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OT3bIB

na anropeQepar Altccepra:!:av Cu:ona Cepren Ba,'Ieprenu*ra
<lloebrureHue pa6orocnoco6uocrr4 TBepAocnrraBuoro pexyuero IrHcrpyMeHTa nyreM
r.rMlynbcHoft la:epuoft o6pa6orxr.r lrsoroclofi Hofo noKpbrrrrt), rlpeAcrasreHuofi Ha

corr cKaHI4e yueH oft creneHlz Kanrr4rut a rexHI,IqecKI{x HayK

Cospeueuuoe npon3BoAcrBo BbrABrrraer Bce 6o;ree BbIcoKIre rpe6onauux t<

pa6orocnoco6nocrn Merannopexyuero r.rHcrpyMeHTa. Beclua nepcrIeKTHBHbIM

HarrpaBneHrreM noBbrrrreHrrfi pa6o'rocnoco6uocrn pexyuiero lrHcrpyMeHra (PIrI) flBlrs.erafl.

ynpoqH.srouar o6pa6orxu nonepxuocrefi rzHcrpyMeHTa c r.{3Hococrofixnna IIoKpbITI{eM.

Taxuu o6pasolt, reMa Arrcceprar{uu, HanpaBneHHas, Ha noBbIIIIeHI4e pa6orocnoco6socru
rBepAocnnaBHoro pe)Kyrrlero rrHcrpyMeHTa nyreM r.rMnynbcuofi ra:epHofi o6pa6orxu G4nO)
rr,rsoroc:rofi Hof o noKpbrllx (MlI), sBJltercf, arryanluofi .

Hayunyro HoBr4 3Hy Arrcceprauuonsoft pa6orrr npe.4craBnslor
- MareMarr4qecKar MoAenb eosAefi crez s VIJTO Ha KoMIIo3I,Iqurc (MII-VIO> ;

- pe3ynbrarbr qrrcJreHHofo MoAenupoBaHr,rr sos.qeficrsusVI.IO Ha KoMrro3IrIIHIo (Mll-
I40>;

- B3ar4MocBs3r4 rexHoJror[qecKr4x napaMerpoe I4JIO c napaMerpaMu crpyKTypbl I{
MexaHrrr{ecKr{Mr{ csoficreaN.{N MII r4 r4HTeHcr,rBHocrblo LI3HaIITI4BaHI{g rBepAocuraeuoro Ptr4;

- MareMarur{ecKr4e MoAerrn [eprroAa crofixocru rBepAoclnaBHoro PVI c MfI,
noABeprHyroro ITIJIO.

Pesy:maru orrbrrHo-npoMbluneHHbrx ucnll,ttalr.ufr. o npaKTur{ecrofi 3HaquMocru
npeAcraBJreuuofi pa6oru.

3airae'{airr4s no anrope$epary :

- n.5 nayuHofi nosr4:Hrr - <Hoerre cnoco6br [onyqeHn.a Mfl, BKrroqarcruue s ce6s
HaHeceHr.re MII u nocneAyrotuyro I4JIO> e 6omuefi creneHll coorBercrByer npaKTllqecxofi
3Haqr.{Mocrrz pa6orrr ;

- sa c.8 anropeQepara orMer{aercfl, rrro lpoBoAr{nocb MoAenupoBaHue HarpeBa

pexyIr1ltx rTJracrlrH c noKpbrrusMr{ na3epHbrM I43Jrf{eHI{eM xpyroeofi Soprrarr rl4aMerpoM
1 MNt e Br{Ae aMnyJrbca Arrr4TeJrbHocrb}o 4 lutcu c uafoM cqera 0,01 ntc. He rcuo, no xaxofi
TpaeKTopr4H fiepeMeruancs nyq na3epa; yquTbrBanocb rrpl [epeKpbrrr{e r4MnynbcoB Ha

noBepxHocTr4 rzHcrpyMeHTa r{ r.A. ;

- e anrope$epare r4Merorcr HeyAarrHbre BbrpaxeHr4x (c. 10. ( ... I4IIO npr4BoAr4r... K

rroBbrrrreHr.rio rronyuupr4Hbr...>). llony[rr4pr{Ha He Moxer noBblluarbcfl. wut noHllxarbcfl -
oHa ulrr4 yBeJrlrquBaercr, vru yMeHbrrraercs. He [peAcraBneHo, qro xaparTepr{3yer
nonyllrllpuHa peHTreHoscxofi tusuu?

- Ha c. I I ornae.{aercs, r{To (I4IIO cuoco6crnyer cHr4xeHaro norsofi Anr4Hbr KoHraKTa

crpyxKr{ c ilepeAHefi noeepxnocrbro (no 12Yo), rcosSQnqueHra yKopor{eHus crpyNxra (4o
9o/o), cowaBnrlorur4x cr4rrbr pe3aHr{.rr Pz, Py u Px (3-8%). He rpeAcraBneHo o6rqcHeHl4e

loryqeHHbrx pe3ynbTaToB.

B ue:rou, Ha ocHoBe aHaJrur3a Marepr{anon anrope(pepara MoxHo yrBepxAarb, qro

[peAcraBneuHar pa6ora flBrrs.ercfl.3aKoHr{eHHbrM Hayr{HbrM uccreAoBaHIreM, IrMeer HayqHyro

HoBr43Hy, rpaKTr4r{ecKyro 3Har{r{Mocrb r{ coorBercrByer KpI{TepI{tM n.9 <floloxeHlrf, o

npucprAeHr4u yqeHbrx creneueft>, [perbflBn.fieMbrM K KaHAkrAarcKHM Aaccepraur{sM, a
coacKareJrb - Curoe Ceprefi Ba.nepnenuq - 3acnyxr.rBaer npucBoeHuq eMy yueuofi crerleHl4



KaHII'IAara rexHI4r{ecKVX HayK no cneqnanbHocrl4 05.02.07 - Texnolorufl. Lr o6opyloaauue
MexaHarrecxofi a Qusraro-rexuFrecrofi o6pa6orxn (rexuu.recrue nayxz).

A.r.u., npo(p.

: ;"ArexcaH4P 

Muxaft roerr

3aBeryrcuufi xa$eapoft <Texsolofprr MarrruHocrpoenux>>,
flo.{erHlrfi pa6orHux BIIO P(D.
@fBoy Bo <Jh,rneqrufi rocy.uapcrBeHHbrfi rexHh.recrufi yuanepcr{Ter>
398055, Pocclrg. r. Jluneqx, yl. MocroBcKa.f,, A. 30,

Hayvurie cnequanbHocrr{, no KoropbrM 3arquuleHa roKTopcKar Ar{cceprarlus
05'03.01 - Texuonorvlr4 u o6opyaonaHrre Mexaur.recroff u $r.rsuxo-rexnuqecxofi

- - ---05.42.08 - Texuororus Marrlr{HocrDoeHr.rr.
r. (742) 328185, e-mail: kam
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OT3bIB
Ha aBrope$epar Allccepral{un C.B. Cugona <<llosbrureHr{e pa6orocuoco6nocrz

TB ep.qo c[JIaBHoro pe)Kyrllero LrHcrpyMeHTa uyreu r{MrrynbcHofi lasepuofi
o6pa6omu MHorocnofi noro rIoKphITLIr), upeAcraerenHofi Ha colrcK alue yr€nofi

creIreHLI KaHAIl,{ara rexHl4qecKkrx HayK rro c[eqnaJrbHocrr4 05.02.07 -
<<Texnoro wV vr o6 opy4on aHr4e MexaHr4qe crofi u Sn:uro -TexHarrecro fi

o6pa6ornu>

Pexyqzfi LIHcrpyMeHT, HenocpeAcrBeHHo KoHTaKTHpyr B 3oHe pe3aHkTfl c
o6pa6aruBaeMhlM Marepu€uloM, B 3Haquremnofi crerreHr4 orrpeAenfler Bce
TexHHKo-gKoHoMLIqecKue rIoK€BareJrr{ MexaHr4qecrcofi o6pa6orru. llosrovry
coBepIxeHcTBoBaHHe pelKylr{ero LrHcTpyMeHTa HenpexoArrrlaf, aKTyurbHafl.3aI.a'q'a,
pelxaeMaf, IIO p€t3JILIqHbIM HaIIpaBneHLI-{M: COBepIIIeHCTBOBaHUe KOHCTpyKTLIBHbIX
I{ feOMeTpUqeCKI4X IIapaMeTpOB, OIITLIMLBaT\L4fl, pex{LIMa pe3aHvIfl., I4CnOJIb3OBaHpIe

coBpeMeHHrrx COC pI T.rI. Ho nan6oJlee KapAr{H€rIrbHhrM MeroAoM rroBbrrrreHkrs
pa6orocuoco6nocruuHc'tpyMeHTa flBrrflercfl co3AaHr{e HoBbrx LrHcrpyMeHTEUrbHhrx
Marepl4€ttloB, I4crloJrb3oBaHue r43Hococrofixux uorprrrzfi, p€Bnr,rqHbre MeroAbr
Sz:uro-rexHl{qecKofi o6pa6orKll efo [oBepxHocrefi. B cB.rr3rr c H3JroxeHHbrM,
TeMa ALICCepTaIII{OHHOTO I{CCneAOBAHvg, COI4CKaTeJIfl tBJIteTCt aKTy€urrnOfi.

Anrop BrIrIoJIHI.IJI KoMrIneKc LrccneAosalruir. K HayrurtM pe3ynbraraM MoxrHo
orHecrl{ MareMaruqecKylo MoAenb reMneparypbr AJr.f, KoMrro3Lrrlar4 MHoroclofinoe
noKpbITI4e - uHcrpyMeHT€ulbHas ocHoBa; ycraHoBurr B3avrMocBr3b napaMeTpoB
r{MlrynbcHo-na3epH oit. o6pa6orKa c napaMerpaMl4 crpyKTypbr r.r MexaHrirrecKprMlr
csoficreal,Iu MuorocJlofinoro rIoKpbITI{r; noryqun gKcneprrMeHT€urbHo-

MaTeMaTI4qecKI,Ie MoAenIzI IIepI4oAa croftxocrpr lIHOTpyMeHTa, rroABeprHyToro
I4MnynbcHo-n€BepHoit o6pa6orKe. K npaxrutlecKr4M pe3ynbraraM MoxrHo orHecrra:
cuoco6u rrorytleHl4rl MHorocJlofiHux norprnvfi; H€BHaqeHLre rexHoJroflrrr kr

pexI4MoB I4MrlynbcHo-na3epHofi o6pa6orKrr; Lrcrronb3oBaHr{e pffiynbraron pa6orrr
n yve6uoM rlpoqecce. llpu BbIIIoJIHeHkrkr vccne4onanufi cor4cKarenb racrroJrb3oB€Ln
pa3nllqHylo affIaparypy vr MeroAr{Kr4 Aonoxl,In pe3ynbrarbr Ha pa3nlrqHbrx

nepegnefi rroBepxHocrr{ pe)Kyrr{ero
rroBepxHocTb pelKyrrlef o ressus.?

oTpax{aroT npoqeccbr, flpor{cxoAtrrrlr4e Ha
Jre3Blrrr. floueuy He paccMarpr4Baercs, 3a1rrflfl

xoHSepenqurx u oty1rmKoB€LJI s 28 ne.{atrrx pa6orax. Bc€ oro cBr4AereJrbcrByer
o BbrcoKofi noAroroBKe cozcKareJr.rr.

flo rercry anropeQepary MoxHo cAenarb cneAyroqr4e 3aMerralvrfl:
1 llpe4craBJreHHbre Marepr4€Lnhr

2 Moxuo nu oxtl{Aarb [oJrox{ureJrbHoro esserra paccMarpLrBaeMoro MeroAa
I4MrlynbcHo-ila3epHofi o6pa6orKl4 B ycnoBr{fx upephrBurcroro pe3alnfl, HanpnMep,
upu Sp*eponaruan?

Ho, B rIeJroM, npeAcraBJreHHyro pa6ory Mox(Ho crrrzTarb HarrHo-
rcnalu$raraquonHofi pa6orofi, nuerorqefi 3HarreHr4e Anfl. pa3Bkrrufl znaguir (s
o6lacru o6pa6aruBaeMocrz Marepl4€uroB, rroBbrrrreHLr{ KarrecrBa raHcrpyMenra), e
roropofi H3JIolKeHbI Hay.rHo-o6ocnoBannue rexHr{qecKr{e u rexHonofurrecKl4e
perlreHurl, I{MerorII{e cyqecrBeHHoe 3HarreHue Arrs. pa3BurLrr crpanrr. floloxeHns.
ALIccepraIIu{ coorBercrBylor rpe6onaHr4flvr, npeAbrBn.rreMbrM K KaHAr{AarcKHM



AncceprarlulrM (n.n. 9-I1, 13, t4 <<Ilonoxenu.s o rpucyrKAeunu yrdnux
creneHeft), yrBep)KAduuoro llocranosJreHlreM rrpaBprrenbcrBa P@ Ns 842 or 24
ceurxipt 20t3 r.), a ed aBrop 3acJlyxfl{Baer rrpucy)KAeHr4f, yrdnofi crerreHr{
KaHAnAara rexHr{qecKl4x HayK rro cleru4€rrrbHocrr{ 05.02.07 - TexnoJrorr.rr n
o6opyAonaHlre MexaHprqecxofi n $usuro-rexHr4qecrofi o6p a6orrz.

Corlaceu na o6pa6orKy [epcoHaJrbHbrx AaHHbx.
flpoQeccop ra@e4pu <<Texnonorus aBroMarr.r3r{poBaHHoro Marrrr.ruocrpoeHr4g)
of Aoy B o loNno -Vpamcrufi rocyAapcrBegHufi yuzeepcrlrer (HI{V) :

rlonllTexHIEqecrzft pIHcrLITyr, MexaHurKprTexHoJrorz.recxnfi Sarynrrer, .4.T.H.

b-4- Buxropfeoprueeu.ITllaraNaos(y 241/,2r/_?-
454080, r. Yer.s6uHcK, rrp. Jlenuua,T6
raQ. <TexHoJIorI{,I aBToMaTH3IlpoBaHHofo MaII[IHocTpoeHLI')
8-963-080-1 8-59;
viktorshalamov @mai I . ru

EEPHO
Begyi4u ia AoKYMeFiroBeA
O.E.5p;oxoa" ,h/-7
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TBepAOCIJTaBHOTO pexcyqerc EHcrpyl!{elrra rryteM uMIIynbcHo}I
o6pa6omra MHorocJlofoioro rroxpbrr[.f,", trpeAcraBneHnofi Ha

yrennofi crerreHrr KaHArrAara rexHr{lrecKrD( IrayK rlo crrequ€[IlbHocru

rroKpbrrne, MoAeJrrr nepuo4a croftrocru rBepAoc[JlaBHbrx

B3aUMgCBr3b TeXHOJIOIIIqeCKLTX napaMerpoB nasepuori

3KcrrJryararlrroHHblMll cnoficrsaNau pe)Kylqux I{HcrpyMeHToB,

loJryqenr,rf, MHofocnofinrrx uorpnrnfi .

Ha aBropeifepar AucceprartrM Cnrosa C.B. "floBbllueHrle pa6orocuoco6nocru
na3epHo14

COIICKAHEC

05.02.07 -
Texnororus kr o6opy,uonaHue Mexanr{qecxofi u Sr,rsuro-rexrulcecxoft
o6pa6orru.

flosrrrxenne pa6orocnoco6nocrpr Mer€urrrope)Kyrqax rlHcrpyllg T9B B_c_erA4

6uno u ocraercs saxHofi upo6rerraarprrofi. B srofi cBt3I{, TeMa Aaunofi pa6otrr,

HarrpaBnennofi Ha perueHrre nassaHHofi upo6nervrrr, [yreM ynpoun-nouefi

o6pa6omu B Br.rAe rrcrloJrb3oBaunr rnvrrq/nbclrbD( JIa3epoB, f,Rrrf,ercf, arryalrHofi .

Pa6ora BbrrroJrHeHa Ha 6ase rnepAocrrnaBHbrx HHcrpyr{elrroB c MHoroclofi-nrna

rroKpbrrr4eu. Ee aKTy€urbHocrb rroATBepxqaerc.n raKxe reM, lITo oHa BbIIroJIHeHa B

paMKax rocyAapcrBeHHoro 3alLauufl, MlanucrepcrBa o6pa:orannfl. kr HayKlI I{ B

paMKax rpex npoeKroB rpaHroB POOI4.

,{na gocru)r(eHrirrr rrocraBJrennofi qenn aBTopoM perueH p.f,A HoBbD( HaflHbrx

3aAarr, rro3BoJr?rBurux c$opMynupoBarb Haf{Hyro HoBLIsny pa6orbl, BKJlroqaroqylo

paspa6oraHHbre MareMaruqecKr4e MoAenu eogAefrcrBrlfl LIMrryJIbcHoro n€Bepa Ha

rrHcrpyMeHToB,

o6pa6orru c

HoBbre cuoco6rr

Hayrna.r HoBZ3Ha pa6oru noATBep)K4aerct ee [paKTllqecrofr IIeHHocrbIo,

cocro{rUefi e parpa6orre peKoMeHAa\uit ro pacqery LI Hzt:HaqeHl{rc pen<llMoB

naaepnofi o6pa6orxu AJrf, o6ecneqenu-f, MaKcl{M€ulruofi pa6orocnoco6nocrn

TBepAOCnJraBHbrX rrHCTpyMeHTOB, B HOBbTX KOHCTpyKIIU{X MHOTOCJIOftHTX

noxpurufi LI TexHoJIorLIrr LIX HaHec errrafl .

flonyrennrre [paKTlrr{ecKlre pe3ynbrarbr rrepeAaHbl [rrfl LIcIroJIb3oBaHufl. B

ycJroBz.rrx peaJrbHoro rrpolr3BoAcrBa u ncrroJrb3yrorcf, n yre6noM rpoqecce.



floloxureJlbHo ro, rITo Marepl{€rJrbr Arrcceprarlvrkr ocHoBareJrbHo anpo6npoBaHbr

z ouy6nuKoBaHbl B reqarll (28 pa6or). Or4enrHo cJreAyer orMerrrrb nonfreHHbre

rltrb rIareHToB Ha Iaeo6pereHl4-[ P@, qro rroATBep]cAaer HoBH3rry pa6oru LI

yKEr3brBaer Ha rrrlarenbHocrb ee npopa6orKu.

Buecre c reM rro aBTope$"puty ALtcceprarluu ecrb 3aMerraHnrr:

- aBrop BecbMa aKTlrBHo I4crronb3yer B TeKcre aBTopeQepara coKparueHux (MlI.

WIIO, PI4, MII-I4O) .rracne Koropbrx AoxoArrr ao 30 Ha o,{Hofi crpaHr.rue rgKcra.

3ro 3arpyAH-fler rIoHI4MaHue cMbrcJra r,BJraraeMoro MarepuaJra 14 3acran-rr{er

rlocrorHHo Bo3Bp arqarbcr Lr r4cKarb p acrura$poBKy a66peenarypu.

- B anropeQepare He yKa3aHo npn o6pa6orxe KaKLrx MaTepLr€rJroB B

r{HcrpyMeHToB.ilpo lr3BoAcrBeHHbrx ycnoBlnrx Ao crLt f rryro rroBbrrrreHH e crofirocrrz

B qenorra coAep)KaHue aBTope0epara roBoplrr o roM, rrro BbrronHeHa aKTyaJrbH€ur

pa6ora, I,IMeIoIq€u HafrHyro HoBlr3rry, [paKTlrrrecKyro 3HaqprMocrb pr

coorBercrByloqas rpe6onanueru BAK. lloeror'ry ee aBrop, Cprson Ceprefi

Baleprenuv, 3acily)Kl{Baer npncylKAeHue yreHHofi crerreHra KaHAr{Aara

TexHI4rIecKHX HayK rlo crequarrbHocrLr 05.02.07 - Texnonorvr H o6opy.qoBaHue

MexaHlrqec rcofi u Qra:rzrco -TexHlrqe croft o6p a6 orrn.

3an. ra$. "Merallopexyque craHKr,r
Lr r4HcrpyMeHrbr", OfBOy BO Kys6accKoro
focy.{apcTBeHHofo TexHI4lIecKOfO
yHr4Bepcr4rera LrM. T.@. fop6atena,
AOKTOp TeXHUqeCKT{X HayK,
npoSeccop

floqrosnfi a4pec: 650000, PO,
Ten. : 8-(3 842)-39-63-99

ll.2oi9"
Kopomon Anercan4p Hzroraenu.r

denuvu

O.C. Kapnadyd

r. KeuepoBo, yJr. BeceHnax,28.

A4pec eneKrpoHnofi uo.{rrr: msik

"_zqi,. zo:/7,



B gucceprauuonnrrft coBer 4999.003.02 npu
OfEOy BO <Ynrsnoscrufi rocyAapcrBennsrfi TexuvqecKr,rfi yHunepcr4Ter))

Yu0uorr,ry ceKperapro Berracony H.IrI.

432027, fcil, r. YnrsHoscK, yrr. Cenepunfi Beneq, a.32, OfBOy BO <YnfTY>

OT3bIB

Ha aBrope$epar Allcceprallvu Czsona Ceprex Banepreeuua (iloBbrrreHlre
pa6orocnoco6Hocrr.r rBepAocrJraBHoro pexyqero xHcrpyMeHTa 'uyr€u
LlMrlynbcHofi lasepnofi o6pa6orru MHorocJrofisoro noKpbrrr.{D), rrpeAcraBJreHHofi
K 3aIrII4Te Ha coltcKali^r4e yv€nofi crerleHld KaHAr{AaTa rexHrarrecKr4x HayK no
crelll4€trlbHocrtM 05.02.07 Texnonorus n o6opy4oraHue MexaHr{qecrofi vr

SHsuro-rexHuqecKofi o6paSorKpr

Teua ALIccepraqLII{ aKTy€ulrna. [eftcrBLrreJrbno, Jra3epHoe Bo3Aeficrnue na
MeraiIJIhI u crrJIaBbI tl3MeHrer gKcrrnyararlrroHHbre csoficrsa [oBepxHocrHhrx
crods MareplrtaJra. flpaueHzreJrbHo K noKpbrrrrrM r4HcrpyMeHT€rJrbHbrx
MaTepLI€uIoB TeMa aKTy€LJIbHa.

llp eAlaraeurrfi B Al{ccepr arJur4 rroAXoA rzr Konrlenqv r MHoroo6eqarcqr4e.
I{em LrHayrHas. HoBLI3Ha pa6oru olpeAeJreHbr corrcKareneM BepHo.
llpaxru.recKzur 3HarrlrMocrb pa6oru olpeAeneHa BepHo a AocraroqHa Ajrt

KaHAr.rAarcKofi Ar{cceprarlr{t4.
Bunocuubre Ha 3arqr.rry rroJroxreHu{ Bepubr.
Aupo6aqux pa6oru, ed ouy6nuxoBaHHocrb BlonHe Aocraroqnrr. Yponenr

rry6nuxaqrafi 4ocraroqeH.
llo uayrublM I{ TexHI{qecKLrM pe3yJrbraraM pa6orn 3aMeqaHrrfi ner. Ecm

Bolpocbr u 3aMeqaHurr MeToAonoflrqecKofo xapaKTepa :

1. O6qenpnHf,To B p€BAene <Ha saqr{ry BbrHocr{TcD) (y cozcr<areJrfl oro
Ha3BaHo I4Haqe, qTo He nppIHIII4IIualruo) B Kax(AoM rryHKTe yK,l3brBaTb K KaKoMy
nyHKTy Soprvrynrr Haytuofi cnequ€urbHocrrr 9To orHocr{Tc.n. ConcrcareJrb or groro
yKJroHr{Jrcr.

2. Mse He HpaBI4Tcs pa3Aer <<OcnoBHbre BbrBoAbr>. Bo-nepnbrx, KoJrb B

pa6ore ecrb p€t3Aer (BBeAeHI{e), ro o6ssaH 6urr u pa3Aen <<3alcffo.reHr{e), B
KoropoM pI AOJDKHO 6rrtr KaKiuI Bax(Ha.f, HapoAHoxossficrseHH€ur 3a1aqaperreua Lr

rlosToMy HyxHo rlpl{cyAr{Tr yt€nyro crerreHb. B-nropru<, nyHKTbr 8 u 9 pa3AeJra
<<OcnoeHbre BbrBoAbD) He f, BJr.rrrorc.f, BbrBo.uaMrr.

Hapx4y c grr4MLT 3aMeqaHurMr4 xoqy orMerr{Tb, qro aBTop cMor (a lo Hero
6esycueruuo upo6oBaJrkr MHorrre Lr s. B ToM qlrcre) uocrpor{Tb MareMarr4qecKyro
MoAenb nos4eficrnra.r Ha noIgbITLIe. OH [ocrpor{n gro [plrMeHr4TenbHo K
I{MrIyJIbcHoft nasepuofi o6pa6orKe. -fl c.rzraro, qro oH perxr{Jr 6olee rrrupoKyto
3aAaqy - OH rIoKa3aJI' KaK I{ Ha OCHoBe KaKI4X KpI4TepueB LI IpaHI4qHbIX ycloezfi
MO)KHO Teuepb OCyUIeCTBJLflTb I{MLITaIIUOHHOe KOMIIbIOTepHOe MoAeJII4poBaHI{e



npl{ Jrro6oM Trrrre [oABoALrMofi euepnru. 3a oAHo 3a oro cJreAyer npncyxAarb
yueHyro cTe[eHb.

flpe4rxanfleMafl, K 3arrllrre AucceprarlHs <llonbrrrreHlre pa6oroc[oco6nocru
TBepAOC[JraBHOfO pe)Kylllero uHcTpyMeHTa nyreM IiIMnynbcHoI4 JIa3epHoH
o6pa6orru MHorocJlofiHoro norgbrrr{D) coorBercrByer BceM Tpe6oBaHrrt
floloxeHl,It o roptAKe rlplrcyxAeHr4fl frenbrx crerreHefi BAK Mzuo6puayru P(D,
ee anrop - Cnsoe Ceprefi Banepreu4q 3acryx{xBaer rpr4cyxAeHvrfl. erray yr€nofi
crerleHl{ KaH,qu.{ara rexHur{ecKrrx HayK no cuerlr4€urbHocrlr 05.02.07 - Texnolofkrt
n o6opy4oBaHr{e MexaHlrqecrcofi u $uszro-rexHr{qecrofi o6pa6orr<n.

AnropeQepar noJrfreH rro norrre 22 non6ps2019 r.

llpoQeccop - KoHcyJrbraHr
O|FOY BO <KorracoMoJrbcK

rocy.qapcrseHHrrft yHprBepc

AOKTOp TeXHr{qeCKLrX HayK, A
rpuqrufi EoprEc -frconnesnq

(Hay+rar cnerlr4aJrbHocrr 05.02. Texno.norzs u o6opy4onaHr4e
MexaHkrqecroft u Qururo-rexHlrqecroft o6pa6orrcu)

CsereHnr:
68 1 0 1 3, r. KoucoMoJrbcK-Ha-Auype, yn. Jlenurua, 27,
OfEOy BO <<Koucotnomcrczfi-Ha-Avrype rocyAapcrseHHrrfi yHr4Bepcrlrer)
(KuArY)
TereQon, 3JreKTpoHHrur rroqra:
(4217 )53 -23 -0 4 ; offi ce@knastu.ru

".:i'$"J,uEi\- \:/,s' /{

o';:,'iii;..)



432027, r. YnrsHoBcK, yJr. SHrelrca, 4.
3, ayg. ll7
(D|FOY BO YnfTV
Yvenorvry ceKperapro
Auccepraqr{oHuoro coBera 4999 .003 .02

Berxacosy H.VI.

OT3bIB

Ha aerope$epar .{xcceprallnn Cusoea Ceprex Ba-rreprenuva <<floebrrieHr4e
pa6orocuoco6socru rBepAoc[JraBHofo pe]Kyrrlefo r4HcTpyMeHTa nyTeM
LIMrlynbcHofi na:epHofi o6pa6orKl4 MHorocJrofi noro floKpbrrr{r), [peAcraBJreHHyro Ha
coucKaHl{e yuenofi crerleHn KaHAHAara rexHr,rqecKr4x HayK rro c[erlvanbHocrr4:
05.02.07 - TexHo.non4{ Ia o6opy4oBaHl{e MexaHr{qecrofi u Qu:uro-TexHrrrrecnoft
o6pa6orrra

,{ucceprarlzoHH€ur pa6ora Cusoea C.B.uocerqeHa perueHnro saTaqu
?

rIoBbIIIreHux pa6orocuoco6nocrl{ TBepAoclJraBHoro pex(yrrdero r4HcrpyMeHTa rryreM
ItuuylrcHofi lasepnofi o6pa6orru MHorocJrofiHoro noKpbrrLrrr. AxryanbHocrb
pa6oru olpeAentercf, Bo3MoxHocrbK) coglLanr4fl TexHoJlorr.IrlecKoro o6ecne.{eHzs
npoLI3BOACTBa BbICOKOKaTIeCTBeHHbTX TBepAOCrrJraBHbrx pe)Kyrrlux LrHcTpyMeHToB C

MH oro cJro fi urruz r{3 Ho c o crofi r<uuu rr o Kp brrlr flvtvr.
Hay.ruar HoBLI3Ha pa6orrr cocrorrr n pa^:pa6orKe MareMarn.recxofi MoAeJrr{

nos4eficrBllt I{Mnynrcnofi nasepHoft o6pa6omr Ha KoMrro3lrr{Hro ((MHorocrofiuoe
IroKpbITkIe LIHcrpyMeHT€tiIbHuuI ocHoBa>. VcrasaunBaerc.g B3al{MocB.f,3b
TexHoJIorLIqecKrIX lapaMerpoB r4Muynrcnofi la:epnofi o6pa6orrn c napaMerpaMr.r
crpyKTypbl LI MexaHHqecKI,IMra csoficTBaMll noKpbrTlrfi, a raxxe r{HTeHcr{BHocTbro
u3HarulrBaHHrr TBepAo cuJraBHoro pe)Kyrrlero uHcTpyMeHTa.

flpar<ruvecKat 3HaquMocrb rlccJleAosanuilr 3aKrroqaercr B paspa6orKe HoBbrx
roncrpyrqnfi MHofocJlofisrtx uorprrrr.rfi kr rexHolorufi krx HaHeceHur. Taxxe
cocTaBJIeHbI peKoMeHAar\UU rro pacrreTy Lr Ha3HarreHr4ro pexfl4MoB llrunynrcuofi
la":epnofi o6pa6oxu, o6ecne.ruBaloqr4x MaKcr{M€rlbHyro pa6orocuoco6uocrr
rBepAoclnaBHoro pex(yqefo uHcTpyMeHra.

3aNae.IaHI,Ir r4 rrox(e Jra:rrvg;

I.I4z aaropeQepara HerloHtrHo, KaK 6nru an6paHu cocraBbr r4 onpeAeJreHbr
TexHonorl{qecKlle [apaMerpbr oca]r(AeHl4.rr norprrrufi, Koropbre vcrloJrb3oBaJrvr B
Kaqe crBe QyurcqzoH€trrbHhrx cJroeB MHoro cJrofi noro noKpbrl'r4rr.

2. HercoToprre rpa$u.recrcue 3aBr4cuMocrr{, orpaKaroque pe3ynbrarbr
3 KC rrep I4M e HTO B, H e COIIp OB OXAaTOTCT yC Jr O BLr fl:tr.{tt krx rrpoB e.{e HI{r.

3. OrcyrcrByer pacruzQpoBKa ycnoBHoro o6gsuaueunfl, <<d>> s Soprrayne 3.
BrrsnreHHrre He.{ocrarKr4 He cHLDKaror q6uMo HafrHyrc 3Haqr4Mocrb kr

rIpaKTI{rIecKyIo I{eHHocrb pe3yJrbraroB r4ccneAoBasuit. {racceprarlr{oHHar pa6ora
rlpeAcraBr.ser co6ofi 3aBeplueHHoe HayqHoe HccJreAoBaHr4e, coAepxarqee perxeHkre
3al.arru rIoBbIIueHut pa6orocnoco6Hocrn'TBepAocnnaBHoro pex(yqero HHcrpyMeHTa
rryreM zMrrynbcHofi las epu oit o6p a6orKpr MHof o cJrofi Horo II gKp brrLrf, .



floloxenut pa6orbr, rrpoBeA€nnofi CprgoerrNa C.B., pr3Jro)KeHbr e 28 neqarHHx
pa6orax, B ToM rrlrcJre 7 uayrnux crarefi B perleH3zpyeMbrx vll:.Aartlz.nx ra3 [eperrHrr
peKoMeHAoBaHHbrx BAK, a ranKe 4 crarsu B I{3AaHVflx Lr3 6a-sH r{r{Tl4poBaHprfl

Skopus. flo pesynbraraM pa6oru ronyr{eHo 5 nareHron na zso6pereHlnr.
Arryamnocrb, HayrrHzur Lt [paKTIlrIecKa{ 3Haql{Mocru pa6orbr, a taxxe ee

anpo6aqnx yAoBnerBoprrcr rpe6onanuxu r. 9 <<flonoxenus o rpucpKAenvrr4
yqeHhrx crenenefi>>, a ee aBTop, Czson Ceprefi Bareprenuu, 3acnyxr4Baer
npucyx<4elous. yrenofi creleHu KaHAnAara rexHllqecKkrx HayK rro cnerlr{EurbHocrra:
05.02.07 - Texnororrrt
o6pa6orrcn.

H o6opy4oBaHLle MexaHurrecrcofi n Qusnro-TexHlrrrecrofi

/' Borrcoe fivurpuirl4saHonu.r

3ane4yroqufi raSe4pofi << Hbrx cr{creM r{ rrpoqeccon Soprraoo6pa:oaauu.a
LIMeHII C.C. CraluHa>> (DfEOy BO <Pu6zncrcufi rocyAapcrnennrrfi anzaqzonuufi
TexHllrlecrufi ynunepcurer LIMeHu n. A. Corosreso), AoKTop rexHkrrrecKr,rx HayK,
upoQeccop.

,{pyNrcon Cranucran Cepreenzv

,{oqenr ra$e4pu <<MexarpoHHbIX crlcreM LI [poqeccon Sopvroo6pasonalnfl. uMeHr4

C.C. Cuturlr'a>> @fEOy BO <<Pu6ugcrurfi xocy,qapcrseuHrrfi anuaquonnrrfi
TexH[qecrurfi yHunepcnrer LrMeHu II. A. Corosresa), KaHAprAar rexHr{rrecKux HayK

Cnyxe6nufi a4pec: 152934, flpocnaBcKar o6r., Pu6zucr, yn. flyurrcuua, 4. 53,
OfEOy BO (P|ATY uueHz II. A. Conoeresu, xa$e4pa MCuII@.
Tene$on: (+7 4855) 222556.
E-mail:

drugkov.s.s@rambler.ru

floAnzcu Borxosa A.Vl.n .{pyxrosa C.C. 3aBeprrc
rrpopeKrop ro Hafirrofi pa6ore H HHHoBaur4flM

@f E Oy B O <Pu6 u:r'cxuir, rocyAapcrBeHHhr
aBr{arlr4oHurrfi rexnuqecrciliayHl{Bepcr,ITeT
uMeHkr n. A. Cononrena>,

AOKTOp TeXHUqeCKr4X HayK, Koxprna



OT3bIB
H a aBrop e S ep ar AH c cepra ryuu CI43OB A CEPf E-fl B AJIEPb EB I,ILIA

(NOBbIIilEHI{E PAEOTOCNOCOFHOCTI4 TBEPXOCIIJIABHO| O
PEI{YUE,| O I,IHC TP YMEHTA IIYTEM I,IMNYJIb CHOTI IA3EPHOIZ
OE PAE OTKI,I MHO| OC IOIh{Of O nOKPb ITI4A>>, rp eAcraBr e u u o fi u a

coHcKaHI4e yueuoft creIIeHI4 KaHAI4Aara rexHr4qecKr4x HayK ro clerlr4aJrbHocrtr 05.02.07
- Texsolorvrfl ra o6opy4oBaHl4e MexaHr4qecr<ofi u SuerExo-TexHr4r{ecrofi o6pa6orrcra

Xapaxreprle'tprKur MeTiLlnopexyulefo r4HCTpyMeHTa oIIpeAen.rrroT

aS$errunHocrb I{cnoJIb3oBaHHfl o6opy4onaH:afl Marrrr4Hocrpor4TenbHbrx npeAnpuxrufi.

floeronay pa6ora, Ha[paBneHHar Ha coBeprxeHcrBoBaH:ae MHorocJrofturrx norpurufi

rBepAocnJlaBHoro rl{crpyMeHTa rrocpeAcrBoM la:epuofi o6pa6orxra flBirflercfl

amyamuofr.

Hayunax HoBI43Ha pa6orrr cocrolrr B pe3ynbrarax aHurvrvvecKr4x 14

3KcnepHMeHT€uIbHbIX I4ccneAoBanuit, onpeAeneHr4r4 orrrr4MaJrbHbrx napaMerpoB

I4MrlynbcHofi nasepHofi o6pa6orxa, Bbr.rrBJreHaH r.r3MeHeHr4tr MexaHHr{ecKHX csoficre

noKpbITI4fl rrpv eos4eftcrBukr nasepHoro r43nyrreHr4f,, onpeAeJreHr4r4 cBs3h napaMerpoB

IIpo qe c c a ynpoqHe Hr{.rr c MexaHr4rr e cKr4Mr{ ce ofi creaMr4 rr oKp brrvrfl.

Paspa6oranrt 4nyxcrofiHrre v rpexcrofiurre loKpbrruq, zccJreAoBaHo

BIrvtflHlr4e I4MrlynbcHoro na3epHoro noe4eficrnu-a Ha Lrx MexaHr4qecKze cnoftcrea.

Anropona ert6paurt 14 o6ocHosaHrr cocraBbr QyHxqraoHaJrbHbrx cJroeB rroKpbrrr4-rr,

BbItBJIeHo BtrvflHr4e KoMrloHoBoqsofi cxeMbr r{ KoHcTpyKrIuu KaroAoB Ha [apaMerpbr

crpyKTypbl, MexaHl4r{ecKlle csoficrna r{ xuMr{r{ecxraft coGTaB noxprrrufi, nrr6panHbrx B

Kar{ecTBe QyHKTIHOH€LrrbHbrX CJroeB.

llparrlrvecKa-s IIeHHocrb pa6oru 3aKnroqaercr B [oBbrrrreHr.ru MexaHrzqecKr4x

cBoficre MII ra nporlHocrr4 a[re3noHHbrx ce-f,sefi B pe3ynbrare Bo3A eircreux I4IIO

o6yclonr,rBlueM IroBbIIrIeHrIe r{3Hococrofixocrrl TBepAocnJraBHoro r4HcrpyMeHTa Ha

16-23 %

Pe:yrrraru pa6orrr Aocraror{Ho rroJrHo orpaxeHbr B ny6rHr<aqurx v Ha

HayqHo-TexHnr{ecKnx xoHQepeHrdrrrx.

B raqecrBe 3aMeqauzft ruoxHo yKa3.arb, r{To rr3 aBTope$epara He{cHo:



1. flpono4unacb nr4 r4HTepBarbHas, orIeHKa nJrorHocrr,r MorrlHocruLIIIO H rrpvr

KaKr4X TOJIIIII4HaX nOKpbITI,I.rI npOr43BOALrIrulCb tII4CJreHHOe MOAenilpOBAHUe Vr

3KAnepr4MeHTaJIbHbIe r,lCCneAOBAHVfl,.

2. Ha ocHoBe KaKrrx uoAerefi [por43BoAnJrocb r{rrcJreHHoe MoAennpoBaHae B

ANSYS.

3. Kar orleHr4Banr{cb reMrreparyponpoBoAHocrv v relnoflpoBoAHocrlr rpaHr4rl

M H of o cir o fi uo ro rr o Kp brrr4{ npu MoAe nprp oBaHnkr.

flpe4craeneHHar Ar,rcceprarlur flBrrfl,erafl :anepueuuofi HayrrHo-

rcnanr,r$ur<aqnonnofi pa6orofi, Koropar coorBercrByer KpHTepI4-lM nyHKToB 9-I4

<floloxelukrfl o rrpr4cyxAenvrkr yr{eHbrx creneuefr)), yrBep}I(AeHHoro IrocraHoBJIeHrreM

flpanrarerbcrBa Poccr,rficroft @e4epa\w or 24.09.2013 r. Jtl! 842, npegbrBrrseMbrM K

Ar4cceprarluqM Ha cor4cKaHue yueuoff crerreHr{ KaH.{r4Aara HayK rro cnerlu€urbHocrr4

05.02.07 - Texuororr4q 14 o6opy.uonaHue MexaHur{ecxofi Lr $z:uxo-rexun.recxofi

o6pa6orr u. CLI3OB CEP|EI{ BAJIEPbEBI{LI 3acnyxr4Baer npr4cy)K4eann yu€Hofr

crerreHr4 KaHAr.rAara rexHurrecKr4x HayK rro cnequ€LrrbHocrl4 05.02.07 - Texsorofr4fl. vr

o6opy4oe aHue MexaHrrqecxofi ra $usrarco-TexHl,Iqecxofi o6pa6orr<u.

3neponrqr.rKoB ArexcasAp EnrenreBl,Iq

3aBeAyroqufi xaQe4pofi

_ ltTexH_o1tp rgfl Ma ru_I4Ho c-rp o e H ltt)
O|EOY BO dleuseHcxuft
rocyAapcreeHHltfi yHl,IBepcurer)),

AOKTOp TeXHTITIeCKI4X HayK, AOIIeHT

crreur4€urbHocru 05.02.08. 05.02.07 .

A4pec: 440017, r.llen:a, yn. Kpaurax, 40.
Ter.: (8412) 368-224.
A4pec oneKTpoHnofr no.{rrt :

lloAnacr 3neponrquKosa A.

Y.{eHrtfi ceKperapb V.IeHoro

ffif;l{i";
S.l,i#'l-:-l#

KaHAr4AaT TeXHVT{eCKI4X HayK, O.C.,{opo$eena



OT3hIB

Ha aBTope$epar Ancceprarlrur C[sosa Ceprer Bareprenuqa Ha co]rcKaHue yreuoft crerreHr.r

KaHAlrAara rexHr,rqecKprx HayK no cnerluanbHocru 05.02.07 - Texnorornflkr o6opyAonauue

MexaHurrecrofi N Qu:nro-rexnnqecroft o6pa6orxu Ha reMy: <<flosErureHue pa6orocnoco6nocnr

TBepAocilnaBHoro lrHcrpyMeHTa rryreM r.rMrrynbcHoft nasepHofi o6pa6orxu unoroclofinoro

noKpbrTrrfl).

I{ereHanpaBJIeHHoe ynfr[reHue Sr,rsrrxo-MexaHrlqecrux cnoficrB pexyrqero HHcrpyMeHTa, B

ToM tII,Icne I,I 3a cqer HaneceHlrfl norprrrr,rft, rBJurerct aKTyaJrbHofi u gaNHofi saAa.{eft coBpeMeHHoro

prnBr{T}rr rexHoJrorrrfi uerannoo6pa6orxu r4 Marepr,ranoBe4eHr{s.

fittx pelneHut srofi npo6reurr aBTop Ar.rcceprarlr4]r HcnoJrb3oBrrJr rou6nnHpoBaHHyro

o6pa6orry rn€pAocuraBHblx pexyrl{Hx rrJracrr4H, BKJrroquuoqyro HaHeceH}re MeroAoru arc-PVD

uoxprnufi u nocneAyroqyro ux o6pa6orxy [MnyJrbcHbrM na3epHhrM r.Bn] reHneM.

CvsonrrNl C.B. paspa6or:ula MareMarl{rlecKafi MoAenb no:4eftcrnur r.rMnynbcnofi ta:epuofi

o6pa6orrn Ha KoMrIo3LIIIHro (flroKpbrrr{e-r,rHcnpyrueHTaJrbHa:r ocHoBa)), Koroptu{ Aiura Bo3MoxHocrb

oIIeHrITb rerlJloBoe cocrosHl,Ie LIHcr"pWeHTa c noKpbrrr.reM r{ BburBr,rrb cBr3b xapaKTepr4crr,rx IIJIO c

napiuerpaMr{ crpyKTypbr r,r MexaHr4qecKr.rMr.r cnoficrsaMr{ rroKpbrrr{r.

Ha ocnone p$ynbraroB, rIoJIyqeHHbIx aHaJII{THqecKr,rM rlyreM u rIucJreHHhrM MoAeJrr{poBaHr,IeM,

olrpeAeneHbl KpLITuqecK[e IrJloruocrl,r MorrlHocrr.r l4IlO, ilpr.rBoArrrlue K pa3ynpoqHeHr.rrc

KoMrIo3I,IqlIu u e€ pa3pylreHl,Iro. Ilpoee4eHHhre gKcrrepr,rMeHTaJrbHbre vccneAoBaHHs rroATBeplivril4

aAeKBarHocrb pe3ynbraroB MoAenl{poBauus. 14 nonfreHnbrx guaqesr,rft Kpr{TurrecKofi uroruocrpr

Morrlgocrr.r VIIIO.

flpaxrr,I'recrat 3HarILIMocm pa6orH Cngosa C.B. onpe4eJurercr nponeAennrrur,r croftrcocrHhrMr.r

HcnbITaHI,ItMvI H npoMbII[neHHbrM oupo6onanueu rn€p4ocrrJraBuoro pexyqero HHcrpyN{eHTa c

noKpbrrrleM nocne VIJ7O, TIoKIBaBIITHMII ero e$Serrnnnocrb npr{ ToqeHur.r piBnr.rqHbD( MapoK

crzureft.

Orlaeqas rIoJIoxI{TeJIbHbIe croponrr pa6orrr, ctr}rraro Bo3MoxHbrM BbrcKa3am uo nefi Henoropbre

3aMeqaHLIt:

l. Anrop coo6ulaet o6 yruenrrueHl4l4 MaKpouaflprxeHrfi n cSopM]rpoBaHHbrx rroKphrrr.rrx noA

nos4eftctnueu I4JIO. I4s rercra anropeQepara He scHo, KaKHM MeroAoM orrpeAenrnlrcb 9Tr{

xapaKTepHcrlrKl{ H c xarofi [orpellrHocrrro? C f{eroM grofo He .flcHa 3Hatrr.rMocrb ptBHHrIbr

ronf{eHHbrx gna.reHrft Ao r4 rrocne VlJlO.



2. klz MHoroqucreHHbrx ncc.neAonanrnft r,r3BecrHo, qro cxrrMarorrlue MaKpouanprxeHlrt

cyrqecrBeuuo BJrrarrrcT Ha rBepAocrb noKpbrrlrfi, ra.x [paBr.rJro, floBhrruas e€ sHa.reHrae. B pa6ore

uoKrrauo o6paruar 3aB[c]rMocrb rBepAocrr{ or BeJrr,rqr,rubr MaKpouanpfl}Kenprs. C .rer\,r sro csxgauo?

3. Ha plrcynKe 4 (r) antop npllBoAlrr 3Haqeuue OKP c rorfirocrbro Ao BToporo 3HaKa [ocJre sansrofi.

I4cuonrsyeurrfi MeroA orrpeAereHus orr.rx BeJrHqr,rH no yff]rpeur,rrc tuluuit peumenoncr<ofi

4u(fparquu He Aaer raKyro rotruocrb.

4 llg rexcra aerope$epara He rcHbr ycJroBr,rr [poBeAeHr{fl I4IIO, B qacrHocrr{, cocran. ragosoft

arrvroc$epu, B Koropofi nponogr,rnu AaHHyIo o6pa6omy, qro MorJro cKa3arbc.f, Ha lBMeHeHr,rrD(

xI,IMI,IqecKoro cocraBa o6pa6orauurx HJIO norprrruft, Koropbre, KaK 1r crpyKTypubre r{3MeHeur.rr,

Moryr oKa3arb cylqecrBeHHoe BJILIIHI,Te na cnoficrna o6pa6oraHHbrx noxprrruft.

VrasaHHrre 3aMeqaHns, He cHr4xaror ypoBHs Bbr[oJrHeHHofi pa6oru ]r He 3arpurrr.rBaK)T

ocHoBHhrx nonoxenuft Al,Icceprarlr{oHHoro nccneAoBaHus' Olau He cKul3brB€uorc-tr na ed o6rqeft

rIoJIoxI{TeJGnofi oqenxe. Cyxraro, qro AHcceprarl}roHHar pa6ora e norHoft Mepe orBeqaer

rpe6onanlurra BAK K KaHAI,IAaTcKI,IM Al4cceprarl[rM rro crreqI,r€rnbHocrrr 05.02.07 - Texnonorus. 14

o6opy4onauple MexaHl'I.recroft IE (frsnro-Texur,rqecKoft o6pa6orKu, a ee anrop Czson Ceprefi

Baneprenutl3acnyx[Baer fipl{cBoeHr{rr yreuofi crerreHr,r KaH.qr,rrara rexHr{qecKr{x HayK.

flpo(f eccop xa$e4pu $ynnquonrurbHrD(
HaHOCr,rCTeM H BhrCOKOTeMrrepaTypHsrx

Marepr.raJron @egepanbHoro rocyAapcrBeHHoro
aBToHoMHoro o6pa:oBareJrbnoro yqpexAeHr,rt
Bbrcruero o6pasonanur
<<Haquonallsrrft prccJrenoBarelrcrnfi

TexHo Jroruqecxr.rfi yHr.rBepclrrer <MlICnC >,

AOKTOp TexHr{rrecKux HayK [,I. B. FnHHxoe

r.8499-236-70-85

e-mail : biv r€lnisi s. ru
119049, r. Mocxna, Jleuuncxuft upocuer<r,,4. 4
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Orsttn

HaaBTope$eparA'ICcepTaqptilCpisoeaCepreqBaleprenuua
<<flosbr[renue pa6ottc ttoco6Hocrl4 r BepAoc nraBHoro pexryuero I{HcrpyMeHTa flyreNl

r4MlynbcHofr na:epuofi o6pa6oTKI4 MHofocJlofirioro EoKpbITI{f,)' [peAcTaeIeHHOft Ha

colrcKa'ue yrenofi crene*i4 KaHAr{Aara rexHuqecKlrx HayK ,'o cflerrr4aJrbHocrr{ 05.02'07

- Texnolorr4f, u o6opy4oBaHue \,{exaHl4qecx,rft n $ulHro-TexHl4i{eCrcofi oSpa6orxia

flosrrlueHr,re pecypca MoHOiiI4THOfO TB€pAocnJIaBHOfO I{HCTpyMeHTa sBilteTcfi

aKTy€IJIbHofi uayuuo-ta"""uecxofi :aAaqefi' Aeropornl pa:pa6oraHa MaTeMaTI{qecKaE

MOAeJrb eo:,4eficrenx HN,rny;rlcucff rra:epuoft o6pa6orr<u Ha KOMIIO3I{qI4IO

((MHOfOCJIOfinOe nOKpbITI{e-i4HCTpyl'leHTeJIbHa'g OCHOBa)>' nO3BOJIftOUIa'fi OUeHI{Tb ee

TerrJloBoe cocro*{r{e v Bbr.sBr{Tb cBs36 xapaKTepr4crr4K auuynrcHoft -rarepuoit

o6pa6o*u c MexaHHqecKr{h{r{ ceoftcrBanra fioBepxHocrHoro cJlot KoMrIo3HIrI4I4'

Onpegeleng KpI4TriqecKI4e MoIIJHoeTfi t'tunylocHofi na:epuoft o6pa6orru'

pa:pa6oraHH cuoco6u ilonyqeHl4r N4Hofocnofirisrx ""iryl1ij-Y 
t:"tpl::::-::._1:t"

pexyuefo HHCTpyMeFrTa, BKilloqaloilIue HaHeceHI4e MHO|OCIOftn'x iIoKpbITp{I4 W

nocneAyroqyrc i4Mrrynr,cHyio xa3epF{y}o o6pa5offiy. PerylrTaTbl npoBeAeHHEIX

3KCIrepuMeHTaJrbHbrx p{ccneAoB af{uit noKa3a.[i4, r{To [epl4oA crcfit<ocqra

reepAOCnJIaBHbIX TIJIaCTI{H AO 1,7 paZa' 3lo ioeopl{T O TOM' rITo IIOcTaBJI€HHafi B

pa6ore qenb Aocrl4rHyra'
Pe:ynrrarbMccileAonauufi Cugoea C'B' orpa1ltenbl s 28 ne'IaTHbIX pa6crax' r

TOM arlrcJre s 7 cTaTbqx B xypHa-rlax ?13 [eper{Hs BAK, s 4 cTa-tbtrx B XypHaJIaX'

BXSATIIgX B cI4cTeMy iII4rHpOBaHns Scopus' fio;ryueHo 5 uaresToB Ha iaao6pereuae'

B pe3ynbTaTe OIIeHKI4 anropesepaTa Al{ccepTaIluoHuofi paSoru BbIt{BIeHbi

cneAyloIIIEe 3aMer{aHl4s: 
.rna}KeHo .*rrr4fl,okr - t:epHofi o6pa6oxu

l.Banrope$epareHeoTpax(eHoBjlI,IfHI{eI4MilyJIbcHoI4JIi
Ha cocTotHl4e Jre3BI4q HHCTpyMeli'fa'

2. Her onncaH!{s $ra:nuecxnx EpoldeccoB I43MeHeHHfl crpyKTyptl

o6pa6orannofi noeepxHocTu B pe3y.l-Ibrare I'{N{ilyllcnofi naeepnofi o6pa6oxu "

Hecviorpq Ha yKa3aHHb{e 3aMer{aHld fl, trvreaepTaqi4fl cueoea ceprex Baleplerrua

<<floebr[renue pa6otocrrocodHocra rB€pAocrrJla'Horo pexyu{ero I4HcrpyMeHTa nyreM

r4MuynbcHofi rasepri oir o6pa6orKr{ \,{HorocJ-rofrnoro rroKpbrrr4s>> orBer{aer epe6oeaHl4tM

n. 9 <flocTaHoBJreHr4s O tr0pq,EKe ilpncyx(.{e!{t{s yqeHblx Creuenefi)>' IIpeAbtBJlteMbIM K

Ar4CCepTarIuqM Ha couucKa*Lre yueuofi cTefieHt{ KaHAI{AaTa TexHI4rIeCKI4X HayK' Aerop

3acny)KllBaeTIIpHcy}I(AeHH'eA,lyyIieHofi:creneHl,IKaHAEAaTaTeXHI4I{eOKI4XHayKno
cre[HaJrbHocrr4 os.oz.oz - T.*uo;roll{s ia o6cp-vnoBa'Ee MexaHl'Iqecrofi n $a:nr<o-

TexHl4qecroft o6PaSorxn.

3aneAyrorqrafi ra$e4poft <Merannopexyrri l4e CraHKId t{ I4HCrpyMeHrbI))

Of6dy BO <O^ac*afi rocyAapcrBeHFibift rexHfi '{ecxn* yHl{Bepc'rer>>



AoKTop rexHurIecKHX HayK no cilequaribHocra 05.03.01 - flpoqeccbr MexaHn.recrofi n
SHsraxo-rexHarrecKofi o6pa6orKr4, craHKr{ rr r{Hcrp)rMeHT
npoQeccop

t---' e=4-

% flonoe Asapefr lOprerrv

,{oqenr raSe4par <<Merannopex(yIque craHKr4 r4 uHcrpyMeHTbr> OfEOy BO <<Onrcrufi
rocyAapcteeHnrrfi rexHu.recKnfi yHr4BepcuTer> KaHArdAar rexHprrrecKr4x HayK rro
crellllaJlbHocrr4 0 5 . 02 . 0 8 - TexHolorr4r Marxi{Hocrpo eHlrt

Bacrames EereHr.rfi B.uagunanpoBur{

A4pec: 644050, r. Otrcx, np. Mrlpa,4.
TeneQou : 8(3 8 1 2)6 5 -24 -3 9
e-mail: wasilyev_@mai l.ru



MI4HOEPHAYKI{ P O CCI4T4

Oe4epallnoe rocyAapcrBeHHoe 6roAxernoe
o6PasonareJlbHoe YqPexAeHI4e

srlcrue'ro o6Pa:oeauur

<flepMcKrft HaIIuoHaJIbHbIfi
lIccJreAo B areJl bcKI{ ft

rloJrrrrexHlrqecrcr'rft yHrrBepclrreD)
(rIHI{IIv)

61 499 0, llepvrcxnft rpafi , r.fleplts,
Korucouol scxnit uPocnem, 9.29,

reir. 8(342) 212-39 -27,

Saxc 8(342) 219-80-67, e-mail : rector@pstu'ru
ht:tp : i.r vt wvt. p s tu. r u

O|EOY BO <Vrlrqnoecrnft robyAapcr-

nesurrfi TexHlrr{ecKufi yuueepcllTer)
Yuenonty ceKperapro

AHCCepTauI4oHHOfo coBeTa

4999.003.02 Berr<aconY H.I4.

432027, r. Ylnmoncx,
yn. Cenepuufi Beneq, 32
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OT3bIB
HA anrope$epar rasAuAarcroft AI4CCepraIII4I4 cr{soea c.B. <fIosbIuIeHI4e

pa6orocnoco6uocru rBepAocnJlaBHoro pexyqero I'IHcTpyMeHra nyreM

rlryrnynrcuofi nasepnofi O6pa6Orrn usOrOclofisOrO nOKpbITI'ID) IIo

cfleuuzlJrbHocTr{ 05.02.07 - TexHoloruq 14 O6OpyAOnaHIae uexanuqecxofi 
'r

tplrsuxo-rexnu'recxofi o6pa6orxlr'

flossrllleHue pa6oro"noco6"o"tt pexyulefo I'IHCTpyMeHTa c ',I43HOCoCrofiruuu

rroKpbrrlr.rrMar flBrnercq oauofi k13 ocHoBHbIX ?aAarr coBpeMeHH"t: yTt^ty-::ll"ll:::::-1:
KON,rrIJreKca. floreuquan OAHO- 14 MHoto3JreMeHTHbrx, OAHO- I4 MHOTOCJIOfrUbIx IIOKpbITHIT'

pa:paooranHblx Ha ocHoBe Hvrpvlla rl4raHa I{ ero lto4raouxaquft, nparrl{I{ecKl'I "t"-tp]1l^-l
cBfl3. C STprM CTaHOBlrTbr" u"a 6olee axryalluofi Hayr{HO-TeXHUqecKaq upo6lelta [oIICKa

HOBbTX rexnoloruft Lr cpeAcTB noBhIIIIeHI4r otfQex'TIIBHocTII pexyu{ero unctpyltenra c

uguOcOcrofKuMl4 ,ronp"rtt"*u. fltn pe[IeHI'It yxa:anuofi npo6leurt fiBnteTcq ylpoqHflIolqaq

O6pa6orxa, HaIIpaBJIeHHat Ha MOAuOI{KaIIHIo ceoficre caMofo IIoKpbITI'Ifl' I'Is eCex BI'{AOB '

ylporrHfirorqefi o6pa6offira cneAyer BbIAeJII{rL llx{ilynbcHylo na3epHylo O6pa6orxy',

,Brrflroqyrccr yHLrBepcaJrbHbrM cpeAcTBOM IIOBbIlIIeHI{a pa6orocuoco-6Hocrpr pex{yqero

qHcTpyMeHTa 
" 

nonpurtrrflMu. LIcxoIs. lI3 Sroro pa6ora cusoea c'B', nocBtII{eHHat

rrgBbrrrreHr4rg pa$Orocnoco6uocru TBepAocnnaBHoro I'IHcTpyMeHTa nyTeM zrunylruroft

nar epuoft o 6pa6orxu rr,lso roclo fi H oro nO KpbIT 14fl , flRJrfleT cl axryalHioft '

Anropotr,tpa6orupaspa6orarraMaTeMaTnllecKa,f,I.ql{c'IeHHa'MoAeJIbeosAeficreuq
uunylrcuofi na:epHofi 

- 
o6pa6orxr'r Ha KoMno3l{Ill{rc <lruoroc:tofrHoe IIoKpbITI4e-

ITHCTpyMeH TaJIbHAfl ocHoBa)), no3BongrcilIl4e oflpeAenl{Tb TexHoJIOrUqecKne napaMeTpbl

ulrnylrcnofi la:epnofi o6pa6orxu' I'lccle,qonauo BIILrflHve iunoroclof,Hrrx noxprrrufi

11po111eAIII14x LIMnynbcHyIo na3epHyiO o6pa6oTKy Ha KoHTaKTHbIe xapaKTepI{cTlIKI'I ilpoqecca

pe3a1ufl r{ uHTeHcITBHOCTb I43HOCa pexyulefo I4HCTpyMe}rra' 
uqecxoli MOAenr4

HayIIHa'HoBI,I3HaAI4ccepTa|\V|^3aKlloqaeTc'Bpa3pa6ortceMaTeMal
eoeAefrcrsr4fl LrMrrynbcnOfi naSepuofi o6pa6OTKt{ I{a xotrfnO:urlulo (MHoroclofiuoe IIOKpbITI4e-

r,rHCTpweHTaJrbHajr ocHoBa)), pe3ynbTaTax tIHCIeHHOfo MOAeJII{pOBaHI{t eosAeficrel4',f,

r,Iltuylrcuofr rrasepnofi o6pa6orxu Ha KoMtlo3l,Iqurc (MHo|ocJlofiii. 
--.T:r:::; .

IIHcTpyMeHTaJIbHaflocHoBa),B3aI,IMocBq3uTeXH0JI0|HIIeCKI,IX[apaMeTpoBI,IMnynbcHoII
na:epnofi o6pa6orrcu c napaMeTpaMH cTpyKTypbl II N{exaHuqecKuMl{ cBoftcreaN',Il'I

irlnorocrofiHbrx noKp .",,.uit ,I4 HHTeFrcHBHOcrbro LI3HaruHBaHr4r rBep.',ocrnaBH'fo pexylllefo

I,IHCTpyMeHTa, MaTeMaTHr{ecKLIe MOAgnI'I [epl4oAa crofixocru TBepAocnnaBHOlO pexyqefo



I4HCTplMeHTa c MHorocnofiHbrMr{ noKpbITI4tMlI, HOBbIe clIocoobl nonyrleHl4s MHorocnofiurx

norprrrufi.
llpaxruqecKarl 3HarIIiMOcTr pa6orut 3aKnloqaeTcq r c(ropvtyJII{poBaHHbIx aBTopoM

peKoMeHAaqLIfx no pacqeTy u Ha3HaqeHI4Io peXHMOB LMllylrcnofi :ra^:epnofi o6pa6orxu'

o6ecne.{Eearoulr4x MaKcr4MaJrbHyro pa6orocnoco6socru rBepAoclnaBHoro pex(yurero

r4HCTpweHTa, HoBbrx KoHCTpyKuI4sX MHOrOClOftnrx uoxprtruii H TexHoJIoflII4 HaHeceHI'It

unoroclofiHslx noxPurufi .

.{r,rcCepraql4oHHaq pa6ota 11p61llna AOcTaToqHyrc anpO6aqlI]o: nO TeMe APIccepTaI{I{I4

ony6mzxonu"b Z8 pa6or, 7 u: xoropbrx B Lr3AaHLIsx ro ileper{Hro BAI{, 4 clatsu B I{3AaHuqx I43

6asrr qurupoBaHrrr scopus, nonyrreHo 5 narenroe na u:o6pererP^ils..

llo anrope$epaTy MoxHo cAenaTh cneAyloulle 3aMeqaHI4tI:

1. He o6ocuoeaH nrr6op rBepAoro cnnaBa B Kar{ecrBe HHCTpyMeHTaJIbHoro MarepuaJla

noA HaHeCeHIre noKpblTl{fl '

2. OrcyrcrByer unQoprtaqvs' o rrpPrHIIIaIIe nocrpoeHl4q

rrogToMy He flcHo H3 KaKIzx coo6paNenufi nu6upalu Bepxuafi'

cJrorr rIoKpbITlIt.
3. B anropetlepare He oTpa)KeHO, KaKpIe TexHoJIOrUqecKHe

CXeMbI yCTaHOBoK peKOMeHAOBaHbI AJI' HaHeCeHLIq unOrOCnoftUrrx

unoroclofiuoro norPbr't rfl,
npoMexyroqHltfi u suNuufi

pexI4MbI I4 KOMIIOHOBOTIHbIe

noxpnnufi AJII noBbIIIreHI4t

pa6orocnoco6nocrra pex{yqux I'IHcrpyMeHToB.

Hecuorpr Ha yKa3aHubre 3aMeqaHvs., cyrfl no anrope$epary, Alrccepral{rIoHHar pa6ora

C[:osa C.B. ntnolHeHa Ha AOcTaToqHoM HayqHoM I'I MeToAI'IqecKoM ypOBHe I{ IIo coAep]KaHI{Io

BbrrroJrHeHHbrx raccle4oeaur.rfi oTBeqaeT rpe6onalluxu n.9 <floloNesnq o npHcyxAeHI4lI

yqeHbrx crengnefi>, [peAb{BnreMbIM K Al4ccepTa:li/,rr HA COI{cKaHI4e yuenofi cTeneHI4 K?H.{HA&TO'

TeXHr4r{ecKrrX HayK no cneIIHsnbHocTLI 05.02.07 - Texnolo rvrfl LI o6opylonaul4e MexaHl'Iqecxoft

u $usnro-rexHplrlecKofi o6pa6orxu.

Marapon BnagrauuP (DegoPoeu't

loxrop rexHl4qecKl4x HayK, npo$eccop OfEOy dO nil.ptcrufi uaquonalrsufi I4ccneAoBa-

re*cruf noJrr4TexHr4qecrnfi yHr{Bepcr4Ter),3urM. 3aBeAyloqero xa(peapofi <I'InuonaIII{oHHbIe

TexHoJrof[r{ Marur4HocrpoeHr4r). CnequanrHocrr 05.03.01 -llpoueccbl MexaHu'{ecxofi u Srasta-

Ko-Texgur{ecnofi o6pa6orKllt, craHKI{ I'I I4HcrpyMeHT'

A4pec: 6l4gg0,Pocc"", r. fleput, Koucovolrcrufi tp',29.Te*: (342)2198236, aApec eneK-

rponnoft floqrbl makarovv@pstu.ru

floAnucr AoKToPa rexH

upoQeccopa MaxaPg
3aBep{rc:
y.renstft ce

.IrI. Marapenuu.
KaHALIAaT I{CTOpI4

/i/-,''44"er-/-z i
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OT3bIB

Ha aBTope6epar Ar.rcceprarluu Cusoea Ceprex Baleprenr'r'ra: (fIoBbIIIreHI'Ie

pa6orocuoco6nocrra rBepAocrrJraBnoro LrHcrpyMeHTa rl)"reM I4MrlynbcHofi nasepHofi o6pa6orxrz

unoroclofiHoro rroKpbrrr.r.f,D fipeAcraBJrennoft Ha corlcKaHue yreuofi crerleHrl KaHA]IAara

TexHriqecKr.rx HayK 11o cflerllraJrbHocrr{ 05.02.07 - Texnororkrs.v o6opy4onaurle MexaHuqecrofi

u (pu:uxo-texHuqecKofi o6Pa6orxlr

llonrrruenue $nsuro-MexaH[qecKax v reulo$nsuqecKrlx ceoftcre I{HcrpyMeHTaJIbHbx

Marepr4aJroB vr norprrruft pe)Kyrq[x IlHcrpyMeHToB rlo3BoJltrer OHI'I3I4Tb cKnoHHocrb'

K9HTaKTHbD( nnoqaAor K aAre3r.rlr r4 ArrOQFI4oHHoMy esaul,IoAeftcrBllro c o6pa6arstBaeMblM

MaTepr{anoM u yMeHbrr[rTb TepMoMexaHr,IqecKylo HanpsxeHHocTb Irpoqecca pe3aHvs. B

Hacrorrqee BpeMr rouuep.recxraft fi LlccneAoBarelrcrzfi LIHTepec B o6lacrn

coBeprrreHcrBoBaHr.r.rr MeraJrnopexyrrlero [HcrpyMeHTa HarlpaBneH Ha paspa6orrcy

cBepxrBepAbrx KoMlo3r,rqlroHnbD( uor<prrrnft, B Koropblx yIrpaBJIeHrIe MI4KpocrpyKTypHbIM I{

$a.:onrnu cocrornr,reM Marepr,raJra no3Borsrot o6ecneuurr e$lpeKTLIBHbIe ycnoBllfl rpouecca

p*aHr{s. OAuurr,r r,r3 rrepcrteKTIlBubu< HanpaBileHuft coneprueHcrBoBanrlt rloKpblTuit ssrsercs'

co3Aarrue cnouctoft crpyKTypbr r43 HecKoJIbKr,Ix MarepLIiIJIoB c rpaAI{eHTHbIM pacnpeAeneHl4eM

csoficre no uy6une. B cnssu c BbrrrrecKa3aHHblM, TeMa rIpeAcraBJIeHHofi pa6oru tBJlqercs

BecbMa aKTyanbHoft rar c uayrrroft, TaK c rlpaKTl4rlecxoft roqrz 3peHIE.fl.

HayuHue rroJroxreHr{Jr, BbrBoAbr r.r peKoMeHAa\ttur pelleu3l,Ipyeuofi Auccepralll{oHHofi pa6oru

Aocraroqno apryMeHTr{poBaHbr. Bce pesylbrarbl BrITIoJIHeHHbD( IrccneAonal;rnit o6ocuoeaurr

IICIIOJIb3OBaHLIeM coBpeMeHHbIX SKCIIepHMeHTaJIbHbX MeTOAOB I{ yCTaHoBOK LI KoppenHpyIOT c

pacqerHbrMrd 3HaqeHrarMr{, [oJr)rqenHbrMr4 Ha ocHoBe MoAeJII{ renno(pu:uKll rrpoqecca na3epHoro

r4MrrynbcHoro Bo3AeficrBr4fl. Ha [oKpbrrr{e I{ IroAJIoxKy. I{ensro }IccJIe.{oBaHus' Cusosa C. B.

f,Brrercs rroBbrrrreHlre pa6orocnoco6nocru rBepAocrIJIaBHoro pexyulero LlHcrpyMeHTa 3a crrer

yrrpaBneHrrr napaMerpaMr.r fiM[yJmcsoft na:epuofi o6pa6orru rrluorocnofturrx noxprrrufi na

6srcrpocrr,lennoft roxapuofi rrJracrfiHe. Hayruoe o6ocuosanlle rrplrMeneHut raunylrcuofi

nasepnofi o6pa6omu uuorocnofiHbD( rloKpurnft TiZrAlN, TiNbAlN z TiZrNbAlN c

uoguqr.rft floBbrrrrenr{x pa6orocuoco6uocru I,IHcrpyMeHTa Mo)KHo crllirarb HoBbIM. Anropotrt

Ar{cceprarlrru [poBeAeHbr 3Harr[TeJrbnble uo o6reuy reoperlaqecKlte LI gKcrIepLIMeHTaJIbHbIe

rrccneAoBaHr,r.f, rlo ycraHoBJreur{ro B3tMMocBt3I,I yAemuofi MoIrIHocrI,I I,IM[ynbca JlunepHoro

trcrolrHnKa eoa4eficrnyrcrqero Ha rroKpbITI,Ie c reMneparypofi B TBepAoclraeHofi ocHoBe I{ Ha ee

fpaHnrre c noKpbrrlreM. VcranosreHrr Kprrrr.rqecKue 3HatIeHLI.s MoIrIHocrI4 plMrlynbcHoro

nogAeficretar ilp]r Koropbrx Halrr{Harorcr pa3pyueHl,Ie Marepuana cBs3ylorqefi (fa^arr (rpurepufi

Kr) 14 o6pasonaune rperqlrH B TBepAocrIJIaeHoft ocHoBe Ha rpaH[IIe c MHorocJloftnrru



rroKpbrrr.reM (rpurepuft Ks). VcranosreHo rIoBbIIrreHHe rlepuoAa croftrocrll I4HcrplMeHTa B

1,3g - 1,56 pazaro cpaBHeurdro c r,rHcrpyr!{enroM 6es uuuynrcHofi lasepnoft o6pa6orxu un2,47

- 4,27 pa3a rro cpaBHeur,rrc c [HcrpyMeHToM c fioKpbrrlaevr TiN B 3aBncl4Mocrl{ or Marepl{ana

3aroroBoK I4 pe)KI,IMa o6pa6omu.

IIo pesyurraraM pa6oru ouy6monano 28 fleqarHbrx pa6or, B ToM tILIcne 7 crarefi s

vg4a1wry 1r3 ;1epequg BAK, 4 ctar;;u B Lr3AarI]Itx us 6a3H III4TLIpoBaHLTI Skopus, nolyreuo 5

rrareHToB na uro6perenns. BMecre c reM, Moxuo orMer[Tb cJleAyrou[e HeAocrarKrI:

1. B aerope$epare He [pr,rBeAeHbr ocHoBHbre rapaMerpbr r,rnrnylrcnoft na:epnofi

o6pa6omu, B rracrHocrr4 qacrora r,rMrryJlbcoB, TpaeKTopprs. kr cKopocrb nepeMerIIeHI4{

II.f,THa na3epHofo I'ICTOTIHUKa IIO IIJIaCTI'IHe C IIOKpbITLIeM.

2. Orcyrcrnyer onucanIae KoHeqHo-grelaeuruofi MoAenI{ nosgeftcrnut na3epHoro

r.rcroqHr.rKa Ha r4HcrpyMeHT c rroKpbITLIeM, He [pI{BeAeHo o6ocuonanrae ntt6opa ee

IIapaMeTpoB

3. Her cpanueHur noJrfreHnbrx pe3yirbraron c sapy6exHblMpl rIccJIeAoBaHLrsMLr, HanplrMep

rro reKcryprrpoBaHr,rrc uorprrruft r{HcrpyMenTa IrMrIyJIbcHbIM na3epoM.

B qenona orMerreuHbre HeAocrarKr.r He cHr,Draror rIeHHocrLI [onf{eHHbIX pe3ynbraroB.

,{uccepraq[oHHoe r.rccJreAoBaHne Crlsosa Ceprex Baleprenuqa tBJlterc.f, 3aKoHqennofi.

Hafruo-KBannQuxaquonnoft pa6oroft, Koropar rro rleJrrr, 3aAaqaM I,I coAepxaHl{Io noJluocrbro

coorBercrByer rracnopry crrerlrraJrbHocrr{ 05.02.07-TexHoJIorI{-fl ur o6opyAonauue

MexaHra.recroft v Suauro-rexnuqecrofi o6pa6orrn v orpacnu HayK, yAoBnerBop.f,er

rpe6onaHnrM rr. 9 uonoxenus BAK, a e€ anrop Aocror4H rpucyxAeHux yrenoft crerIeHLI

KaHA[AaTa TOXHIITIOCKIIIX.

,{oxrop rexHlrrrecKrlx HayK, AoIIeHT,

upo$eccop xa(f e4pu repuoo6pa6ott<n

u frlrgunr,r MeTaJIJIoB

e.f. E2(ry
Kysueqon Bunrop flaeroerr

04 4exa6px 2019 r

(De4epzurruoe rocyAapcrBeHHoe aBToHoMHoe o6pasoBareJrbHoe yqpexAeHr4e Bbrcuero'

o6pa:onauux <Ypamcrufi (pe4epamuuft yHr{Bepcr,rrer r.rMeur,r ilepBoro flpesugeura Poccuu

B.H. Enruuna>
620002, Erarepun6ypr, yn

rcr.: 8 982 4221777
email: wpkuzn@mail

floAnucr Kysneqona B.II.
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OT3bIB

Ha aBTopeQepar Arrcceprarluu Cnrona Cepren BanepreBrrqa
<<flosblrrreHue pa6orocuoco6nocur rBepAocrrJraBHoro pexyqero r{HcrpyMeHTa

rlyreM l{MrlyJrbcnofi nasepHofi o6pa6orrcrr MHoroc.uo fi Horo rroKpbrrrrfl >>,

rlpeAcraBlenHofi Ha coI4cKaHLIe yreHofi creleHr{ KaH.qrrAara rexHr4qecKr.rx HayK
rro cler{kr€LrrbHocrpr 05.02.07 - <<TexnoJrornr u o6opy4oBaHue

MexaHvqecrofi u Susuro-TexHr.rqecr<ofi o6pa6on<u>

Pa6ora ilocBtIqeHa rIoBbIIIreHuIo pa6orocuoco6Hocrv rrporpeccrrBHoro
TBepAoculaBHoro pex{ylqero I,rHcrpyMeHTa c MHoFocnofiHrrnrra rroKpbrrnrrMn 3a cqer
AonoJrHI{TeJrhHoro y[poqHeHkrfl vrMrrynrcnofi nasepHofi o6pa6orrofi. Terraa pa6oru
aKTy€trlbHa, TaK KaK crotlMocrb prHcrpyMeHTa cocraBJrf,er 6onrruyro Aonro 3arpar Ha
MexaHHqecKylo o6pa6orry B IIeJIoM, a perxr{Tb upo6leuy o6ecne.reHr{{ BhrcoKoro
pecypca LIHcrpyMeHTa roJIbKo 3a crrer HaHeceHl4f, MHorocJrofinoro noKpbrrrrrr
y4aercfl TonbKo Anr ycnonufi qucronofi o6pa6orxu.

Ha ocHoBa:r'uu pe3ynbraroB tll4cneHHoro MoAenrlpoBaHr4n, c nplrMeHeHr.reM

pa:pa6oraHnoft MareMarl4.{ecrofi MoAenrl TerlJroBoro H Hanp{}KeHHoro cocrorHLrrr
o6pa:qa c MrlorocJloftHrru noKphrrr{eM B [poqecce unanynrcnofi na:epuofi
o6pa6omu (I4JIO), orpeAeneHhr parluoH€urbHbre napaMerpbr VlJlO. Brrsnnenu
3aKoHoMepHocrl{ BJrvrfl]F^vrfl I4JIO Ha crpyKTypy, ceoficrsa u HHTeHcr4BHocrb

r{3 H aIIII4 B aHnfl IIO Kp bITI4t.

Pa6ora HecoMHeHHo LIMeer HayrrHyro HoBH3Hy 14 \paKTnrrecKyro rleHHocrb.
llpe4noxeHHble aBTopoM peKoMeHA arJvrr4 rrpoBepeHbr B ycno Bvrflx peaJrbHoro

rlpoll3BoAcrBa. Pe:ylrrarbr klccJreAonanrafi B Aocraro.{Hofi crerreHr4 anpo6upoBaHbr
cpeArl Hayrnofi o6ulecrneHHocrll, ocHoBHbre rroJro)Keuux palorrr ony6lr4KoBaHbr,
HOBhIe TeXHr{rIeCKLre peIIIeH.lIfl 3anaTeHTOBaHbr.

KaqecTBe 3aMerraHI4I{ cJreAyeT oTMeTuTb :

B anrope$epare He yKa3aHa o6nacm qenecoo6pa3Hofo npraMeHeHr4t

rBepAocnJlaBHoro I{HcrpyMeHra c zurrylscuofi la:epnofi o6pa6orrofi G4nO)
MHorocnoftnoro noKpbITI{x (MQ - o6pa6arbrBaeMbre Marepr4aJrbr, ycJroBz.a pa6omr

- tIHcroBafl ulru qepHoBat o6pa6orra H T.A., lpeAloqrrrrenbHbre rtylnna r4 Apyrtre
pe)Kr4MbI pe3aHufl, ofpaHHqeHl{.f, rO Cr{Jre pe3aHr4fl Lrnkr Apyrr4M napaMeTpaM.

2. I4ccle4onaHrre BlrvrflHkrfl I4JIO Mil Ha Mr4KporBepAocrb, roe$SuqlreHr
orcJloeHHfl Lr nHTSHCI4BHOCTb I{3HarIrUBAHUfl TBepAOCnJIaBHbIX UJIaCTLIH BbITIOJIHeHO

B

l.

B y3KoM Anan€t^:oHe rexHoJrorlrqecKr4x $arropoa.



Vrasannsre 3aMerlaHus. He cHrDK€lror HoBr{3Hbr nccne.[oBawal I{ Ba)ICIOCTTT

[peoAoneBaeT

cleur{€LlIbHocTI4

noJrlrrreHHbrx pe3ynbraroB Arrccepraquormofi pa6orsr, e 6omueft cteneHrl Hoc;1T

xapaKTep peKoMeHAa\r4vr.

BHyTpeHHTIM eALIHcTBOM.

Crpyrrypa anrope$epara JIoTLItIHa vr o6la4aer

,{uccepralll4oHHa.{ paflora B IIeJIoM I{MeeT garonqenHrrft BkrA, yBepeHHo

Su:urco-rexHuqecKofi o6pa6orKr4)) LT Tpe6oBanvrflM n. 9 <<lIoJIoxteHLIs o [optAKe

[pucy)KA eH.krs. yqeHbIX CTerIeHeI{>.

Pyrcono4cTByrcb u3JIoXeHHbIM, ctIIITaK), rITo Cusoe Cepreft Balepreeuu

<<Texnonorz-f, tr o6opy4oeaHue MexaHl4rlecrcofi

$ us r,rro-rexHl4 rlecKofi o6pa6 orKI{ >.

Kupuuex Angpefi BurroPonu'l ,fzq /zrz.tu&
upo$eccop, A.r.s. (05 . 02. 0 8 <<Texnolor.trr Marrrr4HocrpoeHnfl>>),

npo s eccop uo rao eAp e <I4ucTpyMeHTaJrbHo e npoLl 3BoAcrBO ),

upo S eccop raS eaprr <<Merannop exyql4e craHKH Ir I{HcTpyMeHrbI>,

rrpopeKTop IIo [epcleKTpIBHOMy p€I3BLITTITO

(DfEOy BO <Fpxncrufi rocyAapcrnennufi

ren. 8(48 32) 51 -5 1 -3 8, Email : avkb gtu@ email.com

Agpec: 241035, r. Epxucr, 6ylrnap 50 ler Oxu6pt',7
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OT3bIB

Ha aBrope$epar Al{ccepralluu Cuzosa Ceprex Baleprenuua

Ha reMy "flonurueHue pa6orocuoco6Hocrr4 rBepAocnJlaBHoro pexyrlero I,IHcrpyMeHTa

rryreM LrMnyJrbcHofi rasepuofi o6pa6orKl{ MHorocJlofinoro roKpbltu-a",

rrpeAcraBneHHoft Ha cor{cKaHue f{eHofr creueur4 KaHAI{Aara rexHHrIecKI{x HayK

ro cneqn[urbHocr?r 05.02.07 - "TexuoJrorur z o6opy4oBaHlde MexaHuqecrofi z Su:zxo-

TexHraqecrofi o6pa6orKu".

,,{ucceprarlr4oHHaf, pa6ora C.B. CugoBa rrocB.strleHa upo6levre rIoBbIIIreHur pa6oro-

cnoco6nocrr{ TBepAocrrJraBHoro pexyqefo LIHcrpyMeHTa c MHofoclofrHuuu noKpbITHlI-

uu. flonoxrrreJrbHbrfi pesylrrar Aocrr{raercs, rlyreM rvro4uQuxa\vvr rIoKpbIrLTfi lasepuuvt

I,I3nfIeHLIeM I{M[ynbcHo-nepl4oALlqecKoro pe)KuMa reHepaIJuu.

Oupe4eur{B aKTy€urbHocrb ArrcceprarluoHHofi pa6omt, aBTop nocraBuJl 3a4aLrvr pa3-

pa6oraru MareMarr,rqecKyro MoAeJrb eosAeficrBl4rl IlMrryJlbcHoro Jla3epHoro o6rryueHur

G4nO) Ha rBepAufi cnlan c MHoroclofinuuu noKpblrllf,uu (MlI); BbuIBHrb MexaHI43M

r43MeHeHrrr MexaHr{rrecKrx u rpra6ororlrqecKux csoficre MfI upu na3epHoM o6rryreHraH;

H3frlrrb BJIrl.rIHHe rerrJloBbrx croftcrn rBepAbrx cnJIaBoB Ha rpelqunooo6pa:oBanlle KaK B

MfI, raH r{ B cocraBe rBepAoro cnnaBa. 3acryNuBaer BH}IMaHlafl, pe3yJlbrarbl coBMecrHoro

pelueHllt ypaBHeHl{f, TeIJIOI]pOBOAHOCTI4 I4 HaIIpf,XeHHoro cOCTOflHLIfl, npn MO.UeJILIpoBa-

nuu (crp.8 anropeQepara).

llo u:rraepeHr4f,M napaMerpon K, (crvrena reMneparypu) u K" (cl,rena Harpsx{euufi)

oqeHr{nr{ KplrruqecKyro nJrorHocrb MoIrIHocruVIilO trnfl.pa3lrvrlHblx KoMrIo3I4IIrafi MfI.

Aaropou pa:pa6oraHa MareMarur{ecK€ur MoAeJrb renJloBoro cocroflrrvrfl. KoMno3I4-

qun "MHorocnofiHoe rroKpbrrr.,re-r{HcrpyMeHTaJlbHat ocHona" upl,I nosAeficrBvkrlna Hee JIa-

3epHoro r,r3nr{eHr.rr r{MyJrbcHo-nepHoAr4qecKoro pexuMa feHepaqnl4, KoHcTpyKIII,lu MHO-

roclofisux rloKpblTnfi u rexnonorl4l4 I4x HaHeceuufl'

B pa6ore r{ccJreAoBaHbr relJroBoe pr Hanpr}KeHHoe cocroqHl4e yrloMsHyrofi KoMno-

3r4r\krkr c rlenblo BbrrBJreHLrr 3aKoHoMepHocTevI BII'I.'.H.I/.-g Jlit3epHoro I{3JIr{eHtIg. Ha napa-

Merpbl crpyKTypbr rr MexaHurrecKue ceoficrna rIoKpbITrIfi, routarrHble npoqeccbl, TeIrJIo-

BOe V Hanp.rrx(eHHoe cocTof,Hlre pex(yulefo KJIIIHa IIHcTpyMeHTA VI efo I43HaIIInBaHpIe nO-



cne na3epuofi o6pa6orrx c rlenbro Bbr{BJreHLrfl, krx B3akIMocBfl3vr c MexaHI4qecKprMLI csoft-

cTBaMI{ I{ CTpyKTyp HbIMLI napaMeTpaMLI MH Of O CIOI{HbIX IIOKpbITHZ.

Anropovr gKcrrepr{MeHrElJrbHo AoKa3aHa BbrcoK€ul pa6otocnoco6nocrr rBepAo-

crrJraBHoro r4HcrpyMeHTa c pa:pa6oranHblMl{ MHoroclofiHuIran noKpbITIt[MI{ rIocJIe JIa-

:epuofi o6pa6orxr4 rr orleHeHa e$SeKrlrBHocrb I{HcrpyMeHra c rloKpblrurflvtu n la6opa-

TOpHbrx rr [poI43BoAcrBeHHbIX yCJIOBH'X.

llo zsnecrnofi MeroAr4Ke nonfreHbr 3aBlrclrMocru T:(v) z T:f(S) Ars roKapHbIX

pe3rloB c MlI, npo[reArxux WJTO, Lr MoAeJru nepl{oAa crofirocrv Alrfl, cIrJIaBa MK8 lpu

o6pa6orxe cr€lJrlr 38xrn. Orasalocb, r{ro rrpldMeHeHue I4JIO rloBbllrraer Ha crofrxocm

crrJraBa MK8 Ao AByx pa3.

llo pa6ore xoreJrocr 6rr cAeJlarb HecKoJIbKo gaNre'raHufr:

l.Hecrraorp fl, Ha 6olrruofi o6terra r4 BbrcoKllfi yponenb 3KcrlepvMeHra, n pa6ore He rlpeA-

craBJreHbr pe3yJrbrarbr MeranJrorpa$uvecKl{x HccneAoBalrtuito vro IIo3BoJITIJIo 6n nusyalr-

Ho orcneArrrb Kr.rHeruKy rrporeKaroulr4x B cJlo{x 3oHbI o6pa6orrll crpyKTypHbIX LIJII{ HHrIX

npeBp alqeuufi [pI{ B o3A eitcrsvr4 na3 epHoro }I3JrfIeHI4r.

2. s anrope$epare cneAoBiuro 6u o6ocnosatr nrr6op ctoco6a yrporrH{rou1efi nasepnoft

o6pa6orrr4 noJrfreHHbrx uorprrrnfi. Brr6panH€ul aBTopoM Jla3epHafl. rloBepxHoctra-fl o6-

pa$oma r{3Jrf{eHueM r{MnyJrbcHo-[epl{oAllqecKoro pexl{Ma reHeparJtru {Bnsercf, HLI3KO-

npor{3BoAr4TeJrbHbrM rE uanoeQ$ercrnnnrtM rlpoqeccoM An.f, BHeApeHLIx B MaccoBoe I{H-

crpyMeHTaJrbHoe [por{3BoAcrBo. Ycnerunofi z conpeuennofi arlbrepHarunofi efr uoxer

crarb Jra3epHa;r o6pa6orxa r{3ny{eHr.reM HenpepblBHoro pexlaMa reHepallura, o6ecneuu-

Baroular Bce [per4MyrrlecrBa nuBepHoro eosAeficrBur [pLI 3Harlurelrnofi 6onrruefi cKopo-

crlr cKaHlrpoBaHrlr o 6pa6 amreaeruofi noBepxHo crl{ I{croqHHKoM gHeprI{I4.

3. npe.unoxeHHyro MoAenb renrosofi 3a1a'lrlr Ar.l roqeqHoro IiIcroqHLIKa ueo6xo4lEuo 6u-

Jro 3arrr4carb B npnH.fiTyro n renlo$Lr3r,rKe 3alrucb c peanbHblMu rpaHLIrIHbIMrI ycJIoBlItMI4

rr rroK€Barb, B KaKLIX rpeAeJlax 6parr LlHrefp€ulJq(x)dx.

OAHaro orMer{eHHbre 3aMerranvrfl 6erycroeHo, He cHu}Kalor IIeHHocrI4 AanHofi 6onr-

ruofi uo o6terray HayqHo-vccJleAoBarelrcxofi pa6orrr.

Cvrataro, rrro oHa coorBercrByer rpe6onaHr4flM, npeAbtBnteMblM K KaHALIAaTcKIIM

AlrcceprarlurM, n Cnson C.B. sacnyxuBaer upncyx<4entrfl, eMy yqeHoft crenenvr Kar^I.uAa-



Ta rexHr4lrecKrax HayK rro cleq[aJrbHocrlr 05,02.07 - "TexuoJlorlirl u o6opyaoBaHlle Me-

xaHr4rrecKoir u Susnro-rexHr,rarecKofi o6pa6orKl,I". ColepNauue pa6orbl coorBercrByer

rpe6onaHustnrn9 <dloloxeHne o rropflAKe rrpracyrKAenufl. freHbIX creneneft>>.

OrsHn noArrr{caH : PrrxrIaH Anarorurfi Au4peenrav

- .{oxrop rexHuqecKl{x HayK, npoQeccop raQeApbl (
crpyMeHTu>,{oncxofi rocy4apcrnennrrfi TexHurlecrufi yuunepcllrer

- A4pec: 34401,0, Poccnficxar @e4eparrrrfl, Pocton-na-Aony, nl. farapurta, I

- 3nerrpoHHarl rlorlra: spu-55. 1.Q),donstu.ru

floAnucr Prrxruna A.A. yAocro

YqeHrrfi ceKperapr Yqenoro

05.12.2019 r.

B.H. AnucrrMoB
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