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JocnijkeHo CHEeKTPaibHU CKJIaf ONTHYHOTO BUNPOMiHIOBAaHHSA, IO BHHHKAE NPU
6oMbapiyBaHHi €JIEKTPOHAMH CEpPERHIX €Hepriil NoBepXoHb AEAKWX JIyXKHO-rajo-
reaHux kpucranis (NaCl, KBr, LiF, NaF). BctaHoBneHo 1Ba BUAM J0CHIIKYBaHOrO
BUTPOMIHIOBaHHA, Pi3Hi 32 Micuem Jiokanisauii i MexaHi3MOM rexepatlii, a came xa-
PaKTEpUCTHYHE BHUIPOMIHIOBAHHR ATOMIB JIYXXHOTO METaly i HENepepBHE BHIIPO-
MiHIOBaHHA B LUMPOKii o6yacTi JOBXMH XBWIb. BUMIPAHO 3alieXHOCTI iHTEH-
CHBHOCTI XapaKTEPHUCTHYHOFO i HEMEPEPBHONO BUMPOMIHIOBAHHA BiA NapameTpiB
nydka eJeKTPOHIB 1 TeMrnepaTypH AOC/]ilKyBaHOro 3paska. [IpoaHnanizoBaHo MOXx-
JINB} KaHATH YTBOPEHHS HBOTO BUNPOMiHIOBAHHS.

Beryn

[Ipouecu po3NOpOLIEHHS JTyXHO-Tajo-
reduux kpuctanis (JITK) mix giero enexrpo-
HIB BHBYAIOTHCS BIPOJOBXK OaraThox necs-
THPIY 3 OIJIAAY Ha IX LIMPOKE NPaKTHYHE BH-
KOPHUCTAHHS Ta HAYKOBY 3alliKaBJIEHICTb.
BOHM BHKOPHCTOBYIOTBCS SAK MOZENb [UIS
BUBYEHHS HEIPYXXHHX IIPOLECiB, OCKUIBKH
MaloTh IPOCTY KpUcCTatorpadiyHy i enek-
TpoHHY cTpyKTYpy [l, 2]. Ho Toro x, mis
JI'K BHSBIEHO BUCOKY €(EKTHBHICTH pO3-
IOPOIIEHHs eneKTpoHamu [3, 4]. Iaurepec no
nonibuux nocnimkens JIIK ontuunum me-
TOJAOM 3YMOBJIEHHH MOJMUIMBICTIO BHBYEHHS
3a XapaKTepuCTHKaMH (oToHHOI emicii ge-
Tajled MeXxaHi3MiB eMicii QOTOHIB SIK KpH-
CTAJIOM, TaK 1 BIUTITAIOYUMH 30YyHKEHHMH
YaCTHHKAMHM.

besnocepenne BuHOHUBaHHA aToMiB 13
KpUCTaNla eJIEKTPOHAMH MEePBHHHOTO ITyYKa
HEMOXUTHBE, TOMY BHIUE3raJaHe pO3Mopo-
IIEHHS MOSICHIOIOTE $IK OaratocTalifiHHH
Npouec, MOB'A3aHUM 3 PO3NaaAoM 30yIDKEHHUX
CTaHiB KpucTasa ad0 IOJIaTOMHHX KOM-
IJIEKCIB Ha MOBEpXHi. 3aNpONOHOBAHO Kijlb-
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Ka MofeJiel po3nopolueHHs [5], ane xoaHa 3
HHMX HE Ja€ MOXJIHMBOCTI MOSCHUTH BCi OT-
puMaHi Ha JaHMH Yac EKCIEPUMEHTAIbHI
nani. Jlns JICK HasiBHa eMicis (GoTOHIB i
fe3nocepeiHbO 3 OINPOMIHIOBAHOI €JIEKTpPO-
HaMM TOBEpXHi. Ii OB’ A3yI0TH 3i 36yMIKeH-
HAM JedexTiB y Kpucrtaim. THIOBUMH Je-
¢exramu kpucramiysol ctpykrypu y JII'K €
F-nenTpu ta ix cykynsocri [6].

Meroro paHoi poboTu € oTpUMaHHS Ha-
HUX NP0 CIEKTpaJbHHUN CKJIaX ONTHYHOIO
BHUIIPOMIHIOBaHHS, 110 BHHHKaE OpH OOM-
OapiyBaHHI €JIEKTPOHAMHU IOBEPXOHb Jesi-
kux JII'K, Ta BcraHOB/IeHHS MeXaHi3MiB re-
Hepalil AK XapakTepUCTHYHOro, TaK 1 Hele-
PEPBHOIO BUIIPOMIHIOBAaHHSL.

Hamu jocnimxero onTHYHE BHIPO-
MIHIOBAaHHS B CIEKTPaJbHOMY [iara3oHi
200-800 HM, MO BHHHKAE TIPH OINPOMIHEHHI
kpuctaiiB NaCl, KBr, LiF, NaF enexrpona-
Mu. BuBUYEHO BHIAM BHMIIPOMIHIOBAaHHS, IO
BUHHUKAIOTh y CHEKIpi €JIEKTPOH-(POTOHHOI
emicil (E®E) JII'K. lns xpucrana KBr Ta-
KOX JOCIIDKEHO 3aJIe)KHOCTI XapaKTepH-
CTUK BHIIPOMIHIOBAHHS BiJl l1apaMerpiB OoM-
Gapyrouoro my4ka i TeMIepaTypH MilllEH].
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Exctiepument

ExcriepUMEeHTH NpPOBOAMIMCA Ha €JeK-
TPOH-(OTOHHOMY CITEKTPOMETpPI, BHUIOTOBJIE-
HOMY Ha 06a3i HaJBHUCOKOBAKYYMHOI CHCTEMH
YCVY-4 [7]. Y poni MillleHi BUKOPUCTOBYBAJIH-
cst monokpuctam JITK (KBr, LiF, NaCl i
NaF). TloBepxss 3paskiB nepen BCTaHOBJICH-
HIM B BaKyyMHy kxamepy lwidysanach 1
noipysanach. [lofanplue OYHILEHHS MilIeH]
3AIHCHIOBATIOCS NIPH BUCOKOMY BakyyMi (Pig,
~ 1x10® Top) marpiBanHsM 10 TeMmnepatyp
~500 °C Ta onpoOMIHEHHSIM BUCOKOEHEPreTHY-
HUMH ejekTpoHamH. [lix dac excneprMMeHTIB
THCK 3@JIMIIKOBHX TIa3iB y KaMmepi 3iTKHEeHb
CTAaHOBUB P, < 5x10°° Top. Exepris 6ombap-
OYIOUYHX eJICKTPOHIB ITiJ 4Yac 3aiucy CHeKTpiB
cBiyeHHsa cra”HoBwia 600, 900, 950 eB (nuB.
puc. 1), a mpu JOCHIDKEHH] EHEpreTHYHOl 3a-
JIEXHOCT] 1HTEHCHBHOCTI XapaKTEPHCTHYHOTO
Ta HEINEPEepPBHOrO BUIPOMIHIOBAHHS 3MiHIOBa-
Jjlacd B pdlama3oHi BiJ[ KUIBKOX HECSTKIB [0
1000 eB. Ilpm upoMy TryCIMHA CTPyMYy
sMiHoBasace Bix 0,1 go S MA/cM. Hiamerp
Iy4Ka €JIeKTPOHIB 3THIIABCS HE3MIHHHUM 1

craHoBMB ~4 MM. bomGapayBaHHs HOCHIDKY-
BAHOTO 3paska 3IHCHIOBAIOCS N KyTOM
0=15° BimHOCHO HOpMali foO nosepxHi. Kyt
CIIOCTEPEKEHHs BUOUpaBCst OJIM3bKHM 10 HOp-
Maii (6=0°). Temnieparypy MmimieHi B iHTepBaii
20-500 °C 3MiHIOBaIH 3a OITOMOTOO IiIirpiB-
HOTr'O €JIEMEHTA 1| KOHTPOJIIOBAJIM TEPMOIIApOIO.

BunpominioBanHs B 00nacTi JOBXMH
xBuiib Big 200 no 800 HM ananiszyBanocd 3a
JIOTIOMOTOK) CBITJIOCHJIBHOIO MOHOXPOMATO-
pa M/IP-12. BxinHa i BUXi[HA [IIJTHHA MO-
Hoxpomartopa Oynu piBHuMu 0,25 MM, 110
3afe3reuyBano po3diibHy 3maTHicTs 4 A,
Bunijiese MOHOXpPOMAaTopoM BHIIPOMIHIO-
BaHHS JETEKTYBaIOCI (POTOEIEKTPOHHUM
noMHOXyBaueM ®OVY-106, a 3anuc crekTpis
3IHCHIOBABCS ENEKTPUYHHM NOTCHIIOMET-
pom KCIT-4.

PesyabTaTh i iX 06ropopeHHs

CrnexkTporpaMu CBIYeHHS, SKE€ eMiTy-
eThest 3 nosepxHi Aeskux JITK npu 6ombGap-
JyBaHHI €IeKTpOHAaMM IIpU KIMHATHIA TeM-
neparypi, npeacTaBjieHO Ha pHc.].
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Puc. 1. Cnexrporpamu cBivenns aeskux JII'K npu 6oMbapayBanHi enexTpoHaMy.
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VYV BCIX IOCHIDKYBaHHX CIIEKTpax CIio-
CTEPIracThCsA HENEpPEepBHE BHIPOMIHIOBAHHS
3 oauuM abo0 KiIbKoMa MaKCHUMyMaMH 1 Xa-
pakTepUCTHYHE BHUIPOMIHIOBAHHA aTOMIB
nyxuoro merany. Tax, nms KBr xapakTephi
asa MakcuMyMH (4;~450 Bm 1 4,=500 M) i
cuekTpanpHi aiHii aromiB K — aBa nybneru
KI 766,5/9,9 um Tta KI 404,4/47 am. Y
cnekrpi cBiveHHs kpuctana NaCl HaspHe
HENepPEepBHE BHIPOMIHIOBAHHA 3 JIBOMA MaK-
cumymamy rpu 400 M 1 480 uM Ta aybaer
ninii Nal 589,0/9,6 um. ¥ cnektpi EQE NaF
CIIOCTEPIraeThCs HEMEPEepBHE BUIIPOMIHIO-
BaHHS 3 TppoMa MakcuMyMmaMHu (4,~370 HM,
17~480 HM, A5~610 HM) i cnexTpanbHHH
nyoner Nal 589,0/9,6 um, a y cnexrpy
cBiueHHs Kpucrana LiF — HenepepBHe BH-
[POMiHIOBaHHA 3 MaKCUMyMoM IpH A=300
M 1 aybnet muii Lil 679,78/0,79 um. s
BCIX JOCJIDKYBaHHX CHEKTpIB HE cIlocTepi-
rajocsi XapakTepUCTHYHE BHUIIPOMIHIOBAHHS
30y/OKEHMX aTOMIB rajioreHy.

I3 criocrepexeHs BHIPOMIHIOBAHHS Mif
PI3HUMH KyTamMH 1O MOBEPXHi (B T.4. B3IOBX
MOBEPXHi) BCTAHOBJIECHO, L0 AOCHTIDKYBaHE
HEIepepBHEe BUIPOMIHIOBAHHS €MITYEThCS
Oe3nocepenHb0  OOMOApIOBAHOIO TOBEpPX-
HEI0, @ BUITPOMIHIOBAHHS 30Y/DKEHHX aTOMIB
AY)KHOTO METaly JOKani30BaHe B MPHJIETIO-
My JO IIOBEpXH1 IIpPOCTOpi, TOGTO BOHO
EMITYETBECS  BIUIITAIOYMMHM  BiX IOBEPXHi
30yIDKEHHMH aTOMaMU.
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Puc. 2. 3anexudocti inrencussocti miniit KI
766,5 um i KI 404,4 um Bin crpymy mep-
BHHHHX €JIEKTPOHIB s Kpuctana KBr.

Ha puc.2 npeacraBneHo 3aI€XXHOCT] iH-
tencupnocti mHikn KI 766,5 um 1 KI 4044
HM ans xpucrana KBr Big ctpyMy nepBuH-
HUX €JICKTPOHIB, a Ha pyC.3 — IHTEHCUBHOCTI
IIUX )K€ JIiHiH Ta HENepepBHOrO BHIIPOMI-
HIOBaHHA (A0 = 450 HM) Bix eneprii Gom-
GapayrouuX eJICKTPOHIB.
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Puc. 3. 3aniexxuocti igreHcusroct migid Kl
766,5 um 1 KI 404,4 um Big eneprii mep-
BHHHUX €lEeKTPOHIB aAns Kpuctaia KBr.

Pi3HI KOMITOHEHTH MOCIIJDKCHHX CIIeK-
TPiB, IEBHO, MAIOTh pi3Hy npupojy. Tak, He-
[IepepBHE BUNPOMIHIOBaHHA (3 OofHMM abo
KibKOMa MaKCMMyMaMH), K€ croctepira-
€Tbcs B 00J1acTi 20BXUH XBHIb 250-650 HM,
MOKe OyTH moB’s3aHe 31 30yJKEHHAM y
Kpuctal jgedexTiB tuny F-ueHTpiB pi3HOl
KpatHocTi. MexaHizM yTBOpeHHsS AedexTiB
ioHi3youuM BunpominwoBauasM y JII'K mo-
xe OyTH HacTYNHMM. 3apsA/DK€Ha YacTHHKa,
PYXalOYHCh BCEpENMHY KpHCTala, Ha Joja-
TOK MO 3MIIEeHHs ioHIB i3 iX mno3uuifi B
rparni, Moxe 30y/UKyBaTH MIX30HHI Iepe-
XOIH, IO NPHU3BOAUTE A0 (OpMyBaHHS "ca-
MO3aXOIJIEHOT0 €KCUTOHA", TOOTO eNeKTpo-
Ha, KYJOHIBCHKH 3B'S3aHOrO 3 KOBAJICHTHO
3B'A3aHUM NiaTOMHMM TIOI€HHHM MOJICKY-
nspuum ionom Xy [6]. Ilicas Kinpkox miko-
CexyHJ "caMo3axoIUieHU# eKCHTOH' penax-
Cy€, B pe3yJIbTaTi 4oro MOXe yTBOPIOBATHCS
doHoH um ¢oron, abo musixom O6e3rH-
TIPOMiHIOBAJIBHOTO MEpexony ¢opMyBarucs
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rajoreHna Bakaucis (F-meHTp) 4u MiXBY3-
nosuii atom ranoreHy (H-uentp). Beranos-
JIEHO, IIO MPH KIMHATHIH TeMIiepaTtypi i BH-
e npoiecu ¢popmysanns F-nentpis y JI'K
€ noMminyrounmu [8]. 30y/DKeHHS IHX Je-
(GexTiB y KpUcTali 1 HPU3BOIMTE 10 IOSBH Y
JIOCTDKEHUX CHEKTpaX CMYI HENEPEPBHOIO
BunpomidioBanHs. [lonibHe HenepepBHE BU-
NPOMIHIOBAaHHS CHOcTepiranocs npu OoM-
Gapaysanni xpuctrana NaCl (100) enexrpo-
Hamu 3 enepriero 500 eB asropamu pobotn
[9] Ta aBTOpamu pobotu [6] npu GomOapay-
Banui JI'K ionHamu iHepTHHX rasiB 3 €Hep-
rieto ~20 xeB. 1ls rimore3a y3romxyerbcs 3
OCPXKAHHUMH HaMHU €HEepreTuyHow (puc. 3)
Ta TEMIEPATYpPHOIO (pHC. 4) 3aNeKHOCTAMHU
HEMEePEepPBHOTO BHIIPOMIHIOBaHHS (3 MaKCH-
mymoM npu 450 HM) qns kpuctana KBr.
3pocTaHHsl IHTEHCHBHOCTI NpH MHiIBUILICHHI
eHeprii O6oMOapAyrO4YHuX €JIEeKTPOHIB MOXe
6yt 3yMOBJIEHO 30UIBIICHHSM TIJTHOHHH
IIPOHHKHEHHS €JICKTpOHA B TBEpAE TLIO 1,
BIAMOBIAHO, 301NbIICHHAM KUIBKOCTI F-1ienT-
piB, YTBOPEHHX Ta 30Y/DKEHHX €NIEKTPOHOM
Ha CBOEMY LIAXY. JIOCATHEHHS IJIAaTO MOsC-
HIOETbCS I[POHHKHEHHSIM €JIEKTPOHIB Ha
rUOMHY, 3 sIKOi Ine WMOBIpHMI BHXIA ¢o-
TOHIB. 3MEHIIEHHS IHTEHCHBHOCTI Helepe-
PBHOTO BHIIPOMIHIOBaHHs, SfKE cIIOCTEpi-
TacThCsl IPU MIABHMLICHH] TEMIEpaTypH KpH-
ctana (puc. 4), MOACHIOETHCH BiANATIOBaH-
HAM JedeKTiB y KPUCTATI.
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Puc. 4. 3anexnicte  IHTEHCHUBHOCTI  Ay0OaeTy
ninifi K1 766,5/6,9 UM Ta cMmyrd BHnpomi-
HIOBa@HHA 3 MakcumymoM npu 450 Hm Bij
TeMIepaTypH MilleHi.
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Ifo cToCcyeTbCst pO3MOPOIICHHS eJleK-
TPOHAMH aTOMIB JIY)XHOTO MeTany B 30ynI-
)KEHOMY CTaHi, TO BHABJICHI paHille aHO-
MaJibHi KOCQILIEHTH PO3NOPOLICHHS €JIeK-
tpodamu mnoeepxons JII'K [3, 4] e inrer-
PAIBHUMH XapaKTepUCTHKaMH, 5Ki Bpaxo-
BYIOTh BHX1Jl aTOMIB B OCHOBHOMY 1 30yxe-
HOMY cTaHax. lle BiIKpHBa€E MOJKJIMBICTB
OPSMOro JIOCHIUKEHHs] ONTHYHHM METOAOM
npolleciB posnopoueHHs. OTpHMaHa HaMH
3ajekuicTe cnextpanpHux JuHi Kl Big
eHeprii NepBUHHUX €JIeKTPOHIB (puc. 3) BKa-
3ye, IO MpoLEeC PO3NOPOIIEHHS Mae IOPOro-
BUil XapaxTep. JIocuTh BHCOKI 3HAYCHHS BH-
SIBIICHHX MOPOroBux eHepriii (£, > 50 eB)
CBIYaTh MpPO Te, IO MPOLEC EIEKTPOHHOTO
pO3MOPOLICHHS MOXe BigOyBaTHCs yepe3
30y KEHHS TIEPBUHHUMM €JIEKTPOHAMH eJIeK-
TPOHIB T'THOOKHX €JNEKTPOHHUX 00OJIOHOK
Jy>xHOro Mmerany abo ranoreny. llomansima
aHIrUBINiS YyTBOPEHHUX MIPOK Ipu3BeAe 1o
BUBIJTBHEHHS €Heprii, sika Moxe OyTu 3aTpa-
YeHa Ha PO3PUB 3B SI3KY aTOMa JIyXHOI'0 Me-
Tajly 3 KPUCTaJIOM 1 HOro BILUIBOTY BiJ IIO-
BepxHI B 30ymkeHomy craHi. Ha kopuctb
i€l TYMKH CBIIYMTH 1 OJlep)kKaHa HaMH 3a-
nexHicTs iHTeHcuBHocTi Nl KI 766,5 Hwm i
KI 404,4 1M Big cTpymy nydka NEpBHHHHX
enexTpoHiB jius xpucrana KBr (puc. 2). I3
3aNe)XHOCTI CHiAYE, 110 IHTEHCUBHICTD CIEeK-
TpaJIbHUX JIIHIH NiHIAHO 3aJIeXUTh BiX CTpY-
My NEPBUHHHX €JEKTPOHIB Yy INHPOKHX Me-
’Kax, U0 BKasye Ha JOMIHYIOYMH MEXaHI3M
¢opMyBaHHs 30yKeHUX cTaHiB aroMmis K B
OJHOKPATHUX aKTax 31TKHEHb, TOOTO BiACYT-
Hilf HOMITHHH BKJaj 30YIDKCHHS TEPMiYHO
BUIIAPEHUX aTOMIB JIYX)HOTO MeTany Iep-
BUHHHMMHU €JIEKTPOHAaMH B ra3oBid ¢asi, 1o
y3roUKy€eThCsl 3 pedyapTatamu pobit [10,
11]. Ipu 6inbl BUCOKMX 3HAYEHHSX CTPY-
MYy IE€PBHHHHUX €JIEKTPOHIB CIIOCTEPIracThCs
Ounpll CTPIMKHH, MiHIMHHH picT edekTus-
HOCTI yTBOpeHHs 30y/pxeHnx aromi K. Imo-
BIPHO, Ma€ MiCIe BKJIOYEHHs NOJATKOBOTO
YUHHHUKA, IKUH CIPUYHHIOE 30UIBIIEHHS 1TO-
ToKy JecopboBanux aroMiB K. He Bukiio-
Ya€ThCS BIUIMB TYCTHHH CTPYMY NEpPRUHHHX
€JIeKTPOHIB Ha JesKY 3MIHY TeMICpaTypH
3pasxa. i NiIBUIICHHS, SIK BHJHO 3 pHuC. 4,
BeJle 70 301nblIeHHs iHTeHcuBHOCTI JtiHiT KI
766,5 HM.
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BHCHOBKHI

OTXe, OTPUMAHO JaHi IO CHEKTPaIb-
HAW CKIaA ONTHYHOrO BHIIPOMIHIOBaHHS
npu OomOapayBaHHI €JIEKTPOHaMH INOBeEp-
xoHb geskux JII'K. BcranoBneno, o B
CIEeKTpl HasBHI JABa THIIH BHIIPOMIiHIO-
BaHHJA, AKi € PI3HUMHU 32 NPUPOLOIO BUIIPO-
MIHIOBa4iB, MicleM Jiokaiizanii rta Me-

XaHi3smMoM reHepauii. HemepepsHe BUIpoMi-
HIOBaHHS, SKE JIOKAJTi30BaHE Ha MOBEPXHI
KpHCTally, IIOB’sI3aHE 3 YTBOPEHHSAM ''CaMo-
3aXOIUICHUX eKCHTOHIB" 1 30ymkeHHsam F-
LEHTPIB Ta KoMIIIekciB F-LIeHTpiB kpucTana.
XapakTepucTHYHE BUIIPOMIHIOBAHHS aTOMIB
JIy)KHOI'O METajly — L€ CTHMYJIbOBAaHA €JieK-
TPOHAMH HecopOIlisi 3 TOBEPXHI aTOMIB JTyX-
HOTO MeTally y 30yIKEHOMY CTaHi.
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ELECTRON-PHOTON EMISSION
OF ALKALI HALIDE CRYSTALS

M.V.Prikhodko

Uzhhorod National University,
54 Voloshyna str., Uzhhorod 88000, Ukraine
e-mail: gqel@univ.uzhgorod.ua

The spectrum of photon emission from the surface of alkali-halide crystals (KBr,
LiF, NaCl and NaF), bombarded by medium-energy electrons, is investigated. Two
species of light emission with different nature, localization and mechanism of gen-
eration are detected in the spectra. These are the characteristic emission of alkali
metal atoms and continuous emission in a broad range of wavelengths. The intensi-
ties of the characteristic and continuous emission versus the electron beam parame-
ters and target temperature are plotted. Possible channels of formation of the light

emission are analyzed.
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