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IIpenuncioBHe pelaKkTopa mepeBoaa

Uurarenio, B3ABIIEMY B DYKH 3Ty KHHTY, HeT Hago6HOCTH OGbsic-
HATbh, HAaCKOJbKO AaKTyaJbHEIMH celuyac ABJAAIOTCA 3aAaYH HHPpoO-
gofi obpaGoTku usobpaxkenuit, Ho, mMoxer OblTh, He BCSIKHI YHTa-
Telb OWYTHJ Ha cebe, KaK BEJIHKA AHCTAHUMS OT HepPBHX OMNbLITOB,
MOKa3bIBAKOUINX, YTO Ty HJAH HHYIO 3ajauy o0paboTkH n300paKeHHu
MOXHO pewiHTh Ha DBM B npuuuune, A0 peajbHOH peryaspHoli pa-
GoTel. M 3T0 — He TOJBKO H He CTOJNBKO TEeXHHYECKHe TPYAHOCTH
CO3JaHHA WJIH «A0OHBaHMS» AOCTATOYHO MomHof DBM u ycrpoiicTB
BBOAA-BHIBOZA H306paxKeHHfl, a TPYAHOCTH NPHHUKIHAILHELE,

OHu cBsi3agel ¢ TeM, 4TO H300DaKeHHe — 3TO ABYMEDHHIH H, BO-
oflie roBops, BEKTOPHBI CHTHAJ, HeCylHH OrpoMHOe KOJHYeCTBO
uHpopmannn. KpoMe Toro, usobpaxeHse 4acTo BHICTYNaeT Kak 0CO-
Oblfi CHTHAJ, TIPSAHA3HAYEHHHIH 1151 BH3yaJbHOTO BOCHDHATHA. B aTHX
caydyasx Tpebyercsi, 4To6bl 06pabOTKa BHINOJHSANACH B pPeaJbHOM
MacmTabe BpeMeHH MOJb30BaTeNsl, T. €. 3a CEKYHAbl HJIH JOJAH Ce-
KyHABl Ha oiHH kKaap. IIBetHoe Hu3oGpakeHue, cogepxamee 500X
X500 3/eMeHTOB (NPHMEPHO COOTBETCTBYET TeJEeBH3HOHHOMY Bella-
TeJbHOMY CTaHAapTy), IO COBPeMeHHHIM IIPeACTaBJeHHSIM — BecbMa
CKpOMHOe 1o 006beMy H300pasKenue, a Bellb 3To maccuB B 750 000 Gaii-
TOB, KOTODPBIH Heo0xoAnMo 06paboTaTbh 3a CEKYHAB, NPHUEM TOJBKO
nepechlIKa 3TOTO MAaccHBa €O cKopocTbio 1 M6aiiT/c 3anuMaer MOYTH
CeKyHIY.

[Ipeosoners 3T0 <«NPOKJAATHE pasMEpHOCTH» MOMKHO JIHWbL Ipa-
BHJIbHOH, PalHOHAJbHON OpraHHsauuedl BHIYUCAeHHH, Takofi OpraHu-
3alHed, KOTopass He TOJbKo Morja 6ul «60DOTbCsl» ¢ ABYMEPHOCTHIO,
HO H HCIOJAb30Basa Obl IBYMEPHOCTb IJs1 3(pdeKTHBHOA paboThl BHI-
YHCJHTEJNbHEX YCTPOHCTB MOCJEL0BATENbHOr0 AeHCTBHA, KOTOPHIMH
MBbl B HACTOslIee BPEMS pacmoJjaraem.

Ecnu nsBecTHa KOHKPeTHAas 3ajgaya 06paboTKy H306pakKeHHH, MOXK-
HO HCKaTb 3QQeKTHBHbIE cNOcOO6s 06pabOTKH, YYHTHIBAss OCOOeHHO-
CTH W OTPaHHuUCHHsT 3TOH KOHKPeTHOH ysko#t 3amaun. Ho ecan, xax
TpebyeTcst cefiuac, TOBOPHTh O peryaspHoii o6paboTke H306paxeHHR
IJIs pelIeHHs] JOCTaTOYHO UIMPOKOTO KJjacca 3aj4a4 B 3TOj 06JacTH
H CO371aBaTh [Js1 3TOrO annapaTrypHO-APOrPaMMHO-AJITOPHTMHUCCKOE
ofecnedyende, TO HEOOXOXHMO BBHIAGNHTb HabOp ONpefeleHHBIX CTaH-
AapTHHIX OnepallMé, W3 KOTOPHIX, KaK H3 T[OTOBbix OJIOKOB, MOIKHO
CTPOHTb aJNTOPHTM (M COOTBETCTBEHHO IPOTPaMMy HJIH ULHGDPOBOH
nopoueccop) [AJsi pelleHHs] NPOH3BOJAbHOM 3anaun. TakuMu onepaiH-
SIMH ABJAIOTCS JByMepHas CBepTKa, ABYMeDHOe AHCKpeTHoe Mpeo-
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pasoBanue ®Pypbe M JpyrdHe JHHEHHBIe OPTOroHa’bHble mpeobpaso-
BaHHsl,

Xopomo H3BECTHO, KAK CTHMYJAHPOBaJO DasBHTHe UHGPOBOH 00-
paboTku u3oOpaxeHuii m3o6pereHne ajnropurMa Owicrporo mpeobpa-
30BaHHsag Qypbe W APYrHX OBICTPHIX AJTOPUTMOB OPTOrOHAJBHBIX Hpe-
o6pasoBanuil. B mocienHHe roabl B 3TOM OTHOLICHHH HaMeTHJACA Cy-
IIECTBEHHBIH MPOrpecc, CBSI3AHHLI € TCOPETHKO-uHCJOBBIMH Tpeobpa-
30BAHHAMH, aJrOpHTMOM BHHOrpaja BbIYHC/IEHHS AHCKPCTHOTO Iipe-
o6pasoBanust Pypbe M, HAKOHEL, NOJHHOMHAJIbHBIMH IpeobpasoBa-
HHSIMY, T[Ae YyJaeTcss BOCHONb30BATHLCS ABYMEDHOCTHIO JAHHBIX AJs
yckopeHnust BeiuucaeHnil. [lpepnaraemas umTare’io KiHra noMoxer
CMEeNHANHCTAM OCBOHTB 3TH AOCTHXEHHS.

Ho MOII® u cBepTka — 3T0 TOJBLKO JHleliHblc Hpco0pasoBaHHA.
B apceHasnie cpeacts o6paboTku n3obpaxkeHuil HcoOXOAHUMBL H HeJH-
He#iHbe mnpeoOpasoBaHHs. KoHeuHo, mpoH3BOJbHOe NpeobpasoBaHHe
IH(POBOrO CHrHaJa MOXKHO peaH30BaTh H3 JIMHCHHBIX H HEJHHEeH-
HBIX TIpeo0pas30BaHHil OTAEJABIHX OTCUCTOB CHrHaja (MNO3JeMeHTHBIX
HeJHHelHbX npeobpasoBanuii). OJHaKo BCC-TAKH KCJAATEIblI0O HMETb
6oJiee KpymnHble OJIOKH, 4YeM mO3JeMeHTHble mpeoGPa3’oBalHs,

OcobGennocTh n306paKeHHit Kak ABYMEPHBIX CHIIIajJ0B COCTOHT B
TOM, 4YTO OTAEJbHBIE 3JEMeHTH H300paxKeHust MEHAIOTCH 0oOblYHO HE
He3aBHCHMO JPYT OT APYra, a HaxOATCs B ONPCHENCHHOH CBSI3H C
cocelHHMHK 3jeMeHTaMH. [To3ToMy GOJBLIHHCTBO aJropuTMOB mpeos-
pasoBaHHa H300paxeHHI HOCHT JIOKaJblBI XapakTtep, T. e, obpaba-
THIBAlOT HM300pa’kKeHHsl cpasy N0 TIpylliaM 3JEMEHTOB, pachoJaralo-
muXcsd B HEKOTODOH OKDECTHOCTH BOKDPYTr jaHHOro. JIuHelHHE npe-
06pas3oBanHs JIETKO H ©CTECTBEHHO YHOBJETBOPSIOT TAKOMY CBOHCTBY
JIOKQJbHOCTH H TNPH 3TOM JAONYCKalOT [IOCTPOEHUEe aJrOPHTMOB, BHI-
YHCJIHTEbHAS CJOXKHOCTh KOTOPHIX Majo 3aBHCHT OT Pa3MCpPOB OXBa-
THIBAa€MOH OKPecTHOCTH. Takue JKe cBoficTBa TPeGylOTCS H OT HeJH-
HeAHBIX Npeo6pa3oBaHuii H306paKeHH.

B nacrosimee Bpemsi Hameuaercss (GOPMHpPOBaIlMe OAHOro BeCbMa
NOJE3HOTO  KJjacca HEJNHHCHHBIX TMpeo6pa3oBaHui, o6Jaaiamollero
CBOACTBAMH JIOKaJbHOCTH M NPOCTOTHI BhluHCIenHil, Ero cocraBasior
aJTOPHTMBI, KOTOpHE MOXKHO OHJIO Gbl HA3BAaTh aJrOPUTMAaMH PpaH-
FOBO# (HJAbTPAUKH, TaK KaK OHH OCHOBAHHl Ha H3MEPCHHH JOKajb-
HBIX PAHTOBBIX CTATHCTHK u3o06paxenni. [TockosibKy na106eIe paHro-
Bble CTATHCTHKH MOXKHO Ha#TH M3 JIOKAJIbHBIX HCTOrPaMM, a JOKaJb-
Hble THCTOTPaMMbl MOXKHO BHIYHCJIHTb DPEKYPCHBHO, B INPHHIHOE BhI-
YHCJAHTENbHAA CJIOXKHOCTL a/JTOPHTMOB paHroBoil (GHALTPAUUH IOYTH
HC 3aBHCHT OT pasMepOB OKPecTHOCTH. IIpH BBIUMC.IEHHH KOHKPETHBHIX
PaHIOBBIX CTAaTHCTHK H I[POH3BOAHBIX OT HHX BO3MOKHBI AaJbHEHIIHE
YOpPOILLEHHs, CBSI3AHHLIE, B YAaCTHOCTH, ¢ HH(MOPMALHOHHOH H36BITOY-
HOCTBIO H306paxKeHHH.

HauGosee u3BecTHHI cefiuac alropHTM 9TOr0 KJAacca — aJrOPHTM
MeluaHuo# ¢uibrpanud. EMy nocBsilleHw! IBe ryiaBH npCAsaraemoi
KHHUTH, KOTOpble, 0Ge3yCJIOBHO, NMPHBJEKYT BHHMAaHHE CICLHAJHCTOB,
TaK KAaK B HHX BIIepBhHie NMOADPOGHO H CHCTEMATHYeCKHd pasbuparorcs
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cBOficTBAa MeAHaHHBIX GHAbTPoB. Kax H3BECTHO, MeAHaHa fABJIAETCA
pobacrioil (yCcTOAYHBOH K pacmpefeieHHI0) OUEHKOH Cpe/lHero 3Ha-
yeHHS BHIGODKH, H HMEHHO CBOHCTBO POGACTHOCTH OHpeAeasier mHpe-
HMyLIECTBA MCAHauHOrO GHAbTPa Nepex (PHILTPAMH, BHUYHCATIOWHMH
JIOKAJIbHOE CpEJHeC H HCNOJb30BABUIUMHUCH A0 CHX HOP AJs CrJaXKH-
paHHA H306paXkeHuil. dra CBA3b MeJHAaHHOH (QHABTPALHH C pobacrt-
HBIMH aJrOPHTMaMH OLEHKH HapaMeTpoB, pa3BHBaeMBIMM B HacToOf-
ee BpeMsi B MaTeMaTHUYeCKOH CTaTHCTHKe, He MOKasaHa B KHHTE,
¥ I03TOMY Ha Hee Leaecoo6pasHo ykasaTh ocobo. Ona Aaer NMOBOA
AAsl JajdeKo MAymHX 0006LIeHH MeRHaHHBIX (GUJABTPOB, HaNpHMeEp,
0600IIe )l B CTOPOHY CcO3ZaHus MeJHaHHBIX COTJIaCOBaHHBIX AByMeEp-
HHX (HUILTPOB KaK POGACTHHIX AHAJOTOB XOPOIUO M3BECTHBIX JHHeH-
HBEIX COIMIACOBAHHBIX (PHILTPOB.

JlpyrumMH TpHMepaMH DAHTOBbIX AJCOPHTMOB MOIYT CAYXKHTb ad-
rOpHTMbl SKCTPeMasbHOH (HIbTpALHH, KOTOpHle 3aMEHFIOT aHAIH3H-
pYeMBIH 3/1eMeHT H306pDaKeHHs] MaKCHMyMOM HJH MHHHMYMOM IO
OKPECTHOCTH. A eCiH 3aMeHATb 3HaYeHHe 3JeMeHTa H300paXeHHs
€ro paHroM MO OKPEeCTHOCTH, T. €. HOMEPOM, KOTOPblii AaHHHIA 3Je-
MEHT 3afiMeT B psAy pPAaclOJOXKEHHHX IO BO3PACTAHHIO 3HAYEHHH
9JEMEHTOB B 3afaHHOfl OKPECTHOCTH, QYEBH/IHO, Mbl IIOJYYHM He UTO
HHOE, KaK XOPOILO H3BECTHBIH aJrOPHTM CKOJb3slled KBaJH3aLHH,
TaxuM 06pasoM, K PAHIOBBIM aJlOPHUTMaM MOXKHO OTHECTH H CKOJb-
3SLIYI0 SKBANH3anHIO, H APYrae aJrOpHTMH aAaNTHBHBIX AMIUIATYA-
HHX npeo0pa3oBaHMi, OCHOBAaHHBIE Ha aHalH3e JIOKaJbHBIX THCTO-
rpaMM. DTa CBf3b MOAYEPKHBAET ellle OAHO CBOHCTBO PAHroBHIX ad-
FOPHTMOB, HX JIOKaJbHYI0 aJaNTalHio K XapakTepHCTHKaM obpaba-
THIBaeMOro H306paxKeHHst W NOTEHIHaJbHBle BO3MOMKHOCTH HCHOJbB3O-
BaHMsd HX HE TOJbLKO AJsl POGACTHOTO CrMIAXKHUBAHHS, HO H JJs BH-
Je/eHHs] MPH3HAKOB NMPH NPENapHPOBAHHH H ABTOMATHYECKOM pacmo-
3HAaBaHHH H300paXKeHHH. DTH co0OpaxkKeHHs1 TakXKe CTOHT YUHTHIBATDb
NpPH YTEHHH MOCJCAHHX ABYX IV1aB KHHIH.

Ilpu nepeBojc KHMIH H NEPEBONUHMKH, H PEAAKTOp CTOJKHYJHChb
¢ pAfOM TPYAHOCTEH, UPHUTOM He TOJABbKO TEPMHHOJOTHYECKOro MO-
psaka, Kuura HeBejHKa no 06beMy, HO OYeHb HaChillleHa HOBBIMH
(GakTamy, H3NaraeMbiMH, 0coOGeHHO B rl. 2—4, B AOCTAaTOYHO, a HHOT-
Jda, MOXeT GbiTb, upesMepHo ofbwiedi ¢opme. [TosToMy MBI mocrapa-
JIECh MO BO3MOXKHOCTH OOJIErYHTH €e YTeHHEe ¢ MOMOLLbI0 NPUMEYaHHH.
Hapeemcs, uTO YHTaTEII0 OKa¥XKETCs MOJNE3HBIM TaK:xKe NpejsaraeMbli
PeaKTOpOM JOHOJHHTENbHBIA CIHCOK JHTEPATYPH HA PYCCKOM $I3HIKE
no BomnpocaM HH(MPoBoi 06paboTKH H300paxKeHuii ¥ OBICTPHIM aJro-
puT™MaM 06paboTKH.

[Tepepox kuurd soimosinew B, B, MakynosuiM  (mpeluciiosue,
ra. 1, 2, 4), A, A, T'yposuim (ra. 3) u C. JI. Spocinasekum (ra. 5, 6).

A-p pus.-mar. Hayx
JI. I1. fIpocaasckud



Hpenuciosme

B nocaexnHee AecATHJIETHe PasMax HCCaeloBaHHH B oOjactm LHb-
poBOii 006paboTKH H300paXKeHHH CcTPeMuTedbHO BO3poc. M 310 He
YAHBHTEJNbHO, €CJIH YYecTb, YTO B HIHPOKOM CMbicjie 00paboTka H30-
GpaxeHull — 310 06paboTKa MHOrOMEPHBIX CHTHAJOB, a OOJIBbLIMHCTBO
CHIHAJIOB B peaJbHOM MHpe SBJISIeTC MHOroMepHbIMH. (PaKTHYECKH
H OJHOMEpDHHE CHTHaJhl, C KOTODHIMH Mbi paboTaeMm, 4acro mpea-
CTaBJSIIOT COGOM YNpPOINEHHYI0 KONHIO MHOTOMepHhIX cHruajos, Ha-
IIpHMEpP, Pe¥b YacTO PAccMaTPHBAKT KAK OAHOMEDHHI CHTHAaJ, T. €.
(dyHKIHIO 0HOHd mepemenHOH (BpeMenH). OfHaKO B NeACTBUTENIBHOCTH
peueBOH CHFHAJ CYIIecTBYeT B MPOCTPAHCTBE H HO3TOMY SBJSETCH
($YHKUHH YeThipeX MepeMeHHbIX (TpeX NMPOCTPaHCTBEHHBIX HepeMeHHBIX
M BPEMEHH).

CyliecTBYIOT aHAJOroBhle (ONTHYECKHE H 3JEKTPOHHO-ONTHYECKHE)
H nudpoBble MeToAn 06paGoTKH H3o6paxenui. Ms-za npueyuiux
H(POBEIM MeTOAaM NpeHMylLiecTB (THOKOCTH, TOYHOCTH), OBICTPOTC
Pa3BHTHS BBHIYHCAHMTENBHOH TEXHHKH H TaKHX CBSI3aHHHIX C Hell OT-
pacqeil TeXHHKH, KaK NPOH3BOACTBO CXeM BBICOKOH H CBEPXBLICOKOM
CTeNeHH HHTErpailliH, MOXHO CMeJ0o CKa3aTb, 4TO, 3a HCKAIOUCHHEM
HEKOTODHIX CNeNHaJbHHX 3aJa4, NpeAlouTeHHe 0TAaeTcss 06BN HH}-
POBLIM METOLAM.

Uenw nadHOil KHHTH, KaK M npeAbaymwero ToMa (Two-Dimensional
Digital Signal Processing I: Linear Filters), — naTts ruy6okusi ana-
JH3 TpeX BaXKHEHINHX KJAAacCOB LH(MPOBHIX METOAOB pellleHHs 3a4ad
o6paboTkH H3oOpaxeHuft: JHHEHHOH ¢HIbTPauuH, mnpeobpa3oBaHHUl
H MeIWaHHOH (HAbTpaUHH. DTH KHHTH B3aHMOCBS3aHH, HO IHOJB30-
BaTbCA HMH MOXXHO H HE3aBHCHMO APYT OT ApYra.

B mecrtom ToMe cepun Picture Processing and Digital Filtering
(nepBoe uaxanme, 1975) ! 6baM nMoAPOGHO pPacCMOTPeHE! H3GPaHHBlE
3afavd nHppoBoil 06pabOTKKM JBYMEpPHBEIX CHTHAJOB, BKJIOUas Npeos-
pa3oBaHHsi, IPOEKTHPOBAHHe (QHJABLTPOB W PecTaBpalHi0 H300paxeHHH.
C Tex nop B 3THX HaNpaBJEHHSX OB JOCTHIHYT 3HAUHTENbHBIH IPO-
rpecc. B 1978 r., Korza miaHHpoOBaJOCH BTOpoe H3JaHHE 3TOr0 TOMa
(ony6auxoBano B 1979 r.), MB pEUIHAH He BHOCHTb CYIHECTBEHHBIX
H3MEHeHHH, a JHIb A06aBHTh HOBYIO [JIaBy, COIEPXKALIYIO KpaTKHi
0630p Haubosee COBpEMEHHEIX NOCTHXKEHHH, Mul DacCUHTHIBAJH, UTO
NOAPOOHOe DAcCMOTPeHHE HEKOTOPHIX BaXKHBIX HOBHIX pe3YJbTATOB

! Uueercs nepesox: O6paGorka HaoOpakennit u unupposas ouapTpauus/Iloa
pea. T. Xyanra: Ilep. ¢ aura. —M.: Mnp, 1979. — 318 c.— Hpum. peo.
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OOSABHTCS B NOCJSAYIOLHX TOMaX (H3HYECKOfi CepHH u3AaTeJbCTBA
Inpuurep.

[lBe Kuury, 0 KOTODHIX 37€Chb HAET peub, CTaJH NEPBHIMH H3 3a-
AYMaHHBIX TOMOB. MaTtepHan B HHX pasjieJieH Ha TPH 4acTd. B mep-
BOH, MOCBALIEHHOH JHHEHHBIM (HJAbTPaM, TPEeACTABJEHB! IOJy4YeHHBIE
HE[ABHO OCHOBHBIe De3yJbTaThl B OOJACTH CHHTe3a DEKYPCHBHBIX H
HEPEKYPCHBHBIX (HJALTPOB, HCC/IEAOBaHHS HX YCTOHUHBOCTH, KajMa-
HOBCKOH ¢QuibTpanuu (C OPHAONKEHHeM K YJYYLIEHHIO BH3YaJbHOrO
KauecTBa M pecTaBpauuu u3o6paxenuit), Cpeau HaubGojee BaxKHBIX
BONPOCOB 3/leCb PAaCCMOTPEHH BONPOCH INPOEKTHPOBAHHA H HCCAELO-
BaHHs YCTOHYHBOCTH DPEKYPCHBHBIX IO MOJYINIOCKOCTH (DHJABTPOB, MPei-
CTaBJASIOMINX B Hactosiliee BpeMsl GOJbINONR HHTEpec.

Bropast 1 TpeTbsi YacTH BOLLIM B HaCTOAUIHA ToM., B pasgenax,
TIOCBSIIIEHHBIX Npeo6pasoBaHHaM, o6CYyXAAalOTcA /[Be 3alauH: anaro-
PHTMbl TPAaHCHOHHDOBAHHS OOJBIIMX MATPHI H TEOPETHKO-YHCJOBHIE
MeTOJbl BBIYHC/IeHHS] Npeobpa3oBaHuii M cBepTKH. [IpUBeseH Hmerasb-
HBft BHIBOA anroputMa Bunorpana npeobpasoBanusi @ypoe.

B nepBoii i BTOPOH 4YacTsX OCHOBHOe BHHMaHHe YAeNeHO JHHeH-
Holl o6paboTkKe. B TpeTheli YacTH, NOCBAMIEHHOH MeIHaHHOH (HALT-
pauuu, H3yuaeTcsi ocoObili MeTox HeanHeiHOH o6paboTkH. MeananHas
QUALTPAUHsA CTana JOBOJBHO MONYJSPHOH B 00paboTKe H306pakeHui
du peueBbix curHasoB. OJHAKO 1O 3THM BONPOCAM  ONMYyGJIHKOBAHH
JUIIb CKyJIHBlEe MarepHaJdbl. [IBe [JIaBel TPeThell 4acTH COAepXaT HO-
BBle pe3yabTaThl, OOJbUIHHCTBO M3 KOTODHIX I[PHBOAATCS  3JAeCh
BIIepBLIe,

FnaBel B 3TOM TOMe HOCAT AHAAKTHYECKHH Xxapakrep. B To ke
BpeMsi OHH BHIBOASIT YHTATeJsl Ha CaMBIi NepefHuit kpad cospe-
MEeHHHIX HccsenoBaHuit, Kuura Oyaer mosesHa Kak CIPABOYHHK HA-
VYHHIM pabOTHHKaM H MHXKeHepaM, MOXKET CAYXKHTb JONOJHHTENIbHBIM
vye6HHIM [oco0HeM INpH YTEeHHH KYPCOB DasNHYHOX CJOXKHOCTH IO
nH@pPoBoi 06paboTKe cHrHaNoB, 06paboTke u300paxKeHUE H UHGPO-
BOH HIBTPALHH.

Ypbana, Harunoiic, centabpe 1980 Tomac C. Xyane



TJJABA 1
BBEJIEHHE

(T. C. Xyane)t

Ileasr 3TOrOo TOMa 3akjaloyaercst B MOAPOOGHOM DPacCMOTPEHHH IBY-
MepHBEIX HHOPOBLIX npeo6pa3oBaHHU H MeAHaHHOH duabTpauuu. Takow
BHIGOP NPOAHKTOBAH MNPHJOXKEHHSMH 3THX MaTeMaTHUYECKHX onepanHh
K obpaboTke H300pazKeHHH.

CyuiecTBylOT TPH OCHOBHHe o6jactd 06pabOoTKu  u306pakeHHH
[1.1]: sddexkTHBHOE KOAMPOBAHHE, pecTaBpalHs M YJdyullleHHe BH3Y-
aJbHOTO KauecTBa H300paxkeHHi, paclnosHaBaHHe o0pa3oB. MHOrHe
MeTOIBl pecTaBPalliH M yJAY4leHHs BH3YaJbHOTO KauecTBa HM300pa-
JKeHHH OCHOBaHB Ha HCNOJb30BAHHH JHHEHHBIX [NPOCTPaHCTBEHHO-HH-
papuaHTHbix (JIITHM) ¢uabvrpoB. Takue (GuIbTPH HOAPOGHO paccMoT-
pernl B [1.1, 1.2]. [Ipeo6pasoBanHsi H cBsi3aHHble ¢ HHMH MeETOAH
MO3BOJISIIOT MOCTPOHTb 3G (EKTHBHYI0 ¢ BBIUHCJAHTENbLHOR TOUKH 3pe-
Husl peanusauuio JIIIM-puapTpoB. Muorue npeo6pas3oBaHusl MOJNE3HBE
TakxKe NpH 3((eKTHBHOM KORHPOBAHHH M BBIIEJEHHH IPH3HAKOB B
pacmosHaBaHHH 00pa3oB.

Jas ycrmemHoii pectaBpaunuu H3006pazKeHuii M yJYYIUIEHHS HUX BH-
3yaJbHOTO KayecTsa uacto Tpebylorcs HejuHelinbie meToabl. OxHHM
H3 TaKHX MeTOAOB, NONYJSPHHIX B IHOCJENHEE BPeMsi He TOJNBKO B
o6paboTke H300pazKeHH#, HO H BOOOule B 06paboTKe CHIHAJIOB, SIB-
JqseTcsl MeAvaHHas (HIAbTPAUHS. DTOT METOA MOXKeT NPHMEHSIThCS
TakXke NPH DPeUICHHH HEKOTOPHIX 3alay, CBA3aNHLIX C pacClo3HaBa-
HHEM, HalpHMep, YTOHbIUIEHHs JHHHHA MU BHJeJeHHs HEOOJBIUHX H30-
JHUPOBAHHBLIX 00bEKTOB HA H306paKeHHUH.

B caeayrowmux pasacnax Gosee moapoOHo oGcyxaaercs cORepKa-
HHE TJIaB 3TOH KHHIH.

1.1. IIpeoGpa3osanus

Passnnunbie AByMepHble Npeo6pasoBaHUsi pacCMATPHBAJHCh ¢ elH-
HBIX NO3HUMA (Ha OCHOBe NOHATHS BHEIUHero HpoHusselenust) B [1.2,
ra. 2]. Bonee neranbHoe 06CyXKAeHHE HEKOTOPHIX H3 HHX MOMKHO Hafl-
TH B {1.3]. Cpenn stHx mpeoGpasosanui HauGojee WIHPOKO NMPHUMEHS-
eTcsl, HeCOMHEHHO, npeobpasosanne Pypre. J[pyruc HOJC3HBI IV1ABHHM
00pa3oM B KOJHDOBAHHH H300pazKeHH# M OTYACTH -— B 3ajayax pac-
nosnasanug. ONbIT NOCACAIHUX JIET MOKaszald, YTO CPCAH HE3aBHCH-
MBIX OT H300paxeHui nmpeoGpasoBaHnii (B 3Ty KATETOPHIO He BXOLHT
npeoGpasosanie Kapynena — JlosBa) Haugdyulllie pe3yJbTaThl B KO-

! Department of Electrical Engineering and Coordinated Science Lab., Uni-
versity of Illinois, Urbana, IL61801, USA.
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JHPOBAHHH wu3o0paxeHufl XalT AHUCKPETHOE KOCHHYCHOE npeobpaso-
panue (IKI1) u cnsur-nmpeo6pasosanue !. Kak nokasauo s [1.4], ¢
teoperuueckoil Touku 3penHs JIKII acHMNTOTHYECKH ONTHMAJbHO AJS
BCEX MAapKOBCKHX CHTHAJIOB KOHeuHoro mopsika?® JIKefin HeLaBHO
BBeJ HOBOE CeMeHCTB0 YHHTapHbiXx NPco6pasoBaHHil, KOTOpOe BKJIO-
yaeT MHOrHe H3BecTible mpeobpasoBanus, TakHe, kak JKIT [1.5].

Pasnoxenue no cuuryaspubiv snavennsm (PC3) u ero mpusoxe-
HHs JlocTarouHo riyGoko pacemotpennl B [1.2, ra. 1, 2]. Henasuo
6LLIO NPOBELEHO COMOCTABJEHHE IOBEACHHUSA CHHIYJISIPHLIX 3HAYECHHH
¢ aBTOKOpPpeJsLHOHHOH ¢yHkuueil u3o6paxenust [1.6]. Paspaborau
HOBLIHl MEeTOI HO/JAaBJEHHS IIyMa IpH PecTaBpauHu H300DaxKeHuil IO-
cpeactsom PC3 [1.7].

O6uiunnift Meroj  Bbiugcaends JKIT cocToHT B HCHONB30BaHHH
6nicTporo mpeo6pasosanus Pypwe [1.8, 1.9]. Oanako wopefiune Obl-
CTpHIE aJrOPHTMbI OGEINAlOT YBeJHYEHHE CKOPOCTH B LIECTh pas
[1.10].

Jnsl BHIIOANCHHS ABYMEPHHIX Npeo0pa3oBaHHil, TakKHX, Kak Iipe-
obpaszosanne Dypre uau Anamapa, na 2BM, ubg navare Ha Mmar-
HHTHHIX CepJeYHUKaxX He NO3BOJAET XPaluUTh H300paxCcHHe IEJHKOM,
Heo6xoouMa JAOMOJIHHTENbHAst mnaMfATb, [Ipy 3TOM OOBLIYHO HCHOJb-
3yercsl TpaHCHOHHpOBaHHe MaTpuil. DPOEKTHBHHE aJrOPHTM TPaHC-
NOHMPOBAHHs MaTpul Obl mpemnoxken B 1972 r. dxayuzom [l1.11].
Heckosibxo mo3:ke ou pa3paboTas IBa HOBHIX AATOPHTMAa H NOJYYHI
HEKOTOpBIe De3yJabTaThl 1O ONTHMaJabHOH crpaTerun [1.12] (cm.
takxke [1.13]). C npyro#i cTOpOHH, ABYMepHOe AHCKDETHOe NPeos-
pasoBanne ®ypbe (JIID) u ananoruuHuie emy npeobpazoBaHusa MOX-
HO BBITNOJHATb K Ge3 TpaHCmoHMpoBaHHsi Matpun [1.14—1.18].

HntepecHoit Hopoft 06/MacTbio HCCAELOBAaHHUA SIBJISIETCSI HCHOJb30-
BaHHE TEOPETHKO-UHCAOBHIX MeToa0B B oOpaborke curuazaon. [lep-
BBIM, KTO NPEIJIOXKHJI NPHMEHHTb TEOPETHKO-UHCJIOBHEe TpeofpasoBa-
Hust (TUII) (manpumep, mpeoGpasoBanns mo udcaam Pepma) pas
BLIYHCJCHHA OLICTPO#l ABYMepHOH cBepTKH, Owui Peiigep. Buectsmum
BBENIEHHEM B 3TY WJCI0 SIBJASIETCS pasjel, HalmHCcaHHBA um B [1.24].
Heranbnoe u3iaoxenne Moxuo Hafita B [1.25, 1.26].

Henoabsyss  TUIL, 3aMETHVIO SKOHOMHIO BHIYHC/JCHHI MOMKHO
HOJYYHTL B TeX ciyuasix, xorga: 1) ogHOMEepHbIe HOCJHEL0BATENbHO-
CTH, nojyexaniHe o0paboTke, OTHOCHTEJIbHO KOPOTKH; 2) He00X0au-
Ma 3HAYWTE/Iblas TOUHOCTbL H 3) ollepauuu YMHOMKEHHs1 AOpPOxKe Ore-
pauuil caoxenus.

! B opurunaie siant transform. Dtor TepvmH HHOrJa nepesojHTCs KaKk Npeos-
Pa3oBaHue N0 HAKJIOHHOMY 6asucy uay HpeodpasoBaHHe MO nHIooOpasHoMy Oasucy;
CMBICJI COCTOKHT B TOM, 4TO 0asiCHBIEe (YHKIHA IIMEIOT KyCOUHO-DHJI006pasHylo ¢op-
my. — [Tpun. peod.

2 IlpenMylecTBO JHCKPETHOTO KOCHHYCHOrO Hpeofpa3oBaHHs CBg3aHo ¢ OoJee
¢pynaaMentanbubM  pakrom — JKIT cootBerctByer npeobpasoBanuio Pypbe uer-
HBEIM 06pasoM MPOIOTKEHHHX IocaelosaTenbuoctell. Biaroxaps wernomy mpodo.axe-
HHIO YCTPaHSIOTCH pa3pblBBl HA KpasiX MOCIeI0BaTesbHOCTH 1 ee pal Pyppe cxo-
AuTCR HaMHoro Geictpee [1].— IMpum. peod.
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BHHOrpan nNpHMEHH/ TEOPETHKO-YHCAOBHIE METOXL K BHIYHCJEHHIO
III® [1.27—1.30]. [Ipu 9TOM UHCIO YMHOXKEHHH 3HAUHTEJNBLHO CHH-
Xxaetrcss mo cpaBHeHu0 ¢ BII®, a uyHcI0 cnOXKeHHH IOUTH He Me-
uaerca. Hanpumep, mast 1024-troueynoli mocaenoBatedpHocty BIT®
TpeGyer 12288 ymHOXenuit u 26 624 cloXeHufi, TOTAa KaK aJrOPHTM
Bunorpana npeo6pasoBanus ®ypse (ABII®) ans 1008 Touek Tpe-
Gyer 4212 ymHoxenuit u 25224 cnoxennii. JlomoJHUTENbHEE cBene-
HHS H cooOpaxKeHHs IO NpOorpaMMHOi peaJH3aluHH MOXHO HallThy B
[1.31—1.34].

ABII® peannsoBan B GhICTPOAEHCTBYIOUIEM Npolleccope 06paGoT-
ki cHrHajdoB [1.35]. Owu6Ku KBaHTOBaHHsi (0GYyC/IOBJEHHBle OKPYr-
JAeHHEM H KBaHTOBaHueM Kos(pdunHentos) mpu ABII® pna cayyas
BHIYHCICHHA C (HKCHPOBAHHOH 3amsiToii H3yyaduce B [1.36]. Bblio
obuapyxkeHo, 4TO B oOlieM clydae IpH TOU Ke OMHOGKe BHIYHCICHHI
ABI1® tpeGyer gasi npejcTaBieHHs AaHHHX Ha 1—2 6ura Golblue,
4eM aJroputm bBIID,

Marepnan no mpeo6pa3soBauusiM B KHHre PasfeJCcH Ha ABe YacTH:
AJATOPHTMHEL TPAHCNOHHPOBAHHS MATPHI H TEOPETHKO-YHCJIOBHIE Me-
ToAH. B ra. 2 obcyxaaoTcest HEKOTOpble 3()(eKTHBHEE aJrOPHTMbL
TPAHCHOHHPOBANHS MaTpHL, a TakXke MPsAMOH MeToxd mnpeobpasoBa-
uust Angepcona [1.14]. B ru. 3 onuchiBaloTCs OBICTPHle aJTOPHTMBL
nudpoBoOii cBePTKH H NnpeoGpasoBaHus Dypbe, OCHOBAHHBIE HA MOJH-
HOMHANBHBIX NpeoOpa3oBaHHsAX. B HEKOTODHIX aJrOpHUTMax HCHOJAB3Y-
ercsl KOMOHHAIMsl NOJIMHOMHAMbHBIX TpPeo6Pa3soBaHHil H aJTOPHTMA
Bunorpana. ITonpo6ubiii BoiBog ABII® npusenen s ria. 4.

1.2. MeauanHsle HABTPHI

Jlunefinsle mpoctpaHncTBenHo-uuBapuantHule (JIIIM) duapTpe mo-
JIe3HH JJIsl pecTaBpanud H YJYYIIEeHHs BH3YaJbHOro KaiecTBa H30-
6paxenuii. FIx MOXHO NDHMeEHSITb, HaNpHMep, NpH peaNH3alHH BH-
HePOBCKHX (HJIBTPOB JJIsl CHHUZKEHHS YPOBHS HIyMa Ha H306pamKeHHAX.
Oznnako, yTOOW NOXABHTL IUIYM M IPH 3TOM COXPaHHTb KOHTYPHYIO
4yacTs H306paXKeHHH, NPHXONHUTCH NPHMEHAThL HeNMHHeHHble HJAH JIHHeH-
HBle mpocTpaHcTReHHO-HenHBaprHanTHee (JIIIHW) duabrpel. Orpanuye-
HHSl Ha HcnoJb3oBaHue JI[TH-punbTpoB B 3ajgauax pecTaBpauHu H30-
Gpaxenuit obcyxnatoorea B [1.2, ra. 1, 5].

Muorne nennsefinsie u JIIIHH-puabTpe anst pecraBpauuu H30-
O6paxenuit onucannt B {1.2, ro. 1, 5. B ri. 5 mpeawidyiiero Toma,
MOCBSIIEHHOrO JIMHEHHBIM (uabTpam [1.1], Obliy onHcaHBl KaaMma-
Hopckne JIITHU-duabTpel, HenonbsyeMble AJ1si MOAABJEHHS yMa TPH
pectaBpaudu H300paxeHH#. B ri1. 5 u 6 sToro ToMa paccMOTpeHa
ocobasi HelHHeAHas npoueAypa — MejiuaHHas QuAbTpauus. OGHapy-
XKeHO, 4YTO NPHMEHEeHHe MeIHaHHBIX (QHILTPOB a(PeKTHBHO And MHO-
JaBJieHHs] HEKOTOPHIX BHJOB LIyMa H NEePHOZUYECKHX [OMex 6e3 of-
HOBDEMEHHOr0 HCKaXeHHst cHriama [1.37—1.39]. Takue @uabTPH
CTaJH BeCbMa MOMyJAspHH B 06paboTKe H306paxKeHHHl W PEUEBHIX CHI-
HaJoB,
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[ToCKOJBKY TeopeTHYeCKHi aHa/M3 NOBeJeHHS MeAHAHHBIX (DHIbT-
pOB OYE€Hb TPYJAeH, ONYGJHKOBAHO OYEHb MajI0 Pe3yJNbTATOB MO ITOMY
ponpocy. JIBe riaBbl Halleii KHHTH COAEPXAaT B OCHOBHOM HOBLIE
pe3y/bTaThl, He OCBEleHHbie N0 CHX [OP B OTKDHLITOH JHTeparype.
B rn. 5 paccMaTpHBAOTCSL CTATHCTHYCCKHE CBOWCTBA MeJIHAHHBI%
(uIbTPOB. B YacTHOCTH, H3/1aralOTCsi PasjH4YHBIE CBOACTBAa BHIXOJHO-
ro CHrHajJa MeAMaHHOro (HUIbTPa NMPH [ayCCOBCKOM IUyME HJIH CyMME
CTYNeHYaTOH (YHKUHH H rayCcCOBCKOTO IHYyMa Ha BXOJe.

I'naBa 6 mocBsilleHa AeTePMUHHPOBAHHBIM CBOHCTBaM MeAHaHHBIX
¢uabTpoB. OcoGeHHO HHTEPECHHIMH NPEACTABJSIOTCS Pe3yAbTaThl, OT-
HOCSINHEeCS] K TaK Ha3biBaeMbIM CTAaGHJIbHBIM TOYKAM MEAHMAHHEIX
¢uabrpoB. CTabHNbHOH TOUKOH sIBJISIETCS IOCAEIOBATENbHOCTL (B OI-
HOMEDHOM cJyuyae) HJAH MaccuB (B ABYMepHOM cJyuae), KOTOphle HE
H3MEHSIOTCS NpH MeAnaHHOR ¢HabTpauuu. B ra. 6 Tsiw mokasad, dro
B OJHOMEDHOM cJydae CTAaOHJILHBIMH TOYKAMH MeJHaHHHIX (DHJILTPOB
SBJISIIOTCS  «JIOKA/JbHO-MOHOTOHHHIE» NoOcjaenoBatenbHocTH, Hckaioue-
HHE COCTABJAIOT HEKOTOPbie NePHOJAHYecKHe IBOHYHBIE MOCNELO0Ba-
TeJbHOCTH. B mocaennee Bpema Tassarep m Baiic [1.40] cymenn
YCTPAHHTb 3TO HCKJIOYEHHe, OTPAaHHYMB JJIHHY IOC/eL0BaTebHOCTEHN.

B ri. 6 kpaTko omucaH 3(¢dekTHBHBHA anroputm [1.39] meaman-
HOH ¢GHAbTPALMH, OCHOBaHHBIH Ha MOIWGHKAUHH THCTOTPAMM,
B [1.41, 1.42] ofcy:xmaeTcs anmapatypHas peaju3alus MeXHaHHOH
¢buabTpauud B peasibHOM Maciitabe BpPeMeHH Ha OCHOBe ILH(GPOBHIX
u3bupaTenbnblx cxeM. MeTox HaxXOXJIeHHS MeJHAaHb, OCHOBAHHbIH Ha
ABOMYHOM NIPEJCTABJEHHH 3JIEMEHTOB H300DaXKeHHs B amnepType (hHIMb-
Tpa, npeanoxked B [1.43], rae cpaBHHBalOTCS amnapaTypHas peadH-
3anHs 3TOr0 MeToAd, aJrOpUTM Npeo6pasoBaHHS THCTOrpaMM M Me-
TOL UH(POBHIX H30HPaTeJbHEIX CXEM 110 CJO0XKHOCTH H cKOpocTH. Pea-
JIH3aLUHA MeJHaHHHX (PHUILTPOB Ha IBOHYHOM MAaTPHYHOM IIpolleccope
paccvorpena B [1.41]. PaspaGoran meron peaqusanup MeJHAHHBIX
¢GuabTPOB B KOHBEHepHOM Npoueccope, paboramuieM CHHXPOHHO C
BHAeocurHanoM [1.45].

B ra. 5 u 6 u3noxen MaTepHan riaBHbHIM 06Pa3soM TEOPETHUECKOTO
Xxapaktepa. B KawyecTBe NONOJHEHHS NPEICTABHM 3A€Ch HEKOTOPHE
3KCIepHMeHTaabHBle pesy/abTaThl. Ha pue. 1.1 nokasansl npHMepH
CTabHJIbHBIX TOYEK MeIHaHHBIX GuIbTPoB. JlaHm HCXoZHOe H306pa-
xKenve (@) ¥ pesyJbTaThl LIECTHKPATHOrO NMPHMEHeHHs TPex pasJauy-
HBIX MeIMaHHBIX QUAbTPOB (6). HanbHefimiee npHMeHeHHe (GHUIALTPOB
He BHOCHT CYIIECTBEHHBIX M3MeHeHUHA B pesyabTarH. Takum 06pasoM,
H306paxenus Ha pHuc. 1.1, 6—ec ABIAIOTCA cTAGUIbHBIME TOYKAMH TPEX
MeJHaHHBX (QHILTPOB.

Mennannpie QUABTPE 0COGEHHO YAOGHB AJisi GOPbOH ¢ HMITYJbC-
HbIM (TOUeUHBIM) WIYMOM. DTOT (aKT HINIOCTPHpYeTCcs Ha puc. 1.2,
Ha puc. 1.2, a nokasan pesysbrar mepefaunm usobpaxenus 1.1, mo
ABOMYHOMY CHMMETPHUHOMY KaHajy ¢ IIyMOM IpPH HCHOJb30BAaHHK
HMIIYJIbCHO-KOJIOBOH MOZAYJsAUMH. B 3TOM ciiydae Ha H306paXXeHHH
NOSABJSIETCS] HMOYJAbCHbH WyM, IIpHMeHeHHe MeAuaHHOro (UAbTPA
NIO3BOJSIET NOAABHTL GAJIBLIYIO YacTh LIYMOBLIX BEIGpoCcoB (pHc. 1.2, 6),
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Puc. 1.1. Crabuanibie rouki MeiHainisix ¢ILILTPOB:
a — a3podOTOCHUMOK YacTH a?’PONOPTA, HCKpeTH3nposaHunil Ha 256X 256 3geven-
10B no 8 OGur/oTcuer; 6 — n3obpaykenile, NOIBeprHyTOe MIECTUKPATHON MeTInaHHOH
puabTpanuu ¢ KpecroobpasHoii anepTypoit 3X3; 8 — TO e, NpH KBaipaTHOIl amep-
Type 3X3; e — TO Ke, IPH KBalpaTHoil ameprype 5X5

Puc. 1.2, Cpasnchire Meanauuoit
buobeTpaunn 1 aunefiHoro craa-
KHBAHIA:

a - - nzofpaxenne a’poropra,
HCKAXKeHHO®  MMIIY.bCHBINM  Ily-
MOM; 6 — MeliaHHasT (QHIbTpa-
g ¢ KpecToobpasHoit  aepTy-
poli 3X3; 8 — uHeliHOe CriaKH-
Baille ¢ KpecrooBpasxoit  amnep-

Tvpoit 3X3
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B TO BpeMs KakK JHHeliHOe CIJaXXKHBaHHe OKa3blBaeTcs cOBepUIEHHO
HeappexTupHHM (pHC, 1.2, 8).

Xorst B ra. 5 u 6 ob6cyxkpaloTcs aByMepHble (NPOCTPaHCTBEHHHE)
GUABLTPH, OYEBHAHO, YTO K ABHXKYIIMMCSI H300paxKeHHsSM, TaKHM, Kak
TeJIeBU3HOHHBIC, MOTYT NPHMEHSTLCS TPeXMepPHBlE MEIHAHHBE (DHIBLT=
pbl (POCTPAHCTBEHHO-BPEMEHHEIE), T. €. aneprypa (uJIbTPa MOXKET
OHTH TpexMepHoH. MeaunaHHasi BpeMeHHAs (UABTPANHS OCOGEHHO
yAoOHa Ansl MOJAABJIECHHS! NMayeK IHYMOBBIX BHIGDPOCOB, BKJIOYAsi BHITIAs
leHne CTpoK. Kpome Toro, oHa HAaMHOLO .JyHiHe, ueM BPeMeHHOe ycpefs
HeHHe (JMHEHHOE CriaXXKMBaHHe), coxpaHser JBHXKeHnue. B [1.46] onHe
€aHo HECKOJbKO IKCNEPHMEHTOB HO BpeMeHHOH (HAbTpalud (BKIOYas
¢uAbTPALMIO ¢ KOMIleHcauHel nBHXKeHHS). B oiHOM M3 3KclIepuMeH-
TOB MO GHJIbTPALHHK IIOCJACAOBATENbHOCTL KaJpOB NaHOPAMHDOBAHHS,
cojepxKawasl Oeablii rayCcCOBCKHH WIYM M CJAy4YaiHble BHIIAJeHHS
CTPOK, IOJABeprasach MeJHaHHOR (HIbTPALHH H JAHHEAHOMY CIJIaXKHe
BaHuo. Kajgposad macrora  mocjefOBaTeJAbHOCTH  COCTABJsAA
30 kangpos/c, KaxAbil KalAp coaepxkan upuMepHo 200 cTpox IO
256 anementoB B Kaxkzaolt ¢ 8 Gut/oTcuer. [lanopamupoBanne mpoBO=
AHJIOCh TOPH3OHTAJBHO CO CKOPOCTBIO NPHMEPHO 5 3J€MEHTOB H30%¢
Opaxennst Ha Kalp. Pesyjbprarhl mo OAHOMY Kajpy MOKa3aHb Ha
puc. 1.3: samymucHubIl HCXOXHBIH Kauap (a), TOT xe kaiap mocae
JAMHEHHOro cruaxuBanusa (6) W Kaap, o6paboTaHHBIA MeMaHHHIM
¢uibTpom (8). Heob6xoauMo OTMETHTb, YTO MEIHAHHBIH (HIBTD AAET

Puc. 1.3. Bpemenuds ¢umbtpa-
LU TOC/IE10BATEAbHOCTH KapOB
HaHOPAMHPOBAHUS:

G — 3aIly MJICHHBIH ODHIHHAT;
0 — JIHHeHHOe CrJIaXKHBaHHE 110
TPEM KajpaM; 6-— MeIuaHHas
(GUIBTPAUKHA MO TpeM Kaxpam



HAMHOTO JYyYIIHEe Pe3y/JbTaThl B OTHOUIEHHH CHHXKEHHS YHCJIa BHIIa-
JeHHil CTPOK M COXpaHeHHS Pe3KOCTH KOHTypoB. OpHako Ajasi NOAaB-
JIEHHSA TaycCOBCKOTO IyMa 6oJee 3((eKTHBHO JHHEHHOe CriaaxKHBa-
uue. [IpHBeieHHBle HaHHBIE COIVIACYIOTCSI ¢ TEODETHYeCKHMH (CM.
ri. 5 u 6).

XoTa u MeaMaHHas GHJALTPAUHA H JuHeHHOe CrjaxKuBaHHEe HC-
TMOJAB3YIOTCS JJIA YJIYyYlIeHHs! CyOBEKTHBHOrO KauecTBa H300paKeHHS,
NIOKa He $ICHO, CNOCOOCTBYIOT JIH OHM JAaJbHelueMy MalllHHHOMY aHa-
JH3Y H306paxkeHui#t — pacno3HaBaHuo 00pa30B HJIHM H3MEpPEHHIM Ha
#306paxeHuH. Bbuty npoBefeHb TLidTeJbHble HCCJAEAOBAHHS BJIHAHHS
JIMHEHHOR B MeZMaHHOH (HAbTpPaUuH Ha 3GEHEKTHBHOCTHL BHIACJEHHS
KOHTYpOB, aHaJH3 (OpMBI H TEKCTYpHbI aHaju3. Hekoroprie pesyab-
TaThl NpuBeldeHsl B [1.47].

TITABA 2

SOOEKTHBHBIE METO/IbI
TPAHCIHOHHPOBAHHUSA
MATPHII

(Axc.-0. xayno) !

B 5T0i1 rnaBe onHiIeM HECKOJbKO PasJIHUHBIX AJATOPHTMOB TPAaHC-
IIOHHPOBAHHA MaTPHL, AOCTYH K KOTOPBIM MOXKET OCYLIECTBJSTLCS IO
cTpoXam M cron6uaM, U obcynum ux 3P ¢heKTHBHOCTE B OTHOLIEHHH
Tpe6yeMoil maMATH M uMcaa omepauuit BBoAa-BhiBoxa. OcoGoe BHH-
MaHHe yAeqUM MarpuilaM, pasMepbl KOTODBIX SBJSIOTCA COCTABHEIM
4HCJIOM, HanpHMep creneHbio 2. OnTuMa/bHHE aJrOPHTMBI GYAYT
IIOCTPOEHBl MMEHHO AJs 3TOro nociaenHero caydasi, O6cynum Takixke,
KaK MOXKHO 06pabaTHiBaTh NPOH3BONbHYIO MATPHIY, €CJd BCTPaHBAThb
ee B 60sbIIYIO, 06JaAaIONIyI0 HYXKHBIMH CBOICTBaMu, DoJbHIMHCTBO
ONHCHIBAEMBIX aJTOPHTMOB TpefyeT NPOH3BOJBHOH aipecalldd K KaxX-
Jo#t ctpoke (mau crosibuy), Kak 9TO AejaeTca B AUCKoBoM afine ¢
NPOH3BOJALHEIM AocTynoM. BHuManue Oyzner yhesneHo Takke CJAydalo,
KOTJa JAOCTYI K CTPOKAaM OQCYLIECTBJISIETCSI TOJBKO MOCJeL0BATENbHO,
Kak B JeHTouHoM dafine. Ileprelfi cayuail mpeacrasjiser OCOGHIE HH-
Tepec, TaK KaK HeKOTOPHIC METOIH ITO3SBOJISIIOT TPAHCNOHHPOBAThH KBaX-
paTHYI0O MaTpHIly, OCTaBJsAs €e Ha CBOeM MecTe, A 3TO, B CBOW oOue-
penb, 03HAUaeT BO3MOXKHOCTb BBHINOJNHEHHS! TakxkKe JIOObIX JBYMEPHHIX
paslienuMuX npeo6pa3oBaHuWil KBaApaTHOH MaTpHubl 6e3 BblIeJeHHS
JONMOJIHATEJLHOTO MeCTa BO BHelIHel maMsTH.

PaccMoTpuM TakKe HENOCPeACTBEHHBI METOH JABYMEpHOro mpeot-
pasoBanusa ®ypwe. CpaBHeHHe ero ¢ MeTOZOM, NPENNONArAIOIIHM
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