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Ynaxaenaa, CBerlaHa BnaAr{Mr4poBHa !

Haupaureru Bau or3brB Ha AucceprarluoHHyro pa6ory Hacouona (De4opa

Au4peenu.ra ((I4ccleAoBaHr4e AeQeKToB KperrexHbrx orBepcrr.rfi u

cHlrxeHr{fl yrx BrrvflHus. Ha Hecyqyro c[oco6HocTb

rrpeAcTaBneHHofi Ha coucKaHlIe yqeHoft cTerreHr,r KaHAr.rAaTa

ro creUnilnbHocrr,r 05.16.09 MarepuanoBeAeHr4e

Ha TeMy

cnoco60Bpa3pa6orKa

3 rr o KcLryrn errJr acTr.rKo B),
TexHLrqecKr,rx HayK

(uraruunocrpoeHr4e).

IlpunoxeHue: Or3brB BeAyrrlefi oprauu3agkr Ha 5 n. s 2 exs.

Harartr.f, I4nanosHa Epurona
8 (484) 399-67-72
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3auecrrarenb reHeparrbHoro AlrpeKTopa
rlo HayKe vpa3BkrTLrro, K.T. H. O.H.Konrkrccap



yTBEPxtAATO

3auecru:renb reHepaJrbHoro Ar4peKTopa

AO (OHIIII <TexHororvq))

znr. A.f.PoMarurzHa))

IIo HayKe 14 pa3Bll'turo,

TCXH. HAVK
J

oMI,ICCap

2018 r.

OT3bIB

n e4yu1e fi opraHu 3a \t4v Ha Ar4 cc eprarlroHHylo pa6 ory
Haco uo ea (De4opa An4peenn'aa <<VICCffiAOB AHI4E AEOEK TOB KPEIIEXHbIX
OTBEPCTVTilIIPA3PABOTKACIIOCOBOBCHI4)KEHVIAVTXBIIVIflHVIfl HA

HEC yrqyrc cnoc oEHoc Tb 3[oKcr4yf JrErrJrA c Tr4K oB >,

rrpeAcraBneHHyro Ha cor4cKaHr4e yueuofi crerreHr4 KaHAr4Aara rexHr4qecKr4x HayK rro

cnequanbHocrz 0 5 . I 6. 09 <MarepzarroBeAeHze (vrauuaHocrpoeHl{e))).

ArcryanrHocrb reMbr Ar,rccepraur,ru ortpeAenqerc.s orcyrcrBr4eM HaAexHbrx

MeroAoB eQQercrraBHoro yrpor{HeHuq yrne[nacrr4KoBbrx xoncrpyxqufi B 30He

orBepcrr4fi, upe4uiBHaqeHHbrx Artx 6orroerrx r{ 3aKneloqHblx coeAl4HeHvtit, a raKxe

lonyr{eHr4fl TaKr4x ornepcrufi MexaHr4qecrofi o6pa6orxofi c Mt4 Hr4MaJrbHbrM

KoJll{qecrnou 4e$eKToB, cHzxarculr4x Hecyuyrc cnoco6uocrr B 3oHe coeAflHeHufl,. B

4auuofi pa6ore [peAnafaercq prHTepecHbre KoMrrJreKcHbre perue HVfl , HatpaBJTeHHbre Ha

ynyqlxeHne ycnoBr.rfi rraexauuqecxofi o6pa6orxz u oQopMJreHr4, caMr4x ornepcrufi.

lnccepraqu.rr cocrovrr v3 BBeAeHr4, ) rtfltvr rJraB, BbrBoAoB, cnvcKa nr4Teparypbr r43

88 nauuenosaHuir.. Pa6ora r43JroxeHa na 15 1 crpauzqe Ma[ruHorrr,r cHoro reKcra.

B nepnoft FJraBe paccMorpeHbr ocHoBHbre Saxroptr, BJrr4flIotrlr4e HA

Bo3HI4KHoBeHI4e 4e$exroe, r,r3yrreHa [pvpoAa r4x Bo3HHKHoBeHuq v vx BrrvrflHne Ha

Hecyqyrc cuoco6uocrr xoncrpyxqraft v3 yrnernacrr4KoB. Ilpose4eu aHarfi43 uo

cHI,IxeHI4Io ocra'ro.IHoff [poqHocrr4 v pecypca KoHcrpyxqrafi Lt3 yrnelJracr]rKoB c



TaK[Mr.r AeoeKraMr4, npeAcTaBneHa or]eHKa cyuecTBy]oulr.rM croco6aM peueHHs

AaHHOfi npo6neMbr c yrreroM vx rexHoJrof wY,Hocrvr, a raKxe I4MercIIII4xc,

ofpaHHr{e Hl/lit Ha 14 x npr4MeHeHI,Ie.

Bo nropofi rrlaae [peAcraBreu o6reKT ucclrep.oBaHrfl, [epequcneHbl MeroArI

lrccneAoBasuit c [pI4BeAeHr4eM rzx o6ocuoBaHHocrl4, a raKxe orMer{eHo IUI4poKoe

[pr4MeHeHr,re cpeAcTB MaTeMaTl4qecKofo MoAenI,IpoBaHVfl. npoqeccoB c

r4c[oJrb3oBaHr4eM coBpeMeHHoro rrporpaMMHoro o6ecne.{eHI4q. Cne4yer oco6o

orMer[Tb uupoxufi crreKTp rrpr,rMeHreMbrx MeroAoB Hepa3pyluarcqero KoHTpoJIr,

II ClOnb3yeMbIX AJIS Kar{ecTBeH HOrO Arla.]rll3a M arepr4aJl a.

B rperrefi rnaBe rrpuBeAeHbr pe3ynbrarbr vccneAoBasui,t vro4raQraqvpoBatnfl

Marpr,rrlbr v yrne[nacrlrKa Ha ee ocHoBe. Ilpe4craeJreHbr 3aBprcr4Mocrl,r BlrvrflHr4fl

nporleHTHoro coAeplnatufl. rrao4z$raxaropa, KaK Ha ycnoBr4, MexaHllqecxofi o6pa6orxn

rIJIacrI,IKa, TaK vr Ha rlapaMerpbr efo Qoprr,roaaHrax. OtueueHo, r{To BBeAeH[Ie

rrao4raQzqrapyrorqefi Ao6aexlr rpe6yer Mr{Hr4MuurbHbrx KoppeKrI,IpoBoK reMrleparypHo-

BpeMeHHbrx rrapaMeTpoB TCXHOJIO|I4IICCKOfO [poqecca. flpegcraaireHbr

3KcIIepHMeHTaJIbHbIeAaHHbIeoBIlvIAHVVKoHIIeHTpaquV

MexaHI4qecKI4e xapaKTepvcrvKld lIJIacTI,IKa, Ha ocHoBaHI,II4 qefo

orcyrcrBr4lr cHr4xeHr4q flpoLrHocrlr nprr r4cnonb3oBaHl4rz vro4zQl4Karopa B npeAenax

0,1-50 . lloxasaHrr 3aBrlcr,rMocrr4 reMleparypHoro MaKcr,IMyMa rlpoqecca

MexaHr.rqecxofi o6pa6orxu oTBepcrufi or porleHrHofo coAep)KaHzfl rvrogr,rSr,rxaTopa,

HA OCHOBAHI,IVT Koropbrx cAenaH nrr6op orrrr4MaJlbHoro coAepxaHr.rr vroluQvKaropa.

3aBr4cr4Mocrr4 ruepoxoBarocrpr orrepcrzfi or KoHIIeHTpa:qvkrllpe4cranJreHbr

rrao4raQuraropa.

B .rerneprofi rJraBe rrpeAcraBJreHbr pe3ynbrarbl 3KcrIepI,IMeHT€LIIbHo-

Teoperl,IqecKl4x accneAoBalauit MeroAa yrtporrHeHr4.s orBepcrufi. [ocJ'Ie MexaHl4r{ecxofi

o6pa6orxrz. Ilpe4noxeHo KoHarpyKTr4BHo-rexHonorrrr{ecKoe peIxeHI,Ie ylpoqHeHns B

Br4Ae BTynKr4 t43 MeHee xecrKoro Marep[ana (crexrorrJracrr4Ka), cuoco6Horo [pv ero

co3AaHr.ru 3aneqlrBarb MlrKpo4e$erru orBepcrr4fi e soHe MexaHzl{ecxofi o6pa6orrcu.

Brynxa B orBepcrr4e ycraHaBrr,rBaerc-s c rroMorrlrro repMoKoMnpeccl,toHHoro

SoprraonaHzr. flpnr 3ToM peuaercq cpa3y HecKoJrbKo 3ara.t, cnoco6crByrouLtx

rroBbrrrreHr4ro Hecyqefi cnoco6Hocrr4 KoHcrpyKrIHH.

B nqrofi rrlaBe npLIBeAeH analtu3 e$QerrunHocrr,r yrporrH.rrrculefi nrynKu, ee

BJILI.TIHI4e Ha cHr{xeHLre KoHrIeHTparIuu Hartp.f,xeHufi, npegcraBJreHbr cpaBHr4TeJrbHbre

KaprllHbr HarpqxeHno-4eSopMr,tpoBaHHoro cocroflHLrfl. (pacuer [porr3BoAvrrrcfl B cpeAe

rrao4r,rSHxaropa

cAenaH BbIBoA

HA

o6

MSC/Nastran) yrnernacrzxoeofi rrJracrr4H r B 3oHe orBepcrr.rq 6ez yrporrHeHufl t4 c



rrcrroJrb3oBaHr,reM BTynKr4. flpe4craureHbr cpaBHr,rreJrbHbre [oKa3arenz ynpoqHeHrIfl 3a

cr{eT r4cnoJrb3oBaH[fl, BTyJIKI,I, nOnyrIeHHbIe TeopeTuqecKr4Ml,r r4ccneAoBaE[flM[ 14

oKcrrepr4MeHTaJrbHo. CAeranu BbrBoAbr o yBenraqIHla:a necyulefi cnoco6uoclu sa l5oh

(couacHo gKcrrepr,r MeHTaJrbHbru 4auuuu).

OcuoeHrre HayqHbre pe3yJrbrarbr rt ux 3HaqHMocrb Arq HayKLI

rrpor{3BoAcTBa

OcHosHrre HayrrHbre pe3ynbrarbr, [onyrreHHble aBTopoM:

- KJraccraQrar<aqua kr pe3ynbrarbr aHarrv3a Marepl4anoBeAr{ecKvx

TexHoJrorlrqecKr,rx Bo3MoxHocrefi cHHxeHu.lt 4eQex'ruocru ornepcruft v
Herarr{BHoro BJrr,rf,Hr4fl, Ha Hecyqyrc cuoco6uocrb KoHcrpyxqzfi zs IIKM;

T4

VX

- pe3ynbrarbr oKcrrepr,rMeHrurbHbrx r4ccneAoBasui,t eQQexra vro4raQr,rxa\w

creaparoM rIr4HKa grroKcr4AHbrx Marplrrl r4 yrnelJracrr4KoB Ha o6pasoBaHze 4eQexron

nprz SoprrahpoBaHvrLt orBepcrtrit u ux MexaHr4qecKr4e ceoficraa;

- pe3ynbrarbr gKcneprrMeHTaJrbHo-Teoperr4r{ecKr4x I4ccneIoB asuit

[oAKpe[neHnfl, creKJrorrJracrltKoBbrMlr BTynKaMr4 KpelexHbrx orBepcrl,Iit, rua

cnoco6uocrb grroKcr4yrnennacrr4KoB.

eQQexra

Hecyqyrc

3uaquruocrb Arq HayKrr pe3ynbraroB r4ccJre4oaauufi 3aKJrroqaercfl B ToM, qro

paspa6oraHHbre MeroAbr rro3BoJrf,rcT cHr43r4Tb KoJIrIqecrBo 4eQexroe [plr
MexaHr4rrecxofi o6pa6orxe orBepcrufi, B yrne[nacrl,IKoBblx Aerarqx 3a cqer

[pI4MeHeHI4' KOMIIJIeKCHOrO uOAXOAa Ha BCeX 3TarIaX V3rOTOBne:akrfl 4etalefi,

Haqr4Harr or Qopvronanra.a v 3aKaHrrr4Baq o$opureHl,IeM ornepcrufi nocJle

MexaHur{ecxofi o6pa6orr<u.

llparcruvecKoe 3HarreHre pa6oru olpeAenrercf, TeM, qro perueHHbre aBTopoM

3a4a.rz Moryr :aafilu rukrpoKoe npHMeHeHVe B aBvtaquousofi, KocMr4r{ecrofi 14 Apyrux

oTpacnqx [poI,I3BoAcTBa, cB.[3aHHbIx c npI,IMeHeHI4eM yfne[nacTlrKoB, r{To [o3BoJrr4T

yBenuqarb Hecyqyro cnoco6Hocrb KoHcrpyKuuit e 3oHax 6orroerrx I,I 3aKJlerrorlHbrx

coeAr,ruesufi.

PercovreH tra\ukt tro lrcrroJrb3oBaHuro pe3yJrbraroB u BbrBoAoB ArrccepraurrH

Cquraeu qerecoo6pa3HbrM rrpoAonxurs pa6ory B HarrpaBneHr.ru pactuvpeHrfl

AI4arIa3oHa npr4MeH-rreMbrx yrne[nacrr{KoB c rlenbro 6onee ru}rpoKoro BHeApeHrzfl

pe3ynbraron pa6orbr B [por,r3BoAcrBo r,r3Aennfi aepoKocMr{qecrofi, cy4ocrpor4Tenruofi

14 aBToMo6umnofi orpacnu. Bruo 6rr nnrepecHo rrpoaHanr43r.rpoBarb cpaBHlrrenbHyro



MaccoByro eQQerrr,rBHocrb rrpeAnaraeMbrx peruenvfi c rpaArruuoHHbrMa, a raKxe

uccneAoB arb Bru4flHr4e qr{Knr4qecKr,rx 3 HaKo rrepeMeHHbrx Harpy3o K I4 KJII4MATI4IICCKI,IX

rrpeAnafaeMbrx

ornepcrufi.
$axropoe (reuneparypa, uaxHocrr) Ha pa6orocnoco6uocrr

KoHCTpyKTt4 BHo-TexHoJrorlrqecKzx peurenufi y[poqHeHI4, KperlexHblx

Pe:ylrrarrr v BbrBoAbr Arccepraqzr r4Meror [paKTl,Iqecrcufr u Hrepec npLr

3AKJICTIOqHbICpaspa6orxe vz1etwit Lr3 yrnernacrl,rKoB, I,IMeIouIux 6ortoerte Lt

coeAI4HeHr4r.

3aMe.raHtlq rIo pa6ore

1. B Ar4cceprarlur4 HC rrpeAcTaBneH crllrcoK yqeHblx, 3aHaMaBlULlxcfl

aH aJrorr.rqHbrM r.r npo6reuavu.

2. B crrr4cKe nrareparypbl orcyrcrByror :apy6exnrre vcror{HI4KH,

ony6nuxoBaHHbre MeHee 10 ner Ha3aA.

EA[HcrseHHoe cBf,3yroqee, Koropoe yqacrByer B 3KcrIepLIMeHTe, flBrfl,ercfl.

ycTapeBtuktM v B HacTorrqee BpeMq He LrcrloJlb3yeTcfl.

Anroporr,r ne o6ocuoBaH nsr6op orrrr4MiurbHbrx [apaMerpoB pexr,IMa pe3aHplr.

5. Anrope$epar He coAepxr4r zn$opnaw4r4 o BHeApeHI,rI4 pe3ynbraron pa6orrt

Ha rrpeArlpvfTvtflx.

Yxasauurre 3aMeqaHrr.rr He cHr.rxaror Ha .rHofr 14 rrpaKTu.Iecxofi ueHHocrz pa6oru

s o6racu4 rrpor43BoAcrBa wz4eluit r43 rroJrr.rMepHbrx KoMrIo3HIII,IoHHbIx MarepI,I€LnoB

(rrKM).

Pa6ora HarrucaHa rpaMorHo, crr,rJrb Lr3JroxeHI,L AoK€Barerrsufi. I4llrocrpagvr

a
J.

4.

oSopuneHu aKKyparHo. AnropeQepar coorBercrByer ocHoBHoMy coAepxaHLrrc

Ar,rccepTau14r4.

3arc.nroqeuue

fluccepraqraa HacoHosa O.A. rpeAcraBJrf,er co6ofi 3aBeprueHHyro HayqHo-

Ha ocHoBaHu I4 BbIIIoJIHeHHbIx r4ccneAoBalg,ui,tr4ccneAoBarenbcKyro pa6ory.

cor.rcKareneM pa:pa6oraHbr: rnaccuSuKaunq geQexron B orBepcrr4qx wzretuit vt3

IIKM, MeroA vro4uQuxaw4v 3[oKcr4AHbrx Marpr4rl, o6ecne.{uBaroulr4x ynyqrueHrre

ycroaufi pe3aHr4q rrpr4 QoplaupoBaH:ala ornepcrufi MexaHr4qecxofi o6pa6orxoft

yrnelnacrprKoB, cuoco6 y[poqHeHzfl orBepcrufi, nosnorsrourufi yBenr4quTb Hecyuyrc

cuoco6nocrr v31envfl,. Pa6ora orBeqaer r:pe6onaunau, [peAbrBnreMbrM K

KaHAI4AaTCKT4M Ar4CCepTarIr4qM, a ee aBTOp 3aCnyXHBaeT IIpr4CyXAeHIlA eMy CTerreHu



KaHAr,rAara rexHr4qecKzx HayK no cleunanbHocrr4 05.16.09 <MarepnzuloBeAeHl,Ie

(uaruuuocrpoenne)>.

Orsrre Ha Auccepraur4rc v anropeQepar o6cyx4eu Ha 3aceAaHI,Iu V.{eHoro

coBera 09.11.2018 r., rrporoKon J{s 10-2018.

Ha.{anrHzx Hayr{Ho-r4ccneAoBaremcxofi na6oparoprzu paspa6orxr,I rexuolorufi
pr3roroBJreHnfl, cr4JroBbrx KoHcrpyKt\uit uz nonr.rMepHblx KoMrIo3I,IqI4oHHbIx MarepI,IiLIIoB

Ans paKerHo-KocMr,r.r cxofi TexHr,rKI4 LI KocMIarIecKI,Ix o6texron
AO (OHlIfI <TexnoJrorr,rfl )) urr,r. A. f . PoMarrrr,rH aD,

KaHAr4AaT TeXHr,rqeCKr4X HayK H.B.CrenaHoB

Ha.ranrHrax HayrrHo-r4ccJreAoBarerrcxofi na6oparoprau pIccneAoBaHlafl Hecyruefi

A.f .IIonon

cuoco6uocru xoucrpyxqufi, pa:pa6orxu MeroAoB Lt cpeAcrB Hepa3pytuarourero
KoHTponq r4 arrecra\vv v31eruit us [onr4MepHbrx KoMtIo3I4uI4oHHbIx MarepI4aJIoB

AO (OHIIfI <TexHororu.,I)) uu. A.f.PoMaIrII,IHa),

KaHALIAaT TexHLIqecKI'Ix HayK 
' 

0r4 ,

HaqarrHnK KoHcrpyKropcKoil 6puragrr pa:pa6orKr4 v vccne1oBaHnfl. rpexcrofinrx
K o H crpy K uuit tts rr on r4 M ep H br x K o MtI o 3 I4u H o H H blx M arepu ELII o B

AO (OHIIII <TexnoJrorr,rr)) rau. A.f.PoMarIVHD),

KaHAr4AaT TeXHHT{eCKr,rX HayK

Y.reHrrfi ceKperapb
AO (OHIIII <<Texnororr,r{D zur. A.f.PoMarur4HD),

KaHAVAaT TeXHr4qeCKr{X HayK

AO (OHIIII <Texnorornq)) zv. A.f. Pouaurnna>>

f ocyaapcrneuHrrfi HayuHufi IIeHTp Poc c ufi cxo fi <De4ep aqlaur

249031, r.O6nuucx, Karyxcxofi o6racrz, Kuencxoe ruocce, l5

@dK A.o.noronufi

Z H.I'LEpurona

E-mail: info@technologiya.ru, Qaxc (484) 396-45-7 5,

Ter. (484) 399-68-68

llo4lllcu HatrarrbHlrKa na6oparopuu H.B.CreuaHoBa, Har{€urbHt4ra na6oparopvv
A.f .flonona, HaqaJrbHnKa

H.I,l.Epuro soft 3aBeprrc :

6prara4rr A.O.IloroBoro v yqeHoro ceKperapt

Haqaruuux OKA
AO (OHIIII <Texnorou4.s)) HM.

$z-*(:c/ a. \c ,rry E.A.9yr<aHoBa


