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JKcImepUMeHTalIbHO o6Hapy:eH 3 deKT ycuileHua BhIX0a IapaMeTPUUECKOr0 PEHTTEHOBCKOT0 U3NTYUYeHUA
7 M3B 31€KTPOHOB, NaJalOMUX O] CKONb3AIMM YTJIOM Ha IOBEPXHOCTL KpUCTalla KPEMHUA.

PACS: 78.70.—g, 79.90.+t

1. IlapameTpuueckoe pEHTT€HOBCKOE U3Iy4YeHUE
(IIPU) penfATUBUCTCKUX B3IEKTPOHOB B KpHUCTAIIAX,
BO3HUKaIOLlee BCIEICTBUE KOT€PEHTHOH OparroBcKOi
IudpaKiuy KyJIOHOBCKOrO MONfA OBICTPOTO 3DIEKTPO-
Ha Ha CHUCTEMe MNapallelbHbIX aTOMHBIX IIOCKOCTEl
KpUCTaljla, T[03BOJNAET TIeHEPUPOBaTh MNYYKU KBa-
3MMOHOXPOMaTHYECKUX PEHTTeHOBCKUX KBaHTOB C
IIaBHO NepecTpauBaeMoil nuHueidt [1-5]. Huskan
VHTEHCUBHOCThL 00Cy#JaeMoro MexaHu3Ma U3IydeHUs,
o0ycloBlleHHasa, TMpexae Bcero, (oTonorioueHueM
B MHULIEHU, BecbMa 3aTpPyAHAET €ro IpaKkTU4YecKoe
KCNONb30BaHue, [O03TOMY IOUCK MyTeil NOBBINIEHUA
Beixoga IIPU sABnfercA akTyanbHOiN 3ajmaudeil QuU3MKU
usnyvenus. llpennosxeHHas HeJaBHO cXema reHepanuu
IIPU B ycnoBuAX CKONL3ALIEr0 MajeHUA U3NydaroUIuX
3JIEKTPOHOB Ha NOBEPXHOCTh KpUCTAlIa U aCUMMeTpUY-
HOil reomerpuu Iudparuuu [6] mo3BonfeT yBETUYUTH
BeIXxo# Oojiee yeM Ha MOPAJNOK 3a CYET YyBeIUYeHUf
3¢ (perTUBHOro nyTu OLICTPOro 3JeKTPOHA B MOrJoma-
IollleM KpUcTalje, Ha KOTOPOM NPOMCXOAUT reHepanuf
($0oTOHOB, CIOCOGHBIX NOKUHYTH MUILIEHD.

B nacTosmeit pa6ote coobiiaeTca 0 NEPBOM SKCIEPU-
MeHTanbHOM HabntoneHnu addekTa ycunenus [6)].

2. BoamoskHoCTh peanusanuu nogxoxa [6], o6ycios-
neHHafA xapakTepHbIM cBoiictBoM IIPU wusnyuats ¢o-
TOHBI NoJA O6ONBHIMMM yriaMH K CHOpPOCTU ObICTPOro
SIEKTPOHA, NOACHAETCA CXeMoii, puBeaeHHoi Ha puc.l.
31ech och Y ABIAETCA HOPMAbIO K MOBEPXHOCTU KPUC-
Tanla, coBnajarplieii ¢ mIockocTbio 2. OTpaskalomas
KpucTallorpapuyeckas miockocth R, 3agaBaeMas co-
OTBeTCTBYIOUIMM BEKTOPOM OOpaTHOH pelIeTKHU g, pac-
MOJIoKEeHa MOJ YrioM (3 K NMOBEPXHOCTY KpHCTAlla, OCh
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Puc.1. l'eomeTpus npounecca nsnyuenud. Bce o603HaueHus
NpUBENEHBI B TEKCTE CTAThU

[y4YKa 3JeKTPOHOB, COCTABIAIOLIAf YIol @ C IOBEPXHOC-
ThiO, o603HaueHa uyepe3 e;. Ock HeTeKTOpa M3Ny4eHUsd
€2 COBIAJaeT ¢ HanpaBieHneM GP3rroBCKOro paccefHu ,
Tak YTO eIMHUUHLIN BEKTOP B HANpaBlIeHUU U3NYUEHUA
n omnpefenfeTcA BhIpameHUMEM N = e (1 - %@2) + O,
cocraBifoman @, neaias B MIOCKOCTH PeaKIuy, 1o-
KazaHa Ha pUCYHKe.

31ech e NnoKasaHa [JiuHa reHepanuu GOTOHOB 3JeK-
TpoHamu B Kpuctaiine Lg, cBA3aHHaf ¢ JuuHON ¢oTo-
nornomenus Loy = 1/wxo(w) ~ 1/weXg(ws), wp =
= g/2sin(8 + o) — GparroBckas 4acToTa, B OKPECTHOC-
TU KOTOpoi#i cocpemoToueH cnextp IIPH, X;)’ — MHUMaf
YacTb OUANEKTPUYECKON BOCOIPUUMYMBOCTY KpHCTANa,
oueBUAHON (popMmynoii

Lei/ Ly = sin(28 + a) /sin(a), (1)

npelcKa3bIBaloniell BO3MOMHOCTb BECbMa CYIECTBEHHO-
ro npesbliieHua L. Hag L,p B yCIOBUAX MalblX 3Ha-
YeHWH yria CKoNbMeHUA a U GonbIIMX 3Ha4YeHUH yria
usnyudenuss 2(3 + o) =~ 23 (onTumanbHoe 3HaueHue [
6ausko K 7/4).

Brimonnenssiit B [6] B pamkrax KHHEMaTHYeCKOIo
npubauseHna pacueT KoauuyecTBa KBaHToB IIPU, us-
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lydyaeMbIX B peHMMe CKOJIb3Allero najeHus, nNpusel K
hopmyne

2e2w? 292
N(a,8) = —32 |In (1+7263) — — 4
(a, /8) 94 n ( + d) 1+ 720(21

sin(28 + a) sin? (8 + @)(1 + cos?(28 + 2a))

sin(@)x (zmisray )

) (2)

oTauyvarouieiica ot TpagunuonHoit B reopuu [IPU Tonsko
MHoxuTeneM (1), KoTopsliit u ABIAETCA KO3 bULEHTOM
yeunenns. 3nech w2 = wiF(g)|S(g)|exp —g*uf, wo -
niazMeHHas yactora mumenu, F'(g) — popmparTop aTo-
Ma, S(g) — cTpyKTYypHbIH haKkTop 3neMeHTapHOM AYeii-
KU KpUCTaNla, ur — CpeJHEKBaJpaTU4YHaA aMIUIUTYyJa
TeMIoBbIX KoleGaHuil aTOMOB, 7y — JOpeHI-(PaKkTop U3TY-
yalollero »MeKTpoHa, #; — yrioBoii pa3mep (GOTOHHOrO
KOJIMMAaTopa.

3. dKCcnepUMEHT BHINOJIHEH Ha YCTAHOBKE, CO3TaHHOI
Ha BbIxojie Mukpotrpona ®MAH. llpunnunuanbHasa cxema
YCTaHOBKM NpUBeJeHa Ha puc.2. JIEKTPOHHBIA MYUYOK

Puc.2. IpunnunuansHasd cxeMa sKCIepUMeHTalbHOM ycTa-
HOBKU. Bce 0603HaueHUA NpUBEJEHEI B TEKCTE CTAThHU

2 c sueprueit 7 M»sB npoxoaun yepes gBa yriepoaHBIX
KoJluIKUMaTopa 3 ¢ OTBEPCTUAMM AuaMeTpoM 7 MM. Jlna
YMeHbIIeHUA (PoHA, UAYLIEro OT MUKPOTpoHa 1 M KOI-
IMMaTOpOB 3, B MArHUTOONTUYECKOM KaHalle YCTaHOBKU
npeJycMaTpUBalUCh JBa U3ru6a ¢ MOBOPOTHBIMU Mar-
HuTamu 4 [ KOPpPEeK[UHU yYKa 3I€KTPOHOB, HE 03BO-
nsonme GoHy HemocpeACTBEHHO NMPOHUKAThL B BAKyyM-
HyI0 Kamepy. Ily4YoK 3I€KTpPOHOB N0 MarHUTOONTHYEC-
KOMY KaHaly HamnpaBifJCA HA MUIIEHb 7, yCTAHOBIEH-
HYIO B BaKyyMHOIl Kamepe, KaKk NMOKasaHo Ha puc.2. B
KayecTBe MUIIEHEH MCHONb30BalUCh KPUCTANIbI KpeM-
HuA Tonmuuoit 450 u 200 MmeM. HKpucrtanner opuentu-
pPOBaINCh OTHOCUTENLHO BIEKTPOHHOrO IydYKa C HOMO-
MbI0 TOHUOMETpa, UMEIOLIEro 3 creneHu cBoGoAbI Bpa-
meHuA. Blok MuleHeil npegycMaTpuBal BO3MO#HOCTD
BbIBOJIa KPHCTANIOB C 3IEKTPOHHOro my4yka. Huasa ¢o-
KYCHPOBKM MyUYKa KCMONb30BalUCh MAarHUTHBIE JTUH3bI
5, ycTaHOBIeHHbIE Tepe]] KOPPEeKTOpoM 6, ¢ MOMOIIbIO

KOTOPBIX NYYOK HacTpauBajicA Ha MulieHb. IIponop-
nuoHanbHasA KaMepa 11, pacmolioskeHHas 3a MUIIEHEIO,
UCTONb30Balach 1A ONpeJeleHus BePTUKATILHOTO U ro-
PU30HTaANbHOrO Npoduieil Myyka U ero MoJoMeHUA Ha
MuieHu. PeHTreHoBckoe uanmyudenue 10 perucTpupona-
J0Ch KPEeMHUN-TUTHUEBBIM NUH AETEKTOPOM 9, OCh KOTO-
poro pacmonaranach moj yrioM 160° K ocu 3JIe€KTpPOH-
Horo myura. JleTeKTop coeaMHANCA C BaKyyMHOU Ka-
Mepoif BaKyyMHBIM (QOTOHHBIM KaHAlOM CO CBUHIIOBBIM
KoanuMaTopoM 8 u ObLi 3amuieH oT GoHa MUKDPOTPOHA
cBUHIOBOM 3amuTtoil 13. ToK »NeKTPOHHOrO My4YKa W3-
Mepanca nquanaapom ®@apagesa 12. Paccrosnue memnay
MUIIEHBIO U JETEKTOPOM COCTABIANO BEIUUUHY 3.2 M.
JeTekTop perucTpupoBan U3NydeHUe B TENECHOM yTJe
3.1-1077 crepan. Kamepa mumieneit He Gblia oTaeneHa
10 BaKyyMy OT MUKpOTpoHa. Barkyywm noagmep:kuBaincs
Ha ypoBHe, He xyameM 10~ Topp.

4. JKCNepUMEHT BRINMONHANCA B Ba 3Tana. Ha mep-
BoM aTane usmepsanca Beixon IIPY u3 kpemuueBoit kpuc-
TalNuYecKoi MUIIEHU C OTpaskalolleil Kpucraniaorpadpu-
yeckoil miaockocThio (111), mapannennHO MOBEPXHOCTH
Kpuctania. B aTom cinyuae yron 3 paBeH HyIIO, yroal o
BbIGpaH paBHbIM 1.222pan mnA peanusanuu nuxa I[TPU
B ob6mactu 2100-22003B, rpe anuna ¢oTOMOrIOUEHUA
MHUHUMaNbHa (faHHasa o6nacTh HaxoauTcdA 3a K-rpaem
doTonornomenun kpemunsa — 18405B). aunoe oGeros-
TENBLCTBO MO3BONIIO UCKIIOYUTE BIUAHUE TONIUHBI MU-
IIeHU ¥ 3HAYMTEIbHO YMEHBUINTH BINAHNE MHOI'OKpAT-
Horo pacceAnusa. HanmpaBneHue pacnpocTpaHeHUA KBaH-
ToB [IP! 61u3Kko B mepBoM 3KCHepUMeEHTe K HampaBbJe-
HUIO 3epKalbHOr0 0TOGpameHua OCH MyYKa BNEKTPOHOB
OTHOCUTENBLHO MOBEPXHOCTU MUILIEHU U, KaK clIefyeT U3
(1) mpu B8 = 0, adbderTuBHan nnuHa reHepauuu Goro-
HOB L.; 6nu3ka & anuHe ¢oTonornomenua kpauto [IPU
Lgp.

Ha BTopom stane Beixog IIPU uamepanca us wpem-
HUEBOI MUIIEHM, B KOTODOIl mapaiieibHa MOBEPXHOC-
Tu Kpucranna miockocts (100), a orpamaromas mioc-
kocThb (111) Haxogunacek nox yriaom 3 = 0.955 pag & no-
BEPXHOCTH. YTOJl CKONb:KeHUA ¢ Obln BHIOpAH PaBHBIM
0.267 pag nna coBnamenusa obnacteit renepanuu [IPU B
oboux sxcrnepuMmeHTax. B obcyxpaeMoM caydae adder-
THUBHafA ANWHA TeHepalUy OKa3bIBaeTCA ropasiao 6onb-
meit Lgp.

Ina nonyuyenusa Haubonee ApKoro apderTa ONHHO
BRIMONHATLCA ABa yclnoBuA. IlepBoe ycloBue — yron a
Me#AY OChbIO MyYKa U NMOBEPXHOCTHIO MUILIEHU NONKEH
ObITH KaKk MOMHO MeHbIle. BTopoe ycioBue — Hampas-
JeHue pacnpocTpaHenua KBaHToB IIPU pmomiHO OBITH
O6AM3KUM K HOpPMAalbHOMY IO OTHOLIEHUIO K MJIOCKOCTHU
II0OBEPXHOCTU MHUIleHd (IPU 3TOM MUHMMAaIbHO (OTONO-
riomenve). BeneacTBue KOHeYHOCTH pa3Mepa CeYeHMA
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SIEKTPOHHOr0 MyYKa Haubollee TPYZHO NOCTUMUMBIM
AIBIIAIETCA TIePBOE yCIOBUE, MOCKONLKY MPU MalbIX yriax
najieHud clej Mydyka Ha MOBEPXHOCTU MUIIEHU YBelu-
YMBAeTCA, U JJIA MalbIX YIIOB MaJeHUuA Hy#Ha MUIIEHb
¢ noBonbHO Gonbioi miomaabio noBepxHoctu. Hccie-
JIOBaHUfl My4YyKa B MeCTe PaClOJONEHUA MUIIeHU MOKa-
3aly, YTO NMYyYOK HMMeeT KpYIJoe CEeYeHUE TUaMeTpPOM
5MM U yrioBylo pacxoguMocTb He Gonee b mpan. Ta-
Kafl pacXoJUMOCThb OKa3bIBAE€TCA Majoii 10 CpaBHEHHIO C
mupuHoit yrinosoro pacnpenenenus [IPU u He oxa3biBaeT
CYIIECTBEHHOr0 BIUAHUA HA XapaKTEPUCTUKHN U3MepsHe-
MOro curHana.

1A KOHTpONA 3a COBMAJEHNEM 4YKcia IEKTPOHOB,
TpoIIeIINX Yepe3 MULIeHb, B 060MX SKCIEPUMEHTAX UC-
MoNb30Balack HOPMUPOBKA Ha BLIXOJ XapaKTepUcTIdec-
KOr0 M3My4YeHUs, U3MEePEeHHOro JONONHITENLHO B 0601X
cIyyasx.
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Puc.3. Opuentanmonseie 3aBucumocTé Bbixoaa IIPU wus
Kpucrtanna kpeMHusa. lMcnonb3oBaHa oTpaaiomas KpHcC-
Tamtorpaduueckan miockocts (111), o — cayuaii nageHus
3IeKTPOHOB Ha MOBEPXHOCTh MUIIEHH HoJ 60ILIIMM YTIOM,
O — cayuyait ckonb3Amero nageHuaA

B sxcnepuMeHTax nepBoro 3tana M3aMepAnach OpueH-
TalUoHHaA 3aBUCUMOCTh Bbixoga [IPU. PesynbTaTh! us-
MepeHuii pecTaBlIeHbl Ha puc.3. 31aech #e MPUBEJeHbI
COOTBETCTBYIONAaA OpUEeHTAlMOHHAA 3aBUCHUMOCTE, pac-
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cuMTaHHafA B KMHEMATHUYECKOM MPUOIUMEHNUU, a TaKkKe
SKCMepUMeHTaNbHaA OpUeHTalMOHHAA 3aBUCUMOCTh BbI-
xoga [IPU B cronw3fmem peskuMe. Ilocnenusas 3aBucu-
MOCTb IpeAcTaBleHa TpeMA TOUKaMu, 0003HaYaoINMHU
ee MakcuMyM. UeTKo BUIHO yBelndeHUe BbIXOJa MPU-
MepHO B 3 pa3sa, UTO XOpOIIO corjiacyeTcs ¢ pacyeTaMM.
IIpu cpaBHeHMU MOJYYEHHBIX OPUEHTAIMOHHBIX 3aBUCH-
MocTeil ocHOBHOI mpo6Giaemoii ABnAncA (oH, UHTEHCUB-
HOCTh KOTOPOT'O B CKONB3AIIEM CIyYyae yBelIM4uBalach
OpU YMEHbIIEHUM yTJa MafieHuA MydKa 3JIeKTPOHOB Ha
Mullledb. JlnfA KoppeKTHoro cpaBHeHusa BbIxoxoB IIPU
B 000MX clydyafX Ha puc.3 MpeacTaBlIeHbl 3KCIIEePUMEH-
TalbHble IaHHbIE C BbIUeTOM (oHa (ypoBeHb (oHA He
npesbiman 20% ot o6lueii cTaTUCTURMY).

5. Takum oGpa3oMm, B BBINOJIHEHHBIX WU3MEPEHUAX
yeTKO 3apuKcupoBaH 3¢ derT yBenuuenuda Beixona [IPU
B peHMe CHKONb3AIIEro MajeHUA U3NYUaloUIero 3IeK-
TpOHa Ha MOBEPXHOCTH KPUCTANIUYECKONH MUIIIEHU B He-
CUMMETPUYHOM reoMeTpuu pacceHud. IlomydeHHBIH
pe3ynbTaT MOATBEp;AaeT MEepCNeKTUBHOCThL MpejJjara-
€MOro MeTofia MOBbIIIEHUA MHTEHCHMBHOCTH HCTOYHUKA
PEHTTEHOBCKOT'0 M3IyYeHUs, OCHOBAHHOI0 HA MeXaHU3-
me IIPH.

Opun u3 aBtopos (A.K.) 6narogapen 3a ¢puHaHCOBYIO
noanepxKry @ouny rpanrtos IIpesupenta P® pua momo-
IbIX KaHauaatoB Hayk (rpant # MHK-2555.2007.2).
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