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06~aJI xapaKTepHCTHKa pa60Tlil 

AKTyaJibHOCTb TeMlil 

Ilpo:a;eccLI )UICCIIIIaD;IUI 3HeprIIII TJDKeJILIX 3apJDKeHHLIX 'tlaCTIID; B )Ul3-

JieKTpII-qecrurx MaTepIIaJiax C0IIp0B0iK,Il;aIOTCJI reHepa:a;IIeii: 3JieKTp0MarHIIT

H0ro II3JryqeHIIJI B . ym.TpaqmoJieTOBOll II BII)UIM0ll o6JiaCTJIX 0IITII'tleCK0ro 

CIIeKTpa, BLI3BaHH0ro pacIIa,n;oM 3KCIIT0H0B, JIIOMIIHec:a;eH:a;IIeii :a;eHTp0B 0K

pacrur, :a;eHTpoB, CBJI3aHHLIX C IIpm.ieCHLIMII aToMaMII, a Tam«e ,n;pyrIIX 

CTpyKTYPHLIX .n:e<peKTOB II K0MIIJieKC0B. Ilo3TOMY "in-situ" IIccne,n;oBaHIIJI 

CIIeKTp0B JIIOMIIHec:a;eHD;IIII, B036ym,n:aeMLIX TJDKeJILIMII II0HaMII B 3aBIICII

M0CTII OT ,1l;03LI II0Bpem,n:eHIIii:, TeMIIepaTypLI o6ny-qeHIIJI II' ,n;pyrIIX <paK

TopoB, IIpe.n;cTaBJIJIIOT IIHTepec C Toqrur 3peHIIJI II0JryqeHIIJI IIHq>OpMa:a;IIII. 

06 3B0JIIOD;IIII .n:e<peKTHoii: CTpyKTYPLI o6ny-qaeMLIX MaTepIIaJioB. B Tarurx 

3KCIIepIIMeHTax IICII0JII,30Ba.)llICI>, KaK IIpaBIIJI0, IIyqrur II0H0B C 3HeprIIJIMII 

B .n:ecJITIUI II C0THII K3B, B pe3yJI1>TaTe -qero IICCJie.n:yeMLill CJIOll o6pa3n;a 

orpaHII'tJIIBaeTCH IIpoeKTIIBHLIM IIpo6eroM HII3K03HepreTIIqecrurx II0H0B, T.e. 

T0JIIUlIHaMII, 3Ha'tllITeJil>H0 MeHl>IllIIMII 1 MKM. KpoMe Toro, .Zl:JIJI IICKJIIOqe

HlIJI IIpo:a;eccoB pacIILIJieHIIJI MaTepIIana, IIrparoru;IIx cyru;ecTBeHHyro pom. 

B 3T0M )UlaIIa30He 3HeprIIfi, He06XO)UIMO IICII0JII,30BaTI, .Zl:JIJI B036ym,n:eHIIJI 

JIIOMIIHecn;eH:a;IIII nerrure II0HLI - Bo,n;opo.n:, .n:efiTepIIfi, reJIIIfi. YBeJIII'tleHIIe 

3Hepnm II0H0B .n:o 1 M3B/a.e.M. II 6onee BLicorur~ II03B0JIJieT CHII3IITI> pac

IILIJieHIIe, IICKJIIOqIITI> BJilIJIHIIe II0BepxH0CTII KaK CT0Ka pa)UlaD;II0HHLIX .n:e

<peKTOB II, 3a cqeT yBeJIIIqeHIIJI II0HlI3aD;II0HHLIX II0Tep1, 3HeprIIII, II0BLICIITI> 

BLIX0.ll: JIIOMIIHec:a;eH:a;IIII. }bBeCTHO, "<IT0 II0TepII 3HeprIIII TJDKeJILIX II0H0B 

Ha B036ym,n:eHIIe 3JieKTp0HH0ll II0,ll;CIICTeMLI IIMeIOT MaKcIIMaJil>HQe 3Ha'tleHIIe 

IIpII 3HeprIIII 6oM6ap,lUlpyroru;efi :qacTII:a;LI ~ lM3B/a.e.M .• 9TII oco6eH

HocTII II03B0JIJIIOT BLI.n;eJIIITI, BLIC0K03HepreTIIqecKyIO liOHOJIIOMIIHecn;eH:a;IIio 

KaR 0)UIH II3 HeMH0rIIX Hepa3p~aIOIJlIIX MeT0,1l;0B ,n;JIJI II0Jry'tleHIIJI "CTPYK

TypHofi" IIHq>OpMaD;IIII IIpII IICCJie,ll;0BaHIIII CBOHCTB TBep.n:LIX TeJI Ha IIy'tlKax 

TJDKeJILIX II0H0B, 

O.n:HIIMH II3 HaII6onee pa,lUla:a;IIOHHO-CTOllIUIX )Ul3JieKTpIIK0B M0iKH0 BLI

.n:eJIIITI, KpIIcTamn.i o~c~ aJIIOMIIHIIH (AhO3). BecIIpIIMeCHLie II0JIII- n: 
MOHOKpIICTaJIJILI AhO3 ( a-AhO3 IIJIII JiefiKo-caII<pllp) B HaCT0Jiru;ee BpeMJI 

IIpIIBJieKaIOT BHIIMaHIIe IICCJie,n;oBaTeJiefi Kai< HaII6onee IIepcIIeKTlIBHLie .Zl:JIJI 

IICII0JII,30BaHIIJI B pa3JIIIq:aLIX . K0HCTpyKD;IIJIX 3KCIIepIIMeHTam.Horo TepM0-

JI,n;epHoro peaKT6pa ITER B KaqecTBE!- II30JIIIPYIO~X Ma.TepIIaJioB. KaK II3-. - . . . 

BeCTH0, pa;inrnn;HOHHLie ,zi;e<peKTLI B JiefiKo-caII<pllpe ,o6pa3yroTCJI T0JII,K0 II0.ZI: 

~ellCTDlleM II~Jiy"<leHIIfi, BLI3LIBaIOru;IIX aTOMHLie CMeru;eHIIJI, "<IT0 IICKJIIOqa,eT 
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IIOHII3anmo KaK B03MOJKHLill IICTO"tlHIIK rrepBII"tlHLIX CTPYKTYPHLIX Hapyrne~ 

HIIll. B TO me BpeMH, o6pa30BaHIIe 3JieKTpOHOB II ,IU,IpOK OroIOBpeMeHHO 

C aTOMHLIMII CMemeHIDIMII 3HaqIITeJIJ,HO BJIIDieT Ha 3Bomonmo ,D;e<peKTHOll 

CTPYKTYPLI o6nyqaeMoro KpIIcTaJIJia. OroiIIM II3 MHoroqHcJieHHLIX rrpHMe

poM IIO,D;06Horo BJIIDIHIDI JIBJIJieTCJI pa,D;HanHoHHO-HH,D;ynIIpoBaHHaJI rrpoBO

,Ll;HMOCTI>, BeJIBqHHa KOTOpoil 3aBHCHT OT COOTHOIIIeHIDI HOHH3Hpyromeil H 

IIOBpe)I{,Ll;aromeil KOMII0HeHT H3JIYqeHHJI. IIoaToMy HCCJie,D;OBaHHJI pa,D;HanH

OHHOll rroBpe)I{,Ll;aeMoCTII Al2O3 B ycJIOBIDIX o6nyqeHIDI TJimeJILIMH aapJimeH

HLIMII qacTIInaMII, KOr,D;a coqeTaIOTCJI BLICOKHe ypoBHH CKOpOCTH ,D;e<peKTO

o6pa30BaHHJI II HOHH3anHOHHLIX IIOTep1, 3HeprHH, rrpe,D;CTaBJIJieTCJI BeCl>Ma 

aKTyaJIJ,HLIM. CJie,D;yeT 3aMeTHTI>, qTo Ha MOMeHT HaqaJia 3KCIIepHMeHTaJil,

HLIX HCCJie,D;OBamm, peaym,TaTLI KOTOpLix rrpe,D;CTaBJieHLI B HaCTOJimeil pa-

6c>Te, 3KIIepHMeHTLI "in-situ" no HayqeHHIO OIITHqecKIIX CBOllCTB carrcpHpa 

Ha rryqKax TJI)I{eJILIX IIOHOB BLICOKHX 3HeprHil He IIp0BO,Ll;HJIBCI,. 

:QeJII>IO HaCTOJUneii pa60Tl,l JIBJIJIJIOCI, 3KCIIepHMeHTaJIJ,HOe HCCJie

,ll;OBaHHe crreKTpam,Horo cocTaBa JIIOMHHecneHnHH MOHoKpHcTaJIJIOB AhO3 

rrpH Boa6y)I{,Ll;eHHH TJimeJILIMH HoHaMH c aHeprHeil::::: lMaB/a.e.M. B ,D;Harra

aoHe ,ll;JIBH B0JIH 225-550 HM H HHTepBaJie TeMrrepaTyp o6ny"tleHHJI 80-350!{. 

HayquaJI H0BH3Ha. B xo,D;e BLIIIOJIHeHIDI ,zrnccepTanHoHHoil pa6oTLI 

6LIJIB BrrepBLie paccMoTpem.i H perneHLI cJie,D;yromHe aa,D;aqH: 

Bri:epBLie H3MepeHLI cneKTPLI JIIOMHHecneHnHH MOHOKpHcTaJIJIOB AhO3 B 

nponecce o6JiyqeHIDI BLICoKoaHepreTnqHLIMH HOHaMH B, Ne, Ar (aHeprHJI 

HOHOB nopJI,D;Ka 1 MaB/a.e.M.) n Kr (aHepmJI - 2.5 MaB/a.e.M.). 

BrrepBLie HayqeHa aaBHCHMOCTI> crreKTpam,Horo pacnpe,D;eJieHHJI JIIOMH

HecneHnHH carrcpnpa OT ,ll;03LI pa,D;HanHOHHLIX IIOBpe)I{,Ll;eHHil, IIJI0THOCTH 

JI,D;epHLIX H IIOHH3anHOHHLIX IIOTep1, 3HeprIIH HOHOB, TeMrrepaTypLI o6Jiy

qeHHJI. 

IIpaKTH'leCKaJI 3Ha'lHM0CTI> pa60Tlil. IloJiyqeHHLie B pa6oTe pe

aym,TaTLI MoryT 6LITI, HCIIOJIJ,30BaHLI rrpH pemeHHH 3a,D;aq <pH3HKH pa,D;Ha

nHOHHLIX IIOBpe)I{,Ll;eHHil, CBJI3aHHLIX C MO,D;eJIBpOBaHHeM acpcpeKTOB B ,D;H3-

JieKTpHqecKHX MaTeplrnJiax, JIBJIJIIOmHXCJI 3JleMeHTaMH KOHCTPYKnHil JI,D;ep

Ho-aHepreTnqecKHX ycTaHOBOK a TaKme rrpH pa3pa60TKe TeXHOJIOrHil BLICO

I{03HepreTHqecKoil IIOHHOll HMIIJiaHTanHH. 

OcuoBHlile Il0JI0}KeHHJI BlilH0CHMLie Ha aaw;HTy: 

1. Peaym,TaTLI HCCJie,D;oBaHHil CIIeKTpam,Horo C0CTaBa JIIOMHHecneHnHH 

MOHoKpHCTaJIJI0B Al2O3, reHepHpyeMoro BLIC0KoaHepreTnqHLIMH H0HaMH B, 

Ne, Ar H Kr. 
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2 .. YcTaHOBJieHHLie 3aKOH0MepHOCTH H3MeHeHHJI IIHTeHCHBHOCTII IIOHO

JIIOMIIHecneHnHH cancpHpa C ,ll;030ll pa,D;HanHoHHLIX IIOBpe)I{,Ll;eHHil, IIJIOTHO

CTl>IO JI,D;epHLIX H H0HH3anHOHHLIX II0Tep1, 3Hl~prHH HOH0B, TeMrrepaTypoil 

o6nyqeHHJI. 
Anpo6an;HJI pa60T1>1. OcHOBHLie peaym,TaTLI ,D;HccepTanIIH .D:0KJia

,IU,IBaJIBc1> Ha IV MeJKHanH0HaJI1>HoM coBemaHHH "Pa.D:HanHoHHaJI <I>naIIKa 

TBep,D;oro TeJia", CeBaCTOilOJII>, 27 HIOHJI-2 HIOJIJI, 1994, 

X Me)I{,lJ;yffaporoioil KOH<pepeHnHH "Ion Implantation Technology", Cata

nia, Italy, June 13-17, 1994, 

Me)I{,Ll;yHapo,D;Hoil KOH<pepeHnHH "Beam Technologies (BT'95)", Dubna, Rus

sia, February 28-March 4, 1995, 

Me)I{,Ll;yHaporoioil KOH<pepeHnHH "SHIM-95 (Swift Heavy Ions in Matter), 

Caen, France, May 15-19, 1995. 

Me)I{,Ll;yHaporoioil KOH<pepeHnHH "II International School and Symposium 

on Physics in Materials Science", Jaszowiec, Poland, September 17-23 , 

1995. 
Me)I{,Ll;yHaporoioil KOH<pepeHnHH "Seventh International Conference on Fu
sion Reactor Materials", Obninsk, Russia, September 24-29 , 1995. 

IIy6JIHKan;HH. OcHOBHLie peayJI1>TaTLI ,D;HccepTanHH ony6JIBKOBaHLI B 

5 pa6oTax. 

CTpyKTypa ,n;HccepTaD;HH . .Ll:HccepTanHJI C0CTOHT H3 BBe,D;eHHJI, Tpex 

rJiaB H 3aKJIIOqeHHJI. O61,eM ,Ll;HCCepTanHH - 95 CTpaHHn MaIIIHHOilHCH0ro 

TeKCTa, BKJIIOqaJI 17 pHCYHK0B, 5 Ta6JIHn H 6H6JIHOrpacpHqecKHil CilHC0K H3 

104 HaHMeHOBaHHll. 

Co.n;ep.maHHe pa6oTLI 

Bo BBe.n;eHHH o6ocHOBaHa aKTyaJil>H0CTI, n ccpopMyJIBponaHa n;eJII, ,ll;HC

cepTaIJ;HO~HOll pa6oTLI. YKa3aHa npaKTHqecaJI naJKHOCTI, H HayqHaJI H0BH-

- 3Ha noJiyqeHHLIX peayJI1>TaTOB. IlpHBe,D;eHLI 0CHOBHLie IlOJIO)I{eHHJI, BLIH0CH

MLie Ha aamHTY. 

Ilepaan rJiaBa nocnJimeHa o6aopy H3BecTHLIX na JIHTepaTypLI aKcncpn

MeHTaJI1>HLIX pe3yJI1>TaTOB no HayqeHHIO cneKTpon <pOTO (<!>JI)-, KaTO,ll;0 (KJI)-

' peHTreHOJIIOMHHecn;eHnHH (PJI) npe,D;BapHTeJil>H0 o6JiyqeHHLIX M0H0KpHCTaJI

JI0B a-AhOa, a TaKme crreKTpon, perHcTpHpyeMLIX n npon;ccce o6Jiyqc

HHJI HH3K03HepreTHqHLIMH HOHaMH H HC:fi:TpOHaMH. CorJiaCHO npHBC,ll;CH-
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HLIM. ,n:aHHLIM, crreKTpam,Hoe pacrrpe,n:eJieHHe B paccMaTp1rnaeMoM B .n:nc

cepTan;RR .n:narra30He .IJ.JIHH BOJIH MO)I{eT BKJilOqaTJ, B 3aBRCRMOCTR OT RC

XO,n:Horo COCTOHHIDI RpRCTaJIJia R cnoco6a B036y)I{.D:eHRH nrnpORRe IIOJIOCLI 

c MaRCRMyMaMR rrpR 3,0, 3,8 R 4,3 3B. IloJioca 3.0 3B rrpRcyTcrnyeT 

B crreRTpax JIIOMRHecn;eHD;RR rrpR o6JiyqeHRR BCeMR BR.IJ.aMR ROHR3RpyIO

meii pa,n:nan;RR R B036y)I{.D:eHRR CBeTOM R IIpRIIRCLIBeTCH F-n;eHTpaM (.D:BYM 

3JieRTpoHaM B rroJie aHROHHOH BaRaHCRR). IloJioca rrpR 3,8 3B TaRme Ha-

6JI10,n:aeTCH IIO.IJ. .n:eiicTBReM Bcex BR.IJ.OB pa,n:nan;RR, O.IJ.HaKo, B OTJIRqRe OT 

IIOJIOCLI 3.0 3B OHa HBJIHeTCH CJIO)I{HOH R MO)I{eT BI{JI}OqaTJ, .IJ.O Tpex 3JieMeH

TapHLIX IIOJIOC, CBH3aHHLIX C R3JiyqaTeJII,HLIMR rrepexo,n:aMR B F+ -n;eHTpax 

( O,n:llH 3JieRTpOH B noJie aHROHHOH BaKaHCRR), Me)I{,n:oy3eJI1>HLIMR aTOMaMR 

aJIIOMRHRH R peRoM6RHan;ReH aBTOJIOI{aJIR30BaHHLIX 3RCRTOHOB. IlpRpo.n:a 

IIOJIOCLI 4,3 3B TaRme O,n:H03HaqHO He onpe,n:eJieHa. 0,n:HRM R3 HaR6oJiee 

BepOHTHLIX rrpon;eccoB, OTBeTCTBeHHLIX 3a R3JiyqeHRe C ;:i:aHHOH 3HeprReii, 

cqRTaeTCH .n:ncpcpy3ROHHO-I{OHTpOJIRpyeMaH TYHHeJI1>HaH peRoM6RHan;:rur an

TOJIOI{aJIH30BaHHLIX ,n:LipOR ( AJI)];). 0TMeqaeTcH, qTo B HaCTOHru;ee BpeMH 

HeT rrpHMLIX 3I{CIIepHMeHTaJII,HLIX no.n:rnep)I{,n:eHHH cymecTBOBaHIDI aBTOJIO

RaJIH30BaHHLIX 3JieRTpOHHLIX B036y)I{.D:eHRH B carrqmpe, I{al{ HeT R e,n:nHOH 

ToqRH 3peHHH Ha 3TY rrpo6JieMy. 

'lJaCTh o63opa IIOCBHIUeHa aHaJIH3Y ;:i:aHHLIX, IIOJIYqeHHLIX C HCIIOJl1,30Ba

HHeM H3JiyqeHHH, xapaRTepH3YIOIUHXCH pa3JIHqHLIM COOTHOIIIeHHeM IIOTeph 

3HeprRR Ha ROHH3aD;HIO R yrrpyroe pacceHHRe. IloRa3aHo, qTo COOTHO

IIIeHRe HHTeHCHBHOCTeli noJIOC F R F+ -n;eHTpOB B crreRTpax norJioru;eHHH 

H JIIOMRHecn;eHD;HH HBJIHeTCH napaMeTpoM, qyncTBHTeJII,HLIM I{ IIJIOTHOCTH 

HOHH3aD;HOHHLIX H H,n:epHLIX n0Tep1> 3HeprHH 60M6ap,n:npy10ru;HX qacTHD; H, 

II03TOMY' y.n:o6HLIM .IJ.JIH conocTaBJieHHH B03,n:eiICTBHH pa3JIHqHLIX H3Jiyqe

HHli. 0TMeqaeTCH, qTo 3TH ;:i:aHHLie noJiyqeHLI, B OCHOBHOM, ,IJ.JIH HH3R0-

3HepreTRqHI,IX HOHOB. CttcTeMaTHqecRRe HCCJie,uoBaHIDI MRRpOCTPYRTYPLI 

H onTRqecI<Hx CBOHCTB carrcpHpa B ycJIOBHHX o6JiyqeHIDI DLICOI{03HepreTH

qecRHMH TH)I{eJILIMH HOHaMH paHee He rrpoBO,n:llJIHCh. 

B 3al{JI}OqeHRH I{ nepBOli rJiaBe cpopMyJIRpyeTCH nocTaHOBRa 3a,IJ.aqn ,IJ.HC

cepTaD;ROHHOli pa60TLI. 

Bo BTopoii rJiaae npHBe,n:eHo onttcaHHe ycTaHOBRH .IJ.JIH perRcrpan;Rn 

cneRTpOD ROHOJIIOMHHecn;eHD;HH (MJI) TBep,n:LIX TeJI Ha ycRopHTeJIHX D;RRJIO

TpOHHQro .. ROMnJieRca <I>JIHP OM.HM,, MeTO,n:llI<HaeilmlBl:!,P:eHRH 3RcnepRMeH

TOD lfo6pa6o'l'KH· H3Mepe_HHLIX cneRTpoB, a Tal{)I{e Rp_~:ri~H xapaKTe_pjeTHRa· 

o6J,eKron HCCJie,n:oBaHHH. · · 
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0TMeqaeTcH, qTo ycJIOBHH o6JIYqeHHH Ha n;HRJIOTpoHax MU-100 RY-

400 o6ecneqRBaIOT cnen;RaJII,HLie Tpe6oBaHHH, npe,n:1,HnJIHeMLie I< 3KcnepR

MeHTaM Ha ycRopRTeJIHX 3apJDKeHHLIX qacTHD;, B qacTHOCTR, 0,n:HOpO,n:HOCTh 

pacnpe,n:eJieHHH nyqRa ROHOB no nJioma.n:n 06pa3n;a. Ha Y-400 o,n:Hopo

,n:Hoe pacnpe,n:eJieHRe .IJ.OCTRraJIOCh nyTeM RCnOJII,30BaHIDI 3JieRTpOCTaTRqe

CRHX CHCTeM CRaHRpOBaHHH nyqRa (qacTOTa CRaHRpOBaHHH 2-8 Rrn;, aM

nJIHTY.IJ.a CHHYCOH.IJ.aJII,HOro HanpIDKef:IDI .IJ.O 30 RB) B BepTRI{aJII,HOM R ro

pH30HTaJil>HOM HarrpaBJieHHHX. BLIBO.IJ. ROHOB 3JieRTpOCTaTRqecRHM MeTO.IJ.OM 

Ha D;HI{JIOTpoHe MIJ;-100 no3BOJIHeT IIOJIYqaTh O,n:HOpO.IJ.HO pacrrpe,n:eJieHHLili 

rryqol{ Ha nJioma.n:n 6oJiee 30 CM2' qTo R RCnOJII,30BaJIOCh npH o6JIYqeHRR 

o6pa3D;OB. 

M3MepeHRe cneRTpOB MJI npoBO,n:llJIOCh Ha ycTaHOBRe, pa3pa6oTaHHOli 

B I..I;eHTpe npHRJia.n;HoiI <pH3HRH <I>JUIP OM.HM, ocHOBHLIMR 3JieMeHTaMR 

I{OTOpOH HBJIHIOTCH- BaRyy'MHaH KaMepa C .n:epmaTeJieM o6pa3D;OB, MOHOXpo

MaTop c 6JIOI{OM ,n:llCTaHD;HOHHOro ynpaBJieHHH, CHCTeMa c6opa, HaROnJie

H~H H o6pa6oTKH RH<popMaD;RH Ha 6a3e annapaTypLI B cTaH,n:apTe KAMAI{ 

H rrepcoHaJII,Horo ROMn1>10Tepa. Ilpoue~ypa npe.n:napRTeJII,HOH o6pa6oTRH 

BI{JI}OqaeT RoppeRD;HIO cneRTpOB ~ yqeTOM cneRTpaJII,HOli qyBCTBRTeJII,HOCTR 

<I>8Y, a TaR}Ke onpe,n:eJieHRe rroJiomeHHH MaRCHMYMOB, IIIHpR_HLI Ha noJiy

BLICOTe H HHTeHCHBHOCTH noJIOC B npe,n:rroJIO}l{eHHH, qTo OHR onRCLIBaIOTCH 

rayccoBCRHMpacrrpe,n:eJieHHeM. 

IlpHBO,n:llTCH o60CHOBaHRe BLI6opa nJIOTHOCTH noTORa ROHOB H cpopMLI 

o6pa3D;OB C yqeTOM Heo6xo,n:nMOCTR noJIYqeHHH RH<pOpMaD;HR O .IJ.030BOH 3a

BHCHMOCTR cneRTpOD MJI 3a peaJII,HOe BpeMH 3I{CnepRMeHTa R Tpe6oBa

HReM HCKJI10qeHHH rreperpena o6JIYqaeMoro CJIOH o6pa3n;a. Ilpe,n:cTaBJieHLI 

TaRme on;eHRH R3MeHeHHH TeMnepaTypLI MRIIIeHH 3a BpeMH O,n:Horo HMnyJII,ca 

nyqRa. IloRa3aHo, qTo TeMnepaTypHLili pe)I{HM BO BpeMH o6JiyqeHHH MO)I{HO 

cqRTaTh RBa3RCTaD;HOHapHLIM. 

B TpeTLeH rJiaBe npRBe,n:eHLI pe3yJII,TaTLI 3Rcnepmi:eHTOB no RCCJie

.n:onaHHIO cneKTpoB MJI R RX o6cy)I{.D:eHRe. B rrepnoiI qacTR rnaBLI 3 06-

cy)I{.D:aeTCH .IJ.030BaH 3aBRCRMOCTh CIIeKTpaJII,HOro COCTaBa ROHOJIIOMHHecn;e

HRR. BTopaH qaCTh IIOCBHIUeHa aHaJIH3Y 3aBHCHMOCTR crreRTpOB OT MaCCLI 

R 3HeprHR ROHOB, a TaRme COIIOCTaBJieHRIO crreKTpOB MJI R KJI, R3MepeH

HLIX Ha o6pa3n;ax, npe.n:napRTeJII,HO 06JIYqeHHLIX BLICOI{03HepreTRqHLIMR 

ROHaMR. 

reHepan;HH JIIOMRHecn;eHD;RR TJDKeJILIMR ROHaMR rrpoRCXO,n:llT BMeCTe C 

o6pa30BaHReM pa,n:nan;ROHHLIX .n:ecpeKTOB, qTo npe,n:rroJiaraeT 3aBRCHMOCTh 
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CIIeKTpOB OT llX KOHIIeHTpaIIllll. Ilo3TOMY Han6oJiee KoppeKTHLIM npe.n:

cTaBJIJieTCJI COilOCTaBJieHne cneKTpoB, B036y~aeMLIX pa3HLIMll llOHaMll npn 

O.IUIOM n TOM me ypoBHe noBpe~eHIIH D B cMemeHllJIX Ha aToM (dpa). 

PacqeT 3Toro 3HaqeHllJI, a TaKme npoeKTllBHLIX npo6eroB noHoB Rp, y,n:em,

HLIX n0Tep1, 3Heprnn Ha IIOHll3an;mo ( dE / dx )ion. n ynpyroe pacceJIHlle 

(dE/dx)e1. npoBOrofJICJI c n0Mom1,10 nporpaMMLI TRIM-90. Ha pnc. 1 
npe,n:cTaBJieHLI cneKTpLI HJI ll3MepeHHLie npn TeMnepaType 80 I{ B npo

n;ecce o6eyqeHllJI noHaMn B, Ne n Ar npn D = 1, 5 x 10-5 dpa . RaK 

Bll,IUIO ll3 pncyHKa, cneKTpamHLIH COCTaB JIIOMllHec11eH11llll npn BLICOK0-

3HepreTnqecKOM llOHHOM o6JiyqeHllll TaKme BKJiroqaeT nmpoKne IlOJIOCLI C 

MaKCllM)'MaMll npn 3,0, 3.8 ll 4;35 3B, npnpo,n:a KOTOpLIX paccMaTpllBaJiaCI> 

B nepBoii rJiaBe. 

3aBllCllMOCTI, cneKTpamHoro COCTaBa OT ,Z1;03LI pa,n:naIIllOHHLIX IlOBpem

,n:eHllH npnBe,n:eHa Ha pnc. 2 Ha npnMepe cneKTpoB HJI, Bo6y~aeMLIX 

noHaMn Ar ll Ne npn 80 n 300 R. 113 npnBe,n:eHHLIX ,n:aHHLIX ,n:eJiaeTCJI BLI

BO.l(, qTo B ycJIOBllJIX BLICOK03HepreTnqecKoro llOHHoro o6JiyqeHllJI B llCCJie

,n:yeMOM llHTepBaJie qlJIIOeHCOB llOHOB Ha6Jiro,n:aIOTCJI no KpaiiHeH Mepe ,n:Be 

cTaro1n ,n:o30BOH 3aBIICHMOCTll llHTeHcnBHOCTn llJI .. Ha nepBoii cTa,n:nn npn

cyTcTBYIDT Bee Tpn OMeqeHHLie BLIIIIe IlOJIOCLI. Ilpn 3TOM llHTeHCllBHOCTI, 

IlOJIOC 3,0 ll 3,8 3B. yBeJlllql!BaeTCJI ll BLIXOrofT Ha HacLimeHne, B TO BpeMJI 

KaK llHTeHCllBHOCTI, IlOJIOCLI 4,35 3B na,n:aeT ,n:o He,n:eTeKTllpyeMoro ypoBHJI 

nponopn;noHaJIJ,HO n-n, r,n:e n=5-6 ,Zl;JIJI llOHOB B, Ne n Ar. Ha BTOpoH 

CTaroin perncTpnpyIOTCJI TOJll>KO ,n:Be IlOJIOCLI 3,0 ll 3,8 3B, llHTeHCllBHOCTI, 

KOTOpLIX npaKTnqecKll He ll3MeHJieTCJI C ,Zl;030H IlOBpe~eHllH. 

0TMeqaeTCJI, qTO CllJIJ,HaJI 3aBllCllMOCTI, IlOJIOCLI 4,3 3B OT KOHIIeHTpa

llllll paro1aIIllOHHLIX ,n:eq>eKTOB no.n;TBep~aeT npe.n;noJIO}l{eHne O .Zl:llq>q>y3ll

OHHO-KO~TpOJlllpyeMOH TYHHemHoii peKoM6nHa11nn AJI,I(. 8ToT MexaHII3M, 

KaK ll3BeCTHO, BKJiroqaeT CTaroIIO roiq>q>Y3llOHHOro c6JIII}l{eHllJI 3JieKTpOHa ll 

AJI,I(. HaJlllqne 3TOH cTaro1n B JII06Lix npon;eccax paro10JI10MnHec11eHIIllll 

no.n:pa3YMeBaeT TaK Ha3LIBaeMLie MllrpaIIllOHHLie IlOTepn ll3-3a 3axBaTa HO

CllTeJieH 3ap11.n:a cTpyKTYPHLIMll .n:eq>eKTaMn n, CJie.n;oBaTemHo, onpe,n:eJieH

HYID 3aBllCllMOCTI, BLIXo,n:a JIIOMllHecn;eHIIllll OT KOHIIeHTpaIIllll ,n:eq>eKTOB, 

no.n:o6Hyro Ha6Jiro,n:aeMOH .11:JIJI IlOJIOCLI 4,3 3B. I{ qncJiy TaKllx .n;eq>eKTOB B 

HaIIIeM cJiyqae OTHOCJITCJI, npe~e Bcero aHllOHHLie BaKaHCllll, JIBJIJIIDmnecJI 

3q>q>eKTllBHLIMll JIOBYIIIKaMn .11:JIJI 3JieKTpOHOB, B pe3ym,TaTe qero ll o6pa3y-

10TCJI F-n;eHTpLI Bcex TllilOB llJlll ll3MeHJieTCJI llX 3ap11,n:0Boe COCTOJIHlle. 
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PHc. 2. 3aBHCHMOCTb HHTeHCHBH0CTH H0H0JIIOMHHecn;eHW{H OT ,n:o3hl no

Bpem,n:eHHII ,n:JIJI H0H0B Ne H Ar npH 80 H 290 K. 
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PaccMaTpHBaJI B03M0iKHhlH BRJia,n: H3JIYtieHHJI aBT0JI0RaJIIIJ0BaHHhlX :mc

HT0H0B (AJI9) B noJiocy 3,8 3B H, YtIHTLIBM, 'ITO o6paaonaHHe F-n;eHTpoB 

H AJI9 JIBJIJieTCJI R0HRypHpyroru;HMll npoueccaMH, BhlCRa3IJBaeTCJI npe.n:

n0JI0)KeHHe, tIT0 no aHaJiorHH c AJI,ZJ; OH TaR)l{e 6y.n:eT orpaHHtieH ,n:oaoii 

nonpem,n:eHHJI 10-4 dpa. TaRHM o6paaoM, npH 6oJiee BLIC0RHX ypoBHJIX 

nonpem,n:eHHJI BhlX0,n: JIIOMHHecn;eHUHH, reHepHpyeMOH BhlC0R03HepreTHtI

HhlMH H0HaMH, onpe,n:eJIJieTCJI BHyTpllil;eHTp0BhlMll nepexo,n:aMH B F n p+ -
n;eHTpax. 

Ha pHC. 3 npe,n:cTaBJieHa JaBHCHM0CTb 0TH0IIIeHHJI llHTeHCHBH0CTH B. F 
H p+ noJiocax Ha cTa,n:HH HacIJru;eHHJI B aaBHCHM0CTH OT BeJIHtIHH Se H Sn, 
onpe,n:eJieHHhlX RaR n0JIHIJe noTepH 3HeprHH H0H0B Ha H0HH3aIJ;HIO H ynpyoe 

pacceJIHHe, H0pMHp0BaHHhle Ha e,n:HHHUY ,n:JIHHhl npo6era. ,ZJ;aHHhle, npHBe

,n:eHHhle Ha 3T0M pHCYHRe,.ycpe,n:HeHIJ ,n:JIJI Tpex cepHii o6pa3IJ;OB. 1.JeTLipe 

JHatieHHJI Se H Sn cooTBeTCTBYIOT o6JIYtieHHIO H0HaMH B, Ne, Ar H Kr. RaR 

BH,n:H0 HJ pHCYHRa, 0TH0CHTeJibHaJI HHTeHCHBH0CTb H3JIYtieHHJI F n;eHTp0B 

yMeHbIIIaeTCJI C poCT0M y.n:eJibHhlX noTepb 3HeprnH H0H0B Ha H0HH3aIJ;HIO H 

ynpyroe pacceJIHHe. OTMetiaeTCJI, 'ITO noJIH0CTbIO paa,n:eJIHTb BRJia,n: n Ha-

6JIIO,n:aeMhlH 3cpcpeRT H0HH3aIJ;H0HHhlX H ynpyrnx noTepb 3HeprnH He npe.n:

CTaBJIJieTCJI B03M0)l{HIJM, 0,n:HaRo M0iKH0 c,n:eJiaTb pn.n: BhlB0.D:0B 06 HX poJIH B 

cpopMHp0BaHHH cneRTpaJibH0ro C0CTaBa BhlC0R03HepreTHtieCR0H 11JI. 

11a ,n:aHHhlX no JIIOMHHecn;eHW{H o6JIYtieHHHhlX 6IJCTphlMll HeiiTp0HaMH 

o6pa3IJ;OB cancpHpa CJie.n:yeT, 'ITO nocJie <pJIIOeHca 1016cM-2 npaRTHtieCRH 

He Ha6JIIO,n:aeTCJI H3JIY'IeHHJI F-n;eHTpoB, B TO BpeMJI RaR H3JIYtieHHe p+ _ 
n;eHTp0B perHCTpHpyeTCJI n npH 3HatIHTeJibH0 60JibIIIHX ,n:03ax o6JIYtieHHJI. 

9To CBJI3IJBaeTCJI C R0HIJ;eHTpan;H0HHhlM TyIIIeHHeM, npntIHH0H R0Toporo 

JIBJIJieTcJI To, 'ITO F-n;eHTpLI, Ra:K H .n:pyrHe pa,n:HaUH0HHIJe ,n:ecpeRThl npH 

06JIYtieHHH 6IJCTphlMH HeiiTp0HaMH o6paayIOTCJI, B 0CH0BH0M, Ha RacRa

,n:ax aT0MHLIX cMememm. Ha6Jiro,n:aeMaJI )Ke JIIOMHHecn;eHUHJI o6ycJIOBJieHa 

F-n;eHTpaMH, HaX0,n:JIIIl;HMHCJI BHe CHJibH0 paaynopn,n:otieiIHhlX RaCRa,n:HhlX 

o6JiacTeii, · 'ITO cnpane,n:JIHB0 H ,n:JIJI H0HHoro o6JIYtieHHJI. 11anecTHo, 'ITO 

C yneJIHtie1rneM MaCChl H 3HeprHH ll0H0B B03pacTaeT H tIHCJI0 ,n:ecpeRTOB, 

o6pa30BaHHhlX BhlC0R03HepreTHtIHhlMH aT0MaMH 0T,n:atIH, T.e. Ha RaCRa,n:ax 

CMeru;eHnii, no 0TH0IIIeHHIO R o6meMy tIHCJIY ,n:ecpeRTOB. B C00TBeTCTBHH 

C 3THM ,n:0JiiKHa yMeHbIIIaTbCJI HHTeHCHBH0CTb F-n;eHTpOB no OTHOllleHHIO R 

p+ -n;eHTpaM, 'ITO Roppe~pyeT c npHBe,n:eHHOH Ha pHC. 3 aaBHCHM0CTbIO. 
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Pnc. 3. 3aBHCHMOCTL 0TH0IIIemrn HHTeHCHBH0CTH JIIOMHHec:a;eH:a;HH F n 

F+-:a;eHTpoB OT IIJIOTH0CTH HOHH3aD;HOHHLIX H H,n:epHLIX II0Tep1, 

3HeprHH HOHOB. 
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OTMe~aeTcH, "ITO 6oJILIIIHe 3Ha"!eHHH I(F)/ l(F+) rrpH 80, "!eM rrpH 300 R, 

HaH6oJiee BepoHTH0, CBH3aHLI co CHHiReHHeM peKOM6HHaD;HH TOtJeqm,rx .n:e

<peKTOB IIpH HH3KOH TeMrrepaType. 

AHaJIH3HpyH B03MOiRH0e BJIHHHHe H0HH3aD;HOHHLIX IIOTepL 3HeprHH, OT

MetJaeTCH, qTo CIIeKTpLI HJI He HecyT HHq>OpMaD;HIO O rrpoMeiRyToqHJ,IX 

3Tarrax peJiaKcan;HH 3HeproBLI,n:eJieHHH B TpeKax H0HOB. XapaKTepHLie Bpe

MeHa 3THX rrpon;eccoB 3HaqHTeJILHO MeHLIIIe BpeMeHH iRH3HH B036ym,n:eHHLIX 

cocTOHHHH F+ (~ 4 ns) H, oco6eHHo, F-n;eHTpoB (30 ms). Ma«cHMaJILHLifi 

IIO .Zl:JIHTeJILH0CTH rrpon;ecc BLipaBHHBaHHH TeMrrepaTypLI B o6JiaCTH TpeKa 

B carrqmpe rrpH 300 I{ He rrpeBLIIIIaeT rro HaIIIHM o:a;eHKaM 10-10 c. ,UeJia

eTcH BLIBo,n:, tJTo crre«TpaJILHoe pacrrpe,n:eJieHHe 0TpamaeT, rrpem,n:e Bcero, 

rrpe,n:HcTOpnro <popMHpoBaHHH .n:e<peKTHofi CTPYKTYPLI MHIIIeHH K MoMeHTY 

H3MepeHHH - rrpH I<aKOH IIJ.I:OTHOCTH o6pa30BaHHH .n:e<peKTOB, IIJIOTHOCTH HO

HH3aD;HH, TeMIIepaType 06JiyqeHHH IIp0HCX0,n:HJIO HaKOIIJieHHe pa,n:HaD;HOH

HLIX II0Bpem,n:eHHH. 3aBHCHMOCTL crreKTpOB OT rrpe,n:HCTOpHH o6pa3:a;a .n:e

MOHCTpHpyeTCH cJie.n:yrorn:nM rrpnMepoM. OTHoIIIeHHe I(F)/ l(F+), rroJiy

tJeHHoe .Zl:JIH o6paa:a;a, o6nytJeHHOro IIpH 300 I{, He H3MeHHeTCH rrpH II0CJie

.n:yrorn:eM yMeHLIIIeHHH TeMrrepaTypLI .n:o 80 I{, T.e. perHcTpHpyeMLie rrpH 

80 I{ crreKTpLI orrpe,n:eJIHIOTCH rrapaMeTpaMH .n:e<peKTHOH CTPYKTypI,I, C<pop

MHpOBaBIIIefiCH rrpH 300 K 
RpoMe 3TOro, COII0CTaBJieHHe TaKHX rrapaMeTpOB, KaK .Zl:JIHHa TeptrnJIH3a

D;HH H0CHTeJiefi aapH,n:a, orrpe,n:eJIHrorn:ero paaMepLI Boa6ym,n:aeMofi o6JiaCTH 

KpHCTaJIJia 1th. H .Zl:JIHHLI CB06o,n:Horo rrpo6era HOHOB < 1 > II0Ka3I,IDaeT, tJT0 

,n:JIH H0HOB B, Ne H Ar 1th. ~<l> rrpaKTHtJeCKH ,n:JIH ncero 06Jiyt1ae110ro 

o6JiyqaeMoro CJIOH MHIIIeHH. CJie,n:oBaTeJILHO, B 30HY B036ym.n:eHHJI JIIOMH

Hecn;eHD;HH rrorra,n:aroT, B 0CHOBHOM, paHee o6pa30DaDIIIHeCH .n:eq>CKTLI. 

B KaqecTBe O,n:Horo H3 HaH6oJiee 3HatJHTeJILHLIX 3<pq>CKTOB H0HH3a:a;1rn 

paccMaTpHBaeTCH H3MeHeHHe 3apH,n:0DI,IX C0CTOHHllll .n:e<peKTOD D o6JiaCTll 

HOHHoro TpeKa. IIpe,n:rroJiaraeTCH, tJT0 H3-3a 6oJiee BLICOKOH II0.ll:DHiRH0-

CTH 3JieKTpOH0B II0 cpaBHeHHIO C ,n:I,IpKaMH, :a;eHTpaJILHaH o6JiaCTL Tpe:Ka 

6y,n:eT co.n:epmaTL 6oJiee BI,IC0KYIO KOHD;eHTpan;HIO ,n:I,IpoK, tJeM rrepllq>CpllJI. 

CJie,n:cTBHeM rro.n:o6Hoit CHTya:a;HH 6y.n:eT rrpeHMyrn:ecTDCHHOC o6pa30DaHHC 

F+-n;eHTpOB aa cqeT peaKD;HH 

Fo + h+ -+ (F+)* -+ p+ + hv(3, 8 aB) 

rrpoMemyTOtJHLIM C0CT0JIHHeM KOTOpofi JIDJIHCTCJI B036ym,n:eHHOC COCTOJIHllC 

F+-:a;eHTpa- (F+)•. 
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pa3en:) u UOHOJIIOMUHecn:eHn:uu a-AhO3 (. - o6JiytJeHue UOHaMU 

Ne, 80 K) 
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J,faeyqemie B F IIOJIOCe MO)l{eT 6hlTI, rro.n:anJieHO TaK.>Re U3-3a llCKa.>Re

HUJI pellleTKH, B03HUKaromuMn rrpn HOHHOM o6eytJeHnn HarrpJDReHUJIMll [l]. 

YpoBeHI. HaIIpJI.>ReHnH B llOHHhlX KpncTaJIJiaX 3aBUCnT He TOJll,KO OT KOH

D;eHTpaD;HU pa,n:nan;HOHHhlX .n:eq>eKTOB, HO H OT nx 3apJI,n:onoro COCTOJIHUJI, 

tJTO rrpe,n:rroJiaraeT 3aBHCUMOCTI, OT IIJIOTHOCTH noHn3aD;HH. ,[J;eJiaeTCJI Bhl

no.n:, tJTO B OTJintJHe OT HH3K03HepreTntJRoro llOHHOro o6eytJeHUJI, rrpn KO

TopoM OCHOBHhlM llCTOtJHHKOM HarrpJI.>ReHnH JIBJIJieTCJI 3axopoHeHHhlll CJIOH 

.n:eq>eKTOB, .ll:JlJI BhlCOK03HepreTHtJHhlX HOHOB Heo6xo,n:HMO YtJHThlBaTl> TaK.>Re 

BJIUJIHHe JIOKaJII,HhlX HarrpJI.>ReHnH n o6JiaCTll llOHHOro TpeKa. 

Eme o,n:Hn:M KaHaJioM CHH.>Remrn Bhlxo.n:a JIIOMHHecn:eHUnH F-n:eHTpon JIB

JIJieTcJI peKoM6n:Han:nJI TOtJetJHhlX .n:eq>eKTOB, Haxo,n:Jim:HXCJI BHe CUJII,HO pa-

3yrropJI,n:OtJeHHhlX o6JiaCTeil:, B pe3yfilTaTe noHn3an:noHHO-HH.n:yD:HpOBaHHOH 

.n:n:q>q>y3n:n: (ionization enhanced diffusion, IED). Heo6xo,n:nMOCTl> ytJeTa 

IED 6LIJia rroKa3aHa Ha rrpnMepe 3JieKTpOHHOMHKpocKorrn:qecKHx nccJie,n:o

naHnil: AhO3, o6eytJeHHhlX HH3K03HepreTUtJHhlMH n:oHaMH c pa3HhlM cooT

HollleHn:eM n:omrnan:noHHhlX n JI,n:epHhlX rroiep1, 3Heprnn [2]. 
B 3aKJIIOtJHTeJII,HOH tJaCTH TpeTI.eil: rJiaBhl o6cy.>R,n:aIOTCJI oco6eHHOCTH 

crreKTpon IOI, U3MepcHHhlX Ha 06pa3n:ax a-AhO3, ncrrofil30BaBI1InxcJI B 

3KCIIepuMeHTax Ha IIYtJKaX TJI.>ReJlhlX HOHOB n o6JiytJeHHhlX .n:o .ll:03hl ~ 10-4 dpa. 

YcTaHOBJieHo, tJTO crreKTphl IOI BKJIIOtJaIOT TOJII.Ko p+ rroJiocy, He3anncnMo 

OT nn.n:a HOHHoro o6JiytJeHHJI. TorrntJHhlH crreKTp IOI, n3MepeHHhlH Ha o6-

pa3n:ax, o6JiytJeHHhlX noHaMn Ne rrpnne,n:eH :s:a pnc. 4 BMecTe co crreKTpoM, 

H3MepeHHhlM B rrpon:ecce o6eyqemrn 3THMn .>Re noHaMn. TaKHM o6pa3oM, 

,n:JIJI IOI crreKTpon I(F)/I(F+) ~ 1, tJTO Ha6Jiro,n:aeTcJI TOJII,Ko B CJIYtJae 

no36y.>R,n:eHUJI HJI noHaMn Kr. ,[J;JIJI 061,JicHeHUJI pa3JIHtJHH B crreKTpax HJI 
n KJI rrpe,n:rroJiaraeTCJI cymecTBOBaHne TOfilKO no npeMJI o6eytJeHUJI Hepa

BHOBecHoil: KOHD;eHTpan:nn HeHTpaJII,HhlX n:eHTpOB OKpacKH. 

B 3aKJII0~leHHH rrpnne,n:eHhl OCHOBHhle pe3yJII,TaTI,I, IIOJIYtJeHiihle B .n:nc

cepTaD;HOHHOH pa60TC. 

OcHOBHLie pe3yJILTaTLI 'AHCcepTal,lHH 

1. Brrepm,rn·n Mnpe rrpone.n:eHhl nccJie,n:onamrn crreKTp0B JIIOMnHecn:eHn:un 

MOH0KpncTaJIJIOB a-Al2O3 :i3 rrpon;ecce o6eytJeHUJI BhlCOK03HepreTntJecKHMn 

T~eJlhlM:WH0HaMn B, Ne, Arn Kr (E>l M3B/a.e.M.) " 

2, IloKa3aHo, '<ITO crreKTp.aJII,Hhlll COCTaB BhlCOK03HepreTntJeCK0H H0H0JIIO-
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M1rnecn;em~1rn: B HHTepBaJie 2,5-5,6 3B n TeMnepaType 80-300 I{ onpe.n:e
JIJieTcJI BHyTpnn;eHTpoBLIMH nepexo.n:aMH B F n F+-n;eHTpax oKpacKH, a 

TaKme .n:mpq>y3HOHHO-KOHTpOJIHpyeMOH peKOM6nnan;neil: aBTOJIOKaJIH30BaH

HLIX .ll:LIPOK. 
3. Onpe,n:eJieH ypoBeHI, pa.n:naD;HOHHLIX IIOBpem.n:eHHil:, .n:o KOTOporo Heo6-
XO,n:HMO ytmTLIBaTI, BKJia.n: B o6ncyro HHTeHCHBHOCTI, JIIOMIIHecn;eHD;HII II3Jiy

'leHHJI aBTOJIOKaJIH30BaHHLIX 3JieKTpOHHLIX B036ym.n:eHIIH, paBHLIH ~ 10-4 

dpa. 
4. YcTaHOBJieHo, 'ITO COOTHOIIIeHIIe IIHTeHCHBHOCTeft JIIOMHHecn;eHD;HII F n 
F+-n;eHTpOB yMeH1>11IaeTCJI C pocTOM IIJI0THOCTII IIOHII3aD;IIOHHLIX II 11.n:ep
HLIX IIOTep1, 3HeprHII TJiiReJILIX IIOHOB BLICOKHX 3HeprIIft. 

5. BnepBLie o6napymeno, 'ITO BLIXO.ll: KaT0.D:OJIIOMIIHecn;eHD;IIII npe,n:BapII
TeJIJ,HO o6ny'leHHLIX BLICOK03HepreTII'leCKHMII IIOHaMII o6pa3D;OB a-AbO3 
onpe,n:eJIJieTCJI TOJIJ,KO H3JIY'leHHeM F+-n;eHTpOB. 
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lOll(HX pa6oTax: 

1. Skuratov V.A., Altynov V.A. and Abu AlAzm S.M. "High energy 
ion implantation: luminescence studies of solids during irradiation".// 
Proceedings of the Tenth International Conference on Ion Implantation 
Technology, Catania, Italy, June 13-17, 1994, p. 914-917. 
2. Skuratov V.A.,.M.Altynov V.A., Abu AlAzm S.M., Didyk A.Yu. 
"Luminescence spectra from a-AbO3 under 1 MeV /amu ion irradia
tion"./ /Coo6m;eHHJI O61,e.n:. IIH-T 11.n:epH. IIccJie,n:.: E14-95-193 ,ll;y6na, 
1995, 7 c. 

3. Skura:tov V.A., Altynov V.A. and Abu AlAzm S.M. "Luminescence 
studies of sapphire under 1 MeV /amu ion irradiation".// Nucl. Instr. 
Meth. B, 1996, vol. 107, Nos 1-4, p. 263-267: 
4. Altynov V .A, Skuratov V .A. and Abu AlAzm S.M. "1 Me V / amu heavy 
ion irradiation effects on luminescence of a-AbO3" .// II International 
School and Symposium on Physics in Materials Science. September, 17-

23, 1995, Jaszowiec, Poland, Abstracts, SC III.2. 
5. Skuratov V.A., Altynov V.A. and Abu AlAzm S.M., "Luminescence 
characterization of radiation damage of a-Al2O3 under 1 MeV /amu ion 
irradiation".// Seventh International Conference on Fusion Reactor Ma
terials. September 24-29, 1995, Obninsk, Russia, Abstracts, p. 182. 

14 

ll;HT~pyeMaJI JIHTepaTypa 

1. AlGhamdi A. and Townsend P.D., "Ion .beam excited luminescence 
of sapphire." J. Nucl. Instr. Meth. B, 1990, vol. 46, p. 335-343. 
2. Zinkle S.J., "Microctructure of ion irradiated ceramic insulators." 
J. Nucl. Instr. Meth. B, 1994, vol. 91, p. 234-246. 

PyKOnHCb nocTymma R 113,UaTeJlbCKllii OT,Ue;1 

· 30 anpem1 1996 ro,ua. 

15 


