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$.~blJ.!b\J4nJti w\,lJ..\fl'kl' hwJWLUWf1W\J 

{ I" •lllU YI.lBUC'l'll0, Y'l'O H rrporwcce Bb!P8llfHB8HHR MoryT Ob!Tb no-

"l.Y 'lUHU KpYIC'l'<IJJJJH. cr\JJa)[n!OUl}ie !10C1'0.HJiH!iMI'[ BeKTOpliliMl'I xapa1<TepHC 

'l'l1K;lMl>I: M;l l'HYl'I' JJHM M0MUHTOM ( <f>eppOMcl l'HeTH.KH). CilOHT8HH0'1 IIOJJRpR -

<H l11<'tl ( C" l'llP'l'O~•JIUl<'l'f'Jill<l>I) J 1]. 

f '1Ml1 >.>r\H lJ•YlKU tC1, Y'J'O HeKOTOpl« cerHeTOSJJeKTPH'l:8CKRe Kpl!C 

>,f'JIH M<>l'.Y I' »CiJJCl)(.'l'J'l o(>J>HMHO f'rlCllpO,L\CJJ8HHb!M SJJ8KTpR'18CKYI •'ID>! 

>llfl il'~i ~-iH:\KJ~, mtl'i'J"l.JJYI3.Y10llll111 38PR.L\ J>EICllpO,L\8JJeH no l"OIJ<'PX 

~ f ,,'I ,,~ lll1l -

v ""' I Ntofl 1 11c. 'I" ·httue Cu (1<om~eHTpaI.µ111 0, • G, 1 nee.%) 

:ll-lprlll\1-iH '·"~t "'H3'l'\ .. .)~( M xpaJJbCKO ·o. J/13 pa3Hb!X 'IEIC1'0'1 6yJm Bb!pe3a 

JH1l'b ufJ p: I(", opl1<HJ'f'Hl (,Ji-Jll!lble 110 OCflM X, Y, Z. flpy, BTOM llpO,L\OJJbH.bl.l!. 

f>" lM• ·l' l.Y 1 u1:11p11.1wn ryn1ecTBCHHO 6o.nbHIBM nouepo'l.HblX ( lx, Zz). 

'luCJJc >6JIY'lf'llYIH ()('pa,,J(OB CBe'l'OM AJJHJIO.I!. BOJIHH :I. 0,44JJM H HHTeH 

Cl1BllO<'Tt,l<' "'10 'JJRT l111'fel'paJJb!Thlil SJJeKTPR'l:BCKR.'1 Japsi.n R MaH:poCKOII.B-

4f!C!<.YIP. )IHJJO.fJbHblf.t M()MP.H~' B HCCJJ~,AJBMHX o6pa3U8X OTC.YTCTBOJJ8Jil1. 

f•)lfhlKO 011·rwwr:1<1m H3MepeHHR no1<a3aJJR, •uv BHYTPB 1q>HCTBJJ.lll 

- .. r.-.·H 11u<>J\lto1•0J\llO•• :•JJ.,KTPH'lecKoe nC\lle. B JIBlllllX SKCIJepBUeBTU 

MOH0Xp0M8'l'l1Y.U.i<.• cU 111.JJJY'ICHl'lt.l, HEIIlJ.l:lBJll!llll<,e B,L\OJlb Kpl1CT'lJJJIOI'p:l<l>H 

Y.eC1<.0'1 0Cl1 z' II \.•"X . .>)J,l1JIO 'lepes CKp8ll((Jl!Hble IlOJIHJ.lH32''l'OI>H M8Jl{)l..Y I<•) 

'l'OpblMlll pa:3M<"ll~BJICH l1.CCJl8.L\YUMblit o6pfl38ll, [?]. 'l'Yiril14"118 KOHOC~·.01111 

'IBC!<.K8 1<.apTKHI<.lll B pa3HblX. '!aCTHX 1<pt1cTaJ1J1a no1<a.JaHHLI 11~-1 PY!<-. t. 

KEil<. Bli)l,HO, B LI,eHTpaJJbHO.I!. '18CTH. B6Jll1.3H OT x=O, y-0 (1<oop.n:11.-

H8Tbl OTC'-Ol'TblB8!0TCfl OT cepe,L\RHhl npRMOY J'OJlbHOI'O o6pR3ll,8) 1<.plllC'l'l'l.ijJJ 

RBJIHeTCfl O,ll,HOOCHblM- BBe ueHTpa.nhHOit Y.aCTl>I o6pa3LI,CI !<.pl1C1'8J!Jl .HBJJH 

eTCR .L\BYOCll.blM, Jl[lKY.eM MaKCHM8JlbH8fl B8JIY!Y.HH8 )J.BYOCHOC'l'H s:i<ti11KCH 

poHaHa ]!'l Kp'1HX x ±Lx/?. 1{81< B-1)1,HO !1.l <f>oTorpa<lJHl:\. 11pITT381J.1!1!HHX ]{Cl 

pm:. 1 •• llJJOCKOC'I'YI p 1 'p? 11f•OXO,L\fllllYl8 •1eplh' Ol1Tl1'18C'KYIU 
0('11. r•n:1 

U8J>HY'fbl 110.L\ .vr JJ'lMYI VJ .. ±4">
0 

110 OTHOlllOHllllO i< JIJIOCKOC1'l1 XI. 11 OC'i)'El3.Y 

IO'l' npHMvlil y I O.JJ )l_pyr c .L\PYl'OM. Oco('\o ITO)l4epKU8M. y•ro BO HCUX CJT.Y 

'1811X .L\BYOCHOCTh npona):\aJIEI B TO'IKC x 0. y (). pncrrc>.JIOlKPHHO~ JIOCt.' 

pe,L\.l:!H8 KplfC1'8JJJIR'l:eCKOlil IJJJEICTY!Hbl BRO 3<1Bl!CYIMOCTH ()'!' Mec·ra C'i,yJll1, 

OTKY.L\3 Bblf'H~HlJICR o6paseu. OTMBTl'IM 'l'EIKlKe. '!TO :::i<f><fleKT Jl80,L\HOpO,!.\l\Utl 

,IJ,ByOCHOC'l'H RBJlflOTCR T8pMl'I'1:8CKYI JI8CT8('\RJJbl!b!M- rTpl1 Hflrj'.luBe o6p11,ll~ 

0 ,L\O '1'=700 c YI Bb!,L\epJKKe IlPR ST0'1 TeMJ18paType B Te'IOHl!.8 20 MYIHY'I'. 

1l.BYOCHOC1' b l'ICYe3aJia. 

Teopo·r111Yec.KR'1 aHa.IDIS no1<aSilJJ, '!TO JJb830SJieK'l'PYIYCcKI!~ ~<ti<f>oK'l' 

H cpe,L\flX CRMM8TPHH Jm He MOJl{8T OObflCHH'l'b JJOJJyqaeMble pe:::iyJJbTfl'l'bl. 

ecJJlll HHyTpeHBHB Harrp11JKeHR.H HOCRT xapaKTep I'H.L\J.>OCTr!Tl/IYUCKOI'O )18B 

JieHHR. O,L\llOOCHOI'O cJKaTRR !'I.ID! C,}.\Bl/1!''1 B JJIOC\olil !13 IJJIOCKOCT8lil- OT 

cyTC'l'Bl/ltl )(.BYOCHOCTR B ueHTpe BC8X oCip83l[OA. a T8KlK8 BOCT8HOHJl8 

.tme OII'rl!'l8CK0'1 O,L\H0p0,L\HOCTH rrpLI ,L\O~TEl'l"O'IHO KpaTKOBpeMBHHOM OTlKYI 

1'8 y1<a3bl.B88T Ha TO, '!TO B3Y'l8eMblli! s<fJ<fleK'r HeJ!b311 06bRCHJiITb He 

paBHOMepHOC'l' blO pacnpe,L\eJieHHR npRM8CH B BblpailjeHHOM KP111CT8J!Jl8. 

rTOK8llC8M. '!TO B03MYIJ1eHBe. ,L\e.l!.CTBYIOIJ1ee H8 1<p111c·raJJJJbl I! npKBL> 
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'AR1I1ee K B03HHKHOBeHJllOO Ha6JJIOA88Mlil. oeo6eHHOeTett ,n;ByoeHOeTJll MOlK8T 

Jll 6HTb eBR38HO e Ha~JllqJlleM Heo~opo,n;poro BHyTpeHHero Il~R E0 (r ) 

BH3HBaeMoro HM 9~8KTpoOilTK'!9eKOrO S~<{leKTa. ne~eTBJllT8~bHO, nyeTb 

nplll o6~yqerum KpllleTa~~OB BHeOKOSHeprJllTH'll!HMJll ~TOHaMJll Beeb o6beM 

KpReTa~~a paBHOMepHo 3apaJKaeTeR e ~OTHoeTbro p
0

=eonst. A Ha rpa-

HJll~ax o6pa3~a ~pMHpyeTeR ITOBepXHOeTHHtt 3aPR'A rrpOTJllBOIT~OJr:HOro 

3HaKa, IT~OTHOeTb KOTOporo o603Ha~ a(r). HeeMOTPR Ha eo6JJIOAeHRe 

ye~OBJllR JllHTerpa~hHOtt s~eKTpoHettTpa~bHOCTJll Ja(r)ds=- p
0

V BHYTPJll 

o6beMa V KpHeTa~~a ~opMRpyeTeR rr~e EO(r) HMero111ee, B 06111eM c~y­

qae, Bee TPJll KOMIIOH8HTH: E~tO, E~tO, E~tO. O~aKO JllX BJIHRHlie Ha 

~PMY KOHOeKoIIJllqeeKHX KapTHH cy111eeTBeHHO OT~aeTCR. 

n~a KaqeeTB8HHOrO 8Ha~3a orpaHH~CR paceMOTpeHHeM Hee -

K~bKHX rrpoeTettum:x e~yqaes: 

ITyeTb n~e E II oz. C yqeToM csottcTB eHMMeTpHH TeH30pa 

~eitlioro s~eKTPOOIITHqecKoro a4J<lieKTa rijk B KpHeTa~~ax eRMMeTplili 

3m [3] ypaBHeHKe OIITJllqeeKO~ JllH,IOiIBaTpJlleH HeTpy~o aaIIHeaTb B 

c~eAy~eM B~e 

2 0 
r~e a 0 1/£xx' 

2 2 2 2 2 
(ao+r13Ez)·(xL+yL)+( eo+r33Ez) ·zL 1 , 

C2=1/£0 . 
O zz' £~-KOMIIOHeHTH Heil03MYlileHHOI'O 

( 1) 

TeH30pa 

W!l9~9KTpK'!9eKott IIpoHlll(aeMoeTJll; XL' YL' zL- 6e3pa3M8PHH8 KOOp~­

HaTH OUTK'!eeKott ~aTpJlleH KpJllCTa~a. 

0TCOO'A8 BH,ll,HO, qTo IIO'A 'A8ttCTBJll8M Ez M8HR8TCR T~bKO CTeneHb . 
BHTRHYTOCTJll O~OOCHOI'O S~~COHAa, HO RB~eHHe ,n;BYOCHOCTJll He 

B03HHK88T . 

2 • B ~OCKOCTJll y=O 6~aro~apa cHMMeTpHH CJllCTeMH no~e E II OX. 

') 

MsyqaR pacrrpoeTp8H8HH8 cBeTa B'A~b KpJllCTa~orpa~JllqecKOtt OCJll z 
Hyllllio paccMOTpeTh ceqeHHeaJIDKIIco~a onTK'!8CKOtt RHJJ;RKaTpRcH IIJIOC 

KOCTbOO zL~o. YpaBHeHRe STOrO ceqeHRR 

2 2 2 
aO(xL+yL)-2r22ExxLyL=1 

( 2) 

CBHA8T8~bCTBY8T 0 TOM, qTO rr~e Ex Ae~pMHJ>Y8T OIITJllqecKyro ~­

K8TpRCY IIO'A yr~flMJI! ±450. B03HRK8Wli1He npJll STOM 6RHOpM8~ 'l'aKJIC8 

~ellCfl~ B Il~OCKOeTRX, npoxo~RlllHX qepe3 OCb z Jll o6p83YIO!llHX yrJJH 

llpJllMbpHO :r:-aBHbl8 ±45° c OCRMI". X,Y (B o6111eM c~yqae HyJICHO yqJllTHBaTb 

BJ1J11RHJ11e H'l nOJioJKe.HRe ~ocKCCTJll <'.'Jll1IopMa~ei! ~eHa 2r51 ExxLzL). KaK 

BH,ll,HO Jll3 pesy~bTaTOB, upliBe~eHHHX Ha PRC. 2, STO n~HOCTbOO COOT-

BeTCTByeT 9KCll8pHM8HTa~bHHM ~aHHblM- Yr~ 6ao M8lK'AJ 

orrp8A8~R8TCR eooTHOlll8HJll8M tg
2

(6ao/2)= r\ir22Ex/6noe 

- 'ABY~yqerrpe~OMJieHJlle KpRcTa~a). 

6JllHOpMa~RMJll 

(6n =n -n oe o e 

3 • B rr~oeKOCTR x=O KOMIIOHeHT8 9~8:KTpOCT8TJllqeCKOI'O II~R 

RHTepecyRCb pacnpoe-rpaHeHHeM CB9T8 
Ey 0, HO Ex=O. ITo-npeJKHeMy 

T~b:KO B~~b OCR z R paccMaTpJllBaR COOTB8TeTBy~ee ceqeHJlle (ZL=O) 

OilTK'{8CKOtt JllH~aTpllICH, HaXO~ 

2 2 2 2 
(ao-r22Ey)·xL+(ao+r22Ey)·YL 

(3) 

B aTOM c~yqae IIJIOC:KOeTh 6J11HopMa~ett rrapa~~e~bHa (JI!~ nepneH,11,RKy-

~HpHa) K IIJIOCKOCTJll ZY.Ec~ CKpe!Il81IHHe II~RpR3aTOPH HarrpaB~eHH 

B'A~b ox, OY, TO BHXO'AH o6oJllX OIITK'!eCKJllX ocett rronaAaWT B o6~aCTb 

KpeCTa. O~aKO Jll3 ypaBHeHJllR (3) c~eAJeT, qTO K~b~a KOHOCKOIIJll­

qecKJllX KapTHR 'A~lKHH 6HTb CJIC8TH BA~b ox Jll paCTHHYTH BA~b OY 
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•Jc,1rn WHrf"lDJWHW. aoJJH EY Cc>Bna.1.1:r-1eT c OCbIO OY, a iwol'.lopoT, ecJJH 

no.ne B HM88'1' l1j)OTID30IJOJIOJICHOe Hal!p8BJ18HHe. l-1MdHH0 OTO MOJKHO Ha­y 

C'i.JJIO)ld'I' h HA KOHOCKOIU!l'ff f:KKX KflJ>THH8X. 

fl 11>1w1.ix ycJJOB"1:HX wmf'0Jlee cyll{ecTBeHH1-1e H3M·.:ttemrn 3JJJJHIJcoH,&a 

IHlKH Jfi'l ~•JJO!l 'I J •c;JJOMJJeHHSl. f:RSl~8HIIHtJ c oco6eHHOC1'SlMlll rrpocTp8HCT-

At'Hf!C r'< !'~lf:Il."U)\f)Jlf)HJiJSl KOMTIOHeHT!-1 l.IOJISI Ex, HA6JIJO)laro·rcsi B llJIOCKOC 

T"1: y (I, fl8Cf:M<>'l'p8HH8M K01'0poA B ,ll,8JlbHe~eM Mbl Ol'P81lJ1[l{HMCSI. 

IJpene6r•f-'l' '1 H np0 OU,8HKe Kp~leBHMH a\l><f)eKTa~rn: H Y'HITblBaf! HAJIH 

'ilW na llOBepX!!OC''l'H oC'ipadU,8 KOMUeHCHpyroll{ero 38j)Sl,ll,8 0, B PUMK8X 

muue~ MO,ll,8JIR ( C::M. PllC. 2) , H8XO,ll,HM pe3yJJbTHPYIOlllee pacnpe,&eJJeHHS 

CTOJJSI 8,ll,OJ!t. OCll X: 

0 0 E (x,O,Ol~eXEX(x), o 4n:po 
E (x)~e(l /2-lxl)--x. 

X X E:X 
( 4) 

3,IJ,ecb E:x KOMUOHeHT8 CT8THqecKoA ,ll,H9JJeKTpHqecKoa IIJ>Olilll\88MOCTH, 

ex- e,&HHJil'l:Iill:Jil BeKTOp B,&OJ!b HanpaBJJeHHSI ox, e(a)-\l>YHKl\l!Sl CTYITSHb­

Klll, p8BH8SI +1 8CJJH a>O H Hy.mo ec.JIB a<O, KOOp,llK!IaTa x OTcqHTblBa-

8TCSl OT lltlHTpa IlJIOCKOITapaJJJJSJibHOa IJJI8CTIDW (pRc. 2). YrOJJ MSJIC,ll,y 

IlJJC ( i(OC 'l'bJO rJIHBHIJX ocea ( 6RHOj)MaJieA) H HanpaBJieIIReM ox o603H8l{HM 

n H8Ilj)8B.ileHHe pacnpocTpaHeHHSl CBeTa COBIJa,naeT c KPHCT8JIJIO­

pacpHl.t:JeKol-t OCblO oz, R E
0

110X,To 3HaqeHHe IP He 38BHCHT OT B8JJRqH 

Hhl upHJJOJKeHttoro ITOJISl E~ , a orrpe,neJisieTcsi TOJibKO signE~(x). EcJJH 

•J6beMHHa 38pSl,ll, Po IlOJIOllCH'l'SJiea, TO B 06JJ8CTR x<O yrOJJ IP = +n:/4, a 

'lflH x>O B8JjHqHH8 IP =-n:/4 (rrpH Po<O Hao6opoT). 

OTcy•rcTBHe ,ll,ByOCHOCTH B 118H'rpe o6paa~a (x=O, y=O) BHe 38BH-

HMOCTH OT MACTa pacrrOJJOJKeHHSl 06paa11a OTHOCHTeJibHO OCH pocTa 6y-

,]H Id M8KCHMHJlhH8fl ,ll,ByOCHOCTb IIPH X=± lx/2 xopomo corJiacyIOTCSI c 

X<lf>C·\f':'i'tj)OM :~.neK'J'PC•OflTHqecKo:ll 

Hp< JJ<Jl4118H"1:5l, Rb13HHHHO~ [IOJ1<1M 

,ll,6\l>OpMalllm. 

() 
Ex(x). 

"JIJIFIH C 011)~8 

-J)<.,;HMHJibHHll B8JIH"!HH •l H3MBfl8HRoa ,ll,Hyoc11c CT H 

l;a 1.f' max 
no CUO'I'BE TC'l'BYAT flllYTP8HH8MY IlOJJIO .. 

ll0KA3."IT8Jl8'0 

('OCT flBJISl8'1' 

'1 B/rM. B 

COO'l'lff l'CTBHH C [ 4] /IJ!Sl C03,ll,AHRSI 'l'flKOl'O llC>JJ>l TJ•"/'\V"TCfl :)Sf'Slll 

Po"4,6 10 
7

KyJJ/cM
3 

qTo OTB8'lilf'l' o6beMaoa ITJIO'I'J-1( ) (''1'~ lll"OhlTOYRHX 

1" i 
HOCH'l'e.JJea 38Pfl/IA No··Jpc/eol "3· 10 "cM •• ,l{JISI CJlrlBIJtlJHIH MOlKHO yKa 

tll7'L. lJTO rrpl'f JJef'HJlOB"1HRR llH06flTa JIH'l'HSI Mtl,J\LIO c KCHl!8RTpa1V1ea 

(I, 1 Rec.%, IJJIO'l'HOf:Tb paCTIOJJOlKeHHSl IlpHMeCRCIX l!Ol!'rpoH COC'1'8BJJSIGT 

ND"'10
18

cM 
3

. KciK Bll,IJ,Ho, npH 3TOM ND HaMBoro npeBblWHeT N
0

. 

3aMeTHM, ·~TO CaM \1>8KT cyU1eCTBOB8HHSl BHYTPPHHHX 8JleKTpHqec-

KHX IlOJie:ll B KpHCT8JIJJax o6CYJK,ll,8JICSI [4-6]. 0,!UlaKo o6Hl{HO IlOJJara-

,TJOCb. qTo B MSTepHaJJaX cerHeT03JI8KTpRl{eCKHX KJI8CCOB ( K KaKHM OT-

HOCHTCfl HH008T JJR'l'HSI) BHyTpeIIBee CT8TH'JeCK08 CTOJJe E ,ll,OJJJICHO 6HTb 

HarrpaBJieHo BllOJJb nOJJsipaoro HarrpaRJiettHsi OZ. fipH s·roM llJ>H'llma no-

SlBJJ8HHSl norrepe'lHHX KOMilOH8HT Ex, By OCT[)BHJI8Ch HeBb1SlCH8HHoa 

(CM., aanpHMep, o6CylK,ll,8HHA B [6], CTp. 115). 

IlOJJy'leHHble HaMH peayJibT8Tbl xoporno corJJacylO'rcsi c npeMOJJoJKe -

Hl!eM 0 TOM, qTo .nerHpoBaHHble ,ll,H9JJeKTpRqecKHe KPHCT8J!Jlbl HHo6aTa 

Jil!.THSl aocJJe o6JTY'leHHSl RHTeHCRBHblM BblCOK09HepreTl'I'U{blM H3JiyqeHHeM 

MoryT o6JI8~8Tb 06b6MHO pacrrpe,neJI8HHblM 38PSl/IOM, KOf'/18 Bee ROMITO-

aeHTH BHyTpeHHero CTOJ!fl E B 06ll{eM CJJyqae OTJIK'Ulbl OT HYJJSl. 
x~y~z 
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1-

PHc. 1. CxeMa pacnpe~e~eHRH 3apH~OB (a) H 

Il~H (6) B KpHCT8JIJIKl{8CKO~ ~8CTJl!H8. 

Q 

8~9KTPH'l8CKOro 

l 

I + - +1 Cl 
+ + + 

I t- + +1 
+ + + 

I + + + I 
+ + + 

I + t +1 
+ + + 

1+ + +1 
+ + + 

I , I 

+ + + x 
I + + -t l 

+ + ++I I + + + + + 
I + + +1 
I + + ++I 

+ + + 
I + + +I 

+ + + + + 
ex/2 Ex/2 
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PHc. 2. KoHOCKOilR'leCKHe KapTHHH B Z-cpe3e KPHCTa~a LiNb0
3 

(pacn~oxeHHe ~oTorpa~mt OTBe'!aeT MecTaM npose~eHHH 

H3Mepe~ B npHMoyr~hHOM o6pa3~e). 

IO 
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