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KopucHa Moaenb HanexuTb o OiokoopaMHaLiiHMX CMONYK, a came
{Bic(rinpokcoeTunengiamiHteTpaauetato)repmaHaT(lV)} uUMHKY 3 BIOCTUMYNIOKOYOK aKTUBHICTIO Ta
MOX€E BMKOPUCTOBYBATUCb B arpoXiMidHin npakTuui gk edeKkTMBHe MiKpogobpuBo Anst 30inbLUEeHHA
NPOAYKTUBHOCTI 3epHa MLUEHULi 03UMOI.

Cepepn 3epHOBMX KynbTyp B YKpaiHi nleHuus o3nma 3arMMae nposigHe Micue W mae HambinbLui
nnowi nocisis, i BpoXanHiCTb, Banosi 36opu 3abesnedytoTb He nuve cTabinbHWUA PO3BUTOK YCbOro
CinbCbKOrocnogapcbkoro BUPOOHWULUTBA, a i npogoBonbyy 6e3neky aepxasu. Tomy npobnema
30iNbLUEHHSA NPOAYKTUBHOCTI Ta AKOCTi 3epHa 3anunaeTbCsl BKpam akTyarnbHOL.

OnTumisauiss XMBMEHHS MaKpOereMeHTU Ta MIKpPOerneMeHTU HaWbINbLLIOK Mipol BMMBAE Ha
YpOXanHiCTb 3epHOBUX KynbTyp. [loBeaeHo, Lo nepeanociBHa 06pobka HaciHHA MikpogobpuBamu €,
Oe3nepeyHo, OOHUM 3 HamedeKTUBHIWKNX Ta HebesneudHux 3acobiB 30iNblUEHHS MPOAYKTUBHOCTI
3epHa nLeHui 03nmoi.

[na oTpMMaHHSA BUCOKMX i CTabinbHUX BpOXaiB 3€pPHOBMX BMCOKOI SIKOCTI, BMpillanbHe 3HA4YEeHHS
mae Bubip pobpuBa HeOBXiAHOrO ANA KOHKPETHOI KynbTypu. B cinbcbkomy rocnogapctsi Ha
Cy4yaCcHOMy eTani PO3BWTKY arpoTEXHOSMOrIN LWMPOKO BUKOPUCTOBYIOTBCS XenaTtu MiKpOenemeHTIiB
B6aratooCHOBHUX OpraHiYHMX KUCNOT, PYHKUiOHAMNbHI rpynu SIKMX 3B'A3YH0TbCA 3 iOHaMK meTaniB Ta
YTBOPIOIOTb  OCOOMMBI  UMKMIYHI  CTpykTypu. B Takin dopmi pocnuHm Kpalle 3acBOH0Tb
MIKPOENEMEHTHU, HiXX Y BUMAZi X conen. ACOPTUMEHT XenaTyr4umX areHTiB NOCTINHO PO3LUMPIETLCS,
cepe HUX 3HayHe Micue 3alMaloTb KOMMMEKCOHM, MOMEKYNM SKMX MICTATb KOMMIIEKCOYTBOPHOOMi
rpynu pisHOT NPUPOAN: OCHOBHI (aMiHHi-, MapPOKCK-) Ta KUCMOTHI (kapbokcunbHi, ocdoHoBsi). OaHum 3
HanpsiMiB B LIbOMY acnekTi € CTBOPEHHSI KOMNO3ULin 3 HABOPOM XenaTiB Pi3HUX MIKPOENEMEHTIB.

Bionomnii npenapat HaHo-MiHepanic, npusHadeHuin ans nepeanociBHOi 06pobKM HACIHHSA, SIKWIA
MiCTUTb cyMmiw paes'atn GioreHHnx metanie Cu, Fe, Co, Mo, Mg, Mn, Zn, Se, Nd y dopwmi
HaHokapbokcunaTiB [http.//www.mineralis.com.ua/uk/ seed-treatment/nano-mineralis]. Woro
HegonikoM € BaraTtocTagiiHuin NPoLec CTBOPEHHS KOMOIOHWX PO3YMHIB MIKPOENEeMEHTIB, CKNagHiCTb
nigibpatn Hambinbw emeKkTUBHY KOMMO3MLiI0 MIKpOENneMeHTIB AN MNEeBHOI CiNbCbKOrocnogapCbKol
KynbTypu, Yepes HeobXigHICTb BPaxoByBaTN KOHKYPEHLLIO MiX CKIagoBMMM KOMMOHEHTaMMU. Takox, Ha
CbOrOAHi, HegoCTaTHbO BUMBYEHO EMEKTUBHICTL 3aCTOCYyBaHHA Takoro Tuny npenapaTiB Ta ix
Be3neyHicTb 4na opraHiamy NoguHN.

Ak Hanbnwkumi aHanor BubpaHO BigOME Ha PUHKY YKpaiHu MiKpogobpuso, npusHadeHe Ans
nepeanociBHoi 06pobkn HaciHHA Novalon Seed Treatment (BupoGHuk TerraTarsa), ke MIiCTUTb B
CBOEMY CKIlafli HAaCTyMHi eNeMeHTH XMBMNEHHs: MakpoenemeHTn N (3aranbHuii - 6,0 %, NH2 - 6,0 %),
P -10,2 %, K - 8,0 %, me3zoenemeHTn CaO - 0,10 %, S - 0,70 %, B - 0,10 %, mikpoenemeHTu - Zn, Fe,
Mn, Cu, aki 3HaxogaTbCs B xenatosaHin dopmi (y Burnaai komnnekcis 3 HsEdta Big 0,3 go 2,5 %), Mo
- 0,01 %, BOOOPO34YMHHI FOPMOHW POCTY (AYKCUH, LUTOKIHIH - 0,049 %), rymiHOBI Ta dOyNbBOKUCIOTH -
10,80 % i amiHokucnotn - 0,30 % [https://terratarsa.com/prd/novalon-seed-treatment/]. Hegonikom
LUbOro npenapaty € CKNagHiCTb KOMMO3uUii, WO MiCTUTb ©OaraTo KOMMOHEHTIB - NOAibHUX
MOMEKYNApHUX XenaTiB MIKpOeneMeHTIiB 3 pPIi3HOK CTIMKICTIO, WO MOXe BWKNUKATW, He TifbKu
CUHEPTi3M, a 1 aHTaroHi3m Ail Mk HUMM Ta HeOCTATHBO BUCOKA MOro BiocTumyntoya gisi.

3agadelo, Ha BUpIWEHHSA KO ClpsMOBaHa KopuCHa Mogefb, € po3pobka cnocoby oaepkaHHs
noAgBinHOI BioKOOPAMHALIAHOI CNOMYKU KaTiOH-aHIOHHOrO Tuny, aka 3abesnedye 1 GiocTuMynio4vy
aKTMBHICTb Ik MikpogobpvBa Ans 36inbLeHHA NPoayKTUBHOCTI 3epHa MLIEHULi 03UMOi.

MocTtaBneHa 3apava BMPILLYETLCS crnocobom ofepXaHHs
{6ic(rigpokcoeTuneHgiamiHTeTpaauetato)repmaHat(lV)} uUMHKY anst 30inblWeHHs NPOAYKTUBHOCTI
3epHa nuweHuli 03UMOI, SKUWA BIAPI3HAETLCA TUM, LLO 34IMCHIOITbL MOeTanHWiA CUHTe3 crnoyaTky
eTuneHgiamiHTeTpaaueTaTorigpokcurepMaHaTHOI KUCNOTU LUASIXOM B3aEMOLiT eKBIMONAPHOT KiNbKOCTI
no 0,005 monb nopouwky GeO: Ta eTuneHgiamiHTeTpaouToBoi kucnotn (HiEdta), a notim gogarotb
BOOHMI PO3YUH LIMHKY aueTaTy KinbkicTio pedosuHun 0,0025 moneb.

LIMHK - MiKpOenemeHT, BaXXNMBWUA KOMMOHEHT XXWBIEHHS POCMWH, MPUCKOPIOE OOMIH PEYOBMH,
NOKpaLLlye BHYTPILHIO CTPYKTYPY KMiTWUH, MOCUMIOE MOCYX0-, Xapo- Ta XONOoAOCTINKICTb POCAWH A0
HecnpuATIMBMX YMOB BereTauil, BNIMBae Ha po3Mip Ta Bary 3epHa MuweHuui o3umoi, 3abesnevye
BNCOKY YPOXaMnHiCTb 3epHOBUX. [1pn HecTaui LMHKY Yy POCIIMH CMOCTEepIraeTbCs 3aTpMMKa pocTy, Lo
noB's3aHa 3 MOro y4acTiO Y CUHTE3i POCTOBUX PEYOBUH - ayKCUHIB.

lepmaHin - GioMikpoeneMeHT, aHTUOKCMOAHT, MOTYKHWUI IMyHOMOZYNATOpP, NiOBULLYE CTIKICTb
POCIVH A0 HECMNPUATIMBUX YMOB Ta Pi3HUX 3aXBOPHOBaHb, MPMUMaE yy4acTb B perynsuii gisionoriyHmx
NpoLeciB, WO rpatnTb BaXnMBy porb y dopMyBaHHi Bpoxato. CrMonyku repmaHito XxapaktepuayTbcs
LUMPOKUM CMEKTPOM BionoriYHOT akTUBHOCTI | HU3bKOK TOKCUYHICTIO.

Cnoci6  opepxanHa  {bic(rigpokcoeTuneHgiamiHTeTpaaueTato)repmanat(lV)}  uumHky  Ans
30iNblUEeHHA MPOAYKTUBHOCTI 3epHa MWeEeHULi 03MMOI 34INCHIOETLCA HAcTYyMHUM 4YuMHOM. CrodaTky
OTPUMYIKOTb PO34YMH eTUneHgiaMiHTeTpaaueTaTo rigpokcurepmaHnaTHoi kncrotu [Ge(OH)(HEdta)]: go
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cycneHsii HsEdta (0,005 monb, 1,461 y 300 Mn BoAM) 4oOalOTb E€KBIMOMSAPHY KiMbKICTb MOPOLLKY
GeOz2, HarpiBaloTb 40 NOBHOrO PO3YMHEHHS peareHTiB i BunaptooTb Ao 75 mn [1]. Jo ogepxaHoro
po3umHy poparTb Zn(CH3COO)2:-2H0 (0,0025 monb, 0,548 1) i nepemiwyoTb [O MNOBHOMO
pO34MHEeHHs1 HaBaxku coni. Ocapg 6inoro Konbopy, Lo yTBOpPUBCA Yepe3 Aoy, BigainaTe Ha inbTpi
LWoTTa, npoMuBatoTb BOAOK i BUCYLLYIOTb NPU KiMHaTHIA TemnepaTypi. CuHTe30BaHa cnomnyka CTinka
Ha nosiTpi. Buxig npogykty 80 %.

Po3pobky cnocoby ofepXaHHA noAaBiNHOI BiokoopamHauiiHoT CnonyKu
[Zn(H20)6][Ge(OH)(Edta)]2-2H20 Ta ii igeHTudikauito npoBoAMnN Ha kadeapi HeopraHivyHoi Ximii Ta
XiMibyHOI ocBiTM Oaecbkoro HauioHanbHOro yHiBepcuTeTy iMeHi |.I. MeyHukoBa.

3pasok cnomyku Ans AOCNIAXKEHHs  Ri3MKO-XIMIYHMMKM  MeTodamMu  aHanisy oTpuMMaHo
noapibHeHHsIM ocafny, BUTPUMAHOrO B eKCUKAaTOopi 3a KiMHaTHOI TemnepaTtypu 40 MOCTINHOI Macu.

Bwmict lepmanito Ta LIMHKYy Oyno BM3HA4eHO METOAOM aTOMHO-EMICIMHOT cnekTpockonii i3
3aCTOCYyBaHHSAM OMTUYHOrO EMICIIHOrO CNEKTPOMETPY 3 iHAYKTMBHO 3B'si3aHoo nnasmoto Optima 8000
ICP-OES. BwmicTt HitporeHy BusHayanu metogom K'enbgans [2]. BpyTTo-hopmyna Ta BMIiCT €eNeMeHTIB
(po3paxoBaHo/3HanaeHo, %): CaoHa2GezN4O26Zn (M=964 r/monb) - Ge 15,10/15,00; Zn 6,67/6,74;
N 5,77/5,81.

TepmorpasiMeTpuyHUi aHani3 NnpoBeAeHo 3a gonomoroto Aepusatorpada Q-1500 B atmocdepi
noBiTp4, B AianasoHi Temnepatyp Bia 20 go 1000 °C, 3i wewnakicTio HarpisaHHA 10 rpag/xs. [loBeaeHo,
LLO crionyka CTiika Ha noBiTpi.

BusHaueHo MonsipHy enekTponpoBigHicTe crnonyku (1-102 monb/n BOAHOrO PO3YMHY) 3a
ponomoroto koHayktomeTpa MU 6100L VWR international GmbH, HimeuunHa (330 Om-lcm2monb™t -
TPUIOHHMIA eNEKTPONIT) Ta NIATBEPAYKEHO cKNag Komnnekcy 1:2 BignoBigHO Ao oro gucouiadii:

[Zn(H20)6][Ge(OH)(Edta)]2 <> [Zn(H20)e]* + 2[Ge(OH)(Edta)]

IY-cnekTpu nornmMHaHHA cnonyk (B aianasori 400-4000 cm1) y dopmi TabneTtok 3 KBr 3anncaHo Ha
cnektpocdotomeTpi Frontier Big komnadii Perkin Elmer. [Mpun nopiBHAHHI IY-cnekTpiB cnonyk
[Zn(H20)6][Ge(OH)(Edta)]2-2H20 Ta [Ge(OH)(HEdta)]-H20 BusiBneHo, wo cmyru nornuvHaHHs v(C-0O),
v(C=0) BignoBiganbHMX 3a KONMMBaAHHS 3B'AI3KIB Y KOOpAMHaUinHOMY nonieapi FepMaHilo npakTuyHO
O[HaKOBI, IO BKa3ye Ha peani3adito B 000X Crnorykax 0JAHaKOBOro BMKPMBIIEHOIO OKTaedpa, B KoMy
HacUMYeHHs1 KoopAuHauiiHoro uucna [epmaHito go 6 BigOyBaeTbCs 3a paxyHOK 3B'A3KiB 3
rigpoOKCUMbHUM niraHgom Ta Tpboma OkcureHamy kapOokcunbHUX rpyn i ABoma HiTporeHamum
eTuneHgiamiHTeTpaaueTaty. BigdHayeHa HasBHICTb B CNEKTPi KOMMEKCY BIiANOBUX Ta MaATHUKOBUX
KOMNMBaHb MOSMEKYIT KOOPANHOBAHOT BOAW, XapakKTEePHUX AN1S aKBaKOMMIIEKCIB MeTarnis.

ESI-mac-cnekTpy 3HiManuM Ha noTpiiHOMY KBaapynornbHOMY Mac-cnektpomeTpi TSQ Fortis
(ThermoFisher Scientific, CLUA). B HeraTuBHOMY Mac-CnekTpi koMnnekcy 3acdpikcoBaHo nik m/z 378,
wo Bignoeigae maci aHioHa [Ge(OH)Edta] Ta 4OBOANTL MOro HasIBHICTb B KOMMIEKCI.

CyKynHicTIo hi3uKOo-XiMiYHUX MeTOAIB AOCMiAKEHHS NIATBEPKEHO 3arMpPONOHOBaHY MOMNEKYNAPHY
Ta CTPYKTYpHY dhopMyny NoABinHoiI 6iokoopamHauinHoi cnonyku [Zn(H20)s][Ge(OH)(Edta)]2-2H20.

HocniopxenHa  BrnnuBy  {Bic(rigpokcoeTnneHgiamiHteTpaauetato)repmanat(lV)}  umHKy  Ha
NPOAYKTUBHICTb 3epHa nweHuli o3umoi copTy Opecbka HaniBkapnukosa npoBoAvMnM B YMOBaX
MiBoeHHoro Cteny YkpaiHW Ha ekcrnepumeHTanbHoMy noni CenekuinHo-reHEeTUYHOro iHCTUTYTY -
HauioHanbHoro ueHTpy HaciHHe3HaBcTBa Ta copToBuBYeHHs (CI-HLUHC). NonepeaHuk - YopHui nap.
Hocnig 3aknagaBcsa y TPUKpPaTHIA NOBTOPHOCTI, 3 PO3MIpOM AOCMiAHOI AiINAHKM 5 M, 3a cyuinbHOro
cnocoby ciBbM i3 LWMPMHOK MiXpsaab 15 cMm, 3 HOpMOto BUCIBY 3,2 MIH. 3epeH/ra, rmubuHa 3aropTaHHs
HaciHHs 4-5 cm. Cieba - neplia gekaga xosTHa 2019-2020 pp.

Mpuknag. [Nposogunu nepegnocisHy o6pobKy HaciHHA nweHuui o3umoi copTy Opecbka
HaniBkapnukoBa cymicHO 3 NpoTpynHMKom cpyHriumaHoro Tuny JNlomapgop Mpo B gosi 0,6 n/t Ta 1 %
PO34YMHOM reTepomeTanbHOro xenatHoro komnnekcy [Zn(H20)s][Ge(OH)(Edta)]2-2H20 B posi 0,2 n/T.
[na nopiBHsHHA 3acTocoByBanu Bigome Mikpogobpmeo HoeanoHn Cig TpitmeHT B fosi 0,6 Kr/T.
KoHTponbHun BapiaHT (06pobka Bogoto).

CtaTnCcTnyHy 0OpoOKY OaHMX YpOXXaWHOCTI NMpoBOAUNM METOAOM AucnepciHoro ananisy [3].
YpoxanHiCTb HaciHHA nweHuui o3umol copty Oaecbka Haniskapnukosa B ymoBax [liBaeHHoro Cteny
YkpaiHn HaBegeHa B Tabnuui.

Tabnuus
Ne Bap. Mpenapat Maca 1000 HaciHWH, T YpoxawnHicTb, T/ra
1 KoHTponb (o6pobka Bogoto) 23,00 3,96
2 Jlamappgop lNpo (o6pobka NpOTPYWHNKOM) 23,10 4,00
3 [Zn(H20)6][Ge(OH)(Edta)]2-2H20 28,50 4,90
4 HosanoH Cig TpiTMeHT 23,50 4,24
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3a pesynbratamy OOCHIMKEHb BU3HAYEHO, WO B cepeaHboMy Hanmbinbwy macy 1000 HaciHuWH
cchopmyBanu pocnuHu y BapiaHTi (3), WO nepeBMLUNO Macy BiAHOCHO BapiaHTiB (1) - Ha 5,5 r abo
19,3 %, (2) - Ha 5,4 rabo 18,9 % ta (4) - Ha 5,0 r abo 17,5 %.

OaHi, wo HaBegeHi B Tabnuui, nokasylTb, WO CUHTE30BaHWA reTepoMeTanbHUin Xxenat
{6ic(rigpokcoeTuneHgiamiHTeTpaauetato)repmaHat(lV)} LUMHKY CyTTEBO 36inbLUyE YpOXKaWHICTb 3epHa
nweHuui o3umoi copty Opecbka HaniBkapnvkoBa Ta nepeBaxae aHanor.

TakMMm 4MHOM, BCTa@HOBMNEHO, LIO CMNOCIO cuHTe3y 3abesnedvye ofepXaHHA retepoMeTarnbHOro
xenatHoro  komnnekcy  {bBic(rippokcoeTuneHgiamiHteTpaauetato)repmaHat(lV)}  UMHKY,  SKURA
pO3KpMBae MOTeHLUian MpOAYKTMBHOCTI 3€PHOBUX KynbTyp, 3HAYHO BMNNMBAE Ha 30inblUEHHS macu
HaciHHA Ta 306inbluye NpOAYKTMBHICTb 3epHa nuweHuui o3nmoi copTy Opecbka HaniBkapnukoBa B
ymoBax [liBgeHHoro Cteny YkpaiHn Ha 0,94 1/ra (23,7 %) NOPIBHSHO 3 KOHTPOSIbHUM BapiaHTOM,
NigTBEPOKYHOYM LUM BaXKIMBE HAyKOBe Ta NPakTU4YHe 3Ha4YeHHsi NpoBedeHo T poboTu.

KaTioH-aHioHHUI ™n CMHTE30BaHOro Hamu retepomeTanbHOro xenary
[Zn(H20)6][Ge(OH)(Edta)]2-2H20 Ha BigMiHy Big npenapaTy MOPIBHAHHS BUKIOYAE KOHKYPEHLI0 MiX
NPOTUMEXHO 3apAM;KEHUMM KOMMIEKCHUMM ioHamu, ski Mictatb Zn i Ge, 3a iX 3B'dA3yBaHHA 3
biocuctemoto pocnuH. BHacnigok UbOro NposABRASIETbCS CUHEPri3mM il BCIX CKNagoBUX MOMEKynm
KoMnnekcy Ta 06yMOBIIOE NOro BUCOKY e(PEKTMBHICTb K MikpogobpmBa Ans 3epHOBUX KyNbTyp.

OTpumaHi pesynbTaT BKasyloTb Ha MEPCMNEKTUBHICTb BMKOPUCTAHHA reTepoMeTanbHOro xenarty
{6ic(rigpokcoeTunengiamiHteTpaauetato)repmarHat(lV)} uMHKY sk edekTmBHOro Mikpogobpusa Ans
36inbLlUEeHHS NPOAYKTMBHOCTI 3epHa nweHuui o3umoi copTy Ogecbka HaniBkapnukoBa, a Takox Ans
NnoAanbLUOro BNPOBaAXXEHHSA AOr0 B arpoXiMivyHy NPaKTUKY.
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®OPMYJIA KOPUCHOI MOJEN!I

Cnoci6 ogepxaHHs {bic(rigpokcoeTuneHgiamiHteTpaauetaro)repmanat(lV)} uuHky ansa 3binbLieHHs
NPOAYKTUBHOCTI 3epHa MNWEHULi 03MMOI, SIKMA BIAPISHAETBCA TUM, WO 3AINCHIOTL MoeTanHuin
CWHTE3 crnoyaTKky eTuneHdiamiHTeTpaaueTaTorigpokcurepMaHaTHOI KUCMOTM  LUASXOM  B3aemogil
ekBiMonsipHoi kinbkocTi no 0,005 monb nopowky GeO: Ta eTuneHAiaMiHTETPAOUTOBOI KUCMOTU
(H4Edta), a noTim gogatoTb BOOAHWUA PO3YMH LIMHKY aLeTaTy KinbkicTio pevosuHn 0,0025 monb.

Komn'totepHa BepcTka B. FOkiH

1O "YkpaiHcbkuil HaUioHanbHWUIA odic iIHTENeKTyanbHoi BNacHoCTi Ta iHHoBauin", Byn. Amutpa loaseHka, 1, M. Kuis — 42, 01601



