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orrpeAeJreHnfl Harrpfl?KeHHO-AeQopnrr'rpoBaHHOfO COCTOSHI'rfl Bpalqarcquxcf

4[Cnon,t, [peAcTaereHuofi Ha coucKaHlle yueuofi cTeIIeHH KaHAIIAaTa

sururco-vraTeMaTuqecKllx HayK tIO C[equaJrbHOCTIi 01'02'04 t'Mexantlna

ge{opMlrpyeMoro rBepAoro rera "

HacroxulagAI4ccepTauuoHHaflpaSoranocB'uIeHaI4OcJIeAoBaHI4Io

Ha[pf,xeHHo-4esopMi,rpoBaHHofo QocTo{HI4q 6srcrpo Bpalqarcu]uxafl'

ynpyfo[nacTl4r-IecKl4x AIICKOB. ,{aHulre 3a/iAq:|- IIpH i{CIIOJIb3oBAHvtl4 KpI4TepH{

rrJracrr4r{Hocrr4 Museca flBJr.firorcr Su:rauecr<r4 HeJll{Hefiunuu, no3ToMy nprl I4x

pemeHllg BO3HI4KaIOT 3Har{uTeJIbHbIe TpyAHocTu' MeroAoM KoHeTIHbIX SJIeMeHTOB

peIUeHbIyllpyfonIiacTul{ecKl4e3aAaq'cyIIeToMynpol{HeHu'MaTepI4uIa,ilrIfl

cnyliaflIIJIocKofoHanp{XeHHofococTof,H.I4fl'oceQI4MMeTpIrIIHofococToflHl4fl,,I

csssaHHofi 3A$a:llv MexaHI4KI4 4e$opNarapyeMofo TBepAofo TeJIa v MexaHI4KI4

XI4.{KOCTI4 Vr ra3a"
"'

1. AnryaJrbHocrb reMbI AI'Iccepraqtlounofi pa6orut'

lloelrlllarcIIluecf, rpeSonaHur K HaAexHocrl{ pa6oru pa3nurlHblx

roucrpyr<qufi rpe6yror yrorlHeHu-s cyqecrByIoUILIX MeroAoB pacrlera

ynpyfo[nagTur{egKl4x 3aAar{, Anroporvr pICCJIeAOBaHo tIOBeAeHI4e AI4cKOB C yr{eToM

ncruHHofr Ar{arpaMMrr AeQoPMHpoBaHrIt MaTepI'Ia"Ia' qTo ocoSo aKTyanbHo An'l

COBpeMeHHbIX MaTepI,IanoB llCnoJIb3yeMbIX npu co3AaHI4H rypSon'raurun' PaseI4rI'Ie

Bbrqr4CJIHTeJIbHbIX TeXHOJI0TUfr t]p|{Beno K ToMy, qTo 3HaqHMOcTb npI45nI4)KeHHoro

I{I4CJIEHHOfO PCIUEHHfl, IIOJIYqCHHO|O B PC3YNbTATC KOMIIbIOTCPHOIO

MoAenl{poBa.HLl'I)Bo3pocnatrnfl3aila9.'I.AenonyIII4TbaHaJII1lTvIIlecKoe

fIpH6nI4XeHHoe peIxeHIIe HeBo3MoXHo' Bce ero o6ycrrannI4BaeT aKTyaJIbHocTb

Bbl6paHHoft relurt AHccePTaUHI4'

I4ccne.uos aH4fl, HalptxeHH0-AeoopMI4pOBaHHOfO cocTotHI4'I 3JIeMeHTOB

KoHaTpyKUr4fr c yr{eroM Bo3HI{KHoBeHnfl [IIacTI4qecKI{X AeoopMaUl4fr'MeToAoM



KOMfIbFOTepHOfO MOAenI{pOBAHVIfl IIO3BOngeT 3HaqI4TeIbHO yMeHbIuHTb

KOJII{LIECTBO HATYPHbIX 3KCIIEPUMEHTOB.

Pe:yllrartr, npeAcTaBJIeHHbIe B Al4ccepTaqzoHnofi pa6ore MoryT 6url

r4crroJrb3oBaHbr rlp]I [poeKTr4p oBa:a:zvr KoHcrpyKIIkIfr aBI4aUI4oHHofi vr

a3poKocMuqecxofi TexHr4KH, a raKx{e flpz co3AaHvrv pa3nI4rIHbIX gHepferl4llecKl4x

ycraHoBox. llonyueHHbre pe3ynbrarbl Mo)KHo KctloJlb3oBarb Anfl Bepl4Snraquu

HOBbIX OTEI{ECTBCHHbIX IPOTPAMMHbIX NPOAYKTOB.

2. Kparnvlr auailu3 coAeplltaHufl.
Bo tsBeAeHr4r4 orrucaHbr aKTyaJrbHoorb reMbl, Ilenb pa6orbl v 3an.a9.u

accneAoBa]Hkrfl, HayqHar HoBI43Ha, a TaKXe BbIHOCIIMbIe Ha 3a[II4Ty pe3ynbTaTbl.

B nepeoft rJraBe AaeTc.f, orrucaHr4e noAXoAoB I4cnonb3yeMblx B rlaKeTax

aBTOMaTr43r,lpOBaHHOfO KOHCTpyr4pOBaHLIf, tI MeTOAe KOHeTIHbIX 3JIeMeHTOB.

PaccuorpeHa 3a!{aqa o paBHoBeor4vl TpeyroJlbHofo ui4nl4HApllqecKofo 3JIeMeHra,

flpono4nrcx nepu$zraryfl, MeToAa, [peAnaraeMoro AIIfl peIxeHI'Iq

yrrpyrorlnacrrllrecKr4x 3alarr, ga u:nedtHbIX aHaJI[TI'IqecKHx peureHufi'

BO nropofi rrrane paccMoTpeHo ynpyrorlJlacTl{rrecKoe TIJIOCKOHaTIp{)I(eHHOe

cocrof,Hr4e cnrrorrrHoro vr KoJrbrleBoro Bpaxlarcqvrxafl. AI4cKoB. llponegeua

crrcTeMaTvr3arlufl r43BeCTHbIX IOAXOAOB IrO I4CCJIeAOBAHVIyo: HaIIp{XeHHO-

gesopnrr,rpoBaHHoro cocTotH Vfl. ilucKoe. PeueHire trpoBo Evrran Ant TpeX MoAeneft

MaTepl,Iana: 6e: ynpoqHeHl4t, nl4HefiHo I43oTponHo ynporlHsroqeroct 14

MarepgaJra, rroBeAeHr4e Koroporo orlucblBaerct llcrl4HHofi 4narpauuuoff

pacrflxeHu.s.

B rperrefr uaBe vacneliyeTc{ ocecHMMeTpI4r{HOe Hanp.gxeHHoe cocTof,Hl4e

crrJroruHoro Ar4cKa rocrosHHofr rorunHbr. flonyr{eHbl 3aBrrcl4Mocru HanprxeHHo-

4e6opnrapoBaHHoro cocrorHu.f, or orHocnTenbHofi TonuII4HbI .4I'IcKa. llponepeHa

rr4rrore3a o rrocro.sHcrBe Hanptr)KeHno-4eQopMl4poBaHHofo cocroflHvrfl. AI4cKa no

efo ronqr4He. PeureHa MexAucur4trrrvHapHafl. 3a/aqa o6 ynpyronJlacrl4r{ecKoM

.{I4CKe, BparqarcqeMcq B ofpaHurleHHoM IIpOCTpaHCTBe, 3aIOJIHeHHOM ngsxofi



Hecxp1MaeMofr xr4lKocrbro. I4:yueHrt Borlpocbl onpeleneHl4fl MoMeHTa cI4Ji

TpeHI{-f, ArrcKa.

fwcceptaryux cocTor4T kr3 BBeAeHr4{, Tpex fJIaB, 3aKIrOrreHI4-{ A CIrrCKa

nr{reparypbr lr3 1.02 uauweHonauufi. Pa6ora H3IIoxeHa sa 124 Jluarax MaIIrlIHHoro

reKcra, coAepx(ur 67 pvtcyuKoB !1 3 ra6lnqlr.

3. Hosusua HayqHr,lx noloxeuufi, Bt'IBoAoB u peKoMeHA1tg:a'rtt

roJryqeHHbrx B pa6ore.

fluccepraryux A$auacrena A.A. "3aAa'Iu olpeAeneHlIt HanptrXeHHo-

4eSopngapoBaHHoro cocroflHrrr Bpalqarolllprxefl AucKoB" rlpeAcraBJlf,er co6ofi

cyqecrBesstrfr BKnaA B r43yareHr4e Harpf,xeHHo-Ae0oputlpoBaHHoro cocroqHllt

ArrcKoB, r{MQroulux pa3Br4Tyro rrJracTllqecKyio 30Hy u no3BoJI-qeT yTor{HHTb

MeroAr{Ky onpeAeneHr4fl o6oporoB norepl4 Heayuefi cuoco6nocrl4 TaKrrx AI4cKoB'

4. Oqeurca ofiocuoBaHHocru r.t AocToBepHocrlr HayrrHblx rIoJIolKeHli.trr u

BbIBOAOB.

OSocHoeaHHocrb t4 AoaroBepHocrb nonyr{eHHblx aBTopoM pe3ynbraroB

o6ecne.IzBarorc.{ c-Tpofoarbro IrcrIoJIb3oBaHHbIX MareMarlrilecKHX MeroAoB,

npLIMeHeHueM SyH4anleHTaJIbHbIX 3aKoHoB MexaHI4Klr. focroBepHocTb

rrcnonb3yeMbrx rrr4creHHbrx MeroAoB noATBepx( Aaerafl. BblquIcri4Telrsofr

cxoAl4Mocrbro peureunfi r{ r4crroJib3oBaHl{eM anpo6NpoBaHHbIX MeroAoB pelueHus

nonyq aeMbIX yp aBH eswit..

CSopruynnpoBaHHble B 3aKJiIolrelatl ocHoBHbIe BbIBoAbI B cx{aTofi Qopve

coAepxaTHoBbIeHayqHbleIIoIoXeHnfl,BbIABHraeMbIeBiluacepTaIJvII4,

[lrccepraUu{ npotuna IuupoKyro anpo6aqllrc B BI{Ae IoKnaIoB Ha pocanfrcxux u

MeXAyHapoAHbtx HayqHbIX xoH$epeuqllflx, HayrlHbIX ceMlIHapax B poccui'tcxux

Hayr{Hbrx opraHp{3auugx, ocHoBHbIe pe3ynbrarbl orpaxeHbl B ony6nuKoBaHHbIX

pa6orax.

oueura BbIB0AOB rr pe3ynbTaToB rroKa3blBaeT, rlTo AHCCepTaUI{oHHafl paooTa

A6aHaclena AlexcaHgpa AlexcasApoBl4r{a sBr.serct :axoH'{euHofi Hayr{Hofi



pa6oroit, nMeeT BHyTpeHHee eAr4HcTBO, COAepXUT MaTeMaTlIr{ecKI4 AOCTOBepHbIe I'I

3 KC I epuM e HTaJI bH O n OATB ep XAe H H bI e H ayrl H bI e II O JI O X(e H l4fl','vI BbIBO'4bI'

5. Perconr eHAarIu u ilo u crroJl r,3O Ba H Il rc pe3y,l r,TaTo B AlrccepTa IIHU'

llpeAnoxeHHafl MOAenb v IIpeAnoxeHHbIe noAXoAbI K pelueHl'Irc MOfyT

6trrr peKoMeHAOBaHbt K ucnorb3oBaHlllo npl4 rlpoBeile1wl4 HI'IP il oKP B HayqHo-

I{acJIeAoBaTenbOKIIX14IIpoeKTHbIXopfaHlI3alJvlflx)3aHl4MalorquxagBotlpocaMl4

pacrreroB Ha npoqHocrb Marepl4anoB H KoHcrpyrqufi'

B ueriou, pe3yJrbTaTbl, fioJlyrleHHble B AI,ICCepTAIJVII' MOfyT SrtTb IIoJIe3HbI

^nfl 
vlaalr.e[onauuit ilpoBoAr4ML,rX B vrtcrtttyr MexaHI4KI{ CInoiIIHbIX cpeA YpO

PAH, I4ucruryre npo6,'ieM MexaHuxra PAH' Vluctwtyre MexaH?Ixr'r MfY' LfuTU

MeXaHLIKI{ HzNeropoAcKoro rocyHl4Bepcl{TeTa, BopoueNcKoM rocyAapcTBeHHoM

yHr4BepcLITeTe, TynrCxoru rocyAapcrBeHuoM yHI'IBepcI4Tere, a TaK )Ke B yue6uorvt

npoqecce Lrrfl cryAeHToB, I43yqarou]nx MexaHHKy 4eSoprlupyeMoro rBep'4oro

TeJla.

6. Oqenna cTeIreHu ony6luKoBaHt|f pe3yJIbTaToB IIcCJIeAoBaHuq'

Ocnoeuge pe3ynbTaTbl Al{ccepTaIII4I4 ony6lr4xoBaHbl n 8 pa6oTax aBTopa'

r{3 Koropbtx 2 s Hayr{Hbrx v3liaHuflx. peKoMeHAoBaHHbIX BAK npn Mnuo6puayr<u

PO.

7. flo pa6ore
1. HevAaqHo

uMeroTcfl cJIeAymIqHe 3aMeqaHwfl .

err6paHo Ha3BaHUe repBofo naparpasa uepaofi fJIaBbI:

<Onpe4elsrcI]Il4e coorHoIII eHvIfl MeToAa KoHeqHbIX sJIeMeHToB))' B MATT IIoZt

OnpeAenflIOiIII4MlI CooTHOIu e1;21flMr4 IIoHI4MaeTct SU:HueCxax CBt3b

aeQopntrapoBaHHor o v Hafl,p flxeH Ho ro c ocro gHpt il'

2. B rnane 1 paccvaTpr4Baercf, lt3JIOXeHIre ocHoB MK3 B paMKax nI4HefrHbIX

$yur<qrafi Sopt KoHeLIHoro sJIeMeHra. Xorf, B IraKere ANSYS npeAcraBJIeHbI

TOJIbKO 3IeMeHTbr c KBaApaTI4r{HOfi aIIfIpoKcHMaUUefr .

3. llpu petxeHr4ll ynpyroff v ynpyfoflnacrl4qecKofr 3AAAq MeroAoM

KoHer{Hbrx 3rreMeHToB r,rc[orrb3yercfl Heperynf,pHat cerKa, pvc. 1.4 u puc' 2'2



cooTBeTcTBeHHo. I4cno;tlsoBaHl'le perynflpHofi crpyr<Typl{poBasuofi ceTKZ MoXeT

yMeHbIrILITb rlofpelIIHocTb qLIaIeHHOfO pelxeHl4fl '

4. B paSoTe He yrruTbrBaeTog BJIII.flHHe TeMnepaTypHbIX HaIIpsxeHvIiI' XOTfl'

Ha[pr4Mep, [Irfl AlIcKoB Typ6ZH AaHHbIft B:ag HanptxeHl4fi 3Har{I4TeJIbHo

cKa3blBaeTCn Ha HailpflxeHgo-eesoPMI{pOBaHHOM COCTOflHVII4 I{, B TOM rIItCJIe, Ha

paAl4yae ynpyfonnacrl4qecKofi fpaHHuLI'

5. ts napafpase 2 rraeil3 ua crpaHLIUe 99 rrpu peueHIII'I CB{3aHHofrga[a'au

B3rra BbicoKar rrJrorHocrb cpeAbr B Koropofi npautaerc{ AHcr<.. llpra MeHbIIrefi

rrJroTHocTI4 cpe.4bi nepelaA AaBJIeHI4fl' AeficTByroull4fi Ha AI'IcK yMeHbIIInTafl' 14

cooTBeTCTBeHHOyMeHblxllTcf,pa3HI4IIaIIocpaBHeHI',IrcCpeueHl4eM'[oIyrIeHHbIM

B [apafpa$e I 4auHofi uaB['I.

6. B [vaaepTar\r4u Hapfl.ly C IOCTaHOBKaMI4 CJIeAOBano 6rr II3JIO)KHTb

MeTOAbr peIIreHHr sn:nvecru HenIIHefiHbIX 3AAA[ vIV COCIaTbcq HA

coorBercrBytoLuHe HTepauHoH H ble MeroAbl'

8. 06uree .saKrrcqeHne o coorBercrBltl'l AIcccepraIIuu KoMrlreKcy

Kpnrepuen BAK npra Mnuodpuayrcu P(D'

OTUEqEUHITC 3AMEIIAHI{g HE HOCf,T IIPIIHIII'III4AJIbHOfO XAPAKTEPA V HE

BJir4f,ror Ha o6utylo IIoJIoXI4renbHyIo oUeHKy. fnccepral1l4oHHaf, paSora

A$aHactena A.A. Bbr[orHeHa Ha BbIAOKOM HayrIHoM ypoBHe' u3JIOXeHa

oSrqenpuHflTbrM B Hayr{Ho it ttwtepaType fl3bIKOM, $oprtlylzpoBKl{ rIeTKI4e, 'flcHble'

BbrBoAbr AocTaToqHo apryMeHTI4poBaHbI. OSopruneHwe AvIaaepTaIJuvI Xopolxee'

fuccepraqun A$auacreea AnexcaH4pa AlercasApoBl4rla flBJlfierc'f,

3aKoHr{eHuoft nayuHo-KBaJII4SIzxauuoHHofr pa6orofi, ltveroulefi BaxHoe HayrIHoe I'1

npaKTr4r{ecKoe 3HaqeHr4e e o6racrl,t MexaHI4KI4 ne$opNanpyeMofo TBepAofo TeJIa, B

r<oropoft pe[IeHa BaXHafl p1ayq1Afl 3atraqa' coaTo{ula{ B pa:pa6ome

MaTeMaTLIqeCKOfi MOAeJII{, Ilo3Bonf,Iorqefi yTOqHI{Tb MeTOAI4KII pa0qeTa

Bp arqarc ruvxe fl. AI'I A KO B.

/{r.icceprarJLlfl, 14 anrope$epar osopMJIeHbI B CoorBercrBLI]? C rpeSoBa[uflMvI

BAK npu MnHoSPuaYxra P@'



OcHonunte pe3ynbTaTbl AI4ccepraquonHofi pa6orlt nolyrleHbl JIIITIHo

aBTOpOM.
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