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ITpu mpoBeeHNN TOCIOWHOTO aHAIN3a MHOTOKOMIIOHEHTHBIX CIIIABOB LIENIECOO0Pa3HO MPUMEHSTh CXEMBI U Me-
TOJIBI IByXHMITYJIbCHOT'O JIA3€PHOTO BO3/ICHCTBHS Ha MTOBEPXHOCTH 00pa3na, yIUThIBas TOT (DAKT, 9TO ABYXUMITYJIbC-
HBII XapakTep MeTo/a o0ecreyrBaeT 0oee BEICOKYIO IFIOTHOCTh YacTHIL B (pakene U CTeneHb HOHU3AIMU. JKCIepH-
MEHTBI IPOBOJMINCH C TOMOIIBIO IBYXHMITYJIbCHOTO JTa3€PHOTO aTOMHO-3MHCCHOHHOTO MHOTOKaHAIIBHOTO CIIEKTPO-
metpa LSS-1. IIpu npoBefeHnN SKCIEPUMEHTOB YHEPTUs UMITYJIbCOB cocTaBisaa 53 Mk, a MEKUMITYIbCHBIA HH-
tepBan — 10 Mkc. VccnenoBansl mponecchl (POpMUPOBAHUSI OIIPEAETIEHHOT0 KOMIIOHEHTHOTO COCTaBa MPUIIOBEPX-
HOCTHOM JIa3epHOM IIa3Mbl U M3yUYEHO BIMSHHUE TTapaMeTpa pac(hOKyCHPOBKU MEKAY CIBOCHHBIMU JIa3€PHBIMHU HM-
ITyJIbCaMH IIPH UX BO3JEHCTBUHM HA ITOBEPXHOCTH 00IydaeMoro oopasma. UtoOs! Oojiee 1eTanbHO H3YIHTh 0COOCHHO-
CTH UCCIIEyeMbIX MaTepHaIoB, HEOOXOANMO OLIEHUTH BO3/IEHCTBHUE JIa3€PHBIX UMITYJILCOB Ha TIOBEPXHOCTH MaTepH-
AJIOB U CTereHb ee necTpyKiuu. C 1eibio 0TOOpaKeHUsI U3MEHEHHS U3y4aeMbIX pabounX MapaMeTpoB UMEET CMBICI
JIOTIOJTHUTEIBHO K OCHOBHOMY 000Dy I0BaHHIO TPUMEHATH OCIIIIIOrpad, KOTOPBIH MOXKHO HCTIONB30BATh LIS HAOJI0-
JICHU 33 aMITUTYAHBIMU ¥ BPEMEHHBIMU NTapaMeTpaMU IEKTPHUECKOro CUrHala. Takxke UMeeTcsl BO3MOXKHOCTb MX
H3MEPATH U 3alKCHIBATh, YTO aKTYAJIbHO MIPU MOCIEIYIONINX UCCISI0BAHUIX U CPAaBHEHHUSX.

Knroueswie cnosa: CABOCHHBIC JIA3€PHBIC UMITYJIBCHI; JIa3€pHas 1jiazMa, ITOCIIOMHBIN aHaJIn3; aTOMHO-OMHCCHUOH-
Hagd MHOT'OKaHaJIbHasg CIOICKTPOMETPUS.
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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 of the 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.

BBenenue

OCHOBHOM KOHCTPYKLIMOHHBIH MaTepual,
KOTOPBIA MOXET NMPUMEHSTHCS B TEXHHKE, -
3TO CIUIAB, SBJIAIOIIMNACA MAaKPOCKOIMYECKH
OJTHOPOJHOM (MEeTaJUIMYEeCKON) CTPYKTYPOH,
B Y€l cocTaB BXOSAT J1Ba WM OOJIbIIE XUMU-
Yyeckux oaneMeHTta. KommoHeHTamu cruiaBa
TPaJAUIIMOHHO BBICTYMAIOT:

- OCHOBa — OJIMH WJIM HECKOJIbKO MeTal-
JIOB;

- Manble JOOaBKM — JIETHPYIOIIUE 3JIe-
MEHTBI, BBOJAMMBIE CIIEIIHAILHO B MaTepHall;

- TEXHUYECKHUE, IPUPOIHBIEC OO0 CITydaii-
HBIE TIPUMECH.

OaHUM U3 METAJJIOB, YacTO BXOJAIIUX B
COCTaB MHOTOKOMIIOHEHTHOT'O CILIaBa, BbI-
CTYIaeT Me/lb, TaK KakK SIBJISIETCS METaJUIOM C
yHUBepcaiabHOU chepoit nmpumenenus. Jlan-
HBIW AJIEMEHT LIEHUTCS 3a YCTOMYHUBOCTH K OT-
pUlIaTeIbHBIM (paKTOpaM BHEITHEH Cpelbl U
HMMEET BBICOKHE aHTUKOPPO3HUITHBIE CBOMCTBA.
Takxe oHa oOmamaeT Oe3yNmpedHoil CTOIKO-
CTBIO, XOpOUIEH TEemJIONpPOBOJHOCTBIO, a
TaKXe CTa0MIIBHOCTBIO K COTHEUHOMY CBETY.
Kpome Toro, Mo>XHO OTMETUTH MJIACTUYHOCTD
Y TUOKOCTH TAaHHOTO MeTajia, CTaOMIbHOCTD
K IepernajgaM TeMIepaTypsl. Bo3MoXHOCTb
MOBTOPHOU TepepabOTKH SBISETCS TJIAaBHOM
LIEHHOCTBHIO MEU, IPUYEM TIOCIIE NIEPETIIABKHI
MO)XHO TOJY4YUTh HE MEHEE KayeCTBEHHYIO
MPOIYKIIMIO, YeM ObLTa 710 3T0TO [1].

N3yuyenne ¢Qusmdecknx M XUMHUYECKUX
CBOMCTB pa3NIMYHBIX MaTepHaloB (OJHO-,
JIByX- M MHOTOKOMIIOHEHTHBIX CIIJIAaBOB)
MIPEICTaBISAET COOON BaXKHYIO IPAKTUUYECKYIO
3a/1a4y, KOTOPYIO MOYKHO PEIIuTh, 00paTHUB-
IIMCh K METOJy JIa3€pHOI0 CIEKTPaJIbHOTO
aHayin3a. B wactHOoCTH, pU NpOBEAEHUM TO-
CJIOMHOTO aHaIK3a TaKoro Pojia 0ObEKTOB Iie-
J1€c000pa3HO MPHUMEHATh CXEMbl MU METOMIbI
JBYXHUMITYJIbCHOTO JIa3€pHOTO BO3ECHCTBUS

Ha TIOBEPXHOCTh 00pa3la, YYHTHIBas TOT
(bakT, YTO ABYXMMITYJbCHBIH XapakTep Me-
Tosa obecrieynBaeT 0ojee BBICOKYIO IUIOT-
HOCTh YacTHI[ B (pakese U CTECICHb MOHH3a-
IUH.

Opnoit U3 ocobOeHHOCTeH (PU3MUECKUX
IPOLIECCOB, CBA3aHHBIX C 00pa30BaHUEM Ja-
3epHOM IIa3MBbI, BEICTYIIAE€T €€ MHOTO(aKTop-
HocTh. (ClremoBaTenbHO, OINMUCATH JTaHHBIE
IPOIECChl JOCTATOYHO NMPOCTO OKAa3bIBAETCS
npobneMaTuyHbM [ 1, 2].

Pe3ysbTaThl 3KCIIEPUMEHTA H 00CY KIeHUE

JluHaMHMKy U Tpouecc abisluu C LEJbIo
MOCJIEYIOIEro KayeCTBEHHOro M KOJIMYe-
CTBEHHOI'0 aHaJlM3a Pa3jIMyHOIo poja mare-
pPHAJIOB BOBMOXKHO M3YYHTh MTPH UCTIOIH30BA-
HUM JIA3€pHOTO aTOMHO-3MUCCUOHHOIO CIEK-
Tpomerpa LSS-1.

JlaHHas1 yCTaHOBKa TO3BOJISIET PETYIIHPO-
BaThb HHEPIUI0 JIA3€PHBIX HMMITYJILCOB, Bpe-
MEHHOH MHTEpBaJl MEXly HUMH, a TaKXe Ia-
pameTtp pachokycupoBkH. B wactHoCTH, H3-
MEHSIS 3TOT MapaMeTp MpH MOCTOSIHHOM Hep-
T UMITYJTbCA M €T0 JUTUTEITBHOCTH, MOXKHO
BapbUPOBATh IJIOTHOCTh MOTOKA U3ITY4YECHHUS.
Kpome TOro, ogHO# M3 Ba)KHBIX 3a/1a4 SBIIS-
eTcs TaKXKe ONTHMaJbHBIN BBIOOD HCCIeIye-
MBIX CIEKTPaJIbHBIX JUHUH. Cles10BaTeNbHO,
B XOJIe TPEIBAPUTEILHBIX AKCIEPUMEHTOB
ObuIM BBIOpaHBI JUIMHBI BOJIH JIMHUH H3ydae-
MBIX XHMHYECKUX »3JeMeHToB. Hampuwmep,
It Meanu oHH cocTaBuian 510.992, 515.764 n
522.3 um.

Uro0Os! OoJiee NeTalbHO MU3YyYHUTh OCOOCH-
HOCTH HCCIIEyeMBbIX MaTepHajoB, HE00Xo-
MO OLICHUTH BO3JEHCTBHE JIa3€PHBIX HM-
MyJIbCOB Ha MOBEPXHOCTh MAaTEPHAJIOB U CTe-
NeHb ee aecTpykuuu. Kpome Toro, BaskHO Mo-
Ay4uTh HMHPOpPMAui0 00 WHTEHCUBHOCTH
CTIEKTPAJIbHBIX JIUHHIA JIEMEHTOB B 3aBHCH-

16-s1 Meoscoynapoonas konghepenyus «Bzaumooeiicmeue uzinyyenuil ¢ meepovim meaomy, 22-25 cenmabps 2025 2., Munck, berapycw
16th International Conference “Interaction of Radiation with Solids”, September 22-25, 2025, Minsk, Belarus

504



Cexyus 5. Memoowl, obopyodosanue, niazmennble u paouayuoHHvle mexHoI02ul

Section 5. Methods, Equipment, Plasma and Radiation Technologies

MOCTH OT HOMEpPA BO3AECUCTBYIOLIETO Ja3ep-
HOT'O UMITYJIbCA.

C aT0ii 1epI0 ObUT MPOBEAEH MOCTONHBII
aHaJM3 M3y4YaeMbIX MHOTOKOMITOHEHTHBIX
CIUTaBOB TPU Pa3NUYHBIX Mapamerpax pado-
4yeil ycraHOBKH. ONTUMANbHBIMU YCIOBUSMHU
JUISI IPOBEJICHUS aHAJIM3a U TTOTYYESHHSI SMUC-
CHOHHBIX CIIEKTPOB CTaJH: HEPrusi CIBOECH-
HBIX UMIYJIbCOB nopsnka 49 u 46 mJx, me-
JKUMIYJIbCHBI MHTepBai paBHsics 10 MKc.
Yucno uMIyabCcoB B cepuu coctaBuio 50, na-
pameTrp pacPokycupoBKu paBHsICS 0 MM
(chokycupoBaHHOE M3ITyUYEHHUE).

B kauectBe npumepa Ha puc. | mpencras-
JIeH BHEIIHHWHA BHJ TOBEPXHOCTH HCCIEIye-
MOro 00bEKTa MOociIe BO3ACUCTBUS TaKoil ce-
PHUH CIBOCHHBIX UMITYJIBCOB.

Puc. 1. ®ororpadus uccnemxyemoro cruraBa

Taxoke Ha puc. 2 IpeaAsoKeH pparMeHT Mo-
JIy4€HHOI'O CIEKTpa IIpPH MPOBEACHUU IIO-
CJIOIHOTO aHanM3a: 0TOOpakeHbl MHTEHCUB-
HOCTH CHEKTPAJIbHBIX JIMHUM MEIU B IOCIIE-
JOBATEIbHBIX IISTH CIOMX.

[Tporpammuoe obecnieuenue LaesSpec-
trometer MO3BOJISICT HATJISITHO IIPEIACTABUTH
Ha OJIHOM M300pakK€HUH JaHHbIE O pa3JIHy-
HBIX HMCCIENYEMBIX CIIOIX MaTEPHAJIOB C IIO-
MOIIBIO Pa3HBIX IIBETOB, YTO OTOOpPAKEHO HA
PHUCYHKE.

IIpuBeneHHbIE pe3yIbTaThl KOHCTaTUPYIOT

10-
A0 |
|
D
0
-
X0
HAD-

J0-

00
-
-
-
00-
b ‘
o q
1560

1600 ‘

1660+ |

1500- f I

3 »1 |

0 : |

e R 3 ||
il § ) "
i H i

Puc. 2. ®parmeHT criekTpa

Pa3NMYHYI0 MHTEHCHUBHOCTH JMHUHA MeIu B
MOCTIeIOBATEIbHBIX CJIOSAX: KPACHBIM LIBET -
NIEPBBIN UMITYJIbC, YEPHBIN - IATHIA. COOTBET-
CTBEHHO, COJICp)KaHUE JAHHOTO 3JIeMEHTa He-
CKOJIbKO HEOJHOPOIHO 10 BceMy 00beMy 00-
pasma.

Kpome Toro, mpencraBineHHbIi (parMeHT
CTIEKTpa TMOKa3bIBACT MATYI0 HHTEHCUBHOCTD,
a, CIIeZIOBAaTEeNIbHO, U MaJyl KOHIIEHTPAIIHIO
MarHus u cepedpa B JaHHOM OOBEKTE HCCIIe-
JIOBaHUSI.

DT0 MOXET OBITh MCHOJIB30BAaHO B Jallb-
HeillleM TpU H3Y4YeHUH CBOWCTB JaHHOTO
CITaBa ¥ BOBMOXKHOCTH €T0 MIPUMEHEHUS TSI
pelIeHns: He0OOXOIUMBIH 3a1auH.

C uenbto oToOpaxeHNUs N3MEHEHUS n3yda-
€MBIX Pa0OYHX IMapaMeTpOB UMEET CMBICI JI0-
MIOJTHUTEIBHO K OCHOBHOMY OO0OpPYZOBaHHUIO
MPUMEHATh OcUWLIOrpad, KOTOPHIA MOXKHO
UCTIONIB30BATh JUI HAONIOJCHUS 32 aMILIH-
TYJIHBIMHU U BPEMEHHBIMU [TapaMeTpaMH dJIeK-
TPUYECKOT'O CHTHAJIA.

Takke nMMeeTcss BO3MOXHOCTh HMX H3Me-
PATH U 3aMUCBIBATh, YTO AKTyaJlbHO MPHU IO-
CIIETYIOIINX HCCIEOBAaHUAX W CPAaBHEHUSX.
Ha puc. 3 B kayecTBe mpuMepa NpHBEICH
BHeMIHUM Bu ocumiiiorpada cepun GA 1000
¢ 0TOOpa)XEHHBIM Ha JIMCIUIEE PEaTbHBIM CHT-
HaJIOM.
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Puc. 3. ®ororpadus ocrmmorpada ¢ 0ToOpaskeHHBIM
CHUI'HAJIOM

3akiaioueHne

Takum 00pazoMm, HCIOJIB30BaHUE METOJa
Ja3epHOT0 CHEKTPAILHOTO aHalli3a I03BO-
JISIET KAYECTBEHHO, a 3aTEM U KOJIMYECTBEHHO
U3y4aTb OCOOEHHOCTH COCTaBa Pa3IUYHBIX
MaTepI/IaJIOB n "ux HpI/IMCHCHI/IC JUISA paszq-
HBIX TPAKTHYSCKUX IIEIICH.
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