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JAIA'HOCTYBAHHS MIKPOEJIEMEHTHOI'O CTAHY CHCTEMH
"TPYHT — POCJIMHA" B AI'POIHEHO3AX IMNIIEHUII O3UMOI

B. I. Yaéan, C. II. Knae3o, kanouoamu CiibCbKO20CNOOAPCbKUX HAVK,
0. I0. I1ooooeo
Y Inecmumym 3epuosux kynemyp HAAH Ykpainu

Jlocniooiceno mikpoenremenmuull cmarn cucmemu  "Ipynm — pocaura” npu eupowsyeanHi nueHuyi
o3umoi 6 3oui Cmeny Ykpainu. [[na emicmy pyxomux ¢popm Zn, Mn xapaxmepHe cymmese 8apito8anHs i
SHUNICEHHS 1020 3HAUEHb GNPOO0BIHC 8ecemayii O3uMutU. Anano2iuni 3aKkoHoMipHocmi wooo emicmy ME
NPOCMENCYIOMbCSl He MINbKU 6 2SpyHmi, ane i )y 6ecemamueHill Maci pociuH nueHuyi 03umoi.
Bcmanoeneno (3a KBII) 00wy 3 gasiciugux ocobausocmetl 3epHO80I KyIbMypu 8 HANpsAMK)Y 6UOipKo8o2o
noenunannsi ME. Ompumani eucoxi (r > 0,70) xopenayitini 36'sa3xu misxc emicmom ME 6 pociunax na
nouamrkogux ¢hazax po3eumky (KyujenHs — mpyoKy8anus) i emicmom ix y 3epHi, wo € niocmasow 0
0iA2HOCMYBAHHA MA ONEPAMUBHO20 KOPULYBAHHA MIKPOENeMEHMHO20 MHCUBNIeHH DOCIUH RULeHUYi y
8i0n06ioHULL Nepioo.

Knwwuogi cnosa: woprosem, 3abe3neuenicms, MiKpoeieMeHmu, NUeHUYst 03UMda.

VY cTpyKTypi 3¢pHOBHPOOHUIITBA MPOBIAHE MICIle MOCIIa€ MIISHUIISI 03UMa, ITUTOMA Bara
SKOI y BaToBOMY 300pi 3epHa ctaHoBUTH 48 % [ 1, 2, 3]. ToMy momryk nuisixiB HiABHINEHHS ii
YPOKaHOCT1 3aJIMIIA€THCS MPIOPUTETHUM 3aBJAHHAM 1 KOO BHUPIIIEHHS MOJIMBO JOMOTTHCS
HUISIXOM YIOCKOHAJIEHHS arpOTEXHOJIOTIYHOTO PiBHS BHPOOHHIITBA, Y TOMY YHUCII i 32 paXyHOK
ONTHUMI3allii MIHEpPAJbHOTO >XHUBJICHHSA. BMICT elleMeHTIB JKUBIEHHS y IPYHTI € OJHUM 3
KPHUTEPIIB OLIHKH arpoeKoJOTiYHUX YMOB IPH BHUPOIIYBaHHI CUTBCHKOTOCIONAPCHKUX KYIBTYP
[4]. Hopsan 3 makpoenementamu (N, P, K, Ca, Mg, S) BaxinBe 3Hau€HHS y JKUBIECHHI POCIHH
HaeXUTh 1 Mikpo-enementaM (ME). Omnak B Cy4acHMX YMOBax BiJCYTHICTH SIKICHHX
MOTIEPETHHUKIB, MIHIMAQJIBHI OOCSATH BHECEHHS MIHEPAJIbHUX AOOPHB NpH JAeDIIUTI OpraHiYHUX
NPU3BOJATH 10 TOPYIIEHHS NpOIECiB >kuBIeHHs pociuH. Lli HeratuBHi ¢akTtopu Ha ¢oHi
MPOSIBY MOCYIUIMBOCTI KJIIMAaTy CYTTEBO BILIUBAIOTH HA PIBEHb YPOKAMHOCTI O3UMHHU 1 SIKICTh
MPOIYKINi, CTPUMYIOYH THM CaMHUM pEajli3allif0 TeHETHYHOTO TOTEHIIAy IMPOJTYKTUBHOCTI
COPTIB I1HTEHCUBHOIrO THIYy. [lng BUpilIEHHS IMX NUTaHb AKTyalbHUM € KOHTPOJIIOBaHHS
MIKpOEJIEMEHTHOT'O CTaHy B cUCTeMI "IPYHT — pociu-Ha" yHpOAOBXK BereTaliiiHoro nepioay [35,
6, 7]. Buxomguum 3 BUINEBUKIAJEHOIO, MeTa JOCH)KEHb TMOJsSraja y BCTAHOBJIEHHI
3aKOHOMIpHOCTEH JAuHaMiKM BMicTy MikpoenemeHTiB (ME) y 4opHo3emi 3BHYailHOMYy Ta
3'cyBaHHI OCOONMBOCTEHl X HAKONWYEHHS POCIMHAMU IMIIEHUIl O03UMOi HPOTIrOM
BETETAIIHHOTO TIepioy.

Hocnimxenns npoBogunu y 2010-2014 pp. y cramioHapHHX Ta KOPOTKOTEPMiHOBHX
Jocii-gax Jiaboparopiit poarodocti rpyHTiB (EpacTiBchbka gociigHa CTaHIlis), CiBO3MIHAX 1
IPUPO0-OXOPOHHHUX cHUCTeMax oOpoOiTKy IpyHTy (Po3iBchka nociinHa craHiis). Posrmsnanu
BapiaHTH: 0e3 NoOpUB, 3 MIHIMAJIBHUM, ONTUMAIbHUM, MIJBUILEHUM PIBHEM KUBJIEHHS POCIHH
Ta OpraHiuHy, MiHEpalbHy, OpraHO-MiHEpaIbHY CHUCTEMH YyI0OpeHHs. [pyHTOBHMIH TMOKpUB
JOCHIAHUX JUISSHOK —— YOPHO3€M 3BHYANHHMI MaJOryMyCHUH Ba)XXKOCYTJIMHKOBHM 1
JIETKOTJIMHUCTUH, 3 cepeqHbo3Baxe-HUM BMICT rymycy 4,0-4,3 ta 4,9-5,1 % BiamoBigHO 10
TPaHyJIOMETPUIHOTO CKIIATY.

Metoau JAOCHIPKEHb — MOJBOBHM, JaOOpaTOPHO-aHATITUYHUNA, CTATUCTUYHUU.
OnnouvacHo BigOMpanu 3pa3ku rpyHTy 3 opHOro (0—20 cm) mapy 3rigno 3 JICTY 4287:2004 [8]
no ¢azax pO3BUTKY POCIUH MIICHUIl O3UMOI: BECHSHE KYIIEHHS, TPYOKYBaHHS, KOJIOCIHHA,
MOBHA CTUIJIICT 3€pHA 1 3pa3K POCIIUH 32 NPUUHATUMU B arpoxiMii METOUKAMH.

Bmict pyxomux ¢(opM MIKpOEIEeMEHTIB Yy IPYHTI BH3HAuald B aleTaTHO-aMOHii
oydepniit BuTsxkii 3 pH 4,8 (ACTY 4770.1-4770.9:2007) merogoM aToMHO-aOCOpOIiiHOT
cnekTpodoTo-merpii Ha npuinaai C-115M1 [9, 10, 11, 12].

Busznauenns Bmicty mikpoenemeHnTiB (Zn, Mn, Cu, Co, Ni, Pb, Cd) y BereraTuBHiii maci,
COJIOMI Ta 3€pHI MIIEHMI O3UMOi 3AIMCHIOBAIM MiCas MiHepasizalii POCIMHHUX 3pa3KiB
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METOZIOM Ccyxoro o30jeHHa [13] 3 nmanpmior0 OOpOOKOI0 PO3YMHOM a30THOI KHUCIOTH 3a
meroaukoro I[IHAO [14] Ha artomHO-abGcopOiiiitHOMy crektpodoromerpi C-115M1 3
aTOMI3alli€l0 B MOBITPSHO-AIETU-IIEHOBOMY HOJIYM 1.

Binomo, 1mo MikpoeneMeHTH € HaWBaKJIMBIIIMMH PETYJIATOPaMH MPOIECIB METa00II3MYy
JKUBUX Oprani3MiB. KoxkeH 3 eleMeHTIB Mae CBiii Oe3leuyHWil Jiama3oH KOHIICHTpAIlii, SKUN
3a0e3-1mevyye pociuHAM HOPMAaJbHY KHUTTEMsUIbHICTE. OCHOBHUM (DakTOpoM, IO BIUTUBAE HA
HakornuyeH-H ME pocinHamu € 3a0e3neueHicTb IPYHTY PYXOMHMH (OpMaMu €JIEMEHTIB
JKUBIICHHS. SIK TMOKa-3aJId pPe3yJbTaTu JOCTIHKEHb, BMICT jJerkopo3unHaux Mn, Zn, Cu, Co B
OpHOMY IIapi IPYHTY BapilOBaB y IIUPOKHX MEXKaxX — 3alIe)KHO SK BiJ (a3u po3BUTKY, TaK 1
piBHsI )KUBJICHHS (Tab. 1).

1. Bmuicm pyxomux ¢popm mikpoenemenmie y rpyHmi no ¢pazax po3sumky nuieHuyi 03umoi, mz/xz

daza po3BUTKY Zn Mn Cu Co
K 0,58* 54,7 0,17 047
YIHCHHA 0,30-1,00 25,7-97,0 0,13-0,25 | 0,41-0,60
Bixiz y Tpy6Ky 2,22 92,6 0,21 0,48
142-385 | 72,4-109,7 | 0,16-0,25 | 0,43-0,58
Konocinns 041 415 0.15 0.40
0,23-0,70 16,8-87,0 0,11-0,21 | 0,31-0,46
IToBHa CTHUTIIICTE 0.46 46.7 0.15 0.35
0,23-0,88 19,8-83,8 0,12-0,19 | 0,27-0,47

* QucenbHuK — cepeoHitl 6Micm,  3HAMEHHUK — KOIUBAHHs emicmy (MiN-max).

BuBuenns punamiku Bmicty ME y TIpyHTI CBiIYHMTH, IO MaKCHMalbHI 3HAYEHHS
pyxomux cronyk Zn, Mn, Cu, Co Oynu y mouyaTKOBUH MepioJl PO3BUTKY POCIUH (TpyOKyBaHHS)
3 pI3KHM, a JJIsi OKPEMHUX €JEMEHTIB MOCTYIIOBUM 3HIDKEHHSAM Y ¢a3i konociHuas. [Ipudomy,
KOJIMBaHHS 1XHBOI KUJIBKOCTI BHPOAOBX Bereramii mocsrano 1,4-5,0 pasiB. HaiiOinpm cyTTeBi
BIIMIHHOCTI PYXOMOCT1 €JI€MEHTIB y IpYHTI mo ¢azax pO3BUTKY POCIMHHU BIAMIYEHO A Zn.
Tak, y ¢a3i BeCHSHOTO KYIIEHHS CepeaHiil BMICT eneMeHTy ctaHoBuB 0,58 Mr/kr, y ¢a3i Buxoay
B TpYOKy MHOro KOHIIEeHT-parlis 30inburyBanacs B 3,8 pasza (2,22 mr/kr), a B pa3zax KOJOCIHHA 1
NOBHOI cniuocTi — 3MmeHmy-Banack 10 0,41-0,46 mr/kr. KingbkicHI 3MiHM HOro B IPYHTI
3YMOBJICHI BHCOKOIO MOTPEOOI0 POCIMH O3MMHHHM CaMe€ B JaHOMY €JeMEHTi kKuBjieHHs. Lle
HIATBEPKYETHCS JAaHUMM CTaTUCTUYHOIO aHami3y, SIKI CBiAYaTh, L0 BapilOBaHHS BMICTY
JIETKOPO3YMHHOTO ZN y TpyHTaX B OCHOBHOMY 3yMOBJIEHE HOro TMHAMIKOIO B yaci (CHJa BIUIMBY
88 %).

Maprasenp HaleXHUTb 10 €JEMEHTIB, 3JaTHUX pI3KO 3MIHIOBAaTH PYXOMICTh MiJ{

BIUTHBOM
30BHIIIHIX (DaKTOpiB, 30KpeMa piBHSA MiHEpaJbHOro >kuBJIeHHs. KiibkicHi 3HaueHHs Mn 3a
Berera-
I[II0 POCIIMH 3MIHIOBAINUCH BiJ 92,6 Mr/kr y ¢asi TpyOkyBaHHs a0 46,7 MI/KI IpH HAaCTaHHI
MOBHOI CTHUIJIOCTI 3€pHa, abo Maibke B 2 pa3u. Pe3ynbraTé cTaTUCTMYHOI OOpOOKM JaHMX
MOKa3yI0Th, 1110 BHECEHHS MiHEpAIbHUX TOOPUB CIPUSIIO TOCTOBIpHOMY 30ublIeHHIO (Ha 41 %)
pyxomocTi Mn mo Bcix (pa3ax po3BUTKY POCIHMH MOPIBHSAHO 3 KoHTposieM. [lpu mpomy cuiia
BIUIMBY (hakTopa >KUBJIEHHA Ha BMICT MN B rpyHTi ctaHoBmia 52 %, a ¢akTopa pO3BUTKY
pociman — 31 %.

[Toka3HUKHM BMICTY MiJli 1 KOOANbTy KOJIMBAIMCH MOPIBHSHO y HE3HAYHUX MEXax Ta
c1ab0 3MIHIOBAINCH MNiJ BIUIMBOM JOOpHMB. IXHi KiNbKiCHI 3HayeHHs BIIPOJOBXK BereTalii
3HmKyBanmuck Ha 37-40 % (3 0,21 go 0,15 ta 3 0,48 no 0,35 Mr/kr rpyHTY BiANOBiAHO). 3a
pe3yJibTaTaMH JIUCIIep-CIMHOTO aHali3y JOCTOBIPHMI BILTUB HA BMICT JIETKOpO3uMHHUX (hopm Cu
ta Co O1IBII0I0 MIPOIO BU3HAYABCS MEPIOAOM PO3BUTKY pociuH (F¢ > F; mpu piBHI BIporigHOCTI
5 %).

BinnosiznHo 10 TpynyBaHHA IPYHTIB 3a BMicToM pyxomux ¢opm ME (3a Baxeninum) s
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CUIbCHKOTOCTIOAAPCHKUX KYJIBTYP 3 HEBHUCOKMM BHHOCOM MIKPOEJIEMEHTIB (3€pHOBI KOJIOCOBI),
30HaJIbHI YOPHO3EMHU XapaKTEPU3YIOThCS BHCOKOIO 3a0€3IMEUYEHICTIO MapraHileM 1 HU3bKOH —
uHKOM. Taka rpajaiisi HasBHUX B TPYHTI €JIEMEHTIB Ma€ Miclie BIIPOJOBXK yCixX (a3 pO3BUTKY
POCIIMH MIIEHUIII 03UMOi. B TOM e Yac MpOCTEeKYETHCS MEPEPO3NMOILT 3a0€3MeUEHOCT] IPYHTIB
pyxomumu ¢GopmMamMHu Miai i KoOanbTy 3a BereramiiHuii mepion pociuH: 3abesmnedenicts Cu
TpaHchopmyBaiack y Hu3bKy, a Co — y cepennto. ToOTo BUpoIlIyBaHHS Ha TakoMy arpogoHi
COPTIB 1HTEHCHUBHOTO THIIy TIOBUHHO CYNPOBOKYBATUCH OOOB’SI3KOBHM 3aCTOCYBAaHHSIM
MIKPOJI00pHB.

@opMyBaHHS €IEMEHTHOTO CKJIAJy POCIHMH 3aJI€KHUTh BiJl IPYHTOBO-KJIIMaTHYHUX YMOB,
3acTocyBaHHA J00puB Ta 1HmMMX (akTopiB. OTXe, JOCUTH IOBHE YSABJICHHS TIPO PiBEHBb
MiHEpaJb-HOTO JKMBJICHHS KYJIBTYpH MOKHA OTPHUMATH, CIUPAIOYHCHh OJHOYACHO SK Ha
pe3yJbTaTH IPYHTO-BOI, TAK 1 POCITMHHOI JIarHOCTHKH.

Bu3HaueHHs XIMIYHOTO CKJIaJly BET€TaTUBHOI MAacH IMIICHUII 03UMOI CBI4aTh, 10 BMICT
ME 3MiHIOBaBCS BIIPOJIOBK BETETAIlIMHOTO MEPIOAY 1 CYTTEBO 3aJIeKaB Bif 1ii 100puB (Tad:m. 2).

2. Bmicm mikpoenemenmis y pocaunax nuieHuyi 03umoi no ghpazax po3sumky me/xe

daza po3BUTKY Zn Mn Cu Co

Kymmenss 3,10* 282 2,55 081
Y 1,74-530 | 18,5450 | 155419 | 0,53-1,22

Buxin y tpy6Ky 13.8 42,0 5,63 0.72
8,97-18,7 | 34,8476 | 435647 | 0,64-0,78

Kosocinus 1,62 3.84 2,34 0.40
0,77-391 | 5,62-16,7 | 1,66-3,05 | 0,33-0,49

[ToBHa cTUTHICTB conoMa) 228 8.28 0.93 0.35
0,65-6,72 | 0,73-28,8 | 0,15-3,26 | 0,14-0,68

IToBHa cTurmicTs (3€pHO) 2L7 23.9 3.17 0.35
10,5436 | 12,1476 | 1,43-7,20 | 0,10-0,70

* QucenvbHuk — cepeoHitl emicm;

3HAMEHHUK — KOAUBAHHs emicmy (MiN-max).

3riIHO 3 OTPUMAHMMHU PE3yJIbTaTaMU CEpeAHl MOKa3HUKU BMICTYy Zn, Mn B pociauHax
Oymu HaviBunmMu y (asi Buxomy B TpyOky i craHoBmiu 13,8 1 42,0 MI/Kr 3 KOJMBaHHSIM IO
BapiaHTax naociuiny B Mmexax 8,97-18,7 ta 34,8-47,6 MI/KT BiANOBITHO, MIO MiATBEPIKYE
BayuIMBe (1310J0-TI1UHE 3HAUEHHS EJEMEHTIB IpH 3aKjafaHHl 1 (opMyBaHHI T€HEpPaTUBHUX
opraiB. ¥ (a3i KosociH-Hs BiOyBajoch 3MEHILIEHHs IXHIX KIJIbKICHMX 3Ha4eHb B 8—11 pa3sa.
Bwmict Mmiai Ta ko6anbTy B pocinHaXx 3HMXKYBaBcs 3 5,63 mo 2,34 ta 3 0,72 no 0,40 mr/kr (B 2,4 Ta
1,8 pa3a BianoBiaHO). JucnepciiiHuii aHani3 nmokasas JOCTOBIPHHM BIUIMB Ha BMIcT Zn, Mn, Cu
y BEreTaTUBHIA Maci O3UMHHU OUTBIIOK MIpOI0 (i310JI0TIYHOTO CTaHY PO3BUTKY, HIXK TOOPUB.
KonuenTpariss ko6anbTy y (a3 BUXOAY B TPYOKY 1 KOJIOCIHHS B Pi3HUX BapiaHTaxX >KUBJIEHHS
3MiHIOBaacs cjiabo 1 KoJauBasiach y He3HauHuxX mMexax (0,64-0,79 ta 0,33-0,49 mr/kr).

HaifHmxunii BMICT BCiX €JIEMEHTIB y BereTaTMBHIN Maci 03UMHHHU OyB y (a3l KOJIOCIHHS,
KOJIM TIPOIIECH MPUPOCTY Ol0MAacH BiJ3HAYAIOTHCS BUCOKOIO 1HTEHCHUBHICTIO, IO 3YMOBJICHO, B
OCHOBHOMY, SIBUILIEM «POCTOBOT'0» pO30aBICHHS.

V3aranbHenHs nanux Bmicty ME B 3epHi Ta cojoMi MIIEHUII 03UMOi YMOKIIMBUJIO BCTa-
HOBHUTHU OCOOJIMBOCTI PO3MOJIIY €IEMEHTIB MK OCHOBHOIO 1 MOOIYHOIO MPOAYKIi€ko (Tabm. 2), a
CIIBCTABIICHHS iX 3 pe3yJbTaTaMH, HABEJACHUMHU B JIITEPATYPHUX JDKEpeENaxX, CBIAUNTH, M0 TIOKa3-
HUKU MIKPOEGJIIEMEHTHOIO CKJIaJly BapilloBaM y MeXaX, XapaKTepHHX IS KyJIbTypu. 3a
KiJIbKICHOIO XapaKTepUCTHKO HaiiOunbin 3HaueHHss ME B 3epni Hanexanun Mn ta Zn (23,9 Ta
21,7 mr/kr), 3Ha4HO MEHIIMM OYJ10 HAKOMTMYEHHS Miji i KoOanbTy. Takuil po3moais € HacliKOM
HEOJIHAKOBO1 010(ibHOCTI eneMeHTIB 1 crnenudiku iX (yHKIIOHAIBHOTO MPHU3HAYEHHS.
['eHepaTuBHI OpraHy pOCIMH O3MMOI MIICHUIII HaKONMU4YyBaiu B 3 pa3u Outbmie Mn, Cu Ta B 10
pa3iB — Zn, HXK Berera-TUBHI. 3HayHa KUIbKICTh Zn, Mn, Cu, siki OepyTh aKTHBHY y4acTb Y
010XIMIYHUX PEaKLisX, KOHIIEHTPYEThCS caMe B 3epHi. Takox ciiJy BKa3zaTH, L0 IXHIH BMICT B
OCHOBHIN MPOAYKINi BiJ3HA-4aBCS OUIBIIOI CTa0UIBHICTIO — KoedilieHT Bapiamii OyB Ha
cepenabomy piBHi (V = 22-33 %), TuM4acoM K Juis cojiomu BiH OyB Bucokwuii (V = 55-76 %),
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110 CBITYUTH MPO BIUIMB KOMIUIEKCY (DakTOpiB (IPyHTOBO-KJIIMATHYHI, TEHETUYH1, PIBEHb KUBJICHH )
Ha JIOCTYITHICTh €JICMEHTIB.

Hani BMmictry ME B pociumHax o03WMOi MIISHWI Jal0Th MOXIIUBICTH BCTAHOBUTHU
TEHETUYHO 3yMOBJICHI OCOOJMBOCTI KYJIBTYpH 100 BHOIPKOBOT'O 3aCBOIOBAHHS EJIIEMEHTIB 3a
BUPOIIYBaHHA ii B yMoBax miBHiuHOro Cremy. Bukopucranas Oyab-SKOro €JIeMeHTY POCIUHOIO
O3Ha4ya€e HWOro 3ajJydyeHHs B OIOJOTIUHY Mirpaiit, aje, OCKUIbKH (i310J0TiuHe 3HAYCHHS
€JIEMEHTIB HEOJHAKOBE, TO M IHTEHCHBHICTh LBOTO IMpolecy pi3Ha. JlaHa 3aKOHOMIpPHICTBH
MiATBEpKYEThCs KoedirienTom Oionoriynoro mormHanHs (KBII) enementiB pocimHamm.
BBaxaerbcs, mo mpu KBII > 1 enemMeHTH HAKONMUYYIOTbCS pPOCIMHAMH, NMpU < | TUIBKH
3aXOIUTIOIOThCS, MPUYOMY, SIK CTYMiHb HAKOMUYEHHS, TaK 1 CTYIMiHb 3aXOIUICHHS 3HAYHO
PI3HATBCS MIX COOOF0 3aJIeXKHO BiJ (ha3u po3BUTKY (Tab. 3).

3. Koeghiviecumu oionoziunozo noznunannusn (KbIIl) mikpoenemenmie
no ¢hazax pozeumxy pociun nuieHuyi 03UMor

BapianT | zn | Mn | Cu | Co
BecHsiHe KyeHHS
Kountpons 0,43 0,44 0,81 0,42
MinepaipHi 1oOpHuBa 0,71 0,54 1,28 0,49
Buxin y tpyOky
KonTpoib 3,30 0,97 454 0,85
MinepaibHi 100pHuBa 5,40 1,54 6,00 1,18
Konocinus
Kontponb 0,15 0,11 0,96 0,32
MinepainpHi 1oOpHuBa 0,21 0,18 1,25 0,39
[ToBHa cTurIicTh (COJIOMA)
KonTpoib 0,20 0,07 1,17 0,23
MinepaipHi 1oOpHuBa 0,37 0,09 1,99 0,49
[ToBHa cTuTIiCTh (3€pHO)
KonTpoib 25,3 2,8 14,8 1,73
MinepaibHi 100prBa 29,0 4.2 16,4 1,98

Ha nmouaTkoBOMy eTami PO3BUTKY POCIMH O3UMHHM OUIBLIICTH METAJIB Hajiexarb 0
Tpynu c1abKoro Oi0JIOTIYHOTO TOTJIMHAHHA 1 PO3MICTUTH 1X MOKHa HacTymHuM ywHOM: CU
> 7Zn > Mn > Co. AHaJIOTi4Ha 3aJIeXKHICTh MPOCTeXyBanach y (a3l KoJoCiHHA. 3a HaWOUIbII
iHTeHcuBHOrOo BHKOpucTtaHHs ME, a came B (a3l TpyOKkyBaHHS, 1 30€pexeHHS 3HAYYyHIOCTI
ykazaHoro Buine psaay eaementis (Cu > Zn > Mn > Co) nokasuuku KBIT ast Mifi i iuHKyY Oynu
>3.

Haiiumi 3nauenns KBII (>3) BigmideHi B 3epHi A TaKuX eNeMeHTIB, sk Zn, Cu, Mn,
nemto meHmn (>1) Bonu mana Co. BeranoBiena 3araigbHa 3akoHOMIpHICTH 3poctanHs KBIT mms
MiKpoelIeMeHTIB Ha ()OHI BHECEHHs MIHEpaJbHMX JOOpUB Ha BCIX eTamax PO3BUTKY POCIHMH
MIIEHUIII 03UMO] 32 CHJIBHOT'0, CEPEIHBOTO 1 CIAOKOT0 piBHS 010JI0TTYHOTO MOTJIMHAHHSL.

3 METOI0 BCTAHOBJIEHHS 3aJI)KHOCTEH MK NMOKa3HMKAMH, SIKI XapaKTepU3YyITh MIKpO-
€JIEeMEHTHUN CTaH IPYHTIB Ta IHTEHCHBHICTh IXHBOIO IIE€PEXOAY B POCIMHH, HamMu OyB
IpOBE/IEHUI MaTeMaTUYHUIA aHalli3 Ha miAcTaBi KoedilienTa kopensuii (r). OTpumMaHi 3B'I3KU
MOXXYTh CJIYTy-BaTH JJIsI OIIBIIOCTI €JIEMEHTIB HAAIMHUM KPUTEPIEM MIarHOCTUKHU IXHBOTO
BMICTY B IPYHTI 3a CTYNEHEM aKyMYJIii B OCHOBHIM Ta moOi4Hii MpoayKuii O3MMUHH, IO
YMOXJIMBIIIOE BHUBECTH CTAaTUCTUYHO CYTTEBI 3QJIEKHOCTI MDK IUMH IOKa3HUKAMHU.
BceranosneHo, 1o 1octoBipHUil mporHo3 BMictTy okpemux ME B pociinHax 3a JaHUMU TPYyHTOBOI
JTIarHOCTUKU MOXJIMBO OJIEpXaTH CIUPAalO4MCh Ha PIBHSHHS JiHIMHOI perpecii. OTpumaHo
BUCOKI (r >0,70) KOpemsLiiHi 3B'I13KM MI>)K BMICTOM y IPYHTI 1 pOCIMHAX MIIEHUI 03UMOT TaKUX
OloreHHUX enemeHTiB, Sk Zn, Mn, Cu, Co, y BiamoBiaHi ¢a3u iXHHOIO pO3BUTKY. Bucokuit
JIOCTOBIpHUM KOpeNALiHHUIN 3B'I30K y cucTeMi "IPYHT — pociMHA" XapakTepHUH Ui LIMHKY.
OpnHakoBO YITKO BiH IPOSBISABCSA SK Yy (ha3ax KyIIEH-HA, TaK 1 TPYOKYBaHHS Ta KOJOCIHHS (TalJI.
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4).

4. Pezpeciiina 3anexncnicms 0na Zn ¢ cucmemi "'tpynm — pocauna'’

@Pa3za po3BUTKY PiBHsiHHS perpecii Koedimient perpecii
Kymenns Y* =44,19X** - 1,18 r= 0,95
Buxiny tpyoky | Y= 142-0,92X r=-0,99
Konocinus Y= 20,6-1,75X r=-0,92

* Buicm Zn 6 pociunax, me/ke.  ** Buicm Zn 6 tpynmi, me/Ke.

AHaJoriuHa 3aKOHOMIPHICTh BiAMOBIAHO 10 (ha3u po3BuUTKy BimmiueHa mis Cu (r = -
0,99; -0,94; 0,97). Jlna iHOIMX €NEMEHTIB 3HAYeHHS KOe(]IIi€HTIB KOpEeMsIii 1CTOTHO
3MIHIOIOTHCS BiJl HU3bKUX /10 BUCOKHX.

3a pe3ynpTaTaMu CTaTHCTUYHOTO aHAJi3y BCTAHOBIIEHI BHCOKI JOCTOBIpHI KOpEJSMiiHI
3B’s13kH (1 = 0,97-0,99) mix BmicTtoM Zn, Mn, Cu, Co B pociuHax y (a3l KylmIeHHs Ta 3€pHi.
Bucokumu (r = 0,76-0,87) Bouu Oymu y aszi komocinHs. OCKUTBKH JUISE BCIX JOCHIIKEHUX
€JIEMEH-TIB BHUCOKI KOe(IIEHTH KOPEAIli OTPpHUMAHO Ha IMOYAaTKOBUX €Tarax OpraHoreHesy, To
JarHOC-THKY CJIi/I TPOBOJUTH B IEH TEpioz.

Takum umHOM, BMICT pyxomux ¢opMm Zn, Mn, Cu, Co y 4YopHO3eMi 3BUYANHOMY
JIOCTOBIPHO Bapiro€ YIPOIOBK BereTalii mimeHuIi o3umoi. Haitbinbma KUTBKICTh IMX €JIEMEHTIB
BiMi4eHA B TOYATKOBI (ha3u PO3BUTKY 3 CYTTEBUM 3HIKEHHSM MPH HACTAHHI MOBHOI CTUTJIOCTI.
PyxomicTs IUHKY 3HIKYBanack B 5,5-6,2; mapranio — 1,3-4,3; mixi i kobanery — 1,2—1,6 pasa,
IO TOB’S-3aHO SIK 3 BUKOPHCTAHHSM €JIEMEHTIB pOCIMHAMH, TaK 1 iXHIM MEpexoaoM Yy
BaXKOJIOCTYITHI (hOPMHU.

Bceranosneno (3a  KBII) reHetnuyno 3ymoBIeHI OCOOIHMBOCTI KYJIBTYpH OO
BubOipkoBoro mornuHanHs ME, a Biarak 1 morpeOy B HHMX BIPOJOBXK BereTallii: KyIIEHHS i
TpyOKkyBanHs — CU > Zn > Mn > Co Ta konocinus — Cu > Co > Zn > Mn, 1O CBIAYUTH MPO
pi3Hy 010 1IBHICT €IEMEH-TIB 1 (PYHKIIOHAIbHE TPU3HAUYCHHS.

Otpumano Bucoki (r >0,70) kopensiiliHi 3B'I3KK Mi>K BMICTOM O10T€HHHX eJIeMeHTIB (Zn,
Mn, Cu, Co) B cucremi "rpyHT — pocnuHa" Ta "pocinuHa — 3epHO" y (asu KylieHHsS 1
TpyOKyBaHHS, IO CIIYTYE€ TMIiACTaBOIO IS TIPOBEACHHS JMIarHOCTYBAaHHS Ta OIEPATHBHOIO
KOPHUTYBaHHS MiKpPOE€JIe-MEHTHOTO KUBJICHHS.
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