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r. BBMEffi1E 
K MHTerpanhHOR OnTHKe OTHOCRT C~pNHpoBaBmeeCR K KOHQY 60-x 

rO~OB HOBOe HayqHo-TeXHMQeCKOe K8npaBneHHe, B OCHOBe KOTOpOrO ~e

~aT 3neKTpoMa~HHTHNe RBneHHR, npoKCXO~He npH paCnpOCTpaHeHHM 

CBaTa B TOHKHX cnoflX npospaqHNX MaTepHanOB. MCnOJlhSOB8HHe 

YCTpoAcTB KHTerpanhHoR onTHKM B COBpeueHHoR MeX8HHKe CBHSM H 06

pa60TKH CHrHanOB n03BonHeT 3HaQHTenhHO CHM3HTh ra6apHTN YCTpoRcTB 

no cpaBHeHHD c 06~eMHWMM aHanO~aMM, MCKnDQHTb TpY~OCTH mCTMpoa

KH H 'H8CTpoRKH on'l'iNecKoR CxeMJ:d, nepeRTH K MaJIbIM ynP8BJlsmtI\HM MOIIl

HOCTRM H, KpoMe TO~O, peanHSOB8Th 3~KTN, He HMeDlIlH6 8ManorOB a 

xn8cCHQeCKOA o~eMHoR onTHKe. llocneÁHee BOSMO~HO B OnTKQeCKHX 

3J1eMeHT8X c nnaBHO H3MeHHID~HMCR 3~KTHBHNM nOK838TeneM npenOM

neH}IH, CBSlS8HHbIM c IlJIaBHhJM HSMeHeH~eM TOJlIqHHbL IlJIeHOK, peaaaayn

~HX BonHOBo~e 3J16MeHTN. 

O~HM M3 pacnpoCTpSHeHHNX MeTOAOB H3~OTOBJIeHHH HHTerp8JIbHO

OnTKQeCKHX 3J1eMeHTOB HRnHeTCR MeTOA B8KYYMHoro H8nNJleHHH. MaTe

MaT~eCKaH MOAeJIb HaHeceHHH llJIeHOK MeTOAOM,KaTO~Horo paCnYn6HHH 

c HCnOJlb30B8HHeM TeHeBoro 3~eKT8, npeAnOmeHH8H B pa60Te /1/, 
CBHS~B8eT M~ c060R TpH B8nKQHHN: ~HKQHD HCTOQHHKS Han~HeMO

ro B81I1CTB8, ~KQHD 3Kp8HHpyDlIle~ MSCKH H pe3ynbTHpyD~ ~KqKn 

Ha~neHHoro CJlqH. 

llpaKTHqeCKH~ HHTepec np8ACTaBnHeT 3a~8qa B~6op8 nap8MeTpoB 

3KpaHH~eA uaCRH, He06xo~oA ARR H3rOTOBJl8HHH CJlOR c 3~aHHNM 

pacnpe~eneHMeM 3~eKTHB~oro nOK838T6nR npenOMJIeHHR. llpH aTOM na

paMeTpN HCTOQHHK8 H8nNnHeMOrO Be~eCTBa MoryT 6NTh H8R~eHN no pe
3YJlhT8T8M npeABapHTeJIbHYX HaONReHHR c H3BeCTHoR M8CKO~. O~HM M3 

BazHeamKX 3J1eMeHTOB KHTerp8JIhHOR onTHXH RBJlReTCR BOJlHOBO~8H JlHH

3a RDHe6epr8 /2,3/, 06eCneQHBa~aH 6e386ep8qHOHHyD (B npM6J1HKe

HMH reoMeTp~ecxoR onTHKH) ~I~cHponKY nap8JIJleJIhHOrO nyqKa CBe

TOBNX ~yqeR. B pa60Te /4/ onMCSH cnoco6 06pa60TKH pesynbT8ToB 

HanYXeHHR BO~HOBO~ nHH3, KOTOpwR COCTOHT B CJle~eM. Qepe3 

yqacToK BOnHOBO~Oro cnoa c nepeu8HHoR TO~HOR nponyc~8eTcH ca

PUH CBeTOBHX nyqeR. no HX Tpa8KTOPHGY (pHC. I) BOCCTaHaDnHBaeTCR 

pacnpeAeneHH8 3~KTHBHoro nOK838T8XH np6nOMneHHR B naOCKOCTH 

BORROBOAS R AenaeTca 3a~qeHH8 o ero 6nH30CTH K ~eaBbHOMY.3TH 

~aHHHe MoryT 6UTb Hcnonh30S8HY ~H KoppeKTHpoBKH napaueTpoB 3K
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paHHpyro~eH MaCKH, Heo6xo~HMO~ ~fl HanN~eHHfl BO~HODOAHOA RHH3N 
3a~aHHNMH ~paMeTpaMH. ~OPMY~HpOBKa MOAe~H H KpaTROe OnHCSHH8 

c 
a~

Ta6nH~a I 
ÔKCnepHMeHT8JIbHble ,lJ,aHHble sa,lJ,aqM BOCCTaHOB~eHHfl a<pp'eKTHBHo,rO no

rOpHTMa BOCCTaHO~~eHHH 3~eKTHBHOrO nOKa3aTe~fl npenOMneHHH no 
c~e~aM nyqeH ~aHN B /4/. B ~aHHow' pa60Te no~po6HO H3JlaraeTcn an
ropHTM BOCCTaHOB~eHHfl 3~eKTHBHoro nOKa3aT8nH npe~OMneHHfl no pe
3Y~bTaTaM ~aHH~x 3KcnepHMeHTa, B KaqeCTBe KOTOP~X ~epYTcfl O~H~PO

KSSaTeJIfl npeJIOMneHHH KpyrOBo~ BOnHOBOAHO~ JI~H3b1. 

Koop~RaTbI T~qeK npHBe~eHH B TSÓJIHqHNX e~HHH~SX: no O~H ~ B I 
6,25 Ta6~. e~., no OCH Y B I CM - 100 Ta6n.e~.,R9=~5cM. 

,II.nfl scex ~ecflTH CJIeAOB AJ=29 H x~tt= x:= ... = x.,: ~ ~It 

CM 

BaHHNe c~e~ ~yqeH c ~oTDrpa~HH THna M306p~eHHoM Ha pHC. 

npHBO~TCfl pe3Y~bTaTH BOCCTaHOB~eHHfl ~fl O~OH H3 ~HH3. 

I, H x n 
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88,0 
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98,0 

2. OU\iDPOBKA CJIEJlOB CBETOBliX ~ 
OQH~poBKa c~e~OB CBeTOBNX ~yqeH, npoxo~ qepe3 3KcnepH

MeHTaxbHN~ o6pa3eQ ~eHKH nepeMeHHo~ TO~~HHN, npOBO~H~aCb c Hera

THBa ~oTorpa~HH c nOMo~bro H3MepHTe~bHoro MHKpocKona MMP-I2. 
ôKcno3HQHfl c H306paEeHHeM HeCKO~bKKX nyqeH Ha O~OM HeraTHBe 

no~yqeHa cne~~HM o6pa30M: Y3KHH I~OK CBeTa, creHepHpoBaHHH~ 
~a3epoM, BnYCKa~cfl B BOXHOBO~ H RpaTKOBpeMeHHO 3KcnOHHpOBaJICfl. 
3aTeM c nOMo~bro n~OCKonapan~enbHOH ~aCTHH~ nyqoK CMe~a~Cfl H ero 

npoxo~eHHe qepe3 BO~HOBO~ BHOBb 8KcnOHMpOBanoco H T.A· il03TOMY 
Ha BxoAe B BO~HOBO~yro nneHXY (Ha pHC. I - cneBa) Bce ~yqH nOqTH 

napannenbHN. fipH npoxo~AeHHH qepe3 o6nacTb Heo~opo,~OCTH, r~e 

TO~HHa llneHKH H, COOTBeTCTBeHHO, 3~eKTHBHNH noKa3aT~b npenOM

xeHHfl MeHHIDTCfl, c~e~ OTK~OHflIDTCfl K OCH CHMMeTpHH ~HH3~, npoxo

~eH qepes ee ~eHTp napannenbHO HanpaB~eHHID ~yqe~ Ha BXOAe. 
B3RB KpaHHIDID neByro TOqKY nepBoro CHH3Y cne~a 3a HaqanO OTCqeTa, 
aanpaanenae OCH x,-coBnaAaIOII\HM C HanpaBJIeHHeM c~eAOB na axone , a 

OCH y - nepneH,IJ,HKY~flpHO OCR ~ H asepx, OK83SJIOCb B03MOMHbTM no
~yqHTb Koop~RHaTH TOqeK Ha ~eCflTH ~yqax nOqTH no BceH AnHHe c~e
~OB B no~e HerSTHBa,KpOMe 30HH HxnepeCeqeHHfl. KOOp,IJ,HHaTH TOqeK 

Ha OQH~pOBaHHNX c~eAax CBe~eHH B Ta6~HQY l. 
TaKKM 06paSOM, HCXO~bTMH ~aHH~H ~fl B~Hc~eHHfl 3~eRTHBHO

ro noxasaTenfl npenOMneHHfl (STIll) KpyroaoH BO~HOBO~O~ ~HH3~ RBnfl
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27,5 
28,0 
28,5 
29,0 
29,5 
30,0 
30,5 
31,0 
31,5 
32,0 
32,5 
33,0 
33,5 
34,0 
34,5 
35,0 
35,5 
36,0 
36,5 
37,0 
37,5 
38,0 
38,5 

0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
1,0 
2,0 
3,0 
4,0 
5,0 
7,0 
8,0 
9,0 

11,0 
13,0 
15,0 
18,0 
20,0 
23,0 
26,5 

15,0 
15,0 
I5~0 

15,0 
15,0 
15,0 
15,0 
16,0 
16,0 
17,0 
18,0 
18,5 
20,0 
20,0 
22,0 
21,0 
23,0 
23,0 
24,5 
27,0 
27,0 
29,0 
30,5 

26,5 
26,5 
26,5 
26,5 
26,5 
27,0 
27,0 
27,5 
28,0 
28,0 
28;0 
29,0 
30,0 
30,0 
30,0 
30,0 
32,0 
32,0 
32,5 
33,0 
34,0 
35,0 
35,5 

36,0 
36,0 
36,0 
35,5 
36,0 
36,0 
36,0 
36,0 
36,0 
37,0 
37,0 
37,5 
37,5 
38,0 
38,0 
38,0 
38,0 
38,0 
38,5 
39,0 
39,0 
40,0 
40.,5 

41,0 
41,0 
41,0 
41,0 
41,0 
41,0 
41,0 
41,0 
41,0 
42,0 
43,0 
42,5 
42,0 
42,0 
42,0 
41,0 
42,0 
42,0 
41,0 
41,0 
42,0 
43,0 
43,0 

51,5 
51,5 
51,5 
51,0 
51,0 
51,0 
51,0 
51,0 
50,0 
50,0 
50,0 
50,0 
50,0 
50,0 
50,0 
50,0 
50,0 
-50,0 
50,0 
50,0 
50,0 
50,0 
50,0 

70,5 81,0 88,0 98,0 
70,6 81,0 88,0 98,0 
70,5 81,0 es,o 98,0 
71,0 81,0 87,0 98,0 
70,0 SI,O 87,0 98,0 
70,0 80,0 87,0 98,0 
69,0 -79,0 86,0 97,5 
69,0 '79,0 86,0 97,0 
68,0 78,0' 85,0 96,0 
68,0 . 78,0 '84",0· 95.0 
68,0 77,0 '8:3',0 94,0 
67,0 76,5 83,0 93,0 
67,0 76,0· 82,D 92,0 
66,0 75,0 81,0 91,0 
66,0 '75,0 80,0 89,0 
65,5 74,0 79,0 88,0 
64,5' 73,0 78,0 87,0 
64,0 72,5 77,0 85,0 
64,0 71,0 76,0 '83,0 
63,5 70,5 75,0 82,0 
63,q 69,0 73-,5 '79,0 
63,0 .68,5 72,0 78,0 
61,5 67,0 70,0 74;5 

IOTCfl: 
K - qHC~O OnH~pOBaHHHX c~e~OB ~yqe~, npOXO~HX qepes nHHsy; 

N
i 

- qHC~a o~~pOBaHHblX TOqeK aa cnenax ~, ..fz •... , /..... ; 
~.-, ~ f _ HOMepa TOqeK KaJK,IJ,Oro cnena f;., TeKHe, qTO TOqKH c HOMe

paMH I, ... ,Aj- H ~ r, ••• ,~ nesar BHe 06~aCTH HeO~OpO~

49,0 
49,5 
50,0 
50,5 
51,0 

89,0 
92,0 
95,5 
97,0 
98,5 

67,5 
69,5 
71,0 
72,5 
78,0 

59,5 
60,5 
61,0 
62,0 
62,5 

55,0 
56,0 
56,0 
57,5 
57,0 

52,0 
52,0 
54,0 
55,0 
55,0 

49,5 
49,5 
49,5 
49,5 
50,0 

48,5 ".' 44,0·\ 40,0 
47,5 42,2 38,0 
46,5" .42,0 37,0. 
46,0 41,0 36,0. 
45~5 40,5 35,0 

30,0 
28,0 
26,0 

, , . 
24,5 
23,0 

HOCTH JIHH3b1; 
Ta6JIHt~a {(x/\ 'Y.i11), 1'1.= I~ ....? N.í; i = I, ...~ KJ saMepeHHbJX AeKapTOBHX J: = 0,03 CM, ~ ~ 0,003 CM. 
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n 1 2 p~ 
KOOp)J.HHaT TOtIeR t aa CJIe)J.ax JIytle~, rne e, ~, ~ J - TOtUm,0'0 

npencrasaanmae CJIe)J. t;; 
(2. (1- n 'It 

cJx , d; - o~eHKH TOqHOCT~ H3MepeHHfl Koop)J.HHaT~. H ~ ;, 

R3 - 3HatIeHHe 3'lxPeKTliBHOr'0 .panayca , T. e. rrpH6JIIDI':eHHOe 3HatIeHHe 

panayca HeO)J.i-IopO,ll.liOCTH JIHH3~, 1J0JIytlaeMoe ~aK 3HatIeHHe' panayca 
OTsepCTHfl, tIepe3 KoTopoe npOH3BO~HJIOCb HanHJIeHHé, E H~HeA ero 

tIaCTH. 

06 .3THX )J.aHHHX HaM H3B,eCTHO, tITO: 

I) )J.eKapTóaa CHCTeMa, B KOTOpOM npoH3Be,!J,eH~ H3MepeHHfl~oop)J.HHaT 
TOtIeK Ha CJIe)J.ax, He caH3aHa c qeHTpoM ~HMMeTpHH KpyrÓ~O~ .~HH

3h1; ,2 It. 

j2) HaKa~)J.OM cnene ~. TOtIRH fJ: e, ... ;; ynopfl)J.OqeHl~E.n.OJIb 
cnena B TOM CMblCJIe, qTO eciUi t·~ h. ,..e:::: n z LI13'~ ~:,.. TO 

. P H . !.. P 1'1 P Il '. .
TOt.lKa ..2. JIeJKHT Ha ·CJIe.rr.e oi Me7K,IJ,Y TOt.lKaMH . H.. ;1;. " 

3) Ha BXO.n.~ B BOJIHOBO~H~ cno~ Dce CJIe~ nOtITH ~apann~JIbHbI.H HY

Mepa~Hfl B)J.OJIb 'C,1Ie)J.a HatI8Ta c nOtIT,H nap8.JIJIeJIbHhlX· ytI~CTROE; 

4) sce CJIe,D,bl npOXO)J.flT tIepe3 06JIaCTb Heo)J.Hopo,II.HOCTH ilHff3J:J'; 

5.) no RpaliíHelií Mepe T'pH nepsue H TpH nOCJIe,II.Hl1e TOtIKH KaJKppro,'c.JIe

.n.a JIeJKaT BHe 06iIaCTH HeO,II.HOpO,II.HOCTH, T.e. TaM, r.n.e TO~~HHa 

nJIeHKH CTaHOBHTCfl nOCTOHHHOlií, a ~n - npflMHMH; 

6) na R8JK)J,OM CJIe)J.e OIU1IllPOBa.HO He MeHee )J.eBHTH TOtIeK: ti; ~ 9.• 
l1pe)J,llaraeMblH aJIrOpJIITM 6b1JI KpaTKO H3JIO)KeH B /4/. 3)J.~Cb I.lPH

BO~HTCfl ero no~06Hoe onHcaHHe c YtIeTOM Tex oc06eHHocTelií, KÔTO~ 

phle npeBHeceHhI 3KCnepHMeHTanbH~H .n.aHHblMH. 

Ilo CJIe.naM JIytleH HCROMoe pacnpeneaeaae n (./'r.~) 3IlI1 ,8 llJIO~KOCTH' 

BOJIHOBO)J.8 MOMeT 6b1Tb BOCCT8HOBJIeHO JIHillb c TOqHOCTbD )1.0 nOCTQflH

Horo nOJI~MHTeJIbHOrO MHOJKHTeJIR no, paBHoro 3HatIeHHID 3rrrr BOJlHOBO

.n.à B TOqKSX llJIOCROCTH BHe 06JIaCTH HeO,II.H0pOAfiOCTH /4/. ECTecTBeH

HO HCR8Tb npHBe)J.eHijblH 3illl n; rk), I2dk"') = n (~)/no. TaR RaI{ nanune
HHe npoBo~TCfl tIepe3 oTBepcTHe,06JIa)J.aD~ee RpyrOBOlii CHMMeTp~elií, 

TO c BblCOKOlií CTeneHbD )J.oCTOBepHOCTH MOMHQ npe)J.POJIaraTb HanblJIeH

Hbllií CJIolií 06JIa)J.aD~ KpyrOBOH CHMMeTpHelií. Tor)J.a onpe)J.eJIeHHe ~YH

R~HH pacnpe.n.eJIeHHfl arrn n 1 (Jij 3KBHsaneHTHO onpe)J.eJIeHHD ~eHTp8 

O CHMMe'l'pHH nHH3b1 H 4JYHRqH~ npO~K11H $ (-'Z) npaaeneaaoró 3IlI1 
(~rrnarrn), H60 IZ,. (~) = i//Z.. ), rne "l.. - paccrosnae OT T04KH 7l' 
)J.O uearpa O. 1l03ToMY BOCCTaHOBJIéHHe n, (k) MOJKeT 6b1Tb npoae>
 
)J.eHO, B .n.Ba 3T8na:
 

l) Haxo~.n.eHHe ~eHTpa CKMMeTpHH L7;
 
2) BHllliCJI8HH8 ~IllI8IllI cg'\ (lt). 

4 

I 
\ 

3. AJIrOPHTM BlltrnCJIEHKH IIPMBE.nEHHoro ~EKTHBHOrO IIOKA3ATFJI.H
i llPFJ!OMJIEHl1H IIO ,l{KCKPETHWI MHffi1M O CJ1E,ltAX .JIYtma
 
\
 STan l. ayqHCneHHe no 3KCnepHMeHT8JIbHNM ~HHHM KQOPAHH8T

I'I • ~c. Yc. QeHTpa CHMMeTpHH O KPYI'OBOlií nHHSI:l 
IJ ? - +

3.1. AnnpoKcHU8QHH npHMOJlHHeliíHWx yq8CTKOB l,; H t;. H8 

KOHQax cne)J.OB (2 N.- _ 

ToqKK 1]. f}, .. . . I] J npe)J.CT8BJUmT H8t18JIO ~. Cne,A8 ~ t 

8 TOqKH ~":/: ?~..~ OI', J;"f - KOHetltlHlií YQ8CTOK L./. ,lI,JUI n8p~eT,11

.li pHqeCROI'O npe)J.CT8BJIeHKfl npmwx ~'-"~.+, 8nnpoKCHMHPYJllllHX 0? ~ r ,
 

I 

H8XO)J.HM TOqKH ~.-(X./; ~- / H ~r (~~ ~.T-), uepea KOTopwe OHH 

npoXO,AHT, BLlqHCJIHH HX KOOP,IJ.HH8ThI no lfx>PMYnaM 
" lI, M ;i(. 

~ :I 

x:-= L / :x.Jt • xf= I ~ x:". 
J ;v..- L-- oi ~ ,/ _ T L-,1' ? 

'J h=( -t' N.í -1-1 h=/l/+ ( I) 
11..

'J 10,
./

1 

.!J.-= .L: ~ ,. !j+- ( ~" 
oi Itr L-7:.; 

no=(/ J j ;1/-it!.~1 ~~ , 
oi J h=~'+ 

........ .....+
 
8 H8npaBJI~e BeKTOpbl V.- V. npmoa -:!J~' -1.r - no """PMYnaMJ' J ~ J ~ 

ti.- =;? -, NIt' . V.- = u-/11 11.-// 
oi ' J I ' J .I ,I ...? 
1~n~n'~ N.

J 

(2)?= >-
I 

ptlfn' ~ + ~+ ///il;+I.
J J ;1 

I\j+~ h<n/~~. 

nepeH)'Mepyeu CJl8,D.bl B nOpJt,l\lCe BOSp8CT8HHH ~.- T81(, tl'l'o6w ,D,JIH 

./ ~,j/ BWnOnH.RJIOCb ~.-.-:::..~;-. 

3.2. OQeHK8 ypoBHH cpe~eKB8AP8THqHOA omH6KH HCXO~X ASH

HL1X 

TOtffiOCTH ~,J;" f=g;~J;2~3YepeHHH KOOP,AHH8'l' 0'l'pU8nT Be~
HJ)I) l"p8HJ1lQY omH60x B K8lI,l\0A 'l'OtlKe. Cpe,IJ.HeKB8,l1J>8THtlH8H omH6K8 ti" 
061i1tffiO HHEe-. OQeHJOf BeJlHqliHY ? no Cpe,IJ.HeRBà,lU)8THtlHoA omH6xe 

;- ..,.
8nnpoKCHM8QHH npHMIiIMH • -:5J-: H ~.r 'l'oqex t npe,Q,C'l'8BJlm>JllHX S· 11 -{; • 

T8K8H onepauaa B03MOmi8, T8X K8R npmnie ~: -r CTpoHJIHCb RU,Q,8S1 

5 



PltC ~ L ~TOrpaqmsr naaaapaoã JIl'lH3H co CJIe.tJ;8MH JIY1tea. UeH8 ,IJ;e.ne

HIlSI aa llIKaJle paBHa 5 MM, 'q'J'0 COCT8B1UIe'l' 2/3 R~7 rne R:J - 3~ 
llleltTJ'1BHIlI P8JXHYC JlHH3H. 

I~' 
~j' I 

\f:,
---..L 

\ I' e~, J 

\'0 _._0_'
-·-·~·-·-·-i·--·-· ~,7
 

'\ - ~ --. -Lf.=.c::...--
t; \t 

\ J 

Psc , 2. CXeM8'l'lNHOe lIs06pa~H'He lleHTP8 ,nurn~ O KaR 'l'O'qKJI ne

pecexesaa npo,nOJIDHol OCM JIIIH31:l 10 H oceã ClMileTJ)JIH ~" 1;1 HC

KpBB1IeHHHX CJIe,nOB ~~ t;,. ~,. ~/ - yrJIH OTItJIOHeHi!SI CJle.nOB ~/

4,: ~ >07 Yjr '< O. 

6 

.~ 

no HeCKOJIóKMM TOtlKaM: /f.;'-::?:5 ~ 1 + 1_;1j-f- ~ :3. BhJQHCJIHM 

,IVIR KElJK,IJ.OI'O CJIe,IJ;a ,,+{
""2 11.. E-'./= .-:L ~'- H..2 I -I- h 2.t ArL.. /~. ? / +;1(. /-;V+ /:1. I? /

/".; J J . f- . AI+" J 'I (3)
n=1 I oi It=,,~. 

I',IJ;e /~. Iji - paCCTORHHe 0'1' TOtlKK ftl ,IJ;O npSIMO~ -:S,/' H npHMeM 

B KatleCTBe OQeHKH Cpe~eKBaAPaTHtlHOI'O mYMa B HCXO,IJ;HHX ~HHNX Be-

JIVlQHHY 

I~' f = I, )~ f--;'
1ttL- • (4)J 

j=f 

3.3. ilOCTpoeHVle npH6JIKmeHHO~ OCM CHMMeTpMH JIHH3hJ 

BOCnOJIb3yeMcR anpHOpHO~ HH~pMaQHe~ O TOM. tlTO Ha BXO,IJ;e 

BCe JIyqH nOtlTH napaJIJIeJIbHhJ, ~R nOCTpOeHHR npH6JIHmeHH~R OCR CHM

MeTpHH JIRH3hJ, npoxo,IJ;~eR B HanpaBJIeHHH JIyqe~ Ha BXO,IJ;e. HaR,IJ;eM 
CHatl8JIa yrJIhJ OTKJIOHeHHR ~ BCeX CJIe,IJ;OB (CM. pRC. 2). 0603HatlHM 

____ ~ J ~ ~ 

xepes (U. I/') CKaJIfIpHOe npoH3Be,IJ;eHHe aexropos U H V " a tle

pe3 íi~ - BeKTOp c KOOp,IJ;HHaTaMH (- ~ V) , nOJIyqaeMhJ~ H3 BeKTO

pa V= (V7 if') nOBopOTOM H~ 90 rpanycos nporas tlacoBoR CTpeJI

KH. Tor,IJ;a yrOJI OTKJIOHeHHR CJIe,IJ;a ~ npH npoxo~AeHHH cJIé,IJ;a Qepe3 

06JIaCTó HeO,IJ;HOpO,IJ;HOCTH npH6JIHMeHHO 6yieT paBeH yrJIY MeE.II:Y BeR

TopaMH ~."" M li.+ H c yqeToM 3HaRa ,IJ;aeTCfI cpopMYJIoA
J 

Y.= Me;j> /V~-;-'; ?;J) . 
/ \- ( V;. - , ~) ) (5 ) 

Ha~,IJ;eM nOCJIeAHMR CJIeA H3 OTKnOHHD~HXCfI BBepx H nepB~~ H3 
OTKJIOHfIID~MXCR BHM3. TotIHee,nYCTb 

j~ =- »ri cc-oe {j.- f)O M J'/Lj} ,'1;." >0 )J,JIfI 
(6)

/v= -rnin{j: ~bOM l,f,LO ,IJ,JI.fI,////). 

Onpe,IJ;eJIHM npH6RHEeHHyID OCb CKMMeTpHH KaK npfIMYID ~o~ npoxo

,IJ;.fI1ltYlO xepee TOtlRy ZJo ( xo) 'Y } B Hanpa13JIeHHH aexropa \Z= (Ya, ~ ),o 

KOMnOHeHThJ H KOOp,IJ;HHaTN KOTOpNX BNtlHCReHN no ~PMYJIaM 

Xf) = !?.o ( X,i- + zc" ) + j3u i -: + -:r.+ )
J'. ;,Il.loZ> lu Jv ~ 

Y.. = ~ (~; + 'Y;; ) + .J3v ( ~: -f ~~+ )~ 
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••• 

,.. x:x + x_::r..,.
 
Vo = f32l (V1'n- + 0 ) ,+ J3u ( VJ' + V- )
 

~ u ~ / 

Y Y_!I +- Y - Y+ (7)
V. = ~ (~' + \/;')' ) + ~u (~, + l/: /.

I~ :2) lJ j ~ V Vl/' 

r,u,8 
e:= O 5 P, = O 5 ,eCJIH ~ = - I.f!.J' , li

J<,~ "rti " .I.zl 1/ 

- ~h. 0 s<:'n Cf! • 
J3.z, = , 0 lu . ~, 11 = . J1 JD ~it ~ B npOTHBHOM cJIJ'llae. (8) 

.>.t/f 'Jb - saz:/o
J 

~I'l :I;' - :I~ 

ITpaBHJIO B~60p8 (8) nO,IJ,XO~T,B qaCTHOCTH,AnH CJIyqaeB, Ror,u,a O,u,HH 
M3 yrJIOB t;" HJIH ~ paaes HYJIIO, 8 T810le Ror,u,a OHH paBHbJ HYJIID 
O~OBpeMeHHO, qTO. Me HCKnIQqeHO M3-S8 myMa B ~aHHWX H OIDH60K 
oRpyr.1IeHHa. 

3.4. BNqHCJIeHHe ROOPAHHST ~eHTpa K8R MHHHMyMB ~K~HoHana 

nOCTpoMM RB8AP8THqHbJA ~yHH~HOHan, TOqHa (~~,,~) MHHHMYMa 
ROToporo 6y,u,eT ,u,8B8Tb npH6JIemeHHOe nOJIO~eHMe ~eHTpa JIHHSN. 

TeOpeTHqeCRH H~~ HCRpHBJIeHHbJR CJIe,u, ~., npoxo,u,~A xepes 
06JISCTb Heo~opo~oCTH Rp~OBO~ JIHH3N, HMeeT CBOD OCb CHMMeTpHH 
~ , npoxo~ qepe3 TOqRy'CJIe,u,8, 6JI~a~myro K qeHTpy JIHH3N, H 
~9HTp JIHH3U /4/. npRMSH 1 HBJIHeTCH 6HcceHTpHCO~ yrJIa, o6paso
B8HHoro npHMoJIHHeAHNMH aCHMnTOTHHaMH ~: ~.~ CJIe,u,8 H co,u,ePM~e
ro ~eHTp O. npH6.nM»teHHH c:~.+ npRMOJIHHeAHNX J'llSCTKOB !)~ ~:+
H8R,u,eHH no (1),(2), n03ToMY ypaBHeHR8

JI x y+ :t"+ 

-!í-(~.--?e)+ V;-(~---Y)+ Jj (z/-~.J-l:j' (~.+-':Y)=fl (9) 

38,u,aeT npH6JI~eHHe H OCM CHMMeTpHM HCKpHBJIeHHOrO CJIe,u,a ~.• llo
APyrOMy yp8BHeHHe (9) MoaHO HHTepnpe'l"HpOa8.Tb HaR yc.nOBHe paoeH
CTBa npHl\eJlbHblX p8CCTOHHHf:i OTHOCHTeJIbHO TOtlKH (':l::? 'Y) CJJ9A8. 4-, 
eCJIH BLlQHCJIfITb npanensaoe paCCTOHHHe no Haqan:bHOMy' ~.- li ROHellHO

MY e; yqacTKaM. YpaBHeHHe (9) TeM TOtmee OnHCllIBaeT ~, treM 6JIH
se yroJl OTKJIOH9HWi K npHMoMy. npH6JIHlteHHH K OCHM CHMM9TpHH HC
KpHBReHHHX CRe~OB ~e He 06H38HH nepeceK8TbCH B ~eHTpe JIHHSN, 
OHH npoxo~ OHOJIO nero , ~KQHOHaJI B (x, y) = 

.~ /JI ;c Y . 'X' ,JZ=~ l-sc'hCf./ r{~,t.~)- ~"(~.~y)-~-(~:--~)+ ~-(~.-=-Y)/, (0)' 

,/€;T 

r~e :r= (-I.> 2 J , -:1~ 7" 1 .. :J'vr I" '/~+2, ... , k J 0603H8.tlaeT MHO

zeCTBO HouepaB HCHpHBneHHHX CJIe~OB, HRnHeTCH M8poA 6JIK30CTH TOQ

8 

XH f;x, y) H OCRM CHMMeTpHH HCKpHBJIeHHIllX CJl6,I1.oB c ytleTOM ,qOBepHH 

K npH6JI~eHHHM K~oR H3 oceA. ~o68onHH YCJIOBHe 6J1H30CTH HCHOMO
ro ~eHTpa H npH6JI~eHHof:i OCH CHMMeTpHM JlHH3~ ~o, nOCTpoeHHO~ no 
cJIa60 KCKpHBJfeHHW CJIeAaM ~2 H ~v ' nOJIytlMU <PYHK~HOHaJI 

ri-. B ...., .Y 2 
lf/(x,. Y) = (~y) + / ~ (% - Y) - v'o (z",- z)/, (I I) 

TOtlKY MHHKMYM8 ROToporo MOZHO CQHT8Tb npH6JI~eHHHM ~eHTpoM JIHH
3hJ. BeJIHqHHa 

, 

l = yif(:>;, ,,-) -fí -t- L-..' I 'ih '1!)"l
" ./( 1 JE-:T (12) 

Aaa,. oqeHRY oDlH6HH B onpeAeneHHH Hoop,u,HHaT ~(".:>?:I: ~eH'l'pa JIHH3U, 
HaR,qeHHNX T8HHM cnoco6oM. 

KOOPAHH8TIlI TOQKH. (.re,~) MHHHMyM8. WHKqHoHa.na (II) HaxoAR'l'CH 
H3 ypaBHeHHH ô~Jlepa 3Toro ~YH~~OHaJIa: 

~f À"'c T tfi2 ~ = ~ , 
{ 01' :ç f- ~2 Yc:. -- c:e , (I3) 

r,u,e 

I JI_ .Y 2 JI 2
Cl,f = L / HIt <f.;' . V - r..+/ + / fi" /

.I I ;; )
i€{ 

y y :r:r ~y 

a.,:/- = 0J = L /so. 9?I· 0:JY:-- v/rr. ...- v.- J - ~ ~ 
7 ~ j~' ~ / ~ »e.r 

a:lZ = L I ~n fll rr_ U-;.e -I- / ~/2 ( 14) 
./E.T v j " 

Y j( s !I x

I. = L /J'<),f/{'r ~') <to + V. (v. x. - ~ ?)~ 
I~.7 

z x x y ~ t: = ~ / S-lh f/;. { t/.+- ./V: / d - ~ ( lia x o _ ~ ~) ... L- I.) j J 

jt::;T 

.J J1_ Ã_ .!I..,. r x+ + 
G{. = \1.. te:' - v..!/.- - V.. z. -r JI.7'. 

,J j J J ~ j / j J. 
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Hano OTMeTMTb, QTO eanaua nOHCRa Koop,IJ,HHaT Xt7Ytt TOtlKK ne f If+ v-2. 
peceseaas ocea CHMMeTpHH (. KCKpKBJIeHHhlX CJIe,o,OB (;,,/€.T, K3
 
YCJIOBKR MHHHMyMa ~yHK~HOHaJI8 (Ia) OKS3aHSCb tlHCJIeHHO HeycTO~tlH


BoR. 3'1'0 OÓ'bRCHR8TCR TeM, tlTO yrml OTKJIOHeHHR r OtleHb MB.JIbI H
 
H3BeCTHN c norpemHOCTbD. fi03TOMy np~e, onpe,IJ,eJIeHHHe ypaBHeHH

eM (9); nepeCeK8mTCR nonapHo no,IJ, OCTptD~ yrJIaMH, a KOOp,o,KH8Ta y~
 1 
TOQKM MHHHMyMa ~K~HoHana (Ia) CHJIbHO KOJIe6JIe~CR B 38BHCHMOCTH 
0'1' Bbl60pa KOHKpeTHhIX HOMepoB" ~.-, !'(.+• .lloÓaBJIeHHe npx nepexone ' J 

.0'1' (Ia) K (11) BToporo CJISraeMOro, Bblpa~aD~ero Tpe60BaHHe 6JIH

30CTH HCKOMoro ~eHTpa K OCM CKMMeTpHH ~o, HBJIReTCR no c~eCTBY 

perYJIRpH3a~He~ 38,IJ,8t1H MHHKMH3aqHH ~KQHOH8na (Ia). 3,IJ,eCb Mbl 

HCnOnb30B8nH 8npHopH~ HH~PMa~KD o nOtlTH napanJIeJIbHOCTH JIyqeU 
Ha BXO,IJ,e H nOCTpoHJIK ~ RaK rpaHKQY CJIe,o,OB, BblnYKJIblX BBepx M 
BYny~YX BHH3. , 

I.{TOÓT:l yMeHbmHTb npoH3BOJI B Bbl60pe ;(")' 11{-+, HCnOJIb3yeM ,0,0


nOJIH?tTeJIbHyll HH<Ix>pwaQHIO o 3HatleHHK 3<fxl)eKTHBHoro p8,IJ,Hyca ~ JIHH

3Y. YB8JIHtlHM MaKCKM:8JlbHO Aj- }li yMeHbmHM I!ft- KWK,IJ,oro CJle,IJ,8 1,
 
HO TaK, tlT06N paCCTORHHe 0'1' TOtleK CJIe,IJ,a 1;. c HOMepaMH ~ 2". '.1
 

~: Aj~ A:j~I, "') l' ,IJ,O HaR,o,eHHOrO nensoro npHÓJIneHHR K ~eHTpy
 
6wIO Me 60JIbwa, tleM R~+ <Ç. YT01llmB TEUtKM 06pa30M 3HaqeHHR
 
~~-' t1j: nOSTOpKM ace aara arana I K nOJIyqHM sropoe , 6011ee
 
TOtIROe npH6~KaeHKe ~eHTpa, KOTopoe ÓY,IJ,eM no-np~HeMy 0603HatlSTb
 

(X'e.J «), 
3'ran 2. Ta6YJlHpossHHe rpyHKqHH npotJ>HJIR j'.-r-r) npHBe,IJ,eHHOrO 

arm Ha BNÓpaHHoP. cerxe Y3JIOB -z, = O, --Y:2., ••• 7 ~m 7 /7:(' L /{('~-f, 

3HSqeHHA P8AMyca 
Ilepeaecea HaQa.no orcxera B HaR,IJ,eHHhlf.t QeHTp O JIHH3b1. Hapa

1J3 C AeK8pToBOA cHcTeMof:t KOOp,IJ,HH8T c Hatla.nOM B TOlute D H npea « 

HHMK HanpaBJIeHHm.n1 oeaR 6y~elil PilCCliIaTpHB8Tb nOJUlpHyl> CMCTeMY KO
op,D,HHa'l' c ~eHTpoM.O H nOJIRpH,of:t OCblD, COBn8,o,l:U1meR c OCbIJ O~. 

,l1,7I.R BlJItlKCJleHHR \fJyHR~If!M nporpHJJR j? (/l) He06xo,IJ,HM0 nepe~TK 

0'1' AHCKpéTHoro npe,IJ,CT8BJIeHKH K8Jtt,IJ,OrO .HCKpHBJIeHHOrO Cne,IJ,8 ~,i(=-J; 
B BH,U.e H860pa TOtleK P 1'J P a, ." I?~' K ero npC,IJ,CT8BJJeHHD B7J" .
BM,IJ,e rp8(flHK8 ,D,H<Wtepe~HpyeMo}t 4>YHKQHH; Yé- r (sc ) B ,IJ,eR8p'l'OBoR
 
CHCTeNe KOOPAHH8T HJJH ~= Ri(~) B nonRpHoR. 3'1'0 He06xo~0,
 

QT06H HHeTb B03MO~HOCTb BHtlHCJIfiTb BenHtlKHbl npoH3Bo~iO" tr=i~~
 
B rex TOQR8X CJle,IJ,OB ~., rne paccrcanae 't: no uearpa paBHO .IÇ. ,
 l 

cf, (k) = :J (15 ) 
/'c. 

,IJ,.1IR H8XOJlt,IJ,eHHH 3HáQeHHA ~rm3nn. B (15) ~. 0603HaQaeT npxueas
soe paCCTORHHe cnena 4-. 3HaqeHHe ~. M o~eHKY ero TOl.l:HOCTH 

~~. HaR,D,eM no ~OPMYJIaM 

~" = i (/~,-o/ + fof./ol), J'~.= fl/~:-O/ -/-f/O/! (16) 

Ilpa H3BeCTHOM npe,IJ,CTaBJIeHHM MCKpHBJI~HHOrO CJIe,IJ,8 t; B BH,IJ,e 

rpa~MK8 ,IJ,H~peH~HpyeMoA ~YHK~MH y~ ~(X) B ,IJ,eK8pTOBOA CHCTeMe 
ROOp,IJ,HH8T 3HaqeHHe '1/"' B TOtlRe CJIe,D,8 (x)' ~ (~V MOlKeT dlJlTb no

JIyqeHo no <IJoPMYJIe 

= x.(-}-j r x ) : ~/(X) (l7) 
~ , . _ y (x) -/- X· >j (?( ) 

~TaK, AnR BOCCT8HOBJIeHHH ~yHKqRM np~HJIR HaM He06xo,D,KM0 BN

QHcnRTb 3HSQeHHR npoH3Bo~~ ,D,nX ~KQKA, 3a,D,8HHNX Ha6opolif npH
6JIHEeHHHX 3HStleHHA Ha ceTRe ,~TO flBnHeTCH HaRoppaKTHOa 3~a~ea/5~ 
O~ H3 YC~OBHO KoppeKTHHX cnocodOB nepeXO,D,8 OT ,IJ,HCKpeT
Horo npe,IJ,CT8BJIeHHR rpyHKqHH 'l'a6JIK~eA 3HaqeHHA H8 ceTRe K npe,IJ,

CT8BJleHKD B BH,IJ,e ,IJ,M~peHQHpyeMoA ~ID~ RBJIReTCR nOCTpoeHHe 
CrBaMMBaD~erO KYCOtIHO-KYÓHQeCKOrO cansAHa ,IJ,~KT8 I c Bbl60poM 

napaMeTp8 CrJIaEHB8HHR no HeBR3Ke /6,7/. EY,IJ,eM annpORCMMHpoB8Tb 
TOtUm ;:;: IJ2;J ,.. 1 !j~' caena I} rpa<llHKOM cnnaf:tHa c Y3JIatm. 

x.~ »", "', 'X,;";:~.(~j"'J. ~K~OHa.n xaanpaea HeBR3KK
 
I <I ...v.:
 

1/1>:J = Z / '( (X_/~J - ~"'i2 (I8) 
I'l=" 

RBJIReTCR MepoA yKJIOHeHKR cnaaãaa 31= '( (~) OT rOtlel( tx ~J y'/~ 
2. 2 IV· IV') 

I. 
.J ./( :x.j , ~ ). • __ , (Xi ~ ~. KYC9qHO-Ky6KqeCKH~ CMaRH Y = ~. (z).J 

,n,OCT8BJI~1dl CrJIaMHBe.IXItYIl annpoKCHNaqJm TOqKaM CJle,IJ,8 t., ~eTCH
J 

M3 YCJIOBKR ~~. 

II.J ,/21/2['(J + « r 'I (;xJ/ c/:r --:;- »uil , 
( 19):r.1 

Y//rx.+') = y:'rz.-"':")=tJ 
~ o''/ ,/ / 

npe 
1/[1;] =/ 

/I.J 

(20) 
H ,IJ,anee BocnO~b30BaTbCH ~pNY~Of:t (14) M3 /4/: 

,], 
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TaK K8K TOQHOCTb ~ ,n.SHHYX K3BeCTH8 c HeBHCOKoR TOqHOCTbD,no

pfi,D,l:t8 10-20%, TO AOCT8TOQHO Bu15HpaTb napaaeep CrJl8llHB8HH.R ex 
TaR, tlT06hJ HeBSI3Ra V nonanaaa B HHTepBaJI [O, 9 r; 1, 111 /7/. 
Bropce CJIaraeMOe B (9) RBJIaeTCSI M8poR H3rHels RpHBOR Y= >:-(x) H 

HSShJBaeTCSI 3HepreTHtleCKKM ~~OHanOM B TeopHH 0606~eHHYX 

cnnaRHoB /6,7/ KnH cTa6HJIH3Hpym~ ~HK~oHanoM B TeopHH HeKop
peK'1'HblX 3a,n.atl /5/. ITocTpoeHH8 CIlJISRH8, !iHHHMH3Hp~ero crJI8lU'1

Bal)~HR cf>yHR~HOHan (19) c BNt'30poM napaMeTp8. CI'Ji9JfU'lS8HHR no YPOB

HD HeB$3KH, BMeCTO nocTpoeHHR HHTepnOJl~HOHHOro cnnaRHa 03Hatla

eT OTRa3 OT npoBC,D.eHHSI KpHBOR Y= r.;. (;I{;.) , npe.n.cTaBJUIJl)~eR CJIe,n. 
TOtlHO uepee TOtlKH Ro -1, ••• , p ~ CrJltUtHBa!ol1l~ cnnsttH .11: r'tX)

0/ J './ • 

npoxo,n.H~ OROJIO 'l'OtleK cne,n.a. OH aBJlReTC.fI HaRMeHee ~CKpHBJleHHNM 

c TOqKH 3paHHa BBe,D.eHHOrO 3HepreTHQeCKOrO ~yHK~HOHans CPCAM 

Bcex cnnaRHOS, 8nnpOKCHMHpyID~HX TOtlKH ene,n.a c TOtlHOCTbID ~. B 
HameR 38,D,atle CJIe,D, ,D,OJmeH 15biTb npmm:A! BMe 06J1SCTH HeOAHOpo,D,J-IOC
TH, !í""é::t::) ,n.OJDltHS paBHSl'1'bCHoHYJlK>, eCJIH X2-1-(~(X))2;'R}-. 
HaH60Jlbmee HCKpHBJleHHe cJle,n.a HMae'1' MeCTO Ha rpSHKQe 06JIBC'l'H He

O~OpOAHOC'1'H, r,n.e BanaR r~eHT arm. TaKHM 015paSOM, MCnOJIb30

BaHHe CrJlamHBaD~ cnnaRHOB HeH36~MO Be,n.eT K tlaCTHtlHOMy pac

npm.m6HHI) H3015p8JteHHR Me,n.OB I'p~HK8MR B Kpyre HaO,IUlOp0,IJ;HOCTH no 

cpaDHeHHD c peanbHHMH. 3'1'0 ~eHa, XOTopym npHXO,D.H'1'C.fI nn8THTb 38 

nOJlyqeHHe YCToAtlHBOCTH B BhJtlHCneHHH npoHSBO~X no ~HCKpe'1'HNM 

A8HHIJM. 
OI:. 

ITYC'1'b y= ~(x}0603H8q8eT nOCTpoeHHHA CrJIazHBam~KA cnnaRH, 

annpoRCHMHPYD~ CJIe,D, -4. ).tJUl Y3JIa TaCSYJIHpoBaHH.R 'Y,. = O Hp BOS

MOBHo,HeRO'1'opHX ,n.pyrHX MaHYX SHaqeHHR p~ca, r~e HeoCSxo~o 

saTa6YJlHpoB8Tb 3HatleHHa tfJYHR~ npo~HJla 91 (.-z ) npHBeAeHHoro 3illl 
no (15), He'1' TOqeK nepecesesaa OKPYJtHOC'1'eA c ~eHTpoM B O H pa
,1\MYca k, c rpaipHKaMH Y = lj~~)./~T, npe~CTaBJI~ HCKpHB
Jl8HIWe eJle,D;!i. HaR,D,e.. 3TH Y3JIN, lJIl1l tlero BNtlHCJlHM MHHHM8JJblibJe 

paCCTORHH1l k"htil1. (-t;0) K8lI~OI'0 HCRpHBJleHHOrO CJleM { • ./~.7; 

~O ~eHTpa 

~~Ül- (~) = Jni/t, !;;;+/>;«("K)/~ :;c/= ;K ~ ~~j (21) 

H nOJIO)l[HM 

/l,r- = 1?Un. (k'H.t°,. (~) : j €o J j. (22) 

.nua HOMepOB YSJIOB Ta6YJlHpoB8HH.fI i" "i>i"., I',1\e iA = Jn~ti;"r<{}, 
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HMeeTCR XOTa 6hJ O,n.HH CJIe)J, y = YOC{X) C MHHHMaJIbH1llM paCCTORHHeM 
J (10 ot li) I) (ril yoc ri)

.Jt (~~ se npeBbIlll81D1D,MM ./-(. B '1'OtlKSX X.i~ >;' {;X..t:~~ ~i~ ; ( ~../))
h U fl 

nepeCetleHIliH rpwpHKOB !/ = Y cc(';X) C OKpy'&HOCTbD -'Z = "'I.. DbI
/

tlHCJlHM -V- no (17) H 9-7 ('/li) no (15). Cpemree 3H8tleHHe rWHK

'j QHH npO~HJIR no BceM TOtlKaM nepeCetleHHH OKp~HÚCTH pa~HYca ~<" c 
rpacflHK8MH WHKQHU y== r;: OC{'X) , Ilp8~C'1'8Bit.fIIO~HMH cne,n.y, BoSbMeM B 

I K8tleCTB8 HCROMoro SHSqeHH.fI ~rrrr3rnl B Y3JIe ~i. Cpe,n.HeKBB,n.p8THtlHOe 

OTKJIOH8HHe dá? (.?li) SHaqeHHA <pyHKQHH npOtPHJJR 0'1' cpenaero , BHtlHC
JleHHOe no coeoKynHocTH Tex Me TOqeK IlepeCetleHHR,~CT 'OQeHKY '1'oq

HOC'1'H S8Ta6YJIHpOB8HHoro 3HStleHHR tPr"KQHH npOWHJIR. 
Kor~a ~KQHH npo~wur 38'l'a6YJIHpoB8Ha B Y3JI8X -"(,0., i >i,. H 

M3BeCTHbI o~eHKH 'l'OtlHOC'l'K d~ (-'7,)~ _L" >l*-, H8~~eHHblx 3HatleHHA, ne

peA,n.SM K BbltlHCJIeHHD 3HaqeHHil <PYHKQIliH np0tPKJIH B Y3JISX Irf, .,. I Yrt' , . 

Ilpa npo,n,OD8HHH !PYHKqHH npo<{lHJIa D OTpH~a'1'eJIbHym 06Jf8C'l'b OMa ~OJl

~Ha 6~'1'b tleTHoR E CKBY XPYrOBoA CKMNeTpHM JIHH3N. ITOSTOUY annpoK

cHMHpyeM <WHKQHJJ rJ1 {k} B OKpeCTHOCTH HYJI.R nOJIHHOMOM 0'1' "",2. : 

fl, /.a ) = Q., + a, ~ z, + Cf (lr l ) 2. f- cr$ (/[2)3 • (23»z 

K03~K~eHThJ ~o HaR,n.sM M3 ycnoBHR MHHHMYM8 <PYHK~HOHaJIa 

:5 2I p., (-7,,)-:- 31 ("'li) 1
L---~. (24)(l 

.~ . ...:::: o.8R 0<7., (/{,)
{~t-'''' ;; 

Mcno~b30BaHHe ,II.JlH annpOKCHMsqHH <pyHK~HH npotPHHa OKORO HYJI.R TQllDKO 

Y3JIOB --7, ~ o,g ~ OCS'DRCHHe'1'C.fI TeM, tl'1'O 06hJtlHO saIUHHa H8l1h1J1eH

aoro caos aBJI.fIS'1'C.fI MOCKOH /3/. lloIlIllTKa HCnOJlb30B8'l'b (SoJlee y,n.a

JIeHHNe 0'1' HyJI.R Y34H <pyHKQHH npo<pHJI.R, r,n.e OHa 6HCTpo y6NBaeT, MO

EeT CHJIbHO HcnOpTHTb annpoKCHHaqHD B OKpeCTHOCTH HyJla. 3H8tleHH.R 

~., {/lt:} B Y3J1ax rr; I ••• .) ./Ti~ BhJtlHCJlKM K8K 3H8tleHHH nOJlHHOM8 
(23) c HaR~eHHhJMH MeTo,n.OM H8KYeHbmHX KB8,n.paToB K03~HQHeH'1'aMH. 

AHuorHtrnO no 3HatleHHm4 tfj., (/li). i >(~ ~ HeJt,n.eu o~eHKH TOtlHOC-

TH B Y3J18X -"r., ~ -'rz •. , ° • .-ri'" • 
4. IlPOrpAWHAí1 PEAJlltl3AUHfl AJIrOPMTMA 

KOMIlJI8KC nporpaMM, pea.JIH3yD~HA anropKTM BWJHCJIeHH.fI npHBeAeH

HOI'O 3I1Il no ,lJ,HCKpe'l'HbM ,n.aHHHM o cnenax JlyqeA, HanHcaH na lI>opTpaHe 

H HMeeT MO,D.yJIbHyD CTPYdTYPY· 
ITpe~B8pHTenbHa.fI o6pa15oTK8 3KCnepHMeHTaJIbHHX ,n,8HHHX COCTOHT 

B nepeHacmTa6HpoSaHKH: Dce Koop~aTN H o~eHKH TOtlHOCTeA nepeBO

~':L'CH B e,I:tIDrnIU:l a<»aKTHBHoro p8,IUiYca. 
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B~qHC~eHHR nepBOrO 3TanS - nORCKa KOOp~HHaT ~?yc QeHTpa 

RHHSH - npOBO~~HCb no ~pMy~aM, npHBe~eHHNM B T6KCTe. H660~bmKe 

MO~H~HKaQHH 6~~K c~enaHH ~R CHHMeHHR BepoRTHOCTK nepeijOnH6HHR K 
KaTaCTpo~HqeCKO~ nOTepH TOqHOCTK. B qaCTHOCTH, BHYTPH K~oro 

mara HcnonbSOBanaCb ABOAH8R TO~OCTb~ a HCXOAHHe AaHH~e ~ pesynb
TaT~ K~oro mara nepeoro 3Tana XpaHRnHCb c O~HHSpHOA TOqHOCTbID, 
T.e. BWqKcneHKR npoBOAMnHCb B p~KMe H8KonneHHH. 

Ha ~TOpOM 3Tane OCHOBHNMH onepaQHRMH RSnHmTCR: I) B~qHCne

HHe K03~HQHeHToB conaAHa ~.~(Z~ ~ocTaBn~ero crnamHBa~~ an

npoRcHMa 4HD TOq6K (xJ~ y f) J •• , -' (~.~. ~~) CJIe~a. 7!) c no~60pOM 
napeaerpa Crn8lKHBaHHR '/0(, no ypOBHIO HeBRSKH ,;:, Iof 2) BHqKCJle

«') yo.::: (iJ_ I ) ((<') o<:yCil>\
HHe KOOP.D.HH8T TOqeK nepeceueaaa (X.I'-.1 ,i (;x.J~/; X.i~ t X.i~/ 

OKpyJtHOCT.H pa~HYC8 rr, c QeHTpOt4 B O c r~HKar.cH nocrpcesaax 

eMaAKOB. I1onNTK~ HCnOn&SOB8Tb CT8~8pTHNe nOAIlporpaMM1lJ S Pl S~ 

VSPS~ I~I MS MHHCKoro naReTa npHKna~X nporpaMM H8TORKHYJlaCb 
Ma ~e TpY~OCTH. Bo-nepBHX, npH'HX HCnOJlbSOBaHHH BpeMR CqeTa 
OKasanOCb HeO~RAaHHO 60JlbWKM. ~eJlo B TOM, qTO nOAIlPorpaMMa 

SPL S G BblqHCnReT KoslfxI>HQHeHTbI' CIIJIa~Ha npa lflHKCHpOB8HHOM 3H8qe
HHH napaM6Tpa crn~HB8HHR, pemaR BcnOMor8TenbHym CHCTeMy RHHeA
HHX anre6paHQeCKKX ypaBHeHHR c neHTOqHOA CHMMeTpHqHoA M8TpHQeA 
HTepaTHBHHM MeTo~oM. TaK KàK nOHCR nOAXO~6ro napaMeTpa crna
2MB8HHR T8Rme RBJlReTCR HTepaTHBH~4, 3'1'0 npHBO~KnO K HeonpaB~8H
HbIM 38TpaTaM MamHHHoro BpeMeHH. Bblna HanwcaH8 nÓAIlporpaw.ta Bhl

~HCJIeHHR R03~H~8HTOB crnamHBam~ero cnnaAHa npH ~HKCHpODaHHOM 

3HaqeHHH ~, B KOTOpoA eorn8CHO 161 BcnOMOrSTeHbHaR cHCTeMa pe
màeTCR MeTO~OM XoneQRoro, qTO peSKO COKpaTHBO BpeMR BYllHcneHHR 
K03~HqHeHTOB canaAHa, AocT8snflID~ero crnaaHBaD~ annpoKCHMa~HID 

~OqKaM eBe~8 c Heo6xo~HMHM ypoBHeM HeBR3KH. RorA8 K03~H~HeHTIlI 

cnna"Ha HaR~eHY, He06xOAHMO MHOroKpaTHo HaxO~HTb TOqKK nepeceqe
HHR oKpymloc'l'eA 'l:="'l( H rp~HKOB cMaAHoa !J.= ~oc('X), T.e. pemaTb 
ypSBHeHHR 

) 2 (O<: ,,2 2
(x + r (x)/ = ~l. • (25) 

~R COKpa~~HMR BpeNaHH OUtlHCneHHR 3HaqeHKA cnnaRHa npH pemeHHH 
ypaBH9HHA (25) BMeCTO no~porpaMMH VSPSG 181 HcnonbSOBanaCb 

nop,nporpaMMa ,B KOTOpol cor~CHO ~ee pa60TH/ 91 M~ ~ByMR no
ene~OBaTenbHHMH 06~eHHRMH· cOxp&HReTcH HOMeph HHTepBana, r~e 

1,4 

HaxOAHJIOCb SHaqeHHe apryweHT8 :r. Tal[ KaK Koop~iHaTa ~ TOtlKH 

nepeCeqeHHR e rp~HKoM conaAH8 ~eTCR HTepaTHBHO, TO noc~e nep
Boro AeCRTK8 HTépaqHA H ReBIlIR, H npaB~A KOHeQ KHTepBana, cOAep

(i'
It~ero HCKOMblA x;, nonansne Mea)J,y ~ByMR COCe,l1,HKMH Y3JIaMH cnsaã
na, Tor)J,8 ~ubKeAmee YT0t.{H8HHe KOOPAHH8TIlI x TOqKH nepeceneaaa 

~eJISeTCR 6e3 nOHCKa HHTepBan8 [xJ~~ xJ~7, co~ePE8~ero TeK~e 
3HaqeHHR aprYMeHTa. 3a CqeT 3'1'01'0 c~eCTBeHHO 3KOHOMETca BpeMB 
nOHCKa pemeHHR ypaBH8HHR (25). 

APyrHM, 6axee c~eCTBeHHYM npenHTCTBH~Y B HcnORb3008~HH 

nO,l1,llporpaMMLJ SPL S 6i HBJlReTCR caaõaa S8BHCHlfOCTb H8B.RSKH 
U [ ~ ~J 0'1' napaaerpa crnaJtHBaHHR npH BllIqHCJleHHH Kos!M>HqHeH

TOB cnaaãna c nOM0!JtbD SPL S 61. HHTepBu SHaqeHHA napaMeTpa 
CrnQHBaHHR, BHy'1'pH xoropor-o V L rOl-] aoapacraer npa B03paC

J ~ 

TaHHH 0<., OqeHb Y30K. )J.o6HTbCR YBeJlHlleHHH HeBB3KH U [>::. J 
AO HYJlHoro ypoBHR j"C nyreN YBeJIHtleHHJt 3HaqeHHA eX, OK8SUOCb 
HeBOSMOJItHHM c nOMOll4bD .SPL S 67. MaKCHMM&HOe OTKJI,OHeHH9 CrJl8
Jl:eHHblX SHaqeHHA r,:. oL ( x: ) CIlJIaAHa B YSJlax x:,. n: 01' axcne
plOleHTUbHba SHaqeHHA ~.n: 6wro MeHee 0,0002, T.e. Cr~8.JtHBa-

HHR KaK· TaKOBoro He nOJlyquocb. Paspa60TaHH8n H8MH no~porpaMMa 

cB060~Ha 0'1' 3Toro He~OCTaTKa. Ha TeCTOBHX npHMep8X 6YRa nop,TBep
~eHa ee cnccoõsocrs .H Crn8lltHSaHHD: npa MUIlIX 3HaqeHHRX ec craa
JlCHBSDII4HA CIlJI8AH npoxonas OlleHb 6nH3HO H TOqKaM (~~ ~.1 J, ...,(~~ ~~), 
a npH 60nbmHX SHSqeHHRX ~ CrJl8XHBaDII4MA cnnàHH npH6nHEUCR K 
npflMO~, y~anRRcb npH 3TOM 0'1' 3KCnepHMeHTUbHNX 3HaqeHK~. I103TaMy 
H BTOpaR nop,nporpaMNa, 'KOTopaR OCYlQeCTBnan8 nOKCK nOAXo~ero 

3HatleHHR napaNeTp8 cr~amHBaHKR no ypoBHn HeBB3KH ~,T8KKe pa

60Tana YCTO~~HBO H 6Il1CTPO. 
TaKHM 06paSOM y~anocb ~06HTbCR YCTO"qHBOCTH ByqHcneHHA M 

CORpaTH"b BpeMR ctlera ~o 5 MHHyT (aa EX; I(60). 
Pa3pa60TaHHWA KOMUneRC nporpaMM BKnDqSeT TSKBe wo~nH BK3Y

UKsa~H KCXO~ ~aHHYX H peSYJlbTaTOB paCqeTOB. 

5. I1EPBHE PE3YJIhTATl:l OBPABC>'I'KH 3KCI1EPHMEHTAJIhHliX ,nAHHilX 
OnHc8HHe cnoc06a OQH~poBKH npHBe~eHO sume. Pe3Y~bTaTH OQH~ 

poBKH CBe~eHlll B Ta6J1H~e I, r~e npHBe~eHN T8KMe OQeHRH TOt.{HOCTH K 
3HaqeHKe 3~KTHBHoro p~ca ~. TO~OCTb OQH~poBRH TOlleK Ha 
c~e~ax COCTaanReT 3% ~. OHa OK83anaCb HM3ROa B OCHOBHOM no~oMY, 

qTO ~H3HqeCRHe nyqM - YSRHe nasepHllle nyqKH - no 'mHpHHe COCTaBJIR
JlM OKOJlO 4% R~. YA8JIOCb OQH~poBaTb TOJlbKO lO CJle~OB (XOTR Ha 

15 

~ I
 



Ta(5Jnu~a 2 
3HaqeHHH BOee'l'8HOBJIeHHott: <WHKI.\HH nP04tHJul it (/[ ) npasenea

HO~O S~eK'l'HBHOrO nOK83aTenn npenOMneHHH H OQeHKH e8 'l'O~HOCTH 

dg,(/c) 
~ 

'l /lL t'--2) ,1"9, (k) -c #,t'--7! ~(.k ) 

0,00 1,146 O,II 0,80 1,108 0,021 
0,05 1,146 0,10 0,85 1,092 0,020 
0,10 1,145 0,09 0,90 1,087 0,021 
0,15 1,145 0,06 0,95 1,07/ 0,021 
0,20 1,145 0,053 1,00 1,068 0,021 

. '0,25 1,144 0,049 1,05 1,060 0,022 
0,30 1,143 0,047 1,10 1,036 0,020 
0,35 1,145 0,045 1,15 1,'027 0,019 
0,40 1,143 0,044 1,20 1,020 0,017 
0,45 1,135 0,039 1,25 1,016 0,017 
0,50 1,132 0,037 1,30 1,009 0,011 
0,55 1,135 0,034 1,35 1,007 0,010 
0,60 1,130 0,031 1,40 1,005 0,009 

, 0,65 1,124 0,027 1,45 1,003 0,009 
0,70 1,118 0,022 1,50 0,997 0,008 
0,75 1,109 0,022 

~ 

1,2 

~ = ~1(-"C.) 

1,1 

.. 
1,040' i , , I i \ i I \ i i· i ".'_ '!;Ir 

o,s 1,0 1,~ '-'l 

PHC. 3. rpawmc BOCCT8HOBJIeHIIOt1 ~ npoéf4ltJIS{ ${k/ IIP~Be.IteH

Hora a~RTHBHoro rrORa9aTen~ npenOMneH~a. TO~H 0603Ha~ 9H8
~eHIUI, Hal~eHHHe, no 4JoIJiYJIe .(I 5), cnJIOnm;a1I JImum - rpa(fmK nOJIH
HOMa,JnI'1'eprrOJIHPYDmero ~ jJr (/c) B oRpecTHOCTl! HYJI1I. 

:/ 

lI>oTorpa4lHH 10130(5PoeHO (5pJÍbmé -' eM. pRO.I) ,TaR KaK lia nrnpWi13T'OJIli
KO ID· p~e~o~BomxH B nOHe, SpeHHH Heno~bsOB8HHoro H3MepH~enpH9ro 
"UiKpO~Kona. ':TeM ~e MeH'ee KOOp,IJ,HHa'rbl qe~pa, (5b1J1H Ha~~eHbl c TOtl~', 
HOÇ'fbl> 1,3% RiJ ", a WHKqHR ~PÓcPHJHI. j1//I..) . npHBe~eHHoro snn 6~-" 
aa ',3aTsdY,1UoIpoB8.Ha 'c TOl.lHOCTbl> ~')I,lIfl 3H8l.léHHi\ PAAHYC8 ~ ~OJ!I?~, 
:(CM. T86.n.2J. ):VIH SHatleHH~ k<46Rj TOtlHOCTb BbltlHCJleHHH WHRQHH 
npà<t!wHI OKása.n8Cb 'c~êcTBeHHo ·XY,$lei\: 5-10% (CM. pRO. 3) .. 

6., 3AKJIDtIEHHE 
. n~pBblA Onbl~ npHMeH~HHRpa3pa6oTaH~oro anropHTM8 H OCHOB8H

HOrO' Ha HeMnporpaMNHoro 06eCnetleHHH ~fl BHq~CneHHfl 3~KTHBHO

ronoka3aTenfl~npenOMneHMfl KpyrOBOA BonHOBO~O~ JlMHsw'no ,sKcne
p~eHTanbHHM ~aHHHM nO~TBep~ ps(5oTocnóc06HOCTb npe~o.eHHoro 

:Me!O~a. XOTH omM6Ka npH OQHq,poBKe OT~enbHblX TO"leK H8 cn8~ax HY
"leR COCT8BJ1M8 3% 3H8qeHMfl '3cI$3KTHBHoro pS.)J,HYC8 R~, 8' "l'HeRO " 
oQHqipo'ásHHblX CJIe~OB 6NJlO IO,e nONOll\bl) 06C~8eMoro MeToAa,y~a

JlOCb HsR'DH QeH'rp JJ;HHSN c TO\lHOCTblD 1,3% RJ, a <pyHKQHIO np6l1lHJIH, 
i~(.-'zl ?rrrI YAaJIOCb SST86YJlHpoB8Tb ,c TOtlHOCTblO' 2% ;lJ,JUI ~H8qeHldt . 
pa,u,HyC,8" ,60Jlbuq.IX °,6~. ):VIfl SH8QeHMR pSAHyca, MeHbmHX 0,6 REJ,'l'oq
HOCTb.BQqHCneHHR ~KQHH np~Knfl HRMe Ha nonTopá nopHAKa. OAHS
KO a6app~,~3~ K,COO'l'BeTéTBe~Ho, ee pa60tlSfl sn8pTypa onpeAe
nfllOTcA" Q OCHOBHOM TOqHOCTbD MsroToaneHHfl nepK~pHRHOA qae~K nHH

. aa /2,3/., . 
'HsBecT~~e MeTO~ - npolllH~OHHTepqiepoMe~pM"leCKHA H MeTO~ npR~
 

MO~O npô~KíOMeTpHpoBaHHH -06eCne"lHB8IOT TOtlHOCTb 1-3% Bnepeetle·
 
Te Ha 3HatletfHJl ~Illl3IIIl AJlH ~eH'l'pa.n:bHoR tl8CTH JlHH3b1/IO,Ü/. lia ne

pHtI>ePHl-iHoMyqacTKe yKss8Hmre MeTO,ll.bl HenpHMeHMMIiI. llpeAJ(O]leHHbll-i
 
HaMH. cnge06 nOSBORHeT c TaRoA ]18 TOtlHOC'l'bD Bocc~aHOBHTb 3IIIl Ha
 
nepH~pHH RHH5H, '1'.8. T8M, rAê Tpa~QHOHHNe MeTO~ He,pa60TalOt.
 
OH MoaeT 6NTb Hcnonb30~aH EMBCTe e npo~HJlOHHTe~epOMeTpHqee


KHM MeTO~OM ~H nOJlyqeHHH ~K~H n~Knfl npH Bcex SH&qeHHHX
 
pa,o,Hyca nY'l'eM CWHB8HHH yqscTKoa lI>YHK~M npo4>HJIfl, nOJlyqeHHbIX ~BY


MH MeTO~8MH.
 

Cxa6NMMeC~OM B HCnO~&SOB8HHH MeTOAa flBRH8'l'CH HH3K8H TOtl

socrs HCXO,l\HlllX A8HH1iX, nOJlyqeHH1IIx nyTeM OQHCflpoBKH cneAOB JIylleR
 
c Ka~6paaeHHH Ha Her8THBe c nOMO~bD MHKpoCKon8 MHP~12. llpHM8H8

HRe CpeACTB sneKTpOHHKH nOBNCHT TOqHOCTb OqH~poBKK H8 no~'l'opa


ABa nopaaaa, B ToR ]le C'I'eneHH, B CBOI) osepeas , nOBblCH~CH TOtl

HOCTb BoceT8Hoa.eHHH ~KQHH npo~HRH ~ft nepH~pHRHOA qaCTH JlHH
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SN. B Q~H~~nbHOA tl8CTH TO~HOCTb CT8HeT He xYEe TO~HOCTe~, ~aBa

ewx ,DJJyr'HMH MeTO~8MH. HET nH npOEEnOB B BAlliEA EHSnHOTEKE?
 
Héo6xoAKMo T8RMe OTMeTHTb, ~TO cnoc06 O~HHaKOBO npHrO~eH
 BN Mo~eTe nonY4HTb no n04Te nepe4HcneHHNe HH~e KHHrH,
 

HaK ,D,lUI JIHH3, nonyqeHHIDe HaIlWIeHHeM, )J,7IR ROTOpblX OH H paapaõara
 ecnH OHH He OMnH 9aKa9aHN paHee.
 
BanCH, TaR H )J,7IH reO~e3HtleCRHX JlHH3, B KOTOpNX ~KYCHpoBKa ~OCTH


raeTCR sa CtleT· HCKpHBJleHHR nOBepxHOCTM, B~OJIb KOTOpoA pacnpoCTpa ,il3.4-82-704 TpYAbl IV He~AYHapoAHoH mxorns no He~TpoH


HOH ~H9HKe • .ny6Ha. 1982. 5 p.OO K.

H.ReTCH CBeTOBaR	 BonHa. 

OnHcaHHNA MeTO~ npH ero ~anbHeAmeA Mo~epHH3aQMH MOMeT 6~Tb .n7-83-644	 TpYAbI MemAYHapoAHoA WKonN-ceMHHapa no 
cIlH9HKe THmenblX HOHOB. Anynrra , 1983. 6 p.55 K.HCnOJlb30BaH B KaqeCTBe cpe~CTBa onepaTM&HOrO Hepa3pymam~ero KOH

Tpon.R B npoQecce HSrOTOBJIeHHR BOJlHOBO~NX nHH3. .n2,13-83-689	 TpYAN pa004ero COBemaHHH no np06neMaM
 
H9nY4eHHH H AeTeKTHpo~aHHH rpaBHTaqHoHHNX
B a8K1IIOtl8IDI8 aBTOplJl. ClIJdTaIOT CBOHM npWITHWII ,ltOJIrOM mpa.3IdT:b BonH • .nY~Ha. 1983. 2 P.OO K. 

6JJ:aro~apHOCT:b B.l1.AHnRHHY, B.B•.KypHIIIKHHY R JI.A.C8BaCT:bJIHOBY 
.n13-84-63 TpYAbI :XI Me~AYHapoAHoro CHMn03HYMasa WIo,l(OTBOpmlS ~HCKYCCHH 11 IIOMOO{li B nponeccs BillI0JIH8HWi pa60TbI: no H~epHoà 9neKTpOHHKe. EpaTHcnaBa,
 

qexocnoBaKHH, 1983. 4 p.SO K.
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0 Bb111HCJieHHH 3$$eKTHBHOI'O nOKa3aTeJIR 
npeJIOMJieHHR KpYJ'OBOH BOJIHOBO,lUIOH JIHH3bl 
no ,lJ;HCKpeTHbiM .D;aHHbiM 0 Jiyqax 

Pll-87-336 

llo,u;po6HO H3JIO)f(eH aJII'OpHTM BOCCTaHOBJieHHR 3$$eKTHBHOI'O 
n~Ka3aTeJIR npeJIOMJieHHR Kpyi'OBOH BOJIHOBO,lUIOH JIHH3bl no 
3KCnepHMeHTaJibHbiM .D;aHHbiM, B KaQecTBe KOTOpbiX HCnOJih30BaHbl 
OIUf$pOBaHHbie CJie.D;bi nyqeii c $oTorpa$HH. B KaqecTae npHMepa 
npHBe,D;eHbl pe3yJI&TaTbl BOCCTaHOBJieHHR 3$$eKTHBHOI'O nOKa3a
TeJIR npeJIOMJieHHR .D;JIR O,lUIOH H3 JIHH3. 

Pa6oTa BblnOJIHeHa B na6opaTOpHH BblliHCJIHTeJihHOH TeXHHKH 
H aBTOMaTH31U.lHH OH.RH. 

Coofuueaae 061>e.u;IUieHHoro IUicnrryTa l!llepllhlx accne.u;osiiHHA. ,lly6Ha 1987 
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Mikulich A.V., Shvachka A.B., Shokol S.V. Pll-87-336 

On the Calculation of the Effective Index of Refraction 
Based on the Discrete Data for the Rays 

Numerical algorithm for restoring the effective index of ref
raction for the circled waveguide lens, based on the experimental 
data, is presented. These data are digitized traces of rays on the 
photographic images. As an example the results of restoration of 
the effective index of refraction for a lens are given. 

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