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OLEHKA TEMIIEPATYPbBI B KPATEPE, ObPA3OBAHHOM
HAHOCEKYH/IHBIM JIASEPHBIM U3JTYYEHUEM

K.®. 3nocko, A.A. JIuckoBud, A.A. Kazpmuu
I'poonenckuii cocyoapcmeennulil ynugepcumem umenu Anxu Kynanet,
ya. Oocewxo 22, I'poono 230023, benapycw, znosko@rambler.ru

[IpencraBneHsl pe3yabTaThl SKCIIEPUMEHTAIBHOTO OTPEJISNICHNs] TEMIIEPATyphl B )PO3HOHHOM Kparepe, o0pa3o-
BaHHOM JIa3epPHBIM M3JIy4YeHHEM HAaHOCCKYHIHOU ANMHUTEeIpHOCTH, Ha oBepxHOCTH Ni-Cr crutaBa. ITyTeM cpaBHEHUS
WHTEHCHBHOCTEH crieKTpanbHbIX JTuHKi Ni, Cr ¥ X HOHOB IIa3Mbl, 00pa30BaHHOM OAWHOYHBIMH JIA3EPHBIM UMITYJIb-
COM Ha HarpeToM J10 BBICOKO# Temmeparypsbl (1o 1200 °C) obpasue Ni-Cr criaBa, ¢ HHTCHCHBHOCTSIMH 3THX K€ JIMHUH
TUIa3Mbl, 00Pa30BaHHON CIBOGHHBIMH JIA3€PHBIMH UMITYJILCAMH HA TOM XK€ CaMOM 00pa3Iie, HaXOISIIeMCs] IPH KOM-
HaTHOH Temmepatype. [IpeaBapurenpubiii Harpes oopasia Ni-Cr cruiaBa 3aMeHsUI ero HarpeB HepBBIM JIa3ePHBIM HM-
mynbcoM. Haxozst ogrHaKoBbIe 3HAaUEHHUS MHTEHCHBHOCTEH CIIEKTPANbHBIX JIMHHUH, OIIEHHBAIACh TEMIIEpaTypa 3po-
3MOHHOI'0 Kparepa Tocie JeHCTBH epBOro J1a3epHOro umiyibca. IlomyueHo, 4To Temmeparypa 3po3HOHHOTO Kpa-
Tepa yepe3 1 MKC 1ociie BO3/IeCTBYSI J1a3epHOT0 UMITyJIbca HaxoauTes B Auanazone 600-700 °C.

Knroueswte cnosa: >po3noHHBIN KpaTep; I3p0o3UOHHAs IIa3Ma; TeMIlepaTypa B KpaTepe; MeXHUMITYJIbCHBIN HHTEep-
BaJI; Ja3epHas a0, CIBOCHHBIC JIA3EPHBIC UMITYJIBCHI.

ESTIMATION OF THE TEMPERATURE IN THE CRATER FORMED
NANOSECOND LASER RADIATION
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The results of experimental determination of the temperature in an erosion crater formed by nanosecond laser
radiation on the surface of a Ni-Cr alloy are presented. By comparing the intensities of the spectral lines of Ni, Cr and
their ions of plasma formed by single laser pulses on a sample of Ni-Cr alloy heated to a high temperature (up to 1200
°C), with the intensities of the same lines of plasma formed by double laser pulses on the same sample, located at
room temperature. The preliminary heating of the Ni-Cr alloy sample by electric current replaced its heating with the
first laser pulse. Finding equal intensities of the spectral lines, we estimated the temperature of the erosion crater after
the action of the first laser pulse. It has been found that the temperature of the erosion crater 1 us after exposure to a
laser pulse is in the range of 600-700 °C. At temperatures close to the melting point of the Ni-Cr alloy (>1000 °C), a
decrease in the intensity of the spectral lines was observed. This is due to an increase in the microdroplet removal of
material from the erosion crater, due to the pressure of the vapor-plasma cloud, which leads to a decrease in the mass
of the Ni-Cr alloy material that turns into plasma, and, accordingly, to a decrease in its luminosity. This is confirmed
by the presence of a parapet that surrounds the crater, as well as the presence of hardened microdrops around it.

Keywords: erosion crater; erosion plasma; temperature in the crater; interpulse interval; laser ablation; dual laser
pulses.

BBenenue 30BaHUU CIBOCHHBIX JIa3€PHBIX HMMITYJIbCOB

HHTepec K HCCIENOBaHUAM B3aUMOCH- IIPOUCXOJUT POCT BBIHOCA BEILIECTBA U3 3PO-
CTBUS CIBOEHHBIX JIa3€PHBIX UMITYJIbCOB U MX 3MOHHOTO Kparepa [1-2] u pocT HHTEHCHBHO-
I[yTOB C BEIECTBOM CBSI3aH C TEXHOJOTWYE- CTH W3IIy4CHHUS SPO3MOHHON Iuta3mel [3-4].
CKHM IIPOPBIBOM B pa3pabOTKe Ja3epoB ATOrO Otu 3P PexTsl 00BACHIINCH MOCTYIUIEHUEM
tuna. Jlazepsl, reHepupyromue CABOCHHBIE aTOMOB, UCIIAPUBILUXCS NIOJ JEHCTBUEM BTO-
UMITYJIBCHI (IIyTH UMITYJIBCOB), CTAJIU BBIMTYC- pOro JIa3epHOT0 UMITYJIbCa, B IJIa3MY, YBEJH-
KaTbCsl IPOMBIIIIIEHHOCTBI0. MIX mpuMeHeHue YeHHEeM alJIALUH 3a CUET pa3orpeBa MOBepX-
B JIa3€PHBIX TEXHOJIOTUAX oOecreuyrBaeT 3Ha- HOCTU OOBEKTAa MEPBHIM JA3€PHBIM HMITYJIb-
YUTEJbHbIE MPEUMYIECTBA 10 CPABHEHUIO C COM, HQJIWYUEM YIApHOM BOJHBI B IUIOTHOM
MOHOMMIYJIbCHBIMU J1azepamu. [Ipu ucnomns- miasMe u T.1. [5-6]. B aToii cBsi3u nccienosa-
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HHUE B3aUMOCWCTBUS CIBOCHHBIX JIa3epHBIX
UMITYJIbCOB C BEIIECTBOM MPUOOPENH HOBYIO
aKTyaJbHOCTb.

B paborax [3, 7, 8] yka3biBasocs, 4To mep-
BbIl J1a3epHBbIl HMIYJbC pa3orpeBaer o00-
JacTh B3aUMOJCWCTBUS, @ BTOPOW HMMITYJIbC
3HAYMTENIbHO O0Jiee 3P PEeKTHBHO B3aUMO/ICHi-
CTBYET C «pa30rpeToi» MOBEpXHOCThIO. B [9,
10] noka3zana 3HauMMasi poJib TEMIIEPATYPHI
Kparepa, OocTaBLIelcs mocie JeiicTBus mnep-
BOTO JIa3€pHOTO0 HMIyJbca, Ha 3¢ eKTus-
HOCTh B3aUMOJCWUCTBUS BTOPOTO JIa3€PHOrO
UMITYJIbCA C MUIICHBIO.

Llenpto HacTOsIIEH pabOTHl SBISICTCS
OlLIEHKa TeMIepaTypsl B Kpatepe, o0pa3oBaH-
HOM JIa3epHBIM MMITYJIbCOM Ha MOBEPXHOCTH
MUILICHH.

JKcnepUMeHTAIbHAasl YCTAHOBKA

DKcriepuMeHTallbHAsl YCTaHOBKa OIMCaHa
B [11-12]. Ucnonssopancs YAG:Nd®" nazep,
reHepUpyIomKUi Ha JyiMHE BOJHBI 1.06 MKM
KaK OJMHOYHBIC, TaK U CJABOCHHBIC MUMITYJIb-
COB M3JIy4YECHHs JUIMTEIHHOCThIO MO ~15 HC.
MexuMnyabCHBIN MHTEpBaI U3MEHsICS oT 1
MKC 110 300 MKC. DHeprus 1a3epHbIX UMITYJIb-
coB coctaBisuia 25 mJx. M3nydenne nazepa
dokycupoBamoch Ha moBepxHocTh Ni-Cr
CIUIaBa, HArPETOr'o /10 BHICOKOW TEMIIEpaTyphbl
NOJT ICMICTBUEM 3JIEKTpHUECKOro Toka. [1noT-
HOCTh MOIIHOCTH MaJarollero H3JIy4eHUs
~10° B1/cM?. TemmepaTypa MUIIEHH H3Mepsi-
Jach C MOMOUIbIO ONTHUYECKOTO0 HU3MEPUTEIS
temnepatypsl UT-3CM.

Pe3yabTaTsl U MX 00CyKIeHUE

Ha puc. 1-4 npencraBieHbl 3aBUCUMOCTH
WHTCHCUBHOCTU CHEKTPAJbHBIX JHHHUHA aTo-
MoB Ni, Cr u uX HOHOB, OT TEMIIEpPaTyphl UC-
cienyeMoro obOpasia mpu BO3JCHCTBUU Ha
HEro OJJUHOYHBIMHU (KPACHBIE) U CABOEHHBIMU
(cuHMe) na3epHBIMH UMIyJIbcaMu. B oboux
ClIydasiX pocT TeMIIepaTypbl MUILIEHU IIPUBO-
JTUT K pOCTY UHTEHCUBHOCTH JIMHUH.

IIpy MOHOMMITYJIECHOM BO3JIEHCTBUM MaK-
CUMYM MHTEHCHUBHOCTH CIIEKTPATbHBIX JTHHHMA
npuxoautcss Ha 900°C, a mpu Bo3AEHCTBUU
CABOCHHBIMH JIa3epHBIMH HMITYJIbCAMH Ha
700 °C. Dro cBsI3aHO € TEM, YTO TIEPBBIH J1a-
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3€PHBII UMITYJIbC JOTOJHUTEIBHO JIOTPEBACT
kparep. MHTEHCHBHOCTH HMX BO3pacTaloT B
oboux ciydasx B 2.5-3.5 pasa.

OueHka TeMneparypsl B 3pO3HOHHOM Kpa-
Tepe MPOBOAMIOCH MIyTEM CPAaBHEHUSI MHTCH-
cuBHOCTeH cnektpanbHbIX JuHui Ni, Cr u ux
WOHOB, TIPU MOHOUMITYJILCHOM (POPMHUpPOBa-
HUM JIa3€PHO-DMHUCCHOHHOW IUIa3Mbl Ha
HarpeToM JI0 BEICOKOI TeMIIepaTypbl o0pasie
Ni-Cr cmiaBa, ¢ HHTEHCUBHOCTSIMU 3THX )K€
JMHUE IpU GOPMHUPOBAHUH JTa3€PHO-IMHICCH-
OHHOH TIJIa3MbI CIBOCHHBIMH JIa3€PHBIMU M-
IyJIbCaMH Ha TOM K€ caMOM 00paslie, Haxo-
JsSmeMcss 1pd  KOMHATHOM — TeMmImeparype.
[IpenBaputenbHbIid HarpeB 00pasLa EKTPU-
YECKUM TOKOM B 3TOM CiIydae 3aMEeHsUI ero
HAarpeB TMEpPBbIM JIa3€PHBIM  HMITYJIbCOM.
Haxozst oquHakoBble 3HAYSHUSI HHTEHCHBHO-
CTEH JIMHUM NMPOBOAWIACH OLIEHKA TEMIIEpa-
TYpBI 3pO3UOHHOTO Kpartepa. [lomydeno, uro
TeMIIepaTypa dpO3UOHHOTO Kparepa depes |
MKC TIOCJIC BO3JCHCTBHSI IIEPBOTO JIA3€PHOTO
UMITYJIbCa, IPU JABYXUMITYJILCHOM (POpMHUpO-
BaHMU JIa3€PHO-OMHUCCHOHHOHN IUIa3MBI, CO-
crasnsier 600-700 °C.

CHIDKeHNEe MHTEHCUBHOCTH CIIEKTPAIBHBIX
JUHUM npu TemnepaTtypax oonbmux 1000 °C
CBSI3aHO C POCTOM MHUKPOKANeJIbHOTO BEIHOCA
Marepualia U3 IPO3MOHHOTO KpaTepa, 00y-
CIIOBJICHHOTO JIaBJICHHEM I1apOIIa3MEHHOTO
o0Jiaka, KOTOPbI MPUBOJIUT K YMEHBIICHUIO
Macchl Marepuaja MHUILIEHH, IpeBpallaro-
mieiics B IUIa3My, a COOTBETCTBEHHO U K
YMEHBILICHHIO €€ CBETUMOCTH.

3akiroueHue

[Tokazano, 4yTo Mocie AEHCTBUS JTa3€PHOTO
UMITYJIbCa Ha TIOBEPXHOCTH MUIIEHH 00pa3y-
€TCs KpaTep, TeMrepaTypa B KOTOpoM uepes |
Mkc cocrtaBisger 600-700 °C. Temmepatypa
HPO3UOHHOTO Kparepa, 00yCJIOBJICHHAs JIei-
CTBHEM TIEPBOTO JIA3EPHOTO UMIYJIbCA, SIBIISI-
€TCSl OCHOBHBIM (DaKTOPOM POCTa BBIHOCA Ma-
Tepuaa ¥ yBeIUYCHUSI MHTCHCUBHOCTH CITEK-
TPATBHBIX JTUHUN TIPHU JIBYXHMITYJIHCHOM Jia-
3epHOM BO3JICHCTBHH Ha BEIIECTBO.
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