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BBEJEHUE

Hacrosimmee yde6HOE mocoOue CONEpKUT WHCTPYKIUU K CEMH JIAOOpaTOpHBIM padoTaM 1o
JUcuuIuIiHe «MeToabl U TeXHOJIO0TMH 00padoTKH H300pa’keHHID s CTYA€HTOB MarucTepCKUX
nporpamMm  «MaTeMaTH4YecKoe M KOMNbIOTepHOe MojeaupoBaHue», «KomnboTepHoe
MoaeaupoBaHue M Ausaiin» HanpasieHus 02.04.01 «MareMaTHKa M KOMIIBIOTEPHbIE HAYKH
ouHOH (opmbl 00yueHwus. [IpuBeneHs! 00ImMe 1 MHANBHY aJIbHBIC 33/IaHUS, a TAKKE METOINICCKIE
yKa3aHUs K MX BBIIOJIHEHUI0. JlabopaTopHble paboThl COOTBETCTBYIOT OCHOBHBIM pasjiesiaM Kypca:
Gaiinel  M300pakeHUil, IBETOBBIE NPEIACTABICHHUS UU(POBBIX H300pPAKEHHH, CTATHCTHYECKUE
XapaKTepUCTUKH  H300pak€HUM, MO3JEeMEHTHble IpeoOpa3oBaHUs, [OJABJIEHHUE IIYMOB,
BBIJICJICHHE TPaHUI] OOBEKTOB, CHEKTpajbHBIE MpeoOpa3oBaHHsI. Marepuan HUTIOCTPHUPOBAH
OpUMEPaMU U COJIEPKUT HEOOXOAUMBIH MUHUMYM TEPETUUYECKUX CBEICHUN.

[To xypcy mpemycmoTpeHo uroroBoe oreHnBanue no 100-OamnpHON mkane. Kaxnmas w3
nabopaTopHbIX paboT oreHuBaercs B 10 6annoB, u3 HUX 5 6aIOB — 3a BBIMOIHEHHUE, 2 Oania — 3a
oTtuer, 3 Oamia — 3a 3amMTy. Takuem o0pa3oM, MAaKCUMaJbHOE KOJIMYECTBO OAJIJIOB, KOTOPHIC
CTYZEHTBI CMOTYT HaOpaTb, BBINOIHUB Bce paboThl, paBHO 70. OcraBmmecs 30 6auioB CTYAEHTHI
NOJYYaroT IO pe3yJbTataM caayd dk3aMeHa. COOTBETCTBEHHO, CTYJCHTHI, HaOpaBIne 3a
n1a0opaToOpHBIN MpakTUKyM MeHee 30 6asioB, HE AOIMYCKAIOTCS K AK3aMeHY, T.K. UTOIOBas OLIEHKa B
TaKOM CiTy4ae OyAeT MeHbIIe He00X0AMMOro MUHUMYMa B 60 6auios.



JIABOPATOPHAS PABOTA Nel.
W3YUYEHUE ®OPMATOB ®ANJIOB N30B5PAKEHUAM

Heab: TO3HAKOMHUTHECS C Pa3IMYHBIMU BUJAAMH TATUTPBL, a Takke C Qopmaramu (aiiioB
U300paKECHHIA.

3ananue.

1.

C nomompto komauabl PrintScreen u rpadgudeckoro pegaktopa co3gaTh U300paKeHUS
3aJIaHHBIM I10 BAPUAHTY Pa3MEpPOM CJICTYIOIINX BUIOB:

— IBETHOE MOJIHOLBETHOE ((hOTO);

— n300pakeHHE C HECKOJIBKUMU 1IBeTamHu (Oostee 5);

— u300pakeHHe TeKCTa.
Coxpanuth 3 wu300pakeHHs B HeC)KaTOM bmp-dopmare U pas3IMyHOM I[BETOBOM
MIPEACTABICHUH:

— 24 out/nuKcens;

— 256 uBeTOB — NOJYTOHOBOE;

— 256 uBeTOB — IIBETHOE;

— 16 nBeToB;

— JIBYXIIBETHOE (depHO-0ernoe).
Jlnst kaxxzmoro w3 m300pakeHUH M3 1.2 MCCIIeI0BaTh KAuyeCTBO CXKATHUS W300paKCHUM
pa3nuyHbBIME (popMaTamu:

— JPEG;

- GIF;

— TIF (CCITT 3 u 4);

- PCX.
PesynbTatel opopMUTh B BHIe TAOIUIIBI U CAETATh BHIBOBIL.

OTyer HAOJIKCH COACPIKATh TI/ITy.]'IBHHﬁ JIUCT YCTAHOBJICHHOI'O 06paaua, TEMY, LCJIb U

3ajaHne K JabopaTOpHO paboTe B COOTBETCTBHM C BapuaHTOM. B ordere, momMmmo
TaOMUIBI, HEOOXOAUMO NPUBECTH CKPUHIIOTHI M300pakeHUH 1.2, a TakkKe, UCIONIb3ys
nHpopManuio n3 VHTepHET,- OCHOBHBIE XapaKTEPUCTHKH M O0IIee ONMCAaHNUE TPUMEHEHUS
KaX/10T0 U3 MepEeYHCICHHbIX (hopMaTOB (ailyioB H300pakeHui.

[Ipn 3amurte paboThl 3HATh, YTO TAaKOE€ pacTp M MHUKCEIb, HUMETh IOHATHE O

IMCKpeTH3alluy, BHIOOpDKE M KBAaHTOBAaHUM H300paK€HWH, HMMETh MpPEJCTaBICHHUE O
pa3nu4HBIX (hopMaTax H300paKEHUH M NCTIOIB3YEMBIX B HUX THUIIAX CXKATHsI WH(OPMAIIHH.

Bapuantsl pazmepoB n300pakeHui

1. 320x200 2. 320x240 3. 640x200
4. 640x240 5. 640x320 6. 640x480



Teopernyeckue cBeieHUs

Pacmpoegvie cpagpuueckue ghaiinwt (bitmaps).

PacTpoBble M300paxkeHUs1 HAIIOMHHAIOT JIUCT KJIeTYaToW Oymaru, Ha KOTOpPOM Jito0ast KieTKa
3aKpalieHa CBOMM IIBETOM, 00pa3ysi B COBOKYITHOCTH PUCYHOK. Kaxkmast Takast «KJIeTKay U(ppOBOroO
n300pakeHHsl Ha3blBaeTcsl NuKceneM. IIMkcenb - OCHOBHOM 3JI€MEHT PAaCTPOBBIX H300pa’KeHHIA,
HAaMMEHBIINK DJIEMEHT IMOBEPXHOCTH BU3yalM3allMK (dPKpaHa MOHHUTOpA, JHCTa Oymard u T.),
KOTOPOMY HE3aBHCHMBIM 00pa3oM MOTYT ObITh MPUCBOEHBI €r0 XapaKTEPUCTUKHU: IIBET, SIPKOCTb,
PO3pPavyHOCTh H T.II.

[Mudposoe uzolOpaxkeHHe NpeacTaBiIsieT co0oi COBOKYMHOCTh nukcened. Kaxaplili nukcenb
pacTpoBOTo M300paKEHHSI XapaKTEPH3YETCsl CBOUMHU KOOPAWHATAMHU X Uy M IPKOCTBIO Y (X,y) (st
HOJYTOHOBBIX M300paxkeHui). Kaxaplif MuKcenb LBETHOTO M300paKEHUsI XapaKTepusyercs
KOOpAMHATAMHU X U y U TPEMsI SIPKOCTSIMU: KPacHOro, 3eJeHoro cuHero u 1setoB (R, G, B)(x,y).

Kak u nro6as uudposas uHbopmalusi, BET TOOOTO MUKCENS PACTPOBOrO H300paKeHUs
XpaHUTCS B ABOMYHOM BHE. [ KOAMPOBaHUS SIPKOCTEH MPHUHATO MCTOIB30BatTh 1, 2, 4 unum 8
out. Uckmouenue cocrapinstoT pexxuMmbl HiColor (cM. Hmke). Uem Gosbiie OUT UCHONB3yeTCs
JUTSE KOJUPOBAHUS, TEM OOJIBIIIE Pa3IMYHBIX IBETOB MOXKHO TMOJIY4YUTh. JJIsl XpaHeHHs 3HAUCHUH
SAPKOCTH B HacTosllee BpeMsl oTBoAUTcs He Oonee 1 OGaiit (8 Out, 4to coorBeTcTBYEeT 256
BO3MOXXHBIM TpajnanusM). B ciiydae IBETHOr0 H300paK€HUS KaXKIbId ITHKCEIbh COJIEPIKHT,
MakCUMyM, 1O OaliTy Ha Trpajaluu SPKOCTeH KaXIOro M3 TPEeX OCHOBHBIX IIBETOB.
[IpuHIMIHATEHO BO3MOXKHO KOJUPOBAaHME TPAfalfii SPKOCTH W OOJBIIMM KOJHMYECTBOM OHWT
(Hanpumep, 12 OUT), HO YEIOBEUECKHH a3 B COCTOSIHMM Pa3IMYUTh TOJIBKO 10 256 rpamanuit
Ha KaxJbli 1BeT. boimee TouHON nepenayu IBETOB MOXET MOTPeOOBATH TOJBKO CIELHaIbHAS
anmnaparypa.

CoBOKyNnHOCTh MUKcenell wu3o0paxeHus oOpasyer pactp. Pactp — »3Tr0 mnopsgox
pacroJIOKEHUsT TOYEK (PacTpPOBBIX 3JIEMEHTOB) Ha OTOOpa)aromied MIOCKOCTH. DJIeMEHTaMU
pacTpa, Kak MpaBUjIo, SBISIOTCS MPSIMOYTOJIbHUKH, U TAKOW pAcTp Ha3bIBACTCS, COOTBETCTBEHHO,
IpsIMOYTOJIbHBIM. TeM He MeHee, B KaUeCTBE PaCTPOBBIX 3JIEMEHTOB BO3MOXKHO UCIIOJIb30BaHUE U
buryp npyroit popmsbl; yAOBIETBOPAIOMHUX CICTYIOIIUM TPEOOBAHUSAM:

1) Bce OHU OJKHBI UMETh OJMHAKOBBIE Pa3Mephl;

2) IOJKHBI MTOJIHOCTHIO MOKPBIBATH MJIOCKOCTh 0€3 MEePEeKPHITUI U MyCTOT.

[TomuMO  NpPSMOYTOJIBHUKOB, JaHHBIM  YCIOBUSIM  yJOBJIETBOPSAIOT  IPAaBHJIbHBIC
TpeyroJibHUKU (pUCYHOK 1.1) WM mpaBuiIbHBIE IECTHUYTOJbHUKU (TeKcaroHbl) (pucyHok 1.2).
MO’HO CTPOUTH PACTPBI, UCIIONIb3YsI HEMPABUIIBHBIE MHOTOYI'OJbHUKH, HO IPAKTUYECKUI CMBICI
B NMOAOOHBIX pacTpax OTCYTCTBYeT. OTMETHM, UYTO NPSIMOYTOIBHBINA pacTp yao0eH UIsl XpaHeHUs
B ONIEPATUBHON MaMATU KOMIIBIOTEPA, B TO BPEMs, KAK TPEYTOJIbHBIN U IIECTUYTOJbHBINA PacTphbl

€CTECTBEHHBI ITPH OTOOpAKEHUH HA SKpaHE MOHHUTOPA.
n
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Pucynok 1.1 - TpeyroabHblit pacTp Pucynok 1.2 - I'ekcaronanapHblIil pacTp

Jluckpemnocms yeema

W3BecTHO, YTO LIBETOBOE MPOCTPAHCTBO SIBISIETCA TPEXMEPHBIM, M MPOU3BOJIBHBIN IIBET
MOKET OBITh Pa3J0XKEH MO TPeM HE3aBUCUMBIM (0a3MCHBIM) KOMIIOHEHTaM. DTH KOMITOHEHTHI
MOTYT, B HEKOTOPOI Mepe, ObITh BEIOpaHBI TPOU3BOJILHO. Jlanee peub OyAeT UATH O IPeACTaBICHUN
RGB kak nHamnbonee pacmpoCTpaHEHHOM, IIOCKOJIBKY OHO HEMOCPEICTBEHHO COOTBETCTBYET
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(opMUPOBaHHUIO I[BETA HA HKpaHe MOHHUTOpPA. PasnuuHble npeacTaBIeHUs] MOTYT IPUMEHATHCS IS
B3aMMO/ICHCTBHS KOMIIBIOTEPHBIX MPOrPAaMM C M10JIb30BaTENIEM M BHEIITHUMHU yCTPOHCTBAMHU, HO IS
XpaHEHUs B NaMSATH KOMITbIOTEpPA MCMOIb3yETCsl UMEHHO npezacTaBieHue nsera RGB.

Bce xapakrepucTuKu, MpHUCyIUME IUKCENy, IUCKPeTHbI. JIMCKPETHBIMHM SIBISIOTCS U
koMnoHeHThl R, G 1 B (0a3uCHBIX IIBETOB: KPacHOIo, 3€JIEHOT0 W cHUHEro). s Kaxaoi u3 HUx
oTBOAUTCS A0 1 OaifiTa mamsTu, T.e. 10 8 JBOMYHBIX pa3psnoB. CienoBaTesbHO, KaxKaas U3 ITHX
KOMIIOHEHT MOYKET NMPUHUMATh Liejble 3HaueHus B Auana3one ot 0 go 255. [lockonbky kaxiaas u3
TPEeX KOMIIOHEHT MpUHUMaeT 256 3HaueHu#, oblee KOJIMYECTBO I[BETOB OyAeT paBHO 256 B KyOe
MM HEMHOTMM MeHbIie 17 MIIIHOHOB (ecam TouHo, To 16 777 216 = 2°*). Ilpn pasmuansx
MaHMITYJIIHUSX B LBETOBOM IIPOCTPAHCTBE YAOOHO MPUMEHSATh T.H. IPHUBEICHHBIE I[BETA,
BELIECTBEHHbIC 3HAUYEHUs, NpuUHauIexkamue oTpe3ky [0; 1]. B muckperHom mnpencraBieHun
€/IMHULIE COOTBETCTBYET 3HaUeHUE, paBHOE 255.

3aMeTUM, 4TO CpeAM LBETOB MOJIHOLBETHOTO MPEACTABICHUS CYLIECTBYIOT, B YaCTHOCTH, U
HEHATypaJbHbIE, T.€. TAKHE, KOTOPbIE HUTJIE HE BCTPEYAIOTCS B IPUPOJIE.

256-uyeemmnvie uzooparxcenus

N300paxenus tpedyercs HE TOIBKO OTOOpakaThb, HO U COXPAHSITh B MaMATH KOMIIbIOTEpa
WM Ha qucke. Hepenko anst XpaHeHUs OJTHOTO MUKCENs UCIONb3yeTcs oauH Oaiit (8 our). B atom
cydae H300paXeHHE MOXKET COJepKaTh TOJMbKO 256 1BeToB. Ecmm mx Oojee wiam MeHee
paBHOMEpHO pacmpeAenuTh nmo kommoHeHTamM RGB, To mBera, oueBuaHO, OyAyT mepenaBaTbCs
oueHb rpy0o. [lycTs, Hanpumep, 8 ABOMYHBIX pa3psAI0B pacHpeeiIeHbl 10 KOMIOHEHTaM Tak:

3+3+2(=8).

[lepBass nmdpa ykazbBaeT KOJWYECTBO Pa3psIOB, OTBOJUMBIX JUISl TE€pPEeNayd KpPAaCHOTO
[[BETa, BTOpas - 3€JIEHOro, U TPeThbsl - cuHero. CMHEMY IBETYy AAaeTCs MEHbIe Tpajaluid, T.K.
YeJIOBEYECKH I71a3 K HEMy HauMeHee uyBcTBUTeENEH. [lomyyaem, yto koMnoHeHTsl R 1 G nmeror
no § rpamanuil sSpkocTH, a B u TOro Mmewsine - Bcero 4. DTO OUEHb MaJl0 MO CPAaBHEHHUIO C
UCXONHBIMU 256 wmnu paxe ortoOpaxaeMmbiMu 64 rpanammsmu. Ho oxa3piBaerTcsi, 4TO IIBETa,
JOMHUHUPYIOIIME B H300paKEHUM, Kak IMpaBWJIO, OYEHb HEPABHOMEPHO pacIpeleeHbl o
BeTOBOMY KyOy. ['0BOpsAT, uTO M300pa’keHHE BBIICPKAHO B ONPEAEICHHBIX TOHAX: TOIYOBIX,
PO30BBIX WM, CKaKE€M, KPEMOBBIX. ITO OOCTOATENBCTBO MO3BOJSET IPUMEHUTH CIEIYIOUINI TPIOK.
Haubonee yacto Bcrpeuarommecss 256 1IBETOB HYMEpYIOTCS, @ OCTaJbHbIC NPUBOIATCS K HHUM.
3HayYeHUsI KOMIIOHEHT COOTBETCTBYIOMMX RGB XpaHuTcs B Aueiikax CHEUHAIbHO OTBEACHHOIO
MaccHBa MaMATH, Ha3blBaeMOro MaJauTpoi. [Ipu 3TOM B KauecTBEe LBETa MUKCEJS 3aIHCHIBACTCS
HOMED (MHIIEKC I[BETa) B MAIIUTPE, a HE COOTBETCTRYIonMe 3HaueHusi RGB. B cBs3u ¢ aTum, nmroboi
PEKUM OTOOpa)keHHs IBeTa C MAJUTPO YacTO HA3bIBAIOT MHICKCHPOBAHHBIM. A Takoi 256-
IIBETHBIN peXUM MPUHATO Ha3biBaTh MCGA (MHOTOIBETHBIN TpaQUUIECKU PEKUM).

YactHbM ciyyaem Takoro 256-uBetHoro MCGA-pexuma siBisieTcst He 1iBeTHOH Grayscale
(MOIyTOHOBO) peskuM. B 3TOM citydae Kakablii u3 256 BETOB B MATUTPE UMEET PaBHBIC 3HAUYCHUS
koMnoHeHTOB (R = G = B =Y), koTopble paBHbI HOMEpY «ILBETa» (rpajauuu ApkocTu Y). B aTom
clly4yae, OJHAKO, B OTJIMYME OT OOBIYHBIX IIBETOB, OTOOpakalOTCsl BCE BO3MOXKHBIE Tpajalliu
SIPKOCTH.

3ameTuM, 4yToO ele 6osiee BBIFOIHBIM OKa3bIBaeTCS UHIEKCUPOBAHHOE MIPE/ICTAaBICHHE IBETa
U 17151 pEKUMOB, COZiep Kalliux MeHee 256 1BetoB (2, 4 unu 16 1BeToB).

HiColor/RealColor uzooparxcenusn

Ecam oTBOAMTH Ha KaIblii MUKCENIb Mo 2 OaiiTa BMECTO OJHOIO, TO TOJYYHTCS OoJiee
KaueCTBEHHasl LIBETOIIEpeiada 1o cpaBHeHHUIO ¢ pesxuMoM MCGA. B 3ToM citydae Ha Tpu LIBETOBBIE
KOMIIOHEHTHI NpuXoautcs 15 wnm 16 aBOMYHBIX pa3psgoB. B mepBoM ciydae Ml Kaxaou M3
komrioHeHT RGB otBoxauTcs o 5 6ut. Bo BTOpoMm cityuae, paBHOMEPHO paclpeenuTh NaMaTh s
XpaHEHUs1 KOMIIOHEHT He ynaeTcs. Ho, 3Has, 4yTo yenoBedeckuil rjia3 Haubosee 4yBCTBUTENIECH K
3eJICHOMY IIBETYy, €My OTAAeTCs OOJIbIIE Pa3psiOB, YeM KPacHOMY WM cuHeMy. Takum oOpa3om,
pacripeziesieHre mamsTH B 6urax no komrnoneHtaM RGB: 5-6-5. Komnonenta G umeer 6 6ut (64



BO3MOXHBIX 3HaUEHHS SIPKOCTH), a R 1 B - mo 5 6ut (1o 32 rpamamun). Obmiee KOJMYECTBO IIBETOB
B 9TOM pEXHME COCTaBUT 32%64*32 = 2% = 65536. s LBETOIEPEAAUN MCHOIB3YETCA TOJIBKO 6
OUT Ka)KOW KOMIIOHEHTBI, IO3TOMY 3€JIEHBIN IIBET MEPENAETCs MOTHOCThIO, @ KPACHBIM U CUHUM -
HOYTH NOJHOCTHI0. OTCIOAa U Ha3BaHKE Takoro pexuma — RealColor (pesxuM HaCTOSAILIMX IIBETOB).

3aMeTUM, YTO XpAaHEHUE MNAJIUTPhl A ITUX PEKUMOB HE OIPABAAHO, MOITOMY 3IEChH
IIUKCENb YKE HEIIOCPEACTBEHHO XPaHUT CaMO 3HaYCHHE LIBETA.

TrueColor uzooparxrcenus

Pexumom ¢ Hanbosiee kaueCTBEHHOM LIBETONEepeaauei BIsSETCs TOT, B KOTOPOM Ha KaXkKJIbIi
IUKCeNb NpuxoauTcs mo 3 Oaiita uimm 24 Outa. Takoil pexum HasbiBaeTcst TrueColor (McTHHHO
[[BETHOW pEXHUM). 3/1eCh Ha XpaHEHHE Ka)KJ0ro U3 Oa3UCHBIX LIBETOB OTBOJAUTCS MO § OuT. Beiie
ObUIO MOKA3aHO, YTO TAaKOM PEKUM MOPOKIAET OKOJIO 17 MUIITMOHOB LIBETOB.

W3 paccMOTpEHHBIX PEXKMMOB TOJBKO JBa UMEIOT BO3MOXHOCTh XPAaHUTh BCE JIOIYyCTUMBIE
nseta. OnuH w3 Hux, oueBujaHo, TrueColor, a BTOpoif, Kak oTMmeyanoch Bbille, - Grayscale
(moyToHOBOI). JIefiCTBUTENBHO, OTTEHKOB CEPOT0 MOXET ObITh BCETro 256, T.K. OHU ONPEIEISIFOTCS
KakK I[BeTa, UMeIoIlue O1MHaKoBbIe 3HaueHus R, G u B, uncno takux 3HaueHuit paBHo 256.

@Daiinvt pacmposoii cpaguxu Windows popmama BMP

Paccmotpum  dopmaTt  daiinoB  m300pakeHHMH, KOTOPBIE HCIIOJIB3YET TOMyJIsipHAs
onepaunoHHas cuctema Microsoft Windows. Otu daiinel coxpanstores B ¢popmare DIB (Device
Independent Bitmap), He 3aBHCSIIEM OT BHEUIHHX YCTPOWCTB, KOTOPBIA MO3BOJSET CUCTEME
oToOpaXkaTh KapTUHKY Ha yCTpOMCTBax jto0oro tuna. Pacimmpenue umeH takux ¢aiinos - .bmp (ot
cioBa «bitmapy).

N300paxkenue B popmaTe .bmp JOrHYeCKH COCTOUT U3 YETHIPEX YacCTe:

BITMAPFILEHEADER bmfh; // muHa = 14 0auT
BITMAPINFOHEADER bmih; /I nmuHa = 40 GaiT

RGBQUAD aColors[]; // TIepeMeHHO# JITMHBI JIH OTCYTCTBYET
BYTE aBitmapBits[];  // mepeMeHHOIt ITHHBI

[lepBble 1Be 4YacTHM NPEACTABISAIOT COOOM 3arojoBKH, COOTBETCTBEHHO, (ailna u
n300pakeHusl, TPEThs, HeoOsI3aTenbHasd, YacTh — MH(OpMaIKs 0 nanutpe. YeTBepras 4yacTb - 3TO
COOCTBEHHO H300paK€HUE, COXpPAaHEHHOE CJIEBa HANpaBO M CHU3Y BBepxX. XodeTcd euie pas
HOJUYEPKHYTh MOCJIEIHEe 00CTOSATEIbCTBO: MOPSIIOK CIIEOBAHUS CTPOK (CHU3Y BBEPX) 0OPATHBIN
HOPSJKY CJI€AOBAaHUS CTPOK B BUACONAMSTH.

YerBeprass yacTth (ailma bmp - 3T0 MaccuB MNHKcened H300paKeHMs, 3aluCaHHbIX
noctpoyHo. [lukcenu B KaXKIoW CTpPOKE 3alMCHIBAIOTCS CJ€Ba HApaBO, a CTPOKH H300pakeHus
COXpaHSIOTCs CHU3Y BBepX. OTMETHM, 4TO JaHHbIE KaXKAO0H CTPOKU MHMKCeJeil BhIpaBHUBAIOTCS Ha
rpaHuny B 4 Oaiita.

Hauunas ¢ Bepcun 3.0 Windows pomyckaeT cxaTue pacTpoBBIX M300pakeHMH B (aiimax
.bmp, ¢ wucnonp3zoBaHMEM mpocTOro Meroaa rpymmoBoro kommpoBanusi (RLE - run-length
encoding). CMBbICI MeTOJla IPYNIOBOIO KOJUPOBAHUS COCTOMT B TOM, YTO TIPYMIIbI OJHOLBETHBIX
MUKCEJIeH KOAUPYIOTCS IByMsl OalTaMu: KOJMYECTBO NMOBTOpPEHMH (n) W 3HaueHue uBera. llpu
0TOOpa)KeHUH YMaKOBAaHHOIO M300pa’ke€HHsI HaJ0 MPOCTO N Pa3 MOBTOPUTH MHUKCENb C YKa3aHHBIM
nBetoM. (CikaTHe TMO3BOJISET COKOHOMHUTH MECTO Ha JUCKE, HEOOXOAUMYIO [UIsl XpaHEHUs
n300paxkeHus. Yem Oosblie B ©1300paKeHUH yYacTKOB OJITHOTO 1IBETa, U YyeM OOJIbIlIe pa3Mephl ITHX
y4acTKoB, TeM 3¢ dekruBHee padotaeT RLE-cxkaTne nzodpaxenus. Cxxarue B daitmax BMP moxer
ObITH IPUMEHEHO JUIsl (HOPMATOB C BOCEMbIO MIJIM YETHIPbMsI OMTaMU Ha MHKCEN, T.€. I 256-Tu U
16-uBeTHBIX M300paxeHuil. bunapueie u noiaHousetHsle (TrueColor) n3o0pakeHus: He MOTYT OBITh
COKaThl.



Daiinvt popmama PCX

®opmar daiinos nzobpaxenuit PCX Obi1 paspadoran B 1982 Kopnopauueit ZSoft mis nx
nporpammMbl Paintbrush, HO ¢akTHUecKkn cTay MPOMBINUICHHBIM CTaHIAPTOM JUISI COXPAaHEHHUS U
nepechUIKH pacTpoBbix n3o0Opaxenuit Ha [IK ¢ MS-DOS. CoBpemenHast Bepcust 3Toro ¢opmara
MOYKET TOJICPKUBATh JUCIUICH JI000H pa3permaroneid criocoOHOCTH, UCTIONB3YIONINE TMaTUTPhI C
JTI0OBIM KOJHMYECTBOM I[BETOB, U OH OYEHb HPOCT B NpuMeHeHHH CerofiHs, MPakTUYECKH BCe
KOMMEpUECKHEe IporpaMMel nojaiepxxupatot popmar PCX.

B ¢opmate PCX takke ucnonb3oBaH meton rpymnmnoBoro koauposanus (RLE - run-length
encoding). I'pynmoBoe komupoBaHue, nmpuMeHsemoe B ¢aimax PCX, HECKOIBKO OTIMYACTCS OT
KoaupoBaHus B (Qaiimax BMP, xors cama wuaes rpynmoBoro KOAMPOBAHUS Ta >K€: BMECTO
MOCJIEI0BATEIbHOCTH OJJUHAKOBBIX OAMTOB COXPAHATh UX KOJMYECTBO U 3HAUYEHUE.

@aitn PCX MoxxeT uMeTh 1Ba WU TpU paznena: 128-0aiTHBIN 3aro0BOK, 3aKOAHUPOBAaHHBIC
JaHHbIE M300pa)KeHUsl (3TOT pa3fesl MOXKET MMETh MPOU3BOJIBHYIO JJIMHY) U HEO0O0S3aTelIbHYIO
nanuTpy. OTa MajuTpa NpucoenuHsiercs K ¢ailly TOIbKO B TOM Cilydae, Korja H3o0paxxeHue
conepxut 256 nsetoB. Ee anmuHa paBaa 769 Gaiit (256*3+1).

I'pynnoBoe koaupoBaHue, npuMmensemoe B (ainax PCX, Heckoiabko oTiaMyaercs OT
paccmoTpenHoro i (aitioB BMP. M300pakenne nmpocMaTpuBaeTcsi MOCTPOYHO CIeBa HAIPaBo U
CBEpXy BHM3. ['pymnIbl MHMKCENOB OJHOTO I[BETAa 3alUCHIBAIOTCS IBYMs OalTamMH: HEpBbIH OalT
COJIEP’)KUT KOJINYECTBO MOBTOPEHMM M BTOpPOW - 3HaueHue 1BeTta. B ornmume ot popmara BMP,
C)KaTUI0 MOTYT OBITh MOABEPTHYTHI TaKKe M IOJHOLBETHbIE (true color) m3oOpaxkeHus. OHu
NPEJICTABIISIIOTCS. TPEMSI LIBETOBBIMM IUIOCKOCTSIMH, M KaXkJas CTPOKa pa3BEPTKU COXpPaHSAETCs
IIOCJIEZI0BATENBHO IO LIBETOBBIM IIJIOCKOCTSIM.

Hukakux komanz, MogoOHBIX TEM, UYTO MpeaycMOoTpeHbl B ctanaaptre BMP, 3xech Het, Tak
YTO KOAMpOBaHHUE NaHHBIX B crangapre PCX mpoune.

Daiinvr popmama JPG

Paccmotpum crpykrypy daiinos JPEG. B paccmorpenHbIx Hamu (aiiinax crapbix GopMaToB
3aroJIOBKM CcTporo (ukcupoBaHsl. [ oGecrnieyeHnss BO3MOKHOCTH OyAyIIMX pacIIMpeHUui B HUX
BBOJSITCA IIyCTBIE MECTa, KOTOPBIX, TEM HE MEHee, He Bceraa xsaraer. Ilocmorpure, HanpuMep, Ha
3aroJoBoK ¢aitna popmara PCX. B HeM ObL10 MpeayCMOTPEHO ITyCTOE MECTO JAJIS pacIlupeHu, Ho,
KOTJ]a TOHANOOWIOCh TaKOe pACHIMpeHHe CAeNaTh - J00aBUTh MANUTPy s 256-IBETHBIX
n300pakeHuii, 3Toro Mecra He xBaTuio. [Ipumiocs 3anuceiBaTh NAMUTPy B KOHIE (aiiia, a mycroe
MECTO TaK ¥ OCTAJIOCH "[JIsl JAIbHEUIIINX pacIIupeHui".

Bce nansble, KoTopble 3amucaHbl B (aiii, BKIOYas W 3arojOBOK MPEJICTABISAIOTCS B BHUJE
OTJIENbHBIX 3anuceil uin cermeHToB. Kaxk/plif cerMeHT nMeeT 0coObli pu3Hak - Mapkep wiu TOI
(oT aHrnmiickoro tag - spnblk). B cermeHTe ompenensercss TakXkKe €ro JJIMHA U COAEPIKaTCs
cnenuduyeckue Uil Hero JaHHble. HOBBIE CcerMeHThl Uit oOecredeHus HambHEeHIIX
pacimpeHuii" MoryT a00aBisTbCs OuyeHb Jerko. IloHamobusnock 3ammcaTh B ¢ailn uTo-HUOYIb
HOBOE - OIpEeJIeNId HOBBI MapKep W MHIIN Ha 3710poBhe. [IporpamMmel, KOTOpBIE 3Ty HHPOPMAITUIO
UCIIOJB3YIOT, CMOTYT €€ HalWTH IO BBEICHHOMY BaMHU MapKepy, a T€, KOTOPbIM OHa HE HYXKHA,
IIPOCTO MPOIYCTAT 3TOT CErMEHT, T.K. OHM HE 3HAIOT 3TOTr0 Mapkepa. HUKakux myCThIX pe3epBHBIX
II0JIEN TIPY ATOM HE HYXKHO.

Nwmenno tak crpostcs daiinel JPEG. Kaxaplii U3 HUX COAEPKHUT HECKOJIBKO CETMEHTOB
3aroJIOBKa ¥ OJIMH WJIK HECKOJIBKO CETMEHTOB JIaHHBIX N300pa)keHUIl.

Daiinvt popmama GIF

Pa3paboran pupmoit CompuServe i mepeaadn pacTpoBBIX W300paxeHui mo cetsM. OH
ucnons3yer LZW-komnpeccuio, 4TO IMO3BOJIIET XOPOIIO CXKUMaTh (ailiibl, B KOTOPHIX MHOIO
OJIHOPOJHBIX 3aJIUBOK (Jorotumnsl, Haamucu, cxemsl). GIF-popmar mno3Bomisier 3amucbiBaTh
nzoopaxenue "dgepe3 crpouky" (Interlaced), Omaromapst yemy, uMes TOJNBKO 4acTh (haiiina, MOKHO
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YBUIOCTH I/1306pa)K€HI/Ie HCJINKOM, HO C MCHBIIMM PAa3pCUICHUCM. OTa BO3MOKHOCTH HINPOKO
npumensiercss B MHrepHere. CHavyana Bbl BUAWTE KapTUHKY C TPyOBIM paspelieHHeM, 3aTeM, IO
MCPC NOCTYIJICHUS HOBLIX JAHHBIX, €€ KAYCCTBO yJIy4IIacTCA. B GIF'e MOXHO Ha3HAYUTH OIHUH NIn
Oosiee IIBETOB MPO3PAauYHbIMM, OHU CTAHYT HEBUIUMBIMH B web-Opay3epax M HEKOTOPBIX APYIHX
nporpaMMax. ITa Mpo3pavHOCTh IIBETOB 00ECTIEUMBACTCS 3a CUET JOMOTHHUTENbHOTO alpha-kaHana,
COXpaHsAEMOro BMecTe ¢ (paitaom.

Kpowme Toro, B (aiine popmara GIF MoxeT comepkarbes HE 0JJHA, a HECKOJIBKO PacTPOBBIX
KapTUHOK (KaJpoB), KOTOpbIE Web-Opay3epbl MOI'yT OTOOpa)kaTh OJIHY 3a JPYroil ¢ yka3zaHHOH B
¢aiine yacrotoil. Takas pasHOBUIHOCTD (haiiioB Ha3bIBaeTcss aHMMUpoBaHHBIMU GIF.

OcnoBHoe orpanunyenue ¢popmata GIF cocTout B TOM, 4TO IIBETHOE M300pa)K€HHUE MOKET
OBITH coaepkaTh He OoJiee 256 LBETOB.

Daiinovt popmama TIFF

W3HavanbHO faHHBIA ¢opmar Obul NpeJHa3HaueH JUIs XpaHEHHsS CKAaHMPOBAHHBIX
n300pakeHuii. AnmapaTaHo He3aBucuM. Ha ceromusimianii nenb gopmat TIFF sBrsercs onauMm u3
CaMBbIX PaclpOCTPAaHEHHBIX U HAJECKHBIX, €0 MOAAECPKUBAIOT IPAKTUYECKHU Bce NporpamMmsl Ha PC
u Macintosh, Tak wim wHaye cBszaHHbie ¢ rpadukoi. TIFF sBrusercss mydmum BbIOOpOM TIpu
UMIIOPTE PacTpOBOM rpaduku B BEKTOPHYIO M B (hopMaThl M3ATEIbCKUX cucTeM. EMy noctynen
BECh JHMANa3oH BETOBBIX Moeei oT MoHOXpoMHOM 10 RGB, CMYK u A0MOTHUTENBHBIX 1IBETOB
Pantone. TIFF moxer coxpansths BekTophl Photoshop'a, apha-kanamel 1jisi co3maHus Macok B
Buneokimnax Adobe Premiere u psij TOMOTHUTENBHBIX HaHHBIX. HanOombIe mpoOieMpl 0OBIIHO
BbI3bIBaeT LZW-cxatue, uHorja npumensemoe npu coxpanenuu B ¢opmate TIFF. Hexoropsie
nporpammbl (QuarkXPress 3.x, Adobe Streamline u ap.) OTKa3bIBAIOTCS YUTATh Takue (ailiibl.
Kpome Toro, oHu nosjblie BBIBOAATCS HAa NPUHTEPHl U (POTOHAOOPHBIE aBTOMAThl. BBRIMIpHIII BO
BPEMEHH BBIBO/IA IOJIy4aeTCsl TOJIBKO, eciau (aiin cxat B 3-4 pa3za. OObIUHO K€, IPU COXPAHEHUU
n300pakeHnii B g1anHoM Qopmare, ucnonbdyercs meron cxarus CCITT (International Telegraph
and Telephone Committie), koTopbIii ObUT pa3paboraH sl mepenadn u npuema (akcoB. OH
SBISIETCA YacTHBIM ciydaeM Mmerozaa cxatus Xapdmana. CCITT Group 3 uaentuden dopmaty
¢daxkcumuibHblx coobmenuit, a CCITT Group 4 - d¢opmaty ¢akcoB, 0e3 crenuaibHON
ynpasisoneil nHpopMaImH.

bonee mnoapoOHyio wuHpopManuioo, B T.4. U TEXHHUYECKyI0, O QopmaTtax (¢HaiiioB
MU300paXKCHHUIT MOYKHO OTHICKaTh Ha caite http://devel.archefire.org/mirrors/www.wotsit.org.
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JABOPATOPHAS PABOTA Ne2. _
HBETOBBIE ITPEJACTABJIEHUSA N30BPAKEHUU. IBETOBOMU KVYb.

Iesb: u3yunTs 11BeTOBBIE pecTaBiaeHus nzodpaxkenuit CMY, YIQ, HSL, nu3yuuts nipetoBoii KyoO.

3agaHue.

1. Hamucarte nporpammy 3arpy3ku *.bmp ¢aiiiaoB u BeIBoIa H300paKEHHS Ha SKpaH.
2. TIlpeobpazoBaTh 3arpy>XK€HHOE IIBETHOE HU300pakeHUE B:
— CMY oopwmar;
- YIQ dopmar;
— TIOJYTOHOBOE.
3. Pemmmts 3agauy: ocymectBuTh nepeBol RGBgx—> RGBg,x 1o 3amaHHOMY YCIOBHIO.
Hcnonp30BaTh MOI0KEHUE IIBETOB B LIBETOBOM Ky0e.

Bapuanmut ycnoeuii 3a0auu n.3.

H=S=const, L —>max
H—(H/256)*[H/(H/256)], L=const, S —>S/4
H=L, S=const

L—>max, S=H

S—>S/2, H=const, L—>max
L—>(L/256)*[L/(L/256)], S—>S/2, H=const
C=Y, M—max

C=const, Y—>max, M—>M/2

. Y=M, C=const, M=const

10. C=(M+Y)/2, Y=M, M—>max

11. M—|C-M|, C=const, Y—=>Y/2

12. C=M, M=Y, Y=C/2

e Al

Odghopmnenue omuema

IlepedyeHb 00s13aTENBbHBIX 3JIEMEHTOB OTUYETA:
1) TUTYNbHBIHI TUCT;
2) Tema, LieJIb, 33/1aHUE COTIIACHO BAPHAHTY, UCXOIHOE N300paKEHHE;
3) KpaTkas TeopeTHuYecKas CIpaBka Mo (GOopMysaM IepeBojaa HW300pakeHU B 3aJaHHBIC
(dopmartsl, a TakXKe 10 MHIUBHLyaJIbHOMY ITPE0Opa30BaHUI0 NU300PAKEHHUS.
4) skpansbie Gopmsbl (4 mpeoOpa3oBaHHBIX H300pAKEHUS);
5) BBIBOJBI;
6) JUCTHHT IPOrpaMMbl ¢ KOMMEHTAPUSIMHU.

[Ipu 3amure paboThl HEOOXOAMMO UMETH TOHATHE O IIBETOBOM KyOe (mpencraBinenusx RGB

CMY, CMYK), o useroBoM npeacraBienun HSL, nsetopasnoctHoM YIQ u o mpeobpazoBaHuu
[[BETHBIX N300pakKeHUI B MOy TOHOBBIE.
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Teopernyeckue cBeieHUs

Jluckpemnoe npeocmasnenue yeemos. l{eemoesoii Kyo

MoHUTOpP KOMIBIOTEpa Maj0 Ye€M OTJIMYAETCS OT OOBIYHOTO LBETHOrO TeneBu3opa. OH
MMEET TPU HE3aBUCUMBIX 3JICKTPOHHBIX JIy4da, KaKbli U3 KOTOPHIX BBICBEUMBAET HA IKPAHE TOUYKU
CBOETO 1[BETa - KPaCHOT0, 3€JIEHOr0 WK CUHEro. Bee npyrue 1BeTa, BKitoyas Oelnblil, HOdydyaroTcs
CMEILEHUEM 3TUX OCHOBHbIX (UM Oa3ucHbix) IBETOB B pa3iMyHbIX mponopuusx. COOTBETCTBEHHO,
JUIsL BBIBOAA IHKCEJa OINPEAEIEHHOrO IIBETa, KOMIIBIOTEpP JOJDKEH YKa3aTb MOHMTOpPY OTH.
[TockonbKy MOHHUTOpP paboTaeT ¢ Tpems Jy4yaMH, €CTECTBEHHO U JaBaTh €My HMHTEHCHBHOCTHU
KOKJIOTO M3 HUX. SIpKOCTH BBIBOAMMOW TOYKHM OINPEIEIUTCS CyMMON WHTEHCHBHOCTEW JIydew,
COOTBETCTBYIOIIUX Oa3uUCHBIM LBeTaM. Takoe MpejcTaBiIeHHE LBETAa U SPKOCTH IMHUKCENA HOCHUT
Ha3BaHue RGB mnpeocmasnenue OT aHTIMICKUX Ha3BaHWH OCHOBHBIX IBETOB: Red - KpacHBIi,
Green - 3eneHbli, Blue - cunuii. benblii IBET momy4aeTcs CI0KEHUEM BCEX TPEX OCHOBHBIX I[BETOB
C MaKCHMaJbHONW MHTEHCUBHOCTBHIO, YEPHBIN - MOJHBIM UX BbIKIIOUueHUuEeM. Takum obpasom, RGB
IIPEJICTaBJICHUE SIBIISIETCS alJUTUBHBIM:

Y =r*R+g*G+b*B.

Ecin otnoxxute komnoHeHTHl R, G u B Ha ocsx nexkapToBOil cHCTEMBbl KOOpIMHAT, TO B

pe3yJbTaTe MOJIYYUTCs TaK HAa3bIBAEMBIN Y8emogoli Ky0:

G Y

B M
Pucynoxk 2.1 - LIBeToBoit ky6

Hauano koopaunar (touka "O") cooTBeTCTBYeT uepHOMYy 1BeTy, "W" - Gemomy. [pyrue
BEpLIMHBI KyOa (Kkpome yxe u3BecTHbIX R, G u B) — 310 "Y" - xentsiii, "C" - 6uprozoBsiif, "M" -
cupeneBblil. [lpeacraBnenne 1BetoB RGB ecrecTBeHHO st yCTpOWCTB THIa MOHHUTOpA, Ha
KOTOPBIX TOYKHM CBeTATCsA. Ha meuaTtarommx ycTpoicTBax IBeT (opmupyercs B pe3yibTare
OTPa)KEHHUS, U CMEIICHUE KPACOK TPEX OCHOBHBIX IIBETOB JacCT BOBCE HE Oeblii 1BeT. Js Takux
YCTPOICTB HCIONB3YIOTCSI HE OCHOBHBIE, a Jono/numenvhsle K HAM 1BeTa: Oupro3oBbiii (Cyan),
cupeneBslii (Magenta) u xenteiii (Yellow). CoOTBETCTBEHHO, Takoe MpPEICTABICHHUE IIBETA U
APKOCTH THKcena HocuT HazBaHue CMY mpeocmasnenue. Ha 1BeToBoM KyOe MOMOTHUTEIbHBIC
[[BETa TPEJCTABICHbl BEPIIMHAMH, MPOTUBOIOJIOKHBIMUA OCHOBHBIM I1BeTaM. bupiozoBsiii (C)
nononHuTeneH K kpacHoMy (R), cupenessiit (M) - k 3eneHoMy (G) u xenthid (Y) - k cuemy (B).
[Ipu cnoxxeHuu J11000r0 OCHOBHOIO U JONOJHUTEIBHOTO K HEMY IL[BETOB IOJy4aeTcs OEIblil LIBET.
benbiit uBer B mogenn CMY cOOTBETCTBYET OTCYTCTBHUIO BCEX Kpacok. JleMCTBUTENBHO, JUCT
Oymaru, Ha KOTOpPOM HHMYEro HE HapucoBaHO, octaercsi OenbiM. [lo anamormm ¢ RGB
MPEJICTaBICHUEM, JIOTUYHO OBLIO ObI MPEANONIOKUTh, YTO CIOXKEHHE BCEX TPEX JOMOJHUTEIbHBIX
[IBETOB C MaKCHUMaJIbHOM MHTEHCHUBHOCTBIO JACT YEPHBIN I[BET, HO 9TO HE COBCEM Tak. Moxere
MIPOBEPUTH, CMEIIAB OUPIO30BYI0, CUPEHEBYIO M JKENTYI0 Kpacku Ha jucte Oymaru. I[lostomy B
npencraBienne CMY noOasisieTcs elie o/1Ha, YepHasi, KOMIIOHEHTa, U COOTBETCTBYIOIEE [[BETOBOE

12



npoctpancTtBo umeer abopeuarypy CMYK (Cyan, Magenta, Yellow, blacK). IIpeoOpa3oBanue
1BeToBbIX KOMIOHEHT U3 RGB B CMYK u o0patHo oueHb mpocTo ((popMysbl NPUBOIATCS IS
MPUBEIECHHBIX 3HAYEHUI KOMIIOHEHT 1IBETOBBIX IPOCTPAHCTB):

RGB = CMYK:
C= (1-R-K)/(1-K);
M= (1-G-K)/(1-K);
Y= (1-B-K)/(1-K);
K= min(1-R,1-G,1-B).

CMYK = RGB:
R= 1-min(1, C*(1-K)+K);
G= 1-min(1, M*(1-K)+K);
B= 1-min(1, Y*(1-K)+K).

Ilpeocmagnenus, ocnosanHvle Ha YeemMHOCMU

TunuyHoe mpencTaBieHHE I[BETa, OCHOBAHHOE Ha LIBETHOCTH - 3T0 HSL npedcmasnenue.
Ao06peBuatypa HSL oOpa3oBana oT anriuiickux cioB Hue - mBer wim OoTTeHOK, Saturation -
HACBIIIEHHOCTh U Luminosity - sipkocts. Eciit RGB 11BeToBo# Ky0 mpencTaBiseT co0oii 1eKapToBy
cucreMy koopaumHaT, To HSL wu napyrme emy mnomoOHble TpEACTaBICHUS MPHUBOMIAT K
IWIMHAPUYECKOW cucteMe KoopauHat. Ilpu 3ToM och cumMMmeTpuM (Ha3blBaeMasi aIllUIMKATOMN)
pacrionaraercs 1mo npocTpancTBeHHoM nuaroHam O-W 11BeToBoro Kyba u mpeacTaBisieT co0oi 0Ch
sspkoctu (L), HachIeHHOCTH (S) - 3TO paccTosiHUE OT LEHTpaldbHOM ocu wiu panuyc, user (H) -
yIoJI, OTCYUThIBaEMbIi OT m1ockocTd ORW.

PacrnonoxumM 1BeToBoil KyO Tak, 4ToOBI MpOCTpaHCTBeHHas auaroHans OW (umymas ot
YEpHOTO yIia K 0eloMy) MpoXoJuia CHU3Y BBEpPX, U MOCMOTPUM Ha HEro CBEPXY, CO CTOPOHBI
toukd W (cMm. puc. 2.1, Ha KOTOpOM MpeJACTaBIE€HA IMPOEKIUS LBETOBOTO KyOa Ha IUIOCKOCTb,
neprneHuKkyapHyro ocu OW u mpoxoxsuryro uepe3 BepmuHbl R, G u B). Mbl yBuaum
MPABUJIBHBIN MECTHYTOJIBHUK (PUCYHOK 3.2).

G Y

B M

Pucynok 3.2 - [Ipoekiust 1B€TOBOTO Ky0a Ha IJIOCKOCTb, MEPHEHAUKYISIpHYI0 ocu OW

Touka O cootBerctByeT oct OW; R, G u B - Bepiunbl Ky0a, COOTBETCTBYIOIINE OCHOBHBIM
useram. [Ipoekmnuss Ha 3Ty miockocTh pedbpa OR coorBerctByer yrimy H (uBery) paBHomy 0
rpagycos, npoekuus OG — 120 rpaxycos, npoexkuus OB - 240 rpagycos.

[Tpenmosaras, 4ro pedpa BETOBOro Ky0a UMEIOT SAMHUYHYIO JUTHHY, T.¢. 3HaueHHusd R, G u
B nexar B quanazone ot 0 1o 1, momyuyum crenyromme GopMyIibl mpeoOpa3zoBaHUs:
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et (Hue):
H= 1 Alpha — arctgM ’
2n V3(G-B)
HaceimenHocts (Saturation):
S=+vR?+G> +B*-RG-RB-BG;
SApxkocts (Luminosity)

L:R+G+B;
3
rac
g,GZB;
Alpha = i
—,G <B.
2

3nauenusa H, S u L Taxxke nexkar B quanaszone ot 0 o 1.
B teneBumennn 4acto uCnoyib3yeTcs BeTopasHocTHas Mozaenb Y1Q. IlepeBoa u3 cucremsl
RGB B YIQ nmpousBoautcs no Gpopmyniam:
Y=0.30R +0.59G +0.11B
[=0.60R - 0.28G —0.32B
Q=0.21R-0.52G + 0.31B

Ilpeobpazosanue yeemuwvix uz00parceHuil 6 NOJIYMoHo8bvle

B psine 3ama4 nBeT 00BEKTOB Ha M300paKCHUH HE UMEET 3HAUCHUS, & BCE OMPEACIISAETC UX
SApKOCTBIO. M3 3TOro ciemyer HEOOXOOUMOCTh MpPeoOpa3oBaHUsl IBETHBIX HW300pakCHUH B
MOJIyTOHOBBIE, B KOTOPBIX YPOBEHBb CEPOT0 COOTBETCTBOBAJ OBl IPKOCTH.

Hekotopeie mporpaMmbl Jijisi  TpeoOpa3oBaHUS I[BETHOTO H300pakeHUS B  cepoe
UCIIOJIB30BaIH HOpMYITy:

Y = 0.299*R+0.587*G+0.114*B,
N 6J'II/I3K0€ K HEU LCJIOYHCICHHOC MPCACTABICHHUC:
Y = (3*R+5*G+1*B)/9.

Celiuac IMPUHATO CYHUTATh, YTO 0osee TOYHOE BBIPAXKCHUEC UMCCT BU!

Y =0.222*R + 0.707*G + 0.071*B.

JI7st TOro, 9TOOBI MOTyYUTh MOTYTOHOBOE H300pakeHHe, HEOOX0ANMO KaXKJOH M3 IIBETOBBIX
KOMITOHEHT IPUCBOUTH HalJICHHOE 3HAUYCHHE SIPKOCTH:
R=G=B=Y.
3HayeHUsT BECOB B IpPHBEIEHHBIX (popMynax mpeoOpa3oBaHusi BHIOMPAIOTCS TaK, YTOOBI
MaKCHMaJIbHO COOTBETCTBOBATh KPHBOM CIIEKTPAILHON YyBCTBUTEIBHOCTH YEJIOBEUYECKOTO I1a3a.
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JIABOPATOPHAS PABOTA Ne3
UHTETI'PAJIBHBIE CTATUCTHUYECKHUE XAPAKTEPUCTUKH N30BPAKEHUAM

Hesb: U3yuynTh CTATUCTUYECKHE XAPAKTEPUCTUKU PACIIPENEIEHUS] IPKOCTH M HAYUYHUTHCS CTPOUTH
TUCTOrpaMMy paclpeieleHns SpKOCTeN Ha N300paKeHHH.

3ananmue.

Hanucath nporpamMmy, BHIIOJHSIIONLYIO CJIeAYIOIIUe JelicTBHUA:
1. 3arpyska uzoOpakeHus U3 (aitia U BEIBOJI €T0 HA DKpaH.
2. IIpeobpa3oBaHue 3arpy>kKeHHOTO IBETHOTO N300paKEHHsSI B TIOIyTOHOBOE.
3. Pacder u oTOOpa)keHNE CTATUCTUIECKUX XapaKTEPUCTUK PaCTIpeeTICHHS IPKOCTH:
a) CpeIHeT0 3HAYCHMUS,
6) CKO;
B) KO3 PHUIHEHTa aCUMMETPUU;
r) ko3 dunmeHTa sKcIecca;
1) MOJIBI.
4. TlocTpoeHne TUCTOrpaMMBbI pacpeieTICHHs IPKOCTH U 0TOOpaKeHHE ee Ha DKPaHe.
[Mpumeuanune. Ha ocsax eucmozpammovl ommemums 3HA4eHUs: UHMEPBALO8.

Ogopmnenue omuema

[Tepeuens 00s3aTETBHBIX JIEMEHTOB OTYETA!
1) TUTYNBHBIN TUCT;
2) Tema, 1eNb, 3aJJaHUE, HCXOTHOE N300paKEHUE;
3) pacuerHbie GOPMYIIBI CTATUCTUYECKUX XAPAKTEPHUCTHK;
4) oakpanHble (OPMBI: TOITYTOHOBOE HW300paKCHHE, PACCUYMTAHHBIE CTATHCTUYECKUE
XapaKTEPUCTUKU, TUCTOTpaMMa pacipeeIeHUs SPKOCTH.
5) BBIBOJIBI;
6) TPWIOKEHHUE: JTUCTHHT MIPOTPaMMBbI C KOMMEHTAPHUSIMHU.

[Ipu 3amuTe paGoThl 3HATH CAEAYIONINE TEOPETUUECKUE TTOJTOKEHUS:
1. Craructuueckue XapaKTepUCTUKH N300pakeHU, (HOPMYJIIbI MX pacyeTa.

2. KakoB cMBbICIT KaXk/101 U3 CTATUCTUYECKUX XapaKTEPUCTHK.
3. Jlnd 4ero Hy»Ha rHCTOrpaMMa M300paKeHUsl U KaKUM 00pa3oM OHA CTPOUTCS.
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Teopernyeckue cBeieHUs

Cmamucmuueckue xapaKmepucmuKu

SIpKOCTh MOJTYTOHOBOTO M300pa)KeHUsI, BCIEACTBUE CIY4YailHOro xapakrepa 0ToOpa)kaeMbIX
AJIEMEHTOB CILIEHBI, HAIMYUSA LIYMOB M T.I, MOXET pacCMaTpuBaeMa Kak Cily4yaiHas BeJIUYMHA.
CryyaiiHble BEJIMYMHBI MOTYT OBITh JUCKPETHBIMU WMJIM HENpepbIBHBIMHU. JIMCKpeTHas ciyvaiiHas
BEJIMYMHA MOXET NPUHHMATh 3HAYEHHS M3 HEKOTOPOTO CYETHOIO MHOXECTBA. OJTU 3HAUEHUS
OTIENEHbl Jpyr OT JApyra, M HX MOXHO IEpPEHyMEpOBaTb. OTO, HANpPUMEpP, LEJNbIE YHUCIHA.
Bo3MoxHBIE 3HaYeHUsT HENPEPBIBHOM CIy4alHOW BEIMYMHBI 3aAIIOJIHSIET HEKOTOPBIM 3aJaHHBIN
npoMexyTok. IIpum ompeneneHMM CTaTUCTHYECKHUX XapaKTEPUCTHUK AMCKPETHOM ciaydyalHOU
BEJIMYMHBI UCIOJIB3YETCd CYMMHPOBAaHHE, KOTOPOE B CIIy4ae HEIPEPHIBHOM CIy4YallHOM BEIWYUHBI
3aMEeHseTCs HMHTErpupoBaHMeM. SIpkocTh mHKcenell u300pakeHHs NpPUHUMAET JUCKPETHBIE
3HAuYEHUs, IOATOMY B JajbHEMIIEM OyIeEM UCIOIb30BaTh CYMMBI.

Cpeonee 3nauenue

CpenHee 3HayYeHHE WM MamemMamuieckoe oxcudanue SPKOCTH B HEKOTOPOW oOmactu
OTIpEIETISIETCS CYMMOM 3HAUEHUM SIPKOCTH BO BCEX TOYKAX ATOM 00JaCTH, IETIEHHON Ha KOJUYECTBO
TOYEK:

1
M(D) = N Y I(x,y). 3.1)
(x,y)
Hucnepcus
Jlucnepcus SpKOCTU OMpeesaeTcs Kak MaTeMaTUUeCKOe OXKUJaHWE KBajJpaTa OTKIOHECHHS

APKOCTU OT €I0o CPCAHCTO 3HAYCHUA:

1 >
D)= — > (I(x,y)-M(®D)’. (3.2)
N (x,y)
PasmepHocTh nucnepcuu - KBagpaT SPKOCTH. DTO He Bceraa yaoOHo. IlosTtomy, dacto
UCIOJB3YIOT KBaJpaTHbIH KOPEHb W3 JUCIEPCHM, HA3bIBAEMBIH  CpeoHeK8aopamuyHvim
omxkaonenuem (CKQO):

o(D) =-/DA), 3.3)
KOTOPOC UMCCT PasMCPHOCTD SIPKOCTH.

I[chepcm{ N CPCAHCKBAAPATUYIHOC OTKJIOHCHHUC SABJIAIOTCS Mepoﬁ paccesHus APKOCTU
BOKPYT CPpCAHCTO 3HAYCHUSI.

Momenmul apkocmu

LleHTpaJIbHBII CTATUCTUYECKUKA MOMEHT SIPKOCTH TI-TO TIOPSIAKA ONpEHENsiercs, Kak
MaTE€MaTUYECKOE O0KHMJIaHUE BO3BEJACHHOTO B CTENEHb I' OTKJIOHEHUS SIPKOCTU OT €ro CPEIHEro
3HAYEHUS:

1
T r
MM = > (16 y) = MDY (34)
(x,y)
3aMeThM, 4YTO AMCIEPCUS - 3TO BTOPOW LIEHTPaJIbHBIA MOMEHT. Yallle Ipyrux MOMEHTOB
BBICHIMX MOPSAKOB UCHOJB3YIOTCA TPETUH M YETBEPTHINA, HO, KaK MPaBMIIO, HE caMU 1O cebe, a B

BUJIe KOADPUITUEHTOB acummempuus:

_M(D)
As(l) = S0 (3.5)
H 3Kcyecca:
_M'(M)
Ex(I) = o0 3 (3.6)

Koadduuument acummerpun, Kak 3TO MOHATHO M3 HAa3BaHUS, XapaKTEPU3yEeT aCUMMETPHUIO
pacmpeneneHus CioydailHOW BENWYHMHBI (B HAIIEeM cliydae - SIPKOCTH). Ecu OH MONOXHUTENeH,
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pacripeziesieHue sIpKocTH Oojiee MoJIoroe B 00JacTH OOJBIIMX 3HAYEHUM, €CIM OTPHUIIATEICH - B
00J1aCTH MEHBIIIUX.

Koadduuument skcrecca xapakrepusyeT oTiandue GopMbl pactpeeneHus: OT HOPMaJIbHOTO
3aKOHa, O KOTOPOM peub Moiiner Hmwke. YeM OH Oousiblie, TeM 0ojee OCTPYIO BEpLIMHY HMEET
pacmpenenenue, u HaoOopor. HyneBoe 3HaueHHe KoOd(pQUIMEHTa 5KCIEecca COOTBETCTBYET
HOpMaJIbHOMY pacrnpeaeneHuto. YTtoObl oOecrednTh Takoe €ro CBOMCTBO, B ¢Gopmyne (4.6) u
BBIYMTAETCS TPOMKA.

Mooa

Eme onuH mpocToil, HO Ba)kKHBIN MapaMmeTp CiIydyallHOW BEIMYMHBI HOCUT Ha3BaHHE MOOd.
Maremarnuecku, MOJa - 3TO 3HAYEHHME CIy4YalHOW BEIWYMHBI, KOTOpPOE OHA IPUHUMAET C
MaKCHUMaJIbHOU BEPOSTHOCTHIO. OHAKO, 37€Ch MO MOJION MPAaKTHYECKU MOHUMAETCS JIOKaIbHBIN
MakCUMyM (YHKIUM pacupenesieHus sSpkocTd. Kak W3BECTHO, KOJMYECTBO JIOKAJIBHBIX
MaKCHMYyMOB B 00LIeM cily4ae He orpaHndeHo. COOTBETCTBEHHO, paclpeleIeHHsI, UMEIOIINE O/IHH,
IBa WM 0oJiee  MAKCUMYMOB, HA3bIBAIOTCS  VHUMOOQIbHbIMU,  OUMOOQIbHbIMU — UTU
NOAUMOOANbHBIMU.

T'ucmozpamma

Jnst  Toro 4TtoObl TOCTPOMTH Tpapuk (QYHKIMHM pacupefesieHus, HYXHO 3HAaTh
AHAIUTUYECKOE BBIPAXKEHUE 3aKOHA paCIpeielIeHHs CIly4ailHOM BEIMYMHBI U ero mapaMmerpsl. Eciu
MBI UMEEM JEJI0 C HEKOTOPBIM IOJyTOHOBBIM HM300pa)XCHHWEM, Mbl HE 3Ha€M TOYHO HH 3aKOHA
pacmpezienieHus: SIPKOCTH, HU €ro mapaMeTpoB. TeM He MeHee, B 3TOM Ciy4ae yJaeTcsl MONTYy4HTh
CTaTUCTHYECKYIO OIIEHKY IJIOTHOCTH PAcCIpe/esIeHus, HE 3aBHCALILYI0 HH OT BUJA 3aKOHA, HU OT
napaMeTpoB. Takol OLIEHKOM MIOTHOCTH pacIpeielieHHs SIBISIeTCS TaK Ha3bIBaeMasl eucmozpamma,
npezcTaBisiomas coboil rpaduyeckoe H300pakeHHE PACCUMTAHHOM IO pEaJbHBIM JTaHHBIM
IUIOTHOCTH PacIpeieNICHHs] CTy4YailHOM BETUYHHBI.

Jnst Toro, 4TtoObl MOCTPOUTH THUCTOTPAMMY IIOJyTOHOBOTO H300pa’keHHs, BCs 00J1acTh
JOTYCTUMBIX 3HAUEHUN SPKOCTH pasJieisieTcsi Ha UHTEPBaJIbl, U PACCUUTHIBAIOTCS OTHOCUTEIbHBIC
YacTOThl TOMNAJaHUS SAPKOCTU MUKCENed HM300paKeHUs B KaXIbli HMHTEpBaJl. 3aTeM CTPOMUTCS
rpaduk, Ha KOTOPOM MO TOPU3OHTAJILHOW OCH OTKJIAJbIBAIOTCS WHTEPBAJIbI, U HA KaXJOM U3 HUX,
KaK Ha OCHOBAHUH, CTPOUTCS MPSIMOYTOJIBHUK, TUIONIAb KOTOPOTO paBHA BEPOSTHOCTH MOMATAHUS
SAPKOCTH B JAHHBIA UHTEPBAJL.

UeM wMeHblIel BbIOMpaeTcss LIMpUHA HWHTEpBaIa, TeM Oojiee MOIPOOHOIN MoirydaeTcs
rucrorpamma. C Opyroil CTOPOHBI, €Clii Ha MHTEpPBaj MPUXOJUTCS Mallo TOYEK, JOCTOBEPHOCTb
OLICHKHU TJIOTHOCTH pacmpesesieHus JJs 3Toro uHrepBana Oynet mana. Kpome toro, nzo0paxeHnus
4acTo cojepXaT He Bce JOIMYCTUMbIE YpPOBHU SPKOCTH, a € mpomyckamu. Hampumep, y
M300paKeHHsI €CTh MUKCETH C SPKOCTAMH, paBHbiME 0, 4, 8, 16, 32 u T.4., a C MPOMEKYTOYHBIMU
(1,2, 3,5, 6,7, ...) HeT. B aToM citydae ructorpamma, MOoCTPOCHHAsI ¢ UHTEPBAJIOM MIUPUHON 1 win
2 ypOBHS IPKOCTH HE OyAET MOKa3aTeIbHOM.
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JIABOPATOPHAS PABOTA Ne 4
IORJIEMEHTHBIE ITIPEOBPA3OBAHUSA U30BPAKEHUI. TIPEOGPA3OBAHUE
I'MCTOI'PAMM

Ieas: w3yunts HamboNee pPACIPOCTPAHEHHBIE MPOLEIYPhl IOMJIEMEHTHOH  00paboTKH
U300paKEHHS; HAYYUTHCS OINPEEIISTh UTOTOBYIO IUIOTHOCTh PaclpeesieHUs SIPKOCTH.

3agaHue.

1. Ha xomnbroTepe.
1. Peanu3oBaTh @IrOpuTM, OCYILIECTBISIOIIMNA JIMHEHHOE KOHTPAaCTHUPOBAHUE C
[apaMeTPUUECKH 3a/1aBA€MbIM BBIXOJIHBIM JTUHAMUYECKUM TUATIa30HOM.
2. BBINONHUTB CONAPU3ALMIO U300pakeHUs], pacIIMpUB AMHAMUYECKUH 1uana3oH a0 0-255
0 WHAWBUAYaJIbHOMY BapuaHty wu3 Tabmunsl 1.1, rae BeIOOp BapuaHTOB
OCyILECTBIIsIETCS 110 popmyiie:
(N mod 3)+1, rae N — HOMED 110 )KypHaIy.
3. PeanusoBare mnpoueaypy MpenapupoBaHUs [0 HHAMBUIYaJbHOMY BapuUaHTy W3
Tabymubl 1.2, Te BapuaHT BBIYHCISETCS 1O (GopMylie: (N mod 25)+1, rne N —
HOMED I10 KYypHAIY.
4. Peanm3oBaTh alrOPUTM IKBAIM3ALUU U TUMIEPOOIU3AIMHA TUCTOTPAMMBI H300paKCHHUSI.
Hcnonb30BaTh TaOJIMYHBIN METO/] MO3JIEMEHTHBIX PE0Opa30BaHUM.
Ilpumeuanue: peoOPa30OBBIBATH MOIYTOHOBOE H300paKEHUE.
2. AHAJIUTUYECKH.
Onpenenutb UTOTOBYIO IJIOTHOCTh PACIpPEeICHUs IPKOCTH, €CJIM U3BECTHA HayallbHas U
(YHKLHS IOJIEMEHTHOTO NPeoOpa3oBaHuUs.
HavanbpHas IUIOTHOCTE — paBHOMEpHOE pacnpezenenue Ha uurepsaie 0-255. @ynkuus
MORJIEMEHTHOTO Mpeodpa3oBaHus 3a1aeTcs hopmyIion:
I,

=—X
Y 255

Odgopmnenue omuema

[lepeuens 00s3aTETBHBIX 2IEMEHTOB OTYETA!

1) TUTYNBHBII TUCT;

2) Tema, 1eNb, 3aJaHUE COTJIACHO BAPUAHTY, MCXOJAHOE H300pakeHue;

3) pacdetHbie (GOPMYIIBI 3aJaHHBIX MTOAIEMEHTHBIX TIPEOOpa3OBaAHUN;

4) aHaNWTUYECKHE BHIYMCICHUS TUIOTHOCTHU pacIipeieNeHus sIPKOCTH;

5) okpanHbIC (HOPMBI BCeX MpeoOdpa3oBanumii (5 MpeoOpa30BaHHBIX U300PAKCHH);

6) BBIBOJBI (CPAaBHEHHUE UCXOJHOTO MOJYTOHOBOTO U300paKEeHHS C KaXKIBIM H300paKeHHEM
1ocJie O3JIEMEHTHBIX IPeoOpa3oBaHuil);

7) TUCTHHT IPOrPaMMBbI ¢ KOMMEHTAPHUSIMHU.

HpI/I 3alIuTeC pa6OTBI 3HATH CJICAYIOIHNEC TCOPECTHUYCCKUC TTOJIOKCHUA:

PacrnipocTpaneHHbIe poreyphl MOAIEMEHTHOM 00paboTKU N300paKEeHHS.
JInHEeHOE KOHTPACTUPOBAHHUE.

Consipuzanus n300paxxeHusl.

[IpenapupoBanne N300paKCHHUS.

[TpeoOpa3zoBanue rucTorpamMm. DKBanu3alus U TUnepOoIn3ams.

Al
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Bapuanmui 3a0anuii

Tabnuma 4.1 — BapuanTsl U1 consipu3aluu

Ne 3aoanue
eéapuanma
1 [IpeobpazoBanue Bupa y =k-x-(x,, —x)
2 [TpeoOpa3oBaHue ¢ UCTIOIH30BAHUEM JIMHEHHOTO KOHTPACTUPOBAHUS
3 IIpeobpaszoBanHme ¢ HCTIOIB30BAHIEM TaMMa KOPPEKITNHI

Tabnuua 4.2 — BapuaHTsl 1)1 npenapupoBaHUs]

No Ilpouedypa No Ilpoueodypa No Ilpoueodypa
npenapuposanus npenapuposanus npenapuposanus
: y Sy >y
0 X 0 X 0 X
2 ¥ — 6 y 10
y\
0
0 X 0 X x
3 7 11
¥ Y\
0 X
0 X
0 X
4 8 12
¥ ¥ y
0 \ X
0 X 0 X
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13 18 23
14 19 24
15 20 25
16 21
17 22
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Teopernyeckue cBeieHUs

Yﬂquenue 6U3YATIbHO20 Kauecmea u306pa.ncenuﬁ nymem RnO3J1eMEHMHbBIX

npeoopaszosanuil
CyIHOCTh MOAJIEMEHTHOM 00pabOTKKM H300pakeHWi cBoAMTCA K ciuenyromemy. Ilycth
X(1,))=X;;, Y(,J)=y,; - 3HauYCHUsS SAPKOCTH HMCXOAHOTO M IOJY4aeMoOro mocie 00pabOTKH

M300paXCHUII COOTBETCTBEHHO B TOYKE Kajpa, MUMEIOMICH IeKapTOBBI KOOPAMHATHI 1 (HOMEp
ctpoku) u j (HOMep cronbmna). IlosnemenTHas oOpaboTka O3HA4YaeT, YTO CYIIECTBYET
(I)yHKLlI/IOHaJILHaﬂ OJHO3HAYHAA 3aBUCUMOCTb MCKY 3THUMU SIPKOCTAMU

Yi; = fi,j (Xi,j) ) (4.1)
IIO3BOJJIAOIIAs II0 3HAYCHUKO UCXOAHOT'O CUT'HAJIa Ol'[peI[eJ'II/ITB 3HAYCHUEC BBIXOIHOI'O HpOL[yKTa. B
o0meM clydae, Kak 5TO yYTCHO B JaHHOM BBIDAXKCHHH, BHIA MM mapamerpsl pyskumn f(-),

OTMCHIBAIOIIEH O00pabOTKy, 3aBUCAT OT TEKymuX KoopauHat. IIpu sTom 0o0paboTka sBIseTCS
HEOJHOPOAHOM. OnHako B OOJBIIMHCTBE MPAKTUYECKH MPUMEHSEMbIX HPOLEIyp HCIOIb3yeTcs
OJTHOPOJIHAS TOdJIEMEHTHasi 00paboTKa. B 3ToM ciyuae MHIEKCHI i U j B BbIpaxkeHuu (4.1) moryt
OTCYTCTBOBaTh. [IpM 3TOM 3aBUCHUMOCTH MEXIy SPKOCTAMU MCXOJHOIO M 00pabOTaHHOIrO
N300paKCHHI OMUCHIBACTCS (DYHKITUCH:

y=f(x), (4.2)
OJIMHAKOBOM ISl BCEX TOYEK Kaapa.

Jluneiinoe konmpacmupoeanue uzoopaxcenus

3amaya KOHTPACTHUPOBAHUS CBA3aHa C YJIYYIIEHHEM COTJIAaCOBAHMUSA JTUHAMUYECKOTO
JUarna3oHa M300paKeHWS ¥ OJKpaHa, HA KOTOPOM BBIMIOJHSAETCS BU3yanmm3anws. Ecmm yis
udpoOBOro MpEACTABICHUS KaXIOro OTcueTa u300paxkeHUs oTBoauTcs 1 Oait (8 Owur)
3aIllOMUHAIOLIET0 YCTPONUCTBA, TO BXOIHOM WJIM BBIXOJAHOM CUTHAJIBI MOTYT IPUHUMATh OJIHO U3 256
3HaueHui. OOBIYHO B KauecTBe pabouero ucnoibidyercs auamazoH 0...255; mpu 3tom 3HaueHue 0
COOTBETCTBYET MPH BH3YaJIW3allMd ypPOBHIO YEPHOro, a 3HA4YeHWe 255 - ypoBHIO Oemoro.
[IpenmonokxuM, 4T0 MUHHMAalbHAs W MaKCHUMAalbHas SPKOCTH HMCXOIHOTO HM300paKeHUs DPaBHBI

X U X .. COOTBCTCTBCHHO. Ecnu st nmapaMeTpbl UKW OAUH U3 HUX CYHICCTBCHHO OTJIMYAIOTCA

min
oT l"paHI/ILIHI)IX 3Ha‘~IeHHﬁ HpKOCTHOFO Juaria3oHa, To BI/I3yaJ'II/IBI/IpOBaHHa$[ KapTI/IHa BBIITAAUT KaK
HCHACBIIIICHHAsI, Hey,[[O6Ha${, YTOMHHIOH_[EIH HpI/I Ha6HIO,I[CHI/IH. HpI/IMCp TaKoro Heyz[aquro

NpeCTaBICHUs IPUBEACH Ha pUCyHKe 4.1 a, rie nuanasoH sSpKOCTed umeer rpaHuusl X, . =180,
X oy = 240

IIppy  JMHEWHOM  KOHTPAaCTUPOBAHMM  HCIIOIB3YETCA  JIMHEMHOE  IIO3JIEMEHTHOE
npeoOpa3oBaHKE BUA:

X

y=a-x+b, 4.3)
IIapaMeTpbl KOTOPOrO a M b ONpeAensioTcs >KeNacMbIMU 3HAUYEHHMSAMHM MHHMMAJIbHOW y . W
MaKCUMAaJIbHOM Y . BBIXOJHOM APKOCTH. PemuB cucTeMy ypaBHEHUM:
ymin =a- Xmin + b
- b’
Yimax =@ Xppax +

OTHOCHTEJIBHO MTapaMeTpoB Npeodpa3zoBaHus a U b, HeTpy1HO npuBecTH (7.3) K BUAY:

X=X .
y = o (Ymax - Ymin ) + Ymin >

max  “>min
I7ie Y — BBIXOJIHOE 3HAUE€HHUE SIPKOCTU MHUKCEeNa, X — BXOAHOE (TeKyllee) 3HaueHHe IPKOCTH MHUKCea.
Pe3ynbpTar NTMHEHHOr0 KOHTPACTUPOBAHUS MCXOAHOIO M300pa)KE€HUs, MMPEACTABICHHOIO Ha
pucyske 4.1,a, npusenen Ha puc.4.1,6 npu y, . =0u y_  =255.
CpaBHeHHe ABYX H300paX€HUH CBUIETENbCTBYET O 3HAYMTENBHO JIyYIEM BHU3YaJbHOM
KayecTBe OOpabOTaHHOrO H300paKeHUs. VYIIydllIlEHHE CBS3aHO C HCIOJB30BAaHUEM IOCIIE

21



KOHTPAaCTHPOBAHMs TOJHOTO AMHAMHYECKOTO IHAara3oHa 3KpaHa, 4TO OTCYTCTBYET Y HCXOIHOTO
U300paKeHMsL.

a)

Pucynok 4.1 - IIpumep nuHEHHOr0 KOHTPACTUPOBAHHUS

Conapuzayusa uzoopasrcenus

[TyTe HOpMaNM3aMKu TUHAMUYECKOTO JHAana3oHa MOXET COCTOSTh B IPUMEHEHHU OJIHOTO
U3 METO/IOB KOHTPACTUPOBAHHMS, HAIPUMED, OTIMCAHHOTO BBIIIE JTMHEHHOTO KOHTPACTUPOBAHHS.

IIpeoOpazoBanue UMeEET BUL:

Y= =X (X=X ) b= Vi s

rae X, . - MakCHMaJbHOE 3HAUY€HHE MCXOJIHOTO CHrHaja, a k — KOHCTaHTa, MO3BOJISIOMAs

YIPaBIATh JMHAMHYECKUM JIMANIa30HOM ITPE0OpPa30BaAHHOTO N300paKEeHUS:
k= 4—Ymax ~ Vimin
(xmax - xmin)2

@OyHKIMS, ONMHUCHIBAIOIIAS TAaHHOE IPEe00pa30BaHue, SBISETCS KBAAPATUIHON TapaboIoii.

CMBICT consipU3alliy 3aKIIOYaeTCs B TOM, YTO YYaCTKHM MCXOIHOTO H300pakeHus,
UMEIOINE YpOBEHb O€Noro mim ONM3KUH K HEMY YPOBEHb SPKOCTH, MOCiEe 0O0pabOTKH HMEIOT
ypoBeHb yepHoro. [Ipu 3TOM COXpaHSIOT YPOBEHb YEPHOTO M YYACTKH, IMEIOIIIE €r0 HA UCXOTHOM
U300paXeHNH. YPOBEHb e OeNoro Ha BBIXOJE MPUOOPETAIOT yYacTKH, MMEIOUIME Ha BXOJE
CpelHUIl ypOBeHb SPKOCTH (YpPOBEHb ceporo). [IpuMep mpuUMEHEHHs COJSpPH3AlUU MPHUBEACH Ha
pucyHke 4.3.

Pucynok 4.2 - [Ipumep congpuzanuu
Ha pucynke 4.2,a mokazaHoO UCXOJHOE U300pakeHHe, a Ha pUCYHKe 4.2,0 - pe3ysbTar ero
consipuzanu. Ha Bropom 3tame oOpaboOTKH 37iech NMPUMEHEHO JMHEHHOE KOHTPACTHUPOBAHUE IPU

22



Yoin =0 ¥y, =255. O0paboTka NpUBOJUT K IMOBBIIIEHUIO YETKOCTU AeTaned M300pakeHHUs:

YIIy4IIeHbI H300paKeHUS TJ1a3, MOBBIIICH KOHTPACT Ha MepPeXo/ie “JMII0 - BOJIOCH | T. 1.

Ilpenapuposanue uzoopasrxcenus

[IpenapupoBaHue MpeACTaBIsIeT COOOM MLENbId Kiacc IMO3JIEMEHTHBIX IMpeoOpa3oBaHUi
n3o0paxxenuii. Harmpumep, mpeoOpazoBaHue ¢ MOPOrOBOil XapakTepucTukoi (puc.4.3) nmpespamniaer
HOJIyTOHOBOE HM300pa’keHHE, COJepKallee BCE YPOBHH SIPKOCTH, B OMHApHOE, TOYKH KOTOPOTO
umeroT sipkoctd y =0 umn y=y,_ . Takad onepauus, Ha3bpiBaeMas MHOIZJa OMHApU3alued Wiu
6I/IHapHBIM KBAaHTOBAaHHUEM, MOXCET OBITH HOHG3HOﬁ, Koraa IJid Ha6J'IIOI[aTCJ'I$I BaXHbI O4YCPTaHUA

00BEKTOB, MPUCYTCTBYIOIIMX HA M300pakeHUM, a JETalH, COAEpIKaIlUecss BHYTPU OOBEKTOB WU
BHYTpH (hOHA, HE MPECTABISIOT HHTEpECa.

¥

0 X

Pucynok 4.3 - [Ipumep npeoOpazoBaHus, UCIIOIB3YEMOT0O TIPU MPENapUpOBAHUN

OcHOBHOH MPOOIEMON TIPU MPOBEACHUU TaKoW 00paOOTKM SBISIETCS ONpEICIICHHE Mmopora
X,, CPAaBHEHUE C KOTOPHIM SIPKOCTU HMCXOJHOTO M300paK€HMs MO3BOJSET ONPEACIUTh 3HAYCHUE

BBIXOJHOI'O I/I306pa)KCHI/I$I B Ka)I(,Z[Oﬁ €ro TO4YKCE.

Ilpeobpazosanue zucmozpamm, IKeaIU3aAyUs

IIpy Bcex MORIEMEHTHBIX MpeoOpa3oBaHMUSIX  NPOUCXOAMT  HU3MEHEHHE  3aKOHa
pacrpeniesiecHus] BEpPOSTHOCTEH, OIMUCHIBAIONICTO W300pakeHHe. PaccMOTprM MEXaHH3M 3TOro
U3MCHEHHUs Ha MPUMEpPe NPOU3BOIBHOIO MPEOOpa3oBaHUs C MOHOTOHHOW XapaKTEPUCTHKOM,
onuckiBaeMon GpyHknuen y =f(x) (puc.4.4),

¥

‘.ﬂ}F s
0 AX X

Pucynok 4.4 - HenuneiiHoe nipeoOpa3oBaHue CIy4aiiHOW BETHYNHBI

MMEIOIIEeH 0JJHO3HAYHYI0 00paTHYyI0 PpyHKIMI0 X = @(y) . [Ipenmnonoxum, 94To ciydaiftHass BEITUIHHA
X TOJYUHSETCA IJIOTHOCTH BEpOSTHOCTH W (X). IlycTh AX - mpou3BOJIBHBIA Majblii MHTEpBal
3HAUEHUH CIy4yallHOW BEJIMYMHBI X, a Ay - COOTBETCTBYIOIIMI €My HMHTEpBaJl IMPeoOpa30BaHHOM

ciydaiiHoW BenuuuHbl y. [lomajnaHue BelIWYMHBI X B MHTEpBad AX BieuyeT 3a cOOOH MomagaHue
BEJIMYHMHBI Y B UHTEpBaJl Ay, YTO O3HAYaeT BEPOSTHOCTHYIO SKBUBAIEHTHOCTh 3TUX JABYX COOBITHH.

HO3TOMy, yLII/ITLIBaH MaJIOCTh O6OI/IX I/IHTepBaHOB, MOXHO 3a11ucaTb HpI/I6J'II/I)KeHHoe paBeHCTBOZ
w, (x)AX = w (y) Ay

2
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rac MOAyJIW YYHUTBIBAIOT 3aBUCHUMOCTD BepOﬂTHOCTeI\/JI OoT a0COIIOTHBIX AJIMH HWHTCPBAJIOB (I/I
HE3aBUCUMOCTh OT 3HAKOB MpupamnieHuii AX u Ay ). BbrYucisis 0TcCiojia MmiIoTHOCTh BEPOSITHOCTH
peoOpa30BaHHON BETUMYMHBI, OJICTABISISI BMECTO X €r0 BhIpAXKEHHME Yepe3 OOpaTHYO (YHKIHIO U
BBITIOJTHSISI TIPEICbHBIN niepexon npu Ax — 0 (u, cienoBatensHo, Ay — 0), moaydaem:

do(y)| (4.4)
dy

OTO BBIpaXECHHWE TMO3BOJSET BBIYMCIUTH IUIOTHOCTH BEPOSTHOCTH TPOIYKTa INPEeoOpa3OBaHMSA,

KOTOpa}I, KaK BHJHO U3 HCT0, HC COBIAAACT C IINIOTHOCTBIO pacnpeneneHHﬂ I/ICXO,Z[HOﬁ cnyqaﬁHoﬁ

BCJIIMYUHBI. HCHO, qToO CYHIGCTBeHHOe BJIINMJIHHUC HaA ITINIOTHOCTH Wy(y) OKa3bIBACT BBIITOJIHIACMOC

w,(y) =w, (9(y)-

npeoOpa3oBaHue, MOCKOIBKY B (4.4) BXOIUT ero oopatHas QyHKIUS U €€ IPOU3BOIHAS.
OmnpeneneHre BEpOSTHOCTHBIX XapaKTEPUCTHK H300pa)KCHUH, MPOILISANINX HETUHEHHYIO
00paboTKy, ABJISETCS MPSAMON 3amauvedl aHanu3a. [Ipu permeHun mpakTUYECKUX 3a1ad o0paboTKu
U300paKeHNi MOXKET OBbITh IOCTaBJIeHa OOpaTHas 3ajaya: MO M3BECTHOMY BUAY IUIOTHOCTH
BEPOATHOCTH W, (X) W KemaeMomy Buay w, (y) ompenenutb Tpedyemoe mnpeodpazoBaHue

y =f(x), kKOoTOpoMy cieayeT MOABEPrHYTh HCXOIHOE H300paxkeHHWe. B mpakTtuke mudpoBon

00pabOTKM M300paXeHWH YacTo K IMOJIE3HOMY pe3yJbTaTy MPUBOAUT MpeoOpa3oBaHUE
N300pakeHHs K PaBHOBEPOSTHOMY pacIpezeseHuto. B atom ciryuae

1/(Ymax - Ymin ) H HpH Ymin S y S Ymax H
0, pH APYTHUX Y,
e Y,n U Y.~ MHHAMAIbHOE M MAaKCUMAaJbHOE 3HAUCHUs SAPKOCTH IPEOOPa30BaHHOIO

wy(y) = (4.5)

nuzo0paxenus. OmpenennuM XapakTEpUCTUKY TmpeoOpa3oBaTelis, pelIaloero IaHHY 3aaauy.
Ilyctb x 1y cBsasaunbl Gpyukuueit (4.5), a F, (x) u F (y) - uHTerpanbHbie 3aKOHbI Paclpe/eeHus

BXOJIHOW W BBIXOJTHOM BEIMYMH. Y UUThIBas (4.5), HAXOAUM:
y

Fy)= [ w,(ydy=—"—m

Y min max min

y F (x)_F,(¥)
HOHCTaBHHH 9TO BBIpa)KeHI/Ie B yCHOBI/Ie BGpOﬂTHOCTHOI/I 3KBUBAJICHTHOCTHU X 5

10CJI€ MIPOCTHIX NPeoOpa30BaHuil 0JIy4yaeM COOTHOLIEHUE

Y=V mar = Yonin) Fe () + Y i » (4.6)
npejcTaBisiiomee coboil xapakrepuctuky (4.2) B pemraemoil 3amade. B yactHocTH, maHHOE
npeoOpa3oBaHue, MPU KOTOPOM BBIXOJHOE H300pakeHHUE HMMEET PAaBHOMEPHOE pacHpelesieHHe,
Ha3bIBACTCS 9K6AIU3aYUell (BBIPABHUEBAHNEM ) THCTOTPAMM.

AHanoruyHplM 00pa3oM MOTYT OBbITh IOJIy4€HBl PEIIEHHs APYTHMX IMOJOOHBIX 3a7ay, B
KOTOPbIX TpeOyeTcss MPUBECTH 3aKOHBI pPACHpElesieHUs] H300paXeHUs K 3aJaHHOMY BHIY.
[TpeoOpa3oBanue, Ha3bIBaeMoe cunpebonuzayuel PpaclpeieieHus, NpearnonaraeT MpUBEICHHUE
IUIOTHOCTH BEPOSTHOCTH MPe0Opa3oBaHHOTO N300paykeHHsI K TUIIEPOOINYECKOMY BUY:

1
sTIPH Yy <Y S Y i
Y(ln Yimax — In Ymin) (47)

w,(y) =

0, IIpU IPYTUX Y
MOXHO TOKa3aTh, 4TO M300paXEHHE C IUIOTHOCTHIO BEpOSTHOCTH (4.7) mony4aercss Ha

BBIXO/IE€ HEJIMHEHHOTO 2JIEMEHTA C XapaKTEPUCTUKOM:
F(x)

y = Ymin ’ @ ° (48)

min

TaKXEC OHpCI[GJ'ISICMOI\/'I HWHTCIrpaJIbHbBIM 3aKOHOM pacCrnpeaciiCHUs UCXOOAHOT'O I/I306pa)KCHI/I$I.
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Takum o0Opa3oMm, mpeoOpa3oBaHWe IUIOTHOCTH BEPOSTHOCTH TIPEATONIaraeT 3HAaHUE
WMHTETPAIbHOTO pachlpefeNeHuss Uisi HCXOAHOTro u3o0paxeHus. Kak mpaBuio, I0OCTOBEpHBIE
CBEJICHUS O HEM OTCYTCTBYIOT. Mcmonb30BaHME aJisi pacCMaTpUBAEMBIX IIEJIEH aHAIMTHUYECKUX
anmnpoKCUMAllMi  TakkKe MAaJONPUTOAHO, T.K. HMX HEOONbIIME OTKIOHEHHS OT HCTUHHBIX
pacnpeneieHnii MOTYT TPUBOAWTH K CYIIECTBEHHOMY OTJIHYHIO PE3YJIBTATOB OT TPEOyEMBIX.
[ToaTomy B mpakTthke 0OpabOTKM M300pa)keHWil MpeoOpa3zoBaHHE PACHPENEICHUN BBITIOIHSIOT B
J[Ba JTara.

Ha mepBom sTame u3mepsieTcs THCTOrpaMMa HCXOIHOTO u3oOpaxkeHus. [[ns uudposoro
U300paXeHMsI, IIIKaIa IPKOCTEH KOTOPOTo, HAIPUMEP, MPUHAJICIKHT ICIIOYUCIICHHOMY JTHANIa30HY
0...255, rucrorpamma mnpejacTapisieT cobor Tadnuiy u3 256 uncen. Kaxxgoe 3 HHX MOKa3bIBaeT
KOJIMYECTBO TOYEK B KaJIpe, UMEIONINX JIAHHYIO SPKOCTh. Pa3ienuB Bce ymcia TOW TaOIWIBI HA
o0l pasmep BBIOOPKU, PaBHBIA YUCITY HCIOJIB3YEMbIX TOUYEK M300pakKeHUS, MOTYYaroT OLICHKY

. . )
pacrnpeneneHust BeposTHOCTEH sipkocTH u3o0paxeHus. O603HaunuM 3Ty olleHKy W (]),0< )< 255.
Torna orneHKa HHTETPaIbHOTO PaCIpeIeNICHHs OTydaeTcs 1o Gopmyre:

R =Y w0,

Bce meTonpl mosneMeHTHOro npeoOpa3oBaHMs HW300pa)KEHHM, IENbI0 KOTOPBIX SIBISIETCS
BUJIOM3MECHEHHE 3aKOHOB pACHpEeleCHHs, TOMYyYWIH Ha3BaHHE THCTOTPAMMHBIX METOAO0B. B
YaCTHOCTH, NpeoOpazoBaHuE, NpPHU KOTOPOM BBIXOJHOE H300pa)keHHEe MMEET pPaBHOMEPHOE
pacrnpeneneHue, Ha3bIBaeTCs dK8auzayueli (BBIpaBHUBAHHEM ) THCTOIPAMM.

a) UCXO/IHOE N300pakeHNne 0) pe3ynbTaT 00pabOTKH
Pucynok 4.5 - [lpumep sxBanu3anuu u300paxeHus

Ha pucynke 4.5 npuBeneH mnpuMep SKBAIM3AIMU, BBIMOTHEHHOH B COOTBETCTBHH C
U3JI0)KCHHOW METOJMKOW. OKBamM3alys TIpH3BaHA OTKOPPEKTUPOBATh KApTHHY, BBIPOBHSB
WHTETPAJIbHBIC TUIOIIAN YYACTKOB C Pa3UYHBIMU sipKocTssMu. CpaBHEHHE UCXOAHOTO (puc.4.5,a) u
obpaboranHoro (puc.4.5,0) u300pakeHUN TMOKA3bIBAET, UYTO MPOUCXOIAIIee Mpu 00paboTke
nepepacrpe/iesieHre SPKOCTeld MPUBOIUT K YIYUIICHUIO BU3yallbHOTO BOCIIPHSITHS.
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JIABOPATOPHAS PABOTA Ne § .
HYMOIIOJABJIAIOIIAA PUJIBTPIHUA U30BPA’KEHUHN

Hear pa6Gorsi: M3yuutrs Buael ImymMa u  QUWIBTpAlMH HM300paKeHUS; HAYYUTHCS
paccuuTHIBaTh KOAPPHUIHEHTH (UIBTPOB.

3amanue.
1. Ha komnvromepe.

1. CrenepupoBaTh U NPUMEHUTDH K MOJyTOHOBOMY M300paKEHUIO MOCIEI0BATENBHO JIBA
BUAa IIyMa: 1) aAJUTHUBHBIA C pPaBHOMEPHBIM pacIpelesIeHUeM, XapaKTepu3yIOIIUNHCs
cpeanum 0, CKO 20; 2) umnynbscHbli — 106aBuTh 100 Touek sipkockio 255 co ciayyallHbIMU
PaBHOMEPHO paclpe/ieIeHHbIMU KOOpIMHATaMHU.

2. BeiBecTu 3amryMieHHbIE H300pakKeHUs B JIEBOM YaCTH SKpaHa.

3. O6paboTtaTs n300pakeHus 3aJaHHBIMH QUIbTpaMu (CM. cmucoK B Tabm.10.1).

4. BeiBecTu pe3ynbTaT 00pabOTKH Ha MPaBOM MOJIOBUHE dKpaHa.

2. Ananumuyecku

Paccunrtare ko3¢ ¢unMeHTs QUIBTPOB 3X3, KOTOpHIE BBIIOIHSIOT JIMHEHHYIO W
KBaJIPaTUUECKYIO alpoOKCUMAIMIO 001acTu u300paxeHus u3 ycnosus munumyma CKO ot
3HAYEHUH SIPKOCTH U300paKEeHUSI.

Ogopmnenue omuema

OTuer AOKEH CONePKaTh:
1) TUTYJBHBIH JHCT;
2) Tema, LIeNb, 33/IaHUE B COOTBETCTBUU C BAPHAHTOM, UCXOJTHOE N300paKeHHE;
3) TeopeTHYecKHe CBEICHUS O IIyMax M 33JJaHHbIX (QUIbTPAX;
4) aHaANIWUTUYECKHE BBIYUCICHUS KOOPPUIMEHTOB GUIBTPOB 3x3;
5) akpaHHBIE POPMBI 3aITYMIICHHBIX H300paKEHUH U OTPUIHTPOBAHHBIX;
6) BBIBOJIBI;
7) TPUIOKEHUE: JINCTHHT MPOTPAMMBbI C KOMMEHTAPHSIMH.

ITpu 3ammre paboOTHI 3HATH CIEAYIONIUE TEOPETUUECKHUE MOTOKEHHS:

[u—

Buapl m1yMoB: agAUTUBHBIN, MYJIbTUIUIMKATUBHBINA U UMYJIbCHBIN.

2. JluneiiHple anrOpUTMBbI (JTMHEHHBIA ¢ MaCKOM, TayCCOBCKUN).

3. PanroBeie anropuTmbl: (MEAMAHHBIN, OIEHKA CepeauHBl auamna3zoHa, K Ommkaimmx
coceneit, curma-punstp, MTM duibtp).

4. JlokanbHO-aJaTUBHBIC aJTOPUTMBIL: (MeIUaHHbIN stick (GUIbTpP, HaNIPaBICHHBIN GUIBTD,
B3BCIIIMBAHKUE MX 3HAYCHU OOPATHBIM T'PaIUCHTOM ).

5. AnropuTMmbl, OCHOBaHHBIE Ha rpynnupoBke nukcenoB (punstp SUSAN, Leu).
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Bapuanmui 3a0anuii
BapuanTtsl 3ananuii npuBeneHs! B Tabmuie 5.1.

Tabnuua 5.1 — Ciucok GpuIbTpoB

Ne PuabTpsbI
1. | JIuHeliHbIN C MaCKOM:
1 21
L 2 4 2
16
1 21
2. | I'ayccoBckuii (¢ t 3a1aBaeMbIM C KJIAaBUATYPbl)
3. | MenuanHslii GuabTp
4. | OUeHKH cepe/lMHbI Arana3oHa
5. | K 6mmxkaiimux cocezeil (¢ K 3agaBaeMbIM ¢ KI1aBHATYPbI)
6. | Curma-¢unbstp (c C 3a1aBaeMbIM C KJIABUATYPbI)
7. | MTM o¢unbtp (¢ C 3a1aBaeMbIM € KJIABUATYPHI)
8. | Menuannsrii stick puibTp ¢ 4 HanpaBIEHUSIMH:
a) BbIOMpaTh OrKkaiiiiee K HeHTPaIbHOMY MUKCENy 3HaYCHHUE;
b) BEIOMpAaTh HaNpaBlIeHHE ¢ HAMMEHBIIUM pa3opocoM.
9. | HanpaBneHHbIl GUIBTP
10. | B3BemmBanusi OOpaTHBIM IPaIUCHTOM
11. | Qunetp Jleo (Leu)
12. | SUSAN
13. -132 7 2 -13
2 17 2217 2
7 2227227
2 17 2217 2
-132 7 2 -13
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Teopernyeckue cBeieHUs

Llymot na uzobparcenuu

N300paxeHusi, BBEJCHHbIE B KOMIBIOTEP, PEAKO OBbIBAIOT WICAJIbHOTO KauyecTBa. Yarie
BCEro, KpoMe cOOCTBEHHO M300paKeHUsI OHU COJEpKAT TaK Ha3bIBaeMbIil "uiym". ITO MOKET OBITh
HCKa)KEHHUE 1[BETA WM SIPKOCTH HEKOTOPBIX T'PYTI MHKCEIIOB, MM K€ COBEPIICHHO HETPaBUIIbHBIC
3HAYEHUS OTJENIBHBIX MUKCEJIOB HUKAK HE CBSI3aHHBIC C UX UCTUHHBIM I[BETOM.

[Io cnocoby wuckakeHUsT M300paKEHUS IIYM MOMKHO PpAa3JEIUTh HA HECKOJBKO
Pa3HOBUIHOCTEH:

1) ad0oumusHwviti wiym - K 3HAYCHHUIO 1[BETa WJIM SPKOCTH KaXKJIOTrO IMHUKCeNa J00aBiseTcs
HEKOTOpas cliydyaiiHasi BeJIMUMHA, 3HAUCHUS KOTOPOU B KaXKJ0M TOUKE Pa3INyHbI;

2) MYILMUNIUKAMUGHLIU WyM - 3HAYCHHE I[BE€Ta WM SPKOCTH KaXXKJIOTO MHUKCeNa
YMHOKAEeTCsl HAa HEKOTOPYIO CIyYailHyIO0 BEIWYHHY, 3HAUYEHUS KOTOPOW ONU3KH K €IUHUIE U B
KaXJIOM TOYKE pa3nu4Hbl. YacTHBIM CIydaeM MYJbTHUIUIMKATHBHOTO ITyMa SIBIISIETCS CIICKII-IIYM,
NPUCYTCTBYIOIIMX Ha H300pPaKEHUSAX, MOIYYCHHBIX B pe3yJbTaTe OTPaXKEHHUS KOTEPEHTHOTO
u3nydeHus. CHexs-iryM MPUCYTCTBYET Ha PaaUOIOKAIMOHHBIX H300paXKCHUSAX M HM300pakeHUSIX
yJIBTPa3ByKOBOM TUArHOCTUKU;

3) umnynvcHull wym - 3HAYCHUS LBETA WU SIPKOCTH HEKOTOPBIX OTIEIBHBIX MUKCEIIOB
HCKaXaIOTCSl HACTOJIBKO, YTO TEPSAIOT BCSIKYIO HHPOPMAIUIO O UX HEUCKAKEHHBIX 3HAYCHHUSIX.

Jluneiinvie anzopummot

Haunbonee mpocTeie anropuTMbl MOAABICHHS [IyMa Ha HM300paXEHUU - JuHeliHble. ITO
3HAYUT, YTO KKl MUKCET 00paboTaHHOTO M300pa)KeHUs MOJTydaeTcsl TMHEHHOH KoMOWHanuei
HECKOJIBKUX TTHKCEJIOB MCXOTHOTO M300pakeHus. HanmoMHIo, 4TO JMHHEWHas KOMOMHAIMS JTFOOBIX
BEJIMYMH TPEACTAaBIseT cOOOW CyMMY STHX BEIWYMH, KaKAas M3 KOTOPHIX YMHOXKEHAa Ha CBOM
NOCTOSIHHBIA KO3 duiment. Takum o0pa3oM, HOBOE 3HAYCHHWE MUKcena J ompenenuTcs yepes
CTapble 3HAYEHHs HECKOJIBKUX COCEHUX MMHKCENoB I:

chlli+k,j+1
_ K
i .
S
ki

K03(1)(1)I/IIII/I€HTBI Ckl Ha3bIBAOTCA secamu U HE 3aBUCAT OT IIOJIOXKCHHSA Ha I/I306pa)KCHI/II/I

J

TOYKH (1,]) ¥ 3HAYECHUN TTUKCETIOB Iij . Jlenenue Ha cymMMy BCEeX BECOB HEOOXOIUMO JIS TTOTYUCHUS

eIMHUYHOTO Ko3(duumeHra mepenaun, 4TOOBI MpOIEAypa IOJABICHUS IIyMa HE BbI3bIBAJA
CMEIIEHUs CPeAHEN IPKOCTH 00pabOTaHHOTO U300PAKEHHUS.

B eayccosckom ¢unvmpe Beca coceTHHX MUKCEIIOB COOTBETCTBYIOT MPOCTPAHCTBEHHOMY
rayCCOBCKOMY PacIpe/esICHHIO:

e, ?
c(r,r,)=e ¢ (5.1)

rae I, - LEHTpalbHas TOYKa (Ta, A KOTOPOM PacCUMTHIBAETCS HOBOE 3HAYCHUE); I' - TEKyMLIas

TOUKa; (T, I,) - BeC, IPUaBaeMblii TOUKE I IPH pacyeTe 3HAYEHUs TOUKHU I ; [r-r0| - paccTosiHUE OT

TOYKH T JI0 TOUKH T, ; t - IIUPHUHA TayCCOBCKOTO PACIIPECIICHHS.

Panzoevie anzopummut

OueHb MHOTO HENMHEHHBIX (PUIBTPOB OTHOCATCS K KaTErOpPHUU ONEPaTOpOB PAHTOBOM HIU
HOPSIKOBOM CTaTUCTHKU cocelieil. DTO 03HAYaEeT, 4To OJmKailiue coceu COPTUPYIOTCS B OPSAIKE
BO3PACTaHMs UX 3HAUYEHUH, U APKOCTh MUKCENAa OTPUIBTPOBAHHOIO M300pa)KeHUs IMOJydyaeTcs Ha
OCHOBE aHaJIN3a TOT0 YIOPSIIOYEHHOIO CIIUCKA.
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Campblii TIPOCTOH OIepaTop MOPSAKOBOW CTATHCTUKU - MeOudHd, TIe B Ka4eCTBE HOBOTO
3HAa4YeHUsl APKOCTU MUKCENIa UCTOIb3YETCs LIEHTPAJbHOE 3HAYEHUE B YIOPSIOUYCHHOM CIHCKE €ro
coceneid. Meouannviii @punrbmp 3HAYNTEIHHO JIy4YIIEe COXPAHSET MPAaBWIBHYIO CTPYKTYpPY T'DaHHIL,
YeM rayCCOBCKOE CIUIa)KMBAaHUE, HO €CJIM I'paHMIia U30THYTa, TO IPOUCXOIUT MOTEPs TaHHbIX.

CymecTByloT TaKke pasnuyable Moaudukanmum wMenuaHHoro ¢wuisTpa. Hampumep,
836€UUeHHbIIL MeOUaHHbIN Gurbmp, KOTOPHIM BHIOOPOYHO BKIIOYAET HEKOTOPHIE MUKCENbI (OOBIYHO
[CHTPAJIbHBIC) B YIIOPSIOUYCHHBIH CIIMCOK HECKOJBKO pas3, WIH MPUAAET MUKCENy JOTOTHATEIbHBINA
BEC, BEJIMYMHA KOTOPOTO 3aBUCHUT OT PACCTOSHUS 10 LEHTPaIbHOW TOUKU. PUIBTpP, KOTOPBIA AaeT
[EHTPAJIbHOMY TIHKCey 0oJjiee BBICOKHI BEC, JyUIlle COXPAHSET YTIIbl, HO UMEEeT MEHBIINN P PeKT
CTJIaKUBAHMSL.

Eme onuH paHTrOBBIA METON — oyeHka cepeduHvl ouanazoxa. HoBoe 3Ha4YeHHE SPKOCTH
IUKCeNla YCTaHABIMBACTCS pPaBHBIM CEpEAMHE MEXIy MaKCUMalbHBIMU M MHHUMAJIbHBIMU
3HAYEHUSIMU SIPKOCTH €T0 COCEICH.

Onepamop K Onuscativiux cocedeii TPOBOAUT OCpeaHEHHE Tosibko 1o K Ommkaimum mo
BEJIMYMHE COCE/ISAM K IIEHTPAIbHOMY 3HAUYEHHUIO M3 YIOPSIOYCHHOTO CIUcKa. 3HadeHne K oOpraHO
ycTaHaBnMBaeTcst TakuM (5 wimm 6, it mMacku 3x3), 4TO yIibl U TOHKHE JIMHUM CHJIBHO
paspymatorcsi. KoHeuHo, 3To nenaercs HE CHEIUMATbHO, HO MEHbBIIHME 3HAYEHUs OyAyT ILUIOXO
O0pOTHCS C IIyMOM.

Cuema-gunomp ycpemHsieT 3HAYeHHS TOJBKO TEX COCETHMX MHUKCEIIOB, YbM 3HAUCHHS
HaxonsATcs B mpezaenax C*sigma OT 3HaueHUs LIEHTPAJIbHOIO MHKceNa B OKHe, rae C - HekoTopas
KOHCTAHTa, JUCTICPCHsI 3HAYCHHIT APKOCTH Sigma’ OIpeIeIIAeTCs OIMH Pa3 JUTS BCEro H300PaKEeHH.
OTOT METOJl CTPEMUTCS YCPEIHATh MHUKCET TOJIBKO C TEMU COCEIIMH, KOTOpble UMEIOT 3HAa4eHUs
"Onmu3kue" K HeMy, MO0 CPaBHEHHIO CO CPEJHEKBAJPATUYHBIM OTKJIOHEHHEM IIyMa H300pakeHUs.
3aMeThTe, B OTJIMYKME OT JABYX MPENbIIyluX (QUIBTPOB OMOPHBIM CIIYKUT LIEHTPAIbHBIM MUKCEN B
OKHE, a HE B YIIOPs1I04€HHOM BbIOOpKE. Takoi GUIbTp HE CMOXKET YCTPAHUTh UMITYJILCHBIN IIYM.

Moouguyuposannviti  oopesarowuti (MTM = Modified Trimmed Mean) @uromp
UCTIONB3YET JJISi OCPENHEHHsI TOJBKO T€ M3 COCEIHHMX IHUKCEJIOB, YbM 3HAUYECHHUS HAXOAATCS B
npenenax C*sigma OT 3HA4EHUs LIEHTPAIBHOIO B YIOPSIOYEHHOM CIHUCKE MUKCENa. DTOT METOJ
IpeJCTaBIsieT COOOM HEYTo cpeaHee MexAy (QuiubTpoM alfa-ycedeHHBIX CpEeJHHX M CHIMa-
¢uibTpoM. C OIHOW CTOPOHBI, KaK M B CUIMa-(QWIbTPE, OCPEIHSIOTCS IHUKCENbl, UMEIOIINe
3HAa4YeHHUs, KOTOpbIe OTIMYaloTCa He Oojee, yeM Ha C*sigma, HO HE OT LIEHTPAJIBHOTO IHKCeNa B
OKHE, a OT MEJIMAaHHOT'O 3HAYCHHMsI B BEIOOPKE, KaK U B GUIbTpe alfa-ycedeHHBIX CpeIHHUX.

CyIIecTBYIOT TaKXKe PaHTOBBbIe (PUIBTPHI, OCHOBAaHHBIC HA Tak Ha3biBaeMon STICK-mexHuke
(stick - manmka, mpyT). Uepe3 KakIyro TOUKY H300pa)K€HUsS TPOBOJIUTCS HECKOJIBKO OTPE3KOB
OpSMOM MMOJI Pa3HbIMM YIJIaMU M BBIYMCIAETCS HAOOp MOPAIKOBBIX CTAaTHCTHUK SPKOCTH (MO0
MenuaHa, 1100 cepellnHa Juana3oHa) s BCeX OTpe3KoB. B kauecTBe HOBOro 3Hau€HMsl SIPKOCTU
[EHTPAJIBLHOI'0 MTUKCEJIa MOXKET BHIOUpAThCs TMO0 OinKaiilee K LeHTPaIbHOMY ITUKCENy 3HaueHHeE,
a100 TO, B HANpaBJIEHUH KOTOPOro pa30poc MUHMMaNbHBIA. Takue METoAbl CIOCOOHBI COXPAaHATh
JMHEHHBIE IeTaJIi Ha N300pakeHUH.

Jlokanvno-adanmueHvle anzopummol

[Tpocreiimmm JIOKaTbHO-aAANTUBHBIM (DHIIBTPOM SIBIIICTCS HanpasieHuvill huibmp. Macka
bunbpTpa CTPOUTCS TakUM 0Opa3oM, YTOOBI HE MOMYCTUTh YCPEAHEHHS TOYEK B HANpaBICHUU
rpaHulbl. J[7s 4eThIpex pa3uyHbIX 3HAUEHUH yria ¢, o0pa3yemMoro rpaHUIe ¢ TOPU30HTAIIBIO,
MAacKH UMEIOT BHJI:

¢=0° @=45° ¢=90° @=135°
00 0 00 1 01 0 1 0 0
12 1 020 020 020 (5:2)
00 0 1 0 0 01 0 00 1
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HopmupoBouHbIii MHOXUTENb 31ech paBeH 1/4. IlomydeHHBIH (UIBTP HOCHT Ha3BaHUE
HAlpaBJIEHHOTO, MOCKOJbKY OH CIVIaXXMBAeT H300pakeHUE B HANpaBICHUU MapayjiebHOM
IIPEANOIaracMou rpaHuIie.

Yacto B JIOKalIbHO-aJaNTUBHBIX (UIbTpaX MpPH CYMMHUPOBAaHMU IHKCEIOB MAacCKU
UCTIONB3YETCSl B3BEIIMBAHME MX 3HAYCHUH OOpPAaTHBIM TPAJUCHTOM — Quibmp 636euiusanus
obpamuvim epaduenmom. Takoe B3BEUIMBAHWE NPENSATCTBYET CIVIQXKMBAHUIO I'PAHMII, MOCKOJIbKY
oOpaTHbIN TpaiMeHT MUHUMAJIEH B HAIPaBJICHUH MOIEPEK IpaHullbl. B kauecTBe rpagueHTa MOXHO
UCIIOJIb30BaTh PAa3HOCTh MEXJy 3HAUEHHUSIMU LIEHTPAJIBHOTO U COCEIHEro ¢ HUM mukKcenoB. Torna
CTJIaKEHHOE 3HAUYEHHUE LIEHTPAIIBHOIO MUKCeNIa Macku OyIeT paBHO:

z I(x+1,y+))

V' max I,I(x+i,y+j)—I(XaY)\
J(x,y) = 1 2
max > I(x+1,y+J)—I(XaY)‘

rzae I(x,y) - mepBoHauanbHOe H300pakeHue, J(X,y) — CriakeHHOe M300pakeHue, U CyMMHUpPOBaHHE
IPOU3BOJUTCS B KBaJApaTHOM OKpecTHOCTH 3x3. DTOT METOJ XOpOIIO YMEHBIIAET rayCCOBCKUMN
IIyM, COXPaHss IPU 3TOM CTPYKTYpY U300paKeHHUS.

Anzopummol, 0CHO6AHHbIE HA ZPDYNNUPOEKE NUKCEI06

B nmocnenHee BpeMs aKTHBHO Ppa3BUBAIOTCS METObl CIJIQKUBAHUS HM300pa)KeHHUS,
OCHOBaHHbIE Ha TPYNNHUPOBKE IHKCEJIOB B 3aBUCHMOCTH OT HX OJM30CTH MO SPKOCTH K
LEHTPAIbHOMY.

B wmerone LEU mnukcenbl B OkHE 5X5 pasnendrorcss Ha 3 TpyNIbl: SIPKUE, TEMHBIE U
IIPUMEPHO PABHBIE IO SPKOCTH LEHTPAIbHOMY. BIM3KUMHU 1O SPKOCTH K LEHTPAIbHOMY IMUKCEILY
CUMTAIOTCA T€ TOUYKH, Ubsl APKOCTh OTIMYAETCS HE OoJiee, YEM Ha ONpEENICHHbIN nopor. BenuunHa
nopora BelOMpaeTcs paBHOU 1/3 oT pasHocTH cpeaHux 3HadeHui 20% cambix spkux U 20% cambIx
TEMHBIX ITUKCEJIOB B OKHE. 3aTeM IOJCUUTHIBACTCS KOJMYECTBO TOUEK B Irpynnax. Eciu koinyecTBo
IIUKCEJIOB B IPYIIE ¢ MPUOIU3UTENBHO PAaBHBIMU LIEHTPAJIbHOMY SIPKOCTSMM mIpeBbimaer P% ot
oOmiero 4yucia TOYEK B OKHE, HOBBIM 3HAUYEHUEM NPUHHUMAETCS CpelHee Mo ATod rpynmne. B
IIPOTUBHOM CJIy4ae, MIIETCS IPyMIa, s KOTOPOW 3TO YCIIOBUE BBINOJHAETCS, U NPUHUMAETCS
cpenHee 1Mo 3ToM rpynne. Ecinu e Takoil Ipynmbl HE OKa3bIBAETCsl, TO HOBOE 3HAYEHHE SIPKOCTU
II0JIy4aeTCsl B3BEIIEHHBIM CYMMHPOBAHUEM I10 BceMy OKHY. Bennunna P onpenensiercs no ypoBHIo
nryma Ha oOpabaTsiBaeMOM M300paskeHHH: 4eM Ooibiie P, Tem Oosiee MHTEHCHBHBIN IIyM MOXXET
ObITh ynaneH. Kpome Toro, 3nauenue P onpenenser, kakoro pojaa aerain u3o0paxeHus He OyIoyT
paspymarbcs npu criaxuBaHuu. s okHa 5x5 P<=20% oOecnednBaeT COXpaHCHHE JTHMHHMA
TonuuHou B 1 mukcen, P<=36% - npsameix yrinos, P<=50% - rpanun tumna ckauka spkoct. Kak
OTMEYAIOT aBTOPbI, MPUMEHEHHE HECKOJBKUX (B YAaCTHOCTH, ABYX) HMTEpallil HE YBEIMYHUBAET
CYILIECTBEHHO pa3pylleHus aeTajiedl M300pakeHHs, HO OKasbiBaeTcs Oojee 3((EeKTUBHBIM Jis
yAaJIeHUs TayCCOBCKOIO U UMITYJILCHOTO LIIYMOB.

Pacemorpum punetp SUSAN mnonpoOHee. Bec kaxmoro mukcena B OKHE COCTOMT U3 JIBYX
qacTeil: MPOCTPAHCTBEHHOW, TMOAOOHON TraycCOBCKOMY (WIBTPY, W SPKOCTHOM, KOTOpas
onpenensercs: 0JIM30CThIO IPKOCTH JAHHOTO MUKCENA K SPKOCTH LIEHTPAIbHOTO:

2
cl(r,r0) = exp| — 10) = 1:0) (5.4)
t
rae r u r0 - Tekyias u HeHTpajibHas Touky; I(r) - 3HaueHue sipkocTu B TOUKe r; t - mopor; cl(r,r0) -
SPKOCTHAsI COCTABJIAIOIIAs Beca B TOUKE I JUIs 00JIacTH ¢ LIEHTpoM r0.
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OOBIYHO UCTIONB3YETCS KpyTJias Macka paanycoM 3.4, coaepxaias 37 mukcenos. [Ipudem
caM LEHTPAIbHBINA MTUKCEI B pacuyeTax HE Y4aCTBYET, UTO MO3BOJISICT YCTPAHATH UMITYJIbCHBIN IIIyM.
OxoHuaTenpbHOE ypaBHEHUE, HCob3yemoe s puibrpa SUSAN, nMmeer BHI:
2 . . 2
: ) r I(x+1,y+7)—I(x,
ZI(X+1,y+J)exp - ( y+)=Ixy)
i,j#0 20 t
J(x,y) = - : : 5 (5.5)
Z exp r I(X +tLy+ .]) B I(Xz Y)
i,j%0 206 t

[:2 -2 o o
rae, r = 4/1° + J , O - Macirrad MNPOCTPAHCTBCHHOI'O CIJIA’)KMBAHUA (He CBA3aHHLIM C TUCTICPCUCU

APKOCTH H300pakeHust), t - MOpor sSpKOCTH (Maciitad "SPKOCTHOrO CriakuBaHWs') W, Korjaa
3HaMEeHaTeJdb paBeH HYJI0, IPUMEHSAETCS BBILICYIOMSIHYTOE MpaBWJIO MeAMaHbl BOCBMHU
OJIMKAUIINX cOCeel.
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JIABOPATOPHAS PABOTA Ne6
OBHAPY/KEHUE 'PAHUIl OFBEKTOB HA NU30bPA’KEHUN

Llesib: W3yYUTh OCHOBHBIC METO/IbI BHIJICJIICHUS MTEPEMAIOB IPKOCTH (KOHTYPOB).
3amanue.

1. I[Ipeobpa3zoBath N300paxeHue K MOTYTOHOBOMY BUIY.
2. Peai3oBaTh ciienyronye aaropuTMbl OOHAPYKEHUS TPAHMII;
- MOJyJb TPaJIMEHTA;
rpagueHT Pobeprca;
- ‘VI‘ = max(] );
- VI =1, j)-I(i+1 j+1)\+\1(i+1 ) -1d, j+1)\
- [VI[= I
k,lew
3nech W — CKOJIB3sIIee OKHO 3X3, HccieyemMasi TOYKa HaXOIUTCSIB IIEHTPE OKHA;
- anmpoKCUMAIIHMIO B BUJE:
1 0-1
c 0-c
1 0-1

-1-c-1
000
1cl,
rae ¢ — 3ajaaercs napamerpuyecku ot 1 o 10;
- ¢ MacKaMH BBIYMCIICHUS JalulacHaHa:

0-10
)  -14-1
0-10,
10-1
2) 040
10-1,
1-1-1
3) 18-
1-1-1,
121
4 242
12 1.

PeanuzoBaTh mpoueaypy MOBBILIEHUS PE3KOCTU HM300pa)K€HUsI ¢ OAHOM M3 MacokK IO
BapuaHTy (cM. Bbile). T.e. mpeaBapUTEIbHO HYKHO CIOXKUTh 33/1aHHYI0 MaTpULly C:

0 00
0 10
000

- COIVIaCOBAaHME C IUNIOCKOCTBIO B OKHE 2X2;
- oneparop [IpeBurra;
- MackKa COIJIaCOBaHMsI C MOBEPXHOCTHIO BTOPOIO NOpsiKa AJis onepaTopa Jlamnaca;
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- JIaIJIacHaH rayccuaHa B OKHe 5X5.
3. Iloctpouts rucTorpammy rpaaueHta. OUEHUTH MapaMeTp pacrpeaeneHus (a) Ucxonas u3
2

X

X _272
npenonoxenus pacnpenenenus Penest (P(x)=—e¢ ** .x>0). CpaBHUTH THCTOrpaMMy
a

rpajiieHTa ¢ pacrpeeieHueM Pees.
Ipumeyanue: 'ucmoepammy epaduenma u pacnpedenenue Penesi omobpazums Ha
00HOM 2paguxe.

4. Peanu3oBaTh MpoLEAYpPYy MPOBEPKU TOUKH, SBISETCS JIM OHA JIOKAJTHHBIM MaKCUMyMOM
BJIOJIb OJTHOM M3 OCEMH, €CITU SIBIISIETCA, TO MPUCBOUTD 3HaUeHHE 255, nnaue (.

Odopmiienue oTyera

[Tepeuenb 00s3aTENBHBIX 3JIEMEHTOB OTUETA:

1) TUTYABHBIN JHCT;

2) IUCT 3a/laHus: TeMa, LieNlb, 3aJaH1e, UCXOAHOE U300pakeHue;

3) bopMyIibl U MaCKM CBEPTKU AJIsl BCEX aJITOPUTMOB OOHAPYKEHUS TPaHMLI,

5) Teopus no pacnpezaenenuro Penes;

6) sKpaHHbIE (OPMBI PE3YJITATOB PAOOTHI AJITOPUTMOB OOHAPYKEHMSI TPAHMULL, TUCTOTpaMMa
rpaiMeHTa M pacnpeneneHus Penes, mnpoueaypbl NpPOBEpKM TOYKM HA JIOKaJIbHBIH
MaKCUMYM;

7) BBIBOIBI,

8) JINCTUHT MPOrpPaMMbl C KOMMEHTaPUSIMH.

IIpu 3ammre pabOTHI 3HATH CIELYIOIUE TEOPETUUECKUM MOTOKEHHUS:

1. Yro Takoe rpagueHT, MOIYJIb TPAJAUCHTA.

2. TD'panuent PoGeprca.

3. Anmpoxcumarnus TpPaJWeHTa, YYBCTBHTEIBHOCTh T'PATUEHTHBIX METOJOB K BBIOOPY
HarnpapjeHUs. ANIPOKCUMAIUS TEPBOM MPOU3BOTHOM.

4. Omneparop Jlannaca (BuA, MaCKu JJIsl alllIPOKCUMALIMH) — 2-€ IPOU3BOIHBIE.

5. IlpuHiun coriiacoBaHus C IIOCKOCTBHIO B OKHE 2X2, 5X5.

6. Omnepatop IIpeBurra.

7. JlannmacuaH rayccuasa.
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Teopernyeckue cBeieHHUs

Oobnapysicenue zpanuy Ha U300PAIHCEHUAX

HccnenoBaHusMU IICUXO0JIOTOB YCTaHOBIJIEHO, YTO C TOUKH 3PEHUS PACTIO3HABAHUS U aHAJIN3A
00BEKTOB Ha HU300pakeHMM HauOojiee WHGOPMATUBHBIMU SBISIOTCS HE 3HAYCHUS SPKOCTEH
00BEKTOB, a XapaKTEPUCTUKHU MX I'PAHUL] — KOHTYPOB.

byneM Ha3bIBaThb KOHTYpPOM H300pa’k€HHsI COBOKYMHOCTb €0 IHUKCEJIOB, B OKPECTHOCTH
KOTOPBIX HaOMIONaeTcss CKaukooOpa3sHoe m3MeHeHHe (DYyHKIMH SPKOCTH. Tak Kak mpu mugpoBon
00paboTke M300pakeHUe MPEJCTAaBICHO KaK ()YHKLHUS LETOYHUCICHHBIX apryMEHTOB, TO KOHTYpPHI
NPEJCTaBISIIOTCS JUHUSAMHU LIMPUHOM, KaK MUHUMYM, B OAMH nuKcen. llpu stom Moxer
BO3HUKHYTb HEOJHO3HAYHOCTb B ONPEIECICHUN JIMHUNA KOHTYpa.

IIpu pa3paboTke anropuTMOB BBIACIEHUS KOHTYPOB HY)KHO YYHUTHIBaTh YyKa3aHHBIE
O0COOEHHOCTH TOBEAECHUS KOHTYpHBIX JiMHUHM. CrenuanpHas JOMOJHUTENbHAs 00paboTka
BbI/IEJICHHBIX KOHTYPOB MO3BOJISIET YCTPAHSTh Pa3pbIBbI U MOAABIATH JOXKHbIE KOHTYPHbBIE JTUHUU.

I'paouenmnuie memoowt

PaznuunbiM 00BEKTaM Ha M300paKEHHUAX COOTBETCTBYIOT 00OnacTu c Oojiee MM MEHee
OJIMHAKOBBIMM 3HAYEHUSIMH sipkocTU. Ha rpanumax e spKocTh CYLIECTBEHHO MeHsieTca. Kak Bbl
3HaeTe, Mepoll M3MEHEHHUS HEKOTOPOH BeIMUYMHBI fABIsETCA ee npous3BogHas. Ha mzoOpaxkeHun
BEJIMUYMHA IPKOCTH U3MEHSETCS B pocTpaHcTBe. [IpocTpaHcTBEHHAs MPOU3BOAHAS - 3TO T'PAJUEHT,
KOTOPBI KpOMe BEIMYMHBI UMEET €l U HallpaBlIeHUe, T.€. IPEACTaBIsIeT COOON BEKTOP.

BenuunHa wnn Mozysib BEKTOpa IpaJiMeHTa ornpeaenseT "cuity" rpaHullbl, T.€. HACKOJIBbKO B
JAHHOM TOYKe TPaHUIbl OTIUYAIOTCS SPKOCTH 00BEKTa U €ro okpykeHus. HampasneHue BekTopa
rpaJueHTa TIOKa3blBa€T HAMpaBiICHUE HAUOONBIIEr0 H3MEHEHMs SPKOCTH, T.€. 3TOT BEKTOP
HaIpaBJICH NEPIEHANKYJSIPHO I'paHULe. 3a4acTyl0 HAlpaBJIE€HUE IPAHULBI HE UMEET 3HAYCHMSI, U B
TaKUX CIIy4asx JOCTATOYHO OMPEICTUTh TOJIbKO BETUUUHY MO0V epaduenma:

VI =16, - 16+ 1)) + (16, 5)- 16,5+ 1)

MaxkcumanbpHble 3HAYeHUS! TPaJMEeHTa COOTBETCTBYIOT Y4acTKaM HAMOOJBIIETO M3MEHEHUS
sprkocTd. Ha u300paKeHUsX, COACPIKAIIUX CTPOTO OJHOPOJHBIC 00JaCTH, HCHYJICBbIC 3HAUCHHUS
rpaaueHTa OyIyT UMETh MECTO TOJIbKO Ha TPaHHIIaX 00JacTel.

JInsi BBIUUCIICHUS TPaJMEHTa BMECTO MPOU3BOAHBIX MO X W y MOXHO HCIOJIb30BaTh
NPOM3BOJHBIE MO JIIOOOW TMape MepHeHINKYISPHBIX HamnpaBieHWd. Ecam B KadecTBe O3THX
HAMpaBJICHUN B3ATh JUATOHAIBHBIC M TMPUMEHUTh COOTBETCTBYIOIIUE IMCKPETHBIC Pa3HOCTH, TO
MOJIYIUM epaduenm Pobepmca:

VI = \/(I(i,j)-l(i+1,j+1))2 +(IG+1,j)-1G,j+ D) .

[Tpu peanusanuu npoueaypbl MOTIEPKUBAHUS KOHTYPOB CTPEMSTCS HM30€XKaTh TPYIO0EMKHX
ornepanuil (YMHOKEHUS M U3BJICUCHUS KOPHS), TOCKOJBKY UX MPUXOAUTCS BBITOIHATD JUISI KaXKIOU
TOYKH wu300paxeHus. I[loaToMy dYacTo HCHIONB3YIOT Oojiee MPOCTHIE BBIPAXKEHUS, KOTOPHIC
Ha3bIBAIOT  annpoxkcumayusamu  2paouerma. OOBIMHO MOIYNb TpajueHTa NPUOIHKAIOT
CJIEIYIOIIMMHU BBIPAKEHUSIMU:

VI =1, j) - IG + 1, )| + |1, ) - 1G, j+1)
ME maXQI(i, ) -IG+1, )G, ) - 1G, j+1) ),
VI =[G, §) - TG+ 1, j+ 1|+ [IG+1,§) - 1G, j+1).
Ol[HaKO 9THU BI:Ipa)I(eHI/Iﬂ y)Ke HC SABJIAKOTCI OAMHAKOBO HyBCTBHTCJII:HbIMH K paSJII/I‘-IHLIM
HampaBjeHUsIM TpaHull: | W 2 0oyiee YyBCTBUTEIBHBI K BEPTUKAIBHBIM H TOPU30HTAIHHBIM

rpaHuLaM, 3 — K IMaroHaJbHO OPUEHTHPOBAHHBIM.
WHorna ucnonb3yroT Ipyrue npudInKeHus rpalueHTa:

3

b
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b

VI = DI, )) - 1G+k, j+]1)

k,leW

V1| = E}g@(\l(i, j)-1G+k,j+1)

2

rae W — o0macTh OKHa.
JInst anmpoKkcUManuy TepBO MPOU3BOIHON (YHKIMHU SPKOCTH M300pa)KeHUsT B OKHE 3*3
0OBIYHO IPUMEHSIOTCS MacKH CBEPTKH BUJA:

1 0-1
c 0-c (6.1a)
1 0-1
u
-1 -c-1
000 (6.10)
lcl

nepBasi U3 KOTOPBIX YUHUTHIBAET U3MEHEHHS SIPKOCTH B TOPU30HTAIILHOM HaIpaBlIEHWH, a BTOpas B
BEPTHKAIBHOM. 3HaYeHHE ¢ OOBIYHO BHIOMpaeTcs paBHbIM | niu 2.

Bonee cnokHble anrOPUTMBI TAaKOTO POJa YYUTHIBAIOT U3MEHEHUS SIPKOCTU HE TOJIBKO B
JBYX MIEPIICHIUKYISPHBIX HAMpPaBICHUSIX, HO U B ABYX JAMATrOHATBHBIX, IIOPOXKAAsS YETHIPE MACKH.

Hcnonvzoeanue 6mopvix npou3go0Hbvix

JIns moAuYepKUBaHUS TEPENagoB SPKOCTH H300paKEHUS MOXKHO HCIOJIB30BATh BTOPHIE
npousBoJHbIe. [[BymMepHBI AuddepeHnanbHblii onepaTop HOCUT Ha3BaHHUE onepamopa 1aniaca
WIH 1AnAacuana U AIMeeT CIEAYIOINN BU:

2 2
d’I N d’I
2 2
dx® dy
[Ipumenenue 3toro omeparopa K uzoopaxkenuro I(i,j)) CBOAUTCS K CBEPTKE M300paKeHUS C
MAaCKOM BHJIA:

Vi=

(6.2)

0-10
-1 4-1
0-10.

Tak kak mamjgacuaH MOXKET INPpUHHUMATh KaK IIOJOXHUTCIIbHBIC, TaK W OTPHLATCIbHBIC
3HA4EHUs, B OIepaTope NOJUEPKUBAHUS KOHTYPa HEOOXOIMMO B3STh €r0 a0COIIOTHOE 3HAYCHHUE.
Ecnu paccmaTpuBaTh JUaroHajbHbIE HANpaBJICHUS, TO aHAJIOTHYHBIM O00Pa3oM MOKHO HOJTYYHTh
CJIEIYIOIIYIO0 MacKy pacyeTa jarlacuaHa:

-1 0-1
040
-1 0-1.

MHO0K€eCTBO pa3IUYHbBIX JUCKPETHBIX JAINIACHAHOB MOXHO IOJyYUTh CYMMHPOBAHUEM THX
anmnpoKCUMaIMil C pa3nuuHbiMH Becamu. Hampumep, B3sB BecoBble KodpduuueHtsl 1 u 1,
II0JIy4aeM €Il OJMH BapHaHT OIepaTopa NOJ4EPKUBAHNS KOHTYPOB:

-1-1-1
-1 8-1
-1-1-1.
[Ipumep npyroi Macku, HCIIOIB3YEMOM IS alllIPOKCUMALMK orepaTopa Jlamnaca:
1-21
-2 4-2
1-2 1.
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Oobvedunenue ouhepenyuanbrvix U C2NANHCUEAIOULUX ONEPAMOPOE

JUisi TOBBILIEHUS MOMEXO0YCTOMYMBOCTH PACCMOTPEHHBIX METO/OB, IMEPE] BBINOIHEHUEM
onepanyu AuphepeHINPOBAHUS IPOU3BOIAT CIIAXUBAHNE (DYHKIUH IPKOCTH B IIpeJiesIaX OKHA.

Psin MeTo0B OCHOBaH Ha MOATOHKE WMJIM COIJIAaCOBAaHMM C (YHKLHUEH SPKOCTH BBIOpAHHOMH
IIOBEPXHOCTH IIEPBOr0 WK BTOPOro nopsjaka. Takoi noaxo NpUBOJUT K METOY COINIACOBAaHUS.
PaccmoTpuM npuHIMI coriacoBaHuss Ha mnpuMepe okHa 2*2. [lo HaOmogaeMbIM 3HAYEHHUSM
(GyHKIMH APKOCTM B Tpenenax 3TOro OKHa {I(m, n),I(m+1,n),I(mn+1),I(m+1,n+ 1)}

MTOCTPOUM ANNPOKCUMUPYIOULYIO NAOCKOCHIb:
f(x,y)=ax+by+c.

OnpenenuB k03 UIHEHTHI a, b, ¢, HaliZileM YacTHbIE IPOU3BOJHBIC U MOJTYJIb TPaIUCHTA!

%:a, %:b, Vf(x,y)‘zx/azvtbz.

Koadduimentst a u b dopmupyrorcs npu nuHeitHONH 00paboTke M300pakeHus B OKHE 2*2
COOTBETCTBEHHO MAaCKaMHU:

1[-1 1 1[-1 -1
—_— H —_—
21-1 1] 2] 1 1
[Ipu anmpokcuManuu TIOCKOCTHIO C HWCIOJIB30BAaHWEM OKHa 3*3 MOXKHO MOIYYUThH IO
aHAJIOTHH C OKHOM 2*2 cnenytomue Macku it GopMUpoBaHus K03(ppuuueHToB a u b:

-1 0 1 -1 -1 -1
1 -1 0 1 ,é 0 0 O
-1 0 1 1 1 1

Bhluncnienre MOJTyJIsl FpajiieHTa ~/a” + b’ ¢ HCHOJIb30BaHMEM 3THX MACOK OTpEeseT TakK
Ha3bIBacMblil onepamop Illpesumma, KOTOPBIM 4acTO HCIOJB3YETCS Ha MPAKTUKE. 311€Ch TAKXKe

bl}.

Ha okne 3*3 MOXHO NOCTPOUTH anNpOKCUMHUPYIOIIYI0 HIOBEPXHOCTh BTOPOI'O MOPSIKA:

3

MOJKHO IIPUMEHHTb aNPOKCUMALIMK IPaiueHTa |a +|b| mim maxﬂa

f(x,y)=ax’ + by’ +cXy+px+qy+z.
Tor/a BeIMYKHA JIAIIACHAHA 110 METOJLY COTJIACOBAHMS OyJIeT paBHa:

o of

VH(x,y) = ox’ + ?

2a+2b,

rae a u b hopMupyroTcs Mackamu:
1 -2 1 1 1 1

11—21,;—2 -2 =2
1 -2 1 1 1 1

OueBUAHO, AMCKPETHBIM JIalulacuaH MOXeET ObITh BBIYMCIEH C MOMOIIbI €IMHCTBEHHOMN
MAacCKH, SIBJISIOLIEHCS YABOCHHOW CYMMOM YKa3aHHBIX MacCOK:

[z -2
“1-1 -4 -1
3

2 -1 2

36



Jlpyroii MeToj OCHOBaH Ha OOBEIUHEHUHM TayCCOBCKOTO CIVIAXXUBAHUS U Oleparopa
Jlaninaca. Oneparops! ["aycca u Jlamnaca nuHelHBI, a 3TO 03HAYaeT, YTO OHU KOMMYTAaTHUBHBI, U MX
MO>KHO OOBEIMHUTH B OJTUH, U3MCHHB ITOPSIIOK BBITIOJTHEHHSI OTICPALTHIA:

L*(G*1)=(L*G)*I=LoG * L.

31ech * - 03HaYaeT CBEPTKY. BMecTo Toro, 4ToObl CHavYasIa CriauTh U300paxxeHue, a moToM
B3ATh JIATUIACHAH OT PE3YJIbTHPYIOLIET0 H300paXKCHHS, CHAvaja BBIMOJHACTCS CBEPTKAa O0OHMX
OTIEpaTOPOB, a 3aTEM IOJIyUYeHHBIH OmepaTop NpUMEHseTCsl K n300pakeHuto. CBepTKa onepaTopoB
BBINOJIHSACTCST OJIMH pa3 B caMOM Hauaie, W H300pakeHUe oOpabaThiBacTCsi oaMH pa3. [lpu
MIOCJIEIOBATEIFHOM CIJIAKUBAHUKA W JUPPEepeHIMPOBAHUN H300paKeHHs, OHO 00padaTbIBaeTCs
nBakbl. [lomydeHHBIH TakuM 00pa3oM omepaTop MONy4ri Ha3zBaHue aniacuar eayccuana (LoG -
Laplacian of a Gaussian). Mrorma, mo ¢opme COOTBETCTBYIOIIECH OJHOMEPHOW KpPHBOM, ITOT
OTIepaTop ellle Ha3bIBAIOT «combpepoy («Mexican haty)

JlBymepHbiii onepatop Jlammaca ompeneneH B (6.2), a aBymepHslid omepatop [laycca,
HaromHto, umeet Buj (5.1):

G = exp(-(x"2+y"2)/(2t"2)).
WX cBepTKa, B TAKOM Cllydae, 3aIUIIeTcs CICIyIIUM 00pa3oM:
LoG = L*G = exp(-(x"2+y"2)/(2t"2)) * (x2+y"2-2t"2)/t"4.

Ota Qopmysia HOpPOXKIAaeT MacKy, ¢ KOTOpOHl HEeOoOXOAMMO CBEpTHIBATh HM300pa)keHUE.
Hampuwmep, Takyto (ripu 2t"2=1.44):

1 46 41
4 585 4
6 -8-52 -8 6
4 585 4
1 4 6 41
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Nk LD —

JIABOPATOPHAS PABOTA Ne 7

CIIEKTP U30BPAKEHUS. IPEOBPA3OBAHUSA ®YPBE U ATAMAPA

Heas padorbi: V3yunts npeobpazoBanus Oypbe n Anamapa, HaydUThCS NOIy4aTh CHEKTP
N300paKeHHsI, AHATUTUYECKA PACCUUTHIBATh AHUCKpeTHOe mpeoOpazoBanne dDypoe (HAIID) or
IBYMepHOH QpyHKIuHM Youa (MIpsSAMOYTOJIbHUK C €JUHUYHOMN SIPKOCTHIO).

3aganue.
1. Ha komnvromepe

bl e

PeanuzoBath anroputm OsicTporo npeodpazoanus Oypee (BI1D).

C nomonipto BII® nomyunts criekTp uzo0paxeHus: pazmepom 256*256.

BriBecTr Ha 3KkpaH n300pakeHue, COOTBETCTBYIOIIEE MOAYIIIO CIEKTPA.

BriOpate kpyr c 3ajaBaeMbIM paguMycoM M LIEHTPOM, B LIEHTpe H300pakeHus m.1.3
OOHYJIMTh TOYKM, BXOJSIIME B KPyr MM BHE €ro, OCTaBUB OCTaJbHbIE TOUYKU Oe3
u3MeHeHus. llpumennts k pesynbTary oOpatHoe BII®. CpaBHUTH mMOIydYeHHOE
n300pakeHue ¢ UcXoJHbIM. CrienaTh BbIBOBI.

BEINONTHATE aHANOTUYHBIE AEWCTBUS, UCIIOIB30BaB BMECTO Kpyra poMO ¢ 3a71aBaeMbIMU
JIMaroHAJSIMU.

YMHOXUTH  CHEeKTp  u3o0paxkenms Ha  exp(i*m*k). Boemomauts  oOpaTHOE
npeoOpa3oBaHuE pe3yJIbTaTa.

PeanmuzoBath mpeoOpasoBanue Apnamapa. BemonHuTs anamormysele 1. 1.3-1.5
uccienoBanus. CaenaTb CpaBHUTEIIbHBIE BBIBOBI.

2. Ananumuyuecxku
Paccuurars JII1® ot nBymepHo# (yHKIMM Youiia, ¢ TPOU3BOJIBHBIME KOOPJIMHATAMHU Ha
n3o0paxkennn pazmepoM N*N. SIpKkocTh OCTaIBHBIX TOUEK M300paxeHus pasHa (.

Odhopmnenue omuema

OTt4er JOKEH CONlepKaTh:

1) TUTYABHBIN JHCT;

2) Temy, LieNb, 331aH1e, HCXOAHOE U300pakeHue;

3) Teoputo no anroputmam bI1® u npeoOpazoBanuio Anamapa;

5) ananutnyeckue pacuersl 11D ot aBymepHON (pyHKIMK Youia;
6) JIUCTUHT NPOTrPaMMbl C KOMMEHTAPHUIMU;

7) akpaHHbIE (POPMBI;

8) BBIBOJIBI.

[Ipu 3amuTe paboThl 3HATH OTBETHI HA CJIEAYIOIINE BOMPOCHIL:

Urto Takoe crekTp u3odpaxeHus?

Kakue cBolicTBa criekTpa u300pakeHus ?

Kak npencraButh ciekTp n300paxeHus 4epe3 oqHoMepHoe peodpasoBanue Dypre?
B yem 3akimouaercst ObicTpoe npeodpazoBanure Dypne?

Uto Takoe nuKIMUecKas cBepTKa?

Kak npencrapisieTcs onepaius CBEpTKU yepe3 npeodpazoBaHue Oypbe?

Kak pacnionaratoTcst BBICOKHME M HU3KHE YaCTOThI B CIIEKTPE N300paKeHUs?
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Teopernyeckue cBeieHUs

Muoro none3Hoi uHpopManuu 00 U300paKEHHUH MOKHO y3HATh, AHAIU3UPYS €ro CIEKTP
(unu yacTtoTHy obOsacth). Kpome Toro, MmHorue mMeroapl oOpabOTKH M300paKe€HU OCHOBaHbI Ha
aHaJIM3€ U TPaHCPOPMAIMU CIIEKTPATBHBIX XapaKTEPUCTHK N300paKeHUS.

CrnektpoMm un3o0paxeHus OysleM CuUMTaTh pe3yibTaT NPUMEHEHUS K HEMY JBYMEPHOIO
npeobpa3oBanust Pypee. B HenpepsIBHOM ciydae npeodpasoBanue Oypre nmeer B

2+oo+oo
F(cox,coy):(zlnj [ [0 y)e ™ dxdy

—00—00

Ob6patHoe npeoOpazoBaHue onpeaensercs GopMyoi:

2 tootao
f(x,y)= [;nj [ [F(o,,0,)™ ™" dxdy .

3nech 1=+/—1.KoadduuneHt nepes uHTErpagoM onpeaesieTcs: yCiIoBUEM:
F'(F(I)=1.

3neck Fu F~' - onepatops! npsiMoro u o6patHoro npeodpasopanus Oypsbe.

ITpeoOpazoBanue @ypbe WM NOIYUYEHHUE CIEKTPA ONTHYECKOIO CHUTHAJA HArIAAHO MOXHO
IPOJEMOHCTPUPOBATh MPU TMOMOIIM OOBIYHOM ONTHYECKOM JIMH3bL. Bcem ¢ percTBa H3BeCTEH
pOCTO (PU3MYECKHI OMBIT, 3AKITIOYAIONINICA B (OKYCHPOBKE JIMH30M COJIHEYHBIX JIydel, B
pe3yibTare 4ero B (OKaIbHOM IIIOCKOCTH (OpMUpPYETCsl HEOOJbIIOE MATHO, SHEPIUs KOTOPOIro
ABJISIETCSI CYMMapHOW DHEPTUHU JIyded NONaJarolIuX Ha JUH3Y. M3 ONTHKM M3BECTHO, YTO IUIOCKAS
BBINYKJIasl JIMH3a OCYLIECTBISAET npeodpazoBanue Pypre. PaccMoTpuM, 4TO IpU 3TOM HPOUCXOIUT.
CouHeuHBble Ty4H, NaJA0LINE HA JIMH3Y, B XOPOLIEM NPUOIMKEHUN MIPEACTABISAIOT COOOH IIOCKYIO
BOJIHY:

I= Aeif(i
3mecy k — BCKTOp HOpMaJIK K BOJHOBOMY (1)p0HTy BOJHBI, X — BCKTOP IPOCTPAHCTBCHHBIX
KoopauHat. YpaBHeHue (k,x)=const ompenenser IUIOCKOCTb OJMHAKOBOM (a3l  BOJIHBL
[Ipennonoxum, 4T0 BEKTOp HOPMAJIM MEPIECHINUKYJISIPEH IIOCKOCTH JIMH3BI, KOTOPAsi COBNALAET C

wiockocThio X. Torna (k,x)=0, a [=A. YuuTsIBas 310, MOIYyYUM pe3yibTaT B (OKYCHON MIOCKOCTH
JIMH3BL:

1 ¢ 10X
F(w)=— j A dx = AS(w).
2m <,
3neck O(®) - menbra dyHkuus Jupaka. Ha camom gmene B (OKyCe JIMH3BI IOJYYaeTcs TOYKA

KOHCYHLIX pa3MEepoB, 4YTO CBA3AHO C KOHCYHBIM pa3MCPOM JIMH3BI. B sTom cJIydace Mnojiydmum:

F(w) = 2—1n TAeiU’de = e [ei"” —e ] = %_sir;(or .

Ora QyHKIUsS Ha3pIBaeTcs sinc. B auckperHoM cimydae npeodpa3zoBanue Oypbe UMeeT BUI:
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0,k=1.N-1,
N-1 2m i2nk :
ize ‘ _l62 1_)] 1 2ink =1,k=0}=35(k)
Nl’l=0 N lik 1 Nizl
e J—

Takum 06pasoM, BeimonHsercs yeaosue F- (F(1) =1.

SIcHO, YTO YMCIIO CTeneHel CBOGOBI B CIIEKTPE HE MOYKET OTJIMYATHCS OT YHCHIA CTENeHeH
cBOOOBI B caMOM curHaje. M3 (opMynbl ke cieayeT MOIydeHHe M3 H300pakeHHs BYX
YaCTOTHBIX IIOCKOCTEH, COOTBETCTBYIOIIMX JEHCTBUTENBLHON M MHUMOMN COCTaBJISIOIIIM.

OcTaHOBMMCS Ha HauOOJee CYIIECTBEHHBIX CBOMCTBAX JBYMEPHOTO AMCKPETHOIO CIEKTpa
®ypbe. Boraucnum criekrpanbHble Kod(duuuents: B yactotHbix Toukax K + j, N, 1+ j,M:

— F(f) — i2mjin+i2mj,m

k+jN,1+j,M NM nm

ITockonbKy Hpu JIOOBIX LENbIX 3HAUYEHUSX j| U jp MOCIEIHUI MHOXKHUTEIb B MOJYyYCHHOM
BBIPQXCHUH PaBEH €IMHHULIE, TO OTCIO0JIa UMEEM PAaBEHCTBO:

Fk+j1N,l+j2M = Fk,l )

03HAYAIOIEE NPAMOY2OIbHYI0 NepuooudHocms ogymeproco JI1®. Oqnako HEOOXOAUMO UMETH B
BUJY, 4TO CIEKTpaibHble Kod(pduuuentsl F | sBmstorcs komniexcrvimu yucnamu, B TOM 4ucie u

IpHU BEIIeCTBEHHOM curHane. Ho Torma Bo3HHKaeT Bompoc. OOmiee KOJIMYeCTBO CHEKTPATbHBIX
KOMIIOHEHT, KaK YCTaHOBJIEHO, paBHO NM. KoMIiekCHOE 4YHCIIO HKBUBAJICHTHO IMape
BEII[CCTBCHHBIX YHUCEII - IEHCTBUTEIBHON M MHUMOM YacTsAM IPH aIreOpandecKoM WU MOIYIO U
da3ze mpu HKCHMOHEHLMATIBHOM TMpezacTaBieHUuU. CrenoBaTesbHO, TOJIHBIA CIEKTP OMHCHIBAETCS
2NM BellleCTBEHHBIMH YHCJIAMH, YTO BJIBOE MPEBBIIIAET Pa3MEPHOCTh CAMOro curHaia. B atom, Ha
NIEPBBIN B3IV, COAECPKUTCSA NpoTHBOpeure. OHO HaXOOUT CBOE pPa3bsACHEHHE NPU AAJIbHEUIIEM
U3y4eHUU CBOMCTB AByMepHOro JIIID.

[Ipeobpaszyem cootHomenue mist 1D cnexgyrommm obpazoM. Bo-mepBbix, BMECTO 4acTOT
k,1 moacraBum uactotsl N-k,M-1. Bo-BTOpBIX, BBIIIOJIHUM KOMIUIEKCHOE COTIpsDKeHUE. B pesynbTare
HETPYIHO MOJYYHUTh BBIPAXKECHUE:

FN—k,M—l = Fk,l >

KOTOPBIM yCTaHABJIMBACTCSI OJTHO3HAYHAS CBSA3b MEXKIy CHEKTpalIbHBIMH K0d3(duimeHramMmu B 1ByX
Pa3IMYHBIX TOYKAX CIEKTPAJIbHOIO MPSMOYrosibHUKA. [101ydeHHBIM COOTHOIIEHHEM M CHUMAeTCs
NPOTHBOPEYHE, IOCKOJBbKY  KOJMYECTBO  HE3aBUCHUMBIX  CIIEKTPAIBHBIX K03 duumeHToB
yMEHbLIaeTcss Onarojaps [JaHHOM CHEeKTpalbHOM cuMmeTpuun B aABa paza. CormacHo
YCTaHOBJIEHHOMY CBOWCTBY, CIIEKTPAJIbHO-COINPSDKEHHON 3aBUCHUMOCTBIO CBSI3aHBI MEXAY COOOM
CHEKTpaJibHble KO3((UIMEHTHI, NMPUHAIEKAINE JIEBOMY BEpXHEMY M IPAaBOMY HUXKHEMY yIJlaM
IPSIMOYTOJIbHUKA (LIEHTPAJIbHO CUMMETPUYHbBIE TOUKH). AHAJIOIMYHO TAK)XKE CBSI3aHBbl MEKIY COOOM
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ko3 unmentsr Pypre M3 MPABOrO BEPXHETO M JIEBOTO HIKHETO YYaCTKOB CIIEKTPAIBLHOTO
IPSIMOYTOJIbHUKA.

Huknuueckaa céepmka

JIoCTOMHCTBOM 0OBIYHOTO TIpeoOpa3oBaHust Oypbe ABISETCS TO, YTO C €r0 MOMOIIBIO OYEHb
MIPOCTO BBITIOJIHACTCS CTal[MOHapHas GuibTpaius curuaioB. Kak u3BecTHO, A 3TOro Tpedyercs
MOJTyYUTh YACTOTHBIM CIEKTP CUTHAJa W YaCTOTHBIA KO3(PQPUIMEHT mepenaun (uibTpa. 3aTteM,
MEPEMHOXXUB MX, OMPEIEIUTh YACTOTHBIM CHEKTP BBIXOJHOTO CHUTHANIa, a BBINOJHUB OOpaTHOE
npeoOpa3zoBanne Oypbe - HAUTH caM BBIXOIHOW CUTHAJI.

JIByMepHBIii cTallMOHAPHBINA (MHBAPUAHTHBIN K CABUTY) (PUIBTP XapaKTEpU3YIOT JBYMEPHOM

HMMITYJIbCHOM XapaKTepUCTUKOU a s MO3BOJISIIOILIECH ONPEAETUTh BBIXOIHOW CUTHAJ MPU MTOMOIIA

1

JIBYMEPHOI CBEPTKHU:
1-11,-1

yh,iz :ZZXT1J2 ‘ail—rl,iz—rz ’
r=0r,=0
D10 ypaBHeHHE OOBIYHOW CBEPTKH, B HEM (QUIYPHUPYIOT OOBIYHBIC, HENEPHUOTUYECKUE
curHanel U Henepuoandeckas UX ¢unbtpa. [Ipu mudposoit o6padotke B DBM He cymiecTByeT
YaCTOTHBIX CIIEKTPOB, COOTBETCTBYIOIIMX TakuMm curHamamM u MX. [Ing onmcanus curHana B
YaCTOTHOM OOJIaCTH NpPHUBJIEKAEeTCs, KAaK YCTAHOBJEHO BbIIIE, MEPUOANYECKH MPOIOJIKEHHBIN

curHan X, ; , KOTOPOMY COOTBETCTBYET IMCKDETHBIN CIICKTP Xk1 'k, - 1lo aHanornn BBOAMUTCS U

MEPUOANYECKU TIPOJOKEHHas M X:

~

R .
1,1y i—myly i —myl, 2

nBymepHoe AI1® koTopoit Ak,,k2 MMEET CMBICT YaCTOTHOTO KO3 PUIMeHTA Tiepeadn mudpoBoro

o~ ~

¢unbTpa. IlokaxeM, 4YTO MEpeMHOXKas Xkl,k2 u Akl,k2 , MBI HAaXOAWM CIEKTp CHUTHAJIA,

OTIPEeNIeNIIEMOT0 IMKIMYECKOW CBEpTKOM. L{uKimueckas cBepTKa OTIMYAETCS OT OOBIYHOW CBEPTKU

TEM, YTO BMECTO (YHKIUH X; i, W @ ; B HEH NpPEICTaBICHBI MEPUONUIECCKH MPOIOJIKECHHbIE

$yskimm X; ;M d; ;B OOBIMHOM M LMKIMYCCKOM BapHaHTaX COOTBETCTBEHHO. Puc. 13.1

MOSICHSACT MpOoLeCcC

CI JI CI!._J. 1"_}.

!

Fa

0 J 0 i IR 0 i TR
a) 0) B)

Puc. 13.1. CpaBHeHue 0ObIYHON U UKINYECKOI CBEPTKH

[TycTh 3amanbl IUCKPETHBIE PAMOE U 0OpaTHOE Mpeodpa3oBanue Oypre:
N-1 iz—nmn
F,=F(f)=)fe™ ,
n=0
N-1 —iz—nmn
E'=F'(f)=) fe ¥,
n=0

rne F — oneparop npsimoro npeoOpa3zoBanust dypee, F'— obparHoro. Torga
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3 N-1N-1 i%wn N-1 1%wm ﬂ%a)k
 =F (F(H)F(g)) = f.e gn€ €
=0 n=0 m=0
N3mensasa MOPAA0K CYMMHPOBAHUA, ITOJTYUHNM:
N-IN-1 N-1 1@mn 1—nwm —1—0Jk N-1N-I N-1 1¥w(m+n k)
Sk = fngm e fngm ¢
m=0 n=0 =0 m=0 n=0 =0

Ncnonb3ys cBOKWCTBA TEOMETPUUYECKON MPOTrPECCHUU, UMEEM:

N-I 1—m(m+n k) 1,m+n-k20;
e N =0(m+n—k),rne d(m+n—-k)=
o O,m+n-k=#0.

e

[ToacraBisist mociieHee PaBEHCTBO B BBIPAKEHHE IS Sy, TOTYUHM:
N-1
S, = angk—n .
n=0;
Taxum 0Opa3oM, 17151 CBEPTKH ABYX (PYHKINH CIIPaBeIMBO BBIPAKEHHE:

f®g=F"(F()F(g)).

@axtuyecku JAI1P onepupyer ¢ nepuoandecKy NpoIOKEHHBIMU CUTHAJIAMU. DTO CIEAyeT
U3 CJIEAYIOLIET0 COOTHOILEHHUS.

Z

-1 N-1 2m ﬂﬁmk
N

f, = F'F(f)

Il
)
(O
o}

o~

=

Z
[S—
Mm
N

Il
(=]

n=0 m=0

B onHOMepHOM citydae 3T0 MpeAcTaBiseT coO0N MOBTOPSIOLIUECS OTPE3KH, B JBYMEPHOM —
TPSIMOYTOJIBHUKH H300pasKEHUH.

Kak BumHo u3 Qopmynsl mist npymepHoro JIID, oHO MOKeT OBITH MPEACTABICHO Kak
nocrneaoBarenbHble oqHoMepHBIe 11D mo ctpokam u crondam.

_ 2n _ 2n
1 N-1M-1 1—kn+1—lm 1 M-l 2Ty, NI i—kn
— — N — N N
F,=F{f)=— f e =——)> ¢ anme
NM n=0 m=0 NM m=0 n=0
Paccmorpum moapodnee ognomeproe AI1D.
O06o03HaYnM:
2
W=eVN
Torma ogaomepuoe JII1D Oyner umets BU
N-1
E, =F(f)=>)f,wm™
n=0
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Nubivu cioBamu [{II® — 3TO0 mpou3BeNEHHE HMCXOIHOrO0 CUTHAJIA-BEKTOpAa HA MATPHILY,
KaX/Ibli 371eMeHT (n,m) KOTOpOH, ecTh KoHCcTaHTa W B cTemeHu nm. Takum oOpaszom, mpoueaypa
Bbruncienus 1P, kak u npousBeneHuss matpull TpeOyer N*N KOMIUIEKCHBIX YMHOXEHUH ILITHOC
CPaBHUTEJIBHO HEOOJBIIOE YUCIO ONEpalUil BO3BEIEHUS B CTENEHb KOTOPOE B MPHUHLHUIIE MOKHO
3agath TabmmuyHo. Daktmuecku /11D MoxeT OBITh MONYYEHO C MEHBIIMM YHCIOM OTIeparui

Nlog, N ¢ nomoupsto anropurma 6eicrporo npeo6paszosanus ®ypse win BIIO. Ilpu N = 28
8

BBIMTPBILI COCTABUT ? = 32 pasza.

AHaJIOTUYHBIMHU CITOCOOOM MOYKHO 33J1aTh M NpeoOpa3oBaHus APyTrux BUaoB. Marpuia W
saBisieTcss yHUTapHOH. T.e. oOpaTHas K HeW MaTpulla SIBJISETCS €€ KOMIUIEKCHO CONPSIKEHHOM
TPAaHCIIOHUPOBAHHOW MaTpuIlei. ITO ycloBre (aKTHYECKH 03HAYAET, YTO MPUMEHEHHE K CUTHATY
npsMoro u 3areM oOparHoro /JII® nact Ham caM wucxoAHblii curHan. Takum obOpazom,
npeoOpa3oBaHus JAPYTUX BHJOB JIOJDKHBI COXPAHATh CBOMCTBO YHHMTApHOCTH MATPUIIbI
npeoOpa3oBaHus. B "acTHOCTH 3TOMy YCIIOBHIO YJOBIEeTBOpsieT mpeoOpa3oBanue Anamapa. Ero
MaTpHUILy MOXHO PEKYpPCUBHO 33/1aTh CJIEIYIOIINM 00pa3oM:

11 Z. Z,

Z Ly =
L | /N

Takum oOpa3oMm, mpeoOpa3zoBaHue Ajamapa COOTBETCTBYE pAa3JIOKEHHIO IO MEPUOIUYECKUM
(GYHKIMAM OpAMOYTroibHOM (opmbl, B ominune oT IIdD, npenycmaTpuBaromiero pasjioxeHHe 0
KOCUHYCOMJAJIbHBIM U CHUHYCOMJAJIbHBIM  KOMIIOHEHTaM. [ JIaBHBIM  IPEMMYLIECTBOM
npeoOpa3oBaHust AznaMapa sBISETCS 3aMEHa YMHOXKEHUH KOMIUICKCHBIX BEJIMYMH W3MEHEHHUSIMHU
3HaKoB. Bo Bcex OCTalbHBIX Clydyasx 3TO MpeoOpa3oBaHUE MO3BOJISET MOIy4YaTh TOYHO TaKUE XK
pe3yJIbTaThl, 4TO U IpeoOpa3oBanue dypee.

PaccmoTpuMm onHy U3 MoaudHKaIMi aaropuTma, mnpeioxenHyio Danielson and Lanczos.
CyThb MpeIoKEHHOTO alropuT™Ma CBOIUTCA K Tomy, urto JIID pasmepHocTd N MOXET OBITH
npezacrasieHo B Buae cyMmmbl 11D pasmeprocty N/2. OnHo u3 HuUX (popMupyeTCs U3 YETHBIX
OTCYETOB HCXOJHOTO CUTHAJIa, BTOPOE — HEUETHBIX.
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. Irijh /N
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g=0
Nj2-1 Nj2-1
ik (25) /N 1 ik (2j+1) /N
Z o 2mik( 2] .-'!E_j | z ek (27 +1)/ ,-FE..i-I-l
3=0 3=t
Nj2-1 Nf2-1
. ili (N ; . Driled N2
Z r_.E."r.:.i._.l_.-["-.l,E:llf:zj L Z o2k /(N ) Faii1
3=0 =t
e ko
F + W5 Fy

3neck k m3mensercs or 0 mo N, W — ompeneneHa Beime, a He A0 N/2. Pesynbrarsl
peoOpa3oBaHUs YETHBIX M HEYETHBIX OTCUETOB MEpHOAMYHBI 10 kK ¢ mepuogom N/2. T.o. KakabIid

IOBTOPSICTCS A1BA pa3a, 4TO0bI HOMyunuTsh F, . BakHblil 9Tam MpeyioeHHOr0 METO/A 3aKIIF09aeTCs
B TOM, YTO OH MOXXET OBITh NPUMEHEH PEKYypCHBHO. TakuMm 00pa3oM, TaKOil aJropuTtM MOMKHO

k
IPUMEHUTH K BekTopaMm pasmMepom N = 2°. Eciu pasMep JaHHBIX HE SBJIAETCS CTENEHBIO 2KH, TO
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BbIOMpaeTcs Ommkaiiiee Oosnbimee N = 2k, ocTajbHble 3HaueHus 3anonHATcs 0. Takum
00pa3oM, MPUMEHSISI UTEPATUBHO AJITOPUTM Mbl MOXKEM YMEHBIIATh Pa3MEPHOCTh PEe0Opa3oBaHus
no 1. IlpeoOpa3oBanue @ pasMepHocTH 1 OUEBHAHO CBOJIUTCS K ONEpaTopy KONMPOBAHUS
BXOIHOTO 3HAYCHHUsI B BBIXOJHOE. UTOOBI MOIyYNTh MPABUIBHBIN OPSII0K KodpuimentoB Oypoe
Ha BBIXOJIE, HE CMOTPs HA IOCJIEN0BATENbHOE Pa3/EICHUE HA YETHBIE U HEUETHBIE KOMIIOHEHTHI Ha
BCEX JTarax, He0OXOJIUMO MPOBECTH TEPEHIEKCUPOBAHIE KOMIIOHEHT BEKTOpAa B COOTBETCTBHHU C
npeoOpa3oBaHUEM JBOMYHON MHBEPCHU. DTOT MPOLIECC MOKHO MOSICHUTH CIIEAYIOIIEH CXEeMOM:

/
N

\
'/

Takum oOpaszom, anroput™m bBII® BhimonHsercs B nBa sTana. CHavana NPOU3BOAMUTCS
JIBOMYHAs MHBEPCHUS BXOJHBIX JAHHBIX. 3aTE€M IMOCJIEI0BATEIIbHO BBIOJIHAIOTCS MPEoOpa3oBaHUs
JUIsL Pa3sMEPOB JIaHHBIX 2, 4, 8, . . .,N. ONKMCaHHBIM AJITOPUTM €UIE HA3bIBAIOT NPOPEKUBAHUEM IO
Bpemenu. M Cooley-Tukey FFT anroputm. [pyroif BapuaHT aqropuTMa HAYMHAETCS CpPa3y CO
BTOPOTO 3Tana. A 3aTeM BBIIOJHAETCS JBOMYHAS UHBEPCUS PE3yNbTaTa. DTOT aJITOPUTM HA3bIBAIOT
npopexuBanne 1o dactore wid Sande-Tukey FFT anroputm. Jlns paga mpuiioxXeHHH
ucnons3yromux bII®, Takux kak HampuMep BBIYMCIECHUE CBEPTKH, MHBEPCUIO MOXHO HE JIENaTh.
Tak kak BBINONHAETCS MPAMOE M 00paTHOE NMpeoOpa3oBaHue, a B (pypbe IIOCKOCTH MO3JIEMEHTHOE
YMHOKEHHE CIIEKTPOB CUTHAJIOB.
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Ilpunoscenue A Ycmanognennutit 00pazey mumyinbHo20 1ucma

MHWHHCTEPCTBO OBPASOBAHUS U HAVKU JIHP
T'OYBIIO «IOHELIKMI HAITMOHAJIBHBI TEXHUYECKWI YHUBEPCUTET»

Kadenpa koMmproTepHOTr0 MOJICTUPOBAHUS U AU3aiiHA

OTtuét o nabopatopHoii padore Ne

M0 AUCIUTUINHE «Memoosl u mexuHoniocuu 00padomru u300pa*ceHU»

Ha TCMY «...HA38dHUe membvl...»

Boimonnu: CT. Tp. ... HAUMEHOBAHUE TPYMIIHI ...

... hbamMuIIus, HTHULIMABI CTYACHTA ...

[Iposepu: ... JOJDKHOCTD, (haMUJITHsl, HHUITHAJIBI
npenoaaBaTess

JIOHEIIK ... 200 8binoHeHUs paboOmul ...
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Ilpunosicenue b Ilpumep mumynono2o aucma

MHWHHCTEPCTBO OBPASOBAHUS U HAVKU JIHP
T'OYBIIO «IOHELIKMI HAITMOHAJIBHBI TEXHUYECKWI YHUBEPCUTET»

Kadenpa koMmproTepHOTr0 MOJICTUPOBAHUS U AU3aiiHA

Otuér no naGoparopHoit padore Ne 7

M0 AUCIUTUINHE «Memoosl u mexuHoniocuu 00padomru u300pa*ceHU»

Ha TeMy «Cnexkmp uzobpasicenus. Ilpeobpazosanus Pypve u Aoamapar

Brimonnawn: ct. rp. KM/Im16
ba6enko b.O.
[Iposepu: nou. [Tuénkun B.H.
Honenk 2016
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