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1. Incepranifina po60Ta IpUCBIYeHa PO3BUTKY IIPMHLMIIIB iHTeIeKTyaizanii ceHCOpiB, HOBUX CIIOCOO6IB
BAMIpPIOBaHHS TUCKY B HECTAlLiIOHAPHUX CEPEOBUIIAX, 30ATHUX IIPALIIOBATH B PEKMAMI PEaJIbHOTO 4acy 3 BUCOKOIO
TOYHICTIO. BUMipIOBaHHS TUCKY € KPUTUYHO BKJIUBOIO CKJIAZI0BOIO Y (PYHKIiOHYBaHHI CUCTEM K€PyBaHHS,
MOHITOPUHTY B Takux cdepax, K aepOKOCMidHa, aBTOMOGiIbHA, BificbKOBa Ta (PyHIAMEHTabHI HAYKOBi
IocCIigKeHHs. TakuM YMHOM, PO3BUTOK iHTEJIEKTyasli30BaHMX CEHCOPIB TUCKY € He JIMIIE BAKJIVNBUM HayKOBO-
TEXHIYHMM 3aBJaHHSM, ajie 1 BifNOBiAAI0 Ha peasbHi 3alIMTH CY4acHOI TPOMUCIIOBOCTI I HAyKH, 110 OTPEOYIOTh
TOYHUX, HAZIMHUX Ta WIBUIKOAII0YMX BUMIPIOBAJIBHYUX pillleHb. [lucepranis MiCTATb BCTYII, YOTUPU PO3LiH,
BHCHOBKH, CIIMCOK BUKOPUCTaHUX JIKepeJl Ta JOJATKU. Y BCTYIi OOIPYHTOBAaHO HEOOXITHICT i aKTyaJIbHICTB
IMCEePTaLiIHOTO TOCiTKeHHS, 3a3Ha4€HO IPeJIMET Ta 00’€KT AOCHiIKeHHs, METOIOJIOTII0 AOCTII>KeHHSs, a TaKOX
cpopMyIbOBAaHO METY, OCHOBHI 3aBJIaHHSI, HAYKOBY HOBU3HY i IPaKTUYHY LiHHICTb 3J00yTUX HAyKOBUX PE3YJIbTATIB.
Y nepumomy po3zisi MoJaHo CUCTEMHMI aHAJIi3 Cy4aCHOTO CTaHy Ta Npo6jieM BUMIpIOBaHHS TUCKY 32 YMOB

TEMIIEPATYPHOTO BILIMBY, 3 0COOGIMBOIO YBArolo /10 MOBEIiHKM CEHCOPHUX €JIEMEHTIB y HECTAl[ilOHapHUX



TeMIIEPATyPHUX MOJISIX. 3a pe3yJibTaTaMU aHaJli3y c(pOPMyIbOBAHO HAYKOBY TiMIOTE3Y, 3TiIHO 3 SIKOIO
NEPCIEKTUBHUM HANPSIMOM € pO3pO6Ka HOBOI apXiTeKTypH iHTeJIEKTyalbHOTO CEHCOPA TUCKY, 3[aTHOTO
KOMIIEHCallii TEMIIEpaTyPHOro BILIMBY HECTalliOHapHUX cepeloBulll. Takuii ceHCop Mae 00’eIHyBaTH
KOHCTPYKTUBHY CTilKiCTb, UyTJIMBY MEMOPAHHY CTPYKTYPY, MiKPOIIPOLIECOPHUI 6JI0K OOPOOKY NAHUX i
QITOPUTMIYHY MOJIEJIb KOMITEHCALlil B yMOBAaX PE€ajIbHOrO CEPENOBUILA. Y OPYrOMy PO31ijli 3aIIPOIIOHOBAHO
rilacudikalilo iHTeJeKTyaJbHUX CEHCOPIiB TUCKY, 1J0 OXOIUIIOE alapaTHy, IPorpaMHy iHTesleKTyasisalio, Ta ix
noenHaHHs. Ha nizcraBi aHasisy AMHaMIiYHUX XapaKTEPUCTUK MEMOpaHU OOy JOBAaHO JUHAMIUYHY MOZE/b Y BULJISAAL
iHTerpasbHOrO PiBHSIHHS, IO BifoOpaXkae MPUYNHHO-HACIIAKOBI 3B'13KM MK IPUKJIAJIEHUM TUCKOM i BiITyKOM
ceHcopa. Ocob6MBy yBary IpyuaijieHO AOCIiIKEeHHIO TEDMOMEXaHiYHUX SIBULL y MeMOpaHi ceHcopa B yMoBax Iii
HECTalliOHapHOI'0 TEPMOBILIMBY. 3allpONIOHOBAHO PillIEHH4 arlapaTHOI iHTeJIeKTyasli3allii, OpieHToBaHi Ha
MiHiMi3allil0 TeEMIIEPAaTypPHUX MOXUOOK. 30KpeEMA, OOIPYHTOBAHO 3aCTOCYBAHHS CEHCOPHOI KOHCTPYKLI 3
KOMIIEHCALITHUM KiJIbLIEM i3 HITUHOJY, sIKe 3a6e3l1euye TEPMOKOMIIEHCOBAHE 3allleMJIEHHS MEMOPaH!U Ta 3HUXKYeE
TepMOHaIpy>KeHHs 6iy1b1l HiXK y 30 pasziB. Po3po6iieHo aHaIiTUYHI 3a71€KHOCT], 1110 BU3HAYal0Th ONTUMAaJbHe
CITiBBiIHOLIIEHHS TapaMeTpiB MeMOpaHU Ta KOMIIEHCAl[iHOro ejieMeHTa. PO3po61eHO METO/T CaMOiiarTHOCTUKHU
CEHCOpIB TUCKY, I00YLOBAHUI Ha aHaJIi3i iHTerpasbHOI AiarHOCTUYHOI (QyHKILii CUMETpii MOCTOBOI cxeMu. Y
TPETbOMY PO3LiJIi PO3IJISLAETHCS MPOLEC IPMCBOEHHS METPOJIOTIYHNX XapaKTEPUCTHK TEH30PE3UCTUBHUM
CEHCOpaM THUCKY B yMOBax MacOBOTI'0O BUPOOHHULITBA. PO3IJISIHYTO OCHOBHI €Tany MeTPOJIOriyHoi aTecTallii cCeHCOPpiB,
BKJIIOYAIOUY iX IPalyI0BaHHS, BU3HAYEHHS KJlacy TOYHOCTL. OCO6IMBY yBary NpuiijeHo rpynyBaHi, A€ KII0Y0BUM
3aBJAHHSM € 3a0€3I€4eHHs OQHOPIAHOCTI rpafyl0BaIbHMX XapaKTePUCTUK CEHCOPIiB OJIHOTO TUIIOHOMIHAIY, B
MeXKax JONYyCTUMUX BiXnyieHb. Peasi3a0BaHO 3alIPONIOHOBAHY METOLMUKY IPYITyBaHHS CEHCOPIB i3 3aCTOCYBaHHSIM
HEPOHHUX MepexX (baraTolapoBux [IE€PCENTPOHIB), 711 aBTOMaTU3allii mpolecy rpanysaHHs. HaBeneHo
apxiTeKTypy HEMPOHHOI MEpeXi, BKIIOYHO 3 IPUXOBAaHMMU Ta BUXiIHUMU IIapaMu, PyHKLi€elo aktuBauii ReLU nig
HeJIiHITHOTO IepeTBOPEeHHs CUrHaiB Ta QPYHKL ieto Softmax asist oLiHKY HMOBIPHOCTI HaJIEXKHOCTI ceHcopa 1o
KOHKpEeTHOI rpynu. OnycaHo npoLec HaBYaHHs MEPEXKi, BAKOPUCTAHHS aJITOPUTMIB 3BOPOTHOTO TIOLIUPEHHS
IIOMUJIKY Ta METO/IIiB PETyIapU3allii 715 3a0e31e4eHHs CTabiIbHOCTI Ta y3arajJbHIOBAHOCTI MOZEJI Ha Pi3HUX
MAPTIisIX CEHCOPIB. Y 4€TBEPTOMY PO3Lijii NPOBENEHO MOBHUI KOMILIEKC EKCIIEPUMEHTAJIbHUX NOCIiIKEHD,
CIIPSIMOBAHMX Ha BU3HAYEHHS CTaTUYHUX, JMHAMIYHUX Ta iIHTEJIEKTyaJIbHUX XapaKTEPUCTUK TEH30PE3UCTUBHOTO
ceHcopa TUCKy. Ha oCHOBi MaTeMaTM4YHOrO MOZEIOBaHHS ITpoLieciB AedpopMaliii MeMOpaHU NpY Aii peanbHOro 1
izeanbHOro CTpMOKA TUCKY OTPUMAHO aHaIiTU4HI BUPA3U JJ1s1 OL[iHIOBAHHS MOXUOKY AMHAMIYHOTO TECTYBaHHS Ta
BHBEJIEHO KpUTEePiil OCTOBIPHOCTI to < (8-0_max) /0. Lle 103BOoJInI0 KijIbKiCHO OGIPYHTYBaT/ BUMOTH [IO TPHUBAJIOCTI
(POHTY TECTOBOTO BIIMBY Ta BUBHAUUTHU MEKi 3aCTOCOBHOCTI Pi3HUX THUIIIB iIMITyJIbCHUX MeTOZiB. Po3pobsieHo Ta
CTBOPEHO €KCIIEPUMEHTAJIbHY YCTAHOBKY IJ1s1 IMHAMIYHOTO KajliOpyBaHHS CEHCOPIB TUCKY, 10 3abe3nedye

reHepalilo KOPOTKUX iMITyJIbCIB i3 TPUBAJICTIO PPOHTY tO = 2 MKC.

2. The dissertation is devoted to the development of principles for the intellectualisation of sensors and new
methods for measuring pressure in non-stationary environments that are capable of operating in real time with
high accuracy. Pressure measurement is a critical component in the functioning of control and monitoring systems
in such areas as aerospace, automotive, military, and fundamental scientific research. Thus, the development of
intelligent pressure sensors is not only an important scientific and technical task, but also a response to the real
demands of modern industry and science, which require accurate, reliable and fast-acting measurement solutions.
The dissertation contains an introduction, four chapters, conclusions, a list of references and appendices. The
introduction justifies the necessity and relevance of the dissertation research, specifies the subject and object of
the research, the research methodology, and formulates the purpose, main tasks, scientific novelty and practical
value of the obtained scientific results. The first chapter presents a systematic analysis of the current state and
problems of pressure measurement under temperature influence, with particular attention to the behaviour of
sensor elements in non-stationary temperature fields. Based on the results of the analysis, a scientific hypothesis
is formulated, according to which a promising direction is the development of a new architecture of an intelligent
pressure sensor capable of compensating for the temperature influence of non-stationary environments. Such a

sensor should combine structural stability, a sensitive membrane structure, a microprocessor data processing unit,



and an algorithmic compensation model in real-world conditions. The second section proposes a classification of
intelligent pressure sensors, covering hardware, software intellectualisation, and their combination. Based on the
analysis of the dynamic characteristics of the membrane, a dynamic model in the form of an integral equation is
constructed, reflecting the cause-and-effect relationships between the applied pressure and the sensor response.
Particular attention is paid to the study of thermomechanical phenomena in the sensor membrane under the
action of non-stationary thermal influence. Hardware intellectualisation solutions aimed at minimising
temperature errors are proposed. In particular, the use of a sensor design with a nitinol compensation ring is
justified, which provides thermally compensated membrane clamping and reduces thermal stress by more than 30
times. Analytical dependencies have been developed that determine the optimal ratio of the parameters of the
membrane and the compensation element. A method for self-diagnosis of pressure sensors has been developed,
based on the analysis of the integral diagnostic function of the symmetry of the bridge circuit. The third section
examines the process of assigning metrological characteristics to strain gauge pressure sensors in mass
production conditions. The main stages of metrological certification of sensors are considered, including their
calibration and determination of accuracy class. Particular attention is paid to grouping, where the key task is to
ensure the uniformity of the calibration characteristics of sensors of the same type, within the permissible
deviations. The proposed method of grouping sensors using neural networks (multilayer perceptrons) has been
implemented to automate the grouping process. The architecture of the neural network is presented, including
hidden and output layers, the ReLU activation function for nonlinear signal transformation, and the Softmax
function for estimating the probability of a sensor belonging to a specific group. The process of network training,
the use of backpropagation algorithms and regularisation methods to ensure the stability and generalisability of
the model on different batches of sensors is described. The fourth section presents a complete set of experimental
studies aimed at determining the static, dynamic, and intellectual characteristics of a strain-resistant pressure
sensor. Based on mathematical modelling of membrane deformation processes under the action of real and ideal
pressure jumps, analytical expressions for estimating the error of dynamic testing were obtained and the reliability
criterion to < (8-0_max)/o was derived. This made it possible to quantitatively justify the requirements for the
duration of the test impact front and determine the limits of applicability of various types of impulse methods. An
experimental setup for dynamic calibration of pressure sensors was developed and created, which ensures the
generation of short pulses with a front duration of to = 2 ps.
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