AHOTANIA

Cmpembiypka O.I. Mertomun Ta 3aco0uU OLIHKH IYJbCOBOIO CHTHAIY IpHU
MICUXOEMOIIIHHOMY CTpeci y cTomaTosioriyHid mpaktuii. — KsamidikaiiiiHa HaykoBa
npaitls Ha MpaBax PYKOIHKCY.

Jucepramiss Ha 3700yTTS HAyKOBOTO CTymeHs jJokTopa ¢imocodii 3a
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[TinroToBka 3iilicHIOBasIach Ha Kadeapi 010TEXHIYHUX CUCTEM TepHOMIbCHKOrO
HalllOHAJIBHOIO TEXHIYHOrO yHiBepcuTeTy iMeHl IBana Ilymiost MinicTepcTBa OCBITH 1
HayKu YKpaiHU.

Hucepraniitna po0OoTa MNpUCBIYEHA PO3B’SI3aHHIO AaKTyaJbHOIO HAyKOBOIO
3aBAaHHS — BUOIp METOAIB Ta 3acoOIB OLIHIOBAaHHSA IyJIbCOBOI'O CHUTHAIy MpHU
MICUXOEMOILIIMHOMY CTpeci Y CTOMATOJIOTIUHIA MPaKTUIl Ha OCHOBI OOIPYHTOBAHOI
MaTEeMaTHYHOI MOJIENI MyJIHCOBOTO CUTHAIY, PO3POOIECHHIO aIrOPUTMY Ta MIPOTPAMHOTO
3a0e3nedyeHHsT JUIsl TEXHIYHMX 3aco0iB aHaji3y IyJbCOBOTO CHUTHAIY 3 METOIO
BUSIBJICHHS 3M1H Y pOOOTI CEPIIEBO-CYUHHOT CUCTEMHU TIPHU TICUXOEMOILIIMHOMY CTpecCi y
CTOMATOJOTYHIN npakTuill. O0’€KT AOCTIIKEHHS: MPOIEC BiAOOPY, MOJECIIOBAHHS Ta
aHai3y MyJIbCOBOIO CUTHAIY JIJIsi BHUSBJICHHS 1HPOPMATUBHUX O3HAK 3MiH y POOOTI
CEpLIEBO-CYAMHHOI CHUCTEMH JIIOJUHU i BIJIMBOM CTPECY Y CTOMATOJOTIYHIN
npaktuill. IlpenmeTr mgociikeHHs: 3aco0u BiAOOpPY, MareMaTH4YHA MOJIeNb, METOJU
OTpallOBaHHS Ta IMITallifHA MOJENb IMYJIbCOBOTO CUTHATY MPU TICUXOEMOIIHHOMY
CTpeci y CTOMATOJOTIYHINA MNPAaKTUII JJi1 BUSABICHHS 1H(QOPMATUBHUX O3HAK 3MIH Yy
poOOTI CepIeBO-CYAMHHOI CUCTEMH I1i]T BILTUBOM CTPECY.

VY BcTymi 0OrpyHTOBAHO aKTYaJIbHICTh JOCIIKEHHS, HaBEJIEHO 3B’ 130K POOOTH 3
HAYKOBO-AOCITHOIO TEMOIO, TIOCTABJICHO METY Ta BU3HAYEHO 3aBIAHHS JOCIIHKEHHS,
00’€KT Ta MpeIMeT IOCTIHKCHHS, HaBEACHO IIepelliK METOIIB JTOCIIIKCHHS, IO
3aCTOCOBYBAJIUChH IJIsl JIOCATHEHHS MeTH naucepraniiHoi poodotu. CdopmyiiboBaHO

HAyKOBY HOBH3HY, NpaKTHUYHE 3HAUEHHS OTPUMAHUX pE3YyJbTaTiB Ta OCOOUCTHIA
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TBOpUYMi BHECOK 3700yBaua. [lomano BimomocTi mono ampobarii Ta OmyOMiKyBaHHS
Pe3yJIbTaTIB JOCIIIKCHHS.

Y mepmomMy po3aiuTi MPOBEACHO aHaji3 BIJOMUX METOJIB BIIOOPY Ta aHalizy
MyJIbCOBOT'O CHUTHATY, L0 3aCTOCOBYIOTHCS 3 JIarHOCTUYHOIO METOIO JJIsl BUSIBJICHHS
BIIXWJICHb Yy pOOOTI CEpIEBO CYAMHHOI-CUCTEMH JIIOAWHHU. 3a pe3yjbTaTaMu aHajiizy
MOKa3aHo, 110 MPOBEACHHS JIarHOCTYBaHHS 3MiH B OpraHi3Mi JIIOJWHH TOB’SI3aHHUX 13
MICUXOEMOIIIMHUM CTPECOM Y CTOMATOJIOT1YHIN MpaKkTulll, MOoTpedye MOJeTIOBaHHS
010(i3MYHKX TpPOIECIB Ta METOMIB iX aHami3y 13 BUKOPUCTAHHSIM MaTeMaTUYHOTO
amapaty omnucy Iux mnpoiieciB. Lle € 0CHOBOIO 7S OIIIHIOBaHHSI OTPUMAHUX AJITOPUTMIB
aHaii3y IMyJIbCOBOIO CHUTHATY 13 BUKOPUCTAaHHSM CHHTE30BaHMX Ha iX OCHOBI
IMITalIMHUX Mojened. BpaxoByrounm MexaHi3M (OPMYBaHHS IyJIbCOBOi XBWJI 1
0COOMMBOCTI  aHami3zy (YHKIIOHAJBHOTO CTAaHYy CEPIEBO-CYJUHHOT CHCTEMH 3a
MyJIbCOBHUM CHTHAJIOM, BCTAHOBJICHO HEOOXIJHICTh OOTPYHTYBaHHS BUOOpY aJ€KBATHOI
MaTeMaTUYHOT MOJICJIl HAa OCHOBI JJaHUX OTPUMAHHUX aHATITUYHUMU METOJIaMH.

VY apyromy posniii MPOBEACHO aHaJi3 IMyJILCOBOI'O CUTHANY 13 BUKOPHCTaHHSIM
CTaTUCTUYHHMX METOJAIB OIIIHKM, a CaMe€ pO3paXxOBaHO MAaTEMaTU4YHE CIO/IIBaHHS,
JUCHEepcito  Ta KopelsmiiHy ¢yHkiii. Po3paxyHOK BKa3zaHHX XapaKTEPUCTHK
MyJIbCOBOT'O CUTHAY MiJITBEPAUB, IO aJeKBaTHA MOJIEb MMyJIbCOBOTO CUTHATY TTIOBUHHA
HOCUTH CTaTUCTUYHHMA XapakTep Ta 3aJ0BOJBHATH BHMOTH TIEPIOAMYHOCTI Ta
BUITAJIKOBOCTI. BCTaHOBIIEHO, 110 Taki BHMOTHM BpaxoOBy€ MaTeMaTU4YHa MOJIEh
noOy/J0oBaHA METOJaMM E€HEPreTHYHOI Teopii CTOXaCTHYHUX CHUTHAJIB, a camMe — y
BUIJISII MEPIOAMYHO KOPEITbOBAHOTO BUIIAAKOBOTO mpolecy. Taka Mozaelb Mae 3aco0u,
K1 BPaXOBYIOTh SIK IOB’S3aHICTh TAPMOHIYHUX CKJIAJIOBUX, TaK 1 3MIHU IMOBIPHICHHUX
XapaKTePUCTHK MYyJbCOBOTO CHTHANY B 4Yaci. MoOJentoBaHHS MYyJbCOBOTO CHUTHAITY
3aco0aMu €HEePreTUYHOI Teopli YMOXJIHMBIIIOE MPOBEACHHS MOTro aHamizy cuH(a3zHuUM
METOJIOM JIJIi CTBOPEHHS B TOJAJBIIOMY aJTOPUTMIB KOMIT IOTEPHOTO OINPAIFOBAHHS
MyJIbCOBOI'O CUTHATY MPHU MCUXOEMOI[IHHOMY CTPEC] Y CTOMATOJIOTTUHIHM MPaKTHIL].

Y TperboMy poO37iii Ha OCHOBI MAaTEMAaTHYHO! MOJIETl Yy BUTJIAII TEPIOJUYHO
KOPEIbOBAHOTO  BHITAJIKOBOTO TIPOIECY PO3POOJECHO alNrOpUTM  OMpAIFOBAHHS

NyJIbCOBOTO CHUTHANY JJi1 BUAUICHHS Ta OLIHKKA WOTO XapaKTepUCTHK. 3 METOIo



3
YCYHEHHS  3aBajl 3 CHUTHQIB  OIOJIOTIYHOTO  TIOXO/KEHHS  3alpOTIOHOBAHO
BUKOPUCTOBYBaTH TomnepeaHio (Qinbrpamito curHany. CuHTe30BaHO HUGPOBHIA
PEXKEKTOPHUM (IIbTp AN BUAUICHHS IIyMy y IMEBHOMY crekTpi udactor. Ha 6asi
OOTpYHTOBAHOI ~MaTeMaTU4YHOI MOJEIl OTPUMAHO BHpPa3H s  OOYUCIICHHS
XapaKTEPUCTUK CUTHANY CUH(pA3HUM METOJOM Ta PO3pOOJICHO alrOpUTMIYHY 0a3y s
CTBOpPEHHSI MPOTPAMHOTO 3a0e3MeueHHs, MPU3HAYCHOTO MJs aHaji3y MyJbCOBOTO
CUTHAJIY IIPHU IMICUXOEMOIIITHOMY CTpeci y cToMaTojoriuHii npaktuil. [Ipu mpoBeaeHH1
aHalli3y XapaKTepUCTHK MaTeMaTWYHOi Mojeni i CUHGA3HOTO OIpalfOBaHHs
MyJIbCOBOTO CHTHATy OyJi0 BCTAaHOBJIEHO, IO BOHHU PO3MIMPIOIOTH MOKIMBOCTI
CTATUCTUYHOI OILIIHKU CTaHy CEpIEBO-CYJMHHOI CUCTEMHU JIIOJUHU. Takuil pe3ynbTaT
JOCATAETHCSI BBEACHHAM JOJIATKOBOTO Kiacy 1H(OPMAaTUBHUX O3HAK — KOPENALIMHUX
KOMITOHEHT, SIKi B1JIOOpakaroTh 3MiHH (Pa30-4acoBOi CTPYKTYPH ITyJIbCOBOTO CUTHAIY.

VY 4yerBepTOMYy pO3ALI HABEACHO pPE3YJbTAaTH IMITALIHOTO MOJEIIOBaHHS
MyJIbCOBOIO CUTHAJy NPHU ICUXOEMOLIMHOMY CTpecl g MPOBEACHHS Baijamii
MaTeMaTUYHOI MOJIENl IMyJIbCOBOTO CUTHAIY Yy BHUIVIS/I MEPIOJUYHO KOPEIHOBAHOTO
BUMAJKOBOrO TMpolnecy. ImitamiiHa Mojens moO0yJI0BaHA Yy BHUIJISAI  KYyCKOBO-
HETEePEPBHOI CHUHYCOINM, sKa BiAOOpakae XapakTEpHI TOYKUM Ta (GOpMy MYyJIbCOBOTO
CUTHAJIy 1 BpPaxXxOBYE€ y CBOIll CTPYKTypl MEPIOAWYHICTh CUTHATIB O10J0TTYHOTO
MOXOJ/KEHHS, BHUIIAKOBY CKIAJOBY, BHUKIMKAHY SK 3MiHaMU Y AiSUTBHOCTI CEpIIEBO-
CYJIMHHOI CHCTEMH, TaK 1 30BHIIIHIMU YMOBaMH, a TaKOXk (Da3u 3MiHU pOOOTU CEPIIEBO-
CYJIMHHOI CUCTEMH IIPU BIUIMBI CTPECY Y CTOMATOJIOTTYHIN MPaKTHUII.

BcTranoBieHo, 1110 3apornoHOBaHa iMiTalliiHa MOJIeb MyJIbCOBOTO CUTHAIy Mae
BHCOKY TOYHICTh BIATBOPEHHS TMapaMeTpiB IMYJbCOBOTO CHUTHAIy. Po3paxyHOK
BIJIHOCHOT TOXMOKHM JJisi PO3KHIY aMIUIITYJIMd 3IMITOBAHOTO Ta EKCHEPUMEHTAIBHO
OTPUMAHOTO CHUTHATB ckiagae 3,97%. BigHocHa moxuOka MiXK 3HAYEHHSM IEpiofiB
3IMITOBAHOTO Ta EKCIEPUMEHTAIbHO OTPUMAHOIO CHUTHajiB ([0 MaKCUMalbHIN
amrutityai) ckianae 3,41%. Pospaxynok t-kputepito CThlofeHTa A JBOX BUOIPOK
PO3KHIy aMILTITYyId Ta MEPIOAY IS 3IMITOBAHOTO Ta €KCIIEPUMEHTAILHO OTPUMAHOTO
CUTHAJIIB BKa3ye, 110 PI3HUIII MIXK JAaHUMHU € CTAaTUCTUYHO He 3Hauyiiorw — P=0,296 ta

p=0,275 BiamOBIIHO.
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[IpoBeneno Bepudikaiilo cuH(PA3HOTO METOMY OIMpAalIOBaHHSA MYJIbCOBOTO
CUTHAJIy TP TICUXOEMOIIIMHOMY CTpeCi Ha OCHOBI IMITaIliiHOI Mojei. MakcuMalbHe
3HAYEHHS BIJHOCHOI TOXMOKM TPHU OMNpALIOBaHHI CHUTHATY CHUH(A3HHUM METOAOM
ckinagae 4%. PospaxyHok t-kputepito Cteiogenta mas p < 0,01 (t; = 0,5, T00OTO
3HAQYCHHS 3HAXOJWUTHCS B 30HI HE3HAYYIIOCTI) CBIAYUTH IO BHCOKY WMOBIPHICTH
nopsaky 0,95 BU3HAUECHHS 4Yacy BIJHOBJICHHS YacTOTH CEPLEBUX CKOPOYEHb MICIIs
npunuHeHHs Al cTpecy. BiamosigHo 10 pospaxoBaHoro t-kputepito CTbIOJEHTA
WMOBIpHICTh BHKOHaHHS Tinore3u ckiamgae 95%. lle cBiguuTh, 110 Taka MOJENb J1a€
BHCOKY TOYHICTb IPH OINpPAIIOBaHHI MyJILCOBOIO CUTHANY Ta YMOXJIUBIIIOE OI[IHIOBAaHHS
aMILTITY/THAX Ta YaCOBUX XaPaKTEPUCTUK CUTHAITY HA OCHOBI KOPEJSAIIHHUX KOMIIOHEHT
K JIOAATKOBUX 1H(MOPMATUBHUX O3HAK [JISl JIaTHOCTUKH (PYHKIIOHAJIIBHOTO CTaHy
CEPILIEBO-CYJMHHOI CUCTEMH IMPH BIUTMBI CTPECY Y CTOMATOJIOTIYHIN TPAKTHIII.

HayxoBa HOBHM3Ha OTpUMaHUX Pe3yJIbTaTiB.

1. 3acTtocoBaHO MEPIOAMYHO KOPETHLOBAHWM  BHUIAJKOBUM  TpOIEC  SIK
MaTeMaTUYHy MOJIEb ITYJLCOBOTO CHUTHANy MpU TICUXOEMOIIMHOMY CTpeci, IO
YMOXJIUBUJIO BpaxyBaHHS MOro MNEpIOAUYHOCTI, BHUIIAJKOBOCTI Ta KOPEALINHUX
3B’SI3KIB, sIKa BUpaXae JUHAMIKY MPOIECY 3MIHM (PYHKI[IOHYBaHHS CEpIIEBO-CYIMHHOI
CUCTEMU TIPH BIUIMBI CTPECY Yy CTOMATOJIOT1UHINM MPAKTHUIII.

2. Brmepiiie po3po0ieHO METOA Ta ajJrOpUTM BU3HAYEHHS MEPIOy IMyILCOBOIO
CUTHAJIy Ha OCHOBI (DYHKIIT MOIIYKY MaKCHMAaJbHOTO 3HAUEHHSI CUTHAy B MEXKax
nepiofy Ta MIATBEPIKEHHS 3HAXOHKEHHS MIKOBOT'O 3HAYEHHS IUISIXOM IUKJIIYHOTO
MOPIBHSIHHSA 3 CEpPeHIM 3HAYEHHAM /IS BUOIPKA 3 KOB3HHM (DIKCOBAHHM YHUCIOM
MepIoAiB, IO YMOXKJIMBHUIIO TIJABHINCHHS TOYHOCTI BU3HAYEHHS IEPIOAY ITYyIHCOBOTO
CUTHAIIy IPH NMCUXOEMOLIIITHOMY CTpeCl y CTOMATOJIOT14HIM MPAKTHIII.

3. Po3pobieno wmeTon Ta aiaropuTM aHalily IMyJbCOBOTO CHUTHANy TMpHU
MICUXOEMOLIIMHOMY CTpECi y CTOMATOJIOTTYHIN MPaKTHUIl Ha OCHOBI CUH(a3HOTO METOY,
10 JIaJI0 MOKJIUBICTh MIABUIIUTUA TOYHICTh BUSABJICHHS YaCOBUX MEX, SIKI BKa3yIOTh Ha
3MIHM Yy (YHKIIOHYBaHHI CEpLEBO-CYAUHHOI CHUCTEMH TiJ BIUIUBOM CTpecy Yy

CTOMATOJIOTTYHIM MPAKTHUIII.
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4. Po3po0sieHO METOT Ta AITOPUTM KOMITHOTEPHOTO IMITAIIITHOTO MOJIETFOBAHHS
MyJIbCOBOTO CHUTHAJIy TpPHU T[ICUXOEMOLIMHOMY CTpeci Ha OCHOBI MOJIEIIOBAHHS
XapaKTepHUX TOYOK Ta KPUBUX IYJBCOBOIO CHUTHANY 1 KPUBOI 3MIHM JISIIBHOCTI
CEPLIEBO-CYJMHHOI CUCTEMHU MPHU BILIKUBI CTPECY, 110 YMOKIUBUIO BepUPiKalilo METOY
OTpalIOBaHHS IyJILCOBOTO CUTHATY MPHU MCUXOEMOIIHHOMY CTPECl y CTOMATOJIOTIUHIH
MPAKTHIII.

[IpakThyHe 3HAYEHHS OTPUMAHUX PE3YJbTATIB JUCEPTAIIHHOTO IOCITIIKEHHS
MOJISITa€ y TOMY, 110 PO3pPOOJICHO METOA Ta OOTPyHTOBaHI 3ac00M BimOOPY MyJIHCOBOTO
CUTHAJy MpHU TCUXOEMOIIITHOMY CTpeci y CTOMATOJOriuHii mpaktuii. Po3pobieno
KOMIT'IOTEpHUN aQJITOpUTM Ta TMporpaMHe 3a0e3leueHHs s TEXHIYHUX CHUCTEM
ONpaLOBaHHS IYyJIbCOBOIO CHUTHAJIy MNpPU IICUXOEMOLIMHOMY CTpecl CHH(}a3HUM
METOJIOM, L0 JaJl0 3MOTYy BH3HAUMTH YacOBI MOMEHTH, SIKI CBIIYaTh MPO 3MIHH Yy
(YHKIIIOHYBaHHI CEPIEBO-CYAMHHOI cucTeMu. Po3po0ieHo Ta peanizoBaHO iMiTaliiHy
MOJZIEJIb IYJBCOBOTO CHUTHANIYy IMpPH ICUXOEMOLIMHOMY CTpeci y CTOMaTOJOTIYHIN
NPaKTHIl, 3aBISKU SIKIM pe3yJabTaThd MOJEIIOBAHHS BHUKOPUCTAHO [UIsl TECTyBaHHS
QIrOPUTMIB OMNpalloBaHHA JaHuXx. OTpuMaHi HAyKOBI Ta NPAKTUYHI pe3yJIbTaTH,
METOJIMKA ¥ peKoMeHJallli BOPOBAHPKEHO y MPOILEC pO3pOOKH HOBUX BHUJIB MPOAYKIIi
KoHcTpykTOopchkoro Bigauty IIIT «[lamit» (c. badikiBii, TepHomiabchkoro p-Hy,
TepHONIIBCHKOI 00J1.).

OcCHOBHI pe3ynbTaTH JOCHIKEHb, MO BigoOpakeHl y aucepTaiiiiHii poOoTi,
omy0OiikoBaHo y 10 HaykoBUX Hpalsix: 3 HUX | cTarTd y HayKoBoMY (haxOBOMY BHJIaHHI
Vkpainn; 1 crartda y HaykoBOMY IMEpIOJAMYHOMY BHJAHHI IHIIUX JEpKaB, SKE
IHIEKCYEThCS Y MDKHApOJHIA HaykomeTpuuHid 0a31 Web of Science; 1 crarrs y
BUJIaHHI YKpaiHH, K€ 1HAEKCYEThCS Y MIKHAPOIHIM HayKOMeTpuuHii 0a3i Scopus Ta 7
T€3 JIOTMOBIJIeH Ha MIKHAPOJIHUX Ta BCEYKPATHCHKMX HAYKOBHX Ta HAYKOBO-TEXHIYHHUX
KOH(epeH1sX.

Knwuoei cnoea: nynbCOBUN CHUTHAJ, TMCUXOEMOIIMHUNA CTpec, CTOMATOJIOTIS,
MEPIOAUYHO KOPEIhOBAaHUK BHIAIKOBHM TIpolec, CHH(GA3HUKA METOJ, IMiTaliiHa
MOJIeb, aJrOpuTM, MporpamMHe 3a0e3medeHHs, Bepudikailis, Balijaiis, BIAHOCHA

noxuOka, kpurepii CThIOJICHTA.



SUMMARY

Strembitska O.l. Methods and tools for assessing the pulse signal in psycho-
emotional stress in dental practice. - Qualifying scientific work on the rights of the
manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy
on a specialty 163 "Biomedical engineering” in the field of knowledge 16 "Chemical
and bioengineering". - Ternopil National Technical University named after Ivan Pulyuy.
Ternopil, 2021.

The training was carried out at the Department of Biotechnical Systems of
Ternopil National Technical University named after Ivan Pulyuy of the Ministry of
Education and Science of Ukraine.

The dissertation is devoted to solving the current scientific problem - the choice
of methods and means of assessing the pulse signal in psycho-emotional stress in dental
practice on the basis of a sound mathematical model of the pulse signal, algorithm
development and software for technical analysis of pulse signal to detect changes in
heart rate vascular system in psycho-emotional stress in dental practice. Object of
research: the process of selection, modeling and analysis of the pulse signal to identify
informative signs of changes in the human cardiovascular system under the influence of
stress in dental practice. Subject of research: means of selection, mathematical model,
methods of processing and simulation model of pulse signal in psycho-emotional stress
in dental practice to identify informative signs of changes in the cardiovascular system
under the influence of stress.

The introduction substantiates the relevance of the study, links the work with the
research topic, sets the purpose and objectives of the study, object and subject of
research, lists the research methods used to achieve the goal of the dissertation. The
scientific novelty, practical significance of the obtained results and personal creative
contribution of the applicant are formulated. Information on approbation and

publication of research results is given.
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The first section analyzes the known methods of selection and analysis of the
pulse signal, which are used for diagnostic purposes to detect abnormalities in the
cardiovascular system. According to the results of the analysis, it is shown that
diagnosing changes in the human body related to psycho-emotional stress in dental
practice requires modeling of biophysical processes and methods of their analysis using
a mathematical apparatus to describe these processes. This is the basis for evaluating the
obtained algorithms for pulse signal analysis using simulated simulation models based
on them. Given the mechanism of pulse wave formation and features of the analysis of
the functional state of the cardiovascular system by the pulse signal, the need to justify
the choice of an adequate mathematical model based on data obtained by analytical
methods.

In the second section, the analysis of the pulse signal using statistical estimation
methods is performed, namely, the mathematical expectation, variance and correlation
function are calculated. The calculation of these characteristics of the pulse signal
confirmed that an adequate model of the pulse signal must be statistical in nature and
meet the requirements of periodicity and randomness. It is established that such
requirements are taken into account by a mathematical model built by the methods of
energy theory of stochastic signals, namely - in the form of a periodically correlated
random process. This model has tools that take into account both the connection of
harmonic components and changes in the probabilistic characteristics of the pulse signal
over time. Modeling of the pulse signal by means of energy theory allows its analysis
by the in-phase method to create further algorithms for computer processing of the pulse
signal under psycho-emotional stress in dental practice.

In the third section, based on a mathematical model in the form of a periodically
correlated random process, an algorithm for processing a pulse signal to select and
evaluate its characteristics is developed. In order to eliminate interference from signals
of biological origin, it is proposed to use pre-filtering of the signal. A digital notch filter
has been synthesized to extract noise in a certain frequency range. On the basis of a
substantiated mathematical model, expressions for calculating the characteristics of the

signal by the in-phase method are obtained and an algorithmic basis for creating
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software designed for the analysis of the pulse signal under psycho-emotional stress in
dental practice is developed. When analyzing the characteristics of the mathematical
model for in-phase processing of the pulse signal, it was found that they expand the
possibilities of statistical assessment of the human cardiovascular system. This result is
achieved by introducing an additional class of informative features - correlation
components that reflect changes in the phase-time structure of the pulse signal.

The fourth section presents the results of simulation modeling of the pulse signal
under psycho-emotional stress for validation of the mathematical model of the pulse
signal in the form of a periodically correlated random process. The simulation model is
built in the form of a piecewise continuous sinusoid, which reflects the characteristic
points and shape of the pulse signal and takes into account in its structure the periodicity
of signals of biological origin, random component caused by changes in cardiovascular
system and external conditions. work of the cardiovascular system under the influence
of stress in dental practice.

It is established that the proposed simulation model of the pulse signal has a high
accuracy of reproduction of the pulse signal parameters. The calculation of the relative
error for the scatter of the amplitude of the simulated and experimentally obtained
signals is 3.97%. The relative error between the values of the periods of simulated and
experimentally obtained signals (maximum amplitude) is 3.41%. The calculation of
Student's t-test for two samples of amplitude and period scatter for simulated and
experimentally obtained signals indicates that the difference between the data is
statistically insignificant - p = 0.296 and p = 0.275, respectively.

Verification of the in-phase method of pulse signal processing under psycho-
emotional stress on the basis of the simulation model is carried out. The maximum
value of the relative error in signal processing by the in-phase method is 4%. The
calculation of the Student's t-test for p<0.01 (t S = 0.5, ie the value is in the zone of
insignificance) indicates a high probability of about 0.95 to determine the recovery time
of heart rate after cessation of stress. According to the calculated Student's t-test, the
probability of fulfilling the hypothesis is 95%. This indicates that such a model provides
high accuracy in the processing of the pulse signal and allows the evaluation of
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amplitude and time characteristics of the signal based on correlation components as
additional informative features for diagnosing the functional state of the cardiovascular
system under stress in dental practice.

Scientific novelty of the obtained results.

1. Periodically correlated random process as a mathematical model of pulse signal
in psycho-emotional stress, which allowed to take into account its periodicity,
randomness and correlations, which expresses the dynamics of changes in the
functioning of the cardiovascular system under stress in dental practice.

2. For the first time a method and algorithm for determining the period of the
pulse signal based on the function of finding the maximum value of the signal within
the period and confirming the peak value by cyclic comparison with the average value
for sampling with a fixed number of periods, which allowed to increase the accuracy of
stress in dental practice.

3. A method and algorithm for analyzing the pulse signal in psychoemotional
stress in dental practice based on the in-phase method, which allowed to increase the
accuracy of time limits, which indicate changes in the functioning of the cardiovascular
system under the influence of stress in dental practice.

4. The method and algorithm of computer simulation modeling of pulse signal at
psychoemotional stress on the basis of modeling of characteristic points and curves of
pulse signal and curve of change of activity of cardiovascular system at influence of
stress that enabled verification of a method of processing of pulse signal at
psychoemotional stress in dentistry .

The practical significance of the obtained results of the dissertation research is
that the method and substantiated means of pulse signal selection in case of psycho-
emotional stress in dental practice are developed. A computer algorithm and software
for technical systems of pulse signal processing in psycho-emotional stress by the in-
phase method have been developed, which allowed to determine the time moments that
indicate changes in the functioning of the cardiovascular system. A simulation model of
the pulse signal in psycho-emotional stress in dental practice has been developed and

implemented, thanks to which the simulation results were used to test data processing
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algorithms. The obtained scientific and practical results, methods and recommendations
have been implemented in the process of developing new types of products of the
design department of PC "Galit" (Baykivtsi village, Ternopil district, Ternopil region).

The main results of the research, which are reflected in the dissertation, are
published in 10 scientific works: 1 article in the scientific professional publication of
Ukraine; 1 article in a scientific periodical of other states, which is indexed in the
international scientometric database Web of Science; 1 article in the publication of
Ukraine, which is indexed in the international scientometric database Scopus and 7
abstracts of reports at international and national scientific and scientific-technical
conferences.

Key words: pulse signal, psychoemotional stress, dentistry, periodically
correlated random process, in - phase method, simulation model, algorithm, software,
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