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© EpeeaHCKuii. ipuau«ecKuii. UHc1uryr , \983 r. 

ITepno~qecRru:r CTPYRTypa H aI:rn:soTporrHocTb RpHcTaJLJioB rrpn­

BO.n;i!T K HSBeCTHHM. OpHeHTa~HOHHHM 3qxpeRTaM KaK B TOfM03HOM H3-

.rryqeHHH CBepx6NCTpNx 8.JieRTPOHOB, TaK H B rrpo~eccax paCCeJI­

Hli.UI [I] . IlpH ,D;eT~HOM H3Y1:IeH1m: 8THX RBJie:mrn: Bcer,D;a Ha,JJ;O yqn­

TNBaTb MX r.rry6oRHe B3aHMOCBf.!3H. OqeBH,ll;HO, qTo HeSaBMCHMOe pac­

CMOTpeHHe 8THX rrpoueccOB He MO~eT ,D;aTb BCIO ITO~OTy ~H3HqeCKOM 

RaPTMHN 8.JieKTPOMarHHTHOro B3aHMO,D;eil:c'i'BH.fI 8.JieRTPOHOB c RpMC Ta JI. 

JIB.Mn. 

3 ITOCJie,nHee BpelvJII ITOHBMJICH PffE TeopeT:wi:eCRMX M 3Rcrrepn­

MeHTaJibHh!X paelOT, y1ms1:IBa IOil1HX Ha . H~q1rn opHeHTa~oHHNx S<)'QeK­

TOB B pacceJII:rn:H 3.JieRTPOHOB BNCJRHX 8Hepr:illl: , rrpoJieTaIOIItMX qepe3 

KPHCTa.J'Lllll: [2 - 4] . IloJiyqeHHNe pesyJibTaTa ITORa3HBa!OT CRl!bHy!O 

opMbHTffiUIOHHy!O SaBHCHMOCTb paccemuui: i:p:vr l.la.JIHX yrJiax BJieTa 

3J18RTpOHOB OTHOCHTeJibHO RpMCTaJIJiorpaiI>nqecKHX OC8H. M3B8CTHO, 

qTo liIM8HHO B 3THX yrJIOBhlX 06.na.OTRX H pa3HrphlBa!OTCH rrpoueccN 

KOrepeHTHoro TOPM03Horo MSJiyHe.HIDI H :1rn.rryqeHH.FI MeKTpOHOB B 

pe.imMe KaHaJlliipOBa.HIDI . liocRoJibKy B 3THX EBYX miJieHH.FIX npe,lJ;IloJia­

r ae•rcH pa3~Hhll1: xapaKTep ,D;BIDKemm tracTMU np.a rrpoJieTe Bel.JIBS.a 
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KpliICTa.JLJIOrpa.~~ecKHX ocen n JJ.JlOCKOCTe~. TO J![CCJie,n;OBaHlie ·aa.KO­

HOMepHOCTeM pa.ccemrru:r SJ16KTPOHOB .naeT B03MOJ1WOCTb rrpocJie,IJ;ll:Tb 

3a U3llei'r6Bli6M !IX ,D;IDiaMilKII ,ItBRl!t6HID! li TeM car.HM c,neJia.Tb orrpe.ne­

JieHHue Bl:lBO.IJ;H OTHOCJ!lT6Jli>HO MeXaJm3MOB H3.eyqe.nm. 

Il HacToruneli pa6oTe rrpmie,neHH rrpe.n;BapHTeJibHRe ,naHHHe rro 

ncc.Jie.n;oBa.HIDO opHeHTaUJIOHHO~ 38.Hl'!CHMOCTH rrpcxl>RJ!ll tPoTOHHoro ny~­

Ka 1'peBaHcxoro cmtxpoTpom, reHePHIJYeMoro B Kpl!CTaJJJie aJIMaaa. 

3JieKTpOHaMH C SHeprnen 4,5 fsB. 
~oTorpa.qmpoBaHRe CJie.n;a IIy'l:Ra tpoTOHOB rrpOH3BO,IJ;RJIOCb Ha 

CIIeUJIB.JibHRX CTeKJia.X, pa3M61!l6HHHX Ha pa.CCTOHHIDI IO M OT KpHC­

Ta.J1Jllft16CROrO pa.IJ;lia.TOpa.. MmneHI> TOJim;IBQt:i O,I MM HMeJ.ta illliPHHY · B 

pa;n;B:aJlbHOM HaIIpa.BJleHIIII paBHYHJ 2 MM , H Bl:lCOTY - 5 MM. ll.iHpOKB.ll 

rpaHb,pacnOJIOlK6HHa..HIIeprreH.IJ;l:ll<Y.7l.ffpHO K rryqxy. 9Jl6KTpOHOB, 6HJia 

IIapa.l1JI6JibHa IIJIOCKOCTII ( 100) ' a OCH [on] J![ [oir] KpHCTaJLJia 

COBIIa,n;aJIH c BepTHKaJ!bHOH J![ ropH30HTa.Jll>HO~ OCHMl! BPa.IIISHW! rOHJ![O~ 

· · M6Tpa. roHHOMeTp~eCKOe ycTpOHCTBO [5] Il03BOJ!fIJ10 C TO~OCTbHJ 
4: 3 • ro-5 Il3-.D: H3M6HHTb yrOJI BOKpyr ropH30HTa.Jll>HO:iJ: ( 8 r ) II 

BepTKKaJll>HOt:i ( Ba ) oceli. 

OpneHTHpOBKa KpHCTa.JLJia OCYIJ18CTBJ.til'.JiaCb M6T0,1l;OM, ormoa.HHhlM 

B pa6oTe [6] . HaMepeHRlI ocymecTBJlfIJ.IRCb .IT)IR ,IJ;Byx paaHRx opHeH­

Ta~ xpncmJLJllf'IeoKoro pa.IJ;HaToµ'.i. B rrepBOM c;zy-qae yrOJI BJieTa 

na1v1eHJIJICH B6JIII3H KpHCTa.JI.11.orpa.~ecKo~ ocH [ IOO J Ta.IOOll o6paaor.1, 

t{TO HMIJYJibC ?JISKTpOHa . Po BCe BpeMff HaxO.n;RJICil Jm60 B IIJIOCKOC­

TU ( OII), Jll1CiO B (t.iII) ( COOTB8TCTB8HHO Sa= G Il er=o ' 
"scf4leKT p.a:,up."). Bo BTOpoM CJIY'Iae yro.JI B.11eTa s,,1eKTPOHa 41 113-

r-.ierumc.R 07HOCHTeJibHO IL:1oc:;wcrn ( CII) .!f.OCTa TO'!HO ,i.T.8.JleKo oT ocn 

[roo] ("aj$RT TO'OOl:") . 
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IlepBOHa~aJibHO OpHeHTar.J;liOHHaJI 3aBHCHMOCTb npo(1iHJiff rry~Ka 

TOpMoaHHx WOTOHOB HCCJie,noBa.Jiacb c rroMOl!lbHJ TeJieBH3HOHHOH I<aMe­

pl:l, YCTaHOBJI8HHOM B KOJib~e CliIIDCpoTpoHa. IlpH MaJil:lX yrJiax BJieTa 

SJI6KTPOHOB OTHOCHT6JlbHO OCH [roe] Ha JIIOMliHoflOpHOM SKpaHe, no~ 

MemeHHOM nepe,n \I>OTOIIlillM ~ROM, ~eTKO 6HJI HaOJIID~eH ~KT ynm­

peinrn: rrpocfM.Jm rry~Ka H~eHHHX qioTOHOB. 

EoJiee .n;eTaJibHb!e KaPTHHH Cil:l.JIB noJI~eHl:l c rroMOl!lbHJ qloTorpa­

<llHJJOBaHM cJie,IJP ~Ka Ha cTeKJie ( PJiIC. I) c rrocJie,nym1HM cfloT0MeT­

p11:po:samrnM (pHc.2 ~ 7) rrp:i;r pa3~HHX.iflHRCRJ>OBfUilIHX yrJiax BJieTa 

SJieKTPOHOB B RPHCTaJIJI. ~OTOMeTpRpOBaHHe rrpon:hio,IJ;RJIOCbMHRpO'AeH­

,CHTOMeTpOM M.ll-100' 06ecrretIBBaHJm1IM BHBO.IJ; HHi%>opMau;liH Ha Ca.Mo­

rmceu;. CJie.IJ;H ny~ qioTOMSTPHJJOBa.Jm:Cb B JJ;Byx B3aHMHO rreprreH,!(H­

KYMPHHX IIJIOCROCTHX c TO~HOCTbro He xyJKe 0,25 MM. PesyJibTara 

ifloToMeTpnpoBa:mm rrpe,ncTaB.neHH Ha PJiIC.2-7. Ha pHc.8-IO rrpHBe,n;e­

HH naMeHeHH.ll nrn:pHH rro.ny~eHHHX pacrrpe,n;eJieHlfi.t Ha rro.nyBHCOTax 

(A(, ) B 3aBHCHMOCTJI OT OpHeHTa.r.unr KPHCTaJIJia. 3,n;ecb illTPIDC-4JYHR~ 
I 

TIIpHl:le JIHHHH Il0Ka3HBalOT pa.sMepH rrpajirum: "ny'IKa (mRpIDia Ha IIO-

JiyBHCOTe ) I!pH 'Ae30pHeHTJipOBaHHOM KpHCTaJIJie. 

Ha ITOJIY~eHH!lx ~HX BHTeRa.IOT cJie,ny~e aaxoHoMepHoCTH: 

I. IlpoiflHJII:, ifloToHHoro ~Ka HMeeT CRJ.Ib.Hyro opneH'lftmro:imyro 

~HCHMOCTb. 

2. B 3aBHCHHMOCTH OT yr.na MeTa MSKTPOHOB B03HHKaeT ac:v.;:r,1-

MeTpHI! B yrJIOBOM pacrrpe,neJiemrn tPoTOHOB. 

3. Ilpli yMe.HbmeHHH yrJia BJieTa SJieKTpOHOB OTHOCHTeJibHO OCH 

yr.no:soe pacrrpe,n;eJieHHe !PoTOHOB y111111:i:111eTCR:, 'AOCTRra.11 MaKCm1:yrvia 

rrpn yrJie, 6JIH3KOM R KpliITli~eCKOMY yr;zy KaHa.JllipOBaHHH, H cyJKaeT-

CH rrpH HyJieBoM yrJie BJieTa. 
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4. illHpmi:a yr.JioBoro pacrrpe.n;e.Jiemm qioToHoB MlIBHMaJI:bHa;1for.n;a 

3JI6KTPOH BJieTaeT B KPHCTaJlJI rro.n; HyJieBh!M yr.JIOM OTHOCHTeJI:bHO 

IqlHCTa.JIJlorpa.<In!'!eCKOH ILJLOCKOCTH (rrpH 3TOM HMrryJI:bc MeKTPOHa 

HMeeT 60.JI:bmoli yrO.JI OTHOCHTe.JlbHO OCH), 3Ha'!eHHe KOTopott 3aMeTHO 

MeHbme, -.:reM IIpH .n;esopHeHTHpOB8.HHOM KPHCTaJI.Jle. 

IlOCKOJlbKY B :aameM 3KCITepHMeHTe MH Ha6JI!Qll;aeM TOJI:bKO sa 

<i>oTOHHHM I:Iy'!KOM, TO TOJI:bKO KOCBeHHO MOlKeM yTBep.ll\.n;aTb 0 HaJm­

'!HR opHeHTaLU!OHHIDC 3<Ixl>eKTOB B pa.cce.mnm: MeKTPOHOB, TaK KaK 

B03MOJKHH eme acixI>eRT!l H3MeHeHJilii xapaKTepa. caMoro yrJioBoro pac­

rrpe.n;e.JieHHil H3.JlY'!6HHHX .<i>oTOHOB B saBHCHMOCTH OT yrJia llJleTa 3.JleR)­

TpOHOB .B IqlHCTaJLJl. 

OrMeTliM HeKOTOph!e C.Jl6.IJ;CTBH.ll Ha6JI!Qll;eHHHx aqx;peKTOB yurnpelrn.ff 

KOHyCa :vr::i-.Jiy-.:remm 3.JlSKTpOHOB :B 3aBHCl'IMOCTK OT opHeHTaIJ;IDI KPHC-

TaJIJia. 

Kpa.xHOCTb rrpoxol!f,Il;eHKH 3.JISKTPOHOB '!epes KpHcTa.rr.nH'!ecKHli pa­

~Top HMeeT OpHeHTau;HOHHyID 3aBHCHMOCTb, IlOCKOJibKy CHJI:bHO pac~ 

ceJIHHh!e '3.JieKTPOHI:l Bhl6h!BaIDT H3 peJitHMa YCKOpemm H rrorra.n;aIOT Ha 

cTeHKH :saeyyMHolli: KaMepbl cHHXpoTpoHa. B cBOKl o-.:repe,ll;b, sTo rrpn­

BO.n;HT K pe3KOMY yBe.Jrn'!6HHID o6mero qioHa B ROJI:bneBOM sane ycRO­

pHT~JIH IIpH Ma.7Ih!X YtJiaX llJleTa s.:reKTpOHOB B KPHCTaJIJI, ROTOpoe 

HaOJIID,n;a.JIOCb pa.Hee. 

ABTOphl Bh!pa.JKaIOT 6.Jiaro,rr,apHOCTb COTpy.n;HHKY EI'Y CapKHCHHy r . li1. 

3a ITOMOutE> B-pa6oTax TIO cpoTOMSTPHPOBaHH!(). 

• 
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ITQQITI1CM K PHCYHKAM 

Tue. I 1>0Torpa.ip1m CJ!e,I(OB ITy<JEa Ha CTeI<Jie B 3aBHCHMOC'rli OT 

yr.rra BJieTa 3JieKTpOHOB OTHOCHTeJibHO OCH [roo] , Kor,n;a -P 0 
11JieJKll:T 11 B ruoc:icocTH (on) 

PHc.2 ropH30HTM:OHHe rrpoeKUIIB CJie,IJ;OB IIy'llia ,I(JIH: CJ!y'Iali "sqxpeK-; -Ta p.ii,I(a 11 
, P 0 II ( OII) 

Plic. 3 BepTRKaJI:oHHe rrpoeK!UfH Me,n;oB rry•ma .n:AA c.nyqa...q "aqxpeKTa -~", P
0 

Il(OII). 

Plic. 4 ropR30HTM:OHI:le rrpoe:rm1m CJie,IJ;OB IIy'iKa ,I(JIH: CJ!y'Iali "aqxpeK-....,... 
Ta pJUJ;a", P

0 
II(OlI) 

hc.5 BepTHKaJI:oHHe rrpoeKUIIB Me;n:oB rryqKa ;n:Jm CJIY"tffiR 11 a@ieRTa 

~11 • POII(OII) 

Plic.6 ropR30HTaJI:OHHe (a) H BepTHKaJI:oHHe (d) IIpOe.ICIUm CJie,I(OB 

rry'!Ka ,I(JIH: CJiy'l:aR 11 ~RTa To'IKH". 

f'Hc.7 ropH30HTaJI:OHM (a) H BepTHKaJI:oHaJI (d) rrpoeKUHH CJ18,I(a 

ITy'lEa ;rr.71.H CJiy'l:M .n:esopHeHTRPOBaHHoro KPHCTaJIJia 

Plic.8 HsMeHeHHH um:pHH pacrrpe,n;eJiemrli Ha IIOJiyBHcoTax B sa.BxcH­

MOCTH OT opHeHTau;1rn KpHCTaJIJia ,I(JIH: CJIY'iaH "sqxpeRTa p.!i--.n:a" P0 II( OU). IllTpHx-rryHKTHpHHe mnum rroKasHBaroT pas-

MepH rrp<$iJ1.fi IIy'iKa ,I(JJE. ;n:esopHeHTRPOBaHHOro RpHCTaJIJia 
' 

Plio. 9 MsMeHeHIDI lllHPHH pacrrpe.n:eJiemtii Ha ITOJiyBHCoTax B 3aBHOH-

MOC'Hl OT opHeHTail;ID'I RPHCTa.JIJia ;rr.71.H Myqrui: "ajxpeKTa PH.n:a 11' , 

Pa1IC0II) 
Pnc.IO MsMeHemm !lllipliH pacrrpe,n;eJieH:illi Ha IIOJIYBHCOTax B 3aBHCH­

. MOCTH OT OpHeHTamm KPHCTaJIJia ,I(JI.!I CJIY'tJa.!I 11 ajxpeKTa TO'l­

KH" 
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