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AHHOTANMA

Beenenue. ccnenoBano BIMAHHE MOMApHU3aLUU (HEMTOCEKYIHOTO Ta3epHOT0 U3IMyueHUs: Ha (GOPMHUPOBAHUE
QIITATICOUIHBIX HAHOYACTHI cepedpa (Ag) M MX OPUEHTALUIO B 30Jb-TeJIb TUIEHKaX okcuna nuHKa (ZnO). Biamsaue
MOJIIPU3ANNH SBISCTCS MPUINHOW BOSHHUKHOBEHHS AMXPOW3Ma B IUIEHKAX Hocie obmydeHus. B ornnume ot
cepeOpocoepKaIiX CTEKOI, IIe TOT MEXaHW3M BIEpBBIC ObII OOHAPYXKEH, B TOHKHUX 30JIb-Telb IUICHKAX JaHHBII
s ekt nmpakTUUEeCKH He UCCIIE0BAH, YTO ONpeeseT aKTyalbHOCTh paboTsl. MeToa. Ynpasienue GopMoit, pasmMepamMu
U OpUEHTalUell HaHOYACTHI] Ag OCYIIECTBILIOCH TyTEeM BO3ACHCTBUS Ja3epHBIMU (HPEMTOCEKYHIAHBIMU MMITYIIbCAMU
C BBICOKOM 4acTOTOH MOBTOPEHUS U JIMHEHHOH Mojspu3anueii, OpUeHTUPOBAHHON BJIOJIb U MOIEPEK HallpaBlIeHUH
CKaHUpOBaHWs. J{JIsl BOSHUKHOBEHUS JUXPOU3MA TPEOOBAIOCH 00ECTICYNTh BHICOKOE MOIIOLICHHUE JIA3ePHOT0 H3ITyYeHHUs
HAHOYACTUIIAMH M OTCYTCTBUE norommenus B Marpuiie ZnO. uxponsm B mieHkax ZnO ¢ HaHouacTHLaMu Ag (ZnO:Ag)
HCCIEN0BANICS METOJaMU ONTUYECKOH MUKPOCKONIUH U CIIEKTPO(OTOMETPHHN B MPOXOJAIIEM CBETE. AHAIN3 pa3Mepa,
KOHLICHTPAUH, ()OPMBI ¥ OPHEHTANH HAHOYACTHII B IVICHKE POBOJHIICS C IPIMEHEHHEM JIEKTPOHHOH MUKPOCKOIIHH.
OcHoBHBIE pe3yJabTaThl. [l0ka3aHO, YTO BO3HUKHOBEHHE JAUXPOM3Ma MPOHUCXOINUT B pe3ylabTaTe BO3JACHCTBUS Ha
IUIEHKH JIA3€PHBIM U3IyYECHHEM C TNIOTHOCTBIO 9HEprun OT 43 10 99 M//CM? 32 MMITYJIBC TIPU CKOPOCTH CKAHUPOBAHHS
1 Mm/c. BbIsiBIIeHO, 4TO NpH JQHHBIX 3HAUYCHUSX INIOTHOCTH DHEPIUU MPOMCXOAUT (HOPMUPOBAHUE DIUTUIICOMIHBIX
HaHO4YaCTHIl, OoJIbIIIast OCh KOTOPBIX NPEUMYIIIECTBEHHO OPUEHTHUPOBAHA BIOJIb JIMHUU ITOJIIPHU3allUU (beMTOCGKyH}lHOFO
U3ITy4eHUsl BHE 3aBUCUMOCTH OT HAIPaBJICHUsI CKAHUPOBaHUsL. B pesynbrare j1a3epHOro o0my4eHus Moau(puIUpOBaHHbIC
obnacTu MIeHKH npuodbpenu auxpounsm. Ilpn mapaniaeabHOM pacloIOKEHUH OCH TOJSPU3AIMN MAJAI0IIEro CBeTa
C HampaBJICHUEM JIMHEHHOU MOISIpU3anuu (PEMTOCEKYHAHOTO M3ITy4EHHS, C TIOMOIILI0 KOTOPOTO OCYIIECTBISETCS
3aMHCh, IPONUCXOINUT CMEIICHHUE MTHKA IIa3MOHHOTO Pe30HaHCa B JUIMHHOBOJIHOBYIO 001acTh criekTpa. I1pu moBopote
MOZU(UIIPOBAHHBIX 00acTeil Ha 90° MUK ITa3MOHHOTO PE30HAHCA CMEIIAETCsl B KOPOTKOBOJIHOBYIO 00IACTh CIIEKTpA.
[Tpu wroTHOCTH dHeprUU BhIe 99 MJIK/cM2 TUXPOU3M COXpaHseTcst, HO dGHEKT AUXPOM3MA CHHKAETCS, pa3Mep
HAHOYACTUI] YMCHbIIACTCS M HAYMHACTCA OCTEHEHHOE Pa3pyILEHUE MaTPUIIbI INICHKU ¢ 00pa30BaHHEM HAHOPAa3MEPHBIX
nop u TpemuH. O6cyxaenune. IlomydenHble pe3ynbTaThl MOTYT HAliTH MPUMEHEHNE NP 3alMCH MOJISPU3ALMOHHO-
YyBCTBUTEBHBIX IEMEHTOB MAJIbIX Pa3MEPOB, CIIEKTPAIIBHOE MTPOITYCKaHHE KOTOPHIX 3aBHCUT OT OPHEHTAINU BEKTOpa
JIMHEMHOM MOsIpU3aluy Nalalolero Ha HUX cBeTa. [IpennoKeHHbli 01X0/] O3BOISIET KOPPEKTUPOBATH MOJI0KEHNE
MHKa TUIa3MOHHOTO PE30HAHCA B CHEKTPaJbHOM Auama3oHe oT 450 mo 650 HM ¥ MOXKET HalTH MPUMEHEHUE IS
TIOBBIIICHHS] TYyBCTBUTEIFHOCTH (DOTOIETEKTOPOB B TPEOYEeMOM CIEKTPAILHOM JIAIa30He.

KiioueBnble ci0Ba
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Abstract

Polarization of femtosecond laser radiation influence on the windings of ellipsoidal silver nanoparticles and their
orientation in zinc oxide sol-gel films was studied, which caused the appearance of dichroism in the films of the
irradiation field. Unlike silver-containing glasses, where this mechanism was discovered, it has hardly been studied in
thin sol-gel films before. Femtosecond laser pulses with a high degree of repetition and linear polarization controlled
the shape, size and orientation of silver nanoparticles which was oriented horizontally along and across the direction.
For dichroism to occur, it is necessary to ensure high-quality separation of laser transducers by Ag nanoparticles and the
absence of differences in the zinc oxide matrix. Dichroism in such ZnO:Ag films was investigated by optical microscopy
and spectrophotometry away from light. Analysis of the size, content, shape and location of nanoparticles in the film
was conducted taking into account electron microscopy. It has been shown that the relationship between dichroism as
a result of exposure of the film to laser radiation with energy density ranging from 43 to 99 mJ/cm? per pulse and flow
velocity of 1 mm/s. It was investigated that at given fluence, the interruption of ellipsoidal nanoparticles, most of which
are simply oriented along the polarization line of the femtosecond transformation, occurs depending on the direction of
the transformation. As a result of laser treatment, modified areas of the film acquired dichroism. When the polarization
axis of the incident light was parallel to the direction of linear polarization of the femtosecond radiation with which the
regions were recorded, the plasmon resonance peak shifted to the long-wavelength deflection region. When the changed
zones were rotated by 90°, the peak of the plasmon resonance shifted to a shorter wavelength region relative to. At
fluence above 99 mJ/cm?2, dichroism remained, but it decreased sharply, the size of nanoparticles decreased and began
to gradually destroy the film matrix with the formation of nanoscale pores and cracks. Obtained results can be used to
register polarization-sensitive elements of small sizes, the spectral transmission of which will depend on the orientation
of the linear polarization vector of the light incident on them. The proposed method allows adjustment of plasmon
resonance peak position in the spectral range from 450 to 650 nm, which can also be used to increase the sensitivity of
photodetectors in the specified spectral range.

Keywords

femtosecond laser pulses, dichroism, sol-gel films, zinc oxide films, silver nanoparticles, plasmon resonance, laser
modification
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demToCeKyHOHaA na3epHas MoandurKaums 30b-refb nneHok ZnO:Ag ¢ NPosiBNIEHMEM AMXPOM3Ma

¢ 3 exToM JIOKAITN30BaHHOTO MOBEPXHOCTHOTO IJ1a3MOH-
Horo pe3onanca (JIIIITP) BoiHBI majaromero cBera ¢ Me-
TaJUIMYECKUMHU HaHo4yacTHLaMH. 3a cuet 3¢ ¢exra JITITIP
TIEPUOINYECKUE CTPYKTYPHI M3 HaHOUacTHIl cepedpa (Ag)
paccenBaloT Majarollee U3JIydeHne U NepeHanpaBisioT
ero B Marpuny ZnO, TeM caMbIM yBEIMYIHUBast HOTJIOLICHHE
[3]. Oddext JITIIIP Tarxke MOKET TPUBOANUTH K HHIKEKITHH
TOPSIYUX JIEKTPOHOB M3 HAHOYACTHIEI B OKPYKAIOIIYTO
wieHKy [4]. IIpu pe3oHaHCHOM BO30YX/ICHUH HAHOYACTHIIHI
M3ITy4eHHEM C JIOCTATOYHO OONBIION MHTECHCHUBHOCTHIO,
BOS6y)K)IeHHI)IC OJICKTPOHBI M3 HAHOYACTUIBI ITOIMagaroT
B 30HY IIPOBOJUMOCTH I10JIyIIPOBOAHUKOBOW MAaTpHUIIbL,
YTO TPUBOJUT K YBEJINYECHHIO KOHLEHTPALUH CBOOOIHBIX
HOCHUTeNeH 3apsiaa B Hell U, ClIe0BaTeNbHO, K MOBBIIIEHUIO
¢dororoxka [5].

Ucnons3zoBanue nanouactun c¢ JIIIP na paznnu-
HBIX JUTMHAX BOJIH MO3BOJISICT KOHTPOJIMPOBATH ANUAIA30H
CHEKTPaJbHON YyBCTBUTEIBHOCTH (hoTOmETEKTOpaA [6].
[onoxenne nuka JIIIIIP 3aBucuT oT QPopmEI, pazmepa,
COCTaBa HAHOYACTHI], & TAKKE OT TIOKA3aTeJIs PEIIOMIICHHS
OKpy’Karollel IIeHKU. BaykHOl TexHOIornyeckou 3agauen
ABJIACTCA YIIPABJICHUEC ITOJIOKEHUEM TTHMKA U, KaK CJICACTBUEC,
YIIPaBJICHUE JUAITA30HOM YyBCTBUTCIIBHOCTU (I)OTOZ[CTCKTO-
pa. OqauM 13 Hanbosee pacpoOCTPaHEHHBIX [T 3TOTO Me-
TOfia SIBTISIETCS] TEPMUUYECKUN OTKUT B neud [7]. B kauecTBe
aJbTePHATUBHON TEXHOJIOIMH MPe/1araeTcsl UCIOIb30BaTh
MeTOoJ JiazepHOTro o0mydeHus [§]. OH mO3BOJISET OBICTPO U
JIOKAIBHO MOAN(HUINPOBATH CTPYKTYPY M CBOWCTBA MaTe-
puaia, B TOM YHCJIE YIPaBISATh nosokeHueM nuka JITTTP
B criektpe. Ilpu 3TOM, B 3aBUCHMOCTH OT JUTMHBI BOJHBI
N3ITy4eHUs], MOTYT PEaJIN30BBIBATHCS Pa3INIHbIC MEXaHN3-
MBI TIOTTIOIIEHHMS B MaTepuaie. M3BecTHO, 4TO ¢ TOMOIIBIO
(heMTOCEeKyHIHOTO U3JIyUCHHUS C AJTMHOW BOJIHBI, OJIM3KOH
x JITITIP, Bo3MoOXHA MOJU(HUKAINS ONITHYECKUX CBONCTB
U CTPYKTYPBI IJICHOK JUMOKCUAa TUTAaHA C HAHOYACTULAMU
3omota [9, 10]. B aTOM ciydae morjiomeHue u3ny4eHus
MIPOUCXOIMIIO HEMOCPECTBEHHO Ha HAHOYACTHUIAX, KOTO-
pBI€ 3aTeM MepeAaBaIy TEeIIo B OKPYXKAIOIIYI0 HOITyIpo-
BOJJHUKOBYIO Marpuiy. OJJHaKO IIPH 3TOM Maj0 BHUMaHUS
OBIIO YJIETICHO aHN30TPOITHBIM CBOHCTBAM IICHOK C HAaHO-
yacTuamu. JlazepHO-nHIyIUPOBAHHAS AHU30TPOIIHS Pop-
MBI HAHOYACTHUI] MOJKET NPUBOANTH K TOSBICHHUIO AUXPO-
n3Ma B Marepuaiue. Takoit ekt nccmemnoBan B paborax
[11, 12] nmsa cirydass HaHOYACTHIl Ag B CTEKJIaX MIPH BO3-
JelcTBUN (PEMTOCEKYHIHBIM PE30HAHCHBIM N3ITy4EHHEM.
Bo3HukHOBEHHE AUXPOHU3MA MPH Ja3epHON MOTUDHKALINT
TOJIYITPOBOAHUKOBBIX IJIEHOK IMPUBOAUT K 3aBUCUMOCTHU
MOMIOIICHNS MaTepuaia OT MOJAPHU3ALUU U3JIyYCHHUS U,
KaK CJEJICTBUE, K MOJSPU3ALIOHHON 4yBCTBUTEIBHOCTH
(oToeTekTopa Ha OCHOBE IICHOK. /ISl YCHENHOro npu-
MEHEHUSI J1a3epHOH 00pabOTKH B Ka4eCTBE OIHOM U3 TEXHO-
JIOTUYECKUX OTIEPalvii PH N3TOTOBJICHUH (POTOAECTEKTOPOB
TpeOyeTcst U3yUNTh BINSHHUE MOSIPU3ALUH (PeMTOCEKYH/I-
HOTO M3JTy9IeHHs Ha SBJICHHUE JUXPOU3Ma, BOSHUKAIOIIETO B
ZnO:Ag mIeHKax B pe3yiabTraTe X OOIydeHUs.

B nacTostmieit paboTe mcciiefoBaHo SIBICHHIE TUXPOr3Ma
B TuieHKax ZnO:Ag, BOSHUKAIOIIETO B PE3yIIbTaTe BO3ICH-
CTBUA (beMTOCCKyH}IHBIM JIa3€PHBIM U3JITYYCHUEM C JIMHEH-
HOM nossipusanueil. B uccnenoBanny UCnonb30Balach 1J1d-
Ha BOJIHBI JIA3€PHOTO U3Iy4eHUs, OJTU3Kas K JAJIHHE BOJIHBI
JITITIP HaHOuYacTHIl B UCXOAHOM IJICHKE U PACTIONOKEHHAS

B OKHC ITPO3pavYHOCTHU ZnO. B Xoae pa6OTLI H3Yy4YCHO BJIM-
SHUC IUIOTHOCTU SHEPIrun (I)CMTOCCKyH[[HLIX HUMITYJIbCOB U
HaIIpaBJICHU BEKTOPa JIMHCHHOU MOJISIpU3aliuu JIa3CPHOI'O
H3JIYy4YCHU Ha CBOWCTBA IUICHKH IIOCJIC O6J'Iy‘leHI/I${.

MarepuaJjibl M METOAbI HCCIEI0BAHUM

B skcnepuMeHTax Mo M3y4eHHIO Ja3epHO-UHAYIUPO-
BAHHOTO JMXPOU3Ma UCIOIb30BATINCh TOHKUE MOJIUKPU-
cTajuindeckue mieHku ZnO:Ag, N3roTOBIEHHBIE 30JIb-Telb
meronoM [13]. Marpuna mienku ZnO ObLia MojydeHa U3
pactBopa anerara uHka (Zn(O,CCH3z);) B 2-MeTokcn-
sranone (C3HgO») ¢ xonnenTpanueit 0,2 M. B kauectBe
cTtabuiam3aropa pacTBopa MPUMEHEH MOHOAITAaHOJIAMIH
(C2H7NO). MonspHoe OTHOIIEHHE CTabmIHU3aTOpa K
Zn(O,CCH3); coctamio 1:1. Itenka ZnO ocaxnanach
CJIOH 3a CII0eM Ha IUIaCTHHY KBapIIEBOTO CTEKJIa TOJIIHU-
HOU 1 MM ¢ MOMOIIBIO TEXHOJOTUH IEHTPUPYTHpOBa-
Hus. [locne kaxa0ro ocakaeHus oOpaser CyUIHiIcs Npu
temneparype 300 °C B TeueHue 5 MUH A BBIIIApUBa-
HUsI pacTBopuTens. st popMupoBaHust HaHOUACTUI] Ag
OBUT IPUTOTOBIIEH pacTBOp HUTpara cepedpa (AgNO3) B
C3HgO; ¢ xonuentpanueit 0,03 M. Crnoii HaHouacTul] Ag
BHYTpH ZnO OblT 00pa30BaH IOCIIE0BATEILHBIM HaHE-
CEHHUEM I10 IATh CIO0EB Kaxaoro pacteopa: ZnO, AgNO3
u oBTopHO ZnO. [locne HaHECSHHS BCEX CIIOEB IUICHKA
MOJIBeprajiach OTXKUTY B My(elbHON eYH IpU TeMIepa-
Type 570 °C. B mpormecce TemnoBoit o0paboTKu B meun
MPOMCXOIUI CHHTE3 HAaHOYACTHUI] Ag, PaCIOJIOKCHHBIX
BHyTpH Marpuubl ZnO. TonmuHa MOTy4YeHHON MICHKU
coctaBuia 120 + 5 Hm.

Jns MonupuKauu ONTUYCSCKUX CBOMCTB MJICHKH
ZnO:Ag 1 U3y4eHus sIBICHUsS JUXPOM3Ma HAHOUACTULl Ag
B 00pas3Iie NCIIOIb30BaIach SKCIIEPUMEHTAIbHAS yCTaHOBKA
Ha 0a3e BOJIOKOHHOTO HTTEPOHEBOrO ()eMTOCCKYHIHOTO
nmazepa ANTAUS-20W-20u (OOO «Agecrta», Poccus),
OCHAIIEHHOTO TeHEePaTOPOM TapMOHUK, U TPEXKOOPIHU-
HatHOTO cTojia (kommaHus «Thorlabsy, CIIIA), cocTos-
IIETO U3 IBYX CEPBOMPUBOAHBIX IMHEHHBIX TPAHCIISTOPOB
DDSM50 nns mepeMemenus B IIIOCKOCTH U IIarOBOTO
nuHelHOoro TpaHciasatopa MTS50M-Z8 — mo BeicoTE.
JlazepHbie UMMyIbCHI ¢ TMHEHHOW MoJisipU3anueit u ra-
YCCOBBIM TPOQHIIEM UHTEHCUBHOCTH, KAY€CTBOM Iy4Ka
M2 < 1,2, nauTenpHoCThio 224 (¢, 9acTOTOM MOBTOPEHUs!
200 kI, anunoii Bonukl 1030 HM ¥ SHEPTUEH B UMITYJIBCE
10 20 Mk /Ix, mpeoOpa30BEIBAIIICEH C TOMOIIBIO KPUCTAILIA
2-oii rapmonukH (2I7) 1o rHBI BONHEI 515 HM 1 3HEprun
B uMmnyinsce 5,5 MxJx (puc. 1, a). B sxcnepumenTax nc-
TTOJTF30BANIACH 2-51 TAPMOHHKA JIA3EPHOTO U3ITYICHUS, TaK
Kak 3Ta JuiiHa BOJHBI Onu3ka k muky JIIITIP manogactuiy
Ag, 9T0 00ecTeYrnBaio0 MaKCHMaIbHOE TOTIOMICHUE UMHU
sHepruu unydeHus (puc. 1, b). C IOMONIBIO MIIOCKOBBI-
nykioi cepudeckoil IMH3bI ¢ OKYCHBIM PACCTOSHUEM
f=8 MM u gncnoBoii aneptypoit NA = 0,5 BeIIOTHsIACH
(hoKycupoBKa JIa3epHOTo Myyka ¢ auaMmeTpom 2,0 MM, a
TaKOKe BU3yaJI3a1Hsl 30HbI 00pa0OTKH ITPU €€ COBMELICHUU
C OKYJIIpHOI KaMepoii u cucteMoii ocBemienus (puc. 1, a).
JlazepHast 00paboTKa IICHOK OCYIIECTBIISIIACH B TIOCKO-
CTH M300pa)kKeHHs OKYJISIPHOW Kamephl, KoIjia Ha oOpasern
naJiaJl pacxXoJsIercst Ia3epHbIi MMydoK ¢ pa3mepoM olia-
CTH BO3JeUCTBUS 0K0JI0 46 MKM. CKOPOCTbH CKAHUPOBAHUS
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B TIOCKOCTH 00paboTKK cocTaBmia v = 1 MM/C ¢ TOYHO-
CTBIO Mo3unuoHupoBanus 0,5 MKM Ha rosie 00paboTKH
50 x 50 mm. [y n3yueHus BAMSHUS NOISIPU3ALUU Ja3ep-
HOTO M3JIy4eHHsI Ha TUXPOM3M TUIeHOK ZnO:Ag, BO3HHKa-
IOLINH 1Tociie 00TyYeHUs B PeXKUME CKaHWPOBAHUS, TIEpe]
00BEKTUBOM yCTaHABIMBaJIach (pa3oBas MOJIYyBOITHOBAS
mnacTuHKa (A/2). Bpamenuem A/2 TTacTHHKA JTWHEHHAS
MOJIIPU3ALUS JIA3EPHOTO M3JIy4YE€HNs OPUEHTHPOBAIAChH
BJIOJIb TPEKA, KOT/IA YTOJI MEXK/Ly BEKTOPOM MOJISIPH3ALIUH 1
HarpaBjeHUeM CKaHHpOBaHus ObUT paBeH 0° (Tak Ha3bIBa-
emasi s-moJisipu3anus, puc. 1, b), u nmonepek Tpeka — npu
90° (Tak Ha3bIBaeMas p-monspusanus). B pesynsrare Ha
ruteHkax ZnO:Ag Oblia 3anucana cepust TPEKOB C pas3iind-
HOW OpUeHTaluel JUHEHHON MoJIpU3aluu U3ITydeHUs
OTHOCHTEIILHO HaNpaBJICHUS CKAHUPOBAHUS IIPH Pa3HBIX
3HAUEHMSX TIOTHOCTH MOITHOCTH JIa3epHBIX HMITYJIbCOB,
BapbupyeMbIx 0T 1,36 10 5,85-10!1 Br/cm2.

Onruueckass MUKPOCKOIHUS TIJICHOK TOCTE Ja3epHOH
00paboTKN 1 M3yUYEeHHUE SBICHUS TUXPOW3Ma HAHOYACTHIL
B HHUX IPOU3BOJMINCE C TIOMOIIBIO ONTHYECKOTO MUKPO-
cxoma Carl Zeiss Axio Imager (kommnanus «Carl Zeissy,
I'epManusi) B CBETIIOM TOJIE TIPOXOISIIIIETO CBETA C JIMHEH-
HOU mossipu3anueil. Moposorus moBEpXHOCTH TICHOK
HCCIIEIOBAJIACh C MOMOIIBIO CKAHUPYIOIIETO AEKTPOHHOTO
MuKpockorna Zeiss Merlin (COM), ocHalleHHOTO 1eTeKTO-

OxkynspHas
Kamepa

OcBeTHTEIbHAS CHCTEMA

i LN

. CBeTomenuTeNbHas

il __‘- - ' . IacTuHa

A2 mtacTUHKA

1030 am 515 um
Jusnexrpuueckoe
3epkaso Ha 515 HM

JIunza
f=28,00 mm 1
NA =0,50

IInenka ZnO:Ag

TpexKoOpIUHATHBINA CTOJ

POM 00paTHO paccestHHBIX AIEKTPOHOB AsB n nerekropom
BTOPUYHBIX MeKTpoHOB InLens. CriekTpaabHOE MpoITycKa-
Hue 7(A) mieHoK B quarazoHe aiuH BoiH 400-800 HM 1
pa3mepoM oromerprueckoi odmactn 30 MKM perucTpu-
POBaJIOCH C ITOMOIIBI0 MUKPOCKOIIA-CTIEKTpodoTOoMeTpa
MC®VY-K (AO «JIOMO», Poccus). CriektpanbpHOE Mpo-
myckauue 7(A) u orpakeHne R(L) eCTeCTBEHHO-TIOIAPH30-
BAaHHOTO CBETA OT UCXOAHOM tuieHkn ZnO:Ag B Anuama3oHe
350—-1100 HM E3MEPSUITOCH C TIOMOIIBIO CIIEKTPO(HOTOMETPA
C®-56 (OOO «OKB CIIEKTP», Poccus), mocie gero
OILIEHUBAJIOCH morviorieHue wieHku A(A) =1 — T(L) — R(L)
(puc. 1, ¢). Ilpu peructpanuu CeKTPaIbHOTO MPOMYyCKa-
HUS MCTIIOJIB30BAJICS KaK €CTECTBEHHO-OJSIPU30BAHHbIN
CBET, TaK 1 JITHEIHO-TIOJSIPU30BaHHBIN IIPH yIax  MEKILy
OCBIO TOJISIPU3aTOPa U TpeKaMu. Bekrop mosisipuzanuu
OPUEHTHPOBAJICS aHAIOTHYHO TOJSPU3AINHI JIa3EpPHOTO
usnydenus (puc. 1, b).

AHanu3 KOHIEHTPAIMH, pa3Mepa, (OPMbI 1 OPHEHTa-
I[N HAHOYACTHI] TIPOBOAMIICS C UCTIONB30BaHNEM H300pa-
JKeHHSA TUICHKH pa3smepoM 7,33 x 5,05 MKM, TOTy4eHHOTO
C MTOMOIIBIO JETEKTOPa 3IEKTPOHHOTO MUKpockona AsB
1 00paboTaHHOTO B IporpaMMHOM obecrieueHun Imagel
(puc. 2). Jlns noBbleHHUs: KOHTpAcTa MpH 1U(poBoi 00-
paboTKe TaHHBIX UCXOJHOE N300paXKEHUE MEPEBOANIOCH
B 4epHO-0eJbIii popmart, rae GpoH, COOTBETCTBYIOIINH Ma-

b
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Puc. 1. DxcriepuMeHTaIbHAs yCTaHOBKA (a); CIIEKTPaIbHBIC XapaKTepuCTUKY IieHkn ZnO:Ag (b); opueHTanus BeKTopa
MOJSIpU3AINY (PEMTOCEKYHJHOTO H3ITyYeHHUs] OTHOCHTEIBHO HAIPaBJIeHHs] CKAaHUPOBAHHUS (C)

Fig. 1. Experimental setup (a); spectral characteristics of the ZnO:Ag film (b); orientation of the femtosecond radiation polarization
vector relative to the scanning direction (c)
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p-TIONsIpU3anus

S-TIOJIApU3ans

Puc. 2. AHaNU3 KOHIIEHTPAIIMH, pa3Mepa U OPUCHTAIIMN HAHOYACTHII B IUIeHKe ZnO:Ag: MCXOHOE U YBEIMYCHHOE H300paKCHUS
TUICHKH, TIOTyYEHHBIE C TOMOIIBIO ieTekTopa AsB (@); n300paXkeHne ¢ TOBBIIICHHBIM KOHTPACTOM (b); SIUTUIICKHI MTOCTE
ANMNpOKCHUMAIHH (¢); aHAIM3UpyeMble TapaMeTpsl AuHIca (d); TPeKH ¢ pa3nudyHoON opueHTauuei (e)

Fig. 2. Analysis of the concentration, size and orientation of nanoparticles in the film ZnO:Ag, where: the original image of the film
obtained using the AsB detector (a); image with increased contrast (b); ellipses after approximation (c); analyzed ellipse parameters (d);
tracks with different orientations (e)

Tpune ZnO, CTAHOBUIICS YEPHBIM, @ HAHOYACTHUIIBI B HEH —
6enbiMu (puc. 2, a, b). 3aTeM Bce HAHOYACTHUIIBI HA CHUMKE
aNPOKCHMHUPOBAITHCH IUTUIICAMH (PHC. 2, ¢), T KOTOPBIX
OLICHUBAJIUCH CIICIYIOIIHE apaMeTpsl (puc. 2, d): Komude-
CTBO YaCTHII, pa3Mepsl OombIneit (d,) u Manoi (dp) ocel,
OpHEHTAallMs HAHOYACTHUIl B BHJE yIila MEXIY OoibLIeH
ocwio U OX (ay) (puc. 2, e).

Pe3y.11 bTaThbl U 06cy>1<)1e}me

Onrnyeckass MUKPOCKONUS M CIIEKTPOCKOMUS MO-
Au(UIHPOBAHHBIX o0aacTeil. B pesynprare ma3zepHoi
00pabOTKH ¢ pa3TMYHON YHEPTHUEH UMIIYIIECOB B PEKUME
CKaHMPOBAHMS C §- U p-TIOJIApHU3anneil N3IydeHus Obun
3anucanbl Tpeku anuHoi 500 mxm. [TomyueHHbIe MOIU-
¢durpoBanHbie obmacT ¢ pasmepoM ot 20 10 56 MKM B
TIOTIEPEYHOM CEYEHUH HCCIIEIOBAIHNCH C MOMOIIBIO ONTH-
YeCKOr0 MHKPOCKOIIA B JIMHEHHO-TIOJISIPH30BAaHHOM CBETE
(puc. 3). Ocb nonsipu3aropa MUKPOCKOIIa, yCTAHOBJICHHOTO
niepern 00pasioM, pacrojiaraiack napajuiensHo (puc. 3, a)
1 NIepIEeHKYIIpHO (puc. 3, b) TpekaM, Korna odbpaser] no-
BopauuBaiics Ha 90° mpoTuB yacoBoii cTpenku. B nepsom
CITydae yroJl MKy OChIO MOJISIPH3ALNH U HAPABICHUEM
ckaHmpoBaHUs coctaBua B = 0°, Bo BTopom — 3 = 90°.
Tpexw, 3anucanHble B PeXKUME p-TIONSIPU3ALUN U OPHEH-
THUPOBAHHbIE NAPAJUIEIIBHO OCH TOJSIPU3aTOPa ONTHIECKOTO
MHKPOCKOIIA, NUMEITN CHHHAE OTTEHKH 1[BETA U OBbLIN MEHEe
APKUMH, YeM HeoOImydeHHas ruieHka. C apyroi CTOPOHHI,
TPEKU, 3aAlIMCAHHBIC B PEKUME S-TIOJIAPpU3AIUN U OPUCHTH-

POBaHHBIE TAKXKE MTAPAJUICIIFHO OCH HOJISIPU3aToOpa, UMENN
JKEJIThIC OTTCHKHM LBETa M ObLIM Oojiee SPKUMH, YeM He-
o0iry4yeHHas ieHKa. OTYETIINBO BUIHO, YTO IPH TOBOPOTE
TpekoB Ha 90° UX 1BeTa U APKOCTb MEHSINCH MECTaMHu,
YTO yKa3blBaeT Ha aHM30TPOIHIO ONTHYECKUX CBOHCTB
Monu(pUIIMPOBaHHBIX obnacTeit (puc. 3, b). SAprocTs mc-
XOIHOHU IUICHKH IPU BpalleHHH o0paslia ocTaBajgach Mo-
CTOsSIHHOM. UeM Bblllle 3HEPTUs Ja3ePHbIX UMITYJIbCOB IIPU
3aIlUCH TPEKOB, TeM OOJIbIlle CTAHOBUIIACH UX SIPKOCTH B
JIMHEHHO-TIONSIpU30BaHHOM cBeTe. OHAKO C yBEIUYEHHEM
9HEPruu (PEeMTOCEKYHTHBIX UMIYIHCOB B IIEHTPAIbHOM
YacTH 3alMCaHHbIX 001acTel Ipomnasaio N3MEHEHHE 11Be-
Ta MPU UX MOBOPOTE, T. €. ABJICHUE TUXpoHu3Ma. Takum
oOpa3omM, Oosee sipKoe M300paKEHHE TPEKOB C JKEJITHIM
OTTEHKOM I10JIy4alioCh B TOM CJIydae, Korjaa OCh IOJsIpH3a-
M ObUIA COHAIIPABJICHA C HAIPABJICHHEM IOJISPU3ALUH
(heMTOCeKyHIHOTO U3ITyYCeHHS, C TIOMOIIHIO KOTOPOTO OBLITH
3amrcansl MoAU(UIMPOBaHHBIE 00TacTh. B ciydae ux mep-
HEHAUKY/ISIPHON OPHEHTANH IPKOCTh TPEKOB CHIKAJIACh,
a OTTEHOK M3 KEJITOTO MEePEXO/IHII B CHHUIA.

Jist 6oree AeTaIbHOTO aHAIM3a CIIEKTPAIbHBIX XapaK-
TEPHUCTUK ITUICHOK B OOJIACTSIX JIa3epHON MOIU(pUKALIUH
UX CTPYKTYpBI OBUIN M3MEPEHBI CIIEKTPhI IPOMYCKAHHUS B
€CTECTBEHHO-IOISIPU30BaHHOM (pHC. 4) U TUHEHHO-TIO-
JSIPU30BAaHHOM CBETE C MOMOUIBIO MHKPOCKOIIA-CIEKTPO-
¢oromerpa (puc. 5). B nuHeliHO-TIONIPU30BAaHHOM CBETE
W3MEHEHUS MPOBOAMIKMCEH IIPH Pa3MEIICHUH TPEKOB I1a-
pamrtensHo (P = 0°) u nepnenauxysipao (B = 90°) ocu
nossipu3anud. st nanpHeiero ucciejoBaHus BEIOpaHO
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Puc. 3. Ontrdeckast MUKPOCKOMHUsI MOTU(DUIIMPOBAHHBIX 00JacTel mpu ux moBopote Ha 90° B MPOXOIsIIeM JTHHEHHO-
MOJIIPU30BAHHOM CBETE CBETIIOTO TIOJISI, YOI B MEeX/Iy TPeKaMU M OCBIO MONsipu3anun (KpacHas cTpernka ciesa) cootercTByer 0° (a)
1 90° (b)

Fig. 3. Optical microscopy of modified areas when they are rotated by 90° in transmitted linearly polarized light field, the angle
between the tracks and the polarization axis (red arrow on the left) corresponds to 0° (a) and 90° (b)

HECKOJIBKO TPEKOB ¢ Hanbojee SpKo BhIPaKEHHBIMH OIITH-
YECKUMU CBOMCTBAaMH, 3aIIUCAHHBIE C INIOTHOCTHIO SHEPIUU
B nuanaszone 43—131 mJ/[x/cm2. Ha ciekTpax mporycKanus
€CTECTBEHHO-TIOSIPU30BaHHOTO CBETA, IIPOIIE/IIET0 Yepes
HEOOIy4YCHHYO TIIeHKY ZnO:Ag, HaOI0IaICs MUHIMYM B
obmactu 600 HM, KOTOpEIH cBsi3aH ¢ Hanmyuem JIIITIP Ha
HaHouactunax Ag [14]. ITpu oOmydyeHnu B pexnume p-11oss-
pH3aIMU 3HAYCHNE 3TOT0 MUHIUMYMa B CIICKTPaX MPOITyCKa-
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HUSI CMENIAIOCh B HH(PPAKPACHYIO 00IaCTh, MOCTEIIEHHO
JocTuras 3HaueHus 660 HM, a 3HAYCHHE MPOIYCKAaHUS B
MHUHUMYyMe yBennuuBaiocsk ¢ 0,41 o 0,53 (puc. 4, a). 1o
CBHJIETEIILCTBYET 00 N3MEHEHUH pa3Mepa M KOHIICHTpaIu|
HAHOYACTHI] Ag B TIpOLIEcCe JIa3epHOT0 00IyYeHHS TITICHKH
7Zn0:Ag. ITpu mnotHocty sHeprun 131 mJIx/cM2 5TOT MUK
MPaKTUYECKHU MPOMaaaj, a MPoIlyCKaHue BO3PacTaiao A0
3Ha4eHus (0,7, 9TO yKa3pIBaeT Ha TOCTEIICHHOE BBIPOXKIC-
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Puc. 4. CrekTpanbHO€ MPOITyCKaHHE €CTECTBEHHO-TIOIAPU30BaHHOTO CBETA, TPOLIE/IIEro CKBO3b IIeHKY ZnO:Ag 10 (4epHas KpuBas)
u nocie (IBETHBIE KPUBBIE) OOIYUEHHUs ¢ TUIOTHOCTBIO dHepruu oT 43 1o 131 mJx/cM2 B pexkumax p- (a) u s-nonspusaunu (b)

Fig. 4. Transmission spectra of naturally polarized light passed through the film before (black curve) and after (color tracks)
irradiation with an fluence from 43 to 131 mJ/cm? in the p- (a) and s-polarization mode (b)
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HHUE KPYMHBIX HaHOUacTUIl Ag B TPEKE C POCTOM IJIOTHOCTH

SHEPruM PeMTOCEKYHIHOTO U3ITyYCHHS.

Ipu nnotHoCTH 3HEpruu Bhie 74 MJx/cM2 B criek-
Tpax MPOITyCKaHUs TOSBISLICS BTOPOH MUHUMYM B 00J1aCTH
440-460 HM, KOTOPBIHM C YBEIMYEHUEM IJIOTHOCTU SHEPTUU
cTaHoBWIICs OoJiee 3aMeTHBIM. Hanudne BTOporo MuHu-
MyMa B KOPOTKOBOJHOBOW YacCTH CIIEKTpa yKa3bIBaeT Ha
(opMHupOBaHKE B TPEKE HOBBIX HAHOUACTHI] Ag MEHBILIETO
pasmepa. [Ipudem, yBenuueHue s3Hepruu HeMTOCEKyH -
HOTO U3Iy4YeHHUS NPUBOAUT K IMOCTEIICHHOMY HMCYE3HO-
BEHHIO MHHHUMYyMa B JITHHHOBOJIHOBOH YaCTH CIIEKTpa,
T. €. BBIPOKJCHUIO KPYIIHBIX HaHOYacTHI Ag, u Oojee
SIBHOMY (DOPMUPOBAHUIO MUHHMYMa B KOPOTKOBOJTHOBOW
€ro 4acTH, a 3HaYUT BO3ZHUKHOBEHUIO HAHOYACTUI] MAJIOT0
pa3mepa. I NoATBEpKACHHS JaHHOU TUIOTE3bl B pasfiese
«MccnenoBanue CTPYKTypbI MIEHOK METOIOM IEKTPOH-
HOW MHKPOCKOITUH» ITPOBEICHO HCCIIC0BAHNE TUICHOK C
nomo1sio COM. CrieKTpasbHble U3MEPEHHUS ITPOITY CKaHUS
TUICHKH, O0JTyIEHHOH B peXXHUME S-TIOJSIPU3ALINHN, TOKA3aIH
CXOXuit pe3ynprar (puc. 4, b). C yBenmueHHeM IIOTHOCTH
9HEPTUH TaKKE COXPAHSUIACh JUHAMUKA HCUC3HOBEHHS MU-
HUMyMa B JUTHHHOBOJIHOBOMW YacTH crekTpa (625-640 um)
1 TIOSIBJICHME MUHUMYMa B KOPOTKOBOJHOBOM €ro 4acTu
(440455 um). OT™METUM PsLIT OTIMYUTEIBHBIX 0COOCHHO-
CTeH MEeXIY pPeXUMaMU MOIIpU3aLIUIi:

— MHHUMYM, cBsi3aHHbIN ¢ nukoM JITIIIP, B pexume s-mo-
nsipu3anuu oonee y3Kuii;

— pocr nporryckanus Bonusu JIIIIP (MuarMyM Ha criek-
TPaJbHBIX KPUBBIX) C YBEJIMUCHUEM IUIOTHOCTH HEp-
THH BBIIIE [UIS PEKUMA S-TIOJSIPU3aLNY;

— MaKCHUMaJIbHOE 3HaYCHHE MHUHHMYMA, CMEIIEHHOTO
B JUINHHOBOJHOBYIO 00JIaCTh CIIEKTPA, AJS PEXUMa
S-TIOJIAPU3AIIMN COCTABIIIO 635 HM, a I p-TIoNsIpu3a-
o — 660 HM;

— TOSBJIEHHE BTOPOTO MUHHMYyMa B KOPOTKOBOJTHOBOM
o0nacTu crexkTpa B pekUMe S-IOJISIpU3aluu HaunHa-
JIOCh TIPU TUIOTHOCTH dHepruu 74 MI[K/CM2, a B peKiMe
p-nossipuzaiui — 1pu 99 mJIx/cm?2.

W3 Teopun 3pheKTHBHBIX Cpet U3BECTHBI CIEIYIOIINE
B3aNMOCBSI3U MEX/y HAHOYACTUIIaMU Ag W ONITHYCCKUMHU
CBOMCTBaMU MOITYYEHHBIX IUIEHOK C HUMHU [15]: uem MeHb-
e pa3Mep HaHOYACTHII, TeM OOJIbIIE CMEIICHUE MHKa
JITITIP B KOPOTKOBOTHOBYIO O0JIACTh CTIIEKTPa; YeM MEHBIIIE
pa30poc HAHOYACTHI] IO UX pa3Mepy B TPEKE, TEM yXKe ITOT
MUK; 9eM OOJIbIIIe KOHIICHTPANMS HAHOYACTHI Ag, TeM
MeHbIne nponyckanne Bomusu JITIIIP.

B pesynpraTe MOXHO 3aKIIOYUTh, YTO OPUEHTALNS JIH-
HEMHOM Monspu3aluy BIOJIb HAIIPABICHUS CKAHUPOBAHHUS
(s-nossipuzanysi) okasbeiBaet Oosee SPPEeKTHBHOE BIHSHUC
Ha MEXaHW3M MOAM(UKALMU HAHOYACTUI] Ag B IUICHKE,
4YeM B Cllydae UX HonepeyHoi opueHtauuu. M3 ananusa
JTAHHBIX MOKHO 3aMETUTb, YTO ITPU OOJIYUECHHH B PeXKHUME
S-TIOJISIPU3ALNHY TUIEHKA CTAHOBHUTCS OOJIee UyBCTBUTEIBHOM
K U3MEHEHHIO IJIOTHOCTH SHEPTUH.

Jist nccieloBaHUST aHU30TPONUN CIEKTPAIBHOTO
MIPOMYCKAHNS B MOIU(DHUIIMPOBAHHBIX 00JIACTAX MJICHKH
BBINOJIHEH aHAJIN3 ONTUYECKUX XapaKTePHCTHK B JIMHEH-
HO-TIOJIIPU30BAHHOM CBETE MPHU PA3IHYHBIX YIJaX MOBO-
poTa moJsipu3aTopa B MUKPOCKOIE-CIeKTpodoToMeTpe
(puc. 5). 13 ananu3a cekTpajbHBIX KPUBBIX BUAHO, YTO
IIPY TTOBOPOTE OCH TOJISIPU3AIMU U3 TToNIokeHus 3 = 0° B

B =90° MUHUMYM TPOIYCKaHHS B TPEKaX, 3alIUCAHHBIX B
peXHUMe p-TOISIpU3aLiY, CMEIIAJICS B JIIMHHOBOJIHOBYIO
00yacTh CreKTpa, T. e. u3 obmactu 445-530 um (puc. 5,
CHHHE CIUIOIIHEBIE KpUBBIE) B 001acTh 630-665 HwM (puc. 5,
KpacHbIE CIUIONIHBIe KpuBble). Korma ock monsipuzaropa
OblTa COHampaBiIeHa ¢ JIMHEHHON mosgpu3anueii pemMroce-
KyHIIHOTO M3JTy4CHHs, KOPOTKOBOJIHOBAS YaCTh B CHEKTPE
MPOITyCKaHMS CHIKAJIAch, M TPEKH NMPUOOPETAITH JKENThIC
orreHku. [locine moBopora mossipu3aTopa ero och CTaHo-
BUJIACH MIEPIICH/IMKYIISIPHA JIMHEWHOH Tossipu3alivi heMTo-
CEKyHJHOTO M3JTy4eHHs, JITMHHOBOJIHOBAS YaCTh CIEKTpa
MPOIYCKaHUsI CHUXKAJach, a TPEKH NPUOOpETaIN CUHHE
orreHkn. Hao0opoT, B Tpekax, 3alMCaHHBIX B PEXKHUME
S-TIOJIAPU3ALUH, IPU aHAJIOTMYHOM [OBOPOTE MOJISApU3a-
TOpa NPOUCXOAUIIO CMEIIEHUE MUHUMYMa MPOMYCKaHUS
B KOPOTKOBOJIHOBYIO 00JIacTh CHEKTpa: u3 odmactu 640—
690 uM (puc. 5, cHHUE TYHKTHPHBIC KPUBBIC) B 00JIACTh
445-560 1M (puc. 5, KpacHBIE ITyHKTHPHBIC KPUBBIE).

Taxoke M3 aHamM3a CIEKTPATBHBIX KPUBBIX CIIEIYET,
YTO MOBBILIEHUE TIOTHOCTH SHEPTHUH ¢ 43 10 66 MJ[x/cMm?
MPUBOAUT K NMOCTETICHHOMY ITTOBBIIICHHUIO MTPOITYyCKAHUS
U MCYE3HOBEHHMIO MHHMMYyMa, a HauMHAs CO 3HAYCHHS
74 M]Jk/cM2 IOSABIEHUIO MUHUMYMa B KOPOTKOBOJIHOBOI
oOsacTu crekrpa. JIuXpous3m HpU 3TOM COXPaHSIETCS BO
BCEX MOAM(HIIMPOBAHHBIX 00JIACTSIX, BKIIIOUAst 3aITCAHHbBIC
npu wiotHoctu sHepruu 131 mJlx/cm2. Hanuuue auxpo-
U3Ma B JINHEWHO-TOJISPU30BAHHOM CBETE U yCTOHYMBAs
CBSI3b €€ C HAITPaBJICHUEM IOJISIPU3AINH (PEMTOCEKYHIHOTO
M3JTy4eHHsI, C TIOMOIIBI0 KOTOPOTO IPOUCXOIUT JIa3epHast
Moan(UKALUS TUICHKH, YKa3bIBAeT HA W3MEHEHHE (DOPMBI
HAHOYACTHIl Ag ¥ X OPHEHTALNIO B IMIIOCKOCTH TIJICHKH.
[Ipu sTOM HampaBiIeHWE TUHEHHOW MOIAPH3ANNA (EeMTO-
CEKYH/IHOTO M3JTy4€HHs OKa3bIBACT HA 3TOT IPOLECC OTHO-
3HaYHOe BiUsiHUE. ECiiu yuecTh TOT (haKt, 4yTo yBelnueHne
pasMepa HaHOYACTHUIl Ag MPUBOIUT K CMEIICHHUIO ITHKa
JITITIP B AIMHHOBOJHOBYIO YacTh CHEKTpPa, TO OOJbIIas
0Cb HAaHOYACTHIL DIUTUIICOUHON (pOPMBI BHE 3aBUCUMOCTH
OT peXHMMa 3alMCH TPEKOB Bcer/a Oy/ieT OpUeHTHPOBATHCS
BJIOJIb MTOJISIPU3AIMH (PEMTOCEKYH/THOTO M3iydeHus. J{is
MIOATBEPIKICHUSI JaAHHON T'MITOTE3bI MOAN(UIIMPOBAHHEIE
obOJracTu OBUIM MCCaeN0BaHbI ¢ moMoIsn COM.

HccienoBanne CTPYKTYPBI MUICHOK METOIOM JJIeK-
TPOHHON MUKPOCKONUM. V3 aHanu3a JaHHBIX ONTHYE-
CKOM MHKPOCKOITUH ¥ CHEKTPOCKOINH BBISIBIICHO HAJIMIHUE
auxpons3Ma B obnacTax mwieHkn ZnO:Ag, CTPYKTypa u
CBOMCTBA KOTOPBIX ObLTH MOAU(DUIIMPOBAHBI JIA3E€PHBIM
(heMTOCeKyHIHBIM JIMHEHHO-TIOJISI PU30BAHHBIM H3JIyYCHH-
eM. J{nXpou3M CTEeKOI U MIICHOK, COIEpKAINX HAaHOUaCTU-
1B, TPAJANIIHOHHO CBSI3BIBAIOT C aHU30TPOITUEH UX (DOPMEI
[16]. Beimonaum ananu3 pasmepa, GOpMbl 1 OpUEHTALN
B MPOCTpPAHCTBE HaHouacTUl Ag ¢ nomoiso COM 1o u
TOCJIE JIA3ePHOTO Bo3neicTBys (puc. 6). Spko-Oernmbie oOma-
ctyu Ha COM-CHUMKaX UCXOAHOH IJIEHKHM COOTBETCTBYIOT
HaHOYAaCcTHIAM Ag, aTOMHBIH HOMEP KOTOPBIX BBIIIE, YeM
y oKpy>katomieid ux marpuusl ZnO (puc. 6, a—c).

C TOMOIIIBIO JETEKTOpa BTOPHYHBIX ATeKTpoHOoB InLens
MO>KHO 3aMETHUTb, YTO HAHOYACTHIIBI PACIIONIATAIOTCS BHY-
TPU MaTPULBI U HE BBIXOASAT HA MOBEPXHOCTH IMJICHKH, a
cama MaTpHIla UMeeT MONUKPUCTAIUIMYECKYIO CTPYKTYPY
(puc. 6, b, c). llocne mazepHOro BO3ACUCTBUS MPOU30-
IIJI0O U3MEHEHHUE pa3Mepa U KOHIEHTPAIlM¥ HaHOYACTHUII.
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Puc. 5. Tlporryckanne ZnO:Ag IJIEHOK B €CTECTBEHHO-IIOJSIPH30BAHHOM CBETe (e-pol, 3eNIeHble KPUBBIE) U B JIMHEHHO-
TMOJISIPU30BAHHOM CBETE IPU OPHEHTALIMU OCH IOJsipu3aluy napauiesisHo (f = 0°, cuHue KpuBbIe) U nepreHuKysipao (f = 90°,
KpacHbIC KPUBBIC) TPEKaM, 3aIMCAHHBIM B PeXKUMAaX p- (CIUIOLIHAS KPUBAs) U S-HOJISApU3aLU (IlyHKTUPHAS KPUBast)

Fig. 5. Transmission spectra of ZnO:Ag films in naturally polarized light (e-pol, green curves) and in linearly polarized light with the
polarization axis oriented parallel (§ = 0°, blue curves) and perpendicular (f = 90°, red curves) to tracks recorded in p- (solid curve)
and s-polarization (dashed curve) modes

TMoBbleHyE TWIOTHOCTH dHeprun 10 74 MJ[x/cm2 cyie-
CTBEHHO HE M3MEHMJIO TOTIOJIOTHIO IJICHKH, HE ObLIO OOHa-
PY’KEHO HHU BBIXO/Ia HAHOYACTHI] HA TIOBEPXHOCTD IUICHKH,
HHU ee pa3pyuenust (puc. 6, d). Haannast ¢ miotHOCTH 3HEp-
ruu Bbiie 74 MJ/cM2 IPOUCXOUT BBIXOJ HAHOUACTHI] HA
MIOBEPXHOCTH IUICHKH, CBSI3aHHBIN C YIUIOTHEHHEM MaTpH-

el ZnO BOKpyT HaHO4YacTHIl (pucC. 6, €). AHAJIOTUYHBIH
3ddexr HabmMrONANCSA MOCHe TPATUIIMOHHOTO OTXKUTA B
neun U onucal B pabore [13]. [TockonbKy uIMHA BOTHBI
(heMTOCeKyHTHOTO M3ITyYeHHUs JISKHUT OKojo ruka JIITITP
HAHOYACTHUI] Ag M JalleKo OT COOCTBEHHOTO TIOTIIOMICHUS
Marpuirs! ZnO, TO TONIOMICHUE M3ITyYSHHUS TIPH HEBBICOKIX
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Puc. 6. COM-cuumku: mieHkd ZnO:Ag /10 1a3epHOro BO3ISHCTBUS B PEKUME 00paTHO pacCestHHBIX AIEKTPOHOB AsB (a)
1 BTOPHYHBIX 271eKTpoHOB InLens (h—g), a Takke mocie o0aydeHus Py IWIOTHOCTX dHeprun 66 M x/cm? (d), 99 M x/cm? (e)
n 131 mJx/cm2 (f, g) B pesxumax s- (d, e, f) u p-nonsipusaiyu (g).

HY — HaHOYaCTULIBI, CTPCJIKAMU ITOKa3aHO HAIIpaBJICHUEC TIOJIApHU3alluU (beMTOCCKyHI[HOI‘O N3JTy4CHUs

Fig. 6. SEM images: ZnO:Ag films before laser irradiation in the mode of backscattered electrons AsB (a) and secondary electrons
InLens (b—g) as well as after irradiation at an fluence of 66 mJ/cm? (d), 99 mJ/cm?2 (e) and 131 mJ/cm? (f, g) in the s- (d, e, f)
and p-polarization (g) modes; arrows indicate the direction of polarization of femtosecond radiation

wIoTHOCTAX dHepruu (1o 111 MIDk/cM?2) IpeuMyILEeCTBEH-
HO IPOHCXOIUT Ha HAHOYAacTHLAaX. Monu(pUKaLys MaTpHLbI
IUIEHKH B TAKOM CJIy4ae OCYIIECTBIISIETCS HE HANPSIMYIO
JIa3epPHBIM U3JIyUCHUEM, a B PE3yJbTaTe Tepeiaull TeIia oT
HarpeThIX HAHOYACTHULI, YTO MOXKET MPUBOIUTH K €€ YILIOT-
HEHUIO U NepekpucTam3anny. Takoi GpororepMudecknit
MEXaHM3M Tepe/iady Terula OT HarpeThIX HAaHOYacTHIl Ag
MarpHLe ¢ rnocienyromeid Moaudukanuen ee CTpyKTypbl
paccMotpeH B paborte [9].

Ha COM-cHnmKax obiacreit, Monu(UIMpOBaHHBIX Ja-
3€PHBIM M3JIyY€HUEM C IIOTHOCTBIO SHEPrun 99 MJIK/cM2,
OTYETJIMBO BUIHBI HE TOJIBKO BBIXOSIINE HA TIOBEPXHOCTD
HAHOYACTHIIBI, HEKOTOPBIE U3 KOTOPBIX NMEIOT BBITSHYTYIO
(dbopMy, HO ¥ HAHOpPAa3MEPHbIE TOPbI BOJIM3H HAHOYACTHII
(puc. 6, e). IlpmunHO TOABICHHUS TOP CTAIO JIOKAJIBEHOE
YCHJIGHHE JIEKTPUYECKOTo IO, BO3OYKACHHOTO Jia-
3epHBIM MMITYJIbCOM, Ha I'PaHHIIE HAHOUACTHUILA-TICHKA.
B pesynbrarte noriomeHust SJHEPruM UMITyJIbca BO3HHUKa-
et JIIIIP, npuBoAsimuil K MHXXEKIUU IEKTPOHOB U3 Ha-

HOYACTHUI[Bl B MaTPHUILy C MOCICIYIOUINM €€ HarpeBOM U
oOpazoBanueM mopsl. [10]. doroTepMudecKkuii MEXaHNU3M
Ja3epHOI MOIM(UKALMHI IUICHKH B 3TOM CJIydae yCHIINBa-
eTcs MHXKEKIMeH IEKTPOHOB M3 HAHOYACTUI] B MaTPHILY,
YTO MPUBOIUT K HAIPEBAHUIO IJICHKH 10 Oosiee BHICOKHX
TeMIeparyp.

Tosbuuenue mwiotHocTH SHEprun 10 131 m/lx/cMm?2 mipu-
BEJIO K YBEJIMYECHHIO YHCIIA TAKKX 110D,  TAKKe K 00pa3oBa-
HUIO HEPETYJISIPHBIX HAHOPA3MEPHBIX TPELIMH POIOITOBa-
TOI (h)OPMBI, OPHEHTUPOBAHHBIX TIEPIICHANKYIISIPHO JIMHUAM
ToJIsIprU3auy (PEMTOCEKYHTHOTO H3ITy4deHus (puc. 6, f, g).
®dopMupoBaHHe TPEIIUH 00YCIIOBICHO BO3ICHCTBUEM JIa-
3epHOTO UMITYJIbCA BBICOKOH MHTEHCHBHOCTH Ha MATPHILY
IUICHKH, KOTZIa B pe3ysIbTaTe MHOrO()OTOHHOTO MOIJIONIe-
HUSl M3JIy4eHUs] 00pa30BBIBAIOTCS IPOMOIYINPOBAHHbBIE
CBETOBOIi BOJIHOH Tieproyeckre 001acT BO30YKACHHS
IUIa3MBbl, IJ€ ¥ IPOUCXOOUT BIOCIEICTBUN 00pa3oBaHUe
TpeuuH [17]. JlanbHeliiee MOBBIIICHUE TNIOTHOCTH 3HEP-
THH TIPUBOANT K YBEIIMUCHUIO KOJIMYECTBA TAKUX HAHOPA3-
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MEpPHBIX TPEIINH, YTO TOCTENEHHO MEPEXOANIIO K B3PhIBHO-
My Pa3pyIICHUIO UICHKU U aKTUBAIIUH MPOIecca aOIIsIHH.

Ecnu paccmarpuBarh Kit0UeBbIe IPOLECChI, BO3HUKA-
FOIIME B PE3yJIbTaTe BO3NCHCTBHUS JIA3EPHOTO UMITYJIbCa Ha
IUICHKY, TO MOXKHO Pa3/IeNTh HX Ha «OBICTPBIC» U «MeJ-
nerHbiey». K ObicTpbiM otHOCsTCs: JITITIP B HaHOwacThIax
Ag, BOSHUKAIOIIWH MPH TOTJIOMICHUN SHEPTHH (heMToce-
KYHZHOTO UMITYJIbCA, HHKEKITHS AJIEKTPOHOB U3 HAHOYA-
CTHUIl B MaTPHILy U BO30YXKICHUE TTPOMOIYINPOBAHHOMN
CBETOBBIM TOJIEM TUTa3MbI B MAaTPHUIIEe TPU MHOTO(OTOHHOM
nornomeHuu. OpUeHTUPOBOYHOE BPEeMs TPOTEKAHMSI dTUX
MPOIECCOB COM3MEPUMO C JJIUTEIHHOCTHIO UMITYIIbCA.
HarpeB HaHOYACTHUI U MATPUIIBI B PE3yJIbTATe PCKOMOU-
HaIlMX MJIa3Mbl B HUX cocTaBisieT oT 5 1o 10 mc. 3a sto
BpEMsI OTAEIIBHO JPYT OT ApPYyra HarpeBaroTCsl HAHOUACTULIBI
¥ MaTpUIa J0 Pa3INYHBIX 3HAYCHHUA TEMIICPATypHl, IIe
TeMIIepaTypa HaHOYACTHUI] 3HAYUTEIHHO BEIIIIE TEMIIePaTy-
pet Matpurs [10]. K MeaneHHBIM mporieccaM OTHOCSATCS:
YCTaHOBIICHUE TEMIIEPATYPHOTO PABHOBECHS TIPH OXJIaK-
JCHAU «TOPSYNX» HAHOYACTHII i HATPEBAHIH «XOJIOTHOM»
MAaTPHIIBI 32 CYET TEIUIoNepeIadr, N3MEHEHHE Pa3MePOB 1
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(hopM HaHOUACTHI] B MPOLIECCE MX OCTBIBAHMSI, 00pa3oBa-
HUE MOp U TPEIIUH B MaTpHlle, TEPMOUHYLINPOBAHHbIE
CTPYKTYpHO-(a30BbIC IIPEBPAILCHNS MAaTPHUIIBI, TAKHUE KaK
VIUIOTHEHUE W PEKpHUCTAIIU3anus. JJITUTEIBPHOCTD ATHX
MIPOIIECCOB 3aBUCUT OT TEMIIEPATypHl TICHKH, 3HAUCHUE
KOTOPOH JIOJDKHO OBITH BBITIIE TEMIIEPATyPhl aKTHBAI[UU
(ha30BBIX TIpeBparieHnit, u coctasister oT 1 1o 100 HC U
Oonee [18].

ITo narabIM COM-CHHMKOB, MTOCIIE 00PaOOTKH U aHa-
nu3a OblIa MoTy4YeHa 3aBUCHMOCTh KOHIEHTPAIMH Ha-
HOYACTHUI] Ag U UX pa3Mepa OT IUNIOTHOCTH YHEPTUH Jia-
3€pHOT0 u3ayuyeHus (puc. 7). BuaHo, 4T0 KOHIEHTpAIIHs
HAHOYACTHUI] MPAKTUYECKU HE U3MEHAIACh 0 MIOTHOCTU
sreprun 66—74 mJx/cM2 U pe3KO CHIIKANACH MIPU 3HA-
yeHusx, soime 74 mJx/cM2 (puc. 7, a). DTO CHUKEHHUE
00BsICHICTCS IBYMS TIPOIlECCaMU: Pa3pyIICHHEM HAaHO-
YACTHI[ U MX arioMepanuell B YaCTHUIIBI 0oiiee KPYITHBIX
pa3mepos (puc. 7, b). KpynHbIX 110 pa3mMepy HaHOYACTHII B
TpeKe ObITO Ha OPSIIKA MEHBIIE, YeM MalleHbKIX. CaMble
OonpIIIe OTKIOHEHHSI KOHIICHTPAIINA HAHOYACTHI] MEKITY
PEXKUMaAMH S- U p-TIONAPU3AINY HAOTIOMAINCH TIPU ITOPO-

ing
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Puc. 7. Ilonyuennsie u3 ananuza COM-CHUMKOB JlaHHbIE KOHIIEHTpalH (a) U pa3mepa (¢, d) HaHouacTul] Ag B 3aBUCUMOCTH
OT IUIOTHOCTH DHEPIHU B PEXUMAX S- (a, ¢) U p-nioisipu3anuu (a, d), KOHTpacTHoe n3odpakeHne COM-CHUMKA MJIEHKHU 1OCIIe
JIA3€PHOTO BO3AEHCTBHA C IIIOTHOCTHIO oHeprun 121 m[x/cm?2 (b)

Fig. 7. Concentration (a) and size (c, d) of silver nanoparticles obtained from the analysis of SEM images depending on the fluence in
the s- (a, ¢) and p-polarization mode (a, d), contrast SEM image of the film after laser irradiation with the fluence of 121 mJ/cm?2 (b)
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roBoM 3HaueHun 74 MJK/cM2 1 MaKCUMAJILHOM 3HAUCHUH
131 mJTx/cm2.

B muienke 10 j1a3zepHOro oOIy4eHHs CYIIECTBOBAIH
HAaHOYACTHIEI Ag pa3nmuaHOil GpopMbI, B ToM umcie cde-
PUYECKOH U JUTUTICOUTHOMN, IOATOMY OICHUBAIICS CPE-
HECTAaTHCTHYECKHUNA pa3Mep HAaHOYACTHUI[ B TPEKE, KOTO-
perit coctaBmsn 3740 HM (cepas U KpacHast IpsIMbIE Ha
puc. 7, ¢, d). Ilo »T0i1 mpuurHe OTKIOHEHNE (POPMBI HAHO-
YaCTHII OT CPEPUIECKO, KOT/Ia X pa3Mep BIOJIb OOJbIIIeH
U MaJioif oceit He mpeBwIman 3 HM, T. €. |dp — dy| < 3 HM,
CYHUTAJIOCh HOPMAJIBHBIM U HOCHUJIO CTOXAaCTHYECKUH Xa-
paktep popMUPOBAaHMS HAHOYACTHUIL IIPU U3TOTOBJICHHUH
IUICHKU U ee mocieaytonemM odinydenun. [IpeBbimenue
9TOro 3Ha4YeHUs, Koraa |dp — d,y| > 3 HM, yKa3bIBaeT Ha IO-
SIBIICHHE HAHOYACTHII DIUTATICOUTHOMN POPMBI, KOHIICHTpa-
[UsT KOTOPBIX MPEBBIMIACT KOHIICHTPAITUIO CPEPUUCCKHUX
HaHouactull. M3 ananuza COM-CHUMKOB C yY4E€TOM 3THUX
OTpaHMYCHUN OTMETHM, UTO TMOSIBICHUE DIUTHIICOUTHBIX
HaHOYACTHIl Ag, KOTHIECTBEHHO MPEBHIIIAIOIMINX B TPe-
Ke chepudueckre HaHOYACTHIIH, HAYMHAIOCH MIPH IIJIOT-
HOCTH SHepruu 66 MJ[K/cM2 U BBILIE IS PEKMMOB S-
p-nonspuzanyu (puc. 7, ¢, d). [lpu o0mydeHnu B pexxume
S-TIOJISIPU3AIIMK Pa3Mep HAHOYACTHUI[ YMEHbBIIACTCS CTY-
NeHYaro: cHavyana B auanazone ot 49 no 111 mx/cm2,
satem ot 121 mo 131 mIx/cM2. Eciu B iepBOM cityuae
peub UIET 0 HEOOJIBIIIOM CHAKECHUHU pa3Mepa HAaHOYACTHII
(oxo110 510 HM), TO BO BTOPOM CITy4ae pa3Mep HaHOYACTHIL
yMeHbmuiIcs Ha 15 £ 5 HM. B pexumMe p-noaspusanuu
YMEHBIICHHE pa3Mepa HAHOYACTHIl IPOUCXOIUT TIABHO
BMECTE C YBEITHUCHUEM TUIOTHOCTH SHEPTHUH.

C ydJeToM MaHHBIX ONMTHYECKOH CIEKTPOCKOIHNHU U
AIEKTPOHHON MHKPOCKOIHNH MOYKHO 3aKJIIOYHTH, 9TO B
pesynprarare peMTOCEeKYHIHOTO BO3ICHCTBHUA C MIIOT-
HOCTBIO dHEPrun 10 66 MJIK/cM2 TIoydeHo HeGONbIIoE
yBENIMYCHHE KOHLIEHTPAIMK KPYITHBIX HAHOUACTHUI Ag 1
YMEHbBUICHUEC KOHIECHTPAIUU MAJICHBKUX, YTO B COBOKYII-
HOCTH COXpaHMIJIO 00lee ux Koim4decTno (puc. 7, a, ¢, d).
B nmanasone ot 66 10 86 MJ[/cM2 IPOU30IIIO PE3KOE
CHIDKCHHE KOHIICHTPAIUU HAHOYACTHII, MX pa3Mep BIOJIb
OoJbIICH OCH d, MPAaKTHYCCKU HE U3MEHWICS, U opma
CTaJia IPEUMYIIECTBEHHO JUIATICOMIHON. DTO yKa3bIBaeT
Ha HAYall0 pa3pyIIeHUs KPYIMHBIX HAHOYACTHUI] IIPHU MIPO-
JIOJDKAIOLIEMCS] COKpallleHUH MajeHbKuX. JlanpHeliee
NOBBILIEHUE [UIOTHOCTH 3HEPrHH 10 99 MJIK/cM2 1 BbllLe
HE MPUBEJIO K e1iie OOJIbIIeMy YMEHBIICHHIO KOHIICHTPAIN
HAaHOYaCTHI], HO UX pasMEp MPOAODKNUIT YMEHbIIATHCA, a
(bopma — ocranack NUIMICOUIHON. B aTOM pexumMe yxe
HAUYMHAJIKNCh NPOIECChl MOAU(DUKALNN CAaMON MaTpPHILIBI
ruieHkd. Hanboree GnaronpusTHEIMU YCIIOBUSIMU 17151 hOp-
MHUPOBAHHUS AIUIUIICOUTHBIX HAHOYACTHIL ObLIa MJIOTHOCTh
sHEpruu ot 56 10 99 mJbx/cm2. B 9T0T qManasoH nomana
NOTPaHUYHAS! TIOTHOCTE dHEprun 56 MJK/cM2, Tak Kak
KOHIICHTPAIMSI HAHOYACTHUI[ B HEM OCTaeTcs 0e3 M3MeHe-
HUW, HO pa3Mep yKe HauMHaeT yMEHBIIAThCs, a popMa
YaCTHI] CTAHOBUTCS IUTHIICOMTHONW. OTMETHM, 4TO TIPHU
MeHbLIeH I0THOCTH Hepruu (o1 31 go 49 mlx/cm?2)
s dexT quxpounsma Taxke HabIIOMAETCs, HO KOHIICHTpa-
WA DJUIUIICOUIHBIX HAHOYACTHIL Ag B OTOM PEKHUME HE
[IPEBBIIIAET KOHIIEHTPALUIO chepriyecKux HaHOYACTHII.

Hanpreitmumit ananuz COM-CHUMKOB 110 pacIioyioxke-
HUIO 3JUINTICOUTHBIX HAHOYACTHUIl, OTHOCUTEJIBHO 3aIli-

CaHHBIX TPEKOB, MO3BOJINJI OLCHUTH BIMSHHE JTHHEHHOMN
noJsipu3anu (EeMTOCEKYHIHOTO U3JIy4eHHs Ha IPOLecce
n3MeHeHus: ux Gopmsl (puc. §). s 3TOro BHIIOIHEHA
OIIEHKA 3HAYEHUH yIiia Mexy OoJbIIeil 0Chbl0 HaHOUA-
ctunbl 1 OX, KOTOpast NepIeHANKYISIpHA HAPABICHHUIO
ckaHupoBaHus (puc. 1). 3areM ObUIH TTOCTPOCHBI TUCTO-
TpaMMBI pacIpeieNeH s HAHOYACTHII 110 yIJIaM ITOBOPOTa
ux OompIreii ocu. B omeHke ObUIM YITEHBI HE TOJBKO Ha-
HOYACTHIIBI DIITUTICOUTHON (POPMBI, HO B cPeprIecKoOi,
KOTOpPbIE€ BHOCHJIM BKJIaJ] BO BCE CTOJIOMKHU THCTOTPAMM.
B kadecTBe MOpOroBbIX 3HAYEHHUI YISl aHAJIM3a BBIOPAHEI
IOTHOCTHU 3Hepruu 43 u 49 mJIx/cM2, Tak Kak Npu HHUX
HAUMHAJICA aKTUBHO MPOSBIATHCA MPOLECC TUXPOU3MA.
[Ipu MeHbIIIel TITIOTHOCTH SHEPTUH HaIlpaBJICHHAs! OPUEH-
TaIysl JUIMIICOMIHBIX HaHO4YacTuI] He HaOmonanack. Ha
rucrorpamMmax (puc. 8, a, ¢, d, €) OTYETINBO BHIHO, YTO
B PEKNME p-TIOJIIPU3ALNNA MaKCUMAIbHOE KOJIUYECTBO
HAaHOYACTHUL OPUEHTUPOBAHO 110 yriiaM o, = 0° u o, = 180°.
[Ipruem, ¢ yBenm4eHNEM TUIOTHOCTH dHEpPruu ¢ 49 mo
56 mJI/cM2 UX KOJMYECTBO BO3pacTaeT. IMEHHO B 3TOM
HaNpaBJIeHUU ObLII OPUECHTUPOBAH BEKTOP MOJISAPU3ALUH
(heMTOCEeKyHTHOTO M3ITyICHHUS.

C npyroii CTOPOHBI, B PEKUME S-TTOJISIPU3AIUN MaK-
CHUMAaJIbHOE KOJINYECTBO HAHOYACTHI] OPUEHTHPOBATIOCH
neprneHaukynspHo ocu OX, T. e. yroia o, = 90°. iImenHo
B TaKOM HallpaBJICHUH OIPEJIEIEH BEKTOP MOJISIPU3ALUH
(heMTOCEKYH/THOTO M3ITy4eHH s (BIOJIb TPEKA) IIPH Ja3epHOH
MOAN(UKAUY TIJICHKH B PeXXUME s-TIossipu3anuu. Takum
00pa3oM, KaK B peKHME p-TIOISPHU3AINY, TAK U B S-MIOJISIPH-
3a1uK (PeMTOCEKYHIHOTO U3ITydEeHHsI OPUCHTANNS HaHOYa-
CTHI] BCET/IA TIPOMCXO/IUT BJIOJIb BEKTOpA MOJISIPU3AINH BHE
3aBUCHMOCTH OT HalpaBJIEeHHUsI CKAHUPOBAHMA. DTOT TPO-
L€CC HAYMHAETCS TIPY TIIOTHOCTH dHEprun 43-49 mJTx/cm2,
YCUIIUBAETCA NMPH 3Ha4eHuu 56 MJIx/cM2 U mocTHraeT
akTuBHOU (asbl npu 99 mJDx/cm2. Haunuas ¢ 1ioTHo-
ctu sueprun 111 mJx/cm? u Bitots 1o 131 mx/cm?
MIPOUCXOUT MOCTENIEHHOE CHIDKEHUE KOHIIEHTpAIUU Ha-
HOYACTHUII, @ UX OPUEHTAIMs B IPOCTPAHCTBE BHOBb MPH-
oOperaer ciy4aiHbIi Xxapakrep (puc. 8, ¢, f). [Ipu sTom
IIIUIICOUAHAsA (pOopMa HAHOYACTHUI] MPOAOIDKAET COXpa-
HATBCA (pUc. 7, ¢, d). BriomHe BeposTHO, YTO P BEICOKOI
IUIOTHOCTH SHEPTUH Ha MPoIiecc 00pa30BaHUs HAHOYACTHIL
IUTATICOMTHON (DOPMBI OKA3bIBACT BIMSHNE MPOLECC MO-
muukanmy MaTpunsl wieHkd. [ToToMy cBA3b opueHTanNN
IUIICOMIHBIX HAaHOYACTHUI] ¢ TOIsIpu3anueii emroce-
KyHJHOTO M3 Ty4eHHs HapyIuiack. B ntore, Ha OCHOBaHUH
npoBeaeHHoro ananuza COM-caumkoB (puc. 7 u puc. 8),
MOYKHO OIIPEIeNIUTh, YTO aKTUBHas (aza (HOpMHPOBAHUS
SJUTUTICOUIHBIX HAHOUACTHIl Ag, OPUEHTHPOBAHHBIX BIOJIb
HOJSIPU3AUH (PEMTOCEKYH/ITHOTO U3ITyUeHHUsI, TPOUCXOIUT
IIPU TWIOTHOCTH 3Hepruu oT 43 10 99 mJlx/cm2. Tpu MeHb-
el TUIOTHOCTH SHEPTHH JUIUIICOUTHBIC HAHOYACTHIIBI
(hopMupoBannCh, HO UX JOJIS1 B TPEeKe OblIa HE 3HAYH-
TEIBHOM 10 CPABHEHHIO C KOJUYECTBOM C(HepuiIecKux
nanovactuil. I[Ipu miorHoct sueprun 111 M x/cM? u
BBIIIE KOJMYECTBO HAHOYACTHUI] HAUMHAET CHUKATHCA,
OPHMEHTALUS! AIUTUTICOUIHBIX HAHOYACTHL CTAHOBUTCS Xa-
OTHYHOM, KPOME TOTO, HAYMHACTCS MOAU(UKAIUS CaMOn
MaTpHILIbI IUIEHKH, B TOM YHCJIe 00pa30BaHHE HaHOpa3Mep-
HBIX TPEILHH.
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demToCeKyHOHaA na3epHas MoandurKaums 30b-refb nneHok ZnO:Ag ¢ NPosiBNIEHMEM AMXPOM3Ma

dopmupoBanre HaHOYACTUIL Ag AIUIMTICOMTHOM (op-
MBI B CTEKJIE MOJ] IEHCTBUEM YIIBTPAKOPOTKUX Ja3ePHBIX
HMIIYJIbCOB U UX OPUEHTALM BJI0JIb BEKTOpA MOISpU3aLuu
JIA3EPHOTO M3ITyYCHHS HCciienoBana B padote [12]. Csazb
MeKy popMOli HAaHOYACTHIL, X OPUEHTALMEH U TOIsIpH3a-
LUEH JIA3EPHOTO U3ITy4YEHUs], TI03BOJISIET CO3/1aBaTh JIOKANb-
HBIE 00JIACTH ¢ M3MEHEHHBIMH ONTUYECKUMH CBOMCTBaMH,
JUTA KOTOPBIX XapaKTepHO sBIEHHE Auxpomusma [16]. Oto
CYLIECTBEHHO PACIIUPAET BO3MOKHOCTH 3alIUCH MUKPO- 1
HaHOPA3MEPHBIX 00JacTe ¢ YHUKAIbHBIMHA ONTHYECKU-
MH, B TOM YHCII€ TMOJIAPU3aIMOHHBIMHU, cBoiicTBamu. Ilpn
NepexoJie OT 3aIMHCH OAMHOYHBIX TPEKOB K MOCTPOYHOMY
CKaHMUPOBAHMIO B OyayIieM MmoTpedyeTcss KOppeKTUPOBaTh
PEKUMBI J1a3epHOT0 00Iy4eHHs ¥, BO3MOXKHO, TIEPEUTH OT
HCIOJB30BaHMsI FayCCOBBIX ITyYKOB K J1a3€pHBIM ITy4KaM C
TUTOCKUM ITPOQHIEM HHTEHCUBHOCTH. JTO MO3BOJIHT TOU-
Hee KOHTPOJIMPOBATH PABHOMEPHOCTH OOTyUeHHS TUICHKH
IIPU NOCTPOYHOM CKaHHPOBAHUH.

Mexanu3m 00pa30BaHUS HUINICOUIHBIX HAHOYACTHIL
Ag B cTeKJIE N0 AeHCTBUEM JIMHEHHO-TIOISIPU30BAHHOTO
(heMTOCeKyHIHOTO M3IIydeHHs CBsi3aH C sBreHuemM JITITIP
Ha HuX [12]. B pe3ynbrare B3aumoneicTBus pemroce-
KyHJIHOTO JJa3epHOT0 UMITyJIbCa C HAHOYACTHUIIEH Ag Tpo-
ucxonut ee nossipusanus. [Ipu 1ocTaToyHON INIOTHOCTH
SHEPTUU AJIEKTPOHBI MPHOOPETAIOT BBICOKYIO YHEPTHIO,
JIOCTAaTOYHYIO ISl IIpeojosenust 6apbepa 1loTTku 1 BbI-
X0J/la M3 HAHOYACTHULBI B MaTpuIly (IIPOIECC SMUCCUN).
Hanouactuna B pe3ynprare 3TOr0 CTAHOBHUTCS MOJIOXKHU-
TEIbHO 3apsHKEHHON. Ecnu sHeprus 9TUX 3J1EKTPOHOB HE
BBICOKAs, TO OHM BHOBB 3aXBaTbIBAIOTCSI HAHOYACTULIEH.
Ho ecny ux sHEprust 10CTaTOYHO BBICOKAs, TO MIEKTPOHBI
HE BO3BPAILAIOTCA B HAHOYACTHUILY, KOTOpasi, OCTABIIUCH
TIOJIOKUTEIBHO 3aPKEHHOHN, HAYMHAET MPOLECC PacTBO-
penns. Ha 3Toit cTraguy HOHBI 1 MOHOMEPHI Ag yXOIAT U3
HAHOYACTHIIBI B MAaTPHUILYy IUICHKH, YMEHBINAs TEM CaMbIM
ee pasmep. [Iponomkaercs 310 10 TeX Mop, MOKa cyMmmap-
HBIH 3apsi]l HAHOYACTUI[BI BHOBb HE CTAHET HEHTPaIbHBIM.
[Tpu nocTaTtoyHo OOJBIIOH INIOTHOCTH SHEPIHH JIA3€PHOTO
M3JIy4eHUsl IPOLECC PACTBOPEHUS MOXKET MPUBOJUTH K
MIOJIHOMY pa3pylICHHI0 HAHOYACTULBI U €€ pachaay Ha
¢bparmenTel. Ecniu Ha HaHOYAaCTHUIYy NEWCTBYeT JTUHEH-
HO-TIOJIApU30BaHHOE u3inydyenue, To JIIIIP, 3amyckatommmii
MIPOLIECC MONSAPU3AIUY HAHOYACTULBI U DMHUCCHIO DIIEK-
TPOHOB M3 HEE, MPOUCXOIUT HE 10 BCEH MOBEPXHOCTH,
a TOJIBKO Ha IONIOCAaX HAHOYACTHIIBI, IIOJI0KEHHE KOTO-
PBIX COBMAAET C OPHEHTAIMEH MOISIPU3AINN H3TYICHNUS.
CrnenoBaTenbHO, BEIXOJ HOHOB Ag Tak)Ke IMTPOUCXOIUT UH-
TEHCHBHEE B 3TOM HalpaBlICHUH. B ompeneneHHoM aua-
Ma30HE 3HAUCHUH TIOTHOCTU 3HEPTUH MPOIECC IMUCCUU
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JJICKTPOHOB MPOUCXOANUT HE CTOIb AKTUBHO, U HOHBI Ag
BBIXOJISIT Ha MOJTFOCAaX HAHOYACTHUIIBI HA HEOOJBIIIOE PacCTO-
SIHUE OT HEe ¥, B TIOCIICIYOIICM, 3aXBaThIBAIOTCS HAHOYA-
CTHIICH BHOBB. DTO MPUBOIMT HE K paciiajy HAaHOYACTHUIIHI,
a K U3MCHEHUIO e¢ (OPMBI U, B OOJBITUHCTBE CIy9aeB, K
YMEHBIIICHUIO B pa3Mepax. Eciu cpaBHUTE 00beM chepu-
yeckoll HaHouacTuuwsl Vs = 4d3/24, tne d = 37 HM, ¢ 00be-
MOM JJUIMICOMIHON HanodacTuusl V, = (d,dy?) 4/24, tne
d, =38 um, dp = 30 um (puc. 7, ¢, 66 mJx/cM?2), TO UX OT-
HoleHue oyaer coctasisth Vy/V, = 1,48. Takum oOpaszom,
B IpoIlecCce M3MECHEHHS (POPMBI CPEAHECTATHCTHYCCKON
HaHOYaCTHIBI Ag cO chepuueckoil Ha IUTUIICOUIHYIO ee
00bEeM YMEHBIIWICS PUMEPHO Ha 48 %.

3akiaouenne

B pabote nccneaoBaHbl ONTHYECKHE CBOKWCTBA 30J1b-
resb TUICHOK OKCHIa ITMHKA C HaHOYacTHUIIaMH cepebdpa,
MOIM(HUIUPOBAHHBIX (PEMTOCEKYHIHBIMHU JIA3€PHBIMU UM-
myJibCaMu BBICOKOM 4aCTOThI TIOBTOPCHUA. I[J'II/IHa BOJIHBI
W3JTy4YeHUs! BHIOMpaach, OIM3Kas K JJIMHE BOJIHBI JIOKa-
JIN30BaHHOT'O IOBEPXHOCTHOTO IUIa3MOHHOTO PE30HaHCa
HAHOYACTHIl cepedpa 1 Aajekast OT Iopora COOCTBEHHOIO
TIOTJIONICHHUS] MaTPHUIIBI OKCHJa IMHKA. B pe3ynbrare mpo-
BEJICHHBIX MCCIIEIOBAHMH OBUT BBISIBICH JUXPOU3M MOJIH-
(bUIMPOBAHHBIX JIA3EPHBIM M3JIyUYCHHEM IIJICHOK U CBA3b
9TOTO SIBJICHUS C OPHEHTAIMEH HAHOUACTHI SIUTUTICONTHOM
(hopmsl B TuteHKe. Ha oCHOBaHWMYM MaHHBIX CKaHUPYIOMICH
3NEKTPOHHON MHUKPOCKOIIMH BBITIOJTHEH aHAJIN3 N3MECHEHUS
KOHIICHTpAIINHU, pa3Mepa U (popMbl HAHOUACTHIL cepedpa B
IIJICHKE B 3aBUCMMOCTH OT IJIOTHOCTU DHEPIrUun (I)CMTOCG-
KyHIHOTO u3iny4enus. [loka3aHo, 4To akTHBHOE (OPMHPO-
BaHUE HAHOYACTHI AUTHIICOMIHON (POPMBI IPOMCXOHUT NPH
IIOTHOCTSIX 9HEpruu oT 43 10 99 m/Ix/cm2. [pesbinenue
9THX 3HAYCHUI TNIOTHOCTH SHEPTUH TIPUBOANT K YMEHbIIIe-
HUIO pazMepa M XaoTHYECKON OpPHUEHTAIINH AIUTUIICONTHBIX
HAHOYACTHII, a TAKKe K 00pa30BaHNIO HAHOPA3MEPHBIX TT0p
Y TPEILIMH B CAaMOH MaTpHuIle OKCH/IA IINHKA.

W3 ananu3a JaHHBIX CKAaHMPYIOLIEH IEKTPOHHON MHU-
KPOCKOITUH MOKA3aHO, YTO JJUIMICOUAHBIE HAHOYACTHIIBI
OPHEHTHPYIOTCS BJIOJb HAIIPABICHUSI JINHEHHON MOJISIPH-
3aluu (beMTOCCKyH}IHOFO N3JTy4YCHHS BHEC 3aBUCUMOCTU
OT HamnpaBlIeHUs cKaHMpoBaHUA. [Ipu moBopoTe BekTOpa
MOJISIPU3AIIMH MEHSIETCS U MOJIOKEHHE OO0JIbIeit ocH 3J1-
JUTNCOUAHBIX HAaHOYACTHI. B MccieqoBaHuu nokasaHo,
YTO NOJISIPU3AIIMOHHO-3aBUCHMAas (DEMTOCEKYHIHAS MO/~
¢ukanus GopMbI M pazMepa HAHOYACTHI cepedpa MOXKET
MPOUCXOIUTH B TOHKUX TOJIYTTPOBOTHUKOBBIX TIJICHKAX.
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