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Mero11 ~oKycHpOBKH H OTKnoHeHH!I 'ISCTHU B KOnbueshiX 

yCKOpiiTCn!IX 3neKTpH'IeCKHM H MSrHHTHbiM rroneM 

•ahinpSJ:MneHHOro caeTa" 
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TeopcTI!'IeCKH auanH3upyercSI HOBhtil IIOIIXOA K <j>oKycHpOBKe H OTKnoHe

HHIO '!SCTI!U B KO.~bUeBbiX yCKOpi!Ten!IX C IIOMOUibiO IIOCTOS!HHbiX 3neKTpH'IeC

KHX H MSrHHTHbiX rroneii, reuopupyeMbiX MeTOIIOM "BbiiipHMneHH!!" 3neKTpo

MSrHHTHblX BOnH B HenHHeiiHblX OIITH'IeCKHX H MarHHTHbiX MaTepHanax. noKa-

38H01 'ITO B KOnhite 1 BblfiOnHeHHOM H3 CBeTo- nnH MBf'HHTO-H enHHeHHoro 
MarepHana, II pH na3epHOil CBeTOBOH HSKS'!Ke MOUIHOCTbiO 3• 10 12 

8r/cM 
2 

IWH MHKpoaonRoaolf RaKa'!Ke I 0
11 

BrlcM 
2 

so3HHKaiOT nocroRHHbie non!!, 

<j>opMHPYIOllllle paBHOBeCHyiO op611ry 'IIICTHU C xapaKrepHbiM paAHYCOM 

3 MI(IOO f38/c). 

Pa6oTa BblliOnHeHa B na6oparopHH !lllepHbiX rrpo6neM 0115111. 

DperrpHHT 06beii11HeHHOro IIHCTHTyTa S!AepHbiX HCCneJJOBSHHli. ily6Ha 1978 

Pisarev A.F. P9 - 11979 

A Methcxl of Focusing and Deviation of Particles 
in Circular Accelerators by Means of Electric 
and Magnetic Field of "Rectified" Light 

A new approach is analysed theoretically to focusing and 
deviation of particles in circular accelerators by means of constant 
electric and magnetic fields generated by a methcxl of "rectifying" 
electromagnetic waves in nonlinear optical and magnetic materials. 
It is shown that in a ring made of light- or magnet-nonlinear material 
with lase>r light generation of 3,10 12 w/cm 2 or microwave generation 
of 1011 'w/cm 2 const;mt magnetic fields are formed which shape 
a particle orbit of a particular radius of 3 m/(100 GeV/c). 

The investigation has been performed at the Laboratory 
of Nucle>ar Problems, JINR. 

Preprint of the Joint lnsti lute for Nuclear Research. Dubna 1978 

1. BBEAEHHE 

CoapeMeHHble Konhueable ycKopuTeJIB Ha .IJ.HanaJoH 3Hep

ruH: a coTHH u 6onhwe T3B xapaKTepuJyiOTcx ruraHTCKHMB 

pa3MepaMH, onpe)J.eJIXeMbiMH paBHOBeCHOH op6HTOH qacTHU 

B !lJoKycupyiOIUHX MarHHTHbiX nonxx. OrpaHHqeHHOCTh ae

nuquHbl HanpJDKeHHOCTH nonx, COCTaBDXIOIUaX OKODO 2 T 
.IJ.DX o6bll{HhiX MarHHTOB H -· 6 T .IJ.TIH caepxnpoBO.IJ.XIUBX 

CHCTeM, 

BaiOIUHM 

TeXHBKH 

JIBDJieTCJI B HaCTOJIIUee BpeMJI rnaBHbiM C)J.ep:>KB

!lJaKTOpOM .IJ.anhHeH:wero paJBHTHX ycKopuTenhHOH 

Ha ace 6onee H 6onee BbiCOKBe 3Hepruu. B CBJIJH 

C 3THM B nocne)J.Hee BpeMJI CTanH Bbi)J.BHraTbCJI npHHUH

nHallbHO HOBble H)J.eH !lJoKyCHpOBKB H OTKDOHeHHJI qaCTHU 

B UHKnHqecKHX YCKOpHTenxx, pa)J.HKallbHO BbiXO)J.JII.QBe Ja 

paMKH Tpa)J.BUHOHHbiX MarHHTHbiX MeTO)J.OB !lJopMBpOBaHHX 

TpaeKTopuH: .IJ.BH:>KeHBJI qacTHU. Hau6onee nepcneKTHBHbiMH 

H3 HHX JIBDJIIOTCJI, DO:>KanyH, npe)J.DO:>KeHHJI DO OTKDOHeHBIO 

'laCTHU C llOMOIUbiO Me:>KaTOMHbiX CBD B KpHCTannax/I/, 

3TOT !lJBJHqecKBH MeXaHH3M KaHanBpOBaHHX qacTBU B COBO

KyDHOCTH C HenHHeHHbiMH OllTHl{eCKHMB CBOHCTBaMH KpHc

TannoB B HHTeHCHBHbiX CBeTOBbiX DODJIX Kna)J.eTCJI B OCHOBY 

C03)J.aHHJI HOBOrO Knacca UHKllHl{eCKBX yCKOpHTeneH MHHH

MaCWTa6Horo pa3Mepa Ha cyneppenJITHBHCTCKHe JHep

rHH/2•3/. Hau6onee nonHbiH aHanHJ TaKoro Hoaoro npe.IJ.Jio

:>KeHHX CO)J.ep:>KHTCX B HCCDe)J.OBaHHH / 3 /, r)J.e, B qaCTHOCTH, 

llOKa3aHo, l{TO, HCDOllh3YJI 34J4leKT BblllpJIMDeHHJI HHTeH

CHBHOrO na3epHOrO CBeTa B HenHHeHHO- KBa)J.pa THl{HOM KpHC

Tanne, MO:>KHO C03)J.aTb B HeM CTaTHl{eCKBe 3DeKTpHqeCKBe 

nonJI HanpJI:>KeHHOCThiO - 108 B/cM u 34J4leKTHBHO ycKopxTh 

qaCTBUbl )J.O ynhTpapenJITHBHCTCKBX 3HeprHH. 34J4leKT Ka

HanHpOBaHHJI B TOM :>Ke KpHCTanne o6ecne'IHBaeT, B CBOIO 
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oqepeAL, HaAe>Kuoe YAep>Kauue ycKopJleMLIX qacruu, ua 

OpfiHTe C xapaKTepHbiM paAHYCOM KpHBH3Hbl - 5 CM/ 

( 100 F3B/c l/l, 3/. 0AHaKo npaKTH"'CCKaJI peanH3aiJ,HJI :noii 

HHTepeCHOH BACH npeACTaBnJICTCJI noKa BCCbMa npofine

Ma TH"'HOH H3- 3a OTCYTCTBHJI fionbWHX KpHCTannOB C "HAC

anLHoii" pewerKoii. HHLIMH cnosaMH, onruqecKoe ycKope

uue qacruu,, KauanupyeMLIX a Kpucranne, rpe6yer 6onL

woii AnHHbl ACKaHanHpOBaHHJI, HC"'HCnJleMOH AeCJITKaMH H 

coTHJIMH Merpos. CospeMeHHaJI >Ke I}IH3HKa cnoco6ua o6ec

ne"'HTL AnHHY ACKaHanHpOBaHHJI nHWb B HCCKOnbKO CaHTH

MCTPOB HnH, B ny"'WCM cnyqae, ACCJITKOB CaHTHMeTpOB. 

Ilo3TOMY 6yAyliJ,ee pa3BHTHe onTH"lecKHX ycKopureneii yKa-

3aHHoro THna AOn>KHO npo:iiTH qepe3 TPYAHblH TCXHOnorH

"'CCKHH 3Tan C03AaHHJI cneu,HanbHblX 6onbWHX KpHCTannoB 

co csepxcosepweuuoii aroMHoii pewerKoii. 

B HaCTOJIIIJ,CH CTaTbe auanH3HpyeTCJI HOBblH MCTOA 

l}lopMHpOBaHHJI I}IOKYCHPYIOII-'HX H OTKnOHJIIOII-'HX none:ii B 

BaKyyMHOM 06'beMe KOnbiJ,eBblX yCKOpHTene:ii, OCHOBaHHblH 

Ha HCnOnb30BaHHH CTaTH"'CCKOrO 3neKTpH"leCKOrO nonJI 

"BblnpJIMneHHOro" CBCTa HnH CTaTH"'CCKOrO MarHHTHOrO 

nonJI "BblnpJIMneHHOro" CBq - KOne6aHHJI. Ilo AaHHOMY 

MeTOAY qacTHIJ,bl B yCKOpHTene ABH>KYTCJI B BaKyyMHOH Ka

Mepe B CHnbHOM paAHanbHOM 3neKTpHqecKOM HnH no

nepe"'HOM MarHHTHOM none. B nepsoM cnyqae none reue

pupyeTcJI na3epHbiM CBCTOM B CnOJIX HenHHCHHOrO KpHC

Tanna, COCTaBnJIJOII-'HX, B "laCTHOCTH, 3nCMCHTbl nosepx

HOCTH CTeHOK KaMepbi.BO BTOpOM - none C03AaCTCJI CBq

KOne6aHHJIMH B l}leppurax HnH l}leppoAH3neKTPHKax. KaK 

fiyACT noKa3aHO HH>KC, npH TaKHX cnoco6ax l}lopMHpOBaHHJI 

Op6HT YCKOpJICMbiX "laCTHIJ, KOnbiJ,O YCKOpHTCnJI MO>KCT 6b1Tb 

BeCbMa Manoro paAHYCa, onpeAenJieMOrO xapaKTepHOH se

nH"'HHOH - 3 M/( 100 F3B/c). 

Tpe6osauue ua BblCOKYJO "HAeanbHOCTb" crpyKTYPLI 

aTOMHOH peWCTKH HenHHCHHblX KpHCTannoB B paCCMaTpHBa

eMOM cnyqae nonHOCTbiO CHHMaeTCJI, T .K. yCKOpJICMble 

qaCTHIJ,bl ABH>KYTCJI BHC 06'beMa "BblnpJIMnJIJOIIJ,CrO" BeliJ,CCT

Ba. 3TO 06CTOJITenbCTBO CTaBHT Ha peanbHYJO OCHOBy 

npo6neMy 6blCTpOrO C03AaHHJI HOBOrO THna IJ,HKnH"'CCKHX 

ycKOPHTene:ii "laCTHIJ, Manoro paAHyca Ha ynbTpapenJITHBHCT

CKHC 3HeprHH, a TaK>KC pa3pa60TKY HaKOnHTCnbHblX KOneu, 

4 

H CHCTeM 31}11}1CKTHBHOrO OTKnOHeHHJI BHCWHHX ny"'KOB 3a

pJI>KCHHblX qacTHIJ,. 

2. CT ATHIJECKA.R 3JIEKT PHIJECKA.R IIOJI.RPH3AI.1H.R 
HEJIHHEHHOFO KPHCT AJIJIA IIO,l{ 
,l{EHCTBHEM CBETA 

CraruqecKaJI nonJipH3aiJ;HJI KBaAparuquoro Kpucranna 

B none HHTCHCHBHOH CBeTOBOH BOnHbl OnHCbiBaCTCJI Bblpa

>KeHHCM I 4, 5/ 

p - .!. (J) (t) 

0 -
2

xE E , /1/ 

rAe X - TeH30p KBaApaTH"'HOH HenHHCHHOH onTH"leCKOH 

socnpHHM"'HBOCTH Kpucranna, E w - 3neKTPH"lecKoe none 

B CBCTOBOH BOnHe. B KOMnOHCHTHOH 3anHCH Bblpa>KCHHe 

/1/ HMCeT BHA: 

p 
Oi 

1 Fu) w 
Z X ijk ~ i E k ' 

/2/ 

rAe HHAeKCbl I, ], k npHHHMaJOT 3Ha"'CHHJI X , Y , Z · 

3AeCb H HH)I(e no ABa>KAbl nOBTOpJIIOll\HMCJI HHAeKCaM npo

H3BOAHTCJI CYMMHPOBaHHe. EcnH HenHHCHHblH onTH"leCKHH 

3neMeHT npeACTaBnJieT Co6o:ii nnaCTHHKY H3 MOHOKpHCTan

na HnH cnoii: TCKCTypbl H3 KpHCTanna H B03HHKaJOII-'HH BeKTOp 

nonJipH3au,HH P0 oprorouaneu nnacTHHKe HnH cno10, TO ua 

nporusonono>KHLIX nosepxuocTJIX B03HHKaJOT HHAYUHposau

Hble pacnpeAeneHHble 3apJIAbl C nnoTHOCTbiO 

a 
± Po . /3/ 

3ToT 3apJIA o6pa3yeT ua nnacTHHKe ABOii:Hoii noreu

u;uanLHblii: cnoii:, KOTOpbiH H cny)I(HT B paCCMaTpHBaeMOH 

3aAa"le HCTO"'HHKOM 3neKTpOCTaTH"'CCKOrO nonJI l}loKyCH

pOBKH H OTKnOHeHHJI "laCTHD;. 01.feBHAHO, "'TO AaHHOe none 

BOJHHKaeT H HC"leJaeT "MrHOBeHHO" BMeCTe CO CBeTOBblM 

noTOKOM. 

~nJI 3¢$CKTHBHOH TpaHcl}lopMaiJ;HH CBeTa B nOCTOJIHHOC 

3JleKTpH<((cCKOe none IIJiaCTHHbl HeJIHHeHHOl'O KpHCTaJIJia 
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,D;OIDKHbl Bblpe3aThCB H3 MOHOKpHCTaJIJIOB no TaKHM nnoc

KOCTBM, KOTOpble o6ecneqHBaiDT MaKCHMaJihHYID OJITHqec

Kyro nOJIBpH3aU.HID p O B HanpaBJieHHH TOJIII.\HHbl nnaCTHHhl. 

3TOMY )l(e Tpe6oBaHHID Heo6XO,IJ.HMO Y.D.OBJieTBOpBTh H B 

CJiyqae npHrOTOBJieHHB OnTuqeCKH HeJIHHeHHOH nJiaCTHHbl 

B BH,D;e CJIOB TeKCTypbl H3 KpHCTaJIJia. 

HanpaBJieHHe BBe,IJ.eHHB CBeTOBOrO nyqa B HeJIHHeHHblH 

onTuqeCKHH CJIOH BCeU.eJIO onpe,n;eJIBeTCB OTJIHqHhlMH OT Hy

JIB KOMnOHeHTaMH TeH30pa onTuqecKOH BOCnpHHMqHBOCTH 

x .. k • TaK, B qacTHOCTH, ecJIH "nhe303JieKTpuqeCKHe" 
1]) u 

OCH KpHCTaJIJIHqeCKOH nJiaCTHHhl COBna,n;aroT C OCBMH X , 

y, z, KaK noKa3aHo Ha puc. 1, TO .D.JIB nonyqeHHB P0 z f 0 

X 

z 

{
Xzxx "Xzxy} 
-xzyx xzyy 

/ 
{

Xzyy, Xzyz} 

Xzzy, Xzzz 

1 {Xzxx' Xzxz} 
Xzzx • Xzzz 

Puc.1. Bo3MOJICH&re HanpaeAeHUJI ceemoe&rx AY'ieu, eeoou
MbiX 6 KpucmaAAU'ieCKYIO nAacmUHKY UAU CAOU meKcmypbi 
1(3 KpucmaAAa, OAJI noAy'ieHUJI cmamu'iecKou noA.Rpu3a~uu 
~Oz f 0. Ocu x, y, z coeMefl#eH&I c "n&e303AeKm
pu'ieCKUMU" oc.RMU KpucmaAAa. B (JuzypH&rx cKo6Kax yKa3a
Hbl omAU'iHble om HYAJI KOMnOHeHmbl meH30pa X ijk 

6 

CBeT MO)I(eT 6blTh BBe,IJ.eH B nJiaCTHHy no O,D;HOMY H3 Han

paBJieHHH: B,D;OJih OCH X OC8 y 8JI8 OCH z . llp8qeM 

83 o61l\ero Bhlpa)l(eH8B ,IJ.JIB 

1 w.-., w Wr- w w '() 
P ~ -fv ~ r.. +v E r.. +X E E + Oz 2 Azxx x x Azyy y y zzz z z 

+ 2 · E cu E cu + 2 · EwE w + 2 E cuE uJ ] 
.\: zxy x y A zxz x z X zyz y z 

/4/ 

8 opToroHaJihHOCT8 aeKTopa Ecu K HanpaaneH8ID pacnpo

CTpaHeH8B CBeTa CJie,IJ.yeT, qTO B CJiyqae BBO,IJ.a CBeTOBOrO 

llOTOKa B nnaCT8HY B,IJ.OJih OC8 X, OTJI8qHOH OT HYJIB ,D;OIDKHa 

6hiTh XOT H 6hl O,IJ.Ha 83 KOMllOHeHT TeH3opa: X zyy, X zy z 

HJIH X • ,l.J,JIH ,IJ.BYX ,D.pyrHX HanpaBJieHHH BBO,IJ.a CBeTa -
zzz .... 

B,IJ.OJib OCeH y H Z - COOTBeTCTBYIDII.\He KOMnOHeHTbl TeH30-

pa, KOTOphle ,IJ.OJI)I(Hbl 6biTb OTJIHqHbl OT HYJIH, nOKa3aHbl 

Ha puc. 1. 
YcTaHOBHM Tenepb CBH3h Me)I(,IJ.y BeJIHqHHOH llOJIHpH3a-

U.HH Pd. unu, cooTBeTCTBeHHO, pacnpe,IJ.eneHHeM nnoTHOCTH 

3apH,D.OB u + Ha llOBepXHOCTBX KpHCTaJIJIHqecKoro CJIOB, H 

MOII.\HOCTbiD CBeTOBOrO llOTOKa, BBO,IJ.HMOrO B KpHCTaJIJI. 

,l.J,nH onpe,D.eneHHOCTH npHMeM, qTo caeT E
6

J ~ EoCos(cut-kyl 
pacnpOCTpaHHeTCH B,IJ.OJih OCH y H BeKTOp llOJIHp83aQ88 

a BOJIHe E ~~) cocTaBJIBeT c ochro x yron 0. Tor,IJ.a 83 

Bhlpa)l(eH8H I 4/ cne,IJ.yeT, qTo 

1 (()2 2 2 
Poz ~ 2- ( E 0 ) [ X zxxCos 0 + X zzzSin 0 + 

+X Sin20]Cosfox(y)- oz(y)], 
zxz 

/5/ 

r,IJ.e yqTeHbl JI8Illb qneHLI, OTBeTCTBeHHbie 3a CTaT8qecKyro 

llOJIHP83aQ8ID. BeJI8q8Ha ox(y) - oz(y) eCTb pa3HOCTh 

dJa3 KOMnoHeHT caeToaoro nonH E cd 8 E (<) a Kp8cTanne. 
X Z 

llp8 KOrepeHTHOM pacnpOCTpaHeH88 3T8X KOMllOHeHT CBeTa 

pa3HOCTb dJa3 pasHa 2rr m, m =0, ±1, ±2; ll03TOMY 

Coslox(y)-oz(yl] =1. B caoro oqepe.IJ.L, aen8q8Ha 

(E (/)) u 

O CBH3aHa CO cpe,D.He8 MOII.\HOCTbiD CBeTOBOrO nOTOKa 

p pacnpOCTpaHHIDII.\erOCH B Kp8CTaJIJie, COOTHOIIIeH8eM 

( Eru )2 
0 

BrrP 

TICS 

/6/ 

7 



r,D.e C - CKOpOCTL CBeTa B BaKyyMe, S - nonepe'IHOe 

ce'leHHe coeroooro ny'IKa, n - onTH'IeCKHH noKa3aTenL 

npenoMneHHJI coera B Kpucranne. KoM6HHHPYJI /3/, /5/ 
H /6/ H Y'IHTLIBaJI Cos(8x(y)- oz(y) J =1, 6y,D.eM HMCTL: 

a = P = 
4 77 

p [ X Cos 28 + X Sin2 e + X Sin 2 e]. 
Oz n c 8 zxx zzz zxz 

/7/ 

AHanorH'IHLie cooTHollleHHJI ,D.JIJI Poz nony'laiOTCJI H B 

BapHaHTaX na,D.eHHJI CBeTa Ha nnaCTHHKY B HanpaoneHHJIX 

oceii: y H z. 

)l;nJI OUeHKH B03HHKaiOIUeH nooepXHOCTHOH nJIOTHOCTH 

3apJI,D.OB npe,D.nOJIO)KHM, 'ITO KpHCTaJIJIH'IeCKaJI nnaCTHHKa 

HJIH TeKCTYPHLIH CJIOH npHrOTOBJieHLI, HanpHMep, H? KpH~-/ 

TannuqecKoro Tennypa, ,D.JIJI KOToporo x ~ 10- Cl'C 
6

, zzz 
n =1,5. )l;onyCTHM TaK)Ke, 'ITO B Ka'leCTBe HCTO'IHHKa MOHO· 

XpOMaTH'IeCKOrO CBeTa HCnOJIL3yeTCJI Jia3ep MOIUHOCTLIO 
13 2 P ==' 10 Bm. CM- , ce'leHHe coeToooro ny'IKa KOToporo s = 

=1 CM 2 . Tor,D.a B cooTBeTCTBHH c /7 I nony'IHM 

(J 

± 
3·10 3 Cl'C /8/ 

TaKoe )Ke 3Ha'leHHe pacnpe,D.eneHuoro 3apJI,D.a 6y,D.eM HMeTL 

B B cnyqae HCnOJIL30BaHHJI MHOrHX ,D.pyrHX HeJIHHeHHLIX 

KpHCTannoB, HanpHMep, GaAs, In Sb HnH GaSh, 
,D.llJI KOTOpLIX 

X no-6 1 o- 5 > ere I 41. 

3. tPOKYCHPYIOH(EE 3JIEKT POCT A THtJECKOE 
IIOJIE, HH,4YaHPYEMOE CBETOM 

Bo3HHKaiOIUHH Ha onTH'IeCKOM HenuHeiiHoM cnoe ,D.Boii

Hoii: nooepxHOCTHLiii pacnpe,D.eneHHLIH 3apJI.D. a+ H a_ 
HH.D.YUHpyeT B OKpy)KaiOIUeM npOCTpaHCTBe 3JieKTpOCTaTH· 

qecKoe none, KoTopoe ocymecTBnJleT clloKycupoBKY qac

THU H y,D.ep)KaHHe HX Ha 3aMKHYTOH op6HTe. B npHHUHne 

8 

MLICJIHMLI TpH HaH6onee xapaKTepHLIX BapHaHTa npOCT· 

paHCTBeHHOH KOHcllHrypaUHH 3JieKTpOCTaTH'IeCKHX noneii, 

ocymecTBJIJIIOIUHX yKa3aHHLie 3lWJeKTLI clloKycupoBKH. 3TH 

oapuaHTLI noJICHJIIOTCJI puc. 2 - 5. Ha puc. 2 H3o6pa)KeHo 

~ 
('-I 

fY 
~/ .z --~ 

Puc.2_ 4>oKycupoeKa u 0111KAOHeuue <~aC111Ull :JAeKmpu'leCKUM 
noAeM nOARpU306QHHOZO KpUC1fiQAAU'IeCKOZO KOAbliQ npu 
uepa6HOMepHOM pacnpeOeAeHUU noeepXHOC111HOZO 3QpROQ CJ + 

e eepmuKaA&HOU nAocKocmu. H.K. - HeAuHeilH&lil onmu<~ec~ 
KUU KpucmaAA; E ( y, z) - HanpRJKeHHOC1flb :JAeKmpu<~ecKozo 
noAR; R - paouyc paeHoeecHoil op6u1fl&l 'laC111Ufl. 

pacnpe.neneuue 3neKTpH'IecKoro nonJI no ocH y, o6ecne

'IHBaiOIUee lPOKYCHpOBKY 'laCTHU B oepTHKaJILHOH llJIOCKOCTH 

H OTKJIOHeHHe - B ropH30HTaJILHOH nnOCKOCTH ycKOpHTeJIJI. 

0'-leBH.D.HO, 'ITO noKa3aHuoe ua pucyHKe pacnpe.neneHHe 

llOJIJI MO)KeT 6LITL o6ecneqeHO COOTBeTCTBYIOIUHM pacnpe

,ll.eJieHHeM HHTeHCHBHOCTH H llOJIJlpH3aUHH CBeTa llO OCH Y. 
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Ecnu npHHJITb paBHOMepHoe pacnpe,IJ,eneHHe nosepxHOCTHo

ro 3apR,IJ,a a no OCH y, TO ,n;nJI KOnbUa C npJIMOnHHeHHOH 

CTeHKoii I puc. 2/ none Ha ocu z « R 6y,IJ,eT: 

E<y= 0, z) 
b b 

4 a [ arctg -- - arctg -- J. /9/ 
z-a z+a 

,ll;nJI y/= 0 none IE < y, z ) I > I E < y = 0, z ) I . 
)l;nJI KOnbUa, pa3Mepbl a H b KOTOpOrO Bb16paHbl B COOTHO

WeHHH a =0,5 b, HanpJI)I(eHHOCTb 3neKTPH'IeCKOrO nOJIJI 

s6nH3H nosepxHOCTH KpHcTanna 6y.n;eT pasHa E ( z = a+ 0) = 
=4 a , llO,IJ,CTaBnJIJI CIO,IJ,a 3Ha'leHHe u H3 Bblpa)l(eHHJI /8/, 

8 
nony'IHM E ( z = a+ 0) =3· 10 B/cM. TaKoe none Ha 

rpaHHUe ,!J,H3neKTpHK - BaKyyM B npHHUHne ,IJ,OnyCTHMO 

,IJ,JIJI "ye.n;uHeHHoro" KpHcTanna, KaK H B cnyqae c pac

CMaTpHBaeMOH CHCTeMOH. llone BHYTPH KpHCTaJina 6y,n;eT 

B i pa3 MeHbWe, r,IJ,e t - ,!J,H3neKTpH'IeCKaJI nOCTOJIHHaJI. 

BH,IJ;HM, 'ITO npH MOIUHOCTH Jia3epHOHHaKa'IKH ""10l:~m/cM 2 

B KOnbUO H3 HeJIHHeHHOrO KpHCTanna THna Tennypa, Ha

npJI)I(eHHOCTb 3neKTpH'IeCKOrO nonJI, B03HHKaiOIUero B npo

CTpaHCTBe $oKyCHpOBKH, 6y,n;eT ,IJ;OCTaTO'IHOH ,IJ;nJI y,IJ,ep)l(a

HHJI 'laCTHU C HMnynbCOM ·-100 T3B/c Ha op6HTe C pa

,IJ;HYCOM R ~ 3 M. 

B cnyqae $oKycupoBKH qacTHU 3neKTpH'IeCKHM noneM 

BOrHyTOrO KpHCTaJina HnH BOrHyToro TeKCTypHOrO KpHC

TaJinH'IeCKOrO enos, H3o6pa)l(eHHoro Ha puc. 3, nooepx

HOCTHaH nJIOTHOCTb 3apJI,!J,OB MO)I(eT 6b1Tb npHHHTa O,!J,HO

pO,IJ,HOH. HanpB)I(eHHOCTb nonJI $oKycupoBKH Ha ocu z << H 
B 3TOM BapHaHTe 6y,IJ,eT pasHa 

¢o r ( z- a- 2 r ) tg -
=4a[ --0-(¢0 + 2arctg 0 2 E ( z) 

z-a-r0 z-a 

ro 
"a-c / ¢o + 2 acctg ~H a- 2c0 )tg ~o 

z+a - -)]. 

) -

/10/ 

BenH'IHHbi, BXO.IJ.HIUHe B Bblpa)l(eHHe I 10/, noscHeHLI 

Ha puc. 3. Ecnu npHHJITb r0 =10 a H a =0,5 b, TO Hanps

)I(CHHOCTb nonJI B6nH3H KOnbUeBOH OnTH'ICCKOH TIOBepXHOC-
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Puc.3. To JICe, ttmo u Ha puc. 2, OOHaKo 3apJIO a+ paeHo
MepHO pacnpeoeAeH no noeepxHocmu KpucmaAAuttecKozo 
CAOJI. 

TH 6y.IJ.eT E ( z = a + 0) =4 TTu. llpu MOIUHOCTH na3ep

Hoii HaKa'IKH coeTa -- 3·10 12 Bm/cM 2 
none cocTaBHT E = 

=3·10
8 

B/cM, 'ITO 6y.IJ.eT cooTBeTCTBOBaTb paoHooecHoii 

op6uTe qacTHU c pa.IJ.HYCOM -3 M/( 100 T:JB/c'). 
Y CnOBHJI ,ll,nJI 3nCKTpH'IeCKHX noneii, KaK H B paCCMOT

peHHOM BbiWe cnyqae, He H3MeHHTCH, ecnH KpHCTannH'Iec

KOe KOnbUO ,ll,OTIOnHHTenbHO 6y,ll,eT HMeTb BHeWHIOIO CTJI

rHBaiOIUYIO o6onO'IKY H3 npOBO,ll,HHKa HnH ,ll,H3neKTpHKa. 

Cne.IJ.YIOIUHe .IJ.Ba oapuaHTa cucTeMbl $oKycupoBKH qac

THU H306pa)I(CHbl Ha pUC. 4 H 5. 3TH CHCTeMbl OTnH'IaiOTCJI 

OT paCCMOTpCHHbiX BbiWC HanH'IHeM .IJ.BYX 3aMKHYTbiX MC)I(

.IJ.Y co6oii 3neKTpO,ll,OB, OXBaTbiBaiOIUHX KpHCTannH'ICCKOe 

KOnbUO. HanpJI)I(CHHOCTb 3nCKTpH'ICCKOro TIOnJI B BaKyyM-
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HOM 3a3ope CHCTeMbl ciJoKyCHpOBKH, npe,IJ,CTaBJieHHOB Ha 

puc. 5, paBHa 

E :::: 4 7W __j_ /11/ 
< d + 2a 

IlpH BbiBO,IJ,e 3TOB ciJopMyJibl npe,IJ,nonaranocb, qro 

b > a > d H r O >> a. )l;JI.R qHCJieHHOB OU.eHKH BeJIHqHHbl 

E npHMeM: d =0,5 a, ,IJ,H3JieKTpHqecKyro nocTO.RHHYIO KpHc

ranna c =2, MOIIJ.HOCTb cBeTOBOB HaKaqKH p =10 13 
Bm/cM 

2 

H )( =10- 5 CTC. Tor,IJ,a H3 COOTHOllleHHB /6/ H /11/ CJie

,IJ,yeT E =4·108 B/cM, qro cooTBeTCTByeT paBHOBeCHOB op-

6ure qacruu. c pa,IJ,uycoM H =2,5 M/~ 100 T3B/c>. 

-a 
1'\j 

31 

//· . . . ~ 
/ //' . . 

z ~ 
/ 

Puc.4. To JK:e, ~mo u 11a puc. 2 u 3. CucmeMa (JoKycupoeKu 
cooepJICUm OOnOAHUmeAbHO 06Q 3/leKmpu~eCKU 3QMKHymbiX 
3AeKmpooa ') 1 u 32 . Heo6xoouMaR 3aeucuMocmb E ~ E (y, z) 
oocmuzaemcR coomeemcmey10JliUM pacnpeoeAeHueM a, e eep
muKaA&Hou nAocKocmu u zeoMempueu 3AeKmpoooe "\ 11 12• 
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OQ 
('I 

31 

HK 

//_,.....
,/ /-----

/./ ~-~ 
Y/. // .. ..--· 
.. · /'/ 

Puc.S. To JK:e, ~mo u Ha puc. 4 H.K. - HeAuHeUHbiU Kpuc
maAA; H. C. - U30AUPY10JIIUU cAoil. 

4. CTATHqECKAJJ MAFHHTHAR IIOJIRPH3AIJ,H.R 
fiJEPPOMAFHETHKA IIO,lf ,lfEHCTBHEM 
3JIEKTPOMAFHHTHOHBOJIHM 

AHanoruqHo :meKTpuqecKoB nomtpH3aU.HH B KpHcran

nax B none HHTeHCHBHOB 3JieKTpOMarHHTHOB BOJIHbl B03-

HHKaeT TaK)I(e "Bblllp.RMJieHHa.R" MarHHTHa.R llOJIJipH3aiJ.H.R. 

3TOT 3clJclleKT HaH60Jiee .RpKO llpO.RBJI.ReTCJI B clJeppoMarHe

THKax/7-10/. OrpaHHqHBa.Rcb KBa,IJ,paruqHoB HeJIHHeBHOCTbiO, 

HaMarHHqeHHOCTb BeiiJ.eCTBa llO,!J, ,IJ,eBCTBHeM BOJIHbl MO)I(HO 

3anucaTb B cne.IJ.YIOIIJ.eM BH,IJ,e /7 I. 

w w w w w w 
M. = a .. k H. Hk + f3 .. k H. Ek + y .. k E. Ek I IJ J IJ I IJ J ' 

/12/ 
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rae nepBhli qneu onHChlBaeT HaMaruuqeuuocTL Ja cqey 
TODbKO MarHHTHhlX KOMnOHeHT nepeMeHHOrO non.H, BTOpOH -
Ja cqey CYMMapuoro aeHCTBH.II MarHHTHOH H 3DeKTpHqec
KOi KOMnoueuT non.11 H, HaKoueu, TpeTLe cnaraeMoe onH
ChlBaeT HaMaruuqeuuocTL 6naroaap.11 qucTo 3neKTpuqec
KHM KOMnOHeHTaM non.H. HaH6onLWeH BenHqHHOH B Bblpa)t(e
HHH /12/ o6naaaeT nepBoe cnaraeMoe B "MarHHTHOM" 
qacTOTHOM auanaJOHe, T.e. B CaHTHMt;TPOBOM H MHDDH
MeTpOBOM auanaJOHaX qacTOT HaKaqKH /7-'J/. Il03TOMY an.H 
aanLHeH:wero auanHJa npHMeM 

Mi 
(u uJ 

aijkHi Hk /13/ 

rae a ijk - TeHJOp KBaapaTHqHOH MarHHTHOH BOCnpHHM
qHBOCTH «iJeppoMarHeTHKa B MHKpOBODHOBOM auanaJOHe. 

ilOBTOp.H.H Te )t(e BhlKnaaKH, q10 H an.H 3DeKTpHqecKOH 
non.HpHJaUHH BeJ..QeCTBa, nonyquM auanor «iJopMynLI /7 I 
an.11 HaMaruuqeuuocTH: 

Mo Y 
4rrP 1 - v
c S fL 

/14/ 

rae f - aH3neKTpuqecKa.H H fl. - MarHHTHa.H npouuuaeMoCTL 
BeJ..QeCTBa B auanHJHpyeMoM auanaJoue qacTOT. Ilpu BLIBo
ae «lJopMynhl /14/ npeanonaranocL, qyo nnocKa.H 3neKTpo
MarHHTHa.H aonua c nuueH:uoH: non.HpHJauueH: BeKropa II 1" 

no ocu y pacnpocTpau.HeTc.H B «iJeppoMarueTHKe aaonL 
x HnH z /puc. 6a/. 

5. MAFHHTHA.R CHCTEMA OTKJIOHEHH.R lJACTHL( 

TaKa.H CHCTeMa MO)t(eT fiLITb BhlnOnHeHa, B npHHUHne, 
B BHae aByX «iJeppoMarHHTHbiX KOneu, COCTaBneHHbiX BMeC
Te TaK, KaK cxeMaruquo noKaJauo ua puc. 6. Cpeau.11.11 
uanp.H)t(eHHOCTL MarHHTHoro non.H B pafioqeM o6beMe 3TOH 
cucreMhl MO)t(eT 6LITL oueueua no ;ilopMyne 

H ~ 4rrM
0 

, /15/ 

14 

1 

). 
1 

N 

~ e: 

o£i 

0 

I I ~ 
uoo 
Olit:l: 
'::::Slit 
s:: ~::s 

Q;:l: 
l ~ 1\1 
c:s'e.C:S 
;:;.1 ~ 
::S • I 

lit~ 
~e= 
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(j(j 
c.:.~ :t 
::S~.o 
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r,IJ;e 3Haqeuue HaMaruuqeHHOCTH M 0 6epeTcJI H3 Bblpa)l(e
HHJI I 141. ,lJ,nJI 6onLWHHCTBa clJeppoMarHHTHLIX Ma Tepuanos 
H HX KOMn03HI.lHB • clJeppHTOB H c1JeppO,IJ;H3lleKTpHKOB -
B6nH3H pe30HaHCHOB o6naCTH qacTOT Benuquua a:;: 10"3CFC. 
HcnonL3YJI 3To 3Haqeuue a u npo~3BO,IJ;JI BbJqucneHHJI no 
clJopMynaM 1141 u 1151, nonyquM li"" 4 ·1Q-12 F, r,IJ;e P
MOII.lHOCTL CBq - HaKaqKu I 3pz/cM 2 cl u H - ua.npJI)I(eH
HOCTL MarHHTHOrO nonJI ( 1) • CospeMeHHble CHCTeMhi KO
repeHTHOB reuepal.lHH 3lleKTpOMarHHTHbiX BOllH B MHKpo
BOllHOBOM ,IJ;Hana30He qacTOT ,IJ;OCTHraiOT MOII.lHOCTH H3nyqe • 
HHR -1011 Bm,qTo s paccMaTpusaeMoM cnyqae Mo)l(eT o6ec
nequTL uanpR)I(eHHOCTL BhinpRMneuuoro MarHHTHoro nonR 

6 
- 10 3. PaauoaecuaJI op6uTa qacTHU. B TaKOM none 6y,IJ;eT 
HMeTL xapaKTepHYJO aenuquuy pa,IJ;uyca R=3 Ml< 100 F3B/d. 
0TMeTHM TaK)I(e, qTo B cnyqae HMnynLCHOB "no,IJ;aqu" 

MarHHTHoro nonJI ua KOllLI.lO qacTHI.lhi 6y,IJ;yT npuo6peTaTL 
3aMeTHhiB ,IJ;ononuuTenLHhiB npupocT 3Hepruu 3a cqeT 6e
TaTpouuoro ycKopeHHR. 

6. KPATKHE Bh/BO,l(bl 

PaccMoTpeHHble cnoco6bl clloKycupoBKH u OTKnoHeHHR 
penJITHBBCTCKBX qaCTHI.l B BaKyyMe Ha op6BTaX Manoro 
pa,D;Hyca 6a3upy10TCJI, KaK BB,IJ;BM, Ha MeTO,IJ;e C03,IJ;aHBR 
CBllLHhiX 3neKTpuqeCKBX B MarHBTHbiX noneii: nyTeM BhinpJIM
neHHJI B uenuueii:HhiX Bell.leCTBax KorepeHTHhiX JneKTpoMar
HBTHhiX BOllH 6onLWOB MOII.lHOCTB. K HaCTOJIII.leMy BpeMeHB 
xopowo oTpa6oTaua TexuonoruJI npuroTosneuuR pa3nuqublx 
cnoea KaK H3 clJeppoMarHBTHhiX MaTepuanoa, TaK u B3 uenu
ueii:HhiX OnTuqeCKBX KpBCTannoB, B qacTHOCTB, cnoeB TeK
CTypLI/l ~ fi03TOMY HaKonneHHhiB OnhiT B 3TBX o6naCTRX 
TeXHHKH MO)I(eT 6hiTL ycneWHO HCnonL30BaH ,IJ;llJI npaKTB· 
qecKoro peweHBJI o6cy)I(,IJ;aeMoii: npo6neMhi - reuepauuu 
CHllLHbiX nOCTOJIHHhiX 3lleKTpOMarHHTHhiX noneii:. fipe,D;CTaB
nReTCJI, qTo Ha OCHOBe 3THX nO,IJ;XO,IJ;OB MOryT 6biTL C03,IJ;a· 
Hbl KOllLI.leBble YCKOpHTenu qacTHI.l HOBOrO Knacca C MallLIM 
pa,D;HyCOM KpHBH3HLI Ha cyneppenJITHBBCTCKHe 3HeprHB. 
BonpocLI ,IJ;OCTH)I(BMoro ypoBHJI HHTeHCHBHOCTH ycKopxeMhiX 
qacTBI.l B no,IJ;o6HhiX ycKopuTenxx Tpe6yiOT cneuuanLHoro 
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paccMOTpeuuR. O,IJ;HaKo ace clJuJuqecKue coo6pa)l(eHHJI yKa-
3hiBaiOT Ha TO, qTo HHTeHCHBHOCTL qacTHI.l B HHX 6y,IJ;eT 
O,II;HOrO nopJI,IJ;Ka BenuqHHhi C HHTeHCHBHOCTLIO, nonyqaeMOB 
Ha COBpeMeHHbiX yCKOpHTenJIX. 

MLI onycTunu H3 paccMoTpeHHJI pJI,IJ; TPY,IJ;HLIX npo6neM 
TexuuqecKoro xapaKTepa, CTOJIII.lHX ua nyTu peanuJauuu 
H,IJ;eH nonyqeHHJI 3KCTpeManLHO 6onLWHX HanpJI)I(eHHOCTeB 
noneii: Ja cqeT JcllclleKTa uenuueii:uoro BLinpJIMneHHJI sonu. 
K 3THM npo6neMaM OTHOCJITCJI npe)I(,IJ;e scero sonpocLI 
BBO,IJ;a MOII.lHhiX 3lleKTpOMarHHTHLIX nOTOKOB B KpHCTannLI 
6e3 paJpyweHHJI nocne,IJ;HBX, a TaK)I(e Ja,IJ;aqu BLIBO,IJ;a Ten
na H3 KpHcTannoa. B HH:>KeuepuoM nnaue 3TH npo6neMLI 
qpe3BbJqaii:HO CllO)I(HLI, O,IJ;HaKO OHH He OTHOCJITCJI K KaTe
ropBB npHHI.lHnHanLHO Hepa3peWBMLIX. 

B JaKnroqeuue aaTop cquTaeT CBOHM npHJITHhiM ,IJ;onroM 
no6naro,D;apuTL B .ll.,ll,)l(enenoaa, B .ll.,lJ,MHTpuescKoro, 
n.M.CopoKO, H.H.HBaHOBa H B.H.HuKaHoposa 3a MHOro
qucneHHble Ba)I(Hble o6Cy)I(,IJ;eHHJI paCCMOTpeHHOB npo6neMhi. 
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