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CHnbHOTO'!Hblli ycK0pHTenb H0H0B cpellHHX 3HeprHli C no,IblM 

3neKTP0HHblM nyqK0M. I • ¢H3H'!eCKl!e o60CHOB8HHS! 

O6cyiKoa10TCS1 aonpocbI rpynn11poeaHHS1 nonoro 3neKTp0HH0ro ny'!Ka, 

¢0Kyc11p0BKII H ycT0H'IIIB0CTII 06paay10WHXCS! cryCTK0B II HX ycKopeHHS! CHO

HSMH. O6oCH0BbIB8eTCS! B03M0lKH0CTb nonyqeHHS! 3H8'1HTenbHoro IIOHHOro TOK8 

TTP,H TeMne ycKopeHHS! 5-10 M3BIM•HyKnOH H 6onee. -

Pa6oTa Bbm0nHeHa B na6opaTopHH Bb1coK11x 3HeprHii O1-HHI. 

IlpenpSHT O6M:JlBHeHH0ro SHCTBTYT& a.11epKWX BCCJieJlOB&BBi • Jly6H& 1977 . 

pg - 10648 
Bonch-0smolovsky A.G., Dolya S.N, 

High-Current· M·ea~ · Energy Ion Accelerator with 
a Holl'ow Electron Beam. I. Physical Basis 

The problems are discussed on bunching of a hollow 
electron beam, on focusing and stability of the bunches 
produced, on their acceleration with ions. 

The possibility of production of t~e considerable 
ion current, at the acceleration rate being 5-10 MeV/m•nucl. 

and greater is validated. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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I . BBE,ll,EHHE 

H3BeCTHO, qTo CHnhHOToqHhle penHTHBHCTCKHe nyqKH 

noTeHuuanhHO CO,!l;ep:>KaT 6onhlIIHe B03MO:>KHOCTH .D;nH 3tl>ti>eK

THBHOro ycKopeHHH HOHOB. TaK, Ha noeepxHOCTH 3apg)KeH

HOrO nyqKa C TOKOM 1,5 KA pa.D;HanhHOe 3neKTpuqecKoe none 

,!l;OCTHraeT 100 KB/cM H npH ,!l;On:>KHOH MO.D;ynHUHH nnoTHOCTH 

npO,!J;OnhHOe 3neKTpuqecKoe none MO:>KeT ,!J;OCTHraTh HnH 

.D;a:>Ke npeBhIWaTh 3TY eenuquHy. IIpo6neMa B TOM, KaK co-

3.D;aTh B TeqeHHe .D;OCTaroqHo .D;nHTenhHOro epeMeHH TaKyro 

MO.D;ynHUHIO nnoTHOCTH. BhI.D;enHM ,!l;Be B03MO:>KHOCTH. 

O.D;Ha COCTOHT B TOM, qro6hI B036y.D;HTh B nnoTHOM nyqKe 

MOIUHYIO HenHHeHHYIO BonHy /conHTOH, rpynny conHTOHOB/ 

B pe3ynhTaTe konnpKTHBHoro B3aHMO.D;eiicTBHH nyqKa co 

cneuutl>uqecKHM oKpy:>KeHHeM - nna3Moii, 3aMe.D;nHIOIUeii 

CTPYKTypoii, pe30HaTopaMH /cM., Hanp., /1/ / . 
,l(pyrag B03MO:>KHOCTh, B 06JUHX .qepTaX BhICKa3aHHaH 

B .H. BeKcnepoM B 1956 r /2/ H pa3BHTaH B .D;anhHeiiweM 

B HanpaBneHHH C03,!l;aHHH 0,!l;HH0qHoro crycTKa 3neKTPOH0B 

C 6onhWOH nnoTHOCThlO 3apH,!l;a H ynopH,!l;oqeHHhIM penHTH· 

BHCTCKHM ,!l;BH:>KeHHeM 3neKTp0H0B B HeM, :>KeCTKO CTa6unu-

3HP0BaHHoro BHeWHHMH nonHMH /3-S/ , 3a1<n10qaeTCH B HC -

nonh30BaHHH .D;nH ycKopeHHH HOHOB nong 3Toro cryCTKa. 

O6a cnoco6a HMelOT CBOH npeHMYIUeCTBa u He,!l;0CTaTKH. 

Bo36y:>K.D;eHHe HenuHeiiHhIX eonH B nnoTHhlX nyqKax (v/y= 1) 

KpaiiHe cna6o H3yqeHO 3KCnepHMeHTanhH0; no-BH,!l;HMOMY, 

nonyqeHHe TaKHX BOnH Ha BpeMeHHhIX HHTepeanax >0,1 MKC 
H ynpaeneHHe ux napaMeTpaMH noTpe6yeT npeo.D;oneHHH 

oqeHh 6onhwHx TPY.D;HOCTeii KaK 4>u3uqecKoro, TaK H TeXHH· 

qecKoro xapaKTepa. Ilpu BTopoM no.D;xo.D;e napaMeTp v/y« 1, 
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HO noTeHUHanhHhie B03MO)KHOCTH 3neKTPOHHOro ny'IKa HC • 

nonh30BaHhl nonHOCThlO, no3TOMY ytKOP.fUOll.\ee HOHhl. none 

MO)KeT ,IJ;OCTHraTh O'leHh 6onhWHX, cpaBHHMhlX c npe,D;hl.IJ;Y· 

11\HM cnoco6oM 311aqeHHii, E = 10-=-100 MB/M. O.nHaKo B cHny 

cneuml>HKH C03,IJ;aHHH crycTKa YCKOPHTenh TaKoro THna 

CHnhHO nponrphrnaeT no O,IJ;HOMY H3 .IJ;BYX KpHTepHeB Ka'le

CTBa mo6oro ycKOpHTenH /TeMn ycK·opeHHH, HHTeHCHBHOCTL 

nytIKa/. a HMeHHO, no 'IHCny ycKOpHeMhlX HOHOB B e.IJ;HHHUY 

BpeMeHH. YaenH'leHHe 'laCTHU a crycTKe npHBO,IJ;HT K Heo6-

XO,IJ;HMOCTH C03,IJ;aHHH 6onhWHX y ; a TaK)Ke 6opb6hI C ycH

nHBaIOll.\HMCH .neiiCTBHeM pa3Horo po.na HeyCTOH'IHBOCTeii. 

CHTyaUHH 3,IJ;eCh 6nH3Ka K KnacCH'leCKHM ycKOPHTenHM npH 

yBenn'leHHH HHTeHCHBHOCTH, Kor.na ,IJ;a)Ke )KeCTKOe ynpaBne -

HHe ny'IKOM BHeniHHMH nonHMH B KOHUe KOHUOB He B co

CTOHHHH npoTHBo6opcTBOBaTh .neiiCTBHIO Kon·neKTHBHhlX 34>

qieKTOB, pa3pywa10ll.\HX ynopH.IJ;O'leH110e COCTOHHHe. 

B ,IJ;aHHOM coo6meHHH qiopMynupyeTCH no.nxo.n, HBn1110-

1UHHC.II pa3BHTHeM u.neii nocne,IJ;Hero BpeMeHH, BhlCKa3aH

HhlX B pa6oTaX / 6,7 / , H npe,D;CTaBnHIOll.\HH co6oii nonhITKY 

coe,nHHHTh B o,nH0M MeT0,IJ;e OCHOBHhle xapaKTepHhle qepThl 

o6oux HanpaBnenuii c TeM, 'IT06hl co3,naTh ycKopnTenh, 

o6na.naIOll.\HH .nocTa TO'IHO 6onhWHM Te Mn OM ycKopeHHJI HOH OB 

/ne MeHee 10 M3B/M/ npu 3Ha'IHTenLnoii cpe.nneii HHTen

CHBHOCTH ycKopenu-oro nyqKa/8/ • ,IJ;n.H 3T0ro B yMepeHHO 

nnoTH0M H yMepeHH0 penHTHBHCTCKOM 3neKTPOHHOM ny'IKe 

C03,naeTCH H no.n.nep>KHBaeTCH BHeWHHMH cpe,D;CTBaMH /no

nHMH, CTpyKTypaMH H np./ MO.nynHUHH nnoTHOCTH C MaKcH

ManhHhlM 3Ha'leHHeM n >10 12 3A/CM 3 
• B 0T,nenhHhlX 

e -
crycTKax coxpanJieTcJI ynop11,no'leHH0e cna6o pen11THBHcT-

cKoe ,nBH)KeHHe 3neKTPOHOB, npH 3TOM "IHCnO 3neKTPOHOB 

H HOHOB B crycTKe OTHOCHTenhHO Mano, B TO BpeMH KaK 

"IHCno crycTKOB, C03,IJ;aBaeMhlX B e,nHHHUY BpeMeHH,. ,llO· 

CTaTO"IHO BenHKO MH o6ecne"leHHH Tpe6yeMOH HHTeHCHB· 

HOCTH. IlpH 3TOM: 

a/ Hcnonh3yeTCH HOBaJl ,IJ;nH KonneKTHBHOro MeTO,na 06-

naCTh napaMeTpOB, B qacTHOCTH, xapaKTepH3YIOll.\aHCJI Ma

nhIMH 3Ha'leHH'1MH v e H y • 

6/ BnHHHHe KonneKTHBHhlX 3<1><l>eKTOB, B qacTHOCTH, 

HeycTOH"IHBOCTeii, MO)KeT 6bITh CKOMneHCHpOBaHo pa3pa6o

TaHHhlMH MeTO,IJ;aMH. 
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a/ Hcnonh3YIOTC'1 CTaTH"leCKHe MarHHTHhie nonH yMe

peHHOH Hanp.JI>KeHHOCTH. 

OcymecTBHTh H,IJ;eIO MO)KHO, HanpHMep, cne,IJ;ylOll.\HM o6-

pa30M - 3TOT BapHaHT H 6y.neT no.npo6Ho paCCMOTpeH B 

.nanhHeiiweM: cqiopMHpoaaHHhIH nywKOH Tpy6qaThIH 3neKT· 

pOHHhIH ny'IOK MO,nynHpyeTC.JI no nnoTHOCTH CHCTeMOH KnH

CTPOHHoro HnH aBTOqJa3HPYIDll.\ero THnOB, 06pa3y11 nocne.no

BaTenhHOCT_h UHnHH.IJ;PH"leCKHX cryCTKOB, KOTOphle qJOKYCH· 

PYIOTC.JI Ha nnocKOCTh peBepca aKCHanhHO MarHHTHoro nonH 

/Kacn/. Ilpoii,n,i peBepc, crycTKH 3aTopMa)KHBa10Tc11, nepe

BO.IJ;HT nocTyna TenhHYIO CKOPOCTh BO Bpall.\a TenhHYIO H yee

nH"IHBaIOT nnoTHOCTh, nepexo.n,i B CTa,IJ;HIO nocne.noeaTenh

H0CTH 3neKTpOHHhlX KOnhUeBhIX cryCTKOB. Pa3MephI cryCT· 

KOB no.n,nep>KHBalOTC.JI /qioKyCHpylOTCH/ C noMOll.\hlO BHeWHHX 

MarHHTHhlX noneii H noneii H306pa)KeHH'1 B OKpy)KaIO(UHX 

cTeHKax. CrycTKH nocne peBepca .nononHHTenhHO 3aTopMa

)KHBaIOTC'1 ,nn,i 3aXBaTa HOHOB H3 CTpyH HeiiTpanhHoro ra3a, 

nH60 HOHhl B HHX HH)KeKTHpyIOTC.JI H3BHe. YcKopeHHe crycT

KOB C HOHaMH MO)KeT npOH3BO,IJ;HThC'1 KaK B cna.na10meM 

aKCHanhHOM MarHHTHOM none, TaK H BO BHeWHHX 3neKTpH

qeCKHX nonHX. 

II. IIOJIYf.JEHHE 1'YI'A IIOJibJX 3JIEKTPOHHbIX 
CI'YCTKOB 

<l>opMHPOBaHHe Tpy6"1aToro ny"IKa MO)KeT 6hITh ocy-

11\eCTBneHO 3neKTPOHHoii nywKoii THna IlHpca-XappHca/ 6/, 

MarHeTpOHHOH nyWKOH / 9/ HnH KOnhUeBhlM aBTOKaTO,IJ;OM B 

MarHHTHOM none I 7 I . Heo6xo.IJ;HMO, "IT06h1 060611\eHHhIH 

MOMeHT 6hln O,IJ;HHaK0B ,nn,i acex 'laCTHU ny'IKa H 3HepreTH· 

qecKHii pa36poc He npeBhlwan l"/o. 
B HaCTO.JI(Uee BpeM.JI BhlnonHeHo 6onhWOe 'IHCnopa6oT 

no qiopMHPOBaHHIO CHnhHOTO'IHhIX Tpy6qaThIX 3neKTpOHHhlX

ny'IKOB MHKpoceKYH.nHoii .IJ;nHTenhHOCTH /IO, 11.,x~i>aKTepHhie 

3Ha'leHH'1 napaMeTpOB B TaKHX ycTaHOBKaX ne)KaT B ,nHana-

30He: aKCHanhHOe MarHHTHOe none Hz =o,7 - 7 K3, Hanp,i

)KeHHe U = 0,3 - 3 MB, TOKH nyqKa I = 1 - 20 KA, .itnH

TenhHOCTh HMnynhca r = 1+10 MKC, ,IJ;HaMeTp IlY'IKa D = 
= 2 +10 CM, OTHOWeHHe TOnll.\HHhl Tpy6KH K ,nHaMeTpy = 0, 1:; 
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YBenHqeHHe ,D;IlHTenhH0CTH HMIIYilhCa 110 cpaBHeHHIO C HaHo

ceKyH,D;HhIMH Tpy6qaThIMH 11yqKaMH, H3BeCTHhIMH cpaBHH

TeilhH0 ,u;aBH0, ,D;0CTHraeTCH ,TeM, qTo KaT0,D;HaH 11na3Ma 

He 3aMhIKaeT paCCT0HHHe aHo,u;-Ka T0,II; 6naro.u;apH IIPHMe -

HeHHIO "MarHHTHOii" H30IlHll;HH. 

He11pephIBHhiii Tpy6qaThlii 11yqoK, cqiopMHpoBaHHhlii 11yrn

Koii, pa36HBaeTCH Ha crycTKH C II0M0I.ll;hl0 rpy1111ilp0Ba Ten.ff 

KilHCTP0HH0r0 HilH aBTOq>a3HPYIOI.ll;ero THII0B. 3a.u;aqeii rpy11-

IIHp0BaTenH HBilHeTCH 11onyqeHHe CTelleHH M0,D;YilHll;HH 110-

pH,u;Ka 10 /oTHOIIIeHHe IIHK0Boro T0Ka K cpe,u;HeMy/ H co-

3,D;aHHe IIIl0TH0CTH 3IleKTp0H0B B cryCTKe n e = 10 11311/ CM. 

,D;anhHeiirnee yBenHqeHHe IIIl0TH0CTH qacTHU: 6y.u;eT 11onyqeH0 

B Kac11e. 

K rpy1111HpoBaTenro 11pe,D;bHBilHIOTCH :>KeCTKHe Tpe6oBa

HHH Ha 3HepreTHqeCKHH pa36poc qaCTHU: B crycTKe, K0T0-

phIH, KaK 6y,u;eT II0Ka3aH0 B .u;anhHeiirneM, He .u;on:>KeH 11pe

BhI1IIaTh naqanhHhlii ypoBeHh pa36poca B 11yqKe -lo/o. C 

3TOH ToqKH 3peHHH 11pe.n;11oqTHTenhHee BhirilH,D;HT KilHCTP0H

HhIH MeT0,D; rpy1111Hp0BaHHH, IIPH K0T0P0M M0:>KeT 6bITh 

11onyqeH Manh1ii 3HepreTHqecKHii pa36poc B 11yqKe 11pH 

.u;ocTa ToqHo 6onhlIIOH CTelleHH M0,D;YilHll;HH IIIl0TH0CTH. Pac

CM0TPHM rpy1111Hp0BKY Tpy6qa Toro 11yqKa c II0M0lll;hlO pe -

3oHaTopa, Ha11pn::>KeHHe Ha 3a3ope K0Toporo 6nH3KO K 11Hno-

06pa3HOMY. IlpH llp0X0:>K,D;eHHH TaKoro 3a3opa KpaiiHHM qa

CTHll;aM coo61ll;alOTCH CK0p0CTH, Ha11paBneHHhie K u;eHTPY 

cryCTKa, H B ToqKe qJOKyca, r.u;e KHHeTHqecKaH :meprHH 

11epeX0,D;HT B II0TeHu;HanhHYIO, IIP0HCX0,D;HT MaKCHManhH0e 

YIIIl0THeHHe crycTK0B, a BHeCeHHhlll pa36poc CKOpOCTeii 

BhlpaBHHBaeTCH. qT06hI HaiiTH HallpH:>KeHHe Ha 3a3ope pe30-

HaTopa, BhlqHcnHM pa6oTy' IIP0H3B0,D;HMYIO IIP0THB CHil Kyno
H0BCKoro pacTailKHBaHHH llpH ,D;BH:>KeHHH KpaiiHHX qacTHu; 

K u;eHTPY crycTKa B CHCTeMe K00p,D;HHaT, r.u;e 3T0T u;eHTp 

II0K0HTCH. 3neKTpHqecKoe 11one Ha KpaIO 0Tpe3Ka Tpy6qa

Toro 11yqKa ,D;IlHHOH 2fo /B co6CTBeHHOH CHCTeMe KOOP,D;HHaT/ 

H pa,u;Hyca R,. 11pH T0illll;HHe Tpy6KH 2,:\ H co.u;ep:>Kaiu;ero Ne qa

CTHU:, M0:>KH0 BhlqHCilHTh 110 cne.u;yrolll;eii llpH6JIH:>KeHHOH qiop

Myne: 

Ez.::: eNe (1 +fn SR 
217 Rf O />J. 
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77R ) , R < Lo • 
2L0 

/1/ 

.. 

~ 

i. 

"r' 
' 

Lo 
BL1qHcnHH pa6oTy 110 c:>KaTHIO crycTKa, paBHyro J eE zdf 0 , 

>i.J2 
A= Ao/y- ,D;IlHHa B0ilHhl rpy1111HpoaaHHH, Mhl. He3HaqHTenhHO 

3aBhICHM pe3yilhTaT, TaK KaK He yqHThlBaeM yMeHhWeHHH 

11onn:,110 cpaBHeHHIO C /1/ IIPH f o->..o/2,Bhl3BaHHYIO 6nH-

30CThlO coce,D;HHX cryCTK0B. QqeBH,D;HO, 11onyqeHHaH BenHqH-

Ha, YMH0:>KeHHaH Ha 

B 3a3ope pe3oHaTopa 

y , paBHa pa3H0CTH II0'teHu;HaJI0B 

U = y eNe [fn~ (1 + en SR ) - 77R J 
21TH 2L O />J. 2L 0 

/1 '/ 

Haii.n;eM paccT0HHHe OT 3a3opa pe3oHaTopa .n;o q>oKyca 

rpy1111Hp0BKH, r.n;e llp0HCX0,D;HT MaKCHMailhH0e YIIIl0THeHHe 

crycTK0B. CKopOCTh KpaiiHeii qaCTHll;hl B co6CTBeHHOH cH

CTeMe Koop.u;HHaT 11ocne 11poxo:>K,u;eHHH 3a3opa pe3oHaTopa 

paBHa 

{3'= ✓ 1-(1+ ~)-
2

• 

ymc 2 
/2/ 

3HepreTHqecKHH pa36poc H pa3H0CTh CKOpoc'I'eii B na-

6opaTopHoii CHCTeMe K00p,D;HHaT B Haqane C:>KaTHH MoryT 

6hITh BhlqHcneHhl TaK: 
2 

/>J.E />J.V {3' ·Vo -½ 
-I ='/3/3',,-I = -. , r = <1- -I , /3/ E Jl,C. V Jl,C. y 213 . C 2 

r.u;e f3= V
0

/ c , V
0 

- cxopocTh qacTHU: 11yqxa .n;o rpy1111Hp0Ba-

TeJIH. ·,n;nHHa rpy1111Hp0BKH 6y.u;eT paBHa 

S=Vot= Vot'/y, /4/ 
1 Lo d , 

r.u;e t' M0:>KeT 6hITh BhlqHcneH0 110 q>OpMyne' t, = - J __ z_ . 
· c>i./2f3 '(z') 

«l>opMyna /3/ II0Ka3hIBaeT' qTQ HaqanhHhlH, 3HepreTH

qecKHH pa36poc ,D;0CTHraeT 6onhWOH BenHqHHhl/5O71OOo/o/. 

B Toqxe q>OKyca OH paBeH Hynro ,D;IlH KpaHHHX qacTHll;j .D;IlH 

Bcex qacTHU: crycTl<a OH 6y.n;eT paBeH HYJIIO 11pH c11eu;Hanh

H0M pe:>KHMe C:>KaTHH. Kai< IlOKa3hlBaeT caMocornacoBaHH0e 

paCCM0TpeHHe B0llpoca / 12/ , :e peanhHhIX, Hec11eu;HailH3H-. . 

poBaHHhIX ycno'BHHX pa36poc yMeHhlIIaeTCH B .u;ec.HTKH pa3. 
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OTMeTHM a ,D;aHHOM cnyqae KaK Ba)ICHOe o6CTO.a:TenLCTBO 
TO, qTo MO,D;yn.a::uu.a: MOIUHOro MHKpoceKyH,IJ.Horo nyqKa 3neKT· 

poHOB no CKOPOCTH, a 3aTeM no nnoTHOCTH npoHCXO.D.HT 
6e3 noTpe6neHH'1 3HeprHH OT rpynnHpOBaTen.a:. C noMOI.ULIO 
rpynnHpoeaTen.a: npoucxo,IJ.HT TonLKO nepepacnpe,D;eneHHe 
3HeprHH BHYTPH nyqKa 6e3 H3MeHeHH'1 ero cpe,D;Heii 3HeprHH. 

IlyqoK, Mo,IJ.ynHpoBaHHLiii B rpynnupoeaTene H npe.IJ.· 
CTaBn'1I01UHH co6oii nocne,D;OBaTenLHOCTL :UHnHH.D.pHqecKHX 
nonLIX crycTKOB, Hanpaen.a:eTc.a: B o6nacTL peeepca aKcHanL
Horo MarHHTHOro non.a: - Kacn. cl>yHK:UHH Kacna COCTO.a:T B 
aKCHanLHOM TOpMO)KeHHH nyqKa, C03.D.aHHH epamaTenLHoro 
.IJ.BH)KeHHJI qacTH:U H ,IJ.ononHHTenLHOM yeenHqeHHH nnoTHOCTH 
3neKTPOHOB B crycTKax / .IJ.O n > 10 12 3A/ CM 3 /. Ilo,D;po6Hoe 
paCCMOTpeHHe /l 3/ , a TaK)Ke 3'kcnepHMeHTLI / 7/ noKa3LIBa· 
IOT, qTo aKCHanLHa.a: CKOPOCTL crycTKOB MO)KeT 6LITL yMeHL· 
rneHa B pe3ynLTaTe npOXO)K,!l;eHH'1 Kacna .D.O V z ::: 0,1 C 

/ c - CKOpOCTL CBeTa/, a nnoTHOCTh 3neKTpOHOB yeenuqeHa 
npHMCpHO Ha nopJI,D.OK 3a cqeT aKCHanLHoro TOPMO)KeHH'1 
crycTKOB. 

)J.o6aBKH K HaqanLHLIM pa,D.HanLHLIM KOOp,D.HHaTaM H CKO· 
pocTHM qacTHU, no.a:en.a:roi:uuec.a: npu npoXO)K.IJ.CHHH Kacna, 
ManLI no cpaBHCHHIO C HaqanLHLIMH 3HaqeHHJIMH aMnnHTY.IJ. 
nonepeqHLIX Kone6aHHH npH ycnOBHH 

.L. « _4_ . A.. 
R 4-11 R 

/5/ 

r.D.e L - 3cW>eKTHBHa.a: .D.nHHa Kacna, R - cpe.IJ.HHii pa.D.HYC 
Tpy6qaToro nyqKa, /'l - ero nonyTom.QHHa. 

Pa36poc aKCHanLHLIX CKopocTeii /'lV Ha BLIXO,IJ.e H3 
Kacna onpe,D.en.a:eTc.a: no <IiopMyne 

V 2 /'l /'lr o 
/'lV = (--2.) (~ + -) , 
V V y{J 2 r o 

/6/ 

Vo H V - CKOpOCTH qaCTHU .D.O H nocne Kacna, /'lr O - pa36poc 
pa.IJ.HYCOB BLine'i"a 3neKTpOHOB C KaTo,IJ.a. cl>opMynLI /5,6/ 
noi<a3LIBaIOT, qTo npHMeHeHHe Kacna Tpe6yeT BLinonHeHH.a: 
BCCLMa. ,D;enHKaTHLIX ycnOBHH, HaKna.D.LIBaeMLIX KaK Ha 
napaMeTpLI nyqKa, TaK H Ha caM Kacn. B qacTHOCTH, Kacn 
peanbHOH .D.nHHLI L > 1 CM Tpe6yeT y)KeCToqeHH'1 <tioKycu
POBKH cryCTKOB IlOCJie ero IlpOXO)K,!l;eHH'1. )J.~ee, npH peanL· 

8 

l 

r 

?-

';""" 

HLIX pa36pocax B nyqKe /'lr lr , /'ly/y-1O-2 710-3 , npH· 
~ 6 0 O ~ 

eMneMLIH pa3 poc aKCHanLHLIX CKOPOCTeH Ha BLIXO,D;e H3 
Kacna /'lV .:.v .D.OCTHraeTc.a: npH CTeneHH TOPMO)KCHH'1 nyqKa 
·v/v O '?:. 0,1. 

BeCLMa cymecTBeHHO TaK)Ke BnH'1HHe KynoHOBCKHX CHn 
pacTanKHBaHH.a: Ha npo:uecc nepexo,IJ.a crycTKa qepe3 Kacn, 
HeCMOTp.a: Ha Manyro npo,IJ.on)KHTenLHOCTL 3Toro nepexo,IJ.a. 

B pa6oTe /13/ o:ueHKa BnH.a:HIIH 3THX c11n . 6Lma ,IJ.aHa 
C ToqKH 3peHH'1 HapyrneHH'1 KIIHeMaTHqHOCTH C)KaTH.a:, npH 
3TOM pe3ynLTaT 6Lin 3aBLIUleH /oH 6nH30K K HCTHHHOMY .D.n.a: 
Hepen.a:THBHCTCKoro nyqKa npu y =1/. Bonee TOqHoe 
paccMoTpeHHe B Tex )Ke npe.D;nono)KeHH.a:x npHBO.D.HT K cne
.D.YIOIUeMy. B pe3ynLTaTe ,D;eHCTBHJI co6CTBCHHLIX CHn no
'1BnJieTC'1 pa36poc aKCHanLHLIX CKOPOCTeii B nepBOHaqanLHO 
MOHoxpoMaTuqecKOM nyqKe /a paiio11e 4>oKyca rpynnupo
BaTen.a:/. MaKCHManLHOe ero 3HaqeHHe /.D.nJI KpaiiHHX qa
CTHU/ paBHO 

/'l Vo 
v= 

0 

2e 2N . y 2V0 ----"e--[1+ -<fn -- - l)J. 
mR y 4(3 2 c 2 211 V 

/7/ 

)J.nn HHTepecylOIUHX Hae 3HaqeHHH napaMeTpOB 3TOT pa3 -
6poc .IJ.OCTHraeT 3aMeTHOH BenuqHHLI, O.D.HaKo ero BnH'1HHe 
Ha npo:uecc nepexo,D;a crycTKa qepe3 Kacn MO)KeT 6LITL 
CKOMileHcupoeaHo fPYililHpoeaTeneM npH nocTaHOBKeKacna 
HCCKOnLKO 6nH)Ke <lioKyca. IlonpaBKH Ha ,D;eHCTBHe co6cT
BCHHLIX CHn npH KHHeMaTHqecKOM C)KaTHH cryCTKa BLipa
)KalOTC11 TenepL cne,D;yroi:ueii <liopMynoii: 

L K v 4 11 v Y 2V 0 
- = -11+ --=-[1 + -(fn- - U]I, /8/ 
L H V0 y 4 211 V 

r,IJ.e LK ,L H - .D.nHHa crycTKa nocne H .D.O Kacna. B cna6o
pen.a:THBHCTCKHX nyqKax /y = 273/ OTKnOHeHH'1 OT KHHeMa
THqHOCTH C)KaTH'1 <L- V) CTaHOBHTC'1 3aMeTHLIMH IlPHVe==-O,1. 

III. BOIIPOChl tl>OKYCHPOBKH 
H YCTOHTJHBOCTH l(YI' A CI'YCTKOB 

HTaK, nocne Kacna HMeeM nocne,IJ.oBaTenLHOCTL KOnL
:ueBLIX 3neKTpOHHLIX cryCTKOB C nnoTHOCTblO _1O123/f/CM 3. 
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U.eHTpanbHbIM eonpocoM JIBmieTCH no.u;.u;ep)l(aHHe 3TOH nnoT

H0CTH HeHJMetIHOH B npou;ecce ycI<opeHHH •. IlpH nnoTH0CTH 

Ta.Kora nopH,IJ;I<a cryCTI<H, npe,IJ;0CTaBneHHbie CaMHM ce6e 

B npo.u;onbH0M 0,IJ;Hopo.n;H0M MarHHTH0M none' B TetieHHe 

10-8 -;- 10-9 c yMeHbWHnH 6bl nnoTH0CTb e HeCI<0nbI<0 paJ. 

Ta.KHM o6paJOM, npo.u;onbHaH 4>01<ycHpOBI<a ,!J;0n)l(Ha 6bITb 

BI<nI0'leHa nocne I<acna I<aI< M0)l(H0 6hICTpee. B ,u;aHHblX 

ycnoBHHX B0JMO)l(Hbl ;:i;ea cnoco6a npo.u;onbHOH '1>01<ycHpOBI<H: 

nepBbIH CBHJaH C npHMeHeHHeM H4i-nonH, C0J,IJ;aHH0ro npo

B0,!J;HHI<0M C T0I<0M no OCH CHCTeMbl, BTOpoii HcnonhJyeT 

nonH HJ06pa)l(eHHH B aHHJ0TponH0M MeTannHtieCI<0M 3.KpaHe. 

O6a MeTo,u;a ,!J;0CTaT0'IH0 no.u;po6HO onHCaHbl e/ 14, 15{no3TOMy 

0CTaH0BHMCH HH)l(e Ha HeI<0T0pbIX H0BbIX acneI<Tax. 

B ycnoBHHX Manh1x y .J.. MeTo,u; Hep-'1>01<ycHpoBKH eecbMa 

34>4>e1<THBeH H Tpe6yeT 0TH0CHTenbH0 Manoii eenH'IHHhl Hf 

nonH cornacHo ycnoemo '1>01<ycHpoe1<H: 

l < 2ve (!L)2 < (l+p2)2 • / 9/ 

/31 rl a 4p 2 

3.u;ecb a =l"i - ManhIH pa,u;Hyc nonepetIHoro cetieHHH, p= H/Hz. 

EcJIH f3z _ 1, ycnoBHH 4>01<ycHpOBI<H eute 6onhwe o6nerqa

lOTCH. IlpH 3T0M 4>01<ycHpOBI<a MO)l(eT 6hITb "BI<nlOtie:irn" 

npaI<TH'leCI<H MrH0BeHH0. IlOMHMO 4>01<yCHPY10utero .u;eiicT

BHH, Hep -none Ta!<)l(e u;eHTpHpyeT cryCTI<H OTH0CHTenbH0 

OCH CHCTeMhI, C00TBeTCTBYIOutaH 6eJpaJMepHaH tiaCT0Ta 

pa,u;HanbHbIX I<0repeHTHbIX 1<one6aHHH paBHa /npH /3 ~« 1 /: 

v2=l+p2. 
z /10/ 

MeTO,IJ; Hep -4>01<ycHpOBI<H HMeeT He,IJ;0CTaTI<H: orpaHHtie

HHe ;:i;nHHbl CHCTeMbl HJ - Ja u;eHTpanbH0r0 CTep)l(HH H noTepH 

tiaCTHU Ha ero no.u;eecax HnH eeo.u;ax TO.Ka, a TaI<)l(e HJ- Ja 

pa,u;HanbH0r0 yxo.u;a H0H0B ecne,n;CTBHe .u;eiiCTBHH CHnhI 

JiopeHu;a (Fr =e/3zH<t)Jier1<0 ~ BH,n;eTh, 'ITO H0Hhl~ He Bhlii,n;yT 
Ja npe.u;enbI noTeHo;HanbH0H HMhl, C0J,n;aeaeM0H crycTI<0M, 

ecnH ero npo.u;onhHaH c1<opocTh He 6onee: 

EK eNe 
/3 z < -H' E = --. /11/. 

cf> rrRa 

CTeHO'IHaH 4>01<ycHpOBI<a 0CH0BaHa Ha BJaHMO,IJ;eHCTBHH 

JapH)l(eHH0ro cryCTI<a C T0I<0M C nonHMH, BOJ6y)l(,IJ;eHHbIMH 

10 

A 
'J 
i 

1 
'Ji ., 

HM B u;HnHH,IJ;pHtieCI<0M MeTannHtieCI<0M 3.KpaHe, paJpe3aH

H0M B,IJ;0nb 06paJyI01D;eii, I<OTOpbIH M0)l(eT HaX0,IJ;HTbCH BHe 

nytII<a. <l>oI<yCHp0BI<a 34>4>e1<THBHa, ecnH ,!J;BH)l(eHHe tiaCTHU 

npoHcxo,n;HT e6nHJH MeTanna, h<< R0 , h - paccT0HHHe u;eHT

pa TH)l(eCTH nonepe'IH0r0 cetieHHH nytII<a OT CTeHI<H, Ro -
pa,u;Hyc 3.KpaHa. 

IlpHBe.n;eM ycn0BHH 4>01<ycHpOBI<H ,u;nH .u;eyx xapaI<TepHbIX 

cnyqaeB /npH noCTOHHHOH nnoTH0CTH B nonepe'IH0M cetieHHH 

cryCTI<0B H 6onbWOM 'IHCne paJpeJoB/: 

R >> a - b, h > a, 

R» b>> a , y 2 > 

y> ~ 
a 

8 

fn (l+b 2/h 2) 

/12/ 

/13/ 

3;:i;ecb b H a - aI<cHanbHblH H pa.u;HanbHbIH nonypaJMepbl 

crycTI<0B. 

,lJ;nH Toro 'IT06hI HJ6e)l(a Tb noTepb tiaCTHU npH ,!J;BH)l(eHHH 

crycTI<0B e6nHJH 3.KpaHa, 'IT0 Ba)l(H0 He T0nhI<0 C T0'II<H 

JpeHHH. 4>01<yCHpOBI<H, HO H peweHHH HeI<0T0pblX npo6neM 

YCTOH'IHBOCTH, M0)l(H0 npHMeHHTb MynhTHnonhH0e Mar

HHTH0e none, C0J,IJ;aHH0e CHCTeMOH np0B0,IJ;HHI<0B C T0I<0M, 

pacnono)l(eHHbIX CHapy)l(H nytII<a. 

Ka1< no1<aJaHo B /l 6/, npH 3T0M /1<a1< H B cnyqae Hc/>-nonn/, 

npoHCX0,!J;HT y)l(e·cT0'leHHe pa,u;HanbHOH 4>01<yCHpOBI<H, a HMeH-

H0 /,n;nH {:31 « 1/: ,. 

2 - 2 -
v = 1 + q, qeq = p , p 

r 

HM 
-, 
H2 

HM- aMnnHTy,u;a MynhTHnonhH0ro MarHHTH0ro nonH 

= IH¢j, !Hr!). 

/14/ 

(H 
M 

Ilo,u;aeneHHe npH 3T0M npeo;eCCH0HHbIX M0,IJ; HeyCTOHtIH

B0CTH C0BMeCTH0 C yeenH'leHHeM J/r noJB0nHeT JHatIHTenbH0 

npH6nH3HTb ny'I0I< I< CTeHI<e. ,lJ;nHHa BI<nI0'leHHH MynhTH· 

nonhHOH '1>01<ycHp0B1<H nocne 1<acna onpe.u;enneTCH 34>il>e1<THB -

HOH ,u;nHHOH cna.u;a nonH Ha Topu;ax MynhTHnonbHblX o6MOTOI< 

H M0)l(eT C0CTaBnHTb .u;onH pa,u;Hyca nytII<a. 
,lJ;o cHx nop pe'lb wna o no.u;.u;ep)l(aHHH HeHJMeHHhIM npo

.u;onbttoro paJMepa crycTI<0B. IIonepetIHaH '1>01<ycHpoe1<a -

B pa.u;HanhH0M HanpaeneHHH - o6ecnetIHBaeTCH npo.u;onhHhIM 

MarHHTHbIM noneM Hz H o6hI'IHO C'IHTaeTCH ,!J;OCTaTO'IHOH • 
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O.D.HaKo ynem1qeHHe V r BeChMa :»<enaTeJihHO, KaK BH.D.HO H3 

CJie.D.YIOll.\ero COOTHOWeHHJl .D.JIJI 3~~eKTHBHOH qacTOThl pa

,[(HaJihHhIX KOJie6aHHH n npHCYTCTBHH KyJIOHOBCKHX CHJI: 

;;2==v2-
r r 

V 
C 

Y.1. 

4R 2 v 
a(a+b)y2f32 +~(2v

2
-1).£n 16R 

I y..L. r -- .l. a+ b 

/15/ 

e2 Ne 
"noroHHhlll 3JieKTpOH" v == --• -- • II pH OTHOCHTeJihHO 

e me 2 277R 

MaJihlX y J..D.RH o6ecneqeHH.Ji 3~eKTHBHOH pa.D.HaJihHOH ~oKy

CHpOBKH nocne Kacna, qTO Tpe6yeT BhlnOJIHeHHJl YCJIOBHJI v; ~ 1, HY*Ho ynenHqHna Th v;, qTo II o6ecneqHnaeTCJI 

MYJihTHnOJihHhlM noneM /HJIH 0,[(HOP0.D.HhIM BHHTOBhIM, CM. 

/10//. 

1Ip11 paccMOTpeHHH nonpocoB~ _ ycToiiqHBOCTH YCJIOBHJI 

~OPMHpOBaHHJl H ycKopeHHJl nyra crycTKOB 6y,[(eM cqHTaTh 

TaKHMH, qTo paccTOJIHHe Me)l{.D.Y OT.D.eJihHhlMH crycTKaMH 

311aqHTeJihHO npeBhIWaeT Ma;flhle pa3Mephl crycTKOB, TaK 

qTo 3JieKTPO.D.HHaMHqecKHM B3aHMO,[(eHCTBHeM qacTHI.{ B 

coce.[(HHX cryCTKax MO:»<Ho npeHe6peqi. no cpanHeHHIO c 

B3aHMO.D.eiicTBHeM qacTHI.{ B ,D,aHHOM crycTKe *. 3To 3HaqHT' 

qTo ycToiiqHBOCTh H3yqaeTCJI npuMeHHTeJibHO K O.D.HOMY 

nonoMy 3JieKTPOHHOMY crycTKY C HOHaMH. 

)].JI.Ji TaKHX o6pa30BaHHH nau6~nee onaCHhlMH JlBJIHIOTCJI 

npo.D.OJihHhie neycToiiqHBOCTH · / OTH0CHTeJihHO a3HMyTaJihHO • 

ro rpynn11ponaHHJl qacTHU/ - HeycToiiqHBOCTH THna OTpH

naTeJihHOH MaCChl H pa,[(Hal{HOHHaJI, a TaK)l{e .D.ByxnyqKOBan 

HeycToilqHBOCTh, CBJI3aHHan c pacKaqKoii nonepeqHwx Ko

ne6aHHH :rneKTPO!fHOH H HOHHOH KOMnOHeHT nyqKa. 

IIpO.D.OJihHaJl HeycToiiqHBOCTh HMeeT noporoBhIH xapaK

Tep H pa3BHBaeTCH npH qHcJie qaCTHI.{ B cryCTKe BhIWe 

KpHTHqecKoro: 

N Kp 

3,[(eCh h~ 
E 

B17y ..L hE 2 R n E iJw -(-) ·-1-1·1-•-1, 
e E r Z w iJE 

,/16/ 

e n 

- 3~eKTHBHhIH nonypa36poc qacTnn nyqKa no 

* Mo)l{eT 6hlTh HapyweHHe 3Toro pe)l{HMa npH TOpMO)l{eHHH 
nyqKa KaK nenoro. 

12 

3HeprHJIM, Zn· HMne,[(aHC nyqKa B ,[(aHHOM OKpy)l{eHHH Ha 

eH 2 
qacToTe w=w •n, w == __ z_, r == _e __ Ecnu HeT pe30-

, H H mey e 2 
..L me 

HaHCOB c co6CTBeHHhIMH qacToTaMH KaMephl, n KOTopoii 

pacnpocTpaHHeTCJl nyqoK, TO HMne,[(aHC qHCTO MHHMhIH 

/HeycToiiqHBOCTh OTpHnaTeJihHOH MaCChI/ H paBeH 

Z 2 · R - R 
_n == 771 (1 + 2fn O ) /17/ 

n 2 a ' 
f3ey..L 

Ro - paAHYC MeTaJIJIHqecKoii Tpy6h1. z 
lfa / 17 / cne.D.yeT, qTo npu ManhIX y ..LBen11qH11a j_!!..I MO)l{eT 

n 

6bITh cpaBHHTeJihHO BeJIHKa u COOTBeTCTBeHHO HOM - onac-

hE _ IE iJwl 
Ha. HanpHMep, npH -r.r- -1'1/o H Y.t =3, - -. - =l, R = 3 CM, 

c. <u iJE 

NKp-= 5 · 10
10 • Ell.\e 6oJihWHX 3HaqeHHH .D.OCTHraeT !Zn!, ecJIH 

B03MO)l{H0 pa3BHTHe pa,[(Hal{HOHHOH HeycToiiqHBOCTH. B cny

qae, KOr,[(a HCnOJih3yeTCH aHH30TponHhIH 3KpaH, a .[(pyrHe 

MeTaJIJIHqecKHe nonepXHOCTH HaXO.D.HTCJI .D.OCTaToqno ,[(aJieKO 

OT crycTKa, pa,[(Hal{HOHHaR neycToiiqHBOCTh pa3BHBaeTCJl 

Ha II- BOJIHaX H npH6JIH)l{eHHOe 3HaqeHHe HMne,[(anca ,[(JIJI 

noMepon rapMOHHK n<< y l /B .D.aHHOM cnyqae .D.JIJI n < 10/, 
~ . -

KaK HeTPY.D.110 noKa3aTh, paBHO 

172 -
Z == - -0 + i/.,/3). /18/ 

n e 

<l>opMyna / 18/ coBna.D.aeT co 3HaqeHHeM HMne.D.aHca B cno-

60.D.HOM npocTpaHCTBe H Teneph I Z 
0
1 MO)l{eT Ha nopJIAOK npe

nocxo,D,HTh 3HaqeHHe / 17 / * • 

TaKHM o6pa30M, npo,D,oJihHaJI HeycToilqHBOCTh MO)l{eT 

npe.D.CTaBHTh onaCHOCTh .D.JIJI paccMaTpHnaeMoro MeTO.D.a, 

TaK KaK nyqoK nocne Kacna HMeeT MaJihIH 3HepreTHqecKHH 

*3aMeTHM B CBJl3H C 3THM, qTo npH MaJihlXyJ. / <. 3/ 
cneKTP CHJihHO B036Y*.D.aeMhIX rapMOHBK pe3KO cy,teae~CJl. 
IIpH n ?; yVHo n<R/h / nell.\ecTneHHan qacTh HMne.D.aHca 

- I a .. 
/H3 /18// na.D.aeT -e n Y-l-. 
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pa36poc / - lo/o/ H 6e3 npHH.HTH.H cneuHanLHLIX Mep MO:>KeT 

6L1TL 3HaqHTenLHO MeHLWe nopor,oBoro. 

:a 3THX ycnOBH.HX HeycToil:qHBOCTL cnoco6Ha CHnLHO 

yBenHqHTL pa36poc no a3HMyTanLHLIM HMnym~caM B crycT

Kax H, KaK cneACTBHe, HX paAHanLHLIH ManLIH pa3Mep. 

PacCMOTPHM TPH OCHOBHLIX MeTOAa noAaBneHH.H npo

AOnLHOH HeycToiiqHBOCTH. IlepBLIH CB.H3aH C H3Me.HeHHeM 

3neKTPOMarHHTHLIX CBOHCTB B3aHMOAeHCTBH.H nyq1<a C OKpy

:>KeHHeM, B pe3ynLTaTe qero a6comoTHoe 3HaqeHHe HMne

AaHca yMeHLwaeTC.H. B AaHHOM cnyqae Aa:>Ke B ycnOBH.HX 

nonHOH 3KpaHHPOBKH OCTaeTC.H 3HaqHTenLHa.H qacTL HMne -

AaHca, COOTBeTCTBYIOll.\a.H HeycToiiqHBOCTH OTPHUaTenLHOH 

MaCCLI /17/. 
BTopoii MeTOA 3a1<n10qaeTC.H B HCKYCCTBeHHOM yBenH

qeHHH a3HMyTanLHoro HMnynLcHoro pa36poca B nyq1<e nocne 

Kacna AO 3HaqeHH.H, npH KOTOPOM ell.\e He yBenuquBaeTC.H 

paAHanLHhlH pa3Mep nyq1<a. TorAa, ecnu 3TOT pa36poc 

/HaqanLHLIH C TOql(H 3peHH.H pa3BHTH.H HeycToiiqHBOCTH/ 

nop.HAKa KpHTHqecKoro - 4>opMyna /16/, TO HeycToiiqHBOCTL 

cna6o BnH.HeT npH CBOeM pa3BHTHH Ha napaMeTpLI nyqKa, 

KaK noKa3anH :.rncnepHMeHTLI npH nnoTHOCT.HX 3neKTPOHOB, 

6nH3KHX K 10 f 2 3A/ CM 3 / 4~ .BBeAeHHH pa36poca / ~P _JP .i_:5 

~ lOo/o/ MO:>KHO AOCTHqL, nocTaBHB cpa3y nocne Kacna 

TOHKYIO <t>onLry C HeOAHOPOAHOH nnoTHOCT.LIO Ha onpeAeneH

HOM a3HMyTe napannenLHO OCH CHCTeMLI. )];nHHa <t>onLrH 

BAOnL OCH 3aBHCHT OT 

BOH CKOpOCTeii H npH 

COOTHOWeHH.H a3HMyTanLHOH H oce -

V 
V z ==0,1 COCTaBn.HeT OKono 2 CM. 

<p 
HaKOHeu, TpeTHH cnoco6 yMeHLWeHH.H AeHCTBH.H npo

AOnLHOH HeycToiiqHBOCTH 3aKnroqaeTC.H B H3MeHeHHH Be-

E aw ~ 
nHqHHLI w aE 3a cqeT a3HMyTanLHOH aCHMMeTpHH Mar-

HHTHoro non.a. HanpHMep, BBeAeHHe MynLTHnonLHOH KOM

noHeHTLI fJ M npHBOAHT K nO.HBneHHlO KpHTHqecKOH 3HeprHH 

Y Kp= v' l+q, r Ae q onpeAen.HeTc.H 4>opMynoii / 14/. Ilpu 

npaKTHqecKH npHeMneMLIX 3HaqeHH.HX HM BenuquHa Y Kp. MO-

14 

:>KeT ne:>KaTL B npeAenax AO 2,5. CneAOBaTenLHO, npH Y.l.<YKp 
HeycToiiqHBOCTL OTPHUaTenLHOH MaCCLI B00611.\e He pa3BH-

BaeTC.H, a npH y.l.2»y 2 BHAOH3MeH.HeTC.H, T.K. 1K aw I- ..L. 
Kp w aE y2 

Kp 
OqeHL Ba:>KHO TaK:>Ke, qTO B 3TOM cnyqae Aa:>Ke B03HHKaro
ll.\HH 3HepreTHqecKIIH pa36poc npHBOAHT K MeHLWeMy "pa3-

6yxaHHIO" nyq1<a B paAHanLHOM HanpaBneHHH, TaK KaK 

~R = _1_ . ~1:_+_ 
R y 2 P.l. 

Kp 
IlpHMeHeHHe yKa3aHHLIX MeTOAOB B OTAenLHOCTH • H 

oco6eHHO B COlJeTaHHH APYr c APYrOM AOCTaToqHo An.H 

npaKTHqecKH nonuoro noAaBneHH.H npOAOnLHOH HeycToii

lJHBOCTH B AaHHOM MeTOAe ycKopeHH.H. 

K HaH6onee onaCHLIM HeycTOHlJHBOCT.HM OTHOCHTC.H TaK

:>Ke AByxny1IKOBa.H, oco6eHHO ee AHnonLHa.H, npeuecciIOHHa.H 

MOAa, KOrAa ABa KOnLueBLIX crycTKa - 3ne1<TpOHHLIH H HOH

HLIH - HaqHHaIOT. npeueccupoBa Tb APYr OTHOC}JTenLHO AP}'Ta 

C yBenH1IHBa10iueiic.H aMnnHTYAOH /5/; 3Ty HeycToiiqHBOCTL 

HeTPYAHO H36e:>KaTL, nocKOnLKY qHcno qacTHU, oco6eHHO 

HOHOB, B crycTKax Mano /ManLie Y..1- H AOn.H HOHOB He npe

BOCXOA.HT - O,lo/o/~ II03TOMY nerKo BL16paTL napaMeTpLI 

B AOnoporoBOH o§naCTH, T.e. KOrAa 

# 
Q 2/ 3 + Q 2( 3 < 1. 

e l 
/19/ 

3AeCL Qi, Qe- 6e3pa3MepHLle /oTHeCeHHLleKUHKnOTPOHHOH/ 

lJaCTOTLI ~nonepe1IHLIX Kone6aHHH HOHOB H 3ne1<TpOHOB B cooT

BeTCTBYlOII.\HX noTeHUHanLHLIX .HMax. 

)];a:>Ke ecnH ycnOBHe /19/ He BLIIlOnHeHO, npHCyTCTBHe 

MynLTHn0nLHOro HnH BHHTOBoro MarHHTHoro non.a <Hep> 01<a-

3L1BaeT CTa6HnH3HPYIOll.\ee AeHCTBHe Ha AByxny11KOBYIO He

YCTOH1IHBOCTL /16/. 

IV . 3AXBAT H YCKOPEHHE HOHOB 

B CB.H3H C TeM, 'ITO MHHHManLHa.H npOAOnLHa.H CKOPOCTL 

nyq1<a nocne Kacna cocTaBn.HeT 0,1 c HnH Hec1<onLKO 

6onLwe, BCTaeT .Bonpoc O 3axBaTe HOHOB• 3ne1<TpOHHLIMH 
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crycTKaMH. CKupOCTb 0,1 c C00TBeTCTByeT :meprHH H0Ha 

5 M3B/HYKAOH, 'IT0 Tpe6yeT . npH BHeWHeH HH· 

)KeKUHH cneuaanbH0ro YCKOPHTem1. Cne,D.OBaTenhHO, Tpe-

6yeTCJI ,D.ononHHTenhHOe T0PMO)KeHHe uyra cryCTKOB no 

KpaiiHeii Mepe .D.O CKOPOCTH, Ha nopJl,D.OK MeHbWeii. EcnH 

:meKTJ)OHHblH ny110K caM HOHH3HpyeT HeiiTpanbHhlH ra3, TO 

3aXBaT HOH0B npH 3T0M B03MO)KeH, ecnH CKOPOCTb ny11Ka 

Y.D.OBneTB0pJ1eT ycnoBHIO: V<y2eU ~, r,D.e U - rny6HHa 

noTeHUHanLHOH JIMLI 3neKTPOHHOr; trycTKa. 3~a BenH'IHHa 

npu 06cy>K.IJ.a10JUHXCJ1 napaMeTpax crycTKOB TaK>Ke nopJ1.IJ.Ka 

0,01 C • 

Ilpo6neMa T0pMO>KeHHJI 3neKTpOHHLIX crycTKOB pac

CMaTpHBanacL B nocne,D.Hee BpeMJI B CBJl3H C pa3pa60TKOH 

BapHaHTa KonneKTHBHoro ycKopeHHJI B M3pHneH,D.e /7 / • 

O6cy,D.HM KpaTKO COOTBeTCTBYIOIUHe B03M0)KHOCTH. Top

MO)KeHHe Ha "ropKe" MarHHTHoro nonJI H ,D.anLHeiiuIHii 

3aXBa T HOH OB B 6LICTpo 3axnonL1Ba10IUeiicJ1 noTeHuHanLHOH 

JIMe Tpe6yeT cnO)KHhlX TeXHH'le~KHX pemeHHH. Ilpe,D.CTaB

nJIIOTCJI peanLHhlMH ,D.Be B03MO)KHOCTH: pe3HCTHBHLie CTeH

KH /I 7 / H TOPMO)KeHHe nyTeM nepe,D.a'IH qacTH HMnynLca 

o6pa3yIOIUHMCJI uoHaM./ 18/ • Ecnu CTCHKH aonHoBo.D.a no

KphlTLI nonynpoBO.D.JIIUHM noKphlTHeM C noBepXHOCTHhlM co

np0THBneHHeM p =IO OM/CM 2 , TO cryCTOK 3cW>eKTHBHO 

TOPM03HTCJI Ha ,D.nHHax f = 10 CM. 

TaKoro )Ke nopJ1.IJ.Ka .D.nHHa TopMO)KeHBJI B cny11ae npo

XO)K.IJ.eHHJI crycTKa 11epe3 o6nacTL noawweHHoro ,D.aaneHHJI. 

TopMO)KeHHe uyra crycTKOB HMeeT oco6eHHOCTL, CBJl3aHHYIO 

C H3MeHeHHeM paccTOJIHHJI Me)K.IJ.Y cryCTKaMB, nOCKOnLKY 

npH cyiuecTBeHH0M H3MeHeHHH CKOpOCTH H OTCYTCTBHH 

3aMeTHhlX can OTTanKHBaHHJI Me)K.IJ.Y cryCTKaMH Ha 6onLWHX 

paCCTOJIHHJIX /6nH3KO pacnono)KeHHhle 3KpaHHPYIOIUHe CTeH

KH/ B03MO)KHO cnHJIHHe crycTKOB HnH cyiuecTBeHHOe H3 • 

MeHeHHe ycnoaaii ax <}JoKycapoBKH. Ilo3TOMY napaMeTphl 

uyra cryCTKOB .IJ.Oil)l(Hhl 6hlTL Bhl6paHhl TaK, 'IT06LI B KO

He'IHOM COCTOJIHHH paCCT0JIHHe Me)K.IJ.Y crycTKaMB cyiuecT

BeHHO npeawwano ax ManLiii pa3Mep. 

KaK noKa3LIBalOT pac11eTbl /la< 3axBaT HOHOB npH O.D.HO· 

BpeMeHHOM TOPMO)KeHBB B o6naCTH noBLJWeHHoro ,D.aBneHHJI 

JIBnJleTCJI npoueccoM, Kpaiiae KPBTB'IHLIM K H3MeHeHHIO 
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~KCHanhHOH CK0P0CTII KOnLua, 3KCnepHMeHTanhHO )Ke 3TOT )1(: 

cnoco6 3axBaTa noKa He accne,D.0BancJ1. 

Ilpe.IJ.cTaBnJleT HHTepec H nepcneKTHBeH, oco6eHHO B 

CBJl3H C acnonL30BaHHeM uyra crycTKOB, MeTO.D. HOHH3aUHH 

H no,D.XBaTa HOHOB H3 noKanH30BaHHOH B npocTpaHCTBe 

nnoTHOH CTPYH HeiiTpanhHOro ra3a. IlpH 3HeprHH 3neKTP0HOB 

nopJl,D.Ka 1 M3B ce11eHHe HOHH3aUHH cna6o 3aBHCHT OT 

3HeprHH H no nopJ1.IJ.KY aenH'IHHLI cocTaBnJ1eT 1o-
18 cM 2 

,D.nJI 

y,D.aneHHJI aepXHHX 3neKTpOHOB. IlpH npoXO)K,D.eHHH Ka)K.IJ.oro 

crycTKa qepe3 CTPYIO HeiiTpanLHOrO ra3a M0)KeT 06pa30-

BL1BaTLCJI onpe,D.eneHHOe KOnH'leCTBO HOHOB Ka)K,D.Oro copTa. 

EcnH BLI6paTL CKOPOCTL .IJ.BH)KeHHJI crycTKa, Y.D.OBneTBOpJl· 

IOIUYJO ycnoBHIO 3aXBaTa HOH0B npH Ja,D.aHHOM OTHOWeHHH 

Z/ A, TO 6Y.IJ.YT 3axBaTb1BaThCJI TOnLKO 3TH HOHLI. qacno 

HX onpe,D.enJleTCJI COOTBeTCTBYIOJUHM ceqenueM, nnoTHOCTLIO 

3neKTPOHOB H CKOP0CTLIO .IJ.BH)KeHHJI crycTKOB. 

I.J.yr crycTKOB C 3axaa11eHHLIMH aouaMH HMeeT CKO· 

p0CTL nopJl,D.Ka 10-2 C ; ,D.anLHCHWee ycKopeHHe BX MO· 

)KeT 6hlTL ocyiuecTBneHO B cna,D.aIOIUeM MarHHTHOM none, 

3neKTpocTaTH'leCKHM noneM HnH CHCTeMoii pe3011aTopOB. 

Bo3MO)KHOCTH cna,D.aroiuero npo,D.onLHOI'O MarHHTHoro noJIJI 

orpaHH'leHLI Tpe6oaanaeM, '1To6w B npouecce ycKopeHHJl 

cyiuecTBeHHO He H3MeHJIJiaCL y .J_ - apamaTeJILHaJI 3HeprHJI 

3JieKTpOHOB. ~TCIO,D.a KHHeTH'leCKaJI 3HeprHJI ycKopeHHLIX 

aoHoB orpaHH'leHa" aeJIB'IBHoii Mc 2(y z - 1) = Mc2 Ay l I y l :: 
:: 100 M3B/HYKA. npa ~Y.J. / Y.J..= 0.1. KpoMe Toro, IlOCKOJlb• 

IDYJ. 
KY ,D.onycTBMoe,ycKopJ110IUee crycTKB none paBH0 E = --E , e M z 

Ez 3neKTPH'leCKOe none crycTKa 3neKTP0H0B,TO rpa,D.HeHT 

MarHBTHoro nonJI .IJ.0il)l(eH 6b1Tb BeCbMa ManhlM /-1 3/ct.f/ 
npa Man1:-1x y J. .C03.D.aHae TaKax rpa.n.aeHT0B noTpe6yeT 

JHa'IBTenLHblX TeXHB'leCKBX ycanaii. )].o ManLIX 

3HeprHii /.IJ.eCJITKH M3B/HYKAOH/ npe,D.CTaBnJleTCJI 

peanLHblM 3JieKTpocTaTH'leCKOe ycKopeHHe crycTK0B, KOr,D.a 

Me)IC.ZJ.Y o6naCTLIO 3aXBaTa H MHWeHLIO C03,D.aeTCJI pa3H0CTb 

noTeHuuanoB Ha ypoBHe 10 5 B. )].nJI nony11eHHJ1 3Hepruu 

HOH0B 6onee 100 M3B/HYKA. npBMeHHM MeTO.D. ycKopeHHJI 

pe'3oHaTopaMH HJIH HH.D.YKUHOHHhlH MeTO.D., K0T0pLie, KaK 

noKa3LIBalOT oueHKB, MoryT ucnonL30BaTLCJI BnnoTb .IJ.O 

BeJIB'IBHLI 3JieKTP0HHOr0·'l'0Ka nopJl,D.Ka 1 KA. 
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