OT3bIB HAYYHOI0 PYKOBOAHTEISA
o muccepranTe Xoa Ban JloHr u ero auccepranuu Ha temy: «TeMneparypHble
HaMpsDKEHUS B 3JIEMEHTaX TOHKOCTEHHBIX KOHCTPYKLIMM U3 CIOMCTHIX
MaTepuajloBy, IPEACTABIEHHOM K 3alllMTE HAa COUCKAHHE YYEHON CTeNeHU
KaHAuJaTa TEXHHYECKUX HayK IO crielranbHoCcTH 1.1.8. — «MexaHuka
Ae(pOpMHUPYEMOT0 TBEPIOrO TeIa»

Xoa Ban [IoHr siBsieTCs BbIYCKHUKOM (eepabHOr0 rocyAapCTBEHHOTO
OroKkeTHOrOo  00pa3oBaTeNbHOTO  YYpeXACHHsS  BBICIIETO  06pa3oBaHMUS
«MOCKOBCKHIi TIOCYJapCTBEHHBIH TEXHUYECKHM YHMBEPCUTET uMeHH H.D.
baymana (HaLMOHATIBbHBIN UCCIIEOBATENBCKHM YHUBEPCUTET)» 110 CIELHMAIbHOCTH
24.05.01 — «IIpoekTupoBaHKe, MPOU3BOACTBO U IKCIUTyaTallMsi PAaKeT M PaKEeTHO-
KocMuyeckux kommiekcoB». B 2020 romy Xoa Ban JIoHr nmocTymui B OYHYIO
acnMpaHTypy (esepanbHOro rocyJapcTBEHHOTO GHOKETHOrO 06pa30BaTeILHOTO
y4pexIeHus BbiciIero obpa3oBaHus «MOCKOBCKUIM aBHALIMOHHBIM HHCTHUTYT
(HaLMOHANIBHBIA ~ MCCIIEI0OBATENIbCKUH  YHUBEPCHTET)» [0  HaIpaBIEHHIO
noaroroBku 01.06.01 «MartemaTtruka U MexaHHKa» M YCIEIIHO ee OKOHYMI B 2024
romay.

JlvccepranroHHas paboTta NOCBsllUEHa UCCIEJOBAHUIO TEPMOHAIPIKEHHOIO
COCTOSIHUSI TOHKOCTEHHBIX KOHCTPYKLHMH M3 CJIOUCTBIX MaTepHaliOB, IpUMEPaMHU
KOTOPBIX, B YaCTHOCTH, SABIAIOTCS H3Jenusi ¢ (GYHKUUOHAIBHO W3MEHSEMBIM
COCTaBOM, XapaKTEPHU3YIOLIUECS MHOIOCIOWHOM CTPYKTYpOM, I'le KaXKIbIH CJIOH,
HallpuMep, MEHSIOLIUNCS OT XPYNKOHM KepaMHMKH IO IUIaCTHYHOIO MeTala,
BBIMIOJIHAET  3apaHee  3aJaHHyl0  GyHKuuio. HeoOxomMMocTe  JaHHOTO
uccienoBaHus oOycnoBieHa pa3pabOTKOW HOBBIX MOAXOAOB B pEIIEHHH 3a/1a4
TEOPUM YNPYrOCTH, MO3BOJISIOLIME PACIIUPUTh TPAHULIBI  [PUMEHUMOCTH
u3BectHoro Meroga Cen-Benana — [lukapa — banaxa B HMHTerpupoBaHUHU
ypaBHEHHUM, NMOCTPOCHUs aJEeKBATHBIX MaTeMAaTHMYECKUX MOJENed M TMOJydYeHHUs
pELIEHUN aHAIUTUYECKH.

Bo Bpems noarotoBku aucceprauuu Xoa Ban [loHr mpomeMoHCTpupoBal
rnybokue 3HaHUsS B 00JIaCTH MaTreMaTUKU U MEXaHUKH, YyMEHHE NMPUMEHATh UX B
pelLlIeHHH CJIOKHBIX UHTErpo-IuGGepeHIMaIbHbIX YPaBHEHUH TEOPHH YNPYTOCTH
AQHAJIUTHYECKUMU W YHUCJIEHHBIMU METOJaMH, BJaJIecHWe HaBbIKaMHU paboThl B
NPOrpaMMHBIX BBIYHCIUTENBHBIX KOMIUIEKCAX, YTO IIOATBEPXKIAET BBICOKYIO
KBATU(UKALIMIO B OCBOGHHMM Hay4yHOM cneuuanbHocTd 1.1.8. — «MexaHuka
nepopmupyeMoro TBepaoro tena». Xoa Ban JloHr Tpynomo6uB, mpuiexeH H
crocobeH K CaMOCTOSITeIbHON Hay4YHOU JI€ATENIbHOCTH.

K oCHOBHBIM pe3ysibTaTaM paboThl MOKHO OTHECTH CIIEAYIOLIHE:

1. Pa3paborana MeToAMKa MOCTAHOBKM M DELIEHMs 3a/1a4 TEOPHH YNPYrOCTH
JUIE TOHKOCTEHHBIX KOHCTPYKLMH NpHU 3aJaHHOM paclpe/ieJIeHHH TeMIIEpaTyphl,
LIEHHOCTh KOTOpPO# 3aKiloyaeTcsi B €€ AaHAJIUTHYHOCTH M HOBH3HE, [aIOLIUX
NOJHYIO KapTHHY paboTkl CIOMCTOrO MaTepuaja B H3JIEIHH C YYETOM
TEMITepaTypPHOIo BO3JEHCTBUS.

2. JlaHO pa3BUTHE M paCIIUpEeHbl FpaHUIIbl TpUuMeHeHus: MeToja CeH-Benana —
[Tukapa — baHaxa B MHTErpMpOBaHUM YpaBHEHMH TEOPHUH YNPYrOCTH MJIA
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TOHKOCTEHHBIX MOJEJEH CIOUCTOM CTPYKTYpbl B YCJIOBUSAX MEXaHHYECKOIo
Harpy>xeHuss M JEWCTBUS Moy Temmeparypbl. EQuHBIM moaxon mnpuMeHeH
MOC/IEeJ0BATEIbHO K PELICHUIO IUIOCKOW 3aJaud AJIs NPSMOYTOJIBHOM IMOJIOCHI M
OpSMOYTOJIbHOM  IJIaCTMHBI B MPOCTPAHCTBEHHOW  IOCTAHOBKE. 3ajaya,
copmynrpoBaHHas s OAHOPOJHOIO MaTepuana, pa3BMTa Ha Clydaii
MPOU3BOJIBHOIO KOJIMYECTBA CJIOEB.

3. B xonuenuuu Metona npeobpa3oBaHa UCXOJHAs CUCTEMa YpaBHEHHUH 3a1a4M
K BHJly [TOCII€[IOBATENbHOCTH, B KOTOPOM HaileHHbIe BEIMYMHBI MMOACTABJIAIOTCH B
MoCJeyIolIMe COOTHOILIEHUS Kak Hu3BecTHble. OnepaTopsl nuddepeHLnpoBaHus
MO KOOpAMHATE TOJIUIMHBI MCK/IIOYAIOTCS TMPSIMBIM  WHTErPUPOBAHHUEM B
colepKalMX UX ypaBHeHHsX. CBeleHHe UCXOAHOM 3ajJayM K 3aJaye MeHbLIEH
pa3sMEpPHOCTH clieflyeT M3 BbIOOpa MPOU3BOJIOB MHTErPUPOBaHUS (HEM3BECTHBIX
GyHKIMH) KaKk HOBBIX OCHOBHBIX HEU3BECTHBIX, & YaCTH M3 HHUX — B KauyecTBE
Ha4aJIbHOTO NMPUOIMKEHUS.

4. Iloctpoensl Belpaxenuss s kommnoHeHT HJIC, kak QyHKIMA HOBBIX
OCHOBHBIX HEM3BECTHBIX, IyTeM [OCJeI0BaTelIbHbIX MNPUOIMKEHUH B BHUIE
MOJUHOMHUAJIBHBIX PSJOB IO IONEpPeYHOW KOOpAMHATE U  OJHOBPEMEHHO
ACUMNTOTHYECKHMX  PpSAOOB MO  MajoMy  [apaMeTpy  TOHKOCTEHHOCTH.
Kosdduumentsr psaa nmpeactarBisiior coboit nuddepeHnnanbHble BRIpaKeHUs OT
OCHOBHBIX HEU3BECTHBIX.

5. Haiinensl paspeliaroiiie COOTHOLIEHHsS IyTeM BBINOJIHEHUs T'PaHUYHBIX
YCIIOBHHM Ha UIMHHBIX CTOPOHAX MOJIOCHI (a Ui MIaCTHHBl — Ha MPOAOJBHBIX
CTOpOHaX) Ha COOTHOLIEHUSIX HYJIEBOTO M TMEpPBOTN0 MNPHOIMKEHHS — C
MCIOb30BAHMEM armapara aCMMIITOTHK, & TakKe Ha COOTHOILEHHUSX NEepPBOro U
BTOPOIo MpHOMMKEHHH — IyTeM MpsAMBIX MOACTaHOBOK. [Ipu Takom moaxone
YCIIOBHE CIIMBKM IPaHMI] CIIO€B OTJENbHO He paccmarpuaerca. Mudopmaius o
reoMeTpud CJI0eB M (U3NYECKMX CBOWCTBaX MarepHajla Y4YHMTBHIBAETCA B
MHTETPaIbHBIX KOIG(QHULUUEHTaX, BXOMAIIMX B pa3spellalOlIMe COOTHOILEHHUS.
Bnarogaps CTpyKType ypaBHEHMi IOMyueHHe peIlleHHs aHaJMTHYecKu (C
TOYHOCTBIO IO KOHCTaHT) IS BCeX KOMIIOHEHT OKa3aJloCh BO3MOXHO BO BCEX
PacCMOTPEHHBIX CIydasx Ml MONOChl, a Ui IUIACTMHBI — [PHU OAHOPOAHOM
M30TPOITHOM MaTepuaie. Bo Bcex 3THX Cilyyasdx rpaHM4HbIE YCJIIOBUS BBINOIHEHBI
MOJTHOCTBIO, BKJIIOYas YyCIOBHS Ha Y3KUX CTOpoHaXx. IIpu 3TOM KOHCTaHTBI
MHTErpUpOBaHKs OMpeeNeHbl aHAIUTHYECKH, a Ui BBIPQKEHHH BTOPOIO
NpUOTHIKEHUS — YUCIIEHHO.

6. IIpoBeaeHO COMOCTaBNeHUE MOTYYEHHBIX PE3yIbTaTOB, IOKa3bIBaIOLIEe, YTO
ACHMIITOTUYECKUHN MOAXOJ JaXKe Ha HaYaJbHOM MPUOIMKEHUH CIIOCOOEH BBHISBHUTH
KaK MeIJIeHHO MEHSIOLIMecs KOMIIOHEHThI OCHOBHOIO peIlleHHs, TaKk U OBICTPO
MeHsIoIeecss Tuma KpaeBoro sddekra. IlyTh pemeHus crnocoboM NPAMBIX
MOJCTAHOBOK, NPUMEHEHHBIH K COOTHOLIEHMSAM CJIEIYIOIIEro MNpHOIMKEHHU,
Mo3BONIUN (OpMaIbHO GOJiee TOYHO YHOBIETBOPHTH PAHWUYHBIM YCIIOBHUSIM, YTO
oKa3aJlo BIMSHHME U Ha BHYTPEHHIOI 00/1acTh.

7. O60CHOBaHa CYyLIHOCTh IPUMEHEHUs OTpabOTaHHBIX HMHCTPYMEHTOB
anmapara aCHMMITOTHK, HAaNpaBJIEHHOT0 Ha MOJy4YeHHe aHaJUTHYECKOro
pe3ynbTata, 3G(EKTHBHOr0 CBOEH OlEHOYHOH CTOpoHOH. Crocob mMpsMbIX
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MOJCTAHOBOK TMpPHM IOJNyYEHUU pelleHUs (C TOYHOCTBIO JO KOHCTAHT
UHTETPUPOBaHUA) CBA3aH C  KOJMYECTBEHHO OOBEMHBIMM  BBIKIIAJAKAMH,
peanu3yeMbIMH B COBPEMEHHBIX YCJIOBMAX NPOrPaMMHBIMU  CPEACTBAMM
CHMBOJIBHBIX BBIYMCJIEHWH. JloCTHraeMble MM KOJMYECTBEHHbIE IONpPABKM Ha
COOTHOLICHHAX CIEAYIOLIEro INpUONMKEHUS TakkKe OpHMEHTHPOBaHbI Ha
KOMIIBIOTEPHBIM  cyeT. PesynbraT, mnomy4yaeMbli OOOMMH IyTSMH, JaeT
BO3MOXKHOCTh aHaJIM3a JIOKAJIbHOIO BIIMSHUS KOMIIOHEHT HaNpsHKEHUM W HX
COYETaHWH Ha COCTABJIAIOLIME CTPYKTYPbl TOHKOCTEHHBIX CIIOUCTBIX KOHCTPYKILHHA.

8. IlpoBeneHo ampobupoBaHue pa3paboOTaHHBIX pacyeTHBIX MoJeleil B
UCCJIEJOBAHUHM TEPMOHAIPSKEHHOIO COCTOSHUSI TEeXHUYECKHX TOHKOCTEHHBIX
KOHCTPYKUMH M3 MaTepualoB ¢ (yHKUMOHAIBHO H3MEHSEMBIM COCTaBOM.
[Tony4eHHBI€ pe3yabTaThl aHATUTUYECKH U YUCIEHHO B MPOrPAMMHOM KOMILJIEKCE
ANSYS u mnporpammuoii cpene FreeCAD wuMeoT Xopolryi CXOAMMOCTh. B
LI€JIOM, OTKJIOHEHUS He NpeBbIlaoT 8%.

Hucceprauus Xoa Ban JloHra sBasercs 3aKOHYEHHOM Hay4dHO-
KBATU(QULIUPOBAHHOK pabOTOM, MOCBSIIEHHOW pEIIEHHIO AKTyalbHOH HAy4YHOM
3ajauu — pa3paborke meronoB uccienopanus HJIC TexHUYECKHX KOHCTPYKIHM C
NMPOCTOM UM CIIOKHOM CTPYKTypoH, paboTalommx B YCIOBHUSX CJIOXHOTO
Harpy>KeHusi, a ee aBTOp SBJISEeTCS KBATUGULMPOBAHHBIM CIIELIAATMCTOM B
obyiacT MexaHUKU AeOpMUPYEMOro TBEPAOro Teja M 3aciyKMBaeT NMPUCBOEHUS
eMy yYEeHOW CTEeNeHM KaHAMJaTa TEeXHUYECKHUX HayK Mo crneuuanbHoctd 1.1.8. —
«MexaHuka 1eOpMUPYEMOro TBEPAOTO TeNay.

HayuHbI# pykoBOAUTENH
JIOKTOp TEXHHYECKHX HayK, JOLEHT, npodeccop kadeaps 914
«[TpoeKkTHpOBaHHE CIOXHBIX TexHU4Yeckux cucrem» MAU (HUY)

01 12 20245 Z e Muponosa JI.U

IToanuce MupoHnoBoii JIro6oBu MiBaHOBHEI 3aBEpsiIO.

Hupexrtop dupexunn UHcTHTYTa 00O1IEMHKEHEPHOM TIOATOTOBKH
MAU (HUY)
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