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Pedepar/anoTamis:

1. Incepraliiio IpUCBSIYEHO BUPIIIEHHIO aKTyaJIbHOI IPO6JIeMU 3a0pyIHEHHS I'PYHTIB 3aJIMIIKaMU repoinyiB
(3oxpema riidocary) B yMOBaxX iIHTEHCHBHOTO 3eMJIEPOOGCTBA Ta OOIPYHTYBaHHIO €(DEKTUBHUX 0i0TEXHOJIOTIYHUX
MeToJiB ixHboi pemegialii. Y po6oTi IpoBeeHO KOMILJIEKCHE JOCJiIKEHHS BIJIUBY Pi3HUX QpaKLiii 'yMiHOBUX
pevoBUH (QyJIBBOKUACIJIOT Ta I'yMaTy Kajlilo) Ta MiKpOOHMX iHOKYJISIHTIB Ha (PiTOTOKCUYHICTb I'PYHTY, Mirpariio
XiMiYHUX €JIEMEHTIB Ta BiAHOBJIEHHS 6i0JIOTiYHOI aKTUBHOCTI YOPHO3EMY IiBIEHHOTr0. MeTomoJioris 6asyBasacs Ha
[oeqHAHHI 1ab0paTOPHOrO0 MOJEeJIIOBAaHHS (BereTaliiiHi fociigy 3 Sorghum bicolor), mosnpoBux BUnpo6yBaHs,
peHTtreH-¢uyopecueHTHoi criekTpockonii (XRF) ta IY-cnekrpockomnii (ATR-FTIR). Bnepiue ekcriepuMeHTalIbHO
IOBEJEHO JiaMEeTPaIbHO IIPOTUJIESKHY POJIb Pi3HUX (PPaKLili F[yMyCOBUX PEYOBUH: (PYIbBOKUCIIOTU IilOThb K
arpecuBHi MOGii3aTopH, 361/1bIIYI04M PO3UMHHICTL MeTaliB (Fe 1o +39%) Ta nigBuILy04n PU3MK BUMUBAHHS

TOKCHKAHTIB, TOJ| SIK T'yMaTH KaJiiio popMyIOTh reoxiMiuyHuil 6ap’ep, iMMOOisIi3yl0un CBMHELD Ta iHIIi [IOJIIOTAHTHU Y



BEPXHbOMY HIAPi I'PYHTY. BUsBIEHO €(DEKT «BiICTPOYEHOI JIETATIBHOCTI»: 3aCTOCYBAHHSI T'YMaTy KaJlilo IOJOBXY€
JKUTTS POCJIMH Ha 5-7 1i6 B yMOBax JIETAJIbHOTO repoilluIHOTO CTPECY, 10 KPUTUYHO BAKJIUBO J1JIs1 BUOKABAHHS
KyJIbTYpH B I10JIbOBUX YMOBax. BCTaHOBJIEHO, 1110 KOMIJIEKCHUI MiKpoOHUI iHOKYJIHT (Bacillus + Trichoderma),
[IOTIPY TUMYACOBE MTOYATKOBE iHrOyBaHHS POCTY, 3a0e31edye Haibinbll CTiNKy 6ioferpajalilo 3aaullKiB ridocary
Ta 3HWXKYE CMEPTHICTb pOoCivH 10 33%. 3a pornomoroio ATR-FTIR crieKTpocKorii MifTBEpAKEHO YTBOPEHHS
CyIIpaMOJIEKYJISIPHUX T'YMiHOBO-JIiMIiTHMUX KOMILJIEKCIB, 1110 «iHKAIICYJIIOIOTh» MOJIEKYJIM repoilyiB, 3HIKYIOUH ix
6iomoctynHicTs. EkoHOMiuHNMM aHani3 (Cost-Benefit Analysis) nokasas, 110 BUKOPUCTaHHS TyMaTy Kajlilo 3abe3neyye
peHTabesnbHicTh iHBecTUwiit (ROI) no 1168%, a 3acTocyBaHHs MiKpOOHUX eCTPYKTOPiB (ROI 788%) € eKOHOMIYHO
HeWUTpaybHUM 3aBASKY eKOHOMII Ha MiHepasibHUX No6puBax (10-15%). Po3pobseHo TprupiBHEBY TEXHOJIOTIYHY CXEMY

3aCTOCYBaHHS I'YMIHOBUX ITpEIapariB 3aJI€>KHO Bij] alpOHOMIYHOI METH.

2. The dissertation addresses the urgent problem of soil contamination with herbicide residues (particularly
glyphosate) under intensive farming conditions and substantiates effective biotechnological remediation methods.
The study comprehensively investigates the effects of different humic substance fractions (fulvic acids and
potassium humate) and microbial inoculants on soil phytotoxicity, chemical element migration, and biological
activity recovery in southern chernozem. The methodology combines laboratory modeling (vegetation
experiments with Sorghum bicolor), field trials, X-ray fluorescence (XRF), and ATR-FTIR spectroscopy. For the first
time, the study experimentally proves the diametrically opposite roles of different humic fractions. Fulvic acids act
as aggressive mobilizers, increasing metal solubility (Fe by up to 39%) and heightening the risk of toxicant leaching.
In contrast, potassium humate forms a geochemical barrier, immobilizing lead and other pollutants in the topsoil
layer. The “delayed lethality” effect was discovered: potassium humate extends plant survival by 5-7 days under
lethal herbicide stress, which is critical for crop survival in field conditions. The complex microbial inoculant
(Bacillus + Trichoderma), despite initial temporary growth inhibition, ensures the most stable biodegradation of
glyphosate residues and reduces plant mortality to 33%. ATR-FTIR spectroscopy confirmed the formation of
supramolecular humic-lipid complexes that “encapsulate” herbicide molecules, reducing their bioavailability.
Economic analysis (Cost-Benefit Analysis) demonstrated that potassium humate application provides a return on
investment (ROI) of up to 1168%, while the use of microbial destructors (ROI 788%) is economically neutral due to
savings on mineral fertilizers (10-15%). A three-level technological scheme for humic preparation application
depending on agronomic goals was developed.
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