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AoKTopa rexHrrrrecKr{x HayK upoQeccopa F.urovrenurreftna Banepna lOprenu.ra
Ha AlrccepralruoHHyro pa6ory Cavry,rs Apreua lenuagrenuua

(IIOBbIIIIEHIIE KAIIECTBA TIOBEPXHOCTHOIO CJIOfl AETAIEfr
TAHTEHIII,IAJIbHbIM YJIbTPA3BYKOBbIM BO3AEIZCTBI,IEM TIPII

IIOBEPXHOCTHOM AEOOPMIIPOBAHVIVI>t', rpeAcraBJreHHyro Ha cor{cKanue y.reuoii
crerreur,r KaHAuAara rexHlrrrecKlrx HayK rro cleqnaJrbHocrlt 2.5,6 - <<Texuoloruq MarrruHo-" 

cTpoeHrrfl>)

1. Arcrya,rrnocrbreMblAlrccepraurroHnoro[ccJxeAoBaHVq

flpuueHerue coBpeMeHHbrx MarrrzH xapaKTepr{3yercr sce 6oJlee xecrKt4Mlr ycnoBI4-flN,{I43Ke-

nnyararlrllr, KofAa v34enue pa6oraer B Koppo3noHrrofi cpeAe c oAHoBpeMeHHbIM rlpunoxeql4ex4

crarrrrrecKrix r,r ,ur4HaMr4rrecKr,rx Harpy3oK. 3ro rpe6;ler or MalrrLIHocrpoIrrerefi [ocrotHr{oro co-

BeplxeHcrBoBaHlrs KoHcrpyKrlrafi, upuueHeHl4.g rloBbrx Marepl{anoB rr rexHoJroruft usroroBreHld,s.

Bce 6olee [rr4poKoe rrpr4MeHeH[e rrpri r43foroBJreHr4r4 orBercrBeHHbIX Aeranefr MaIIIIIH Haxolsr
crIJIaBbI aJIroMLIHI4t, Me.4I{, TrtraHa 14 Ap)/rux rrJracrr4qHbrx MarepI,IaJIon. Irl:secruo, qro MexaHaqe-

crcan o6pa6orKa raKr,rx crrJraBoB, prMeronlux orHocl,rlerbHo HeBblcoKyrc TBep.Iocrb, rpe6yer rqa-
TeJrbHoro nsr6opa cxeM, pex(yqux ra 4eqopuzpyrcqux I4HcrpylleuTotB: I{HcrpyNIeHTanbHbIX ldare-
pr4irnoB lr pexr{MoB. Hanprzuep, Koplyc rennoHarpy}r(eHHoro ycvnvrenfl. MoIrIHocrI4 cnepxnrrcolcoii
qacrorbr r{3roraBnr,rBaercs. r.r3 naryHHoro cnnaBa JI68. llpu grou ueo6xoAl4Mo o6ecne'Iurb tsi,Ico-

Kr4e gKcnJryaraur4oHHbre cnoficrsa v3AeIrnfl, ga c.rer no46opa paIIrIoHanbHbD( pexLIMoB u rexuoilo-
rvfi ynpounsrcueft o6pa6orru. flosrrueurre gKcnnyaraIILIoHHbIX cnoftcreeogMoluo 3a cqer fio.4-

6opa rexHonorprr4 ylpotrHrroue-rrr4croBofi o6pa6orKr.r Br pexr4MoB ee peanlr3arJvrlr.

K uucly nau6olee r{3BecrHbrx r4 AocraroqHo xoporrro u3yqeHHbrx orHoctrct MeroAEIIlo-

BepxHocrHoro [nacrr.rqecKofo 4er[opuuponanux(ll[E), u, B rracrHocrld, MeroA ynbrpa3ByKoBofo

rroBepxHocrHoro nJracrrrrrecKoro 4eSopMkrpoBaHrrq r4HcrpyMeHrorra, ro:re6nloqllMct c ynbrpa3ey-

xoeoft qacroroft (y3lID. Anrop orMeqaer, qro nprzMeneHr.re Y3nA Ilo3BoJrter znreucu$uumpo-
BaTb rrJracTl,IqecKoe TeqeHI{e MaTep[ana noBepxHocTHofo cnot; [pI4 STOM peanu3yeTcfl BbIrJIa]HI4-

naroqprfi Il yrtpovtrsroIqufi e$$err AJUr rxlrpoKofi nouemnarypbl Aerateit, BbITIoJTHeHHIIX I{3 oa3-

Jrr,rrrHbrx MareplraJroe. OrHocureJrbHo He6orsruue crarllrrecKl{e Harpy3Kpl rro3BoJltror o6pa6a:ru-
Barb lle)KecrKze, ToHKocreHHbre AeriIJIu, 6olnrnoe KoJrl{r{ecrBo rexHororktrlecKr4x rlapaMerpoB

no3BoJrrer ynpaBnrrb r4ToroBbrM Mr,rKpofeoMerplFlecKl4rr,r u (pusuxo-hlexaHl,IqecKllM cocrcfii{I{ev
o 6pa6 oranHblx rloBepxno cteft B [rI4poKoM Al4ana3 oue.

MeroA y3lIA AocraroqHo xopomo r{3yrreH, B ToM uIrcJIe, B paMKax HayrlHoro HanpaBJTeHil-[

I4.Vl. MyxauoBa - X.M. PaxnMrrHoBa. O.qnaro, 6onuurancrBo rrccJleAosaHuir BbIrIoJIHeHo rla Mare-

pu€rnax srrcoxofi u cpe4nefi TBepAocrrr; orcyrcrByror rur6o He3Haq[Te-rbHbI pe3ynbrarbr o6pa6oe-

rv Aeraneft v3 rrJracrraqHbrx MeraJrJroB rr crrJIaBoB (c rnep4ocrblo MeHee H8150). I'Isnecruo, vto
o6lacrr npr4MeHeHr4s noAo6Hrx MareprrurnoB cyrqecrBenHo pacrurrpflercfl; B Toxte BpeMs, ux $a-
3rIKO-MeXaHUqeCKUe XapaKTepr4cTrrKr4 cyrqecTBeHHo oTJlllqarcTc.fl oT MeTaJIJIOB I,I ClnaBOB CpegUeft

z eHcoroft rn€pAocru. 3ro rpe6yer ca31alnfl. LI rlocneAoBauvrs, HoBbIX cxeu o6pa6orKlr, B ToM

rrlrcJre, y3tIA c raHfeHrlr{aJrbHbrM (racaremrru r o6pa6arrrsaeNdofi nonepxnocrra) HanpaBneHI4eM

rone6anuft IrHAeHTopa.

lloeroruy Ar.rcceprarlproHHyro pa6ory Canaynr A.f., nocntueHHylo pa:pa6orre rexHoJIorI4I4

$opuuponaHr4.r{ noBepxHocrHbrx c:rods c rroBbrrrrenH5rvrr4 rpe6onanu-aN{I{ K ypoBHIo Ml,IKporeox/ter-

praqecKr.rx n SusrExo-rr,rexaHlrqecKux xapaKTeprrcrrrK Ha Aerar-sx u3 rJlacrr4rlHbrx MerzurJloB 14 cruia-

BoB MeroAoM ynbrpa3ByKoBoro rroBepxuocrHoro rrJracrl,Iqecxoro geSopMI4poBaHI,I.f, c raHreHul{-

irJrbHbrM HarrpaBneHueru xone6anraft uHAeHTopa, cJreAyer crrrrrarb arcryalruofi.



2. O6n1aq xapaKTeprrcrr,rKa, crpyKTypa u o6reu pa6orur

fluccepraqrroHHtur pa6ora cocror4T lrs BBe.4eHI4s., rrflTvr rJraB, ocHoBHbIX p$ynbraroB Lt BbI-

BoAoB, crrrrcKa r4crroJrb3oBaHHbrx rrcrorrHLtKos ug 1 13 sauuenosaHuft. Pa6ora coAepx{Ltr 203 ctpa-
Hr4rI TeKcra, B ToM qrrcJre, 127 pucyurcoe, 5 ra6nuq u 6 npunoxenrafi.

Bo nneAennu o6ocHoBaHa aKTyanbHocrb reMbr Ar{cceprarluonHoft pa6otr, c(popuyrlipo-
BaHbI rleJrb 14 3a4laqv, o6rerr Ir [peAMer IrccneAoBaHtls, lt3roxeHbl HayvHtu HoBIl3Ha LI [paKTI4r{e-

cKa;r sHarrrzMocrb pe3ynbraroe pa6oru, AocroBepHocrb pe3ynbraroB I,I ocHoBHbIe rIoJIoxeHI{.9, Bbr-

Hoct4Mbre Ha 3arrlr4Ty. Omreqenrr lzqHrrfi BKnaA aBTopa, coorBercrBne pa6oru [aclopry nayvnofi
cleqrr aJrbHocrrr, arrpo 6 a4ux, ny6maraqurr4, crpyKTyp a. ra o6reu pa6omr.

B uepnofi rJraBe rrpoBeAeH aHar{rr3 Jrr{TepaDrpHbx r{croqHl{KoB, nocBtrIeHHbIX pe3ynbra-

TaM [ccneAonaHufi Mero.qa ynbrpa3ByroBoro rroBepxHocrHoro rrnacrllalecr<oro 4e(popMl4poBaHlrt, B

Koropbrx mIapoKo r{ AocrynHo orrucaHbr ero lpekrMyrrlecrBa LI pallrroHaJlrnsre o6lacrll [plrMerre-
nuq. OrNdeqeHo, vro (foprvrupoBaHr.re noBepxHocrHbrx oro€s 4erarefi, xapaKTeplr3ylou1llxct Bblco-

KrrMI,I 3Kcrrnyararlr{oHHbrur,r csoftcrnaNlrr, rroJryrreHHbrx c rroMorrlbro BbIcoKo}IHTerIcI,IBHofo noBepx-

HocrHofo ylpoqHeHrlfl flBns.ercs. aKTyarrbHofi rexno;roru.recroft sa,4aqefi. Cneqzlpzxofi ntero,Ta

}/3IIA rBJrrerct opur]rHaJrbrras cxeMa rrpuno]KeHlrs crarr{rlecrofi narpy:Kll B coueranuLt c ynETpa-

3ByKoBbrMr4 rore6anr,rsMr4, rrro no3Bonger o6pa6arsrearb roHKocreHHble He)KecrKI,Ie .4era!rl{ I43

pasrurrHbrx Marepr,ranos. BHrereHo, rrro e arofi o6nacrpl zvanufi. Her Aocraro.nrofi nuQopltaqrzu

Ins npoeKTvrpoBaHilfl, TexHoJrorrdft y3lIA uracrr,rtrlbx MarepI{aJIoB I43 anIoMI4HIreBbIX, MeAHrIX I4

Tr{TanoBbrx crrJraBoB, o6:raAaroqrrx BbrcoKofi nnacrr,rqnocrbro. 3ro rpe6yer norlcKa paquoHamnofi
cxeMbr o6pa6orru 14 BburBJreHkrs. Brrvrfl:rrkre pe)KrrMoB ylrbrpa3ByKoBoro rloBepxHocrHoro 4e@opr,tm-

poBaHus Ha KarrecrBo rroBepxHocrHoro cJlot AeraJrefi, z3rotoBJreHHbIX pI3 [racrr4tlHblx Marepl4a*

JIOB.

Bo nropofi rJraBe rrpe.qcraBneHbr p$ynbrarbr reoperr,rKo-sKcrrepplMeHTulJlbHbrx lIccJIeACEa-

nufi preroAa Y3IIA rro ranreHrlua;mnofi cxeMe. llo Aanuofi cxeMe BeKrop pe3ynlrl{pyrcrqeft cro-
pocrLr BcerAa pacnonolceH B rrJrocKocrkr Kacare.lnnofi r< o6pa6arrreaeN{ofi rloBepxHocrl{, qro o6ec-

leqr{Baer HerrpepbrBHrrfi r<onraxr LrHcrpyMeHTa c noBepxHocrblo Aerurk1 orcyrcrBlle 3HartIrreJlb-

Hofo Ar{HitMl,IqecKoro sos.ueftcrsur B HarrpaBJreHr4ra no HopMaJI}I K noBepxHocrl4, qro rlo3BoJlter
(foprr,rzponarb rroBepxHocurrrfi clofi c pa3nrlrrHbrM coqeraHl{eM BbIrJIDKLIBarorIero u y[por{Hsro-

rqero s$(peKToB rrprr Ao3rrpoBaHHoM 3HaqeHur,r HopManbHoft cocraerfltoulefi crnoBoro eogAeft-

crBr4r. B conorynHocrr.r ero o6ycnaenr.rBaer parlr4oHanbHocrb rIpI4MeHeHI{s AaHHofi cxeMbl ynbrpa-
3ByKoBolo rroBepxHocrHoro nJracrr.rqecKoro 4e([opMrlpoBaHldt .{nt Aeranefi, nunolHeHHbx I43

rrJracrr4qHbrx MeraJrJroB r,r cnJraBoB. flpegnoxeHa MareMarl4rlecKatMo.{enb rpaeKTopzu lepeMeqe-
Hzs uncrpyMeHTa B npoqecce y3lIA rro raHreHrlraamnofi cxeMe B BAAe cLIcreMbI ypannennft, Y\v-
TbrBarorprx cMerrleHr,re coceAHr{x cneAoB sogAeficrnu.s LIHcrpyMeHTa Ha pasn6prxe o6pa6arueae-
uoft uonepxHocrr{, o6ycnoueHHoro He KparHocrbro BpeMeHV oAHoro o6opora Aeranl4 K nepuo.4y

Y3K. 3ro rro3BoJrltJro ycraHoBr4Tb 3aKoHoMepHocru $oprr,ruponaHl{fl TpasKTopI,In AB[xeHLUI I4I{-

crpyMeHTa Ha rroBepxHocrr4 AeraJrz, c yu€rou BllpttrHkrfl TexHonorilqecKplx [apaMerpoe o6pa6orxu,
B r4ccJreAyeMoM Arlarra3oHe pexlrMon. AeropoM npeAnoxeHo l4crloJlb3oBarb napaNlerp panusrft or-
HorrreHvro uupr,rHhr Kopr4Aopa cneAa o6pa6orru B HarlpaBneHlail IroAarlrt l4HcrpyMeHra (K) x ee se-

Jrrrqr4r{e (S), a:rs ycraHoBJreur4r ycnoBlrfi rfoprvrupoBnltrs. qacrllqHoro (I?S < 1) utru rorHoerblo
HoBofo (K/S > 1) uurpopense$a o6pa6arrrnaenaoft roBepxHocrll B rlpoqecce Y3fI,{ tlo raHrellilfl-
alrnoft cxeMe. Ycrauoerena ponb yr:ra B - yron N,rexAy BeKropaMI,I cKopocrll xole6are:rnoro
ABI4X{eHI4' lI CKOpOCTLI fJIaBHOTO ABLIXeHUq, 

'BJUIIOIqI'MC' 
BIDKHbIM TeXHOJIOII4IIeCKZM napaMeT-

poM, no3Bonsrc[IkrM r43MeHr{Tb Qoprnry rpaeKTopLII4 ABI,IxeHLIx I4HcrpyMeHTa I4 IrlupllHy KoprrAopa

cneAa o6pa6orxu (ynenzuenue BrrJrorb Ao BeJrr4rrr{nrr paenofi y.{BoeHHoMy 3HarIeHI{ro aMrInIiryAn'I

rone6anufi), a rarxe BJrrrfrb Ha crerreHb rrepeKpbrrrrfl cJIeAoB o6pa6orrcn B rlpoqecce (fopuupoea-
Hr.rs Mr.rKporeoMerprm rroBepxHocru. Paspa6oraHa MareMaruqecKas MoAenb (fopltr.IponaHl4.r rorro-
rpa$un iroBepxHocrvr npu y3lIA rro raHfenrlwatsrtoit cxeMe, yqETbIBaIonIas reoMerpl{qecKlle ira-



paMerpbr cneAa o6pa6omu, rrro rro3Borrer Ha3Haqarb rexHoJrorvqecKl4e rlapaMerpbl Y3llfl n sa-

Brr crrMocrlr or rpe6yeuofi uuxporeoMerpu[.

B rperreft rJraBe u3Jroxeubr rexHoJrorlrqecKoe r,r MeroAr{qecKoe o6ecueqeHl,Ie SKcnepII-

MeHTaJILHLIX IlccneAoeauuil CnpoerrupoBar{a rI I,I3foroBneHa opI,IILIHaJILHaJI TexHollorl4qecra-q
ycraHoBKa ilrrfl peurn3a\krr4 y3IIA rro raHreHqraansnofi cxeMe ya 6aze roKapHo-BLIHTopcHofo

crarrKa 250I4TBM.01, uosnorrrouar perynr4poBarb yron BBoAa ynbrpa3ByKoBbrx role6annfi or-
HOCIITeJIbHO BeKTOpa CKOpOCTLI TJIaBHOTO ABII.)If:9IJIj.t{, fTOJIO?KeHI{9 r{HCTpyMeHTa IIO BbrCOTe, '{TO

o6ecueqznaer o6pa6orKy rxr4poKoro Ar,rarra3oHa pa3Mepoe Aertu"Iefi. O6ocnonanbl Marepuan, Sop-
Ma Lr pa3Mepu o6pasqoB r4 MeroArlKa rx noAforoBKr.r AJUr rrpoBeAeHLIt sKcrIepI,IMeHToB. Paspa6ora-

rrst ulunu aAarrrrrpoBaHbr MeroAr{Krr HccneAoBaltrs. KarrecrBa noBepxHocrHoro clrofl u rpu6orexHI,i-
rrecKr4x xapaKTepr.{crrar. I4cuoJr*oBaHbr coBpeMeHHoe o6opy4oBanlrfl, u upu6oprr AJUI oueHKI4 Tor{-

Hocrrr (fopurr rroBepxHocru - KI4M ZeissContura; orleHKrd o6r€uHrx xapaKrepl4crux o6pa6oraH-
Hbrx noBepxnocreft - ZYGO NewView 7300; onpeAeJreHzr BbrcorHo-ularoBblx napaMerpoB Erepo-

xoBarocrr4 r4 BoJrHr{crocrr,r - npoQnnouerp MarSurf PS10; orIeHKLt crpyKTypHoro cocro-aleLrs. Hc-

cneAyeMhrx o6pa:qon - orrrr,rqecrcrafi rrurpocKorr BbrcoKoro pa3perreEiplt; olpeAeneHut $nzwuo-
MexaHr.rqecrc[x ceoficrB - Mr.rKporBepAoMep; orleHKrr ocrarorrHbrx HaIrpflxeHLIfi no uerogyflaeu-
AeHKoBa- opr4frrHaJrbnui npu6op, pacqerHrrfi amopurM pr [porpulMMHoe o6ecueqenve; ouerrKl4

r.r3Hococrofirocru - Marrrr4Ha rpeHprr kII450l8; o[peAeneHux 4e(fopualll4oHHbx xapaKrepnorlrK -

yHrrBepcanbHar cepBorr4ApaBnrqecKilI ycraHoBKa BIS S UT- 1 00.

B .rerneprofi urane lpe.qcraBneHhr pe3ynbrarbr gKc[epr.rMeHTaJIbHbIX I4ccneAoBanufi npo-

uecca y3lIA rro raHfeHrlvamnoft cxeMe na o6pasqax lI3 Marepllurnon [16 (HB31), A16T (Hts65),

n68 (HB150), a raxNe APMKO-Nenesa(HBl25). 3rcnepraueHranbHo ycraHoBneHo, rlro rIpI4Me-

HeHr4e y3IIA rro raHreHrluanrnofi cxeMe o6ecnequeaer (popnaupoBaHl{e peryntpHofo MLIKpopem,-

e@a, xaparreprl3yrouefocr rqelrcrbrM crpoeHueM (c unorHocrblo oJreMeHToB Ao 1000 na 1 urt' ra

6onee), c perynr4pyeMbrM coqeraHrreM 3nar{eur{fi errcorurx 14 IlraroBbrx rlapaMerpoe. Meranro-
rpa$uvecrr{e rlccJreAoBarrvfl. rroKa3zurr4, rrro cMeHa HarrpaBneHkrfl. BBop.a role6anzfi orHoclrreirbHo
o6pa6arrrnaenaofi Aerilnr4 oKa3brBaer BJrr,rrHrre Ha r43Menenne rny6raHhl pacnpocrpaHeHl{{ ,4e$op-
Marlrrrr B rroBepxuocrHoM croe. BrrsBJreHa rpaHrura o6:racru Ao[ycrl,IMofi craru-Iecxofi uarp3tslcll

Anfl, LrHIeHTopa c npo$ulrurnn pa.q[ycoM paBHbM 4 urrr, 3a rrpeA€naMu xoropoft ua6moAaercg

cyrlecrBeHnsrfi pocr BoJrHr4crocrrr rroBepxHocrpr. lloragaHa Bo3MolKHocrb cHI,IXeHIlt IlepoxoBaro-
cru 6o:ree qeM B 3 paza, Ao ypoBHr Ra : 0,2 MKM rr Rz: I,67 MKM; rIpI4 oroM pzBMep AeraJII4 LI3-

MeHserc-f, B [peAenax Ao 4 rrrxu (lrenee 30%o ot AorrycKa Ha 4annrrfi .4r4a[a3oH pa3MepoB no 5-uy
rnanzrery). 3ro uogsoJuer rrpr.rMeHrrb y3lIA rro raHfeHllIaamnofi cxeMe 6eg nasHa.reHlls .uorlon-
HrlTeJrbHofo rrpt4rrycKa ua o6pa6orry. BrrxBJreHo u3MeHeHLIe Ml{KpocrpyKTypbl noBepxHocrHolo
c:ror o6pa6arbrBaeMoro Marepr{ana, 3urKJrrorrtlloqeecr B uoBrIITIeHLILI nJlornocrn:epen Ha eII,IHI4uy

o6t€vra n 2,5 paza, Bo3Hr4KHoBeHlrv HanpasreHHofi 4e$opuaquu s€peu co crerleHbto lo 37,4 o/o, ua

rny6uHy ao 298 narru (4nx MareplrirJra 10895 Ha pexllMix Pcr : 120 H, S : 0,1 vru/o6; Vv : 62,8

lr/ur.rH, A: 12 urvr, f : 20 rfi1, rl : 4 rrrnr). BrunneHa ponb yrna Mex(Ay BeKTopitMI4 cKopocrl4

fJraBHoro ABlrxeHr,rr u role6arelrnofi CKOpocTI{ B. trISnreneHl4e Aar{FIoIo ilaptMeTpa oKa3blBaer

BrrvrflIdlire Ha napaMeTpbr BonHr,rcTocTr{, mepoxoBarocTtl u Ml{KpocTpyKrypy noBepxHocTHolo cJIot.

llolyuenrr perpeccr{oHHbre 3aBr.rcuMocrr't B BrlAe ypaeueHlafi rl.f,Tofo Irops,4Ka, rIo3BoJUIIoqI4e rlpo-

rHo3npoBarb rrroroBbre 3HaqeHr{r lapaMerpoB rlepoxoBarocrl4 Ra z Sm B rfia[a3oHax I{3MeHeHIrs

crarvqecKotoycvnvs.PCT or 20 rc 120H, [o.4aril4 S or 0,07 rrarr,r/o6.uo 0,13 uu/o6, yr:ra p or 0Io
90o npu ynbrpa3ByKoBoM rroBepxHocrHoM [Jracrr.rqecrorra 4e([opMLIpoBaHvH Aerzuteft LI3 aJIroMIrHI4-

eBoro crnaBa nI6T.
B nsrofi rJraBe rrprdBeAeHbr pe3ynbrarbr gKcnepl,IMeHTzulbHbrx r4ccne.4oBarluit erwsuws.

Y3nA no raHreHuraa,rrnoft cxeMe Ha MexaHI'IqecKpIe r'r 3Kc[JD/ararIrroHHbIe ceofictna. flora3auo,
qro npr{MeHeHrle y3III rro raHreurlraalrnofi cxeMe tBJlterct paIIrIoHanbHbIM .4nfl o6ecneqeHa.s

KarlecrBa noBepxHocrHofo cJlot Aeraneft, nrmorHeHHbD( u3 rracrldtlHbD( MeraJrnoB I4 c[JIaBoB, ts

cBflsvt c boguoxnocrbro Aocrr.rxeur.rr 3a oAr{H pa6ovuft xoApa3nuqHbD( coqeranufi ynpoqHtroilIefo
I,I BblrnaKr4Baroqero eS$erroe. YcranoereHbr reoperarlecKl,Ie LI gKcnepI{MeHTiIJIbHbIe 3aKoiroMep-



Hocrkr (popunponaHrzr rorrorpaSuu noBepxHocrurrpllr y3lIA no raHreHrlraamnofi cxeMe, B3aIrMo-

cBfl3pr napaMerpoB [repoxoBarocrrl z Qaszro-MexaHr4rrecx[x ceoftcrB noBepxHocrl4 c rexHoJlorI4-
qecKr4Mr4 napaMerpaMz Y3ll[.Tpu6orexnzqecKr{Mr4 acrtbrraHusMll BbUIBJIeHa Bo3MoxHocrb no-
BhrlreHr.r-s r.r3Hococroftrocrz ao 60 %o (cnt:m;r- JI68) uo cpaBHeHr.rro c r.r3nococrofixocruo rloBepxHo-

cru, o6pa6orannofi ur:rz(fonaHueu. ZcnrrranuaMw. Ha yHr4Bepcanrnofi cepBorl4Apanrz.recroia
ycraHoBKe BISS UT-100 n ycnonurx pacrrxeHr.rr rro Mero.ur.rKe or HyneBoro III4Kna c yBenI4qI4Ba-

rouefic.f, aMnnr.rryAofi nanprxelouir. sa KaxAoM rlrrKire rroKa3aHo, uro Y3lI[ rlo raHfeulluanrnoft
cxeMe yBerrirrr4Baer qrrcJro rILrKnoB HarpyxeHr,rr Ao Eo3Hr,rKHoBeHkIs r{JlacrvqecKofi 4e(popuaqnu
o6pasqon e 5 u 6o.nee pas. Paspa6oraH zurroplrrM ylpaBJreHlrr rexHoJrofr4qecKl4M flpoqeccoM
y3tIA rro ranreHrlvalsnoft cxeMe r4 TexHoJrorr4qecnr,re peKoMeHAarlLtlr ro ero npI4MeHeHI4Io .uul
o6pa6omu rrJracrr,rrrHbrx MeraJrnoB I,r crrJraBoB, yqr,rrbrtsiuoq[e KnroqeBble rlapaMerpu o6pa6orxil.
flpzne4eurr pe3ynbrarbr rrpoMbrrrnenuofi anpo6a\uu rexHoJroruu Y3lI[ rro raHfeHquanrnofi
cxeMe.

Anropou npeAcraBneHbr rrpeAnoxeHr{.tr no pa3Br,rrr,rro t4ccneAor,a:ouit n AaHnofi oSlactu,
BKJrroqiu paspa6orry MareMarr4qecrofi MoAeJrkr, no3Bonrrcqefi rporno3zpoBarb rou6unupoeaH-
Hoe MlrKporeoMerpr,rqecKoe ra (fu:uxo-MexaHr,rqecKoe cocroflHr{e rloBepxuocreft rrocne npl4Melre-

uux Y3lI[ rro ranreHrlnanrnoft cxeMe, a raKxe ycraHoBneHr.re paur4oHaJrbHblx rpaHI4II rIpIzMeHpI-

Mocrrr AaHnoft cxeMbr ynbrpa3ByKoBoro,qeQ opMr,rp oBanns.

3. Crenenr o6ocnonaHHocrrr HayrrHbrx rroJro)rceurrft, nrrno4oB r{ peKoMeuAaIlnft

O6ecleqenrie AocroBepHocrll flonyqeHHhrx pe3ynbraror o6ycnoB.IleHo I4crIoJIb3oBaHI{eM

coBpeMeuHoro gKcrroprrMeHTErnbnoro oSopyAoBaHrrr, npvMeHeHr4eM MeroAoB MareMarla"iecrozi
crarucrtrKpr AJUr orleHKlr lorperrrHocrr4 r,r3MepeHraft, uareuarzr{ecKuM MoAenI4poBaHI4eM rfoplmapy-
eMoro Mr,rKpofeoMeTpr{qecKofo cocTorHHr rroBepxHocTr4, AocToBepHocTb KoToporo uo.4TBepxleHa

cxoAr,rMocTbro TeopeTr{qecKux Ir SKcrIepI{MeHTaJIbHbIX .4aHHbIx.

BrrnoArr no rJraBaM N no pa6ore B uenoM B Aocraroqnoft creneHl't o6ocrosaHbl, orrupalorct
Ha cyruecTByrouve HayqHbre rroJroxeHr{-r{ r4 He rrpoTrrBopeqaT cyrqecTByloullM TeopHtur n vccre-
AoBaHr,rrM. llpnnxrrre rpaHuqHbre ycnoBr,rr rBrrrorcs AorrycrrdMbrMLr H He oKa3blBaror cylqeorBel{-
Horo BJrr4rHVfl Ha pe3ynbrarbr pa6orrr. B npoqecce .4r{ccepraul4oHHoro LrccneAoBaHr.Ls aBTop Kop-

peKTHO CCbUTaeTCS Ha 3akrMCTBOBaHHbIe MeTOAr.IKr4 r4 HayqHbre pe3yJIbTaTbI, IIOJIyqeHHbIe ApyFI4Mrl

aBTOpaMLI.

I4gloxennbre B Aprcceprar\krvr pe3ynbrarhr flporunfi anpo6aquro Ha MexAyHapoAHbIX I{ poc-

cuft crux roH(f epenqvrflx pa3nLr-uHo ro ypoBHt.

Ocnosnrre HayrrHbre pe3ynbrar6r AocrarorrHo nonHo orpaxeHbl r ny6nuraqarx: ony6:;uro-
saHrr 19 HaytrHbrx pa6or, r{3 Hr.rx 3 pa6orsr BxoArr B ilepeqeHb }cypHanoB, peKoMeH.uoBaI{HbIX

BAK, u3 crarsuBlla4anuflx. I4HAeKcllpyeMhrx n 6agax WoS u Scopus.

4. Hayunan HoBIr3Ha uccre4orannft

YsraHonreHo, rrro H3MeHeHrre cxeMbr y3IIA c HopManbHofi na raHreHIII{iubHyIo, o6ec-

lerr[Baer (fopurrapoeaHue cra6utrsuoro KaqecrBa rroBepxHocrHoro cJrot c H]I3KI{MI4 ila-
paMerpaMr4 rxepoxoBar ocrr E noBbrrtreHHsrvrr,I Szsuro-MexaHI4qecKI,IMr,I csoftctsat\tI4 i{a

AeraJU{x, BbrrIoJIHeHHbx r{3 rrJacrr,r.rHbx }(eraJrnoB I,I clnaBoB (amouunneBblx, TIlTaHo-

BbD(, MeAHbIx, a raKxe Hrr3Koyrnepo.4l{crbD( cratrx).

Paepa6oraua MareMarkrqecrar MoAenb Soprraraponai{r{.s ronorpafiuu [oBepxHocru npII
y3III no raHreHrlraalrnofi cxeMe, yqrarbrBaroqarr BnLItHLIe I4cxoAHoft rn€p.uocrv o6pa-

6arrrsaeNaoro Marepvana u mepoxoBarocrr4 noBepxHocrl{, KpIHeMarI4qecKI4e vI 4nuaMrz-
qecKlre rapaMerpbr o6pa6omr,r.

1.

2.



3. Ha ocnonaru{Ll gKcrlepr{MeHTaJrbHbrx rrccneAoBanauft. odpazlloB I{3 IrJlacrltrlHbrx Marepl4a-

noB npv o6pa6ome y3lIA rro raHreHrlzallnofi cxeMe ra pacu€ursrx AaHHrIX ycraHoB-

JreHbr 3aKouoMepHocrr.r $opnrnponaHrrr noBepxHocrHoro cJrot, BKJIIoqaiI Ml4KpofeoMer-
pkrro pr Susraxo-uexaHr,rqecKrre csofi crna.

5. TeoperuvecKafl r{ npaKTlrqecKas 3Harrr{Mocrb pa6orrr

TeoperuuecKa:r 3HaquMocrb 3aKrroqaercs B Bbr.sBJreHHbrx B pe3ynbrare KLIHeMarLIqecKoro 14

crrJroBoro aHaJrvr3a y3lIA no raHrenrlza;nHofi cxoMe ,oco6ennocrsx ABuxeuut pa6otero nircrpy-
MeHTa orHocr.rreJruro o6pa6arrreaeN{oft rroBepxHocrr.r u xapaKrepa 4eftcrByroul4x cLIn B 3oue .ue-

(fopnuponaur4s; co3AaHr4r4 MareMarz.{ecroft MoAenu (fopruuponaHr,It rorlofpa$uu nonepxHocrpl;

paspa6oranHbrx aHaJrr4Tr4tIecKLIX 14 gMnl4pliqecKl4x 3aBI4cI,IMocrtx BJrH.f,HI4t rexHoJloruqecKl{x ila-
paMerpoB, BKrroqar yron p BBoAa ynbrpa3ByKoBhx KoJre6a:r.uit r4HcrpyMeHTa orHocl4reJlbHo BeK-

TOpa cKopocrr.r rnaBHofo ABr4)KeHvtfl, Ha KaqecrBo noBepxHocrHoro cnot.

flparcrr,ruecKilr 3HarrLrMocrb pa6oru 3aKJrroqaercfl B pa3pa6orrce alropr4TMa yrrpaBJreHfl.s

rpoqeccoM r.r rexHoJrorrarrecKrx peKoMeHAarlLtrx ro nar6opy pet{r{MoB o6pa6orr<u y3lIA rlo raH-
reHrluanbHoft cxerue 4nx lpoprrrupoBaHr4s xapaKrepr{cr[K KarrecrBa rloBepxHocrHoro crox .uerarefi;
ycraHoBneHHbx rexHoJrofrrqecKrix napaMerpon o6pa6orKr.r, oKa3brBaroilIl4x BJILITHI{e Ha MI4Kpo-

reoMerp[rrecKoe ra (pHsraro-MexaHr.rqecKoe cocrorH]rc noBepxHocrHoro cnot Aeranefi; anpalauuu
r.r BHeApeHuu e geitcrByroqee [por.r3Bo.4crBo rexHo.[orzv V3fI[ uo ranreHllvanbHoft cxeMe Arrs
rroBbrrrreHr4r gKcnnyararluoHHbrx cnoficrn Kop[ycoB TennoHafpyxeHHE'IX CBH ycurmelefi Moul-

Hocrr,r; BcecropoHHeft anpo6aqr4r4 B xoAe y.re6noro flpoqecca rro HanpaBJIeHLItM IloAforoBi{z
15.03.05 u 15.04.05 <KoncrpyrropcKo-TexHoromqecrcoe o6ecneqenpre MarrraHocrpourennHbix
rrporr3BoAcTB).

6. AnaJrus ny6lumaqr.rft anropa rro reMe Ar.raceprarl[roHHofo lrccJreAoBaHrrs

Ocnosurre Hay{Hbre pe3ynbrarbr AocraroqHo rroJrHo orpzDKeHbi s uy6lzraqurx: ony6ruaxo-
eaHrr 19 HayqHbrx pa6or, v3 Hr4x 3 pa6oru BXoArr B rrepeLreHb xcypHanoB, peKoMeHAoBar{HbIX

BAK, n3 ctattu B r{3AaHr.r;{x, r,rHAeKcrzpyeMbrx s 6a3ztx WoS z Scopus.

B ny6nzraqrmx [orHocrbro orpzDxeHbr ocHoBHbre HayqHbre pe3ynbrarbl I,IccneAosaHufi.

7 . CoornercrBr.re aBTopeQepara Arrccepraqrr[

Anrope(fepar Alrcceprarlr4r4 B nonnofi Mepe orpaxaer coAepxarue Avccepra\vu I{ orBer{a-

er rpe6onaHlrrM BAK PO.

8. CoornercrBrre Alrcceprarlrlu flacnopry nayvnoft c[eqnaJrbnocrrr

,{rzccepraqvronnas, pa6ora Caruym Apreua fenHa4reuatla coorBercrByer rlaclopry Hayq-

nofi cueurazurbHocrr.r 2.5.6 <<TexHororpr.fl MarxuHocrpoeHun) rlo cneAyIouLIM HanpaBJIeHIrtMIrccJIe-

AosaHlrft:

2 - TexnolofuqecKr4e npoqeccbl, oltepauulE, yoraHoBbr, rro3r{Il]4ld, TexHonoH4rIecKI,Ie ilepe-
xoAbr u pa6ouue xoAa, o6ecuequearcrque rroBbrrrreHue KaqecrBa us4eruir I4 cHTIXeHLIe ux ce6ec:r'o-

I,IMOCTI,I.

3 - MareuarlrqecKoe MoAenr.rpoBaHze rexHoJroruFIecKI,IX [poqeccoB v MeroAoB t43foroB.ire-

Hr,rs Aeranefi n c6opru uspcruir Malrrl{HocrpoeHuJ{.

4 - ConeplreHcrBoBaHr4e cyqecrByrorqux u pazpa6orKa HoBbrx MeroIoB o6pa6orrcu n
c6oprz c uenblo rroBbrrrreHr,rt KarrecrBa uzretntit MamriHocrpoeHr,rfl u cnvDrrelnvIs ce6ecrotaMocrlr I{x
BbrrrycKzI.



7 - Textro:roruqecKoe o6ecneqerule r4 rIoBbIIIreHLIe KaqecrBa noBepxHocrHoro crot, TortrHo-

cr Lr H.[orroBerrHocr[ neraJlefi uaurun.

9. 3alre.ranufl rro ArrcceprarluGHHofi pa6ore

1. Anrop r4crronb3yer a66penuarypy y3lIA, rpaKryr ero KaK ynbrpa3ByKoBoe rloBepx-
HocrHoe rrJracrr.rqecroe 4e(fopMr4poBaHr,re (crp. 8 Arrccepralluu). Ecttu raK, ro [orleMy
coKparlleulre He BrITJUIAIIT KaK y3IInA?

2. HenonsrHo, c rarofi qenbro s l-fi rJraBe aBTop rrpr{BoAI4T repMLIHbI, olpe.4eneHl4t LI

ruaccuSurat\vM, nplreMneMbre Wfl y.re6uoro npoqecca. Hanpravrep, onpeAeneHl4t Ine-
poxoBarocrtl, BoJrHrrcrocrrrz rcnaccuQnraqrlro ocraroqHbrx Harrpnreunfi, xraccuQr.Ixa-
qr.rro MeroAoe lII,{ u 4p. llpra eroM, orcyrcrByer nayunsrfi aHaJILI3 AocrvxeHllft e :a-
.f,ereHHofi [peAMerHoit o6tacrn, roroprrfi AonxeH corrpoBox,qarbcfl, rpa(fuuecrl4Mlr 3a-

BrrctlMocrrMr.r, MoAeJrflMvr vr Ap. HayqHoft uH(fopnraquefi.; n 1-ft rnane npLIBeAeH ToJrF,Ko

TEKCT.

3. I{enr 4ucceprau}roHHofi pa6oru: <Paspa6orKa rexHonorl4l{ (fopuuponaHllt rloBepx-
HocrHbrx cloen c noBbrrrreHnbrMr4 rpe6onanurMr4 K ypoBHro MrrKporeoMerpplqecKux I4

Qrasuro-rraexaHuqecKux xapaKTepucrrrK Ha .4eriulsx r43 rrnaerurrHblx MeraJrJIoB LI cnra-
BoB MeroAoM ynbrpa3ByKoBoro noBepxHocrHofo [nacrlzqecr<oro ge(foprvtuponanux>>. VI

rAe xe co6crseuHo rexnonorus?

4, Arrop yrBepxAaer, qro <Braronpz.f,rnoe Brr,rsHue y3IIA Ha roqHocrb reoMerpaqe-
cxofi (popnru o6pa6arbrBaeMbrx 4erareft , o6ycroueHo He3HaqureJIbHbIM yMeHbIneHIreM

3HarleHzt OTKnOHeHLLf, OT KpyInOCTLI B IIOIepeIIHOM ceIIeHLII{ qUnuHAp}IqeCKI'IX AeTa-

nefi> (crp. 12 anrope(f epuru crp. 114-lI7 Ar4cceprarluu). 3ro rpe6yer roscHeHu{"

5. Hescua ponr npo(fr{Jrbuoro payuyca/guaMerpa ae$opuapyrouero LIHcrpyMe}ira B

(poprvruponaHr{u KarrecrBa rroBepxHocrnoro cnor. Tpa,uI4IIrIoHHo, npoQulruuit paLuyc
r{HAeHTopa npu IIIII - oAr.ru lr3 K.rrroqeBbrx rexHoJloruqecKl4x $arropon. HenonmHo,
r4crronb3oBaH rrHcrpyMeHT ToJrbKo c oAHr4M npo(funrnrnra paAlrycoM paBHbIM 4 ruu?

6. Tpe6yer ro.scHeHvr repMuH <Oqar 4e(fopr'rnpoBaHur) (crp.79 Arcceprallzz). ts reo-
pvru ilnacrr.rqHocrpr r{, B qacrHocrr{, Teopuu lIfI[, ra3BecreH TepMI{H <Oqar 4e$opva-
rlr4r,r). 3Aecs Ha puc- 2.3t (ctp.70 aucce,pzauilr4) r{prrBoAt4rct nyHKa or crarurlecKoro
BHeApeHr4r LrHAeHTopa r4 Her oqara 4e(fopnraqur.r KaK TaKoBoro. C raroft qenblo oilpe-

Aen.serc{ rrno[IaAb ronrarra? O6rrqHo upu lllll [noqa.4b KoHTaKTa Llcnonrsyercs
upu pa6ore r.rucrpyMeHTa rro KoHTaKrHoMy AaBneHI4Io.

7. flr'storcg. nu [pr{eMneMbrMrr rrrcJreHHbre 3HarreHu.f, BoJIHrIcrocrI{ IrocJIe o6pa6omu
y3lIA An-fl npoqeccoB eKcnJryuta\Lfir Aera,refi Lr3 AaHHbrx Nrarepvanon (ra6n. 4.1, crp.
119 4raccepraquu)?

8. I4ccneAoeaHlrr xapaKTepa paclpe.4eJreHlrr, ypoBHr z rny6nnrr 3aJreraHnfl TaHTeHIII{a.lrb-

HbD( ocraroqHhrx HarrprlreHr.rft (ot) [poBoAr{nl{cb MeroAou H.H. AanraAenroBa Ha

Konbrlux (crp. 170 Ar.rcceprarlzra). A KaK yqr.rrbrBaJrr.rcb 4e(popuaqull or BbIpe3KLI u pa3-

pe3Kr{ xoneq? I4rru ncxogHrre o6pa:qrr 6rr:ru BbrrroJrHeHbl B BIrAe xoleq? Torga lcalc

orleHr4BurJracr ge$opuaur4r or pa3p$Krr xomqa? B 4IaccepraIII4LI Her AeraJlbHoro LI3JIo-

x{eHr,rr. floeronry g;a:n:aar MeroAr4Ka rpe6yer AorronnlrreJlbHoro [o.acHeHug.

9. K coxaneruro, BbrBoAstto 2-it,4-itu 5-fi rranau BecbMa MHofocJIoBHbI, qro HecKoJIbKo

(pa3MbrBaeD) rrpeAcraB rre:nvrfl. o6 ocuosHux Hay*rbtx AocrIDKeHI,Itx.

flprane4ennbre 3aMeqaHus HocflT qacrnrui xapaKTep r,r He cHrlxtaror o6u{yro rloJloxflrreirb-
Hyro orIeHKy Alaccepralluonnofi pa6omr.



10. 3arc.rrrorreHrle

,{uccepraqr{oHHiu{ pa6ora Cauylr Apreua fenna4renr{a (lIoBbIIIreHLIe KarlecrBa rloBepx-

HocrHoro cnos Aerarefi ranrenqrraJrbHbrM ynbrpa3tsyKoBbrM ros4eficrnneM npl4 noBepxHocrHoM

4eSopltrapoBannvr>>) npeAcraBnennas Ha corrcKaHlae yvenofi crerreHu KaIIAIrAara rexHLIqecKI4x HayK

no cneqrraJrbHocrr4 2.5.6 - <<Texnonorr{s Marrl,rHocrpoeHr.rr), npeAcraBnser co6ofi 3aKoHqeHHyIo

HaytrHo-KBanu$ur<aqzoHHyro pa6ory, BbrnoJrHeHHyro aBTopoM caMocro{TeJIBHo Ha BhIcoKoM rex-
Hr,rqecKoM ypoBHe. B pa6ore coAeplrarcrleayrrHas. HoBr,r3Ha pe3ynbraroB 14 TexHononlqecKl4x pe-

urenufi e o6racru o6ecneqeru4s BbrcoKoro KarrecrBa rloBepxnocrHoro cros orBercrBeHHbIX.qera-

-lrefi uaurran MeroAoM rroBepxnocrHoro rrnacrl4rlecxoro 4e$opMr4poBaHl4{ c npLIMeHeHI,IeM opl4rt{-

na:nnoft cxeMbr ynbrpa3ByKoBoro rroBepxHocrHoro u;racrplqecroro 4e$opMllpoBanut;raKx{e .4I{c-

ceprarlr4{ o6laAaer reoperlrqecxofi z [paKTuqecKofi sna.ruNfocrbro s o6racru [oBbIIxeHIar e$$erc-

Tr,rBHocrr.r ylporrHflroqefi o6pa6orKr4 AeraJreft ueroAoM ynbrpa3ByKoBoro rlJlacrl,Iqecxoro 4e$op-
MvpoBaHr,rr rro raHreHrluamnofi cxeMe.

OcnoeHue pe3ynbrarhr 14 BbrBoAbr no pa6ore o6ocnonan6l Teoperl{qecKl4 I,I gKcrIepI4MeH-

rzurbHo a ony6lzxoBaHbr B perleH3lrpyel/jbrx HayrrHbrx zrgp:anvrflx Anrope(fepar .4ocroBepHo I4 ilo-t-
HOCTbTO OTpaXaeT COAepXaHpIe AVCcepraIII{u.

,{uccepraq[oHHa;r pa6ora coorBercrByer rpeSonaHvrflM, [peAb.flBnseMblx K KaHA]IAarcKIrM

Aucceprarlvru (nn. 9-1I,13,14 <flonoxeHr.rrr o np[cyxIeHrr4 yqeHbIX cteuenefi>, yrBepx,qer{Ho-

ro flocranoBneHr.reM npaBr.rrenbcrna P(D J\! 842 or 24 cenr.a6pr 2013 r.), a ee aBrop, Carvryns Ap-
r€u feHHa4beBlrq, 3acJryxzBaer npr{cy)rcAeHprr yqeHofi crenenr,r r.ana4n4uta rexHr{rrecKux HayK no
cnerlnanbHoclu 2.5.6 - <<Texnonorl{t M IrHocrpoeHI,ID).

llpo$eccop ra$e4pu rexHoJrorrrr MarrrrrHo-

crpoeHrrr @e4epamHoro rocyAapcrBeHHoro
6roANernoro o6pa:onarenbHoro yqpexAeHl4t
Bbrcrrrero o6paronanux <Kys6accxuft rocy-
AapcrtseHHrrfi rexnuqecrzft yHl{Bepclrrer
rrMeHr4 T.(D. fop6auenu (KysfTY), gor<rop
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rocyAapcrBeHHoro 6roAxetroro o6pasonareJlbHor'o yqpex,{eHl4t
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