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BBE,UEHHE 

B HaCTORmee BpeMR HMeeTCR 6 0JlbWOe KOJlH'leCTBO p a60T no HCCJle,lJ,O

BaHHlO y -H3JlyqeHHR peJlRTHBHCTCKHX ttaCTHI.t n p H HX B3aHMO,lJ,eHCTBHH 

C K pnCT8JDHlM H, B TOM 'IHCn e BbInOJIHeHHhlX C n pHMeHeHHeM COBpeMeHHblX 

3 K Cnep HMeHTaJlbHbIX M eTo,lJ,HK 11- 51. O ,lJ,HaKO 3JleKTpOMaI'HHTHOe H3nYQe

HHe 3JleKTpoHOB YJIbTpapeJIJlTHBHCTCKHX 3HeprHH B npouecce nnOCK OCT

H o ro KaHaJlHPOBaHHR 3KcnepHMeHTaJlbHO n o qTH H e lt3yqeHO. 

T eopeTHtlecKH 3TOT BODpOC PBCCMBTPHBaJlCR B 16 - 8< O,lJ,HBKO pe3ynbTl.

TbI 3THX pa60T B OCHOBHOM HOCRT KaQecTBeHHbIH XapBKTep H3-3& o TCy r CT

BRR x o powero npH6JlHlKeHRR ,lJ,nR OIlHCaHHR nOTeHUHana BrJaHMOlJ,eiCTBHR 

H TpY,lJ,HOCteH KOppeKTHOrO yqeTa MHorOK p am oro paCCeRRHR. 

B HaCTOllmeH p a60Te n p elJ,CTBBJleHbl pe3YJlbTBTbl 3Kc nepHMeHT8JJJ>HOrO 

HCCnenOBaHHR H3nY'leHHR 3JleKTp OHOB C 3HeprHeH 10 I'3B B npouecce HX 

,lJ,BIDKeHHR B lJ,Onb nnocKocTeH (110 ) B MOHOKp nCTaJlne KpeMllHJl TOJlW,H

HOH 4 1 MKM. nO,lJ,p06HOe OOlofCaHHe 3Kcnep HMeHTaJIbROH y CTaROBKH H ye

nOBHH 3KCnep HMeHTa lJ,aRO B 1 10~ X ap BK TepHCTHKH 3JleKTp OHHoro nyqK8 

npHB e,lJ,eHbl B 1 111 . 

KpHCTaJln OPHeHTHPOBaJlCR nnOCKOCTblO ( 1 10) n apanneJlhHO Hanpaa

n eHHlO nyqKB. Pa30pHeHTaqIDl OTHocmen bHO KpHcTaJJn orpa<pH'lecKoH OCH 

<111> cocr aanRna 0 ,5 0 • Yr1lbI BK o .na ( Bblxo.na) 3Jle KTpOHo B B KPHCTaJlJ1 

OTC'IHTblBaJlHCb OTHOCHTeJlhOO nnoeKoCTH ( 110) . 3TH yrlIhI HMenH Rynesoe 

3HaqeHHe npH y cnoBHH KOMnna HapHOCTH KPHCTaJJJlOrpacpH'lecKoH M oe

KoeTH ( 110) H BeKTOpa CKOP OCTH 3JleKTpOHB. 

OPHEHTAUHOHHWE3ABHCHMOCTH 

H P A,IlHAl(HOHHblE n OTEPH 3HEPI'HH 3nEKTPOHOB 


HB pHc.1 ,lI,.8Hbl pacnpe.neneHHR 'IHCrra 3aperHCTpHpOBIlHHbIX 

Y -lCBBHTOB B 3aaHCHMOCTH OT y rJla BXOlJ,a 3JleKTpOHOB B KpHCTaJlJl OTHO

CHr eJlhHO nnOCKOCTH (110), nonytleHHhle AJlII pa3JIHllHhlX lJ,HanaaOHOB 

3HeprHH y -KBaHTOB. Pac npe,lJ,eneHHR npHBe,neHbI K e,nHHHue JlJlHHhl lCpH

CTanna, B KIDK,naR HX TOttKa HOpMHPOBaJlacb Ha IfHCJlO 31IeKTpOHOB B COOT

BeTCTByrow,eM HHTepBane BX01l.HbI X yrJlOB. K aK B H]],HO H3 PHCYHK.8, opHeH

TauHOHH8R 3aBHCHMOCTb BblX01l.B <pOTOHOB 3aM eTHO npORBJllleTCII Tonb KO 

JUlR 3Hepr HH y-KBaHTOB M eHbwe 2 5 0 M 3B. ,UnR 60JlbWHX 30 epr Hif 3cpcpeKT 

Op HeHTanHH npoIIBnReTCR cna60 . 

HB pHc.2 n p elJ,CTaaneHbl pe3YJlbTBTbl H3MepeHHR palJ,HBUHOHHblX n OTepb 

3HeprHH 3neKTpoHoB B 3aBHCHMOCTH OT yrna !)Ao,na B KPHCTaJlJl, B TeX)f(e 

,nHana30Hax 3HeprHH yjltBaH'l'OB H .upH ' Tex ~ VCJlOBHRX, lITO Ha pHC.!. 
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fPHc.2. Pacnpe)l.eJJeHHll p8)l.HallHOHHblX 

nOTepb 3HeprHH aneKTpOHOB B 3aBH

CHMOCTH OT yrna BXO:a,a OTIfOCHTeJJhIIO -200 o 200 
W10CKOCTH (110) roUI P83JIH1lHblX )l.Ha 8 ~ (MKp8J1) 
na30HOB 3HeprHH y -KBaHTOB. 

no <popMe pacnpe,neneHHH (pHc.1 H 2) aHaJIOrHlJHbI. O,nHaKo lJHCnO y

KBaHTOB C POCTOM HX 3HeprHH Y M eHblllaeTCH, Tor,na KaK 3HepreTHlJeCKHe 

nOTepH 3neKTpOHaMH HeCKonbKO YBeJIHlJHBaIOTCH. OTcIO,na cne,nyeT, 'ITO 

cpe,nHHe nOTepH 3HeprHH 3neKTpOHaMH MaJIO MeHHIOTCH B YKa3aHHbIX 

,nHana30Hax 3HeprHH y -KBaHTOB H COCTaBnHIOT - 200 M3B Ha 1 CM . 

CpaBHeHHe pacnpe,neneHHH (pHc.1) C aHaJIOrHlJHbIMH ,naHHbIMH, nony

lJeHHbIMH ,nnH n03HTpOHOB 1 121 . YKa3bIBaIOT Ha pa3nHlJHe B ,nHHaMHKe 

)l.BH)!(eHHH 3neKTpOHa H n03HTpOHa B npouecce llJIOCKOCTHoro KaHanHpo

BaHHH. MaKCHMYM pacnpe,neneHHH MH 3neKTpOHOB npHXo,nHTCH Ha yron 

2 

BKOAa 9 y , PaBHbIH HYmo, B TO BpeM H K RK M il D0 3HTPOHOB pacnpe,nMeHHH 

HMeIOT ,nBa M 8 KCHMYM8, K OTopb I e ,nOCTHraIOTCH npH yrnax Bxo,na, 6nH3KHX 

K KPHTHlJecKOMY yrny llJIOCK OCTHoro KamUIHpOBaHHH (oKono 60 MKpa.n 

npH 3HeprHH 3neKTpOH OB 10 r3B). 

CIIEKTPAJIbHAJI llJIOTHOCTb 113JIYlIEHI1H 

Ha pHc .3 lIpe,nCTaBn eHhI p ac npe,nen eHHH CneKTPaJIbHOH IlJIOTROCTH H3

nytIeaHH B 3aBHCHMOCTH OT 3Hepnm y -KB 8HTOB M H P a3JlRlIHh IX ,nBana 30

HOB yrno B Bx:o .u,a 3neKTpOHOB B K p HCT8Jln. Y CJIOBHH H OpM HpoBKH 3THX 

pac n pe,nen.eHHH TaKHe lI<e , KaK H n,JUI p 8crrpe,nen eHHH p HC.l. n }'ltKTHpOM 

IIOK a3aH ypOB em cne KTpaJIbHOH IlJIOTH OCTH TOpM0 3H o r o W3nytleHHH H 3 

aMopq)HOH MHllJeHH m aJlOr HllHOH TOn II{HHhT. H au60n e e H HTeHCHBHO 3neKT 

POHbl H3nYlJaJOT B )l.Han830He y r n o B B x o ,na 0); 8 y :s: 20 MKpa,n. B 3TOM 

cny'lae M aKCHMaJIbHaH B enHlJHH a CneKTp aJIb HOH n n OTHOCTH H3nYlJeHHH ,no 

CTHra eTCH n pH 3HeprHH y -KB8HTOB 130 M 3B. OHa npeaocxo,nHT y p oBeHb 

TOpM 0 3Ho ro H3J1YlJeHHH H3 aMOP<PHOH MHllIeHH B 2 8 pa3. )laHHhle, noJIy

tteHHble B UEPHe n pH HCCn enOBaHHH R 3n Y'leHHH 3neJ<TPoH8MH, KaHanupo

BaHllhlMH B OJIOCJ<OCTHOM KaHaJIe .1 3 / , nlllOT aHaJIOrH'lHOe npeBbDIleHHe 

c neKTpanbH OH nnOTHOCTH rrpH6JIH3HTM bHO B 1 4 p a a . KaJ< 6 bIJIO YKa31lHO 

B /12/3TO OTJUfQlfe OT Hawero p e3 ynbTa Tft 06'bilCHHeTCH H enOCTRTO'fHhIM yr

nOBbl M p a3p eW eHHeM YCTIUlOB KH B U EPH e. 

Pa c n p e ll,eneHHH CneKTp8Jlb HOH 1lJI0THOCTH (pHc.3 ) n p HMepHO B 3 pa3a 

lllHp e llHaJIOr HlUtblX 3a BHcHMocTeH, nOlIytleHH bIX AJIH n 0 3HTp OHOB 1 121. 3TH 
P a3JIHQHH 06'bHCHJHOTCR p a3HhlM x a;:aK Tep oM M e>KIUlOCKOCTHoro nOTe~Ha
n a M H :m eJ<TPoHoB H n 03HTpOHOB 6 - 9/ , 

yrnOBbIE PACIIPE.llEJIEHI1H r AMMA-KBAHTOB 

Ha pHc A npHBe,neHbI pacnp e,nelIeHHH C06 hlTHH no y r JIaM Bbmen y 

K B 8 HTOB 113 J<PHCTaJIJIft ,Il)1H p a 3JlH'fH bTX ,nHa n a 3 0 HOB yrnoB B x o ,na 3neKT

pOHOB . H 3M epHJl8Cb B epTHJ<aJIbHaH npoeKlIHH y rnoB BbIn eTa y-KS aHTOB 

OTHOCHTeJIhHO r opH 30 B TaJIbHOH lIJIOCKOCTW, n onyqeHHaH C n OM OlUbIO BOC

CTaHOB JIeHHH TOlJKH K OK Be pCHl-I y -KBaHTa B 3n e KTpOH-n03HTpOHHYJO rrap y 

B ,npeH<poBOM K aMep e CO BCTPOeHHblM KOHBepTop OM 1 13/, K P HCTaJIJIOr p a 

<pHIWCKaH IlJIOCKOCTb (110 ) n pH 3TOM 6 bIJIa COBMelUeHa C IlJIOCKOCTblO 

rop H30 HTft. C IUlOW HbI MH K P KBblMB nOKa3aH pe3yJlbTaT annpoKcHMaumt 

3 KCnepHMeHTaJIbHb lX ,naHHblX pftcnpe,nen eHl.feM r a y cca . 

H aHMeHhwylO lllH P HHY HMeeT pacnpe,neJIeHH e C06 bITHH, OT0 6pftHHhlX 

DO y cnOB HIO 8 x S 2 0 MKpa,n, MH J<oToporo B eJIHlJHHa cpell,He KBaJq)aTH'l 

Horo OTKnOHeKIDI (I COCTaBJIHeT 75+ 7 MJ<pa,n . n p H Y CJIOB HB 20 ~ S8 x 
::; 40 MKPa.n a = 8 0+8 M K pa,n, a n p H 40 ::; 8 x ~ 60 MKpa.n - (I = 86+ 

+ 8 Mxp a,n. 
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PHc.3. PacnpeAeneHHJI cneK1l'aJIhHOA 1UI0THOCTH H3JIY'leHHJI B 3llBHCHMOCTH OT 3Hep

rHH y -KBatrrOB WUI pa3JIH'lHldX n;aana30HOB yrn o B BXOn;a 3JJeK1l'OHOB B KPHCTaJIJI 

O'YKOCHTeJILHO 1UI0CKOC11l (110). 
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PHc.4. Pacnpen;enelllHl c06wndl DO yr1lllM 

BIdJIeT8 Y -KBaHTOB 83 KpHCTaJlJla AJUI 
pa3JIllllllhlX llH8JIll3OHOB yrnoB BXOn;a 

31IeK1JIOHOB. 

PuC.S. PacnpeneneHHJI 'lHCJIa c061d1l1A, KO

TOpLle COupOBOllC,WUlHCI> H3nyqeHHeM y
KBaHTOB C :»teprHeA OT 10 no 600 M3B, 

B 3aBHCHMOC11l OT yrna BXOn;a 3neK1JlOHoB 

B KpHCTaJIJI. ex H Ely - upoeKUHH nOMp

HOro yrna Ha OCH a6c~cc H OP)).HlUlT 

B npJlMoyronldloA CHCTeMe KOOp)).HlUlT. 
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.llocTaTOqHO 60JIblllruI BeJIHqHHa aKCenTaHCa YCTaHOBKH B ,Il,aHHOM 3K

cnepHMeHTe n03BOJIHJIa perHCTpHpOBaTb 3JIeKTpOHbi C 60JIblllHMH yrJIaMH 

BXOAa B KPHCTaJIJI, qTO ,Il,aJIO B03MO)lQiOCTb npOBeCTH HCCJIe,ll,OBaHHe H3JIY
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QeHHR 3JIeKTpOHOB B npouecce rurOCKocTHoro KaHaJ1HPOBaHHR Ha TOM )f(e -200 o 200 -200 o 200 
MaTepHaJ1e, KOTOPbIH 6bIJI Ha6 p aH AJIR HCCJIe)J.OBaHHR OCeBOrO K a HaJ1HpO

BaHHR (Ha rOpa3)J.O 60JIbilleH CTaTHCTHKe). C 3TOH ueJIb}() OTfiHPaJ1HCb 8 Y (MKPa,n ) 
TOJlbKO Te C06bITHR, AJIR KOTOPblX BbIllOJ1IHRJIOCb YCJIOBHe 8 >600 MKpa.u.p 

(pHc.5), H OHH CYMMHPOBaJ1HCb UK, QT06bl BCe -rpH rurOCKOCTH (110) 

COBnaJIH. TOQHOCTh COBMemeHHR rurocK ocTeH npH 3TOM COCTaBHJIa npH PRe.7. To lICe, 'ITO H8 pHc .2, llJlJI CJl)"llUl IDlOCKOCTHOro KaH8JDIPOBaHHJl B61lH1H OCH 

MepHO ±10 MKpa.u.. <Ill>. 
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(r3B)3HEprV1~ 

Pe3YJIbTaTbI HCCJIeAoBaJIHH npeACTaBJIeHhI Ha pHc.6-8. 3TH AaHHble no
JIY'IeHhI npH Tex )ICe YCJIOBHHX, 'ITO H AaHHhIe, npHBeAeHHhIe Ha pHc.1-3. 
00 CBoeMY xapaKTepy pacnpeAeJIeHHH, nOCTpOeHHhIe Ha OCHOBe ,IJ,aHHhlX, 
nOJIyqeHHhIx B6JIH3H OCH, COBna,n,aJOT C pacnpeAeJIeHHHMH pHc.1-3. He
06XOAHMO JIHlllb OTMeTHTb HecKOJIbKO MeHbllIHH 06IUHH ypoBeHb BhIXOAa 
H3JIY'leHHH. OO-BHAHMOMY, CKa3hIBaeTCH norpelllHocTb B COBMemeHHH OT
AeJIbHhIX IDIOCKOCTeH npH CYMMHpOBaHHH CTaTHCTHKH. 

3AKJ1IOQEHHE 

OOJIY'leHhI yrJIOBhIe H 3HepreTH'IeCKHe xapaKTepHCTHKH H3JIyqeHHH, 
B03HHKaJOmero B npouecce nJIOCKOCTHor o KaHaJlHPOBaHHH 3JIeKTpOHOB 
B MOHOKpHCTaJlJIe KpeMHHH TOJIIUHHOH 41 MKM. 00Ka3aHO, 'ITO cneKT
PaJIbHaH IDIOTHOCTb H3JIY'IeHHH B MaKCHMYMe B 28 pa3 npeBocxoAHT COOT
BeTcTBYlOmylO BeJIH'lHHY MH aMopqmoH MHIIIeHH. OOJIY'leHHhIe AaHHhIe 
Ka'leCTBeHHO COOTBeTCTBYIOT TeOpeTH'IeCKHM npeACTaBJIeHHHM. 
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PHc.8. To )ICe, 'ITO Ha pHc.3, AillI C1I)"IlUI nnOCKOCTIloro KaHllJlHpOBaHHJl B611H3H OCH 

<111>. 
PYKonHCb nocTynHJIa B H3AaTeJIbCKHH OTAeJI 

15 HHBapH 1985 ro.na. 
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