OT3bIB _
O(HIMaNBLHOrO OINIIOHEHTa, JOKTOpa (HU3MKO-MATEMaTHYEeCKHX HayK, 4IeHa-
koppecnionienTa PAH Jlucosenko JImMutpus CepreeBudya Ha JAHCCEPTALUIO
KnementneBa [lerpa [IMutpreBuda «/IByXypOBHEBBIH aHalli3 HEKOTOPBIX THUIIOB
KOMIIO3UTOB U MeTaMaTepuasoBy, IPeICTaBIeHHYIO HA CONCKAaHHE YUEHOH CTENEHH
KaHaugaTa GpU3uKo-MaTeMaTHYeCKUX HaykK Mo cneunuanbHocTH 1.1.8 — Mexanuka
nedopMupyeMOro TBEpAOro Teja

AKTyaJIbHOCTDb paboThI

Brrunciienue 3G GexTHBHBIX MEXaHHYECKHX CBOMCTB Pa3IM4YHbIX MAaTEPHAIIOB
C HCIOJb30BAHMEM pPacyeTOB Ha YPOBHE CTPYKTYpHl (ME30ypOBHE) SBIAETCS
aKTyaJlbHOW 3ajadel, NOTOMY 4YTO TaKOH IIOAXOJ II03BOJIAET JONOJHHUTH
3KCIepUMeHTalIbHbIe naHHble. Hanpumep, OMHON M3 aKTyalbHBIX 3a/a4 ABJISETCH
BbIYHMCIIEHHE 3 (HEKTHBHBIX AUarpaMM HamnpshDKeHHe — JedopMalius KOMIIO3UTHBIX
M TIOPUCTBIX MaTepHaaoB, UCIIONIb3Ysl MOJAEIH PeaJIbHOM CTPYKTYpBI, IOJYyYEHHBIE
METOJOM KOMIIBIOTEpHOH TOMOrpaduu. YdeT pealbHOW IreOMETPHH BHYTPEHHEH
CTPYKTYpPbl KOMIIO3UTHBIX M IIOPHUCTBIX MAaT€pHaloOB IIO3BOJISET YTOYHHTH
BBIUKCTIsieMble 3((eKTHBHBIe CBOMCTBA. Takyke aKTyalbHOM TeMOM MCCIIeIOBaHHM
SIBJISIETCSI CpaBHEHHE M IPUMEHEHHE aJIrOPUTMOB IIPOrPECCUPYIOLIErO pa3pyIEHUs
B paMKax MeToja KoHe4YHbIX 31nemMeHToB (MKD).

AKTyaJbHBIMHU SIBIISIIOTCSL TeOpeTU4YecKoe (HampuMep, MpU MOMOIIM MeToJa
ACUMIITOTUYECKOTO OCpPEIHEHMs) M YMCICHHOE MCCIENOBaHUs HEKJIACCHYECKHX
CBOMCTB MaTepUaioB C XUPAIBHOM CTPYKTYpOH (MeTaMaTepHaioB), 03BOJIAIOLIHE
3aMEHHUTh OJKCIIEpUMEHTalbHOe H3ydeHHe 3((eKTOB CBA3HOCTH JAedopmanmi
(pacTsxeHune/u3rud, pacTsKeHHe/KpydeHHe) YHUCICHHBIM MOJEIMpOBaHHEM Ha
Me30ypoBHe. Takum oOpa3oM, Tema [JUCCEPTALMOHHOM paboThl sABIAETCA

aKTyaJbHOH U NPaKTUYECKH BaXKHOH.

KpaTkuit ananus cogepkanus padborsbl
Juccepraiusi COCTOMT M3 BBEICHHS, TpeX IJIaB, 3aKJIIOYEHUS M CIIHCKa

nmuteparypsl u3 187 HanmeHoBanui. O01mui 06beM paboTs! 147 cTpaHuil.

1



Bo BBejenHH O00OCHOBBIBAETCS aKTyaJbHOCTh TEMBI IUCCEPTALHOHHOH
paboThl, GOpMYyIHPYIOTCS ee Lelb U 3aa4H, HaydHas HOBHM3HA, TEOpeTHYeCKas U
IpakTHyeckas  3HAYMMOCTh, METOJOJOTMS M  METOABl  MCCIIENOBaHMI,
TIEPEYUCIIAIOTCST  [IOJIOXKEHHs, BBIHOCHMBIE Ha 3allMTY, JOCTOBEPHOCTh U
000CHOBaHHOCTh PE3yJIbTATOB, IPUBOAATCA CBeAeHHs 06 anpobarmu pabGoTel U O
CTPYKType IHMCCEpPTaliH, HaeTcs KpaTkKuii 0030p IuccepTallMOHHOH paboTel Mo
rjaBam.

B nepgoii riaBe onrcaHo IpUMEHEHHE BApHAHTa aCHMIITOTHYECKOT0 METO/IA
oCpeaHeHus: yisi onpezeneHuss 3QGEKTHBHBIX YNPYTHMX MOJIYJIEW IHMCIEPCHBIX
KoMII03uTOB. Ilpejnonaraercs, YT0 pacCMaTpHBaeMble MaTepHalbl HE 00nanaroT
SA4EeMKOi IepHOJUYHOCTH, HO O0JIafaloT mpencTaBUTENbHONH obnacTeio. Ha
npumepe kommnosuta B4C/2024 Al BeITIOTHEHO BBIYUCTICHHE 3D ()EKTHBHEIX MOy IeH
YIPYrOCTH JJIsl IBYMEPHBIX M TPEXMEPHBIX CTPYKTYp. B pacyerax MCIIOIB30BaHBI
reOMETPUYECKHE CTPYKTYPHI, NOIy4eHHbIe IIPH IIOMOIIM OLM(POBKU MOCIOMHBIX
H300paXKeHni, CIETaHHBIX PEHTIeHOBCKMM TOMOrpagoM, H  MOJEJIbHbIE
SJUTUTICOM IAJIBHBIE CTPYKTYPBI, CO3JaHHBIE IPH IOMOILM CIELHAJIU3UPOBAHHOIO
nporpaMMHoro obecriedeHus. BeinoaHeHo cpaBHEHHE pe3yIbTaTOB BEIYHCICHHMH C
SKCIIEPUMEHTAIBHBIMU JIaHHBIMH. MccienoBaHbl KOHIEHTPALMK HANpsSHKEHHH B
paccMaTpuBaeMOM KOMIIO3MTE, BO3HHMKAIOIIME IIPH CTaTH4ECKOM HarpyXeHHH.
ITokazano, uTo (opMa BKIIOYEHHH CYINECTBEHHO BIHMACT HA BEJIHYHHY
KOHLIeHTpauid. B crnemyromet 4acTy NnpHBeJeHa MOJU(HKALMSA KIAaCCHYECKOro
ompeneneHns 3(P(EeKTUBHBIX MOIyJeH ynpyroctd H 3@Q(EKTUBHBIX YIpYro-
IUIACTMYECKUX JIHarpaMM IOPHUCTOM cpeabl. Moaudukamys 3akiodaeTcs B
MCIIOJIL30BAHUU 3a/IaHHBIX Ha TpaHMle JedopMaldii BMECTO OCpPEIHEHHBIX IIO
0o0BeMy ITpecTaBUTEIBHON obnacT. [I/ig MOJIENBHBIX MOPUCTBIX U KOMITIO3UTHBIX
MaTepUaioB H3y4YeHO BIHSHHE CIOXHOTO IIyTH Je(OpMHpOBaHMS Ha BH]
OCpeJHEHHOU auarpaMmbl Hanpspkenue — nedopmarus. [Tyt nedopmupoBanus
cocTosuti U3 KOMOMHaAnui o0beMHOro cxaTus U casura. Ha ocHose pesynsTaToB
BBIYMUCJICHHH IIOPUCTOrO0 MaTepuana C YIJOBaTbIMH IOPaMH  BBINOJIHEHA

uaeHTudukanus napamerpos Makpomonenu Jpykepa—Ilparepa.
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Bropasi riaBa TOCBsllleHAa BBIYHCIECHUIO OCPENHEHHON JHarpaMMBI
Hanpspkenune — jgepopmarms kommoszuta B4C/2024Al. [Jlns Ka4eCcTBEHHOrO
NpUOIMKEHHs pacyeTa K 9KCIIepUMEHTaJIbHBIM JaHHBIM B paboTe HccIenyeTcs y4eT
MIOBPEXIEHHOCTH (a3 KOMITO3UTa NpHU J1ehOpMHUPOBaHHMH. J[JIg 3TOr0 BEINOJIHEH
CpaBHUTEJIBHBINA aHAJTH3 BApHAHTOB AJITOPUTMA IPOrPECCUPYIONIETO paspyICHHU.
PaccmarpuBaeMble BapHaHTHI: 1) MOAXOA, B KOTOPOM Jerpafalus yYHTBIBAETCS
OTHENBHO B KaKIOW TOYKE HWHTEPUPOBAHHSA KOHEYHOro 3JIEeMEHTa, 2) BapHaHT
Jierpafalyuyd CBOWCTB KOHEYHOTO 3JIEMEHTa LEIUKOM, 3) Ierpajaliid CBOMCTB
Mmarepuajia B o00iacTh (UKCHPOBAaHHOIrO pasmepa. Amnpobauus aJropuTMOB
IpoBejieHa Ha MOJEJBHBIX 3a1adax. [loka3aHO, 4TO BapHaHTH! 2 U 3 MOIyT OBITH
IpUMEHEHbl JUIs BbIUKCIeHHH JuarpamMMm kommosuta B4C/2024Al. Bapuant
anropuT™Ma 2 MpUMEHEH [yl BBIYUCIICHUS QUarpaMM HampsbkeHHe — nedopmanms
xomrnosuTHoro wmartepuana B4C/2024Al1 ¢ ydeToM KaKk = HCKYCCTBEHHO
CreHEepUPOBAaHHOW, TAaK W peaJbHOH MHKPOCTPYKTYpPBI, IOITY4YEHHOH METOI0M
KoMmmbloTepHOH TOMorpaguu. IlokasaHo, 4YTO y4YeT peajbHOM TI'€OMETPUH
BKJIFOYEHHH W TOBpeXAeHUs (a3 KOMIIO3UTa SBISETCS BaXKHBIM YCIOBHEM JIs
Ka4eCTBEHHOTO MPUOIMKEHNs pacYeTHBIX AHArpaMMBbl HanpsKeHue — JedopMaiys
K 9KCIIEPUMEHTAIBHBIM JaHHBIM.

B Tperbeii riiaBe TEOPETHYECKH M YHCIEHHO HCCIEIYIOTCS MaTepHalIbl C
HEKJIaCCHYECKUMHU CBOWCTBAMHU: METaMaTepHaJIbl U JIBYXCIIOMHbBIE PE3MHOKOPAHBIE
obpasiel. /s TEOpeTHYeCKOro  MCCIe[OBaHMS  CBOHCTB  CBS3aHHOCTH
pacTshKkeHHe/U3rud, cxkaTtue/KpydeHHe B MeTaMaTepuaiax B Cliydyae IUIaCTHH H
TPEXMEPHBIX Tell IPUMEHEH MeTON AacCHMITOTH4Yeckoro ocpenHeHus. Jls
TPEXMEPHBIX  CTPYKTYp TEOPETHYECKH IIpOAHAIM3MpOBAaHAa M  YHCJIEHHO
MIOATBEPK/eHA 3aBUCHMOCTb KO3((PHIIHEHTOB CBSI3aHHOCTH OT IapamMeTpa, 00paTHO
MIPOIOPLIMOHAIEHOTO ~ KOJMYECTBY S4€eK IEePHOJUYHOCTH, JIA Cpel ¢
IEPUOJMYECKHMHU B JIEKAPTOBOM CHCTeMe KOOpAMHAT CTpyKTypamu. Jlis
MeTaMaTepUaoB C IEePUOJIMYECKON CTPYKTYpOH B LWIMHIPUYECKOH CHCTEME
KOOpIHHAT TOKa3aHa HE3aBHUCHUMOCTH CBSI3aHHOCTH PACTSXEHHUS C KPy4YEHHEM OT

pa3mepa CTPyKTypbl. MeTolaMi ME30MOZETHPOBaHMs UCCIIEJ0BaHbl pa3Mephl 30H
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KpaeBblX 3()()eKTOB B PE3MHOKOPAHOM ABYXCIOHHOM kommnosuTe. OnpereseHsl
XapakTepHble pa3Mephbl 30H HX BIMSHUSA U 000CHOBaHA METOJMKA HCIIOJIb30BaHHS
KOPOTKHX 00pa31OB IIPU MEXAHUYECKUX UCTBITAHUAX Ha OJTHOOCHOE PACTKEHHE.

B 3akmoyenun cGOpMyIHpPOBaHEl OCHOBHBIE IIOJYYEHHBIE PE3YJbTATHl W
o01ie BBIBOIBI 110 JUCCEPTaLUH.

ABTopedepaT oTpaxkaeT OCHOBHOE COAEpXKaHUE AUCCEPTALIUH.

OcHoBHBIE Pe3yJbTAThl IHCCEPTANHOHHOH PaboThI, MOJTYy4YEeHHBIE IHYHO
coHcKaTeJieM H 00,1aalomMe HOBH3HOM:

1. Pasuuiia Mexay BBIYMCJIEHHBIMH 3HaYeHMsMH Moxayns IOHra s
TPEXMEPHBIX CTPYKTYP ¥ SKCIIEPUMEHTAIBHBIX 3HAYEHHUH COCTaBJIfAET OKOJIO
1%. 3uavenus moxynsa FOHra nns ABYMEpHBIX CTPYKTYp OTJIMYAKOTCS OT
IKCIIEpUMEHTAIBHBIX He Oonee, yem Ha 10%.

2. CTpyKTypa ¢ yrjoBaThIMH IIOpaMH oOnajaeT CBOMCTBOM 3aBHCHMOCTH
OCpPEeHEHHOW IWarpaMMmbpl HanpspkeHHe — JegopManus OT IIyTH
ne(GOpMHUPOBaHUS ¥ OT BeJIMIHHEI 00BeMHOM AedopMalvy Ha MaKpOypPOBHE.
Makpomonens [lpykepa — Ilparepa mo3BoJiseT ommcaTh 3TH CBOWMCTBa C
BBICOKOH TOYHOCTBIO.

3. BoluncnenHas oa¢deKTuBHas adarpaMMa HanpspkeHue — JeopMarus
komno3uta B4C/2024Al xayecTBeHHO NpUOIMIKEHA K 3KCIEPUMEHTAIBHOM
Oraromaps y4ery IIOBPEXIEHHOCTH B peallbHOH CTPYKType (a3 KOMIOo3HTa.

4, TeopeTu4eCK M YHUCJIECHHO HCCIIENOBAaHO, YTO IIPH CTPEMIIEHHH MAJIOro
napamMerpa, oOpaTHO NPONOPIMOHATIBHOIO YUCIY S4eeK IEePHOJUYHOCTH, K
HYJIO CBOMCTBA CBSI3aHHOCTH  pacTsHKEHHME/M3rud, cCxaTHe/KpydyeHHe
NIponajaioT B MeTaMaTepHaax.

5. WccnenoBansl pa3Mepbl 30H KpaeBoro 3¢ dexta U AOMYCTHMBIE pa3Mephl
pe3uHOKOpaHOro obpasua. ITokazaHo, 4TO KOpOTKHE 0Opasisl MOTYT OBITH

HCITOJIB30BaHbl TPHU YCJIOBUHM IepecyeTra IPOAOJBHBIX HAIPSKCHHN H

nedopManuu.



JIoCTOBEPHOCTh HAYYHBIX MOJI0KEHHH, BLIHOCHMbIX HA 3aIHTY
JIoCTOBEpHOCTh  pe3yJIbTaTOB 0OOCHOBaHa HCIOJB30BAHHEM CTPOTHX
MaTeMaTHYeCcKMX METOJIOB, KIaCCHYEeCKHX METONOB MEXaHHKH Ne(OpMHUpYEeMOro
TBEPAOro Teja, arnpoOUPOBAHHON AKCIEPHMMEHTAIBHOM TEXHHKH, MPOBEPEHHBIX
YUCIEHHBIX ~ METOJOB M  KOMIIBIOTEPHBIX  INporpaMM.  JlOCTOBEPHOCTB
MOATBEPIKIAETCS TAK)KE COBIIAJIEHHUEM pe3yJIbTAaTOB pslia YHCJIEHHBIX PacyeToB C

OKCIICPHMEHTAJIbHBIMH PE3YJIbTaTaAMH.

3ameyaHnus no AHCCEPTALHH:

—

. B nuccepranus BBOASTCA MaTeMaTH4ecKHe 0DO3HAY€HMs, KOTOPBIM HE
narotcsi 00bsicHeHUs. OOBICHEHUS MOT'YT IIPUBOAUTECS YE€PE3 HECKOJIBKO
CTpaHHL.

2. B nuccepranuy He JaHO NOHMMaHHME C IIOMOIIBIO KOMMEPYECKOr0O NaKeTa
WJIM CaMOCTOSITEJIbHO HAIlMCAaHHBIMH IIPOrpaMMaMH JIHCCEPTaHTOM
[IPOBOJAWIIMCH YHUCIIEHHBIE PACYETHI.

3. B rmaBax 2 u 3 quccepralyy MPHUBOAATCA CBENECHUSA 00 SKCIIEpUMEHTaX.
Ho HeT nHbopMaIyy Kak FOTOBHIHCH 00pasiisl, Ha KakoM 000py0BaHHH
M Ipd KaKUX IlapamMeTpax I[POBOAMIICS 3KCIEepHMEHT. EJMHCTBEHHO
IIPUBOIUTCS TOJIBKO B r1aBe 3 Ha crp.105 dororpadus ycTaHOBKH.

4. B aBTopedepare BBOAATCS MaTeMaTH4yeckue 0003Ha4YeHHUs, KOTOPhIM HE
naercst 00bICHEHMUSL.

5. B mucceprainuu 1 aBropedepaTe NpUCYTCTBYIOT OIEYaTKH.

VYka3zaHHbIe 3aMe4aHUs UMEIOT peKOMEHAATeIbHBIA XapaKkTep i HE CHIXKAIOT

Hay4YHO! [IEHHOCTH paboTHlL.

Jakja04YeHHne
B 3axiioyeHue cieayeT OTMETHTh, YTO AUCCepTallMOHHAs paboTa BBINOJIHEHA
Ka4yeCTBEHHO M Ha BBICOKOM YPOBHE, a YKa3aHHBIE BBIIIE 3aMEYaHHSA HE yMaJIsioT

3HA4YHUMOCTH AHUCCEPTAlIHOHHOI'O HCCJICENOBAaHHA. I[HCCEPT&HH}I OTBE€YacET



Tpe6GoBaHusM, YCTaHOBIEHHBIM MOCKOBCKAM TOCYAapCTBEHHBIM YHHBEPCHTETOM
umenu M.B. JlomoHocoBa k paboTam noo6HOro poza.

CojiepskaHye JIUCCEPTALMH COOTBETCTBYET MACIIOPTY crenuanbHocTd 1.1.8 —
Mexanuka aepopmupyeMoro TBepioro Tena (mo (QHU3MKO-MaTeMaTHIECKHM
HayKaM), a TaKxke KpHUTepHsaM, onpeaeneHHeiM mm. 2.1-2.5 Ilomoxenus o
NpPUCY)XIEHUH  y4eHbIX  cTemeHed B MOCKOBCKMM — roCyJapCTBEHHBIM
yHuBepcuteTom umenn M.B. JlomoHOcoBa, a Takxe OQopMIIeHa COIIacHO
TpeGoBanusam [lonoxenus o CoBeTe 110 3alUTe NUCCEPTALMHA HA COMCKAHHE y4eHOH
CTENeHH KaHAM[OaTa HAayK, Ha COMCKaHME Y4YEHOH CTEIIeHH JIOKTOpa HayK
MOCKOBCKOIO roCy JapcTBEHHOro YHIUBepcuTeTa uMeHd M.B. JloMoHocoBa.

Taxkum o6pasom, couckarens Knementses Iletp JIMUTpHEBHUY 3aCiTy)KUBaeT
MPUCYKICHUsS. YYEHOH CTeNeHM KaHAuAaTra (HU3NKO-MaTeMaTHYeCKHX HayK IO

cnennansHocTy 1.1.8 — Mexanuka aepopMHEpyeMOro TBEpAOro Tela.

OdunpanbHbIi OMIOHEHT:

JlokTop H3UKO-MaTeEMaTHIECKHX HaYK,

yyieH-koppecnoneuT PAH,

3aBeyIoLi TabopaTopuei

HucTuTyTa npobiiem mexanuku umenu A.JO. Munackoro PAH 4

JIMCOBEHKO [Imutpuii Cepreesud

KoHTakTHbBIE 1aHHBIE:
Ten.: +7(495)433-34-96; e-mail: lisovenk@ipmnet.ru '
CrenuanbHOCTh, 10 KOTOPOH 0(pUIAIIEHEIM OIIIIOHEHTOM |

3alUIIeHa JUccepTalus:
01.02.04 — Mexanwuka aeopMHpPYEMOro TBEPIOIo Tea
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Anpec MecTa paboThl:

119526, r. Mocksa, npoct. Bepuaackoro, a. 101, xopm. 1,
HuctuTyT npobiiem mexanuku umeHu A.JO. Mmnuackoro PAH,
Ten.: +7(495)434-00-17, e-mail: ipm@ipmnet.ru



