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CTErTAHOTPA®MHUYECKOE BCTPAUMBAHME [1AHHbIX
B HENOABMXHbIE U3OBPAXKEHMA METOAOM MNMPAMOIro PACLUMPEHNSA CIMNEKTPA

Paccmampusaromes cmezanozpaguueckue memoosl 6cmpauanus OAHHbIX 8 KOHMEUHePbl-u300padicenus Ha
OCHOBE UCNONBL30BAHUS CILONHCHBIX OUCKPEMMbIX cUeHAN08. Tlokazano, umo npumeHeHue mexHoI0SUl Npsmozo pac-
WUpeHUss CNeKmpa 6 CMe2aHOcpaUUecKUx CUCMeMax NO380JAem pearu308ams CMecaHoZpapUUecKylo 3auumy
ungopmayuu u obecnewums BbICOKYIO NPORYCKHYIO CROCODHOCMb Op2aHu3yemo2o cmezanokanana. Ilpeonazaemces
danvhetiuee pazgumue Memooo8 6CMpausanusi UHPOpMayuu 8 HenoOBUIICHbIE KOHMEUHePbI-U300padicenus Ha Oc-
HO8E UCNONb308AHUsL DONBULUX AHCAMOTE CLAOOKOPPENUPOBAHHBIX (K8A3UOPNOLOHANLHBIX) OUCKDEMHbIX CUSHANO8.

Knrwouesvle cnosa: cmezanocpaus, cnodicuvie OUCKpemuble CUSHATbL, NPAMOE PACUUperue CHeKmpa.

MocTtaHoBKa Npo6neMsbl B o6wem Buae
M aHanM3 nMTepatypbl

OnHAM U3 TEePCIeKTHBHBIX HAIPaBIICHUH B pa3BH-
THA COBPEMEHHOH CTeraHorpa(uu SBISIOTCS METOIbI
BCTpPauWBaHUs JAHHBIX B KOHTCHHEpBI-M300pakeHHs Ha
OCHOBE HCIIONB30BAHMS CIOXKHBIX JHCKPETHBIX CHTHA-
108 [1 — 4]. Tak, B pabore [2] moka3zano, 4To mpuMeHe-
HHE OPTOTOHAJIBHBIX TOCIEI0BATENEHOCTEH IO3BOJISET
peann3oBaTh cTeraHorpapuaeckoe npeodpazoBaHue s
BCTpauBaHUI MH(POPMALNH B HEMOABWKHBIC KOHTEitHe-
pol-m300paxenus. B pabore [3] uccremoBana sddek-
THBHOCTh TaKOH cTeraHorpa)MYecKoi 3amuThl, TOKa-
3aHO, YTO NPHMEHEHHE OPTOTOHAIBHBIX CUTHAJOB HE
BCETJa MO3BOJISIET O0ECIIEYUTh BBICOKYIO HPOITYCKHYIO
CIIOCOOHOCTH OPTaHW30BBIBAEMOr0 CTEraHOKaHayia. B
JaHHOW pa0oTe mpemiaraercs AaibHEHIee pa3BUTHE
METOZOB BCTpaWBaHHs HH()OpMAlMK B HEMOABHKHBIC
KOHTEIHEPBI-N300paKCHU Ha OCHOBE HCIIOJIb30BaHUS
GospInmx aHcamOel ci1aboKOpPENTHpPOBaHHBIX (KBa3W-
OPTOTOHABHBIX) JUCKPETHBIX CHIHAJIOB.

CreraHorpacdmuyeckoe npeobpasoBaHue
Ha OCHOBE NMPSIMOro paclIMpeHMs CNeKTpa

Ienpro creranorpadmyeckoi 3ammThl HHPOPMA-
NN SIBJIAETCS CKPHITHOE BCTpaWBaHWE WH(OPMAIMOH-
HBIX COOOIICHHI B IepeqaBacMble KOHTeiHephl (mub-
POBBIC JaHHBIE, 00JIaAIONINe BHICOKMM YPOBHEM ecTe-
CTBeHHOU u30bITouHOCTH). [IpH mepeiade KOHTEHHEPOB
MO0 OTKPBITHIM KaHAJIaM CBSI3M CKPBIBaeTCsl caM (hakT
nepeadrl HHGOPMAIIMOHHBIX COOOIIEHNH, YeM n obec-
TIEYMBAETCS CEKPETHOCTh OPraHW3YeMOro CTEraHorpa-
¢uueckoro kanana [1—4].

B paborax [1 — 3] moka3zano, 4TO IPHUMECHEHHE TEX-
HOJIOTHH TIPSIMOTO PacIIMpEHUsl CIIEKTpa B CTEraHOTpa-
(ryecKnX [eNnsX MO3BOJISIET, NCIONB3Ys pa3BUTHIA Ma-
TEeMaTHYeCKHi amnmapar nupoBoil 0O0pabOTKKM CHTHa-
JIOB, PEaJN30BaTh CTETaHOrpauuecKoe BCTPAUBAHHUE
nH(popManny B HEMOJBIKHBIE KOHTEHHEpPHI-U300paske-

uus. Ilpu sTom, Kakaplid O6J0K M; MH(MOPMAIHOHHOTO
COOOIIEHNSI COIOCTABIISIETCS C OTJACIBHBIM OJOKOM
KoHTeliHepa-u3obpaxenus C;.

B pesynbrarte, s Kaxmoro MH(OPManMOHHOTO
O10ka M; QopMupyeTcs MOILYIUPOBAHHBIM HHBOpMa-

HI/IOHHLIﬁ CUTHAJ.

e m;; (t) — nH(OPMAIIMOHHBIA CHUTHAJ, COOTBETCT-

BYIOIMIA |-My OUTY i-My OJIOKY HH(OPMALHOHHOTO
COO0OIIEHHS,

= ((pjo *‘Ph"""Pjnfl) — pacCHIMpSAIOINN ~ KOJOBBIM

CHTHAJI JUIMHBI N U3 aHcamOis (MHOXeECTBa) ciiaboKop-
pEMUPOBAHHBIX APYr ¢ APYroM ICEBAOCIY4YalHBIX IO-

cnenoBarensocreit (IICI) @ ={®g, Dy,..., Py 1},

+1 0 1

(piz_ _1, Z=0,...,.n—1,
M —d4ucmo OuT B OAHOM OIIOKE WH(OPMAIMOHHOTO
COOOIIeHMs, T.e. YHCIO HMH(POPMALMOHHBIX OWT,

BCTpaMBaeMbIX B  OTHCJIbHBIA OJIOK KOHTelHepa-
m3obpaxenus Cj. Bemuunna M xapaxrepusyer, Takum
obpazoM, mpomnyckayio crnocodnocts Q=M/N opra-
HHU30BBIBAEMOT0 CTEraHOKaHaja nepenadr MH(OopMaIu-
OHHBIX coobuienuii, rie N — oO0bem OnoKa KOHTeWHe-
pa-usobpaxenus Cj.

Bripaxxerne (1) ommchiBaeT mpoIECC MOIYJISIHN

nH(pOPMANNOHHBIX CHUTHAJIOB m;, (t) pacumpsromuMu

CHUTrHaJlaMH (DJ , TPAAUIIUOHHO I/ICHOJ'IL?)yeMI)Iﬁ B IIMPO-

KOIIOJIOCHOM CHCTEME CBS3H C MpsAMBIM paCHIMPCHUCM
CIICKTpA. HOCKOJ’ILKy KOZ[OBLIﬁ CHUT'HaJI I10 CBOMM CTaTu-

126

© A.A. CmupHOB



Poszsumox padiomexniunoeo 3abesneuenus, ACY ma 36 ’si3ky Iosimpsanux Cun

CTHYECKUM CBOMCTBaM IMOJO00EH IIyMY, TO IOJIyIEHHBIH
pacumMpeHHsIil (IMpPOKOIONOCHEIH) curHan E; (t) cia-
00 OTJIMYUM OT IIYMOB B KaHAJIE CBSI3H, YTO U ITO3BOJISI-
€T OCYIIECTBUTH CKPBHITYIO Ilepefady. Takum oOpaszom,
nepesjaBaeMble  COOOIIEHHsT NPHUOOPETAIOT BUJ IIyMO-
MOAOOHBIX IOCIIEIOBATENIFHOCTEH, a 3a cUeT OONBIION
MOIIHOCTH aHcaMOist @ ¥ MpsIMOro PacIIMpeHHs Jac-
TOTHOTO CIIEKTpa 00ecTieunBaeTCst BEICOKAst CKPBITHOCTD
OpraHU30BBIBAEMbIX KaHAJIOB CBs3M [5 — 7].

Jls BcTpanBaHus MHGOPMAIIIOHHOTO COOOIICHUS

B KOHTeliHep copmupoBaHHBIN curHan E; (t) TTOTIHK-
CeJIBbHO CyMMHUpYeTcs ¢ noa0nokoM konTeiinepa C; !

Si = Ci + Ei -G s
rme G >0 —xodhGUNUEHT YCUICHUS PaCIIUPSIONICTO

CUTHAJA, 3aJalolUil «IHEPTHI0» BCTPAUBAEMBIX OUT
mij,j=0,...,n—l WHPOPMAIIMOHHONW TTOCIICIOBATEb-

Hoctu. Creranorpamma (3aIlONHEHHBIN KOHTEHHeEp) S
(dopMupyercss HOCpeCTBOM OOBEAMHEHUS! OTICIbHBIX
OnokoB S;.

[Tpu n3Bneyennn MHGOPMAIOHHBIX JTAHHBIX Iep-
BUuHbI KoHTeliHep C u ero oraensHele Onoku Cj Ha

MIPUEMHON CTOpOHE He TpeOyrorcs. Omneparws IeKOIU-
pOBaHMs 3aKJIIOYAETCS B BOCCTAHOBIEHUH CKPBITOIO
coo0LIeHNs ITyTeM HPOELUPOBAHUSI KaXI0ro Oioka S

TIOJTy4CHHO# CTeraHorpaMmel S Ha Bce @€ . YroOb1
W3BJIEYb |-i OMT cOoOOUIEHUs U3 | -ro GJIOKA CTEraHou-
300paskeHusa S HE0OXOIMMO BBIYUCIUTH KOI(DPULLEHT

Koppemsiuu Mexay @ 1 IpHHATEIM OI0KOM S :

1n71
p(Si’(Dj)zﬁzé)Sizq)jz =
Z=

n-1
_c.t
n

[ )
B, ®j, +—
z=0 nz:O
Ecmu maccus Ci c@opMI/IpOBaH HEKOTOPOM CIIy-

Cichjz'

YallHBIM ¥ PAaBHOBEPOSITHBIM IPOLIECCOM, TOrAa BTOPOE
cllaraeMoe B IpaBoi YacTy BhIpaskeHus (2) OIU3KO K Hy-
JII0 ¥ UM MOXKHO TIpeHeOpeyb. Crie1oBaTeNIbHO NMEEM:

M-1
p(Si @)~ G Ei-®; =G 3 my (1) &y; =
= ©)

-1 n-1
=G- Z mil (t)ZCDIZCDJZ

1=0 z=0
Bcee IIOCIICA0BATCIIBHOCTH M3 MHOXCECTBaA d 10

OIPENICTICHUIO  C1a0OKOppeNpOBanbl, T.e. TpH | # |

nMeeM p(CDi,CD J-) ~0. CnenoBaTenbHo, BceMu ciarae-

MBIMHU B TIpaBo# yactu paBeHcrsa (3) mpu | # j mMoxHO

HpeHe6pe‘lI>. OTC}OHa UMEEM:
1 n-1 2
z=0

Torma 3HaueHHUs mij (t) MOTyT OBITH JIETKO BOC-

CTAHOBJICHBI C ITOMOILBIO BBIPAXKCHMS .

+1, mpu p(Si ,CDJ-) ~G,

m;, (t)=
-1, mpu p(Si,CDj) ~-G;

IJIe 3HAaK « & » MpeIoNaraeT Hajluuue He3HaYUTeIIbHOM

CTaTHCTUYECKON B3aMMOCBS3HM OTJIENbHBIX SJIEMEHTOB

mHOxkecTBa @ u C;.

PaccmoTpeHnast creraHocucTeMa HacleayeT Bce
MPEUMYIIECTBA IIHPOKOIMOJOCHBIX CHCTEM CBSI3H C
MPSIMBIM PACIIMPEHUEM CIIEKTpa. YCTOHYMBOCTH K He-
CaHKIMOHNPOBAaHHOMY H3BJICYCHHIO BCTPOCHHBIX CO-
0O0IIEeHNIT COOTBETCTBYET CKPBHITHOCTH B CHCTEME CBSI3H,
YCTOWYMBOCTh K pa3pymIeHUI0 WIM MOIUPHKAIIH
BCTPOCHHBIX COOOIICHUH — IOMEXO03aIIUICHHOCTH, yC-
TOWYHMBOCTh K HaBSI3bIBAHMIO JIOXKHBIX COOOLICHU —
NMHTOCTOMKOCTH B CUCTEME CBSI3H.

Takum 00pa3oM, WCIONB30BAHHE TEXHOJIOTHH
MPSIMOTO PaCIIMPEHUs CIIEKTpa B CTEraHOrpauIecKuX
LESIX TO03BOJISIET OCYLIECTBUTH BCTpamBaHWE HHGOP-
MAIMOHHBIX JAaHHBIX B HENOIBIKHBIC H300pakKeHUS
JUIS CKPBITHOHM IIepelaul U peann3oBaTh, TAKMM oOpa-
30M, CTeraHorpa(uuecKylo 3aIuTy HH(opMannm.

B pa6orax [1 — 2] npu BcTpanBanunn uH(OpMAry-
OHHBIX COOOIICHHH B KayecTBEe aHCaMOJeH pacIIupsiio-
mux IICIT @ = {(DO,(Dl,...,(DM&} HCITOJIL30BaJIMCh
OPTOTOHAIBHBIE  JMCKPETHBIE  CUTHAJIBI Y OJIma-
Apnamapa. IlpoBemem wnccnenoBanusi 3¢ (EKTHBHOCTH
IIOCTPOGHHBIX TakMM 00pa3oM cTeraHorpaguyecKux
cucreM, 00OCHYeM BO3MOXKHBIC HAINPaBJICHHUS UX JaJlb-
HEWIIEero COBEpUICHCTBOBAHUS.

CTeraHoCMCTe Mbl C OPTOrOHaNbHbIMM
curHanamu Yonwa-Apamapa

OpToroHanbHble JUCKPETHBIE CHTHANBI Y OJIIa-
Anamapa 00pasyroTcs U3 CTpok MaTpuusl Hj, dopmu-
PYEMOii 110 peKyppEeHTHOMY NPaBHITY:

H; = :fl _'_l'_"fl L Ho =[1]. (4)
i-1 i-1

MHoOrokpatHoe HoBTOpeHHUe npasuia (4) mo3Bois-
er copmupoBaTth Marpuny Agamapa H; sroboro pas-
Mepa, KkpatHoro 4ersipeM. CTpokn copMHPOBaHHBIX
MaTpHIl B3aWMHOOPTOTOHAIBHBI, T.€. HX CKaJIIpPHOE
MIPOM3BEACHUE PABHO HYIIO. DTH CTPOKU U COCTABIISIOT

CD = {CDO’(D].’“"(DM%L}

CHUT'HaJIOB

aHcamoOJIb OPTOI'OHAJIbHBIX

JIACKPETHBIX Yomma-Anamapa

D; =((Pi0’(Pi1’---’(Pin,1)’ rme N — pa3MepHOCTh CQop-
MHpPOBaHHOM MaTpuns! H; .

IIpu mpoBeneHMH 3KCIEPUMEHTANIBHBIX HCCIENO0-
BaHNH 3(exTHBHOCTH cTeraHorpagpuIecKod CHCTEMBI
C HCIHOJBb30BAHUEM OPTOIOHAIBHBIX JUCKPETHBIX CHI-
HasloB Yomma-AnaMapa BHIOpAaHBI CIEAYIONNE MCXOA-
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Hble JaHHble. N =256, M=4 (T.e. HCHOIL30BAIOCH
mume 4 w3 256 curmamoB w3 ®), N=256,
Q=1/64~0,02.

HcenenoBanuich clieayromye 3aBUCHMOCTH: 3aBH-
CHUMOCTH YCPEIHEHHON BEIMYHMHBI BHOCHMBIX HCKa’Ke-
Huit ot koddduuuenra ycurenus 1(G) I(G); wacrora
OmMOOK W3BJEYEHUSI OT KOd((UIMEHTa YCHUICHHS

*
Pow (G) . HccnenoBanus npoBOAMINCH IIPHU BCTpauBa-

HUM MH(OPMALMOHHBIX JAHHBIX B PAacTPOBBIC JaHHbBIC
n3o0paxkenns (mBerosas monens R,G,B) ¢ 8 OurHbM
KOJIMPOBAHUEM Ka’KIOTO I[BETA.

[Nomyuennsle SMIMpHUIECKUE 3aBUCUMOCTH TIpHBeE-
JIeHsl Ha puc. 1 -2,

[TpuBenennble TpauKy MOKA3HIBAIOT, YTO yBENH-
yeHne kodpunnenrta ycunenuss G MpUBOIUT K PE3KO-
My CHIDKEHHMIO BEPOSTHOCTH OIIMOOYHOIO HM3BIICUCHHS
1 OJTHOBPEMEHHOMY MOBBIIICHUIO BETMYMHBI BHOCUMBIX
nckaxenuil. Ilpu G =4 obecreunBaerca Oe30mmnbo0y-
HOE M3BJICUEHHE HHPOPMAIIMOHHBIX JaHHBIX, OIS BHO-
CHUMBIX HCKXCHHH B CpEJHEM JISKUT HIDKE I0pora
3pUTENFHOM YyBCTBUTEIBHOCTH 4ejloBeKa. TeMm HE Me-
Hee, HMCIIOJb30BaHNE NPH BCTPAMBAHUM JAHHBIX OPTO-
TOHAJIBHBIX JINCKPETHBIX CHTHAJIOB Y ona-Anamapa He
BCET/Ia ONpaB/aHoO, IIOCKOJIBKY Ha OTJIEBHBIX YJacTKax
stn [1CII umeroT BuA IETEpMUHUPOBAHHBIX 1TOCIIEOBA-
tenpHOCTEl. Kak crepctBue, oTAenbHbIE MUKCENN WM
rpynra MIKceaed MoryT ObITh 3HAUYMTENIFHO UCKAXKEHBI,
a JIoJIs BHOCHMBIX MCKaXEHUH Uil 3TuX (pparMeHToB
N300pakeHNUsI MOXKET CYIIECTBEHHO NPEBBIIATH pac-
cuntanHoe ycpeanenHoe 3Hadenue 1(G) . dust mpumepa

Ha puc. 3, 4 IpUBEJCHBI. KOHTEHHEp S, 3aIIOJHEHHbIN C

*
o Bul@ |

1 2 3 G 4

Puc. 1. 3aBucumocts P:m (G)

Puc. 2. 3aBucumocts 1(G)

Puc. 3. [Ipumep 3amoaHeHHOr0 KOHTeHHepa

Puc. 4. [Ipumep mycroro KoHTelHepa

nokaszatemsimu: M =128, G=1 (puc.2); HCXOTHBIH
KoHTelHep (puc. 3).

Kpome Toro, mpormyckHas crmocoOHOCTh OpraHH-
3YEMBIX CTEraHOKAHAJIOB OrpaHMYCHa HEBBICOKOW MOII-
HOCTBIO aHCAMOJICH OpPTOTOHAIBHBIX CUTHAIOB. AJlb-
TEPHATHBON HCIOIB30BaHUS OPTOTOHANBHBIX CHTHAJIOB
Yonma-Anamapa SBISIOTCS KBa3UOPTOTOHAIBHBIC JIHC-
KPETHBIC ITOCIICIOBATEIIFHOCTH, OOJIAJAOIHE IICEBIO-
CIIy4aiiHOW CTPYKTYpOH M He cojepikariue (B uaeaib-
HOM CJIydae) ACTEPMHUHUPOBAHHBIC YUACTKH.

CreraHoCcMCTeMbI C KBa3MOPTOrOHaNbHbIMM
ANCKPETHbIMU CMrHaJNlaMM

JIy1s1 Ka4eCTBEHHOT'O COBEPILICHCTBOBAHHUS PACCMOT-
PEHHBIX CTETaHOTPa(hMUECKUX CHCTEM IIpeJyiaracTcs uc-
MIOJIh30BaTh KBAa3WPTOTOHAJBHEIC JIHCKPCTHBIC CHUTHAIIBL
OO6namas XOpOUIMMH KOPPEISAIMOHHEIMA W aHacMOIe-
BEIMH CBOMCTBAMH KBa3HOPTOTOHAIBHBIC JTUCKPETHBIC
CHTHAIIBI TTO3BOJISIIOT CYIIECTBEHHO IMOBBICHTH IPOITYCK-
HYIO CHOCOOHOCTbH OPTaHW3yeMOTr0 CTeTaHOKaHaIIa.

B xone uccnenoBanuii pa3paboTana nmporpaMMHas
peanm3anusi creraHorpaMIeckoil CUCTEMBI C HCIIOJb-
30BaHHEM KBa3MOPTOTOHAIBHBIX JTUCKPETHBIX CHTHAJIOB
B KauecTBE aHCAMOII PaCIIMPSIONIAX ITOCIIEIOBATEIh-
Hocrelt ancamOip @ = {@y, @y, ... Dy} . s popmu-
POBaHHUS OTICIBHBIX 3JIEMECHTOB KBa3HOPTOTOHAIBHBIX
MIOCJICI0BATENILHOCTEH MCITOIb30BaH IPOrpaMMHBII Te-
uepatop I[ICII. IIpu npoBemxeHNN UCCIISTIOBAHHI UCIIONb-
30BaHbl CIEAYIOIIME MCXOAHbIE JaHHBIE. N =256,
M =10, N=256, Q=10/256 = 0,04 . Ilony4eHHsic B
pe3yibTaTe SKCTIEPUMEHTATIGHBIX HCCIICIOBAHUI SMITHPH-
YEeCKHE 3aBUCUMOCTH TIPUBE/ICHEI Ha pHC. 5, 6.

P(G
0.4 -

0.3+ -1

0.1 - . 1
1] 10 20 30 G40

Puc. 5. 3aBucumoctsb P:m (G)

I L
10 20

3 G
Puc. 6. 3aBucumocts 1(G)
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[NonmydeHHbIe SMIMPUYECKHE 3aBUCHMOCTH TIOKa3bl-
BAIOT, YTO NOBbINIeHNe Koddduimenta ycwrenns G npu-
BOAUT K PE3KOMY CHIDKEHHIO BEPOSITHOCTH OLINOOYHOrO
W3BJICYCHHUS MH(POPMALMOHHBIX OUT COOOIIECHHS (YaCTOTHI
ombok m3BinedeHus1). OIHAKO 3TO TaKKe BEIET K YBEIH-
YEHWIO BHOCHMBIX HCK&KEHMH B KOHTEHHep-n300pa-
xeHue. [1o cpaBHEHHIO C HCIIOIB30BAHHEM OPTOTrOHAIIb-
HBIX JIMCKPETHBIX CHTHAJIOB (pwc. 1, 2) mpuMeHeHue KBa-
3MOPTOrOHAJIFHBIX CHTHAIOB NPUBOIHUT K MEHBLIEMY HC-
K)KCHHIO KOHTelHepa. Tak, HarpuMep, Ipy BCTpauBaHUH
M =4 6ur coobuieHnst B oquH (parMeHT KOHTeWHepa ¢
WCIIONIb30BAaHUEM OPTOTOHAIBHBIX JIMCKPETHBIX CHUTHAJIOB
nipu ko3 ummente yemwieHus G = 4 BeNMYNHA BHOCUMBIX
HCKaKeHHH cocTaBisieT bomee 2,33%.

IIpn OonpineM duwWcae BHOCHMBIX OWT JTaHHBIX
(M =10 6ur B omuH (parMeHT KOHTEHHEpa), a CIeI0-
BaTeJILHO 1 NpH OoJiee 4eM B JBa pasza OoJbIIeH MpoIry-
CKHOH CIIOCOOHOCTH cTeraHorpa)uueckoro KaHajia Iie-
peladd JAaHHBIX IPHMEHEHHE KBa3HOPTOTOHAIBHBIX
JIICKPETHBIX CUTHAJIOB JaXXe C OONBIINM 3HAUYCHHUEM
ko3 durmenta ycwienus (G =5) mpuBOAUT K MeHb-
MM HMCKKEHHUSAM KOHTEHHEpa, BEIMYMHA BHOCHMBIX
UCKaXeHUH He mpeBocxoaut 2%.

Takum 00pa3oM, NpHMEHEHHE KBa3HOPTOTOHAIIb-
HBIX JIMCKPETHBIX CUTHAJIOB IO3BOJISICT CYIIECTBEHHO
TIOBBICUTH TIPOITYCKHYIO CIOCOOHOCTH CTEraHOKaHajoB
IIpY MEHbUIEH BEIMYMHE BHOCHMBIX HCKaxeHuil. B To
JKe BpeMsl, MCHOJIb30BaHNE KBAa3HMOPTOTOHAIBHBIX AMC-
KPETHBIX CHTHAJIOB CYIIECTBEHHO IOBBIIIAET BEPOST-
HOCTh OINMUOOYHOTO H3BJCUYCHUS OUT cooOuIeHus (3a
CYeT CHJIHHOH KOpPPEIMPOBAHHOCTH C OTIEIHHBIMH
(bparmeHTamMu KOHTeiiHepa-u300paxeHus). V30aBuThes
OT 3TOr0 HEraTMBHOrO (haKTopa BO3MOXKHO 32 CYET
aZaliTHBHOTO  ()OPMHUPOBAHMA  KBa3HMOPTOTOHAIBHBIX
JIICKPETHBIX CHTHAJIOB C YYETOM OCOOCHHOCTEH wc-
MIOJIE3YEMOT0 KOHTeHHepa-u300paskeH sl

BbiBOAbI

HpOBeI[CHHLIe HUCCICAOBaHUA IIOKa3ajik, 4YTO HC-
II0JIB30BaHKE OOJILIINX aHCaMOJIeH KBa3snOpTOTOHAJIbHBIX

JUCKPETHBIX CUTHAIOB IPU MOCTPOCHHUH CTeraHorpadu-
YECKMX CHUCTEM 3aIUThI HHPOPMAIMK TO3BOJISCT CYIIle-
CTBCHHO ITOBBICHTH TPOITYCKHYIO CIIOCOOHOCTH CTETraHO-
KaHaioB. B TO e Bpemsi, BeIMYMHA BHOCUMBIX HCKaXKe-
HUA B KOHTEHHEPHI-M300paKCHUS OCTACTCS BBICOKOM.
Ilepcnekmuenvim HanpaeieHuem Uccied08anuil siBis-
€TCs MCIOIb30BAHNE aIANITUBHO (hOPMHUPYEMBIX aHCaMO-
JIel JUCKPETHBIX CUTHAJIOB, UTO 3@ CUET Y4YeTa CTaTUCTHU-
YECKAX CBOWCTB KOHTCHHEPOB-M300PAXKCHUI ITO3BOJIHT
CYUIECTBEHHO CHHU3UTh BHOCHUMBIE HCKAXKEHUSI MPH CTe-
raHOTpapUIECKOM PEeoOpa3OBAHUH TAHHBIX.
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CTETAHOIPA®IYHE BBY[IOBYBAHHSA AAHUX Y HEPYXJIMBI 30BPAYKEHHS
METOAOM MPAMOIO PO3LUMPEHHA CMEKTPA

O.A. CmipHOB

Pozenadaromvcs cmezarnocpagiuni memoou 60y008y8anHs OAHUX Y KOHMEUHEPU-300PANCEHHA HA OCHOBI BUKOPUCTNAHHSL CKIA-
OHUX Quckpemuux cueHanig. Ilokasano, wjo 3acmocysanHs MexHoNO2ii NPAmMo20 POUUPEHHS CREKMPA 8 CMe2aHO0ePapiuHux cucme-
Max 0036015€ peanizysamu cme2anospagiunuil 3axucm iHgopmayii 1 3a6e3neuumu 8UCOKY NPONYCKHY 30AMHICIb CIe2aHOKAHANY,
wo opeanizyemvca. I[lpononyemvcs nooanvuuull po3eUmox Memooig 60y008Y8aHHA iHGOpMAYii 8 HepyxXausi KoHmeuHepu-
300padicenisi Ha OCHOBI GUKOPUCIAHHSL GEIUKUX AHCAMONIE CIAOOKOPENIbOBaHUX (K8A3IOPMOLOHAILHUX) OUCKDEMHUX CUSHANLG.
Knrwouosi cnosa: cmeeanozpagis, cknaoui Ouckpemui cueHanu, npame po3uupenHs cnekmpa.

STEGANOGRAPHIC VSTRAIVANIE GIVEN IN STILL IMAGE
BY METHOD OF THE DIRECT EXPANSION OF THE SPECTRUM

A.A. Smirnov

Are considered steganographic methods embed given in containers-images on base of the use complex discrete signal. It is
shown that using to technologies of the direct expansion of the spectrum in steganographic system allows to realize steg-
anographic protection to information and provide high reception capacity organized steganochannell. It is offered the most fur-
ther development of the methods to embed information in still containers-images on base of the use the greater ensembles weakly
correlated (the quasi-orthogona) discrete signal.

Keywords: steganographic, difficult discrete signals, direct expansion of spectrum.
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