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1. Incepraniiina po60Ta IPUCBIY€HA BUPIIEHHIO aKTyaJIbHOI HAYKOBO-TIPUKJIAIHOI IPO6JIEMH — CTBOPEHHIO
METOJI0J10Tii 6araTOBUMipHOr0 aHali3y MyJIbTUMOAAIBHUX NAHUX 17151 TO0Y0BU iHPOopMaliliHOi TeXHOIOTii
aBTOMAaTU30BaHOI 06POOKY Pi3HOPiNHOI iHpopMalii. AKTyalbHICTh 3yMOBJIEHA CTPIMKUM 3POCTAaHHSM OOCSITIB Ta
PI3HOTUIIOBOCTI IaHMX Y KPUTUYHUX cPepax, Ae iHpopMmaliiiHi CUCTEMU NPALIOIOTD i3 CUTHATIAMU, 300PasKEHHSIMU,
TekcTamu Touo. OCHOBHA CKJIAIHICTb — IHTErpallis, aHajli3 i iHTeprpeTanis JaHUX i3 Pi3HOK CTPYKTYPOIO Ta SKiCTIO.
HaykoBa HOBU3HA JOCIiKEHHS NOJIsIrae y po3po6JeHHI METOAOJIOTII 17151 To6Y0BY iHPOopMalliliHOi TeXHOJIOT1i, siKa
MIO€JIHYE METONM 6araTOBUMIpHOTO aHasi3y, CMHHXPOHi3allii Ta afanTUBHOI 0OpPOOKY MyJIbTUMOIANIbBHUX NAHUX.
Briepiue 3arrporioHOBaHO KOHIEMiI0 (POPMYBaHHS y3rOIpKEHOT0 6araTOBUMIPHOTO 03HaKOBOI'O ITPOCTOPY, L0
II03BOJIsSlE BUOKPEMJIIOBATU iH(POPMATUBHI O3HAKM 17151 KOXKHOI MOJIaJIbHOCTI, BUKOHYBATH iX Y3ro[)KEHHS Ta
00'eJHaHHS Yy CIIiJIbHY MOJIeJIb 06'€KTa. 3allpOIIOHOBAHO METOJ, NOOYA0BY iepapXiuHoi Moei Knacudikarii, sika
iHTerpye MojieJli OKpEMHUX MOLATBHOCTEN Y (PYHKLIOHATIbHY CUCTEMY ML TPUMKHU IPUMHATTS PillleHb, a TAKOX

cpopMyIbOBAHO IIPUHLMIIN 6araTOBUMIpPHOIO aHai3y, 110 BPaXOBYIOTh BUMOTH 10 TOYHOCTI, CTIIKOCTi Ta



aJlaliTUBHOCTI iHQOpMaLilHUX CUCTEM. Y MeXaxX PO3p06JIEHOI METOL0JIOTI] 3alTPONIOHOBAHO METO/, iHTerpartiii
IAHUX, L0 Nlepenbaydae rnoeTanHe Ta afanTuBHe 060'efHaHHS iHdopMallii 3 pi3HUX MOJIaIbHOCTEN Y €UHUI BEKTOP
o3Hak. [Toganbuie GpopMyBaHHS y3arajJbHEHOIO MaCUBY BXiJHUX [aHUX 3a0e3Ieuye IepeTBOPEHHS OKPEMUX
CIIOCTEPEsXEHb Y LiiCHUN Habip 1J1s1 100y#oBU Mozei-knacudikaTopa. EkCriepuMeHTH OKa3aan BUCOKY
e(eKTUBHICTb 1bOTO MigX0y: TOUHICTb 96 %, macro avg i weighted avg F1 = 0,962. Lle cBigunTh npo 36a1aHCOBaHy
kilacudikalilo HaBiTh y CKJIaIHUX 6araTokJIacoBUX 337a4ax, 1[0 pOOUTh METOZ, [1IePCIEKTUBHUM [1JIs MiABUILEHHS
TOYHOCTI IiarHOCTUKU. OKpeMO Po3po6IeHO MeTOo I, O6YA0BY MYJIbTUMOAIbHOI MO, 110 Nepeoadae
CTBOPEHHS OKPEMUX MOJEJIEN 17151 KOXKHOI MOJQJIbHOCTI 3 OAJIBIION IHTErpaLli€lo Pe3yIbTaTiB iX MOJEJIIOBAHHS B
€IVHy iepapxiuHy cTpyKTypy. Takuil ninxin 3a6esnedns 71,5 % TOYHOCTI, 3 BiTHOCHO BUCOKMMU [TOKa3HUKAMMU 7151
kiacis Healthy (F1 = 0,73) ta Other (F1 = 0,76), ane Husbkumu A Ischemic (F1 = 0,31). Lle Bkazye Ha 1oTpedy
NOJa7IbIIoI ONTHMIi3alii 03HaKOBOTro NpocTopy. [I71s1 06'€KTUBHOI epeBipKU PO3PO6IEHO METOJ, OL[iHIOBAHHS
eEeKTUBHOCTI aHaJIi3y MyJIbTUMOJAIbHUX JAHUX 33 TOYHICTIO, IOBHOTOIO, F1-MeTprKOI0, YacoM 06pOOKH Ta
cTabinpHiCTIO Moiesiell. Pe3ysibTaTy okasanu nepesary iHTerpatii Ha piBHi o3Hak (feature-level fusion) — TouyHicTb
96%, F1 = 0,962 - Hap iHTerpauieio Ha piBHi Mogeneii (71,5 %, F1 nng Ischemic = 0,31). Bucoki noka3HUKYU 3yMOBJIEHI
(pOpMyBaHHSIM y3rOIPKEHOT0 03HAaKOBOTO [TPOCTOPY, 10 3MEHIIye BTpaTu iHdopmalii. Bukopucranus Apache Spark
3a0€e31e4yunsio pUCcKopeHHs o6pobku y 1,35-1,6 pasa nopisHsiHO 3 Hadoop Ta ckopouyeHHs 4acy 6isbut Hix Ha 100
CeKyHJ. JIOCTOBIpHICTh HAYKOBUX i NPAKTUYHUX PE3YyJILTATIB MiTBEPIKYETHCA MaTepiaslaMy BIIPOBAIPKEHHS
IycepTalifHUAX AOCIiI)KeHb, @ TAKOXK MOPIBHSHHSM OTPMMAHUX TIOKA3HUKIB i3 pe3ysibTaTaMy, JOCSTHYTUMU TIPU
3aCTOCYBaHHI TpaguLifHUX METOLIB i miaxoniB ass knacudikauii craHis nauieHTis. Kimoyosi cyosa: indopmauis,
MeTO0J0JI0Tis, iHpopMaliiliHa TeXHOJIOTisI, MyJIbTUMOZAJbHI JaHi, 6araToBUMipHUI IPOCTIip, iHpopMaliiliHa cuctema,
IIPOTHO3YBAaHHS, MOJEJIIOBAHHS, Klacuikalisi, Mofesb, MeTOJ, MiAXiM, aHali3 JaHUX, NOCiIPKeHHs, 00pobKa
indopmauii.

2. The dissertation is devoted to solving the relevant scientific and applied problem of developing a methodology
for multidimensional analysis of multimodal data aimed at creating an information technology for automated
processing of structurally heterogeneous information. The rapid development of digital technologies has led to a
significant increase in the volume and diversity of data, especially in critical domains where information systems
operate with heterogeneous sources: sensor signals, images, time series, structured and unstructured texts, etc.
Such data differ in accuracy, structure, temporal synchronization, may contain noise or be incomplete, which
creates significant challenges for their integration, analysis, and interpretation. The scientific novelty of the
research lies in the development of a methodology for building an information technology that integrates methods
of multidimensional analysis, synchronization, and adaptive processing of multimodal data. For the first time, the
concept of forming a consistent multidimensional feature space is proposed, which allows extracting informative
features for each modality, aligning and combining them into a unified model of the object. A method for building a
hierarchical classification model has been developed, which integrates models of individual modalities into a
functional decision support system, and principles of multidimensional analysis have been formulated that account
for the requirements of accuracy, robustness, and adaptability of information systems. Within this methodology, a
method of modality data integration has been developed, based on stepwise, consistent, and adaptive merging of
information from different modalities into a unified feature vector, followed by combining such vectors to form a
generalized input dataset. This enables the transformation of separate patient observation points into a holistic
dataset and allows building a classifier model on its basis. Experimental results demonstrated that the overall
classification accuracy of the model reached 96%, while macro and weighted average Fl1-scores were 0,962,
confirming balanced classification quality across all classes. These results highlight the model’s ability to effectively
operate even in multiclass tasks with clinically similar states, making it a promising tool for improving diagnostic
accuracy. Additionally, a method for constructing a multimodal model was developed, which involves creating
separate models for each modality and subsequently integrating their outputs into a single hierarchical structure.
This approach improves the number of correctly classified patient states compared to standalone models.
Experimental evaluation showed that this model achieved an overall accuracy of 71,5%, with the highest F1-scores
for the classes Healthy (0,73) and Other (0,76). However, low metrics for the class Ischemic (F1 = 0,31) indicate the



need for further refinement of the feature space and optimization of integration approaches. The research also
extends the method of selecting informative features adapted to heterogeneous data sources. The method
combines correlation analysis, frequency-based filtering, and expert evaluation, which enabled the formation of a
feature space with low inter-modality correlation and high classification significance of features (such as
Alpha_power, GM_WM_ contrast, Spectral_entropy). This reduced redundancy, increased robustness to noise,
and achieved an accuracy of 85% on the test dataset. To ensure objective evaluation of the proposed solutions, a
method for assessing the efficiency of multimodal data analysis was developed. It is based on comparing
experimental results across accuracy, recall, F1-score, processing time, and model stability. The application of this
method confirmed the significant advantage of feature-level fusion over model-level fusion in multiclass clinical
state classification tasks. The feature-level fusion model achieved 96% accuracy and macro/weighted average F1 =
0,962, whereas the model-level fusion approach yielded only 71,5% accuracy and substantially lower F1 for the
Ischemic class (0,31). The superior results are explained by the creation of a consistent feature space at the
preprocessing stage, which minimizes information loss. For scalable analysis, Apache Spark was used, providing a
1,35-1,6 speedup compared to Hadoop, with average time savings of more than 100 seconds per task. Thus, this
dissertation eliminates the limitations of current approaches to multimodal medical data analysis, creating a
scientifically grounded and practically implemented platform for accurate, adaptive, and scalable analysis and
classification of patient states. Keywords: information, methodology, information technology, multimodal data,
multidimensional space, information system, prediction, modelling, classification, model, method, approach, data
analysis, research, information processing.
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