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peqeHsvpyepafl pa6ora cocro{rrlaf, r,r3 BBeAenvrfl,3-x ruan, 3arlrctleHplt LI

crrlrcKa r4crroirb:yenrofi nureparypH (155 nanMeHOBaHuvI), a raKXe BKJIIOqaTUIafl

7 5 pr4cyHKOB vr trvarpaMM, rrocBflr[IeHa LrccneAoBaHuro [poqeccoB MUKpO- 14

nasoo6pa6orru Marepr{aJroB rrpn MHororrMrlynbcHoM eosAeficrBl4pl na3epHoro

Lr3nyrre .'ufl, c Hoporxofi AngTeJrbHoerbro rrMrlynbcoB. .{zauason AJII{TeJIrHocrefi

LrcrroJrb3yeMbrx rrMrrynbcoB - or 100 nc lo 100 uc (c qacrorofi cleAoBaHl4fl Ao 2

KfrI) B AByx pexr4M ax - B ycJroBr{.flx rrpeBbrrr eHr4A ropora na3epH oft a1tfl\krvr rI

flpu peirlrr,r3 ar\uvr ycronufi, KorAa a6rxt\us, etrle He Bo3HLIKaer (aoa6nrqraonnufi

upoqecc).

B repBoM cnf{ae BbrcoKolrHreHcusHofi naeepnofi a6ts\uu perlb LIAer o

QororepMr{rrecKoM pa3pyr[envru [oBepxHocrrl Marepl{ara c rrry6oKI4MLI KaHaJIaMLI

(Ha npuMepe rrJracrlrHoK Lr3 crtrrru - rropor a6tnryvr Anfl Hrx - 0.5-1 .{xc/cna2),

Bo-BropoM, - o QoroxraMuqecKrrx frpeBparrleHvrflx rpu uauoa6nflullu €IrIMa3a vt

aJrMa3ouoAo6ubrx Marepr,raJroB Lr ro$rr enuu MHoroclofiHoro ryaQ e:aa (3-6 cnoen)

Ha rroBepxHocrg KpeMlus,l[LroKcr.rAa KpeMHr4fl. (y,qaleHl{e aroMoB I{3 o6lyraeuofi

MlrlreHr4, oKr{cfleHlre 14 Ap.). Tarue QorouuAyllnpoBaHHble IIoBpe)KAeIJIus'

Kpgcr€rJrruqecKofi crpyKTypbr r.rMerqr cBora oco6enHocrl{ IIpz MHorol{MrrynbcHoM

nosAefi crBr4r4rKoropbre, HecMorpf, Ha MHorotII{cJIeHHbIe pa6otu s srofi o6lacrvr 3a

MHor'oe roAbr, He 6ulu Lr31nreHbr B ycnoBl{tx IlpotBne}Jvfl' JIoKaJIbHbIX

repMr4rrecKrlx sS6erroB H aKKyMyr{{uu renra/sS$erroB oxJlax \9Hnfl.llpu sToM

B sK0rrepr4MeHTe pearrr43oBbrB€t[Lrcb KoHTponupyeMble rpoqeccbl na3epHofo

Bo3Aefr crB4q, rro3BoJrf,rorrlze r{3MeHflTb xapaKTepHcrLIKLI o6lyraeMblx o6pasqon.

zueHHO sror acfreKT yrrpaBn e$kr'. csoficrBaMu MpIIrreHI{ noA n€BepHbIM

sosAeficrBlreM sBJrrercfl AoMlrHr4pyroqlrM B AI,ICCeprarIuu vr MoxHo foBopl',ITb o

paspa6orKe aBTopoM ocHoB 4D-rexnolonafi, KorAa B p$yJlbrare na3epHofo

gKcrreplrMeHTa yAaercr He ronbKo Br{AopI3MeHsrb rorloJlorulqecKlle cgoficrea

Mareplr aJra) HO 14 BKJrrorrarb pa3Hble MexaHI{3MbI I4X pil3BlfTnfl' BO BpeMeHu rlpll

c ooTBeTCTByIo ulax AIIITeJIbHOCTSX IIa3 epHbIX UMIIynbc oB.
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loerouy aKTyaJrbHocrb pa6otu He Bbr3brBaer covrueuufi, TeM 6ouee B

ygJroBprflx, KoIAa aBTopy yAallocb LIcIIoJIb3oBaTb BapbllpyeMble

rocneAoBareJrbHocrrr (n ronuqecrBe or 1 ao 20) KoporKl{x JIa3epHbIx I'IMrIyJIbcoB

c e6SerrusHofi qacrorofi r4x cJreAoB auurfl, N 200 rfq B opurllHalrsofi

ofrr'rqecroil cxeMe. 3ro cyulecrtseHHo yBenuqlrBaer roqHocrb lasepnofi

Ml{Kpoo6pa6orKlr Marepr4€rrroB r4 r,rMeeT HecoMHeHHOe rlpaKTl{qecKoe 3HaqeHI4e.

cpe4u sau6olee BaxHbrx vr HoBbrx pe3yJlbraroB, [OnyqeHHbIX aBTOpOM'

cquTaro ueo6xoAlrMbrM oTMeTprTb cJreAyroque.

flepsoe. A6rqrlr4q B ruy6orux KaHAJTaX B MarepI{€IJIe CrUrulcrEIJIbHbtX

[JracTI4HaX colpoBo]KAaeTcfl cHJIbHbIM IIOfnOIqeHLIeM paccetHrleM

[Jra3MeHHoM o6rarce (noeHnKaroqeM HerrocpeAcrBeHHo HaA o6pa6arrreael\dofi

rroBepxHocrbro rrpn upo6oe Bo3Ayxa) Ha AonroxrlBylqux MLIKpo- HaHoqacrl4llax'

HO err4M rrpoueccoM yAnJrocb yrrpaBnflrb, peryJll4pyfl 3aAepxKy MexAy

a6tupyroqr{Mr{ Jra3epHbrMra r{M[yJrbcaMr,r. 3ro lro3BoJlter 3HatII4TeJIbHo rIoBbIcI4Tb

e$serrnBHocrb a6ts\uu vr ynpaBJr.flTb ee cKopocrbrc B Auana3oHe HecKonbKLIX

roprAKoB ee BeJrrlrrr{Hbr. IIpH oroM cKaqoK cKopocru a6tflrrvr,zl HocrIT rloporosHfi

xapaKrep (on orpeAe rflercfl, 3HarreH vrfl.vrvr 50-70 ,{x/cna2). Kponae roro'

na6rrroAaercfl e$Serr cumHoft rJrrrMeuuofi eKpaHI{poBKLI B cQoprvrupoBaHHblx

cKBo3Hbrx KaH€rJrax (np" HrrcKorxoporonofi rIJIorHocrI{ gHeprun na3epa

Ao 1 5-20 [xlcvtz ) us-sa a6nupoBaHHbrx MI4Kpo- LI HaHorIacrI4II.

Bropoe. O6napyx{eH e$Qercr o6pasoBanvIfl. roBepxHocrHoro 3apflAa

(n 6olrnuHcrBe cJryrraeB nonoKurelrnoro) Ha HaKarlnllBarolllr4xcfl. MI4IqpO-

Hagoqacrr4rlax B a6tupyeMbrx KaHarrax. 3To rlo3BoJl.fler c rroMolrlblo BHeIIIHeTo

oneKrpr{rrecKoro noJr.f, (nenuuuuofi 60 B ulutu 6otee 1 KB) o6patuMo yrpaBJlflrb

npoqeccoM r4x y1alrorafl B 3aBlrcuMocrLt or paccro flHvrfl' MexAy o6rnaAKaMu

ru6pugHoro KoHAeHcaropa (lnrvr Lr 3uvr, coorBercrneHHo) c ueo6xoAHMbIMI4

eQQercrr{BHocrbro u cKopocrbro (4o rny6utr B Marepuare 600-700 rrarrvr). Anropovt

o6cyx4arorcfl 3 Qa:H rpoqeccoB AJ[fl r€BOAr{HaMLrtIecKLrx rapaMerpoB cpeAbl rlpu

pa3nere rrJra3Mbr B 3aBucrrMocrlrt or peaJII,I3yeMoE n grcnepl'IMeHTe reM[eparypbl

(ao 105 K) u npoqeccoB renJrorepeHoca HenocpeAcrBeHHo B MeralIJI.

flpunqvffruaJrbnrrfi eQQexr 3Aecb Bo3Hr.IKHoBeHrre ceo6oAHbrx sneKTpoHoB vl

3apf,x(eHHblx KJracrepoB pa3MepoM - 0.4 naru.

Tperre. llpu MHoror{MnynbcHoM n€BepHoM HarpeBe rpa$enonux crpyKryp

Ha rroAJrox(Ke SiO2/Si B Aoa6nxuproHHbrx pelKLIMax Bo3HLIKaIor ycrofiul4Bble

noK6urbHbre rrao4ra$LrKarlr4r,r rpaSenoBbrx cJIoeB (ta cqer Hlr3KoreM[eparypHoro

oKr.rcJreHrrfl,Ha Bo3Ayxe) 6eg ux rroBpexAeHufl, B pit3HbIX ycnoBrirflx oKpyxalou{efi

cpeAbr (n arvrocsepe aproHa 14 BoBAyxa rpu pa3HbIX AaBneHurx) rr rIof,BJIeHrM



LrcxoAHoro rpa$ura. Tarofi iloPor

5-0.4 J\xluuz. fpaQeHoBbre crpyKrypbl

XI{MLIIIECKOIO OCA)KAEHVTfl, IIAPOB HA

vt MeToAoM MexaHl4rlecKofo paccnoeHllf,

repeHocuJlvlcb Ha TBepAyro KpeMHeByIo

B pit3HbIX ycnoBnflx oKpyxarcqefi cpeAbl

CM-vreroAoM. Aualoru.rHrtfi eQ$err
crBeHHo rpaQura B Bo3Ayxe.

rlerseproe. PaccMorper+a rpolleAypa JIoK€IrIbHoro LI3MepeHVfl,

MexaHr{rrecKr4x Lr gJreKTpoHHbrx c$oficrB MHorocrofiHblx rpaQenoBbrx crpyKTyp 3a

aHLrrIe rpaQen-IloAnoxKa, B ToM tII,Icre

BOAHbTX CnOeB TaKI{MH [OntpHbIMI4

p oror eQ$err HailblBaer peBepcLrBHbIMIa

rrpoBeAeHHbIX I{ccneAosaHutrr flBJrflercf,

o6pasoBaHrre rapoBbrx uonocr(fi B o6ryraeuofi o6nacru roA rpa$enonofi

roBepxHocrbro. Cavr Qaxr nrrr$cuenufl. BoAbI or IIeHTpa nrcepHoro IIsrHa K

uepz$epvvr Ha o6pasqe v34a ppsnuqu reMneparyp v rpaArleHra AaBneHurI

csoeo6pa3Hoe rpoqBnennfl, Qaso{rrx uepexoAoB B pa3Hble arperarHble cocrosuvtr

vrr raKxe v K yAarreHrrrc rpa$ena c

. Anropy yAarocb npoBecrkl aleaJrrzr3 erLIX

oAXoAa - rlplr oueHKe BeJIHqI4nu pa6orbl

BbrxoAa r{3-3a Lr3MeHeH:afl, uQnepxHocrHoro rloreHrlvlanra rpaQena. 3Aecr

o6nappKeH npoqecc ((repe3auraQn> MHoroIdMrIyJIbcHbIM na:iepHblM Lt3JIfreHueM

MlrKpoo6lacrefi c LrcMeHennuniu gneKTpoHHbIMLI ceoficrBaMpl MI{IrIeHIit npLI

pa3Hbrx BHerrrHr,rx ycnoBuqx p.nfl o6parqoB B 6ranapHblx cucreMax (n .racrHocrlr,

arleroH-no4a).

1. KorAa per{b ra4er o6 aQnerrHoM rrlrcJle npn rpelll43uoHsofi a6ts\uu B

MaTepr4arre cr€ulkl paccMaTpl4 afl, BecbMa cKpoMHafl ero BeJII,IqLIHa Boero

Jrr4rrrb a6crpaKrHo 6olrure 1 - e6yer 6omurefi Aerzutvsa\nv c frerou Qopnru,
pa3MepoB u rpocrpaHcTBeHHorp pacnpeAeJlel{rf, Bo3HLrKarcIqux cTpyKTyp Ha

roBepxHocrrr o6pa:qa. 3Aecr Hpo6xoAI,IMo 6ulo rlotrcHl{Tb, AIrfl qero Hy)KHbI

TaKr{e crpyKrypbr B rrJraHe npa(ruqecKllx rpe6onasuit rtoA orpeAelessufi TI,Iu

3aAaq.

2. OrAelurufi aHarrr.r3 Hpo6xoAr{M rrpu paccMorpeHpll{ oJleKrpoSnsuru

KnacTepHbrx cHcTeM pI OTAenbHblX 9JIeKTpOHOB B yCJIOBI1Iflx Ia3MepeHHOrO CKaqKa

rrpoBoAr.rMocrrlr KoHTaKTu a rarc{e, KorAa peqb I,IAeT o6 ux SneKTpocTaTl4qecKofi



cra6unbHocrl{ I{ ycrofiquBocrrl

Ha,qo 6rt noqcHl/trb, [orleMy Ilx
3aBr{cLtr. Moryr nu Bo3HHKarb

co crotlJvIs. 3 aprxceHHbrx tlacrrrll,

3. IIpu aHaJIH3e u o6cyxq

B3alrMo AevcrBvrfl. n€l:}epHofo

[oJre3Ho I{ctloJlb3oBarb H Ao6as

KHr{ry ro lasepuofi a6ts\uvr

Applications in the

CRCPress.PanStanfordPubl., 201

4. Cno)KHbIe HeJrl,IHefruue

pa3HbIX ycnoBrl.f,x, cBoAqrct B

14 III'ICJIEHHbIM METOAAM

34ecr, Bce-TaKu, 6stno 6rt tron

aHa[rv3r,IpoBarb p a3Hble Bo3MOXH

5. llo crpyKrype Aplcce

6onruree qI{cJIo rJIaB BrIA

gKCII epr4MeHTaJIbHbIe MeTOAI{KI4

OAnaro, AaHHbIe 3aMe

[onyqeHHble aBTOpOM, 14 HOCtr

nccneAoBanr4fl. B qenoM AtIcce

Ee uoxuo oxapaKTeppl3oBarb

Peeyrsrarbl pI3JIolKeHbr flcH

Heo6xoApIMbIM Llnnrocrparvl

o6cyxgeHnflMvr. HayuHble roJro

opr4rr4HarlbHbl. Anrop rpoAeMo

seo6xoAIaMhIMI{ Qnsrary-oKcrl
npo$ecclaoH€t[Ll3MoM u uH

o6racru I{ccJleAosaunfi. Arry
IlonrreHHblx B AI,ICCepTaIII{I,I

perIeH3I{pyeMbIX aBTop

pa3HbIX To[oJIo ruit Ha [oBepxHocrra o6pa3lla.

flA B OCHOBHOM TIOJIOXI4TeJIbHbII',I H OT rler0 9TO

ecb rplrHulrrruaJlbHble AJrf, Qnsurn cBfl3aHHble

lpII KaKIIX yCnOBLIsx?

vtu a6 nfl III,Io HH o ro u Ao a6.DI IIu o H H o ro p e )KI'IM o B

elavrs, c pa3rI,IqHbrMLr Marepr{anraMu 6ulo 6u
K CUUCKy nuTepaTypbl 9HIInKnorIeALIqecKyro

<<Laser Ablation in Liquids: Principles and

of Nanomaterials>> by Guowei Yang,

Il92 p.

poqeccbr, Aa eue c pa3HbrMpr aAcop6araMlr I,I B

K rrpocTblM KarrecTBeHHbrM paccyxtAeHLIflM

c I,I3BeCTHbIMII OTIeHOIIHbTMLI COOTHOTUeHLI'MI4.

Hanvcarb rltcxoAHble oagoeHe ypaBHeHrM u

e pexnMbl c rlla$ponblMu AaHHrIMI{.

v. Croulo 6u pa3AenLITb ALIccepraIILIrc Ha

ktcrloJlb3yeMble aBTopoM opl4nrHaIlbHbre

eAoBaHpIfl.

He BJrr,Iflror Ha [puHIII{[uuuIbHbIe pe3ynbTaTbI,

AaJrbHefiruuecKopee xapaKTep noxelannfi Ha

ouHar pa6ora Ha[I,IcaHa Ha BbIcoKoM ypoBHe.

rleJrocrHyro LI BHyrpeHHe cBt3aHHyIo pa6ory.

rpaMoTHbrM t3bIKOM, COIpOBOXAaIOTC'

MaTepvaJIoM 14 KATIECTBEHHbIMI{

envIg, BbrHocuMbre Ha 3aIrII,ITy, o6ocnoBaHbl u

LrpoBurJr yBepeHHoe BJIaAeHLIe KaK HaBbrKaMI,I,

LrMeHTaropy, TaK kr o6ulurr,r BbIcoKprM

r{poBaHHocrblooAocT}DKeH}TTIXBAaHHOLT

bHocrb, opl{n{HilJlbHocTb u AocToBepHocrb

yJrbraroB [oATBep)KAaercfl uy6nnraIII{f,MLI B

aapy6e)r(Hblx vr oretlecrBeHHblx HafrHbIX
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