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1. OnTuyHi MeTOY Ta iHTEJIeKTyasli30BaHa O6i0TEXHIUHA CUCTEMA AiarHOCTYBaHHS (PYHKLiOHAJIBHOTO CTaHy Ha

OCHOBI IyJIbCOAiarHOCTUKY Ta TEPMOMETPII.

2. Optical Methods and Intelligent Biotechnical Systems for Diagnosing of Functional State on the Base Pulse
Diagnostics and Thermometry.

Pedepar:

1. Incepranis Ha 3000YTTSI HAYKOBOTO CTyNEHs AOKTOpa pinocodii B ranysi 3HaHb 16 «XiMiuHa imkeHepis Ta
6ioimkeHepisi» 3a crieniasnpHicTIO 163 «Biomenuyna iHxXeHepis. — BIHHMIpKUI HALliOHATBHUIN TEeXHIUHNI
yHiBepcuteT, MOH VYkpainu, Binauns, 2025. JucepraliiiHy po60Ty IIPHUCBSIYEHO PO3BsI3aHHIO HAYKOBO-TIPUKJIAAHO]
3a/aui, sIKa NoJisirae y HeOOXiIHOCTi BIOCKOHaJIEHHS ONITUYHMX METOiB Ta MifBUILIEHHS iHPOPMaTUBHOCTI,
TOYHOCTI OLiHIOBAHHS I1yJIbCOIPaM Ta TEIJIOBI3iTHMX 300pakKeHb IJISIXOM PO3POOJIEHHS iHTEJIEKTyali30BaHOl
6i0TEeXHIYHOI CUCTeMHU [[iarHOCTYBaHHS (PYHKIIOHAJBHOTO CTaHy Ha OCHOBI MyJIbCOJ[iarHOCTUKU Ta TEPMOMETPIi. Y
IaHill po6oTi 6ys10 BUpilIEHO TaKi 3a/ayi: ® IPOBeleHO eTaJbHUI aHasli3 MeTO/iB Ta HEiHBa3UBHUX ONTHUKO-
€JIEKTPOHHHUX CUCTEM Ta NPUJIAJIB [JIs1 OLiHIOBAaHHSI CEPLEBO-CYIUHHOI CUCTEMY; ® TOBEEHO HEOOXiHICTh
3aCTOCYBaHHS HEIHBAa3WBHUX ONTUKO-€JIEKTPOHHUX MIPUJIAIiB 1715 OL[iHIOBaHHS OL[iHIOBaHHS MyJIbCOTPaM Ta

TEIJIOBI3IHNX 300pa’KeHb; ®* CGOPMOBAHO €TAJIOH-MaCKH LJISIXOM 3aCTOCYBaHHS MeToAy mBuaxkoro Qyp'e-



IIEPETBOPEHHS IJIs1 QHAJI3Y I1yJIbCOTPaM, SIKUI 6a3yeThCsl HA BUKOPUCTAHHI IPUHIUITY [1€PETBOPEHHSI IUCKPETHUX
JAHUX 3 4aCOBOTO Y YACTOTHUH [ianla3oH; ® PO3BUHYTO METOJ, 3rOPTKOBUX HEPOHHUX MEPEK Ha OCHOBBI
3aJIMIIKOBUX 6J10KiB B ResNet 17151 BinoOpaskeHHs ileHTUYHOCTEN Ta BU3HAY€HHS €(pEeKTUBHOCTI JIiKyBaHHS; ®
PO3pO06JIEHO apXIiTEKTYPY iHTEJIEKTYasli30BaHOI 610TEXHIYHOI CUCTEMU 1iarHOCTYBaHHS (PYHKLIOHAJIBHOTO CTaHy Ha
OCHOBI I1yJIbCO/IiarHOCTUKYU Ta TEPMOMETPIi AJ14 OLiHIOBaHHS (i3i0N0riYHOro CTaHy MiKpOLMPKYJIsLii B 0671acTi
OIIPOMiHEHHS HU3bKOIHTEHCUBHUM BUIIPOMIHIOBaHHS, 30KPEMA, IIPU MOJITPABMaXx Pi3HOTO CTYIEHIO BaXKKOCTI. ®
[TpoBeneHo (isiosoriyHi BUMIpIOBaHHS B J1aDOPaTOPHUX YMOBAX Ta IIPOBECTU METPOJIOTIYHE OLIiHIOBAaHHS
OTpUMaHUuX pe3ynbTatiB. O6'€KT LOCHIIKEHHS — MIPOLeC OOCTiIKEHHS ONTUYHUX METOIIB Ta JOCJiIKeHHS
[TOKa3HUKIB IyJIbCOBOI XBUJIi 17151 aHAJI3y Pi3HMX 3aXBOPIOBAHb 32 IOIIOMOTOIO iHTEJIeKTyali30BaHOi 6i0TeXHIYHOI
CHACTEMHU J1iarHOCTYyBaHHs (PYHKIiOHAJIbHOTO CTAHY Ha OCHOBI IIYJIbCO/iarHOCTUKM Ta TepMOoMeTpii [Ipegmer
IOCIIiIKEHHS — ONTUYHI METOIY, TEIJIOBI I10JI NiJITHKY, XapaKTEPUCTUKY ITyJIbCOBOI XBUJIi, IHTEJIEKTyasi30BaHa
6ioTexHiYHA cUCTeMa AiarHOCTyBaHHS (PYHKLIOHATIBHOTO CTaHy MeTonu oCiIKeHHs 6a3yI0ThCsl HA OCHOBHUX
II0JIOKEHHSIX CUCTEMHOr0 aHaJi3y i Teopii 6iomennyHuX 3aC006iB, MaTEMaTUYHOT'O MOJEJIIOBAHHS [IJIs1 aHAJI3Y i
00pobJieHHs 6iomennyHOi iHdopMaliii, MaTeMaTUYHOI CTATUCTUKY i KOMIT'IOTEpPHOI 06pOOKY HioMeAUYHO]
iHopmauii, Teopii aIrOPUTMIB i ONITUKO-€JIEKTPOHHUX JIAHLIIOTIB 17151 aHai3y cxem. OTpUMaHO TaKi HayKOBi
pesysbpTaTu: * Briepuie copMoOBaHO eTaoH-MAaCKH IIJISIXOM 3aCTOCYBaHHS MeToZy WBUAKOTo Oyp'e-
IIepeTBOPEHHS, SIKUI 6a3yeThbCsl HA BUKOPUCTAHHI IPUHLIUILY [1IEPETBOPEHHS AUCKPETHUX JAHUX 3 YACOBOTO Y
YaCTOTHUM Jliana3oH, 10 AO3BOJIMIIO MiABULIMTYU JOCTOBIPHICTb aHali3y Mysbcorpam. * OTpumaso nogaibumni
PO3BUTOK METO/], 3rOPTKOBUX HEMPOHHUX MEPEX LIISIXOM, BBEJIEHHS 3/IMIIKOBUX 6JI0KiB B ResNet, 0 103BoJIsIE
Mepexi epeKTHBHO BUBYATU BifJOOPa)KEHHS iIeHTUYHOCTEN Ta TOYHO BU3HAUUTU e(PEeKTUBHICTD JIiKyBaHHS Ta
OLIIHUTU TPUBAJIICTb peabisiTalifiHOro nepiony; BUSIBUTHU BCIJISIKi CYJMHHI IOPYLIEHHS Y XBOPUX Ha LIyKPOBUM
ZliabeT. * YIOCKOHaNIEHO MOZENb 6ioMeTpUYHOI aBTeHTUdiKaLlii, 1715 KO0i OyJI0 BUKOPUCTAHO ri6pUIHY MOJEb, 10
noennye EfficientNetV2 BO 3 Mepeskero JIOTHKO-4acOBOIO TUITY /Jisl aBTeHTUdiKallii KoprCcTyBaya, 110 J03BOJIUIIO0
IpoBoIUTH ifeHTH(iKallii B peasbHOMY 4aci 17151 6e3nepepBHOi 6ioMeTpuYHOi aBTeHTU(iKallii IyJbcorpam B pi3HUX
HanpsIMKax 6i0MeIMYHUX JOCIIIPKEHD. * Briepiie 3alpoNIOHOBAaHO apXiTEKTypy iHTeJIEKTyali30BaHOi 6i0TEXHIYHOI
CUCTEMH JIiarHOCTYBaHHS (QYHKLiOHAJIBHOTO CTaHy HAa OCHOBI IyJIbCO/IiarHOCTUKYM Ta TEPMOMETPIi 1J1s1 OLIiHIOBaHHS
IIyJIbCOTPaM Ta TEIJIOBI3iHUX 300pakeHb aHasli3y BUBHAYeHHsI CTYIIEHIO [1aTOJIOT{YHUX IIpoLieciB. Pe3yibTaTn
IYcepTalifHOi poOOTH BIIPOBA/IKEHO B TAKMX 3aKJIaJlaX Ta YCTAHOBAX, @ CaMe: iHTeJIeKTyasli30BaHy 6i0TeXHIUHy
CHACTEMY JIiarHOCTYBaHHs (PYHKLIOHAJIBHOIO CTaHy HAa OCHOBI IyJIbCOAiarHOCTUKY Ta TEPMOMETPIi y CYyKYITHOCTI 3
HOBUMH ONTHKO-€JIEKTPOHHUMU METOIAMU OLiHIOBaHHS Nlepru@epruIHOro KpoBoooiry, ki 3a6e3nedyoTh
IiABUILEHY JOCTOBIPHICTh Pe3yJIbTaTiB iarHOCTUKU LJISIXOM aHasli3y 6iomeanyHoi iHpopmallii BIpoBaI>KeHO B
KHIT «BiHHMIIbKA MiCbKa JIiIKapHS WBULKOI MEIUYHOI JOITOMOTY»; ONITUKO-EJIEKTPOHHI CUCTEMU 151 OLIIHIOBAHHS
TKaHUHHOI MIKpOLIMPKYJIALIi JIIOOVMHY IJ1s1 MiBUIIeHHs eeKTUBHOCTI AiarHoCTyBaHHS Ha 6a3i 111 «PoroHika
[lmoc», M. Yepkacu. Pe3ysibTaTyi BUKOPUCTAHO B MEXKax CIeLialbHOCTI 163 «bioMennyHa iHkeHepis» i 4ac
BUKJIAJAHHS TaKUX TUCHUILIIH, sK: «HaHoTexHoorii B 6iosorii Ta MeauiyHi», «bioMmenuyHi npuiaau, anaparu i
KOMILIEKCH. JliarHocTMYHa TexHika», «Cy4acHi iHpopmaliliHi TexHOJIOrii B raynysi xiMidHoi iHkenepii Ta
6ioimkeHepii» (akT Ipo BIIPOBAIPKEHHS PE3yJIbTaTiB B paMKaxX BUKOHAHHS JUCEPTaLifiHOTO NOCiIPKeHHS Bin
15.05.2025 poky). Kito4oBi cyioBa: nys1bCOAiarHOCTUKA, TEPMOIPaMu, BapiabesbHICTh MyJbCY, MIKPOLMPKYJISLLis

6i0TKaHUH, ONITUYHE BUIIPOMiHIOBAHHS, iHTEJIeKTyasi3aLis, HifTPUMKa IIPUNHSTTS PillleHb.

2. Dissertation for the degree of Doctor of Philosophy in the field of knowledge 16 “Chemical Engineering and
Bioengineering” in the specialty 163 “Biomedical Engineering. - Vinnytsia National Technical University, MES of
Ukraine, Vinnytsia, 2025. The dissertation is devoted to solving a scientific and applied problem, which consists in
the need to improve optical methods and increase the informativeness, accuracy of evaluating pulsograms and
thermal images by developing an intellectualized biotechnical system for diagnosing a functional state based on
pulse diagnostics and thermometry. In this work, the following tasks were solved: ¢ a detailed analysis of methods
and non-invasive opto-electronic systems and devices for assessing the cardiovascular system was carried out; ®
the need for the use of non-invasive opto-electronic devices for assessing the evaluation of pulsograms and
thermal images was proven; ¢ a reference mask was formed by applying the fast Fourier transform method for



analyzing pulsograms, which is based on the principle of converting discrete data from the time to the frequency
range; * a convolutional neural network method was developed based on residual blocks in ResNet for displaying
identities and determining the effectiveness of treatment; * the architecture of an intellectualized biotechnical
system for diagnosing a functional state based on pulse diagnostics and thermometry for assessing the
physiological state of microcirculation in the area of low-intensity radiation exposure, in particular, in polytraumas
of varying severity. * Physiological measurements were carried out in laboratory conditions and metrological
evaluation of the results obtained was carried out. The object of the study is the process of studying optical
methods and studying pulse wave indicators for the analysis of various diseases using an intelligent biotechnical
system for diagnosing a functional state based on pulse diagnostics and thermometry The subject of the study is
optical methods, thermal fields of the area, pulse wave characteristics, an intelligent biotechnical system for
diagnosing a functional state The research methods are based on the basic principles of system analysis and the
theory of biomedical devices, mathematical modeling for the analysis and processing of biomedical information,
mathematical statistics and computer processing of biomedical information, the theory of algorithms and
optoelectronic circuits for the analysis of circuits. The following scientific results were obtained: ¢ For the first
time, a standard mask was formed by applying the fast Fourier transform method, which is based on the principle
of converting discrete data from the time range to the frequency range, which allowed to increase the reliability of
pulsegram analysis. * The method of convolutional neural networks was further developed by introducing residual
blocks into ResNet, which allows the network to effectively study the mapping of identities and accurately
determine the effectiveness of treatment and assess the duration of the rehabilitation period; detect all kinds of
vascular disorders in patients with diabetes. * The biometric authentication model was improved, for which a
hybrid model was used that combines EfficientNetV2 BO with a logical-temporal network for user authentication,
which allowed for real-time identification for continuous biometric authentication of pulsegrams in various areas
of biomedical research. ¢ For the first time, the architecture of an intellectualized biotechnical system for
diagnosing a functional state based on pulse diagnostics and thermometry for evaluating pulsegrams and thermal
imaging images for analyzing the degree of pathological processes was proposed. The results of the dissertation
work have been implemented in the following institutions and organizations, namely: an intellectualized
biotechnical system for diagnosing a functional state based on pulse diagnostics and thermometry in conjunction
with new opto-electronic methods for assessing peripheral circulation, which ensure increased reliability of
diagnostic results through the analysis of biomedical information, have been implemented in the KNP "Vinnytsia
City Emergency Hospital"; opto-electronic systems for assessing human tissue microcirculation to increase the
efficiency of diagnostics based on the PE "Fotonika Plus", Cherkasy. The results were used within the scope of
specialty 163 "Biomedical Engineering" during the teaching of such disciplines as: "Nanotechnologies in Biology and
Medicine", "Biomedical Devices, Apparatus and Complexes. Diagnostic Techniques", "Modern Information
Technologies in the Field of Chemical Engineering and Bioengineering" (act on the implementation of results
within the framework of the dissertation research dated 05 /15 /2025
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BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. ®inarosa 'anHa €BreniiBHa

2.Tanua €. ®inarosa



KBasigikamnis: 1.1, npodecop, 05.11.17
I,ILeHTI/I(l)iKaTOP ORCID ID: 0000-0003-1982-2322
JoparkoBa iHdpopmamnist:

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenzeHTu

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. Kynuk fIpocsniaB AHaTOJinOBUY

2. Yaroslav A. Kulik

KBasigikamis: . t. u., gou., 05.13.05

InenTudikarop ORCID ID: 0000-0001-8327-8259

JopaTrkoBa inpopmamnist:

IToBHEe HaﬁMeHyBaHHH IOpH,ZII/I‘-IHOi 0COOM: BiHHUIbKUIT HAI[IOHAJIBHUI TEXHIYHUIL yHiBEpCHUTET
Kopg 3a €IPIIOY: 02070693

Micuesnaxo,szeHHﬂ: ByJI. XMeJIbHUIIbKE oce, 6ya. 95, BiHHung, Binannskuii p-H., 21021, Yrkpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InmenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Konecuuubkuit Oner KOCTIHTUHOBUY

2. Oleh K. Kolesnytskyy

KBasigikanis: k.r.u., nor,, 05.11.16

Imentudikarop ORCID ID: 0000-0003-0336-4910

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOM: BiHHUIILKMII HAI[IOHA/ILHUIT TEXHIYHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 02070693

MicuesnaxomerHﬂ: ByJI. XMeJIbHUIIbKE 110ce, 6yz. 95, Binnuug, BinHunpkuit p-H., 21021, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu



InenTudikarop ROR:

VIII. 3ak1104YHi BiZOMOCTI

BaacHe Ilpi3Bume Im's ITo-6aTbKOBI IOxum4yk Mapis CepriisHa
TOJIOBH pajgu

BnacHe IlpizBume Im's I10o-6aTbKOBI FOxumyyk Mapis CepriisHa
TOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizasibHUH 32 MiATOTOBKY IBanuyk fIpocyaB Bonogumuposuy
00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




