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1. PO3BMTOK METOly MarHETONPY>KHOI aKyCTUYHOI €MicCii [J151 AiarHOCTyBaHHS CTaHYy TPUBAJIOEKCIIIyaTOBAHUX

(epoMarHeTHUX €JIEMEHTIB KOHCTPYKLiii

2. Development of the method of magnetoelastic acoustic emission for the state diagnostics of long-term
exploitation of the ferromagnetic construction elements

Pedepar:

1. Incepraniiina po60Ta CIIPSIMOBaHa HA PO3B'SI3aHHS BaXKJIMBOI HAYKOBO-TEXHIUHOI 3a7a4i, a caMe — PO3BUTOK
METO/y [iarHOCTYBaHHS CTaHy TPMBAJIOEKCIIyaTOBaHUX (PEPOMATrHETHUX €JIEMEHTIB KOHCTPYKLIH 3a NapaMeTpamu
CHT'HaJIy MarHeTonpy>xHoi akyctuyHoi emicii (MAE). ITigxin rpyHTyeTbCsl Ha aHali3i mexaHi3My reHepyBaHHsl MAE,
BUOOPi Ta OOIPYHTYBaHHI CTAaTUCTUYHOI MOJEJIi 3aPeeCTPOBAHOT0 CUTHAIY, 10ro iHpOpMaTHMBHUX [1apaMETPIB,
pO3po6JieHHI e(PEeKTUBHUX aJITOPUTMIB OMPAlLIOBAHHS Ta METOAMKY [IiaTHOCTYBaHHS (pepoMarHeTHUx 06'ekTiB. Ha
OCHOBi €HEPTreTUYHOTO IiIXO0AY PO3BUHYTO MaTeMAaTU4HY MOJeJb pyxy 90°-HOI TOMEHHOI CTiHKM M Jac
repeMarHeyeHHs (pepoMarHeTrka. BCTaHOBJIEHO 3B’130K NapaMeTpiB cTpuoka 90°-Hoi TOMEHHOI CTiHKY 3
napamerpamu curHany MAE Ta gociimpkyBaHoro ¢pepoMarneTuka. BumineHo xapakrepHi o3Haku curnany MAE,
30KpEMa, BUIMA/IKOBICTb MIOSIBU Y YacCi OKpEMUX IO/, 0OMEXEHICTh y Yaci, BUNagKoBiCTh aMILIiTyiu. PO3BUHYTO

MOJI€JIb CUTHaJIy MarHeTOIPY>KHOI aKyCTUYHOI €MicCii y paMKaxX CTaTUCTUYHOI MOJI€JIi BUITaIKOBOTO iMITyJIbCHOTO



[IOTOKY. BUOKpeMJIEHI iMITyJIbCHI, YaCOBi Ta CIIEKTPaJIbHi XapaKTEPUCTUKY iMITyJIbCHOTO CUTHAJY Ha BUXOI]
IIEPBMHHOTrO IT'€30€JIEKTPUYHOTO IIEPETBOPIOBaya. 3alipONIOHOBAHO Ta OOI'PYHTOBAHO iHGOPMATHBHI MapaMeTpu
curnany MAE, anroputmu ix olLiHIOBaHHSI Ta 3/1iiICHEHO eKCIIepUMEHTaJIbHY Bepu@ikaliiio. BusiBieHo BUCOKy
YyTJIUBICTb JAHUX [TAPAMETPIB 10 CTPYKTYPHUX 3MiH (pEpOMarHeTHOro Marepiany, BIIUBY (Pi3NKO-XiMIYHUX i
MeXaHIYHUX YMHHUKIB, NIapaMeTpiB epeMarHevyBajabHOro 1nossi. Ha 0CHOBI 3aniporoHoBaHuX iHPOPMATUBHUX
napameTpiB curdany MAE po3po6sieHO MeTOMKY [1iarHOCTyBaHHS HAIIPY>KEHOTO CTaHy pepoMarHeTHUX maTepiasis
Ta 3[ilICHEHO il eKCIlepMMEHTAaJIbHY anpo6allilo Ha TPUBaJIOEKCIIyaTOBaHUX TPYOHMX CTaJIsIX, 10 a0 MOXJIABICTD
BUSIBJISITY 30HM 3aJIMIIKOBUX HAIIPYKEHb i HAa TPAKTHULi 3a0€3[1€YNTH IIOXMOKY [iarTHOCTYBaHHS He Oinblie 11%.
PesynbTaTu JoCinKeHb BIPOBaAKeHO AJ1s1 MAE-niarHoCTyBaHHS 00’€KTiB JOBrOTPUBAIOi eKcrtyarauii disii
“Marictpasnbhi HadTonpoBoau “Ipyx6a” ITAT “YkprpancHadTa” Ta “YripaBiiHHS MariCTpasbHUX ra3onpoBOiB
[TPUKAPITATTPAHCTA3".

2. The dissertation is aimed at solving the significant scientific and technical problem consists in the development
of the method for diagnostic of the condition of the long-term exploited ferromagnetic elements of constructions
on the parameters of the signal of magnetoelastic acoustic emission (MAE). This method is based on the analysis of
the mechanism of generation of the MAE, selection and substantiation of the statistical model of the registered
signal, development of effective algorithms for processing the result of the received signals as well as the method
for diagnostic of ferromagnetic objects. Based on the energy approach, a mathematical model of motion of 90°
domain wall during the ferromagnetic re-magnetization is developed. The relation ship between parameters of the
jump of 90° domain wall and the parameters of the MAE signal and the tested ferromagnetic material is
established. Distinct features of the MAE signal are found, in particular, the random occurrence of individual
events in time, time boundedness, and amplitude randomness. The model of the MAE signal in the framework of
statistical model of the random impulse flow is developed. The impulse, time and spectral characteristics of the
pulse signal at the output of the primary piezoelectric converter are singled out. Informative parameters of the
MAE signal and algorithms for their estimation together with an experimental verification have been proposed and
substantiated. High sensitivity of these parameters to structural changes of ferromagnetic material, influence of
physico-chemical and mechanical factors, parameters of the re-magnetizing field is revealed. Based on the
proposed informative parameters of the MAE signal, the technique for diagnostic of the stress state of
ferromagnetic materials is developed and its experimental testing on long-term exploited pipe steels is carried out.
This technique makes it possible to identify areas of residual stresses and in practice provide an error less than
11%. The research results areintroduced for MAE-diagnostics of long-term exploitation facilities at “Main pipelines
“Druzhba”, a branch of PJSC “Ukrtransnafta” and at “PRIKARPATTRANSGAS Gas Pipeline Management”.
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