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Pedepar:

1. MeTo10 foCTiIpKeHHs 6yJ10 OL[iHUTH NOTEHLlias IIMOUMHHOTO HaBYaHHsI [71s1 BUSIBJIEHHSI peCIlipaTOPHUX
3aXBOPIOBaHb Yy 3aIMCaXx JIET€HEBUX 3BYKiB (ayCKyJIbTallisl), @ TAKOXK BUBYUTU MOXKJIUBICTD 301/IbIIEHHS OOCATY
TPEHYBaJIbHUX [aHUX LUJISIXOM I'eHepallii CHHTETUYHUX CIIeKTPaJIbHUX perpe3eHTaliil. ¥ po6oTi 3arrporloHOBaHO
NASCA-metop (Neural-Augmented Sound Classification for Auscultation), o noesiHye 06po6Ky ayzio3anucis,
3TOPTKOBI BapialiiHi aBrokogyBanbHuku (CVAE) ny1s ayrmenTauii Ta knacuuny CNN-mogzess. JociigkeHHs 6yio
IIpoBeieHO Ha 0CHOBI Habopy naHux ICBHI (MibxxaaponHa koHdepeHLis 3 6iomenuyHoi Ta MegnyHoi iHpopmaTukm),
SKUH ckiagascs 3 126 cy6'ekriB i 3arasom 920 3ByKiB aycKyJibTallii lereHs, cepep akux 810 i3 XpoHiYHUMU
3aXBOPIOBaHHSIMHU, 75 3 He XPOHIYHUMU 3aXBOPIOBaHHIMU Ta 35 6e3 6y/b-sKUX naTosoriil. Ha erari nonepenHboi
06pOo6KM YacToTa OyJia 3HMXKeHa 10 4 KI'1 i 6ys10 BiadinbTpoBaHo HeiHpOpMaTUBHI 4YaCTOTHI AianasoHu. Koxen

3pa3okK 0yB II€peTBOPEHUN y YACTOTHUI CIIEKTP, i Oy 3reHepoBaHi MeJl-ClieKTporpamu. [1j1s1 BUpilneHHs



npo6sieMu AucbanaHCy KaaciB 6ys10 3reHepOBaHO CUHTETUYHI CIIEKTPOrPaMU 3 BUKOPUCTAHHSIM 3TOPTKOBUX
BapialiliHuX aBTOKyAyBaJIbHUKIB. [I715 TOGYIOBU MOJieli OyJla BUKOPUCTaHa KJIacHYHa 3rOPTKOBAa HEHPOHHA
Mepexa. EQeKTUBHICTb airopuTMy OLiHIOBAJIM 32 LOIIOMOTOI0 NepexpecHoi Baigauii 3 10-KpaTHUM MOAII0M, a
TaKOX 4epe3 eKCIIePUMEHTH 3 PO3[iJIEHHSIM ayZio3anuciB Ha HaBYaJIbHi Ta TECTOBI HA60PU HA OCHOBI IPYIyBaHHS
nauieHTiB. Pe3ysibTaTu 6yJu OLiHEH] 32 TAKUMU METPUKAMU, SIK Yy TJIUBICTh, crienndivnicTs, F1-mipa Ta koedilieHT
Kamna KoeHa, i gocsirnu F1-mipu B 98,45% n1s1 3amadi kiacudikariii Ha 5 kiacis. JJocmimkeHHs TinKpecaoe
IIOTEHIiajl 3aIIPOIIOHOBAHOT0 METOAY 71l CUHTE3Y Ta 306i/1bLIIEHHS YyTIMBUX MEIUYHUX JAHUX i BUBHaYae 06J1acTi
1714 TTOJAJIbIINX AOCIIKEHD Y BUABJIEHHI KIIIHIYHMX peCcripaTOpPHUX 3aXBOPIOBaHb. 3allpOIIOHOBAHMUY MiAXiz, 10
CHHTe3y JaHUX Ma€ 0COOJIMBe 3HaYeHHS B MEIUYHUX JOCIIKEHHSX, e 4aCTO 6paKye SIKiCHUX i 30a71aHCOBaHUX
3amnuciB. 3aCTOCYBaHHS 3rOPTKOBUX BapialliiiHUX aBTOKOIyBAJIbHUKIB [IJISl TEHEPYBAHHS CUHTETUYHUX 3pa3KiB
iCTOTHO MOKpallly€ KiCTb HaBYaHHS MOZEJIEN, 110, CBOEIO YEProl0, MO3UTHUBHO BILJIMBAE HA TOYHICTb Kiacudikauii Ta
PaHHIO [iarHOCTUKY PeCHipaTOPHUX 3aXBOPIOBaHb. BUKOpHCTaHHS IIIMO0KUX HEMPOHHUX MEPEX [1JIs1 aHali3y
MEIVYHMX ay[li0JaHMX BiIKDMBA€ HOBI IEPCIEKTUBY aBTOMATH3allil iarHOCTUYHUX NpoLeciB. Takuii migxin Moxxe
iCTOTHO CKOPOTUTHU 4ac /1J1s [IEPBUHHOI OLiHKM CTaHy NallieHTa, [I0JIETINTH HaBaHTaXEHHS Ha MeJUYHUX (PaxiBLiB i
HiABUIIMTY €(PEKTUBHICTD JIIKYBaHHS, JAI0YM 3MOTY 30CEPEIUTHCS HA KPUTUYHUX BUNagkax. [lopanbmi
IOCJIIKeHHSI BApTO 30CEpPeUTH Ha KiJIbKOX B3a€MOIIOB'sI3aHUX HanpsiMax. Hacamnepe[, MIaHyeTbCsl pO3LIMPUTH
NASCA-MmeTog, IJISIXOM iHTerpallii eMoeJANHTiB JlereHeBUX 3BYKIB i3 BeIMKUMU MOBHUMHU Mogessimu (LLM) st
MyJIbTUMOJAJIBHOTO aHali3y (TEKCT + ayfio) 3 BukopuctaHHsiM GPT, BERT Toujo. AKTyasIbHUM € TaKOXK BKJIIOYEHHS
10 aHaJli3y iHmMX 6i0MeINYHUX CUTHAJIIB, HAlpUKJIaJ (OHOKapAiorpam, i ix Kom6iHOBaHe BUKOPUCTAHHS 3
JlereHeBUMHU IIyMaMHU 331151 MiJBUIIEHHS AiarHOCTUYHOI cienrdivyHocTi. KpiM Toro, cyTTeBi nepcneKkTrusu
BiIKpMBae po3pobkKa Ta Bajiganis ¢peneparuBHoro HapyaHHs (FL) 111 06po6Ky po3NoAiNeHUX KliHiYHUX 6a3 3
yPaxyBaHHSM BUMOT KOHQiAEHUIAHOCTI Ta 3aXUCTy NEPCOHAIBHUX AaHUX. [lopsy i3 um, onTUMi3aLisl apXiTeKTyp
IJIMOMHHUX MEPEX i BIOCKOHAJIEHHS METO[IiB FreHepallii CHHTeTUYHUX JaHUX 3aJIMIal0ThCSI BasKJIMBUMU

3aBIAHHSIMU 7151 €(PEKTUBHOIO NIO/I0JIaHHA JucOanlaHCcy KiaciB i 3a6e3redyeHHs! BUCOKOI TOUHOCTI 1iarHOCTHKM.

2. This study aimed to assess the potential of deep learning for detecting respiratory diseases in lung auscultation
recordings, as well as to explore the possibility of expanding the training dataset by generating synthetic spectral
representations. The NASCA method (Neural-Augmented Sound Classification for Auscultation) is proposed,
combining audio preprocessing, convolutional variational autoencoders (CVAE) for augmentation, and a classical
CNN model. The research utilized the ICBHI (International Conference on Biomedical and Health Informatics)
dataset,which consisted of 126 subjects and a total of 920 lung auscultation sounds, including 810 with chronic
diseases, 75 with non-chronic diseases, and 35 without any pathology. The preprocessing stage involved reducing
the frequency to 4kHz and filtering out non-informative frequency bands. Each sample was then transformed into
a frequency spectrum and Melspectrograms were generated. To address the issue of class imbalance, synthetic
spectrograms were generated using convolutional variational autoencoders. A classical convolutional neural
network was employed to build the model. The performance of the algorithm was evaluated through 10-fold cross-
validation, as well as through experiments that split the audio recordings into training and test sets based on
patient grouping. The results were evaluated using metrics such as sensitivity, specificity, F1-score, and Cohen’s
kappa, and achieved an F1-score of 98.45% for the 5-class classification problem. The study highlights the potential
of the proposed method for synthesizing and augmenting sensitive medical data and identifies areas for further
research in the detection of clinical respiratory diseases The proposed data synthesis approach is particularly
significant in medical research settings, where access to high-quality and balanced datasets is often limited. The
use of convolutional variational autoencoders to generate synthetic samples substantially improves model training
quality, which in turn has a beneficial impact on classification accuracy and early detection of respiratory diseases.
Employing deep neural networks for the analysis of medical audio data opens new prospects for automating
diagnostic procedures. This approach can considerably reduce the time needed for initial patient assessment,
lessen the workload on medical professionals, and enhance treatment efficiency by allowing specialists to focus
more on critical cases. Future research should focus on several interrelated directions. First, it is planned to
expand the NASCA method by integrating lung sound embeddings with large language models (LLMs) for



multimodal analysis (text + audio) using GPT, BERT, etc. Additionally, the analysis of other biomedical signals, for
instance phonocardiograms, and their combined use with lung sounds could enhance diagnostic specificity.
Furthermore, there are substantial prospects in developing and validating federated learning (FL) for distributed
clinical databases, taking confidentiality and data protection requirements into account. Alongside these efforts,
optimizing deep neural network architectures and improving synthetic data generation methods remain crucial
tasks for effectively addressing class imbalance and ensuring high diagnostic accuracy.
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