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o6 anropeQepare Ar{ccepTarlnu KaueneIIK}IX Alercaugpa cepreennua

<{eruepaqan ruA3Jfibt U CaHmeZ norqbtmgil C UrumeruCgsHbu}t UoHHbtJt'

conpoeoucdeHaeL 6 ?Urop$pndnotx cuctne.Drox c nflaSJweHflbw u cuwoHaKoJtasaetubult

xamodututt,

[peAcTaBJleHnofi Ha cO[IcKaHue yqeHofi crenenu AOKTopa TexHnqecKqx HayK no

cfleql{aJlbHocua 1 . 3 . 1 3 SnerrpoQusnra, snerrpoQra3l'IqecKl'Ie ycTaHoBKrI

B nacrosrqee BpeM, Bce 6or6rrruft uuTepec ucclleAoBareJlefi [pI4BJIeKaror MeroAbI

n;ra3MeHHoro HaHeceHI,L 11oKprprafi. SQSercrunHLIM Cngco6ou reHepaqufl nJIa3MhI B

paooqeM o6reue ycrpoficrB AJu oca)KAeHnfl lroKpntafi npeAcraBilf,ercfl Bo3AeficrBl4e Ha

ra3oByro cpeAy uI,IpoKLIM [ytIKoB 9JISICTpOHOB C 3Hepruefi, 6ruasxofi r MaKCI{MyMy

ce.re,Efi r{oHr{3aUufi Lr 11lc1oU14aqu14 ra3oB gJIeIffpoHHbIM yAapOM. AJIfl prAa ra3oB'

npeACTaBJIflrcIlux I{HTepeC Ntfl TexHOJIOrufi BaKyyMHO-rUIa3MeHHorO cHHTe3a'

(nanpnrvrep, Ar, Nz, Oz, CzHz) yKa3aHHbIe gHepruIa cocTaBJLIoT -100 38' qTo

ooycnaawrnaer rleJrecooop4lHooTb [pr{MeHeHI,Lf, I{CTOIIHITKOB HI',I3KOgHeprerI',IqecKI4X

SJreIrrpoHHbIX [ytIKOB.

CuHteS floKpbrrl{ft BaI(yyMHo-nJIa3MeHHbIM}I MeToAaM[I [poTeKasr B cI'IJILHo

HepaBHoBecHbIx ycJIoBI,I,x' tITo IIo3BoJIfleT floltytlaTr yHI,IKtIJIbHbIe pe3yJlrta.ru. ,{4r

pelreHr,r-f, HayqHofi [po6JreMbr Bar(yyMHO-IIJIa3MeHHOTO OCaXAeHI{f, [oKpLITI',Ift U Cl{trte3a

TOHKI,IX IJI9HOK Tpe6ySTC, KOMIJISKCH6Ifi 11OAXOA, BKJIIoqaIOU[fi TaKIIe aC[eKTbI' KaK

pa3pa6oTKa or[serrnnHrrx cfloco6on, o6ecue.Ifisarcqux AOnOJIHIITeJI6HOO BO3AefiCTBHe

noToKoM I{oHoB I{ yBeJII{qeHlle cpeAHefi sneprul{, fipnxoA'flIqeficf, Ha oAIIH aToM ToKpLITI{'

(Ep) n cooTBeTcTByrcrqee cHr{xeHr,re Heo6xoAlIMOfi TeMnepaTypH c[IHTe3a; AOCTI'I)KeHI4e

BETCOKI{X IJIOTHOCTefi IIOTOKOB qaCTlIII, r[Oprr'rnpyrOrUnx [OKpbITI{', IITO IO3BOJII'IT

rroBbr[rar6 [po[r3BoAr4TeJrbHocrb rexHolroruqecKux [poqeccoB; co3AarMe ycJIoBI'Ifi AJIfl

y[paBireHl{, MaCCOBbIM COCTaBOM I'I 3aprAoBbIM COCTOflH}IeM qacTI',IU peaKIII{OHHOTO ra3a

B npoqecce oco6Aegr,rfl EoKprrrlrfi; floucK perrleu]rtrt l.ttr. He3aBI{cI{Mofi peryrLIpoBKI4 B

[rupoKl,Ix npeAeJlax oTHo[IeHIATI TIJIOTHOCTI',I IIOHHOTO TOKa K IIJIOTHOCTI',I nOTOKa

HefiTpa[bHLrx qacTurl r{ gHepruu [oHoB BBIIAy HeSKBIBaJIeHTHOTO Xapal(repa BItufrH.vtfl'

DTr,Ix QaKTopoB HaycJIoBI4fl cI{HTe3auorputufi; oUeHKa Btfi4fl:nufi'yKa3aHnblx Qarropor na

cTpyKTypHo-sasonoe cocToflHl,Ie n QyHrUIaoHaJIBHbIe xapaKTepI{cTI'IKI'I uorpurnfi'

floeropry IIocTaBJIeHHbIx B AI4ccepTaIInOHHofi pa6oTe BoIIpocoB flB;IfleTc'

oKmyOJtbHOil. sa1acefi ,r I{MeeT BbICoKyIo 3HatII'IMoCTb AJIfl ptt3Bl{ruf, BaKyyMHo-

[JIa3MeHHbrx MeroAoB MOAI',ToHKaIII,IU MaTepI{aJIoB'

I{enuo pa6oul flBnfleTcrl co3AaHI{e eQQeKTI,IBHrIX cuoco6os peILIIH3aIII'IH

LrrrTeHcllBHoro I[oHHOrO COIIpOBOxAeHIrt I'I alffuBaqllE ragOsOfi CpeAbI B C[ICTeMax

ocaxAeHl,Lff norprrrnft, KoTopble o6ecneq[sarcT He3aBI'IclIMyto peryJI[IpoBKy B IUI'lpoKI'Ix

npeAeir'( napaMeTp,B [roHHoro [oToKa (m,qolefi Ao AecrTKos IvIA"/cM2 I4 oT Aec'TKoB Ao

coTeH oB), rraaccoBoro cocTaBa 1a 3ap.[AoBo1o cocTo frHufl' qacT[u ra3a; I'I Cnoco6os

BhrcoKgcKopocTgorg c14gre3a noxputufi B pa3prAe HI'I3KS1O AaBJIeHI{fl '



B pa6ote fioryqeHbl HoBbIe pe3yJl6TarEr, r,rMeroulue Hayqnyro rr nparcrnqecxyx)
3HaqrrMocrb, BHoctlqrte gnaqrremHrrft BKJIaA B perueHl,re npo6lerrau y[paBJreHr{fl
ycJIoBHrMI,I BaKyyMHo-nJIa3MeHHoro oco(.qenr,r.f, nor<pnrrnft l,r cr.rnTe3a ronKr,rx mreHoK
HesaslIcrNlofi perynupourofi B rrruporr,rx flpe.qeJrax r{HTencr4BHocrr,r }roHHoro
collpoBoxAeHHfl I,I IUIa3MOXT{Mr,rqeCK[X [poqeccoB B cpeAe peaKur{oHHbrx ra3oB.

florarano, qro B cHlIxeHI,Ie gHeprur,r gJreKTpoHoB npr{ Her,r3MeHHoM ycKoprrorqeM
I{anpflxeHwvr Lt coorBercrByroueM yMeHbrrreHnn eQQercr}rBHocrrr reueparlr4r{ r{oHoB B

odnactra upeftQa nyqKa npra noBbrrrreHHrrx AaBJreHr,rrx ra3a B r{crorrHraKe

HI43KosHeprerI,IqecKI{x (-102 sB) ererrpoHHbrx rryqxoB Ha ocHoBe rrJrai}MeHHoro Karo.qa c
ceto'rHofi ora6nlwsaqr,refi o6ycrouneHo cyuecrBeuHbrM pocroM noreHqr,raJra

[JIa3MeHHoro KaroAa rroA Aefictsuel,I o6pa:rxoro HoHHoro fioroKa lrs nyqKoBoft unasr,rbr.

SxcnepnuelrraJrbHo ycraHoBJreHo, qro MexaHr{3M HapyureHr,r.fi ycrofivunocrr
6nnonepnoro .qploAa MexAy [Jra3MeHHbrM KaroAoM c cero.rHofi cra6urrasaquefi u
nyvronofi masuofi, reneprapyenaofi rtpu H[3Kr,rx ycKoprrcq[x HanpffxeHr,rf,x B

nrrcoroe$SerrurnoM pexI,IMe oMl,Iccnu eJreKqpouoB, rlpr,rBoALrr K corparqeHuro
eQ$eruanHofi ruIotuaAl{ eurrnpyroqefi roBepxHocrr{ c coorBercrByrouu,rM pocroM
[JIorHocrI,I ToKa 3MI{ccuI,I 3rIeKTpoHoB. 06HapyxeH aBToKoJre6arenrnrrfi pexuru aM}rccru,r

[JIiBMeHHoro KaroAa c ceroqnofi ma6urnsagueilt B r,rcrorrHr{Ke Hr{3KooHeprer[qecKr,rx
(-100-300 sB) enerrpouHrrx rryqroB. florasaHo, rrro Bo3Hr{KHoBeHr{e aaroxore6a:avit
o6ycnoueuo LBMeHeHI,IeM [oreHrluaJra euurnpyrorqefi gJrercrpoHBr [Jra3Mbr rtoA

4eficmneu o6parnoro [oroKa r,roHoB r,Ig rryrrKoBofi nlagrvrrr. Hesaryxarcuile role6asur
floAAepxllBarcTofl BCJIeACTBT,Te 3a[a3A6rBAunfi, rrMeHeHr,rff tloTeHrlr,raJra 3Murr,rpyrcqeft
[JIa3MbI orHocI{TeJIEHo Berurrr{Hhl ToKa r,roHoB I,I3 rryqroBoft uragl{u, BeJrr,rqr,Iua Koroporo
ofipeAeJlrercf, BpeMeHeM xr{3Hr{ r.roHoB B flyqKoBofi ulagrrae. Aerorore6arelrHufi pexrna
gMI,Icc[[ rula3MeHHoro KaroAa c ceroqnofi cra6mngaunefi o6yclaaluBaer cMerueHr{e

MaKCI,IMyMa U ymfipeHl,re SHepreTr,rqecKoro c[eKTpa EylrKa HH3KogHepreruqecKr.rx

oJIeICrpoHoB, qro neo6xoAuuo yrrrarbrBarb rrpn ncrroJrE3oBanuyt raKoro pexr{Ma B

IUla3Moxr,rMr,rqecKrax fipoqeccax c [oporoBnrM ypoBneu ros4eficrBr{f, .

Parpa6otaH MeroA uoryqeHn uorprrrrafi TepMr,rrrecKr,rM aHoAHurM r4cnapeHr{eM B

pft3pf,Ae c caMoHaKaJII{BaeMBrM IIOJIbIM KaTOAOM, C EOMOTqB KOTOpOIO peaJrLr3OBaHO

Hl,I3KoreM[eparypHoe BnrcoKocr(opocrnoe ocax,qeHne o-AlzOs norprrrufi s ycJroBr{f,x

peaKrlt4oHnoro [c[apeHr,r, Al c cuJrbHoroqHbrM r,roHHBrM co[poBoxAeHr,reM.

YcoaeprueHcrBoBaHa MerograKa onpeAeJreHru KoHrlerrpaurar,r aroMapuoro KlrcnopoAa

KaraJILrrHqecKI{M 3oH,qoM AJIfl lr3Mepeswit B rrJra3Me cr,urbHoroqHoro pa3pr.qa. PesyrrTarbr
npoBeAeHHErx HccJreAosaHr,rfi [o3BoJrr{Jrr,r paspa6orarb psA ftlsoptr}pxAHhrx ycrpoficrr Ha

ocHoBe rrJra3MeHHoro KaroAa c cerorruofi cra6nnrsaqraefi, pa6orarorqr{x B III[poKoM

Al,Iarra3oHe AaBJreHHit tana, ToKoB gMr{ccl,rl,r gJreKTpoHos H o6ecneqrBaroruux BblcoKyro

:Sr[errunHocrb reHepaqun r{oHoB. B errx ycrpoficrBax perreHa upo6reMa Hr,r3xoro

pecypca sMl,rccEoHHoro sJreKrpoAa, q'fo ,BJrrJrocb npr{Hrl[ru{aJrBHbrM orpaH[qeHr,reM.

I4rrrerpaqux EcroqHI,IKoB irrfipoKr{x flyqrKoB Hr,r3Kogueprerr,rqecKrax oJreropoHoB c

ruIa3MeHHrIM KaroAoM c ceroqnoft cra6utusaunefi B MaruerpouHbre pacnBrJr[TeJrbHbre

cI,ICTeMbI rrO3BOJrrIJIa CyIIIeCTBeHHO pacurHpr,rTb BO3MOXHOCTT,T IIO ylpaBJreHErO



[apaMeTpaMr,r rroHHoro co[poBoxAeHr{fl, MaccoBoro cocTaBa v 3aps.xoBoro cocToflHr,r,
qACTI,IU PEAKIII{OHHOft CPEAbI, qTO flBJI'ETCS OCHOBAHI{CM IIfl rIOTYTIEHI{' HOBLIX HAYqHbIX

pe3yJlbraroB B o6Jracrr{ ocorAeHr{tr norpbrrlrfi n cnrrre3a roHrrlx [JreHoK.

Paapa6oraHnrrfi MeroA floryqeur.rfl noxprrrnfi aHoAHbrM TepMr,rqecKr,rM Ecnapeur,reM

B ptt3pflAe c caMoHaKaJrr,rBaeMbrM IIoJrbrM KaroAoM ,BJrreTcff nepc[eKTr,rBHbrM, 9To

o6ycnoueHo coBoKynuocrbro ocHoBHrrx xapaKTepr{cruK, Bo3MoxHocrbK) peryJr[rpoBKlr

ruloTHocTr{ r,roHHoro ToKa r{ cTe[eHr{ .q[ccorlr4arllM peaKrlr,roHHoro ra3a B IIIIIpoKoM

AHa[a3oHe 3HaqeHr,rfi n noArBepx.qeHo pmyJrbraraMr{ KoMrureKcHoro ?rccJreAoBaHH,

ycrorufi Hr,r3KoreMrreparypHoro cprrrre3a ra csofi crs AlzOl noxpurnfi .

.r(ocronepnocrb pe3yJrbraroB o6eone.iuraercfl [rc[oJrE3oBaHI,IeM KoM[JIeKca

coBpeMeHnbrx MeroAoB l,I ly6nupyroul[rx MeroALtK, AonoJrHrroulrx n [oATBepx4arcIqux
pe3yJrbrarbr npoBeAeHHLrx nsuepennfi, xoporrIlrM coilracoBaH]reM peyJrbraroB

npoBeAeHHLrx aBToporu pa6orrr uccneAoBawuir, c peyJrbraraMn pacqeroB LI I,I3BecTHBIMH

JrlrTepaTypHbrMH AaHHbrMr,r.

Pesyruraru pa6orr,r rpeAcraBireHrr Ha poccnficxux kt Mex4yHapoAnblx

cl,IMrro3r,ryuax, ronQepeHrlr,rflx, ceMr,rnapax rro reMarure Ancceprauwwworrydrl,IKoBaHbl B

63 cramrx, B ToM rrr,rcJre 27 orarciiB xypHaJrax, BxoA.f,rqr{x B nepeqeur BAK, vtrr34amnflx,

r.rHAeKcHpyeMbrx s 6a3ax AaHHbrx Web of science ra scopus, 33 noruux reKcroB AoKJraAoB

Ha MexAyHapo4Hbrx lr Bcepoccuftcxux roxQepearlwsx, c[rM[o3r{yMa)q ceM}IHapax, a

Taxxes9nareHTaxPO.
Arrop [pr{Hr{MaJr HerrocpeAcrBeHnoe yqacrlre B SKcneprIMeHTaJIBHbIx

r,rccJre.uoBaHl,rflx, npeAcTaBJreHHbrx B Ar,rccepTawfir, pa3Br,ITI{I{ .qI4arHocTI{qecKI,Ix MeTOAI,IK,

aHaJrr43e ra o6o6rueHnr,r [oryrreHHrrx ps3yJr6TaroB, co3AaHr,ru ra3opa3pflAHblx ycrpofictn,
gKc[epr,rMeHTaJrbHoro u rexHoJroruqecKoro o6opyaonauufl. Bce peyJlbrarhl,

cocTaBJlfrorql,Ie HayqHylo HOB]r3Hy AHccepTarluu r,r B6rHocr{MEre Ha 3aI[I,ITy, ilorytleHbl

aBTOpOM Jrr,rqHO.

Boupocu H 3aMeqaH[r.

1. Ha crp. 20 amopeQepara orMerraercf,: <B orrrque or o.qnoQasHrtx TiN,
KoMno3r,rrHbre TiC/a-C:H [oKpLrrH, cocto.f,T tzt3 HaHorpr{crarrn.recrofi Qasbl,
pacnpeAeJreHHofi n auopQnofi naarpraqe, qro o6ecneqilsaer [oBbIIrIeHHyrc TBepAocrb

r,r reM[eparypHyro crofirocrr>>. Karuu MeroAoM [poBoA]IJIac6 n4enuaSnKauurl

HaHoKpr,rcraJrJrr{qecKo[ rpasu?

2. Kar onpe4eJrffJracb rroprrcrocrr uorprrrnft?
3. Ha pwc.27 amopeSepara npeAcraBJrenlr 3aBr{cr{Mocrl,I yAeJlrHoro roBepxHocrHoro

conporr,rBJrennx o6parqos Crofer 22 APU c Mn-Co-O noKprrflael,r 6eg .qo6asKr Y n
o6reuuo .qonupoBaHHble 1,,4 ut. % Y oT BpeMeHI,I nclblTauufi npn 800 oC, xoA

Koropbrx cylqecrBeHHo pa3Jll4rlaercr. tleu gro o6ycnonneno?

Yraraunrre Brrrle 3aMeqaHr,r., I{ Borrpocbl He cH]rxalor o6rqefi noJIoxI,ITeJIrHofi

oueHKr.r npeAcraBJreruofi pa6orr,r.

.{r.rcceprarl}roHH{r, pa6ora orBerraelrpe6oraurarvr floloxeHl,L o [pHcyxAeHI,I]I

yrreHbrx creuenefi, yrBepxAenHoro lloflaHosireHlleM llpanutelbcrBa PO or 24 cemt6pt,
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