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A.A. EnaronPaBoBa Poccnficrofi

aKaAeMvr^ :nayrc (I4MAIII PAH)

or3brB oor4urrAnbHoro OIIOHEHTA
Ha [nccepTaIIIIoHHyIo p a6 ory MyxuH a KupuJIJIa C epre eBI4rIa

<<p asp a6 orxa v r4ccreAoBaHr{e MexaHr{qe oKI4X CI4 CTeM OTHO CI4TeJIbHO rO

MaHrrnynrdp o BaH ufl, c npraMeHeHr4 eM M exaHrI3M o B c euefi crna <<,{e Jlbra) ),

rrp eAcraBJreHHyro Ha c o LrcKaHr'e yu eHo fi creleH'I KaHA'urar a rexHl4tre c KI4x

HayK rro cleqr4aJrbHo cru 2.5.2. MarunHoBeAeHrae (rexHl4rlecKue nayrn)

Crpynrypa u o6neM ArrccepTalluu

,{uccepTa\ufl. Myxuna K.C. coAepxllr 184 crpaHrUbl, 70 pucyHKoB I4

14 ra6JIUq, cocrolrr vr3 BBeAeHpr-fl, rlerblpex rJIaB, 3aKJrloqeEvrfl', ctII4CKa

Jrlrreparypbr vrs lz0 Har,rMeHosaur,rfi r ceM'r npunoxeuuit. llo o6terrny

rrpoBeAeHHbrx uccneAosa'Lrfi, crpyKType, Hayqnofi I4 npaKTl'qecKofi noslasHe

pa6ora coorBercrByer rpe6onaHkrflM floloxenvrfl. o rIpHcylI(AeHlIu yrIeHbIX

crerreH eii u [aclopry crrequaJrbHo ctu 2.5.2. Mawr,rHoBeAeHlde.

ArcryaJr bHOCTb TeMbr A H CCe pTa II U OH H O fo lrccJr eAoBaH nfl

,[uccepTar\ufl. K.C. Myxuna cooxycllpoBafta Ha peIxeHLIV aKryalrsofi

Ha)ru{Ho-TexHl,Iqecrofi3alLaqvco3AaH[LIMeXaHLIIIecKuXclIcTeM
orHocnreJlbHoro MaH[[yJrnpoBaHr,rf,, Bocrpe6ogaHHrrx B coBpeMeHHoM

MarrrrrHocrpoeilr4v. Bue4peHr4e AaHHbrx cl4creM [o3BoJL[er cylqecrBeHHo

o[TlrMl43r,rpoBarb rrpoqeccbr aA[r4Tr4BHOfo [por,l3BOACTBa' MexaHu'recKofi

o6pa6orKu, c6opru vr KoHTpoJrf, ugrerruia. I4cnols3oBaHl4e MexaHI43MoB

rrapaJrnelHrofi crpyKTypbr ceueficrna <<,{eJrbra) B MexaHr{qecKux cr4creMax

orHocureJlbHoro MaHHnyn vpoB'"^fl' rlo3BoJlf,er yBenI4r{I4Tb I4x

6rrcrpo4eficreue, TorrHocrb kr pacrxHpr4Tb pa6ouyro 3oHy rrpu coxpaHeH'vrvr

3aAaHHrtx ra6apl4ToB o6opyaoBaHl{fl '

TeoperuqecKaf, rlacTb LIccJIeAoBaHI4fl HaIIpaBJIeHa Ha pazpa6orKy

€ilropurMoB atarwr3a o6patrofi KuHeMarrarrecKofi zagaul4, aJIropI4TMa pacrrera

pa6ouefi 3OHbr 14 anfoplrrMa pacrrera cKopocrefi urecrpIloABLIXHbIX

1



MEXAHI4IIECKI{X CI4CTEM OTHOCUTCJIbHOIO MAHI'ITIYJILIPOBAHIAI' C IPI4MCHCHI4CM

MexaHr43Ma rrapannenbHofi crpyKTypbr ceMeficrBa <<,{el'a> B Kar{ecrBe

MEXAHI'I3MA BEPXHE|O MOAYNfl .

IlparruqecKafl 3HaquMocrb rroATBepxcAaercfl fIoJIHbIM III4KJTOM

paspa6oTKll: oT npoeKTI,IpoBaHHfl 14 BI4pTyaJIbHoro MoAeJII4poBaHHfl Ao

co3AaHufl SuauuecKlrx rpororrdrroB vt sKcrlepplMeHTalrnofi npoBepKH

Teoperr{rrecKprx rroJroxe:uuft. IlocranoBKa qelefi vr 3aAarr I4ccneAoBaHI'Ifl

rrpeAcTaBr,rreTcfl Jroruqnofi u o6ocnoeaHHofi .

CogepxaHrre ArrccepTaunrr

Bo BBeAeHlru o6ocnoBaHa aKTyaJrbHocrb reMbl AI'ICCepraIII4OHnOfi

pa6orrr, cB.rr3 a11as. c ueo6xoArrMocrbro co3!.alj.'I,i.fl. TexHoJlorl4rlecKoro

o6opyl aBailufl,, o6e cneqlrBaroulero B3a[MHO e llepeMelrleH r4e TIIICTpyMeHT a vr

3aforoBKrr flo r[ecrl,r crerleHflM cno6o4u. OrN{e'Iaercfl, rITo rIppIMeHeHI{e

TpaALTULIoHHrTX MHOrOKOOpALIHaTHbIX MOXaHI4TIOCKLIX CPICTeM, COCTOTuIUX I43

oAHOro MoAynfl, B pflAe cnrraeB orpa[vLrvrBaercff OJIOXHOCTbTO KOHCTpyKIII4I'I

u yrrpaBJreHpnr, HeAocraroqHofi xecrKocrbro 14 orpaHI4rIeHHbIMI4 pa3MepaMI'I

pa6ouefi soHsl. B ra.recrBe nepcleKTrrBHofo HarIpaBJIeHHfl paccMarpplBalorcfl

MeXaHUqeCKLIe CIaCTeMII OTHOCHTeJIbHOIO MaHI{[ynUpOBaHkTfl', COCTOflUII'IO I43

HecKoJrbKr,rx B3al4Mo4eficrnyrouux MoAynefi, conuecrHoe ABHx(eHI'Ie Koropblx

IIo3BoiI fleT paclpeAenl{Tb cTeIIeH}I cno6o4u MexCAy I4HcTpyMeHToM u

3 aroroBrofi Lr yryqrrlrrb $yurqraoHaJrbuble Bo3MoxcHo cfla o6 opyaoBaHLlf, '

B uepnofi HraBe BbrfroJrHeH O6gOp r43BeCTHbIX MeXaHI4r{ecKI',IX CLICTeM

orHocrrreJrbHoro MaHr,rnyJr upoBannfl", vrx KoHcrpyKTrrBHbIX cxeM, o6lacrefi

npLrMeH ep1vrfl. u MeroAoB Kr,rHeMarr{qecKoro uccneAoBailvrfl. PaccMorpeHa

KJraccusnraqnx crrcreM c pa3nlrqHbrMlr rcou6un a:lMflMvt crenesefi cso6oArt

r'ro4yrefi, B ToM rr[cre [recrlrrroABpDrcublx clacreM c coqeraiHvrflMu (5+1)),

<<4+2>> u (3+3). Ilpoanawr3r4poBaHbr U3BeCTHbre rIpoMbIIrrJIeHHbIe u

LIccneAoBareJIbcKLIe K6HSTpyKIII4ITI' [pI4MeHfleMbIe [pI4 o6pa6orye

MaTepI{aJIOB, B AAIIyITVIBHbIX TexHoJIOfpLf,x' cBapKe' c6opo.tHblx vr

KoHTpoJrbHo-rr3Mep'rreJrbHbrx oreparlvrflx. floxataHo, rrro AByxMoAynbHaf,

crpyKTypa rIo3BOJIter pa3rpaHI4rIHTb Qynrquu rIo3I4III4oHLIPoBaHlafl

I4HCTpyMeHTa vr 3aloToBKI4 14 [onyIII4Tb AOIIOJIHI4TeJIbHbIe BO3MOXHOCTI4 krx

orHo cnTeJrbHofi oPueHTaIII4LI.
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PaccuorpeHbr MeroAbr perueHuf, npf,M oit, u o6parHofi xuHeMarHrrecKI,IX

ga4a'r, MeroAbr rrocrpo enufl, pa6ouefi 3oHbI, a raK)Ke IroAXoAbI K analwr3y

cKopocrefi I,r oco6brx noJroxeuufi MexaHrr3MoB. Oco6oe BHLIMaHI,Ie yAeneHo

cueqr,rSprKe cucreM orHocr4TeJrbHofo MaHI4nynlapoBalo.l,z.fl, B Koropblx

pe3yJlbTl4pyloqee ABI/DK€HI4O BbIXoAHoro 3BeHa OIIpeAeI.[eTc.f, coBMecTHbIM

orHocr{TeJrbHbrM ABr{}KeHr4eM AByx vro4ynefi. llo pe3yJlbraraM o6ropa

ycTaHoBJreHo, rrTo MHonre lr3BecTHbre MeToAbI nocTpo ennfl, pa6ouefi 3oHbI

paccMaTpuBaroT Mo,4yJII,I pa3AeiIbHO 14

B3ar4MHOe ABLTXeHpIe V BO3MOXHyIO

He B uomrofi Mepe yql{TblBaror HX

nnrep$epeHrlurc 3BeHbeB. Tarcxe

OTMeqeHa HeAOCTaTOqHat IiI3yqeHHOCTb CI4CTOM C qOTbIpOXIIOABI{}ICHbIMH

MoAynf,Mr4. Ha ocHoBanvru npoBeAeHHoro alnanrv3a o6ocuoBaHa

lepcileKTrrBHocrb paspa6orKn IuecrHrIoABDKHbIX cl4creM c

qerbrpexrro4BrDKHbrM AeJrbra-noAo6HbrM BepxHI4M 14 AByxloABI4)KHbIM

HI/DKHLIM MOAyJIflMU.

Bo nropofi DraBe pagcMarpuBaercfl. crpyKTypnufi crIHTe3

IIIECTPIIO,IIBI,DKHbIX MEXAHI{IIECKLIX CI4CTEM OTHOCIITEJIbHOTO

MaHurryJrr{poBaHprf,. CHa.rana BbIrIoJIHeHo cpaBHeHI,Ie Bo3Mo)KHbIX

rou6nn a\wft MoAyJrefi c pasHbrM qr4croM crerleHefi cso6oAu. B perylbrare

aHaJrpr3a SynrqlroHarrbHbrx rpe6onaHuil K TexHoJIorI4qecKoMy o6opyaoBaHuro

nrr6paH Bapr{aHT <<4+2>>, o6ecneqzsbrcqufi HaIaJI) {[II4e Bo3Mo]KHocrI4

rp o crp aH crB enno fi opr{ eHT alqlalz 3 aroro B Kvt v LIH crpyM e HTa.

[ls BepxHefo Mo4ynr [poBeAeHo cpaBHeHlae rrerblpexrloABlax(Hblx

MexaHpr3MoB ceNreficrsa <<,,{eltra>> ro coBoKy[Hocrrl KoHcrpyKTHBHbIX,

KnHeMarrarrecKux v rexHoJrorlrrrecKrrx xapaKTepucrl4K. PaccvtorpeHbl

p€Bnl4rrHble BapvaHTbI rreTbrpexiloABl{)KHblx AenbTa-MeXaHLI3MOB, IIOCJIe rlefo

B KaqecrBe uau6olee pauuoHalruofi 4rrfl perxeHrrfl rIocraBJIeHHbIx sa4a'r

nu6paua KoHcrpyKrlras, o6ecueqzBaroula.f, [ocrynareJlbHble rrepeMellleHl4f,

BbrxoAHoro 3BeHa 14 efo HaKJroH BoKpyf fopla3oHralrnofi ocn. Taxoe

COIIETAHLIC IIO3BOJIf,ET PACIII{PI4Tb BO3MO}KHOCTII OPI4EHTA\UU HHCTPYMEHTA

rpu c oxp aH enkru rrpeI,IMyIrIe crB rap annelruofi crpyKTyp bI.

[ls Hr,rxHero MoAyirf, paccMorpeHbr AByx[oABIDKHbIe MexaH]I3MbI

pa3rrrqHbrx rr{noB 14 pa3pa6oranu BapvaHTbI tIX coBMecrHoro rIpLIMeHeHufl, c

nu6paHHbrM BepxHHM MoAyneM. B pe3ynbrare cLIHTe3I,IpoBaHbI

IIIeCTr{rrO.{BUDKHbIe CnCTeMbI OTHOCnTeJIbHO|O MaHVIIlyn?IpoB,aIJIdfl. c qeTblpbM-fl

crerreH flvrvr cso6oAH BepxHero MoAyJIfl v AByvtfl crerreH flv.u cno6oAu



Hlrx(Hero MoAyJrf,. paccMorpeHHbre KoHcrpyKIIuu opLIeHTLIpoBaHbI Ha

rrpLIMeHeHLIe rpLI MEXAHLITIECKOI{ o6pa6orKe, aII^I|ITVTBHOM

$ opvr o o 6 p as o Balvrrr, Ko HTp o Jr b H o - LI3M e p I,IT e JI b H bIX LI c B ap oq HbIX o n ep aII r4fix'

Tpersr HraBa rrocBfrueHa paspa6orKe u vrccreAoBaHllro aJI|OpI4TMOB

KrrHeMarr.rqecKoro aHaJrr{3a cprHTe3r,rpoBaHHbrx c'creM. Bna'rane pa3pa6orasu

€ilfopurMbr perueHlrf, o6parnofi Kr{HeMaru.recrofi 3araqv [nfl AByx

Bapva."ToB c'rcreMbr, orrr'qaroul[ecr KoHcrpyrquefi AByx[oABI4xHofo

HlrxHero MoAynfl: clrcreMbr c MexaHlr3MoM 2-RRRRvl-u vr c?IcreMbl c

MexaHLr3MoM 2-R, L[L[/ 1 -U. AnropurMbr rro3BoJrflror onpeAeJILIrb yrpaBnfl eMble

rrpr,rBoAHbre KOOpAUHarbr rro 3aAaHHOMy orHocr4TeJrbHoMy TIOJIOXeHLITO vr

opr{eHT A*vt BbrxoAHbrx 3BeHbeB nro4ynefi. Pa6orocuoco6HoCTb

rrpeAJroxeHHbrx [oAxoAoB rrpoAeMoHcrp]rpoBaHa Ha rrncJreHHbrx [pl{Mepax'

oco6oe Mecro B rJraBe 3aHHMaer paspa6orra €ulfopllTMa nocrpoe}Jvrfl'

pa6ouefi goHu cucreMbr c freroM coBMecrHoro orHocLITeJIbHoro ABLI)KeHEfl

rr,ro4ynefi. llpu sTOM r{LrrbrBa}orcs orpaHr4rreHlrfl nepeMeuleuufi u yrnoB B

IrrapHprp&X, a TaKx(e Bo3Mo)I(Hocrb croJIKHoBeHI'If, 3BeHbeB BepxHefo v

Hlrlr(Hero ruro4ynefi. paspa6orasurrfi rroAxoA rlo3BoJlfler orlpeAeJlsrb

Aocrr4xprMyro o6racm orHocr{TeJrbHbrx rloJloxeHura v opI4eHTalryit

BbrxoAHbrx 3BeHbeB, B TOM rILlCJIe pa6ouylo 3oHy IIpu 3aAaHHOfi OpI49IJTA\UU U

pa6ouyro 3OHy rrpn 3aAaHHOM noroxeilvru. lloryreHHbre pe3yJrbrarbl

nepnQnqlrpoBaHbr rrocpeAcrBoM MoAeJIpIpoBaHHfl c rIppIMeHeHreM cAIrP'

florasaHo, rrro yqer orpaHlr.reHHfi rrrapHl4poB vr uHrepQepeHIII4LI 3BeHbeB

Moxer cyrqecrBe'Ho r43MeHfl* Sa*FrecKyro pa6oqylo 3oHy 
''o 

cpaBHeHLIrc

c ee onpeAeJreHpreM KaK rrpocroro 
''epeceq 

e*vrfl. pa6ouux 3oH orAeJIbHbIX

MoAynefi.

Aalee paspa6oTaHbl €ilropllTMbl aHAIwr3A CKopocrefi trItfl o6eux

cr{HTe3r4poBaHHbrx c}rcreM orHoc'TeJrbHofo MaHI4rrynLIpoBaHus' flolyueuu

3aBucvrMocrpr, cBfl3brBaroul'e ruauefis'e rr yrJIoBbIe cKopocrpl BbIxoAHbIX

3BeHbeB r'rogynefi co cKopocrflMpl rIpI4BoAHbrx KoopALIHar' flpone4eHbl

qucJreHHbre LrccneAoBaHlrfl 3aAaHHbrx TpaeKTopufi orHocureJlbHofo

ABLrxeHLrr. pesynmarbr, [onrreHHbre rrpeAnoxeHHbrMll aKurvrrplqecKl4Mu

anropurMaMrr r,r pe3yJrbrarbr rrlrcJreHHoro AlrsoepeHllupoBaHl{f, coB''€ilu' rITo

roATBeplKAaer KoppeKTHo crb paspa6oraHHbrx

B rrerBeprofi rJraBe BbIrIoJIHeHo

MeroAoB.

B?IpryanbHoe vr QusnuecKoe

cucreMbl oTHOCUTeJIbHOIO
rrpoToTLIlLIpoBaH.kre paspa6orannofi



MaHrrrryJrupoBaura{. [;tx r{3roroBJreHnrr Qvar,rvecKoro rlpororr4ila nu6pan

BaplraHT HLDrcHero MoAyJrr rrocJreloBareJlbHofi crpyKTypbl. Tarofi nrr6op

o6ycloBJleH, B qacrHocrll, TexHoJIon{rrecKLIMH u KoHcTpyKTLIBHbIMI4

rrpeuMyrllecrBaMrr ilpH Lr3roroBJreHr,ru u c6opxe Snsu.recKofo o6pasqa rlo

cpaBHeHr4lo c BapvraHToM c Kpyrosofi HarlpaBnf,rcIuefi. Ha ocHoBe nu6paunofi

cxeMbr co3AaHa c6opoulnafl. KoMnbrorepHat MoAenb, rIo3BoJIIaBIuaf,

npopa6orarb KoMrroHoBKy y3JroB, KoHcrpyKuzro gerateir,, cuequSkIKaIII4Io H

TexHoJrorr4ro c6opxz, a rapKe rrpoBeprlTb pe3ynbrarhl KHHeMarIarIecKoro

aHaIrv3a !r oTcyTcTBrir e HeAo nycTr4MbIX nepe c e.I eHIafi 3 BeHb eB.

Ha ocHoBe Br{pryarrbHoro npororkrrta paspa6oraHa KoHcrpyKropcK€ul

Aor{yMeHTarlur 14 Lr3roroBJreH $nsuue cxuit npororl,il ruecrl4rloAslaxHofi

MexaHu.recxofi clrcreMbr, xoropnrfi noATBepAul rrplaHularlkI anbHylo

peaJrr43yeMocrb rrpeAnoxeHsofi KoHcrpyKrII,Iu 14 Bo3MoxHocrb ee c6opru B

na6 op aropHblx ycnoBl,Iflx.

3rcuepr4MeHTaJrb:r'afl. rracrb

noBToptreMocru oplreHTarrvtn BbrxoAHofo 3BeHa BepxHero MoAynt. Atts,

r43Mepe:auit r4crroJrb3oBaH r4Heprlr4amnufi Ll3Mepl4relrHufi MoAyJIb Mf- t .

IrlccleAoBaHr.rr [poBeAeHbr B Tpex pa3nurrHblx [oJIo)KeHLI.f,x BbIXoAHofo 3BeHa

B pa6ouefi 3oHe. Als Kax{Aoro rroJro)Kenvrfl ocyqecrBJltJlocb Aec.arb

rroBToponuit Anfl xax4ofi r4s AByx 3aAaHHbIX opl{eHTagfi. B KarrecrBe

KOILTqeCTBeHHbTX XapaKTepHcTr{K oIIpeAeJItJIHCb CpeAHee 3HarIeHI4e,

cp eAHeKBaApaTr4rrHo e oTKJroHeHLre 14 p a3Max I43Mep eHHbIX yriloB.

B sarsrx)rreHrru o6o6rleHbr pe3yJrbrarbl rrpoBeAeHHofo nccJIeA oBanvrfl,.

Anroporvr pazpa6oraHa rpymra HoBbrx AByxMoAyJIbHbIx urecrHrIoABIDKHbIX

MCXAHLIIICCK}IX CLICTCM OTHOCITCJIbHOTO MAHI{IIYNVIPOBA}JIdfi., BKJIIOqAIOqA'

qerbrpexrroABrrxuufi nepxHufi MoAyJrb Ha ocHoBe MexaHIa3Ma ceMeficrsa

<<r{elrra> u AByxloAsuxHHfi nuxnvfi MoAynb, B ToM tII4cJIe c

Bo3MolKHocrbro HeorpaHr{rreHHoro BpaIrIeHI4f,. Paspa6oraHbl aHaITurHrIecKI4e

anropr{TMbr peureHuf, o6parHofi Kl4HeMarIaqecxofi 3a4aLrkr kr aHaJrv3a

cKopocreia, a raKlr(e anroplrrM rrocrpo enkrfl. pa6o.refi 3oHbI c yrreroM

orpaHr4.reHrafi B rrrapHnpax vr krHTepSepenr\r4w 3BeHbeB rlpu orHocI,ITeJIbHoM

ABrDKeHrar{ vro4ylefi. Oupe4eJreHbl oco6ue xonQnryp apr4 B Koropblx

cr{creMa repfler rracrb yrrpaBnqe\aofi [o.{BIDKHocrI4 [pI4 coxpaHennu

LIOABI/DKHO CTI{ OTAOJIbHbIX nrO4yfrefi .

pa6oru rrocBflIrIeHa I4ccneAoBaHI4]o
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TeoperuqecKue pe3yJrbrarbr nepnQuqlrpoBaHbl Ha BVpryaJIbHbIx

MoAeJr.rx vr rroATBepxAeHbr rrplr LIcrIbITaHpIflx QusuuecKoro Ilpororurra.

paspa6orannrrfi kr pr3foroBlenssrfi o6paseq rIoATBePAul HaJII4TII{e

rpe6yeMoro rrucra crenenefi cso6oArt 14 rIpI4HUI4nI4€UIbHyto

pa6orocuoco6Hocrb

3 KCrr epLIM e HT€UIbHbI e

rrpeAJloxeunoft

I,ICCJICIOBAHI4fl

KoHcTpyKIII4pI.

rrOATBep4nwr

llpone4eHHbIe

BO3MO)KHOCTb

rrpaKTr4.recrofi pe€ur,r3 aqiuv paspaloraHnofi MexaHHqecxofi cl4creMbl vr

aAe KBaTH o cTb [p eAJIo)Ke HHrIX Te op eTurle C KI4X MOAeI efi .

Hay.ruan HoBH3Ha pa6orsr, 3aKrroqaerct B ToM, rrro: pa:pa6oraHbl

cxeMbr AByxMOAyJrbHbrx ruecrlrloABH)KHbIX CUCTeM, Correrarolul4x MeXaHI43M

ceueficrBa <<.{el61a> (4 crerreHra cno6o4u) kr AByxroAeuxHHfi Mo.qyJrb c

HeofpaHlrrreHHbrM BparrleHueM; co3AaHbr yHI,IBepc€LIIbHbIe aHaJrurI4rIeCKI4e

a;rropr4TMbr perueHr{ t o6parHbrx 3anaqKlrHeMarvKr4 (nonoxeHvrfl I.I cKopocrra)

Anfl AaHHbrx clrcreM; pa3pa6oraH Lrrepaquonnufi MeroA rlocrpoeIJnfl

pa6ouefi 3oHbr c freroM orpaHlr.reHlrfi B ruapHlrpax u uHtep$epeHIII4H

3BeHbeB; [peAJro)KeH alrropr4TM npoeKTr'rpoBaEns. uIecTHIIOABI/DI(HbIX CHCTeM

orHocureJrbHofo MaH[rryJILIpoBaHr4s. Ha 6ase nap€urJleJrbHblx MexaHH3MoB

Turra <<,{eltra>>.

TeopernqecKafl rleHHocrb pa6orrr 3aKrroq aercfl. B pa3pa6orr<e HoBbIX

AByxMoAyJrbHbrx cncreM orHocr4relriroro MaHl,InynvpoBaH.r4fl' Ha ocHoBe

nap€urJreJrbHbrx MexaHLr3MoB <<r{elrra>> kr aJIropI4TMoB I4x KI{HeMarI'IqecKoro

I4CCJIeAOBAH.PIfl,.

fIparcrrqecKafl 3uarrrrMocTb pa6Oru IIoATBepXAaeTcfl

Lr3foToBJIeHI{eM SusuvecKoro [poToTVTIarrpoeKTLIpOBaHI4eM

rrrecrl{rloAnuxuofi CLTCTeMbI, BKIIOqarcqefi <<,{elrra)-MeXaHI43M kr

AByxroABLDKHbrfi rr,ro4yrb c HeolpaHuqeHHblM BpaIrIeHueM. 3$Qeru4BHocrb

TTpeAJIOXeHHbIX pelreHl4ll noATBepxAeHa vIx BHeApeHlIeM B

rrpoII3BoAcrBeHHyIo AetrreJlbHocrb AO (HIIO <<flylrc>>> 14 OOO

(TOHIfiJII4OH), a raK)Ke LrcfroJrb3oBaHr4eM B o6pasoBareJlbHblx

rpolpaMMax MfTy r4M. H.3. Bayvraua 14 HayqHo-I{ccJIeAoBareJIbcK}IX

rrpoeKrax ZMAIII PAH.
, creneHs o6ocHoBaHHOCTrr r,r AOCTOBepHocrlI HayrrHblx tloJrorKenwit'

BbrBoAoB tr pe3yJrbraroB. Hayrrrrre rroJloxenvfl, vr pe3yJlbrarbl pa6omI

flBJrflIorcfl o6ocHoBaHHbrMlr, AocroBepHbIMId 14 opI4fLIHaJIbHbIMI4. Pa6ora

ocHoBaHa Ha o6uleupktHrrrbrx Ao[yqeHlr.flx, crporocrvr Ma.TeMarLIrrecKIax



BhrKJraAoK, npr4MeH eHkrr4 ailpooHpoBaHHblx MeTOAI4K KI4HeMaTHT{ecKofo

alJalwr3a, a TaKlKe cpaBHeEkrkr TeopeTI,IqecKI4x u IIpaKTHTIeCKHX pe3ynbTaToB

HCCJIC,IIOBAHI4fl.

CoorsercrBue HarrpaBreHr.rq v reMbl ArIccepraIIHoHHbIx

r{ccJreAonaHufi racropry HayuHofi creqraJrbHocrrr. llpe4craBJleHHafl

Ar4cceprapfl, coorBercrByer rryHKTaM rlacnopra uayuHofi cileIII4aJIbHocrH

2.5.2. MaruzHoBeAeHHe.

3aueqaHIrfl

1. PasAen LI.z Ha3brBaerc.fl dlpuvrepbr crpyKTypHbIX cxeM 14

IIpOTOTI,IITOB MexaHr4rrecKr,rx cI4cTeM oTHocI{TeJIbHofo MaHI/'IIywlpoBaHu,f,)), Ho

rs 15-rn pr4cyHKoB pa3AeJra roJrbKo oAHH flBJIflercfl crpyKTypHofi cxevrofi, nce

ocr€urbHbre tu6o QororpaSuu MexaHr,r3MoB, rru6o KoMtlbtorepHble 3A vtoleJll4

MEXAHI{3MOB.

2. Bo nropofi rJraBe aBrop o6ocuoBbrBaer lleJlecoo6pasnocrb

rrpraMeHeHnfl, xou6unar6r vro4ynefi <<4+2>> ilo cpaBHeHl4ro c rol,l6usa\ueft
(3+3), oAHaKo rrpHBeAeHHoe cpaBHeHI4e HocHT rIpeHMyIrIecrBeHHo

KarrecrseHurrfi xapaKTep w He conpoBolxAaercfl KornqecrseHHofi oueHrofi

TaKr.IX XapaKTepHCTrrK, KaK pa6oua'^ 3oHa, )KecTKocTb, TorIHocTb, KoJII4qecTBo

cr4HfyJrflpHbrx rloJloxeuuit, Macca TIoABI{}KHrIX 3BeHbeB u g.P.

3. B pa6ore ynoMr4H aercfl. Brrvrfl:nue oco6ux tronoxeuufi Ha rIoBeAeHI4e

MexaHuqecHofi cncreMbr orHocr4TeJlbHoro MaHIdIry lrnpoBaHkrfl,, oAHaKo

oco6 eHH o crr4 p a6 orrr MexaHrd3Ma s6 ruskt cl4HryJltrpHocrefi ue p accMorpeHbl.

4. B pa3AeJr e 4.3 <<Srcuepr4MeHr€urbHbre HccneAoBaHlrf, pazpa6oranHofi

MEXAHI.I'IECXOfi CHCTEMbI OTHOCHTCJIbHOTO MAHHTIYNLIPOBAHLIfl>> HI4IICIO HE

roBopnrc.fl o cre[eHrr rorrHocrkt r43MepHTeJIbHoro o6opyAoBaHufl 14 o roM, KaK

norperuHocrb H3Mepeuuit BJrr4rer Ha [onyr{enHble pe3yilbrarbl. Tarxe Hef,cHo,

rreM o6ycnoBJreH nrr6op MoAyJrfl Mf-1, 
^nfr 

oKcrrepI4MeHTaJIbHbIX

r4ccneAoeaHrafi) ecrrr4 caM )Ke aBTop Ha crp. 126 yrBeplrlaer, rITo oH He

o6ecneqr,rBaer Aocraror{Hyro ror{Hocrb rIpI4 orIpeAeJIeHI4I4 lunefinux
repeMeulesufi.

3KCrrepr4MeHTallFlJafl, MeroAHKa OIIeHKI4

BbrxoAHofo 3BeHa... ), oAHaKO B

pa6oru onucaHl4e AaHuofi MeroAI,IKI4

7

5. B rperbeM BbIBoAe B pa3AeJIe 4.4 rpnBoAurcn QopuynupoBKa:

<Paspa6oraua H peaJlrrcoBaHa

rroBTop,fleMocTrr opr4eHTa\krr4

rrpeArrrecTByroullx pa3Aenax

orcyrcrByer.



6. HescHo, rrorreMy crrrrcoK Jrvreparypbl cocrol,lT npeHMyIrIecrBeHHo I43

r4HocrpaHHbrx LrcrorrHr,rKoB krrrvr uy6ruxauuit poccuficKl4x yrIeHbIX B

prHocrpaHHbrx vrcra:nvr{x, xorfl Ha crpanuuax 6 rt 7 Aucceprallnl4 rIpI'IBeAeH

BHyrrrurelsnslfi crrr,rcoK orerrecrBeHHbrx yrIeHbIX, OA9JIaBITIHX 3aAen Anr

Hacroflrlefi pa6oru.

3an"rrrorreHlte

ornreqeHHbre 3aMerraHr4fl, HOCflT peKoMeHAaTenrHltfi xapaKTep vI He

cHrrxaror o6rqefi rroJroxuremHofi orIeHKI4 pelleH3upyevrofi pa6orn.

OcnoeHsre pe3yJrbrarbr Ar,rcceprarlr4oHHoro uccneAoBaHurl ony6nuKoBaHbl

Myxuurru K.C . s 7 rry6nunar\:aflx, B rrlrcre Koropbrx 2 pa6orbl, BK[IoqeHHbIe

B repeqeHb BAK PO, 4 crarr:a, r4H[eKcrrpyeMble n Scopus H Web of Science

u 1 pa6or a, vrl1LeKcupyeMas s Ptrfi trI, a raK]I(e ronyrreHbl 2 nareura PQ Ha

uao6pereHu,f,.

[Hcceprarlr{oHHafl. pa6ora ro o6revry rpoBeAeHHbIX I4ccneAovauuitt,

aKTyaJrbHocrrr , Hdy.{Hofi HoBI43He 14 npaKTl/t'{ecrofi 3HaqI4MocrI'I

yAoBJrerBopfler rpe6on a:nr4flv^ rryHKroB 9- 1 1 , 13, 14 <<lloloNeHkrfl. o

npucp6 [e1vrr4 freHbrx crerreH efi\), yrBep)KAeHHoro IIocrasoBJIeHI4eM

flpanureJrbcrBa Poccr,rficrcofi Oe4epa\r4r4 or 24 ceurs6px 2013 roAa J\b 842,

npeAbf,BJrf,eMbrM K AlrcceprarlrnrM sa coiacKaHl4e yrenofi crerleHl{ KaHAvr[ara

HayK, a ee aBTop, Myxun Kupnnn CepreeBrzt'\ 3acJlyxl4Baer rrpl4cyll(AeHHfl

eMy yreHofi cTeneHu KaHAr4Aara rexHr{rrecKr4x HayK rro clleul4uulbHocrl4

2.5 .2. MaruuuoBe,{eHl{e.

O$nuualsnufi orrroHeHT :

AOKTOp TeXHI4rrecKI4X HayK, AOIIeH!

3aBeAyroulufi xa$e4pofi <MexaHI4Ka))

Bopo6resa H.C.

[ara rr// ,, Cc.ft;]{ -^026 r.
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