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ITPOLJECCBI OBPA3OBAHUA HUTPUAA AAIOMUHUA
B TTAA3ME ITPU BO3AEVICTBUU PACOOKYCHUPOBAHHBIX
CABOEHHbBIX AA3EPHBIX MMIIYABCOB
HA AAIOMUHUNUN B ATMOC®EPE BO3AYXA
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st onpenenenus ycaoBuil ONTUMAIBHOTO BIMSHUS Pac(OKyCHPOBKH N3ITyUCHHNS CIBOCHHBIX JIA3€PHBIX HMITYIILCOB
Ha IeJeHaNpaBlIeHHOe (pOPMHUPOBAHNE KOMIOHEHTHOTO M 3apsI0BOTO COCTaBa MPUIOBEPXHOCTHON JIa3epHOI MiIa3Mbl
IPOBEAEHBI NCCIIEJOBAHNUS €€ METOAOM JIa3€pHOI HCKPOBOM CIIEKTpoMeTpuu. M3ydeHs! mporueccsl 00pa3oBaHUs HUTPUA
AIIOMHHUS TIPH BO3/ICHCTBUH pac(OKyCHPOBAHHBIX OJIMHOYHBIX U CIIBOCHHBIX JIA3€PHBIX HMITYJILCOB Ha aJJFOMUHHMEBBIN
craB /16T B armocdepe Bozayxa. [Tokasana posb epBoro MMITyJibca B YBEIHUCHUH IO KaK HOHOB aJIOMUHHUS pa3-
JIMYHOM 3apsIHOCTH B IPUITOBEPXHOCTHOM JIA3€PHOI I1a3Me B PeXKUMax abJIsIUK TOBEPXHOCTH aJIFOMHHHUEBBIX CIUIABOB
pacdoKyCHpOBaHHBIMH CABOCHHBIMH JIa3€PHBIMU UMITYJILCAMH, TaK M HaHOKJIacTepoB AIN mpH rmociae0BaTeIbHOM BO3-
JEWCTBUN CEPHUN CIBOSHHBIX NMITYJIbCOB Ha MUILICHb. YCTAHOBJICHBI YCJIOBHUS BIMAHUS [TapaMETPOB Ja3epa U MPOLECCOB
Ha [OBEPXHOCTH U B I1a3Me Ha (JOPMHUPOBAHKE ONPEEICHHOT0 HOHHOTO M MOJIEKYIISIPHOTO COCTaBa IIa3Mbl IIPH BO3-
JICWCTBUU OIMHOYHBIX M CIBOCHHBIX JIA3EPHBIX UMITYJIHCOB.
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PROCESSES OF FORMING OF ALUMINUM NITRIDE
IN PLASMA BY ACTION OF DEFOCUSED DOBLE
LASER BEAMS UPON ALUMINUM IN AIR ATMOSPHERE
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In order to determine optimal conditions of influence of defocusing of emission of double laser impulses aimed on
forming required both component and charge composition of surface laser plasma a researches using laser spark spec-
trometry method were conducted. Processes of forming aluminum nitride by action of single and double defocused laser
impulses on D16T in air atmosphere were studied. Role of first impulse on possibility of increase percentage both of
aluminum ions of different charges in surface plasma during surface ablation mode of aluminum alloys by defocused
double laser impulses, and nanoclusters of AIN by consistent action of series of double impulses on sample were shown.
Conditions of influence of laser parameters and processes on sample surface and in plasma itself on forming of certain ion
and molecule composition of plasma during action of single and double impulses.

Key words: AIN; pulsed laser deposition; surface laser plasma; laser spark spectrometry; multiply charged ions; double
laser pulses.

BBenenue

bnaromapsi cBouM YHUKAJIBHBIM CBOMCTBAM HUTPUIBI METAJIOB TPETHEH MPYIIIBI OYCHB MEPCIEKTUBHBI JJ15
CO3JIaHUS Ha UX OCHOBE DJICKTPOHHBIX, ONTOICKTPOHHBIX U aKyCTOICKTPOHHBIX ITpubopos. Illupuna 3anpe-
IICHHOM 30HBI ATHX IOJIYIPOBOJHUKOBBIX MaTEPUaJIOB B JBA-IISAThH pa3 OOJbIIE, YeM Y TPAIUIIUOHHBIX MaTe-
puayioB (KpeMHUs 1 apceHua rautusi). Kpome Toro, y HUX BBIIIIE HApshKeHUE MPo00st U TEILIONPOBOIHOCTD.
YHUKaIBHBI KOMILICKC (DU3MKO-XUMHUECKHX CBOWCTB YKa3aHHBIX MAaTEPHUajOB IO3BOJSCT CYIISCTBEHHO
YAYYIIATh TEXHUUESCKHE XapaKTEPUCTUKU COBPEMEHHBIX MTPUOOPOB: TOBBICUTH 3()()EKTUBHOCTH CBETOHOIOB
Y J1a3epOB U PACHIMPUTH CIIEKTP UX U3IydYeHHS B (DUOJCTOBO-TONYyOyI0 M ONMkHIOI YD-001acTh CIeKTpa,
MHOTOKPATHO YBEJIIMYUTh JOMYCTUMYHO MOIIHOCTb MOJICBBIX TPAH3UCTOPOB U MHTErpaibHbIX cxeM (MC) Ha ux
OCHOBE TIPU COXpaHeHHUU ObICTponeicTBu [1; 2].

OnHUM U3 HUTPHUIOB METAIUIOB, MEPCICKTUBHBIX U MPUMEHIEMBIX B MUKPOAJIEKTPOHUKE U OMTOIECKTPO-
HUKE, SBIISETCS HUTPU amroMuHus AIN, a Takike KepaMUUeCKHe MaTepHralibl Ha ero ocHoBe. Hurpuna anromu-
uus AIN HMeeT BBICOKYIO TETIONPOBOAHOCTh, CPABHUMYIO C TAKOBOH Meqm U cepebpa (10 260 Br-m ' - K™,
TIPH BBICOKHX 3HAYEHHSAX AIEKTPHUECKOTo compoTuienus (o 10" OM - cM) u mupuHe 3anpemeHHoi 30HbI
6,2 3B u 1. 1. Cneayer OTMETHUTD, YTO OJHA U3 KPUCTAIUTMYCCKUX (Da3 HUTPHUIA ATFOMUHUS UMEET TPSIMO30H-
HYI0 XapaKTePUCTUKY, YTO MO3BOJISET HUCIOIb30BATh €€ JIsl MPUOOPOB, U3ITYUAIIUX B 00JaCTH TITyOOKOTO
yneTpaguonera [2].

B HacTosiiee BpeMst ONBITKE TOAy4YuTh AIN, HEOCPEICTBEHHO BO3JICHCTBYSI OJMHOYHBIMHU JIa3EPHBIMU
MMITYJIbCAMU Ha TIOBEPXHOCTh AJTFOMHUHMSI B aTMOC(Eepe YHCTOrO a30Ta, HE YBEHYAJIUCHh YCIIEXOM. YCTaHOB-
JICHO, 4TO JijIsl 0Opa3oBanus AIN B BH/ie TIOPOIIKOB WJIM B COCTABE TOHKUX IUICHOK U MOKPBITUI HEOOXOIUMO
MIPUMEHSTH METOJIbI JTA3€PHOTO BO3/IeiicTBUs Ha Al B aTMOC(epe akTHBUPOBAHHOTO a30Ta IOJT aBJICHUEM.

Haubonee pa3paboTaHHBIMU ¥ U3yYCHHBIMH METOJaMHU aKTHBAIMH MOJICKYJIbI a30Ta SIBJISIFOTCS HArPeBaHUE,
HOHM3UPYIOIIEe U3TYUYCHHE, ICUCTBUE KaTalu3aTOpOB, ICKTPOPaA3Ps, a TAKKE COUCTaHUE ITUX MeTonoB. [Ipu
TEIUIOBOM aKTUBAIIMKM MOJEKYISIpHOro a3oTa — HarpeBanuu a0 3000 °C — cTemeHb NUCCOLMAIUHN JOCTUTAET
0,1 %. [dpyrue metosp! aktuBaimy Takxke Manodddexrusasl — KI1/] mporecca ve npebimaer 1-2 % [1; 2].

Amnanus ¥ uejeHanpaBIeHHOE U3MEHEHHE KOMIIOHEHTHOTO, 3apsI0BOTO U YHEPreTHUECKOTr0 pacipenene-
HUS COCTaBa JIa3epHOTo (pakesia BO3MOXKHBI HA OCHOBE JIOMOJHUTEIBHOIO JIA3EPHOTO BO3JICHCTBHS HA ITEPBUY-
Hy10 T1a3my. [Ipu “cronb30BaHUM CXeM U METOAOB By XUMITYIBCHOTO JIA3€PHOTO U3ITYUCHHUSI IPU PA3TIUYHBIX
yIJax MaJeHus Ha MUIICHD U TUIa3My MOKHO OJTHOBPEMEHHO MPOBOAUTH BHICOKOUYBCTBUTEIILHBIN CIIEKTPAIb-
HBII aHAJIM3, KOHTPOJIb KOHIICHTPAIIUU BO30YK/JICHHBIX M 3apsHKCHHBIX YaCTHII IJ1a3Mbl U yIIPABJICHUE COCTa-
BOM IIa3Mbl, HAIPABIISIEMOI Ha MOAIOKKY.

Lenp paboThl — TIOKa3aTh BO3MOXKHOCTh M ONPECIUTh YCIOBHSI MTOJMyUYESHUS METOJIOM aOJISIIIUU CEPUIMU
C/IBOCHHBIX JIa3ePHBIX MMITYJIbCOB AJTFOMHHHUEBBIX MUIIICHEH B BO3AYIIHON atMocdepe HaHOKIacTepoB AIN
JUTSL ICTIOJIh30BAHUS B TEXHOJIOTHSIX 00pa30BaHUsI HAHOKPUCTAIUIOB M HAITBLICHHSI TOHKHX TUICHOK.
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MeToanka IKCIIEPUMEHTA

Jnsa vccinenoBaHuil UCIIOJIB30BAJICS JA3€PHBI MHOIOKAHAJIBHBIH aTOMHO-IMHUCCUOHHBIA CIIEKTPOMET]
LSS-1 (bemapycn). Jlazep MokeT paboTaTh ¢ 4acCTOTOH MOBTOPEHUS MMITYIbCOB 10 10 [T HA IyIMHE BOJHBI
1064 aM. JImATeIpHOCTL UMITYITHCOB =15 HC. BpeMEeHHO# CABUT MEXKAY CIBOCHHBIMH UMITYJIECAMU MOJKET H3Me-
aaThCs 0T 0 10 100 MKc ¢ marom 1 mMxc. JlazepHoe m3imydenue GoKycupyeTcst Ha 00paser] ¢ TOMOIIBIO aXpOMaTH-
YeCKOTo KoHIeHcopa ¢ (hoKycHBIM paccTossareM 104 MM, Pa3zmep cokycrupoBaHHO# TOUKH IpUMEPHO 50 MKM.

Junamuka obpazoBanns AIN m3ydeHa 1Mo SMHCCHOHHOW Mmoioce ¢ THHON BOMHEI 508,0 HM B crieKTpax
9TOW MOJIEKYJBI TIPU BO3ACHCTBUN CEPUH OJMHOYHBIX W CIBOCHHBIX JIA3EPHBIX WMITYJIILCOB HAa MHIICHDb U3
amomuHueBoro crurasa [[16T B atmocdepe Bo3myxa.

Pe3yabTarhl Hccae10BaHU M UX 00CYKIeHHe

IIpu mpoBeAeHNHN SKCIIEPUMEHTATBHBIX HCCIICOBAHIN YCTAHOBIICHO, YTO HAHOOJBINAsl HMHTCHCUBHOCTD
TOJIOC HAOIOMAETC sl ISl MHTEpBaja MeXIy uMiryiabcamu 6—12 Mre. C ucmons3oBanneM wHTepBaia 10 Mkc
n3ydeH nporiecc oobpazoBanus HaHokimactepoB AIN u nonos Allll, NII ot sHEprUM OMMHOYHBIX U CIBOCHHBIX
JIa3epHBIX UMITYIIECOB B 3aBUCHMOCTH OT pac(OKyCHPOBKH UX U YHCIa UMITYTbCOB (pucC. 1).

Kaxk crmemyer u3 Mory4eHHBIX JaHHBIX, MTpoliecc obpa3oBaHus HaHOKIacTepoB AIN ¢ pocToM 2HEPTHH 10
40 m/Ix yBemUIMBACTCS, a 3aTEM HECKOJIBKO YMEHBIIIAETCS, B TO JK€ BPEMSI 3aBUCUMOCTH OT pac(hOKyCHPOBKHU
(TUTOTHOCTH MOIIIHOCTH) HeomHo3HauHa. [Ipu comocTaBieHnu TpadUKoOB HA prc. | BHIHA XOpOIIas KOPpes-

M MEXJy BO3pAaCTaHHEM WHTEHCHBHOCTH TOJOCH AIN M CyIIeCTBEHHBIM YMEHBIIEHHEM HHTEHCHUBHOCTHU
muann AT (452,92 um).
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Puc. 1. 3aBucumocts unTeHcHBHOCTH 1oa0ch AIN (508,0 HM) oT pacdoxycupoBku (a)
1 SHEPrHU UMITYJIECOB (0); 3aBUCUMOCTH OT pac(hOoKyCcHpOBKH
naTeHcuBHOCTH JInHUA AllIL (452,92 uM) (8) 1 NII (399,5 M) (2)
Fig. 1. Intensity dependence line of AIN (508,0 nm): @ — on defocusing; b — on impulse energy;
¢ — intensity dependence of AIIII (452.92 nm) lines; d — intensity dependence of NII (399.5 nm) lines
(in frame — energy, mJ (a, ¢, d), and defocusing, mm (b))
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HabGmonaercst oueHb criibHasi 3aBUCUMOCTh CKOPOCTH 00pa30BaHus HUTPHIA AIFOMHHUS OT KOJIMYECTBa MO-
CJIEZIOBATENbHBIX CIBOCHHBIX UMITYJIbCOB. VccnenoBanns nokasany, 4To yka3zaHHasi CKOPOCTh B 3HAUMTEIBHON
CTEIEHU 3aBUCHUT HE TOJIBKO OT YMCJa I1OCIIEI0BATEIbHbIX CIBOSHHBIX UMITYJIbCOB, HO U OT KOJIMYECTBA CKOH-
JICHCUPOBAaHHBIX BEIIECTB, 00Pa3yOUINXCsl B pe3ybTare BO3ACHCTBHS HAa MHUIICHb MIEPBOTO UMITylIbca. Takke
YCTaHOBJIEHO, YTO MPOLECC IIa3M000pa30BaHusl B BO3LYLIHON CPeAe CYIIECTBEHHO YCIOKHICTCS U3-3a sIBJIe-
HUSI TTOCTIEICHCTBHS, PAKTUYECKU HEN30€KHOro TpH (POPMHUPOBAHUN TITYOOKHX OTBEPCTHI MOCIE0BATEIb-
HOCTBIO CABOCHHBIX UMITYJIbCOB, YTO BBI3bIBACT HAKOIUICHHE a0MPOBAHHBIX MUKPO-, HAHOUACTHUI] U KJIACTEPOB
B arMocdepe 00pazyromumxcs monocreit. Hu3komoporosslit ontudeckuil mpodoii Bo3ayxa NPUBOIUT K MOSIBIIC-
HUIO OTHOBPEMEHHO JIBYX Pa3HECEHHBIX B MPOCTPAHCTBE MJIa3MEHHBIX 00pa3oBanuil. [lepBoe — 0ObIuHbIH da-
KeJI JTa3epHOH ITa3Mbl, BTOPOE — TNIa3MEHHO-TIBUIeBOE 00Jako. [1osBeH e 3TO Mm1a3MeHHO-TIBIIEBOM 001acTH,
OTCTOSIIIEH Ha OIPEeNIEHHOE PAaCCTOSHUE OT OBEPXHOCTH, IPUBOIUT K JOMOIHUTEIBHOM IKPAHUPOBKE U, YTO
Oosee BayKHO, CO3JaHUIO BHICOKOTEMIIEPATYPHOTO IUIa3MEHHOTO 00J1aKa BEICOKOTO JIaBJICHHUS, PA3JIETAIOIIErOCs
MIPEUMYIIIECTBEHHO MO HAMIPABJICHUIO OTBEPCTHS. ITO MOCIEACHCTBHE U 00YCIOBINBALT, MO-BUANMOMY, YBEIIH-
YEeHHE CKOPOCTH 00pa30BaHUs HUTPUAA alTFOMUHUSL.

JUist Jrydiiero MOHMMAaHHUSL CKPBITBIX MEXaHH3MOB IIPOLIECCOB, IPOUCXOASALINX KaK Ha IOBEPXHOCTH, TaK
1 B MPUIIOBEPXHOCTHOM IM1a3Me, U3ydeHa JAMHAMHUKa U3MEHEHHUs] aTOMHOTO M MOHHOTI'O COCTaBa MPHUIIOBEPX-
HOCTHOH IIJIa3Mbl IIPH BO3EHCTBUU CEPUI OAMHOYHBIX JIA3€PHBIX UMITYJIECOB.

Ha puc. 2 npuBenensl 3aBucumocTt uHTeHcHBHOCTH JinHHKA All (394,3 um), Al (452,92 M) u NII
(399,5 uMm) B criekTpax OT pac(HOKYCHPOBKH U YHEPTHH UMITYIIECOB.

Crenyer oTMeTHTh, 4To 0oOpazoBanue AIN u pamukano AlO B ruiazme Tpu BO3JEHCTBUH OJIMHOYHBIX JIa-
3€pPHBIX UMIIYJILCOB MMPAKTUYECKH He3aMeTHO. MHTeHcuBHOCTH mojockl AIN u3MeHsieTcs OdeHb Majio, 4YTo
CBHJIETEIILCTBYET O IOUTH IOJIHOM OTCYTCTBHUHM mpouecca ¢popmupoBanus AIN B IpUIIOBEpXHOCTHOH Ja3ep-
HOU TIIa3Me Jake Mpu OOJBIIOM COIEPKAaHUH HOHOB aKTHBUPOBAHHOTO a30Ta.

[Tonmy4eHHbIe pe3yabTaTbl PACCMOTPUM AJISI TPEX PE3KO pa3IMvaroluxcs objacteil sHepruit (cM. puc. 2),
BIUSIIONINX HA BETUYUHBI CpeHEH ckopocTH abmsmuu, — Majon (1o 30 mIx), cpeqneit (30—60 m/Ix) u 601b-
moi (cBbirre 60 MJIx).

Jliist MajibIX 3HEPruil UMITYJIbCOB HCIIOIb3YEeM MOAENb IUIaBIeHUs-BbIMbIBaHuA [3]. IIpu noctmwxenun rem-
neparypsl TaBieHust 00pasyercst 00J1acTh paciiiaBa. B oTcyTcTBHe BO3MYIIEHHH TpaHMIa paciiaBa OyneT
pacTpoCTpaHAThCS B IITyOh BEIIECTBA CO CKOPOCTHIO [3]

Aq,

-
" pLy,+pcl,
e A — noronaresbHas CHoCOOHOCTh MaTepraa; ¢, — INIOTHOCTh MOITHOCTH 14 IAf0IIEro U3IydeHus, BT - oM
P — IUIOTHOCTb, 10° xr/nv; L. — ckpeITas TeIiora IUIaBIeHuUs, 10° JIK/KT; ¢ — TeIUI0EMKOCTb, JIx(kr - K)’l; T -
TeMIieparypa riaBieHus Metania, K.

MuHUMaNbHYIO IIJIOTHOCTh MOLIHOCTY JIA3€PHOTO U3IIyYeHUs ¢,,,.., HEOOXOAUMYIO JUI Pealnu3allui PexKH-
Ma yIaJICHHS MeTallla B pe3yJIbTaTe INIaBICHUS, MOXKHO paccuuTaTh 1o hopmyire [4]

kT m*’
qMI/lH = 0’5—’
A (XO,S TO,S
r1e k— TernonpoBoaHocTs, BT(M - K)'; 0L — TeMmeparyponpoBoaHOCT, M - ¢ ' T — JUINTENBHOCTH BO3EHCTBHS, C.
OCHOBHBIE TETUTOPU3NICCKUE U ONTHYECKHE TTapaMeTPhl METAJIOB, BXOSIINX B COCTaB aJFOMHHHEBOTO
crutaBa J{16T u HeoOXomMuMBIe 71T pacdeToB, IPUBEACHHI B [4; 5].
[IpumepHbie pacyeTHbIE TOPOTOBBIE IIOTHOCTH MOIIHOCTH JUISl Hauyajla MJIABJICHUS METAJUIOB MpPU UM-
MTyJILCHOM JIa3€PHOM BO3JICHCTBHUY TIPEACTaBIeHBI B Ta0MI. 1.
Tabnuma 1

IIpumepHbIe MOPOroBble MNJIOTHOCTH MOIIHOCTH ¢
JIUI HA4YAJ1a TUIaBJIEHUs] MeTaJIJI0OB, BXOAAIIUX B cocTaB cmiasa (16T, Br - om?
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Table 1
Approximate threshold power densities ¢
for start of melting metals alloy D16T consist from, W - cm™
Merann Al Cu Fe Mg
Kospuument 0,09 0,1 0,15 037
noroIeHus 4
qon 1,6 - 10° 3,3-10° 3,610 9,6 - 10
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Puc. 2. 3aBucumocts naTeHcHBHOCTH MTUHUHN All (394,3 HM™M), AlII (452,92 HM)
u NII (399,5 HM) B CIeKTpax OT SHEPTHUH UMITYJIbCOB M PacHOKYCHPOBKH:
a — HOJIOXKUTEIbHAs! Pac(hOKYCHPOBKA; O — OTpULIATENIbHAsT PacHOKYCHPOBKA
Fig. 2. Intensity dependence of All (394.3 nm), AIIII (452.92 nm)
NII (399.5 nm) and lines in spectrum on defocusing and impulse energy:
a — positive defocusing; b — negative defocusing
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BperI TIJIABJICHU ST HOBerHOCTI/I 06pa3ua MO>XHO OLICHUTH U3 BBIpa)KeHI/IH
2
< (Xp (CT;m+ Lnn)
T ag

Korna pacruiaB HenpepbIBHO yIassieTcsl, HallpUMEp JaBJICHUEM 'a3a, CKOPOCTh (PPOHTA I1J1aBIE€HUS PaBHA U,

t

Y TOJIIIMHA yIaIsieMOT0 CII0si COCTaBIsieT A/ (t) =0t

Ecnu pacriniaB npuHYIUTENBHO HE YIAISAETCs, TO €T0 TEMIIEpaTypa pacTeT U JOCTUTAET TEMIIEPATYPhI KHIIe-
Hus T . DTO COIPOBOKAAETCS] BOSHUKHOBEHUEM BOJIHBI UCIIAPEHUs, IBUKYIIECHCS CO CKOPOCThIO

Agq,
+ pCTHCH ,

chn: pL (1)

ucn
rae L, — ckpbITast Tennota ucrapenus, 10° [l - kr . TIpu 10CTHXEHUN KPUTHYECKOH TIOTHOCTH MOIITHOCTH
BO3HUKACT 3P(EKT BBIJABIMBAHUS KHUJIKOW (a3bl JABICHUEM MApOB U CKOPOCTh CBEPJICHUSI BO3PACTAET OT
3HAUEHMs U, 10 3HAUCHUA U, .

3T0ii MOZIENTN Ha pHC. 2 COOTBETCTBYET SHeprus uyTh HIke 30 M/k. [Ipu Takol sHEpruyM UMITYIILCOB HE 00-
pasyercs IUTOTHOM IJIa3Mbl, SKpaHupyroliel MurieHs. [1pu sneprun umitynscoB uyTh Bbie 30 M/[x HaunHaeTcs
oOpazoBaHue 0osee MIOTHOM TIa3MBbl, KOTOPasi HECKOJIBKO YMEHBILIACT CPEAHIOI0 CKOPOCTh MPOoOHBKU. OO 3TOM,
B YAaCTHOCTH, CBU/IETEIILCTBYIOT IaHHBIE PHUC. 2: B CIIEKTPax MOSBISETCS JIUHUS, TpUHAUIeKalas HoHy azoTta NII.

AHaJOru4HO MOXET OBITh OLICHEHAa KpUTHYECKas IUIOTHOCTh MOTOKA ¢,, TpeOyemas A JOCTIXKEHUS Ha
[IOBEPXHOCTHU MaTepuaia TeMmneparypsl kunenus 7, [3].

[TomyueHHbIE pe3ynbTaThl pACCMOTPUM B paMKaxX MOJIENIH MTOBEPXHOCTHOTO UCHIApEHUs MeTallla, rmojiaras,
YTO MPAKTUYECKU BCS HEPIUsl pacxojyeTcs Ha aOmsiuio BELIeCTBa, a 3aTpaThl HAa HarpeBaHue, IUIABICHHE
1 TETIONPOBOIHOCTh HE3HAYUTENbHBI. [Ipn MasbIX MIIOTHOCTSX MOTOKA M3JIy4YEHHUs NIEpBOE cllaraeéMoe, CTos-
mee B 3HaMeHarene Gpopmyis! (1), IBISETCS OCHOBHBIM (T. €. HET 3aBUCUMOCTH U, OT KHHETUKU UCTIAPEHHS).
B TakoM mpuOMMKEHMH TOJNIIMHA /i UCIIAPEHHOTO CJIOSI TIPU UMITYJBCHOM BO3ACHUCTBHM C 3aJlaHHOH TUIOT-
HOCTBIO MOITHOCTH ¢ 3aBHCHUT OT JJIMTENILHOCTH BO3/ieiicTBUsA T [6]. Ee nerko oneHuTh, cauras, 4To BCs MOJ-
B€JIEHHAsl K MaTeprally MOIIHOCTb UJIET Ha MCIIapeHHe BEIeCTBa:

Agt
I/lCl'l’c -
pL

ucn

h=v

Teopernyeckue oueHku 4 ams suepruit 15-20 Mk u quamerpa orBepcTrs KaHana 150 MKM JaioT 3Hade-
Hus npuMepHo 8—11 MkMm (puc. 3), KOTOpbIe HECKOIBKO MEHbBIIIE HIKCTIEPUMEHTABHBIX. DTO CBUAETEIBCTBYET
0 TOM, YTO YacTh BEIIEeCTBa yAaJsAeTCs 3a cUeT BbIIaBIMBAHUA pacIjiaBa.

O | |
10 20 30 40 50 60 70 80

DHeprus UMITyinbea, MK

Puc. 3. 3aBECUMOCTH CpEIHEH TONIIMHBI UCTIAPEHHOTO CIIOS /1 32 HMITYIIEC
npu adisimu obpasua mropamomutns JJ16T ot sHeprun uist BpeMeHH 3aAePKKH
MEKTy HEPBBIM H BTOPBIM UMIyIbcaMu: / — 0 MKc; 2 — TEOpPETUYSCKHE 3HAUCHUS

Fig. 3. Dependence of the average thickness of the vaporized layer /
on the pulse upon ablation of the duralumin D16T sample from the energy
for the delay time between the first and second pulses: / — 0 mks; 2 — theoretical values
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B pexrMe MHTEHCUBHOTO MCMIAPSHUS TTOYTH BCS DHEPTHUS JIA3EPHOTO UMITYIHCA PACXOAYETCS HA YIAICHHE
MeTajula U3 o0iaydaeMoii 30HbL. Temmeparypa MoBepXHOCTH B 3ToM ciydae pocruraer (2-3)7T ., [7] (T, —
TeMIepaTypa KUIIEHUS] MaTepraia Mpu HOPMAIbHBIX YCIOBUAX). MUHUMANBbHYIO TUNIOTHOCTh MOIIHOCTH Ja-
3€pHOI0 U3JIyUeHHUs ¢q,,,,., HEOOXOOUMYIO IS peaiu3allii peKUMa MHTCHCUBHOIO UCTIAPEHUS METaJl1a, MOXKHO
paccunTats Mo gopmyie [6]

0,5
0,5kT,, ™
=
qMHH A(XO’STO’S
rae 7., — TeMIeparypa ucrnapeHus marepuana, K.
3neck ciemyeT OTMETHTh, YTO B CIIyd4ae HarpeBa marepraja A0 TeMIIepaTyphl IUIaBICHUS HanOoJblIee
BIUSTHHE Ha PE3YNIbTAaThl PEUICHHs YPaBHEHHS TETUIOTPOBOAHOCTH OKAa3bIBAET 3aBUCHMOCTh ONTHYECKUX TT0-

CTOSIHHBIX CPE€ABI OT TEMIIEPATYPBI, KOTOPast JOCTATOYHO XOPOIIO OIMUCBIBACTCS JIMHEWHBIM 3aKOHOM

A(T)=a,+bT,
0,75?JF Qpl
Iie a,= ————, U — CKOPOCTb JJIEKTPOHA Ha MOBEPXHOCTH DepMHu, ¢ — CKOPOCTh CBeTa; b= R
c 2no,
}162
Qpl = — IUIa3ME€HHasd 4acToTa, n, e, n — KOHLCHTpalus:, 3apsaa U Macca 3JICKTpOHAa COOTBETCTBEHHO,
me
0

G, — CTaTHUCTHYECKas AEKTPOIPOBOJHOCTS, £, — AUIEKTPUUECKas IPOHUIIAEMOCTb. DTO COOTBETCTBYET TEM-
[IepaTypPHOMY JMAIa30HYy J0 JOCTH)KCHUS TOUKH TUIABJICHHSI HAa TIOBEPXHOCTH MaTepHUaia.

Yder TeMIiepaTypHOH 3aBUCUMOCTH ITOIIOIIATEIIbHOM CIIOCOOHOCTH METaslia IPUBOIUT K 3aMETHOMY OT-
JIMYHUIO B TUIOTHOCTSIX JIa3€PHBIX MTOTOKOB, HEOOXOIUMBIX JIJISl JJOCTHIKCHUST MAKCUMAJIbHOM TEMIIEPaTyphbl I10-
BEPXHOCTH K KOHILY JICHCTBHS HMITYJIbCA.

C pocToM TeMIIepaTypbl MOBEPXHOCTH 3HaYCHUE KO3(D(DUIIUCHTA TOTIOIIECHHSI YBEIMUUBACTCS M COCTABIISCT
qutst metamios 0,25—-0,4 mpu Temneparype 500 °C u mymHe BomHBI n3nydeHus 1,06 HM, 9T0 1aeT BO3MOXXHOCTh
HArpeBaTh UX MOBEPXHOCTH C BO3PACTAOILEH CKOPOCTHIO.

[IpumepHbIe MOPOTroOBBIC MJIOTHOCTH MOIIHOCTH JJIsl Ha4aJia HCIIApEHUS] MATEPUAIOB ITPU UMITYJIbCHOM BO3-
JICHCTBUH TIPECTABIICHBI B TA0M. 2.

Tabnauna 2
IIpumepHbIe MOPOroBbIe MJIOTHOCTH MOLIHOCTH ¢
VISl HAYAJIA MCTAPEHUsl MeTAJLI0B, BXOASIIMX B COCTAB CIiaBa, BT - em™
Table 2
Approximate threshold power densities ¢
for start of evaporating metals given alloy consist from, W - cm™
Koadpuument Al Cu Fe Mg
nontonieHust A
U3 tabm. 1 47108 6,9 - 10° 6,310’ 9,6 - 10’
0,25 2,5-10° 3,4-10° 3,6- 107 4,810

W3 comocTaBneHus MOTyYEHHBIX PACUETHBIX TTOPOTOBBIX IIOTHOCTEH MOITHOCTH M MCIIOIB3YyEMbIX B JKC-
MIEPUMEHTAIBHBIX MCCIIeIOBAHUAX (CM. puc. 1) BUAHO, UTO IKCTIEPUMEHTAIBHBIE YCIOBHUS MOTHOCTHIO YIOB-
JIETBOPSIIOT UCTIAPUTEITBHOMY PEKUMY PaOOTHI.

O1eHKa KPUTUYECKOM HHTEHCUBHOCTH ¢,, HAUMHAs C KOTOPOM B GajlaHCe TeIlIa IPeBaIUPyeT MpoLece pas-
BUTOTO MCHApEHUs, MOXKET OBITH BBITIOJTHEHA MCXO M3 TOTO, YTO BO BpEMs MOBEPXHOCTHOTO Harpena B IIy-
OMHy Marepuaa pactpoCTpaHseTCs TeIUIOBast BOJIHA 1 ()POHT MOBEPXHOCTH HCTapeHus. Ecii MHTeHCHBHOCTh
Majia, TO CKOPOCTb TEIJIOBOI BOJIHBI U, CYLLECTBEHHO BbIIIE CKOPOCTU (ppoHTa ncnapenus v, [lpu ysennue-
HUU MHTEHCUBHOCTH CKOPOCTh (DPOHTA UCIIAPEHUs PAcTEeT U IIPU HEKOTOPOM 3HAYE€HHUHU ¢, CPABHUBAETCS CO CKO-

o A
POCTBIO HarpeBa. 3T0 PaBE€HCTBO MOXXHO MCITIOJIB30BaTh JJIs1 OUCHKH q3. HOCKOHBKy ZJT = ,|—, 0 = q , TO

t ucn pL
_ Pl [0
q3 - A t *

Kpurnueckas mI0THOCTH ¢, TEM BBIIIE, YeM OOJIbIIe yAeIbHas TeII0Ta HCIapeHus BemecTsa L, 1 Ko3d-
(GULIMEeHT TeMIIepaTypOIPOBOAHOCTH (L U MEHBIIIE JTUTEILHOCTD UMITYIIBCA f.

ucm

87



Kypnaa Besnopycckoro rocyrapcTBeHHOro ynupepcurera. ®usuxa. 2018;3:81-90
Journal of the Belarusian State University. Physics. 2018;3:81-90

Jlns onpeiesieHnss MaKCUMaabHO BO3MOKHOTO 00beMa MaTepuana b, ., HCIapsaeMoro 1oj AeHCTBUEM Jia-

3€pHOI0 MMITYJIbCA, IPUHUMAEM YCJIOBHUE, UTO YacTh SHEPIUU JIa3€pHOIo UMIlyibca AW, 1omiomaercs Ma-
TEpUaJIoOM U 3aTPauuBaeTCs Ha HarpeB UCIapsieMOro MaTrepualla 1o TeMIepaTypsl kuneHus 7', 1 Ha CKPBITYIO
TEIUIOTY ucmapeHus. Toraa u3 3aKkoHa COXPaHEHUs YHEPTUHU CIIEYeT, YTO

AW,

HUMIT

V. = s
" ple(T,,-T)+ L

ucm

e A, — 2phexTnBHBIA K0OO)YUIMEHT MOMIOMIEHUs JTa3EPHOTO UMITYJIbCA MOBEPXHOCThIO MeTamna; W, - —
CyMMapHasi 3Heprus Ja3epHoro umiyisca, [x; 7, — remneparypa okpyxatouiei cpensl, K.

B peanbHBIX yCIIOBHAX 00bEM HCTIAPSIEMOr0 BEIIECTBA MEHBIIIE, YeM PACCUUTaHHBIN 10 (opmyre, Beie-
CTBHE OTBOJIa TEILIa OT 00JIy4aeMOl MMOBEPXHOCTH B IyOb Marepuaa 3a c4eT TeIUIONPOBOTHOCTH.

Kak ormeuanocs paHee, ¢ pOCTOM INIOTHOCTH MOTOKA JIA3€pHOT0 U3TyUYEeHUsI MaTepHrall HarpeBaeTcs /10 BCe
OoJiee BBICOKHX TeMIeparyp. DKCIIepUMEHTaIbHbIC HCCIICIOBAHUS TIOKA3BIBAIOT, YTO MpPHU 3aJaHHON (opme
U JUINTEBHOCTH JIA3EpHOT0 UMITYIIbCA CYIIECTBYET JOCTATOYHO YETKO OIpEieNIeHHasi KpUTHYECKas! IIIOTHOCTh
MOTOKa M3IIyYCHHsS ¢, 3aBHCAIIAs OT TETNO(U3NYECKHX XapaKTEPHCTHK OOIyd4aeMOro BelIecTBa, HauMHAas
C KOTOPOM MPOUCXOAUT €r0 MHTEHCUBHOE UcTiapeHue. [1pu 60obInX MIOTHOCTSIX MOTOKA U3ITYYEHUS CKOPOCTh
JBIDKEHUsT ()POHTA UCIIAPEHUSI HE ONPEACISIeTCS] KHHETHKOHW (ha30BOTO Mepexo/ia, a 3aBUCUT B OCHOBHOM OT
CKOPOCTH TIOJIBOJIA SHEPTUH K 00ydyacMoMy BemiecTBy. OOpa3yoUMiics pH 3TOM Tap CHIIBHO DKPaHUPYET
00JTy4aeMyro IOBEPXHOCTb, TaK UTO INIaBHASI YACTh SHEPIHH M3JTyUCHHUS IPEBPAILACTCsl BO BHYTPEHHIOO H KH-
HETHYECKYIO SHEPTHI0 00pa3yroleiics U paciupsomeiics miasmMel, 1 3QQeKTUBHAs yAeIbHAs SHEPrHs UCTIa-
PEHHUSI OKA3bIBACTCS 3HAUUTEIIBHO BBIIIE, YeM 00bIUHAs TeIoTa ucnapeHus. [1ocKolbKy CKOPOCTh UCTIapeHUs
00JTy4aeMoro Marepuasa CUIbHO 3aBUCUT OT TEMIIEPATyphl, CYIIECTBYET pe3Kasi HIKHsISI 'PaHHULA TTIOTHOCTH
[IOTOKA U3JIyYeHHUs ¢,, COOTBETCTBYIOLIAs] HAaYally UCIIapEHUS.

I1pu g < g, 3ddexTrBHAs ynenbHas SHEPrHs pa3pylieHus MaTepuaa Beauka. C pocToM IIOTHOCTH IOTOKA
U3J1y4€HUs OHA YMEHBIIACTCA U IIPU HEKOTOPOM 3HAUEHUU ¢ = ¢, JOCTUTaeT CBOEI0 HAUMEHBIIEIO 3HAYECHUS.
B sTOM cnyuae ycraHaBiaMBaeTcs CTallMOHAPHBIA PEXUM HCHAPEHUs, T. €. CTAllMOHAPHOE JBUKEHUE MEKITY
TBEpO U ra3000pa3Hoil pazamu. BuyTpu npomexyTka oT g, 10 g, o0pa3yercs nepexoqHoi pexum. Ecrect-
BEHHO, YTO IOCJIEJHUNA CONPOBOKIAETCS MEPEPACIPENEIEHUEM TTOIVIOIIEHHONW sHepruu. [Ipu HenmoaBuKHOU
IpaHuIle BCS MOMIOIIEHHAs SHEPT sl OTBOJIMTCS BHYTPb MaTepraa 3a c4eT TEeMJIONPOBOIHOCTH, a IIPU CTAIHO-
HApHOM JIBHKCHUH T'PaHULBI (a3 pojib TEIIONPOBOAHOCTH CTAHOBUTCS HECYIIECTBEHHOM, OCHOBHAS 4aCTh
MOIVIONICHHON SHEPTUU HJET Ha UCTIapeHue Marepuana. XapakTepUCTHKU MPOLecca UCITAPEHUsT 00Iy4aeMoro
MarepHaia B 00J1IacTi JeHCTBUS TEIJIOBOIO MEXAHU3MA ¢, < g < ¢y MOXKHO IOIYy4YUTb, pelllas OAHOMEPHYIO 3a-
Jiavy TEIUIONPOBOJHOCTH, B KOTOPOU TOJIAraeTCsl, YTO MOMIOIIAIOMINHN cJI0H OECKOHEYHO TOHKUH.

B mpenmnonoxeHnn CTallMOHAPHOCTH MpOLEcca B JBHXKYIIEHCS cuCTeMe KOOpIMHAT M HE3aBUCHUMOCTHU
TEIUIONPOBOAHOCTH M TEIJIOEMKOCTH MaTepualia OT TeMIeparypbl CKOPOCTh JBIKCHHs (pa30BOW TpaHUIIBI
paBHa

. E— 2

ucn 2RT
p| L.+ 0

ucm

r1e R — yHuBepcanbHasi ra30Bas IOCTOsIHHAS;, T, — TeMIepaTypa OBEPXHOCTH MeTaa, K; [L — MOIeKyIApHbIN
BeC, KT

[Ipu ManmbIX TUIOTHOCTSIX MOTOKA M3JIYYEHHUS TMEPBOE cliaraeMoe, CTosIee B 3HaMeHarese popMyasl (2),
SIBJISIETCSI OCHOBHBIM (T. €. HET 3aBUCUMOCTH U, OT KHHETHKH HcriapeHust). OZHAKO ¢ pOCTOM ¢ CKOPOCTb ABH-
KeHHs (pa30BOH rPaHUIIBI CTAHOBHUTCA BCe 0OJIee 3aBHCSIIEH OT TeMITepaTyphl HCIAPSTONIEIHCS TTOBEPXHOCTH,
MIpHYEM POCT TEMIIEPATYPhI P YBEIWYSHUH ¢ TIPOIOIDKHUTCS JI0 TEX IOP, TIOKa BHYTPEHHSIS SHEPTHS 1Mapa He
JOCTUTHET TEIIOTHI HCTIapeHus. Torna nBrmkeHne (pa3oBoil TpaHUIIB OyJIeT y)Ke 3aBHCETh OT T'a30IMHAMUKU
pacimpeHus mapa, MOsBUTCS 3aBUCUMOCTh TEPMOJANHAMUYECKUX BEITUYNH OT TEMIIEPATYPHhl, U JUIT KOPPEKT-
HOTO pEeIIeHHs TaKOH 3a/1adi HEOOXOIUMO YUUTHIBATh MTOTIIONIEHUE H3ITyUeHHS B Iape.

Wrak, m1st momydeHns XapaKTepHbIX 3HaY€HUI CKOPOCTH HCTIAPEHUS MaTepraia Heo0X0IuMO 3HaHUE 3aBH-
CUMOCTH CKOPOCTH MCIIapeHus oT Temneparypbl. B [3] Ha ocHOBaHMM Teopuu abCOMOTHBIX CKOPOCTEH peak-
MU TToTy4eHa (hopMyIia sl IMHEHHONW CKOPOCTH (PpOHTA NCTIApEHUS B BUJIC

0(T) = 0(3_") exp(M), 3)

IZie U,, — CPEIHSSA CKOPOCTh 3BYKA.
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B dopmyre (3) He yunThiBaeTCS BIUSIHAE KOHACHCAIIMN HA CKOPOCTH (PpOHTA HCTIapeHHst, KOTOPOE IO OICH-
KaM, IIpUBE/ICHHBIM B [ 7], JaeT OTHOIIIEHHE TIOTOKA KOHISHCAIIMH K TTOJTHOMY TIOTOKY HCIIapsieMOTo Marepuasia
nopsinka 0,18.

B crannonapHoM pexrMe MCHapeHusl MepeHOC YHEPTUN Ja3epPHOTO MMITYJbca K MOBEPXHOCTH MUIICHU
orpenessieTcs y)ke He MPSIMBIM TOIIOIIEHNEM JIa3epHOTO M3IIyYeHHs, a JPyTUMU MEeXaHU3MaMH, HallpuMep
AIEKTPOHHOMN WM PaIuallMOHHON TETUIOMPOBOAHOCTEIO [8]. B CBS3U ¢ 3TUM clieZlyeT OTMETUTh, YTO MOJEIH
MIOBEpXHOCTHOTO HCIIApEHUsI MPUMEHNMa JINIIb B obnactu Temneparyp 7' < 7, rne 7, — KpUTHYeCcKas TeMIie-
patypa BeliecTBa MUIIIEHH.

IIpu uccnenoBanuy Ja3epHOM aAOISIITIH B 00IACTH TEMIIEPaTyp, OMU3KUX K KPUTUICCKOM U BEIIIIE, CICIYET
TIOJTL30BATHCST ypaBHEHUSAME Ta30Boi nuHamuku [9; 10]. Bo3aeiicTBre ma3epHOTo u3rydeHus: OOIbIION HHTCH-
CHUBHOCTH Ha TIOBEPXHOCTH TBEPIOTO TEJIa B 3TOM CIy4ae MPOUCXOAUT ITOCPEICTBOM abSIIMOHHOTO Mpoliecca,
3aKITIOYAIOIIETOCs B HCTIAPEHUN U MOHHM3AIIUU TIOBEPXHOCTHBIX CIIOCB MUIICHH, 00pa30BaHUM TUIOTHOM T1Ia3-
MBI BBICOKOTO JaBJI€HUS U, KaK CIIEACTBHE, BO30OYKICHUH THAPOTUHAMUYECKOTO TBMKEHUS B HEMCIIAPEHHOMN
gactu muiieHu [ 11]. [Ipu aToM s1azepHOE MOACIUPOBAHIE YAAPHOTO Pa3pyIICHUsI MaTeprata y>Ke He SIBISETCS
BITOJTHE aJICKBAaTHBIM, ITOCKOJIbKY 3HAUNTENIbHAS 0 SHEPTHH J1a3epHOTO UMITYIIbCa UAET Ha HAarpeB TUIa3MBbl.

B mManasoHe MIOTHOCTH MOIIHOCTH BO3/IGHCTBYIOIIEro JasepHoro n3nydenns (5—10) - 10° Bt - M okpy-
JKAIOMIMKA MUIIEHb BO3/yX HACTOJIBKO HarpeBaeTcs, YTO caM HauWHAeT IMOIIOIATh IMajarollee M3ITydeHHne
U Tpoliecc 00pa3oBaHusl TIa3Mbl epedpachiBacTCsl U3 ApOB MHIICHU B BO3IyX. Bo3nymiHas mia3ma Hadu-
HAeT 3KpaHUPOBAaTh MUIICHb OT MAJAIOIIETO Ja3epHOro M3JIyuyeHus. BeiencTBue aToro sHeproBKiaa B MH-
[ICHb ¥ PO3HOHHYIO IIa3My CTAHOBHUTCSI MeHee d(PPEKTUBHBIM, YTO OTPaHUYMBACT BO3MOKHOCTH JIa3€PHOM
00pabOTKH U JTa3epHOTO CIEKTPATHLHOTO aHATN3a MaTePUaoB.

Paccmotpum, Kak OyZeT mpoTeKkaTh Ha9aJbHBINA 3Tall B3aUMOJICHCTBHSA J1a3epHOTO U3TYYEHHS C BEIIECTBOM
IpU IIPEBBIICHUN [I0pora MIa3mMoo0pa3zoBanus g,. Onruueckast ToJNLMIMHA 00pasyrolerocs npu g > g, 1jas-
MEHHOTO CJ10s1 OyZeT BO3pacTarh J0 TeX Mop, MoKa B TUIa3Me HE CTaHeT MOIVIONIaThCs 3aMeTHas 4acTh Jla3ep-
HOTO M3My4yeHus. [Ipu 1ocTaToYHOM TUIOTHOCTH MOTOKA MOCIEIHEr0 3TOT MPOIECC HE 3aBUCHUT OT TOTO, OBUIO
JIM TBEPJI0€ TEJI0 CUIILHO MJTH CJ1a00 MOMIOMIAouM. B ciryyae ci1abo momioraomero Mareprasna mpoucXoauT
OBICTpast HOHU3AIMSI AaTOMOB O0Ty4aeMOro BelecTBa U KOAPPHUIMEHT TOMIOMEHHS PE3KO BO3PACTAaCT.

XapakTepHoe 3HaYeHUE MOIOIIEHHOH UIOTHOCTHU IMTOTOKA U3JTyYEHHSI, COOTBETCTBYIOIIEE POPMUPOBAHUIO
CJIOS TIJ1a3MBbl, SKPaHUPYIOIIEro MUIIEHb OT JIA3€PHOTO M3ITyYEHHSI, MOXKET ObITh YCTAaHOBIIEHO C TOMOIIBIO U3-
MEpEeHHs yJIeIbHOTO HMITYIbCa OT/a4u. J[Is METasioB 9To 3HAUEHHeE JISKUT B MHTepBaie (5—7) - 10° Bt - cm .

B nnamasone sneprun uMiynbcoB 6omee 50 Mk BO3MyX, OKpY>KAIOIIMA MUIIEHB, CHIILHO HAarpeBacTCs,
TaK YTO caM Ha4MHaET MOIIONIATh MMa Ialollee N3yueHe U IpoIiecc 00pa3oBaHusl MIa3Mbl epedpackiBaeTcs
U3 MapoB MUIICHU B BO3IyX. [Ipoucxomut npoboii Bo3ayxa. B pesynsrare oOpa3oBaHus 11a3Mbl HAUMHACTCSI
POCT MHTEHCHBHOCTH MOHHOW JNWHUM a3oTa. [Ipu nanpHeiineM yBenuueHUH 3Heprun Oonee 55 m/x BO3-
TyITHas TUTa3Ma Ha9MHAeT SKPaHMpPOBATh MUIIEHb OT MaJarolllero Ja3epHoro u3inydeHus. BeneactBue atoro
9HEPTOBKJIA/] B MUIIICHb ¥ YPO3UOHHYIO TIIa3My CTAHOBHUTCSI MeHee d(PQEeKTUBHBIM. IHTCHCUBHOCTH aTOMHBIX
Y MOHHBIX TUHUN Al cHIDKaeTcsI.

Ha BenuuunHy aOnaiuy ¥ aHATUTHYECKUN CUTHAJ 3HAYUTENIFHOE BIMSHHE OKa3bIBAET SKPAaHMPOBKA JIazep-
HOTO MMTYJIbCa TUIA3MOM M3-32 0OPATHOTO TOPMO3HOTO IMOIIOMICHUSI 1 MHOTO(OTOHHOM ronm3armu. C Ipyroit
CTOPOHBI, TTOTYIOIIEHUE YPHEPTHH JIa3epPHOT0 H3y4eHus (001acTh BoIme 75—80 MIK) rmrazMoit pUBOJNT K ee J0-
TIOJTHUTENIFHOMY TIPOTPEBY U CITIOCOOHO BBI3BATH AMCCOLMAIINIO MHOTOATOMHBIX KOMIUIEKCOB, NCTTAPEHUE Kallellb
Y KOHJICHCHPOBAHHBIX YaCTHUII, YTO B KOHCUHOM UTOTC YBEITMUNBACT MHTEHCUBHOCTH SMUCCUOHHBIX JINHUH.

3akjaueHmne

TakuM 06pazoM, BHITIOITHEHHBIE CIIEKTPOCKOUYECKHE UCCIIeIOBAHMSI XapaKTEPUCTHK MPUITOBEPXHOCTHOM J1a-
3epHOM TIJ1a3Mbl, 00pa3yeMoil BOIM3M MOBEPXHOCTH MUILICHN M3 ATFOMHHUS WK €T0 CIUIABOB, IPH BO3ACHCTBUU
Ha Hee cepueil Mmocie[oBaTeNIbHbIX Pac(OKyCHPOBAHHBIX CIBOCHHBIX JIA3€PHBIX UMITYJIHCOB C MEKUMITYIbCHBIM
MHTEpBAJIOM 5—15 MKC TOKa3any BO3MOKHOCTb KOHTPOJIS U YIPABJIEHHS XapaKTepUCTUKAMHU TIJIa3MBbl, a TaKkKe
BO3MOKHOCTh TOJTYUSHHUSI HEOOXOMMBIX KOHIeHTpamii u noctymieHus AIN B mia3my. BosneiictBre cepueit
TOJIBKO OJJMHOYHBIX UMITYJIBCOB /1K€ OOJIBILION YHEPTUH HE TPUBOIUT K CYIIECTBEHHOMY YBEJIIMYEHHUIO ITOCTYTI-
JICHUsI B TJ1a3My MOHOB aJTFOMHHUS U a30Ta U TEM CaMbIM HUTPUIOB U CyOOKCHIOB aTFOMHHUS COOTBETCTBEHHO.
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