMEHIO 1 BiBca, IO
MOSICHIOETHCS TT1/IBUIICHHSIM aKTUBHOCTI psAny nuxaibHuX (pepmentiB. [IpoTe BUCOKI
HOTO KOHIEHTpAIll MPUBOIUIN 10 3BOPOTHOTO edekTy. Tak, y pucy, KyKypymns3H i
SUMEHIO JIisl TIABUINECHUX 103 TOJIOTAHTY BUKIWKAJIAa 3HWKCHHS 1HTEHCHBHOCTI
JUXaHHS, M0 TOB’S3yBaJM 13 WHTIOyBaHHSIM aKTHBHOCTI KIIOUOBUX (DEpMEHTIB
TIKOJi3Y, TeHTo30¢gochaTHoro muiixy i mukiry Kpeoea [11].

Binomo, 1o ¢poTocHHTE3 BIIPI3HAETHCS TYKE BUCOKOIO YYTIUBICTIO O BIUIMBY
BaKKMX METaJliB, Kl BIUIMBAIOTh HA 0arato CTOpiH 1boro mpouecy. [lpu npomy, sik
MOKa3aHO B YHUCJEHHUX po0OTax, 3HWXKEHHsS mBUAKOCTI acumipamii CO; y
MPUCYTHOCTI BaXKKUX METaJiB MOXke OyTH MOB'si3aHe sIK 3 (QYHKI[IOHATBHUMHU, TaK 1
CTPYKTYpHUMHU 3MiHaMH y QoTtocuHTeTHdHOMY amapaTi pociuH (PCA). Huxue
HaBEJICHO OCHOBHI «MIIIIEHD» TOKCUYHOI /il MeTajiB Ha (J)OTOCUHTETUYHI MPOIECH Y
pocnuH [6].

OCHOBHMMH TPUYMHAMU 3MEHILIEHHS aKTUBHOCTI ()EPMEHTIB € MOPYLICHHS
YETBEPTUHHOI CTPYKTYpHU OLIKIB B PE3yJIbTaTi B3aeMOi1 10HIB MeTaiiB 3 SH-rpynmamu
Ta 1HriOyBaHHS cuHTE3y (GepMeHTIB de novo. BusiBieHo TakoX 3HWKEHHS DPIBHSA
eKcrpecii reHiB, KOAylTh psan depmeHTiB. [lo HenmpsSMuX NPUYWH YMOBUILHEHHS
IIBUKOCTI peakiiii TeMHOBOI (pa3u (OTOCHHTE3Y MPU MPUCYTHOCTI BAXKKUX METANIB
BIIHOCATH 3HIKEHHSA HaaxomkeHHs KmTUHH CQO, BHACIIAOK 3MEHIIEHHS YHCIIA
npoauxiB abo ix 3akpuBaHHA [5].

1. YV npucyTHOCTI BaXXKKUX METAJIIB CIIOCTEPIratOThCsI MIEBHI 3MIHM B aHATOMIYHIM
CTPYKTYp1 JIUCTA: 3MEHIIYIOTHCS PO3MIPU KJIITHH Me30(1Ty Ta TOBIIMHA KIITHHHOT
CTIHKH, 3HIKYIOThCS YHCJIO Ta PpO3MIPH XJIOPOILIACTIB, a TaKOX pPO3MIpU
3aMUKaIOUMX KJIITUH MPOJIUXIiB.

2. Baxki mMeTanu BHUKJIMKAIOTh PI3HI MOPYILIEHHS y CTPYKTYpPHIM oOpraHizarii
XJIOPOILJIACTIB: 3MEHIIEHHS! KUIBKOCTI TPaH Ta TUJIAKOIJIB, 3HMXKEHHS MPOTSKHOCTI
MeMOpaH, 3MiHa CTPYKTYpH MeMOpaH Ta iX XIMIYHOTO CKJIany (30Kpema, 3HMKCHHS
BMICTY HEHACUUYEHUX KUPHUX KUCJIOT), 30UTBIICHHS KIJTLKOCTI TIACTOTIO0YT.

3. Ilin BIUIMBOM BaXKHX METaJiB y JHCTI POCIUH 3MEHILYETHCA BMICT
($OTOCUHTETUYHUX MIrMeHTIB. [Ipu 1boMy OUIBIIOD MIpPOIO 1€ BIAHOCHUTHCS [0
xJIopo(iMiB, HIK 70 KapoTHHOimy). OCHOBHMMH MPUYMHAMHU 3HWKEHHS KUIBKOCTI
xJopoimiB @ Ta b y NPUCYTHOCTI BaXXKUX METAJIB € MPUTHIYCHHS Ol10CHHTE3Y
xJIOpo(iTiB, TOCHUIIEHHS TMpolecy iX JAerpajarlii, MOPYIICHHS YIbTPACTPYKTYpH
XJIOPOILJIACTIB.

4. Baxxki MeTajau HEraTUBHO BIUIMBAIOTh HA CBITJIOBI peakiiii (OTOCHUHTE3Y 1 Ha
CTPYKTYpHY MUTICHICTh (oTocucteM. HalOinpln wyTiMBa 10 10HIB METaliB
¢dotocucrema II (OC II). Y npucyTHOCTI BaKKHUX METAIIIB 3HUKYEThCS €PEKTUBHICTh
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il poOOTH, IO PEECTPYETHCS MIOAO 3MIHM HHU3KH TmapameTpiB (iyopecueHIii
xjopodury. Hanpukian, 3HWKYIOTbCd MakcuMmanbHui (Fm) ta minimanbpauii (FO)
Buxia ayopecteHii, 3MiHHa ¢uyopecueniis (Fv), ksantoBa edexktuBHicTe OC 11
(Fv/Fm), ymoBiIbHIOETHCS MIBUAKICTh €JIEGKTPOHHOTO TPAHCIIOPTY.

VYce ne cBiguuth npo nopyuieHHs y poootri @CA pocinuH. J[aHux npo BIUIMB
Baxkux MetaniB Ha ¢otocuctemy | (OC I) myxe mano, mpoTe BCTAaHOBIEHO, IO
JesKl BaXKl MeTaiu (30KpeMa, KaaMmiil) YIIKO/KYIOTh CBITJIO30Mparodi aHTCHHI
koMruiekcu peakiiitaux meHTpiB sk OC II, tak 1 ®C I. Bigomo Takox, mo mpu
HAsBHOCTI BaXKUX METAJIB  YINOBUIBHIOETHCS  IMIBHJKICTh  IHKJIIYHOTO  Ta
HEIUKIIYHOTO (hoTOPOCHOpUITIOBAHHS.

5. HeratuBHMiII BIIMB BaXKWX MeETaJiB HAa TEMHOBI peakilii (HOTOCHHTE3Y
MOB'A3aHUN TOJIOBHUM YHHOM 3 TIPUTHIYEHHSM AaKTUBHOCTI (DEPMEHTIB IUKITY
KanpBina Ta, 30Kkpema, ocHOBHoro  Qepmenty acumimsuii CO, -
pubyno3obichocdarkapdbokcuaazu/okcurenasu [5].

OCHOBHMMH MpPUYMUHAMHU 3MEHILICHHS aKTUBHOCTI (DEPMEHTIB € MOpPYIICHHS
YETBEPTUHHOI CTPYKTYpH O1JIKIB BHACIJOK B3aeMoIii 10HIB MeTaliB 3 SH-rpynamu
Ta 1Hri0yBaHHs cuHTE3y (GepMeHTIB de novo. BUSBIEHO TakoX 3HWIKEHHS PIBHS
eKcrpecli TeHiB, 10 KOAYIOTh HU3KY ¢epMeHTiB. [lo HenmpsMHX MNpUYMH
VIOBUTPHEHHSI TIBUIKOCTI PEakIilii TeMHOBOI ¢a3u (POTOCHHTE3y B MPHUCYTHOCTI
BaXKMX METAJIB BIOHOCIATH 3HIDKEHHS HaaxomkeHHd n0 kimTuH CO, BHACIZOK
3MEHILEHHS YKcia MPoauXiB ado 1X 3aKpHUBaHHS.

6. Kpim OesmocepeHhOr0 BIUIMBY BaXKKMX METaliB Ha TI YW 1HII
(OTOCHMHTETHYHI peakili, MOXJIMBUNA 1 IiXHIA OMOCEpeKOBaHUN BIUIMB Ha
dboTocuHTE3, MOB'A3aHUN 13 3MIHAMHU B MPOLEC] JTUXAHHS 3 MOPYLIEHHSIMHU BOJHOTO
0oOMiHY Ta MiHEPaJIBHOTO KUBIICHHS [5].

[lix mi€ro BaXKUX METaJliB 4acTO BiMivajach 3MIHA BOJHOTO CTaTyCy POCIIHH.
Tak, psa OLIBIIOCTI POCIAMH B MPOMHUCIOBUX PalOHAX XapaKTEPHU3YIOThCS MEHIIOO
OOBOJIHEHICTIO TKAaHWUH 1 MOHM)XEHOIO 1HTEHCUBHICTIO TpaHCHipalii, MO MOPYIIYye
TEIUIOBUN DPEKUM JIUCTKA. 3MiHA BOJHOTO CTAaTYCy POCIHUH SBIISETHCS HACIITKOM
3HIDKEHHSI €(EeKTHUBHOCTI OCMOPETYJISIii, 3MEHILIEHHS eJaCTUYHOCTI KIITKOBUX
CTIHOK, IOPYIIEHHS BOJONOTIMHAIBHOL 3AaTHOCTI KOPEHSI.

BononornuHanbHa 34aTHICTE KOPEHS 3HIDKYETHCS BHACHTIZOK 1HTIOYBaHHS
dbopMyBaHHS HOBUX O1YHUX KOPEHIB 1 KOPEHEBUX BOJIOCKIB, YITOBUILHEHHS JIIHIMHOTO
3pOCTaHHS KOPEHsS, 3HWKEHHS KOHTAaKTy KOPEHEBOI CHUCTEMH 3 TPYHTOM,
raJIbMyBaHHS TPAHCIIOPTY aCUMUISHTIB 3 TIarOHIB B KOpEHEBY cucTemy. Kpim 115010,
MNPUIIBUANIYETHCS ~ BIAMUpAHHS  KIHYMKAa KOpeHs, 3pocrtae JirHidikamis 1
cyOepuHizallis KIITUH, 301IbIIyeThCs BMICT abcumz3oBoi kuciotu (ABK), mro
BUKJIMKA€E 3aKPUTTA Mpoauxis [12].

VY Ttabmumi 1 HaBeAeHO XapaKTEepHI TPHUKIAAM BIUIMBY KaJMIO Ha pICT 1
HAKOIMUYEHHs1 010Macu KOpPEHsI y PI3HOTO BUAY POCIMH, LIO0 HaleXaTb A0 PI3HUX
poauH. 3 nmaHoi TabiaWIll BUIHO, IO KOHIIGHTpallisl Kajamito B Olomaci KOpeHs Y
B3SITUX ISl BUBYEHHS CUTbCHKOTOCIOIAPCHKUX KYJIbTYP 3HAXOJMIIACh B MEXKax Bif 5
110 400 MI/KT.
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Tabnuysa 1
BruiuB kaamiro Ha picT i HAKONMUYEHHA 0I0MAaCH KOPEHs Y POCJIMH
CinbecbKorocnogapcbka KOquHTpaulﬂ Excriosuuis, 1i6 BeJ:Hnga IMOKa3HHKA,
KYJIbTypa KaJMir0, MI/KTD % BiJl KOHTPOJIIO
Ogec nociBHMIA (KOHTPOJIB) 300 7 X
COHAIIHUK OJJHOPIYHUI 400 28 133,3
SIYMIHB TOCIBHUH 20,0 20 6,66
Kykypynaza KyneTypHa 10,0 3 3,33
['opox mociBHu# 5,0 21 1,66

Locepeno: cpopmosano na ocnosi énacuux 0ocaiodlcens

MakcumainbHa oro koHieHtpaiis — 400 MI/kKr B Hammx IOCHIIKEHHAX Oyia
BiIMIYEHA Y KOPEHI COHAILIHUKY, 10 CTaHOBWJIO BiAMOBiAHO 133,3% 10 KOHTpOIIO.
MiHiMallbHEe >K 3HAYEHHSI JTAHOTO TIOKa3HWKa 3a(iKCOBAHO Yy KOPEHAX TOpPOXYy
nociBHoro — 5.0 mr/kr (1,66%). Ile 3yMmoBieHO B 3HayHid Mipi (Hi310JIOTTHHUMHU
0COOJIMBOCTSIMHU KYJIbTYpU Ta BHECEHHSIMH ITiIBUILIEHUX HOPM MiHEpaIbHUX J0OpUB
Ha BapiaHTax.

[Ipu BupOLIYBaHHI POCIMH y MPUCYTHOCTI BaXKKHX METAJIB iX TOKCHYHA [is
OUTBIIIOI0 MIPOI0 MPOSBISIETHCA IIOJ0 3POCTaHHS KOPEHIB, OCKUIBKM CaMe€ B HHUX
3aTPUMYETHCS Ta 1THAKTUBYETHCS O1IbIIAa YACTHHA TOKCUYHUX 10HIB, 110 HATIAIUIA B
pociuHy. HakonmrueHHsT BaXKKUX METaIB Y KOPEHAX CYMPOBOIKYETHCS 3MEHIIICHHIM
po3MipiB Ta GioMacu KOPEHEBOi CHCTEMH, 3HIDKCHHSIM KUIBKOCTI O1YHMX KOPEHIB,
BiIMUPaHHSM KOPEHEBUX BOJIOCKIB.

l'anbMyBaHHS pPOCTYy TIaroHIB  CIIOCTEPIra€TbCcsl MpU  OUIBII  BHUCOKHUX
KOHIICHTpAIlISIX BaXXKUX METaliB, HIX KOpeHsA. BHAcCHOK IbOTO 3MEHIIYEThCS
BHCOTA TMaroHiB Ta pO3MIPH JIMCTKOBUX TUIACTUHOK, 3HIKYEThCS OloMaca HaJl3€MHUX
OpraHiB, a y 3JIaKiB I1I€ ¥ IOBKUHA M1’KBY3JIIB.

HanxomkeHHss MeTany B JOBKUUIS TIOB'SI3aHE 13  CLIBCBKOTOCIOJIAPCHKUM
BUPOOHMIITBOM, 30KpeMa 13 3aCTOCyBaHHAM (pocopHUX 100pUB, 10 MICTITH KaaMin
y BUDJISIAL oMinTku. HeraTuBHU €EeKT CPUUMHSIIOTH 1 CTIYHI BOJH, Y SAKUX BMICT
KaJMiI0 MOJKE JIOCATaTH 3HAYHUX BeauduH [13, 14].

Bucoka TokCcHYHICTH KaaMil0 OOyMOBIIEHA THM, IIO BIH MOXe 30epiraTucs B
IPYHTI BIPOJIOBXK 1-3 poKiB, y mpuOEpekHUX BIAKIAAaX — 2 POKH 1y BOJ1 OKEaHIB —
nmoHayn 7000 pokiB. BaxkimBo 1 Te, 110 KaaMid IIKIIJIABHHN I 370pOB’S JIOJUHHM 1
TBApUH, 10 OOYMOBJIEHO MOr0 HAKOMHWYEHHSM B POCIMHAX 1 HACTyIHUM
MOTPAIJISTHHAM Y Xap4OB1 JIAHITIOTH.

[Ipu 30inblIEHHI BMICTY METalIB Yy IPYHTI 3HUXKY€ETbCS 3arajbHa O10J0T1YHA
aKTHUBHICTB, 1 LI€ PI3KO BIIOMBAETHCA HA POCTI Ta PO3BUTKY POCIHH, IPUYOMY Pi3HI
POCIIMHU pearyroTh Ha HAJJIMIIOK METaJiB MO pizHOMY. MeTanu po3noauIsiOThCS
OpraHamM pOCJIMH HepiBHOMIpHO. HalOuIblIo MIpOI0 METaau HAKOMUYYKOTHCS Y
mucTi. e 3ymoBiieHO OGaraTbmMa MpUYMHAMU, OJHA 3 SIKUX — JIOKAJIbHEe HAKOITHMYEHHS
METaJIB y pe3yJbTaTi nepexoay ix y MajnopyxJjusy ¢opmy [15].
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Hanpuxknaz, y pa3i MiHO1 IHTOKCHKAIIT 3a0apBiIeHHS JESIKUX JUCTKIB Y POCIMH
3MIHIOETBCA J0 YEPBOHOIO Ta OypO-KOPUYHEBOIO, IO CBIIYUTH MPO PYWHYBaHHS
xjopodpury. TOKCHYHICTH BaXKMX METaliB IMOB's3aHa 3 iX (DI3UKO-XIMIYHUMU
BJIACTUBOCTSIMH, 31 3JIaTHICTIO JIO YTBOPEHHS MII[HUX CIOJIYK 3 PAJIOM
(YHKIIOHATBHUX YIPYIIOBaHb HA MOBEPXHI Ta BCepeuH1 KIITUH [15].

CUMIOTOMH «OTPYEHHS» POCIWH BaXKHUMH METaJlaMH 30BHI MPOSBISIOTHCS B
VHOBUIBHEHHI X POCTY Ta PO3BUTKY, 3MiHI KOJIHOPY Ta B'THEHHI JIUCTSI, TOTBOPHOCTI
Ta HEIOPO3BHMHEHOCTI KOPEHEBOi CHCTeMH. Peakilis pOCIMH Ha IIABUIIEHI
KOHIICHTpAIlIi BaXKKUX METaJIiB (KOHIIEHTpaIlist y rpyHTi, Mr/kr): Pb (100-500).

[ariOyBaHHs JAWXaHHA Ta TPUTHIYEHHS Tiporiecy (HOTOCHHTE3y, 1HOI
30UTBIIIEHHST BMICTY KaJMIIO Ta 3HMKEHHS HAJIXOJKEHHS ITUHKY, KaJbIlito, pocdopy,
CIpKH, 3HWXKEHHS BpPOXAWHOCTI, MOTIPUICHHS SKOCTI POCIMHHMIIBKOT MPOMYKIIIL.
30BHIIIHI CUMIITOMH — TOSIBA TEMHO-3€JICHOTO JINCTS, CKPYYyBaHHS CTapOTO JIMCTS,
nedopmarris ymers: Cd (1-13) [5].

[TopymienHst akTUBHOCTI (pepMEHTIB, mpolieciB TpaHcmipamii Ta ¢ikcamii CO,,
rajibMyBaHHs ()OTOCHUHTE3Y, MPUTHIUYCHHS OlosioriyHoro BimHOBIeHHS NO, mo NO,
YTPpYAHEHHS HAAXOHKEHHS Ta MeTa00I13My B POCITUHAX ALY €JIEMEHTIB KUBJICHHS.
30BHIIIHI CUMIITOMHU — 3aTPUMKa POCTY, MOIIKOXKEHHS KOPEHEBOT CUCTEMH, XJIOPO3
muctst: Zn (140-250). Xnopo3 monogoro aucts: Cr (200-500). [Toripmienns pocty Ta
PO3BUTKY POCIIHH, B'THEHHS HAJI36MHOI YaCTHHH, MOITKO/HKEHHS KOPEHEBOT CUCTEMHU,
XJIOPO3 MOJIOZIOTO JIUCTSI, P13KE 3HUKEHHSI BMICTY B POCIIMHAX OLIBIIOCTI HE3aMIHHUX
makpo- Ta mikpoenemenTiB (K, P, Fe, Mn, Cu, B Ta in. ). Ni (30-100).

[Ipurniuennss mporeciB  QorocuHTesy Ta TpaHcmipamii. [lpu  mpomy
CIIOCTEPITaloThCsl SBUINA CHIEMIYHOTO 3aXBOPIOBAHHS POCIIMH, HAPUKIIA]I, IOTBOPHI
dbopmu. THMNOBI CHUMITOMH TOKCHYHOI Jii HIKEIIO: XJIOpPO3, II0SBa KOBTOTO
3a0apBICHHS 3 HACTYITHMM HEKPO30M, 3yIMUHKA POCTY KOPEHIB 1 IMOSBH MOJOIUX
MaroHiB abo MapoCTKiB, Jeopmallisi 4YaCTUH POCIMHHU, HE3BUYAHA TUISIMUCTICTh, B
JeKUX BUIAJIKaX - 3aruoeb BCl€i pociaunu [5, 16].

Bce BuIEBHKIAAEHE CBIAYUATH MPO PI3HI JKEpesa HAAXOMKEHHS BaKKUX
METaJliB, Y TOMY YHCJIl 1 KaaMiio, B JIOBKULIS, 3aJ€XKHICTh LOTO MPOLECY BiJ
Oaratbox (akTOpiB, BKJIIOYAIOYM YMOBHU BHUPOIIYBAHHS pOCIMH. Baxianso
BpaxoByBaTH 1 TOW (HakT, M0 HE ICHYE YITKOrO TMOJUTYy MDK eJeMEHTaMH,
TOKCUYHUMU JJISI POCIIMH Ta €JIEMEHTaMH, K1 € HEeBIA'€MHOIO CKJIaJ0BOIO OYyIb-SIKOi
CUCTEMHU POCIMHHOrO opraHi3My. CHiBBIIHOIICHHS KOHIICHTpAIll MeTaliB y
POCIIMHAX BUPOOJSUIOCS BHOPOAOBXK €BOJIONII OPTraHIYHOTO CBITY 1 BIJXHJIEHHS BiJl
IIUX CIIBBIIHOIICHb 3YMOBIIIOBAJIM HaJajal HACIHIIKM iX BIUIMBY Ha MeTaOOJi4HI
IPOLIECH.

Po3mipu cynBiTh, a TakoX Maca IJI0/IB 1 HACIHHS 3MEHIIYIOThCSI B TPUCYTHOCTI
Habarato MEHILOK MIPOI0, OCKUJIBKH iX BMICT y IIUX OpraHax 3a3BH4Yail MiHIMaJIbHUMH,
a HETaTUBHUI BIUIMB Ha TCHEPATUBHI OPTaHd B OCHOBHOMY OTIOCEPETIKOBAHHIA.

Crig BiIMITHTH, IO OCHOBHHM 1 CIIEIiaTi30BaHUM OPTaHOM (POTOCHUHTE3Y € PICT
JIUCTKA, Ha KU 0e3MocepeIHhO BIUIMBAE BMICT Y HbOMY BaXXKKHX METaJIIB.
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BcraHoBneHO, IO OJHIEI 3 MPUYMH 3HWKEHHS IHTEHCHBHOCTI (DOTOCHHTE3y Ta
TpaHcmipalii € 3MEHIICHHS IUIOIIl JIMCTKOBOI IulacTUHKU. Lle 3ymoBieHO
I1IBUIIICHHSM KOHIIEHTpAIlll BaXKKMX METATIB Y HABKOJIUIIIHHOMY CEPEJIOBHIII].

VY Ttabnuii 2 HaBeOEHO JaHI IIOA0 BIUIMBY Ba)XXKUX METalIB Ha PICT JIUCTKA
3€pHOBHX 1 3¢pHOO000BHX KYJIbTYD.

Tabnuys 2
BruiuB BasKKMX MeTaJIiB HA PIiCT JIMCTKA
Baxxki CinecpKOrOCoiapchka KOI:;;{;EI) ;um Excrio3miiis, IInoma nucTka,

METaIN KyJIbTypa MeTauiB, MI/KT 110 % B11 KOHTPOJIIO
Ogec MMOCIBHUH 100 3 X
(KOHTpPOJIB)

Kanwiii COHSIITHUK OJTHOPIYHUI 50 4 50,0
SluMiHb TTOCIBHUIT 100 4 100,0
Kykypynza kynerypHa 10 6 10,0
I"opox mociBHuiA 50 28 50,0
OBec nociBHUIH 100 6 100,0
COHSIITHUK OJTHOPIYHUI 60 20 60,0

CsuHernp SIuMiHb OCIBHUNA 100 4 100,0
Kykypynza kynprypHa 60 28 60,0
I"opox mociBHUI 50 20 50,0
OBec nociBHUI 130 15 130,0
COHSIITHUK OJTHOPIYHUI 60 30 60,0

Huuk S4UMiHb ITOCIBHUH 150 25 150,0

Kykypynza kynprypHa 100 20 100,0
I"opox nociBHUM 50 28 50,0

IDicepeno. cghopmosano na ocHo6i 61ACHUX OOCTIONCEHD

Pe3ynbTaTaMu BIACHUX AOCTIIPKEHb BCTAHOBJIEHO, IO Y MPUCYTHOCTI BUCOKUX
KOHIEHTpALll Ba)XXKKHUX METaJliB OyJIO 3HM)KEHHS PO3MIPIB JIUCTS MPAKTUYHO Yy BCIX
BU/IIB POCJIHH, 13 SIKUMH TPOBOIMITUCS JOCIIIKEHHSI.

BmicT BaxkkKMX ~ MeTaniB B JIMCTKaX, Y B3ATUX U1 BUBYECHHS
CLIbCHKOTOCTIOAAPCHKUX KYJIbTypax, OyB MiJBHUIIEHUN. 3a MM IOKAa3HUKOM Ha
MEepIIOMY MICIII 3HAXOJIUTHCS BMICT B JIMCTKAaX POCIMH CBHHIIO, OCOOJMBO II€
MOMITHO Y TakuxX KYJbTYp, SIK OBEC 1 SUMiHb MOCIBHUH. BMICT HMHKY 1 Kagmiio y
JUCTKaX IIUX POCIUH TaKoK OyB HaiBuiuM, BiamnosigHo 1001 130, 150 mr/kr.

Bce BumieBukiazeHe CBIIUUTH MPO PI3HI aCMEKTH Jii BaXKUX METaliB Ha
MeTa0oJIiuyHl TPOILECH Ta >KUTTE3MNATHICTH POCIMH. BOHM BIUTMBAaIOTH Ha pI3HI
(GyHKIIOHANBHI TPynHu OI0JOTIYHO BAXJIMBUX PEUOBHUH OpPraHi3My, BHUTICHSIOTH
€CeHI1aJbHl METalu 3 METAJIOBMICHMX KOMIUIEKCIB, a TaKOX TIE€HEPYIOTh AKTUBHI
(dbopMHU KUCHIO, IO YaCTO MPU3BOJUTH IO BUHUKHEHHS B KIITHHAX OKUCHOTO BUOYXY
1 HaBITh 3arudesi PoCIIUH.
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Cnin TakoK HAroJOCHTH, IIIO BCI III MEXaHI3MH TOKCHUYHOCTI HE BHKIIOYAIOTh
OJIMH OJHOTO 1 MOXYTb BUSIBIIATUCS OJHOYAacHO. He3Baxarouum Ha 1ie, pOCIHMHHU, B
CUJIy MPUKPIIIEHOTO CHOCO0Y KUTTS, BUPOOUIU PI3HI CUCTEMM 3aXHUCTy, JO0 SIKUX
BIIHOCHUTBCS 1 610CMHTE3 (PEHOBHUX CIOJYK — PEYOBUH 3 BUCOKOIO 010JI0TIYHOIO Ta
AHTUOKCUJAHTHOIO AaKTUBHICTIO, $KI HE TUIBKM TMEpPEUIKOMKAITh PO3BUTKY
OKHCJIIOBAJILHOTO CTPECY B POCIMHAX IMpH Jiii MOJIOTAHTIB, ajie # OepyTh ydacTb y
KOMILJIEKCOYTBOPEHHI 3 10HAMU Ba)XKKHUX METATIB, THM CaMHUM TEPEIIKOKAIOUU iX
HAJIXO/HKEHHIO Ta 3HIKYIOYU HACHIIKU TEXHOTEHHUX BIUIMBIB.

BucHoBkm i mepcmeKTMBM  MOJAJBIIMX  AOCHiKeHb.  OTxe,
HAKOMMUYYIOYUCh Y BETUKHUX KUTBKOCTAX Y POCIUHAX, BAKKI METAJIM CIPUYUHSIOTH
HETaTUBHUW BIUIMB Ha PICT, PO3BUTOK Ta 1HOI (DI310JOTIYHI TIPOIIECH.
BcranoBieHo, 1o y OpHCYTHOCTI BEIMKUX KOHIIGHTpAIl LHMX EJIEeMEHTIB Y
3JIAKOBUX POCJHHUH CHOCTEPIra€ThCs 3MEHIIEHHS BUCOTH CTeOJa, CKOPOYEHHS
KUIBKOCTI M1XKBY3JIIB, 3HM)KEHHsSI HaKOTMYEHHS CUPOi 1 Cyxoi Olomacu, a TaKoxX
3MEHIIEHHs]  po3MIpiB  cyuBiTb.  OCHOBHUMH  NpPUYMHAMHU  3HMKCHHS
OPOJYKTUBHOCTI HAJ3€MHOI OlOMacu y POCIMH € HETraTMUBHUM BIUIMB Ba)XKUX
METaJIiB Ha PICT 1 PO3BUTOK POCJIMH Ta 1HTEHCUBHICTh (poTocuHTe3y. OKpemi BUIU
Ipyl POCIUH NPOSBIIAIOTH P13HY 3AATHICTh 10 HAKOMUYEHHS BaKKUX METaJIIB.
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ANNOTATION
INFLUENCE OF HEAVY METALS ON THE BASIC PHYSIOLOGICAL

PROCESSES OF CEREAL AND CEREAL PEGUM CULTURES

At the end of the 20th century, the constant growth of the population and the rapid
development of production brought the situation with the state of the environment in many countries
and regions of the world to the brink of an ecological crisis. One of the main factors in the
degradation of the natural environment is its pollution by various pollutants, among which one of
the main places is occupied by heavy metals. Given the above, it becomes clear the relevance of
research on the impact of heavy metals on plants. Currently, they are actively held in many
countries of the world. The article is aimed at studying the influence of heavy metals on the main
physiological processes that occur in plants. The results of studies on the influence of heavy metals on the
main physiological processes of grain and leguminous crops are presented. Based on the results of the
analysis, it was proven that accumulating in large quantities in plants, heavy metals cause a
negative impact on growth, development and other physiological processes.

It was established that in the presence of large concentrations of these elements in cereal
plants, a decrease in the height of the stem, a decrease in the number of internodes, a decrease in
the accumulation of raw and dry biomass, as well as a decrease in the size of inflorescences are
observed. The main reasons for the decrease in above-ground biomass productivity in plants are
the negative impact of heavy metals on the growth and development of plants and the intensity of
photosynthesis. Individual types of plant groups show different ability to accumulate heavy metals.

The results of our own research established that in the presence of high concentrations of
heavy metals, a decrease in the linear dimensions of leaves was observed in almost all types of
plants with which research was conducted.

All of the above testifies to various aspects of the effect of heavy metals on metabolic
processes and the viability of plants. They affect various functional groups of biologically important
substances of the body, displace essential metals from metal-containing complexes, and also
generate active forms of oxygen, which often leads to the occurrence of an oxidative
explosion in cells and even the death of plants.

Key words: plant, growth, development, heavy metals, accumulation, pollution,
concentration, soil.

Table 2. Fig. 2. Lit. 16.
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