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MackupoBaHHe CTIJIM30BaHHBIX JBOMYHBIX H300pakeHHWI IPH WX XpaHEHHH WIH Iepefadye pacCMaTpPHBACTCS Kak
3¢ dexTrBHOE CPECTBO 3aMUTH OT HECAHKIMOHHPOBAHHOTO PACIO3HABAHWSA. AHAIM3HPYIOTCS BapHAHTHI CXKATOTO
TIPECTABICHNSI N300paKeHUH B TepMUHAX "0OBEKTHl — KOOPIUHATH" U UX NpeAcTaBiIeHus 6e3 cxarus. s mepBoro
BapHaHTa IIpe[ylaraeTcs aJrOpUTM MAacKHUpOBaHMS M 00cyxmaercs ero 3d¢pexTuBHOCTh. Ilokas3piBaeTcs, 4TO 3amada
MacKHpPOBaHMS JUIS APYroro BapHaHTa NPAaKTHYECKH Hepa3pelnMa. Y CTaHaBIMBACTCS IeJIecO00pa3sHOCTh BBEACHHUS

JIOTIOJTHATENILHOM 0aliTOBOM CETKH Kajpa.

1. CBs3b € pacno3HaAaBaHUEM

Cronmzanmsi  ToIpa3yMeBaeT IOoJydeHHe (TeHEepaIio)
IUIOCKHUX JIBOMYHBIX H300pKCHUN MAlIMHHBIM CIIOCOOOM.
DT0 MOryT OBITh KapThl pa3BEABIBATEIBHOTO XapakTepa,
KapTbl MOJIE3HBIX MCKOIA€MbIX, MOPCKHUE KapThbl FﬂyGI/lH n
JIp., Ha KOTOPBIX OOBEKTHI MPEACTABICHbI MX YCIOBHBIMHU
0003HAYCHHUSMHU, 4YEPTEKU KOHCTPYKIMHA U3 TUIOBBIX
JIETaNe,  DIIEKTPUYCCKHE  MPUHIUIHAIBHBIE  CXEMBI
MUQPPOBBIX YCTPOUCTB © T.J. Il0 YCIOBUIO OOBEKTHI
paccMarpuBaeMbIX H300paKEHUI He MepeceKarTCs.

[Trockoe nBOMYHOE M300paKEHHE HCIIONB3YET OHTOBYIO
cetky kaapa. CocrostHue Oura ¢ koopauHarami (i, j) — 1 nmubo
0. Kaxzapiii 00OBEKT 3aHMMAeT MPSIMOYTOJBHYIO 00JacTh
pasmepamu k' x I' 6ur, t — HOoMep Tuma oOwekta. Ero
uIeHTH(GUKALMA IPOMCXOMUT, HAmpuMep, IO IPaBoH
HkHel Tpanmne [1]. [lpuMeHeHWe OMOTHHUTEIHHOM
GaiiToBo¥ ceTkH (00BIYHO JUTMHA Oalita He mpeBbInIaeT § OuT),
TaKOW, 4YTO TpaHHULBl JIO00ro o0OBEKTa H300paKEeHUs
IPOXOIAT MO 3TOH CeTKe, IO3BOJSAET YHNPOCTUTH pEIICHHE

3aJaud  paclO3HaBaHUS B TepMHUHAX "OOBEKTHI —
KoopauHaThl" [2].
B o0em ciry4ae 3aJjaya  pacro3HaBaHUs

CTHJIM30BAaHHBIX JIBOMYHBIX M300paxkeHuil (hopmynupyercs
ciexyromM obpazom [1]. s JaHHOTO TPOUYIHOTO STaIOHA
(TpOoMYHON MaTpPUIIBI)

X’=‘x’
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(y — 4ucio TUNOB OOBEKTOB) HAWTH KOOPIWHATBHI BCEX
MOKPHIBAEMBIX KM OOBEKTOB JBOMYHOTO H300paXKCHHUS
(OyneBoit MaTpHIIbI)
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Bamueb x,, = (—) o3Hauaer Ge3pasnMUHOE (3AMACKUPO-
BAaHHOE) 3HAUEHHWE COOTBETCTBYIOIIErO 3JEMEHTa JITAJOHA.

MHOX€ECTBO 3aMacKHPOBAHHBIX AIIEMEHTOB OTOOpa)kaeTcs
€IMHUYHBIMHU JIEMEHTAMH MATPHUIIbI MACOK:
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MackupoBaHHe  MOXKET,  HalpuMep,  yYUTHIBAThH
JIOK&JIBbHO-/IETePMUHUPOBAHHbIC JedekTs 00BEKTOB,

CBA3aHHBIE C HEOONBIIMMH OTKJIIOHEHUSIMH DPa3MEpOB,
PacCIlOJIOKEHUA W yFJ'IOBOﬁ OpUCHTAIIUN HX OTACJIbHBIX
JJIEMEHTOB B CPaBHEHUU C JABOMYHBIM dTalloHOM. OJHAKO
BO3MOKHOCTH TaKOT'O MacKHPOBAHHS BEChbMa OTPaHUICHHBL.
B nanpHelimem paccmaTpruBaeMoe HM300paKEHHE B IEIOM
ToJIaraeTcs UIealibHbIM (KaXKAblid OOBEKT

B TOYHOCTH MOBTOPSIET CBOW TBOMYHBIH 3TAJOH), a pa3MephI
BCeX OOBEKTOB — OIMHAKOBBIMHU. 3ajadeil MacKHUpPOBAHUS
CUYHMTAETCA 3allUTa IePelaBaeMbIX MM XPAHUMBIX B MAMSITH
O9BM n300pakeHun oT HECAHKIMOHUPOBAHHOTO
pacno3HaBaHUs, YTO BECbMa AaKTyalbHO. AHAIU3UPYIOTCS
CIy4ad TIepenavyd M XpaHeHHWsS KaK CKaThiX (B TepMHHAX
"00BEKTHl — KOOPAMHATHI"), TaK W TOJHBIX HM300paKEHHH.
Ilenpto aHanu3a SBJIAETCS BBIACHEHHE pPa3peUIMMOCTH H
HaMeTKa BO3MOXKHBIX myTel  peleHus 3a1a4u
MAaCKHpPOBaHHS B 000HX CITydasx.

2. OCHOBHOIi aJITOPUTM MaCKHPOBAHUS

EcrectBeHHBIM  TpeOOBaHMEM K  MAacKHpPOBAaHHIO
00BEKTOB SBJISIETCSI B3aMMHAash HEMOKPBIBAEMOCTh JIIO0Oi
naphbl TPOUYHBIX STAJOHOB MHOXeECTBA {X'}, f € {1,y }, uTO

JIUKTYETCsI TpeboBaHUEM OJIHO3HAYHOCTHU
CaHKI[MOHHUPOBAHHOTO  pacmno3HaBaHusg.  JlocTaTouHoe
YCIIOBHE TaKOW HEMOKPBIBAEMOCTH — pasiHdue XOTs ObI B

tl
OOHOM 3Ha4dalleM JJIECMCHTC x[q TPOUYHBIX MaTpPHUI] X mn

12
X0z

DIeMEHTBI JTaJOHa X/, HE MOJIJICKALIIE
MAaCKHPOBAHHIO, OTPEICIICHbl CIUNHIYHBIMI KOMITOHCHTaMH

MHBEPCHOH MaTpuibl Macok M '= |n_1pq| UL 3TOro
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sTanoHa. Pemenne 3a1aul MacCKMpOBAHUS B IaHHOM CIydae
CYLIECTBEHHO MHOI03HayHO. J[Ba BO3MOXHBIX BapuaHTa
pelLIeHUs] Ha MHOXKECTBE JECATHUYHBIX LHU(p MOKa3aHbl Ha
puc. 1. TOqKaMH 0003HaueHBI COXpaHSIeMble 3HAUCHUS

ATEHERRRTE
59

L} ; L L}
L ] LB
ANTOPUTM  CIIy4ailHOTO  TMOWCKAa  COXPaHSEMBIX

Puc. 1

3JIEMEHTOB JIBOMYHBIX 3TAJIOHOB 33/laHHOTO MHOKECTBA

B ciTydae OMTOBOH CeTKM Kajpa Oy/ieM Ha3blBaTh OCHOBHBIM
AITOPUTMOM ~ MackupoBaHust. QDopMynHupyembli — nranee
AITOPUTM MOCTPOEH TAKUM 00pa30M, YTO KaXKAOH CirydaiHo
YIOPSAOYEHHOW  TIEPECTAHOBKE JBOMYHBIX  3TAJOHOB,
paccMaTpruBaeMbIX Ha ONPEEICHHOM 3Tare, OTBEYaeT CBOE
MHOXKECTBO BAapHaHTOB pEIICHHs 3aadd MacKHPOBaHUSI.
BbI6Op TOr0 MM MHOTO BapHaHTa BBIMOJIHAETCS CITyYaiHbIM
obpazoM. [lo3ToMy BepOSTHOCTH HECAaHKLIMOHHPOBAHHOTO
(6e3  3HaHWS ~ MAacKM)  pAacHO3HaBaHUS  OOBEKTOB
n300paXeHHs TOJDKHA OBITh JJOCTATOYHO HU3KOH.

O0603HaunM 4epe3 D; MHOXKECTBO PacCMaTpUBacMBbIX Ha
Ka)JIOM 3Tarne paboThl aIropuT™Ma ABOUYHBIX 3TaJIOHOB. [0
YCIOBUIO MHOXECTBO D, BKIIOYAET IIOJHBIA II€pEYEHb
TUIIOB TAJIOHOB TSI BCEX 00BEKTOB N300PaKEHHMS.

Ajaroputm

1.7:=0.

2.3aHyMepoBaTh CIly4ailHyl0 II€PECTAaHOBKY OSTAJIOHOB

MHO€ECTBa D; B HaTypaJlbHOM mopsike 3, 9,, ..., Iy,
obpasoBaB TeM cambeiM cnucok C; = (3)),j = 1,2, ... y.
JlonomHUTh 3TOT CHMCOK IYCTBIM 3JeMeHToM O, ,. Hu

OJIUH 5IeMeHT crmucka C; M3HAYaIbHO HE OTMEYEH.
3.i:=

4. j i, k
MHOXKecTBa Dy,,.

1.

1. Cumurats 3; NEpPBBIM JIEMEHTOM

5. Tloka He BCTpETUTCS] HEOTMEUEHHBIN 2JIEMEHT CITHCKA
C;j:=j+ 1. Ecnm B, me mycr, uamu k 1. 6. Mnase —k 1. 16.

6. 0; ® O, (mobutHo) — A (Oyaesa MaTpuLa).

7. IToka He BCTPETHUTCS] HEOTMEUESHHBIN SJIEMEHT CITMCKA
Cy :=j+ 1. Ecnu 3; He mycr, uaru K 1. 8. MiHaue —k 1. 13.

8.3, @ 3, (mobutHo) — A, (OyneBa MaTpuna).
9. A;:=A,.

10. A, & A, (nobutHo) — A,. Ecm A, # [0, wamm k1. 7.
Wnave — k. 11.

11. k:=k+ 1. Cuntars 3; k — snemMeHTOM MHOXKeCTBA Dy, ;.

12. A;: = A,. Ilepexon k 1. 7.
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13. Cmy4aiiHpIM 00pa3oM BBIOpaTh OJUH W3 EIUHUYHBIX

aseMeHTOB MaTpuubel A,. Ero koopauHatel (p, ¢q)
ONPENENSIOT  HOBBI ~ CAMHMYHBIA  DIEMEHT 71,
WHBEPCHOM  MaTpuubpl Macok M UL Bcex

HCOTMCUYCHHBIX 3TAaJIOHOB CIIMCKa Cl~

14. OrmeTuts d35emenTsl cnucka C; BKIIOYEHHBIE BO

MHOXECTBO Dy, ;.

15.1:=1+1;D;:=Dy,,,y: = k. Ilepexon x 1. 2.

16. ®opMupoBaHre HHBEPCHONH MAacKd I TOCJIEIHEro
HEOTMEUEHHOTo 371eMeHTa crucka C; cuMTaTh 3aKOHYEH-
HbIM. OTMETHUTBH 3TOT BJIEMEHT, AHHYJIMPOBAB TEM CaMbIM
crcok C; 1 MHOXKeCTBO Dy, (CeNaB UX ITyCTBIMH).

17.1:=1-1.Ecimu [ >0, ugru x . 18. Mnaue — x . 19.

18. [1oka He BCTPETUTCSI HEOTMEUEHHBIH 3JIeMEHT
cmucka C;

i:=i+ 1. Ilepexomk m. 4.

19. KOHELL.
PaGory  angropurma  wumocTpupyer  puc. 2.
[lepeynopsimoueHne  >IeMEHTOB IIpU  TEpexone  Ha

BBIIIECTOSALIMM YPOBEHb HA PUCYHKE HE IT0Ka3aHo. Toukamu
BbIIeNeHbl AneMeHThl cnuckoB C,. Kpyxkkamu — oTMeTkH
3THX 371eMeHTOB. DaKT aHHYJIMPOBaHHS CHHMCKa 0003HAUYEH
meTneii oOpaTHOW  CBSA3M  UIA  €r0  TOCIEIHETro
HEOTMEUEHHOTO  3j1eMeHTa. Lubpel Ha  cTpenkax
MPOCTABJICHBI B MOPAAKE HACTYIUVICHUA COBOKYITHBIX CO6I)ITI/II>1
MOIbEMA — CIIyCKa MEXIly YPOBHSMH. 3aMeuacM, Hallpumep,
gyro cruckn C, n C, aHHYJIMPOBAJIUCH MO YETHIpE pasa, a
crnucku Cj u C; — 110 ogHOMY.

1
C, g

o4 O (D D ()
i TN i
1 33 5 6. 22 44 4 2
c, o) () Y y ) Q)
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Dy 9, s 9, s O 5 s s Do
Puc. 2

[lepexon Ha BbIIECTOSIIMIA YpPOBEHb BCEr/la O3HAYAET
paszeneHne crnucka Oolee HHU3KOTO YpOBHS Ha JiBe
IIPOTUBONIOCTABJISICMBIC YJacCTH. Takas JAUXOTOMMU3aIMA
OCYILECTBIIAETCS. BHOBb BBOJUMBIM €JMHUYHBIM JIEMEHTOM

m,, = 1 MHBEpCHOH MaTpUIl MAacoK, MO0 IIEMEHT X,

pq
TPOUYHBIX JTAJIOHOB JUI1 OIHOM 4YacTH OKAa3bIBAETCA
€AMHUYHBIM, a JUIsl IpYrod — HyJeBbIM. M3 3TOro BhITEKAET
KOPPEKTHOCTb ~QJITOPUTMa B TOM CMBICJIE, 4YTO OH
JIEICTBUTENIBHO PEIIAeT MOCTABICHHYIO 3aady.

Ha puc. 3 npencraBieHbl MOJIy4eHHBIE IPOrPaMMHBIM
MyTeM [0 OTOMY QaJIrOpUTMy HEKOTOPBIE BapHAHTHI
MacKMpOBaHMSI  JUIS  TpeX  paslIMUHBIX  MCXOIHBIX
HepeCcTaHOBOK AECATHYHBIX LUMP. 31ech no-npexHeMy k' =5,
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1" = 3. Mox kaxoit U(pPOI MPUBOIUTCSA COOTBETCTBYOMIAS
WHBEPCHAs MaTPHUIIA MACKH.

IlpennoxxeHHbId aNrOpUTM JaeT pelieHue 3ajlavu
MacCKMpOBaHHMS IPpH XPAHEHWHM UM I[IEpEaade CKaTroro
MpECTaBICHU W300paKCHUH B TEPMHHAX "OOBEKTBI —
koopauHaThl". TeM caMmbIM yCTaHOBIIEHA MPHHITUIHATBHAS
pa3pemiMMOCTh 3aJaud Uil JaHHoro ciaydas. Ilpu stom
06’beKT]:l OIIMCBhIBAKOTCA TPOUYHBIMHU MaTpuiamMu,
3aMAaCKUPOBAHHBIE  3JIEMEHTBI  KOTOPBIX  3aIOJHSIOTCS
cIy4aiiHBIM 00pa3oM C WCIIONB30BaHHEM MPOIECTYPHI
parmomm3annu. s pacmo3HaBaHHMA OOBEKTa HAIO 3HATH
€ro TOYHBIH (JIBOMYHBIN) 3TAJIOH U COOTBETCTBYIOIIYIO EMY

MacKky. OTa MacKa SBISE€TCA  3aKpPBITBIM  KJIIOUOM,
MepeiaBaeMbIM 10 CHELKAHAIY.

0 1 9 6 7 8 2 5 4 3
100 100 100 100 100 100 000 000 100 100
000 000 001 000 000 000 000 000 000 001
010 000 000 000 00l 010 000 000 001 000 a
100 000 010 100 010 100 110 110 010 010
010 010 010 010 010 o010 010 010 010 010

3 2 6 9 8 0 7 4 1 5
000 000 010 000 000 000 000 000 000 010
100 000 001 100 001 001 000 001 001 001
001 000 000 001 010 010 001 010 010 000 o
000 010 010 000 010 010 000 010 010 010
001 001 001 001 o011 101 001 011 101 001

6 0 9 7 2 5 4 1 8 3
100 110 100 100 100 110 110 100 110 100
000 001 010 010 010 001 000 000 001 010
010 010 010 010 010 000 000 010 010 010 &
000 001 001 001 001 001 001 000 001 001
000 000 000 000 000 000 000 000 000 000

Puc. 3

3. OdpexTUBHOCTH AJITOPUTMA

3a kpurepuil 3(QQHEKTUBHOCTH CGHOPMYITHUPOBAHHOTO
ITOPUTMA MACKUPOBAHHS MNPUHUMAETCs BEPOSTHOCTH P
MONy4YeHHsI "TPOTUBHUKOM" TOYHOW KONHMH BCEX MAacOK,
UCIIOJB30BAaHHBIX U XPaHCHWs WM Tepejayd JaHHOTO
n300pakeHHsl, TPH OJHOKPATHOM 3aIyCKEe OTKPBITOH
MPOrpaMMbI FeHEPaUU MacoK. D(HGEKTUBHOCTh TEM BBIIIIE,
YeM MEHbIIIE 3Ta BEpPOSITHOCTh. [logcunTaem 3HaueHue P s
npuMepa  MacKMpoOBaHMS  pHC. 3, a  COIJIACHO
3a()MKCHPOBaHHBIM 3Taram padoTHI MPOTrPaMMBbI, TIPUHSB 32
OCHOBY CJICAYIOIIE TIOJIOKEHHUSI.

Yucio pasnuyHBIX MEPECTAHOBOK 7 JJIEMEHTOB PABHO
n! [3]. TloaToMy BEepOSTHOCTH MOTyYSHHUS HWCHOIH30BAHHON
IIPY MAaCKUPOBAHUH NEPECTAHOBKH 71; SJIEMEHTOB i-T'0 YPOBHS
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(puc. 2) B cimydae paBHOMEpPHOTO pacripeneneHus ects 1/(n;!).
BeposiTHOCTH TOrO WM MHOTO BHIOOpa €AMHUYHOTO AJIEMEHTA
OyJeBoil MaTpuIbl A,; i-TO YpOBHS, COAEpXKaIIeH k; AUHNIL, B
TOM ke citydae paBHa 1/k;. CoriacHo TeopeMe yMHOKEHUS
BeposATHOCTeH [4], yuuThIBasg HAOIIOAAEMYIO AWHAMHKY
MEpEMEIIEHHS 1I0 YPOBHAM pHC. 2, AJsl pacCMaTpUBAaEMOTO
IpuMepa MoxyJaeM

I 111111111

21_0! ................. — =

38-10712.
15514511310

TakuMm ke cmocoOoM ObUIM TIOJICYUTAHBI BEPOSTHOCTH
reHepaliy TOYHOH KOIMM BCeX Macok amsi 10° cayuaitibix

MEPEeCTAaHOBOK 3TANOHOB MHOXkecTBa { 0,9 }. YcpemHeHHas

BEJTMYMHA BEpOsITHOCTH coctasmma 7,9-10'!. Do rosopur o
TEOPETUUECKH BBICOKOH 3((EKTUBHOCTH NpeaIaraeMoro
aNropUTMa MacKUpPOBAHUSL.

B  ycinoBusix mOpakTUKM ~— HaWJCHHBIE  3HAYCHUS
OTIPEJENSIIOT HIDKHUE TPAHUIIBI OLEHOK BEPOSITHOCTH, MO0
9TH 3HAYEHUs MOJYYEHHI U CTPOro PaBHOMEPHOTO 3aKOHA
pacnpenenenus. Mcnons3dyemele B [IOBM crangapTHble
MIPOrpaMMbl B TOYHOCTH HE peaju3yroT Takoil 3akoH. Kpome
TOTO, B YCJIOBHSX PaHIOMHU3AINU OOBEKTOB HE HCKIIOYECHA
BO3MOKHOCTh DPAaCHO3HABAaHUS Jdaxe IPH HECOBMAICHUU
Macok. [Iloatomy  Oojee  OOBEKTHUBHYIO  OLIGHKY
3G PEKTUBHOCTH MOXKET JaTh CTaTUCTUYECKHHA aHaJH3
9KCIIEPUMEHTAIIbHBIX IaHHBIX.

OKCIEepPUMEHT IPOBOAMIICS CIIEIYIOIUM 00pa3oM.

1. OpnHOKpaTHBIM 3aIlyCcK MPOrpaMMbl T€HEpaluu
Macok.

2. JoompezneneHHe 3aMacKUpPOBAaHHBIX 3JIEMEHTOB
00BEKTOB C HCHOJIB30BAaHMEM CTAaHAApPTHOM (yHKUIUH

PaHIOMM3aLUY S3bIKA IporpaMMupoBanust C++.
3. IIoBTOpHBIH 3aITyCK IIPOrPaMMBbl T'€HEPALIMU MACOK.

4. Vnentndukanus paHAOMH3UPOBAHHBIX OOBEKTOB C
HNCIIOJIB30BAHUECM BHOBB l'[OJ'Iy‘leHH])lX MaCOK.

5. IloBropenue . 3, 4 3a1aHHOE YKCIIO pa3 ¢ HAOOPOM
CTATHUCTHUKH.

Jst  memelr  skcmepuMeHTa  Obia  pa3paboTaHa
crenuanbHas nporpaMMHast cucrema. OiHa U3 ee mporpamm
CIy4aliHBIM 00pa3oM TeHEepUpyeT MacKu i 3aJaHHOTO
MHOX>XECTBaA O6'])€KTOB u IMpPOBOAUT HX PaAHIAOMH3AIUIO.
Hpyras mporpamMMa, HMUTHPYS OeHCTBHS '"TPOTHBHHKA",
UCIIONIb3YyeT TOYHBIE OSTAIOHBI W PaHIOMHU3UPOBAHHbIC
00BekThl. OHA TEHEPUPYET CBOM HA0OP MACOK, C TIOMOIIBIO
KOTOPOrO TPOBOJUT HACHTH(PHKAINKIO JTUX OOBEKTOB,

peanu3yst HM3BECTHBIH  alrOpPUTM  pACHO3HABaHUSA  II0
¢parmenTtam [1].

B nporuecce naeHTH(GUKAIMN KaXKI0T0 00bEKTa
C HHMM CONOCTaBisercs Yy map '"JTaJloH — Macka',

CIr€HCPUPOBAHHBIX JId JAHHOI'O OIIbITA. HpI/l 3TOM BCSKHUH
pa3 ¢dukcupyercs pakt omHO3HAUHON MAeHTUUKALWHU (HE
00s13aTeNnbHO TPaBWIBHOI). U Tak — 10 BceMy MHOXKECTBY
PaHIOMHU3UPOBAHHBIX OOBEKTOB. [l0 3aBepIICHUH LUKIA
HAa4YHWHACTCA CJ'IeJIleL[IPIfI OIIBIT. 9KCHepl/IMeHT IMPpOBOANJICA
Ha OBM «xkmacca PENTIUM-2 Hax MHOXECTBOM
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necsatnaabIX mudp (Y = 10), mpeacTaBIeHHBIX JBOWIHBIMH
stanoHamu 10x20.

Beula mpoBemena cepus u3 10° ONBITOB ¢ IEbIO
ONpEJEIeHNs] YuClia LUKIOB, B KOTOPBIX IIPaBHJIBHO
PacIO3HAIOTCSI TOIBKO TPYNIBI U3 OJHOTO OOBEKTa, TOJIBKO
Tpynmsl U3 JBYyX OOBEKTOB M T.A. LluMkiel cienoBanm
HENpEephIBHO OJMH 3a APYTMM B TedeHue cyTok. [Ipu aTom
BEJIHCh MPOMEXYTOYHBIE MOJICUETHl MOCTEe 10° u 10°
omeiToB. HaOpaHHas craTucThka IpeacTaBieHa B Tabm. 1.
[Mony4enHsle aHHBIE TOBOPAT 00 YCTOWYMBOM OTCYTCTBHHU
pacrio3HaBaHusl B OJJHOM OIBIT€ CEMH M Oosiee OOBEKTOB.

OKCIIepUMEHTAITFHO HaWeHHOE 3HAUEHUE P<10°
[IPEACTABISIET BEPXHIOIO IPAHULY HCKOMOM OLIEHKH.
Tabauya 1
CraTHcTHKA HAEHTH(PUKALMM TPy 00bEKTOB
Yucio YuCio HMKIIOB MPABHIIBHOTO PACIIO3HABAHUS
PaHIOMHU3HPOBA TOJIBKO JJAHHOM IPYIIIbI
HHBIX
00BEKTOB 3 4 5
B rpyme 10" omnbITOB 10" ombITOB 10" omnbITOB
'l obj' 428 4090 40757
'2 obj' 235 2444 24696
'3 obj' 79 778 7776
'4 obj' 19 161 1567
'S obj' 0 19 212
'6 obj' 2 7 48
'7—10 obj' 0 0 0
3amernM, UYTO yBenmdeHue obOwvema cepunm 1o 1/P

ONBITOB HE MOXET B J@HHOM CIIydae IPHBECTH K
pacrio3HaBaHWIO, MO0 BCE HaWJCHHBIE B OJKCIIEPUMEHTE
uaeHtndukanmn  rpynn w3 10 0OBEKTOB  MOTyT
MPETeHAOBaTh Ha HMCTHHHOCTH. [103TOMy HE NpHXOAMTCS
OKHJIaTh, YTO B HEKOTOPOM OIbITE OyIEeT BBIABICHO
mpaBuiabHOe  pemeHue.  OIEHKa — KPUINTOCTOMKOCTH
OPEUIOKEHHOT0  METOJa  paHAOMM3allud  SBISETCA
CaMOCTOSATEIFHBIM BOIIPOCOM.

4. MackupoBaHue U300pakeHHsl B LEeJIOM

B ciydae cxxaToro npeacTaBieHus H300paxeHUH
B TepMHHax "OOBEKTbl — KOOPAMHATHI" CaMH KOOPIHMHATHI
obmenoctynHel.  HewsBecTeH  jmmb  THI  OOBEKTa,
PAacCIIOIOKEHHOTO 110 TeM WM MHBIM KoopanHaTaM. MHorIoa
[eJIecoo0pa3Ho MacKHpOBaTh M camMu KoopauHatel. [lpu
3TOM HU300pakeHHE CIIEAyeT MepeAaBaTh WM XPaHUTh Kak
TakoBoe (0e3 cxxaTus).

Teopema 1. Ilpu xpanenun wuam mnepepaye
n3o0paxkeHus B LesioM (0e3 cxaThsi) 3a7a4a MacKUPOBaHUS
JUis OMTOBOM CETKU Kapa B O0LLEM Cllyyae Hepa3perunma.

Jnst  nokaszarenbcTBa 3TOM  TEOPEMBI  JAOCTATOYHO
YCTaHOBHUTH HEPa3pPEIIUMOCTh 3a7a4l MACKHPOBAaHUS XOTS
Obl s OJHOrO YAacTHOTO ciydyas. byaem cuuTarth
n3obpakeHne "HEIUIOTHBIM', T.6. MeXIy OOBEKTaMHu
UMEIOTCS TIPOMEXKYTKH (TIPOOEITBI) KaK 110 TOPU30HTAJIH, TaK
U [0 BEPTHKAIU. DTH MPOOECITHI CIEIYeT pacCMaTPUBATh KakK

JOIIOJIHUTCIIBHBIC O6’LCKTLI,
MAaCKHPOBAaHUIO.

KOTOPBIC TaKiKE MOMJICKAT

[Tyctp OCHOBHBIE 00BEKTHI (me po0enl)
MPEJCTABISIOT COO0H mecsaThuyHble UGPhI, pacroyiaraeMbie
o ctpokaM. B kauecTBe 6a30B0if BO3EMEM MEPECTAHOBKY

3,6,9,2,5,8,1,4,7,0.

OmvH W3 BapUAHTOB MACKHUPOBAHUS OOBEKTOB JJISI 3TOTO
citydast IoKa3zaH Ha puc. 4 (pasmepbl 00BbEKTOB 5x3).

A EUL:EETd:

[TonbiTaeMcsl OnpenenuTb AOMYCTUMbINA BEPTUKAIbHBIN
¢oH (BEKTOP-CTOJNOCI]) MPOMEKYTKOB B TOPU3OHTAIHLHOM
psiny OOBEKTOB, AEHCTBHE KOTOPOTO HE MOXET BBI3BATH
JIO)KHOW CaHKIMOHWPOBaHHOW mueHTHukamuu. Ha puc. 5

moka3aHbl "3aHATHIE" OOBEKTaMH KOMOWHAIIMHM HyJeH
(Kpy>0OK) W eauHHI (TOYKa) IO 3TUM BepTHKaIAM. [lytem
nepebopa  BapuaHToB  yOexkjaemcss B OTCYTCTBUH
JTOITYCTAMBIX (POHOBBIX KOMOWHAIIHH.

TeopeMma ngokaszaHa.

f I f | I f I f I I

| | | | Eaa | | {1

| | | | | | | | | |

| | | | | | | | | |

T T T T T T T T T T

3 66 9 2 5 8 1 4 7 0

Puc. 5

IIpu npokazatenbcTBe TeopeMbl 1 paccmaTpuBaeTrcs
HEKOTOpbIM 4YacTHbIl ciydail. Ocraercs mnoka3aTh, 4YTO
Takue ciaydan Hepenkd. C 3Toil 1enbio ObUT TOCTABJICH eIe
OIWH TPOTPaMMHBIA dKcriepuMeHT. OH TPOBOAWICA C
WCIIOJIb30BAaHMEM PpACIIMPEHHOW BEpPCHU pa3paboTaHHOI

WHCTPYMEHTANBHOH  cucTeMbl (cM. pasn.  3). 310
pacumpeHue MO3BOJISET BBITIOJIHUTD aHam3
pPaHIOMU3UPOBAHHBIX CIIEH (B TepMUHAX "OOBEKTHI —

KOOpIuHATHI'"), IPe/ICTaBICHHBIX 0e3 cxkatus. B mponecce
aHamu3a MO NPEABSBISIEMOMY TPOUYHOMY  ITAJIOHY
BBIBIISIFOTCS BCE JIOKAJIHM3AIMH COOTBETCTBYIOIIET0 OOBEKTa
B aHAIM3UPYEMOM KaJipe.

B xaznpe 300x300 ciaydaiiHbIM 00pa3oM paccTaBIISUINCH
00bekThl 10x20 1Mo ceTke ¢ TaKUMH K€ pa3sMepamMu sueek.
[MpomexyTkn Mexay OOBEKTaMH CUHTAIHCh IIOTHO
YIaKOBaHHBIMH OOBEKTOM — IOMexol. B kauectBe Hero
OBLI IPUHSAT ITyCTOM CHMMBOJI, BKJIFOUCHHBIH MPU TeHEepaLin
MacoK B €MHOE MHOXECTBO 3TaOHOB. C(HOpMHUPOBAHHBIH
TakuM 00pa3oM KaJp INokazaH Ha puc. 6, a. PezynbraT ero
PaHIOMM3aLMK 110 CreHEepHUPOBAaHHBIM MackaM — Ha puc. 0,
0.

Kaxprii THIT 00BEKTa MPECTABICH HA HCXOTHOM KaJipe
OJTHOKPATHO. OHAaKO  JKCICPUMEHTAJbHBIC  UTOTH
pacro3HaBaHus PAHIOMU3MPOBAHHONW CIIEHBI IO CETKE
300x300 ¢ MCmoaB30BaHUEM TEX K€ MACOK COBCEM HHBIC
(tabm. 2). Ilomy4eHHBIE JaHHBIE TIO3BOJISIIOT CHIENATh BBIBOJT
0 TMPaKTHYCCKOW HEPa3pelImMOCTH 3aJa4dl MACKHUPOBAHUS
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JUIE OMTOBOW CETKH Kaapa. DTo Ooiiee "CHIBHBINA" BBHIBOJ,
4eM yTBEpKIEeHHE TEOpEeMBI 1.

Tabauya 2

Pe3yabTaThl aHATN3a PAHIOMHU3NPOBAHHON CIIEHBI
1o OUTOBOIi ceTke Kagpa

Yucno
KomnyecTtBo N
¥ (Tm) 00BEKTOB JAHHOTO PaCTIO3HABAHHIH
MacxgpyeMoro THIIA B HCXOHOM 00BEKTOB ,E;aHHOFO
THIL
o0beKTa Kazpe !
PaHIOMU3UPOBAHH
OM Kajpe
0.0bm 1 8605
1.obm 1 7864
2.0bm 1 11363
3.0bm 1 7599
4.0bm 1 1674
5.obm 1 13083
6.0bm 1 4114
7.0bm 1 8252
8.0bm 1 5741
9.0bm 1 2055
H ( G
Z
]
4 1
&
% D
a

Puc. 6

S. IIpuMeHeHne 0aliTOBOM CeTKH KaJapa

Pemenuto 3aaun MacKUpoBaHHs U300paKeHHs
B IIEJIOM MOXET ITOMOYb HCIIOJIb30BAHHE JONOJHUTEIBHOM
0aiiTOBON CEeTKH Kafpa, KOTrzIa pa3Mephl BceX KOMIOHEHTOB
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n3o0paxeHuss (0OBEKTOB W MpOOENOB) KpaTHBI OaiTy.
PacniosHaBanue B JaHHOM Cily4ae BeACTCsA OalTamu,
TPaHUIIBl KOTOPBIX Ha W300paKe€HUH CTPOTO (PUKCHPOBAHBI.
[TosTOMY MHPOMEKYTOUHBIC IIOXKHBIE HACHTU(DHUKALUK IO
OWTOBOM CETKe MEKAY HCTUHHBIMH OOBEKTaMH BHYTPH
0aliTOB 3aBEIOMO HCKIIOYeHb. HO OHHM BO3MOXHBI Ha
rpaHunax 0aiToOB, €CIIM HE BBOJUTH CIEIMANIbHbIC "TyCcThIe"
00BeKTHI  uII  0Oo3HaueHUs mpobenoB. OmacHOCTH
OCOOCHHO BEJIMKAa B CIy4ae MallbIX OOBEKTOB pa3MepaMu
(1x1) Gaiir.

Kpynusle 00bekThl pazmepamu (¢ 'Xd') Gaiit; ¢, d' > 1,
eCTeCTBEHHBIM 00pa3oM pa3bMBAIOTCA HA dJIEMEHTapHbIE

¢parmentel  (1X1) OaiiT. DTO TO3BOJISIET MPOBOAUTH
pacnio3HaBaHue B 1Ba dTama [2]. CHayaia pacro3HaIOTCS
OTHeNbHBIE (h)parMeHTH. 3aTeM OHH 'cHemsioTcsa" B
COOTBETCTBUM C OJTAIOHOM oObekra. Ilo  ycioBuro
MOIIHOCTB 1| MHOKECTBA TUIIOB 3JIEMEHTapHBIX ()ParMEeHTOB
JUI BCEX OOBEKTOB M300pakeHust 2<n<Q, rae O — 4ucio
BO3MOXKHBIX JBOMYHBIX IpeicTaBieHni OaiTa. O003HAYMB
KOKABIM THUO (parMeHTa OIpeaeieHHBIM CHMBOJIOM,
MTONTyYNM TIPEICTABIICHUE JTATOHA 00BEKTa B BHIE MATPHIIBI
TIPUHSTHIX CHMBOJIOB.

Ipumep takoro omucanus B andasute {A, B, C, D, E, F,
G, H} mnokasan Ha puc. 7. CkaHMpOBaHHE 3TOr0 JTaJOHA
CBEpXy BHH3 M BIPABO JACT €ro ONMCAHWE B BHUAE ICTIOYKH
cumBodioB (cioBa) ACEGBAFDEDCAHDGB.

A B E H
C A D D
E F C G
G D A B

Puc. 7

baiitoBass ¢oHOBas moMexa Jaxe B Ciydae ee
MIPUHAIICKHOCTH (PparMEeHTapHOMY aJ(PaBUTy OOBEKTOB
HE OIlaCHAa, €CIIM HUKaKoe ()OHOBOE CIOBO C BO3MOXKHBIM
BXOXKJICHUEM B HEro 4acteil 00bEeKTOB HE COBMAIAET HH C

OJHOM W3 DJTAIOHHBIX Iermodek. OpHako 3agada
HAXOXKJICHHUS MOAXOIAIMNX (POHOBBEIX KOMOWHAIMA B 3TOM
cIy4ae MOXET OKa3aTbCid TPYAHOPAZPEIINMON, XOTA

CUTyall¥sl B CPAaBHEHUU C [I0KA3aHHOU Ha puc. 5 u

He cTOoJb KpuThudHa (1 > 2). Kak u paHee, BBIXO] COCTOUT B
UCIIOJIBb30BaHUN PACIIMPEHHOTO a(aBUTa CHUMBOJOB I
9JIEMEHTAPHBIX (PArMeHTOB C BKIIIOUEHHEM

B HEr0 NMOJAMHOXKECTBA "MyCTHIX" CUMBOJIOB.

Teopema 2. 3amaua mackupoBaHus "HEIIOTHBIX"
n300paxKeHui, XpaHUMBIX WM IepefaBaeMbIX 0e3 coxaTus,
IOpU HCIOJIB30BAHUM [JOIOJIHUTEIbHOI OalTOBOM CceTKH
KaJipa 1 MOLIHOCTH MHOXKECTBA JIEMEHTapHbIX ()parMeHTOB
[0 COBOKYIHOCTH O0BEKTOB T < () NPUHIUNUAIBHO
paspelnMa B paclIIPeHHOM allhaBUTE CUMBOJIOB.

CrpaBeUIHBOCTh  3TOH  TEOpPEMBI  BHITEKAaeT W3
cnexyromero. Ilpu ncnonp30oBaHUM GATOBOW CETKH Kalpa
Ha  BTOpPOM  DJTafe  pAacloO3HABaHUsl  MPOUCXOIUT



HHDOPMATHUKA

U VIIPABJIEHHE

COIIOCTaBJICHWE C 00pa3loOM B BHJIE HE3aMaCKHPOBAHHOM
[enoYkr CUMBOJIOB JuytmHON [/ > 1. Tlocie mepBoro 3rtama
Hukakas obnacts (c'xd') 6aiir (¢!, d' > 1), xortopas
BKITFOYAeT TPOMEXKYTKH MEXIy OOBEKTaMH, HE IOJDKHA
naBaTh IEMOYKH, COBHAJAOIIEH XOTS OBl C OJHOH H3
STANOHHBIX. YTOOBI yOeauThcss B NPUHLUUNHAIBHOM
JIOCTHXHMOCTH 3TOTO, JIOCTaTOYHO paccMoTpeTh
TPUBHAJBHBIN CIy4all oOgHOpOXHON (OHOBOI mMmOMExH,
KOTJla BCE €€ JJIeMEHTapHble (parMeHTHl INPEICTaBIICHBI
CANMHCTBCHHBIM CHMBOJIOM BHE€ IPUHATOIO IJIsA O6LCKTOB
andapura. Ilo ycmoBuro (1 < () Takod CHMBOJ BCeET/Aa
MOJKET OBITH BBEJICH.

Teopema nokasana.

3akarouenue

PaccmoTrpenHas 3amada MacKHpOBAaHHS IPHOOpeTaeT
Cepbe3HOE MPAKTUYEeCKOe 3HAYCHHE B CBSI3M C TEM, YTO
BOmpocaM HMH(GOPMAIMOHHOW OEe30MacHOCTH  YAEJsIeTCs
ceilyac  ocoboe  BHMMaHue. [lomyueHHass  olEHKa
3¢ (HEKTHBHOCTH OCHOBHOTO alNTOPUTMAa MACKHUPOBaHUS
JIOCTATOYHO BBICOKAa. OIHAKO BOIPOCH KPHIITOCTOMKOCTH

NpeAIoOKCHHOTO METOAa, T.€. PCAJIbHbIE BO3MOXHOCTH
HECAHKIIMOHUPOBAHHOT'O aHajiu3a paHAOMU3SUPOBAHHBIX
CIICH, TMPCIACTABJICHHBIX B CXAaTOM  BHIC, Tpe6y}0T

CIIETIMATIBHOT O NU3YYCHUS.

HpI/I HCIIOJIL30BAHUH OUTOBOM CETKHU KaJpa 3aaada
MaCKHUpPOBaHUA 1/1306pa>1<eH1/151 B [ICJIOM, IIEpEAABACMOIr0 U

XpaHuMOro 0e3 ckaTusi, OKa3bIBaeTCSd IPAKTHYECKH
HepaspemnMon. [IpuMeHeHne MOMONHUTETHHON OaiToBOM
CeTKM CBOOWT 3Ty 33Jadyy K JABYM MPHHIMIIHAIBHO
paspelMMbIM No/3aJa4aM: MacCKUPOBAHHUIO AJIEMEHTApPHBIX
(parMeHTOB KaXO0ro O00BEKTa W TE€HEPaLUH MOIXOSIIeH
(hOHOBOI IOMEXH B PACIIMPEHHOM aji(aBuTe PparMeHTOB.

TpuBnanbHbIE  BapUaHT TEHEpPALUU  OJHOPOJHOM
(OHOBOI1 MOMEXH BHE MPHHATOIO JUIs ONHMCaHUsI 0OBEKTOB
andaBUTa MOXET JIaTh HEJIOCTATOUHBIH MAaCKHPYIOMINI
3¢ GEeKT Mo KOOpaAUHATAM HICHTH(DUKAITUH.

B oastom cmeicie ©Oomee  3ddexruBHA
HEOAHOPOJHOTrO ()OHA B PACIIMPEHHOM ay(haBHTE.
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ON SOLVING THE PROBLEM OF MASKING OF CONVENTIONALIZED
DUAL IMAGES

V.A.Raikhlin, I.S.Vershinin, and E.E.Glebov

The masking of the conventionalized dual images in the course of their storage or transmission is considered as the
effective means of protection from non-sanctional recognition. We analyze some variants of condensed representation
of images in terms of "objects — coordinates" and their representations without condensation. For the first variant, we
suggest the algorithm of masking and discuss its effectiveness. We show that the problem about masking for any other
variant is practically unsolvable. Also shown is the expediency of introduction of the additional byte frame network.
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