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I'pynma n306peTeHnit OTHOCUTCS K TEXHOJIOTHSIM
KOJIMPOBAHMSI/AEKOIUPOBAHUS n300pakKCHHMI.
Texuuueckum PE3YIbTATOM ABJIACTCA ITOBBIIICHUC
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U300paxeHu. [Ipennoxeno YCTPONCTBO
JIEKOIMPOBAHUS U300pAXKEHUI, KOTOPOE IEKOTUPYET
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CUTHaJIa ABWXYIIET0Csa H306pa>KeHI/I$I Ha MHO>XXECTBO
6J'IOKOB nu HOCpeﬂCTBOM BBIIIOJIHCHUS
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IIPOTHO3UPOBAHWA AOBWXCHHUA I KaXI0ro wus3
OJIOKOB. YCTPOMCTBO JEKOIUPOBAHUS U300 paKEHUM
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YKa3bIBAIOIIEH TIOPOTOBOE 3HAUCHHUE pa3Mepa OJI0Ka,
MIEPBOTO PEKUMA MTPOTHO3UPOBAHMUS IBUKEHHUS JIJTs1
MEPBOr0 E€IUHUYHOTO OJIOKa MPOTHO3UPOBAHUS
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decoding unit, a decoding unit, and a prediction unit.
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EFFECT: technical result is higher efficiency of
encoding/decoding images.

2 cl, 26 dwg

GG9.V9¢ n o

1 O


http://www.fips.ru/cdfi/fips.dll/en?ty=29&docid=2647655

2647655 C1

RU

1(20 1?1 1(84
oAyE 7,19 oy 11 13
Moy ¥ K ‘J.Mel(‘(l),)‘mp S /_D S KoHTypHbIi
nepeMeHHon ownboK ¢puneTp
|anuHE! . NPOrHO3MPOBaHNA
18 % N
[ Sooa Co
17~ oo 102 17 19 20
Y § 12
Moaynb
™| o
X 103
15
3anoM'MHa|ou.|.ee g
YCTPOHCTBC <

dur. 18

Crp.: 4

GG9.Vv9¢ n o

1 O



10

5

20

25

30

35

40

45

RU 2647655 C1

OOGnacTh TEXHUKH, K KOTOPOW OTHOCUTCSI M300peTeHue

Hacrostiee n3o6pereHre OTHOCUTCS K YCTPOWUCTBY KOJMPOBAHMS U300 paKEHUI, yCTPONUCTBY
JIEKOIMPOBAHUS U300paKEHUH, CIIOCO0Y KOJIUPOBAHUS U300PAKEHUI U CIIOCOOY
JIEKOAUPOBAHUS U300pAKEHUHN, KOTOPBIE UCTIOJIB3YIOTCS 11 TEXHOJIOTUU KOJIUPOBAHUS CO
cKaTUeM U300paKeHUH, TEXHOJIOTUU TIepelavuM CKAThIX TaHHBIX U300paKEeHUHN U T./I.

YPpOBEHb TEXHUKHU

OO6bBIUHO B crtoco0ax KOJMPOBAHUS BUEO IO MEKIYHAPOAHBIM CTaHAApTaM, TAKUM KakK
MPEG u ITU-T H.26X, Ka)X1bIi1 BXOAHOM BUACOKAIP MOABEPTraeTCs MPOLECCY CKATHUS, TPUUEM
BUJICOKAP pA3ALISAETCS HA MAaKPOOJIOKHU, KAXK/IbIH U3 KOTOPBIX COCTOUT U3 OJIOKOB ITUKCEJIOB
16x16.

C apyrott CTOpOHBI, B TTOCJIETHUE TOAbI TPEOYETCS TEXHOJOTUSI KOAUPOBAHMSI CO CKATUEM
BBICOKOKQUYECTBEHHOT'O BUICO BHICOKOM YETKOCTH, UMEIOIIIETO TaKOW BUAcOPOpPMAT, KaK
Buaeopopmat 4Kx2K muKceaoB, MMEIOIIUI MPOCTPAHCTBEHHOE pa3pelleHne, KOTOPOe B
YETBIPE pas3a MPEBBILIACT NPOCTPAHCTBEHHOE paspeuieHue HDTV (TeneBuieHue BbICOKOM
yeTKocTH, 1920x1080 nukcenoB), Buaeodopmat 8Kx4K mukcenon, UMEIOIIui
MIPOCTPAHCTBEHHOE PA3PELIEHHUE, KOTOPOE JOMOTHUTEIBHO YBEIIMUUBAETCS 10O TPEBBILICHUS
B UETBIPE pa3a MPOCTPAHCTBEHHOTO pa3pelieHus Bugeopopmata 4Kx2K nukcenos, uim
dbopmat Buneocuruana 4:4:4 njs yBeIMISHUS YUCITIA TMCKPETU3NPOBAHHBIX CUTHAJIOB CUTHAIA
BETHOCTH, TEM CAMBIM YJIyUlllasl XapaKTep UBETOBOCHpoUu3BeacHus. [Ipu konupoBaHum co
CKaTHEM TaKOTO BBICOKOKAUYECTBEHHOT'O BUIEO BBICOKON YETKOCTH HEBO3MOKHO BBIMIOJIHATH
MPOLECC KOJUPOBAHUS TOCPEICTBOM UCITOJIb30BAHUSI KOPPEISLUU CUTHAIIOB U300 paKEeHUS
B MakpoOJIoKke MUKCeIOB 16x16 B 1OCTATOYHOM CTETIEHH, U, CIIEI0OBATEIBHO, TPYIHO
MPEAOCTABIISTh BBICOKHI KO3 dUIMEHT cxkaTust. YTOOBI pa3pemTh 3Ty pooiemy,
MpeI0KeHa, HalTpUMED, TEXHOJIOTUS YBEIMUEHHUS pa3Mepa KaXK10ro 00bIYHOI0 MaKpoOIIoKa
MUKcenoB 16x16 1o 61oka nmukceoB 32x32, Kak pacKpbhITO B HEMATEHTHOM UCTOYHUKE 1, U
YBEJIMUCHUS EAUHULBI, B KOTOPOU BEKTOP ABUKECHUS BBIAEISAETCS, TEM CAMBIM YMEHbBIIIAs
00BEM KOJIMPOBAHHBIX MAPAMETPOB, TPEOYEMBIX ISl TPOTHO3UPOBAHUS, UIIK TEXHOJIOTUS
yBEIMYEHUS pazMepa 010Ka JJI1 KOJMPOBAHUS C MPeoOpa30BaHUEM CUTHAJIA OIIUOKHU
MMPOTHO3UPOBAHUS, TEM CaMbIM 3(h(DEKTUBHO YIAJISIst KOPPESLUIO MEX Ty TTMKCEIaMU CUTHAJTIA
ONIMOKHK TPOTHO3UPOBAHHUSI.

®ur.21 aBisercs 6JIOK-CXeMOU, MOKA3bIBAIOIIEH CTPYKTYPY YCTPONUCTBA KOAUPOBAHUSI,
PACKPBITOrO B HEMATEHTHOM UCTOUHMKE 1. [Ipn KogupoBaHnU, pacKpbITOM B HEMATEHTHOM
uctouHuke 1, Moaynb 1002 pazneneHus Ha OJIOKM pas3aelisieT BBeAeHHbIM BuaeocurHain 1001,
KOTOPBIH SIBJISIETCA LIeIbI0, KOTOPAas JOJDKHA OBITh KOJIMPOBAaHAa, HA MAaKpPOOJIOKU
(TpsIMOYTOJIBHBIE OJIOKM CUTHAJIA IPKOCTH, UMEToIIHe 32 mHUKcena X 32 CTPOKHU KX IbId), U
BBOJUT B MoAyJib 1004 mpOrHO3MpOBaHUs B KAUECTBE KOJAMPOBAHHOTO BUaeocurHana 1003.

Moayas 1004 TporHo3upoBaHMs TPOTHOZUPYET CUTHAIT U300 paKEHUS KaX 0T O IBETOBOTO
KOMITOHEHTA B KaXX/IOM MAaKpOOJIOKE B paMKax KaXJq0ro KaJapa U MeXy KaapaMu, UTOOBI
MoJay4nTh curHai 1005 oMok MpOrHO3upoBaHUs. B 4aCTHOCTH, TIPU BBITTOJITHEHUU
MIPOTHO3UPOBAHUS C KOMIIEHCALMEN IBUKECHUSI MKy KaJIpaMu, MOJYJIb IPOTHO3UPOBAHUS
BBITMOJIHSIET ITOMCK BEKTOPA JBUKEHMS IS KAXK10TO MaKpOOI0Ka HEMOCPEACTBEHHO WITH JIJTSI
KaXXJ0T0 U3 CyOOIOKOB, Ha KOTOPbIE KaX bl MAKPOOJIOK JTOTIOJTHUTEIIBHO pa3IeseTcs,
CO3/1aeT MPOTHO3UPYEMOE U300paKeHUE C KOMITEHCALUEH JBUKEHUS COTJIACHO BEKTOPY
JIBIKEHUS U 1ojtydaeT curHai 1005 ommOKu mpoTrHO3UPOBAHUS TOCPEICTBOM BBIUYMCIICHUS
PA3HOCTHU MEXAY MPOTHO3UPYEMBIM U300paKEHUEM C KOMIIEHCAIUEN ABUKEHHUS U
KOJMPOBAHHBIM BuacocurHaiaom 1003.

ITocne BeImonmHenus nponecca DCT (IMCKPEeTHOTO KOCMHYCHOT'O TTpeoOpa3oBaHUs) s
curdaja 1005 ommOKu MpOrHO3UPOBAHMS, UTOOBI YAATIATH KOPPEIISIMIO CUTHAJIOB U3 CUTHAJIA
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1005 o1mmOKH MPOTHO3MPOBAHMS ITPU U3MEHEHUM pa3Mepa 0J10Ka COrJIaCHO pa3Mepy eANMHMIIBI
IUTOIIA/IN, KOTOPOU BBIJAEISIETCA BEKTOP IBUKEHUS, MOIYJIb 1006 cxaTHs KBAHTYET CUTHAJ
OIIMOKHK MPOTHO3ZUPOBAHUS, UTOOBI MOJTYUUTh CkaTble faHHble 1007. XOTs cxkaTble TaHHbIE
1007 3HTPONMITHO KOAUPYIOTCS U BBIBOASATCA B KauecTBe oToka 1009 6UTOB ocpencTBomM
monayJisi 1008 KoIMpOBaHUS IEPEMEHHOM JJIMHBI, CKAThIEC JAHHBIE TAK)KE OTIPABIISIOTCS B
Moayiab 1010 J0KaIbHOTO JEKOAUPOBAHUS, U IEKOIUPOBaHHBIN curHaj 1011 omubku
MIPOTHO3UPOBAHUS OJIYYaIOT IIOCPEIACTBOM 3TOI'0 MOJYJIS JIOKAJIBHOTO AEKOIUPOBAHUSI.

DTOT eKoaAUupoBaHHbIN curHall 1011 ommMOKy MpOrHO3UpOBaHUS T0OABIISIETCS] K CUTHATY
1012 nporHo3upoBaHusi, KOTOPBIA UCTIOJIB3YETCS I TOTO, YTOOBI co31aBaTh curHai 1005
OIIMOKY TPOTHO3UPOBAHUS, YTOOBI CO31aBaTh JEKOAMPOBaHHbIN curHai 1013, u 3ToT
JIEKOIUPOBAHHBIN CUTHAJI BBOJIUTCS B KOHTYPHbIN (puibTp 1014, JlekoaupoBaHHBIN CUTHAT
1013 coxpaHsieTcsl B 3an1oMUHAIOIIEM ycrpoiictBe 1016 B kauecTBe onnopHoro curHana 1015
M300pakeHMs I CO3/IaHus ocieayromero curaaia 1012 nporHo3upoBaHus ocjie Toro,
KaK JIEKOJUPOBAHHBIN CUTHAJI TTOABEPTAETCS IPOLECCY YIATEHUS UCKAXKEHUS B BUJIE OJIOUHOCTH
MoCpeICTBOM KOHTYpHOTO dunbTpa 1014. [Tapamerp 1017, ucrionb3yeMblii I CO3TaHUS
CUT'HAJIa IPOTHO3UPOBAHMS, KOTOPBIM OIIPEAEAETCs NOCpeacTBOM Moyt 1004
MMPOTHO3UPOBAHUS, YTOOBI TOTYYUTH cMrHAT 1012 MporHo3upoBaHus, OTIIPABIISETCS B MOTYJIh
1008 xoaupoBaHUSI IEPEMEHHOM JJTMHBI U MYJIbTUIUIEKCUPYETCs B TOTOK 1009 OUTOB, ¥ 3TOT
MMOTOK OMTOB BhIBoAMTCS. MH(pOpMaus, Takast Kak MHGOpManus pekruMa BHYTPEHHETO
MIPOTHO3UPOBAHMS, MOKA3BIBAIONIAS TO, KAK BBIIOJIHSITH TPOCTPAHCTBEHHOE TPOTHO3UPOBAHUE
B KaXJIOM KaJIpe, U BEKTOP JIBUKEHMUS, ITOKA3BIBAIOIINNA BEJIMUMHY MEXKKAIPOBOTO
IIEpEMEILIEHUS, HAIPUMED, BKItoUaeTcs B napaMerp 1017, Ucrionib3yeMblii 1J1s1 CO3/1aHUS
CUTHAJIa TPOTHO3UPOBAHUS.

XO0Ts OOBIYHBIN CTOCOO KOTUPOBAHUS BUJIEO TTO MEXAYHAPOIHBIM CTAHIAPTAM, K IPUMEPY
MPEG wmu ITU-T H.26x, ucnoib3yet 16x16 MKCeIOB B Ka4eCTBE pa3Mepa MakpoOIoKa,
YCTPONCTBO KOJUPOBAHUS, PACKPBITOE B HEMATEHTHOM MCTOYHUKE 1, uconb3yeTr 32x32
MHUKCEJIOB B KaueCTBE pa3Mepa MakpoOjioka (cynepMakpooaoka: SMB). dur.22 nmokas3biBaeT
(hOopMBI pa3aesieHHbIX 00JIaCTel, KaXKI0M U3 KOTOPBIX BEKTOP ABUKECHHUS BBIICIISIETCS BO
BpEMSI BBITTOJIHEHUSI TPOTHO3WPOBAHUS C KOMIIEHCAIMEN ABUKESHMS 111 KaXKI0TO MaKpOOIoKa
nukcenoB MxM, u ¢ur.22(a) mokaspiBaeT Kaxabii SMB, packpbIThIil B HETATEHTHOM
ucrouyHuke 1, a ¢pur.22(b) mokas3pIBaeT KaXKIblii MAKPOOIJIOK Ha OCHOBE 0ObiuHOr0 MPEG-4
AVC/H.264 (cM. HemaTeHTHBIM UCTOYHUK 2). XOTs KaXabii SMB uMeeT 00JIbIIyI0 II0Ia1b
JUTS KQXX10M 00J1aCTH TPOTHO3UPOBAHUS ABUKEHHUS, KOTOPAsi MIOKPBIBAETCS ITOCPEICTBOM
OJIHOT'O BEKTOPA JBUKEHUS C UUCIIOM MUKCEIOB M=32, Ka>KIbIi TPAAUIMOHHBIN MaKpPOOIOK
UCIIOJIb3YET YKcio nukcenoB M/2=16. Kak pe3ynbTaTt, NOCKOJIbKY B ciiyyae SMB 00bem
uH(pOpMaIMK BEKTOPa ABMKCHUS, KOTOPBIA HEOOXOIUM JIJTS BCETO SKpaHa, CHUKAETCS 10
CPaBHEHMIO CO CITy4aeM TPAJAUIMOHHBIX MAKPOOJIOKOB, UMEIOIIMX YMCIIO MUKCeNToB M/2=16,
00BEM KOJIa BEKTOPOB JIBUKEHUS, KOTOPbIN JOKEH OBITh IepelaH B KAUeCTBE MOTOKA OUTOB,
MOJET OBITh YMEHBIIIECH.

JIOKYMEHTBI YPOBHS TEXHUKH

Henarenrupie ucroynuku

Henarentnseiit ucrounuk 1. Siwei Ma u C.-C. Jay Kuo, "High-definition Video Coding with
Super-macroblocks", Proc. SPIE, uznanue 6508, 650816 (2007)

HenartentHseiit ucrounuk 2. Crangaptel MPEG-4 AVC (ISO/IEC 14496-10)/H.ITU-T 264

PackpreiTie n300pereHus

B 06b14HBIX ciocOOaX, PACKPBITHIX B HEMATEHTHBIX UCTOYHUKAX 1 U 2, Tpe1oCcTaBIsIeTcs
CIIELMAJIbHBIN PEXUM, HA3bIBAEMBIN PEXUMOM YEPEIOBAHUS, B KOTOPOM JAHHBIE, KOTOPBIE
JIOJDKHBI OBITh KOJIUPOBAHBI JIJISI BEKTOPA JIBMYKEHUS M CUTHAJIA OIITMOKM MPOTHO3UPOBAHUS,
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BOOOIIE OTCYTCTBYIOT, KaK PE3yJIbTAT BBIIICYKA3aHHOTO ITPOTHO3MPOBAHUS IBUIKCHMS.
Hanpumep, B HEeaTEHTHOM UCTOYHHUKE 2 CITydal, B KOTOPOM «BEKTOP JBHKEHHUS COBITAIaeT
CO CBOUM IPOTHO3UPOBAHHBIM 3HAYCHUEM, U BCE KOADGUIMEHTHI TPeoOpa30BaHUs CUTHATIA
OIIMOKH IPOTHO3UPOBAHMS PABHBI HYJIIO», 3a1a€TCS KaK PeKUM yepeaoBanus. Kpome Toro,
PEXHMM UepeOBaHHUS MOYKET BRIOMPATHCS TOJIBKO TOTAA, KOT1a 00J1acTh, B KOTOPOM
BBIJICJISIETCSI BEKTOP JABWKCHUSI, UMEET pa3Mep, WACHTUUHBIN pa3Mepy MakpoOJIoKa.
ClieoBaTenbHO, KOTJIa pa3Mep MakpoOJIOKa YBEIMYUEH, KaK MTOKa3aHO B HEMATCHTHOM
UCTOYHMKE |, peKUM YepeToBaHMS 3aa€TCsI TOIBKO /TSl OJI0KA TPOTHO3UPOBAHUS IBUXKCHUS,
HUMEIOIIEr0 MaKCUMaIbHBIN pa3Mep. ClieqoBaTebHO, MPOoOIeMa COCTOUT B TOM, YTO PEKUM
YyepeoBaHUs BOOOIIE HE TPUMEHSETCS] K OJIOKaM MPOTHO3UPOBAHMS JBUKCHH S, UMEIOIIIUM
pa3Mep, MEHBIINI MAKCUMATLHOTO pa3Mepa, v, CIeI0BaTeIbHO, TPY/IHO IMOBBIIIATH

3¢ (HEeKTUBHOCTH KOJUPOBAHUSI.

Hacrosiee nzobpeTeHue peaan3oBaHo, YTOOBI PEIIUTh BBIIICYKAa3aHHYIO TPOOIEMY, U,
CleTIoBaTEIbHO, 3a/1a4a HACTOSIIETO N300 PETEHMSI 3aKITI0OUAETCS B TOM, UTOOBI CO3/1aTh
YCTPOUCTBO KOAMPOBAHUS U300paKEHUI, KOTOPOE peaiu3yeT CrocoOd KOIUPOBaHHUS BUJIECO,
UMEIOIINN XOPOIIYI0 OaTaHCUPOBKY HATPY3KH, 111 60Jtee 3PphEKTUBHOTO YaaIeHUS
KOPPEIISIIIMK CUTHAJIOB COTJIACHO CTATHCTUYECKUM M JIOKAJIbHBIM CBOMCTBAM BHJICOCUTHAJIA,
KOTOPBIH SIBJISIETCS 1IEJTBI0, KOTOPAst TOJKHA OBITh KOJIMPOBAHA, U BBITIOJIHEHUS 39(h(heKTUBHOTO
okaThs “tH(QOpMaI|K, TEM CaMbIM ITOBBIIIASI OTITUMAITBHOCTD JUTSI KOAWMPOBAHUS BUICOCUTHAJIA
CBEPXBBICOKOM YETKOCTH, a TAKIKE CITOCO0 peasn3aliiy yCTPOUCTBA KOTMPOBAHUS U300 PaKEHHUIM
U YCTPOUCTBA IEKOIMPOBAHUS U300paKEHUI U CITOCO0 AEKOIMPOBAHUS N300pakeHUH.

B cooTBeTCTBUM C HACTOSIIMM U300PETEHUEM TTPETYCMOTPEHO YCTPOUCTBO KOAUPOBAHUS
n300pakeHu, BKITIOYATOIIee B ce0s1: MOTYJIb IIPOTHO3UPOBAHUS ISl aAAIITUBHOTO
ompe/ielieHUsT pa3Mepa eAMHNYHOTO OJI0Ka TPOTHO3UPOBAHUS ABMKCHUS B KaXKIOM
MaKpoOJIOKe COTJIACHO 3aJaHHOMY YCITOBHIO M JUTSI pa3JIeIICHUSI BBIIIICYKA3aHHOTO STIMHUYHOTO
OJI0Ka TPOTHO3UPOBAHUS ABMKCHUS HA 00JIACTH BBIICIICHUS BEKTOPOB JIBH)KEHUS, UTOOBI
BBITIOJTHATH TTOMCK BEKTOPA JBMKEHUS; M MOYJIb KOJUPOBAHUS /TSI BHITTOJTHEHMS, KOTIa
BEKTOP JABWXCHHS BBIICIISICTCS BCEMY €IMHUIHOMY OJIOKY IMTPOTHO3UPOBAHMS IBUXKEHUS,
KOJMPOBAHHUS B IIEPBOM PEKUME YePETOBAHHS, €CIIU BBIIIICYKa3aHHbBINM BEKTOP JIBHKCHHUS
PaBeH OLIEHEHHOMY BEKTOPY, KOTOPBIN OMPENEIISETCS U3 BEKTOPOB ABUKECHUS B OKPYKATOIIUX
€IMHUYHBIX OJIOKaX MPOTHO3UPOBAHUS ABUKCHHMS, U TAHHBIX, KOTOPHIE TOJIKHBI OBITh
KOJIMPOBAHbBI KAK CUTHAJT OIIIMOKH MTPOTHO3UPOBAHUS ABUKEHUS, HE CYIIECTBYET, U IS
BBITTOJTHEHHUSI, KOT/1a KaXk/1asl U3 00JIacTell BhIJICJICHUSI BEKTOPOB ABMKCHUS UMEET pa3Mep,
PaBHBIN WJIH ITPEBBIIIAIONIHI 33 IAHHBINA Pa3Mep, U BEKTOP ABUKEHUSI BBIIEIISIETCS TTOJTHOCTHIO
JUTSL KQXKI0M U3 001acTel BBIICTIEHUSI BEKTOPOB IBUKECHMUSI, KOJUPOBAHUS BO BTOPOM PEXKHUME
Yyepe0BaHUsI, €CITH BBIIIEyKa3aHHBIN BEKTOP JIBMKCHHSI paBEH OLICHEHHOMY BEKTOPY, KOTOPBIM
OTIpEIeIISIeTCS U3 BEKTOPOB JIBXKCHUSI B OKPYKAIOLIUX 00JIaCTSIX BBIICIICHUS BEKTOPOB
JIBWKEHUS, U JAHHBIX, KOTOPBIE JIOJDKHBI OBITH KOJMPOBAHBI KaK CUTHAJT OIITMOKU
MPOTHO3UPOBAHUS IBMKEHUS, HE CYIIIECTBYET.

B cooTBeTCTBUM C HACTOSIIIMM M300PETEHUEM ITPETYCMOTPEHO YCTPOMCTBO IEKOTMPOBAHUS
n300pakeHMI, BKITFOUYAFOIIee B ce0s1: MOYJIb JIEKOIUPOBAHUS TS ICKOAUPOBAHMS ITOTOKA
OUTOB, UTOOBI MOJIYUUTH JAHHBIC, IOKA3BIBAIOIINE Pa3Mep eAMHUYHOTO OJIOKa
MIPOTHO3UPOBAHMS JIBH)KEHHUS B KaXXIOM MaKpOOJIOKe, PEKUM ITPOTHO3UPOBAHMS IBHIKEHUS
JUTSL yKa3aHust OpMBI KaXKI0M U3 001acTel BBIACTICHHUSI BEKTOPOB JIBMXKEHUS, HA KOTOPBIE
€IMHUYHBIN OJIOK TTPOTHO3UPOBAHUS IBWKEHUS Pa3/IeIIIeTCs, U BEKTOP JIBWKEHUS,
COOTBETCTBYIOIIMN KaXKIOM 00JIACTH BBIACIICHUS] BEKTOPOB ABWKEHUS, U JIJIs OTIPEIEIICHHUS
TOT'0, HAXOJIUTCS WJIK HET €[IMHUYHBIN OJIOK MPOTHO3UPOBAHUS IBW)KEHUS B TIEPBOM PEKUME
YyepeI0oBaHUs U HAXOIUTCS WM HEeT OJHA U3 00J1acTel BBIACIICHUS BEKTOPOB JIBH)KEHHUS BO
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BTOPOM PEKHUME YEPEAOBAHKS, U3 BBILICYKA3aHHOTO PEXUMA MPOTHO3UPOBAHHUS JBUKECHHUS;
¥ MOJTyJIb TPOTHO3WPOBAHMUS JIJIs1 OIIPEACIICHUS], KOTJ1a €IMHUYHbIN OJI0K TPOTHO3UPOBAHMUS
JIBUYKEHUST HAXOAUTCS B TIEPBOM pEXXUME UepEeTOBAHUS UJIU OJTHA U3 00JIACTEN BbIICTICHUS
BEKTOPOB JIBU)KEHHUSI HAXOAUTCS BO BTOPOM PEKMME YePEAOBAHUS, OLEHEHHOT'O BEKTOPA U3
OKPY’KAIOIIMX BEKTOPOB JIBUKEHHUS Y 33/IaHUSI 3TOI'0 OLIEHEHHOT'O BEKTOPA B KAYECTBE BEKTOPA
JIBIDKEHUS, @ TAK)KE 3a/IaHUSI BCEX CUTHAJIOB OIIMOKYU IMTPOTHO3UPOBAHUSI IBUXKEHUS PABHBIMU
HYJIIO0, 4YTOOBI CO3/1aBATh IPOTHO3UPYEMOE U300 paKEHUE, U 1JISI CO3AaHUs, KOT1a €IMHUYHbBIN
OJIOK MPOTHO3UPOBAHUS ABUKEHUS HE HAXOIUTCS B TIEPBOM PEKUME YePeTOBAHUS U 00J1aCTH
BBIJICJICHUS] BEKTOPOB JABUKEHHUS BBIIIEYKA3aHHOTO €IMHUYHOTO OJIOKA TPOTHO3UPOBAHUS
JIBUYKEHUS HE HAXOASTCS BO BTOPOM PEKUME YePeI0BaAHMS, TPOTHO3UPYEMOT0 U300 paKeHUS
Ha OCHOBE peKMMa MPOTHO3UPOBAHUS ABUKEHUS U BEKTOPA JBUKEHUS, KOTOPBIE MOJYJIb
JIEKOIMPOBAHUS MTOJyYaET MOCPEACTBOM JIEKOAUPOBAHHUS TOTOKA OUTOB.

B cooTBeTcTBUM C HACTOSIIMM U300PETEHUEM ITPEAYCMOTPEH CIIOCOO KOIUPOBAHUS
M300paKeHU, BKITIOYAIOIIMHI B ce0s1: 3Tall MPOrHO3WPOBAHMS 17151 TAIITUBHOTO OIPEIEIICHHUS
pa3Mepa eIMHUYHOTO OJIOKA TPOTHO3UPOBAHUS IBUKEHUS B KAXKIOM MaKpPOOJIOKE COTIACHO
3aJaHHOMY YCJIOBHIO U PA3/IEJIEHHS BBILIEYKa3aHHOTO €IMHUYHOTr O OJI0Ka TPOTrHO3UPOBAHUS
JIBU)KEHMST HA 00JIACTH BbIJIEJIEHUS BEKTOPOB JIBUKEHUS, YTOOBI BBITIOJTHATH ITOUCK BEKTOpa
JIBUOKEHMST; M 3TAIl KOJMPOBAHUS JJIs1 BHIIIOJIHEHUS, KOT/1A BEKTOP JIBUKEHUS BBIIEIISIETCS
BCEMY €MHUYHOMY OJIOKY MPOTHO3UPOBAHUS JIBUXKEHUS, KOJIUPOBAHUS B IEPBOM PEKUME
YepeI0BAHUS, €CIIU BBIIICYKA3aHHBII BEKTOP IBUKEHUS PABEH OLEHEHHOMY BEKTOPY, KOTOPBIA
OIPEAEIISIeTCSI U3 BEKTOPOB ABUKEHUS B OKPYKAIOIIUX €IMHUYHBIX OJIOKAX MTPOTrHO3UPOBAHUS
JIBUKEHUS, U JAHHBIX, KOTOPbIE TOJKHBI OBITh KOJAUPOBAHbBI KAK CUTHAJI OITMOKU
IIPOTHO3UPOBAHMS IBUJKEHHS, HE CYIIECTBYET, U KOT 1A KaX/1asl U3 001acTel BbIICTICHUS
BEKTOPOB JABHKEHUS UMEET pa3Mep, PAaBHBIM UJIU ITPEBBIIIAIOIINI 3aTaHHBIN pa3Mep, U BEKTOP
JIBUKEHUS BBIJIEIISIETCS TOJTHOCTRIO JIJ1s1 KaX 10 U3 00J1acTel BbIJe/IEHUS] BEKTOPOB JIBHKEHUS,
BBIMIOJIHEHUSI KOJIUPOBAHUS BO BTOPOM PEKUME UePEIOBAHMUS, €CITU BBIIIEYKAa3aHHbINA BEKTOP
JIBU>KEHUSI PABEH OLICHEHHOMY BEKTOPY, KOTOPBIN OINPEIETIIETCS U3 BEKTOPOB JBUKEHUS B
OKPYKaIOIIMX 00JIACTSIX BBIJIEIICHUS BEKTOPOB JIBW)KEHUS, U TAHHBIX, KOTOPBIE JTOJIKHBI OBITh
KOJMPOBAHbBI KaK CUTHAJT OIIIMOKY MTPOTHO3UPOBAHUS JBUKEHUSI, HE CYIIIECTBYET.

B cooTBeTcTBUM € HACTOALIMM H300pEeTEHUEM MTPETYCMOTPEH CIIOCO0 I€KOIMPOBAHUS
N300pakeHHM, BKIIIOYAOIIHI B ce0s1: 3TAIl JEKOAMPOBAHUS U1 IEKOAUPOBAHUS IOTOKA
OUTOB, YTOOBI MOJIYUUTH IAHHBIE, TOKA3BIBAIOIIIME Pa3MepP eMHUYHOTO OJI0Ka
MPOTHO3UPOBAHUS ABUKEHUS B KAXKIOM MAKPOOJIOKE, PEKUM MPOTHO3ZUPOBAHUS JBUKEHUS
JUIs1 yKa3aHusi pOpMBbI KaKI0M U3 001acTel BbIIETIEHUSI BEKTOPOB JIBUKEHUS, HA KOTOPBIE
€IMHUYHBIN OJIOK TPOTHO3UPOBAHUS IBUKEHUS PA3/ICIISICTCS, U BEKTOP JIBUKEHUS,
COOTBETCTBYIOUIUIA KaXXA0M 00JIaCTU BbIJIETICHUS] BEKTOPOB ABUKEHUSI, YTOOBI OIIPENETATh
TO, HAXOJAUTCS UJIM HET eMHUYHBIN OJIOK MMPOTHO3UPOBAHMS IBUJKEHHUS B IEPBOM PEKUME
yepe0BaHUs U HAXOIUTCS WM HET OJHA U3 00JIacTel BbIAEIIEHUS BEKTOPOB JIBUKEHHUS BO
BTOPOM PEXKUME YEPETOBAHUS, U3 BBILLICYKA3aHHOTO PEXUMa ITPOTHO3UPOBAHUS IBUKEHNS;
9TaIl MPOTHO3UPOBAHUS PEKUMA YePEIOBAHUS JJISI ONPEIEICHUS, KOTAa eIMHUYHbIN OJIOK
MPOTHO3UPOBAHUS JIBHKEHUS] HAXOUTCS B TIEPBOM PEXKUME UePEIOBAHUS UIIU OJTHA U3
o0JtacTelt BbIIeJICHUSI BEKTOPOB JBUKEHUSI HAXOIUTCSI BO BTOPOM PEXKUME UepPETOBAHMUSI,
OLIEHEHHOT'0 BEKTOPA M3 OKPYKAIOIIMX BEKTOPOB JIBU)KEHHUS U 33/1aHUSI ITOT'O OLEHEHHOTO
BEKTOPA B KAUeCTBE BEKTOPA JIBUKEHHS, 4 TAK)KE 3a/IaHUSI BCEX CUTHAJIOB OIITMOKHU
MIPOTHO3UPOBAHMS IB)KEHHUST PABHBIMHU HYJTIO, YTOOBI CO37JaBaTh ITPOTHO3ZUPYEMOE
n300pakeHue; ¥ 3Tal MPOrHO3UPOBAHUS JISl AEKOIMPOBAHUS, KOT/1a €IMHUYHBIN OJIOK
MIPOTHO3UPOBAHMS IBV)KEHHUS HE HAXOUTCS B IIEPBOM PEXUME YePeIOBaAHUS U 00JIaCTH
BBIJICJICHUS] BEKTOPOB JABWKEHHUS €IMHUYHOTO OJIOKA MPOTHO3UPOBAHMUS IBUKEHUS HE
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HaXOJATCSI BO BTOPOM PEXUME UepPEIOBaAHMUSI, TIOTOKA OUTOB, UTOOBI MTOJYUUTDh JTAHHBIE,
MOKA3bIBAIOIIUE BEKTOP JIBUKEHUS, COOTBETCTBYIOIIHI KAXK0M 00JIACTU BBIJIETICHUSI BEKTOPOB
JIBU)KEHUSI, YTOOBI CO3/1aBATh MIPOTHO3UPYEMOE U300 pAKEHUE HA OCHOBE BBIIIIEYKA3aHHOTO
BEKTOPA ABUKEHHUS U PEKUMA ITPOTHO3UPOBAHUS JIBUKEHHUS, KOTOPBIE IMOJIYYAIOT IIOCPEICTBOM
JIEKOJMPOBAHUS TOTOKA OMTOB Ha ATAIE JICKOIMPOBAHMUS.

CortacHO HACTOSIIEMY U300 PETEHUIO, TOCKOJIBbKY TMIEPBBIN PeKUM YepeIOBAHUS U BTOPOI
PEXKUM UepeTOBAHUS 3aJAF0TCS TS KAKI0TO €IMHAYHOTO 0JI0KA MPOTHO3UPOBAHUS IBUKEHUS
U ero o0JacTel BblAeTIEHUS] BEKTOPOB JBUKEHUSI, COOTBETCTBEHHO, YCTPOWUCTBO KOAUPOBAHUS
M300paXKEHUI U YCTPONCTBO AEKOIUPOBAHUS U300pAKEHUI MOTYT UMETh TaKYIO CTPYKTYPY,
YTO OHU UMEIOT BO3MOHOCTB BBIPA)KATh UEPAPXHUIO PEXUMOB YEPEIOBAHUS ITPU KOAUPOBAHUU
U JIEKOJAMPOBAHUY BUACOCUTHAIIA, UMeroIero ¢hopMart 4:4:4, u ABISIOTCS THOKUMU U
aIAITUBHBIMU K XapaKTEPUCTUKAM BPEMEHHOTO U3MEHEHUSI CUTHAJIA KaKI0TO LIBETOBOTO
komrioHeHTa. Cjie10BaTeIbHO, YCTPOUCTBO KOJIUPOBAHHUS U300PaKEHUN MOKET BBITIOJHSTh
ONTUMAJIBHBIN MPOLECC KOJUPOBAHUS TSI BUICOCUTHATIA, UMEIOIETO hopMmart 4:4:4.

Kpatkoe onvcanue ueprexen

@ur. 1 sIBIISIETCS BUAOM, TIOKA3BIBAIOIIUM (opMat 4:4:4, KOTOPBIH SIBJISETCS LEITbI0, KOTOpast
JTIOJKHA 00padaThIBAThCS MOCPEICTBOM YCTPOMCTBA KOJUPOBAHMS M300paKEHUI U YyCTPOMCTBA
JIEKOIUPOBAHUS U300paKeHUI B COOTBETCTBUM C BAPUAHTOM | OCYIIIECTBIICHUS;

@ur.2 gBIsieTCsl 0JI0K-CXEMOM, TTOKA3bIBAIOIIEH CTPYKTYPY YCTPOMCTBA KOJIUPOBAHUS
n300pakeHul B COOTBETCTBUM C BAPUAHTOM | OCYIIIECTBIICHUS,;

@ur.3 IBISIETCS MOSICHUTEIBHBIM YEPTEXKOM, TOKA3bIBAIOIIUM OMOPHBIN OJIOK, KOTOPBIN
MO/1yJIb pa3/iejIeHusl Ha OJI0KU, TOKa3aHHbIN Ha (uUr.2, co3aaeT;

@ur.4 sIBISIETCS MOSICHUTEITBHBIM YePTEXOM, ITOKA3bIBAIOIIUM IIPUMEPHI OPM, Ha KOTOPBIE
MOJTyJIb ITPOTHO3WPOBAHUS, TTOKa3aHHBIN Ha (UT.2, pa3aeiaseT Habop eTUMHUIHBIX OJIOKOB
MIPOTHO3UPOBAHMSI IBUIKEHUS, ITPUUEM KaxKaasi u3 GopM COCTOUT U3 OJTHOTO UK OoJiee
0a3UCHBIX OJIOKOB;

@ur.5 sBisgeTcs 6JI0K-CXeMO MOCIe0BATEILHOCTH ONlepalyil crioco6a, MoKa3bIBaoIIe
paboTy MOTyJISI MPOTHO3UPOBAHUS, TOKA3aHHOTO Ha (hur.2;

®ur.6 SBIISIETCS BUIOM JIJISI TOSICHEHUS CIIOCO0a BBIYMCIICHUS 3aTpaT J, KOTOPbIH
BBIIOJIHAETCS IOCPEACTBOM MOyl IPOTHO3UPOBAHUS;

®ur.7 ABIAETCS BUIOM, TOKA3BIBAIOIIUM ITPUMEP OIPE/IETIEHUS OLICHEHHOT O BeKTopa PMV
B KQXXJIOM U3 pekMMOB mc_model-mc_mode4 mporHo3upoBaHus ABUKEHUS, KOTOPOE
BBIIOJIHAETCS IOCPEACTBOM MOyl IPOTHO3UPOBAHMUS;

@®ur.8 ABIISIETCS BUIOM JIJISI IOSICHEHUS PEXXUMA YEPENOBaHUS;

@ur.9 gBIsIeTCS BUIOM JIJISI HOSICHEHUS CIIOCO0a SHTPOIUMHOTO KOJIMPOBAHUS, KOTOPBIN
WCIIOJIb3YET MOIYJIb KOAUPOBAHUS IEPEMEHHOM JIJIMHBI;

@ur. 10 sBsieTcst OJ10K-CXEMOM, TOKA3bIBAOIIEH BHYTPEHHIOIO CTPYKTYPY MOJTYJIS
KOJMPOBAHUS TTEPEMEHHOM JJTMHBI, TOKa3aHHOTO Ha (ur.2;

@ur. 11 sBisieTcst GJI0K-CXeMOM MOCIIeA0BATEIbHOCTH OTIepaliii Clioco0a, MoKa3bIBAIOIIeH
paboTy MOTYJISI KOAUPOBAHMS TIEPEMEHHOM JUTMHBI, TOKA3aHHOTO Ha (ur.2;

®ur.12 sBisAETCS MOSICHUTEIBHBIM Y€PTEAKOM, MOKA3BIBAIOIIUM MPUHIMUIT B OTHOIIEHUU
KOHTEKCTHOM MOAeHU (CtX);

®wur.13 sBIsAETCS MOSICHUTEIIBHBIM Y€PTEAKOM, OKA3BIBAIOIIUM ITPUMEP KOHTEKCTHOM
MOJIENH (CtX), CBS3aHHOMW C BEKTOPOM JIBUKEHUS;

®ur.14 sBisieTCS BUIOM, MOSICHSIOIIMM PA3HOCTh B KOPPEJISIIUU B PEKUME
MPOTHO3UPOBAHUS JIBWKEHMS, U pur.14(a) u 14(b) mOKa3bIBAIOT JBA COCTOSIHUS peKUMa
MIPOTHO3WPOBAHUS ABUKEHUS, KOTOPBIE BEIOMPAIOTCS 11 0a3UCHBIX 010K0B B, 1 By,

COOTBETCTBEHHO;
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@ur. 15 siBIIsIeTCS BUAOM, TTOKA3BIBAIOIIUM Pe3yJIbTaT IPe0Opa30BaHUS B IBOUYHYIO (GOPMY
pe)XrMa MPOTHO3UPOBAHUS JIBUKEHHUSI, KOTOPOE BBIMOIHSIETCS MOCPEICTBOM MOIYJIS
npeoOpa3oBaHus B JBOUYHYIO (hOpMY, MTOKa3aHHOTO Ha ¢wur.10;

@ur.16A sBIsieTCS BUAOM, MOSICHSIOIIMM IMPpeoOpa3oBaHUE B ABOMIHYIO (OPMY pexuMa
MMPOTHO3UPOBAHUS JBUKEHMUS, BBITIOJHIEMOTO MTOCPEICTBOM MOAYJISI MPeoOpa3oBaHUS B
JIBOMYHYIO (hopMYy, ITOKa3aHHOTO Ha (pur.10, U moka3bIBaeT ClIocO0 BHIOOPA KOHTEKCTHOM
Mozaenu ajist bin0;

@ur.16B sBIIseTCS BUIOM, MTOSCHSIIONUM ITPpeoOpa3oBaHUe B IBOUUHYIO (hOPMY peKUMa
MPOTHO3UPOBAHUS JBUKEHUS, BBITIOJHIEMOTO MTOCPEICTBOM MOAYJIS MPEOOpPa30BaAHUS B
JIBOMYHYIO (hOopMy, MOKa3aHHOTro Ha ¢ur.10, u mokasbiBaeT crocod BbIOOPa KOHTEKCTHOM
MoIenu g binl;

@ur.16C sBIIsIeTCS BUIOM, TTOSCHSIONUM ITpeoOpa3oBaHUe B TBOMUHYIO (hOPMY peKUMa
MIPOTHO3UPOBAHMS IBUIKEHHS, BBITIOTHSIEMOTO IMOCPEACTBOM MOJIYJISI TpeoOpa3oBaHUs B
JIBOMYHYIO (hopMy, MoKazaHHOTo Ha ¢ur.10, ¥ moka3pIBaeT Criocod BhIOOpA KOHTEKCTHOM
MOJEU UId bin2;

@ur.16D sBisieTCss BUAOM, MOSICHSIOIIMM IMPpeoOpa3oBaHUEe B ABOMYHYIO (OPMY pexuMa
MPOTHO3UPOBAHUS JBUKEHMUS, BBITIOJHIEMOTO MTOCPEICTBOM MOAYJISI MPeoOpa3oBaHUS B
JIBOMYHYIO (hOpMYy, ITOKa3aHHOTO Ha (pur.10, U moka3bIBaeT ClIoco0 BHIOOPA KOHTEKCTHOM
MoJeu i bin4;

@ur.16E sBisieTcst BUAOM, MOSICHSIOIIMM IMPeoOpa3oBaHUE B ABOMUHYIO GOPMY pekuma
MPOTHO3UPOBAHUS JBUKEHUS, BBITIOJIHIEMOTO MOCPEICTBOM MOAYJISI MPeOOpa30BaAHUS B
JIBOMYHYIO (hOopMYy, MOKa3aHHOTro Ha ¢ur.10, u mokasbiBaeT criocod BbIOOpPa KOHTEKCTHOM
MOZENM 11 bin5;

®ur.17 sBAAETCS MOSICHUTEIIBHBIM Y€PTEAKOM, MOKA3BIBAIOIIUM KOMIIOHOBKY JTAHHBIX
IHOTOKA OUTOB;

@ur. 18 gBnsieTcst 6JI0K-CXEMOH, MOKA3bIBAIOIIEH CTPYKTYPY YCTPOMCTBA AEKOIMPOBAHUS
n300pakeHHl B COOTBETCTBUM C BAPUAHTOM | OCYIIIECTBIICHUS,;

@ur.19 aBnsiercs 6JI0OK-CXeMOH, MOKA3bIBAIOIIEH BHYTPEHHIOIO CTPYKTYPY MOIYJISI
JIEKOMPOBAHUS TIEPEMEHHOM JIJTMHBI, TOKa3aHHOTO Ha (ur.18;

®ur.20 sBisieTcs OJIOK-CXEMOM IMOCIIe0BATEILHOCTH OTIEpaliii crioco0a, IToKa3bIBaOIICH
paboTy MOJTYJISI IEKOIMPOBAHUS TTIEPEMEHHOM JUTMHBI, TOKa3aHHOTO Ha (ur.18;

@ur.21 sBisieTcs: GJI0K-CXEMOM, MOKA3bIBAIOIIEH CTPYKTYPY YCTPONUCTBA KOJIMPOBAHUS,
PACKPBITOTO B HEITATEHTHOM UCTOYHUKE 1; U

@ur.22 sBsSETCS BUAOM, TOKA3bIBAIOIIMM MOSIBJIEHUE pa3/IeIeHHbIX (OpM 00J1acTh
BBIJEJIEHUS] BEKTOPOB ABUKEHUS BO BPEMSI BBIIIOJIHEHUS] IPOTHO3UPOBAHUS C KOMIIEHCALUEH
JIBWDKEHUS TSI K&KJIOT0 MaKpOOJI0Ka B YCTPOMCTBE KOAUPOBAHHS, PACKPBITOM B HEITATEHTHOM
HWCTOYHMKE 1.

Ocy1iecTBII€HHE U300PETEHUS

Bapuant 1 ocymectBiieHus

Jlanee, mpearmouTUTEIbHBIE BAPUAHTHI OCYIIIECTBIICHUS HACTOSIIETO U300 peTEeHUS
Mo IpoOHEE MOSCHSIOTCS CO CChUTKON Ha YEPTEXKH.

B aTOM BapuaHTe OCyI1IECTBIEHUSI OMIUCHIBAETCS YCTPOMCTBO KOJMPOBAHUS U300paKEHUM,
KOTOPOE BBITIOJTHSET CKaTHE M(PPOBOT0 BUACOCUTHAIIA, UMEFOITIero ¢opmat 4:4:4, BBOAMMOTO
B HET'0, U KOTOPOE MPUCIIOCOOJIEHO ISl COCTOSIHUS CUTHAJIA KaK/I0T'0 [IBETOBOT'O KOMITOHEHTA,
YTOOBI BBIMIOJHSTH MPOLECC TPOTHO3UPOBAHUS C KOMIIEHCALIMEN IBUKEHUS, U YCTPOWUCTBO
JIEKOIMPOBAHUS U300paKEHUH, KOTOPOE BBITOJIHSET pacliupeHue (P poBOTro BUIEOCUTHATIA,
umeroiero ¢gopmart 4:4:4, U KOTOPOE MPUCIIOCOOIEHO JIJISI COCTOSIHUSI CUTHAJIA KaXKI0T0
[IBETOBOI'0 KOMITOHEHTA, YTOOBI BBIMOIHATH MPOLECC TPOTHO3UPOBAHUS C KOMIIEHCALIUEH
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JIBUOKCHMSL.

@ur.1 mokassiBaeT popmart 4:4:4, KOTOPHIN YCTPOMCTBO KOJAUPOBAHUS N300PAKEHHI U
YCTPOMCTBO JIEKOUPOBAHUS N300paKEHUI B COOTBETCTBUU C BAPUAHTOM | OCYIIIECTBIICHUS
UCTIONTB3YIOT B KauecTBe (popmarta BBoga. Dopmart 4:4:4 o603HavyaeT popMart, B KOTOPOM,
KaK MoKa3aHo Ha ¢ur.1(a), uucia nukcenoB Tpex komnoHeHToB curnana C0, C1 u C2, koTopsie
COCTABJISIIOT [BETHOE ABUKYIIEECS U300 paKeHUE, SIBIISIIOTCS UACHTUIHBIMU JIPYT APYTY.
LIBeTOoBOE MPOCTPAHCTBO 3TUX TPEX KOMIIOHEHTOB CUrHajIa MoeT ObITh RGB wim XYZ,
JIM00 MOXKET OBITh IPKOCTHBIM M 11BeTOBBIM paszmrureM (YUV, YCbCr umu YPbPr). B oTinuue
oT (hopmata 4:4:4, bopmart 4:2:0, kak mokazano Ha ¢ur.1(b), 0603HaUaeT hopMaT, B KOTOPOM
UBETOBOE MPOCTPaHCTBO - 3TO YUV, YCbCr i YPbPr, 1 KaXablii U3 3JIEMEHTOB
BETOPA3HOCTHOTO curHaja (Hanpumep, Cb u Cr B cinyyae YCbCr) UMEET NMUKCEIIbI B
TOPU30HTAJIBHOM HANIpaBiIeHUH W U B BEpTUKAJIbHOM HAIIPABIIEHUH H, 4MCII0 KOTOPBIX BABOE
MEHBIIIE YUCIIA TMKCETIOB IPKOCTH Y B TOPU3OHTAIILHOM HAIPABJIEHWU U B BEPTUKAJIbLHOM
HAITPABJICHUU.

VerpoicTBO KOAUPOBAHMS U300 PAKEHUM U YCTPONUCTBO JEKOIMPOBAHUS U300pakeHUM
MOSICHSAIOTCS JAJIee IIOCPENCTBOM KOHKPETHOTO OTPAHUYEHUS IPUMEPOM C UCIIOJTIB30BAHUEM
croco06a BBITOJIHEHUS TPOLECCOB MOCPEACTBOM YCIIOBUS, UTO LIBETOBOE MPOCTPAHCTBO
dbopmata 4:4:4 - 3o YUV, YCbCr mimn YPbPr v Kask/1bIii IIBETOBOM KOMITOHEHT SIBJISICTCS
9KBUBAJICHTHBIM IPKOCTHOMY KOMIIOHEHTY. T€M He MeHee, pa3yMeeTCsl, YTO OIEepalH,
KOTOPBIE MOSICHSIOTCS 1aJIe€, MOTYT IPUMEHSTHCS HEOCPEACTBEHHO K CUTHAY SIPKOCTH,
Jla’ke KOT1a YCTPOMCTBO KOJAMPOBAHUS U300pAKEHUN U YCTPOMCTBO IEKOAUPOBAHUS
n300pakeHHl paccMaTPUBAIOT BUJICOCUTHAII, UMEIOIIUHI Gpopmart 4:2:0.

1. YcrporicTBo KoqHpOBaHHS H300PakeHHUH

@ur.2 sBisieTcst 0JIOK-CXEMOMH, MMOKa3bIBAIOIIEH CTPYKTYPY YCTPONUCTBA KOAUPOBAHUS
M300PaKEHUI B COOTBETCTBUM C BAPUAHTOM | OCYIIECTBIICHUS.

YCTpoicTBO KOIUPOBaHUS M300pakeHHI, TOKAa3aHHOE Ha (DUT.2, IMEET TAKyI0 CTPYKTYPY,
YTO OHO pa3jesisieT KaXKIblii BBEACHHBIN BUICOKAAP, UMetomuit opMmat 4:4:4, Ha GJI0KH,
UMEIOIIINE 33TAaHHBIN pa3Mep, T.€. Ha OJIOKH, UMEIOIIHNE M 4, XMy, TTMKCETIOB (KaXKIbIi OJIOK

Jlajiee YIIOMHUHAETCSI KaK «OTMOPHBIN OJIOK» ), U BBITIOTHSET TPOTHO3UPOBAHHUE JIBWKEHUS JIJIST
KaXXJI0TO U3 OMIOPHBIX OJIOKOB, YTOOBI KOJUPOBATH CO CKATUEM CUTHAJT OIIUOKHU
MIPOTHO3UPOBAHUS.

Bo-niepBbix, BBeJIEHHBIM BUJIEOCUTHA 1, KOTOPBIH SBIISIETCS ETIbIO, KOTOPAsi JOJKHA ObITh
KOJIMPOBAHA, pa3elisieTcss Ha ONOPHBIE OJIOKU MOCPEACTBOM MOTYJIS 2 pa3/iesieHus Ha OJIOKH,
Y 3TU OJIOKU BBOJISITCS B MOAYJIb 4 IPOTHO3UPOBAHUS B KAUECTBE KOJAUPOBAHHOTO CUTHANIA
3. Kaxap1it onopHblit 010K, CO3/IaHHBIN MOCPEACTBOM MOIYJIS 2 pa3zesieHus: Ha OJIOKH,
nokasbiBaetcs Ha ¢ur.3. Kak mokaszano Ha ¢ur.3, KaXxablil OOPHBIN OJI0K UMEET CTPYKTYPY
JTAaHHBIX OITIOPHOTO OJI0KA, KOTOPBIE SBJISIOTCS €AUHUIIEH, B KOTOPOU COOUparoTCs
MPSIMOYTOJIbHBIE OJIOKH, COCTOSIIUE U3 My, XM pax TMKCETTIOB. XOTSI MOJIPOOHO YIIOMSIHYTO

HUXe, pa3Mep M ,,,x OTIOPHOTO OJIOKa OIpEAeIsieTCs] U KOAUPYETCS Ha YPOBHE JIAHHBIX

BEPXHETr0 YPOBHS, K IPUMEPY, Kaapa, mocieaoBaTeabHOCTH Wik GOP (rpynibl M300paskeHUIA).
Pazmep M, ,,x OTTOPHOTO OJIOKA MOXKET OBITh UI3MEHEH B KaXXJA0M Kajpe. B aTom ciyuae,

pasmep M,,,,x OTTOPHOTO OJIOKA YKA3bIBACTCS TSl KAXKIOM CEPUM MTOCIEI0BATEIbHBIX

MaKpOOJIOKOB U T.II., B KOTOPOH MHOXECTBO MaKpOOJIOKOB COOMPAIOTCS.

JIaHHBIE Ka)X0TO OMIOPHOTO OJIOKA TOMOIHUTENIBHO PA3ACTSIOTCs Ha OJUH Uik Ooee
«EIMHUYHBIX OJIOKOB IPOTHO3UPOBAHUS JIBUKEHUS», KOTOPBIE SIBIISTIOTCS OJIOKAMU ITUKCETIOB
L;xM; (i: uIeHTUPUKATOP IBETOBOTO KOMIIOHEHTA), M TPOTHO3UPOBAHUE IBUKECHUS U

KOIUPOBAHUC BBIITOJHATOTCA ITOCPECACTBOM 3aaHUA KAXKIOT'O CAUHUYIHOT' O OJI0Ka
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MIPOrHO3UPOBAHKS ABM)KEHUS B KauecTBe ocHOBaHMs. [11ab10H equHUYHBIX OJI0KOB
MPOTHO3WPOBAHUS ABWKEHUS, TOKA3aHHBIN Ha (ur.3(a), umeeT Ly=Max/2 1 Mg=M,.x/2, @

ma0JI0H eIMHUYHBIX OJIOKOB MPOTHO3WPOBAHUS IBUKEHUS, TOKa3aHHBIN Ha (ur.3(b), nmeet
Lo=Mjax/2 1 Mp=M,,.x- B 060ux u3 ¢ur.3(a) u 3(b), L;=M;=L,=M>=M,,... B ciienyromem
MOSICHEHUH IIPEII0IAraeTcs, YTO OMOPHbIE OJIOKHU KaX10r0 LIBETOBOIO KOMITOHEHTA,
umeroniero gopmar 4:4:4, SBISIOTCS UIASHTUUHBIMU 110 pa3MepPY I TPEX LBETOBBIX
kommoneHToB CO, C1 u C2, u xorga pazmep M,,,x OOPHOT0 OJI0KA U3MEHSIETCS, pa3Mep

OIOPHOTO OJI0KA U3MEHSETCS HA ICHTUUHBIN pa3Mep JjIsl BCeX TPeX [IBETOBBIX KOMITIOHEHTOB.
[Tomumo 3TOTO, KAXKIBIN U3 pa3MepoB L; u M; eTMHUYHBIX OJI0KOB TPOTHO3UPOBAHUS

JIBMDKCHMSI MOXKET OBITH 10 BBIOOPY OIpe/IesIeH AT KaXIbIX U3 IIBETOBBIX KOMITOHEHTOB CO,
C1 u C2 u MOkeT ObITh UBMEHEH B eAMHUIIAX TToceaoBaTeabHocTel, GOP, kaipoB, OOPHBIX
6;10k0B U T.1. C UCMIOJIb30BAHUEM 3TOM CTPYKTYPHhI pazMepsl L; 1 M; eIMHUYHBIX OJIOKOB

MIPOTHO3UPOBAHKS ABUKEHUS MOTYT OBITh TMOKO OITPEEIIEHBI COITIACHO Pa3HOCTH B CBOMCTBAX
CHTHAJIa KaXX0TO IIBETOBOTO KOMIIOHEHTA 0€3 HEOOXOAMMOCTH U3MEHSTh pa3sMep M.«

onopHoro 6yoka. IddeKTUBHAS peanu3anys ¢ yIeTOM Napalieu3aiui 1 KOHBEHePHOM
00pabOTKM KOJIMPOBAHUS U IEKOAUPOBAHUS, BBIITOJIHIEMON B €IMHULIAX OTTIOPHBIX OJIOKOB,
MOJKET yCTAHABJIMBATHCS.

Monynb 4 IpOrHO3UPOBAHMSI BBITIOIHSET IPOTHO3UPOBAHUE C KOMITEHCALMEN JBUKEHUS
CUTHaJIa U300 paKeHUs KaXKI0T0 IIBETOBOTO KOMITOHEHTA B KaXKOM OIOPHOM OJI0KE, UTOObI
MOJIyYUTh CUTHAJ 5 OIIMOKM TPOTHO3UPOBAHHUS (CUTHAJI OLUMOKH MTPOTHO3UPOBAHUS
nBrkeHus ). [Tockonbky paboTa MOAyI sl 4 TPOTrHO3UPOBAHUS SIBJISIETCS IPU3HAKOM YCTPOMCTBA
KOJIMPOBAHUS N300PAKEHHI B COOTBETCTBHUM C TUM BapuaHTOM | ocyIiecTBieHus], paboTta
MO/1yJIsl IPOTHO3UPOBAHUS TOAPOOHO ynnoMuHaeTcst Huxke. [locie BbloHeHUs Ipouecca
npeobpazoBanus, k npumepy DCT-nipouecca, A1t CUTHaNIa 5 OIIMOKY MPOTHO3UPOBAHMS,
YTOOBI yIAISTH KOPPEISLMIO CUTHAJIOB U3 3TOr0 CUTHAJIa OIIMOKHU IPOTHO3UPOBAHMSI, MOYJIb
6 c)KaTvs KBAHTYET CUTHAJI OIIMOKU MTPOTHO3UPOBAHUS, YTOOBI MOJIYUUTh CKAThIE TAHHBIE
7 olIMOKM MPOTHO3UPOBaHMs. B 3TO BpeMsi, MO1ysib 6 CKaTHUs BBIIIOJHSIET OPTOTOHATIBHOE
npeobpazoBaHue U KBaHTOBaHUe, K mpumMepy, DCT, 11t curHasia 5 olmoKy TpOrHO3UPOBAHUS
Y BBIBOJIUT C)KAThIE JAHHBIE 7 OLIMOKU IPOTHO3UPOBAHUS B MOAYJIb 8§ KOAUPOBAHUS
MePEMEHHOM UIMHBI (MOYJIb KOJIUPOBaHHUs) U MO1YJIb 10 JTOKaJIbHOTO JEKOIMPOBAHHUSI.

Mopynb 8 KOAMPOBAHHUS IEPEMEHHON JUIMHBI SHTPONUIMHO KOJAUPYET CXKAThIE TaHHbIE 7
OIIMOKU MMPOTHO3UPOBAHUS U BBIBOJIUT SHTPOIIMIMHO KOJAUPOBAHHBIE CXKAThIE TAHHBIE OLIMOKU
MIPOTHO3UPOBAHMS B KaUeCcTBe MOoTOoKa 9 6uToB. Moayb 10 TOKaJIbHOTO JEKOIUPOBAHUS
MOJIy4aeT AEKOAUPOBAHHBINM CUTHAMT 11 OIIMOKYA MPOTHO3UPOBAHMS U3 CKATBIX TAHHBIX 7
OIIMOKY TPOTHO3UPOBAHHUS. DTOT IEKOAUPOBAHHBIN CUTHAT 11 OLIMOKHU MPOTHO3UPOBAHUS
J00aBIISIETCS K cCUrHAITY 12 MpOTHO3UPOBAaHUS (TPOTHOZUPYEMOMY H300paKEHUIO ), KOTOPBIi
UCIIOJIB3YETCS ISl CO3/IAHUSI CUTHAJIA S OIIMOKY TPOTHO3UPOBAHHUS TIOCPEACTBOM MOTYJIS
CyMMaTOpa, TaK UTO JEKOAUPOBAHHBINM CUTHAIT 13 cO3AaeTCsl U BBOJUTCSI B KOHTYPHBIN (PUIBTP
14. ITapametpsl 17 1 co3gaHus CUTHAJIA IPOTrHO3UPOBAHUSL, KOTOPBIE ONIPEAEIISIOTCS
MOCPEACTBOM MOAYJIS 4 TPOTHO3UPOBAHMUS, YTOOBI MOJYUYUTh CUTHAT 12 TPOTHO3UPOBAHUS,
OTIIPABJISIIOTCS B MOJYJIb 8 KOJMPOBAHUS IEPEMEHHOM JIJIMHBI U BBIBOJISITCSI B KAUECTBE
noroka 9 6uros. IloapoOHbIe onucaHusl napaMeTpoB 17 Juisl CO3AaHUsI CUTHATIA
MIPOTHO3UPOBAHUS IPUBOAATCS HUKE BMECTE C TTOSICHEHUEM MOJIYJISl 4 MPOTHO3UPOBAHUS.
Kpome Toro, mockoiapky crnocod KoaAMpoBaHuUs apaMeTpoB 17 1uisi co3qaHus CUrHaja
MIPOTHO3UPOBAHUS, KOTOPBI MOIYJIb § KOJAUPOBAHUS IEPEMEHHOM JJIMHBI UCIIOJIb3YET,
ABJISIETCS] IPU3HAKOM 3TOTO BapyaHTa | OCYyIECTBIIEHUS, CIOCOO KOAUPOBAHMS MOAPOOHO
MTOSICHSIETCS HUIKE.
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KoutypHnbiit punbTp 14 BeITIOTHSET Mpoliecc GUIbTPALUU OTKIIOHEHHSI UCKa)KEHUS B BUIIE
OJIOYHOCTH ISl IEKOAMPOBAHHOTO CUrHaJA 13, B KOTOPOM UCKaKEHUE B BUJE OJIOUYHOCTH,
BO3HUKAIOIIIEE B Pe3yJIbTaTe KBAHTOBAHUS KO3 dUIMEHTa MpeoOpa3oBaHUs MOCPEACTBOM
MoayJs 6 C:KaTusl, KOMOUHUPYETCS MOCPEICTBOM UCIIOJIb30BAHUS KaK MapamMeTpoB 17 mjis
CO3/IaHUS CUTHAJIA MPOTHO3UPOBAHMS, TAK U TapaMeTpoB 19 kBaHTOBaHMS. JIeKOIMPOBAHHBIN
curHai 13 coxpaHsieTcst B 3alIOMHUHAIOIIEM YCTPOMCTBE 16 B KauecTBe OIIOPHOTO CUrHaja 15
N300pakeHMsI AJ1s1 CO3/IaHMS TTOCIIeIYIOIIEro CUrHaia 12 mporHo3upoBaHus OCIIe TOro, Kak
JIEKOMPOBAHHBIN CUTHAJI TTOJIBEPIraeTCs MPOLECCY YAATIECHUS IITyMa KOJMPOBAHUS ITOCPEACTBOM
KOHTYpHOTO (pumbTpa 14.

B cnocobax koaupoBaHUs BUIEO, PACKPBITHIX B HEMATEHTHBIX UCTOYHMKAX | U 2, Koraa
KaXX/IbIi OTOPHBIN OJIOK 3a7]aeTCs KAK MaKpOOJIOK, TUITMYHO UCTIOJIB3YETCS CIIOcO0
KOJAMPOBAHUS KaXKJOT0 KaJpa MpH BEIOOPE BHYTPUKAIPOBOTO KOAUPOBAHUS UITH
MEXKaJPOBOT0O MPOTHO3UPYIOIIETr0 KOJAUPOBAHUS ISl KAXKI0TO MaKkpoOJioka. DTo
00YCJIOBIIEHO TEM, UTO, KOT /1A MEXKAIPOBOE MPOTHOZUPOBAHHUE IBUKEHUS HE SIBIISIETCS
JIOCTATOYHBIM, UCIIOJIL30BAHUE KOPPEIISIUU MEKIY KaJpaMH JTOMOTHUTETBHO MOXKET
MOBBIMIATH 3PGHEKTUBHOCTH KOJIUPOBaHUs. B JambHeNIeM B 3TOM IOKYMEHTE, B YCTPONCTBE
KOJMPOBAHUS U300paKEHUI B COOTBETCTBUU C ITUM BapUAHTOM | OCYIIIECTBIEHUS, XOTS
OTTMCAHWE BHYTPUKAIPOBOTO KOJUPOBAHUS U U30UPATEIIHHOT'O UCTIOIb30BAHUS
BHYTPUKAIPOBOI0 KOJAUPOBAHUS SIBHO HE YKA3bIBAETCS B 3TOM IOJIPOOHOM OMUCAHUH TTPU
MOSICHEHUH UJIeW HACTOSIIIIET 0 M300peTeHHUsI, yCTPOMCTBO KOJIMPOBAHUS M300paKEHUI MOKET
UMETH TaKYIO0 CTPYKTYPY, YTO OHO UMEET BO3MOKHOCTh U30MPATEITLHO UCTIOIB30BATh
BHYTPHUKAIPOBOE KOJUPOBAHHUE I KAXKIOT0 OIIOPHOTO OJIOKA, €CIIM MHOE KOHKPETHO HE
yKa3aHo. B yCcTpoicTBe KOIUpPOBaHUS M300pakeHUN B COOTBETCTBUU C 3TUM BapUAHTOM |
OCYIIIECTBJICHUS, XOTS KaXK/IbI OTTIOPHBINM OJIOK MOXKET 3a/1aBaThCs KaK MAaKpOOJIOK, TEPMUH
«OTIOPHBIN OJI0K» UCIIOJIB3YETCs J1ajiee AJIsl MOSICHEHUS] ITPOTHO3UPOBAHUS JBUKEHUSI.

Hanee, pabota MojyJisi 4 MPOTHO3UPOBAHUS, KOTOPBIN SABISETCS TPU3ZHAKOM 3TOTO
BapuaHTa | ocyuiecTBieHUs, MoApoOHee mosicHsIeTcs. Moayib 4 MPOTHO3UPOBAHUS B
COOTBETCTBUM C 3TUM BAPUAHTOM | OCYILIECTBIIEHUSI UMEET CIEAYIOIINE TPU IPU3HAKA:

(1) Ananranus pa3mepa onmopHoro 6J10Ka U pazMepa eAMHUYHOTO OJI0KA MPOTHO3UPOBAHUS
JIBMKEHUS B CBSI3M C aJanTanuen popMbl KaKa0i pas3ielleHHON 001aCTH, UCIIOJIb3yEeMOM SIS
MIPOTHO3UPOBAHUS JBUKEHUS;

(2) Onpenenenue pexuma MPOTrHO3UPOBAHUS IBUKEHHUS U BEKTOPA ABUKEHUS COTIIACHO
CBOVICTBAM KaXJ0T0 [BETOBOT'O KOMIIOHEHTA;

(3) AnanTvBHBINM BBIOOP pexkrMa Yepel0BaHUsI Ha OCHOBE pa3Mepa OMOPHOro OJIoKa U
pa3Mepa eQMHUYHOTrO OJI0Ka MPOTHO3UPOBAHUS IBUKEHUSI.

Kaxk ynomsinyTo BbIIe (1), MOyJIb 4 MPOTHO3UPOBAHUS pa3AeIIsIeT KaX bl OTTIOPHBIM
0JIOK Ha OJIVH UJTK 60J1ee eMMHUYHBIX OJIOKOB IIPOTHO3UPOBAHUS IBMKEHUS, UMEIoIUX L;xM;

ITUKCEJIOB, COTJIACHO CBOMCTBAM CUTHAJIA KA)K0TO [BETOBOI'O KOMITOHEHTA, U IOITOJTHUTEIILHO
pa3iemseT KaKIblii eIMHUYHBIN OJTOK MPOTHO3WPOBAHUS JBMKEHHUSI HA MHOXKECTBO (hOpM,
KaX/1asi U3 KOTOPBIX COCTOUT U3 KOMOMHALMU OAHOTO WK OoJiee 0J10KOB, UMeroIux L;xM;

NUKcen0B. MojyJib 4 MPOTHO3UPOBAHUS 3ATEM BBITIOJIHSET IPOTHO3UPOBAHHUE TOCPEICTBOM
BBIJICJIEHHUS] KOHKPETHOTO BEKTOPA IBU)KEHUS 1T KAKI0W pa3IeJIeHHON 00J1aCTH, BBIOMpaeT
MHOECTBO (POPM, KOTOPbIE MPEAOCTABIISIOT HAUOOJBIIYIO 3((HEKTUBHOCTD TPOTHO3UPOBAHMUS,
B KQUeCTBE PEKUMa IPOrHO3UPOBAHHUS JBUKEHUS, U 3aTEM BBIIIOJIHSET IPOTHO3UPOBAHUE
JBUKEHUS JIs1 KKIOW pa3/ieIeHHON 00JI1aCTH MOCPEACTBOM UCIIOJIb30BAHUS BEKTOPA
JIBI)KEHUS, 0OOHAPYKEHHOTO KaK PE3yJIbTAT BbIOOPA, YTOOBI MOJIYUUTH CUTHAIT 5 OLIMOKU
nporHo3upoBanus. Kaxmas u3 pa3aeneHHbIX GOPM B KaKIOM IUHUYHOM OJIOKE
MIPOTHO3UPOBAHMS IBUIKEHUS MOKET UMETh CTPYKTYPY KOMOMHALMM OJHOTO UK OoJiee
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«0a3UCHBIX OJIOKOB», KAXIBIM U3 KOTOPBIX COCTOUT U3 L;xM; ukcenoB. B ycTrpoiicTBe

KOJIMPOBAHUS U300paKeHUI B COOTBETCTBUU C 3TUM BAPUAHTOM | OCYILIECTBIIEHUS], CIIEAYIOIIME
orpanuueHus: «m;=M;/2» u «l;=L;/2» npenocrasnsrorca Mexay M; u m; u mexay L; u |,

COOTBETCTBEHHO.

Paznenennbie popmbl, Kaxaast U3 KOTOPBIX COCTOUT U3 OJHOTO WK OoJiee Oa3UCHBIX
0JIOKOB, KOTOPBIE OIIPEIEIISIIOTCSI COTIACHO 3TUM TPeOOBAHMSIM, TOKa3aHbI Ha ¢ur.4. Pur.4
SBJISIETCS TOSICHUTENIbHBIM YEPTEKOM, MOKA3BIBAIOIIUM TPUMEPHI OPM, B KOTOPBIX MO1YJIh
4 MPOTHO3WPOBAHUS PA3AEIACT KAKAbIN €IMHUYHBIN OJI0OK MPOrHO3UPOBAHUS IBM)KEHUS HA
€IMHULBI, KaXKAasl U3 KOTOPBIX COCTOUT U3 OAHOTO Uiu OoJiee 6a3ucHbIX OJI0KOB. Jlanee, B
YCTPOMCTBE KOJIMPOBAHUS U300 paKEHUI TOT0 BapUaHTa | OCyIIeCTBIECHUS ITPeIoaraeTcs,
4TO Ma0JI0HKI (a0IOHKI pa3aeneHust) mc_mode0-mc_mode7 pa3ieneHHbIX (OopM, TOKa3aHHBIC
Ha (ur.4, ABISIOTCS OOLIMMU JJIS 9TUX TPEX LBETOBBIX KOMIIOHEHTOB. B kauecTBe
aJbTEPHATHUBBI, IA0JIOHBI pa3aeneHuss mc_modeO-mc_mode7 MOTyT OBITH ONMpPEIEIEHbI
HE3aBUCUMO JIJISI KXKIOTO U3 3TUX TPEX LIBETOBBIX KOMIIOHEHTOB. Jlajee, 3Tu maG10HbI
paznenenust me_mode0-mc_mode7 yITOMUHAIOTCS KaK «PeKUMBbI TPOTHO3UPOBAHUS JTBUIKEHUS».

B crioco6ax koaupoBaHus BUIEO, PACKPBITHIX B HEMATEHTHBIX UCTOUHUKAX | 1 2, hopma
KaXXJ0i 00J1acTh MPUMEHEHUsI TPOTHO3UPOBAHUS IBUYKEHUSI O PAHUUMBAETCS
MPSMOYTOJIBHUKOM, ¥ TAKOE IMarOHAJIbHOE pa3/elIeHre, KaK MoKa3aHo Ha ¢ur.4, Kaxa0oro
OINOPHOro 6110Ka B 00J1aCTH, BKITIOYatolen B cedst 00J1acTh, OTIIMYHYIO OT MPSIMOYTOJIbHOM
00J1acTH, HE MOXKET OBITh UCIIOIB30BaHO. B 0TIIMuUMe OT 3TOTO, B COOTBETCTBUHU C 3TUM
BapUAHTOM | OCYIIECTBJICHMS, ITOCKOIBKY (hopMa KaXa0M pa3aeIeHHOM 001acTH, KakK
MoKa3aHo Ha ¢Gur.4, K KOTOPOK MPUMEHSIETCS] IPOTHO3UPOBAHUE JIBUKEHUS,
JTUBEPCUULMPYIOTCS, KOT/Aa CII0KHOE TIEPEMEIICHNE, K TPUMEPY KOHTYP JIBHKYIIETOCS
00BEKTA, BKITIOUAETCS B OMIOPHBII OJIOK, MPOTHO3UPOBAHUE ABUKEHUSI MOXKET BBITIOTHSATHCS
C MEHBLIUM YHUCIIOM BEKTOPOB JBUKEHUS, UEM UCIIOJIB3YETCS B ClIydae MPSIMOYTOJIbHOTO
pas3aeneHusl.

Kpome Toro, padora S. Kondo u H. Sasai, "A Motion Compensation Technique using Sliced
Blocks and its Application to Hybrid Video Coding", 2005 VCIP, uronb 2005 roga pacKpbIBaeT
criocob nuBepcudukaimu Gopm 00IacTel, Ha KOTOPbIE pa3aenseTcss OOBIYHBIA MAaKPOOIIOK
Y K KaXXJI0H U3 KOTOPBIX IPUMEHSIETCS] TPOTHO3UPOBAHHUE JIBUKEHUSI.

B 5TOM npoTHBONIOCTaBIIEHHOM MaTepualie pa3ieleHHbIE (OPMBbI BBIPAKAIOTCS
IIOCPEACTBOM ITO3ULUHI [IEPECEUEHUS MEYKIY CETMEHTOM JIMHUU, UCTIOIb3YEMbIM ISl pa3/IeIeHuUs
Ha MaKpoOJIOKHU, ¥ rpaHuLel 010ka. Tem He MeHee, MOCKOJIbKY 3TOT CITOCO0 YBETMUMBAET
YUCIIO 11a0JIOHOB pa3/IelIeHUsI B KaXKI0OM OITIOPHOM OJIoKe Mpu (pukcaiyu unciia M MUKCeoB,
BO3HHUKAIOT CIIEAYIOIINE TPOOIEMBI.

Ilpobiema 1

O06BeM Koaa IS ONMCAaHUS IIa0JIOHOB pa3Ae/IeHHs KaXXI0ro OIMOPHOIro OI0Ka
yBenmuuuBaetcs. Koraa npousBoibHOE My, YAOBIETBOpsitolee M., mod m;=0, pa3peraercs,

YKCII0 MAa0JIOHOB pa3ieeHUs B KaXJI0M OITOPHOM OJIOKE YBEIMUMBACTCS, U CTAHOBUTCS
HEOOXO0IMMO KOAMPOBATH MHPOPMALUIO TS YKa3aHUS KaXKI0r0 M3 IIa0JI0HOB pa3/IeICHUS
B KayecTBe ClTy)keOHOoM nHpopmaiuu. [TockoabKy BEpOSITHOCTD TOTO, UTO KaXIbId
OIIpe/ICIICHHBIN KOHKPETHBIN IIa0JI0H pa3/IejICHUS BOSHUKACT, PACIPEICIISETCS 110 MEPE TOTO,
KaK YUCJIO I1a0JIOHOB pa3/eicHHs YBEIIMYMBACTCS, SHTPOITMIMHOE KOAUPOBAHUE 1Ia0JI0HOB
pas/eneHns CTaHOBUTCS HeA(D(DEKTUBHBIM M CTAHOBUTCS CIIYKeOHOM MH(OPMALKEH, TOCKOIbKY
00BbeM KoJ1a 1 0011ast CrtocoOOHOCTh KOJUPOBAHUS JOCTUTAET CBOCTO IIpeeiia.

Ilpobiema 2

ITo Mepe TOTO Kak YUCITO MAaOJIOHOB pa3/IecHUS YBEIMIMBACTCS, 00BEM apru(PMETUICCKUX
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oriepaiyi, TpedyeMbIX, UTOOBI BBIOUPATh pa3JieieHue, ONTUMAIBHOE BO BpeMsl KOJIMPOBAHUS,
yBemmuuBaeTcs. [I0CKoIbKy TPOTHO3UPOBAHUE IBUKEHUS SIBIISIETCST TTPOIECCOM C OOJIBIIION
HArpy3Koi, KOTOPBIH 3aHUMAeT OOJIBIION MPOIEHT HArpy3Ku 1o 00paboTKe KOAMPOBAHUS,
OOBIYHOE YCTPOMCTBO KOJUPOBAHUS M300paKEHUN HE UMEET IPYroro BapuaHTa, Kpome
BBITTOJTHEHUSI C BO3MOXHOCTBIO BEPU(PHUIIMPOBATD U MCITOJIB30BATh TOJBKO KOHKPETHBIM
mabJIOH pa3esieHust U3 MHOXKECTBA a0 I0HOB pa3/IeIeHUs], €CIIU OOBIYHOE YCTPOUCTBO
KOJIMPOBAHUS U300 paKEHHI UCTIOIB3YET AJITOPUTM, KOTOPBIN YBEIIMIMBAET YUCIIO IIIA0JIOHOB
pasaesnenus Beienyto. CiieoBaTeIbHO, BO3HUKAET CITy4daii, KOorjga 0ObIYHOE YCTPOUCTBO
KOJMPOBAHUS U300paKEHUI HE MOYKET IMOJTHOCTHIO UCTIOIB30BATh UCXOIHYIO CITOCOOHOCTb,
KOTOPYIO UMEET aJITOPUTM.

B oTimuume oT 3TOTO, MOAXO/, MTOKA3aHHBIN Ha (DUT.4, yCTPOUCTBA KOAUPOBAHMS
nU300pakeHMI 3TOTO BapuaHTa | OCYyIIeCTBIICHUs pa3peliaeT BbIlIeyKa3aHHbIC TPOOIEMBI
MOCPEICTBOM HCITOJIB30BAHUS CIIEIYIOIIMX TPeX CIIOCOOO0B: MepBhIii criocod (1)
MPETOCTABIICHUS] BO3MOXHOCTH U3MEHEHUS 3HAUCHUS M, ,x Ha BEPXHEM YPOBHE, K IPUMEDY,

KaJpa, COTrJIacCHO TPEOOBAHUSIM 110 KOJUPOBAHUIO M PA3PELIEHUIO U CBONCTBAM BUICOCUTHAIIA;
BTOPOH c11oco6 (2) mpeaocTaBiIeHHUsI BO3MOXKHOCTH pa3IelIeHUs] KaXK10ro OIIOpHOro 6J10ka
MpaxXMpax Ha OAWH UM 00JIee €IMHUYHBIX OJIOKOB IPOTHO3UPOBAHUS ABMXKEHUS L;xM;

ITMKCCIIOB COTTTACHO XaPAKTECPUCTHKAM KaXXKA0T'0 IBETOBOI'O KOMIIOHCHTA Ci; u TpeTI/II7I CII0co0

(3) obecrnieueHnst BApUAHTOB PA3AEIICHUs [IPYU O PAHUYEHUH TPEOOBAHUH 110 PA3IEICHUIO
Ka)KJI0T0 €IMHUYHOT0 OJI0Ka TPOTHO3WPOBAHUS IBU)KEHHS HA Oa3UCHBIE OJIOKH K Pa3/IeIeHHIO,
UMEIOLLEMY pa3zieIeHHbIe (POPMBI, KOTOPbIE YIOBIETBOPSIOT CIEAYIOIMM OIPAHUYECHUSIM:
«m=M;/2» u «l;=L;/2». 3HaueHue pazmepa M,,x 0a3UCHBIX OJIOKOB HE U3MEHSETCS JIOKAIIBHO

B KQXKJI0M KaJIpe WUJIU KaXI0M cepuu MOCcaeq0BaATEIbHBIX MAKPOOJIOKOB U MOXKET OBIThH
M3MEHEHO TOJIbKO Ha YPOBHE CTPYKTYPbI JIAHHBIX BBICIIETO MOPSIKA, K IPUMEPY, YPOBHE
KaJipa WIK MOCIe0BATEeIbHOCTU KaIpoB (mocnenoBaTeibHOCTU Ui GOP). DTOT MexaHu3M
MPEIOCTABIISIET BO3MOXKHOCTD aJalTalliy K OTJIMUMIO B 3HAUEGHUH 11abJI0OHA CUTHAIA

1300 pakeHMsl, BKIIIOUCHHOT'O B KaXK/IbIi OIOPHBIN 010K, HampuMep, B BUI€0, UMEOIIEM
HeOoJIbIIoe pa3penieHue (Buaeorpaduueckas matpuna: VGA U T.11.), U BUJEO, UMEIOIIIEe
0ombimoe paspemenre (HDTV u T.11.), UX m1a0JIOHBI CUTHAJIOB B KaXI0M UMEIOIIEM
UCHTUYHBIN pa3Mep OJIOKE MUKCETOB My, XM .« BBIpaXatoT pa3nuuHble 3HaueHus. [1pu

MMPOTHO3UPOBAHUU UIICHTUUYHOTO OOBEKTA, KOTOPBIN JOJDKEH OBITh 3aCHAT, B TO BpeMs KaK
1ma0JIOH CUTHajIa OJIM3KO0 K CTPYKTYpe 00bEKTa, KOTOPBIN IOJKEH OBITh 3aCHSIT,
3aXBaThIBACTCS B BUICO, UMEIOIIIEM HEOOJIBIIIOE pa3pelieHne, MadIoH CUrHaia
JIOTTOJTHUTETLHOM JIOKAJIbHOM YaCTH 00bEKTa, KOTOPBIN JOJKEH OBITh 3aCHST, IIPOCTO
3aXBaTHIBACTCS B BUJICO, UMEIOIIIEM OOJIBIIIOE pa3pelleHre, 1ake €CIIU UCIIOIb3YeTCs pa3Mep
OJ10Ka, UACHTUYHBIN pa3Mepy OJI0Ka B CiIydae BUICO, MMEIOIIEro HEOOIIBIIOE pa3pelicHHe.
CireioBaTeIbHO, KOTJIa pa3Mep OIMOPHOTrO 0J10Ka HE U3MEHSETCS B 3aBUCUMOCTH OT
paspelieHus, IadI0H CUTHAJIA B KAXKIOM OTIOPHOM OJIOKE UMeeT OOJIbIITNI KOMITOHEHT ITyMa
10 MEPE TOT'0, KaK pa3pelicHNe YBEIIMIUBACTCS, U, CIIEI0BATEILHO, CTAHOBUTCS HEBO3MOKHBIM
ITOBBIIIATH CIOCOOHOCTH MPOTHO3UPOBAHMS JABMKEHUS B KAYeCTBE TEXHOJIOT MU COTIOCTABIICHUS
¢ mabJIOHOM.

ClieoBaTeIbHO, TOCPEICTBOM IIPEIOCTABIICHUS BO3MOYKHOCTH U3MEHEHUS 3HAUCHUS
pasmepa M,,,x OTIOPHOTO OJIOKA TOJIBKO HA YPOBHE CTPYKTYPhI JAHHBIX BBICOKOTO MOPSIKA,

B TO BpeMsI Kak 00beM KOJ1a, TpeOyeMblii 11 COOOIIEHHUS B CITY>KEOHBIX CUTHAJIaX 3HAUECHUS
pa3Mepa M,,,,x OTTOPHOT'O OJIOKA, MOKET OBITh YMEHBIIEH, 11a0JIOH CUTHAJIA, BKIIOUEHHbIN

B KQXXIbIH OHOprIﬁ 6J'IOK, MOKET OBIThH OIITUMU3BHUPOBAH COINIACHO YCIIOBUAM, TAKHUM KaK
pa3pCUICHUC U CMEHBI CIICH BUACO U UIBMCHCHHA aKTUBHOCTH BCCT'O 9KPaHAa C TOUKH 3PCHUA
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MIPOTHO3UPOBAHMS IBWKEHUS. B TOMOIHEHNE K 9TOMY MEXaHU3MY, ITOCPEICTBOM
MPEI0CTABIICHUS] BO3MOXXHOCTH U3MEHEHUS 1a0JIOHA pa3/ieNIeHUs] B KaXKIOM €IMHUYHOM
0J10Ke TPOTHO3UPOBAHUS IBUXKEHUS 1JIsI KAXKIOTO [IBETOBOIO KOMIIOHEHTA, KaK IMTOKa3aHO
Ha (ur.3, equHUIA, KOTOPas JOJDKHA 00padaThIBATHCS ISl TPOTHO3UPOBAHUS JBUKCHMS,
MOJXET OBITh ONITUMHU3UPOBAHA COTJIACHO XaPaKTEPUCTUKAM CUTHAJIOB KaXK/I0TO I[BETOBOTO
KOMITOHeHTa. [ToMrMO 3TOTO, TOCPEICTBOM ITPEAOCTABIIEHUSI OTPAHUYEHHON THOKOCTH
11a0JIOHOB pa3Ae/IeHUs] KaXXI0OMY €AMHUYHOMY OJIOKY MPOTHO3UPOBAHUS JBUKEHUS, KAK
Mokas3aHo Ha ¢ur.4, B To Bpemsi Kak 00beM KOJia, TpeOyeMbli IJ1sl TOTO, YTOOBI BBIPAXKATh
a0JIOHBI Pa3/eleHUs B KAXKI0M €AMHUYHOM OJIOKE TPOTHO3UPOBAHUS JBUKEHUS,
yMeHblaetcs, 001as 3pHeKTUBHOCTh TPOTHO3UPOBAHUS ABUKEHHUSI MOXKET ObITh [TOBBIIIICHA.
Kpome Toro, mocpeactBom BeImoTHEHUS 3PGEKTUBHOTO TTpoIiecca ONpeIe/ICHUsT 3SHAUSHUS
pasmepa M, OTIOpHOro 6JI0KA Ha YPOBHE KaJpa, BAPUAHTHI I1A0JI0HA pa3AeIeHHsI, KOTOPbIE

JTIOJKHBI TIPOBEPSATHCS B KAXKIOM OITOPHOM OJIOKE TTOCIIE 3TOTO, MOTYT OBITh YMEHBIIIEHBI 110
CpPaBHEHUIO C OOBIYHBIMHU TEXHOJIOTUSIMU, U HATPY3KA B IIPOIECCe KOJMPOBAHUS MOXKET OBITh
YMEHBIIICHA.

B xauecTBe crioco0a onpeenieHus 3HaUeHUs pa3mepa M,,,,x OTIOPHOTO OJIOKA, HAITPUMED,

MPEAYCMOTPEHBI CIIEIYIOIIUE CITOCOOBI.
ITepsr1it criocoO (1) onpenenenus 3HaUeHUs pazMepa M,,x OTTOPHOTO OJIOKA COrJIACHO

pa3perieHuIo BUIE0, KOTOPOE JOJDKHO OBITH KOIUPOBAaHO. B ciiyuae MIeHTUYHOTO 3HAUEHUS
M,,ax BUICO, IMeEIoIIIee OOIBIIIOE pa3pelleHue, MPEACTABIISET TO, YTO MAOJIOH CUrHajIa

U300paKeHMsI B KaXK/IOM OIMIOPHOM OJIOKE UMeET OoJiee 3HAUUTEIbHbIA KOMIIOHEHT IIyMa, U
JUTSI BEKTOPA ABM)KEHUS CTAHOBUTCS TPYIHBIM 3aXBATHIBATH IA0JIOH CUTHAJIA U300 paKeHUsI.
B Ttakowm ciyuae, 3HaueHHe My, YBEIMUUBAETCS, YTOOBI MPEAOCTABISATH BO3MOKHOCTh

BEKTOPY JIBMKEHUS 3aXBaThIBATh IIA0JIOH CUTHAJIA U300 paKEeHUSI.

Bropoii cioco6 (2) gomnyIieHus Toro, 4To TO, SBISETCS UM HET Pa3HOCTh MEX Y KaJIpaMH
OOJIBIIION, ABJISIETCS AKTUBHOCTBIO, M KOI'Ja AKTUBHOCTD SIBJISIETCS OOJIBIIIOMN, BBITTOJTHEHUS
MPOTHO3UPOBAHMS JBUKEHUS C HEOOJIBIIIUM 3HAYEHUEM M, 4, TOT/1a KaK KOTJla aKTUBHOCTh

SBJISIETCS] HEOOJIBIIIOM, BBHITTOTHEHHUS TPOTHO3UPOBAHUSI IBUKEHUS C OOJIBIIIUM 3HAUEHUEM
Max- Kpome Toro, ynpasienue pazMepoM B 3TO BpeMsl OIIPEAETISETCS COIIACHO YAaCTOTE

KaJpOB BUEO, KOTOPOE JOJDKHO ObITh KOAUPOBAaHO. ITOCKOIBbKY 11O Mepe TOro, Kak 4acToTa
KaJpOB YBEIMUMBACTCS, B3AMMHAS KaIpOBasi KOPPENSANUS CTAHOBUTCS OOJIBIION,
JMHAMUYECKUH TMaIria3oH caMoTo BEKTOPA JIBUKEHUSI CTAHOBUTCS HEOOJIBIIINM, U,
CIIEOBATEIBHO, 00BEM KOJ1a CTAHOBUTCS] HEOOJIBIIIUM, HATTPUMED, MOXKET PACCMATPUBATHCS
croco0 3a1aHus 3HaYeHUsI M, ,x PaBHBIM OOJIBLIIOMY 3HAYEHHUIO TAKUM 00pa3oM, UTO 3TO

3HAYCHUE HE CTAHOBUTCS YPE3MEPHBIM, JTaXKe €CIIM AKTUBHOCTb SIBIISICTCS JIOCTATOYHO
HEOOJIBIION, YTOOBI 00ECTIeUNBATh BO3MOKHOCTH IIPOTHO3UPOBATD BIUIOTH O TOYHOTO
MepEMEITICHHMS.

Tpetwnii cnoco6 (3) koMOMHMPOBAHUS cTOCO00B (1) 1 (2) MOCPEACTBOM B3BEIIIMBAHUS 3TUX
Croco00B, YTOOBI ONPEEIATh 3HAUECHUE pa3Mepa M ,,x OTIOPHOTO OJIOKa.

[Tocne Toro, Kak 3HaYeHUE pazmepa M, OTIOPHOTO OJIOKA OMpeAesieTcs, pa3mMepsl L;
1 M; KaXXI0T0 eIMHUYHOTO OJIOKA TIPOTHO3UPOBAHHMS ABMKCHUS JIJIS1 KaXKIOTO BETOBOTO

KOMITOHEeHTa onpeaensatorcs. Hampumep, B cityyae, B KOTOPOM BBEACHHbBIN BUACOCUTHAIT 1
3agaercs B uBeToBOM npoctpaHcTBe YUV (mnu YCbCr u T1.11.), U/V-KOMIIOHEHT, KOTOPBIN
SIBJISIETCS CUTHAJIOM [IBETHOCTH, UMEET Y3KYIO MOJIOCY YACTOT CUTHAJIA 10 CPABHEHMIO C Y -
KOMITOHEHTOM cUTHaJia sipkocTu. Clie1oBaTeIbHO, JUCTIEPCHUS B OJIOKaX CTAHOBUTCS
HEOOJIBIION IO CPABHEHUIO C IUCIIEPCUEH IPKOCTU. MOXKET paccMaTpUBaThCS IIPUMED
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KpUTEPUS OIIPENEIIEHUS, ITIOCPEICTBOM KOTOPOrO MOKHO OIpenesaTh pa3mepsl L; u M; U/V-
KOMITOHEHTA TAaKUM 00pa30M, UYTO OHM IPEBBIIIAIOT pa3mMepsl L; 1 M; Y-KOMITOHEHTa cUrHajIa

SPKOCTH, HA OCHOBE TOTO (pakTa, YTO AUCTIEPCHs B OJIOKAX CTAHOBUTCSI HEOOJIBIIION 10
CpPaBHEHHIO C TUcCTiepcuelt IpkocTH (cM. ur.3).
3HaueHust pa3mMepoB M., L; U M; 6JI0KOB, 0OHapyKEHHBIE B Pe3yJIbTaTE BBIITOJHEHHUS

3TUX OMpeAesIeHUH, YBEAOMIISIOTCS. B MOJTYJIb 2 pa3/iejieHusl Ha OJ10KU, MOAYJIb 4
MIPOTHO3UPOBAHMS U MOJTYJIb 8 KOJUPOBAHUS TIEPEMEHHOM JIJTMHBI B Ka4ecTBe WH(OopMaImu
18 pazmepa onopHbIx 010K0B. [TocpeacTBom npocTo 3aaanus L; 1 M; B kauecTBe MOJTyYeHHBIX

3HAYEHUIN OTHOCUTEIBHO M ,x TOCPEICTBOM MPOCTHIX apU(PMETUUECKUX OTEpaLUii, KaK

MOKa3aHo Ha Gur.3, HEOOXOUMO TOJIBKO KOAUPOBATH UIEHTU(PUKATOPHI BBHIYMCIUTEILHBIX
BBIPAXEHUN BMECTO KoAupoBaHusa L; 1 M; B KauecTBe HE3aBUCUMBIX 3HAYCHUM.

CrenoBaTenbHO, 00BEM KOJ1a, TpeOyeMblii 11t uHpopmaipu 18 pazmepa omOpHBIX OJIOKOB,
MOJET OBITh YMCHBIIICH.

XOTsI He TPOULTIOCTPUPOBAHO, B YACTHOCTH, Ha (UT.2, yCTPOMCTBO KOJAUPOBAHMSI
N300pakKeHHI MOXET UMETh TAKyIO CTPYKTYPY, UTO OHO BKJTIOUAET B CeOsI MOTYITh
OTIpE/IeJICHUs] pa3Mepa OIMOPHBIX OJIOKOB TSI OTIpeeTIeHUs 3HAUCHUN M, ., L 1 M; 1

YBEAOMJICHUSI 9 TUX 3HAUCHUI B KaXKIbIM MOTYJIb U olpeeaeHus nupopmanuu 18 pazmepa
OIOPHBIX OJIOKOB.

Moayinb 4 TpOrHO3UPOBAHUS BBIMIOIHSET MMPOLECC OOHAPYKEHUS TBUKEHUS C
UCIOJIb30BAHUEM IIA0JIOHOB pa3/elieHus], TOKa3aHHbIX Ha (Ur.3 u 4, corjiacHO pa3mepam L;

H Mi CAMHHUYHBIX OJI0KOB IIPOTHO3UPOBAHUSA ABUKXCHUA, KOTOPLIC U3BJICKAIOTCA U3 I/IH(I)OpMElI_[I/II/I

18 pa3mepa onopHbIX 0J10KOB. DUT.S SBIIsIETCS OJIOK-CXEMOM MTOCIIEI0BATEIbHOCTH OTIepaLUii
croco0a, moKa3bIBaroIIel paboTy MOTyIs 4 MPOTHO3UPOBAHUS. M OIyIIb 4 TPOTHO3UPOBAHHUS
BBITIOJTHSIET MMPOTHO3UPOBaHUE ABUKEHUST C;-KOMITOHEHTA KaJApa B €AMHULAX EAUHUUYHBIX

0J0KOB IMPOTrHO3UPOBAHUA ABUKCHUA, UMCTIOIIIUX LiXMi ITNKCCIIOB. CDYHI[aMCHTaHBHO, B OTOM

MPOIECCE MOYJIb IPOTHO3UPOBAHMS TTOJIYUAET ONTUMAJIbHBIM BEKTOP IBUKEHUS B KAXKIOU
paszzieneHHoM 00JIaCTH B yKa3aHHOM JUana30He MOUCKa MePEeMEIeHUs 1JIs1 KaXKI0ro U3
mabsoHoB mc_modeO-mc_mode7 pa3aeneHusi, ToKa3aHHbIX HA (Gur.4, ¥ B 3aBepIIeHUE
oIpeJieiseT TO, KaKoi U3 madjoHOB pas3aeiaeHus mc_mode0-mc_mode7 T0JDKeH
UCIIOJIb30BATHCA ISl pACCMATPUBAEMOI0 €IMHUYHOTO OJIOKA MPOTHO3UPOBAHUS IBUKEHUS,
YTOOBI MPETOCTABIATH HAUOOIIBINTYIO 3(h(PEKTUBHOCTH MTPOTHO3UPOBAHUSI.

D¢ hEKTUBHOCTD MPOTHO3UPOBAHUS 33/1A€TCS ITOCPEICTBOM CIISTYIOIINX 3aTPaT J, KOTOphIe
U3BJIEKAIOTCS U U3 0011ero oobemMa R Ko/1a BeKTOPOB ABWKEHUS B €IMHUUHOM OJIOKE
MIPOTHO3UPOBAHUS JIBWKEHUS, U U3 BEIMYUHBI D OIMOKHY IMTPOTHO3UPOBAHUS MEKTYy CUTHAJIOM
12 mporHo3upoBaHusi, KOTOPbIN CO3/IAETCS U3 OTIOPHOTO U300PAXKEHUS, COXPAHEHHOTO B
3alIOMMHAIOIIEM YCTPOMUCTBE 16, MOCPECTBOM IIPUMEHEHMS BBIIIIEyKa3aHHBIX BEKTOPOB
JIBUKEHUS M BBEICHHOTO BUIeocurHaa 1. Moayib 4 mpOrHO3MPOBAHUSA UMEET TAKYIO
CTPYKTYPY, YTO OH BBIBOJIUT PEKUM MPOTHO3ZUPOBAHUS JIBUKEHUS U BEKTOP ABUKECHUS,
KOTOPbIE MUHUMM3UPYIOT 3TH 3aTPAThI J.

J=D+AR (A - koHCTAaHTa) (1)

CrnemoBaTellbHO, MOYJTh 4 TIPOTHO3UPOBAHUSI CHAYAIIA BBIYKCIISIET 3aTPATHI Jj 17151 KXKIO0TO
pexkrmMa mc_modey mporHo3upoBaHus aBuwxenus (3tam ST1). Co cebuikoit Ha ¢ur.6, criocod
BBIYMCIICHUS 3aTPAT J OSICHAETCS MOCPECTBOM PACCMOTPEHMS cIydasi mc_modeS B KauecTBe
npuMepa. B 3To Bpemsi, emuHUYHBIN OJI0K TPOTHO3UPOBAHMS ABMKEHHUS, KOTOPBIN SBIISETCS
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LIeJIbI0, KOTOPasi IOJDKHA OBITH MPOTHO3MpOBaHa B Kaape F(t), COCTOUT U3 IBYX pa3aelieHHbIX
obnacreit By u B;. Kpome Toro, npeanonaraercs, 4To Ba ONOPHBbIX W300paxeHus F'(t-1) u

F'(t-2), KOTOpBIE YK€ KOAUPOBAHBI U JIOKAJIBHO JIEKOJIMPOBAHbBI, COXPAHSIIOTCS B
3aIIOMHUHAIOILEM yCTPOWCTBE 16, U MOZyJIb IPOTHO3UPOBAHUS MOXKET BBIIIOIHATH
MIPOTHO3UPOBAHME ABUKEHMS C UCIIOJIb30BAHUEM ITUX ABYX ONOPHBIX M300paxeHuit F'(t-1)
u F'(t-2) quist pa3nenennbix oodnacredt Bou B. B mpumepe no ¢ur.6 Moayinb NporHo3upoBaHust

nojy4daet BeKTop MV »(B() IBUKEHUS C UCMIOTB30BAHUEM OMOPHOTO M300paxeHus F'(t-2)
JUISl pa3fiesieHHoM oonactu By, a Takke nomyyaer BekTop MV, ;(B;) aBrmxeHus ¢
UCIOJIb30BAHUEM OINOpPHOTO u3o0paxenus F'(t-1) nist paznenennoit odnactu B. Korna

KaxkJ1as pasziejieHHas 00JlIacTh BhIpa)kaeTcs Kak B, MukcenbHOe 3HaueHue B MO3UMu X=(1, j)
Ha 3KPAaHE N-0T'0 KaJipa BBIPAKAECTCA KAK S, (X), U BEKTOP JABUKEHHUS BbIPAXKAETCS KaK V,

BenuurMHa D ommbKu MpOTrHO3UPOBaHUS pa3ieieHHOM 001acTu B MoxeT ObITh BBIUMCIICHA
C UCTIOJIb30BAHUEM CYMMBbI a0COTIOTHBIX pa3HocTel (SAD) coriiacHO ypaBHEHUIO (2),
IMOKa3aHHOMY HHUXKE.

D=3|5,(x)-S, , (x+v)| (2)
=R

N3 BenmmunH Dy 1 D ommOKu NporHo3upoBaHusi, COOTBETCTBYIOLIEH pa3/ieJI€HHbIM
obnactam By 1 B, Kaxyt0 U3 KOTOPBIX MTOJIYYaIOT B PE3YJIbTATE BBIUUCIIEHUS C

UCTIOJIb30BAHUEM BBIIIEYKA3aHHOTO YpaBHEHUS (2), BeNnYrHa D ommMOKY MpOrHO3UPOBAHUS
omnpenensercs B kauectse D=Dy+D;.

C npyroii CTOpOHBI, B OTHOIIIEHHH 00IIeTo 00beMa R Koa MOTyJIb MPOTHO3UPOBAHMS
UCTIOJNIBb3YET OLeHEeHHbIE BeKTOpbl PMV(B() 1 PMV(B), 4T0OBI MOIYYUTH IPOTHOZUPYEMBIE

paszHocti MVD(B()) u MVD(B|) BEKTOPOB JIBUKEHUS COITIACHO YPABHEHUIO (3), TIOKA3aHHOMY

HUWKE, U 32TEM BBIIIOJIHSIET IPeoOpa3oBaHue 00beMa KOJa 3TUX 3HAUEHUI, YTOOBI MOJIYUUTh
00beMbI R 1 R| koaa u onpenensate oomuit o0beM koga R=Rp+R;.

MVD(B()=MV,(Bo)-PMV(By) (3

MVD(B)=MV(B)-PMV(B)

Kak pesynbTat, onpenenstorcs 3aTpathbl J. Moayib 4 IpOrHO3UPOBAHUS BBIUMCIISIET
3aTpaThl J KAXIOTO U3 BCEX BEKTOPOB JIBUKEHUS, KOTOPBIE SBJISIFOTCS LEISIMUA, KOTOPBIE
JIOJKHBI OBITh IPOAHAIM3MPOBAHbBI B IMATIA30HE TTOMCKA, M OMIPEIeIISIeT pelIeHre, KOTOPoe
MIPEIOCTABIIIET HAMMEHBIIIME 3aTPaThl J, B KauecTse 1adiioHa pazaeneHus me_modeS. [Tpumep
OIpeJieIeHUs] OEHEHHBIX BeKTOpoB PMV B mc_model-mc_mode4 nmoka3siBaeTcs Ha ¢ur.7.
Ha ¢ur.7, kaxxnast cTpenka o3HauaeT BeKTop MV IBUXEHHUS B OKPYKAIOIIEH UITU CMEKHOM
00J1aCTH, KOTOPAsl UCTIONIB3YETCS JJI U3BJICUEHUSI OLIEHEHHOTO BEKTOPA, U MEMaHa TPex
BEKTOPOB MV IBWKEHUS, BKIIFOUYEHHBIX TTOcpeacTBOM O, 3a/1a€TCs KaK OlEHEHHBIN BEKTOP
PMYV pazneneHHoi 00J1acTH, yKa3bIBAEMOH OCPEACTBOM MEIUAHBI.

Korpa k=7, T.e. mc_mode7, BbIOMpaeTcs A1l KaK0ro 06J10Ka mUKcenoB LixM;, KaxabIi

U3 PEKUMOB IIPOrHO3UPOBAHUS ABUKEHUSI, COOTBETCTBYIOLIMX pexkuMaM me_mode0-mc_mode7,
BBIOMpPAETCs ISl K&KI0TO U3 OJIOKOB MUKCENIOB ljxm;. PexuMbl B 3TO BpeMsi HA3bIBAIOTCS

sub_mc_mode0-sub_mc_mode7, cooTBeTCTBEHHO, 11 ynobctra. [Ipomnecc onpeneneHus
sub_mc_mode /151 KaXA0T0 U3 OJIOKOB MUKCEIOB |;Xm; BBITIOIHAETCS COTJIACHO
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MOCIIeI0BATEIIFHOCTH Ollepaluii 00padoTKu 1o ¢ur.S5, u 3aTpaThl J7 B mc_mode7 B
COOTBETCTBYIOIIEM OJIOKe TIMKCeTTOB L;xM; sIBJIsItOTCS 001IIei CcyMMOM 3aTpaT, 00HAPYKEHHBIX

C UCIOJIb30BAHUEM sub_mc_mode, ONPeaeIEeHHOTO ISl Ka)K10T0 U3 OJIOKOB MUKCEIOB I;xmy;.
3aTem, MOyTb 4 TPOTHO3UPOBAHUS BEpU(PUIMPYET, MEHBIIIE T HET 3aTpaThl J B
mc_modey, KOTOpbIE MOJ1yJIb TPOTHO3UPOBAHUS OIPEAEIISIET TAKUM 00pa3oM, 3aTpaT B
mc_modey. 1, mc_modey , U T.1I., KOTOPbIE OH BEpUPUIUPYET K HACTOSIIIEMY MOMEHTY (3Tar
ST?2), u koraa 3aTpathl Ji B mc_mode, MEHbIIIE 3aTpaT B mc_modey, KOTOpPbIe OH BEpUPUIMPYET
K HacTosimeMy MOMEHTY (eciu «Jla» Ha atane ST2), coxpanseT mc_mode, B KAUECTBE PEXKUMA

IIPOTHO3UPOBAHUS JBUKEHUS, KOTOPBIN TOIYCKAETCSA KAK ONTUMAJIBHBIN BIUIOTH 0 3TOTO
BPEMEHH, a TAKKE COXPAHSIET BEKTOP JBUKEHUS U CUTHAJT OIIMOKK TPOTHO3UPOBAHUS,
ompe/eneHHbI B 9T0 Bpems (3tan ST3). [Tocine okoHuaHust BepupUKaLuu BCEX PEKUMOB
MPOTHO3UPOBAHUS NBUKEHUS (eciu «/a» Ha atane ST4), Mo1ysib 4 TPOrHO3UPOBAHUS BBIBOJIUT
PEXUM MPOTHO3ZUPOBAHUS IBUKCHUSI, BEKTOP ABUKECHUS U CUTHAN 5 OIIUOKHU
IIPOTHO3UPOBAHUS, KOTOPBINA MOYJIb TPOTHO3UPOBAHUS COXPAHSET K HACTOSILIEMY MOMEHTY,
B KA4ECTBE OKOHYATEIbHOTO pelieHus (atamn STS). B mpotuBHoM ciyuae (eciu «Her» Ha
arane ST2 uinun «Her» Ha sTane ST4), Moxynb IpOorHO3UupoBaHus Ha stane ST6 yBeauuuBaeT
nepeMeHHy1o k 1 3aTem Bo3Bpaiaetcs K atany ST1 U BepupuIUpyeT ciaeayomui pesxum
MIPOTHO3UPOBAHUS JBUKCHUS.

B kaxn0om pexxume NpOrHO3UPOBAHKS ABMKEHHUS, COOTBETCTBYIOIIEM mc_mode(, 1 pexumax
MIPOTHO3WPOBAHUS IBU>KEHUSI, COOTBETCTBYIOIIMX sub_mc_mode(, ciayyaii, B KOTOPOM BEKTOP
JIBUJKEHHS COBITAIAET C OLICHEHHBIM BEKTOPOM (IIPOTHO3UPYEMAs pa3HOCTh, KOTOPasi JOJDKHA
OBITh KOJIMPOBAHA, paBHA HYJIIO), U BCE KOAPPULUMEHTHI TPEOOPA30BAHHOTO U KBAHTOBAHHOTO
CUTHaJIa OIIMOKY MPOTHO3UPOBAHMSI PABHBI HYIIIO, 331A€TCS KAK CIIECHUATIbHBIN PEXUM
yepenoBaHus. [lanee, pexuM yepeaoBaHus, COOTBETCTBYOIMI mc_mode(, Ha3bIBaeTCs
pexxumoM mc_skip (IEPBBIM PEKUMOM YEPEAOBAHUS), U PEKUM UEPEIOBAHUS,
COOTBETCTBYIOIIMI sub_mc_mode0, Ha3biBaeTcs peskuMoM sub_mc_skip (BTOPBIM peXKUMOM
yepeaoBaHus). OUr.8 SBISIETCS BUIOM JIJI MOSICHEHUS PEKUMOB YyepeaoBaHus, U ¢ur.8(a)
MOKa3bIBAET IIPUMEDP, B KOTOPOM KaKIbIH MIPSIMOYT OJIbHUK, BKIIFOUCHHBIN B KAUECTBE
CIUTOIIHOM JIMHUM, 0003HAYAET EAUHUYHBIN OJIOK MPOTHO3UPOBAHUS IBUKEHUS, U €TO BEKTOP
JBUKEHUS1 0003HayaeTcs rnocpeactsoM MV. B 310 BpeMst, MOlyJIb TPOTHO3UPOBAHUS
BBIUMCIISIET OLIEHEHHBIN BeKTOp PMV B eIMHUYHOM OJI0KE MPOTHO3UPOBAHUS JIBUKECHUS
MIOCPEACTBOM UCITOJIb30BAHUS, HAIIPUMEDP, BEKTOPOB IBUKEHUSI B OKPYIKAIOLIUX UIIU CMEKHBIX
€IMHUYHBIX 0JI0KaX MPOTHO3UPOBAHUS IBIKEHHMS, KaK MoKa3aHo Ha ¢ur.8. [TockombKy
KOAMPOBAHUE BEKTOPA ABUKEHHUSI BBITIOJIHSAETCS IOCPEICTBOM KOJUPOBAHUS 3HAUCHUS
IIPOTHO3UPYEMON PA3HOCTU MEXAY BEKTOPOM JIBUKEHUS U OLEHEHHBIM BEKTOPOM, 3TOT
€IMHUYHBIN OJIOK MPOTHO3UPOBAHUS ABUKEHHUS IOITyCKAETCs Kak B pexkuMe mce_skip B cityuae,
€CJIM IPOTHO3UpYyeMas pa3HOCTh paBHA HyI0 (MV==PMYV) u curaai 5 omuoOku
MIPOTHO3UPOBAHNS HE UMEET HEHYJIEBBIX KOO (GUIUEHTOB, KOTOPBIE TOTKHBI KOJIUPOBATHCSI.
Kpowme Toro, ¢ur.8(b) sBisieTcs yKpymHEHHBIM OTOOpakeHUeM JacTu 1o ¢ur.8(a), rue
3aIITPUXOBAHHBINM OA3UCHBIN OJIOK, TOKa3aHHbIM HA (ur.8(a), pacrojiaraeTcs Mo UEHTPY Ha
YKPYITHEHHOM UepTeXe, U paMKa C )KUPHOM JIMHUEN MTOKA3bIBAET 00JIACTh EAMHUYHOTO OJI0Ka
MIPOTHO3UPOBAHMS IBIKEHHUs. B 3TOM citydyae sub_mc_mode 1eseBoro 6asucHoro 0J10ka
aBisercs sub_mc_mode0. Korga BeKTOp ABMKEHHUS B 3TO BpeMS BbIpaxkaeTcss Kak MV u
OILICHEHHBII BEKTOP B 3TO BpeMs BbIpakaeTcsi kak PMV, pesxuM NpOorHO3UpOBAHUSI IBUKCHMUS,
KOTOPBII MPUMEHSIETCS K 3TOMY 0a3UCHOMY OJIOKY, JOIyCKAETCsl KaK pexxuM sub_mc_skip B
ciyuae, ecjiu MporHo3upyeMasi pa3HOCTh paBHaA HYyJI0 (MV==PMYV), u curaai 5 ommoxu
MIPOTHO3UPOBAHKS HE UMEET HEHYJIEBBIX KOA(D(ULUEHTOB, KOTOPBIE TOKHBI KOJIUPOBATHCS,
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Kak B cily4dae onpezaeneHys me_skip.

B 00b1uHBIX CTOCOOAX KOUPOBAHUS, PACKPBITBIX, HAITPUMED, B HEITATEHTHBIX UCTOYHUKAX
1 1 2, mc_mode0, T.e. peKUM UepeIOBaHMS, COOTBETCTBYIOIIMI TOJIFKO HAUOOJIBIIIEMY
€AMHUYHOMY OJIOKY MPOTHO3UPOBAHUS ABMKEHHS (B HEMTATEHTHBIX UICTOYHUKAX 1 U 2, OTTIOPHBIN
OJI0K, KaK MOKa3aHo B 3TOM BapyuaHTe | OCYIIIECTBIIEHUS, UMEET pa3Mep, UACHTUUHBIN pa3Mepy
€IMHUYIHOIO 0JI0Ka MPOTHO3UPOBAHUS JIBHW)KCHUS, KaK ITOKa3aHO B 3TOM BapuaHTe 1
OCYIIIECTBJICHUS], U HAUOOJIBIINI € TMHUYHBIN OJIOK MPOTrHO3UPOBAHUS IBUYKEHUSI COOTBETCTBYET
MaKpOOJIOKY), TUIIMYHO MPEIOCTABISAETCS, U B PeKHUME YePEIOBAHUS OH BBITIOJIHEH C
BO3MOKHOCTBIO BOOOIIIE HE KOIUPOBATh MHGOpMaIUIO 0 Makpobiiokax. HampoTtus, 3ToT
BapUAHT | OCYIIECTBIIEHUS OTIIMYAETCA TEM, YTO 3TOT PEKUM UEPEAOBAHUS JOTIOJTHUTEIILHO
3aJ1a€TCsl TAKXKE HAa MEPAPXUUYECKOM YpoBHE sub_mc_mode. B 00bI1YHBIX criocobax
KOJIMPOBAHMUS, PACKPBITHIX, HAIIPUMED, B HEMATEHTHBIX UCTOUHUKAX | U 2, TOCKOJIbKY
BMJICOCHUTHAJ, KOTOPBI 0O0pabaThIBaeTCs, UMEET OTHOCUTEIbHO HU3KYIO YaCTOTY
JUCKPETU3alMY, KOTOpask UMEET MOPSAOK BIUIOTh A0 paspewieHuss HDTV, equHuuHbIN 610K
MIPOTHO3UPOBAHMS IBWXKEHUS, MEHBIIIHUHI, YeM MAaKpPOOJIOK, ITPOCTO O3HAYAET, UTO MepeMeEITCHHE
CTAHOBUTCS CIIOKHBIM, U, CIIEIOBATEIBHO, TPYIHO 3(D(PEKTUBHO BBITIOIHATH KOJUPOBAHUE,
JlakKe eCI PeXUM uepeioBaHus yuuTbiBaeTcs. C Ipyroil CTOPOHBI, TPpU KOAUPOBAHUN
BUJICOCUTHAJIA, UMEIOIIIETO BBICOKYIO YACTOTY IMCKPETU3ALIMH, K TPUMEPY BUIIEO CBEPXBBICOKOM
YETKOCTH, UMEIOIIET0 YACTOTY JTUCKPETU3ALMH, TPEBBIIIAIONIYIO YACTOTY JTUCKPETU3ALUU
HDTYV, unu Buaeocursaia, uMmeromero hopmart 4:4:4, mpoctoe mpeaocTaBIeHUE pekuMa
YepeAOBAHUS C YUETOM TOJIBKO pa3Mepa KaXJA0To eIMHUYHOTO OJIOKA TPOTHO3UPOBAHUS
JIBUYKEHUSI, KOTOPBIN COCTOUT W3 OJI0Ka MUKceI0B L;xM;, He mo3BoIsieT 3PpHEeKTUBHO

UCIIOJIb30BATh TPEOOBAHMSI 110 YEPEAOBAHUIO ITPU BbIOOpE OA3UCHOr0 610Ka (MJIM 001aCTH
BBIJIEJIEHUSI BEKTOPOB JIBIKEHUSI, KOTOPAs OMPEAEISIETCs TOCPEACTBOM KOMOMHAILMY O0a31CHBIX
OJIOKOB), MEHBIIIETO KaXIOTO IUMHUYHOTO OJIOKA ITPOTHO3UPOBAHUS IBUKCHUS, U,
CIIEJOBATEIbHO, BEKTOPA JBMKEHHS, UMEIOLLIET0 KO3(PPULUMEHT C HYJIEBBIM 3HAYEHUEM, U
3HAUYEHHUS HYJIEBOTO KO (DHUIMEHTA KOAMPYIOTCS BCETAa SIBHO, U 3(h(hEeKTUBHOCTH KOAUPOBAHHUS
sBigeTcs Iioxoi. CrenoBaTeNnbHO, yCTPOMCTBO KOIMPOBAHUS U300 paKEHUI B COOTBETCTBUU
C 9TUM BapUAHTOM | OCYIIIECTBIIEHHUSI UMEET TAKYIO CTPYKTYPY, YTO OHO, €CIIM HE TOJIBKO
KaOKIIbIM €ITMHUYHBIN OJIOK TPOTHO3UPOBAHKS IBWKEHHSI, KOTOPBIA COCTOMT U3 OJIOKA ITUKCETIOB
L;xMj, KOTOPBIH ABJISIETCS €AMHUALECH 1T BBIAEIEHUS mC_mode, UMEET pa3Mep, IPEBbIIAOIINAN

TTOCTOSIHHBIN pa3Mep, HO TAKXKe U KaXIblii 0a3UCHBINM 010K, KOTOPBII COCTOUT U3 OJI0Ka
ITAKCENOB |;Xm;, KOTOPBIN ABISETCS EAMHULEH IS BBIAECIEHUS sub_mc_mode, UMeET pa3mep,

MIPEBBIIIAIONINIA TOCTOSIHHBIN pa3mep (1;>];, m;>m,), uMeeT BO3MOKHOCTb BBIOUPATh U

UCIOJIb30BaTh pexkuM sub_mc_skip ai1st kaxkaoro 6asucHoro 6;10ka. [loporoseie 3HaueHus
1, ¥ m; MOTYT OBITh YHUKAJILHO OIpe/ieIeHbl U3 3HaueHuil M, u L; (Hanpumep, 1=L;/2 u m=M;/2).

B kauecTBe ajibTepHATUBBI, IOPOTOBBIE 3HAUEHHUSI MOTYT OBITh MePeIaHbI
MYJIbTUIUIEKCUPOBAHHBIMHU B TIOTOK OMTOB Ha YPOBHE, K IPUMEPY, Kaapa WIH
MOCJIe10BATEIbHOCTH.

ITocpencTBoMm BhILIEyKa3aHHOT'O ITPOLECCA TOCPEACTBOM MOJYJIS 4 TPOTHO3UPOBAHUS
BBIBOJISITCS] CUTHAJT 5 OIIMOKHU ITPOTHO3UPOBAHMS U TapaMeTpbl 17 (PeKUM MPOTrHO3UPOBAHUS
JIBUKEHMSI U BEKTOP ABWKEHUS) 1T CO3/IaHUSI CUTHAJIA IPOTHO3UPOBAHUS, U OHU SHTPOITUITHO
KOJIUPYIOTCS TOCPEICTBOM MOAYJISl 8§ KOAMPOBAHUS IEPEMEHHOM JUTMHBIL. Jlajiee onrchIBaeTcs
CIOCO0 SHTPONMUMHOTO KOJUPOBAHUS JIJIs1 SHTPOIUIUHOTO KOAUPOBAHUS TapaMeTpoB 17 s
CO3[IaHMS CUTHAJIA TPOTHO3UPOBAHUS, KOTOPOE SBJISIETCS IPU3HAKOM YCTPONCTBA
KOJAMPOBAHUS U300paXKeHUI B COOTBETCTBUM C 3TUM BApPUAHTOM | OCYIIIECTBIICHUSI.

ITpu kogupoBanuu napamerpa 17 11t CO3qaHUs CUTHAJIA IPOTHO3UPOBAHUS, KOTOPOE
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MOSICHSIETCS J1aJiee, /IBa TUIA TapaMETPOB, BKITIOUAIOIIUX B Ce0sI BEKTOP ABUKECHUSI U PEIKUM
MMPOTHO3UPOBAHUS ABUKCHUS, SIBIISIFOTCA LENBIO MOSICHEHUS. PUr.9 SBIISIETCS BUIOM 1S
MOSICHEHUS CITOCO0a SHTPOMUMHOTO KOJUPOBAHHUS, KOTOPBIM MO1YJIb 8 KOJIUPOBAHUS
MepeMEeHHOM JJIMHBI UCIIOJIb3YeT. B ycTpolcTBe KoaupoBaHUs U300PAKEHUI B COOTBETCTBUU
C 3TUM BapuaHTOM | OCyIIeCTBIEHUS, KaK ITOKa3aHo Ha (Ur.9, mpu KOAUPOBAHUU PEKUMA
m(B,) nporuo3upoBaHus IBMKEHUS 0a3UCHOTO OJ10Ka By, KOTOPBIH SBIISIETCS HEbIO I

MIPOTHO3UPYIOLET0 KOJAUPOBAHUS, MOAYJIb KOAUPOBAHUS IEPEMEHHOM JUIMHBI BBITIOJIHSIET
SHTPONUIMHOE KOAUPOBAHUE MTOCPEACTBOM U30MPATETILHOIO OOPAIIIEHHUS K COCTOSTHUIO PEKUMa
m(B,) nporHo3upoBanus 6a3ucHoro 0jgoka B, cineBa oT neneBoro 0azucHoro 6j10ka B

uaeHTUYHOM KaJipe F(t), cocrosinuio pesxxuma m(Bj,) mporuo3upoBanust 6azucHoro 010ka By,

HEMHOTO BBIIIIE LIEJIEBOIO OA3UCHOI0 OJI0KA B MIEHTUUHOM Kajpe F(t), u cocTosiHMIO pexuMa
m(B.) NporHo3upoBanus ABMKEHUs1 6a3UCHOI0 Oi10Ka B B MO3MLMH, HAEHTUYHOMN TO3ULUU

0a3ucHoro 010Ka By B HEMOCPEACTBEHHO MPEAbIAYIIEM CMEXHOM Kaape F'(t-1).

O®wur. 10 moka3pIBAET BHYTPEHHIOKO CTPYKTYPY MOIYJISI 8 KOAUPOBAHUS IEPEMEHHOM JIJIUHBI,
U ¢ur.11 moka3pIBaeT MOCIENOBATEIBHOCTh ONIepalii MOAYJIs KOAUPOBAHUS IEPEMEHHOM
JUIMHBL. Moayiib 8 KOAUPOBAHUS IEPEMEHHOM JJIMHBI B COOTBETCTBUM C 3TUM BApUAHTOM 1
OCYILIECTBJIEHUSI COCTOUT U3 MOAYJIA 21 ONIpeaeieHUs KOHTEKCTHBIX MOJEIIEN JJ1s1 OITPEACIICHUS
KOHTEKCTHOM MOJIENIA (KOTOPAsl YIIOMUHAETCS HUXKE), 3aJaHHOM [IJIs1 KAXK10TO U3 TUIIOB
JTAHHBIX, BKJIIOUAIOIIUX B CE€0S1 PEKUM MPOTHOZUPOBAHUS JBUKEHUSI U BEKTOP JABUKEHUS,
KOTOPBIE SBIISIFOTCS] JAHHBIMU, KOTOPBIE TIOJKHBI KOJIUPOBATHCS, MOTYJIsI 22 TpeoOpa3oBaHus
B IBOUYHYIO (hopMy TSI IpeoOpa30oBaHUsSI MHOTO3HAYHBIX TAHHBIX B JIBOUYHbBIC JaHHbBIC
COTJIACHO TIPaBUITy MPeoOpa30OBaHMs B IBOMUHYIO (POPMY, OTIpeIeIIEHHOMY JIUTSI KaXKI0TO
TUIA JAHHBIX 11 KOOAUPOBAHUS, MOAYJIS 23 CO3aHUs BEPOSTHOCTEN IMOSBIICHUS 1151
MPENOCTABIICHUS BEPOSITHOCTH MOSIBIIEHUS Kaxaoro 3HaueHus (0/1) kaxmaoro
MpeoOpa3oBaHHOTO B JBOUYHYIO (hOPMY 3JIEMEHTA BEIOOPKU, MOYJIS 24 KOIUPOBAHUS TS
BBITIOJTHEHUST apU(PMETHIECKOTO KOJTMPOBAHHS COTIIACHO CO3IaHHOM BEPOSITHOCTH TTOSIBJICHMSI,
Y 3aIIOMUHAIONIETO YCTPOUCTBA 25 UHPOPMALMKU BEPOSITHOCTH MOSIBJIEHUS JJ1s1 COXPAHEHUS
uH(pOpMaIK BEPOSTHOCTHU TTOSIBJICHUSI. B manpHelieM B 3TOM JOKYMEHTE MTOSICHEHUE
MPUBOUTCA MOCPEACTBOM OTPAHUYEHUS BBOJIA B MOJYJIb 21 OolpeiesieHUsI KOHTEKCTHBIX
MOZEJEN PEXUMOM IIPOTHO3UPOBAHMUS ABUKEHUS U BEKTOPOM JABUXKEHUS U3 ITapaMeTpoB 17
JUTS CO3AHUSI TPOTHO3UPYEMBIX U300PaKEHUIA.

(A) IIpouecc onpenenenuss KoHTeKCTHOM Moaenu (3Tan ST11 Ha ¢ur.11)

KoHTekcTHast MOeNTb MOIETIUPYET OTHOIIIEHUE 3aBUCUMOCTH C IPYToi HHGOpMaIUei,
MIPUBO/IAIIIECE K BADbUPOBAHUIO BEPOSITHOCTHU TTOSIBJIEHHSI CHMBOJIA MICTOYHMKA HH(pOpMaluH,
Y OHA MOJIy4aeT BO3MOKHOCTD BBIINIOJIHATH KOAUPOBAHUE, KOTOPOE AJANITUPYETCS COTJIACHO
(haKTUUECKOM BEPOSITHOCTH ITOSIBJICHUSI CUMBOJIA TTOCPEICTBOM U3MEHEHHUSI COCTOSTHUS
BEPOSITHOCTH MOSIBJIEHUS B 3ABUCUMOCTH OT 3TOI'O OTHOIIEHHUS 3aBUCUMOCTH. [TpuHimn B
OTHOIIIEHUW KOHTEKCTHOM MOJIEIU Ctx TToKa3biBaeTcs Ha ¢ur.12. Ha atom ueprexe, X0Ts
CUMBOJI ICTOUYHHMKA MH(OPMALUK SIBIISIETCS] IBOMUHBIM, OH aJIbTEPHATUBHO MOXET OBITh
MHOTO3HauHbIM. TeM He MeHee, B 3TOM BapuaHTe | OCyIIecTBIeHUst 00pabaThIBAETCS TOJIBKO
JIBOMYHOE apu(PpMeTHIECKOe KOJIUPOBAHUE.

BapuanTsl Bei6opa ot 0 10 2 KOHTEKCTHOM MOJIETH CtX, TOKa3aHHOM Ha ¢ur.12, 3agar0Tcs
MIPY YCIIOBUH, YTO COCTOSTHUE BEPOSITHOCTHU TTOSIBIICHHUS] CHMBOJIA KICTOUYHHUKA UH(OPMAIIUH C
VICITOJIb30BAHUEM 3TOM KOHTEKCTHOM MOJEIIH CtX JOJIKHO BAPbUPOBATHCS COITIACHO YCIIOBUSIM.
[Tpu npuMeHeHun 3TOTO OMPEACIICHUS K YCTPONUCTBY KOJUPOBAHUS U300paKEeHUN B
COOTBETCTBHUU C 3TUM BAPUAHTOM | OCYIIIECTBIICHUS, 3HAYEHUE KOHTEKCTHOM MOJIEIN CtX
V3MEHSIETCS COIJIACHO OTHOLIEHUIO 3aBUCUMOCTU MEXAY KOAUPOBAHHBIMU JaHHBIMU B
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OTIpe/IeJIECHHOM OIIOPHOM OJIOKE ¥ KOAUPOBAHHBIMU JJAHHBIMU B IPYTOM OTIOPHOM OJIOKeE,
CMEXHOM C OMIOPHBIM OJIOKOM.

Hanpuwmep, ¢ur.13 nmokaspiBaeT npuMep KOHTEKCTHON MOJIEIH 111 BEKTOPA IBUKEHUS,
KOTOpas packpbiBaeTcs B pabote D. Marpe u apyrue, "Video Compression Using Context-
Based Adaptive Arithmetic Coding", International Conference on Image Processing, 2001 rog.
B nipumepe o ¢ur.13 BexTop aBrkeHus: 61oka C sSBIIETCS 1ENbl0, KOTOpas JOJKHA OBITh
KOJIMPOBaHa (TOYHO, 3HAYEHUE IIPOTrHO3MpYyeMoit pa3HOCTH mvdy (C), KOTOpOE MPOrHO3UPYETCs

JUUTS BEKTOpa IBMkeHUs: 6;10ka C U3 CMEXHBIX OJIOKOB, Koaupyetcs). Kpome Toro, ctx_mvd
(C, k) moka3bpIBaeT KOHTEKCTHYIO MOJIe/Ib, TPUMEHSIEMYIO K BEKTOPY JABMKeHMs O11oka C.
Mvd, (A) moka3pIBaeT MPOTHO3UPYEMYIO PA3HOCTh BEKTOPOB ABMKEHUS B OJIOKEe A, M mvdy

(B) moka3pIBaeT MPOrHO3UPYEMYIO PA3HOCTh BEKTOPOB JIBU)KEHUS B OJI0Ke B. DTH 3HAUeHUS
UCTIOJIB3YIOTCS JUTS 3aJaHUs OLIEHEHHOT 0 3HaueHus e (C) 1711 USMEHEHUI KOHTEKCTHOM MOJIEIIH.

Ouenennoe 3HaueHue e, (C) MOKa3bIBA€T BAPbUPOBAHUS B CMEKHBIX BEKTOpaxX ABMKEHUs. B
o0111eM, KOor/ia 3T BApbUPOBAHUS SIBIISIIOTCS HEOOIbIIMMHU, 3HaUeHHe mvdy (C)

MIPOTHO3UPYEMOMN Pa3HOCTH BEKTOPOB IBUXKEHHUS SBIISIETCS HEOOJIBIIIMM, TOTJIAa KaK, KOTAa
oneHeHHoe 3HaueHue ey (C) sBsieTcs 00JIbIINM, 3HAUEHHUE TPOTHO3UPYEMON PA3HOCTH

BeKTOPOB JBMkeHUS (C) UMeeT TeHACHIMIO OBITh O0bIuM. Clie10BaTEIbHO, KEIaTSIIbHO
TO, YTOOBI BEPOSITHOCTD MOSIBJIEHUSI CHMBOJIa TPOTHO3UpyeMoit pa3HOCTH mvd (C) BEKTOpOB

JIBVOKEHMS aJTAaIITUPOBAIIACH COTIIACHO OlleHeHHOMY 3HaueHHIo e (C). Habopom BapbupoBaHuit

3TOMN BEPOSITHOCTU MOSBJICHUS SBJISIIOTCS KOHTEKCTHBIE MOJIENIN, U B 3TOM CIIy4ae MOKHO
CKa3aTh, YTO CYILIECTBYET TPU TUIA BAPbUPOBAHUI BEPOSITHOCTH MOSBIICHUSI.

Takum 06pa3oM, KOHTEKCTHBIE MOJIEIM 33TAI0TCS ISl KAXKIbIX TAHHBIX, KOTOPbIE JOKHBI
KOJIMPOBATKCS, 3apaHEe U COBMECTHO UCTIOJIB3YIOTCS] YCTPOUCTBOM KOAUPOBAHUS U300 PasKEHUI
U YCTPOMCTBOM JIEKOIMPOBaHUS n300paxeHuit. Moaysb 21 onpenesieHus KOHTEKCTHBIX
MoJieJier BBIIOJTHSET MPOLecC BbIOOpa OHOM U3 MOjielel, 3aJaHHBIX COTJIACHO TUITY TaKUX
JTAHHBIX, KOTOPBIE IOJKHBI KOJAMPOBATHCA. T0, Kakoe BapbUPOBAHKUE BEPOSITHOCTU MOSIBIICHUS
B KOHTEKCTHOM MO/IEJIU BBIOUPAETCS, COOTBETCTBYET MPOLECCY CO3AaHUSI BEPOSITHOCTU
nosBiieHus (C), KOTOPBIN ITOKA3aH HUXKE.

Ha ¢wur.10, Moy 8 KoqupoBaHUS IEPEMEHHOM ITTMHBI OTIIMYAETCS TeM, YTO OH
MOJrOTABIMBAET ABA UM OOJiee BAPUAHTOB JJIs1 KOHTEKCTHON MOJIENH 26, KOTOpas JOJKHA
BBIAEJIATHCS PEKUMY IIPOTHOZUPOBAHUS JBUKECHUS U BEKTOPY ABUXKECHUS, U 3ATEM
MEePEKII0YALTCS MEX1y STUMHU ABYMSI UJIM O0Jiee BapUaHTAMM ISl KOHTEKCTHOM Mo/jiesu 26,
KOTOPYIO MOJTyJIb KOJIUPOBAHUSI IEPEMEHHOM JITTMHBI UCTIOJBb3YET, COrIacHO MHMopmarmu 27
BBIOOpA KOHTEKCTHOM Mojemu. Kak mokazaHo Ha Gur.9, moCKOJIbKY MOXKHO CUMTATh, UTO
pexkuM m(By) mporHo3upoBaHust ABUKEHUsI 0a3UCHOTO O010Ka By, KOTOPBIH ABIISIETCS UEbIO

JJIA ITIPOTHO3UPOBAHUA U KOAUPOBAHHA, UMECT BBICOKYIO KOPPEIIALNUIO C COCTOSIHHUEM oOJractu
H306pa>1<eH1/151, KOTOpad ABJIACTCSA IPOCTPAHCTBCHHO CMEXHOM B UIEHTUYHOM Kaape, €Clin

KoppCirsiira COCTOAHUA IICPEMCIICHUSA MCXKIY KaIpaMU ABJIACTCA HU3KOM (6onee KOHKPETHO,
Ha 3HaAa4YCHUC PCXKUMaA m(BX) IIPOTHO3HUPOBAHUS IBUXKCHUSA OKA3bIBAIOT CYIICCTBCHHOC BIIUSIHUC

paszaenennbie opMbl B pexxumax m(B,) u m(By,) TporHo3upoBaHust IBUKEHUS), U PEKUM
m(B,) mporHo3upoBaHus ABWXKEHUST Oa3UCHOTO Oj10Ka By, ciieBa OT 1e1eBoro 6a3sucHoro
0J10Ka B MIIGHTUYHOM KaJpe U pexxuM m(B},) TporHo3upoBaHus ABMKEHUSI 0A3UCHOTO OJI0Ka
B, HEMHOTO BBIIIIE LEIEBOTO 0A3UCHOTrO OJIOKA B UIEHTUYHOM KaJPE UCTIOIb3YIOTCS JJIsI

OIpe/ieJIeHUs] KOHTEKCTHOM Mojienu 26. [IpuMep, KOTOPBIN JIEXUT B OCHOBE JIs1 TOTO
MIPUHIMUIIA, TTOKa3bIBaeTCs Ha ¢Gur.14. dur.14 moka3pIBaeT CpaBHEHUE MEXKTY IBYMS
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COCTOSIHUSIMU PEKMMOB ITPOTHO3UPOBAHUS IBUKEHUSI, BBIOPAHHBIX [UIs1 Oa3UCHBIX OJIOKOB
B, u By, B cityuae pexuma nporaosupoBanus aBuwxkeHus m(By)=mc_mode3. B cocTtosiHumy,

MOKa3aHHOM Ha ¢ur.14(a), pa3pbIBbI pa3aeiIeHUs Kaxaoro u3 0a3ucHbIx 0J10K0oB B, u By,
pasyMeeTcsi, COeTUHSIIOTCS C pa3aesieHHbIMU (popMamu B peskuMe m(By) MporHo3upoBaHUs

JBUKEHHUSI COOTBETCTBeHHO. HampoTus, B cocTosTHUM, TOKa3aHHOM Ha (ur.14(b), pa3pbIBbI
paszeneHus Kaxaoro u3 6asucHeix 010koB B, u By, pazymeeTcsi, He COEAUHSIIOTCS C

pasneneHHbIMU popmamu. B 06111eM, TOCKOJIBKY 3TH pa3ieiieHHbIE (POPMbI B KAXKIOM OIIOPHOM
0JI0KE OKAa3bIBAIOT HAJTMUME MHOXKECTBA PA3IMUHBIX 00JIACTEHN MepeMENICHHUS, CYIIECTBYIOIINX
B OIIOPHOM OJIOKE, OHH JIETKO OTPaXatoT CTPYKTYpY BUeo. CrenoBaTenbHO, MOXKHO CUUTATD,
YTO COCTOSIHUE, TTOKa3aHHOe Ha ¢ur.14(a), SIBISIETCS «COCTOSTHUEM, KOTOPOE BO3HUKAET
JIETKO», a HE COCTOSTHUEM, TTOKa3aHHBIM Ha ¢ur.14(b). bojlee KOHKpPETHO, Ha BEPOSITHOCTD
NosiBJIeHUs pexxruma m(By) TpOrHO3UPOBAHUS ABUKEHHUS OKA3BIBAIOT BIMSIHUE COCTOSIHUS

pexumoB m(B,) u m(By,) IpOrHO3UPOBAHUS JABUKEHUS.
AHaJIOTUYHO, TOCKOJIBKY MOKHO CUUTATh, UTO PeXuM m(By) MpOrHO3upoBaHus ABUKEHUS
6a3ucHoro 0J0Ka B, MMeeT BBICOKYIO KOPPEISIUIO C COCTOSIHUEM 00JIACTH U300 paKeHus,

KOTOpas SIBIISIETCSI CMEXHOW OTHOCUTEIIbHO BPEMEHH, €CIIU KOPPETALMS COCTOSIHUS
MepeMENICHUS MEXTy KaJpaMu SIBJISIETCSI BBICOKOM (00J1€€ KOHKPETHO, BEPOSITHOCTh, KOTOPYIO
MOET UMETh pekuM m(B,) MpOrHO3UPOBAHUS ABUKEHHUS, BADbUPYETCS B 3aBUCUMOCTH OT

pa3aeneHHbIx GopM B peskrMe m(B.) MpOTHO3MPOBAHUS IBUKEHUS ), MOTYJIb 8 KOJIMPOBAHUS
MEPEeMEHHOM JJTMHBI UCTIOJIB3YET pexuM m(B.) MpOrHO3upOBaHUs IBUKEHHUS 0A3UCHOTO OJI0Ka
B, B o3unyu, UIEHTUYHOMN MO3ULMKU 0a3UCHOTO O10Ka By B HEMOCPEACTBEHHO MPEIbIAYIIEM

CMEXHOM KaJpe, IJIs OIpeAeIeHUs] KOHTEKCTHOM Mojienu 26.

AHAJIOTUYHO, ITPH ONPEIeTICHUA KOHTEKCTHOM MOACIH 26 JJIs BEKTOPa JBWKCHHMS, €CITN
KOPPEJISILUs COCTOSIHUS MePEMEIICHUS MEXIy KaJIpaMHU SIBISIETCS HU3KOM, MOJIYJIb 8
KOJMPOBAHUS ITIEPEMEHHOM JJIMHBI UCTIOJIB3YET KaK BEKTOP ABUXKEHUS Ojioka B, cieBa ot

LCJIICBOIO 0a3ucHOro 0JI0Ka B HWICHTUYHOM KaApe<, TaK U BEKTOP ABHXKCHUS Ooka Bb HCMHOTI'O

BBIIIIE [IEIEBOT0 0Aa3UCHOTO OJIOKA /IS ONpeAesIeHUs] KOHTeKCTHOM Moaenmu 26. HampoTus,
€CITM KOPPEJISIIUS COCTOSTHUS TIEPEMEIICHUS MKy KaJpaMH SIBJISETCS BBICOKOM, MOJTYITh 8
KOJMPOBAHUS ITEPEMEHHO JJIMHBI UCTIOJIB3YET BEKTOP JIBHKEHUs O10Ka B B mo3uiuuy,

UACHTUYHOMN MO3UIUU O10Ka Bx B HCITOCPCACTBCHHO IMPCAbIAYIICM CMEXKHOM Kaape, IJId

OIlpe/ieJIeHUs] KOHTEKCTHOM Mojienu 26. Kak B cityyae onpenesieHus KOHTEKCTHOW MOJIENH
JUISL PEXKMMA ITPOTHO3UPOBAHUS IBUKEHUSI, MO1yJIb KOAMPOBAHHUS IEPEMEHHOM ITTMHBI MOYKET
VCIIOJIb30BATh KOPPEIALUIO MEK/1y IBETOBBIMU KOMITOHEHTAMU TAKXKE JJIS1 ONPEIETICHUS
KOHTEKCTHOM MOJIENI 26 111 BEKTOpA JIBUKECHUS.

YCeTponcTBO KOAUPOBAHMS U300 PAKEHUI MOKET OOHAPYKUBATD, SIBIISIETCS] KOPPEISALUS
COCTOSIHUS IIEPEMEILIEHUS MEXK Y KaIpaMHU BBICOKOM MIIM HU3KOM, IIOCPEICTBOM MCIIOJIB30BAHUS
32IaHHOTO CIIOCO0a, M MOKET SIBHO MYJIbTUIUIEKCUPOBATH 3HAUeHNE MH(popMaiyu 27 BeIOopa
KOHTEKCTHOM MOJIENIM C TIOTOKOM 9 OUTOB, UTOOBI IIEpeAaBaTh 3TO 3HAUEHHE MH(pOopMaLUU
BBIOOPA KOHTEKCTHOM MOJIEIA B YCTPOMCTBO JIEKOAUPOBAaHUS 300 pakeHuit. Kak ycrpoiicTBo
KOJAMPOBAHUS U300PAKEHUH, TAK U YCTPOMCTBO JEKOIMPOBAHUS U300 PAKEHUI MOTYT UMETh
TaKylo CTPYKTYPY, UTO OHM OIIPENENISIOT 3HaUeHe nHpopMauy 27 BbIOOpa KOHTEKCTHOM
MOJIEJIM COTJIACHO TojTyyaeMoi nHpopManuu. [T0CKOIbKY BUACOCUTHAI SIBIISIETCS
HEYCTaHOBUBLIMMCS, 3PPEKTUBHOCTD apU(METUUECKOTO KOJUPOBAHHS MOKET OBITH ITOBBILLIEHA
IIOCPEACTBOM IIPEIOCTABIIEHUS BO3MOXHOCTH BBIIIOJIHATH TAKOE aJalITUBHOE YIIPABIICHUE.

(B) ITpouecc mpeobpa3oBanus B ABOMUHYIO hopmy (3tanm ST12, moka3anusiit Ha ¢ur.11)
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Monynb 22 mpeobpa3oBaHUs B ABOMUHYIO (hopMy (hopMUPYeET KaxK/ble JaHHbIE, KOTOPbIE
JTOJDKHBI KOJMPOBATHCS, B IBOMUHYIO TMOCIIEIOBATEIHBHOCTD U OMPEEIISieT KOHTEKCTHYIO
MO/IETb COTJIACHO KAXKIOMY 3JIEMEHTY BBIOOPKH (IBOUYHOM MO3ULKMHU) JBOUYHOMN
nocnegoBareabHOCTH. [IpaBuiio npeodbpazoBaHus B IBOMYHYIO (POpMY CIemyeT
MPUOTIM3UTETLHOMY PACITPOCTPAHEHUIO 3HAUEHHI, KOTOPBIE KaXK/bIe KOJIMPOBAHHBIC TAHHBIC
MOTYT UMETb, U MOJ1yJIb TPeoOpa30BaHUS B IBOMUHYIO (DOPMY BBIIIOIHSIET IpeoOpa3oBaHue
KaXJIbIX JAHHBIX, KOTOPBIE JOJDKHBI KOAUPOBATHCS, B IBOMUHYIO ITOCIIEIOBATEIBHOCTD
nepeMeHHoM TMHBL. [TockoIbKy TpH MpeoOpa3oBaHUU B IBOUUYHYIO (JOPMY JAHHBIE, KOTOPHIE
JTOJKHBI KOAMPOBATHCSI, KOTOPBIE IEPBOHAYATILHO MOTYT OBITh MHOTO3HAYHBIMH, KOAUPYIOTCS
B pacyeTe Ha JIEMEHT BBIOOPKHU BMECTO apUPMETUUECKOTO KOJUPOBAHUS KAK €CTh,
npeobpazoBaHue B ABOMUHYIO (OPMY UMEET IPEUMYILIECTBO, HAITPUMED, BOZMOKHOCTH
COKpalaTh YUCIO pa3/IeJICHUI YUCTOBOM OCH BEPOSITHOCTEH, U, CJIE0BATENIBHO, YIIPOIIATh
apu(MeTUUECKYIO OTIepaLMIO U COKPAIIAaTh KOHTEKCTHYIO MOJIEb.

Hanpumep, npu BeIoIHEHNM KOOAUPOBaHUS ¢ TOMOIIBIO L;=M;=32 u l;=m;=16 moayns 22

npeoOpa3oBaHus B IBOUYHYIO (POpMY BBIMOJIHSET TpeoOpa3oBaHue B IBOMUHYIO GOPMY
peXuMa MPOTrHO3WPOBAHMS IBUKEHUS, KaK IToka3zaHo Ha ¢ur.15(a) u 15(b).

KoHnTtekcTHbIe MOIeH, Kak oka3aHo Ha ¢ur.16A-16E, mpumensitores k Bin0, Binl, Bin2,
Bin4 u Bin5 cootBeTcTBeHHO. Kak mokazano Ha (ur.16A, Bin0 umeeT KpuTepuid, moCpeICTBOM
KOTOPOT'O MOXHO IIEPEKIIIOYATHCA MEKIY BEPOATHOCTSIMU IIOSIBJIEHUS COITIACHO TOMY,
SIBJISTFOTCSI UJTM HET COCTOSIHUSL €IMHUYHOTO OJI0Ka MPOTHO3UPOBAHUS JIBUKEHUS B BEpXHel
no3unuu (610Ka A) M €IMHUYHOTO 0J10Ka TPOTHO3UPOBAHUS JBUKEHUS B JIEBOM MO3UIMU
(6s10Kka B) OTHOCUTENIBHO JaHHBIX, KOTOPBIE TOJIKHBI KOAUPOBATHCA (6510K C), «peKUMOM
yepenoBaHus». Kak mokazano Ha ¢ur.16B, Binl umeeT kpurepuit, mocpecTBOM KOTOPOro
MO>KHO NIEPEKIIIOUATHCS MEXAY BEPOSITHOCTSAMM IOSIBIIEHUS] COTJIACHO TOMY, SIBJISIOTCS UIIU
HET COCTOSIHUS €TMHUYHOTO OJI0Ka MPOTHO3MPOBAHUS ABWKEHUSI B BepXHeH Mmo3uiuu (0J1oka
A) ¥ @ITMHUYHOTO 0JI0Ka MPOTHO3UPOBAHUS JIBWKCHUS B JIEBOM Mmo3uiuu (010ka B) Takumu:
«CYILIECTBYET WM HET pa3/ieJIeHue Ha MPOTHO3HbIE OJIOKU ABMKEHUs». Kak mokazaHo Ha
¢ur.16C, Bin2 umeeT KpUTEPUid, TOCPEACTBOM KOTOPOT'O MOKHO MEPEKITIOUATHCS MEXITY
BEPOSTHOCTSIMU ITOSIBJIEHUS COTTIACHO TOMY, SIBIISIFOTCS MJIM HET COCTOSIHUS €IMHUYHOTO OJI0Ka
MPOTHO3UPOBAHUS JIBUKEHUS B BepXHel Mo3uluu (06510Ka A) U eAMHUYHOTO OJ10Ka
MIPOTHO3UPOBAHUS ABMKEHUS B JIEBOM MO3ULMHU (O710Ka B) TaKUMU: «SIBISICTCS MIIM HET
COCTOSIHUE CIIOKHBIM PEXMMOM IMPOTHOZUPOBAHUS ABUKEHUs». [i1s1 Bin3 KOHTEKCTHAsA
MO/IENTb HE 33/IA€TCSl, U BEPOSITHOCTD MOSIBJICHUS 3a4a€TCsl (PUKCUPOBAHHO PaBHOM 33 JaHHOM
BeposITHOCTH mosiBlieHUs1. Kak moka3zaHo Ha ¢ur.16D, Bind uMeeT Kputepuit, mocpeacTBOM
KOTOPOTO MOYXHO MEPEKITIOYATHCA MEKY BEPOSITHOCTSIMU ITOSIBJIEHUS COTJIACHO TOMY,
SIBJISIETCS] WJIM HET COCTOSIHUE €IMHUYHOTO OJI0KA TPOTHO3UPOBAHUS JBUKEHUS B JICBOMN
no3uuuu (6510Kka B) TakuM: «SIBIISIETCS] UM HET paszjienieHre (OpMbl TPOTHO3UPOBAHUS
JIBWYKEHUSI TOPU3OHTAIIBHBIM pasziesieHneM». Kak mokazano Ha ¢ur. 16E, Bin5 umeeT kputepui,
ITOCPEACTBOM KOTOPOTO MOKHO MEPEKITIOUATHCS MEXKAY BEPOSITHOCTSIMU MOSIBIIEHUS COTTIACHO
TOMY, SIBJIIETCS WJIM HET COCTOSIHUE €IMHUYHOTO OJIOKA MPOTHO3UPOBAHMSI IBUKEHUS B
BEpXHel MO3ULKH (0J10Ka A) TAKUM: «SIBJISIETCS WIIM HET paseeHue (hopMbl TPOTHOZUPOBAHUS
JIBUKEHUSI BEpTUKAJIbHBIM paszjielieHueM». [locpeacTBoM omnpeiesieHns KOHTEKCTHOM MO/Ier
26 corsacHo (popme 0OJIaCTH MPOTHO3UPOBAHUS IBUXKEHUS TAKUM 00pa3oM, BBIOOD
BEPOSITHOCTH MOSIBIICHUSI, CBSI3aHHOM ¢ MH(popMaIuelt pexkruMa IMpOorHO3UPOBAHMS IBUKCHUS,
MOJET OCYIIECTBIISITHCS AJANITUBHO B 3aBUCUMOCTH OT CBOMCTB JIOKAJIbHOTO BUJIEOCUTHAIIA,
1 3(pPEKTUBHOCTD KOAUPOBAHUS apUPMETUIECKOTO KOTUPOBAHUSI MOXKET OBIThH TTOBHIIIICHA.
VeTpoicTBO KOAMPOBAHMS U300 PAKEHUIN UMEET TAKYIO CTPYKTYPY, UTOOBI, TPU MPUHSATHUN
PpeLIeHns He UCTI0Ib30BaTh sub_mc_skip rpu l;=m;=16 (moporosoe 3HaueHue l;>16 u noporosoe
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3HaueHue m:>16), He koaupoBaTh Bin0, moka3aHHbIil Ha (ur. 15(b).

(C) Ilpomecc co3manus BeposTHOCTH nosiBieHus (3Tan ST13, moka3aHHbIN Ha ¢ur.11)

B nponeccax (3tanbr ST11 u ST12) Beiieyka3zanubix (A) u (B) BeImoIHSETCS
npeobpa3oBaHue B IBOMYHYIO (DOPMY KaKIbIX MHOTO3HAUHBIX JAHHBIX, KOTOPBIC JOIKHbI
KOJIMPOBATHCA, U YCTAHOBJIEHUE KOHTEKCTHON MOJIEIIM, KOTOPAS IIPUMEHSIETCS K KaXKIOMY
3JIEMEHTY BBIOOPKHM, U TIOJITOTOBKA K KOJAUPOBAHUIO 3aBepiiaeTcsa. Moayib 23 co3aaHust
BEPOSTHOCTEH MOSIBIICHUS 3aTEM BBITIOIHSET IIPOIECC CO3MaHUS IS CO3aHus MH(DOPMALUU
BEPOSITHOCTH MOSIBJIEHUS, UCITOJIb3yEeMOM TSI apU(PMETHIECKOT0 KOupoBaHus. [TockombKy
BapbUPOBAHUS BEPOSITHOCTU MOSABJIEHUS, COOTBETCTBYIOIIME KAXKI0MY M3 3HaUeHUH O 1 1,
BKJIIOUAIOTCS B KAXKAYI0 KOHTEKCTHYIO MOJIETb, MOAYJIb CO3/TAHUS BEPOSITHOCTEN MOSIBJICHUS
BBITIOJIHSIET MPOLECC B OTHOILIEHUM KOHTEKCTHOM MOJENHM 26, onipeiesieHHon Ha sTare ST11.
Moynb 23 co3maHusi BEpOSITHOCTEH IMOSIBIIEHUS OTIPEIEIISIET OIIEHEHHOE 3HAUYEHUE JJIsl BBIOOpa
BEPOSITHOCTH MOSIBJIEHUS, K IpUMeEpY oleHeHHoe 3HaueHue ey (C), mokazaHHoe Ha (ur.13, u

OIpPEAENsieT TO, KAKOE BAPbUPOBAHUE BEPOSTHOCTH MOSBICHUS] MOTIYJIb CO3TaHUS
BEPOSITHOCTEHN MOSABJIEHUS UCIIOJIB3YET JISI TEKYIIErO KOAUPOBAHHUS, COTJIACHO 3TOMY
OLICHEHHOMY 3HAYEHUIO U3 YKCIIa BAPUAHTOB JIJI1 BBIOOPA KOHTEKCTHOM MOJIEH, K KOTOPBIM
o0palaercst MOyJIb CO3/JaHUsI BEPOSITHOCTEHN MOSIBJICHUSI.

I[TomuMo 3TOrO, MOAYIIH 8 KOAUPOBAHUS IEPEMEHHOM JJIMHBI B COOTBETCTBUM C 3TUM
BapUaHTOM | OCYIIIECTBJIEHHUS COJEPKUT 3alIOMUHATOIIee YCTPOUCTBO 25 nHpopMalmu
BEPOSITHOCTH IMOSIBJIEHUSI U UMEET MEXAHU3M JIJISI COXpaHeHUsI uHpopManuu 28 BEpOSITHOCTU
MOSIBJICHUSI, KOTOPasi OOHOBJISIETCS, B CBOIO OUEPE/Ib, Uepe3 MPOoIecC KOAUPOBAHUS,
(dbparmMeHTOB HHGOPMAIIMKU BEPOSITHOCTH MOSIBJIEHUS], COXPAHEHHOM KaK pe3yJIbTaT OOHOBIICHMS,
COOTBETCTBYIOILIETO BAPbUPOBAHUAM UCITOJIb3yEMOM KOHTEKCTHON Mojiesii. Moyib 23
CO3/IaHUs BEPOSITHOCTEH MOSIBJICHUS ONpeensieT MHpopMaluio 28 BEpOSITHOCTH MOSIBJICHUS,
KOTOPAs UCIIOJIb3YETCA ISl TEKYIIETO KOAMPOBAHUS, COTJIACHO 3HAUYEHUIO KOHTEKCTHOM
Moaenu 26.

(D) INpouecc koaupoBanus (3tam ST14, moka3aHHbIN Ha ¢ur. 11)

B Brieykazannom nponecce (C) (3ran ST13), MOCKONBKY MOJIy4atOT BEPOATHOCTD
MOSIBJICHUS KaXX10T0 U3 3HaYeHU 0 U 1 Ha YUCIIOBOM OCH BEPOSITHOCTEMN, TPeOyeMyIO IS
nporecca apupmMeTHIecKoTo KOAUPOBAHMS, MOTYITh 24 KOAUPOBAHMSI BBITIOTHSET
apupMeTHUIeCKoe KOJAUPOBAHUE COTTIACHO MPOLECCY, YIIOMSIHYTOMY B KQ4ECTBE OOBIUHOTO
npumepa (aramn ST14).

Kpowme Toro, paktuaeckoe kogupoBanHoe 3Hauenue (0/1) 29 Bo3Bparaercst B MOIYJIb 23
CO3/1aHUSI BEPOSITHOCTEN MOSIBIIEHUSI, MOAYJIb CO3JAHUSI BEPOSITHOCTEN MOSIBIICHUS
MOJICUMTHIBAET YACTOTY BO3HUKHOBEHUS KaX10TO U3 3HaUeHuH O 1 1, 4TOOBI OOHOBJIATH
UCIoJIb3yemMyto uHpopMmanuro 28 BeposTHOCTU nosiBiieHus (atamn ST15). Hanpumep,
MMPEANOIAraeTCs, YTO, KOrJaa Mpouecc KoaupoBaHus i1 koaupoBanus 100 amemenTa(oB)
BBIOOPKH BBITIOJTHSIECTCS C MCITOJIB30BAHUEM OTIpeIeJIeHHOro (hparMeHTa nHbopManuu 28
BEPOSITHOCTH MOSBJIEHUS, BEPOSTHOCTH NosiBiieHUsI O ¥ | B BAPbMPOBAHUU BEPOSTHOCTHU
nosiBiieHus coctapistoT 0,25 u 0,75 cooTBeTcTBEHHO. B 3TOM Ciyuae, koraa «1» koaupyercst
C UCMOJIb30BAHUEM WAEHTUYHOTO BAPbUPOBAHUS BEPOSITHOCTH MOSIBIIEHUS], YACTOTA
BO3HUKHOBEHHUS «1» OOHOBIAETCS, U BepOSTHOCTU NosBIeHUs 0 u 1 uzmensitorcst Ha 0,247 u
0,752 cootrBeTcTBeHHO. C HCMOJIB30BAHUEM ITOT'O MEXAaHU3MA MOJTYJIb KOJAUPOBAHUS ITOTyYAET
BO3MOXHOCTbH BBIITOJHATH 3(PEKTUBHOE KOAUPOBAHUE, KOTOPOE IMIPUCITIOCOOICHO IS
(hbaKTUUECKON BEPOSITHOCTH ITOSIBJICHUS.

[Tocrne Toro kak mpouecc KOAUPOBAHUS ISl BCEX AJIEMEHTOB BHIOOPKH 3aBepIIIaeTCs,
pe3ynbTaT 30 aprupMETHIECKOTO KOTUPOBAHUS, KOTOPBIN CO31a7T MOAYJIb 24 KOIUPOBAHUS,
CTaHOBUTCS BBIBOJIOM U3 MOJYJISI 8§ KOOAUPOBAHUS IEPEMEHHON JIJIMHBI U BBIBOAUTCS U3
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yCTPOMCTBA KOJUPOBAHHUS U300pakeHUl B KauecTBe MoToka 9 outos (aTan ST16).

2. CTpyKTypa KOJUPOBAHHOIO IIOTOKA OUTOB

BBenenHbIl BupieocurHal 1 KoaupyeTcst HOCPEICTBOM YCTPOUCTBA KOIUPOBAHUS
N300 paskeHUIA IO (PUT.2 COTTIACHO BBIIIEYKa3aHHBIM ITPOLIECCaM, U KOJUPOBAHHBIN BUICOCUTHATT
BBIBOJIUTCS U3 YCTPOMCTBA KOJUPOBAHUS U300 paKeHUI B KAUeCTBE ITOTOKA 9 OUTOB B
€QUHUILIAX, KAXK/1as1 U3 KOTOPBIX SIBJISETCS AKETOM, COCTOSIIMUM U3 MHOXKECTBA OMIOPHBIX
0JIOKOB (KaX<1asi €AMHULA YIIOMUHAETCS KaK CEpHUs IOCIIe10BATEIbHBIX MAKPOOIOKOB C 3TOT0
Mecta). KoMImoHOBKa JaHHBIX MOTOKA 9 OUTOB noka3biBaetcs Ha ¢ur.17. [ToTok 9 6utoB
MMEET TaKyI0 CTPYKTYPY, B KOTOPOU OMpPeIeSIeHHOE YUCTIO KOAUPOBAHHBIX JAHHBIX, YUCIIO
KOTOPBIX PABHO YMCITY OMOPHBIX OJIOKOB, BKJIIOUEHHBIX B KaXK/IbIH Kaap, COOMpaeTcs B
KaXXJIOM KaJpe, U OMOPHbIE OJIOKU MAKETUPYIOTCS B KAXK/IOM CEPUM MOCIIE10BATEIbHBIX
MaKpOOJIOKOB. 3aroJI0BOK YPOBHS H300paXeHUs, K KOTOPOMY OTIOPHBIE OJIOKH,
MpUHAIJIeKAIIUE UACHTUIHOMY KaJIpy, 00paIarTcs B KauecTBe 00IIero napamerpa,
MOJIrOTaBIMBaeTCs, U uHpopmaius 18 pazmepa OMOPHBIX OJTOKOB COXPAHSIETCS B 9TOM
3aroJI0BKe ypoBHs u3o0paxxenus. Eciu pazmep M, OIOPHOTO OJI0Ka SIBIISIETCS

(bMKCUPOBAHHBIM B pacueTe Ha MOCIIEI0BATEIbHOCTh Ha 00Jiee BLICOKOM YPOBHE, YeEM YPOBEHb
nu3zo0paxkenust, ”HpopManus 18 pasmepa oOpPHBIX OJIOKOB MOXKET (POPMUPOBATHCS TaK, YTO
OHa MYJIbTUIUIEKCUPYETCS B 3aT0OJIOBOK YPOBHS MOCIEA0BATEIbHOCTH.

Kaxxnas cepus mocnenoBaTeIbHbIX MAKPOOJIOKOB HAUMHAETCS C 3aT0JIOBKA CEpPUU
MOCJIeI0BATENIbHBIX MAKPOOJIOKOB, U KOJIMPOBAHHBIE TaHHBIE KAXXI0TO OMOPHOTO OJIOKA B
CepUH MOCTIEIOBATEIbHBIX MAKPOOJIOKOB pa3MeNIalOTCsl HEPEPBIBHO MOCIIE 3aT0JIOBKA CEPUU
MOC/IeIOBaTENbHBIX MaKp0oOI0KOB. [Tpumep o ¢wur.17 mokassiBaet, 4To K onmOpHBIX 0J10KOB
BKJIIOUAIOTCS BO BTOPYIO CEPUIO MOCIEA0BATEIbHBIX MAKPOOIOKOB. JIaHHBIE KaXKI0TO
OTIOPHOTO OJIOKA COCTOSIT U3 3ar0JIOBKA OTIOPHOTO OJIOKA U CKATHIX JAHHBIX OIIMOKH
MPOTHO3UPOBaHUS. B 3arojioBke omopHoro 6Ji0Ka pa3MearoTcs: pexxuMbl mc_mode
MIPOTHO3UPOBAHMS IBUJKEHHUS U BEKTOPBI IBUKEHUS €IMHUYHBIX OJI0KOB TPOTHO3UPOBAHUS
JIBUDKEHUSI B COOTBETCTBYIOIIIEM OMIOPHOM 0JIOKE (OHU COOTBETCTBYIOT MapameTpam 17 pis
CO3/1aHUSI CUTHAJIA MPOTHO3UPOBAHKSA), TapaMeTpbl 19 KBAaHTOBAHMS, UCIIOJIb3YEMBbIE JJI51
CO3/IaHUSI C)KATBIX TAHHBIX 7 OLIMOKU MPOTHO3UPOBAHMUS, U T.]I.

Nudopmanus tuma pexxuma, B KauecTBe pekuMa mc_mode MPOrHO3UPOBAHUS IBUXKEHMUS,
ykasbiBaroas mc_skip i oaud u3 mec_mode0-mc_mode7, KoagupyeTcs cHavana, U Korjaa
pexxuMoM mc_mode MPOTHO3UPOBAHUS IBUXKEHUS sIBJIsieTCs mc_skip, BCE MOCIEAYIOIIUe
dbparmMeHThl HHDOPMAIMKU MAKPOOJIOYHOTO KOAUPOBaHUs He niepenatorcs. Koraa pexxumom
mc_mode TPOTHO3UPOBAHUS IBMKEHUS SIBIIsIETCsI 0JIuH 13 mc_mode0-mc_mode6, hparMeHTsI
uH(pOopMalUK BEKTOPA ABUKEHUS 00JIaCTel BbIJICICHUSI BEKTOPOB IBUXKEHHUS, YKA3bIBAEMBIX
MOCPEACTBOM pEXUMA MPOTHO3UPOBAHUS ABMKEHUSI, KoaupyroTcs. Korna pexxumom me_mode
MPOTHO3UPOBAHUS JBWKEHUS SIBIIsIeTCS mc_mode7, TO, BKIIFOUEHBI WIIK HEeT sub_mc_skip B
Ko sub_mc_mode, onpeensieTcs: coryiacHo uHopmanuu 18 pasmepa onopHbIx 0j10koB. B
JIATbHENIIIEM B 9TOM JIOKYMEHTE MPEAIOIaraeTcsl, YTO OPOTOBbIE 3HAUEHUSI, UCTIONIb3YEMbIE
JUUTSL OTPEAEIIEHUS TOT'O, BKJIIIOUEHBI WJIK HET sub_mc_skip B ko sub_mc_mode, 3agaroTcst Kak
1=L;/2 u m=M,/2 u3 pa3zmepoB M, u L; onopusix 610k0B. Kpome Toro, koraga TpeboBaHus

«I>l 1 m;>m» yIOBIETBOPSIOTCS, KOAUPOBaHKUE sub_mc_mode, BKIIOUAIOLIEro B ce0s

sub_mc_skip, BBITIOJIHSIETCS COTIIACHO ITPaBUIy TpeoOpa30BaHUsl B TBOMUYHYIO (hOpMY,
nokazaHHoMmy Ha ¢ur.15(b). HanpoTus, korna tpedoBanus «I>l 1 m;>my» He

yJIOBJIETBOPSIOTCS, TOJIBKO KOaupoBaHue Bin0 UCKIrouaeTcs U3 mpaBuiia mpeoOpa3oBaHUs
B IBOUYHYIO (hopMy, moKazaHHOro Ha ¢ur.15(b). Kpome Toro, nndopmanus 27 Beidopa
KOHTEKCTHOM MOJIEJIH, TIOKa3bIBaIOIIas HaIpaBJIEHUE JIJIs BEIOOpAa KOHTEKCTHOW MOJICITH B
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apu(pMeTHIeCKOM KOJUPOBAHUM PEKUMA MPOTHOZUPOBAHUS IBUKEHUS U BEKTOPA JBUKECHUS,
BKJIFOYAETCS B 3aT0JIOBOK OIMIOPHOTO OJIOKA.

XO0Ts He MPOUUTIOCTPUPOBAHO, MOAYJIb ONIPEACIICHUSI pa3Mepa OMOPHBIX OJIOKOB MOXKET
UMETh TAKYIO CTPYKTYpPY, YTO OH BbIOMpaeT pa3mepsl L; 1 M; KaX10ro eIMHUYHOTrO 0JI0Ka

IIPOTHO3UPOBAHMS IBUXKEHHUS, KOTOPBIE UCIIOJIB3YIOTCS B KAXKI0M OIIOPHOM OJIOKE JUIst
Ka)X0Tr0o OMOPHOTo OJIOKA, U MYJIbTUIIEKCUPYET pa3Mepsl L; 1 M; eAMHUYHOTrO 610Ka

MPOTHO3UPOBAHUS JBUKEHUSI, KOTOPBIE UCTIONIB3YIOTCS B KaX0M OIMOPHOM OJIOKe, B
3aroJI0BOK KaKJI0TO OMOPHOTO 0JI0Ka BMECTO MYJIbTUILICKCUPOBAHUS pa3mMepoB L; u M; B

3aroJI0BOK YPOBHS IOCJIEI0BATEIBHOCTH WM M300paxeHus. Kak pe3ynbrat, XOTs yCTpONUCTBO
KOJAMPOBAHUS U300 paXEHUIM JOIHKHO KOAUPOBATH pa3Mepsl L; u M; Kaxka0T0 €AMHUYHOTO

0J10Ka MPOTHO3UPOBAHUS JBWKEHUSI JIJ151 KAXKI0TO OIIOPHOT0 OJIOKA, YCTPONUCTBO KOIUPOBAHUS
N300pakeHHI MOXKET U3MEHSTh Pa3MePhl KaXK10TO eIMHUYHOTO OJIOKA MPOTHO3UPOBAHUS
JIBUYKEHUSI COTJIACHO CBOWMCTBAM JIOKAJIbHOT'O CUTHAJIA U300 PaXKEHUS U TOJIy4aeT BO3MOKHOCTh
BBIMOJIHATH MPOTHO3UPOBAHKE ABUKEHUSI C O0JIee BHICOKOM CTENEHbIO aJalITUPYEMOCTH.
Nudopmanus, ykaspiBaromasi, ciieAyeT MyJIbTUIUIEKCUPOBATH pa3Mepsl L; u M; kaxmoro

€IMHUYHOTO 0JIOKA MPOTHO3UPOBAHUS ABMKEHUS B 3ar0JI0BOK KaXJI0T0 OIIOPHOTO OJIOKA
1M60 (PUKCUPOBAHHO MYJIbTUINIEKCUPOBATH UX B 3ar0JIOBOK HA BEPXHEM YPOBHE, K IIPUMEPY,
nocienoBatenbHOCTH, GOP, u300pakeHust UM CEPUM TTOCIIEN0BATEIbHBIX MAKPOOJIOKOB,
MOXeET OBbITh MYJIbTUIJICKCUPOBAaHA, B KA4eCTBE MACHTU(PUKAIIMOHHON HH(OpMAaLH, B
3aroJI0BOK Ha BEpXHEM YPOBHE, K PUMEpY, IociaeaoBatebHOCTH, GOP, n3o0paxeHus uiu
CepHHU MOCIIEA0BATEIBHBIX MAKpOOJIOKOB. Kak pe3ynaprart, Koraa BiIUsHUE, OKa3bIBAEMOE Ha
CIIOCOOHOCTD MPOTHO3UPOBAHUS IBUKEHUS, SIBIISIETCS] HEOOJIBIIIUM, JaXE €CIIU pa3Mepbl
KaX/10T0 €IMHUYHOT0 OJI0Ka MPOTHO3UPOBAHUS IBUKEHUS (PUKCUPOBAHHO
MYJIbTUIUIEKCUPYIOTCS B 3ar0JIOBOK BEPXHETO YPOBHSI, YCTPOMCTBO KOAUPOBAHUS U300 PAKEHUI
MOYXET YMEHbIIATh 00beM CITykKeOHOM HHGOpMaLUU, TPeOyeMblii 1151 KOIUPOBAHUS Pa3MEPOB
L; u M; Ka)xJ10ro eIMHUYHOTO OJIOKA MPOTrHO3UPOBAHUS IBUXKEHHUS U1l KAXKIOTO OIMOPHOTO

0110Ka, U, CIIeA0BATEIIHHO, 3(PPEKTUBHO BHITIOIHATH KOJUPOBAHUE.

3. Yerporicro mexonupoBanus H3oopaxeHuit

@ur. 18 sBsieTcst 6JIOK-CXEMOM, MOKA3bIBAIOIIEH CTPYKTYPY YCTPOMCTBA JEKOIMPOBAHUS
n300pakeHHI B COOTBETCTBUU C 3TUM BapuaHToM | ocymectBieHus. [locne mpuema notoka
9 OuTOB, NMOKa3aHHOTO Ha (GUr.17, ¥ 3aTeM JIEKOIUPOBAHUS 3aT0JIOBKA YPOBHS
IIOCIIEA0BATENIBHOCTH, MOAYJIb 100 IeKOAMPOBaHNS IEPEMEHHON JJIMHBI (MOYJIb
JIEKOJIUPOBAHUS) IEKOAUPYET 3ar0JIOBOK YPOBHS U300 pAKEHUS, 4 TAKKE IEKOTUPYET
uH(OPMAIHIO, TOKA3BIBAIOIIYIO pa3Mep ornopHoro 6yoka. Kak pesynbrat, MOIyIb
JIEKOIMPOBAHUS IEPEMEHHOM IJTMHBI PACIIO3HAET pazMep M .« KaKI0ro OOpHOTo OJI0Ka

H pasMEpPbI Li n Mi KaXXa101ro CAIMHUYHOI'O OJI0Ka IIPOTrHO3UPOBAHUA ABUKCHUSA, KOTOPBIC

UCTIOJTB3YIOTCS JIJII U300pakKeHHMS, U YBeIOMIISIeT 3Ty uH(popmanuio 18 pazmMepa onoOpHBIX
6;10K0B B MOy b 101 nekoMpoBaHus OIIMOOK MPOTHO3UPOBAHUS U MOTYJIb 102
nporuo3upoBanus. Moayie 100 nekoiMpoBaHus IEPEMEHHOM IJIMHBI UMEET TAKYIO CTPYKTYPY,
YTO OH, KOT/Ja TIOTOK OMTOB UMEET CTPYKTYPY, B KOTOPOI pazmepsl L; u M; kaxmaoro

€IMHUYHOTO OJI0KA MPOTHO3UPOBAHUS IBUKEHHUSI MOTYT OBITh MYJIbTUILNIEKCUPOBAHBI B
3aroJIOBOK KaXXJIOT'0 OMOPHOTO OJI0Ka, IEKOAUPYET WACHTU(DUKAIMOHHYIO HH(OPMALHIO,
MOKAa3bIBAIOLIYIO TO, MYJIbTUIUIEKCUPYIOTCS MIIM HET pa3Mepsl L; 1 M; Kakaoro eAMHUYHOTO

0J10Ka MPOTHO3UPOBAHUS IBUKEHHS B 3aT0JIOBOK KaXJOT'O OIMOPHOTO OJIOKA, U pACIIO3HAET
pa3Mepsl L; u M; Kax10T0 €AMHUYHOTO OJI0Ka TPOTHO3UPOBAHUS JBUKEHUS TTIOCPEICTBOM

JICKOMPOBAHUS 3ar0JI0BKa KaXKIOT'0 OIMIOPHOI0 OJI0KA COTIACHO MACHTU(DUKAIIMOHHOM
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uHpopManuu.

Moaynb AeKOAMPOBAHUS IEPEMEHHOM JUIMHBI HAUMHAET AEKOIUPOBAHUE JAHHBIX KaXKIOTO
OIOPHOTO0 OJI0KA C IEKOIUPOBAHHUS 3aT0JIOBKA OMOPHOTO OJI0Ka cHavaja. B aToM mpotecce,
Moysib 100 nekoaupoBaHUs IEPEMEHHOM JJIMHBI AEKOIUpPyeT HHpopManuio 27 BIOOpa
KOHTEKCTHOM MOJeNM. 3aTeM, COTJIACHO JEeKOAUPOBaHHOM HHpopMaluu 27 BeiOOpa
KOHTEKCTHOM MOJIEJIM MOJYJIb JI€KOIUPOBAHUS IIEPEMEHHOM JUIMHBI JIEKOIUPYET PEKUM
MPOTHO3UPOBAHUS JBUKEHUS, KOTOPBINA MPUMEHSIETCS K KaXIOMY €IMHUYHOMY OJIOKY
MIPOTHO3UPOBAHUS JBWKEHUS TSI KAXKAOI0 LIBETOBOT'O KOMITOHEHTA. [1pu nekoaupoBanuu
pe)XrMa MPOTHO3UPOBAHUS JBUKEHUSI MOJIYJIb IEKOIMPOBAHUS IEPEMEHHOMN JJIMHBI
JeKoaupyeT me_mode JUTsl KaKI0TO €AMHUYHOTO OJIOKA MPOTHO3UPOBAHUS IBU)KEHUSI CHauasa
Y, korga mc_skip mokaseiBaeT mc_mode, ONpeIeIIsieT OUEHEHHBIA BEKTOP U3 CMEKHBIX
BEKTOPOB JBUKEHHS COTTIACHO TPeOOBAHUSIM, TOKA3aHHBIM Ha (PUT.8, 1 BBIJIEISIET OLCHEHHBIN
BEKTOP U151 TEKYLIEro BeKTopa ABMxkeHus. Koraga me_mode noka3piBaeT mc_mode7, MOyJib
JIEKOMPOBAHUS IEPEMEHHOM JIJTMHBI AEKOAUPYET sub_mc_mode 1151 KaXa0ro 0a3ucHOTO
0J10Ka COTIaCHO TpeOOBAHUSIM, TOKa3aHHBIM Ha ¢Gur.8. B 310 Bpemsi, Ha ocHOBe UH(popMaluu
18 pa3zmepa OnopHbIX OJI0KOB, MOJYJIb IEKOAUPOBAHUS IEPEMEHHOM IJTMHBI ONIPEIENSIET TO,
WCIIOJIb30BATh UM HET sub_mc_skip, COTJTACHO KPUTEPHUIO OIPEICIICHUS, UAEHTUIHOMY
KPUTEPUIO ONIPEAEIIEHUS, KOTOPBIN UCTIOIB3YET YCTPOUCTBO KOJAUPOBAHUS U300PAKEHUI, U
3aTEM BBITIOJIHAET MPOLECC AEKOAMPOBAHUS sub_mc_mode COTJIaCHO 3TOMY ONPEIETICHUIO.
ITpu ucnonwvzoBanuu sub_mc_skip, ecru sub_mc_mode==sub_mc_skip, MOJ1yJIb I€KOIMPOBAHUS
MEPEMEHHOM JJIMHBI ITPOITYCKAET JEKOAUPOBAHUE KOJUPOBAHHBIX JAHHBIX PACCMATPUBAEMOTO
6a3UCHOTO OJI0KA U BBIIETISET OLEHEHHbIN BEKTOP, KOTOPbIN MOAYJIb JIEKOIMPOBAHUS
MepEMEHHOM JITTMHBI OTIPE/IETISIeT MMOCPEACTBOM UCIIOTB30BAHMS CITOCO0A, MOKAa3aHHOTO Ha
¢bur.8, TexkyieMy BeKTopy aBwxkeHus. Korma me_mode mokasbiBaeT APyroM pexum, MOAYJIb
JIEKOIMPOBAHUS IIEPEMEHHOM JUIMHBI JEKOIUPYET BEKTOP ABUKECHUS B KAXKIOU U3
OTIPE/ICIIEHHOT O YUCITa 001aCcTel BBIJICIICHUS BEKTOPOB JIBIKEHUS COTIacHO WHpopmarmu 27
BBIOOpA KOHTEKCTHON MOJEIH U JIOTIOJTHUTEIBHO AEKOIUpPYeT (hparMeHThl HHPOPMALUU 11O
napameTpam 19 KBaHTOBaHUS, CKATHIM TAHHBIM 7 OLIMOKU MPOTHO3UPOBAHMUS U T.]I.
MOOYEPETHO JIJISI KaXK0T'0 OIIOPHOTO OJI0KA.

CoxaTble TaHHbIE 7 OMMOKHU MPOTHO3MPOBAHUS U MapaMeTphl 19 KBAaHTOBAHUSI BBOASITCS
B MoayJib 101 gekoaupoBaHUs OLIMOOK MPOTHO3UPOBAHUS U PACIIAKOBBIBAIOTCS B
JIEKOAUPOBAHHBIN cUrHaJ 11 omMOKKM MPOrHO3UPOBaHMS. DTOT MOAYJb 101 1eKoaupoBaHUS
OIIMOOK MPOTHO3UPOBAHUS BBITIOIHSET TPOILECC, SKBUBAJICHTHBIN ITPOLECCY, BBITTOTHIEMOMY
rnocpeacTBoM Moy 10 JIOKaJIbHOTO NEKOAUPOBAHUS B YCTPONUCTBE KOAMPOBAHUS
1300 pakeHMi, ITOKa3aHHOM Ha (ur.2.

Monayne 102 mporHo3upoBaHUS CO3IAET CUTHAMI 12 MPOTrHO3UPOBAHKUS KaK U3 ITAPAMETPOB
17 ist co3iaHus CUrHAIAa IPOTHO3UPOBAHMS, JIEKOAUPOBAHHBIX IMOCpEeACTBOM Moaya 100
JIEKOAUMPOBAHUS IEPEMEHHOM JIJTMHBI, TAK U U3 OMOPHOI'O CUTHAJIA 15 u300paxeHus,
COXpaHEHHOTro B 3anmoMuHaroiiem ycrponcrse 103. XoTst moaynab 102 mporHo3upoBaHust
BBIIOJIHAET IIPOLECC, SKBUBAJIECHTHBIN ITPOLIECCY, BBIIIOJIHIEMOMY ITOCPEICTBOM MOAYJIS 4
MPOTHO3UPOBAHUS B YCTPONUCTBE KOIUPOBAHUS U300paKEHUI, ITOT MPOIIECC HE BKITIOUAET B
cebst orepanyv 0OHAPYKEHUS BEKTOPA IBHKEHUsI. PesKuM MpOTHO3UPOBAHUS ABUKEHUSI UMEET
mo0oit u3 me_modeO-mc_mode7, moka3aHHbBIX Ha (ur.4, 1 MOy 102 TPOTHO3UPOBAHUS
CO3/Ia€T MPOTHO3UPYyeEMOe U300pakeHue 12 mocpecTBOM UCTIOJIb30BAHUS BEKTOPA JIBUKEHUS,
BBIZIEIISIEMOTO KaXKIOMY Oa3UCHOMY OJIOKY COTJIACHO pa3/IelICHHBIM (hopMaM.

JlekoaupoBaHHbIN cUrHal 11 OMIMOKY TPOTHO3UPOBAHHUS U CUTHA 12 MPOTHO3UPOBAHUS
CYMMUPYIOTCSI TIOCPEJICTBOM MOAYJIS CYMMAaTOpa U BBOASITCS B KOHTYpHBIN punbTp 104 B
KauyecTBe IEKOAUPOBAHHOIO CUrHaJA 13. DTOT 1eKOAUPOBAHHBINM cCUTHAN 13 coxpaHseTcs B
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3aIOMHUHAaIoIIeM ycTpoicTBe 103 B KauecTBe OIMMOPHOIO CUTHAJIa 15 u300pakeHus IIs
CO3JaHUs MTOCIIEIYIOIIErO CUTHANIA 12 MPOTHO3UPOBAHUS TOCTIE TOTO, KAK JIEKOIMPOBAHHBIN
CUTHAJI OJIBEPraeTcsl MPOLECCy yIaJIeHUs lIyMa KOJAUPOBaHUs B KOHTYpHOM (uinbTpe 104.
XOTsI He MPOWJUTIOCTPUPOBAHO HA GUT.18, KOHTYpHBIH GUIbTP 104 BBITOIHSIET MPOLECC,
SKBUBAJICHTHBIN MPOIIECCY, BBITTOJHIEMOMY MTOCPEICTBOM KOHTYpHOTO (huinbTpa 14 B
YCTPOUCTBE KOJMPOBAHMS U300paKeHUM, TOCPEACTBOM UCIIOIb30BaHUs MH(popMaluu 20
K02 puireHTOoB GHUIHTpaIMKU B TOMTOTHEHHUE K TapaMeTpam 17 A1t CO3JaHus CUTHATIa
MIPOTHO3UPOBAHUSA U ITapaMeTpam 19 KBaHTOBaHUS, KOTOPBIE OJTYyYatOT TOCPEACTBOM
JIEKOAUPOBaHUS TOCpeACTBOM MOy 100 1eKoAMpPOBaHUS IEPEMEHHOM JIIMHBI, YTOOBI
CO3/1aBaTh ONMOPHBIN curHal 15 uzodpaxenus. OTivyre Mexay KOHTYpHbIM QUiIbTpoM 14
YCTPOMCTBA KOJIUPOBAHUS N300paKeHHI U KOHTYPHBIM (uinbTpoM 104 ycTpoiicTBa
JIEKOAMPOBAHUS U300pAKEHUI 3aKITFOYAETCS B TOM, UTO TOT/a KaK MEePBBIN CO3/1aeT
uHpopMmanuro 20 Ko3¢pGUIMEeHTOB GUIBTPAIMUA B OTHOIIIEHWH KOAUPOBAHHOTO CUrHana 3,
KOTOPBIH SIBJISETCS CUTHAJIOM UCXOHOT'O N300 pa’keHUsI, BTOPOI BBITIOIHSIET MPOLECC
(bunbTpanuu B oTHOIeHUM nHpopMaIiuu 20 ko3hPpuuueHToB GUIbTpanuu, oOHAPYKEHHOM
MMOCPEACTBOM JEKOIMPOBAHUS TTOTOKA 9 OUTOB.

Jlanee onuchIBaeTCs MPOLECC IEKOAUPOBAHUS PEKUMA TTPOTHOZUPOBAHUS JBUKECHUS U
BEKTOPA JBUKECHUS KAXKIOT'O OTIOPHOTO 0JI0KA, KOTOPHIH BBITIOJIHIETCS ITOCPEACTBOM MOIYJIS
100 mexoaupoBaHUs IEPEMEHHON JIJIMHBL.

@®ur.19 noka3pIBaeT BHYTPEHHIOK CTPYKTYPY, ACCOUUUPOBAHHYIO C ITPOLECCOM
apu(pMETUIECKOTO IEKOTMPOBAHUS, BBITTOTHSIEMBIM ITOCPEACTBOM MO TyJIst 100 1eKo1upoBaHUs
NepeMeHHOM TMHBI, U (Ur.20 MoKas3bpIBaeT MOCIEA0BATEIbHOCTD ONEpaLUii ITpolecca
apu(MeTUUECKOTO JEKOIUPOBAHUSI.

Moayns 100 nekoaAupoBaHUs MEPEMEHHOM JJIMHBI B COOTBETCTBUM C 3TUM BapUaHTOM 1
OCYIIECTBJIEHUS] COCTOUT U3 MOAYJIA 21 onpe/ienieHnst KOHTEKCTHBIX MOJEIIEH 1711 OIPEIETICHUS
TUIA KaXbIX U3 TAHHBIX, KOTOPbIE JOIKHBI ObITh I€KOIMPOBAHbBI, BKJIIOUAIOIIUX B CEOs
napaMeTpsl 17 i1 coO31aHusl CUTHAJIA TPOTHO3UPOBAHKS, BKITIOUAIOIIUE B Ce0s1 PEXKUM
MPOTHO3UPOBAHUS JBUKEHUSI, BEKTOP ABUKEHUS U T.J., CKATHIE TaHHBIE 7 OIIMOKU
MMPOTHO3WPOBAHUS U MapaMeTphl 19 KBAaHTOBAHUS, YTOOBI ONPEIEIATh KOHTEKCTHYIO MOJIEb,
KOTOpasi 3a/1aeTcs o011el ¢ yCTPOMCTBOM KOJIUPOBAHUS U300paKeHUM, 1T KAXKIOM LElH,
KOTOpasi I0JDKHA OBITh IeKOJMPOBAHHBIMU JAHHBIMHU, MOJTYJIS 22 TpeoOpa30oBaHuUs B
JIBOMUYHYIO (hOpMY JIJTSI CO3/IaHUSI TTpaBuiIa MpeoOpa3oBaHUs B IBOMUYHYIO GOpPMY, KOTOPOE
3aJ1a€TCsl COTJIACHO TUIY KaXIbIX TaHHBIX, KOTOPBIE JOJKHBI ObIThH IEKOAUPOBAHbBI, MOTYJISI
23 co3naHus BEPOSITHOCTEN MTOSBIICHUS TSI [IPEIOCTABIIEHUS BEPOSITHOCTH MOSIBJIEHUS KAXKOTO
aneMmeHTa BoIOOPKH (0 um 1) cormacHo mpaBuily mpeodpa3oBaHus B IBOMUHYIO (popmy U
KOHTEKCTHOM MojieTi, MoayJIst 105 meKoaupoBaHMS 711 BBIIOJTHEHUS apU(PMETHIECKOTO
JIEKOAUPOBAHHUSI COTJIACHO CO3/IAHHOM BEPOATHOCTH IMOSIBIIEHUS U AEKOAUPOBAHUS
KOJMPOBAHHBIX JAHHBIX HA OCHOBE JIBOUYHO MOCIIE0BATEIbHOCTH, OOHAPYKEHHON KaK
PeE3yIbTAT apUPMETUIECKOTO JEKOAUPOBAHMSI, U BBIIIEYKA3aHHOTO MPABUIIA ITPe0Opa30BaAHUS
B IBOMYHYIO (DOPMY, ¥ 3aIIOMUHAFOIIETO YCTPOUCTBA 25 MH(POPMAIIMU BEPOSTHOCTH MOSIBIICHUS
JUUIS coXpaHeHus: nHpopMmanuu 28 BeposITHOCTH MosiBIeHUs. KakabIii MO1yJIb, KOTOPBIM
0003HaYeH CChbUIOYHOM ITO3UIIMEN, NIEHTUYHOMN CChUIOYHOM ITO3UIIMNA, 0003HAYAIOIIIEN
BHYTPEHHUM KOMIIOHEHT MOIYJIsl 8 KOJUPOBAHUS TIEPEMEHHOM JIJIUHBI, TOKA3aHHOTO Ha
¢ur.10, u3 Moj1yel, MoKa3aHHbIX Ha (UT. 19, BBITIOIHSET ONepalUIo, UICHTUYHYIO ONIEPaLUIH,
BBIMOIHSIEMOMN OCPEACTBOM BHYTPEHHETO KOMIIOHEHTA.

(E) IIpouecc onpeneneHuss KOHTEKCTHON MOJIENH, ITpoLecc MpeoOpa30oBaHUsI B JBOUYHYIO
dbopMy U Tiporiece co3aanus BeposiTHocTy nosiBiieHus (dtambl ST11-ST13, mokazaHHbIE Ha
¢ur.20)
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ITockonbky 3TH ipouecchl (3Tanbl ST11-ST13) aBisAOTCS aHATTOTUYHBIMM ITpoLeccam (A)
-(C) (aramam ST11-ST13, moxa3aHHbIM Ha (ur. 11), BEITTOIHIEMBIM TOCPEACTBOM YCTPONUCTBA
KOJAMPOBAHUS U300 paKEHUI, TOSICHEHUE 3TATIOB Jlajiee omyckaeTcs. JJist onmpeneneHus
KOHTEKCTHOW MOJEIIA, KOTOPAS UCIIOJIb3YETCS JIsl ACKOIMPOBAHUS PEXXKUMA ITPOTHO3ZUPOBAHUS
JIBUDKEHMST M BEKTOPA JIBUKEHUS, 00paIaAlOTCS K BhIIIEYKa3aHHOMW IEKOIMPOBAHHOM
uHpopmaiuu 27 BbIOOpA KOHTEKCTHOM MOJIEIIH.

(F) ITpouecc apudmernueckoro aekoaupoBanus (3tamsr ST21, ST15 u ST22, moka3aHHbIE
Ha ¢ur.20)

ITockonbKy BEpOSITHOCTH MOSBJIEHUS 3JIEMEHTA BIOOPKU, KOTOPHIH Moaysb 105
JIEKOAMPOBAHHUS JOJIKEH IEKOAUPOBATH C 3TOI'O BPEMEHH, OIPEAECIISIETCS B BBILIEYKA3aHHOM
niponecce (E), Moaynb 105 nekoaupoBaHUst BOCCTAaHABIMBAET 3HAUEHUE 3JIEMEHTA BRIOOPKU
COIJIACHO 3aIJaHHOMY Mpolieccy apudmeTndyeckoro aekoaupoBanus (atam ST21).
Boccranosnennoe 3nauenue 40 (¢pur.19) anemMenTa BBIOOPKHM BO3BpAIlaeTCsl B MOAYJIb 23
CO3J1aHUs BEPOSITHOCTEN MOSIBIIEHUS], U YACTOTA BO3HUKHOBEHUS Kaxa0oro u3 0 u 1
MOJICYMTHIBAETCS /1151 OOHOBJICHUS UCTIOIb3YyeMOi MHGOpMaIKK 28 BEPOSITHOCTH MOSIBJICHUS
(atan ST15). Kaxasiit pa3, koraa BOCCTAHOBJIEHHOE 3HAUEHUE KaXI0T0 3JIEMEHTA BEIOOPKU
onpeaensercs, Moayiab 105 n1eKkoaupoBaHUs MPOBEPSET TO, COBNANAET UIIA HET
BOCCTAHOBJIEHHOE 3HAUYCHHE C I1a0JIOHOM JTBOUYHOM IMOCIEA0BATEIBHOCTH, OTIPEACIIEHHBIM
COTJIACHO TIPaBHITy MpeoOpa30OBaHMs B IBOMUHYIO (DOPMY, ¥ BBIBOAWT 3HAUCHHUE TAHHBIX,
YKa3bIBAEMOE MOCPEICTBOM I1a0JI0HA, C KOTOPBIM BOCCTAHOBJIEHHOE 3HAYEHHE COBITAI1A€ET,
B KauecTBe 3HaueHus 106 mekoaupoBaHHbIX NaHHBIX (3Tan ST22). Ecinu nekoaupoBaHHbIE
JTAHHBIE HE OIPEIEIAIOTCS, MOAYJIb IEKOAMPOBaHUs Bo3Bpataercs k aramy ST11 u
MIPOAOJIKAET MPOLECC IEKOIUPOBAHUS.

Xotst uHpopManus 27 BBIOOpa KOHTEKCTHON MOJIETTH MYJIbTUILICKCUPYETCS B €IMHUIIAX
OTIOPHBIX OJIOKOB B BBIIIEYKA3aHHOM IOSICHEHUH, UH(OPMAIUs BBIOOpAa KOHTEKCTHOW MOEITH
MOXET OBITh AJIbTEPHATUBHO MYJIbTUILUIEKCUPOBAHA B €IMHULIAX CEPUli TTOCTIEA0BATEIbHBIX
MakpoOJIOKOB, u300pakeHuii u T.1. B ciiyyae, eciin nuadopmanust BBI0opa KOHTEKCTHOM
MO/IEJIN MYJIbTUINIEKCUPYETCS B Ka4eCTBe hiara, pa3meniaeMoro Ha 60jiee BBICOKOM YPOBHE
JTAaHHBIX, K TIPUMEPY CEPUM MOCIIEIOBATEILHBIX MAKPOOIOKOB, M300PaKEHUS UITH
MOCJIeIOBATEIIBHOCTH, M COOTBETCTBYIOIIASI CTEIIeHb 9(D(PEKTUBHOCTH KOAUPOBAHUS MOXKET
OBITH OOEcTIeueHa MOCPEICTBOM MEPEKTIOUCHUST MEKY BEPXHUMHU YPOBHSIMU BbIIIE CEPUU
MOCJIeI0BATEIbHBIX MAKPOOJIOKOB, 00BEM CITy)KEOHBIX OUTOB MOXKET ObITh YMEHBIIIEH 0€3
MYJIBTUIIICKCUPOBAaHUS MHGOPMAaNUK 27 BHIOOpA KOHTEKCTHON MOJIEITU TTOCIIEIOBATEILHO
Ha YpOBHE OIOPHOTO OJI0Ka.

Kpome Toro, undopmanus 27 BIOOpa KOHTEKCTHOM MOJIEIIA MOXKET OBITh MH(POPMAIUEH,
KOTOpast OpeeIIsieTCsl B YyCTPONUCTBE IEKOIMPOBAHUS U300paKEHUH COTIIACHO CBSI3AHHOMN
uH(OpMaLuK, OTIIMYAIOIIEHCS OT MH(pOPMAIUK BBIOOPA KOHTEKCTHOM MOJIEIIH M BKITFOUSHHON
B MOTOK OUTOB. [ToMUMO 3TOTO, XOTSI B BbIIIIEYyKA3aHHOM TMOSICHEHUH TTOSICHSIETCS TO, UTO
MOZYJb 8§ KOJIUPOBAHUS NTIEPEMEHHOM JUIMHBI U MOAyb 100 neKoaMpoBaHUs IEPEMEHHOMN
JUTUHBI BBITIOJTHSIIOT TIPOIECC apu(PMETUUECKOTO KOIMPOBAHUS U TIPOIIECC apu(PMETHUECKOTO
JIEKOMPOBAHUSI, 3TH ITPOIIECCH MOTYT OBITH MMPOLIECCOM KOAUPOBaHUs MeTo1oM XaddmaHa
U TIPOIIECCOM JIEKOAUpOBaHus MeToioM Xaddmana, u unpopmaius 27 BBIOOpa KOHTEKCTHOM
MO/IEJIM MOKET OBITh UCIIOJIb30BAHA B KAUECTBE CPEICTBA JIJISl AJalITUBHOT'O U3MEHEHUS
TaOJIUIBI KOAUPOBAHMSI IEPEMEHHOMN JJTUHBI.

VerpoiicTBa KOAUPOBAHUSA U AEKOIUPOBAHUS U300 PAKEHUI, KOTOPbIE UMEIOT TAKYIO
CTPYKTYDPY, KaK yKa3aHO BBILIE, MOT'YT BBIPAKATH UEPAPXHUIO PEXKUMOB UEPETOBAHUS U MOTYT
aJIalITUBHO KOJUPOBATH UH(POPMAIUIO, BKITIOYAIOIIYIO B Ce0sI peKUM MTPOTHOZUPOBAHUS
JIBUKEHUS] U BEKTOP ABUKEHUS, COTJIACHO BHYTPEHHEMY COCTOSIHUIO KAXKI0TO OIMOPHOTO
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0J10Ka, KOTOPBIH TIOJIKEH OBITh KOJIUPOBAH, K MOTYT, CJICIOBATEILHO, 3 (EKTUBHO BHITIOJIHSATh
KOJMPOBAHHUE.

Kak ynmoMsiHyTO BBIIIIE, yCTPOMCTBO KOIUPOBAHUS M300PaKEHUM B COOTBETCTBUH C
BapUAHTOM | OCYIIECTBJICHUS UMEET TAKYIO CTPYKTYPY, YTO OHO BKITIOUAET B C€0sI MOTYJIb
4 MPOTHO3WPOBAHUS TSI aIAIITUBHOTO OIPEIEIICHHUs pa3Mepa KakI0ro eIMHUYHOT0 OJT0Ka
IIPOTHO3UPOBAHUS JIBH)KEHHUS COTTIACHO CUTHAJIAM I[BETOBBIX KOMIIOHEHTOB U JISl pa3/ICICHUS
KaXXI0TO eIUMHUYHOTO 0JI0Ka TPOTHO3UPOBAHUS IBM)KEHHUS HA 00JIACTH BBIJICJICHUSI BEKTOPOB
JIBWOKEHUSI, YTOOBI BBIMOJIHATD ITOUCK BEKTOPA ABUKCHHS; U MOIYJIb 8 KOJUPOBAHUS
MepEeMEHHOM JUTMHBI TSI BBITIOJTHEHUSI, KOT/1a BEKTOP JABWKCHUSI BBIIEIISCTCS ITOJTHOCTHIO
KaXXJI0MY €IMHUYHOMY OJIOKY ITPOTHO3UPOBAHUS JIBUKCHHMSI, KOJIMPOBAHUS, UTOOBI CO31aBaTh
IMOTOK 9 OMTOB IMOCPEACTBOM 3aJaHUS PEKUMA ITPOTHO3UPOBAHUS IBHIKCHUS KaK pPeKuMa
mc_skKip, ecIM BEKTOP JBWKEHHUSI PABEH OLICHEHHOMY BEKTOPY, KOTOPBIN OTIpeIeIsIeTCs U3
BEKTOPOB JIBM)KEHHUS B OKPYIKAIOIIUX SAMHUYHBIX OJI0KaX MPOTHO3UPOBAHUS IBHKCHHUS, U
JTAHHBIX, KOTOPBIE JOJDKHBI OBITh KOAUPOBAHBI KAK CUTHAN 5 OMMOKU MPOTHO3UPOBAHUS
JIBWKEHUS, HE CYIIIECTBYET, U JJISI BBIITOJTHEHUS, KOTAa KaXcaas U3 o0JiacTel BBIACIICHUS
BEKTOPOB ABMKCHHUS UMEET pa3Mep, PAaBHBIN WJTH ITPEBBIMIATONTHI 33 JaHHBIN pa3Mep, U BEKTOP
JIBWKCHUSI BBIJICIISICTCS ITOJTHOCTBIO JIJIST KaXK/I0M U3 00J1acTel BBIJCIICHUS! BEKTOPOB JIBHIKEHUS,
KOAUPOBAHMUS, UTOOBI CO3/1aBaTh IMIOTOK 9 OMTOB IOCPEACTBOM 3aJaHUS PEKUMA
MIPOTHO3UPOBAHMS JIBM)KEHHUS KaK peskuMa sub_mc_sKip, €ClIi BEKTOP JIBHKEHUST PaBEH
OIIECHEHHOMY BEKTOPY, KOTOPBIN ONPEALIISACTCS U3 BEKTOPOB ABMKCHUS B OKPYKAFOIIMX
00J1aCTSIX BBIJICIICHHUSI BEKTOPOB JIBW)KEHUS, U JAHHBIX, KOTOPBIE IOJIKHBI OBITh KOJUPOBAHBI
KaK CUTHAJI 5 OIIMOKH ITPOTHO3UPOBaHUS, He cylecTByeT. Cle10BaTeIbHO, YTOObI
3¢ (HeKTUBHOTO KOAMPOBATH IBETOBOM BUICOCUTHAT, UMEIOIIHIA (hopMaT 4:4:4, yCTPONUCTBO
KOJMPOBAHUS U300 paKECHUIM MOKET BBIpAXKATh UEPAPXHMIO PEKUMOB UepPEIOBAHUSI U MOKET
aJJalITABHO KOJAMPOBATh MH(POPMALMIO, BKITIOYAOIIYIO B Ce0sl peXKUM IIPOTHO3UPOBAHUS
JIBWKEHUST M BEKTOP JTBUKEHUS, COTIIACHO BHYTPEHHEMY COCTOSIHUIO KaX/I0TO OIMIOPHOTO
0J10Ka, KOTOPBIH JOKEH OBITh KOAUPOBaH. Kak pe3ysibTat, pH BHITTOJTHEHUH KOAUPOBAHUS
Ha HU3KOM CKOPOCTH TIepeIauu B OUTaX, MPEIOCTABIISIFOIIETO BICOKHI KOI(PPUIMEHT CKATHUS,
YCTPOMCTBO KOJIUPOBAHUS U300 paKeHUIM MOKeET 3(PPEKTUBHO BBITTOJIHITH KOAUPOBAHKE ITPU
YMEHBIIICHUH 00beMa KOJIa BEKTOPA ABMIKEHUS.

KpomMe Toro, ycTpoicTBO TeKOAMPOBAHMS U300 PaKEHUI B COOTBETCTBUHU C BAPHAHTOM |
OCYIIECTBJICHUSI UMEET TaKyIO0 CTPYKTYPY, YTO OHO BKJIIOYaeT B ceOst Moaysib 100
JIEKOIUPOBAHUS TIEPEMEHHOM JUTMHBI TSI IEKOIMPOBAHUS TTOTOKA 9 OMTOB, BBEJICHHBIX B
HEro, YTOOBI ITOJIYYUTh ITapaMeTpbl 17 JIJIs CO3TaHUsI CUTHAJIA TTPOTHO3UPOBAHUS,
ITOKAa3BIBAOIIETO Pa3Mep KakKI0TO €AMHUYHOTO OJIOKA IPOTrHO3UPOBAHUS IBHKCHUS, PEXKHM
MTPOTHO3WPOBAHMS JIBHMKECHUS JIJIS yKa3aHKs (POPMBI KaXK101 U3 001acTel BBIICIICHUS] BEKTOPOB
JIBWKEHHUSI, HA KOTOPBIE KaXKIbIM ¢IMHUYHBIN OJIOK ITPOTHO3UPOBAHUS ABHIKEHUS Pa3IeiIseTCs,
Y BEKTOD JIBMKEHHS, COOTBETCTBYIOIINM Ka)KI0M 0OJIACTH BBIICIIEHUST BEKTOPOB JIBH)KEHUS,
U JIJIs1 OTIPEACIICHUS TOTO, HAXOIUTCS WIIM HET KaXKIbIi ¢IMHUYHBIN OJIOK MPOTHO3UPOBAHUS
JIBIDKEHUS B PEKUME MC_skip U HAXOAUTCS UJIM HET OJ[HA U3 00J1aCcTel BBIICTICHUSI BEKTOPOB
JIBWKEHUS B peskuMe sub_mc_skip, U3 BbIIIIEyKa3aHHOTO PEKUMAa IPOTHO3UPOBAHUS IBHUIKECHUS,
¥ MoayiIb 102 IpOrHO3UPOBAHMS JIJIs OIIPEAeTICHHS, KOT/1a €IMHUYHBIN OJIOK IIPOTrHO3UPOBAHUS
JIBWKEHUST HAXOAUTCS B PeKUMe mc_skip, WM 0/THa U3 00J1acTel BBIJEIICHUS] BEKTOPOB
JIBWOKEHUST HAXOAUTCS B pesknuMe sub_mc_skip, OIEeHEHHOTO BEKTOpa U3 OKPY)KAIOIIHMX BEKTOPOB
JIBWKEHUS M 3aJTaHUS 3TOTO OIICHEHHOTO BEKTOPA B KAUECTBE BEKTOPA ABMKCHHMS, a TAKXKE
3aJ]aHUS BCEX JIEKOJAMPOBAHHBIX CUTHAJIOB 11 OIIMOKM IMPOTHO3UPOBAHUS PABHBIMM HYIIIO,
yTOOBI CO3AaBaTh CUTHAII 12 IMIPOTHO3MPOBAHUS, U IS CO3IaHUs, KOT/1a SAMHUIHBIN OJIOK
MTPOTHO3WPOBAHMUS JBMKECHUS HE HAXOIUTCS B pexknMe mc_sKip ¥ 00J1aCTH BBIJICIICHUSI BEKTOPOB
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JIBIKEHUS €IMHUYHOTO OJIOKA MPOTHO3UPOBAHUS IBMKEHUSI HE HAXOSATCS B PeKUME
sub_mc_skip, curHana 12 mporHo3upoBaHusl HA OCHOBE PEXUMa ITPOTHO3UPOBAHMUS IBUKECHUS
U BEKTOPA ABUKEHUsI, KOTOpbIe MOAYIb 100 AeKOIMPOBAHUS IEPEMEHHOM ITTMHBI MOJIy4aeT
IIOCPEJICTBOM JIEKOJUPOBAHUS TOTOKA OMTOB. COOTBETCTBEHHO, YCTPONUCTBO AEKOAUPOBAHUS
BUZIEO MOXKET UMETh TAKYIO CTPYKTYPY, UTO OHO COOTBETCTBYET BBIIIIEYKA3aHHOMY YCTPOUCTBY
KOJMPOBAHUS U300paKECHUIA.

XOTs B 3TOM BapuaHTe 1 OCyIIeCTBIEHUS TPUMED, B KOTOPOM KOAUPYETCS U IEKOIUPYETCS
BUicOCUTHAI 4:4:4, TOSICHSIETCSI, pa3yMeeTCsl, YTO MPOLECChl KOJIMPOBAHUS U IEKOIUPOBAHUS
B COOTBETCTBUM C HACTOSIIIIMM U300PETEHUEM MOTYT IIPUMEHSITHCS K CIIy4aro, B KOTOPOM
KOJUPOBAHUE U JIEKOIMPOBAHHUE BBITIOIHSIOTCS B €IMHULIAX OMOPHBIX OJIOKOB, K IPUMEPY
MaKpOOJIOKOB, IPU KOJAUPOBAHUHU BUJIE0, HATTPABIEHHOT'O HA TO, YTOOBI KOJUPOBATH BUEO,
uMmeroniee popmat 4:2:0 um 4:2:2, B KOTOPOM orepanus pa30oaBIeHHs [BETOB BBIMOITHIETCS
B 0OBIYHOM (hopMaTe BETOPA3HOCTHOT'O KOMIIOHEHTA SIPKOCTH, KaK YIIOMSHYTO BBIIIIE.

ITpowmpbiiieHHAs TPUMEHUMOCTD

ITockonbKy yCTPONCTBO KOJMPOBAHHUS U300paKEHUM, YCTPONUCTBO AEKOIUPOBAHUS
U300 pakeHUit, Criocod KOAUPOBAHUS U300PAKEHUIN U CLIOCOO JEKOAUPOBAHUS U300paAKEHUN
B COOTBETCTBHUHU C HACTOSIIIIUM U300PETEHUEM ITO3BOJISIIOT BBITIOJIHATH ONITUMATbHBIN ITPOLIECC
KOJIMPOBAHUS ISl BUJICOCUTHAIA, UMEIoLIETro (hopMat 4:4:4, OHU SIBIISIOTCS MTOIXOSIIUMHU
JUIS1 UICTIOJIb30BAHUS B TEXHOJIOTMU KOJIUPOBAHHUS CO CKATUEM U300 PaKEHUI, TEXHOJIOTUU
nepeaaym CKAThIX TaHHBIX U300paKeHUI U T.1I.

(57) ®opmyna nuzoopeTeHus

1. YeTpoiCcTBO IEKOIMPOBAHHUS N300 paKeHN!, KOTOPOE AEKOAUPYET KOJUPOBAHHBIN C
MIPOTHO3UPOBAHUEM ITOTOK OMTOB /17151 TOJYUYEHUS CUTHAJIA IBUXKYILLET OCs N300 paKeHUs, TpU
9TOM YKa3aHHBIN TOTOK OMTOB CO3AAETCS IIOCPEICTBOM PA3/ICICHHUS KaXKIOT0 KaIpa CUTHAIIA
JBHKYIIETOCsl U300pakeHUSI HA MHOKECTBO OJIOKOB U, IOCPEICTBOM BBIIIOJTHEHHUS
MIPOTHO3UPOBAHUS ABWKEHUS JIJI51 KAXKIOTO U3 OJIOKOB, yCTPOUCTBO JIEKOIUPOBAHUS
U300 paXKEHUI COEPKUT:

0JIOK apUPMETUUECKOTO JEKOAUPOBAHUS [IJIs1 IEPEKITIOUEHHUSI MEXy BEPOSITHOCTSIMU
TMTOSIBIIEHUS COTJIACHO TOMY, UMEET WIIM HET OKPYXKAIOIINI OJI0K yKa3aHHOTO OJI0Ka, peXKUM
yepeoBaHuUs AJIsl JeKOAUPOBAHUS IOTOKA OUTOB;

OJIOK IeKOIMPOBAHUS TSI IEKOUPOBAHUS TOTOKA OUTOB ISl MTOTyUYeHHs MH(OPMALHH,
yKasplBarollel pazMep 0j10ka, MH(OpMaLUy, YKa3bIBAIOLIEH TOPOTOBOE 3HAUEHUE pa3Mepa
0J10Ka, IEPBOTO PEKMMA MTPOTHO3UPOBAHUS ABUKEHUS 17151 IEPBOTO €IMHUYHOTO OJIOKA
MIPOTHO3UPOBAHUS ABMKEHUS, KOTOPBIN COOTBETCTBYET YKa3aHHOMY OJIOKY, U IS
JIEKOIMPOBAHMS ITOTOKA OMTOB ISl TOJIYYEHUsI BTOPOI'O PEKUMa IIPOTHO3UPOBAHUS IBUKEHUS
JUTISl BTOPOTO €IMHUYHOTO OJIOKA TPOTHO3UPOBAHUS IBMKEHUS, KOT/IA TIEPBBII PEXKUM
MIPOrHO3UPOBAHUS ABU)KEHUS HE SIBIISIETCS PEKUMOM UEPENOBAHUS U pa3Mep MEPBOIo
€IMHUYHOTO OJI0KA MPOTHO3WPOBAHUS ABMKEHUS OOJIBIIIE TOPOTOBOTO 3HAUCHMSI, TIPU 3TOM
BTOPOM €IMHUYHBIN OJIOK MPOTHO3WPOBAHUS IBUKEHUS TIOJTyYAETCS Iy TEM HEPAPXUUECKOTO
paszieneHus epBoro eAMHUYHOTO 0J10Ka MPOTHO3UPOBAHMSI IBUKEHUS; U

OJIOK MPOTHO3UPOBAHMS,

KOTJa NIEPBBIN PEKUM ITPOTHO3UPOBAHUS IBUKEHMUSI SIBIISIETCS PEXKUMOM YepeOBaHus,
JUTSL OTIPEIETIEHUS] OCHEHHOT'O BEKTOPA U3 OKPYKAIOIINX BEKTOPOB ABMKEHUS, U 3aTaHUS
3TOT'0 OLEHEHHOI'O BEKTOPA B KAUECTBE BEKTOPA ABUKEHUS JJIsl IEPBOTO €AMHUYHOIO OJIOKa
MIPOTHO3UPOBAHUS ABMKEHUS, YTOOBI CO3/IaTh MMPOTHO3UPYEMOE U300pakeHue, U

KOTJIa BTOPOM PEXUM IMPOTHO3UPOBAHMSI IBUKCHUS SBIISIETCS PEKUMOM UepeIOBaAHUS,
JUTSL OTIPEENIEHUS] OUEHEHHOI'0 BEKTOPA U3 OKPYKAIOUIMX BEKTOPOB ABUKEHUS, U 3a1aHUS
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3TOTrO OIICHEHHOTI'0 BEKTOPA B KAUECTBE BEKTOPA ABMIKEHHS 111 BTOPOTO SAMHUYIHOTO OJIOKA
MPOTHO3UPOBAHUS JBUKEHUSI, ISl CO3JAHUSI TPOTHO3UPYEMOTO U300 PAKEHUSL.

2. YCTpOMCTBO KOAMPOBAHUS U300paKEHUM, KOTOPOE CO3/1aeT KOJIUPOBAHHBIMN C
MIPOTHO3UPOBAHUEM ITIOTOK OUTOB, ITPU 3TOM YKa3aHHbIN TOTOK OUTOB CO3AAETCS TIOCPEICTBOM
paszzeneHrs KaxI0To Kajpa CUTHAIa ABUXKYIIErocs M300paKeHHs Ha MHOXKECTBO OJIOKOB
1, TIOCPEJICTBOM BBITTOJTHEHUS] TPOTHO3UPOBAHUS IBMYKEHMS IS KaXKA0T0 U3 YKa3aHHBIX
OJIOKOB, MPUUEM YIIOMSIHYTOE YCTPONUCTBO KOJMPOBAHUS U300paKEHUM COACPIKUT:

- MOAYJIb TPOTHO3UPOBAHUSI,

KOT/a MEePBbIN PEXXUM MPOTHO3UPOBAHUS ABUKEHUS JJIs IEPBOr0 €AMHUYHOTO OI0Ka
MIPOTHO3UPOBAHUS JBUKEHHSI, COOTBETCTBYIOIIUI OJIOKY, SIBISETCS PEKUMOM YepeIOBaHUS,
JUUTS OTIPENIeSIEHUs OLIGHEHHOT'O BEKTOpa U3 OKPYKAIOUIMX BEKTOPOB JIBUKEHUS, U 3a/1aHUS
3TOTO OIIEHEHHOTI'0 BEKTOPA B KAUE€CTBE BEKTOPA ABUKEHUS 151 IEPBOTO €AMHUYHOTO OJIOKA
MIPOTHO3UPOBAHUS JBHKEHMSI, UTOOBI CO3/IaTh MMPOTHO3UPYEMOE U300pakeHHUe, U

KOT/Ja TIEPBBIN PEKUM MPOTHOZUPOBAHUS ABUKEHUS HE SIBJISIETCS PEKUMOM UepeIOBAHUS
¥ pa3Mep MepBOro eAMHUIHOIO OJ10Ka MPOTHO3UPOBAHKS JIBUKEHHS OOJIbIIIE TIOPOTOBOTO
3HA4YeHUs, U Korga

BTOPOM PEXUM ITPOTHO3ZUPOBAHUS ABUIKEHUS JIJISI BTOPOTO €IMHUYHOTO OJIoKa
MIPOTHO3MPOBAHUS JBHKCHHMS SIBIISICTCS PEKUMOM YepPeIOBAHUS, BTOPOI eIMHUYHBIN OJIOK
MIPOTHO3UPOBAHUS JBUKEHUS TTOJTYUAETCS IyTEM UEPAPXUUYECKOTO Pa3ACIICHUS TIEPBOTO
€IMHUYIHOTO OJTI0KA TPOTHO3UPOBAHMUS IBUKEHHSI COOTBETCTBYIOILETO OJIOKY, /1715 OTIpeAeTICHUS
OLICHEHHOT'O BEKTOPA U3 OKPYKAIOIIUX BEKTOPOB ABUKEHUS, U 33JaHUSI ITOTO OLIECHEHHOT'O
BEKTOpa B KAYECTBE BEKTOPA JABWKEHMUS JJI1 BTOPOT'O AMHUYHOTO OJI0OKA TPOTHO3UPOBAHUS
JIBWKEHUS, IJIS CO3/TaHUSI TPOTHOZUPYEMOTO U300 PAKEHUST;

- MOJTYJTb KOJIMPOBAHUS TSI KOJUPOBAHUS HH(POPMAIUH, YKa3bIBaIoIeh pasmep OJIoka,
uH(popManuu, yKa3plBaroIlel MOPOroBoe 3HaUeHUe pa3Mepa 0J10Ka, IEPBBIM PEeKUM
MPOTHO3UPOBAHUS JBUKEHUSI, BTOPOU PEIKUM MPOTHOZUPOBAHUS JIBUKEHUS U BEKTOP
JIBWKEHUS; U

- MOJTyJTb apU(METUIECKOTO KOTUPOBAHUS TSl BBITIOJTHEHUST apu(PMETHUECKOTO
KOJMPOBAHUS TTOCPEACTBOM MEPEKITIOUEHHUS MEXTY BEPOSITHOCTSIMHU MOSIBIICHUS COTJIACHO
TOMY, UMEET UJIM HET OKPY KAIOIIMIA OJIOK YKa3aHHOTO OJI0KA, PEXKUM YepeIOBAHUS IS
CO3JaHUS IOTOKA OUTOB.
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