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HAHOCTPYKTYP HA METAJIVIMYECKY IO IIOBEPXHOCTD
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CO3JAHUA I'A3OYYBCTBUTEJIBHBIX CEHCOPOB
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N3ydeHa BO3MOKHOCTB MOJyYEHHsI HAHOIUIEHOK HAa METAJUIMYECKON MTOBEPXHOCTH IPH BO3AEHCTBUU CABOEHHBIX
Jla3epHBIX MMIIYJIbCOB Ha OJIOBOCOJEpIKAIlMEe MUILIEHU B aTMoc(epe BO3ayXa. DKCIEPUMEHTHI IIPOBOIIIKCH C T0-
MOIIBIO JIA3€PHOT0 JBYXUMITYJIBCHOTO JIA3€PHOTO aTOMHO-3MHUCCHOHHOI'O MHOT'OKaHaJIbHOTO crekTpomerpa LSS-1.
IIpu npoBeeHNH HKCIIEPUMEHTOB SHEPIHUs UMITYJIbCOB cocTaBisuia 53 MK, a MeXKUMITYIbCHBIM HHTEpBaJ - 10 MKC.
HccnenoBansl nponecchl GOPMUPOBaHHS ONPENEICHHOTO KOMIIOHEHTHOTO COCTaBa MPUIIOBEPXHOCTHOM Jla3epHOM
TUIa3MBl M U3YYEHO BIMSHHUE Mapamerpa pacOKyCHPOBKH MEXKIY CABOCHHBIMH JIa3€pHBIMU HUMITYJIBCAMH TPH HX
BO3/ICHICTBIM Ha MOBEPXHOCTH 00y4yaeMoro oopasua. [IpowsumiocTpupoBaHo pa3BUTHE METOJIOB MOIYyYEHHs HAHO-
KJIACTEPOB XMMHUYECKHX JJIEMEHTOB IIPH MIPOBEJCHUH CIHEKTPOCKOMMYECKUX MCCIEIOBAHMHN JIa3epHOH IIa3MBbl, 00-
Pa30BaHHOM ITPU BO3JIEHCTBUM ABYX MOCIIEAOBATEIHHBIX UMITYJIbCOB Ha MHUIIEHB. [IaHHBIHN cI10c00 MO3BOISIET MOITY-
4aTh HAHOCTPYKTYPBI KaK YHCTBIX METAIUIOB, TaK U KOMIO3MLIMOHHBIX CIIaBOB. IIoka3aHa BO3MOXKHOCTb HallbLIe-
HUS HAHOIIJICHOK JJISl CO34aHUs Ta3049yBCTBUTENILHBIX CEHCOPOB.

Knroueenvie cnosa. cipoeHHbIS JIa3€pHBIC MMITYJIbCHI,; JIa3€pHas Mjia3Mma, MTOCIIOMHBIN aHaJIN3; HAHOIIOPOIIIKOBBIC
TEXHOJIOTHH; aTOMHO-OMHUCCHOHHAsA MHOTOKaHaJIbHas CIIEKTPOMETPHUSL.

FEATURES OF DEPOSITATION OF MULTICOMPONENT
NANOSTRUCTURES ON A METAL SURFACE BY DUAL LASER
PULSES TO CREATE GAS-SENSITIVE SENSORS
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UBelarusian State Academy of Communications,
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Interest in studying various options for the formation of stable nanostructures and the creation of semiconductor
devices is of both fundamental and applied importance, since materials consisting of metal oxides are widely used in
various fields of modern technology. These materials, in addition to unique optoelectronic properties, are character-
ized by high surface reactivity. For example, zinc oxide is a wide-gap semiconductor, and tin oxide (SnO;) can be
used to create chemical sensors, as it is transparent to visible light. Copper, both in its pure form and as an integral
part of an alloy with other components, is used for the production of various products.

The possibility of obtaining nanofilms on a metal surface under the action of double laser pulses on tin-
containing targets in an air atmosphere has been studied. The experiments were carried out using a laser two-pulse
laser atomic emission multichannel spectrometer LSS-1. The processes of formation of a certain component compo-
sition of near-surface laser plasma have been studied, and the effect of the defocusing parameter between doubled
laser pulses upon their action on the surface of an irradiated sample has been studied.

The development of methods for obtaining nanoclusters of chemical elements during spectroscopic studies of la-
ser plasma formed by the action of two successive pulses on a target is illustrated, when the processes of heating and
evaporation of the microdroplet fraction from the first pulse, as well as the pressure of the shock wave due to the
action of the second pulse, are superimposed on the primary processes of plasma formation. This method makes it
possible to obtain nanostructures of both pure metals and composite alloys, which in the future will determine the
possibility of deposition of nanofilms to create gas-sensitive sensors.

Keywords: double laser pulses; laser plasma; layer-by-layer analysis; nanopowder technologies; multichannel
atomic emission spectrometry.
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B kadecTBe  aKTHBHBIX  JJIEMEHTOB
YCTPOMCTB Ira30BOr0 KOHTPOJISI MOTYT OBITh
UCIIOJIBb30BAaHbl OKCUIBI TOJIYNPOBOJHUKO-
BbIX MaTepuajoB, KOTOPbIE XapaKTEPU3YyIOT-
Csl PSIOM ONPEEIIEHHBIX CBOMCTB: BBICOKOU
YYBCTBHUTEJIBHOCTBIO K COCTaBy ra3oBoil ¢a-
3bl, KATAJIMTUYECKON aKTHMBHOCTBIO, a TaKXKe
BBICOKOW PEaKIMOHHOW CIIOCOOHOCTBIO TIO-
BepxHoctu [1]. CienoBatenbHO, pa3BUTHE
METOIOB CHHTE3a HAaHOYACTHIl C TpeOyeMbl-
MU CBOMCTBAMM SBJISIETCS OYEHb BaXXHOU
IIpaKTUYEeCKOU 3ajgader. B gacTtHOCTH, B CO-
CTaB Ka4E€CTBEHHBIX HAHOILJICHOK MOTYT BXO-
JUTh OJIOBO, MEIb M LIUHK, YTO JUKTYETCS
HOTPEOHOCTAMH OBICTPO IPOrPECCUPYIOIINX
COBPEMEHHBIX HaHOTEXHOJIOruM. [[ns cosna-
HUS [T0JIOOHBIX OOBEKTOB UCIIOJIB3YETCSl TeX-
HUKa UMITYJIbCHOTO JIA3€PHOTO HAIIbLICHUS.

MeToauka 3KcnepuMeHTA

Jns u3ydeHus MPOIECCOB HAMbUICHUS
HAaHOCTPYKTYp Ha METaJUIMYECKYI0 MOBEPX-
HOCTb U TPOBEJACHHUS IOCIONHOTO aHalu3a
IPUMEHSJICA  METOJ  JIa3epHOM  aTOMHO-
SMUCCHOHHON MHOTOKaHAJbHOM  CIIEKTPO-
MeTpuu Ha npudope LSS-1, uzroroBieHHoM
CIl «JOTHUC THUH», ¢ wucnoian30BaHHEM

CABOCHHBIX JIa3epHBIX HMIyJIbCcOB. OH
BKJIIOYAET B ce0sl B KaUeCTBE UCTOUYHUKA BO3-
Oy XaeHUS IJ1a3MBbl JBYXUMITYJIbCHBIN

HEOJIMMOBBINA J1a3ep, TIe MMEETCS BO3MOXK-
HOCTb PEryJIMPOBaHUs BPEMEHHOTO UHTEpBa-
Ja MeXIy umnyiscamu. Jlazep moxert pado-
TaTh C YaCTOTOM NOBTOPEHMSI UMITYJIbCOB JI0
10 I't ¥ MakCUMaIBLHOM DHEPTUEH U3TyICHUS
KQXJIOTO U3 CIBOCHHBIX HMITYJIbCOB 110 80
M/Ix Ha nyunHe BosiHbl 1064 HM. IIpu npose-
JICHUM JaHHOTO HUCCJIEIOBaHMs JAHHBIN WH-
TepBasl cocTaBisn 10 MKc, a SHEprus um-
MyJbCOB HaxoAwJIack B auamnaszoHe ot 20 a0
60 m/x. Pasmep Toukm (OKYCHPOBKH CO-
ctaBisin nopsnka 50 mxwm [2, 3]. Bee skcme-
PUMEHTHI TPOBOJIUIINCH B aTMOCc(hepe BO3.IY-
Xa TMpPH HOPMAJIBHOM aTMOC(HEpPHOM JaBiie-
HUU. B Xozme mpoBeneHHBIX MpeABapUTEb-
HBIX HCCIIEJIOBAaHWI ObUTM BBIOpaHBI ONTH-
MaJbHBIE PEXUMBI PAOOTHI U JUIMHBI BOJIH
AQHAIUTUYECKUX JINHUN XUMHUYECKHUX dJIEMEH-

TOB: mist Mean —510,953 uMm; mis onoBa —
452,720 um, mid xenesa — 438,587 HMm.

PesyabTaTsl 1 HX 00CyKICHHE

Ha puc. 1 B xauecTBe npumepa npuseje-
Hbl 3aBUCUMOCTH WHTEHCHUBHOCTH JIMHUU
0JIOBAa M IIMHKAa OT HOMEpa IOCIEN0BATENb-
HBIX JIA3€pPHBIX MMIIYJIbCOB, BO3IEHCTBYIO-
[IMX Ha MOBEPXHOCTh HCCIEAYEMBIX OOBEK-
TOB.
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Puc. 1. 3aBuCHMMOCTH MHTEHCUBHOCTH JUHHM 0JIOBA U
IIUHKA OT HOMEpa JIa3epHOT0 UMITYIIbCa

[lonydyeHHble pe3yabTaThl OTPA)kKarOT TOT
¢dakT, 4TO NUHUS [MHKA HAYUHAET MPOSB-
JIAThCS mocse 26-ro mMmyJibca. OJOBO Tpo-
JIOJDKAET MOCTYTAaTh B JIa3epHBIN (hake.

C uensto Oosee TIIyOOKOTO TOHUMAHHMS
CKPBITBIX MEXaHU3MOB BO3/IEHCTBUS CIBOCH-
HBIX JIa3epHBIX HMIIYJIbCOB Ha MHUIICHbD,
HEO0XO/IMMO PacCMOTpPETh MPOIECcCHl M Ha
MOBEPXHOCTH, U B IIPUIIOBEPXHOCTHOM ILIa3-
Me. Ha oOpa3oBaHue HaHOIUIEHOK MHOTO-
KOMITOHEHTHBIX CIJIABOB MOTYT BIIUSTH HE
TOJIBKO BPEMEHHON MHTEpBAJ U YHUCIIO CIIBO-
€HHBIX UMITYJILCOB, HO U MapameTp pacoKy-
CHPOBKH, 4TO 00ECHEeYMBAIOCh CMEIEHUEM
MUIIEHH N0 OTHOILIEHUIO K (QoKycy. YBenu-
YeHHue napamerpa pac(OoKyCHUpPOBKH IMPHUBO-
IUT K POCTYy IUIOWIAAM JIa3epHOro MSATHA Ha
MOBEPXHOCTU 00paslia U K CHWKEHHIO IJIOT-
HOCTHU MOTOKA MU3NlydyeHus. B wactHocTH, nipu
W3MEHEHUHU JTaHHOTO IapaMeTrpa OT Hyjs 10
5 MM HMHTEHCUBHOCTH JMHUU XHUMHYECKOTO
AJIEMEHTa MOXET YMEHBIIMTHCS Ooliee uem
Ha J[Ba NOpsJIKa.

ITosTOMY i1 OLIEHKH pe3ysbTaTa BO3JEH-
CTBHUs Ja3€pHBIX UMITYJIbCOB HAa METajuIMye-
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CKYIO0 TIOBEPXHOCTh HEOOXOIUMO M3YYHUTh
BJIMSIHAE PAc(POKYCHPOBKH Ha HHTCHCHBHO-
CTHU CIICKTPaJIbHBIX JIMHUH XUMHUYECKHUX 3JIe-
MEHTOB, BXOJSIINX B COCTaB HAHOCTPYKTYP.
C »ToOM 1eTpI0 B Ka4ecTBE IpUMepa Ha puc. 2
NpUBEICHA 3aBUCUMOCTh HMHTEHCHUBHOCTH
JUHUW OJIOBA M MEIW OT mapameTpa pacdo-
KYCUPOBKH.
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Puc. 2. 3aBMCHMOCTh HHTEHCHBHOCTH JIHHHUH OJIOBA U
MeJli OT apaMeTpa pac(hOoKyCHPOBKU

Cnenyer OTMETHUTh, YTO Hamboliee BaX-
HYIO pPOJib B 00pa30BaHUM HAHOKJIACTEPOB B
Ja3epHOM IIa3Me WTPAIOT TPOIECChl HOHU-
3alMM ¥ PEKOMOWHAIIMK MOHOB. DTO Ompe/e-
JSETCSl TUIOTHOCTBIO TIOTOKA JIA3€pHOTO W3-
Jy4YEeHUs, TTOTCHIIMAJIOM HOHHU3alUHd aTOMOB,
COCTABIISIONIUX JIA3€PHYI0 MUIICHb, W JHa-
METPOM TSITHA (POKYCHPOBKH.

3akaoueHue

[IpoBeneHHBIE CHMEKTPOCKOMUYECKUE HC-
CJICIOBaHMS JIa3epHOM TUIa3Mbl, 00pazyeMon
B6JII/IBI/I MHOFOKOMHOHGHTHOﬁ MHUIIICHH, HpI/I
BO3JICHCTBHM HA HEE CEPUM MOIIHBIX CIIBO-

€HHBIX JIA3€PHBIX WMIIYJbCOB, IO3BOJISIOT
CIENaTh BBIBOJ O HAJIMYUU BO3MOXKHOCTHU
YIPaBICHUS M KOHTPOJS KOMIIOHEHTHBIM
cocTaBoM I1a3Mbl. COOTBETCTBEHHO, MOJI00D
ONTHUMAJIBHBIX YCJIOBUH IPOBEIACHUS JKCIIE-
pUMEHTa MOXXET 00eCHeunuTh YIpaBICHUE
KOJIMYECTBOM YaCTHUI] HEOOXOAMMBIX 3Jie-
MEHTOB B IIOJyYEHHOM COCTaB€ HAHOCTPYK-
Typ. B 4acTHOCTH, MEHATH COCTaB U CBOM-
CTBa IIOJIyYEHHBIX HAHOIUICHOK MHOTOKOM-
[IOHEHTHBIX CIUIABOB MOKHO ITyTE€M CHMXKE-
HUS JIA3€PHOTO M3JIYYEHMsI, YTO JOCTUTrAECTCA
M3MEHEHUEM IUIOIIAAU JIa3€pHOro IISITHA Ha
obiydyaemoii  moBepxHOCTH. IlomyueHHble
TaKUM CIIOCOOOM CTPYKTYPBI MOTYT HCIIOJb-
30BaThCs AJI CO3AAHMS ra3049yBCTBUTEIIBHBIX
CCHCOPOB.
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