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B nocJie;n:HHe ro~ Ha xpynHWC aJie~TpOHHblX ycitopHTeJIHX 

umpa coa'AaHl>l nOJiapxaoBaHHHe nyqKM 1PoTOHOB BliCOKHX aaeprH~. 

B OCHOBHOM, TaKHe nyqKH noJiyqeHbl HCil0JlD30BaHHeM KOrepeHTHO­

ro TOpMOSHOro RSJiyqeHHH aJieKTpOHOB B MOHOKpHCTaJIJIHqecKWC pa­

AHaTopax [I •21. 3TOT MeTO;!l; ocoC5eHHO aqxpeKTJ.UleH B o6JiaCTH 

cpaBHHTeJibHO MaJIHX aaeprH~ HaJiyqeHHoro 1PoT0Ha. C yBexnqeaaeu 

xe SHeprHH H3JiyqeHHOro ~OTOHa CTeneHb JIHHenHo~ IlOJIHpHaa~HH 

naAaeT H npaKTHqecKR OTCYTCTByeT, KOrAa SHeprHH ~OTOHa CTa­

HOBHTCH 6oxee 2/3 HaqaJibHOl 3HeprHH aneKTpOHa. 

Ka6HC56o H APYrIDiH npe;zvi:oEeH ueTOA, noaBOHHIDlllH~ noxyqHTb 

rroxHpHSOBaHR!:lll. woTOHHaA nyqox Ha KOHUe cneKTpa TopuoaHoro 

HSJiyqeHHH. MeTOA OCHOBaH Ha KOrepeHTHOM o6paSOB8.HHH aJieKT­

poH-IlOSHTpOHHblX nap B KpHCTaJIJie H Ha ceJieKTHBHOM nornomeHHH 

woTOHOB B aaBHCHMOCTH oT HX noxapHaauaa. EcJIH ~OTOHHNA nyqoK 

o6xaAaeT llOJIHpHaauzeA, TO, nOMHMO ~HCTO KOrepeHTHblX HBJieHI4l 

B o6paaoBaHHH aJieKTpOH-nOSHTpOHHblX nap, BOSHHKaeT Ta~e KOp­

peHHUHfi MeE;zcr B6KTOpOM pemeTKI4 KpHCTaJIXa H B6KTOpOM IlOJIRpH­

aaUHH woToHa. B saBKCHMOCTH ·oT we BaaHKHoro pacnoJioseHHH B 

npOCTpaHCTBe ceqeHHe o6paaoBaHHR axeKTpOH-nOSHTpOHHblX nap 

B KpHCTaJixe paaxxqao.[3] 

*CXOAfi HS 3TOro, KOrepeHTH~A npo~ecc o6paaoBaHWl SJieKT­

pOH-IlOSHTpOHHbIX nap B KpHCTaJIXe uoaeT HCilOJID30B8TbCH B ABYX 

acneKTax: 

a) )Vlfl WlaJIHSa CTeneHH nOJIHpHaaJ.U!H ~OTOHHlllX nyqKoB, . 

6) )Vlfl llOJiyqeHHH llOXHpH30BaHHJilX ~OTOHHblX .n.YqKQB npeA6Jlb-

HOA aHeprHH TOpMOSHOro cneKTpa. 
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B ;zuiccepTaUMH MSHOZeHH pesyHhTaTH MCCRe'AOBaHH~ B38HMO­

'A6~CTBHH IlOHHpH30BaHHblX H'HenORHPHSOBaHHblX ~OTOHHblX IlY1!KO~ 

3HeprHH I,5 H 4,5 I'3B c MOHOKpHCTa.JIHwm. 

HaMepeHa cTeneHh RHHeKHOR nonHpHaauHH nyqKa WOTOHOB 

SHeprHH I,5 I'3B, nonyqeHHOro c IlOMO~hro KOrepeHTHOro TOpM03-

Horo HanyqeHHH aneKTpOHOB SHeprHH 4,5 raB Ha KpMCTa.JIHe a.n­

waaa. 

MeTO'AOM ceneKTHBHoro norno~eHMH Heno~HpMaoBaHHOro rryqKa 

WOTOHOB n KpMcTa.nne KOPYH'Aa noHyqeH nonspHsonaHHHa nyqoK wo­

TOHOB npe'AeH»HOi aHeprHM TOpM03HOro cneKTpa M M3MepeHa CTe­

neHh ero ITOHHpH3aUHM. 

B rrpouecce Mccne'AOBaHHK o6HapyEeH aHOMa.JIDHO Ma.JIHA BhlXO'A 

TOpMOSHblX woToHOB npe'AeH»HOi aHeprMM n aanHCHMOCTH OT yrna 

BHeTa SHeKTpOHOB B KpMCTaJI.ll anMasa. 

Pa6oTa BHITORHeHa B EpeBaHCKOM ~H3H116CKOM HHCTMTYTe. 

PeayHhTaTH HCCR6'AOBaHHi ony6HHK0Ballbl B pa6oTax [4-IOJH 

~OKJI8'AHBallHCh Ha ceCCHH AH CCCP (r.Mocxna, I974), YI Bcecoma­

HOM Cone~amlH no B3aHMO'A8ICTBHID sapHEeH!WX qacTH~ c MOHORpHC­

Ta.JIRallH (r.MocKBa, 1974), MeE'AJBapO'AHOK KOH~epeH~HH no 'AOC­

TP!llteHMHM B ~HSHKe BHCOKHX SHeprBM (BeHrpHH, r.ESJiaTOH, I974), 

MeZ'AyHapO'AHOI KOHwepe~HH no WH3HK6 BHCOKHX SHeprKI (r.~OH­

'AOH, 1974). 

,llHccepT~H COCTOHT HB qeTHpex rHaB. 

B nepBol rnane 'AaH TeopeT1qecKHI aHanaa npo~ecca xore­

peHTHoro pOJE'AeHHH aneKTpou-noaHTpOHllblX nap B xpacTaJIJie ~OTO­

aaua BHCOKOI SHeprHH H OHHCaBH M6TO~ nonyqeHJrlH llORHpHBOBaH­

HblX WOTOHBYX nyqxoB xa ane~poJUDU: ycxop&TeJlJIX. 

"'' 
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Bo BTOpoit rHSlle OIIl'ICSHbl BKcnepHMeHTaRhHaH ycTaHOBKa 14 

nauepHTenhHas annapaTypa, 14cnonhayeMHe n Hccxe~OBaHHHX. 

~RH opHeHTaIUIK MOHOKpHCTaJIROB OTHOCKT6nDH0 WOTOHHOro H' 

3JI6KTpOHHOro nyqKOB MCnOnD30BaJIKC» roHHOUeTpHqecKHe CHCTeMH. 

IlonoseHHe KPKCTaRHa (P8'AHaTopa), cxysB.lllero ;iµis nonyqeHKH 

KBaSMMOHoxpoMaTmqecKoro nonspnaoBaHHoro nyqxa WOTOHOB, Hc­

noJID3YH KorepeHTHOe TOpUOSHOe HSJiyqeHJlle aneKTpOHOB, onpe~e­

JIHeTCH c ToqHoCThm ± 0,04 MP8'A· OpHeHTa~HH nonHpnaaTopa ~oTo-· 

HOB npe'AeRDHOI SHeprHH no MeTO'AJ ceneKTHBHoro norno111eHHH 

oc~eCTBRSeTCH c TOqHOCTDW ± 0,3 upa~. 

·rrpM H3MepeHHH nonHpHSa.IUIH ~OTOHHOro nyqxa c IlOMO~DE ue­

TO'Aa KorepeHTHOro oC5paBOBaHJl.H 3Jl6KTPOH..;ll03HTP,OHHblX nap aiia­

RH3Hpy~aH KpHCTaRRffq6CKaH llJISCTHHKa opHeHTHpOBaJiaCD c Toq­

HOCTDE ± O,I2 MP8'A· YKa3aHHaH TOqHOCTD opH6HTaUHH Kp14CTaJl~OB 

OTHOCHTenhHO WOTOHHoro nyqKa, Kax noKaSHBaJOT pacqeTH, Y'AOB­

neTBOpl4Te.1IltHa, TaK KSK ~eKTH xorepeHTHOro oC5paaonaHHH BJieK­

TpOH-nOBHTpOHma: nap WOTOH8MH B KpHCTaJIJiax ueHee KpHiHqJW 

K yrxy BReTa, qeu B cnyqae TOpUOSHOro manyqeHKH axeKTPOHOB. 

ITpmne'AeHbl napaueTpH WOTOHHHX nyqKon, nonyqeHHWC TOpMoa­

HWI 143~yqeHHeU aneKTpOHOB aHeprHH 4,5 raB Ha KpHCTaJIJie aJIMa­

aa, a TaKllte B aMOPWHOM BOXDWPaMOBOM peJtHaTope. 

8Kcriep11WeHT~DH0 aayqeH BblXO'A ~OTOHOB npe'AeRhHOI aHeprHH, 

nonyqeHHblX TOpM03HWI KSJiyqeRl46M aneKTpOHOB Ha KpHCTaRHe a.u­

Masa. · IlpH C5onhmrur: nepe;zi;aBaeMH.X HMnynhcax npo~ecc TOpuosHoro 

H3RyqeHHH aneKTPOHOB Ha KpMCTa.unax npOMCXO;zJ;MT HexorepeHTHO; 

T60p!4el: He npe;zi;cKa3filBaeTCH cy111eC1'BeHHOro 143MeHeHHH HHT6HCJr!:S.:. 

HOCTH' CBH3aHHoro c op'.ileHT8.IV46it. 11080.KPHCTaJIJia OTHOCHTeR:&HO ' 
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aneKTpOHHOro nyqxa. HauH HCCJieAOBaHa saBHCHMOCT» BWCO;lta TOp­

JIOSHWC ~OTOHOB SHeprHH 4 1 38 raB OT yrna BJieTa 3Jl6KTpOHOB 

.SHeprHH 4,5 raB B KpHCTaJIJI. B KaqecTBe P~HaTopa HCfiOJlDSOBa­

JiaC» 8.1IM83H8fi IUISCTJllBICa paauepaMH O,I x 3,0 x 6,0 1a13 , IDHpO­

Kafi rpallli KOTopol HMena.HHAeKC [100]. QqH~eHHH~ OT aapJDteH­

HlilX qacTHit TOpJIOSHOI f - nyti:OK KOJJJIHIOlpOB8.1ICH B npe;iteJiax 

yrxa 0,!6 Mpa;it. 06BapyaeHo cy~eCTBeHaoe yMeHDmelil'le Bwcoxa 

TOl;>.1103HWC iPOTOHOB B6JIHSH 11HyJieBOro" yrJia BJieTa anexTpOHOB 

OTHOCHT8JI»HO OCR [100]. Ha pHc. I. noxasaHhl pesyn»TaTN axc­

nepHJ18HT8.1IDHlilX HSMepeHHI. .llnH cpaBHeHHH npHBe;lteHht TaKllte pac­

qeTHble KpBBNe, nocqBTaHHNe B pauxax TeOpBH BOSyY~eHHI H B 

aiKOHaJIDHOJI npm6.Iua:eHHH, xoTopoe ;itaeT xaqecTBeHHoe cornacme 

c axcnepHMeBTOJI. 

Bo Bcex axcnepH.116HT8.1I»HblX HSMepeBHHX MOHHTOpHpOBaHHe 

i( - nyqxa llpOBO;ztlUIOCD c DO.llOJllI>m H63aBHCH.llOro JIOHHTOpHoro 

K8H8Jla, Ha Tpacce XOTOporo yCTaHOBJieH KB8HTOMeTp BJ4J.!DCOH8. 

Ha MHmelll> JIOHHTopaoro xaaana c6paca:eanHcD anexTpoaH xaa:;itoro 

;lteCHToro ~HKJia pa6oTH ycxopHTeJIH. OcTaJIDHble ;lteBH!» IUIKJIOB 

HS ;lt6CHTH HCllOJI»SOB8JlHCD Ha.uH B axcnepH.lleBTaJI»HWC HS.llepeBHHX. 

Taxoa JleTOl UOBHTOpHpOBaHHfI oco6eJmo y;ito6ea llPH HSUepeHHHX 

yrnOBHX 88BHCWIOCTel, CBH31lliBJiX c OpHeHT81Vfel UOHOKpHCTaJIJia 

OTHOCw.reJ!aHO HaqaJIDHWC HUnyJihOOB a.neKTpOHa l!JIH ~TOHa. 

TpeTaH rna:sa noc:aH~eaa asMepeHHJ> nonapBBBIUIK WOTOHHoro 

nyqxa aHeprHH 1,5 ra1, nonyqeHHoro xorepeHTHHK TopuosHblll 

H8JlyqeBHeJI aneKTpOHOB 3Hepl'HH 4,5 ra1 Ha KpHCTWIXe amraaa. 

Ms11epeH1e nOJIJipH88QiDI OCHOBaHO Ha KOrepeH!HOK P0Zll6HJ4H 3.l18K­

TpOH-nOSB!pOHHWt nap .nonspmaoBaHHHllB WOTOH81111 B KpHCTSJUle. 

3KcnepaueHtWI~BO HCCJJ&AOBallac» BaJlllcHMOCTD poZJleHHa CHJl.llet-

' ~ 
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pHqHbJX axeKTpoH-noaHTpOHHblX nap cpoTOHw.nt aaeprHH I,5 raB 

OT yrJia BJieTa B KpHOT8JlJI an.11asa. BpaiqeHHeY KpHCTaJIJia BOK-

pyr ropHSOHTaJI»HO~ H BepTHKaJI»HOi ocel ~06H:BaeYOH MaKOHMan»­

HO~ HHTeHCHBHOCTH B poz;iteHHH CHMMeTpliNRNX axeKTpQH-llOSHTpOH­

HblX nap HenoxHpHBOBaHlWJIH cpOTOHWIH. IlpH TaKOY noxoaeHHH KpHC­

T~xa KOppeJIHUHOHHNe ~eKTN MeZ;ity BeKTOpOM pemeTKH H B6KTO­

pou ne~ftpHSSIIHH HaH60Jiee cy~eOTBeHHH. Ilooxe opHeHTalUIH KpHCTaJI­

na aJIUlia HenoxHpHBOBaHHHit nyqox aaueHH6TCH IlOJIHpHSOBaHHlilf 

H HSMepHeTCH tlHCJIO CH.MYeTpHqHh!X SJieKTpOH-nOSHTpOHHblX nap ""· 

H 111 , xoria :eew.rop nOJI.apKSaJ.UUI cpoToHa JieUT B nJIOOKOCTH 

(~10], it) H nepneH;ltHicyXHpeH K Heit COOTB6TCTB6HHO. BTH SHaqe­

HH.fi COOTBeTCTBYllT M8KOHMaJI»HOJly ceti:eHHll o6paSOBaHHfI nap cpOTO­

HSJIH c yxaaaHHblJIH BHme noxapHSaI(HlUIH. MauepHJIHC» Ta!Qlte H MH-
.. , I I 

HH.MaJI»HNe aHati:eHH.fi 1v11 H NJ. , KOTOpHe cooTBeTOTBYDT noTepe 

nep:eoit llJIOOKOCTH o6paTHOl pemeTKH. 

SxcnepHMeHTaJI»HO HSMepeKHaH CTeneH» noxHpHSarutH cpOTOHOB 

SHeprHH I,5 raB COCTaBJIHeT 86%. ,llltH HCKJIJll!6HHH reoMeTpHqeoiott 
I I 

ac1n1MeTpHH Hs.uepeHHble BeJIHHHH Nu , Nl. , Nq H NJ. Hop.impo:ea-

JIHO» Ha SHaqeHHe oqeTa B cxyqae, KOr~a HMllYX»C cpOTOHa COBn~a­

eT C OC»ll [IIO) aJIMSSHOit llJIBCTllHl:ol. 

B qefBepTOit rxa:ee OilHOaHH HCCX6A0BaJIHH, npoBe;iteHHNe ;ztJlfI 

nonyti:eliiIH DOXHPHBOBaHHWC cpOTOHHWC nyqxoB no ueTO~ oexeKTHB­

Horo norno~eHHfi H810JiftpKSOB8HHWC cpOTOHOB B KpHCTanne KOPJH;lta. 

naH aHaJIHa nonepeqJIWX ceqexa:I ofpaaoBaHKa aneKTpoH-noaHTpOBHblX 

nap ~OTOHaMH H TOpuoaaoro HSJiy~eHKft i.llKTpOKO~ Ha KpHOTaJIJie 

KopyH;lta. BBHJtY BHCOXOM ~e6aeBCKO~ 'TeJ1nepaTyp1i1., 6on»moa llOJIH­

pHSYlllll61 onocoCSHOCTJI H BOSMOZHOCT.H BHp8JllJIBWilrllt ero AO CSoJI:&mJI.;'. 

--.--- -- --- --, 
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pasMepoB, KOPYHA HBRHeTCH xopomHM nonRpzsaTopou ~OTOHOB Bhl­

coKzx aHeprma. 

KonnHMHpoBaBHHll nyqoK WOTOHOB OT BOnl>\IlpauoBo~ MHmeHM, 

YCTaHOBJieHHOI B npHMO~ CeKIUttH ycKOpHT6nH, HHT6HCHBHOCT:&IO 

I,5·I09 a@@eKTHBHblX ~OTOHOB B ceityIQXY, npeAen:r.Hoi aHeprHH 

4,5 raB1 fiaAaJI Ha MOHOKpHOTaJIJI KOpy!Ql;a. KpHCTaJIJI JIMen ~Opuy 

npaBWibBOi meCTHI'paHHOll npHSMbl, TOp~eBaH rpaHJ> KOTOpoa nep­

neHAPJ:KYnHpHa OCH [ru1. BHCOTa npHSMH 30 CM. 

PacxoAHMOCT» @oTOHHoro nyqKa nocne KOJLJIWISIU!:H cocTaB­

nana 0,06 upaA. ITpomeAmHI qepea xpHCTa.Jin @oTOHHhl~ nyqoK oqa­

~anca OT saplil!CeHHblX qacTH~ ABYMH oqHmammHUI4 Ma!'HHT8JIH. 

3aTeu llOlla'AaJI HS a.JimMHHH6Bhl~ KOHBepTOp napBOI'O l -cneKTpO­

MeTpa. PeI'HCTPHPYH CHMMeTpH~e aneKTpOH-llOSHTpOHH!ie naphl, 

HCCH6'AOBaJiac:r. aaBHCWIOCTI> BhlXOAa ~OTOHOB aHepI'HH 4,4 raB 

OT yrna BJieTa OTHOCHT6RbHO OCH fr11]. ITpm yrne BneTa, COOTBeT­

CTByromeuy llaKCWlaJI:&HOMY ce11eu11 norno111eHHH (IUlliWIMliHhli BhlXO;ll 

WO~OHOB AaHHOi 8H6pI'HH) OXHAaeTCH MaKCHMaJI:&HaH llOHHpH38J:U!:H. 

ITonHpHsa~HH WOTOHHOI'O flY'llKa aHepI'HH 4,4 raB HSMepanac:r. B lllil­

POKOU APJ:Sfi830He yrnoB BJieTa. filcnon:&SOBaHa Ta ze MeTOAHKa, qTo 

H npz HSMepeHilH nonapzaa~Hm @oToHHoro ny11Ka aHeprmH I,5 r~a •. • 

Pesyn:r.Ta~H zaxepeHHI noxaaaHH Ha pmc. 2. 

ITpoBeAeH TaK:Ee pacqeT cneKTpa WOTOHOB, Bhlllle;zuimx as MOHO­

KpHcTanna KOPYHAa. BhlqzcneHHH npoBe'AeHhl no MeTOAY MOHTe-Kap­

no c yqeTOU KOI'epeHTHblX ffBneHHi B o6paSOBaHHH aneKTpOH- no­

SHTpOHHhlX nap ~OTOHaMH, a TaKJte B TOPMOSHOK HanyqeHHH aneKT­

pOHOB H noaHTpOHOB. 

OCHOBHHe peayn:r.TaThl npoBeAeHHbIX J4CCJI6AOB8HM~ CBO~HTCH 

.K CJI6AY1>1!16MY: 

9 

I) ~aMepeHa cTeneH:r. nzHeluoi nonRpHBaIU!:H WOTOHHoro nyq­

xa aHeprHH I,5 raB, nonyqeuHoro KorepeHTHlil4 TopuoaHblM Hany11e­

HHeK aneKTpOHOB SHeprKH 4,5 raB Ha KpHCTanne anuaaa. BhlCOKaH 

CTeneHD nonHpHS~HH o6yCJIOBneHa Manoi nepBHqHol paCXOAHMOCTliID 

aneKfpOHHOI'O nyqxa ycxopHTeJIH, Mano~ TOHlllHHOa paAHaTopa' H 

xeCTKOI KOJUIHM8UHel Topuoamx:x: ~OTOHOB. 

2) c nOMOllli>JJ M6TO'A8 ceneKTHBHOI'O norn01!16HHH HenonapH30-

BaHHblX ~OTOHOB B KpHCTanne xopyHAa nony11eH nonHpH30BaHHbl~ 

WOTOHHblll nyqoK npeAeJI»HOH aHeprHH ycKOPHTenH Ep~~ H HSMepeHa 

CTeneHD ero fiOJIHpHaa~. ITonHpHSaUHH I4,5% AOCTHI'aeTCH 25-

KpaTH'bllf llaA6HH6M HHT6HCHBHOCTH Haqan»HOI'O nyqKa. 

3) ~syqeH Bh!XOA TOpuosHblX WOTOHOB npeAeHbHO~ aHeprHH B 

aaBHCHMOCTH OT yrna BneTa sneKTpOHOB B KpHCTaJIJI anuasa. Wa 

axcnepHMeHTanbHO nony-qeHHb\X pesyn:r.TaTOB cne;ziyeT, qfo npH 6onb­

mHX nepeAaHHWC HMfiYJI»Cax (~eCTK14e ~OTOHH) ~opuynhl TeOpHH BOS­

MY1!16HHI HenpHMeHHMl:il.C noMOl!lbl> SHKOHB.JI:&Horo npz6nHxeHHH AaeT­

CH xaqecTBeHHOe o6~HCHeHHe Ha6nro~eHHOI'O a~eKTa. 

1 
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