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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

TeopeTuyHi NifiBaJvHY OLiHKYM YPasMBOCTi IPY 30BHIlIHIX 30YPEHHSIX TOHKOCTIHHUX CUCTEM Ha 6a3i HesliHiHuX

Mogesnel neopMyBaHHS Ta HENPOHHUX MEPEX

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Theoretical grounds to estimate vulnerability of externaly perturbed thin-walled structures with the employment

of non-linear deformation models and neural networks

Pedepat yKpaiHCBKOIO:

O6'eKT JOCIIiIKEHHS - CIIOCTEPeXXyBaHa TOHKOCTiHHA CUCTeMa IIif Jielo HeBinoMux aBapiiHux 30ypeHb. MeTa
po60TH - PO3POOKA OOUMCIIIOBAIBHOI CUCTEMY, 1O i€ HTHU(PiKye 3aKPUTUYHUN CTAaH TOHKOCTIHHOI CUCTEMH Ta 4ac ii
SKATTS IIPU MIPOTPECYI0YOMY PYHMHYBaHHI, CIPUYMHEHOMY aBapiiHMMU BIUIMBAMMU, LJISIXOM IIOINIEPESHbBOI
inenTu@ikanii napameTpiB BIVIMBY METOZOM OOEpHEHHUX 3aJla4, Peasi3oBaHoi 3a JOIIOMOT0I0 JUHAMIYHUX iHBEPCHUX
HEPOHHUX MEPEX Ha Ii/ICTaBi CIIOCTEPE’KEHHS 32 CUCTEMOIO (BUMipIOBaHHS Jledopmaliill) 3 HAaCTyITHUM
[IPOTHO30M i ypa3IMBOCTi, Ha MiACTaBi AMHAMIYHUX NIPY>KHO-TJIACTUYHUX PO3PaXyHKIB CUCTEMU, MiAAaHO]
ineHTH(}iKOBaHMM BIIJIMBaM, MOJI€/IbOBAaHUM (PYHKLIIMU Yacy. MeTony SOCIiIpKeHHs -~ aHaIiTU4Hi Ta
obuucoBanbHi MeTogy. OCHOBHI HAyKOBi pe3yJIbTaTy NOJIAraloTh Y HACTYIIHOMY. 3ajavy inenTudikarii
c(pOpMyJIbOBAHO SIK 0OEPHEHY, 1110 € KOPEKTHOI0. 311iliCHeHO BU6ip xapakrepuctuk HIC, mo nignsaraioTs
BUMIPIOBaHHAM, Ta iX 3Ha4€Hb K KOMIIAKTHUX MHOX/H. BUKOHAHO NapaMeTPUYHUI OIMC KOHCTPYKLIMHUX
napamerTpiB, Je@eKTiB Ta [YHaMiYHUX HaBaHTaXeHb. PO3p00JIeHO apXiTeKTypy iHBepCHOI HEMPOHHOI Mepexi 1
BUOpaHO BMMIpIOBaHi napameTpu. [100y10BaHO MaTeMaTUYHY MOZEJIb Ta OOUUCIIIOBAJIBHY CUCTEMY. BUKOHAHO
BU3Ha4YeHHS QYHKILi] yacy ang mogeri ineHtudikaii 36ypens. CopMyIbOBaHO MOZENb TUHAMIYHOI TOBEiHKA
TOHKOCTIHHOI CUCTEMM i3 BpaxyBaHHAM IIPYKHO-TIJIACTUYHUX BJIACTUBOCTEN, ONMCAHOI METOAOM CKIHYEHHUX
€JIEeMEHTIB Ha OCHOBI ileHTU(iKOBaHMX ITapaMeTpiB [IOTOYHOI'O CTaHY, [105Ba SIKUX Y MOJieJli BUXiJHOTO CTaHy
onucyeTbcst QyHKLisIMuU yacy. CTBOpeHO MoayJib po3paxyHkiB HIIC peasbHOI CUCTEMU B PEXKHUMIi IOTOYHOTO 4acy.
[To6ymoBaHO MOZE/b PO3PAXYHKY YPaA3/IMBOCTI Ta 3[iICHEHO MOro IPOrpamMHy peasisaniio. CTBOPEHO MOLEIb
IIPOTHO3Y 4acy )KUTTSI HA OCHOBI €TaJIOHHMX XaOTUYHUX YaCOBUX PsAiB. PO3p06JIEHO PO3PaXxyHKOBUI MOJYJIb, 11O
peaslizye xaOTUYHMI 4aCOBUM psJi HAa OCHOBI iHpopMaliii 1po 3akpuTHUyHi popmu fedpopMyBaHHs. BUKOHaHO
[IpOrpaMHy peasisallilo IPOrHo3y ypasiuBOCTi. [IpOrHO3HI IPUNYIIEHHS 00 PO3BUTKY OEP>KAaHUX PE3YJIbTaTiB
(mepenbadyBaHi MOJeJIi Ta METOIM PO3B'I3aHHS) MOXKYTb OYTH BUKOPUCTAHi B IPOL,ECi MOHITOPUHTY peasbHO]
HEeCYy4o0i 3aTHOCTi I Yyacy >XUTTsI TOHKOCTIHHUX CHCTEM B IIpoLeci ekcryaratii. [IpakTuyHa LiHHiCTh po60TH
II0JISITA€ Y CTBOPEHHI TEOPETUYHUX OCHOB [1JI51 OLIiHKY YPa3JIMBOCTI, sIKa MOXe OYTH BUKOPUCTaHA IIPU NPUNHSTTI
pillleHHs PO NOJAJIbIIEe 3aCTOCYBAHHS MOIIKOIPKEHUX cucTeM. OflepKaHi pe3yJIbTaTh MOXYTb OyTH BUKOPUCTaHi
Iif, Yac aHali3y eKCITyaTaliiHUX MOKJIMBOCTEN aBiallitHUX KOHCTPYKLii, @ TAKOX y CUCTEMIi IPOTUPAKETHOI
000poHU. He MeHIII BAXXJIMBOIO € NTpobJieMa 3aIMIIKOBO]I [Tpale3faTHOCTI Y MallMHOOYIyBaHHi, y CTBOpEHHI
OyAiBesIbHUX METaJIOKOHCTPYKIIiH i T. i., le OLliHIOBaHHS MOMIKO/)KEHHS 32 3a3HaY€HUM KpUTEPieM Mpale3aTHOCTi
IIPUBOJUTH [0 PECYPCO30€PEKEHHS Yepe3 301/IbIEeHHS TEPMiHY MK KalliTaJbHUMU PEMOHTaMHU.
3anpornoHOBaHUMU METOAMKAMU MOXXKHA KopucTyBaTucs B KocMiuHii (IKB "ITiBnenne") ta aBianiinii (Kb

"[Iporpec”, nignpuemctso "MoTop-Ciu") ranyssx, y MallMHOOylyBaHHi (3aBoj, iM. Manuiesa)

Pedepar aHIJIiHCBKOIO:

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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