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onrroHeHTa Ha Ar.rcceprarlurc cugosa ceprer BalepreBzrra
<<flosbllrreHl4e pa6otocnoco6Hocrl4 TBepAoc[JraBHofo pe]Kyrrlero HHcrpyMeHTa
[yreM I4M[yJlbcuofi lasepuofi o6pa6orKl4 MHoroclofiuoro rroKpbrrkr1>>)

npeAcraBJreHHyro Ha coracKaHrae yqesofi CTeIIeHH KaHAHAATa TeXHI4qeCKLIx HayK IIO

creIIH€uIbHocrI{ 05.02.07 - <<TexHoJlorufl,u o6opygoBaHrle MexaHr{.recrofi u Qnararo-
rexHurrecrcofi o6pa6orKrD)

.{uccepralllloHHoe I{ccneAoBaHne Cnsosa Ceprea BanepreBzqa rocBflrrleHo
pelrreHllro aKTyzulruofi upo6neMhl [oBbIIrreHI4fl I{3Hococrofircocrr4 MeraJrJropex(yilIero
IaHcrpyMeHTa Ha ocHoBe yrporrHruoqefi uMnyJrbcnofi lasepuofi o6pa6orKu
MHorocnofinrrx uoxpurufi cJlolxHoro cocraBa, Ha[paereHHofi Ha lao4ra$LrKarlr4ro

$usuro-MexaHl4rrecKl,Ix cgoficte caMoro [oKpbITIar u rloBbrrrreHrre [porrHo cru
aAre3I{oHHbIx csssefi [oKpbIT ufl, c l4HcrpyMeHTzrJnuofi ocsosofi .

Crpyrcrypa H o6rem Ancceprarlur
,,{ncceprarlns, cocrolaT r4g BBeAeHrafl, ilflTla rJraB H 3aKrroq envffi, cilzcKa

Jlllreparypbl I43 I82 Hal{MeHonauufi, npr{JroxeHufi (10 crpaHuq), 43 pvtcyuxon, 34

ta6rurq. O6qufi o6rerra pa6orbr cocraBJrfler 156 crpaHr4rl.

Bo BBeAeHHTI rpeAcraBJleHa o6rqas xapaKTeprrcrnKa pa6omr, o6ocHoBaHa

aKTyEulbHocrb pa6orrr, orpeAeJIeHbI IIeJIb 14 3apraqvr :rrcclreAoBaHlrr, c$opMyJrr{poBaHa

Ha)^IHaf, HOBLI3Ha.

B uepnofi rJraBe rpoBeAeH anaJru3 cocrorHnfl, Bonpoca rro o6sopy
paccMoTpeHbr HarrpaBJreHzr rroBbrrrrelIvrflnr.rreparypbr, B KoropoM no4po6Ho

pa6orocnoco6Hocrrl pexylqero HHcrpyMeHTa c rr3Hococrofirzu roKpbrrueM,
pazpa6omofi o6opy4oBaHtrfl, HoBhrx cocraBoB u KoHcrpyrqufi

TOM rruCne C HaHOKpt4CT€urJIUqeCKOr{ CTpyKTypOU, a raK)r(e froKa3aHa

aKTy€IJIbHocrb rlpl,IMeHelaufl. y[porrHxrcrqefi o6pa6orKr{ c rpLrMeHeHZeM uMrrylrcuofi

cBr3aHHbre c
noxprrrufi, B

lasepHofi o6pa6orKl4. Kporvre roro, orMeqeHhr HepeneHHbre Borrpocbr,



o6ycnoBJIeHHhIe orcyrcrBr.reM MareMaruqecKr,rx uoAelefi 11rrfl oIIpeAeJreHHrr
rexHoJlorl{rlecKnx [apaMerpoB I,IMrIyJIbcHofi Jra3epHofi o6pa6orxu rBepAocrrJraBHoro
pe)Kylrlero I4HcrpyMeHTa c Muorocrofiurru rroKpbrrr4eM, 3aKoHoMepHocrefi,
cBfl3bIBaIoIIIHX TeXHoJIorLIqecKHx IIapaMeTpbI llMnynbcuofi lasepuoft o6pa6oTKr4 c
MexaHLIqecKI'IMI4 ceoficrBaMkl MHoroclofiHux norprrrzfi, uHTeHcraBHocrbro Hx
I{3HaIuuBaIJHfl' H MexaHLI3MoM H3MeHeHuA csoficre MfI [ocJre rrMrryJrbcsofi laaepuofi
o6pa6orKl4. fIponegeHHEUI oIIeHKa cocrofl:anr, Borrpoca ro3BoJrr4ila csopnayJrr.rpoBarb
IIeiIb pa6oru u 3anaql{, pe[reHl4e Koropblx o6ecnerrr4Baror ee Aocrr4xeHr{e:

- pa3pa6ora$ MareMaruqecKylo MoAeJIb rerrJroBoro cocror Hvrfl. KoM[o3 :nrrzrpr
(MII-HO> npu nos4eficrBur sa se€ I4JIO;

- BbITIOJIHI'ITb tIHcJIeHHoe MoAeJILIpoBaHrre Bo3Ae itcrr;ufl, I4JIO Ha KoMno3r{rlruo
(M[I-I4O), Ha ocHoBe Koroporo orpeAeJII4Tb rexHoJrofnqecKr4e rrapaMerpbr VIJIO;

- pa3pa6orarr KoHcrpyKIII{u M|I 14 rexHoJroruu r4x HaHeceHufl;
- LIccJIeAoBaTb TeIIJIoBoe H HanptxeHHoe cocTotHlde KoMtlo3vrr1krpr (MII-ZO>> c

IIeJIbIo ycraHoBJIeHI4s 3aKoHoMepHocrefi sosAeficrBr{r VIJIO Ha crpyKrypHbre
lapaMerpbr r4 MexaHr,rqecKue ceoficrBa MfI;

- rlccJle4oBarb KoHTaKTHhIe, Te[JroBbre [poqecchr u vrsnarrrrrBaHue PVI c MfI
IIocJle VIJIO c IIeJIbIo BrISBJIeHHA Ltx B3aHMocBfl3LI c MexaHHqecKHMt4 ceoficrBaMu H
crpyKrypHbrMlr rapaMerpaMu MII;

- SKCIIepr,rMeHTEurbHo IIoATBepAr,rTb BbICOKyTO pa6orocnoco6Hocrb
rBepAocrrJraBHoro PI4 c paspa6oraHHbrnau MfI rocJre I4JTO;

- Aarb oIIeHKy e$QerudBHocrl{ rBepAocrrJraBHoro PVI c paspa6oraHHbrrvrn MfI
B ycJroBuflx Aeft crsyrculero npou3BoAcrBa.

Bo nropofi rJraBe paccMorpeHhr MeroAr{Ka gKcrrepuMeHT€urbHbrx

plccJleAoeaHzfi, orrucaHo o6opy4oBaHr{e, trpzMeHreMoe Anfl HaHece:a:afl,

Il3Hococrofirux uoxpurufi n rasepnofi o6pa6orKr{, [pr.rBeAeHbr xt4Mt4rrecKlre

cocraBbl H $usuro-MexaHuqecKrde csoficrsa uHcrpyMeHT€rJrbHbrx H

o6pa6arblBaeMblx MarepI,I€uIoB, HcrroJrb3yeMbrx rlpu [poBeAeHvrvt rrccJreAoeaHufi.

Onucasrt MeroArrKI,I HccneAoBaHufl. rrapaMerpoB crpyKTypbr, ronyqeHHbrx

H3Hococrofi rux [oKp l";truit, ux Susr.rKo-MexaHr4rre cKux ceofi crn, pa6orocloc o6uo cru
pe)Kyrrlero LrHcTpyMeHTa

uccJreAoeaHufi.

v o6pa6orKu pe3ynbraroB oKclepkrMeHTzlrrbHbrx

B rperuefi rJraBe rrpeAcraBJreHbr pe3yirbrarhr pazpa6orKrr MareMaruqecrofi
trI4cIeHHOrO MOAenHpOBaHr4r BO3Aer{CTBI1Ifl LrMlyJrbCHOr4 Jra3epHor4

Ha KoMrro3lrrlurc (MHorocrofiuoe noKpbrrue-uHcrpyMeHTzLrrbHat

OCHOBa>, qTO nO3BOJILIJIO OIIeHHTb TenJIOBOe COCTO'HHe, V BbIflBlITb B3aI4MOCBfl3b

xapaKTepucruK aMrrynbcnofi lasepnofi o6pa6orKn c rrapaMerpaMr{ crpyKrypbr u
MexaHr4rrecKr,rMu csoficrBaMu rroBepxHocrHoro cJror KoMno3krrrr4n. llpu groM

MOAenr{ u

o6pa6orKr4

H3MeHeHlre renno$u3r,rqecKrrx cnoficrs crods rroKpbrrufl, Brrvrfler Ha paclpeAeJreHue



TeMneparyp B KOM[IO3I'IIII{I{. Orueqaerc.s, qro BlrvlflHkre rerrJroQnsuvecKux ceoficrs
KaxAofo cJIofl Ha paclpeAeneHlle TeMIIepaTyp cHHXaeTCfl c yBeJrr4qeHr4eM

KoJII{qecrBa cJIoeB, qro AeJIaer Bo3MoxHbIM ynpaBneH}re reMneparypHbrM rroneM B
o6reue scefi KoMrlo3urluu. BussreHa 3aBucuMocrb Kpurr{rrecrofi rrJrorHo cru
MoIrIHocrlI VIJIO Anfl KoMrlo3u:!*ztu ((MHoroclofiuoe rroKpbrrue-uHcrpyMeHT€rJrbHat
ocHoBD) or renlo$l{3nqecKrrx csoficrB ocHoBbr r{ uoxprrrufi.

OtMe'Iaercf, xoporuat coruracoBaHHocrb AaHHhrx, [oryrreHHblx
aH€uII{TI'IqecKpIM pelrreHl4eM rro paspa6oranHofi MareMarz.recrofi MoAenra vr
TII4OJIOHHbIM MoAeJII{poBaHI{ena. 3ro rIo3BoJIIdno o[peAeJrl{Tb 3HaqeH Hfl, r<p4ru.recxofi
lJlorHocrl{ MOIIIHOoTL{ n€tsepHoro r43nfreHnfl,, o6ecuerrr4Barcrque seo6xoAprMbre
MexaHLIqecKI{e csoficrea [oBepxHocrHoro cJIofl TBepAocurasuofi ocHoBbr vt

KoMrlo3u\uit c oAHoclofiurtMu pr MHoroclofiurtMl{ rroKpbrruflM4. floxasaHo, rrro B

KarlecrBe Kplarepnfl nrt6opa KpnTllqecrofi rIJIorHocrIr MorrlHocru r.r3nyqeHvrflcJreAyer
lpHHHMarb rpurepnfi, yqurblBaroqnfi BerLtrrllHy Harlpf,x eruui1 Bo3HrrKaroqux Ha
rpaHI4IIe rIoKphITHt c HHcrpyMeHT€rrrrnoft ocuonofi, KaK 6olee o6rerrgBHo
xapaKTepl'I3yloqero BlrvlfllrvIe HMrIyJIbcHofi larepnofi o6pa6orKg Ha KoMrro3r.rrlgro
(MHOTOCIOfi UOe rroKpbrrlre-HHcrpyMeHTarrbH as ocHoBD).

B qerseprofi rJraBe nu6paHbl rir o6ocuoBaHhr cocraBhr cnoeB MHorocroftHux
noxpurufi. PaccuorpeHbl TexHoJroruqecKue oco6euHocrpr ocaxAennfl, uorpurufi B

3aBI{CLIMOOTI{ 'oT KOMtIoHOeO.IHofi cXeMbI ycTaHoBKI4 <<Bylar>> H pa3nr4rrHbre

KoHcrpyKIII'Iu KaroAoB (pas4enbHblx u cocraBHux) u rroKa3aHo HX Brrvrfl:elvre Ha

I43MeHeHI,te [apaMerpoB crpyKTyphl vI MexaHrrqecKrrx csoficrs MHorocnofiHrrx
uorpurufi c ucrloJlb3oBaHueM B $ynrcqraoH€rJrbHbrx cJrorx peAKo3eMeJrbHbrx

oJIeMeHroB TiZrN, TiZrAlN u TiZrMAlN.
flpune4eHbl pe3yJlbrarbl r{ccJreAoriauuir H rroK€rraHo Brrufl:nvre r4Mrrynbcuofi

nasepnofi o6pa6orKrl Ha crpyKTypHbre rapaMerpbr, MexaHnqecKpre csoficrna
oAHocnofi uux I{ MHorocrofi HrIX rroKp struit }r rrHTeHcr4BHo crb H3Hoca.

OrN{e.raerct, rrro npuMeHeHrre r{Mrrynbcsofi Jra3epHofi o6pa6orru rro3BoJrfler

yMeHbIrrHTb vHTeHcHBHOCTb H3HOCa pe)Kyrrlefo LrHCTpyMeHTa c MHofoclofiurruu
noKpblrvIsv.vl Ha 16-23 % B 3aBv,cvrMocru or KoHcrpyKrIHu norcpurufi u yclonnfi
ToqeHI4t 3aroroBoK H3 xpoMoMapraHrloBoHuKeresofi craJrv 38XfH H

xpoMoHr{KeJre Bofi crzul kr ay cr eHr,rrHoro KJracca I 2)(1 8H 1 0T.

B nsrofi ruraBe rlpeAcraBJreHhr peyJrbrarbr HccJreAoeaHzfi KoHTaKTHhrx

xapaKTepHcTI{K rlpoqecca pe3aHilfl,, TerrJroBoro v Ha[prxeHHoro cocro.flIdufl,

pe)Kylrlero KJIHHa, [epuoAa croftxocrvr rBep4ocrrnaBHofo PVI c MfI, ilporreArrrnx
HM[ynbcuofi rasepuofi o6pa6orKLt, orrbrrHo-npoMbrruJreHHbrx Hcfrbrra:auit, u
TexHlIKo-gKoHoMI4qecKoro o6ocuoBaHus, rpr4MeneHufl, PV c Mn rocne VI[O. B
I{ccneAoBaHlaf,x npr{MeHnrrr rrrracruHbr MK8 c TiN-TiZrNTiZrAlN, TiN-TiZrN-
TiZrNbAlN (n cpanHeHvu c rroKpbrrr.reM TiN) Ao rr rocrre I4JIO.



florcasano, rITo rIpI,rMeHeHI4e I4MIIynbcHofi lasepuofi o6pa6orKrr r43MeHfler
KOHTaKTHbIe XapaKTepLIcTHKI{ TBepAOCrrJraBHbrx rrJracTuH c MHOrOClOfiHrrrrau
rroKphITVIfliMH,' yMeHbIIraeT rronHyrc AJrr4Hy KOHTaKTa CTpy)rffir4 c nepe4Hefi
roBepxHocrblo, roeQ$uql{eHT yKopoqeHl4rl crpyxffiI,I, cocraBJrrroque cr41rbr pe3aHvrfl.)
a raKx(e cHl4xaer reMreparypy Ha rlepeAHeit u Ha 3aAHefi uonepxHocrf,x pexyqero
KJIHHa. 3ro rlo3BoJlfler rIoBbIcHTb rIepHoA crofircocrLt rBepAocrrJraBHbrx rrJracrr4H
MK8 c MHoroclofiHunau roKpblruflMu B I,48-I,7 pa3a B 3aBr{cuMocrr{ or r{x
KoHcrpyKIIHH, a uo cpaBHeHIaIo c roKpbrrr{eM TiN - y 2,7-4,2 pa3a.Hau6olruprfi
repl{oA crofirocrH rlMercr nJIacrrIHbI MK8 c MHoroclofiHunau rroKphrruflMvr TiN-
TiZrN-TiNbAlN. Han6onbruee rIoBbIIrIeHI{e nepr{oAa crofixocru pexryqero
I4HcrpyMeHTa plMeer Mecro rlpu o6pa6orKe 3aroroBoK rr3 cr€uru 38XfH, necroJrbKo
MeHbruee - u3 cr€rrru I2XI8HI0T.

SSQerrrIBHocrb I{MrIyJIbcHofi lasepnofi o6pa6orKu TBepAocrJraBHbrx rrJracrprH
MK8 c MHoroclofinsruu rIoKphITuflMvI rIoATBeplKAeHa orrhrrHo-[poMbrrrrJreHHbrMr,r
I4ctlblraHuflMu B ycJloBuflx AO (yKElI> u OOO (yA3>. KpoMe roro, rrpoBeAeHHbre

TexHrIKo-SKoHoMI4rrecKI{e pacrlerbl [oKa3alr]r cHr{xeHue ce6ecroprMocru oneparlr4r4
ToqeHI4t 3a c'rer coKpalq euufl, pacxoAoB Ha pexyqufi LtHcrpyMeHT vr ronyqeHue
o)Kl4AaeMofo gKoHoMl,IqecKoro eQQeKTa rrpu MexaHr{.recxofi o6pa6orKe 3aroroBoK H3

KoHcrpyKIIlIoHHbIX nerupoBaHHbrx cralefi ao 66300 py6neit sa oArrH craHoK.

,{ucceprallut rpaMorHo oQoprraJleHa, Harrr4caHa xopour{M u rroHsrHbrM Antl
Ceprefi BanepreBuq rpoAeMoHcrpupoBaJr

paccMarpzsaeN,rofi TeMarrrKe.

Mepe u aAeKBaTHO OTpaX(aeT

AnropeSepar,

q[Tarerr s3brKoM, e€ aBTop Cugos

xopouee 3HaHHe Jrprreparypbr rro

H3Jro)KeuHufi Ha 18 crp., B uolnofi
p e3yJr bTarbr Ara c c epT arlldu.

coAepxaHhe u

ArcryaJr bHocrb rrccJreAoBaH lrfl
ConpenaeHHoe rIpoH3BoAcrBo xapaKTepr.r3yercfl rxr4poKr{M rrpr,rMeHeHrreM

Jlen{poBaHHhtx cralefi u cnJraBoB, a raKxe Apyrux Marepu€rJroB c BbrcoKuMr{

IIporIHocTHbIMrI xapaKTepr4cTrrKaMH. lloerrureHrrre I43HOCOCTOT4KOCTH

Mer€IrlJlopexyulero uHcrpyMeHTa sBJrrercfl aKTy[unHofi zap;aqefi Ha Bcex gTalax

pasBurkrfl MaruvHocrpoennfl,. OAnuu uz HanpaBtesuit rroBbrrrreHvrs. HaAexmocru

LtHcrpyMeHTa sBJlsercfl rroBbrrueHpre ero crofircocrn npu ressufinofi o6pa6orKe, B

qacrHocrl,I 3a cqer co3AaHnfl, vHcrpyMeHTa c rrao4u$HrllrpoBausofi pa6ouefi qacruo.

IrlssecrHo MHoro TexHoJrorr4qecKnx cuoco6on H rrpr{eMoB, [pprBoAflrrlux K

TIoBrIIIIeHLIIO U3HOCOCIOfiTOCTH LlHCTpyMeHTa, B TOM rIr4CJre U rOU6UUr4pOBaHHbre,

coqeraroql4e HaHecenvlfl u3Hococrofixux uorpurufi c [ocneAyroqraM Jra3epHbrM

nos4eficrBrreM Ha noBepxHocrb r4HcrpyMeHTa. O4uaro Aer€rJrbHoe r{ccneAoBaHze

cuoco6oe $opuupoBanufl, H nao4uQuKarruu MHorocrofiHrrx uoxpurufi cJro)KHoro



cocraBa c BhlcoKofi aAre3l4efi r zucrpyMeHT€ulbHofi ocnoBe, $uszro-MexaHr4rrecKr.{x
csoficrn raKl{x uorpurufi H vrx LI3HaIuI4BaHue BcerAa .flBJrtloTcfl aKTyiIJrbHbIMI4 H
Bbr3brBaroT r.rHTepec B HayqHou coo6ulecTBe.

B cessu c grLIM rrpeAcraBJltlorct aKTy€IJIbHhIMH r{ccJle AoBarrvrg, BhrfroJlHeHHbre B

Al{cceprallrloHsofi pa6ore CHgoeHN,I C.B., HarlpaBJreHHbre Ha [oBbrrrreHpre
pa6orocuoco6Hocrll TBepAocrlnaBHoro pelryrlero HHcrpyMeHTa rryreM nMrryJ6cnofi
Jra3epHofi o6pa6orrcu MHoroclofi uoro noKp brr]grs,.

OIIeHrca HoBIr3HbI rlccJreAoBaHrrfl rr noJryqenHbrx p*yJrbraroB
Ha sal4vrry BhlHoctrcf, cJleAyloque HafrHbre [oJro]KeH]rf, pa6orrr , cBs3aHHbre

c rIoBbIrrIeHI{eM pa6orocnoco6Hocrrr rBepAocrIJIaBHoro uHcrpyMeHTa rryreM
llMrlyJlbcsofi lasepnofi o6pa6orKla MHorocrofisoro rroKpbrrur, o6ocHoBaHHbre u
peIrIeHHbIe B 

,Allccepralll4oHuofi 
pa6ore coHcKareJIeM, orrpeAensrculr{e HoBrd3Hy

perrreHHbrx B Hefi 3aAaq:

1. MateMarplrlecK€ul MoAeJrb nos4eficrBufl,VIJIo Ha KoMno3urlr4ro <M[I-VIO>>.
2. Pesynrrarbl tIHcJIeHHoro Mo.qeJrupoBaHr.rs nos4efi crBufl, VIIIO Ha

KoMno3r{rlr{ro (M[I-I4O) .

3. BsaLINdo cBfl3kr rexHoJrorurrecKprx [apaMerpoB VIIIO c rapaMe rpaMar
crpyKTypbl H MexaHuqecKuMH cnoftcrBaMrl MfI u uHTeHcr{BHocrbro us:era:ruvrBanvrfl,

rBepAocrrJraBHoro PI4.

4. MarcN{arl4qecxue I\dogeJrz nepuo.{a crofirocrr4 reep,qocnragHoro PI4 c MfI,
roABeprHyroro I,IJIO.

5. Hoeble cnoco6rt ronfrennfl MfI, BKnroqarorrlne s ce6fl, HaHeceHpre MfI ur

rrocrreAyroqyo VIJIO.

flo raxAoMy Irc HafrHbIX rloJlox(ettwtrt, BhrHocuMbrx Ha 3arqnTy, courcKareJreM B

AocraroqHoM o6reue BbrrroJrHeHbl r4ccJreAoBaHl{rr c [pr,rMeHeHlreM HafrHhrx
rloJlox(ertuit H MeroAoB Teopr{r{ pe3amvfl, MerarrJroB, Hosefiuux MeroAoB

peHTreHocTpyKTypHoro aHalrvr3a, C HCIOJIb3OBAHIIEM BbICOKOTCXHOJIO|IIIIHbD(

rpoqeccoB BaKyyMHo-AyroBoro HaHecemvrfl, uoxpurufi. 3ro rro3BoJrrilo parpa6orarb

rrpr{MeHr{TeJrbHo K TBepAocrrJraBHoMy r.rHcrpyN[eHTy xona6uur4poBaHuufi cnoco6

Ha ero rloBepxHocrpr MHorocrofiurrx uo4purufi, BKrroqaroqnfiSopnaupoBaHHrr

HaHeceHr4e uorcpurufi vt rocJreAyroqyro ax rrMrrynbcrryro n€BepHyro o6pa6orxy
flpone4eHHble I{ccneAoBaHvrfl. nx ceoficrB A€urrr HoBhre AaHHbre o Brrurrnuvr raMrrynbcHofi

na3epHoit o6pa6orru Ha KoHTarcrHhre [poqeccbr, TeruroBoe H Harrprx(essofi cocrorHkre

pexcyqefo KJIHHa I4HcTpyr![eHTa c MHorocJrolrHbrM noKpbrTneM.

HosHsHa rloJlfreHHhrx p$ynbraroB rroATBepx(Aaercr raKxe [onyqeHHbrMu

col4cKareneM [areHTaMH Ha uso6pereHne.

VIs cKa3aHHoro cneAyer, rrro ArdccepraurroHnas, pa6ora Czsosa C.B.



rIoJIHocrbIo orBeqaer rpe6on aflvIflv^) orHoctlrluxcf, K HoBr{3He r4ccJreAosaHrafi H
HarrHhrx pe3yJrbTaro B.

Oqenrca o6ocnoBaHuocrlr u AocroBepHocrrr HayqHbrx [oJror1eHufi,
BbrBoAoB rr 3ar&rrcueHufi, cQopuyJrHpoBaHHbrx B AHcceprarluu

Bce HIaBbI coAepxar BbIBoAbI, o6o6qarcque pe3yJrbrarbr o npoBeAeHHbrx
r{ccJreAoBaHHflX.

B saKnIoqeHHII [peAcraBJIeHu o6o6qarcque BbrBoAbr no BceM BbrrroJrHeHHbrM
I4ccJIeAoBaHI{tM, Koropble rIoK€BbIBaror BbrcoKyro eQ$errr.rBHocrb [pr{MeH e]g.Iufl

IrMrryJrbcuofi nasepHofi o6pa6orKr4 AIrfl roBhrru e]H:grfr pa6orocuoco6Hocru
I'IHcrpyMeHTa I{3 rnep4oro cnJIaBa. Pelynbrarhr Ar.rcceprarlrroHHoro }rccJreAoBaHrrt
pacKpblBalor Bo3Mox(HocrLI co3AaHrrf, TexHoJroruqecKoro o6ecneqeHuq
lpol'I3BOACTBa BbICOKOKaTIeCTBeHHbIM TBepAOCnJraBHbrM pexyr{urr,r r{HcTpyMeHTOM C

MHoroclofiHrtuu ll3Hococrofircuuz rloKpblTvlflvrvr, o6ecnequB€uoq,rM rroBbrrrreHr{e

e Q S erctl4BHocru MexaHl4qec Kofi o6pa6orru BbrcoKoJrerupo BaHHbrx cralefi .

,{ocronepHocrb p$yJlbraroB r{ccneAosanufi o6ecnerreHa rrprrMeHeHr4eM

HaAexHoro o6opy4oBaHufl, aupo6upoBaHHbrx MeTOATTK HCCneAOBAI;II'akT,

coHIacoBaHLIeM p$yJIbTaTOB C [pOBeAeHHbrMz p$yJrbTaTaM vr uccre4onauufi .

Bce BbIBoAbI u peKoMeHAarlrru rroATBeplKAarcTcfl ra6oparopHhrMr4
HccneAoBaHI,ItMH, BbIIOJIH€HHIIMI{ c npHMeHeHVeM arrecroBaHHhrx upu6opon H

cpeAcrB LBMepHTeJrbHofi rexu vKu.

ff parcrnqecKafl rleHHocrb Ancceprarlrn
flparrzqecKyro rleHHocrb rrMeror:

- peKoMeHAaIIIlH rlo pacqery rr Ha3HaqeHprro pex(HMoB trMrryJrbcHofi nasepuofi
o6pa6orKr4, o6ecueqr4BaroruHX MaKCrrManbHyro pa6orocnoco6Hocrb
TBepAO CrrJr aB H O rO pe)Kyr{e ro r,rH cTpyMe HTa ;

HoBbIe KoHcrpyKIIIlH MHorocrofiurrx uorpurufi, HoBLr3Ha Korophrx

rroATBep)KAeHa rraTeHTaMr.r ua ugo 6p eTeHr{s ;

- TexHoJI OrU I{ HaH e C eIIIdfl, MH O rO CJI OHHbTX rro Kp brTI'IVr.

OnrttHo-rIpoMbIIuJIeHHbIe ucrrblTaHvrfls BbrrroJrHeHHbre B [pora3BoAcrBeHHbrx

ycrloBldnx 3aBoAoB AO (yKEnD (r. YmsHoncr) H OOO (yA3> (r. Ylrguoncr),
TIoATBepAI{BruIre BbIcoKyIo pa6orocnoco6Hocrb rBepAocrrJraBHoro pex(yqero
IaHcrpyMeHTa c pa3pa6orauHbrMr.r MHorocrofisrrMr.r noKpbrrr4rMr.r rrocJre r4Mrrynrcuofi

lasepHofi o6pa6orKu. TexHororurrecKpre peKoMelaplarluu no HaHeceHprro

MHorocrofinux uorpurufi c rocJreAyroqefi HMrryJrbcsofi na:epnofi o6pa6orKr4

repeAaHu AO (yKElI> AJrfl r4crroJrb3oBaHufl B npou3BoAcrBeHHbrx ycJroBuflx.



Pesynrrarbr LrccJreAoeanr.rfi BKrrorreHbr B y.re6nuft npoqecc noAroroBKkr
MarI{cTpoB no HarIpaBJIeHI4Io 15.04.05 KoncrpyKTopcKo-rexHoJrornqecKoe
o 6 ecneq eHue MarlrlrHo crp oraTeJr bHhIX np ou3 B oA crB.

3apreqaHrrfl rro Aucceprarl Lrrr3

1. Ha crp. 44 npuBeAenbl erarbl TexHoJIorHqecKIdx repexoAoB QopuupoBaHrrrt
MHoroclofinoro [oKpbITlIt, BKJIToTIEuI rrpoqecc ocaxAe:nufl. kr3Hococrofircoro
floKpblTlrf,. flpnnegeHbl 3HarleHur rexHoJIorHqecKHX napaMerpoB AaBJreHkg u
reMneparypbl ocaxAeHns. OAsaro orcyrcrBylor rloKa3arelrv\ xapaKTepr,r3yrorlr4e
cKopocrb ocax4elJvlfll TaKpIe KaK BpeMf, ocaxAelJ.ufl. r.r cKopocrb BparrleHgr o6pasqon,
KOTOpbIe' KaK I',I3BOCTHO, OK€BbIBarOT BIIHflH:ae Ha xapaKTepLrcTI4Kr,I MHO1.OClOfigux
uoxpurufi.

2. flpu 'uccJIeAoBaHHI{ Bnrr4flHvIfl gJreMeHToB pe}Kr,rMa pe3aHr.rfl Ha rrepproA
crofirocrpl pelKylrlero HHcrpyMeHTa c floKpbrr[eM coucKareJrb racrroJrb3oB€rJrr4 MeroA
IIJIaHI'IpoBaHHs tIoJIHoro $axropHoro oKcrrepuMeHra (ulanupoBaHrae 22) (cx,r.. crp. 51).
OAsaro Ha crp. 49 cK€BaHo, trro ((gJIeMeHTbr pelKHMa pe3aHnfl, Ha3Haq aJru u3
crpaBo'IHofi Jll,Ireparypbl [149]>. He rcHo, KaK Moryr 6srrr cBr3aHbr Me)K4y co6ofi
3TI{ IOAXOArT Ang H€BHarIenurfl, pexI,IMoB peeanus,?

3. B Bhlpax(eHue AJIx rIJIorHo cru MorrlHocrrr LrM[yJrbcHoro n€tsepHoro
pl3nyqennfl., orpeAeJlteMoro r43 Bbrpax(eHufl, (2.I), BBeAeHsl E - 3Heprvrfl. r4Mrrynbca,

Sn - rlnolllaAb rIf,THa QorycupoBaHl4fl, Tv- Anr4TeJrbHocrb r4MrryJrbca, dn - AnaMerp
ntrHa SorycnpoBaHl{t. OAnaxo B TexHrarrecK}rx xapaKTepncrraKax nasepnofi
rexHoJloruqecrcofi ycraHoBKll KBAHT- 15 r{Meerc fl, rrapaMerp (qacrora rroBTopeHufl

I4MrryJrbcoB Lr3ryqeHlrr>. IrIs rcrccra Aucceprarlr4vr He rcHo, yrrHTbrBalr [ru cotrcKareJrb

Aassufi uapaMerp I{ KaK oH Mo)Ker BJrHflTb Ha Kaqecrno IIJIO?
4. Ipe4larar KoHcrpyKIIktH MHoroclofisux uoxpurrafi, covcKareJrb

o6ocuoBblBaer nu6op cocraBa orAenbHhrx QynrquoH€rJrbHbrx cJroeB MHoroclofiHbrx
norpurufi. B ro)Ke BpeMfl He o6rscu.fler vr3 KaKHX coo6paxeuufi nrr6paHo

KOIUqeCTBO CJIOeB B AaHHbIX ITOKpbITI{'X.

5. Vlcctegyn IitHTeHcIlBHocrb u3lnaluruBanufl vr repr{oA crofixocru
TBepAoclJIaBHoro L{HcrpyMeHTa c MHorocrofiHrrnaz rroKpbrrnflllavl- rroABeprHyrbrx
I'IMnyJlbcsofi lasepuofi o6pa6orKe, coucKareJlb ofpaHr{rrurcfl, ToJrbKo oqeurofi
BeJII{trI,IHbI l43Hoca rro saAHefi noBepxHocrrr. flpu groM He paccMorpeH rarofi
BDKHbIfi noupoc KaK BIruflHLre VIJTO Ha xapaKrep pa3pyureHus. roKphrruft paztpr.rHofi

KoHcrpyKIIHH. ,{ucceprarlnoHHafl, pa6ora or groro cyqecrBeHHo 6u BbrurpaJra.

6. Baxuoe 3Harlenrre nMeror Borrpocbr Blrufllalas, norpurzfi Ha rorrHocrb
o6pa6oraHHbrx rroBepxsocrefi rd KaqecrBo o6pa6oraHuofi rroBepxHocrr4. OAuaro eru
Borpocbr B pa6ore He paccMorpeHbr.



7. CoucKareJreM ue o6ocHoBaH nu6op pexr,rMoB pe3anufl, npr4 r,rccJreA oBa:rau
TBepAOC[JraBHOfO r,rHcrpyMeHTa C MHOrOClOfisuuu

cJIo)KHoro cocraBa, HarlpasreHHofi Ha nao4rn$HKarlrrrc Sueuro-MexaHgrrecKux
cnoficrn caMoro noKpblTufl kr rloBblrueHLre nporrHocrtr aAre3raoHHbrx cssgefi
noKpbrrufl, c HHcrpyMeHT€Lrrrsofi ocnosofi .

Tenaa, IIeJIb, ga4aLru n coAepxanue Ar,rccepraL\uu coorBercrByer 3arBJreHnofi
cneqnaJlbHocrl.I 05.02.07 - TexHoJIorI4s u o6opyAoBaHlre MexaHurrecrcofi u Qusurco-
TexHr,rqecrofi o6pa6orKrr.

flonyreHHble B Alaccepralluonuofi pa6ore pe3ynbrarhr AocroBepHbr, BbrBoAbr r4

3aKrroq enufl, AocrarorlHo o6ocHoBaHbr.

Pa6ora HarlucaHa AoxoAtrrdBo, lpaMorHo Lr aKKyparHo, oQoprraJreHa [paBr4nbHo,

fl3blK vt crHJIb I,I3JIoxeHHfl, qerKue H rroHflTHbre. AnropeSepar Alrcceprarrnr
AocrarorrHo tIoJIHo pacKphlBaer coAep)Kanue pa6orrr, ed ocHoBHbre HayqHhre

IOJIO}KCHVIfl,.

.{rncceprarlufl, uMeer rrpaKTrrrrecKyro rleHHocrb. TaK

rIoJIfreHHbIe cor{cKareJreM, o6ecneqldBaror rroBbrrrreHrae

TBepAOCrrJraBHOrO r4HCTpyMeHTa.

pa6orocnoco6Hocrr{

Creneur anpo6agu rrlcceprarluoHnofi pa6our AocrarorrHa. OcHosHHe

pe3ynbrarbr pa6oru AoJrolreHbr Ha 12 pecuy6JrlrKaHcKkrx H Me)KAyHapoAHbrx

HafrHo-TexHkIqecKux xon$epeHrlrrf,x. flo Marepr4arraM Ar4 ccep rar1l,rtla ouy6nzKoBaHo

28 ne.rarHbrx pa6or, B ToM rrucne 7 crar.eit e ug4a:auflx H3 flepeqH.s BAK,4 crarbrr B

u34aHvflx I43 6agH IlrrrnpoBalaufl, Scopus, rroJrfreHo 5 uaresroB Ha Hso6pereHur.

llo coAep)KaHrrro, o6r€rvry MarepuaJra, HafrHoMy ypoBHrc, rpaKTuqecxofi

pa6orocnoco6Hocrr.,r

rI oKpblTvlfl:llz, ) roAB eprHyrbrx r{MryJrbc H o fi Jra3 epHofi o 6pa6orrce .

B LIeJIoM' orMerIeHHbIe HeAocrarKI,I He cHrrxaror HarrHyro u rpaKTr4qecKyro
rleHHocrb Aucceprarluosuofi pa6oru Cnsosa C.B.

CooreercrB He nacnopry Hayq Hofi cneq naJr bHocrrr
OcHosHhIe noJloxeHrlfl BhItIoJIHeHHhIX uccneAosaHufi coorBercrByror rryHKTaM

2, 3 , 4 nacnopra HayqHofi cuequarlbHo crr 05.02.0 7 - <<TexHoJror vrfl. u o6opy4oBaHr.re
MexaHH'Iecrofi u Susuro-TexHl,t.Iecrofi o6pa6orKt4)). AnropeQepar coorBercrByer
ocHoBHoMy coAep)KaHr4ro pa6oru.

3annrcqenlre:

,{ucceprarluoHHafl pa6ora Cusoea Ceprer BanepreBrarra flBJrs.ercfl
I{ccJIeAoBaHLIeM, coAep)KaIIIHM peIueHI4e aKTyElnruofi

I43HOCOCTOfiXO CTH MerairJropelKyrrlero r{HcrpyMeHTa Ha

3aKOHTIeHHbIM HarrHhIM
npo6lenau [oBhrrrrenufl
ocHoBe yrporrHsrcIqefi LlMnyJlbcsofi JI€BepHofi o6pa6otru MHorocnofinrrx rroKpstruit

KaK pe3yJrbTaTbr,

IleHHocrrr oHa rroJrHocrbro orBeqaer rpe6onamnflM BAK PO, npeAbtBJrteMbrM K



pa6otaru Ha concKaHlre yrenofi crerleHrl KalrArqararexHr{rrecKr{x HoyK, H3JIoxeHHhIM
B u.u. 9'14 <<flonoxeHlnl o nprIcyxAeHHH fleHbrx crerreHefi> (flocranoBnegr{e
npaBl,IreJlbcrBa PO or 24.09.2013 r. 3a Ng 842), a ee anrop, Cngos Ceprefi
BanepreBllqr 3acJlyxl{Baer llpucyxA enrztr- yrdnofi creneHr,r KaHA r4ryara rexHnqecKr{x
HayK IIo cneqHaJlbHocrll 05.02.07 - <TexHoJlorurfl, u o6opy4oBaur{e MexaH}r.recxofi n
Qurraro-Texnr{qecrofi o6pa6orKn).

O$EqnzurrHufi onnoHeHr

Crapruufi nayrHrrfi corpyaHraK na6oparopuu
<Teopm MexaHH3MoB Lr crpyKTypbr Marur,rH)

HHcruryra MaruuHoBeAe laufl,
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