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1. Inceprarnist NpUCBsA4Y€HA PO3POOJIEHHIO Ta JOCIIKEHHIO iHTEIEKTyaIbHUX MOJIeJlell IPOTHO3YBaHHS
BPOXKaltHOCTi Ha OCHOBI METO[iB MAIIMHHOTO Ta INIMOMHHOTO HABYaHHS 3 YPAaxyBaHHSIM arpoOKJIiMaTUYHUX YMHHUKIB.
AKTyasbHICTb NOCJIIKEHHS 3yMOBJIEHA 3DOCTAHHSIM KJIiIMaTUYHOI MiHJIMBOCTI, MiJBULIEHHSIM 4aCTOTH
€KCTPEMaJIbHUX IIOTOJHUX SIBUII, IPOCTOPOBOIO0 HEOQHOPINHICTIO arpOK/IiMaTUYHUX YMOB Ta HEOOXiAHICTIO
1o0yJOBY CTiMKMX IIPOTHO3HUX OLIIHOK YPOXKAMHOCTI AJ1s1 MiITPMMKU YIIPABJIiHCHKUX PillleHb Y POCJUHHULTBL. Y
po60Ti cPOPMYJILOBAHO Ta PO3B'SI3aHO HAYKOBO-TIPMKJIAAHY 3a/1a4y [TOOYI0BU iHTEJIEKTyaIbHUX MOJeen
IIPOTHO3YBaHHS BPOKANHOCTI, 5IKa OXOIUIIOE MiJrOTOBKY arpoKIiMaTUYHUX JAaHUX, GOpPMYyBaHHS iHPOPMATUBHOTO
03HaKOBOI'O IIPOCTOPY, NOOYIOBY IPOTHO3HUX i KIacu@ikaliliHUX MOJEJIEN, OLiHIOBAaHHS PU3UKY HU3bKOI
BpPO>KAMHOCTI Ta ONTUMI3ALiNHMI aHasi3 mapaMmeTpiB Bererauii. [I[porpaMHy peasnisalilo OTpUMaHUX PE3YJbTaTiB

3AilicCHeHO y BUrJIAAi iHdpopmMauiiHo-aHasiTuYHOI cuctemu «[TmeHnns Ykpainu». MeToo gucepraniiHoi poboTH €



PO3pOO6JIEHHS iHTEIeKTyaIbHIUX MOJIesIell IIPOrHO3YBaHHS BPOKAMHOCTI HA OCHOBI METOZiB MAIIMHHOTO Ta
IJIMOMHHOTO HaBYaHHS JJ1s1 MiIBULIEHHS TOYHOCTI, CTiKOCTi Ta iHpOPMaTHBHOCTI IPOrHO3HUX OLIIHOK B yMOBaX
MiHJIMBOCTi arpoK/liMaTUYHNX YMHHUKIB. OO'€KTOM OCJIIIPKEHHS € IIPOLIECH iHTeJIEKTYaIbHOIO aHali3y,
MOJIEJIIOBAaHHS Ta IIPOTHO3YBAaHHS BPOXKAMHOCTI 32 yMOB 6araTo(p)akTOPHOTO BILIUBY arpOKJIiMaTUYHOTO
cepenoBumia. IIpegMeToM JOCTIIKEHHS € METOI M, MOJeJsli Ta IPorpamHi 3acoby o6yJ0BY iHTENEeKTyaJIbHUX
MogeJsiel IPOrHO3yBaHHSs BPOXKANHOCTI, 110 6a3yl0ThCSI HA MiArOTOBL arpoKIiMaTUYHUX JaHuX, GOpMYyBaHHI
iH(popMaTUBHOrO 03HAKOBOTO ITPOCTOPY, 3aCTOCYBaHHI METOiB MALIMHHOTO Ta IJIMOVMHHOTO HaBYaHHS, OLliHIOBaHHI
PU3MKIB i onTMMI3alii mapameTpis Bererauii. HaykoBa HOBU3HA OfepKaHUX PE3YJbTATIB I10JISITa€ B TOMY, 110
yIOCKOHaJIeHO MeToT, GOPMYBaHHS arpoKJIiMaTUYHOTO O3HAKOBOTO IIPOCTOPY [JIs1 MOZesiel IPOTHO3yBaHHS
BPO>KafHOCTI IIJISIXOM IIPOCTOPOBO] arperatiii KjliMaTHYHUX JaHUX, I00YJ0BU TPEHAOBUX 3aJIUILKIB i 30HaJIbHOTO
rpyIyBaHHs obs1acTel YKpaiHu; yIOCKOHAIEHO METOOMYHUM MifXif, [0 IPOrHO3yBaHHS BPOXKAMHOCTI IIJISIXOM
Iepexo/y Bifl 4MCII0BOrO A0 Ki1acudikaliiiHOro NporHo3yBaHHs1; HabyJIM MOJAJbLUIOTO PO3BUTKY METOIU
€HJIOTeHHOT0 Ta eK30I'€HHOTr0 Kylacu(ikalliliHoro MporHo3yBaHHsI BPOKAaMHOCTI Ha OCHOBI MOJieJlell MalllMHHOTO
HaBYaHHS; yIOCKOHAJIIEHO METOJMKY Mifi00Py rineprnapameTpiB IPOrHO3HUX MOJEJIEN LIJISIXOM I0€IHAHHS
PELITKOBOrO NMOLYKY 3 aHasizoM rpynu TOP-3 koHpirypatiii, Biniopanux 3a meTpukoro F1 Ha Basniganiiiniil Bubipuy;
HabyJIY [OAJBLUIOrO PO3BUTKY TEOPETUKO-TIPMKJIIANHI MiTXOM 10 3aCTOCYBAHHS PEKYPEHTHUX HEPOHHUX MepesK
GRU ta LSTM y 3apjayax NpOrHO3yBaHHS BPOXKaMHOCTI; ynepiie po3po6aeHo MeTo (POpMyBaHHS HEJiHITHMX 03HaK
KyMYJISITUBHOTO KJIiIMAaTMYHOIO BIIMBY HAa OCHOBI CUHTE3Y O3HAaK APYroro MOpPsIKY; YAOCKOHAJIEHO METOIUYHI
3acajy OLiHIOBaHHS pU3UKY HU3bKOI BPOXKAHOCTI Ha OCHOBI ifeHTH(iKaLii po3noiNiB TPEHO0BUX 3aIMLIKIB i
KBaHTWJIbHUX OLiIHOK PU3UKY; HaOyJI1 MOAAJbLIIOr0 PO3BUTKY 3aCO0M IIPOrpaMHoOi peasizallii iHTen1eKTyaabHUX
MoJeJsiell MPOTHO3yBaHHS BPOXKaMHOCTI B iH(popMaliiiHO-aHaliTU4HIN cucTeMi. Y pe3ysibTaTi JOCHiIKeHHS
c(pOpPMOBaHO BifITBOPIOBAHY arpOKJIiMaTUYHY MaTpUILI0 O3HaK 1714 18 obsactet YKpaiHu, 06rpyHTOBAHO JOLiIbHICTh
Iepexojly Bil abCOIOTHUX 3HAa4€Hb YPOXKANHOCTI 0 TPEHIOBUX 3aJIMLIKIB K LiJIbOBOi 3MiHHOI, BUKOHAHO
arpokJliMaTUyHe TpyIyBaHHs obsacTell YKpaiHu 3 BUMiIJIEHHSIM CTEIOBO, JIiCOCTEIIOBOI Ta 3axXifjHOI 30H, 1O Jajl0
3MOTY 301/IbIIATHA OOCAT HAaBYAJIbHUX BUOIPOK i MiABUIINATHU CTiliKiCTh Moaesel. [IoOyoBaHO Ta OPiBHSIHO
€HJOTeHHi I eK30TreHHi KiacudikaliiiHi MoJesli MalIMHHOTO HaBYaHHS, a TAKOXX PEKYPEHTHI HEIPOMepesKeBi
MogeJi porHo3yBaHHs. [TokazaHo, 110 AJ1s1 KOPOTKUX i €J1abKO aBTOKOPEJIbOBAaHUX PsifiB TPEHIOBUX 3a/IULIKIB
301/IbIIEHHS CKJIQAHOCTI MOZEJIi He TapaHTye IOJIMNIIEHHS IKOCTi IIPOrHO3Y, TO/i IK BAKOPMCTaHHS 30BHIilIHIiX
arpoKJIIMaTUYHUX i peKMMHUX 3MiHHUX iCTOTHO MifBUIye TOYHICTb Kiacudikauii. Po3pobseHo nigxiz, 1o
OLiHIOBaHHS PU3UKY HM3bKOI BpOKaMHOCTI HA OCHOBI CTaTUCTUYHOIO Ta KBAHTUJIbHOTO aHAaJli3y TPEHIOBUX
3aJIMIIKIB, a TAKOX MiXiM 10 BUSHAYEHHS CIIPUATIUBOI TEMIIEPATyPHOI TpaeKTopii Bereranii. OKpemo MokazaHo
MOXJIMBICTb 3aCTOCYBAHHS [IPOTHO3HUX MOJIeJIeH 117151 OLIiHIOBaHHSI BTPAT YPO>KAMHOCTI 32 YMOB 30BHIIIHIX IIOKIB.
[IpakTH4He 3HaY€HHS OJJ€P>KAaHMX PE3YJIbTATIB M0JISITae B TOMY, IO PO3PO0JIEH] iHTe/IeKTyaIbHi MOZieli, MeTOAU
dhopMyBaHHS arpokJiMaTUYHUX BUOIPOK, MiIXONY [0 OLIiHIOBAaHHS PU3UKY Ta IIPOrpaMHi 3aco01 MOXYTb OyTU
BUKOPUCTaHI 1151 TPOTHO3YBaHHS BPOKAMHOCTI, OLIIHIOBAHHS arpPOKJIIMAaTUYHUX PU3UKIB i MIOTPUMKU IIPUNHATTS
yIIPaBJIiHCbKUX pillleHb y POCIMHHULTBI. [HPpopmMaLiliHO-aHaiTUYHa cuctema «[lTmenuist Ykpainu» 3abesneuye
aBTOMAaTHM3ali0 MiATOTOBKY IaHuX, GOPMYyBaHHS O3HAK, 1I0OYA0BY ITPOTHO3HUX MOJI€JIeH, OLiHIOBAaHHS PU3KKIB,
onTuUMi3zallii mapaMmeTpiB BereTallii, Bidyasisallii pe3yJbTaTiB, CLIeHapHOI0 aHali3y Ta pOpMyBaHHS aHAJIITUMHUX
3BiTiB. OZiep>XaHi pe3yabTaTu MOXYTb OyTH BUKOPUCTaHi arpapHUMU NiJIIPUEMCTBAMH, HAYKOBO-OCIIIIHUMU

yCTaHOBaMU, OpraHaMy PETiOHaJIbHOTO YIIPABJIiHHA Ta B OCBITHbOMY IIPOLIEC] 3aKJIa/iiB BUILOI OCBITH.

2. The dissertation is devoted to the development and investigation of intelligent yield forecasting models based on
machine learning and deep learning methods with consideration of agroclimatic factors. The relevance of the
research is determined by increasing climate variability, the growing frequency of extreme weather events, the
spatial heterogeneity of agroclimatic conditions, and the need to build robust yield forecasts for supporting
managerial decision-making in crop production. The dissertation formulates and solves a scientific and applied
problem of constructing intelligent yield forecasting models, which includes the preparation of agroclimatic data,
the formation of an informative feature space, the development of forecasting and classification models, the
assessment of low-yield risk, and the optimisation analysis of vegetation parameters. The software implementation



of the obtained results was carried out in the form of the information and analytical system “Wheat of Ukraine”.
The aim of the dissertation is to develop intelligent yield forecasting models based on machine learning and deep
learning methods in order to improve the accuracy, robustness, and informativeness of forecasts under conditions
of agroclimatic variability. The object of the research is the processes of intelligent analysis, modelling, and
forecasting of yield under the multifactorial influence of the agroclimatic environment. The subject of the research
is methods, models, and software tools for constructing intelligent yield forecasting models based on the
preparation of agroclimatic data, the formation of an informative feature space, the application of machine
learning and deep learning methods, risk assessment, and optimisation of vegetation parameters. The scientific
novelty of the obtained results lies in the following: the method for forming an agroclimatic feature space for yield
forecasting models has been improved by means of spatial aggregation of climate data, construction of trend
residuals, and zonal grouping of Ukrainian regions; the methodological approach to yield forecasting has been
improved by moving from numerical to classification forecasting; methods of endogenous and exogenous
classification-based yield forecasting using machine learning models have been further developed; the
methodology for selecting hyperparameters of forecasting models has been improved by combining grid search
with the analysis of a TOP-3 group of configurations selected by the F1 metric on the validation sample; theoretical
and applied approaches to the use of GRU and LSTM recurrent neural networks in yield forecasting tasks have
been further developed; a method for forming nonlinear features of cumulative climate impact based on the
synthesis of second-order features has been developed for the first time; methodological principles for assessing
low-yield risk have been improved on the basis of identifying distributions of trend residuals and quantile-based
risk estimates; and software tools for implementing intelligent yield forecasting models in an information and
analytical system have been further developed. As a result of the study, a reproducible agroclimatic feature matrix
for 18 regions of Ukraine was formed, the feasibility of moving from absolute yield values to trend residuals as the
target variable was substantiated, and agroclimatic grouping of Ukrainian regions was carried out with the
identification of the Steppe, Forest-Steppe, and Western zones, which made it possible to increase the size of
training samples and improve the robustness of models. Endogenous and exogenous classification models of
machine learning, as well as recurrent neural network forecasting models, were constructed and compared. It was
shown that for short and weakly autocorrelated series of trend residuals, increasing model complexity does not
guarantee an improvement in forecast quality, whereas the use of external agroclimatic and regime variables
significantly improves classification accuracy. An approach to assessing low-yield risk based on statistical and
quantile analysis of trend residuals was developed, as well as an approach to determining a favourable temperature
trajectory of the vegetation period. The possibility of applying forecasting models to assess yield losses under
external shocks was also demonstrated. The practical significance of the obtained results lies in the fact that the
developed intelligent models, methods for forming agroclimatic samples, approaches to risk assessment, and
software tools can be used for yield forecasting, assessment of agroclimatic risks, and support of managerial
decision-making in crop production. The information and analytical system “Wheat of Ukraine” provides
automation of data preparation, feature formation, construction of forecasting models, risk assessment,
optimisation of vegetation parameters, visualisation of results, scenario analysis, and generation of analytical
reports.
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