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HasBa po6oTHu (YKp)
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IeopMyBaHHS Ta HEHPOHHUX MEPEX

Ha3zBa po6oTH (aHrJI)

Theoretical grounds to estimate vulnerability of externaly perturbed thin-walled structures with the employment of non-linear
deformation models and neural networks

Pedepar (yxp)

O6'eKT [OCTIKEHHS - CIIOCTePe’KyBaHa TOHKOCTIHHA CHCTeMa IIiJ, [Ii€l0 HeBilOMUX aBapiliHMX 30ypeHb. MeTa po6oTu - po3pobka
004YMCIIIOBAJIBHOI CUCTEMH, IO ieHTHU(IKye 3aKpUTUYHUNA CTaH TOHKOCTIHHOI CHCTEMM Ta 4ac ii KUTTSI MPU NPOTrPECYI0YOMY
pyiiHyBaHHi, CIPUYMHEHOMY aBapilHMMHU BIUIMBaMH{, LIJIIXOM IIONEPeAHbOi imeHTudikanii mapameTpiB BIUIMBY METOAOM
obepHEeHUX 3a7ady, peayi3oBaHOi 3a [OMOMOrOK MUHAMIYHUX iHBEPCHUX HEMPOHHMUX MEpPEX Ha MifCTaBi CIIOCTEPEXEHHS 3a
cructeMoro (BUMipIoBaHHS Jiepopmaliill) 3 HACTYITHUM IPOTHO30M ii ypas3inBOCTi, Ha MiACTaBi AUHAMIYHUX MPY>KHO-IIJIACTUYHUX
pPO3paxyHKIiB CcHCTEMH, MiAmaHoi ifeHTH(IKOBAaHMM BIIJIMBAM, MOJ€bOBaHMM (QYHKLISIMUA 4acy. MeTomu [OOCTiIpKeHHS -
aHamiTH4HIi Ta o6uyucmoBasbHi MerTony. OCHOBHI HAyKOBi pe3ysbTaTW MOJIATAOTh y HACTYIMHOMY. 3azmavy imeHTudixanii
copMyIbOBaHO SIK OGEPHEHY, IO € KOPEKTHOW. 37ilficHeHo Bubip xapakrepuctuk HJIC, mo mipsaraioTe BUMIpIOBaHHSM, Ta iX
3HAa4Y€Hb SIK KOMIIAKTHMX MHOXWH. BMKOHaHO NMapaMEeTPUYHUI ONMC KOHCTPYKLIMHUX IapaMeTpiB, AedeKTiB Ta IUHAMIYHUX
HaBaHTaXeHb. PO3p06JI€HO apxiTeKTypy iHBEpPCHOI HEMpPOHHOI Mepexi i BHUOpaHO BuMipIOBaHi mapametpu. [lo6ynmoBaHO
MaTEMaTUYHy MOJeib Ta OOYMCIIOBAJIbHY CUCTEMY. BUKOHaHO BM3HaueHHsl QYHKUIl 4acy 1jsi Mogedi imeHTudikauii 36ypeHs.
ChopmMyIbOBAaHO MOAEb OUHAMIYHOI MOBEAiHKM TOHKOCTIHHOI CUCTEMH i3 BpaxyBaHHSIM IPY>KHO-TIJIACTUYHUX BJIACTUBOCTEMH,
ONMCAHOI METOAOM CKiHUEHHUX €JIEMEHTIB Ha OCHOBi ileHTU(]IKOBaHUX MapaMeTpiB MOTOYHOTO CTaHy, MOsBA SKUX Y MOAei
BUXiZJHOTO CTaHy ONUCYEeTbCSl PyHKUisiMU 4acy. CTBOpEHO MoAyJb po3paxyHKiB HIIC peasbHOI cUCTEMU B PEXUMIi MOTOYHOTO
yacy. [Io6ymoBaHO MOAE/b PO3PaxyHKy YpasjMBOCTI Ta 37iICHEHO HOro IporpamHy peasisauilo. CTBOPEHO MOAEJb IPOTHO3Y
Yyacy KUTTSI Ha OCHOBi €TaJIOHHMX XaOTHMYHUX 4aCOBUX PsifiiB. PO3p06JIEHO pO3paxyHKOBUI MOJyJb, 1O peajidye XaOTUYHUMN
yacoBUil psif, Ha OCHOBi iHpopMmalii mpo 3akputuyHi Gopmu AedOpMyBaHHS. BUKOHAHO NpOrpaMHy peasi3allild MPOTHO3Y
ypasauBOCTi. [IpOrHO3HI NPUINYLIEHHS MOA0 PO3BUTKY OJEP)KaHUX Pe3yJIbTaTiB (ependadyBaHi MoJesli Ta METOAU PO3B'SI3aHHS)
MOXYTb OyTU BUKOPUCTAHI B MPOLECi MOHITOPUHTY peasibHOi HECY4Ooi 3JaTHOCTI ¥ 4acy >KUTTSI TOHKOCTiHHUX CHUCTEM B ITpoLeci
ekcrtyaTanii. [IpakTuyHa I[iHHICTE POOGOTU IOJISITA€ Y CTBOPEHHI TEOPETUYHUX OCHOB IJIsSl OLiHKYU Ypas3jMUBOCTi, sIka MOXe OyTH
BUKOPUCTaHA [P IPUMHSTTI pillleHHs [IPO NOAaJIbIIe 3aCTOCYBAHHS OUIKOPKEHUX cucTeM. Ofiep>KaHi pe3ysibTaTd MOXYTb OyTH
BUKOPHUCTAaHi IiJi 4ac aHaji3y eKCIUIyaTalilHAX MOXMJIMBOCTEH aBiallilHMX KOHCTPYKLiH, a TaKOX y CHUCTeMi IPOTUPAKETHOI
000poHN. He MeHII BaXJIMBOIO € TpobjeMa 3aJMMIKOBOI Mpane3faTHOCTI y MalmMHOOY[yBaHHI, y CTBOpeHHi OyZiBesbHUX
METAQJIOKOHCTPYKLiA i T. i, [€ OLiHIOBaHHS [OIIKOIPKEHHSI 3a 3a3HAY€HMM KpUTEpieM Mpale3NaTHOCTI NPUBOIUTH IO
pecypco3bepekeHHsl 4yepe3 30i7blIeHHs] TEPMiHy MDK KamiTalbHAMU PEMOHTaMU. 3alpOIOHOBAaHMMH METOAMKAMM MO>KHA
KopuctyBatucs B KocmivuHid (KB ‘'IliBnenne") Ta asiauiiiHiit (KB "Ilporpec’, mipmpuemcrBo "Morop-Civ") ramyssx, y

MaIIMHOOYAYBaHHI (3aBoJ, iM. Masnuuiesa)
Pedepar (aHra)

The subject of investigation is an observable thin-walled system under action of unknown emergency perturbations. The
primary goal of the work is to create the computing system which identifies post-critical condition of thin-walled system and its
life time at the progressive destruction caused by emergency influences. It is accomplished by preliminary identification of
influence parameters by the method of inverse problems realized with the help of dynamic inverse neural networks on the basis
of system supervision (measurement of deformations) with the subsequent forecast of its vulnerability on the basis of dynamic



elasto-plastic calculations of the system subjected to identified influences modeled by functions of time. Research methods are
analytical and computing ones. The basic scientific results are as follows. The problem of identification is formulated as correct
inverse problem. The choice is carried out of the stress-strain state characteristics which are subject to measurements, and
their values form compact sets. The parametrical description of constructional parameters, damages and dynamic loadings is
executed. The architecture of an inverse neural network is developed and the measured parameters are chosen. The
mathematical model and the computing system are constructed. Determination of time functions for the model of identification
of perturbations is executed. The model of dynamic behavior of thin-walled system is formulated using elasto-plastic properties,
based on the finite element method and identified parameters of the current condition which occurrence in the model of initial
state is described by time functions. The module of calculations of the stress-strain state of system in a real time is created. The
model of calculation of vulnerability is constructed and its program realization is carried out. The forecasting model of life time
is created on the basis of reference chaotic time series. The module realizing chaotic time series on the basis of the information
about post critical forms of deformation is developed. Program realization of the forecast of vulnerability is executed. The
forecast assumptions concerning development of received results can be used during monitoring of real bearing ability and life
time of thin-walled systems during service. Practical value of work will consist in creation of theoretical bases for estimation of
vulnerability which can be used for making decisions about further exploitation of damaged systems. The received results can be
used during the analysis of operational opportunities of aviation designs, and also in system of antimissile defense. A problem of
residual operability is of great importance in the engineering industry and building industry. The damage estimation according
to the mentioned fracture criterion leads to resource-saving in these industries due to enlargement of the time periods between
general overhauls. Proposed techniques could be used in space (Yuzhnoe Design Office), aviation (Progress Design Office Motor-
Sich Ltd.), and engineering (Malyshev Plant Ltd.) industries.
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