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abnauuto MNBO®P, 1 No3BONAKT AOMOMHUTL Cylle-
CTBYIOLLYIO MOA€ENb NasepHon abnauumn nonumMepa.
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npobnem xmmuyeckon ¢usmkn Poccunckon akage-
mMun Hayk (MockoBckasi 0bn., YepHoronoska).
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[Mony4yeHHble aKcnepyMeHTanbHble AaHHbIe MOoA-
TBEPXKAAKT BNUAHNE raMMa-paguaunmn Ha nasepHyto

EFFECT OF PRELIMINARE GAMMA IRRADIATION ON LASER ABLATION
OF POLY(VINYLIDENEFLUORIDE)
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The process of laser ablation of poly(vinylidenefluoride) preliminary treated with y-radiation is investigated. The main abla-
tion parameters as well as characteristics of ablation plume and deposits are determined as function of dose of preliminary y-
irradiation. The data obtained allowed to refine the existing conception on laser ablation of polymers.

UCCIIEQOBAHUE NMPOLECCOB OBPA3OBAHUA
HAHOKJIIACTEPOB OKCMOOB YPAHA U ANNFOMUHUA
HA MOBEPXHOCTU OKCMANPOBAHHOI'O AJNTIOMUHUA

CAOBOEHHbLIMU NA3EPHbIMU UMIYJIbCAMU

AWN. Komsik, H.IM. Bunenwunkosa, A.A. 3axoruH, E.B. Komsik
Bernopycckuti 2ocydapcmeeHHbIl yHusepcumem,
np. Hezasucumocmu 4, 220030 MuHck, Benapycs, zajogin_an@mail.ru

MeTtogamun anektpoHHoro n MK normoleHns nccnenoBaHbl MpoLecchl hoToXMmmn4eckoro obpa3oBaHUs HaHOKNaCTEPOB
KOMMIEKCOB YeTblpex- U NATUBANEHTHOrO ypaHa C OpraHV4yeckMMn nuraHgamu npu ceetognogHom obnydenun (430-450 Hwm)
pactBopoB UO(ClO,)-5H,0 B aueToHe. YcTaHOBMEHa BO3MOXHOCTb OCaXAEHNSA KOMMNEKCOB YeTbIpex- U NATUBaNeHTHOro ypa-
Ha 13 NPOoAYKTOB (HOTOKOHAEHCALUMM aueToHa Ha MOPUCTYI0 MOBEPXHOCTb OKCUAMPOBAHHOIO antoMuHus. Npu ocaxaeHun npo-
AYKTOB (POTOKOHAEHCALMU aueToHa U ypaHa C NMOMOLLbIO Nepekncy BOAOPOAA Ha MOPUCTYIO MOBEPXHOCTb OKCUAMPOBAHHOIO
anoMuHust 06pasytoTcs NPOYHO CBSi3aHHblE C MOAMOXKOW HaHOKMacTepbl ypaHa NepeMeHHON BaneHTHOCTU MPaKTU4ecku He
pacTBOpUMblE B BOAE M BOAHO-OpraHn4yeckmux cmecsx. [pn HarpeBaHm NOATOXKN C OCaXAEHHbIM MEPOKCUAOM ypaHa npu Tem-
nepatype 400-450°C MOXHO nomny4nTb okcug ypaHa tuna -UOs, a TemnepaTtypax 500-600°C - pa3nuyHble dopmbl UzOs. Me-
TOOOM aTOMHO-3MWUCCUOHHOW MHOTOKaHanbHOW CMEeKTPOMEeTpun (NasepHblii aTOMHO-3MUCCUOHHBIV MHOTOKaHamnbHbIN CNEeKTPOo-
meTp LSS-1) nccneposaH npouecc hOpMUPOBaHUSI aKTMBMPOBAHHOW MOBEPXHOCTU MPU BO3AEWCTBUM MOLLHbIX COBOEHHbIX
nasepHbIX UMNYNbCOB Ha NMOBEPXHOCTb OKCUAMPOBAHHOIO antoMuHus. oka3aHo, YTo ynpaBnsATb npoueccaMu nnasmMoxnuMmye-
ckoro obpasoBaHMs OKCUAOB ypaHa MOXHO, M3MEHSIA Kak MIOTHOCTb Nafdalolent dHEPrn as3epHoro M3nyyeHus, Tak u Bpems
3aflepXXKN NpUXofa BTOPOro CABOEHHOMO na3epHoro uMnynbca. MNpu Mcnonb3oBaHUM pexnma CABOEHHbIX UMMNYNbCOB Ha nep-
BWYHblE MpoLiecchl nnasmoobpasoBaHns ByayT HaknaabiBaTbCA NPOLIECChHl HAarpeBa U UcnapeHust asposorein, obycrnoBneHHbIe
AeNCcTBreM BTOPOro uMmnynbeca. Temnepartypa nnasmbl, 4OXOAAWAA A0 HECKONbKUX AECATKOB ThiCAY rpagycoB, onpenenser
HanuMyve B HeW MOHOB, ANEKTPOHOB, paAMKanoB W HENTpanbHbIX YAaCTUL, HaxoAsLLUMXCA B BO3OYXXOAEHHOM COCTOSIHWM.
Hanuuve Takmx yacTuy nNpuBOAWUT K BBICOKMM CKOPOCTSM B3avMOAENCTBUS YacTul, U ObICTPOMY NPOTEKaHUKO peakuui
(105-10% c) B nnasme M Ha NOBEPXHOCTM TBEPHOro Tena. Buibupas 3Hepryio UMMysIbCOB M MEXAYUMMYIbCHBIN UHTepBan
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MOXHO ynpaBnsiTb NpoLeccamy NOCTYNNEHNs! ypaHa Kak B Mna3My, Tak U Ha NMoBEPXHOCTM TBephoro Tena. O6cyxaeHbl BO3-

MOXHbl€ NPUYAHbI, OGBHCHHIOLLWIG nonyvyaemble pe3ynbTaTthbl.

BeepneHue

M3BeCTHO, 4YTO BHeApeHue Nyylmx no xapakTe-
pucTMKaM KaTanusaTopoB Ha MOPsiAoK, a TO U ABa
acpdekTMBHEE OPYrUX TEXHUYECKUX YCOBEpLUEH-
cTBOBaHUN. Tak, B pabote [1] nokasaHo, 4TO C Mo-
BbILLUEHMEM TemnepaTtypbl TepMoobpaboTku o
1000°C aKkTuBHbIV KOMMNOHEHT KaTanusatopa U/Al203
nepexoavT B HAHOOUCMEPCHOE COCTOSIHME, YTO Mpu-
BOAMT K 3HAYUTENBHOMY YBEMWUYEHUIO €ro Katanutu-
YEeCKOW aKTMBHOCTU B peakumsax okucneHusi. OgHum
M3 NepCrneKkTUBHbLIX CrocoboB ABMNSETCA NonyyYyeHus
YpaHOBbIX KaTanu3aTopoB B BUAE MMEHOK OKCWAOB
ypaHa Ha TBepAoM HocuTene.

B HacTosLwee Bpemsa TexHonormn obpaboTkm ma-
TepvarnoB yrnbTPakopOTKMMUK Nnas3epHbIMU MMMyrbCca-
MW LUMPOKO MCMOMb3YHTCS B MUpe AN Npou3BOA-
CTBa M CO3[aHMWSA CIOXHBIX 2-X U 3-X MEPHbIX MUKPO-
W HaHOCTPYKTYp B MeTannax, MonynpoBOAHUKAX,
npo3payHbIX Matepuanax, nonuvepax n ap. Jlasep-
Hble TeXHOMNorum AN MONyYeHUs MUKPO- M HaHo-
CTPYKTYpP Ha MOBEPXHOCTU MeTannoB W CnNnasoB
Ba)XHbl A4S PasfUYHbIX NPUMEHEHWUIA: NP NPON3BOA-
CTBE NPMOOPOB ONTO- U HAHO3NEKTPOHMKN, B TEXHO-
norusix XpaHeHus wuHdopMauuM, B MeToauKax
yrpaBneHUs MexaHM4YeckKUMN U ONTUYECKMMU CBOW-
CTBaMu TBepAblX Ter, B OMOMEANLUHCKUX MpUMeHe-
HUSIX, @ TaKkKe AN Hay4HbIX UccregoBaHUn (POTOH-
Hble KpUcTannsl, NNasmMoHHble yCTponcTea 1 T.4.) [2].

B aTon cBA3M CTaHOBUTCSA akTyanbHbIM CMCTEMA-
TM4ecKoe n3yyvyeHve PU3NYecKnx MexaHW3MoB B3au-
MOLEWCTBMSA OMTUYECKOTO W3MNYy4YEeHUs C MOBEPXHO-
CTblO MeTanna, a Takke onpeaeneHne u nonyvyeHve
OonTMMarbHbIX Na3epHbIX PEXUMOB (MHTEHCUBHOCTU
W ONUTENBHOCTU NasepHbIX MMMYNbCOB, 4acTOTh
crnefoBaHus, NapamMeTpoB CKaHMPOBAHWS Na3epHoOro
nyyka) ANs KOHTPOMMPYEMOro MUKPO- M HaHOCTPYK-
TYpUpOBaHUS NOBEPXHOCTEN 06 bEMHbBIX MaTepnanos
M HaHEeCEHHbIX Ha MOBEPXHOCTb MOASOXEK MIEeHOK C
UCMOMNb30BaHWEM J1a3epHbIX UMMYMNbCOB C pasnuy-
HbIMW NapameTpaMy C y4eTOM TEpMOAMHAMUYECKUX
XapaKTEPUCTUK, NCXOLHbIX MEXaHUYECKNX CBOWCTB U
KayecTBa NoBEpPXHOCTU 0bny4yaemoro maTepuana.

Llenbio HacTosilwern paboTbl SBNSANOCL U3yyYeHue
NpoLEeCcCOoB NOMyYeHNsA OKCMAOB ypaHa nepemMeHHOW
BaNeHTHOCTM Ha MOBEPXHOCTN OKCMAUPOBAHHOIO
aniomnHna. [Ins 3Toro HamMmm MeToAammn 3MeKTPOHHO-
ro n UK nornoweHus nccrnegoBaHbl npouecchl o-
TOXUMMUYECKOTO 0Opa3oBaHMs KOMIMIEKCOB ypaHa
nepemMeHHON BaneHTHOCTM Mnpu obnyyeHun pacTBo-
poB UO2(ClO4)2-5H20 B aueToHe npu CBETOANOAHOM
o6nyuveHum (430-450 HM) [3], ocaxaeHus Ux Ha no-
PUCTYIO MOBEPXHOCTb OKCMANPOBAHHOMO antoMUHMS C
nocnegyowmm npeobpa3oBaHMEM B BbICOKOPEaKLU-
OHHblE OKCUAbI ypaHa.

OcHoBHas 4yacTb

Mpn ocaxaeHun npoaykToB (HOTOKOHAEHCaLUu
aleToHa M ypaHa C MOMOLLbIO Nepeknucu soaopoaa
Ha NOPWUCTON MOBEPXHOCTU OKCUAMPOBAHHOMO aro-
MWHUSi 0OpasyloTCA NPOYHO CBA3aHHbIE C MOOSIOXKOW
HaHoKnacTepbl NPEeVMYLLECTBEHHO LUECTUBANEHTHO-
ro nepokcvga ypada. [Ana nonyveHus BblCOKOpeak-
LMOHHBIX OKCMAOB YypaHa Ha MOBEPXHOCTU oOKcuAaa

antoMMHUA UCMONb3oBarcs nasepHbI MHOrokaHanb-
Hbll aTOMHO-3MWCCUOHHBLIA  crnekTpomeTp LSS-1.
MnaBneHve BewecTBa M BO3OYXAeHWe nnasmbl B
CMEeKTPOMEeTpe OCYLLIECTBMNAETCA W3fyvyeHuem [By-
XUMMNynbCHOro nasepa Ha AWUM+Nd®* (mopgenb
LS2131 DM). AnuTenbHOCTb umnynbcoB ~ 15 Hc.
dokycHoe paccTosiHne obbektmBa 104 mm. [ns
YMEHbLUEHNS MNIMOTHOCTU 3HEPINM Ha MULLEHU OHa
pacnonaranacb Ha pacctosiHum 109 mm. 3aBucumo-
CTU VWHTEHCUBHOCTM WMOHHOM nuHWMM ypaHa U I
(A=385.958 HM) B 3MMCCUOHHBIX CMEKTpax OT JHep-
rMn UMMyNbCOB ANS PasnNUYHbIX MexXay MMNYNbCHbIX
WHTepBanos npueefeHsl Ha puc. 1. MNpu obpaboTke
NOBEPXHOCTM MCMONb30Bancs BPEMEHHON MHTepBan
MexXay COABOEHHLIMU UMMNYyNbcamMmn 8 MKC.
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Puc. 1. 3aBMCMMOCTb MHTEHCUBHOCTU MOHHOW NINHUK ypaHa
U Il (A=385,958 HM) B 3MMCCUOHHbIX CNEKTPax OT 3HEprumn
UMMNYNbCOB AN PasnuyHbIX MEXAyMMMYNbCHbIX MHTepBa-
nos

O6wwuin Bng o6paboTaHHOM NOBEPXHOCTU MpuBeE-
O€H Ha puc. 2.

Puc. 2. O6wwuin Bua 06paboTaHHOM NOBEPXHOCTH

N3o6paxeHnss MNOBEPXHOCTU OKCUOAMPOBAHHOIO
antMUHUS C HaHECEHHbIMW MfeHKamMK, YyBenu4eH-
Hble C MOMOLLbI0 MUKpouHTepdepomeTpa JInHHUKa
MWWN-4, npuBeaeHsl Ha puc. 3 (x 300).

B cBsis3n c Tem akToM, YTO nony4aemble npo-
OykTbl agcopbrpoBaHbl HAa MOBEPXHOCTU MOP OKCU-
OVPOBAHHOIO arntMWUHUS, He YOAeTcsl MNPUMEHUTb
BbllLe MpUBEAEHHbIE MpsSIMble ONTUYECKME METOoAbI
onpefeneHns OKCWAOB YypaHa. [Ons nomnykonuye-
CTBEHHOW OLIEHKW COAEepXaHusi ypaHa B nopax uc-
Monb30Barncs BbiLeNpUBEAEHHbIN CEKTPOMETP.

Hamn gns nonydeHus Tpuokcupa ypaHa B-UOs
npokarnka OKCUAMPOBAHHOIO antMUHUSA MPOBOAU-
nacb npu TemnepaType npouecca 420°C. [ins nony-
yeHuss UsOs MOXHO McCnonb3oBaTb TemnepaTypsl
500-600°C, 4TO HwKe TemnepaTypbl MnaBleHUs
antoMnHnSA (Tnnaen = 660°C).
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Ha MOBEPXHOCTM MeTanmna CTPYKTYp MWUHUMarnbHOro
pasmMepa B HaHoMaclTabHon obnactTn OCHOBbLIBAKOT-
Cc Ha puanyvecknx npoueccax, NpuMBOASALMX K 3a-
TBEPAEBaAHUIO MOBEPXHOCTM BellecTBa Npu CBEPX-
BbICOKMX CKOPOCTSIX OXMaXKAeHUsi nocrne OKOH4YaHus
BO34ENCTBUS Na3epHbIMU UMMYMbCaMMU.

Mpn wucnonb3oBaHUM pexuma COBOEHHbIX WUM-
nynbCOB Ha MeEpBU4YHbIE MpoLecchl nnasMmoobpaso-
BaHWsi 6yaoyT HaknagbiBaTbCA NpoOLEcChbl Harpesa u
ucnapeHusa aaposornen, obyCcnoBneHHbIe AENCTBUEM
BTOpPOro mmMnyneca. TemnepaTypa nnasmbl, [OXO-
Aslasa 0O HEeCKONbKUX OECATKOB ThICSAY rpajgycos,
onpegensieT HanuuMe B HeN MOHOB, 3MNEKTPOHOB,
paavkanoB M HEWTpanbHbIX YacTul, HaxoasaWwmxcs
B BO30yXAeHHOM cocTosHuu. Hannuve Takux 4a-
CTUL, NPUBOAUT K BbICOKUM CKOPOCTAM B3anmopen-
CTBMS 4acTuy, U ObICTPOMY MPOTEKaHUIO peakuuii
(105-108 ¢) B nna3me M Ha NOBEPXHOCTU TBEPAOro
Puc. 3. W3oGpakeHne MOBEPXHOCTM OKCUAMPOBAHHOMO Tena. Bbv'6”paﬂ SHEpPIVIO UMMYNbCOB U MEXAYNM-
anioMUHUSE: @ — C OCaXKAEHHBIM NEePOKCUAOM ypaHa; 6, B, T - NynbCHBIM NHTEPBAan, MOXHO YNpaBnAaTe npouecca-
TO Xe, YTO «a» nocne o6paboTku nasepom no nnowaau (6 - MU NOCTYNNEHUA ypaHa Kak B nnasmy, Tak 1 Ha no-
3Heprust 2 umnynscoB no 24 mIx; B - 10 umnynbcos no BEpPXHOCTK TBepAoro tena.

10 mOx; r - 10 umnynbcoB no 24 mOx)

Cnucok nutepaTypbl

Ans nony4eHus CTPyKTyp Ha NOBEPXHOCTU MaTe- 1. Ucmazunos 3.P., Kynuesuy C.B., KysHeuos B.B. u dp. I/
puana ¢ MUHMManbHbIMKM pa3Mepamu  (OecsATku Kunet. katan. 2007. T. 48. Ne 5. C. 544-553.
HaHoMeTpoB), criegyeT BblbMpaTb pexuMm BO3gew- 2. Basecmosckas U.H., MeowuH B.U., KanasuH A.I1. u op. I/
CTBUSA YNbTPAKOPOTKUMU 1a3ePHbIMKM  UMMYyNbcamMu TpyAbl Pusndeckoro uHcTutyta um. M.H. JleGepesa.
6e3 abnAauMM C NNOTHOCTLIO 3HEPTUN UMMYMLCA HIKE 1993.T.217. C. 3-12.

3. BaxoeuH A.ll., 3axozuH A.A., Komsk A.U., Ympel-
ko [.C. /1 KypH. npuvkn. cnektp. 2007. T. 74. Ne 5. C. 565-
568.

nopora aGnauMW, HO Bbille Mopora nnaBneHns,
obecneyrBatoLLMiA NpoLIecchl CBePXBLICTPOro Harpe-
Ba, MMaBMNeHUss U peKpucTanImMsaumy NoBepPXHOCTM
meTanna. [Jpyrumy croBamu, TEXHONOMMU CO3aaHus

STUDY INTO THE PROCESSES OF THE URANIUM AND ALUMINUM OXIDES
NANOCLUSTERS FORMATION AT THE SURFACE OF OXIDIZED ALUMINUM
BY DOUBLE LASER PULSES

A.l. Komyak, N.P. Vileishikova, A.A. Zajogin, E.V. Komyak
Belarusian State University, 4 Nezavisimosti ave., 220030 Minsk, Belarus, zajogin_an@mail.ru

Using the methods of IR and electron absorption, the processes of the photochemical formation of the nanoclusters of tetra-
and pentavalent uranium with organic ligands on LED-illumination (430-450 nm) of UO,(ClO,)-5H,0 solutions in acetone have
been studied. The possibility of deposition of tetra-and pentavalent uranium complexes from the acetone photocondensation
products onto a porous surface of oxidized aluminum has been demonstrated. When the acetone and uranium photocondensa-
tion products are deposited onto the porous surface of oxidized aluminum with the help of hydrogen peroxide, the formed varia-
ble-valence uranium nanoclusters are strongly bonded with the substrate and practically insoluble in water and water-organic
mixtures. On heating of the substrate with the deposited uranium peroxide, at temperatures of 400-450°C one can obtain the {3-
UOs-type uranium oxide and at temperatures of 500-600°C — different forms of U3Os. By multichannel atomic-emission spec-
trometry with the use of a LSS-1 spectrometer, the formation of the activated surface under the effect of high-power double
laser pulses on the surface of oxidized aluminum has been studied experimentally. It has been shown that the plasmochemical
formation of uranium oxides may be controlled by changes in the power density of incident laser radiation and in the delay time
of the second laser pulse arrival. Owing to the use of double laser pulses, the initial processes of the plasma formation are su-
perimposed by the heating and evaporation processes of aerosols due to the effect of the second pulse. At temperatures ap-
proximating several tens of thousands of degrees, the plasma contains ions, electrons, radicals, and neutral particles in the
excited state. The presence of such particles results in high-speed interactions and fast reactions (10°-10% s) in the plasma and
at the surface of a solid. Proper selection of the pulse energy and of the interpulse time enables one to control the processes
of uranium arrival into the plasma and at the solid surface. The results obtained have been analyzed and explained.
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