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rlpeAcraBneHrrylo Ha corlcKalavre yrenofi creleHlr KaHAr,rAara rexHrrrrecKnx HayK

ro cnerlHurJrbHocrz 05.16.05 - O6pa6orKa MeraJrJroB AaBJreHr.reM

Anrya.nrHocrb reMbr Aucceprarl[[

YserHqeHI,Ie reMrroB KaK rpax,qaHcKofo, TaK Lr rIpoMbIruJIeHHoro crpoureJlbcrBa,

BHeApeHpre HoBbIX ,a*"ono."'fi Bo3BeAeHr{r sAaHufi v coopyxennfi, B ToM qgcJre

BhrcorHblx ceficuocrofirtor, rpe6yer nce 6onuullx o6reMoB [potr3BoAcrBa MeraJrJro Ll

xereso6eroHHbrx KoHcrpyKqrfi. Oruu{M r{3 ocHoBHbrx eJreMeHroB TaKr{x KoHcrpyrqufi

tBJlflerc.f, apMarypHufi npoQnnr. Bce 6omuree paclpocrpaHeHr.re B crpouTeJrbcrBe

rIoJqAIaIor MHoro3axoAHble BHHToBbre npoQznn, Koropbre B cpaBHeHwl c

TpaAI,IquoHHbIMLt [epLIoAI4rIecKI4MI{ npoQunxMLt AJrr apMr{poBaHr,tfl )KeJre3o6eronnrrx

pf,A npeuMyrrlecTB: IIpu oAr.rHaKoBotr npovnocTr4 oHt4 r{MeroT

6onruyro nJrorrlaAb crlenneHur c 6eronou. Yragannue

npel'IMyIIIeCTBa IO3BOJIflIOT CHI43LITb MeTaIIJIOeMKOCTb LI yBeII,IquTb IpOTIHOCTb

6eronnrx roucrpyrqnfi, yl!{eHbrrrr4Tb 3arparbr Ha crpo[TeJrbcrBo zganufi v

coopyxenufi. floerouy 
"rro.ll" 

alvIfl, HanpaBJreHHbre Ha coBeprrreHcrBoBaHr{e

KoHcrpyKrlzfi zrueror

MeHburyro Maccy Lr



AeficrByloulrrx Lr pelpa6orKy HoBhrx gHeproo$fiexrznnrrx rexnolorufi rroJry reHut

BuHToBbx upoQunefi , lnnnrorcr BecbMa aKTyaJrbHbrMn.

[nccepraqut

6u6nraorpaQuuecrufi cnucor uz I4l Har4MeHoBaHuA Lr rpkr rrpr{JroxeHr4fl.

Bo BBeAeHTIH rloKa3aHa aKTyarlbHocrb Ar{ccepraquonnofi pa6oru rr creleHb

pa:pa6oraHHocru reMbl HccneAoBanvrfls c(foprvryrlrpoBaHa rleJrb 14 orrpeAeJreHrr sa4aqvr

AlrcceprallLIoHHoro HccneAoBanlrs, orpareHa HayrrHaf, HoBlBHa pa6orrr, Teoperr{rrecKatr

II€HHOCTb Vl npaKTnqeCK€UI 3HarII/tMOCTb nOJIyIIeHHbIX pe3yJIbTaTOB, [pI,IBeAeHbI

froJrolKeHaf,, BbrHocr,rMbre Ha 3arrlr.rry, a raK)Ke rrpeAcTaBJreHa unooprvraqus, o6 aupo6aqun

pe3ynbraroB t4ccJreAoBaHnfl, n ny6rrrrrcarlr{.f,x aBTopa rro reMe Ar,rcceprarlLtu.

B uepnofi HraBe npeAcraBJreH anurkrrvrqecrufi o6sop no reMaruKe

AlacceprarllroHHoro rrccneAoBanvrs.. Paccnrorpenrr cnoco6rr v o6opy4onanue Nrfl,

noJrrreHr/rf, BLrHToBhrx npoQurefi. Ilpune4eHbr n3BecrHbre reoperr,rqecKrre 3aBr4cuMocrr{

Arrfl orrpeAeJreHrlr ycronufi QoprvrupoBalaufl BrrHroBbrx npoQranefi. Ha

npoBeAeHHoro anaJrnsa cQoprvryrupoBaHa rlenb pa6oru u o[peAeJreHbr

AI4ccepTaqLIOHHOIO 14 CCJIeAoB alc.v[.

onepaIII,IH cKpln{nBaHr4f,.

rroBepxHocTr{ BoloqeHueM 6eg orrepallun cKp) ruBaHllfl Bo3Mo)KHo

Ocnonnoe coAepxaH[e Arrcceprarl[[

COAepXfl,IT BBeAeHLIe, IIeTbIpe fJIaBbI, 3aKJIK)rIeHI4e,

ocHoBe

3aAaqu

Bo nropofi HraBe cQopuynlrpoBaHa rrocraHoBKa u peureHhr sa4a'.rr no

orrpeAeJreHuro ycJrosnfi QoprvrupoBaHnfl, nranrosofi noBepxHocru rrpu BoJrorreHlrr4 rro

Hosoft TexHononrr4, r{cKJrro.raroqefi orreparlr{ro cKpfrriBaHux. florryveHbr 3aBr4cr4Mocrrr

Alrfl, orrpeAeneHr{f, ycronnft ocyqecrBr4Mocrrr noJrfreHr.rr nnnrosofi noBepxHocru

BoJIoqeHlIeM tto nonofi TexHoJIorrIr4. Vctanoueuo, qro nau6onrruee BIrLrfllanlre Ha

BO3MOXHOCTb OCyUIeCTBrreI/LUs, npoqeCca ilOJryrreHUr BT.THTOBBTX npOor,rnefi OXaSrrnarOr

yIOJI yCTaHOBKI,I pOII,IKOB OTHOCUT€JIbHO OCH 3arOTOBKIit vI OTHOUIOHnS AI4aMeTpa

3aroroBKu K Ar4aMerpy poJrHKoB, Koropoe He AoJrlKHo npeBbrrrrarb. ,{oxarana

eneproeQSercrunnocrb Bono*enufl, BrrHToBbrx npo$unefi uo Hosofi rexHoJrornu 6es

VcranonneHo, qro npz SoprvrupoBaHvrvr

gHepro3arpar n 1 ,5 - 2 pa3a. flonyreHhr 3aBr4crrMocrrr AJrr orIeHKU gHeprouorpe6reHnfl,

nuHrosofi

cHuxeHue

npeAJraraeMoro cnoco6a floJrfreHnfl Br{HToBrrx npoQurefi nonorreHueM.



Tperrr rJIABA

nosofi

locBsrleHa aHaJrrr3y pe3yJrbTaToB 3Kcrrepr4MeHT€urbHbrx

TEXHONOTT4II rIOJTYqEHI,tf, BI4HTOBbD(r4ccJre.rloBanuir eneproeQSerrunnofi

npoQunefi sono.reHrreM 6er oueparlr4r4 cKpfrvrBanvrs,.I4groxeHaMeroAnKa H noAo6paHu

(pa:pa6oranu) o6opy4onaHlie 14 HHcrpyMeHr Arrs, oKcnepr,rMeHraJrbHoro r.r3yrreHut

BIrI/frHLrfl. [apaMerpoB r,rHcTpyMeHTa H ycJroBr.rfi QopuorBMeHeHr4fl Ha ruar nnnronofi

rloBepxHocrl4, yckrlrue BoJroqeHrrr Lr norpe6urenbcKr4e cnoficrsa npn nonfreHuu

BLIHToBbTx npoQunefi soro.reHr{eM 6es crpyrLrBa;ans.I4syreuo BrrLrfllavre qvcra 3axoAoB

suHrosofi noBepxHocrrd, yrJra HaKJroHa pa6ouzx poJrrrKoB, AnaMerpa pa6o.rzx poJrHKoB,

BeJII4qlIHbI o6xa'rus, pa6ouuu poJILIKoM Ha rexHoJrorrarrecKr.re napaMerphr npoqecca

QopruzpoBanr4s, BI,IHToBbrx npoQunefi, ratrne KaK rrrar szHronofi noBepxHocru npoQunx

kr ycrIJII{e BoJloqeHr4r., flpzne4eHbr p*ynbrarbr r4ccJreAoBauurfl, Brrvntnvrfl, 3Haqr{Mbrx

Sarropon Ha ycwwre BoJIotIeHvrA BLrHToBbrx upofnnefi. flpe4craBJreHbr pe3yJrbrarbr

rlcrlblTaHufr tuexauuqecKrlx csofrcrn. AHarzs grr{x pe3yJrbraroB rroKtr3aJr, rrro ypoBeHb

lporlHocrHblx u rIJIacrrIqecKlIX cnoficrn snHronofi apMarypbr, npor43BeAeunofi rro

HoBoMy cuoco6y, Ha 10-180/o upenuruaer ypoBeHb csoficrn aHaJroroB.

rferneptan rJraBa rrocBflrrleHa BonpocaM rrpaKTrrrrecKoro ilpr{MeHeHr,rrr

pe3yJlbraroB AI{ccepraIII{oHHoro LrccJreAoBaHr4rr. OcnosHsarcb Ha noJrJ reHHbrx 3HaHlrf,x

ro Sopur,IpoBaHLIIo szHrosofi rroBepxHocrr{ BoJrorreH}reM 6es cKpfrnBaHr,rfl,
t -

pa3paOoTaHa HOB€UI T€XHOJIOIIIf, OOeCneqeIJHaS, KOMIJIeKCOM TOXHI/III€CKHX U

TexHoJrofr.rqecKr.rx peuennfi [pvMeHrrreJrbHo K ycJroBa[M MeTu3Horo npor4gnoAcrsa AO

(EBPA3 3CMK) Arrfl, noJryqeHru snHrosofi apMarypbr u Br4HroBbrx rsosAefi.

OxuAaeuufi oKoHoMr{qecrcufi eQQerr or npor.r3BoAcrBa nunrosofi apMarypbr H

BHHToBbrx rnos4efi cocraBur 11,6 unn. py6.

B nrrno4ax rro pa6ore o6o6qenbr pe3yJrbrarbr BbrrroJrHeHHoro rlccneAoBanvs..

paccMoTpeHHaf, AIIccepTaIILIf, IIpeAcTaBJIteT

HafrHo-KBarruQnraqlroHnyro pa6ory.

ouy6nzroBaHbr B 15 naytrrrx pa6orax, Koropbre noJrHocrbro orpararor ocHoBHoe

coAeplKaHkre Ancceprarrurur, Lr3 Koroprrx 6 crarefi orry6rzroBaHbr B perleH3r4pyeMbrx

repeqeHb usyanuir BAK, CTATbI{

B qenona

3aKOHqeHHyrO

co6ofi caMocrorreJrbrryrc,

OcnosHrre Mareprruurbr

HalnrHbrx xypHarr€x,
3

BXOATTqUX

rrporrHAeKcupoBaHbr MexAyHapoAHhrx 6asax Scopus z Web of Science. flo pe3yJlbraraM



r{CCJIeAOBAHn%T [OJIfIeHbI OAI{H IIaTeHT Ha IIOne3HyIO MOAeJIb n OALIH IIaTeHT Ha

rr3o6pereHze.

Hay.rHyro HoBrr3Hy rrpeAcraBJr.rrror cJleAyloque pe3yJlbrarbr Aucceprarl'vn:

o Ha}..rno o6ocnosaHHar Bo3Mo)KHocrb Qopnrr,rpoBankrfl. BLIHToBbTx upo6unefi

BoJrorreHnevr 6eg oneparlr4r,r cKp) rr4Ba:a:ar u 3aBLIcI4Mocrkr Alrfl. oIIeHKI{ o6lacru

ocyqecrBltMocTrl 9Toro ilpoqecca.

. MareuaruqecKue MoAeJIrr, no3Bonf,roilI[e c yrreroM pa3MepoB 3aroroBKl4 vr

r,rHcrpweHTa, rrprcJra 3axoAoB slrHroeofi rloBepxHocrv, BeJILIqunu 4eQopMaqI{}I,

rroJroxeHnr 4eQoprranpyroqux poJIlIKoB orHoc[TeJrbHo ocl{ 3aroroBKH

orrpeAeJrlrrb ruar srunosofi noBepxHocrrr rrpu BoJIoqeHrIu 6es cKp]rquBaHUA H

oIIeHI,tTb 3aTpaTbI sHeprLII4.

o 3rcnepnrr,reHTElJrbHo ycraHoBJIeHHhIe 3aBrIclIMocrLI ycurrrr BoJIoqeHI4fl or

pa3MepoB geQopunpyroulr4x poJrrrKoB vr krx pacnoJlo)Kenns. orHocureJlbHo ocu

3aroroBKlr, BeJluqunrr o6xarvIfl) a raKxe 'v.vrcra 3uxoAoB nuntosotr rloBepxHocru.

3na.ruprocrn Arq pa3Bnrrrfl Teoplllr o6pa6ornu MeraJrJroB AaBJTeHHeM

orrpeAeJrrrcT SKcrrepr,rMeHT€urbHo IIpOBepeHHbIe MaTeMaTI4qecKI{e MOAeJII',I'

OilLICbIBarcIque IIpOqeCC

cKP) ILIBaHI4fl.

paspa6orKll aBropa:

. Hoeufi cuoco6 n ycrpoficrBo AJUI noJrfreHllt BoroqeHueM 6es crcpyrkrBalJrva

AnlrHHoMepHbrx BrIHToBbrx upo$unefr .

. Paspa6oraHHbre peKoMeHAar\r4kr rlo nu6opy orlrktMtlllbHbrx pe)KI'IMoB

SopvrousMeHeHufl.

Texnorornt rloJTyrreHut

6es crpyruBanufl.

QoprvrzpoBanr4s. BrIHToBoro npo$ulr BoJIorIeHI4eM 6eg

IlparcrnvecKyro 3HarrrMocTb Arrcceprall[r npeAcraBJlf,roT cneAyrcIIII{e

suhrosofi apMarypblH BpTHToBbIX rBo3.uefi nono'reHlleM



PercoprenAarlll lr rro [cnoJrbsoBaHrrx) pe3yJrbraroB Ancceprarlu tl

llepeuzcneHHbre Bbrrrre pa:pa6orrn coprcKareJrfl, uMercrrlr4e [paKTuqecKyro

IIeHHocrb, peKoMeHAyerc.f, l{cnoJrb3oBarb Ha rrpeArrpusrvrirx) rrpor43BoA.f,rrl[x npop^n

.Urr apMrlpoBannfl, xereso6eroHHbrx KoHcrpyKr\uir, a raK)Ke npolt3BoArrqnx Merr,r3rryro

rrpoAyKrlLtrc.

Boupocsr rl 3aMeqaHrlfl rro Ancceprarl[rl

1. He scno, KaK BocrroJrb3oBarbcf, ycnoBr4f,Mu Soprrayn (2.I) u (2.2) rryu

orcyrcrBr{r{ 3HaKoB, cB.rr3brBarorrlnx orAeJrbHbre fparueuru @opuyn?

2. (Doprrynn (2.3) vr (2.4) 3arrlrcaHbr B rrpeArroJro)KeHr4L\ qro pa6ora

4eQoprvraqvrr4 cBfl3ana roJrbKo c 4e$opua\wrMryAJrkrHeHrrf,. flpu oroM npeArronaraercf,,

B[ALrMo, vro 4eQopMarryrr4 oAHopoAHbr rro reny 3aroroBKu. Ho BMecre c reM rro3)r(e, B

sKcrrepuMenramnofi qacrr{, aBrop yKa3brBaer Ha srpQerr yrpoqHeHr,H [MeHHo

rrpr{noBepxHocrHhrx soH. To ecru ge$opMarlzn oKa3brBarorcfl Bce-TaKH HepaBHoMepHbr

r,r gro 4eQoprr,rarlulr He roJrbKo y4rrrl:rrenvrfl..

3. (Dopvyrarran (2.3), (2.4) BBoArrcr B o6paqenne r,outrrufl, cpeAHero

AaBnenkrs, npr4 4e{oprvrnpoBaHr{r.r. Ho AaJree He yK€BbrBaercr, KaKr,rM cnoco6ou

orrpeAeJrlrTb STrr BeJrurrLtHbr.

4. @oplayla (2.48) He coAepxlrr 3HaK HepaBeHcrBa, HecMorpfl Ha ccbrnKy Ha

Hee KaK na QopuyJry HepaBeHcrBa.

5. C qena cBr3aHo orcrynneHlre or Mex(AyHapoAuofi cLrcreMbr pa3MepHocrefi

CI4s ra6n. 3.6 (xruolpaMMbr cr4Jrhr, a He Hbroronu)?

6. B oKcnepuMenrarurofi qacrr,r pa6oru MeroAoM rrcMepeHut

MlrKporBepAocrr4 6uro rroKa3aHo, rrro B roroBoM [poAyKTe rroflBrrflercfl. IiBa BnAa

HeoAHopoAHocrrr: o6ycrouenHofi npoqeccoM BoflorreHr{f, vr o6ycrouennofi

I.I3MEHCHLICTT,T UPOQruf, TIOBEPXHOCTLI. HO IIPLT 9TOM STLI ABA TLTIJiA HAIAPTOBKI'I HC

olrrcaHbr c rro3r{rlr4n 4eQopwrpoBaHHoro cocroflrttrs; KaKoBa crerreHb geQopvraquu,

coo6qaeu€ur MeraJrJry B paspa6oraHHoM rrpoqecce I,I KaKoBo ee pacnpeAeJreHrle B

[onepeqHoru ce.IeHzu?



7. IrlcnorugoBaHue .uJrt

xoTs vr. noHf,THo c[eqvaJrrrcTy,

TBepAOTO CrrJraBa.

oilr4caHvlr MarepI,IaJIa poJII4 KoB TepMI,IHa <<no6e4zr>>,

HO He flBJrfleTCfl CTaHAapTU3OBaHHbTM OrrUCaHrreM

cHtIlK€tK)T TIeHHOCTI4

4peAcTaBJreHHbre B

3arclrroqenne

I4ueroulrEecr 3aMe.v.alakrfl. 14 Borrpocbr rlo ArIccepraIILtI{ He

rroJD reHHbrx pe3ynbTaToB, a HarrHbre froJro)KeHvfl. Lr BbrBoAbr,

BLIBOAbI.

Ar{cceprarlnonnofi pa6ore cor{cKareIrl, flBrrttrorcs o6ocHoBaHHbrMrr, AocroBepHbrMr{, a

TarcKe corJracyrcTcr c o6qenpzrrflTbrMrr rroJro)r(eHvgMur Ii 3aKoHoMepHocrrMu reopuu LI

rrpaKTLrKLr BoroqeHr,rf,. PeryruTarbr Arrcceprarlurr o6naAatot uayruofi uonnsnofi,

Teoperlrqecnofi H npaKTLr.recrofi 3HaqnMocrbro u BHocrr BKJIaA B pa3Bktrve reopvrv Lt

TEXHOJIO|I4I{ BOJIOq E]fILI[.,

Anrope$epar orpalKaer coAepx(aHne AlrcceprarluLr, ee ocHoBHhre pe3yJlbrarbl I,I

Ocnonnrre noJroxennfl. rr pe3yJrbrarbr Arrcceprarlr4oHHbrfi pa6oru o6cyx4eubr Ha

caMocrorreruroft Haf{Ho-

xnarnQuKarluoHHoft pa6orofi] s roropofi I,I3JIo)KeHII HoBbIe HalnrHo o6ocnosaHHsIe

TexHl/trlecKr4e u rexHoJlor[rrecKve peureHl4t, cBr3aHHbre c parpa60rrofi u

lrccneAoBaHrreM HoBoro cnoco6a rroJrfreHrr.r BI{HToBoro npoQunr BoroqeHnelra 6es

cKpfrr,rBaHrr.r. [uccepraqut coorBercrByer cnequaJlbHocrll 05.16.05 - O6pa6orKa

MeraJrJroB AaBneHlreM. .{zccepmquoHH€rf, pa6ora coorBercrByer rpe6onanuxrvr n.9

<<flonoxenu.s o [opf,AKe [pncy)KAelanfl, freHbrx creuenefi>>, yrBepxAeHHoro

flocraHoureHueM flpanzrenbcrBa Poccnficrofi (De4epalglrru J\b842 or 24 cenrr6px 2013

r., a ee aBTop 9unorcalos EsreHrlfi BarepreBlrrl 3acJryxl,IBaer npucylKAeHl{f, yreuofi

crerreHn KaHAuAara rexHr{qecKrrx HayK rro creqnaJlbHocru 05.16.05 - O6pa6orKa

Ha) rHbrx ronQepenqr{fi r{ AocraroqHo [oJrHo orry6maKoBaHbr B Ha1^rHoitne.v.aru, B ToM

rrucre B r,r3AaHr.rn(, o[peAeJreHHhrx neperrHeM BAK.

,{uccepraqu.r E.B. 9znorcanrosa flBllnercfl

MCTAJIJIOB AABJIEHI'TEM.



.{uccepraqux o6cyx4ena Ha 3ace4aHkrn

AaBJreHuelD>. OrsbrB Ha Aucceprarlurc yrBepxAeH

ra$e4pu <<O6pa6orna MeraJrJroB

Ha 3aceAaHlur rafiegpu <O6pa6oma

MeraJrJroB AaBJTeHVeM>, rpororor }lb 3 or 11 Qerpanx 2021roAa.

3ane4yroqnfi na$e4pofi

<O6pa6orKa Mera"rJroB AaBneHLreM),

AOKTOp TeXHUqeCKUX HayK, AOIIeHT

A OKTOp C K Afl , A[4CC epr AIII/I. 3 arrlu UIeH a U O C Ileqrl aJI b H O CTLI

05.16.05 - O6pa6orKa MerarrnoB AaBJreHueM

Orsrrn cocraBnJr:

npofieccop ra@e4pu

<O6pa6orKa MeraJrJroB AaBJreHr{eM)>,

AoKTop rexHLrqecKr[x HayK, upoSeccop

q

A OKTOp C K afl , AnCC epr ArIIdfl , 3 aIIII4IrIeHa n O CleqI{aJI b H O CTU

05.16.05 - O6pa6orKa Mer€IJIJIoB AaBneHLIeM
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