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Pedepar:

1. Inceprauiiina po60Ta IpUCBsSYeHa BUPIlIEHHIO aKTyabHOI HAyKOBO-TIPUKJIA[IHOI 33/1a4i yAOCKOHAIEHHS
[IOPTaTUBHUX €JIEKTPOHHUX 3aCO0iB CNIiPOMETPHUYHOTO KOHTPOJIIO IIJIIXOM OOI'PYHTYBaHHS IPUHLMUIIIB 100Y40BU
BMMipIOBAJIbHOTO TPAKTYy, 30ATHOTO 3a0€3[1€YMTH TOYHY PEeECTpallilo NapaMeTpiB (PyHKIil 30BHIIIHBOTO AUXaHHA 3a
BHCOKOJWHAMIYHUX MOTOKIB i TiABUIIEHUX BUMOT 10 iHbeKUiiHOoi 6e3neku. O6'€eKT JOCITiIKEeHHS — MTPOIeCH
(opMyBaHHS, N1IePETBOPEHHS Ta LNPPOBOi 06po6KY iHPOPMaLIifHUX CUTHATIB Y BUMipIOBaJIbHUX €JIEKTPOHHUX
CHiPOMETPUYHUX CUCTEMAX 6I0OMEINYHOTO NPU3HAYEHHS TPU BU3HAYEHHI NIapaMeTpiB QYyHKILii 30BHIIIHBOTO
IuxaHH4. [IpegMeT nociigpKeHHs — eJIEKTPOHHA BUMIPIOBasibHa CUCTEMa 3MiHHOTO Nepenagy TUCKY Ha OCHOBI

CHMETPUYHOI TPyOKHU BeHTypi, I'e30pe30HaHCHOTO [1IepeTBOPIOBaYa 3 MOIYJIbOBAHUM MiXKeJIEKTPOJHUM 3a30pOM Ta



asropuTMiB Kasi6pyBaHHs i 1ndpoBoi 06pO6KY CUrHATY PECIipaTOPHOTO ITOTOKY. MeTa JOCTiIKeHHS ~
MTOKPALE€HHSI METPOJIOTIYHUX XapPaKTEPUCTUK €JIEKTPOHHUX CUCTEM ITIOPTATUBHOI CIipOMeTpii 3a YMOBU
3ab6e3nevyeHHs iHPeKIiNHOI 6e3MeKy MIJISIXOM PO3POOKY I LOCTiI)KeHHs eJIeKTPOHHOI BUMipIOBaJIbHOI CUCTEMU
3MiHHOTO Ilepenajy TUCKY 3 CHMETPUYHOIO TPYOKOIO BeHTypi Ta I'e30pe30HaHCHUM MEePETBOPIOBAYEM i3 YACTOTHUM
BUXiJJHUM CUTHAJIOM, [IPU3HAYEHOI 11 BUMIPIOBAHHS BUCOKOAMHAMIYHUX PECIIPATOPHUX IIOTOKIB. 3a
pe3yJbTaTaMu JOCIIiIPKEHHS OTPUMAHO HACTYIIHI HAYKOBI PE3yJIbTATU: - BIIEPIIE€ OTPUMAHO MaTeMaTU4YHy MOJIEJIb
[IepeTBOPEHHSI NIEpeNagy TUCKY B 00'€MHY BUTPATy y CIIipOMETPUYHOMY KaHaJli Ha OCHOBi TpyOKu BeHTypi, sKa
BpPaxOBYe€ HeJIiHINHY 3aJIe5KHICTh Koe(illieHTa BUTPATH BiJl yncia PeiiHobca, TEpMOIMHAMIYHI TapaMeTpu
MIKpOKJIIMaTy Ta KOHCTPYKTUBHO-MeXaHi4Hi 0COBIMBOCTI BUMipIOBaIbHOI CUCTEMHY, 11O JO3BOJIMIIO peasizyBaTu
aJITOPUTM TEPMOAMHAMIUHOI KOpeKIiii Ta HesliHiIHOro KaslibpyBaHHs 3a €TaJJOHHUM 00’€MOM Ha OCHOBI
anpokcumanii One-Phase Association; - Brepiie OTpMMaHO MaTEMAaTUYHY MOJI€JIb TOBLIMHHO-3CYBHUX KOJIMBaHb
II'€30pE30HAHCHOrO 1aTYMKA HA OCHOBI MaTPUYHO-0NIEPATOPHOTO METO/ly PO3B'SI3aHHS KPAllOBUX 3aJa4 JIiHilHO]
Teopii 'e30e/1IeKTPUKY, SIKa BpaxOBye reOMeTPUYHI pO3Mipy IIJIACTMHY 32 KOOPAXHATAMU TOBLIVHU Ta JOBXKUHU
II'€30KPUCTAIY, 1O JO3BOJISIE BU3HAYATHU BILJIMB TPAHUYHUX YMOB, MACOHABAHTA)KEHHS Ta MOBITPSIHOTO 3a30PY MK
II'€30€JIEMEHTOM i €J1eKTPOIOM 30y )KEHHSI, HA PE30HAHCHY YaCTOTY KOJIMBaHb; - OTPMMaJa MoAaJIbIINI PO3BUTOK
mogesnb Butterworth-Van Dyke st Bu3Ha4eHHs NTapaMeTpiB €KBiBaJIeHTHOI eJIeKTPUYHOI CXeMU
II'€30PE30HAHCHOTO JaTyMKa 3a paxyHOK Moaudikauii TpaguLiliHOI METOIMKY po3paxyHKy napametpiB EEC, mo
BpPaxOBYye€ 3aJIEXKHICTb AMHAMIYHOI IHAYKTUBHOCTI Ta CTAaTUYHOI EMHOCTI BiJl HOMEpa rapMOHIKH, II03BOJISIE YCYHYTU
BiZIHOCHY NOXMOKY BU3HAYEHHS YaCTOTU MOCJIiJOBHOTO PE30HAHCY Ta MiABULIUTYA TOYHICTb OINCY II'€30PE30HATOPIB
3 [PAaHUYHUMU YMOBAaMU; - BIIEpIle OTPUMaHa MaTeMaTUYHa MOJeJIb KOJIMBaHb II'€30PE30HAHCHOTO NAaTYUKa 3
PYXOMUM €JIEKTPOLOM Ta HEPIBHOMIPHMM IOBITPSHUM 3a30POM Y ABOBMMIPHIN II0CTaHOBL 3a11a4i, IKa BpaXOBy€e
reOMETPUYHY (POPMY PYXOMOTO €JIEKTPOZA, IO NO3BOJIsI€ BU3HAYATU BIIUB BEJIMYMHU Ta F€OMETPii
MI’KEJIEKTPOIHOTO 3a30Py Ha PE30HAHCHY YaCTOTY i rpafilyI0BajIbHi XapaKTEPUCTUKY BUMIPIOBaJIbHUX
[IepeTBOPIOBAYiB TUCKY. [IpakTHyHe 3HaY€HHs pe3yJIbTaTiB [j1s Tajly3i eJIeKTPOHIKY Ta 6i0MeAUYHUX
BMMIipIOBAJIbHUX CUCTEM II0JIITa€ B HACTYITHOMY: -~ OOIPYHTOBAHO MPUHLUI OOYJOBYU CIIIPOMETPUYHOI CUCTEMU
3MiHHOTO Ilepenajy TUCKY 3a PaXyHOK [10€JHAHHS CUMETPUYHOI TPYOKU BEeHTYPi Ik IEPBMHHOTO NIEPETBOPIOBAYA T
II'€30PE30HAHCHOTO 1aTYMKa i3 3a30pOM SIK BTOPUHHOTO [IepEeTBOPIOBayYa, 110 JL03BOJINJIO 3a0€3M1eYNTH HU3bKUI
aepOAMHaMIYHUM OIIip, BiICYTHICTb PYXOMUX €JIEMEHTIB, CaHITapHY NPUAATHICTb BUMIPIOBAJIbHOIO KaHAJy Ta
MOJKJIMBICTb peecTpaii BUCOKOMBUIKICHUX TUXAJbHUX ITIOTOKIB; - pO3PO6JIEHO Ta peati3oBaHO
€KCIIepMMEHTAJIbHUI BUMIPIOBAJIbHUI CTeH[, 117151 KajlibpyBaHHs1, Bepudikaliii Ta mociigkeHHs IepBUHHNAX
[IEPETBOPIOBAYIB IIOBITPSIHOIO MTOTOKY, SIKUH BiIPi3HAETbCS BUKOPUCTAHHSAM €QUHOIO a€pPOJNHAMIYHOTO TPAKTy 3
TPbOMA HE3aJIEXKHUMU BUMIPIOBAJIbLHUMU KaHajlaMU: pe(epeHTHUM, KOHTPOJIBHUM Ta JOCHIIKYBaHUM, 11O
3abe3rnevye NOPiBHSIHHSA METPOJIOTIYHUX XapaKTEPUCTHUK I1€PETBOPIOBAYIB 32 OJIHAKOBUX YMOB (POPMYBaHHS
MIOBITPSIHOTO IIOTOKY; - 3alIPOIIOHOBAHO KOHCTPYKIIiIO Ta BATOTOBJIEHO METOIOM 3D-IpyKy IEPBUHHUM
[IepeTBOPIOBAY MOBITPSIHOTO [IOTOKY Ha 6a3i MoaKn(iKOBaHOI BOOIYHOCUMETPUYHOI TPyOKU BeHTypi, sKuit
BiIPi3HSIE€TLCS KyTaMU KOHYCHOCTI Ta CHMETPUYHIAM BUKOHAHHSIM KOHPY30pa i Audy30pa, o J03BOJINIIO
cTabisizyBaTy Oro XapakTepUCTUKY Y PO3MINPEHOMY [ialla30Hi 3MiHM 4Kcia PeliHosbrca Ta 3ab6e3nednTu
IIPUAATHICTb 0O peecTpallii AMHAMIYHUX [TOTOKIB [IpY BOUXY i BUAKXY; - pO3PO0JIEHO CIIOCiO BU3BHAUEHHS
IIapaMeTpiB €JIEKTPUYHOI €KBiBaJIEHTHOI CX€MH IT€30PE30HAHCHOIO BUMIPIOBAJIbHOTO IlepeTBopioBayva y I1-
NO0JiOHOMY BUMipIOBaJIbHOMY YOTHPUIIONIIOCHUKY 32 4aCTOTAMU HYJIbOBOI a3y, KU1 Biipi3HIETbCS
BUKOPHUCTaHHIM (a304aCTOTHOI XapaKTepUCTUKY Ta TOUHUX aHAJIITUYHUX BUPA3iB /1J11 pO3PaxyHKyY 1apameTpiB , 1110
II03BOJIsIE 3MEHILINTY KiJIbKiCTh BUMIPIOBaHb i MiABUIIUTY TOYHICTb BU3Ha4YeHHS nnapameTpiB EEC i3 BUKOpUCTaHHAM

TOCTYITHOTO J1a60PAaTOPHOro 06J1aJHAHHS.

2. The dissertation addresses a relevant scientific and applied problem of improving portable electronic
spirometric monitoring devices by substantiating the design principles of a measuring tract capable of accurate
recording of external respiratory function parameters under highly dynamic flows and increased infection-safety
requirements. The object of the study is the processes of formation, conversion, and digital processing of

information signals in biomedical electronic measuring spirometric systems when determining external



respiratory function parameters. The subject of the study is an electronic variable differential-pressure measuring
system based on a symmetric Venturi tube, a piezoresonance transducer with a modulated interelectrode gap, and
calibration and digital signal-processing algorithms for respiratory flow. The aim of the study is to improve the
metrological characteristics of electronic portable spirometry systems while ensuring infection safety by
developing and investigating an electronic variable differential-pressure measuring system with a symmetric
Venturi tube and a piezoresonance transducer with a frequency output signal for measuring highly dynamic
respiratory flows. The following scientific results were obtained: - for the first time, a mathematical model for
converting differential pressure into volumetric flow rate in a spirometric channel based on a Venturi tube was
obtained; it accounts for the nonlinear dependence of the discharge coefficient on the Reynolds number,
thermodynamic microclimate parameters, and structural and mechanical features of the measuring system,
enabling thermodynamic correction and nonlinear calibration by a reference volume using One-Phase Association
approximation; - for the first time, a mathematical model of thickness-shear vibrations of a piezoresonance sensor
was obtained using the matrix-operator method for solving boundary-value problems of the linear theory of
piezoelectricity; it accounts for the plate dimensions along the thickness and length coordinates of the
piezocrystal and makes it possible to determine the effect of boundary conditions, mass loading, and the air gap
between the piezoelement and excitation electrode on the resonant vibration frequency; - the Butterworth-Van
Dyke model for determining the equivalent electrical circuit parameters of a piezoresonance sensor was further
developed by modifying the traditional EEC parameter calculation method; the modification accounts for the
dependence of dynamic inductance and static capacitance on harmonic number, eliminates the relative error in
determining the series-resonance frequency, and improves the accuracy of describing piezoresonators with
boundary conditions; - for the first time, a two-dimensional mathematical model of vibrations of a piezoresonance
sensor with a moving electrode and a nonuniform air gap was obtained; it accounts for the geometric shape of the
moving electrode and makes it possible to determine the effect of the interelectrode-gap magnitude and geometry
on the resonant frequency and calibration characteristics of pressure transducers. The practical significance of the
results for electronics and biomedical measuring systems is as follows: - the design principle of a variable
differential-pressure spirometric system was substantiated by combining a symmetric Venturi tube as the primary
transducer and a gap-type piezoresonance sensor as the secondary transducer, which made it possible to ensure
low aerodynamic resistance, absence of moving elements, sanitary suitability of the measuring channel, and
registration of high-speed respiratory flows; - an experimental measuring bench was developed and implemented
for calibration, verification, and study of primary airflow transducers; it uses a single aerodynamic tract with three
independent measuring channels—reference, control, and test—which ensures comparison of the transducers’
metrological characteristics under identical airflow-formation conditions; - a design was proposed and a primary
airflow transducer based on a modified bilaterally symmetric Venturi tube was manufactured by 3D printing; it
differs in taper angles and symmetric confuser and diffuser design, which stabilized its characteristics over an
extended Reynolds-number range and ensured suitability for recording dynamic flows during inhalation and
exhalation; - a method was developed for determining the parameters of the equivalent electrical circuit of a
piezoresonance measuring transducer in a [1-shaped measuring four-terminal network using zero-phase
frequencies; it differs by using the phase-frequency characteristic and exact analytical expressions for parameter
calculation, which reduces the number of measurements and increases the accuracy of EEC parameter
determination using available laboratory equipment.
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PE30HATOp 3 KePyBaHHSIM 4aCTOTH : IIAT. HA KOpUCHY moneb 101928 Ykpainn : MITK HO3H 9/00. N&
u201502872; 3asBi. 30.03.2015 ; omy6s1. 12.10.2015, Bros1. N2 19. 15. BumipioBasibHiil nepeTBopioBay 3 4aCTOTHUM

I1'€e30pE30HAHCHUM JIaTYMKOM: [IaT. HA KOPUCHY Moaeib 113289 Ykpainu : MIIK HO1L 41/08. N2 u201606693;
3agBi. 21.06.2016 ; ony6:1. 25.01.2017, Bros1. N2 2.

BrnpoBazykeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Cokon €Brex IBaHoBUY

2. Yevhen Sokol

KBasidikanis: 1. 1. u., npodecop, uien-kop., 05.09.12

ImenTudikarop ORCID ID: 0000-0003-1370-1482

HoparkoBa iHpopMmawist: https://scholar.google.com.ua/citations?user=yrleQwwAAAAJ&hl=ru

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUI TEXHIYHUI YHiBEpCUTET "XapKiBChKUiA

MOJIITEXHIYHUN IHCTUTYT"

Koz, 3a €IPITIOY: 02071180

Micue3Haxoa KeHHS: By Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiilfiHHX ONOHEHTIB Ta PELeH3€HTIB



OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Iliguenko Cepriit KOCTSIHTUHOBUY

2. Serhii K. Pidchenko

KBasigikamis: n. . u., npodecop, 05.12.13

InenTudikarop ORCID ID: 0000-0001-9488-1782

JoparkoBa iHpopMmauist: ;https://www.scopus.com/authid/detail.uri?authorld=36069894900
IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: XMebHUIBKMI HAL[IOHAIbHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 02071234

Micuesﬂaxo,rm(emm: ByJI. [HCTUTYTCBKA, XMEJIbHULIBKUN, XMEJIBHULILKAN p-H., 29016, YKkpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aThKOBI:

1. ITaBnos Ceprii1 BotoguMupoBuy

2. Sergii Pavlov

KBasigikanis: 1. 1. u., npodecop, 01.05.03
Inentudikarop ORCID ID: 0000-0002-0051-5560

JoparkoBa iHdpopmamist:

http:/ /www.scopus.com/inward /authorDetails.url?authorID=7103366036&partnerID=MNSTOARS;
https:/ /www.webofscience.com /wos /author /record /1060169;

https:/ /scholar.google.com /citations?user=hWWt_Y4AAAAJ

IToBHE HafIMeHyBaHHH IOpH,I[H‘-IHOi 0COOH: BiHHMIbKUIT HA[IOHAJIBHUI TeXHIYHUIL yHiBEpCHUTET
Kopg 3a €IPIIOY: 02070693

MiCHCBHaXO,T.[)KeHHH: ByJI. XMeJIbHULIbKE 1I0CE, BiHHMIS, BiHHMLBKU p-H., 21021, YKpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. ABpyHiH Ouser I'puroposuy

2. Oleg Avrunin

KBasigikamnis: 1. 1. n., npodecop, 05.11.17
InenTudikarop ORCID ID: 0000-0002-6312-687X



HoparkoBa iHdopmauist: https://www.scopus.com /authid /detail.uri?authorld=35298713200);
https://scholar.google.com.ua/citations?user=LPkqyxoAAAAJ&hl=ru&authuser=5%20%20;
https:/ /publons.com /researcher /1995976 /olig-grigorovich-avrunin/

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKMii HAlliOHAIBLHUI YHIBEPCUTET PajlioeNEKTPOHIKY
Koz, 3a €IPIIOY: 02071197

Micue3Haxoa>KeHHs: npocniekt Hayku, Xapkis, XapkiBcbkuii p-H., 61166, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepCcTBO OCBIiTH i HayKu YKpaiHu

InenTudikarop ROR:

PeuenszeHnTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. ByeB Angpint OsekcangpoBUY

2. Andrey A. Zuev

KBasigikamis: . t. u., gou., 05.13.05
Imentudikarop ORCID ID: 0000-0001-8206-4304
JoparkoBa indpopmanist:

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA YHiIBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUNA IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninyosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma ByracHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak/1104YHi BiZOMOCTI

BaacHe IlpizBume Im's I10o-6aTbKOBI Cyukos I'puropiii Muxaitnosuy
rOJIOBH pajau

Biacue IpizBume Im's I10-6aTbKOBI Cyuxos 'puropiii Muxaiinosiy
TOJIOBYIOYOTO Ha 3acCiaHHi

BiagmoBizasibHUH 32 MiATOTOBKY Bacunbuyk JiImutpo IletpoBud
00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop IOpuenko TersHa AnarosiiBHa



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




