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OT3bIB BEAYIIIENH OPTAHU3AIINN
DenepabHOrO roCyapeTBEHHOrO OIOIKETHOTO YUPEkKICH s HAYKH
Wuctutyta roproro aena uM. H. A. Ynnakana Cubupckoro ornenenusa Poccuiickon
aKaJeMUH HayK Ha IuccepTanuoHHyro padoty Panuenxo IlaBina AnjipeeBruyua Ha TeMy
«Co3ianue YUCIEeHHBIX MOJIENICH U UCCIIEIOBAHUE TIOBEJEHUS KOMIIO3UTHBIX U
METAJUTMYECKUX MATEPUATIOB U KOHCTPYKIIUH W3 HUX MPH yJIapHO-BOJIHOBBIX Harpys3Kax»,
[PEeJICTABJIEHHYIO HA COUCKAaHUEe YYEHOH CTerneHN JOKTopa QU3NKO-MaTeMATHIECKUX HayK

mo crenuansHocTd 1.1.8. Mexanuka neopMUpyeMOro TBEpIOTo Tena

Axmyanenocme mempl. [IpoMBIITIEHHOE W TPAXKIAAHCKOE CTPOUTETBCTBO, PAKETHO-
KOCMMYECKas ¥ BOCHHAs TEXHHUKA H TEXHOJIOTHH, pa3paboTKa 1 HCIBITAHHE HOBLIX MaTepHAIOB,
aBTOMOOMJIECTPOCHHE — KOHCTPYHPOBAHHUE, U3TrOTOBIEHHE, a TAKXKE MPOLECCH TEXHUYECKON U
IPOU3BOJCTBEHHON 3KCIUTyaTallud B OTHX U MHOTHX JPYTHX OTpPaciifaX HapOJHOro XO03siicTBa
3a4acTyr0 00YCIOBIHBAIOT HEOOXOUMOCTE HCCIIEA0BAHUS BHICOKOCKOPOCTHOTO B3aHMOCHCTBUS
TBEpPABIX TeJl, 00heKTOB u cucteM. [lonHomacmtabHoe (QHU3MUCCKOE MOJCIMPOBAHHE TaKHX
IpoieccoB TUOO HEBO3MOKHO, JMOO KpaiHe 3aTrparHOe, MO3TOMY MaTeMaTH4ecKoe
MOJIEJIMPOBAHHE ~ CTAHOBHTCS JIOTHYECKOM —anbTepHaTHBOM. B cBeTe  BBILIECKA3AHHOTO
HCCIIeI0OBAHUS, CBS3aHHbIE ¢ pa3paboTKOH W YUCICHHOM peann3aluedl MoJIesieil, ONUCHIBAIOIINX
MOBEIEHHE METAIUIOB W KOMITO3UTHBIX MaTepUaloB NMpU AUHAMHYCCKHUX Harpyskax, sBISIOTCH
aKmyaibHulMU.

Obuian xapaxkmepucmuxa Oouccepmayuu. Padora COCTOUT U3 Beeneuus, IATH TJIaB,

3aK/oueHns 1 deThipex IIpUiIoskeHuit, B KOTOPBIX IPUBEICHBI OXPAHHBIE AOKYMEHTRL U AKTEI

UPMNM CO PAH

«30»___of 2023 r.
BX.Ne__ J09623/5~
WHABKC ;




BHeZpeHus. Jluccepranus usioxkena uHa 283 crpanunax, Bkimoyas 135 pucyHkos, 16 tabnuu u
CIIHCKa JIuTepaTypsl (283 HCTOYHHKA).

B nepeoii znaee npescTasiieH KpaTkuit aHaATUTHYECKAN 0030p MyOnuKanui B npeMeTHOH
obmactu quccepranuu, 060CHOBBIBAIOIINH BEIOOD LIe/IH M ITOCTAHOBKY 3a/1a4 HCCIIEIOBAHHUS.

Bmopas enaéa NOCBAIIEHA NETANbHOMY OIMCAHMIO MOJCJICH W KPUTEPHUEB MPOUHOCTH,
IOCTAHOBKAM HAYAILHO-KPAEBBIX 3a/1ad, poleiype YHCISHHOM peanusaunun Monene# (ocoboe
BHHMaHHE Y/EJICHO HOBOMY aIrOpHTMY JUIS HCCIEJOBAHUS OPO3HOHHOTO PAa3pyLICHHS).
[IpoBemeHO CpaBHEHUS PE3YNbTATOB YHCICHHOIO MOACIMPOBAHUS C OKCIIEPUMEHTAIBHBIMH
JTAaHHBIMH.

B mpemveii u yemeepmoii 21a6ax ONHCAHBI PE3YIbTaThl HCCIEN0BAHUS B3aMMOACHCTBHA
YJIAPHUKOB U3 Pa3IHYHBIX CILIABOB C PA3HECEHHBIMH TIperpaiaMu P BAPbHPOBAHUM CKOPOCTH U
(opMBI yIapHUKa, yIila aTaki, MeXaHHYECKHX CBOHCTB mperpaz. [IpoBeeno cpaBHeHne JaHHbIX
PacueToB ¢ HKCIEPUMEHTAMH.

Ilsmas enaéa TOCBSIIEHA YWCIEHHOMY MOJEIMPOBAHHIO peaKklUUid apMUPOBaHHBIX
GETOHHBIX OATOK M Kele300eTOHHOM 000J0YKH Ha AWHAMHYECKHE BO3ACHCTBUS PA3IMUYHBIX
THIIOB.

Hayunaa noeusna. Bce monydeHHBIE B IUCCEPTALHM PE3YJIBTATBI SB/SIOTCA HOBBIMHU.
Cpeau HUX clielyeT OTMETHTD CJIEIYIOLIHE.

1. Pa3paboTan u peanu3oBaH METOJIOM KOHEYHBIX JJICMCHTOB BBIYHCIUTEIbHBIH KOMILICKC
s 3D MoJenupoBaHMs BBICOKOCKOPOCTHOTO B3AUMOJACHCTBUS TBEPABIX TEI H 00BEKTOB,
neopMHpOBaHHE W paspylleHHe MAaTepHaloB M KOHCTPYKIHH KOTOPBIX ONUCHIBAIOTCA
YPABHEHHSMH COCTOSHHS aHH30TPONHBIX Cpel. AJTOPHTM M KOJ NPAaKTHYECKH HE HMEIOT
OTrpaHUYeHHil HAa YHCIO JIEMEHTOB M IO3BOJIOT HCIOJIB30BATH BCE AApad BBIYHC/IUTEIbHON
cHCTEeMBL. JTO 0cOOEHHO BAXKHO B paMKax IMpOrpaMMel HMIIOPTO3aMEIIEHHUS.

2. Ha OCHOBE JETAILHOTO CPABHUTENLHOIO AQHANNW3a MPOLECCOB B3AHMONCHCTBUS
Y/IapHHKOB C MOHOJMTHBIMU H Pa3HECEHHBIMHA PErpafiaMy, H3TOTOBJICHHBIMU U3 aHH30TPOMHBIX
MaTepHaOB, YCTAHOBJIEHO, YTO € POCTOM CKOPOCTH B3aUMOJICHCTBUS  YBEJIHIUBACTCS
5 PEeKTUBHOCTH PA3HECEHHBIX Mperpai, OIpeneiseMas Hx nehopManHOHHO-IIPOYHOCTHEIMH
CBOMCTBAMH, @ TAK/KE OpHeHTaluell oceff aHM30TPOIMH MO OTHOLICHHIO K HANPABJICHUIO
AKIIEHTHPOBAHHOTO BO3/ICHCTBUS.

3. PaspaGoTaHa W YHMCICHHO peanu30BaHa MOACIL PEAKUMH apMUPOBAHHOIO Oerona
(YYMTHIBACT pe3KOe pa3IHuHe BENHYMH Mpefeia MPOYHOCTH Ha pacTHKCHHC H coKaTtue,
[IACTHYHOCTb, 3ABHCHMOCTH IIPOYHOCTH OT CKOPOCTH Ae(OPMUPOBAHMS, THII KOHTAKTA

«apMaTypa-0eToH») Ha yJapHOe BO3JCHCTBUE. [Tokas3ano, uTO ucnonb3oBanue ¢udpoderoHa



(6eToH, apMUPOBAHHBIH CTEKJIOMIIACTHKOM ) [TO3BOJISIET YBEIUYUTE HECYIILYIO ClIocOOHOCTH Oanku
1 YMEHBIIIUTH €€ Bec.

YucieHHBIMU SKCIIEPUMEHTAMH YCTAHOBIJIEHO, YTO BOJHOBBIE NMPOLIECCH] (0COOCHHO BOJIHbI
pacTsKeHHs) OKa3bIBAIOT pellarollee BIUIHIE Ha MPOLECC TPEIHHO00pa30BaHus U pa3pylleHHE.

4, Ha oCHOBE YHCJICHHOTO MOJCIHPOBAHUS IIPOLIECCa BCTPEYH BPAIIAIOIErocs yIapHUKa C
perpamoifl  yCTaHOBIEHO, YTO BpAIICHHE BbI3BIBACT HHTEHCU(PUKALUIO IUIACTHYECKON
nedopMali ¥ SPO3MOHHOE pa3pylleHHe B3auMOAeHCTBYIOIMX 00BEKTOB, 00YC/IOBIMBAIOLIEE
YMEHBIICHHE YTJIa B3aUMOCHCTBUS, IPU KOTOPOM BO3HHMKAET PHKOLIET, U, B KOHEYHOM HTOrE,
CHIDKEHME MPOHMKAIOIIEl CIOCOOHOCTH yaapHHKa.

Hayunaa u npakmuveckana 3nauumocms padomet. Co3JaHHBIE W YHCJIEHHO
peanM30BaHHbIE HOBbIE Moaeau aeopMUpOBaHMS M paspyLIEHUs] AHW3O0TPONHBIX CPEI,
OCHOBaHHBIE HA YHH(MHIIMPOBAHHOM KPUTEPUH IMPOYHOCTH, MO3BOJIAIOT HMCCIIEN0BATH PEAKIIUIO
IIMPOKOTO CIEKTpa OOBEKTOB M MaTepualloB HA HECTALHOHAPHBIC BO3JACHCTBUS pa3THYHON
TIPUPOJILI, BHIIONHATH MPOTHO3HBIE OLEHKH, pa3pabaTeiBaTh U TEOPETHYECKH OOOCHOBBIBATH
MIPEBEHTHBHBIC MEPOIIPUSATHS.

Pa3paGoTaHHBIA [POTPaMMHBIA KOMIUIEKC H pPe3yldbTaThl JMCCEPTAllMd MOryT ObiTh
HCIIOJIb30BaHb] B IPAKTUKE PaboT HAYUHBIX MMOApa3/ieeHnil opranu3anui 1 GupM, CBA3aHHBIX C
IPOEKTHPOBAHUEM W M3TOTOBJIEHHEM KOHCTPYKIHMH M OOBEKTOB, MOABEPKEHHBIX yAApHLIM U
B3PBIBHBIM HArpy3KaM. Psj TOJNYYEeHHBIX pe3yJbTaToOB YK€ BHEAPEH B IMPaKkTHKy paboT
JIeHCTBYIONIUX IPEANPHATHH (B IPUIOKEHHH [IPECTABICHE! IOATBEPIKIAIONINE JOKYMEHTHI).

ObocnoeanHocmb U OOCHIOBEPHOCHIb ~ HAYYHBIX  HOJIOJCEHUH  ONPEHCIIACTCS:
HCIIONB30BAHHEM  KIACCHYECKHX IIOAXOM0B MEXaHHKH CIUIOIIHBIX cpell;  (u3nueckoi
060CHOBAHHOCTBIO MOJICIIEH METAIIOB, KOMIIO3UTOB U Ie0Cpe/l; IPIMEHEHHEM alpoOHpPOBaHHbIX
YHCICHHBIX METO/IOB; KOPPEKTHLIMH ITOCTAHOBKAMH HAYAIbHO-KPAEBLIX 33/1a4; KAYeCTBEHHBIM U
KOJIMYECTBEHHBIM COOTBETCTBHEM PE3YJIbTATOB PACUETOB U SKCIIEPHMEHTAIBHBIX JaHHBIX.

3ameuanus.

1. ITpu paspaboTke 1 BHEAPEHUH HOBOrO porpaMmuoro npoaykra (EFES 2.0) neobxonumo
NPUBOAUTH PE3YJIbTAThl TECTUPOBAHUS (CHMMETPHsA, CPABHEHHE ¢ U3BECTHBIMHU KJIACCHYCCKUMH
PeLICHHAME 33124 YIPYTOMIACTHYECKOTo Ae(OPMUPOBAHHS CpeJ, Harpumep, 3a1a4u [Ipanaris).

2. B OonpIIMHCTBE pacCMOTPEHHBIX B JWCCEPTALlMM 3a4ad B KadeCTBE YC/IOBHA
IIACTHYHOCTH (paspywienus) ucnojs3oBancst Hoffman criterion (1967), koTOphId ABIACTCA
06061mennem von Mises yield criterion (1913) Ha ciy4aii OpTOTpONHBIX MaTepraioB. Mexy TeM.
¥ JUISl TOPHBIX NTOPOJI, ¥ TEOMATEPUAIOB ONpPEIE/eHHE KOHCTAHT B «aHH30TPOIHBIX» YPABHEHHAX
cocrostuus (u ympyroctd Cyg, W mmacTuuHocTd Cy—Co) CONPSIKEHO CO 3HAYMTE/IBHBIMU

METOMOJIOTHUYECKAMH H TEXHUYECKHMH TPYAHOCTAMH, B pe3ynbpTare YHC/ICHHBIC 3HA4YCHHA MHOTHX



U3 OTHX KOHCTAHT ONPEACNIAIOTCS CO 3HAYMTEIBHBIMY MTOTPEIIHOCTAME. B 3TO# CBI3u i 3a1au
rIaBel 5 ObUIO OB 11€16CO00PAa3sHO MPOBECTH CPABHUTEIHHBIN pacuer ¢ HCHOJB30BaHHEM
M30TPOMHOTrO KPUTEPUs U BenuIuHBbI norpemHocty aist Cyx 1 C1— Co,

Undopmannsa o6 obmem kpurepun (Tsai&Wu, 1971) — usiumnss, IIOCKOJIBKY OH HE
UCIIONE3yeTCs B AUCCEPTALMM: HH B O/IHOM 3a/ia4e HE NPUBOIATCS 3HAYCHHs KOO PULUEHTOR
a Fiju.

3. W3 o63opa nurepatypsr Bemana Monorpadus E.M.1lemsxuna u B.C.Huxudoposckoro
«J/lnHamuyeckoe paspymreHnit TBepabIX Tei» (1979), rie n0Ka3aHO CyLECTBOBaHUE JBYX U3 TpeX
obnacTeit paspyiueHus, ONUcaHHbIX pasziese Hayunas HoBu3HA (myHKT 6, cTp. 7).

4. B nepBoit popmyne Ha cTp. 52 Hy)KHO yKa3pIBaTh pa3sMEPHOCTD BEJIHYHH 04  P.

5. Pa3mepHOCTh mocre X TpeX cnaraeMsiX B popmyie (2.15) oTiHgaeTcs OT pasMepHoCTH
OCTaJIbHBIX CJIaraeMbIX.

6. B Texcre BeTpedyaeTes psl rpaMMaTHUecKuX (MPOIyCK GYKB ¥ CJIOB, HECOITIACOBAHHBIE
TNAJIC)KHBIC OKOHYAHMS) U CHHTAKCHYECKHX OMIMOOK, CTHIMCTHYECKUX HETOUHOCTEH (Hampumep,
crp. 7,46, 151, 173, 174 nuccepranuu; crp. 25 aBropedepara).

Coomeemcmeue mpeGoeanuam, npedvAGIAEMbIM K OUCCEpMAayuaM. BBIIONHEHB! Bce
TpeGoBaHMs, NMpPEeIBSBIAEMble K JUCCEPTAllUsAM: IMPOBENEH AHATMTUYECKHHl 0030p HaydHOI
JIATEPATYPHI B IPEAMETHON 001acTH, cOpMyIMPOBAHEI LENU U 3a/aui, BEIOPAHBI aJeKBaTHEIE
METOJbI MCCIETOBAHMs, CO3JaHbl HOBBIE MOJEIH U pEeaU3yIOIIUe aIrOPHUTMEI, MOJydeHHBIE
pe3ybTaThl U3JIOXKEHBI SICHBIM HAYYHBIM SI3BIKOM, CIICLHAIbHBIE TEPMHHBI HCII0JIB30BAHBL BEPHO.
ABTopedepaT COOTBETCTBYET TEKCTYy AHCCEPTAMH. Pe3yibTaThl ONMyGIMKOBaHBI B JBYX
MoHorpadusx, 39 crareax u3 nepeuns BAK um 7 crarbax (u3 Hux mse Ge3 coaBTopoB) B
3apyOexKHBIX H3JaHUIX, HHAECKCHPYEMBIX B crcTeMmax rutupoBanus Web of Science u Scopus.
Hucceprannonnas pabora coorBercTByer mnyHkram 4, 8, 10, 11, 12 mnacmopra Hay4HOI
cnenuanbHocT 1.1.8 — Mexanuka nedopmupyeMoro TBepaoro tena ((hH3NKO-MaTeMaTHYecKue
HayKH).

3arknouenue.  Jluccepranus ILA.Paguenxko  sBisleTcss — 3aKOHUEHHOW — HAy4HO-
KBAIMQUKAIUOHHONW paboToi, B KOTOpPOM HA OCHOBAaHUHM BHIOJHEHHBIX HCCIIEI0BaHUN
pa3paboTaHbl TEOPETHUECKUE TOT0KEHHUS, COBOKYITHOCTE KOTOPBIX MOKHO KBAJIH(PHUIIMPOBATE KAk
Hay4yHOe JJOCTHIXKEHHE B 00J1acTH MeXaHuKH 1eopMupyemMoro teepaoro rena. [lo akryansHocTu
TEMbI, HOBU3HE M IPAKTHYECKONW 3HAUYUMOCTH IIOJYYEHHBIX pe3y/IbTaTOB JMUCCEpPTallUs
Pamuenko I1.A. ynosnerBopsier BceM TpeboBanusim 1. II. 9-14 «llomoxenus o Mopsike
OPUCYKICHUS YUEHBIX CTereneiy (mocrtanosienue [Ipasurenscra Poccuiickoit denepauun ot

24 centa6pa 2013 r. Ne 842), a ee arrop — Pamuenko IlaBen AmHjpeeBud, 3aciay’XKHBaeT



IPUCYKICHUA CTEIECHU MOKTOpa (H3MKO-MaTeMaTHYeCKuX HayK MO crenuaabHocTd 1.1.8. —

MeXaHHKa J1e(GopMUPYeMOro TBEpIOro Tea.

Ot3518 06Cy)1€H 1 0106peH Ha CeMHHape 1ab0PATOPHUH MEXaHHKH B3DbIBA H paspyLLeHHs
ropusix nopox UI'JI CO PAH, nportokon Ne 1 ot 20 mronst 2023 roza.

ABTOPEI OT3bIBA JIAIOT COTNIACHE Ha 00PaGOTKY M Tepenauy CBOHX IIePCOHANBHDIX AAHHbIX.

OT3BIB COCTABUI;

['J1aBHbI HAYYHEIH COTPYIHUK

naboparopuu ropHoit nadopmaruxku U] CO PAH,

JIOKTOP (PM3UKO-MaTEMAaTHUECKHX HAYK a}?ﬁ/_ JI.A. Hazaposa

3aBetyromuii 1aboparopreil MEXaHUKH B3PbIBA K
paspymienus ropusix nopog UI'JJ CO PAH, éf ;
JOKTOP (DH3UKO-MaTeMaTHYECKHX HAYK W E.H. [lep

@eﬂepanbﬂoe ToCy1apCTBCHHOC 6EOI[7K€THOC YUPCHKIACHHC HAYKH

MuctutyT roproro gena um. H. A. Uunakana Cubupckoro otaenenns Poccuiickoil akaneMuu
HayK.
630091, HoBocubupckas obmacts, ropoa Hosocubupek, Kpacubiii mpocnext, 1. 54
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