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Mpwn NpoBegeHUM NOCMOMHOMO aHa/IM3a MHOrOKOMMOHEHTHbIX CM/1aBOB Lie/1IeC006pa3HO MPUMEHSTb CXEMbI U Me-
TOAbI ABYXMMMY/bCHOIO N1a3ePHOM0 BO3AENCTBYS Ha MOBEPXHOCTb 06pasLa, yumnThiBas TOT (PaKT, UTO ABYXUMMY/bC-
HbIli XapakTep MeToga obecneynBaeT 60/1ee BbICOKYH MIOTHOCTb YacTuL, B pakene 1 CTeNeHb MOHU3aUmn. Jkcnepu-
MEeHTbI NPOBOAM/IUCH C MOMOLLLIO ABYXUMMY/ILCHOMO f1a3epHOr0 aTOMHO-3MUCCUOHHOI0 MHOTOKaHa/IbHOr 0 CNeKTpo-
meTpa LSS-1. Mpn npoBefeHUM 3KCMEPUMEHTOB SHEPTUS UMMY/IbCOB cOocTaBsAna 53 MK, a MeXUMMYNbCHbIA WH-
Tepsan — 10 MKc. MccneoBaHbl NpoLecckl hopMUpoBaHus onpeaeneHHOro KOMMNOHEHTHOrO COCTaBa NpUnoBepx-
HOCTHOI N1a3epHOI Nasmbl Y U3yYEHO B/IUAHKE NapaMeTpa pacthOKYyCMPOBKM MEXAY CABOEHHLIMU /Ta3epHbIMU NM-
nynbCcamm Mpw UX BO3AENCTBMAU Ha MOBEPXHOCTb 06/1y4aeMoro o6pasua. Utobbl 6051ee feTanbHO U3yunTh 0CO6EHHO-
CTW UCCNeAYeEMbIX MaTepUaioB, HEOOXOANMMO OLEHUTL BO3LEWCTBME /Ta3epHbIX MMMY/bCOB HA MOBEPXHOCTL MaTepu-
aJloB U CTeMeHb ee JeCTPyKUMN. C Lebio 0TOBPaXKeHNs N3MEHEHNS N3yYaeMbIX paboumx NapameTpoB MMEET CMbICH
[OMOMHNTENbHO K OCHOBHOMY 060pYyj0BaH/I0 MPUMEHATbL OCLMANorpad), KOTOpbI MOXHO MCMOMb30BaTh 415 Habto-
[eHna 3a aMnaUTYAHbIMU U BPeMEeHHbIMU NapaMeTpamu 3M1EKTPUYECKOTO CUTrHasa. Takke UMEeTCH BO3MOXHOCTb UX
M3MepATL Y 3aNMCbIBaTb, YTO aKTyasibHO NPW NOCNEeYHOLWMX UCCNELOBAHUAX Y CPaBHEHUAX.

Kntouesble cnosa: CABOEHHble Nla3epHble UMMYNbChI; /1a3€pHad Mnnasma, MOC/IONHBIA aHaM3; aTOMHO-3MWUCCUOH-
HaA MHOroKaHa/lbHasA CMEKTPOMETPUA.
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The main structural material that can be used in technology is an alloy, which is a macroscopically homogeneous
(metallic) structure, the composition of which includes two or more chemical elements. The study of the physical and
chemical properties of various materials (one-, two- and multi-component alloys) is an important practical task that
can be solved by using the method of laser spectral analysis. In particular, when conducting a layer-by-layer analysis
of such objects, it is advisable to use schemes and methods of double-pulse laser action on the surface of the sample,
taking into account the fact that the double-pulse nature ofthe method ensures a higher density of particles in the torch
and the degree of ionization. The experiments were carried out using a laser dual-pulse laser atomic emission
multichannel spectrometer LSS-1. During the experiments, the pulse energy was 53 mJ, and the interpulse interval
was 10 ps. The processes of formation of a certain component composition of near-surface laser plasma have been
studied. In order to study the features of the studied materials in more detail, it is necessary to evaluate the effect of
laser pulses on the surface of the materials and the degree of its destruction. In order to display the change in the
studied operating parameters, it makes sense to use an oscilloscope in addition to the main equipment, which can be
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used to monitor the amplitude and time parameters of the electrical signal. It is also possible to measure and record
them, which is important for subsequent studies and comparisons. The use of the laser spectral analysis method allows
for a qualitative and then quantitative study of the compositional features of various materials and their application
for various practical purposes. It is possible to control and manage the plasma composition when a series of double

pulses is applied to the surface of the sample.

Keywords: double laser pulses; laser plasma; layer-by-layer analysis; multichannel atomic emission spectrometry.

BBeneHue

OCHOBHOWM KOHCTPYKLMOHHbIA MaTepuarn,
KOTOPbI MOXET MPUMEHATLCA B TEXHUKE, -
3TO CcnnaB, ABAAKOLWMIACA MaKPOCKOMUYECKM
OIHOPOAHOW (MeTan/NYecKoin) CTPYKTYpoOiA,
B Ueil cocTaB BXOAAT ABa WX O0MbLUE XUMU-
yeckux anemeHta. KomnoHeHTamu cnnasa
TPagWULMOHHO BbICTYyNaoT:

- OCHOBa — OAWMH WM HECKONbKO MeTan-
nos.,;

- Manble gobaBKM — nerupyrouine ane-
MEHTbI, BBOAMMbIE CNeLnanbHO B MaTepuan;

- TEXHUYECKMe, NPUPoOAHbIE NMOO cny4ali-
Hble NPYMECH.

OAHUM W3 MeTaNnoB, YaCcTO BXOAALWMX B
COCTaB MHOrOKOMMOHEHTHOro Ccnjaea, Bbl-
CTynaeT Mefb, TaK Kak fB/feTCA MeTa/l/10M C
YHUBEpCanbHOW cdepoii npumeHeHns. [LaH-
HbI 3/TEMEHT LLEHUTCS 3a YCTONUYMBOCTb K OT-
pruuaTenbHbIM (hakTopam BHELUHER cpefbl U
MMeeT BbICOKMNE aHTUKOPPO3NiiHbIE CBOMCTBA.
Takxe OHa o6nafgaet 6e3ynpeyHoi CTONKO-
CTblO, XOpOwWwelk TennonpoBOAHOCTbIO, a
TakXKe CTabuNIbHOCTbK K CONHEYHOMY CBeTY.
Kpome Toro, MOXXHO OTMETUTb NNACTUUYHOCTb
M TMOKOCTb AAHHOr0 MeTanna, CTabuibHOCTb
K nepenagam TemnepaTtypbl. B0O3MOXHOCTb
MOBTOPHON MepepaboTKM SBNSETCA TNaBHOM
LLeHHOCTbIO MeAu, Mpuyem rnocse rnepensiaBku
MOXHO MONYYUTb He MeHee KayeCTBEHHYIO
npoAyKuuto, Yyem 6bi1a fo atoro [1].

N3yueHne (U3NYECKUX U XUMUYECKMX
CBOWCTB pas3/iMyHbIX MaTtepuanoB (OL4HO-,
OBYX- W MHOFOKOMMOHEHTHbIX CM/1aBOB)
npeacTaBnseT coO60iM BaXKHYI NPaKTUYeCKyHo
3afja4y, KOTOPYH MOXHO pelwunTb, 06paTuB-
WMCb K MEeTOAy Na3epHOro CnekTpasibHOro
aHanm3a. B yacTHocTW, nNpu npoBefeHWUU MO-
C/IOHOr0 aHanu3a Takoro poja o6bLEeKToB Le-
necoobpasHO MNPUMEHATb CXeMbl U MEeTOAbl
ABYXUMMNYNbCHOTO /a3epHOro BO34eNCTBUS

Ha MOBEPXHOCTb o06pasua, Yy4uTbiBas TOT
(hakT, 4YTO ABYXUMMY/bCHbIA XapakTep Me-
Tofa obecneymBaeT 60/1ee BbLICOKYH MJOT-
HOCTb YacTul, B (pakene u cTeneHb MOHW3a-
umn.

OpHoli 13 0oCcobGeHHOCTEW (M3NYECKNX
MpoLLeccoB, CBSA3aHHbIX C 06pa3oBaHMEM na-
3epHOI NiasMbl, BbICTYMaeT ee MHOrogakTop-
HocTb. CneaoBaTenbHO, OMWcaTb [AaHHbIE
npouecchbl A4OCTaTOYHO NPOCTO OKa3blBaeTCs
npo6nematnyHbim [1, 2].

PesynbTaTbl 3KCNepUMeHTa 1 06cyXXeHune

OvHamuky n npouecc abnsaymm c Lenbio
nocneAyowWwero KayeCTBEHHOro W Ko/unye-
CTBEHHOr0 aHanu3a pas/IM4yHOro pofa mare-
pvanoB BO3MOXHO M3Y4YnUTb NPU UCMNO/b30Ba-
HUW Na3epHOro aTOMHO-3MUCCUOHHOTO Crek-
TpomeTtpa LSS-1.

[laHHas ycTaHOBKa MO3BOJIAET Perynmpo-
BaTb 3HEPrui0 nas3epHbIX WMMMOYNbLCOB, Bpe-
MEHHOI UHTepBan MeXAy HUMK, a Takxe na-
pamMeTp pacoKycUpoBKW. B yacTHOCTU, U3-
MeHsA 3TOT napamMeTp Npu NOCTOAHHOW 3Hep-
MM MMMynbca WU ero ANMTENbHOCTU, MOXHO
BapbMpoBaTb MJIOTHOCTb MOTOKA M3/TyYeHUS.
Kpome TOro, ofiHOM M3 BaXKHbIX 3ajay ABNA-
eTCA TakKXe ONTMMalbHbIl BbIGOp nccnegye-
MbIX CMeKTpanbHbIX NMHWIA. CnegoBaTenbHO,
B XOfe nMpeABapuUTeNibHbIX 3KCMEPUMEHTOB
OblNn BblGpaHbl A/MHbI BOMH NNMHWIA M3y4ae-
MbIX XMMWYECKUX 3/1IeMEeHTOB. Hanpumep,
ans megm oHn coctasunam 510.992, 515.764 n
522.3 Hm.

UTto6bl 60/ee feTaNbHO M3Y4YUTb 0COOEH-
HOCTM WucCnefyeMblX MaTepuanoB, HeobXo-
OVMO OLEHWUTb BO3[AeNCTBME Nla3epHbIX WM-
ny/nbCOB Ha MOBEPXHOCTb MaTepuanos u cTe-
neHb ee gecTpykumn. Kpome 10ro, BaXKHO no-
NYy4YnTb WHGpOpMauno 06 WHTEHCUBHOCTU
CNeKTpasibHbIX IMHWUIA 3N1EMEHTOB B 3aBUCK-
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MOCTW OT HOMepa BO3AelCTBYHOLLErO flasep-
HOro MMNynbCa.

C 37Ol uenbto Obl NPOBefeH NOCNONHbIN
aHanM3 un3y4vyaemblX MHOTOKOMMOHEHTHbIX
CMN/aBOB MPMW pas3/IMyHbIX napameTpax pabo-
yeil ycTaHOBKM. ONTUMabHbIMUK YCIOBUAMM
419 NPOBEAEHNA aHann3a v NoayyeHns ammc-
CUOHHbIX CMEKTPOB CTa/ln: 3Heprua CABOEH-
HbIX UMNyNnbCcoB nopaaka 49 n 46 mOx, me-
XUMNYNbCHbIA UHTepBan paBHsAnca 10 MKc.
Yuncno nmnynscos B cepum coctasmno 50, na-
pameTp pacoKyCUpOBKWU paBHANCA 0 MM
(cthokycmpoBaHHOE U3NyYeHue).

B kauecTBe npumepa Ha puc. 1 npescras-
NeH BHELWHWA BUL MOBEPXHOCTU uUccnepye-
MOro 06beKkTa nocse BO3/JeCTBUS TaKoi ce-
pyn CABOEHHbLIX UMMY/IbCOB.

Pvc. 1 ®doTorpadms nccnefyemoro crnasa

TakXXe Ha puc. 2 NpeanoXeH pparmMeHT no-
NIYYEHHOTO ChekTpa npu npoBefeHun no-
CNOMHOr0 aHanmnsa: 0To6paXKeHbl MWHTEHCUB-
HOCTM CMEeKTpa/bHbIX NMHWUIA Mean B nocne-
[l0BaTe/IbHbIX MATU C/OAX.

MporpammHoe ob6GecneyeHne LaesSpec-
trometer No3BoNsAeT HarnagHO NpeacTaBUTbL
Ha OLHOM W306paXeHUW [aHHble 0 pasfiny-
HbIX MCCefyeMbIX CMOAX MaTepuanos C Mno-
MOLLbIO pasHbIX LBETOB, YTO OTOOPaXKEHO Ha
pUCYHKe.

lMpuBeAeHHbIe pe3yibTaTbl KOHCTATUPYOT

Puc. 2. ®parmeHT cnekTpa

pasNNYHy0 WHTEHCMBHOCTb JIMHWUIA Mean B
nocnefoBaTeNbHbIX CMOSX: KPacHbI UBET -
nepBblii UMNY/bC, YEPHbIN - NATbIA. COOTBET-
CTBEHHO, COfepXXaHue JaHHOro 3/ieMeHTa He-
CKOJIbKO HEOAHOPOLHO MO BCeMy 06bEMY 06-
pasua.

Kpome TOro, npeacTtaBfieHHbI (parMeHT
CneKTpa nokasbiBaeT Maytd0 MHTEHCUBHOCTb,
a, CNnefoBaTesibHO, M Manyl KOHLEHTpaLuto
MarHusa u cepebpa B JaHHOM 00bEKTE Mcce-
L,0BaHus.

3T0 MOXeT OblTb UCMONb30BAHO B fAaflb-
He/illeM npuv W3YYeHUU CBOWCTB [AHHOTO
cnsiaBa 1 BO3MOXHOCTUW ero NpumMeHeHus s
peLleHns HeobXoaMMbIR 3aJauun.

C uenbto oTobpaXKeHUs N3MEHEHNA U3yYa-
eMbIX pabouymx napaMeTpoB MMEET CMbIC/ [,0-
NMONHUTENIbHO K OCHOBHOMY 060pyA0BaHuIO
NPUMeHsTb ocumnnorpad, KOTOpblA MOXHO
ncnonb3oBaTb ANn4 HabngeHus 3a amnau-
TYAHbLIMU 1 BPEMEHHbIMUW NapaMeTpaMu anek-
TPUYECKOro CUrHana.

TakXe MMeeTCsa BO3MOXHOCTb WX W3Me-
PATb M 3anucbiBaTb, YTO aKTyasibHO Npu Mo-
CnefyoLwmx nccnefoBaHUAX W CPaBHEHUAX.
Ha puc. 3 B KauyecTtBe npumepa npuBefeH
BHELWHWIA BUf ocumnnorpada cepum GA 1000
C OTO6PaXeHHbIM Ha AUcniee peasbHbIM CUT-
Ha oM.
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Puc. 3. d®oTtorpadumsa ocuunnorpada ¢ 0ToO6paXKeHHbIM
CUrHanoMm

3ak/iroyeHmne

Takum 06pa3om, MCNONb30BaHME MeToda
Na3epHOro CreKTpanbHOro aHaamsa Mno3Bo-
NSeT Ka4YeCTBEHHO, a 3aTEM N KOMMYECTBEHHO
n3yyatb 0COOEHHOCTM CcOCTaBa Pa3NYHbIX
mMaTtepuanoB M UX NMPUMEHeHWe ANd pasnuny-
HbIX MPaKTUYECKUX Lenei.
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