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reoindopMaliiHUX TEXHOJIOTIN

2. Mathematical and Software Tools for Monitoring Grain Crop Yields Using Geoinformation Technologies

Pedepar:

1. Incepraujiiina po60Ta IpUCBIYEHA PO3B’SI3aHHIO aKTyaJIbHOTO HAyKOBO-TEXHIYHOT'O 3aBaHHSI CTBOPEHHS
MaTEeMaTU4HOrO Ta IPOrPaMHOro 3a0e3Me4eHHs 111 aBTOMaTU30BaHOro 300py, iHTerpaliii, ananisy Ta
IIPOTHO3YBAHHS YPO’KANHOCTI 36pPHOBUX KYJIBTYP i3 BUKOPUCTAHHSM reoiH(OpMalLiiiHUX TEXHOJIOTIN B yMOBaxX
Iepexojy 10 TOYHOTO 3€MJIEPOOCTBA, 3pOCTAHHS 00CSTIB Pi3HOPITHUX JaHUX AUCTAHLIHOTO 30HAYBAHHS Ta
IiABUILEHHS BUMOT 10 OOI'PYHTOBAHOCT] arpOTEXHIYHUX pillleHb. Y poOOTi NOKa3aHOo, 0 6i/IbIIICThb iCHYI0UUX
CHACTEM MOHITOPMHIY YPO>KallHOCTi OPi€HTOBaHi IEPEBAKHO HA 30MpaHHs Ta Bidyasizallilo JaHUX i He 320€3M1e4yI0Th
MaTeMaTU4YHO OOI'PYHTOBAHMX MEXaHi3MiB aZJalITUBHOTO IIPOTHO3YBAHHS 3 ypaxyBaHHSM [IPOCTOPOBOI
HEOJHOPIHOCTI N0CiBiB, HETIOBHOTH, 3alIyMJIEHOCTI Ta HEPiBHOMIPHOCTI BxifiHOI iHpopmaliii, 1110 3yMOBUIIO
HEOOXiJIHICTb PO3POO0JIEHHS] HOBUX MiXOiB 10 MOJE/IOBaHHS AUHAMIKU BereTaliliHUX iHIEKCIB i ypO>KallHOCTi.
3anponoHOBAHO aJANTYBHUNI METO, IIPOTHO3YBAHHS JMHAMIKY BET€TALiHUX iHAEKCIB HA OCHOBI Monesli MOHO

IIpolLieciB HAaCMYEeHHS Ta peAyKuii, IKuii 703BoJsie GopMastizyBaTU HeJliHIMHUN XapaKTep PO3BUTKY POCJINH



YIIPOAOBX BET€TALiTHOIO NepioAy Ta y3roAUTU allpOKCUMAaLilHI BIaCTUBOCTI MOZEJIEN i3 TOYHICTIO BXiIHUX JaHUX.
Po3pobneHo meTton ineHTudikanii napameTpiB Mozesiel, o I'PyHTYEThCS HA BUKOPUCTAHHI HAOJIMXEHNX
[TI0YaTKOBHUX OLiHOK i3 [MOJA/bIIUM YTOYHEHHIM 3a IOIIOMOTOI0 IPaJiieHTHUX METOJiB ONITUMI3allii, a TaKOX
no6yJ0BaHO JIBOPiBHEBY aZJalITUBHY MOZEJb [IPOTHO3YBaHHS YPOXKAMHOCTI, SKa IOeIHy€E NMCKPETHI aHcambJieBi
OLIHKY iCTOPUYHMX [AHUX i3 HEIIEPEPBHOIO AIIPOKCUMALIITHOI MOEJIIIO [IJIs1 TIPOrHO3YBAHHS Y NOBILJIbHIN TOYLI]
IIPOTHO3HOTO iHTepBaJly. 3HauHy yBary NpUijieHO BUKOPUCTAaHHIO reoiHopMaLifiHUX TeXHOJIOTI AJ1s1 iHTerparii
naHux BITJIA, no6ynoBu opTo¢OTONIIaHIB, 30HYBaHHS I10J1iB, GOPMYyBaHHS PaCTPOBUX KapT BereTalliiiHUX iHJEKCIB i
IIPOCTOPOBOI iHTEpIIpeTalLil pe3yJIbTaTiB MOLEJIOBAHHS. [IJ1s IPAaKTUYHOI peartisalii 3alIporOHOBaHUX MiTXONiB
PO3p06JIEHO IPOrPaMHY CUCTEMY Ha OCHOBI MOJyJIbHOI CEPBICHO-Opi€HTOBAHOI apXiTeKTypH, sika 3abe3rneyye
MaclTaboBaHICTh, iHTerpalio pisHOPITHUX JXKepeJl JaHUX Ta GOPMYBaHHS arpOTEXHIYHUX PEKOMeHAAllill y
BUIJIZi KapT-3aBJaHb. Pe3ysibTaTu anpoobalii CUCTeMU HAa eKCIIEPUMEHTAIbHUX JAHUX MOHITOPUHTY
CIJIbCBKOTOCIOAAPCHKUX MOJIIB MiATBEPAWIIN ii TpaLe3naTHICTb i IPaKTUYHY JOLINBHICTb, 2 OTPUMAaHI cepeHi
BiJHOCHI ITOXMOKM IPOrHO3YBaHHSI Ha PiBHi 6J113bK0 5 % cBimuaTh po e(eKTUBHICTh 3alIPOIIOHOBAHUX

MaTeMaTUYHUX i IPOrpPaMHUX PillleHb i NiATPUMKH YIIPaBIiHChKUX PilllEeHb Y CUCTEMAxX TOYHOIO 3eMJIEPOOCTBA

2. The dissertation focuses on solving the urgent scientific and technical task of developing mathematical and
software tools for the automated collection, integration, analysis, and forecasting of cereal crop yields. The study
utilizes geoinformation technologies within the context of the transition to precision agriculture, the increasing
volume of heterogeneous remote sensing data, and heightened requirements for the validity of agrotechnical
decisions.The work demonstrates that most existing yield monitoring systems are primarily oriented toward data
collection and visualization, lacking mathematically sound mechanisms for adaptive forecasting that account for
spatial crop heterogeneity, incompleteness, noise, and uneven input information. This necessitated the
development of new approaches to modeling the dynamics of vegetation indices and yields. An adaptive method
for forecasting vegetation index dynamics is proposed based on the Monod model of saturation and reduction
processes. This method allows for the formalization of the nonlinear nature of plant development during the
growing season and aligns the approximation properties of the models with the accuracy of the input data. A
method for identifying model parameters was developed, based on approximate initial estimates followed by
refinement using gradient optimization methods. Additionally, a two-level adaptive yield forecasting model was
constructed, combining discrete ensemble assessments of historical data with a continuous approximation model
for forecasting at any point within the predictive interval. Significant attention is paid to the use of geoinformation
technologies for integrating UAV data, constructing orthomosaics, field zoning, generating raster maps of
vegetation indices, and the spatial interpretation of modeling results. For the practical implementation of the
proposed approaches, a software system was developed based on a modular service-oriented architecture,
ensuring scalability, the integration of diverse data sources, and the generation of agrotechnical recommendations
in the form of task maps. The results of testing the system on experimental monitoring data from agricultural fields
confirmed its functionality and practical viability. The resulting average relative forecasting errors of
approximately 5% demonstrate the effectiveness of the proposed mathematical and software solutions for

supporting management decisions in precision farming systems.
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