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Pedepar:

1. Incepraliito IpUCBsIY€HO BUBUEHHIO BJIACTUBOCTEN CUHTE30BAHUX €PO3iliHO-BUOYXOBUM CIIOCOOOM
(enexTpoeposiliHe AucnepryBaHHs) HaHo4YacTUHOK Cu, Zn, Fe, siki MOXyTb OyTH 3aCTOCOBaHi B arpOBUPOOHULITBI 51K
arpoximikary, 30KpemMa IJISIXOM [TOPiBHSIHHS Pi3HUX METOJB iX cTabisizallii B pO34MHi Ta BUBYEHHS B3a€EMO3B 13Ky
MiX pO3MipoM, OPMOI0, TUIIOM JIiraHIy Ta arPOHOMIYHOIO €(PEKTUBHICTIO. [IpyrUM aKTyaJbHUM HAIPSIMOM
BUKOHAHUX JOCJIIKEeHb € KOMIIJIEKCHA XiMiKO-aHAIITUYHA OLiHKA SIKOCTi BOJIU MiCLIEBUX JKepeJsl Ha IPEeIMET
€KOJIOT{YHO 6€3[1€YHOr0 roCIoJaPChKOr0 BUKOPUCTAHHS B arpOTEXHOJIOTISX /1J1s1 IPUTOTYBaHHS PO3UKHIB JOOPUB
L7151 TI03aKOPEHEBOTO JXUBJIEHHS POCJIVH, pUOOPO3BEICHHS, HAllyBaHHS TBAapUH, ipuratlii. Ha ocHOBi pe3ysibTaTiB
BHMKOHAHUX JIOCJI/IKEHb OL[iHEHO 3aJIeXXHICTh (Pi3NKO-XIMIYHMX BIaCTUBOCTEN Ta aKTUBHOCTI YaCTUHOK Bif] po3Mipy

Ta GpopMU. 30KpemMa HAaHOYACTUHKY [TepeXiHUX METAaJiB, TaKUX SIK Miflb, IIMHK i 321130, MAIOTb MiJBUILIEHY



CXUJIBHICTB J10 arperatii y BOZHOMY cepeJoBUII, 10 3yMOBJIIO€ HEOOXiIHICTb iX cTabinizalii Ha HAHOPIBHI 3 METOIO
BHUKOPHCTaHHS [JIs1 [1I03aKOPEHEBOT0 BHECEHHS Ta IIOKpallleHHsI NIpoleciB poTocuHTesy y pocarH. JocigKkeHo
3acrocyBaHHs Kapbaminy (CO(NH2)2), sik HeiiTpasibHOTO JliraHzy AJ1s1 crabinisanii HaHo-meTanis Cu, Zn, Fe 'y
BOJHOMY pO34KHi. BCTaHOBJIEHNI PO3Mip CMHTE30BaHMX HATUBHUX HAHOYACTUHOK i IX KOMILJIEKCIB 3 KapbaMiZioM 3a
IOTIOMOTOI0 TPAHCMiCITHOTO €JIEKTPOHHOTO MiKpOCKOIIA CKJIaZaB y cepegHboMy 30-50 HM. [Ij1st BUBYE€HHS (Pi3UKO-
ximMiyHux BractuBocteit HY ix BUAineHo i3 po34rHiB BUCOJIIOBAHHSIM alleTOHOM. BukoHaHi [Y-CrieKTpOoCKOiyHi
IOCJIiIKEHHS IO3BOJISIIOTh CTBEPIPKYBATH, 1[0 OTPMMAaHI y BOLJHOMY CE€pPeIOBUIII IJISIXOM €JIEKTPOepPO3iHOro
IVCIepPTyBaHHSI HAHOYACTUHKU Mifli Ta LMHKY SIBJISIIOTh 06010 3071 ckiaay: {m[Cu0] - nCu+ - nOH} - xH20; {m[Zn0]
-nZn2+ - nOH} - xH20; {m[Fe0] - nFe2+ - nFe3+ nOH} - xH20. MeTtonom EIIP nminTBEpIKeHO B3aEMOZIO 3
Kap6aMiZioM Ha IOBEPXHEBOMY L1api HaHOYacTUHOK Cu i Fe, sIK IpOsIB 3MiHM JOHOPHOTO OTOYEHHS d-MeTasliB Mif
BIIMBOM Jliranfis CO(NH2)2. BcranosineHo, mo 30511 HaHo4acTuHOK Cu/Cu20, Zn/Zn0O, a takox Fe /FeO /Fe304 y
npoleci cTabinizanii BOZHUM PO3UMHOM Kap6aMilly 1epeTBOPIOIOThCSI HAa MIKPOKPUCTAJIITU KOOPAMHALIIHAX
CIIoJIyK 3arasibHoro ckiuany [Me(Ur)n(H20)m] 3 yMOBHOIO Ha3BOIO arpoximikaTy kapbamigaksaHaHoMeTas (KAM).
Ilig, yac CKpUHIHIY i3 BUKOPUCTAHHSIM MOZEIbHOro 00’eKTy Allium cepa L. BCTaHOBJIEHO, 110 aKBa30J1i yCix
nepexigHux metainis 0,01M konueHrtparii B po3seneHHi 1:1000 He nposBunn PpiTOTOKCUYHOTO ePeKTy, BOJHOYAC
CTUMYJIIOBAJIM PiCT pOCUH. lle MOTeHLiiHO BiAKpHBa€e NePCIEKTUBY [1J151 BUKOPUCTAHHS BKa3aHUX CIIOJYK Y
CiJIbCBKOMY IOCIIOAPCTBI IJIS1 CTUMYJIIOBAHHS JIMCTKOBOI ITPOAYKTUBHOCTI Ta BPOKAMHOCTI KyJIbTYP.
JlabopaTOpHUMH JOCIIIKEHHIMU NiITBepIyKeHO, o cymim KAM Cu, Zn, Fe mae ¢pyHrictaTnyny Ta
6akTepiocTaTU4Hy [il0 NIPOTU 30YAHUKIB XBOPOO IJIOJOBUX, 30KpeMa S6JIyHi i MO>Ke 3aCTOCOBYBATUCS K
asibTepHaTYBa XIMIYHUM NeCcTULMIaM. AKTyasli30BaHO MMOAaJbIIi JOCiIKEHHS Ha IPUKJIaZi BOOHUX 00’ €KTIiB
Morunis-Tloginbcbkoro paitony BiHHuIbKOi 0671acTi YKpaiHy o0 XiMiKO-aHaliTUYHOI OLiHKA OCHOBHUX
[TIOKa3HUKIB IKOCTI BOGHUX IKepedl, K pH, MiHepari3anisg, BMiCT OCHOBHUX KaTiOHIB i aHIOHIB Ta BAXKKMUX METAJIIB.
[IpoBeneHO KOMIJIEKCHY OLiHKY SIKOCTI BiATIOBIIHUX IpKepeJl, 30KpeMa OL[iHEHO MPUIATHICTh BKa3aHUX JIKEPEJ 114
Pi3HUX roCcrofapChbKUX Lisieil. Pe3ysbTaTu CBigyaTh, o 6i/1b1IiCTh BOAHUX 00'€KTIB, BKIIOYa04u p. JJHicTep
BiAITIOBiAalOTh BUMOTaM 1151 TOCIIOJIJAPChKOIO BUKOPUCTAHHS, 3POIIEHHS Ta I03aKOPEHEBOT'0 OOIIPUCKYBAHHS
CIJIbCBKOTOCIIONAPCHKUX KyAbTyp. OfHaK, J1iBa IPUTOKA p. JJHICTED MOKa3aa HENPUIATHICTL [IKepeia Yepes
MiJBUILIEHHS BMiCTy TOKCUYHUX {OHIB, TAaKUX SIK HATPii, 1[0 MOXKE HETaTUBHO BIJIMHYTY Ha POCJIMHU. BU3HayeHO
BMICT B&KKMX METAJIIB, OCKIJIbLKM BUKOPUCTOBYBJIMCh HAHOYACTUHKY Cu i Zn, 4Ki IOTEHUIMNHO MOXYThb
HAKOIMMYYyBaTUCh Y IVIOJAX, & TAKOXK POCIMHU MOXYTb HAKOIIMYYyBaTU TOKCU4HI esieMeHTU Pb2+ i Cd2+ i3 rpyHTY
BHaCJIifoK iHTeHcudikalii po60Tr KOPEHEBOi CUCTEMHU 32 CTUMYJIALII PO3BUTKY POCJIMH HAHOLOOPUBAMU.
JocnimxeHo 3MiHu BMicTy Cu2+ i Zn2+ B 1y10ax s106J1yHi 3@ I03aKOPEHEBOTO BHECEHHS HAHOYACTUHOK, a TaKOX
BU3HA4YEHi BapiaHTH, 10 CNIPUSJIY 3HKEHHIO aKyMyJIsllii BaXKUX MeTasiB Pb2+ i Cd2+ y niopgax. EkciepyumenTH
TaKOX MiATBEPINJIN, 110 BUKOPUCTAHHS HAHOKOMILJIEKCIB y HU3BKUX KOHIIEHTpalisx (po3seneHHs 1:1000) e
0e3IeyHrM i He YMHUTb HEraTUBHOI'O BIIJIMBY HA POCJIMHU Ta HABKOJIMILIHE CEPelOBUIIle, 10 € KIIOYOBUM
KpUTEPieM JJIs1 CTAIMX arpoTeXHOIIOri. OTprMMaHi pe3ysbTaTy CBif4aTh PO NEPCIEKTUBHICTh BUKOPUCTAaHHS
Kapb6aMizlakBaHaHOMETAJIiB y CiIbCbKOMY T'OCIIOJAPCTBI, 30KpeMa J1J1s MifBuIIeHHs] e(peKTUBHOCTI JOOPUB Ta
CTHMYJIIOBAHHS POCTY POCJMH. BomHOYac HEOOXiTHO IIPOLOBKYBATH JOCIiIKEHHS 010 €KOJIOTiYHOi 6e31eKu

TaKUX TEXHOJIOTIN.

2. The dissertation is devoted to the study of the properties of Cu, Zn, and Fe nanoparticles synthesized by the
erosion-explosive method (electro erosion dispersion), which can be used in agricultural production as
agrochemicals, in particular by comparing different methods of stabilization in solution and studying the
relationship between size, shape, type of ligand and agronomic efficiency. The second relevant direction of the
research is a comprehensive chemical-analytical assessment of the quality of water from local sources for
environmentally safe economic use in agricultural technologies for preparing fertilizer solutions for foliar feeding
of plants, fish farming, animal watering, and irrigation. Based on the results of the studies, the dependence of the
physicochemical properties and activity of particles on size and shape was assessed. In particular, nanoparticles of
transition metals, such as copper, zinc, and iron, have an increased tendency to aggregate in the aquatic
environment, necessitating their stabilization at the nano level for foliar application and improvement of



photosynthesis processes in plants. The use of urea (CO(NH2)2) as a neutral ligand for stabilizing nano-metals Cu,
Zn, and Fe in an aqueous solution was investigated. The established size of the synthesized native nanoparticles
and their complexes with urea using a transmission electron microscope was, on average, 30-50 nm. To study the
physicochemical properties of NPs, they were isolated from solutions by salting out with acetone. The performed
IR spectroscopic studies allow us to state that the copper and zinc nanoparticles obtained in an aqueous medium
by electroerosion dispersion are sols of the composition: {m[Cu0] - nCu+ - nOH} - xH20; {m[Zn0] - nZn2+ - nOH} -
xH20; {m[Fe0] - nFe2+ - nFe3+ nOH} - xH20. The EPR method confirmed the interaction with urea on the surface
layer of Cu and Fe nanoparticles as a manifestation of a change in the donor environment of d-metals under the
influence of CO(NH2)2 ligands. It was established that sols of nanoparticles Cu/Cu20, Zn/ZnO, and

Fe /FeO/Fe304 during stabilization with an aqueous solution of urea are transformed into microcrystallites of
coordination compounds of the general composition [Me(Ur)n(H20)m] with the conditional name of the
agrochemical ureaquananometal (UAM). During screening using the model object Allium cepa L., it was established
that aquasols of all transition metals at a concentration of 0.01IM in a dilution of 1:1000 did not show a phytotoxic
effect while stimulating plant growth. This opens prospects for using these agricultural compounds to stimulate
leaf productivity and crop yield. Laboratory studies confirmed that the mixture of UAM Cu, Zn, Fe has a fungistatic
and bacteriostatic effect against pathogens of fruit diseases, in particular apple trees, and can be used as an
alternative to chemical pesticides. further research on the example of water bodies of the Mogilev-Podilskyi
district of the Vinnytsia region of Ukraine regarding the chemical-analytical assessment of the leading indicators
of the quality of water sources, such as pH, mineralization, the content of basic cations and anions and heavy
metals, has been updated. A comprehensive assessment of the quality of the relevant sources has been carried out,
particularly the suitability of the specified sources for various economic purposes. The results show that most
water bodies, including the Dniester River, meet the requirements for economic use, irrigation, and foliar spraying
of crops. However, the left tributary of the Dniester River showed the unsuitability of the source due to the
increased content of toxic ions, such as sodium, which can negatively affect plants. The content of heavy metals,
since Cu and Zn nanoparticles were used, which can potentially accumulate in fruits, and plants can also
accumulate toxic elements Pb2+ and Cd2+ from the soil due to the intensification of the root system when
stimulating plant development with nano fertilizers was determined. Changes in the content of Cu2+ and Zn2+ in
apple fruits with foliar application of nanoparticles were studied, and options were identified that contributed to
reducing the accumulation of heavy metals Pb2+ and Cd2+ in fruits. The experiments also confirmed that using
nanocomplexes in low concentrations (dilution 1:1000) is safe and does not negatively impact plants and the
environment, a key criterion for sustainable agricultural technologies. The results indicate the prospects for using
ureaquananometals in agriculture, in particular, to increase the efficiency of fertilizers and stimulate plant growth.
At the same time, it is necessary to continue research on the environmental safety of such technologies.
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