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PACS: 41.60.—m, 41.85.Qg

Mocae sxcnepumenra [1], aBTops! KoToporo HabaoAa-
11U KorepeHTHoe Audparyuonnoe usnyuenve (K1) Gan-
YUpOBaHHOIrO Nyuka 371eKTpoHOB yckoputena KURRY
(sueprusa E = 150 MaB, cpezanwuii Tor (I) = 10HA, anu-
Ha crycTia (6anua) | = 1 MM, 4KClO BIEKTPOHOB B GaH-
ye N, = 1.8 - 10%), unTepec K 3TOMy TNy WM3ITy4YeHUA
3aMEeTHO BO3pOC. JTO CBA3AHO, BO-MEPBbIX, C BO3MOM-
HOCTBIO CO3/1aHUA WHTEHCUBHOrO UCTOUHUKA U3INYyYeHUd
B MU/UIMMETPOBOM M CyGMUINIMMETPOBOM AMana3oHax
IJUH BOJH M, BO-BTOPhIX, C BO3MO#HOCTLIO HEBO3MYIIIA-
IOLIero onpejieleHus JIUHbI 3NeKTPOHHOro 6aHya B CO3-
JaBaeMbIX 3IMEKTPOH-NO3UTPOHHLIX Kodnaiifepax ¥ na-
3epax Ha CBOOGOJHBIX BIEKTPOHAX NPU U3MEPEHUHU CIIEK-
TpanbHoro coctasa KJIM [2-4]. Oanako, kak oTmeua-
Joch B cTaThAX [5, 6], u3BecTHaa “ofHouyacTH4YHAA” Mo-
zenb pudpasuuonHoro uanyuenusa ([IU) [7], omuceiBa-
foman xapaktepucturu IW mpu mpolieTe penAiTUBUCT-
CKOI yacTUbl B6IM3M NONyGEeCKOHEYHOM uealbHO Tpo-
BoAfAuell nonymiockocTy (cM. Takie 063op [8]), momx-
Ha ObITh MOAM(UIMPOBAHA B ciliydae, KOrja momneped-
HBIA pasmep MullleHU ¢ (B HaNpaBIEHUU, NEPIEHINKY-
JAAPHOM TPAaeKTOPUM 3JIEKTPOHA) COM3MEPUM C Xapak-
TepHBIM napameTrpoMm yA/2w (y — nopeHu-¢arTop yac-
TUOBI, A — JuuHA BoaHbI udnydenus). IloaTomy como-
CTaBleHUe OLEHOK M0 TeOpPeTHYecKoi Mogenu [7] ¢ akc-
IepUMeHTAalbHBIMY JAHHBIMHU 11f ciydad a < yA/2m
npeJCTaBIfAeT HECOMHEHHBIN MHTEpec.

M-&1 npoBenu 3KcnepuMeHT no reHepanuu W Ha nyu-
ke ToMcroro MukpoTpoua ¢ sueprueit E = 6.1 MaB (y =
= 12). OcHoBHbIE XapaKTEPHCTUKN MUKPOTPOHA HNPUBE-
JEeHbI HUHKE:

CxeMma sKcnepuMeHTa MokasaHa Ha puc.l. JetexTop
AIEKTPOMarHUTHOrO U3My4YeHWA pacrojaraicfi moj yr-
aoM §p = 90° OTHOCUTENBHO BIEKTPOHHOr0 Myuyka. Mu-
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JHeprufd YCKOPeHHBIX 3JeKTPOHOB: 6.1 MaB
JnuTenbHOCTh MaKpOUMITylIbca: 2-6 MHKC
YacToTa ciieloBaHUA MaKpOUMIIYJIbCOB: 1-10 I'g
AMniuTyna ToKka B MaKpOUMITyJIbCe: 40 MA
J1MTelbHOCTh MUKPOUMMIYJIbca: 17-20 nc
JlnuHa MUKPOUMITYJbCa: 0.6 c™m
Yucno MHKPOMMIIYJIbCOB B MaKpOMMITyJbce 104
AMmIMTyfa ToOKa B MUKPOMMITYJIbCe: 0.6 A
CpenHuit Tok Mukporpona (mpu I'np): 2.4 MKA
HeMoHO3HEpreTUUHOCTh MyYKa: 0.5%
Pasmepr! nyuka Ha BbIXOJe M3 MHUKPOTpPOHa: 4 X 2MM
PacxogumocThb:

110 rOPU30HTAIN 15-10~3 pag

10 BepTUKAaIu 5-1073 pan

meHb OpejcTaBlfAla co0oil allOMUHHMEBYIO MIaCTUHKY
paamepoM 50 x 50 x 1 mm> 1 pazmemanack B TOHHOMeTpe
(G, KOTOpBINl NMO3BOJAN M3MEHATH “MMIaKT-napameTp”
h (uparuaiiliee paccTofiHMe MeKIY KPaeM MHULIEHU U
OCBIO BMEKTPOHHOTO MydYKa) U Yroji HAKIOHA 1) OTHOCH-
TenpHO mydyxa (cM. puc.l). Cucrema KBaApyHONBHBIX
nuH3 ofecnedyrBaeT Takylo QOKYCHPOBKY IMy4YKa B TOpU-
30HTalLHOM U BEPTUKANLHOM HampaBlIeHUAX, UTO MYyYOK
B MecCTe NPOXO0#JEeHUA Yepe3 MUIIEHbL IMEET pa3Mep Io-
pamka A, X Ap, =4 x 1mMMm. On uaMmepsica Npu MOMO-
I[{ TIOMUHECIEHTHOr0 SKPaHa U MPOBONOYHOr0 CKaHepa.
Tok ny4ka U3MepAICA UHAYKIMOHHBIM AaTYUKOM.

Jlnf npoBepKYU ONTUYECKOTO TPAaKTa U OLIEHKU pacxo-
JUMOCTH 3JIeKTPOHHOr0 Ny4yKa Gblia u3MepeHa OpueHTa-
[IMOHHAA 3aBUCUMOCTH BhIXOJIa ONTHUYECKOr0 MepexoaHo-
ro U3nyudeHusl. B aTUX u3MepeHUAX B KAYECTBE IETEKTO-
pa ucnons3oBainca goroymuoxurens ®IY-110 (c obnac-
ThIO YyBCTBUTEILHOCTH (oToraTofa A = 350+ 850 um).
Tlonyyennas 3aBUCHMOCTBb XOPOIIO OMKMCHLIBAETCH TEOPU-
eit 1A pacxoaumocty nyuka Af = 3.5 mpan [9], npuuem
IeHTP CUMMETpPUU M3MEpPEeHHOro pachpejeneHusl COOT-
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Puc.1. Cxema s3KcnepuMeHTalbHOM YCTaHOBKYU

BeTcTByeT yray ¢ = 45+1.5° = 6p /2, uTo noaTBep:kaa-
eT paboTocrnocoGHOCTL BLIOPAHHOU BKCIepUMeHTalbHOU
CXEMBI.

Ina peructpanuu umnynbca KW 6b11 cnonb30BaH
JETEKTOP Ha OCHOBE MIMPOKONONOCHOI aHTEHHBI IUaMET-
poM ¢ = 15 MM ¢ mpegycUIUTENEM BBIXOZHOTO CUTHANA.
XapaKTepUCTHKYU JeTEKTOpa UCCIEA0BATNCE C TIOMOILILIO
reHepaTopa MUJIIMMETPOBOr'0 M3NYUYEHUA Ha ClenUalb-
HoM cTeHje. Ilonoca YyBCTBUTENBHOCTH JeTEKTOpA Je-
suT B quanasodHe A = 1 + 25 mm. JIuneiiHocTh mokasa-
HUil JeTeKTopa NMpoBepAlach NPU MU3MEHEHUH paccTof-
HuA R memay reHepaTopoM U3ITy4YeHHA U AETEKTOPOM.
Ilonyuennasa yGwIBalolag KBagpaTUYHAA 3aBUCUMOCTH
curHana Y nmoATBepHJIaeT, YTO AeTeKTOp paGoTaeT B JH-
HelHOM pemuMe.

Ha puc.2 npeacraBineHs! pe3ynibTaThl U3BMEPEHUA BbI-
xoga KJIM oT cpeaHero Toka yCKOPEHHBIX 3JIEKTPOHOB
B MakpouMmnyibce (TO eCThb OT BEIMYUHBI, NPONOPLHUO-
HallbHOW YHUCIY 31EeKTPOHOB B 6aHue). YCKOPEHHBIN TOK
usMmensanca B npenenax I = 5 + 30mA. Kar cnenyer us
pUCYHKa, MbI HabaloJalny KBaJpaTUYHYIO 3aBUCHUMOCTb
Beixona KJIM ot Toka I. Ilpu anmpokcuManuu uame-
peHHoit 3aBHCUMOCTH ¢yHKuueit Y = k- I nonyuen
norasatenb B = 2.28 + 0.08, uTo noaTBep:;#AaeT paKnT
pErucTpalUy KOTEPEeHTHOro AuGpaKINOHHOIO W3Tyde-
HUA B CIEAYIOIIeil TeOMeTPUU: Yrol HAKIOHA MUIIEHU
¥ = 45 £ 1.5° = 0p/2, umnarr-napamerp h = 7wMmwm,
pa3Mep alneKTpoHHOro nyuka A = 4 x 1.5.

B »skcnepuMeHTe OblIa TaK;ke HM3MepeHa 3aBUCHU-
MocTb Bbixoga K/ oT ummakT-mapamMeTrpa mOpu Ma-
panielbHOM INpolleTe NMy4YKa 3IeKTPOHOB MHMO MHIIIe-
HU. B 31Ol reomeTpum “pusnyeckuii HyJIb”’ HMIAKT-
napametpa (TO eCTh COBIAJeHNe OCU AIEKTPOHHOrO Myd-
Ka C MHUIIEHbIO) MOKHO JIerKO OMNpeleluTh C XOpOIIei
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Puc.2. 3aBucuMocth Beixoma KJIU oT cpenmHero To-
Ka MUKpPOTpPOHA (TOYKM — SKCIHEepUMeHTAalLHbIe JaH-
Hble, CIUIOMHAA TUHUA — aNlPOKCUMAaNVA 3aBUCUMOC-
0 Y =k - IP)

TouHOCThIO. KpoMe Toro, B 3TOM cityyae “nonepeyHsbrit”
pasMep MHULIEHM MHOrO MeHbllle napamerpa yA/2m.

ATy 3aBUCUMOCTb MOMHO ONUCATh, UCHONb3YA MPOC-
Tyio Mogens KJIM nnA rayccoBCcKOro pacnpefeneHus
IUIOTHOCTY 3apfiia B 3JIeKTPOHHOM GaHue C Aucrnepcueit
o, [1, 2]:

7 2
Y (h) :Ng/dn/dwd Wo (0, 65,0, 1)

dw - d2
AQ 0

X exp (— "i‘;’2) e(w). 1)

3nect Yp(h) — Beixog KOW opgsoro Gamua c uwme-
nom 3nexTpoHoB N, d>W (8,0,,w,h) /dw - dQ —
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CMeKTpanbHO-yTJI0Bad UHTEHCUBHOCTh NUPPAKLIUOHHOTO
M3IyYeHUsA OJHOro 31eKTpoHa, exp (—o2w?/c?) — kBax-
paT Moiayns (ypbe ofpasa NpoJONLHOTO pacrpefee-
HUf BIEeKTPOHOB B Ganue (KBagpaT MOAYIA NPOAONb-
Horo ¢opmdparToopa), € (w) — nepenatouHasa GyHKUUA
meterTopa[10].

Ilanee MbI Gy1eM KMCIOIb30BaTh MPOCTEAIINI BI] Me-
penaTouHol (GyHKIMHU:

T T

0 w < Wmin, W > Wmax

B sToM mpubausenun Bmecto (1) umeem:

Y (h) = const x

Wmax 9 5 o
x N2 / ddeO (0,7/2,w,h) exp (__crzw ) (3)

dw c?
Wmin
Hpe;[em,l UHTEerpupoBaHnuA COCTaBJIAIOT Wmin =
=0.094 T 1t (Amax =20 MM), Wmax = xoo—-c = 1.88 TT'n.

B sKcnepumeHTe uCnoNb30BajlcA AETEKTOP C Maloi yr-
noBoii aneprypoit AQ < 4~!, mo3TOMy uYacTOTHBIil

CIIeKTp UHTEHCHUBHOCTU III/I(ppaI{I.IPIOHHOI‘O nainyde-
HUA OJHOro 3JIeKTpOHa IMpU TIIpoJieTe mnapanilelbHOo
d>Wy

MONYTIOCKOCTH §-& MMeeT BecbMa npocTo#t Bun [11]

dWo (0,7/2,w,h) &
dw = 22

IlockonbKy mpOZONBHBIM pa3Mep MHIIEHU CYIECTBEHHO
IpeBbIIaeT MaKCUMAalbHYIO AIUHY BOJHBI U3NYUYeHUSA,
MOHO HCIONb30BaTh (opmyny (4), mpeneGperas WH-
TepdepeHnueil ot KpaeB Mmumenu. Ha puc.3 npuBeneHbl
cnexTpanbHble 3aBucumMocti KNIV ana pasnuyHbIX OIUH
6aHya pU pa3HbIX MMIAKT-NapamMeTpax.

AW | p—————
do X
0.1
0.01
1073 -\\\
4f — h=1,0,=05",
105 ---h=1,6,=25 ‘.\\‘
10 E----- h=5,06,=05 \\
-6 == h=5,6_=25 |\
10 z -\
L Lol ‘-‘. TR R R VYA I
0.1 1 10
o (THz)
Puc.3. CnektpanbHble 3aBucumoct RJIW pmaa

pasnuyHBIX [OIMH GaHya 0OpU pas3HBIX HMIOaKT-
napameTrpax
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3amerum, uto Bennuuna S(h) = In(Y (h)/Y(0)) ue
3aBUCUT OT aOCONIOTHOrO 3HAYEHUA UHTEHCUBHOCTHU W3-
JAy4YeHUA U MbI MOMEM JIerK0 CPaBHUBATh €€ C pesylib-
TaToM sKcnepumenta. B To e Bpemsa S(h) 3aBucur
OT JIVHBI 3NEeKTPOHHbIX Ganueil. Takum obpaszom, mpo-
BOZAA MOAroHKy 3aBucumoctu S(h) no anuue Ganua L
(L = 4.580, — nnuna Ganua Ha yposue 10% B mpex-
CTaBIeHUU paclpefielieHUus 3NeKTPOHOB B GaHue raycu-
aHOM) K aHANOrMYHON SKCIEPUMEHTAIbLHON 3aBUCHMOC-
THU, MOMHO moay4duTh oneHky L. Ha puc.4 npuege-
HbI Pe3y/lbTaThl OMUCAHHOIN mpouenypsl (kpuBad 3 mpu

0
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Puc.4. 3aBucumoctk norapudpma Beixoga KU ot
MPHUIEILHOr0 IapaMeTpa IpH NapallelbHOM IpoleTe
Iy4YKa 3IeKTPOHOB MMMO MuUIIeHU. TOYKHM — BKcIe-
pUMeHTanbHble JaHHble, MyHKTUPHaA KpUBaA — He-
nmapaMeTpHUyecKaf aNnlpoKCHMaNUA 3KCIepUMeHTalb-
HBIX JaHHBIX, KpuBble 1, 2, 3 — pacueTHble 3aBHCH-
mocty pu L =1, 2, 1.4 MM (COOTBETCTBEHHO)

L = 1.4mMm) u, nns cpaBuenusd, zasucumoctsb S(h) mnsa
L =1wmm (rpusas 1) u L = 2mm (kpusas 2). 3uayenne
Y (0) mna sKcnepuMeHTaNLHBIX JaHHBIX B3fITO SKCTPANO-
AANMER UX HemapaMeTpPUUECKON annpoKCUMaluu.

B 3arnioueHne 0TMETHM ClefylOlIee:

1) Ha GaHYMPOBAHHOM MYYKE BIEKTPOHOB MUKPOTPO-
Ha c sHeprueii £ = 6.1 MB u uncnom snekTpoHOB B 6aH-
ye N, = 10® zapeructpupoBaHo KorepeHTHoe nUdpaK-
IIMOHHOE U3Ny4eHUe, UHTEHCUBHOCTh KOTOPOr0 NMpONop-
IMOHaNbHA KBaJjpaTy 4ucia 3IEeKTPOHOB B GaHYe;

2) Opy KCHOAbL30BAHWUH MIMPOKONOIOCHOTO A€TEKTOpPa
IJIUHa 3IeKTPOHHOro 6aHya MoeT ObITb M3MepeHa II0
3aBucuMocTu Beixoga KJIW or umnakr-mapamertpa, He
npuberas K rPOMO3JKUM CHEKTPaNbHbIM U3MEPEHUAM.

PaGora Beimonuena npu mnoanepske MwunoGpasopa-
uua P® (mpoert # 226 “PaspaboTka WHTEHCHBHBIX
HCTOYHUKOB TO3UTPOHOB U CPEICTB JUArHOCTHKHU
IYYKOB AIA COBPEMEHHBLIX KONIaiilepoB” NpOrpamMMbl
“T'ocymapcTBeHHaf NOJJEPHKA pPErvOHANbLHON HaydHO-
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