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i. BBEAEHHE 

AnOA""aaLtH:e~ aa 3blBalOT MeToAbl nOAaBneHHfI B Toplrl4HblX MaKcVlMY

'MOB <pyHK4J.1l4paaMbITJ.1J=! T04K1.1:/ 1I . ,B.nH TOHKO~ n1M-t3hl c 'KpyrnblM OT

aepc raen <PY.HKLtI>1R paaMblTl>1j=f T04KI>1 hoC r) HHIII aMnnlllTYAa non~ III~O

6pa>KeHlllfI l'04e4HorQ o6beKTa paBH<3 í1.~ I 

2 J Cr)
 
ho.(r) f 

11/
r
 

r ne r - ôe3paaMepHoé cacc r oaaue OT T04KIII c .KOOPAllIt-IaTqMI-1 (x, 'y). 
AO on TIII4eCK0l1 OCIII -a nnOC-KOC H1 lIIao6.pa~eHV1'f1, a J 1 (r) - $YHKLt"1i1f1 

6ecceflfl nepeoro nopflAKa. MH~eHCIII8HOCTb CBeTa ~ 1-130Úpa~eHI-1I11 

Tç:>4KIo1 

J1 ( r ) 12
lo (r) 1 ~o (r ) !2 = 41 /2/ 

<:OAep>t<Io1T BTOp""4Hble Mal<CIIIMYMbl IIInlll OOK08ble nenecTKIII. YTo6bl'Ii1X 

YMeHbWIo1Th, Heo6xOAIIIMG onpeAeneHHblM o'6paaoM lo1aMeHl-1'Tb K03$cpI44~

eHT nponYCKaHlIlfl .cB€Ta B 06naCTIII lIIa06paH<alO~e~ nlo1Habl. TaK, Ha

npl4Mep t ~ 21 '. 60KOBble nenec TKJ,1 $YHKltllllo1 pa aMbl'TlIlfl T04l<1'I no4 TIII nOI1

HOCTblO VlC4eaa1OT, eCJ1111 a apa40l< OnTYl4eCKO~ C""C TeMbl c paBHoMep

HblM nponyc Ka H""eM c8éTa 8sec ~i'I a~nnIo1TYAHbl~ $H1lb Tp .ç nponycKa

Hl-teM exp(-":ÚJ 2 ), rA€ úJ - 6eapaaMepHafl npOCTpaHCTBeHHdfl qô'CTOTiI.f 

J1Io1He~HO C.f3.f1aaHHafl c -.paCCToflHlo1eM OT LteHTpa apa4Ka onTlIl4ecKoi1 

CIIICTeMbl. 3Ta OnepaLtlllfl., OAHa.KO, nplllBOAIo1T K YXY-J:\weHlIIlO paapewaro

~e~ cnoco6HoCTIo1 lIIao6pa>t<alO~e~ CIIICTeMW. 

Ue:nb pa60Tbl coe TO\7lT B IIICCn€AOaaHIIlIII 3<t><t>eKTo8 anOAl1IailLtHio1 

B MBaoonTIIlKe, KOTopwe BoaH~KaIDT B peaY~~TaTe eCTeCTBeHHO~ 3K

paHlllpóBKIIl 3pa4Ka MeaOOnTPlqe'CKO.i:1 !4a06paiK'alO~eiíl CI4CTeMbl 8 MeCTe 

pacnOnOH<€HlIIfI M'eaOOnn11.1€CKOrO 3neMeHTa. C'Ha'4ana 06bflCHeHbl 3$

etJeKTbl anoAlllaa1.l,1II101 8 'Tpa~Io1{\1II0HH014 onTIII4eC1<o'i1 1'I306pa>KalOlije~ CHCT·e

Me 101 8 CKaHIo1PYIO~eM KOH$OKanb~OM M~KpOCKone. 3aT€M AaHo onpe

AeneHltte $YHKUIo1I11 paaMblTHfI T04K~ B MeaoonTHKe. P.aCCMOTpe,Hbl 3$.

~eKTW anO~lIIaaltl4l11 B OCHOBHWX MeaoonTIII4eCKHX CI4CT€Max: B aKCPl

KOHe,c B MynbTlo1aKClIIKOHe, B ~eaoonTIo1~eCKOM KOH$OKanbHOM MKKPO

CKone 111 B MeaoonTIII4eCKOM $YPbe-MIIIKpOCKone. l\anee onlllcaHbl MO

AelllllPYlOl1lllle paC4eTbl Ha 3flM 3$$eKTOB anoJJ,w~a!..LIo1\1l B M€aOOnTJi14eCKOM I 

~~'heibtii."UH~i\ }:HCTmyr, 
.1

i!iJ"':StEt'JiÃ He,' .'~eJiJ3nmJf! 
~t4:-.n~1 ~,TC!..(A 



<!>YPbe -MI-1KpOcKonce /M<!>M/ p,11R -r.peX K11aCCOB BXOp,HbIX C1-1 r Ha110B: n pn

Moyr011b Hb/l:1 I-1MnY11b c , 1(0110Ko11006paSHblllt KOC I-1HYC 1-1 <!>YHKlll-1l-1 r aycca • 

IToKaaaHO, 4TO B M<!>M c ~1-1I1I-1Hp,pI-14eCKO~ 11~Haol:1 Ha6I1~p,aeTCR 3$$eKT 

HO>l<a etJYKO,. B ·M$M c ropownans HblM aepKa110M xaõnonae r ca 3cpcpeKT 

OKOHTYPI-1B~Hl-1fl Wl-1pOKI-1X npflMoyr011bH~X I-1MnY11bCOB. Op,H~KO nop,06

Hbll:1 3$$eKT He Ha 611IOp,aeTCfl HI-1 p,11fl F<0110Ko11006paaHoro xocuayca , 
HI-1 p,11~ $YHKll~1tt raycca.

' .., . . "" 6 ~ /3.4/AHa110rl-14,Hbll-1 MeTO,q- I-1Cn011b aYIOT n pl-1 -v1-111b TpaLt1-11-1 l-1ao pa>l<eHI-1I-1 

c lle11blO nOBb~eHl-1fl KOHTpaCTa ltta06pã>l<eHI-1R, YCTpaHeHI-1R CMaaa 

OT 'p,B'I-1>Ke'Hl-1fl' 06beKTa npa CbeMKe, a TaK>Ke p,11fl npeapauteuaa HeBI-1

AI-1MOrO ·lt>aaoBoro KOHTpaCTa B KOHTpaCT I-1HTel-fCHBHOCTI-1 /5/. 06w,HaCTb 

MeTop,OB anOp,~3alll-1l-1 1-1 <!>1-111bTpalll-1l-1 COCTOI-1T B TOM, 4TO OHI-1 CBOp,flT

Cfl K l-1aMeHeHl-1flM $ytiK[J.I-1J1f nponYCKaHl-1fl apa4Ka l-1a06pa>l<a~w,e~ CI-1CTe

Mbl. 

I1HTeHclttBHOCTb 60KOBblX neneCTKOB aoapacrae r , eC111-1 nepep, l-1ao

6pa>KalOlqellt 11I-1Haol:1 nOMeCTIttTb WTOPKY c yaKI-1M K011b lleBblM aupeaoa 

Há nepl-1$epl-1l-1 apa4Ka I-1so6pa>KalOl1Iel:1 CI-1CTeMbl. Tenepb $YHKlll-1fl paa

M~T~fl T04KI-1 ~ 3T0l:1 CI-1CTeMe paBHa 

/3/
h 1( r) = J ( r).o 

r p,e J (r) - <Í>YHR:lll-1fl 6eCCe11R- HY11eBOrO nopanxa ~ a I-1HTeHCI-1BHOCTbo 
CBeTa B' 1-1 soõpaxe H1-1 1-1 T04 K 1-1, 

", /4/Ir (r) " Jo ( r) I Z-,ee [ 

COAep>K1ltT I-1HTeHC\IlBHble 60KOBble 11eneCTKI-1. TaK,- HaOpl-1Mep,- IttHTeR

C~8Ho'CTb n epaoro õoxoaor-o 11eneCTKa $YHK41-1I-1I1(r) B 2,6.5 paaa 

õoneure, 4eM y c ào õonaor-o apauxa l-1ao6pa>i<alOw,ellt CI-1CTeMb/. Kpo-re 
aroro oraõaouiaa 6oKOB&IX 11eneCTKoB $YRKllI-1H' 11 (r) cnana e r Ka-K 

1/r, B TO BpeMfl KaK orM6alO~a~ 60KOB~X 11eneCTKOB $YHKlllttltt I ( '[ } o
 
cnaaaer xa K l/r 2.
 

2. AnO~M3AUHR B OnTHKE 

PaCCMOTplifM npOCTelttW1-111i .npl-1Mep oCI,1a611eHl-1fl 601{0BblX 11eneCTKOB 

$YHKIlI-1~ paaMblTl-1fl T04t<1-1 B OnTI-1Ke MeTop,aMH anoA.ltlaalll-1H /1,2/. Ha 
puc .. l p,aHa cxexa ap,HoMepHoC1 onTIIl4eCKOM' l-1a06pa>l<aK1ute~ CI-1CTeMbF, 

coc rosuueã l.1a I-1CTo4/'H1Ka CXOAfl~erOCR .nY4Ka c aera , l-1a06pa>Ka~~el1 

lllttI1I-1Hp,pl-14ecKol:1 m1Hsbt, xo ropaa YCTa HOB11eHa B nnOCKOCTI-1 'npOCT

paHcTBeHHblx 4acToT, 1-1 3KpaHa Ha6111OAeHItlR. HHTeHCI-1BHOCTb CBeTa 

B l-1a06pa>KeHvH-1 11I-1HeIltHOro06beKTa,. pacna110>KeHHOrO napannens HO 

06p~3-YIOw,ei4 llt1'JlI-1Hp,pI-14'eC KOI:1 111-1 Habl , paaaa 

I ( x ) = i-sinx ~2 /51 
x I ,1 

2 

PHC.r. CxeMa o~HoMepHoH orrTH

'lleCKOlr H306paJKaIOIqei:i' ç,HC.TeMbI:. 

1 ~ HCTO'llHHK CXOAHmerocR rrY'llKa 
CBeTa, 2 - H306pa~aIOmaH gHnHHA
pH'lleCKaH llHH3a, 3 ~ 3KpaH Ha

õnIOAeHHH, O - nHHeHHblH 06'beKT,. 
li - OAHOMepHoe H306pa~eHae. 

u» 

PWC. 2. Pacnpeneneane HHTeHCHB- ~ 
HOCTH CBeTa B H30õp~eHHH nHHeH
nor'o OÕ'beKTa: a - AnH CHCTeMDJ 
6.e3 ÇinOAH3aIJ;HH; 6 .. nrra CHCTeMbl 

c arroAM3aIJ;UeH B BHAe Tpeyronb

HHKa. 

x 

II 

rp,e x - 6eapa3MepHafl KOOpp,\-1'HaTa B n110CKOCTId l-1a06pa>l<eHl-1fl. 

Ecn~ B MeCTe pacn0110>KeHl-1fl UI-111KH~pI-14ecKol:1 11I-1HaW YCTa~oBI-1Tb 

Op,HOM:epHbll:1 at-m.11I-1TYA"Hbll:1 $1-111b r p C K:03$$l-1lll-1eHTOM nponycxauaa 

no aMn-11I-1Typ,e 

1-1 úJ l , lúJ \ < 1, 

/6/
A(.,x) ={

x x 

0-, f úJ \ > 1.x 

r ae ú.l - 6eapaaMepHafl npoc r pauc r aexuaa 4aCTOTa-, TO $YHKLtI-1Rx 
pa3M~Tl-1fl T04KI-1 HOBOI1 CHCTeM~ 

I sirr /7/ 
h 2 ( x) = x I 2 

x ' 

a IttHTeHCI-1BHOCTb CBeTa B lda06pa>l<eHI-1I-1 11I-1HeIltHOrO 06beKTa 

.3 



I~ ( x) = \sln x 1 4 . /8/ 
x ' 

COAep>KIo1T 04eHb -eIla6ble 60KOBble nenecrxu • TaK, Hanplo1Mep, Io1HTeH

CIo1BHOCTb nepBOrO bOKOBOrO IleneCTKa ~ $YHK41011o1 le(x) a 22 pasa 

Me~bwe, 4eM B $YHK~Io1~ I1(x) /plo1c.2/. 

3. CKAH~PYI01U1Mí KOH<t>OKAnbHblti M~KPO(KOn 

CKaHIo1PYi014lo1~ KOH$OKal1b Hbl~ MIo1KpOCKon /6/ COAep>KIo1T ABa 06beKTIA

aa : OCSe14alO14lo1i4 101 Io1so6pa>KalO14I1l~. ~ccneAyeMbl~ 06beKT YCTa-Has-.nl4sa

IOT S nJlOCKOCTIo1, rAe nepBbl~ 06beKTlo1B <t>opMlo1pyeT Io1s06pa>KeHlo1e TO

4e4Horo I4CT04H~Ka ~BeTa. B <t>OKyce BToporo 06beKTlo1Ba HaXoAlo1tcR 

T04e4Hbl~ <t>OTonplo1eMHIo1K. B npouecc e <t>OpMlo1pOBaHIo1R I1s06pa>KeHlo1R 

06beKTa, xo r opoe BIo1AHO Ha 3KpaHe Alo1cnIleR, Io1ccneAyeMbl~ 06beKT 

nOCIleAOBaTeIlb~O nepeMe14a~~ MexaHlo14eCKlo1 OTHOCIo1TeIlbHO onTIo14eCKO~ 

o.c~ CIo1c:r-eMbl-.7 noxa l-Ie 6YAeT aanonueu aec s KaAP Io1s06pa>KeH~R. 

'6/ 7 •8 / õsmo noxa aauo , 4TO <t>YHR:4Io1R paSMbIT-+1R T04KIiI B xoudioxans> 
HOM M~KpOCKone paBHa 'np01013BeAeHIo1IO <t>YHK4101~ paSMblTIo1R T04Klo1 OCBe

uraotuer-o ~. ·li1S06pa)l{alOl1.\ero o6beKH1BoB. ~HTeHCIo1BHOCTb c aer a B <t>o
Kyce -paSHõ 

1 ( r ) = j 2 Ji{r) 4 /9/
1 .3 

~HTeHCJ-1BHOCTb nepaor-o õoxoaoro nenecrxa $YHK4k'1lo1 I 3( r). n~Mep


HO S 30 paa M-eHbWe, 4eM B 06b14HO~ Io1s06pa>KalOU4ei1 C14CTeMe
 

c 11 (r).." , !fi .ccc raenae r oxorio 10-3 o'r Io1HTeHclo1BHocTlo1,cBeTa B Mal<


clo1MYMe nplo1 r = O. TaKIo1M o6pasoM, B CK~HIo1PYI014eM KOH$oKaIlbHoM .
 

M~KpQCl<One 'He BoSHIo1K~eT KaK~X-JlIo160 cepseaaux npo6IleM 601<0B-btX
 

IleneCTKOB B q>YHK41-1101 -paSMbITIo1R T04KIo1. n03TOMY aaecs HeT He06xo


AIo1MOCTIo1 BBOAl-1Tb anoAlo1sa41011O·
 

4. <t>YHK~~~ PA3M~T~R T04KH B ME300nT~KE 

<l>YHK4Io1e~ paSMblTIo1R T04Klo1 aKCIo1KOHa c nponons uoã Me30onn14

HOCTblO HaSblBalOT aMnru1TYAY nOIlR MesoonTlo14eCKoro Io1S0ôpa)l{eHIo1R 

S OAH~M Io1filo1 HeCKOIlbKIo1X nonepe4H~X ce4eHlo1RX 3Toro Io1s06pa>KeHIo1R, 

nepneHA.ItIKYIlRPHblX -onTltf1.leCKO~ 'OCH G.Io1CTeMbl. Ta K, Hanplo1Mep, q>Y"HK

4 101 fi paSMbIT1-1R T04Klo1 IlIo1HSbl c OAHO~ KOHI44eCI{0~ flOBepxHocTblO Io1IlIo1 

ero J<..."HO$OPM3KBI<1BaIleHTa·: 17:' paBHa /23/ 

, z n
4

( r . z) = J (r- i, /101 
o Zo 

... 

r ae Zo - KOOPAIo1HaTa T04Klo1 ua ORTI44eC-KO~. OCIi1., B KOTOpO~ õuna 
J.>I3M.epeHa 4>YHK4~-R pa'3Mb1TIIIR T04Kitl a t<Cl1KOH-a., a z ." KooPAIo1HaTa T04

K-I<1, B KOTOP'O~ r peõye r ca Ha~T'1o'1 -Q>YHKi...l1011O 'paSMblTI4R T04KIo1. nO"AP 0 6 

Hoe I<1CCIleAOBaHIo1€ (J>YHK4141<1 h~{r. z ) 6lMl0 CAeIlaHO B /17( _ 
B MYIlb Tlo1aKCV1KOHax, npe~HaSHa4eHHblx .QJlR C K.a-=H wp OBa H141;1 rpex

MepHblX 101306pa}KeHH~, S-0CCTaHoane-tH1bt'X 11.0 r onorpaeoae /to/, $YHK

4~R paSMblTI<1R T04KJ.1 1<13t-1eHReTCR .cnoxuee , 4eM AIlR o.Q~h4(r,'z) 
H04Horo aKCIo1KQHa. 

B MeSOOnT\If\+eC1<Io1X CltlCTeMaX 'C n0l1epe4HO~ MesoonTV14

HOCT.b1O /12.13, r5! 1013-06pa)l{eHlí1e T04Klo1 Io1MeeT BIo1A OKPY)l{'HOCTIo1~ n03TO

MY 3AeCb He06xo.QI<1MO aana r s .q-ae OAHO~1e-PHble <tlYHK~1011o1 pa3MblTlo1fJ 

T04KiII: non epev HYIO, -B-AOIlb paA-j,.1aIlb HOi1 K-oOPAIo1"Ha Tb1 '/18,.' H n POAOIlb, , 
HYIO, BAOIlb 60K-oBO~ -onTI4"4eCK:OJII OCIiI, n POXOj:\51-l4eJ:1 yepes T04eqHbl~ 

o6beKT 101 T04KY Ha $OKaJlbHO~ OKPY)l{HOCT~. " 

B MeSOOnTI<1"4eCKOM q>YPbe-MIo1KpOCKone c I..\lo1nIo1HAPIo14·eCKO~ IlIo1"H

soi1 / 19/- <t>YHK4V1R paSMbIT-J-lR T04J<101 anons pa'A'Vlanb HO~ KOOPAI<1Ha Tbl Io1Me

eT B~A 

'Sin (p - po ) 11 t / h{p)
 
(p - Po )
 

eCIlI<1 none speHIo1R V1MeeT peaxwe 06Pb1B-b1 no KpaRM, r ne Po - õeapaa
MepH-bl~ paAJ.1YC ooxarn, HO-i:1 OKPYH<HOCTIo1. B C 101Cr esie /19/ $OK-Y--CI-1--P0SKY 

CBeTa BAOJlb paAlo1ailb HOi1 KooPAIo1Ha Tbl CO-3..Qa-eT .l\J.1IlIo1HAPI14eCKa.fl IlIo1H

aa , a Q:lOKYClo1pOSKa cse.:ra BAGJJb yrnoaoü KOOPAIo1:HaT-b1 SG3HI<1KaeT 

B peSynbTaTe Toro, 4TO 06be~T -n-pocae4l-1BaeTCR CXOAfllltlo1MCR ~Y4K-OM 

CBera • 

~Ha4e c xneasraaetc a CÍtlTy~lt\I<1'R B M<t>M' c 'T-opO~AaIlbJ-lbIM' '3epKa

IlO1-1-;'ro/' 3AeCb $YPbe-06pas npRMorà c nena 4aCTI<1'-'1:l1 Y--MHO)l{aeTCfI 

Ha" <PYPlK4!-'11O iú:l /2 r/ B oõnac TIo1 ,pacnoJiO)l{eHI1R Me300nTlo14eCKoro 3ne

M€f:iT-a. 3T'0 nplo1BOAIo1T 1< AIo1Q:l$epeHl..\lo1pOBaHI<1IO aMnIlIo1TYj:\bl nOIlR BAOIlb 

paAl-1anbHO~ KOOPAI1HaT~, KOTopoe OnI4C~BaeTCR CBepT04H~M RApOM 

BV1Aa /22/ 

d 
g(p) = --ôt..(p}., /12/

dp 

rAe ô+(p) - ~eIlbTa-nIlIOC $YHKI..\Io1R Alo1paKa. 

PaCCMOTpV1M reneos ec r ec TBeHHble '3Q:llj)eKTbl anOAI<13a4~\I1, xo-ropere 
B03Hlo1KalOT B MesoonTlo14eCKOM -1<OH$OKanb HOM MIo1RpOCKone AJI"R Ha6Il1o

AeHV1R aep r axans H-bIX .cIleAOS 4-a CTIo1-4 B RAepHO~ $OT03MYIlb C101 101 ! 14/. 

B OTn1014l-1e OT TpaA-I<11..\1o10HH:OrO KOH$OKa-Ilb Horo MIo1KpOCKona 17 ,8/, S KO

TOP0t-1 ace nY41<1 CBeTa nocne neoaor o oõsex rwaa npoxoaa r 4epea 

OAHY 101 TY >Ke T04l<Y, paCnOIlO>KeHHY-fO Ha OnTIo1"4eCKoJlí OC"H, B Meaoon

TI<14eCKOM KOH$OKa.AbHOM MIo1Kpoc/{one /14/ nY4101 CSeTal<1 nocne nepao

ro MesOonTlo14eCKoro 06beKT1-1àa He CXO,QfITCR a OAHO~ T04Ke Ha orr
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T~4eCKoA OC~, a nepeceKa~T OnTHYeCKY~ OCb KaK saa~MHO napan

nens aue IlY4H-. Ka>KAOe KOIlbUO nepsoro MeaoonT~4eCKoro 06"'b.eKT~Ba 
cDopM~PyeT CBOJO C\.1CTeMY B3a~MH() napannensaux IlY4~A CBeTa. nOC
.ne Toro KaK 'YKaaaHHble IlY4~ CBeTa nepecexyr OnT~YeCKYIO OCb C\.1

c TeMbl, OH~ nonanyr Ha COOTseTCTBYlOutee KOIlb~O s-roporo MeaoonT~
4eCKoro 06beKT~Ba. np~ 3TOM IlY4~ CBeTa~ ~AYut~e c aHeWHe~ OK

PY>KHOCT~ paccaa rpaaaeaor-o xons ua Meaoonn1tteCKoro- 06beKTWBa, 

nonaAYT Ha BHYTpeHH~~ OKpY>KHOCTb COOTBeTCTB.YlOutero Konbua BrO
poro MeaoonT~4eCKoro Q6beKT~Ba. COOTBeTc.TBeHHO, IlY4~ C'BeTa, 
~AYut~e c BHYTpeHHeA OKPY>KHOCT~ TQro >Ke KOIlbua nepBoro ~e3.00~
T~4eCKQrO 06beKT~8aJ nonaAYT Ha BHeWHIO~'OKPY)f(HOCTb paCCMaTp~

BaeMoro KOIlb~a BToporo MeaoonT~4eCKoro 06beKTHBa. TOIlbKO Te 
Ily411 'caeTa, xoropue BblXOART ~a ueurpans noâ OKPY>KHQCTH KOIlb[4a 

nepsor o MeaoonT~4eCKoro 06beKT~B~, npOl1AYT 4.epe3 ue-rrp Meaoofl 
T~4eCKoro.~ao6pa>KeH~f1 T04K~ ~ nonanyr Ha ,-,eHTpanbHY~ OKPY>KHOC"Tb 

,KOIlbQa B~op~rOMe300nT~4eCKoro 06beKT~Ba. Bce 3TO npHBOA\.1T 
K TOMY,- 4TO nepBOHa4aIlbHaR p~BHOMepHaR aaCBeTKa nepBoro Meao

onT~4eCKoro 06beKT~Ba nepeHAeT B HepaBHOMepHYIO OCBeuteHHOCTb 
aroporo MeaOOnTH.LfeCKOro 06beKT~Ba. AHaI10r~4HbIH 34>etJeKT Ha6n~
Aael'CR B W-aKC~KOHax/24/. Ha r paxauax paanena ABYX COCeAH\.1X 

KOIle~ BToporo MeaoonT~4eCKoro 06beKT~Ba'BoaH~KHYT CKa4K~ OC

BeuteHHOCT~. 

5. MOAEflk1P.oaAHJ.1E 3<1l-<I>EKTOB AnO'AJ.13AUJ.1H B R<I>M 

34><pe_KT~1 anOA~aaU~1;t B M4>M /12. 13,L 6blI1~ npowonertapoaauu Ha 3BM 

B paM~ax c~eAY~uteH MOAeIl~ npH KorepeHTHOM OCBeuteH~~. AMnnHTYAa 
BXOAHoro c~rHaIla f(x) aaAaBanCb Ha Hel.feTHOM 4Hcne T04eK. 3TO 

n03BOIlRIlO <P~Kc~pOBaTb T04KY Ha OnT\.14eC'KOM oca CHCTeMbJ ~ npoc.ro 
OTO>KAeCTBIlRTb HYIleBY~ npOCTpatiCTBeHHy~ 4aCTOTY B AHCKpeTHO~ 

<PYPbe-05paae 

No 
+

2 21TWX 
F'w) = ~ f(x.)exp(-í ), 

N· No 
-~ 

2 
113/ 

o .~ l ú>.l ~ No' o ~ [x ] ~ 'No No 255. 

HCXOA~OH <PYHKUHH f(x). 
6~IlI1, peccxorpesu. 
ai M~K c U.HIlHHAP~4ecKo~ ~HH30~, 

5/ M<I>M c TOpo'H~,a'Ilb HblM 3epKaJlOM ões aupeaa , 

6 'l 

si MetJM C, ropoanane HblM aepxanoa , B qeHTpe xo'ropor-o cnena H 

Bblpea paA~YcoM. W min . 
06paTHoe. AHCKpeTHoe npeo6paaOBaHHe <l>YPbe ~P~80Al!fIlO K $YHKU.~H 

ca 
max 21TW X
 

f 1(X) ~ F (cu) exp ( i ---) s cnv-rae $I-1Ilb r pa G 1 (úJ r), 11LJI
 
O No
 

Ana CHCTeMb~ I ai; 
K 

W ma x 21TW X 

f 2 (x ) ~ ú) F'(,» )exp(i- a cnyuae etJvtJ1bTpa G 2 (w ). /151
N-)o . o 

AIlR- CMÇ TeMbl /6/; 
K 

W 
max 21TW x 

f ( x ) = ~ a.di'(w)exp(i ) S CIlY4ae. $HIl~Tpa G 3(0 ) L /161
3 

(umin No 

<t>HIlbTP npOCTpaHCTseHHblX 4aCTOT 01 (cu J npenc re anaer co6011 0AHO

MepHbl~ HO>K <%>YKO c aMnnvfTYAHblM nponycxauaex 

Y (ro }, Ico I < w 67. max 
Gr(W) 1171.

{ 
0, Ica l >w , 

max 

r ae Y(w) - <PYHKUHR X3BHca~.qa HIlJ-1 eA~HH4Hbl~ CKa4QK-. 

<f>.HITbTP n pOCTpa HCTBeHHblX 4aCTOT °2((U ), KOTOPbl~ xapax r epuayet 

CR. aMnIlHTy,qHbIM nponycxa aaea 

ú> Y ( W ) , I co I < w max ' 

G (W ) 
2 { 

1181 
0, [w I > cumax' 

coaAaeT 3etJ<peKT OKOHTYPHBaHHH. 
<f>HIlbTP npOCTpaHCTBeHHblX 4aCTOT 03 (M) HM-eeT npoaan s 06IlaCTH 

HH~HHX npOCTpaHCTBeHH~X 4aCTOT 

I W 1 < Wmin' 
{ O, 

G (w ) = wY(w), 11S! 
3 Wmin < Iw l < Wma x' 

o, I W I > Wma-x 

<1>Y HKUVlH G l(w ), G 2((r) H 03 (w) norcaaauu Ha· puc ~3. 
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;.. 

s/ $YHKU~R faycça
Pac.3. ~RnbTPN npoCTpaHcTBeH

.1 
G{<.rJ) 

1 I 

o 
I 

HbIX qaCT~T G 1 , G 2 H O 3' KOT~	 2 2,773
exp ( - a x ) t a = ~-,	 ,1-221

psre COOTBeTCTBYIOT TpeM .pa3nHQ

HbM M~M: ai, 61, B/. 

1;,0 Tfo 

o	 uraa.=61 +(J 1 d=1 I 
·G(<.rJ)' 

2 11 

G2 
o 

1Ft h9i1(f~
Ou-------- ...- - i.J--

......x -.(,1 

G(c.r)11 
3 -G3 

/ 1 
O 

(.)L __ 
O~(J...=6  _:t: +úJ 

Pl1c.4. ~.a.HHH.qHbJH HXOAHOH c ar>- ~
 
HaJI oSX) H liHTeHCHDHOCTb -<;Hr

HanOB Ha ~~~o.a.e ~HnbTpOB npo


1"'~~ 13,921õ'

o 
CTpaHCTBeHHblX qaCTOT O 1 li -G 2 . 

6~n~ paCCMOTpeH~ Tp~ KJ1aCca SXOAH~X c~rHan08: 

a/ $YHK'U~R npRMoyr:OflbHbllll I-1Mnynbc 

·t ! x ] < d'2. 

rect d{ X ) == - '
 
{
 O, i x I > d i·2. 

An~ ~ = 1~ 5, 35;
 
6/ $YHKU~R KOnOK0J1oo6pa3Hbli1 .KOCHHYC
 

~ 2 17X
béll {x) = 008 (-)

d 2d '
 

AnR d 2;5 ~ 17,6,
 

8. 

d 

AJ1R d = 5 ~ 35. 
Ha pl;lc.4 noxaaa su: a/ eA~H~4HbI11 SXO,qHOl1 C~rHaJ1 a(x)~.:úl ~H

reHCI>1SHOCTb er-o zpyps e-oõpaaa I·F(w)1 2 , a TaK>Ke -s/ tJ>YHKllV1R 

(w !w ,) 21F"(w) 1"2 AJ1R Ô (x), :Se3,Qe np~se,Q€Hbl 1101l0>K~T-e-J1bHble npomax
c rpancraeuuae 4aCTOTbI VI HYJleSaR -npOCTpaHCTseHHaR .4aCTOTa; XO·t'\ 1R caM <t>ypbe-06pa~ F(w) OT~~4eH ~T HYJ1R S 06J1acT~ OTp~4aTenb

HblX npOCTpaHC1BeHHblx 4aCTOT •. 

Ha p~ c. 5 nOKa3a.H~ ~HTeHC~SHOCT-l1 WYHKij~~ pa3Mb1Tl1-R T.Q4KIIt

~l Ih(x)I-2, T.e. car.aanu , C03,Qa13aeMble TpeMR ~~JlbTpaM~ npOCTpaHCTx 
seHH~X 4aCTOT a , -0 ~ -a ,

l 2 3 

P~HC .. 5, HHTeHcaBHOCTb l}JYHKLJ.HH 
2 

-I d=ll

t'll G,
-1.1 11;78.1Õ2 

f:j7.11111 pa3MbI'I'HH TOl.J:Ka Ih(x) 1 , C03,lJ,a

§aeMbIX IPHJIbT-paMH npOCTpaH-CTBeH"" 

HbIX qaCTOT G 1-'-G2 H -O3', 

fo j 1,0+(,J 

''ld=51 

x 
O-I III --X 

9;8-1Õ
2 

+c.J tFI~ 

x 

'\r 
o (,	 •I 

-. + c.1/20/ 

1. -1ú) ~2_ 
x 

PHc...6.. BXO,lJ,HcOH	 CHrHan Teetd{ x) ~ 
/21/	 AITH d,= 5 H HHTeHCHBHOCTb CHr

HanoB Ha l3bIXop;e '$;HnbTpOB rrpOCT

paHCT-BeHRbIX' "la:C'l'oT a 1 a 02' o.... ...~ I '00 

7t-(J 
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'.t 

I 

." ... lá=3Sf I 

4t~ _ 

1.0 

lfr 

01 I 

f2 

Plic.l. I1HTeHcnBHOCTb nsrxornrux 
CH~HanOB, C03AaBaeMb~ ~MnbTpaMH 

npccr-pane-rnenasrx qa-CTOT G {' 02 
li G3 AnH 'B}{OAHOH tPYHKI:IJ-:Ili 

rect d ( x ) npa d = 5. 

x 

x 

~=5 

A=5

Ç=8,35 .\ 
G2 

G3 

0_.,,3" . '!II-'" • 
f2. f' -~ 
l ZL~JO 

Gl 

..~16'lO-tf'--- , 

O. Ir" ........ _ 

x 
PacvB, To ')I(e-, 'l.JTO-·li na PHc.6,~

H0 A.IIH d = 35. 

Ha plllc.6 AaHbl: ai BXOAHaR <:I>YHI<LtHR reetd(x) AIlR d = 5; 
6/1 G 1 (w ) • FÇ~) [2, ai IG2(úJ ) . F(w), t 2 .q-ILR AaHHO~ BXOAHO.::'t Q>Y HK4 11l 1ll• 

Ha puc • 7 nplllBeAeHbl j,iH-TeHCIIlBHOCTIIl BbIXOj:\"H&IX CJ:1rHaIlOB, C03-Aa

aaensrx <:I>14Db TpéiMIIl npocrpa HCTBeHHbIXl.taCTOT 01 ' 0-2 III Gg AIlR' BXOA

H-o~ <f>YHK41;Uo1 rect d(KI) nplll d = 5. COOl'BeTC TBYIO~lIle <:I>YHKLtIllIll ILPVl

BeAeHbl Hã pl-1C. 8 11I 9 AnR BXOAHO~ <:I>YHF<411l1ll rect d( x ) ripa d = 35. 
Ha p\o1c.l0 npenc r a ane asr 14HTeKC~BHOCT\tt ClIlrHaIlOB, C03,QaBaeMblX 

<:I>I'IllbTpOM npoçTpa:HCTBeHHbIX ''4aCTo--r G 1 ICFleBa/ Vi G 2 /CFlpaBa/ AIlfl.-

BXOAHblX CPlC'HaIlOe. rectd(x) npvt,nRTVl-.3Ha4eHIt1RX d = 3,5,7,9, 
ll. 

BWAHO:, 4TO <:I>t-1IlbTp npOCTpaHCTBeHHbtX 4aCTOT G 2 , KOTOPbl~ onlll

cuaae r M<t>M c ropoanans HblM- Me30onTIIl4eC"~IIlM 3epKaIlOM 6e3 Bblpe3a, 

10
 

! 

x 

i 
I 

~ 
+CA) 

.J 
'1 
. I 

+úJ 

PHc.9. To )l(e, qTO li Ha pEc.7, 
HO AJIH d = 35. 

G2
t,'I'",,' ~ 

G1 r=3,8
fI 

oi J.l~ 
2f X O 

:J,o&tÕ' 

,A, 

t:1~"-I.Z 

o 

n 

t."I1.~~';-'-
t

01 "",. 

f~t ...----k---- 6 -----1 
"' x 

)( 

f1 

x 
O x x 

~=35t2 

G3 
ol ..J k-. - x 

X 
0 

x 

PHC'. 10'. lfuTeHcHBHoCTb CHrHaJIOB, ~
 

c03AaBaeMWX ~HnbTPaMH npoCTpaH

CTBeHHMX qaCTOT G1 /cneBa/
 

H G 2 I cnpaBa! AJIH BXOAHhlX lPYHK
I1)fH rect d( x) npn d = 3, 5, 7,
 
9, 11 •
 x 

np0ll13BOAHT A~clJ4>epeH~~,pOBaH&-1e clJy-tiK14&-111l rectd(x). Ha4l/fHaR- c d=5. 
3~$eKT OKOHTYP~pOBaH~R Ha6n~AaeTcR TaKMe &-1 ARR Hdma <t>YKO 

(G I ) , HO Ha4&-1HaeTCR OT n03>Ke \tt ~MeeT MeHbW"lH, xourpacr , '-teM 

y 4>KnbTpa npOCTpaHCT8eHHbrx 4aCTOT G 2 

~HaR KapT~Ha Ha6n~AaeTCR ~nR KonOKonoo6pa3Horo KOC"lAyca-

H ~YHKQII1K raycca. Ha p"lc.ll npHBeAeHa ~HTeHC~~HOCTb BXOAHoro 
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PHc.ll. HHTeHCHBHOCTb Bxo.n;Horo 
SeU 

!d=l7,S! 

- - -

OI-----="'" 

f~lj-QJ-~--~ 

...... .. "" 

t:j' 3,DZ'lõ
4

1:1 1'U

CHrHana, a TaK~e HHTeHCHBHO~Tb 

CHrHarrOB, C03AaBaeMb~ ~Hn~paMH 

I1pOCTpaKCTBeHHb~ tIaCTOT 0t ~ G 2 

H 03 ~nH KonOKonooõpa3HorD KOCH

Hyca npH d = 17,5. 

\	 BeLL
f:t-:~J	 

x lFltK:-
EfiiiJ
 

I
 
I. 

x	 
G, 

a	 x 

+w 

1<.1 F[lx 

+fJ) 

PHc.12~ CneKTp npocTpaHcTBeHHwx G3
tIaCTOT K0J1pK0J1Qoõpa3Horo KOCH-' 

ityca npn d: ~ I 7 ,5 na BbIXOA€ 

<pHJ1bTIWB npOCTpaHCTBeH·HbIX 1..ia-

CTOT °i' °.2 H °3 ; o	 +úJ 

C11I r Hana I f (x) 1
2 , a r a K>«e ~HTeHCP1BHOC T~ c lIIrHa110B, xonopsre coana

~TCR et>V111bTpaMlII npOCTpaHCTBeHH~X 4aCTOT 01' 02 ~ 03 A11R K0110KO

nooõpaauor o KOClIIHyca np~ d = ] 7,5. BlIIA'HO, 4TO 3et>$eKT AlIIcW>epeH

~l>1.pOBaHlIIR anec s OTCYTCT8yeT. Crtexrp npOCTpaHCTseHHblX 4aCTOT 

TaKoro ClIIrHana AOCTaT04HO W~púK !plllC. 121 ~ n03TOMY ~~TeHC~B

HOCTb auxonuoro ClIIrHana,Q11R, <plIIJlbTpa npocr paxc r aeauux 4aCTOT 

03	 B4,erO -B 3,58 paa MeHbwe,' 4eM AnR G 2 . 
Ha~6011ee ~HTepec~~e peaY11bTaTW 6W11~ n011Y4eH~ A11~ $YHK~lIIl11 

faycca. Ha plllc.13 np~BeAeHW lIIHTeHClIIBHOCT~ C11I r Ha110B, KOTppwe 

C03AalO-r:-CR $l-111bTpaMI-i npOCTpaHCTBeHHblX 4aCTOT Oi' 02 i-1 0 3 AJlR 

$yt;lK~l-1l11 F'aycca c d = 35 •.. )J.att<e A11R Tal<lIIx' õonsun-x 3"Ha"4eHlII~ d .3$

12 

PHC. 13. I1HTeHC-HBHOCTb CHrHanOB, 

Id~35-1
I~r~ 
, G 

1J 

f:t.lz.,5JQ~ _ 

Gauss,
 
c03AaBaeMbIX qmnbT{)aMH npocrpau

CTB'eHHbIX tIaCTOT G i: 0'2 H 03 
.n;nfi !$YHi<U;HPI T'ay c c a' c d = 35. 

weKT A~$$epeH~~poBaH~R He Ha

6n~AaeTcR. B~~HO~ 4?O'~H~eH

CVf8HOCTb cur aana À11R G 3 

x	 B ,362'paaa MeHbWe,qeM B C11Y

-rae G 2' a 3$et>ekT~BHaR w~p~Ha 

B 1,5 páaa 6oflbllie, 4eM B C11Y
( 
\ t; 

4aeG t : 3aM,eTVlM, 4TO k03et><t>~

Q~eHT nOAa811eH~f,l c~rHa11a et>YHK

~~~ faycca ~O*HO cAenaTb fiOJlb
x 

we, 4eM 362: 1, ::ec11~ pacw L1)V1Tb 

OTBepCT~e B ~ODolllAa11bHOM Me

aoorrruvecxou aepxane .Yt TeM ca

MblM	 YBefl~4'~Tb W min : 

B np~HRTO~ ~aM~:MOAeJ1~ c~r

x	 . Ha11 '0 (X) OnV1C,b1BaeT Y31<I;1.~ pe11R

TJ;1B~CTCK~~ c nen 11POTOHa, et>YHK

~-J.1.R r aycca c d.= 3 COOT-BeTcTByeT -c11eP,Y pe11Sni-1B~CTCKoro RApa 

HeoHa, a $YHK~~R raycca c d = 35 - MapK~pÓB04HO~ ceTKe W~pV1

HO&:1 OKOIlO 10 MKM Ha n0aepxHOCTV1 RAep'HO~ ·epOT03MY11bC~.k1... 

6.	 BblBO,llbl 

1. AaHo onoeneneuae $YHK~Id~ paaMblTlIIJ:l T04K~ B MeaoonT~4eCKlIIX 

~a06.pa*aiOw.\.04X cac r eaax • :' 

2.	 npOMoAe11~pOBa'Hbl H~ 3BM 3<1><J>eKTbl eCTecTBeHHo~ anOAlrlaa~~~ 

B	 MeaoonTYl4ecK~-x.ét>YPbe-M~KpocKúnax lM<t>MI Tpex BI.'1,qOB: 

ai M<t>M c -L\1IIJ1V1HAPVl4ecKo~ l1~Hao~, 61 ·M$M c TopO~Aa11bHbIM aep

1
. KaI10M ões Bblpeaa, B! .M<t>M c TOPO~A-a11bHbIM aepxanoa , B ueu r pe 

«o'ropor o CAena'H auoea , 
3.	 Iloxase HO, 4TO M<t>M co ana e r 3$$eKT OKOHTYP~BaH~R BXO.AH.blX 

"ClIIrHa110B	 c pe3K'\ItM~ KpaRM~~ nOAo'6Hbli1 3$$eKT n011HOCTb~ OTCYTCT

aye r y BXOAHblX ClIIrHa110B, onl-1cbIB.aeMblx$YHK14l11e&:1 Faycc a • 

4. nOKa3aHo~ 4TO MeTOAaM~ anOAlIIaa~~~ ~O*HO YMeHblliYlTb B 360 

11I ÕOI1ee ~a3 lIIHTeHC~BHOCTb c~rHa~a OT Map~~poB04HO~ ceTK~ Ha 

Ha nOBepXHOCT~ C110R RAep~o~ $OT03MYJlbC~~. 
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6eHqe A .• CopOKO n.M. 
AnOAH3aqHA 8 Me300nTHKe 

P13-87-594 

MccneA08aHW 3¢$eKTW anOAH3aqHH 8 Me3oOnTHKe, KOTOpWe B03HHKa~T B peaynbTa
Te ecTeCT8eHHOH 3KpaHHpOBKH apa4Ka Me3oOnTH4eCKOH H306pa*a~~eH CHCTeMW B Me
CTe pacnQflO*eHHA MeaoonTH4eCKoro aneMeHTa. Hano*eHw a¢$eKTW anoAHaaqHH B Tpa
AHqHOHHOH H3o6pa*a~~eH CHCTeMe H B CKaHHPY~~eM KOH~OKaflbHOM MHKpOCKone. Qnpe
AeneHa ~yHKqHA paaMWTHA T04KH B MeaoonTHKe. OnHcaHw MOAenHPY~~He pac4eTw 
Ha 38M 3¢$eKTOB anOAH3aqHH B MeaoonTH4eCKOM ~ypbe-MHKpOCKOne /M~M/ AflA Tpex 
KnaCCOB BXOAHWX CHrHanoe; npRMOyronbHbiH HMnynbc, KOflOKOfl006pa3HWH KOCHHyC 
H ~yHKqHR raycca. noKaaaHo, 4TO B M~M C qHflHHAPH4eCKOH flHH30H Ha6n~AaeTCR 

a~eKT HO*a ~yKO, B M~ C TOPOHAaflbHWM aepKanoM Ha6n~AaeTCR ~~eKT OKOHTypH
saHHR WHpOKHX npRMOyrOflbHWX HMnynbCOB, OAHaKO nOA06HWH 3¢$eKT He Ha6n~AaeTCR 
HH AflR KOflOKOfl006pa3HOrO KOCHHyCa, HH AflR ~yHKqHH raycca. 

Pa6oTa ewnonHeHa B fla6opaTopHH RAepHwx npo6neM OHRH .• 

Coo61ueHue Ofu.e,~~HHenuoro HHCTHyYTB nnepHhiX uccnenosauui< . .lly6ua 1987 

nepeBOA aBTOpOB 

Bencze Gy.L., Soroka L.M. PlJ-87-594 
Apodizatlon In Mesooptics 

Apodizatlon effects In mesooptics, Induced by the natural pupil screening 
of the mesooptica\ element, are treated. The apodizatlon effects in a tradi
tional optical system and In a scanning confocal microscope are considered. 
The definition of the point spread function in mesooptics is formulated. The 
computer simulated calculations of the apodization effects In the mesoopti
cal. Fourier-transform microscope (MFTM) are described. Three classes of the 
input signals were investigated: rectangular pulse, bell cosine and gaussian. 
It Is shown that in the MFTM with a cylindrical lens a knife-edge effect is 
observed. ln·the MFTM with a torrlc mirror the contouring effect for the 
wide rectangular pulse Is observed. However for bell cosine and for gaussian 
this effect Is absent. 

The Investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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