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HAT'PEBAHUE MOBEPXHOCTEN METAJLJIOB IMOJ JEHCTBUEM
JA3EPHBIX UMITYJIbCOB CO CJ0XXHOU BPEMEHHOM ®OPMON

C.B. Bacunses, A.1O. UBanos, 3.A. Kapnosuu, A.JI. CutkeBuu
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[IpoBeneHo uccnenoBaHUEe BO3CHCTBUS JIA3EPHOTO U3IYYCHUS YMEPCHHON WHTEHCUBHOCTH Ha 00pa3Ilbl U3 Me-
TAUIOB (THTaH, MeIb, KaMHUi) OPH CTAHAAPTHBIX YCIOBUAX aTMoc(epHoro masimenms (10° Ila) u TemmepaTypsl
(300 K) yepe3 HekoTOpOe BpeMsi IOCIIE Havajia JIa3epPHOrO BO3ACHCTBUS Ha TBepaoe Teno. [IpoBeneHbl pacueThl
HarpeBaHHsa 00y4aeMOro ydJacTKa IUIOCKOW MOBEPXHOCTH 0Opa3IoB MPH Pa3IUYHBIX 3HAYCHHUAX SHEPTHH OTICIb-
HBIX MAYKOB JIA3epHOTO M3Ty4eHHUs. [locTpoeHBI BpeMeHHBIE 3aBUCHMOCTH TeMIIEpaTyp Ha MOBEPXHOCTH BCEX 00-
pasmoB. [loaydeHo yZOBIETBOPUTEIHHOE COTJIACHE PE3YIbTaTOB pacyeTa ¢ JaHHBIMHU 3KCIIEPUMEHTAIBHBIX HCCIIe-
JIOBaHUH.

IIpuBeneHHas B paboTe MPUOIKEHHAS MOJEIb pacuyeTa IePUOIHUSCKOr0 HarpeBaHus U OXJIKICHUS 00IyJae-
MOT0 00pasiia MOXKET ObITh UCIOIB30BaHa ISl KAUSCTBCHHOTO OIMCAHUS HArPeBaHUSA PACCMOTPEHHBIX MAaTEPHAIIOB,
0 KpaifHell Mepe B Cilydae HeOOJIBIIOro YKCIa BO3ACHCTBYIONMX Ha 00pa3ell UMITYJIbCOB JIAa3€PHOTO U3JIYYCHUS.

Knwuesote cnosa: HMILYJIbCHOC J1a3€PHOEC U3JIyUYCHUE, MOTTIOCHUE U3TIYUCHH; HAarpEBAHUE, OXJIAXKICHUEC; ME-
TaJlI.

HEATING OF SURFACES OF METALS UNDER ACTION OF LASER
PULSES WITH COMPLICATED TEMPORAL FORM

Sergey Vasiliev, Aleksey Ivanov, Edgar Karpovich, Anastasiya Sitkevich
Yanka Kupala State University of Grodno,
22 Ozheshko Str., 230023 Grodno, Belarus, ion_ne@mail.ru

The aim of this work is modeling of the temporal dependence of temperature within the spot of radiation fo-
cusing on the surface of solid during the action of pulse laser radiation with many-peak structure of laser pulse.

An investigation of the action of laser radiation with temperate intensity on the metal samples (titanium,
cooper, cadmium) on the standard conditions of atmospheric pressure (10° Pa) and temperature (300 K) after some
time from the beginning of laser action on solid is described. The scheme of experimental plant used in this work is
described.

The calculations of heating of irradiated area of flat surfaces of the samples on the different values of energy
of separate peaks of laser radiations were carried out. The duration of laser treating of matter leading to destruction
of polymer to monomers and as a result evaporation and flaring out of PMMA was obtained. The temporal depend-
ences of temperature on the surfaces of every sample were constructed.

A satisfactory agreement between the results of calculation and the data of experimental investigations was
obtained.

It is indicated that approximate model of calculation of periodical heating and cooling of irradiated sample
described in this work can be used for qualitative description of heating of examined matters at least in the case of
small number of laser radiation pulses treating a sample.

Keywords: pulsed laser radiation; absorption of radiation; heating; cooling; metal.

Beenenne 00s1acTH naTHa (GOKYCHUPOBKH JIA3€PHOTO M3-

Bo3speiictBue nazepHOro M3Iyd4eHHs Ha Jy4eHHsl, a UMEHHO TeMIepaTypbl, Ko3ddu-
MaTepuan SBISETCS YYyBCTBUTEIbHBIM K [[MEHTa TMOTJIOIEHUs, TeMIIepaTypoIrpoOBO-
IpyMIe CIOXHBIX (PU3MYECKUX B3aUMOCBS- HOCTH, KO3((UIMEeHTa TEIIONPOBOAHOCTH,
3aHHBIX SIBJICHUH, BO3HUKAIOIINUX B MpOLECCEe IUIOTHOCTH; W3MEHEHHs (Pa30BOro COCTOS-
o0paboTku Mmarepuana. K HHUM OTHOCSTCS: HUS: TBEPJOE BEIIECTBO — JKUIAKOCTh — Hap —
HarpeB MOBEPXHOCTH MUILEHU, MPUBOISIINI wiasmMa. B pspe ciyuaeB oOpa3oBaBruasics
K ONTHYECKUM M TETUIOPHU3NUECKUM H3MEHEe- Ila3Ma dSKpaHUPYET MHULIEHb OT BO3ZACH-
HUSIM CBOMCTB IOBEPXHOCTH MaTepuana B CTBYIOLIETO Ja3epHoro wusinydenus. Ilpu
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9TOM M3JIYYCHUC IIJIa3Mbl MOKCT BHOCHTH
Pa3IUYHBIA, OT MaJOro 10 OOJBIIOTO, BKIJIA
B HarpeBaHue martepuana. Bcé€ 3To mpuBoaut
K YMCHBIICHHIO SHEPrOBKJIANa H3IyYCHUS
BO3JICHCTBYIOIIETO Jia3epa Ha MUIICHb.

OKOHYATEIbHBIN PEe3yJbTaT BO3JACUCTBUS
JIa3epHOTO M3IYYCHUS] Ha BEIECTBO 3aBHCHUT
HE TOJIBKO OT COCTOSIHUS IOBEPXHOCTH Mate-
puaia, HO U OT MapaMeTPOB JIA3EPHOTO U3ITY-
YeHus (IJIMHA BOJIHBI, MPOCTPAHCTBEHHO-
BPEMEHHAsI CTPYKTypa), KOTOPbIE MOTYT U3-
MCHSIIOT CBOU 3HAYCHUS, MPH MPOXOXKICHUN
U3NIyueHHss 4Yepe3 oOpasyroluiics Ha Io-
BEPXHOCTH 00pas3iia Mia3MeHHbIH (akert.

B3anmMocBs3b BBIHICTICPCUUCIICHHBIX IIPO-
1IeCCOB CO37aéT Oosiee YeM CIIOXKHBIA 00pa3
NPOTEKaHMs JIa3epHOI 00pabOTKM MaTepua-
JIOB.

Ilenpto naHHOW pabOTHI SBISETCS MOJC-
JIMPOBaHKUE BPEMEHHOW 3aBHCUMOCTH TEMIIe-
parypsl AT B npenenax nsTHa (GOKYCHPOBKU
U3JIyuyeHHs Ha TOBEPXHOCTH TBEPJAOro Tela
I0J] BO3/ICHCTBUEM JIa3€PHOTO UMITYJIbCA.

OcHoBHast YacTh

OO6nyuenue o00pa3loB OCYIIECTBISIOCH
pyounoBsiM nazepom ['OP-100M. ®opma
Ja3epHOTO MMITYJIbCa MMeJa CIOXKHYIO Bpe-
MEHHYIO CTPYKTypy, YTO B CBOIO OY€pEellb
UMEET OIpPENeNIIoNIyI0 poJib ISl pacuéra
U3MEHEHUsl TeMIEepaTypbl Ha IOBEPXHOCTH
oOmyyaembix  oOpasioB. Ilpomomkurens-
HOCTb BO3EHMCTBMSI Ja3€pHOIO HMMITyJIbCca B
pexxrMe CBOOOJIHOM TeHepaluu JoCTuraina t
= 1.2 mMc. DHeprus OTAEIbHO B3ATHIX MMYKOB
JIN nnrenbHOCTBIO ~ 1 MKC BapbUpOBAJIACH B
npomexytke E = 2 — 6 J[. Harpeanue ma-
Tepuajia OIHUCHIBACTCS YpPaBHEHHEM TEILIO-
IPOBOJHOCTH:

oT(r,t 2 = 4
_é%l=aATUﬁ+fUﬂ)(D

Pemenne ypaBHeHus (1) ¢ HauvadbHBIM
yCIIOBUEM

T(r,0)=T, =300K (2)
Y TPAaHUYHBIM YCIIOBUEM
(n-grad T (F))= 3)

OIMUCBIBAKOIICTO HArpeBaHUC IJIOCKOM Ina-
CTUHBI HCTOCPECACTBCHHO B XOJC BO3IL€I\/'I-

CTBHA JIa3€pHOTr0 HMMITYyJIbCa (I[O «BKJIIOYEC-
HUSA» MEXaHHU3Ma TeHHOHpOBOI[HOCTI/I), HUMeeT
BU:

d2

AT =b——
16l

(4)
E 1-p,
d? cyvar® '
ro umnyJibca (2 — 6 JIx), d — auameTp nsTHa
dboxycuposku JIN, | — Tommmaa odpasia, pom
— K03 PUIHEHT OTpakeHUs, ¢ — yAelIbHas
TEII0EMKOCTh, o — Kod(duuneHt temmepa-
TYpOIIPOBOJHOCTH, T — BPEMSI UMITyJbCa, ) —
IUIOTHOCTD BEIECTBA.

[Ipennonaraercs, yTo HarpeBaHHe O0Opas-
L[OB MPOUCXOJUT UMEHHO TOJIBKO B MOMEHT
BO3/ICHCTBUS J1a3€pPHOIO H3JIyY€HUs, BO BCE
JpyTrue BpeMeHa UIET MPOIEeCcC OXJIaXIACHUS
(ocThIBaHUS) MaTepUasa MUIICHH.

[IpennoxxenHass Mojaenb AJjig pacuéra u3-
MEHEHUS TEMIIepaTyphbl TTOBEPXHOCTH 00pa3-
[[OB KAueCTBEHHO OIMKCHIBAET HarpeBaHUe
obmactu nsaTHA GokycupoBku JIV, X0oTh u He
YUHUTHIBAET HEKOTOPBIE MIPOLECCHI, TAKHE KaK
3aTparhl YHEPruu Ha (a3oBbIe MEPEXOJbI, a
TaK)ke ApPyTHe MPOLECcChl, MPOTEKAOIUe He
TOJIbKO B O0OJy4yaeMbIX MaTepuanax, HO M
HEMOCPEACTBEHHO B OJIM3U UX MOBEPXHOCTH.

B nmpomexyTtke Bpemenu t ~ 10 Mkc Mex-
Iy MUYKaMU JIa3epHOT0 MMITYJIbCa MPOUCXO-
JTUT OXJIAXKJIEHUE IUIACTUHBI TOCPEICTBOM
TerUionepeiadi, KOTopas B CBOIO OdYepelb
SBJIAETCS JOCTATOYHO CJIOKHBIM IPOLIECCOM,
COCTOSIIIUM W3 TaKUX CHOCOOOB TIepeHoca
TEIJIOTH, KaK KOHAYKTHBHBIM (TEIIonpo-
BOJHOCTh), TEIJIOBOE W3JIy4eHHE M ecTe-
CTBEHHAsI KOHBEKIIUSI.

AHaUTUYECKOE  pelIeHHEe  ypaBHEHUS
TeronpoBogHocTd (1),  omMCHIBAIOIIETO
OXJIQXK/ICHHE TIOCKOM TUTACTUHBI, TIPUBOIUT-
cs B 6e3pasmepHoM Bujie [1] 1 uMeeT BUA:

b=

rje: E — sHeprus nazepHo-

N 2sin(y,) 2
0= . cos(u - X)exp(-x -F
leﬂﬁsm (14,)cos(z1) (k- X)exp(-1 - Fo) (5)
T()-T,
3nech 9=?, T(t).—.Temneparypa B
0l

MOMEHT BpeMeHH t B Touke x, To — HaYambHas
TeMIlepaTypa IUIACTUHBI, ¢ — TeMIeparypa
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OXJIaXXaroIIeTro
X a-t
X = t I FO =7

L2
KOO(QPHUIMEHT  TeMIepaTyporpOBOIHOCTH,

M, — N-HBl KOpeHb ypaBHeHus: Ctg(4) = % ,

BO3ayXa  (KHMIKOCTH),

A
a=_ _
yucio Oypebe, Cop

. a-L
rae Bi =~ —umcno Buo.

BpemeHHbIe 3aBUCMMOCTH TEMIIEPATYPHI B
obnactu naTHa (HOKYCHPOBKU JA3E€PHOTO U3-
Jy4YeHUs Ha TOBEPXHOCTH METAJUIOB IpPH
SHEPrUU BO3JCUCTBYIOLIETO JIA3€PHOTO HM-
nynsca E = 2 JIX npeacTaBiieHbl HA PUCYH-
kax 1, 2, 3.

e -
"

Puc. 1. BpeMeHHast 3aBUCUMOCTb TeMIIEpaTypbl B 00-
nactH msiTHa (hoxkycupoBku JIM Ha MOBepXHOCTH Ia-
CTHHBI U3 THTaHA B MOMEHT OKOHYaHHS BO3JEHCTBUS
U3IMy4eHus Ipu dHeprun umnynbca E =2 [k

t, mkc

w w
Q =
<] o
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Puc. 2. BpeMeHHast 3aBUCUMOCTb TeMIIEpaTypbl B 00-
nactu mstHa (okycupoBku JIM Ha moBepxXHOCTH Iia-
CTHUHBI U3 KaJMUs1 B MOMCHT OKOHYaHUS BO3}1€I710TBH${
W3ITy4eHus Ipu 3Hepruu umnyibca E =2 [k

T, MKE
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Puc. 3. BpemeHHas 3aBUCUMOCTh TEMIIEpaTyphl B 00-
nact nsTHa (oxycupoBku JIM Ha OBEpXHOCTH IITa-
CTUHBI (M€Ib) B MOMEHT OKOHYAHHWS BO3ICHCTBHUS
M3IIyYeHUS U3 MEIH NpH dHeprun umirynbea E =2 JIx

3akiao4enue

[IpoBeneHsl pacueTsl HarpeBaHHUs 00JTy-
4aeMOro y4acTKa IJIOCKOH MOBEpXHOCTH 00-
pasloB M3 METAUIOB UM JIUIJIEKTPUKA
(IIMMA) npu pa3nu4HbIX 3HAUYEHUSX SHEP-
MU OTJEJBHBIX MHUYKOB JIA3€PHOIO MU3IIyde-
Husa. OrnpeneneHbl BpeMEHAa BO3ICHCTBUS,
IIPU  KOTOPBIX IPOUCXOJUT  PA3IOKEHUE
IIMMA Ha MOHOMEpBI M, KakK CIEICTBUE,
UCIIapeHHe U BO3rOpaHHE 00JydyaeMoro ma-
Tepuana. [loctpoeHsl BpeMEHHbBIE 3aBUCUMO-
CTH TeMIlepaTypbl Ijsi BceX oOpa3loB, a
TaK)K€ pacCUUTaHbl MAaKCUMaJIbHO BO3MOXK-
HbIE JOCTUTa€MbIE TEMIIEpaTypbl IIPH DHEP-
I'MH JIa3€pHOro ummyJisca 2-6 Jx.

[TogoOHass monmens pacyéTa H3MEHEHUS
TEMIIEpaTypbl Ha IIOBEPXHOCTU METAJJIOB
II0/] BO3JCHCTBUEM JIA3€PHBIX MMIIYJILCOB HE
YUMTBHIBAET 3aTpaT dHEPTUH HA MCIIAPEHHUE U
IUIaBJIeHue oOpasua MU psja APYrux mpoliec-
COB, MPOTEKAIOIIUX Kak B 00lyyaemMoM 00-
pasle, Tak U y ero noBepxHocTu. TeM He me-
Hee, MoA00Has MO/IeTb MOXET ObITh MCIIOJIb-
30BaHa JUIsl KAYECTBEHHOT'O OINMCAaHUs Harpe-
BaHUs PpACCMOTPEHHBIX MAaTEpHaloB, IIO
KpaliHell Mepe B ciyyae HEOOJIBIIOro yucia
BO3/CHUCTBYIOIMX Ha o00pasel UMITYyJIbCOB
JIA36pHOT0 U3JIy4YCHMUS.
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