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,!VUI H3yqemHI CJIOJKHhIX ~H3H'tleCKHX RBJIeHld~ H npoueccos na no

MO~b TPaAKqHOHH~ MeTO~aM MaTeMaTH'tleCKO~ ~H3HKH'rrpHBJIeKaeTCR 

HOB~ cnoc06 TeopeTH'tleCKOrO HCCJIe~OBaHHH - BaqHCJIHTeJIbHHA ~KC

nepHMeHT1 l ,21o CO~e~aHHe B~CJIHTeJIbHOrO 3KCnepHMeHTa rrpH H3Y

qeHHH rrpo~ecca 3KpaHHPyeMoro~~eHHR TOHKOnneHO'tlHNX 3JIeMeHTOB 
H YCTPO~CTB nnaHapHO~ onTHKH 3, COCTOHT B CJIe~eM. Ha OCHO

Be MaTeMaTHqeCKO~ MO~eJIH 3KpaKKpOBaHHR KOpnyCK,YJIRpHHX nOTO

KOB/5-8/c nOMomD1O SBM .npocsarusaerca pan BapRa.HTOB OIllIca.HHH 

H3J"IaeMoro nponecca, HaxO,lUITCH onTH:Ma.lThHhle napaMeTp:bl 3KpaHHpyIO

~eft MaCIm, npOR3BO.IO!TCH YTOtIHeHRe MaTeMaTH1IeCKO~ MO,IleJm npouec
ca nocne cpaBHeHHR pe3Y~DTaToB B~crreHHa c 8KCnepHMeHTannHHMR 

,Ila.HHIDJlH o 

C03~aHHe OnTKqeCKHX KBaHTOBHX reHepaTopoB (nasepoB) n03BO

JIHJIO COBepmHTb nepexon OT 06'beMHo~ rpexaepaoã onTHKH K IIJIa.Hap

HO~ ~BYMepHO~ onTHKe, B KOTOpO~ CBeTOB~e ny'tlKH H Bce OnTHqeCKHe 

YCTpo~CTBa COCpe~OTOqeHH B TOHKHX IIJIeHKax c TO~KHO~ nop~Ka 

~JIMHH CBeTOBO~ BOJIHHo OCHOBHO~ XapaKTepHCTHKO~ IIJIeHKH npH pac

npOCTpaHeHHH B He~ CBeTa RBJIReTCR ~KTHB~ nOKasaTeJIb npe~ 

JIOMJIeHHR HJIH 3B.Me,D,JIeHHe n(li), ;;{ - ~BYMepHbfR BeKTOp KOOMHHaT 
TOQKH IIJIeHKHo ITpH aTOM OCHOBHO~ HHTepec npe~CTaBJIHDT c060~ yqa

CT~ftJIeHKH, Hrp~He POJIb, aHaJIOrH~ JIHH3aM B 06'beMHo~ onTH
Ke/3/ o 

O,lJ,HHM H3 pacnpOCT'paHeHHHX ..eTO~OB C03~8.HHR TOHKOIIJIeHO'QHhIX 

OnTHtleCKHX KOMIlOHeHT (TOK) IIJIaHapH:bIX BOJIHOBO~HIlDC OnTHtleC~ 

JIHH3 RBJIReTCH MeTO~ BHCOKOqacToTHoro KaTO~Horo pac~eHHf.f4/. 
B YKasaHHOM MeTo~e qacTH1UII BeIqeCTBa, HcnYCKaeMble HCTO'tlHHKOII,l 

(pHC. I), ~BHraHCb B cpe~e 2, npOXO~HT CKB03b oTBePcTHe 3EpaHH

p~e~ MaCKH 3 H Oce~aDT Ha Hec~e~ BOJIHOBOAHO~ nneHKe 4 nOCTO

mfrlO~ TOJIIqHHlll d, 06pasYII aa HeA CJIO~ 5 nep~MeHHO~ TOJIDPlHH Jlr.JlJ. 
B npe~nOJIO~eHHH OnTHqeCKOA OAHOpOAHOCTH HaIT:blneHHOrO C~OH no BH

COTe 38.BHCHMOCTb MeJK,D.Y TO~HHO~ CJIOR /ü/i) H 3<WleKTHB~ nosaaa
TBJIeM np8JIOKJIeHHH tz.(.Ji) aspaaaerca He1IBH!JIU: ypaBHeHHeJi 3/ B~a 

F(/.(;{), n(-t))=(). 
( I) 

1 &1~n~t1!EdI;"HHhlt~ ~HCn}rryr l 
C1l;;l",,~~~~a)..;j..r.'s"~I'~ .'J;' ,,".. ", 'i' "'I '·'llI,y,,1l I.lIõ:!~ ,,~ ... 1-,. j'~"'.;:\f;f .s, JjJ 
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lló~yqeHHHH B pe3Y~bTaTe HanuneHHR rOR c 3~eKTHBH~ nOKa3aTe~eM 

npe~OM1IeHHH fl{il), 3aBHC~RM OT nepeaeasoa TO~~Uj~ It.r~ HaIIWIeH

Hora C~Ofl, Mo*eT B~O~H~'b pORb ~aHapHOH RHH3Df 
3/ . CBR3b TOR

~HH~ ArA) HanN~eHHOrO C~OR c reOMeTpHtleCKOH ~OpMO~ 3KPjg~~e~ 
MaCKH H rrapaMeTpaMH YCTaHOBKH H~eHRR HCC~e~OBaHa B 5 I. 
3aBHCHMOCTb Be~Hq}iH, onacsaasnrax 3qxpeKT 3KpaHIipOBaHHR, OITHChTBa

erca HHTerpMbHbIM ypaaneaaeu nepsoro pona. Ilpa HaJI'q}iH KpyroaoH 

CHMMeTpHH HHTerpaJIbHOe ypaBHeHHe npKHHMaeT B~/5~ 

I.et) = T ">'.4. J"f 1/;,.3~ (~/()d~ . 
~/J J[r;;c"_:5fl'+H Zj J+3 ( 2) 
J -00 ( 2 

3,q:eCb Jt - Koop~HHaTbJ B ILJIOCKOCTH BOJIHOBo,na, '(k) - BbJCOTa Ha

nh1JIeHHOrO C~OH, T - npO~OJr*HTeJIbHOCTb nponecca HaIlwzeHHH, H -B~
COTa ~OCKOCTH Bxo~a MaCKH H~ ~OCKOCTbD BO~HOBo,na, ;í( - KOOp

~HHaTIlJ B wrOCKOCTH B7o~aÂacKH, a (Ji;, k) - ~YHKQHR npo

3pallHOCTH MacKH(CM. 5-8), A· - napaeerps YCTaHOBKH HaIIbJJIeHHH. 

RpyrOBM CI08I8TpHR nnaaapaoã ~HH31:i oõecnenaaaer ee MHoroiY.H~

OHanhHOCTb B YCTPOHCTBax H cHcTeMax HHTerpaJIbHOR onTHKuf I. 

IlpaRTliqeCKH~ HHTepec np6ACTaBRH8T aanaua BIlJ60pa napaaerpoa 
MacKH, He06xOAli},(oR ~H H3rOTOBJIeHHR TOR C 3~aHHl:A( pacnpenene 
HHeM ~KTHBHoro nOKB.3aTeJIR npeJIOMJIeHHR na YCTaHOBKe HaIlWIeHHR 

c nApaMeTpSNH J3,;. Ilapaaerps YCTaHOBKH HanWIeHHs!./3 MoryT 61lJTbj 
H~eHbl no pe3YJIbTaTaM npe~BapHTeJIbH~ 3KCnepHMeHTOB ABy.MR cno

C06aMH. IlepBIDt ae HHX 3a.KRDtlaeTCR B' TOM, tlTO xepes MacKY C H3

BeCTHoA tPyHKQHeA np03patlHOCTH 6?" (Jt;... fE) HaDWIfleTCR TOHKHR CJIO~, 
BbJCOTa KOToporo ~r~ H3MepReTCfl C HeKOTopoR TOqHOCTbD H HcnO~b

3yeTcR B ypaBHeHHH (~) ~fl OTbJCKaHHH napsxerpoa A· . 3TOT cno
7

c06 onacaa B pa6o TaxI , • BTOpO~ cnocoõ OTblCKB.HHfl napawe'l'pOB 

A- ,. pa3pa6aThlBaeMl:lR B HaCT01lIItee BpeMR, OCHOBaH ae aa H3Mepe

HHH BbJCOTbl I!. (~-+) CJIO,R, a na BOCCTaHOBJIeHHH ~KTHBHoro ncxa
3aTeJIR np6JIOMJIeHHR Han~eHHoro TOR. 

OCHOBHOA QeJIbV AaHHOA pa60TbI RBJIReTCR BOCCT8HOBJIeHH6 atf>

tPeKTHBHoro nOKa3aTe~R npeJIOWIeHHR n(.Jt) TOR no Ha6JI~aeMb!M CJIe

~8.M CBeTOBIilC ~ytIe~ npa pacnpocrpaaeaaa me B rOR (ca, pRC. 2). 

2 

2. IIOCTAliOBl\A 3MAqI1 

B npH6~eHHH reOMeTpHQeCKOA onTHKH pacnpocTpaHeHHe CBeTa 

B cpene C HeO~HopO~HNM nOKa3aTeJIeM npe~OMJIeHH.R /1 (r) npOHCXOAHT 

B COOTBeTCTBHH C npMHQl1nOM ~PMa B,nOJIb 3KCTpeMaJIet! tPyHKQHOHMa 

onTH~eCKO~ ,lJ,JU1Hbl J IL (:;;Z) I Jc;4t; 

a CJIe,D,oaaTeJIbHO, BAOJIb 3KCTpeMane~ tPyH~OHana 

z -» / "':"'IZ~..L.J n. ('k) -a: C-lL,' (3) 

T.R. 3KCTp8Ma.JIH tPYHKQHOHa,'Xa .(3) RBJI.ffiOTCR TaKJKe 3KCTpeMM.HMH 

tPYHKQHOHana OnTHtleCKO~ ~H~9/. ~KQHOHaJI (3) HMeeT CH~bHO 
HeBHpo~e~ JIaI"p~aH 9 , T.e. cooTBeTcTB~ee eMY npe06pa

30BaHHe ne~~a HerrpepHBHo ~6paTRMO.qTO a6JIer~aeT HCCJIe,D,OBa 

HHe no cp'aBHeHHD C 06NtlHO HcnOJIb3yeMMM tPyHKqMOHaJIOM OnTHtleCKO~ 
.D,JIHHjI07. 

}{pyroaaR CHMMeTpHR 3~aq}i 03HaQaeT, tlTO B cHCTeMe KOOp,D,H

HaT c HatIaJIOM B nearpe CHMMeTpHH O nOKB.3aTeJIb np8JIOWIeHJ!H HB

JIReTCR ~YHKQHe~RHmb ~Hyca: 

n{/i)=:Jf-'{). (4) 

~YHKQH.R ger ) Ha3blBaeTCR iflYH~e~ npo<Pl1JIR• 

BOJIHOBo,D,HaR JIHH3a, noJIytleHH~ H~etrneM ~epe3 MacKY, 06

JI~aeT HeO,lJ,HOpO,D,H~ nOKa3aTe~eM rrpeJIOMneHHR JIHmb B HeKoTopoM 

xpyre c QeHTpOM B O panayca R > O : 

fI{~ J = /(0 npH k~R.. (5) 

0603HatUm uepes l CJIe,lJ, JIyqa - MHOJKeCTBO TO'tieK ruxOCKOCTH, 

Qepe3 KOTop~e npOXo,D,HT TpaeKTopHR ~HKCHpOBaHHOrO JIyqa. 

3~a'tia COCTOHT B TOM, liT06u no H3BeCTHHM CJIe,D,aM JIyqeH B 

ruxOCKOCTH BOCCTaHOBHTb nOKaaaTeJIb npeJIOMneHHR n(~). IlpH YCJIO

BIDt zpyr-oaoã CHMMeTpHH BOCCTB.HOBJIeHHe n (~-) 3KBHBaJIeHTHO OT~C

KaHHD nearpa cl1MMeTpHH O H Cf1yH~HH npotPIDI.R r7 (-k.). 

'I'paexeopaa .rryqet-t, napaaerpasoaaaase speueneu t, .HBJI.flI)TC.fI 

3KCTpeMaJIm&H epYH~OHaJIa (3), JIaI"p8.HiKHaH xoropor-o B nOJIl!pHbIX KO

0AAHHaTax HMeeT BH,I\ 

L(k J fjJ, y[.. v) ==- fl2("./r) ( k 21"- 1"2 .0 2) (6) 
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ITpHMeHHH npe06pa30BaHHe ne~~a 

oL _ 2 2 .
Pk =~- ;) (/L) :J[~ 

j?~ = 'JL = 2 o:l(/l) ./(Z P (7)
dy? a 

X JIarpaH>lHaHY (6), noJIYtlHM I'aMHJIbTOlrnaH 
Z 0 -: zJI ?k + r~ 

2 
/' k: 

(-'(~4'/A,?Y) =-= 1 2( -I'z.- ) (S}
fJ 

OTJIH~ OT HYJIH Ha TpaeKTopHgxl9,II/. B ~a30BOM npOCTpaHCTBe 

TpaeKTOpHH :JIyqe~ - peueaaa yp8.BHeJmi.1 I'a.MwrDToHa 

-: = Pk • _ / !fJ';P~ !lf'/C.} I. :2.,/- 1?2))]
29 2( /C.) 

7 A - ~92(/l.} ---t 3 + :J{/l.) (Pk' ~ :J~ 

0'- j/íP 
2 9Y~) ---(.2 J ,.P~ = O. (9) 

Ha6JIIl,I\aeMblM HBJIHeTC1I CJIe,I\ t JIytla - MHOJlteC'.l'BO TOtleK nJIOC

XOCTH, tlepes xoropse npOXO~H'l' TpaeKTopHH ~HRCHpOBaHHOI'O JIyqa. 

3~atla BOCCTa.HOBJIeHHH nOKa3aTeJI.fI npeJIOYJIeHHH n (J1) no CJIe

,IJ;aM ~ei! HeTpa,ItrUl;ROHHa. 'l1cXO,IJ;Hlle ,IJ;aHHlle' ae pememm 
CHCTeMhI (9), a me CJIe,I\1i B nJIOCKOCTH. MaTeuaTHllecKH 3TO osaasa
eT., 'tiTO H3BeCTHO OIDICaIDfe CJIe,I\a JIyqa B B~e ypaBHeHHH CB1I3M aa 

Koo~HHaThI TOtleK CJIe,I\a B KaKO~-TO CHCTeMe KOO~HHaT H HeR3BeCT

aa 3aBHCHIIOCTb KooMHHaT TOtleK OT BpeHeHH. B CHJIY 3TOI'0 BOC

CTaHOBHTb nOKa3aTeJIb npeJIOMJIeHH1I Y,I\aeTCH JIHmb c TOtlHOCTbID ,I\O 

nOCTOmmOI'O MHOJItMTeJIH. 0603HatlHM tlepe3 5lo (k) = !1 (./l..) / no 
~ npO~HJIH npHBe,I\eHHOI'O nOKa3aTeJI1I npeJIOMJleHHH n: (k..J/n o _ 

3. AJIrOPm'M BOOCTAHOBJIEHI1H ~IDlliOrO ITOKA3A'l'E.llii IlFEJIOMJIEHIDI 

YCJIOBHH (4), (5) n03BOJIJmT pa36HTb pemeHHe C~OpyYJIHpOBaH

HoA 3~aqH Ha ,I\Ba 3Tana: 

a) HaxOJll'AeHHe ~eHTpa O CHMMeTpHH TOR; 

6) BOCCTa.HOBJIeHHe ~~H npq~WIH j'o{-:J npHBe,I\eHHOI'O nOKa

3aTeJIH npeJIOMJIeHHH. 

4 

OCb CHMM8TpHH ~ (~) CJIe,D,a t JIytla npOXO,I\HT tlepe3 QeHTp CHM

MeTpHH O H .RBJIHeTCH 6HCC;KTPHCO~ yr'JIa, 06pa30BaHHÇ>I'0 ~P~,0JIH

He~HbIMH acHMIlTOTHK8MH t~ t CJIe,I\a e. • IJ;eHTp CHMMeTpHH O ecrs 
TOtlKa nepecetleHHH Bcex oce~ CHMMeTpHH ~ CJIe,D,OB JIyqeA. UeHTp 

CHMMeTpHH Mo*eT 6~b Ha~eH !teR TOtlKa nepecetleHHH ,I\BYX HeCOBna~ 

,IJ;~HX oce~ CHMMeTpHH. 

ITepe~eM OT nápaMeTpH3a.QHH JIyqe~ BpeMeHeM t K napaaerpa
3~H CJIe,IJ;OB JIyqeA yr'JIOM 0' nOJIHPHO~ CHCTeMhI KooAAHH,aT c Hatla

JIOM B nearpe CHMMeTpHH. B K8JI'i,lJ.0R TOtlKe F=(..JL7 Y) CJIe,D,a 0,D,H03Hatl

HO onpe~eJIeHa BeJIHtlHHa 

1Y= -t.1'~ = .L: ~ 7. (IO)• 

f'íP -L q r 

T. K. B nOCTl'0eHHO~ CHCTeMe KooAAHHaT CJIe,D, /! 3~aeTCH ~yHlQ.\He~ 
a: = .-'[ (lfl). C yqeToM nOCTO.HHCTBa P97 B,D,OJIb rpaearopaa, .a 3Ha

tlHT aa CJIe,I\e f, cacreaa (9) pe~PyeTcH K cHcTeMS ,I\BYX ypaa

HeHH~ ,D,JIH <PYHKQH~' ",€{Y?) li V-('-?) : 

~= k'1!Y
di/' J 

~= I; ~gt(/l~ )( ~\ 
d r (I I- f/r/L) ) - I + v/. (II) 

Pemeuaa CHCTeMbl (II) onacsaaor CJIe,D,bI JIytleR:. 

PaccTO.RHHe ..? OT uenrpa O ,D,O KaCaTeJIbHO~ K CJIel13 PB JII)

60~ CflHKCHpOBaHHO~ TOtlKe P>. (k~ <fJ) CJIe,D,a paBHO 

-"C.

f -;-:- (1'+ 1J'2.. i - (12) 

YtlacTKH CJIe,D,a, JIe~~He BHe 06JIacTM HeO,D,Hopo,D,HOCTH ~KTHBHOI'O 

nosasaeena npeJIOMJ1eHHH ,~JIHJ)TCH npmIbiMH B CHJIY' 'YCJ10BHH (5). 

CJIe,D,OBaTeJIbHO, 
k..

~==:::::::;:::::;-=Jo.=conIf npa k ~ R (3)
/1-1- V 01:0' 7' , 

I',D,e .1'0 - npanensaoe paccromose JIytla. ~~H raMHJIbTOHa (8) no

cTo~a B,D,OJIb pemeHH~ CHCTeMbl (9), 3HaqHT H B,IJ;OJIb pemeHH~ CHC

TeWhl ' ( I I). ITOCTO.HHCTBO· OTHomeHHH -f)l / f~ B,I\OJIb CJIe,I\a JIyqa 

B~aeTcH ypaBHeHHeM 

'I 1f-V- 2 II -2-' 
f'l. :z (k) ------.;;-- =I-l:f 1'0 
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KOTOpo6 cnpaBe~JIHBO ~JIR K~O~ TO't.lKH CJIe~.a. OTCllAa sarexaer HC

KOMaR ~opMyJIa BOCCTBHOBJIeHHH lflYHKQHH npOlflHJIR Ja (-'Z) npaseneaaoro 

nOKasaTeJIH npeJIOMmeHHR 
2 _ folf+ 0go (/1.) - . , 

--1:: (4) 

)VIR K~oro HCKpHBJIeHHOrO JIytla, He npoxo~~ero qepe3 QeHTp 

O, c~ecTByeT NHHHMaJIbHOe paCCTOHHHe Jc/?lLh. (e ), aa xoropoe 

JIyq npH6JIJu:aeTCR K Q6HTPY CHMMeTpHH. BeJIHtlHHa ~mú'z. pasaa pac

CTORHHIl 0'1' uearpa D ~O TOlUCH rrepeceveaas C CJIe~a co CB061> 

OCbD CHMMeTpHH g (CM. pHC. 3). 
no O~OMY CJIeAY -P. MOJlOiO BOCCTSHOBHTb !lo (-k) no 4JoPMYJIe 

( 14) B HHTepB8JIe /[?.JcnU;z (l). Ha60p CJIe~OB c YM6Hbm~CH 

npHQ6JIbHHMH pacCTORHHRMH n03BOJIReT BOCCTaHOBHTb go{k) BnJIOTb 

~o HaHYeHbmerO H3 ..J(/lzin. • nOCJIe~OBaTeJIbHOCTb CJIe~OB J+yqett co 

CTpeM~HYHCR K HYJIIl npHQeJIbHWMH pacCTORHHRMH n03BOJIReT BOCCTa

HOBHTb 4JYH~ np0tPHJIR 90 (k) BO Bcea 06JIacTH onpeneaeaaa. 

YpaBHeHHR (lI) He MeHRlJTCR npa YJ4HOJlteHHH 4J~H npoéana 

9{k) Ha npOH3BOJIbHYD KOHCTSHTY, a npHBe~e~ nOKa3aT6JIb npe

JIOMneHHR MO~O O~H03HatlHO BOCCTSHOBHTb no CJIe~aM JIyqea. ECJIH 

KpoM6 CJIeAOB ~eR H3BeCTeH ~KTHBHHA nOKa3aTeJIb npeJIouneHHR 

n: BH6 Kpyra HeO~HopO,ItHOCTH, TO Il pt) BOCCTBHaBJIHBae'l'Cfl na 

BC6~ IIJIOCKOCTH. 

• B npSXTHqeCKHX 3a,qaqax Ka.K HCXO,ItHHe ~8.HIme o CJI6~ax JIytleA, 

Tax H BOCCTaHaBJIHBae~ ~aHHWe o nOKaaaT6JIe npeJIouneHHR ~HCK

peTHl:l. ilyC'l'b K 0603HatlaeT tnlCJIO Oqu4JPOBa.HH1lDC CJIeAOB JIyqe~, ~.

tlHCJIO OItH~OBB.1il'WX TOtleK aa CJI6A6 HOMep j , { (Xjlt~ ~. ~ j = f., <:>» 

~/ n = 1, ..." Aj-J - Ta6JImU' 38M6peHHHX B xone 3KCnepHMeHTa 

~6KaproBhIX Koop.qHHaT TOqeK CJIeAOB JIyqe~, a - TOtffiOCTb OQH~pOB

ICH. MH OC'l'aBJIfleM B CTOpOH6 np06JIeMhl 06pa60TKH 4JoTorpa4lHA co 

CJIeA8MH JI~A. Hcxo,wimIH ~aHH1lDlH )VIR np6,IVIaraeMorO aJIrOpHTMa 

~T YXa3SHHI:aJfl BlIIIIIe Ha60P tlHCeJI. IIo 3TlDI ~aHHlaI BOCCTaHaBJlH

BaeTCR qeH'l'p JIHH3W H ~R n~KnR npHBeAeHHoro ~KTHBHoro 

nOKaaaTeJIH npeJIOMJleHHR B BllAe Ta6JIJ1IUi 3Hall8HHA aa BWpaHHoA 

eeTKe [~.,= O? /[2 J ••• r -t"-"'l)" ./ti.L... ~<'+(. 
OnameM KpaTKO OCHOBHY8 mBrH anropH~ BOCCTaHOBJIeHHR ~

lfleK'l'~BHOrO nOKaaa'l'eJlR npeJIOllJIeHIIH. 

6 

1) ,l(JIR K~oro JIyqa HOMep j H3' aaõopa {(x)" Y;'2 n=I~ .. ..,~3 
Bb\D.eJIfleM TOqK» , JIeJltaJ:qHe na npflMOJIHHe~HbIX yqacTKax E- H e. -I- CJI6

~a JIyqa, H nó HHM npOBO)\HM npIDdble MeTO~OM HaHMeHbmHX KBap,paTOB. 

HaxO~HM TOtlKy 2>.,. nepeceueaaa np.fIMOJIHHeHHblX aCHMIlTOTHK CJIe,lJ,a H 

Hanp~JIIIR1I1H~ BeKTOp ~ ÓHcceKTpHCbI t; ynna (:l} ~+, cOBn~~eR 
c OCblD CHMMeTpHH JIyqa. 

2) B CHJIY HaJIHtlHH norpemHOCTe~ B HCXO,lJ,HblX ~aHHNX nocTpoeH

Hble 6HCC6KTpHCbT -tj ne nepecexaerca B O~HO~ TOtlKe. UeHTp CHM

MeTpHH O CHCTeMhr HaxO,lJ,HM no M6TO,u,y HaMMeHblIlHX xaanpaeos KaK 

TOqKY, 6JI~~ K 6HcceKTpHCaM, npHtleM YCJIOBHe MHHHMaJIbHOCTH 

paCCTORHHR ~o K~O~ 6HcceKTpHcbI Tpe6yeM c BeCOM, 06paTHo rrpo

nOPQHOHaJIbHbIM ypOBHID norpeWHocTH onpe~eJIeHHfl 6HCC6KTpHCbT - TOtl

KH :Dj H B6KTopa 1.:/. 
fl Il 

3) flepeCqHTblBaeM sce BeJIHtlHHbT ~." ~ B CHCTeMj" Koop.qHHaT 

c HaqaJIOM B Ha~eHHo~ rouxe O. Iloaopanasaex ace JIytlli TaK, qTO

Óbl HX OCH CHMMeTpHH COBnap,aJIH c OCblO 0# . ,lJ.áHHble nOCJIe npeoõpa
J1 Il. 

30Ba.HHfl no -np€)KHeM;y 0603HatlaeM Xj,~.• 

4) OC~eCTBJIHeM CPJI~B~ annpoKcHM~1O TOqeK K~oro 

CJIeAa KyC5HqeCKHM CnJIaibiOM !/= '>:;{X) )\eepeKTa r. Ky6HqeCKH~ 

CnJIaRH MHHHMH3HpyeT ~YHKqHOHaJI 
.:r.AI'

J j íY'í:<-Jj<;;z. (15) 

~.f 
J 

qTO COOTBeTcTByeT B&nOJIHeHHIl Tpe60BaHHfl MHHHMaJIbHOCTH H3rH6a 

CJIe,lJ,a JIyqa. BHe xpyra Heo~Hopo~OCTH aaaneaaa r"('X) ~OJIJlHbl 
paEHRTbCfl HYJIIl, T.K. KOHqbT CJIe,lJ,a flBRflDTCR np~. ~aKTHqeCKH 

If 
npa aImpOKCHM8,QHH y~aeTcH ~06HTbCfl Toro, qTO BeJIH't;IHHbT Y (-;c) na 

aosuax t- H e-f CJIe~a !! CTaHOBflTCfl OTHOCHTeJIbHO MaJIlam. 

IIpeACTaBJIeH~e 3KCnepHMeHTaJIbHblX )\aHHbTX o CJIeAe B B~e 

CnJI~Ha ~aeT B03MOJKHOCTb tlHCJIeHHOI"O ~H~pe~poB8HHfl - BbItlHC- ' 

JIeHHfl 3HaqeHH~ yl(2), a CJIe,n.OBaTeJIbHO, H BDJt.mCJIeHHfl BBe~eHHoA 

B (10) BeJIHIIHHbJ 1Y no tpoPMYJIe 

/( -I- Yc~.)· Y'(:JC.} 
.'1.}- = 

- Y'c x ) + À:. Y/(À:) (16) 

5) Haxo,ItHM MHHHMaJIbHOe pacc-rosxae .7{/1ll~ J K~OI"O JIyqa ,IJ,O 

nearpa C H npHQeJIbHOe pacceoanae q, .• flYCTb k;t"-= mlh {km ,
J".1 • Ol1./ 
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- • - ~ .J(-nÜ{ n}. ,QnR 3HatleHl1n Y3JIOB -ti> k* HMeeTCR XOTR 6b1 O,IJ,HH Ta6mu.\a I 
CJIe,IJ, !/-= Y (;C), ,lJ,Be TO'tIKH KOTOpOrO JIeiKaT na paCCTORHHH -'li OT ~eH

3Ha'tIeHHH MO,IJ,eJIbHott H BOCCTaHOBJIeHHott ~YHKQHtt npO~HJIR (~rr) 
Tpa CHMMe~pm:. H~R 3TH TO'tIKH, BN'tIHCJIHM B HHX ~ no ~oPMYJIe 
(16). ITO,lJ,CTaBHB 3HaqeHHR ~ B (14), nOJIyqHM HCKOMoe 3HaqeHHe 

~YHKQHH npO~HJIfi npHBe,lJ,eHHorO 3~eKTHBHoro nOKa3aTeJIR npeJIoMJIe

HHR. ECJIH OKPY?KHOCTb panayca J(c c ~eHTpoM B () nepecexaer He

CKOJIbKO CJIe,lJ,OB, TO He06xo,IJ,HMO YCpe,lJ,HHTb 3HaqeHHR ~YHK~H npO~H

JIR 90 (/Li), nOJIyqeH.HhTe AJIR pa3JIHtUiblX JIyqeti. TaKHM 06pa30M, 

Y,lJ,aeTCR 3aTa6YJIHpOBa'1'b ~YHK~IO npO~HJIR C?0 (/i.) ,lJ,JIR Y3JIOB -t"i~ -t--: 
6) 3HaqeHHR ~YHK~H npO~HJIR Jlo c-z) B HYJIe H B Y3JIax -1",-..(-t*' 

BOCCT8.HaBJIHB8lOTCR H3 YCJIOBHR .9:(0)= O C yqeToM r JI~KOCTH HCKO
MOti ~YHKqHH npO~HJIR B OKpeCTHOCTH HYJIR. 

4. PE3YJIhTAThl mQHCJIIDK1IhHW( 3RCITEPHMEHTOB 

~R npoBepKH 3~eKTHBHoCTH npe,lJ,JIaraeMOro aJIrOpHTMa 6b1JIH 
npOBe,lJ,eHbl B~CJIHTeJIbHble 3KCnepKMeHTN. 3~aBaJICR MÓ,IJ,eJIbHbln no

Ka3aTeJIb npeJIOMneHHR nyTeM ~HKCaQHH ~eHTpa CHMMeTpHH H MO,lJ,eJIb

Hoti ~~H npO~HJIfi. Ha llJIOCROCTH c 3~aHHUM 3~KTHBHUM nORa
aaTe~eM npeJIOMJIeHHR OC~eCTBJIRnacb TpaccHpoBRa CJIe,lJ,OE JIyqe~. ITo 

nOJIyqeHHbIM ,lJ,aHHbIM o cnenax BOCCTaHaBJIHBaJICR "npHBe,IJ,eHHblti 3cIxPeK

THBHbln nORaaaTeJIb npeJIOMJIeHHR COrJIacHo npe,IJ,JIO~eHHOMY aJIrOpHTMY. 

B nJIaHapHOH onTHKe BOJIHOBO,lJ,HaR JIHHaa, 06JI~~aR KpyrOBon 

CHMMeTpHeti, c ~OKyCHbIM paCCTO.R.HHeM ::f , I1peBbUII~HM panayc R. 
~yra HeO,IJ,HOpO,lJ,HOCTH, Ha3b1BaeTCR 0606~eHHott JIHH30fi JroHe6ep
ra/II-I~~ AHaJIHTHqeCROe aspaseaae ,IJ,JIR ~YH~H npO~HJIfi npaaa

,IJ,eHHOrO 3~KTHBHoro nORaaaTeJIR npeJIOMneHHR 0606~eHHOH JIHH3b1 

~e6epra HeH3BeCTHO. B KaqeCTEe MO,IJ,eJIbHOH ~YH~H npO~HJIR 

c9o{/l) 6b1JIa BbI6paHa 3a,IJ,aHHaR Ta6JIHtUiO (CM. Ta6JI. I) ~YH~fi npo

~HJIR npHBe,IJ,eHHorO 3CMJelSTHroro nOKasaTeJIR npeJIOMJIeHHR JIHH3b1 .lIIo
aeõepna c R = I H.j? = Z 13 • BHe Kpyra Heo,IViopO,IJ,HOCTH nonar-aea 

Jlo(/0 == i. ~R BbNHCJIeHIIIR ~YH~H fl.. (--t) B TOtlKax Me1KAY Y3JI8.MH 
ceTKH HCnOJIb3yeM Ky6HtleCKHn cnJI~ ,IJ,e~KTa I, nocTpoeHH~ no 
3Ha'lleHHRM ~H npO~HJIR aa carxe , 

~JIR HaxoJK,IJ.eHHfi CJIe,IJ,OB rpaexropaã JIyqeit, npOXO,lJ,Im\HX 'tIepe3 

llJIocK,yID OnTH'llecKyD cHcTeMy c OnHCaHHO~ ~yH~ett npO~HJIR, HHTe
J.1pHpyeM cHCTeMy (9) B ,IJ,eKapTOBbJX KOop,IJ,HHaTax. ~J'l 'llHCJIeHHOrO 

HHTerpHpOBaHHR HCnOJI~3yeM MeTO,lJ, PyHre~Ta Tp8TberO-'lleTBepToro 

nopnnxa, PeaYJIbTaT TpaccHpOBKH npHBe,IJ,eH B Ta6mlI.\e 2. Ha K~OM 

'l\. 

1
 

HOMep
 
Y3JIa
 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2I 
22 
Z3 
24 
25 
26 
2'7 
a3 
29 
30 
31 

P~HYC 

0,00 
0,05 
0,10 
0,15 
0,2:> 
0,25 
0,30 
0,35 
0,40 
0,45 
0,50 
0,55 
0,60 
0,65 
0,70 
0,75 
0,80 
0,85 
0,90 
0,91 
0,92 
0,93 
0,94 
0,95 
0,96 
0,97 
0,98 
0,99 
1,00 
1,01 
1,03 

MO,IJ,eJIbHaR 
~IT 

1,1753111 
1,1749992 
1,1740713 
1,1725216 
1,1703405 
1,,1675196 
1,1640453 
1,1598997 
1,1550617 
1,1495056 
1,1431932 
1,1360007 
1,I;BI071 
1,1191921 
1,1092272 
1;.:;.0980549 
1,,0054378" 
1',0709877 
1,0539818 
1,0501595 
1,0461550 
1,0419416 
1,0374842 
1,032'7339 
1,0276Z32 
1',0220509 
1,0158520 
1,00072'71 
1,0000000 
1,0000000 
1,0000000 

BOCCTaHOB-
JIeHHaR @1 

1,1799850 
1,1795921 
1,1784153 
1,1764555 
1,1737100 
1,1701813 
1,1673069 
1,1625414 
1,151Z318 
1,1465940 
1,1406965 
1,1401548 
1,1374683 
1,1092'730 
1,1006889 
1,0938139 
1,0938053 
1,0759163 
1,0555325 
1,0451651 
1,0451622 
1,0358810 
1,0358791 
1,0263634 
1,0263615 
1,0263596 
1,0263577 
1,0195150 
1,012'7430 
1,012'7411 
1,012'7382 

OTHOCHTeJIbH8.R 
01IIH6Ka B % 

0,4 
0,4 
0,4 
0,3 
0,3 
0,2 
0,3 
0,2 

-0,3 
-0,3 
-0,2 

0,4 
0,8 

- 0,9 
-0,8 
-0,4 

0,8 
0,5 
0,2 

-0,5 
-0,1 
-0,6 
-0,2 
-0,6 
-0,1 

0,4 
1,0 
1,1 
1,3 
1,3 
1,3 
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HS k = 4 CJIe~OB JIyq:eti o~4JPOBa.HO no 15 rovex, ~YHKqHR np0<pHJIR 06

06~eHHo~ JIHHS~ nDHe6epra 6~a S~a.Ha Ta6JIH~0 H HHTepnOJIHpOBa

JIacb ~JIR SHaqeHH~ aprYMeHTa, JIe1lt8I1lHX MeJK,IJ;Y YSJIwm. KpOMS Toro, 

HCnOJIbSOBaJICR npH6JIRmeHHHA MeTO~ HHTerpHpOBaHHR CHCTeMH 06NKHOfI BeHHWC .~HtMepe~aJIbHbIX ypaBHeHH~. IIOSTOM;y ~8HH~e TpacCHJ)OBKH 

RBJIRDTCR BOS~eHHHMH H HX ~OnOJIHHTeJIbHOe SamyMHeHHe He06R3a

TeJIbHO...+ 
Ta6JIHQa I co~e~T Ta~e SHatleHHR <pyHKqHH np0<pHJIR, BOCCTa

HOBJIeHH~e c nOMO~bD KOMIlJIeKCa npoppaMM Ha 4JopTpa.He,.peaJIHS~e

PO npe~o~e~ aJIrOpHTM. OTHOCHTeJIbHaR oWH6Ka. BOCCTaHOBJIeHHR 

4J~H np0<pHJIR rrpHBe~eHHoro ~KTHBHoro nOKaSaTeJIR npeJIoMJIe

HHR B Y3JI8X ceTKH ne npeBOCXO~HT 1%, tlTO nO~TBeplK,lJ,aeT nparon
HOCTb aJIrOpHTMa ~R npaxTHtleCKHX npHJIO~eHHR. 

5.	 3AK.JII)qEHffi 

B ~aHHoA pa60Te MH He KacaeMCR np06JIeM 06pa60TKH <poTorpa

<pHA co CJIe~f:lMH JIyqeR. CJIe~bt JIyqe~ paccMaTpHBaJOTCR H8MH KaK KPH

sse aa nJIOCKOCTH. ~aHHbte o cnenax JIyqeA 6epyTcR KaK HCXO~Hbte c 

S~aHHO~ noppemHOCTbD• 
113 MaTeMaTHtleCKOPO OIIHCaHHH S8,[\aq}{ BOCCTaJiOBJIeHHH s<PifleK

THBHOfO noxaaaeens npeJIOMJIeHHR HCKJIDtleHO BpeMR. OTKas OT Tp~H

QHOHHoro r8MHJIbTOHOBa nonxona npO~HKTOBaH CTaQHOHapHhJY XapaKTe

pOM HCX~HbIX ~aHHhIX. BCJIe~CTBHe CT8l\HOHapHOCTH ~aHHbIX COOTBeT

CTB~~ HM ~KTHBHaA nOKasaTeJIb npeJIO~eHHR BOCCTaHaBJIHBaeT
CR c TOtlfiOCTbD ~O nOCTORHHOPO MHO~TeJIR. 

3~atla pemaerca B ~Ba ararra, Ha nepsox STane mqeTcR QeHTp 

CHMMeTpHH JIHHS~ H OC~eCTBJIReTCR nepexo~ B CHCTeNY KOO~HHaT c 

HatlaJIOM B QeHTpe CHMMeTpHH. Ha BTOpOM 3Tane BllltlHCJIReTCR Ta6JIHQa·l
. 

I
 

SHatleHHA <PYHK4RH np~HJIR c nOMO~bD npe~O)l(eHHoR B pa60Te <POPMY


JIbt BOCCTaHOBJIeHHR. CIlJI~-annPOKCHM~R Ta6JIHtlHoA <P~H npo


<pWIR onpenensee IIpHBe~eHHIDt a<W>eKTHBHlJA noxaearezs npeJIOI&JIeHHR
 

B nOCTpoeHHoA CHCTeMe KOO~HHaT.
 

Paspa60TaH aJIrOpHTM H COS~8H KOMnJIeKC rrporpawM Ha <popTpaHe 

J
 ~H BOCCTaHOBJIeHHH s<P<PeKTHBHOPO nOKasaTeJIR npeJIOMJIeHHH no CJIe


~BM JIytleJl. 

IIoJIytleHHYEl peSYJIbTaTbt pem8l>T tlacTb 06rqéR sa.qatlH KaTeMaTH

qeCKOrO MO~eJIHpOB8HHH nponecca 3KpaHHpyeMoro HaIIHJIeHHH TOHKO 

1\ 
t 
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nneHOqHHK OnTHqeCKHX KOMnOHeHT - npo6~eMY AOCTaTOqHO'TOqHOrO H3

MepeIDUi napeaerpos TOR, HaIThUIeHHOrO c nOMOIqbK> 3~aHHOt\ expaaapy

oqe'l M8.CKH. 

t
 

'0'//1///1////////4/// !// L '/
,/ /./,'i/./ij/ 

2 í 

~ 
~ I 

I

•
/ / //5 // /-'/1///:" -: -".~ ~(;() 

r : 

/ / ../ / / /' / / / / /' / / / / / / I; 
-.-. -. i 1;" T<, 
<,., '<, ""'-: .' "- ~ ~ 

PHC. 'I. BepTHKMb~ pasp?3 YCTaHO~}{H lianbIJIetrnR. 

~c.2. 'CXeMaTHQeCKOe H306p~eHHe ~oTorp~H'l c~eAOB ~yqe~, hpo

XOA~HX ~epe3 QeHTpMbHOCHKMeTpH~TOR. 
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9. YCKopHTenH 
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$YHAaMeHTanbHblX $H3H4eCKHX HccneAOBaHH~ 
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HET JUi nPOSEJIOB B BAIIIEH 6l16Jll10TEKE? 
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Kyp&mKHH B.B., MHKynH~ A.B., illBa~Ka A.B. 
BoccTaHoBneHHe 3~KTHBHoro noKa3aTenH 
npenoMneHHH KpyrOBOH BOnHOBOAHOH nHH3hl 

P5-86-665 

PaCCMOTpeHa 3aAa~a BOCCTaHoBneHHH 3~eKTHBHoro noKa3aTenH 
npenoMneHHH TOHKonneHO~HOH BOnHOBOAHOH nHH3hl no cnenaM ny~eH 
Ha nnocKOCTH. 3aAa~a pemaeTCH B ABa 3Tana. Ha nepBOM 3Tane Ha
XOAHTCH ~eHTp CHMMeTpHH nHH3hl, Ha BTOpOM - ~YHKqHH np~HnH, 

npeACTaBnHID~aH HCKOMblli noKa3aTenb npenoMneHHH B CHCTeMe KOOpAH
HaT C Ha~aiTOM B ~eHTpe CHMMeTpHH nHH3hl. Pa3pa60TaH anrOpHTM 
H C03AaH KOMllneKC nporpaMM AflH ~cneHHoro pemeHHH 3aAa~. llpH-
BeAeHhl pegynbTaT&I pac~eTa TecToBoro npHMepa. 

Pa6oTa BbinOnHeHa B na6opaTOPHH Bbl'IHCUHTenbHOH TeXHHKH 
H aBTOMaTH3~HH OHHH. 
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Kuryshkin V.V., Mikulich A.V., Shvachka A.B. P5-86-665 
Recovering of the Effective Index of Refraction 
for a Round Waveguide Lens 

The problem of recovering of the thin-film waveguide lens 
effective index of refraction using the traces of layers in a 
plane is investigated. The solution of the problem is found by 
two steps. At the first one the centre of symmetry of lens is 
found, and at the second one the function of profile is calcu
lated which presented by itself the index of refraction in the 
system of reference with the origin positioned at the centre 
of symmetry of lens. The numerical algorithm and softwave pac
kage are developed for numerical solution of the problem. The 
numerical results for test example are presented. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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