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PE®EPAT

OOmuit 06béM paboOTHI cocTaBisgeT 65 crpanui, 24 pucyHka, 7 Tabmum, 25
MCTOYHHKOB.

BBICOKOMOIIHOE JIABEPHOE N3JIYUYEHUE, UMNCJIIEHHOE
MOJEJIMPOBAHUE, 3A/IAYA CTE®AHA, AMAMETP JIASEPHOI'O ITYUKA,
NCITAPEHUE, METAJUIBI, LTUPOKOAIIEPTYPHOE U3JIYYEHUE.

OOBEKT UCCleI0BaHNU — TOHKHE METAIMYECKUE TIIIACTUHBI U3 ATFOMUHUS.

[{enpro JaHHOM paboOTHI SABISAECTCA W3YyYEHUE BO3JECUCTBUS IIMPOKOANEPTYPHOIO
Ja3€pHOT0 M3JIyYEHHsI BBICOKOW MOIIHOCTH Ha TOHKHE METAIMYECKUE IUIACTUHBI,
IIOCTPOCHUE YHUCJIECHHOM MOJIEIN, OIMCHIBAIOLIEH BO3JACHUCTBUE, a TaKke €€
HKCIIEPUMEHTAJILHOE MMOATBEPKICHHE.

MeTonbl uccaeAOBaHMS: YHUCICHHOE MOJECIHPOBAHUE, HU3MEPEHHE AUaMETpa
Ja3€pHOTo IMy4yKa C MOMOIIbI0 MOMEHTOB BTOPOTO NOPsAIKA pacnpenenenus Burnepa.

Pa3smep ucnap€HHON B XO0/€ JIa3€pHOIO BO3JCHCTBUS Ha IUIACTUHY O0JacTH
3aBUCUT OT XapaKTepUCTUK MeETajula, M3 KOTOPOrOo H3TOTOBJICHA IUJIACTUHA, €€
TOJIIIMHBI, @ TAKKE€ MapaMeTpOB JIA3€pHOIO MyYyKa: €ro pa3smMepa, MHTEHCUBHOCTH,
JUTUTEIIbHOCTU BO31eicTBUA. /{11 vicciienoBaHus BIMSHUS JTAHHBIX IMapaMeTpoB ObLI
pa3paboTaH ¥ pealn30BaH YHUCJICHHBIA METOJI MOJCJIUPOBAHUS BO3JACHCTBUS
HIMPOKOANIEPTYPHOTO  BBICOKOMOIIIHOTO ~ JIA3€PHOIO  M3JIy4Y€HHUS Ha  TOHKHE
METaJUIMYECKUe TIacTHHbL. UMCIeHHass MOJelb, OCHOBaHHAs Ha JBYMEPHOW 3ajaye
Crepana B aKCHAJIbHO-CUMMETPUYHOW IIOCTAHOBKE C HCIIOJIB30BAHUEM CXEMBI
KOHEYHBIX Pa3HOCTEM M METOJla MPOTOHKH, MO3BOJIAET ONPEIEIUTh paclpeaciieHue
TEMIIepaTyphl B IJIACTUHE, @ TAK)KE MECTOIMOJIOKEHUE TPAHULIBI UCTIAPEHHOM 001acTH
OTHOCHUTEJIBHO LIEHTpPA JIA3€PHOTO MMyYKa.

YucneHHas Moielb Oblila MOATBEPKIEHA SKCIIEPUMEHTAIBHO JJIs1 A TFOMUHUEBBIX
mactuH ToamuHou 0,05 mm u 0,1 MM, mokaszana BBICOKYIO TOYHOCTh MPEACKA3aHUS
JUISl TOHKMX 00paslioB, UYTO MOKA3bIBAET MPAKTUUYECKYIO MPUMEHHUMOCTh U BEPHOCTb
MOJEIIH.



PO®EPAT

ArynbHbI a0'éM paboThI cKIanae 65 ctapoHak, 24 MaltoHKa, 7 Ta0mill, 25 KPBIHILL.

BBICOKAMATI'YTHAE JIABEPHAE BBIIIPAMEHbBBAHHE, KOJIbKACHAE
MAJIDJIABAHHE, 3AJJAYA CTO®AHA, ABIAMETP JIABEPHAT'A ITYUKA,
BBIITAPOHHE, METAJIBI, HIMPOKAAIIEPTYPHAE BBITIPAMEHBBAHHE.

AOG'exT macnenaBaHHS — TOHKIS METAIIYHBIS IJIACIIIHBI 3 ATIOMIHIS.

Mbrai Jnan3eHamn paboThI 3'synsenua BBIBYYOHHE Y3I3€HHS
HIbIpOKaanepTypHara ja3epHara BbIIpaMEHbBAaHHS BBICOKAl MaryTHaclli Ha TOHKIs
METaJIIYHBIA TUIACI[IHBI, MMa0yq0oBa KOJbKAacHAl Majadii, sikas amicBae Y3/3€sHHE, a
Takcama sie SKCIIEpbIMEHTAIIbHAE MAlBEPKAHHE.

Metanpl paciieaBaHHs: KOJIbKACHae MaJdJIsiBAHHE, BBIMSPIHHE JbIIMETpa
Ja3epHara mydJka 3 JaramMorai MOMaHTay Jpyrora mapajaky pasMepkaBaHHs Biraepa.

[lamep BbIMapdHHS ¥ XO0/3€ Ja3epHara Y373€sHHA Ha IUIACIiHy BoOJacli
3aJIeXKBILb aJ1 XapaKTapbhICTBIK METay, 3 SIKOra BhIpalJieHa MIIacliHa, s€ TayII4blHI, a
TakcaMa mapameTrpay ja3epHara mydka: siro JIbIIMETpa, 1HTIHCIVHACII, Tpaisariacil
y3a3estHHsA. [[ns nacnenaBaHHs YIUIBIBY JA3€HBIX MapaMeTrpay Obly paclipalaBaHsbl i
plali3aBaHbl KOJBKACHBI METaJ MAJAdJISIBaHHS Y3[3€sIHHS LIbIpOKaarepTypHara
BBICOKOMOIIIHOTO JIa3€pHara BBIIPAMEHbBAHHS Ha TOHKISI METaJlYHBIS IUJIACI{IHBI.
KonpkacHass mamanb, 3acHaBaHas Ha JAByxMepHail 3ajmausl Ctadana y akcisuibHa-
CIMETpbhIYHAl MACTAaHOYIbI 3 BBIKAPBICTAHHEM CXEMbl KaHYaTKOBBIX pPO3HACIAY 1
MeTay IparoHkKi, Aa3Bajsie BbI3HAYBIIb Pa3MEpKaBaHHE TAMIIEPATYyphl ¥ IUIACLIHE, a
Takcama MeCla3Haxo)KaHHE MSDKbI BBIITAPIHHS BOOIACI aJHOCHA LIPHTpA Ja3epHara
ny4Ka.

KonbkacHasist Mapib Obljla manBep/KaHa SKCIEpbIMEHTaTbHA JJISI AJTFOM1HIEBBIX
mactid Taymrabiaéin 0,05 mm 1 0,1 MM, makazasna BRICOKYIO JaKiiaHaCIb MpaJIKa3aHHs
JUTSI TOHKIX y30pay, IITO aKa3Bae MPaKThIYHYIO JacTacaBajJbHACLb 1 BEpHACLb MaIdJI.



ABSTRACT

The total volume of the work is 65 pages, 24 figures, 7 tables, 25 sources.

HIGH-POWER LASER RADIATION, NUMERICAL MODELING, STEFAN
PROBLEM, LASER BEAM DIAMETER, EVAPORATION, METALS, WIDE-
APERTURE RADIATION.

The object of study is thin metal plates made of aluminum.

The purpose of this work is to study the effect of high-power wide-aperture laser
radiation on thin metal plates, to build a numerical model describing the process of
exposure, as well as its experimental confirmation.

Research methods: numerical modeling, measurement of the laser beam diameter
by means of the second-order moments of the Wigner distribution.

The size of the vaporized area during the laser impact on the plate depends on the
characteristics of the metal from which the plate is made, its thickness, as well as the
parameters of the laser beam: its size, intensity, duration of exposure. To investigate
the influence of these parameters, a numerical method of modeling the impact of wide-
aperture high-power laser radiation on thin metal plates was developed and
implemented. The numerical model, based on the two-dimensional Stefan problem in
axially symmetric formulation using the finite difference scheme and the run method,
allows to determine the temperature distribution in the plate, as well as the location of
the boundary of the vaporized region relative to the center of the laser beam.

The numerical model was validated experimentally for 0.05 mmand 0.1 mm thick
aluminum plates, showed high prediction accuracy for thin specimens, which shows
the practical applicability and fidelity of the model.



