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BBEAEHHE 

Me300nTH~eCKH~ ~YPbe-MHKpocKon IM$MI AnH RAepHo~ ~oT03MynbcHH 

onucaa B,11-7 ~Ha3Ha4eHHe er'o coc T~HT B TOI1, 4T06bl Ha"6J1lOAaTb H3'
6HpaTeflbHQI r onsxo npllMble cnenu -rac THlI B ronc TOM cnoe RAepfiO~ 

.OT03MynbcHH, H npH nOMoU1H COOTBeTcTBy~~ero KOMnb~TepHoro anro
, w 161 6 ' pHTMa, KOTOP~H ynoMllHyT B , 0 HapymHTb COb~THR, - AAepHwe BsaHMO-

p,eACTBHR. 3TH B3aHMop,e~CTBHR BHAHW KaK 3BesAW, COCTOR~He H3 He
CKOIlbl<HX npAMblX cnenoa 4ClC THlI, xo'ropue SbIXOAFl.T HS 06uie~ BepWHHbl. 
M<l>M n03BonReT HaM 06HapYlK11BaTE. C06blTI1R C aepwl1HoA sa npenenak« 
nons ape-uis . M<!JM. 

B npeAWAY~I1X pa60Tax 6wnH Onl1CaHW CY~HOCTb M¢M/1~ npl1HlIl1n 
AeAcTBI1A/2-4~ nepa as 3KcnepHMeHTanbHaR YCTa'HOaKa 151. 11 nepaue akcne-' 
pl1MeHTaJlbHble pe3ynbTaTbl / 6 / . BI7I AOlH auanua OnTI14eCKOA CI1CTeMbl 
11 npl1BeAeHbl HeKOTOPbl'e 3KCnepJ.1MeHTW C yny4weHHoA CHCTe,MoA M<!JM . 
B AaHHoA CTaTbe MW npoAonmaeM aHaIll13 OnTI14eCKOA CI1CTeMbl,M<!JM. 
PaCCMaTpl1BaeM 11306pameHI1A T04e4Hwx 06beKTOB 11 06beKTOB B BHAe 
npRMblX J1HHI1A, a r axxe noxa auaaea , KaKHM 06pa30M MOlKHO nony-orr s 
M<l>M H3 TpaAI111110HHOro onTH4eCKoro ~I1KpOCKona nYT~M HenpepWBHo0 
MOAH~~KaUHH nOCfleAHero. 

1. <liYHKLlI1R PA3MblTI111 T04KI1 B M<l>t1 

LJT06bl 
N 

06bACHI1Tb- xapaxr ep npeofipa aoe aaaa orrr avecxoa HH~oPMallHH 
B M$M, paCCMOTpHM CHa4ana TpaAH"110HHWA onTH4ecKHR MHKpocKon. npH 
nOMO~H npl1HlIHna ABOAHOH AH~paKlIHH B npOll€Cce 06pa30BaH~R Hso6pa
lKeHI1R/9/n~60A onTH4eCKI1R MHKpOCKon MomHO KOHBepTHpoBaTb B onTH
4eCKoe~cTPoAcTBO, KOTopoe ~0~a3aHo Ha pHc.l ~ THnH4HO AnA ~YPbe

onTHKI1 10~nYCTb BXOAH~e 06beKTW, HaxOAH~HecA B TonCTOM cnoe· 
flAepHoA .OT03MynbcHH, oCBe~a~TcR CXOAfl~HMCA nY4KoM KorepeHTHoro 
c ae r a , KpOCCOBep KOToporo HaXOAI1TCn B nnOCKOCTH ~ypbe (x 2• Y2)' 
nHH3a L l B~nonHfleT npeo6pa30BaHHe ~ypbe HaA ~XOA~~MH 06~eKTaMH~ 

onHC~Bae~WMH ~YHKlIHeA aMnnHTYAHoro nponYCKaHHA f(Xl'Yl~AMnJl~TYA' 

3fleKTpH4eCKoro nona E (X2; Y2) B nnOCKOCTH (x , Y ) "!omHo aanacar s 
B BHAe /101 2 2 

E(~, Y2) = canst JJf(x l, Yl) . exp [c- ~~i (X 1X2 + Y1Y 2)] dxldyl' III 
12 

rAe ,\ - AJIl1Ha BOflHbl caera, canst - nOCTOllHHWA MHOlKHTenb, KOTOpwA 
MomeT 6WTb onYQeH B AanbHel7lweM. nl1H~t 2 BblhOJ,lHRe;r s ropoe ripe

fI" :JT 1 
1,,]\'s.1
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II,",;	 y, PHC.). KOH¢HrypaUHH TpaAHUHOHHO

)I 

ro OnTHqeC~OrO MHKpOCKOna fr Tep

MHHaX ¢YPbe-OnTHKH. 
---'z 

d" 

t	 06pa30BaHl-1e lPYPbe, ecru- BblnOJlHeHO YCJlOBl-1e (jlOpMl-1pOBaHl-1fl l-1306pame
Hl-1fl 

\, -1 -1 -1 
d + d = f ,	 /2/12 2 S 2 

rne f 2 - (jloKycHoe peicc r oauae Jll-1H3bl L . AMr1Jll-1TY,Qa anex rpw..recxor-o
2

nona E(x 3,yS) B rJlOCKOCTl-1 (X 3,y ? ) onpe,QeJlfl~TCfl BblpameHl1eM 

2' 
E (x S' Y3) = exp[-~ (X 2X 3 + Y2Y3 )Ldx 2dy 2' /3/If E (X 2' Y2)·

-00 Ad 2S 

Onl-1CbllilalOU\l-1M YBeJll-14eHHOe B (d 2 3:1 d 12) paa 11306pameHl-1e BXO,Q!"ibIX 
06beKToB. 

Teneps nonaepraea Jll-1H3Y L 2 CJle,QYIOu(l-1M MO,QI1(jll-1K~H~l-1flM. Jl06aBI1M 
K He~ Me300nTl-14eCKI1~ 3JleMeHT .I11/nqCJle,QHI1~ l-1MeeT BI1,Q or pauarens

HoA KOHI14eCKO~ Jll-1H3~ - nJlOCKO-napaJlJleJlbHOrO ,QI1CKa, oTKY,Qa ¥,QaJleH 

KOHYC. nOJlY4eHHafl TaKl-1M 06pa30M OnTl-14eCKafl Cl-1CTeMa flBJlfleTCfl npl1H

411nl1aJlbHO~ cxeMo~ MlPM /pl-1c.2/. 

)I J	 
PHc.2. ITpHHUHnHanbHaH KOH¢HrypaY v. 

L, tiHH Me300nTHQeCKOrO ¢ypbe-MHKpOI ~" cxorra /H<I>H/, conepxaman o-rpaua

'" 
" ~ l
f~~-; -,. TenbH~H KOHHQeCKHH Me300DTHQe

C,KHH' 3neMeHT. 

KOMnJleKCHafl (jlYHK4l-1fl aMnJll-1TY,QHoro nponycKaHl-1fl Me300nTI14eCKOro 
B/ 7/113JleMeHTa onpe,QeJleHa l-1MeeT ~11,Q: 

t ( x , Y ) = exp [i I'i<P ( x 2' Y ) 1 .	 /4/
(2 2 ,. 2 

C,QBl-1r llJa3bl I'i<p(~, Y )B nJlOCKO-KOHI14eCKOM Me300nTI14eCKOM 3JleMeHTe 

onpe,QeJlfleTCfl ,B npl-1~Jll-1*eHHI1 (jlYPbe-OnTl-1Kl-1 Bblpa*eHl-1eM- ~	 ----, r;-2A ( ) 277 ( 12 2 277 
0. <P = -' n -, 1) tg 0 Y x 2 + Y2 = - K yx;+y , /5/x2' Y2	 2• A	 A 

r,Qe n - nOKa3aTeJlb npeJlOMJleHl1fl CBeTa BHYTP~ Me300nTl-14eCKOro 3Jle

MeHT~, B ~ yroJl KOHyca, nOKa3aHHw~ Ha pl1c.2, a K - napaMeTp KO
HYCHOCTI1 Me300nTl-14eCKOA JlI1~3bl L 2, 

2 
I, 

,.,. ... 11.- .... • 

y, 

",AMnJlI1TY,Qa B BbIXO,QHOA nJlOCI<OCTl-1 (x Y ,QJlfl aror-o cnyuaa pasua3' s) 

" E (X3 ' YS) = /J. E (x 2' Y2)' exp [ 2 77 i K j x: + Y:'] x 
-00 A 

/6/
2 77i / 

x exp(-~(x:fs dx2dY2'+1 Y2Y3)1 
I 23 

rne E(x 2, Y2) oripenenexa ypaBHeHl1eM /1/. 113 CooTHOWeHI1A /6/11 /1/ 
BI1,QHO, 4TO Jl106afl TpaHCJlfl~l-1R BXO,QHwx 06beKToB B nJlOCKOCTI1 (xl' Y

1)
BW3WBaeT COOTBeTCTBYIOU\ylO TpaHCJlfl41110 BWXO,QHWX 11306pd*eHI1A B nJlOC

KOCTI1 (x S' Y3). 6Jla~~,QaPR 3TOMy CBoAcTSY MlPM RflBJlfleTCfl,npOCTpaHCT
BeHHO-I1HBapl1aHTHOA Cl-1CTeMoA / 10(4T06w Ha~Tl-1 (jlYHK4111O pa3MWTI1fl T04

/ 1 21 
KI1 ,QJlfl M(jlM, BBe,QeM nonapuue K~OP,Ql-1HaTbl
 

"
 
2, 

r i =Jx;+ y j <Pi =aretg(yi:lx j ) , i ='1,2,3	 /7/ 

l-1 nOMeCTI1M B Ha4aJlO Cl-1CTeMW Koop,QI1HaT ~l'Yl) T04e4Hoe oTBepCTl-1e, 
Onl1CblBaeMoe 8-(jlYHK4I1eA 0 (r 1). npl-1HI1Mafl BO BHI1MaHl1e aKCl-1aJlbHYro 
CI1MMeTpl1ro BceA CI1CTeMbl, MomeM 3anl1CaTb ypaBHeHl-1e /6/ B Bl-1,Qe: 

'00 277i 277r r 
s

E(r s) ". J r2 exp[--'K r21 Jo(.....:..~)dr2' 
'0 A Ad2 S	 

/8/ 

" r,Qe J o - (jlYHK4l-1R 6eCCeJlR HyJleBOrO nqpR,QKa. I1cnOJl~3YR TeopeMy 
o np0l-13Bo,QHOA (jlYPbe-06pa3a / 10 /11 ~00THOWeHl1e{131 

f'00

exp (ipx ) J (ex) dx = 
{ 

.. i
1 } (e 2 _ p2 )- 1I 2 {O'::;P c c 

o o < e < p, /9/
'!~ 

HaXO,QI1M (jlYHK4111O pa3MbITHR T04KI1'MlPM' B 3aBl-1CI1MOCTI1 OT napaMeTpa 
KOHYCHOCTI1 K: 

r( d )2	 'd 
-	 K K 23 - r 3 

2 1-3/2] ' r 3 < K 23 ' 

EC'3)O{ /10/ 
dr 2 -(Kd )2 1-3/2 r > Kd .3 23 3 2 3 'I 

:~ 
AMnJll-1TY,Qa CBeTa B BblXO,QHoAnJlOCKOCTI1 MlPM noxaaaua Ha PI1C. 3'. 

B CJlY4ae K = 0 Mbi I1MeeM Tpa,Q114l-10HHYIO 11306pa*?IOU\YIO CI1CTeMY, 
'(jlYH K4l-1R pa3MblTI1R T04KI1 'KOTOpoA paaua E(r ) = o(r ). 3TO cnenye r 

33Mb1Tl-1Rl-13 ypaBHeHI1R /10/ n'pl1 K ~ O. Jlllfl K > 0 lPYH~4l-1R pa T04KI1 
,\., ,I1MeeT Bl-1,Q flPKOA (jloKaJlbHOA oKpymHOCTl-1, pa,Q~Yc KOT;poA paBeH
I 

R = K d 23 .. Pacnpen'eneaae I1H'reHCl-1BHOCTl-1 CBeTa B6Jil1311 3ToA oKpym

HOCTI1 YMeHbwaeTcR KaK Ir~- RI- 3 , 3(jl(jleKTI1BHaR Wl1pI1Ha'COOTBeTcT
BYIOU\ero (jloKaJlbHOrO KOJlb4a onpe,QeJlReTCR BXO,QHO~ yrnoBoA anepTYPOH 

I
~,f..	 " ' 3 
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PHC. 3. Pacnpenerrenae aMITJIHTY,[ibl 
CBeTa B6J1H3H ~OKaJIbHOH OKpy*

lEI;) 

~ 
HOC~H M<!>M. v 

i' 
I

, __ MeaoonT~4eCKO~ C~CTeM~. B np~HL. 
4~ne MomHO nOCTpO~Tb ~AeanbHoe 

r, $oKanbHoe Konb40, ecn~ aMnn~TYA i~\1 \
Hoe nponYCK~H~e MeaoonT~4eCKoro I " 
3neMeHTa ~MeeT B~A: ,l. 

'f 
t (r 2) = J ( 2,\"/( r 2)"o I 11 I 

B 3TOM· cny-rae aMnn~TYAa B BblxoA-

HoA nnOCKoCT~/12/paBHa
 

'~ 

00 r r 
11l' E(r ) = Ir J (£1L,/( r ). J (h --LQ..)dr = const . oCr -/( d ). 1121 . 

3 2 0 A 2 0 A d 2 . 3 23 
o 23 

B pa6(ne / 15/. '..3T~ peayns r a'ru 6blnl-1 nonyqeuu pauee "I.,'. 

2. H305PA~EHHE OTPE3KA nPRMO~ nHHHH B M$M .' 
I 

Ha~6onee aAeKBaTHbIM~ 06beKTaM~ AnR M$M RBnR~TCR OTpeaK~ npR li~ ~..

M~X n~H~A, KOTop~e on~c~sa~T 4aCTb npRM~X cneAOB 4aCT~4, nonaB
wy~ B none apeH~R M$M. 4T06~ Ha~60nee HarnR,qHO 06bRCH~Tb npo
4eCC o6paaoBaH~R ~ao6pameH~A TaK~X o6beKToB B M$M, npocneA~M aa 
Henpe~~BH~M nepeXOAOM Tpa,q~4~OHHoro onT~4eCKoro M~KpOCKona B M$M. 

I"TaKoA nepexon 6bln npoxorrenapoaaa" Ha KOMnbKJTepe nYTe~ nocrene-r

Horo YBen~4eH~R napaaer pa KOHYCHOCT~ K. Hexor opue pe ayns r ar st
 
np~BeA~H~. Ha p~c.4-6 B B~Ae TpeXMepH~X r~a~~KoB AByxMepHoro pac- , ,
 

I ~ '" 
npeAeneH~R CBeTa B B~xoAHO~ nnOCKOCT~ M~M. 

AnR HyneBo~ KOHYCHOCT~' Mbl ~MeeM TpaA~4~OHHoe ~ao6pameH~e 

OTpeaKa npRMoA n~H~~ Ip~c.4/. KorAa napaMeTp KOHYCHOCT~ Boapa
" . ,CTaeT, ~a06pameH~e pacuiennae r ca ua ABa, Me~{AY KOTOPbIM~ B03H~

KaeT TeMHaR 06naCTp Ip~c.5/. npOAonmaR 3TOT np04ecc, nonY4~M ,I,rv'I

?06pameH~R, T~n~4Hble AnR M<l>M Ip~c. 61. PaCCTORHVle MelK,qy ,qSyMR 
( IBbIXO,qHbIM~ c~rHanaM~ paauo A~aMeT py $OKaIlbHoA oxpyxaocr ~. I'IT <iK, r 

KaMA~A cneA 4aCT~4~ npeo6paayeTcR B M~M B ,qBa c~rHana, ~Me~ll1~~ If 
B~A Manwx CBeTOBWX nRTeH. KOTop~e nemaT Ha $dK~nbHoM Konb~e 

H Ha npRMoA n~H~~. nepneHA~KynRpHoA cneAY 4acT~4~. t 
B1:1 np~B'e,qeH AeTanbHblv, auanaa BoaH~Ka~ll\~X TaK~M 06pa30M I,~ 

AByX ~a06pameH~A ~n~ nonpoc ry ,qByX BbIXO,qHbIX c~rHanoB Ha BbIXO,q-' t 

HoA nnOCKOCT~ M$M np~MeH~TenbHp AnR R,qepHoA $OT03MynbCH~.B pe
1~' , 

anbHblX 3Kcnep~MeHTanbHblx YCJlOB~RX D/w ~ 10 2" ~ w", 0, 5-2 MKI~, 
rAe D -' ,q~aMeTp nona '3pe,H~R I~~M, a w - w~p~Ha criena 4aCT~l\bl. 

JB 3TOM cny4ae pacnpeAeneH~e cBeT~ B nnOCKOCT~ ~YPbe CkOHl\eHTp~

.'
,0

4 ",~

,I, 

PHc.4. TpeXMepHWH rpa~HK ,[iBYX PHc.5. TpexMepHwH rpa~HK ,[iDYX

MepHoro pacrrpe,[ieJleUHK CBeTa MepHOl'O pacnpe,[ieJIeHHK CHeTa
 
B H306I;aJKe1IHH orpeaxa npHMOH B Me300nTHQeCKOM H306pa*eHHH
 
J1HHHH',nOJlyqeHHOM B Tpa,[iH~HOH Toro *e o6~eKTa, KaK Ha pHc.4,
 
HOM OnTHQeCKOM MHKpOCKone. HO nOJIyQeHlioM I1pH nOMo~ KOH


<pHrypa~HlI, npHBe,[ieHlIOH xa pHC. 2, 
rrpn MaJIOM '3Ha'leUHH KOUyCUOCTH. 

PHC. 6. TpexMepHblH J;pa~Hl( ,[iBYX

Mepuoro pacnpe,[ieJleHHH CDeTa
 
B ,[iBYX DbIXO,[iHbIX H'306paJKeHHKX
 
B M<!>M ,[inK Toro ~e 06~eKTa,
 

KaK na pHC.!f H 5, HO I1pH 60Jlb-'
 
IIJOM 3HaQem1H KOHYCHOCTH •
 

pOBaHO npaKT~4eCK~ B yaKoA nonoce w~p~HqA 2 Ad12/D ~ An~HoA /t 

'2 Ad12 /w. Hanpaaneuae 3Toi:1 Y3KOA nonocu nepneH,q~~KynRpHo cneny 
4aCT~4bl. 5naro,qap~ 3TOMY cebAcTBY MomHO nerKO nOAC4~JaTb pac~ 

npeAeneH~e ~HTeHC~BHOCT~ CBeTa B B~XO,qHoA nnOCKOCT~ M~~. 5~no 
nOKaaaHO, 4TO w~p~Ha B~xo,qHoro c~rHana BAonb paA~anbHOv. KOOp
A~HaTbl oripenenaer ca $aKTopaM~, xo ropue 3aAa~T IU~p\.1HY paA~anbHoro 
.K'onb4a 1§2/. TaK~M 06pa:30M B TepM~Hax Kp~Tep~R P3neR 114/ AnR on
T~4eCKOv. CHCTeM~ C pa3peweH~eM, OFpaH~4eHHWM A~~paK4~eR, pa-

I I 
A~anbHaR w~p~Ha B~xOAHWX c~rHanOB paBHa 

!J.p=Ala , 1131 
. 1/2 

T.e. onpeAenReTCH nonHoA yrn080v. anepTYPO~ 2Al/2.Car~TTanbHaR
 

lyrnoBaRI An~Ha B~xoAH~X c~rHanOB ~n~ An~Ha BAonb KacaT~nbHO~ ~
 

1< ~OKanbHoA OKPY}l(HOCH1 aanaer cs ypaBHeH~eM III I ~3/7/:
 

!J.EO = Dd 23/ d 12 = MD. 7141 

r,qe M- K03¢~~~~eHT n~HeRHoro Y8en~4eH~A BCev. Me30onT~4eCKOv.
 

C~CTeM~. YrnoBoe paapeweH~e ~O M¢M paBHO
 

!J.O = _!J.E~ 1151"R . 

\, 5 



;:. 

. . II:: . ,
 
B KOHCTPYKl\HH M$M, Om1CaHH0C1 ,B15/, MO}f(HO B npHHl\I,me nOIlY4HTb!ff

pa~HaIlbHoe pa3peweHHe /',.p == 1-2 MKM H yrIloBoe paspeweHHe /',.0 = , ~, 
5'-10'., 1 ~. 

ABTOPbl Bblpa}f(alOT 6Ilaro~apHocTb C. A. 6YHftToay sa nOCTOftHHbl.:l "'w
 
r epec' H no~~ep~KY, 10. A. Ear ycoay - sa noneaaue o6cY}f(~eHHfl ~aHHoC1
 
pefior a , f 

,I
 
C006UlHH1fl, KPATKHE C006UlEHHfl, npEnPHHTbl H C60PHHKH T'PYAOB
 

KOH$EPEHL(H~, H3AABAEMbiE OEibEAHHEHHblM HHCTHTYTOM flAEPHblX HCC11E:'
 
AOBAHH~, flB11fllOTCfl O$HllHA11bHbIMI1 nY611HKAllHflMH.
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