
gg .-j;; 

5 9SJ 

0 fi b e A M H e H H bl M 
MHCTMTYT 
RABPHbiX 

MCC18AOB8HMM 

AYfiHa 

}>9-89-36 

IO.A.6btKoBcKuii•, B.n.ryceB•, IO.Il.KoJbtpeB•, 
H.B.KonccoB, B.6.Kyr11cp, A.C.nucmK, B.Jl.llcKJICIIKoB• 

JlPEAcl) J1A3EP110A nnA3Mbl 

B 11011EPE4HOM MAfHHTHOM nonE 

HanpaeneHO B m3T$ 

* MoCKOBCK~~ ~H~eHepHo-$~3~4eCK~~ ~HCT~TYT 

1989 



Pa6oTa Ill , BblnO!lHeHHaR 6ocn1KOM, nono>K~t~Ila Ha4ano 3Kcnep~t~
MeHTa!lbHbiM IIICCileAOBaHI-1RM B3aiiiMOAei:1CTBIIIA nnaaMeHHbiX cryCTKOB 
C nonepe4Hb!MIII MarH!1THbiMI-1 nOilAMI-1. 8 HaCTOAtQee speMA TaKIIIe lo<1C
C!leAOBaHIIIR npeACTaBilA~T !11HTepec npltl peweHitlltl npo6IleMbl TepMo

AAepHoro CliiHTeaa, np~-1 I-1Cnonb30BaHHIII nnaaMbl AilA aanonHeHHR 
MarHI-1THbiX nosyweK H C03A8HHA HCT04HIIIKOB HOHOB/2-4/ 

8 Te4eH~t~e HeKoToporo HHTepsana speMeH~t~ nocne o6paaosaHHR 
nila3Mbl B MarHHTHOM none OHa paaneTaeTCA TaK >Ke CB060AHO, KaK 
Ill B ero OTCyTCTBHe, AO TeX nop, noKa ra3QKIIIHeTH4eCKOe A8BJteHHe 
nnaaMbl Pnn 60ilbWe MarHt-~THoro AaaneHIIIA p B co CTOpOHbl SHew
Hero MarHIIITHoro nonR /oTHoweHHe 13 = Pnn /P 1 >> 1/. 8e!lH4HHa 
13 np111 paaneTe nnaaMbl yMeHbWaercA ~t~a-aa 6biCTporo yMeHbweHIIIA 
nnoTHOCTIII H TeMnepaTypbl n!la3Mbl npv. 8AVIa6aH14eCKOM paCWHpeHIIIH. 
np~t~ 13 - 1 nnaaMeHHaA rpaHIII~a ocTaHasn~t~saercA, ecnH paaneTa~
~aRCA nnaaMa HMeer c$epH4eCKH-CYIMMeTpY14HY~ $OPMY 12 • 5• 81 • EcnH 
>t<e nnaaMa paaneTaeTCA npeH.MYtQeCTBeHHO B OAHOM HanpaB!leHHH Ill 
06JtaAaeT AOCTaT04HOi:1 KHHeTH4eCKO~ 3HeprHe~, TO OHa MO~eT npo
XOAVITb B 06JtaCTb C {3 << 1 8 peayflbTaTe nOilAPIIl38~1-11-1 nonepe4HbiM 
Ma rH!11THbiM no IteM/?/ • ,Qpe~$ nna3Mbl npoi-1CXOAI-1T B CKpetQeHHt:.IX 
BHewHeM nonepe4HOM MarHHTHOM none B H caMocor nacosaHHOM 

3ne~Tp~4eCK07 nonRfH38!41-10HHOM none E co CKopocTbiO V JlD = 
= Ex Bl B 2 1 • 8 ' 9 • AnR nna3Mbl, o6paaosaHHoH !113Ily4eH!r1eM naae
pa, naAaiO~HM Ha nnOCKYIO TOilCTYIO MIIIWeHb, paaMep KOTOPOH npesoc
XOAHT paaMep nRTHa c$0Kyc~t~posaHHoro Ha MI-1WeHI-1 naaepHoro I-13!1Y-
4eHHR, xagaKTepHa HMeHHO TaKaR npOCTpaHCTBeHHaR 8H11130TPOnlr1R 
paaneTa 
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.llnfl naaepHo~ nnaaMbl xapaKrepHbl npo~eccbl repMaJ1H38!41-1H, npo
TeKaiOtQ~t~e HenocpeACTBeHHo nocne o6paaosaHHfl nnaaMbl 1-1 npHBOAfi~He 

K TOMY, 4TO 60!lbWaA 4aCTb ee 3Heprl-1111 cocpeAOT04eHa 8 KIIIHeTI-1-
4eCKO~ 3Hepr~H ~OHOB. no3TOMY f3 = (nimi<Vi>2 )/(B 2/2!' 0 ), 

rAe n 1 - n!lOTHOCTb I-10HOB B nJta3Me, m1 - Macca HOHOB, < V1 >-
cpeAHfiR CKOPOCTb lr10HOB B nnaaMe, ~o - MarHI-1THaR npoHH~a
eMOCTb. XapaKrepiiiCTHKH naaepHoH nnaaMbl, IIICnbiTbiBaKJtlleH APe~$ s 
nonepe4HOM MarHIIITHOM none a o6nacr1r1 c f3 <<1, cy~ecrseHHo or
Illll4aiOTCfl or peayJtbTaros, noJty4eHHbiX np111 paanere 6ea MarHHTHoro 
nonA. nnaaMa paaneTaercA s B~t~Ae crycrKa, CKopocTb KoToporo 
MeHbWe, 4eM B OTCYTCTBHe MarHIIITHOrO nOnA /4,13/ • 8 pa6o
Tax114-l8/ nony4eHo, 4TO 8 nonepe4HOM MarHIIITHOM none paaneTa

IO~aACA naaepHaA nnaaMa TOPM03111TCR, npH4eM HaH60!lbwee 3aMeAne-
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HHe no cpaaHeHHIO co cao60AHbiM ee paaneToM Ha61110AaeTc.R AJl.R Bbt

coK03HepreTH4Hoa:1 4aCTH nila3Mbl, COAep>Kaw,ea:1 MHOrosap.AAHble VIOHbl. 

nasepHa.R nnaaMa np~tt ABH>KeHHH nonepeK MarHHTHoro non.A npo

XOAHT o6JlaCTH C pa3IlH4HbiMH 3Ha4eHH.RMH napaMeTpa ~' Ail.R KOTo

PbiX xapaKTep ee aaaHMoAea:1cTBH.A c MarHHTHbiM noneM pasn~tt4eH. no 

3TOa:1 npH4HHe Ail.R BbiRBJleHHR BilH.RHH.R MarHHTHOrO nOJl.R Ha OCHos

Hbte xapaKTepHCTHKH nila3Mbl /npoCTpaHCTBeHHble VI 3HepreTH4eCKHe 

pacnpeAeJleHHR, 3aP.AAOBbla:1 cneKTp/ Heo6XOAHMO HCCJleAOBaTb pas

neT naaepHoa:1 nna3Mbl a Tpex BblweyKa3aHHbiX xapaKTepHbtx o6nacTRX 

c cooTseTCTBYIOW.HMH sHa4eH~tt.RMH napaMeTpa {3 • HMeiOw,~ttec.A >Ke a 

JlHTepaType CBeAeHH.R B OCHOBHOM AaiOT B03MO>KHOCTb JlHWb CpaBHHTb 

xapaKTep~t~CTHKH nasepHoa:1 nna3Mbl a nonepe4HOM MarHHTHOM none a 

o6nacTH c f3 << 1, c xapaKTepHCTHKaMH nna3Mbl, nony4eHHbiMVI np~tt 

CB060AHOM pasneTe. 

nasepHa.R nila3Ma, HCnOI1b3yeMaR KaK HCT04HHK HOHOB Al1R ~H

KJlOTpoHa 14•l?/ , pasneTaeTCR AO 3MHCCHOHHOa:1 UJ,eJH-1 VICT04HHKa 80 

ecex BbtweyKasaHHbiX o6nacT.Ax 8. PasneT a o6naCTH c f3 >> 1 , 
nepexoA 4epes o6nacTb c f3 ~ 1 H ¢opM~ttposaH~tte APe~¢osoro ABH

>KeHHR npH 3TOM cyw,ecTBeHHO o6yCJlOBilHBaiOT xapaKTepHCTHKH nnas

Mbl, yTHilH3HpyeMO~ 8 HCT04HHKe, 

UenbiO HaCTORW.ea:1 pa60Tbl RBJl.ReTC.R IIICCileAoBaHHe ycnoe111a:1 ¢op

MHPOBaHH.R npOCTpaHCTBeHHO~ CTPYKTYPbl HOHHOrO KOMnOHeHTa nnas

Mbl, 3HepreT144eCKHX H 3aP.RAOBbiX pacnpeAeileHVt~ VIOHOB nasepHo~ 

nila3Mbl nplll nepexoAe OT CB060AHOro pasneTa K APea:1¢JOBOMY ABH>Ke

HIIIIO. 

1. 3KCnEPHMEHTAnbHAH YCTAHOBKA 

B 3KCnepHMeHTe AllR o6pasoBaHHR nna3Mbl HCnOJlb30BailC.R co2-
nasep c nonepe4Hb1M pasPRAOM. Hsny4eHHe nasepa c 3HeprV1e~ a 

V1Mnynbce 6 A>~<, 111Meswee ABYXnHKOBYIO ¢opMy c AilHTenbHOCTRMI-1 nH-

KOB - 60 HC ~ - 500 HC /CM. p~c.l/, <!JoKYC~pOBailOCb nilOCKQ-
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BblnYKI10i1 IlHH30i1 H3 XJlOPVICTOro 

HaTpH.R C ¢OKYCHbiM paCCTORHHeM 

5,6 CM Ha nnOCKYIO TOJlCTYIO MVIWeHb. 

B Ka4eCTBe MaTepHaJla MHWeHH HC

nOilb30BailHCb yrnepoA, KpeMHH~, 

TaHTail VI BIIICMyT. Yro11 Me>KAY na
aepHbiM I1Y40M H HOPMaJlbiO K MHweHH 

COCTaBil.AJl -40°. nRTHO C¢OKycH-

PHc.l. Oc~annorpaMMa HMrrynbca H3-
rryq:eHHH C02 -nag epa. 



Pnc. 2. IlpnHI.V·mnanhHaH cxeMa 

3KCnepHM€HTanhHOli YCTaHOBKH. 

l RHH3a, 2 - BXO~HOe OKHo, 
3 gepKano, 4 - 3IT€KTpo~, 

5 - KOnneKTOp, 6 - KOITIT€KTOp, 

7 - MnmeHb, 8 - Kopnyc, 9 -
6noK 3anycKa, 10 - OrroK ga
A€P*KH H CllHXpOHH3a~HH. 

poaaHHoro naaepHoro ~any4eH~R 
Ha M~weH~ ~Meno nno~aAb 
- 1 o-3 ctl . Ha nepBbl~ mtK B 

naaepHoM ~Mnynbce np~xo,q~nacb 
npHMepHo no.noBHHa era aHeprHH. Coa.nasaeMaR n~KOM Ha noaepx
t-IOCTH M~W~HI-1 n!lOTHOCTb nOTOKa $, C Y4€TOM noTepb B Clt!CT€M€ 
TpaHCnopTHpOBKH 14 ¢OKYCHPOBKH 14311Y4€HHR, COCTaB!lR!la 
- 3·10 10 BT/cM2 • B xo,qe 3KcnepHM€HTa nnoTHOCTb noToKa naaep
Horo H3IlY4€HHR H3M€HRilaCb Kam16poaaHHbiMH ¢J..111bTpaMH. 

3KcnepHM€HT BblnOllHR!lCR Ha CT€HA€ HOHHbiX ~CT04HHKOB na6opa
TOPHH R;QepHbiX peaK4Hi1 Q~fiH / 18/ B OAHOPOAHOM nonepe4HOM Mar
H~THOM none B ,$ 0,5 Tn. BaKyyM a KaMepe cTeH,qa no,q,qepmHaancR 
Ha ypoBHe 2·10-6 MM.pT.CT. 

CxeMa 3KCnepHM€HTal1bHOi1 ycTaHOBKH ~ao6pameHa Ha pa.1c.2. ~a
ny4eHHe 002 -naaepa 4epe3 BXOAHO€ OKHO 2 8 8aKYYMHOi1 KaMepe 
CTeH,qa ¢oKYCHpo8allOCb !1HH30i1 1 Ha MHW€Hb ]. MHW€Hb OPH€HTHpo
BaHa TaK, 4TO HOpMaDb K He)li nepneH,QHKYilRPHa MarHHTH~M CHfl08~M 

IlHH HRM nOilR • 
~3BI1€4€HH€ HOHOB npl-1 Macc-cneKTpOM€Tp~4€CKOM HCCil€,QOBaHHH 

HOHHOrO KOMnOH€HTa nila3Mbl npOBOAHDOCb C ee rpaHH4bf, ABH)I(YtJ.I€11!-
CR MHMO 3MHCCHOHHOi1 lq€1114- pa3M€pOM 4x2Q MM 2 , npH no,qa4e Ha 

311€KTPOA 4 HMnyilbCa OTPH4aT€JlbHO!Ii nOilRPHOCTH npRMoyrOilbHO~ 
<PoPMbl AllHTeJlbHOCTbKl - 1 00 HC " aMnllHTYAO~ .$ 16 KB, <!JopMHpy
eMoro reHepaTopoM c <!Jepp~<TOBbiMH JlHHH~MH (<!>Il I) " (<!>Il II) 1191 • 
rpaHHUa nna3Mbl Ha 3MHCCHOHHOH t4€l1~ ¢HKCIIIPOBaHa M€Ta11111114€CKO!Ii 
C€TKOH C R4€i1KOH 150x150 MKM 2 • PaCCTORHV1€ Mem,qy 3MHCCHOHHOH 
tJ.1€Ilb~ H MHW€Hb~ 8 3KCnepHM€HT€ M€HRJ10Cb OT 5 AO 6,5 CM. Ha 
nyTH paaneTa nna3Mbt Henocpe,qcTaeHHO aa 3MV1CCHOHHolli !.4€llbl0 
YCTaHOBJ1€H KOJ1Jl€KTOP 5, Ha KOTOPbll:1 noAaBaJlOCb HanpRmeHHe 
U $ -200 B. BbiCOKOBOJlbTHbiH aneKTPOA 4, ~aroToeneHHbiH H3 He
pmaeeD1.4eH cTanV1, npeACTa811~11 co6o~ nonoe Teno, orpaHH4eHHoe 
ABYMR napanne!lbHbiM~ noeepXHOCTRMH. ~OpMa H paaMep 3THX no-
8epXHOCTe~ onpeAellRJlHCb TpaeKTOpH~MH AB~meHHR HOH08, H3BJle-
4€HHbiX H3 nlla3Mbl, ~ 8peMeHeM npolleTa V1X BHYTPH 3n€KTpo,qa, KO
Topoe AOJl}I(HO 6b!Tb 6o!lbWe ,QilHTellbHOCT~ 8biCOK080DbTHOrO HMnynb-
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ca • .QnR Taro, 4T06bl 3neKTPI-14eCKoe none He npoa1-1cano BHYTPb 
3n€KTPOAa, Ha BXOAe 1-1 BbiXOAe era yCT3HOBneHbl MeTann'-14eCKI-1e 
CeTKI-1. Haane4eHHble 1-13 nna3Mbl I-1QHbl B OAHOPOAHOM nonepe4HOM Mar
HI-1THOM none coaepwan~-1 o6opoT no KpyroaoH TpaeKTOPHI-1 1-1 nonaAanH 
Ha 3KpaH!-1poBaHHb1H KOnneKTOp 6. 

nep!-1oA apatt.~eH'-1R T 1 '-10HOB c aapRAOM z H Maccoi:i m1 8 none-
pe4HOM M3fHHTHOM none B npOnOP41-10HaneH OTHOWeH!-1~ m1/z , T.e. 
T1 = 2trm1/zeB. Oco6eHHOCTI-1 pa60Tbl Macc-cneKTpoMeTpa, HC-
nonb3Y~LQerv TOT >t<e np1-1H41-1n aHanHaa, HaMH onHcaHbl a pa6oTe

1171 

PaapeweHHe Macc-cneKTPOMeTpa a MarHI-1THOM none B aaBI-1CHT KaK 
oT AnHTenbHOCTH c¢lopMI-1posaHHoro naKeTa HOHOB 6.r /a AaHHoM 
cny4ae /).r - 100 He/, Tat< 1-1 OT apeMeHI-1 nponeTa 1.1oHoB t 1 AO 
nona,qaHHR Ha KonneKTOp, T .e. OT KOHCTPYKTHBHbiX oco6eHHOCTeH 
YCTpoHCTBa. 0THOWeHHE epeMEHI-1 ABH>t<eHHR HOHOB t 1 nocne I-1X l-13-
8ne4eHHR 1-13 nna3Mbl ,qo nonaAaHHR Ha KonneKTOP 6 K nepi-10AY epa
LQeHHR T1 a nonepe4HOM MarHHTHoM none a ycnoaHRX 3KCnepHMeHTa 
COCTaBilRnO t

1 
/Tl 0, 9 AnR I-10HOB C OTHOWeHHeM A/z = 2, 

r,qe A - aTOMHbiH sec I-10Hoa. Paan1-141-1e Me>t<AY t 1 1-1 T1 yMeHbwa-
eTcR AnR 1-1QHOB C 6onbWHMI-1 3H34eHHRMI-1 OTHOWeHI-1~ A/z • .Qn~ 
yMeHbWeHHR ~aHa Ha KonneKTOP 6 o6naCTb o6paaoaaHI-1~ 1-1 paaneTa 
nna3Mbl 6blna 3aKn~4eHa 8 Kopnyce 8, npl-14eM KPbiWKa 1-1 ocHoBaHI-1e 
KOpnyca l-13fOTOBJleHbl 1-13 A1-13JleKTPHKa, 4T06bl yCTpaHI-1Tb Bili-1RHI-1e 
MeTailnl·14eCKHX noeepXHOCTeH Ha 3IleKTPI-14eCKHe 33PR>KeHHble o6naCTI-1 
B nlla3Me /8,9,~/ . ,Qn~ 1-1CCileAOBaHI-1R HOHHOfO COCTaBa nna3Mbl nOA 
paam·14Hb1MH yr IlaMI-1 ¢ OT HOpMaill-1 K MHWeHH yaen, COCTORiqHH J.13 
3MHCCHOHHOH ~qenH, 3IleKTPQAa 4 J.1 KOilneKTOpa 6, nepeMelqailCR no 
,qyre, 4eHTp KOTOpOH HaXOAHilC~ 8 T04Ke ¢oKYCHPOBKH naaepHoro 
J.13llY4eHHR, 8 nilOCKQCTH, nepneHAHKyilRPHOH MarHHTHbtM CHilOBbiM IlH
HH~M. 61101< 8peMeHHOH 33Aep>KKJ.1 J.1 CHHXPOHH334HJ.1 10 aanycKan re
HepaTop BbtCOKOBOilbTHbiX HMnyilbC08 8 onpe,qeneHHbte MOMeHTbl 8peMe-
HJ.1 t 3 nocne naaepHoro HMnynbca, H CHHxpoHH3HPoaan pa6oTy pe-
rHCTPHPY~~eH annapaTyp~ . 

.Qn~ HCcne,qoaaHHR HOHHoro KOMnoHeHTa 8 nnaaMe no,q paanH4HbiMH 
yrJlaMH ¢ OT HOPMailH K MHWeHH YCTaHaBJlHBailHCb KOJlJleKTOPbl, Ko
TOpbte paaMelqaJlHCb Ha paCCTORHHH 5 HllH 6,5 CM OT MHWeHH. npo
CTpaHCTBeHHOe paapeweHHe CQCTaBJlRilO - 1°. 

2. 3KCnEPHMEHTAnbHbiE PE3YnbTATbl 

2.1. npoCTpaHCTBeHHoe pacnpeAeneHHe 

Ha pHC. 3 npe,qcTaB-JleHbl pe3YilbTaTbl J.13MepeHH~ HOHHOrO TOKa Ha 
KonneKTOPbt a paanH4Hble MOMeHTW apeMeHH nocne o6paaoaaHHR nnaa
Mbt B 06JlaCTH C HH3KHM fj .$ 0, 1 , a Ha PHC. 4 - aaBHCHMOCTb BellH-
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PHc.3. HOHHblli TOK Ha KOJIJleKTQ

pbi B pa3JlH1·IHbie MOMeHTbl BpeMeH-H 

rrocne rHraHTCKoro HMnynbca na
gepHoro H3rryqeHHR. MHmeHb -
yrnepo,o;, B = 0,2 Tn, L 
= 5 CM, ¢- 6•10 9 BT/CM2 • 

4HHbl 'iOHHoro 

HbiM HanpaBJleHHRM B MOMeHT Bpe
MeHH t 3 = 0,2 MKC nocne rH

.raHTCKoro ~t~Mnynbca naaepHoro 
H311Y4eHHR /COOTBeTCTBy~ee 

3Ha4eHitle {.3 <:1 0, 6/. np1o1 t3 > 0, 2 MKC 140HHbll:::! TOK Ha KOJlJleKTOpbt 

no.qo6eH 3aBIIIC!ItMOCTJ.1, npHBe.qeHHOi1 Ha pirtC. 4. nonoma.HellbHblil! oT

C4eT yrna oT HOpManH coana.qaeT c HanpaaneHHeM noaopoTa HOHOB 
a nonepe4HOM MarHHTHOM none. B Ka4eCTBe owH6KH AllR 3KCnepHMeH
TallbHbiX AaHHbiX HCnOllb30BailaCb cpe.qHeKBa.qpan14HaR norpeWHOCTb. 

8eJlH4HHa {:3 BbNHCJleHa AilR M8KCio1MyMa HOHHOrO TOKa HaCblt,qeHHR Ha 
KOilileKTOP. nnoTHOCTb V!OHOB AilR onpeAeileHHR (3 Hai1AeHa l-13 Bblpa

>KeHHR A11R nilOTHOCTH HOHHOrO TOKa Jt Ha KOJ1JleKTOp 1t"' n te Vi• 
HoHH~H TOK Ha KOnneKTOP~ B o6naCTH C ~ <<1 /pHC,J/ H3MeHR

eTCR eo epeMeHH H s npocTpaHcTse. nnaaMa aaHHMaeT o6nacTb 

IK, 
o.e. 

-I0° 0° 
\ , 

I ,0 ~ ln. 

J:t" 
• 

1-

0,5 ~ 

~ 1/ 

10° 
I 

..... 
b.. 

-1 0 ° ,; </> ,; +I 0° . OT~eT nHso 
BHAHbl paaAeneHHble s npocTpaH
CTse o6nacTH, oco6eHHO e ro
nosHoH H aaAHeYI 4aC;TRX crycT
Ka, C nOBbiWeHHOH nilOTHOCTb~ 

HOHOB. nnaaMeHHOe o6paaosaHHe 
COCTOHT H3 ABYX cryCTKOB. 8 
cpeAHeH 4aCTH nnaaMa 6onee oA
HOPOAHa I1H60 Ha-aa YWHpeHHR 
CryCTKOB HilH HX C6IlH>KeHHR, IlH-
60 nOTOMY, 4TO npQCTpaHCTBeH

Hoe paapeweHHe npH HaMepeHHH 
HeAOCTaT04HO. 

PHc. 4. HoHHbiH KoJlJleKTOpHbifr: 

TOK, C03,il;aBa€Mbn1: nepep;HHM 

4lpoHTOM nJia3Mbi, B 06Jiac-
TH c fJ - 1 • MHmeHb 

yrnepo,n;, B = 0, 2 Tn, 
¢ 3· I QlO BT/cM 2, 
L = 5 CM. 
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PHC. 5. 110HHbill TOK Ha KoJIJleKTOPbl 

B pa3J1HliHbie MOM€HTbi BpeMeHH 

nocne o6pa3oBaHIUI nna3Mbi. MH
meHb - yrnepop;, B = 0, 5 Tn, 
L = 6,5 CM, "'~ 4·10 9 BT/CM2. 

B o6nacTH >Ke c {3 ,.. I npo

cTpaHCTBeHHoe pacnpeAeneH~e 
nlla3M~ OAHOPOAHO /pHc.4/, nnas
Ma paaneTaeTcR cso6oAHO. B pa-
6oTe151 , HanpHMep, nnaaMeHHaR 

rpaHH~a ¢HKCHposanacb a none
pe4HOM MaHHTHOM none n pH f3 = 

= 0.15. 

~ & 
Ha pHC.5 npegCTaeneHbl pe-

3YilbTaTbl 143MepeHHR HOHHOrO TOKa 

Ha KonneKTOPbl npH ew.e 6onee 
HH3KOM {3 5 0,003. BpeMR npHXOAa nepeAHeH rpaHI-'IU.bl nna3Mbl Ha 

·KonneKTOP - ""' 1 MKC nocne o6paaosaHHR nnaaMbl. CTpyKTypa 1113 
ABYX cryCTKOB coxpaHHilBCb, HO OHH pa3AeJleH~ B npoCTpaHCTBe He 

TOilbKO B nonepe4HOM HanpaaneHHH, HO H B npOAOilbHOM. Pa3Mep 

o6nacTH /npH f3 << 1/, aaHHMaeMoH nnaaMoH a nonepe4HOM Hanpaa

neHHH, He npea~wan 1,5 eM a MarHHTHOM none 0,2 Tn, a paaMep 

KamAOrO H3 crycTKOB npHMepHO BABOe MeHbWe. 8 MarHHTHOM none 

0,5 Tn nocne npoAOnbHoro paaAeneHHR crycTKoa WHPHHa KamAoro 

H3 HHX He npea~waeT 5 ..;- 6 MM. To4Hb1H nonepe4Hb1H paaMep crycT

KOB YCTaHOBHTb TPYAHO H3-3a He6onbWOrO 116JlymAaHHR 11 Hanpaane

HHR paaneTa KamAoro crycTKa a npeAenax 2 -T 3 rpaAYCOB AnR paa

H~X HMnynbcoa naaepa. Cy~ecTaoaaHHe npocTpaHcTBeHHoH H€OAHo

POAHOCH1 B BHge ABYX CCYCTKOB npH {3 « 1 6~110 nogTeep>KgeHo 

TaKme MaCc-cneKTpoMeTPH4eCKHMH HCCJleAOBaHHRMH. 

Ha pHc.6a npeAcTaaneHbl Macc-cneKTPOMeTpH4eCKHe H3MepeHHR 

HOHHoro KOMnoHeHTa nnaaMbl a o6naCTH c {3 = 2-:-0,5. HeonpeAe

neHHOCTb napaMeTpa f3 caRaaHa c norpewHoCTbiO T04Horo onpeAe

neHHR apeMeHH~x HHTepaanoa MemAY naaepHbiM HMnynbcoM H npHxo

AOM nna3Mbl K 3MHCCHOHHoH ~enH. Ha pHc. 6a H3o6pameH TaKme lt1H

TerpanbHbiH HOHHbiH TOK i(t) , nony4eHHbiH nyTeM CYMMHPOBaHHR 

napu,HanbH~X TOKOB VIOHOB C pa3nH4HbiMH KpaTHOCTRMH HOHH3aU,HH 

iz ( t) 
Ha pHC.] npeACTaBileHa OCU,HilJlOrpaMMa VIOHHoro TOKa HaKon

JleKTOP, YCTaHoaneHHbiH a o6nacTH c {3 ;:; 0, 01 . HaMepeHHR Ha 
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L,,-.A ,---

0,4 

~.~~o·~·A_ i ~ Z 

0,5~~= 
0 I,O 2,0tJ.,Ml<C 

0,6 

0,2 

a 

PHC. 6. 3ap5I,[I,OHbiH crreKTp HOHOB 

yrnepoga i (t) , L ~ 5 eM: a/ 

B 0,2 Tn~ <1>- 3· 1 o10 BT/cM2 , 

6 
5 
4 
3 
2 
I 

i . r.o ... -z = 6 

• - = 5 
0 - . 4 
A- -3 
x- = 2 
v- = I 

rjJ = -3° , aMIIJlHTYAa BbiCOKOBOJibT- 0 0,2 0,4 

6 
MKC 

Horo HMllYJibCa -3 KB, i(t) ~ l iz(l)-
z 

CyMMa napu;HaJibHbiX TOKOB iz(t) IIPH T€X /K€ 

YCJIOB>I>IX; 6/ B ~ 0, <I>- 2·10 10 BT/cM2 ' 

3KCII€pHM€HTaJibHbiX 

¢ ~ 00 ' 

OOIIA 

' ,/ -. 
..J ' ~ -... 

I • 
0 I 2 3 t, Yl<C 

'PHC, 7. Qcu;HJIJIOrpaMMa HOHHOro TOKa Ha KOJIJ1€KTOp. 

L2 ~ 6,5 eM, <I> - 3·1010 Jh/c~ ¢ ~ -3°, 
B = 0,2 Tn, 

o6ovtx pi-1CYHKax CAeilaHbt AilA OAHOro H Taro me HanpaaneHHA pasne

Ta. CpeAHRA CKOPOCTb 6biCTporo MaKCIIIMYMa VIOHHoro TOKa Ha nyTH 

AJI~HO~ L1 = 5 CM COCTaBnABT /]7 2,5/·10° M/C. np~ npoxomAe

HHH paccToAH"1R L 3 = L2 - L1 Me>KAY T04KaMVI, HaXOAAillHMI-1CA Ha 

paCCTOAHHYI L 2 VI Lt OT MIIIW€HVI, cpeAHRB CKOPOCTb Taro me Ma

KC~MyMa paBHa /3 7 5/ ·1 04 , M/C. CpeAHAA CKOPOCTb ~OHOB Ha 
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y4aCTKe Ls yMeHbWI-1nacb no cpaaHeHI-110 co cpeAHe~ cKopoCTbiO 
~oHoB Ha y4aCTKe L 1 a /3 7 5/ pag. TaK~M o6pa3oM, o6HapymeHo 
peaKoe TOpMomeHI-1e nna3Mbl npl-1 11 Bb1TeKaHl-1l-1 11 aa o6nacTb c f3 - 1. 
TopM03l-1TCfl He TOJlbKO cpeAHfiR 4aCTb nna3Mbl, HO TaK)I(e nepeAHfiR 
H 3aAHRR 4aCTH nnaaMeHHoro crycTKao 

KHHeTH4eCKaR 3Heprl-1s:~ Wc1 cao6oAHO paaneTaiO~e~CR nnaaMbl 
Maccoi:\ M /o6nacTb c f3 » 1 I np~ nepexoAe 4epe3 o6nacTb f3 -
nepepacnpeAenReTCR Me)I(AY 3HeprHe~ We nnaaMeHHoro 11 KOHAeHca
Topa11 o6beMOM Q, K!IIHeT!II4eCKO~ 3HeprHe~ paaneTa nonRPl-130BaH
HOfO nJla3MeHHOfO cryCTKa Wn H np!llpa~eHIIIeM BHyTpeHHeH 3Heprl-1H 
crycTKa i'!W, T.e. W00 =We+ Wn+ I'!W. llnR yc110a~<1 3Kcnep~-

MeHTa' COOTBeTCTBYIO~IIIX p!IIC. 6a t 3HeprHR Wca = M < vi >2
/2 -

-0,8 ~ 0,9 )l>Kt WE= « 0 E2 U/2- 0,67 0,7 )l>K, rAe M - 10-1°Kr, 
<V 1 >=1,3·10 M/c, fl= 2·10--4 M3 , • = 7,5·10 8 ,E onpe
Aens:~nacb no cKopocTH APeH$a a nonepe4HOM MarHHTHOM none E 
= V • B. 0TC10Aa Wn + i'!W - 0,2 )l>K, T.e. npH nepexoAe 4epe3 
o6nacTb paeeHcTaa AaaneHHH cy~ecTBeHHo 1113MeHROTCR aHepreTH-
4eCKHe /epeMeHHb!e/ xapaKTepHCTHKH nnaaMeHHoro crycTKa o 

Ha pHC.66 npHBeAeHbl 1113MepeHHR 3aPRAOBOiO CneKTpa HOHOB 
yrnepo,qa B QTCYTCTBHe MaiHHTHOiO nons:~, BblnOJlHeHHble C HCnOJlb-
30BaHHeM epeMRnponeTHoH Macc-cneKTPOMeTpHH 121/ 0 KaK BHAHO Yl3 
cpaBHeHHR pHCo6a H 6, BpeMfl npHXOAa MaKCHMYMa HOHOB OAHO H To 
~e, 4TO CBHAeTenbCTByeT 0 cna6oM BnHRHHH nonepe4HOiO MaiHHT-

1: M8KC, NKC 

1,8 

1,4 

1,0 

0,6 

0,2 

I 2 3 

8 

4 

HOiO nons:~ Ha cpeAHIOO 4aCTb nnaa
Mbl npH ee ,paaneTe ,qo o6nacTH pa
aeHcTea ,qaeneHHH, onpe,qenReMoH 
HaMH HMeHHO AnR cpe,qHeH 4aCTH 
nnaaMeHHoro crycTKao npH aToM 
Ha 3JleKTpoHbl H HOHbl 8 nepe,qHeM H 
aaAHeM $poHTax nnaaMbl nonepe4Hoe 
MaiHHTHOe none B03AeHcTeyeT Ha 
seeM nyTH paaneTao 3To npoRBJlR
eTcs:~ s ywHpeHHH pacnpeAeneHHR 
HOHOB, B CMe~eHHH BbiCOK03aPRAHbiX 
HOHOB yrnepo,qa c z ;;e. 5 Ha ronoe-

PHcoBo BpeMH pa3neTa oT MHmeHH 
AO o6naCTH aHanH3a MaKCHMYMOB 
HOHHOrO TOKa pa3Hb~ 3aPHAHOCTe~o 
B = 0,2 Tn, L = 5 eM, t/J = -3°, 
/', -<1!-3·1010 BT/cM 2 0-

9 2 , 
<1!-6•10 BT/cM, e <I>-
-4•10 9 BT/cM 2 A -<1>-

5 6 Z' - 109 BT/cM 2 : 



HOII! B Cpe,qHIOIO 4aCTb nlla3Mbl. no.ASJleHHe 11XBOCTa 11 HH3KOCKOPOCT
Hb1X HOHOB MO>KeT 6b1Tb 06YCJlOBJleHO 803AeiiiCTBHeM nonepe4Horo 
MarHVITHOrO nOJl.A Ha 3a,qHIOIO 48CTb n1183Mbl, BOBJle4eHJ..1eM 8 ,qBHme
HHe nonepeK MarHHTHoro non.A HJ..13K03HepreTJ..1~ecKHX 1-1oHo8, paane
TaiO~HXC.A no,q 60JlbWJ..1MH yrnaMI-1 OT HOpMaJll-1 K MJ..1WeHH nPH paaneTe 
8 OTCYTCT81-1e MarHJ..1THOro nOil.A. 4aCTb HOHOB MO>KeT TaK>Ke ,qBH
raTbC.A no Kpyrosolll op6J..1Te, He 80BI1eKa.ACb a ,qa1-1meH1-1e nonepeK 
MarHI-1THoro nonR. HI-13KocKopocTHoH ''xaocT" Ha6nto,qaeTc.A snnoTb AO 
tg - 10 MKC, OH COCTOVIT H3 J..10HOB C Z = 1 H 2. 

Ha pHc. 8. npe,QcTasneHbl aaBHCJ..1MocTH speMeHI-1 paaneTa AO o6-
nacTH aHaJ1H3a M8KCHMYMOB TOKOB HOHOB C pa311H4HbiMJ..1 3Ha4eHVIRMJ..1 
aap.A.Qa z npH HSMeHeHHH nnoTHOCTI-1 noToKa naaepHoro Hany4eHJ..1.A 
OT "' - 3·1 0 10 

BT/CM
2 

/cooTBeTCTBYIOiqee fJ- 1/ P,O "' -
-- 109 BT/cM2 /cooTaeTCTBYIO~J~ee fJ ~ 0,005/. Mo>KHO OTMeT><Tb 
CJ1e,QYIO~J..1e OCo6eHHOCTJ..1 I-13MeHeHH.A 'MIKC 

1. MoHOTOHHoe yMeHbweHI-1e apeMeHI-1 paaneTa 1-1oHos np1-1 yeenH-
4eH"'"' z ,Qo z ~ 4, a aaTeM ero ysenH4eHJ..1e AI1R I-10HOB BblCWHX 
3ap.A,QHOCTet1 C Z ~ 5; 

2. BpeM.A pa3JleTa HOHOB C O~HHM H TeM me Z ~Jl.A nllOTHOCTI-1 
noToKa naaepHoro ><3ny4eH><A oT--109 BT/cM2 p,o-6·109 BT/cM2 

npi-1MepHo o~Ho "' To me, ecn1-1 napaMeTp f3 << 1 ; 
3 . .QnR BCeX 3apR,QHOCTe'a:i peaKoe YMeHbWeHHe T MIICC , eCJlH fJ - 1. 
Bni-1RHHe nonepe4Horo MarHI-1THoro non.A Ha BbiCWYJO aap.A~HoCTb 

ZMIKC = 4 np>< <II- /1-i-2/·109 BT/cM 2 B><P,Ho ><3 p><c.9. 3To 
BJli-1RHHe nPO.ABJlReTCR 8 YWHpeHJ..1H pacnpe~eneHJ..1.A J..10HOB no cpasHe-
HHIO C 3KCnepJ..1MeHTaMJ..1 6e3 MarHHTHOrO nOJl.A/22/ H nO.ABJleHHH B 
3aBJ..1CHMOCTH iz(t) MaKCI-1MYMOB, KOTOpble BCJle,QCTBHe HH3KOa:i 
nllOTHOCTI-1 nOTOKa naaepHoro H3Jly4eHHR He MOryT 6b1Tb 06D.ACHeHbl 
peKoM6HHa4HOHHbiMH npoueccaMI-1, npoTeKaiO~HMH e nnaaMe. ~nR cpas
HeH><A Ha p><c. 9 p,n" L = 5 eM np>< <II - 2 • 1 o9 BT I cM 2 no p,aHHbiM 

L z , ,.IIA.:.;__ ____________ ..cl-:.. • .:..'.,o.o. 
pa6oTb1 1221 np><aep,eHa 
aaB><C><MOCl'b ToKa I ( t) 
HOHOB C 3apAP,OM Z = 4 
B. OTCyTCTBHe MarHHTHoro 
nonA /Ha PHCYHKe 3Ta 

0,3 

,, 
' ' ' 0,2 I 

I 

O,I 

0 I,O 

o-z. 4 
A- s 3 
• - • 2 
A- • I 

I,O 

PHc.9. 3aPAAOBb~ cneKTP 
0,5 HoHoB yrnepoAa lz(t ). 

B = 0,2 Tn, L 5 eM, 
<!I - 109 BT/cM2 , tf> 

= +3° ·' aMnJIHTyp;a BblCO
KOBOJlhTHOro HMflYJibCa 
-3,9 KB. 
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aasHCHMOCTb H3o6pameHa nyHKTHpHo~ nHHHe~/. Pac4eT npoBOAHnCR 

no <IJOPMYile i(t) = (Ml/6E)(8E 3) 112 ze/ml12 L T.K. B 

op~n1Ha11e np~BeAeHa aae~c~MOCTb &</ ~(~ ). ' 
CMew,eHHe HOHoe c z Maxc H3 ronosHo~ 48CTH nna3M€HHoro 

cryCTKa B MarHHTHOM none AnR TRmen~X HOHOB TaHTana H BHCMyTa 

B npeAenax 3KCnepHMeHT8flbHOH OWHfiKH He Ha6n~A8flOCb, B03MOmHo, 

H3-38 6onee WHPOKOrO 3HepreTH4eCKOrO pacnpeAefleHHR 3THX HOHOB 

no CpaeHeHHIO C yrnepoAOM 1231 • HOHbl KPeMHHR H H11106HR C MaKCI-1-

MaflbHOH 38PAAHOCTbiO, TaK me KaK H HOHbl yrnepoAa, CMew,atOTCR 1-13 

ronOBHOH 48CTH crycTKa B 4€HTpanbHYIO o6naCTb. 

3. 06CY~~EHHE PE3YnbTATOB 

npoBeAeHH~e HCCfl€AOB8HHR npl-1 M8KCHM8flbHO B03MOmHbiX B AaH

HOM 3KcnepHM€HTe nflOTHOCTHX nOTOKa na3epHoro H3flY4€HHA noKa-

38flH, 4TO KaK npocTpaHCTseHHOe pacnpeAeneHHe paanH4HbiX aapRA

HocTeH B nnaaMeHHOM CrYCTKe, TaK H 3HepreTH4€CKHH cneKTp 

HOHOB npeTepneBaiOT Cy~eCTB€HHOe H3M€H€HH€ npH HanomeHHH none

P€4HOro MarHHTHoro nonR. TaK, HOHbt BbiCWHX aapRAHOCTea::i yrnepo

Aa I z = 5,6/, HMe!OI.qHe MaKCHManbHbte cKopoCTH paaneTa H Haxo

AR~HeCR B OTCYTCTBHe nOJlR Ha nepeAHeYJ rpaHHLJ,e nna3Mbl, npf.1 Ha

nomeHHH MarHHTHoro nonR aa speMR paaneTa AD o6nacTH 6anaHca 

A8BJleHH~ ~- 1, CM€W,810TCR B U,€HTpanbHYIO 48CTb nna3MeHHoro 

cryCTKa BCJleACTBH€ CABHra 3HepreTH4€CKQrO cneKTpa 3THX HOHOB 

B CTOPOHY M€HbWHX 3HeprHYJ. nocKOJlbKY HOHbl C Z = 1-;- 4 np1-1 

3THX me YGilOBHRX npaKTH4eCKH He HCnb\Tb!BaiOT 3aMeTHoro BJlHRHHR 

MarHHTHoro nonR, CneAyeT CA€IlaTb Bb!BOA 0 CeneKTHBHOM xapaKTe

pe B03AeHCTBHR MarHHTHOrO nOJlR Ha HOHbl B 3aBHCHMOCTH OT Z 

np~ paa11eTe AO o611aCT~ co aHa4eH~eM ~- 1. 

AnR o6bRCH€HHR Ha6ntOAaeMoro 3~eKTa 4enecoo6pa3H0 paa61-1Tb 

npocTpaHCTBO, npoxoAHMoe nnaaMoH, Ha ABe o6nacTH: f3 >> 1 H 

~ - 1. B o611acT~, rAe BblnoJlHReTCR yc110e~e ~ » 1 /paHHRR CTa

AHR paaneTa nnaaMbt/, BJlHRHHeM MarHHTHoro nonR Ha xapaKTepHc

THKH nna3M~ MOmHO npeHe6pe4b, BCJl€ACTBHe 4ero 8 3TOYJ o6naCTH 

AOJlmHO npoHCXOAHTb 06bt4Hoe 113WeilOHHPOBaHHe 11 HOHOB 8 naaepHOa::i 

nna3M€ B 38BHCHMOCTH OT Z , npH KOTOPOM HOHbl C M8KCHM8JlbHbiM Z 

KOH4eHTPHPYIOTCR B rOJ10BHoH 43CTH nna3MeHHOrO cryCTKa 124 -26/ • 

npH paaneTe n11a3Mbl AO {J - 1 Ha61110A8€TCR 3ct>ct>eKTHBHoe BbiTeCHe

HHe MarHHTHoro no11R J.ll3 BHYTP€HHero o6beMa nna3Mb\ 38 C4€T 1.1H

AYK4J.IIOHHbiX TOKOB, npoTeKaJOUtHX Ha rpaHHLJ,e n11a3Mbl C MarHHTHbiM 

no11eM 127•U/ . npJ.~~ 3TOM Ha61110Aa€TCR TOpMO~eHHe nepeAHeH rpa

HH4~ nna3Mbl, CKopOCTb KOTopoH onpeAellR€TCR CKOPOCTbiO HOHOB C 

MaKCHMaJlbHbiMH Z . MexaH-H3M TOpMOmeHHR HOHOB, HaXOAR~HXC.R Ha 

nepeAHe~ rpaHHU,e n1183Mbl, AOCTaT04HO nOAP06Ho H3J10meH B pa6o-

10 



Te 16~ HoH~ H aneKTPOH~, Haxo,qR~HeCR Ha nepe,qHeH H aa~HeH 
rpaHH4ax nnaaMbl, aaMarHI-14eHbl. Bcne~cTBHe 6onbworo napMopoa
cKoro pa,qHyca HOHbl BbiP~BaiOTCR anepe,q 1-13 nnaaMeHHoro crycTKa, 
B03HHKaeT 3Jl€KTp1.14CCKOe none, I-'IX TOPM03R~ee. nocKOilbKY IlH,QH
PYIO~aR rpynna HOHOB B Jla3ePHOH nna3MC Ha Ha4ailbHbiX CTa,QHRX 
pa3Il€Ta ,QOflmHa COCTORTb npem,qe 8Cero H3 HOH08 C MaKCHMaJlbH~MH 
38PR,QHOCTRMH, TO HOHbl C MaKCHMailbHOH KpaTHOCTbiO HOHH3a41-11.1 HC
nb1TbiB810T HaH60Jl€C CHilbHOe TOPMOmeHH€ H OKa3bi8810TCR Bb18C,Q€HHbi
MI-1 Ha rono8HOH t.taCTH nnaaM~ npH paaneTe a nonepe4HOM MarHHT
HOM none. EcnH 8 nnaaMe zMeiKc :f 4 ,qnR yrnepo,qa, TO acne,q
CTBHe 6onee WHpOKOrO 3HepreTH4CCKoro pacnpe,QCJlCHHR 3THX HOHOB 
Ha6IDO,QaCTCR H3M€HCHH€ CKOpOCTHbiX xapaKTepHCTHK HOHOB npH Ha
JlOmCHHH MarHHTHoro nonR, 4TO npoRBJlReTCR npem,qe 8Cero a aoa
HHKHOBCHI-fH HH3KOCKOpOCTHbiX 11X80CTOB 11 8 pacnpe,qeJlCHHH HOHOB. 
MexaHI-13M nORBJlCHHR T8KHX HH3KOCKOpOCTHbiX HOHOB, no-BH,QHMOMY, 
aHanorHt.teH onHcaHHOMY 8b1We. 

KpoMe Taro, aosMomHo 8IlHRHI-fe nonepet.tHoro MarHHTHoro nonR 
Ha 3aPRAOBble cneKTPbl HOHOB nasepH'OH nlla3Mbl Ha paHHeH CTa,Q,HH 
¢opMI-1P08aHHR CKOPOCTHbfX pacnpe,qelleHHH HOHOB B ~aKeJle nna3Mbl. 
np1.1MCHRCMaR B ,qaHHOH pa6oTe MaCc-cneKTPOMCTPH4CCKaR MCTO,QHKa 
He nosao11ReT onpe,qenHTb, Ha KaKoH cTaAHH pasneTa a o6nacn-t c 
{3 >> 1 MHOroaapR,QHbiC 1.10Hbl CMCl48IOTCR 8 CPC,QHIOIO 48CTb nnaSMCH
Horo crycTKa. 

no ,QOCTHmeHI.1H rpaHH4CH n11a3Mbl o6JlaCTH 6anaHCa ,QaBJ1€HHH, 
acne,qcTaHe B03H1.1KHOBeHHR Mr~-HeycToHt.tHaocTI-1 Ha ee rpaHH4e, 
npoHCXOA~-'~T 6biCTpaR AH¢1¢IY3HR MarHHTHoro nonR so BHYTPeHHHH 
cooH nnasMbl 

127( nnasMa noi1RPI-13Y€TCR, 1-1 ee ,qailbHeHwee ,qal-lme-
HHe nonepeK MarHI-1THoro no-nR npe,qcTaBnReT co6oH ,qpeH~ a cKpe
~eHHbiX 3I1CKTPI-14CCKOM nOI1RPI-13a41-10HHOM H MarHHTHOM nOilRX /lS/ 

npl-1 3TOM i<lo1HCTH4CCK8R 3HCpri-1R nnaSM€HHOrO cryCTKa /He 
TOilbKO rOilOBHOH 4aCTH, HO H BHyTpeHHI-1X ee CilOCB/ YMCHbWaeTCR 
BCJ1e,QCTBI-1e 3HepreTH4CCKI-1X 38TP8T Ha o6pa30BaHHe nOI1RPH3841-10H
HbiX cnoea 11 31 

npocTpaHCTBeHHaR CTPYKTypa nnasMbl HS ,qayx cryCTKoB MomeT 
6b1Tb o6yCJ10BI1eHa $QpMOH I-1MnYilbCa nasepHoro I-13I1Y4CHHR. npH 
BOS,QeHCTBHH Ha MI-1WCHb nasepHoro H311Y4CHHR, HM€10l4CrO ,QBYXnHKO
BYIO CTPYKTypy, B nnasMe CYUICCTBYIOT ,qae rpyn·nbl HOHOB., OTI1H4a
IOU11-1XCFI CBOI-1MI-1 3HCpreTH4CCK!-1Mio1 /11,29/ , npocTpaHCTB€HHbiM~o-t 110,ll/ 
xapaKTepHCT~o-tKaMH. B ,qaHHoH pa6oTe Hccne,qoaaHHe BI11-1FIHHFI ~OPMbl 
nasepHoro Hsnyt.teH~o-tR Ha pasneT nnasMbl a nonepet.tHoM MarHHTHOM 
none He npQH380,QHilOCb. 

KpoMe Taro, npocTpaHcTaeHHaR CTPYKTYPa nna3Mbl MomeT aaal-1-
ceTb OT 3HepreTI.14eCKI-1X xapaKTCPHCTHK HOHOB. npH npOXOm,QeHHH 

nna3MCHHbiM crycTKOM 06JlaCTH C (3- 1 nOTCH4HaJ1bHaR 3HeprHFI HOHOB 
8 SapRmeHHOM cnoe He MO>KeT npeBbiW8Tb Hat.tanbHOH KHHCTH4CCKOH 
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3Heprl111, T.e. qEd < rniv;12 , rAe q - aapflA 11oHa, d - wi1-

PI1Ha crycTKa, V0 - Ha~anbHafl CKOPOCTb crycTKa. 3ro ycnoa11e 

nPVIBOAHT I 30.31/ K orpaHH4eHI110 W11PHHbl cryCTKa d < r1/2 , rAe 

ri - napMOPOBCK\11~ PaAHYC 110HOB. ~R nna3M~ C 60nbWe~ WHPHHOH 

3TO MO)f(eT npHBOAHTb / 3l/ K pa36HeHHIO Ha CryCTKH MeHbWea:1 Wll"'pH·

Hbl, Ka>KAbiH He 6onee d~ < r 1/2. B 3TOM cny~ae Ka>KAbiH crycroK 

APeH$yeT 3aTeM CaMOCTORTenbHO 4epea MarH11THOe none. ~nfl VIOHOB 

yrnepoAa B ycnOBI-'IRX 3KCnepl1MeHTa, Cor naCHO /S
2/ H HaWI-'IM 3KC

nepHMeHTanbHbiM peaynbraraM, cpeAHRfl KPaTHOCTb II"'OHI13a411H Z= 3, 
Vo - 10 5 M/C. TorAa MO»<HO 04eHI1Tb d < 0,8 CM B MarHII"'THOM no

ne B = 0,2 Tn. AeHcravtrenbHO, a AaHHbiX 3KcnepHMeHranbHbiX yc

noBVIRX Ha6n10AanOCb o6pa30BaHHe ABYX nnaaMeHH~X cryCTKOB, PaC

npocTpaHf110l4VIXCR nOA pa3Hb1Ml-1 yrnaMH B nonepe4HOM MarH~~tTHOM no

ne, npH~eM paaMep Ka>t<Aoro H3 HVIX He npeBbiWan 0,8 CM. 

npH yaenH4eHHVI MaCCbl HOHOB napMopOBCKHH paA1o1YC HOHOB 

't-: m!VI - (EIA)L'2 - A
213 , nocKOnbKY E 1 

- A 113 124( no 

3Toa:1 nPH4vtHe, no-BHAHMOMY, a ycnoBI1RX 3KCnepVIMeHra y>t<e AllR 

MHWeHeH H3 KpeMHVIR OAHOBPeMeHHoe ~OPMio1POBaHHe ABYX cryCTKOB, 

KaK A11R yrnepoAa, He Ha61110AaeTCR. CryCTOK, COCTORl4HH H3 HOHOB 

KpeMHHR, npoCTpaHCTBeHHO HeOAHOPOAeH, 4TO Bblpa>t<aeTCR B H3Me

HeHJ..1H $OPMbl, AllHTellbHOCTH H aMnnlt1TYAbl HOHHoro TOKa, perVICT pl.-1-

pyeMOrO KOJ111eKTOpaMio1, OT HMnyllbCa K HMnynbCy Jlaaepa. 0AHaKo 

apeMfl npHXoAa nepeAHero <!JpoHra nnaaMbl Ha KonneKTOPbl, pacnono

>t<eHHble nOA paaHbiMH yrllaMVI ¢ , OAHO H TO >t<e AllR KOllJleKTOPOB, 

HaXOAfll41o1XCR Ha OAHOM H TOM ~e paCCTORHHH OT MVIWeHH. 

AnR TR>t<ellbiX ~~taHoe HVI06HR, raHrana "" BHCMyTa naPMopoacKvte 

paAvtYCbl HOHOB B MarHHTHbiX nOllRX, npVI KOTOPbiX BblnOllHRllCR 3KC

nepHMeHT, 3Ha4HTellbHO 6011bWe, 4eM A11R yrnepoAa H KpeMHVIR. nnR 

nlla3M~ 3THX 311eMeHTOB 3a¢HKCVIpOBaHo o6pa30BaHio1e TOJlbKO OAHOro 

nnaaMeHHoro crycrKa, npoXOAR~ero nonepeK MarHHTHoro nonR aa 

o6nacTb 6anaHca AaaneHI1H. 

6 3aK11M)4eHHe aBTOPbl C411TaiOT CBOI·-1M npHRTHbiM AOllroM Bblpa31o1Tb 

6naroAaPHOCTb aKaAeMHKY I.H.~nepoay aa npeAocraaneHit!e eoaMo>t<

HOCTH aaHVIMaTbCR AaHHoH 3aAa4eH, ~.U.QraHeCRHY - 3a noCTORH

HOe BHHMaHHe K pa6ore, C.6.6orOM0110BY, A.A.EponKVIHy - aa aK

THBHOe COAeticTBio1e npH npoBeAeHHH 3KCnepHMeHTa. 
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