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IHOOPMALLVUHE 3ABE3IMNEYEHHS
HAYKOBOI AOIFJ1IbHOCTI.
CTAHOAPTU3ALIA TA CEPTUDIKALIA

YK 004.056.5

r.B. AxmameTtbeBa,
3000yBay Ogecbkoro HauioHanbHOro MOMITEXHIYHOMO YHIBEPCUTETY

CTETAHOAHAJITUYHUI AJITOPUTM JIJI1 INOPOBUX KOHTEIHEPIB,
3BEPEKEHUX V ®OPMATAX I3 BTPATAMU

Y pobomi sanpononosanuii cmezanoanarimuurui arzopumm Hna 6asi
CMEe2anoanaIimuunozo memooy, po3podaenozo Hamu pawiuie, 3aCHOBAHUN HA 8PAXYEANHI
GIOHOCHUX 3MiH KIIbKOCMI OJOKI8 3 00HAKOBUMU 3HAUCHHAMU SACKPABOCMI KOJIDHUX MATPULD
nocaidosHOCMi 300paxcent,/ Kaopie 6ideonocii00BHOCII 8 Pesybmami nepeurHoi ma noBMopHoL
86y006uU 000amKo6oi inpopmauii. 3anpononosanuii cmezanoaHaIMUUHUTL A120PUMM 30IICHIOE
anaziz npocmoposol 0OACME UUDPOBUX KOHMENMIS I (POPMAMAX i3 6MpPamamu ma HanpasieHuil
Ha BUSBLEHHS HASLBHOCME 80Y006U 000amK060i iHpopmauii memooom MoOUpiKauii Haiumenozo
SHauyu020 6IMa 3 He3HAUHOIO NPONYCKHON CRPOMONICHICINIO NPUXOBAHOZ0 KAHANLY 36°53KY (He
binvwe 0.5 6im/mixceav). Hasedeni pesyivmamu 00uucIos8aiviozo excnepumenmy.

Knouo6i croea: cmezanoananimuunuil anzopumm, memoo mMoougikayii Haumenuozo
sHauyuyzo 6ima, npocmoposa obiacmv Konumeunepa, uudpose 300paxcenns, uUpposa
gideonocrioosnicms, popmam 36epicanns i3 empamami

B pabome npednoixcen cmezanoanaiumudeckuil anzopumm Ha 6ase paspadomaniozo
HaMU panee CMezZAHOAHAIUMUUECKO20 MEeMOOd, OCHOBAHHLLIL HA YYeme OMHOCUMENHBIX
usmMenenull Koauuecmea 6J0K08 ¢ 00UHAKOBIMU SHAUCHUSMU SPKOCMU UBETNOBIX MAMPUY,
nocaed08amesvHOCU U300PaNCeHUll/Kaopos BU0eonociedo8ameivHoOCmi 8 Pe3yibmame
nepeuuHOz0 U NOBMOPHOZO BCMPAUBANUS DONOIHUMENLHOU uHdopmavuu. [Ipednoncennwiil
CE2aHOAHATUMULECKULL ATZOPUMM OCYUECMENAEM AHAIU3 NPOCTPAHCMEEHHOU 00IaACmU
UUDPOBLIX KOHMEHMO8 8 (POPMAMAX C NOMEPAMU U HANPABAEH HA BblAGLEHUE HATUYUSL
BCMPOEHHOU OONOTHUMENLHOU UHDOPMAUUU MEMOOOM MOOUDPUKAUUU HAUMEHBULEZ0 SHAUUMOZO
ouma 6 cKpvimom Kamaie Césa3u ¢ HeSHAUUMELbHOU NPONYCKHOL cnocobnocmvio (He boavule
0.5 6um/nuxcenv). Ilpusedenvl pesyivmamol 6bUUCIUMENDHOZ0 IKCNEPUMEHNA.

Kntoueevte caoea: cmezanoanaiumuueckuil aizopumm, memoo Mooupuxaruu
HAUMENbULEZ0 3HAYUMOZ0 Ouma, npocmpancmeennas 001acmv Koumeunepa, uu@pposoe
usobpaxcenue, yupposas 6uUeonociedo8amesbHOCMy, GOPMam XPamenus ¢ nomepsImi.

The paper presents steganalytic algorithm, based on the steganalytic method, developed
earlier by the author, based on the accounting of differences in the relative changes of the
number of blocks with the equal color brightness values of color matrices of sequence of
images / frames of a video sequence as a result of primary and repeated insertion of
additional information. The proposed steganalytic algorithm analyzes digital content in losses
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Jormats in the spatial domain and is aimed at the detection of the presence of the
embedding of additional information by modification of the least significant bits with a
small hidden capacity (not more than 0.5 bit / pixel). Results of computational experiment
are shown.

Keywords: steganalytic algorithm, method of modification of least significant bit,
spatial domain of container, digital image, digital video sequence, format of store with
losses.

Beryn

CyuacHi po3poOku B objacti creraHorpadii, HOBITHI Miaxoan 10 Po3poOKU
cteraHorpadiuauX cucTeMm, HeTpajAWIliliiHe BUKOPUCTAHHS HASIBHUX METOMIB Ta
ANTOPUTMIB CIIPUSIOTH X MMUPOKOMY PO3MOBCIO/KEHHIO B iH(OPMAITiTHOMY TTPOCTOPI.
BinbuuMm mgoctynom no mepexi IHTepreT Ta pecypciB 3 HaAyKOBUMHU PO3pOOKaMU
KOPUCTYIOTbCA 1 3JIOBMUCHUKU 3 METOIO 3/[iICHUTU aHTHU/IEePKaBHi [ii Ta IpUXOBaTU
CJTiIN 37I04MHY, B TOMY YHCJIi 32 I0MOMOTOI0 cTeraHorpadii, sika 103BoJISIE€ TIepeaBUTH
cekpeTHy iH(opMaIlifo 1o BiAKPUTOMY KaHasly 3B’sI3Ky, 3a0€311e4y04r IPUXOBYBaHHSI
camoro dakrty ii nmpucytHocTi B KonTeiiHepi [1; 2]. ¥ pouii koHTeitHepiB HaliyacTime
BUCTYTAlOTh G poBi 300pakents (mami — 113), Bimeonocmigosrocti (IIB), y ski
3JificHIOEThCsT BOYmOBa MoiaTkoBoi iHdopmarii (/I1), pesyabraroM Takoi BOYZOBH €
creranonosigomyaenns (manai — CII). Tomy He MeHIT aKTyaJbHUM € PO3BUTOK
cTeraHoaHasli3y, OCHOBHMM 3aBIaHHSM SIKOTO € BUSIBJEHHs (haKTy HasiBHOCTI abo
BijicyTHOCTI B Oy/ib-IKOMY KOHTeHTI iHdopmailii, sika nepesaeTbest TaeMuo [2; 3].

Cepen icHytounx creraHorpadiyHux MeTOIB HaibisIbille PO3MOBCIOKEHHS
oTpuMaB MeTo Moudikallii HaiimeHimoro 3uauyioro 6ita (LSB) 3aBastku mpocrori
peasizarii, MOKXJIUBOCTI 3abe3leyeHHs] BUCOKOI MPOMYCKHOI CIHPOMOIKHOCTI
npuxoBanoro kanaiy 38’13Ky (III1C), BUKOpUCTAHHIO SIK Y TIPOCTOPOBIll 06J1acTi, Tak
i B obmacti meperBopenb 1udpoBoro Koureitnepa [2]. TpuBasoMy BHUKOPHUCTAHHIO
IbOTO METO/ly CHPHUSE€ U MOXKJIUBICTH MOTO HETPAJAUIINHOIO 3aCTOCYBaHHS, a caMe
BOymoBa /I Bukonyersest 3 mamoio IIIIC (ue Gimbuie 0.5 6it/mikcenpb), MO 3HAYHO
YCKJIQJIHIOE TIPOIeC CTeraHOoaHasi3y.

BispiicTh cydyacHUX cTeraHoaHAJITHYHUX PO3POOOK 3AICHIOITH aHasi3
1(POBUX KOHTEHTIB B 00J1aCTi mepeTBOPEeHb (YacTOTHIM 001acTi, 061aCTX CHHTYJISIP-
HOTO / CIIEeKTPaJIbHOTO PO3KJIAJaHHS BiANIOBIIHUX MaTPHUIlb TOIIO), OCHOBHUMU
HEIOJIKaMU SIKUX € HAaKOIIMYEHHSI JI0ZIaATKOBOT 00UMCIIIOBAIBHOT MOXMOKH Ta 0AATKOBI
YacoBi 3aTpaTH MPH MEPexXoi B 001acTh mepeTBopensb i Hasax [1; 4—7]. Creranoanasis
y IMPOCTOPOBiii 00J1acTi 7103BOJISIE YHUKHYTA 1UX HenoJikiB. Tomy migBuiieHHs
eeKTUBHOCTI CTeraHOaHaJIi3y 3a PaxXyHOK 3a0e3eYeHHs] MOKJIUBOCTI OTO ITPOBEICHHST
B 1pocTopoBiit obacti mpu BOynoBi [II Mmeromom LSB € akTyaqbHUM 3aBIaHHSIM IJIsI
cydacHoi creranorpadii.

Mera Tta nocrtaHoBka 3aza4
Memorwo pobotu € migBuieHHsT eeKTUBHOCTI cTeraHOAHAI3y MPH BUSBJICHHI
HasiBHOCTI /BisicyTHOCTi /11, BOymoBaHoi Mmetogom LSB 3 Heznauwnoto IITIC (He Gisbire
0.5 6it/mikcenp) y mocaigoBHicTh 113 /KagpiB BiseomocTiJoBHOCTI MIJISIXOM PO3POOKH
cTeraHoaHAJITUYHOTO aJAropuTMy Ha 6Gasi Mertomy 3 [8], 3acHoBaHOTO Ha aHasIi3i
Bi/THOCHMX 3MiH KiJTbKOCTi GJIOKIB 3 OMTHAKOBUMHU 3HAYCHHSIMU SACKPaBOCTI B KOJIPHUX



ISSN 2411-3816 CyyacHa cneuyianbHa TexHika N2 3(46), 2016

KOMITOHEHTaxX HU(POBUX KOHTEHTIB micsast moBropHoi BOymoBu /I, y mopiBHsHHI 3
1 POBUME KOHTEHTaMH TIic/ist nmepBuHHOI BOymoBu [I1.

Jl1st TOCATHEHHS TOCTaBJIeHOI MeTH HeOOXiHO BUPIIINTU Taki 3adaui:

1) BuU3HAUUTH TIOPOTOBi 3HAYEHHS BiJIHOCHUX 3MiH KiJTbKOCTI 4 x 4-0JIOKIB 3
O/IHAKOBUMM 3HAYEHHSIMHU SICKPABOCTi B KOJIPHUX CKJIanoBux rmociigosruocti 113 /11B,
chopMoBaHuX IMepBUHHOI BOymoBoio [II, y mopiBHAHHI 3 IUMPOBUM KOHTEHTOM,
oTpuMaHuM moBTopHOIO BOyaoBoio /II B CII,;

2) po3poOUTH OCHOBHI KPOKM CTEraHOAHAJITHYHOIO aJTOPUTMY AETEKTYBaHHSI
HasiBHOCTI /BigcytHocTi /11, BOymoBanoi meromom LSB 3 rHesnaunoro IITIC (He Gisbiie
0.5 6it/mikcesb), y nudpPOBUX BiI€OMOCTITOBHOCTSIX;

3) ouinuTH €(heKTUBHICTH PO3POOIEHOrO CTErAaHOAITOPUTMY IIISIXOM BH3HAYEHHST
oMok 1-to Ta 2-ro poxy Ha ocHOBi merextyBanHs /(I 3 HaGopy IIB;

4) BW3HAYNUTH, YN 3AJEKUTH €(DEKTHBHICTb PO3POOJEHOTO CTEraHOAJITOPUTMY

Bin posmipy L3 /xamxpy 1[B.

OcHoBHa yacTHHA

Y pob6ori [8] 6yB 3ampoOHOBAaHMIA CTeTaHOAHATITHYHUI METO/I, 3aCHOBAaHUIA Ha
BpaxyBaHHI Pi3HUIL B KiJIbKOCTI -6JIOKIB 3 OJTHAKOBUMU 3HAUYEHHSIMU SICKPABOCTI
11U(POBOrO0 KOHTEHTY, SKUN aHaMi3yeMO, Ta IIbOTO K HUMPOBOTO KOHTEHTY IicJs
BOYIOBU B HBOTO BUITaZKOBO chopMoBaHoi GinapHoi mocaizosrocti — /1, mist ¢hopmaris
i3 yTparamMy BHM3HAYeHi MOPOTOBI 3HAYEHHS BiJHOCHMX 3MiH KiJIbKOCTI OJIOKiB 3
OTHAKOBMMHY 3HAYeHHSIMH SICKPABOCTi TIpU TEPBUHHIN Ta moBTopHiil BOymoBi /I Ha
oCHOBIi manux tabu. 1.

Tabnuys 1

BianocHi 3MiHu KibKOCTI OJIOKIB 3 OJIHAKOBMMH 3HAYEHHSIMH SICKPABOCTi y KOJIPHHX CKJIAJOBUX
I13-CII, cpopmoBanux nuisixom nosropuoi Boyaosu I y CII, orpumani merogom LSB

LIIVIHE SABE3IIEYEHHA HAYKOBOI IIAJHEHOCTI

IHOOPMA

A% 4 T3 wis 133 [9] 13 3 [10] Henpodecionanshi L3
[lepsunna I1113 TTOBTOPHOT
CII BOynosu Iy _ — _ —_ — _ _ — —
(6i/miKcess) cn R G B | R G B | R G B
(Gin/rixcenms) s pisuux 3tiavens ([IT13 (%)

0.5 0.5 3.7 39 3.6 3.1 33 5.2 33 19 22

0.25 0.5 04 0.4 1 1.1 1.9 0.7 0.6 09

0.1 0.2 0.1 0.2 0.4 04 0.8 0.3 02 04

0.25 0.5 1.2 1 1 2.3 23 4.3 1.8 1.1 2.1

0.25 124 6.1 11.6 1.9 29 2.4 3.7 2.7 2.1

0.1 0.2 0.2 0.2 0.4 04 0.8 0.3 02 04

0.1 0.5 30.8 323 347 4.1 6.8 1.2 15 10.5 94
0.25 313 32.6 35.1 53 8 3.5 15.7 10.9 10.4

0.1 456 68.2 384 5.1 56 5.9 18.8 69 95
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Y 1abn. 1 R, (_;, B — BigHOCHI 3MiHK CepeHbOro 3HAYCHHA KiJIbKOCTI OJIOKIB 3
O/IHAKOBUMM 3HAYCHHAMU SICKPABOCTI BiAIIOBIAHO /I YE€PBOHOI, 3€JICHOI Ta CUHbOI
KoustipHoi ckimanoBoi CII, orpumanoro nepsunHo0 BOymoBoio /I, y mopisusinui 3 CII,
copmoBanum rmosroproio BOymoBoio /11 y gane CII, siki 06uncioroThest 3a (hopMyIamMu:

5 ) _ o
‘,,(S)_,,(S) o ‘ -

100%, G=——5—"100%, B=
g

‘ B _p®

R= 100%, (1)

75

—m

ne 8 g% p® — cepenni 3HaueHHST KiIBKOCTI 4x 4-0JIOKIB 3 OHAKOBHMHU
3HaUYEHHAMH sicKpaBocTi B mocigorocTi CII, cchopmoBarmx BOy10B010 J[1 3 01HAKOBOIO
[IIIC B opuriHajbHUII KOHTeWHep, y 4YepPBOHil, 3esieHill Ta CHUHiINl KOMIIOHEHTI
BiAllOBiAHO;

r®,g®,b® — cepeani smaueHHs KimbKocTi 4x4-6J0KiB 3 0JHaKOBUMU
3HaYeHHsIMU sickpaBocTi B mocigoBrHocti CII, copmoBaHuX MOBTOPHOIO BOYIOBOIO
1 y I[3-CII, y yepBoHiii, 3eseHiil Ta CUHiIll KOMIIOHEHTI BiJ[ITOBiTHO.

Ha ocHOBi pesysbraTiB 06YKCIIOBAIBHOIO eKciepuMerTy B poboti [8] Gymnm
3arporoHoOBaHi 3HaueHHs noporiB T, =32, T, =33, T, =35.5 nus 4epBOHOI, 3es€HOT
Ta CHHBOI KOJIPHMX CKJIAJOBUX BiJIIOBiJIHO, 3HAYEHHS IIMX IOPOTiB oOpaHi IO
MaKCUMAJIbHUM 3HAYEHHSM BiJIHOCHUX 3MiH KiJIbKOCTI 4 x 4-0JIOKiB 3 OJHAKOBUMU
sHaueHHAME sickpaBocTi st TITIC 0.5, 0.25 ta 0.1 6it/mikcenpb (Tabu. 1) Mo KoKHiit
Kostipiii ckaanosiit. [Ipore nipu nepsunniit IIITC 0.1 6it/mikcend st KOXKHOT TPyITH
XapaKTepHUI 3HaYHWI po3ku mapametpiB R (Bix 4.1 mo 45.6), G (Bix 5.6 1o 68.2),
B (Bix 1.2 no 38.4), 1m0 HeMUHYYe TTPU3BE/IE 10 3HAYHUX TTOMUJIOK TIPU JIeTeKTYBaHHi,
ockibky TepBuHHa BOyaoBa JII B KOXKHMIT mecsaTHil 6iT 3MIHUTH 3HAYEHHS KOJIiPHOT
matpuili Ha 10 % i B OiJIBITOCTI BUTIAZIKIB HE YIIKOJUTD 4 x 4-6JI0KU 3 OIHAKOBUMU
3HAYEHHSMH SICKPABOCTI OPUTiHAJIBHOTO KOHTElHepa, a TaKOK MOKe TPUBECTU 10
JIOITATKOBOTO BUHUKHEHHSI TOMUJIOK Jipyroro poxy st iepsurnoi [TTIC 0.5 Ta 0.25 6it/
iKCeJIb, 10 MoTpeby€e yTOUHEeHHsT 00paHUX TOPOTIB.

3 ypaxyBaHHSM KOHIIEHTpaIlii leTeKTyBaHHs 1u(POBUX KOHTEHTIB 3 IEPBUHHOIO
[ITIC 0.5 Ta 0.25 GiT/mikceab MOXKHA TPUAHATH 3HAYeHHs moporis T, =13, T, =7,
T, =12, OfHAK SAKIIO NPUUHATYU 10 yBaru, 10 HaiOiIbII HMOBIPHUMU KOHTEHHEpaMu
MOKYTb cTaTu HempodeciitHi (oTo Ta Bizeoposiku, TO 3HaYEHHS MTOPOTiB MPUIMEMO
T,=19, T, =11, T, =12. /lna ocTtaTo4HOTO BU3HaYeHHA NOPOTiB Ty, T, T, MOPiBHAEMO
e(eKTUBHICTh CTEraHOAHATITUYHOTO AJTOPUTMY JJisi TPhOX HAOOPiB IOPOTIB.

g mocainosnocti 3 p I3/kanpis IIB C,,C,,...,C, 3 KOJipDHUMU CKJIaJOBUMU
RO, G, B© 0CHOBHI KPOKM CTEraHOAHAJITUYHOTO AJTOPUTMY IETEKTYBAHHS
HasiBHOCTI /BigcytHocti /{1, BOymoBaroi meromom LSB, Taki:

Kpox 1. B6ynosa /l1 (Bumazkoso ccopmoBanoi GiHapHOI MOCIIOBHOCTI).

Mg xkoxuoro C, i=1,P:

1.1. Boéyaysaru B R,.(C) , Gl.(c) , Bl.(c) — koutipHi ckmanosi C, meromom LSB /I 3
IIIIC 0.5 6ir/mikcens. Pesymbsrar — S°° 3 konipnumu cknagosumu R, G BV,

©) (9] C) . . .

1.2. Boymysatu B R, ', G, ', B/’ — xouipHi ckianosi C, merogom LSB mesiky
A1 3 IITIC 0.25 6ir/mikceab. Pesyabrar — S 3 KOJIDHUMHU CKJIALOBUMU
Rl_(o.zs)’ Gi(o.zs)’ Bi(o.zs);
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C C C . . .

1.3. BoOyayBatu B R,.( ),Gl.( >,B,.( ) - KoJiipHi ckaazoBi C; metonom LSB nesky

AT 3 TIIIC 0.1 6it/mikcennb. Pesyabrar — S*' 3 KONipHUMEH CKJIALOBUMU
(0.1) (0.1) (0.1)

Rl i Gl ’ Bl ) . . . . . DE) . .U

Kpox 2. BusHaueHHsT BiTHOCHOI KiJbKOCTI 4x4-0JIOKiB y KOKHIN KOJipHii
CKJIAI0OBOI CTOCOBHO 3arajibHOI KiJbKOCTi 4x4-0/10KiB y MaTpuili (B %) BiAIOBiIHO.

Hast xoxuoro C,, i=1,P:

1.1. O6qMCJII/ITI/I r(c), gi(c), bl.(c)

C C
R( ) G( ) B( ) BigmosixHO (B %);
(0.5) (0.5) b(O.S)
i

— BiJHOCHA KiJIbKiCTb 4x 4 -0JOKiB Yy

1.2. Obuncinth g
R(OS) G(OS) B(OS) BiIIOBiHO (B %);

1.3. Oumcautn pO2 g0 0

0.25 0.25 0.25 b
Ri( )G( )B( ) BigmoBiaHO (B %);

14 OGuncantu p0 g ph

R(0 b G(O b B(0 )BII[HOBII[HO (B %).

— BiJHOCHA KiJBKICTb 4 x4 -0J0KiB y
— BiZHOCHA KiJBKICTh 4x 4-0JOKIB y

— BIiJJHOCHA KiJIbKIiCTh 4x4-0J0KIB y

Kpox 3. Busznauntu:

© _ i lid 7(© (©) _lig_(c) p© iib_(c)
P i=1 l ’ P i=1 l ’ P i=1 l ’
(05) lz}):r(o 5) g(o 5) _ lzplg‘(o.s) pOS — iZP:b(o.S)
P Pz—l L P
1 & 1
(0.25) (0.25) (0.25) _ (0.25) (0.25) _ (0.25)
r =—>r — b b
P ; 4 1] Z gl P ; 1 ’
0.1 _ 1 & (0.1) 0.1 _ (0.1) (0.1 _ 1 & (0.1)
r D Z ’; _z gl b 2 bi
P i=1 ’ P i=1
Kpox 4. O6uncauru:
B ‘ ©) _ 0 5)‘ ‘ ©) _ (o.5>‘ ‘ b€ _po 5)‘
Ros =———1.100%, Gos = T-lOO% Bos =——=—1-100%;
r© g 5©
‘ ©) _ 0. 25)‘ ‘ (©) g(0.25)‘ ‘ B _ plo. 25)‘
R025 (—C) loo(y G025 (C) 100% 3025 —T 100%;
r g b
- ‘r(o _r(o.l)‘ ‘ (© _ g 1)‘ ‘ p©) _ po 1)‘
Ro1 = ) -100%, G01 # 100% Boy = -100% .
r g b(

Kpox 5. [lerextyBanus nagsHocTi /I1.

5.1, Axwo

(Ros < T, AND Rozs < T, )OR (Ros < T, AND Ros < T, JOR
(Rozs < T, AND Ros < 7, )OR (Ros < T, AND Roas < T, AND Ro <T,),

10 C,,C,,...,C, MicTsaTs BOynoBany /[I B uepBoHiil KoipHiil CKIa/10BIii;

5.2, Axwo

LIIVIHE SABE3IIEYEHHA HAYKOBOI IIAJHEHOCTI

IHOOPMA
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(Gos < T, AND Gozs < T, )OR (Gos < T, AND Goi < T, )OR
(Gozs < T, AND Gos < T,,)OR (Gos < T, AND Goas < T, AND Gos <T,)

mo C,,C,,...,C, MictaTb BOyznoBany /l1 B 3eseniit KoipHiil cKIa10Biii;
5.3. Axuwo

(Bos <7, AND Buas < T, ) OR (Bos < T, AND Bo, < T, ) OR
(Boas <7, AND Bos < T, )OR (Bos < T, AND Bozs < T, AND Bo. < T, )

mo C,,C,,...,C, Mictatb BOyznoBany /Il B cuniil komipHiil ckiagoBiii.

[l ampobartii 3ampormonoBaHOTO ajroputMy B cepemoBuili MatLAB 6yB
POBEIEHNI OGUNCIIIOBATBHII eKCIIepUMeHT /15t 367 BiZeOmoC/IiIOBHOCTE PO3MIpOM
Ka/ipy 320x 240, 306epexkeHnx y (hopMaTi 3 yrpatamMmu, OTPUMAHUX HEMPOheCciOHATBHOIO
BijleOKaMeporo, a TaKOK BiJ€OPOJIVKIB, 3HATUX Ha MOOLIbHMI Temedon. IlepBunta
BOymoBa JII 3ziiicHioBaIach JIMine B OAHY KOJIPHY KOMIIOHEHTY, IOBLJIbHO OOpaHy /s
koskaoro 1IB, 3 IITIC 0.5 (y koskuuii apyruii 6it), 0.25 (y KOKHUI deTBepTHil GIiT),
0.167 (y xoxuuii moctuii 6it), 0.125 (y koskuuit Bochmuii 6it), 0.1 (y KOKHMIA 1ecsaTuit
6iT) GiT/miKcesb. Pe3ybrati 00UMCIIOBATLHOTO €KCIIEPUMEHTY TTPe/ICTaBIeH] B Ta0I. 2.

Tabnuys 2

EdextusHicts AeTekTyBaHHs HasiBHOCTI/BiacyTHocti /[l B nudpoBux KOHTEHTaX, %

ITIC, 6iT/mKCceAb
IToporoBi 3HAUEHHST TToMuaku
0.5 0.25 0.167 0.125 0.1
_ _ 1- 0 0 0 12.53 65.67 75.48
T, =32, T, =33, . boAY
- TO PoOAY
_ 1.23 1.23 1.23 0.82 0.9
TB =35.5
T =13 T.=7 1- 1o poay 0 1.09 14.17 68.12 87.74
R v e '
2- 10 poAy
_ 0.14 0.14 0.14 0 0.14
T, =12
_ _ 1- 10 0 0 1362 67.30 85.56
TR—19,TG—11, - poAy
- IO poAy
_ 0.14 0.14 0.14 0 0.14
TB =12

SIK BUAHO 3 TaOJI. 2, cTeraHoaHATITHYHUI agropuT™ € HeedexktusHuM mpu [TTIC
0.125 Ta 0.1 6it/miKce/b, OCKIJIBKN Ma€ 3HAYHUI BiZICOTOK MMOMUJIOK TIEPIIOTO POJY.
3a10BiIbHOI0 MOKHA BBasKaTH edekTuBHicTh amroputmy as [TTIC 0.167 6it/mikcerb.
Jas TITIC 0.5 ta 0.25 6iT/miKceTh CTEraHOAJITOPUTM A€ HAMKpallli pe3yabTaTh. Sk
noporosi 3nauenns mpuiimemo 7, =19, T, =11, T, =12, ockinsku musa IIIIC 0.5 ta
0.25 6it/miKcesab MPHU BiZICYTHOCTI TOMUJIOK IIEPIIOTO POLY TOMUJIKH IPYTOTO POIY
MiHiMaJIbHI.

[TepeBipumo, Ui 3a1€KUTh ePEKTUBHICTH PO3POOTIEHOTO CTETaHOAJTOPUTMY Bijl
poamipy 13 /xanpy I[B. /751 1iboro mpoanamizyeMo 49 BizieornocizioBHOCTeN po3MipoM
kaapy 176x144, orpuMaHuX KaMepolo 3acTapijioi mozmeni MoOiabHOro TenedoHy.
[ToporoBuMu 3HaUEHHSAMU B OOYKCJIIOBAHOMY eKcliepuMenTi npuiinari 7, =19, T, =11,
T, =12. PesynbraT JeTeKTyBaHHS IIPE/JCTaB/IECH] B Tabma. 3.
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Tabauys 3

EdexruBHicTh qeTekTyBanHs HasBHOCTi/BiacytHocti /11 y IIB
3 MaJMM pO3MipoM Kaapy, %

. TITIC, 6iT/mikcens
IToporoBi 3Ha4YeHHst o vk
0.5 0.25 0.167 0.125 0.1
T,=19, T, =11, 1-ropony 0 0 0 0 0
2-ropony
TB =12 93.88 92.86 93.88 90.82 91.84

3 tabJr. 3 BUIHO, IO CTETAHOTIOBIIOMJICHHSIMU Oy BU3HAHI Maiike BCi KOJIipHi
CKJIa70Bi, HaBiTh He3ammoBHeHi. Ile MOXHA HOSCHUTU HE3HAYHOIO KiJBKICTIO 4x4 -
6JIOKIB Yy MaTpHIli KOJIPHOT CKJIa10B0i (11T po3Mipy Kazapy 176x 144 3arajibHa KiJbKiCTh
4x4-6m0kiB ckmagarume 1 584, mig posmipy 320x240 3saraabHa KiJbKicTh 4x4-
6J10KiB Boke Oyze mopiBHioBaTH 4 800, 110 10CTATHHO /ISt KOPEKTHOTO JAE€TEKTYBAHHS ).
Y 1boMy BUIIQJIKY Bi/Ipi3HUTH ITyCTUN KOHTENHEP Bijl 3alIOBHEHOTO HEMOKJIMBO, TOMY
CTeraHOAHAJII TUYHUN aJITOPUTM He TPAITIOE Ha MU(POBUX KOHTEHTAX MAJIOTO PO3MIpY.
Y 3B’43Ky 3 1MM, IPUIAMEMO, 1110 00JACTIO 3aCTOCYBAaHHS CTEraHOAJTOPUTMY OYIyT
taki IIB, mis sakux 3arajbHa KiJIbKicTh 4 x4-0JIOKiB y MaTpPHIli KOJIPHOI CKJIaZ0BOI
kaznpy nepesumnthb 4 000.

BucHoBku

Y po6oTi 3amponoHOBaHUN CTeTaHOAHATITUYHWI aJTOPUTM JE€TEKTYBAHHS
HasiBHOCTI/BiscyTHocTi BOymosu JII B mocaigosHocti 113/BigeonocigoBHOCTI,
copmosanoi merogoM LSB 3 manoio IIIIC (ue 6inbmie 0.5 6ir/mikcens). YTouHeHi
[IOPOTOBI 3HAYEHHS 71T IN(PPOBUX KOHTEWHEPIB, 30epeskeHnx y popMaTax i3 BTpaTaM,
AKi gopiBHIOIOTL Tp =19, T, =11, T, =12 BiAIIOBiAHO /11 YEPBOHOI, 3€JIEHOI Ta CUHBOT
KOJIipHUX cKJIagoBux. Anroput™ € epexrusuuMm g IIIIC 0.5 ta 0.25 Git/mikcen,
ane kputuunuM € posMmip 1[3/xkaapy IIB. Bcranosseno, 1mo npu Maaux posmipax
1IGPOBOTO KOHTEHHEPY CTETAHOATITOPUTM € HeeEKTUBHUM.
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