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HAYYHAA )XN3Hb

MaTtemaTnyeckmne mogenu n moaenmpoBaHune
B 1a3epHO-nna3mMeHHbIX npoueccax

C 30 suBaps o 2 pespaars 2007 ropa 8 Moc-
KOBCKOM T'YMaHMTaPHOM YHMBEPCHUTETE COCTO-
anrca IV MexxayHapoAHBI Hay4YHBIA CeMMHAp
«MaremaTideckne MOAEAM M MOAEAMPOBaHME
B Aa3€pHO-IIAa3MeHHbIX nponeccax». Hayunsri
CeMMHAp MPOBOAMACA KadpeApol MaTeMaTnde-
CKOTO ¥ KOMIIBIOTEPHOTO MOAeAMpoBanus u Ma-
TEMAaTHYECKUM LEHTPOM MH(OPMAIMOHHBIX
TeXHOAOTMI U MoAeanpoBarusa MocI'V cosme-
cTHO ¢ VIHCTUTYTOM MaTeMaTMYeCKOTO MOAe-
anposauns PAH npu noapepskke Poccmitcko-
ro ¢oHAa (YHAAMEHTAABHBIX MCCAEAOBAHMI
(mpoext Ne(7-01-06008 r), Mucturyra obumei
¢dusuku um. A. M. IIpoxoposa PAH, npous-
BoacteenHol pupmbl «OPETAT» (r. Mocksa)
II0A NPEeACeAaTeAbCTBOM Ipodeccopa, AOKTO-
pa (PM3MKO-MaTEMAaTHIECKUX HAYK, 3aBEAVIO-
mero kadeapoit B. M. Maxxyxuna.

B paGore MesxAyHAPOAHOTO CeMMHAPA TIPHU-
HsAn yyactue Goree 60 U3BECTHBIX YIEHBIX U3
oAt crpan: Pocenn, Beaapycu, Opaumun, I'ep-
mauun u CIIDA. Poccuiickas croposa 6bira
IpeACTaBAEHA COTPYAHMKAMM LIECTH MHCTUTY-
toB PAH u gersipex By30B.

POCCHSI. MocKOBCRMIT IT'YMaHUTAPHBINA YHU-
Bepcuter (MocI'V), r. Mocksa. Pextop MocI'V
npodeccop, A.bpuroc.H M. M. Urbunckui, an-
pexTop Maremartnyeckoro nentpa mapopma-
IIMOHHBIX TEXHOAOTHMII M MOAEAMPOBAHUA aKa-
aemuk PAH 1O. M. JKypasaes, npopektop no
yueGHoit paborte npodeccop, A H. B. A. Pyu-
KIH, AupekTop VIHCTHTYTa ryMaHMTApHBIX MC-

CAEAOBaHMI, 3aMECTUTEAb PEKTOpPA [0 Hayd-
HO-MCCAEAOBATEABCKOI paboTe, mpodeccop,
A.@uroc.H. Baa. A. Ayxos, HavyarbHMK Ympas-
A€HMA KOOPAMHAIMM HAYYHBIX MCCAEAOBAHMI
A.@uror.u. A. B. Tapacos, 3aB. kadeapoit ma-
TEMaTHYeCKOTO ¥ KOMIBIOTEPHOTO MOAEAMPO-
BaHMA nmpodeccop, A.b.-m.H. B. V. Maxxykus,
aon. O. H. Kopoaesa, pon. M. U. Machrosa,
aon. T. B. Pamopanosa, x.¢.-m.u. M. M. Aemns,
K.p.-m.H. C. B. Koweser, cr. npen. A. B. Masxy-
KHH.

MHCTUTYT MaTeMaTM4ecKOro MOAEAMPOBa-
s PAH (MMM PAH), r. Mocksa. Aupexrop
UMM PAH, uaen-rkoppecnonpent PAH, npo-
¢eccop, A.p.-m.H. b. H. Yersepymrusn; mpo-
deccop, A.d.-m.H. B. . Maskykus, npocdeccop,
A.@.-m.H. B. A. Tacuaos, npodeccop, A.¢.-M.H.
A.II. Muxaitaos, k.¢p.-m.H. A. V. Macaos,
K.¢.-m.H. W. B. ITonos, x.¢.-m.H. A. @.JOxHo,
K.p.-m.H. A. C. Boapapes, C. B. Apsuenxo,
K.¢.-m.H. E. V1. Kapramesa, x.¢.-m.H. O. I'. Oap-
xoBckaf, K.¢.-m.H. II. B. bpecaasckmnii, acm-
paut A. O. Verioros, acmpanr M. T. Ao6ok,
acmupant A. B. Maskykus.

Uucturyt o6weit pusuxn um. A. M. Ilpoxo-
posa PAH (MO® PAH), r. Mocksa. 3am. Au-
pekropa Mucturyra obmeit ¢usukn PAH
um. A. M. IIpoxoposa mpodeccop, aA.dp-m. H.
C. B. Tapnos, k.¢.-m.H. C. H. Auapees, r.u.c.,
A.p.-m.H. A, A. Camoxun, k.¢.-m.H. T. Kono-
HeHKo, K.¢.-M.H. C. K. Bapraneros, k.¢.-M.H.
O. I. Oapskosa, c.H.c. B. M. BoBuenko, x.¢.-
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m.H. C. M. Kanmentos, m.u.c. I1. A. IIusoBapos,
A. A. Maxous.

MHCTHTYT  OPMKAAAHOM — MaTeMaTHKH
um. M. B. Keappma PAH (MIIM PAH),
r. Mocksa. ITpodeccop, a.¢-m. 1. FO. A. ITozse-
mesko, K.p.-m.H. C.A. Vcrioros, x.g.-m.H.
B. A. Taaaxtnonos.

Ouznueckmit uacturyt um. I1. H. AeGepesa
PAH (DU PAH), r. Mockea. A.¢d.-m.u. A. T1. Ka-
HaBuH, A.Qp.-m.H. C.A. Vpoons, x.p.-M.H.
C. W. Kyapsimos, B. A. 3sopsikun, A. A. Viouns.

HucTuTyT Tenaodu3nry IKCTPEMaABHBIX CO-
crosiamit OMBT PAH, r. Mocksa. C.u.c. A. T. Kan-
TUABHBIA, K.@.-M.H. M. E. IloBapuunsH, x.¢.-
M.H., c.H.c. K. B. Xumernxko, IT. P. Aesamos.

MesxpyHApOAHBI Aa3epHBI LieHTp U husude-
ckuit pakyaprer MI'Y um. M. B. Aomonocosa,
r. Mocksa. [Tpodeccop, a.d.-m.u. A. A. Kapa6y-
T0B, A.(.-M.H. CaBeabes, acupant A. FO. Vsou-
xut, M. B. Kypunrosa, A. C. Vpronusa, H. Mop-
eAMaH.

MocKkoBCKMIT TOCYAQPCTBEHHBI TeXHUYE-
ckuit yausepceutet um. H. 3. baymana. Cryaent
A. B. Meatokos.

BsTcRMIt TOCYAapPCTBEHHDBI YHMBEPCHUTET.
ITpodeccop, a.1.H. B. B. Mearokos.

IpeacTaBuTean pyroBoadmux opraHos. Ha-
YaABHUMK OTAEAA HAYKM U BBICOKMX TEXHOAOTHIA
Anmnapara IIpasureascrsa PO x.m.u. A. B. Map-
TBIHEHKO, 3aM. AMPEKTOPA AelapTaMeHTa Hay-
HO-TeXHMYECKO} ¥ WHHOBAIVOHHON IOAUTH-
ku Munncrepersa o6pasosanns u Hayku PO
k.10.H. E. b. Baaamos.

PECITYBAUKA BEAAPYCb Gbira mpeacTas-
AeHa AByMs uHCTHTYyTaMy Hanmonaasroi Aka-
Aemuy Hayk bBeaapycu. VIHCTMTYT MaTeMaTHRY
(MM HAHB), r. Munck. K.¢.-m.n. M. M. Yyii-
k0. Mucturyr rexundeckoit akycruxu HAH Be-
Aapycn, r. Bure6ex. K.db.-m.1., aoyent K. VL. Ap-
IIMHOB.

OPAHIUA. Laboratory of Laser, Plasmas,
and Photonic Processing (LP3), CNRS, Mar-
seille, France. D-r. T.E. Itina. Laboratoire des
Solides Irradies, Ecole Polytechnique, Paris.
D-r. A.S.Chuvatin. Ecole Nationale d’Inge-
nieurs de Saint-Etienne, DIPI Laboratory,
Saint-Etienne Cedex 2, France. D-r. M. Dou-
benskaia. Laboratoire d’Optique Appliquee,

ENSTA — Ecole Polytechnique, France. D-r
G. Mourou.

TEPMAHMS. Institute of Manufacturing
and Welding Technology, Chemnitz, Ger-
many. D-r Ulrich Semmler; D-r Klaus-Jurgen
Matthes. University of Stuttgart, FGSW, Stutt-
gart, Germany. Prof. F. Dausinger.

CIIA. Department of Biology, University of
North Carolina at Chapel Hill, NC 27599,
USA. A. Joglekar. Department of Biomedical
Engineering, Center for Ultrafast Science,
University of Michigan, MI 48109, USA.
A.]. Hunt. Department of Physics, Arkansas
State University, State University, AR 72467,
USA. Stanley Paul, Kevin Lyon, Susan, D. Allen.

Cemyuap Havaa cBoo pabory 31 sHBaps
B kabunere puropuku MocI'Y. C npusercrsen-
HBIM CAOBOM K TOCTSM CEMMHADPA OGPATUAUCE:
pektop MocI'V npodeccop, aokrop ¢unro-
codckux Hayk M. M. ViAbuHCKMI, Tpopex-
Top mo yye6HOM pa6ore Mocl'V npodeccop
b. A. Pyuknn, 3am. ampextropa VOO PAH
nm. A. M. IIpoxoposa mo Hayke mpodeccop,
A.¢.-m.H. C. B. Tapnos.

C nAeHApHBIMM AOKAAAMM BBICTYIIMAM AM-
pekrop IMM PAH uaen-koppecnonaent PAH
npodeccop A.p-m.H. b. H. Yersepymxrny, npo-
¢deccop, A.¢.-m.H. B. V. Maxxyxun npocdeccop,
A.¢.-m.H. C. B. TapHOB, HauaABHMK OTAEAA HAY-
KM M BBICOKMX TexHoAormit Amnapara Ilpasu-
teabcTBa PO k.M. A. B. MapTtsinenko, 3am.
AMPEKTOpa AelapTaMeHTa HayIHO-TEXHUIECKOI
¥ MHHOBAIMOHHO MOANTVKY MyHucTepcrsa 06-
pasosaunsg u Hayku PO k.10.1. E. b. Banamos.

Bo Bropoit moarosute pAust 31-ro stHBaps, 1-ro
u 2-ro deBpars 6bir0 3acaymano 6oaee 30 Ha-
YYHBIX AOKA2AOB. B xoae 3acepanmit yyacTau-
KaMy HAy4HOTO CeMJMHApa aHaAM3VMPOBAAKCH
MaTeMaTiyecKue MOAEAN U Pe3yAbTaThl MOAE-
AMPOBaHNs, MOAYYEHHBIE B NMOCAEAHME TOABI
B GBICTPO pacWMPSIOmENiCS U IPOrPeccupyro-
mjeit 06AaCTH CHABHO HePaBHOBECHDIX Aa3€PHO-
IIAa3MEHHBIX IIPOLECCOB, IPMMEHIEMBL i pas-
paGatsBaembii SOFTWARE, akcnepumen-
TaAbHBIE JCCAEAOBAHNSA, CBUAETEABCTBYIOIINE
0 HeOGXOAMMOCTY [IPUMEHEHNS METOAOB MaTe-
MaTH4eCKOTO MOAEAMPOBAHMA.

ITy6ankyem Te3uChI BHICTYIAEHMUIL.
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VABTPAKOPOTKOE CBEPXMOIIHOE
AA3EPHOE BO3AEVICTBUE HA MATEPVIAABI:
MATEMATUYECKVE MOAEAU
Y MOAEAVIPOBAHUE

ITPO®., A.®.-M.H. B. . MAXKYKIH
MOCTY, MHCTUTVT MATEMATUYECKOI'O
MOAEAVPOBAHISI PAH, MOCKBA

OTAMYMTEABHON YepTON YABTPAKOPOTKOTO
Aa3epHOTO BO3AENCTBUA ABAAETCS CYLIEeCTBEH-
HOe M3MeHeHue (PU3UKY NPOLeCCOB, IPOABAL-
oujeecs B ObICTPOI CMEHe OCHOBHBIX (husMye-
CKMX MEXaHM3MOB IIpM NepeXOAe OT HaHoCe-
KYHAHOTO K (P€MTOCEKYHAHOMY BO3AEWCTBUIO.
ITpu atom BO3HMKaeT psAA BOIPOCOB (PyHAA-
MEHTaAbHOTO IAaHA N0 TOBOAY (PU3MIECKUX
OCHOB Hazpeba, (asobvix mparncpopmayuii,
paspywenus u yoarenus mamepuana, 603nux-
HoBenus u pasbumus naasmo 6 nepabrobecnvix
yeaobusax, bvizbannvix yavmpaxopomxum cepx-
mouHvuM Aa3eproim 6o30eticmbuen.

ITocTpoenne nepapxuu Ppu3nKo-mMaTeMaTH-
YeCKMX MOAEAeil, M MX peuweHne GYAyT Clo-
co6cTBOBaTh GOAEe IOAHOMY MOHMMAaHUIO (u-
3MYECKUX IPOIECCOB, M IO3BOAAT CO3AATH
IOCAEAOBATEABHYIO TEOPETHYECKYI0 OCHOBY
YABTPAaKOPOTKOTO Aa3epHOTO BO3AEHCTBMA Ha
MaTepyuaAblL

Cpean paccMaTpyBaeMbIX MOAEAEIL:

— HavyaAbHAg CTaAMS HEPaBHOBECHOTO Aa-
3epHOTO Harpesa MeTAAAOB M NOAYIIPOBOAHMU-
KOB B ABYyXTeMIIEPATyPHOM IPHOAVIKEHNN;

— HepaBHOBeCHasl a6AfALMsA, BKAKOYAIOLAL
MeXaHM3Mbl OBICTPHIX (Pa30BBIX [EPEXOAOB
n yAaprIX BOAH;

— 9AeKTPOCTaTHIeCKOe pa3pylleHue MuuIe-
Hell (MOA€Ab KYAOHOBCKOTO B3pbIBa);

— I'MAPOAMHAMMKA METAAAOB C TAYOOKMUM
3aXOA0M B METacTaGMABHYIO 06AACTh B OKPECT-
HOCTY KPUTUYECKOI TOYKIL;

— HepaBHOBECHbIE JIOHN3aIIOHHBIE MOACAN;

— HEPaBHOBECHBINI INEPEHOC M3AYYeHNA
¥ €T0 CIeKTPEI;

— MOAEAM HEPaBHOBECHON paAMalMOHHOM
ra3oBOJ AMHAMMUKN.

MaTtemaTnieckoe MOACAMPOBAHME HA OCHO-
Be AQHHBIX IOCTaHOBOK IIO3BOAVMAO YCTaHOBUTb

pAA HOBBIX (u3ndeckux 3PPerTOB, 06YCAOB-
AEHHBIX CUABHOJ HEPaBHOBECHOCTBHIO (ha30BBIX
IePeXOAOB B KOHACHCHPOBAHHON CpeAe U UO-
HU3AIOHHOJ HEPaBHOBECHOCTHIO B Ta30006-
pasHbIX CpeAax.

Paboma Bvinoanena npu noddepxxe POOU
(npoexm Ne 07-07-00045 ; npoexm Ne 06-07-
89191).

BAVSIHUE AAVIHBI BOAHBI AA3SEPHOTO
BO3AEVICTBUS HA ITPOIIECCHI ICITAPEHMS
Y OBPA3OBAHII ITAA3MBI

ITPO®., A.®.-M.H. B. 1. MAXXYKIH
MOCTY, MHCTUTYT MATEMATUYECKOTO
MOAEAVPOBAHM PAH, MOCKBA

OcHoBHBIMI TapaMeTpaMyt B IpoGAeMax Aa-
3€PHOTO BO3AEHCTBIUSA ABASIOTCA: AAVHA BOAHBI
N, uHTeHCHBHOCTE G M IPOAOAKMTEABHOCTD
uMIyAbca T. AAMHA BOAHBI OmpeAeAsieT Bpe-
M1 BO3HUKHOBEHMS ONTHIECKOTO POGOS, BAK-
seT Ha (QOpMMpPOBaHME MAA3MEHHOrO oGAara
¥ B KOHEYHOM MTOTE ONpPEAEASET KOAMYECTBO
MCIIAPEHHOTO BellecTBa B 0OAYYaeMoii 30He.
B npeacraBAsieMOM AOKA3AE MaTeMaTHIECKOE
MOAEAMPOBAHNE UCIOAB3YETCH AAS CPABHEHNS
nudpakpacuoro (A=1,06 pm) 1 yaprpacuore-
toBoro (A=0,248 p.m) Aaz3epHOTO BO3AETCTBHS
Ha (OpPMUPOBAHNME AA3MBI ¥ IIPOLECCOB UCIa-
PEeHNUA-KOHAEHCALMY Ha aAOMMHMEBON MuIIe-
HI. AHaAu3 IOKa3aA OIPEAEASIOMYIO POAb
AAVHBI BOAHBI M3AyYEHMSA B IPOLjECCax ucmnape-
HUSL M [IA@3MO006Pa30BaHMs.

Paboma Bvinoanena npu noddepxxe PODOU
(npoexm Ne07-07-00045; npoexm Ne06-07-
89191).

VEPAPXUSI MATEMATUYECKMX MOAEAEN
B AABEPHOM BO3AEVICTBUM HA MATEPUMAABI
IPOD., A.®.-M.H. B. I. MAXKYKIH
Dusnyeckas KapTuHA IPOLECCOB, MPOTEKA-

IOIUX B 30HE Aa3€PHOTO BOSACIZ[CTBI/IH, cymecT-
BE€HHBIM 06p2130M 3aBJMCUT OT TaKMX IIapaMeT-
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POB BO3AEMCTBUS KaK MHTEHCUBHOCTb Aaszep-
HOTO M3AydeHns G, AAMTEABHOCTH MMIYABCA T
¥ BHEPIUMM KBaHTA Aa3epPHOrO m3AydeHus hv.
Aomuuypyromue mMexaHu3Mbl B MuIeHN (Mme-
TaAA) U Ta30BOJi CpeAe (MCIapeHHOE BEIeCTBO,
ra3) B 3aBUCHMOCTM OT MHTEHCUBHOCTY M AAM-
TEABHOCTY YMIIyAbCA IIPEACTaBAEHBI Ha puc. 1, 2.

[TocaepoBaTeAbHOCTD (HU3NMIECKUX TPOLIEC-
coB Ha puc. 1, 2 mpeponpeaeAsieT Mepapxuio
MaTeMaTUIECKUX MOAEAEN, MCIIOAB3YEMBIX AAS
MX OMVICAHUSL.

I-11 aTan — HM3KME UHTEHCUBHOCTH
103<G<5 104 W /cm? u 6oAbIMe AAMTEABHO-
cmn >10-3c.

MaremaTuyeckue MOAEAN.

Muwenv: HeAnHelIHOE MHOTOMEpPHOE YpaB-
HEHJE TENAONPOBOAHOCTH. AAs YepHBIX MeTaA-
AOB AOTIOAHUTEABHO YpaBHEHUS KMHETUKM ¢a-
30BBIX TpaHc(opMamii B TBEpAOI dase.

T'azobas cpeda: mMHOTOMEpPHBIE YpaBHEHUA
TEIAOIPOBOAHOCTH ¥ Ta30BON AVHAMMUKIA.

I1-11 3Tan — ymMepeHHbIe MHTEHCUBHOCTH
104<G<5 107 W /cm? u 6oablIMe AAMTEABHO-
et 10-6<7<10-2c.

MaremaTuyeckme MOAEAH.

Muweny: 3apaua Credana B Kraccudeckoi
IIOCTaHOBKE, YPaBHEHNA ITMAPOAMHAMUKY B IPU-
6amskennn Hasoe — Crokca.

T'asobas cpeda: mHOTOMEpHBIE YpaBHEHMA
TENAOTPOBOAHOCTH ¥ Ta30BO AVHAMMKIL.

III-1% aran: cpepHME MHTEHCUBHOCTH
106<G<10° W /cm? u panreapHOCTH
10-7<7<104c.

MaremaTuyeckme MOAEAN.

Muwenv: nepaBrHoBecHble MoAean Credana
AASL IOBEPXHOCTHOTO [IA@BAEHMS M UCIIAPEHNS,
ypaBHEHUS THAPOAMHAMMKM B TNPUOAMKEHUM
Hasve-Crokca.

T'asobas cpeda: razoBas AMHAMMKA C YAAp-
HBIMM BOAHAMMU.

IV-1i 3Tan: — BBICOKME MHTEHCUBHOCTH
108<G<5-1012 W /cm? u KopoTKMe MMITYABCHI
10-10<7<5-10-7¢.

MaremaTuyeckme MOAEAH.

Muweny: HepaBHOBeCHbIE TMAPOAMHAMMYE-
ckne mopean Credpana AAS MOBEPXHOCTHBIX U
00’bEMHBIX TIPOLECCOB MAABAEHMUS U UCTAPEHNUS
C YAQPHBIMM BOAHAMIL.

Tasobas cheda: HepaBHOBECHAS paAMALIMOH-
Haf ra3oBas AMHAMUKA, CTOAKHOBUTEABHO-Pa-
AVMAI[IOHHbIE MOAEAH, YPABHEHNS lepeHOCa He-
[PEPHIBHOTO ¥ AUHENYATOTO U3AYIEHMS.

V-if aTanm — cBePXBbICOKME MHTEHCUBHOCTH
1012<G<5-1015 W /cm? u yabrpakoporkue
aanteassoctn 10-P<r<10-1lc,

MaremaTuyeckue MOAEAH.

Muwenp: MOAeAU HEPAaBHOBECHOTO HAaTpeBa,
MAABAGHMSA ¥ UCHAPEHMA KOHAEHCHPOBAHHBIX
Cpea € y4eTOM TepMO- U (POTOIMUCCHIL.

T'a306as cpeda: mopeAM ONTHUYECKOTO IPO-
605t C HepaBHOBECHOH KMHETHKOI (OTO ¥ TYH-
HEABHOJI MOHM3ALUI aTOMOB ¥ MOAEKYA.

Paboma Bvinoanena npu noddepxxe PODU
(npoexm Ne07-07-00045; npoexm Ne06-07-
89191).

FINITE ELEMENT MODELLING OF PTA
WELDING FOR THE RESIDUAL STREES
ASSESSMENT OF VALVE CONES
AND SEAT RINGS

KOHEYHO-2AEMEHTHOE
MOAEAVPOBAHUE OCTATOYHBIX
HATPSKEHUN ITPY TTAASMEHHON
HAIIAABAEHHOW CBAPKE BEHTUABHbBIX
KOHYCOB M KOAEI]

ULRICH SEMMLER; KLAUS-JURGEN MATTHES.
INSTITUTE OF MANUFACTURING AND WELDING
TECHNOLOGY, CHEMNITZ UNIVERSITY

OF TECHNOLOGY, GERMANY

Besides of structure transformations the high
local heat flux during welding may cause high
residual stresses in the constructional elements.
In the parts, which underlie high thermal and
mechanical loadings, high stresses (superposi-
tion of residual and working ones) influence
negatively and the lifetime as well as reduce the
possible load level. The paper deals with the
hard-facing of big diesel engine valves. Cobalt
based hard materials (Stellite) are deposited by
means of Plasma-Transfer-Arc (PTA) welding
both on valve cones and seat rings. The wel-
ding processes and the treatment before and
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after welding are modeled with Finite Elements OITPEAEAEHVME MOAOBBIX
(F.E.) using the F.E. codes SYSWELDTM and KOAEBATEABHbBIX TEMIIEPATYP

ANSYS(r). The aim of the F.E. simulation is the
assessment and the reduction of the residual
stresses in the deposit layers and heat affected
zone. The multilayer deposit welding with a
weaving plasma torch requires a special heat
source in the context of programmable
SYSWELDTM heat sources. The energy distri-
bution of the source parameters and some of
the thermal boundary condition are known
insufficiently. They are calibrated using tem-
perature measurements. The numerical simula-
tions are accompanied by residual stress meas-
urements. The presented work is the result of
several industrial research and development
projects.

[[IepeBoa:]

KonnentpupoBaHslii OTOK 9HEPTMM NIPK
CBapKe KPOME CTPYKTYPHBIX M3MEHEHMI MOKET
BBI3BIBATH OCTaTOYHbIE HAUpSIKeHMs. B aera-
AfIX MalIvH, KOTOPble OABEPTAIOTCS BBICOKMM
TepMI/I‘IeCKI/IM " MEXaHMYEeCKUM Harpy3KaM,
BBICOKJ€ BHYTPEHHME J BHEIIHNE HATPSKEHNUST
OTPUIATEABHO BAMSIOT Ha (DYHKIMOHAABHOCT,
CPOK CAYKGBI ¥ yMEHBIIAIOT AONYCTUMYIO Ha-
TPY3KY.

B Aokaape paccmarpuBaeTcsi HamAaBAEHME
TBEPABIX MaTepuaroB Ha ocHose KoGaabra
(CTearmTbI) Ha KOHYCBI M KOABIIA BEHTMAEH
¢ moMompio mAa3MeHHON cBapku. Cpapod-
HbIe IIPOIECCHI U TeNA006PaBOTKa AO U IOCAE
CBAPKM MOAEAMPOBAAMCH METOAOM KOHEYHBIX
pasHOCTe}l ¢ MCIOAB3OBAHMEM MPOTPAMM
SYSWELDTM y ANSYS®. Mopeanposanne
IPOBOAMAOCH C LIEABIO OLIEHKM ¥ yMEHBIIEHNS
OCTATOYHBIX HANPSKEHUI B HANAABAEHHBIX
CAOfIX ¥ B 30HE TepPMMYECKOro BAMsHus. Mo-
AEAVPOBAHME NAA3MEHHON CBApKM TPeGOBaAO
IPOrPAMMUPOBAHIS CIENMAABHOTO UCTOYHNKA
B pamkax nporpammbl SYSWELDTM. Hensge-
CTHbIE MAPAMETPBHl MCTOYHMKA U HEKOTODbIE
IDaHMYHBIE YCAOBMUS MOAEAeN GBIAM OIpeAeAe-
HbI [0 3KCIEPUMEHTAABHBIM AAHHBIM. Pe3yab-
TATHI BBIYUCAEHWI CPABHUBAAUCH C M3MEPEHMSI-
MM OCTAaTOYHBIX HANpSUKeHnit. Pe3yabraTsl mo-
AYY€HBI B paMKaX paB/\I/I‘IHbIX ]/[HAyCTp]/[a}\bHI)IX
IPOEKTOB.

TP MHOTOYACTOTHOM
AA3EPHOM 30HAMPOBAHUM AKTMBHON
CPEABI DAEKTPOPA3PIAHOTO CO, AASEPA

IK. J1. APIIMHOB, IM. K. APIIIMHOB,

2. C. AEIIEHIOK, 3B. B. HEBAAX
IYMHCTUTYT TEXHUYECKOV AKYCTUKI
HAH BEAAPYCH, BUTEBCK
IMEXAVHAPOAHBIV 9KOAOTUYECK UL
VHMBEPCUTET VM. A. A. CAXAPOBA, MUHCK
SYHCTUTYT OU3UKY VM. B. Y. CTEIIAHOBA
HAH BEAAPYCY, MMHCK

ITo apdexTnBHOCTH, HAAESKHOCTH B pado-
Te, IPOCTOTE U3TOTOBACHMNS, Ka4eCTBY ITeHepH-
pyeMOro WM3AYYEHMA M, HaKOHeI, CTOMMOCTH
mouiHble TexHoaorudeckue COjp-Aasepsl B Ha-
cTosIjee BpeMA IPEBOCXOAAT BCe APYTHE THUIIBI
AazepoB. Jlcnoab3oBaHye MONEPEYHOTO BBICO-
KOYaCTOTHOTO Pa3psAAd OTKPBHIAO BO3MOSKHO-
CTM CO3AAHUA YABTPAKOMIAKTHBIX IAaHap-
HbIX BOAHOBOAHBIX (COj-Aa3epoB ¢ ypoBHeM
MOIIHOCTY AO HECKOABKMX KMAOBATT B HEIpe-
PBIBHOM peKMMe, raGapuThl ¥ Macca KOTOPBIX
[I03BOAAIOT MX MCIOAB30BaHNME B aBTOMAaTH3M-
pOBAHHBIX TeXHOAOTMYeCKMX AmHuaAx. IIpa-
BUABHOCTb ¥ TOYHOCTh pacyera JHeprermye-
CKMX XapaKTePUCTHK Aa3epOB, BO3MOXKHOCTH
MX ONTUMM3ALUM OLPEAEATIOTCA MCIOAb3Ye-
MOJI TEOpeTUIeCcKOit MOAEAbI0. AAs mpoBepKH
MCIOAB3YEMOIl MOAEAV HEOOXOAMMA KOPPEKT-
Has AMarHocTMKa akTuBHOM cpeasl CO,-raze-
poB. AKTyaAbHOII 3apaueil ABAAETCS pa3pabor-
Ka METOAMKY ONIPeACACHNMS PacIpeAeAeH ) Ha-
CEeAEHHOCTENl N0 KOAeGATEeABHBIM YDPOBHAM
moaekyabt COj 1/mAn ee Kore6aTeAbHBIX TeM-
meparyp, a TakJKe TeMIePaTypsl 1a3a B yCAOBH-
AX aKTUBHBIX Aa3epHsIX cped. Kpome Toro, uc-
CAeAOBaHME KOAEOATEABHON KMHETUKM LIO3BO-
AUT CBA3aTh ONpeAeAseMble HaCeAeHHOCTH
Aa3epHBIX YPOBHEH C BpeMeHaMyu ¥ux Koaeba-
TEABHOJ PeAAKCALMH B PEAAbHBIX YCAOBUAX aK-
TUBHBIX Aa3epHbIX cpeA. Bce aro HeoGxoanmo
Arst onTumusanmu pa6orsr CO,-Aa3epos, 4To
0COGEeHHO Ba’KHO B CAy4ae MOIIHBIX TEXHOAO-
TMYECKUX AA3EPHBIX CHCTEM.
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PEHTTEHOBCKOE U3AVYEHME BBICTPBIX
Z-TIMHYEN

B. A.TACHAOB, C. B. AbJYEHKO,

0.T. OAbXOBCKA],

JIMM PAH, MOCKBA

A. C.YYBATUH, ECOLE POLYTECHNIQUE,
PALAISEAU, FRANCE

[Trasmensble 060A04KM, cHOPMUPOBAHHBIE
B PE3YABTATE IPONYCKAHUS MyABTUMEraaMIIEeP-
HOTO TOKOBOTO MMIIYABCA IO IUAMHADPUIECKON
c60pKe METAAAMYECKUX TPOBOAOYEK, OTHOCST-
¢ K HamGoAee MHTEHCUBHBIM AAGOPATOPHBIM
JICTOYHMKAM PEHTTEHOBCKOrO mu3ayderms [1].
MHorozapsiaHas mAa3Ma TaKOTO (BBICTPOTO»
Z-nyuda ycropsercs Ao ~300-500 KM/ CeK 1 13-
AyYaeT B MATKOM DEHTT€HOBCKOM AMalNa3oHe
IPU CXOKAEHMM K OCH pa3psaAHoi kamepst. Ha-
nGoAee CYIeCTBEHHBIMU MEXaHU3MAaMK TeHepa-
MM MOLJHOTO MMIIYABCA U3AYYEHMUS B OBICTPOM
Z-nyiHYe CYNTAIOTCS KOHBEPCUSA KMHETHIECKON
SHEPIUM TOPMO3ALIENCS MAA3MBI B TENAOBYIO,
a TakKe AUCCUTIALINSA MATHUTHOM SHEPTUM THH-
ya B cskatom coctostamy [ 1, 2]. Takum o6paszom,
MOIHOCTb M3AYYEHNS ONpPEAeASeTCS MAOTHO-
CTBIO ¥ CKOPOCTHIO CIKMMAKOW[ENCS 0GOAOUKM.
Paszanynoro poaa rmapoanHaMmdeckue u Tep-
MIYeCKue HeyCTOMIMBOCTH, COMPOBOKAAIONIE
MAaTHUTHYIO MMIAO3MIO, A€AAIOT (DMHAABHOE CO-
CTOsIHME MMHYA HEOAHODOAHBIM U Ad3Ke TYpOY-
AM30BAHHBIM, Y, TEM CAMBIM, CYLIECTBEHHO BAM-
AIOT HA BBIXOA PEHTTEHOBCKOTO M3AYUYEHMS.

B Hacrosimeit pabore 4MCAEHHO MCCAEAOBA-
HO BANMSHUE PeAeN-TeHAOPOBCKOM HEYCTOMYM-
BOCTM NMHYA HA OCHOBE MHOTOTPOBOAOYHOMN
c60PKHM, MCIOAB30BAHHON B IKCIEPUMEHTAX
Ha ycranoske «Z» B Camamiickoii aabopato-
pun CIIA [1]. Moaeanposanue cxatusi 060-
Aouky 20-MeraaMrepHbIM UMIYABCOM AAUTEAD-
HocTi ~100 HC BEIIOAHEHO OCPEACTBOM KOAQ
MARPLE [4] B uMAMHADHYECKOI [-Z TeOMET-
pun. @opmuposanne andpdysHoi 060A0YKH
MOAEAMPYETCS IPHU YCAOBUHM CTOXACTUIECKH
BO3MYIIEHHOTO Ha4aABHOTO COCTOSHUA 060-
A0uKM. B pacuerax moaydeHbl KOAMIECTBEHHbIE
OLIEHKY BAMAHMA YPOBHA HAYaAbHBIX BO3MYLje-
HUI Ha BbIXOA M3AYYEHNA MMHYA.

Aumepamypa.:

1. R. B. Spielman, C. Deeney et al., Phys. Plas-
mas.V. 5. 1998. P. 2105.

2. Aleksandrov V. V. Branitskii A. V. et al. Dy-
namics of Heterogeneous Liners with Prolonged
Plasma Creation. — Plasma Physics Reports,
V. 27,Ne2, 2001. P. 89-109.

3. Chittenden J. P., Lebedev S. V. et al. X-ray
generation mechanisms in three-dimensional sim-
ulations of wire array Z-pinches. — Plasma Phys.
Control. Fusion 46 (2004) B457-B476 PII: S0741-
3335(04)85706-3.

4.Tacunos B. A., Uysatun A. C. n ap. Marem.
moaeanposanue, 2003. T. 15. Ne9. C. 107.

KOA MARPLE — HOBBIE BBIYMICAUTEABHBIE
TEXHOAOTYY B PAAVALIMOHHOJ
MATHUTHOV TYIAPOAMHAMUKE

B. A.TACUAOB, A. C. BOAAAPEB, C. B. ABSIYEHKO,
E. JI. KAPTAIIIEBA, O.T. OAbXOBCKA{,
UMM PAH, MOCKBA

Koa MARPLE paspa6oran 8 IMM PAH
AASL BBIYMCAUTEABHBIX 9KCIEPUMEHTOB C MOAE-
AAMM BBICOKOTEMIIEPATYPHBIX T€YEHMUI IAa3MBbI
THna Z-IMHY, AASL KOTOPBIX CYIIeCTBEHHbIM fAB-
AfeTcs mepeHoC Ayumcroy aHepruu. Teopern-
9eCKOJ OCHOBOJ KOAA CAYKUT MOAEAD TE€UeHMS
IAOTHOJ IAa3Mbl B OAHOKMAKOCTHOM MarHU-
roruppoantHamudeckom (MI'A) npubamskernn
C. 1. bparunckoro, AOOAHEHHAs YpaBHEHUEM
nepeHoca ayuncroit sHeprun. MI'A-ypasue-
HUA PAcCMaTPUBAIOTCA AASL TaK Ha3bIBAEMOIO
2.5-MepHOTrO 06BEKTA. DTO O3HAYAET, YTO BEK-
TOPBI, XapaKkTepu3yIoljie NPOLEeCcCh B MAa3Me,
IPeACTaBAEHBI BCEMM TPeMs NPOCTPaHCTBEH-
HBIMM KOMIOHEHTaMu: CKOpocTb V=(u,w,v),
marnuTHas uHAykuus B=(B BB, ), nanpsxen-
Hocts 3aexrpuieckoro noast E=(E Eg.E)),
KakAasd U3 KOTOPBIX ABAAETCA (YHKIMe
2-X mpOCTPaHCTBEHHBIX KOOPAMHAT. YUNUTHIBA-
eTCSl aHU30TPONNA AUCCUNIATUBHBIX IPOLECCOB
B IIPUCYTCTBUM MaTHUTHOTO noAdA. baaranc BHy-
TPeHHe} JHepruyu IPeACTaBAeH ABYXTeMIe-
paTypHOI MOAEABIO, OINMCHIBAIOLIEN 9AEKTPOH-
MOHHYI0 peaakcanuio. IIpeaycmarpuBaercs
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BO3MOJKHOCTb MCIOAB3OBAHMS TaGAMYHBIX
ypaBHEHMII COCTOSIHNS BeleCTBA M APYIUX He-
OGXOAMMBIX TenAO(U3NIECKUX AAHHBIX. AAs
pa3paGoTkM AAHHOTO KOAA IPUMEHSAMCDH BbI-
YJCAMTEABHBIE METOAMKYM Ha OCHOBE 3JiAepo-
BBIX CETOK HEPEeryASPHOI CTPYKTYPBL

Co3zpanne kopaa MARPLE 65110 KOAAEKTUB-
HBIM IPOEKTOM, BBITOAHEHHBIM aBTOpaMy Ha-
CTOA[ETO AOKA2AA METOAAMM OOBEKTHO-OPU-
eHTYPOBAHHOTO NPOTPAMMMPOBAHMA HA SA3BIKE
C++. AaHHBI IPOEKT MOSBUACH B PE3yAbTATE
aHaAm3a ombita akcmayatamun MIA-koaa
PA3PJIA [1], cozaannoro okoao 20 aet Hazap
B TOM JK€ KOAAEKTHBE 10 IPUHATON TOTAA IIPO-
IIEAYPHOM» TEXHOAOTMM INPOTPAMMUPOBAHMUA.
ITpoexT KOA@ BKAIOYAET TPAAUIMOHHBIE Pa3Ae-
ABl — IOCTPOEHNE CETOYHBIX ANIPOKCUMALVI
AAS YpaBHEHUI MCXOAHONM MaTeMaTHiecKol
MOAEAHM, Pa3paGOTKy aATOPUTMOB pelleHWs
CETOYHbIX YPaBHEHMIl, PaspaGoOTKy CTPYKTYP
pacyeTHBIX AAHHBIX HapAAY CO CPEACTBAMU VX
BBOAA U IIOATOTOBKM, BKAIOYAS TeHEpaIuIio ce-
TOK M MX OCHAljeHNe COOTBETCTBYIOLel 3aAaue
nrdopmanueit. Takum o6pasom, pAaunas pa6o-
Ta IO CYTH ABAAETCA MYyABTUAUCIUIANHAPHOIL.

Ousit co3pannus u anpobarmu MARPLE no-
Ka3aA, 4T0 0OBEKTHO-OPUEHTHPOBAHHOE NPO-
TpaMMMpOBaHMEe MOKET CTaTh 3(PQPEKTVBHBIM
MHCTPYMEHTOM, KaK Ha 3Tame KOAAEKTUBHOMN
pa3paboTkM KOAA, TaK ¥ Ha ITAIE ero IKCIAYa-
TanMy B KOAAEKTVMBHBIX MCCAEAOBATEABCKUX
npoekTax. YeTkas CTPYKTYypMPOBAHHOCTb
u uepapxusi KoHcrpykuuit C++ cmoco6ersy-
eT YAYYIIEHMIO APXMUTEKTYPhl IPOrPaAMMHOIO
obecredyeHnsi, MOBBIAET YAOGOYUTAEMOCTb
K0Aa. OGDBEKTHO-OPUEHTHPOBAHHOE TPOTPAM-
MIMPOBaHME CYLECTBEHHO 06Aerdaer BO3MOXK-
HOCTb CO3AQHMA U MCIOAB30BAHMUA IPOTPaMM-
HBIX MOAU(MKALMIT. DTO OCOOEHHO BasKHO AAL
KOAOB, CO3AABAEMBIX B MCCAEAOBATEABCKUX Ije-
ASIX, IOCKOABKY OHM TOPa3A0 yalje MHAYCTPHU-
aABHBIX KOAOB IIOABEPTaiOTCsA MOAU(DUKALIUAM,
KaK Ha YPOBHE MOAEAEH, TaK M BBIYUCAUTEAD-
HBIX aATOPUTMOB.

Aumepamypa.
1. Tacuaos B. A., Uysatun A. C. u Ap. Kom-
naekc nporpamm «PA3PSAA»: moaeamposanme

YCROPEHNS [AA3Mbl B CMABHOTOYHBIX MMITYABC-
HBIX cucTeMax // MaTeMaTiueckoe MOA@AMPOBa-
une, 2003. T. 15. Ne9. C. 107-124.

2. Gasilov V. A., Chuvatin A. S., D’yachen-
ko S. V., Olkhovskaya O. G., Kartasheva E. L.,
Boldarev A. S., Oreshkin V. I. MAPRLE simula-
tions of the plasma MFC scheme. M3Bectus Bbic-

umx yyeGubix 3aBepennit, «Ousuka», 2006. T. 49.
Nell. C. 189-192.

AATOPUTM AAS ITOBBIIIEHMS YPOBHSI
CUTHAA-IIIVM ITPY OBPABOTKE CITEKTPOB
U3AVYEHNI MHOTO3APSIAHBIX IOHOB

C.B.TACUAOB, UMM PAH, MOCKBA

B Hacrosmiee BpeMs A€TEKTOPHI Ha OCHOBE
npubopa ¢ 3apsposoii casbio ([I3C) nosceme-
CTHO MCIOAB3YIOTCA B CIEKTPOCKOINYECKUX
IPUAOIKEHUAX GAATOAApS. MX BBICOKON UyB-
CTBUTEABHOCTM M HM3KOMY YPOBHIO IIyMa.
B 6oAblIMHCTBE MCCAEAOBAHMIA €AMHCTBEHHBIM
MCTOYHMKOM ITOMeX, pervctpupyemsix II3C ae-
TEKTOPOM, ABASETCSA KocMudeckuit dpou. Opna-
KO B 9KCIEPYMEHTAaX [0 PETMCTpalyy CHTHA-
Aa, U3AY4aeMOro (peMTOCEKYHAHON Aa3epHO
naasmol, II3C aerekTop moaBep>KeH 3Hadu-
TeAbHO GOABLIEMY KOAMYECTBY NOMeX, 00yc-
AOBAEHHBIX paS]\I/I‘IHbIMI/I BbICOKOQHepI‘eTI/I‘IHbI‘
MU 4aCTHUI[AMH, MUCTOYHMKOM KOTOPBIX ABASLETCH
cama naasma. Ha cnexrpe B mukceae, rae 6biaa
3aperucTpUpOBaHa Iapa3uTHAA 4aCTHLA, IOSB-
ASIeTCSL TOAOKMTEABHBIH BoIOpoc (muk). Ilpu
GOABIIMX 3HAYEHMAX MOIIHOCTHM Aa3€PHOTO
Iy4YKa WMYMBI X3 IIAA3MBI CTAHOBATCS Ipeobaa-
AQIOL[MMM, KOAMYECTBO MUKOB PE3KO YBEAMUM-
BA€TCHA, OHYM HAYMHAIOT IEPEKPBHIBATHCA, a UX
VHTEHCUBHOCTh MOJKET MEHATHCA B LIMPOKOM
AManas3oHe 3HayeHmit. Takme IMKM OYEHb
CAOKHO OTAMYUTH OT PE3KMX CIEKTPaAbHBIX
0COGEHHOCTEN, YTO AeAAET CAOSKHBIM, & MHOTAA
¥ HEBO3MOSKHBIM, OYMCTKY CIEKTPOB C IOMO-
IIBIO POCTHIX MaTeMaTH4eCKuX MeToA0B [1,2].

B AaHHOI paGoTe IpeAAOIKEH IPARTUYECKUT
aATOPUTM, [O3BOAAIOmMI 3P(eRTUBHO OOHA-
PY>KMBATh U YAAAATH INKKU. MeTOA OCHOBaH Ha
aHaAM3e HECKOABKMX 3alMCAHHBIX CIEKTPOB,



2007 — Ne3

Hay4yHas Xun3sHb 251

YTO MO3BOASET OYEHb XOPOWO OGHAPYKMBATH
napasuTHble MU A06oit mmpuubl. Pacemorpe-
HbI YCAOBHUSA TPOBEAEHNUS IKCIEPUMEHTA, MO03-
BoAsiolue HanGoree 3PPEKTUBHO OUMIATH
ceKTpbl. AATOPUTM OBIA TPOTECTUPOBAH HA
CepUM CUHTETMHECKUX CTEKTPOB M MpUMeHeH
AASL aHAAM3A PEAABHBIX CIEKTPOB MHOTO3aPAA-
HBIX JIOHOB JKeA€3a, Te(PAOHA, MEAV U aAIOMH-
HUA, NOAYYEHHBIX B SKCHepI/IMEHTaX no musy-
YeHMI0 B3AUMOAENCTBUA CPOKYCHPOBAHHBIX
eMTOCEKYHAHBIX MMIYABCOB (AAMTEABHOCTBIO
60 dc n momuocTsio A0 1018 Br/cm?) ¢ TBEpAO-
TeAbHBIMM MUIIEHSIMMU.

Aumepamypa:

1. Hill W., Rogalla D. Anal. Chem. 1992. V. 64.
P. 2575.

2. Zhang D., Jallad K. N., and Ben-Amotz D.
Appl. Spectrosc. 2001. V. 55. P. 1523.

YN CAEHHOE MOAEAMPOBAHVME HAYAAA
COMHOAAABHOTO PACITAAA TIEPETPETON
JKUAKOCTU C UCITOAB3OBAHMEM
HEIIPEPBIBHOTO YPABHEHMA COCTOSHMI

M. M. AEMIH, MOCKOBCKIUM 'YMAHUTAPHBIN
VHUBEPCUTET,

A. A. CAMOXMH, MUHCTUTYT OBUIEN OUIUKU
VIM. A. M. ITIPOXOPOBA PAH,

B. 1. MAKVKMH, MHCTUTYT MATEMATUYECKOI'O
MOAEAVPOBAHI PAH, T'. MOCKBA

Uccaepyercss BO3MOKHOCTD NPUMEHEHUS
Pa3HOCTHBIX YMCAEHHBIX METOAOB AASL PELIEHMS
3aAa9y COMHOAAABHOTO pacmaja, B KOTOPOI
MCIIOAB3YETCS HEYCTONYMBASL BETBb YPaBHEHMUS
cocrosiuns (Baun-pep-Baaanca). B pamrax pan-
HOTO [IOAXOA@ Ha4aAbHBIA 9Tan (pa3oBoro mpe-
BpALjeHNMsT OKa3bIBAETCS OAMBKMUM K M30TEPMIL-
geckoMy. IIpu 3TOM MakcuMaAbHAf BEAMIN-
Ha B3PBIBHOTO CKayKa AaBAEHNS CAa60 3aBUCHT
OT apaMeTPOB PACYETHON CETKH, B OTAMINE OT
o6uielf IPOCTPaHCTBEHHO-BPEMEHHON KaPTHUHBI
3TOTO Ipolecca.

Paboma Bvinoanena npu noddepxxe POOU
(npoexm Ne07-07-00045; npoexm Ne06-07-
89191).

OPTICAL DIAGNOSTICS IN LASER ASSISTED
RAPID MANUFACTURING

M. DOUBENSKAIA, ECOLE NATIONALE
D’INGENIEURS DE SAINT-ETIENNE,
DIPI LABORATORY, FRANCE

Absence of on-line control in laser assisted
Rapid Manufacturing is one of the main obsta-
cles on the way of its industrial implementation.
Application of optical diagnostics for the
process of: (a) Direct Laser Manufacturing
(DLM) with co-axial powder injection and
(b) Selective Laser Melting (SLM) are present-
ed in the paper. Velocity and size distribution of
in-flight particles are measured by a CCD-cam-
era based diagnostic tool, and temperature in
the laser action zone is measured by pyrometers
and infra-red camera.

Optical methods are used also for particle
size distribution and particle shape control in
powder blends applied in both technologies.

DLM with coaxial powder injection
(TRUMPF installations: DMD with 5 kW CO2
laser and LASM A with 2 kW Nd:YAG laser)
was applied for fabrication of 3D objects from
metallic powder. The complexity of the process
and the actual requirements for the properties
of the manufactured object, impose application
of on-line monitoring and process control.
Application of temperature control has certain
advantages in comparison to the rest ones.

When using multi-component powder
blends, for example, metal matrix composite
with ceramic reinforcement, one needs to con-
trol temperature of the melt to avoid thermal
decomposition of certain compounds and to
assure melting of the base metal, to avoid use-
less overheating and to prevent formation of
residual porosity.

The method of non-contact temperature
measurements by a pyrometer is rather promis-
ing for on-line monitoring and control in DLM.
However the proper application of pyrometry
requires the solution of a number of method-
ological difficulties. The innovation of the pres-
ent approach is the application of specially
developed «notch» filters together with an
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originally developed multi-wavelength pyrom-
eter. As a result, melting-solidification dynam-
ics, i.e. the instant when melting starts, the melt
life-time and the solidification stage can be ana-
lyzed using reliable data on true temperature.

Additional problem in optical monitoring of
DLM with coaxial powder injection is the parti-
cle-in-flight monitoring. It is necessary to con-
trol the particles jet geometry and its position
relatively to the laser beam and the substrate,
stability of the particles flux, their velocity and
temperature, the latter one being the most dif-
ficult. The optical monitoring is used to opti-
mize the conditions of particle injection in par-
ticular when powders with different particle
size, geometry and density are injected simulta-
neously.

Optical diagnostics in Selective Laser
Melting (PHENIX PM 100 machine) is used to
visualize the laser beam / powder bed interac-
tion and to measure the brightness temperature
in the zone of powder melting. Infra red FLIR
camera as well as pyrometers is applied.

OPTICAL PROPERTIES OF METALS WITH
HOT ELECTRONS

V. A. ISAKOV, A. P. KANAVIN,

S. A. URYUPIN, P. N. LEBEDEV

PHYSICAL INSTITUTE, RUSSIAN ACADEMY
OF SCIENCES, MOSCOW

An approach to description of femtosecond
laser pulse absorption by metals under the con-
ditions of high-frequency skin effect is pro-
posed. It is shown that measurements of
absorption or reflection coefficients can pro-
vide the determining of effective frequencies of
electron-electron umklapp collisions.

According to modern understanding, optical
properties of metals with comparable electron
and lattice temperatures are mainly determined
by electron-phonon collisions (Fisher et al.,
2001; Yoneda et al., 2003). Qualitatively differ-
ent absorption and reflection laws arise in the
case of comparatively high-power femtosecond
laser pulses. Under the action of such pulses,

fast heating of electrons becomes possible and
during the time shorter than that of the elec-
tron-lattice energy exchange the state of the
metal is nonequilibrium with effective electron
thermal energy higher than the lattice one but
lower than the Fermi energy. In the nonequilib-
rium state, the effective frequency of electron-
electron collisions can be much higher than that
of electron-phonon collisions. Therefore, stud-
ies of optical properties of metals under new
conditions of dominant electron-electron umk-
lapp collisions become actual. In the report we
present the theoretical results on the absorp-
tion coefficient of a metal with hot electrons.

BBICOKOSHEPTETMYECKME COCTOSAHMA
M ®A30BBIE ITEPEXOABL, MHAVIITPOBAHHBIE
MOIITHBIM AA3EPHBIM IMITVABCOM
TP OBAVYEHUU UMITEAAHCHOV TPAHUIIBI
METAAAA

A.10. UBOYKJH, A. A KAPABYTOB,
MEXAVHAPOAHBIVI AASEPHBIV ITEHTP

MTY MM. M. B. AOMOHOCOBA,

A.T. KATITUABHBIN, MHCTUTYT TEITAO®U3UKIA
DKCTPEMAABHBIX COCTOSHIT OVBT PAH, MOCKBA

IIpeacTaBAeHBI pe3yAbTATHl MCCAEAOBAHMUI
BBICOKOIHEPIETHYECKUX COCTOSTHMIA U Pa30BBIX
IIePEX0AOB Ha IPMMepe CBUHIA IIPY BO3ACHCTBUN
HaHOCEKYHAHOTO Aa3ePHOTO MMIIYABCA B IIKPO-
KOM AMana3oHe MHTEHCHBHOCTEH. Ard peaansa-
I YCAOBMI BEICOKO 3()(DeKTHBHOI IeHepaLiuy
AABAEHMA PV COXPaHEHNY AOKAABHOTO TepMO-
AVHAMMYECKOTO paBHOBecHs OGAydYaemas Io-
BEPXHOCTb MeTaAAa GbIAd MeXaHMIECKN 3aKaTa
IAACTMHONM IPO3pavyHoOro Amdrextpuka [1,2].
CpaBHMMOCTb MEXaHMYECKUX UMIIEAAHCOB IIPO-
3pavyHOrO0 CAOf ¥ MUIIEHM CO3AAET YCAOBUI,
[03BOASIIONINE AOCTUIATh BBICOKMX YPOBHEN
AaBaenns (Ao ~100 x6ap) mpu CpaBHUTEABHO
HI3KMX YPOBHAX JHEPIHUH Aa3ePHOTO MMIIYAbCA
(~1Ax). HaHoCeRyHAHASI AAMTEABHOCTD Ad3ep-
HOTO MMIIyAbCA O3BOASET LIPY ITOM LOAYYATh
BbICOKMeE Temnepatyps! (BAoTh A0 10 kK u BbI-
1Ie) TOBEPXHOCTHOTO CAOSI MULIEHN (IOPSAAKA
MUKPOH), COXpaHsi ee 06beM XOAOAHDIM.
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Mumens npepcTaBaser co6oit MAOCKONA-
paAreAbHYIO COOPKY M3 ABYX KBapILeBbIX IIAAC-
TVH, MEKAY KOTODPBIMM 3aAMBAETCSA UCCAEAYeE-
mblit Metaar ToAmuHOM 150-300 Mmrm. C ThiAb-
HOJ{ CTOPOHBI MUIIEHY IPUCOEANHAETCA AATYNUK
AaBAEHUS — IIMPOKOMOAOCHBI [be30mpreM-
HJUK Ha OCHOBe Hyo6ara AMTHA C IOAOCOJ He
meree 100 MI'y (Bpems HapacTaHus — MeHee
3 uc). I'perowmnit Aa3epHBI MMIIYABC HAIIPABAL-
eTCs Ha MOBEPXHOCTh MMIIEHM NOA YTAOM 45°,
CKOPOCTHbIE (POTOAMOABI PETUCTPUPYIOT dop-
MY NaAQIOL[ero ¥ OTPaskKeHHOIO OT IOBEPXHO-
CTM MeTaaAa Iy4YKoB. TemroBoe M3AydeHme
HarpeBaeMoll IOBEPXHOCTM MeTaara (IO Ha-
IPaBAEHMIO HOPMaAyM K MumeHu) coGupaercs
ONITMYECKOI CUCTEMOM 1 Yepe3 BOAOKHO M CH-
creMy (DUABTPOB MOAAETCS Ha CKOPOCTHOI
¢doronpuemuux (Bpems Hapacranus — (.8 uc).
DAEKTPOHHAA CUCTEMA PETHCTPUPYET OAHOBpE-
MEHHO (32 OAMH MMIIYABC) YeThIpe CUTHAAA: Na-
AQIOIMI ¥ OTPa>KEHHBIN Aa3ePHBI MMIYABCHI,
aKyCTMYECKHII CUTHAA M TEAOBOE M3AyYEHMeE.
PaccoraacoBanne B3ayMHOM NPUBA3KY CUTHA-
A0B 110 BpeMeHy He nmpesbimaet 0.5 He.

AnHamuka TepMOAMHAMMYIECKOTO COCTOS-
HIS METaAAd aHAAMBUPYeTCS Mo opme 1 aM-
IAUTYAE MMIYABCA AABACHMA, PACIPOCTPAHS-
IOI[erocsl OT HarpeBaeMoll MOBEPXHOCTHM M IO
M3MEHEHWIO OTPAYKATEABHON CIOCOGHOCTH 06-
Ay4aeMolf IOBEPXHOCTH MeTaAAQ.

U3mepenns mmiyabca AABAEHUA IO3BOANU-
AU 3apeTHCTPUPOBATh (Ha30Bble MEPEXOABI
B CBMHI[e: IAABAEHME ¥ KuIeHue Ha obaydae-
MbIX [IOBEPXHOCTSAX 06Pa3IiOB PV AABAEHNUN AO
Pmax =~ 0.1 I'TIa. ITokasano, 4To A0 nAaBAEHUS
aMIAMTYAQ AABACHNSA IPOMOPLUOHAABHA TEKYILE
VHTEHCUBHOCTY Aa3€PHOTO U3AYUEHNS, a IIPY ITe-
pexoAe Yepe3 NOPOT MAABAEHNU — IPOMOPIHO-
HaAbHA BeAWYMHE IOTAOLIEHHOI SHEPIUY Aa3ep-
HOTO MMIyAbCa. MOMeHT BpeMeHy, KOTAA HauyHa-
ercsa «AeopMamysy nepeaHero ppoHTa VMITYAb-
ca AaBAEHMSA, OIpeAeAseT HAayaAO NAABACHUA.
[Ipy pearmsanuy BHICOKOIHEPIEeTHIECKUX CO-
CTOAHMI C (pa30BBIMU IEPEXOAAMU B TOHKOM
IPUIIOBEPXHOCTHOM CAO€ MEeTaAAd MAOTHOCTH
CYIIECTBEHHO NAAdeT, YTO NPUBOAUT K 3HAUM-
TEABHOMY CHIDKEHMIO, KaK OTpa’kaTeAbHO
CIIOCOGHOCTH, TaK U AAEKTPOIPOBOAHOCTI.

Paboma bunoanena npu punancobor nod-
depixie PODH (zpanm Ne05-08-50348-a).
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BoaaeiicTeiu //Ks. arexrp., 22(8). C. 820-824,
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2. Kapa6yros A. A., Kantuasusiit A. T., Ky-
6bmmkuH A. IT. ViccaepoBaHMe TAaBACHUSA MHAUA
¥ yTAEPOAA METOAOM AMHAMMUYECKOTO Aa3ePHOTO
Bosaeiictsus //Vss. PAH, cep. dusnueckas,
63(10). C. 1934-1942, 1999.

ABAVIPOBAHHBIE HAHOYACTUIIbI
B BO3AVXE U X POAB
B UMITYABCHOW AA3EPHOM
MMKPOOBPABOTKE

S. M. KLIMENTOV, P. A. PIVOVAROV,
V.I1.KONOV, S. V. GARNOV,

GENERAL PHYSICS INSTITUTE OF THE RUSSIAN
ACADEMY OF SCIENCES, MOSCOW

F. DAUSINGER, UNIVERSITY OF STUTTGART,
GERMANY

Mannas paGora mpeacraBaser co6oit pe-
3yABTAT COTPYAHMYECTBA HECKOABKMX TPYII
u3 GPI, NSC GPI u lllItyrraprckoro yuusepcu-
TeTa.

Mccaeayercst OAMH M3 OCHOBHBIX BOIIPOCOB,
OTHOCSAIMXCS K Aa3ePHOMY abAMpYIOLEeMY
BO3AENCTBHIO. A MMEHHO: YTO CAY4AETCS C Ma-
TepMaAOM, KOTOPBII TOABKO YTO YAAAEH TAKUM
06pa3oM C MOBEPXHOCTY MAM U3 TAYGOKOro
Kparepa.

OGbIYHO MOAATAIOT, YTO OH MPOCTO YAAAEH,
IepeHeceH Ha 3HAYMTEABHOE OTAAAEHMe U HU-
KaK He BAMSET Ha AEVCTBME MOCAEAYIOINX Aa-
3€PHBIX MMIYABCOB. B AaHHOI paGoTe mokasa-
HO, 4TO 3TO He COBCeM Tak. AGAMPOBaHHBI! Ma-
TepuaA AOATOE BPEMs OCTAeTcsi HOOAM3OCTH,
06pasyst 06AaKo YacTul, CyGMUKPOHHOTO pas-
Mepa 1 Takoe 06AaKO MOSKET 3HaYUTEABHO IO~
BAMSATb Ha aGASIMIO IPU MOBTOPHOM 0GAYYe-
Huyn. CAeAaHa NONBITKA XapaKTepu30BaTh 3TN
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YacTHIBl, & TAaKXe IPEAAOSKEHO HECKOABKO
Coco60B UX YCTPAHEHMUS.

EXPERIMENTAL STUDIES AND SIMULATIONS
OF ULTRAFAST DYNAMICS OF SUPERCRITICAL
SURFACE PLASMA GENERATED
BY FEMTOSECOND LASER PULSES

S.1. KUDRYASHOV, V. D. ZVORYKIN, A. A. IONIN, P.
N. LEBEDEV PHYSICAL INSTITUTE,

A.JOGLEKAR, UNIVERSITY OF NORTH CAROLINA
AT CHAPEL HILL, USA

G. MOUROU, LABORATOIRE D’OPTIQUE
APPLIQUEE, ENSTA — ECOLE POLYTECHNIQUE,
FRANCE

A.]. HUNT, CENTER FOR ULTRAFAST SCIENCE,
UNIVERSITY OF MICHIGAN, USA

Optical damage produced by femto-second
(fs) pulsed lasers on dielectric surfaces is
extremely precise, allowing the damage mecha-
nisms to be inferred from reproducible damage
characteristics. Nano-scale fs laser ablation is
applied to probe the ultra-fast dynamics of la-
ser energy deposition including the generation
and transport of supercritical surface electron-
hole or electron-ion plasmas. For surface nano-
craters fabricated on quartz and glass surfaces
by single fs laser shots above certain well-defi-
ned laser intensity thresholds, the scaling bet-
ween size and incident laser intensity reveals
multi-photon absorption and ambipolar carrier
diffusion to be the dominant fundamental pro-
cesses governing dynamics of the dense electron-
hole plasma. These dependences enable direct
estimation of important ionization parameters
such as plasma densities and multi-photon
absorption cross sections consistent with known
values for dielectrics with similar bandgaps. As
the intensity approaches another higher, sec-
ond threshold value, multi-photon ionization of
the dielectrics produces warm, strongly ionized
surface electron-ion plasma, leading to deep
surface nano-holes via additional ablation by
radiative energy transfer in the form of highly
penetrating short-wavelength radiation from
the surface plasma into the bulk material.

NANOSECOND LASER PLASMA-ASSISTED DEEP
DRILLING OF OPAQUE AND TRANSPARENT
SOLIDS

STANLEY PAUL, SERGEY I. KUDRYASHOV, KEVIN
LYON, SUSAN D. ALLEN

DEPARTMENT OF PHYSICS, ARKANSAS STATE
UNIVERSITY, USA,

P.N. LEBEDEV PHYSICAL INSTITUTE, MOSCOW

A new mechanism of ultra-deep (up to tens
of microns per pulse, sub-mm total hole depths)
plasma-assisted ablative drilling of optically
opaque and transparent materials by high-
power nanosecond lasers has been proposed
and verified experimentally using optical trans-
mission and contact photo-acoustic techniques
to measure average drilling rates per laser shot
versus laser intensity at constant focusing con-
ditions. The plots of such experimental rela-
tionships exhibit slopes with magnitudes in
good agreement with those ones predicted by
the proposed model or demonstrated in other
experimental studies. We assume that the ultra-
deep drilling mechanism consists of a number of
stages, including laser-induced generation of hot
ablative near-surface plasma, ultra-deep «non-
thermal» energy delivery into bulk solids by the
short-wavelength Bremsstrahlung plasma radi-
ation, their bulk heating and melting, accompa-
nied by subsurface boiling in the melt pool and
resulting melt expulsion from the target.

OIITUYECKUE CBOVICTBA METAAAOB

A. B. MAXYKIH,
MHCTUTYT MATEMATUYECKOTI'O
MOAEAVPOBAHMSI PAH, MOCKBA

ITpn mnKo- u PeMTOCEKYHAHOM BO3AEHCT-
BUY Aa3€PHOTO U3AYYEHNSA BOSMOKEH Pa30TpeB
9AEKTPOHHOM IOACUCTEMBI AO BBICOKOM, IIO-
paaka AecatkoB 3B, Temnepartypsl. CocTosauu-
eM 3AeKTPOHHOM NOACHCTEMBI ONpPeAeATIOTCS
3HAYeHMSA ABYX BaKHENMIIMX XapaKTepPUCTHK:
K03 duiyenTa IOrAOLeHN 1 K03 duiyenTa
OTpasKeHMus.
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ITponecc pacmpocTpaHeHNs IAEKTPOMAr-
HUTHBIX BOAH B TBEPAOM TeAE MOKHO OIpeAe-
AUTh ABYMS BEAMYMHAMN: AMIAEKTPUIECKOIL
IPOHMI[AEMOCTBIO ¥ IAEKTPOIPOBOAHOCTHIO.

[ToraomareapHast cnocoGHOCTh MOBEPXHO-
ctu pasaera A [%] n koapduyment noraome-
st afcM-1] AAS MOAYGECKOHEYHOI CpeAbl
MOJKHO BBIPa3UTh 4epe3 AENCTBUTEABHYIO N
¥ KOMIIAEKCHYIO 9aCTh K AM9AEKTPUYECKOI IPO-
HUI[AEMOCTH.

OnpepeaeHne AeCTBUTEABHON 9aCTH AMIAE-
KTPUIECKOI IPOHNIIAEMOCTH B aHAAUTHIECKOM
BUAE BO3MOJKHO AMIIb AASL ABYX IIPEAEABHBIX
CAyYaeB: AAS BBICOKMX 9aCTOT ¥ HU3KHUX 4aCTOT.

BbricokoyacToTHOE M HM3KOYACTOTHOE MPH-
OAVKEHME ONMMCHIBAIOTCS BBIPAKEHMUSAMY, 3aBU-
CSIIMMI OT YaCTOTBI M3AYYEHUS U TEMIEPATY-
pst cpeasl. IIpu ¢urcnpoBaHHOI vacToTe MX
MOJKHO MCIIOAB30BaTh AASl IOCTPOEHNS TEMIIEe-
pATYpHBIX 3aBMCUMOCTEH B 06AACTM HUBKMX
¥ BhICOKMX TeMmiepatyp. [IpomeskyTodHoe 3Ha-
YeH)Ee MOKHO OIPEAEANTD C IIOMOLIBIO MHTEP-
IOASIVOHHOM IPOIeAYPBL.

Paboma Bvinoanena npu noddepxxe PODOI
(npoexm Ne07-07-00045; npoexm Ne06-07-
89191).

HMUCCUOHHBIE CBOMICTBA METAAAOB

A. B. MAXVKHIH,
MHCTUTYT MATEMATUYECKOI'O
MOAEAMPOBAHM PAH, MOCKBA

Mcnoap3oBaHue Aa3epoB € 04€Hb KOPOTKOM
(t=10-12-10-15 c) AAMTEABHOCTBIO 1 OYEHb BbI-
cokoit natencusHOCTHO (G=1012-1017 Br/cM2)
IPUBOAMT K IIOSIBAEHNMIO HA60Pa HOBBIX 3 dek-
TOB, CBA3aHHBIX C (POTONPOLECCAML.

DMUCCHOHHBIE ABAEHMS C 06Ayd4aeMoil Aa-
3€PHBIM M3AYYEHMEM TBEPAOTEABHON MOBEpPX-
HOCTY OCHOBBIBAIOTCA Ha TPeX OCHOBHBIX Me-
XaHU3Max: (POTOIAEKTPUYECKOM, TYHHEABHOM
¥ TepMO3AEKTPOHHOM 3perrax. Arst BrIxoAa
JAEKTPOHOB M3 TBEPAOIO TeAa B BAKYYyM UM
HY3KHO COOOGWIUTH SHEPTMIO AASL IPEOAOAEHNS
IIOTEHUAaABHOTO 6apbepa Ha IPaHHIle TBEPAOE
TeAO — BakyyM (paboTa BBIXOAA ).

CoraacHo kBaHTOBOJ Teopuu HoToaddexrTa
(OTOHBI MPOHMKAIOT B BEW[ECTBO ¥ IEPEAAIOT
CBOIO 3HEPTMIO 3AeKTpoHaMm. YacTs moayveH-
HOJI SHEPTUM SAEKTPOHBI PACXOAYIOT Ha COBep-
meHye paGOTHl BBIXOAQ, @ OCTaAbHAs TPAaHC-
dopmupyercs B KHHETHIECKYIO SHEPIHUIO BbLAE-
TAIOWMX AEKTPOHOB. DHepreTudeckuii Garanc
OIJCHIBAETCS YpaBHEHNEM DIfHIITelHa.

EcAn aHeprus oAHOTO MAM HECKOABKMX IIO-
TAOL}eHHBIX (POTOHOB IPEBBIMIAET IHEPTHIO IO~
TEHIMAaABHOTO 6apbepa, To GorToaddert cra-
HOBUTCHA AOMMHMPYIOIMM MEXaHM3MOM 3MIC-
cum. EcAm sHeprus KOAAGKTMBU3UMPOBAHHBIX
3AEKTPOHOB OKA’KeTCs MEHbIIe SHEPI UM IOTEH-
LMaABHOTO Gapbepa, IMUCCHS MOJKET IPOU30I-
T BCAEACTBME TYHHEABHOTO IPOCAYMBAHUA
IAEKTPOHOB 4epe3 Gapbep U3 KOAAEKTUBU3M-
POBAaHHOTO B CBOGOAHOE COCTOSHME (Tak Ha3bl-
BaeMblil TyHHEABHBIT 3¢ dexT). B cayuae, koraa
3AEKTPOHBI IIOBEPXHOCTHOTO CAOSl MMEIOT K-
HETMYEeCKYIO SHEPIMIO, AOCTATOYHYIO AAS IIpe-
OAOAEHNS IHEPINM MOBEPXHOCTHOTO Gapbepa,
TePMOIAEKTPOHHASA IMUCCUA CTAHOBUTCA AO-
MUHUPYIOLIM MEXaHN3MOM.

Paboma Bvinoanena npu noddepxxe PODOU
(npoexm Ne07-07-00045; npoexm Ne06-07-
89191).

OCHOBHbBIE HATTPABAEHII
TOCYAAPCTBEHHOV TTIOAUTUKN B OBAACTU
PA3BUTUI HAHOTEXHOAOTU

A. B. MAPTBIHEHKO, HAYAABHUK OTAEAA
HAVKU 1 BBICOKMX TEXHOAOTUJ AETAPTAMEHTA
OBOPOHHOJI [TPOMBIITAEHHOCTH 1 BBICOKMX
TEXHOAOTMJ ITIPABUTEABCTBA POCCHIICKO
OEAEPALINM, 3ABEAVIOIIVIT KAGEAPOTI
COLIMAABHOV MEAMIIMHBI MocT'V

IIponecc HayYHO-TEXHOAOTMIECKOTO Pa3Bu-
THst 06IIEeCTBa BHIEA HA HOBBIJ BUTOK, CBA3AH-
HBI C CO3AAHMEM ¥ Bce 60Aee aKTUBHBIM MC-
MOAB30BaHMEM HAHOTEXHOAOTHI B MHIKEHEPUH,
JHEpPIreTHKe, IAEKTPOHMKE, MAIIVHOCTPOEHNH,
aBMAKOCMMYECKON TexHMKe, MH(POpMaTuxe,
MOAEKYASIPHOU GMOAOTWH, TEHETHKE, MEANIU-
He, CEABCKOM XO3SJICTBE U Ap.
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Aast pazBuTus HAHOMHAYCTPUM HEOBXOANMA
COBpeMeHHass KaApoBasi, IPuOOPHO-MHCTPY-
MeHTaAbHas, TEXHOAOTMYeCKasA U MH(OpMALy-
oHHas 6a3bl, 3 PerTUBHAS KOOPAMHALUS pa-
60T B 9TOJ 06AACTH.

Ha ocHose coBpemeHHOTO ypoBHs pa3pao-
TOK ¥ NIEPCIEKTHB Pa3BUTHA (DYHAAMEHTAABHBIX
MCCAEAOBaHUIT B HACTOIEE BPEMS PEAAN3YIOT-
Csl CAeAYIOU[Me HANPABAEHUS TOCYAApPCTBEH-
HOVI TIOAMTUKYM B OOAACTH Pa3BUTHUS HAHOTEX-
HOAOTHIA.

IepBoe. KapannaasHoe yBeanmdenue oGmbe-
MOB NPOM3BOACTBA BOCTPEGOBAHHOIN NPOAYK-
MY HAHOTEXHOAOTMI, HACBIIEHNUE COOTBETCT-
BYIOW[MX PBIHKOB B GAVIKaJIIVE TOABL

Bropoe. PazpaGotka u AoBeaeHME A0 IpoO-
MBIIIAEHHOTO IPOU3BOACTBA HOBBIX BUAOB IIPO-
AYKIMM HAHOTEXHOAOTHIL, KOTODPBIE AOASKHBI
IOSABUTHCA Ha PhIHKe yepe3 3—) aer.

Tperse. Onepeskatomee pa3BuTHe MPUHIN-
IMaAbHO HOBBIX HAINpaBAeHMI B 06AacTH Ha-
HOTEXHOAOTMI, 00eCmednBaOmMUX CO3AAHNE
B CTpaHe HAAOTPACAEBOJ HayyHO-06pa3oBa-
TEABHOM M IPOV3BOACTBEHHON CpeAbl B Iep-
cnekuBe Ha OGamskaitmue 10-20 aer.

VICTIOAB30BAHME PABOYET CPEABI GDT/SVR
AASI CTOPOHHMX COABEPOB V1 OM3UYECKIMX
MOAEAEJ

A. MEABEAEB, GDT SOFTWARE GROUP, TYAA

B apaunsit momert komnaausa GDT Software
Group Beper paboTy MO CO3AAHMIO YHUBEP-
CaABHOI CXEMBI, TO3BOASIONEN BKAIOYATH B KOA
MaKeTa peaAmM3anuy YMCAEHHBIX CXeM (COA-
BEPOB), TOATOTOBAEHHBIX I0AB30BATEASMY A~
kera. CoaBep, BCTPOEHHBIN BHYTPb HaKkeTa
GasDynamicsTool mo aroit cxeme, MOAYYUT
BO3MOSKHOCTbh JCIIOAB30BAHNUA BCeX (DYHKIMIA
MaKkeTa, HaYMHAS C MHTEPAKTUBHON CUCTEMbI
BBOAA HAYaAbHBIX M TPAaHMYHBIX YCAOBMIL, 3a-
KaH4YMBas MHTETPAIMENl C COBPEMEHHOI CHUCTe-
Moit Bu3yaimsanmu AamHbIX Scientific-VR,
BKAIOYAS BO3MOXKHOCTb Bu3yaAusanuu on-the-
fly. MinTerpuposanHbIii TakM 06pa3oM KOA IO-
AYYUT BO3MOSKHOCTbH BBIIOAHSITHCS HA IapaA-

AEABHBIX BBIYMCAMTEABHBIX CHUCTEMax Ppa3HOMN
APXUTEKTYPBL

Aokaapa coobmaer o xope paboOTHI IO CO3Aa-
HMIO 3TO} YHMBEPCAABHOM CXEMBI U AQeT IpPeA-
CTaBACH)ME O BO3MOJKHOCTSX IIOCAEAHMX Bep-
cuit nakeroB GasDynamicsTool u Scientific-VR.

VICCAEAOBAHUE MEXAHM3MOB AA3EPHON
ABAIIINU METAAAMYECKUX MUITEHEN
B YMICAEHHOM 5KCITEPMMMEHTE

M. E. IIOBAPHUIIBIH, K. B. XMIITEHKO,
II. P. AEBAIIIOB, UTOC OUBT PAH, I. MOCKBA
T.E. UTUHA, MARSEILLE, FRANCE

Mceaepyercst B3aMMOAEMCTBHE KOPOTKUX
Aazepublx uMnyAbcoB (T =100 ¢c, A = 0.8 mxm)
C METaAAMYECKMMY MUIIEHSMM B BAKyyMe TPH
MHTEHCUBHOCTH MBAYUEHUS B AMATA30HE OT
1012 a0 5x1013 Br/cm2. Arst ommcanus mpo-
[IeCCOB MOTAOIEHNST Aa3ePHOI YHEPTUU U IO-
CAeAYIOLEll peAakcanuy BeljecTBa HaMM pas-
paGoTaHa AByXTeMIEpAaTypHAs MOAEAb, 00be-
AMHAOmMAass B ce6e HECKOABKO YMCAEHHBIX
10AX0A0B. MoaeAb coraacoBaHHbiM 06pazom
OTIMCHIBAET THAPOAVHAMUYECKOE TEYEHNE ABYX-
TEMIIEPATYPHOM [IAA3Mbl, MOTAOLICHNE IHEP-
TMY AA3€PHOTO U3AYYEHUS, IAEKTPOH-(HOHOH-
Hble/ MIOHHBIE CTOAKHOBEHUS M IAEKTPOHHYIO
TenAonpoBoAHOCTh. Da30Bbie MEepexXoAb! B Ha-
el MOAEAUM YYUTBIBAIOTCS C TOMOUIBIO ABYX-
TEMIEPATYPHOTO WUPOKOAUATIA30HHOTO MHO-
ro(a3HOTO YPaBHEHUSA COCTOSIHUSA B TAGAUIHOI
¢opme. B ocHOBe uMCAEHHOTO aAropurMa Ae-
SKUT cxema ['OAYHOBA BBICOKOTO MOPSIAKA TOY-
HOCTH Ha Ditaeposoit cetke. Kpome Toro, pas-
paboTaHHBI MOAXOA BKAKOYAET B ce6sl aAro-
PUTM BBIAEAEHMS KOHTAKTHBIX M CBOGOAHBIX
[IOBEPXHOCTEN, OIMMCHIBAET KUHETHKY AEKOM-
MO3UIUM METACTAOMABHOTO BEmecTBa BOAU3H
COMHOAAAM, M COAEPIKUT AATOPUTM (pparmeH-
TaUMM OPU PACTATMBAOMUX HATPSIKEHUIX
U OTPUIIATEABHBIX AaBAEHMSIX. B pabore mpo-
BEAEHO MOAEAMDPOBAHUE B3aUMOAENCTBUS
OAMHOYHBIX AQ3€PHBIX UMIYABCOB C METAAAU-
qecKumMu MuieHsMu. Pe3yApTaTel pacueTos co-
TAACYIOTCS KOAMYECTBEHHO C AAHHBIMM AaGOpa-
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TOPHBIX IKCIEPUMEHTOB AAS METaAAOB C pas-
AWYHBIMKM ~ CKODOCTAMM  9AEKTPOH-MOHHBIX
croakuosernit (Au u Al). B paGore nccaeposa-
AVICh 9BOAIOLMS 30HBI IAABAEHNMS, PACIPOCTpa-
HEHJe YAAPHOJ BOAHBI IO 06pa3Ly, BO3HIKHO-
BeHMe (parmeHTanuy BOAM3U OBEPXHOCTH
muwmeHyn. B 4ncAeHHOM 9KCIepuMeHTe HabAIO-
AQIOTCSL TPU MeXaHM3Ma A0ASILMM BElleCTBa MH-
weny: (1) abasiuus ucnapeHneM MOBEPXHOCT-
HOTO cA0f, (2) pacmap MeTacTaGUABHOTO JKMA-
KOTO COCTOSIHMSI B OKPECTHOCTY KPUTUYECKOIL
touky u (3) PpparmMenTanust SKUAKON (Hasbl MOA
AEJICTBMEM PaCTATMBAIOMMX HANpSKeHu. Yc-
TaHOBAEHO, YTO OCHOBHAs AOAS aGAMPOBAHHO-
ro Bemectsa (0K0A0 80%) mpuXOAUTCS HA Me-
xaHu3M (3), a Ha abasmio ucnapenue (2) oxo-
A0 10-15%. Takum o6paszom, yuer BCeX Tpex
MEXaHM3MOB I03BOASIET IPABUABHO OLEHUTH
rAyOMHY [IOAYYaeMOIO KpaTepa, B COOTBETCT-
BUJ C HKCIEPVMEHTAABHBIMU AAHHBIMH.

MOAEAVMPOBAHUE AA3EPHOV ITAA3MBI
BO BHEITHEM MATHUTHOM ITIOAE

0. A. VCTIOTOB, B. . MAXKYKIH,

MHCTUTYT MATEMATUYECKOI'O
MOAEAMPOBAHN PAH, MOCKBA

C. A. VCTIOTOB,MHCTUTYT IIPMKAAAHON
MATEMATUKU VIM. M. B. KEAABIIIIA PAH, MOCKBA

ITposeaeHo AByMepHOe yncaenHoe MI'A mo-
AEAMpPOBaHME pAa3AeTa MAA3Mbl BO BHEIIHEM
OAHOPOAHOM MAaTHATHOM IIOAE€ B pe3yAbTaTe
BO3AEJCTBMS KOPOTKOTO MMIYAbCA Aa3€PHOTO
M3AydeHns. PacyeTsl OCyIeCTBAEHDI B IIMAMHA-
PUYECKOJT CHCTEME KOOPAMHAT Ha HEOAHOPOA-
HOJI CeTKe B KaXAOM Hampasaennu. [Ipu moae-
AMpOBaHMY GbIAA MCIOAB30BAHA KOHCEPBATHB-
Hasg cxema ['OAYHOBCKOTO THIA CO BTOPBIM
NOPSIAKOM IO IPOCTPAHCTBY ¥ Bpemenu. B pe-
3yABTATE MOAEAMPOBAHNUS OKA3aHO, YTO Mar-
HUTHOE MOAE M3MEHSET NMPOCTPAHCTBEHHYIO
CTPYKTYpPY NAa3MEHHOTO (haKkeAa ¥ BHIHYKAAET
BEW[ECTBO ABUTATHCS GAMIKE K OCU CUMMETPUM.

Paboma Bvinoanena npu noddepxxe POOH
(npoexm Ne07-07-00045; npoexm Ne06-07-
89191).

MATHEMATICAL MODELLING OF PHASE
TRANSITIONS WITH EXPLICIT TRACKING

OF INTERFACES
V. MAZHUKIN,
INSTITUTE OF MATHEMATICAL MODELING,
RAS, MOSCOW,

M. CHUIKO, A. LAPANIK,
INSTITUTE OF MATHEMATICS,
NASB, MINSK

Application of the dynamic adaptation
method for the numerical solution of multidi-
mensional axisymmetric Stefan problems with
explicit tracking of interfaces is presented. The
dynamic adaptation method is based on the idea
of transition of the physical coordinate system
to the non-stationary coordinate system. The
results of computational experiments for mod-
elling the action of high energy fluxes on metals
are given.

Key words: Stefan problem, curvilinear
coordinate systems, adaptive method, melting,
evaporation, difference scheme.

Now-days laser technology is the widespread
tool for the treatment of metals, dielectrics and
semiconductors. Melting and evaporation are
the basis of such technological operations as
welding, drilling, surface modification and etc.
In pulsed-laser material processing the pha-
se transitions occur at very high rates. In this
case a non-equilibrium phase-change kinetics
becomes important [1]. One of the key tech-
niques in study of laser influence on materials is
mathematical modelling [2]. Mathematical
description of such processes leads to the mov-
ing free-boundary problems for the heat diffu-
sion [3]. Two approaches are widely used for
numerical solution of the Stefan type prob-
lems: explicit tracking of moving interfaces [4;
5] and using smoothing procedures [6; 7; 8; 9].
Dominant position of smoothing procedures in
multidimensional problems is considerably con-
nected with absence of effective methods for
explicit tracking of moving interfaces. The
smoothing algorithms don’t allow for such
physical effects as kinetics of phase transitions.
In the problem of the pulsed action of high-
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energy fluxes on materials, where the nonequi-
librium of fast phase transformations play
a dominant role, it is necessary to locate explic-
itly the phase interfaces and take into account
the related processes.

In present work the adaptive algorithm for
solution of classical version of three-dimension-
al axisymmetric Stefan problem with explicit
tracking of phase interfaces is considered. Two-
interface Stefan problem in arbitrary two-
dimensional regions was solved by the dynamic
adaptation method [10;11]. This method is
based on transformation of the initial coordi-
nate system to the nonstationary curvilinear
coordinate system. In this nonstationary
boundary fitted coordinate system the inter-
faces coincide with the coordinate lines. In this
case it is necessary to determine not only the
value of the unknown functions (temperature
fields) but also the coordinates of the grid
points. The movement of the grid points is
described by the partial differential equations
added to the definition of problem.
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We describe method for the solution of
Stephan type problems using interphase front
tracking. The numerical algorithm is based on
the method of dynamic adaptation of computa-
tion grids for solution to be determined. In the
dynamic adaptation methods the problem for
computational grid construction is formulated
at a differential level. In the differential prob-
lem, one part of equations describes physical
processes, and another part describes the
behavior of grid points. Method allows us to
spend less computational time and using lesser
number of grid cells. The numerical modeling
of laser interaction, between laser and super-
conducting ceramics using one dimensional



2007 — Ne3

HayyHas Xun3Hb 259

model[1], shows that there is an overheating in
solid and liquid phases; similar modeling for
laser-metals interaction with two-dimensional
model[2] is made in order to present potentials
of the method in solving problems with complex
geometry.
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Application of the dynamic adaptation
method for the numerical solution of multidi-
mensional axisymmetric Stefan problems with
explicit tracking of interfaces is presented. The
dynamic adaptation method is based on the idea
of transition of the physical coordinate system
to the non-stationary coordinate system. The
results of computational experiments for mod-
elling the action of high energy fluxes on metals
are given.
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O HEKOTOPBIX BAPMAHTAX METOAOB
COIPSDXEHHBIX HATIPABAEHUN
AAS PEIIEHMS AMHEMHBIX 3AAAY

A. ©.10XHO, UMM PAH

ITpeararaercs u mccaepyerca Moauduka-
IS HEKOTOPBIX M3BECTHBIX METOAOB THIA CO-
IPSKEHHBIX HATIPABACHUI AASL PELeHNS CHCTEMBI
AMHENHBIX aATeOpanyecKux ypaBHEHUI M AAS
peleHns 3aAauyu UCKAIOYEHNS (3aAa4y BbIYMCAE-
HUA 3HAYeHNUsA AMHENHOro QyHKIMOHAAA OT pe-
wenys Ge3 BeraUCAeHMsE camoro pemenus). [Tpn
TOYHON pearm3alyyt BBIYUCAEHUI MOAMUIM-
pOBaHHBIE ¥ MCXOAHBIE METOABI COBIAAAIOT Ha
Ka’XAOM IlIare, OAHaKO IIpeAAaraeMble MOAM-
¢ukarmu 60Aee YCTONYMBEI OTHOCUTEABHO Ha-
KONAEHMS MOTPENIHOCTe} apupMeTHIecKux
onepanuit. [Tokaszano, 4to ¢pyHKIHOHAA OMNE-
KV AASL 9TUX METOAOB IaPaHTHPOBAHHO yObIBa-
eT Ha Ka’XAOJ MTepanyy, B TO BPeMA KaK AAL
MICXOAHBIX METOAOB B Pe3yAbTaTe HaKONACHUA
HOTpemHOCTe QYHKIMOHAA OWMOKM MOJKET
BO3DACTaTh, YTO MOJKET IPUBECTH K «pa3bai-
THIBAHMIO » METOAA. DTO MO3BOASET IPUMEHATD
IPEAAOSKEHHbIe MOAM(DMKAINKM K pPelleHNIO
IIA0XO O6YCAOBAEHHBIX ¥ HEKOPPEKTHBIX 3aAad.

ITpuBOAATCS pe3yABTATHI YMCAEHHBIX IKCIIE-
PUMEHTOB, IOATBepsKAaoLMe 3¢ (HERTUBHOCTD
3TUX MOANDUKALNIL.
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