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© UeHTJ>8JlbHblA HaY'f~HCCJleJlOBa'Te.llbCKHA HHCTlfTYT HH<l>Opw1uHH 
H TeXHHK0-9KOHOMH'leCIUIX llCCM!JIOBIHH A no ITOWHOA HlyKe 
H TeXHHKe (UHHHm>•11HCjlopwl 1985r. 

Pa3BHTH8 CHJThHOTO'IHOH 3~8KTpo!IlIKli co3.u,aeT HOBH8 B03MOlKHOC­

TH ,JJ,IDi noJJy'leHRa MOlllffilX HCTO'lHRKOB cBepXKOPOTKIDC BOJIH. ,Il.11.a: 3TOR 

~e.Jll'I, B 'laCTHOCTH, MOJK8T 6HTb HCnOJTh30BaH sqq}eKT Ba.muio:sa.-qe­

peHKOB8. B BOJIHOBO,I(e c ,I(R3~8KTp~ecKRM ~anOJIHeHReM, npwreM 3,I(eCl=\ 

K8.K noKa3HBa!OT 3KCnepHMeHTH, ,I(OCT:l!I'aeTCH 3Ha'lKTeJThmrtl: yporem. 

MOIUHOCTH H3Jly'!eima. TaK, B pa.6oTe [I] npli TOKe B ny'!Ke IO KA, 

aHeprRR a~eKTpoHoB 0,5 MaB, ,I(Rs~eKTpHqecKoli npoimrr,aeMOCTl'I 2,5 

Ha '!aCTOTe 60 lTn MOmHOCTb KOrepeHTHOrO H3.Jly'l8HHS1 BaB~o:ea-qe­
peHKOB8. cocTaBli~ I MBT. B 3TOM c;zy"tJae B03mmaroT ,nocTaTO'lHO 

CHJThHHe Han~eHHOCTH 3~eRTpH'leCROrO no~. cnoco6HHe npH COOT­

B8TCTBYK1118M BH6ope ,I(li3~8KTP~ecRoro 3anOJIHeima C03,I(a:BaTb He.Jm­

H8HHH8 ~KTH, ,I(OCTJTIHHe 3KCnepHMeHTa.Jil>HOMY Ha6~!0,I(8Hlil0. iloc­

~e,I(Hee o6~er'laeTca eme TeM. i:i:To cneRTP H3JJy'leHIDI BaBH~o:sa.-qe­
peHKOBB. B BOJIHOBO~e ,I(liCRpeTeH H Hemm:eliHHe rapMOHRKH H3Jly'l8HRR 

OKa3HB8.IOTCfl ,I(OCTaTO'IHO CHJThHO pa.3HeceHHHMH OT "Ma.TepHHCKIDC
11 

rapMJHRK. KpoMe Toro, B03HRKHOBeHlie cyMMapHID< no OCHOBHOH 'laC­

TOTe rapMOHHK' TaK xe' ItaK H B CJJY'ia.8 HeJll'IHeHHOH onTliKH; no3BO­

~eT HCnOJTh30B8.Tb H~eliHHtt MexaHR3M H3Jly'leHHa BaBH~O:ea-qe­
peHKOB8. ,I(~ reHepruum BOJIH cy6~MeTPOBOrO ,I(liaTia30Ha. 
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HIDKe, Ha rrpHMepe H3JJY"IeHIDJ: OT.D:e.JibHOli 3aJ>mKeHHoli "Iacnn~, 
.L(B:IDey1I1elic.fi B BOJlHOBo.n:e c H8.7Ill'.Hefuru:M 3aIIOJIHeHHeM, paccMaTpHBa­

IDTC.fi CBOHCTBa. He.imHeliHoro sqx.peKTa Ba.:sHJioBa-qepeHKOBa. ( 3TOT 

ajxpeKT B HeorpaHH"I8HHOM He.JIHHeliHOM KpHCTaJIJie paCCMOTpeH B[2]). 

Uycn no OCH u.n:ea.JI:r:.Ho ripOB0.D:.fill18ro BOJIHOBo.n:a ripOH3BOJII:.Horo 

nonepe"IHoro ce"IeHHH .D:BIDKeTC.fi c nocToHHHoli CKopocnro sap.fi.D: q, • 
!Ipe.n:noJiaraeTC.fi, "ITO BOJIHOBO.D: sanoJIHeH 0.n;HOpO.n;HI:lM aHH30TPOilliHM 

HeJIHHeiiHHM .D:HMeKTp:mrnM. CBHs:r:. MeJK,Izy Harrp.>DKeHHOCT:bro liI HH.Zl:YKI(liI­

eli 3JI8KTPH"I8CKoro IIOJI.fi onpe.ueMeTC.fi OClli'lllliM COOTHOIUeHliieM (CM.' 
HaIIpHMep, [3] ): 

[l)i. = C.ij EJ + 4srxi.JK Ei EK, (I) 

r.n:e 

( 
eJ.. 0 0 ) 

c: = o c:.1. o 
0 0 E11 

( 2J 

YpaBHeHH.R: Ma.KCBe.JI.Jra HMeIOT BliI.D: - -- 1 8H - 'I a:lJ 41i -tot E ::: - c at ' wt H = c at + c J , 
(3) 

r.n:e 
di.vii"= .49ip , ---di.v H = 0, 

p==~5(x-x 0)o(y-!:J0)6(z-vt), J=,pV, (4) 

a Xo , !:J 0 - KOOP.D:HHaTH "IaCTHll,li B norrepe'!HOM Ce'<IeHliiliI BOJIHOBO-
.n:a. 

.113 CHCT8MH (3) )J,J1.fI Hailp.fUK8HHOCTH M8KTp.l!"IeCKOro IIOJI.fi IIOJJY­

"IaeM YPaBHeHHe 
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- - 1 aa;:; 45T ar 
AE-~'taddi.vE=ce atz +Cl"at' (5) 

C'll!Ta.fi He.JIHHettHocT:r:. CJia6ott .n:JIR: peIUeHRR: ypaBHeHRR: (5) Mo~eM 

BOCIIOJIJ,30BaTbC.fi M8TO.D:OM ITOCJie.n;oBaTeJI:r:.Hl:lX rrp!iI6Jil'DKeHHH H rrpe.u -

CTaBHTI:. HanpiDK8HHOCT:r:. H KH.n:yKI(liiro 3JI8KTPliI"I8CKOro IIOJI.fi B BliI.D:e 

E=E11 +EH/l 
' 

~ = ~11 + ~H/1 
' (6) 

r.n:e E11 PI "i11 
- HarrplD!teHHocT:r:. H IDi,IJ;YIW,R.fi MeKTpwrec:iwro rrOJI.fi 

-H -Hll 
B JiliIHettHoM rrpH6.mraeHliiliI, a E 11 liI :lJ - He.Jill'.HeliHHe K HID1J .no6aB-

KR. 

B!i6paB B Ka'l8CTBe ITOTemum.na z - KOMITOHeHTY HanplD!teHHOC· 

TH 3JI8RTpwrecKoro IIOJI.fi' IIOJJYl!ID.1 CJie.nyKXeyro CliICTeMy ypaBH8Hl'IH: 

Ell €11 aa E~ a d." Ell - 4gr ajz 
/:,. Z - CT atz - 8Z LV - ce ot 1 

2 till 2 pHll 
H/I .f.!!.. ~ - .3__ d. E Hll - 49T ~ 

11Ez. -ce ata az w - cz ate 

(7) 

r.ne 

till /1 11 
PL :: Xi.jt<. Ej EK (&) 

Ilorrepe'Illlile KOMITOH8HTN IIOJIR: n cpe,ne onpe,neMroTC.fi "Iepe3 
-Hll 

liI p no ti>OPMY JJaM 

- -2 i - aEz. --
EnJ.. = An CJ.. 9J.. ( €11 az + 4~ 'V pHll) J 

- -2 1 8 [- Hll J 
HnJ..=-.i\n cat Zo,c(EnEz+4STPz) . 

(9) 

IlepBoe ypaBHeHKe CHCTe.Ml:l (7) ,naeT MR z - ROMIIOH8HTN Ha­

rrp.RJKeHHOCTH 3.JieKTpli"IeCRoro. IIOJIR Jill'.Heitlioro npH6JIIDKeHli.fi H3B8CT-
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Hoe BHpaJKeHHe[4] 

-i.~(z-vt) 
"""' { c;)(e.1.J3 2

-1)e } 
EJI = -4STq, L 't'n(x., ':Jo) 'f-in(x,y) ~ r~ c.)?(€ ~Z-1)] - '(IO) 

z n:t el.de.> eJ. .1.r c.>-c.>n 

r.n;e fn ( x, y) - Hoprvrn:po:sa.HHHe co6cTBeHHHe cfJYHRIU'lli rrepBoli KpaeBoli 

sa.n;a'l.II ,ll;JI.f[ rrorrepe'lHOrO ce'leHHR BOJIHOBO,ll;a, a COOTBeTCTBYRJ.l1l1!8 

co6cTBeHm1e 3Ha'leHIDI sa.n;a~ - An . 
'!acTOTH 1!3J.ly'!emm Ba.BwroBa-'IepeHKOBa. orrpe.n;eJ!ll!OTCR .l'I3 pa­

BeHCTBa 

e:11 cu~ - (" a z C.L. VZ w.1.J3 -1)=A,, 

a yCJIOBHe .l'I3Jiy'l8H.l'IR eCTI> 

err U)~ a e;- vz ( £d3 - 1) > o 

(II) 

(12) 

.ll.nR: peweHHR BTOporo ypaBHeHWI CliCTeM!:l (7) BOCIIOJlli3yeMCR 

ycJIOB.IIeM 

~H.n _.,.HJl ~ Hll -Hlf 
dLv ~ = d.Lv(c.1.E.L. +£ 11 ZoEz)+49fdLvP =0. (13) 

Tor.n;a 3TO ypaBHeHHe MOJKeM rrepeIIHCaTb B BH.n;e 

z H/1 z. Hll Z Hll iEHJl 4 azpHn ._ 
Cl Ez. +~+~a Ez _ ~~=_!!__ __ z __ 4lr ~cl.lvPH~(I4) 
ax 2 ay' c.1. az.e c2 at2 c2 az 2 e.1. ez 

H~Jrn B rrpaBOil: '!aCTU ypaBHeHWI (14) HeJl.l'IHeHHOH IIOJI.l!P.l'I--38.J..l;.ILI p Hll rrpHBO,ll;.l'IT K IIO.flllJieH:mo B crreKTpe H3J.ly'leH.l'IR BaBHJIOBa-

-'IepeHKOP.a KOM6filffi.I.J,HOHHHX tfaCTOT 
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+ 
c..lnm c ~n - Wm I "'nm = C:Un + c:c:>m • 

Ilo3TOMY pemeHHe ypaBHeHRR (14) 6y.n;eM HCKaTI> B B:z,ne CYMMH lI,Byx 
- + . 

BOJIH C 'laCTOTaMH Wnm .II Co.l nm : 

HJI HJI - Hll + ) 
E 'Z. = E z ( Cilnm ) + E z (CU nm • 

IIo.n;cTaBJ!llR pHn B rrpaByio i:racTI> ypaBHeHWI (14) H pewaJI 

ero MeTo.n;oM pasJioJKeHHR no co6CTBeHHIDA ~ rrorrepe'!Horo ce­

'!emm BOJIHOBO,ll;a, IlOJJY'l.IIM 

32oa oo oo 

E Hll = _ ~ ' ' ' 'fl,,(Xo,!:jo) o/m(Xo,!:Jo) LIJ r\ 
z v LL L Te(x,yJ I( 

f=f n=1 m=1 ~n ~m 

- ~ ~ (~) 

{ 
.R~~e w:m sin [c.>J'm( vt-z)+ g~~e] .R~~ec;):msin[ T (vt-z)+ S~meJ } 

)( - 2 , 
e (aJ.;-,,.)'[e.1..132-1]-e_._.i\.~ e.,,((.)v'"")2[e.1.J32_,]-e.J.Ae 

II V . 

(L) (i) 

r.n;e aMIIJI.IITY.n;H .Anmf .l'I '1Ja3H J nme CJIOJKHHM o6pa30M CBH3a.Hll C 

K03@lm.UieHTaMH pa3JIOJK8HH.fl IIµJ.BOH 'laCT.l'I ypaBHeHHR (14) ao co6-

CTB8HHHM ®'HKUIDIM noaepe'lHOrO ceqeHHJi BOJIHOBO,ll;a 'Pe (x,y), a 

tn={c.1.:Q)r~:«)2(e.1.j32-1)JL=(/.)" . 
'B '!aCTHOM CJiy'lae, Kor.n;a qacnru.a .n;B.llllt8TCR B,ll;OJ!l) OCH rrpR­

Moyro.JThHoro BOJIHOBO,ll;a (OC:b z ), 3aITOJIHeHHoro HeJIHHeihlliM KPHC-

TaJIJ!OM KDP' .IIMeeM 

,Il,J1ll 

2. . nST . n9T tfln (x,y) = ,--.,. SLn 0 XSLn -1)-y, 
~as 

HJ1 - HJI t 
Ez (c.> • .,)z Ez ("'"'n) B 3TOM CJiy'iae 

X312= X3z1 , ~•z3 = x,32 · 

IIOJiy'iaeM 

HJI - 64.fZ 51 3 q.2 .~ ~ ~ . nSi . mfl . n'!T . m'!I 
Ez. (~nm)=- V(a!!:) 3/z ·L_ L. L sm-axosmax0 smg-;i.st11n• 

e=1 n:f m=1 

x 

n<tl - c.lnm 
J'lnme CU nm cos v- ( vt- z) 

c
11 

( w~,,, )2 [ EJ.}32 - 1 J-c.LA~ 
. e~ . e•sr 

SLn Cl x SLn -g-!:l ' 
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HSI + 64 ,/? sr3q.2 ~ ~ ~ . n5T . mfl" . n'li . m'!i 
E't ((a)"m)= V(ag)3/e "L_ L_ L_&Lnax0 s1na-xosm 8 y0 sLnTYo" 

f=f n=1 m=1 

x 

(l) + Q),;m 
.Anme (a)nm cosy (vt-z) 

€ 11 (Ul}m )2 [e.LJ3L1]-e.i..~~ 
. egr . e'gr 

SLn aX SLn-g-~ 1 

r,ll;e 

(1). ~z V { I -
.Anme = (a@: )3/2 X312 nm Wnm ( on+m,e- On,m+e)( 5n',m'+e + 6n1,m'+e1) + 

+ X 123 nn'curn(On+m,e-Sn,m+e)( on'+m;e' - 6n1,m'+e') + 

+ X. f23 mn' (i)m ( on•rn,e + 6n,m+e)(c5n'+mie' - 5n',m'+e•)} [eJ.J32 
- 1], 

(2) (1) 
a ,R nme IIOJ!y'!a6TCSI H3 .A nmf 38.MSHOH C&)nm Ha G:>~m H 3HaKOB 

BToporo :e: TPeTI:.ero cJiaraeMIDC Ha MR.aye. JJ.Jm .ll:a.HHIDC ny'll<a :e:s pa­

doTbl (I] H napaMeTpOB KPHCTa.JlJia KDP B CB'I .lJ:llana3oHe, H3MepeH­

HblX B [5] • MOlKHO IIOJiy"tfKTI:. MOII1HOCTI:. K3Jiy"tfeHHR BaBHJIO:ea-'IepeH­

KOBa IIOpH,D;Ka HeCKOJII:.KHX MJILJ1JIKBaTT. 

B 3a.KJIIO"tfeHKe saMeTKM, '!TO KpoMe -qacTOT .lJ:llCKpeTHoro HeJIH­

HenHoro cneKTpa B K3J1Y"tfellltli1: dypyT TaKJKe npe.lJ:CTaBJieHbl K Henpe­

pb!BHl:le "tfacTOTl:l nOJ'Iy'IaeMble B pe3yJII:.TaTe CaMOB03,ll;elicTBKR KyJioHo­

BCKoro IIOJ!R 'laCTHI.W H ero B3aHMO,ll;6RCTBKR c ,IUtC:Kp6THblMH "tfaCTOTa­

MH H3J1Y'!emm BaBHJioBa-1IepeHRoBa. CooTBeTCTBy~e Bhl'!HCJieHHR 

IIpOBO.lJ:SITCR TeM JKe cnocodOM, '!TO K Bblrne. 

f) 
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