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[MpencraBneHsl pe3yabTaThl SKCIEPHUMEHTAIFHOTO HCCIEIOBaHUS IPUYUH pocTa 3PPEKTUBHOCTH B3anMOEH-
CTBHS CIBOCHHBIX JIA3€PHBIX HMITYJIECOB C BEIIECTBOM IPUBOAAIINE K POCTY abJSIMOHHOTO BBIHOCA MaTepuaina u3
9PO3MOHHOTO KpaTepa, pOCTy MHTCHCUBHOCTH M3JIy9EHHS JIa3ePHO-IMHUCCHOHHOH IIIIa3MBI U POCTY KOHTPACTHOCTH
CHEKTPATBHBIX JINHAK €¢ XMMHUYECKHX 3JIeMeHTOB. Iloka3zaHo, 4TO BBICOKAas TeMIlepaTypa 3pO3HOHHOTO Kpartepa,
OCTaBIIasICs MOCIE ASHCTBUS MIEPBOTO JIA3€PHOTO UMITYJIbCA, YBETHUCHUE MOTIONIATEIBHON CTIOCOOHOCTH «TOPSIEro
Kparepay JIa3epHOTO M3IyYeHHsI M B3aMMOJEHCTBHE IIa3MEHHBIX (JAKETIOB, COMPOBOXKIAIOIIEECS Mepepacpeere-
HHEM UX SHEPTUil B IUIA3MEHHOM (hakesie, IPUBOAAT K pOCTY 3P (PEKTUBHOCTH B3aUMOAEHCTBUS CIIBOCHHBIX JTa3€PHBIX
UMITYJIbCOB C BelIECTBOM. YacTh SHEPIUU Ja3epHOT0 U3NTYUYESHHUs, KOTOpas Lla Ha HarpeB «XOJIOJHO» 00nacTu B
KOTOPYIO OHO (hOKYCHPOBAJIOCH, a TAKKe HA OTPaXKECHHE, IONa/as Ha «TOPIIyI0» IIOBEPXHOCTD - MOIVIOMAETCS. ITO
MPUBOJIMT K JIOTIOJHUTEIBHOMY POCTY BBIHOCA MaTe€pHasa U HHTEHCUBHOCTH CIIEKTPAIIBHBIX JIMHUH.

Kniouesvle cnosa: nazepHo-3MIUCCHOHHAS TUTa3Ma; TIA3MEHHBIN (hakelT; 5pO3MOHHbIN KpaTep; BBIHOC MaTepHalia; HHTCHCHB-
HOCTb CIIEKTPaJIbHOU JIMHUY; CBOCHHBIEC JIa3€PHbIC HMITYJIbCHL.

FACTORS OF GROWTH IN THE EFFICIENCY OF INTERACTION
OF DUAL LASER PULSES WITH SUBSTANCE
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The results of a study of the reasons for the increase in the efficiency of the interaction of dual laser pulses with
matter are presented. The dependences of the intensity of the spectral lines of an erosive aluminum plasma and the
removal of material from a crater on an Al plate (the thickness of the ablated material layer in one double pulse) on
the interval between pulses are experimentally studied. It is shown that the intensities of the spectral lines and the
removal of material from the erosion crater increase with a decrease in the interpulse interval to 1 ps. The main factor
leading to an increase in the removal of material from the erosion crater and an increase in the intensity of the spectral
lines of plasma torches during a two-pulse laser impact on a substance is the high temperature of the crater remaining
after the action of the first laser pulse. An estimate of the temperature in the erosion crater showed that 1 ps after the
action of the first laser pulse with a two-pulse effect on the substance, it is about 600-700 °C.

The second factor influencing the increase in the efficiency of interaction of laser radiation with a "hot surface" is
that it has a higher absorption capacity of laser radiation. That part of the laser radiation, which was reflected, in this
case is absorbed. This leads to an additional increase in the removal of material and the intensity of spectral lines
under two-pulse laser action on the substance.

Keywords: laser emission plasma; plasma torch; erosion crater; material removal; spectral line intensity; dual laser
pulses.

Beenenue B OKpY Karollee IIPOCTPAHCTBO M3ITyYarOIINM
JlazepHOe uM3IydeHHE MIUPOKO INPUMEHS- napo-rjiasMeHHbIM  (akesoM. MexaHU3MbI
€Tcs B HayKe, TEXHHKe, mpousBonacTee. On- B3aUMOJICMCTBUS MHTEHCHBHOTO JIA3€PHOIO
HAKO IIPOLIECCHI, IPOUCXOIALINE IPU B3aUMO- U3JIy4eHUS C BEIIECTBOM 3aBHUCAT KakK OT Ila-
JEUCTBUM JIA36PHOTO W3IIy4EHHs C Belle- pPaMEeTpOB JIA3€PHOTO M3JIYyYEHHUs, TaK U OT
CTBOM, JI0 KOHIIa €lle He U3ydeHbl. Bo3nei- CBOMCTB BEILIECTBA, CTPYKTYPBI €TI0 IOBEPX-
CTBUE HMHTEHCUBHOIO JA3€PHOTO H3JIy4YCHHS HOCTH, OKPY>KAIOILEH €r0 CPEBl.
Ha BEIIECTBO MPUBOIUT K 00pa30BaHUIO 3PO- Bo3szeiictBue Ha BEIIECTBO CIBOCHHBIMU
3MOHHOTO KpaTepa, BBIHOCY BEIIECTBA U3 HETO Ja3epHBIMU UMIYJIbCAMH (MX IIyTaMH) IPUBO-
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T K POCTY BBIHOCA BEIIECTBa M3 KpaTepa,
3HAYUTEIBHOMY POCTY MHTCHCUBHOCTHU U3y~
YeHUs aporia3MeHHoro dakena [1-5].

Bbu10 MpeAnpuHATO P TMOMBITOK 00BSIC-
HUTh yKa3aHHbIE BbILIE AP (PEKThI, HApUMED,
camM0o(hOKYCHUPOBKOI1 JTyda BTOPOT'O JIa3€PHOTO
UMITyJIbCa B TUIa3Me; IMOTJIOMIEHUEM BTOPOTO
UMITyJIbCa B IJIa3MEHHOM (hakese; MocTyIuie-
HHEM aTOMOB, UCTIAPUBILUXCS O] ICHCTBUEM
BTOPOT'O JIA3€PHOT0 UMITYJIbCA, B IJIa3My; YBe-
auyeHreM aOJsiuy 3a CYeT pazorpeBa Mo-
BEPXHOCTH MUIICHU TEPBBIM JIa3ePHBIM HM-
MyJbCOM; HAJIMYMEM yJIApPHOW BOJIHBI pacIlu-
psroreiics miasmsl u ap. [3-7].

Llenbro HacTOAIICH pabOTHI ABISETCA yCTa-
HOBJICHHE (PaKTOpPOB pocTa 3(hPEeKTUBHOCTH
B3aUMOJICHCTBHS CIBOCHHBIX JIa3€PHBIX HM-
MYJICOB C BEIIECTBOM, MMPUBOISIIUX K POCTY
MHTEHCUBHOCTH CIIEKTPAJIBHBIX JIMHUH I1J1a3-
MEHHBIX (JaKeJIOB U POCTY BBIHOCA MaTepHaia
U3 SPO3HMOHHOTO Kparepa.

PesyabTaThl 1 HX 00CyKIeHHE

OKcriepuMeHTallbHAsE ~ YCTAHOBKa  IIO-
npooHo onmcana B [8-10]. Ona GasupoBaiach
Ha YAG:Nd® Jasepe, paboTaroIIeM Ha JITTHHE
BOJIHBI 1.06 MKM Kak B peXuMe OJUHOYHBIX,
TaK ¥ B pEKHME CABOSHHBIX UMITYJIbCOB U3ITY-
YEHUsl JJIUTETBHOCTHIO TI0 ~15 He. Mexum-
MyJIbCHBIA MHTEpBaJ (T) MOT HM3MEHSITHCS B
muana3zone 1-300 Mkc. DHeprusi jga3epHbIX
MMITYJICOB cocTaBisia 25 M/Ix.
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Puc. 1. 3aBucMMOCTH HHTEHCUBHOCTH JTMHUI ITa3MBI
AJTIOMUHUS OT MEXHUMITYJIbCHOTO HHTEpBaja

Ha puc. 1 npuBeneHbl 3aBUCUMOCTH HH-
tedcuBHocTd JuHuilt  All1308.215uM wu

Al 1309.271 um oT T. IHTEHCHBHOCTH CIICK-
TPAJIBHBIX JIUHUM PACTYT C YMEHBIIECHUEM T U
JIOCTUTAIOT MakcuMyma rpu t~1-5 mxc.

Ha puc. 2 npencraBieHa 3aBUCUMOCTD BbI-
HOCa MaTepuana u3 kparepa Ha Al riacTuHke
(ToNmMHEI c10s a0NIMPOBAHHOTO MaTepuaia
3a OJIMH CJIBOEHHBIH MMIYJbC) OT T. BbiHOC
MaTepuasa pacTeT ¢ yMEHbIIEHUEM T U 1I0CTH-
raeT MakcuMmyma npu 1~1 mxkc.
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Puc. 2. BerHOC MaTepuana kparepa Ha Al TUTacTHHKE B
3aBUCHMOCTH OT MEXHMITYJIbCHOTO HHTEPBaNa

Ha puc. 3 npencrasiens potorpaduun na-
3€pHBIX KpaTepOB Ha MeTHOM (A) U aTIOMUHHU-
esoii (B) mmacruakax. Bumgnel obnactu
OTOXOKEHHOTO MeETaJllla BOKPYT KpaTepoB.
DTO 3HAYUT, YTO OHH OBUIM TOJBEPTHYTHI
JIEHCTBUIO BHICOKHX TEMIIEpaTyp.

(6)
Puc. 3. ®ororpaduu 1azepHOro Kparepa Ha MEAHOM (a)
W aJFOMUHHEBOM (0) MitacTHHKax

W3 aHanu3a npeCcTaBICHHBIX PE3yJIbTaTOB
CJIEyeT, UTO OCHOBHBIM (DAKTOPOM, IPUBOI-
IIUM K POCTY BBIHOCA MaTepuaa U3 )pO3UOH-
HOTO KpaTepa U pOCTy MHTEHCUBHOCTH CIEK-
TPaJbHBIX JIMHUH TJIA3MEHHBIX (haKeIoB MpU
JBYXUMITYJIbCHOM JIa3€PHOM BO3JI€HICTBUU Ha
BELIECTBO, SIBJISIETCS BBICOKAs TeMIIeparypa
KpaTepa, OCTaBIIasics Iociie ACHCTBUS Iep-
BOI'0 JIa3€PHOT0 MMITyJbca. YeM MeHbIIE T,
TeM 3¢ (peKTHBHEE MPOUCXOAUT B3aUMOJIEH-
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CTBHE JIA3EPHOTO M3ITyYCHUS C «TOPSUCH T10-
BEPXHOCTBIO» KpaTepa.

OreHka TeMnepaTypbl B 9pO3HOHHOM Kpa-
Tepe, npoBeaeHHas mo meroauke [10-11], mo-
KasaJia, 94To gyepe3 1 MKc mociie IeHCTBUS Iep-
BOTO JIa3€PHOT0 UMITYJIbCA, TIPU IBYXUMITYJIb-
CHOM BO3/ICHICTBHH Ha BEIIECTBO, OHA COCTAB-
asiet nopsiaka 600-700 °C.

BropeiM (akTopoMm, BIHSIONIAM HAa POCT
3¢ (EKTUBHOCTH B3aMMOJCHCTBUS JIA3EPHOTO
U3IyYEHUS C «TOpsiUei MOBEPXHOCTHIOY, SIB-
JISIeTCS TO, YTO OHa Oosiee 2 (HEKTUBHO MOTIIO-
IIaeT JIa3epHoe u3nyueHue. Ta ero yacts, Ko-
TOpasi OTpakanach, B 3TOM CJIydae MOTJIoIia-
eTcs. DTO NPUBOAMT K JJOTIOJTHUTEIHHOMY PO-
CTy BBIHOCA MaTepuaja W WHTCHCHUBHOCTH
CHEKTPAJLHBIX JTUHUHN TIPH JIBYXUMITYJIHCHOM
Ja3epHOM BO3JICHCTBUH Ha BEIIECTBO.

®dakTOpOM, MPUBOISAIIIM K POCTY HHTCH-
CHUBHOCTH CIIEKTPAIIbHBIX JIMHUH TUIa3MEHHBIX
dakenoB MpH JIBYXHUMITYJIbCHOM JIa3ePHOM
BO3/ICICTBUH Ha BEILIECTBO, SBISCTCS B3aUMO-
JEHCTBUE BTOPOTO IIa3MeHHOro (hakemna, Ko-
TOPBIA BBIHOCHT W3 KpaTepa 3HAYHTEIBHO
OoJtbIIee KOJTMYECTBO BEIIECTBA C OXJIAXKIAt0-
HIeHcsl TUTa3MO# TIepBOro TUIa3MEHHOTO (ha-
Kena. OTO NPUBOJUT K TOMY, YTO 3a CHET
TUTa3MOXUMHUYECKUAX PEAKIUN 3HAYUTEIbHAS
4acTh YHEPTHH, aKKYMYyJIMPOBAHHOM B TUIa3Me
BTOpOTO (hakesa, mepeaacTcs OXIaKJICHHOMY
BEIIECTBY MEPBOTO (hakena. ITa SHEPTUS UICT
Ha JUCIIEPTUPOBAHKME KOHJICHCHPYIOIIETOCS
BEIIECTBA HA OT/ICIHHBIC aTOMBI, NX BO30YXK-
JICHHE W MOHU3aIuio. T.e. OHa H3ITydaeTcs He
B BUJIC HETIPEPHIBHOTO (POHOBOTO H3ITyUCHUS
TUIa3MOi1, a B BUJIC CEJIEKTUBHOTO M3ITyYCHHSI
aATOMOB U MOHOB.

3akiaouenue

TakuM 00pa3oM, BBICOKas TeMIIEpaTypa
OPO3MOHHOTO KpaTepa, OCTABINAsCS IOCIe
JICHCTBHS MIEPBOTO JIA3EPHOTO UMITYJIbCA, YBE-
JIMYEHHE MTOTIONIATEILHOM CITOCOOHOCTH «T0-
psYei TOBEPXHOCTHY JIa3€PHOTO M3ITYUCHHS 1
B3aMMOJICHCTBHE IIa3MEHHBIX (haKesoB, CO-
NPOBOYKIAOIIEECS TIepepacCIpeICTICHUEM HX
SHEPTUH, TPUBOAUT K POCTY 3P(HEKTUBHOCTH
B3aUMOJICHCTBHS CIBOCHHBIX JIa3€PHBIX HM-

IMyJIbCOB C BCUICCTBOM.
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