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© Hueruryr adeproi ¢usuku CO AH CCCP

1. BBEAEHHE

Motnble pensTHBHCTCKHE 3JeKTpoHHbie nyukd (P3I1) muxpoce-
KYHAHOH AJAUTENbHOCTH ¢ OOJBLIHM 3HEProcojepxanvem MpeacTan/is-
0T 3HAUYWTE/bHBIA MHTEpec Kak CpejiCcTBO HAarpeBd MJa3Mbl B COJEHOH-
nax. Ha ycranoBke ¥-1 Beayrcs paborbl no nmoJyd4eHHio H HccaenoBa-
Huto Mukpocekynanoro PIIT ¢ Beicokoit naoTHocTho TOKa [1, 2].

Cxema 3KcrnepuMeHTa npuBeneHa Ha puc. 1. [lydyok auamerpom
20 cM reHepupyercd B BaKYYMHOM JHOAEe, MOMEIIEHHOM B MPOAOJbHOE
MarHdTHoe nogae B, =95 kle¢, npu HanpsxeHuH Ha JHOAe

U..=900 kB. Toxk nyuka pocturaer 50 KA (nJOTHOCTB TOKa
0.3 kA/cm?). Tlocme npoxoxaenuss aHOAHONH (OJBrH MYYOK MOMajlaeT B
ApefioBylo KaMmepy, riae Ha [AJHHE 25 ¢M OCYULecTBAAETCHA aauabaru-
yecKoe  C)KaTHe Tyyka B Hapacraloulem MArHHTHOM  MoJe
(B, =100 kI'c B npoGke, koappuuuent komnpeccun M=B, /B, pa-
e 20), mocje 4ero Ny4ok CHOBA pacliMpsieTcsi 10 HCXOAHOro pasme-
pa. IIpu cxkaTuu JOCTMralOTCs MIOTHOCTH TOKa a0 6 KA/cm? 1 suepro-
conepxkanue nydka |00 /K. JHeprocoaepxaHHe NydKa Ha BbIXOJE
3 aumona pocturaer 130 kXK.

[TonyueHsbli TakHM crnocofOM NYYOK Mpeanojaraercs HCI0/b30-
BaTb B JaJbHeHuleM AJAA Harpesa IJasmbl. Ba:KHbiM mapamerpom,
BJAUAKOIIHM Ha 3()(eKTHBHOCThE B3aUMOJEHCTBHSA NMy4yKa C MJ43MOH, AB-
JAeTcs YrJoBoH pastpoc 3jeKTpoHoB nyuka [3]. B nactosiue# patote
MPHBOAATCH pPe3yJbTaThl 3KCIEPHMEHTOB [0 M3MEPEHHIO VIJOBOro pas-
6poca mukpocekyHiaHoro PIII na ycranoske Y-1. Mamepenus pas6po-
ca Nydyka NPOBOAMJNCH KAK HENOCPEACTBEHHO HAa BbIXOJAE H3 aHojia,

TaK H nocJjie NMpoxoxKjiaceHHA MyYKOM CHCTEMbI CHATHHA.
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Puc. 1. CxemMa 3KCIIEPHMEHTA 10 CHATHIO Ny4Ka:

a} [—rpadutosslii katon auamerpom 20 cm; Z2—aHonHas Qoabra (ANIOMHHHPOBAHHBIA JaBcaH)

romuuHol 10 MEM; 3 —6 —KaTywKH, (POPMHPYIOLIHE MATHHTHOE N0Je (TOHKHE JHHHH — CHA0BLIE JIH-
HHH Marautioro noas); 7—doasra; 8§ —rpaHTOBHR KANOPHMETDP HAH JaTUHK YIJIOBOTO paabpoca;
9 —skpauupviouni karoauoili snexrpon; Il —Tls—nosca Porosckoro AnNA H3aMepeHHs TOKA ITy4Ka,

f) BeAH4YHHA MACHHTHOH HHAYKUHH BAOJE OCH YCTAHOBKH.

2. METOAbl JHATHOCTHKH

YraoBod pasbpoc onpeaensiicd M0 3aKOHOMEPHOCTAM MpOXoxKile-
HHS 3JEKTPOHOB MyYKa 4yepe3 CeKIHMOHHPOBAHHbIA LHJAHHIPHYECKHH Ka-
Han1 majoro auamerpa. Kpome toro, yrioBod paszbpoc OLEeHHBAJCS [0
H3IMEHEHHIO KO3(hHIUHEeHTa OTpakeHHda Myuyka OT MAarHHTHOH NpOGKH
MpH YCTAHOBKE B KaMepe CKAaTHsA JIONOJHHTENIbHOH paccedBalolled
(hoabrH. :

I u3mepeHHH mepBbIM CcnocoGOM HCNOJAB30BaAJCH CHElHAJdbHbIH
JAaTYHK VIroBoro pasbpoca. DJeKTpoHHBIH nyyok aHamerpom 20 cM
NPUHHUMAJCH B 3TOM cayuae rpad@HTOBbIM KoJJekropom. B uentpe koJ-
JEeKTOpa MMeloCh OTBepPCTHe, yepe3 KOTOpOe 4yacTb Iydka [onajiaia B
HHIHHAPHYECKHH KaHasa jfatdyuxa yrJjoporo pasbpoca. J/luamerp kaHa-
Ja BBIOHpAJICA COM3MEPHUMbIM C JAapMOPOBCKHM pPalHYCOM 3J€KTPOHOB
nyuka. Bnepsele 3TOT MeTOL NpHMeHAJCs B 3Kcnepumentax [4| nas
H3MEepeHUs YIrJaoBOro pasbpoca nydyka AJHTENAbHOCTbIO 50 He, reHepH-
PYEMOro B MJOCKOM AHOAe B marHutHoMm nose B=40 klc (npu 3ToM
JapMOPOBKMH pajHyc, pacCUMTAHHbIH 1O [OJHOH 3HEPrHH MpH
E=0.8 M3B, cocrasasier r, =0.1 cm).

B HacTtosiniMx 3KCMepUMeHTax AAaTUYMK pacnoJaralcd B MarHHTHOM
none B~5 kl'¢c (cooTBercTBeHHO, r; ~1 ¢M). AHa/MH3 NPHUMEHHMOCTH
mMeTola [AJf1 3TOro ciayuas nposejaeH B patore [0], B KOTOpOH OTMeye-
HO, YTO B TAKHX YCJOBHAX MOXHO CYLIECTBEHHO YBEJHYHTH T€OMETpH-
yeckHe pasmepbl KaHaga. [Ipu 3Tom nosiBasieTcss BO3MOMKHOCTb CEKILHO-
HHpPOBATb KaHaJd W pPerucTpupoBaTb pacrnpejeseHHe TOKa Ha CTEHKY
KaHana Mo ero J/AJiMHe, uYTO 3HAYWUTEJbHO paciiHpPseT BO3MOKHOCTH
aMarHocTHku. B pabGote [D] npoaHasH3HpOBaHBl TAaKXKe MapasHTHbIE
3phekThl, BAUSIOLLIHE HA TOYHOCTb H3MEPEHHH.

Cxema jgaTuMka yrjaosoro pasbpoca npuBeleHa Ha puc. 2. Llu-
JUHAPHUYECKHH KaHal — KOJJAMMATOpP, PACHO/IOKEHHBIH HA OCH CHCTEMbI,
COCTOHT M3 NBYX auadparm (/ H 3) Ha BXoae H BbhiXOAe (HepKaBelo-
[asi CTa/lb TOJLLHHOR 2 MM), a TakKe M3 uyeTblpex rpadHTOBbIX KOJeEIl
2 toauwmHod | —2 ecm (6Gonee noapobHo cm. [5]). Peructpupywotes
TOKH [} — 14 3/1€KTPOHOB, OCEBIIMX HA CTEHKH KaHaJja, a TaKxke TOK /s
3J€KTPOHOB, MpOIIEAUIHX 4Yepe3 KaHaJd H [MOrJOLUIeHHBIX rpadUTOBLIM
MHKpOKOJeKTopoM. [lhamerp KaHana cocrasaan &, =710 MM, ero
gamHa [, =62 MM, paccrosHHe Mexay KoJdbuamd 0.5 mm. JlaTtuMk
pacrojaraJjcsi B 00acTH OJAHOPOAHOTNO MATHHTHOIrO M0Jd JHOO Hemo-
CPEJCTBEHHO 3a aHOAHOH (oJabro# jaHoaa, JUOO HA BLIXOJE H3 CHCTE-
Mbl cxKatus. [lockonbKy uepe3 npobKy MAarHMTHOrO MoJdst ¢ NpoOOYHBIM
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oTHowenremM M =20 MOryr npo#TH 3JeKTPOHbI C MHTH-YIJIOM HC fo.ee
0 =arcsin (1/4/M )~ 13°, To naT4YHK PacCUHTaH Ha W3MepeHue jlocTd-
TOYHO MaJIoro yraosoro pasbpoca.
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Puc. 2. Cxema naTuuka yriosoro pasfpoca:

| 3 —BxonHaa ® BHIXOAHAA AHadparvel; 2— rpadHETOBBIE KOJ1bUA-KOMIEKTORE, 4 — MHKPOKOJAAEKTOD,

B sKkcnepHMeHTax [0 H3MePEeHHIO YroBOro pasopoca mydka, I1po-
lHeAIIero yepes CHCTeMY CKaTHA, MarHHTHOE noje B npobke cocTaBisd-
a0 B,, =90 kI'c. Tlpu sroM noje Ha KaTOAE 610 B, =3.4 kl'c, Ha
agonre amoma B, =4.3 kI'c. (npoGoyHoe oTHOWEHHE B JHOIEC
M =B,/B,=1.26), B mecre pacnonoKeHH: TATUHKA HA BbIXOAE H3
cuctembl paBHo 5.3 k['c. IlpH H3mepeHHAX Ha BXOAe, KOria AaTdik
pacrojaraJjcsi epasy 3a aHOILHOH GoJIBrofi, OCHOBHANl CePHA 3KCHepH-
MEeHTOB MPOBOJHIACH MPH NPAKTHYECKH HeM3MEHHOH BeJHYHHE MArHHuT-
woro moas ua kartoge (B, =3.3 kI'c). [lockoabky B 3TOM Caydde CHC-
Tema cxKaTusd nmyuka (katywku 5, 6 Ha puc. 1) y6upanach, mpoGoOUHOE
OTHOLIEHHe B JHOJe H3MEHAJ0Cb W  COCTABJAIO M, =1.09
(B, =3.6 k['c). [lis cpaBHeHH: NPOBOAHJIHCD TAKMKE H3IMepeHHus TMpH
B,, pashom 6.8 u 1.8 klc.

Bropofi crnoco6 onpeneseHHs YrJaoBoro pasfpoca 3akjgOUajacHa B
caepyouem. Yraopo# pas6poc nyuyka MpH [POXOXKICHWUH €ro yepes
CHCTEMY KOMMPECCHH OIIpeae/sdics Hi namepenuil KospgHilneHTa OTpa-
JKeHHA Nyuka OT MarHuTHOH MPOOKH. 3T0T KO3(Q(MHILUHEHT peryinpo-
RAJICH 34 CUeT JOMNOJHWTENbHOH pacceuBaionied (oabrd, KOTOpas MOr-
14 VeTAHABAMBATLCA KAk cpasy 3a aHoHOH (oJbroH yCKOpHTEN, TaK
i BOJMW3W OT MArHMTHOR MpoGKH, B 06JMACTH, TA€ BeIHYHHA MArHHTHO-
ro noJas coctaBasana B;=>5B,. YcraHoBka (oJbrH TOJILIMHOH & B 10OC-
JeNHeM MOJ0KEeHHH SKBHBAJEHTHA MOMEIIEHHIO AONOJHUTENBHOH (oJb-
rM MeHblIeH ToJUHHB, paBHo#l OB, /B;, Ha BXoje B CHCTEMY KOMIIPEC-
CHH.

3. ¥rJIOBOH PA3BPOC B IHOE

3.1. OcHoBHAafA cepHd HM3MepeHHH yrJoBOro pasdpoca B JHOAe MpoO-
BOJAMIACL MNpPH BedHuHHEe MarHutHoro noasa B, =3.6 k['c u auoaHOM
3asope d,_, =7 cMm. Ha puc. 3 npuBeneHsl OCHHIJIOTPpAMMbl HaMNpsikKe-
HUS HA 1HOLe H TOKOB [;— /5, NOJAYUEHHBIX [IPH AHAMETpe KOJJIMUMaTo-
pa @,=7 mM. J[laryuk yraosoro pasfpoca pacnoJsaraJcd Hemno-
Cpe/ICTBeHHO 3a aHOAHOM doabroit avoga. BuaHo, 4T0 oCHHIAOTPAMMb
TOKA MMET B Hauaje HMNYJbca JOCTATOYHO [IJJABHBbIH Xapakrep, a K
KOHLY HMMyJbca HX H3pe3aHHocTh Bo3dpactaer. (Hanuume Takon Muk-
POCTPYKTYPHI IyuKa oTmedatock B pabotax [6, 7]). Takas dopma To-
Ka MOBTOPSIETCH NPaKTHUECKH BO BCEX BBICTpeJdX, KaK 3TO MOKHO BH-
1eThb M3 OCLMAJOrpaMM, [pPUBEJeHHbIX Ha puc. 4, rjie nokasaubl TOKH
/5 B pa3ubIXx BblCTpesax, MOJy4Y€HHble NPH TOJLUIMHE 8HOAHOH J1aBCAHO-
o ¢oabrd 10 MkM. $cHO, uTO H3MepeHHs yrjoBoro pasbpoca, Ha-
npumep, mNpu (=1 MKc ABIfAOTCA O0Jiee TOUHBIMH, yeM B OoJee Mo31-
HHE MOMEHTbl BPEMEHH.

Hast nposepku paBoTocnocoOHOCTH JHATHOCTHKH OblLIH MPOBELEHbI
KOHTPOJIbHBIE H3MEPEHHS NPH Pa3Hoil ToJLMHE aHOAHbIX (oabr. CooT-
BeTCTBYIOIIHE OCLHAJOrPaMMbl HanpsixeHuss Ha auoge U u TokoB [ u
[s 19 @, =8mM npuBeaeHbl Ha puc. 5. B kavectBe aHoaHo#d (OJBIH
HCTIO/b30BAJCH ANIOMHUHHPOBAHHBIH JaBcad Toawunon 10 MM (a), 3a
KOTOPbIM, KpOME TOr0o, MOrJa YCTAHAB/JIHBATHCH NOMOJHHTE/bHAs dJio-
MHHHeBadA (oabra tomuHHoi 30 MM (6), au6o 90 MM (8). Habuio-
jaercsd CyulecTBeHHOe BJHsHHE TOJLIHHBI aHOAHOW (OJbIH Ha COOTHO-
nreHue mexay tokamu /i u /5. B mepom cayuae Tok /5 npumepHo B 3
pasa GoJblue TOKa /i, a B noc/jejHeM, HaoO60poOT, TOK /5 3HAYHTEJNBHO
MeéHbule Toka [; (B TedeHHe OOJbIICH HACTH HMIYJbCA).

Ha puc. 6 npuBeieHbl pe3yabTaTbi~0NPeAeIEeHHOr0 H3 3THX BBICTpPe-
10B KO3GdHIMEHTa NOIJOUIeHHS TOKA Ha CTeHKax Kawana S(L) B
3aBHCHMOCTH OT €ro AJWHBI [ JJs1 pasHOH TOJILHHBI DOJBrH, PACNON0-
KEHHOH mepes YrJIOBBIM KOMIEKTOPOM. IKCMepHMEHTa/bHble TOUKH
NpUBeNeHsl aasi momeHra Bpemend f=1 mkc v U=900 kB. Ha 3stom
JKe PHCYHKE MpHBeJeHbl pacyeTHble KPHBbLIE TOTMJIOLUICHHS TOKA 3JeKT-
POHOB NpH YraoBbix pasbpocax Bo=2>5, 6, 12, 17, u 20°. ¥Yraosoit pas-
fpoc Myuka BbiYHCJsLICS 00 opmydam, nprBefeHubiM B pabote [4],
148 BeJHYHMHBl norgouieuua S=[ /[y, roe [o—TOK 3IEKTPOHOB,
BOLICAIIMX B KaHad, a [, —TOK 3JeKTPOHOB, OCEBIIHX Ha €ro CTeHKY.
PacueTsl nmpoBejieHbl AAf rayccoBoH (pyHKUHH pacrpefeneHnss 4acTHl
M0 yriaam CcO CpelHeKBaipaTHYHbIM yrJaom by, XOoTA BeqHYHUHA ITOTTIO0-
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Puc. 3. OcunanorpaMmbl HanpskeHnsa Ha auone U U TOKOB laTuHKa YrJaoBoro pasbpoca
[,—1Is npn auamerpe Koaaumaropa @.=7 MM (BhicTpea Ne 932). JaTtuMK pacnojoyen
cpaszy 3a aHOZHOH (PoAbrok.

A 1001‘&1- = | \(\1
. - 100A -

o " g ' I 'l L
m 2004 Puc. 5. Ocuunnorpammsl TOKOB /) H [5 NpH pasHoll TONWHKHE AHOLHOH (OABTH.
. . . Anoanan Qoasra; A —asomunuposanssit gascan 10 mem (Ne 1001); B, B— anomuuupoannbi

napcan -+ 30 mkm Al (Ne 1003) wan 90 mxm Al (Ne 1008), coorBeTcTREHHO.
”\ 200A1

0 1 2 3 t,mKC

Puc. 4. OcuunaorpaMmbl Toka /s B pasHbIX BbiCTpeJax.
A @.=T7 wm (Ne 932);: B—T: @=8 mm (NeNe 1001, 1012, 1015); Jd: @e=10 mm (N 1031).
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HIeHHSE caa60 3aBHCHT OT BHAA (YHKUMH pacnpejnenesus (cM. [9]).
CpaBHeHHe 3KCTIEPHMEHTAAbHbIX TOYEK C pacyeTHbIMH KDHBBIMH TOKa-
3pIBAET, UTO JJsi caMoil TOHKOH (ONBrH BeJHUHHA YrJa0BOrO pasbpoca
nygyka cooTserctByer 0;=>5--6° npu nobasnenun Qoabra 30 MKM Al
0o~ 12°, a doabru 90 mxm Al 03=20°.

CpaBHHM 3KCNEPUMEHTaNbHO H3MEpEeHHble 3HAUYeHHs YIJIOBOro pas-
6poca ¢ pacyeTHO# BeaMuMHO# pa3bpoca 0;, NPHOGPETAEMOH 3JEKTPO-
HamMu B (oabrax. Yraopoi pasbpoc b Bbluucasics Ha (GopmyJse, NpH-
BeneHHoOH B [8]:

] [ i ol
2157 103 Z(Z 4 1) — 1 (zuﬂi_ , |
0 ) AV ]Aﬁ'E”f—F” n T (1)
o
rie F— KuHeTHUecKasi 3HEpPrus saekTponos (MsB): {='\L:E"If—{;|_:l:
L .J

{ —tommuna ¢odbrd (MKM); Z, A, p—3ap.Aa, dTOMHBIH BeC M MJIOT-
HocTh marepuana. s amomuuus (Z=13, A=27, p=2.7 r/cm®)

Y " 2l E+0.5 i 3l .
z- * . lfl: ] " 2
B°=2.86-10 E+1) In ]l}} (2)

JlaBcauopasi ¢oabra toaunuoi 10 mkm npu E=0.8 M3B skBuBa-
JEHTHA AJIOMHHHIO TOJULHHOH 2.2 MKM, & COOTBETCTBYIOLLAA BeJH4YHHA
0;=1.7°. BuaHo, 4To B cayyae ¢ J1aBCaHOBOH (OJBrod IKCHEPHMEH-
Ta/abHbil YrJA0BOH pasfpoc cyllecTBeHHO MpeBbiaerT pasbpoc, KOTo-
pbiii onpeaensieTcss paccesudem B (oabre. CaenosaTenbHO, NY4YOK MpPH-
obpeTaerT HEKOTOPHIA JOMOJHHTENbHBIA YrJI0BOH pasbpoc HEMOCpeicT-
geuno B auoje. Ilosmaras, 4yTto yrioBoH pasdpoc B HCXOJAHOM MY4YKe
0, = 6°, HAXOMHM, YTO MPH YBEJHUCHHH TOJUIHHbI QOJABTH A0 30 MEKM
(0;=10°) yraoBoi pa3bpoc BO3pacTaeT B COOTBCTCTBHH C hopmyo#
gy = 'uy.-"'f:l[‘)—'rﬂ[g. [Ipu tommuue doabrs 90 MKM H3MepeHHas BeJHYHHA
03 ¢ Xopolue#d TOUHOCTBIO cOBMNagaeT ¢ B, (20°), Tak Kak HCXOIHbIM
YIJI0BbIM Pa3tpocoM B TOM c/yudae MOXKHO npeHedpetub. Takum obpa-
3om, M3 pHc. 6 BHAHO, UTO 4YBCTBHTEJBHOCTb daT4HKa K HIMEHEHHIO
yrJaoBoro pasbpoca nydka AOCTATOYHO XOpOLIas. CyurecTsyer, 04HAaKO,
BOMNPOC O TOYHOCTH H3MEPEHHA YrI0BOro paszdpoca NpH cambiX MafbiX
ero 3HauYeHusx, T.e. npu By<TH”.

3.2. PaccmoTpuM (axTophl, BJAMSIOLLAE HA TOUHOCTb H3MepeHud. B
pa6ore [5] mMOKa3aHO, YTO OCHOBHBIMH TNapasHTHbiMH S(phexkTami B
HAlIMX 3KCMEPUMEHTAX sBJAANOTCA ocsaabienne MarHHTHOro nodas BA0Jb
OCH KOJJHMAaTopa, YroJ MeKAy CHJIOBbIMH JMHHAMH MarHHTHOTO M0/
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Puc. 6. 3apucumocts KosbduuuenTa norJouweddd S(L) oT ANHHB Koaaumaropa [

Anoanas (oaera — aNoMHRHpOBaHELI Jascad 10 mem (@), dascad+30 mem Al (@) nau 90 mkm
‘Al (). @.=8 mm, U~09 MB, f=1 mkc. Pacuer ana Hy=>5, 6. 12, 17 u 20°
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Puc. 7. Peayabrathl H3MEPEHHH Ha BbIXOIE H3 IHOLA B Pa3HblX BeICTpenax:

JkcnepuMeHT: $ — F.=8 mm, U=850 kB (Ne 1012); @ — 5,=8 mym, /=8B0 gkB (N 1001);
B— 3.=7 mw, U=800xkB (N 932). Pacuer: 4, 5 u 6°— @,=8 Mm; 6 0 7'— @.=T7 MM
(NyHKTHP). Sp H Sp— KPHBbIE L8 MOTMOWEHHA BCASACTBHE MAPA3ZHTHLIX 3((PEKTOR,
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H OCbI0 KOJJIHMATOpa, OTPa)KeHWe 4YacTHll OT OOKOBOH NOBEPXHOCTH
KOJJHMAaTopa, a TaKKe BO3MOMKHbI€ HEOJHOPOAHOCTH TOKAa Iy4Ka.

BenuunHa MarHMTHOrO MOJS BIAOJB OCH KOJJIHMATOpPa H3MEpPsAJach
MHHHATIOPHBIM MArHUTHBIM 30HAOM (HAMOMHHM, 4YTO B HAUIHX 3KCMEPH-
MEHTAaX AJHTEeJbHOCTb HMMIIYJibCa MarHUTHOro noJs cocrapadger 15 mc
M B TedeHHe W3MEpeHHi MoJe MOMXHO cuHTaTh nocroaHusiM). [lo 3THM
H3MEPEHHSIM BblYMCAsAach KpHBasi noraouienus Sp (/i) =AB./B., anas
My4Ka ¢ HYJeBbIM yrioBbiM pa3bpocom, KOTopas npHBeleHa Ha pHC. 7
JAs1 cayyasi pacioJiOeHHsl [AaTuyMKka cpasy 3a aHOAHOH (DOJbrou.
B,—none Ha BXoje B KOJAJMUMATOp, KOTOpOE COBIAlaJjo ¢ MoJeM Ha
aHojge. BuaHo, uTo MakcHmaJbHad BeJHYHHE TONIOULeHHA TMpH
[,~6 cm cocraBaana S;~10%. B caygae pacnojoxeHusd AaTyHKa
Moc/jie CHCTEMbBI CHKATHA Ta Ke Bejuunna Sz ~5Y%.

Ha puc. 7 nprBejeHa TakxXe KpHBas NOrJouleHusa Sp AJasi My4Ka
6e3 yrJjosoro pasbpoca aas ciaydad, Korja KoJJIMMarop ¢ JAHaMeTpoMm
orBepcTHs @, =0.8 CM HAKJIOHEH OTHOCHTENbHO CHJIOBBIX JHHHH Mmar-
HHTHOTO mnojsi Ha yrog fp=0.2°. 3ta KpuBas MNOCTPOEHA B COOTBETCT-
BHH C COOTHOLUEHHeM (cM. [d])

[ 48 [,
S|j= P = B '
f(] :T@g

KOTOpOe CrnpaBeiJHBO [PH BeJHYHHE MONEePeYHOro JapMOpPOBCKOro pa-
auyca p<L g, (p=r, sinBp). B skcnepHmeHnTe BeNHYHHA Yriia HaKJIOHA
B cocraBasana He Gogaee 0.2° W onpegensnach no CMelleHHIO OTHEUaTKa
Myyka Ha BBIXOIE H3 KOJJIHMATOpa MNocje MPOXOXKAEHHA 3JeKTPOHOB Ue-
pe3 BXOAHYIO AuadparmMy ¢ maabiM auamerpom =1 mMm. Ha tom xe
pPHCYHKE TpHBEIeHa BEeJHUYHHA MOIJOIeHHA S [/ TpeX BBICTPENOB C
AaBcaHoBoR donerod 10 mxm. [lpHBeneHbl Tak:Ke pacueTHble KpPHBbIE
JU1S COOTBETCTBYIOIHX napaMerpoB. ITH JaHHble XapakTepH3YIOT pas-
GpOC IKCIEPHMEHTANbHbIX TOUEK B PasHbIX BbICTPEJaXx.

Beauunnsl S; W Sy pactyt ¢ AJHHOW Koaaumaropa. Buawo, urto
npu L<C2 cM BeJHUHMHBl Sy M Sy JOCTATOUHO MAJbl U BJIHSAHHEM pac-
cMaTpHBaeMblX MapasuTHBIX 3(QeKTOB Ha H3MEpeHHs MOXKHO npened-
peub. MakcumajnbHOe BJIWsIHWE OHHM OKasbiBaloT npu L ~6 cm. [lpu-
6/MIKeHHYIO MONPaBKy K 3KCNEpUMeHTanbHOH Beauuyune S, 0T ocnaad-
JEHHS MATHUTHOrO Nojds yaoOHO BBLIYHCJAATb B TEPMHHAX COOTBETCTBY-
oKX KoapduuuentoB mnponyckawua T (T=1—-S):
AT=T,. /Ty —T,. (370 cOOTHOLIEHHE CHpPaBEAIHBO C XOpOIIeHd TOY-
HOCTBIO [JIl MaJblXx yriaos 0<I5° W aaa L > 2nr, ). dra nomnpaska coc-
taasier npumepHo 109). MakcumanbHaa nonpaBka H3-3a Henapad-
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JNeJbHOCTH B H OCH KoJJHMaTtopa B noartopa paza meHblie, O06a 3THX
spdexra auqa [ ~6 cM AaI0T NOrpelUIHoCcTh u3mepenus 0 —0,, ~1°,

Ouenum Tenepb BAHAHHe 3(deKTa oTpa)KeHH: 3JIEKTPOHOB OT
GOKOBOH TMOBEPXHOCTH. B KOHTPOAbHLIX BbicTpesax npu B, =6.8 kl¢
NMpoAO/bHBLIA wWar JapMOpoBcKoi cnupanau [ =2ar, ana £=0.9 MsB
coctaBasier 4 cm. CaefoBare/bHO, Ha MOCJElHee KOJbIO YACTHII
MOTYT [O11a/aTh TOJbKO H3-3a NMapas3uTHbIX 3(@deKToB. YueTr nonpasok
Sg W Sp NMOKAa3biBaeT, UTO OTHOIIEHHE TOKA 4acTHL [,,, OTPaKeHHBIX
OT CTEeHKM mpu [ <l ¥ BEPHYBLIMXCHA HA Hee npH L= L, , K TOKy [,
cocrapaser /., /l.<10%. Tlostomy npu B, =3.6 k['c nas nocaenued
TOUKH npu [ ~6 ¢cM nonpaska H3-3a OTpaxKeHWs COCTaBJAeT
AS/S~10%. Ona npoTHBOMOJIOXKHA MO 3HAKY MonpaBkam OT Sz u Sg,
a Mo BeJH4YHHe TNpPHOJH3UTENbHG HX KommeHcHpyeT. UTo Kkacaercs
Toyek npu [ ~1 cM, TO, KaKk yKe TOBOPHJIOCH, MONPABKAMH, CBA3AHHbI-
Mu ¢ S; v Sg, moxHO npenebpeus. [lonpaBky, cBfizaHHYIO ¢ OTpae-
HHEM, MO-BHAHMOMY, cJjeaver npHHAaThL paBHod 10—20Y9%. Dta ouenka
noJgydaerTcs H3 caeAyiolHX coobpaxkenui. ToyHoe 3HaueHHe MNOJHOTO
ko3 duuuenra orpamkenus aas Up~Db" HEW3BECTHO, HO, CKOpee BCEro,
oHo O6amnsko kK K ,~0.5 (nogpobuee cm. [5]). Cneayer, ojHako,
VyeCTh, 4TO BOJH3H OT BXOA4 B KOJAJAMMATOP HA CTEHKY MonanarwT yac-
THIB € MAKCHMAaJbHbIMH I[IMTY4-yrjaaMHd, A48 KOTOpPbIX KO3GGhHUHEHT
OTpaykeHUst MeHbwe, Kpome TOro, cyulecTBeHHas [0/ OTPaxKeHHBIX
3JeKTPOHOB UMeeT GOJbLIHE YIJbi, H OHH MOTYT BEPHYTbCA HA CTEHKY
Ha aadHe [ <7l cM. Takum o6pa3om, yueT Bcex MONPABOK [MOKA3bIBaeT,
UTO CpelHAS BEJAHYHHA YrJ10BOro pasfpoca, BbIUMCAEHHAS AJA TOYEK C
L >~1 cvm u Touek ¢ [ =6 cM, NpuGJIH3IUTEJBLHO pPaBHA M COCTaBJsAeT
Bp=6=+1°. Tlorpewnocts Aby= 4 1° Bkawuaer B ceba u BKaal OT
napasuTHeIX 3¢ PeKToB, H IKCNEePHMEHTAJbHbIH pasbpoc oT BHICTpena K
BeicTpeay. Eciau ydecTh mnoOrpeuiHocTb KadHOpPOBKH HM3MepPHTE/bHBIX
npubopor, TO YrJaoBOH pa3bpoc 3a aHOAHOH ¢oabroi npu (=1 MKc
coctaBut Byp=6-+1.5°.

3akaHuuBasi 0OCY:KJeHHe BJHAHUA NapasuTHbIX 3pdeKToB Ha H3-
MepeHHH, ocTaHOBHMcH Ha 3(ddekrax, CBs3aHHbIX C HEOLHOPOJAHOCTHIO
nyuka. OHeHKH MoKa3blBaloT [d], YyTO 3TO BAHSIHHE MOxKeT ObITh 3a-
METHBIM MPH JOCTATOYHO CHJIbBHOH MAKPOCKONMHYECKOH HEOJHOPOLHOCTH.
OnHako Kak u3mepeHus Ha Bxoae [6, 7], Tak H Ha BBIXOje CHCTEMbI
cxkarusa .[9, 10] nokasbiBalT, 4TO 3HA4YHMTE/bHble KpynHoMmacmwTabOHble
HEOJHOPOAHOCTH IMYy4yKa OTCYTCTBYIOT. [JSl BBIICHeHHS] BJHAHHA MHK-
pOHEOAHOPOAHOCTEH NMy4yKa OblIH NPOBeLEHbl C/eLYIOllHE ClenHaNbHble
Hamepenusi. KoanuMaTop-KOMJMEKTOp AaTyHKa coOHpalics He H3 KoJel,
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(Kak H3oOpaxkeHO HA puc. 2), a Obl1 pasjieseH 1Mo asuMyTy Ha 4deThipe
90-rpaaycHbiX cerMeHTa. TOKH Ha CerMeHTax CoBlajalu mexay cobGod
¢ ToyHocthio AJ/I<LC109%, uro ykasbiBaeT Ha OTCYTCTBHE CYILLUECTBEH-
HbIX TPajHeHTOBR IJIOTHOCTH TOKa Ha Macwrade jHamMerpa KOJIHMATO-
pa. M3 atoro caeayer BbIBOJA, 4YTO, MO-BHAHMOMY, BJMSIHHEM MHKPO- H
MaKpOHEO HOPOJHOCTEH MNyuKa Ha H3MepeHue yrJjoBoro pasbpoca B
HAUIUX YCJIOBHAX MOXKHO npeHebpeub.

3.3. 3aBUCHMOCTb yrJoBoro pasfpoca 0T BeJHYHHbI MarHHTHOTO
noas gocratoyHo caabasi. [Ilpy B=1.8 kl'c Beauuyuna b, paccuuTan-
Hast 1o Toykam ¢ [.~I1 cM, NpakTHYeCKH Takas :Ke, Kak H MnpH
B=3.6 kl['c. [Ipy B=6.8 k['c BeauunHa by HECKOJbKO YMEHbLLIAETCSH
(npumepno Ha 20—309%). ¥raoeo#u pasbpoc takxke caabo meHsercHd
[MPH U3MEeHEeHHH JHOIAHOro 3asopa dy, x OT D 10 8 CM,

PaccMoTpuM, Kak MeHsieTcsi YrJOBOHM pasfpoc nydyka NpH uU3Mmepe-
HUSIX Ha BXoje B TeueHwe HMMmnyJabca. Ha puc. 8 moxkasaHbl OCIHJIOT-
paMmbl HanpsikeHuss U u TokoB /| W /5, noJjydeHuble MPH AHOAHOH
doabre Al 90 mkm (puc. 8,a) u anascan 10 mxm (puc. 8,6). Ha stom
e PHCYHKe [pHBeJeHbl 3aBHCHMOCTH OT BPEMEHH 3KCMEPHMEHTaJ/ bHbIX
3HaueHHi yraosoro pasbpoca O,. B CcpaBHEHHH C BeJHYHHOH O
(nynkTup) .

Hasi doaeru Al 90 mxm npu U= 500 kB pacuer ngocratoyHo
xopowo coBnagaer c¢ 3sxkcnepumentom. Ilpu U <2500 KB B pacuerax
HeoOX0AMMO YYHUTBIBATH MOTEPH 3HEPrHH 3JEKTPOHOB B (OJbre, KOTO-
poie craHoBsTcA Goabuie 109, [aa roukoi cdoaweru (nascad, 10 MKM)
sHauedue 0, mpumepHo B 3 pasa GoJgblue O; B TeueHHe BCEro HMIYJb-
ca, T. €. onpejenferc He paccesHHEM 3JEKTPOHOB B oJjbre, a Apy-
FHM MeXaHH3MOM.

OTMeTHM, UTO MPH NYJAbCALMAX JOKaJIbHOH MJOTHOCTH TOKa, 0OCO-
OEHHO CHJbHLIX BO BTOPOH MOJOBHHE HMIY/bCa, MaKCHMaJbHOE 3Haye-
HHE JOKaJIbHOTO TOKa B MHKe MOMeT B HeCKOJbKO pa3 MpeBbIHIaTh €ro
ucxoaHoe (ycpenHeHHoe) 3Havenue. Ho, mocko/abKy BbBIOpOCH TOKA Ha
curHanax [, —/I; mpoucxoasiT MpakTHUECKM CHHXPOHHO, TO BeJHYHMHA
yraosoro pasbpoca TNpH  3ITOM  MEHAETCH He3HauuTeJabHO  (Ha
20—30%). Kouneuno, Hago Y4HTHIBATH, 4TO AJsi OUEHb Y3KHX ITHKOB
(Af<C50 Hc) Hcnosab3yemble 1Jsi peructpauud 3THX curHasoB ALLTI
®4226 [11] moryr uckamarb cHruHan. Bumno, uto yrjoso# pasbpoc

"' Beuay 6oabloro ofbema pacueroB, HeoOXOAHMBIX LA 06pabOTKH KaxI0H 3Kcme-
PHMEHTaJbHOH TOYKH, MPHBEIEHHbIC 3/€ch H janee KpHebie O(f) ObLIH NOJYYeHBl MyTeM
06pabOTKH 3KCMEPHMEHTANBHEIX AaHHBIX Ha IBM no cnenuaibHO HANHCAHHOH TMpOrpaM-
Me.
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Puc. 8. 3apHCHMOCTb YIA0BOrO pasbpoca OT BPEMEHH:
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(Ne 1008);

G—narcad 10 MM
B doabrax.
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(MNe 1001);

NYHKTHPOM — pasbpoc




MyyKa ¢ TeYeHHeM BPEeMeHH PacTeT W K KOHIY MMIy/bCca ero 3HaueHHe
cTaHoBHTeA 0, =10°

Takum o6pazom, BeaHuMHa yrJaosoro pasbpoca Ha OCH Ny4ka,
H3MEPEHHad c¢pasy 3a aHoaHoH §oabrofi, cocrasdader B Hauage
HMIyabca (npu t=1 mke) 6, =641.5°,

4. ¥YIJIOBOH PA3BPOC NYYKA NOCJE MPOXOXJIEHHWA
CHCTEMbI CKATHA

4.1. Tlpu pacnosoeHHH naTUHKa Ha BbIXOLE W3 CHCTEMbl CHKATHHA
IKCIMEPHMEHTbI MPOBOAMINCH NPH 3a30pe dy_y =7 cM. AHOZHOH (osb-
FrOH CJAYKHJI aJIOMHHHPOBAHHbIH JaBC&H TOJAIHHOA 10 MKM, jJaBieHue
BO3/lyXxa B KaMmepe cxKaTus MeHs/och B auamasoue 10~ *'—10"' Top.
Hanomuum, uTo mMarsuTHOe noje Ha aHoje cocraeasao B, =4.3 k[,
Ha Bxoje B Koasuumartop B, =05.3 k[c. Ha puc. 9 npuBeaesn pesy.ib-
TaTbl U3MEDEHHH YrJoBOro pasbpoca My4yka Ha BbIXOAe TNPH pasHoi
TOJUIMHE (OJbr, YCTAHABJAMBAEMbBIX [epel AaTUHKOM. IKCMCPHMEH-
TalbHbleé 3HA4YeHHA BeJHUHHBI MNOrJgouwleHHs S(/;) npuBeaeHbl JJA
MoMeHTa BpeMmeHu [=1 mke, U~850 kB, @.=7 MM, aaBjeHue rasa
B Kamepe cxartuss P=10"" Top. [lepen xoanekropom nyuka pacnoJia-
rajach ¢oabra u3 Jagcana 10 Mk, au60 K HeH 106aBASAIHCH (HOJBIH
Al 30 mxm u Al 90 mkm. [IpuBeens Takxke pacueTHble KPHUBble 5
Do=28, 13 u 20°. BunHo, yto Tak ke, Kak u MPH BXO/AHbIX U3MEpPeHHSIX
(cm. puc. 6), BesHYHHA M3MEPEHHOrO YIJOBOro pasfpoca MeHseTcH B
COOTBETCTBHH C TOJUWIHHOH (DOJbIH nepea LaTUHKOM.

3uauenne Dg ana camoll TOHKOH GOsbrH HYKHO ONpELeasiTh CaAey-
o HM o6pasoM. Kak ye ykasbiBanoch, B 3TOM cayuae npu [,=6 cm
S=5%, Sp<7%, u Bech TOK Monajaer Ha NOCJIelHEe KOJAbLUO B
pesyiabrare napasuTHbIX 3¢ dextoB. [loatomy MOKHO OUEHHTH YHCIO
YAaCcTHI, OTPaKEHHbIX OT CTEHKH H MONaBlIMX Ha Hee npu [> [
(Korp = AL /1.LZ1095). YrnoBodk pasbpoc, onpemeneHHbiil ¢ yYeTOM
napasuTHeiX 3¢¢QeKToB A48 Toyek ¢ Iy~ cM H [,~6 cM aa8 He-
CKOJBKHX BbICTpENOB, cocrasasier H,, =7.541°. Illpeanoaaras, uto
TPAHCTOPTHPOBKA 3JEKTPOHOB I[POHCXOIMT afaHabaTHUecKH, MOMKHO
BLIYUCAUTL 3HAyeHHe O, y aHOAHOW (OJBIH:

0, = 0,0, -\/ HB"' —=6.7°.

Takum o6Gpasom, BHAHO, UTO BeJqHYHHbI 0., H3MepAeEMble KaK Heroc-
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PEACTBEHHO 3a AHOJAHOH (POJbroW, Tak ¥ B peXHUMe TPAHCNOPTHPOBKH
yyKa, B HAYa/JbHOH YAaCTH HMMY/bCA MPAKTHYECKH COBMAAAIOT MEXIY
coGofi, M yraoBo#l pasbpoc MeHsAeTcss B COOTBETCTBHH C TOJIIHHOH
Goabru neper gatydkoMm (cm. puc. 6). M3 31X (akroB MOKHO cle-
nath caeaywouii BoiBod. Ilockosbky BeanuHHa KO3((HUHEHTa MOrJao-
HIeHHA Swpm—\;"E sinBg (opu L= 2nr;, U p<K D), T. €. 3@BHCHT H OT
3HEPIHH YaCTHIL, U OT X YIVIOBOro pasfpoca, TO yKasaHHOE NoBeleHHe
KPHBBIX 03Ha4aeT, 4YTO NPH TPAHCIOPTHPOBKE NYYKd 4Yepe3 CHCTEMY
ckaths npu P=10""* Top npaxruyeckn He HAOMIOIAETCA HH [0TEPb
SHepruu Ny4ka, HH yBe/AUUeHHs ero yraosoro pasbpoca.

BesuuuHa yraosoro pasfipoca B HayalbHOH CTajJHH HMIY/bCa
IPAKTHYECKH He 3aBHCHT OT [aBJ/IeHHsl, OJHAKO B KOHIle HMMyJbca
Takass 3aBUCHMOCTbL nosipasercs. Ilpu naBnemun rasza P=
—10 %= 10"'"Top ua 3aBucuMOCTH 6§ OT BpemeHH B KOHIle MMIYJbCa
HaG/al0laeTc MpoBaJj, Kak 3TO MOXHO BHAeTb W3 puc. 10. Ha arom
PHCYHKE NPHUBEJEHb THIHUYHbIE OCIUIIOTPaMMbl Hanpsikenus U, TOKOB
I, u Is, nonyuennsie npu P=10"" Top, a TakxKe BejH4YHHA YIJIOBOTrO
pazbpoca 0, B cpaBHEHMH ¢ pacyeTHbiM 3HayeHHeMm Oy Buano, uto B
teuenne (<2 MKc TokH [, v [5 pactyt, 3aTem Ha Toke [/, HabJaioaaer-
cA crmag, a Ha curHage f[;— Bcnaeck Toka. 3HaueHWe BesHukHbl O B
Hayajge uMmnydabca (/=1 MKc) cocrasjaseT MpUMepHO 7° (OCUHMIALHH
0., B camoM Hauaae UMIYJbCa, BHIAMMO, CBA3AHBI C HETOUHOCTHIO
oTcuetra TOKOB [ — 1[5 H3-3a UX MaJOH aMIUIHTYIbl), 3aT€M OHO Hec-
KOJIbKO BO3pacTaert, a npd [ =2 MKC CylUIecTBeHHO yMeHbiliaercsi (npH-
MepHO B 2 paza), TaK 4TO ero MHHHMAaJbHOE 3HAUEHHE CTAHOBHUTCH
papubiM 6;. OTMeTHM, u4TO Ha ocuu/anorpamMmax”Hanpsikenus U u ToKa
Myyka HUKaKiX OCcOOeHHOCTeH npd 3ToM He Habawopaercd (CM., HampH-
mep, [2]). Tlpu naBjaeHHH rasa P=10"'=10"2 Top onucaHHBIH
3(pheKT BbIpaAKEH MeHee FApPKO. 2

OnuifM #3 BO3MOMXHBIX O0OBSACHEHHH 3TOro ¢akta MoxKeT ObiTh che-
ayioutee. [pu uHxekuun P3II1 B maruutHyio npobky ¢ M=20 3jeKr-
POHbI, HMeWIIHe MUTU-yrasl 6> 6, (6, =13), orpaxaircs or npot-
KH H HAaYHHAIOT OCIIM/JIMPOBATL BOKPYI aHOAHOH (pogbru. Kak nokasa-
Ho B paGotax |2, 9], yke manas gossi TAKHX 3JEKTPOHOB CrnocoOHa
MPHBOAMTE K Mepexoiy /[AHoja B pexum KojJjanca HmnefpaHca, H, B
KOHEYHOM HTOre, K €ro 3ambikauuio. [Ipw paBiesun P=10"'-=
= 107 *Top npakTHyecKH B CamMOM Hauajae HMIYJbca BO3HHKAET 3aps-
nopas (M jJaKe uacTHUHAHA TOKOBasd) HedATpanuszauua nyuka. [Tostomy
JUISl MPHOCEBBIX 3JEKTPOHOB IyYKa OTCYTCTBYIOT TakdHe (PakTopbi, Kak
H3JIOM CHJIOBOH JIMHHH Ha aHOAHOH ¢odjibre H o0beMHBIH 3apsj BHPTY-
AJbHOrO KaToda. B 3TOM cayuae oTpaKeHHe 3JeKTPOHOB LEHTPaJJbHOH
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Puc. 9. 3aBucumocTb ko3 dHUHeHTa norjouieHHs S(/;) oT TodlHHB OJbIH Ha BBIXOJ1E

CHCTEMBI CHATHH.

Qoabra nepes 1aTUHKOM — AMKOMHHHPOBAHHEIT dascan 10 mrm (@ —Ne 908), aascan+ 30 mrm Al

(@ —Ne 907) man 90 mem Al (M —Ne 908). B=5.3 «l'c, @=7 mm, U=850 kB, {=1 mkc. Pac-

yer gaa 8, 13 u 20°
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Puc. 10, Ocunanorpammel Hanpaxenusd (v TokoB [, [5 npu gaBjeHHH rasa B Kamepe
= 4 ; 1 ()
ckatia P=10"" Top (Ne 906): saBucumocTs yraosoro pazbpoca ), oT BpeMeHH; NYHK-
THpoM — pasbpoc B oabrax.
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JACTH NyYyKa CBA3AHO C HX HCXOAHBIM YIJIOBBIM pasbpocom, HO SIPKO
BLIPAJKEHHbIHl MPOBaJ Ha 3aBHCHMOCTH B (f) OTCYTCTBYET, MOTOMY 4TO 0O
ero MOSIBJCHUS KOAAAnC HMMIelanca HHHUHHApYeTcA nepHdepUuiHbiMHU
saektpoHamu. Mx yrioBo#t pas6poc BoapacTaeT 3a aHOLHOH (hOMbrof
BCJIEICTBHE M3J0Ma MATHHIHBIX CHAOBBIX JHHHI Ha ee nosepxHocTH [2].

HaoGopor, npu P=10"" Top nabmogaercs HeMOJHAH KOMIEHCA-
uuA nyuka no 3apsagy [10], u uexoanbiit yraoBod pazdpoc sJAeKTPOHOB
yBe,JHUMBARTCS H3-3a TIPOBHCaHWsi MoTeHUuHansa B ApeHdoBOd Kamepe.
B stom cayuae 6ojee pannee oOpa3zoBaHHE MJa3mbl MPOHCXOIAHT B
eHTpe aHcIHOR Gojbrd, BoamMomuo, uto HabIOLaeMOe IKCNEPHMEH-
TaJlbHOE CHMIKEHHE YIJOoBOro pasdpoca CBfA3AHO ¢ NOABJEHHEM &HOI-
HOl MJa3Mbl H M3MEHEHHEM YCJOBHH TeHepallHud nyuka B AHOje.

OTMeTHM 3/€Ch, 4TO TPH H3MEepeHHSX Ha BbIXOAE B HEKOTOPHIX
BbicTpenax HaOJiofanach 3ajiepAKKa MNOsBJIEHHS TOKa B yIJ0OBOM JaT-
uyuke., MakcumaabHas BeJHUHHA 3TOH 3ajepyKKH cocTaBiaaa 1<Kl mKc
npu P=10"*+10"° Top u t<<0.5 mMKc npH P=10""+10 "' Top.
Dta 3ajepKa HMeeT caydyalHbI xapakTep H, BO3MOXKHO, CBsizaHa ¢
HEKOHTPOJIHPYEMbIMH H3MEHEeHHAMH B TEXHOJOMHH MOAFOTOBKH BbICTpeE-
aa. O6ckyporpammbl nydka, npusenennsie B pabore [10], noareepx-
[1410T, uTo, [AeHCTBUTENbHO, TPH CXKATHU [yYKa B Hauajge HMIyJbca
MOKeT HabJaaaThed «MATHHCTAR» [IPOCTPAHCTBEHHAA CTPYKTYpa My4Ka.

4.2. Jlpyrum crnoco6om onpejesendss yrjaoBoro pazbpoca ¢kartoro
MY4Ka, KdK Y»Ke FOBOPHJIOCH, AIBIAIOCH H3MepeHHe KO3 {(HIIHeHTa OTpa-
JKEeHHs Myuyka oT MmaruuTHod npoOku. [lpu uHKeKHHH Myuka B Kamepy
CHKATHS uyepe3 TOHKYI0 aHoanyw doabry (Jascan, 10 MKM) TOK mydka
HA BBIXOAE H3 CHCTEMBl KOMNPECCHH B TEYCHHE HMIHVJbca, B npejienax
TOUHOCTH HaMmepeHud (<< 3—5Y%), Obl1 paBeH TOKY Myduka Ha BXOIe,
T. e. KOo3(HIHEHT OTPaMKeHUs MyyKa OT MArHHTHOH Mpo6KH Gbli1 OJH-
30K K Hyg0. s onpefeneHnsi yrioBbIX XapakTePHCTHK TMyduka nepef
MArHHUTHOH Mpo6Koil yeranaeaudpaiach JIONOJHHTEIbHAS pacceHBaiollas
doabra, aawiuias H3BeCTHHH yrjoBod pasfpoc, H [POBOJKIHCE H3MeEpe-
Hust KospduuuenTa oTpaKeHHs nyuka.

Ha puc. 11 npuBeneHbl OCUM/IOrpaMMbl HANPAXKEHHA Ha J1HOIE H
TOKAa nyuka Ha Bxope (/) ¥ Ha Bbixode ([,,,) W3 CHCTEMbI KOMIIPECCHH,
noJy4eHHble ¢ AONOJAHHTENbHOH (oabroit (puc. 1l.a), ycraHopiennon B
Touke, rae B;j=5B., n 6e3 ponojuuTeabHOH (oabru (puc. 11,6). Buu-
HO, 4TO Hajlduue aonoaHutTeabHod doabru (30 mkm Al) npupoaAHT K
TOMY, 4TO TOK MyuYKa, NMpPOIeAIHH Yyepes MardHTHYIO MpobKy, CTaHOBHT-
Ccsl MEHbLIE BXOASAILEro ToKa, T. €, KO3(PPHUHEHT NPOXOKIAeHHA NYYKa
n=>~L, /l, CTAHOBHTCA MEHbIUIE eIMHHLB. 3ameHa IOMNOJHHTE/BHON
30-muxponroit Al ¢oabri Ha JaBCAHOBYIO MIEHKY TOMIUHHON 10 MKM (C
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; X ' 1{MB A 100KA
Al nokpbitHem) Wad ycraHoBka doabrd (Al, 30 mkm) 3a npoOkoH He

MPHBOAHUT K PACXOMKAEHHIO MEXKAY TOKaMH L, H [,.

[lo usmepenHomy kKo3dhPHUHEHTY NPOXOKAEHHA 1] MOXKHO, [eJasi
pasauyHble NPeanoaoKeHunsd o QYHKIHH pacrnpefeneHds 3JeKTPOHOB MO
yraaM B MCXOAHOM MyuKe, OMPELe/NHTb €ro yriaosBoH pasbpoc. B uacrt-
HOCTH, PAcCCMOTPHM JIBa BHAAa (VHKIHH pachpejeneHds 3/J1eKTPOHOB B
AnHojde nepen aHoaHOH doabrod. B nepBom cayuae OygeMm CuMTaTh (PyHK-
LIHIO pachnpejiesenHsi rayccoBoH CO CpejHeKBa/paTHUHLIM yrjioMm b, BO
BTOpOM — O-(pyHKIHed ¢ nutu-yraom o (f~8(0—ea)). Onpenenuts
Be/JHUHHY HCXOJHOro yrjoBoro pasfpoca (3HaueHusi Op WIH o) MOXKHO C -
MOMOLLbIO TpaPUKOB, MPUBEAEHHbLIX Ha pHC. 12.

Ecau Gyskums pacnpeneseuusi rayccoBa, HYKHO M0Jb30BATHCA KPH-

(1] i |I 2 2 [1] L1
BoH oo=0. B 3rom cayyae O;=~/f +& —s310 CcymMmapHbiii yrioBOH
pasfpoc nvuka noc/e npoxomaeHus paccednpawulei doaberu. B yacTHoc-
TH, AJSl OCLHAJOTpaMM, NMpHBeJeHHbIX Ha puc. 11, B MOME@HT BpeMeHH
=13 Mkc n=0.85+40.05. Beanunna 6, (B rpaavcax) cocTapJser
r + 0.6 7 'l o
D;=9.4"". Ilpu U=0650 xB 0;=05.5° (B nmepecuere Ha TOUKy, rjie pac-

noJjioXeHa adojaHas ¢oasra). Orcioga HCXOAHBIA  yriaosoi pasbpoc Puc. 11. OcuuatorpaMmbl HanpsAKeHWsi Ba guofle U H TOKOB NMyuka Ha Bxoae fy, B
' ; : CHCTEMY KOMIPECCHH W Ha Bbixode I, H3 Hee,

Hu:y’ﬂf—ﬂf pases 7.67,, . B Gonee panHMe MOMEHTH BpeMEHH

(f<< | mMKc), Korpa pasHuna mexay [, u 1,

CJAYYAHHBIMH MOCPEUIHOCTAMHM H3MEpPeHHH, MOXKHO npaHATh N> 0.95 u,

COOTBETCTBEHHO, 0,<C7.5°. B 3tom ciyyae 1J8 HCXO/JAHOIO YIrJ0BOro pas- l

Opoca nyuka MOKHO [aTb TOJAbKO OueHKy cBepxy: anaa =650 kB 'ZJ

B;=>5.5° u 8p<<5°, m1a U =850 kB 8;=4.5° u 0,<<6°. 3
IHast ¢yHKUMK pacnpegenenusi [~0(0—a) caeayer noiab30BaThCs

KpHBLIMH o> (. [TuTu-yron a naxoaurcs nmo H3BeCTHbIM BeJHYHHAM M) H

B, (B TOM cayyae O,=0;), 3HaueHHs a AJA ITOrO cjaydasi NpeBbIIAIT

3HaueHud Oy (aad rayccoBoi cdyHxkuum) npumepno Ha 109). Ormerum B

TO € BpeMs, UTO TPYAHO TPEACTaBHTb MEeXaHH3M, [IPH KOTOpPOM BCe

MEKTPOHBl B HCXOIHOM IYYKE HMEHT OAHHAKOBLIK nuTY-yroa a. [loaro- 0.5

MY pasHulLia Mexay o H tlp ckopee XapakTepu3yeT TOYHOCTb Ompejede-

HHA CPEIHEKBAAPATHUYHOTO YIraa B HCXOAHOM My4yKe ITHM METOJO0M.

Beepxy— ¢ A000AHHTENbHOH 30-MHKPOHHOH Al doawroi, BHH3Y — Ge3 AOMOAHATENRHOR (POAbIH.
CTAHOBHTCH CpaBHHMa CO JonoasnTe bHan Goibra yeTaHamInBajlach nepel Marautuod npobko#, B oGnactH, rie B;="5 B,.

X

3ameTHM, 4TO 3ITOT ‘METOJ JaeT OUEHKY CpPelHero o CeueHHio Myuka o 1
yria0oBoro pasbpoca. CpaBHeHHe ¢ H3MEPeHHMAMH JaTYHKOM VIJIOBOTO -
pa::‘sﬁpnta MOKasbiBaeT, 4TO CpeaHHdA 110 CEeYCHHK BCJIHUHHA VIJIOBOrIO — o
DHBﬁpDCE MpakKTHYECKH HE OTJ/IH4Yae€TCH OT ero jHayeHHd Ha OCH [My4dKa. A 0 4 8 12 16 <0 BE,I'F‘!.H
B uenom, ﬁiiMEpEHHH JABYMA MeTOJaMHi XOpOoWo COnJacyrTceAd Mexy Puc. 12, 3aBucHMocTb KosddHuHEHTA DPOXOAIEHHA SAEKTPOHOB Yepei MAarHHTHYIO
cO0O0H. npoGKy OT BeAWuHHbl yraoBoro pas6poca.
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5. ObCYXJIAEHHE PE3YJIbTATOB

Kak cneiyer M3 fnpoBeIeHHBIX H3MEPEHHH, XapakTepHOe 3HauyeHue
yraosoro pasbpoca nyyka 3a aHoaHod (Gosbrod B Hayajde HMIY/bCa
cocraBasfger 0,=6-41.0°. Ecan npeanonoxuts, uto yriaoeoi .pasbpoc
nydyka HaOupaercsi, B OCHOBHOM, BOJIM3H KATOZa, TO €ro BeJHduHy O,
MOKHO BBIYHCJIHTb W3 COOTHOLICHHS

0= \(0; —67)-B./B.,

KoTopast cocrasasier 8,=50-41.4°. PaccmorpuM, B KakoH CTelleHH
MOJYUCHHBIE PE3VbTAThl COOTHOCATCSH C CYIUIECTBVIOULHMH I1PEICTABMEHH-
AMH O MEXaHH3Me CeHepalluu Nnyyka H rpoueccax B aHoje.

Ouennm, Kakol jp0/KeH ObITh YrJIOBOH pasfipoc B aHOAE, HCMOJB3VA
pesyabTathl padotsl  [12]. [Tlpuumna yrjosoro pasbpoca 3JeKTpo-
HOB — HEKO/NTHHEAPHOCTh 3JIEKTPUYECKOrO M MATHHUTHOTO MOJeH, rJaBHbIM
o6pasom, HEMmocpeJACTBEHHO BO3/¢ KaTOd.

Has cayyas katoaa ¢ 6eCKOHEYHOH 3MHCCHEH, KOria TOK OrpaHHueH
MPOCTPAHCTBEHHBIM 3apsA10M, BCJIHUYMHA YIJIOBOro pasbpoca onpepefsier-
CH M3 COOTHOLUEHHS

dnf. sin e

sin 9 = 2 0t (3)
i "n.-"'L’"—] B,

rie j,—IJOTHOCTh TOKA Ha Kartoae; w,=eB./mc, y— peJsiTHBUCTCKHUI
dakrop. [Ipy =1 MKc naoTHOCTBE TOKa, NMONAAaKUIEro B YIJIOBOH KO-
JEKTOp, cocTaBasiia o6biuno [p~200 A/cm®. axke ecau (GOPMaIbHO
NOJACTaBHTbL B MPHBEACHHYIO (DOPMYJIY Yrojd Memiay 3IeKTPHUECKHM H
MACHHTHLIM MOAAMH &, pasubld 90° (sine=1), To npu TUNHYHOM 3Hade-
HHH MATrHHTHOrO noJjs Ha karoge By=3.3 klc, y=2.6 (E=08 Ms3B)
BeJH4YHHa (); cocrasasier He Goaee |°. .
Ilna caydad karoaa ¢ orpaHHyeHHod IMHCCHERH

sin {];,,:E,dﬁ-—? (4)
_\Hl'l'i’-_]. Bp;

rae E,—HanpsiKeHHOCTb JMEKTPUUECKOro MnoJs Ha Katoje. AHaj0ruuHo,
npu sine=1 W cpenHeil no 3asopy BeauunHe E;~10° B/cM moayuum
G0y . "
YBeIHYeHHbIH yriaosod pasbpoc (64-1.5°) MoMKeT BO3HHKAThL, €CJH
JMOKaJbHbI€ 3HAUYEHHS jx HIH F CYUIECTBEHHO [PEBOCXOIAT HX CpelHHe
3HaueHHsA. Takoe MOKeT OCYLIeCTBJSATbCH €c/H, HanpHMep, 3IMHCCHS
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3J€KTPOHOB TIPOMCXOAHT H3 JaJeK0o OTCTOALIHX APYr OT Apyra AJTHH-
HBIX OCTPHI, HA KOTOPBIX BO3HWKAET CHJbHOE HCKaKeHHe H YCHJIEHHE
sMeKTpHUECKOro noasi (B sTom ciydae Takxke e~1). Ho ecam rtakas
CHTYalUMsl W peasu3yercss B Hauale HMMy/dbca, TO OOpasyioumascs
3aTeM y KaTojia I/1a3Ma J0JKHA BCKOpe 3TH OCTPUS 3a3KPaHHPOBATS.
Owernm, 4TO B 3IKCMEpUMeHTax He HabmogaeTcsl 3aBHCHMOCTH By OT
BeJHUMHBl MATHHTHOrO MO, KaK 3TO AOJKHO GbITh, COTMAacHO (popMmy-
aam (3), (4). Onnako camo no ce6e 310 OOCTOATEJNbCTBO HE MOXKET
ACKJAKUYATE KakKoH-1H60 H3  yKasaHHbIX MEeXdHHW3MOB, MNOCKOJbKY
JA0Ka/NbHbIE 3HAUEHHHA BeJHUMH jx uaW Ey camM MOryr 3asHceTb OT
penuunHbl By, Tlostomy npHuWHa NpeBbilIEHHWA H3MEPEHHOTO YI/A0BOTO
pasGpoca Haj pa3bpocoM, MpHoOGpeTaeMbiM B CaMOi TOHKOH (oabre,
NpUMEPHO B 3 pa3a, ABJASETCs cefluac HesCHOM.

MosHO JHUIL BBICKA3aTh HeKoTopble coobGpaxenusi. B pabore [7]
OTMEYAN0Ch, 4YTO XapakTepHas MHKPOCTPYKTypa nNydka, BO3MOXHO,
06Gyc/loB/A€HA HEYCTOHUMBOCTBIO SMMTHPYIOU(EH MOBEPXHOCTH TLIA3MBL.
I1ofl Ke NPHUHHOH MOKHO OOBLACHHTH BEJIWUHHY H3IMEPEHHOro yrioBOro
pa3bpoca myuka. JleHCTBHTENbHO, KakK BHIHO H3 3KCMEPHMEHTOB,
AOKAMbHAS IJIOTHOCTh TOKAa MOXeT B HECKOJbKO pas MpeBbiliaTh cped-
HIOI0 10 CeyeHHIO, NMPHUYEeM OCHMIIAUHH TOKa YCHJIHBAWOTCHA K KOHILY
uMnyabca. He HCKIlOu€HAa TakKe BO3MOXKHOCTb YBEJNHYEHHs YrJI0BOTO
p&dﬁpma B pesyabrare B34HUMO/I€HCTBHA JEKTPQHOB MyYyKa C BHYTPH/H-
onnoii maasmoi [13]. Ho H3-3a HeonpeaeseHHOCTH NapaMeTrpoB 3TOH
niasMbl  OLEHHTHL Takoe [pHpalleHue yraosoro pasbpoca BecbMa
3aTPYIHHUTENBHO,

Hakouel, OTMETHM, YTO KCIEPHMEHTHI 110 H3MEPEHUIO YIVIOBOTO pas-
Gpoca 3aMarHMYeHHBIX CHABHOTOWHBIX PIII MHKPOCEKVHIHOH 1/J1HTeNb-
HOCTH aBTOpaM HeH3BecTHbl. B HAHOCEKYHIHOM [HANasoHe [JHTelbHOC-
TH MYYKa BBITOJHEHO HECKOJbKO TakMX paGoT (CM., HampuMep, SKCTepH-
meutsl [4, 14—16]. B paGore [4] nns ngockoro AHOAa B MarHHTHOM
nose B,=40 k['c npu U,=0.8 MB (E.~1 MB/cm) u anojiHoH ¢odbre
Ti 6 Mkm (0;=7°) 3KcrepuMeHTa/bHble 3HAYEHHf Yr10BOrO pasbpoca
coctapasiior 0,=10-=12° 3rtoT pe3yJbTaT HE HCK/JIYaeT BO3MOKHOCTHb
TOro, 4TO YIJIOBOH pa3bpoc B HCXOJHOM MyuKe (B AMO[E) TaKiKe paBeH
0.~6° B pa6ore [l4] KoableBOH Hy4OK TeHEPHpOBaACA B AHOAE C
MATHHTHOH W30JsiiHeli npH Hanpsikenuoctu noas B,=90 kl'c u Hanps-
weuun na auoge Up,=3 MB. HamepenHsie 3HaueHus pasfpoca B AHONe
cocrapasitor 0,<<1.8°. B skcnepumentax [15] nyuok reHepupoBaJcs B
GecdosbroBOM  JAHOAE CO  CIJIOWIHBIM ~ KaToOAOM  IpH U.=2 MB,
1<< 250 ue, B,=6.6 k['c. ¥ruosoi pasbpoc Bo3pactal B cepenHHe
ummysbeca ot 0,=1.5° 10 6,=6°, uT0o aBTOPHI O6BACHAIH OOpasOBaHH-
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eM aHOAHOH nniasmbl. B pa6ore [16] s/eKTpOHbl YCKOPSAJIUCH B AHOJE C
NJOCKHM rpadHTOBBIM  KaToAoM TNpd 3asope d=I1.bcm H
E.=210 kB/ecm (U,~0.3 MB) u 3areMm 10YCKOPAJIHCb [0 HEPTHH,
coorBetcTByOILed U,=1.3 MB. MaruurHoe nosne orcyrcrBoBaso. Benu-
YHHA YrJaoBoro pasbpoca ANA 3/JEKTPOHOB, NPOLIEAIIHX [EePBYK CTYIEHb
ycKopenusi, cocrapisier 0,=0.5-1° u cornacyercs ¢ pacyeramu.

6. SAKJIHOYEHHE

Takum o6pasom, mnpuBegeHHBIE H3MEPEHHS YIJIOBOro pasfpoca
3JIEKTPOHOB [MOKA3LIBAIOT, YTO €ro XapakrepHasi BeJMuMHa 3a aHOLHOH
(posibrod M3 JascaHa ToawHHOH 1) MKM B OTCYTCTBHE CHCTeMbl CXKATHS
nyuka cocrasasier 64 1.5°. 3T1or yriogodl pa3bpoc mpakTHUeCKH coxpa-
HAETCH [PH TPAHCIIOPTHPOBKE My4yKa uepe3 CHCTeMY CHXKATHA NydykKa C
npoGoynbiM oTHOWeHneM M=20. YrsoBol pa36Gpoc B 061aCTH MAKCH-
MaJbHOrO CXKarHsi B 3TOM CJyyae COCTaBJsieT BeauuuHy 6, =27 +7°.
[lpu nu3KoM paBjaeHuu B kamepe cxkatusg (P=10"2=10""* Top) B
JHOjIe MOTYT BO3HHKATbh YC/JOBHA, NPH KOTOPbIX HAOJMI0/aeTCA 3aMeTHOe
CHHXKEHHe YIJIOBOr0 pasbpoca nyudka.

Astopel 6aarosapust J1.JI. PioToBY 3a mocTosiHHbIH HHTEpec K pabo-
T€ H MOJIe3Hble 00CYKAEHHH.

JHTEPATYPA

|. Boponaes C.I'., Kuazes B.A., Koddax B.C. u dp. TloayueHde MOUIHOTO MHKpOCe-
KyHaHoro P3I1 ¢ Bbicoko#l mnoTHocTelo ToKa, —[lucbma B JKT®, 1987, 1.13, BHIN.7,
c.431 —435.

2. Boponaes C.I'., Knsases B.A., Koddan B.C. u dp. Pabora MerasoJbTHOrO MHKpOCe-
KyHIHOrO AuoAa npH uixexkuun P21 B maruutayo npobky. —I[Ipenpuur UHP CO
AH CCCP 87-2. Hoocu6upck, 1987; Proc. of the 18th Intern. Coni. on Phenome-
na in lonized Gases, Swansea, U.K., 1987, v.1, p.202.

3. Apmcawnuxos A.B., Bypdaxos A.B., Koddan B.C. u dp. Yseauuenue sddekTHBHOC-
TH B3aHMOICHCTBHA CHJIBHOTOYHOrO PEAATHBHCTCKOTO 3JEKTPOHHOrO MYYKa ¢ nJjas-
mod, —I[lncema B XKIT®, 1978, 1.27, Ne 3, ¢.173— 176.

4. Apmannuros A.B., Koddan B.C., Jloecunoa C.B. Onpenenenne yraosoro paaGpoca
3aMArHHYEHHOTO PEIATHBHCTCKOTO 3JEKTPOHHOTO MYy4Ka [0 €ro NpPOXOXKAEHHIO yepes
mukpoorseperusd. — [lpenpunt MA@ CO AH CCCP 81-10. Hosocubupcex, 1981; TIT3,
1983, Ne 4, c.36.

9. Yuxywos B.B. Pa3sputue wmerona onpegeneHHs YrJoBoro pasfpoca 3aMarHHYEHHOTO
P31l no ero npoxoxieHuio B nHAMHApHYecKoM KaHane, —[lpenpuur MAI® CO AH
CCCP 87-84. Hosocutupck, 1987, 17 c.

24

-

8,

e

10.

I1.

12.

13.

14.

15.

16.

Boponaes C.I"., Koddan B.C., Jlefiedea C.B. u dp. MoWHbIA PENATHBHCTCKHH 3J1EKT-
POHHBIA NY40K MHKPOCEKYHIHOH AnMHTesbHOCTH A1s Harpesa mnasmel —JJAH CCCP,
1984, 1.276, Bain.1, c.111 —115.

Boponaes C.I"., Knazee B.A., Koddan B.C. u dp. MouHbie 3JeKTPOHHBIE TIYUKH MHK-
POCEKYHIHOW [HTENBHOCTH JJ5 Harpesa maasmbl B codedodiax. —B ku.: Jdoknagb 3
Beecoios. koHd. M0 HHMKeHepPHEIM NpobGieMaMm TepMOAACPHBIX peakropos, JlewuHrpag,
1984. — M., 1984, 7.1, ¢.298 —308.

SxcnepumenTaibiad agepran ¢usnka/Tloa pea. 3.Cerpe. —M.: WJI, 1955, 1.1, c.241.
Boponaes C.I'., Kuszes B.A., Kotidan B.C. u dp. Hccaenosanue TpancnopTHPOBKH
P3I1 uepes maruuthyio npobky. — I[Mpenpunr UAP CO AH CCCP 86-82. Hosoca-
Gupck, 1986.

Boponaes C.I'., Kusazes b.A., Japuonos A B. u dp. Onpenenenne npoduis o6paTHO-
ro MJA3MEHOTO TOKA B SKCNEPHMEHTAX [0 MATHHTHOH KOMIPeCCHH MHKDOCEKYHAHOro
P3I1. —[penpuur AP CO AH CCCP 87-87. HosocuGupek, 1987.

Xuavwenxo A J. UlupokonofocHel# pernetpatop (opMbl OLHOKPATHBIX HMIIYJ/BCHBIX
curuanoe. —IIT3, 1987, MNe 3, c.124.

Pioros J1.JI. O6 yraosbix xapakTepHCTHKaX 3MEKTPOHHOTO MyuKd, Nojydaemoro B Gec-
donsrosom auoge. — [penpunar UAd CO AH CCCP 83-146. HosocuGupek, 1983,
Arzhannikov A.V., Koidan V.8., Sinitsky S.L. Deceleration and Scattering ol Rela-
tivistic Electrons at a Collective REB-Plasma Interaction.—Proc. of the I[6th
Intern. Conf. on Phenomena in lonized Gases, Dusseldori, 1983, p.348 — 349.
Sheffield R.L., Monlgomery M.D., Parker 1.V. et al. Generation ol a Cold, Intense
Relativistic Electron Beam Using a Magnetised Foilless Diode.—J. Appl. Phys.,
1982, v.53, N 8, p.5408 —5413.

Sioan M.L., Davis H A. Design and Testing of Low Temperature Intense Electron
Beamn Diodes. — Phys. Fluids, 1982, v.25, N 12, p.2337 —2343.

Bekefi G., Harteman F., Kirkpatrick D.A. Temporal Evolution of Beam Emittance
From a Field-Emission Electron Gun.—J. Appl. Phys., 1987, v.62, N5,
p.1564 — 1567.

25




C.I". Boponaes, B.A. Kuazes, B.C. Koiidan,
C.B. Jlebedes, B.B. Huxkyrnos, M.A. llecaos

IKCMEPUMEHTBI N0 MCCJEA0B2HHIO
YrAOBbIX XapakrepucTuk mouwuoro P31
MHKPOCEKYHAHOH NJHTEJbHOCTH

Otsercreennnidt 3a Bunyck C.I.Tlonos

Pa6ora noctynuaa 12 ¢espans 1988 r. &
[Moanucano B nevats 7.04.1988 r. MH 08255
dopmar 6ymaru 6090 1/16 O6bem 2,5 ney.n., 2,0 yu.-u3p.a.
Tupax 250 sk3. BecnsiatHo. 3akas Ne 5

Habpano & asromarusuposannod cucteme Ha Gase goro-
natoprozo asremara PAIOO0 u IBM «3Iaexkrponuras u
orne4araro Ha poranpunre Hucruryra adepuod gusauku
CO AH CCCP,

Hogocubupek, 630090, np. axademura Jlaspenrsesa, 11.




