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Hilbert Information Features and Their 
Application for Pattern Recognition 

The Hilbert information features are introducea.use 
of these features together with the Fourier information 
features increases the dimensionalitY of feature space 
formed bY the optical cascades at the coherent lighting 

from 3 to a. . .The values of the reference vector components for 
the information features in the six-dimensional space are 
presented for several letters of the Roman alphabet. 

Cominunications of the Joint Institute 
Dubna, 197.4 

for Nuclear Research. 
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AaToMaTnqecKoe pacnoaHasaHue o6paaoa HBnHeTcH ya
~OBhiM 8neMeHTOM MHOI'liX HHQlOpM8llliOHHhiX CHCTeM U liMe-

. eT samHoe HayqHoe H .. HapOJlHO-X03HHCTBeHHOe. 31faqeHHe. 
Hanpnl\1ep, 6ea aaToMaTnqecKux: Knaccu<jluKaTopoa · o6paaoa 

H8B03MO)!(H0 'C03Jl8Tb 6hlCTponeiiCTBY101Illi8 HHcPOPMBUHOHHO
llOHCKOBhie u· 6H6mwrpaciJuqeCKHe CHCT8Mhl 1 . ycTpoiicTBa 
8BTOM8TUqeCKOH o6pa60TKH ClleKTpanhHOH ll TpeKOBOH HH
ciJopMaUHll B ~H3HKe 1 8BTOM8THqeCKH8 C~~TBM~ KOHTpOnH 
cTaHnapTHbiX aneMeHTOB MHKpoaneK'J;pOHHKH ·II, HaKoHeu, 
H8Jl8)Klfbl8 C~CTe!\1bi OT6paKOBbiB8HHH H~JlenHfi I3 ycnOBHHX 

M8CCOBOI'O llpOH3BOJlCTB8e 
KaK H3BeCTHO/l/, sanaqa asToMaTuqeckHx cncTeM pac

nosHasaHHH o6pa30B 3aKniOqaeTCH B TOM, qro6hi llpOH3BeC'
TH l<naCCHqlHK8lllllO HCXOJlHOI'O M·HameCTBa 06'b~KTOB Ha oc.,.. 
aose 3anaHHI>IX Tpe6osamiii. "DpH ·aToM o6ueKTI,;,· hpnnanne

mamHe OJlHOMY Knaccy o6paaos,_ o6nanmo'r onpeneneHHLrM' 
Ha6opoM o6IUHX CBOHCTB. . ' 

DpocTellllilill nonxon K npo6neMe pacnosHaBaHHH o6pa-
30B, llO-BHJlHMQMy; 3-aKniOqaeTCH B' COllOCTaaneHHH K8)!(Jl0-

, .PO 8neMeHT8 MH0)!(8CTB8 38Jl8HHbiX 'o6'bBKTOB .C . 8TanOH8MR 1 

XapaKTeplfsyKHiiHMH KnBC.Cbl o6pa30B •. DonHhlll MaCCliB. 8Ta-

noHOB xpaHUTCH B naMHTH paCU03H810IUero ycTpOiiCTBa. . 
B cnyql:u~·. · edm sxonHoii o6pa3 nyqme · acero coorsel-cray
ei' KaKbMy-'ro aTaJioHy, era oTHocsrr K. roMy :Knaccy o6-
pa3oa,. npeJlCT8BliTeneM KOTOpOPO' srsnsreTCSl Jl8HHbiH 9TanoH. · 
TaKoi:i' nonxon ucnoni:,syiOT npn ~BTOMarnqeciWM .qTeH,Hli . 

· neqafiiLJX, 6yKa u unqip. · · · · 

Bonee coseprueHIJLJii ll()JlXOA 3aKniOqaeTCH _B TOM. qro-
6hl Bl>1ec'ro cpanHe.imSI axoriHoro o6paaa c 9TanoHaMH 
KnaCCIIcPHKBUJfiD,. npOlt3BOJlliTh HB HBKOTOpOM MHOJK~i!CTBB 
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OT06paHHhi~ ~aMepOB BXOAHbiX o6paaoa.. Ecmr aaMepbi, 
Ha3biBaeMbie "uaqiopMaUHOHHbiMH npuaHaKaMH" ,_ OKa3biBaiOT
CH HHBapuaHTHbiMH HnH ManoqyBCTBHTenbHbiMU K nOMeXaM 
H. HCKameHHHM Ha BXOJle H o6nanaiOT He6onbWOH H30biTOq
HOCThiO, TO npouecc pacn03HaBaHHH CBOJlHTCH K JlBYM 3Ta
naMo 

Ha nepaoM aTane HaXOJlHT. MHomecTao npuaHaKoB. 3aTeM 
tiJopMynupyiOT anropuTMbi ocyruecTaneHUH aaMepoa, a TaK
me yKa3biBaiOT npaauna HX ynopHnoqeHUH. HaKOHeU, ycTa
HaBnuBaiO.T KpuTepuu oT6opa. Ha BTOpoM aTane _npo_u::moJlHT 
caM npouecc KnaccutiJrrKauun. OimpaHCb aa a·aaqeHuH 'ol-o- · 
6paHHbiX 'npH3HaKOB, npUHUMaiOT pemeHUH. 0 npUHaJlnemHOC
TU BXOJlHOf'O o6paaa K TOMY unn UHOMY Knaccy. _ 

Ecmr y Ka1KJlOf'O BXOJlHoro o6paaa uMeeTcSI N· npuaaa-
KOB, TO ynopH.AoqeHHOe MHOmeCTBO OopaayeT BeKTOp 
npuaaaKOB X B N -MepHoM npocTpaHCTBe npuaHaKOB 

0 X •. 3anaqa KnaccuqmKaUHU COCTOHT B TOM, qTOObl paa~ 
OHTb 3TH BeKTOpbi no COOTBeTCTBYIOIUHM KnaccaM o6pa30Bo 
Ha. H3~Ke MaTe~aTHKH aa.naqa KnaccutiJuKauuu ¢opMynu-

. pyeTCH C nOMOIUblO paanenHIOIUefi tPYHKUHU. 
O.nauM ua KpuTepnea pa6oTbi KnaccutiJuKaTopa HBnBeTCH 

KpHTepufi MUHUManbHOf'O paCCTOHHHH,. T.e. paCCTOHHUH . 

Memny BXOAHbiM o6pa30M II MH01KeCTBOM 3TaJ10HHbiX BeK-_ 
Topoa B npocTpaHCTBe npnaaaKoB. HanpuMep, ecnu aa.naH,bi 

m onopHbiX. aeKTOpOB R 1 , R 2, ... ,Rm , KamAblif na KOTOpbrX 
OTBeqaeT OAHOMY Knaccy o6pa30B WI~ W2 ; ••• , Wm, COOTBeT~ 
CTBeHHO, TO BXOAHOH CHI'Han X OTHOCHT K KJ1accy lUj 

ecnu paccTOHHUe Memay X nR j , paaH?e I X-.R j · I , 
OKa3biBaeTCH MHHHMaJlbHblM JlnH ~HJleKCa J ~-

B HaCTOHIUee speMH wnpoKoe pacnpocTpaH~HHe · nony;-:
qunn pacnoaHaiOruue ycTpofiCTBa, B _ KOTOpbiX ucnonbayeTCH 
npHHUHn onTuqecKOH COf'JlaCOBaHHOH tiJunbTpaUHH/2-4/.· 
fnaBHbiM aneMeHTOM. 3TUX ycTpOHCTB SIBnHeTCH OnT~qeCKHH 
KaCKaJl, CXeMa paOOTbl. KOTOpOI'0/2/ OnHCbiBaeTCH. B Tep:
MHHaX· JlBOfiHofi .nu¢paKuuu(pnc •. 1). TpaacnapaHT c ~xon..: · 

HbiM curaanoM f ( x , y ) , ycTaHaannaaeMbiii B nnocKoCTH 

P1 , npoc::BeqnaaeTCH ~onnnMnpoaaHHbiM nyqKoM ci3eTa • OT 
naaepa fla. flrraaa flj ocyiUeCTBn5IeT. npocTpaHCTBeHHOe 
npeo6paaoaaane ¢ypbe •. B nnocKOCTH P2 oTo6pamaeTCH 

4. 

.. , 

. i 
! 
' 
~ 
1 

t 

I 
I 

.I 

,j 

4Jypbe-o6paa curaana f(x, y). <PunhTP npocTpaHcTaeHH:brx 
qacToT. G (w x, w ). _· nponyc.KaeT TonbKO:~aeo6xoauMbH3" . y . " . . . 
KOMnOHeHTbi npOCTpaHCTBeHHbiX, qat:TOTo flHH3a fl2 OCy.;.. 
ruecTBnHeT o6paTHOe npeo6paaoaaane <Pypbe. B nnoCKOCTH 

.·. P3 .·. OT06pamaeTCH OTtPHnbTp'oaaHHbiH Cllf'Han r(x, y ) 
l13MeHHsi: CTpyKTypy tPHlibTpa npOCTpaHCTBeHHbiX qaCTOT 

;,G (wx , ~Y) '·. nonyqaiOT paann:Hbre oTtiJunbTpoBaHHbie cnr..:. 

· aanbi r ( x ~ y) . . 
nocTOHHCTBOM OnTnqeCKOrO KaCKaAa npn KOPepeHTHOM 

OCBeiUeHIIH HBnHeTCH HHBapuaHTHOCTb MeCTOHaxdmJleHUH · 
CHI'Hana; iroaaHHO!'O BO BXOAHYIO nnocKOCTb. P{. Heno-' 
CTaTKOM· onT!IqeCKOi'O ·KaCKa.i:J.a 'HBnHeTCH 3aBHCHMOCTb 
BbiXOAHoro ciiraana oT opueHTaUHII ri MacwTa6a pacnoaHa-:-

aaeMoro o6paaa. ·. ' 

B rrOAOOHbiX c'ucTeMaX !ICn_on6ayeTpH nOJ1H8H IIHtPOP
MaURH 0 -;pypbe-o6paae BXOAHbiX Cllf'Hano"a. 0.nHaKo' CTOII'r 

. 4Jypbe-o~pa3 Ka~. K~MnneKcaoaaaqayiO ~yHKUxiiO npeapa;_ 
. THTb. B pacnpe.qeneHHe HHTeHCIIBHOCTU nnH. ABYXMepHyiO ne

pHOJlOI'paMMY, K8K B CIICTeMe pacno3HaBa-HHH B03HHKHYT 
aay.3aaqaocTn. Hau6oriee TnmrqHbrii npuMep. ·aToii aayaaaq
HOCTH - coobiTHH pacceHHHH. qacTHUbi .Ha yron · ·() .. 

!InH ()+77. \PHC. 5). BosmneHHe ~Tott HeOAH03HatiHOCTU B 
cncTeMax <i:Jypbe:- onTHKII npuaoanT ~ . ToMy~ qTo cTpyKTYPY 
nepHoaorpaMMbr: aeq?xomi"Mo nayqaTb a o6nacT_H BbiCOKHX 

. npo~_TpaH:crseHHbiX. qacToT/7 I. '' ... .. · · 
. B riaaaofi pa6ofe npeanomeH apyroll: nyTh, KOTOpbrll: 

HBn~eTcH 'anbTeplia'i!fBOll: ronorpatlJuqecKoro MeToaa. Co
xpaHHH C:llCTe~y KOP.epeHTHOll B ¢opMHpyrorueii qaCTH H He
KOPepeHTHOH no npue·MHHKY nanyqeHUH, aBTOpbl. BBenn AO
nonHHTelrbHbie HH<i:Jop~aUHOHHbie npuaHaKII'O :3To - HH¢opMa
.UUOHHbie>~puaaa:Kn.'runb6epTa, ncnonbaoaaHne KoTophrx aMec-
Te: c ua¢opMaUHOH~br_MH npnaHaKaMH ¢ypf:?e noarionHeT yae-

.- .:.. . ~ •. . . . ' . ~-"" 

nnqH!b p~a~epH~CTb np?cTpaHCTBa npnaHaKOB c Tpex no 

BOCbMIIe 

. E~nn nnaaa. nl (pnc. 1) - c¢epnqecKaH, TO. onTnqe
CKHH KacKaJl ocyruecTBnHeT .JlBYXMepaoe npeo6paaoaaane 
<Pyphe. E~n nnaaa n1 - unnnaapnqecKaH, np11qeM. ()6pa;.. 
3YIOIU8H UHnHHiJ.pa · HanpaaneHa BllOnb OCU y, To T8K8H . 
J1HH38 ocylilecTBnHeT, · OJlHOMepHOe BJlOnb OCH X npeo6pa-
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p 8CCMOTpHM anropHTMH'IeCKYIO- CXeMy· paOOTbl CHCTe- · ,, 
Mh~-- c HcnbnhaosaHHeM iiuq;bpMaUHOHHbiX np~3HaK-~B THnh6ep.'. 
Ta Ha npHMepe !flyphe-OIITHKH 1 C'?JlepJI{8IIleii JlH!flpaKll!IOUHyiO 
peiue:rKy CO COOeM/5!6/ ·KaK <;>JliiH H3. • B03MOJIUlhlX :aneMeH
TOB ocyme~TsneHHH npeo6paabsaniiSI, f!fnh6epTa. ·. E cnH OIIT_H.,.. 
'leCK.aSI OCh CHCTe~bl rrpoxoimT . 'lepea:· nH:UH:IO COOSI Jlli!flpaK]!_ .. 

UHOHHo:il:' pemeT~If co c6oeM (pH:c~ 2), To !f!YHKUH:SI G(CLl) 
lfMeeT BH:ii' , ,.,;• . . -

G ( ~ ) ~ I +'cos .(L) x
0 

sgn CLl ,· { l) 
..-

I'Jle 
. ,, l, 

;'- - ""~: (L)> o· 
sgn CLl •• = 

(2) --. 
_ .< ~I, (L) < 0 . _ -, _. _ _ , -~/: . . : .:: . ": 

nocne o6paTHOr'o' npeo6pa30B8HHH <l>yphe', ·ocymecTBJJSI-' K 

eMOI'O nRH30H J)2 ; B rrnOCK.OCTif P3 - IIOSIBjfTCSI C:~rHan 

;, 

"-1 . 
r(x)= S: I F(CLl)G(w) I = 

"1'. 

-" -1 . . 
S: [ F ( CLl) + F ( CLl) cos CLl x sgn (L)J = (3) 

I - -
. =f(x)+~z-~(x) G>g(x )[o (x-x J+-_o (~+x 

0
) ]_:_ 

· TaK .KaK ,. 

·- '·; "-:-1··· ' --. 2 
g(x )= ff <~ [ sgn'CLl l = -. :-, 

• : ". ·, IX 

(4) 

. . . -_ .-.·;:. -- -.,.:: .-·,} .. . - ~\ . 
·TO BbipameHRe (3) 38III1WeTCSI ,CneJlyiOIIllfM o6pa30M: .;: . . ' ,. ·- . . ·.~ 

. . -~ . ~1 .. :. : ·. , - I 

r(x )= f(x )+ 2T X (x) I x~xo + 2f x(x) I x=-xo 
~·r~ t-· (~~-

rJle-
· f (x ')dx' 1 

x(x)=- p f 
1T ,.-x-x' (6) 

rlinh6epT _,-: o6paa !flyHKUHH f(x). · •· 
~-·~.: ... 
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PRc. 3. CxeMa onTRtiecKoro KacKana, npocTpaHCTBeHHhiii: 

¢RnbTp B KOTOpOM R3I'OTOBneH B BRll8 llBYX llH¢paKUROH

HbiX pewe·TOK CO C60eM,. COBM8JII8HHbiX CBORMR nnoCKOC

TSIMHo lihpHXH peweTOK nepneHllRKyngpHbl npyr llPYI'Y 1 

a nRHRR C60SI U8HTpRpOB8Hbl Ha onTH'l8CKOH OCR. B. BbiXOll

HOH nnOCKOCTR OT06pa)KaiOTCSI TpR He3aB~CR.MbiX. I'Rnb6epT

o6pa3a BXOllHOI'O CRI'Hana f(x,y). nBa 0/lHOMe.pHbiX, f'Rnb-

6epT-o6pa3a no ocn x H no OCR y pacnonaraiOTCSI 

B nepBbiX nopSIJlKaX llH¢paKUHH CBeTa OT K8)KJl0H llH¢pilK

UROHHOH perireTKH. CO c6oeM. nByXMepHbiH I'Rnb6epr-o6pa3 

HaXOJlHTCSI B nepeKp8CTHOM nopSIJlK8 JlR¢paKURH CBeTa Ha 

JlBYX ·. peweTxax. 

9' 
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ilepBoe cnaraeMoe B ( 5), OIUICbiBaiOwee ayneBoll:. nopg
AOK AH¢paKUHH CBeTa Ha AH¢paKUHOHHOH peweTKe CO c6oeM, 
OT06pamaeT HCXOAHblll CHI' Han f (x) 6ea K8KHX-nH60 H3Me
HeHHH. Bropoe cnaraeMoe, onHCbiB,aiOwee nepBbiif nopgaoK 
AH¢paKUHH CBeTa, paBHO I'Hnb6epr-o6paay BXOAHOI'O CHI'Ha
na, UeHTpHpOB8HHOMy BOKpyr TO'IKH ,X =;X O (eM, puc. 2) • 
Tperbe cnaraeMoe, TaKme ·. ·paBi'ioe · run~6epr..:.o6paay, Bxoa

aoro CHfoHana, pacnonaraeTC5I BOKpyr. TO.lJKH . X =-:-Xo B 
MHHyc nepBoM nop5IAKe au¢paKUHH. .. 

Ecnu B Ka'Ie_crBe ¢IInbTpa.,G(w.x~.(l)yJ .; u~i-ronbaoBaTh aae 
AH¢paKUHOHHbie pemeTKII '?0 c6oeM;. lliTpHXII KOTOpbiX. 
B38HMHO 

1
nepneHAHKyngpHbi, .TO B nnOCKOCTH P3 OT06pa-

35ITC5I rpii ·aeaaBH-CHMbiX runb6epr-o6paaa16/ · {puc. 3): 
1) OAHOMepHblll rltnb6epr-o6pa3 ABYXMepHOI'O CHI'H8-

na f (x,y ), KOI'A8 npeo6pa30B8HHe fHnh6epTa BeAeTC5I 
BAOnb OCH x·: 

[f(x,y)] · =.!_f f(~,y)d;· 
X=X 0 1T ( ~- X ) c, ' 
y=O 

" }{ 
X 

(7) 

2) oaaoMepHbiii runb6epr-o6paa curaana f (x, y), 
KOI'Aa npeo6pa30B8HHe funb6epTa BeAeTC5I BAOnb OCH y': 

" !... f 
1T 

}{ [f(x,y)] x=O 
y " . . (8) 

· r-Yo 

3) ABYXMepHbiH runb6epr-o6paa curaana f(x,y ), 
KOI'A8 npeo6pa30B8HHe funb6epTa BeAeTC5I K8K BAOnb OCH ., 
X, T8K II BAOnb OCH y: 

~:Y[f(x,y)]~x=xo= (_~ )2 ff f(~.~~)d(d;· 
y=y ( ~- X )( ~ - y ) . 

0 

(9) . 

10 

·' 
i· 

t 
l 

. '· 
I 

) 

I 
'i 
:' 

ilepBbie ABa runh6epr-o6paa.;t cocpeaoTo'IeHbi B nepBbiX 
ll0PSIAK8X AH¢paKUHH, COOTBeTCTBeHHO BAOnb OCH X HnH 
BAOnb. OCH y ·'. a 'ABYXMepHblll I'Hnb6epT-o6paaf9/. pac

nonomeH B nepBOM nepeKpeCTHOM nOp5IAKe AH¢paKUHH. 

nng llOCTpOeHH5I HH¢opM8UHOHHbiX llpH3H8KOB 6epeM cne
AYIOWHe HHTerpanbHbie o6pa3bi, HCXOAHOI'O CHI'Hana f (x, y) ·: 

1 ) ABYXMepJibiH ¢yphe-o6paa F xy (w x' CtJY) 

2) OAHOMepHblll ¢ypbe:-o6paa BAOnb 

3) OAHOMepHblH ¢ypbe-o6paa BAOnb 
-' ;-

OCH X, Fx (<"1 ,y) 

ocu y , F (x, w ) 
y y ' .. 

4) . ilBYXMepHbiH runh6epr-o6paa q H~)x, y); 

5) OAHQMepHbiil: runb6epr-o6paa BAO.flb ocu x; }{x (x,y); 

6 )· OAHOMepHbiH I'Hnb6epT-o6pa3 BAOnb OCH y, }{y(x,y); 

7) nepeKpeCTHblll OAHOMepHblll ¢ypbe-o6paa BJlOnb OCH 
X II OAHOMepHblll I'Hnb6eiJT-o6pa3 BAOnb OCH y, 
F }{ ( )· 

X y Ct.lJt y ' 

8) nepeKpecrHbiil: oaHoMepHbiil: runb6epr-o6paa BAOnb · 
OCH ·X II OAHOMepHblll ¢ypbe-o6pa3. BAOnb OCH y, 

}{ F (x , w ) • 
X y y 

3aecb 

·-iCtJ X 

Fx (wx, y)=Jf(x,y)e · x dx ( 10) 

. -i~y 
F (x,w )= f f(x,y)e dy 

y y (11) 

-fw x -iw y X y . 
F (w ,w )=; Jff(x,y)e e dxdy x,y X• y (12) 

II 

....................... 



-iwxx 

F~ J<y<wx ,~)= ..!. f f f(x,71)e 
17 (71-y) 

··..:. 

dx d71 (13) 

. -i(L) y 

}{ · 1 f(g yYe Y 
xFy (x,wy)=;-ff. (g-x) . d~dy .. (14) 

B KatJeCTBe IIHtlJopMaUIIOHHbiX npH3HaKoB KnacciitlJHKaTo...: . 

pOB o6pa30B C llCIIOnb30B8HH8M npeo6pa30~~HHa fHnb6epTa 

B3f!Tbi llOKa3aTenii, KOTOpbi8 f!Bnf!IOTCfl HHTerpanbHbiMll He

niiH8llHbiMll o6pa3aMII KapTIIH pacnp_eaeneHllfl IIHT8HCIIBHOC

T8ll BC8X BOCbMll o6pa30B. npll 8TOM 

12 

-I 
i

0
=w f I F (w xy x 

,w )1 4 
dw 'dw 

y X . y 

-I · 4 
ii = w f I F ( (L) 'y ) I d (L) d y 

X X X 

4 . -I 
1-W f z- . I F Y (x, w Y ) I dx dw Y 

i3=W-l f I }{ 
X 

4 
(x, y)l dx dy 

-I }{ 4 
i 

4
= w f 1 r (x , y > 1 dx dy 

-~_._. ....... -~ ....... -· 

t 

,~ 

;_j.Jr-¥ 

l. 0 

-, I r I r-: 
Zt --
12 

j(r,y) 

'Xx i4 

Xy l.s 

-·/·· 

Puc. 4. AnropiiTM tlJopMIIposaHHfl II-Hq,opMaUIIOHHbiX npii3Ha-

KOB C llCIIOnb30B8HH8M He~~H8llHbiX npeo6pa3yiOlllllX aneMeH

TOBo 

13 . 
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P~c. 5. ByK.~hl nal'II,HCKoro ·an.PaBHTa, !i6~·~pqefi~·aSJ 6yKaa 

0 IIJIH: .Q " n~li. ~p~KOBb!X co6biTiiSJ, J~JISJ KC>TIJpbiX __ , 

pbiJJH Bhi'lliCJJeHbi IIIeCTh · HH<ilopMBUHOUHhiX npli3HaKoB. 

PasMep pacTpa 16 x 16. 

·. 

·.·:-
· .. .:--~ 

··-, 
-.~ 

\ M .... 

4-~ 

)' 

·;:·. 
. ~ 

~-

• . ..; 

_-."i' 
•"'"..,... 

•>;..r_ 

.•· 
•,;..: 

. ~ .. ~' 

:;-. 

.-· . .,. 

14 ' 
:~-'!: - .- -

:,';""""' 

">:· 

. fiFI"d~ 
t =·---

K · J!Fi~dw. ' 

~ io i .f. i2 . i3 i, ·is 

p 31,13 1,06 2A3 6.04 7,27 6,86 
' 

Q 43,29 Q848 2,08 7,40 6,42 6,94 

c 23.85 Q696 1,10 1,83 6,12 5,90 

0 30,59 0,677 1,68 1,81 6,03 6,99 
' , .. 

o~ 41,46 0,887 1,65 9,40 6,32 6~77 

®. 0,161 Q004 0,08 0,44 0,36 0.53 

Q) 0,161 Q010 0,08 0,33 0,40. 0,53 
-

. P11c. 6 •. 3aa'leHIISJ IIIeCTH HH.PopMBUiiOHHhiX npH3HBKOB .. 

fHnb6epTa AJISJ H306pa>;(eHIIH 1 llpliBeAeHHbiX HB pHC. 5 • 

15. 



J 

.j 

. rae 

-I · 4 
.i

5
·. "" w I 1 J{ (x ,y > 1 dx dy 

. x,y 

-I 4 
i6 =W f IFxJ{y c~x;Y>I.dwx dy 

-I . ·.· 4 
i 7 =W f I J{ x F Y (x, wfl dxdw 

y 

. 2 2 
w = f I f (x;y) I d x dy = J 1 F ( w , w ) I · d w d w 

. X y X Y 

( 15) 

( 16) 

Anropu'i'if cpopJupoBaHIISI rnecTu II3 Ilocb.Mli HH<fJopM:a-

uuoHHbiX IIpli3H8KPB IIOKa3aH Ha -pHC. 4. 3TH liHcpOpMa
UHOHHbie IIpli3Ha:im He o6,naaaiOT ~HBapuaHTHOCTbiO K caau- · 
raM II II3MeHeHliiO. .M8CllJTa6a. llo~TOMY !iX Mo)Jmo • IIpi!Me
HSITb TOnbKO TaM, rae BX~JlHbie CHrHanbi: aocTaTO'lHO 
TO'lHO ueHTpHpoBaHbi so ·BxoaHoM Kaape, HaqpuMep, anSI 
aBTOMa'ra, KOTOpbiH KnaccucpuuupyeT 6yKBhi~ u~cppbi .let apy
rue cuMBOnhi, HarreqaTaHHhie Ha rrulliyrueii :MarnHHKe Hnu · 
rrpo6HThie Ha rrepcpopaTope. . · . 

B Ka'leCTBe rrpuMepoB Ohinli Bhi6paHhi rrpocTeiiuirre c~tr
nanbr,· 3aaaHHbie B -pacTpe pa3MepoM 16 • x 16 (prrc. 5 ):' 
HeCKOnbKO. 6yKB naT!i.HCKOrO ancpaBIIT8i B TOM 'lliCne UC
IIOp'leHH8SI 6yKB8 0 !Wif Q , li ):lBa TpeKOBbiX C06biTliSI. 
Ha puc. 6 rrpnaeaeHhi 3Ha'leHHSI rnecTn rrHcpopivtaUIIOHHhiX. 

IIpii3H8KOB anSI CeMil BXOaHbiX CllrHanoB. . . 
CyrnecTBeHHO, 'ITO 6e3 rrcrronb30BaHHSI rrpeo6pa3o~aHHSI 

funb6epTa . orrTn'leCKUii xacKaa c ncrronb30I3aHneM .· ccpepu- · 
.'leCKUX H UUnlfHApll'leCKHX n1IH3 II03BOnSieT ctiJop!1.1IfpOB8Tb 
TOnbKO . Tpn nn¢opMaunoHHbiX npn3HaKa: i iJ , i 1 , i 2 • 
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• 

ilpiiBne'leHIIe IIHcpOpMaUIIOHHbiX npii3H8KOB funb6epTa, 
cpopMupyeMbiX c noMOIIlbiO aayx aiicppaKUIIOHHhiX perneTOK 
CO C60eM• yaenH'liiBa.eT 'liiCno:npii3H8KOB C. Tpex ao BOCbMIIo 

CooTBeTCTBeHHO ao:3pacTaeT pa3MepnocTb npocipaHCTBa 
npii3HaKOB, 'ITO, HeCOMHeHHO, aon:lKHO o6ner'lliTb pa6oTy 
CIICTeMbi no KpuTepiiiO MIIHHManbHoro paccTOSIHIISI • 

Heo6xoauMo, oaHaKo, noMHHTb, 'ITO He ace imcpopMauii
OHHhie IIpli3H8KII fiinb6epTa SIBnSIIDTCSI nonapHO niiHeiiHO Ha-
38BIICIIMbiMII. Dpii 9TOM. liHcpopMauuoHHhie npii3HaKII .i 

0 
II 

i 5 He'lyBCTBHTenbHbl K nOBOpOTy CIIrnana. I1HcpOpMaUIIOH
Hbie npli3H8KII i I , i 2 , i 3 , i 

4 
, i 

6 
II i 
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