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DHcapes A.ct>. P9 - 11518 
OnruqecKuli Meron ycxopeHIISI qacrKu B HenKHeliHbiX KpKcrannax 

E1 none 'BblllpSIMneHHOI'O" CBeTS 

Teoperu'IeCKif npoaHanH3v.poaaHa B03MOJKHOC1'b ycKopenug 3SpHJKeHHbiX 

'I8CTifU, KaHanHpyeMblX B HenuHei'IHb!X I<pl!CTannax, 38 C'IeT :3cp¢eKT8 

CT8Tif'IeCKOH aneKl'pH'IeCKOi'I l!OnHpH38URR, B03HHK810Uleii npu HBKB'IKe 

MOHoxpoMaruqecKoli caeroaoil sonHbl, DoKa3aHo, 'ITO np11 ucnonb3onaHnlf 

COnpeMeHHLIX MOUIHLIX na3epHbiX CHCl'eM If CHnbHO HenlfHeilHLIX Onl'R'!eCKI!X 

KpHcrannoa aanpHJKeHnocrb crarR'IeCKOI'O nonS! "abmpm.weHHOI'o" cnera 

llOCTRI'aer aenH'IIfHbi - 108 
B/cM, YcnosHSI tjla3onol'o CRHxpoHK3Ma 

yCKOpeHifH 'I8Cl'HU H tjla30DOH yCl'OH'IHBOCl'lf HX llBiflKeHHSI B KpRCTannax 

nei'KO llbtnOniiHIOTCSI KBK D nuHellHbiX, 1'8K II UI!KnH'!eCKifX yCKOpHrennx. 

Pannyc uuKnR'!eCKHX ycKopHreneii onrR'IeCKOI'O rHna c ucnonb3onaHHPM 

atjJ<j>eKTOB Bblllp>jMneHRH cneTa II KBHanRpODaHUH 'IBCl'RU Ha cyneppenHTHBIICT

CKHe :3Hepi'HH COCTaBnSieT BCei'O HeCKOnbKO C8Hl'RMel'pOB, 

Pa6ora ahmonHeHa a Jla6oparopHH HnepHbiX npo6neM Ol1.Hl1. 

npenpHHT 06bellRHeHHOI'O HHCTKTyTa MepHbiX HCCnellOBBHHli, fly6Ha 1978 

Pisarev A.F. P9 - 11518 
Optical Method of Particle Acceleration in Nonlinear 
Crystals of the Rectified Light Field 

A possibility to accelerate charged particles channelled in 
nonlinear crystals due to the effect of static electric polarization 
which appears at monochromatic light wave pumping is analyzed 
theoretically. It is shovn that when using modern powerful laser 
systems and strongly nonlinear optical crystals the static field 
strength for the "rectified light" equals approximately 10 8 V/cm. 
The conditions for the particle acceleration phase synchronism and 
their motion phase stability in crystals are easily fulfilled both in 
linear· and cyclic accelerators. The radius of cyclic accelerators 
of optical type with the use of effects of light rectification and 
particle channelling on superrelativistic energies is a few centi
meters only. 

The investigation hils been performed at the Laboratory 
of Nuclear Problems, jJNR. 

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

© /978 06bellHHeHJibiil HHCTHTYT H/lepHbiX HCCnellOBBIIHJl £ly6H8 

HaTeHCHBHLie Hccne~oBaHHJI nocne~HHX neT no aenH

aeiaoi ODTHKe npHBenH K OTKpLITHID pJI~a JIBneHHH, npe~

CTaBnJIIO~HX 6om,WOH npaKTH'IeCKHH HHTepec ~nJI liiH3HKH 

ycKopeHHJI qacTHU, KaaanHpyeMLIX B KpHcTanne. TaK, npH 

MO~HOH CBeTOBOH HaKa'IKe B HenHHeHHLIH ODTH'IeCKHH KpH

CTann B pe3ynLTaTe KorepeHTHoro Tpex!lloToaaoro B3aHMo

~eHCTBHJI nonyqeao 3$41eKTHBHoe npeo6pa3oBaHHe ~BYX no

nepe'IHLIX CBeTOBLIX BOnH B TpeThiD, npo~OnLHYIO, BOnHy. 

OnHpaJich aa 3TOT 3$41eKT, ae~aBHO aBTOpLI 111 npoaaanH-

3HpoBanH B03MO)I(HOCTh yCKOpeHHJI 'laCTHU B npo~OnhHO

nonJipH30BaHHOH BOnae B Ky6H'IeCKHX KpHCTannax, o6na

)J.aiD~HX CHnhHOH HenHHeHHOH ODTH'IeCKOH BOCDpHHM

'IHBOCThiO. liLinO DOKa3aHO, 'ITO ~aHHLIH MeTO~ MO)I(eT OKa-

3aThCJI 3$41eKTHBHLIM DpH yCKOpeHHH fiLICTpLIX D03HTpOHOB, 

KOTOpLie XOpOWO KaHanHpyiOTCJI B KpHCTannax 121 . 3TOH 

HHTepeCHOH H~ee npHCY~H, O~HaKO, npHHUHDHanbHLie ae

~OCTaTKH, KOTOpLie CTaBJIT npaKTH'IeCKYID npo6neMy yCKO

peHHJI qacTHU ~aHHLIM MeTo~oM B pJI~ TPY~Ho peanH3yeMLIX 

3a~a'l. ~eHCTBHTenhHO, ~nJI 3$41eKTHBHOrO YCKOpeHHJI qac

THU B KpHCTanne YDOMJIHYTLIM MeTO~OM/1/ He06XO~HMO 
OCy~eCTBnJITh O~HOBpeMeHHO ~BOHHOH !lla30BLIH CHHXpO

HH3M: O~HH B CHCTeMe H3 Tpex pe30HaHCHO CBJI3aHHLIX 

ODTH'IeCKHX BOnH H ~pyroH - B ~BH)I(y~eHCJI CHCTeMe yc

KOpJieMLIX 'laCTHU H pacnpOCTpaHJiro~eHCJI npo~onhHOH BOn

HLI. 3TH ~Ba THDa CHHXpOHH3Ma B 3Ha'IHTenhHOH Mepe JIB

nJIIOTCJI B3aHMOHCKnro'laiO~MH. TaK, npH y~oBneTBopeHHH 

BOnHOBOrO CHHXpOHH3Ma DpO~OnbHaJI BOnHa 6y~eT HMeTh 

DOCTOJIHHYIO CKOpOCTh pacnpOCTpaaeHHJI B KpHCTanne, 'ITO 

He D03BOnHT o6ecne'IHTh CHH!lla3HOCTh C 3TOH BOnHOH ~BH

)I(eHHJI YCKOpJieMLIX 'laCTHU H3- 3a HenpepLIBHOrO H3MeHeHHJI 
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BX 3BeprBB. H o6paTHO: npB HanB'IBB CBHXpOHB3Ma BTOporo 
TBna C HeB36e~HOCTLW HapymaeTCB ~a30B~H CBHXpOHB3M 
B CBeTOB~X BOnHaX. II03TOMY B MeTo.n:e YCKOpeHBB /11 o6a 
TBna ~a30BOrO CBHXpOHB3Ma MOryT 6~TL OJl:HOBpeMeHHO 
o6ecne'leH~ nBillL Ha O'leHL Man~X ODTB'IeCKBX yqacTKaX 
yCKOpeHBB. 

B uacToB~eH pa6oTe aHanB3BpyeTcB HOB~H no.n:xo.n: K yc
KopeHBIO KaHanupyeM~x B KpBcTanne qacTBI.J,, KOTOPLIH cso-
6o.n:eH OT paCCMOTpeHH~X B~ille He.n:ocTaTKOB. ,lJ,nB YCKO· 
peHBB 'laCTBI.J, npe.n:naraeTCB BCnOnL30BaTL npo.n:onLHYW 
C TaT B 'I e C K y 10 nonBpB3ai.J,BW, B03HBKaro~yiO B HenBHeH
HOM KpBCTanne no.n: .n:eHCTBBeM CBeTOBLIX BOnH. 3~eKT 

CTaTB'IeCKOH nonBpB3ai.J,BB, BnB, KaK 'laCTO ero Ha3~BaWT 
B nBTepaType, 3~eKT B~npBMneHBB CBeTa B HenBHeHHOM 
KpBCTanne, COCTOBT B o6pa30BaHBB no.n: .n:eHCTBBeM· BHTeH· 
CBBHOrO CBeTOBOrO nonB noCTOBHHOH nonBpB3ai.J,BB B, cne
Jl:OBaTenLHO, noCTOBHHOrO 3neKTpB'IeCKOrO nonB. 3Ta 'laCTL 
HenBHeHHOrO OnTB'IeCKOrO BBneHBB OnBC~BaeTCB cne.n:yro~BM 
B~pa~eHBeM 13 •11 : 

"' 1 Ew E (v 3 ru. E w E u.• E o 
J x-x '+-t"J • 

0 2 ' 2 ' /1/ 

r.n:e X - TeH30p KBa.n:paTB'IHOH B 8 - TeH30p Ky6B'IeCKOH 
HenBHeHHOH OnTB'IeCKOH BOCnpBBM'IBBOCTB KpBCTanna, E w -

3neKTpB'IeCKOe none CBeTOBOH BOnH~, E 0 
- nOCTOBHHOe 

3neKTpB'IeCKOe none. B~pa~eHBe /1/ B KOMnOHeHTHOH 3a
nBCB BMeeT BB.ll: 

(<) 1 WW 3 WW 0 
J oi ,., 2 Xijk E j E k + 2 8 ijk€ E j E k Ee /2/ 

HH.n:eKC~ 1 ' j ' k ' r npBHBMaiOT 3Ha'leHBB X ' y ' z . 
IIO .n:sa~.n:~ noBTOpBromBMCB BHJl:eKCaM B /2/ B H~e 
no.n:pa3yMesaeTCB cyMMBposaHue. 06~'1HO nepsoe cnarae
MOe B B~pa~eHBB /2/ no CBOeH BenB'IBHe 3Ha'IBTenLHO 
npes~maeT BTopoe. Ilo3TOMY .n:anLHeimee paccMoTpeHBe 
uenecoo6pa3HO orpaHB'IBTL y'leToM nBmL nepsoro qneHa 
B /2/, T.e. KBa.n:paTB'IHOH HenBHeHHOCTB: 

p . 
OJ 

4 

.L E(l)EW 
2 X ijk j k /3/ 

3Ta nonBpB3ai.J,BB BHJl:YI.J,BpyeT B KpBCTanne 06'LeMH~H nonB • 
pu3ai.J,BOHH~H 3apB.n: 151 nnoTHOCTB 

p ""-div P 0 /4/ 

Qqesu.n:Ho, 'ITO npu Heo.n:Hopo.n:HoM pacnpe.n:eneHBB 3apB.n:a 
P B 06'LeMe KpBCTanna B03HBKHeT 3neKTpOCTaTB'IeCKBH no
TeHI.J,BanLH~H penLe~ : 

1 pdv 
¢ = 7 f -r - ' /5/ 

B B~npBMneHHOe CTaTB'IeCKOe 3neKTpB'IeCKOe none 

& 0 oe-grad¢' 
01 /6/ 

r.n:e f • Jl:H3neKTpB'IeCKaB noCTOBHHaB KpBCTanna, r - Te • 
KYmBH pa.n:uyc·BeKTOp, npose.n:eHH~H B3 o6naCTB BHTerpB· 
posaHBB B TO'IKY Ha6nro.n:eHBB noTeHI.J,Bana. CooTBeTcT
syromuM pacnpe.n:eneHBeM noTeHI.J,Bana ¢ B KPBCTanne 
MO~HO C03Jl:aTL He06XO.ll:BM~H .ll:BYMepH~H npo~BnL noTeH
I.J,BallLHOH BM~, o6e cnequsaromei npo.n:onLuyro ~a3osyro yc
TOH'IBBOCTL ycKopBeM~x qacTBI.J, B sepTBKanLHyro ux ~OK}
cupoBKY B cnyqae nnocKOCTHoro KaHanuposaHBB. Ilpu oce
BOM KaHanBpOBaHBB noTpe6yeTCB nBillL npo.n:onLHaB ~OKy
CBpOBKa. Pa.n:uanLHaB ~e ~oKycuposKa qacTBI.J, Mo~eT ocy
mecTBnBTLCB nonHOCTLIO 3a C'leT 3~eKTa KaHanBpOBaHBB. 
Bo3MO~HOCTL co3.n:aHBB B KPBCTanne Hanepe.n: 3a.n:aHHoro 
noTeHI.J,BanLHoro npo~BnB nerKo su.n:Ha B3 ~opMyn /3/-/5/, 
ecnu ~qecTL, KaK 6y.n:eT noKa3aHo HB~e, 'ITO Poi -
- (E 0w) f(8)-P(x,y,z) f (8 ), r.n:e P( x ,y ,z)- npocTpaH-

CTBeHHoe pacnpe.n:eneHBe nnoTHOCTB MomHoCTB na3epHoro 
nyqa B MecTe nepece'leHBB c KpucTannoM, f (8) - yrnoBaB 
3aBBCBMOCTL nonBpB3ai.J,BB na3epHOrO CBeTa OTHOCBTenL
HO Bb16paHHOrO HanpasneHBB B Ecg - aMnnBTy.n:a CBeTO
BOB sonubl. Ecnu HanpasBTL na3epHbiH nyq Ha KpBcTann 
no.n: yrnoM K ocu ycKopeHBB B nepeMemaTL ero s.n:onL 3TOH 
OCB B BB.n:e 6erymero CBeTOBOrO 3aH'IBKa, C HBM O.ll:HOBpe
MeHHO 6y.n:yT nepeMemaTLCB B noTeHI.J,BanLHbiH penLe~ cp , 

c- lh u B YCKOpBromee none (;., oi . "¥a30BbiB CBHXpOHB3M Me)I(Jl:y 
.n:s~eHBeM qacTBI.J, B noneM B .n:aHHOM cnyqae .n:ocTBraeTcB 
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COOTBeTCTBYIO~HM Bbl60pOM BpeMeHHOB 3aBHCHMOCTH CKO· 

pOCTH CMell(eHHB CBeTOBOrO nyqa B,!J;OllL OCH YCKOpeHHB. 

PaccMoTpHM TenepL ps,D; qacTHhlX cnyqaea, HaH6onee 

XapaKTepHhlX H Ba)I(HLIX ,IJ;llB npaKTHKH yCKOpeHHB qaCTHI.{. 

HanpHMep, nycTL ycKopsJO~Hii 3neMeHT BhlnonHeH H3 He

nHHeiiHoro KpHCTanna B BH,IJ;e npBMOllHHeBHOrO I.{HllHH,IJ;pa 

H HaKaqKa CBeTOBOB 3HeprHH B Hero npOH3BO,IJ;HTCB C 6o

KOBOB noaepXHOCTH, KaK noKa3aHO Ha pUC. 1 . .6y,IJ;eM cqH· 

TaTL, qTo OCH CHCTeMbl KOOp,D;HHaT X ,y, Z COBMe~eHLI 

C "nLe303neKTpHqeCKHMH" OCBMH, ,IJ;llB KOTOpbiX X ,1 0 
zxv 

H 3neKTpHqecKHB BeKTOP Ew B nHHeiiHo-nonspH30B~HHoii 
CBeTOBOB BOllHe ne)I(HT B nnOCKOCTH Xy. ~nB onpe,IJ;eneH

HOCTH npHMeM, qTo CBeTOBOB nOTOK pa36HT Ha ,IJ;Ba OT,IJ;enL· 

I 

Ew +--

Puc. 1. CxeMa ycKopeHUJI <~acmuij 6 KpucmaAAe Aa3epHbiM 
C6e1/I06biM n01110KOM, pa36U1/IbiM nAOCKOC1/IJIMU Ha 06a 0111· 

oeAbHbiX Ay'la, At u A 2 ,, c 3a3opoM B. S 1,2 - ce<~eHue 
C6e1/I06biX ny'IK06; Q (t) - YZA06aJI CKOpOC1/Ib n060p01/Ia 
C6e1/I06biX Ay'leU 6 Hanpa6AeHUU 06UJICeHUJI YCKOp.lleMbiX 

'laC1/IUij. 
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HhlX nyqa , A 1 H A 2 , Me)I{,IJ;y KOTOphlMH HMeeTCB npOCBeT 

B. IlycTL HHTeHCHBHOCTL caeTa B nyqax A 1 H A 2 O,IJ;HO

po,D;Ha no ceqeHHJO H nonspH3aUHB B Ka)I{,IJ;OM nyqe no BCeMy 

ceqeHHJO HMeeT e,IJ;HHoe HanpaaneHHe, KOTopoe B nyqe A 1 
COCTaBnBeT C OCLIO Y yron 81 , a B nyqe A2 - yron El 2 = 
= Elt ± rr/2 · 3neKTpHqeCKHe KOMnOHeHThl nons Ha OCH 

KOOp,D;HHaT 3anHWyTCB B cne,IJ;yJOIJ.(eM BH,IJ;e: 

E:"' E~ sin®1 ,2 cos (w t+ox ), 

E w =E w cos®
1 2

cos (w t +oY ), 
y 0 • 

Ew"" 0. 
z 

/7/ 

Ilo,IJ;cTaBnss cHcTeMy /7 I B BLipa)l{eHHe /3/ H orpaHHqHaa

BCL qneHaMH, OTBeTCTBeHHhlMH llHWL 3a CTaTHqecKyiO no

nBpH3ai.{HIO, nonyqHM 

(/) 1 w- 2 
J oz,. -

2 
(x +x )(E ) sin2® -cos(ax-ay ). 

12 
zxy zyx 0 1,2 

/8/ 

IJpH KorepeHTHOM pacnpOCTpaHeHHH CBeTOBhlX KOMnOHeHT 

E~ HE~ oX-oy=2rrm, m ,.o, ± 1, ± 2; no3TOMY 

COS (OX- oy ) "'1 . 3,IJ;eCL yMeCTHO no,IJ;qepKHYTL, qTo MallOCTL 

TOllll(HHhl KpHCTanna, nepeceKaeMOrO na3epHLIM CBeTOM, 

3HaqHTenLHO o6nerqaeT 3a,IJ;aqy o6ecneqeHHB KorepeHTHoro 

pacnpocTpaHeHHB aonH E~H E~ . OTMeTHM TaK)I(e, qTo npH 

Manoii OnTHqecKOB ,!J;llHHe MO)I(HO He onacaTLCB CHllLHOrO Ja· 

TyXaHHB CBeTa no TOllll(HHe KpHCTanna. 3TO n03BOllHT no,IJ;OB· 

TH no qacTOTHOMY cneKTPY BnnOTHYIO K 3lleKTpOHHOB nonoce 

nornoll(eHHB KpHCTanna H pe3KO - Ha HeCKOllLKO nopB,D;KOB • 

no,IJ;HBTL aenHqHHY HenHHeiiHoii aocnpHHMq.HaocTH X. TaKoii 

npHeM 3HaqHTenLHO pacwHpHT Knacc HenHHeBHhlX KpHCTan

llOB, KOTOpble MOryT 6b1TL HCnonL30BaHbl ,IJ;llB yCKOpeHHB 

qaCTHI.{ • 

BenHqHHa (E ~ ) 
2 

CBB3aHa C MOII.{HOCTLIO p CBeTOBOrO 

nOTOKa OT na3epa COOTHOWeHHeM 

(E w )2 
0 

8rrP =---. n. c. s /9/ 
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r,IJ;e C - CKOpOCTb CBeTa B BaKyyMe, S - nonepe':IHOe ce

':leHHe CBeTOBOrO llY':IKa, ll - OllTH':IeCKHH llOKa3aTenL 

npenoMneHHB CBeTa B KpHCTanne. llO,IJ;CTaBnBB 191 B IBI 
H Y':IHTbiBaB, ':ITO COS(ox-oy)-1, 6y,IJ;eM HMeTb 

P oz "" ~(x +x )sin28 . 
12 ll•C •S zxy zyx 1,2 llOI 

BHocs 3Ha':leHHe P oz B ypaBHeHue I 41, nony':IHM pacnpe-

,IJ;eneHHe nnOTHOCTH nonBpH3aUHOHHOrO 3apB,IJ;a p B KpH

CTanne. B paccMaTpHBaeMOM HaunpocTeiiweM cnyqae O,IJ;Ho

po,IJ;HLIX CBeTOBbiX ny':IKOB :no pacnpe,IJ;eneHHe 3apB,IJ;OB 

6y,IJ;eT HOCHTb 0 - o6pa3HbiH xapaKTep. B COOTBeTCTBHH 

c BLipa)KeHHeM 151 noTeHuuanLHLIH penLe$ ¢ B KpHcTanne 

,IJ;nB O,IJ;HHO'IHOrO nnocKoro CBeTOBOrO nyqa 6y,IJ;eT HMeTb 

BH,IJ;, H3o6pa)KeHHLIH Ha puc. 2, H ,IJ;nB ,IJ;Byx ny1:1eii - H3o6pa

)KeHHLIH Ha puc. 3. lf3 puc. 2 BH)J;HO, ':ITO YCKOpeHHe ':laCTHU 

npOHCXO,!J;HT B nonO)KHTenLHOM HanpaBneHHH OCH Z 6iiaro,IJ;a

ps "TonKaHHIO" 3THx qacTHU noTeHuuanLHLIM 6apLepoM, 

p,P I 
I 
I 

I 
/ ___ ..,.... ..... , 

• -...r / / / / / / / / / / ' z 

Q(t) 
Puc. 2. PacrweoeAeHue noAJtpu3a(#UOHHozo 3ap.11oa p u 
nomeH(#Ua/la ¢ e KpucmaAAe 0/1.11 oouHO'IH02o nAocKozo 
ceemoeozo AY'Ia wupuHou A u U301!1ponHozo no ce'leHu~. 
p U306paJICeHO eepiiiUKa/lbHbiMU npJIMbiMU; ¢ - nyHKIIIUp
HbiMU KpuebrMu; 3awmpuxoeaHHaJI o6Aacmb - 30Ha (JopMupo
eaHUJI C2YC111Ka YCKOpJieMbiX 'laCIIIU(#; n.6. - no1/leH(#Ua/lbHbiU 
6apbep; n (t) - cKopocmb nepeMeUieHUJI ceemoeozo Ay'la 
eoo/lb ocu z ; A - wupuHa ceemoeozo AY'Ia. 
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I 
1 

I 

p.<9 

--r ' ~(6p5?"± ¥~?6££11l-O -A. '0 A - z 

a/ --Q(t) 
p.g> 

-Q(t) 
6/ 

p,CJ' 

==-r: ' ''-j')').,</.04' - ... ~44 • z 

-Q(t) 

e/ 
Puc. 3. Pacnpeoe/leHue p u ¢ B Kpucma/1/le 01/1 oeyx 
CBeiiiOBbiX /ly'leU. a/ 81 ~ 8 2 "'77/4; 6/ 81 ""77/ 4 ; 
82 "'77/4 ± 77/2. B>O; e/8 1 ,77/4,82"'77/4:1:77/2, B,Q. 

Ocma/lbHbre o6o3Ha'leHuJI me JICe, 'IIIlO u Ha puc. 2. 

,!J;BH)I(Y~HMCB BMeCTe CO CBeTOBbiM ny':IOM CO CKOpOCTbiO 

O(t). B cnyqae ,IJ;Byx CBeTOBLIX nyqeii B KpHcTanne B03HH

KaeT cTporo orpaHH':IeHHaB B npocTpaHCTBe noTeHuuanL

HaB BMa, B KOTOpOH $opMHpyeTCB cryCTOK yCKOpBeMbiX 

qacTHU I puc. 31. BHe noTeHuuanLHoii BMLI cnpaBa o6pa-

3yeTCB, KaK H B cnyqae O,!J;HHO':IHOrO CBeTOBOrO nyqa, npo

TB)KeHHaB 30Ha $opMupoBaHHB. Ecnu ,IJ;nB BToporo nyqa 

9 



@ 2 =@ 1 ± rr/2, TO npOCBCT B MC:>K.IJ;Y na3CpHb1MB ny1.JaMB 

A 1 u A 2 MO:>KHO npBH.IITL paBHbiM uymo. lloTeH~BanLHa.ll 

.liMa npB <lJa30BOH CTa6BllB3a~BB YCKOp.IICMLIX 1.JaCTB~ CTa

HOBBTC.Il 6onee rny6oxoii:. 

COBCpWCHHO 01.JCBB.IJ;BO, "'TO 1.JBCTIO pa36BCHBH CBCTOBOrO 

nOTOKa Ha OT,!J;CllLHbiC ny"'B HBKaKBMB YCTIOBB.IIMB HC orpa

HB"'CHO. Hy:>KHO llBWL BMCTL B BB,IJ;y, "'TO npB cnnOWHOM 

"neepe" - B = 0 - CBCTOBbiX nyqeii: non.llpB3a~B.Il BCK

Topa Ew B COCC,IJ;HBX nyqax ,IJ;On:>KHa OTllB1.JaTLC.Il Ha yron 

± rr/2. 06ma.11 KapTBHa pacnpe.IJ;CllCHH.Il 3ap.ll.IJ;OB B XO,IJ;a 

noTeH~uanLHoro penLe<l>a B paccMa TpunaeMOM cnyqae 6y.IJ;eT 

BMCTL BB.IJ;, noKa3aHHbiH Ha puc. 4. B ,IJ;aHHOM BapuaHTC, 

KaK BB,!J;BM, B03HBKaCT HenpepbiBHa.ll CBCTCMa nOTCH~BanL

HbiX JIM, KOTOpa.ll n03BOllBT 6onee nonHO BCnOTIL30BaTL 

o6'LeM xpucTanna .IJ;n.ll 3anonueuu.11 ycxop.RCMbiMB qacT~a

MB. 

MO.IJ;Yll.ll~B.JI CBCTOBOrO nyqa no BHTCHCBBHOCTB B HanpaB

llCHBB z u pacnpe,IJ;eneuue 3aBBCBMOCTB uanpanneHB.Il non.R

pu3a~uu cneTa B npe.IJ;enax ce1.JeHB.Il xa:>K,IJ;oro nyqxa MoryT 

6b1TL npBH.IITbl, CCTCCTBCHHO, BHbiMB, 1.JCM B paCCMOTpCHHOM 

npBMepe. 3TH napaMCTpbl ,!J;On:>KHbl Bbi6BpaTLC.Il BCXO,!J;.Il B3 

KOHKpCTHbiX Tpe6oBaHBH K pacnpe.IJ;CllCHBIO ¢, T.C. B3 

Tpe6oBaHBH npO,IJ;OllLHOH B BCpTBKanLHOH <lJoxycBpOBKB qac

TB~. 

A1 

-Q(t) 

Puc. 4. PacnpeoeAeHue p u ¢ 6 KpucmaAAe npu cnAow
HOM "6eepe" C6em06biXAY'I€U. ®t""IT/4 ,® 2 -rr/4± rr/2, 
B = 0. OcmaAbHble o6o3Hat~eHUR me xe, t~mo u Ha puc. 2. 
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Puc. 5. KoAbije6aR cucmeMa ycKopeHUR t~acmuij. a/ Jla3ep
HbJii AY'I A€JICUm 6 nAOCKOCmU KOAbijQj 6/ UCmO'IHUK Aa3ep
H020 c6ema pa3Me!JieH 6He nAocKocmu KOAbija. OcmaAbHbJe 
o6o3Hat~eHUR me xe, t~mo u Ha puc. 1. 

BonpocLI cuuxpoau3a~uu <l>a3LI ycxop.IICMbiX qacTB~ c 
~ - ~ 
~a3oB .IJ;BB:>KCHB.Il non.11 ~oz , xax y:>Ke OTMeqanocL, pewa-

IOTC.Il npOCTLIM 3a,IJ;aHBCM BpCMCHHOH 3aBBCBMOCTB 3aKOHa 

yrnOBOH CKOpOCTB nOBOpOTa CBCTOBbiX nyqeii: f! ( t ) 

B HanpaBTICHBB ,!J;BB:>KCHB.Il YCKOp.IICMbiX 1.JaCTB~. 3Ta 3a,IJ;a1.Ja 

MO:>KC~ 6biTL pCWCHa, CCTCCTBCHHO, B BHbiM nyTCM. B qacT

HOCTB,MO:>KHO BCnOTIL30BaTL "CTO.Il1.JBC" CBCTOBLIC ny"'B, 3a

,IJ;aB llBWL COOTBCTCTByromuii BpCMCHHOH 3aKOH nocne,IJ;OBa

TCllLHOCTB HX MCp~aHB.Il,npB KOTOpOM YCKOp.IIIOmee none 6y

,IJ;CT "6e:>Ka TL" C Tpe6yeMOH CKOpOCTLIO nO,IJ;06HO ,IJ;BB:>KCHBIO 

non.ll B MHOrOCCK~BOHHOM llBHCHHOM BH.IJ;YK~BOHHOM YCKOpB

TCllC JUlY. Mep~aHBC OT,!J;CllLHOrO nyqa B 3TOM cnyqae 6y

,!J;CT 3KBBBallCHTHO BKlli01.JCHBIO OT,!J;CllbliOH YCKOp.lllOmCH CCK

~HH JUlY. 
PaccMOTpCHHblii: npuMep ,IJ;n.ll nuueii:uoro ycxopeHB.Il Mo

:>KCT 6biTL o6o6meH Ha cnyqaii: ~HKllB1.JCCKOrO OnTH"'CCKOrO 

YCKOpHTCll.ll, COCTO.Ilmero B3 KOllL~eo6pa3HOrO cne~uanLHO 

npBrOTOBllCHHOrO C,IJ;HHOrO HCllHHCHHOrO KpHCTanna BllH COBO

KynHOCTB KpBCTannoB. ,!J;Ba BapuaHTa HaKa1.JKH CBCTa B TaKOH 

~uxnuqecxuii: ycxopuTenL noKa3aHbl Ha puc. 5. 3.IJ;eCL npe.IJ;

nonaraeTc.ll, "'TO BMecTe c nonopoToM na3epuoro nyqa 

f! ( t) 06CCllC1.JBBaCTC.Il TaK:>KC H COOTBCTCTBYIOmBH nOBO-
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poT nomipH3aUHH B aonHe E w . CyiUeCTByeT px.u. onTuKo
MexaHuqecKux, 3neKTpoonTuqecKHX H MarHHTOOnTHqeCKHX 
MeTO,IJ.OB nOBOpOTa KaK nyqa CBeTa, TaK H BeKTOpa 3neKT
puqecKOH nonJipH3aUHB B HeM, O,IJ.HaKO 3THX BOnpOCOB MM 
He KacaeMCJI. 0qeBH,IJ.HO, qTo B UHKnuqeCKOM BapHaHTe 
ycKopeHHJI qaCTHU peanH3YIOTCJI BCe cnyqau 4JopMHpOBaHHJI 
ycKopJIIOIUHX H «lJoKycupyiOIUHX none&, paccMoTpeHHMX aM
me .u.nx nHHeHHoro ycKopuTenx. B qacTHOCTH, Ha puc. 6a 
noKa3aHo pacnpe.u.eneHue p H ¢ B uuKnuqecKOM ycKopu
Tene oT o.u.uHoqHoro nnocKoro caeToaoro nyqa H Ha puc. 66 -
OT CHCTeMM TaKHX nyqeH. 

OueHHM Tenepb aenuquHy ycKopJIIOIUero nonx &. oz 
B03HHKaiOIUero B HenHHeHHOM KpHCTanne nO,IJ. ,IJ.eHCTBHeM 
caeTa. ~nJI 3Toro Heo6xo.u.uMo nocne.u.oaaTenLHO npoaecTu 
pacqeTM no 4JopMynaM /3/, /4/, /5/ u /6/. B cnyqae H3o
TponHoro pacnpe.u.eneHHJI HHTeHCHBHOCTH CBeTa no ceqeHHIO 
nyqKa c nnocKOH 6oKoBoH reoMeTpue& pacqeT .u.aeT 

2 
&, %4 77 p ,. 16 rr P (X +X ) sin 2 E> . 

oz oz nc 8 zxy zyx 
/11/ 

a/ 6/ 

Puc. 6. PacnpeoeAeHue p u ¢ e (4UKAU'ieCKOM ycKopu
meAe: a/ om oouHO'iHOZO ceemoeozo Ay'ia; 6/ om "eeepa" 
u3 OiemHozo 'iUCAa ceemoe&JX Ay'ieii. BeKmop noAJIPU3a(4UU 
Ew e coceoHux Ay'iax noeepHym Ha yzo11 ± rr/2 . 
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~nJI .u.anLHe&wero aHanu3a nono~HM, qTo ycKopJIIOIUHH 
3neMeHT BMnOnHeH H3 KpHCTanna In Sb , ,IJ.nJI KOTOporo 
Xzxy + X zyx = 5x10-6eo. CGSE 131 H n::. 1,7. IIpuMeM 
TaK~e, qTo HMnynLCHaJI MOIUHOCTb na3epa COCTaBnJieT 
P = 1012Bm, ceqeuue nyqKa caeTa s = 1 CM 2u yron E}t rr/4. 
11cnonL3YJI 3TH .u.auuwe u awpa~eHue /11/, nonyquM &.oz= 
=4x10 7 B/cM. 3To o3uaqaeT, qTo npu .u.nuue onTuqecKoro 
KpucTanna L = 100 cM 3Heprux ycKopeuux qacTHU co
cTaBHT - 4 T3B. IIpuae.u.eHHLie pacqeTM 6Mnu c.u.enauw .u.nx 
KBa.u.paTuqHo-uenuHe&uoro KpucTanna. O.u.HaKo aHanoruq
uoe paccMoTpeHue Mo~eT 6MTL npoae.u.euo 6e3 Tpy.u.a u .u.nx 
Ky6uqecKoro KpHCTanna npH HCnOnb30BaHHH ,IJ.nJI 3THX ueneH 
BToporo cnaraeMoro Bbipa~eHHJI /2/. 3aMeTHM, qTo .u.nx 
nonyqeHHJI 34l4JeKTa "BblllpJIMneHHJI" CBeTa B Ky6uqecKOM 
KpHCTanne noTpe6yeTCJI HCnOnb30BaTb HapJI,IJ.y CO CBeTOBMMH 
nonJIMH nocTORHHoe auemHee 3neKTpuqecKoe none, HaKna
.U.biBaeMoe Ha KpHCTann B,IJ.Onb O,IJ.HOH H3 ero KpHCTannorpa
«lJuqecKHX oce&. 

0,IJ.HOH H3 Ba~HeHWHX oco6eHHOCTeH UHKnuqeCKOrO yc
KOpHTens paCCMaTpHBaeMOrO Tuna RBnReTCR HCKJIIOqHTenb
HaR ManoCTb pa.u.uyca ero KpHBH3Hhl. ATOMHhlH MeXaHH3M 
KaHanupoaaHHR qacTHU B KpucTanne .u.onycKaeT H3ru6 nnoc-

161 KOCTH KaHanHROBaHHR no pa.u.uycy 
R ~ moy v 

rrne2z ' 
r,IJ.e m 0 - Macca nOKOR ,IJ.BH~Yll{eHCJI qacTHUbi, V - CKOpOCTb 

(1 2 ; 2 )-1/2 qacTHUhl Y "" ·- V C e - 3apR,IJ. 3neKTpOHOB 
' ' ' 

n - qucno aToMoB B KpucTanne ua e.u.uuuuy nnoma.u.u 
KaHanHpOBaHHJI, Z - aTOMHhlH HOMep 3neMeHTa KpHCTannu
qecKOH pemeTKH. B qacTHOCTH, .u.nx uyKnouoB c 3Heprue8 
-100 T3B THnuqHMH pa.u.uyc KOnLua YCKOpHTens MO~eT 
6MTb npHHJIT paBHMM 3-4 eM. <PaKTuqecKoe orpauuqeuue 
ua MHHHManLHhlH pa3Mep pa.u.uyca 6y.u.eT onpe.u.enRTbCR, 
no- BH,IJ.HMOMY, ,IJ.OnyCTHMOH MOU{HOCTbiO CHHXpOTpOHHOrO H3-
nyqeHHR. 

J13 BbinOnHeHHbiX pacqeTOB BH,IJ.HO, qTo npHMeHeHHe JIB
neHHR HenHHeHHOrO BblllpRMneHHR CBeTa B KpHCTannax H 
34l4JeKTa KaHanupoBaHHR qacTHU OTKpMBaeT 6onbWHe nep
cneKTHBhl ,IJ.nR C03,IJ.aHHJI HOBOrO Knacca MHHHMaCWTa6HhlX 
ycKopuTene& ua cyneppensTHBHCTCKHe3uepruu.PeanLHOCTb 
3TOrO HHTeHCHBHOrO nyTH o6ecnequaaeTCJI BhlCOKOH OnTH-
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'leCKOH 'IHCTOTOH H O,lJ;HOpO)];HOCTLIO HenHHeHHLIX KpHCTannoB 

6onLWOrO pa3Mepa, npHrOTaBnHBaeMLIX B HaCTO.H~ee BpeM.H 

)J;JI.H HY:>K)]; na3epHOH TeXHHKH H cneKTpOCKOnHH. 

BonpOCLI BBOJ];a H BLIBO)];a 'laCTHI.( H3 l.(HKnH'IeCKH 3aMK· 

HYTOrO KpHCTanna, a TaK:>Ke npo6neMLI nonyqeHH.H MaKCH· 

ManLHOH 06heMHOH nnOTHOCTH YCKOp.HeMLIX 'laCTHU B KpH· 

CTanne Tpe6yiOT cne:u;HanLHOrO paCCMOTpeHH.H. 3)];eCL MO:>K· 

HO BLICKa3aTL nHWL HeKOTOpLie npHHI.(HnHanLHLie C006pa· 

:>KeHH.H no 3THM nonpocaM. TaK, n 'laCTHOCTH, 3clMI>eKTHBHLIH 

3aXBaT 'laCTHI.(, BBO)];HMLIX B KpHCTann )J;n.H YCKOpeHH.H, MO· 

:>KeT 6LITL nerKo o6ecneqeu nyTeM npocTpaucTneuuo-npe

Meuuoii MO)];yn.Hl.(HHnOTeH:u;HanLHOropenLe~a,~OpMHpyro~ero 
lOHLI JaxBaTa. Bno)]; qacTH:u; B UHKnH'IeCKHH ycKopHTenL 

MO:>KHO ocy~eCTBHTL C nOMO~LIO BHeWHero 3neKTpH'IeCKOro 

HnH MarHHTHoro non.H, KOTOpLie o6ecne'laT nnanuoe conpg

:>Keuue TpaeKTOpHH BBO)];HMLIX 'laCTHI.( C nnOCKOCT.HMH HnH 

oc.HMH KauanuponaHH.H. BonpocLI BLIBO)];a ycKopeHHLIX qacTH:u; 

npH nnOCKOCTHOM KaHanHpOBaHHH MO:>KHO peWHTL MeTO)];OM 

B036y:>K)];eHH.H BepTHKanLHOH pacKa'IKH 'laCTHI.( 3neKTpH· 

qecKHM HnH MarHHTHLIM non.HMH. B cnyqae ocenoro Kaua

JIHponaHH.H yCKOpeHHLie 'laCTHI.(LI MOryT 6LITL BLIBeJ];eHLI 

nyTeM HMnynLcHoro ynpyroro nporu6a "Tpy6oK" Kauanu

ponaHH.H c noMo~LIO ynLTpa3ByKa. 

~pyra.H B03MO:>KHOCTL peweHH.H 3TOH 3a)];a'IH CB.H3aHa 

c HMnynLcuoii o6paTHMo:H ~Jonoii nepecTpoiiKoii cTpyK

TYPLI peweTKH KpHcTanna, H3MeH.HIO~eii uanpanneuue nnoc

KOCTeH HJIH oceii KaHanHpOBaHH.H. TaKOH KpHCTann MO:>KeT 

COCTaBn.HTL cne:u;HanLHOe 3BeHO BLIBOJ];a B KOnL:u;e yCKO· 

peHH.H. B 3TOM nnaue uap.HJ];Y c 'IHCTO onTH'IeCKHMH uenu

ueiiHLIMH KpHCTannaMH onpe)];eneHHLIH HHTepec MOryT npe)]; • 

CTaBHTb TaK:>Ke MarHHTHLie HenHHeHHLie KpHCTaJIJILI, B KO· 

TOpLIX npH HaKa'IKe HHTeHCHBHOB CBeTOBOH BOnHLI HnH Bon

HLI B CBq )];Hana30He B03HHKaeT BLinp.HMneHHOe CTaTH· 

qecKoe MarHHTHoe none 
17 •81 . 3To none n KpHcTanne, 

B03MO:>KHO, n03BOnHT o6ecne'IHTb npOCTLie MeTO)];LI BBO)];a 

H BLIBO)];a 'laCTHI.( 83 yCKOpHTen.H. 

HaKOHe:u;, OTMeTHM e~e O)];HH Ba:>KHLIH B npHKna,lJ;HOM 

OTHOWeHHH MOMeHT, a HMeHHO: ecnH B np.HMOnHHeHHOM 

KpHCTaJIJie B)];OnL OCH Z C03J];aTL BaKyyMHYIO nonOCTL 

MaKpocKoneqecKoro nonepequoro ce'leHH.H, TO n ueii 6y)];eT 
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TaK:>Ke HH,lJ;YUHpOBa TLC.H YCKOp.HIO~ee 3neKTpH'IeCKOe none 

E z = ( & oz , r,lJ;e ( - )];H3neKTPH'IecKa.H nocTO.HHHa.H 

KpHCTanna, &oz - none B KpHcTanne. TaKoii npxMonu-

ueiiHLIH KpHCTann C nonOCTLIO HnH COBOKynHOCTL KpHCTan

nOB, o6pa3yiO~HX nonOCTL, MO:>KHO HCnOnL30BaTL B npHH" 

l.(Hne KaK CHnLHO YCKOpXIO~HH 3neMeHT 6e3 nonepe'IHOH 

cPOKYCHpOBKH 'laCTHI.(. 

B 3aKJIIO'IeHHe aBTOp C'IHTaeT CBOHM npHXTHLIM )];OnroM 

BLipa3HTL r ny6oKyro npHJHa TenLHOCTL B .II.~:>Kenenony , 

B.II.~MHTpuencKoMy, JI.M.CopoKo, H.H.Hnauony H B.H.Hu

Kauopony Ja MHoroqucneuuLie na:>KHLie o6cy:>KJ];eunx pac

CMOTpeuuoii npo6neMLI. 
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