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(yxp.)

Po3poOneno irepaiiifHO-aHANITUYHY TEOPII0 MPOCTOPOBHX OaraToIIapOBUX KOHCTPYKI[I 3
ypaxyBaHHSIM MOXJIMBOTO PYyHHYBaHHS Martepiany mapiB 000soHKH. CTBOPEHO MaTeMaTHYHY
MOJIENIb  PO3MOBCIOIKEHHS TPiliMH B KOHCTpYKLisiX AEC 3 ypaxyBaHHSIM OCHOBHUX IapaMeTpiB
CeMCMIUHOTO HaBaHTAXKEHHS 3aXUCHUX 0005I0HOK Ta o6naaHanHga AEC. OTpruMaHo TeoMeTpuyHO
Ta (I3UYHO HeNiHIWHI piBHSAHHA. Po3pobieHo, mporpaMHO peani3oBaHO 1 anmpoOOBaHO Ha psil
KOHTPOJIbHO-TECTOBUX 3adad 3acHoBaHy Ha MCE anroputMm JOCTIDKEHHS TPOIECIB
PO3MOBCIOKEHHSI 30H PYHHYBAaHHS B 3aXHCHUX 000JI0HKax Ta TpimuH B obnanHanHi AEC 3a
YMOB CEHCMIYHOTO HAaBaHTAXEHHS 3 ypaxXyBaHHSAM (I3UYHOI 1 T€OMETPUYHOI HENIHIHHOCTI.
Po3po6iiero HOBHMIA OaraTomapoBuil CKIHYCHUH €IEeMEHT /ISl YMCETBHOT peaizallii JOCIHKeHHS
eBoytonii (PI3UYHO HETMHIMHUX TPOIEeCiB 1 pyHHYBaHHS B OaraTomapoBUX IPOCTOPOBHUX
CHUCTEMax 3 ypaxyBaHHSIM pO3IIapyBaHHs Ha 0a3i iTepaliifHO-aHAIITUYHOI Teopii 0OOJOHOK.
Po3po6iieHo KpoKOBO-iTEpaIliiHUi adTOPUTM TOCTIIOBHUX HABAaHTAXKEHb JJI BHUPIIICHHS
(GIBUYHO 1 TEOMETPUYHO HENMHIMHMX 3334 3 ypaXyBaHHSIM TPIIIMHOYTBOPEHHs. OOOJOHOK Ta
obmagHanus AEC mnpu auHaMiuHOMY HaBaHTa)X€HHI. BcTaHOBIIEHO, MO 3a MapaMeTpaMu
30DKHOCTI pO3pOOJICHUI €JIEMEHT IEPEBUINYE CBITOBI aHAJIOTH, a PO3POOJICHI aITOPUTMHU HE
MOCTYIMAThCSA CBITOBUM aHajoraM. Po3pobneHo cucreMy iH(QOpMamiiHOI MIATPUMKH
KUTTEBOTO IMKJIY 3aXMCHUX 000JIOHOK Ta oOnamHanHs AEC Ta JDOCHiDKEHO €BOJIIOIII0 3MIHH
HanpyXeHO-1e(pOpPMOBAHOIO CTaHy 3axucHoi oOosoHku Ta obOnaananHs AEC 3a ymoB
ceiicMiuHOTO HaBaHTaxeHHs. [IpoJeMOHCTpPOBaHO pe3ylbTaTH 3aCTOCYBaHHS TEOPETUUHHUX
MOJIOKEHb  ITepallifHO-aHAJITUHYHOI Teopii mpu  PoO3poOIli  aBTOMATH30BAHUX CHCTEM
oe3nepepBHOi  iHGOPMAIITHOT MIATPUMKHA JKATTEBOTO IHMKIY OO'€KTIB  €HEPreTUYHOI
MIPOMHUCIIOBOCTI, 110 JI03BOJIE€ HE JIUIIE BUKOHYBATH MOHITOPUHI OOJIaJHAHHS B IMpolieci HOTo
eKCIUTyaTallii, ajie ¥ MPOTHO3yBAaTH CLEHApii MOMJIMBOIO PO3BUTKY 30H DPYHHYBAHHS MpHU
BUHHUKHEHHI HEIITATHUX a00 aBapiiiHUX CUTYaIliil.

(poc.)
Pazpaborana wuTepanMOHHO-aHAIUTHYECKAs TEOPHS MPOCTPAHCTBEHHBIX  MHOTOCIOMHBIX

KOHCTPYKIIMH C y4eTOM BO3MOXKHOTO paspylleHusi marepuana cioeB obonouek. CosnaHa
MaTeMaThdecKas MOJENb PacHpOCTpaHEHUs TPEUIMH B KOHCTPYKIUAX ADC ¢ y4eTOM OCHOBHBIX
MapaMeTpoB CEHUCMHUYECKOTO HarpyXeHHs 3allUTHBIX oOojouek u obopymoBanus ADC.
[TomyueHno reomerpuueckd u GU3NYECKH HEIMHEWHbIE ypaBHeHHUS. Pa3paboTaHbl, MporpaMMHO
peali30BaHbI M anpoOUPOBAHBI HA PSZE KOHTPOJIBHO-TECTOBBIX 33/1a4 allTOPUTMBI UCCIIETOBAHUS
MIPOLIECCOB PACIPOCTPAHEHUs 30H pa3pylleHus B 3alIUTHBIX 00onoukax ADC M TpemuH B
obopynoBanun ADC B YCIOBHUSX CEHCMHUYECKON Harpy3kd C yueToM (QHU3UYecKOod U
reoMeTpruecKoil HenmmHeHHocTH. Pa3paboTaH HOBBI MHOTOCIOWHBIM KOHEYHBIH DIIEMEHT JIIs
YUCIIEHHOW pealln3allid HWCCICIOBAHMS SBONIONUHA (DU3MUECKH HETMHEWHBIX MPOIECCOB U
paspylieHus B MHOTOCJIOMHBIX MPOCTPAHCTBEHHBIX CHUCTEMaX C YYETOM paccloeHus Ha 0aze
UTEPAMOHHO-aHATUTUYECKOH Teopuun 00oodek. PazpaboTan maroBo-uTepaioHHbIN alTOPUTM
MOCJIEIOBATENIFHBIX HArPYKEHHM U pemieHuss (U3NYeCKH U TeOMETPHUYECKH HEIMHEWHBIX
3a/la4 C Y4eTOM TPEIMHOOOpa30BaHUs B 3alUTHBIX 0Oosoukax u obopymoBanuu ADC mpu



JUHAMMYECKOM Harpy3ke. YCTaHOBJIEHO, YTO II0 IapaMeTpaM CXOJWMOCTH pa3paboTaHHbII
KOHEUHBIN 3JIEMEHT MPEBHIIIACT MUPOBBIC AHAIOTH, a pa3paboTaHHBIE aITOPUTMBI HE YCTYMAIOT
MUpPOBBIM aHasioraMm. Pa3paboTtana cucremMa MHPOPMALMOHHON MOAICPIKKH >KU3HEHHOTO ITUKIIA
3alUTHBIX OOosiouek u oOopynoBanuss ADC W UCCIEIOBaHBI HBOJIOIHUOHHBIC IPOIECCHI
M3MEHEHHsI HAIIPSDKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHUS 3aIIMTHON 000JI0UKU U 000pyIOBaHUS
ADC B ycinoBuAX JEHCTBUS ceilicMuueckoro Harpyxenus. [IporeMoHCTpUpoOBaHbl pe3yiabTaThl
IIPUMEHEHHSI  TEOPETUYECKUX  IIOJIOKEHUN  HUTEPAMOHHO-aHAIMTHYECKOW  TEOpUU UL
pa3paboTKH CUCTEM HEMPEPBHIBHOW MH()OPMAIIMOHHON MOACPIKKH KU3HEHHOTO KA 00bEKTOB
SHEPreTHYECKOW MPOMBIIUIEHHOCTH, KOTOPBIE MO3BOJISAIOT HE TOJIBKO BBINOJIHATH MOHUTOPUHI
o0OpyIOBaHUS B TMPOIECCE €ro OKCIUTyaTallii, HO TaKKe IPOTHO3HPOBATH CIEHAPUU
BO3MOKHOI'O PAa3BUTHs 30H pa3pylICHMs IPU BO3HUKHOBEHUM HEIUTAaTHBIX WJIM aBapUNHBIX
CUTYyaLUH .

(anrJ.)

Designed iterative-analytical theory of spatial multi-layer constructions in view of the possible
destruction of the material layers of shells. A mathematical model of crack propagation in the
construction of nuclear power plants, taking into account the basic parameters of the seismic
loading containments and NPP equipment. An geometrically and physically nonlinear equations.
Developed, implemented and tested the software on a number of control and test problems
algorithms study the propagation of fracture zones in the protective shells of nuclear power
plants and nuclear power plant equipment in the cracks under seismic loading, taking into
account the physical and geometric nonlinearity. The new multi-layer finite element numerical
implementation for the study of the evolution of nonlinear physical processes and failure in
structural systems based on spatial separation based on iterative-analytical theory of shells.
Designed stepwise-iterative algorithm for solving the successive loading physically and
geometrically nonlinear problems in view of cracking in the protective shells and nuclear
equipment under dynamic loading. It was found that the parameters of convergence developed
finite element exceeds the world analogues, and developed algorithms are not inferior to the
world analogues. A system of information support of the life cycle of protective membranes and
nuclear power plant equipment and studied evolutionary processes of stress-strain state of the
containment and nuclear power plant equipment in conditions of seismic loading. Shows the
results of application of theoretical positions iterative-analytical theory for the design of
continuous information support life cycle energy industry facilities that allow not only to monitor
the equipment during its operation, but also to predict the scenarios of possible development of
fracture zones in the event of abnormal or emergency situations.
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