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3apy6exuoro HayrrHoro pyKoBoAHTers Ha Arrccepraql{oHHyrc pa6ory

AOKTOpaHTa

CaruHrafi Myxararu I{aparafiyru
Ha reuy <<Pa:pa6orKa rr [poeKTr{poBaHrre MexaHr.r3MoB MaIIruH AJrfl

uoclofi Hofi xeres o6erosHo fi 3aJrrrBKrr>), rrp eAcraBJreHHyro Ha cor4cKaHrre creneHl,I

AoKTopa Qu.noco$uu (PhD) ro creqrraJrbHocrrr 6D071200 - <<MaurunocrpoeHrre)

fluccepraquoHHaq pa6ora Carrrurafi M.K. nocBtlrleHa Ha paapa6omy v

npoeKTr.{poBannfl. MexaHv3MoB MarrrHH A:rq nocrofiuoft xterego6erouuoft 3aJII{BKII.
ArcryanrHocrr reMr,r rrccJreAoBaHurr o6ycroueua reM, qro arrprrvBHafl

TexHoJrorr4fl B crpor,rreJrbcrBe, a r4MeHHo 6eroHHaq 3D neqarr, paccMarpl4Baerct KaK

HoBaq rexHoJrorufl. Anfl 3aMeHbr r4Jrr4 aJrbrepHarr4Bbr cyurecrByrolleMy rpa4Iaquouuoft
TexHoJrorr.rr.r crpor,rreJrbcrBo las 6eroHa. Ho e AaHHoM 3TaIIe pa3r.lrrufl.3D ueqarsoro
6eroHa axryamHofi npo6nenrofi .flBJr.f,rorcr apMrrpoBaHl4t 3D reqarHoro 6eroua
craHAaprHofi cramnofi aprraarypofi, uro6rr ero MexaHurrecKr.re xapar(Teprrcrr{Ku 6uru
conocraBr4Mbr c MexaHr.rqecKrrMr4 xapaKTepncrr{KaMr4 xereso6eroHa I43roroBJIeHHbIM
TpaAr,rrlr4oHHbrM TexHororuefi crpouTenbcrso. Ha ceroAHqlxHufi AeHr apMupoBaHue 3D
neqarHoro 6eroua craHAaprHofi cramuofi apuarypoft ocyqecrBrflercrr Bpyr{Hyro, a 3To
oTpr{rlarenbHo BJrr.rfleT Ha rrpe}rMyrrlecTBo aBToMarr.r3arlr4v npoqecca cTpor4TeJrr,crBo,
Koropoe rBJrsercr ocHoBHbrM npenMyrilecrBoM aAAurveHofi TexHoJroruu HaA
TpaAnurroHuoft rexuororueft. Asrox,{arugarlr4q npoqecca apMr4poBaHr4e 3D ne.{arHoro
6eroua rpe6yer cuequaJrbHoro aBToMarr4rrecKoro MexaHr.r3Ma An.fl co3AaHHe apMr{pyroulefi
cerKr.r Bo BpeMr npoqecca 3D neqaru. Taxoro MexaHu3Ma errle He cyqecrByer,3Harlvr efo
Hy)r(Ho cHaqara uccneAoBarb 14 pa3pa6orarl, noroM npoeKTr4poBarb r,r r.r3roroBr4Tb

Aalrsefi ruuM r,rcrrbrraHr{eM.
Tax xax 3D ueqarnrril 6eron no peonorr4r4 orrr4qaercr or rpaAr4rlrzoHuoro 6oree

)Kr.rAKoro 6eroHa, ro go:Hr4xaer npo6leMa HHTefpaur{H apMarypHofi cerru co3AaHHbrM
apMr4pyrour4M MexaHur3MoM. llpo6:rena ycunr,rBaercr reM, r{To apMr,rpyrcLrlafl cerKa
co3Aaercfl Bo BpeMr 3D ne.{arn, 3Haqr.rrb roJrbKo qacrb apMr4pyrorqefi cerxu AoJr)r(Hbr
IrHTefpl4poBarbcg n 6erou, a ocraJrbHar qacrl AoDr(Ho ocraBarbcfl cyxr4M q:ro6u Ha Hero
Mo)r(Ho 6rrro cBapr,rBarb cneAyrouyrc qacrr, apMr4pylou{efi cerxu. finr ororo Hyirmo
parpa6orarb cnerlr4aJrbHoe colJro, xoropufi Mo)r(er r{acrb apnupyroulefi cerKr4
r4HTerpr4posars 6eroH, a ocraJrbHyro qacrb ocraBr{Tb cyxr{M.

Anrouaruqecrufr apuupyroulufr MexaHr43M c craHAaprHbrMrr craJrbHbrMrz
apMarypaMr4, a raKlKe cnequanbHar corrJro 6yaer Becr4Tb AocraroqHo rs)Keno Anfl
ycraHoBKI4 ua o6uquue nopranbHrre, cepufiHrre po6orsr 14 Apyrr.rM po6ororexHrrqecr(r4M
cpeAcrBaM, Koropbre Hcrronb3yercfl B KaqecrBe crporrreJrbHoro 3D npuHrepa. K roMy )Ke
TaKLIe crpol{TenbHue 3D npr4HTepbr orreHb rpe6oeare:rbHbr K ycnoBr{flM oxppxarorqefi
cpeAbr u r{prcrore. lloerouy qacro r4x Hy}r(Ho r,r3onr4poBarb or sosAeficrsue
ue6raronpusruofi ycnoBr,rl{ oKpyr(arcqefi cpe4u, qro [pr4BoAr4Tb AonorrHr4TeJrbHbrM
pacxoAaM. Cefiqac B Mr.rpe r4Aer reHAeHr-lvr aAanrarlr4r4 crponrersHofi TexHaKV
(anro6erouoHacoca, oKcKaBaropa 14 Ap.) x pa6ore B KarrecrBo crpoureltuofi 3D
npr4HTepa. Tarcze aAanrr.rpoBaHHbre 3D npuurepbr rrMeer xoporxyrc rpy3onoAb€uuocm,
ycrofivunocrb K Ar4HaMHqecKr4M Harpy3KaM, u ue 6omrcr no:4eficrBnfl, ue6laronpustuofr.
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oKpyxrarcqefi cpe4rr. Ho rarxte LrMeer HelocrarKu, a trvreHmo HeAocraror{Haq roqHocrb

rro3trIIIloHI4poBaHI4e neuararorqefi foJroBKrr. OrrroneHze ne.Iararcrqefi foJIoBKu or

sa.{aHHofi TpaeKToprrr4 He rro3BoJrfer npor43Becru 3D ner{arb 6eroHa. [nr ycrpaHeHl{e

eroft neAocrarKr4 e srofi pa6ore npeAnaraercr Aononunremsufi KoMneHcl4pItotql4fi

MexaHr.r3M MexAy nocneAHr4M 3BeHoM crporlTenbHoft rexsnKl,I t4 Iler{araroulefi rorosxofi.

HayvHue pe3yJrbrarbr rr ux o6ocnoeanHocrr,. B pesymrare npoBe.qeHHbIX

TeopervqecKux r.rccJreAoeauufi Ha ocHoBe MeroAa onrI4MI43aIIpIu nonyqeHbl ocHoBHbIe

napaMerpbr aBToMarrrr{ecKoro apMr4pyrouefo MexaHu3Ma. Ha ocHose grl4x [apaMerpoB
Lr3foroBneHa gKcrrepuuenramHsrfi npororr4n aBToMarur{ecKoro apMl4pyloqero
MexaHI43Ma LI HcIIbITaH. Pe:ynrrarbr r4cIIbITaHne AoKa3aJrra Bo3Molr(Hocrb I,I3foroBJIeHI,Ie

apMlrpyrcquft cerru anq 3D neqarHofo 6eroua Bo BpeMq 3D neqaru, a raKll(e AoKa3aHo
coorBercrBr,re lpoqHocrr4 r43rorosreHHoft apMrlpyloqefi cerxu rpe6onauurM craHAapra

DIN 488-4. Cupoeru4poBaH, r43roroBJreH r4 r4crrbrraH npororl4n cnequanbHoro coIIJIo.
llporornn corrJro ycraHoBneH Ha crpourerssrrfi 3D npunrep r4 pacneqarar o6parqu c
apMr,rpyrcuuMr.r cerKalru. llocre ceuu Aseft o6pa:eq cKaHr4poBanufi Ha peHTrcHoBcKoM
cKaHepe, a p.nfl Br43yanbHofi nponeprlr nHTerparlulr apMarypuofi cerxu s 6eroH o6pasqrr
pa3pe3aHbr rrepneHAr,rKynrpHo r.I napannenbHo K HarIpaBneHIrIo ner{aTv.

Peruena npqMafl pr o6parHar 3aAaqa Kr4HeMarr4Kr,r KoMneHcr4pyroulero
MaHr,rilynsropa, a pe3ynbrarbr rrpoBepeHbr B nporpaMMHoM KoMrrJreKce Matlab. Kpoue
3TOrO, peueHbr 3aAAqV Ar4HaMr4Kr4 KOMneHCLrpyrcUIefO MaHr4nynrTopa B rrpOfpaMMHOM
o6ecneqeuraH OpenModelica. B pesynrrare onpe.{eneHbl Kpyrrrqlre MoMeHTbr npr4BoAoB
KoMrreHcr4pyroqero MaHvnyntropa. A raKlr(e, r43foroBtreH 14 yc[erxHo r,rcnbrraH nporor[n
KoMneHcupyrcilIero MaHr4[ynrropa c rpy3orroAbeMHocruo 50 kg.

Hayuuan HoBrr3Ha Arrcceprarlr{oHHoro ncc!'reAoBaHurr 3aKJroqaercrr B
pa:pa6orr<e H Teoperr4r{ecKoM o6ocHoeaHr4r4 MexaHlr3MoB MarrrIzH Anfl noc:roftsofi 3aJrr4BKH
Nereso6eroHHbrx KoHcrpyKrluft. Ocsonubre sJreMeHTbr HoBLr3Hbr BKJrroqalor:

- paspa6orxy HoBoro MexaHr.r3Ma aBToMarr,r3r4poBaHHoro r[opuzponanur
apMr,rpyrcueft cerxu B npoqecce 3D neqaru, vro o6ecneqr{Baer cr4HxpoHHyro uHTerpar{Hro
apMarypbr c yxra4xoft 6erouHofi cMecr4;

- pa:pa6orKy Mero.qa rrHrerpauur4 apMr,rpyrculeit cerxn s 3D neqaruufi 6erou c
noMoulbro HoBofo cnequanbHofo corrJro Bo BpeM.fl 3D neqaru, qro o6ecnequsaer
rroBbrrrreHr4e npor{HocrHbrx xapaKTepr4crr4K KoHcrpyxqufi ;

- parpa6orxy MeroAr.rKr4 KoMtreHcarlr4r4 orxroueHufi TpaercTopnu ABHXeHr4s
ne.rararcuefi foJroBKr.r c rroMoulbro HoBoro KoMrreHcupyrcIqero MexaHr43Ma, qro

rlo3BoJlqer noBbIcI4TL Tor{Hocrb Lr HaAe)r(Hocrr QopvrupoBaHzq clo€n 6eroua B npouecce
nocroftsoro crpor{TeJrbcrBa c r{crroJrb3oBaHr.reM aAanrupoBaHHofo asro6eroHoHacoca,
rrrognQuqupoBaHHoro roA crpolrrelrHufi 3D npuHrep.

flpamruvecKaq 3HaqrrMocrb pa6orsr :
Ocuonuue pe3ynbrarbr AracceprarlproHHoro r4ccneAoBaHur Mofyr 6urr

TIoIIOJIb3OBaHbI nppl npOeKTLrpOBaHr{H MeXaHr43MOB Marrrr{H, nplrMeHqeMbrx rrpH

Bo3BeAeHIrI4 MoHoJII4THbIX x(erle3o6erouuux creH rro aAArlTrzBHofi rexHoloruu 6es
npI{MeHeHI{r onary6xu. Pearuraqr.rfl pe3yJrbraroB Aucceprarlr4oHHoro r.rccneAoBaHr4t
no3BoJlfler I4cnoJlb3oBarb crpol4TenbHylo rexHuKy, a I,IMeHHo 6erouogacoc B Kar{ecrBe
crpouTenbuoro 3D npr.rHTepa, TaK KaK KoMrreHcr,rpyercs orKJroHeHVe levararorqefi
foJIoBKkt ycraHoBneHHbIM Ha seft KoMrIeHcaUpIoHHbrM MexaHu3MoM or saAaHHoft
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TpaeKToprrr4. Taxxe sro [o3Bonrer aBToMarr43l{poBarb rlpoqecc apMlrpoBaHnfl rrplr

Bo3Be.[eHI,Iu MoHoJIIrrHbrx xereso6eroHHbrx creH c lrcnotlb3oBaHI,IeM aAAITTI,IBHT,IX

TexHonorl{fi 6es npLIMeHeHI4x onaly6xlt.
flolnora ony6nurcoBaHuq MareplraJroB ArrccepraurroHHofi pa6oru.

IIo reMe r.rccJreAoBaHnr ouy6rurxoeaHo 5 pa6or, orpa)Kalourx ocHoBHbIe

pe3ynbrarbr r.rccJreAoBanvrfl., epeplu Koropbrx - 1 ny6nnKalll4t B ]I(ypHanax BXoAIIIII4x B

6ase .{auHux Scopus, 3 ny6:rnxaqnft B xrypHanax, peKoMeHAoBaHHbIx Korr,rurera IIo

o6ecleqeHr4ro Kar{ecrna n c(fepe HayKr{ r4 Bbrcrxefo o6pa:onauusMuuucrepcrBa lelayKvrtr

Bbrcrrrefo o6pasoeaHur Pecny6ruxn KasaxcraH, z 1 oAua crarb.f, B HayqHoM iltypHane.

PercoprenAa IIrrfl Alrcceprallnonnofi p a 6 oru K 3 a ulrrre.

[uccepraquoHuas pa6oru AoKropaHra CaruHraft Myxararu I(aparaftynbl Ha reMy

<Paspa6orKa r4 npoeKTrrpoBaHr{e MexaHr43MoB Marrrr,rH .{n.f, nocJrofiHoft xereso6eroHHoft

3aJrr.rBKr4), npeAcraBneHHafl K 3arrrure rro cilerlr4anbHocrlr 6D071200
<MaurnnocrpoeHr{e) no aKTyanbHocrr4 TeMbr, crelreHn o6ocuoeanHocrl,I HayqHbIX
noJrolr(eHr.rft, nuno4oB r4 peKoMeugaguit, nayvHofi HoBrr3He, npaKTur{ecxofi sna.{I4Mocrl,I
orBerraer rpe6onaHragna Korr,rurera no o6ecneqesr4ro Kaqecrna n crlepe HayKu I{ Bblclrlero
o6pasoraurE.s MunucrepcrBa HayKr{ rr Bbrcuefo o6pa:onaHHx Pecny6ruru Ka3axcraH,
npeAbsBnseMbrM K AoKTopcKr4M ,qtlcceprarlr.uM, r.r Mo]Ker 6urr npe4craBneHa K 3aIqLITe
Ha cor4cKaHr4e creneHn .qoKropa Suroco$uu (PhD) no cnequarlbHocrll 6D071200 -

<MaurnnocrpoeHHe).

floxrop PhD, AoIIeHr rcaQe4pu

<<flpunr agHafl MexaHrrKa>>

XuunrcorexHoJrorrrqecKoro rr

MeTaJrJrypfHrrecKofo

Vnunepcurera (XTMY),
CoSun, Eo.nrapur
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