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ATOMHAA U AAEHHAA ®U3NUKA

VAK 533.12.04
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IEIATUBUCTCKHUX JJIEKT303 0B B 3 OJIUKOUCTAINIMYECKOM
AJIIOMMHWD NN
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DKCnepuMeHTAILHO HCCJIEIOBAHO BJMSIHHE KOJUIEKTUBHBIX J((eKTOB Ha CTPYKTYPY NOJSIPH3ALHOH-
HOTO TOPMO3HOrO H3JIyYeHHSI PeISITHBUCTCKUX JJIEKTPOHOB B MOJMKPUCTAUINYECKO NueHKe AJIOMHHHSL.
DKcnepuMeHT NpoBeleH Ha 2JleKTpoHHOM yckoputestle DUUAD MI'Y ¢ sHeprueii 2,4 M»dB. Brnepsble
Ha0uofaeMasi NHKOBasl CTPYKTYpPa NOJSIPU3ANHOHHOIO TOPMO3HOTO H3JIyYeHHs] HAXOJUTCS B COrJIACHH C

TCOPCTUYCCKUMHU NPC/ICKA3AHUSIMHU.

Hongpuzanuonnoe topMmosHoe wusziaydcnue (HTU)
BO3HHUKAET B PE3YIbTATE NEPEMEHHON NOISpU3AIIHA
ATOMHBIX 3JIEKTPOHOB, NPOUCXOJMIIEH IO/ BINSHUEM
3JCKTPOMATHUTHOTO TOJISI OBICTPBIX 3apsDKCHHBIX Yac-
tull [1]. B Haubosee BaXXHOM U181 PA3IMYHBIX TPUIOXKE-
HUN PEeHTTCHOBCKOM JIMATa30He ¢ JHEPTUSIMU (POTOHOB
OT HECKOJBKHUX JI0 JIECSITKOB KHIOAJIEKTPOH-BOIBT 3¢)-
(hexTHBHEIN TapaMeTp CTOJKHOBEHUS HajeTaromel uac-
THUIBI CTAHOBHTCSI CPABHUMBIM C @TOMHBIMH pa3MepaMu
H, CIENOBATEIBHO, C MEKATOMHBIMH PAaCCTOSHHSIMU B
KOHJICHCUPOBAaHHBIX cpefax. Takum odpaszoM, CBOICTBA
HTU nomxHBI OBITE BeCbMa YyBCTBUTEIBLHBIMH K CTPYK-
Type KOHJIEHCUPOBAHHOI'O BEIECTBA, YTO, B YACTHOCTH,
OBLI0 mpefcka3aHo B padbote [2].

K coxanenunto, skcriepuMeHTaIbHBIE HWCCIETOBAHUS
HTHW nporoauivuck B OCHOBHOM B O0JIACTH PE30HAHC-
HBEIX aTOMHEIX 4acToT (cM. [1]), TJic KOPPEISIUA MEXK-
Jy TOJIOKEHUSIMH aTOMOB HecyllecTBeHHBI. Hkcnepn-
MEHTAJbHBIE HCCIIEZIOBAHUS KOTE€PEHTHBIX IIPOIECCOB B
HTH pensruBucrckux dacrull nposoauavuck B HUMAD
MTIY npu sHeprum 37eKTpoHOB 6,7 M»3B (amopdnas
muiiicHb) [3] u B HUMAD Tomckoro molurexHuvec-
KOT'O YHUBEpCUTETA IIPH 3HEPIUH 3JIeKTPoHOB 900 M5B
(MuIlleHb U3 TSOKENBIX MeTamioB) [4]. Hacrogiee coob-
IIEHHE TIPE/CTaBJISIET HOBBIE Pe3yJbTaThl IKCIEPUMEH-
TaJAbHOI'O UCCIE0BAHUS CIEKTPAILHOIO paCHpeIeIeHUS
HTH pemsaruBUCTCKHX 3JIEKTPOHOB B NOJHUKPUCTATUIH-
YECKOU aTIOMUHUEBOU MHITIEHU.

HUccnenosannga srinoiadeHsl B HUMUA® MI'Y Ha au-
HEWHOM 3JIEKTPOHHOM YCKOPHUTEJE HENPEPBIBHOIO JIEH-
CTBHS C 2HEPrHed 31eKTpoHoB 2,4 M»3B. B akcnepuMeH-
TAJbHON CXEME MYYOK YCKOPEHHBIX 3JIEKTPOHOB C IOIIE-
PEYHBIM CEYEHHEM 2 MM X 2 MM HAIIpaBJSUICSA Ha ajio-
MUHHEBYIO (PONBTY TOMIMMHONW 2 MKM, PaCHOOKEHHYIO
B BaKyyMHOH Kamepe MO yriaoM 45° Mo OTHOUIEHHUIO K
nmyuky. HIIekTpoHBI, MepeceKaronue MUIEHD, ITOTI0Ia-
JICH 3aTeM B mmmHApe Papaaes. MuieHb Kpenwiach
Ha TMOJIBUAKHOW, TUCTAaHIIMOHHO YIIPABISEMON CKaMENKe.
311ech ke pa3Menancs MOKPHITHIM TIOMIHOGOPOM FKpaH.
C moMoImIbIo PKpaHa U CICIUAIbHONA TeleKaMephbl KOHT-

*) Bbenropoackmii TocyaapcTBEHHBIM YHUBEpCHUTET, boccns.

pOIMPOBATIOCH KavyecTBO majaromiero myuka. PoToHEI,
H3J1y4aeMble B IPOIECCE B3aUMOACUCTBHS 3JIEKTPOHOB
C MHIIIEHBIO, PETUCTPUPOBAINCEH OXJaxaaeMbIM Sili-ze-
TCKTOPOM B MaJIOM TelecHoM yruie (~ 0,00015 c¢p). Has-
peliaroIas cnocoOHOCTh JieTekTopa cocTabistia 200 »B.
Herexrop pacnionarasics moj yriioMm 90° mo OTHOIIEHHUIO
K Ny4Ky A OBUT yAalcH OT MHIICHH Ha PACCTOSHUC
~ 0,5 M, 4TO MO3BOJSUIO JOOUTHECS ONTUMAJIBEHOTO COOT-
HoleHus uHTeHcuBHocTe HTU 1 00BIYHOTO TOPMO3HO-
ro uznyucHus (TH). B kaMepe uMencs Takxke HeOOIbINON
MOJIBUKHOWU CBHHITOBBIM SKPaH, KOTOPBIA MOT NEPEKPHI-
BaTh JAETEKTOP B HANPABJICHUN NPSAMOU BHIHUMOCTH MU-
IeHd. B mocnenHeM ciyvae JeTEKTUPOBAJICS peabHBIA
ton ¢ yuerom oOaydcHHS MUIEHH YCKOPEHHBIM TTyd-
KOoM. JononHuTeIbHbBIE MATrHUATHL 3AIUINAIA JIETEKTOD
OT paccesiHHBIX 2JIEKTPOHOB. M3MepeHHs MpOBOTAINACH
MIPY TOKE My4Ka, He IIPEBHINIAIONIEM JAeCITKa HAHOAMIIED,
YTO MO3BOJISUIO M30ekKATh HEIUHCHHBIX UCKAXKCHUM MpHU
HAKOIUIEHWHU CHEKTPAIbHBIX JAHHBIX.

B mepBBIX cepusix u3MepeHuil [5, 6] ObUTO BHEPBEIC
BeizieneHo HTH nmias yMepeHHO pelsiTHBHUCTCKHX 3JIEK-
TpoHOB. OMHAKO BBHICOKWH ypOBeHE (pOoHA Merman Ha-
JIeXKHO ITpoaHanMu3upoBarsk crpykrypy HTH. Hacros-
IHAE pe3yJbTaThl OJIyYeHBI MOC/IE 3aMETHOTO CHUKCHUS
ypoBHSI BHeMTHeTo ¢GoHa. XapaKTepHBIH CIeKTp PeHITe-
HOBCKHX (OTOHOB TIpeACTaBiIcH Ha puc. | (kpuBas [).
Homumo HTU aror crekrp Brmouaer TU u don (kpu-
Bas 2). Yuacrok K -TUHUU, PACIOIOXKCHHBIA B pailoHe
1,5 k3B, 1. €. HMke 600-ro KaHama orcuera, Ha puc. 1 He
yKa3aH.

HezyapTupyionuii  sHEpreTHYecKUil  (4aCTOTHBIN)
CIIECKTP UHTCHCUBHOCTH HAOIIOAAEMOTO U3IYUCHUS MOC-
Jie BEUMTaHUS GoHA TpUBEAeH Ha puc. 2 (KpuBas /).
371ech JKe OPEACTABACHO HECKOIBKO PACUCTHBIX KPUBHIX,
VIOBJIETBOPSIONIAX  3KCIIEPUMEHTAJIBHBIM  YCIOBHSIM:
KpuBasg 2 — cIekTp uHTeHcuBHocTH TH, KOoTOpBIA
B paccMaTpuBaeMoil oONacTH SHEpruid UMeeT BHJ TO-
PH30HTAJIBbHOU JIMHWHW, U KpHUBBIE 3 U 4 — COOTBET-
CTBeHHO crnekTpel mHTeHcHMBHOCTH HTU B amMopdHOM
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Puc. 2. CriexTpaJIbHO-yTIIOBOE PACIPENEIIEHNE HHTCHCHBHOCTH

TOPMO3HOTO H3JIY4CHHS: [ — HKCIIEPUMEHTAIBHBIE JIAHHBIC

TOCJIE BEIMUTAHUS BHEITHETO (POHA; 2 — HHTEHCHBHOCTD OOBIU-

HOTO TOPMO3HOTO M3IY4YEeHHUs; 3 — CyMMapHasi WHTCHCHB-

HocTh b TU 1 06BMHOTO TOPMO3HOTO U3IIyYeHUs B aMOpYHOM

ATIOMUHNK (pacdeT); 4 — TO K€ B IOIMKPHCTANINYECKOM
ATFOMUHNHN (pacueT)

AIOMHUHUN WU B NOJUKPUCTAUIMUCCKON aTIOMHUHHUCBON
MHIIICHH C Y4YeTOM BKJada HHTcHCUBHocTH TU (anmsg
oboux crekrpor). HoclaemHue KpHUBBIC PACCUUTAHBL C
MOMOIIBI0 TEOPETHUECKUX cooTHoleHuit [2]. CormnacHo
pacyeTHBIM JAaHHEIM (cM. Takxke [1]), cnektp HTH B mo-
JIMKPUCTAJUIMYECKOM BECIIECTBE B KOTCPSHTHOH o0macTu
HAMCEET MHKOBYIO CTPYKTYPY, MPUPOAa KOTOPOH Ta Ke,
4To U B caydae paccesHus ebdas—Lleppepa. B quana-
30He 3Hepruit ¢oroHOB 1 +— 8 k3B pacmonoskeHBl TpH
MHUKa CO CPEHUMH 3HeprusmMu 3,75; 4,33 u 6,12 k3B,
COOTBCTCTBYIONIUEC KOTCPECHTHOMY PACCESHHUIO MO ma-
JAIOMINX DJICKTPOHOB Ha KPUCTALUIMYCCKUX IIOCKOCTSIX

amomuHust (111), (200) u (220) mox BLIOpaHHBEIM B
aKcrepuMeHTe yriaoMm Hporra B 45°. Jng yMepeHHO pe-
JISTUBUCTCKUX JICKTPOHOB IMAPUHA MUKOB OKA3BIBACTCS
aocraroyHo 6ompiioit. Hosromy muku (111) u (200)
CIUBAIOTCS B OJMH (OCPBBHIA MUK HA KPUBOH 4).

CpaBHUBAsl KPUBLEIC HA PHUC. 2, MOXKHO 3aKIIOYUTh,
yro HTHW HamexHO WASHTUDHUITUPYETCS MO IKCIECPH-
MCHTAJIBHBIM JaHHBIM U xapaktep HTU obycroBicH
NOJUKPUCTAUTHICCKON CTPYKTYpOU BEIICCTBA MUITICHH.
Honoxennsa NMUKOB Ha W3MEPEHHONW KPUBOW HAXOATCH
B COOTBCTCTBUH C NpeAcKa3zaHuIMHU. I3MepeHHBIN BBIXO
HTMU B okpectHocTy muKoB (111) u (200) B Le0M Tak-
3KE COIIACYETCS ¢ PACUCTHBIMU 3HaucHusMU. Hacxoxme-
HHC MCKAY TCOPSTHUCCKUMU MPEACKA3aHUSIMUA U HKCIIC-
PUMCHTAILHBIMU TAHHBIMHU HAOIIOAACTCS B OKPECTHOCTH
nuka (220), 4TO, BO3MOXHO, CBSI3aHO C KOIEPEHTHBIM
OpAIrTOBCKUM OTPaXKCHHEM Ha MOBEPXHOCTHOM TEKCType
MHIIICHHU,

Taxum obpazoM, UMesl B BUAY paHEC MOIYUCHHBIC
3KCIEpUMEHTaIbHBIE JaHHBIE 0 xapakrepe HTH pensitu-
BHCTCKHUX 3JIEKTPOHOB B aMopdHOM yriepose [3], MOXKHO
yTBepKaath, uro MexanusM HTH, B ormmmume ot TH [7],
BECbMa UYBCTBUTCACH K CTPYKTYPE BEIICCTBA, UTO TaK-
K€ TOATBEPKAACTCS, Cy/Is [0 HAIIIUM OPCABAPUTCIEHBIM
naHHbIM, n3MepennamMu HTU B npyrux BemecrBax. Hro
00CTOITEIBCTBO 1IETIECO00OPA3HO YUECTh MPU pa3paboTKe
HOBBIX MCTO/IOB CTPYKTYPHOTO aHAIN3a BCIIECTRA.

CrenaHHBIC BEIBOABI MOTYT CAYXUTH CYIICCTBEHHBIM
JIOMOIHCHUEM K pe3yabTaTaM padoThl [4], B KOTOPOH Uc-
CICA0BAIOCH TOPMO3HOE U3IYUCHUC 2JICKTPOHOB ¢ IHEP-
rucii 900 MaB B TSKEIBIX MeTaanax B AUAMA30HE IHEP-
run Qoronor 30 +~ 100 k3B, HO obmacrs Golee HH3-
kux sHepruii HTH, orpaxaromas crpyKTypy BeIllecTBa,
B YCJIOBHSIX JKCIICpUMCHTa [4] nmekana BOIW3H Mopora
nerektupoBanus (20 k3B) U moToMy okazanack Hepas-
PEIICHHOM.

ABTOPHI MPUHOCST CBOIO UCKPEHHIO OJIarolapHOCTh
B. M. Arpanoenuy u H M. HomoroBckoMy 3a o6Cykae-
HHC PE3yALTATOB PabOTEI.

Habota Beimonanena npu noxagaepxkke HODU (rpant
96-02-17109).
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