
HA

KononeHKo
dIA3EPHO-CTHM

HA fIOBEP
rpeAcraBJreHHyro

AoKTopa Qnrn
tIO CIIEUIIAJIbIIOCTII

JIarepHo-IrHAyIILIpoBaHHbre rPotl

Her43MeHHo aKTy anblaafl o6lacrr nccneA

C MOMEHTA HAIIAJIA TICTIONb3OBAHVTI' JIA3

[punoxeHl,Iqx. lIPm 3ToM oco6

ronyrpoBoAHllKoBble Marepl4alu, Qy

He TOJIbKO rIpO[rnbIX vr HacroflUlux,

SJIeMeHTOB 14 CI4CTeM O[ITOSIeKTpOHI',IKI4

xapaKtepl4crlaKaw:a. I'Iueuso B 3To

iIIrMa3OB yHI4KiLIIbHas [pooneMarl4

TBepAocrl4, )KecrKocrl'I KpI4CTILIIJII4TI

eosAeficrBllflM. f,ocruxele'nfl. e AaHHofi

orerrecrnennofi HayKe HaxoAplTbct Ha rI

[uccepraps. KosoueHKo B.

Irlcuolrsyeuufi aBropoM MeroA

(orcrpeMaJlbHo HI43KI4e cKopocrll

eosAeficrBoBarb Ha rloBepxHocrb iuIM

uaHoo6pa6orry ero rloBepxHocrn c rI

o6pasonaHue sp2-cnxsefi. llpn 3roM p

Qusur<o-xl4Ml4rrecKl,Ie MexaHLI3MbI rlepe

o6pasorvr. Oco6oe 3HarIeHHe lrMeer B

o6pa^:onaHne NV-qesrpoB 14 pa3nl4qH

aKKyMynfl IrLIoHn ofi rp aQrar v3a\vvr.

Cpean san6olee rpnHul4rrkrur

aBTopoM, ctlnTaro neo6xoAlrMbrM orM

llepeoe. Jlasepuo-I{HAyIIupo

rroflBJIeHI4e HOBOI4 BbICOKOynOpflAOrr

tpaHLI ( 1 1 1) a-rrnrasa) sBrl{erc-l yrpa

irJrMina [rfl, pa3HbIX TI4rIoB o6pasqon,

oT cxeMbl na3epHofo 3Kc[epuMeHTa.

tur,rpoKrlnr Ha6opoM rlapaMerpoB, B e ocrr,r, - TaKI4x rIpLIHIII,IrIIaiurbHbIX AJI.lt a6r.flIIHIa Kax

OT3bIB
nccepTaIIurc

rrraJlrlfl BunroPoB rlqa
TIPOBAHHbIE TIPOUEC C bI
HOCTU AJIMA3A>>,
colrcKaHlre yqeHoll cTerIeHI'I

MareMaTl{rrecKHx HayK

.0 4.21 - <<Jla3epHaq Qusu rca>>

br Ha rIoBepxHocTI4 LI B OobeMe TBepAbIX TeJI -
p;aIHIg.iL Ha IIpOTtrX(eHpII4 MHOTI4X AeCflTKOB JIeT eIIIe

n n QqSI4qgCKOM OKCIIepUMeHTe I4 B pil3JIpIrIHbIX

Mecro 3Aecb 3aHI'IMarOT IITI4pOKO3OHHHbIe

MeHTilJIbHbIe qBIeHI4-s B KOTOpbIX JIeII(aT B ocHoBe

Ho v 6yayrunx rexsolorufi paspa6orrcra HoBbIX

ll QoToHHKLI c y[paBJIfleMbIMn QynnIII4oHitlbHbIMI'I

acrreKTe na3epHafl rloBepxHocrHat o6pa6orra

ceroAHqtrrHero ItHfl v33a vx Heo6rtqafisoit

rofi petrrerKll 14 ycrofiunBocrll K BHeTHLIM

BpeMeHnOfi I,I KOHKypeHTHOfi reuarl4Ke TIO3BOI-IIOT

AOBbIX MI4pOBbIx py0elKax.

.uocroftnufi BKJIaA B 3TH AOCTLIXeHI'Ifl .

MrrynbcHaf na3epHa,[ a6nrn1us, Lr HaHOa6n flwfl
eHur), c rIoMoIIIbIo Koropblx yAaerct JIoKiuIbHo

B 3aAaHHOM HarIpaBneHIaI1' 14 TIpOI',I3BOAI4Tb MI4KpO-

olKAeHr4eM llpoMex(yrorlHofi Sasrr rpa$uru 3aq;au -
u3yrorcq SyugaueHTiLIIbHbIe rpoqeccbl I4 pa3Hble

aqv ra3epuofr 3HeprI4I,I B cpeAy KoHTpoJII4pyeMbIM

MOXHOCTb CO3AaHI4' HaHOKOMTIO3LITHbIX CTpyKryp'

x rroBepxHocrHblx TorloJlorvit, a rarcKe rlpoueccbl

bIX Vr [pI4OpI,ITerHbIX pe3yJlbraroB, IIoJIyrreHHhrx

cJreAyloutro, ocHoBHbIe.

HbIe rpaQurkl3,arlrils, Ha rloBepxHocrl'I tulMa3a vr

ssofi Sa^:rr rll4ponl4Tl4rrecKoro rpaQnra (s cJloe Ha

eMbrM rlpoqeccoM v 3aBI4CI,IT KaK OT OpI',IeHTaU]dId

BHerrrHero Harp eBa 14 oKpyxarctul4x ycnonufi, TaK LI

IIpu 3TOM I4CIIOJIr3OBIIIII4Cr na3epHble cI4cTeMbI c



AnuTenbHOCrI4 na3epHhrx I4MrlynbcoB (

coorBercrBeHHo, or 10 Ao 103 - 105 fu)'
Bropoe. B ycnoBl,Iflx HaHoa6nrrl

AeficreHeN,I na3epHoro Il3nyqeHl4f,.

gneKTpottgoft rIoAcI4creMbI zLIIMa3a rlp

roBepxHocrn. 3ro nPuBoAIlT K Ka

aKTLTBaIII4I'I llpoqecca oKI4CJIeHI4fl B y

sasoa6l ntrlg;r.. B rocneAHeM cnyqae

yMeHbllraercfl rIotITI4 s 30 pa3; TaKoe

rapaMerpoM 10-2 nu/uvtuynbc. Anr

rrJroTHOCTb BO3HIrKarouekI SJIeKTpOHH

pa3HbIX rapMoHI{K Ti-sapp Jla3epa Ao

perrrerKl,I o6pa:ua.

Tperre. O6uapPICeH sQQerr u

IIpoI4cxoAI,IT HaKoIIJIeHI',Ie cKpbITbIX

o6nyueuur rloBepxHocrll iLIIMa3a.

uauoo6pa6orre 14 HaHoMo4uQr'rr a\w rr

TepMocTI4MynI4poBaHHbIX rlpoueccoB

MHoro14MrIyJIbcHoro uaHoa6lflIrI4oHHo

caMocorJlacoBaHHoM rlpoqecce (ncnape

zrrrMa3a v co6crseHHo rPaQHua:a

Terrno[poBoAHocTLI He ycrreBaeT rpoq

3ABI{CI'IT OT AJII'ITCJIbHOCTLI JI

rpaQurn3llpoBaHHoro cJIofl Mo)Ker Me

3aBr{OI4MOCTI{ OT AOMI4HI4p oBaHI,Ifl. rIP OU

gerseproe. llpu uaHoa6lrflr1lzrr

eHeIrlHefi arvroc$epbl I4 AaBneHI{Io,

rrpr4rroBepxHocrHoM cJIOe iuIMa3a

NV-qeHTpbI, TeMrI rIoflBJIeHI4{ Korop

r4HAyllnponaHnofi na3epHblM Il3nyqeH

crpyKrypHble eSQercru rlo3BoJlfltor

cyuIecTBeHHOfO rIOBpex(AeHHfl KpI4

uerrtfi ascau6lb IIeHTpoB oKpacKI4 c

6orsuruu, qeM Ao o6lYueunr) v c

crreKTpoB QorolroMuHecueHIII4LI. 06

flporopquoHutrlbHa urecrofi crerleHrl

oHa - e€rBeprofi crerIeHLI). I'Ix nt

orarloB: nos6yxAeHue sneKrpousofi n

guQQysru nrny6r Kpl,Icrarlna. flocle
crpyKrypn, o6p a3yn NV-qeurPbI.

1.5 MKc Ao 100 sc) c qacroroit vtx cJIeAoBaIJr4s,

14 zulMa3a llpoucxoAflT llpoqeccbl oKI4CJIeHI4fl IIOA

vr 3ToM AoMI,IHI4pyIor qBreHLu nos6yNAeHnfl

r4HTeHOntsHocTfX HI{Xe flopora rpa$urra3aUnu

I4HiLIIbHOMy yMeHbIIIeHHIO BeII4r{HHbI sHepfllll

Br4.r{x KOHKypeHuI4H TepMnqecKofo oKLICJIeHI',I.fl V

BeIHr{r4Ha SHepfI,II4 aKTI4BaIII4I'I Ha OAI4H aToM

BneHr{e [poucxoAl4T C XapaKTepHbIM CKOpOCTHbIM

py yAaJrocb rpoAeMoHcrpl'IpoBarb peKopAHyro

prpouuofr rIJra3MbI Ha ypoBHe p 10 2t 
"t-' AnA

rp a S rau 43 aIIvrLr vr p a3py u eHvIr. Kp LI cTiul JI I4rI e c Ko 14

orosofi aKKyMynfluHoHnofi rpaorarpr3a\r4v, KorAa

KTOB B ycnoBl,IflX AJII4TeJIbHO|O na3epHofo

flBlIfl,eTcfl' OAHI,IM V3 KIIOIIeBbIX pe)I(I4MoB IIpI4

BepxHocTI{ aJIMa3a c pa3HbIMH MeXaHI43MaMI4 TaKI4X

or oAHollMnylrcHofi rpaQrarv3alglav Ao

TpaBJIeHnt, HO rIpoHcxoAflIrII4X B eAI4HOM

rae rp aS I4rI43 I4p o BaHH o ro M aTep I4 ula c IIOBepXH o crl4

Ha rpaHnue aJlMa3-rpaQrar). llpu 3roM rlpoqecc

bc.fl B rny6rauHblx o6lacrsx Marepvara, xorfl oH

HOpO I4MIIyJI6Ca. B qacTHOCTLl, TOJIIIII4Ha

fl B rlrupoKrrx rpeAenax - or 10 uu Ao 3rurN{ e

B TeIIJIoIIp OBOAHOSTII vrr1']g^ fl BJI eHHfi nOruOilI eHI'Ifl .

B pa3HbIX oKpyxarcilIllx ycnoBl4flx (uo cocraBy

rlTeJIbHbIM BHeIITHeMy HarpeBy n o6nyueuuro) e

pil3yroTct a3OTHO-BaKaHcI4OHHbIe KoMIIJIeKCbI

X cr4nbHo 3aB:rrC:aT (n cTeIIeHI4 3) OT IIJI9THoCTI4



3aMe.raHLIr H pa6ore.

Bo-uepettx, [o 3KcrIePI4MeHTaJI

corJracl4Tbcfl c yrBeplcAeHneM v o6ocn

usN,IeHeHIlfi [oKa3arerq flpenoMJreHl'I-f,

r.,r3o6pax enuir Ha lI3C- MarPIlIIe

raHrepQepeHuI4oHHbIMlI MeroAaMpI. To

rporleAyp flBn,nercq uan6olee ofITI{MiIrI

3HarreHl4il, ueu ilpLIBoALIMbIe aBTopoM rr

Tervr 6olee, rtpu ncIIoJIb3oBa

Lr3MepeHl{,fl flpoueccoB B peiLIIbHo

[per,IMylrlecTBax, KaK PB, 14

orrrlrr{ecKofo ranrepeQepoMerpa B KoM

3oHe na3epHoro Bo3Aeficreuq [pI4 cla6

Bo-sroprtx, 6olee nogPo6u

MexaHI43MbI llepeAarllr 3HepfLII4 rIpI4 BO3

K HarpeBy perrerKl4 tulMa3a Anq Qe

KoHKypupyrcuux eQQerroB, He cBoAt

B ToM rrlrcJle n c o6pa3oBaHlreM JIoKitrIb

o6ryueHrar na3epHbIMI{ I'IMrIynbcaMI4

pa3HbIMI{ JIoKiuIbHbIMlI Qasonuuu

sp 
I -rra6p vr1irul:;awrefi (npu JIoKitrIbHoM Irn

Eoree rofo. He orleHb oqeB

paclpocrpaHflrouluecfl rlo KpLICTfirIny

ycnoBl,I{x cI4JIbHbIX ll3MeHetruit rIoJI

TIpIIHUHTII{ILIIbHbIe 3Har{eHI4q LIMeTOT JI

cpeAbl. Oun rpI,IBoArr K cuequQra

(oupe4eJlttor reMneparypy, AaBneHI4e

eQQexr av^, a rarcKe r QoroxI4MLIrrecKLI

(no reprvrl4HoJlof w aBTopa) arouoB yfn

B-rperrux, H3JII,IITIHe rIoAPooH

paspa6oraHHocrl4 (o6rerr'r - 171) - 6y

c irrrMzt3oM 3a MHorrIe roAbl ( 7 5 ccbIJI

cBol{x pa6or I{x o6uee qllcro PaBH

cKoHIIeHTpIlpoBarb Qr, Ha upo6neMax'

STOM )I(E ACTIEKTE LIMCIOTC.fl tIO

IrpLlBOAVrIrZlCb B npeAbrAYIIIptX fJraBa

o6reruov 26 c.) rpe6yer 6olee AeruLII

arofi oOlacru Apyrllx I,lccJIeAoBareJIeu.

OrrueqeHHble 3aMer{aHlrt I4Me

AzurlHefi Iunx nccJleAoBarl:avr Al4cce

AocrIl)K esuit ero pa6orbl-

ofi TexHr4Ke nsuepeHufi. He Bo BceM MO)KHO

HneMaBTopa'qTo[pI4noKaIbHbIXI,I3MepeHI{flX

fr4cTpalluq Bapl1talqxl1l flpKocTHftx xapaKTepI'IcTI4K

alaer ilpeLIMyIrIecTBOM IIO CpaBHeHI4IO C

OCTb KT IIYBCTBI,ITEJIbHOCTb, I4MCHHO, IIOCJIEAHI4X

nOfi r4 MOIK9T AOCTI,IIaT6 HaMHOTO 6Olee BbICOKI4X

eHHbre 3HarreHllq s 10 
-3 

Anq Qasonoro cABLIra.

r0v Hlr3KoKorepeHrnofi uurepSepoMerpl4l4 [nfl
uacuna6e BpeMeHrI ALIccepraHT rotsopl4T o

HUI4OHHbIX IOAXOAOB Ha oQHoBe BonoKoHHO-

r4HA\r4v c soronroMr4Hecueuuuefi rroBepxHocTl4 B

BO3MyIIIeHI,IqX rIoBepxHocTI4 .

o6cyx4 eHvrfl rpe6yror QyugaN'IeHriLIIbHbIe

yxAeHr4H sneKTpOssofi rroAcHcTeMbr, IIpHBOAflLUI4e

rcyn4nofi nasepuofi ero a6rffi1;'au. 3Aecr MHoro

xc5{ K orrr4caHlllo B paMKax rpoQrofi TeopLII4 Apy4e,

brx crpyKrypHbrx 4eoerron. llpll BbrcoKofi qacrore

oryr pa3Bl4Barbc.u aKKyMynf,III'noHHbIe eQoercru c

KTypaMr{, vr) KaK CneAcrBI4e SP3-, Sp',- v AilKe

enuu).

o, KaK vr3 ptlc. 2.1 (c. 37 Al4ccepraqun) BLIAHrI

aKa cBeroBofo rlaKera co QKopocTblo cBeTa B

r43yeMocrl,I Kpl4cr€ulna. nts TaKpIX eQQerron

KULrrbHbIe [pocTpaHcTBeHHO-BpeMeHHbIe COCTOflHLIfl

ECKI,IM TII4KOBrIM 3HAIIEHI4'M JIOKILIIhHIIX NOIEfi

BHyTpI4 o6nacrefi r<pracranna) v vrnoroooroHHblM

[poUeccaM KacKaAHofi I4 1lapafilelruofi aKTI4BaIII4I4

Aa Ha noBepxHocTH.

o6cyx4aroTcfl aKTyanbHocTb TeMbr v cTerreHb ee

bHo o Bcex HayqHhIX I4CCJIeAOBaHI/I'X, cBt3aHHbIX

c 1960r. ro n/np - Aa)Ke B aBropeQepare, rAe 6es

80(!) ). Ha.uo 6uno 6u c 6onrruuvt aKueHroM

rocpeAcrBeHHo orHocflIrlnxcfl' r pa6ore aBropa. B

Hr4s. ps1a pe3ynbraroB B rJraBax 5,6 Koropble

Baxnaq rrlaBa 6 o NV-qeurpax (2 uaparpaQa

Horo paccMorp envIfl, c yrreroM MHoxecrBa pa6or n

cKopge, cMbIcJI

14 HV s xoefi MePe

roxelasufr t4 yrouHeuufi Anfl

He yM anqror rIpI,IHuIrfIlIiLIIbHbIX



Aeropovr pasPa6oraHo HoBoe Ha

HaHoQoroHI,IKa c coorBercrByloull4

Mr4KpOCKOInqecKLIM aHaIILI3OM qeneHlafi

llpone4eHbr I,I3MepeHI4fl ero rorlono

npn6 opHoro o6 ecne'r enkrfl', BKrroqaro

MHKpocKotIIlIo, a rarcKe QoromoMllHecu
rrpoBoAI,IJII4Cb v I,I3MepeHVfl' AHHaM

rroKa3areJlfl rlpenoMleunr) pa3BI4Barc

QervrroceKyHAHofi unrep$epeHlluounofi

rroMorrlbro MeroAoB (pump-probe> TexH

Pesylrrarbl LlccneAon,aHutrr nv

HayqHbIX x{ypHanax) xopomo I43BecrH

o6ralaror BbIcoKI4M I4HAeKcoM u

AoKJIaAbIBiIrIucb Ha MHorI4x rlpoSranru

crpaHe, TaK I4 sa py6ellcoM, B T.rr. vt B Bu

llparuuqecKa,f, ueHHocru Pa6oru
rrJraBHOrO 14 yrlpaBJlfleMofo Bapbrlpo

o6pasua aJrMa3a, rrro rlo3BoJrfler Brlep

crrHTe3a uuIMa3HbIX AI{$paKuI4oHHbIX o

H3NYIIEHUI, WK-NA3EPOB B CJIOXHbIC A

o6racrr co3AaHI,Ir MarpI'Iq KoMrIo3Il

JToKIIJILI3 agefi u pac[peAeneHl'IeM HaH

AI4SneKTpI'IqecKI4x rIoBepxHocTHbIX Ha

[nfl co3AaHI4t y[paBnqeMblx TIJIa3MOH

llpra 3roM aBrop TIpI4BoAHT TaKTI{Ko-

arrMa3HbIX ALIQpaKIILIoHHbIX orITI'IqecKI4

pa3nI,rtIHbIMlI Ha BbIXOAe [pocTpaHcTBe

cBera. 3lecr BaxHbI Bo3HI{KarcIrIIle

r,I3nyqeHl4t HH)I(e V Bbrrrre Ilopofa rpa

nogpo6no 6ruo uccJIeAoBaHo

r,rcrorrHl,IKoB (.uo 50 [x/cttz ilpll

r4ccneAoBaHnfl, BalKHbI rIpI4 CO3AaHI4I4 rI

oKoH rIpH SKorlnyarauxr4 v34enl{rl B 9K

Bce 3TI{ Marepuanbl rlo

o6ocuoeaHHblM BeeAeHI{eM K uefr

H3MepeHHbIX 3aBHCI4MOCTeI'I Anq IIOHH

8 ra6l.). AnropeQepar Ancceprar\vrr4

pa6oru, rpeAcraBileHHofi e Allcceprau

Bes BcflKoro coMHeHI4fl cq

B nrropoBl4qa yAoBJlerBoprer BceM

PO K AoKTopcKLIM AllcceprarlvIflM, a caM oH 3acnyx{I4Baer rlpl4cyx \euut eMy Iacrouofi

HOe HaIIpaBneHI,Ie TOfIOJIOfLIqecKzUI zulMa3Hafl

MeroAI4KaMLI pefl4cTp AIqxI/' rpoqeccoB vr

pr.,r MOAnQraraqI4I4 CJIOfl Ha II9B9pXHOCTI4 iulMa3a.

Kr4x OcO6enHOCreft c IIOMOIII6IO COBpSMSHHOTO

aroMHO - CI4JIOByIO U CKaHI4pytO uIYrc 3n e ICTp oHHyto

HTHyro I{ paMaHoBcKyIo crelcrpocKollnn. llpu sroM

ecKLrX XapaKTepI{cTIlK (nOra+rHble I43MeHeHlr'fl

I4XCfl, IIpOUeccoB, B T.q. q I4CnOJIb3OBaHI4eM

lrKpocKoIItII4 c BpeMeHHbIM pa3peueHl4eM 100 Qc c

KLI.

ura (ony6nurcoBaHo 25 crarpft e aBTopI4TerHbIX

crreur4iulucraM, pa6oraroull{M B arofi o6lacru, u

poBaHI4s I,I3AaHHbIX pa6or col{cKarent. OHu

3HAIII4MbIX HAYIIHbIX TOUQEPqHUI4flX KAK Y HAC B

rrpr4 fn aIleHHhIX I,I fIJIeHap H hIX AOKJIaAOB .

B.f,3aHa c IIpoAeMoHcTpLIpoBaH+ofi Bo3MoXHocTbIo

vrfl, rrapaMeTpaMll MIIKpopemeQa flo IIoBepxHocrI'I

rre pazpa6atbrBarb HoBhre Qus{uecKl'Ie rpllHunilbl

KToB, a rarcKe Merarlonepfuocren Ha ocHoBe

yKTyp c rpa$url43npoBauu[tuu BKJIIoqeHnflMH

brx yCrpofrcrn B oIITI,IqecKoM {uanasoHe cIIeKTpa.

14M

oJreMeHroe (nuH3 I{ Sorycaro$on pa3Horo rnna) c

HbrMr,r pacflpeAereHn.flMut [ytIKoB Arq llpoxoAflIllefo

)yKTypbI B utllMa3e rIpI4 ucnol!3oBaHl'Iu nirepHoro

r1T43a\w v pa3pyIIIeHI4x anvra]snofi peilIerKl4. 3ro

C IlcrIOiIb3 OB aHI,IeM BrICOKOLIHT$HCUnUsIX n a3 epHbIX

AnrrHe BoJIHII I,I3JIyqeHI{f, 2E6 HM). lloAo6Hue

p aqHbIX 3 aIIII,ITHrIX rloKprtrufi LI TeXHOJIOf PIq eC KHX

)MaIIbHbIX y0noBu[x.

o rr3JIoXeHbI B 6-rv rlan{x A1lccepragkr c

AOCTaTOTIHO IIOJIHO V TOI{HO pTpDKaeT cylqecTBo

ruqecKllx 3JIeMeHToB, HarIpI4Mep, Art SorycnpoBKll

MepHbre o6lacru. Kpovre roro, prrprtnaeTcfl HoBas



yqeHofi crerleHl{ rlo AaHHOft Clleuvrurb

[orrop Qusuro- MareM arIlrIecKLIX HayK'

npoSeccoP,
3aBeAylourafi rca$e.qPofi $rasunu

H rlpuKJlaAnofi ruareMaruKli

BraAnuupcKoro rocyAapcrBeHHoro yHI4

l8 tpenpaw,202}r.

600000, r. Bla4uuraP, Yn. foPmoro,

o6pasonareJrbHoe YqPerrt4eHLIe

<BlaAnuupcrufi rocyAapcrBeHHbrfi y

HuKouas fpuropbeBuqa CrolenoBbrx)

Pa6oqufi rere$on : 8(49 22)333369 .

e-mail: aruk@vlsu.ru

floAuncr nPoQ. C.M. AParennHa

YqeHufi ceKPerapr BnfV

01.04.21 - dl{sepHan ab

Aparenm CeP

4f"D[.hZD
av. A.f , ra H.f. CfoleroBblx.

$2. @e4epanbrlge rocyAa

rgero uPoiPedcuoHzulbHoro

Fepc en[a Anencau4

d"q%c -%Xl9t"

'i;&,9;

fi Maprl4pocoBl'Iq

HHoe 6rcAxerHoe

o6pasonala.rafl

fpuropbeBl4qa v

OHHOBA


