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Pe3tome ooknanoB v BbICTYNSIEHUNA HA TPETbEM
MexgyHapoaHoM Hay4YHOM ceMmuHape «MaTtemaTtnyeckue
MoAenu u mogenvpoBaHue B fla3epHOo-Nia3MeHHbIX npoleccax»

NANO-STRUCTURED WEAR RESISTANT
COATINGS MANUFACTURED
FROM NANOSTRUCTURED POWDER

I. SMUROV, DIPI LABORATORY,
ECOLE NATIONALE D'INGENIEURS DE SAINT
ETIENNE (ENISE), FRANCE

The objective to synthesise nano-structured
coatings with advanced properties by means of
injection of specially developed nano-struc-
tured powder into gas jet (HVOF, etc.) or laser
beam is realised. Nanostructured powder devel-

oped by mechanical alloying are applied for
fabrication of thick (200-500 um) wear resist-
ant coatings. The following deposition tech-
niques are used: HVOF, D-gun, laser cladding
with coaxial powder injection. Essential for the
deposition process to be applied, would be the
definition of an appropriate power source and
deposition strategy, which would respect the
nano-phased structure of powders being used.
Optical diagnostics (12 wavelengths single spot
pyrometer, 2D monochromatic pyrometer,
CCD-camera based diagnostic tool) is applied
for surface temperature and particles-in-flight
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monitoring. AFM coatings examination con-
firmed their nanostructure. The performed
wear tests shown the advanced performance:
the dry friction coefficient may reach the value
of 0.12. The results were obtained in the frames
of «TRIBO» project (Growth type project
G5RD-CT-2001-00465).

FUNCTIONAL GRADED COATINGS BY LASER
CLADDING WITH COAXIAL INJECTION

PH. BERTRAND, I. SMUROV, DIPI,
ECOLE NATIONALE D’INGENIEURS
DE SAINT-ETIENNE, FRANCE

The improved performance and safety of
machinery performance (aerospace, automo-
tive, etc.) can be realised by development of
protective wear-resistant coatings with
improved tribological properties. One can find
a variety of challenging tribological situations
in heavy industry and aerospace applications:
e.g. dry friction, high contact loads (50 DaN,
resulting pressure 10MPa), relatively low slid-
ing speeds (1mm/s). The rather flexible and effi-
cient method for elaboration of different coat-
ing types (Functionally Graded, multilayered,
etc.) is Laser Cladding (LC).

The methods for coating deposition have to
be flexible enough to satisfy the following
requirements: 1) possibility to mix different
components, producing coating with desired
content «in situ» 2) possibility to create desired
material distribution, internal structure of a
coating (e.g. FGM, multilayered, engineered
coatings). Laser cladding with coaxial powder
injection was applied as a method satisfying the
above-mentioned requirements.

The laser-assisted technology of wear-
resistant coatings deposition is considered. A
coating is created by coaxial injection of pow-
ders with variable composition into the zone of
laser beam action. Functionally graded coatings
with advanced tribological properties are pro-
duced, tribologically tested and investigated by
means of microstructure observation, glow dis-
charge spectrometry, XRD and AFM analysis.

It is shown that operational parameters of laser
radiation can have a significant influence on
coating’s microstructure, thus defining tribo-
logical performance of given coating.

It is shown that radiation mode is one of the
critical parameters defining the coating’s
microstructure (and thus, wear properties).
Application of pulsed-periodic mode provides
much better component remixing (e.g. in a case
of coatings producing from MMC) in compari-
son with continuous wave mode. In the present
study, the difference only in the coating
microstructure (for the same composition)
shows different friction coefficients — 0.45 and
0.25 for continuous wave and pulsed-periodic
modem, correspondingly.

PYROMETRY MEASUREMENTS OF SURFACE
TEMPERATURE EVOLUTION IN PULSED LASER
ACTION OF MILLISECOND RANGE

M. DOUBENSKAIA, 1. SMUROV,

DIPI LABORATORY, ECOLE NATIONALE
D’INGENIEURS DE SAINT ETIENNE (ENISE),
FRANCE

An originally developed multi-wavelength
pyrometer (12 wavelengths in the range 1.001-
1.573 pm, 50 ps acquisition time for each pho-
todiode, 800 pm spatial resolution, 900-3500 °C
brightness temperature range) is used to meas-
ure brightness temperature under the pulsed
action of Nd:YAG laser (HAAS-HL62P) on
stainless steel (INOX 304L) substrates. Spe-
cially developed «notch» filters (10—6 trans-
parency at 1.06 um wavelength) are applied to
avoid the influence of laser radiation on tem-
perature measurements. The true temperature
is restored based on the method of multi-colour
pyrometry. The accuracy of brightness temper-
ature measurements is examined by comparing
the temperature evolution for pulses with dif-
ferent duration but with the same value of ener-
gy density flux.

The influence of the following parameters is
studied keeping the remaining ones constant:
pulse duration (6—20 ms, rectangular pulse
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shape), energy per pulse (1033 J, rectangular
pulse shape), pulse shape (3 types, triangular
and rectangular). Finally the evolution of sur-
face temperature for pulses with more complex
shapes but with the same pulse duration and
energy per pulse is compared.

3D FUNCTIONALLY GRADED MODELS
MANUFACTURED BY LASER-ASSISTED
TECHNOLOGIES

PH. BERTRAND, I. SMUROV,
IPI LABORATORY, ECOLE NATIONALE
D’INGENIEURS DE SAINT ETIENNE, FRANCE

Rapid manufacturing of 3D objects with
Functionally Graded Material (FGM) structure
is realized by coaxial powder injection with
variable composition into the zone of laser
beam action. The desired 3D material distribu-
tion is realized by repetitive deposition process.
Theoretical analysis and experimental results
show essential role of radiation mode and pow-
der granularity as optimization parameters.
Applied laser sources are continuous wave
Nd:YAG (HAAS 2006D, 2kW), pulse-periodic
Nd:YAG (HAAS HL304P, avg. power 300W),
quazi-cw CO2 (Rofin-Sinar, 300W). Among
applied materials are nanostructured WC/Co,
CuSn, Stainless steel 3161, 430L, Co-base alloy,
nanostructured FeCu, etc. The originality of
obtained results is that different gradient types
are produced «in situ» and combined within
one sample: smooth, sharp or multilayered gra-
dients. The number of samples is produced and
examined with metallographical and SEM
analysis. The minimal spatial gradient resolu-
tion (transition zone between two different
materials) is starting from 10 microns and can
be varied in a wide range; the surface roughness
depends from powder granularity, best value of
Ra is about 5 um, microhardness of different

zones of samples is varied from 120 to 450 HV.
The achieved spatial resolution is 200pm.

Selective Laser Melting technique is applied
using PHENIX-100 machine. The achieved spa-
tial resolution is 100um using stainless steel
powder. Application of different process strate-
gies is discussed as well as parametric analysis.
The influence of the following process parame-
ters is studied : thickness of deposited layer,
laser power, velocity of scanning, direction of
«vector» versus given geometry, etc.

MATEMATUYECKOE MOAEAVIPOBAHUE
PACTIPOCTPAHEHUMA OEMTOCEKYHAHOTO
UMIIYABCA

A. A. BAAAIIOB, UHCTHUTYT
TIIPUKAAAHON MATEMATUKH
UM. M. B. KEAABIIIIA PAH

Leapio pa6oTsl Gbina pazpaborka 3ddex-
TUBHBIX aATOPUTMOB AAS pacyeTa SIBACHUI pu-
AaMeHTanuy, TO3BOAAIOMMX MPOU3BECTH MaTe-
MaTM4ecKoe MOAEAMPOBAaHNE Iporecca B pas-
AVYHBIX Aa3€pHBIX CUCTEMAX.

ITokasaH cTymeH4YaTsIll XapakTep pa3BUTHUA
HEAMHEHOCTY, KOTOPBII OINpPeAeAsIeTCs IOPo-
TOBBIM 3HaYeHMEM MHTEHCUBHOCTH, NPV KOTO-
pPOM MOHM3ALMsA BO3AYyXa CTAHOBUTCS CYIECT-
BeHHOM. IIpy AOCTMIKeHMHM IMOPOrOBBIX 3HAUe-
HUJI WMHTEHCMBHOCTM HA4MHAeTCA MOTeps
SHepIuMM Ha MOHM3amuio u AedoKycupymomee
BO3ACHCTBME IAEKTPOHHON IAA3MBI, YTO IPU-
BOAMT K IOTepe uHTeHcuBHOCTH. Koraa nHTeH-
CHBHOCTD ITaAAeT HYKe MOPOTOBOTO 3HAYeHMS,
BHOBb HAa4MHAETCA CaMO(DOKYCHPOBKA.

ITpn ncnoaszoBanuu HavaasHoro I'ayccosa
npoduAS C BBICOKOI, 6AM3KOI K HOPOTOBOI (MAM
MaKCHMMaAbHOM) MHTEHCUBHOCTBIO ¥ MOIJHOC-
THIO He HAMHOTO IpeBblmaroweit Per, He Ha6AO-
AAeTCs CTYNEHYAThI XapaKkTep M3MeHEeHMS VH-
TEHCUBHOCTY IIPY PACIPOCTPAHEHNUN MMIIYABCA.
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MOAEAVIPOBAHME MHOTOKPATHO
B3AUMOAEVICTBYIOINX YVAAPHBIX BOAH

II. B. FPECAABCKUM, B. U. MAKVKIH,
HMHCTUTYT MATEMATHUYECKOI'O
MOAEAMPOBAHM PAH

PaccmarpuBaeTcs IpuMEHEHNS METOAA AM-
HaMMYECKOJ aAaTalyy K PelIeHnIo ra30ANHa-
MMUYECKUX 3aAa4 C ABHBIM BBIACACHUEM YyAAp-
HBIX BOAH, BOAH pa3pe>XeHusa ¥ YAAPHBIX BOAH
B YCAOBMSIX UX MHOTOKPATHOTO B3aMMOAENCT-
BysA. OPGDEKTUBHOCTh METOAA OLEHMBAETCH Ha
psiAe M3BECTHBIX TECTOBBIX 3aAa4.

Pa6ora BeinoaHeHa npyu noapepskke POOU
(mpoext Ne04-01-00701).

OEMTOCEKYHAHAS AA3SEPHASI
MMKPOITAA3MA MHOTOKPATHO
MOHM30BAHHBIX TA30B
FEMTOSECOND LASER MICROPLASMA
OF MULTIPLY IONIZED GASES

C.B.TAPHOB, B. B. BYKMH, A. A. MAAKOTV/H,
B. JI. KOHOB, H. C. BOPOBBEB, MHCTUTYT
OFINEY OU3UKM VM. A. M. IPOXOPOBA PAH

M3y4yenne HepaBHOBECHOM IIAA3MBI BBICO-
KO} IIAOTHOCTM, CO3AaBaeMOM B ra3ax M KOH-
ACHCHPOBAaHHBIX CpeAax IPU MX MHOTOKPATHOM
MOHM3AIMY OCTPOCGHORYCHPOBAaHHBIMK (B 006-
AaCTb C AMAMETPOM NOPAAKE HECKOABKMX MUK~
POH) YABTPaKOPOTKMMY Aa3€PHBIMM UMIIYAbCA-
MM} ABASETCA OAHMM U3 BasKHBIX HallpaBAEHUI B
(u3uKe B3aMMOAEHCTBYA BHICOKOMHTEHCHUBHO-
IO Aa3epPHOTO M3AYYEHMS C BemjecTBOM. AaH-
Has 0po6AeMa aKTyaabHA Kak C TOYKY 3PEHNUS
(yHAAMEHTaABPHON HAyKM — IIOAYYEHUS HO-
BBIX 3KCIEPMMEHTAABHBIX AAHHBIX O CBOJMCTBAX
HEPaBHOBECHOM, NPOCTPAHCTBEHHO HEOAHO-
POAHOJ TAa3Mbl BHICOKOJ NAOTHOCTHM ¥ MeXa-
Hu3Max ee (popMMpOBaHMA, PAa3BUTHUA U B3au-
MOAENCTBUS C Aa3€PHBIM M3AYYE€HMEM MMKO-
u PeMTOCEeKYHAHOM AAUTEABHOCTH, TaK U B CBS-

31 C MHOTOYMCAEHHBIMM IPUKAAAHBIMY 3aAa4a-
MM, B KOTOPBIX BO30Y KAaeMast Aa3ePHBIM U3AY-
YeHMeM Aa3Ma UI'PaeT IPUHIUINAABHYIO U, BO
MHOTOM, OIPEAEASIONYI0 poAb. B 3rToit cBsA3M
[IOAYY€eHME Aa3epHOJ MUKPONAA3Mbl HA OTHO-
CUTEABHO NMPOCTHIX M KOMIAKTHBIX YCTAHOBKAX
IPEAOCTABASIET YHMKAABHYIO BO3MOJKHOCTb
AASL ee UCCAEAOBaHNUA.

B Aannoit pa6ore npeacTaBAEHbI pe3yAbTa-
TBI 9KCIIEPUMEHTAABHBIX MCCAEAOBAHMI AMHA-
MuKM (HOPMUPOBAHUS U PA3BUTUS Aa3€PHOIL
MMKPONAA3Mbl, BO3HMKAIOIIEN B MUKPOOGBE-
Max ra3oB IPY MHOTOKPATHON MOHM3ALUY BbI-
coxonnrencusupiMu (I ~1017 Br/cm?), octpo-
C(hORYCUPOBAHHBIMYU AA3EPHBIMM MMIYAbCA-
mu AautTeapHocThi0 ~100dc (AAmHA BOAHBI
A=800 um). IIpoBeaeHbI mpen3noOHHbIE HHTEP-
(epomerpudeckue n3MepeHus (C IPOCTPAHCT-
BEHHBIM paspelieHneM ~1 MKM ¥ BpeMeHHbIM
paspeuennem ~100¢c) pacupeaereHns xoad-
(uuyenTa IpeAOMAEHNS U IAEKTPOHHOM IAOT-
HOCTH HEIOCPEACTBEHHO 60 Bpems Odeticmbus
BO36Y KAAIOLLETO M3AydeHus (Ha atane hopmu-
pOBaHMS MAA3MBI) ¥ IIPY €€ IOCAEAYIOIEM pac-
M PEHNN.

Taxrske B X0A€ paGOThI GBIAM IOAYYEHBI BPe-
MEHHBIE Pa3BePTKM CIEKTPa M3AYYEHMS MAA3-
Mbl. B Teuenne mepsbix 1-2 HC mocae uHMIMA-
LMY MCKPBI IAA3Ma B BUAMMOI 06AACTH CIIEKT-
pa He MMeeT SIPKO BbIPAJKEHHBIX CIEKTPaAbHBIX
AVHMIL Ta3a, a B TedeHue nocaepyomux 10 He
COOTHOLIEHME MHTEHCUBHOCTEN CIEKTPaAbHBIX
AVHMI MMeeT HeCTalOHaPHbI XapaKTep, yKa-
3bIBAIOLMIT HA OTCYTCTBME TEPMOAMHAMMYEC-
KOTO PaBHOBECHUS.

ITokazaHo, 4TO BO BpeMsl AENMCTBUS BO3-
GY>KAAIOWETO MMIYABCA IMPOUCXOAUT MPAKTHU-
4eCKy IIOAHAS MOHU3ALMS UCXOAHOTO Tasa.

Brnepseie B (emMTOCEKYHAHON Aa3epHON
nAa3Me 3aperucTpUpoBaHa reHepauus BTOPOI
rapMOHUKY Aa3ePHOTO M3Ay4YeHUs u 3apuKCu-
poBaHO Haamdme 06AACTeN ¢ GOABIUMM eAMHM-
I1bI IOKa3aTeAEM IPEAOMAEHNS.

Paboma bvmoanena npu noddepxxe PODI
(ITpoexm Ne06-02-17014).
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ITAASMEHHAS MATHUTHAS KOMITPECII
HA OCHOBE BBbICTPbIX Z-TIMHYEN

A.C. FOAAAPEB, B. A. TACHAOB,

C. B. AbSIYEHKO, E. M. KAPTAIIIEBA,
0.T.0ABXOBCKAS, MMM PAH, MOCKBA,
A. C.YVBATHH, ECOLE POLYTECHNIQUE,
PALAISEAU, FRANCE

B nepBoit yacTy AOKAaAa IPEACTaBACH pas-
pa6oranusii B UMM PAH xoa MARPLE, npea-
Ha3HAYEHHBIN AASL BBIYMCAUTEABHBIX IKCIEPHU-
MEHTOB C AByMEPHBIMM MOAEASIMN PaAUaIMOH-
HOJ MarHUTHOM I'MApoAVMHaMuku. Aast paspa-
6OTKY AQHHOTO KOAA NPUMEHSAUCH BBIYMCAMU-
TeAbHbIE MEOAMKI Ha OCHOBE MAEPOBBIX HECT-
PYKTYPUPOBAHHBIX CETOK, ¥ TEXHOAOTMM OOBEKT-
HO-OPMEHTHPOBAHHOTO IPOTPAMMUPOBAHN.

Bo BTOpOI YacTH AOKAAAA pacCMaTpUBAIOT-
Cs1 IOCTAHOBKY 3aAa4, CBSI3aHHbIE C IPOGAEMON
YCUAEHUSI MOIJHOCTM IAEKTPOreHepaTopa Me-
TOAOM IIAa3MEHHOJ MarHUTHOM KOMIIPeCCuy
(IIMK). MccaepoBaHMSA OPHEHTHPOBAHBI HA CY-
wecTByomue reseparopsl (Spielman 1998:
2105), B KOTOPBIX AOCTUTAeTCS TOK Ha YPOBHE
~10 MA c¢ xapakrepHbIM BpemeHeM (ppoHTa
¢dopmuposannsa umnyasca 0.1-1 mkcexk, mo-
ckoabky cxema [IMK moskeT 6bITh HA HUX IPO-
TecTpoBaHa. Teopernyeckne oneHkn apdex-
tusHOCTH cxXeMbl [IMK comocrasasiorcs ¢ pe-
3yABTaTaM} PACYETOB HAa OCHOBE ABYMEDPHBIX
MoaeAeit papnannoHuoit MTA.

Aum.: R. B. Spielman, C. Deeney et al., Phys.
Plasmas, vol.5, 1998; B. A. Tacuaos, A. C. Uysa-
TuH 1 Ap. Marem. moaeanposanue, 2003, T. 15,
Ne9, c. 107.

OCOBEHHOCTY I'AYBOKOT'O ITPOITAABAEHN
METAAAOB U3AYYEHUEM UMIIYABCHO-
IMEPMOAMYECKOTO AA3EPA
YAG:ND MAAOJ MOITHOCTU

I.T.TAAAYII, A. ®. TAOBA, C. B. APOBA3KO,
THI] PO TPYHUTH, TPOUIIK, MOCKOBCKAX OB A.

B pa6ore npoBOAMTCS HOUCK YCAOBUIL, IPH
KOTOPBIX YA€ABHbIE 3aTPAThl HA IPONAABACHNE

METaAAOB MMHMMaAbHBL VICXOAS U3 CyliecTBy-
IOIMX TEOPETUYECKUX IPEACTABAEHNI O MeXa-
HM3Me MMIYABCHO-IIEPUOAMIECKON CBAPKY MC-
CAEAOBaHMSA IPOBOAMAKCE B 06A2CTH HEGOABLINX
4acTOT CAeAOBaHuMs u3aydenns Nd-nrazepa.

ITokazano, uro mpm dacrorax ~25-50 I'y
u ckBasxknoctu ~200-300 yaeAbHble 3aTpaTh
Ha IPOINAABAEHME HePsKaBeolleil CTaA U aAlo-
MuHMA Ha 1—2 nOpsAKa MeHblle, YeM IPH CBAP-
K€ HeNpepbIBHBIMM ¥ MMIYABCHO-IIEPUOANYE-
crkumy CO2-razepamu.

MATEMATUYECKAS MOAEAD
KOPOTKOMMIIVABCHOTO
AA3EPHOTO BO3AEMCTBMS HA KPEMHUM

A. K. MABHULIKUN, B. . MAXKYKIH,
VHCTUTYT MATEMATUYECKOTO
MOAEAVIPOBAHUS PAH

Paspa6orana matemaTuieckas MOAEAb KO-
POTKOMMIYABCHOTO AA3€PHOTO BO3AEHCTBUA
Ha KpemHmit. Pe3onancHoe B3ammopeiicTBue
MOILIHOTO A33ePHOIO M3AYYEHMS, MMEIOLIero
BUA KOPOTKUX MMIIYABCOB (IMKO- MAM (heMTO-
CEeKYHAHOTO AManas3oHa), C HOAYIPOBOAHMKO-
BBIMM MaTepuaraMy IPUBOAUT K [IeAOMY KacKa-
AY IIPOLECCOB IPe06PA30BAHNS IHEPIHM, BRKAIO-
qapomux B ce6a BO3OYKAEHNE M peraKCalyio
9AEKTPOHHOJ MOACUCTEMBI, IAEKTPOH-(OHOH-
HYIO peaakcanuio, GoHOH-(POHOHHYIO peraKca-
IMIO U TEIAOBBIE IPOIIeCChI(HArPEB, NAABAEHNE
n ucnapenne). ITapameTpsr 9AeKTPOHHO-ABI-
POYHOII ITAa3MBbl, BOSHUKAIOIIEI B TOAYIPOBOA-
HMKe TIPY AAHHOM B3aMMOAEJCTBUY, MOTYT AO-
CTaTOYHO CHABHO M3MEHATHCH (HAOTHOCTH HO-
cureaeit 1012<N<1022 ¢m~3 , Temmeparypa
100<T<10° K), mosTomy AASL MOAEAMPOBAHMS
AAQHHBIX IPOIECCOB MCIOAB30BAAACh MOAEAB,
OCHOBAaHHAfA Ha KMHETUYECKOM YypaBHEHUM
boapnmana ¢ mHTETpasOM CTOAKHOBeHuUi bar-
Harapa-I'pocca-Kpyxka n paBHOBecHbIMY (PYHK-
musimu pacnpepererns Oepmu. Ecan razepro-
MHAYIMPOBAHHBI HAarpeB CPeAbl AOCTATOYHO
BEAMK, TO IPOMCXOAAT IAABACHME ¥ UCIaPEeHUe
BellleCcTBa, HO MHOTME NOAYIPOBOAHMKM B pac-
[OAABAEHHOM COCTOSIHMM AEMOHCTPUPYIOT Me-
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TaAAMYECKIE CBOJCTBA, I09TOMY AASL ONMCAHNS
IPOLECCOB, NPOUCXOASIIUX B pPACOAABe, KC-
IIOAB30BaAaCh MOAEAB, pa3paboTaHHAS CIeNN-
aABHO AASL METaAAOB. Beramcamrenpsie mpo-
6AeMbI, CBA3aHHBIE C HAAMYMEM IIOABUIKHBIX
MesK(a3HBIX TPAHNL], PA3PELIAAUCh C IOMOIIbIO
METOAA AVHAMMYECKOI aAalTaLu.

Paboma bvinoanena npu noddepxrxe PODI
(npoexm Ne04- 01-00701 ).

O BOCITPOM3BOAVMMOCTN PE3VABTATOB
MOAEAVIPOBAHM TA3OPA3PSIAHBIX
SIBAEHUM B AKTUBHBIX AASEPHBIX CPEAAX

P. 1. UCAAMOB, MUHCTUTVYT ITPOBAEM
AASEPHBIX 1 MTHOOPMAIVMIOHHBIX
TEXHOAOTUVI PAH

CxeMbI BTOPOTO IOPSAKA TOYHOCTH IIO IPO-
CTPaHCTBEHHO) KOOPAMHATe HO3BOASIOT BOC-
IIPOM3BECTH KapTUHY CaMOOPTaHU3aIMU AByMep-
HBIX TOKOBBIX CTPYKTYp (BKAIOYasi IPOLECCHI
BTOPUYHOI IIEPECTPOIKM BOSHUKIIUX CTPYKTYP)
B TAEIOIEM Ta30BOM pa3psAe B paMkax Anddy-
3MOHHO-APEI(HOBOTO IPUOAVIKEHNSL.

ANOMALIES IN ABSORPTION AND REFLEC-
TION OF A HIGH-POWER ULTRASHORT LASER
PULSE BY A PLASMA WITH A SOLID-STATE
DENSITY

B. A. MICAKOB, A. II. KAHABIH,
C. A. VPIOIINH, ®U3NYECKUI MHCTUTYT
UM.II. H AEBEAEBA PAH

Various opportunities of electron heating
and radiation absorption within the framework
of the normal skin effect are considered.
Conditions under which it is necessary to take
into account both the spatial structure of the
field in the skin layer and heat removal from it
are established. The calculations performed
illustrate various opportunities of heating and
cooling of electrons at quite certain values of
the dimensionless time and parameter D. There
are specific features in optical properties of a

dense plasma interacting with an ultrashort
laser pulse caused by either short duration of
the pulse, or fast heating of electrons.

KOHBEKTYBHBIN TEITAO- MACCOITEPEHOC
1 TIPOBAEMA TAVBOKOTO TIAABAEHUS
METAAAOB TIOA AEVICTBYEM MIMITVABCHOTO
AA3EPHOTO MIBAVYEHMS MYAAVICEKYHAHOTO
AVIATIA30HA AAUTEABHOCTH

C. B. KAIOKOB, ®M3UYECKU UHCTUTYVT
UM. 1. H. AEBEAEBA PAH,
CAMAPCKUT OUANAA

Mcropudeckn mnepsble NPUMEHEHUs Aa3ep-
HOTO M3AYYeHMs ObIAM CBS3aHBI C MMITYAbCHBIM
pEXXMMOM TeHepanuu: MPoGUBKA OTBEPCTUIL
Ha py6uHOBBIX Aazepax. OAHAKO, O9€Hb CKOPO
GBIAO YCTaHOBAEHO, YTO PEKUM CBOGOAHON Te-
Hepauuyu (MUAAMCEKYHAHBIN AMAaNa3oH AAU-
TEABHOCTHM) HE HPUTOAEH AASL CBAPKM C TAY-
6unoit naaBAeHus 6oaee 1-2 mm. IToaromy
B TEYEHME MHOTMX AET CYMTAAOCH OOmenpus-
HaHHBIM, YTO MMITyAbCHBIE TBEPAOTEABHBIE Ad-
3epbl MOTYT GbITh IPUMEHEHBI AAS CBAPKM Me-
TAaAAOB TOABKO MaAOV TOAIWHBL.

T'raBHas eAb pabOThI — pelieHue IPUHIHU-
IMAaABHON TPOGAEMBI HOAYIEHUS GOABIUION TAY-
GMHBI TIPOABVIKEHUsT (DPOHTA TAABAEHUS TMOA
AENICTBUEM MUAAMCEKYHAHBIX MMIYABCOB Ad-
3EPHOTO M3AYYEHUsI ¢ GOABIION IHeprmein Ge3
BBIGpOCA pachAaBa u3 30HbI Harpesa.

TEPMOAVMHAMMYECKM COTAACOBAHHAS
MOAEADB HOTOKOMITOHEHTHOM
U3OTEPMMYECKON OUABTPAIINNA
C ®A30BbBIMU ITEPEXOAAMU

KOAAOBA A. B., UHCTUTYT MATEMATHUYECKO-
o MOAEAMPOBAHM A PAH, MOCKBA,

KOAAOFBA E. B., MEXAHUKO-MATEMATUYECKIU I
DPAKYABTET MI'Y, MOCKBA

Ucnoar3yioTcs MOAeAM, KOTOPbIe HEAOCTa-
TOYHO XOPOLIO M3YYEHBI AAS CAYYasl COKUMAEMBIX
(aronaoB. VMcnoas3yoTcs TepMOAMHAMIIECKN
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coraacoBaHHbIe (DYHKIWN, HO B CUAY CAOSKHOCTH
ypaBHeunsi cocrosuus (ypasuenue Ilenra-Po-
O6uHCOHA M Ap.) 3HaYeHUs QYHKIMIA XPaHATCH
B TaGAMYHOM BMAE M IIPY MOAEAMPOBAHUK YC-
HOAB3YIOTCS MHTEPIOAMPOBAHHBIC 3HAYCHMS.

NON-VACUUM LASER DEPOSITION
OF THIN CARBON COATINGS

T.V. KONONENKO, V. I. KONOV, NATURAL
SCIENCES CENTER A. M. PROKHOROV GENERAL
PHYSICS INSTITUTE MOSCOW, RUSSIA

All necessary conditions for formation of
hard amorphous carbon film can be created
under pulsed laser deposition in standard air
environment. Presence of dense gas environ-
ment essentially affects parameters of plasma
plume and its interaction with substrate.
Modeling of expansion of carbon plasma in
dense air atmosphere could be very useful for
understanding of revealed features of non-vacu-
um deposition process.

METOA AMUHAMUYECKOV AAATITAIVIN
B HECTAILIMOHAPHBIX ITPOBAEMAX
MATEMATUYECKOM OU3UKA

B. . MAJKYKIH,
HMHCTUTYT MATEMATHUYIECKOIO
MOAEAMPOBAHUA PAH

PaccmaTpuBaeTcsi OPMUIMHAABHBIA METOA
4MCAEHHOTO pemeHusa AnddepeHnnarbHbIX
ypPaBHEHMI B 9aCTHBIX IPOU3BOAHBIX — METOA
AMHAMMYeCKO} apantanuu. B ocHOBy meroaa
TOAO>KeHa MAes IepexoAa K MPOU3BOABHOM He-
CTaIMOHAPHO CUCTeMe KOOPAVMHAT, B KOTOPOIt
HeM3BECTHBIMM NPV YMCACHHOM PeIIeHMN ABAS-
I0TCA CeTOYHbIe (PYHKIMM ¥ KOOPAMHATHI Y3A0B
cetkn. Tem caMbpIM B MeTOAe AMHAMMYECKOMN
apanranuy 1po6AeMbl TOUCKA PELICHNUS HCXOA-
HOJ 3aAa4M M MOCTPOEHUSA PACYETHON CETKU
opmyanpyioTcs B BuAe eAMHOM AnddepeHnn-
aABHOJ MOAEAM, B KOTOPOJ} 4acThb ypaBHEHUI
omuceIBaeT GuU3NIECKMe ABACHMA, a Apyrasg —

AVHAMMKY y3A0B ceTky. [lepexoa K mpon3BoAs-
HOJI HecTalMOHaPHOM CUCTeMe KOOPAMHAT OCy-
IEeCTBASETCA IIOCPEACTBOM aBTOMATHIECKOTO
npeo6pa3oBaHus KOOPAMHAT, BBIIOAHSIEMOTO
C TIOMOMBIO MCKOMOTO pemleHus. Y4uThIBas,
410 (DYHRIMM IPe06Pa30BAHNS BCETAA 3aBUCAT
OT JMICKOMOTO pelleHMs, NMoAydaeMmas pacIuy-
peHHas cucreMa AuddepeHINaAbHbIX YpaBHe-
HUJ B pacyeTHOM IPOCTPAaHCTBE OKa3bIBAeTCS
CUABHO HEAMHENHOM, Aa>Ke €CAM ee MCXOAHA
IIOCTAHOBKA OCYIECTBASIAACH B pAMKaX AMHE -
Hoit MoAeAn. TecHas B3aMMOCBA3b MEKAY ABY-
M JacTamn AnddepeHnuarbHON MOACAN IPO-
SIBASETCS, B YaCTHOCTH, B TOM, YTO AMHAMMKa
Y3A0B CETKM IOAHOCTBIO ONIPEAEASeTCS IOBe-
AeHMEM pelleHMs ypaBHEHMUM, ONMCHIBAIOUINX
¢usnyeckne nponeccsl. OnpeapereHue ontu-
MaAbHOM (DYHRIUM Mpeo6pa3oBaHuUs U3 IPUH-
IIMIIa KBa3UCTAIYOHAPHOCTU IO3BOASIET CTPO-
UTh aAanTHPYIOUMecs CeTkyu 6e3 KaKMx-Anu6o
HOATOHOYHBIX MapameTpoB. Yncao anddepen-
IMaABHBIX ypaBHEHNM, ONMNMCHIBAIOMMX IOBEAL-
HJle pacyeTHOM CeTKM PaBHAETCS YMCAY IPOCT-
pPaHCTBEHHBIX IepeMeHHBIX. IlockoABKY Mexa-
HU3M YIpPaBASIEMOTO pacIpeAeAeHNUs Y3A0B
ceTku cpopMyAMpoBaH Ha AudpdepeHInarb-
HOM ypOBHE, METOA AMHAMMYECKON ajanTaIym
He YYBCTBUTEAEH K CIOCOGY pasHOCTHOI am-
npokcumanuyu. C OAMHAKOBBIM YCIEXOM AAS
3TO¥ IjeAU MOTYT MCIOAB30BAThCA METOABI KO-
HEeYHBIX Pa3HOCTEN ¥ KOHEYHBIX IAeMEHTOB.
Vcnoap3oBaHMe MPOM3BOABHON HECTAIMO-
HapPHOJ CUCTEMbI KOOPAMHAT 06ecIednBaeT Me-
TOAY yHUBepcaAbHOCTb. C EeAVHBIX IO3MIUIA
M C OAMHAaKOBBIM YCIEXOM MOJKHO CTPOMUTh
aAaNnTUBHBIE CETKM (C MPOLEAYPaMy KOHI[EHT-
panum, reHepauuy U YHUITOKEHMS Y3A0B) AASL
HeCTalOHAPHBIX MPO6AEM MaTeMaTHIeCKOi
u3MKM ¢ CymeCTBEHHO PAa3AMIAIOMMMICA Ma-
TEMaTHIECKUMU OCOGEHHOCTAMM, CPEAU KOTO-
PBIX: HaAW9Me CUABHBIX I'PaAMEHTOB B M3BECT-
HBIX IPOGAEMaX HEAUHEHHON TeNAONPOBOAHO-
c, Broprepca, bakan-AeseperTa; noABUIKHbIE
Meskdasusle rpaHnnsl B nmpo6aeme Credana,
KOHTAKTHbIE ¥ CBOGOAHBIE TPAHNUIBI B THAPOAK-
HAMMKe; PacIpOCTpaHeHNe CAAaGbIX Pa3pbIBOB
B IpoOAEMax TOPEHMS M CUABHBIX Pa3pbIBOB
(yaapHbIe BOAHBI) B Ta30BOI AVHAMUKE.
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Paboma bvinoanena npu noddepxrxe PODI
(npoexm Ne04-01-00701 ).

MOAEAVPOBAHUE B3AMMOAEVCTBIUS
AA3EPHOM MTAA3MBI C MCITAPSIONENCS
B BO3AVXE ITOBEPXHOCTBIO
METAAAMYECKON MUIIEHU

M. M. AEMMH, MOCKOBCKU
TYMAHUTAPHBIN YHUBEPCUTET,

B. M. MAKYKUH, UHCTUTYT
MATEMATHUYECKOTO MOAEAMPOBAHMS PAH

PaccmarpuBaercs 3apada Aa3epHOro yucma-
PEHVSI METAAAMYECKOI MULIEHN B CPEAY C IIPO-
TMBOAABACHIEM C Y4€TOM O06Pa30BaHNMA IAAa3MbI
B nape. PazpaGorana MaTeMaTuieckas MOAEAD,
OMNCHIBAIONIAS] IOCAEAOBATEABHO CMEHSIONIME-
Cs1 IIPOLECChl MCIapeHuss M KOHAeHCauu, BbI-
3BaHHbIE B3aMMOAEJCTBYEM NIAa3Mbl C IIOBEPX-
HOcThIO MumeHn. IIpearoskeH MeTOA dYMCAEH-
HOJI peaau3anuy, OCHOBBIBAIOIMIACSA Ha METOAE
AMHaMMYECKOM apanranyuy. BelmoAHEHO Moae-
AMpPOBaHME IIPOLECCa Aa3ePHOTO BO3AEHCTBUSA,
B KOTOPOM BO30GHOBAEHYE UCHAPEHNS CONPO-
BOSKAQIOL[ETOCS 06pa30BaHMEM B [Iape KOHTAKT-
HOTO pa3pbiBa — Aa3MEHHO-KOHAEHCALIOHHO-
ro ckauka. IIpoBeAeHO cpaBHEHME Pe3yABTATOB
AASL ABYX PESKMMOB BO3AEMCTBMS C PasAMYHON
AAMTEABHOCTBIO Aa3€PHOTO MMITYABCA.

Paboma bvinoanena npu noddepxrxe PODI
(ITpoexm Ne04- 01-00701).

MATEMATHUYECKASI MOAEAD HEPABHOBEC-
HOWM KMHETUKM SAEKTPUYECKOTO TPOBOS
MOAEKVASIPHOTO I'A3A
MATHEMATICAL MODEL OF NONEQUILIBRI-
UM KINETIC OF ELECTRICAL BREAK-DOWN OF
MOLECULAR GAS

0. H. KOPOAEBA, MOCKOBCKHU Y
TYMAHUTAPHBIV VHUBEPCHUTET,

B. M. MAXKYKIH, A. B. MAXKYKIUH, MHCTUTYT
MATEMATHUYECKOIO MOAEAMPOBAHM PAH,
MOCTY, FRANCOIS GENTILS, SCHNEIDER ELECIRIC

0. N. KOROLEVA, MOSCOW UNIVERSITY
FOR THE HUMANITIES,

V. I. MAZHUKIN,

A. V. MAZHUKIN, INSTITUTE FOR MATHEMATICAL
MODELING OF RUSSIAN ACADEMY

OF SCIENCES, MHUMU, FRANCOIS GENTILS,
SCHNEIDER ELECTRIC

PaccmarpuBaercst kuneTnyeckast MOAEAb Ki-
HETVKY IAEKTPUYIECKOTO NMPOGOSI MOAEKYASP-
HOro azora. B MoAeAy yYuTBHIBAIOTCS 3aceneH-
HOCTM 3AEKTPOHHO-KOAEGaTeABHBIX BO30Y:K-
AEHHBIX COCTOSIHMI MOAEKYA M MOAEKYASp-
HBIX MOHOB, 3aCEAEHHOCTM 3IAEKTPOHHO-BO3-
Gy>KAEHHBIX COCTOSIHMI aTOMOB M aTOMApPHBIX
MOHOB, KaCKaAHAas MOHM3AUMSI M TPEXYacTOT-
Has PeKOMOMHALMS aTOMOB ¥ MOAEKYA. YIUTHI-
BAIOTCS TaKKe OCHOBHBIE MOAEKYASPHO-MOH-
HbIE PeaKIuiL.

B moaeAn moaaraercs, 4To BCe TeMIEpaTy-
pbI: 9AEKTPOHHAsI, KOAeGaTeAbHAsI U MOCTyMa-
TeAbHAsE aTOMOB ¥ MOAEKYA CUABHO pa3amya-
10TCS MEKAY c060it. AAst MX OnpeAeneHusT BBO-
ASITCSL TpM ypaBHeHus OGajraHca dHepIuy,
B KOTOPBIX YYTEHBI IIPOLECCHl IHETPOOOMEHA
MEKAY 3AEKTPOHAMM, KOAeOATEABHBIMMU CTEIIe-
HSIMM CBOGOABI U IOCTYIATEABHON SHEPTUA MO-
A€KYA.

Paboma bvinoanena npu noddepxrxe PODU
(IIpoexm Ne04- 01-00701 ).

Kinetic model of electrical break-down of
molecular Nitrogen is considered. Model takes
into account populations of the vibronics excit-
ed states of molecules and molecular ions, pop-
ulations of the electron-excited atoms and
atomic ions, cascade ionization and three-party
recombination of atoms and molecules. Basic
molecular-ionic reactions are taken into
account as well.

The model also assumes that all tempera-
tures: electron, oscillatory and transnational of
atoms and molecules are significantly different.
Three equations of energy balance are intro-
duced to determine these temperatures with
account of energy exchange between electrons,
oscillatory degrees of freedom and transnation-
al energy of molecules.
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MATEMATUYECKOE MOAEAVIPOBAHUE ITPEACKA3AHME PASBUTUA
AA3EPHOTO ITAABAEHIMA I UCITAPEHN A HEYCTOMYMBOCTYU PEAES-TEMTAOPA
MHOTOCAOVHBIX MATEPMAAOB C IIOMOIIbIO OBYYAEMBIX

0. H. KOPOAEBA, MOCKOBCKUY
TYMAHUTAPHbBIVI VHUBEPCUTET,

B. . MAKYKUH, MHCTUTYT
MATEMATHUYECKOI'O MOAEAMPOBAHM PAH

Ha npumepe AazepHOro nepemnaasa 3-x cA0it-
not mumenn Al+Ni+Cr paccmarpuaercs npu-
MeHEeHME MeTOAa AMHAMMYECKON ajamTaryuu
K pemeHnio MHOro@poHToBoI 3apaun Credana
C SABHBIM BBIA€A€HUEM (POHTOB IAABACHUA
u ucnapenusa. C moMompIO AMHAMUYECKOMN
apanTanuy CTPOATCS KBa3MpaBHOMEPHBIE pac-
4eTHbIE CETKM B OOGAACTAX C MOABMIKHBIMMU
TPaHMIAMM, XapaKTepHbIe pa3Mepbl KOTOPBIX
IO XOAY pelleHNs MEHAIOTCSA Ha HECKOABKO II0-
PAAKOB. AATOPUTM IOCTPOEHNS CETOK YIUTHI-
BaeT U3MEHSIOWECS pa3Mepsl 06AaCTH U CKO-
pocTu mepememjeHMs TpaHuL, 4TO obecmedn-
BaeT aBTOMATUYECKOE pPACIpPEAEAeHNE Y3AO0B
cetku 6e3 NpUMEHEHWS MNOATOHOYHBIX Hapa-
MeTpOB.

MaremaTnieckoe MOAEAMPOBaHME NPOLEC-
Ca AeTMPOBAHMA MOCPEACTBOM PaclAaBa OTHO-
CUTEABHO TOACTO¥ IOAAOXKKYU M TOHKUX A€TH-
pylommux MAEHOK, MOKa3aAo, 4TO B IpoLecce
BaJKHYIO POAb UI'PaeT HOCAEAOBATEABHOCTH Ha-
HeceHMs MOKpPbITMI. Pacuers! mokasaam, 4TO
€CAM BePXHMM O6AydaeMbIM CAOEM OKa3bIBaeT-
cA XpOM, TO B CHMAY €Tro TemnAo(pU3NYeCKUX
CBOJICTB OH MOJKET K KOHI[y MMIIyAbCa MOAHO-
CTBIO MCHAPUTHCS UAY CyGanMuposats. Curya-
IMIO AeTKO M3MEHWUTh, €CAU ACTUPYIONINE CAOU
pacnoaoskuts no cxeme Al+Cr +Ni, coraacuo
KOTOPOJ BEPXHMM OOAYYaeMbIM CAOEM OKa-
SKETCS HUKEeAb, UCIIApeH}e KOTOPOTo IPOTeKa-
eT MeHee 3¢ (PEKTUBHO.

Paboma Bvinoanena npu noddepxrxe POOU
(IIpoexm Ne04- 01-00701 ).

MATEMATUYECKUX MOAEAEN

A. C. HV>KHBIV, DUSHIECKIUI MHCTUTYT
WM. II. H AEBEAEBA PAH

HaitpeHo ympoleHHOe CKaToe OIMCaHue
nporneccos passutus PT-ueycroiansocti.

ITocrpoena mporpamMma-mpeAuKTOp, HpPeA-
CKa3bIBAONAsA IPUMEPHBIN BMA KapTUHBI pac-
NpEAEAEHNS MAOTHOCTY MO3AHMX COCTOSIHMIA
IIPOLECCOB [0 X HaYaAbHOMY BO3MYIEHMIO.

Ha ocuoBe BeiBAeT-06paGOTKYM AdHHBIX
¥ IOCAEAYIOIET0 IHTPONMITHOTO aHaAu3a Obl-
AO IIOKa3aHO AOMMHMPOBaHME GAMIKHErO IO-
pAAka koppeaanuyu B nponeccax PT-mepeme-
LIMBAHWAL

MATEMATUYECKOE MOAEAVIPOBAHUE
KOHTPACTHBIX CTPYKTVP
B ACTPOOU3UYECKOV ¥ TEO®U3UYECKON
TTAABME

B. FO. IIOIIOB, MOCKOBCKII
TOCYAAPCTBEHHBIV VHUBEPCUTET
HM. M. B. AOMOHOCOBA, ®U3NIECKIUI
DAKYABTET, KAOEAPA MATEMATUKN

B pasanunbIX 06AACTSIX HAYKM, B TOM YICAE
B MaTeMaTMiecKoil (pusmke, ¢usnuKke IAA3MBI,
acrpodusnuxke, reodpusnke, 6nodpusure u T. A.
9aCTO BO3HMKAeT HEOOGXOAMMOCTb MCCAEAOBA-
HUA HEAMHEVHOJ 3BOAIOINMM (PU3NIECKUX IO-
Aell pPa3AMYHOMN IPUPOABIL.

B xadecTBe (pu3u4eCKOro mMOAS MOTYT pac-
CMaTpMBAThLCHA, HaNpUMep, KOHIEHTPaIusA Be-
I ecTBa, BeANYMHA HAIPSASKEHHOCTY MarHUTHO-
'O OAS, TAOTHOCTb TOKa, KOHIIEHTPAIUs 3apsi-
SKEHHBIX 9aCTUI] U T. A.
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B mpornecce sBoaronyy pu3ndeckux moaei
B HEAVMHEHOM PesKVMe 4aCTO BO3HUKAIOT CBOE-
o6pasuble KOHGUrypanuu, Ha3blBaeMble KOH-
tpactabiMu crpykTypamu (KC), B koTopsix 06-
LIVPHBIE YIACTKYM MEAAEHHOTO M3MEHEHMS TOAS
Pa3AeASIOTCS MaAbIMU IO 06bEMY O6AACTAMMU
GBICTPOTO U3MEHEHNS ¢ GOABUIMM IPAAVEHTOM
ooAd — BHyTpeHHI/IMI/I nepexoAHbIMM CAOSIMU
(BIIC).

PesyapraTel HaGAIOAEHUI 32 Pa3AMYHBIMU
IIPUPOAHBIMU O6’LeKTaM]/I AEMOHCTPUPYIOT BO3-
MOSKHOCTh CYL€CTBOBAHMY HECTAIOHAPHBIX
KC, xoTopsle MOTYT, KaK MOCTENEHHO IPUOAK-
skaThes K cranuoHapusiM KC, tak u ncyesars,
06pa3sys mAaBHbIE PACIPEACAEHNA MOAL.

MOHM3AINA 1 PEKOMBMHAIVISI
B PACIIMPSIOIIENCS [TAA3ME,
CO3AAHHOV ®EMTOCEKYHAHBIM
AA3EPHBIM UMITVABCOM
IONIZATION AND RECOMBINATION
IN EXPANDING PLASMA CREATED
BY FEMTOSECOND LASER PULSE

A.A.PYCAHOB, A. 5. CABEABEB,

A. C. VPIOIIMHA, MEXXKAVHAPOAHBIV
AA3EPHBIM JEHTP MT'Y

M. M. B. AOMOHOCOBA

RUSANOV A. A., SAVEL’EV A. B., URYUPINA D.S.

B pa6ore npoBoanTCs MHTEpIpeTALMA AQH-
HBIX CIeKTPAaAbHBIX BpeMA-NIPOAETHBIX U3Mepe-
Huil AAs maasmel Siu W, moaydeHHOM Aasep-
HBIM MMIOYABCOM C AAuTeApHOCThIO 200 e u
MHTEHCHBHOCTHIO 4 + 1015 -=- 3 - 1016 Br/cm2. B
pabore Takske AaeTcsi OOBACHEHME IKCIEPH-
MEHTaAbHOMY HaGAIOAEHMIO IOHOB C aHOMaAb-
HO BBICOKO# KPATHOCTHIO MOHU3AIMIN.

The report is devoted to interpretation of
spectral time-of-flight measurements for a plas-
ma of Si and W. The plasma is created by laser
pulse with intensity 4—101% -=-3—-1016 W/cm?
and duration 200 fs. In the report it is given the
explanation of experimental observations of
ions with anomalous high charge.

MATHEMATICAL MODELLING
OF THE DYNAMICS AND RADIATION
OF LASER-INDUCED EROSION PLASMAS

K. L. STEPANOV, HEAT AND MASS TRANSFER
INSTITUIE NATIONAL ACADEMY OF SCIENCES
OF BELARUS, MINSK

Development of models for description of
thermal-physic properties of substance in a
wide range of conditions. Optical properties of
plasma. Radiation transfer in high-temperature
gases and plasmas. Development of a numerical
code allowing 2D simulation of laser-induced
plasmas at their different applications.

TEOPETUYECKOE UICCAEAOBAHUE
BO3MOXXHOCTEM ITPSIMOTO AA3EPHOTO
HAHOCTPYKTVPUPOBAHVI ITOBEPXHOCTU
TEXHOAOTMYECKUX MATEPMAAOB

B. H. TOKAPEB, H. A. BYTBMHA, IEHTP
ECTECTBEHHOHAVYHBIX UCCAEAOBAHUN

IIPY MHCTUTYTE OBIEN ®U3UKHU

M. A. M. [IPOXOPOBA PAH,

K. 5. AAIIIIVH, B. A. AMIJMKOB, JEHTP
OUBNIECKOIO IIPMMBOPOCTPOEHM A MHCTUTYTA
OFBIIEV ®U3NKHI UM. A. M. IPOXOPOBA PAH

B Hacrosimee BpeMsi 6OABIION IpaKTHYEC-
KUif MHTEpeC IpeACTaBAseT pa3paboTka (pusnu-
4ECKVMX OCHOB HOBBIX METOAOB HAHOCTPYKTYPU-
pOBaHMA NMOBEPXHOCTM PSAAA BBICOKOTEXHOAO-
TUMYHBIX MaTEePHUAaAOB, T. €. CO3AAHUSA OAHOMEp-
HBIX ¥ ABYMEPHBIX pPeAbeOB C XapaKTePHBIMH
nepuopamy Meree 100 um. B aamnOi pabore
IpeAAaraeTcs UCIOAb30BATh Aa3€PHO-UHAY U~
POBAHHYIO HEYCTONYMBOCTh IIOBEPXHOCTH IOA
BO3AENCTBMEM HAHOCEKYHAHOTO M3AYYEHUS
B BakyyMHOM yAbTpaduoarere (BY®D) Fy-razepa
C PEKOPAHO KOPOTKOJ AAMHOM BOAHBI 157 HM
AASL IPSIMOTO Aa3€PHOTO HAaHOCTPYKTYPUPOBa-
Hysa nosepxHoctu. «IIpsamoe» mpeamoararaer
3A€Ch, YTO TaKas MOAV(DUKALMI IOBEPXHOCTHO-
ro npoduAsl IPOUCKOAUT HamboAree IPOCTO —
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OAHVM Aa3ePHBIM AY4OM, a He ABYMA (CBEAEH-
HBIMM AASI CO3AAHMS MHTEPQEPEHIOHHO Kap-
THHBI), ¥ 6e3 MCIOAb30BAHMSI AAS 3aAINCK
CTPYKTYp B AOIIOAHEHME K Ad3€PHOMY Aydy UI-
ABI aTOMHO-CHMAOBOTO ¥AM TYHHEABHOTO MUKPO-
CKOIIa, KaK 9TO GBIAO B PsIAe IEPBBIX PaboT IO
HAaHOCTPYKTypupoBauuio. Paccmarpusamorcs
ABa THUIIA NOBEPXHOCTHOM HEYCTOMYMBOCTU —
«pe30oHaHCHas» ¥ <«Hepe3oHaHCHas». Hampu-
Mep, IOKa3aHO, YTO AT «HEPe30HaHCHOTO » TH-
na HeyCTOﬁqMBOCTM MOJKHO OJKMAATH Pa3BUTUA
[IOBEPXHOCTHBIX peAbedOB C HAHONEPUOAAMH
AASI TAKVX IPOLECCOB KaK Aa3€PHO-MHAYINPO-
BaHHOE JMCIAapeHne ¥ OCaXKAEHUE B OTCYTCTBUE
pacmaaBa, eCAM MCIOAB30BaTh MaTePUAAbL, OT-
AMYAIoecss HU3KON TeMIepaTypOIpPOBOAHO-
crpio (1072 — 1073 em2/c) u BBIcOKUM KO3DDH-
LueHTOM noraouerns (mopsiaka 106 cv~1) Ha
AaHHOI AAmHe BOAHBI 157 HM. K Takum marepu-
araM OTHOCATCSA TpaduT, HEKOTOPBIE MOAVME-
PBI ¥ KEPAMUKHL.

TPEXMEPHOE MOAEAVIPOBAHUE
COAHEYHOV KOHBEKIIMU
C PEAAVICTUYHOM OU3UKON

C.A. YCTIOIOB, MHCTUTYT IIPUKAAAHON
MATEMATUKM M. M. B. KEAABIIIIA PAH

TpexmeprHoe moaeamposanue porocdep-
HOJ COAHEYHOJ KOHBEKIMU IIPOBEAEHO B paM-
KaX METOAA KPYIHBIX BUXPEll C MCIOAb30BaHM-
eMm peaauctuyHon ¢usuru. VccaepoBaHbI
CTPYKTypa KOHBEKTWMBHBIX ABMSKEHUI B IIO-
BEPXHOCTHBIX PAaAMALMOHHBIX CAOAX M AMamna-
30H XapaKTEPHBIX MaCHITaéOB KOHBEKTHUBHBIX

sayeek. Moaeanpyercs 4acTh COAHEYHOM dOTO-
cepel M BepxXHME CAOM KOBEKTUBHOU 30HBI
pasmepom 24X24 Mm ropusonrarbto u 18 Mm
HIDKe BUAVMOI IoBepxHOCTH. Pematores ypas-
HEHMS CSKMMaeMOW paAMaIIOHHOM TMAPOAMHA-
MMKJ C y4€TOM AMHAMIYIECKOI BA3KOCTH U Ipa-
Butanuu. MoaeampoBaHuMe NIpPOBEAEHO Ha
OAHOPOAHOI ceTKe 256X256 siueek B TOPU3OH-
TAaABHOM HaIPaBACHNUM C IIEPUOANIECKUMY Ipa-
HJMYHBIMM YCAOBMAMM U Ha HEOAHOPOAHOI CeT-
ke 144 f4eex mo BepTMKAAM C YIETOM PaBHOBe-
CHS CMA Ha HYDKHEN M BepXHell TpaHuIe Ipu
IOCTOSTHHOM BHYTPEHHE SHEPTUM.

COMPUTATIONAL ALGORITHM
FOR CALCULATION OF CONVECTIVE FLOWS
IN PHASE TRANSFORMATION PROBLEM

V. MAZHUKIN, INSTITUTE OF MATHEMATICAL
MODELLING, RAS, M. CHUIKO, INSTITUTE

OF MATHEMATICS, NATIONAL ACADEMY

OF SCIENCES OF BELARUS, MINSK,

A. LAPANIK, BELORUSSIAN STATE UNIVERSITY,
MINSK

Mathematical modelling of phase transfor-
mation with explicit tracking of interfaces in
2D. Application: phase transition in laser tech-
nologies. Distinguishing features:

— domains of arbirtary shape,

— movable boundaries (interfaces).

Method (dynamic adaptation):

1. Transition to a curvilinear non-stationary
coordinate system.

2. Numerical solving of the problem in rec-
tangular domain.





