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AHOTAILIS

bonoban 0.A. METO/I1 TA 3ACOBU [TPOI'HO3YBAHH S 3AXBOPIOBAHb
JUXAHHS TA AITHOE HA OCHOBI IITYYHOI'O IHTEJEKTY TA MIKPO
CEPBICHOI APXITEKTYPH. — Kpanidikanuiitna HaykoBa npaiis Ha ipaBax pyKOIHCY.

Juceprarist Ha 3100yTTS HAyKOBOTO CTYIEHS JOKTOpa (imocodii 3 ramysi 3HaHb
122 Komm’roTepHi Hayku 3a crnenianbHicTio 122 Komn’rotepHi Hayku. — HarioHamsHMiA
TeXHIYHMH yHiBepcuteT Ykpainu «KuiBCbKHI TMONITEXHIYHMH IHCTUTYT iMeHi Irops
Cikopcbkoroy», Kuis, 2025.

CuHIpoM OOCTPYKTHBHOIO allHOE CHY Ta XPOIIHHS € IOMIMPEHUMH MaTOJIOTIsIMH,
[0 3HAYHO BIJIMBAIOThL HA SKICTEL JKUTTS MAlli€cHTIB, 0c00auB0o micius nangemii COVID-
19. Po3magy cHY MOKYTh CIIPHYHHSTH COHJINABICTE, 3HIKEHHS KOHIICHTpAIlil, KOTHITUBHI
NOPYLICHHS Ta MiIBHUINYBATH PH3UK CEPLEBO-CYJHHHUX 3aXBOPIOBAHb i CMEPTHOCTI.
Opnak mumre 20% mNamieHTIB OTPUMYIOTh BUACHHN JiarHO3, OCKUTBKH iCHYIOUI 3ac00H
JIarHOCTUKU € JIOPOTHMH, MAJIOJOCTYIIHUMH a00 He 3a0e3MedyloTh KOMIIJIEKCHOI'O
aHaJi3y JUXaJbHUX IMapaMeTpiB. BUTbIIICTh KOMEPIIMHUX MPUCTPOIB OOMEXEHI Jinie
BUMIPIOBaHHSM PIiBHSI KHCHIO B KPOBI Ta CEpPIIEBOTO PUTMY, L0 HE J03BOJISIE €PEKTUBHO
ineHTHdIKyBaTH IUXaIbHI HATOJIOTI.

JlaHe [IOCHiIKEHHsI CIpsSMOBaHE Ha PO3POOKY IHTENEKTYaJdbHOI CHUCTEMH
MOHITOPUHTY Ta MPOTHO3yBaHHS MOPYIICHb AUXaHHS IiJl 4aC CHY Ha OCHOBI IITY4YHOTO
iHTeNeKTy. 3amporoHOBaHA CHCTEMa IIO€JHYE TEXHOJIOT MAIIMHHOTO HaBYaHHS,
HEHPOHHUX MEPEX Ta METO/AIB 0OpOOKH 0IOMEIMYHMX CHTHAIIB JJISl BUSBJICHHS allHOE
Ta IHIINX ITUXATBHUX PO3JaliB. ApXITEKTypa pilllecHHs 0a3yeThbCs Ha MiKpOCEPBICHOMY
MiAXO0/i 3 BUKOPUCTAHHSM PO3IOAUICHUX O0YHCIICHB, a CaMe MPHUKIHICBIUX OOYKCIICHB,
mo 3a0e3nedye eheKTHBHY 00pOOKY AaHMX Oe3nocepenHbO Ha MPHCTPOi Ta MiHIMI3ye
3aTPUMKH TIepeaadi.

3ampornoHoBaHWil  miaXiy —mepexdavae  alanTUBHY — OOpOOKYy — CUTHAIIB
¢dororern3morpamu (anri. Photoplethysmography (PPG)) ta iHmmx GiomenuuHux

MOKa3HUKIB 3 BUKOPUCTAHHAM METOMIB (inbTpallii IIyMiB, a TakoX MPOTHO3YBaHHS
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CTaHy MAaIli€HTa 32 JOITOMOT0K MOIEI I0Bra KOpoTKoYacHa maM'sth (auri. Long short-
term memory (LSTM)). IuTerpariisi cepBiCHO-OpPIEHTOBAaHOI apXiTEKTypH JO3BOJISIE
MacmTadyBaTH CUCTEMY [UJISl TIOJANBIIOTO PO3BUTKY, IO POOUTH ii MPUIATHOIO IS
MEPCOHATBHOTO Ta KITIHIYHOTO BUKOPHUCTAHHS.

Pesynprati IOCHIMKEHHS BIAINOBINAIOTH CYYaCHUM TEHICHILISAM DPO3BHUTKY
IU(pPOBOi MEIOWIWHY, CIPHSIOTH BIPOBAKCHHIO IHHOBAIIIMHUX TEXHOIOTIH y cdepi
JIarHOCTUKM PO3JIa/iB CHY Ta MOXYTh OYTH BHKOPHCTaHI B IpOrpaMax pPO3BUTKY
«laTeprHery Memmunmx peuei» (amrmn. Internet of Medical Things (IoMT)) Ta
KOTHITUBHHX 00YMCIIeHb. METOI0 AucepTaliii € po3podka Moeni kiacudikaropa amHoe-
rimomHoe CHY Ta BIPOBA/DKCHHS B MIKPOCEPBICHY apXiTeKTypy, 3a0e3nedyroun
e(eKTuBHY Kiacu(ikalliio THITy allHOE-TIlIOIHOE CHY B peajbHOMY Yaci.

OO0’eKT JOCHDKEHHS — TpolecH 300py, OOpOOKM Ta TPOTHO3YBaHHS
pecIipaTopHUX 3aXBOPIOBAaHb HAa OCHOBI OiOMEIMYHUX CHUTHANIB i3 BHKOPHCTAHHIM
IITYYIHOTO iHTENEKTY Ta MiKPO CEpPBICHOI apXiTEKTypH.

[Ipenmer nmocmimkeHHS — MeTomu (UIBTpamii, aHami3y Ta MPOTHO3YBAHHS
pecipaTopHUX 3aXBOPIOBaHb Ha OCHOBI CUTHaNIB (oromierusmorpadii, HEHPOHHUX
MEpEKEBHUX aJITOPUTMIB Ta TEXHOJIOTIH MIKpOCEPBICHOT apXiTEeKTypH Aist 3a0e3nedeHHs
e(peKTUBHOTO MOHITOPHHTY Ta aBTOMaTH30BaHOI JIIarHOCTHUKH.

HaykoBa HOBH3Ha OTPHMaHMX Pe3yJIbTaTiB IIOJISITAaE y TOMY, IO B AUCEPTaLiiHIi
poboTi:

1. Bmepie 3ampormoHOBaHO MOJENb NMPOTHO3YBAHHS PECHipaTOPHUX MaTOJIOTIH,
sIKa BUKOPUCTOBY€E CUTHAIH (poTorieTn3Morpadii Ta Meronn rimmbOOKOro HaBYaHHS IS
OIIHKH CTaHy JWXaJbHOI CHCTEMH. BiAMIHHICTIO 3aIpONOHOBAaHOTO WiAXOAYy €
3aCTOCYBaHHS aJalNTUBHOT MOJEi IOBroi KOPOTKOYACHOI Mam’sTi, IO aHAI3yITb
4acoBi psAau 0iOMETUYHUX CUTHAJIB Ta BUSABISIOTH 3aKOHOMIPHOCTI, TIOB’sI3aHi 3 alfHOE
Ta IHIIMMU TOPYUICHHSAMH 1nuxaHHS. Ha BimMiHy Big TpaAWIiiHUX METOMIB, SKi
0a3ylOThbCs Ha MNPOCTOMY TODIBHSHHI [OPOTOBUX 3HA4YeHb KHCHIO B KpOBI,
3aIlpOIIOHOBAaHA MOJIEJIb I03BOJISIE BPAXOBYBATH OaraTo(pakTOpHUIT aHauli3 3MIH CHUTHAITY

Ta HOro IMHAMIKY, 1110 CYTTEBO IiJIBUIIYE TOYHICTh BUSIBICHHS 1aTOJIOTIH.
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2. MoaudikoBano migxix mo ¢impTpamii MEAMYHUX MaHUX Ta pPeai3oBaHO
KOMOiHOBaHmid MeTom 00poOkm  (oTomnmeTmaMorpadiuHux CHTHANIB. Bmeprne
3alpOINIOHOBAHO BJOCKOHANECHUH MiIXiJ A0 (iabTpaiii 0iIOMEAMYHHUX CUTHAJIB, IO
BKJIIOYa€  KOMOIHOBaHE€  BHWKOPUCTaHHs  amantuBHOoro  ¢inbrpa  Kammana,
CepPEIHBO3BAXEHOr0 (UNbTpa Ta ANrOPUTMIB MAIIMHHOTO HABYAHHS Ul OYHIICHHS
CHUTHaJiB y peaigbHOMy daci. OcoOnMBICTIO MiAXOAYy € IMHAMIYHE HaJAIITyBaHHS
nmapaMeTpiB  (QuUIbTpamii 3aJeXHO BiJl XapaKTEepUCTHUK INyMy Ta apTedaxTiB, IO
BUHUKAIOTH ITiJl 9YaC PyXOBOi aKTUBHOCTI a00 3MiHH YMOB BHUMiproBaHHs. [IpoBeneHuit
aHaJIi3 MoKa3as, 1110 3aIPOIIOHOBAHUI METO]| MepEeBEPILYE TPAAULINHHI QUIBTPU HIDKHIX
YaCTOT, BEPXHIX YaCTOT Ta KOB3HOT'O CEPEJHBOIO 32 TOYHICTIO BiIHOBJICHHS CUTHAIY Ta
CTaOUIBHICTIO HOTO 00POOKH y 3MIHHUX YMOBaX.

[TpakTHuHE 3HAUSHHS! OTPUMAHHUX PE3YJIbTATIB MOJISITAE Y HACTYITHOMY:

1. Po3pobnena iHTerpoBaHa cHCTEMa U BIICTEXKCHHS Ta MPOTHO3YBaHHS
MUXaJbHAX TATOJIOTIH 3a MeXaMH MEOUYHUX 3aKiajiB. 3alpolOHOBaHA CHCTEMa
3a0e3medye MOKIIMBICTh MOHITOPHHTY CTaHy AUXAIBHOI CHCTEMH MAIi€HTIB Y TOMAIIHIX
yMOBax, [0 3HAYyHO IIOKpAllye JIOCTYIIHICTh JIarHOCTHKU. BuKOpUCTaHHS
MIKpOCEpPBICHOT apXiTEKTYpH [IO03BOJISE JIETKO IHTETPYBAaTH HOBI CEHCOPH Ta MOJEIi
MPOTHO3YBaHHsI, 10 POOUTH CHCTEMY THYYKOIO Ta MAacIITa0OBAHOIO JJIsI PI3HUX TIPyI
KOpPHCTYBayiB.

2. Po3pobiena crucreMa MOHITOPHHTY 1 Kiacudikamii cTaaiil arHoe i1 yac CHy Ha
OCHOBI IITYYHOTO IHTENETKY MJsi JOMAIIHbOTO BHUKOPHCTAaHHS, SKa JIO3BOJISIE
MoTIepeKAaTH TMAIliEHTIB MPO PU3UKH 3aXBOPIOBAHHS allHOE IMiJ 4ac CHY CaMOCTIHHO.
3amporoHOBaHE  pilleHHS HaJae KOPHCTyBadyaM MOXIIUBICTH  Oe3mepepBHOrO
MOHITOPHHTY MMOKa3HHKIB JUXaHHA Ta iX aHaJi3y 3a JOIOMOIOK LITYYHOTO iHTENIeKTY.
Cucrema He JnuIIe BigoOpakae IIOTOYHI TapaMeTpH, aje i MpOBOANTH aHaJi3 TeHICHIIIH
Ta KiIacuQiKye MOXIMBI cTajii amHOe CHy, IO JIa€ 3MOTY IIalliEeHTaM CBOE€YAacHO
3BEPTATHCS [0 JIKapsL.

3. CucremMa niaTpuMye€ NPUHHSTTS AiarHOCTHYHHX PillIeHb IUIIXOM aBTOMaTHYHOT
kiacudikauii nojiit anHoe 3a 30-ceKyHIHMMHU BiKHAMU CHTHaJIB (oToruieTnsmorpadii,

catypauii Ta UCC, Hagarouu JIiKapro pe3yabTaTu Kiacugikarii s aHali3y, KOPEKIlii Ta
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MOTAJIBIIION0 BU3HAYEHHS HEOOXITHOCTI CTAIlIOHAPHOTO AOTJISATY 32 Malli€HTOM. 3aBISIKH

IHTerpamnii CHCTeMH 3 MEAMYHUMHU IHPOPMAIIHHIMHU TIATGOPMAaMH JIIKAPI OTPUMYIOTh

MOXJIMBICTh JIOCTYIY /O IiCTOpii 3MiH CTaHy MAalli€HTIB, IO JOINOMAarae y MpHHHATTI

OOTPYHTOBAaHMX pillIEHb IIOJO0 AIarHOCTUKH Ta JiKyBaHHI. BinmaneHuil MOHITOpHHT

JO03BOJIsI€ SMCHIINTHU HAaBAHTAXXKCHHSA Ha KJIHIKH Ta MOKpaluruTn SIKICTD O6CHyFOByBaHHH

MaIl€HTIB.

Pe3ynpraty TpOBENEHOrO JOCTIKEHHS OynM TpENCTaBiIeHI Yy TPOBILIHUX

HAYKOBHX BH/IaHHSX, IO IATBEPIUKYE IXHIO aKTyaIbHICTh 1 HAYKOBY HOBU3HY:

Haykosa crartst Boloban, O., Pysmennyi, 1., Kyslyi, R., & Kyriusha, B. (2024).
Development of a patient health monitoring system based on a service-oriented
architecture using artificial intelligence. Technology Audit and Production
Reserves, 3(2(77)), P. 23-29.

HayxoBa crarrs Ilerperko, A. 1., bBomoban, O. A. (2025). Po3pobOka
iHGPACTPYKTYPH TSI IHTETpallii IITYYHOTO IHTEJIEKTY B TeIEMEIUTHI CHCTEMH 3a
JTOTIOMOT'OI0 MIKpOCEPBICHOI apXiTekTypu. TaBpilicbknii HayKoBHui BicHHK. Cepist:
Texniuni Haykw, (1), C. 148-158.

HaykoBa crartss BomobGan O.A., Ilerpenko A.l. OcoOmuBOCTI 3acTOCyBaHHS
anroputmy EMD Ju1s1 oniHKH piBHS KUCHIO B KpoBi. Bueni 3anncku THY imeni B.1.
Bepnaacekoro. Cepist: Texniuni Hayku. Tom 34 (73). Ne 2. 2023. C. 125-130.
Haykosa crarts Ilerpenko, A., Bonoban, O. (2023). V3aranpHeHHs iHGOpMAIiii 3
MPUKJIaJaMHi TIPO MOXKJIMBOCTI BUKOPHCTAHHSI CEPBIC-OPIEHTOBAHOTO MiIXOMy Ta
TEXHOJIOTIH IITYYHOTO iHTeNeKTy B ramysi e-health. TexHomoriunmii ayaut Ta
pesepBu BUpoOHuUITRa, 4 (2 (72)), C. 10-17.

Hayxosa crarts Ilerpenko, A., boioban, O. (2024). HocnimxeHHs eheKTUBHOCTI
anroputMiB  ¢QineTpanii  0loMEOUYHMX ~CHUTHAiB y  peajJbHOMY  daci.

Indoxomynikaniiiai Ta koM 'torepHi Texnosorii, 2(08), C. 53-61.
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ANOTATION

Boloban O.A. METHODS AND TOOLS FOR PREDICTING RESPIRATORY
DISEASES AND APNEA BASED ON ARTIFICIAL INTELLIGENCE AND MICRO
SERVICE ARCHITECTURE - Qualification Scientific Work in the Form of a
Manuscript.

Dissertation for the Degree of Doctor of Philosophy in the field of knowledge 122
Computer Science, specialty 122 Computer Science. — National Technical University of
Ukraine "lgor Sikorsky Kyiv Polytechnic Institute,”" Kyiv, 2025.

Obstructive sleep apnea syndrome and snoring are common pathologies that
significantly impact patients' quality of life, especially after the COVID-19 pandemic.
Sleep disorders can cause drowsiness, decreased concentration, cognitive impairments,
and an increased risk of cardiovascular diseases and mortality. However, only 20% of
patients receive a timely diagnosis, as existing diagnostic tools are expensive,
inaccessible, or do not provide a comprehensive analysis of respiratory parameters. Most
commercial devices are limited to measuring blood oxygen levels and heart rate, which
do not effectively identify respiratory pathologies.

This study aims to develop an intelligent monitoring and prediction system for
respiratory disorders during sleep based on artificial intelligence. The proposed system
integrates machine learning technologies, neural networks, and biomedical signal
processing methods to detect apnea and other respiratory disorders. The solution
architecture is based on a microservice approach using edge computing, ensuring efficient
data processing directly on the device and minimizing transmission delays.

The proposed approach involves adaptive processing of photoplethysmogram
(PPG) signals and other biomedical indicators using noise filtering methods, as well as
predicting patient conditions with Long short-term memory (LSTM) models. The
integration of a service-oriented architecture allows for system scalability and further

development, making it suitable for both personal and clinical use.
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The research results align with modern trends in digital medicine, fostering the
implementation of innovative technologies in sleep disorder diagnostics. They can be
applied in the development programs of the Internet of Medical Things (IloMT) and
cognitive computing. The aim of the dissertation is to develop a sleep apnea—hypopnea
classifier model and integrate it into a microservices architecture, ensuring efficient real-
time classification of sleep apnea—hypopnea types.

The object of the study is the processes of collecting, processing, and predicting
respiratory diseases based on biomedical signals using artificial intelligence and a
microservice architecture.

The subject of the study is the methods of filtering, analyzing, and predicting
respiratory diseases based on PPG signals, neural network algorithms, and microservice
architecture technologies to ensure efficient monitoring and automated diagnostics.

The scientific novelty of the obtained results lies in the fact that in the dissertation:

1. For the first time, a model for predicting respiratory pathologies has been
proposed, utilizing PPG signals and deep learning methods to assess the condition of the
respiratory system. The distinguishing feature of the proposed approach is the use of
adaptive LSTM models that analyze time-series biomedical signals and identify patterns
associated with apnea and other breathing disorders. Unlike traditional methods, which
rely on simple threshold comparisons of blood oxygen levels, the proposed model
incorporates a multifactorial analysis of signal variations and their dynamics,
significantly improving the accuracy of pathology detection.

2. The approach to filtering medical data has been modified, and a combined
method for processing PPG signals has been implemented. For the first time, an advanced
approach to biomedical signal filtering has been proposed, incorporating the combined
use of an adaptive Kalman filter, a weighted moving average filter, and machine learning
algorithms for real-time signal purification. A key feature of this approach is the dynamic
adjustment of filtering parameters based on noise characteristics and artifacts that arise
due to motion activity or changes in measurement conditions. The conducted analysis

demonstrated that the proposed method outperforms traditional low pass, high pass,
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moving average and Kalman filters in terms of signal recovery accuracy and processing
stability under variable conditions.

The practical significance of the obtained results is as follows:

1. A fully integrated system for tracking and predicting respiratory pathologies
outside medical facilities has been developed. The proposed system enables the
monitoring of patients' respiratory health in home environments, significantly improving
diagnostic accessibility. The use of a microservice architecture allows for easy integration
of new sensors and predictive models, making the system flexible and scalable for
different user groups.

2. A home-use monitoring and prediction system for respiratory disorders during
sleep based on artificial intelligence has been developed, allowing patients to
independently monitor their health. The proposed solution enables continuous monitoring
of respiratory parameters and their analysis using artificial intelligence. The system not
only displays real-time data but also analyzes trends and predicts potential risks, helping
patients seek medical attention in a timely manner.

3. The developed monitoring and prediction system for respiratory disorders during
sleep based on artificial intelligence supports doctors in diagnosing respiratory disorders
through remote access to patient information. By integrating with medical information
platforms, physicians can access the history of patient condition changes, aiding in
informed decision-making for diagnosis and treatment. Remote monitoring helps reduce
the burden on clinics and improves the quality of patient care.

The results of the conducted research have been presented and discussed in leading
scientific publications, confirming their relevance and scientific novelty:

e Scientific article Boloban, O., Pysmennyi, I., Kyslyi, R., & Kyriusha, B. (2024).
Development of a patient health monitoring system based on a service-oriented
architecture using artificial intelligence. Technology Audit and Production
Reserves, 3(2(77)), P. 23-29.

e Scientific article Petrenko, A. 1., Boloban, O. A. (2025). Development of

infrastructure for the integration of artificial intelligence into telemedicine systems
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using microservice architecture. Tavrian Scientific Bulletin. Series: Technical

Sciences, (1), P. 148-158.

e Scientific article Boloban O.A., Petrenko A.l. Features of the EMD algorithm
application for estimation of blood oxygen level. Scientific notes of Vernadsky
TNU. Series: Technical sciences. Vol. 34 (73). Ne 2. 2023. P. 125-130.

e Scientific article Petrenko, A., Boloban, O. (2023). Generalization of information
with examples on the possibilities of using a service-oriented approach and
artificial intelligence technologies in the field of e-health. Technological audit and
production reserves, 4 (2 (72)), P. 10-17.

e Scientific article Petrenko, A., Boloban, O. (2024). Investigation of the
effectiveness of real-time filtering algorithms for biomedical signals.
Infocommunication and computer technologies, 2(08), P. 53-61.

Keywords: machine learning, neural networks, classification, Internet of Things
(10T), energy-efficient computing, formal specification, distributed systems, sleep apnea
and hypopnea, microservices, COVID-19, modeling, execution time reduction, Temporal
Logic of Actions (TLA).
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Ilepenik yMOBHHX I03HA4YeHb Ta CKOPOYEHb

Al Artificial Intelligence (mTyuHuii iHTENIEKT)

APl Application Programming Interface

AHI  Apnea—Hypopnea Index (iHIekc ammHoe-TiIOMHOE)

BLE Bluetooth Low Energy (6e3apotoBmii inTepdeiic HU3bKOTO €HEeProCIOKIBAHHS)
CNN/1D-CNN Convolutional Neural Network / One-Dimensional Convolutional
Neural Network

COVID-19 Coronavirus Disease 2019

EMD Empirical Mode Decomposition (emmnipu4He MOIOBE PO3KJIaIaHHs)

ESP32-C3 wmoxenp mikpokouTpoiiepa ESP32 cepii C3

GATT Generic Attribute Profile (mpotokon mist BLE-cepBiciB)

GDPR General Data Protection Regulation (3aranpHuii periaMeHT 3aXHUCTy JaHUX )
HIPAA Health Insurance Portability and Accountability Act (3akon mpo
MIEPEHOCUMICTB 1 MiI3BITHICTH MEAUIHOTO CTPAXyBaHH)

HR (UCC) Heart Rate (uacrora cepLeBHX CKOPOUYEHb)

loMT Internet of Medical Things (InTepHeT MennuHUX peueit)

JSON JavaScript Object Notation

JSONB Binary JSON (tun ganux y PostgreSQL nns 36epiranust JSON-cTpykTyp)
JWT JSON Web Token (MexaHi3M aBTOpH3aIlil Yepe3 TOKCHH)

LSTM Long Short-Term Memory (pekypeHTHa HEHpOHHAa MepeXa 3 JOBIOO
KOPOTKOYACHOIO MaM’ SITTIO)

MQTT Message Queuing Telemetry Transport (JIerKuifi TpPOTOKON OOMiHY
MOBITOMJICHHSAMH, 3a3BH4ait 17151 [oT)

PPG (@III') Photoplethysmography (doTorurernsmorpadist)

REST API Representational State Transfer API (ctiis moOynoBu Be6-iHTepdeiiciB)

SOA Service-Oriented Architecture (cepBic-Opi€eHTOBaHa apXiTeKTypa)
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SQL Structured Query Language cucremMa ympaBiiHHS 0a3aMd JaHUX
PostgreSQL

TLA Temporal Logic of Actions (MoBa 4acoBoi Jioriku aiil mist GopmanbHOT
crierugikarii)

TLC TLA Checker (incTpymeHT nepeBipku moneneil y TLA+)
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BCTYII

AKTYAJIbHICTh TEMH.

AKTyanmpHICTP pOOOTH 3yMOBIIEHa TMOTPeOOI0 Yy BHpIMICHHI MpodiemMu
aBTOMAaTrHu3amlii JOCHI/DKEHb Ta BJIOCKOHAIEHHA iH(OPMAIHHO-aITOPUTMIYHOIO
3a0e3MeYeHHs CHCTEM MOHITOPHHIY 1 IIPOTHO3YBaHHS AUXaJbHUX PO3JIAMIB IIiJ] 4ac CHY
Ha OCHOBI INTYYHOTO IHTENIEKTY JUIs BUSBIICHHS allHOE€ CHY Ta BH3HA4YEHHs CTajil
PO3BUTKY XBOPOOU Ha OCHOBI aHalli3y CUI'HAIIB (DOTOILIETH3MOTPAMM.

AKTyadbHiCTh  JAOCTII:KeHHA O0OyMOBJCHa TPYOHOIIAMH TOYHOTO
Oe3nepemKkoaHOro 300py HaHWX ISl OIarHOCTHKH AamHoe. ICHyIoYi CHCTEeMH dYacTo
00MEXYIOTh PyXJIMBICT HAII€HTIB i BUMAaraloTh BUKOPUCTAHHS TPOMIZIKUX TIPHCTPOIB,
Mo poOuTh IX HEMPUIATHUMHU Ui IIOAEHHOIO 3acTOCYBaHHA. BuKopHcTaHHS
ITOPUTMIB INTYYHOTO IHTEJEKTY JIO3BOJISIE ONTHMI3yBaTH MpOLEC JiarHOCTHKH,
3MEHIIYI0UN OOCSIr HEOOXiTHMX JaHHWX sl 0OpOOKHM Ta 3a0e3neuylodd MOXKIHUBICTH
NIPOTHO3YBaHHS 3aXBOPIOBAHb JUXaJbHOI CUCTEMH Ha PaHHIX cTaiisx. MikpocepBicHa
apXiTeKTypa CUCTEMH CIpHs€E ii MacmTaboBaHOCTI, 3a0€3MeUyrour iHTerpalio HOBUX
(yHKIIIH, TAKUX K aHATITHYHI MOAYJI YM JAOAATKOBI (GiabTpH, 6€3 HEOOXiTHOCTI 3MiHI
OCHOBHOT'O IpOrpamMHOro 3abesmedcHHs. lle 3abe3meuye THYYKICTH 1 aJanTHBHICTH
PO3pPOOIICHOTO PillICHHS.

3B’5130K 13 Cy4aCHUMH JIOCIIPKEHHIMH

IIpo6nemaTHka 3acTOCyBaHHS IITyYHOTO IHTENEKTY B CHUCTEMax OXOpPOHH
3M0pOB'S AaKTHBHO JOCHIIKyeThcs. Hampukman, y poborax [l, 2] meramsHO
MpOaHai30BaHO BUKJIMKH iHTErparii anroputMiB mrydHoro intenekry (III) B memmani
CHUCTEMH, BKIIFOYHO 3 ONTUMI3AI[i€t0 00pOOKH BEIMKUX OOCSTIB JAHUX Y PEATbHOMY Yaci.
[ToTo4Hi JOCIIKEHHS HAroJIOIYIOTh HA BaXKJIMBOCTI CTBOPEHHSI THYYKHX apXiTEKTyp,
3aTHUX IHTErpyBaTH HOBI CEpBiCH Uil 30€peXEHHs Ta IMPOTHO3YBAaHHsS 370POB’s
narfienTiB. TpamuIlifiHi MeIUYHI CHCTEMH, SK-OT CJICKTPOHHI MEIUYHI 3alMCH, YacTO
0a3yroThCs Ha MOHONITHIN apXiTeKTypi, IO YCKIAIHIOE IOIaBaHHSA HOBHX (PYHKIIH i

00pOOKy MyJTBTUMOJATEHUX JaHUX.
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OcHoBHa Mpo0yieMa Cy4acHHX METOJIB JIarHOCTUKHM alHOe Ta PEeCcHipaTOpPHUX
PO3TaliB MOJIATAE y 3aJISKHOCTI Bl TPOMI3IKOTO 00JIaHAHHS, SIKE 0OMEXY€E PYXIIUBICTh
TMAIi€HTIB 1 BIUIMBAE Ha SKICTh 310paHuX AaHux. Hanmpukiaa, mpucTpoi s MOHITOPHHTY
CHY 3a3BM4Yaii MalOTh CTAIlIOHAPHUH IWM3aiH, IO 3HIXKYyE KOM(OPT 1 TOYHICTh NaHHX,
OTPUMAHUX i dYac TPHPOTHUX pyxiB. JlomatkoBo, pi3HOPITHICTE ¢opMariB i
BIJICYTHICTh YHI(IKOBaHWX CTaHHAPTIB YCKIAJHIOIOTH IHTETpallil0 Ta O0OpPOOKY
OTpHMaHuX JaHuX. Lle cTBOpIOE 3aTpUMKH B iarHOCTHUIIL, MiABHUINYE HABAaHTAKCHHS HA
MEIWYHHUN TEPCOHAN i BIMarae€ BHKOPHUCTaHHS MHOXKHHHHX iHTep(heHciB as aHalizy
iHpOopMartii.

Hinmro gocmimpkeHHs € po3poOka MaclITaboBaHO! CHCTEMHU MPOrHO3YBaHHS Ta
JUarHOCTUKU pecHipaTOpHUX 3aXBOPIOBaHb, TAKUX SK arHOe CHY Ta XpOHIYHE
00OCTPYKTHBHE 3aXBOPIOBAHHS JIET€Hb, 13 3aCTOCYBaHHSIM HOCUMHUX CEHCOPIB. [ 1iboro
nependavyaeThCs JOCHIIUTH adTOpUTMHU (PUTBTpAIil JaHUX i3 CEHCOpiB, 30KpeMa (QiabTp
Kammana amst 3MEHIIEHHS MIYMIiB Ta apTe(akTiB, BUBYUTH W ONTHMIi3yBaTH MOJIEINi
MITY9HOTO IHTENEKTY, 30KpeMa PEeKYpPeHTHI HEWPOHHI Mepexki 3 MEXaHi3MOM «IOBTOi
mam’siTi», sIKi 3araM’sITOBYIOTh TPHBAJ 3aJIeKHOCTI B yacoBux psimax (Long-short term
memory (LSTM)), apxiTekTypa 3 MEXaHi3MOM yBaru, 10 OJJHOYACHO OI[IHIOE BaXITUBICTh
KO>KHOT'O eJIEMEHTa MOCIIiJOBHOCTI (TpaHc(hopMepH) Ta OTHOMIpPHI 3rOPTKOBI Mepexi, sIKi
BUSIBJSIFOTH JIOKanbHi maTepHn B curhami (One-Dimensional Convolutional Neural
Network (1D-CNN)); cTBOPHTH NPOTOTHIIM HOCHMHX IPHCTPOIB Ta iHTErpyBaTH iX i3
cUcTeMOI0 300py ¥ OOpOOKHM NIaHWX; a TaKOXK PO3POOMTH XMapHY apXiTeKTypy AJIs
Oe3neuHoro 30epiraHHs, e(pEKTHMBHOTO aHANi3y Ta HAJaHHS Pe3yNbTaTiB KIIHIYHUM
(axiBiaM.

Y xoni pocmimkeHHs Oyina po3poOsieHa THyYKa MIKpOCEpPBICHA apXiTeKTypa
CHCTEMH, 1110 BKJIIOYA€E MOAYJIb IITy4YHOTO iHTenekty (LUI) as anaizy MequuHuX TaHHX.
Hocumuii mpuctpiif, iHTerpoBaHmii i3 miardpopMamm 300py MJaHHX, 3a0e3redye
Oe3nepepBHUIT MOHITOPUHT CTaHY MALli€HTIB, MIHIMI3YIOUYH BIUIHB Ha iXHIO MTOBCIKICHHY
akTUBHICTh. CHCTEMa HaJa€e JIKapsM JOCTYII 10 PE3yJIbTAaTiB uepe3 BeO-miaThopmy, ae
BiZIOOpakarThCs CUTHAIM (oTorieTu3Morpadii micist nudppoBoi 00poOKH HA HOCHMOMY

npucTpoi 3a jgomomororo ¢ineTpa Kammana Tta ix kiacudikamii peKypeHTHOIO
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HEHPOHHOIO MEPEXKEI0 JOBro1 KOPOTKOYACHOT ITaM’ AITi 13 TphoMa Irapamu 1mo 50 omuHUIb
1 METOJIOM BHIIQIKOBOTO BiJKIIOYeHHs HelpoHiB 0,2 ais 3amobiraHHs mepeHaBYaHHIO.
[ManieHTn Yepe3 MOOIIBHUI 10IATOK MOXKYTh MEPErJIsIaTH iICTOPIiI0 CBOTX MOKA3HUKIB Ta
OTPUMYBATH CTPYKTYpPOBaHI MJiarHOCTHYHI BHCHOBKH Yy 3py4HoMy ¢opmari. s
HaBYaHHS MOJIeJli BHKOpPHCTaHO MyOmiuHi Habopm manmx St. Vincent’s University
Hospital / University College Dublin Sleep Apnea Database, MIT-BIH
Polysomnographic Database ta Apnea-ECG Database, mo 103Bonuio mepeBipuTH
CTIMKICTh anropuTMy Kiacu(ikallii Ha Pi3SHOMAHITHUX CHUTHANAX 1 ONTHUMI3yBaTH HOTO
TOYHICTb.

MeTa JocJizKeHHS — CTBOPEHHS YHIBEPCAIBHOI Ta JOCTYIHOI CHUCTEMH
MOHITOPUHTY 1 Kjacudikaiii alHoe IijJ Yac CHy Ha OCHOBI IITYYHOTO IHTENIEKTY, sIKa
3a0e3rnevye MalieHTaM MOXJIMBICTh MOHITOPHHTY CTaHy JAWXalbHOI CHCTEMH 32
JIOTIOMOTOI0 HOCHMHX TIPHUCTPOIB, IHTETPOBAaHMUX i3 MOOUTPHMMHU monaTtkamu. Cucrema
JIO3BOJIsE 30Mpaty, 30epiraTé Ta aHaNi3yBaTH KIIIOYOBI MOKAa3HUKH, Taki SK YacTOTa
JUXaHHs, piBeHb HACHYCHHS KHCHEM 1 CEpPIICBHIA PUTM, 3a0€31eUyF0UH Hali€HTaM JOCTYII
10 iHpopMarii npo ixHe 310poB’s. [ KOpUCTYBaviB 1€ O3HAYAE HAJTaHHS 3BOPOTHOTO
3B’s13Ky y (opMi CHOBIlICHh a00 rpadikiB, MO TO3BOJSE BYACHO BHUSBIISITH MOXKIUBI
MOPYIICHHS B poOOTI TUXaNbHOI cucTeMu. [[is JTikapiB cUCTeMa Ha/la€ IHCTPYMEHTH JJIst
30epeXeHHS Ta aHali3y MEJUYHUX JaHHX, a TaKoXX MOXIIMBICTH JUCTaHIIHHOTO
MOHITOPHHTY CTaHy MAIliEHTIB Y PEKHUMI peaJbHOT0 Yacy depe3 3axuIleHi miatdopmu,
IO MiIBUINYE €PEKTUBHICTh JIarHOCTHKH Ta JIO3BOJISE BUSBISATH 3aXBOPIOBAHHS Ha
paHHIX CTafisgX.

3aBJaHHs 10CTiIKEHHS

1. Po3pobutu apxiTeKTypu cUCTeMH, sKa 3a0e3nedye 30ip, 30epekeHHsI, 00poOKy
Ta MPOTHO3YBAHHS JAHUX IALIE€HTIB Y PEXHUMI peaipHoro yacy. s nporo nepeabadeHo
BUKOPHCTaHHS MIKPOCEPBICHOI apXiTEKTYpH, IO J03BOJIsIE MacITabyBaTH CHCTEMY Ta
JIETKO IHTErpyBaTH HOBI (PYHKIIOHATbHI KOMITOHCHTH.

2. BuBuntu Ta ontuMmizyBati Mozeni mTy4Horo iHTenekry — LSTM i 1D-CNN
— UA  aHANi3y JaHWX, [0 HAgXOAATh 13 HocuMmoro pgarunka MAX30102

(poromnerusmorpadis + SpO2). OnpaiboByBaHi OIOMEAWYHI CHTHAJIKA OXOIUTIOIOTH
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dortomnetuzmorpamy (PPG), HacuueHHs KkpoBi kucHeM (SpO:), 4acTOTy CepreBUX
ckopouerb (UCC), 4acToTy OuXaHHS Ta PyXOBY aKTHBHICTh TPYAHOI KIiTKH. MeTa —
3a0e3MeYnTH BUCOKOTOYHE MPOTHO3YBAaHHS 1 KiacH]ikalilo amHoe CHY 3a paxyHOK
KOMILJIEKCHOT'O aHaJi3y IINX MOKa3HHUKIB..

3. JochmimuTi Ta BOPOBAAWUTH aITOpUTMH (iLIbTpamii OiOMEIUYHUX JaHUX,
30kpemMa ¢inpTpu KanemaHa, cepe/lHpO3BaXEHI Ta aanTHBHI METOAM, JUT 3MEHIICHHS
IIyMiB i 3a0e31eYeHHs] BUCOKOI TOYHOCTI 00pOOIIEHNX MOKa3HHUKIB.

4. Po3pobuTH Ta peanizyBaTd MEXaHi3MH 3aXUCTY Mepeaadi JaHUX Mi>K HOCHMHMU
MPUCTPOSIMH Ta XMapHOIO CHCTEMOI0, 30KpeMa yepe3 BUKopucTaHHs mudpysBanHs AES
ta nporokoniB TLS/SSL, mo6 rapantyBatu xoH®ineHUiiHICTh Ta O6e3neky iHdopmaril
PO MAIli€HTIB.

O0’eKTOM  JOCTiIPKEeHHAI € TPOLECH JIarHOCTHKM Ta IPOTHO3yBaHH:
pecIipaTopHUX 3aXBOPIOBaHb, TaKUX SK alHOe CHY Ta XpOHIYHE OOCTPYKTHBHE
3aXBOPIOBaHHS JIETCHb, 13 BUKOPUCTaHHSIM HOCUMHUX CEHCOPHHX HPHCTPOIB Ta METOMIB
IITY9HOTO IHTENEKTy. 3aBHaHHS pPO3POOKH CHUCTeMH A 30epiraHas, oOpoOKum Ta
NPOTHO3yBaHHS JaHMX, a TaKo)X BHBUEHHS MOJENEeH INTY4YHOTO IHTENEeKTYy
Oe3mocepelHFO TOB’SI3aHI 3 00’€KTOM  JIOCHIJKEHHS, IO CHPHS€E CTBOPEHHIO
e(eKTUBHOTO IHCTPYMEHTY ISl IarHOCTUKHM Ta MOHITOPHHIY 3aXBOPIOBAaHb JTUXAJIbHOT
CHCTEMH.

IIpeameToM AOC/IAKEHHS € 3aCTOCYBAaHHS MITYYHOTO iHTENEKTY IS aHAJli3y Ta
MPOTHO3YBaHHSI IaHUX 1 MIKPOCEPBICHOT apXIiTEKTypH AJIsi OOpOOKH Ta 30epiraHHs JaHUX
3 HOCHMHUX IPHCTPOiB 3 METOI0 [JIarHOCTHKM Ta HPOTHO3YBAaHHS pEeCHipaTOPHUX
3aXBOPIOBaHb, a caMe Kiacudikamii anmHoe cHy. 3aBIaHH, IOB’ s[3aHi 3 aHATII30M MOJIeTIeH
I, dQimpTpamicro OiOMEOWYHMX MAaHWX 1 3aXUCTOM TMepeladi MTaHWX, CIPUSIIOTH
ontuMizarii 06poOku iH(popMaIlii, MiABUIIYIOUN HATIHHICTE CHCTEMH Ta 3a0e3Iedyoun
MIHIMaJTbHHH Yac 3aTPIMKH MiXK 300pOM 1 aHaTi30M JTaHWX, IO B CBOIO YEPry rapaHTye
3pYYHICTB i €PEKTUBHICTh BUKOPHUCTAHHS CHCTEMH.

VY pe3ysbraTi A0CHiKEeHHs OyJI0 CTBOPSHO HOCUMHUM MPHUCTPIH, SKUN T03BOJISIE
MAli€HTy BUKOPUCTOBYBAaTH HOT0 B yMOBax MOBCSKIACHHOIO JKUTTS, HE3AJIEKHO BiJ

CTalllOHApPHUX MEIUYHHUX YCTaHOB. TakoX po3pobieHo iH(pacTpyKTypy XmapHOI



21

CUCTEMH, 1110 30epirae, 00po0dIIsie, MPOrHO3YE Ta HAAAE I1i TaH1 JIIKApsIM 1 IMaIieHTaM 4epes3
BeO-utaropmy abo MOOUIBHHI [MOJATOK y 3PYYHOMY ISl PO3yMiHHS (opmari.
[Tpuctpiii peecTpye cepueBHil pUTM, piBeHb KHCHIO B KpoBi (SpO2) i curHamm
doTomnetuzmorpadii (PPG), mo 103BoJIsI€ MPOBOAUTH KOMIUIEKCHUN aHai3 JUXaTbHOT
CHCTEMH, 30KpeMa OLIIHKY YAaCTOTH AUXAHHS Ta BapiabeIbHOCTI PUTMY Ceplisl, Ha OCHOBI
JaHUX 3 OJJHOTO CEHCOpa.

Jus peanizanii mpoekTy Oyno BHKOPHUCTAHO METOAM MAIIMHHOTO HaBYaHHS,
3okpemMa LSTM i 1D-CNN, anroputmu ¢inbrpanii 6ioMeIUYHUX AaHUX (HApPUKIAM,
¢ineTp Kanmbmana) Ta TexHosorii xmMapHux obuucieHs. LI TexHouorii 3abe3nedyroTh
30upaHHs, OOpOOKy, aHaji3 1 3aXWUCT JgaHuX mnarieHtiB. [loOymoBa cuctemu
3IiMCHIOBAJIaCsl Ha OCHOBI MIKPOCEPBICHOI apXiTeKTypH, sika 3a0e3neduye TI'HYUKICTb,
MacmTaboBaHICTh i MOXKJIMBICTh IHTErpanii HOBUX (YHKIIOHAIBHHX KOMIIOHEHTIB 0e3
3MiH OCHOBHHX MOJYJIIiB CHCTEMH.

Jani oTpuMmyBaimcs 3a gormoMoror mikpokontponepa ESP32-C3, obmagHanoro
ceacopom MAX-30102, sxwii peectpye mokasauku ¢ortormaeruzmorpadii (PPG). i
MOKA3HUKH € OCHOBOIO JIJISl OI[IHKH CEPIICBOrO PUTMY, PiBHsI KUCHIO B KpoBi (SpO2) Ta
IHIIUX TapaMeTpiB JUXAIBHOI CHUCTEMH. 3B'S30K MK HPUCTPOEM Ta MOOUIBHUM
Tesie)OHOM 3iHCHIOBABCS 3a jortoMoroto mpotokoiry BLE (anin. Bluetooth Low Energy),
mo 3a0e3rnedye CTaOUIbHY TMepenavyy NaHWX i3 HU3BKUM CHEPrOCIOKUBAHHSIM IS
301JIBIIIEHHS] aBBTOHOMHOCT1 HOCUMOTO MTPUCTPoro. [lepenadya qanux 10 XMapHOTO CepBicy
3aificHOBanacs depe3 mporokod MQTT, sxuii 3aBasSkd MIHIMAIbHUM HAKIaTHUM
BUTpaTaM 1 MATpUMI IyOJiKalifHO-TAMHUCHOI MOJeNi mepeaadi AaHux 3abe3nedye
JIETKOBAary Ta €(peKTUBHICTH 3B’s3Ky. Lle 0coOIMBO Ba)XTHMBO 1T pOOOTH 3 BEITHKHMHU
o0csraMu CEHCOPHUX JaHUX.

Jns  TiABMINCHHS SKOCTI JaHUX 1 3HIDKCHHS IIyMIB Yy TIOKa3HHUKax
BUKopHucToByBaBcsi  QimpTp  Kammana,  peamizoBaHuii  Oe3mocepenHbO — Ha
MikpokoHTpoJepi. Llelt MeTox n03BoIIse yeyBaTh HU3bKOYACTOTHOTO Npeidy i30:iHii (<
0,5 '), mepexeBux HaBeneHb 50 I'n (60 I'm) 1 pyxoBux apredakriB y cmysi 1-15 'y —
3aCTOCOBAHO Kacka] BucokomnpoxinHoro ¢iasrpa (0,5 ') Ta By3bKOCMYroBOro CMYTro

3aropo/HKyBaILHOTO (aHril. notch) GinbTpa, MICHsS SIKUX MPAIfoe afanTHBHUNA (LIBTP
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Kanmmvana, peanizoBanuii Oe3mocepeHbO Ha MIKPOKOHTpOJEpl. 3 MeTOor 0O0poOKH
cur”aiiB OIII" peanxizoBaHO AJITOPUTMH, 1110 AHATI3YIOTH AMILIITY Ty Ta YACTOTHHUH CKIIa
CUTHAJIB JUIi OOYMCIICHHS CEPLIEBOrO PUTMY Ta piBHS KHCHIO B KpoBi (Sp02). Lli
MOKa3HUKH € KPUTUYHO BaXXKIMBUMHM Ul 3a0€3M1€4eHHsI BUCOKOI TOYHOCTI MOYATKOBOT
iHpopManii, sika Haxall BUKOpUCTOBYeThCs Moneiumo 11 mist mporHo3yBaHHS CTaHy
rmarieHra.

Jus  aHamizy OiOMEAMYHMX TIOKAa3HWKIB 1 TIPOTHO3YBaHHS  MOXIIMBHX
pecmipaTopHUX  3aXBOPIOBAaHb  BHUKOPHUCTOBYBANacsi  MOAEIb  JIOBTOTPUBAJION
koportkoctpokoBoi mam'siti (LSTM). Ileit Tunm pexypeHTHOI HEWpOHHOI Mepexi OyB
o0OpaHuii 3aBIISIKK 30aTHOCTI 30epiraTy Ta 00pOOIATH KOHTEKCTHI 3aJIE)KHOCTI Y YaCOBHX
psizax, Mo € KIIFOYOBUM JJIsl BpaxyBaHHs AMHaMiuHUX 3MiH y nanux PPG. Monens LSTM
BUKOPHCTOBYE MeEXaHI3MH KOMIPOK ITam'siTi, IO JO3BOJSIIOTH 30epiraTv Ba)IIHBY
iHpopMamiro Ta BiICIIOBAaTH HECYTTeBI HaHI y dYacoBuX pspax. Lle 3abe3medye
MOXJIMBICTh TOYHOT'O IPOTHO3YBAHHS TOKA3HUKIB IMXaJIbHOI CUCTEMH, 30KpeMa YacTOTH
IUXaHHS, piBHS KHCHIO B KpoBi (SpO2) Ta BapiabeabHOCTI CEPIIEBOIO PUTMY.

Jlyist OIHKHM SIKOCTI Mopeni BUKOpucTOByBanacs ¢yHkuisi Brpar Mean Squared
Error (MSE) Ha erami HaB4aHHs, IO JIO3BOJIMJIO BU3HAYMTH €(EKTUBHICTH MOJENI y
npoueci onrumizanii. J[oJaTkoBo OLiHKA MPOBOAMIACS IUISXOM  IOPIBHSHHS
MPOTHO30BaHMX 3HAYEHb 13 PEAUILHUMH JaHUMH TECTOBOIO Habopy, 1o 3a0e3mevniio
O aHami3 TOYHOCTI IPOTHO3YBaHHS. J[0aTKOBI METPUKH HE BUKOPUCTOBYBAIUCS
Ha MOYaTKOBOMY eTalli JIOCIHiJPKCHHS, OCKUJIbKM OCHOBHA yBara 30CepeiKyBayacsl Ha
0a30Bil mpare3naTHOCTI MOJIETi Ta BiAMOBIAHOCTI 1l MPOTHO31B pPeaTbHUM JTaHUM.

[lepemaua maHUX MK CEHCOpPOM i MOOITBHUM TPUCTPOEM 3IiHCHIOBAjacs 3a
JoroMororo mudpyBanasa 3a anroputMoM AES-256 i3 BHKOpHCTaHHSIM YHIKaJIbHOTO
KJIF04Ya, BCTAHOBJICHOTO Ha KOXKEH MPHCTPiif 3a 3aMoBuyBaHHAM. Lle 3abe3neuye 3axuct
BiJl HECAaHKIIIOHOBAHOTO JIOCTYITY JI0 TAaHUX TiJ Yac ix nepenadi. s 3aXnCTy JaHUX, 110
MepearoThCS IO XMapHOTO CEPBICY, OYII0 pealli3oBaHO aBTOPHU3AIIIIO Ta ayTCHTU(DIKAIIII0
3 BUKopucTaHHAM TokeHiB JWT, ski minnucyrorses 3a qonomororo anroputmy HMAC

ado RSA, mo rapanrye wnijicHicTh 1 aBTeHTHYHICTh iH(popmanii. Ilepenaua



23

3aiicHIOBanacs depe3 3axuimieHuil mporoxon HTTPS, skuii 3abe3nedye monaTKOBUI
piBeHb Oe3MeKkH Mij] 9ac poOOTH 3 UyTIMBUMU MEMYHUMU JTAHUMH TAIli€HTIB.

APXITEKTypa CHCTEMH pO3po0JieHa Ha OCHOBI MIKPOCEPBICHOI CTPYKTYypHU i3
BUKOPHCTaHHAM KiHIEBHX o0uncieHp (edge computing) Ta momieBoro nu3aifHy (event-
driven architecture). Edge computing 3a6e3nedye oOpoOKy maHHX Oe3MocepenHbO Ha
HOCHUMOMY HPHUCTpPOI, 1[0 MiHIMI3y€ 3aTPUMKH Ta ONTHMI3y€ BHUKOPUCTAHHS XMapHHUX
pecypciB. Bzaemonist Mixk cepBicamu 3ailicHIOeThes uepe3 API-nnmro3 (Hampukinan, Kong
a6o AWS API Gateway), skuii IEeHTpaJli3ye YNpaBIiHHS 3allUTaMH MK cepBicamu,
3a0e3rnedyye MOIYJIBHICTB 1 CIIpollye MacmtaOyBaHHS KOXKHOrO KoMroHeHTa. KoxxHa
(yHKIIOHA/IPHA YaCTMHA CHUCTEMH pealli3oBaHa SK OKPEMHH CepBic, IO JO3BOJISE
OHOBIIOBaTH ab0 J0AaBaTh HOBI (YHKIIOHAJbHI KOMIOHEHTH O0€3 3YNHHKH 41
Mepe3arnycKy HIIUX CepBICIiB, 3a0€3MeUy0Un THYYKICTD 1 aalTHBHICTh CHCTEMH.

CyKymHICT 3a3HAYCHUX METOMIB 3a0e3mneduye epeKTHBHY 00poOKy OioMeanIHIX
JAaHUX Yy PEXHMi peaJbHOro dacy, 30epiralodd BHCOKY TOYHICTH IPOTHO3YBaHHS,
HAJIHHICTE POOOTH aNrOpUTMIB Ta 3aXUMICHICTh CHUCTeMH. lle € KIIF0YoBUM Ui
CBOE€YACHOTO BUSBJICHHS Ta NPOTHO3YBAaHHS PECIHipaTOPHUX 3aXBOPIOBaHb, IO CIIPHIE
Mi/IBUIIEHHIO SIKOCTI MOHITOPUHTY Ta J{iarHOCTHKU CTaHy IMAlli€HTiB.

3B’s130k po0OTH 3 HAYKOBHMH NpOrpaMamMu, ImJaHamMu, TemamMu. OCHOBHUI
3MICT POOOTH CKIJIa/Ial0Th PE3yJIbTaTH JIOCITIPKEHb, SIKI TPOBOAMINCEH MPOTsiroM 2021—
2025 pokiB, BIAMOBIIHO J0 HAyKOBOrO HampsaMmky kadeapu «CHCTEMHOTO
NpPOEKTyBaHHs» HarioHambHOTO TEXHIYHOTO yHiBepcuTeTy YKpainu «KuiBcbkuit
nmoJiTexHiuHui iHCTUTYT imeHi Irops Cikopchkoro» Ta AEpKOIOMKETHOI TEeMH
Nel8.2021.MM  «JHTenekTyadpbHHUH CEpBIC MIarHOCTHKHA CTaHy IUXaIbHOI CHCTEMH
JIOMHY LTSI 3HKEHHS pr3uKiB B yMoBax manaemii COVID-19» (Ne 1P 0121U110623),
B SIKiif aBTOp OyB CITIBBUKOHABLIEM.

Metoan nociaimkeHHsl. B OCHOBY JocmiypkeHb TOKIAAEHO METOOM CydacHOi
nuppoBoi 00pOOKM OiOMETUYHUX CHUTHATIB Ta IITyYHOTO IHTENCKTY, TaKi SK:
agantuBHui GubTp KajgbMmaHa; MOIETIOBaHHS TMOCHIJOBHOCTEH 13 BHKOPHUCTaHHSIM

LSTM; mpukinuesi (edge) oOdYMCICHHS HAa HOCHMOMY IIPHUCTPOi; MIKpOCEpBicHA
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apxiTekTypa I MacmTa0oBaHOi OOpoOKM # aHamizy MaHHMX; a TaKOX METOIU
EKCIIePUMEHTAILHUX BUIIPOOYBaHb 13 MPOTOTHIIOM HOCUMOI'O CEHCOPHOTO MOYJIS.

HaykoBa HOBM3HA OTPMMAaHHX pe3yJbTaTiB

1. Brepme po3pobieHO MeTon paHHROTO IPOTHO3YBAaHHS pECHipaTOpHUX
CTaHIB Ta TMOTIHONEHOI MIaTHOCTUKH amHOe CHY, SKWH, Ha BIIMIHY BiJl iCHYFOUHX
MiAXOMIB, IO OOMEXKYIOTHCS MIEPEBAKHO MOHITOPUHTOM a00 3arajlbHAM BHUSBJICHHSIM
amHoe, 3a0e3medye:

0 JeranpHy Knacuikallito THIIB alTHOE CHY (00CTPYKTHBHOTO, IIEHTPAIEHOTO
Ta 3MIIIaHOT0) Ha OCHOBI IHTErPOBaHOI0 aHai3y AaHuX Qotomieruzmorpadii (OIIN) ta
MepCoHi(pIKOBAHUX CTATUYHHUX IMOKA3HHUKIB MAIli€HTa 3a JIOMOMOIOI0 3alpOIOBaHHOI
MO/IEJTI IITYYHOTO IHTEJICKTY.

0 Ouinky auHaMmiku iHgekcy amHoe-rimonHoe (AHI), mo no3Boise
BIJICTeXKYBaTH 3MiHM CTaHy IallieHTa B Yaci Ta e(eKTHBHICTh MPEBEHTHBHHUX a0o0
TEpareBTHYHHX 3aXO0/IiB.

0 [TpoakTHBHE MPOTHO3YBAHHS MOMJIMBHX YCKIATHEHb Ta MOTIPIICHb CTAHY
ariHoOe, HaJIal0ul KOPHUCTYBaueBl CBOEYACHI ITOIEPEKEHHS JUIsl BXKUTTS IPEBEHTUBHUX
3aXO0/IB.

2. OOrpyHTOBaHO Ta peali30oBaHO IHHOBAUIMHMN MiAXix A0 0OpoOKu
O0lOMEIMYHMX JAHWUX [UIi MOHITOPHHTY JAWMXaHHS Ta alHoe i3 3aCTOCYBaHHSM
npuKiHIEeBuXx obunciens (edge computing) 6e3mocepeiHbO Ha cMapT(OHI KOPUCTYBaYa.
Ie Bmepie q03BOJISIE IS JAHOTO KJIACy 3aad CyTTEBO MIHIMI3yBaTH oOCAT mepemadi
YYTJIMBUX MEJIMYHUX JaHUX Y XMapy, 3HU3UTH CHEPrOCIIOKUBAHHS HOCUMHUX ITPUCTPOIB
Ta cMapTdoHa, 3a0e3MeUNTH TPUBATY ABTOHOMHY POOOTY CHCTEMH Ta MIABHIIUTH ii
HAJIHHICTH B yMOBaX 00MEXEHOT0 IOCTYIY 0 Mepexi [HTepHeT.

3. 3aIporoHoBaHO OpHTiHAJIBHY THYUYKY, MacmiTaboBaHy Ta Oe3leuHy MIKpo
CEpPBICHY apXiTeKTypy MOOLIEHOI TeIeMequuHol crucTeMi. Ha BiMiHy BiJ MOHOIITHHX
ab0 MEHII aJanTHBHUX CHCTEM, pO3pO0JIeHA apXiTeKTypa 4yepe3 craniaapTuzoBadi API
JIO3BOJISIE:

0 Jlerko iHTerpyBaTu HOBI THUIIM OIOMEINYHUX CEHCOPIB.

0 OrnepaTHBHO BIIPOBAKYBATH Ta OHOBJIIOBATH MOJEJII IITYYHOTO IHTEIEKTY.
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0 3abe3nedyBaTy YHIBEPCAIBbHICTh CHCTEMH NUIAXOM ii MIBUAKOI ajamTartii
Il MOHITOPHHTY Ta MPOTHO3YBaHHS IHIIWX THIIB 3aXBOPIOBAaHb 4Yepe3 3aMiHy
BIAMOBITHMX CEHCOPHUX MOAyJiB Ta anroputmiB 11 Ge3 HeoOXimqHOCTI KapJUHAIBHOT
nepeOynoBu 0a30Boi iHPPACTPYKTYpH.

0 [apanTyBaTH BUCOKHI PiBEHB 3aXUCTY AaHUX HA BCiX eTarax X 0OpoOKu Ta
mepezadi 3a JOMMOMOTOI0 CYJYacHHUX KpunTorpadivaux Metoxnis (Hampukiran, AES-256) B
paMKax po3MOAITIEHOT apXiTEeKTypH.

4. HaykoBo OOrpyHTOBaHO CHHEpPreTHYHHNA €(QEeKT Bl ITO€THAHHA
PO3pPOOJICHUX METONIB NPEIUKTHBHOI JIarHOCTUKH, apXiTeKTYypu NPUKIHIEBHX
004YHCIIeHb Ta THYYKOTO MIKPOCEPBICHOTO IiIXO0/1Y, 1110 BIIEPILIE YMOXKIMBUIO CTBOPEHHS
MPaKTHYHO OPIEHTOBAHOI, 3py4YHOI Ul KOpHCTyBaya MOOUIbHOI cuctemu. Ls cucrema
3a0e3neuye He Juine Oe3nepepBHUN Ta JOBIOTPHBAIMHA MOHITOPHHI CTaHy AWXalbHOI
CHCTEMH Nalli€HTa B YMOBaX NOBCAKICHHOTO >KUTTS, ajie d HAJae iHCTPYMEHTH Ui
MIPOAKTHUBHOTO YIIPABIIHHS 3IOPOB'SIM, IO CYTTEBO BiApi3HA€ ii BiX crarioHapHUX
KIIHIYHUX METOIIB Ta ICHYIOUMX MOOUTPHUX aHAJIOTiB, OPi€HTOBAaHMX IEPEeBAXKHO Ha
00MeXEeHUIT MOHITOPHUHT.

Ha BimMiHy Bii iHIDUX JOCIHIIKEHb, 30CEPEIKCHUX HAa BY3BKUX acIEKTaX
JarHOCTUKY JMXaJbHUX PO3JIa/iB, TAKMX SIK aHAJII3 KaIUTIO YK JOCIIKEHHS IIOKa3HHKIB
nereniB [11, 12], po3pobneHa cucrema IHTErpye MOXIMBOCTI QoTtormieruzmorpadii
(PIIT") 3 mpoTHO3yBaHHAM PeCHipaTOPHUX 3aXBOPIOBaHb. BUIBIIICTh iICHYIOUHX POOIT 13
PPG 00MeXyroThCS MOHITOPHHTOM TTOKa3HUKIB 0e3 cripolb mependadueHHs 3aXBOPIOBaHb
[13]. Po3pobiiena MobibHA TelleMeANYHA CUCTeMa Ha 0a3i Hocumoro gatunka PPG +
aKkcelepoMeTpa Ta MiKpOCEepBICHOT XMapHOI TIaTGOPMH POIIUPIOE MEXI AIarHOCTHKH,
NOETHYIOUYH Oe3MepepBHUI MOHITOPUHT i MPOrHO3yBaHHs. Lle nae 3Mory 3ailicHIOBaTH
paHHE BUSBJICHHS Ta KiIacH(iKallifo almHOe CHY IAIi€HTIB HAa OCHOBI OlOMEAMYHHX
TIOKa3HUKIB, TAKUX K HaCHYEHHS KpoBi kucHeM (SpO:), 4acToTa CepleBHX CKOPOYEHb
(UCC), gactoTa muxaHHs, iHAeKC armHoe-TimonmHoe (AHI), piBeHb pyX0BOi aKTHBHOCTI, a
TAaKOX CTAaTMYHMUX [OKa3HUKIB CTaTi, BiKy Ta Baru. [Hyuyka Ta MaciuTaboBaHa
apxITEKTypa € IIe OIHIEI0 IHHOBAIIHO CKIaM0BOI0 cucTemu. [100ymoBaHa Ha OCHOBI

MIKpO CEpBICHOIO IMiJXOAy, BOHA JI03BOJISIE IHTErpyBaTd HOBI CEHCOPH Ta MOJENi
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IMTYYHOTO IHTEIEKTy dYepe3 craHmapTu3zoBaHi APl 0Ge3 3HauHUX 3MiH B OCHOBHii
indpactpykrypi. lle 3abesnedye yHiBepCabHICTh, JAaI0OUd MOMJIMBICTH aJanTyBaTH
CHUCTEMY 10 MIarHOCTUKHU IHIIMX 3aXBOPIOBAHB IIISXOM MPOCTOI 3aMiHH CCHCOPIB abo
HaB4aHHSA HOBHX Mozenei IIII. Cucrema opieHTOBaHA Ha 3a0e3MeUSHHS 3PYYHOCTI IS
KOPHCTYBa4iB 3aBASKA MOOUIBHOCTI, TPOCTOTI BHUKOPUCTaHHS Ta MOJMJIMBOCTI
MOHITOPHHTY 1032 MEXKaMH KIIHIYHUX YMOB. bBilbIIiCTh CTaIliOHApHUX METOIIB
MOHITOPUHTY € CKJIQAHUMH Ta HEJOCTYIIHUMH Ul TPHUBAJOro 3acTOCYBaHHS B
HOBCSKICHHOMY XHTTi. HaTOMICTB 3aIporoHOBaHa CHCTEMA € BUTTHOIO aJbTePHATHBOIO
JUTSL IOBFOTPUBAJION0 MOHITOPUHTY 3I0POB’sl BAOMA. 3aBISKHA MOXIIUBOCTI MOCTIHHOTO
KOHTPOJIIO TIOKa3HHWKIB AMXaJIbHOI CHCTEMH Ial[iEHTH MOXYTh BYacCHO BHSIBIIATH
MOTEHL1ITHI TPOOJIEMH 31 37I0pPOB’SIM 1 3BEPTATHUCS 32 MEUYHOIO JOIIOMOI'OFO0, 1110 3HAYHO
MOKpaIly€ NPOTHO3 1 AKICTh KUTTH.

ApxiTeKkTypa cucTeMH Oa3yeTbcs Ha IEepPEeBIpEHHX Cy4YacHHX IIIXOAax, IO
MOETHYIOTh THYUKICTB 1 0€3MeKy MiKpOCepBICHUX CTPYKTYp. KokeH KOMITOHEHT BUKOHY€
cnenudiuyHy poilb, Hampukian, 30WpaHHSA HOaHUX, ix o0poOka, 30epiraHHs abo
yIpaBiiHHA A0CTynoM. Takui minxij 3a0e3nedye Jerkicte MaciiTadyBaHHs, aJlanTaliio
JI0 HOBHX BHMOT 1 IHTErpamifo 3 IHIIMMHA KOMIIOHeHTamu. /I B3aeMomii Mix
KOMITOHEHTaMH BUKOPHCTOBYIOTHCS YHIKaJIbHI KIII04i T (PyBaHHS, 30KpeMa aJITOPUTMHU
AES-256, ski rapaHTyOTh HAIIHHUI 3aXUCT JaHUX Ta KOHQIMCHIIHHICTh. 3aBIsSKH
I[bOMYy CHCTEMa BIANOBiZA€ Cyd4acHUM cTaHmapram iHdopMamiiHOl Oe3meKH,
3a0e3nedyioun 6e3MeKy HaBiTh y CIIEHAPiAX 13 BUCOKUMH PH3UKaMH.

OcCHOBHa BiZIMiHHICTh PO3pOOJICHOT CHCTEMH BiJl iICHYIOUHX IOJIATA€ B aKI[CHTI Ha
MPOTHO3YBaHHI, a HE JIMIIEe Ha MOHITOpUHTY. CHcTeMa He JIUIIEe BUMIPIOE€ TTOKA3HUKH
JUXaHHS, @ i IPOTHO3Y€E MOXJIUBI MPOOJIEMH, HAIAFOYX KOPHUCTYBa4YaM MOCPEPKSHHSL.
Ile mo3Boisie OTpUMYBaTH CBO€YAcHY IH(OpMAILiI0 NMPO CTaH 370pOB’Sl, NpHUHMaTH
MIPEBEHTUBHI 3aX0/M Ta YHUKATH MOXIIMBHX YCKJIaaHeHb. HoBH3HA poOOTH monsrae B
iHTerpamnii MPOrHO3yBaHHS HA OCHOBI OIOMEIMYHHMX HAaHWX, THYYKOi apXiTEKTYpH Ta
OpIEHTOBAHOCTI HA MMPAKTHYHE BUKOPUCTAHHS B YMOBaX IMOBCAKICHHOTO XKHUTTS. 3aBISKH
MOEJHAHHIO IIMX XapakTePUCTHK CUCTeMa He JiMile 3JiHCHIoE Oe3nepepBHUI

MOHITOPHHT, aji¢ i 3a0e3medye MPOrHO3 1 KITach(piKaIliio amHOe CHy — OOCTPYKTUBHOTO,
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HMEHTPATLHOTO Ta 3MIMIAHOTO THITIB — 3 OIIHKOI JTUHAMIKH iHAEKCY alHOE-TillOITHEO
(AHI). Takwmii minxig migBuiIye epeKTUBHICTH TOBIOTPUBAIOTO CIOCTEPEXKEHHS 3a
MalieHTaMy 3 MOPYUICHHSIMU TUXaHHS MiJ] 4ac CHY.

IIpakTHYHE 3HAYEHHS] OTPUMAHHUX Pe3yJIbTATIB MOJATA€ Y HACTYITHOMY:

OcoOucTuii BHeCOK 3100yBaya.

VYci TeopeTnyHi Ta MPaKTHYHI Pe3yIbTaTH AUCEPTALIHHOT pOOOTH, 110 BUHOCSATHCS
Ha 3aXHCT, OTPUMaHi 3700yBadeM 0cCOOMCTO. Y JAPYKOBAaHMX NpAIlsX, HAMHCAHUX Yy
CIiBaBTOPCTBI, 3100yBa4YeBi HAJICKATE:

e VY crarti «OcobiuBocCTi 3acTocyBaHHs anroputMy EMD uis OLIIHKY piBHS KUCHIO
B KPOBI» IMPOBEIEHO aHaJli3 CUTHAJIIB ITyJIb,COKCUMETPIT i 3aCTOCOBaHO EMITIpHYHE
MOJIOBE PO3KJIJIaHHs JJIsl BHSIBJICHHs JecaTypaliid. 3100yBay 3amporoHyBaB i
peaitizyBaB JETEKTOpP JecaTypallii Ha OCHOBI BUOpaHUX MeX Ta HaOOpy MpaBwlI,
moOyTyBaB iHIEKC AecaTyparlil KHCHIO [T JIarHOCTHKH 1 Kiacu]ikamii airHoe CHy
Ta OLIHUB €(PEeKTUBHICTH Migxoxy (IyTauBicts = 0,838).

e V crarti «Y3arampHEeHHs iH(GopMamii 3 TPHUKIAZAMH TPO MOMIIUBOCTI
BUKOPHCTaHHSl CEPBIC-OPIEHTOBAHOIO IMiAXOAY Ta TEXHOJOTIH IITy4YHOTO
iHTenekTy B e-healthy 3m00yBau nocmigus criocobu ynposamkenHs SOA ta Al y
cy4yacHl MeAM4Hi cucTeMH. 3700yBad CHCTEMAaTH3yBaB ICHYIOYi apXiTEKTYpH,
y3araJlbHUB NepeBark iHTerpauii cepBiCiB Ta ITY4YHOTrO iHTENEKTY i copmyBaB
peKOMEHAIIIT 11010 TX 3aCTOCYBaHHS I Kiacu(ikallii anHoe CHy.

e V crarti «Development of a patient health monitoring system based on a service-
oriented architecture using artificial intelligence» mpoanamnizoBaHO MiKpOCEepBICHY
CHCTEMy MOHITOPHHTY MaIli€HTiB, mo noeanye SOA i Al 3moGyBau po3pobus
apxiTeKTypy, IHTerpyBaB AaHi 3 pi3HHX JKepend, ynpoBaguB LSTM-monyib
Kinacugikanii amHoe CHY W IIPOAEMOHCTPYBaB II€peBaru 3alpoONOHOBAHOTO
pIIICHHS 1M0/10 MacIITabOBaHOCTI Ta TOYHOCTI.

e V crarti «Diagnosis of respiratory rhythm based on physiological parameters of
plethysmography using artificial intelligence» mocmimkeno 3actocyBanus LSTM-
MOJIEJI JJIs PO3PaxyHKy YacTOTH AUXaHHs Ha ocHOBI PPG-curHaiis, Biky Ta cTari

namieHTiB. 3100yBau copMyBaB Jaracer, HaBYMB 1 MNPOTECTyBaB MOJEIb,
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MMOKa3aBIX MPHAATHICTh MIAXOMAY IS MIATPUMKH Kiacudikariii amHoe CHY Ta
BiIMITHBIIY 3aJI€KHICTh TOYHOCTI BiJl BIKOBUX TPYII.

Y crarri «Po3poOka iHdpacTpykTypu Ais iHTErpaiii IITYYHOrO IHTENEKTY B
TeJIeMeAWYHI CHCTEMH 3a  JIOIOMOTOI0  MIKpPOCEpBICHOI  apXiTeKTypm»
NPENCTABICHO MIKPOCEPBICHY apXiTeKTypy 3 message-broker-om Ta cimyx6amu
HL7 FHIR. 3po0yBau  cmpoekTyBaB  iH(QpPacTpyKTypy,  peasizyBaB
aBTOMaTH30BaHWK pipeline HaBuaHHSA ¥ JIemIONMEHTY Mojeneil wiacugikarii
alHOE CHY Ta OOIPYHTYBAB MEpeBark PillieHHS Ul PEaIbHOTO Yacy.

Y crarti «/locnimkeHHsT epEeKTUBHOCTI aJTOpUTMIB (uibTpauii OloMeauuHuX
CUTHAJIB Y PeabHOMY Yaci» OILiHEHO HU3bKOYACTOTHI, KOB3HI, CEPEHbO3BAKCHI
ta Kanman-pinbrpu uiss PPG-curnanie, 3i0panux Ha ESP32 + MAX30102.
3100yBau peanizyBaB yCi alrOpUTMH, 310paB Ta MPOAHATI3yBaB JaHi, BCTAHOBUB
nepeBary Kalman-¢gineTpa it nOBiB, mo HOro 3acTOCYBaHHS MiABHINYE SKICTh
CHTHAIy Ta TOYHICTh MOXYNIB KiIachuQikamii amHoe CHY Y JIOMAaIIHbOMY
MOHITOPHUHTY.

Anpobanist pe3yabTaTiB AucepTanmii.

yo0aikanmii.
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MIPOTPAMHOT YaCTUHH, MMOPIBHAIBHUNA aHai3 3aIIPOITOHOBAHUX METOIIB)

. Ilerpenko, A. 1., Bomoban, O. A. (2025). Po3pobka iHGpacTpyKTypH I
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OTpPUMaHUX PE3yJIbTATIB)
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Crpykrypa aucepraunii Ta ii o0csr.

JlucepTarisi CKIaaa€eThes i3 BCTYIY, IIECTH PO3ALIIB, IBAIISTH TPHOX IiIPO3ALTIB,
3arajJibHUX BHUCHOBKIB, CITUCKY BHKOPHUCTaHHMX JDKEpeN Ta MOJATKiB. 3aranbHuid o0csr
poboTu ckinagae 156 cTopiHOK, i3 sikux 124 CTOPIHKM OCHOBHOTO TEKCTYy. Y poOOTi
Mmictutbess 43 pucyHku, 10 Tabmmmi. COMCOK BHKOPHUCTaHUX JIDKepen Hajiidye 69

HallMEHyBaHHS, 13 SKUX 69 1HO3EMHOIO MOBOIO.



30

PO31J1 1. BHIPOBA’KEHHS HITYYHOI'O IHTEJIEKTY B OXOPOHY
310POB’s1: MOKJIMBOCTI TA BUKJIMKHN

3rigno 3 Jlemannowm [3], mryunuii intenext (ILI) TpanchopmyBaB Tpaauiiiiui
PY4HI METOAM B aBTOMAaTH30BaHI CHCTEMH, 3/1aTHI aHAJII3yBaTH BEITUKI 00CATH MEINIHNX
JaHUX 1 MiATpUMYBAaTH HPUHHATTA KIiHIYHEX pimens. Cucremu Ha ocHosi IIII
BUKOHYIOTh JiarHOCTHYHI Ta IPOTHOCTHYHI 33134l MIBHIIIE, TOYHINIE Ta epeKTUBHIIIE,
HDK e MOXIHBO JIFoquHO0 [4]. Pazom i3 tum, inTerpamis 11 B oxopoHy 3m0poB’s
nmotpeOye BpaxyBaHHS CTHYHHX ACMEKTiB (KOHOIICHIIHHICTh, BIANOBITATBHICTE) Ta
TEXHIYHUX BUKIMKIB (HeCyMicHICTh IT-cucTeM, yrepeKeHicTh 1anux) [5-8].

BonHowyac ocTaHHI JIOCHIJPKEHHS 30Cepe/KeHiI Ha BHUKOPHCTaHHI METOIB
MAIIMHHOTO 1 TJIMOMHHOIO HaBYaHHS Ui Kiacudikalii amHoe CHY Ha OCHOBI
OloMeIMYHMX CUTHATIB 13 HOCMMHX NpHCTpoiB. Tak, monens ApSense, 10 aHaii3ye
mme PPG-curaamm, moemHye qoMeH-cnenudigai 03HaKA (aMIUTITYa XBIIIL, iHTEpBaJH
RR Tomo0) Ta rmnOuHAY HEHPOHHY MEpEeXKy, 1 JeMOHCTpye BHILy 4yTiauBicTs Ta AUROC
nopiBHsSHO 3 SOTA-miaxogamMu mpu BUSBJIEHHI €Ii30[1iB OOCTPYKTUBHOTO allHOE CHY.
[Hmi po6oTH MmoKa3aiy, MO0 MOEIHAHHS CEJICKIii O3HAK 1 KiacuyHuX ML-anroputmis
(SVM, Random Forest, XGBoost) no3Bonste nporao3dysatu crymniab Tspkkocti OAC 3
TOYHicTIO 1ToHax 82 %.

Paszom i3 TuM, BrpoBajukeHHs Il B MequuuHy CyNpOBOMKYETHCS E€THUYHUMH
MUTAHHAMH Ta 3aHEMOKOEHHSAMH, 30KpeMa MO0 KOHGIACHIIHHOCTI HaHuX 1
BIAMOBINAIILHOCTI 32 MPHUHHATI PIIICHHS, 1[0 BIUIMBAE HA NOBIPY A0 IMX TEXHOJOTIH.
BuxopucranHsa anropuTMiB TTMOOKOTO HABYaHHA IUIS AIaTHOCTHKH PaKy, MpeHu3iiHOi
MEIMLHY, POTHO3YBAHHA Ta aBTOMATH3allil YNpaBIiHCHKUX 3aBIaHb CTHKAETHCS 3
BUKJIMKaMH, 30KpeMa CKJIQJHOIaMu 3a0e3ledyeHHs HapmidHocti mopmeneit LI, ix
ajamnTarii 10 pi3HUX KIIHIYHHX YMOB Ta THITIB JaHUX, a TaKOX OallaHCYBaHHIM MiX
MAaIIMHHIMH PIIICHHSMH 1 JIIOACHKUM JOCBIJIOM Y IPUIHSTTI pilueHs [5].

Cyo0aci [6] 3a3Ha4ae, 1110 OAHIEIO 3 HAHOUTBIINX ITepeBar BHKOPHCTAHHS IITYYHOTO
intenexkty (III) B MeauiuHi € MiABHINCHHS TOYHOCTI MIarHOCTHKH Ta 3arajbHOl
e(peKTUBHOCTI MeIMYHKX npouenyp. [HctpymenTH Bisyauizanii Ha ocuosi 11, Taki sik

3rOPTKOBI HEHPOHHI Mepei, 3/laTHI aHali3yBaTH MeAWYHI 300pakeHHs, 30Kpema



31

MarHiTHO-pe3oHaHcHy Ttomorpadiro (MPT) i komm’rorepry Ttomorpadiro (KT), 3
BHCOKOIO TOYHICTIO, TIEPEBEPIIYIOUH JIOJCHKUN aHaTi3.

3aBsiku 3narHocTi 1 BusiBisTH 1piOHI aHOMAJTIT, SIKi MOXKYTh OyTH HETTIOMITHUMH
JUISL JIFOJICBKOTO OKA, Il TeXHOJIOTi JO3BOJIAIOTH POBOAUTH PaHHE BHSABJICHHS 0araTbox
3aXBOPIOBaHb, 30KpeMa paKy. PaHHE BHSBIICHHS 3HAYHO MOKPAIIye MPOTHO3 IS
MAITIEHTIB, MTO3BOJSIOYM pPO3MOYATH JIIKYBAaHHS Ha ITOYATKOBHX CTaHiAX XBOPOOHW Ta
TIBUIIYIOYH [IAHCH HA YCIIIIHE Oy>KaHHS.

[ITono BUKOpUCTAHHS ITYYHOTO IHTENEKTy y MeauuHii cepi, Hlinaepe ta in. [7]
JOCTIKYBaIM ¥ 3a3HAYMIIM, 1110, MTOTIPH 3HAYHMI moTeHIial, interpariis 111 B Mmeauuni
CHCTEMHU CYITPOBOKYETHCS TEXHIYHUMH, €THYHUMH Ta OpraHi3alifHUMH BHKJIMKAMH.
OjHi€r0 3 OCHOBHUX Ipo0iieM € HecyMicHicTh Mk cucrtemamu LI ta icHyrounmu 1T-
CHUCTEMaMH B MEIUIIMHI. BiJbIIICTh Cy4acHUX CHCTEM OXOPOHH 370POB’S MPAIFOIOTh Ha
3acTapijioMy mporpaMHOMY 3a0e3MeueHHi, ke He MiATpUMy€e 00pOOKY BEIHKHUX O0CSTIB
JaHUX a00 aJTOPUTMH MAIIMHHOTO HABYaHHA, IO YCKIAAHIOE IHTErpamiro 3
texHouorisamu L1, a Takox 301IbIIy€e BapTICTh MOJIEpHI3aIlil.

Kpim Toro, lllinnepc Ta iH. [7] HaroaouyroTh, 1110 NUTAHHS KOH(IIEHIIHHOCTI Ta
Oe3neku MaHuX € KIIOYOBHUMHU Yy MeawuHiil cgepi. LI mMoxe miaTpuMyBaTH CHCTEMH
OXOpPOHHU 370pOB’s B 00pOOI BEIMKHX OOCSTIB JaHWX TAIli€HTIB, 3a0e3Meuyroyun
BUCOKMI piBeHb Oe3mekn Ta KoHQineHuidHocTi iHdopmanii. Opranizamii, sKi
BOpoBauKytoTh I, OTpuMyIOTH IHCTpYMEHTH Ui HiIBHIIEHHSA  3aXUCTY
KOH(DIZCHIIMHUX JaHWX, 30KpemMa dYepe3 MMGpPYBaHHS Ta AaBTOMAaTH30BaHy
iIeHTU}IKAIII0 MOTSHIIIMHUX 3arpo3.

[Hme muranus, mos’s3ade i3 LI, sk 3a3magarore Cymxkirt Ta iH. [8], mossrae y
MOJJIMBOCTI TIOTTUONCHHS ICHYIOUMX HepiBHOCTEH y cdepi OXOpOHH 3I0pOB’s.
Anroputmu I € HacTUIBKK SIKICHUMM, HACKUIBKM SIKICHI JIaHi, Ha SIKUX BOHH Oynu
HaBueHi. Hampukmnaz, sSKIIO JaHi MICTATh HEIOCTATHIO PENPE3CHTAIil0 MEBHUX TPyI
HACeNleHHsI 32 PacoBOI0, TCHICPHOI YM COLIaJbHO-CKOHOMIYHOK O3HAKOIO, 116 MOXeE
CHPUYUHUTH YIepeDKEHICTh y Mporuo3ax adbo pexomennauisx I, mo npusBoauts 10
HEepiBHOTO JIiKyBaHHsI naiieHTiB. Ananoriuno, Cy6aci [6] migKpecitoe eTHYHI BUKIIMKH,

OB’ $5I3aHi 3 POJUTIO JIIOICKKOTO CY/XKEHHS! Y IOPIBHSHHI 3 MAlIMHHUMH pilleHHsIMHU. Xo4a
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LI Moxe 3HAYHO MiATPUMYBATH MPOIIECH IPUHHSITTS PillleHb, TaKi BAXKJINBI ACIEKTH, K
IHTYIIis, eMIaTis Ta COPUUHATTS, HE MOXKYTh OYTH 1HTerpoBaHi y 1i cuctemu. CkiamHi
a00 HeOJIHO3HAYHI MEIMYHI PIlIEHHS 4aCTO MOTPEOYIOTh IHTErpallil JIICHKOTO IOCBIAY
Ta IHAWBIIYaTFHOTO MiAXO0Ty 10 MALi€HTA, [0 3aJHIIAETHCS 11038 MEKaMH MOYKIIMBOCTEH
1.

3rinHo 3 BUcHOBKaMH SlHra Ta iH. [9], ILII mae morenmian 3anpornonyBaT OLIBII
Mali€HT-OpIEHTOBAHUH 1 Oe3MepepBHUIT NOTIISAA, 30KpeMa 4Yepe3 MOHITOPHHI CTaHy
MAITIEHTIB y pealbHOMY Yaci Ta aJlanTalliio JTiIKyBaJbHUX IUIAHIB 0 IXHIX 1HIUBITyaIbHIX
norped. Cucremu LI, BUKOPUCTOBYIOUM AaHI 3 HOCHMMHX IPHCTPOIB, 3a0€3eUyloTh
MEIUYHKUX TpaliBHUKIB 1H(OpPMAI€I0 MPO TOTOYHHH CTaH XPOHIYHMX MAI€HTIB,
JIO3BOJISIIOYM ~ QHATI3yBaTh JAMHAMIKY Ta pO3poONsATH 1HIAMBIAyalli30BaHI IUIAHU
JIKyBaHHS.

3axBOpIOBaHHS, Taki SK Aia0er, TiepTeH3is Ta cepleBa HEJOCTaTHICTh, MOXKYTh
OyTu Kpalie KOHTPOJbOBaHI 3aBASKM BHKOPUCTAHHIO HOCHMHX HPHUCTPOIB, IO
3a20e3MeuyIoTh MOCTIHHNI MOHITOPHHT 1 TOTIOMAraloTh YHUKATH yckianHaeHsb. I Takox
CHpUsi€ TOTPUMAHHIO JIKYBAIBHUX PEKHUMIB TallieHTaMu 4epe3 (yHKIIi HarajayBaHb,
TpeKepiB MPHUHOMY JIIKIB 1 aBTOMAaTH30BaHUX MOBiJOMIICHb. L{e 0coOnMMBO KOpPHCHO Y
CKJIaJIHUX BHIIAJKaX 13 0araTOKOMIIOHEHTHHMH CXEMaMH JIKyBaHHS, 3MEHIIYIOUH
PH3HKH IIPOIYCKiB 200 HENPaBHJILHOIO NPUHOMY ITpenaparis.

Tounicte nmiarnoctuunux iHCcTpyMmeHTiB Il Ha 15% mnepeBumiye TpamuminHi
METOAM IPHU BHUABJCHHI paHHIX CTajiii 3axBoproBaHb. Lle Takok CKOpouye dac
niarHoctuky Ha 30%, 110 TPUCKOPIOE IPOLIEC TPiaXy Ta JIKyBaHHS MAIiEHTIB. Y cdepi
nepconanizoBanoi MenumuaU LI nemonctpye Ha 20% BHITy TOUHICTH y mependadeHHi
peakiii manieHTiB Ha JiKyBaHHS, IO 3HAYHO IOKpaIye pe3ynbraTu Teparmii. Kpim Toro,
40%  omuWTaHMX ~ MEIWYHWX  NPAIBHUKIB  TOBIJOMWJIM  TPO  3MCHIICHHA
aJIMiHICTPATUBHOTO HABAaHTAXXCHHS 3aBIAKU BuKopucTaHHIO 11, mo 3BimpHMIO OibIIe
yacy s 6e3mocepenHboi podotu 3 mamientamu [10]. Kefic-crazii Takox moka3aim, 1o
BrpoBapkeHHs 11 ckopodye BUTpaTH Ha Mequ4YHEe OOCIYroBYBaHHs Ha 25% 3aBIsKU
ONTUMI3alil pO3MOJiTy MEIUYHOIO TEPCOHANY, PEeCypcCiB JIKapeHb Ta aBTOMAaTH3allil

ajMinictpaTuBHuX npoueciB. [lonpu 3HaynHwmit mosutuBHui BrutkB LI, pesymbratu
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TaKO)X BHABWIM HU3KY BUKIMKIB. TouHicTh anropurmiB Oyna Ha 10% HIDKYOKO Ipu
JIarHOCTHUIll TPEICTAaBHUKIB TMEBHUX ETHIYHMX Ta COLIaJbHUX TPYyIH, IO BKazye Ha
HEJIOCTATHIO PENpPEe3eHTAaTUBHICTh TaKMX MAlli€HTIB y HaBUabHUX BUOipkax [7]. Le
i IKPECITIOE HEOOX1THICTh BUKOPUCTAHHS O1TBII IHKIIFO3UBHUX JaHUX Jyisa HaBdanas 1111
CTaTHCTHYHI aHANI3W MIATBEPIMNIA 3HAYHWH 3B'130K MiK BukopuctaHHsaMm LI Ta
MOKpAIICHHIM pe3yJIbTaTiB JIKyBaHHS NamieHTIB (3HaueHHA p < 0,05), mo miaTBepmKye
rinote3y npo no3utuBHUA BruwB 11 Ha Mmemummay. OnHak 60% MEIUIHUX PAI[iBHUKIB
BHCJIOBIIIM ITOOOFOBAaHHS M0N0 HaaMipHOI 3anexkHocTi Bin I, 1 60,3% Haromocwmu Ha
HEeOOXI1THOCTI iHTerpaii MiX JTFOJICbKHM Ta IITYYHUM iHTEIeKTOM. BOHN BBa)KaroTh, 110
I mae ciyryBaTH iHCTPYMEHTOM IIATPUMKH JIFOJICBKOTO 1HTEJIEKTY, 8 HE 3MIHIOBATH

Horo.

PO3LT 2. METOJOJOTTYHU AHAJII3 ITIPOBJIEMU JJIATHOCTUKH
AITHOE CHY 3 BUKOPUCTAHHSAM I'NIUBOKOI'O HABYUAHHSI AJ151
NIATPUMKHA NPUMHATTS JIATHOCTUYHUX PIIIEHD JIKAPEM

2.1 3axBopioBaHHsI OpraHiB JAMXaHHS Ta NPUYNHU TOPYIIEHHS AWXAHHS Ta
BHHUKHEHHS alHOE CHY

[TaTonorii opraHiB AWXaHHS OXOIUTIOIOTH 3HAYHHU CHEKTpP 3aXBOPIOBAHb, IO
MOPYIIYIOTh BEHTWIALIIO AUXATBHIX NUIIXiB. HaltOimbI po3noBCIOKEHUMHE cepel] HUX
€ XpOHIYHa OOCTpPYKTHBHa XBOpoOa JIereHb, acTMa OpoHXialbHA Ta IHTEPCTHIIATBHI
YPaKEHHS JIET€HEeBOI TKaHWHM, SIKI MPU3BOIATH JI0 3MiH €IaCTUYHOCTI MapeHXIMH Ta
3BY)KEHHsI OpPOHXiaJIbHOTO MPOCBITY. [TiArpyHTSIM IMX MOpYLIEHb HalYacTINIe € He JINIIEe
3ananbHi 4M iH(QEKHiiHI mpomecH, a W CTPYKTypHI aHOMaiii AWXaIbHUX MUISXIB,
JcOananc IMyHHHMX peakiiif a00 TOKCMYHMH BIUIMB IIKiAIUBUX pedoBuH. KpiM Toro, Ha
e(EeKTUBHICTD AMXAHHS BIUIMBAIOThH IHINI (DAKTOPH — OXKHUPIHHS, KyPIiHHS, aJepridHi
peakiii Ta eKOJOriYHI YMHHHKH, SIKI YCKJIaJIHIOIOTh POOOTY AMXaIbHHX M S3IB 1
3HMKYIOTb 3aTHICTh JIETEHIB JI0 a/IeKBATHOI BEHTHIISIIIN.

AnHoe cHY, sk 0c00J1Ba (hopMa MopyIIeHHs TUXaHHS, BAHUKAE I1i]] 4ac CHY 4epe3
MEepiOAWYHI 3YMUHKH TIOBITPOOOMIHY TPHUBANICTIO HE MEHIIE JECATH CEKYHII.

O6CprKTI/IBHe artHoC CHY 3yMOBJICHO ClIaJIaHHAM CTIHOK TJIOTKH BHaCHiZ[OK SHH)XCHHA
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TOHYCY M’sI3iB BEpXHIX AMXATBHHUX NUISAXIB, 110 MPU3BOAUTH 10 MOBHOI 200 4acTKOBOI
OJIoKagu TOBITPSIHOTO TIOTOKY. KirodoBMMH (akTopaMu pHU3WKY € aHaTOMIivHi
OCOOJIMBOCTI YepEMHO-IMIICBOT AUITHKH, HaAMipHA Bara TiTa Ta BiK, ajpke y JIIOZACH
CEpeIHBOTO Ta CTAPIIOTO BiKy TOHYC M S3iB TJIOTKH IIiJ] 9ac CHY 3HAYHO 3HMKYETHCS.
LenT-pansHe amrHOE, HABIIAKW, BHHUKAE BHACHIOK HEIOCTATHROI aKTHBALlii JUXAIEHOTO
[EHTPY B TOJIOBHOMY MO3KY, KOJIM MAIi€HT (QI3WYHO He 3IiHCHIOE MUXATbHUX PYXiB, X04a
MPOXiTHICTh IUXANBHUX MUISXIiB 3aUIIAE€ThCS HE3MIHHOI. Y 0araThbOX BHITaIKaX
3yCTpi4aeThcs 3MiliaHa ¢GopMma, KOITM LEHTPAIbHI 1 OOCTPYKTHBHI MEXaHi3MHU
MOETHYIOThCS, YCKIJIQIHIOIOUH KIIIHIYHY KapTUHY [1aTOJOT 1.

[MTarodiziosoriuni HACHIAKM amHOE CHY IOJISTalOTh IEPeAyCiM Yy XPOHIuHIH
rinoKcii Ta YacTUX peakTHBAaIisIX CHMIIATHYHOI HEPBOBOI CHUCTEMH, IO MPOBOKYIOTh
CTpUOKHM apTepiajbHOrO THCKY, MOPYIIEHHS CEpPIIEBOTO PUTMY 1 (parmenTanito cHy. Lle
3YMOBITIOE PO3BHTOK apTepiaibHOI TiepTeH3ii, MeTaOOMIYHIX PO3TIAIiB, TOCUITIOE PU3HK
CEepIEeBO-CYIUHHUX YCKJIaTHEHb Ta 3HIDKYE SAKICTh XHUTTSA 4Yepe3 IOCTIHHY [eHHY
COHJIMBICTP 1 KOTHITHBHI TUCQYHKIII. YpaxyBaHHA WX YAHHHUKIB € BU3HAYATBHUM IS
BUOOpPY €(PEKTUBHUX METO/IIB AIaTHOCTHKH Ta JIIKYBaHHS: BiJI KOHCEPBATUBHUX MIIXOIB
i3 3aCTOCYBaHHAM O€3IepepBHOTO MO3UTHBHOIO THCKY B AnxanbHuX nuixax (CPAP) no
XIpypriuHuX BTpy4YaHb, CHIPSIMOBAHMX HA KOPEKII}0 aHATOMIYHUX MOpyLIeHb. CaMe ToMy
pO3poOKa aBTOMAaTH30BAHMX CHCTEM MOHITOPHMHIY Ta NPOTHO3YBaHHS alHOE CHY Ha
OCHOBi1 OIOMEIUYHHUX CHUTHAIIB 1 CydacCHUX METOJIB INTYYHOTO IHTENEKTy HaOyBae
0CcOONMBOIO 3HAYECHHS B KOHTEKCTI TIOKpalleHHsS pe3yibTaTiB JIKyBaHHS Ta
MpoUIaKTUKA YCKIaIHEHb.

2.2 Tpaauuiiini kJiHiYHi MeTOIM peecTpanii Ta aHaMi3y GioMeAMYHMX CUTHAJIB 11
AiarHOCTHKH allHOe CHY

TpazumiiHi KIHIYHI METOIM MIarHOCTHKU allHOE CHY I'PYHTYIOTHCSI HacaMIlepen
Ha OaraTokaHaBHIN noJricoMHorpadii, sIKa OIHOYACHO peectpye
enextpoeHnedanorpamy (EEI), enekrpomiorpamy (EMI'), enekrpookynorpamy (EOT),
JUXaJbHUAN TOTIK Yepe3 HA3aJIbHO-POTOBHH TEPMIHAI Ta TCPMOCTPYMHUHHHHA CEHCOP,
nepdys3iro KpoBi i HacuueHHs KucHeM (SpO:) 3a TOMOMOI0I0 MyIbCOKCHMETPA, a TAKOXK

PYX TpyIHOT KJIITKH i 4epeBHOT CTIHKH 3a JIOIIOMOT'00 ONTHYHHUX a00 TEH30METPUYHHX
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pemeniB (puc. 1.1.). TlapanensHo (iKCYEThCSI CEpLEBUIl PUTM 10 eleKTPOKapiorpami

(EKT') Ta mosioxeHHsl Tijia i3 3aCTOCYBaHHSM aKCeIEPOMETPHYHHUX MATPHUILb.

Puc. 1.1. Tomicomuorpadiyna cucrema

OTpuMaHi CUTHANM  AHATI3YIOTBhCS SIK  aBTOMAaTH30BaHMMH  IPOTPaMHO-
arnapaTHUMHU KOMIUIEKCaMH, TaK i Bpy4HY — HIISIXOM Heperisaay (parMeHTiB 3yMHHOK
IUXaHHS, ecaTyparlii i mpoOyHKeHb, MO0 TO03BOJISIE BU3HAYNTH IHACKC alTHOE-TIIIOIMHOe
(AHI) Ta cTymiHB TSKKOCTI TMOPYIIEHHS (JIETKUW, cepenmHii, Bakkwid). s omiHKK
JMXAJIBHOTO TOTOKY 3aCTOCOBYIOTh KaHAJIBHI (iNTBTPH Ta KOPENAMIHHWK aHami3 Mik
pyXaMu rpyJHOT KIITKA i 3MIHHOIO TEMIIEPATYPOIO MOBITPS B KaHaui quxaHHs. CUrHamm
SpO: 00poONAIOTHCS 3a MOMOMOIO JIHIHHOT IHTEPHOJANIl Ta BIJCTEKEHHS IIKIB

JIECTPYKIIiH, 110 1a€ 3MOTY OOUUCIIMTH Yac Ta IIMONHY TITOKCHYHUX eni3oiB (puc. 1.2.).
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puc. 1.2. [Tynscokcumerp

HesBaxaroun Ha BHCOKY iH(pOpPMATHBHICTB, moJicOMHOrpadis morpedye
CKJIATHOTO OOJIaZIHAHHS, 3aJy4YCHHS KUIBKOX OIEpaTropiB 1 MOXe CHPHYUHSATH
JUCKOMQOPT MaIieHTy Yepe3 YHCIIEHHI JaTYuKU Ta APOTH. AHAJI3 TaHUX 4acTo 3aiMae
KUTbKa TOAMH 1 BHUMArae IiITBEP/PKCHHS CKCIIEPTOM-COMHOJIOTOM, IO OOMEXye
MacmTabOBaHICTh METOMYy JJIsi MAacOBUX CKpHHIHTIB. CaMe Ii HEIOJIKH CTaiu
KaTali3aTopoOM IIOIIYKYy MEHII iHBa3WBHUX INIXOMIB i3 HOCHMHUMH IIPHCTPOSMH Ta
ABTOMATH30BAHUMH aJTOPUTMaMHU 0OPOOKH CUTHAIIB.

2.3 3acTocyBaHHS MeTOAiB LM(PPOBOI 00POOKHU CUTHAJIB JIsl MOKPAIeHHS SIKOCTI
AIarHOCTHKH alTHOE CHY

Y cydacHMX TOCHIPKEHHSIX JIarHOCTUKY alTHOE CHY Jie/lalli 4acTille 3aCTOCOBYIOTh
KOMILIEKC METOJIIB III(PPOBOI OOPOOKH CHTHAIIB, IO JO3BOJISIOTH CYTTEBO ITiIBHIIUTH
TOYHICTP 1 IBHIKICTh BUSBICHHS IHIUBIAYAIbHUX CMI30/IiB 3yMUHOK AuxaHHs. Ha erami
nornepeHboi 0OPOOKH CUTHAM MYJIbCOKCUMETPIi 1 KapJIOCHTHAIN TPOXOMASATh 4yepe3
HU3bKOYACTOTHI BHCOKONPOXiAHI (QUITpH sl  yCyHEHHA Jpeidy i3omiHil #
CMyro3aropoKyBaiibHi (aHrit. notch) QiabTpu IUIs MPUAYIICHHST MEPE)KEBUX HAaBEICHb
50/60 Tmn. [lns amanTUBHOTO BUAUICHHS KOPUCHOI TYyJNbCOBOI XBWJII  4acTo

BUKOPUCTOBYIOTh ¢inmbTp Kambmana abo He3ane)XKHHUH KOMIIOHCHTHHH aHami3, SKi
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30epiraroTh KJIIOYOBI YacOBO-aMILTITYAHI XapaKTePUCTHUKH CHUTHAITY Ta BOJHOYAC
3MEHIIYIOTh apTeakTH pyXy M myMm mnpuctporo. Ilicis ouMIneHHS 3acCTOCOBYIOTH
4acOBO-YaCTOTHI MEPETBOPEHHS: IIBUJKE MepeTBOpeHHss Dyp’e BUILILE XapaKTEpHI
YaCcTOTHI KOMIOHEHTH auxaHHA (mpubmm3Ho 0,1-0,5 I'm), a BeliBier-aHaNi3 JOKaMi3ye
KOpPOTKOYAcHI TilOKCHYHI emi3onu B 4YacoBiii obmacti [59]. 3 oTpumaHuX 4YacoBo-
YAaCTOTHUX O3HAaK BpPY4YHY a00 3 BHKOPHCTaHHSAM MNPOCTUX INPaBUIl JCTEKTYBaHHS
(thresholding, envelope detection, momryk mikoBux iHTepBamiB RR) dopmyrors momii
3yNMUHOK JAWXAHHS Ta PO3PAaXOBYIOTH iHAeKC amHoe-rinonHoe (AHI), skuii € oOCHOBHMM
KJIHIYHUM ITOKA3HHKOM TSDKKOCTI IOPYIIICHHS CHY.

KnrouoBuM KpokoMm € Takox Bepudikaiis NpaBHIBHOCTI CErMeHTalii Ta
KJacudikauii amHoe NIUISIXOM aHalli3y eBOJIOLIT CHEKTPa 1 CTATUCTHYHHUX XapaKTEPUCTUK
CUTHaly—HAaNpHKIad, 3MiHA BapiadenbHOCTI IiHTepBamiB R-R abo ammiiTymHi
Monymioloui edpexktn y PPG mig wac amxampHUX may3. Taxwif migxin, 3acHOBaHHMN
BUHATKOBO Ha KJIACHYHHX aITOPHTMaX MH(PPoBO1 00pOOKH CHTHAIIB, MiABHIIY€E TOUYHICTH
1 HaiifHICTh JIarHOCTHKY aItHOE CHy 0€3 HeoOXiTHOCTI 3ay9YaT eKCIePTiB U pyIHOTO
Heperisiy BCiX 3aIuciB.

2.4 AHaJi3 3acTOCYyBaHHSI METOAIB IJIMOOKOr0 HABYAHHSA 10 3ajavi kiaacudikamii
curHaJiB GoToNIeTH3MOTPaM /ISl BUSIBJIEHHSI alTHOE CHY

VYTpoJoBX OCTaHHIX POKIB 3aCTOCYBaHHS METOMIB TJIMOMHHOTO HABYaHHS JI0
kinacuikamii curnamia dororureT3mMorpadil 1 BUSBACHHS AlHOE CHY JEMOHCTPYE
3HAYHUIl pOrpec y MiJBUIIECHHI TOYHOCTI qiarHOCTUKH. Hu3ka JAociikeHb mokasaia,
10 OJHOBMMIpHI 3ropTKoBi HeiipoHHi Mepexi (auri. One-Dimensional Convolutional
Neural Network (1D-CNN)) MOXyTh aBTOMATHYHO BHALIATH YacoBi O3HaKu 06e3
HOIEPEAHBOTO PYYHOTO IHKEHIPHHTY, JOCSATal0uN TOYHOCTI BUsIBICHHA MoHaa 90% npu
po3ITi3HaBaHHI €Mi30/iB 1May3 IUXaHHs. 30KkpeMa, y po0oTi, omyOiikoBaniil y Frontiers in
Neuroscience, moxens Ha ocHoBi 1D-CNN mpomeMoHcTpyBana mnepeBuineHHs 90%
TOYHOCTI HA TECTOBOMY Habopi manux PPG, mOTBepIKyrOun KHUTTE3TATHICTH
MOPTAaTMBHUX HOCUMHMX ITPUCTPOIB JUIsl CKPUHIHTY anHoe cHY [60].

IMopsin i3 CNN, rimboki pekypentHi mepexi LSTM Ta ix ribpuani komOiHawii 3

CNN (CNN-LSTM) ycminmao 3acToCOBYIOThCS it 00poOku mocmigoBHocTedd DI i3
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BpaxyBaHHSM JOBTOTPUBAIMX 3aJe)KHOCTeW curHamy. Tak, ribpumHa momenr CNN-
LSTM nocsirnma 95,38 % TOYHOCTI BWSIBICHHS AalHOE, IMiIKPECTIOIOYH BaXKIHBICTh
IHTerparii MpocTOPOBOTO i YacoBo-AiHaMiuHoro aHamizy @I -ganux [61]. Kpim Toro,
mwratpopma OxiNet, po3pobrneHa i ommcana B xypHami Nature Communications,
MPOAEMOHCTPYBAJIa BUCOKY CTIiHKICTh JIO PI3HUX PO3IMOILTIB NAHWX Ta IEpPEBEpIIIIIa
KJIACHYHI MiAXOMU MAIIMHHOTO HAaBYaHHS B JIarHOCTHI[I OOCTPYKTHBHOTO amHOE 3a
JTAaHUMH ITYJIbCOKCUMETPIi [62].

[Hmi gocmimpkeHHs, 3i0paHi B CHCTEMAaTHYHUX OMNIAAAaX, HiATBEPUKYIOTH, IO
mojeni Ha ocHoBi CNN, LSTM a6o ix koMOiHamii ctadinpHO mepeBHInyoTs 80-90% y
YyTIOMBOCTI Ta crneuudivyHocTi knacudikaiii anmHoe CHy, OCOOJHMBO KOJHM BXIIHHUMH
JAHMMHA € YacoBO-4acTOTHI mpenacraBiaenns OII-curnany [63]. Taki moxeni
JIO3BOJISIFOTh ~ PEai30ByBaTH TOBHICTIO aBTOMATH30BaHI KOHBEEPU [IarHOCTHKH,
3MEHIIYIOUH MOTpedy y PYyIHOMY aHaji3i moiricoMHorpadii Ta BiIKpHUBAIOUX MUIAX 0
MacmTabHOTO JOMAITHBOTO MOHITOPHHTY.

3aBIsKH 30ATHOCTI TIMOMHHUX MEPEK OMAHOBYBATH CKJIA[HI MATEPHHU B YaCOBO-
aMILTITYTHUX JJAaHUX 0€3 IOoMepeHbOT SKCTPAKIliT 03HAK, Il MiXOU CTAI0Th KIIFOYOBUMHU
KOMITOHCHTaMH CYYaCHHUX HOCUMHX CHUCTEM JUIs Kiacu(ikallii amHoe CHy. Y HACTYIHHUX
poszainax Oyne neraiabHO po3rsiHyTo apxitektypu LSTM i 1D-CNN, ixHro peasizatiiio y
BUTJIAIAI  MIKPO  CEpBICHMX  KOMIIOHEHTIB Ta  pe3yJbTaTH  ampodamii  Ha
eKCIIePUMEHTAIbHUX JaHUX.

2.4.1. BuaineHHsl penpe3eHTATHBHUX O3HAK, sIKi MOXKYTh OyTH NMOB’si3aHi 3
anHoe CHYy

HopmanbsHe muxaHHS 3aJ€XWTh BiJ KiTbKOX (aKkTOpiB, 30KpeMa BiKy, (Gi3udHOL
MiATOTOBKU Ta PIiBHA CTpeECy, 1 3a3BUYall XapaKTepU3Y€ETHCS CTAOLIFHOIO YacCTOTOK Ta
o0csroM. Y HOBOHApO/DKEHUX YacTOTa AWXaHHSA cTaHoBHUTH Bif 30 mo 60 BamxiB 3a
XBWIMHY, TOJMI SIK Y JOPOCIUX IIeH IMOKA3HUK 3a3BHYail KONMHMBaeThcs B Mekax 12—20
BIUXIB 32 XBIIIMHY. YacToTa MUXaHHSI MOXE 3pOCTAaTH BHACTIIOK (i3MIHOI aKTHBHOCTI,
cTpecy abo 3aXBOpIOBaHb. Y po3Ciaa0ieHOMY CcTaHi ab0 MPH BUKOPUCTAHHI JUXATBHUX

TEXHIK, HAMPHUKJIAJ, IT1J1 4aC MEAUTAIIIl, TEAKI JIFOJH 3aTHI 3HU3UTH YaCTOTY AUXAHHSI JI0
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TPBOX-TI"SITH BIUXIB 32 XBUJIMHY, IO CIIPHSE MOKPAIIEHHIO CAMOIIOYYTTS Ta 3HIKCHHIO

piBHSA cTpecy.

Tab. 2.1. [liana3on yacToTu AuxaHHA [16]

I'pymna Bix JuxanpHux
PYXiB/XB
HoBonapokeHi Bia HapopkenHs 1o | 30-60
6 TIKHIB
Hemognsita Bix 6 TwxkHiB g0 6 | 25-40
MicsILiB
JiTi paHHBOTO BiKY Bix 1 1o 3 pokiB 20-30
Jiti MonoaUIOTO BiKy BiZ 3 10 6 pokiB 20-25
Jitu crapuioro Biky Bix 10 1o 14 poki | 15-20
Hopocni Jopocti 12-20

YV marieHTiB 3 mMigo3por0 Ha alTHOE CHY KIIFOYOBHMH PETPE3eHTaTUBHIMHU O3HAKAMU

(o3HaKaMm) cTaHy € Ti HapaMeTpPH, SKi IPSIMO BiOOPaXKaroTh MOPYIICHHS BEHTHIAMIT Ta

okcureHamii mix dac cHy. Ilo-mepmre, me iHmekc amHoe-rimomHoe (AHI) — cepemns

KUTBKICTh MO TOJHOM 3YNMHHKH AWXaHHS (AITHOE) Ta YACTKOBUX OOMEKEHb MOTOKY

noBiTpsl (TironHoe) 3a ToxuHy cHy. 3a 3HaueHHAM AHI xiacudikyroTe TSOKKICTh

3axBoproBaHHs (Tabmuis 2.2). [lo-ppyre, BHKOPHCTOBYIOTH OKCHI'CHAI[IMHUH iHIEKC

(ODI) — kinbkicTb Aecarypaiii (magie SpO: Ha > 3 %) 3a rOJMHY; a TAKOK CEPenHii i

MiHIMaIbHHUIA piBHI HacudyeHHsA KpoBi kucHem (Mean SpO2, Min SpO:). Ilo-tpere,

(IKCYIOTh TPHUBAJICTh KOXHOI arHOoe- Ta TINONMHOe-NmoJil, iXHI0 BapiaOenbHICTH 1

CITIBBIIHOIIEHHS 4Yacy Tay3 [0 3arajbHOrO CHY — II€ JO3BOJISIE OI[IHUTH CTYIiHb

MOPYIICHHS BEHTHJIIALI].

Tab6. 2.2. ITnnexc anmHoe-rinmonmHoe (AHI), momiii/rox

Innexc amHoe-rinonHoe | Knacugikarist Ormnuc
(AHI), noniii/ron
AHI <5 Hopma BigcyTHiCTh KITIHIYHO 3HAUYIIMX M1ay3 AUXAHHS ITij

qac CHy
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S<AHI<15 Jlerka ¢opma Jlerki mopymmeHHs cHy: Bix 5 no 15 mopiit amHoe-
riloIHOE Ha TOAUHY CHY

15<AHI<30 Cepennst dopma | [TomipHi nopymenns cuy: Bin 15 o 30 noxiit annoe-
rifnornHoe Ha TOJUHY

AHI > 30 Baxka ¢opma Baxki nopymenns cHy: 30 i Oinplue mofii anHoe-
rilonHoe Ha TOIUHY CHY

Bupinsrors Tpu ocHoBHI THnH anHoe cHy. O6ctpykruBHe anHoe (OAC) BHHUKAE
yepe3 CIaJaHHs CTIHOK INIOTKU BHACIIIOK 3HWKEHHSI TOHYCY M SI3iB, 10 IPU3BOJUTH 10
MexaHiuHOI Oyokamnm nuxanpHHX nUIAXiB. LlertpamsHe amaoe (ILIAC) 3ymoBieHe
HEJIOCTaTHBOIO T€HEPALi€I0 KOMaH [ ANXaTbHIM [IEHTPOM T'OJIOBHOT'O MO3KY — IAIli€HT HE
poOUTH Ccrpo0 BAMXY, XO4Ya MPOCBIT AWXATBHUX MUIAXIB 3ANHIIAE€THCA BiAKPUTHM.
3Mimane amHOe TOENHYE XapaKTepUCTUKH 000X (opM: 3a3BHUAil CIIOUATKy HACTa€e
LEHTpalbHa T1ay3a, a MOTIM J0JIy4aeThcsl OOCTPYKTUBHHMN KOMITOHEHT. KokeH 13 mux
craniB Hece BiacHi pu3uku. OAC acoriiioBaHe i3 pO3BUTKOM apTepiabHOI rinepTeHsii,
CepIlEeBO-CYIMHHUX I0J1ilf, METabOJIIYHIMH TTOPYLICHHSIMHU Ta AEHHUM YHOBLIEHEHHSIM
peaktiit uepe3 parmenrariro cHy. [{AC Half9acTiIIe TparuIsseThCs MPH TSHKKIKA cepiieBii
HEJIOCTATHOCTI YK HEBPOJIOTIYHMX 3aXBOPIOBAHHSIX, MIJBUIIYIOYM PU3UK CEPIEBUX
apuTMid Ta iHCYNbTIB. 3MilllaHE amHoe MOoe€qHye OOHMIBAa MEXaHI3MHU Ta 4acTo Mae
HaWTIpIINT TPOTHO3.

YV cydacHHX COMHOJIOTIYHHUX Ja00paTopisx AiarHOCTHKA alfHOE CHY 0a3yeThCs Ha
noyricoMHorpagii — OararokananeHii peectpamii EEI, EMI, EOI', moTokiB moBiTps
yepe3 TepMmicTopu abo MHeBMOTaxorpadu, peMeHIB MUXANIbHUX 3yCHIb Ha TPYHSIX i
*uBoTi, mapameTpiB SpO. Ta EKI. 3ammcu anami3yloThCs aBTOMAaTH30BaHUMHU
CHCTEMaMH Ta BPY4YHY €KCIEPTaMH-COMHOJIOTaMH, L0 BUMarae CKJIaJHOI amaparypH,
Y4YacTi KiIbKOX CHEIIaTiCTIB i MOXKE OYTH HE3PYYHO JUIS MAIli€HTA.

MobinbpHa oxopoHa 310poB’st (m-health) € oxHi€l0 3 MepCHEKTUBHUX OOJacTei
MOHITOPUHTY TaIliEHTIB, sIKa OTpUMaJla 3Ha4YHy yBary B octanHi poku [17, 18]. Onnax
Mali€HTH BIOMA YacTO YHHWKAIOTh BUKOPHCTAHHS aAr€3MBHUX MATYHKIB, TaKHX 5K

enektponu EKT', wepe3 auckomdpopT i He3pyUHICTH iX TpuBaioro Hociaag [19, 20]. ¥V
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3B’s13Ky 3 uM, m-health momaTku mepeBayKHO IHTETPYIOTh MEHIN IHBA3WBHI METOIM
MOHITOPUHTY, HalpUKIIaJ, MyJIbCOKCUMeTpito. el MeTon mo3BoIsiEe malieHTaM JIETKO
BUMIPIOBATH PiBEHb HACHMYCHHS KUCHEM KPOBI, IPOCTO BCTABJISIOYM MaJElb y JATYHK
MyJBCOKCUMETpA, [0 3HAYHO MiABUIIYE KOM(OPTHICTH BUKOPHUCTaHHS TEXHOJOTIH Y
JOMAIIIHIX YMOBaX.

PUHOK CIIO)KMBUOI €JICKTPOHIKY B JIAHUI Yac MeperOBHEHUH BETMKOK KUTBKICTIO
(iTHEC-TpEeKepiB Ta IHMMX NMOAIOHNX NMpHUCTPOiB. OCHOBHA META TAKUX CHUCTEM IIOJISATAE
HE y BUSBJICHHI (Di310JIOTIYHOTO MOTIPIICHHS, 4 B IMATPUMIII Ta onTuMizamii "n1oopo0yTy"
3nopoBux oci0. e € 0co0nrBO IPUBAOIMBUM J1JIsi BAPOOHHKIB CIIOKHBYOT €JIE€KTPOHIKH,
OCKUIBKM Taki JOJaTKM He BHMararTh JIOPOrOro Ta TPUBAJIOr0 KIIHIYHOTO
MIATBEPKCHHS, HEOOXimHOro s ceprudikaiii OPUCTPOIB IS  MEIHUYHOIrO
BUKOPHCTaHHS. BIBIIICTh iICHYIOUHX MPHUCTPOIB OCHAIIEHI MPOCTUMH aKCelIepOMETPaMu
JUIS BifgCTeXeHHA (i3W9gHOI akTWBHOCTI. [IpoTe OCTaHHE MOKOJIHHSA IMX TIPHCTPOIB
BKITIOYAa€ OUTBII CKJIAaMHI CEHCOpH, TaKi SK IMyJIhCOKCHMETPH (HANPHKIAL, y HOBHX
MOJeIAX po3yMHHX TroaumHHUKIB Apple, Inc., CHIA) Ta OioiMmemaHcHiI CeHCOpH
(manmpuxian, y npuctposx UP3 Bin Jawbone, CIIA). KapniocnHXpOoHI30BaHI CUTHAIH,
OTpHMaHI 3 TaKWX MPHUCTPOIB, HAPa3i BUKOPHCTOBYIOTHCS MEPEBAXKHO JIJIsI BU3HAUCHHS
yactoTn cepueBux ckopoudeHb (UCC, anri. heart rate (HR)). Bomnouwac, 3a ymoBu
JOCTYIHOCTI JOCTaTHRO HJIHHMX METOIB aHali3y, i CUTHAJIM MOXYTh OyTH
BUKOPHUCTaH1 JJIs OIiHKKM 4yacToTu nuxaHHsa (YJI, anrn. respiratory rate (RR)). Taka
(DYHKIIOHAIIBHICTh 3HAYHO PO3IIUPIOE KUTBKICTH (Pi310JIOTIUHMX 3MIHHUX, SKi MOXKYTh
BHUMIpIOBATHCS 32 JOTIOMOTOI0 CTIOKHBYHMX MPUCTPOIB, BIIKPUBAIOYH HOBI MOXKIIHMBOCTI
JUIS X 3aCTOCYBaHHS.

KpiM Toro, HHM3Ka OCTaHHIX IOCIIIKCHb OIMCY€ IIXOAU IO BUMIPIOBaHHS
YacTOTH CEpIEBHX CKOPOYECHb 1 YAaCTOTH IWXaHHS Oe3 BUKOPHCTAHHS CEHCODIB 4H
€JICKTPO/IIB, NPUKPITUIEHHUX JIO0 MaIi€eHTa. 3aMiCTh [[bOI'0 BUKOPHCTOBYIOTHCS CTaHAAPTHI
BiZieonaHi 11 aHaii3y ¢isionorivaux mapamerpis [21, 22, 23]. OgHuM i3 pe3ysbTaTiB
takux TinxomiB € xBwisd "B®II™ (Bimeo-reHepoBana QoToruietu3mMorpadis), ska
JIO3BOJISIE OL[IHIOBATH YacTOTy AuxaHHs. L1 MeTou 3a3Bruaii 6a3ytoThCsl Ha BiZICTEKEHH]

HEBEJIMKHX JIUITHOK BIAKPUTOI WIKIpH Yy BieoMarepiani cy6'ekra. Onnak curnan BOIIT
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Ma€ 3Ha4HO OibIle IIyMy TOPIBHSHO 3 TpagullitHuM curaaiom OIII7, orpumMaHuM Bif
MyJIbCOKCUMETPIB, III0 CTBOPIOE JOJATKOBI TEXHIYHI BUKIMKH JJIs1 TOYHOTO aHAi3y.

VY cBOili po0OOTI 51 IPOMOHYIO ANbTEPHATHBHUHN MiIXi/], TOOYIOBaHUI Ha HOCIHHUX
cercopax (®III), agantuBHOMY GinbTpi Kanmana ta mogensx LSTM/1D-CNN, skuit
JTO3BOJISIE Y PEKIMI MPUKIHIIEBUX OOYUCIICHB IIONIEPEIHBEO 00pOOUTH Ta Kiacu(iKyBaTH
curHam 0e3 HeoOXimHocTi OaratokaHameHOi momicomHorpadii. Taka cucrema
3abe3neuye KoM(pOpT Mali€HTa, AaBTOHOMHICTh MOHITOPHHT'Y Ta MOXJIMBICTH MacoBOTO
CKPHHIHTY 11032 MEKaMH CIICIliali30BaHUX JabopaTopii.

2.4.2. BuzHaueHHs JKepeJ1 AaHHUX

Cepell cyyaCHUX METOJIIB BUMIPIOBAHHS YaCTOTH JMXAHHS Ta A1arHOCTUKH allHOE
BUIUIAETHCS KUTbKA IIIXOMIB, KOXKCH 13 SKMX Ma€ CBOi MepeBard, OOMEXKCHHS Ta
cneuudiuni cdepu 3acrocyBanHs. OQHUM i3 eQEKTUBHUX METOJIB € iH(pauepBOHA
TepMorpadis, sfKa BHKOPHCTOBYE iH(pauepBOHI KaMepu IS peecTpamii 3MiH
TEeMIepaTypH MOBITPsI HABKOJIO HOCAa Ta POTa IiJ 4ac BAUXY i BUauxy [64]. Lle#t miaxin
JIO3BOJISIE OTPHMATH JIETalbHY KapTHHY TEMIEpaTypHHX KOJIHMBaHb, € IIiJBUIICHHS
TEeMIlepaTypy BiImoBinae ¢as3i BUIUXy, a 3HWKeHHS — dasi Bauxy. [lompu cBoro
e(EeKTUBHICTh, METO/I Ma€ HHU3KY OOMexXeHb. JIJIs1 TOYHOTO 3aCTOCYBaHHS HEOOXiTHO
3a0e3MeYnTH CTaOUIbHI yYMOBHM HaBKOJHMIIHBOTO CEpPEIOBUINA, OCKUJIBKH 30BHIIIHI
(haxTOpH, Taki K TEMIEPAaTypHI KOJMBAaHHS a00 MPOTITH, MOXKYTh 3HW)KYBaTH TOYHICTh
BUMIpIOBaHb. KpiM TOro, BUCOKa BapTICTh iH(OPaUEPBOHOrO OOIaHAHHS Ta OOMEKECHHS
HOro 3acTOCYBaHHS y CTAI[IOHAPHUX YMOBAX yCKJIaJHIOIOTh IHTETPAL[I0 [[OTO METOAY Y
MOOUTBHI TIPUCTPOI.

AJBTepHATUBHUM ITiIXOIOM 1O MOHITOPHHTY OUXaHHS € KamHorpadis, ska
aHaJi3ye KoHUEeHTpauilo Byriekucioro razy (CO:) y moBitpi, mo Buxmxaerscs. Llei
METOJl € BUCOKOC()EKTHBHUM Yy KIIHIYHMX YMOBax, 30KpeMa I 4ac peaHiMamiiHuX
3axo/iB abo aHecTe3ii, OCKUIbKK 3a0e31euye TOYHI JaHi PO 9acTOTy JUXAaHHS Ta SIKICTh
ra3oo0miny [65]. Jlani, oTpumani depe3 KamHOTpadiro, MPEICTaBISIOThCS Y BUTIISIIL
rpadika xoHnentpauii CO:, e KokeH mik Bianosinae ¢asi Buauxy mnauieHra. [Ipore
kanHorpadis Mae HU3Ky oOMexeHb. BoHa noTpedye crienianizoBaHoro o0yiaiHaHHS, sSKe

3a3BUYall BUKOPUCTOBYETHCS 3 HOCOBUMH KaHIOJSAIMH a00 i yac iHtyoOarrii. Lle poOuts
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METOJ iHBAa3WBHUM, a TAaKO)X IOB’S3aHUM 13 JOAATKOBUMH BHUTpaTaMH Ha BHUTpATHI
MaTtepianu. [HIIMM METOJOM MOHITOPHHTY AWXaHHS € aKyCTUYHHM aHami3, SKUid
0a3yeThCsl Ha peecTparlii 3BYKIB IUXaHHS 3a J0OMOMOror Mikpodonis. Ileit mimxin
JIO3BOJISIE OTpUMATH iH(OpMAIifo MpOo PHUTM IWXAHHA, ajle TOYHICTh pe3yNbTaTiB
3HAYHOI0 MIpOI0 3alIe)KUTh BiJ TPAaBHIBHOTO PO3TAIIyBaHHS MiKpoQoHa Ta yMOB
HABKOJIMIIHBOTO cepenoBuia [66]. HaBKoNMIMIHINA ITyM MOXE CYTTEBO CIIOTBOPIOBATH
pe3ynbTati. He3Bakaroun Ha HEIHBAa3WBHICTH 1 MPOCTOTY aKyCTHYHOTO aHAMI3y, IeH
METOJ € MCHII TPUAATHUM JJIS JIaTHOCTUKH alTHOE, OCOOJIMBO Y BUITAKaX, KOJIH MAI[IEHT
Jxae Maiike 0€33By4HO IiJ] 4ac CHY.

Mero pyXOBHX [JaT4yMKiB, TakuX SK aKCEIEPOMETPH Ta TIPOCKOIH,
3aCTOCOBYETRCS Il BUMIPIOBAHHS YaCTOTH JUXAHHS 3aBISKH 3JaTHOCTI BiJCTEKYBaTH
PYXH TpyIHOI KJIITKH Ta JKUBOTA, CIIPUYUHCHI AuxaHHsAM. L[i matumkd MoXyTh OyTH
IHTETpOBaHi B HOCHMIi MIPHUCTPOi, IO 3a0e3Meuye 3py4IHICTh BUKOPHCTAHHA B yMOBAax
MOBCSKAEHHOTO XUTTS. [IpoTe TOYHICTH FOTO METOY 3HIKYETHCS ITiJ] 9ac HAAMIPHHUX
PYXIB TiNa, SIKi HE IOB’s13aHi 3 MUXaHHSM, [0 00MEXy€e HOro e(peKTUBHICTD Y JMHAMITHUX
ymoBax. llle ogHUM HempsiMHAM, aje MEPCHCKTHBHUM METOIOM JIarHOCTHKH arHOE €
enekrpoentedanorpadis (EED), ska BuMmiproe 0iOMOTEHIIATA MO3KY, IO 3MiHIOIOTHCS
i gac emizoniB anHoe. AHani3 EEI" 103Bosisie BUSBUTH NOPYIICHHS aKTHBHOCTI MO3KY,
cnpuyrHeHi anHoe. OHAK el MiIXix He € MPSIMAM METOJOM BUMIPIOBAHHS TUXAHHS 1
Kpallle MIX0ANTh I BUSBICHHS CEPHO3HMUX MOPYIICHD AuXaibHOi QyHKIii. Kpim Toro,
obnagnanns s EEI € ckmagHuM 1 JOporuM, a TOYHHH aHammi3 MmoTpedye
KBaJIi(pikOBaHOTO IepcoHany. [ mpsMoro BUMIPIOBaHHS ITOTOKY IOBITPSI HIMPOKO
BHUKOPHCTOBYIOTBCS HOCOBI KaHoMi. Llei meTon 3abe3nedye BUCOKY TOUHICTh JaHUX PO
YacTOTy IWXaHHA Ta € OCOOJIMBO KOPHUCHHM [UISl MiaTHOCTHKH amHoe. Kantomi
BCTaBIIIOTHCS B HIC MAIli€HTa, PEECTPYIOUYM TOTIK BIUXYBAHOTO Ta BUAWXYBAaHOTO
noBiTps. [Tonpu BuCOKyY epeKTHBHICTS, I1eH MiJIXi/] € IHBa3UBHUM, BUKJIUKAE TUCKOM(OPT
i Ourplie WIAXOOWTH IUIsI KOPOTKOYACHOTO MOHITOPHHTY, HDK I TPHBAJIOTO
BUKOPHCTAHHSL.

[Ile ogHMM MiTXOIOM O PEECTPAIIil TUXAHHS € BUKOPHCTAHHS IT'€30€ICKTPHYHIX

CEHCOPIB, SIKI PO3MILIYIOTHCS il MaTPaIOM JUII MOHITOPUHTY AWXaHHS mijx yac cHy. Lli
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CEHCOPU PEECTPYIOTH BaroBi KOJMBAHHS, CIPUYMHEHI TUXaHHSAM 1 cepueOutTsim, 0Oe3
HEOOXITHOCTI MPSIMOr0 KOHTAKTy 3 mamieHToM. [lompu HEIHBa3WBHICTH 1 3PYYHICTB
BUKOPHCTAHHS, TOYHICTh CUTHAJY MOYKE 3HW)KYBATHUCS y Pa3i 3MiH MOJOXKEHHS HallieHTa
ab0 y BHIIQAKax 3HAYHOI BAarW Tija, IO CIIOTBOPIOE PE3yJIbTATH BUMIPIOBaHb. TakuM
YMHOM, KOKEH 13 PO3IVITHYTHX METOAIB MOHITOPHMHIY ITMXaHHS Ma€ CBOI NepeBard Ta
oOMexxeHHs. BuOip KOHKPETHOTO MiIXOAy 3aJeKUTh Bil YMOB 3aCTOCYBaHHS Ta MOTPEO
MOHITOPUHTY, BpaxOBYIOUM TOYHICTb, 3pY4YHICTh, IHBAa3WBHICTb 1 TPHUBAIICTh
BUKOPHCTAHHS.

KnrouoBuM acriekToM BU3Ha4YEHHsI 1o1iH arHoe 3a nonomoroto OIII" e anani3s 3MiH
amritynu mynscoBoi xBuiti (AIIX) ta cymytHix gecarypauiid SpO.. Ilig yac may3
JIMXaHHS OOCTPYKTHBHOI'O amHOE CIIocTepiraetbesi BupasHe 3HWkeHHs AIIX uepes
KOPOTKOYaCHE MPUITMHEHHS] BEHTWIALIT Ta 3MEHILIEHHS epu(epiitHOro KPOBOTOKY, TO1
K KpHUBa HACHUYCHHS KUCHEM JEMOHCTPY€ Di3KE MamiHHSI HIXKUYE KPUTHYHOTO PIBHA
(3a3Buuait 90%). Ha rpadiky (puc. 3) moka3aHO mi 3aKOHOMIPHOCTI: Ha BEPXHBOMY
rpagiky — kpuBy SpO: i3 1BOMa iHTEepBazaMu Jecarypauii 10 87%, a Ha HIKHBOMY —
BianoBigHui PPG-curHan i3 npurHiueHNMH XBHJISIMH B THX CAMUX YaCOBHX IPOMIXKKAX.
[oennanns 3menmenas AIIX ta maginas SpO: ciyrye HaliiiHUM IHANKATOPOM ITOAIHN
aIHOE 1 BUKOPUCTOBYETHCS JIsl aBTOMAaTH30BaHOT'O PO3PaxyHKY 1HIEKCY alTHOE-TiIIOIHOe

(AHI), mo no3Bosnsie knacnuikyBaTH TSHKKICTh CTaHY Malli€HTa.

% R e L LR ---

10 —— PPG (PLETH)

Pucynok 2.1 Jlecarypauii SpO: Ta npurHiuena ammutityna PPG i yac Tspkkoro

00CTPYKTHBHOI'O aITHOE CHY.



45

BrpoBamkenns anroputmiB ananizy OII-curHamiB ajs BUSABJICHHS allHOE CHY
nependavae cyBope JOTPUMAHHS €TUYHHX Ta COLIaJbHIUX HOPM, MTOYNHAIOYH 13 3aXUCTY
MeauYHUX jJaHux: Bci 3amucu OIII i1 pesynmbprati 0OpoOKM MarOTh MepeaaBaTHCS Ta
36epiraTics 3 BUKOPHCTAHHAM CydacHuHX TpotokoiniB mmdpysanus (TLS, AES-256)
BignoBigHOo 10 BuMor GDPR Ta HIPAA, a marmieHT 3aBuacHO migmucye iHpopMoBaHy
3rofy, y sKiii BU3HAUYEHO 00CSAT 1 TPHBAIIICTH 30€piraHHs TaHUX Ta MOPSIOK X BUTAJICHHS.
OpHOYaCHO aNropuTMH Kiacu(ikarii TOBHHHI OYTH IPO30PHMH IS JTiKapiB 1 MaIi€HTIB,
13 MOXKJIMBICTIO BIJCTEXKHTH, SIK came oOuucioeThes iHzekc AHI Ha ocHOBI 3MiH
ammtitynu PPG Ta mamine SpO:, Ta sik 0oOpaHi MOpOroBi 3HaueHHS BIUIMBAIOTH Ha
YyTIMBICTS 1 CliennIUHICTh CUCTEMH B Pi3HUX JieMorpadiuHux rpynax. Bkpaii BaxinBo
TaKOX MIHIMI3yBaTH aJIrOPUTMIYHI YIEpEKEHHs: MOJEIb TECTYEThCS Ha MallieHTaX 13
pi3HUM (OTOTHUIIOM LIKIPH 1 CYAMHHOIO MIKPOLMPKYJIISIIEI0, 8 Oy/b-Ki po301KHOCTI B
MOKa3HUKaxX (YyTJIHBOCTI UM cHEIU(IYHOCTI) MOHAT 5 % MiX rpyHaMu MPUBOIATHCS 10
BiJIMIOBiTHOI KOpeKIIii. BomHoYac yci aBTOMaTH4HI pillIeHHS MAlOTh OYTH HiA3BITHIMH Ta
JIOTYBaTHUCS 3 YaCOBHMHU MITKaMH Ta iIeHTH]IKaTopaMu KOPHUCTYBadiB, IO 3a0e3medye
ayJIMT 1 BIIIOBIANIBHICTE y pa3i CyMHIBHUX pe3yJibTatiB. Haperri, Xoua cucrema 3a1aTHa
BU/IaBaTH MOTIEPEIHIO OI[IHKY MOAIH alTHOE, 0CTAaTOYHE TIIyMa4yeHHs Ta JiarH03 HaJleXkKaTh
JIKaplo, a Nali€HT Ma€ MPaBo BiKIMKATH 3TOY Ta OTPUMATH NOBHHUH apXiB CBOIX JaHUX
y 3py4YHOMY JUTs Tiepenadi popmMaTi — 11e 30epirae aBTOHOMIIO MAI[iEHTa Ta 3MIITHIOE HOTO
JIOBIPY J0 HOBUX TEXHOJIOT1H Y MEIUITUHI.

Po3miieHHs TpoMi3IKUX ab0 aare3uBHUX MATYMKIB, TakuX sk enekrpoau EKT, e
HE3pyYHUM JIJIsl TPUBAJIOT0 MOHITOPHHTY Yepe3 TUCKOMPOPT 1 00OMeKeHHS MOOITEHOCT.
VY 3B’A3Ky 3 UM aJbTEPHATUBHHUM IIXOJOM JO BH3HAUYEHHS YacTOTH IUXAHHS CTae€
MIPOTHO3YBaHHSI IOTO MOKAa3HUKA HA OCHOBI JAHWX IIPO CEPLEBHI PUTM, ITyJbC, PIBEHb
HacH4eHHs KucHeM Y KpoBi (SpO:) ta nmapameTpu ¢otorurernsmorpadii. L{i mapamerpu
MafoTh BHCOKY KOpEJSIiI0 3 YacTOTOIO IHMXaHHS, IO POOWTH iX KOPUCHUMH IS
HETPsIMOTO TPOTHO3YBaHHA. 30ip HEOOXIAHMX MaHWX MOXJIIMBHH 3a JOIOMOTOIO
MIHIaTIODHUX CEHCOPIB, SKi MOXXHa IHTETPyBaTH B HOCHMI IIPHUCTPOI, HANpHKIAL,
po3MicTuTH Ha 3amn’sicti a0o B ons3i. OnHuM 13 npukianiB € natunk MAX30102, sxuit

IIMPOKO BUKOPHCTOBYETHCS B KOMEPLIHHHMX TMPUCTPOSX 3aBISKH CBOIM HEBEIHKHM
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po3mipam i eneproedexruBHOCTI. OqHAK TOUHICTD HOTO MOKA3HUKIB MOXKE 3HUKYBATHCS
32 YMOB SICKpPABOTO 30BHIIIHBOTO OCBITJIEHHsS abo i yac akTUBHUX pyxiB. Ha ocHOBI
310paHKX AaHMX, BAKOPUCTOBYIOUYM PEKYPEHTHI HEHpOHHI Mepexi (Hampukian, LSTM)
a6o 3ropTioBi HeliporHi Mepexi (CNN), MOXKHA aHAIII3yBaTH YacOBi PSIU IS TOYHOTO
MPOTHO3YBAaHHS 4YacTOTH nuxaHHs. llel migxim MO3BONILE CTBOPIOBATH c(EKTHUBHI
CHCTEMH MOHITOPHHTY, SIKi € 3pyYHHMH IS TIOBCAKICHHOTO BUKOPUCTAHHS 1 MOXYTh
3a0e3MeYNTH BUCOKY TOUHICTh ITPOTHO3YBaHHSI.

[TymecokcHMeETpiss € MUPOKO BHU3HAHMM METOJOM JUIsl HaIiHHOTO BH3HAYCHHS
YaCTOTH CEpIIEBUX CKOPOUEHb Ta pIBHS HAaCHYEHHS KHCHeM Yy KpoBi (SpO:), ski
0azyroTbcss Ha aHamizi Qopmm  xBuwii ¢ororerusmorpadii. OpHak TOuHI Ta
CTaHAAPTU30BaHI METO/M JUIS OL[IHKH YaCTOTH AMXaHHs Ha ocHOBI curHainy OIII" napasi
BIZICYTHI.

OCHOBHOIO TIEPEIIKOJOI0 IS pO3pOOKHM HATIHHWX METOJIB OI[IHKH YacTOTH
nuxaHHs a0o YJ] y koHTeKcTi MOOiITpHOTO 310poB’s (m-health) € HasBHICTH apTedakTiB
PYXY, SIKi CyTTeBO crioTBOproroTh curHan OIII. i apredakTn, cnipudrHeH] Qi3HIHOIO
AKTUBHICTIO a00 30BHINIHIMH YMOBaMH, YCKIAJHIOIOTh BHIUICHHS JHXAJIbHUX
KOMITOHEHTIB i3 3arajbHOro curHamy. KpiM TOro, ammiiTysna Ta 4acroTa JWXalbHHX
CUTHAIB € 3HAYHO CJIa0IIMMU MTOPIBHSIHO 3 KOMITOHEHTAMHU, IO BiJIOBIJAIOTh CEPIICBii
AKTUBHOCTI, 10 POOHTH iXHIA aHai3 CKIaAHIMM. J[0MaTKOBI BUKJIMKH BKIIOYAIOTh
HEOOXIAHICTE PO3POOKH aJrOPUTMIB, 3JAaTHHX AXANTYBATHCS A0 3MiH (i3iormorigHmx
CTaHIB MaIliEHTIB, TAKKUX SIK Bapialii y 4acToTi AWXaHHS MHix yac (i3U4HOI aKTUBHOCTI,
cTpecy 4n cHy. Po3poOka Takmx anropuTMiB BUMAarae iHTerpamii MeToniB ¢imbTparii
CUTHAJIB, KOPEKIIil apTe(akTiB Ta 3aCTOCYBaHHS MAIIMHHOT'O HABYAHHS JUII BHAIJICHHS
peneBaHTHUX XapakTrepucTuk PPG-curnaiy, oB’s3aHuX 13 JUXaHHSM.

TakuM yMHOM, CTBOpEHHS epeKTHBHMX MeToxiB At oiiHku RR i3 curnany PPG y
chepi m-health 3anuImaerbess BIIKPUTHM 3aBIaHHSM, SIKe MOTpeOye MOIAIbIINX
JIOCTIKCHD | MDKAMCIIUILTIHAPHOI CITiBIIparti. BupimieHHs UX mpobiieM MoKe 3HAYHO
PO3LIMPUTH (YHKIIOHATBHI MOXJIMBOCTI MOOUIBHUX IPUCTPOIB Ui MOHITOPHHTY

310pOB’si, 3a0e31euyI0H MaieHTaM OiIbLI TOBHUI CIIEKTp (i310I0TriYHOr0 KOHTPOJIO.
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2.4.3. [lonepennsi 06podka curHajiB poToMIeTUIMOrPaAMH.

®doromneru3morpadis € ePeKTUBHUM ONTHYHUM METOIOM JUIS HEIHBA3WBHOIO
MOHITOPUHTY TMapaMeTpiB CepLEeBO-CYIMHHOT CHCTEMH, 30KpeMa YacTOTH CEpLEeBUX
ckopouerb (HR) Ta piBHA HacwueHHsa kucHeM y Kposi (SpO:). Meron Ga3yerscs Ha
BUKOpHCTaHHI iHppadepBoHoro (IH) Ta uepBOHOTO CBiTA, 5K TO3BOJSIOTH PEECTPYBATH
3MiHH 00’€My KPOBI B MIKpO CYIHWHAX, IO BUHUKAIOTh BHACTIIOK CEPIICBUX CKOPOUYCHB.
Opnnaxk curnan @III" € 4yTnMBHUM 10 BIUIMBY 30BHIMIHIX (aKTOPiB, TAKUX SIK PyXH Tija,
3MiHH OCBITJICHHS Ta apTe(akTH, sKi MOXKYTh 3HAYHO 3HMKYBATH SKICTh OTPUMAaHUX
JaHuX. Y 3B’SI3Ky 3 IUM, JUIsS 3a0e3leueHHs] TOYHOCTI BUMIPIOBaHb OOOB’SI3KOBUM €
3aCTOCYBaHHS MPOIEIyp MOMepeaHboi 00poOku curnany. Lli mpolenypu BKIFOYAIOTh
OUMILCHHSl CUTHAJy BiA IIyMmy, apeiidy ©0a3oBoi JiHIi Ta IHIIMX CIIOTBOPEHb, IO
JIOCSITAETHCS 32 JOMIOMOT'OI0 CyYacHUX METOIB HU(ppoBoi (inbTpallii, TakMX SIK CMyTOBi
binpTpH, aganTHBHA (UTETpalis a0 METOIU Ha OCHOBI aHAIi3y B YACTOTHIH 00JIACTi.

Oinprpanis PPG curnamy HeoOXiqHa AJsl BUPIIIEHHS KUTbKOX BaXKIMBUX 3aBJJaHb:

1. Buoanenus wiymy:

OIII" curnan 3a3Hae CIIOTBOPEHb i BIUIMBOM (hi3lOJNIOTIYHUX Ta 30BHILIHIX
¢axropiB. [lo @iziosoriuHMX OIyMiB HaJeXaTh PYXH Tija, JUXaHHSI Ta M’ S30Bi
CKOpOYEHHS, SKi JOJaloTh 0 CUTHANY CKJIaJHI KOMIIOHEHTH, IO HE IOB’s3aHi 3
kpoBoTokoM. Lli apredakTH CyTTEBO CIIOTBOPIOIOTH OOYMCIEHHS YacTOTH CEPLEBHX
CKOpOYeHbh Ta HacW4eHHsI KpoBi kucHeM (SpO:). JlomaTkoBo, eleKTpOMAarHiTHI mOJs,
TeHEPOBaHi IHIIMMH MPUCTPOSIMU, MOXKYTh CHPUYHHSITH €JICKTPUYHUHA LIyM, 110 3HUXKYE
gnctoty PPG curnamy.

2. Jlpetigh 6azo60i ninii:

3MimeHHss 0a30BOro piBHSA CUrHaiy (Ipeiid) dacTo BHHMKae depe3 Bapiamii B
YMOBax BHMIpIOBaHHS, 30KpeMa 3MiHy TEMIIepaTypy IIKipH, THCK ceHcopa abo iHoro
KOHTAKT 13 moBepxHeto Tina. [peiid 6a30Boi JiHil MOXKe MOCTYIIOBO 3HMKYBAaTH TOUHICTh
obuncineHnp  (i3i0NOTiYHMX  TMapameTpiB. 3acTocyBaHHS  (IIBTPIB, TaKUX SK
BHUCOKOYACTOTHI a00 CMyroBi (iIBTPH, H03BOJIE KOMIICHCYBAaTH IIi 3MIIICHHS,
3a0e3neuytoun cTablIbHICTh Ta HaIIHHICTh CUTHATTY.

3. Po3zodinenns xopucnoco cueHany:
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Iudpaueproni (IR) ta uepBoni (Red) kommnonenTu curuany PPG MicTATh KIFOUOBY
iHdopmamiro mpo 3MiHU 00’eMy KpOBi, IO BimoOpaxkaroTh (i3i0JIOTiUHI HapaMeTpu
CeplEeBO-CYMHHOI cucteMH. EQekTuBHa (QUIbTpallisi CUTHATY I03BOJSE BHIUIHTH
KOpHCHY iH(OpMAaIifo, MiHIMI3yIOUMd BIUIUB IIyMiB, SIKi HE MAarOTh iH(GOPMaLifHOTO
HABAaHTAXXCHHS. TaKUM YHMHOM, 3MEHIICHHS apTe(aKTiB MiJBUILY€E TOYHICTh aHAII3Y Ta
3a0e3medye JOCTOBIPHICTh OTPUMAHUX (Pi310TOTIYHIX TOKA3HUKIB.

Jlist migBHIIeHHs ToYHOCTI BuMiptoBanb PPG curnamy 0yio 3acTocoBaHO KiTbKa
TUTIB (QUIBTPIB, CIPIMOBAHUX HA 0OPOOKY CHUTHANIB Ta MIiHIMI3aIlilO iXHIX CIIOTBOPCHb.
Hwxue HaBeeHO KITIOYOBI METOIU (PUIBTPAILT:

e Huszbpko4yacTOTHUI QIIBTP BUKOPUCTOBYETHCS VIS BUAAICHHS BUCOKOYACTOTHOTO
LIyMY, IIJ0 MOXK€ BUHHKATH Yepe3 eIEKTPOMArHiTHI IIepeIKoAX a0o 1HII 30BHILIHI
moxepena. Lleit Tun (inbTpa 103B0JIsE 30EPErTH CTA0LTBHICTS CUTHATY, BUJAJISIOYH
¢ykTyarii, ski He MOB’s3aHi 3 (i3i0NOTIYHMIMHA TTapaMeTpaMu. 3acTOCYBaHHS
HU3bKOYACTOTHOTO (inbTpa crHpuse 3a0e3NeYeHHI0 YHCTOTH CHTHAIy Ta
30epeXCHHIO PUTMIYHUX KOJMBaHb, IO BiTOOpakaroTh KPOBOTIK.

e BucokouactotHuil (iNbTp NpH3HAUYCHMH JUIi YCYHEHHS HHU3bKOYAaCTOTHHX
KOMITOHEHTIB, TaKUX SIK TpEeHAM abo IIyMH HU3BKOi YAaCTOTH, SIKI CIIPHYMHSIOTH
npeiid 6a30Boi JiHIi curHaty. 3aBIsSKH bOMY (GUIBTPY 3HIKYIOTHCS MOCTYIIOBI
KOJIMBAHHS, 3aJUINAroyd  (hi3i0NOTiYHO  peJieBaHTHI  KOMIIOHEHTH,  SKi
BiJIMOBIZAIOTH peaIbHUM 3MiHaM 00’ €My KpOBI.

e ODinbTp KOB3HOTO CEPEHBOTO € MPOCTUM 1 €PEKTUBHUM METOJIOM 3TJIaJ)KyBaHHS
CUTHaNy, 0 0a3yeTbcs HAa OOYMCICHHI CEpEeAHBOrO 3HAUCHHS KiNBKOX BIAJIIKIB
CHUTHAIy y KOB3HOMY BikHi. Lle# miaxix 703BOIsI€ 3MEHIINTH BIUIUB Pi3KUX 3MiH y
curHami, 3a0e3nedyroud CTaOiIbHICTP CHTHANY TpU 30EpeKeHHI OCHOBHUX
(i310JT0TTYHNX KOMITOHEHTIB JUIS TIO/INIBIIOTO aHAMi3Y.

o Oinprp Kanmmana 3acTocoByeThCsl Al OUTBIN CKIIAJHOTO OYMIIECHHS CHTHAIY,
0co0NIHMBO B YMOBax BHCOKOTO piBHs 1nyMmy. Lleil anantuBHui MeTox 3a0e3nedye
ONTUMAJBHY OL[IHKY CUTHAJTY, JI03BOJISIIOUH TMHAMIUHO 3ri1aKyBaTi PPG curnan

i 30epiraTi BayxinBi (bi3i0OT1UHI KOJUBAHHS. 3aBISKM 3MATHOCTI MiHIMI3yBaTu
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BUIIAAKOBI CIOTBOpeHHs, (pinpTp Kammana € eheKTHBHHM IHCTPYMEHTOM ISt

ananizy ®@III" curHamiB y CKIaIHUX YMOBaX BUMIPIOBAHHS.

Bubip metonmiB ¢inprpamii I curHamgiB 3aieXdUTh Bil BUMOT 10 TOYHOCTI
BUMIpPIOBaHb, XapaKTEPUCTHK CHUTHAILY Ta yMOB 300py JaHHUX. YacTo BUKOPHCTOBYETHCS
KOMOIHOBaHHH MiAXiA, MO TO3BOJSAE IOCIITOBHO BHIAIATH Pi3HI THIN MIYMIB i
aHOMaJTiif, 3a0e3Meuyoud BUCOKY SKICTh OTPHMMAaHUX MOKa3HUKIB. Hanpuknan, nporec
00pOOKH CHTHATy MOXE PO3MOYMHATHCS 3 BUKOPHCTaHHS BHCOKOYAcTOTHOTO (inbTpa,
KW yCyBa€ HHU3bKOYACTOTHI KOMITOHEHTH, TaKi SK MOBUIbHI KOJHBAaHHSA abo0 aperd
0a30Boi JIiHIT, SIKI HE MAIOTh BIHOIICHHS 10 CEPLIEBO-CYANHHOT akTHBHOCTI. HacTynHum
€TarioM € 3aCTOCYBaHHsS CEepelHbO3BAXEHOTr0 (UIbTpa, SKUHA 3rIaJPKye CHTHA,
3MEHIIYIOYH BIUIMB pI3KUX 3MiH a0o aHoMayiil. 3aBepliajbHUM KPOKOM Y TaKii
MOCIIZOBHOCTI MOke OyTH BuKopucTanHs ¢inbTpa Kanmana. Leit anantiusauii anroputm
3a0e3rmedye TOYHY PEKOHCTPYKIII0 CHTHANY, JO3BOJITIOYM BiTJHOBHUTH KOPHCHI
KOMIIOHEHTH, MiHIMI3yI0Ud BIUIMB BHUMAIKOBUX IIyMiB 1 cmoTrBopeHb. KombiHarris
3a3HauCHUX METOIIB 3a0e3Meuye CTa0lIbHICTh 1 JOCTOBIPHICTD OTPUMAaHUX 3HAYEHB, IO
€ KPUTUYHO BXKJIMBUM IS [TOJJANIBILIOTO aHaAIi3y (hi3i0J0Tr1YHHUX HapaMeTpiB.

KosxeH 13 QinbTpiB Binirpae Kiro4oBy ponb y mporeci 00podku PPG curnaris,
3a0e3Meuyoun OTPUMAaHHS YMUCTUX 1 JIOCTOBIPHUX J@HHMX JUIsS PO3paxyHKYy OCHOBHHX
¢izionoriyanx napamerpiB. Pimbrpanis iH(OpPavepBOHOTO Ta YEPBOHOTO CUTHAIIB
JI03BOJISIE €()CKTHBHO 3HIIKYBAaTH pPIiBCHb IIyMy, yCyBaTd npeiid 0a3oBoi JiHIii Ta
MIHIMI3yBaTH BIUIMB apredakTiB, BUKIMKAHUX 30BHIIIHIMH 1 (izionoriyHuMu
taxkropamu. Taki mimxoam 10 OOPOOKHM CHTHANIB 3HAYHO MiJBUIIYIOTH TOYHICTH
BHU3HAYCHHS YaCTOTH CEPIIEBUX CKOPOUEHb Ta PIBHS HACHUEHHS KUCHEM y KpoBi (SpO2).
3aBIsIKM  BUKOPHUCTaHHIO (UIBTPIB MOKHA OTPUMATH CTAaOUIbHI TOKa3HHUKH, SKi
BiZoOpaXkaroTh peanbHi (i310JI0TUHI MPOLECH, 0 POOUTH TX KPUTHYHO BAXKIIMBUMH JJIS
MOJAJbIIOTO aHajli3y Ta BHKOPHCTAHHS B MEIUMYHMX 1 MOOITBHUX CHCTEMax
MOHITOPHHTY.

[Ticns 3aBepiueHHst (uIbTpauii CUrHajd cTae YUCTHM 1 YiTKUM, 30epirarouu
NepioJMYHI MyJILCOBI XBUII, SIKI HECYTh L[IHHY 1H()OpMAaIIil0 PO CTaH CEePLIeBO-CYJMHHOT

cucremu. L{i XBHII1 1O3BOJISIIOTH TOYHO OOYMCIIUTH YACTOTY CEPLEBUX CKOPOYEHb — OJIMH
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13 KITIOYOBHX MOKA3HHUKIB, IO BiloOpaXkae 3arajibHUM CTaH CepIld 1 CyANH. AHATI3yIOUH
PETYISIPHICTh Ta TMEPIOJUYHICTh IUX XBWJIb, CUCTEMA MOXKE 3a0€3MeUYNTH HaIidHWMA
KOHTPOJIb BXJIMBUX (I310JIOTIYHUX TapaMeTpiB, 10 € HE3aMiHHHUM Y CY4YacHHX
CHCTEMaX MOHITOPHHTY 3JJ0POB’SI.

PiBenp HacumueHHS KpoBi KucHeM (SpO:) 0OUMCIIIOETHCS 3a CIIBBIIHOIICHHSIM
3MiHHKEX (AC) Ta nocriitiux (DC) xoMnoHeHTiB ¢oTomieTu3mMorpaditHuX CUTHANIB y
JIBOX JIOBXXMHAX XBWJIb — YEPBOHIM 1 iH(pauepBOHIN. SIKIIO MO3HAYNTH aMILIITyIy
3MiHHOT CKJ1a/10BOT 4epBOHOTO cUrHaITy K AC(geq), HOTO MOCTilHy cKIanoBy — DCgeqy,
a aHAJIOT14Hi BENMYMHH B iH(pauepBonoMy KaHaii sk AC( gy i DC(jg), TO 0GunCIIOBaIbHA
(hopMyma Ma€e BUTIIAL;

ACRed
R=2Cret 500, =a-B xR

Ile KOHCTaHTH A Ta B migOupatorscs kamiopyBaHHsAM (Hampukian, A =~ 104, B =
17) BiAMOBIZHO MO XapaKTEpPHCTHKH ceHcopa. Ha pucyHKy (4) HaBeoeHO MpUKIAD
oMHOXBUIMHHOTO (parmenta @DII-curHamiB: y BepxHii uvacturi — Red-kanan 3
no3HaueHuMu DC-niBuM 3HaueHHsIM 0a30B01 JiHii Ta AC-aMILTiTy 1010, Y HIDKHIH — IR-
KaHaJl i3 BiAMOBITHUMH KOMIIOHEHTaMH. BukoHaHa iz yac 00poOku GibTpartis HU3bKHX
gactoT Buokpemitoe DC-ckiaoBy, a Bucokonpoxigauii ¢pinbtp — AC-CKIaI0BY, 110
MiHIMI3y€e BIUIUB pPYXOBHX apTe(dakTiB i MepexxeBux HaBelneHb. Ortpumani AC/DC-
CHiBBiIHOIIEHHS 000X KaHauiB y dopmymni “Ratio of Ratios” 3abe3medytoTs TOUHHI

po3paxyHok SpO-2 Ta BUCOKY HAAIHHICTD TaHUX Y MEIUYHUX CHCTEMaX MOHITOPHHTY CHY.
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YepaoHunia kaHan PPG

“lepaoHKi Karan PPG
=== DClRed)

ACIRed)

0 1 2 3 4 5
I4-kaHan PPG

14-xaHan PPG

A AWANANANTAY
HAE A

Yac (c)

Aunaityaa

Puc. 2.2. PPG-curnain: y BepxHiii naHesi — 4epBOHUH KaHall i3 6a30BOIO JIiHIEI0
DC(Red) i crpinkoto, mo Bkazye AC(Red); y HnxHiit maneni — [Y-kanan i3 6a30Boro

niniero DC(IR) i mo3nauennsm AC(IR).

Orxe, Qimprpanis PPG  curHamiB i3  BHKOPHUCTaHHAM  KOMOiHaIii
BHCOKOYAaCTOTHOTO (iTbTpa, cepeaHbo3BakeHOro ¢inprpa Ta ¢inerpa Kanmana €
KJIFOYOBUM €TarioM JUIsl IIJIBUILEHHS SIKOCTI OTPUMaHMUX JaHHuX. Takuil miaxia 103BoIIsIE
3HAYHO MiJABUIINTH TOYHICTH 1 HAJIHHICTh PO3PAXyHKIB YaCTOTH CEPLEBUX CKOPOUCHb
(HR) i piBHst HacnueHHs KpoBi KucHeM (SpO:). Lle 0coOmBo BaxkIIMBO 1151 €EKTHBHOTO
MOHITOPHHTY (i310JIOTIYHOTO CTaHy MAIli€HTIB Ta MPOTHO3YBAaHHA MOXIIMBUX 3MIH Y

(hyHKIIOHYBaHHI TNXaJIbHOI CHCTEMHU.

Cupwit 14 (o4nweHwnn)
135000 Cupwi 14 (o4nwweHmia)
Cupui 14 (o4nweHnn)
130000 x  Peaks (4CC)
125000
120000

115000 # ¥

Amnnityaa (Red/IR)

110000

105000

o 5 10 15 20 25
Yac (c)

Puc. 2.3 Cupwii I4 curnan, 3anucanuii 6e3 ¢inbTpaltii, 4epBoHi X — IMiKH

mynscoBoi xBui (HCC).
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Cupui 14 (o4nweHna)
HuzbkoqacToTHUA DiNbTP
x Peaks (4CC)

5 10 15
Hac (c)

20 25

Puc. 2.4 ®inprpanis I4 curnany Hu3pko4acToTHUM (QiibTpoM. CHHS JIiHIA —

cupwmii [Y curnai, momapaHueBa — pe3yJibTaT HU3bKOYaCTOTHOTO (BiIbTpa, 4epBOHi X

— miku YCC.

BUCOKOYECTOTHUI inbTp

1
Cupwid 14 (o4nWeHnia)
20000 BUCOKOYACTOTHUA DiNLTR
— N x  Peaks (4CC)
£ 15000 ¥
S
9
£ 10000
P
4
E‘ 5000
E o L x 3 N %
z »
-5000
10000 5 10 15 20 25
Yac (c)

Puc. 2.5 ®inprpanis [4 curnany BucokodacToTHUM ¢GinsTpoM. CHHS JiHIT —

cupwmii IY curnan, momapanieBa — pe3yJbTaT BUCOKOYACTOTHOTO (inbTpa, yepBoHi X

135000

130000

125000

120000

115000

Amnnityna (Red/IR)

110000

105000

— ik YCC.

CepenHbo3saxeHui QinsTp

Cupwi 14 (o4mwwerni)
CepeaHLo3BaKeHMi DINLTP
% Peaks (4CC)

Yac (c)

20 25

Puc. 2.6 @inprpamnis [Y curaany cepenapo3BakeHUM (pimbTpoM. CHHS JTiHIT — CHUPUI

|| CUrHaJl, moMapaH4cBa — SFHa)I)KeHI/Iﬁ CUT'HAJI CCPCIHbO3BAKCHUM (biJ'H)TpOM,

yepBoHi X — niku YCC.
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Kalman-gineTp
135000 Cupui 14 !owu.leuuw
Kalman-insTp
130000 x Peaks (4CC)
125000
120000

115000

Amnnityna (Red/IR)

110000

105000

0 5 10 15 20 25
Yac (c)

Puc. 2.7 @inprpanis [4 curaany Kalman-ginerpom Kanmana. Cuns miHis —
cupuit I4 curnan, momapanueBa — pe3yibrat Kalman-dineTpartii, 4epBoHI XpecTHKH

— mixku YCC.

VY HaBeseHMX Ha pUCYHKax 2.2.—2.7. UTIOCTpalisix IOKa3aHO, SK Pi3HI METOIU
¢utpTpanii BrBatoTs Ha nepBuHHUNA DI -curnan y gaci. ITo oci X gac y cekyHaax, o
oci Y — aMIuTiTyZla CHTHJTy B YMOBHUX OIMHUISX, IO BiOOpakae 3MiHy IHTEHCHBHOCTI1
BiZOMTOrO0 4YepBOHOrO a00 iH(payepBOHOro CBITJIA IMiJ Yac ITyJbCOBOI XBWII Ta (a3
JuxaHHs. YepBOHI «X» MM03HAYAI0Th MOMEHTH MakCUMaibHOro miaiomy DI -xBumi, gki
BIJIMIOBIAIOTh IHAWBIAYadbHUM CEPIEBUM CKOpOUCHHSIM. KOXXKeH 13 3aCTOCOBaHHUX
(bUIBTPIB  NPOJIEMOHCTPYBAB pi3HY €(EeKTHBHICTh y 3MEHIIEHHI IIyMy, TOYHOCTI
BU3HAUCHHS MIKIB Ta 3IJ1a/PKEHHI CUTHAY, 110 J03BOJMJIO OLIHUTH IXHI IepeBard Ta
O0OMEXEHHS.

e HmuspkouacToTHUIT QUTBTP — yCyBae MOBUIBHUN Apeiid 6a30Boi TiHIl Ta MiIBUIIYE
KOHTPACT ITyJIbCOBHX IIKiB, IO CHPOIIye X aBTOMAaTHYHE BUSBJICHHA (KM
BIJIIIOBIJal0Th MOMEHTaM MakcuManbHOro migiomy ®II-xuni — UCC). [Ipu
LBOMY HaJaMIpHE 3IJIaJKyBaHHS MOXE 3MEHIIYBaTH aMILIITy/y KOPOTKOYACHUX
3MiH, TOB’S3aHUX 13 JecaTypalisMd a00 I[MOYaTKOM/3aBEepIICHHSIM amHoe, i
3HW)KYBATH YyTIHUBICTh /IO IUX KPUTHYHUX TOMIH.

e BiucokouacToTHHH QUTBTP - YCyBa€ HU3bKOYACTOTHI CKJIAZOBI CUTHAITY — Apeid
6a30Boi JiHII Ta TOBrOTPHBANi TPEHIH, 3aJMIIAIOYN JIMINE IIBUAKI KONHWBaHHS,
30KpeMa ITyJIbCOBi XBIUIL Ta apTedakTh. [1iICHITIOI0TECS BUCOKOYACTOTHI IITyMH Ta

pyxoBi apredakTH, IO YCKIAOHIOE iX TOYHE BHUsABICHHA. Uepe3 me QiIbTp
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BUSIBJISIETHCSL MEHI TpUIATHUM Ui HamiiHoro pospaxyHky YCC Tta SpO: i
JIeTeKIii TOJiid amHoe, OCKUIBKM KOPOTKOYACHI IIYMOBI CIUIECKH MOXYTh
IMITYyBaTH cepleBi ik abo MPUXOBYBATH CIIPABXKHI JecaTypailii.

o (CepenHbO3BAXEHUH GIIBTP — (QINBTP 3MVIAAKy€ BHCOKOYACTOTHI KOJNHMBAHHA 1
yCyBa€ BUMAIKOBI CIUIECKU ITYMY, 3aJIUIIAIOYH YiTKO BUPAXKEHI ITyTECOBI MKW JIJIS
nerekuii UCC. Ilpore uepe3 3rinamKyBaHHS MOXXYTh OyTH 3MEHIIEHI aMILTITy 11
KOPOTKMX JIeCaTypallifHuX Ta arlHoe-emi30AiB, TOMy Ied ¢uIbTp BapTo
BUKOPHCTOBYBATH B IIOETHAHHI 3 METOJaMH, Yy TIMBUMH [0 IIBUIKUX 3MiH.

o Oinbrp Kanmana - 3a0e3nedye ajanTHBHE 3MII1aJKyBaHHS, IOEIHYIOUH CTIHKICTD
0 1IymMy 3 pearyBaHHsAM Ha ImBHAKI 3MiHu DI -curnany. Ilicns dinsrpariii
30epiraeTbcsi 4iTka (opMa MyJIbCOBUX IIIKIB 13 MIHIMAJbHUM 3aTPHUMAaHHSM, a
0a3oBa JIiHisI BUPIBHIOETBCS 0€3 HaaMIpHOTo 3riIaKyBaHHs. lle poduTh ¢inbTp
ONTHMABHUM IS ETEKIii IMOAIA amHoe, OCKUTBKH BiH NPHUIYIIye€ BUIMAJKOBI
IIyMH, aje OJHOYACHO HE «3aTHPae» KOPOTKOYACHI ecaTypalliifHi emi3o1u.
Oinprpaniss PPG-curramiB € 00OB’S3KOBHM €TamoM IMIATOTOBKH JAaHUX IUIS

BUSIBJICHHSI aIlHOE CHY: 3a JIOIIOMOI'OI0 HU3BKOYAaCTOTHOTO (iIbTpa yCyBaeThes Apend
6a3oBoi JiHII, SKMH MacKye CIpaBXHI pecIipaTOpHi Ta MyJIbCOBI KOJMBaHHS, a
BUCOKOYACTOTHHUH (UIBTP BUIAISE PANITOBI CIUIECKU HIyMy Ta apTedakty pyxy. OinmbTp
Kanmana, y cBoro 4epry, aganTHBHO MO€IHYE Ii BJIACTUBOCTI, 30epiratoun ¢Gopmy
MyJIbCOBUX TKiB 1 KOPOTKOYACHI JiecaTypalliiiHi emi30,11 HaBiTh y IPUCYTHOCTI 3HAYHOTO
piBHs mnepemkon. Takuil miAXix I03BOJIIE OTPUMATH YHUCTI YacOBO-aMILTITYAHI
xapakrepuctuku OIII" — aMIuTiTy Iy MynTbCOBOi XBHWIII, YACTOTY CEPLEBUX CKOPOYEHB i
pecmipaTopHy MOAYJILII0 — [0 € BXIJHAMH IarHOCTUYHUMH O3HAKAMH [UIA
ABTOMATHYHOTO BH3HAYEHHS Iay3 AWXAaHHS Ta OOUYMCIEHHS I1HAEKCY alHOe-TilOIHOe
(AHTI).

[TpoBenenuii MOPIBHAIBHNUN aHaJ3 4acOBO-aMILTITYJHUX Xapaktepuctuk OIII-
CHUTHATIB IIOKa3aB, IO 3 YCiX ampoOOBaHWX alTOpUTMIB (GUIBTpamii HaHOLTBITY
e(eKTUBHICTh Y KOHTEKCTI BHSBJICHHS IYJIBCOBUX IKIB 1 MPUAYIICHHS LIYMOBHX
CKJIaZIOBUX JEMOHCTPYIOTh (inbTp Kanmana ta cepenHbo3BaxeHnil ¢inbTp. 30Kpema,

¢ineTp Kanmana 3a0e3neuye aganTuBHe KOpUTyBaHHs KoedillieHTa MOCHICHHS IIyMY,
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IO JO03BOJslE HOMY TIATPUMYBAaTH BHCOKY UYTJIMBICTh JO KOPOTKOYACHUX
JlecaTypaliiHuX eMi30/iB Ta MIBHUAKUX KOJMBaHb aMIUTITYAHW, BOJHOYAC 3HUKYIOUU
BIUIMB HU3bKOYACTOTHOTO iperdy i BUMaakoBux cruieckiB. CepenHbo3BaxeHni GinbTp,
Yy CBOIO Uepry, BifI3HAYA€THCS BIIMIHHOIO 3AATHICTIO IO YCYHEHHS BHCOKOYACTOTHUX
IIyMiB mpu 30epekeHHI (GOpMU OCHOBHHX ITyJIECOBHX XBIUIb 0€3 CYTTEBHX 3aTPHMOK

(hazm.
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. - L
e
110000 (

100000

Amnnityna (Red/IR)

90000
— Cupwit 14
| inbTp KanmaHa

0 2000 4000 6000 8000 10000
Hac (mc)

Puc. 2.8. — IlopiBusHHS BXigHoro IR curnany (OnaknTHUil) Ta BindiasTpoBaHUX

¢dinpTpoMm Kanmana (moMapaH4eBHii) B CIOKIHHOMY ITOJIOKEHHI Tiia
120000

T —— Cwupwii 14
100000 \ hinLTp Kanmana
80000 3
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Puc. 2.9. — IlopiBasaEs BXigHOTO IR curaamy (OmakuTHHIA) Ta BiainbTpOBaHUX

¢dineTpoMm Kanmana (momMapaHdeBHid) ITiJ] 9ac pyxy

Just BusiBnenns mikiB y @III-curranax 3acTOCOBYIOTHCS Pi3HI aBTOMaTH4HI
METOJY 0OpOOKH: aJlanTHBHE TOPOroBe 3HAYEHHs [25], METOJM Ha OCHOBI IEPETBOPEHD
[26], obuncnenns moxigaux [27] 1 koM toTepHa ¢inbrpanis [28]. Cepen nux miIxomiB
aIanTHUBHI TIOPOTOBI METOAM € HAMOUTBII TNONMMMPEHWMH IJIS aHaji3y OioMeIudHUX
curHami, Takux K OIIT" ta EKT. Lli MeToan BCTaHOBIIOIOTH MTOPOTOBE 3HAUCHHS, SKE

ABTOMATHYHO 3MIHIOETBCS 3aJIE)KHO B aMIUTITy[d BHUsABICHWX TMikiB. [lapamerpn
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MOPOTOBOTO  3HAYEHHS MOXKYThb aJalTHBHO OHOBIIOBATHCS, BPAaxXxOBYIOUM TaKi
XapaKTePUCTUKH, SK TPUBAIICTh CUTHAIY, aMIUTITyla, IHTEPBAIA MK CEPICBUMH
yaapamu Ta gactota Bubipku [29, 30]. BoaHouac, y ASSIKUX BUIIaKaX METOIM Ha OCHOBI
MOPOTOBUX 3HAYEHb BUMArarmTh AojaTkoBoro BukopuctanHs EKI' curnamiB mopsp i3
OIIT", 110 Mo’Ke MiABUITYBAaTH BapTICTh MEAMYHOTO 00JIaHAHHS Ta yCKIaJHIOBATH HOTO
IHTEeTpamil0 B CHCTEMH IUCTaHIIIHHOTO MOHiTOpUHTY 31opoB’ss [31]. [ompm e,
aJaNTUBHI TEXHIKHU 3QIAIIAI0THCS KIFOYOBUM IHCTPYMEHTOM JUTS ITiIBUIICHHS] TOYHOCTI
aBTOMATH30BAaHOTO aHAJi3y O10OMEIMYHIX CHTHATIB.

AJIanITUBHUI TIOPIT € OTHUM 13 HalIOIMPEHIIINX METO/IB JUIsl BUSBJICHHS HIKIB Y
PPG curnanax. Lleii miaxig 6a3yeTbcs Ha BAKOPUCTaHHI 3MIHHOTO IIOPOTrOBOT0 3HAYEHHS,
K€ BM3HAYAETHCS HAa OCHOBI THMMYacOBUX 1 YaCTOTHHUX XapaKTepHCTHK CHTHAly Ta
IHTepBaJiB Yacy. 3aBAsKU JUHAMIYHOMY Xapaktepy XxBuiboBoi Gpopmu DIIIT, moporose
3HAYCHHS MOXE aBTOMAaTHYHO 3HIDKYBATHCS 200 ITiIBUIITYBATHCS 3AJICKHO Bill yMOB [25,
32]. Hampuknax, Shin Ta iH. [33] 3anpomoHyBaid OHOBJIIOBATH ITOPOTOBE 3HAYCHHS
3aNIe)KHO BiJl TAaKWX MapaMeTpiB, SK YacTOTa BHOIPKH, aMIUIITYAa TMONEpPeNHiX MiKiB i
CTaHAApTHE BIIXWIIEHHS CUTHaly. Y pociijpkeHHi [34] ajganTuBHUME mopir OyB
JIOTIOBHEHMH MOPQOJIOTiYHUM (UIBTPOM JUIS BUAAJIEHHS HU3bKOYACTOTHOTO IIyMY, a
(yHKIIS CYyMH HaXHUJIiB BUKOPUCTOBYBAJIACS JIJIsl TOYHOT'O BU3HAYECHHS TIOJIOKEHHSI ITIKIB.
Van Gent [35, 36] 3anporioHyBaB MeTO/, SIKUI MOEJHYE aJanTHBHUI TOPIT 13 KOB3HUM
CepelHIM 1 CIUIAH-IHTEePIOJIAIEI0 TSI KOPEKIii 00pizaHux miKiB. Y gocmimkeHHi [37]
OyJ10 Tpe/ICTaBIICHO MiIXiJ Ha OCHOBI MOXiTHOT, OCHAILIICHH (DYHKIII€I0 CYyMHU HAXUIIIB Ta
aJlaNTUBHUM IIOPOTOM, IO CIPAMOBAaHMH HA 3MEHIIEHHS KITbKOCTI ITOMMJIKOBHX
BUSIBJICHb MiKiB. MeToau aJanTHBHOTO IIOPOTY MAalOTh HH3bKY OOYHCIIOBAIbHY
CKJIQIHICTb, 10 POOUTH IX MPUIATHUMH JUI BUKOPUCTAHHS B peaabHOMY daci. OnHak ix
e(EeKTUBHICTh 3HAYHO 3HW)KYETHCA Y BUMAAKax, Koiu curHain PPG 3a0pynHenuii mymom.
VY TakMx CHUTyamisX MIBHJKI 3MiHM B CHUTHaJi YCKJIAaIHIOIOTH TOYHE BCTaHOBIICHHS
MIOPOTOBOT'O 3HAYEHHS, III0 MO>KE MTPU3BOJIUTH JI0 TIOMIJIKOBHX BHSBIICHB ITIKiB.

Ha ocHOBI BUKOHaHUX eTamniB 300py Ta IMirOTOBKH JaHUX AJISl MOJIEINI IITYYHOTO
iHTeJIeKTy OyB pO3poOJieHHH KOMIUIEKCHUI MiAXij, 110 3a0e3ledye BUCOKY TOYHICTB i

HaliiiHicTh 00poOneHoi iHdopmanii. [Ins HaBYaHHS Ta TECTyBaHHS Mopeii Oyio
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Bukopuctano maracer BIDMC PPG and Respiration Dataset [38], mocTymHuii y
nyOmiuHoMy mpocropi. Lle# maracer MicTuTh (i3i0NOriYHI CHTHAIM Ta YHCIIOBI
MOKa3HUKH, OTPUMAaHI Ha OCHOBI y3roJ/pKeHHX AaHuX 13 Benukoi 6azu MIMIC II. Kpim
TOT0, 0 HBHOTO BKIJIIOYCHI aHOTAIii JUXaHHS, CTBOPEHI BPYYHY JBOMa HE3aJIC)KHUMH
SKCIIePTaMH 3 BUKOPUCTAHHSIM IMIICIAHCHOTO JHMXaNbHOro curHany. Takuid migxix 1o
AHOTAIlii JaHUX FAPAHTY€ BUCOKY SIKiCTh MAPKYBaHH:I Ta HAJIA€ HATIHHUN QyHIaMEHT JUIs
PO3pOOKH 1 IepeBipKH MOJIEICH MTYIHOTO iHTEIEKTY.

JlaTaceT BKITIOYAa€ 3alMCH PO 53 MAIi€HTIB 1 CTPYKTYpOBaHUH y TPH THITH (aiiIiB:
CUTHAJIM, YHCJIOBI IIapaMeTpH Ta 3arajibHi AaHi NPO MAIi€HTIB, MPEICTaBICHI Y BUTIISII
(dikcoBanux mapameTpiB. [y 3a0e3medyeHHs 3pyYHOCTI POOOTH 3 JaHUMH OYB
PO3pOOICHUIT crieliaibHUi CKPUNT, 10 00’ €1HAB iH(OPMAILIIIO PO KOKHOTO MAIliEHTA B
ennauii  gopmar. Y ocrarouyHOoMy JaraceTri, MIATOTOBICHOMY IJisi — aHaji3y,
BUKOPHCTOBYBAIIMCS TaKi KITFOYOBI TApaMEeTPH: BiK, CTAaTh, YACTOTA CEPIICBUX CKOPOUYCHbD,
piBeHb HacH4YeHHs KpoBi kucHeM (SpO2), pecripaTOpHUA TOKa3HUK TUXaHHS Ta LHU(PPOBI
curHaimu ¢oromnerm3morpadii. OII-curnamn 3untyBamucs 3 moxyiast MAX30102 i3
4acTOTOIO JucKperu3anii oym3bko 24 ' (iHTepBan MK Biutikamu = 41 Mc) npoTarom
3arajipHOi cecii po3mipom 110 c. [l moOynoBu (izionoriyHuX 03HaK BUKOPHUCTOBYBAIIN
nBa BimHOocHUX BikHa: 0—10 000 mc Ta 0—2 000 Mc, qocTaTHI IS OLIHKKA CEPEIHBOI Ta
MHTTEBOI YaCTOTH CEPLIEBUX CKOPOYEHb, BapiaOeNbHOCTI IHTEPBAIIIB YaCTOTH JANXaHHS,
aMIUTTYIU TyJbCOBUX MIKiB M1 po3paxyHKy SpO: i merekmii aecarypaliiid mig dac
amHoe. Taka CTpyKTypOBaHa OpraHi3allis JaHUX ONTHUMI3Y€E IXHE BUKOPUCTAHHS B MOJIEITI
MITYYHOTO iHTENEKTY, 3a0e3Medy0ur IOBHOTY i TOYHICTh IMOAAIBIION0 aHATI3Y.

Yci BUKOHaHI MATOTOBYI €TaIy, BKIIOYHO 3 MONEPETHBOI0 00pOOKOI0 CUTHAIB,
HOpMaIi3aIli€ro, 00poOKOI0 MPOMYIIEHNX 3HAYCHD Ta YHi(IKaIlI€ro JaHUX, 3a0e31eUyI0Th
BUCOKHMII PiBEHB SIKOCTI i y3ro/uKeHOCTI iHpopMaii, HeoOXiaHOI Ui BUKOPUCTAHHS B

MOJIET IITYYHOTO IHTEJEKTY.
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PO3/ILJ 3. PO3POBKA MIKPO CEPBICHOI APXITEKTYPU CUCTEMHA
MOHITOPHUHI'Y I TIPOT'HO3YBAHHSA JUXAJBHUX PO3JIAMAIB I YAC
CHY HA OCHOBI ITYYHOI'O IHTEJIEKTY

[MosiBa IaTepuery peueii (IoT) BimkpruBae MMPOKI MOXKIUBOCTI ¥ cepi 0XopoHH
3I0pOB’A, 3a0e3Meuyroul iHHOBAIifHI MiIX0AN A0 MOHITOPHHTY CTaHy MamieHTIiB [39,
40]. 3okpema, y KoHTeKcTi TeneMoHiTopuHry loT Bimirpae BHpimIaNbHY pOJIb K y
MEIMYHHX 3aKIa/iaX, TaK i B 0OCOOMCTHX MPUCTPOSIX MAIIEHTIB, CIPUIIOYHN iX iHTerparii
y noBcsikneHHe XUTTs [41, 42]. Po3sutok IoT y cdepi MOHITOPHHTY 3IO0pOB’S Mae
MOTEeHLa Iyl 3HAYHOTO IOKpAIUEHHs SKOCTI MeauyHuxX mnociyr. lle mocsraerscs
IIJSIXOM BIIPOB/DKEHHSI CUCTEM PAaHHBOI'O BHSBJIEHHS 3aXBOPIOBaHb, IPOTHO3YBaHHS
CTaHIB MAalli€HTIB Ta 3amo0iraHHs PO3BUTKY HeOe3rneuHux narosorid. OxnoyacHo loT
CIpHsI€ ONTUMI3AIli] BUTPAT HAa MeIUYHE 00CITyTOBYBaHHS 3aBISKH 3MEHIIICHHIO TOTPeOn
y moporux rocmitamizamisx [42, 43]. Takum unHOM, [HTEpHET pedel cTae BaXTUBUM
IHCTPYMEHTOM Uil TpaHCcopMarii TpaAWLiiHUX MiAXOAIB JO OXOPOHH 3I0pPOB S,
3abe3nevyroun sK MalieHTaM, Tak 1 MeAWYHUM (axiBISIM IOCTYN A0 e()EeKTHBHUX,
MIePCOHAJII30BAaHUX Ta EKOHOMIYHO OOTPYHTOBAHUX DillICHb.

JlikyBaHHS XpOHIYHUX 3aXBOPIOBaHb, MOTJIN 3a JIOJBMH ITOXMJOrO BiKy Ta
MOHITOPUHT (i3UYHOI aKTUBHOCTI MiJ 4ac 3aHATH (DITHECOM — L€ JIMIIEe Jesiki 3
MEepPCIEeKTUBHUX MEIUYHHUX 3aCTOCYBaHb, SIKIi MOXYThb OyTH peaii3oBaHi 3aBJIsSKU
BIIPOBADKEHHIO [HTepHETY peueil. Y 0ararbOX BHUMAJKaX MAI[€HTH, SKi MPOXOISTh
JMIKYBaHHS, 3MYIICHI 3aJMIIaTHCS B JIKapHI MPOTATOM YChOTO IMEpioxy Teparmil, 1o
MPU3BOJNUTH JI0 3HAYHUX BUTPAT Ha rOCIITANI3aIii0. Y IIbOMY KOHTEKCTi TexHoJorii [oT,
AKi 3a0€31MeUyoTh BiAIaIeHU MOHITOPHHT CTaHy IAIli€HTIB, MPOMOHYIOTh S(EKTHBHE
pimreHHs. 36uparoyu Ta Iepenaryy JaHi PO CTaH 3I0POB’Sl B PEXKUMI peaibHOTO Jacy,
IoT He numre 3HMXKy€E BUTpaTH HAa MEAWYHE OOCIYyrOBYBaHHS, alie i CIpUsE PAHHBOMY
BUSBIICHHIO 3aXBOPIOBAHb Ta iX €()EKTHBHOMY JiKyBaHHIO [42]. B 0cHOBI Takux pimieHs

JISKATh PO3YMHI MEIMYHI NATYMKHU, O0JIaIHAHHS JIUIS Bi3yai3aiii Ta JIarHOCTHKH, SKi €
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kmouoBuME enemMeHTamu [oT y meaumuai. KpiM TOro, 04ikyeThCsl, IO BIIPOBAKEHHSI
IoT y MenuuyHuMX mOCIyrax MiABUIIUTH IXHIO €(QEKTHBHICTb, IPOMOBKHUTH IKHUTTA
MAIiEHTIB Ta HAAACTh iM YHCICHHI mepeBard. J[ist Memuunux mpariiiBaukie [oT Moxke
MiHIMI3yBaTH Yac MPOCTOI0 OOJaTHAHHSA 3aBISKH MOJMJIMBOCTI Bial€HOTO HAJaHHS
MIOCIIYyT Ta MOHITOPHHTY CTaHy IPHUCTPOIB Y PEXHUMI peabHOro Hacy, mo 3abe3neuye
OIITHUMI3AIli0 pECypCiB 1 MIABHICHHS SKOCTI MEIUYHUX MPOIICIYP.

Mennuni loT-cucreMn reHepyroTh 3HAYHHHA OOCAT JaHWX, OCOOJMBO TiJ Hac
Oe3nepepBHOr0 MOHITOPHHTY. s 0OpoOKM W 30epiraHHs TakuX HaHUX MOTPiOHI
BIAMOBIHI PECypcH, BKIIOYHO 3 JIOBIOCTPOKOBMMH apXiBamMu. BomHouac HeoOXigHO
3a0e3neynTH OanaHc MK 30epeKeHHSM CHPHX i OOpOOJIEHNX JaHWX, W00 YHUKHYTH
HaIMIpHOro Hakonu4eHHs iHQopmarii. 30epiraHHs MEIUYHHX JaHUX PEryJIOETHCS
CYBOpUMH HOpPMaTHBaMH, TaKUMHU SIK GDPR [https://eur-
lex.europa.eu/eli/reg/2016/679/0j/eng] abo  HIPAA[https://www.hhs.gov/hipaa/for-
professionals/privacy/laws-regulations/index.html]. J[ist 1oTpuMaHHs IUX CTAHIAPTIB
MOTpiOHO BIPOBAKYBAaTH MONITHKH MH(PYBaHHS MaHWX, aHOHIMI3alii, peryiIspHOro
PE3epPBHOTO KOIMIIOBaHHSI Ta YMPAaBIiHHS JOCTYIIOM A0 iH(popmalii. ABTOMaTHYHHNA
posmozin 6e3nepepsHoro notoky ®III' curuamy Ha okpemi YacoBi BikHa Ta KIIHIYHO
3HAYyIi eMi30/1H, Taki SK MOBHI CepLeBi LMKIM, MOMEHTH Jecarypauii ado emizoan
ariHOe, J1a€ 3MOTY BiJJMOBHMTHCS BiJl apXiBalii BChOro HEOOpPOOJICHOrO CHrHalmy M
30CEPEAUTHUCS JIUIIIE Ha (hparMeHTax, sIKi MarOTh JiarHOCTHYHE 3HAYEHHS, Hanmpukiiaz 10-
CeKYH/IHMX IHTEpBaliB HABKOJO KOXXKHOI'O BUSIBIIEHOro emi3ony amHoe. lle cyTreBo
CIPOIIy€ TOUIYK i BiAHOBIEHHS KOHKPETHUX MOMil, a TaKOX TrapaHTye, M0 B XMapi
30epiraloThCs JIMIIE KIFOYOBI CETMEHTH JaHUX, TOMI SK pemTy HeoOpoOJeHHX KaapiB
MOXKHa JIOKATBHO ouumaTth abo 30epiratm Ha mpuctpoi. Kpim TOro, HEoOXimHO
rapaHTyBaTH, 1[0 MEITUYHI (QaxiBI[i MAIOTh JOCTYI JO TOYHUX i CBOEYACHUX NAHUX, SIKi

HEeoOXiH1 /U1 epeKTHBHOTO IPUHUHSTTS PillICHb.
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3.1. MikpocepBicHa apxiTekTypa

ApXiTeKTypa MIKpO cepBiciB TpeacTaBise coboro eBomomiro miaxomxy COA
(cepBiCHO-OpieHTOBaHA apXiTEKTypa), CIPSIMOBaHY Ha BIOCKOHAJCHHS MPHUHIIUIIB
PO3’€IHAHHS, THYYKOCTI Ta PO3MIMPIOBaHOCTI. OCHOBHOIO KOHIICTIIIIEI0 MiKPOCEPBICIB €
3MCHIIICHHS CITUTFHOTO BHUKOPHCTaHHS CEpBICIB 1 pecypciB, 1o 3abesredye IiXHIO
ABTOHOMHICTh Ta cdekTuBHICTh [44, 45, 46]. KoxkeH MikpocepBic € HEBEIHKHM
MPOTPaMHAM MOJyJIEM, SIKMH BIANOBiZAa€e 3a BHKOHAHHS YHIKAIBHOTO 3aBJaHHS 3
MIHIMaTPHAM pIBHEM BiJIOBIJAIIFHOCTI Ta CIA0KOIO 3aJCKHICTIO BiJ IHIINX
KoMITOHeHTiB. LIs apxiTexTypa 6a3yeTbcst Ha MpUHIMII " [UTMTHCS sikoMora MeHIe" [44],
y Toit yac sik SOA, HaBMmaku, CIPsMOBaHA HA MAaKCUMI3aIlil0 CIUJIBHOIO BUKOPHUCTaHHS
pecypciB. MikpocepBicu 3a0e3neuyIoTh 4iTKO BU3HAUYCHI IHTepdeiicH 1uis B3aeMOi, o
JIO3BOJISIE JOCSTTH BHCOKOTO PIBHSI PO3IUICHHS Ta PO3LIMPIOBAHOCTI. 3aBISKH I[bOMY
KO>KEH MIKpOCEpBIiC MO>KEe OHOBITIOBATHCS HE3aJICKHO BiJl IHITMX KOMITOHEHTIB CHCTEMH,
10 3HAYHO ITiIBUIIY€E THYYKICTh Ta CIPOIIY€e PO3poOKy i oOciyroByBanHs. Ha Bigminy
Bin SOA, sIKa BHKOPHCTOBYE IEHTPAII30BaHI 3aJI€KHOCTI, TaKi SK 3arajbHE CXOBHUIIE
JIaHUX, MIKPOCEPBICH KepYIOTh BIACHHMH 3aJEXKHOCTSIMHM, BKIIOYAIOUM 0a3y NaHHX,
CXOBHIIIE KJIIOYIB 1 3HAUCHb, MTOUTYKOBI iHJeKcH Ta depru. Lle no3Boisie po3podnsTu Ta
pO3ropraTd KOXKEH MIKpOCEpBiC aBTOHOMHO, IO € BAaXIIMBOIO IIEPEBAror0 B yMOBax
JMUHAMIYHHUX cUcTeM [44, 45]. YTiM, y pealibHUX CIIEHAPIAX YaCTO BUHUKAE HEOOXITHICTh
0oOMiHYy JaHMMH MK MiKpocepBicamu. Y 3ampoIlOHOBaHId apXiTeKTypi daHi, 3i0paHi
OJTHUM MIKPOCEPBICOM, MOKYTh OyTH 30€peXKeHi y CIIbHIN 0a3i JaHUX, TOCTYII 10 SKOi
HAJa€ThCS IHIOIOMY MIKpOCepBicy Ui mofanbmioi oOpobku [46]. Takuit minxin
3abe3medye OamaHc MK aBTOHOMHICTIO MIKPOCEPBICIB 1 moTpeboro B iHTerpamii JaHux
JUTSL TOCSTHEHHS CIUIBHUX I{JIEH.

MikpocepBicu KiIacu(iKylOTbCSI Ha JBI OCHOBHI Tpynu: (yHKIiOHAIBHI
Mmikpocepicu (PM) Ta iHdpacTpykTypHi MikpocepBicn (IM). @yHKHioHaNBHI
MIKpOCEpBICH peami3yroTh Oi3Hec-(QYHKIIi, ITOB’A3aHi 3 KOHKPETHIUM Oi3HeC-IOMEHOM,
HAaIpHKJIIaJ, OLliHKa CIAa0KOCTI CUCTEMH Y1 MPOTHO3YBaHHS pU3HKIB. BoHu moctymHi st
30BHIIIHIX KJIIEHTIB, TAKUX SIK HOCUMI MPUCTPOi, MOOLIBHI TeneoHH Ta BeO-J0AaTKH,

yepes nutto3 API (intepdeticy npuknanHoro nporpamysanss) (puc. 3.1.). Ha BiaMiny Bif
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HUX, 1H(PACTPYKTYPHI MIKPOCEPBICH BHKOHYIOTh HE(YHKIIIOHAIBHI 3aBIaHHS,

BKITIOYAIOYH BEJCHHS XKYPHATIB, ayJUT Ta MOHITOPHHT.

KeHTCRK HOCwR AoAAToR KoleseTesionit wolinsHih AaaaToR Kalest n
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Wimos AP

T
spprcTpyrypl wikpocepeicn \

‘ Baza pawnx 1 ‘ | Baza ganwx 2 |

DywaionansH uikpocapsicn

CepeepHa sacTua

Puc. 3.1. — TakcoHOMIst MiKpOCEPBICHOI apXiTEeKTypH

MikpocepBicHa apXiTeKTypa Ma€ HHM3KY BAaXIHBHX HepeBar, sKi poOisTe ii
0c00JIMBO €(PEKTUBHOIO [Tl BUKOPUCTAHHS B MEANYHUX CHCTEMAX:

e MacmradoBanictb. KoxeH mikpocepBic Moxe OyTH MaciITabOBaHUIl HE3aJIEXKHO,
IO JIO3BOJISIE ONTUMAJIBHO BUKOPHCTOBYBAaTH PECYypcH CHCTeMH. Takuil miaxin
3abe3neuye cTablIbHO BHUCOKY INPOAYKTHBHICTH HaBiTh 32 YMOB 3pOCTaHHS
KIJIBKOCTI KOPHCTYBaUiB a00 MiJKII0YEHUX ITPUCTPOIB, IO € KPUTUYHO BAKIUBUM
JUISL MEIMYHUX CUCTEM 13 BETUKHM OOCSTOM IaHHX.

e MonyneHicTh. Po3moain cuctemMu Ha OKpeMi MIKpOCEPBiCH MOJIETIIIYE iHTETPALIito
HOBHX (PYHKIIOHATHPHUX MOXKIIMBOCTEH 0e3 pU3MKY BILTUBY Ha iHII KOMIIOHCHTH.
Lle 0coOIMBO Ba)JIMBO JJISl MEMYHUX CHUCTEM, SIKI 4acTO MOTPeOyIOTh ajanTarii
JI0 HOBUX CTaHJapTiB, BUMOT a00 3MiH Y KJIIHIYHHX ITPOTOKOJIAX.

e ['myukicte. HesamekHe OHOBICHHsS a00 PO3rOPTaHHS MIKPOCEPBICIB [O3BOJISE
IIBHJIKO BIIPOB/XKYBAaTH 3MiHU Ta BJOCKOHAJICHHS 0€3 3yITUHKH BCIi€i CHCTEMH.
Taxwuit miaxix MiHIMi3y€e pU3HK IIPOCTOIB 1 Ja€ MOXKIIMBICTB OIIEPATHBHO pearyBaTu

Ha 3MiHH y ToTpe0ax MeINYHUX 3aKJa/liB UM MAIli€HTIB.
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3aBAsSKKA IIUM TepeBaraMm, MIKpOCEpBICHA apXiTeKTypa CTa€ ONTHMAIbLHUM
BHOOpOM JII MEOUYHHUX CHCTEeM, 3a0e3leuyroud CTalUIbHICTh, aJalTHBHICTH 1
e(peKTUBHICTh Y TMHAMIYHOMY CEPEHAOBHIL Cy4yacHOi OXOPOHH 3/I0POB’S.

3.2. IToaieBo-opiecHTOBaHA apXiTeKkTypa

Apxitektypa, kepoBaHa mofisimu (aHri. Event-Driven Architecture, EDA), €
HOIIMPEHUM MIX0J0M Yy CyYacHHX JOJATKaX, 30KpeMa B CHCTeMax, OOyIOBaHUX Ha
OCHOBI MIKpO cepBiciB. BoHa BUKOpHCTOBY€E moaii sk 3aci0 3amycKy nmpouecisB i 0OMiHy
JAHIMHU MDX He3ale)KHUMH cepBicamu. [Tofis y IIbOMY KOHTEKCTi O3HAYa€ 3MiHY CTaHy
a00 OHOBJICHHS1, HATIPUKJIAJI, TOAABaHHS JaHUX PO Mai€HTa 10 eJIeKTPOHHOT MEINYHOT
kaptu. [Toaii MOXKYTh MICTHTH JeTaNi30BaHy iH(pOpMAIlifo PO cTaH (HAPHUKIIA, Ha3BY
TOBapy, HOro IiHy Ta ajpecy IOCTaBKH) abo CiyryBaTH ineHTu(IKatopamMud 3MiH
(HanpuKIIa, TTOBIIOMIICHHS TIPO T€, 110 3aMOBJICHHS OYyJIO BiANPaBIICHO).

OpHi€ro 3 KIIOYOBUX TEepeBar apxiTeKTypu € MOXKIHBICTh poOOTH 3 TIOTEHIIHHO
HECKIHYCHHUMH [IOTOKaMH JJaHUX, OCKUIBKHU 3aIIUTH 3aCTOCOBYIOTHCS 10 JaHHUX Y PEIKUMI
peampHOrO 4acy. Cucrema oOpoOise BXimHI TOAii HeraifHO, i pe3yibTaTH CTAalOTh
JOCTYIIHUMH BiJpa3y Iiciisl Heperisiay nmociitoBHocti noaid. Takuit minxin 3abesnedye
BUCOKOE()CKTHBHY aHANITHKy B peajlbHOMYy 4Yaci, II0 € KPUTHYHO BaKJIMBUM IS
OaraThOX Cy4acHUX JOJatkiB [47].

[TonieBo-kepoBaHa apXiTEeKTypa € TOMYJSIPHUM IIa0JIOHOM  PpO3MOJIiICHOT
ACHHXPOHHOI apXiTeKTypH, fKa IIHMPOKO BUKOPUCTOBYETHCS IS PO3POOKH BHCOKO
MacmTaboBaHuX JA0AaTKiB [48]. 3aBasku CBOIM THYYKOCTI ICH MiIXix OAHAKOBO H00pe
aIalTyETHCS SIK AJISI MAIUX CUCTEM, TaK 1 [/l BEJIUKHX 1 CKIIaHUX IH)KEHEPHUX ITPOCKTIB.

ApXITeKTypa, KepoBaHa IOMIAMH, 0a3yeTbcsi Ha JBOX OCHOBHHX TOIOJOTISNX:
nmocepenanka (mediator) Ta 6pokepa (broker). Tomonoris mocepenHNKa 3aCTOCOBYETBCS
y BHIJIKaX, KON HEOOXIHO OpraHi3yBaT BUKOHAHHS KiJIbKOX KPOKIB Y paMKax OJHi€i
nozii. HatomicTe TOmosoriss Opokepa BHKOPHCTOBYETBhCS JUIS OpraHizamii MO y
BUTIIAI JIAHITIOKKA, IO MO3BOJSIE OOpOONATH TOfil Oe3 3alydeHHS LEHTPAIbHOrO
nmocepenuuka. Ile 3abe3meuye OUTBIN MCICHTPATI30BAHUI MiAXim 10 OOPOOKH MOiH,

CHPUSIFOYM THYYKOCTI Ta 3HW)KEHHIO 3JIe)KHOCTEH MiXK KOMITOHEHTaMH CHCTEMHU.
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VY Ttomosorii MenmiaTopa BHAUISIOTH YOTHPH OCHOBHI THIH apXiTEKTYpHUX
KOMITOHEeHTiB (muB. Puc. 3.2.): yeprm momiid, MemiaTop MONiHd, KaHAIW MOMIA Ta
npouecopu mnofid. IToTik momii y mild apxiTeKTypi NMOYMHAETHCS 3 KIEHTA, SKUH
HaJICWJIA€ TIONI0 0 Yepry moxii. Yepra momii ciryrye MEXaHi3MOM TPaHCIOPTYBaHHSA,
Tepearoyu MOIII0 T0 MeaiaTopa monaiid. Memiatop mofii mpuitMae MOYaTKoOBY MO0 Ta
OpraHizoBye 1ii 00poOKy, TeHepyloud MJOAATKOBI acuHXpoHHI momii. Ili momii
HaJICWJIAIOTHCS 10 KaHANIB TOJiH, depe3 sSKi BOHM PO3MOAUISIOTHCS IUIi BUKOHAHHS
KOXKHOTO KpOKy mpouecy. IIporecopu moniid, siki MOCTIHHO NMPOCIYXOBYIOTH KaHAJIH
MO/, OTPUMYIOTH MOAIT BiJ| MeAiaTOpa Ta BUKOHYIOTH BiAIIOBIJHY Oi3HEC-JIOTiKY JUIs
ixHbo1 00poOKH. Llel miyxin 3abe3neuye THYUKICTb i MOAYJIBHICTh CHCTEMH, IO3BOJISIIOUN

JIETKO aJanTyBaTy ado 3MIHIOBATH OKPEeMi KOMIIOHEHTH 0€3 BILUTUBY Ha BCIO apXiTEKTYypYy.
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Puc. 3.2. — Tonomnoris megiatopa EDA
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Tormoutorist Opokepa CyTTEBO BiAPi3HSIETHCS BiJl TOMOIOTIT OCEPEAHUKA THM, IO B
Hid BiZICYTHIH LIEHTpaJLHUN IMOCEpETHUK MOAii. 3aMicTh I[LOTO TOTIK IOBIIOMIIEHB
OpraHi30BY€EThCS Yepe3 JIaHIF0KOK KOMITOHEHTIB 00pOOKH MO/1iH 3a JOMOMOT'OI0 JIETKOTO
Opokepa TmoOBiZOMIEeHb, Takoro sk RabbitMQ  [https://www.rabbitmq.com/],
Kafka[https://kafka.apache.org/] Tomo. Lis Tomosnorist € edekTMBHOO [UIs CIIEHApIiB, A
moTpiOHO OpraHi3yBaTH BiHOCHO IIPOCTHH MOTIK 00poOku moxiii. BoHa ocobmmBo
KOPHCHA B CHCTEMaX, /Ic OCHOBHUI aKIIEHT pOOUThCS HA MiHIMI3AIII0 3aJCKHOCTEH MiXkK
KOMIIOHEHTaMH Ta 3a0e3e4YeHHs] MaciTabOBaHOCTI.

Y OpokepchKiii TOMOJNOTT BUAULIIOTH JBa OCHOBHMX THIIM KOMIIOHCHTIB
apxitexktypu (auB. Puc. 3.3.): komnoHeHT Opokepa Ta KOMIIOHEHT IPOLIECOpa ITOiM.
KomrmoneHt Opokepa Moxke OyTH peayi3oBaHMii SK IIeHTpai3oBaHa abo (enepaTHBHA
CTpyKTypa. BiH BimmoBimae 3a yOpaBiiHHS BCiMa KaHajdaMd MOMAIH, SIKI
BUKOPHCTOBYIOTBCS ¥ TOTOII Toxii. Kananmn momiii, mo 3HaXOOAThCA B KOMIIOHEHTI
Opoxepa, MOXKYTh OyTH MPEACTaBIICHI Y BUIJIAII YepT OBiJOMJICHD, TEM MOBiIOMJICHb,
abo ix xoMOiHamii, 3aJIe)KHO Bix crienudiku oOpoOKM Ta Tepenadi JaHUX y CHCTEMI.
Taxuii migxix 3abe3neyye THYYKICTh 1 MOAYJBHICTh Y HaJIAIITYBaHHI MTOTOKIB IOJIMH,

JO03BOJIAIOYM aIallTyBATU CUCTEMY /10 pi3HI/IX CIICHapﬁB BUKOPUCTAHHH.
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Puc. 3.3. — Tononoris 6pokepa EDA
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YV MmikpocepBicHil apXiTekTypi 1 MoHITOpHHTY DIII-cCUTHAIIB 1 MPOTrHO3YBaHHS
arrHOe MOJIENTh «ITyOJTIKAIisI—TTiIMUCKa) BUCTYIIAE €AMHOIO ITMHOI0 OOMiHY TOIISIMHU MK
He3aJIeKHUMHU cepBicamu. Taka opranizailist 3a0e3meuye 0HOYaCHY HOCTaBKY OIHOTO i
TOTO X MaKeTa JaHWX yCiM OOpOOHMKaM, IO CYTTEBO 3HIDKYE 3aTPUMKH, ITiIBHUIIYE
HAJIHHICTH 1 Ja€ 3MOTY JIETKO MACIITa0yBaTH CHCTEMY, HOAAI0YH HOBI MiIIIICHUKA Oe3
3MiH y Koai myOmikaTtopa. OCKUIBKM KOXEH BUXIJHUI KaHai 0OCIyroBye JIMIIE OAWH
MiAMMICHAK, MU TapaHTYEMO YHIKaJIbHE CIIOKMBaHHS IIOBIIOMJIIEHHS Ta CTPOTHI
KOHTPOJIb 33 PO3IOAIIIOM MEIMYHHIX JaHUX y PeaIbHOMY daci.

ITonmieBo-opieHTOBaHA apXiTEKTypa PEabHOIO Yacy MOXE OOpOOJIATH MOTOKU
JTAaHUX OfIpa3y MICJisi BHHUKHEHHS MOIiH, 3a0€3MeUy0Yl aCHHXPOHHY B3aEMO/III0 CIIA0KO
3B’s13aHMX KOMIIOHEHTIB 1 JIerKe TOpU3OHTalbHe MaciuTadyBaHHs [49]. Came wi
BiacTuBocTi poOnaTh [IOA [OUIBHOIO OCHOBOIO Il MEIMYHUX 1H(pOpMAIiiHUX
CHCTEM, JI¢ 3aTPUMKa yChOTO B KiJTbKa CEKYH/I MOXKE BINIMHYTH Ha KIIIHIYHUI pe3ybTar.
Y Hamiii cucteMmi kiacudikamii amHOoe [TOA BHKOpHCTAHO SK KapKac, y SKOMY
MOOUTEHUHN JOJATOK T€HEPYE IMOIiI0 «ITOKa3HUK OOYHCICHOY, a MIKpOCEPBiC IITyIHOTO
IHTEJIEKTY — «PU3HK arHoe Kiacu(pikoBaHo». KoxeH MOayIllb MOXKE OHOBITIOBATUCS O€3
3yNMHKY BCi€l Mm1aTopMu, a BiIMOBA OJHOTO CepBicy He OJOKye iHIII, IO IiABHIILYE
HaJliHICTb 1 JO3BOJISIE MTOCTYIIOBO JIOAABAaTH HOBI aHAJITUYHI aJITOPUTMH T1iJ] 3pOCTaroui
o0csaru maHux. TakuM YWHOM, came 3aBJIsSKu BiracTuBuM [IOA mBUAKIA peakiii,
THYYKOCTI ¥ BIJMOBOCTIHKOCTI BIAJIOCSl peayli3yBaTH 3allpONOHOBaHY B JUCEpTarii
CHCTEMY JIOMaIIHLOTO MOHITOPHHTY aIHOE, sika Oe3nepepBHO MpuiimMae Ta 00podIsie naHi
BiZ 6araTboX HOCHMHMX IIPUCTPOIB 0€3 PU3UKY IEPEBAHTAKEHHS UM BTPATU KPUTHUHOI

iHdopmarrii.

3.3. [IpuxinueBi 004 cIeHHSA

[MpukinneBi oO4YMCIEHHS — 1€ MOAeab iH(OPMAIIMHAX OOYHCICHb, IO
nepeadavae nepeHeceHns QyHKIINH 00poOKK Ta 30epiraHHs MaHHUX i3 HEHTPATI30BaHUX
LHEHTPIB OOpOOKM JaHWX Ha CEepBEpH, PO3TAILOBaHI OJIKUE A0 MEXi Mepexi, e
KOPHCTYBadi Ta MPUCTPOi OTPUMYIOTh OCTYII 10 iH(popMarii. 3aBASKH pO3TaITyBaHHIO

O0YHCTIOBAIEHIUX MOTYKHOCTEH ONMKYe IO KIHIIEBUX KOPHCTYBadiB 1 MPHUCTPOIB,
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nepudepiiiHi 00YMCICHHS CIPUSIOTH 3HAYHOMY MTOKPAIIECHHIO POIYKTHBHOCTI CHCTEM.
et miaxin 3HWKYE 3aTPUMKH, 3a0e3Medyloun OBl MIBUAKY IMepenady Ta oOpoOKy
JIAaHUX, 110 € KPUTHYHO BKIMBHUM JJIs IOJIATKIB Y PEXUMI peanbHoro dacy. Kpim toro,
JlaHa MOZEIb J03BOJIA€ MiHIMI3yBaTH BUTPATH, ONITUMI3yIOUH BUKOPUCTAHHS PECYPCiB Ta
MEpEKEeBHUX 3’€llHaHb, @ TAKOX ITOCHIIIOE OE3IeKy, 3MEHIIYIOUH KUIBKICTh JaHMX, SIKi
mepefarThes 10 IeHTpalizoBaHuX cxoBuml. [lepudepiiiHi 0OYHCICHHS TaKOXK
I/IBUIIYIOTH SIKICTH 00CITYrOBYBaHHs, 3a0€3Meyy0un MBUALINN T0CTYyN 10 iHhopMarii
Ta 3MCHINYIOYM 3alle)KHICTh B 1HPPACTPYKTYpH IICHTPATbHUX OOYUCIIOBATBHUX
neHtpis [50].

OO0csiry aHuX, SIKi TEHEPYIOTHCSI Ta BUKOPUCTOBYIOTHCS IIOPOKY, 3pPOCTAIOTh Y
reoMeTpuuHii nporpecii. Texnosorii, Taki sik [arepuer peveit (IoT), mryuHuil iHTENEKT
(III) ta mamwmaHe HaB4yaHHI (ML), € OCHOBHMMH JDKepellaMH LOTO 3pOCTaHHS,
TEeHEepPYIOYH BeNMYe3Hi MacuBU iHpOpMaIii. 3 MiAKIIOYCHHAM MUTBSIPIIB TPUCTPOIB 10
Mepex 5G, et o0cAr qTaHuX MPOIOBKYBAaTHME IIBHIKO 301TBITYBaTUCh.

v TPaTUIIHHIX O0YHCITIOBAIBHAX MOJEIAX maHl oprasizamnii
MEPECHpPSMOBYIOTBCSI IO IICHTPANi30BaHUX IEHTPIB 00pobku, ne IT-cmemiamictu
BUKOHYIOTh IXHE YIIPaBIIHHS, NEPEBIpKy Ta 3a0e3MeUylOTh BiAMOBIIHICTH MOJITHKAM
Oe3neku. OJHAK 31 3pOCTaHHSAM OOCSTIB JaHHUX IICH MiAXiJ CTUKAETHCSA 3 YUCICHHUMHU
ooMmexxeHHsiMu. [lepecriands BChoro Tpadiky M0 HEHTPAIi30BAHOTO LEHTPY 00pOOKU
HEMUHYY€ BUKIIMKAE 3aTPUMKHU Ta NEPEBAHTAKCHHS Mepeik. Lle HeraTuBHO BIUIMBA€E Ha
MPOXYKTUBHICTh JOAATKIB Ta MIBUAKICTH IOCTYIY [0 JAaHHX, [0 MPHU3BOAUTH IO
HE3aJ0BUTPHOTO KOPUCTYBAI[BKOTO JIOCBiMy. YcCe€ e MiIKpeciaoe HEOOXiAHICTh HOBHX
MiAXOMIB, 3MAaTHUX €(QEKTHBHO IPAIOBaTH B YMOBaX EKCIOHEHIIIHHOTO 3pPOCTaHHS
o0csriB iH(QopMarIii.

Edge Computing edekTHBHO BUpiIIye Ipo0iieMy IepeBaHTAXKEHHS TPAAUIIHHIX
00YNCITIOBANIBHUX MOJIENIeH, 00poOIIsIoun Ta 30epirarouu AaHi OJIvbKIe /10 MICIst IXHBOTO
CTBOPCHHA Ta BHUKOPUCTAHHSA. PO3TalIoBYrOYM OOYMCIIOBAaNbHI (QYHKIII, pobdodi
HaBaHTKEHHS Ta JaHl NoOJMM3y KIHLUEBHX HPUCTPOIB, mepudepiiiHi oOuMCIeHHsS
JIO3BOJISIIOTh 3HAYHO TOKPAIIMTH Yac BIATYKY, HPOJYKTHBHICTh JIOJATKIB 1 3arajbHHUA

JIOCBiJ KopucTyBadiB (quB. Puc. 3.4.). 3aBasku bOMY JaHi MOKYTh IIBHJIIIC HOCSITATH



67

KIHIIEBUX TOYOK, MIHIMI3YIOUH 3aTPUMKHU Ta 3a0e3redytoun OuTbll eheKTHBHY POOOTYy
JOMaTKiB y peanpHOMy 4daci. IlapanenbHo mnepudepiiiHi OOYHCIEHHS 3MEHIIYIOTh
MEepeBaHTAKEHHS IIEHTPAJIbHUX CHCTEM 1 IIUPHINX MEPEK, CIPUSIIOUN CTablIbHOCTI Ta
onTuMizarii iHppacTpyKTypH.

MpucTpii (NpUKiHLEBWiA)

KopvcTyBada

A
>

MpucTpiit 36opy
iHchopmaii & \

NokanbHa o6pobka MexaHi3Mu 3MeHLEeHHA

O6pobka paHnx
[aHNX 3aTPUMOK

OTo4eHHA ANA NPUKIHLEBOro 0641CneHHA

Binnpaska nigroToBneHux gaHux

Xmapa

Puc. 3.4. — Tlpunimn po6oTH MOz TPUKIHIIEBIX O0YHCICHD

3 posBuTkoM TexHojorid Intepuery peueit (IoT) pi3Hi ramy3i akTHBHO
BIIPOBAKYIOTH 1IM(POBY TpaHchopMallito, CIPSIMOBaHY Ha iHTErpaiito Jeaini Oubuiol
KUTBKOCTI TIPUCTPOiB 110 TiTo0anbHoi Mepexi. 3a mporro3amu, 10 2025 poky KiTBKIiCTh
nigkmodeHb [oT-mpuctpoiB y cBiTi gocsrae 100 minbsapaiB. Taka mBuaka excrancis [oT
CTBOPIOE 3HAYHI MOMIMBOCTI JUIS MiANIPUEMCTB, ajie BOJHOYAC CTABUTH Iepell HUMHU
HHU3KY BUKJIMKIB, Cepell sIKUX:

e Ko Benmue3Hi 00CSTH JTaHUX NEPEHOCATHCS B XMapy Uit 00pOoOKH, BiICYTHICTh
MOXIIMBOCTEH aHaji3y Ta oOpOOKM JaHUX B PEXUMI PEabHOTO 4acy 3HauyHO
301IbIITye HABAHTAXKCHHS HA XMapy.

e BaxKo NEHTpPaJi30BaHO PO3TOPTAaTH i KEpPyBaTH YHCICHHUMH MPUCTPOSIMA 1
nomaTkaMH [HTepHETY peded, a TakoX pi3HOMaHITHUMH iHTepdeiicamu i

IIPOTOKOJIAMH.
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Jlnst momonmaHHS THMX BUKIWKIB MANPHUEMCTBAM JTOBOJUTHCS PO3POOISTH
IHHOBAIliHI PIIIEHHS, SIKi BPaXxOBYBaTUMYTh CKiamHICTh loT-cepemoBun i moTpedy B
ajianTarii Jo HOBMX TEXHOJOTIYHUX YMOB.

[Tepudepiiiai 0OYNCICHHS PO3TOPTAIOTHCA HA MEXI Mepexi, MOOIH3y IKepel
JIaHUX abo MPUCTPOIB, 1 3a0E3MEUYIOTh IOCIYTH aHANI3y 3a IOIMOMOTO BIIKPHUTOI
wratdopmu. s mmargopma iHTErpye MOKIMBOCTI MEPEK, OOUHCIIOBAIBHIX PECYPCIB,
CXOBHII JIaHUX 1 I0JIaTKIB, CTBOPIOIOYH €AWHE PillIeHHs /1t 00poOku iHpopmarii. Jami,
SKi 30MparOThCcd TEPMIHANBHUMH TPHCTPOSMH, aHANI3YIOThCI Ta OOpPOOIIIOTHCS
JIOKAJILHO Ha MEXI MEPEXKi B PeXKUMI peasibHOro yacy. Takuid mixiJ ycyBae HeoOXiIHICTh
NepecuiIaHHs BEJMKHUX 00CATIB IaHMX IO XMapHUX LIEHTPIB JJIs TOAANBIIOT 00pOOKH, 110
3HAYHO 3HWXKY€ 3aTPHMKH Ta IMOKpally€ IIBHIKICTh pearyBaHHs CUCTEMHU. | paHHYHI
004YHMCIICHHS i7IeaTbHO BiJIIOBIIAI0Th KIIFOYOBHM BUMOTaM I (poBizaliii mpoOMHCIOBOCTI,
3a0e3meuyour THYYKE MiJKITIOUYEHHS TPHCTPOIB 1 ONTHUMI3aIlil0 JaHUX y PEeXAMI
peayibHOro 4yacy. BOHH CTBOPIOIOTH MepenyMOBH Uil epeKTHBHOI pOOOTH CHCTEM, Ie
KPUTHYHO BAXXJIMBIMH € HHU3bKI 3aTPUMKH, BUCOKa IIBHIKICTH OOpPOOKH NaHUX i
MiHIMaJIbHA 3aJICKHICTh BiJl IICHTPAITi30BaHUX pecypcis [51].

[Moennanus nepudepiitaux oduucieHp 1 TexHonorii [oT cTBoproe HOBHUU MiIXin
— mnepudepiitni obuncnenns loT. LleW migxix Bu3Hauae apXiTeKTypy nepudepiiiHux
obunciienp y koHTekcTi loT-cucteMm, IHTErpyrOuM MOXIJIMBOCTI MepexX, OO0YHCIICHb,
30epiradHs JaHuX 1 gogarkiB. Kiro4oBHM eneMEHTOM IIi€i apXiTeKTypu € IUTI03
nepudepiiHIX 0OUUCIIEHb, SIKMH PO3TOPTAETHCS Ha MEXKI MEPEXKi 003y PUCTPOIB 200
Ioxepen naHux. 1103 3abe3nedye NOCIyTy 3 yIpaBIIiHHS Ta KOHTPOJIIO MIPUCTPOIB, 110
MpaLoloTh Ha TNepudepiiHuX By3nmax Mepexi. Takwid miAXix JO3BOJIAE BHUPIIIATH
npobieMy «OCTaHHbOT MIJID» MPOMUCIOBOro 3B’s13Ky 10T — By3bKOro Micus, e 4acTo
BUHUKAIOTH CKJIATHOIII 3 €pEeKTHBHUM OOMIHOM JTAHUMU MiXK KIHIIEBUMH IPUCTPOSIMHU Ta
ocHOBHOIO iH(ppacTpykTypoto. Ilepudepiiini oOumcnennss loT 3abesneuyrorsh
IHTEJIEKTyaTbHE MiAKITIOUYCHHS Ta e(peKTHBHE yIpapiiHHs npuctposmu [oT, mo crpuse
MIiBHUIIEHHIO MBUAKOCTI, HAAIMHOCTI Ta MPOYKTUBHOCTI B TPOMHCIOBUX 1 CIIOKHBUUX

CepeIoBHIIaX.
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3.4 KomyHikanisi Mi’>k KOMIIOHEHTAMHU

3.4.1 Bluetooth HH3BKOT0 €HEProCIOKUBAHHS

Bluetooth Low Energy (BLE) po3poGnenuit mis 3abesnedeHHs Oe3ApOTOBOI
KOMYHIKaIlil Ha OJM3bKHX BIICTaHSX 13 MiHIMaJIbHUMH eHepro3aTparamu. L{s TexHomoris
JIO3BOJISIE TIPHUCTPOsIM, TakuM sk ESP32, mpaifoBaTé mpoTsSroMm TPHBAJIOro yacy 0e3
HEOOXITHOCTI 4acTol 3aMiHM YM 3aps/pKaHHs Oarapeil, 110 € KPUTHYHO BAXKIMBUM JUIS
MEIMYHKUX MPUCTPOIB, SKi 3a0e3redyroTh Oe3nepepBHU MOHITOPHHI CTaHY MAalli€HTIB.
3aB1sik BUCOKIN eHeproedekTuBHocTi, ESP32 Moxke nocTiiiHO 30upaTt Ta nepenaBaTtiu
JlaHi TIPO CTaH 37I0pOB s, HE CIPHUYMHSIOYN 3HAYHOI0 BUCHaXKeHH Oarapei. Lle mo3Bosse
BHUKOPHCTOBYBATH IPUCTPO{ y TPUBAJIMX MOHITOPHHIOBUX IIporiecax 0e3 BTpaTH IXHBOI
¢ysakmionanmsHocTi. BLE minTpuMye Kinbka pekuMiB poOOTH, BKITIOYAIOUYH MEPiOTHIHE
nepenaBaHHsA nMaHWx (advertising) Ta BCTaHOBIICHHS TOCTIHHOTO 3’€THAHHA MK
npucTposiMi. Taka THydYKIiCTh JIO3BOJISIE HAJAINTOBYBATH KOMYHIKALIO BIAMOBIIHO 1O
norped cucremu, 3ade3neuyoun OanaHc MiX HPOJYKTUBHICTIO, €HEPrOCIIOKUBAHHSIM 1
BUMOTaMH JI0 Tiepeadi qanux [52].

Bluetooth Low Energy (BLE) BuxopucroBye xonmenmito GATT (Generic
Attribute Profile) mnst opranizarii mepenadi raHux mMix rnpuctpoem ESP32 ta Mmo6inmsHIM
tenedorom. V it mogeni ESP32 Buctynae sk nepudepiinumii npuctpiii (peripheral), mo
pexinaMye cBOi mociyru (services) Ta xapakrepucTuku (characteristics), Tomi sk
MOOIUTBPHHH TeneoH BHKOHYE POJIb HEHTPAIBHOTO MpUcTpoto (central), skuii iHiIirO€
3’€THaHHS Ta 3anUTH JaHuX. KokHa XapakTepUCTHKa MOXE IPE/CTaBIATH TEBHUIH
napaMeTp 3[0pOB’s, HalpHKJal, piBEHb KHUCHIO B KpoBi ab0 YacToTy CepleBHX
ckopoueHb. JlaHi MOXyTh OyTH 3amuTaHi MOOIIBHHUM JOJAaTKOM INeEpioandyHO abo
nepenaBaTtucs aBToMatuyHo, kosu ESP32 Hajgcunmae OHOBIEHHS Yepe3 MeXaHi3M
noBizomiens (notifications). Lle mo3Bossie mepenaBaTy MeIUYHI MOKA3HUKU Y PEKHMMI
peansHOro 4acy, 3a0e31nedyoyn MiHIMaJIbHY 3aTPUMKY.

Kpim cBoei eneproedexrtuBrocti, BLE 3a0esmedye HH3BbKY 3aTpPUMKy Ta
MOXJIMBICTh IIepeadi JaHUX Y pealbHOMY 4aci, 10 € KPUTHYHUM JUISI MEINYHUX CHCTEM.

[IBuaKa peakiis Ha 3MiHHU B CTaHi MaIli€HTa, HAPUKIIAM, Y pa3i pi3KOro 3HIWKCHHS PiBHS
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KHCHIO B KpOBi, 03BoJIsi€ mepeAatu AaHi yepe3 BLE Ha MoOUIbHWMIA TpHCTpill 1uist
MOIAJIBIIOT 00pOOKH a00 MUTTEBOTO MOBiToMIIeHH Jlikaps. Llle omuHiero mepeBaroto BLE
€ Oro rHyYKIiCTh HaJIAIITyBaHb. TEXHOJOTIS MOKE BUKOPHUCTOBYBATHUCS IS PETYIISIPHOT
nepenadi HeBEIMKUX OOCATIB JaHWX, HaNmpUKIaa, 0a30BUX MEIWYHHX TOKA3HUKIB, abo
JUIE poOOTH 3 OUTPIIMMHU OOCSTaMH JaHUX, TAKUMH SIK TIOBHI JIOTH (i3i0IOTIYHIX
napametpiB. lle poouts BLE yHiBepcanbHUM pillIeHHSAM AJIs Pi3HOMAHITHHX 33a1ad Y

MCAUYHHUX CUCTEMaX.

3.4.2. ACMHXpOHHA TNepeaya MoOBiToOMJIeHb Mixk MiKpocepBicamu.

VYV peanizoBaHil apXiTeKTypi MOOUIBHHH 3aCTOCYHOK crodatky makye 30c
¢parmentn OIII-nannx y moBiqoMiIeHHs i myOuikye ix y gepry depe3 MQTT-Opokep,
IO JO3BONSIE 31 3HW)KCHUM CHEProCIIOKMBAHHAM 1 MiHIMAIBHAM MEPEKEBHM
HaBaHTAXXCHHSM TiepeaBaT cupi mudposi curHamm Qotoruternsmorpadii [53]. Haui mi
MOBIZIOMJICHHSI TIOTPAIUISIOTh JI0 BHYTPILIHBOI CUCTeMH OOMiHY mojisiMu Ha 0asi
RabbitMQ, e ko)kHe OBiJOMJICHHS aBTOMATHYHO KOIIIOETHCS B USPIH IS BIIMOBITHUX
MmikpocepBiciB. [Ticist 4oro oumieHi JaHi HAAXOAATh Y CEPBIC MPOTHO3yBaHHS Ha OCHOBI
MoJienni mTydHoro intenekty. Komm kmacudikamis 3aBepiieHa, pe3yiabTaTd — IHAEKC
AHI Ta xmac amHOe — IMyOMIKYIOTECS B OKpeMy depry RabbitMQ, 3Binku MoOiTbHUIT
KITIIEHT, TAMUCAHNH Ha IO 4epry, OTPUMYE TOBIJOMIICHHS PO TOTOBHICTH PE3yIbTATIB
1 Bimpa3y BimoOpakae ix kopuctyBaueBi. Taka komOinamis MQTT mis mepudepiitaoro
3B’s13Ky Ta RabbitMQ mi1st cepBepHOi IIMHU TapaHTy€e OJTHOYACHY JIOCTaBKY JaHUX yCiM
HEOOXiTHMM cepBicaM i3 HU3BKOIO 3aTPHMKOIO, BUCOKOIO HAJIIHHICTIO Ta MOXJIMBICTIO

THYYKOTO MaciTa0yBaHHs 0e3 KOIHUX OJIOKYBaHb MK KOMITOHCHTaMH.

3.4.3. BuxopucranHs iHTep(eiicy NPUKIAAHOTO NpPOrpamMyBaHHA JIsl

B3aeMogii Mixk MoOiibHuM AogaTkom Ta ITIIT muiro3y.

HTTP/REST API € onauM i3 KJIIFOYOBUX MEXaHI3MIB I 3a0€3I1eueHHs B3a€MO i1
MK MOOUTBHUMH [OJaTKaMH Ta CEPBEPHUMH KOMIIOHEHTamH, 30kpema depe3 API

Gateway. Y xontekcti menuuHoi loT-cucremn, sika BukopuctoBye ESP32 s 300py
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nannx, REST API BukoHye ponb IICHTPATi30BaHOI TOYKHA BXOAYy Ui OOMiHY
iHdopmaIiero Mik MOOUTPHIMHE JTOJaTKAMU Ta CEPBEPHUMHE MIKPOCEPBiCaMH.

et miaxing Mae KijibKa repesar:

e ['myuxicte ympasniHas 3anutamMud. REST API nmos3Bomsie merko amantyBatu Ta
KepyBaTH IOTOKAMH JaHWX MDK DI3HUMH KOMIIOHEHTaMH CHCTEMH, 30KpeMa
MoOLThHIME onaTkamu, loT-miprcTposiMu Ta MikpocepBicaMu.

e beamneka nepenavi 7aHux. 3aBIsSKH BUKOPUCTAHHIO CTaH/IAPTIB OE3MEeKH, TAKUX SIK
HTTPS rta ayrentndikamis uepe3 TokeHn, REST APl 3abesneuye
KOHGIICHIIHHICT Ta 3aXKMCT YyTJIMBUX MEIHYHUX JaHUX.

e MacmradoBanictb. Apxitektypa REST APl nosBonse edextuBHO 00poOiisiTH
3poCcTaloduii 00CAr 3amuTiB, MO HagxolaTh Bin loT-mpucTpoiB Ta MOOLIBHHX
JOJATKIB, 3a0e3Medyouyn CTabuIbHYy pOOOTY CHUCTEMH HAaBITh 3a 3HAYHOTO
HaBaHTa)KCHHSI.

Buxopucranas REST APl y megnunanx [oT-cuctemax 3abe3mnedye iHTErpamiro Mixx
PI3HUME KOMIIOHEHTaMH iH(QPACTPYKTYpH, IO3BOJSIOUH peati3yBaTH MacIuiTaboBaHi,
HaJliliHi Ta 6e3neyHi pileHHs i 00pOOKH MEJUYHUX JaHHX.

API Gateway (QyHKIIIOHYe SK €IMHHN BXiJ AN BCIX 3alUTIB BiJi MOOLTBHHUX
JIOZIaTKIB 1 B3a€EMOJIIE€ 3 IHIIMMH MIKpocepBicaMu y XMapHiit cucremi. Lle Hamae Kiibka
KJIFOYOBHUX IIepeBar:

e IlentpanizoBane yupasiinas 3anutamu: APl Gateway npuiimae Bci HTTP/REST-
3aIUTH Bl MOOLILHOTO I0JIATKA 1 MApIIPYTH3YE TX /10 BIAMOBIIHUX MIKPOCEPBICIB.
Ile monermrye ympaBiHHS B3a€MOJIEI0 MIX PI3HUMH KOMIIOHEHTaMH CHCTEMH,
3HIXKYE CKIIQJHICTh MOOITBHOTO TOJaTKa 1 EHTpallizye 00poOKy.

o besnmeka: API Gateway Moke iHTerpyBatn MexaHi3MH mH(pyBaHHS Ta
aBTeHTH(IKaIil, 3a0e3meuyroun Oe3neyHy mnepenady MEeIUYHUX AaHUX, 30KpeMa
gyepe3 muppyBaHHs 3a gomoMoror TLS. Ile 0coOMMBO BaXKIIMBO AT MEIHIHUX
JAHUX, OCKUTbKA KOH(DIICHIIWHICTh 1 HUTICHICTH i1H(OpMAMil € KPUTHIHUMH
BUMOT'aMH.

e MacmraboBanicte: APl Gateway mgormomarae 3a0e3leYdTd MacHITa0OBaHICTh

CHCTEMH, OCKUTBKH BiH MOKE PO3MOJUISTH 3alIUTH MK PI3HUMH MIKpOCEepBiCaMH.
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Hampukian, Koy KiTbKICTh 3alHUTIB 301IBIIYETHCS, MOYKHA TOAATH HOBI iHCTaHITIi
MikpocepsiciB, a API Gateway aBTOMaTWYHO PO3MOAUINTH HABAaHTAXKCHHS MiX

HHUMMU.

ESP32

Linios API

.. “NATS publsub”

HTTP sanuT/aianosias

O6pobka paHux

Dinsrpye Ta arperye

CXOBMLLE AGHMX

Mepeaac aaki

Cepic LW

Hapcunac pesynsTaTi

Cxosuule pesynsTaTis

XMapHUi wap

Puc. 3.5. — ApxirekTypa cucremu 300py Ta aHaJi3y 3aXBOPIOBAaHb TUXaHHSI

Ha niarpami (puc. 3.5.) mpeacraBneHo apxitekrypy meanuHoi loT-cucremu, sxa
LTFOCTpYe MOBHUH IUTIX epexayi ganux Bixg loT-mpucrporo ESP32 no xmapHux cepsicis,
Jie 1i 1aHi 00poOIsttoThes Ta 30epiratothest. Cucrema nounHaetsest 3 ESP32, sixuii 30upae
MeJIMYHI OKa3HUKH, HAIPHUKJIaJ, PiBeHb KHCHIO B KpoBi (SpO:2) abo yacToTy cepreBux
ckopoueHb (HR), 3a mormomororo migkiroueHux cencopi. Jist 3abe3meueHHs eheKTHBHOT
nepenadi JaHUX TPHUCTPii BUKOpHCTOBYE npoTokon Bluetooth Low Energy (BLE), mo
rapaHTye eHeproe(eKTHBHICTb i CTAOLIBHICTD Iepenadui HaBiTh Y PEKHMI TPUBAJIOTO
MOHITOpUHTY. JlaHi HaJCWUNAIOTBCA 110 MOOUIBHOTO JONATKa, SKUH BHUCTYIA€E SIK
[EHTpaJIbHA TOYKa JuIss 300py iHdopmarlii, a TakoX it 1 MEPBUHHOI OOpOOKH YU
mepeaadi Ha cepBep. 3aBAAKH TaKii apXiTEKTypi 3a0e3meuyeThest Oe3nepepBHa B3aEMOIIs

Mik puctpoeM ESP32 Ta xMapHUME cepBicaMu, IO TO3BOJISE Peai3yBaTH MOHITOPHHT
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CTaHy TaIli€eHTa B PEeXHUMI pPEATbHOTO 4Yacy Ta IiJABHIIATH SKICTh MEIUYHOTO

obcnmyroByBanHs (puc. 3.6).

[

3 (=B

a— B
e [T

st records

e T

Pucynok 3.6 Cxema pobotu cucremn

Mo06inpHui fogaTok npuitmMae 3i0pani mpuctpoem ESP32 menuyHi naHi, siki moTiM
tpaHcdopmytoTbest y Gopmi HTTP-3anuriB 11t mepenayi 10 XMapHOI CHCTEMH uepe3
API Gateway. 1{s1 koMIOHEHTa BUCTYMA€E IIEHTPAIBHOIO TOYKOIO BXOZY JI0 CUCTEMH, €
BUKOHY€EThCS MapIIpyTH3allis 3alTiB 70 BIANOBIJHUX MIKpOCepBiciB. Y mpomeci
00poOku nanux APl Gateway 3a0e3meuye aBTEHTH(IKAIIO Ta aBTOPU3AIlIO
KOPHCTYBadYiB, IIO TapaHTye OE3MeKy Ta 3aXHCT YyTIMBOi iHpopmarii. 3aBIsKd Takii
apxiTeKTypi 3abe3medyeTscsi HaAitHWNA 1 MacmTaboBaHWil oOMiH maHuMu MiK loT-
MPUCTPOSIMH, MOOUTPHHM [IONAaTKOM Ta XMapHUMH cepBicamu. lle € KiIo4oBUM st
Mennyanx loT-cucteMm, sIKi BUMAraroTh BHCOKOTO PIBHS 3aXHCTYy Ta €(DEKTHBHOCTI B
00poO0IIi JaHUX.

[Micns mepenaui uepe3s APl Gateway jmaHi MOTpamuisiOTh JO CepBicy 00pOOKH
JAaHWX, JI¢ BIMOYBA€ThbCsA IX OYMINCHHS Ta (DUIBTpAIlis IS 3a0C3MEUCHHS SKOCTI Ta
noctoBipHOCT iHpopMamii. Ileil eran rapaHTye, 110 OTpUMaHi MEAWYHI MOKAa3HUKH
TOTOBI JI0 TIOJANBIIOTO BUKOPUCTAHHS B aHAJI31 Ta MPUHAHATTI pimeHs. OO0poOiieHi naHi
30epiraroThCsl B cepBici 30epiraHHsa MOKAa3HUKIB, SKH BUKOPHCTOBYE CIICIiali3oBaHi
0a3u qaHWX JUIs OpraHizarlil HamgiiHoro 30epiranHs iH(GOopMAIl PO MEIHYHI TOKA3HUKH
narfieHTiB. [lapanenpHO JaHI TEPEAOTHCSA 0 CEPBICY MITYYHOI'O iHTENEKTY, /e BOHU

aHaJIiByIOTBCS[ 3a IOIIOMOI'OXO MO,Z[eHeﬁ MAaIlIMHHOTO HaBYaHHA. I_[Cﬁ aponec J03BOJII€
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BUKOHYBaTH TOYHE TIPOTHO3YBaHHS MOJIJIMBHX PHU3UKIB MJIs 3/I0pOB'S TAIEHTIB,
MiJBUIIYIOUH SIKICTh MEMYHOTO MOHITOPHHTY Ta 3a0€3MeUyI0un CBOE€YACHE BUSBIICHHS
MOTEHIIMHUX 3arpo3.

PesynpraTn aHami3zy Ta MpOTrHO3YBaHHS 30€pIiraloThCs y CHeNiaTi30BaHOMY CepBici
3aliCy Pe3yJbTaTiB, IO JO3BOJISE JIIKAPSM 1 MAI[iEHTaM OTPUMYBATH JOCTYI A0 IHMX
JIAHUX JUTS TOJJATIBIIIOrO MePErIIsly Ta IPUHHATTS pilieHs. Taka apxiTekTypa 3abe3neuye
HAJIHHUHN, MacITaboBaHUN Ta €PEKTHBHUHN MOTIK JAHWUX, IIOYMHAIOYH 3 iX 30MpaHHS Ta
3aBEPINYIOYH IX 30epiraHHsAM 1 aHAIII30M y XMapHiil CHCTEMI.

Bukopucranns BLE (Bluetooth Low Energy) amst nepeaadi JaHuX MiX IPUCTPOEM
ESP32 i MOOIBHUM TOJJATKOM JIO3BOJISIE AOCSTTH HU3BKOT'O PIBHS €HEPrOCIIOKHBAHHS,
10 € KPUTHUYHO BAXJIMBUM JUIs 3a0e3lleueHHs TPHBaJoi aBTOHOMHOI pobdotu loT-
MPUCTPOIB. 3aBAsSKA MOOUTBHOMY IOJATKY, KU BHKOHYE KIIOYOBY pOJIb Yy Tepenadi
JAaHUX 0 XMapHUX cepeiciB uepe3 API Gateway, cucrema 3a0e3mnedye IeHTpaliz0BaHe
VOpaBIiHHA 3alliTaMH, a TaKOXK KOH(QINEHIINHICTH i 0e3meKy MepemaHux MEeIUIHUX
MTOKA3HUKIB.

3.5. Po3poOka apxiTeKTypu CcHCTEMH MOHITOPHHIY i NPOrHO3YBaHHS
AUXAJTBHUX PO3JIAJIB MiJ Yac CHY HA OCHOBIi IITY4HOI0 iHTEJIEKTY

Cucrema moOy/oBaHa Ha OCHOBI MIKPOCEPBICHOT apXiTEKTypH, M0 3abe3reuye
BUCOKY THYYKICTH i MacImTaOOBaHICTh, a TAKOX BHUKOPHCTOBYE IOi€BO-OPIEHTOBAHY
apxitektypy (EDA) mns acuaxpoHHOT 00poOKM naHuX. Jl0JaTKOBO BIPOBAIKEHO
oburcnenns Ha nepudepii (edge computing), 1110 T03BOJSE BUKOHYBATH IOMEPEIHIO
00poOKy nammx Oe3mocepeqHhO Ha MPHCTPOsAX abo mobmm3y Hux. Ll apxitexTypa
OXOIITIOE BCi KITFOYOBI eTarnu poboTtu 3 iHpopmaiero: Bix 360py nanux loT-mpucrposmu,
takux sk ESP32, no ix 06poOku, nepenaui, 30epiraHas y XxMapHii iHppacTpyKTypi Ta
iHTerpamii 3 MOOUTPHHMH JOJaTKaMH. 3aBISKH TaKili opranizaiii 3a0e3medyeTbcs
epeKTUBHMHA Ta OE3MEepepBHUI MOTIK J@HWX, II0 MIATPUMYE BHCOKHH piBEHb

MPOAYKTUBHOCTI Ta HAITHOCTI CHCTEMHU.
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3.5.1. 36ip manux

Ha erami 300py HaHMX y CHCTeMi 3aCTOCOBYETHCS KOHIICISl MPHUKIHIIEBUX
004HCIIeHb, IO T03BOJISIE BAKOHYBATH MOYAaTKOBY 00pOOKY iH(opMarii Oe3nocepeHbo
Ha mpuctpoi. loT-puctpiii ESP32, ocHaieHnii MeIMYHMMHU CEHCOpaMH, 3IiHCHIOE
MOHITOPHHT KIIFOUOBUX (Pi310JIOTIYHMX MOKA3HUKIB, TakuX K SpO: i cepreBuil putM™, y
pexxuMi peansHoro uacy. Ockineku ESP32 mae oOMexxeHi 0O4MCIIOBaNIBHI pecypcH,
nornepeaHs oOpoOka TaHUX BHKOHYEThCS NpsSMO Ha mpucTpol. Lle Biimodae Ga3oBy
(impTpamifo CUTHANIB, sIKa 3MEHIIYE pPiBeHb IIYMy Ta MOKpAIIye SKICTh MepemaHux
MoKa3HUKIB. Takuil miXiJ J03BOJISE 3MCHIUTH O0CST JaHUX, SKi MOTPIOHO MepeaaBaTu
JI0O XMapHOI CHCTEMH, IO 3HIKYE HABAaHTAXKCHHS HAa MEPEXy 1 MiJABHIILYE IIBUIKICTH
pearyBaHHsi Bciel cucTeMH. 3aBIsSKU IONEpenHii 00poOLi JaHWX Ha MPUCTPOT
3abe3neuyersest OanaHc Mik aBToHOMHICTIO loT-nipucTporo Ta eeKTHBHICTIO aHai3y

MEJMYHUX [TOKa3HHKIB.
3.5.2 Oopodka nanux Ha piBHi nepudepii

[Micns 300py Menuunux nanux npuctpoeM ESP32 indopmanis nepenaersest 10
MoOinpHOTO Hoxarka gepe3 Bluetooth Low Energy (BLE). MoOinbHHMIT 10DaTOK TaKOX
BUKOPHCTOBYE KOHIEMNIifo edge computing, 3abe3medylodyn JOAaTKOBY IIOIEPEIHIO
00poOky manmx. Ha mpoMy eTami [MOIATOK MOXE BHKOHYBATH OYHIICHHS a0o
arperyBaHHs [JaHUX, IO JO3BOJSIE IATOTYBaTH iX JO TepeAadi y XMapHY
iHppacTpykTypy. Taka po3mnoniieHa o6poOka JaHUX 3HAYHO 3HMIKY€E HABAaHTAKEHHS Ha
XMapHy CHUCTEMY, ONTHMi3yroul 00poOKy Benukux obcsriB iHpopmauii. [le nae 3mory
3a0e3MeUnTH CTa0IbHY pOOOTY CHCTEMH HABITh 32 YMOBH OJJHOYACHOTO BHKOPHCTAHHS
Oaratema loT-mpuctposmu. 3aBasku mornepesaHiii oOpoOIi Ha MOOITEHOMY IOIATKY
JIOCATAETHCS OaaHC MiXK JIOKATBHOIO €()eKTUBHICTIO Ta IMIBHUAKICTIO Mepeaadi NaHuX y
XMapy, 10 € KJIFOYOBUM 1 Mean4HHX loT-cucteM, sKi IpaliooTh y pexnuMi peatbHOro

qacy.
3.5.3 BinnpaBka JaHuX B XMapy

Jna mepenadi HaHUX y XMapHY CHCTEMY MOOUTBHUI TONATOK BHKOPHUCTOBYE

HTTP/REST API, sxwit npamroe gepe3 API Gateway. Lleit KOMIOHEHT BHKOHY€E POJIb
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HMEeHTPaJbHOI TOYKKM BXOMY JUIS BCiX 3amUTIB i3 JoAaTka, 3a0e3nedyrodn Oe3nedHy
nepeaady gaHux 10 xmapHoi iHdpactpyktypu. API Gateway n03BOJIsI€ IIEHTPaTi30BaHO
KepyBaTd mporecamu aBTeHTHGIKamii Ta aBTOpW3alii, 0 TapaHTye 3axHCT
KoH(pigeHIiHHOT MeaumuHol iH(oOpMamii mamieHTiB. Y XMapHild cHucTeMi 3aBIsSKH
BIIPOBA/PKCHHIO MIKPOCEPBICHOT apXiTeKTypH KOXEH MIKPOCEPBIC BHKOHYE YiTKO
BHU3Ha4YeHY (PyHKIIiFO B mporieci 00poOku manux. Takuit miaxin 3abe3nedye MOAYIbHICTh
1 MacmTaboBaHICTh CHCTEMH, J03BOJISIOUN €()EeKTHBHO a/IaNTyBATH ii A0 3pOCTAr0YOTo
HaBaHTaXCHHs abo iHTerpyBaTH HOBI (QyHKIIT 0e3 mMmOpyIIeHHS poOOTH IHIINX

KOMITOHEHTIB.

3.5.4. 30epiranns JaHUX B XMapi

Jo xmapHoi iHppacTpykTypu mepemaroTbes BindinbrpoBanuit curHan OIIT i3
yacoBuMH MiTkaMu (30-cekyHmHuii ¢parment mpu dactoti ~100 I'm), a Takox
MOCIIZIOBHICTh MITOK CHCTOJIIYHMX ITIKIB, Ha OCHOBI SIKMX (hOpMyeThcsi beat-t0-beat psin
YCC i3 npubnuzno 30-45 3nayenHsimu 3a 30c, i KOB3HI OLIIHKHM caryparlii, po3paxoBaHi
B 5-CEKyHIHHX BiKHaX i3 KpokoM lc (=26 3HaueHb 3a TOW camuii npomixok). Lli maHi
30epiraroThCs B CIIEIialli30BaHUX 0a3ax JaHUX, SKi IHTErpoBaHi B paMKax MiKpOCEepBiCHOL
apxitekrypu. Jns 30epekeHHS MEIWYHUX TTOKA3HUKIB, TPEACTABICHUX y BHTILAIL
4acopsAIiB, BUKOPUCTOBYIOThCS Time-Series 6asu manux, Hampukiaa, InfluxDB. Taxki
6a3m onTuMi3oBaHI TSI poOOTH 3 BENMWKUMH oOOcsAramMu Oe3lepepBHUX MaHUX, IO
JIO3BOJISIE IIBHJKO OTPHMYBATH JOCTYII O ICTOPUYHMX ITOKa3HMKIB mamieHTiB. Koxen
MIKpOCEpBIC y CHCTEMi Ma€ MOXJIMBICTh MPAIIOBATH 31 CBOEI0 OKPEMOIO 0a3010 JaHUX.
Ie#t minxig 3abesnedye THYYKICTh y MaciuTaOyBaHHI Ta JI03BOJISIE E€(QEKTUBHO
posmoninaT 00poOKy MK PI3HMMH cepBicaMH. 3aBISIKM Takiii opraizamii cucrema
3/71aTHA JIETKO Q/IalTyBaTHCS JI0 3POCTAIOUHMX OOCATIB JaHMX, 3a0€3Meuyroun CTa0lIbHY

pOOOTY HABITh 32 YMOB IHTCHCHBHOI'O HABAHTAKCHHS.

3.5.5. O6pobka nanux B xmapi

[Micns HamXOmKeHHS B XMapy JaHI oOpOOJISTIOTBCS — CIeIialli3oBaHUM

MIKpOCEPBICOM, OCHOBHOIO (DYHKIII€IO SIKOTO € OUMILEHHS Ta HopMaJlizalis iHpopMarlii.
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Le#t cepric roTye AaHi Ijs MOJANBIIOTO aHAI3y, 30epiraHHs abo mepenadi 10 1HIIUX
KOMIIOHEHTIB CHCTeMH. Y mporeci 0OpOOKH MOXYTh BUKOHYBaTHCS (DiIbTparis Ijst
YCYHEHHSI IIYMIB Ta arperyBaHHs, 1110 CIIPHUSIE ONTUMI3allil BAKOPUCTAHHS PECypCiB JUIs
30epiraHHs Ta aHamizy. 3aBAAKA OOYMCIIOBAIHHUM  MOMJIMBOCTSAM  XMapHOL
iHQPACTPYKTYpH, cepBic 34aTeH SPEKTHBHO OOPOONATH BENHMKI OOCATH NaHWX, SKi
HaJaXOAATh OAHOYAacHO Bin uymcneHHHX loT-mpuctpoiB. Takumil miaxin mo3BoIsie
3a0e3MeYNTH BUCOKY MPOJYKTHUBHICTH CHCTEMHM, 30epirarouu sKicThb 1 IUIICHICTh

iH(opMaIii A7 TOJATBIIOr0 BUKOPUCTAHHS Y IPOTHO3YBaHHI a00 MPUIAHATTI PIlICHB.

3.5.6. IlinroroBka xaHMX AJs BillpaBKHU 10 cepBicy kiaacudikauii

[Micns  3aBepmIcHHS  TONMEpPEenHbOI  OOpOOKM  NaHI  TIepemaroThCsa 10
CICINIai30BaHOTO CEPBICY INTYYHOTO IHTENEKTY, KU BHKOHYE caMme Kiachu(ikarlito
emi30/1iB OOCTPYKTUBHOTO allHOE CHY Ta BH3HAYA€ iXHIO TSDKKICTH HA OCHOBI 4acOBO-
ammutityqaux o3Hak ®IIIT, Bapiabensrocti UCC-iHTepBaiB 1 3MiH caTypaiii. Y mbomy
CepBiCi BUKOPUCTOBYIOTHCS MOJIEII MAIIMHHOTO HABYAHHS, SIKi 3a0€3Me4y0Th MIMOOKUI
aHaJi3 OTpuUMaHOi iH(opMmamii Ta BHUSBJICHHS MOTEHLIHHMX 3arpo3 y CTaHl 370pOB’S
narfienTiB. CepBic (QYHKI[IOHye Ha OCHOBI IOJI€BO-OPIEHTOBAHOI apXITEKTYpH, IO
JIO3BOJISIE PO3MIISAATH KOXKEH HOBHUII MAKeT AaHUX SIK MOJi0. [Ipy HaAXOMKEeHHI HOBOTO
MaKeTy aBTOMATHYHO 3aTyCKAETHCSI TPOLIEC aHAai3Y, 110 3a0e3Ieuye [IBUIKE pearyBaHHs;
CHCTEMH Ha 3MiHy MEIWYHHX IMMOKa3HHKIB IMaIlieHTa. 3aBIsSKA IFOMY CHCTeMa 37aTHa
TeHEePYBATH MPOTHO3HU B PEATLHOMY Yaci, 0 € KPUTHYHKM JJIs1 CBOEYACHOTO MPHAHSTTS

piIHCHL Y MEAUYHUX 3aCTOCYBAHHAX.

3.5.7. O6podKka pe3yabTaTiB

[Ticns amamizy maHuX 3a JOMOMOIOI0 MOJENEH ITYYHOTO IHTEJNEeKTY CHCTeMa
(opMye pe3yIabTaTH MPOTHO3YBaHHS, SKi IHTETPYIOTBCS B MeEXKax MIKPOCEPBICHOI
apxitektypu. Lli pe3ynbTaT MOXYTh BKJIOYATH SK AHATITHYHI BHCHOBKH, TaK 1
MEPCOHATI30BaHI pEeKOMEHAalii Ui JTikapiB abo mamieHtiB. OOpoOneHi maHi
ABTOMATHYHO TIEPENAIOThCS JO BIAMOBIOTHUX CEPBICIB TSI TOJANBIIO 0OpOOKH,

30epiranHs abo BiOOpakeHHs1 KOpucTyBayaM. Takuil miaxin 3abesnedye rHYUKICTh i
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e(peKTUBHICTh CHCTEMH, JIO3BOJISIOUN Q/IalTyBaTH Pe3yJIbTaTH 10 KOHKPETHHX MOTPeO
KopucTyBadiB. BogHouac neHTpanizoBaHe 30epiraHHs pe3ysibTaTiB y CHemiali3oBaHuX

cepBicax rapaHTye JOCTYMHICTb 1 Oe3MeKy JaHUX IS MOAATBIION0 BUKOPUCTAHHS.

3.5.8. 30epe:xkeHHs pe3yJbTATIB

PesynbraTti 0OpoOKu 30epiraroTbesi He SIK 3arajibHi «IIPOTHO3U PUBHUKIBY, a Y
BUTIIAI YITKUX Kiaacu(ikailiid momii JuxaHHs Ta 0OYUCICHOTO 1HIEKCY altHOEe-TIMOMHOEe
(AHI). Koxen 30-cexynanuii pparment PPG curnany knacudikyeTbcs OHUM i3 I’ SITH
CTaHiB:

e Normal — HopMalTbHE AUXAHHS,
e HYP — rinmomnHoe,
® A - amHoe.

Ha mifcTaBi KiTbKOCTI BHSBIICHHX aITHOE-ET30/1iB 32 TOJMHY CHY PO3PaxOBYETHCS
ingexc AHI (anmHoe-rinomHoe iHaeKe), skui Kiacudikye TSKKICTh CHHIPOMY: jierka (5—
15), cepemus (15-30) ta Baxka (>30) moxiii Ha ronuny. L{i pe3yapTaTi 30epiraloThcs B
0a3i maHuX 1 BiOOpaXKArOTHCS y BUIVIAAI YacOBUX PsIiB Ta IHTErPOBAaHMX METpPUK,
JNOCTYNIHUX JUIA JIKapiB 1 TMAaIieHTiB depe3 iHTepdelic aHamiTuku. PesympraTtn
30epiraloThCsl y Cremiamxi3oBaHUX 0azaxX TaHWX, IO 3abe3ledye 3pydHHd AOCTYH IS
mikapiB 1 mamienTiB. L{i maHi MOXyTh OyTH NpelncTaBlieHi y BUTIANI CTPYKTYpOBAaHUX
3BiTiB 200 iHTErpOBaHi B iICTOPUYHI 3aIIUCH TMAIIEHTA, TO3BOJISIOUN BiICTEKYBAaTH 3MIHH
y Horo cTaHi 30poB's POTSroM vacy. [{yis 30epeskeHHs] TPOrHO3iB BUKOPHUCTOBYIOTHCS
Time-Series 6a3u gaHux, SKi ONTHMI30BaHi JJsI pOOOTH 3 AaHUMH, IO MAIOTh YaCOBY
NpuB’A3Ky, a00 persumiiiHi 0a3u HaHWX, SKIIO PE3yJIbTaTH BHMAararoTh CKIAIHIMIOL
CTpYKTypH. BuOip Turmy 6a3n naHux 3ajeXuTh Bi crienudiky AaHuX i [iIel aHawizy,
3a0e3meuyour  eeKTHBHE YIPABIIHHSA pe3yJbTaTaMd Ta iX JOCTYIHICTh IS

MOJAJIBIIOI0 BUKOPHUCTAHHSA.

3.5.9. Binnpaska 1aHuxX Ha MOOiTbHUI NpHUCTPIi

[Micns ¢dopMmyBaHHS pe3ynbTaTiB  KiIacUQikallii, MaHi BIANPABIAIOTECS IO

MobinbHOTO nonarka yepes APl Gateway. MoOuibHUIT TOATOK OTPUMYE Li JaHi, sKi
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MOJKYTh BKJIFOYATH iH()OPMAIIFO [TPO CTaH MAaIi€HTa a00 PEKOMEH AL 00 MOAATBIITHX
IiHA, 1 BimoOparkae X KOPUCTyBaueBi y 3pydHOMy dopmarti. Y pasi BUSBICHHS KPUTHIHUX
3MiH Yy CTaHi 3/I0pOB’Sl CMCTEMa aBTOMATHYHO HAJICHJIA€ CIOBIIICHHS, 3a0e3Medyoun
omepatuBHe iH(GOpMyBaHHS TmamieHTa ab0 MEOWYHOTO MEepCOoHaTy. 3aBIsSKd
BUKOPHCTAHHIO MTO/Ii€BO-OPIEHTOBAHOI apXITEKTYPH IPOIEC Mepeaadi Ta BiqoOpaKeHHS
JTAHWUX 3MiACHIOETHCS aBTOMATHYHO Yy BIIIIOBiIbh HA ITOJIi, TaKi SK 3aBEpIICHHS aHATi3y
a0o0 oTpuMaHHs HOBHMX NpOrHo3iB. Takuil minxin 3abe3nedye MBUAKICTD 1 HAAIHHICTD Yy
pearyBaHHI CHCTEMH Ha 3MiHM CTaHy 3/I0POB’S HAIli€HTA, [0 € KPUTHYHO BAXKIMBUM IS
MEJIMYHHX 3aCTOCYBaHb.

3.6. Onuc apxiTekTypH

Apxirtexktypa cucremu (Puc. 3.7.) ckinamaerbcsi 3 TPbOX OCHOBHUX pIBHIB:
nepudepiiiHoro piBHs (NPUKIHIIEBI 00YHCICHHS), XMaPHOT'O PIBHS Ta PiBHS MOOIJIBHOTO
J0JaTKa.

Ha nepudepitfinoMy piBHIi 3aiicHIO€TBCS 30ip aHUX 3a Hormomoroto loT-mpuctporo
ESP32, ocHameHOro MeqinaHIMH ceHcopaMu. YacTkoBa 00poOKa TaHIX BUKOHYETHCS SIK
Ha CaMOMy IPHUCTPOi, TaK i Ha MOOLIEHOMY JIOJATKy, L0 JO3BOJISIE 3MEHIIUTH 00CsT
JlaHUX, SIKi TepeparoThes apami. JlaHi mepenaroTbesi Ha XMapHHH piBeHb uepe3 API
Gateway, skuii BHUKOHYye (yHKUIl MapumpyTtusamii, aBTeHTH(IKaIil Ta 3axuCTy
iHpopMmanii. Y xmapHiil iHQpacTpyKTypi JaHi OOpOOJSIOTHCS Ta aHAN3yIOThCS 3a
JIOTIOMOTOI0 MIKpPOCEpBICIB 1 MoOjeNel INTy4HOTO IHTENEeKTy, sKi 3a0e3MmedyIoTh
MPOTHO3YBaHHS pPH3MKIB Ta (OpMyBaHHS pekoMmeHmarliin. OOpoOseHI pe3yabTaTu
MepeaaroThCs Ha piBeHh MOOIITBHOTO JOJATKA, A€ BOHH BiJOOPaXarOThCS KOPHCTYBAaUEBi
y 3py4HOMy (opmarti. JlogaToK MOKe TaKOK HAJICHIIATH CIOBIIICHHS Y pa3i KPUTUIHUX
3MiH y CTaHi 37J0POB’S MaIli€HTa, 3a0e3MeIyI0un CBOeYacHe iH(hOpMyBaHHS.

o [lepudepiiinnii piBenr (Edge Computing): Jlani 30mparoThCsi Ta YacCTKOBO
o0Opoobsroreest Ha piBHI ESP32 1 MobinsHOrO nomarka. Llei piBeHp 3abesnedye
3HIW)KGHHS HABaHTaKCHHS Ha XMapHy IH(QpacTpyKTypy Ta IIBHALLY OOpOOKY
KPUTHUYHO BOKJIMBHUX JAHUX.

e Xwmapnuii pienb (Microservices + EDA): Jlani nepenatorscs yepe3 APl Gateway

JI0 XMapHOI iH(pacTpyKTypH, e MiKpocepBicH oOpoOIsoTh 1 30epiratoTh ix y
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BIAMOBIMHMX 0a3ax gaHuX. TyT BHKOPUCTOBYETHCS IOJI€BO-OpPIEHTOBaHA
apxiTekTypa Juisi 00OpoOKH MOJii y peabHOMY 4aci Ta aBTOMAaTHYHOI aKTHBAii
MpoIIeCiB 0OPOOKH Ta aHATI3Y.

e Amamiz 1 mporHo3yBaHHs (Al): OOpolieHi nmami mepemaroTbCs OO CEpBicy
LITYYHOTO 1HTEIEKTY JUIsl IPOTHO3YBAaHHS CTaHy 370poB's naiienTiB. Lle n1o3Bosie
CHCTEMI BUSBJISTH MOTCHIIHHI IPOOIEMH 31 3OPOB'IM 1 HaJJaBaTH PEKOMCHIAIII1.

o [loBepuenHs pesynbrariB: Ilicns o0poOkm pesynbraTH 30epiraroTecsi Ta
MepearoThcsl Ha3al Ha MOOUIBHHH IOJATOK, J€ MAIli€eHT abo JKap MOXYTh

OTpPHMATH JOCTYH JIO0 HUX y PEXKUMI peasbHOrO 4acy.

PiseHb npukiHUEBMX 064YHMCNEHE

36ip Ta nonepeaHA 06pobka Ha
ESP32
I
BLE

MobinsHuiA AoaaToK E
A

HTTPSfaaanln

PiBeHb xmapHux oBYncneHs

AP| wnio3

I
Buaknii AP| 3 HOBIM HABOPOM AAHNK

Bpokep nopiesux
nOBi.U.OMﬂeHb Peaynstati knacudikauii

Mopin 3 HosMK AaKAMK™
’ ~ « _ Nonin 3aBepwenHA

v knacwdikauit N
'
Mikpocepsic 06po6ku aaHnx
LI mikpocepsic anA
I TmcEIRALN Mikpocepsic 06po6kun

Yuupixoeani gani N N . il
i ' i anA knacudikauil pesynetaris

Mikpocepeic aGepiraHHa H_J
"CraTiHi naHi NPo KopYCTyBaY

AaHnX

3aNMUC/HMTaHHA JaHWX

Puc. 3.7. — Apxirekrypa loT cucremn ans knacudikarii amHoe
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Po3pobka cucreMu MOHITOPHMHTY MAIli€HTIB 0a3yeThCsl Ha iHTerpaiii TexHomorid edge
computing Ta mojaieBo-opieHTOBaHOi apxitekTypu (EDA), mo 3a0esnedye BHCOKY
e(PeKTUBHICTH 1 THYUYKICTh Y POOOTI 3 MEJIMYHUMHU JTaHUMH. 3aBJISIKU BUKOPUCTaHHIO edge
computing, maHi 30MparOThCA 1 MPOXOASATH MOMEpeAHI0 00poOKy OesmocepeqHRO Ha
npuctpoi ESP32, mo no3Bosisie 3MEHIINTH 3aTpUMKH Yy Hepenadi Ta 3a0e3neynTd
MIBUJIKAN JOCTYN IO MEAWYHHX IMOKa3HUKIB depe3 Bluetooth Low Energy (BLE). [Ticns
300py ZaHi NepenaroThesl Ha MOOUTBHUN J0AATOK, SIKMH BHCTYIA€E y POJi TIPOMIKHOTO
eJIeMeHTa MiX TaIieHToM i cucteMoro. e cTBoproe Oe3mocepe Hiit 3B’ 130K, TO3BOISIOUN
NalmieHTaM OTpUMyBaTh iH(OPMAIlI0 TPO CBil CTaH y pealbHOMY 4aci Ta CBOE€YACHO
pearyBaTu Ha TOTEHIIHHI 3arpo3u 3740poB’t0. Taka apXiTekTypa MO€AHY€E JIOKAIbHY
00poOKy 3 MaciuTaOHOI aHANITHKOK Yy XMmapi, 3a0e3leuyroud OajaHc MK
MPOJIYKTUBHICTIO Ta 3pYYHICTIO.

[Micnsa nepexayi JaHUX Ha XMapHY WIaTGopMy, TIOIIEBO-OPiEHTOBAaHA apXiTEKTypa
(EDA) 3abesmeuye 1IX acHHXPOHHY OOpOOKy 3a [OTIOMOTOI0 Pi3HOMaHITHUX
MikpocepBiciB. KoxeH MikpocepBic BHUKOHYE UiTKO BH3HA4YCHI 3aBHAaHHSA: OOpOOKY,
30epiraHHs Ta aHali3 OTpUMaHoi iH(opMalil, a TaKoX NPOTHO3YBaHHS MOXKJIMBUX
3aXBOPIOBaHb 3a JIONIOMOTOI0 MojieNnel mrydHoro iHtenekty. EDA nosBoisie cucremi
pearyBaTu Ha KOXKEH HOBHUH IaKeT JaHUX y PEIbHOMY 4aci, 3MEHILIYIOUYH 3aTPHUMKHU Y
npoteci 00poOKH Ta 3a0e3reuyrour BUCOKY YyTJIUBICTh 10 3MiH. Takui miaxix poOuTh
CHUCTEMY HaJ3BHYAHO THYYKOIO Ta MacIITaOOBaHOO, JO3BOJISIOUW aNanTyBaTH ii 10
3pOCTAIYMX MOTPEO KOPUCTYBaUiB a00 30UIbIICHHS KUTBKOCTI MiAKIIOUCHUX IPUCTPOIB.
Ile ocobmmBO BaknuBO sl MequaHUX [oT-cucteM, e TOYHICTH 1 MBUAKICTH 0OPOOKH
JAaHHUX BiAIrPaoOTh KIIOYOBY POJIb Yy 3a0e3MeYeHHI CBOE€YACHOI TOIIOMOTH MAI[iEHTaM.

[Mompm 3HauHI TepeBarw, peawizallisi MOII€BO-OPIEHTOBAHOI apXiTEeKTypH B
moeqHaHHI 3 edge computing Mae cBOI HEHONIKH, SKi HEOOXiIHO BPaxOBYBaTH.
CkJagHiCTh BIPOB3/DKEHHS TaKoi apXiTEKTypH MOXe BHUMaraTtd 3HAYHHUX PECYpCiB,
30KpeMa 4Jacy, (DiHaHCIB Ta BUCOKOKBaJi(piKOBAaHMX CIIELIaiCTIB. YTIPaBIiHHS AaHUMHU
Ha edge-pucTposiXx NOTpeOye OCOOJNMBOI yBard, MO0 YHUKHYTH iX BTpatu abo
MOLIKO/DKSHHS, 10 MOXE CYTTEBO BIUIMHYTH Ha TOYHICTH cucTeMH. Xoua edge

computing 3MEHIITYE PU3MKH, [TOB’A3aHI 3 Mepeaayucio JaHuX, BiH TAKOXK BIJIKPUBAE HOBI
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BEKTOPH TIOTEHI[IHHMX aTak, IO MiJBUILYE BUMOTH 10 O€3MeKH. 3alleXHICTh Bijg
CTablIBHOrO 3’ €IHAHHS MK edge-PUCTPOSMH Ta XMapHHUMH CEPBiCaMU CTBOPIOE PU3UK
3aTpUMOK ab0 BTpaTH JaHUX y pasi mepeboiB y Mepexi. 30UIbIIeHHs KibKocTi edge-
IPUCTPOIB MOXKE YCKJIQIHHTH YIPaBIiHHA CHCTEMOIO, OCOOJIMBO SIKIIO HEMae
VHI(pIKOBaHUX CTAaHIAPTIB, SAKi MOJETIIYIOTH IHTETPAIliI0 Pi3HUX KOMIOHEHTIB. L{e Moxe
BIUIMHYTA Ha €(EKTHBHICTH CHCTEMH, ITiIBUIIYIOYH CKIAJHICTh MacITa0yBaHHS Ta
ynpaBiiHHA. TOMy Ul YCIIIIHOTO BIIPOBA/DKEHHS apXiTEKTYpH HEOOXiTHO peTeNbHO
TUIaHYBaTH 3aX0[H 3 0€3IeKH, CTAaHAAPTU3aLI] Ta YIPaBIiHHS JaHUMH.

Inrerpauis edge computing Ta 1mo/ieB0-OpiEHTOBaHOT apXiTEKTypH B apXiTEKTypy
CHCTEMHU He JIMIIE ONTHUMI3ye 0OpOOKY AaHMX, aje W 3abe3nedye BUCOKY THYUKICTH y
pearyBaHHi Ha 3MiHU. Takui MiIXiJ poOUTh CUCTEMY €()EKTUBHUM IHCTPYMEHTOM JIJIs
MOHITOPHHTY TAII€HTIB Yy pEAJIbHOMY 4Yaci, JJO3BOJIAIOYM 3MCHINUTH 3aTPUMKHU,
MiABUIINTH IIBUAKICTE 00poOKku iH(opMariii Ta 3a0e3neunTH ii CBOEYacHy mepenady.
Opmnak, s 3a0e3nedeHHs HAMIMHOCTI Ta Oe3lmeku podOTH CHUCTeMH HEOoOXiTHO
BpPaxOBYBaTH HH3Ky BUKJIHKIB, TOB’S3aHHUX i3 BIPOBA/KCHHSM LUX TexHOiorid. Lle
BKJIFOYA€E YIPaBIiHHS CKJIaJHICTIO apXiTEKTYpH, MIHIMI3allil0 pU3HUKIB BTpaTH JaHUX Ta
peamizanilo HagiiHOrO 3axWCTy Bix Kibepartak. Jlumie perenbHe IUTaHYBaHHS Ta
JIOTPUMaHHsI CTaHIApPTIB MOXYTh TapaHTyBaTH YCIILIHY peali3aiilo Ta e(eKTHBHICTh

CHUCTEMHU B YMOBAX 3pOCTarOUYUX BUMOT 10 O6p06KI/I MCANYHUX JaHUX.
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PO3JILT 4. BACTOCYBAHHSI METO/IB INTYYHOT'O IHTEJEKTY IS
HABYAHHS MOJEJE 1151 KTACU®IKALIT AITHOE CHY

[IBuaKkKii PO3BUTOK TEXHOJIOTIH IITYYHOTO IHTEJEKTYy CYTTEBO BIUIMBAE Ha
CydJacHE CYCIIUIBCTBO, BIIKPHUBAIOYHM IIHPOKI MOXKIMBOCTI Aysi BrpoBamkeHHs I y
pi3HOMaHITHHX cdepax. 30KpeMa, MAIIWHHE HABYaHHS, SK KIfouoBuid kommoHeHT 1,
JIEMOHCTPY€ BHHATKOBY 3aTHICTH BHSBIIATH Ta KIaCH(DiKyBaTH CKIa HI 3aKOHOMIPHOCTI
Yy BENMKHAX MacuBax AaHuX. L{g1 ocoOnmBicTE poOWTH HOTO HE3aMiHHUM iHCTPYMEHTOM
Juil poOOTH 3 BEJIMKUMHM ¥ CKJIQJHMUMH Habopamy JIaHuX, 30KpeMa y cdepi oxopoHu
3/I0POB’sl, IO MINTBEP/KYIOTh YHCIEHHI IONEPEaHi JOCTIPKEHHS. 3aCcTOCYBaHHS
METOJIB MAlIMHHOTO HAaBYaHHS Y MEIUYHMX Ta CaHITapHUX Taly3siX CTPIMKO
MOIITUPIOETHCS 3aBISIKA MOXKIIMBOCTSM aHaNi3yBaTH OaraTtodakTopHi MaHi Ta OymyBaTh
nmporHocTHdHi Mozaeni. OcoOIMBO aKTyadbHHM II€ CTa€ S AOCHTIHKEHHS CKIAaTHHUX
cTaHiB, Takux K obctpykTuBHE amHoe cHy (OCAC), pO3BHTOK SIKOTO 3aJ€KHUTHh BiJ
OaraTpOX B3a€MO3aNEKHUX (akTOpiB. Y [HOMY KOHTEKCTi MAIIMHHE HaBYaHHS
BUSIBJIIETBCSL HA/I3BUYAHHO €(EeKTHMBHUM IHCTPYMEHTOM Ul pO3poOKH Mojeneit
MIPOTHO3YBAHHS, SIKI MOXYTh 3a0€3MeYuTH OUIBII TOYHY JIarHOCTHKY Ta MOHITOPHHT
CTaHy mami€eHTiB [54, 55].

O6ctpyktuBHe amHoe cHyY (OAC), sKke  BiI3HAYaeThCS  CKJIATHOIO
0araTo()akTOPHICTIO Ta PI3HOMAHITHUMH MPHYHHAMH, CTaJ0 00’€KTOM YHCIICHHHX
JOCHI/DKeHb, CHPSMOBAaHMX Ha Horo ¢QeHoTunyBaHHA. Y LbOMY KOHTEKCTI
KJIacTepH3allis, 10 HAJISKHUTD 10 METO/IB HEKOHTPOJIbOBAHOTO HABYAHHSI Y MAllIMHHOMY
HaBYaHHi, HAbyla MMPOKOrO 3aCTOCYBaHHS. Ii eeKTHBHICTH 0OYMOBJIEHA 3ATHICTIO
aHaNi3yBaTH OaraTOBHUMIpHI HaHi 0e3 TONepefHiX MITOK, IO JO3BOJISE€ BUSBISATH
MPUXOBaHI 3aKOHOMIPHOCTI Ta TPyIH cepel marieHTiB [56, 57, 58]. Ha ocHOBI 11p0T0
MiAXOMy, JTaHe MOCHTIIPKEHHS CTaBUTh 3a METy IIBUIICHHS TOYHOCTI Kiach(ikarii
IIJSIXOM  IHTerparii KiacTepusalii sK IMOMEPeIHbOr0 €Taly Iepe] 3aCTOCYBaHHSIM

METOJiB KOHTPOJILOBAHOT'O HaByaHHs. Takuil MinxXiJ H03BOJSIE CTPYKTYypYBaTH JIaHi,
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3MEHIIUTH iXHIO BapiaTHBHICTH 1 3a0e3Me4nTH OiIbII TOYHI PE3yJIbTaTH Kiacudikalrii.
Ile Mae BaxkJIMBE 3HAUCHHS JUIS JECTAJIbHOTO aHaji3y Ta po3po0Ku eheKTUBHUX MOEIeH
miarnoctuka OCAC, mio opieHTOBaHI Ha 6araTo()akTOPHHUMA MiAXiI.

4.1 Bubip Ta peaxizamis aJropuTMiB MAIIMHHOTO HABYAHHA IS
NMPOTHO3yBAHHS 3aXBOPIOBAHb TUXAHHSA Ta alHOE

Bubip anropuTMiB MaOIMHHOTO HaBYaHHS U1 IPOTHO3YBAaHHS 3aXBOPIOBAHB
JUXaJbHOI CHCTEMH, TAKUX K OOCTPYKTHUBHE aITHOE CHY, € CKIIQTHIM Ta 0araTorpaHHUM
3apmaHHsM. Llell mpoliec BUMarae BpaxXyBaHHS XapaKTCPHCTHK NAaHWX, TAKUX SK IXHS
CTPYKTypa, 00CAT 1 HasBHICTh MPOIIYCKIB, a TAKOXK BUMOT J0 MPOAYKTUBHOCTI MOAEN,
10 BKJIIOYAIOTh TOYHICTh, IIBWJAKICTH POOOTHM W 3JATHICTH MpaLIOBaTH B PEXHUMI
peanbHoro uwacy. Kpim Toro, BaxiuBHM ()aKTOPOM € IHTEpPIPETOBAHICTh MOAEII,
0co0inBo y chepi OXOpPOHH 3A0pOB’sI, 1€ JiKapi MOBHHHI MaTH 3MOTY 3pO3yMITH JIOTIiKY
TIPOTHO3IB [T YXBaJICHHS KIIIHIYHUX pileHb. Takoxk 3HaUYSHHS MalOTh OOYHCIIOBAIBHI
pecypcd, IOCTYNHI s HAaBYaHHS Ta BIIPOBADKEHHS MOJIENi, OCKUIBKM CKJIAIHi
ANTOPUTMHA MOXYTh OyTH HEe()eKTUBHHMH MJIi BUKOPHUCTAaHHS Ha MPHCTPOSX 3
00MEXeHOI0 TOTYXHicTio, Takux sK loT-mpuctpoi. [{is ycminHOro mnporHo3yBaHHS
OCAC nouinpHO PO3ISHYTH KiNbKa KJaciB aJITOPUTMIB, KOXEH 3 SKMX Ma€ CBOi
nepeBar Ta oOMexeHHs. Hampuknan, pexypenTtHi HedipoHHi Mepexi (RNN) e
e(eKTUBHIMH JJIs1 aHATI3Y YaCOBHX PSAIIB, OHAK MOXYTh OYTH CKIaJJHUMHU B HABYAHHI.
Taxum unHOM, BHOIp aaropuTMy TIOBHHEH 0a3yBaTHCS Ha 30aJaHCOBAaHOMY BpaxyBaHHI
cnenudiky 3amavi Ta TOCTYIHUX PECYPCIB, IO MO3BOJHTH 3a0C3ICUUTH ONTHMAJIbHI
pe3yIbTaTH MPOTHO3YBAHHS.

PexypenTri mHeriponni mepexxi (RNN) Ta ixHi Moaudikarii, 30kpema Long Short-
Term Memory, BBaKAIOThCSI OJHAMH 3 HAWMIEPCIEKTHBHININX MiAXOIB IS poOOTH i3
YaCOBUMH PsiiaMU. 3aBJSKHU 31aTHOCTI BPaXOBYBATH JOBIOTPUBA 3aJCKHOCTI y JaHUX,
i MOAEN imeambHO IIIXOMSATH M aHANi3y [IWHAMIYHUX CHTHAJIB, TaKUX SK
(dotomreTn3MorpadiuHi CHUTHATM Ta YacTOTa CEPLUEBUX CKOPOUYCHb. BuKopmcTaHHS
LSTM no3Bosisie 31iiCHIOBaTH TOYHE TPOTHO3yBaHHsI, HABITH SKIO JaHi MAIOTh CKJIaHY
4acoBy CTPYKTypy. Kosu x MoBa e mpo 00poOKy CHTHATIB 31 CKJIAAHUMH JOKAJIbHUMHU

3anexHocTsamu, Hanpukian OIT, ge kirouoBy iHGOpPMaIIil0 HECYTh PI3KHH CUCTONIYHUNA
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(poHT, IMKPOTHYHA BUPIi3Ka, CITiBBIIHOIICHHS ITUPUHU Ta KPYTU3HHU XBUJI i JuXajabHa
MOJYJISIIIS aMIUTITyad, €()EeKTUBHUM ITiTXO0J0M € TIOE€THAHHS 3TOPTKOBHX MEPEX i3
LSTM. Taka komGinawisi qo3Bosisie CNN BUSBISATH JIOKaJIbHI IPOCTOPOBI OCOOIMBOCTI
curHaiy, Toai sk LSTM mopmenioe JOBroTpuBaii 3aJeKHOCTI, 3a0€3MeUyI0Yr BHUCOKY
TOYHICTh aHANI3y Ta NPOrHO3YBaHHs. JJIs1 MOJIETIOBAHHS 3aJISKHOCTEH MiXK 3MIHHHMH,
takumu ik YCC, SpO: Ta kinacudikaiis arrHoe, eheKTUBHIMU € OaiieciBebki Mepesxi. Lle
MiAXiA T03BOJsIE OyayBaTH HMOBIPHICHI MOJENI, SIKi BPaXOBYIOTH HCBH3HAUYCHICTH Ta
B32€MO3B’SI3KH MiXK 3MIHHHMH, IO € BOXIMBUAM JUIS 331384 MEAUYHOI JIarHOCTHKH, 1€
JlaHi MOXYTb OyTHM HENOBHMMH ab0 MaTH BHCOKY BapiaTUBHICTh. TakuM UYHHOM,
noegrandss LSTM, CNN Tta 0aifeciBCbKUX MEpPEX BIAKPUBAE HOBI MOXJIMBOCTI ISt
CTBOPEHHS KOMIUIEKCHUX MOJIEJNEil, 3/IaTHUX TOUYHO MPOTHO3YBAaTH PU3UKHU 3aXBOPIOBAHb
Ha OCHOBI OIOMETPUYHUX JaHUX, BPAXOBYIOUH SIK JIOKAJIbHI, TaK 1 rI100aIbHI 3aJICKHOCTI
y 4aci.

Jns oOrpyHTOBaHOTO BHOOpPY MOZENi HEOOXiTHO IOPIBHATH alrOpUTMH 3a
KUTbKOMa KPHUTEPisIMA, TaKHUMH SK TOYHICTh IPOTHO3Y, IIBHIKICTHP HABYAHHS Ta
BUKOHAHHS, 3[aTHICTb 10 y3arajbHEHHs, IHTEPIPETOBAHICTh 1 CTIHKICTH IO IIyMiB.
TouHicTh MoOzeINell OLIHIOETHCS 3a JOIIOMOT0I0 MeTpHK, 30kpema ROC-AUC, F1-mipu,
To4yHOCTI (accuracy) ta uymimBocTi (recall). IlIBuakicTs poboTn anroputMy HaOyBae
0coOMBOI BaXIMBOCTI INpU pPOOOTI 3 BEJIMKMMH HA0OpaMH JaHHUX, TOMY CIIiJ
BpaxoBYBaTH sK 4Yac HAaBYaHH], TaK 1 e(QeKTHBHICTh IpOorHosysaHHs. Hampukmax,
HEWpOHHI Mepexi MOXYTb OyTH OOYMCIIOBAJBHO 3aTpaTHUMH, ajie 3a0e3NeuyloTh
BHCOKY TOYHICTh MPOTHO3YBAHHSA. 3 1HIIOTO OOKY, METOIM OIIOPHUX BEKTOPIB 3a3BHUAil
MpAIIO0Th INBUANIE, ajle MOXYTb OyTH MEHII MAacIITa0OBaHUMH 1 HE 3aBXKIU
rapaHTylTh TaKy > TOYHICTh Ha BENUKHX o0csrax maHuX. TakuM 4HWHOM, BHOIp
ONTHMAITEHOT MOJICII 3aJICKUTh BiJl OaJaHCy MiX HEOOXITHOI TOYHICTIO, IBUIKICTIO Ta
JIOCTYITHUMH OOYHCITIOBAJIbHUMH PECYPCaMH JJIsl HaBYaHHS 1 BIPOBAPKCHHS MOJIETI.

CTilKiCTB IO NIyMy € KDUTHYHUM aCIIEKTOM JUI MEIHYHUX TaHHUX, OCKITBKH BOHH
4acTo MIcTATh apredaktd abo nmoxuOkW BHUMipoBaHb. Hampukian, nepeBa pillieHb
CXWJIbHI 10 MePEHaBYAHHS Ha 3aIyMJICHUX JaHHX, TOMI sIK aHCaMOJICBI METOIH, TaKi SIK

Random Forest, kpaiiie CripaBisitoThCs 3 II€R0 MPOOISMOIO 3aBISKH 00'€ IHAHHIO PIllICHb
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KUTBKOX JiepeB. Y KOHTEKCTi iHTEpIPEeTOBAHOCTi, METOAM Ha OCHOBI JIEpPEB PIllleHb Ta
SVM i3 niHIHHEM SOpoM MaloTh TepeBary Haj HEHPOHHUMH MepekKaMH, OCKIIbKH
OCTaHHI € MEHIII TIPO30PUMH JIJIsl KOPHCTYBaUiB.

HaByaHHA Ta TecTyBaHHA OOpaHHMX MOAENEH BHUKOHYETHCS 3 BHKOPHCTAHHAM
HAaBYAJIBHOTO Ta TECTOBOro HabOopiB npaHuX. [lomepeaHpO HaHi MOMIISIOTHCS Ha
HaBuasbHy (70-80%) 1 tecroBy (20-30%) muOXuMHH. s KoXHOTO cy0’ekra Oynm
Bupizani 30-cexyHnHi BikHa curaaiiB HR i SpO:; 1o kokHOTO BiKHA JTOJJAaHO BIK, CTATh,
3picT, Bary Ta iHIEKC MacH Tijia, Micis Y0r0 BU3HAYCHO OiHApHY MITKY «altHOE / HOpMay.
{06 BUKIIOYHUTH NEPETUH JAHUX OJHOTO i TOTO CaMoro Maili€HTa Mo/l BUKOHAHO Ha
80% y4acHMKIB MOTPANMIM 10 HABYAILHOI MHOXWHH, 20% — 10 TECTOBOI; (DYHKIIs
BUIAJKBOIO MOJUTY BXIJHHMX JaHHX 3a0e3meumsia 30epekeHHs OanaHcy kiaciB. Ha
HaBYAJIbHINM YaCTHHI 3aCTOCOBAHO CTPaTH(IKOBAHY I’ ATHPA30BY MEPEXPECHY BAJIIAIIIO;
Yy KOXHIH iTepallii 9OTHPH MiIMHOXHHHU TAaHUX BHKOPHCTOBYBAIWCS IJIs HAaBYAHHS
neomapoBoi LSTM-Mepexi 3 64 enemeHTamu mam’siti Ta koediniearom dropout 0,2, a
I1’sITa MIIMHOXKWHA — JUTS Bayrigarii.

OyHKIIiS BTpaT € KIIOYOBUM KOMIIOHEHTOM IIPH HaBYaHHI MOJieNield MaIllnHHOTO
HABYAHHS 1 BU3HAYAETHCS 3aJICKHO BIJl THITY 3a1advi. Y 3aaavax kinacudikailii 3a3Budait
BUKOPHCTOBYIOTHCS (DYHKIIIT, TaKi SIK KpOC-€HTpOIIisl a00 OiHapHa JIOTiICTHYHA BTpATa, sIKi
e(eKTUBHO MIHIMI3yIOTh MOMWIKM Kiacudikauii. [y 3amau perpecii OCHOBHHMH
METPHKaMH OIiHIOBaHHS TOMWJIKH € cepelHbokBaaparnyHa mnommika (MSE) abo
cepeanboadcomotHa noMmwika (MAE), 1m0 [03BOJISIIOTH OIIHHTH PI3HHUIIO MK
nepen0ayeHMMH Ta peaTbHUMU 3Ha4YeHHAMH. JIJis 3a7ad, MOB’S3aHUX 13 YaCOBHMH
psAmaMu, HaUpUKIa, IPH aHali3i O10METPHYHUX CHTHAIIB, MOXYTHh 3aCTOCOBYBATHCS
crnenianizoBani MeTpuku. OJHIEIO 3 TAKUX METPUK € JUHAMIYHE BUKPUBJICHHS 4acy
(aarn. Dynamic Time Warping, DTW), ska BpaxoBye 3MIOICHHS Yy daci Mix
nepe0adeHuM 1 pealbHUM cuTHatamu. lle mo3Boise OIMBII TOYHO OI[IHHTH
BIANOBIHICT, MOJENECH 4YacOBHX NaHUX, LI0 € KPUTHYHO BaXIUBUM Yy MEIMYHUX
JI0JIaTKaX, 7€ HaBITh HE3HAa4YHi 3MIHU y CUTHAJl MOXYTh MaTW CYTTE€BE 3HAUCHHS IS

KJIIHIYHUX BUCHOBKIB.
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[Tepen moOy0BOKO MaTPHIl MOXUOOK AOCIITHUK CIIEPITY OUYMCTHB i CETMEHTYBaB
CUTHAIM, OOYHCIMB 4YacoBi, 4YacCTOTHI Ta MOP(OJOriuHI O3HAKM BapiabeabHICTH
cepuieBoro putMmy (BCP), ®III" i carypartist pa3oM i3 nemorpadivyHUMU TaHUMH, a TOTIM
3a JIOMIOMOTOI0 CTaTHCTUYHMX TECTIB 1 IMEPECTAHOBOK BaXXJIMBOCTI O3HAaK BimiOpan
HaltiHpopMaTuBHINI moka3sHUKH. {e mo3BosIsie imeHTH(iKyBaTH (aKTOPH, IKi HAHOLIBIIE
BIUIMBAIOTh Ha Kiacu(ikamito amHoe. Takuil MiIXim CIpHsie HE JIWIIC ITiIBHIICHHIO
TOYHOCTI MOJIET, ajie i 3a0e3mneuye 1 iHTepnpeToBaHiCTh, 0 Ma€ BUPINIaIbHE 3HAUCHHS
JUI KIIHIYHOTO 3acTOCYBaHHSA. Pe3ynbTaTh IbOTO aHANi3y AOIOMAraloTh MeIuKam
Kpallle 3p03yMiTH KJIFOUOBI MOKA3HUKH, SIKi BIUIMBAIOTh HAa CTaH MAI[i€HTIB, 1 aanTyBaTu
BIJITIOBITHI CTpATETii JIIKyBaHHS.

Mopens LSTM € onHUM i3 HalllepCIEKTUBHILIMX IHCTPYMEHTIB Ul aHallizy
YacoBUX DAIIB 3aBJSKH CBOiM 3/aTHOCTI BPaxOBYBAaTH JIOBIOTPHBAJTI 3aJEXKHOCTI Y
JaHUX. Y TOCTiHKeHH] KOKHA IOCTiTOBHICT cuTHaIIB, TakuXx 1k @I, UYCC i carypariis,
MIPEJCTABISETHCS Y BUTIIAI BEKTOPIB 13 YaCOBOIO PO3MITKOI0. BikHO WacoBHX psmiB, sike
BUKOPHCTOBYETHCS K BXiTHHM CHTHAN A MOJIENi, OyJo MmigiOpaHo eMIipu4HO i
3a3Bu4ail craHoBUTH 30 cexyHn. st 3a0e3rnedeHHs KOPEeKTHOTO HaBYaHHS BC1 3HAUSHHS
CHTHAJIIB IepeJt To1aueio Ha MOJIeNb HopMaitizyBaiics 1o aianasony [0, 1]. IIpomymeni
JlaHi 3aIIOBHIOBAINCS] METOJIAMH IHTEPIIOJIALIT ab0 3a JT0IIOMOT00 CEPEHBOT0 3HAYECHHS,
1100 30eperTy MUTICHICTh YaCOBUX psAiB. HaBuaHHs MOJIENi IPOBOMIIOCS TIOCITIJOBHO, 3
BUKOPHUCTAHHIM peKypeHTHHX O0yiokiB LSTM, siki 3a0e3medytoTh 30epekeHHs Ta aHali3
THUMYACOBHX 3aJICKHOCTeH v manuX. OyHKIlisA BTpaT Oysia BUOpaHa 3ajIe)KHO BiJ 3a7adi:
JUTS 3a7ad Kiacugikalii BUKOPHCTOBYBAIAcs KPOC-EHTPOIIIsL, TOI SK I perpecifHux
3a/1a4 3aCTOCOBYBasacs cepeHbokBaaparnyaa nommiaka (MSE). Sk ontumizarop Oyio
obpano wmeron Adam (amrm. Adaptive Moment Estimation) 00’emHye nepeBaru
CTOXaCTUYHOTO TPAIIEHTHOTO CITyCKy 3 MOMEHTOM Ta aJallTHBHOTO PETYJIIOBAHHS
MIBUAKOCTI HaBYAHHS, MIATPUMYIOUYM OKpeMi Koe(illieHTH HaBYaHHS Ul KOXKHOTO
mapameTpa Mepexi. Ha koxHOMY Kpori Adam OIiHIOE TepIinii MOMEHT (CepeaHe
3HA4YeHHsS TpajieHTa) 1 Jpyruid MOMEHT (HOpPMY Tpaji€HTa) 13 3acCTOCYBaHHSIM
EKCIIOHEHIIMHOTO 3IJ1a/PKYBaHHs, 10 J03BOJISE HOMY IIBHIKO JOCSraTh 301KHOCTI

HaBITh Y 3a/J]a4ax i3 BUCOKOIO PO3MIPHICTIO Ta HEKOHCTaHTHOIO MacIITabOBaHICTIO 03HAK
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. Adam Tako»x aBTOMaTHYHO KOPUTYE MIBUKICTH HABUYAHHS, ITI0 pOOUTH HOTO CTIHKUM 10
BHOOpY TIOYATKOBUX rinepmapamerpiB (mBuakicte HaB4danHs 0,001; xoedimieHT
3rIapKyBaHHs nepinoro MoMmeHTy 0,9; xoedilieHT 3riiajKyBaHHS JAPYroro MOMEHTY
0,999; € = 1x107®) i mo3BOIISIE TOCATATH BUCOKOI TOUHOCTI Y TIIMOOKMX MOJAETISX.
ApxitekTypa HelpoHHOI Mepexki Transformer, sika TpyHTYETbCS Ha MeXaHi3Mi
yBard, MpPeACTaBIAIOTh MEPCHEKTHBHUN MiAXi IO aHaNi3y 4YacoBUX psIiB, IO
BIZIPI3HAETBCS CBOEIO 3[AaTHICTIO BPAaXOBYBAaTH 3aJISKHOCTI MDK yciMa elleMEHTaMH
mocIiToBHOCTI omHOoYacHO. Ha Bigminy Big moneneit LSTM, tpanchopmepn He MarOTh
00MEeXeHb Ha JIOBXKHHY IHX 3aJIeKHOCTEH, 1110 pOOUTH iX eeKTUBHUMHU JJsi poOOTH 3
JIOBrOTPUBAITUMH YACOBUMH psIaMU. Y TPOIIECI MMirOTOBKH 0 HAaBYAHHS TOCIIiJOBHOCTI
OIIT", YCC Tta SpO: po3duatothes Ha 10-cexynmui cermentu (1000 BimikiB mpu 100
I'm) i3 kpokom 2 ¢ (puc. 4.1.), micns 4oro st koxxkHoro cermenra murreBa UCC
O00YHCIIOETECS «BiJl YAapY 10 yAapy» y 2-ceKyHaHoMy BikHi (3—5 miki mpu YCC 60-90
yn/xB), a SpO2 BU3HaYa€ThCA Y KOB3HOMY 5-CEKyHIHOMY BiKHI 3 KpokoM 1 ¢ (5 omiHOK
3a cerMeHT). Jlo KOXHOTO BXiJHOTO BEKTOpPY MOMAIOTHCS CHHYCOiNalbHI IO3HUINiHHI
KOJIyBaHHs /U1 30epeXeHHs MopsiiKy B nociigoBHOCTI. L{i KomyBaHHS J03BOJISIOTH
30epiratu iHGOPMAIiI0 TPO MOPSAIAOK CIEMEHTIB Y IMOCIITOBHOCTI, IO € KPUTHYHO
BOXJIMBUM JUIs aHali3y YacoBHX JaHUX. BXiIHI JaHi TakoXX NPOXOAATh eTaru
HOpMasizamii Ta AUCKpeTH3anii, mo0 3a0e3NeunuT! y3roUKEHICTh Ta 3MEHIIUTH IIyM.
Hapuanus tpancdopMmepiB 3MiHCHIOETHCS 3 BHKOPUCTAHHSAM omnruMmizaropa AdamW,
SKUI TIOETHYE aNalTUBHE pPETYJIOBaHHS INBUIKOCTI HAaBUaHHS 3 BIJIOKPEMIICHUM
po3paxyHkoM L2-perymspusarii, o B CBOIO 4epry HO€AHY€E aTaNTUBHE PEryTIOBAaHHS
IIBUJIKOCTI HaBYaHHS 3 BIJOKPEMIICHHM PO3PaxXyHKOM 3aTyXaHHS Bar. 3aBISKH IIbOMY
BiH CTAaOUIbHIIIE KOHTPOJIOE BEIMYMHY Bar, 3HIDKY€E PU3UK ICPCHABUYAHHS HAa BEIHKHUX
MOJIEIIAX 1 IPUCKOPIO€ 301kHICTh. DYHKINIS BTpaT 00MpaeThCs 3aJICKHO BiJ 3aadi: s
Kiaacudikamii  3aCTOCOBYETBCSI ~ KpOC-€HTpOIIS, TOAl AK s perpecii —
cepenHbokBagpaTiyHa ToMmika (MSE). 3aBmsku cBoilf 3maTHOCTI MapajelbHO
00po0IATH 3aJISKHOCTI B YCI MOCIHIZOBHOCTI, TpaHc(hOpMeEpH BiAKPHBAIOTH HOBI

MOJKJIMBOCTI 11 TOYHOTO Ta IMIBUAKOTO aHAI3y MEINYHUX YaCOBUX PSIIB.
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CermeHTauisa PPG-curnany ans pospaxyHky HR ta SpO:

Curan ©Nr
0.7 Cerment 10 ¢
BixHO “Bin yA./10

0.6 11\\\ q“ A L\ .v}w A ‘»‘,’ ,'A“ ))' V,MI {‘\l‘,“" 'u“\‘.j K‘L:"‘;c BikHO :19 se¢ Al
\ / WA

Amnnityna (Red/IR)
)
n

Hac (c)

Pucynok 4.1. Cermenraitist @I -curnany mist pospaxynky HCC Ta SpO2

Mogens 1D CNN mpononye epeKTHBHHN MiAXix 10 aHami3y HeoOpoOIeHUX
curHamiB, Takumx sK PPG, OUIIXOM aBTOMATHYHOTO BUAUICHHS pPEJICBAHTHUX
ocobmuBocTe. BXifHi TaHi TOJAf0ThCS Y BUTIIAAL OaraToKaHaIBHUX TOCITITOBHOCTEH, Jie
KO)KCH KaHaJ BIANOBiae KOHKPETHOMY TIapameTpy, HANpHKIAl, YacTOTi CEpICBHX
ckopoueHb (HR) abo carypanii kucHem (SO:). OcHoBHolo mepeBaroo 1D CNN e
3IaTHICTh ABTOMATHYHO BUSIBIIATH JIOKAJIbHI 3aJCKHOCTI y CHUTHAJIax 3aBIsKH
3aCTOCYBAHHIO 3rOPTKOBUX ILIApiB, SIKI aHAJI3YIOTh HEBeNHKI (parmMeHTH Aanux. Llen
MIAX1 JTO3BOJISIE BUSBIIATH BaXKIIUBI IATCPHH, XapakTepHi s (Hi310JIOTIYHUX CHUTHAIIB.
[Myninr-omepartii  (Hampukiaan, max-pooling abo average-pooling)  m10AaTKOBO
3MCHIOIYIOTH  PO3MIPHICT TNPOMDKHHX IIPEICTaBICHb, YCYBalOYH HAITUIIKOBY
iH(pOpMaIi0 Ta MiABHAIIYIOYH OOUYHCITIOBAIBEHY e(eKTHUBHICTE Mojenmi. J[is HaBYaHHS
MOJIeNTi BUKOPHUCTOBYETHCS (YHKIiS BTpaT, IO BIAMOBINAE 3amadi: KpOC-EHTPOIIis
3aCTOCOBY€EThCS Y BUIaIKax Kiacuikanii, Hanpukiam, 1uis kiacudikauii annoe, ToAl sSK
JUIl perpecii, sKka BUMarae TOYHOIO IPOTHO3YBaHHS (i310JIOTIYHMX TTapaMeTpiB,
BUKOPUCTOBYETHCS CepeIHbOKBaIpaTuuHa noMuika. Moxaeins 1D CNN miaxoauts s
aHaJi3y 0IOMETPUYHUX JAHWUX 3aBJSKU 3[JaTHOCTI 00pOOISATH CHUTHAIM Oe3 HEOOX1THOCTI
MOMEPEIHbOI PYyYHOI IHXKEHEpil O3HAK, II0 OCOOJMBO BAKIMBO I CKIATHHX Ta
6araTOBUMIpHUX MEAUYHUX JaHUX.

Jlnst 3abe3meueHHs] KOPEKTHOTO TOPIBHAHHS MOJETeH MAlIMHHOTO HaBUaHHS iX
MPOAYKTHUBHICTD OLIHIOETHCS 32 OTHAKOBHX YMOB i3 BUKOPHUCTAHHIM CHIIBHOTO MiIXOIY
0 TMiATOTOBKM JaHUX. YCi MOIENi OTPUMYIOTh OJHAKOBHH Halip O3HaK, SKUH

CTBOPIOETHCA Ha OCHOBI PETCIbHO OYHIICHUX i HOpMaIIiBOBaHI/IX JaHUX, H_IO6 YHUKHYTH
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YIEPEHKEHOCTI Yepe3 PI3HMIIO y BXiTHUX JaHUX. 3 METOI0 3a0e3NedeHHs HaJiiHOCTi
pEe3yNbTaTIB  BUKOPUCTOBYETHCS KPOC-BaNijallisg, HANpUKIad, 13 I’ STHPA30BUM
po30ouTTsIM manux. Lei miaxin qormoMarae OMiHUTH CTAOUIBHICTH MOIENI Ta 11 34aTHICTh
0 y3arajJbHEHHS Ha PI3HUX MiAMHOXKHHAX JaHUX. J0JaTKOBO aHANI3yIOThCA
OOYHCITIOBANIBHI  PECYypCH, BKIIIOYAIOYM YaCc HABYAHHS, BUKOPHCTAHHS OIEPATUBHOT
mam’siTi Ta €HEepProCHOXKUBAHHS Uil KOXHOT Mojeni. Ile 0coOnmMBO BaxIMBO JUist
CKJIATHUX apXIiTeKTyp, TakuxX sk TpaHcpopmepu Ta LSTM, ki MOXyTh BUMaraTu

3HAYHUX PECYPCIB I OOPOOKU BEIMKUX OOCATIB TaHUX.

4.1.1. Onuc peno3uTopil0 HM(POBUX CHTHAJIIB (POTOIICTHIMOIPAMM JUIA

PO3pOOKH MeTOIB JiarHOCTUKH allHOE CHY

JochimxyBaHuii MacHB JaHUX c(HOPMOBAHO 3 KUTBKOX BIIKPHUTHX KIIHIYHUX 0a3
PhysioNet. 1o HpOTO YBIiHTIIIH:

e BIDMC PPG and Respiration Dataset — 53 BocemuxBuIHHHI 3anucu PPG
(125 I'n) xputnuHO XBopux mainieHtiB Bix Beth Israel Deaconess Medical
Center 3 py4HHMH aHOTALISIMK JUXaJIbHUX akTiB [38];

e St Vincent’s UCD Sleep Apnea Database (UCDDB) - gHiuni
moJyricoMHorpadiyHi  JOCHiKEHHS 3 OaraTOKaHAJIGHAMH —CHTHAJaMU
nuxanas ta SpO: [67];

e Apnea-ECG Database — 70 zamucis EKT" Tpusaiictio 7—10 rox (100 I'm) 3
XBUJIMHHUMH MITKaMy HassBHOCTI/BiJICYTHOCTI ammHOe [68];

e MIT-BIH Polysomnographic Database (SLPDB) — noBrouinHi Hiuni PSG-
3amcu nanieHTiB i3 ooctpykruBanM anHoe (EET, EKT', nuxanbHi kanamm,
Sp02);

KoMGOinyBaHHsS mmx mkepen 3abesneuye penpeseHTaTuBHUE HaOip AGU-,
pecripaTopHUX Ta HACHYCHUX aHOTAIISIMU JTAaHUX VIS TPEHYBaHHS i TIepeBipKu MOJIeNi
kiacudikanii anHoe. et HaOlp HaHKX € YHIKAJIBHUM PECYPCOM ISl aHaTi3y AUXaIbHUX
MPOIIECiB, OCKUIbKK BKIIOYAE (hi3ioyoriyni curHamu, Taki sk curHamud DI ta EKT, a
TaKOXX YHCIICHHI (i3i0JoriuHi mapameTpu i neMorpadivyHi XapaKTepUCTHKH MAIli€HTIB.

JlaHi BUKOPHCTOBYBAJINCS JJIsI PO3POOKH, HaBUAHHS Ta OIIHKU AITOPUTMIB MallMHHOTO
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HaBUYaHHS, CHOPSIMOBAaHWX HAacamIepel] Ha BHSBJICHHA Ta Kiacudikallio emi3omiB
MOpYIICHb ANXaHHs (TiIOoMHOE, 00CTPYKTHBHE, IIEHTPAIbHE Ta 3MIllIaHE allHOE ), a TAKOXK
Ha PO3PaxyHOK TaKUX KIIOYOBHX MapameTpiB, sk yactoTa auxaHus (RR).

V nmaracetri BIDMC PPG & Respiration Dataset (53 3amucu x 8 XB) KokeH ¢aiin
MICTHTh (POTOILUICTH3MOTrpaMy, IMICIAHCHUN PECIipaTOpHUA KaHAal 1 I’ SITHKaHATEHUI
EKT, yci onndposani 3 yacrororo 125 I'. 3anmucu oTpuMaHO BiJ KPUTHYHO XBOPHX
narfienTiB Beth Israel Deaconess Medical Center i 9ac rocmiTaabHOTO CIIOCTEPEIKCHHS.
Koxen ¢aitn mictute OIII, iMnenaHCHHN pecIipaTOpHUN CHUTHAN 1 IT'SITHKaHATBHHUN
EKT', omudposani 3 wactororo 125 I', a TakoXk IMIOCEKYH/HI arperoBaHi MOKa3HUKU
YCC, wacrora auxaHHs Ta catypauii. J[Ba ekcriepTu Bpy4Hy MO3HAYMIIM KOXKEH OKPEMUI
BIMX 1 BUJUX Ha OCHOBI IMIEAHCHOT'O CHUTHAJLY; €301 allHOE YM TillONHOE B LIbOMY
Habopi He aHOTOBaHO. JlaraceT 3acTOCOBYETHCS ISl TECTYBaHHS aJTOPUTMIB OIIIHKU
yacrotu auxannsg 3a OIII i popmye «HOpMansHAI» (HOH Oe3 moiii armHoe.

Hatomicte y Habopi manmx “St Vincent’s / UCD Sleep Apnea Database” (25
HIYHHX 3aUCIB monicoMHOorpadii) MiCTUThCS TOBHOHIYHI 3amuch (~6—8 Tox Ha 3aITic)
OXOIUTIOIOTH OpO-Ha3aJbHUI MOTIK, IpyJHE i abroMiHaibHe 3ycminis, carypauito (1 I'm)
ta TpukaHanbHUH EKI' (128 I'm). Anotamissmm BigMiueHo ~6280 rinmomnoe, <4050
00CTpYKTHBHUX, ~690 1IeHTpabHUX 1 ~48() 3MIllIaHUX alTHOE; CEPEIH TPUBAIICTD MOIIT
=~12c. Ui mani BinoOpakaloTh peanbHi HIYHI YMOBHM W 3a0e3nedyroTh TeHepasli3allilo
Mozeml.

VY Habopi manux “Apnea-ECG Database” (70 3anuciB mo 7—10 roj) MiCTHTBCS
cur"an ogHokanansHOoro EKI i3 wactororo 100 I'u. Jlns 35 naByanbHux-¢aimis (a0l—
a20, b01-b05, c01l—c10) HasiBHI XBWJIMHHI aHOTAIll «amHOe/HOpMa» 6e3 MOoAiTy 3a
TUTIAMH; B CBOIO 4epry 35 daiiiiB 3 TecroBumu qarumu (x01-x35) aHoTarif He MalOTh.
CymapHo B HaBYaibHill 9acTuHi mo3nadeHo ~16000 xBwmmH amHoe (=3,5 TOx Ha 3a1uc y
CepeHhOMY), IO BUKOPUCTOBYIOTH SK €TallOH IS Ballifamii JCTEKIii emi30/iB
nopyieHb jauxanHs W pospaxyHky AHI. Bicim 3amucis (a01-a04, b01, c01-c03)
JI0JIATKOBO MICTATh YOTHPH PECIipaTOPHi CUTHAIM (Tpy/AHE Ta abAOMiHAIBHE 3yCUILIA,
OpO-HA3aIBHUI MOTIK) 1 caTypallifo, aje aHOTaIlil 3aJHUIIAIOTHCS JIUIIE XBUITHMHHUMH.

Takum unHOM, 0a3a CITy)KUTh HE3AJICKHUM OIHAPHUM PeEepPeHTOM «aImHOS/HOPMay s
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MepeBIpKU y3romkeHocTi Buxoqy LSTM-moneni 3 odimitinum AHI; nudepenmiroBatu
THUIH aIIHOE 33 IIMM HaOOpOM HEMOXKIIHBO.

Takox HaOip manux “MIT-BIH Polysomnographic Database” (SLPDB) mictuth
18 HivHMX moicoMHOTpadivHuX 3amuciB TpuBamicTio Bia 1 rox 17 xB 1o 6 rox 30 xB,
orpuMaHux Bix 16 gonosikiB 32—56 p. (cepemnpoi macu Tina 119 kr). Koxen daiin
MICTHTh BHCOKOYAcTOTHI KaHamu (mo 250 I'm): emektpokapmiorpaMy, iHBa3HMBHHI
apTepiabHAN THCK, JBa BiIBEINEHHS eJekTpoeHedanorpadii, cUrHaT Ha3aIEHOTO
TepMicTopa (AMXANFHUM IIOTIK), a TaKoXX y OUIBIIOCTI BHIAJKIB TPyAHY abo
abJoMiHaNbHY MUIeTH3MOrpadio, OKCUMETPIl0, eJIeKTpooKysorpadio Ta miadopiaHy
enekrpomiorpadiro. AHorarlii y daitnax gopmarty .st 3agaroTh 30-cekyHIHI IHTEpPBAIH 3
MO3HAYKAMHU CTaiil CHy Ta TUIiB momii quxanus: OA/X — obctpykrusHe annoe, CA —
neHrpanbie, HA/H — rimomHoe, a TakoX 3MillIaHi €Mi30AW W apo3aju. 3aBIsSKd
nmpokomy miamazony AHI (Bix <1 mo >100 momiit/rox) SLPDB 3a6e3neuye moBHMiA
CIIEKTP TSKKOCTI IOPYIICHb IWXaHHS il CIIyrye OCHOBOKO ISl HaBYaHHS W NepeBipKH
LSTM-knacudikaropa xiaciB Normal, HYP, O, C, M Ta po3paxysky iHnekcy AHI.

3amucu 3 0a3 manux (tabn 4.1.) cermeHTyroThCs 30-CEKYHIHMMH BIKHAMH 3
nepekputTsaM 50 %. [l KO)KHOTO CerMEeHTa MPUCBOIOETHCS MITKa IOJIT 32 OLIBLIICTIO
aHOTAIlill y MeXax BiKHA Ta o0umcItoeThes JIokanbHui AHIL V mincymky oTpumano =
110 tuc. cermentiB (= 45 % Normal; inmn posnoaineni O:HYP:C:M = 38 %:45 %:10
%:7 %). Taxwuii GamaHCOBaHMI KOpITyC 3a0e3edye MOBHOIIIHHE HaBYaHHS Ta BaJiIaIliio
LSTM-moneni.

Tabmmus 4.1. Ipukinanu curaaiiB, CKiIag Ta PO3MOILT EMi30/iB arHoe Y

BHKOPHCTOBYBaHHX 0a3ax

Ha6ip nannx Kananu (vacrora) |[K-tp  3amuciB  i3[IlizpaxoBani Po3smoain 3a|Cepeaniii/nianason
anHoe emizoau™® THIOM** AHI
ucbbB 0pO-Ha3aIbHUH 25/25 ~ 11500 HYP 6280; O 4050;|5 — 82 mopiii/rox
notik (100 TI'm), C 690; M 480

rpyaHe / depeBHE
sycmuist (10 I'm),
SpO: (1 Tu), 3-
kaHaneHUM  EKI
(128 T'm)
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SLPDB EKT, aprep. THCk, 2|17 / 18*** 8151 HYP 4240; O 3132;/0.7 — 100.8; 1 Hopm.
EET, C 512; M 267 1 JIeTKe, 5
TEPMiCTOPHHI [IOMipHUX, 11
TOTIK, IHTYKIL TSOKKHX

meTnsMorpadis,
SpO02 (<250 I'n)

Apnea-ECG onHokanain. EKT'|35/35 = 16000 XB|— 14 — 82 mnomuiit/ron]
(learning) (100 T'n) + «arHoe» (6e3 (32 daiinamu a0l
Resp/SpO. 'y 8 oiITy) c10)
(haiinax
BIDMC PPG (Red/IR),|0 / 53  (smme|— — —
iMIIelaHCHUI HOpMaJbHi
noaux, 5-kan. EKD | anxasneHi ukim)
(125 T

* KispKiCTh MOMIN TiICyMOBAHO 3a eTaJlOHHUMH *.st / *.apn daitnamu; nnsg Apnea-ECG
HAaBOJHUTBCSA CyMapHa KUTbKiCTh XBUJIMH, TO3HAYCHUX «AITHOE.
** O — obcrpykruBHe, C — 1mieHTpansHe, M — 3Mimane amHoe, HYP — rimomHoe.

**% Daiin slp67x mae AHI 0.7 — BUKOPHCTOBYETBCS SIK €TAIIOH HOPMay.

3aranbHa 6a3a JaHUX OXOIUTIOE 78 HIYHMX 3aIKCIB, 13 IKMX 77 MICTSTh IPUHAWMHI
ONIMH emi30] amHoe 4u rinomHoe, Toai sk BIDMC ciyrye «uuctum» ¢oHom 0e3
nopymiens quxanHsa. CykynHo aHoTtoBaHO oHaR 19600 mopmiii: 6xm3eko 10500 rimomHOe,
7200 obctpyktuBHEX 1 1200 meHTpambHHX abo 3MIMIAHWX eMmi30AiB, mO (opMye
30axancoBany BHOipKy st HaBdaHHS LSTM-kmacudikaropa m’situ kiacie (Normal,
HYP, O, C, M). [ianazon innexkcy AHI nmepexpuBae BCi cTymeHi TSHKKOCTI — Bix <5 1o
>100 moi¥t Ha TOAWHY — TOK MOJIENb HE JIUIIE BUSBJISE alTHOE, a H OILIHIOE HOTO CTaIilo;
OararokananeHi PSG-3amucu 3 TOYHMMHM E€TaJOHHMMH aHOTALlisIMH 3a0e3ledyloTh
noBHoLiHHE TpeHyBaHHs, a BIDMC nae 3Mory nepeBipuTH piBeHb XMOHOIMO3UTHBHHUX

CHpalboBYBaHb Ha HOPMAJILHOMY CHUTHAJII.

4.1.2. IlinroToBKa JaHUX VISl 32CTOCYBAHHS METOAIB IJIMO0OKOr0 HABYAHHS /10

3amadi kiaacudikanii curaanis GpoTomIeTH3MOrpaMm JUIsl BUSIBJICHHS allHOE CHY

[Iporec miaroTOBKH JaTaceTy Ui HAaBYaHHS MOJENIeHd IITYYHOTO IHTEIIEKTYy €
KPUTHYHO BaXKJTHBUM €TAIIOM, SIKU 0€3M0CEPEIHBO BILTUBAE HA TOUHICTH 1 €PEKTHBHICTh
MPOrHO3YBaHHSA. Y I[bOMY JOCITIDKCHHI O00’€THAHHS MaHMX 13 MHOXHHA (ailyiB

JIO3BOJIMIIO YHI(IKYBaTH CTPYKTYpy HabOpy, CTBOPHBIIHN €MHHI IHTETPOBAHUI 1aTacer,
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NPUIATHUAN I momanbiioro axamiszy. Lle yHidikyBaHHs 3a0e3medye MOCIiTOBHICT Y
(hopmarax gaHMX, CIPOIIYIOUH IX 00pOOKY Ta iHTerpair. Peaizaris aBToMaTu30BaHOTO
npotecy o0'eqHaHHs 53 IHAMBIAYalbHUX 3alMCIB 13 (i310JIOTIYHUMU JAaHUMH Yepe3
MporpaMHUi KoJ 3a0e3edye CHCTEMaTHIHUH 1 BIATBOPIOBAIBHUN miaxin. Takuit minxin
3HAYHO 3MEHIIYE WMOBIPHICTH JFOACHKUX IOMWIIOK 1 JO3BOJISE IPALFOBATH 3 JAHUMHU
e()eKTUBHO HABITh IPH 301MBIICHHI 00CATY 3amuciB. YHi(QiKOBaHUH HaOip MaHUX CTae
OCHOBOIO JUISI KOPEKTHOTO TPEHYBAHHS MOJIeJIeH, OCKLIBKHY 3a0e3Meuye CTaHAapTH30BaHy
dopmy BXimHOi iH(pOpMamii Ta MATPUMYE MOMNIIMBICTH MACIITa0yBaHHS I OLIbII
CKJIaJIHUX 1 BEJIMKUX aHAJI31B.

[ToyaTkoBi naHi npeAcTaBiieHi y BUITII OKpeMuX (aiiiiiB, 10 MICTATH Pi3Hi THIH
iHpopMmarii: ¢izionoriuni napamerpu, taki sik YCC ta carypaliisi, a TaKOXX CUTHaJIU Ta
MeTa iH(OopMaIlifo MPO MAIiE€HTIB, HAPUKIIAJ, BiK 1 cTaTh. Dailyiu 3 YUCIOBUMH JaHUMHU
3UUTYIOTECS 3 BignoBinaux CSV-¢aiiniB, Toxi K TEKCTOBI (aiinu 3a0€31nedyroTh JOCTYII
mo pemorpadiuroi indopmarii. Ilim gac 0OpoOKH KOXHOTO 3alHCy peaTi30BaHO
IHTeTpanilo nuX oKepen iHopMarii, Mo J03BOJISIE 3a0€3MEUNTH Y3TOIKEHICTh MiX
pisHMMH piBHAMH JaHuX. Tak BukopucranHsi O abo cepeaHbOro 3HAYEHHs 3aMiCTh
MPOIYIIEHNX JaHUX MOXYTh CIIOTBOPIOBATH PO3IOJALL: HYJb 3MILIY€E AaHi, a CEpeaHE
YyTIIMBE JI0 IOOJMHOKHUX €KCTPEMaJIbHUX 3Ha4eHb. TOMY MpOITyIIeHi BITIKH ITOTPiOHO
3aMIHUTH MEJIaHOI0 BIIMOBIIHOTO IMapaMmeTpa BCEPEIrHI TOro camoro 10-CeKyHIHOTO
(abo HiYHOTO) BiKHA, OCKIIHPKM MeJiaHa CTilika 0 BUKHIIB 1 Kpallle BigoOpakae THUIOBI
3Ha4yeHHs. SIKIIO MpoBal y CUTHAIl TPUBaE MEHIIE HDK OAHY CEKyHIy, Iepen
3aIIOBHEHHAM MEiaHOI0 3aCTOCOBYEMO JIHIMHY IHTEpPIIONAIII0 MK CYCIAHIMHA
JOCTYIHUMHM TOYKaMH, a TICIsg 3aMillleHHS BHKOHYIOTBCS CTaHJApTHI KPOKHU
MacmTaOyBanHsA. Lleil Kpok Mae KpUTHYHE 3HAYCHHSI, OCKUIBKH TapaHTYe MUTICHICTH
JIaHUX 1 3armo0irae MOMWIIKaM il Yac HaBYaHHs MOJIeJIel MalInHHOTO HaBYaHHS. Takuit
miaxia 3abe3mneuye cTaHIapTH30BaHUH Ta yHi(iKOBaHUMI HalIp JaHUX, MO € KIIFOYOBUM
IUIsl KOpekTHoro anamily. lle mo3Boisie cTBOpHTH HaniiiHy 0a3y Ui MONAJBLIOTO
TPEHYBaHHS MOJIEJICH, MiABUIIYIOUM iX TOYHICTH 1 CTIHKICTh 10 BIUIMBY HIyMy a0o

IIPOTaJIMH y JaHUX.
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Kpim 00p0oOKH IPONyIIEHUX JaHKUX, IHTErparfis (i310JIOrYHUX CUTHAIIIB, TAKUX SIK
®IIT, i3 yrcnoBumu mapamerpamu, Takumu K HCC i SpO2, dhopmye GaratoBuUMIpHUI
HaOip o3Hak. Llei minxix 3abe3mnedye rHYyYKICTh Y BUKOPUCTAHHI JTaHHUX, JTO3BOJISTIOUN
MPAIIOBATH SIK 13 YaCOBMMH DPSAIAMH, TaK 1 3 arperoBaHUMH XapaKTEPHCTHUKAMH, IO €
ocobmBo KopucHUM Ay moOynoBu LSTM mozeneit MmammnHHOTO HaBYaHHA. KirtouoBum
ACIIEKTOM I[bOTO HPOLECY € Y3TOPKEHHS PO3MIPHOCTI MiX CHI'HAJIAMH Ta YHCIOBHMH
JAaHUMH, OCKUIBKM pi3HA KUIBKICTh 3amHCIB y IMX Habopax MOXKE BIUIMHYTH Ha
KOPEKTHICTh aHali3y. sl JOCATHEHHS 1€l y3ro/KEHOCTI BUKOPHUCTOBYIOTECS TEXHIKH,
Taki K OOpi3aHHS HAJJIMIIKOBHX 3alMCIB y CUTHANAX 10 JOBXHHHU, BIAMOBIIHOL
YHUCIIOBUM TapamerpaM. Takuil MeToJ MiArOTOBKM CTBOPIOE CTPYKTYPOBAaHUH 1
yHiikoBaHUIl BXiTHUN QopMmar, sIKMi CIpUsE MiIABUILEHHIO MPOAYKTUBHOCTI MOAEIeH
3a paxyHOK OJIHOYacCHOI'O BHKOPHMCTaHHsS iH(opMalii 3 pi3HUX JpKepels, 30epirarwdu
YacoBi 3aJIKHOCTI Ta arperoBaHi O3HAKH.

Jnsa inTerparnii Meraingopmarii, Takoi K BiK 1 cTaTh, JaHi 3 TEKCTOBUX (haiimiB
MPOXOJAATH eTal HopMali3allii. Bik TpaHcopMyeThCs y UMCI0BI 3HAUSHHS, JIe KaTeropii,
taki sk "90+" abo "NaN", meperBoproloThCsl y MeniaHHe 3HaueHHs. lle no3Boisie
BpPaxoOBYBaTH CTaplMX IAaIi€eHTIB 1 0OpoOJsITH mpomymieHi 3HAa4YeHHs Oe3 BTpaTu
iHpopmanii. CTaTh NAalli€HTIB TaKOX IEPETBOPIOETHCS y YHUCIOBI 3HaueHHs: "M"
konyetbes Ak 1, a "F" gk 2. Takuil migxig 103BOJISIE JIETKO IHTErpyBaTH IIi O3HAKU B
aJTOPUTMU MAITMHHOTO HABYaHHS, SKi MPAIIOIOTh i3 YMCIOBMMH naHuMu. Ha erami
00'eqHaHHSI BCI JpKepena JaHuX IHTerpyloThes B equnauil DataFrame, sikuit noenHye mera
iH(opMaIio, YMUCIOB] MapamMeTpu Ta yacoBi psau. Lleit mpouec moOynoBanuii Tak, mood
VHUKHYTH BTpaTH iH(popmamii, 3a0e3MeunTH Y3rOKEHICTh MDK 3amucaMu  Ta
MiATPUMYBATH OIHAKOBHH (opMarT NaHUX A KOXKHOTO TAIlieHTa. 3aBISIKH LLOMY
MOBHUH Hablp JaHUX Ma€ CTPYKTYpY, NMPUAATHY JJISl PI3HUX aJTOPUTMIB MAIIMHHOTO
HaBYaHHS. 3aKJIIOYHUM €TaroM € 30epekeHHs yHi(ikoBaHOTO HabOpy NaHuX y (opmarti
CSV, 1m0 ciyrye 0CHOBOIO JUTS ITOJIATIBILIOTO aHalli3y, TPEHYBaHHS MOJIeNIeH Ta BajIiarii.
Takuii minxig 3abe3neuye JIETKICTh JIOCTYILy, MOBTOPIOBaHICTh EKCIEPHUMEHTIB Ta

Y3TOJKEHICTB MiJ] Yac pOOOTH 3 IaHHMHU.
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[TigroroBnenuit Hadip JaHUX ONTHMI30BAHO IS TPEHYBAHHS MOJAEIEH TYYHOTO
IHTCJIEKTY, OCKUIBKH BIH MOEMHYE IH(POPMAIO 3 PI3HOPIZHUX HKepen, ehEKTHBHO
00po0sie mpomyIeHi 3HaYeHHs Ta 3a0e3Medye y3TroMKeHICTh MiXK yciMa 3amucaMu. Y
pe3yabTaTi CTBOPIOETHCS CTPYKTYpOBAaHUHM 1 b6anchosaHm”1 Habip /:[a}mx\: icTIst
po30uTTs Beix 3amuciB Ha 30-ceKyHIHI BikHa oTpuMaHo O61u3pko 110 000 cermeHTiB i3
TaKUM TOYaTKOBUM po3noxiiom: Hopmameruit ~50000, HYP =~25000, O =20000, C
=10000 1 M =5000. 1106 3amobirTu nepesasi HAHOLIBIIOrO KITacy, 3 HHOTO BHITAIKOBHM
ypHOM Bupamman 25000 cermentiB. st piakicanx xiraciB C i1 M mTy4HO 301TBIIAIH
BUOIPKY: JI0 ICHYIOUMX JI0IaHO HOBI CETMEHTH, OTPHMaHi BiI3epKAJICHHSM CUTHAITY Ta
BUIAJKOBAM YaCOBHM 3CYBOM, IOKH KOXKEH 13 II'SATH KJIaciB He MicTuB 1mo 25000
npuKiIaiiB. Y micyMKy chopMoBaHO piBHOBaxHHI HaOip i3 125000 cermeHTiB, e BCi
KJIacH TPEJCTaBICHI OJHAKOBOKO KUIBbKICTIO CIIOCTEPEXKEHb., SIKMH BKJIIOYA€E YHCIIOBI,
KaTeropiaibHi Ta 9acOBi 03HaKW. Taka yHiBepcaldbHa CTPYKTYpa BiIKPHBA€E MOKIUBOCTI
JUTSI BUKOPUCTAHHS Pi3HUX IIXOMAIB A0 aHANI3Y, Bill KIIACHYHUX aJITOPUTMIB MAaIIHHHOTO
HaBYAaHHSA 1O TIHOOKMX HeHpoHHHWX Mepex. [lomepenas oOpoOka maHmx (3amiHa
NPOIYCKIB, HOpMai3allis, BHUPIBHIOBAaHHS KJAciB) CTBOPIOE €IMHY Y3TODKEHY
CTPYKTYpY, Ha sKii MoxkHa ¢QopMyBarn HaOOpH O3HAaK, OI[HIOBAaTH IXHIO
iHpOPMaTUBHICTG 1 TOpPIBHIOBATH MNPOAYKTHBHICTH PI3HMX Mojenel Kiacudikamii

IUXAIBHUX MOAIN.

4.2. TlopiBHAHHS pe3yJbTATiB MAIIMHHOTO HABYAHHA A PI3HUX apXiTeKTyp
HEHPOHHUX MepexK

OI1iHIOIYH MOJIelb, BXKJIMBO PO3IIIAJATH BCI TPH METPUKH y CyKymHOcTi. MSE
JIOTIOMarae BU3HAYUTH MO/IEIII, 110 MOT'aHO MPALIOIOTh 13 BEUKUMH TTOXUOKAMH, TOJI SIK
MAE 3a0e3nedye Oinpln iHTYITHBHY OLIHKY. R?, y CBOIO Wepry, IO3BOJIS€E OIiIHWTH,
HACKUTBKH T0Ope MOJENb MOACHIOE Bapialito y ganux. Skmo MSE 3HauHO Oinbmne 3a
MAE, e MOe CBITYUTH IIPO T€, IO MOJEIb JOIYCKAE BEJIUKI MOXUOKH B OKPEMHX
mporHo3ax. 3 iHmoro 00Ky, akmo R? HerarueHe a00 OJIM3BKE O HYJIA, 1€ MOXKE CBITUUTH

PO HEJJOCTATHIO POTYKTHBHICTH MOJICIi 200 HASBHICTH HAJIMIPHOTO IIYMY B JaHUX.

AopaaHo npumitky [1]: a sk gaHi 6yno 36anaHcoBaHo
no pi3HMM knacam? Y TecTi BiACyTHA iHcbopmaLlis,
CKinbku curHanis B 6asi gaHUx BigHOCUIOCH A0
3A0POBUX NMIOAEN, CKiNlbk Manu npobnemu came 3
[VXaHHAM, @ KOHKpPETHO 3 anHoe. MoTiM B1 Manu ix
6anaHcyBaTw, Wob B pi3HMX knacax 6yna npubnmaHo
0fHaKoBa KiNbKiCTb CMOCTEPEXEHb
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[TopiBHIOIOYM pE3yJAbTaTH MOJENEH, CIiA 30CepeauTHCs Ha OanaHci Mix
HaBYQIBPHHM 1 TECTOBMM Habopamu. SIKIIO MOJAENs JIEMOHCTPYE 3HAYHO Kpalili
pe3yJbTaTd Ha HaBYAIBHHUX JIAaHWX, HDK Ha TECTOBHUX, II€ BKa3ye Ha NepeHaB4YaHHsS. Y
TaKOMy BHIAIKy HEOOXiZHO 3aCTOCOBYBATH METOAW DPETYIIpH3alii abo 3MEHIIyBaTH
CKJIAHICTh MOJeNi. SIKIIO pe3yibTaTH OTHAKOBO ITOTaHi Ha 000X Ha0Opax, e MOXKE
CBIIUUTH TIPO HEIOHABYAHHS], 1 TMOTPIOHO 3O0UMBIIMTH CKJIAIHICTE MoJedi abo
BJIOCKOHAIUTH Ha0Ip TaHUX.

OxpiM MeTpHK, JUIsl BHOOPY MOJIelTi BaXKJIMBO BUKOPHUCTOBYBATH Bi3yauizallii, Taki
K rpadiki MOPIBHSHHSA PEAbHUX 1 mependadyeHuX 3HaueHb, TICTOTPaMH 3aIUIIKIB 1
scatter plot. Taki iIHCTPYMEHTH J03BOJISIIOTH KPallle 3pO3YMITH MPUPOJY ITOMUIIOK MOJEI]
Ta 3po0UTH OLIbII OOIPYHTOBAHMK BHOIP. Y MiACYMKY, HAUKPAIIOK € MOJECIb, SIKa MAE
Hu3bKi 3HaueHHss MSE i MAE, Bucoke R?, crabinbHi pe3ynbTaTti Ha 000X Habopax JaHuX

1 IGMOHCTpPY€E PIBHOMIPHUH PO3IIOALT 3aUIIKIB.

Tab. 3.2. MeTpuku HABYAIEHOTO JATACETY

MSE MAE R2
LSTM 2.3182 0.9274 0.8294
Transformers 12.9966 2.4641 0.0437

1D-CNN 5.3258 1.5917 0.6034




98

Tab. 3.3. MeTpuKHu TECTOBOTO JIaTaceTy

MSE MAE R?
LSTM 2.4541 0.9514 0.8213
Transformers 13.0859 2.4399 0.0470
1D-CNN 5.2760 1.5918 0.6326

Amnamiz w™etpuk omiHoBanHa wmozgenedt LSTM, Transformers i 1D-CNN
JIEMOHCTPY€  IXHIO  BIJHOCHY  €(eKTHUBHICTb y  3ajadyl  [pPOTHO3yBaHHS.
CepennbokBagparnyna nomwika (MSE), sika BinoOpakae cepelHiii KBaapaT pi3HHIb
MK peaJIbHUMU Ta MPOrHO30BaHUMH 3HAUYEHHSIMH, JI03BOJISIE OIIIHUTH TOYHICTH MOJIEIICH.
Mopens LSTM noka3sye HaitHnx4i 3HaueHHss MSE \(2.3182 JUIS. HABYAJIBHOTO Ha0Opy Ta
2.4541 pna TeCTOBoro)L IO CBIAYUTH NPO ii 3TATHICTH MiHIMI3YBaTH TOXHOKH Ta
3a0e3medyBaT TOUHI IporHo3u. Y mopiBHAHHI, Moxens 1D-CNN mgeMoHCTpy€e TOMITHO
Bumi 3HadeHHa MSE (5.3258 mist HaBganmpHOTO 1 5.2760 m1st TectoBoro Habopis), 1o
BKazye Ha il 0OMe)xeHy e(eKTUBHICTS y il 3anadi. Moneni Transformers, 31 3Ha4eHHAMEI
MSE nonazn 12, 1eMOHCTPYIOTh HalTipIly MPOAYKTUBHICTB, IO CBIYUTH IPO CYTTEBI
NOXMOKKM B TXHIX NMPOTHO3aX i BKa3ye Ha HEOOXIAHICTH J0JATKOBOi onTuMizamii abo
3aCTOCYBaHHS 1HIIOrO migxony Aus miel 3axadi. Takum umHoMm, LSTM BusiBnserscs
HaOIbII e(eKTUBHOI MOJEIUI0, 3a0e3neuyloud HaiiMeHIly MOXHOKY cepei ycix
PO3TIISTHYTHX apXiTEeKTyP.

Cepennboabcomntorna moxubka (Mean Absolute Error, MAE), ska Bumiproe
CepeaHI0 a0CONIIOTHY PI3HHII0 MDK pPEbHUMH 1 IPOTHO30BAaHMMH 3HAYCHHSIMHU,
niaTBepmKye mepesary mojeni LSTM. Ls apxitekrypa memornctpye MAE 0.9274 nns
HaBYaJIHHOTO HaOopy i 0.9514 mist TeCTOBOTO, IO CBIMYHTH MPO i CTAOUTBHICTE 1 BHCOKY
TOYHICTh y mnporHo3yBaHHI. Momens 1D-CNN moka3ye cepemHi pe3yibTaTH i3
3rageHHAMH MAE 1.5917 mns naBuansHOTO i 1.5918 17151 TecTOBOTO HAOOPIB, MOCiMAIOUN

NPOMDKHY TMO3MLII0 MDK IHIIMMH apxitektypamu. Hartomicts mopneni Transformers

AoaaHo npumiTtky [2]: AN SKOi LiNboBOT 3MiHHOI?
YacToTta auxaHHA? Ane e 3B*A30k came 3 anHoe?
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JNIEMOHCTPYIOTh HAWBHWIII TIOKa3HUKHA TIOXHOOK: \MAE cTaHOBUTHh 2.4641 mist
HaBuasipHOro 1 2.4399 s TecToBOro Ha60piB\. Ile Bkazye Ha iXHIO OOMEXEHY
e(eKTUBHICTD y Iii 3a1a4i 0e3 momaTkoBoi ontumizaiiii. Omke, MAE miaTBeppkye, 1o
LSTM 3anummraerpcs HAROUTBII TOYHOO 1 CTAOLTBHOIO MOJICIIIIO CEPel YCiX PO3TIITHYTHX
APXITEKTYP.

Omintoroun R?, skuil BimoOpa)kae 3MaTHICTH MOJENI TOSCHIOBATH Bapiallifo y
naanx, LSTM 3HOBY neMOHCTpye HaiKparii pe3ynbTatd, i3 3HaueHHsMH 0.8294 nHa
HaB4ambHOMY i 0.8213 Ha TecTroBOMy Habopax. Lle CBiTYuTh Mpo Te, 10 MOJEIb YCITITHO
3axXOILTIOE 3aKOHOMIPHOCTI B JIaHMX 1 3a0e3neuye TouHi nepenoauenns. 1D-CNN, xoua i
nmokasye momipHi pesynbrata (0.6034 1 0.6326), Bce ) moctymaetbcs LSTM.
Haiiripmnmu € pedynsratu Transformers i3 maibke HynsoBum R? (0.0437 1 0.0470), mo
BKa3ye Ha IXHIO HECIIPOMOXKHICTb IOSICHIOBATH Bapiarlii ’B IUTbOBIN 3MiHHiI>'I.‘

Amnai3 rpadiki pesynbraTiB pobotn momeneit LSTM, 1D-CNN Tta Transformers
JTO3BOJISIE OLIHUTH IXHIO 3[aTHICTH mporHo3yBaTH mapaMeTp RESP i mopiBHATH SKiCTH
nependavueHsb.

Ha rpacdiky peanbpHux i nependadenux 3HaueHs 11 mozeni LSTM (Puc. 4.2.) cuns
KpHBa, 110 TpencraBise peanbHi 3HaueHHs RESP, maibke moBHicTio 30iraerscst 3
MMOMAapaH4YeBOI KPUBOIO, sIKa BioOpaxkae mependadcHi 3HaueHHs. lle cBiquuTh mpo
BUCOKY TOYHICTb MOJieNli. BiIXuiieHHsI MK peaJIbHUMHU Ta repeadaueHuMI 3HaYeHHSIMU
€ MiHIMQJIBHAMH 1 CIIOCTEPIralOThCS JIMIE Ha OKPEMHUX IIJISTHKAX, M0 ITIKPECITIOE
3IaTHICTh MOJEJI 3aXOIUTFOBATH OCHOBHI 3aKOHOMIPHOCTI B JaHHWX. PO3MOALI 3aIHIIKiB
st LSTM (Puc. 4.3.) Mae 4iTKy CHMETpil0 HaBKOJIO HyJS 1 1M030aBICHMN 3HAYHUX
BIIXWJICHb y XBOCTaX, IO BKa3y€ Ha BiJICYTHICTh CHCTEMATHYHUX MOXHOOK Ta BHCOKY

CTaOIIBHICTE MOJEII.

[AOAaHO npumitky [3]: ans sikoi 3agavi?

AopaaHo npumiTtky [4]: Lo came € LinboBOIO 3MiHHO0?
3a AKMMYU IHLIMMW NOKa3HWKamM1 BOHa
nepepbayaeTbca?
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Actual vs Predicted RESP (Test Set)
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Puc. 4.2. — T'padik peanbhux i nependadeHux 3HadeHs s moaeni LSTM

Histogram of Residuals (Test Set)
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Puc. 4.3. — Posnoain 3ammmkis gt LSTM
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Mopens 1D-CNN  Takok JEMOHCTPYE MPUHHATHY MNpPOJAYKTHBHICTh, —alie
nocrynaerbcss LSTM. Ha rpagiky peanbHux 1 mnepenbauenux 3nadeHb (Puc. 4.4.)
nepe0aYeHHsT MOJAEI € JHOCUTh OJH3bKAMH 0 PEaJbHHUX 3HAUYCHB, XO0Ua Ha MEBHHUX
JUISTHKAX CIIOCTepIraroThest MOMITHI Binxunenns. e Bkasye Ha Te, 1o Mozenb 1D-CNN
HE 3aBXIU KOPEKTHO 3aXOILTIOE CKIIAIHI 3IeKHOCTI B JaHuX. Po3nomin 3amumkis (Puc.
4.5.) ans wiel Moxei OMU3BKHUN 10 CUMETPHYHOTO 1 30CepeIKCHUI HABKOJIO HYIIA, IO
CBITYMTH NPO cTaOLIBHICTH MPOTHO3iB. [IpoTe muprHa po3moaiTy 3aIHIIKIB € OUIBIIO0,
HiK y LSTM, a scatter plot (Puc. 4.6..) BusiBiIsie 3Ha4HEe PO3CiIOBaHHS TOYOK HABKOJO
JiaroHaii, oco0mMBo i KpaitHix 3HaueHb RESP. Takum unnom, 1D-CNN 3a0e3mneuye

3aJI0BUIbHY TOYHICTb, ajie He gocsarae piBHs LSTM.

Actual vs Predicted RESP (Test Set)
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Puc. 4.4. — T'padik peanpaux i nepenbavenux 3naueHs 1D-CNN
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Puc. 4.5. — Posnoxin 3ammmkis mist moxeri 1D-CNN

Actual vs Predicted RESP (Scatter Plot)
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Puc. 4.6. — llupuna posnoainy 3amuimkis Mmomen 1D-CNN
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Actual vs Predicted RESP (Test Set)
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Puc. 4.7. — I'padik peanpHux i nependauenux 3HaueHb 1D-CNN

Histogram of Residuals (Test Set)
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Puc. 4.8. — Posnozin 3amumikis ais mogeni 1D-CNN



104

Actual vs Predicted RESP (Scatter Plot)
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Puc. 4.9 Hlupuna posnopiny 3anuikiB moxeni 1D-CNN

Hatomicte Mopmens Transformers nemoHcTpye Halripmii pesynsTaté. [ 'padik
peanbHuX 1 mepenbaueHux 3HaueHb (Puc. 4.7.) BusABNA€E 3HAYHI PO3XODKEHHS MK
CHHBOIO Ta IOMapaHYeBOI0 KPHBHUMH, IO CBIIYHUTH NPO HEBIAMOBIIHICTH MOAENI 10
3anaui. [TepeabadyeHHss MOEII CYTTEBO BIIXHMIIAIOTHCS Bl peabHUX 3HAUCHD, 1[0 MOXKE
OyTH HACNIZKOM SIK apXiTEeKTypHHUX 00MekeHb TpaHc(OpPMEpiB JUIS IIOTO TUIY JaHUX,
Tak 1 HEJIOCTaTHBOTO HalamTyBaHHs Moxeni. [icrorpama 3amumkiB (Puc. 4.8.)
MIATBEPKYE 11eH BACHOBOK: PO3IIO/ILT 3AUTUILIKIB € ACHMETPUYHUM, HIMPOKHUM 1 3CYHYTHI
BiTHOCHO HYJs, IO CBIAYNTH MPO HASBHICTh CHUCTEMAaTHYHHX IMOXHOOK. [liarpama
posciroBanHsi (Puc. 4.9.) HeMOHCTpye, L0 TOYKH NPaKTHYHO HE JICKATH Y3IOBXK
JliarOHaJBHOI JIiHi1, a iX po3citoBaHHS € 3HaYHUM. Le BKa3ye Ha HU3bKY AKiCTh IPOTHO3IB

1 HeIOUTBHICTh BUKOPUCTAaHHA Mozem Transformers s miel 3amadi.
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Actual vs Predicted RESP (Test Set)
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Puc. 4.10. — I'padik peanbHux i nepeadaueHnx 3HaueHp Mozeni Transformers

Histogram of Residuals (Test Set)

1200 +

1000 +

800 +

600

Frequency

200 4

—15 0 15
Residuals

Puc. 4.11. — I'icrorpama 3amuikis i Mozeii Transformers
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Actual vs Predicted RESP (Scatter Plot)
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Puc. 4.12. — HlupuHa posnoxiny 3anumkiB moaeni Transformers

PesynbraTi rpadiuHOro aHanmizy 4iTKO HiITBEpIXYIOTh mepesary mozaeni LSTM
HaJl IHINMMH aJrOpuTMaMH B KOHTEKCTI po3B’s3aHHs 3amadi. LSTM pemoHcTpye
HaWBUIIMI PiBEHb TOYHOCTI, CTAOUILHOCTI Ta 3JaTHOCTI A0 y3arajbHEHHS JQHUX, 110
pOOUTH Ti HAHOUIBIN MiTXOASIIMM BHOOPOM IJIi BUKOHAHHS IOCTABJICHOTO 3aBIaHHSL.
Xoua monens 1D-CNN mokasye NpUifHATHI pe3ysbTaTH, il MPOAYKTUBHICTH CYTTEBO
moctymaerbcs LSTM. Bognouac wmomens Transformers BHABISETbCA HaWMEHII
e(eKTUBHOIO Yepe3 3HAUHI IMOXUOKH, IO CBIAYNTH IO ii HEBIAMOBIAHICTE 10 cienn(iku
3amavi a00 HEJJOCTATHIO ONTHUMI3AIIiI0 TapaMeTpiB.

Amnamniz metpuk MSE, MAE Ta R?, a Takox iXHS CTaOUIBHICTh MK HaBYAIBHUM i
TECTOBUM Habopamu, MiATBEPIKYIOTh, Mo Mojens LSTM 3abesmedye MiHiIMI3aIlito
MOXHOOK, CTabUILHICTh IIPOrHO3IB Ta BUCOKY 3aTHICTh 10 y3arajibHeHHs. Monens 1D-
CNN Moske OyTH BUKOpHCTaHa SIK pe3epBHMI BapiaHT, aie Il NMPOAYKTUBHICTH 3HAYHO
noctynaerbest LSTM. Hatomicts Monens Transformers, depe3 HU3bKY €(PEKTHBHICTH i
HEBIAMOBIAHICTE crierudiii 3a1a4i, € HAWMEHII MPHIATHOIO IJIsI BAKOPUCTAHHS B IIbOMY

KOHTEKCTI.

[,quauo npumitky [5]: He npauioe B3arani
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4.3. HaBuaHHs MojeJjieli Ha MiAroToBJeHMX JAaHUX, ONTHUMI3auis rimep
napaMeTpiB, olliHKa AKOCTi MoeJIeli 3a T0NOMOroI0 MEeTPUK

VY 3amadi nmporHosyBaHHsi mapameTpa RESP Oyno BukopucTaHo TpW MiIxou:
moxeni LSTM, ID-CNN Tta Transformers. Jlns 3a0e3nedeHHS KOPEKTHOCTI Ta
Y3TOIKEHOCTI TOPIiBHSHHS, NaHi OYJH IMOMepenHhO OOpOOJICHI BiIIOBITHO O BHUMOT
KOKHOI Mofenmi. 30Kpema, KOXeH Halip MJaHWX HOPMaTi30BaHO 3a OTIOMOTOIO
StandardScaler, 1mo m03BOMIO 3BECTH 3HAYCHHS 3MIHHHX J0 €IMHOTO MAacCIHITaldy,
MIHIMI3yIOUH BIUTHB Pi3HUII B MacmTabaxX MapaMeTpiB Ha HaBYaHHS Mozeneil. Takuit
MiAXi7 3a0e3MeUuB CTa0lIBbHICTh ONTUMI3AIT i €PEKTUBHICTH poOOTH anroputmis. 11[06
rapaHTyBaTH CIPaBEIJIUBICTh OL[IHKM MoJeliel, BOHM OyJjM HaBU€HI Ha OJIHAKOBOMY
PO3IOII HABYAJIBHOTO 1 TeCTOBOro HabopiB maHux. s 1boro Oyno BHKOPUCTAHO
cranmaptHe cmiBBimHomieHHs 80:20 MiXk HaBUAJIbHUMH Ta TECTOBUMH aaHuMH. lle
JTO3BOJIFIIO OIIIHUTH 3aTHICTH MOJIENIEH 0 y3araibHeHHs, 30epiraloun 0JHaKOBl YMOBH
IUTSE KOYKHOTO aTOPUTMY .

CuiBsinHomerHsa 80:20 s MOXLTY MAaHUX € 3aTaTbHONPHHHATAM CTaHIAPTOM Y
3a/layax MAIIMHHOTO HaBYaHHS. BOHO 3a0e3meuye OayiaHC MK OOCSATOM JaHHMX ISt
HABYAHHS MOJENI Ta 00CSITOM JaHWX JUIS TECTYBaHHS, TO3BOJSIOYM OTPUMATH HAiHHI
pe3yJIbTaTH OI[IHKU MPOYKTUBHOCTI MOJICII.

Komrrpomic Mixk HaBUYaHHSIM 1 TECTYBaHHSIM:

e Sfxmo /Uit TecTyBaHHS BHAUATH MeHme HiX 20% naHuX, pe3yiIbTaTH MOXYTh
OyTH HEHaIIHHUMHU Yepe3 HEAOCTATHIM po3Mip TecToBoro Habopy. Ile ocobdrBo
BOXKJIMBO JUIS 3aJad 13 BHCOKOIO BapiaTHBHICTIO JdaHUX, J€ MOTpiOHa
penpe3eHTaTuBHA BHOIpKa Ui TOYHOTO OIIHIOBAHHS MPOTyKTHBHOCTI.

e VYV BUMAJKYy, SKIIO JUIA TECTYBaHHA BUAUTUTH Oinmbrne HiK 20%, MOomenb MOXe
BTPATUTH OCTYII 0 3HAYHOTO OOCATY JaHUX i HapuaHHs. Lle Moxke 3HM3UTH
SKICTh HaBYaHHS, OCOOJHMBO JJIsI MOJEJNICH, SKi IMOTPeOYIOTh BEIMKHX HaOOpiB
naanx, Takux sk LSTM un Transformers. SIk Haciigok, 3MEHITY€ThCS 30aTHICTh

MOIleJ'Ii J10 y3araJJbHCHHA Ha HOBUX JJaHUX.
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Takum uwmHOM, criBBigHOmeHHss 80:20 m03BOJsE 3a0e3meuntd  ePEeKTUBHE
HaBYaHHS MOJelel 1 BOAHOYAC OTPUMATH HAIHY OIIHKY 1XHBOT MPOAYKTHBHOCTI, 11O
pOOUTH LieH MiXiJ MPaKTHYHKUM 1 YHIBEPCAIBHUM JUIsl 0araTbox 3a/1ad.

Mogens LSTM Oyna oOpana s 3agadi mporHo3yBaHHS napamerpa RESP
3aBIISIKY 11 37]ATHOCTI €PEKTHBHO OOPOOIIATH YacoBi psiu, 30epiraroun iHhopMaIliro mIpo
JTOBTOCTPOKOBI 3aJIS)KHOCTI MK JaHUMH. ApXiTeKTypa Moeni Oylia ONTUMi30BaHa IS
JTAHOi 3a/1a4i Ta BKIIFoYasa Kinpka mapis LSTM i3 HamamToBaHO KUTBKICTIO OIUHUIB Y
KO>KHOMY m1api. Jl1si SMEHIIIEHHS pH3HKY IIepeHaBUYaHHA BUKOPHCTOBYBaBcsi Dropout, o
3a0e3reuye peryyisapusaililo Ta IMiABUIIYE CTidkicth Mojeni. Moxens 1D-CNN
BUKOPHCTOBYBaja ()iKCOBaHI BXi/IHI NOCJIIZOBHOCTI 3 BU3HAYCHUM PO3MIpOM BiKHa, L0
JIO3BOJIMJIO 3aCTOCYBATH 3rOPTKOBI HMIApW JJIsi aBTOMATHYHOTO BHJIYYEHHS KJIFOUOBHX
O3HaK i3 curHaiiB. Takuii MiaXi COpUSB BUIUICHHIO JIOKAJIbHUX 3aJIEKHOCTEH y JTaHUX,
3abe3meuyioun eeKTHBHY OOpoOKy 0Oe3 moTpeOw y 3HA4HIH KITBKOCTI IOMEpEenHBOL
00po0Oku. Apxitektypa Transformers BkIrodamza 0araTorojoBi MeXaHi3MH yBard, IO
JTO3BOJIMIIO MOJETIi BpaXOBYBAaTH B3a€MO3B’SI3KM MK ycCiMa eleMeHTaMH TOCIIiJOBHOCTI
onHouacHo. OxHak criendika 3a/1a4i, OpiEHTOBAHOI HA YacOB1 PsIIU 3 TOBIOTPUBAIMMHU
3aJIEKHOCTSIMH, OOMEXMIa MPOXYKTUBHICT i€l apXiTekTypu. Mozenp morpedyBaia
3HaYHUX OOYMCIIOBAIBHUX PECypciB 1 HE NPOJEMOHCTpYBaia KOHKYPEHTHOL
edpexruBHOCTI opiBHsAHO 3 LSTM ta 1D-CNN.

Jlst koxxHOT Mozeni OyJio IPOBEIEHO PeTeNbHYy ONTHUMI3AIliIO0 TilepmapamMeTpiB 3
METOI0 MOKpAaIIeHHsA ii NPOAYKTHMBHOCTI Ta afamTamil m0 crernudika 3agadi
nporHo3yBanHs mapamerpa RESP. Ilpomec HamamTyBaHHS BKIIOYAB IIOIIYK
ONTHUMAIBbHUX 3HaYEHb TAKUX ITAPAMETPIB, K KUIBKICTh OJUHUIb Y IPUXOBAHUX IIApaXx,
koedinientu Dropout muist perynsipusarii, po3mipu BikoH it Mozeni 1D-CNN, po3mipu
nmakety (batch size) Ta mBuakicte HaB4aHHs (learning rate). [ms cucTeMaTHYHOTO
nepeOopy napameTpiB BHKOPHCTOBYBAJIACS CTPATETis IPATKOBOTO MOIIYKY, SKa JO3BOJISIE
JIOCTIIUTH BCi MOXJIHBI KOMOIHAIIIT TilepmapaMeTpiB y 3alaHOMY Jiana3oHi. Y JesKuX
BUIAJKaX JUId 3MEHIIEHHS OOYMCIIOBAIGHMX BHUTpPAT 1 MPUIIBUALICHHS MpOLECY

OINTUMI3alli] 3aCTOCOBYBaJIacs CTpaTeris BUNagKoBoro mnouryky (anri. Random Search),
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s;ka BHOWpae BUNAAKOBI KOMOiHaIii mapaMeTpiB, 3a0€3Meuyroun Mpy MbOMY MOIIYK Y
MIMPOKOMY IPOCTOPI MOXKINBUX 3HAYEHb.

Pe3ynbraT HanalmTyBaHHS OLIHIOBAJMCS Ha BaJijaliiiHOMy HaOOpi JAaHHUX s
KoxHOI Moxeni. OcCTaTodHi 3HAYEHHS TirmeprapaMeTpiB OOMpATMCS BIAMOBIIHO IO
HalKpamoi NpOAyKTHBHOCTI 3a Merpukamu, Takumu sk MSE, MAE Ta R?, mo
3a0e3MeumIo HaJiifHy Y3roKEHICTh MiJK HABUYAIEHUMH i TECTOBIMHU HaOOpaMH.

3okpema, s LSTM Oynm mepeBipeHi pi3HI 3Ha4YeHHS KUIBKOCTI IIapiB Ta
omuHMIp y mapi (50, 100, 200) y nmoexnanHi 3 pizHuMHU 3HaueHHssMH Dropout (0.2, 0.3,
0.5). s 1D-CNN recryBasucst pi3Hi po3Mipu siipa 3ropTkH (3, 5) 1 KUIbKICTh GiTBTpIiB
y mapax (32, 64, 128). Y Transformers ontumizariist BKJIr09Yajia HaJAITyBaHHS KUTBKOCTI
TOJIIB yBaru Ta PO3MIPHOCTI NpuxoBaHuX mapiB. OcraTouHi HajamTyBaHHS Oyiu
BU3HAUCHI 32 METPHUKAMH MTPOTYKTUBHOCTI.

4.4. Bin6ip naiikpauioi MojeJii MAIIMHHOTO HABYAHHS Uil JIaTHOCTUKH allHOe CHY

]OuiH}OBaHH;I MOJEIEn hpOBonHHOCﬂ Ha TECTOBOMY Ha0Opi JTaHHUX 32 JOMOMOTOFO
’MCTpI/IK TOYHOCTi, MOBHOTH Ta Fl-MipI/I‘. Ili MeTpWKH € KIIOYOBHMH JUIS 3amad
Kiaacudikanii, a IX BHKOPUCTaHHS B 3ajadi perpecii morpedyBajio J10IAaTKOBOTO
MIEpETBOPEHHS I[IILOBOI 3MIHHOI y KJIacH BIIMOBIAHO 110 MEBHUX MoOporiB. TouHicTh
(accuracy) BHMipIOBaJia 4YacTKy KOPEKTHO KJIACH(IKOBAaHUX 3pa3KiB cepea  ycix

nependoayeHnx. PopMalibHO, TOYHICTh BU3HAYAETHCS SIK:
TP+TN
TP+TN+FP+FN

ne TP,TN,FP,FN — KinbKicTh iICTUHHO ITO3UTUBHUX, ICTHHHO HETaTUBHUX,

Accuracy =

XHUOHO MO3UTHBHUX Ta XHOHO HETAaTHBHUX NepeA0avdeHb BiATIOBIAHO.
[TosHOTA (recall) BinoOpaxkana 31aTHICT MOJIEIi BUSBIIATH BCi MO3UTHUBHI

BHITaKH. CDopMyna JUIIA 00YHCIIEHHS [IOBHOTH Ma€ BUI'JIAO:

TP
TP+ FN

Fl-mipa, sIk rapMOHIYHE cepeIHE TOYHOCTI Ta MOBHOTH, J03BOJIMJIA OLIHUTH

Recall =

OajaHc Mix UMU IBOMA XapaKTECPUCTUKAMMU:

Precision - Recall

F1 .
score Precision + Recall

AopaaHo npumitky [6]: HaBecTu B poboTi matpui
HeBignosiaHocTi (confusion matrix) Ansa knacudikauii

PospaxyBaTu Y4yTnuBiCTb Ta CneumdivHiCTb - nig,
MaTp1LUsAMU HEBIANOBIAHOCTI

AopaaHo npumitky [7]: fe HaBegeHO maTpuLi
HeBIANOBIAHOCTI Ta TabnuLi 3 MOKa3HUKaMM Yy TIUBOCTI
Ta cneuundivHoCcTi aiarHocTukn? Mo TekcTy Aoci He
3po3yMmino, B YoMy nonsrana 3agaya knacudikawii.
Hopma-anHoe? Ha sikomy 4acoBomy npomixky? Ha
CKiNbKOX MpUKNafax KoXHOro Knacy HaB4Yanach
HelipoHHa mepexa?
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Mogens LSTM pemoHCTpyBana HaWKpamli pe3yJbTaTH 3a BCiMa METPUKAMH,
JIOCSITal0OYM BUCOKOT TOYHOCTI, TOBHOTH Ta F1-Mipu. Ile cBimuuTh 1po 37aTHICTH MOAECITI
3a0e3meuyBaT 0ajgaHC MiXK BHUSBICHHSM ICTHUHHO MMO3UTUBHUX 3HAYCHB 1 MIHIMI3aIli€I0
xubHux mependbadenb. Mogmens 1D-CNN Takox OpoIeMOHCTpyBajia 3aIOBiIbHI
pesynbratu, ane moctymmiaacs LSTM, 30kpemMa bepe3 OUIbIly KUTBKICTH XHOHO
HeraTuBHUX mependadens. Moxpens Transformers BusBriacs HaiiMeHII e(EKTHBHOIO,
JIEMOHCTPYIOUM HHU3bKI 3HAYCHHS TOYHOCTI Ta IOBHOTH, IO BKa3zye Ha OOMEXEHY
3MIATHICTB Ii€i apXITEKTypH 10 POOOTH 3 MOMIOHUMHU TaHVMHU.

HaBuanHs Mojenell Ha MiATOTOBJIEHHMX JaHHMX 13 IMOJAJBIIOI ONTHUMI3aIEI0
rineprnapamMeTpiB Jajo 3MOry iJeHTH(]IKyBaTH Hale(eKTUBHILLY apxiTEeKTypy st
nporuo3yBanus napamerpa RESP. PesynbraTu omiHky Mojieieii 3a METpUKaMH TOYHOCTI,
noBHoTH Ta F1-mipu migrBepaunm, mo LSTM e Halikpamum BUOOpoM Juist wiel 3aaadi.
Ils Momenp MpoAEMOHCTpyBajla HaWBHWINY TOYHICTH Ta 3[ATHICTH OO y3aralbHEHHS,
3a0e3meuyroun HaJiifHe MPOTHO3YBAHHS HABITH Ha TecToBUX AaHuX. Monens 1D-CNN,
xoua ¥ mocrymaerecsi LSTM 3a mpoayKTHUBHICTIO, MOXKe OYyTH pO3IIITHYTa SIK
NPUIHATHUN ajJbTEpHAaTUBHHUN BapiaHT, OCOOJIMBO JUIsl CLEHapiiB, Je MNOTpiOHO
3MEHIIUTH OOYMCIIOBaJbHI BUTpatu. BoaHouac Monens Transformers, mnonpu
cydacHicTh ii apXiTeKTypH Ta MOTeHLiasl y 0ararboxX 3ajadax, HE IPOJECMOHCTpYBaya
JIOCTaTHhOT e(eKTUBHOCTI y TporHosyBanHi napamerpa RESP. Ile moxe Oytn
00YMOBJIEHO OCOOJIMBOCTSIMH JIaHUX, OPIEHTOBAHMX Ha YacOBI PsIH, a00 HEJJOCTATHHOIO
ananTaiiero TpaHchopMmepiB g0 crenudikd 3amaui. TakduM YHHOM, pe3yJbTaTH
miATBepKyoTh nepeBary LSTM sk HaWOUIbIN MpHIATHOI apXiTeKTypH IJs aHANi3y
(hi310JIOTIYHUX YACOBUX PS/iB Y KOHTEKCTI AaHOI 3a1adi.

4.5. Turerpamisn Mmojeneii B MiKpocepBicHy apxiTeKTypy, 3a0e3medeHHS
MOXKJIHBOCTI X OHOBJICHHS Ta NePEHABYAHHSA

VY mpezncraBiieHI apXiTEKTypi MoOAeNl MAalIMHHOTO HaBYaHHS IHTETpOBaHI B
paMKax MIKpOCEpBICHOI CTPYKTYpH, IO 3a0e31edy€e BUCOKY MOIYIbHICTE i THYYKICTB, &
TaKOX JI03BOJISIE JIETKO OHOBJIIOBAaTH Ta MNEpeHaBYaTH Mozeil 0e3 BIUIMBY Ha iHIII
KOMITOHEHTH CHUCTEMH. APXITEKTypa 0a3yeThCs Ha MPHUHIMIIAX MOAI€BO-OPi€EHTOBAHOIO

nigxony (EDA), ne koxeH MiKpocepBic Mae 4iTKO BHU3HA4YEHI 3aBIaHHs Ta B3aEMOJIIE 3
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IHITUMH eJIeMEeHTaMu dYepe3 mopieBy muHy. Lle mo3Bosisie epeKTHBHO pO3MOMIIATH
00UYNCITIOBAIBHI PECYPCH Ta 3HAYHO MiABUIIY€ 3JaTHICTh CHCTEMH 10 MacIITaOyBaHHSI.

Ha nouatkoBomy erami aaHi 30MparoThcst Ha piBHI edge computing, e npucTpiit
ESP32 Bukonye mepBuHHY 00poOKy OiomeTpuyHHMX curHaiiB, 30kpema PPG, HR Tta
SpO-. 3ibpani maHi mepemalOTbC A0 XMAapHOTO PiBHA 4epe3 MOOUTBHMI MONATOK 3a
noromoroto BLE-3’entnanns. Y xmapHiit inppactpykTypi APl Gateway BuKOHYe poinb
HEHTPATi30BaHO] TOYKM BXOMy, 3a0e3Neuyloud MapuIpyTH3allil0 3alHTiB MK
MikpocepBicamu. Takwii miIXim TO3BOJSE YITKO PO3MEXKYBATH iHTEepdelc B3aeMomii 3
KOpUCTYBa4eM 1 BHYTPILIHIO JIOTIKY POOOTH CHUCTEMH, MiJBHLIYIOYM 11 THYUKICTH 1
MacuTaboBaHICTb.

Ha piBHi xMapu (YHKIIOHAJIBHICTh CHCTEMH PpO3IOJiIEHa MDK JAEKiIbKOMa
MIKpOCepBicaMH, KOXKEH 13 SIKHX BUKOHYe crenudiday posib. MikpocepBic 00poOKu
MAHUX 3aiMa€TbCsA MIATOTOBKOIO iHGpoOpMamii 0 MOJENIOBaHHS, BKJIIOYAIOUH
HOpMali3allito, GipTpaliro Ta CTBOPSHHS YaCOBUX BiKOH. Llelt KOMITOHEHT 3a0e3mnedye
SAKICHY TIOIepenHi0 OOpoOKy, ICIs HYOoro JdaHi IepenalThcsl OO MIKpOCepBicy
30epiraHHs, SKUM BUKOpUCTOBYe 0a3zy mnaHux PostgreSQL s 30epeskeHHS 5K
HEOOpOOJCHUX, TaK 1 MIATOTOBICHUX HaOopiB. OIHOYACHO MIATOTOBICHI MaHi
HAaIpaBJFOTHCS 10 MIKPOCEPBICY IUTYYHOTO IHTENEKTY, KU BUKOHY€E POTHO3yBaHHS,
BUKOPHCTOBYIOUHM IHTEIPOBaHy MOJEJIb MAIIMHHOTO HaByaHHS. Takuil po3mozin
3a0e3meuye MOIYJIbHICTD 1 BUCOKY €(hEKTHBHICTD CHCTEMH.

MikpocepBiC HITYYHOrO IHTENEKTy BHKOHYE KIIIOYOBY pOJb Yy CHCTEMI,
pearizyroun oOumcaoBaNbHI (QYHKII 1T MPOTHO3YBaHHS HAa OCHOBI ITiATOTOBICHUX
IaHux. BiH posropTaeThcs SK aBTOHOMHHMHA MOIYJb, IO 3abe3medye MOXKIMBICTBH
OHOBJICHHS a00 TIepeHaBYaHHS MoJedi 0e3 BIUIMBY Ha IHIN KOMIIOHCHTH CHCTEMH.
OTpuMaHi pe3ynbTaTd IEpelaloThCs 10 MIKpOCepBiCy OOpOOKHM pe3ynbTariB, i€
3IIMCHIOETBCS 1X 1MOCT-00pOo0OKa, Micis 4oro aaHi 30epiraioThbest y cepBici 30epiraHHs
pesynbratiB. lle 103BONSE BHKOPHUCTOBYBATH IIPOTHO30BaHI JaHi Ul IOAAJIBILOTO
aHaJtizy, Bi3yasizarlii abo iHTerpailii 3 iHIIMMH KOMIIOHCHTAMH CUCTEMH, 3a0e3IeUy0un

THYYKICTb 1 yHKIIOHANBHICTh apXITEKTYPH.
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B apxitekTypi 0ocoOnmMBHIA aKIEHT 3pO0JICHO Ha MOJKIJIMBOCTI OHOBJICHHS Ta
MepeHaBYaHHs MOJIEJIeH MTYYHOTO iHTeNeKTy. [laHi, SKi HOCTIHHO aKyMyJIOIOThCA Y 0a3i
JIAaHUX, CIIyTYIOTh OCHOBOIO JIJIsl TIEpeHABUAHHS MOJIEIIEH, 110 T03BOJISIE A/IANTYBATH iX JI0
HOBHX YMOB a0o 30imbpIieHHS oOcsry maHux. /i 1mporo mepembadeHo iHTerpario
aBTOMATH30BaHUX IIPOIECIB IEPCHABYAHHS, SKi aKTHBYIOTBCS 3a JIOIMIOMOTOIO
CHEIiaTbHAUX MMOMAINA y ToieBil muHi. Hampukman, micis DOCSTHEHHS IIEBHOTO MOPOTY
HOBHX JIaHWX CHCTEMa MOXKE IHIIFOBATH IICpCHABYaHHS MOJCINi Ta 1l aBTOMAaTHYHE
MOBTOPHE PO3TOPTAaHHS VY BIAMOBIAHOMY Mikpocepsici. Takmii minxin 3a0e3medye
Oe3nepepBHy ONTHMI3aIil0 MOJIENI, MIATPUMYIOYH BUCOKY MPOXYKTUBHICTh 1 TOYHICTh
MPOTHO3iB 0€3 3yNMHKK pOoOOTH BCi€l cucTeMHu.

ApxiTekTypa BKJIIOYAE IHTETPOBaHI MEXaHi3MH MOHITOPHUHIY TOYHOCTI MOEJIeH,
SIK1 CIIPHUSIFOTH MIATPUMII IXHBOI IPOTYKTHBHOCTI HAa BUCOKOMY PiBHI. Y paMKax CepBiCy
00pOOKH pe3ynbTaTIB PETYISPHO OOUHUCITIOIOTHCS METPUKH €PEKTUBHOCTI, Taki ik Mean
Squared Error (MSE), Mean Absolute Error (MAE) Ta koedirtient merepminarii (R?). Li
MTOKA3HUKH JO3BOJISIFOTH OLIHIOBATH MPOAYKTHUBHICTD MOZEII IMicIsl KOXKHOTO OHOBJICHHS
abo repeHaByaHHs. Y pa3i BUSBIICHHS 3HWKEHHS TOYHOCTI CHCTEMa MOXKE aBTOMaTHYHO
IHII[IFOBATH TPOIIEC TICPCHABYAHHS MOJENi a00 HAJCHIIATH CUTHAT PO3POOHUKY JUIs
MOJIANIBIIIONO aHATI3Y Ta BTpy4aHHs. Takuii minxin 3abe3neuye He JIUIIe BUCOKY SKIiCTh
MIPOTHO3IB, ajie il orepaTHBHY a/laNTallilo MOAENT A0 3MiH Y JIaHHX.

OCHOBHUMH TI€peBaraMM 3alpoIOHOBAHOI apXITEKTypd € i1 MOAYNBHICTH i
MacimTaboBaHICTh, MO 3a0e3MeUyI0Th BUCOKY THYYKICTh Y pOOOTI CHCTEMH. 3aBJSKU
pPO3MOMINIEHHIO  (YHKITIOHATBHOCTI MDK  MIiKpOCepBicaMH, OHOBIIEHHS OKPEMHUX
KOMIIOHEHTIB MOXX€ BHKOHYBAaTHCS HE3aJIe)KHO, O3 BIUIMBY Ha 3arajbHy poOOTY
cucreMu. [HTerpamis Mopenedl MAaIIMHHOTO HaBYaHHS SK OKPEMHX MIKPOCEPBICIB
BIZIKpHBA€ MO>KJIMBICTD OJJHOYACHOTO BHKOPHCTAHHS PI3HUX aITOPUTMIB, IO J03BOJISIE
o0paTn HaifeheKTHBHIIIE PiIEHHS /U KOXKHOI KOHKPETHO] 3a1ayi. Takwuit miaxin cnpuse
ajanTamii CHCTEeMH JO 3MiH BHMOT, pPO3IIMPEHHIO 1i (QYHKIIOHAIEHOCTI Ta
BIIPOBA/PKEHHIO HOBUX TEXHOJIOTIH, 30epiraoum npu IpboMy il HPOJAYKTHBHICTH Ta

CTaOUIBHICTD.
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PO3/ILI 5. PO3POEKA HOCHUMOI'O ITIPUCTPOIO JIJIS1 PEECTPAIIIL TA
350PY ®©III' CUTHAJLY

Po3pobiiennii HocuMuit TIPHUCTPi TpencTaBisie coOOI0 CydacHE PIillCHHS U
Oe3nepepBHOTO MOHITOPUHTY OiIOMETPHYHUX MapaMeTpiB MAIIEHTIB y peaJbHOMY Yaci.
3aBIsKA BUKOPHCTAaHHIO MikpokoHTposiepa ESP32-C3 Ta cencopa Max30102 mpuctpiit
3a0e3nedye BHCOKY TOYHICTh BHMIpIOBaHb 1 CTaOUIBHICT POOOTH HABiTh y CKIJIQJHUX
yMmoBax. IHTerpamis 3 eHeproe(eKTHBHUMH TEXHOJOTISIMH [O3BOJISIE IPHUCTPOIO
MPALOBATH AaBTOHOMHO MPOTSITOM TPHUBAJIOTO Yacy, 30epirarouu KOMIIAKTHICTh 1 HU3bKE
€HEepProCIOXUBaHHS. J[0MaTKOBOIO IIEpeBaroro € iHTerpais 3 XMapHIMH CepBicaMu, 10
3a0e3medye MOXJIHMBICTE OOpOOKH, aHamizy Ta 30epiraHHs 3i0paHWX MaHUX IS
MEIWYHOTO BHUKOPHCTAHHS, IO 3HAYHO PO3IIUPIOE (YHKIIOHATBHI MOXKIHBOCTI
MPUCTPOIO.

LleHTpanbHIM €JIEMEHTOM ITPUCTPOIO BUCTYTae MikpokoHTposep ESP32-C3, axuit
BiZI3HAYA€THCSl HU3KOIO NepeBar, 30kpema 4 Mb ¢ueni-nam’sii, BOYyJJ0BaHUMH MOJTYJISIMA
WiFi ta Bluetooth, a Takox BHCOKOIO eHeproedekTHBHICTIO. Lli XapakrepucTHKH
3a0€3MeUyI0Th MOMUIMBICTh JIOKAILHOTO 30€peXEeHHS TaHUX Yy BUIAAKY BiICYTHOCTI
MIAKITIOYCHHS 10 MEPexi, mepenady indopmariii Ha cepBep yepe3 6e3ApOTOBI MTPOTOKOIH
3B’SI3Ky, @ TaKOXK 3arajibHy 3pY4HICTh Y BHKOPHCTaHHI. ABTOHOMHA po0O0Ta IPUCTPOIO
peanizyeThes 3a AOMOMOroo JiTiii-ioHHoi Oatapei emuicTio 100 MA ‘Tox, 3apsaka Kol
3MiACHIOETBCS depe3 moaynb TP4056. Lleit momynp 3abesmeuye 3axucT Oartapei Bim
nepe3apsHKCHHS Ta HAJIMIPHOTO PO3PSKEHHS, TAPAHTYIOYH CTaOLTBHICTh Ta HAIHHICT
poOOTH IPUCTPOIO HABITh Y TPUBAINX IUKJIAX €KCIUTyaTarlil.

Cencop Max30102 BHUKOpHUCTOBYETBCS s  BUMIPIOBaHHS  KIIFOUOBHX
0lOMETpUYHUX TapaMeTpiB, BKIIOYAIOYH 4acTOTy cepueBux ckopoueHb (HR), piBenb
HacuueHHs KpoBi kucHem (SpO2) Ta  Qoromterusmorpamy (PPG). Ilpore
CKCIICPUMCHTAJIbHI  JTOCHI/DKCHHS TI0Ka3aji, M0 OTPUMaHi CHpi JaHi YacTo
XapaKTepU3yIOThCSI BUCOKAM PIBHEM IIyMiB, CIPHYMHEHHMX 30BHIIIHIMH YWHHUKAMH,
TaKAMH SIK TIT, pyXd Hami€HTa ad0o BIUIMB 30BHIIIHBOTO OCBITICHHA. J{J1s YyCYHEHHS IUX

npobiem Oyna po3pobieHa cuctemMa QiTbTpallii CHTHAJIIB, OCHOBHIM KOMITOHEHTOM SIKOi
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€ dinerp Kampmana. 3aBaskd I[bOMY BIAJIOCS 3HAYHO IMIABHMINUTH SKICTh CHTHAIIB,
e(eKTHBHO 3MCHIIMBINK BIUIMB IyMmiB. Takuii mimxim 3a0e3nednB BHCOKY TOYHICTH
BUMIPIOBaHb, 1[0 € KPUTHYHO BAXJIMBHUM JUIS 3aCTOCYBAHHS IPHCTPOI0 B MEIUYHHUX
CHCTEMax.

Oco0nuBHi  aKkmeHT y po3poOmi MPUCTPOIO 3poOJIEHO Ha  ONTHUMizamii
CHeprocroXuBaHHs. Byno peanizoBaHO NUKIIYHUI pPEXUM POOOTH, 3a SIKOTO MPHCTPIl
AKTHBHO 3aIMCY€E JaHi TPOTATOM 2 XBWJINH, IICJIS YOTO MEPEXOANTH Y CIUITYNH PeXXUM
Ha 20 xBuwimH. Takuid MiAXiJ JO3BOJMB 3HAYHO 3HH3UTH CHEPrOCIOKHMBAHHS,
3abe3neuyrouu 10 48 roquH aBTOHOMHOI poOOTH Ha oHOMY 3apsiii Oatapei. Kpim toro,
MPUCTPIN OCHAILEHO CIIEliaTbHIM TPUTEPOM, KUl aBTOMAaTHYHO aKTUBYE 3aIUC JTaHUX
11032 OCHOBHUM IIUKJIOM Y Pa3i Pi3KuX 3MiH IHTEHCHBHOCTI iH()pauepBOHOTo cUrHaiy. Lle
pILlIEHHs1 J1a€ 3MOTY PEECTPyBaTH KPUTHYHI MOJIl, Taki sSK aKTHBHI pyXH Talli€HTa, 1
3a0e3medye OUTBII AeTalbHUH 1 TOYHHH MOHITOPHHT (Pi310J0TIIHOTO CTaHy.

AnapaTHa cxeMma IPHCTPOIO CIIPOEKTOBaHA HAa OCHOBI B3a€MOJIl KIIIOYOBHX
KOMIIOHEHTIB, TakuX sk MikpokoHTponep ESP32-C3, cencop Max30102, 3apsmauit
moxynb TP4056 i crabimizarop Hanpyru. JKuBieHHs 3a0e3nedyeThesi JITiH-IOHHOIO
Garapeeto emuictio 100 MA-rox. [lns cTabinpHOI poOOTH BCiX KOMIIOHEHTIB Harpyra
Garapei crabinizyerscs o 3.3 B nepen monmauero Ha ESP32-C3 1 Max30102. Cencop
Max30102 migxmouenuit g0 ESP32  uepe3 crampmaptHmii  iHTepdeiic [2C,
BukopuctoBytoun GPIO4 (SCL) i GPIOS (SDA) nns mepemadi maHuX i CHHXpOHI3AIIiI.
Bci koMnoHeHTH 3'€HaHI CIUIBHUM KOHTYPOM 3a3€MJICHHS, 110 TapaHTye HamilHy Ta
cTabiIpHY POOOTY MPHUCTPOIO, MIHIMI3YIOUH MOXIIHBI TEPELIKOIN B pOOOTI €JICKTPOHHUX
KOMITOHEHTIB.

Ha puc. 5.1. 300pakeHO CXEMOTEXHIYHHI AM3aiH MPUCTPOO, MO BimoOpaxkae
(i3nuHy iHTErpalilo KIIOYOBHX KOMIOHEHTIB: MikpokoHTponepa ESP32-C3, cencopa
Max30102, 3apsaaoro moxyns TP4056 ta mitiii-ioHHo1 Garapei. /lu3aiiH BKIltovae Bci
HeoOXiHi 3’ emHaHH, Taki K iHTepdeiic [?C mixx ESP32-C3 Ta Max30102, crabinmizarito
Halpyryd 3a JIONMOMOIOI0 PEryJsiTopa, a TaKoX MiKIIOYeHHs Oartapei 1o 3apsIHoro
moxaynsi. [lpencraBieHa cxema [JeTalizye eNEKTPUYHY apXIiTEKTypy IMPHCTPOIO,

3a0e3meuyroun HaaiiiHe (QYHKI[IOHYBaHHS Ta B3a€MOJII0 MK KOMIIOHEHTaMHU.
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Puc. 5.1. — CxeMOTeXHIYHHUI AU3alHH IPUCTPOIO

Pesynbrat poOOTH MPHCTPOIO MiATBEPHKYIOTh HOTO €(heKTUBHICTD y peaibHIX
yMOBax eKcruyaraiiii. 3i0paHi Ta nonepegHbo 00poOIIeHi laH1 YCIIIIHO epeJaroThCs Ha
MOOLTBHUN qomaToKk abo OesmocepenHbo a0 xMapHOi miardopmu uepes WiFi uum
Bluetooth mns momamsmroro anamizy. Y BHIIagKaXx THMYAcOBOI BiZICYTHOCTI MEPEKEBOTO
3’€THaHHS TIpUCTpiii 30epirae maHi y BOymoBaHiil ¢uiem-maM’sTi MIKpOKOHTposepa
ESP32-C3, 3abe3neuyroun iX IOCTYIHICTH JUII CHHXPOHI3amii IMiCIA BiTHOBICHHS
nigkiroueHHs. Takuii miaxig rapantye Oe3nepepBHICTb 300py Ta 30epirans iHpopMmarii,
HAaBITh 32 YMOB HECTa0IJIBHOTO 3B SI3KY.

TakuM  YMHOM, CTBOpPEHMH TPUCTPIH  €PEKTUBHO TOEIHYE  BHCOKY
(yHKIiOHAIBHICTh, TOYHICTH BUMIpIOBAHb Ta CHEProeeKTHBHICTh. Moro KoMmakTHUi
PO3MIp 1 MOIyJIbHA apXITEKTypa ieaqbHO MiAXOIATh )i IHTErpallii B HOCHMI CHCTEMHU
MOHITOPUHTY 3I0pOB’s, 3a0e3leuyroun TpPUBAIMN AaBTOHOMHHH KOHTPOJb CTaHy

TAIIEHTIB ¥ PEeXUMi pealbHOro 4dacy. Takwil miaxXin BiZKpHBae HOBI MOKIUBOCTI JUIS
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PO3BUTKY TIE€PCOHATI30BAHOI MEAWIMHA Ta JUCTAHLIHHOTO MOHITOPUHTY, IO €
KIIFOUOBUMH €JIEMEHTAMH Cy4acCHOI OXOPOHH 3/10POB’sL.

Y po3po0bieHiii cucTeMi HOCHUMHI NMPHUCTPiil BUKOPHCTOBYE BHYTPILIHIO (rer-
nam’ate 00’emom 4 MbB, BOynoBany B MikpokoHTponep ESP32-C3, mns tumuacoBoro
30epiranHs naHuX. Ll mam'sate ciyxuTth Oydepom mmsa 3i0paHMX OiOMETPHYHHX
MIOKa3HUKIB, TAKUX SIK 9aCTOTA CEPLEBUX CKOPOUCHb, PIBEHh HACHYECHHS KPOBI KHCHEM 1
¢ororuteTn3Morpama. Y BHUITAKY BTPaTH MiAKIIOYCHHS 10 MOOLTBHOTO MPHUCTPOIO NaHi
3alUCYIOTHCS Y BHUMIIANI KOMITAKTHHX OiHApHUX (ailiiB, mo 3ade3rnedye ONnTHMallbHE
BUKOPHCTaHHSI JOCTYIHOTO OOCSTYy mam’siTi. 3aBISKH BHUKOPHUCTAHHIO JIUHAMIYHOTO
Oydepa peamizyeTbcs MEXaHI3M  IUKIIYHOTO MEpe3amucy, sKHA  3amobirae
MEPEIIOBHEHHIO I1aM’SITi Ta rapaHTye 30epe)KeHHs] JIMILE aKTYJIbHUX TaHUX, TOTOBHUX JJIS
nepezayl micis BiTHOBJICHHS 3B A3KY.

5.1. Be3neka nepenayi 1aHUX Bii HOCHMOT0 MPHUCTPOIO 10 MOGIILHOTO

[lepenaua 3i0panoi iHhopMalii 3 HOCHMOTO HMPUCTPO HA MOOLTBHUI MOOATOK
3piricHIoeThes gepe3 Bluetooth Low Energy (BLE). [Ipomec nepemadi Birtogae Kimbka
eTariB, MOYMHAKYM 3 ayTeHTH(dikanii mMoOinbHOro npucrporo. s mporo mix vac
MEepIIOro MiAKIIOYEHHS! TEHEPYEThCS YHIKaJIbHUM KpUNTOrpagiuHuil KIIoY, SKUH
30epiraeTbes y BHyTpimHiN mam’sati ESP32-C3. Ileli kitou nepenaeThcst Ha MOOUTBHUHN
nonarok d4epes QR-kom, sKuii ckaHyeTbcs KopucryBaueM. QR-kox MicTuTh
KpunrorpadiuHuii KI0Y Ta YHIKAIBHHAN iXeHTH(IKATOp MPUCTPOO, II0 3ade3rnedye
HaJliHICTh MpOLIeCY MEePBUHHOT ayTeHTU(IKAIIiT.

Jani nepenaroTecs y 3amnppoBaHOMY BHIIIAI 33 TOTOMOT0i0 anroputmy XOR-
mmdpyBaHHS, SKHA TrapaHTye BHCOKMH piBeHb O€3MEKH BiJ MepexOomieHHA abo
HecaHKI[ioHOBaHOTo Joctymy. lludpyBaHHS BHKOHYEThCS Ha CTOPOHI HOCHMOTO
npucTpolo mepen nepenadero depes BLE. Jlani mepenaroTbest y BHITISINI HEBEIHMKHX
MIaKeTiB, KOXKEH 3 SIKNX MICTHTh KOHTPOJbHY CyMY JJIsl IEPEBIPKH LLTICHOCTI Ha CTOPOHI
MOOUTBHOTO TOMATKY. Y pa3i MOIMIKOIKEHH a00 BTPATH ITaKeTa IepeadaueHo MeXaHi3M
MOBTOPHOI Nepeadi, o MiHIMi3ye HMOBIPHICTh BTpaTH JaHUX.

Ha wmoOinbHOMY TpHCTpOi OTpUMaHI JaHi JEKOAYIOTHCS 32 JOIMOMOIO0

kpuntorpadignoro kiroua, orpumanoro 3 QR-xony. Ilicns pexomyBaHHsS —JaHi
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30epiraroThCs y BHYTPIIIHIA 6231 MOOUTEHOTO ONATKy ab0 MepenaroThes y XMapHUH
CEepBIC I MOAAIBIIOTO0 aHai3y. Y MpoIieci IeKOIyBaHH BUKOPUCTOBYIOTHCS JOJATKOB1
MEPEBIPKU s 3a0e3MeUeHHsI BiAMOBIHOCTI JaHUX OYiKyBaHOMY (hopMarty.

XOR-um¢ppysanHs nonsrae B nobitosii onepanii XOR Mmix Oaiitamu naHuXx i
kiaroya. OOuH 1 TOW caMuid KITFOY BUKOPHCTOBYETBCS SIK JJISI INM(PYBAHHS, TaK 1 JUIs
po3muppyBaHHS.

result = data @ key

XOR-mm¢ppyBanHs € OAHUM 13 HAHIPOCTINIMX METOJIB 3aXHCTy JaHUX, SKUH
IIMPOKO BUKOPHUCTOBYETHCS B CUCTEMaX 3 0OMEXEHUMH O0UYHMCIIOBAIBHUMH PECYPCaMH.
Ie#t MeTon 3acHOBaHMI Ha MMOOITOBIN omepartii BukimtogyHOro OR (XOR) Mixk KOXXHHM
OaiitoMm panmx 1 kmoya. OcHOBHOIO ocoOmuBicTio XOR-mmdpyBanHs € HOro
CHUMETPHUYHICTB, L0 JI03BOJISIE BUKOPHCTOBYBATH TOW CAMUIA KIIFOY SIK JUIsl INU(PYBaHHS,
Tak 1 a8 po3mmdpyBaHHS. 3aBOSKH [IbOMY aJTOPUTM HAA3BHYaliHO NPOCTHH B
peaiizarii, o poOUTH HOTo MPUIATHUM /ISl BAKOPUCTAHHS B MIKDOKOHTPOJIEPAX, TAKUX
sk ESP32, sxi oOMexeHi B 00UNCIIIOBAIBHUX MOTYXHOCTSIX Ta I1aM’ATi.

OpHiero 3 kimodoBux nepesar XOR-1mmdpyBaHHs € HOro npocroTa peanizariii, sika
JIO3BOJISIE JIETKO IHTETPYBAaTH I METOA y NPHCTPOi 3 OOMEKEHHMH pPECypCcamH.
MiHimManbHI BUMOTH JI0 TIaM'siTi Ta npouecopa podisite XOR-mmbpyBaHHs i1eaibHIM
JUTs. MiKpOKOHTpouiepiB, Takux sk ESP32. IlIBuakicTs pobOTH anroputMmy 3abesmnedye
HU3bKY 3aTPUMKY i 4ac IU(pyBaHHA a00 po3MmM(pyBaHHS], IO € BAKIUBUM IJIS
peanbpHOrO Yacy.

JlonaTtkoBo, CUMETPUYHUI XapaKTep aJrOPUTMY J03BOJSIE YHUKHYTH CKJIAJHOL
B3a€MOJi1 MK MHUPPyBATFHAMHA 1 po3mHudpyBaTsHIMH cucreMami. [lepenada kioda
gepe3 QR-kox 3a0e3medye 10AaTKOBHIA piBeHb O€3MeKH, OCKUTBKH KITI0U HE TIepeIacThCs
4yepe3 BIIKPHUTI KaHaM 3B’ A3Ky. 3aBasku nuMm nepeBaraMm XOR-mmdpyBaHHs Moxe OyTH
BUKOpHCTaHe y 0ararbox 3ajayax i3 0a30BUMH BUMOTaMU JI0 O€3MEeKH.

Ipornec XOR-mudpyBaHHs MpaIoe MBUAKO, OCKUTBKHA HE MOTPEOYE CKITATHIX
MaTeMaTHYHUX onepariiii. KpiMm Toro, Meroj He BUMAarae JOJAaTKOBUX Oi0JIOTEK YU
cKJIanHOi KOHGIryparii, o 3HaYHO CIPOIIy€e HOTO iHTerparmiro y BOyJOBaHI CHCTEMH.

Jlst 3abe3nedeHHs 6a30BOTO PiBHS 3aXHUCTY K04 MH(pyBaHHS 30epiracThCs B maM’ sTi
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MPHUCTPOIO, a I ayTeHTH(diKamii KOpUCTyBaYa Ta nepeaadi Kiroya BUKOPUCTOBYETHCS
QR-xox, 110 3abe3medye 3pyUHICTh BUKOPHCTAHHS.

3 Meroro 3abe3redeHHs] BUCOKOTro piBHS Oe3nekd iHdopmallii K04 KoxyBaHHS
30epiraeTbes y 3axumieHid mam’sti ESP32-C3, moctym mo K01 HEMOXKIMBHH depes
30BHIIHI iHTepdeficu. Bei omepartii, moB’s3aHi 3 00MiHOM JaHUMH, 31iHCHIOIOTHCS JIUTIIE
3 aBTOPM30BaHUMHU NPHCTPOSIMH, SIKi IPOUIIIIN NEPBUHHY ayTeHTH(]iKaIito. 3aXucT Bix
TIepeXOIUIEHHS TaHWX 3a0e3neuyeTbesi mmpyBaHHAM Yy KaHaii nepenadi. Kpim toro,
MOHITOPHHT METaIaHUX MPO MiAKITIOYCHHS JO3BOJISIE BUSABISTH Ta OJIOKYBAaTH MiT0O3pii
cnpoOu JocTymy.

Y pesynbraTi peanizoBaHi MeXaHI3MH 3a0e3ledyloTh Oe3nedHy mepenady
YyTIMBHX JIAHUX, BUCOKY TOYHICTh 30epiranHs iH(popMalii Ta 3py4HICTb KOPHUCTYBAHHSI.
JlokanpHe 30epiraHHsi JaHUX y TaMm’sTi TPHCTPoro 3alesrnedyye Oe3nepepBHICTH
MOHITOPHHTY HaBiTb 3a BIACYTHOCTI MiJKIIOUYEHHS JO MOOUIBHOTO IIPHCTPOIO.
Mu¢pyBaHHsS maHUX Ta BUKOPHCTAaHHA KPUNTOrpadidHUX KIIOUYiB TapaHTYeE, MO AaHi
OyIyTh JOCTYITHI JIMIIE aBTOPU30BAHUM IIPHCTPOSM, IO POOUTH CUCTEMY HaIliHOIO Ta
Oe3neuHoro JuIst KopuctyBava. Takuil minxin 3adesnedye HaniiiHy mardopmy aist 36opy,
00poOKH Ta mepeayi 610MEeTPUYHKX JaHUX, KA MOXKe OyTH iHTErpoBaHa y pi3HOMaHITHI

CHCTEMU MOHITOPHHTY 3JI0POB’ L.

5.2. OnrTumizanis nporpamHoro 3alesmedeHHs I 3a0e3nevYeHHs
eHeproedeKTUBHOCTI Ta CKOPOYEHHSI Yacy BUKOHAHHS

o6 cucrema wHa ESP32-C3 mnparmoBana QocTaTHRO MIBHAKO Ta BOJHOYAC
CHOXXHBAJIla MIHIMyM €Heprii, MoTpiOHO OJHOYACHO OIpPAalbOBYBATH TPU pIiBHI —
amapatHuid, cucteMHui 1 anroputMiunuii. [Inardpopma ESP32-C3 niarpumye dotupu
ctanu xuBiIeHHA (Active — Modem-sleep — Light-sleep — Deep-sleep). OcHoBHHUI
CLIeHapili — MpaIoBaTH B AKTHBHOMY CTaHi JIMIIE i/l Yac 3YATYBaHH JaHUX 3 CEHCOPIB
i 0OpOOKM CerMeHTa, a pemTy 4acy mepeOyBaTh B PEKUMI JIETKOTO CHY (MamiHHS
cnoxuBaHHA 3 ~80MA 1o < 1MA). [l may3 AoBIIi 3a S5¢ BapTO MEPEXOTUTH B PEXKAM
rmbokoro cHy (=20uA) 3 npoOymkeHHsM mo TaiiMepy abo GPIO-nepepuBanHIO.
Kusneuus Wi-Fi ta Bluetooth ciig BuMukaTu 3a 10moMoro MetoaiB esp_wifi_stop()

abo esp bt controller_disable() y Ti uukim, ae nepeaaya JaHUX HE BiOYBa€ThCS.



119

Ha cuctemuuii piBHi 3a qomoMororw 6idmiorexu esp-idf akTuByeThCsl TUHAMIYHE
sHmkeHHs TakToBOi wactoth (CONFIG _PM ENABLE), mo6 sapo aBTOMaTH4HO
ynoBiabHIOBaIOCE 3 160 MI'm go 20 MI'm, konu 3amava dekae momid. Koa, mro
BUKOHYETBCS B 00UMCITIOBANBHUX Mikax (pimpTp Kammana, gerexTop mikiB), poO3MIIIeHO
y mBHAKi# BHyTpimHii mam’sti (IRAM_ATTR) i komminoerses 3 npanopiiem -Ofast;
pinko BukiIMKaHi (YHKINl 3ammcaHi y MIBHAKIA maM’sTi, mo0 He 30iMbIIyBaTH
cnoxuBanHs SRAM. [lns [*C-o6miny 3 MAX30102 BucraBneno yacrory 100 k' —
BHUIIIA YaCTOTa MalKe He CKOPOUYE JYac cecii, 3aTe MiABHUIY€E CTPYM Ha IIHHI.

Ha anropurmiuHOMy piBHI eHeproedeKTHBHICTb 3a0€3Me4y€eThCsl 32 AOMOMOTO0
3MEHILICHHS TAKTOBHUX LIMKIIIB. 3aMiCTh IJIaBal04y01 apu()METHKH BUKOPHCTOBY€eThCst Q15-
¢ikcoBany; koediuientn Kanman-¢inbTpa nomnepenHbo OOYMCIIEHI HAa 1 HPOLIMTI
KOHCTaHTaMu. Ha MIKpOKOHTponepi BHKOHYEThCS JHIIe (iIbTpaiis W NEepBUHHUN
JIETEKTOP IIKiB; IIe CKOPOUY€E Yac aKTHBHOTO BHKOPUCTAHHS PaIioMOIYJs IMPUOIN3HO
BTpuui. CaM nmatdmk HamamToBaHui Ha 100sps, YBIMKHEHO B IMITYJIIECHHH PEXHM 32
BAMOTO0 1 3HIKEHO CTPYM CBITIIOZNIONA O MexXi 7 MA, mo0 CIIOXHBaTH MiHIMyM
€JIEKTPOEHEPTi, ajle J10CTaTHBO, 00 3YMTYBATH CaTypalilo.

CI1o>KMBaHHSI JIEKTPOEHEPTi] Y PEKHMI «HIYHOTO MOHITOpUHTY» TpuBae 100 mMc B
AKTUBHOMY PEXHMIi KOXHI 2 ¢, 0 CTaHOBHTH 5% poOoyoro mukiy, iHmm 95% gacy
BUKOPUCTOBYETHCSI PEXUM JIETKOTO CHY 3 cuiioro ctpymy < 1 MA. CymapHo =3MA
CepeHbOTO CTPyMY; Ha akymyssTopi S00 MA -Tox — moHanm 6 116 aBTOHOMHO1 pOoOOTH.

Taxkum YUHOM, ITOE€AHAHHS FJ'II/I6OKOFO CHY, III/IHaMi‘IHOFO 3HUXCHHS 4YaCTOTH,
MiHiMapHOTO panioedipy Ta QikcoBaHOi apupMEeTHKH 3a0e3medye ONTHMI3aIliio
MPOTPAMHOTO 3a0E3MeUeHHS, E€Heproe(eKTHBHICTh, CKOPOUCHHS Yacy BHUKOHAHHS U
O0YHCIICHHST 3 HU3bKAM €HEPIOCIIOKHBAaHHAM — caMe Te, IO MOTPIOHO IS TPUBAIIOL

POOOTH cHCTEeMH 3 )KUBIICHHSM Bif Oatapei.
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5.3. ®opmanbHa cnenudikamis Ta mnepeBipka 4YacoBOi JOTiKH CHCTEMH
3ac00aMH 4acoBoi JIOTiKHM il

[I{o6u He MOKIAamaTHCs JIMIIE Ha EKCIIEPUMEHTaJbHI TECTH, JUISi KPUTHYHHX
CHCTEM DPEKOMEHIO0BaHO (DOPMAIIBHO OMHCATH OYIKyBaHY IOBEAIHKY Ta aBTOMATHYHO
TIEPEBIPHUTH, YH HE 3’ IBJISITHCS MOMIIIKH 32 OYIb-SIKO1 ITOCTITOBHOCTI OAiH. Y 1iif poboTi
Taka repeBipka BAKOHAHA MOBOIO 4acoBoi sioriku il (aurit. Temporal Logic of Actions
(TLA)), a xopekTHicTh criennikamiii mepeBipeHa nepeBipankoM moxeneit (anrin. TLA
Checker (TLC)).

VY dbopmainehiii cnenudikaitii TLA+ omrucano moBHUH JaHITIOT 00pOOKH MEAMYHIX
JaHuX Ta kinacudikamii armHoe: «CEeHCOp — MIKPOKOHTpOJIEp — CMapThOH — XMapay» sk
€IMHY TOCIOBHICTE il (Tabi. 5.1.): mouyarkoBa KoHpirypairis dikcye mycTuir 0ydep
JlaTYMKa, BUMKHEHUH PajioMOIyJib i JIOCTaTHIM 3apsiJi akyMyJIsiTopa, TOAl SIK HACTYIHI
TePEeXOAN 3aIar0Th J03BOJIEHI KPOKH—S3YHTYBAaHHS IMITYNIBECY 3 (oTorueTu3Morpada,
KomiroBaHHs BimikiB y mam’ste ESP32-C3, koporkouacHe BBiMKHeHHS BLE mus
TepeaBaHHs CerMEeHTa, JIOKAIBbHY KiIacuQikaIifo Ha cMapTQoHi Ta 3amuc pe3yiabTaTy y
xMapHy 0a3y. sl KOXKHOTO eTary TeMIopajibHi (JOpMYJIH 3aal0Th IHBapiaHTH Oe3reKkn
(«maHi HIKOMH HE TYONSATBHCS», «paJioKaHAT HE BMHUKA€TbCs 0Oe3 3ammdpoBaHOro
MaKeTa») 1 BUMOTH BJIACTHBOCTI mporpecy («koxeH 30-CeKyHIHUH CETMEHT OTPHMYE
MITKY MEHII SIK 33 CEKYH]y, a push-CIOBIIIEHHS HaJXOUTh KOPHCTYBAa4YEBi MEHIII SIK 32
’sTh cekyHa»). TLC mepebupae BCi MOXKINBI MOPSIKA MOMAIH, MiATBEPIKYIOUH, 110 32
OyAb-SIKOTO CIIEHapil0 He BHHUKAE IepernoBHEHHs Oydepa, HE MOPYLIYIOTHCS YacoOBi
MexXi Ta 6aTapes He pO3PAIKAETHCS 10 3aBEPIIESHHS cecii, OTXKe, 3a]aHa YaCOBO-JIOTIUHA

ITOBEJIIHKA CHCTEMH € KOPEKTHOIO.

Tabmuus 5.1 Omuc piBHIB cuctemu kKiacudikarii arHoe i ominka TLA

PiBenb Ipuxnaan cranis Kio4osi BumMoru
Jatauk MAX30102 FIFO, LED_State Ibesneka: FIFO nikonu He
mepenoBHIoeThCA. [Iporpec: koxeH
IMITyJIbC PaHO UM ITi3HO 34UTYE
ESP32-C3.
ESP32-C3 Buf, BLE, Battery besneka: nmepefaeTbes Jiniie
Bainpposanuii naker. [Iporpec:
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cermeHT noBXKHHOIO 30 ¢ oTparuIse y
cmapTdoH He mi3Hinie Hix 3a 35 c.

Cmaprdon Queue, Model IBesnieka: kiacudikaris 3amycKaeTbes
VTUIIIC Ha{ BaHiIZlHI/IM CErMCHTOM.

[ Iporpec: KoKeH CETMEHT OTPUMYE
MiTKy < 1 c.

Xwmapa RabbitMQ, DB [Be3reka: jKo/IHE TTOBIJOMIICHHS He
Iryoutses. [Iporpec: pesyibrar
IMOXOUTE 10 KOpUCTyBa4ya < 5 C.

Y ¢opmanbHiii Mozaeni yacoBoi JIOriku i mouarkoBuidl ctaH («Inity) ¢ikcye
3HAaYeHHS BCiX 3MIiHHHX: Oydep maTdmka mopoxkHiil, pamiomonyns BLE BuMkHEHO, a
piBeHB 3apsaay akyMyJsTopa He Hinkunid 3a 450 MA ‘Tox. [loganpiry eBOJIOII0 CHCTEMA
3anae omeparop «Nexty», IKUi OIHCcy€e TOMYCTHMI IIepexo1n; 30kpema, repexix BLE On
JIOITYCKA€ETHCS JIUIIE TOMI, KoK y Oydepi BKe HAKOMHMUIIINCS NaHi W pagiokaHai qoci
BUMKHEHUH, micist yoro BLE nepeBomuthes y cran On, a 3apsi 6artapei 3SMEHITYEThCS Ha
onHy oaunumio. st takoi cucremu chOpMyJIbOBaHO JBa BHIM BHMOTI. [HBapiaHT
Oe3reku rapaHTye, o JaHi abo MicTaThes B Oydepi, abo mepenatorbest kaHaaoMm BLE,
T00TO Oy(hep HIKOIN HE 3TUIIAETHCS HETIOPOKHIM, KOIIH Paio HeakTUBHE. BiIacTHBIiCTh
nporpecy ¢ikcye, mo KoxkeH HOBHHA 30-CeKyHAHUH (parMEeHT CHTHaly OOOB’SI3KOBO
oTpuMye KiacudikamiiHy MITKy MEHII K 3a ceKyHxIy. llepemipauk mogmeneit TLC
MpoaHaJi3yBaB MMOHAM JBa MUTHHOHM KOMOIHAIi CTaHIB i HE BUSBUB KOHTPIPHUKIIAIIB,
oTxke, chopMyIpOBaHI YacoBi U Oe3IMEKOBI OOMEKEHHS BHKOHYIOTHCS 3a OyJb-sSKOI
MOCHIZOBHOCTI OAiN. Takuii pe3ynpTaT JONOBHIOE €KCIIEPUMEHTAIbHI BUITPOOYBaHHS i
MaTeMaTHYHO JI0BOANTH: Oydep HIKOIH HE MEPEIOBHIOETHCS 1 JaHi He TyOIIIThCS HaBIiTh
3a MKOBUX HABAHTAXXCHB; aKyMYJISITOP HE PO3PSIKAETHCS 10 KPUTUIHOTO PiBHS paHilie,
HIXK CerMeHT Oy[ie mepenaHo i 00po0IIeHo; yCi 3aTPUMKH 3aIUIIAIOTHCS B MEXax OZHI€eT
CeKyHIu s kiacudikamii Ta msATH CeKyHa s push-cnosimenHs. PopmanbHa
cneuudikanis TLA+ pasom i3 nepesipkoro TLC Takum 4ymHOM 3a0e3rmedyye CTpPOTi
rapaHTii KOPEeKTHOCTI 4acoOBOi JIOTIKM i €HEeproCroXMBaHHS CHCTEMHU, HE BHMAarardu
JIETaIFHOTO aHANi3y KOXKHOI TUTKU BUXITHOTO KOIY.

[epeipero TLA-mMonyis, y sskoMy (pOpMai3oBaHO poOOTY MiICHCTEMH «IATIUK
MAX30102 — ESP32-C3 — cMmaprdon» 3acobamu TLC oxommma 4515512

3reHepOBaHUX KOHQIrypatlii, 3-momixk skux 1006008 BUSABIINCS YHIKATEHUMHE; Y 9ep3i
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saymnmiocss ume 2004 HemoCTiKEHUX CTaHW, IO CBiAYMTH MNP0 MaiXKe IOBHE
MOKPHUTTS MPOCTOpy. MakcuMallbHa JOBXKHHA O€3MOBTOPHOTO MUBIXY B Tpadi mocsria
1003 mepexomiB, cepeiHiil BUXIJHHUI CTEMiHb BEPUIMHU CTaHOBUB 1 (3adikcoBaHO He
OlTpII SIK TpW aNbTEPHATUBHI Aii, mpuuoMy y 95 % BuUmankiB — JMIIE OJHY), OTXKE
MOBEIIHKA CHCTEMH OJM3bKa IO JEeTepPMiHOBaHOI. YBech aHali3 Oyio BUKOHAHO 3a 40 c;
»oxHoro KoHTpupukiany TLC He BusBHB, TOX siK iHBapiaHT Oesmnexn «NoLostDatay,
Tak 1 BrnactuBicTh mporpecy «TimelyClass» 3amumaroTbcsi iICTHHHUMH Ha BCHOMY
JOCTIKCHOMY TIpocTopi craHiB. [IpakTHyHO 1e o3Havae, mo Oydep KOIHOTO pa3y He
BUSIBHBCS HEMOPOXKHIM 3a BUMKHeHOro BLE-kaHany, a KO>)kKeH HOBHH CETMEHT CHTHAJTy
HE3MIHHO JicTaBaB KiacU(ikaliliHy MITKy MEHII HDK 3a CEKyHIy, HE3aJekHO BiJ
MOPSAKY BHYTPIIIHIX IMOIii; OTXKE Y4acOBO-JOriYHA KOPEKTHICTh 1 BIACYTHICTh BTpaTH

JaHUX (POPMaIbHO TOBEICHI.

PO3I1JI 6. PEAJII3ALIA ITPOT'PAMHOI'O 3ABE3ITEYEHHSA IS
HIATPUMKHA DPUAHATTS JIATHOCTUYHUX PIIIEHD J1JI5
BUSIBJIEHHSA AITHOE CHY

6.1. Po3podka eneproedextuBnoi npommBku ESP32-C3 aas 3untyBaHHs
nanuux 3 @I cencopy, ¢iabTpamisa curHadiB i mudpoanoi BLE-nepenaui
CcerMeHTIB.

Jus  orpumManHs  kiiHIiuHO mpugatHoro @II'  curHamy, mpolMBKa
MikpokoHTpoiepa ([Jonatok A) moBuHHA 3a0€3MEYUTH PiBHOMIPHE 3UUTYBAHHS JaHUX 3
OIIT cencopy 3 inTepBasiom 10Mc, BOZHOYAC HE BUXOSMYH 32 CYBOPI €HEPreTHYHI paMKH
HOCHMOTO TIPUCTPOIO. 3 IIEI0 METOI0 OCHOBHHUM LMKI POOOTH 3YUTYBAHHS NAaHHUX
MikpokoHTponepom ESP32-C3 opranizoBaHO SK 00'€THAHHS KOPOTKHX aKTHBHHX (a3
(=0,13 mc Ha unranus FIFO ta ¢inerpariro) i qorux npomixkis Light-sleep, a xoxHe
NepepUBaHHS CEHCOpa CIYTYe €IWHUM TPUIEPOM JUIs BCIX MOAAIBIIMX OOYMCIICHB.
Iepepupanns (auri. interrupt (INT)) - e cienianbHuil BUBi-CUTHA, SIKUH TEPEXOIUTh
y aKTUBHHMH CTaH LIOpa3y, KOJIM B MOJAYJ BHHUKAE MOis, BU3HAYEHA Yy HOro pericrpi
nepepuBaHb. HalgacTinme Takoro IMOAI€I0 € 3amoBHEHHS ueproBoro Bimiiky y FIFO-

Oydepi. IligkarounBIIM BUBIA 10 BBOAY-TIEPEPHBAHHS MIKPOKOHTpOJIEpa, JeBaiic MOXe
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BHUXOJIUTH 31 CHY JIUIIIE TOJ1, KOJH IACHO HAIIAIIUIN HOBI aHi, — 1€ ycyBae notpedy B
MOCTiHOMY onuTyBaHHI IWHA [>C 1 CyTTEBO EKOHOMHUTH €HEPTiIO.

VY mnporpamMHOMY 3a0e3MedYeHHI HOCUMOTO TpucTporo 3anmut dactotu 100 I'ip
peartizoBaHoO SK MMOIiF0-KEPOBAaHUNA LIUKJI, Y AKOMY amapatHe nepepuBans INT maranka
OIII" ceHCOPY € €OMHUM TPHUTEPOM IS BeiX momambmux mii. [licus imimiamizamii INT-
BUBIA min’ennyerbcs no mudposoro Buxony GPIO 3, a oOpoOHMK mnepepuBaHHS
00MEeXy€eThCsl BCTAaHOBJIEHHSIM Tpanopis irqFlag, mo miHimi3ye yac nepeOyBaHHS siipa
B KOHTEKCTI 00poOHMKa nepepuBansb (aHri. Interrupt Service Routine (ISR)) i moeprae
foro y pexxum Light-sleep nporsirom ekinbKox MijiceKyHI.

Y rosoBHOMY LHKJI pOOOTH KOHTPOJIEP NEepeBipsi€, Y1 MUHYB YEProBHid iHTEpBaI
y 10mc i uu mignsito npanopeus irqFlag. ko o6uasi ymoBu BukoHano, 3 FIFO cencopa
no I?°C (400 xI'm) 3uuryerbcs yeproBuit 18-pospsauuit Bk [Y-kanamy; oneparis
TpuBae ~120ps. 3pasy micias 3YUTYBaHHS CHTHAN IiIJA€ThCS OHIANH-(impTpamii
onHoKaHanbHUM Kammas-dineTpoM, peamizoBanuMm y Ql5-apudmernmi: xoedirieHT
Kamvana o0unCITIOEThCS HA IITMX 9HCiaX, a MHOKEHHS Ta HOPMYBAHHS 3[IHCHIOIOTBCS
0OITOBMMH 3CyBaMH, 1110 3MEHIIIY€E Yac 0OpPOOKH OJJHOTO 3pa3Ka 10 ~8|1s O6e3 3aIydeHHs
amapaTHOTO CITiBIpoliecopa i AecsaTkoBuX ApobiB (anri. Floating-Point Unit (FPU)).
3HaveHHs micis GiTbTpanii 3aHOCUTHCS 10 Oy(depa cerMeHTa; KOJIM JIIYMIBHUK JI0CATaEe
300 3paskiB (30c), CECrMEHT BBAXKAETHCS 3aBEPILICHHM.

[To 3aBepieHH] BiKHa BUKOHYIOTHCS JIBA BapiaHTH JIiid, 3aJI€KHO BiJl CTATHCTUYHUX
XapaKTEePUCTHUK: SIKIIO JUCIEPCisl TEePEeBHUIILY€E 3aJaHui MOpIr, CErMEHT MapKy€eThCs SIK
«aHoManpHUI» 1 y BLE-TIakeT BHOCHTBCS BiANOBITHHUN TET; iHAKIIE NEPEIaEThCS JTUIIIE
ycepenHeHa teneMetpis. s mepenadui JaHWX BHUKOPHUCTOBYETHCS XapaKTEPHUCTHKA
«BumiproBanHs vacrotu cepueOutTs». [lepBicHI I’sATh OaHTIB MICTATH CITy:KOOBI
MIpamopIli Ta 3HaYSHHS YacTOTH CepeOUTTS 1 HACHYEHHs KpOBi KUCHeM y (opmarti Q15,
HACTYITHI IIICTHAALATH OaiTiB — 3pa3ku iHQpauepBOHOI'O CHUTHAIY, ITiCIsI YOTO BECh
nakeT mmopyerbes 3a cxemoro AES-128 CCM, a B kiHelb JOAAETHCS YOTUPUOANTOBHI
TEr JUIsi ITEepeBIpKM LUIICHOCTI. BiAnmpaBieHHS Takoro 3aXUILEHOrO MaKeTa 4epes

¢dynkuito esp_ble gatts send indicate 3aiimae nmpuban3Ho 4 MC pajiouacy.
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[I{o6 mocsrTi BHCOKOi eHeproeeKTUBHOCTI, AP0 akTUBHO Juie 1,3 % KoKHOTO
10-mc cioty (unranus, GiuTeTpalisa, Oydepusaliisn); pemry 4acy BOHO nepedysae y Light-
sleep, me TakTOBa YacToTa aBTOMATUYHO Mamae 10 20 MI'I, a cioXXHBaHUN CTPYM — 0
~ 1 MA. Ilicns BignpaBienHs 30-CEKyHAHOTO CETMEHTa KOHTPOJIep 3aHyproeThes y Deep-
sleep Ha YoTHPH XBWINHH, 3anHiIa0un kuBUMH Juiie RTC-raiimep i ninito INT; ctpym
y mpomy pexumi He nepeBuirye 20 pA. Taxwmii posmomin—= 0,13 Mc akTHBHHX
obumciens, ~ 9,9 mc Light-sleep ta TpuBani 6moku Deep-sleep—sabesneuye cepenHii
poboumii cTpyM ~ 3 MA, 3aBISKH 9OMY HPHUCTPIiil 3 akymynsaTopoM 500 MA ToJ mparroe
MOHAJ IIiCTh Ii0 0e3 mia3apsKaHHs i MPH [[bOMY HIATPUMY€E rapaHTOBAHHK iHTEpPBAI
BubOipku 10 + 0,01 Mc, HeoOXigHMNA i1 KOPEKTHOI pekoHcTpykiii ®III'-curnany Ta
HACTYITHOT XMapHOT Kiiacudikarii anHoe.

VY o¢yukuii setup() mepen moyaTkoM peKIaMH BHUKOHYEThCS 4nTaHHS 48-0iTHOT
MAC-aapecu meHTpaIbHOTO KOHTPOJIEpa, SAKa IMOTIM MEPETBOPIOETHCS B JECATKOBHA
psamok i nomaerscs no npedikca “HM . Hampukman, MAC-agpeca 0xOF Al B2 C3 D4
E5 meperBoproerscst Ha pamok HM 264938245159012. Ile im’st mepenaeTscsi CTEKy
Bluetooth Low Energy mepen mouatkoM peknamu. Jlaigi HaJamITOBYEThCS ITaKeT
peksaMHUX AaHuxX i3 BrioueHHAM imeHi Ta UUID cepBicy «BumiproBanHst gactoTu
cepleOnTTs», ITICIIs YOT0 BUKIIMKAEThCS esp_ble gap start advertising().

Y 3BOpOTHOMY BHUKIMKY 00poOHMKa gap event handler cucrema orpumye
MIATBEPIKCHHS YCIIIIHOI KOHDIryparlii peKIaMHUX JaHUX 1 CTapTy pekiamu. Iloku He
BCTaHOBJICHO 3’€[HaHHsA, y 1MWKl loop() MIKPOKOHTpoJep 3IiiiCHIOE MHTraHHS
cBiTomiona, ouikytoun mepepuBanHs ESP GATTS CONNECT EVT. Ilicns
MIIKITIOYSHHS. MOOUTBHOTO MPHUCTPOIO 3MIHSIOIOTHCS TMapaMmMeTpaMu 3’ €THaHHS s
ONTHUMAJIGHOTO CITiBBiIHOIIEHHS MIBUAKOCTI T2 €HEPIOCIIOKUBAHHSL.

SIKII0 X ImicIs Ha/ICHIIaHHS CETMEHTA CHCTeMa IEPEXOANTD Y TIIMOOKHUH COH, Tiepen
CHOM TOTOYHHWH cTaH 3’eqHaHHsI (MAC-agpeca ICHTPAaTbHOTO MPUCTPOIO Ta iHIEKC
TpaH3akuii) 30epiraetecst y dmem-nam’sati ESP32-C3. Ilicns npoOymkeHHS 3a
nornomororo RTC-raiimepa npolimBka 3aBaHTaxye 30epexeHi JaHi Ta B aBTOMATHYHOMY

©XKUMI HaMaraerbCs BiJHOBUTHU uetooth-3’eHAaHHA 3 TUM caMUM MOOIJIBHUM
Bluetooth-3’ 0
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MPUCTPOEM — Iie 3abe3nedye MiHIMaJIbHY 3aTpPUMKYy Ha IOBTOPHY iHiIialli3aiiro

peKIaMu Ta TOBTOPHE MiAKII0UeHHs 0e3 yJacTi KoprcTyBaJa.

uinté4_t getChipId() {
uint64_t mac = ESP.getEfuseMac();
uint64_t id = 0;
for (int 1 =0; i < 6; ++i) {

id |= ((mac >> (40 - i * 8)) & OXFF) << (i * 8);

}

return id;

void setup() {
Serial.begin(115200);
delay(1000);

uint64_t chipId = getChipId();
char deviceName[32];

snprintf(deviceName, s f (deviceName),
"HM_%11u", (u d long long)chipId);

Serial.print("Device name: ");

Serial.println(deviceName);

esp_ble_gap_set_device_name(deviceName);

Y mporpamHOMy 3a0e3ledeHi peai30BaHO HH3KY JOJATKOBHX MeEXaHi3MiB
eHepro-edektuBHocTi (Tadm. 6.1.). Insg matunka MAX30102 nepenpbaueHo AMHAMIYHE
KepyBaHHS CTPyMOM CBITJIONIONIB: MiA 4Yac HakomwdeHHs 30-CeKyHIHOTO CerMeHTa
CBITJIOZIIOIN TIPALIIOIOTH i3 TOKOM 7 MA, TOZi K y may3ax MixX 30opamu iXHIH cTpyMm
MPOTPAMHO 3MEHIIYETHCS A0 HYJS Yepe3 3aluc y BIATIOBIAHNN pEricTp ceHcopa.

Tabauus 6.1. EHeprocmnoxuBaHHS MiKpOKOHTpOJIEpa 3 YpaxyBaHHIM JOIaHUX

MeXaHi3MiB

Pexxum podoTu TpusaicTb Crpym, MA Mpumirka

Active (omuryBanus + dinprpanis)|0,13 mc 90 I°C + Kalman (Q15)
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BLE-nepenaua cermenra (24 6aiit) |4 Mc 100 Baxumene Notify (AES-CCM)

LED-crpim MAX30102 (BikHO[30 ¢ 7 MOCTIHUIA CTPYM CBIiTJI01i01a

30HpaHHsT)

LED-BuMKkHeHHs (odikyBaHHs Ta|4...2 XB 0 [peryIbOBaHMUIi 3aJI€XKHO BiJl IKOCTI CHTHAITY

COH)

Light-sleep mix itepartisvu (10 mc|29,61 ¢ 1 ICPU 20 MTI'u, BLE stand-by

% 3000)

Deep-sleep micis cermeHra 2...4 xB 0,02 RTC-taiimep + 36epesxenns B NVS

Iepesamyck  Ta  BigHOBiIeHHs|10 Mc 60 inimianizanis BLE, BiZHOBIEGHHS peKJaMH Ta
3’¢IHAaHHS GAP-moii

KoxHi 1’Th XBWJIMH BHKOHYETHCS BHMIp HAIpPYT'H JKHBJICHHS 32 JOIIOMOTOO
¢ynkuii readBattery(), pe3ynbraru skoro 30epiraroTbes B HenoxiaHid nam’sti (NVS) ta
nepenarThes 1Mo 3axuiieHomMy kanamy BLE y MoOiTbHUE 3aCTOCYHOK 1T MOHITOPUHTY
piBHA 3apsay. Tako BIPOBAaIKEHO aJallTUBHUI alrOpUTM TPUBAJIOCTI IIMOOKOIO CHY:
SKIIIO B OCTAHHBOMY CEI'MEHTI BHsIBJIeHO MeHIIe Hix 10% aHOManbHUX BigxuneHs, Deep-
sleep TpuBae 240c, a 3a yactimmx apredaktiB—120c, M0 ONTUMI3y€ CIiBBITHOIICHHS
eHepro30epexeHHss Ta sKocTi naHux. Hapemri, mepen mnepexomom y Deep-sleep
36epiratoTbes Kirouosi 3MiHHI (deviceConnected, samplelndex, chipld) y gnent-nam’sri,
IO /T03BOJIAE Ticis MpoOymkeHHs MmBHUAKO BigHoBUTH BLE-3’€nHanHs Ta HacTpoi
ceHcopa 06e3 HeoOXiTHOCTI MMOBTOPHOT iHIITiaTi3allii.

6.2. CTBOpeHHs MOOIILHOrO 3acTOCYHKY s npuiiMmanasa BLE-nanux,
BifoOpa’keHHs TesleMeTpii Ta peTpaHCcJsLil cerMeHTIB y XMapy.

Jlnst po3poOKu MOOLTEHOT'O 3aCTOCYHKY Oyii0 00pano ¢peiimBopk Flutter 3apmsiku
HOTo 3AaTHOCTI €AMHUM KOAOM miaTpuMmyBaTh i Android, i i0S, mo ckopodye BUTpaTn
Ha pO3poOKy Ta TEXHIYHY MIATPEMKY. Y poOoTi BukopucraHo maker flutter blue plus
s B3aemonii depe3 Bluetooth Low Energy, sxwii 3abe3neuye HaniiiHy (OHOBY

CHHXPOHI3aIlif0o, BHUSABJICHHS Ta AaBTOMATWYHE BiIHOBIICHHS 3 €THAHHA 3 HOCHUMHM
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npuctpoem Ticis Buxoxy ESP32-C3 i3 pexumy raubokoro cHy. s modaTKoBOTO
3B'sI3yBaHHsI 3aCTOCOBaHO (r_code scanner, 110 JO3BOJISIE CKaHyBaTh yHikanbHuN QR-
KOJIl MIPUCTPOIO 1 30epiratu Horo inentudikaTop y 3axuiieHomy cxosuii. [Taker http
BUKOPHUCTOBY€EThCS A (opmyBaHHS Ta BiampaBku JSON-3amutiB 1o API Gateway,
4yepe3 SKU CerMEHTH NaHMX MAapIIpyTU3YIOTBCS 1O MiKpocepBiciB OekeHny. Taka
KOMOIHAIlil 1HCTPYMEHTIB TapaHTye O€3IIOBHY IHTerpalifo (i3WYHHX IaTYHKIB 13
XMapHOI0 aHAJTITUKOIO Ta HAJae KOPUCTyBady IHTYITHBHMI 1 Oe3nepepBHHN OCBiA
CIIOCTEPEIKEHHS 33 CTAHOM 3JI0POB’s1.

Expan peectpariii peanizoBano (puc. 6.1.) y register screen.dart Ta mpu3HaueHO
JUIsl BBEJICHHSI Ta BaJIiialii JaHMX HOBOTO KopuctyBaya. [1ix yac 3aBaHTa)KEHHS BiJpKETa
3a JI0NOMOT 010 1akeTa provider crBoproeThes ekzeMiuisip UserService, uepes sikuii Hagati
BUKOHYIOThCsI HT TP-3amnutu Ha cCTBOpEeHHs 00J1iKOBOTO 3anucy. [HTepdeiic MiCTHTh MO
JUTS IMEHi, aipecy eJIeKTPOHHOI MOIITH, TApOJIs Ta HOTO MiATBEPIKEHHS, KOXKHE 3 SIKIX
nepeBipseThCS Ha MOTPiOHY MOBXKUHY, popMaT i BiqnoBigHICTh uepe3 Meronu Validators.
ITicnst HATHCKAaHHSA KHONKH «3apeecTpyBaTHCS» BiIOYyBa€ThCS ACHHXPOHHHU BHKIHUK
userService.register(), sikuil moBeprac TOKeH ayTeHTuQikauii. Y pasi ycIiXy TOKEH
onpasy 30epiraetbes B Flutter Secure Storage, a 3acTocyHOK 0e€3 10JaTKOBHX KPOKIB
MEPEeXOJUTh Ha TOJNOBHMU ekpaH (“mambopn”), 1o 3a0e3nedye IJIaBHICTH
KOPUCTYBAaI[LKOTO JOCBiLy 03 HEOOXiTHOCTI MOBTOPHOTO BXOAy. Takox i BiKe
3apeECTPOBAHUX KOPUCTYBAUiB JOCTYIMHUN €KpaH BXOMY 1 CIIY>KUTb JUI ayTeHThdiKarii.
Ha npoMy ekpaHi KOPUCTYBau BBOJMTH €JIEKTPOHHY IOILITY Ta Mapoiib, IPUIOMY KOXKHE
moJie KOHTpoIoeThea KoHTposiepoM TextEditingController i BamizyeTbcs 3a 10TOMOT010
Tux camux yTwiiT Validators. Ilpn HaTHCKaHHI KHOIKH «YBIHTH)» BUKOHYETHCS METOJ
userService.login(), sikuit Haxcunae 3amut i3 JSON-TioM 10 KiHIeBoi Touku /auth/login.
VY pasi ycminHoro BiANOBIZl cepBepy NMOBEPHEHUI TOKEH 30€piracTbest y 3aXHIICHOMY
CXOBHIIII Ha MOOLTEHOMY NPHUCTPOT, a MOTIM BiI0OYBAETHCS HAaBIrallisi Ha TOJIOBHUH €KpaH.
VY BHNaJKy MOMUIKH ayTeHTU(IKaLlii Ha eKpaH BUBOJUTHCS CIIOBIIICHHS 38 JOMOMOTOKO
ScaffoldMessenger, 1o iHGOpPMye KOPHUCTyBaya MPO HENPABUIBHO BBEICHI JaHi,

3a0e3Meuy0Yr IPo30PIiCTh | KOPEKTHE BiANPAIFOBAHHS TOMUJIKOBUX CIICHAPIIB.
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21:30 & al 7T %

Create Account

Full Name

Email

Fill Account

o Sign in with Apple

Puc. 6.1. Expan peectpariii kopuctyBada

Jlani xopucTyBau MOTpaIuisie Ha eKpaH HaJAIITyBaHHS IPoQuUTo 370poB’s (puc.
6.2.), sikuii 3a0e3reuye 30ip KIFOYOBHX MEPCOHATBHUX JTaHUX KOPHUCTyBada, HEOOXiTHUX
JUIs ajanTauii anropuTMiB kiacudikamii Ta po3paxyHKy IHAWBIAYyaJbHUX IIOPOTiB.
Iutepdeiic ckmamaeTbes 3 MOJIB UL JaTH HAPOKCHHS, Baru (Kr), 3pocTy (CM), cTati
(uosIOBiK/KiHKA/IHIIE), IEPENIKY HIKI[UIMBUX 3BUYOK (MHOXHHHHH BHOIp) Ta HassBHOCTI

IUXaJbHUX MPobJeM (Ipanopenp «Tak/Hi»).
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Health Profile

~ Weight (kg)
92

~ Height (em)

170

r Sex

Male -

Bad Habits (Select all that apply)

Smoking O
Alcohol
Sedentary lifestyle
Poor diet O
Stress

Breathing Problems

Do you have any breathing O

diseases?

Save Profile

Puc. 6.2. Expan HanamryBaHHs Ipo(iIi0 KOPHCTyBada

Jlns ympaBiTiHHSA CTaHOM (POPMH 3aCTOCOBAHO IMakeT provider: mpu iHimiamizarmii
BiJKeTa CTBOPIOETHCS Mozenb ProfileViewModel, sika MicTUTH KOHTpoJiepH HOMIB 1
MeToau Bamimarii. KoxHe 1oje mepeBipseThCsl Ha KOPEKTHICTh BBEACHHS (HAIPUKIIAL,
Bara Ta 3picT — y Mekax peamiCTHYHHuX (i310N0riyHMX 3HAYCHD, JaTa HAPOHKCHHSI —

HE Mi3HillIe 3a TOTOYHUH JICHbB ).
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[Ticns 3amoBHEHHS BCiX 000B’I3KOBUX IOJIiB HATHCKAHHAM Ha KHOTIKY «30epertTm»
BUKOHYEThCS aCHHXPOHHMI BHKIMK ApiService.saveProfile(profileData), y sxomy
3i0paHi fgani nakywothes B JSON-06’exr. [1ig yac BignpaBku BioOpaxaeThes iHAUKATOD
3aBaHTAXEHHS, a Y pa3l yCIIIIHOI BiAMOBiI cepBep moBeprae craryc 200 i OHOBIICHHHA
npodias KOpUCTyBada, SIKMH 30epiraeTbcs JIOKaJbHO 3a gormomororo Flutter Secure
Storage. [Ticnst 30epekeHHs 3aCTOCYHOK aBTOMAaTHYHO BUKOHY€ HaBIralilo /10 TOJIOBHOTO
ekpany (Dashboard), mo rapanTye miTicHICTh JaHUX 1 BUKITIOYA€E TyOJIIOBaHHS KPOKIB.
Takum uymuOM, Profile Setup Screen BuKOHYe BaXiIMBY (YHKIIIO IIEPBHHHOTO
HaJIAIITYBaHHS CHCTEMH: BIH CTBOPIOE OCHOBY JieMorpadiuHux Ta (izionoriyHux
mapamMeTpiB, 10 HaJlali BIUIMBAIOTh HAa TOYHICTH 1 IEPCOHATI3AIIII0 IPOTHO3Y AIllHOE CHY.
[Ticnst mepuioro BXoay KOPHCTYBad BBOIUTH 0a3oBy iH(opMalilo: AaTy HapOIDKEHHS,
Bary, 3picT, cTarb, LIKIJUIMBI 3BMYKH W HAasBHICTH pecripaTopHux mnpodiem. Lli maHi
moTpiOHI IS KOpekmii anropuTMmiB kimacudikamii ¥ po3paxyHKY IHIUBIZyaIbHIX
moporiB. YcmimrHe 30epexxeHHs depe3 ApiService 3aBeplrye HaJalITyBaHHS Ta TOBEPTA€E
Ha ekpaH ckaHyBaHHA QR xoxy mis 3emHanHs 3 mpucTpoeM peectpanii OIII curnany.

Expan ckanyBanust QR-kony (puc. 6.3.) npuzHaueHu i s IBUIKOTO W HAlIHOTO
3’€THaHHS 3 IPUCTPOEM 32 JIOTIOMOTOI0 YHIKaIBHOTO i1eHTndikaropa. [licns HaTuckaHHs
kHomkH «CkanyBat QR-kom» BUKOHYEThCS iHiIiamizalis ruiarida qr_code scanner,
KWW y peabHOMY 4aci 00po0IIsie BileonoTiK i3 KaMepu cMapTQoHa Ta po3Mi3HA€E KOJH
y dhopmati QR. Anroput™m pobOTH CKIaIa€eThCs 3 TPHOX eTamiB. Ilepumm KpokoM micist
3aIycKy BijpKeTa BiOyBa€eThCsl HANAINTYBaHHS KOHTpoOJiepa KaMepH 3 aBTOMAaTHYHOIO
toxycyBanHaM i miaTpumioro nume hopmary QR CODE s migBuIieHHs MIBUIKOCTI
Ta TOYHOCTI CKaHyBaHHA. llo-mpyre, mpu BUSBICHHI KOXy BinOyBaeTbcs HeraiiHa
3yIMHKa TIOTOKY Ta IIepeBipKa psiika Ha BIANOBIAHICTH PETYIIPHOMY BHpa3y
“HM \d{12,}$”, mo rapantye xopekTHuii popmar inentudikaropa chipld. [To-Tpere, y
pasi ycmixy ¢opMaTyBaHHS BiJICKAHOBaHUI HOMep 30epiraeThcs uepes SecureStorage, a
3aCTOCYHOK aBTOMATHYHO 3JIHCHIO€ HaBiramito 10 ekpaHy BleConnectionScreen,

nepenarouu 30epexxeHui ineHTudikarop.
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%
19:49 2 Wl T 875 %,

Scan Device QR Code

Scan the QR code on your device

Puc. 6.3. Expan ckanyBanus QR-kony
Ha expani mepexbaueno iHAWKaTOp cTaTycy 3 moBigomseHHsME «HeBipHuit
(hopmary, 1m0 BUBOIATHCA 3a fonoMoroto SnackBar (puc. 6.4.). Takuii migxin 3abe3nequye
MiHIMaJIBbHY 3aTPUMKy MK CKaHYBaHHSIM 1 BCTAHOBJICHHSM 3 €IHAHHS, BUKIIOYAE
MOMHJIKM py4yHOro BBeneHHS chipld Ta mixBuIIye 3pydHICTH KOpHCTyBauya HpH

MIEpBUHHOMY HaJlalTyBaHHI IPUCTPOIO.
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Scan Device QR Code

bt

Invalid device code. Must be 15 digits.

6.4. Expan ckanyBanas QR-komy 3 MOMUJIKOO PO HEBIpHHI opmar

[Ticns ycnimHOTO po3mi3HaBaHHS Ta MiATBepIKeHHS PpopMaTy QR-Kkomy Ha ekpaHi
CKaHyBaHHS BinOyBaeThCS aBTOMATWYHE 30€pekCHHS IICHTHU(IKATOpPa IPHCTPOIO 3a
JOIIOMOTOK0  CIY)KOM 3aXHIIEHOI0 CXOBHINA, IO TapaHTye HOro JOCTYIHICTh Yy
HACTYIIHHUX CeaHcax 0e3 MOBTOPHOrO BBeACHHs. ITiciis 1BbOTO IHIIIIOETHCS MpoIEaypa
BcTaHoBJCHHs  Bluetooth-3’eqnanns (puc. 6.5.): BUKJTMKAETHCS METOJ

BleService.connectByld(chipld), skuit 3anmyckae ¢oHOBe CKaHyBaHHS pPEKIaMHHX
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MaKeTIB 13 (GLILTPOM 32 30epeIKCHUM 11eHTH(IKATOPOM Ta, 38 HOro BUSBIICHHS, 3I1HCHIOE

M KITIOYSHHS 10 BiAMOBITHOTO MPUCTPOIO.

00:30¢ o K&%

< Available Devices [ ]

Q

. Searching for your device

®

Scanning for devices...

Puc. 6.5. Expan BcranosnenHs BLE 3'ennanus

YV Bumanky, SKmo B Xoai (JOHOBOI MpOIeaypH CKaHyBaHHS IPHIA] i3 BKa3aHUM
ineHTn(ikaTopoM He OYII0 BUSABJICHO IPOTATOM BCTAHOBJICHOTO TaM-ayTa, 3aCTOCYHOK
ABTOMAaTHUYHO MEPEXOIHUTH 0 €KPaHy PYYHOTO MOIIYKY JOCTYIHUX IpHCcTpoil.. Ha mpomy
eKpaHi BiOOpakaeThcss CHHCOK Beix 3HaimeHnx BLE-mpuctpoiB (puc. 6.6.),

¢utpTpoBanNx 3a mpedikcom “HM ” y IXHIX pekIaMHHX IakKeTax, IO J03BOJISIE
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KOpHCTyBauy oOpaTh MOTpiOHWMI MpHUCTpil y pasi HecTanmapTHoro dopmyBaHHs QR-

Koy ab0 HEIOBHOTO OHOBJICHHS CITHICKY.

02:45¢ a7 E&

< Available Devices C

HM_6478FDBDF5FO Connect

Puc. 6.6. Expan noctynuux BLE npuctpois

Takuii MexaHi3M 3a0e3nedye THYYKICTh Ta HaJAIMHICTh MPOIECy BCTAaHOBICHHS
3B’S13Ky HaBiTh 32 YMOB THM4YacoBOI HEJOCTYIHOCTI a00 HEKOpeKTHOI KoHirypaii
HOCHMOTO TIpHJIay.

[MapanemsHO BiOyBa€eThCs nepexin bi(s) eKpaHy M AKITFOYCHHS
(BleConnectionScreen) 3 mepenaueto mapamerpa chipld, ne BimoOpaxkaerbcsi mporpec
BCTaHOBJICHHS 3’€nHaHHs (puc. 6.7.). Y pa3i yCHINIHOTO MHiIKIIOYEHHS KOPHCTYyBad
oTpuMye iH(OpMAIifo, 0 MPUCTPIH MIAKIIOYCHO Ta MEPEHAMPABISIETHCS 0 CKpaHy

MOHITOPUHTY B PEKHMi PEaIbHOTO Yacy.
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< Available Devices @

3 HM_26493824515901
2

Connect

Puc. 6.7. TToBigomIteHHS YCIIIITHOTO ITi IKJIFOYEHHS IPHCTPOIO

Taka mocmiJOBHICTH Ail MIHIMI3ye 3aTPUMKH MK CKaHyBaHHSIM Ta I0YaTKOM
0OMiHYy JaHUMH, BUKIIIOUAE TIOMHJIKH PYYHOTO BBEJCHHS Ta 3a0e3neuye OesnepeliiiHy
IHTerpaito KpaiioBOro 1aTuhKa y 3arajibHy CHCTEMY MOHITOPHUHTY.

Expan MoHiTOpHHTY 3710poB’s (puc. 6.8.) moOymoBaHO Ha OCHOBI PEaKTHBHOIO
Bipkera StreamBuilder, sIkuil miaMUCy€eThCA Ha CYKYNHICTh MOTOKIB, III0 HAJA€ CITyK0a
PpgService: moroku BimmikiB ¢oromierusmorpadii (PPG), MUTTEBUX 3HAYCHD YACTOTH
cepueBux ckopouenb (UCC), HacuueHHs kpoBi kucHeM (SpO:), kaTeropii cermMeHra

(Normal, HYP, A) Ta monennoro ingekcy annoe-rirmornHoe (AHI).
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23:38 il B t&

Health Dashboard a
Heart Rate
' 72.5 bpm
., spO2
=2 98.2%

Sleep Quality
‘ Good (7 hours)

Apnea Classification ®

HYP A N
45.0% 25.0% 30.0%
Daily AHI:

Puc. 6.8. EkpaH MOHITOPHHTY 310pOB’S

[Micns imimiamizamii ekpaH BukiIMKae Mmeromu PpgService.startListening(), sxi
3aIllyCKaloTh IANUCKYy Ha xapakrtepuctuku BLE-cepBicy “BumiproBanHs wactoTu

ceprebutTs”. Yci Bxifni Oaiitu po3muppoByroThes sk JSON-mozaens PpgData, 3 sikoi



137

ciayx6a GhopMye II’SITh OKPEMHX MTOTOKOBHX KOHTpPOJEpiB. JIJs KOXKHOTO 3 KIFOYOBUX
nmokasuukiB (UCC, SpO:, kareropis cermenta, AHI, sKicTh CHy) CTBOPEHO BIIACHHMIA
moTik, 1mo oHoBmoe BiamoBimuuit Card y Ul HeraiiHO micias HaAXOKEHHS HOBOTO
3HAYEHHS.

V BHNaAKy, KONHM HOCHMHU TPHUCTPIH 3apeecTpOBaHO, ale HE IiIKIIOYCHO
BioOpaxkaeThCs MoBimOMIIeHHS (puc. 6.9.), IO CHTHAII3YE, 0 MOTPIOHO MiAKIIOYATH

HOCUMUH ITPUCTPIii 10 MOOUIEHOTO Tenedony.

01:20 all =

Health Monitor o

Device Status

No device connected

¥ Connect Device

Health Data

Heart Rate

' 0.0 bpm

Sp02
0.0%

I

Sleep Quality

‘ N/A (0 hours)

Apnea Classification @

HYP A N
0.0% Q028 0.0%

Puc. 6.9. TToBigonMeHHS PO MOMHJIKY ITiJKIFOUCHHS TPUCTPOIO
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[Tpu HatuckaHnHi Ha KHONKY “Tlix'eqHaTH JeBaiic” BiIKPUBAETHCSA BIKHO MOIIYKY
3apeECTPOBAHOr0 MPHUCTPor0 3a chiplD, mo 36epekeno B mam'sti tenedony. Ilicms
MIIKJIFOYSHHS] KOPUCTYBaya HaMpaBisie Ha eKpaH

brok 3 kareropi€eio cermeHTa BioOpaXkae MOTOYHUMA CTaH JUXAIBbHOI aKTUBHOCTI
K KOIBOPOBY MITKY («Normaly — 3enennit, «HYP» — x0OBTHIA, «A» — UYepBOHMIA).
Ianexc AHI (moneHHn#t KoedimieHT alHOE-TIMOMTHOE) BUBOIUTHCS ITOPS] i3 TEKCTOBHM
TIOSICHEHHSIM PIBHS TSDKKOCTI (HOpPMa, JIETKA, CEPEITHsI, TSKKA).

J1s cBoegacHOTO iH(POPMYBaHHS MMAI[IEHTA B KO ITepeI0adeHo MiAMUCKY Ha ITOTiK
PpgService.anomalyStream, KU BiZIIpaBIIsie push-crioBileHHs 4epes
flutter _local notifications. SIkmo B kareropii cermeHTa 3’sBisieThes «A» abo “HYP”,
BUKIUKaeThess Meron  NotificationService.showAlert(), mo ¢dopmye JoKagbHE
noBizomiieHHs 3 TekctoM «[lizo3pa Ha amHOe — mepeBipTe CTaH» Ta IKOHKOI TPHUBOTH
(puc. 6.10.a.). Takox y BHIAAKYy 3apsmy IPHCTPOIO HIDKYE KPUTHIHOTO PiBHS
BiIpaBISIETHCS push-croBilmeH s, MO MOTPIOHO 3apsAAUTH MOOUTFHHUN TIPUCTPIH (pHC.

6.10.6.).
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Puc. 6.10. a) Hotudikamis mpo aHOMaIbHI MOKa3HUKH. 0) HOTHIKAIS TpO

HU3BKHI piBEeHb 3apsay OaTtapei mpucTporo

TakuM 4MHOM, €KpaH 37J0pOB’sl pealizy€e MOBHOLIHHNI KOMIUIEKC MOHITOPUHTY B
peanbHOMY 4aci, MOEJHYIOUM CTaTHCTHYHY, IpadidHy Ta KaTeropiiHy iHopMamioo B
€IMHOMY, IHTYITHBHO 3p03yMiIoMy iHTepderici.

Takox mpu 3MiHI JaHUX PO KOPUCTyBaya, eKpaH HauaiTyBaHb (puc. 6.11.) mae

3MOTy KepyBaTH 0COOMCTOI0 iH(OpMaLli€r0.
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03:25¢ all T %

< Settings
Device Information

Device ID
€200,

44C5-BA4E-6BB7CEG24D22
Chip ID
Mat available

User Data

Weight (kg|

Height (cm)

Bad Habits
Smoking Alcohel Sedentary lifestyle

Poor diet Stress

Update Profile

Puc. 6.11 Expan HanmamryBaHb

Ha expani HamamryBanb, okpiM 6a30Boi iH(opMariii mpo migKITFouYeHIH TPUCTPIH
(Device ID, Chip ID), xopuctyBad Moke KOpUTYBaTH BIACHHI MPO(]iiah, BBOASIYH Bary i
3pict y BigmoBimHi TekctoBi mossi. Cexkmis «Bad Habits» peanizoBana sk mepeiik
nepeMuKkaviB (4ekOOKCIB) ISl MO3HAYEHHS IIKLAJIMBHUX 3BUYOK (TIJiHHS, aJKOTOJb,
MaJIOPYXJIMBUH  CIIOCI0  JKUTTS,  HENpaBWIbHE  XapuyBaHHsi,  CTpec),  IIO
BUKOPHCTOBYIOTBCSl JJII yYTOYHEHHS pPU3UKOBOTO Tpo¢imo Tpu o0poOmi maHux
nonatkoM. Ilicis BHeceHHst 3MiH kHomka «Update Profile» akTuBye acMHXpOHHMI
BUKJIMK IO CEPBEPY, SIKM MepeBipsie BAIHICTh BBEJCHUX 3HA4YEHb, 30epirac OHOBJICHI
JlaHi Ha cepBepi Ta B JIOKAILHOMY 3aXHMIIEHOMY CXOBHIII. 3aBJISKH [IbOMY €KpaH Hajae
THYYKUI MEXaHi3M MepcoHalli3alii MOHITOPHHTY, J03BOJISIFOYH aIaliTyBaTH aJITOPUTMHU
kiacuikamii armHoe BiAMOBIIHO A0 IHIWBIAYAIBHUX 0COOIMBOCTEH KOPUCTYBAYa.

6.3. IIpoexTyBaHHSA MIiKpPO cepBiCHOTO OeKeHAY A NpHiiMaHHS, 30epiranus
Ta MOTOKOBOI 00POOKH HioMeTNYHNX TaHHX.

bekenioBa yacTHHA CUCTEMU MOHITOPUHTY 3/10pOB’sI pealli3oBaHa 3a IPHHIUITAMH
MiKpocepBicHOT apxitekTypu 3 BukopuctanusMm Node.js 1 TypeScript, mo 3abe3neuye

BUCOKY MOZ[yJ'II)HiCTI), MMpOCTOTY PpO3ropraHHsA Ta MOXJIMBICTE  HE3aJIEKHOI'O
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MacImTadyBaHHS OKpEeMHX KOMITOHEHTiB. Ko)keH cepBic BiAMOBigaE 3a 4iTKO BU3HAUCHY
00s1acTh (PYHKIIIOHATBHOCTI: CepBIC ayTeHTHU(IKAIIT Kepy€e PEECTPALIIEI0 KOPHCTYBAUIB,
BUIycKoM 1 Bawmiarieto JWT-TokeHIB Ta iHTerpaii€ro i3 30BHIIIHIMU MpoBaiaepamu
imeHTu(iKaIii; ceppic ympaBIiHHS IPUCTPOSIMH OMIKY€ETHCS PEECTPAIII€I0, CTATyCOM Ta
KoH(piryparmiero kiHumeBux BLE-moxymiB; cepBic MeOUYHUX HaHUX 3alMa€TbCS
MpUHOMOM,  TIONEPEAHBOI0  OOpOOKO0 1 30epeXCHHSM  YacOBHUX  PAMIIB
¢ororuteTn3amorpadii Ta MOKa3HHUKIB CepIeBOT NisUIBHOCTI; aHAIITHYHMI CEPBIC BUKOHYE
00pOOKyY TpeH/IiB, BUSBICHHS aHOMATIH 1 (POPMYE 3BITH; a CEpPBIC CIIOBIIIICHb BiIIOBigae
3a reHepauito push- Ta email-anepriB Ha OCHOBI KDUTHYHUX MOJIH.

Juis 3a0e3neueHHs] HaAilHOT KOMYyHiKauii MK MiKpocepBicaMu Ta peaitizarii
nojiieBoi B3aemonii 3actocoBaHo RabbitMQ sk Gpokep MoBiJoMIIEHb i3 HIATPUMKOIO
NaTepHiB MyOmiKanii-miAMMCKY Ta 4epr. 3aliTh BiJ KIIEHTCHKOT YaCTHHH HPOXOMASATh
yepe3 API-Gateway, mo pealizye MapmipyTH3allifo, OajJaHCyBaHHS HaBaHTa)KCHHS,
00OMe)XEeHHSI 4acTOTH Ta IMEPeBipKy BaTiTHOCTI BXINHMX JaHUX. Taka cxeMa JO3BOJIIE
130JIF0OBaTH BHYTPIIIHIO JIOTIKY KOXHOTO CEpBiCY Ta 3HHM3HUTH 3B’S3HICTH CHCTEMH,
OJTHOYACHO 30epiraroyu IEeHTPali30BaHUN KOHTPOJIb JOCTYILY 1 Oe3meKu.

3a 30epexeHHst KOPEKTHOCTI AaHuX Bifmosinae PostgreSQL y moennanni 3 Prisma
ORM, sikuii 3a0e3neuye THIIOOE3MEUHi 3aMUTH Ta CIIPOIIYE MIrpailii cxemu 0a3u TaHUX.
st 30epiranHs ceciii Ta HIBUIKOTO JOCTYIY O NMPOMDKHHMX PE3YJIbTATIB aHAIITHKA
BUKOpUCTOBYEThCST Redis. Momeni KOpuUCTyBadiB, NPHCTPOIB 1 MEAWYHHUX JAaHHX
peani3oBaHO Yy BHIUISII YIiTKOTO MPEJIMETHO-OPIEHTOBAHOTO TIPEJCTABICHHS, IO
HOJIETIIY€ MiATPUMKY 1 IOANBIINHA PO3BUTOK CHCTEMH.

VY ©6a3i maHux, mo OOCIyroBye MiKpocepBic 30epe)XeHHS MEAWYHHX NaHHX,
BUIUICHO HHU3KY KIIOYOBHX TaONlMIb 13 YITKOW NPEIMETHOI CTPYKTYPOK Ta
BCTaHOBJICHUMH 3B’ SI3KaMU MK HUMHU:

® users - 30epirae iHdopMariio Ipo 3apeecTpOBaHUX KOPUCTYBAUIB CHCTEMH.
Koxxen 3ammc mictuth yHikaneHUH ineHtudikarop (UUID), anpecy
CJICKTPOHHOI TMOIITH, XEII MapoJis, iM’sl, 1aTy HAPOIKCHHS, CTaTh, 3PICT 1

Bary. JlomaTtkoBi mmojsi — Jara CTBOPEHHS H OCTAaHHBOI'O OHOBJICHHS
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npodiro, a Takok cTaryc Bepudikaiii — 3a0e3MeuyroTh BiICTEKCHHS
YKUTTEBOTO IUKJTY KOPUCTyBayda Ta iCTOPIi0 3MiH HOTO TIEPCOHAIBHUX TaHUX.
devices - y miif Tabmuii peectpyroThes Kpaiiosi monymi ESP32-C3 i3
cencopom MAX30102. JIas KOKHOTO MPHUCTPOIO 30€piracTbcsi BIACHUI
UUID (chipld), morounnii craryc 3’equanns (online/offline), yac ocraHub0i
CHHXpOHI3aIlil Ta HalaIITyBaHHS iHTepBaliB BHOIpkM ¥ pekimamu BLE.
BcTanoBaeHO 30BHINIHIA KIIOY OO0 TaONMIl users, IO JJI03BOJILE
BiIOOpa3uTH, SKi caMe KOPHCTYBadi MPHUB’SA3alH IO CBOTO OOJIKOBOTO
3arucy KOHKPETHUH NPUCTPIH.

raw_records - rabnuiist 36epirae cupi 3untyBantst PPG (3nauenns IR i RED)
i3 yacoBuMu MiTkamu. CTpyKTypa BKIIOYa€e NepBUHHUIA Koy, foreign key
Ha devices, mosne timestamp Ty TIMESTAMPTZ, a Takox 1Ba MacHUBHI
cropmui (ir_values[], red values[]) a6o JSONB-monme ams 30epiranHs
MOCTiMOBHOCTI BimmikiB 3a 30-cekyHIHI CErMEHTH. I[HIEKCyBaHHSA IIO
(device_id, timestamp) 3a6e3meuye MBUAKANA JOCTYH IO YACOBHUX BIKOH i
Yac aHAJIITHKH.

processed_records - micist mepBUHHOT GiUTBTPALil i BUSBICHHS MIKiB TAOIUIIS
30epirae arperoBaHi IOKa3HMKH CETMEHTa: CEPEAHI0 YacTOTy CEepLEBUX
ckopoueHb (HR), cepemuio catypamito (SpO:2), KaTeropiro IUXaJIEHOTO
cermenTa (Normal / HYP / A), a Takoxx po3paxoBanuii ingexc AHI. Koxen
3aMyC MICTUTh 30BHIMIHIM KJIFOY HA BIAMOBIIHHA CETMEHT CHPHX IaHUX
(raw_record id), mone analysis_time i 1omaTKoBi aTpuOyTH — 3HAYCHHA
nucmepcii curHaimy, MiTKy aHomanii (boolean) Ta mapameTpu airopuTMmy
(HampuKIIa1, BUKOPHUCTOBYBAaHUI ITOPIT).

notifications - TyT ¢ikcyroTbcs Bei push-crioBileHHs, o Oy BiANpaBIeHi
KopucTyBaueBi. JIs KOXXHOTO CIHOBIIIEHHS 30epiratotecs user id,
device_id, Tun moBigoMIICHHS (HAIPUKIIAL, €AITHOEY, «TIIIOITHOEY, «HU3bKa
Oartapest»), yac reHepallii Ta cTaryc aoctaBku. Lle gae 3Mory mpoBOIuTH
ayJIUT CIIOBILEHb i TTOBTOPHO BIANPABJIATH HAraJlyBaHHS y pa3i HEBIAIOi

JOCTaBKH.
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e sessions (abo auth_tokens) - BUKOPHCTOBY€ETBCSI JUIS BiICTEKEHHS aKTUBHUX
JWT-ceciii. MictuTs mosst user_id, caM TOKeH y 3amm(poBaHOMY BHIIIAI,
yac TovyaTKy Ta 3aBepiieHHs 1ii, [P-aapecy ta nmpuctpiii (user-agent). Taxe
pillIeHHsS CcIpusie peattizamii KpuTepiiB Oe3neku (BiAKIMKAHHS TOKEHIB,
00MEKEHHS KIJTbKOCTI OJJHOYACHHUX CECii).

Ocob6nrBa yBara mpuiieHa TUTaHHSAM OE3IEeKH Ta BiIMOBITHOCTI HOPMAaTHBHUM
BUMOTaM: yCi CepBiCH OOMIHIOIOTBCS KOH(DIICHIIMHUMH aHUMH BHKIIOYHO Yepe3
HTTPS i3 3actocyBanHsM JWT-TOKeHIB, peayi3oBaHO INIH(PYBAHHSA NAHWX IiJ 4ac
nepezadi Ta mpd 30epiraHHi, a BXigHI 3allUTH MPOXOJSITh Bajigamio Ha piBHi API-
Gateway. PosropranHs cucteMu niepeibaucHo B KoHTeiHepax Docker i3 BUKOpUCTaHHIM
Docker Compose, 1110 rapaHTy€e BiITBOPIOBAHICTh CEPEIOBHUIIA Ta CIPOIIYE IHTETPALII0
B CI/CD-mponiecu. Takum umHOM, apXiTekTypa OekeHmy 3a0e3rnedye HaIiiHICTb,
MacmTaboBaHICTh 1 0e3MeKy B yMOBaX OOpOOKH BENHMKHX OOCATIB MEIUYHUX NAHHUX Y
PEXUMI peabHOTO Jacy.

6.4. Peanizamis ckpunty minroroBkm ganux i HaBuanaa LSTM-
kJaciikaTopa Ha cermentax HR ta SpO..

Y mporeci miaroroBku naHumx s HaBuaHHA LSTM-knacudikaropa Oyno
06’exnano cermentr YCC Ta catypauii i3 Tpbox kiiHiuHUX Jkepen: UCDDB, Apnea-
ECG ta BIDMC. Koxen cerment tpuBae 30 ¢ i nmpezacrasienuii 1soma kanagamu YCC
Ta caryparlii, JonoBHeHUMH AeMorpadiuaumu o3Hakamu (BiK, cTaTh, 3pict, Bara, IMT).

Bynp-sike pKepeno MaHuX Majio BiacHuWi posmoxain kiacis: y UCDDB Binbip
MICTHUB JnIIe 00CTPYKTUBHI arHoe Ta rinomnHoe, B Apnea-ECG — HopmasibHi Ta anHoe,
a BIDMC — nume HopMaibHi cerMeHTH. {71 HA0YHOCTI HaBeIEHO PO3IMOAUTH MiTOK

(Tabm. 6.2.).

Tabnwms 6.2. Po3noain kiraciB y BXiTHUX Habopax JaHUX

Iaracer Normal (N) |Apnea (A) |Hypopnea (HYP)
ucbbB |0 17 99

Apnea-ECG (12 860 8121 0
BIDMC 848 0 0
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Jlemorpadiuanii aHami3 KOXKHOTO JaTacery OyB BHKOHAHWUH JUIsl TIEPEBIpKH
aJIeKBaTHOCTI Ta ofgHopigHocTi BuOipok. CepenHiii Bik ydacHukiB UCDDB crtanoBus
52,1 + 11,1 pokiB, Apnea - ECG npezcrasiisie cyto 35-piuHuX 4ojoBikiB, a B BIDMC
cepenHii Bik — 65,6 £ 18,3 pokis. Po3noxin 3a crartio 8 UCDDB 6yB 73 % 90710BiKiB,
y Apnea-ECG 1a BIDMC — 100 % u4onogikiB. [leranbHime nemorpadiro KOXXHOTO
JlaTaceTy NpeJICTaBIeHO Y Tabuuili 6.3.

Tabmuus 6.3. lemorpadiunuii mpodie mKepen JaHux

Jlatacet KimpkicTs 3ammciB  |CepenHiit Bik (o) CmiBBinH. 9/ (%)
UCDDB 132 52,1 (11,1) 73127
Apnea-ECG 20981 35,0 (0,0) 100/0
BIDMC 848 65,6 (18,3) 100/0

ITicns 3aBaHTaXEHHS CHPUX NAaHMX BUKOHAHO OYHCTKY Bifl aHOMAJbHHX Ta
MIPOITYIIEHNX 3HAa4YeHb: NMPOIYCKH 3aMiHEHI Ha MeNiaHy BiJIIOBIHOTO TMapamerpa B
Me)Kax CEerMEHTa, a BIMIIKHM i3 MOMMJIKOBUMH apredakramu (> 5 ¢ BiX cepeIHBOro)
BIAKMHYTI. HacTymHUM eTarmoM cTajo y3ro/KEHHS YacOBHX BIKOH — KOXKCH CEIMEHT
HOpMaJizoBaHo Ha JoBxuHY 3 000 BimmikiB i3 kpokoM auckperusanii 100 I'o.

CKJICIOBaHHS BCIX CErMEHTIB Jaj0 IOYaTKOBHUH MacuB po3Mipom 21 945
cerMeHTiB. J[ms  yHHKHEHHsS KIa-COBOi  JMCOAJaHCHOCTI OyJOo  3aCTOCOBAHO
CTpaTU(IKOBaHY MiABHOIPKY: KOXXHOMY 3 TphOX KiaciB BuaiieHo 6 000 cerMeHTIiB
Normal, 6 000 — Apnea, 600 — Hypopnea. Ilicis GanaHcyBaHHS OCTaTOYHHI HaOip
ctaroBuB 12 600 cerMeHTiB.

JIs OIIHKYM SKOCTI MiATOTOBJIEHOTO NATAaCceTy MPOBEICHO CTAaTHCTUYHUI aHAaJi3
fioro xirouoBux xapakrepuctuk. Cepexne HR B ycix cermenrax cximano 71,60 = 17,10
bpm i3 mianazonom [39,97; 129,00], cepenne SpO2 — 93,43 £ 5,55 %. Jlemorpadiuni
MOKa3HUKH (BiK, CTaTh, 3picT, Bara, IMT) Oyiu macimTaboBaHi Ta HOpMalli30BaHi nepen
M0JIa4yero 10 MOJEII.

[TinroToBneHuii TaKUM YMHOM MacHB IIOJUIEHO Ha HaBYAIBHY, BaliJaliiiHy Ta

TecToBY BHOIpKkH y cmiBBigHOmeHHI 70:15:15, rapanTyBaBmm 30epeKeHHS MPOIOPIIii
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KJIACiB Y KOXKHiH. J{7151 KOHTPOJIIO SIKOCTI O[Ty BUKOPUCTAHO KPOC-BaJIiAAIliIo 3 I’ IThMa
(dhonmamu Ha HaBYAITBLHOMY HA0OPI.

CkpunT HaB4YaHHS Kiaacu(ikaropa amHoe yBicHI peanizye LSTM-apxiTekTypy i3
JIBOMa ImapyBaTHMH OJokamMu mo 64 HelipoHH KokeH, apomaytoMm 0,3 Ta HITBHUM
mapoM-esieMeHToM Softmax aist TppoX BuXigHMX KiaciB. Onrumizatop — AdamW 3
weight decay = le-4, learning rate = 1e-3. HaBuauust TpuBano 50 emox i3 6atuem 128,
paHHs 3ynuHKa 3a 10 enox 6e3 3pocTaHHs BaJliaIiifHOT TOYHOCTI.

Tabmuns 6.4. Pesynprati HaBuaHHs OiHapHOTo Kiacudikaropa Normal/Apnoe

Knac Precision Recall F1-score Support
Normal 0.95 0.93 0.94 1200
Apnea/Hypopne

a 0.94 0.96 0.95 1320
Accuracy 0.94 0.94 2520
Macro avg 0.95 0.94 0.94 2520
Weighted avg  {0.95 0.94 0.94 2520

JIBoeranmHmi miaxin 1o kiaacudikalii B MPOEKTI 0OYMOBICHUH K KIIHIYHUMH, TaK
1 TEXHIYHUMH YHMHHUKaMH. BusBieHHsS Oyap-sSKOT0o MOPYIICHHS NUXaHHS (amHOEe abo
rilmonHoe) € MPIOPUTETHUM 3aBJaHHSIM, IO JO03BOJISE MIBUAKO BIJOKPEMUTH 3I0POBI
CerMEHTH BiJ TOTEHIIHHO HeOe3NMeuyHWX 3a Jy’Ke HU3bKUX BIJICOTKIB mMaroiyiorii B
3araJbHOMY TIOTOIll JaHUX. 3acTocyBaHHs OiHapHoro kiacu@ikaropa «Normal» vs.
«Apnea/Hypopnea» 3a0e3rnedye BHCOKY YyTJIMBICTH (sensitivity) 1 crenudiuHicTh
(specificity) Ha IbOMY eTalli, OCKIJTBKH MOJIEIb ONITUMI3Y€ThCS caMe ITiJ] BiTOKPEMIICHHS
JIBOX TPUHIIAIIOBO Pi3HUX CTaHIB.

Tabnus 6.5. Pesyneratn HaBuaHHs OiHapHOTO Kinacudikatopa Apnoe/Hypopnoe

Knac Precision Recall F1-score Support
Hypopnea 0.92 0.90 0.91 600
Apnea 0.94 0.95 0.95 720
Accuracy 0.93 0.93 1320
Macro avg 0.93 0.93 0.93 1320
Weighted avg  {0.93 0.93 0.93 1320
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Po3poOnennii CKpuNT MATOTOBKA JAaHUX Ta HaBYaHHS MOeENi 3a0e3leynB
dbopmyBanHs 306amaHcoBaHoro,Habopy manux mis HaBdanHs LI, Ha skomy LSTM-
kiaacu(ikaTop MPOAECMOHCTPYBAB 3MATHICTDh BIAPI3HATH HOPMalbHI W MaTOJOTIUHI
CEerMEHTH 3 TOYHICTIO Ta CTIMKICTIO O BapiaTUBHOCTI JeMOTpadidHUX XapaKTEPUCTHK

(Tabn. 6.4., Tabmn. 6.5.).

6.5. Interpanis HatpeHoBaHoi LSTM-mopeni B XxMapHy apxiTekTypy 3a
ponomrolo Amazon SageMaker Hosting Ta aBromaTnuHe macmrTadyBanHs Al-
cepsaicy.

Jns interpanii HaBueHoi LSTM-mozeni y ¢popmati Keras (model.h5) no xmaproi
MIKpOcepBICHOI apxiTekTypu oOpaHo cepBic Amazon SageMaker Hosting. Crouarky
MoJenb TiepeTBopioeThess Y popmar TensorFlow SavedModel 3a  momomororo
craamaptHoi  ytwmith  tf.keras.models.save model(), micas doro pe3yibTaTr
PO3MIIIYEThCSL Y TMpHUBaTHOMY OakeTi Amazon S3 3 HalAIITOBAHUMH IOJITHKAMH
moctymy aiasi pom SageMaker. Taka opranizaiiist apTedakTiB J03BOJSE 130I0BATH
30epe)xeHHs MO/IeNel BiJl BUKOHYBaHOT'O KOy Ta CHPOILIYE KepyBaHHS BEPCIsIMH.

CrBopenns mozeni y SageMaker BinOyBaeTbes uepe3 komaHay create-model, ae
BKazyeThea nuisix A0 S3 (ModelDataUrl) i URI crammaptHoro Docker-konTeitaepa 3
TensorFlow Inference 2.x. Ilicis mporo 3a momomoror create-endpoint-config
BHU3HAYAETHCS KOH(Iryparisi XOCTHHTY, IO BKIIOYAa€ BUKOPUCTAHHS €K3EMIUISPIB THILY
ml.m5.large Ta MyTbTHBOPKEPHHI PEXKUM [T 00pOOKHM mapanensHuX 3anutiB. Hapemiri,
BUKIIMK create-endpoint posroprae endpoint i3 3aganoro koHirypartieto i iM’siM apnea-
Istm-endpoint.

Joctyn no Mopeni opraHizoBano uepe3 Amazon APl Gateway sk REST-
inTepdeiic /predict. 3anuTH HA U NUIAX MPHUAMAIOTHCS 3 KITIEHTCHKOrO OCKEHIY,
MPOXOAATH aBTOpHU3aIlifo yepe3 IAM v4 mignuc Ta mepeaapecoByrOThesa 10 SageMaker
Runtime 3a nonomororo inTerpanii “AWS Service Proxy”. Takum unHoM, porpaMHuit
KOJI MIKpOCEpBICIB 3ajMIIaeThesi npoctum: Jocuth chopmyBatu HTTP POST i3

BiJIIOBiTHIM TLTOM Ta Hagicnatu ioro no API Gateway.
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TunoBMi 3amUT MICTUTh €IWHUN €IeMEHT MAacuBYy instances 3 BOyIOBaHUM

CEerMEHTOM JaHHX Ta AeMOrpadiyHMMH O3HaKaMHU B HACTYIHOMY (hopMari:

"instances": [

{

"ppg": [[0.012, ©.045], [0.013, ©.046], ... , [0.010,
0.04711,
"age": 42,
1,
"weight": 78.5,
"height": 173.0

Koxen nigmacus ppg mictuts 3 000 1BoBUMIpHHX BiutikiB (iHTeHCHUBHOCTI IR Ta
Red), HopmanizoBanux y mexax [0,1], a nemorpadiuHi napameTpu CTaHAapTH30BaHO 3a
CepeIHIM Ta CTAaHIAPTHUM BiIXUJICHHSM.

YV BigmoBizp REST-cepBic moBeprae o06’ekr JSON i3 xiacuikariero,

HMOBIPHOCTSIMH TI0 KOXXHOMY KJIaCy Ta pO3paxOBaHUM iHaekcoM amHoe-rinomHoe (AHI):

"predicted class": "A",
"probabilities": {

"N": 0.12,

"HYP": ©.05,

"A": .78
}s

"ahi_index": 23.7

Tyt "predicted class" BignoBijae MakCHManbHii BiporiqHocTi, mosue probabilities
MICTUTB po3MoaLT Knacudikamii Mozei, a napametp "ahi_index" reHepyeTbcs Ha OCHOBI
JTOJTATKOBOT JIOTIKK HA CepBepi I KIIHIYHOTO aHATI3y.

[TpoBenenuii crpec-rect i3 HaBaHTaXeHHSM 50 3aNUTIB Ha CEKYHAY 32 J0TIOMOT OO

Apache JMeter nokazaB cepeHio JaTeHTHICTh 128 mc (6 = 15 mc), 95-i nepueHTHIb
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210mc i MmakcuManbHe 3HadeHHs Bianosiai 10 350 mc. [Iponent momuinok HTTP 5xx mipu
IBOMY 3aMUIINBCA He3HAYHNUM (< 0,2 %), 110 CBIAYUTH PO CTAOUTBHICT XOCTHHTY.

OHOBJICHHST MOJIE/II BUKOHYETHCS 3a JOIOMOrow0 Komanau update-endpoint, sika
JI03BOJIsiE Oe3mepepBHO 3aBaHTAXXyBaTH HOBI Bepcii apTedakxTiB i3 S3 Ta oHOBIIOBaTH
KoH(pirypariro endpoint i3 HyTbOBHM IpocTOeM cepBicy. Lle rapanTye Ge3mepepBHICTh
00CIyroByBaHHS H MOXJIMBICTH INBHIKOTO PO3TOPTaHHS MOJIMIICHUX Bepcii
KJacudikaropa.

Takum umHOM, BuKOpHcTaHHS Amazon SageMaker Hosting i API Gateway
3abe3neuye Ha/iliHy, MacIITa0oBaHy i Oe3ne4ny iHTerpainiro LSTM-moneni y gpopmari
.h5 y MikpocepBicHy apXiTekTypy 3 €(pEKTUBHMM MOHITOPUHIOM 1 MiHIMaJbHUMH

DevOps-3ycumsimMu.

BUCHOBOK

Po3pobiiennii mMeron ximacudikaiii amHoe cHy, sSKui 00’ennye anamiz PIII-
CUTHAJIB i3 KIIIOYOBMMH Olomeaumuynnmu mapamerpamu (SpO:, UCC, AHI), nmokazas
3ATHICTh BHSBIIATH ITOYATKOBI O3HAKH MATOJOTii JO IOSBU BHPAKEHOI KIIHIYHOI
CUMIITOMATUKHU. BUKOpUCTaHHA 6araTOBHMIpHUX IHAMKATOPIB JIO3BOJISIE CYTTEBO
MiJBANIMTA YyTIUBICTh 1 CHEMUQIYHICTh CUCTEMH, a TaKO0X 3MEHIIUTH KiIbKICTh
MOMHIIKOBHUX CIIPAllbOBYBaHb. Pe3yNbTaTH eKCIIEPUMEHTIB IIATBEPIHIN EKOHOMIO
pecypciB Ha CTOPOHI XMapH 3aBISKH YaCTKOBiM 0OpOOIi JaHUX Ha MPUCTPOI, 10 TAKONK
MOCHJIIOE 3aXUCT MEPCOHANTBHUX MEANYHHX JaHHX.

3anpornoHoOBaHU MiAXiJ A0 JIOKAJBHOTO OOYHCICHHS OIOMEAMYHHWX CUTHATIB B
paMKax MPHKIHIEBHX OOYHCIEHb 3a0e3ledye aBTOHOMHICTh NPUCTPOKD Ta 3HIKYE
3aTPUMKH TIPH MPUIHATTI pimieHHs. BUpoOyBaHHS TIOKa3ai, o mepexin Ha o0poOKy
0e3 MoCTIHHOTO 3B’A3KYy 3 XMapol0 JI03BOJISIE MTPOIOBKUTH Yac aBTOHOMHOI poOOTH Ha
30-40% Ta 3HU3UTH EHEProCIOXXKUBaHHSA Ha 25% y NOPIBHAHHI 3 TpagULIHHOIO
apxirektyporo. KpiM TOro, jokajipHa 00OpoOKa CYTTEBO 3MEHLIYE DPU3UKH BUTOKY
qyTIarBO1 iH(OpMaii Ta MiABHUIILYE BIIMOBOCTIMKICTh CHCTEMH B YMOBaX HecTalilbHOTO

MEPEKEBOTO MTOKPHUTTSI.
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VY nockoHaneHuii MeTo 1 Kiiacugikallii THITIB altHOe 0a3yE€ThCS HA AUHAMILI IHIAEKCY
AHI Tta koMOiHyBaHHI MYJBTHUCEHCOPDHHUX JaHMX 3aMiCTh OJHOPA30BOI'0 aHATI3y
CTaTUYHMX TOKa3HHWKIB. Takuil MiAXiJ JO3BOJIIE TOYHO PO3PI3HATH OOCTPYKTHUBHE,
[EHTpaJIbHE Ta 3MilIaHe almHOe, a TAKOXK TIMOIMHOE, y PeaTbHOMY 4Yaci 3 TOUHICTIO, II0
nepesumiye 92 %. Brucoka afanTUBHICT aNTOPUTMY IO iHAWBITyaTbHUX OCOOIUBOCTEH
marieHTa 3a0e3nedye KOPEKTHY OIHKY TSDKKOCTI 3aXBOPIOBAHHS Ta IMIATPUMKY
KJIHIYHUX PillIeHb.

Po3pobiiena iHTeneKkTyanbHa MOJIEIb, 3/[aTHA HABYATUCS HA TIOTOKOBUX CCHCOPHHUX
JAHUX Y PEXHUMI pPEaIbHOr0 4acy, BIIKPHBAaE MOXJIMBOCTI ISl aNalTUBHOTO Ta
MePCOHAJII30BAHOT0 TONEPEKEHHSI KOPHUCTYBaua MPO PU3UK DPECIIpaTOPHHUX IMOJIH.
ExcriepuMeHTabHa IHTErpallis alrOpUTMY 3 MOOUTBHUM JIOAATKOM 1 MIKPOKOHTPOJIEPOM
ToKaszasa, 1110 CUCTeMa MOJKe OHOBIIIOBATH NapaMeTpH Kiacudikariii, 30epiratoun BUCOKY
TOYHICTh HaBiTh 32 IIBHAKO3MIHHMX (iziomorigamx ymoB. Lle mo3Boimsie peamizyBaTh
Oe3nepepBHUIT MOHITOPHHT TAIli€HTa Ta HAATH JIIKAPIO aKTyallbHY iH(POPMAIO s
CBO€YACHOI KOPEKIIii Teparii.

Inrerpaniss Mopjenell MalIMHHOTO HaBYaHHA Y MIKPOCEPBICHY apXiTEKTypy
3abe3neunia MOJYJIBHICTh 1 He3aJISKHICTh KOMIIOHEHTIB, 1110 JIa€ 3MOTY OHOBIIIOBaTH 200
3MIHIOBaTH OKpeMi cepBicu 0e3 mpocToro Bciei cuctemMu. Bukopucranus Amazon
SageMaker ta Kubernetes 11t po3ropTanHsi TOUOK JIOCTYIy Kiacu]ikaTtopa rapantye

aBTOMATHU4YHC MaCH_ITa6yBaHHﬂ ITiJT HABAHTA)KCHHS 10 COTCHb 3allUTIB Ha CCKYHIY.
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