IIBeT B KOMNBIOTEPHOH I'paduxe

[TonsiTust cBeTa M HBeTa B KOMIBIOTEPHOH TpaduKe SBISIOTCS OCHOBOIOJIATAIOIIUMHU.
Ha mpakThke MBI peIKO CTalKMBAacMCsS CO CBETOM KaKOW-TO OJHOW OIpPENENIEHHOM
JUTMHBI BOJIHBI (MCKJIFOYCHHE COCTABJISCT JIMINL U3JTydeHue yasepa). OOBIUHO CBET
MpeacTaBiIieT co00W HENpephIBHBIA MOTOK BOJIH C PA3IMYHBIMHU JJMHAMH BOJH U
Pa3IMYHBIMU aMIUTMTyJaMH. Takoil CBET MOKHO XapaKTEpH30BaTh TaK HA3BIBAEMOM
JHEPreTUYeCKOr (MOIIHOCTHOM) CIEKTpalibHO# KpuBoit (puc. 1), Tae caMo 3HaueHue
(GYHKIMU TIpeCTaBiIseT co0O0i BKIAA BOJH C JAMMHONM BOJMHBI | B 0OmMid BOJHOBOI
MIOTOK.

|
—»| - JIrHAa BOJIHEL.

|
400 am 700 M
CUHHI KpacHBIN
- J
v,
BUJIMMBIA JUAaIla3oH. Puc. 1

CaMo MOHSITHE [[BETA TECHO CBSI3aHO C TEM, KaK YeIOBEK (UeIIOBEUECKHI B3TIIS)
BOCIIPUHHMMAET CBET; MOXKHO CKa3aTh, YTO L[BET 3apOXKAETCS B TIIa3y.

Cybxapakmepucmuxu yeema.

LBeTOBOIT TOH — sipkoBBIpakeHHOCTH KpacHOTO(R) , 3enénoro(G) nm cunero(B) —
3TO OCHOBHASI IIBETOBAs XapaKTCPUCTUKA.

HacwhinieHHOCTb — CTeneHb Pa30eICHHOCTH, CTENEHh OCBETIICHHUS IIBETOBOTO (hOHA.
CBeT/10Ta - MHTCHCUBHOCTH (MOIIHOCTb) IIBETA.

| qomun. — XapaKTEPHU3yeT IBETOBOM TOH
I{BeT, KOTOPBIi MOKET OBITH 3aMEHEH | oy
Ha3BIBACTCS CIICKTPATBHBIM.

el———— JIOMUH. -

n= u - HAChIIICHHOCTH
el | 700

| = OE(A)P(A)dA

400
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AxpomaTtudeckoe n300paxkeHue — 3TO 4YepHO-0etoe n300pakeHue.

pa306estbl TOro

(IACTOTO IBETE > ® YUCTBINA [BET

'\OTTGHKI/I

Oenbli

CephIi
LBET

¥ .. v
YEPHBIN
BuyTrpu TpeyroapHuKa pactoaoKeHbI TOHA.

CeTuaTka r71a3a COAEPKUT J[BA MPHUHIIUITHAIFHO PA3IMYHBIX THITA (DOTOPEHENTOPOB —
MaJo04YKu, o0Najarolye MIMPOKOM CHEKTPalbHONM KpPHUBOM UYYBCTBHTEIBHOCTH,
BCJICJICTBUE YEr0 OHU HE pA3IMYAOT JUIMH BOJIH M, CJIEN0BaTEIbHO, LBETA, H
KOJIOOYKH, XapaKTEPHU3YIOLIUECS Y3KHUMH CIEKTPAIbHBIMH KPUBBIMH U MO3TOMY
o0Jafaroniye HBETOBOM YyBCTBUTEIBHOCTBIO.
Kon0ouku ObIBarOT Tpex THIOB, OTBEYAIOMIMX 34 YYBCTBUTEIBHOCTh K JJIMHHBIM,
CpPeIHUM U KOPOTKMM BOJHaM. BpigaBaemoe KOJIOOUKONW 3HAUYEHHUE SIBISIETCA
pe3yabTaTOM HWHTETPUPOBAHMSA CIIEKTPAIbHONW (yHKIMH ¢ BecoBoil (yHKumei
G 49YBCTBUTCIIBHOCTH.
Ha pucynke mpencraBieHsl  rpaduku
(GYyHKIUI 9yBCTBUTEIBHOCTH JJISI BCEX TPEX
R THIOB KOJIOOYEK. BumgHO, 9TO y OAHOW W3
HHUX MWK YYBCTBUTEIBHOCTH NPUXOINUTCA Ha
BOJIHBI C KOPOTKOW UIMHOW BOJHBI (CHHHIA
[BET), Y APYTOil — HA BOJIHBI CPEAHEH IIMHBI
B BOJIHBI (XKEJITO-3€JICHBII 1IBET), a Y TPEThel —
Ha BOJHBI C OOJBLION [UIMHOM BOJIHBI
(kpacHbIii 1IBET).

A

v

400 700

CymiecTByeT TpEXKOMIIOHEHTHAS TUIIOTE3a : JF000# 1BET (OTTEHOK) MOKHO MOJY4HUTh
n3 3-x komnoHeuTos R,G,B.
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Cxema YypasHUBAHUA YBEMOE.

Ecte 3 mpoxekTopa. [lepel HUIMH BBICTABISIFOTCS IBETOMHIBTPHI , MPOYCKAOIIHEC
BOJIHBI OTIPEACIEHHON AJIUHBI.

—o ¥

B IIsitHO oT 4-T0

9KpaH

@

{ ( ) Cn 3 1 POsKEKTOpA
0O

JaHHbIN (HY)XKHBIi) [IBET — UCIIBITYEMBIH.

4-BIii TPOKEKTOP € BETOGHIBTPOM.

CyTb B TOM, 49TO TIepBBIE 3 IPOKEKTOpA UMEIOT ()eOCTaThI IS PETYIMPOBKH LIBETA.

C ux TmoOMOIIbI0 AOOMBAIOTCS, YTOOBI IBET IEPECEYCHUS MEPBBIX 3 MATEH CTal
skBuBaseHTeH 1BeTy C. M3MeHss mHTeHCHBHOCTH MpokekTopoB R, G, B, merratorcs
nosyauth 1Bet C. Ecnm 310 ynaercs, To niser C pasnoxwm 1o R, G, B.
HHTEeHCHBHOCTE 110 KaHATY 3 OTPULIATECIIBHAS.

1 2 c 3 lc=1,+1,-1,

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Axcuomsl CMEWEeHUA Yyeenios Fp(lCCM(lH(l.

Axcuoma 1.
JIxo60ii LBET MOKET ObITh YpaBHEH CMECHIO HE MEHEE, YEM TPEX JIOOBIX LIBETOB.
KoaddunmerTsr MOTYT OBITh U TIOJIOKUTEIBHBIMHA W OTPHIIATEIILHBIMH.

Axcuoma 2:

ypaBHI/IBaHI/Ie, AOCTUTHYTOE IIPH JaHHBIX HHTCHCUBHOCTAX IIBETA, COXPAHIACTC B
IMHUPOKOM OHAIIa30HE MHTCHCHBHOCTEIA.

Axcuoma 3.

Cmech OBCTOB HE MOXECT OBITh pasacii€Ha 4€JI0BEYECKHUM ITIa30M Ha OTACIIBHBIC
KOMIIOHCHTHI.

Axcuoma 4.

SIpkocTh (CBETIIOTA) CMECH I[BETOB paBHA CyMME SIPKOCTH €€ KOMIIOHEHTOB.
Axcuoma 5. 3axon cnosxcenusn yeemoe.

Ecmm et M skBuBanenten nsety N , a et P skBuBasieHTeH Q , TO CMECh IIBETOB
M +P skBuBanentHa cmecu N+Q.

M=N; P=Q;

M+P=N+Q;

Axcuoma 6. 3akon evluumanus yeemos.
Ecru M + P= N+ Q wu u3BectHo, uto P=Q , T0 M = N (006parnoe nyHkry 5)

k A ks

kr
Axcuoma 1. 3akonH mpaH3umueHoCmu.

EcouM =N ;N=P, 0 M =P. ke

Axcuoma 8.

AxcroMa npeacTaBisieT co00i paccykaeHusl 00 ypaBHUBAaHUH LIBETOB!
- CO BCEMH MOJIOKHUTEIBHBIMU KOIPPUIMCHTAMHY,

- C OJIHMM OTPHUIATCIBLHBIM KO3 PUITUCHTOM,;

- C IByMA OTPHUIIATEIbHBIMU K03 QUIIEHTaMH.

OcTanbHBIC B TEIEBU30PE HE BHJIHBI.

BrIBOIBI: 1IBETOBOE OMIYIIIEHUE MOXET OBITh MOJIYICHO MPH 3aMEHE CIEKTPaIbHOTO
M3JIydeHUs Ha OHY | TOMHHUP yIOIYI0 U HEKOTOPYIO J10JIF0 OEJI0ro IBETa.
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>

v

I |
A |
I |
1 |
| |
| |
| |
I @m—————— —_————
I |
: L 3
I l AMITTUTY/IBI.
|  Oenbiid | 11/v
>
R G B
= g=—" b=———
R+G+B R+G+B R+G+B
r+g+b=1
gA IlBeTa pa3snMYHON HMHTEHCUBHOCTH, HO
_______________ OZHOTO TOHa OYIYT COOTBETCTBOBAaThH
1 onHo#t  Touku  (Ha ~ TEpeceYCHUHU

Gerbiii MEpHU/INaH).

b=1 : r=1

Aprocmov (unmencuenocms)
Jlnst kpacHoro 1Beta | 5 = 700 Mm.
Jlnst 3enénoro usetra | ; = 546,1 mm.
Jlnst cunero uera |, = 435,8 Mm.
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Ay

3e1€Hbl i Kéarwlii
/ OpamwxeBblii

Kpacnbrii

C My pnypHbIif ,.
C nypny]);lo-lcpaCHbli’l
X
D 1oJ1eTOBBI i
400 um
A
) XYZ
3CJICHBIN
A
y
; Z i 7 700
CUHUN r=1 "
400
(broneroBbIit
X=0.4184*R-0.0912* G+0.009* B
Y =-0.1587*R+0.2524* G-0.0025*B
Z=-0.0828* R+0.0157*G+0.1786*B
Y — APKOCTHASA KOMIIOHCHTA UBETOBOT'O BOCIIPUATHA.
A
| ac | Ac2 | . - | 1 tonmoymuTensHAS IS
HEC CIICKTPAJIbHBIX [IBETOB.
\
\ v
LW
\\ W 700
L
C1 \ He crieKTpasibHbIe JIOTIOMHUTENBHBIN IIBET — LIBET,
| Jic1 ) TP CMEIIMBAHUM KOTOPOTO C
IIBCTa .
JTAHHBIM IIBETOM IOJTy4aeM OelbIi
400 > TIBET-
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Cmecb C1u Co ¢
[TOJIOKHUTEILHEIM
k03 punrenTom
2
Cs
C1
] >
Cwmecs u3 Ci, Co,
C3 BeToB
Ay

Cf\.\. Co

>

c2.- W c1-W
W =c1. +c2+ - (hopmyIa st CMEIIAHHOTO [BETA.
c2.-c1l c2.-c1
CTOUT OTMETHUTBD , YTO YeJOBEK MOkKeT pa3aunduTh 350 ThICSIY HBETOB. (TOUHEE

J1a)Ke [IBETOBBIX OTTEHKOB) - 21821,
Kpome 31oro yenoBek pasiunyaer 128 TonoB. [1o HachIIIIEHHOCTH Ye10BeK

pa3anvaet ot 16 (:k€nThlii HBeT) 10 23 0TTeHKOB (KpacHBI, (PH0JIeTOBBIIL.).
[To nHTEHCUBHOCTH - 390000 _ 140
20.128
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Cnooicenue yueemoe

- 0

M —nypnypusiit ; Y —xénrelii ; C —romy0oi.

Cesoticmea 201y0020 , HCENMO20 U NYPRYPHOO Yeemd.

Kak BuaHO 13 npuBeEHHON BBIIIE KAPTUHKH , WIUTFOCTPUPYIOIIEH CIIOKEHHUE LIBETOB,
nypnypHsiid 1Bet (M) mpomnyckaer kpachbiii (R) u cunuii (B).

KENTHIN IBET (Y) mpomyckaet 3eqénblii (G) u kpacublii (R)

ronyooit iBetr  (C) mpomyckaer 3esénblii (G) u cunmii (B).

He tpynHo 3ametuts , uto mypnypHsiid et (M) u sx€nrbiii set (Y) mpomyckarT
kpacubrii et (R).

[Myprypusiii et (M) u rony6oit user (C) mpomnyckatot cunmii uset (B).
Tony6oit uset (C) u xénteiit uset (Y) nponyckarot 3eaénsbiii mger (G).

Hcxons u3 BeILIE CKA3aHHOTO, MOKHO CIIEJIATh BBIBOJ, UTO €CIIU MEPE] IPOKEKTOPOM

BBICTaBUTH JIBa I[BeTO(MIbTpa (HAapUMep, MyPITYPHBIN U KENTHIH ), TO HAa BBIXOJIE
Oyzmer KpacHBIN IBET.

— T
|) |) KpacHBIN
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Bviuumanue yueemoe

Bl — 10 uépuerii (Blake)

3necs He RGB cucrema ,a CMY.

€ du Ry

u_gu u
Ma= ey 4
ey ég ésd

WurencusHocts (R, G, B) Mensiercst B auamazone ot O 1o 1.
Cucrema xoopaunar Y1Q
é&¥u €,3 059 0110 eRu

u_ U, é-0
glu :06 0,28 -0,32 :Gu

&g €0,21-0,52 0,31[;] g
Y —3TO KOMIIOHEHTA SIPKOCTH — CUTHAJ, MlepeaBaeMblii 1 BOCIIPUHUMAEMbIH Ha

4EpHO-0€JI0M TeNeBU30PE.
I, Q —no3Boisttor Haiitn RGB.

Y JP cucrema npu KO):[HpOBaHI/II/I JPEG
R,G,B=0....... M

UenoBeueckuii r11a3 6oJiee 4YyBCTBUTEIbHBINA K OTTEHKAaM SIPKOCTH U MEHeEe
YyBCTBUTENEH K OTTEHKAM IBETA.

1Y =0,200R +0,657G +0,1148
13 =-0,1687R-0,3313G + 0,5B + 0,5M
{P=0,5R-0,4187G-0,0813B + 0,5M
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Y B 000MX ciydasix KOJUPYETCs ¢ MaKCUMaJIbHOW TOYHOCTBIO.
J, P MOHO moKaTh 1O pa3psAHOCTH.
Ecmu Y cumraercs nmst KaXaoro nukcens , To J, P MOXHO cuuTarh I Kakaoro 4-ro

TTUKCEJIS.
Ecmn uzoopaxenne — N *N nukceneit u 24
(3*8) paspsna Ha MUKCEIb. N

lo = 24N? RGB -> YJP
Y —8 pazpsmoB

J, P— 6 pa3ps0B Ha KaxIbli N
2
1=8N?+N_. G. 6.2 =11IN?
Y’ 4
i Y
2
K= 24—N2 =2,2 - cxarue.
11N
Dz = N2y/DR? + DG? + DB?
2 + 2
Dz = NZ\/DY2+—DJ bP
K=2...4
3
| 1 ow
He cnexrpanbabiil - AW
OBET
CHEKTPaIbHBII
OBET D
m3 R, G, B mepexogum B I, @,
b
g4 = R
1 R+G+B
G- G
A He cniekrpanbHbIE R+G+B
| 1 1BeTa - B
W C R+G+B
CEN r+g+b=1
A — 11BETOBOI1 TOH
f cw
_ > h=——
b=1 1/3 - 1 AW

Bce cBoiictBa  IBETOBOIO

rpaduKa COXpaHsIIOTCS.
h =1- 3>min(r, g,b)
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Ko>(}ppunment HachIEHHOCTH

b=min

el

r=min

|-
Ll
g=min
Jlst mosTrydeHnsl HaCHIIMIEHHOTO IBETa HENb3s OpaTh CMECh M3 TPEX IIBETOB, TaK Kak
MosABIsAeTCA Oelasi KOMIIOHEHTA.

g

G IIBetoBO# TpeyronpHuK Ilackans.
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Oo6padoTka u3o0pakeHui

O06paboTka U300pakeHUId — 3TO JAEATEIBHOCTh HAJl H300paK CHUSIME

Computer Vison

Image Processing

Uzobpaxenue

\
e

1

Computer Graphics

Onucanue

[Ipu 06paboTke n300paskeHUI CYIIECTBYET CAEAYIOIINE TPYIIbI 3a71a4d

dororpadun

/

Hudposeie Onruueckue
npeoOpa3oBaHUs npeoOpa3oBaHUs \
COBOKYITHOCTh
[UKCEIOR p BOCCTaHOBJ‘IeHI/Ie’ U306parxeHne
300paCHIe aHaJoroBoe
wiposoe Konnposanue (HempepbIBHOE)
A
CixaTue BOCCTaHOBJICHUE

\ /
\

Cikatoe
Mpe/icTaBlIeHUue

Mg orpanuguMcst paboToi TONBKO ¢ H(POBBIM N300paKEHUEM.

[udpossie mpeobpazoBaHus 1O LEIX TPEoOPa30BaHUI MOKHO Pa3IeIuTh
Ha J[Ba THTIA!

PecraBpanust n306pakeHust - KOMIICHCUPOBAHHE UMECIOIIETOCS
UCKaxkeHHsl (Hampumep, IIOXUE YCIOBHs (OTOCHEMKH)

Viaydienue u300pakeHus - TO UCKAKECHHE U300PAKCHUS C LETBIO
YIIy4IIEHHsI BU3yaJIbHOTO BOCIPUSTHS WM IS TpeoOpa3oBaHus B
bopmy, ynoOHYyI0 U HambHENIIel 00paboTKH.

[{udpossie mpeobpazoBaHus IO METOAAM PEOOPa30BaHUSI MOYKHO
pa3denuTh Ha TPH TUIIA!

AMIuMTyIHBIe peoopa3oBanus (All)
I'eomeTpuueckue npeodpazoanus (I'Tl)

Kom0unupoBanusbie npeodpazosanus (KII)
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AMIUTUTYIHBbIE IPe00pa3oBaHUA

S—ncxoxHOE MOOpaKkeHNE R - pesynbTar

2n+1

y -———’Kf// 2m+1 Y- -®

I

]

! ~. OkxpecTHOCTb

X TOYKH X

KOOp,I[I/IHaTBI TOYCK HC MCHAIOTCA.

VRr(X,Y) - 3aBHCHUT OT COBOKYITHOCTH TOYEK BOKpYr ToUkH Vs (B
OKPECTHOCTH)

dopmyna aMIIMTYIHOTO MPEoOpa30BaHus:
Ve (%,Y) = f (Vs +i,y +i),iT [- n..n], jT [- m...ml},x,y)

T'eomempuueckue npeobpasosanus

S—ncxoxHOE M300pakeHNE R - pesynbTar

Ye| T ?
S |-~ Vs
Y: k_///'

|
Xs Xr
VRr=VSs, 311€Ch H3MEHACTCSI MECTOIOJIOKEHHE TOUKH 0€3 MCKAKECHHST aMILTATY/IbI.
X = f(Xs, ¥s,Vs)
Yr = f,(Xs, ¥s,Vs)
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Kombunuposannwvie npeobpazosanus

Ecmu npeobpaszoBanue 04ueHb CIOKHOE U HE BXOJUT HU B aMIUIUTYIHbIC
mpeoOpa3oBaHusl, HU B FTEOMETPUUECKUE PeoOpa3oBaHus, TO OHO HAa3bIBAETCS
KOMOMHUPOBaHHBIM IpeoOpazoBanreM. COBMECTHO 3a[1eHICTBOBAHbI aMIIJIUTYIHbIE U
reoMeTpuiecKre npeodpazoBaHms.

YacTHbIE CJIy4al reoOMeTpHYeCcKUX Mpeodpa3oBaHuii

1) Amnaumyonvie npeobpazosanus

MIPOCTPaHCTBEHHO [IpocTpaHCcTBEHHO
3aBUCHMBIC HC3aBHCHUMBIC
2) I'eomempuueckue Ilpe (sappcnmocts ot X,y)  (ecom et

Hepasnenumbie (HPI 3aBUCUMOCTH OT X ,Y)
XR = fx(XS’ yS)
Ye = f,(Xs,Ys)
Paznemmwmsie (PTTI)
\[ Xgp = fx (Xs)
1Y =f,(Ys)

Kak npasuno Bce [Tl — HepasznenuMple U JHIITG B PEAKUAX CIIydassX TOBOPST O
paznenumbix ['TIL

7

3)IIpoexmusnvle npeobpazoearus
OIHCHIBAIOTCS CIIEYIOIIUM 00pa3oMm:
_aXst bys t¢
aSXS + b3 yS + CS
— a‘ZXS + beS + CZ
§ a‘SXS + b3 yS + CS
OyHKIUK TPeoOpa3oBaHKst MOTYT ObITh IPEACTABICHBI B BHIC:
Xg = f(XsYs)

XR — MOXHO COIIOCTAaBHUTH C APKOCTEBIO.

R
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Wy X

Xs Xs

Xr A i

(N .

Xs Xs
AdunHBIE N300paKeHUsT OyyT OTPaKaThCS Ha CBETOBBIX KIMHBSX.

B JaHHOM CJIyda€ Bbl MOXKCTEC Ha6JIIO,I[aTB TOPU30HTAJIBHBIC CBETOBBIC KIIMHBA
(apKOCTB B Ipezenax cToj0Ia SBISETCs MOCTOSHHOM, 8 OT CTONOIA K CTONOIY OHA
MEHSIETCSI.)
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Anaropurm I'Tl.

[Ipu ocymiecTBICHNY TEOMETPUIECKUX MPE0OPa30BaHUN CYIIECTBYET ABE

CXCMBI IIE€pecYeTa:

1. Cxema npsamoco nepecuema

S - ucxomHoe R - pe3ynbrar

Vs(Xs, Ys)
VR(XR’

J

X Y

.

Yr) =Vs(Xs, Ys)

Tabmuipl 11 U3MEHEHUS KOOPIUHAT

Hedocmamox; €CJIM UACT PACTHKCHUEC u306pameﬂml, TO MOT'YT
06p3,30BI:IBaTI:C$I ABIPKH, €CJIN KE UACT CiKaTHE, TO B OHOM TOYKE MOXKET OKa3aThCs

HCCKOJIbKO TOYCK.

repebdupaeM TOUKH Pe3yTETUPYIOIIETO N30 0paskeHHU .

2. Cxema obpamnozo nepecuema
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S - ucxonHoe R - pesynbrar

VS (XS 1 yS) VS
XR’ yR
Yr A \ Ve
Xq Ys
Xq “Xq

[To pe3ynsTHpyIOMHUM KOOPIHHATAM BEIUHCIISTIOTCS TEKYITNE TOUKH. 371€Ch
uzeT nepedop BCEX TOUEK PE3YIBTUPYIOILEro H300paxkeHus. Vg MepenuchiBacT

3 SB R
J{locToMHCTBO: HE OyIeT ABIPOK KaK B MPEIbIAYILIEM CIIydae
SIpxocTh paccuuThIBaeTCS
C Y4ETOM ATOH TOUYKHU

Hcnonw3yercs
YCPEIHEHHE

B RNEY

JIunus gpyroro usera
JIuauro apyroro mBeTa MBI HE BUIUM. UTOOHI € yBHIETh HEOOXOIUMO MCTIOIh30BaTh

yCpeIHEeHHOE 3HAYCHUE.

PaccMoTpuM 3aady B IIaHE peCcTaBpaIlyy.
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Hedopmanus n300paKeHus.

Nwmeercs cucrema , Ha BXOJ KOTOPOM MOJAIOT U300paKEHHE :

[ =1....L (mycTsb y Hac |-TEKCTOBBIX TOUYEK).

A W) . .
. . | NckaxénHoe
) ) n300paxeHue
o+ |
el o | o | TC——> T Touxa (X, Y))
[udposoe *re * T.e. ectb
. . . | mpeobpasoBanme . . [eomeTpuyeckue
HNCKaXXCHU
O6pasioBoe
n300paxeHue
(TecToBoe
n300pakeHue)

[udppoBoe mpeoOpazoBaHue, TO €CTh HaxoAMM (QYHKIHHA TpeoOpa3oBaHU
KOODPJMHAT, KOTOPBIC TO3BOJISIFOT MIEPEUTH K TOYKE ¢ KOOpAuHAaTamu (XL Yi), TO eCTh
MBI HIIIeM (YHKIUHU (BBIPAXKCHUS 3aMUCAHBI U CXEMbI 00paTHOTO Mepecyera):

X=FXxY)
Y=Fyxy)
L) . ° [ ]
[ ]
°« ° hd e o
L)
o o o ° e o o
A — . . > ]
¢ « * Pecragpa o
. H . - nus .
L)
PeanbHas NckaxénHoe PecraBpanmonHnoe
KapTHHKA n300paxxeHue n300pakeHue

MBsI nocTapaeMcs HATH (QYHKIHU, KOTOPHIE MOTYT OIHCATh YXOJI TOYCK.

X| :FX (X|,y|)
Yi=F (X, ¥)

Mp1 Oynem paboTtaTth IO cxeMe 00paTHOTO nepecuéra.
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b ° ° .
hd .
HckaxEénHoe PecraBpanunonnoe
n300paxkeHne n3o0pakeHue

MbI niepebupaeM TOYKU pecTaBpallHiOHHOTO W300paxkeHus . PerieHne 3aaa4un npocToe,
ecad (pYHKIMM MCKaTh B OOJIACTH JBYMEPHBIX MOJMHOMOB. J[Jis KaXIOH TOYKH C
KOOPIMHATO# (X ,Y) MBI BBINOJHIEM OOpATHBIN MepecueT

- U1 Y ¢ HcIoJib30oBaHueM Fy

- U X C HCIIOJIb30BaHuEM Fy

N . .
P (y) = @ Anx® -y

=L

N o
Fy o) = Bax® Y

=L

Of i(nytj(n) £k
n=1..N

N= _; (k+1)(k+2)
ITpu k=2 ; =—> N=6

n|1]2]3]4]5]6 Ipu nammo
m| o[ 1]2]0][1]0
Jo | ol o]o 1 12

Jﬂpeneﬂe}mn

Fy (X,y) = A1+ Axx + Agx? + Ayy +AsXy+As Yy
HNiem k03()GHUIIHEHTH TOJMHOMOB TaK 4TOOBI pECTaBpaIlHs POM30IILIA KaK MOKHO
J‘ny{H_Ie. 3aHI/H_HeM OCTAaTOYHOC OTKJIOHCHHC , KOTOpoe MBI XOTUM CMI/IHI/IMI/ISI/IpOBaTL.

D= 5 (X1 - Fx (X1LY)> + (Y, - Fy (X1,Y1))?
=1
D=0;

bynem yctpemisite D k min.
{AnBn} = Argmin [D(x,y1,X1,Y1,An,Bn)]

mpu ycioBuy, yto: L =1....4 , n=1....... N
b _q

TAN

D 310 1aét Dyinmpu n=1...N
™ -0

Bn
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(N L

L
é. An é. Gn tim= é_ X tm m=1...N

<
N L L
o] [¢] _ o _
a Bhatntm=a Yi tm m=1...N
L n=1 =1 =1
F):[e th: Xli(m) yIJ(m)

Cryuaiinas BeIMIWHA! 6:\/%

Ecmu 6» 05 => oTknoHenue ot nukceia +05
Crenens nonuHoma Oepyt, HauuHasi ¢ 2, 3, 4, ...

Teneps napaiite monogpoOHee NOroBOPUM 00 aMIUIUTYIHBIX MpeoOpasoBanuax. OHU

CBsA3aHbI C UBMCHCHHUEM APKOCTH TOYKHU.

Knaccudukanus aMnaIdTyIHbIX Npeodpa3oBaHuii

Vr(x,y) = f ({Vs(x+,y+i), i [-nn], T [-mm] }xy)

AmnaumyoHule npeodpaszoeaniis

He
NMOTOYEYHbIE
To ectpb 00J1aCTH UCXOTHOTO

n300pakeHUst
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Tlomoueunvie amnaunyoHsle npeobpasoeaHus
(poCTpaHCTBEHHO HE3aBUCHMBIE)

S R
//4—’\\
y Vs VR
X X

[ToToueuHble aMIUTITYIHBIE TPEOOPa30BaHMS XapaKTEePHU3YIOTCS (DyHKITUEH
npeoOpa3oBanusi BeKTOpa (TOBOPUM O 4epHO-0ETIOM N300 KCHUH).

\G

\ ToxnecTBeHHOE
IToxooHOE p 255 |emmmmmmmmmeeeoz npeoOpaszoBaHue
! (ymverest o 1t 45’ )

npeodpa3oBaHue ,

MO3KHO OITHCATh i

1

. : Jlunelinoe

Hemneitnoe — !
| npeobpa3oBanne

npeobpa3oBaHue :

I

"V
255 S
Buawbl 3aBucumocreit
Kycouno — nuneiinbie All.
AV
R IToporosoe
_~ orpaHmvucHHE
»
M
>
128 M=256 Vs

CraenaHHbli CHUMOK IOJTYYUJICS TEMHBIM. Ternepb NocYyuTaem
THCTOTPAaMMYy YaCTHOCTH KOJIOB SIPKOCTH M300paKeHHUS.
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AK(V) - BHa4aje TeMHO , a 3aTeM
BKJTFOUHJIM CBET.
(3mech Bcst ”HPOpPMAIMOHHAS

0071aCcTh B 001aCTH TEMHBIX
TOYCK)
OeJbIe TOYKH HaM HE HYKHBI
>
M \Y/
AVR mMaX 3Ha4YcHUue
M SIPKOCTH
>
. M Vs

Témuast oOmacThb
pacTsHEeTCs Ha BECh
Mana3oH

K(V) — KoM4ecTBO KOJIOB , HMMEIOIIHX SIPKOCTH V.

Kycouno — HesmmHeiinbie AL

PesynsraTom  HenmmHEHHOrO  mpeoOpa3oBaHUsl — SIBISIETCS — DKBAIMA3ALMS
(BbIpaBHUBAHHUE) TUCTOTpaMMbI. B pe3ynprare MpUMEHEHUsI 3TOTO MpeoOpa3oBaHUs
YBEJIMYUBACTCSI KOHTPACTHOCTh, TaK KaK IIOCJIE JHWHEHHBIX mpeoOpa3soBaHui

rucrorpaMma <«KBajgpaTeeT» - 3TO IpeoOpa3oBaHME ee 3akpyrisier. Boixon
THCTOTPaMMBI B Uealie JOJDKEH OBbITh MPSIMOMN JIMHUEH.

YacTHBI# caydall SKBalM3anU

K(Vs)

—~—— -

AKeCTKas

HeobOxognmo Haiitu 3aBucuMOCTh Vg 0T Vs. I 3TOTO CTPOMM CIETYIOIIYIO
(GYHKIMIO pacrpeeeHus
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B cnygae s kBanu3zanuu

VR
R0 = éKSG) - opMmyna QyHKIMH pacrpeaeseHAs

=0
Fs(Vs) — bynkius pacnpeneneHns KOI0B SPKOCTH HCXOTHOTO H300pakeHHS.
Perast mpesictaBieHHOE HIKE ypaBHEHHUE, Mbl Hailiém 3aBucuMocth VR(Vs)

Fa(Ve) =Fs(Vs)
R

F.08) = aKe0)
=0

VRA

[TpoBO/Ist COOTBETCTBYIOIIEE YK CIIO
TUHUH 110 TpaduKy GyHKIuH Fsu
Fr (kax mokaszaHo BbIIIE) ,
HAXOJIUM COOTBETCTBYIOILEE YHCIIO
3HaueHuit 3aBucuMocT Vg (Vs).

M M
é Ks(i) = é Kr(j) = N? — rcrio Touek Ha nsobpaxernn (N*N)
i=0 70
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Tenepsb pacCMOTPUM AITOPUTM PEIICHUS 3aa41 HAXO0XKICHHUS 3HAYCHUI
3apucumoct Vg (Vs).

Vs = VR =0
]
Fs> Fp Fs (Vs) . Fr (Vr) Fs<Pr |
Vg ++ Fs = Fr Vs++
I 3anuce Vg (Vs)
Vg++; Ve++

< aa HET
| < Fs(V9)>Fa (Vi)
3amuce Vg (Vs)
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IIpocTpaHCTBEHHO He3aBHCHMbIE HEMOTOYEYHbIE AMILUTUTY/IHbIE
npeodpa3oBaHusl.

Vs Vg

10 OKPECTHOCTH TOYKH BBIUUCIISIEM PE3YIBTHPYIOLIYIO TOUKY.

BriBatoT crneayronme BUIbl OKOH:

C 1menbio MOBBIIEHHS PE3KOCTH HCIOJIB3YIOTCS MaJICHBKHE OKOIIKU 3 Ha 3 3JIEMEHTA.
Bce »tn okomku 00pabaThIBarOTCS MO NPUHLUILY CYMMHUPOBAHHS KOAOB SIPKOCTU
HCXOIHOTO N300paKeHHUS.

Ha ncxoanoe n3o0OpaskeHne HaKIaABIBAETCSI HEKOTOPasi Macka.
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OcHOBHBIE (l)yHKlIl/Il/I OKOHHOIO npeoﬁpa303aﬂml

1. Jluneitnbie npeoOpa3oBanus (B3BEIIAHHOE CyMMUpOBaHue). Kaxiplii 371eMeHT
HUMEET SIPKOCTh, U PE3YJIbTATUBHYIO SIPKOCTh HAXOUM, CYMMHPYSI BCE SIPKOCTH.

Hampuwmep:
Macka 1
(Oxkno 1)
Vs
€ -1 0d n= ,
15 -1 m=l C
@ -1 0g ‘

pe3yabTaT 00pabOTKH UIAET B Pe3YAbTUPYIOLIYIO TOUKY.

3ajady NOBBILICHHUS YETKOCTU PEILIAeM CIIeYIOIIUM 00pa3oMm:

Macka 2 Macka 3
él -2 1y ¢l -1 10
é sl é 40
& 2 5 21] & 1 9/10
g -2 1§ gl -1 -1§

HpOXOI[SI HECKOJIBKO pa3 110 3TUM OKOHICYKAaM, MOXXHO ITOJIYIUTb 3EPHUCTOC 1/1306pa>1<eH1/1e.

ITpumep:

Macka (M300paxkeH camoJIeT). ITOl Macke MOYKHO COTIOCTaBUTh
KO3 PHUITUEHTHI COOTBETCTBYIOIIME U300paskeHHI0. Bee, 4TO HE OTHOCHUTCS K
camoJiety Ovner pasto O.

© 1 0d
& 15
© 104

n300paxeHune, KOTopoe
Haz0 oOpaboTaTh

2. lleneBbie GUabTPhl (MMITYIbCHAS QUIBTPALINS)

N3o0pakenne — muaBHast GyHKOusA. VIMITyTbCHBIN Iiym —
@ TOYKH BBIYHCISIOTCS 1O OTHOLICHUIO K 00JacTsM
® OKPY>KHOCTEH.

CunraeM cpemHee 3HAueHHE OJTUX TOYEK U B
pE3YIBTHPYIOIIEM  H300paXEHUH B TOYKYy  C
KOOpIrHATaMu (X Y) 3alUChIBAEM UCXOIHYIO TOUKY.
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1) VYcpenuénnas macka (3*3)
2) Menuannsbiii punstp (3*3)
3) 1. BeluncieHHe CPEIHETO 3HAYCHHSI.

/V

d

Vs(x,y) , mpu | V-Vs(x ,y) | < P

2. VR(X,y)=) — —
2 Vr(x) {V,an|V—Vs(X,y)|>:P

VS VR
I N L N
y | y T VR
T |
| |
\ X X J
N4 e
N N
Y OKOIIIKO XY=0............ N-1
Q [eoeee -(N-1)§ x-if N-1
e e e on+1 -(N-1)® y-i® N-1
e o o o o
e o o o o
2m+1

Q' (-r,-q) = Q' (N-r, N-q) (cBO¥CTBO CHMMETpPHH).
VRO V) = A A Vs(xH, y+) - Qe+, m)

i=n j=m

NNt . o
VrX, Y)=a a Vsli,y) - Q (xi,y-j)

i=0 j=0

1) Iukiuueckoe JAOTOJHEHHUE.
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b

JI71s1 0THOM TOYKH HMEEM CIIEAYIOIIYIO KAPTHHKY:
-N -1 N-1 N

C @ ° . | |

2) CuMMeTpUYHOE JOTMOHCHUE

4 3 2 111 2 3 4...

14 13 12 11| 11 12 13 14.......
21 22 23 24.......

n m
dopmyna s 06padoTku okomka: Vr(X, Y) = é é Vs(X+H, y+j) - Q(n+i, mj)

T
=)
o
3
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Y 4 2n+1
Vs
//v 2m+l
/
et -
®opmyna s ceeptk: Vr(X, Y) = a a Vs, y) - Q (X-i, y-j)
i=0 j=0
ITpumep
Q- (2m+1) *(2n+1)
Q — N*N.
Ya
A 10|20 00
' /N
JEEEE 7 Y
02| 12|22 | - | -
o1 11|22 | - | -
- \ /
%] 0] 20 el | [ o2
(21 oz
0

Onepauys CBEPTKH — YaCTHBIN CiTydail JMHEHHOTO NMpeoOpa3oBaHus.
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JInHeiiHble mpeoOpa3oBaHusi

F (N1, n2) — iBymMepHast GpyHKIus.
Torma F — e€ imHeliHOE ipeoOpa3oBaHue.
Ny, o, M, Me=0........... N-1.

_ N1 N
Fimy, mp)= a a F(m, n2) -A(ng, Nz, mg, my)
n=0 n20

SIAPO JTUHEHHOro
npeodpa3oBaHus

HazoBém 310 npeobpazoBanre NpsiMbIM.

Oo0paTHoe npeodpa3oBaHue

l\(l)—l l\(l)—l _
Fi,m)= a a F(my my) -B(n, Ny, my, my)

m=0 m20
SIIPO 0OPaTHOTO
peoOpa3zoBaHUs
MatpuyHas dopma.
F— f P
[N*N] [1*N?] [N*N]  [1*N?]
N
——
_ = h N?

— N—>[®§> ]}1

f = f - A - IpsiMO€ TIpeoOpa3oBaHe B MATPHYHOU (opme.
[1*N] [1*N’] [N*N?

f=f-B; B=Al- oOpaTtHoe peoOpa3zoBaHue.
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YacTHble cjy4au JUHEeHHBIX IPeodpa3oBaHuil

1.) PaznenuMbie JMHEHHbBIC pe0Opa30BaHus

A(Nng, Nz, My, My) = Ag(ng, My) = Ag(nz, My)
B(ny, N2, my, my) = Be(n1, my) « Bs(Nz, My)

[N*N] [N*N] [N*N] [N*N]

F=B.'F :Bs ; B.=A.L Bs=AL
2.) CBépTKa
LNt . .
Vr(X, Y)=a a Vsli,j) - Q(xi, y-j)
i=0 j=0 "

A(X, 1, Y, ]) —spo.

Camoe riaBHOE

N

L = (2m +1) (2n +1) — nnst KaXKI0W TOYKU

N CJI0KHOCTH BBIUHCIICHUS
MIPOCTPAHCTBEHHOU 00JIACTH.
S =L-N?

- A Vs Fe
[N*N] [N*N]\-

A > Fr » VR
o> N [N*N]

0 [ORJIEMEHTHOE
[N*N] [N*N] YMHOKEHHUE
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Vr(rur)=a a Vs, j) - Q (ri-i, r2j) 1)
i
Fm,m) = a Vs(hy, o) - A(ng, nz, my, my) )
2
Fo(t o) = al a Q) Al 2, g, a) (3)
I2
VR( 1) =@ & Fr(pw p2) - B(py, p2, 11, 1) (4)
pl p2
Fr(i ) = Fs(i Jj) - Foli .J) )
] =00 N-1

[MoacraBum Bemmaunbl U3 Gopmyi (2), (3), (5) B popmyimy (4).
B pe3ynbrara 3TOTO MBI OTYYUM :

VR = a (&4 & V) A, e, pup)-@ & Qul):
pl p2 nl1 n2 11 12

Al 12,p1p2) "B P2, 1. 12) =3 & a & Vsl ) QI 1) -
nl 2 11 k2 pl p2

A(N1, No, P1, P2) - A1, 1o, P1, P2) - B(P1, P2, 1, I'2)

Beigenennast B popmyse noquépKuBaHUEM 9acTh 3aBUCUT TOJIBKO OT SIEp.
Ona paBHa { lopu ni=ri—limmny=ry—Iz

=

d(nui+l1—rq) - d(np+lo—r2) (membra — GyHKIHS.)

d(x) lopu x=0
Ompu x1 0O

0, unaue

A(Nny, N2, P1, P2) = As(ny, pP1) * Ac(nz, p2)
} JOIyICHUE As=Ac=A
Bs=Bc=B

B(p1, P2, 1, r2) = Bs(py, r1) * Be(pa, r2)
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é é A(m, g, pr, P2) - A(lL, L2, P, P2) - B(P1, P2, I, 12) = d(nutli—r1) - d(mptlo—r2)  (**)

pl p2
{ Lupu n=0, +N, +2N
dx) * O - unaue
A(Nny, N2, P1, P2) = As(ny, P1) * Ac(nz, p2) 1
As = AC v A’
B(P1 P2, 1, r2) =B'(p1, ra) - B'(p2, r2) (2

Bocnosabs3oBaBumcs ¢popmynamu (1) u (2) npeodpasyem Boipakenue (**) :

a A'(ng, p1) A'(I, p) - B’ (P1, 1) *& A’'(nz, p2) *A’ (I, p2) * B’ (P2 12)
pl p2

= d(n1+I1— r1) . d(n2+I2— rz)

A'(n,p)=a®; A'(,p)=a®; B'(p,r) :_,t a®
1o p(nH-r) _
~a a =d (n+l-r)
N'p
n+l—r v n
Nél n — : 0 1’ mpH n:O, iN, Lo
pa:O v &= { 11, eciiu ©HAYE.
(*) l'chn, n= O, +N. (***)

DKBHBAJIEHTHOCTD BhIpa:keHus (*) 10KaxeM , JOMHOKHB 00e 4YaCcTH ypaBHEHHS

Ha
n
N-1 N-1 N-1 (l a ) N-1
(1 _ an) é aP = é a™. é an(p+1) =1+ é a . é apN anN =1 (aN)n
p=0 p=0 p=0 p=L p=L
=0 1
No—l
a 1=N-d(0); ananoruuno aas n=N,-N.
p=0
Teneps ypaBHeHue (***) 0yneT 0CHOBHBIM
PemnmM ero :

a" =1 =€ - komnuexcHoe npeodpa3oBanmue 1.

i-2p/N

a=¢€ — pelieHHe B 00JIaCTH KOMILIEKCHBIX YHCel.
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F =4 a™F(n)=4a ¢V -F(n) =
n n

=& F(n)-cos(2n-m)+i- & F(n)sn(* Re+iim
n n

— _/ - /)
YT ): YT
Re Im

F)=-& a™ Fm)=—8& @V Fm)= - & Fm)-cos(Tn
N m N 'm N m N
.m)_
ol o =\ . G
-l = F(m) - Sn(=-n-m
S & Fm)-sn(gn-m)

CBsI3b MEXIy CIIEKTPAIBHBIMU KO GHUIIMEHTAMH M KOPPEIIIIUOHHON (yHKITHEH
IMycTh MMeeTcs1 BXOAHOI curHall, onucbiBaemblii pynknueii F(n). Toraa
KBaipaT Kod(puiuenta koppeasiuu K paBen:

2_1g can( . -1 csn(Zn om) - 1
k_N?‘ F(n) sm(Nnm+y) N?_F(n) sm(Nnm) cos(y)+|\|

é F(n) - oos(%‘-n ‘m) - sin(y )

Tak kak F(n) = Re+iIm

1o . 2p 1o 2p
[MpuHrMast Im:Na F(n)smen U Rezﬁa F(n) cosan, HOJTYIHM:
n n

=L JReF+ I’ singy +arctg o) = [F(jsinty +] ) =K’
m
Re Im

= R—e 1 = . =
yEads s ST EG Y e

Or1eHKa CIIOKHOCTH:
1. Beramcnsrores crexrpanbHble K03(G(OUIMEHTH CTPOK
2. BeIUHCIIAIOTCS CIEKTPaTbHbIE KOA()(UIUEHTH CTOIOLOB
Jlnst kaxporo oTcdeTa Hazmo caenaTh N omeparimii
S, = Nk,
2
rae N — CJI0KHOCTB BBIYMCIICHHUS 0IHOTO Kodddunmenta, K — xodapduuueHt
CJIOKHOCTH pabOThI ¢ KOMIUICKCHBIMH YUCIIAMHU

CHoHOCTB NIPSIMOTO MPeoOpa3oBaHus:
3

N
S, =S xN = 3 XK — 9TO TOJILKO MO CTPOKaM
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AHAIIOTHYHO TIOJTy4aeTCs CIO0KHOCTH IO CTOJIOIaM
Tormga o0miast CII0KHOCTE.

Sip=N 3k — cCyMMapHasi CJIOKHOCTb MPSIMOTO IIPeoOpa3oBaHus
So6p = Sﬂp

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

Ss = Sip + Sup = 2Nk

k — xoadduneHt , orpaxaromuii cenuprky paboThl ¢ KOMIICKCHBIMH YHCIIAMA

N
- S=L%N?
N e
N S — cymMMapHas CJII0KHOCTb.
\

CpaBHuM Ss u S
2N°k < N%L*P L >+/2Nk

IIpoBepka
IMycers N=512 ; k=2.
OtBer : L > 45. — BBIT0JIHO HCNOJIB30BATH IPOCTPAHCTBEHHOE
npeodopazoBaHue npu 60abMKX QUIBTPAX.
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TeopeTI/IKO-'-lHCJIOBbIe npeoﬁpa3OBaHml

Pemraem ypaBHeHUS

n_{ 1, npu n=0, £N
a —_
11, eciiu nHaue

MoryT OBITh HalICHBI PEIICHUS B KOJBIIE TICIIBIX YUCEN 110 MOAYI0 M.

Hampumep, paccMOTpHM KOJIBIIO 1O MOIYIIO 5, T. €. paboTaeM Toibko ¢ yuciaamu O,
1,234
M=5

Moryt OBITh OTIpE/ICNICHBI BCe apu(METHUECKIE OTIepallud U PE3YIIbTaThl, HE
BBIXOSIIIUE 32 IPEACIIBI KOJIbLA LIEIBIX YUCETL.
Hampumep, Tabnuiia a1 CI0KEHUS:

ITosscuenue
Hanpumep ecn MbI BEITIOJHSIEM ci10keHue 3+3 =6.
To B 3TO# TabnuIlEe Ha IEPECEUCHUH
COOTBETCTBYIOILICH CTPOKH M COOTBETCTBYIOIIETO
cronbua Oyzer 1.
3T0 0OBSCHSIETCS TEM , UTO PE3YJIBTAT CIOKEHUS
JeTUTCsl Ha MO YIb (B JaHHOM ciydae =5.) u
OCTaTOK ATOTO JICJICHUS 3aHOCUTCS B TabuIy.(B
JTAHHOM cTvdae octaTok =1)

NI = FN IR
WIN|IRIOI~D>

AN |o|lo
O|lh|WIN|FP|F
bewmm

sl |ol +

PaccmoTpum yHkmmro Diinepa:

Oynxmus Ditnepa Y (M) - paBHa KOIM4ecTBY YHcel, MEHBIIMX M 1 He HMEIOMmuUX ¢
HUM 001X MHOXKUTeNeH. CraenoBaTenbHo, GyHKINS Diiepa OT MpOCTOTO YHCa
Oyner paBHa camomy 3Tomy uuciay munyc 1, t.e. Y(P)=P- 1

1 (91,92) =j (q1) - j (92) — byHnameHTanbHOE 3HAYCHHUE B TEOPUH YHCEIT.
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Teopema Pepma-Diisiepa.

B kostbIie 1ienpIX 9uCeN Beeraa CYMIECTBYET TAKOe OCHOBAHUE 8, TP KOTOPOM:
Ecau a,M He uMeroT o0ImuX MHOXKHUTENEH.

(a,M) =1 ——> naubosbmmii o6 KeauTens =1.

Torga uMeeT MECTO COOTHOIIICHHE -

a*™ =1(mod M)

a —ocHoBanue, M —moaynb, N — Kom4aecTBO 0TCUETOB.

Caencreue

1. Eci wncno M—mnpocroe, 10 Y (M) =M - 1

H3sectno N, Hamo Hawtu M.

a'=d ™ =1 - yge pcaxoe uncio M MoKeT ABAATHCS pelICHUEM JTAaHHOTO YPaBHCHUS.
a' =1, ecu n-nemurens P(M).

Teopema depma-Ditnepa —2
B xonvue uyenvix uucen no moodynio M ecezoa naiioymesa wucna aM maxue,
umo
a' =1momodM.
a™+1 o mod M.
N —»st1o nemurens P(M).

Ecimu unciio M = 2,4, P2 2xP? - 10 1m060ii neaurens Y(M)=N.

N

BO3BEMEM AJIA 4aCTHOTO ciry4das

P — pocroe uncno, & — cremneHb

Eciu n=2%, To 4ucyio sABIseTcs IpOCTHIM
2" +1 =2" +1 —gucna depma.

raer =24

q
M =2 +1 - gucma ®epma.
Yucsa ABAAIOTCS NPOCTHIMH He JIUIA JTI000T0 J.
Ha ceronnsiiinuii nens n3BectHwl 3HaueHus =0,1,2,3,4.

Q 0 1 2 3 4
N 1 2 4 8 16
N 2 4 16 256 | 65536
M 3 5 17 257 | 65537
0 2 2 3 3 3

Ad— YIOBJICTBOPSAOUICC JAHHBIM YCJIOBUSIM.
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ITepecuuraem ocHOBaHUE &
t N .

N' = —;

2

@)N=1=—= @)V =1=—> g =&, e z=2°.
Ecm m306paxkenune mmeer pasmep 1024 * 1024 nukcerna, To
M = 65537 ; a=3 ; N = 65536.

JlocToMHCTBA U HEJJOCTATKU METOJIOB:

Dypee.
HenocraTtku: ncronb3yeM KOMIUJIEKCHBIE YHCIIA, YHACIIA BCE UPPALIMOHHBIE, HET
BO3MOKHOCTH MCIOJIB30BATh ISl MAJION pa3psIHON CETKH.

JlocTomHCTBa: paboTa B TpaJUIIHOHHON apudMeTHke, KodhdurnenTsr Pypbe HMEIOT
MPOCTOM (PU3UICCKHIA CMBICTT.

TeopeTuko-uncIoBbIE MPEOOpPa30BaAHUS:
Henocratku: apudpmernka no moxymto M, ko puumeHTs HOCST a0CTpaKTHBIN
XapakxTep.

JlocTonHCTBA: BCsi paboTa C LEIBIMHU YHCIIAMU, MalleHbKasi pa3psinHas cetka (17
paspsiioB).

CyLIecTBYIOT Obicmpbie an120pummsl 634mMus TUHEILHO20 NPeoOPA306aAHUA.
Borurppii MoxkeT ObITh MOJIydeH MPU MCIOJIb30BAHUH METO01a OBICTPBIX TEOPETHKO-
YHCIIOBBIX MPE0OpazoBaHuil. ITOT MeTo Hanboee 3PPEKTUBEH, €CIH YUCIIO

orcuetop N = 2"

N -
%:éN¥
i=0
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Cxema 0JJHOMEpHOTO TIpeoOpa3oBaHMs:

Hapucyewm nnst n=4:

KommuectBo crynenei aust uncina N — logo N

Ymcno BEIX0I0B HA Kaxoil cTynenn — 2N.
Bepuemcs k cxeme npeobpazoBaHus:

Vs S, Fs
) e ®_’ F R ﬁm Vv R
QU= Fo
ﬁﬁé;{e6peraeM ):[aHH(;}/i cnoxxHoCTEI0. Beero N ctpok, Ha kaxnoit ctpoke Nlogy N,
Bcero N2 logo N

CnoxxnocTh TpsiMoro nipeoOpaszoBanus 2N 2 log, N
CrnoxHOoCTh OBICTPOTO IPe0Opa3zoBaHUs:

Sz = (4N 2 logs N)k, roe K— koadduipent cnoxHocTH
PaccmoTpum ciyaait, korna N 212 5 kYN 2 logs N.

T.e. L>2,klogo N

Hampuwmep, N=512, k=3

3. Cxema obpamnozo nepecuema

{XS = FX (XR,yR)

Ys = Fy(XR,yR)
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S - ucxonHoe R - pesynbrar

VS (XS 1 yS) VS
XR’ yR
Yr A \ Ve
Xq Ys
Xq “Xq

[To pe3ynsTHpyIOMHUM KOOPIHHATAM BEIUHCIISTIOTCS TEKYITNE TOUKH. 371€Ch
uzeT nepedop BCEX TOUEK PE3YIBTUPYIOILEr0o H300pakeHUs. Vg MepenuchiBacT

3 SB R
J{locToMHCTBO: HE OyIeT ABIPOK KaK B MPEIbIAYILIEM CIIydae
SIpxocTh paccuuThIBaeTCS
C Y4ETOM ATOH TOUYKHU

Hcnonw3yercs
YCPEIHEHHE

B RNEY

JIunus gpyroro usera
JIuauro apyroro mBeTa MBI HE BUIUM. UTOOHI € yBHIETh HEOOXOIUMO MCTIOIh30BaTh

yCpeIHEeHHOE 3HAYCHUE.

PaccMoTpuM 3aady B IIaHE peCcTaBpaIlyy.
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Hedopmanus n300paKeHus.

Nwmeercs cucrema , Ha BXOJ KOTOPOH MOAAIOT U300paKEHHE :

[ =1....L (mycTsb y Hac |-TEKCTOBBIX TOUYEK).

A W) . .
. . | NckaxénHoe
) ) n300paxeHue
o+ |
el o | o | TC——> T Touxa (X, Y))
[udposoe *re * T.e. ectb
. . . | mpeobpasoBanme . . [eomeTpuyeckue
HNCKaXXCHU
O6pasioBoe
n300paxeHue
(TecToBoe
n300pakeHue)

[udppoBoe mpeoOpazoBaHue, TO €CTh HaxoAMM (QYHKIHHA TpeoOpa3oBaHU
KOODPJMHAT, KOTOPBIC TO3BOJISIFOT MIEPEUTH K TOYKE ¢ KOOpAuHAaTamu (XL Yi), TO eCTh
MBI HIIIeM (YHKIUHU (BBIPAXKCHUS 3aMUCAHBI U CXEMbI 00paTHOTO Mepecyera):

X=FXxY)
Y=Fyxy)
L) . ° [ ]
[ ]
°« ° hd e o
L)
o o o ° e o o
A — . . > ]
¢ « * Pecragpa o
. H . - nus .
L)
PeanbHas NckaxénHoe PecraBpanmonHnoe
KapTHHKA n300paxxeHue n300pakeHue

MBsI nocTapaeMcs HATH (QYHKIHU, KOTOPHIE MOTYT OIHCATh YXOJI TOYCK.

X| :FX (X|,y|)
Yi=F (X, ¥)

Mp1 Oynem paboTtaTth IO cxeMe 00paTHOTO nepecuéra.
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b ° ° .
hd .
HckaxEénHoe PecraBpanunonnoe
n300paxkeHne n3o0pakeHue

MbI niepebupaeM TOYKU pecTaBpallHiOHHOTO W300paxkeHus . PerieHne 3aaa4un npocToe,
ecad (pYHKIMM MCKaTh B OOJIACTH JBYMEPHBIX MOJMHOMOB. J[Jis KaXIOH TOYKH C
KOOPIMHATO# (X ,Y) MBI BBINOJHIEM OOpATHBIN MepecueT

- U1 Y ¢ HcIoJib30oBaHueM Fy

- U X C HCIIOJIb30BaHuEM Fy

N . .
P (y) = @ Anx® -y

=L

N o
Fy o) = Bax® Y

=L

Of i(nytj(n) £k
n=1..N

N= _; (k+1)(k+2)
ITpu k=2 ; =—> N=6

n|1]2]3]4]5]6 Ipu nammo
m| o[ 1]2]0][1]0
Jo | ol o]o 1 12

Jﬂpeneﬂe}mn

Fy (X,y) = A1+ Axx + Agx? + Ayy +AsXy+As Yy
HNiem k03()GHUIIHEHTH TOJMHOMOB TaK 4TOOBI pECTaBpaIlHs POM30IILIA KaK MOKHO
J‘ny{H_Ie. 3aHI/H_HeM OCTAaTOYHOC OTKJIOHCHHC , KOTOpoe MBI XOTUM CMI/IHI/IMI/ISI/IpOBaTL.

D= 5 (X1 - Fx (X1LY)> + (Y, - Fy (X1,Y1))?
=1
D=0;

bynem yctpemisite D k min.
{AnBn} = Argmin [D(x,y1,X1,Y1,An,Bn)]

mpu ycioBuy, yto: L =1....4 , n=1....... N
b _q

TAN

D 310 1aét Dyinmpu n=1...N
™ -0

Bn
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(N L

L
é. An é. Gn tim= é_ X tm m=1...N

<
N L L
o] [¢] _ o _
a Bhatntm=a Yi tm m=1...N
L n=1 =1 =1
F):[e th: Xli(m) yIJ(m)

Cryuaiinas BeIMIWHA! 6:\/%

Ecmu 6» 05 => oTknoHenue ot nukceia +05
Crenens nonuHoma Oepyt, HauuHasi ¢ 2, 3, 4, ...

Teneps napaiite monogpoOHee NOroBOPUM 00 aMIUIUTYIHBIX MpeoOpasoBanuax. OHU

CBsA3aHbI C UBMCHCHHUEM APKOCTH TOYKHU.

Knaccudukanus aMnaIdTyIHbIX Npeodpa3oBaHuii

Vr(x,y) = f ({Vs(x+,y+i), i [-nn], T [-mm] }xy)

AmnaumyoHule npeodpaszoeaniis

He
NMOTOYEYHbIE
To ectpb 00J1aCTH UCXOTHOTO

n300pakeHUst
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Tlomoueunvie amnaunyoHsle npeobpasoeaHus
(poCTpaHCTBEHHO HE3aBUCHMBIE)

S R
//4—’\\
y Vs VR
X X

[ToToueuHble aMIUTITYIHBIE TPEOOPa30BaHMS XapaKTEePHU3YIOTCS (DyHKITUEH
npeoOpa3oBanusi BeKTOpa (TOBOPUM O 4epHO-0ETIOM N300 KCHUH).

\G

\ ToxnecTBeHHOE
IToxooHOE p 255 |emmmmmmmmmeeeoz npeoOpaszoBaHue
! (ymverest o 1t 45’ )

npeodpa3oBaHue ,

MO3KHO OITHCATh i

1

. : Jlunelinoe

Hemneitnoe — !
| npeobpa3oBanne

npeobpa3oBaHue :

I

"V
255 S
Buawbl 3aBucumocreit
Kycouno — nuneiinbie All.
AV
R IToporosoe
_~ orpaHmvucHHE
»
M
>
128 M=256 Vs

CraenaHHbli CHUMOK MOJXYYUJICS TEMHBIM. Ternepp mocunuTaem
THCTOTPAaMMYy YaCTHOCTH KOJIOB SIPKOCTH M300paKeHHUS.
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AK(V) - BHa4aje TeMHO , a 3aTeM
BKJTFOUHJIM CBET.
(3mech Bcst ”HPOpPMAIMOHHAS

0071aCcTh B 001aCTH TEMHBIX
TOYCK)
OeJbIe TOYKH HaM HE HYKHBI
>
M \Y/
AVR mMaX 3Ha4YcHUue
M SIPKOCTH
>
. M Vs

Témuast oOmacThb
pacTsHEeTCs Ha BECh
Mana3oH

K(V) — KoM4ecTBO KOJIOB , HMMEIOIIHX SIPKOCTH V.

Kycouno — HesmmHeiinbie AL

PesynsraTom  HenmmHEHHOrO  mpeoOpa3oBaHUsl — SIBISIETCS — DKBAIMA3ALMS
(BbIpaBHUBAHHUE) TUCTOTpaMMbI. B pe3ynprare MpUMEHEHUsI 3TOTO MpeoOpa3oBaHUs
YBEJIMYUBACTCSI KOHTPACTHOCTh, TaK KaK IIOCJIE JHWHEHHBIX mpeoOpa3soBaHui

rucrorpaMma <«KBajgpaTeeT» - 3TO IpeoOpa3oBaHME ee 3akpyrisier. Boixon
THCTOTPaMMBI B Uealie JOJDKEH OBbITh MPSIMOMN JIMHUEH.

YacTHBI# caydall SKBalM3anU

K(Vs)

—~—— -

AKeCTKas

HeobOxognmo Haiitu 3aBucuMOCTh Vg 0T Vs. I 3TOTO CTPOMM CIETYIOIIYIO
(GYHKIMIO pacrpeeeHus
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B cnygae s kBanu3zanuu

VR
R0 = éKSG) - opMmyna QyHKIMH pacrpeaeseHAs

=0
Fs(Vs) — bynkius pacnpeneneHns KOI0B SPKOCTH HCXOTHOTO H300pakeHHS.
Perast mpesictaBieHHOE HIKE ypaBHEHHUE, Mbl Hailiém 3aBucuMocth VR(Vs)

Fa(Ve) =Fs(Vs)
R

F.08) = aKe0)
=0

VRA

[TpoBO/Ist COOTBETCTBYIOIIEE YK CIIO
TUHUH 110 TpaduKy GyHKIuH Fsu
Fr (kax mokaszaHo BbIIIE) ,
HAXOJIUM COOTBETCTBYIOILEE YHCIIO
3HaueHuit 3aBucuMocT Vg (Vs).

M M
é Ks(i) = é Kr(j) = N? — rcrio Touek Ha nsobpaxernn (N*N)
i=0 70
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Tenepsb pacCMOTPUM AITOPUTM PEIICHUS 3aa41 HAXO0XKICHHUS 3HAYCHUI
3apucumoct Vg (Vs).

Vs = VR =0
]
Fs> Fp Fs (Vs) . Fr (Vr) Fs<Pr |
Vg ++ Fs = Fr Vs++
I 3anuce Vg (Vs)
Vg++; Ve++

< aa HET
| < Fs(V9)>Fa (Vi)
3amuce Vg (Vs)
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IIpocTpaHCTBEHHO He3aBHCHMbIE HEMOTOYEYHbIE AMILUTUTY/IHbIE
npeodpa3oBaHusl.

Vs Vg

10 OKPECTHOCTH TOYKH BBIUUCIISIEM PE3YIBTHPYIOLIYIO TOUKY.

BriBatoT crneayromuye BUAbI OKOH:

C 1menbio MOBBIIEHHS PE3KOCTH HCIOJIB3YIOTCS MaJICHBKHE OKOIIKU 3 Ha 3 3JIEMEHTA.
Bce »tn okomku 00pabaThIBarOTCS MO NPUHLUILY CYMMHUPOBAHHS KOAOB SIPKOCTU
HCXOIHOTO N300paKeHHUS.

Ha ncxoanoe n3o0OpaskeHne HaKIaABIBAETCSI HEKOTOPasi Macka.
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OcHOBHBIE (l)yHKlIl/Il/I OKOHHOIO npeoﬁpa303aﬂml

3. Jluneiinbie npeoOpasoBanus (B3BELIaHHOE CyMMUpOBaHKe). Kaxaplit aneMeHT
HMEET APKOCTh, ¥ pE3yJIbTaTUBHYIO PKOCTh HAXOIHM, CYMMHUPYS BCE APKOCTH.

Hampuwmep:
Macka 1
(Oxkno 1)
Vs
€ -1 0d n= ,
15 -1 m=l C
@ -1 0g ‘

pe3yabTaT 00pabOTKH UIAET B Pe3YAbTUPYIOLIYIO TOUKY.

3ajady NOBBILICHHUS YETKOCTU PEILIAeM CIIeYIOIIUM 00pa3oMm:

Macka 2 Macka 3
él -2 1y ¢l -1 10
é sl é 40
& 2 5 21] & 1 9/10
g -2 1§ gl -1 -1§

HpOXOI[SI HECKOJIBKO pa3 110 3TUM OKOHICYKAaM, MOXXHO ITOJIYIUTb 3EPHUCTOC 1/1306pa>1<eH1/1e.

ITpumep:

Macka (M300paxkeH camoJIeT). ITOH Macke MOYKHO COTIOCTaBUTh
KO3 PHUITUEHTHI COOTBETCTBYIOIIME U300paskeHHI0. Bee, 4TO HE OTHOCHUTCS K
camoJiety Ovner pasto O.

© 1 0d
& 15
© 104

n300paxeHune, KOTopoe
Haz0 oOpaboTaTh

4. lleneBbie GUIBTPBI (MMITYIbCHAS (UIBTpALIHS)

N3o0pakenne — muaBHast GyHKOusA. VIMITyTbCHBIN Iiym —
@ TOYKH BBIYHCISIOTCS 1O OTHOLICHUIO K 00JacTsM
® OKPY>KHOCTEH.

CunraeM cpemHee 3HAueHHE OJTUX TOYEK U B
pE3YIBTHPYIOIIEM  H300paXEHUH B TOYKYy  C
KOOpIrHATaMu (X Y) 3alUChIBAEM UCXOIHYIO TOUKY.
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4) Ycpenuénnas macka (3*3)
5) Menuannsiii punstp (3*3)
6) 1. BeluncieH#e CpeHero 3HAYCHUSI.

/V

d

Vs(x,y) , mpu | V-Vs(x ,y) | < P

2. VR(X,y)=) — —
2 Vr(x) {V,an|V—Vs(X,y)|>:P

VS VR
I N L N
y | y T VR
T |
| |
\ X X J
N4 e
N N
Y OKOIIIKO XY=0............ N-1
Q [eoeee -(N-1)§ x-if N-1
e e e on+1 -(N-1)® y-i® N-1
e o o o o
e o o o o
2m+1

Q' (-r,-q) = Q' (N-r, N-q) (cBO¥CTBO CHMMETpPHH).
VRO V) = A A Vs(xH, y+) - Qe+, m)

i=n j=m

NNt . o
VrX, Y)=a a Vsli,y) - Q (xi,y-j)

i=0 j=0

3) [ukinyeckoe TOTOTHEHHE.
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b

JI71s1 0THOM TOYKH HMEEM CIIEAYIOIIYIO KAPTHHKY:
-N -1 N-1 N

C @ ° . | |

4) CuMMETpUYHOE JOTOJHEHNE

4 3 2 111 2 3 4...

14 13 12 11| 11 12 13 14.......
21 22 23 24.......

n m
dopmyna s 06padoTku okomka: Vr(X, Y) = é é Vs(X+H, y+j) - Q(n+i, mj)

T
=)
o
3
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Y 4 2n+1
Vs
//v 2m+l
/
et -
®opmyna s ceeptk: Vr(X, Y) = a a Vs, y) - Q (X-i, y-j)
i=0 j=0
ITpumep
Q- (2m+1) *(2n+1)
Q — N*N.
Ya
A 10|20 00
' /N
JEEEE 7 Y
02| 12|22 | - | -
o1 11|22 | - | -
- \ /
%] 0] 20 el | [ o2
(21 oz
0

Onepauys CBEPTKH — YaCTHBIN CiTydail JMHEHHOTO NMpeoOpa3oBaHus.
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JInHeiiHble mpeoOpa3oBaHusi

F (N1, n2) — iBymMepHast GpyHKIus.
Torma F — e€ imHeliHOE ipeoOpa3oBaHue.
Ny, o, M, Me=0........... N-1.

_ N1 N
Fimy, mp)= a a F(m, n2) -A(ng, Nz, mg, my)
n=0 n20

SIAPO JTUHEHHOro
npeodpa3oBaHus

HazoBém 310 npeobpazoBanre NpsiMbIM.

Oo0paTHoe npeodpa3oBaHue

l\(l)—l l\(l)—l _
Fi,m)= a a F(my my) -B(n, Ny, my, my)

m=0 m20
SIIPO 0OPaTHOTO
peoOpa3zoBaHUs
MatpuyHas dopma.
F— f P
[N*N] [1*N?] [N*N]  [1*N?]
N
——
_ = h N?

— N—>[®§> ]}1

f = f - A - IpsiMO€ TIpeoOpa3oBaHe B MATPHYHOU (opme.
[1*N] [1*N’] [N*N?

f=f-B; B=Al- oOpaTtHoe peoOpa3zoBaHue.
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YacTHble cjy4au JUHEeHHBIX IPeodpa3oBaHuil

3.) Paznenumble MHEHHBIC TPEe0OPa30BaAHUS

A(Nng, Nz, My, My) = Ag(ng, My) = Ag(nz, My)
B(ny, N2, my, my) = Be(n1, my) « Bs(Nz, My)

[N*NJ [N*NI [N*N] [N*N]

F=B.'F :Bs ; B.=A.L Bs=AL
4.) CBépTka
LNt . .
Vr(X, Y)=a a Vsli,j) - Q(xi, y-j)
i=0 j=0 "

A(X, 1, Y, ]) —spo.

Camoe riaBHOE

N

N CJI0KHOCTH BBIUHCIICHUS
MIPOCTPAHCTBEHHOU 00JIACTH.
S =L-N?

- A Vs Fe
[N*N] [N*N]\-

Fr » VR

A >
[N*N] [N*N]
O 0 [ORJIEMEHTHOE
[N*N] [N*N] YMHOKEHHE
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Vr(rur)=a a Vs, j) - Q (ri-i, r2j) 1)
i
Fm,m) = a Vs(hy, o) - A(ng, nz, my, my) )
2
Fo(t o) = al a Q) Al 2, g, a) (3)
I2
VR( 1) =@ & Fr(pw p2) - B(py, p2, 11, 1) (4)
pl p2
Fr(i ) = Fs(i Jj) - Foli .J) )
] =00 N-1

[MoacraBum Bemmaunbl U3 Gopmyi (2), (3), (5) B popmyimy (4).
B pe3ynbrara 3TOTO MBI OTYYUM :

VR = a (&4 & V) A, e, pup)-@ & Qul):
pl p2 nl1 n2 11 12

Al 12,p1p2) "B P2, 1. 12) =3 & a & Vsl ) QI 1) -
nl 2 11 k2 pl p2

A(N1, No, P1, P2) - A1, 1o, P1, P2) - B(P1, P2, 1, I'2)

Beigenennast B popmyse noquépKuBaHUEM 9acTh 3aBUCUT TOJIBKO OT SIEp.
Ona paBHa { lopu ni=ri—limmny=ry—Iz

=

d(nui+l1—rq) - d(np+lo—r2) (membra — GyHKIHS.)

d(x) lopu x=0
Ompu x1 0O

0, unaue

A(Nny, N2, P1, P2) = As(ny, pP1) * Ac(nz, p2)
} JOIyICHUE As=Ac=A
Bs=Bc=B

B(p1, P2, 1, r2) = Bs(py, r1) * Be(pa, r2)
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é é A(m, g, pr, P2) - A(lL, L2, P, P2) - B(P1, P2, I, 12) = d(nutli—r1) - d(mptlo—r2)  (**)

pl p2
{ Lupu n=0, +N, +2N
dx) * O - unaue
A(Nny, N2, P1, P2) = As(ny, P1) * Ac(nz, p2) 1
As = AC v A’
B(P1 P2, 1, r2) =B'(p1, ra) - B'(p2, r2) (2

Bocnosabs3oBaBumcs ¢popmynamu (1) u (2) npeodpasyem Boipakenue (**) :

a A'(ng, p1) A'(I, p) - B’ (P1, 1) *& A’'(nz, p2) *A’ (I, p2) * B’ (P2 12)
pl p2

= d(n1+I1— r1) . d(n2+I2— rz)

A'(n,p)=a®; A'(,p)=a®; B'(p,r) :_,t a®
1o p(nH-r) _
~a a =d (n+l-r)
N'p
n+l—r v n
Nél n — : 0 1’ mpH n:O, iN, Lo
pa:O v &= { 11, eciiu ©HAYE.
(*) l'chn, n= O, +N. (***)

DKBHBAJIEHTHOCTD BhIpa:keHus (*) 10KaxeM , JOMHOKHB 00e 4YaCcTH ypaBHEHHS

Ha
n
N-1 N-1 N-1 (l a ) N-1
(1 _ an) é aP = é a™. é an(p+1) =1+ é a . é apN anN =1 (aN)n
p=0 p=0 p=0 p=L p=L
=0 1
No—l
a 1=N-d(0); ananoruuno aas n=N,-N.
p=0
Teneps ypaBHeHue (***) 0yneT 0CHOBHBIM
PemnmM ero :

a" =1 =€ - komnuexcHoe npeodpa3oBanmue 1.

i-2p/N

a=¢€ — pelieHHe B 00JIaCTH KOMILIEKCHBIX YHCel.
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F =4 a™F(n)=4a ¢V -F(n) =
n n

=& F(n)-cos(2n-m)+i- & F(n)sn(* Re+iim
n n

— _/ - /)
YT ): YT
Re Im

F)=-& a™ Fm)=—8& @V Fm)= - & Fm)-cos(Tn
N m N 'm N m N
.m)_
ol o =\ . G
-l = F(m) - Sn(=-n-m
S & Fm)-sn(gn-m)

CBsI3b MEXIy CIIEKTPAIBHBIMU KO GHUIIMEHTAMH M KOPPEIIIIUOHHON (yHKITHEH
IMycTh MMeeTcs1 BXOAHOI curHall, onucbiBaemblii pynknueii F(n). Toraa
KBaipaT Kod(puiuenta koppeasiuu K paBen:

2_1g can( . -1 csn(Zn om) - 1
k_N?‘ F(n) sm(Nnm+y) N?_F(n) sm(Nnm) cos(y)+|\|

é F(n) - oos(%‘-n ‘m) - sin(y )

Tak kak F(n) = Re+iIm

1o . 2p 1o 2p
[MpuHrMast Im:Na F(n)smen U Rezﬁa F(n) cosan, HOJTYIHM:
n n

=L JReF+ I’ singy +arctg o) = [F(jsinty +] ) =K’
m
Re Im

= R—e 1 = . =
yEads s ST EG Y e

OneHka CIOKHOCTH:
3. BBIUHCISAIOTCS CEKTPaIbHbIE KO()DHUIMEHTEI CTPOK
4. BBIMMCISIOTCS CIIEKTPAbHbIE KOO OHUIMEHTBI CTOIOLOB
Jlnst kaxporo oTcdeTa Hazmo caenaTh N omeparimii
S = Nk,
2
rae N — CJI0KHOCTB BBIYMCIICHHUS 0IHOTO Kodddunmenta, K — xodapduuueHt
CJIO’KHOCTH pabOTHI ¢ KOMIUICKCHBIMH YHCITaMHU

CHoHOCTB NIPSIMOTO MPeoOpa3oBaHus:
3

N
S, =S xN = 3 XK — 9TO TOJILKO MO CTPOKaM
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AHAIIOTHYHO TIOJTy4aeTCs CIO0KHOCTH IO CTOJIOIaM
Tormga o0miast CII0KHOCTE.

Sip=N 3k — cCyMMapHasi CJIOKHOCTb MPSIMOTO IIPeoOpa3oBaHus
So6p = Sﬂp

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

Ss = Sip + Sup = 2Nk

k — xoadduneHt , otpaxaromuii cnenuprky paboThl ¢ KOMILIEKCHBIMH YHCIIAMA

N
- S=L%N?
N e
N S — cymMMapHas CJII0KHOCTb.
\

CpaBHuM Ss u S
2N°k < N%L*P L >+/2Nk

IIpoBepka
IMycers N=512 ; k=2.
OtBer : L > 45. — BBIT0JIHO MCNOJIB30BATH IPOCTPAHCTBEHHOE
npeodopazoBaHue npu 60abMKX QUIBTPAX.
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TeopeTI/IKO-'-lHCJIOBbIe npeoﬁpa3OBaHml

Pemraem ypaBHeHUS

n_{ 1, npu n=0, £N
a —_
11, eciiu nHaue

MoryT OBITh HalICHBI PEIICHUS B KOJBIIE TICIIBIX YUCEN 110 MOAYI0 M.

Hampumep, paccMOTpHM KOJIBIIO 1O MOIYIIO 5, T. €. paboTaeM Toibko ¢ yuciaamu O,
1,234
M=5

Moryt OBITh OTIpE/ICNICHBI Bee apu(METHUECKIE OTIepallud U PE3YIIbTaThl, HE
BBIXOSIIIUE 32 IPEACIIBI KOJIbLA LIEIBIX YUCETL.
Hampumep, Tabnuiia a1 CI0KEHUS:

ITosscuenue
Hanpumep ecn MbI BEITIOJHSIEM ci10keHue 3+3 =6.
To B 3TO# TabnuIlEe Ha IEPECEUCHUH
COOTBETCTBYIOILICH CTPOKH M COOTBETCTBYIOIIETO
cronbua Oyzer 1.
3T0 0OBSCHSIETCS TEM , UTO PE3YJIBTAT CIOKEHUS
JeTUTCsl Ha MO YIb (B JaHHOM ciydae =5.) u
OCTaTOK ATOTO JICJICHUS 3aHOCUTCS B TabuIy.(B
JTAHHOM cTvdae octaTok =1)

NI = FN IR
WIN|IRIOI~D>

AN |o|lo
O|lh|WIN|FP|F
bewmm

sl |ol +

PaccmoTpum yHkmmro Diinepa:

Oynxmus Ditnepa Y (M) - paBHa KOIM4ecTBY YHcel, MEHBIIMX M 1 He HMEIOMmuUX ¢
HUM 001X MHOXKUTeNeH. CraenoBaTenbHo, GyHKINS Diiepa OT MpOCTOTO YHCa
Oyner paBHa camomy 3Tomy uuciay munyc 1, t.e. Y(P)=P- 1

1 (91,92) =j (q1) - j (92) — byHnameHTanbHOE 3HAYCHHUE B TEOPUH YHCEIT.
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Teopema Pepma-Diisiepa.

B kostbIie 1ienpIX 9uCeN Beeraa CYMIECTBYET TAKOe OCHOBAHUE 8, TP KOTOPOM:
Ecau a,M He uMeroT o0ImuX MHOXKHUTENEH.

(a,M) =1 ——> naubosbmmii o6 KeauTens =1.

Torga uMeeT MECTO COOTHOIIICHHE -

a*™ =1(mod M)

a —ocHoBanue, M —moaynb, N — Kom4aecTBO 0TCUETOB.

Caencreue

2. Ecim uncino M—mpocroe, 0 Y(M)=M - 1

H3sectno N, Hamo Hawtu M.

a'=d ™ =1 - yge pcaxoe uncio M MoKeT ABAATHCS pelICHUEM JaHHOTO YPaBHCHUS.
a' =1, ecu n-nemurens P(M).

Teopema depma-Ditnepa —2
B xonvue uyenvix uucen no moodynio M ecezoa naiioymesa wucna aM maxue,
umo
a' =1momodM.
a™+1 o mod M.
N —»st1o nemurens P(M).

Eciu urcnio M = 2,4, P2 2xP? - 10 1m060ii neaurens Y(M)=N.

N

BO3BEMEM AJIA 4aCTHOTO ciry4das

P — pocroe uncno, & — cremneHb

Eciu n=2%, To 4ucyio sABIseTcs IpOCTHIM
2" +1 =2" +1 —gucna depma.

raer =24

q
M =2 +1 - gucma ®epma.
Yucsa ABAAOTCS NPOCTHIMH He IS JTI000T0 J.
Ha ceronnsiiinuii nens n3BectHwl 3HaueHus =0,1,2,3,4.

Q 0 1 2 3 4
N 1 2 4 8 16
N 2 4 16 256 | 65536
M 3 5 17 257 | 65537
0 2 2 3 3 3

Ad— YIOBJICTBOPSAOUICC JAHHBIM YCJIOBUSIM.
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ITepecuuraem ocHOBaHUE &
t N .

N' = —;

2

@)N=1=—= @)V =1=—> g =&, e z=2°.
Ecm m306paxkenune mmeer pasmep 1024 * 1024 nukcerna, To
M = 65537 ; a=3 ; N = 65536.

JlocToMHCTBA U HEJJOCTATKU METOJIOB:

Dypee.
HenocraTtku: ncronb3yeM KOMIUJIEKCHBIE YHCIIA, YHACIIA BCE UPPALIMOHHBIE, HET
BO3MOKHOCTH MCIOJIB30BATh ISl MAJION pa3psIHON CETKH.

JlocTomHCTBa: paboTa B TpaJUIIHOHHON apudMeTHke, KodhdurnenTsr Pypbe HMEI0T
MPOCTOM (PU3UICCKHIA CMBICTT.

TeopeTuko-uncIoBbIE MPEOOpPa30BaAHUS:
Henocratku: apudpmernka no moxymto M, ko puumeHTs HOCST a0CTpaKTHBIN
XapakxTep.

JlocTonHCTBA: BCsi paboTa C LEIBIMU YHCIIAMU, MalleHbKasi pa3psinHas cetka (17
paspsiioB).

CyLIecTBYIOT Obicmpbie an120pummsl 634mMus TUHEILHO20 NPeoOPA306aAHUA.
Borurppii MoxkeT ObITh MOJIydeH MPU MCIOJIb30BAHUH METO01a OBICTPBIX TEOPETHKO-
YHCIIOBBIX MPE0OpazoBaHuil. ITOT MeTo Hanboee 3PPEKTUBEH, €CIH YUCIIO

orcueto N = 2"

N -
%:éN¥
i=0
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Cxema 0JJHOMEpHOTO TIpeoOpa3oBaHMs:

Hapucyewm nnst n=4:

KommuectBo crynenei aust uncina N — logo N

Ymcno BEIX0I0B HA Kaxoil cTynenn — 2N.
Bepnuemcs k cxeme npeobpazoBaHus:

Vs S, Fs
) e ®_’ F R ﬁm Vv R
QU= Fo
ﬁﬁé;{e6peraeM ):[aHH(;}/i cnoxxHoCTEI0. Beero N ctpok, Ha kaxnoit ctpoke Nlogy N,
Bcero N2 logo N

CnoxxnocTh TpsiMoro nipeoOpaszoBanus 2N 2 log, N
CrnoxHOoCTh OBICTPOTO IPe0Opa3zoBaHUs:

Sz = (4N 2 logs N)k, roe K— koadduipent cnoxHocTH
PaccmoTpum ciyaait, korna N 212 5 kYN 2 logs N.

T.e. L>2,klogo N

Hampuwmep, N=512, k=3
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