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BBE):fEHHE 

/I-2/ 
H3BeCTHLI pa6oTLI , B xoTopLix npe,nno)KeH MeTo.n 

nonyqeHHJI Bpa~aro~erocJI 3JieKTpouuoro nyqxa xon&u;eBoro 

ce'leHHJI nyYeM npHMeHeHHJI B o6nacTH .npeii«Pa Tpy6'1aToro 

3JieKTpouuoro nyqxa pe3KO cna,naro~ero, MeHJIIO~ero ua

npaBneHHe MarHHTHoro non11. K co)KaJieHHIO, BpeMeHHaJI 

,IJ;JIHHa nonyqaeMLIX TaKHM cnoco60M 3JieKTpOHHbiX cryCTKOB 

npH6JIH3HTeJibHO paBHa ,IJ;JIHTeJibHOCTH nHTaiO~ero HMnyJI&Ca, 

'ITO npHBO,IJ;HT K 60JibWHM npO,IJ;OJibHLIM pa3MepaM cryCTKa. 

Uen&ro uacToJI~eii pa6oTLI JIBJIJieTCJI nonyqeuue 3JieKT

pOHHLIX cryCTKOB ,IJ;JIHHOH f ~ 5 .CM ,IJ;JIJI HCCJie,IJ;OBaHHJI 

npou;eCCOB B3aHMO,IJ;eHCTBHJI O,IJ;HHO'IHOrO 3JieKTpOHHOrO cry

CTKa C YCKOpJIIO~HM 3a3opOM KOaKCHaJibHOrO pe30HaTopa 

Mo,nenu xonneKTHBHorp ycxopHTenJI· Ia!. ITocxon&xy crycToK 

,IJ;OJI)KeH 6LITb O,IJ;HJIO'IHLIM, OTna,naiOT MeTO,IJ;LI MO,IJ;yJIHpOBaHHJI 

ny'IKa no nJIOTHOCTH C nOMO~biO BLICOKO'IaCTOTHLIX CHCTeM. 

B Ka'leCTBe HCTO'IHHKa 3JieKTpOHHOrO ny'IKt;i 6LIJia BLI6pa

Ha 3JieKTpOHHaJI nyruKa MarHeTpOHHOrO THna, TaK KaK 3,IJ;eCb 

MO)KHO nony'IHTb 60JibWYIO nJIOTHOCTb 3JieKTpOHOB B ny'IKe. 

Kax noxa3an ITH3 /4/, ny'IKH 3Toro xnacca o6ecne'IHBaiOT 

TOK 3a,IJ;aHHOH CHJILI B 3a,IJ;aHHOM BHeWHeM none npHMHHH

MaJibHOH TOJIID;HHe, B03Mo>tmoii npH CTa6HJibHOH H O,IJ;HOpO,D;HOH 

KOHcPHrypau;HH, T.e. B.06JiaCTH KaTo,na nonyqaeTCJI MaKCH

MaJibHaJI nJIOTHOCTb a3HMYTaJibHOrO TOKa. 

OlllfCAHHE 3KCllEPHMEHTAJihHOH YCTAHOBKH 

CxeMa ycTaHOBKH npHBe,neua ua puc. 1. B nyqxe npu

MeHJIJIHCb D;HJIHH,IJ;pH'IeCKHe H KOHYCHLie KaTO,IJ;LI 4 H3 TaHTa-
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0 0 zo ~to 6o so roo '(tP). 

. Puc. 1. CxeMa 3KcriepuMeHJia/lbHOrl ycllaHoeKu. 1 - 30HO 
011.11 pezuc11pal#UU Bq-Ko/leoaHuii; 2 - aHod U3 maHJIIa/loeoii 
fPO/IbZU 1110/IUIUHOU "" 0,15 MM; 3 - 6UIIKU nepeMeHHOZO Maz
HUIIIHOZO nO/IJii 4 - Ka•oo; 5. - Kaii!YUlKU 0/IJI C030aHUJI pe3-
KOZO nepenaoa MaZHUJIHOZO nOIIJI; 6 - Ka111yUlKU eeOyUieZO 
MaZHU111HOZO nO/IJii 7 - npOC111paHC11160 Opeiitjja; 8 - 3/leKmpo
C11la111U'IeCKUU aHa/IU3a1!1op; 9 - U3Mepu111e/lb epeMeHHbiX UH-
Itlepea/106 H2- 7. · 

JIOBOH riJOJILrH TOJIIIUIHOH o = 0,1 MM. ~HaMeTpLI ,lfKaTO,I:lOB 

OLIJIH 25, 40, 44, 65 MM. ~lniHa KaTO,I:lOB h = 70 MM. 

AHanorH'IHLIX pa3Mepos 6wJIH H oxcH,I:lHLie xaTO.z:lLI. B xaqecT

se aHO,I:la 2 CJIY)KJIJI Me,l:lHLIH IlHJIHH,I:lp D = 100 MM npH 

paOOTe C noCTOJIHHLIM MarHHTHLIM noJieM B OOJiaCTH KaTO,I:la, 

HJIH ~HJIHH,I:lp H3 TaHTaJIOBOH riJOJILrH 0 = 0,1 MM npH nepe
MeHHOM MarHHTHOM none. 

Be.z:tyiQee MarHHTHoe none C03.z:taBaJiocL KaTymxaMH 6 
co cpe,l:lHHM pa.z:tHYCOM r = 16 . CM. CKa'IOK MarHHTHoro 

nonJI C03,1:laBaJICJI KaTymKaMH 5 C ; = 7 CM. flepeMeHHOe 

MarHHTHOe none C03,1:laBaJIOCL CnHpaJILHOH KaTymKOH 3 C 
r = 6 CM. 

EMKOCTL KaTO,I:l - aHO,I:l nymKH HMena. BeJIH'IHHY C = 
= 150 · n<l>, no3TOMY ,l:lJIJI nonyqeHHJI. HMnynLca :Swcoxoro 

HanpJI>KeHHJI ua + 25 KB c KPYTLIM dJpoHTOM uapacTaHHJI 

4 

'I 

I 

II 
.r 

:I 
{I 
j, 
il 

I 
( 

(J 

I r = 17 HCeK/ 6paJIH xa6eJILH}'lO JIHHHIO c HH3KHM son

HOBLIM conpoT:HBJieHHeM Z =10 OM.~JIHTenLHOCTLHMnynL
ca r = 200 HCeK. ~JIJI nonyqeuHB: HMnynLca r = 2,5 MKceK 

T = 0,4 MCeK HCnOnL30BaJiaCL HCKYCCTBeHHaJI JIHHHJI C 

Z "" 75 OM. Jionee .z:tJIHHHwe HMnynLcw nony'laJIH c noMOIQLIO 

MO,I:lYJIJITOpHLIX naMn rMH~90. 

~JIJI H3MeHeHHJI pacnpe.z:teJieHHJI MarHHTHOrO nOJIJI B,l:lOnL 

nymKH, KaTyDIKH nHTaJIHCL OT Tpex OT,I:leJILHLIX HCTO'IHHKOB, 

a KaTyUIKH, C03,1:laiOIQHe CKa'IOK MarHHTHOrO noJIJI, MO)KJIO 

6wno .z:tBHraTL no ocH Z • 3anycx scex HMnynLCHLIX cxeM 

OLIJI CHHXpOHH30BaH C HanpJI>KeHHeM CeTH, 'ITOOLI H30e>KaTL 

JIBJieHHH, CBJI3aHHLIX C H3MeHeHHeM dJa3LI TOKa HaKana Ka TO,I:la 

H T.,l:l. 

B xaqecTBe perHcTpHpyroiQero ycTpo:iiCTBa npHMeHJIJICJI 

3JieKTpOCTaTH'IeCKHH aHaJIH3aTOp 8, COCTOJIIQHH H3 .z:lBYX 

BOJILdJpaMOBLIX CeTOK H KOJIJieKTOpa. flepBaJI CeTKa CO 

CTOpOHLI nyqKa HaXO,I:lHJiaCL no.z:t noTeHJ:~HaJIOM 3eMJIH, Ha 

BTopyro no.z:tasancJI oTpH~aTeJILHLiii 3a.z:tep)KJIBaiOIIUI:ii noTeH

~Han. CHrHaJI· c xonnexTopa no.z:tasancJI . Ha H3MepHTeJIL 

BpeMeHHLIX HHTepBaJIOB H2 -7 npH pa6oTe C KOPOTKHMH 

cryCTKaMH 3JieKTpOHOB /t<20 HCeK/ HJIH Ha OC~HJIJIOrpadJ 
C1-15 npH pa6oTe c npoTJI>KeHHLIM ny'IKOM. 

BLICOKO'IaCTOTHLie KOJie6aHHJI perHCTpHpOBallHCL C no

MOIQLIO WTLipeBLIX 30H,I:lOB 1, CHrHaJI KOTOpLIX no.z:taBaJICJI Ha 

npHeMHHK II-5-1 HJIH qepe 3 mHpoxononocHLiii ycHmiTeJIL 

Y3 -11 Ha oc~HJIJiorpadJ C 1-31. II pH dJoTorpadJHpoBaHHH nyqxa 

npHMeHJIJICJI KOJIJieKTOp H3 Me,l:lHOH dJoJILrH, K KOTOpo:ii npH

KJia,l:lLIBaJiaCL dloTo6yMara H nonyqaJIH, TaKHM · o6pa30M, 

peHTreHoBcxoe H3o6pa>KeHHe nonepe'IHoro ce1leHHJI nyqxa. 

AHanorH'IHLIM o6pa3oM BHYTPL Tpy6LI .z:tpe:iidJa, B.z:tOJIL nyqxa 

BBO,I:lHJiaCL "maroBaJI" nnaCTHHa H3 MeTaJIJia ,l:lOCTaTO'IHOH 

TOJIIQHHLI C dJoTOOyMaro:ii no OOeHM CTOpOHaM ,l:lJIJI H3MepeHHJI 

BeJIH'IHHLI mara TpaeKTOpHH 3JieKTpOHOB. 

MBTO,lfHKA 3KCIIBPHMBHTA 

3KcnepHMeHT npOBO,I:lHJICJI Ha ycTaHOBKe, CXeMa KOTOpO:ii 

npHBe,l:leHa Ha puc. 1. 0TpH~aTeJILHLIH HMnyJILC BLICOKOrO 

HanpJI>KeHHJI ( U a) no.z:taBaJICJI Ha xaTO.z:l. H3BeCTHO /5/, 'ITO 
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.D;n.ll niOOOH BenH"'IHHLI U a = U c CYJiteCTByeT KpHTH"'IeC:KOe 
MarHHTHoe none B = Be, npu xoTopoM npoucxo,D;HT oTceqxa 
aHO,D;Horo TO:Ka. B pthynhTaTe npH B ~Be HnH ua ::; u c 
Boxpyr xaTo.D;a o6pa3yeTc.ll o6naxo npocTpaHCTBeHHoro 3a
P.II.D;a c pa,D;HycoM BHewae:H rpauuu;w rx /pa,D;Hyc Xenna/. 
BenH"'IHHLI ua ' B H r X CB.II3aHLI cne,D;yro~MH COOTHo-' 

.meHH.IIMH: 

ua 

2 2 
eB ra 

8m 

:H /1/ 
[ 1- ( ~) 2 ] 2 

ra 

2 2 
....2 2 ·2 r rk r a rk ] 

u = el:lrx (1-~) [ (1+2fn--ll) ( 1--2) +( 4fn-) --;2" 
a 8 m r i r x r x r x x /2/ 

r,D;e rk , r a - COOTBeTCTBeHHO pa,D;HYCLI :KaTO,D;a H aHO.D;a; 
e, m- COOTBeTCTBeHHO 3ap.II,D; H MaCCa 3neKTPOHa. 

ITpu 3TOM 3nexTpoH:w MoryT nu6o BpaiiJ;aThC.II BOKpyr 
xaTo,D;a /o.D;HonoTO"'IHLIH pe)I(HM/ I 5 I, na6o B03BpaiiJ;aTI.C.II 
ua KaTo.D; I ,D;ByxnoTO"'IHLIH pe::KHM/. Mo)Ke~ ocymecTBn.IIThC.II 
H Ta:K Ha3LIBaeMLIH 6H.D;pOMH"'Ie.CKHH pe)I(HM /6/, npH KOTO~OM 
ua onpe.D;eneuuwx pa.D;Hycax o6pa3yiOTC.II cnou npocTpau
cTueuuoro 3ap.11.D;a - BHpTyani.HLie xaTO.D;LI ( "r = 0 , "r = 0 ) una 
BHpTyanhHLie KBa3HKa TO,IJ;LI ( r = 0 ) • 

H3 /2/ BH.D;HO, "'ITO ecna Ua HnH B MeH.IITh BO BpeMeHH, 
TO H pa~uyc 3nexTpouuoro o6naxa 6y,D;eT MeH.IIThC.II. Co3-
D;aBa.ll ycnOBHjl ,D;n.ll BLIBO,D;a 3neKTPOHOB B npOCTpaHCTBO 
D;peiicba Toni.Ko c onpe.D;eneuuoro pa,D;uyca r 0 , MO)I(HO nony
"'IHTh xopoTKHH 3nexTpouuw:H crycToK. HanpuMep, npu .D;Byx
noTO"'IHOM pe)I(HMe pa6oTLI :8 o6nacTH xaTo.D;a ,BenH"'IHHY 

MarHHTaoro non.11 (B) MO)I(HO no,D;o6paTh · Taxo:H, "'ITO Bee 
3neKTpouw c 3Heprue:ii, MeHI.me:ii 3a,D;aHHoii ( W < W0 )~ 
B03BpaT.IITC.II Ha KaTO,IJ;. 3ne:KTPOHLI C W > W O nona,D;yT 
ua aao,D;. Ecna HMeeTc.ll cuna F z , .D;eiicTBYIOIIJ;a.ll ua 3neKTpo
HLI no OCH z, TO 3neKTpOHLI C 3Heprue:ii W "" W O . t COOT·· 
BeTCTBYIOIIJ;He HanpJI)KeHHIO Ua = U 0 , npOH.D;YT B npocTpaH· 
CTBO ,D;pe:iiclJa. . 

ITpH O_,IJ;HOnOTO"'IHOM pe)KHMe pa60TLI Ha KOHIJ;e KaTO,D;a 
ycTaHaBnHBaeTc:s: cneu;uanhHLI:ii ,D;HCK /3Kpau/ c pa,D;HycoM 

6 

) 

'I 

t 
( 

r :S r 0 , ua xoTopw:H · u nona.D;yT 3neicTpouw c · 3Heprue:H 
W < W 0 ,T .e. c pa,D;HycoM r ·· < · r 0 : ·Mo)I(HO HATH TaiOKe 

nYTeM co3.D;aHH.II oceBoii cunw F z , 3aBHC.IIIIJ;eii oT pa,D;Hyca 
F = F ' z),unu C03.D;aBaTI. o6nacTI. MHHHMyMa MarHHTHoro z . 
non.11 /eM. puc. 4/, >iTo6w 3neKTpouw c 3Heprue:H, 6on1.me 
3a,D;aauo:H, nonanu ua cTeHKH Tpy6w .D;pe:Hclm. 

IToni.3Y.IICh ypaBaeuueM /2/, ou;eHHM ,D;nHTeni.HOCTh 
crycTxa, KOTopyro MO)I(HO nony"'IHTI.. B uameM 3KcnepuMeu
Te C03,D;aBanHCh ycnOBH.II npOXO)K,IJ;eHH.II 3ne:KTPOHOB C 3 :$ 'iJ~ 

< 3,5 /eM/ /.D;ByXnOTO"'IHLIH pe)I(HM/. · . 
- • 12 

EcnH be= 200 rc, Ua ... t,TO npH Ua =10. ajceK 
pa,D;HYC 3neKTpOHHOro o6na:Ka H3MeHHTC.II C 3 ,D;O 3,5 CM 

3a. BpeM.II t "" 3.10-9 ceK. ITpu6nH3HTeni.HO 3TO H 6y,D;eT 
.D;nHTeni.HOCTh crycTKa. Ecna u a "" 10 KB, B z ... t ' 
TO Ta:KOH >Ke ,IJ;nHTenhHOCTH cryCTKa COOTBeTCTByeT f3 "' 
= 10 l:O TcjceK. B npou;ecce BLIBO,D;a 3ne:KTpOHOB. B npo
CTpaHCTBO ,D;pe:iiclm HX npO,D;OnhHYJO CK.OpOCTh· ( V.z ) nyTeM 
no.D;6opa reoMeTpHH none:H MO)I(HO nony"'IHTh "'.10 7 M/ceK. 
H3 npHBe,D;eHHLIX ou;eHOK BH,IJ;HO, "'ITo,o6ecnequB u ... 1ol3 B/ceK 
una B "' 4.1010 rcjceK, MO)I(HO nony"'IHTI. crycTo~ ,D;nH

Teni.HocT~>ro t $. 10-9 CeK, "'ITO COOTBeTCTByeT ,IJ;nHHe crycT
Ka f ~ 1 CM. 

finOTHOCTh 3ap.II,D;a _( p) B cryCTKe npH6nH3HTenhHO 6y.D;eT 
paBaa Epunny3HOBCKo:ii ·· 

2 4 
· Eo e.B ( 1 + ~) 

2m r4 
p 

::'I /3/ 
a 

. . 

.H3.-/1/ H -/3/ BH,IJ;HO, "'ITO npH KaTO,D;e ,IJ;OCTaTO"'IHO 6on1.· 
moro ,D;HaMeTpa MO)KHO nonyqaTh crycTKH c 6on1.mo:ii nnoT
HOCThiO 3ap:s:,D;a~ B uameM 3KCnepHMeHTe. r a = · 5 CM; 

rk = 2,2 CM .D;nJI 3neKTpOHOB C 3HeprHe:ii, COOTBeTCTByroiiJ;eH 
U a = 10 KB. H3 /1/ u·/3/ nony"'IHM: · 

B =200 rc, c 
-4 3 

p = 3,2.10 KyA/M • 

fipH. nony"'leHHH cryCTKa 'nYTeM O,li;HOBpeMeHHOrO H3MeHeHHJI 
BenH"'IHHLI U a. H B z MO)I(HO OCYJiteCTBHTh a3HMYTaJihHO'e 
ycxopeuue 3nexTpouuoro o6naxa B o6nacTH xaTo.Iia. 1ITo6w 
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IIOI(,a3aTL 3TO, pacc~OTpHM ')'PaBHe.U:H.H ,1:\BIDKe~H.JI 3neKTpOH~ 
B CKpemeHHLIX non.HX, 3aBHC.HmHe OT BpeMeHH: 

.. e 2 e e • /4/ r - r = -E +fir() B z • m 

!_ _d ( r2(n e E e. B 
=·-·- () --r ' /5/ r dt m m z 

rAe- Er , Ee - paAHanLHa.H H a3HMy:ranLHa.H KoMnoHeHTLI 
3nex:rpuqecxoro non.H. -

3aAaAHM 3aKoH H3MeHeHH.H. Marui:ruoro non.H ( Bz ) B 
cneAYIOmeM BRAe:. B { t) ,;,· B~· £( t) + B 

0 
. · 

,.. ""- .. 

Br £( tl :? 0 ; f{ t) ., t= 0 = 0 . 

Cqu:ra.H, q:ro-B c:ra:ruqecxoM· coc:ro.HHHH·yc:rauaBnuBae:r-
. c.H pe:>KHM Epunny!lua/5/ H· q:ro B z He 3aBHCHT o:r paAUyca, · 
HMeeM: 

dB ·z 
d"t • 

r 
E =--e . 2 

C yqeTOM TOrO, q:ro npH t = 0 , r = rb peweHHe ypaBHeHH.JI 
/5/ 6y,I\eT HMeTL BH,I\: . 

2 
B rk e 
~ ( 1--) --B f{t) 
m 2 ~ r2 · 2m · 1 

0 

/6/ e 

fiOACTaBHB /6/ B /4/ H HaiTO:>KHB ycnOBHe ,1:\BH:>KeHH.JI 3HeKT
poHa no oxpy:>Kuoc:ru 'r = ·o /pe:>KHM Epunny3Ha/ ,.n<myquM 
:rpe6yeMLiii 3aKoH 113MeHeHH.H' 3nei<:rpuqecxoro··non.H':· 

E ( t) 
z 

.· 
' ... ,· . 2 

··•· B reB
0

. 
2 '· 0 --- 4 reB 1 [ £( t) + "lrj] - 4m r 

m 

.4-
rk 

,. 

, .. ,, 

/1/ . 

H3 /7 I BHAHO, q:ro clJyHKUH.H B3MeHeHH.H 3nex-:rpuqe.cxoro 
non.H AOn:>KHa 6LIT~ .x~aApa,:roM clJyuxuuu .H3MeHeHH.H Maruu:r.,. 
Horo non.H. T5>r)J.a .~.~};o6micTH• KaTo,I\a :~9:>KHO cclJopMBPQBaTL 

8 

) 

) 

\ 

l 

YCKOpeHHOe B a3HMYTI,l~LHOM HanpaBneHHB 3neKTpOHHOe 
o6naKO. H 3aTeM, npHITO:>KHB HMnynLC CHnJ.I B· npO,I\OHLHOM' 
HanpaBneHHH, BLIBeCTH ero B. npOCTpaBCTBO ,1:\peii:clJa. 

llpoAOITLHa.H cuna . ( F z ) ua· 3nex:rpoHLI C03AaBanacL 
cneAYIOmHMH cnoco6aMu: 

1. 3a cqe:r oceBoii xo:MnoHeHTLI 3nex:rpuqecxoro non.H 
( Ez) -/aHOA H KaTOA KOHYCHLie/. 

2. 3a cqe:r pa,I\Ham.uoii KOMnoHeHTLI MarHHTHoro non.H 
( Bz) B o6nac:ru KaTO,I\a. · 

,lJ;n.H yMeHLWeHH.JI'UPOAOITLHLIX pa3MepOB cryCTKa B o6-
naCTH Apeiiclla npuMeH.HnH cneAyromue xouclJurypa~H Mar-
HHTHLIX noneii:: . 

1. AAHa6a:ruqecxu pac:rymee BAOITL ocu /xpuBa.H 6, 
puc. 4/. · . . 

2. Pe3KO pac'iymee B,I\OITL OCR . /KpHBa.H a, puc. 5/. 
3. Pe3KO nap;awmee co cMeHoii 3Haxa/xpuBa.H 6, puc. 5/. 

Pacqe:r :rpe6yeMoro nepenaAa npoH3BOABnc.H no AaHHLIM 
pa6o:rLI /7 I . . · · ·· 

PB3YJLbTAThl 3KCHBPHMBHTA 

Cuaqana li3MepeHH.H npoBOABnHCL npu cpaBHHTenLHO 
MeMeHHOM ·H3MeHeHHH Bo Bpe:Meuu·· 3nex:rpuqe~xoro unu 
MarHHTHoro non.H. 

Ha puc. 2a npBBeAeHa ocuunnorpaMMa H3MeHeHH.H BLI
coxoro uanpJI:>KeHH.H U ua xaTOAe /Bepxuuii: nyqj H BMnynLc a . . 
3ITeKTpOHHOrO TOKa Ha KOITneKTOpe /HH:>KHHH nyqf. 

Ha puc. 26 npHBeAeHa oc~nnorpaMMa H3MeHeHBB Mar
HHTHOrO· non.H B o6naCTH KaTO,I\a /BepXHHH nyqf B HMnynLC 
:roxa Ha xonnex:rope /HH:>KHHi nyqf. · 

H3 3THX ocuunnorpaMM BHAHO, q:ro MarHHTHoe. none 
MeH.HeTcJI ropa3AO MeAneuuee 3nex:rpuqecxoro, HO BMnynLcLI 

TOKa. Ha KOITneKTOpe HMeiOT noq:ru paBHYIO AnHTeiTLHOCTL, 
• T.e. pa,I\HYC 3ITeKTpOHHOrO o6naxa CHnLHee 3aBHCHT OT Mar
HHTHOrO nonJI, KaK H cne,I\yeT H3 COOTHOWeHBJI /2/. 

Ha puc. 3a noKa3aH BMnynLC TOKa 3ITeKTpOHOB Ba 
xonnex:rope. npu 6Lic:rpoM H3MeHeHHH 3nex:rpuqecxoro nonJI 
B o6nac:ru xa:roAa, 3a cqe:r xpy:roro clJpou:rauMnynLcaua
npJI:>KeHHJI I U a = 10 12 B/ceK/. 3uaJI AnHTenLHOCTL HM-
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Puc. 2a - OCfiUAAozpaMMa UMnyA&ca e&ICOKozo HanpJIJICeHUJI 
U _ =20 KB /eepXHUU IIY'I/ U 1110Ka KOA/IeK1!10pa 20 ajoe/1 
/HUJICHUU IIY'I/, CKOpOC111b pa3eep1!1KU 1 MKCeK/Oe/1. 6/ WH- . 
nyA&c UHOYKIIUOHHozo oam'luKa MaZHUiiiHozo no11.11 0,1 B 
40 Tc /eepXHUii IIY'I/ U UMny/lbC KOA/IeK1!10pa/HUJICHUiiAy'l/~ 

IIYJILCa TOKa ( t ) Ha KOJIJieKTOpe • ero BeJIH'IHHY /HJIH BeJIH

'IHHY 3aps~a cryCTKa/ H CKOpOCTL 3JieKTpOHOB, MO)KJIO orrpe

~eJIHTL -~JIHHy cryCTKa ( e) H .o.JIJIOTHOCTL 3JieKTpOHOB B HeM. 

KOHCTpyK~HS KOJIJieKTOpa~03BOJIHJia'rroJiy'IHTL-IIOCTOSH
HYIO pa3peweHHS H3MepHTeJILHOH ~errH T = 0,5.10-:9 ceK, 
'ITO HaKJia~hlBaeT orpaHH'IeHHe Ha MHHHMaJILHYID BeJIH'IHHy 

t , KOTOPYID MO)KJIO H3MepHTL. lf3 pUC. 3a BH~HO, ·'ITO 
t ,. 4.1o-9 ceK. 

Hy:>KHO TaK:>Ke yqecTL, 'ITO rrpu BJieTe crycTKa B rrpo

CTpaucTBo CeTKa - 'KOJIJieKTOp· aHaJIH3aTopa C03~aeTCH 

HaBe~eHHhlH TOK, II03TOMY 

e = vz ( t-3r) .:-d /8/ 
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r~e d - paCCTOSHHe Me)f()J;y CeTKOH H KOHneKTOpOM, paBHOe 
4 CM. 

3a~aBaSCL BeJIH'IHHOH npo~OJILHOH CKOpOCTH V z = < 

= 3,7.10 7 M/CeK, 'ITO COOTBeTCTByeT npo~OJILHOH 3HeprHH 

3JieKTpOHOB 4 . K3B,· H3 /4/. OIIpe~eJIHM, 'ITO I'_ "" 5 CM. 

a 

-. '-~·· -~' 
d T . 

I 

{/J ,,.6' 
! I I I I) I \1 \, I .. 

0 2 ~ G 8 

Puc. 3a - oct~UAAozpaMMa moKa KOAAeKmopa npu c.AeoyrofiiUX 
napaMempax UMnyA&Ca 6biCOKOZO HanpJIJIC€HUJI: aMn/IU111YOa: 
u = 17 KB, OAUHa nepeoHezo fjpoHma I·= 17 HceK; 6 - 3a
er!cuMocm& 1110Ka KO/I/I€K1110pa /0111H. eo./ 0111 e_e/IU'IUHbl 3a
oepJICU6a101JI€ZO n0111€HijUa/la Ha cemKe . anaA'iJ3a1!10pa npu 
pa3/IU'IHbiX u a u 1110Ke. HaKa/la In. ; 1 ·- 'u a "" 4 KB; Ia= -
= 650 A; 2 - Ua = 6,6 KB, In= oOO A; 3 - u a= 6,5 KJJ, 
In= 710A; 4- ua= 6,5 KB, In= 730A. ' 

Ben:Hquua. 3apH~a Q cryCTKa onpe~eJIHJiaCL no Harrps)l(eHHID, 

C03~aBaeMOMY 3aps~OM Ha H3BeCTHOH eMKOCTli. lf3MepeHHas . 

BenH'IHHa Q 0. 0,4.10 -S KA, '11:0 COOTBeTCTByeT N ::s . 10 •. . . . . . 
= 2,5.10 , N - 'IHCJIO 3JieKTPOHOB B crycTKe. 

Orrpe~eJIHB iJenHtlHHY 'o6"LeMa cryCTKa, HaB:~eM IIJIOT

HOCTL 3aps~a p • ilpH BhlWeyKa3aHHhlX napaMeTpax p = ' . ~ 3 . ' . .· 
= 0,8.10- KA/M , iiTo xopowo · cornacyeTcs c. /3/ . .D;ns 
IIOJiy'leH.HS cryCTKOB ~JIHHOH e ~ 5 CMIIpHVz> 3,7:1o?.M/CeK, 

I( 
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npHMeH.HUH ,AOUOJIHHTem,uoe COKpa~eHHe npO,AOUbHLIX pa3-
MepOB cryCTKa B npoCTpaHCTBe ,Ape:iii}Ja 3a C'leT MarHHTHOrO 
C)KaTH.H. 

Ha puc. 4 H 5 npHBeneuw l}loTorpai}IHB: nonepe11uoro ce-
'leHH.H nyqKa H COOTBeTCTB}'IO~e KpHBLie MarHHTHOrO UOU.H 
Bz ( z ) , OTKy.zia MO)KHO C,AenaTb BLIBO,A 0 TOM, 'ITO npH 

"nnaBHOM" HapacTaHHH MarHHTHOrO UOU.H UPOHCXO,AHT ,ABy· 
Mepuoe C)KaTHe crycTKa /nor H z I, a npH pe3KOM 
pocTe H npH pe 3KOM nepena~e c nepeMeuuoii 3HaKa ( liz) , 
/CM. pUC. 5 KpHBLie a H 6 COOTBeTCTBeHHO/ npOHCXO,AHT 
onuoMepuoe C)KaTHe pa3Me.pa crycTKa /nponon~>uoe/, T.e. 
uaH6onee 3l}ll}leKTHBHoe coKpa~eHHe npononbuoro pa3Mepa 
nyqKa /3a c11eT nepexona nponon~>Hoii cKopocTH B a3HMy
Tan~>HyiD/ ,AOCTHraeTC.H npH "cKa'lKe" MarHHTHOrO UOU.H. 

YMeHbmeuHe nponon~>uoii cKopocTH 3neKTPOHOB onpe
nen.a:nocb no BeJIH'IHHe 3anep)KKH HMnyn~>ca TOKa ua Kon
neKTope. H3MeHeHHe B z ,' cooTBeTCTBYJO~ee nepexony oT 
KpHBO:ii a puc. 4, K KpHBO:ii a puc. 5 ,AaeT BeJIH'IHHY 3·a
nep)KKH, paBHYIO · 5 HCeK. Haqanbua.a: nponon~>ua.a: 3HeprH.a: 
paBua 10 KB. H3' 3THX nauuwx B rpy6oM npH6nH)KeHHH 

. /npeue6pera.H KyUOHOBCKHM B3aHMO,AeHCTBHeM/ MO)KHO OUe-. 
HHTb, 'ITO npononbulaiii pa3Mep crycTKa yMeHI.manc.a: B 
3 pa3a. HaH6onee 3l}ll}leKTHBuoe npeo6pa3oBaHHe nponom.uoii 
cKopo.cTH B nonepe'IHYJO npoHCXO.AHT npH "cKa'IKe" B z co 
cMeHoii 3HaKa I eM. puc. 5 KpHBa.a: 6/. 

3To UOJlTBep)K.AaeTc.a: TeM, 'ITO nocne npoxo)K.AeHH.H 
TaKoro "cKa'IKa'' 3UeKTpOHLI OTpa)KaUHCb OT MarHHTHOH 

npo6KH c 3epKanbHLIM oTuomeHHeM, paBHLIM 2. OnuaKo 
3l}ll}leKTHBHOCTb npoXO)K,AeHH.H 3UeKTPOHOB npH 3TOM COCTaB
n.a:eT BCero 50~, B TO BpeM.H KaK B OCTaHbHLIX CUy'laJIX 
cryCTOK ·npOXO,AHU UO'ITH 6e3 UOTepb. . 

H3MepeHH.H HHTeHCHBHOCTH peuTreuoBcKoro H3ny'leHH.H 
CUHHTHHn.HUHOHHLIM C'leT'IHKOM B 3KCUepHMeHTe no nony'le
HHIO cryCTKa C npe,ABapHTenbHLIM a3HMYTaHbHLIM YCKOpe
HHeM UOKa3aim, 'ITO 3l}ll}leKT ycxopeHH.H HaMHOrO MeHbWe 
O)KH,AaeMOrO. 3TO MO)KHO 06'.L.HCHHTb CUe,A}'IO~MH npH<iH-
HaMH: . 

1. HenocTaTo'luoe BpeM.a: c~eCTBOBaHH.H .3nexTpouoB 
B o6nacTH ycKopeHH.H H3·3a HaJIH'IH.H aKcHanbuoro npeiil}la 
3UeKTpOHOB. 
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Puc. 4. tPomO nonepet~HOZO cet~eHUJI nyt~Ka u coomeemcmeyro
UIUe KpU6ble MaZHUliiHcti_o nqAJI ( Bz) • 11a =21 KB. mmpuxoeoil 
AUHueil noKa3aHo Mecmo' ycmaHo·aKu Kaccembl. 

" 2. HeycToii'IHBOCTb 6pHnny3uoBcKoro cocTO.HHHH B ·ua-
·tianLHOM /cTaTHtieCKOM/ pe)KHMe. . '. . 

3. HenocTaTO'IHO TO'IHoe cooTBeTCTBHe'Me~y HMeiD
IUHMCJi: H Tpe6yeMWM H3MeHeHHe!.{"Ji~nH'I.HHbl EtJ t) ; 

CnenyeT 3aMeTHTL, 'ITo npe.Jino)KeHHLiii aaMu MexaHH3M 
o6pa3o:BaaHs crybiKa 3neKTpoHoB ae-y'IHTLIBaeT p~.z:(a l}laK

. TOpOB, Ha KOTOphle"· yKa3biB8.10T 3l}ll}leKTLI, Ha6UIO,AaBWHeC.H 
B 3K·cm!pHM:eiirax: ' · 

• ' ~ . ., • .,_ :<" ~ i: -.. ~· .· ~ . . . ;• 
1. Ha puc. 36 npHBeneaw KpHBwe 3aBHCHMOCTH TOKa 

__ KonneKT9pa -oT noTe_HUHana. 3anep)KKH np:§ pa3UH'IHWX BenH
'IHHax TOKa HaKana KaTona H BwcoKoro Jianp.a:)KeHHH· aa.Ka
Tone,, OTKY,Aa BH,AHp, 'IT.() npH 60UbmHX TOKaX 3MHCCHH KaTO· 
,Aa npo,AOUbHaJI 3HeprHH 3UeKTPOHOB MO)KeT npeBWWaTb BeJIH· 
'IHHY, COOTB~TCTBYIQIUYIO npHUO)KeHHOMY HanpJI)KeHHIO. 

K, co)KaneHHIO,. nony'leHHLie KpHBWe 3anep)KKH He naroT 
.KOU~'IeCTBeHHOH HHI}JOpMaUHH O,pa36poce CKOpOCTeii 3UeKT· 
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Puc. 5. «Po111o nonepe'IHOZO ce'leHUJI ny'IKa u coo1/lee111c111BYIO
IIIU~. KpUBb!e MaZHUIIIHOZO noAJI ( Bz) • U 8 = 21 KB. Dllllpuxo
eou AUHueu noKa3aHo Mec111o ycJraHOBKU Kaccelllbl. 

pOHOB B cryCTKe H3•3a HaJIH'IH.II MarHHTHOrO non.11, nonepeq

HO:ii. cocTaBn.IIIO~e:ii CKopocTH:meKTpoHoB, 3«WleKTa BTOpH'IHo:ii 

. 3MHCCHH H T .,ll. . 

2. ITpH B>B c npo,llonLHLl:ii TOK ua6JIIO.llaJIC.II. npH IOIJIHH.ll· 

PH'leCKOM aHO,lle H KaTO,lle C 3KpaHaMH Ha TOp~ax KaTO,lla, 

T .e. npo,llOnLHLlH ){pe:iicP. 3neKTpOHOB C~eCTByeT ,ll8.lKe 6e3 

C03,llaHH.II cne~aJILHO:ii oceso:ii CHnLl F z • AHanorH'IHLl:ii 

3«WleKT B HenpepwBHOM pe)I(HMe pa6oTw ua6JIIO.llaJI XHpm /9 I 
H o6~.11CHHn ero B03HHKHOBeHHeM BOJIH npocTpaHCTBeHHOrO 

3ap.ll,lla. 

3. BwcoKo'laCTOTHLle H3MepeHH.II noKa3aJIH HaJIH'IHe 

cneKTpa my:MOB C MaKCHMYMaMH Ha 'laCTOTaX f = 43; 55; 

84,3; 126 MT11 • H3MepeHH.II npoBO,llHJIHCL B ,llHana3oHe 

OT 28 ,llO 150 MT11 • . 
HHTeHCHBHOCTL myMOB 3aBHCHT oT HaKJioua MarHHTHoro 

nOJI.II B o6naCTH KaTO,lla H BeJIH'IHHLl TOKa ero 3MHCCHH H 

CB.II3aHa C 3cWleKTaMH o6paTHOH 6oM6ap,llHpOBKH KaTO,lla H 

.pnyKTya~H.IIMH 3neKTpOHHOrO TOKa. 

14 

HanH'IHe "cKa'IKa" MarHHTHoro non.11 TaiOKe npHBO.llHJIO 

K ao3pacTaHHIO aMnJIHTY.llLl myMOB. ITpB: 3TOM ua6JIIO,llanc.ll 

3cPcPeKT HarpeBa KaTO,lla 3neKTpOHaMH, 0Tpa3HBWHMHC.II OT 

MarHHTHoro 3epKana, 'ITO e~e pa3 no,llTBep)K,AaeT HaJIH'IHe 

3JieKTpOHOB, 3HeprH.II KOTOPLlX npeBwmaeT 3HeprHIO, CO~T

BeTCTBYIO~YIO MaKCHManLHOMy npHnO)KeHHOMY Hanp.II)KeHHIO. 

4. Ha .PoTo I puc. 4/ BH.llHLl cnoH npocTpaHCTBeHHoro 

3ap.ll,lla, TeOpH.II o6pa30BaHH.II KOTOpLlX H3naranaCL MHOrHMH 

aaTopaMH I 4, 6/, HO o6Hapy)I(HTL HX B aHanorH'IHwx ycTpo:ii

CTBaX He y,l{aBanOCL, O'leBH,llHO, H3•3a TOrO, 'ITO He BLI· 

nOJIH.IInOCL ycnOBHe 

1T « tk • /9/ 
CUe 

e . 
r,lle w c = m B - ~KnOTPOHHa.ll qacTOTa, tk - ape:Ma 

HaXO)K,AeHHH 3neKTpOHa B o6naCTH KaTO,lla. 06Ll'IHO ,llJIHHa 

KaTO,lla ( h) TaKHX nymeK Mana, a BenH'IHHa npO,llOnLHOH 

COCTaBnHIOJ.QeH 3neKTpH'leCKOrO nona :BenHKa, n03TOMY Be

nH'IHHa tk Mana H ycnOBHe /3/ He BLlnOJIH.IIeTC.II. Y HaC )ICe 

h ,llOCTaTO'IHO aenHKa, a E z Mana. ,n;a,Ke npH KOHe'IHOH 

CKOPOCTH B o6naCTH KaTO,lla Vz = 2~i0 7 M/Ce.K nony'IHM 

\ = 3.10-9 ceK, B To speM.II Ka~ 7r I w c = 6.10-10 ceK. 
ITpH KOHYCHl'M aHO,lle co cpe,llHHM ,llHaMeTpOM 15 CM 

H O,llHopO,llHOM MarHHTHOM none Bz = 2 B c Ha6nro,llanocL TpH 

cno.11 npocTpaHCTBeHH'oro 3ap.ll,lla. YaenH'leHHe ToKa 3MHC

CHH /OKCH,llHLlH KaTO.ll/ HnH HanH'IHe o6paTHOH 6oM6ap,llH· 

pOBKH KaTO,lla npHBO,llHT K "pa3MLlTHIO" cnoea.· .. 
:·J! 

5. ITpH ,llOCTaTO'IHO 6wcTpoM H3MeHeHHH u a HMnynLc 

TOKa crycTKa HMeeT aenH'IHHY ,lla)Ke 6onLWyiO, 'I eM B yeT a

HOBHBWeMC.II pe)I(HMe ( u
8 

= Const, B = Const) • AuanorH'IHLlH 

3cPcPeKT Ha6nro,llanca H B 3KcnepHMeHTax no nony'leHHIO crycT

Ka C npe,llBapHTeiiLHLlM a3HMyTanLHLlM YCKopeHHeM 3JieKT-

pOHHOrO o6naKa B o6nacTH KaTo,lla. B nepaoM cnyqae 3To, 

O'leBH,llHO, CB.II3aHO C TeM, 'ITO TOK 3MHCCHH Be,lleT· ce6.11 

BO BpeMeHH KaK eMKO<?THLlH TOK /8/, a BO BTOpOM - B03-

MO>KH0
1 

YJIY'IWaiQTC.II. ycno~HH BLlBO,lla 3neKTpOHOB B npocT

paHCTBe ,llpe:iicl>a, Iio MexaHH3M 3cPcPeKTa ue .11ceH. 
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3AKJIJOqEHHE 

.H3llO>KeHHLie pe3yllLTaTLI 3KCnepHMeHTa yKa3LIBalOT Ha 
TO; 'ITO npe,nno>KeHHLIH HaMH MeXaHH3M o6pa30BaHHJl cryCTKa, 
B ocHOBHOM JlBnJleTCJl BepHLIM, 'Ho TaKHe 34KiieKTLI, xax: 
HallH'IHe BLICOKO'IaCTOTHLIX myMOB, aHOMallLHaJl BenH'IHHa 
TOKa crycTKa npH B = B ( t) HnH u a= u ( t) , HanH'IHe BLICOKO-
3HepreTH'IeCKHX 3lleKTpOHOB H T .,n. CBH.[(eTellLCTBYJOT 0 TOM, 
'ITO MexaHH3M o6pa3oBaHHx crycTKa xBnxeTcx 6onee cno>K
HLIM. 0TCJO,na cne,nyeT BLIBO,[(: C llOMOIJ.lLlO npe,nno>KeHHOH 
MeTO.[(HKH MO>KHO nony'IHTL 3lleKTpOHHLIH cryCTOK .[(nHTenL
HOCTLlO t S 10-9 ceK npH npo,nOllLHOH CKOpOCTH B o6naCTH 
KaTO,na V z - [:_ 2:10 7 M/CeK, T.e. ,[(llHHa cryCTKa f < 2 CM. 
B o6nacTH ,npeiiclJa c noMOIJ.lLlO cxaqxa MarHHTHoro nonx 
MO>KHO COKpaTHTL npo,nonLHLIH pa3Mep cryCTKa B 2-3 pa3a, 
ecnH 3TOMY He npenXTCTBYlOT KYllOHOBCKHe CHilLI. IlpH 

-pa6oTe C 6onLWHM aHO,[(HLIM HanpX>KeHHeM H COOTBeTCTBeH
Jilo 6onLWHM MarHHTHLIM noneM MO>KHO llOllY'IHTL ,[(OCTaTO'IHO 
:)moTHLIH crycTo:K.,/HanpHMep, npH u

6
+ 300 KB,B+1000Fc 

·nony'IHM, cornacHo l3l,p = 7,5.10-3 KA/M 3 ,T.e. N=1013. 
Cne,nyeT yqecTL, 'ITO B npocTeiimeM paccMoTpeHHH npH pa-
6oTe B pe>KHMe B = Cons\ u 6 = u ( t) B npocTpaHCTBe ,npeiiclJa 
B03MO>KeH 34KIJeKT ,[(OllOllHHTellbHOH rpynnHpOBKH 3ileKTpOHOB 
I aHanorH'IHO KnHcTpoHy I. Ilo3TOMY npH Hccne,noBaHHH B3aH
Mo,neiicTBHJl crycTKa c pe3oHaTopoM 3a3op nocne,nHero 
nyqii:ie pacnonaraTL B MecTe clJoxyca rpynnHpOBKH. 

ABTOPLI BLipa>KaroT 6naro,napHOCTL coTpy,nHHKaM OHMY, 
npHHHMaBmHM aKTHBHOe yqacTHe B KOHCTpyHpoBaHHH, Hi
roToBneHHH H c6opxe y3noB ycTaHOBKH: ll.B.CBeToBy, 
A.A.Ky3He~oBy, H.H. Cy,naKOBY' 10 .H. ranKHHY' E .li. THTOBY. 
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