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IKCIIEPUMEHTAJIBHOE UCCJIEAOBAHUE YCUJIEHUA
CHUI'HAJIA LIBS B CPEJE UHEPTHOI'O I'A3A I'EJIUA
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[IpencraBneHbl pe3ysbTaThl UCCIEAOBAHUS BIMSHUS COCTaBa OKpYXKalOlIeH ra3oBOH Cpesibl Ha WHTEHCHBHOCTD
CIEKTPAITBHBIX JHHUH JIa3epHO-OMHUCCHOHHON IUIa3Mbl, (JOPMHUPYEMOH JIa3epHBIM M3Iy4YeHHEM Ha METAJUTHYECKUX
MHIICHAX. Y CTaHOBJIEHO, YTO B aTMocdepe refust HHTCHCUBHOCTD Psiia CIIEKTPAIbHBIX JIMHUN AIOMUHNS U WHIUS
TIPY OJTHOMMITYJILCHOM JIa3€pPHOM BO30Y)KJEHHH BO3pacTaeT B 2—3 pa3a IO CPaBHEHHUIO C BO3IYLIHOW cpenoi. Jlan-
HBIA 3¢ (eKT 00YCIOBICH CHIDKCHHEM B3aWMOJICHCTBUS PACIIHMPSIOMICHCS IUIa3MBI ¢ aTMOC(EpHBIMH Ta3aMu. B
Cllyyae JIByXHMIIYJIbCHOTO JIa3€PHOTO BO3/ACHCTBUS B IeJMEBON cpelie IPHUPOCT HHTCHCUBHOCTH CHEKTPAIBbHBIX JIU-
HUH BBIPAXKEH HE TaK CYIIECTBEHHO. DTO CBA3aHO C TEM, YTO MEPBBIH JIa3ePHBIN UMITYJIbC (OPMHUPYET IIIA3MEHHOE
006J1ako, KOTopoe 3(h(HEeKTHBHO BBITECHSET OKPYKAIOIIUKA BO3yX, CO3/1aBasl JIOKAJILHYIO MHEPTHYIO 30HY Iepei Mo-
BEPXHOCTBIO MHIICHU. [11a3mMeHHbIi (akes, copMUpPOBaHHBIA BTOPBIM JIAa3€PHBIM UMITYJILCOM, PAcIpOCTPaHIETCs
BHYTpPb MEPBOTO, B 00JacTh, MPAKTUYECKH HE COJEPIKAIIYIO0 Bo3ayxa. Takum oO6pa3oM HCKIIOYAETCs B3aMMOJIEH-
CTBHE BTOPOTO IUIa3MEHHOT0 (hakesia ¢ aTMOC(EpPHBIMU Ta3aMH, YTO ITPUBOJHUT K POCTY HHTEHCUBHOCTH CIIEKTPAIIb-
HBIX JIMHUH 32 CYET IEHCTBUS BTOPOTO JIa3€PHOTO UMITYJIbCa.

Knrwuesvie cnosa: JIa3CpHO-OMUCCUOHHAA 11J1a3Ma, LIBS CIICKTPOCKOIINS; CIICKTPaJIbHad JIMHUS, MHTCHCUBHOCTb
CHCKTpaHLHOﬁ JIMHWU; CABOCHHBIC JIa3C€PHBIC UMITYJIbCHI.
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The article presents the results of studying the influence of the surrounding gas medium composition on the
intensity of spectral lines of laser-emission plasma formed by laser radiation on metal targets. It has been established
that in a helium atmosphere the intensity of some spectral lines of aluminum and indium increases by 2—3 times
under single-pulse laser excitation compared to an air medium. This effect is due to a decrease in the interaction of
the expanding plasma with atmospheric gases. In the case of two-pulse laser action in a helium medium the increase
in the intensity of spectral lines is not so significant. This is due to the fact that the first laser pulse forms a plasma
cloud that effectively displaces the surrounding air, creating a local inert zone in front of the target surface. The
plasma torch formed by the second laser pulse propagates inside the first one, into an area that is practically free of
air. This eliminates the interaction of the second plasma torch with atmospheric gases, which leads to an increase in
the intensity of spectral lines due to the action of the second laser pulse.

Keywords: laser-emission plasma; LIBS spectroscopy; spectral line; spectral line intensity; double laser pulses.

Beeaenne HECKOJIbKO MUKPOH HCTapsieTcsi, 00pasys Haj
Hepa3zpymatomuii KOHTPOJIb 3JIEMEHTHOTO KpaTepoM CBETAIIUNCS TUIa3MEHHBIN (akell,
COCTaBa BEUIECTB U M3JEIUI Ha pPa3IUYHBIX CIIEKTP M3IIy4EHHUs! KOTOPOro COCTOMUT M3 Xa-
JTanax TEXHOJOTMYECKHUX MPOLECCOB SBIIS- PaKTEpHBIX aTOMHBIX W HOHHBIX IMHUCCHOH-
€TCSl HEOThEMJIEMON YacCThIO COBPEMEHHOIO HBIX JIMHUW, HaKJIaJbIBAIONIMXCA Ha (HOH He-
Mpou3BOJICTBA. B mocnennee Bpemsi ocoOyto npepbIBHOTO crnekTpa [3, 4]. AHamu3 3THX
MOMYJISIPHOCTh U pa3zBuTHE noiyuyuna LIBS- CIEKTPAJIbHBIX JIMHUM IIO3BOJISET OIpEe-
criektpockonus [1, 2]. [Ipu Bo3aeiicTBUM - JIUTh XUMUYECKUI COCTaB MaTEPHUAJIOB.
36pHOr0 M3JIyuyeHUs Ha MOBEPXHOCTh HCCIIE- KiroueBbIM  NMpEUMyILIECTBOM  METOJAOB
nyemoro oOpasma ¢GOpMHpPYETCS IPO3UOH- LIBS sBIsrOTCS OTCYTCTBUE HEOOXOAMMOCTH
HBIN Kpartep, a CJIOW BEUIECTBA TOJIIMHOW B B Tpo600TOOpe, OECKOHTAKTHOCTH H3MeEpe-
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HUH (BO3MOXHOCTh JUCTAHLIMOHHOI'O aHaJIM-
3a), BBICOKAsi CKOPOCTh MOJTYUYEHUS pe3yIbTa-
ToB [5, 6]. LIBS-cnextpockomusi nemaer
BO3MOXXHBIM OTIEPAaTUBHBIM KOHTPOIb COCTa-
Ba BEIIECTBA IPSIMO B XOJA€ TEXHOJOTHYe-
CKHUX IPOLIECCOB, 00ecrieuynBasi BO3MOXHOCTb
CBOEBPEMEHHON KOPPEKTUPOBKU [UISl TOA-
JEpKaHUs 3aJaHHOTO XUMHUYECKOTO0 COCTaBa
MaTepuaia B TpeOyeMbIX Mpeaesax.

Jnst mosmydeHuss MaKCUMAalbHO J1OCTOBEP-
HbIX pe3ynbraTtoB LIBS ananuza npumMeHstor
METOJIbl YCUJICHHSI PETUCTPUPYEMOTO CUTHA-
Ja (MHTEHCHBHOCTH CHEKTPAJIbHBIX JIMHUI)
[7, 8]. Jlydmne ycriexu B 3TOM JOCTUTHYTHI
OpUMEHEHHEM i1 (OPMHUPOBAHUS IUIA3MBI
CIIBOCHHBIX JIa3€pHBIX UMITYJIbCOB [9, 10].

OkcnpeccHocts LIBS ananusa u ¢pyHkum-
OHHMPOBAHHEM IPOU3BOJICTBEHHBIX IPOIIEC-
COB B cpele BO3AYIIHOH aTtMocdepbl 00y-
CJIaBIIMBAIOT HEOOXOIMMOCTh IPOBEACHUS
€ro B BO3AYIIHOM cpeae IIpM KOMHATHOMU
TEMIEpPaType U €CTECTBEHHOM JIaBJICHUU
Bo3ayxa. OqHAKO cpesa oKa3blBaeT OIpese-
JICHHOE BJIMSHHE Ha MPOLECCHI, MPOUCXOMS-
M€ MPU ATOM. DTO BIHUSIHHUE OOYCIOBIEHO
TE€M, 4YTO Ja3€pPHO-OMHCCHOHHAs IUIa3Ma,
pacnpoCTpaHsACh B BO3AYILIHYIO Cpely, B3a-
UMOJICHCTBYET C €€ MOJIEKyJlaMH, B TEPBYIO
ouepesib ¢ MOJIEKYJIaMU KHCIIOpOJAa U a30Ta.
OTO oOKa3bIBaeT HENWHEHHOE BIHMSHHE Ha
TpaHC(OpMAIMIO SHEPrUM B JIa3epHO-
SMUCCHOHHOM (haKelie U UCKaKaeT pe3ysIbTa-
THI KOJIMYECTBEHHOTO aHanmm3a [9, 10].

JKCNEePUMEHTAJIBbHASI YCTAHOBKA
HccnenoBanusi MpoBOJMINCH HA YCTaHOB-
ke, onucanHoit B [11, 12]. B ee ocHoBe 1te-
JKal J1a3epHO-OMHUCCHOHHBIA CIEKTPOMETD,
pa3paborannsiii B MactutryTe dusukun HAH
benapycu. JlazepHoe u3nydeHue C IJIATENb-
HOCTBIO UMITyJIbca ~15 HC TeHepUpOBaIOCh
YAG:Nd*" nazepom Ha OCHOBHOIf FrapMOHHKE
(1.06 MKM) Kak OJHOMMITYJIbCHOM PEXHUME,
TaKk U B PEXKHUME CIBOCHHBIX HMITYJHCOB.
BTopoii uMnysibc reHepupoBalca ¢ BPEMEH-
HOM 3aIepKKOM OTHOCHTEIHHO MEPBOT0, KO-
Topass Moria u3MeHaTbes ot 0 o 300 Mkc.
DHeprus TeHepaluu Ja3epHBIX HMITYJIbCOB
MOTJIa U3MEHSTRCS B quamnasone S - 32 mJx.

Pe3yabTaThl M MX 00Cy:KIeHUE

UccnenoBanochk yculIeHHWE WHTEHCHUBHO-
CTH CIEKTPAJIbHBIX JUHUN aIOMUHUS U WH-
sl B Cpefie Tenus M0 OTHOUIEHUIO K BO3MY-
Xy B uHTepBajie aauH BojaH 260-370 HM.
AHalu3 CIEKTPOB, IOKAa3bIBAET, 4YTO IHpHU
(hOpMHUPOBAHMH TIJIA3Mbl OJMHOYHBIMH Jia-
36pHBIMH  HMMIYJbCAMH Ha IOBEPXHOCTU
QIIOMUHUS B CPeJie TeJis HHTEHCUBHOCTD €€
OCHOBHBIX CHEKTPAJIbHBIX JTUHUNA 3HAYUTEIIb-
HO BO3pAacTaeT MO CPAaBHEHUIO C WHTEHCHUB-
HOCTBIO CHEKTPAJIbHBIX JIMHUH, MOTYyYEHHBIX
B cpene Bosayxa. Hambompmmii pocT moka-
3piBaeT JuHUA 358.7 HM. Ee MHTEHCUBHOCTH
B Ccpejie renusi Bo3pacTtaet B 2.5 pasa.

JImamm 358.7 uM, 360.16 aM u 361.24 uMm
SBJISIIOTCS MOHHBIMU. B cpene Bo3nyxa oHu
CUJIBHO TyIIaTCs, MO BCEM BUIMMOCTH, 3a
CUET CTOJKHOBUTEJIBHON Oe3M3ilydarenbHON
penakcanuu. IIpu mepexone B cpemy renus
MCYE3aeT KaHall TYUICHUs, YTO U MPUBOJUT K
POCTY MX HUHTEHCUBHOCTH.

HaGurotaercsi pocT MHTCHCUBHOCTH CIICK-
TPalbHBIX JIMHUW W TIpH (HOPMUPOBAHHUH Ja-
3€pHO-OMUCCUOHHON TJIa3Mbl Ha TMOBEPXHO-
CTH MHUIIICHHU U3 aIIOMUHUS CABOCHHBIMH Jia-
3epHBIMU UMITYJIbCAMU B CpeJie BO3/yXa, O-
HaKO, pPOCT UX MHTEHCHUBHOCTH MEHBIIHUH, B
TOM ynciie Uy Juauu 358.7 um (1.8 pas).

[Tepexon k GHOpMUPOBAHHIO JIa3EPHO-
SMHUCCUOHHON TIUIa3Mbl CJABOCHHBIMH HM-
MmyJIbCcaMu B cpeje Tenus ci1abo BIHMSIET Ha
MHTEHCHUBHOCTH CIIEKTPAJIbHBIX JMHUM. 1Ipu-
POCT MX WMHTEHCHUBHOCTH cocTtaBisier g0 10
%. DTO O3HayYaeT, YTO B Cpe]e renius B3au-
MOJICUCTBHUE TUIa3Mbl C OKPYXKaIOIIEH cpenon
0oree cnaboe Mo CPaBHEHUIO C BO3YXOM.

[Tpu hopmupoBaHUHT Jla3epHO-
SMHUCCUOHHOM TUTa3Mbl HA MUILICHU W3 WHIUS
OJIMHOYHBIMM JIA3€PHBIMU HMMITYJIbCAMU TI€-
PEX0Jl OT BO3/lyXa K IeJUI0 TaKKe MPUBOJAUT
K 3HAYUTEIBHOMY POCTYy (~3 pa3) WHTEHCHB-
HOCTHU pPSJa CHEKTPAIbHBIX JUHUNA. JIuHWM
289 uM, 294.1 M, 298.3 am u 300.8 HM aB-
JISIIOTCST Tak)Ke MOHHBIMU. B cpene Bo3myxa
OHM TaKXe€, MO-BUJUMOMY, CHJIbHO TYILATCS,
3a CUYET CTOJKHOBEHHI C aTOMaMU M MOJIEKY-
mamMu  atMmocepHbIx ra3oB. HabGmronmamncs
TaK)X€ POCT MHTEHCHUBHOCTU CIIEKTPATIbHBIX
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JVHAA ¥ TIpy (GOpMHUPOBAHUY TUIA3MBI HA T10-
BEPXHOCTH HMHIUS CIBOCHHBIMU JIa3€PHBIMU
uMmmynbcaMu. OH cocTaBisn ~1.5 paza.

[lepexon k (QOPMHUPOBAHUIO TIIA3MBI Ha
MUIIICHA U3 UHAUS CABOCHHBIMH JIA3€PHBIMU
HMMITyJIbCaMU B CpeJle BO3/yXa IMpHUBEN K po-
CTy UHTEHCHUBHOCTb MPAKTHYECKU BCEX CIICK-
TpaJIbHBIX JUHUI B 2.5-3 pasa. boisiee Bcero
BBIPOCJIa HWHTEHCUBHOCTH Yy CHEKTPaJbHOU
auaun 300.8 HM — B 3.5 paza.

[Ipu nepexonae k GOPMUPOBAHUIO TIITAZMBI
CABOCHHBIMHM JIa3€PHBIMU HMITyJIbCAMU B
cpee renust MPUpPOCT UHTEHCUBHOCTHU JIMHUMN
Haxoautcst Ha ypoHe 70 %. YV cnabbix mu-
Huii 315.8 um 1 319 um on coctasisut 120 %.

[Tnasmennsiii  daken, chopMHUPOBAHHBIN
C(OKYyCHpPOBAHHBIM JIa3€PHBIM HMITYJIHCOM
Ha TOBEPXHOCTH MHUIIEHH, PacIpOCTpaHsET-
Csl B ra3oBYIO Cpelly, €e Okpyskarouryto. ['a-
30Baf cpesia OTOpachIBaeTCs OT MUILIEHHU 3PO-
3MOHHOM IuIasMoil. Ilpum sTOoM Ha rpanune
I1a3Ma — ra3oBasi cpefia MpOUCXOJUT WHTEH-
CHUBHOE IE€peMelIMBaHKue, MPOTEKAIOT IUIa3-
MOXHUMUYECKUE PEaKUuu. DTO MPHUBOJIUT K
0o0pa30BaHUIO PA3JIMYHOIO pOAA COEAUHE-
HUH, KOTOpBIE BIOCJEICTBUU PaCHaJal0TCs
WU  KOHJICHCUPYIOTCA B HAHOPa3MEPHYIO
a3y u pacmubUISIIOTCS B OKPYXKAIOUIYIO Cpe-
ny. Tak kak renuii sBISIETCA MHEPTHBIM Ta-
30M, TO B3aUMOJEUCTBYS C JIa3epHO-
OMUCCHOHHOM IIa3MO, OH HE oOpasyer
YCTOWYMBBIX COCTUHEHUM, B OTIUYME OT aT-
MOC(EPHBIX Ta30B. ITUM OOBSICHIETCS POCT
WHTEHCUBHOCTHU CIIEKTPAJIbHBIX JTUHUHN TUIa3-
MBI aJTIOMUHUS U UH]JIAS TIPU 3aMEHE BO3/yXa
Ha TeJIUM.

3akii0ueHue

Taxum oOpa3oM, 3aMeHa BO3AYIIHOH Cpe-
JIbl HA TeNUH MPUBOIUT K POCTY aHAIUTHYE-
ckoro LIBS-curnan B 2-3 pasa. Oto 00y-
CJIOBJICHO MHEPTHOCTHIO TeNus MpPU B3aUMO-
JIEUCTBUU TOPSYEH IUIA3Mbl C OKPYKAIOLIEH
ee cpenoil. MOXHO MPEeAnoI0kKUTh, YTO MO-
no0Hoe OyneT HaOMIaThCs U IPU HCHONb-
30BaHUU APYTUX UHEPTHBIX CPE.
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